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1. Introduction

Vicinal difunctionalization reactions play an important role in modern synthetic
organic chemistry. They provide access to complex structures in a
stereocontrolled fashion and act as powerful, attractive, convergent elements
in synthetic strategy. Consequently, examples of these reactions are
numerous. (1) Among them may be cited the Diels—Alder reaction (Eq. 1), (2, 3)
which results in vicinal dialkylation of a dienophile;
epoxidation—functionalization of alkenes which results in 2-substituted alkanols
(Eqg. 2); (4) carbenoid additions to alkenes (Eq. 3) resulting in cyclopropanes;
(5) organometalation—functionalization of alkynes (Eq. 4) (6) giving vicinally
disubstituted alkenes, and the additions of alkyl halides (7) and acyl halides (8)
to alkenes using Friedel-Crafts catalysts (Eq. 5). [2 + 2] Photocycloadditions
(9, 10) and 1,3-dipolar cycloadditions (11) are but two of many more examples.
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1.1. Definition of Tandem Vicinal Difunctionalization
Over the past 20 years, the process of tandem vicinal difunctionalization of a ,
B -unsaturated carbonyl substrates has been fully developed and extensively
exploited. The tandem vicinal difunctionalization consists of two reactions, one
enabling the other. An initial Michael (conjugate or 1,4) addition of a
nucleophile, NuM, to the substrate 1 (the “Michael acceptor”’) under aprotic
conditions transforms both the a and B carbons. The B carbon is further
substituted and the a carbon takes on nucleophilicity as an enolate ion 2 (the
‘conjugate enolate,” Scheme 1). The conjugate enolate ion subsequently may
be trapped in situ using an appropriate electrophile, EX, thus derivatizing the a
carbon. Conceptually, this can be envisaged as a vinylogous reaction.
Through a “third-party” two-carbon extension, nucleophile and electrophile
have reacted.
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The enolate ion generated by the conjugate addition process, however, need
not be a -functionalized in situ. As an ambident anion, it also may be isolated
as a neutral species (4, an “enolate equivalent”) by O-functionalization using
an appropriate protecting agent, ZX, or by proton quenching. After isolation of
this enolate equivalent 4, the enolate may be regenerated by some means and
then functi f of trererper e f 1qi [ fprtqd product 3.
Inasmuch m ! H ulﬂ mm tructure 4
before final a -functionalization, the scope of tandem vicinal
difunctionalizations of a , B -unsaturated carbonyl compounds for this review
includes only (a) conjugate additions to the substrate followed by a -carbon
functionalization in situ, (b) generation of a neutral species via conjugate
addition, then regeneration of the conjugate enolate followed by a -carbon
functionalization, and (c) generation of a neutral species via conjugate addition,
followed by a single chemical modification before regeneration of the
conjugate enolate and subsequent a -carbon functionalization.

Often, the general reaction sequence may be named more specifically as a
tandem vicinal dialkylation or dicarbacondensation, (13, 14) referring to the
fact that many of the reactions that have been performed create two new
vicinal carbon—carbon bonds. Noncarbon nucleophiles and electrophiles also
have become popular, resulting in vicinal carbon—heteroatom bonds in the
products of the reaction sequence; for this reason the broader appellation,
tandem vicinal difunctionalization, is at times more appropriate.

1.2. History



Early investigations of the reaction between a , B -unsaturated ketones and
Grignard reagents showed that a large excess of the Grignard reagent was
necessary to prevent the formation of undesired, “secondary” products. The
nature of such products was unclear. (15) Gradual recognition that the
conjugate addition process led to an adduct enolate (e.g., 5), (16) which itself
was capable of competing with the Grignard reagent for the a, B -unsaturated
ketone substrate (6), allowed the conclusion that the secondary products were
dimers (Scheme 2). (17) These products subsequently were identified by
unambiguous synthesis.
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Realization of the potential synthetic utility (18, 19) of such observations and development
of tandem vicinal difunctionalization as a general synthetic technique apparently was an
equally slow process. In 1948, Warner (20) allowed acrolein to react with ethyl
bromomalonate, presumably to obtain 4,4-diethoxycarbonyl-3-butenal via a 1,4 addition
followed by A o1 G a0 ) grit HqHen| arly indicated
that net cycmm g mmmmmmn the newly

appended bromomalonate moiety had C-alkylated the conjugate enolate (Scheme 3).
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Similarly, base-initiated dimerizations of 2-cyclohexenones, known to give crystalline
solids, (21, 22) remained mechanistically puzzling for some time before sequential
Michael addition was suggested to account for some of the possible products. (23) It was
not until 1969 that dimerization of 4,4-dimethyl-2-cyclopentenone under basic conditions
was reported and the product unambiguously identified. (24)

Stork, (25) while investigating new methods for the regiospecific generation of enolates,



reported that the dissolving metal conjugate reduction of a , B -unsaturated ketones
produced enolates, which could be C-alkylated under suitable conditions. Soon the
concept was extended to include the conjugate additions of nucleophiles, resulting in the
first one-pot, 3-component tandem vicinal difunctionalization reaction, which was used as
a key step in the total synthesis of lycopodine (Scheme 4). (26)
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2. Mechanism

The overall reaction links two distinct bond-forming steps, both of which are well studied
as to mechanism: a first step consisting of organometallic 1,4 addition to an a , B
-unsaturated carbonyl substrate and a second step wherein the conjugate enolate is
C-functionalized. It can be sketched along the lines of the process depicted in Scheme 5.
Conceptually appealing and perhaps operationally adequate to predict product
distributions from tandem vicinal difunctionalization reactions, this model belies the
complexity of the steps of which it is composed.
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2.1. Step One— B -Addition to a, B -Unsaturated Carbonyl Substrates

The precise mechanism of the conjugate addition reaction has been debated
for some ti E] mm rHe i ature of the
attacking nﬂﬁm . m = Q:JManocopper
nucleophiles, a detailed mechanism remains to be determined, (35-39) but
there is general agreement on its fundamental aspects: (40) oxidative trans
addition of a d (10) cuprate to the substrate producing a transient copper(lll)
(d®) intermediate followed by reductive cis elimination generating the new
chemical bond at the B carbon of the substrate and a conjugate enolate and
copper(l) species (Scheme 6). Whether bond-forming occurs via direct
nucleophilic oxidative addition, (41, 42) indirect single electron transfer—caged
radical pair collapse, (43-48) or is preceded by copper(l)— p -bond coordination

(49-53) continues to be investigated.
Scheme 6.
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Mechanistic details of conjugate additions to a, B -unsaturated carbonyl
substrates using less common, non-copper(ll)-containing nucleophiles are not
well determined. (54-56) Conjugate additions of Grignard reagents, for
instance, appear to proceed by means of a single electron transfer mechanism;

Michael additions of enolate anions may proceed by either single electron

B o o o

2.2. Step Two—C-Functionalization of Enolates

The counterion of the enolate is predetermined (57) by the first step of the
tandem vicinal difunctionalization and can profoundly influence the reactivity
and ambident nature of the enolate, (58) but otherwise the second step of the
reaction is well described as a substitution reaction of an enolate with an
electrophile. It is mechanistically identical to the C-alkylation of
regiospecifically generated enolates. (59) Recent research indicates that such
additions may very well proceed by means of a single electron transfer
mechanism, especially for electrophiles of lower reduction potentials (e.g.,
alkyl iodides); (60) electrophiles with higher reduction potentials (e.g., alkyl
bromides) undergo bond formation based on the Sy2 process (Scheme 7). (61,
62)

Scheme 7.



OOO0O0doooodoooo




3. Stereochemistry

The conjugate addition reaction is unusually sensitive to the steric environment
of the Michael acceptor. The bond-forming process at the 3 carbon of the
substrate, therefore, adheres rather rigidly to steric approach control factors in
determining the relative stereochemistry of the newly formed bond in the
conjugate enolate. Thus, the 5-methoxycarbonyl group of
5-methoxycarbonyl-2-cyclohexenone directs axial attack of a silylcopper(l)
reagent so that the 3,5-trans-disubstituted adduct is produced (Eq. 6;
hexamethylphosphorictriamide, HMPA). (63) The effect of smaller directing
groups is essentially the same (Eq. 7). (64) Comparison of these two examples,
however, indicates that subsequent a -functionalization may not proceed with
a similar degree of stereoselectivity. The thermodynamically more stable trans
products usually predominate, as would be predicted by both steric approach
and product development control arguments. (65, 66) A complex combination
of factors, including the nature of the conjugate enolate, the enolate counterion,
the reaction conditions, and the nature of the electrophile, can make
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somewhat unreliable. For example, when 3-methyl-2-cyclopentenone is
reacted with diphenylcopperlithium and the conjugate enolate methylated (Eq.
8; lithium diisopropylamide, LDA), the cis and not the trans product
predominates, a consequence of lithium—arene p —coordination. (67) The
sterically remote alkoxy moiety of a -bromoacetates influences the
stereochemical product distributions of the difunctionalization reaction of
2-methyl-2-cyclopentenone (Eg. 9). (68) It is worthwhile to bear in mind that if
the product of the overall reaction possesses a tertiary acarbon, equilibration
can occur; this

+
1. HO
: f—
+ (CHp)Culi ,  p CeHs (8)
3. CuCN, CHal, (68%)
HMPA trans:cis=35:65
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2 8B 2. BrCHCO;R ®)

I
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R = t -C,Hg, >99% trans
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process may or may not proceed at a rate sufficiently high to obscure the
original stereochemical outcome of the initial a -functionalization of the
conjugate enolate.



4. Scope and Limitations

4.1. Organocopper Reagents for B -Addition Followed by
a-Functionalization

Nucleophilic organometallic 1,4 additions to a , B -unsaturated aldehydes,
ketones, and esters have been and continue to be dominated by organocopper
(Gilman) reagents, (69-71) largely because of the regioselectivity of these
reagents for 1,4 versus 1,2 addition.

4.1.1.1. Catalytic Organocopper Reagents

Although the first example of a three-component tandem vicinal
difunctionalization reaction was catalytic in organocopper [copper(l)
chloride-catalyzed 1,4 addition of a Grignard reagent to
5,5-dimethyl-2-cyclohexenone (26)], these protocols (72) are not used widely
when compared to stoichiometric organocopper reagents. The improvement in
yield of the 1,4 adduct that is observed when stoichiometric organocopper
reagents are utilized (e.g., Eq. 10; dimethyl sulfide, DMS) (73) most likely
accounts for

0
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CHsM = (CHg)CuMgCl (25%)

the preference. Nonetheless, conjugate additions catalyzed by copper(l)
reagents can be highly successful. Typically, the organometallic reagent
employed as the nucleophile is a Grignard reagent; the copper(l) halides,
usually copper(l) iodide, copper(l) bromide, or their dimethyl sulfide or
trialkylphosphine complexes, are present in amounts ranging from 2 to 10
mole percent (Egs. 11 (74) and 12 (75)). Successful tandem vicinal
dialkylations employing 1 mole percent of tris(tri-n-butylphosphino)copper(l)
iodide have been reported (Eq. 13), (76) as have those using 25-30 mole
percent of copper(l) bromide dimethyl sulfide complex as catalyst (Eq. 14).
(77)
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Explicit mention of the use of copper(ll) catalysts is made rarely; conjugate
addition of a methylmagnesium halide to steroid 7, catalyzed by copper(ll)
acetate followed by a -methylation, gives steroid 8 in good yield (Eq. 15). (78)



The specific identity of the catalytically active organocopper species generated
in situ during the reaction can have a critical effect on its outcome. Copper(l)
halides complexed with solubilizing ligands are preferred because of added
stability and ease of purification. Grignard reagents appear to perform more
efficiently in copper(l)-catalyzed 1,4 additions than the analogous alkyllithium
reagents.

The ability to a -functionalize the conjugate enolate of copper(l)
cyanide-catalyzed 1,4 addition to 4,4-dimethyl-2-cyclohexenone is determined
by a combination of solvent (diethyl ether) and organomagnesium nucleophile
(an alkylmagnesium iodide) (Eg. 16). (79) Use of tetrahydrofuran as solvent or
an alkylmagnesium chloride instead of the analogous iodide leads exclusively
to O-alkylation of the conjugate enolate. Copper(l) catalysis is imperative in

COCH,
1.9 mol % Cu(OAc);, CHaMgX
THF, 20°
-
2. CHa,l, reflux
AcO
7
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Qo000 JL00
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this case! Use of a stoichiometric dialkylcoppermagnesium halide for
conjugate addition gives solely O-alkylation of the conjugate enolate.

1. 7 mol % CuCN,
(CH3)5SiC = C(CH,),Mgl, -23°

2. CICOCH,

CO,CH, (16)

(CH,) ;C=CSi(CHa),

(60%)



Activation of the a , 3 -unsaturated carbonyl substrate by an additional
electron-withdrawing group on the a carbon sometimes renders copper(l)
catalysis superfluous (Eq. 17). (80)

ca i R
CO,CH, 45°, THF CO,CH,

(CH),C=CH  CO,CH, (17)

RM = (CH;),C=CHMgBr + cat. CuCl (51%)
RM = (CH,;);,C=CHMgBr (55%)

Lewis acids promote 1,4 addition to substrates that are sluggish or nonreactive
to copper(l) catalysis alone; (81) methylenecyclohexane annulation of
2-cycloalkenones proceeds in reasonable yields when one equivalent of boron
trifluoride etherate is used in addition to copper(l) bromide (Eq. 18). (82)
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4.1.1.2. Stoichiometric Organocopper Reagents

A variety of organocopper reagents have found use as efficient nucleophiles to
initiate tandem vicinal difunctionalizations of a, B -unsaturated carbonyl
substrates, in spite of the fact that one type of organocopper compound may
display chemical behavior very different from that of another. Organocopper
reagents that begin successful difunctionalization sequences by conjugate
addition include: the alkylcopper(l) reagents 9 and 10, with and without ligating
agents that may be essential to their reactivity; dialkylcopper(l) metal reagents
11, typically generated from Grignard or organolithium reagents and often



referred to as homocuprates; dialkylcopper(l) metal reagents 12, generated
similarly and referred to as mixed homocuprates, and
alkyl(alkylhetero)copper(l) metal reagents 13, usually prepared from an alkyl
metal and the appropriate copper(l) salt and referred to as heterocuprates. The
promising “higher-order” complex organocopper reagents (83) so far have
proven to be unsuitable for use in direct intermolecular tandem
difunctionalization reactions (84, 85) but can be applied via a conjugate
enolate trapping—enolate regeneration indirect sequence (86) (Eq. 19).
Intramolecular alkylation of conjugate enolates occurs upon the addition of
cyanodialkylcopper(l) dilithium reagents to a , B -unsaturated esters. (87)
Undoubtedly, these reagents will be further utilized in difunctionalization
schemes.

RCu RCus L R,CuM
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2% PA[P(CqHg), ],

SN="\"\
CO-CH,
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4.1.1.3.1. Organocopper(l) Reagents

Simple organocopper reagents are almost always less reactive than the
corresponding cuprates. This order of reactivity allows the execution of highly
successful tandem vicinal dialkylations with cuprate reagents. The conjugate
enolate is sufficiently more reactive than the organocopper byproduct so that
competition between the two for the a -functionalizing electrophile normally is
not significant. A comparative lack of reactivity in conjugate addition reactions
explains the rare use of them as Michael donors in vicinal difunctionalization.
Vinylcopper reacts with 2-methyl-2-cyclopentenone in a 1,4 fashion (Eq. 20),
(88) but most organocoppers are inert. The relative insolubility of
organocopper reagents in diethyl ether or tetrahydrofuran (THF), the typical
solvents used for the conjugation addition—enolate alkylation sequence, most
certainly contributes to their inertness; methylcopper, for instance, is an
insoluble polymer in either solvent.



Solubilization via ligation with organophosphorus or organosulfur ligands
clearly activates the organocopper reagents toward conjugate addition.
Pioneering work has led to the popularization of trialkylphosphines as ligands
(Eqg. 21); (89) other activating reagents include trialkyl phosphites (Eq. 22),
(90)

1. CH;=CHCu, THF

2. BICHzc‘JzC 2H5r CZHEOEC
HMPA (20)

! (69%)
trans:cis = 3.5:1

boron trifluoride (Eq. 23), (91, 92) and dimethyl sulfide (DMS; Eq. 24). (93)
There is clear advantage in using solubilized organocopper reagents instead
of homocuprate reagents when the organometallic precursor is particularly
valuable. Only one equivalent of the precursor is necessary to generate one
equivalent of the copper species; for one equivalent of homocuprate reagent,

two equivalents of the precursor are required. Occasionally, large quantities of

solubilizing
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ligand must be used, which causes difficulty in the separation of the products
from the reaction mixture; this is frequently observed with trialkylphosphine
ligands. Recent studies indicate that organocopper reagents function not only
as Michael donor carbanionic synthons but can be extended to function as
tin-based anionic synthons as well (Eqg. 25). (94, 95)
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4.1.1.3.2. Homocuprate Reagents

Homocuprate reagents remain the most popular Michael donors for tandem
vicinal difunctionalizations of a , B -unsaturated carbonyl substrates and
probably should be considered the reagents of choice for initial investigations
of the applicability of the method to a synthesis. Research efforts that began in
the mid-1960s on enolates derived from lithium dimethylcuprate 1,4 addition to
acetylenic esters demonstrated the variety of manifolds available to the
reactive species: oxidative dimerization, oxidative coupling with
dimethylcopperlithium (Eq. 26), (96) and alkylation with methyl iodide (Eq. 27).

(97)
CO.CH,
1. xs (CHj)zCuLi
(CH;)Culi - j(
2. o} C7Hs-n
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1. (CH,),CulLi
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n-C,H,,C=CCO,CH,4
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COCH; (2

_ CO,CH,
C:Hsc-:—CCOECHa 1. (CHG]?CULI - ’j(
2.
CH,l C.H,

(25%)

(27)

The metal of the dialkylcoppermetal reagent is chosen based upon the
convenience of the preparation of the prerequisite alkylmetal and is invariably
lithium or a magnesium halide. It has not been demonstrated, however, that
the efficiency of the reaction sequence is independent of the nature of the
metal. (29, 70) The alkyl group to be added to the a, B -unsaturated carbonyl
substrate may be methyl, primary or secondary alkyl, alkenyl, allyl, benzyl, or



aryl. No difunctionalization reactions using tertiary dialkylcoppermetal reagents

have been reported. (98) Occasionally, these reagents bear additional and
even complex functionality. Homocuprate 14, containing an ethylene acetal
moiety, is the Michael donor in a conjugate addition—intramolecular cyclization
reaction of acetylenic esters (Eq. 28); (99)
bis[(E)-trimethylsilylethenyllcoppermagnesium bromide

X _ C3ZCCOLCHy o

CH,0,C (\ — T
Z _ (CH,);t CuMgBr
2
14
(\ CO,CH, i CO,CH,
W D/\I
(61%)

is the B -alkylating agent in a difunctionalization reaction of
2-methyl-2-cyclopentenone (Eg. 29); (100) addition of cuprate (R)-15 to
2-methyl-2-cyclopentenone proceeds with asymmetric induction at the 3
carbon (Eg. 30) (101) to give (2S,3S)-16. Organosilicon homocuprates

OSi(CH,),
1. [(CHa)aSi =, ]2CuMgBr

MNPt O000neC00000

(78%)
(CHa,)aSi
CH,0, (29)
1. CH,Li
H,Li -
2. BrCH,CO,CH,
(CHy)3Si

(87%)
trans:cis = 95:5

(28)



(-C/Hy 1. THF, DMS OSi(CHy)s

/Pj‘\/o\ + 2. (CHj),SiCl
ka.(cl-:z)zcm_i
(R)-15 (86%)
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serve as excellent Michael donors (Eqg. 31), (102) allowing for reintroduction of
unsaturation between the a and 3 carbons of the carbonyl substrate at a later
point in a synthesis via Peterson olefination.

2. CH,l
oM CoH, = Si(CHa):CeHs (31)

(B8%)
trans:cis = 97:3

OOO00000000000non

Solubilizing ligands and activating Lewis acids can be used to facilitate
difunctionalization reactions using homocuprates, although typically they do
not appear to be essential for the reaction to succeed. The ligands simply may
be dictated by the desire to use a copper(ll)-free source of copper(l) halide that
has been purified as its trialkylphosphine or dimethyl sulfide complex (e.g., Eq.
32; 2-tetrahydropyranyl, THP), (103) while in other cases additional ligand is
required (Eq. 33). (104) Enhanced yields can result by using boron trifluoride
etherate

/ﬂ/ CO,CH, 1. | CeH; (CH,),Si] gCuLi- CO,CH,



["“C‘H“ \,A/] CuLi ® P(C,Hg-n)s
2

/ OTHP -
_TBO CﬁH]]'ﬂ
OTHP
(57%) (32)
1. LDA
/\_M- Shuthé
feg CO,CH, CO,CH,
CsHy-n
(75%) R
OH
1. [CH=C(CHj)]LCuLi, 15 eq DMS {/sgzﬂnﬁ
- \‘i\"
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as an activating catalyst for conjugate addition (Eq. 34). (105) Although still

untried, the recent observation (52, 106) that trimethylsilyl chloride-modified
romocunefelbllafie el JEdf dedidpdedbidiios .6
-unsaturated ketones should find application in tandem vicinal
difunctionalizations via enol ether intermediates.

H
[CH=C(CH,CH,Cl loCuli Cl KH z
BFe(C-Hs).0 THF s (34)
H H HH

4.1.1.3.3. Mixed Homocuprate Reagents

Unsymmetrical diorganocoppermetal reagents 12 possess two chemically
distinct alkyl moieties, only one of which functions as a nucleophile. The two
groups usually differ in their formal hybridizations of the carbon atoms bonded
to the copper nucleus, and almost invariably the group whose carbon—copper



bond contains the lesser s-character is transferred to the electrophile, while
that with the greater s-character is retained. (107) Selectivity of transfer to the
electrophile usually is exclusive, and none of the organocopper byproduct is
seen to act as a nucleophile. A few exceptions to these generalizations point to
the subtle nature of these species: methylvinylcopperlithium preferentially
transfers its vinyl moiety in a 1,4 addition reaction with 2-cyclopentenone (Eq.
35), but the selectivity of transfer is solvent-dependent; (108) cuprate 17
transfers its phenyl group exclusively in a trimerization reaction of methyl
crotonate (Eg. 36). (109)

1. CH=CHCu(CH,)Li, THF, -78 q-\/

)

2. CHp=CHCH,Br (35)

(72%) trans:cis = 69:3

% _ N(CHy);

3 (E)-CH;CH=CHCO,CH; + Cu(CeHs)Li

17
CeH (36)

CO,CH;
0000000000680

COCH,
(38%)

Mixed homocuprates typically are generated from an alkynylcopper and one
equivalent of an alkyllithium reagent, although occasionally some other
sp-hybridized group, such as the cyano group, (110) is used. Among the
alkynylcoppers, pentynyl- and hexynylcopper are used most frequently and
can be prepared and stored (111) or generated in situ by the addition of an
alkynyllithium to a slurry of copper(l) iodide. The 1:1 nucleophile-to-electrophile
stoichiometry of the reagents, when compared to the 2:1 stoichiometry of the
homocuprates, has made them the preferred reagents in 3 -chain nucleophilic
addition for tandem vicinal difunctionalizations that yield prostanoids (Eq. 37).
(112) Alkylalkynylcoppermetal reagents are usually much less reactive than
the corresponding homocuprate reagents. (107)
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The choice of lithium as counterion versus that of a magnesium halide can
have multiple effects. The naphthylcopperlithium reagent 18a initiates tandem
dialkylation of 2-methyl-2-cyclopentenone in 57% vyield, (113) whereas use of
the corresponding Grignard-derived organocopper reagent 18b results in a
greater amount of 3 -alkylation, but no net dialkylation, (114) with a
-bromoacetates as electrophiles (Eq. 38). The corresponding homocuprate of
18b fails to undergo conjugate addition with the substrate enone altogether;
use of the mixed homocuprate is essential for success of the synthesis.

Cuﬁ Ec%rlh-nﬁ 1. THE, nt_ -
¢ POEpOpOtnOaOehEs w:
CH,0 3. Saponify
18a, M=Li
18b, M=MgBr

(38)

CH,0
from 18a: {5?%
from 18b: (—)

Mixed homocuprate 19 functions as a novel methyl acrylate synthetic
equivalent which undergoes vicinal dialkylation in the reverse order: a -bond
formation proceeds by means of organocopper addition to an acid halide 20,



generating an equivalent of methylcopper which then undergoes facile 3
addition to the highly activated 3 -keto ester that has been formed in situ (Eq.
39). (110) Introduction of a , B -unsaturation is possible by reversing the order
of vicinal dialkylation and starting with ethyl propiolate (Eqg. 40). (110)

@/com CHaOzC\l r Cu(CHa)Li
+

20 19

_7g° cocH, (39
—_—
(CeHs);0

(60%)

HCSCCO,C;Hs + n-CyH,C=CCu(CH,)Li

1.(CzHg),0 02CHg (40)
2. 20 |

(92%)

1100 R R OO 0000

agen

Much like mixed homocuprates, alkyl(alkylhetero)coppermetal reagents 13
possess only one moiety that acts as a nucleophile. Typically, only the
carbon—copper bonded portion is transferred to the electrophile while the
heteroatom—copper bonded portion is retained. As a class, the reagents are
thermally unstable (115) and must be used at low temperatures; however, they
usually are as reactive as the corresponding homocuprate reagents. Reactive,
thermally stable heterocuprates have been designed and prepared, (116, 117)
but so far have not been used in tandem vicinal functionalization reactions.

The most common heterocuprate reagents incorporate the phenylthio group
and are available by simple treatment of phenylthiocopper with an alkyllithium
reagent at low temperature. Some limited use of
alkyl(tert-butoxy)-copperlithium reagents made from copper(l) iodide and
sequential addition of lithium tert-butoxide and an alkyllithium reagent also has
been reported. n-Butyl(tert-butoxy)copperlithium initiates a , B -dialkylation of
2-cyclohexenone, but is not as efficient a reagent as the simple homocuprate
(Eq. 41), (118)
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promoting facile equilibration of the conjugate enolate. The heterocuprate does,
however, enhance the degree of net trans dialkylation of the enone. In
comparison of ability to difunctionalize 2-cyclopentenone, neither phenylthio
nor pentynyl cuprates offers particular advantage (Eq. 42). (119) A similar

SC,H, u(R*)CuWCan-H SCeHg
o CsH,y—n
OR 1
-40° =
OR

R = Si(CH,),C,H,-t, R'= CECCHpn : (25%)

i "

1. NaH, THF R =Si(CH3)zC4Hp“f, (36%)
7. Br AN NN - o CO,CH,y g - OTHP, (33%)
CO,CH, CeHyy-n

O

R

conclusion can be drawn concerning the effectiveness of phenylthio vs. cyano
cuprates in the B -alkylation—intramolecular a -alkylation of a variety of
2-cycloalkenones (Eqg. 43). (120)
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Cyclopropyl(phenylthio)copperlithium reagents are exceptionally useful in a
conjugate addition—elimination reaction, followed by a -alkylation via a thermal
Cope rearrangement (Eq. 44). (121) An unusual instance of transfer of

[>— C“(SCuHs]'U 1458
2. basic Mﬁ; (44)

(82%) (88%)

the heteroatom containing m0|et of heterocuprate 21 is illustrated in the
contgats {rifistprtagprib A bl B T cn 2 s o

effective as the correspondlng trimethylstannylcopper reagent. (94)

CHyCECCO,CzHs + 2CH3OC(CH;);CECCU[Sn(CHy)g]Li — it g
-48°
21
{CH“]“S")(CO’CEH‘ 1. CH,Li, THF, -98° COCoHs 45
2. CH,1, -98 to 78° j(
Sn(CHj)s ® v Sn(CHa)s
(84%)

4.1.1.4. Effect of Variation of the R Group Transferred on a -Functionalization
Trans difunctionalization of a , B -unsaturated carbonyl substrates
predominates in nearly all cases and is relatively independent of the size or
hybridization state of the nucleophile undergoing 1,4 addition to the substrate.
When heteroatom-containing functional groups are present in the Michael



donor, subsequent chelation or coordination may determine the solution
structure of the conjugate enolate. Cases where this type of influence on
a-functionalization has been observed are rare. The high level of trans
diastereoselectivity noted (102) when methyl trans-crotonate is reacted with
phenyldimethylsilylcopperlithium, followed by methyl iodide (Eq. 46), can be
envisioned as arising from one of two routes. The conjugate enolate may be
chelated to the silyl moiety 22, the methyl iodide approaching the less hindered
face of the cyclic intermediate. Alternatively, the stereoelectronic influences of
the lower-energy conformation of the conjugate enolate 23 may direct the
electrophile to attach anti to the silyl group. Evidence points to the latter; the
silyl group does not appear to perturb normal conjugate enolate behavior
toward electrophiles. The previously mentioned lithium—arene p -coordination

COCHy 4. [C,H,(CH,),Si] CuLi
[CgHg(CH,), Si]
2. CHyl

CO,CH,
(46)

CeHs(CHj)2Si
(82%)
erythro:threo = 99:1

of the conjugate enolate from addition of diphenylcopperlithium to
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XL st o
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22 23

cyclopentenones disrupt the coordination, as do cyclohexenones, and the
trans-dialkylated products predominate. (67)
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4.2. Other Reagents

4.2.1.1. Stabilized Reagents

Carbanionic nucleophiles can be made into effective reagents for conjugate
addition reactions by “softening” their Lewis base characteristics. Appending
resonance and/or inductive stabilizing groups to carbanions renders them
excellent Michael donors.



4.2.1.1.1. Enolate Reagents

Although often used as a generic descriptor for 1,4 or conjugate addition,
Michael addition refers to the observed 1,4 addition of an enolate anion to an
a, B -unsaturated carbonyl substrate resulting in a 1,5-dione. (122) The
reaction is tightly linked to tandem vicinal difunctionalization, being responsible
for the “secondary” products of Grignard reactions and the first examples of
the difunctionalization sequence, as previously discussed. Classical Michael
addition reactions are conducted in protic media. To compete effectively with
proton capture for the enolate, the a -functionalizing reagent needs to be
intramolecular in nature (Eq. 47); (123) alternatively, the Michael adduct can
be isolated and a -functionalized under a different set of

NaOH
o CzHsOH, H,0

(49%)
trans:cis = 38:11

reaction conditions, for example, an acid-catalyzed aldol reaction (Eq. 48) (124)
or alkylation of a regiospecifically generated conjugate enolate (Eq. 49;
1,2-dimethoxyethane, DME). (125)

Enolate-based tandem vicinal difunctionalization in protic solvents suffers from
the typical {fiS B Q W ﬁ.i may be of
use), (126) 0 ofz Ay alKoXio catalyze the
reactions, and “retro-Michael” reactions that occur at elevated temperatures
due to the reversibility of the reaction. Not surprisingly,
conjugate-addition—alkylation

OCH,
CH, OCH, NaDCHaI OCH,
& CO,CH, CH,OH 5
(o]
CO,CH,
(76%) (48)
TsOH o

—...
CgHg CH,, heat
(78%)
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sequences in aprotic media have supplanted the Michael reaction.

A prototype reaction demonstrates the ease with which difunctionalization
occurs at low temperature: 2-cyclopentenone undergoes 1,4 addition by an
ester enolate; the conjugate enolate then is trapped with allyl bromide (Eg. 50).
(127) Intramolecular trapping of conjugate enolates also is possible, resulting
in cyclization reactions often referred to as Michael Ring Closure or MIRC (128)
reactions (Eq. 51). (129) The most efficient ester enolates possess a
-heteroatom substituents, examples of which include arylthio, alkylthio, halo,
methyldiphenylsilyl, arylsulfonyl, (130) and alkoxy groups. The Michael donor

B o i
NF

CO.C.H
0zCzH, L. THF, -78° g
* Li 2. CHz=CHCH_,Br, (50)
HMPA, -40°
CO,C,Hg
(50%)

(E)-1(CH.)4CH=CHCO,C;H; + Li~_~CO,C/Hp~¢

1. THF, -78° $COCatls
2. 1-C4HsOK CO;CyHg-t

(94%)

be generated directly from an ester and a hindered non-nucleophilic base, but



can be generated instead from an enolate equivalent, the most popular being a
silyl enol ether. Methyllithium, (4) fluoride-mediated, (131, 132) or trityl
perchlorate-catalyzed (133, 134) enol ether cleavages are effective methods
for Michael donor formation in tandem vicinal difunctionalizations and in some
cases may produce better yields of desired products.

An interesting modification of the Michael-addition— a -functionalization
reaction involves the use of a second Michael acceptor as the electrophilic
reagent for a -functionalization of the conjugate enolate. Ketone 24, by way of
example, undergoes conjugate addition of the lithium enolate of methyl
2-methylpropanoate; the resultant conjugate enolate then is C-methylated
using methyl iodide to provide the ketone 25 (Scheme 8). (135) When methyl
acrylate is substituted for methyl iodide, a -functionalization generates a new
ester enolate, 26, with net tandem vicinal difunctionalization of substrate 24.
The new enolate now undergoes yet a third conjugate addition reaction with
the 2-phenyl-2-cyclopentenone moiety still present in the molecule from the
original substrate 24, forming norbornanone 27 in 40% overall yield, or in 74%
chemical yield per carbon—carbon bond formed in the reaction. (136) One-pot,
three carbon—carbon bond-forming, two-component double tandem vicinal
difunctionalization reactions with subsequent ring closure belong to a class of
reactions called Michael-Michael Ring Closure (MIMIRC) or Sequential
Michael Ring Closure (SMIRC) reactions. (137) These controlled anionic
codimerization and cotrimerization reactions can proceed in high yields and
with excellent control of stereochemistry, generating complex polycyclic
structures.
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as opposed to ester enolates. The kinetic enolate of 2-cyclohexenone
undergoes 1,4 addition with methyl acrylate; the conjugate enolate then
performs a second intramolecular Michael addition with concomitant ring
formation to yield the bornanone ring system (Eq. 52). (138, 139) An
intramolecular version, where both initial Michael donor and acceptor are
contained in the

COCH,

CH=CHCO.,CH; -23° (52)

(90%)

same molecule, has been reported; (140) two carbon—carbon bonds and two
rings are formed with complete control of stereochemistry (Eq. 53; lithium
hexamethyldisilazide, LIHMDS).
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Both inter- and intramolecular cyclopropanation reactions are possible using
MIMIRC methodology: a malonate-initiated dimerization of methyl a
-bromoacrylate affords the cyclopropane 28 (Eq. 54); (141) the
tricyclo[2.1.1.0]-octane ring system is produced in the reaction of phenyl vinyl
sulfone with the kinetic enolate of isophorone (Eq. 55) (142) The production of
spiro compounds also is possible (Eq. 56). (143) A recent synthesis of
epiflavinine uses a cascade of sequential Michael reactions, ketalization, and
esterification all in

"\ ::mac'*a
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(48%)
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(37%)

an intramolecular sense to afford the complex polycyclic system 29 (Eq. 57).
(144) The MIMIRC methodology affords the advantages of convergence and
stereocontrol, boding well for its application in total synthesis.

CH,0C Br

4.2.1.1.2. Sulfur-Stabilized Reagents

Mercaptide anions are good Michael donors in tandem vicinal
difunctionalization reactions. Esters and ketones undergo tandem
phenylthiolate conjugate addition—aldol reactions (145) to give B-phenylthio-
-hydroxy esters and ketones (Eq. 58). A fully formed thiophenoxide salt may
be used as the initial nucleophilic reagent, or the reaction may be performed
with base catalysis. (146) Mercaptides have found particular use in
investigations of the scope of MIRC-type reactions. The a -alkylating fragment
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for the reaction sequence can be part of the Michael acceptor (Eq. 59) (147) or
part of the Michael donor (Eqg. 60; dimethyl sulfoxide, DMSO). (148) The latter

CONH;
OO CONH, * GoHsSH  NaH, (- C,H,OH
(59)
Cl
CeHgS
(>99%)
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approach recently has been used in a synthesis of regiospecifically substituted
thiophenes from allene diesters (Eq. 61). (149)

CoHs0,CCH=C=CHCO,C;Hs + HSCH(CH,)CO.CHj;

COLCzHg
- C,H,OK o
<aa o M N cocug ©V
(56%)

The stabilizing effect of a sulfur atom upon an adjacent carbanionic center
permits the straightforward synthesis of 4-alkylthioketones by means of
tandem difunctionalization. Ambident allylic anions react so that



carbon—carbon bond formation occurs exclusively (150) from the acarbon (Eq.
62). (151) Arylsulfinyl (152) and arylsulfonyl (153) groups behave in similar
fashion and in all cases yields of the conjugate enolates normally are good. In
contrast, an example of an arylsulfinyl-stabilized allylic anion that undergoes
exclusive carbon—carbon bond formation with 2-cyclopentenone from its y
carbon recently has been described. (154) This regiospecific mode of addition
also is exhibited by an analogous diphenylphosphinyl-stabilized allylic anion.
(155) Stabilization via sulfur

CHa\S
M
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SN (62)
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e Y
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SCH,
(75%)

also finds synthetic utility in the formation of vinylic anions that will function as
Michael donors. In a total synthesis of (£)-methylenomycin A, (156) the
regiospecifically metalated methacrylate 30 undergoes a conjugate addition
reaction with methyl acrylate; a -functionalization by Dieckmann cyclization

results in fﬂ’@ EEED D D D D
CH=CHCOCHy + j Esc‘; 3

cocH, (63

Celg 31
(83%)

It is possible to develop reagents wherein the stabilizing organosulfur
substituent serves a dual role. Metalation of
trimethylsilylmethyltrimethylsulfonium iodide provides an ylide that undergoes



conjugate addition to enones. The trimethylsulfonium moiety then functions as
a leaving group when intramolecular attack of the conjugate enolate occurs,
resulting in net cyclopropanation (Eg. 64). (157)
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(64)

Dialkylthiomethanes act as acyl anion equivalents when used in a tandem
vicinal difunctionalization and can provide entry into substituted 1,4-diketones.
Lithiated dithianes undergo conjugate addition—aldol condensations with
N,N-dimethylcrotonamides with considerable stereoselectivity (Eq. 65). (158)
A number of lignan antibiotics such as (z)-podorhizol (159) have thereby

(E}CH,CH=CHCON(CH,;); + = Sxf,i
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been prepared in a highly convergent manner using similar strategies
(160-163) (Eq. 66).

Ambident dithianylidene anions act as Michael donors for conjugate additions
to enones. An a -1,4 or y -1,4 addition mode may be achieved by altering the



counterion (Li* vs. Cu®) or by use of HMPA as a solvent adjuvant (Eq. 67). (164)
Either of the sulfur atoms in a dialkylthiomethane reagent can be oxidized; the
resultant alkylthiomethyl sulfoxides (165) and sulfones (166) also
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are efficient Michael donors. The sodium salt of methylthiomethyl p-toluyl
sulfone initiates a MIMIRC-type reaction with two molecules of acrylate,
resulting in the synthesis of a 3 -ketoester (Eg. 68).

COCH,
2 CH,=CHCO,CH, + CH;SCH(Na)SO,CoH,CHy-p Mg (68)

CH,$” > SO:CeH(CHs-p
(81%)



Orthothioformates (167, 168) and their analogs (169) have been used only
recently in tandem difunctionalization strategies. In a particularly interesting
example, the nucleophilic carbon atom of triphenylthiomethyllithium undergoes
umpolung in situ after conjugate addition to 2-cyclohexenone, functioning as
the a -alkylating agent of the conjugate enolate in a MIRC-type
cyclopropanation (Eg. 69). (167)

1. THF H
2. 5-C4H,Li
+  (CgHgS),CLi 3. CHOH SCHs (50
4. CHal, HMPA
H
(32%)

4.2.1.1.3. Phosphorus Ylide Reagents

Like the sulfonium ylides previously discussed (Eq. 64), phosphonium ylides
can be employed as cyclopropanating reagents for unsaturated ketones and
esters by means of 3 -conjugate addition— a -intramolecular alkylation.
(170-172) Even hindered ylides undergo the reaction; the ylide generated from
isopropyltriphenylphosphonium halide undergoes reaction with a , 3

-unsaturat “ i'l‘ﬂ'ﬂ Htﬁ mﬁﬁmﬂ?))

Intramolec ol ko2

CO,CH, :
/Ir + i-CHP(CHy); _THE _ F 70)
n-C,Hg 25° n-CHj CH,

(70%)

phosphonium ylide is generated during a MIMIRC sequence (Eg. 55).
Commonly used for this purpose are phosphonium salts bearing a vinyl
substituent, including vinyltriphenylphosphonium bromide (VTB, Schweitzer's
reagent) (174, 175) and isopropenyltriphenylphosphonium bromide (ITB, Eg.
71). (176)
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(36%)

4.2.1.1.4. Nitroalkanes

Nitroalkanes also can serve as cyclopropanating reagents for a, 8
-unsaturated esters that are activated for Michael additions by a -substitution
with an electron-withdrawing group. (177, 178) Similar to the phosphorus ylide
employed in Eq. 70, 2-nitropropane functions as a Michael donor— a -alkylating
agent for an a , B -unsaturated a -cyanoester in protic solvents using
potassium carbonate as base to give gem-dimethylcyclopropanes in good
yields and singular stereochemistry. (177) 1-Nitroalkenes act as superior
VTB-like equivalents in MIMIRC reactions; isolated yields of the products
typically are high (Eqg. 72). (179) Nitromethane adds to (3 -ketoamide 32.
Subsequent

0
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(72)

intramolecular alkylation occurs in only one of two possible fashions; no
cyclopropane is produced, and only cyclopentane 33 is observed (Eq. 73).
(147)

CH,NO,, 10% NaOH CONH,
FCHOH (73)
(CHp,C1 O,NCH.

32 33 (30%)

CONH,

In a MIRC-type sequence using 5-nitro-2-pentanone as a Michael donor to
2-cyclopentenone, no cyclopropane products are noted, and normal ring
closure via an aldol reaction results in the expected cyclohexane. (180)



4.2.1.1.5. Other Reagents

The cyanide anion, both in protic (147) and aprotic (181, 182) solvents, can be
used in MIRC-type reactions. Benzylic anions stabilized by the cyano group
are excellent Michael donors (183-185) and, like their enolate anion
equivalents, provide the opportunity for further elaboration of the
1,5-difunctional product from the tandem difunctionalization reaction. (186, 187)
The reagent p-toluenesulfonylacetonitrile serves three purposes in the
preparation of a bicyclo[3.1.0]hexanone 34; it is a double Michael donor to a
divinylketone to form a cyclohexanone; y-elimination of the sulfonyl moiety
then establishes the ring fusion (Eq. 74). (188)

1. cat. NaOC,Hg,
+  p-CH,C4H,SO,CH,CN 20°, C,H,OH
2. reflux - (74)
38 N
(53%)

Silyllithium reagents and trimethylsilyl-stabilized benzylic anions (189) can
serve as Michael donors. Trimethylsilyllithium is an excellent Michael donor to
2-cyclohexenone: (55) as such, it may have implications to the mechanistic
details of the tandem difunctionalization sequence.

+212 ubdbldbLIIOOO0O 000000

Organometallic reagents that are Lewis bases can be used directly or with a
transition metal catalyst to perform conjugate additions, particularly when the
unsaturated carbonyl substrate is relatively activated by means of an
electron-withdrawing a substituent. Anionic reagents other than carbanions
have found application; these include anions of oxygen, nitrogen, selenium,
and tin.

4.2.1.2.1. Organomagnesium Reagents

The historic significance of Grignard reagents in the development of the
tandem vicinal difunctionalization of a , 8 -unsaturated carbonyl compounds
has been mentioned. Rarely, Grignard reagents may initiate useful
MIMIRC-type dimerizations of enones (Eq. 75), (19)



CeHs CeHs
2 (E)-CeHsCH=CHCOCgH; + CHMgl — gu  CgH,
(75)
O CH,
(20%)

or can act as Michael donors to give dialkylation products (78) with unactivated
enones. Typically, Michael acceptors that demonstrate affinity for 1,4 additions
with unstabilized reagents are chosen in order to obtain good chemical yields
of the desired products. Such acceptors include amides (Eg. 76), (190)

Jjﬁ{> ;;ﬁ\WL' FlHK{>(m

(75%)

thioamides (Eqg. 77), (191) and esters or ketones with a -alkoxycarbonyl (80)
(Eqg. 78) or arylsulfinyl (192) substituents (Eq. 79; 1-methyl-2-pyrrolidinone,

NMP).
1. Ca!'lu BT Hom)
NECHOI1 21 ﬂ oL B | i e
= 7
(85%)
CH,0,C CO.CH,
r (CH;), C=CHMgBr CO,CH,3
Cl - COLCH, (78)
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There appears to be little restriction on the identity of the organomagnesium
reagent itself; primary, secondary, vinylic, and arylmagnesium halides can all
be used without complication.

4.2.1.2.2. Organolithium Reagents

These relatively basic nucleophiles initiate tandem difunctionalizations via
conjugate additions to a , B -unsaturated amides (190, 193) and thioamides
(194) much like their organomagnesium analogs. Elaborated benzyllithium
reagents can react with esters, as evidenced by the preparation of tetralone 35
from methyl crotonate (Eq. 80). (195) Other alkyllithium

aooo JLCO0000C0
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(E)-CHsCH=CHCO,CH, + -
OCH; °
H
CH,0 (80)
~78°
——
THF
CO,CH,
ci,o ©
35
(~52%)

reagents usually will attack at the carbonyl moiety, resulting in 1,2 addition
unless steric interactions between substrate and nucleophile retard or prevent
this mode of attack. In such cases, efficient sterically directed 3 -addition—
a-alkylation is observed. (196) Appropriately a "-substituted a , B -unsaturated



ketones follow a similar reaction pathway initiated by charge-directed
conjugate addition of an organolithium reagent. (197-201)

4.2.1.2.3. Alcohol and Amine Reagents

The use of alkoxide reagents in tandem difunctionalization reactions has been
limited. The oxygen analogs of organosulfur Michael donors are used in
preparations of B -butyrolactones (148) via the MIRC process (see Eqg. 60) and
in a similar reaction sequence for the synthesis of a chromone (Eq. 61). (149)
Lithium alkoxide-initiated MIMIRC dimerizations of a -bromoacrylates result in
stereospecific syntheses of tetrasubstituted cyclopropanes (Eqg. 81). (141)

2 CH,=CBrCO,CHy + CHOLi  —ok g PR B
PERERE. ) PRORL T (81)
CH30.C COCH,
(80%)

Amine reagents are of greater utility, particularly in syntheses directed toward
heterocycles and complex alkaloids. Yohimbanes can be prepared via an
amino-Claisen rearrangement strategy (Eq. 82); (202) preparations of
quinoline nuclei are also possible (Eq. 83). (149) Direct comparison of amines
with

LOO0O@™O0O00000008

CH,CN N
HC=CCO,C Hg-t + ) I \\\H
80°C H
o
N. I-Cquuzc H‘ ’!; (82)
/ \
(65%)



COCH,
E:I *  C,Hg0,CCH=C=CHCO,C,Hj

NH,

COCeHs (83)
KOC, Hg-t P

mercaptides as Michael donors in tandem difunctionalizations shows that
yields may be lower with the former. (147) In certain cases, hindered amide
bases such as lithium diisopropylamide (LDA) can act in similar fashion. (190,
203) Conjugate addition of lithium diisopropylamide to methyl crotonate
proceeds efficiently, and the resultant conjugate enolate is captured easily with
methyl iodide. When phenylselenyl bromide is used as the a -functionalizing
reagent, a syn elimination of the 3 -diisopropylamino group occurs in situ; and
the a -phenylselenyl ester is isolated as the only product (Eq. 84). (203)

(E)-CH,CH=CHCO,CHj, + LiN(C3H7-i);

(i-CaHy)N CO,CH,
1. THF R (84)
2. RX R

O O 0 i

4.2.1.2.4. Other Reagents

Alkylselenodimethylaluminum reagents act as Michael donors of alkylselenide
synthons when reacted with a , B -unsaturated ketones and are analogous to
alkylthiodimethylaluminum reagents. (204) Alternatively, trimethylsilyl
triflate-mediated cleavage of phenyltrimethylsilylselenide generates a
selenonucleophile. The phenylselenide generates a 3 -phenylseleno conjugate
enolate which is a-functionalized and subsequently undergoes oxidative syn
elimination of phenylselenenic acid to give a -functionalized a , B -unsaturated
ketones (Eqg. 85). (205)



1. (CHy)SiSeCeHg, (CHa)3SiO,CCFs, CH,
CH.Cl,

2 i l (85)
. CgHg .~~~ CH(OCH,),
3. [O] (83%) GeHs

Trialkylstannyllithium reagents initiate tandem vicinal difunctionalizations of a,
B -unsaturated ketones, resulting in B -stannyl ketones. (206) Used in a
three-component, four carbon—carbon bond forming MIMIRC-type sequence,
the product stannane undergoes oxidative ring enlargement to produce
cyclodecenones (Eg. 86). (168)

Organoaluminum and organozirconium reagents react with enones using
nickel(ll) catalysis; (207-209) such tandem difunctionalizations lead to
prostaglandin intermediates (210) and new organoaluminum species (Eq. 87).
(208) In a rare example of B -hydride addition followed by a -alkylation,
diisobutylaluminum hydride—hexamethylphosphorictriamide functions
effectively. (211) Acylate-nickel 1,4 additions to quinone monoketals followed
by trapping of the conjugate

CH,CO;, CO.CH,

HO
1. LiSn(C4Hg-n)3

= HEREEERCLNLO00

CH,30,C COCH, (86)
Pb(OCCH, ),

(60%)

N
(CHy, Al OAI(CHY: chycHg &
o o 2 CHyCH
() OoCRCOCHS. S ol %6 Hi{auﬂ:’ >£< toluene “ (87)
(82%)
(dimer)

(83%)



enolate with carbon electrophiles provide pivotal intermediates for the
synthesis of isochromanone antibiotics (Eg. 88). (212)

CH
, L CHIO ®
" Ly —————
+ n-
Rttt Gl 2. CHx=CHCH,I, CeHy-n (88)
HMPA
(82%)
Finally, attention should be brought to tandem vicinal annulation reactions of
organosilane reagents using titanium (V) chloride (213, 214) and
tetrakis(triphenylphosphine)palladium. (215) Unsaturated ketones and esters
are used as substrates and excellent stereocontrol typically is observed (Eq.
89). (214)
8i(CH,)a
+ CH,=C=C(CH,)Si(CHa)s Ticl, CHgCl o (©9)
H
(90-94%)

LOO0000000000 O Ersgets = 17:83

4.3. The a, B -Unsaturated Carbonyl Substrate

The broad variety of a , B -unsaturated ketones and esters that can be used in
tandem vicinal difunctionalization sequences allows several factors and trends
to be discussed. Other substrates such as aldehydes and amides have
received less attention, making reactivity predictions more difficult and less
reliable. Additionally, a family of noncarbonyl Michael-type acceptors such as
vinylic nitriles, isoxazolines, and sulfones are good substrates for the tandem
difunctionalization reaction.

4.3.1.1. Acyclic Enals and Enones

Conjugate addition—enolate trapping reactions ofa , § -unsaturated aldehydes
have not been widely explored. Cyclopropanations are possible using
bromomalonates. (216) The aldehyde substrates appear to behave in a
manner similar to analogous ketones in organocopper 1,4 addition—conjugate
enolate alkylation, (102) with both comparable yields and high



diastereoselectivity resulting from net trans difunctionalization. A recent
synthesis of a degradation product of the antitumor antibiotic chlorothricin
illustrates this observation by achieving net trans dialkylation of an a , y -dienal
with complete regio- and stereocontrol (Eq. 90; potassium
hexamethyldisilazide, KHMDS); (217) no 1,6 addition was expected or
observed

i i(CH,),CiHg-t
M +  [CH;=CH(CH,)},CuLi

1. THF, DMS, -73"__
2. (CH,)4SiCl
3. H;0*

(90)

owing to the twisted orientation of the diene moiety of the substrate. Michael

additions o Ul r fe3RIhdni gstepina
511 8 122 )

MIMIRC re T proceeawerr.
than those from the corresponding ketones.

|
[

In contrast to acyclic enals, acyclic enones have been studied in detail. As in
most reactions involving a 1,4 addition, the degree of substitution of the
substrate has considerable influence on the success of the reaction. (219)
Substituents at the a’ carbon of the ketone appear to act as steric directors,
shielding the carbonyl carbon from 1,2 attack and thereby enhancing 1,4
addition, but the degree of influence of the a ' substituent varies depending
upon the nature of the Michael donor.

For organocopper Michael donors, phenyl and benzyl vinyl ketones are
superior substrates to methyl vinyl ketones. (102, 220) Exocyclic vinyl ketones
are sensitive to ring size, a seven-membered ring being superior to a
six-membered ring (Eq. 91; 1,2-dimethoxyethane, DME). (221)

When enolates and acyl anion equivalents are used as Michael donors, methyl
vinyl ketones are the poorest substrates and ethyl vinyl ketones the best, with



other groups falling in between (Eq. 92). (143, 222) The mesityl moiety of
benzalacetomesitylene so hinders the carbonyl of the molecule that Wittig

1. (CH,),CulLi, 0°

SC.Hg—n SCHg-n
2. CH;l, DME (91)
(CHp)p (CHp)y
n=2, (86%)
n =3, (93%)
CH,=CHCOR +
CO,C;Hg
OH
1. THF, HMPA, -78° g COR (92)
2. CH,0 CO,C,H,
R = CH,3 (71%)
R = C,H; (79%)
R = n-C4H, (54%)

olefination using methylenetriphenylphosphorane is completely inhibited and

instead a MIRth ﬁlﬁcﬁ anation is observecﬁl?ZhDD

A combination of large steric requwements and charge at the a ' position of the
substrate ketone results in charge-directed conjugate addition—enolate
functionalization reactions. (197) Alkyllithium reagents serve as Michael
donors and the intermediate conjugate enolates are alkylated easily. (199) The
(ethoxycarbonylmethylene)triphenylphosphorane 36 thus is elaborated into an
acyl ylide 37, which can be converted into a substituted ketone by subsequent
decarboxylation and hydrolysis (Eqg. 93). (198) Conceptually related to this
approach is the use of a, B -unsaturated iron acyls as substrates for tandem
vicinal dialkylations, (200, 223-225) which both activate the a , 8 -unsaturated
acyl moiety toward 1,4 addition and provide excellent diastereofacial selectivity
during the reaction sequence resulting in usually rare net cis dialkylation (Eqg.
94). (200)



CO,C;H,

+\‘,¢§:|/Li

P(CgHy),
36
CO,C (93)
1. THF, -178° 2CaH
2. CHal P(CyHy),
37
(71%)
~ /DO @ / 2
FE. A\ 1. CgHLi, THF, -78° “Fe m)\(
/ Tl/\/ 2. CHsl i F/ (94)
(CeHshP O (CetshiP O CgHs
(93%)

Substitution at the a carbon of the a, B -unsaturated ketone typically enhances
the chemical ‘leld of tandem difunctionalization reactions b retardlng

equnlbratlo .l' E E E @ nallzatlon

occurs. Invariably, when the a substituent is a methyl group, such
enhancement is seen (Eq. 95), (221) but other, larger substituents may not
provide similar results (vide infra).

R COCH,4 1. (CH,),Culi, D"-_ R COCH,
jr 2. CH,l, DME |
(95)

R=H (46%)
R = CH, (64%)

Inasmuch as conjugate additions to enones display considerable steric
sensitivity, increased substitution at the  carbon of an a , 8 -unsaturated
ketone should be expected to decrease the overall reactivity of a Michael
acceptor molecule. In the absence of Lewis acids, (219) B, B -disubstituted



enones tend to be relatively poor substrates for tandem difunctionalization
reactions involving bulky, highly stabilized Michael donors. Other reagents,
most notably organocoppers and enolates, are not so discriminating with
acyclic enone substrates; usually, only modest differences in reactivity or
chemical yields are observed. For instance, conjugate addition—aldol
condensation reactions of (E)-3-penten-2-one and dimedone indicate the
minimal inhibiting effect of additional substitution at the 3 carbon of the
substrate (Eq. 96). (220) More pronounced perturbations occur when steric
and electronic factors (that deactivate the substrate as a Michael acceptor) are
combined (Eq. 97). (222) The relative bulkiness of a § substituent may also
influence the reactivity of the substrate in charge-directed vicinal dialkylation
reactions (Eq. 98). (197, 198) Clearly, with differing reactants and reaction
conditions it is not possible to predict a priori which 3 substituent may be more
detrimental than another. (102)

H
/LKCGCHS 1. (CH,),CuLi, -78°C CH O
2. CeHsCHO, ZnCl,,0° ’
R R’ R (96)
5
R=CH,; R' =H (75%)
R=R = CHS {?2%}
rCOEiUEEIDDDDDDDDDDDD T coc
n) EY, 1. THE, HMPA, -78°_  ¢.H,0,
Li CO,C;H; 2. CH,O R (97)
S
R=H (71%)
R = OCH,4 (47%)
Cells
CO,CH,
: C
o o
P(CgHg)y ' " C.Hs P(CeHy),  (99)
R = CHy (90%)

R=n-CH, (78%)



4.3.1.2. Acyclic Enoates and Enamides

Vicinal difunctionalization of a , B -unsaturated esters has been exploited
widely. Acrylate polymers are valuable not only as commodity polymers, but
also in the study of chain structures and conformation of molecules; enoates
serve as the substrates of choice in many MIRC and MIMIRC reactions.

For most conjugate addition—alkylation reactions of alkyl alkenoates, the
identity of the alkyl group is not critical in influencing the reaction sequence,
although differences may be observable. (141) When a Michael donor is
chosen that attacks the substrate not only in the desired 1,4 sense but also
competitively in a 1,2 fashion, the choice of a very bulky alkyl moiety for the
ester can bias the reaction toward 1,4 addition by steric inhibition of 1,2
addition (Eg. 99). (196)

t- C,H, t- CH,
; ) 1. CeHLi
—_——
CO, OCH,4 2. CHyl CO, OCH,4 (99)
I - CHy
CHHQ i C4H9 C'HE C.H5 {as%}

Substitution at the a carbon of an a, B -unsaturated ester in simple
difunctionalization sequences again does not alter the course of the sequence
significantlﬂﬂm@m i Iﬁ e {10
methyl acr metnyl me I OllOWeT LY aldo ation gives
essentially identical yields of the 3 -hydroxy esters. (145) In sterically
demanding MIMIRC-type reactions, a -substitution reduces chemical yields of
the products, but the specific size or nature of the substituent itself appears to
be of less importance (Eq. 100). (226) A simple strategy to activate enoates
toward tandem vicinal difunctionalization is to employ an a
electron-withdrawing substituent such as a diethoxyphosphinyl group (Eg.
101), (165) an alkoxycarbonyl group, (80, 215, 227) or a cyano group. (177)
The additional electron-withdrawing group usually imparts sufficient reactivity
to permit alkyllithium and Grignard reagents to act as Michael donors.




Li CH,0,

R
THF, -78° H
2 CH,=C(R)CO-CHa + —— CO,CHy
(100)

R=H (79%)

R = CH, (58%)

R = p-CH,C,H,S (55%)

C.Hg0,C CHC
i 1. CeHsCECLI, ZnCl, \I/ oHs
2 P(OCzHg)2 THF, -78° =
\|r 2. CgHsCHO, reflux CH,C=CCells (101)
(73%)
E:Z =31
Enoates substituted at the $ carbon experience increasing sluggishness in the
conjugate addition step of the difunctionalization sequence as the steric bulk of
the substituent(s) increases. Influence on chemical yields can be significant
(Eg. 102), (203, 215) although this may not always be the case. (145, 173)
One interesting example indicates that (E)-crotonates are preferred to
e ND0ON0OpOO00000
3 , THF, 0°
(E)-RCH=CHCO,C;Hs ;g—‘“‘l"—"—"—ﬁ—-— (i- CsHy), NCHRCH(CH,) CO,C, H,
. a3
(102)

R = CH, (92%)
R = n-C3H; (77%)

as substrates in organocopper 1,4 addition—conjugate enolate alkylations (Eq.
103). (102) In a similar case, palladium-catalyzed MIRC-type reactions of
maleates proceed with greater facility than those of fumarates.
Diastereoselectivity of the reaction is less, however, when the former substrate
is employed (Eq. 104). (215) Methyl a , B -di(methoxycarbonyl)acrylate
undergoes



OC,H,
1. [CeHs(CHa)zSi)sCuLi
CHsCH=CHCOCzHs 5 cpy B~  C.Hy(CHg),Si (103)
E isomer (BB%), trans:cis= 97:3
Z isomer (82%), trans:cis= 99:1

CH,0,CCH=CHCO,CH, + (CH3)sSiCH,CH=CHCH,0,CCH,

PA[P(CeHg)oly

toluene

(104)

CH,0,C CO,CH,
E isomer (32%), trans only
Z isomer (60%), trans:cis= 1:1.3

high-yield indirect MIRC-type cyclopropanation using 2-nitro-2-propylmetal
reagents as Michael donors followed by protonation and sodium
hydride-mediated ring closure via an Sni process. (178)

Tandem vicinal dialkylations of a , B -unsaturated esters may be mediated by
their corresponding tetracarbonyliron complexes. (228) Crotonates are less
reactive than acrylates: the conjugate iron enolates undergo carbonyl insertion
into the cartbofiin B btd bol o Wl ubbelielf It [elords 6

-ketoesters (Eq. 105).

Secondary and tertiary a , B -unsaturated amides and tertiary thioamides
undergo 1,4 addition—conjugate enolate alkylation reactions using alkyllithium
or Grignard reagents as Michael donors. (190, 191, 194, 229) Two equivalents
of the alkylmetal reagent must be used for secondary amide substrates, the
first to deprotonate the amide and the second to undergo conjugate addition
(Eqg. 106). (190) Alternatively, a secondary amide can be protected as an
N-alkyl-N-trimethylsilylamide (191)

COCH, 1. THF, NMP o
+ NaCH(CO,C;H. = 7 —
(CU}.;F:/"( €Oz 3 Cmgl CHIRC (105)
CO,CH,
(54%)



CONHCH,
(E)-CH;CH=CHCONHCH, =284 n=CeHoLi, THE __
2. CHjl c (106)

H_
(70%)

before submission to tandem vicinal dialkylation.
N-Alkyl-N-(N,N-dialkylamino)enamides, which are particularly inert to
1,2-addition reactions, also serve as substrates for the reaction sequence.
(193)

4.3.1.3. Cyclic Enones and Enoates

Owing to the wide occurrence of a , 3 -disubstituted cycloalkanones in nature,
many tandem difunctionalization reactions of 2-cycloalkenones of moderate
(5-8) ring size have been performed. General trends, especially for
cyclopentenones and cyclohexenones, can be seen and employed in the
design of efficient substrates for the reaction sequence. The influence of ring
size on the rate of equilibration of the intermediate conjugate enolate is of
primary concern. Cyclopentanone enolates equilibrate rapidly with respect to
cyclohexanone enolates (118) so that regiospecificity of a -alkylation of such
conjugate enolates can be lost if the reaction conditions are not chosen with
care. Consequently, a substituents capable of stabilizing the conjugate enolate
are employed to circumvent this problem. 2-Methyl-2-cyclopentenone appears
to be a superior substrate for tandem vicinal difunctionalization when
compared m E ' duce the
effectivene E:lcﬁjl Wmfor instance,
is an inferior substrate to the 2-methyl analog. (114) Arylhetero substituents,
on the other hand, both stabilize the conjugate enolate of the substrate toward
equilibration and enhance a -alkylation. Ketones such as 2-phenylthio (90, 125)
and 2-phenylselenyl-2-cyclopentenone (230) are 2-cyclopentenone synthetic
equivalents which offer better stereo- and regiocontrol of the difunctionalization
sequence. Enantiomerically pure 2-arylsulfinyl-2-cycloalkenones function
similarly, with the additional ability to provide directable diastereofacial bias
during conjugate addition, (231) producing 2,3-disubstituted cycloalkanones
with high enantiomeric purities (e.g., EqQ. 79). (192) Substitution at the 3 carbon
of the cycloalkenone retards the rate of conjugate addition and can lower the
degree of stereo- and regiocontrol as well as the chemical yield of the reaction.
(232) Cycloalkenones are intrinsically less reactive than 3 -unsubstituted
enones. A synthetically useful exploitation of this observation employs
substrate 24, which undergoes regiospecific tandem difunctionalization at the
exocyclic double bond; the exocyclic enone still is attacked exclusively even if
B -substituted as in substrate 38 (135) (Eq. 107).



CoHg ><” 1. THF, -78°  CH,0,C C.H,
K + 2 CO,CH, 2. CHjl (107)
R=H 24 ReH - (76%)
R = CH, 38 R = CH, (85%)

Stereospecific formation of norbornanones is possible when a MIMIRC
synthetic strategy is used (Scheme 8). (136) In a similar vein, B -substituted
cycloalkenones may be more reactive than 3, B -disubstituted esters (Eq. 108).
(233)

[ 3 (108)
0

(73%)

Lewis-acid catalysis of the conjugate addition can greatly enhance the rate at
which B -substituted cycloalkenones react. (219)

Alkyl substituents at carbons of the cycloalkenone other than those of the
alkenyl moiety typically do not interfere with the reaction sequence, (234) for

example, 4.4- dlmeth C entenone 235
5 5-cimeth bbb Rl Rt S Bl rates

the tandem V|C|nal dlalkylatlon reactlon sequence (in the latter case the
question of conjugate enolate equilibration is moot). Strategically placed
substituents on cyclopentenones are used as combined
diastereofacial-biasing and conjugate enolate equilibration-inhibiting elements
in total syntheses of prostaglandins (Eq. 109). (74, 237)

1) n-CgHy, CuP(CHg-n)s
>< O OSi(CH,);C Hg- 1
o™ 2) I~ _=~_~_~ CO,CH,

(53%) OSi(CH,),C H gt



A combination of a - and 3 -substitution provides substrate molecules for the
construction of vicinal quaternary carbon centers. (238) Although enolate
equilibration (232) and steric congestion (239, 240) can prevent the
straightforward application of the methodology, adjacent quaternary center
construction can be successful (Eq. 110). (221, 241)

1. (CH,),CuLi
2. CH,1, DME (110)

(86%)

Cyclic enoates, or alkenolides, have not often been employed as substrates for
tandem vicinal difunctionalization reactions. Those enjoying the greatest use
are y -butenolides and 4-substituted y -butenolides, which are used in the total
syntheses of lignans (159, 162, 163) and prostaglandin analogs (Egs. 32, 67).
(103) The reaction sequence is well behaved and yields of the products
usually are quite high. & -Pentenolide 39 undergoes a stereospecific
Michael-Claisen difunctionalization sequence, resulting in an anthracenone
used for the synthesis of olivomycin A (195) (Eq. 111,

N,N -dimethyl-N,N -propyleneurea, DMPU).

HOO0000000000o0a

CH 39 (‘_::[.l3 N

= Li
R . @G ' THF - DMPU_ NaOH
I CO;CI"IQ -78° H20|CZHE'DH

CH,0 OCH,3

39
(111)

CHsO OCH;
(51%)

4.3.1.4. Polyunsaturated Ketones and Esters
Multiply unsaturated ketones and esters can undergo “extended” Michael
additions. For instance, 2,4-dienones may undergo 1,6 conjugate addition (242)



as well as 1,4 conjugate addition with a Michael donor; for 2,4,6-trienones, 1,8,
1,6, and 1,4 addition modes all are possible. (243) Application of tandem
vicinal dialkylation methodologies to these substrates has received limited
attention. Dienone 40 undergoes exclusive 1,4 addition of methyllithium, with
subsequent C-methylation of the conjugate enolate proceeding in good yield
(Eqg. 112). (197) Similarly, dienal 41 functions as a substrate for exclusive 1,4
addition (Eq. 113; cf. Eq. 90). (217) Other related additions include
organocoppers to fulvenes, (244) alkyllithiums to 2-naphthyloxazolines, (245,
246) and arene—chromium tricarbonyl complexes; (247) in each case,

Wﬂrr CO,C,Hg 1. CH,Li, THF-_ CO,C,H,
2. CHol 112)

P{CgHs)a P(CeHg)a

40 (84%)
mixture of diastereomers

H QSi(CHy),C Hy-t

1. [CHp=CH(CHjy)s)2CulLi o
2. CH,1 NN

H OSI(CH,),CoHy~t

(113)

(33%)

| I (| [ [

only 1,4 addition is observed. As might be expected, the same behavior is
observed for a, B -unsaturated ketones and esters bearing 3 -aryl substituents.
(19, 67,172, 177, 220)

Transient vicinal difunctionalization is exploited to incorporate the a
-phenylseleno moiety into a , B -unsaturated esters; (203) extension to
polyunsaturated esters also results in the same regiochemistry (Eq. 114).

1. LDA, THF CO,C,H,
CO,C,H :
AR OGN s /%/Qi;q“s (114)

(38%)

Cyclopropane 42 is a related substrate in which 1,6-type addition is obtained
when an organocopper reagent is used as Michael donor. (227) The resultant



enolate C-alkylates to afford net 2,6-dialkylation of 4-hexenoates (Eq. 116). On
the other hand, when cyclopropane 43 is reacted under identical conditions,
the 2,3-dialkylation product results (Eq. 116).

CO,C,H,
/v< CO,C,H,

42
0.C,H, (115)
n-C,H
1. (n-CHg),CuLi * CO,CH,
2. CH,=CHCH,Br
(88%)
CO.C,Hg
CUZCEH & 1- ( H—Cﬁn}zcul.i-_ ﬂ.—c CG;C,H 5 (116)
2- CHFCI'ICHgBr COZCEHE
4
3 (98%)

4.3.1.5. Ac bNig A c Qarplonpl S rajés
The use of@ea eeﬁggagogn vicinal

difunctionalization reactions sometimes provides a route to activated olefins of
high isomeric purity. Much like the stereospecific cis addition of organocopper
reagents to alkynes, (6, 248) 1,4 addition of an organocopper to an a
-acetylenic ketone or ester begins with net cis addition to give a vinylic
organocopper intermediate. The reactivity of the electrophile that is added to
complete the reaction sequence determines if the intermediate is trapped prior
to equilibration through an allenoate species (Scheme 9). (249) The product
geometry ratio depends upon the steric interactions between allenoate and
electrophile. Many examples indicate that loss of the stereo integrity of the
intermediate vinylic organocopper species is common; such is the case for
methylation (Eq. 117), (97) chlorination, (249) and iodination (Eq. 119). (96,
250) Bromination appears to be stereospecific

1. (CHy),CuLi Pl
2. CH;l /_lL (117)

(25%)

C,H,C=CCO,CH;




in the opposite sense to the other halogens, but also yields products from
reductive dimerization of the resultant vinyl bromide. (249) The ratio of
isomeric olefins produced can be controlled by changing the counterion of the
intermediate allenoate. (250) Acid chlorides appear to be sufficiently reactive
electrophiles to give only net cis dialkylation; bulky electrophiles result in net
trans dialkylation (Egs. 119 and 120). (110, 249) The allenoate intermediates
of

CH{C=CCO,CH, 1. CHoCuLi Ca“.f>=<l 3 s
118

2. 1,
(63%)

a -acetylenic ketones can be captured as allenol silyl ethers and subsequently
a -alkylated (Eqg. 121). (251)

O
- 1. CHCu(C=CCHgn)Li CO,CoH;
RC=CCO.CHs — B cscn=crcoa J)ﬁ‘/ (119)
CeHs

(82%)

OOO00000000000Gi

. 1. CH;Cu(C=CC,Hy-n)Li
s s 2. cycloheptanone ot (120)
Ty CO,C;Hy

(96%)

Scheme 9.
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Allenoates of a -acetylenic esters appear to be less prone to equilibration than
those of corresponding a -acetylenic ketones. Propiolate esters undergo
trans-vicingt-e§ et mﬂ i m er reagent
(Eq. 45). (mm mm Egﬂﬂifically
transmetalated at the a carbon and alkylated to give a -alkyl- B -stannyl- a , B
-unsaturated esters. Complementary cis distannylation is obtained by
palladium-catalyzed addition of hexamethyldistannane. (252) N,N-Dimethyl a
-acetylenic amides, when reacted with one equivalent of
trimethylstannylcopper, are

OSi(CHj);
(CHa)sSICECCOCHomt  —oCHis)eCuli \—c

2. (CHy)JSiCl /
(CH,),Si _><

(86%)
C,H,SCHCIC {iCHaa t2y
H SCHCIC H-n

TiCl , COf¥E

n- CSH? S C‘ Hs
(88%)



B -trimethylstannylated; the conjugate anion can be a -alkylated in useful yields.
(95)

Acetylenic esters can function as substrates for MIRC-based synthetic
strategies, providing preparations of highly substituted cycloalkenones (99)
and a , B -unsaturated lactones. (253, 254) Hydroisoquinolines can be
prepared via a conjugate-addition—amino-Claisen rearrangement sequence
(Eq. 82); these products can be transformed into yohimbines. (202)

Allenic esters and ketones undergo 1,4 additions smoothly with organocopper
reagents. The resultant conjugate enolates can be C-alkylated in
dimethoxyethane, producing B , y -unsaturated ketones and esters (Eq. 122).
(255) The use of allene 1,3-diesters as substrates for MIRC-based heterocycle
synthesis yields pyrazines, pyrazoles, quinolines, and thiophenes (Eg. 61), as
well as other heterocyclic systems. (149)

CO,C,Hg 1. (CH,),CuLi, (CoHs),0 ) CO.C.H,

S 2. CH,=CHCH,Cl, DME (122)

(75-95%)
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Any functional group in the substrate that will not react with the Michael donor
reagent or the conjugate enolate can be considered fully compatible. If a
group's reaction rates with the initial Michael donor or the conjugate enolate
are low compared with those reactions leading to the desired product, it will be
tolerated. Most substituents with low nucleofugacity—alkoxy, alkylthio or
alkylseleno groups, tertiary amino moieties, and ketals or acetals—rarely
interfere. Electrophilic substituents, however, should be viewed with caution on
two counts. Possible competition for the Michael donor reagent should be
considered. Furthermore, when appropriately located in the substrate, such
groups may compete with an extramolecular electrophile for alkylation of the
conjugate enolate, resulting in MIRC-type products. Protected forms of
carbonyl moieties, nitriles, and some alkenes are preferred when such
behavior is to be avoided. Halogens usually can be tolerated, especially
chloroalkyl groups, because of the relative inertness of these groups as
enolate alkylating reagents. Organocopper Michael donors, however, in
certain circumstances can reductively cleave halogens from a substrate to
generate a new reactive anion. Relatively acidic groups such as hydroxy and



sulfhydryl often can be deprotonated with a nonnucleophilic base without
interference in the subsequent dialkylation, or can be protected to ensure no
interference. Alkylsulfinyl, alkylsulfonyl, and other groups that can be
deprotonated to stabilized anions may serve as Michael donors, thus initiating
undesirable polymerizations. Arylsulfinyl and arylsulfonyl groups, like some
halo substituents, can be cleaved reductively from the substrate when an
organocopper Michael donor is employed. The electrophilic nature and the
anion- and dianion-stabilizing capability of the nitro group mandate its
protection. (256)

4.3.1.7. Miscellaneous Substrates

The tandem vicinal dialkylation strategy can be used successfully for a number
of substrates analogous to a, B -unsaturated carbonyl compounds. Although
beyond the scope of this review, a sampling of these substrates and their
difunctionalized products is presented in Table A.

Table A. Miscellaneous Substrates for Tandem Vicinal
Difunctionalization

View PDF
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The choice of an a -functionalizing reagent for the conjugate enolate should be
determined by the same factors that affect the C-alkylation of regiospecifically
generated enolates. Applicable generalizations follow. Any regiospecifically
generated enolate that can equilibrate may equilibrate. The enolate is an
ambident anion that can demonstrate competitive O-alkylation versus
C-alkylation. In the case of organocopper-derived conjugate enolates,
C-alkylation can be sluggish and requires good electrophiles to succeed.

4.4.1.1. Nature of the Reagent

A wide variety of electrophilic a -functionalizing reagents can be employed in
tandem vicinal difunctionalizations. The most common reagents are alkyl
iodides, allyl and propargyl bromides, aldehydes, and ketones. Hard—soft
Lewis acid—base theory has been used to explain why these reagents are
relatively good a -alkylating agents. (267) Softer, more polarizable electrophilic
reagents show not only enhanced reactivity, but also essentially complete
C-regioselectivity under normal conditions. A review of the C-alkylation of
regiospecifically generated enolates discusses various electrophilic reagents.



(59) Table B lists some of the more popular a -functionalizing reagents used in
a, B -difunctionalization reactions.

Table B. Some a -Functionalizing Reagents for Tandem Vicinal
Difunctionalization

CHal PNV Vo

1 CO,CH,
CHz " CHCHzBI’ BI’CH2C02CH3
CH; " C(COCHs) Si (CH3)3  BrCH,C = CC3Hs
H,CO CeHsSeBr
CH3CHO CO;
CeHsCHO [(CH3),NCH,]"CI
(CeHs)2S2 [CH, " CHP(CgHs)s] 'Br~
C6H5CHzBI’ CHz " CHC02CH3
> ethylene oxide
Br; acetone
HC(OC:Hs)3 cyclohexanone

A

CO,CH,4
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Considerable research involving the use of acyl chlorides as a-functionalizing
reagents indicates that O-acylation competes with C-acylation. (69) The ratio
of products is dependent upon the nature of the reagent, (110, 268) the
substrate, (269, 270) and the reaction conditions. (79, 271, 272)
O,C-Diacylated products often are obtained, (273) but can be hydrolyzed to
the desired a , B -difunctionalized product. The use of chloroacetyl chloride
takes advantage of this observation, generating a butenolide fused to carbons
1 and 2 of the original substrate (Eq. 123); (274) crotonyl chloride gives similar
results. (271)



1. (CH,);CulLi
I: a)g u l-..-

2. CICH.COCI
3. base

CH;30,C CH30,C (76%)

Reagents for a -functionalization may be intramolecular, giving ring closure in
MIRC-based reactions. Such a reagent may be part of the original substrate
(140, 213, 275, 276) or, more commonly, present in the Michael donor in either
a masked (124, 202, 277, 278) or native state. (120, 227, 279) Yields in these
cases generally are quite good owing to rate acceleration and decreased
byproduct formation.

Bifunctional electrophilic reagents allow some generalization as to overall
reactivity. Esters are quite unreactive, as are vinylic halides. Acyl halides,
primary alkyl iodides, propargyl and allylic halides, a -halo esters, aldehydes,
and nitroalkenes are among the most reactive reagents.

4.4.1.2. Effect of the Nature of the Reagent on the Yield of a -Functionalization
Only relatively reactive electrophiles result in good amounts of a
-functionalization of the conjugate enolate. These electrophiles include methyl
and primar (0] I I i e icaand
aldehydes.gmmmmmmm “ia ‘ g ult to a
-functionalize unless the following prescriptions are: use of the most reactive
electrophiles and changes in solvent (221, 232, 280) or counterion. (220, 281)
Within a series of homologous reagents, smaller electrophiles typically are
more efficient than sterically larger ones (Egs. 124 (220) and 125 (95)).

HO

1. {(CH.,),CuLi
(CH,),Cu )
2. RCHO, ZnCl;

(CH,),C=CHCOCH, COCH,

(124)

R=CHs (77%)
R = CoHs (50%)



CON(CH
1. {CHE}SSHCU'DMS N{ 3}2

CH,CZ CCON(CHy), /=C rk/ .
2. p Br, HMPA (CH,) $n y

(125)
R,R =H (82%)
R=H, R =CH, (81%)
R, R = CH, (78%)

4.4.1.3. Effect of the Nature of the Reagent on the Stereochemistry of a
-Functionalization

Thermodynamically more stable trans a , B -difunctionalized products are
formed predominantly in the reaction sequences regardless of the electrophile.
When the Michael donor is large, (114) small changes in the steric profile of
the electrophile can result in complete stereoselectivity (Eq. 9). In the case of
a, B -disubstituted enone substrates, steric approach control analysis is more
predictive of the outcome than product development control; net cis
dialkylation may result (Eq. 126). (232) Steric approach control may
predominate

0
1. (CHy),CuLi_

2. CH,l

HOO000000000c

(126)

(47%)

even when its operation requires formation of significantly less
thermodynamically stable products (Eq. 79). (192)

4.4.1.4. Functional Group Compatibility

Relatively acidic functional groups such as hydroxy and sulfhydryl and those
that facilitate deprotonation, such as [ -ketoesters and alkylsulfinyl or
alkylsulfonyl moieties, should not be present in the electrophile. Proton donors
preclude a -functionalization by conjugate enolate quenching. Electrophilic
reagents with several nucleofugal centers can be employed without problems
if there is a significant difference in the electrophilicity of the moieties present
in the reagent; a variety of these have found application in prostaglandin
synthesis. (86, 258, 282-286) Various dihalides, (194, 261) a -halo esters, (100,
279) and a , B -unsaturated acid chlorides (110) also act as selective
electrophilic a -functionalizing reagents.



5. Synthetic Utility

Tandem vicinal difunctionalization of an a , B -unsaturated carbonyl-containing
substrate represents a convergent synthetic strategy that has considerable
appeal and versatility. By linking a Michael-type addition and an
enolate-mediated carbon—carbon bond-forming reaction through a variety of
substrates, molecules with regiospecifically introduced multifunctional arrays
are generated. Michael-aldol difunctionalizations of cycloalkenones provide
2-hydroxyalkyl-1,5-diones; 1,4-organocopper addition—alkylation
difunctionalizations of propiolates produce stereoisomerically pure a, 3
-unsaturated esters. Cyclic 1,3-dicarbonyl functionality is obtained by Michael
ring-closure reaction, for example, Michael addition followed by Dieckmann
condensation. Sequential Michael ring-closure reactions yield complex
polycyclic products that may be inaccessible through other routes. Conjugate
addition—alkylations of allenyl ketones provide y , & -unsaturated ketones.
Clearly, any of a number of permutations is possible, indicating the versatility
of the technique.

The a, B -dialkylated carbonyl moiety is a common structural element in many
natural products and a common synthetic element in organic chemistry. For
these reasons, tandem vicinal difunctionalization has found considerable
exploitation in natural product synthesis. Table C lists some of the natural
products that have been prepared by the reaction sequence. It has been
pivotal in the development of prostaglandin synthesis and is the method of
choice for tfrey 1 ' ﬁ m prepared
by the techmmmwmm m e
syntheses have relied on tandem vicinal dialkylation to form the critical C-D
ring juncture in a stereospecific manner. Polyketide-derived anthraquinones
(195) can be prepared by the difunctionalization strategy. Modification of the
Robinson annulation (291) has led to the preparation of cis- and trans-decalins,
(292) hydrindanes, (293) and hydroazulenes. (294) The use of butenolides as
substrates provides direct access to lactone antibiotics. (159, 295)

Table C. Some Natural Products Prepared Employing Tandem Vicinal
Difunctionalization

Product Reference

Aklavinone 153
Anthraquinones 195



Aromatin 164

Ascochlorin 301
Atisiranone 302
Avenaciolide 303
Bicyclo[3.2.1]octanes 123
Chlorothricolide 304
Clerodanes 292
Compactin 305
Coriamyrtin 306
Coriolin 307
Damascones 308
Eremolactone 295
Eriolanin 309
Galactin 158
Gascardic acid 310
Gymnomitrol 311
B -Himachalene 312
Hydrindanes 293
Hydroazulenes 247
Integerrimine 313

trans- y -lrones

OO I00000OR 0000

ostegane

Ivalin

Khusimone 127
Lanvandulol 255
Laurene 316
Longifolene 317
Lycopodine 26
Methyl jasmonate 318
Methyl vouacapenate 274
Methylenomycin B 319
Myodesmone 320
Nagilactone F 321
Noraflavinine 144
B -Panasinsene 322

Parthenin 91



Pentalenene 323

Podorhizol 159
Prostaglandins 89
Pseudoguaianes 73
Pyrethroids 177
Quadrone 324
Quassinoids 58
Sarkomycin 325
Silphinene 326
Steroids 277, 290, 327, 328
Strigol 180
Valerane 118
Vernolepin 329
Zonarol 138

Heterocycles are available by exploitation of this methodology, (148, 296) an
area which recently has seen renewed interest. (146, 149, 226, 297-299)
MIRC sequences and their variations (137) allow the preparation of
cyclopropanes and cyclobutanes, (201) provide a protocol for appending new

rings onto Eﬂﬁﬂmmﬂﬁmﬂmﬂwcycles and

spirocycles:



6. Experimental Conditions

6.1. Preparation and Handling of Nucleophilic Reagents

The majority of the nucleophiles discussed in this review require in situ
preparation because of their high reactivity. Anhydrous solvents, glassware,
reagents and transfers, and an inert atmosphere are required. Simple
benchtop techniques using routine laboratory glassware, syringes, and
cannulae provide sufficient exclusion of air and moisture while minimizing cost
and complexity. (330, 331)

Many of the simple nucleophiles are commercially available; frequently those
that are not require the use of commercially available organometallics such as
Grignards or organolithiums in the preparation process. Degradation of the
titer of such reagent solutions occurs with time because of contamination with
oxygen or moisture. Freshly prepared solutions of Grignards and
organolithiums may vary appreciably in strength because of the inability to
precisely control a number of factors, such as temperature of formation and
solvent loss. It is strongly recommended that these organometallics be titrated
prior to use in any phase of a 1,4 addition. A number of new titration methods
are easy and accurate. The nature of the indicator(s) requires only one titration
to be performed. (332-336)

Methods also exist for verifying the complete formation of stoichiometric
organocuprates. (71) Use of these titration procedures assures the greatest

likelihood idi i | Jaliit pted
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6.2. One-Vessel Tandem Vicinal Difunctionalization vs. Vicinal
Difunctionalization via a Neutral Intermediate

Before a -alkylation of a conjugate enolate or its trapping as a masked neutral
intermediate is investigated, it is best to carry out a proton quench. By
examination of the (3 -addition product, the efficiency of the first step of tandem
vicinal difunctionalization can be ascertained clearly. Optimization of the first

stage guarantees generation of the maximum amount of conjugate enolate
regardless of the eventual pathway of a -functionalization.

The number of examples of one-vessel tandem vicinal difunctionalization
greatly outnumbers those via a neutral intermediate. In most instances,
recourse to the latter method is made only after variations of the former have
failed. (337) This generalization applies particularly for intermolecular a
-alkylations. Usually, the following are made to assure that the one-pot
difunctionalization occurs: solvent changes, (221, 232) the reactivity of the
alkylating agent increased, (118) other nucleophile counterions used, (114) the
sequence of the alkylation process altered, (338) and combinations of all of



these.

If these tactics are unsuccessful, trapping of the conjugate enolate as a neutral
intermediate is usually performed; the trimethylsilyl enol ether is used most
often in this capacity. (337, 339, 340) Purification of the neutral intermediate
serves two functions: the opportunity to assess the amount of 1,4 addition and
the removal of byproducts that may complicate the a -alkylation step.
Regeneration of the conjugate enolate from its silyl enol ether can be done in
liquid ammonia—tetrahydrofuran with lithium amide (64, 339) or in diethyl ether
with methyllithium. (4) When compared directly with the one-vessel procedure,
the two-step method generally produces the higher yield.

6.3. Solvent

The choice of solvent for tandem vicinal difunctionalization requires striking a
balance between a good solvent for 1,4 addition and one that can likewise
enhance the a -functionalization. Diethyl ether, in most instances, is the best
solvent for the conjugate addition of cuprates; (341) however, it is a poor
solvent for enolate alkylation. When only one solvent is used throughout both
the conjugate addition and a -alkylation steps, it is tetrahydrofuran. Even
though tetrahydrofuran, in some instances, may be disadvantageous for the
initial step, (341) it is a better alkylating medium than diethyl ether.
Subsequently, with enone substrates, diethyl ether and tetrahydrofuran have
been used with approximately the same frequency for the first step. On the
other hand, both steps of the reactions of enoates and enamides are
preferentially carried out in tetrahydrofuran.

To obtain @EB@MQEQHBM EISEoeckman,

(232) and Coates and Sandefur (221)), most experimentalists modify the
nonpolar medium of conjugate addition. Two general procedures exist. First,
after the conjugate addition, solvent is removed and 1,2-dimethoxyethane
(DME) is added for the alkylation step; (221) this method has not been
exploited to a great extent. The alternative procedure involves altering the
structure and reactivity of the conjugate enolate by admixing a polar aprotic
solvent such as HMPA in a ratio of 10-20% by volume. (232, 342) The latter
protocol has received wider use because of its greater simplicity. Cyclic ureas
such as N,N¢-dimethyl-N,N¢-propyleneurea (DMPU) can be substituted for the
animal carcinogen HMPA as cosolvent in the reactions of nucleophiles and
bases, (343) and one example of its use in a tandem vicinal difunctionalization
is reported. (260) Other polar solvents that have not been utilized routinely as
adjuvants include N,N,N¢,N¢-tetramethylethylenediamine (TMEDA) (118) and
liquid ammonia. (344) Inverse addition, adding the enolate to alkylating agent
dissolved in a polar aprotic solvent, increases the yield of desired product in
some cases. (114, 338, 345)

It should be emphasized that polar aprotic solvents (donor solvents (341))



generally are deleterious to 1,4 additions (39, 118) and so should not be a part
of the reaction medium until that step is complete. Sulfur-stabilized anions (151,
164) are an obvious exception to this generalization; here HMPA is needed to
assure the desired 1,4 regioselectivity.

6.4. Temperature

Several patterns are discernible as to the temperatures used in the two steps
of vicinal tandem difunctionalization. In keeping with the high lability of the
nucleophiles, to maintain regioselectivity, and in order to minimize alkylation of
the conjugate enolate with unreacted a , 8 -unsaturated substrate, the first step
is usually carried out at —78 to —30°. The reactions are initiated by adding the
substrate to the nucleophile at the lower end of the range, and the reaction
temperature then is permitted to rise to allow conjugate enolate formation to
occur within a reasonable time (2—4 hours). Obviously, monitoring
disappearance of starting material or appearance of  -substituted product
makes for an informed decision as to whether or not the reaction temperature
needs to be raised.

The conjugate addition is performed on average at lower temperature than the
a -alkylation. Frequently, the enolate mixture is recooled to —78° prior to adding
the adjuvant solvent and the alkylating agent. Care must be exercised during
any sampling procedure or addition step to rigorously exclude contaminants
such as moisture. Temperatures of —30 to 0° are usually sufficient for
alkylations with highly reactive reagents such as methyl iodide and allylic and
propargylic bromides. Somewhat less reactive halides (e.g., a -bromoesters
(114)) may j I i i ixtures above
oom empbatuftdtat e el AR o) e
steric factors neutralize the effect of enolate equilibration that most certainly
occurs but goes undetected.

For the most part, the temperatures reported are those of the cooling bath, not
those recorded from an internal thermometer. The exothermic nature of both
steps of tandem vicinal difunctionalization warrants routine use of the latter
protocol if a deeper understanding of these multifaceted processes is to be
acquired.



7. Experimental Procedures

In this section, examples are given to highlight the various factors that have
been discussed throughout the text. The procedures bring together many of
the aspects that require consideration for a tandem vicinal dialkylation protocol
to succeed. They have been chosen because they illustrate these principles in
detail.

Catalytic organocopper reactions with Grignards and an organolithium are
outlined; quenching of the enolates is done in situ, intramolecularly, and via a
neutral intermediate. Conjugate addition of a mixed homocuprate followed by
an inverse quench is also described. A procedure involving a conjugate
enolate derived from a higher-order cuprate, trapped as a silyl enol ether and a
-alkylated in the presence of a transition metal catalyst, is detailed.

Examples of noncuprate nucleophiles include an ester enolate initiating an
intramolecular ring closure (MIRC), a sulfur-stabilized anion regioselectively
undergoing 1,4 addition to an enone followed by in situ a -alkylation, and a
Grignard adding to a sulfinyl-activated enone in asymmetric fashion.

7.1.1.1. Methyl
3,3-Dimethyl-6-0x0-2-[5-(trimethylsilyl)-4-pentynyl]cyclohexanecarboxylate
(Copper-Catalyzed Conjugate Addition of a Grignard Reagent to a Cyclic
Enone Followed by in situ a -Acylation) (79)

To 6.25g ( =i =2.cyCl =ls .24 (5.6 mmol)
of cuprous mmﬁ@ﬁ h Q@ﬁﬂﬁﬁmw% added
100 mL (~0.75 M in diethyl ether) of 5-trimethylsilyl-4-pentynylmagnesium
iodide during 4 hours. Methyl chloroformate (8 mL, 100 mmol) was added and
stirring continued for 1 hour at —23° and 0.5 hour at room temperature.
Hydrochloric acid (100 mL, 2.0 M) then was added and the organic phase
separated and dried with magnesium sulfate. The solvent was removed and
the residue chromatographed on silica gel using 5% diethyl ether—petroleum
ether to give methyl
3,3-dimethyl-6-o0x0-2-[5-(trimethylsilyl)-4-pentynyl]cyclohexanecarboxylate,
9.66 g (60%). IR 2000, 2140, 1755, 1715, 1660, 1615, 1440, 1280, 1250, 1225,
1205, and 845 cm™; 'H NMR ( CDCls3) 5 0.13 (s, 9H), 0.93 (s, 3H), 1.02 (s, 3H),
1.2-2.3 (m, 11H), 3.74 (s, 3H). Anal. Calc. for C1gH3003Si : C, 67.05; H, 9.4.
Found: C, 67.1; H, 9.65.

7.1.1.2. Octahydro-5-methylene-1(2H)-naphthalenone (Lewis
Acid—Copper-Catalyzed Conjugate Addition of an Organolithium to
2-Cyclohexen-1-one and Protonation of the Conjugate Enolate Followed by
Intramolecular a -Alkylation) (82)



To a cold (-78°) stirred solution of (5-chloro-2-pentenyl)-trimethylstannane
(200 mg, 0.37 mmol) in 3.6 mL of dry THF was added a solution of
methyllithium in diethyl ether (0.28 mL, 0.41 mmol). The colorless solution was
stirred at —78° for 15 minutes. Anhydrous MgBr», (41 mg, 0.4 mmol) was
added and the resultant milky solution was stirred for 20 minutes. After
successive addition of CuBr-DMS (19 mg, 0.09 mmol) and 2-cyclohexen-1-one
(0.04 mL, 0.41 mmol), the solution was stirred at —78° for 3 hours. Saturated
aqueous ammonium chloride (pH 8) and diethyl ether were added
successively and the layers were separated. The aqueous layer was washed
twice with ether. The combined ether extracts were washed with saturated
aqueous ammonium chloride and dried over anhydrous MgSO,4. Removal of
the solvent gave a colorless oil (81 mg) which was subjected to column
chromatography on silica gel (elution with 3:2 petroleum ether—ether).
Distillation (air bath temperature 82—85°/0.2 Torr) of the oil thus obtained
provided 60 mg (81%) of 3-(5-chloro-2-pentenyl)cyclohexanone. IR (film) 1700,
1630, 900 cm™; *H NMR ( CDCls) & 1.52-2.48 (series of m, 13H), 3.54 (t,

J =6 Hz, 2H), 4.85 (s, 2H); exact mass calculated for C;;H17 %CI0 : 200.0968;
found: 200.0963.

To a solution of the ketone (105 mg, 0.53 mmol) in 2.6 mL of dry THF at room
temperature was added 1.5 mmol of potassium hydride (300 mg, 20%
dispersion in mineral oil), and the resultant mixture was stirred at room
temperature for 2 hours. Saturated aqueous ammonium chloride was added
slowly and the mixture was extracted thoroughly with ether. The combined
ether extracts were dried over anhydrous MgSO,4. Removal of the solvent
followed bypetpgitpgt i mmm he residual
material pmm ixture of
bicyclic ketones in a ratio of 1:2. Separation of this mixture by column
chromatography on silica gel (10 g, elution with 10:1 petroleum ether—ether)
gave 21 mg of cis-octahydro-5-methylene-1(2H)-naphthalenone. IR (film) 1700,
1630, 895 cm™; *H NMR ( CDCls): 8 1.31-2.27 (series of m, 14H), 4.66 (t,

J =2 Hz, 1H), 4.69 (s, 1H); exact mass calculated for C11H160 : 164.1202;
found: 164.1205. There was also obtained 40 mg of
trans-octahydro-5-methylene-1(2H)-naphthalenone, mp 28-29°; IR ( CHCIs):
1700, 1635, 890 cm™; *H NMR ( CDCls): & 1.20-2.45 (series of m, 14H), 4.70
(s, 1H), 4.75 (s, 1H); exact mass calculated for C;;H;60 : 164.1202; found:
164.1202].

7113.(¥)-2a,3B,4a-and ()-2a,3a,40
-2,4-Dimethyl-3-[2-(1,3-dioxan-2-yl)-ethyl]cycloheptanone (Copper-Catalyzed
Conjugate Addition, Trapping of the Enolate as a Neutral Equivalent, Solvent
Change, and Subsequent a -Alkylation) (91)

A solution of Grignard reagent was prepared from 0.243 g (10.0 mmol) of
magnesium turnings and 1.73 g (8.87 mmol) of 2-(2-bromoethyl)-1,3 dioxane
in 15 mL of THF. The light-gray Grignard solution (not titrated) was cooled to



—20° and 95.2 mg (0.50 mmol) of copper(l) iodide was added. The reaction
mixture was stirred at —20° for 30 minutes and 1.00 g (8.06 mmol) of
4-methyl-2-cyclohepten-1-one in 4 mL of dry THF was added over a 20-minute
period to the now black reaction mixture. When the addition was complete,
1.40 mL (1.01 g, 10.0 mmol) of triethylamine and then 1.52 mL (1.30 g,

120 mmol) of chlorotrimethylsilane were added. The reaction mixture was
allowed to warm to room temperature over 30 minutes and then was poured
into 150 mL of saturated aqueous NaHCOj3 solution and 400 mL of ether. The
organic phase was separated, washed with 100 mL of saturated aqueous
NaHCOj3; solution and 100 mL of brine, and then dried over MgSO,.

Removal of solvent in vacuo yielded 2.70 g (9.52 mmol, 118%) of a yellow
liquid. TLC analysis (10% ether in hexanes) showed two spots with R 0.25 and
0.76, with the latter being UV active. Preparative HPLC separation yielded
876.3 mg (2.81 mmol, 35%) of a colorless liquid that gave a satisfactory
combustion analysis: IR (neat) 1663, 1383, 1259 cm™; *H NMR ( CCly) 5 0.9
(m, 3H), 3.68 (brt, J =11 Hz, 2H), 4.05 (dd, J =4 and 12 Hz, 2H), 4.40 (br t,
1H), 4.75 (m, 1H); BBC NMR ( CDCly) trans isomer 0.19, 20.4, 21.9, 25.8, 28.0,
32.9,34.7,34.9,35.7,41.1, 66.7, 102.4, 111.3, 153.7. Anal. Calc. for
C17H3,03Si : C, 65.38; H, 10.25. Found: C, 65.05; H, 10.4.

To a solution of 786.3 mg (2.52 mmol) of trans
(¥)-[(3-[2-(1,3-dioxan-2-yl)ethyl]-4-methyl-1-cyclohepten-1-yl)oxy]trimethylsilan
e in 5 mL of DME at room temperature was added 2.04 mL of 1.30 M
methyllithium in ether (2.65 mmol) over a 2-minute period. The mixture was
stirred at r t arrreol e i an ice bath,
and 3.58 gﬂwmm s hiddidg u mxture was
stirred at 5° for 15 minutes and then poured into a mixture of 100 mL of
saturated aqueous NaHCO3; and 180 mL of ether. The organic layer was
separated, washed with 100 mL of water and 100 mL of brine, and dried over

MgSO.. TLC analysis (40% ether in hexanes) showed two spots ( HoSO4
charring) with R 0.25 (strong) and 0.32 (weak).

Removal of the solvent in vacuo yielded 683.1 mg (2.71 mmol, 108%) of a
yellow liquid. The crude product was purified by column chromatography (40%
ether in hexanes) to yield 51.2 mg (0.203 mmol, 8%) of one C-2 epimer (R¢
0.31) and 450.0 mg (1.79 mmol, 71%) of the other C-2 epimer of the title
compound. Fraction 1: IR (neat) 1704, 1460, 1380, 1242, 1145 cm™; 'H NMR
(CClyg) 81.02 (d, J =7 Hz, 6H), 3.65 (br, t,J =11 Hz, 2H), 4.04 (dd, J =5 and
11 Hz, 2H), 4.40 (br t, 1H). Fraction 2: IR (neat) 1702, 1460, 1380, 1242,
1145 cm™; *H NMR ( CCls) 8 0.91 (d, J = 7 Hz, 3H), 1.03 (d, J = 7 Hz, 3H),
3.65 (brt, J = 11 Hz, 2H), 4.04 (dd, J = 5 and 11 Hz, 2H), 4.40 (br t, 1H); *°C
NMR ( CDCl3) 15.9, 20.7, 20.8, 25.3, 25.6, 30.6, 33.9, 36.6, 42.5, 46.3, 48.0,



66.6, 102.2, 215.7. Anal. Calc. for C15H»603: C, 70.88; H, 10.24. Found: C,
70.71; H, 10.27.

7.1.1.4. Methyl trans-2-(6-Methoxy-2-naphthyl)-5-oxocyclopentaneacetate
(Conjugate Addition Using a Mixed Homocuprate and Inverse Quenching of
the Conjugate Enolate) (114)

In a dry, argon-purged, round-bottomed flask with a gas inlet and serum
stopper was placed 0.065 g (0.5 mmol) of n-pentynylcopper. To this was
added 0.61 mL (0.5 mmol, 0.82 M in THF) of
6-methoxy-2-naphthylmagnesium bromide via syringe. The mixture was stirred
rapidly for 1 hour at room temperature during which time the solution became
dark green and homogeneous.

To the (6-methoxy-2-naphthyl)-1-pentynylcoppermagnesium bromide

(0.5 mmol) was added 0.05 mL (0.5 mmol) of 2-methyl-2-cyclopenten-1-one.
During the course of stirring for 3 hours, the solution turned black but remained
homogeneous. To a separate, dry, argon-purged, two-necked,
round-bottomed flask fitted with a gas inlet and serum stopper were added

10 mL of dry HMPA and 0.66 mL (5.0 mmol) of ethyl iodoacetate. The enolate
solution was diluted with 2.5 mL of dry THF and transferred via syringe to the
room-temperature HMPA solution, and stirring was continued for 16 hours.
The dark green-black solution became faint yellow over this period. The
reaction mixture was then diluted with 10 mL of diethyl ether and saturated
aqueous ammonium chloride, and the phases were separated. HPLC analysis
indicated no unalkylated material: IR ( CHCI3) 3040 (w), 2945 (s), 1745 (s),
1730 (s), 1 ) L5600 , 1010 (m),
360 (m), s ALl bbb b AL I T

J =7 Hz, 3H, C;Hs), 2.45 (b, 7H), 3.85 (s, 3H, OCHs), 4.18 (g, J = 7 Hz, 2H,
C,Hs), 7.4 (b, 6H); mass spectrum (70 eV) m/z (rel intensity) 340 (M *, 5), 295
(M™ — 45, 3), 45 (base).

7.1.1.5. tert-Butyl trans-2-Ethoxycarbonylcyclopentaneacetate [Conjugate
Addition of an Ester Enolate Followed by Intramolecular Alkylation (MIRC)]
(129)

Under a nitrogen atmosphere, to a THF-hexane (1.5 + 1 mL) solution of
lithium diisopropylamide (1.5 mmol) was added a THF (1.5 mL) solution of
tert-butyl acetate (175 mg, 1.5 mmol) at —78°. After 30 minutes, potassium
tert-butoxide (169 mg, 1.5 mmol) in THF (2.5 mL) was added and the mixture
was stirred for 10 minutes. Ethyl 6-iodo-2-hexenoate, (133 mg, 0.5 mmol) in
THF then was added and the reaction was continued for 30 minutes at —78°.
Saturated agueous ammonium chloride was added, and organic materials
were extracted with ethyl acetate, dried over Na,SO,4, and concentrated.
Short-path distillation at 105° (0.5 mm Hg) gave tert-butyl
trans-2-ethoxycarbonylcyclopentaneacetate (107 mg, 84%). IR (neat)

1720 cm™. *H NMR ( CDCls- CCly) 8 1.25 (t, J = 7 Hz, 3H), 1.43 (s, 9H),



1.6-2.0 (M, 6H), 2.0-2.6 (M, 4H), 4.11 (q, J = 7 Hz, 2H); **C NMR ( CDCls-
CCly) 5 14.2, 24,5, 28.0, 29.9, 32.3, 40.4, 40.5, 49.5, 59.9, 79.7, 171.1, 175.1.

7.1.16.(x)-2a,38
-3-(1-Methylthio-2-propenyl)-2-(3-trimethylsilyl-2-propynyl)-cyclopentanone
(Conjugate Addition of a Sulfur-Stabilized Anion Followed by a -Alkylation in
situ) (151)

sec-Butyllithium (1.84 M in pentane) was added dropwise to a stirred solution
of allyl methyl sulfide (0.49 g, 5.6 mmol) in 20 mL of THF containing 1.0 g

(5.6 mmol) of HMPA at —50° until an initial coloration due to the anion
persisted in the solution. More sec-butyllithium (3.04 mL, 5.6 mmol) then was
added and after 10 minutes the temperature of the solution was lowered to
—78°. Neat 2-cyclopenten-1-one (0.46 g, 5.6 mmol) was added slowly to keep
the temperature of the solution below —70°. The yellow color of the anion
disappeared and after 2 minutes (3-iodo-1-propynyl)trimethylsilane (2.52 g,
10.1 mmol) was added dropwise to the reaction mixture at —78°. The
temperature of the reaction mixture was raised to —45° during 90 minutes. The
reaction was quenched with agueous ammonium chloride and then worked up
to give a pale yellow oil, which was subjected to preparative TLC ( SiOa,
CH_Cl,) to yield two fractions. The more polar fraction, R; 0.5, a pale yellow oil,
was a 3:2 diastereomeric mixture of
(E)-2-(3¢-trimethylsilyl-2-propynyl)-3-(12-methylthio-22-propenyl)-1-cyclopenta
none: 2.65 g (75%); IR 2180 (m, C = C), 1750 (s, C " 0) cm™*; 'H NMR
(major diastereomer) 60.13 [s, 9H, Si(CHz3)3], 1.6-2.7 (m, 8H, H-2, H-3, H-4,
H-5, H-1¢), 3.40 (ddd, J = 9.4, 5.6, and 0.5 Hz, 1H, H-1?), 5.11 (ddd, J = 16.3,
2.0, and 0. =32 =10 Q.3 . H-3%),5.77
(1H, ddd, J tﬁjtﬂﬁlﬁij EN @j ], 14.3 (q,
SCHs), 19.6 (t, C-1¢), 24.2 (t, C-4), 37.6 (t, C-5), 44.2 (d, C-3), 50.5 (d, C-2),
53.3 (d, C-1?), 86.8 (s, C-3¢), 103.7 (s, C-2¢), 117.9 (t, C-3?), 137.0 (d, C-23),
217.0 (s, C-1); mass spectrum calculated for C15H240SSi (M) m/e 280.1316;
found: 280.1306.

The less polar fraction, R; 0.7, was a mixture of two major diastereomers (3:2)
and one minor diastereomer of
3-(12-methylthio-2-propenyl)-2,5-bis[3¢-(trimethylsilyl)-2¢-propynyl]-1-cyclopen
tanone: 0.32 g (4%); IR 2179 (s, C = C), 1745 (s, C " 0) cm™*; 'H NMR
(major diastereomer) 60.14 [s, 18H, Si(CH3)3], 1.8-2.8 (m, 9H, H-2, H-3, H-4,
H-5, H-1¢), 2.02 (s, 3H, SCH3), 3.29 (ddd, J = 9.5 and 6.1 Hz, 1H, H-1?), 5.09
(ddd, 1H, 2.0, and NO.3 Hz, J = 16.4, H-3?), 5.15 (ddd, J = 10.1, 2.0, and
NO.2 Hz, 1H, H-3?), 5.72 (ddd, J = 16.4, 10.1, and 9.4 Hz, 1H, H-22); *C NMR
6 0.06 [q, Si(CH3)3], 14.2 (q, SCH3), 20.3 (t, C-1¢), 28.6 (t, C-4), 41.8 (d, C-3),
45.5 (d, C-5), 50.9 (d, C-2), 55.2 (d, C-1?), 86.2 (s, C-1¢), 104.2 (s, C-2¢),
117.8 (t, C-3?), 135.6 (d, C-2?), 217.3 (s, C-1); mass spectrum calculated for
C21H340SSi (M™) m/z 390.1868; found: 390.1867.



7.1.1.7. (2R, 3R, S¢)- and (2S, 3R,
Ss)-3-(6-Methoxy-2-naphthyl)-2-methyl-2-(4-methylphenyl)sulfinylcyclopentan
one (Conjugate Addition of a Grignard to an Activated Enone Involving
Asymmetric Induction) (192)

A flame-dried, 25-mL, 2-necked, round-bottomed flask fitted with serum cap,
3-way stopcock, and magnetic stirring bar and containing 5 mL of anhydrous
THF was charged with 6-methoxy-2-naphthylmagnesium bromide (300 mL,
0.54 mmol) and cooled to —78°. After the Grignard reagent had cooled,
(S)-[(4-methylphenyl)sulfinyl]-2-cyclopenten-1-one (107 mg, 0.49 mmol) in

2 mL of THF was added dropwise via syringe. After 20 minutes at —78°, the
cold bath was removed to allow warming to room temperature. The THF was
removed under reduced pressure (20 mm Hg) at 20°. The resultant semisolid
was treated sequentially with methyl iodide (5 mL) and dry
N-methylpyrrolidinone (4 mL). The homogeneous reaction mixture was stirred
at room temperature overnight (20°, 12 hours). The crude product was
concentrated under vacuum (20 to 0.1 mm Hg) and purified by preparative
TLC ( SiO2, 20 cm x 20 cm x 1500 mm, 1:1:1 pentane/ether/methylene
chloride, R 0.33) to give a 2:1 mixture of (2R, 3R,
S;)-cis-3-(6-methoxy-2-naphthalenyl)-2-methyl-2-[(4-methylphenyl)sulfinyl]cycl
opentanone and (2S, 3R,
S;)-3-(6-methoxy-2-naphthalenyl)-2-methyl-2-[(4-methylphenyl)sulfinyllcyclop
entanone (149 mg, 78%) as a semisolid. '"H NMR ( CDCl3) & 0.99 (s, 2H), 1.2
(s, 1H), 2.40 (s, 3H), 1.8-3.90 (br m, 5H), 3.95 (s, 3H), 7.0-8.1 (m, 10H); IR

( CHCIs), 1730 (s), 1601 (s), 140 (s). Anal. Calc. for Co9H2903S : C, 73.44; H,
6.16; S, 8.17. Found: C, 73.50; H, 6.19; S, 7.91.

7.1.1.8. ek {NAL T A HEHindb -t L dlndEsliedencare

(Conjugate Addition of a Higher-Order Cuprate, Trapping of the Conjugate
Enolate as the Silyl Enol Ether, and a -Alkylation Mediated by a Transition
Metal Catalyst) (86)

[(3-Ethenyl-1-cyclopenten-1-yl)oxy]trimethylsilane was prepared by the
method of Lipshutz, Wilhelm, and Kozlowski (345a) using CuCN (2.60 g,
30 mmol) azeotropically dried with 15 mL of toluene at room temperature
under vacuum, 25mL (60 mmol) of 2.4 M vinyllithium, 1.3 mL (1.27 g,
15 mmol) of 2-cyclopenten-1-one, and trimethylsilyl chloride (6.3 mL, 5.43 g,
50 mmol); yield 2.35 g (86%), bp 33-35° (0.15 mm); IR (neat) 1640 (s), 1345
(s), 1265 (s), 1250 (s), 1230 (s), 930 (s), 910 (s), 850 (br s) cm™; *H NMR
( CDCls, MeysSi) 6 0.20 (s, 9H), 1.2-2.5 (m, 4H), 3.0-3.4 (m, 1H), 4.5-5.1 (m,
3H), 5.5-6.0 (m, 1H). *C NMR ( CDCls, Me,Si) & 0.45, 28.46, 32.90, 48.50,
104.33, 111.57, 143.25, 155.48. No *C NMR signals assignable to the
stereoisomer were detected. Its purity by GLC was ~97%.

To a solution of 0.36¢9 (2 mmol) of
[(3-ethenyl-1-cyclopenten-1-yl)-oxy]trimethylsilane in 5 mL of THF was added
dropwise 1 mL (2.4 mmol) of 2.4 M n-C4HoLi at 0°. After 10 minutes the



mixture was cooled to —78°, and 4 mL (4 mmol) of 1 M B(C;Hs)3 in THF was
added. The resultant mixture was warmed to 0° over 20 minutes, and a
solution of 0.40 g (2 mmol) of methyl (Z)-7-acetoxy-5-heptanoate and 0.02 g
(0.02 mmol) of Pd[P(CsHs)]4 in 5 mL of THF was added. After the mixture had
been stirred for 2 hours at room temperature, it was quenched with 12 mL of
3 N HCI and extracted with 3 x 10 mL ether. The extract was washed with
aqueous NaHCOsg, dried over MgSQO,, concentrated, and passed through a
silica gel column (60-200 mesh, n-hexane) to remove Pd compounds.
Concentration and distillation gave 0.33 g (66%) of methyl (¢)-(2)-1 a ,2 B
-7-(ethenyl-5-oxocyclopentyl)-5-heptenoate: bp 120-123°C (0.2 mm Hg); IR
(neat) 1730 (unresolved bands, s), 1640 (w), 1430 (m), 1155 (s), 985 (m), 910
(m) cm™; *H NMR ( CDCl3) & 1.1-2.8 (m, 14H), 3.6 (s, 3H), 4.9-5.5 (m, 4H),
5.6-6.1 (m, 1H); *C NMR ( CDCls) & 24.59, 26.32, 27.31, 32.88, 37.09, 45.71,
50.71, 53.92, 114.60, 127.09, 130.05, 140.84, 172.70, 216.34. The purity of
the product by GLC was ~90% with one unidentified signal having a shorter
retention time.
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8. Tabular Survey

8.1. Introduction and Guide to Tables

The tabular survey covers examples abstracted from the literature from 1959
through 1986 and is organized according to whether the difunctionalization is a
direct sequence with conjugate enolate a -functionalization proceeding in situ
(a “one-pot” sequence, Tables I-lll) or is an indirect sequence, proceeding
through a neutral intermediate conjugate enolate equivalent (a “two-pot”
sequence, Tables IV and V). Each table is organized according to the type of a,
B -unsaturated carbonyl substrate used (ketones, aldehydes, esters, or amides;
cyclic or acyclic) and the number of carbons in the substrate. Aldehydes,
ketones, and amides are listed according to total carbon count; carboxylic
esters in Tables Il and V are listed according to the carbon count of the parent
carboxylic acid. Substrates are classified as cyclic only if they are named as
2-cycloalkenones; otherwise, they are considered acyclic.

Identities of the Michael donor, or nucleophilic reagent, and the enolate
guenching reagent are listed along with general conditions of the reaction
sequence. The conditions indicated should not be considered to be in sufficient
detail for duplication of the reaction; the reader is advised to refer to the
original experimental details of the reference(s) to determine how the
sequence should be performed.

Stereochemical information for the reactants and the products is provided
when avalil I ' | ical yields
ether unless noted otherwise, and temperatures are reported in degrees
Celsius.

The following abbreviations have been used to facilitate tabulation of the data:

A proton-quenched adduct isolated as neutral
intermediate

acac acetylacetonate

B enol acetate isolated as neutral intermediate
cat. catalytic amount

DBU 1,8-diazabicyclo[4.3.0]Jundec-7-ene

DMAP  4-(dimethylamino)pyridine

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DMS dimethyl sulfide



DMSO
€q

g
HMPA

|

LDA
LHMDS
LICA
LTMP

dimethyl sulfoxide

equivalents

gas

hexamethylphosphorictriamide

liquid

lithium diisopropylamide

lithium 1,1,1,3,3,3-hexamethyldisilazide
lithium isopropylcyclohexylamide
lithium 2,2,6,6-tetramethylpiperidide

m-CPBA m-chloroperbenzoic acid

NMP
[O]
OAc
rt
TASF

TBAF
TBDSO
THF
THP

N-methylpyrrolidinone
oxidation

acetoxy

room temperature

tris(dimethylamino)sulfonium
difluorotrimethylsiliconate

tetrabutylammonium fluoride
tert-butyldimethylsilyloxy
tetrahydrofuran
2-tetrahydropyranyl

TMEDA N,N,N¢,N¢-tetramethylethylenediamine

OOREAMMOO00000000

Tablel. a, B -Unsaturated Aldehydes and Ketones

View PDF

Tablell. a, B -Unsaturated Esters and Lactones

View PDF



Table lll. a, B -Unsaturated Amides and Thioamides

View PDF

Table IV. a, B -Unsaturated Ketones via Neutral Intermediates

View PDF

Table V. a, B -Unsaturated Esters via Neutral Intermediates

View PDF
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Table VI. Miscellaneous Substrates

View PDF

Table I. Aldehydes and Ketones—Addenda

View PDF

Table Il. Esters and Lactones—Addenda



View PDF

Table V. Esters—Addenda

View PDF
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TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES

Carbon o, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Prqduct()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) ?

Section A: Acyclic Substrates

CHO
C.H40,C ii
3 CH,=CHCHO (C-Hs0,C),CHBr, Intramolecular C.H0.C 216
NaOC,Hs, C,HsOH, (70)
so
o o0
4 CH,=CHCOCH, (CH,):CulLi, (n-C,H;),0, CH,COCl, 11, 1h /lj/U\ 272
1h (30)
(CH,),Si COCH,
>- Li, THF, J,
+ 5
(CHg)S:1 Intramolecular Si(CH,), 157
-30° o 15° (65)
OH
(n-CqH,)zCuli, -78° CH,CHO, 0°, ZnCl, n-ﬁk 220
(92)
OH
(n-C H,),CuLi, -78° C,H,CHO, 0°, ZnCl, n-C.HJ 220
(65)
o}
Cﬂﬂﬂ
(n-C4Hs)2CuLi* (n-C,H,)5P, CeHsCOC], HMPA n-CHg
-78°,1h (52) 112
o} o}
CQHB )‘TK
(n-C4Hg)2CuLi* (n-C,Hy),P, CeHsCOCI, HMPA n-CHy
-78°, 30 min (52) 284
OH o

(CH,)2 AISCgHs, CH,CHO, THF /l\(u;.ﬂs 204

CH,Cl,, -78° (60)
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TABLE L.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon ¢, B-Unsaturated Nuclecphilic Reagent Electrophilic Reagent Product(s) and Ref
No. BSubstrate and Conditions and Conditions Yield(s) (%) e
Section A: Acyclic Substrates
OH g
(CH,),AlSeCH,, CH,CHO, THF )\itet:li, 204
CH,Cl,, -78° (55)
O OCH,
)kn,l\ -
(CH,)4SiSeCeHs, 1) C¢HsCH(OCH,). 205
cat. (CH,)sSi0,CCF,, (57)
CH,Cl,, -78° 2) [0]
o OCH,
oC
(CH,)5SiSeCeHs, 1) HC(OCHs), /U\n)\ #le 205
cat. (CH,),Si0,CCF,, (53)
CH,Cl,, -78° 2) [0]
OH
COCH,
i-C,H,
CeH,sSMel, i-C3H,CHO SCH, 145
(C:Hs)20, hexane, 0° (100)
COCH,
CzHaOzC i t
(C,Hs0,C).CHBr, Intramolecular C:H50.C 216
NaOC,Hs, C,H,OH, 7
sﬂ
COCH,
(o]
Li
, THF, Intramolecular le) 138
-78° (81)
COCH,
Li
, THF, Intramolecular [e]) 138
-78° (70)
COCH,
- %g
, THF, Intramolecular (o] 138
-78° (70)



10e

TABLE I. «,8-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon ¢, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Produdt()s) and
No. E.Substrate and Conditions and Conditions Yield(s) (%) Ref.
Section A: Acyclic Substrates
Si(CHa),
— CH,C Si(CH,),
_\ i Intramolecular 214
TiCl,, CH,Cl,, -78° (68-75)
Si(CH.) cmcoﬁ Si(CHa)s
\_ 33
/_ : i Intramolecular 214
TiCl,, CH.Cl,, -78° (80)
. COCH,
s Li
I: >< CH,OH
S CO.CHs | CH,0, -78° CO,C.H, 222
THF, HMPA, -78° (1)
HOCH, COCH,
CeHsSC(CH,)LiCO,CH,, CH.0, -78° GHsS CO:CHa 222
THF, HMPA, -78° (64)
HOCH, COCH,4
CHsS . _ CO.CH,
SGHs
Li
CO,CH, ; CH,0, -78° 4 222
THF, HMPA, -78° (56)
(CH,), SiCH, CHzOzCCHb' Intramolecular COCHa 215
PA[P(CeHs)s)s, toluene, 78° (30)
COCH,
OLi
1) (CHy),B
2) CH,=CHF(G,H,),Br 143
(21)
CHO
CH,0,C
trans-CH,CH=CHCHO  (C,Hs0,C),CHBr, Intramolecular GHO,C 216
NaOC,H,, C,HsOH, (57)

5°, overnight
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon  , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) >
Section A: Acyclic Substrates
HOCH, COC,H,
3
CX. (
5  CH,=CHCOC,Hs S CO,CH, | CH,0, -78° ' CO,GH; 222
THF, HMPA, -78° (79)
HOCH, COC,H,
GHS  CH,GH;
Li GHsCH,
CO,CH, : CH,0, -78° GHsS CO,CH, 222
THF, HMPA, -78° (51)
HOCH, COC,H,
GHS
CeH4SC(CH,)LiCO,CH,, CH,0, -78° CO,CH, 222
THF, HMPA, -78° (59)
OLi COC,H,
1) (CHy,B
2) CH,=CHP(G H,), Br 143
(57)
oy COC,H,
© 1) (C,H,),B
2) CH,=CHP(G, H,), Br 143
(3%)
/o)
OLi COC,H,
(o}
CF )
143
(37)
o]
(E)-CH,CH=CHCOCH, [CgHs(CH,),Si],CuLi, CH,l, HMPA GHs(CH, ):.E(I 63
THF, -23° (72)
o)
(CH,),CuLi, 0° CH,l, DME )5: 221

(46)
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TABLE I.

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , B-Unsaturated
No. Substrate

Nucleophilic Reagent
and Conditions

Electrophilic Reagent
and Conditions

Product(s) and
Yield(s() %) Ret.

Section A: Acyclic Substrates

CH,=C=CHCOCH,

6 CH,=CHCOC;H;-n

(E)-CH,CH=C(CH,) COCH,

(CH,).CuLi, -78°

Si(CH, ),

TiCl,, CH.Cl,, -78°

C.H;MgBr, CuCl,
(-)-sparteine

(CH,).CuLi, -15°

X
Es CO,CHs,
THF, HMPA, -78°

(CH,).CuLi, -15°

X
ES CO,GHg

THF, HMPA, -78°

(CH;).CulLi, 0°

C¢H,CHO,
ZnCl,

Intramolecular

Self

CH,l, DME, -30°

CH,0, -78°

BrCH,CH=C(CHb).,
DME, -30°

CH.0, -78°

CH,l, DME

OH
220

threo:erythro, 0.8:1

(85)
o
)\ésuen,},

$ 214

(79)

o o

/N\)ﬁ\ )

(27)

(9]

r 255

HO
[ S
S
CO,C,H, 222
(47)
255
(=)
HOCH, COCH,n
[ s
s CO,C H, 222
(54)
221

(64)
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TABLE 1.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, g-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. BSubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section A: Acyclic Substrates
(CH,),C=CHCOCH,?  (CH,).CuLi, 0° CH,l, DME & 221
(54)
oH o
(CH,)2Culi, -78° CH,CHO, 10 eq threo 220
ZnCl, (96) 234
OH o
(CH,)CulLi, -78° CH,CHO, 1 ¢q threo 220
ZnCl, @7)
(CH,).CulLi, -78° C,H:CHO, threo:erythro, 7.4:1 220
ZnCl, (50)
QH o
(CH,;).CulLi, 0° CsHsCHO, threo:erythro, 1.0:1 220
ZnCl, (72)
”
(CH,).CulLi, -78° CgH,CHO, threo:erythro, 2.0:1 220
ZnCl, (66)
OH o
p-CH;0CgH{
(CHy)2CuLi, -78° p-CH,OC¢H,CHO, threo:erythro, 0.2:1 220

ZnCl,

(34)



TABLE I .«,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon

o, B-Unsaturated
No.

Substrate

Nucleophilic Reagent
and Conditions

Electrophilic Reagent
and Conditions

od d
pg’iell:ic(ts()S)(%r)‘ Ref.

Section A: Acyclic Substrates

80¢

60¢

(CH,),CuLi, 0°

(n-C.He),CuLi, 0°

(n-C,Hg).CuLi, -78°

(n—-C,Hg).CuLi, -78°

OSi(CH,),

TiCl,,CH.Cl,,-78° to -40°

p-CH,0CH,CHO,
ZnCl,

C:HsCHO,
ZnCl,

C,H,CHO,
ZnCl,

C,H,CHO,
ZnCl,

Intramolecular

»

threo:erythro, 1.8:1 220

(46)

OH o

n-CHg
threo:erythro, 2.5:1 220
(93)

threo:erythro,
(52)

5.5:1 220

OH

C.H;

n -CH;
threo:erythro, 0.8:1 220

295
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TABLEI. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon , g-Unsaturated Nucleophilic Reagent Electrophilic Reagent ProductSs) and
No. BSubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section A: Acyclic Substrates
OH
HO
(CH,).CulLi, -10° 1) BH;, THF 346
2) alkaline H,O, 15)
C.H,S Icocna
(C;Hs) AICN CgH4SCl CN 182
(20)
(o)
COCH .
3 h\&/ % COCH,
, THF, Intramolecular 218
-22° (33)
o]
(o]
ii Li (0]
, THF, Intramolecular 218
=70° 9
&\ CH,=CH, ,Cu(SGH,)Li m
I v
180°, intramolecular 121
(64)
O
*
CHO
H C
OCH,OCH,, Intramolecular HOCH,O  cho 218
THF, -30°

CHO
CH,OCH,0

2:1 exo:endo
(51)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. b and Conditions and Conditions Yield(s) (%) Ref.

(o]
i ‘QHTE&/ CoHy-i
OH
)

(0]

-

L Intramolecular \ 171

Section A: Acyclic Substrates

7 (E)-i-CH,CH=CHCOCH,  (E)-i~C;H,CH=CHCOCH,, Intramolecular

Ba(OH), 126

25° -)
(0} (o}
I CH ,=CH Cu(SC H,)Li ':lp
; 180°, Intramolecular
77 121
o]
(o]
COCH, COCH;4
Li
OCH,0CH,, Intramolecular CH,OCH,0 218
THF, -70° (65-70)
(0]
(8]
Li
COCHa
y Intramolecular 218
THF, -70° 27
0 (o]
Li
COCH,
Intramolecular 218

THF, -22° (68)

(o]
ﬁ&;ocm
Intramolecular 218

THF, -22° (32)

Li

jos
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbo! a, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Acyclic Substrates
o]
(o]
Li COCH,
i Intramolecular 218
THF, -22° (10)
(o]
0O
o COCH,
. Intramolecular 218
THF, -22° (13)
HO
\\“H
COCH,Li
g
2 Intramolecular CH,CO 218
THF, -70° (62)
(CH,),Si COCH,
COCH, Li =
(CH;).S. 1 Si(CH.)
8 O/ e J Intramolecular L 157
THF, -30° to 15° (40)
CH,0.C Cu(CH,)Li
CO:CH:
Intramolecular 110
)
o
Si(CHs)a l%f Si(CHs)a
\ , TiCl,, Intramolecular ?—1 214
CH,.Cl,, -78° (91)
o]
COCH, o
Q/ COCHa
CHO u OCH,
» OCH,O0CH,, Intramolecular CH,0OCH, 0 218
THF, -70° (28)
TsCH,CN, cat. Intramolecular CN 188
NaOC,H;, C,HsOH (53)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No.

a, B-Unsaturated
Substrate

Nucleophilic Reagent

and Conditions

Electrophilic Reagent

and Conditions

Product()s) and

Yield(s) (%)

Ref.

Section A: Acyclic Substrates

9

10

trans-CgHsCH=CHCHO

CH,=CHCOC.Hs

CsH,C=CCOCH,

[CeHs(CH,)2Si]Culi

Si(CHﬁ)a

ﬂ:—-/

\( ’ CHECIZ

TiCl,, -78°

OLi

1) (CH,).CuLi, -80°
2) CH,Li, -80°

(E)-CsHsCH=CHCOCH,? [C¢Hs(CH,).Si],CuLi

(CH,).CulLi, -78°

(CH,).CuLi, 0°

(CH,),CuLi, 0°

CHjl

Intramolecular

1) (CH) B

2) CH,=CHP(G, H,),Br

I;

CH,l

CH,CHO, ZnCl,

CO;(g), mn

C,Hs0,CH

GHs

CH,

(o]
)Q\K )
8i(CH,).GsHs
threo:erythro, 12:1

(69-73)

COC,H,

(44)
I ’[i COCH,
GHs

62:38 cis:trans

)
be

Si(CH ). GeHs
threo:erythro, 49:1
(57)

%
GH,
(83)

(0]
CsHs
(56)

o
OHCI‘\
CeHs

(84)

102

(74)
o)
Si(CHa)o
GHs 214

143

250

102

220

220

220
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon ¢, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. (i and Conditions and Conditions Yield(s) (%) Ref.
Section A: Acyclic Substrates
(CH,),SiCH, CH0,CCHe, 1\ ramolecular GHs  COCH, 215
Pd[P(CeHs)a)s, THF, reflux (43)
n-CgHya Si(CHa). GsHs
(E)-n-CeH,s,CH=CHCOCH,; [CeHs(CH,).Si].CuLi CH,l threo:erythro, >19:1 102
(78)
(o]
CeHs
(E)-CH,CH=CHCOCgHs?  (CH,),CuLi, -40° CgHsSeBr, SeGgH, 347
(CeHs)2Se2 (83) 348
CeH, Se ( COGsH;
LDA, THF, 0° CsHgSeBr j 203
(48)
OHC
(o]
H
CH,CO 1) cat. NaOCH,, Intramolecular 3:1 trans:cis 293
CH,0H
2) NaOCH, (80)
b} ]
KOH, CH;0H Intramolecular 2:1 trans:cis 293
)
?”
LiOH, CH,OH Intramolecular 4:1 trans:cis 293
)
¥
1) Zr(OC3Hj;)4,. CeHe, Intramolecular 40:1 trans:cis 293
n, lh (90)

2) LiOH, CH,OH

3) DMAP, CH.Cl;,
(CF;C0),0, DBU, -40°;
then 0°



TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Acyclic Substrates
(o]
C.Hs
o]
CH,CH; CCH=CH;
8
S 11 (CH;).Culi, -78° Intramolecular 349
THF/HCI, reflux (88)
0 0
SC Hg-n ijﬁ/
(CH;),CulLi, 0° CH,l, DME SCHe—n 221
(86)
OH O
/f‘\/ CH,
(E)-CH,;CH=CHCOCH,C¢Hs (CH,),CulLi, CH,CHO,ZnCl, mixture of isomers 220
-78° (91) 234
OH
O o}
(CH,),COCH,
(CH,)2CulLi, -60°, 90 min; Intramolecular 350
then 0°, 60 min )
CeH,S
o o}
C CHO
(CH,), OH
(CH,)2A1SCgHs, Intramolecular 204
CH.Cl,, -78°, 15 min (94)
@ \\(Cﬂz)zCECSi(CHa)a
(CH,)5SiC= CCH,MgBr, CH,I, HMPA 311
cat. CuBr « DMS, (40)
THF, (C;Hg).0, -78°, 5 h;
-78° 10 0°, 2 h; then
0°, 15 min
”
(CH,)5SiC=CCH,MgBr, CH,l, HMPA 351

CuBr « DMS
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon ¢, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. fgSubsu'ate and Conditions and Conditions Yield(s) (%) Ref.
Section A: Acyclic Substrates
Si(CHa)s
\\\‘\/&
Si(CH,),
(o}
MgBr, CH,l, HMPA, nt 311
cat. CuBr « DMS, (37)
-78°, 5 h; -78° 10 0°,
2 h; then 0°, 15 min
Si(CH,), .
g o] CH,l, HMPA 351
CuBr » DMS (40)
(E)-(CH,),SiCH=CHMgBr, CH,I, HMPA 311
cat. CuBr » DMS,
-78°, 5 h; -78° to 0°,
2 h; then 0°, 15 min
”
(E)-(CH,)sSiCH=CHMgBr, CH,l, HMPA 351
CuBr » DMS (66)
o (o]
SC,Hyn Cj/]\ SC.He-n
12 (CH,).CuLi, 0° CH,l, DME 221
(93)
[o]
SCHg—n
(CHa).CuLi, 0° i-C,H,1, DME 221
(19)
o /
SC,Hg—n
(CH;) CuLi, 0° CH,=CHCH_.Br, DME 221
(53)
o C.He-i
&YC‘H‘—H
i-C,Hgl, DME 221

(CH,).CulLi, 0°

(64)
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TABLE L.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No.

@, B-Unsaturated

Nucleophilic Reagent

Electrophilic Reagent

Product(s) and

Ref.

Substrate and Conditions and Conditions Yield(s) (%)
Section A: Acyclic Substrates
(o] (o]
Br
o] O
k/o k/o
(CH,)zCuli, 0° Br,, CgHg 308
-40° 10 0° (99)
¢ 1
[\ o
(o]
OHC
H
CH,CO LiOH, CH,OH Intramolecular 4:1 trans:cis 293
)
»
Mg(OCH;),, CH;O0H Intramolecular 12:1 trans:cis 293
)
”
Ca(OCH,)2, CH,OH Intramolecular 10:1 trans:cis 293
)
”
Ba(OH),, CH,OH Intramolecular 4:1 trans:cis 293
)
»
Z1(OC;H7). Intramolecular 25:1 trans:cis 293
)
O
GeHs
i o CH, Si(CH,),C.H,
15 (E)-CeHsCH=CHCOGC Hs* [CsHs(CH,).Si],CuLi CH,l threo 102
(70)
o CsHs
GHOY
CoH;
CH,Mgl Self CeH, 19

(20)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, gB-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. RS and Conditions and Conditions Yield(s) (%) Ref

Section A: Acyclic Substrates

OLi COC,H,
- CGHS
CH,=CHPF(G,H,),Br 143
(35
j %
(CH,),SiCH, CH,COCH,, Intramolecular C.H, COGgHs 215
Pd[P(CsHs)3]s, toluene, 115° (85)

e
16 Br COLCH, , =78%, Intramolecular HO 352
DME (25)
4:1 mixture of isomers
(15)
o L'
) o W)%
17 CH,0.C Br , =78° t0 25°  Intramolecular 144
0Si(CH,),C Hg-t
H QSi(CHa):CoHy-t H 2 (CH,).C.Hy
SN
/ cHo H
CHO [CHz=CH(CH,),].CuLi, CH,l !/

DMS, (C:Hg),0, THF (33) 217
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TABLE 1.

o,B3-UNSATURATED ALDEHYDES AND KETONES (Lonitnued)

Carbon  , B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Acyclic Substrates
0 ,@Ecj\v\
18 CeHs (CeHs)aP=CH,, 1t; Intramolecular CeHs 172
xylene, 120° (41)
o] \_o
23 CH,0,C CH;MgX, THF, CHl, reflux GAOLC
9 mol % Cu(0,CCH,). (70) 78
Ce¢HsCH,MgX, THF, CH,l, reflux CH;0,C
9 mol % Cu(0,CCH,), (43) 78
o
\1) kn/ COLH, el COCoHs
25 P(CHs), CH,Li, THF, n—-C H,l P(CeHs)a 197
-78° to 25° (83)
COL-Hq
P(C
CH,=CHLi, THF, CH,l (CeHas 197
-78° 10 25° (90)
Li o)
/1\ s CO.C.H,
s s L
, THF, CH,l s P(CeHs)s 197
-78° to 25° (97)
COLC-Hg
P(CeHs)s
t-C,Hg0,CCH,Li, CH,l t-CHg0.C 197

THF, -78° to 25°

(72)
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TABLE I.

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No.

«, B-Unsaturated
Substrate

Nucleophilic Reagent
and Conditions

Electrophilic Reagent
and Conditions

Productgs) and
Yield(s) (%)

Section A: Acyclic Substrates

26

274

CO,GH,

P(CgH,),

CO.GHg

P(CH,,

CO.C Ho-t

P(CHy),

n-CgHgLi

Y

Li

CeHsLi, THF,
-78° 1o 25°

CeHsLi

CH,Li, THF,
-78° 10 25°

n-C,HgLi, THF, -78°

n-C,H,Li, THF, -78°

CH,l

CHl

CeHsCHO

C.Hsl

CH,l

CHo,l

n-CgHy,I, n

j/f k[r COLH,
PﬁCeHs)a

n "C4Hs
(95)
COC:Hs
P(CH,),
(M)
OH o
CO.C.H,
CH,
Gt P(C BH!)Q
1 isomer
(92)
o
/fkﬂ/ coLHs
CeH; P(CH,),
mixture of diastereomers
(90)
COLC.H,
P(CH,),
mixture of isomers
(84)
CO,CHy-t
n-CHg P(CeHy)s
(96)
n-CgH,, CO.CoHo-t
n-CsHg P(anu)s

(83)

198

198

197

198

197

199

199
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , B-Unsaturated

No. Substrate and Conditions

Nucleophilic Reagent

Electrophilic Reagent
and Conditions

Product(s) and
Yield(s() (%) Ref.

Section A: Acyclic Substrates

C¢H,Li, THF, -78°

| CO,CHg-t

282 7 P(Cetl), CeHsLi, THF, -78°

n-C,HgLi, -78°, THF

Cozcsz

P(CeHy ) ,
Cl CH,Li, THF, -78°

CgHsLi, THF, -78°

t-C,HgLi, THF, -78°

CH,l

H-Cgﬂyl

CeH,CH,Br

CgHsCH,Br

Intramolecular

Intramolecular

Intramolecular

CO_CHy-t
S
E/ P(CH,),
S 199
(84)
n-C,H,, | CO,C Hqy-t
CeHs P(Cete )s 199
(98)
o
CO.C,Hq-t
CeHj
C.HS P(CeHo)o
(84) 199
0o
CO,C, Hq-t
CeHs
n-CHZ P(CH,), 199
(98)
\\\ﬁxlr COzCzH ]
Q P(CH,), 353
(82)
\,\in/ CO,CH,
Q P(CH,),
CeHs 353
(90)
Q\ﬁ\rr C02C2:H 5
P(CH,),
CeHot d 353

(72)
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TABLE I.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon ¢, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. f’Subst.rate and Conditions and Conditions Yield(s) (%) Ref.
Section A: Acyclic Substrates
\\\\E\ﬂ/ CO,C,H,
P(CH,),
(CeHsS).CHLi, THF, -78° Intramolecular CH(SGCgHs): 353
(95)
]E‘(C.‘H‘)3
t-C,Hy0,CCH,Li, THF, Intramolecular CH,CO.C Hs-t 353
—78° (90)
Fe a
oc” | (Ceﬂa)aP CeHs
P(GHs) CeHsli CH,l 30:1 threo:erythro 200
(93) 354
@FejI
(GHq)P NHCHLCeH s
CgHsCH,NHLi CH,l 24:1 threo:erythro 200
(95) 354
@RJI\
(GHs)P NHCHLCH s
CeHsCHNHLI CzHsl 20:1 threo:erythro 200
99) 354
(o}
. CHCH,
e
OC/
(GHa,P NHCHLeH 5
CsHyCH,NHLi C,H,CH,Br 15:1 threo:erythro 200
(99) 354
(C-HJaP NHCHLC¢H 5
B
CeHsCHNHLI N 30:1 threo:erythro 200
(92) 354
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TABLE L

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No.

a, B-Unsaturated

Substrate

and Conditions

Nucleophilic Reagent

Electrophilic Reagent
and Conditions

Product(s) and
Yield(s) (%)

Ref.

Section A: Acyclic Substrates

n-CoH,NHLi
n-CH,Li
oc_  P(GHy,
@7 n-CHgLi, THF
n-C H,Li, THF
o)
CO,C;H,
294 n-CH, P(GHy), CeHsLi, THF,
-78° 10 25°
CO,C.H,
P(CHy),
I CeH,Li, THF, -78°
COZCZI-IB
P(GH,),
a CeHsLi, THF, -78°

CH,l

CH,l

CH,l

CoH,l

C.Hel

Intramolecular

Intramolecular

Q.
Fe

oc” |
(GHshP NHC,Hsn

10:1 threo:erythro
(53)

@
Fe

oc” |

(GHg,P CHen

)

o (P(GHY,

& m)g/u.

(75)

OC\ \\\P (GeHs)s

b
FW C‘Hg-n

o
(82)

C,H, CO,C,H,

n-CH, ¢.n, P(GeHos

mixture of isomers
(78)

\‘\&n/ C02C2P15
Q P(G,Hy),
GH,

(79

(70)

354

223

355

355

197

353

353
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TABLE 1.

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , p-Unsaturated  Nucleophilic Reagent Electrophilic Reagent ProductSs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Acyclic Substrates
\\ﬁ1{ COECQI-IS
CH,Li, THF, -78° Intramolecular O\ P(GsHy), 353
(60)
o)
o CO2C2H5
P(GHy),
(CeHsS):CHLi, THF, -78° Intramolecular CH(SCeHs)2 353
(84)
oc_  ~PGH, 0C._ ~P(CeHa)s
Fe Fe
@ H— @ m&'ﬂs—n
304 o n-C,H,Li, THF CH,l o 355
)
o)
CO,C.Hg-t CO,C,Hq-t
CeHs
33 CeHj P(CeHs)s CH,Li, THF, -78° CeHsCH;,Br CeHs P(CeHs)a 199
(99)
C02C4H9"‘t
P(CeHs)s
n-C,HcLi, THF, -78° CH,l CeH Y C.He-n 199
, (98)
o}
© 8
Fe
Fe oc” |
oc” | (CeHs)oP CeHs
33 (GeHa)oP CeHs CH,Li CH,l 1.0:1.2 threo:erythro 354
(%4)
&, A
Fe
oc” |
c H
GH)P ° 0 e
CeHsLi CH,l 11:1 threo:erythro 354
)

2 See addendum to Table IA for additional entries.
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TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Electrophilic Reagent
and Conditions

Carbon

«, B-Unsaturated Nucleophilic Reagent
No. S

ubstrate and Conditions

Product(s) and
Yield(s() (%) Ref.

Section B: Cyclic Substrates

e

(CH,).Culi, (i-C;H;).0 CH,COCl

CH,SCH=CHCH,Li,
THF, HMPA, - 78°

(CH,)5SiC=CCH.l

cu,s><m

CH,S Si(CH,)s, CH,l, THF, HMPA
THF, -78°

CH,S Li

CH,S Si(CH,), , n-C;H¢l, THF, HMPA
THF, -78°

CH,S Li

CHsS  Sn(CHy), , n~-CgH,,I, THF, HMPA
THF, -78°

Li(n-GH,C=C)Cy _  CH,y-n
OSi(CH,).C Hg-t CH,=CHCH,Br,

HMPA, -78° NH,(1)

Li(n-C4H,C=C)Cu CeHyy-n

~
Br’fNWI,

OCH,
NH,(1)

OSi (CH:;):C‘HQ"!
~-78°

272
(47.1)

W CH;C=CSi(CHy)

N
SCH, 151
(75)

o
(} :-SCH,,
Si(CH,),

SCH,
(65)

169

SCH, 169

169
)

~CH:CH=CH,
~

CeHyy-n

08i(CH,),CHe-t 280
(24)

Z

\\\\
OCH,
CeHy—n

0 Si (CH&) 2 c.Hﬂ- t
(16) 356



TABLEI. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent

Product(s) and

Ref.

No. Substrate and Conditions and Conditions Yield(s) (%)
Section B: Cyclic Substrates
SHQS\/ S
"
CHysn 1) O=SCH, HO
o (CHQOX 07 = )z Culd, SCH, CrHysn 337
N -78° 2) HoO" (51)
[o]
I
SCH,
I
n-CeH,sMgBr, 2 mol CH,SCl CeHiz-n 357
% Cul, -30° (53)
(o]
“‘|CH2CECQH5
(CH,=CHCH,),CuLi, THF, C;HsC=CCHS,I, CH,CH=CH, 358
-78° TMEDA/HMPA (60)
(o]
CN
Li
)\ CeH OCH5-p
p-CH,OGH, CN, CH,l 3:2 trans:cis 18:
4/1 THF/HMPA, -70° (80)
o}
CN
& Li
i A 4
CH, CN, CHj,l 3:2 trans:cis 18:
4/1 THF/HMPA, -70° (80)
(o]
i
CN
GeHs

(10)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. “ %ubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
;:— CN
> e
GeHs CN, CH,l 1:1 trans:cis 183
4/1 THF/HMPA, -70° (95)
o]
& CH,O0H
(CH,)2AISCHs, H,CO, THF SCeH, 204
CH,Cl,, -78° (56)
o)
OH
Q«C'H:?‘ﬂ
(CH,),AISCeHs, n-CgH,;CHO, THF SCeH, 204
CH,Cl,, -78° (76)
o
SCeHs
(n-Cob C=C) CuLingny CH~" \~ CsHin
OSi(CHokCiHot  (CeHa)sSz, OSi(CH,),CiHq-t
-78° THF/HMPA (38) 119
Q  scHs
CgHs SCulLi N CsHyy-n CsH,-n
OTHP CeH,SCl, oTHP 119
THF/HMPA (24)
O CH,C=C(CH,)CO,CH,
NC Li @%, CHHH_H
n~-CsHy, OCH(CH;)OC:Hs CH,0,C(CH;),C=CCH,l NC OCH(CH,)OC,H; 186
THF/HMPA, -78° (<20)
Oéfv
2 { CO,CH,
CH,0,CCHSI(GsHs ):.CHa, (Z)-C,HsCH=CHCH,Br, Si(CsHs)CHs 318
HMPA/THF, 0° inverse addition, (56)

THF/HMPA
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. Substrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
&’J
2, CO,C;H,¢
i 5
C,H40,CCHSi(CsH; ).CHa, (2)-C,H,CH=CHCH,Br, Si(CeHg)CH, 318
HMPA/THF, 0° inverse addition, (62)
THF/HMPA
(o]
{s‘\/
CO,C,H,
Li
, THF, CH,=CHCH_,Br, CO,CH, 127
-78° HMPA/THF (50)
O
+CH:C=ECCGH,
0\
(CH=CHCH,),CuLi C,H.C=CCH,I CH,CH=CH, 316
=)
(o]
+CH,CH=CH,
>
CH,Cu(CH=CH,)Li, CH,=CHCH_,Br W CH=CH, 316
THF (69)
(o]
Q\\“CH‘CHﬂ:Hz
(CeHs),CulLi, CH,=CHCH,Br CgHy 316
THF (67)
[o]
& CH:CH=CH2
GeH,
(CeHs),CulLi, CH,=CHCH,Br 7:93 trans:cis 67
THF (72)
0
CH,CH=CH;
CH=CH,
CH_=CHCu(CH,)Li, THF, CH,=CHCH_Br 69:3 trans:cis 118

-78° (72)
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TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. Substrate and Conditions and Conditions Yield(s) (%)

Ref.

Section B: Cyclic Substrates

\\\\\&\
CH,=CHCu(CH,)Li, (E)-CH,CH=CHCH,I CH=CH,
THF, -78° (34)
o}
SN=
CO,CH,
=
CH,=CHCu(CH,)Li, CO,CH, CH=CH,
THF, -78° (10-20)
{‘}\C‘H.-n
CH,=CHCu(CH,)Li, n-CgH,l CH=CH,
THF, -78° (31)
(o}
CH,CO,C,H,
CH=CH,
CH,=CHCu(CH,)Li, C,H;0,CCH,Br (46:4 trans:cis)
THF, -78° (50)
SeC,H,
(CsHg)oCuLi CgHzSeBr C.H,
(5%)
i? n-CgH,,
(CHj,)sSnLi, n-CgH;,1 Sn(CHy)s
1:2 THF/NH,, -70° (90)
? il SCgH,
(CH,).CuLi, 0° CoH,SCl1
(41)
OCH,
G e
(CH,)4SiSeCqHs, HC(OCHa),
cat. (CH:JQSiOzCCFg, (58)

CH.Cl,, -78°

118

118

118

118

347

206

182

205
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent
No. Substrate and Conditions and Conditions

Product(s) and
Yield(ss (%) Ref.

Section B: Cyclic Substrates

n-C HgCu, 2 eq n-C;H,CHO
(n-C Hp),P, -78°

n-C HgCu, 2 eq i-C;H,CHO
(n-CHg)oP, -78°

n-C,HgCu, 2 eq t-C,HgCHO
(n-C,Hg),P, -78°

n-C4HgCu, 2 eq CeH,CHO
(ﬂ-c.‘Hg)sP‘ -78°

n-C,HgCu, 2 eq (E)-C¢HsCH=CHCHO
(n-C,Hg)oP, -78°

(CH,),CuLi, 0° CH,0.CCl
(n-C4Hy),CuLi, CH,0,CCl
-30° to -10°

C,H,-n

c,‘Hg'ﬂ

1 isomer 14
(98)

9°

CHy-i

C‘ H g—n
1 isomer 14
(93)

X

C,Hg-t

X

C.H.—?I
1 isomer 14

(71)

CeH,

~;

C‘ H.-ﬂ
mixture of isomers 14

(1)

(o) OH
P
CeH,

§

Cqu‘ﬂ
mixture of isomers 14
(94)
CO,CH,
CO,CH,

R

273
(56)

OCO,CH,
CO,CH,

jos

C4Hg_ﬂ 273
(71)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon ¢, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. BSubgatem © and Conditions and Conditions Yield(s() (%) Ref.
Section B: Cyclic Substrates
OCO,CH,
CO,CH,
(CeHsCH,),CulLi, CH,0,CCl CH2CeHs 273
-25° 10 -10° (51)
}  cocH,
(n-C4H,).Culi, CH,COCl, HMPA C.Hq-n 284
(n-CHo)sP, -78° (38)
+
0:CCHa
COCH,
C‘HQ'B 112
(21)
o]
CO(CH,)s CO.C;Hs
n-CgH,, Cu(C=CGH,)Li CeH,p-n
OSi(CH,), CeHo~t C,Hs0,C(CH,)sCOCI OSi(CHs)2 CsHo-t 284
-78° THF/(C;H,),0 ©)
CO(CH,), COCH,
CeHy-n
n-CgH,, Cu(C=CGH,)Li (;.)Si(CHa)zcdHn-t
mixture of trans
08i(CH,).CsHo-t CH,0,C(CH,)sCOCl, diastereomers 112
(n-C(Hg)oP, -60° HMPA/THF (38)
\\\\CO(CH:)u CO,CH,
n-GsHy, Cu(C=CGC,H,)Li CeHyy-n
OSi(CH,). CeHo-t C,Hy0,C(CH,)sCOClI, 0Si(CH,),CsHo~t 112
(n-C.Hy)oP, -60° HMPA/THF (26)
(o]
\\\\CO(CH,),CO&H,
ﬂ_CGHWCH(C'ECCgHﬂLi CgH,y-n
0O8i(CHa)2CsHo-t CH,0,C(CH,)sCOSCH, c:’si(CHa)zC‘Hﬂ‘f 112

(n-C.H,)sP, -60° (46)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and
Now e osel and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
\\\\CO(CH,),COaCHa
n-CsHﬂ\‘/wCu(CECCgHy)Li o CoH,en
N__N =
OSi(CH,)2C,Ho-t CH,0,C(CH,)sCO” & OSi(CHy);CiHet 112
(n-C.Hg)sP, —60° (40)
H-Can\(%;:u(cscc,HT)u fj
| ]
~
OSi(CH,).CsHyt CH,0,C(CH,)sCOS N 112
(n-C.Hy)sP, —60° (25
CO,CH,
R_CGH“WOU(CECQH-;)U CBH"_” ¥
OTHP CH,0,CCl, THF/HMPA OTHP 268
(n-CHg)sP (29)
0CO,CH,
CO,CH,
GsH,n
OTHP
(21)
0
CO,CH,
n-CsHy, Cu(C=CGH,)Li CsHyrn
OSi(CHy):CeHo~t  CHy0,CCl, THF/HMPA OSi(CHo).CoHgt 268
(55)
0OCO,CH,
CO,CH,
GHyrn
éﬁ(cna}gc.ur:
(15)
o)
. Si(CHj)s @\ .
N\ Intramolecular Si(CHa)a 214

TiCl,, CH,Cl,, -26*' (48)
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TABLE I. e,R-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated  Nucleophilic Reagent

Electrophilic Reagent

Product()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) t
Section B: Cyclic Substrates
Si(CHa)s
—C
N , TiCl,, Intramolecular 75:25 B:x 214
CH,Cl,, -78° (68)
(o}
&”’{CN
p—CH;0CsH,CH(CN)Li, CH,l CsH,OCH3y—p 185
DME, -50° 3:2 mixture of
stereoisomers
(90)
(o]
CegHsCH(CN)Li, DME, CHj,l CeHs 185
-50° 3:2 mixture of
stereoisomers
(60)
HOCH,,,
Li
( CO.C;H,
Qk CO:CGHs, CH,0, -78° s 2
THF/HMPA, -78° (62)
(o]
\\\\CHzCECCzHo
CO.CHa
(CH,),SiCH=C(OCH,)Li, BrCH,C=CC,H, OSi(CHa)s 13
THF/HMPA, (n-C,H,)3SnCl, 3:1 mixture of
-78° diastereomers
(54)
W
(CH,=CH)Cu(CH,)Li, CH,=CHCH,Br 108

-78°

(69)



8S¢

6SE

TABLE 1.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon

@, B-Unsaturated
No. Substrate

Nucleophilic Reagent
and Conditions

Electrophilic Reagent

Productgs) and
and Conditions

Yield(s) (%)

Ref.

Section B: Cyclic Substrates

Br

NN( CHs).
CH, CH,Cu(SCsH,)Li,
THF
NN( CHa)2
Cu(SCgH,)Li
THF
NN( CH,),
Cu(SCeHs)Li
CH,
THF
n-GsH,,

WCB(CECC«J{,—R)U

OSi (CH;):C‘H’ -t
-78°, HMPA

(CH,),C=CHCO,C,Hs,
LDA, THF, -78°

(CH,=CHCH,),CuLi, THF

o

joes
CH,0

THF, -50°

n-CGH,

0

1) n-C,H,COCN
2) H,0" (31)
o
o
NS
1) CH,COCN
2) HO' (45)
0
<
-
1) CH,COCN H,O
2) H,0" (23)
cu,o
%C’Hn_ﬂ
CH,=C(OCH,)CH,Br OSI(CH=)2C4Ha"¢
NH,(1)
coech,
\\\\.
; ™ CH,CH-CH
CH,=CHCH,Br, s :
THF, HMPA (50)
o}
~CH.C=C,H,
\\\
ICH,C=CC,H, CH,CH=CH,

(60)

CH,=CHP(CsHy B ,
DMF/THF

299

299

299

344

127

358

263
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TABLE 1.

@,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. BSubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
(o]
a -
@/ 1) (CH,),S
6 (CH_=CCHj,).CuLi, 0° 291
2) 2% KOH/CH,0H, reflux (50-70)
(CH_=CH),CuLi, 0° 291
2) 2% KOH/CH30H, reflux (50-70)
1) (CH,),Si
(CHa).CulLi, 0° 291
2) 2% KOH/CH,OH, reflux (57)
M v w
Cu(C=CC,H,)Li (CHz)4,CH(OCH,). (CH,).CH(OCH,), 310
-78° 1o -20° 2) 2% KOH/CH,0OH, reflux (80-85)
&\COSCZHQ
CH=CH,
(CH,=CH).CuMgBr, C,H 0,CCH,Br, 3:1.1 trans:cis 290
=70°, THF HMPA (81)
(o}
W CH,CO,G H;-t
CH=CH,
CH_,=CHMgBr, t-C4Ho0O,CCH,Br, >96% trans 359
3 mol % Cul, HMPA
THF, DMS, -78°
Cu(C=CC,H,)Li
CH,O li ll CH30,CCH_Br, 327

00

inverse addition,
HMPA
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. %ubstzate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
o)
QHAOzCCH%!
CH,=CHMgBr, C,Hs0,CCH,Br CHg= 360
cat. Cul (=91)
o}
CzH50,CCH, ‘?
CH_,=CHMgBr, 1eq C,H,0,CCH_Br, 3.5:1 trans:cis 88
Cul, THF, -60° to -40° HMPA (69)
o}
CH,0,CCH, ﬁ
(CH,=CH)Cu(C=CCH,-1)Li, CH,0,CCH_Br, 6:1 trans:cis 345
-70°, 9/1 (C,Hs),O/THF inverse addition, HMPA (85)

Cu(C=CC,H,-n)Li

CH,O
0°

Cu(C=CCyHy-n)MgBr

CH,;0
THF, rt

Cu(C=CC,H,-n)MgBr

CH,O
THF, n

CH,0.CCH,Br,
HMPA

C.Hs0,CCH,I

CH_=CHCH_Br

114

114

114
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , gB-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) '

Section B: Cyclic Substrates

0
(CsHs)Culi, 0° CH,l, HMPA, 25° CeHs 67
(65)
o
W CH,CO,CH,
CeHCu(C=CC,H;)Li CH,0,CCH_Br, GeHg 67
HMPA (51)

Li
+ -
CH, ; CH,=CHP(GeHs)sBr , 263
THF, -30° DMF/THF, n
N G
. ;!
i- CH
* N Cue(CoHan )P OH
OC(CH, );:0CHq , 1) CH=C[Si(CH,),]COCH, 361
-70° to -20° 2) NaOCH,/CH,0H, reflux 56:6 C23B:C23Q
(62)
CH,CO o
(CHy)Si
i- C,H, x OC(CH,),OCH,
S Cue(CHgn )P
OC(CH,)20CH, CH,=C[S5i(CH,)a] COCH, CHe-i
-78° 10:1 trans:cis 328
(=30)
o]
CH,=CHCHgy,

Li
n

s % 8 >
N , =780 CH,=CHCH_Br, /\s 362

Cul*P(OCH,)» (50)
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TABLE I.

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, g-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. Substrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
Z ;§ 0
s 8 S S
., LDA, CH,l 164
THF/ HMPA, -78° (70)
CH,=CHCH, ;,,
S S S s
, LDA, CH=CHCH_Br v 164
THF/ HMPA, -78° (67)
o]
CH,=CHCHp, ,,
i
S S S S
, LDA, CH,=CHCH,Br k_) 164
THF/ HMPA, -78° (68)
CH,=CHCH_,
T
S S S S
I\) , LDA, CH,=CHCH,Br, l\/l 164
THF, -78° CulsP(OCH,;)s (34)
CH,=CHCH,
T
S S S S
., LDA, CH=CHCH,Br I\/’ 164
THF/ HMPA, -78° (49)
CH,Q.Cui
(CH,);Culi, 0° 1) CO,, -78° 313
2) CH:N, >92:6 trans:cis

(80)
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TABLE I.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon

No.

o, B-Unsaturated

Nucleophilic Reagent

Substrate and Conditions

Electrophilic Reagent
and Conditions

Productgs) and
Yield(s) (%)

Ref.

Section B: Cyclic Substrates

6YE

[I-C‘HgCECCI.l
THF, -45°

03

CH,=CH SCeHs,
THF, HMPA, -78°

[CeHs(CHa).Si]Culi,
THF, -23°

[CeHs(CH,).Si].Culi,
THF, -23°

(CeHs)zCuli, 0°

(CHa)sAl,- 3 mol %
Ni**(ACAC),, 0°

o+
OCH,OCH,|Li . BICH,CO.CH,,

HMPA, -20°,
inverse addition

CH,=CHCH,Br, -78°

(E)-CegHsCH=CHCH,Br

CH,l, HMPA

CH_=CHCH,Br, HMPA

CH,l, HMPA

OCH,OCH,
" cH,CO,CH,
(85)

(o]
v:;
oy
(46
o
CH N"’
CeHeS
—

(53)

Si(CH,) GeHs
95)

o
Si(CHo) GeHs

338

363

150

63

63

316

207



TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section B: Cyclic Substrates
(CH,)CuLi, 0° CH,l, 1/1 THF/HMPA I& 232
(90)
0
Lo (CH;),CulLi, 0° CH=CHCH,I, 232
1/1 THF/HMPA (76)
H
) (CHQ),S'\“JL
(CH,).CuLi, 0° o 291
2) 2% KOH/CH,0H, (52)
reflux
(9]
COCH,4
(CH,)2CuLi, (i~CsH;),0 CH,COCI ﬁj: 272
(87)
CH,S i SCH,
Si(CH,),
CH,S Si(CH,); » CH,l, HMPA/THF SCH, 169
THF, -78° (84)
(CHa)sSi
Li
fa Si(CH,),
(CHy). SI . Intramolecular 157
THF, -30° to 15° (55)
& o
=
J, d
l,,,
(CH,).CuLi, 0° CH,l, DME 4:1 221
(64)
CH,CH=CH, CH,CH=CH,
+
%
(CH,),CuLi, 0° CH,=CHCH,Br 8:1 221

(74)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. AT and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
0 0
+
%
CH=CH2 CH=CH2
(CH=CH),CulLi, 0° CH,l, DME 3:1 221
(48)
o)
A [
SCH,
i X
n-C,HgMgBr, 2 mol % CH,SCl C.Ho-n 357
CucCl, -30° (76)
gliﬁ
(CH,);Culi, 0° ZnCl,, CH;CHO erythro 234
(97) 220
o}
(X
(CH,)2CulLi, 0° C.H;0,CH 220
(44)
CN +
j“\ C:H,OCHs-p
p- CH,OGH; CN, CH,l 1:1 mixture 183
4/1 THF/HMPA, -70° (65)
&
CN
CeH,OCH,-p

(20)
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TABLEI. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, g-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. SSubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
o
\\\
CN
/T\ CeHs
GoHs CN, CHl >95:5 trans:cis 183
4/1 THF/HMPA, -70° (45)
+
S
CN
CeHs
(30)
Li | CN
PV CoHs
CeHs CN, CH,l 1:1 trans:cis 183
4/1 THF/HMPA, -70° (95)
CH;N(CH,).
+ -
(CHg)CuLi, -78° (CH,):N=CH 2 0.CCFs 364
(80)
H
(CH,)2AISCeHs, CH,CHO, THF SGeHs 204
CH.Cl,, -78° (94)
H
(CH,)2AlSeCH,, CH,CHO, THF SeCH, 204
CH,Cl,, -78° (77)
o OH
CeH17-n
(CH,),AISCgH;, n-C¢H,,CHO, THF SCeHs 204
CH.Cl;, -78° (90)
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TABLE 1.
Carbon  , B-Unsaturated
No. Substrate

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Nucleophilic Reagent

Section B: Cyclic Substrates

and Conditions

Electrophilic Reagent

Product(s) and
and Conditions

Yield(s) (%) Ref.
H
(CH,),AISCsHs, CH,=C(CH,)CHO, THF SCeHs 204
CH.Cl,, -78° (97)
OH
o]
W SeGgHg
[CH,=C(CHj)].CuLi, CgHgSeCH,CHO, 104
DMS, -25° -78° (65)
OH OH
OH = LOH
\1’\
(CH,);CuLi, -10° 1) BH, » THF 346
2) alkaline H,0, 87:13
(55)
OH OH
OH = OH
\\\
+
CHyMgBr, cat. 1) BH; * THF 346
CuCl, -10° 2) alkaline H,O, 87:13
(45)

CH,;MgBr, 2.8 mol %
CuCl, 0°

CH.Mgl, 2.8 mol %
cuCl, 0°

CH;Mgl, 5 mol %
CuC], 0°

365
HMPA (41)
0
(CH;).CO.C,H,
CH,=CHCO,C;Hs 365
17)
CH,Cl 9
o

294
HMPA 4)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon  , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. %ubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
(n-C4Hp)CuLi, THF, CH;l, HMPA ‘ﬁ‘ in-(’:‘.l-l., 118
-78° 7:1 trans:cis
(84)
C‘Hg—ﬂ
(n-C4Hp),CuLi, THF, n-C,Hgl, HMPA CsHo-n 118
-78° 4.5:1 trans:cis
(50)
(o]
n-C4HoCu(OC,He-1)Li, CH,l, HMPA i iC..H,—n 118
THF, -78° 35:4 trans:cis
(39)
C,H4CO),Fe COCH,
o]
IQHf«CO)zf
(CH,),CuLi, -78° CH,=CHCOCH, 366
(70)
“,
(CH,)5Sili, 5/1 THF/HMPA, CH,l (CH,;),Si 55
-78° (97)
(CH,)4SnLi, CH,l (CH,),Sn 206
THF, -78° (95)
0
u-chT /,,,
(CHa)aSnLi, n-C,H,I, -33° (CH,),S1 206
1/2 THF/NH,, -70° (89)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, g-Unsaturated  Nucleophilic Reagent

Electrophilic Reagent

Product()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) *
Section B: Cyclic Substrates
% :-CH,OH
CHyMgBr, CH:0(g), -10° 76
1% Cul « P(C4Hg-n)a, 1:5 ratio of
-78° diastereomers
(70)
0
fj(sc'“’
(CH,),CulLi, 0° CeH,SCl 182
(55)
&“’"’
(C.Hjs)AICN CeHsSCl, HMPA CN 182
17)
& SeCgHq
CH,(CH40)AICECC, H,-t C=CC, Hq-t 209
Ni(acac), CgHsSeBr, 33:10 trans:cis
(i-C.Hy)AlH, 0° (CeHs).Se,, -78° (43)
HS
CeHs
(CH,)4SiSeCeHs, 1) GeH;CH(OCH,), 205
cat. (CH,),SiO,CCF,, 2) [0] (75)
CH.Cl,, -78°
L¢] OCH,
(CH,)4SiSeCgHs, 1) CgH,CCH,(OCHy), 205
cat. (CH;)QSEO;CCFQ, 2) [0] (30)
CH.Cl,, -78°
Ha
(CHy)4SiSeCeHs, 1) (E)-CeHsCH=CHCH(OCH,), CeH, 205
cat. (CH,),8i0,CCF,, 2) [0] (83)

CH.Cl,, -78°
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TABLE 1.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product(s) and
No, (R nam and Conditions and Conditions Yield(sg (%)
Section B: Cyclic Substrates
CH(OC,Hs)z
(CH,),SiSeCeHs, 1) HC(OCHs)a 205
cat. (CH,)sSi0,CCFa, 2) [0] (76)
CHCl;, -78°
H
C,H7"‘.
CeHgSMgl, i-C3H,CHO SGH, 145
(C;Hg),O/hexane, 0° (90)
OCO,CH,
@ CO,CH,
(CH,),Culi, 0° CH,0,CC1 273
(58)
0OCO,CH,
SO
(n-C,Ho)sCuLi, CH,0,CCl CHg-n 273
-30° 10 -10° (69)
OCO,CH,
CO,CH,
(CeHsCH,);CulLi, CH,0,CCl CH, CeHs 273
-25° 10 -10° (43)
OH
CeHs
n-C,HgCu, 2.2 eq CgHsCHO CsHg-n 367
(n-C4H,)sP, -78° (19)
(o}
T iCZ(:Z!CH,
(n-C,Hg).CulLi, CH,COCl1, HMPA CiHe-n 284
(n-CeHg)oP, -78° (97) 112
”
(n-C4Ho),CulLi, CH,COCI 284
(n-C,Hg),P, -78° (56) 112
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TABLEI. «,8-UNSATURATED ALDEHYDES AND KETONES (Continued)

Nucleophilic Reagent

Electrophilic Reagent

Carbon , B- turated Product(s) and
No, % Bolbeltim and Conditions and Conditions AT Ref.
Section B: Cyclic Substrates
0
COCH,
+
(n-C4Hy)CulLi, (CH,C0),0, HMPA C,Hg-n 284
-78° %)
0,CCH,
COCH,
CHgn 112
(30)
0
iicocu,
(C;Hg):CulLi, -78° CH,COCl, C.H, 112
HMPA/THF (72)
COCeHe
(CH,);CulLi, 1t Ce¢HsCOCl, HMPA 270
(60)
QCOCH,OCH,-0
(CH,).CuLi, 1t 0-CH,0C,H,COCl 270
(48)
OCH;, Si(CH,)
S
OCH, i COS, CgHsCH,, 189
THF, HMPA, -78° CH,l
i COSCH,
U , THF/ HMPA, COS, CH,l \j 189

-78°
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TABLE I. a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Electrophilic Reagent

Carbon  , B-Unsaturated Nucleophilic Reagent Product()s) and
No. BSubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
SCgHs
) H
1) (CeHsS)oCLi CH,I, HMPA H 167
2) s-C,H,Li (32)
3) 1.0 eq CH,OH
; Si(CH,)s
Si(CH,)s
:cz/\
' Intramolecular 214
TiCl,, CH:Cl,, -78° (85)
Si
— C_/ (CHa)s Si(CHaj)s
—Y 3 Intramolecular 214
TiCl,, CH,Cl,, -78° (85)
8i(CHs)s
Si(CHs)s
—c=" . Intramolecular 214
TiCl,, CH,Cl,, -78° (19)
i(C Si(CHa)s
~ & _- Si(CHa)s
-~ ~ . Intramolecular 214
TiCl,, CH,Cl,, -78° (63)
- Si(CHa)a
/\—C - Si(CHy)q
- . ; Intramolecular 214
TiCl,, CH.Cl,, -78° 95:5, B:xx
(79
1, N
p-CH,0CH,CH(CN)Li, CH,l p-CH,OCsH, 185
DME, -50° 7:3 mixture of
stereoisomers

(80)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon o, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent ProductSs) and
No. BSubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
ff{( CN
CeH,CH(CN)Lj, CHal GeHg 185
DME, -50° 1:1 mixture of
stereoisomers
(80)
HOCH.,
Li
X s
5 b CO.CH,
CO.C.Hs, CH,0 222
THF/HMPA, -78° (51)
HOCH,%
CeH,S
CgHsSC(CH,) LiCO,CH,, CH,0 CO,CH, 222
THF/HMPA, -78° (42)
w
CBHE Xo\l/ OC-.;Ha o\l/oczﬂs
Li CN CH,l CH; CN 187
THF/HMPA, -65° stereochemistry uncertain
(30)
o
(CH,),SiCH,  CH,0,CCH,, Intramolecular f 215
Pd[P(CsHs)als, THF, a7
reflux
0
1) LDA, THF Intramolecular 176
+ -
1) LDA, THF Intramolecular o) 175
2) CH,=C(CH,)F(CoHe)oBr , a7

pyridine
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TABLE 1.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , g-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. BSubstrate and Conditions and Conditions Yield(sg (%) Ref.
Section B: Cyclic Substrates
CO,CH,
1) LDA, HMPA, THF, -19° Intramolecular Z) 368
2) CH,CH=CBrCO,CH, (30)
CO,CH,
1) LDA Intramolecular [o] 369
2) CH,CH=CBrCO,CH, (30)
H'CQHT
NN(CHJ ,
NI ™~
CH, CH,Cu(SCeHg)Li, 1) n-C3H,COCN = 299
THF 2) HO' (14)
fo}
NN(CHg »
: N
CH, CH,Cu(SCeHg)Li, 1) CH,COCN < 299
THF 2) HO' (14)
(g P(O) (ceHa)z
LiC(SC;He)s 1) CH,=CHP(CsHy)Br 2 eq C(SC:Hs) 168
2) KOH (57)
Br Br
cmq%?co,cna
LiSn(CH,)s CH,=CBrCO,CH, 2 eq Sn(CHa), 168
(74)
CH,0,C CO,CH,4
Hog/
LiSn(CHg-n), CH,=CHCO,CH, 2 eq Sn(CHe-n)s 168

(78)
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TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon ¢, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. BSubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
CH;0,C COC;Hs
HO.
Sn(CyHy-n)3
LiSn(C Hg-n)s 1) CH,=CHCOC,H, 168
2) CH;=CHCO,CH, (64)
H
CHyMgl, cat. Cul, 0° D CHO 370
(-45)
H
&
CHyMgl, cat. Cul, 0° D cHo 37
o7
CO,CH,
1) LDA Intramolecular 's ] 372
|> : Cl
2) CO,CH, (20)
o]
(2
7 O/I\/\Msar, HCl, H,0, THF 278
CuBrDMS, THF, -78°
CHa'Oj( CO,CH,
CH,=CHMgBr, BrCH CH=CH, 324

Cule(n-C Hq)sP

HMPA (55)
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TABLE 1. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon «, B-Unsaturated Nucleophilic Reagent
No. Substrate and Conditions

Electrophilic Reagent
and Conditions

Product(s) and Ref.

Yield(s) (%)

Section B: Cyclic Substrates

é/czm

CH,=CHMgBr, THF,
Cule(n-CHq)sP, -45° 10 20°

)( CO. chg

ICH, OCH,4
HMPA

l l ~ Cu(C=CC;H;-n)MgBr

CH,O
THF, 1t

(CH,).CulLi, 0°

(CHa)CuLi, 0°

(CH,),CuLi, 0°

[(CH,).C=CH].CuLi, 0°

C.Hs0,CCH.I,
HMPA

CH,l, 1/1 THF/HMPA

CH,=CHCH_.I,
1/1 THF/HMPA

(o]

1) (cm)aSi\n,Lk

2) 2% KOH/CH,0H,
reflux

1) (CHy)oSi

2) 2% KOH/CH,0H,
reflux

CO,CH,3
OCH,

Higy

CH,=CH
(65)

(92)

\\\\‘\/

(68)

i?,’

M

97:3
(54)

(70)

236

114

232

232

291

291
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TABLE I.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No. Substrate

a, B-Unsaturated Nucleophilic Reagent

and Conditions

Electrophilic Reagent
and Conditions

Product(s) and

Yield(s)

(%)

Ref.

Section B: Cyclic Substrates

(CH_=CH)CuLi, 0°
(CH,);CuLi, 0°

(CHs)AISCsHs,
CH.Cl;, -78°

CX,
$>< CO.C,Hs,

THF/HMPA, -78°

CeHsSC(CH,)LiCO,CH,,
THF/HMPA, -78°

1) LDA, THF
2) CH,=CHP(CeHa)sBr

[CeHs(CH,),Si],CuLi,
THF, -23°

(0]

1) (cm)asw_l,l-l\

2) 2% KOH/CH,;0H,
reflux

ZnCl,, CH,CHO

CH,CHO, THF

CH.0

CH,0
Intramolecular

CH,l, HMPA

5

(70)

o OH

(32)

Iy

SCeHsg

(7%

Q

X

o

0)

Si(CHa)oGeHs
(64)

291

234

204

222

222

174
175

63
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon «, B-Unsaturated Nucleophilic Reagent
No. BSubsn'abe and Conditions

Electrophilic Reagent
and Conditions

Productgs) and

Yield(s) (%)

Ref.

Section B: Cyclic Substrates

[CeHs(CH,),Si] Culi,
THF, -23°

(CHa)2Cul, 0°

CH,Mgl, cat. Cul,
-50

(CHG) QA]'SCBHN
CH.Cl,, -78°

(CH,),C=CH(CH,),MgBr,
5 mol % CuBresDMS,
THF, 0°

CHyMgl, cat. Cul,
-5°

CHyMgl; cat. Cul,
-50

CH,=CHCH_.Br, HMPA

ZnCl,, CH;CHO

CH,CHO

CH,CHO, THF

H.CO(g)

CH,COCl

(E)-CH;CH=CHCOCI

(o]

oqy

Si(CH,).GeHs
(66)

OH

threo
(98)

o

(75)

OH
(50)
CH_OH
(CH,);CH=C(CH,).

1:1 trans:cis

(90)

% : COCH,

(62)

<ol

(85)

63

234
220

271

204

322

271

271
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TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon «, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. BSubstrate and Conditions and Conditions Yield(s() (%) Ref.

Section B: Cyclic Substrates

? : CH,CH=CH,
CH,yMgl, cat. Cul, CH.=CHCH,Br, ' 271
-5° HMPA (55)
&f\
CH,Mgl, cat. Cul, (E)-CH,CH=CHCHO 271
-5° (90)
a H
M g
CH,Mgl, cat. Cul, 271
-5° (96)
; ’
1) THF, LDA Intramolecular 142
2) HMPA (19)

3) CH,=CHSO,CsH,Cl-p

[CeHo(CHy),Sil:CuLi, CHI % ; Si(CHa):CeHs 273
)

THF

CO,CH,

1) LDA, HMPA, THF, -19° Intramolecular (o]
(55

2) CH,CH=CBrCO,CH,

368

CH, ,CO.CH,

/\Z
1) LDA Intramolecular 369

2) Z-CH,CH=CBrCO.CH, (55°
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TABLE 1.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent

Electrophilic Reagent

Product(s) and

Ref.

No. Substrate and Conditions and Conditions Yield(s) (%)
Section B: Cyclic Substrates
CO,CH,4
-
1) LDA Intramolecular 0 372
Cl
2) |>;/
CO,CH, (64)
CO,C.H,
1) LDA Intramolecular s} 374
2)
CO,C.Hs (61)
i CO,C,H,
1) LDA Intramolecular 0 374
2) D=
CO,C.Hs 79%
OCO,CH
0 2 3
CO,CH,4
(CHa,)2CuLi, 0° CH,0.CCl w 273
(54)
CO,CH,
1) LDA Intramolecular ﬂ%) 369
2) CH,=CBrCO,CH, (56)
o]
(CH,),CuLi, 0° CH,l, 1/1 THF/HMPA \& 232

(95)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) )
Section B: Cyclic Substrates
(o]
(CHj3)Culi, 0° CH_=CHCH_,I, \d’\l 232

SCN

1/1 THF/HMPA

Intramolecular

1) LDA, THF
2 4\ B(Cels)oBr
1) LDA, THF Intramolecular
2) CH,=C(CHj3) l;(C.H,)sBr-.

pyridine
(CH,),Culi, -70° CgH,COCl
(CHo)sSi

Li
+ -

(CHy),SI , Intramolecular

THF, -30° to 15°
(CH,),Culi, 0° CH,0,CCl1

Si(CHg)s
=C<
Intramolecular

TiCl;, CH.Cl,, -78°

(89)

@-

(44)

i

(44)

COCeHg

")
\\\

(51)

9:0

(40)

OCO,CH,@
CO,CH,4

o

(47

S’

Si(CHa)s

kS

83:17 cis:trans
(90-94)

Si(CHa)s

176

175

296

157

273

214
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TABLE I.

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon @, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Producr.()s) and
No. - b and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
(o}
o]
8 1) LDA, THF Intramolecular 179
NO,
2y = (39)
O:i |;;
1) LDA, THF Intramolecular 179
2) CH,=CHNO, (22)
o}
& CO,CH,
CH,0,C [CsHs(CHj),Si].CuLi, CH,l, HMPA, CeH, (CHy). Si 63
THF, -23° -23° (88)
o}
: !
(CH,),CuLi, 0° CH,l, DME 221
(86)
o
CH,OH
CH,Mgl, Cul H,CO 314
(95)
o}
CH,OH
CH=CH,
CH,=CHCu, H,CO 292
(n-C4Hg)oP, -70° to 0° (60)
(o} 0 ?H
(CH,),CuLi, 0° ZnCl,, CH,CHO 234

(87)
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TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon «, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) .
Section B: Cyclic Substrates
é: CO,CH,
(CH,;)38iC=C(CH,)Mgl, CH30,CCl, freshly (CH,);C=CSi(CH,); 375
7 mol % CuCN, -23° distilled (60) 79
CO,CH,
CO,CH,
(CH,)oCuli, 0° CH,0,CCl1 273
(51)
CO,CH,
1) LDA Intramolecular \Z 372
a o
2) D<
CO,CH,4 (52)
OH OH
\\\\OH = OH
+
(CH,).CuLi, -10° BH, « THF 346
55:45
(40)
0
CH,=CHCH:
R
m-CH,O0CgH MgBr, CH,=CHCH,Br, m-CH,0GsH, 26
cat. CuCl, 0°, 40% HMPA (=)
(C.Hg),O/THF
OCO,CH,
i :C02CH,
(CH,)CulLi, 0° CH,0,CCl 273
(20)
0
1) LDA, THF Intramolecular l 176
+ Al
2) J\ P(CeHs)aBr

(42)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon o, B-Unsaturated Nucleophilic Reagent  Electrophilic Reagent ProductSs) and
No. R and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
1) LDA, THF Intramolecular W&Q 175
2) CH,=CHE(CeHe)Br~ (13)
1) LDA, THF Intramolecular \é& 175
2) CH,=C(CH,)P(CoHa) Br™ (13)
1) LDA Intramolecular 369
2) CH,=CBrCO,CH, (62)
o}
NN(CHJ.
N~ |
CH, CH,Cu(SCgHg)Li, 1) CH,COCN X 299
THF 2) HP' (16)
o}
o]
CH,0,CCH, CH,0,CCH,
; \; (CH,),CuLi CH,l 376
©)
OH
o}
o]
Cﬁ CH,SeC,H,
(CH,=CH),CuMgBr, CgH.SeCH,CHO CH=CH, 377
THF/(C,Hs),0, -45° (34)
Ou \“\ c
XOH" n-CgH,y CuP(CsHe-n)a, \\\ Cg,!'l"(—:l'(!)2 .
\!
oW OSi(CHy);CsHg-t : NN CO’CH’ 081(CH,)EC.H, t 237
THF, -78° HMPA. -30° (53)
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TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon . d Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. e BSuIBTns:raatg.lerate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
i-G rﬁ 1) (CH,),Sﬁ“j\ X

9 (CH,),CuLi, 0° CoHy-i 291

2) 2% KOH:CH,OH. (53)

(CH,),Si =
2 H Si(CHa)s

(CH,),SI i Intramolecular 157

THF, -30° to 15° (61)

0
0,CCH,

CH,MgBr, cat. Pb(0,CCH,)., 378

Cu(0;CCHy), 1t CeHe (60)

ff

(CH,)CuLi, 0° ZnCl,, CH,CHO 234
threo 220

(82)

fE (WOH

CH,MgBr, cat. CuCl, 1) BH, » THF 346

-10° 2) alkaline H,0, (35)

”
(CH,).Culj, -10° 1) BH, » THF 346

2) alkaline H,0, (53)

(o}
ﬁ :SCuHe

(CH,)CuLi, 0° (CeHp)2S2 182

(28)
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TABLE I. «,B-U*.ATURATED ALDEHYDES AND KETONES (Continued)

Carbon a, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. BSubstrate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
o
1) LDA, THF Intramolecular ; 142
2) HMPA (38)
3) CH,=CHSO,CgH;, 1t
i
1) LDA, THF Intramolecular ; 142
2) HMPA (21)
3) CH,=C(CH,)S0;CeHs, 11
+
1) LDA, THF Intramolecular ; 12:1 179
NO,
2) _,./:/ (63)
\?&
1) LDA, THF Intramolecular o) 174
2) CH,=CHP(CyHa)o B (16-22) 175
%5
1) LDA, THF Intramolecular (o} 379
2) CH,=CHSO,C:H, (38)
\;[5/
1) LDA, THF Intramolecular s 379

2) CH,=C(CH,)SO,CeHs

1) LDA, HMPA, THF, -19°
2) CH,;CH=CBrCO,CH,

Intramolecular

(21)

CO,CH,

)

(20)

368



91v

L1y

TABLE I. a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon

a, B-Unsaturated Nucleophilic Reagent
No. Substrate

and Conditions

Electrophilic Reagent
and Conditions

Product gs) and
Yield(s) (%)

Ref.

Section B: Cyclic Substrates

1) LDA
2) (2)-CH,CH=CBrCO,CH,

1) LDA

z)|>—<

CO,CH,

(CH,)CuLi, THF,
-78°

(CH,),Si
Li

+ -
(CH,).S1 ;
THF, -30° to 15°

(R)-

(CH,)CuLi, 0°,
45 min

(CH,)CuLi, 0°,
45 min

Intramolecular

Intramolecular

CH,=CHCH.(Cl,

HMPA, n

Intramolecular

CH,l, DME,
0°, 5 min

C.H,sl, DME,
25°, 4h

CO.CH,

(20)

CO,CH,

(75)

CH.CH=CH,

3:2 mixture

of isomers
(74)

(CHy)sS1

}m 1y

~~
w
(=)
—

Rod

(86)

CaHe

Rod

(63)

369

372

380
381

157

221

221
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. G5 B sy and Conditions and Conditions Yield(s) (%) Ref.

O
1) LDA, THF Intramolecular 142

2) HMPA (5)
3) CH,=CHSO,CeHs

Section B: Cyclic Substrates

Si(CH,) Si(CH,)s
1 a)a
=C—/
~ i Intramolecular 214

TiCl,, CH,Cl,, -78°
1) LDA, THF Intramolecular 176
2) J\ fT(CaHs)aB;
1) LDA, THF Intramolecular o 174
2) CH,=CHP(CqHs)eBr @) 175
1) LDA, THF Intramolecular “}% 175
2) CH,=C(CHy)F(CeHa) Br (44)
1) LDA, THF Intramolecular 7‘}% 379
2) CH,=CHSO0,CeH, &)

;\E -

1) LDA, THF, HMPA, -19°  Intramolecular o) 368

2) CH,CH=CBrCO,CHj (25)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon «, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) et.

Ai]&wf{,
O

Section B: Cyclic Substrates

1) LDA Intramolecular 369
2) Z-CH;CH =CBrCO,CH, (25)
CO,CH,4
1) LDA Intramolecular 369
2) CH=CBrCO,CH, (35)
H
(CH;)sCO.CH,
Cu GHirn F CsHyy-n
W\g/ THPO =
10 THPO OTHP  » CH,0,C(CH,)sCHO OTHP 14
2.6 eq (n-C,Hp),P, -78° mixture of isomers
(83)
o
CO,CH,
n-GsHy, Cu(C=CC,H;)Li CeHyrn
D e’ ¥ %
OTHP CH,0,CCl, OTHP 268
(n-C.Hy)sP, -75° THF/HMPA (10)
SCgH,
: ;
(CHp)sCHO  (CHo)2AISCoHs, Intramolecular ° ou 204
CH.Cl,, -78° (60)
o]
0
CH,CO,CH, CH_=CH(CH,),MgBr, Intramolecular J 382
25 mol % CuBr, (60)

THF, -20° to -23°

- (o]
i-C;Hy
o]
CH,=CH(CH,),MgBr, Intramolecular 142

CH,=CHSO,CgHq 1¢))
25 mol % CuBr,
THF, -20° to -23°
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TABLE I. o,8-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No.

Electrophilic Reagent

«, B-Unsaturated Nucleophilic Reagent
and Conditions

Substrate and Conditions

Product(s) and
Yield(s) (%)

Ref.

Section B: Cyclic Substrates

(R)=

(0]

1) LDA, THF
2) HMPA
3) CH,=CHSO,CgHs4

1) LDA, THF
2) HMPA

3) CH,=CHP(CyHs)sBr

1) LDA, THF
2) HMPA

5 I

SO, GH,Cl-p

1) LDA, THF
2) CH,=C(CH,)S0,CeHs

(CH;).Culi, 0°

1) LDA, THF

2) J\ P(CeHs)oBr™

Intramolecular

Intramolecular

Intramolecular

Intramolecular

CH,l, 1/1 THF/HMPA

Intramolecular

&

a7

(65)

142

142

+
o
142

(20)

(2)
\”_—é&: 379

an

P

(47)

232

l E 176

(36)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. i and Conditions and Conditions Yield(s() (%) Ref.
Section B: Cyclic Substrates
0
1) LDA, THF Intramolecular f 175
2) CH,=C(CHa)F(CeHs)sBI" (36)
2 < OH
n-C,H,MgBr, 2 mol % CH,CHO n-C,Hg 283
Cul, 0° (95) 74
n-C.H,MgBr, CH,0,C(CH,),CHO n-CeHo (CH2)CO,CH, 283
2 mol % Cul, 0° (93) 74
Q ;OH
n-CeH,7MgX, CH,0,C(CH,)sCHO n—CeHyz (CH2)6CO:CHy 283
cat. CuCl (94)
% __ OH
n-CgH <
n-CgH,;MgBr, CH,0,C(CH,)sCHO w (CH;)sCO.CH, 283
2 mol % Cul, 0° (96) 74
{
% < OH
n-CeH,;MgBr, n-CgH,,CHO n-GHy; CeHo-n 74

2 mol % Cul, 0°

(100)
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TABLE L.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. * Bsubmtera © and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
)
%__ OH
<(CH.z)ﬂCOzCHa
(E)-CeHsCH=CHMgBr, CH,0,C(CH,)sCHO, CeHyo 74
2 mol % Cul, 0° Mgl (45)
11 CeHs (CH,)CuLi, 0° CH,l, HMPA ~ Cey 316
(40) 67
SCgH,
COC;Hy
SCeHs C,Hy0,CCH(CH,)Li, CH,l 90
Cul » P(OCH;), (20)
CH,C=CC,Hg
SCsHs
(CHj)Culi, C,Hs,C=CCH,Br, 125
“chilled” DME (65)
0 CeHs
CsH,-n
SeCgHs (CH,),CuLi, -20° n-CgHyyl, 383
THF/HMPA (85)
(o}
s +
(CH,;).CuLi, -20° 1) CH X, THF/HMPA 384
2) O, (55)
3) (C2Hg)NH, CH,Cl,
0 i
(14)
(o}
+
(CH;):CuLi, -20° 1) CH,=CHCH,X, 384

THF/HMPA
2) 0,
3) (CZHG) 2NH ' CHaCIz

(13)
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TABLE L.

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. L} b and Conditions and Conditions Yield(sg (%) Ref.
Section B: Cyclic Substrates
&%
(53)
CH,GCgH s
+
(CH,),CuLi, -20° 1) CeHsCH.X, 384
THF/HMPA )
2) O,
3) (CzHg),NH, CH.Cl,
o]
& GCsHs
(53)
: +
(n-C.Hg)Culi, -20° 1) CHX, THF/HMPA C.H¢n 384
2) O, (50)
3) (CzHs).NH, CH:Cl,
o
C‘Hg’ﬂ
(33)
o
Q<Sec.ﬁa
(CH,)sCuLi CH,l, HMPA, THF 230
(95)
o
&Se&ﬂ,
(n-C,Hg).CuLi CH,l, HMPA, THF CHg-n 230
(90)
CH,CH=CH,
SeCeHs
(CH,).CuLi CH,=CHCH,Br, 230
HMPA, THF 7



TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon , B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. @ RS IERd. S Conditians and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
CH,GsHg
SeGeH,
(CH,),CuLi CeHgCH_Br, 230
HMPA, THF (90)
A o
SCHL=CCH,
SeCeH,
(CH,),CuLi BrCH,C=CC.Hs,, 230
HMPA, THF (96)
fi
CH.SY SCH,
= on
X )Ci'; CHoS SCH, )\
o
n-C4Hg(CHy),SiO (CHaO o )zCuLi. \n/ n-CoHo (CH,), SiO Cetlyin
-78° (53) 337
H
L
gHy-n
CsHy-n =
= 0Si(CH,)2CHe-n
-78° =) 337
CH,0, CO,CH,
HO
CeHyy-n - sHirn
& (”'CGHO(CHs)zSi ),Cuu CH,=CHCO,CH, "-CiHo(CHs).SiO OM(CHNCHrn
- (47) 337
OH
“‘L C=C(CH,)4CO:CH,
CI-IW CsH,\-n § > CeHyy-n
= t-C,Hg (CH;),SiO =
OSi(CH,).CeHg-t,  CH,0,C(CH,);C=SCCHO 08i(CHs)2C4He-t
2.6 eq (n-C.Hy)oP, -78° (50) 385
CO(CH,)sCO.C.Hs
CsHg-n
t-CyHo (CH,), SiO 0Si(CHa), CHo~t
=) 284

t-C,Hy(CH;,),SiO
Cu(C=CC,H,)Li
C2Hs0.C(CH,)sCOCl,
THF/HMPA

n-GCsH,,
0Si(CHa);C,Ho-t,

-78°
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TABLE I.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon «, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. BSubst.rate and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
\OO(CH,),cc)gCHa
N CsHyy-n
AR QSHEERIIE “C‘H"(CH’)‘SIS C-)SI(CH) CHo-t
a/2 2=
O8Si(CH,3), C,He-t , CH30,C(CH,)sCOClI, trace of C-2 epimer

(n_cdl{ﬂchuw\z/

(H—C4HQ)QP, -78°

HMPA/THF, -40°

n-CgH,, Cu(C=CGH,)Li
0Si(CH,), CHg~t » C;Hs0,C(CH,)sCOCl,
=78° THF/HMPA
CsHyy-n
Li SOCH, , CH,0,C(CH,)sCHO
THF, -76°

Li  SOGH;
THF, -76°

L

(CHa)s CO, CyHy-t

Li SOGgH,

CsH,-n

OSi(CHo): CoHet,

HMPA, (CgHj)sSnCl, -78°

CHO

08i(CH,), C4Hg-t

n-CsH, CHO

O8i(CHa), C4Hg -t

t-C,Ho (CH,), 810

(35)

CO(CHg),COaCH,
CsHy—n

(23)

\\" (CH;)sCO,CH,

C‘SI-L -n

f; 7

t-C4Hq (CHa); SiO

TBDS

-
-
<
0]

SOC,H,
(68)

081 (CH,),C Hg-t

112

(CH,)408i(CH,)2C Ho-t

SOCsHs
(70)

OH

o C.Hp-n
N

OTBDS

(CH;); CO.C Hs-t

SOCgHs
(62)

RNV VAN
CO,CH,
= CsHy-n
OTBDS

(78)

152

152

89
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TABLE 1.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. B it and Conditions and Conditions Yield(s) (%) Ret.
Section B: Cyclic Substrates
(CH:)eCO,CH,
(n-CiHo)oPQu p\ / GoHirn A CsH,rn
OSi(CHa):CeHot,  1(CH,)¢CO,CH,, Ll OTBDS
HMPA, (CgHg),SnCl, -78° ~ -25° (20) 89
sNesc~A
(R‘C‘HO)GP%/ CH,n R} CeHi CO,CH,
OSi(CHy) CeHt, 1~ EC N co,cH, TBDSO OTBDS
HMPA, (CeHg),SnCl, -78° ~ -25° (82) 89
"\ c=c
(n-c,}x.),% CeHyrn b C‘H_“:’:\ CO,CH,
OTHP 1~ T\ "N co,cn, | TBDSO OTHP
HMPA, (CgHs),SnCl, -78° ~ -25° (77 89
(CH, ) CO,CH,q
R
(CH.),C0.CH, NO.
(”'CQHE)GP%CEHH‘" S S s CsH,-n
£ t-C Ho (CH,).SiO H
OSi(CHy):CHo-1, NO. OSi(CH,), C;Ho-t
-78° (42) 285
fe) 0.CC
S e SO
X Li
CH,OCH, (CH,,)ggl_ ; Intramolecular (CHa)sSi CH.OCH,
THF, -30° 10 15° 157
o)
(CH,).COCH, (CH,).CuLi, -60° Intramolecular 350
EO\L/\MgBr. HQl, H.0, THF 278

CuBr-DMS, THF, -78°
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon —Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. * BSiubnst:.sral;e and Conditions and Conditions Yield(s) (%) Ref.

Section B: Cyclic Substrates

OH
(CH,)CulLi, 0° ZnCl,, CH,CHO : l E 234
threo 220
(76)
o}
12 CeH/ CH;yp (CH,),CuLi CH.l = "GgH,CH3-p 316
' (62)
SGeHs
GH,
CgHsSLi, THF, Methyl acrylate CH,0.C 136
_7g° (68)
F@ o
CH,0,CC(CH,).Li, THF, Methyl acrylate CH,0.C CeHs 136
-78° (40)
OCH,
CO.CH,
CH,0,CC(OCH,).Li, Methyl acrylate CH,;0.C CeHs 136
THF, -78° (25)
‘E ‘co,cu,
CH,0,CCH(CgH,)Li, Methyl acrylate CH,0.C GCeHs 136

THF, -78° (48)
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Caluqrbon o, B-Unsaturated Nucleophilic Reagent
0.

Substrate

and Conditions

Electrophilic Reagent
and Conditions

Productgs) and Ref.

Yield(s) (%)

Section B: Cyclic Substrates

SeCgHs

CH;0,CC(CH,) (CeHs) L,
THF, -78°

(CH,).CuLi, -20°

(CH,),CuLi

(CH,).CuLi

Methyl acrylate

Methyl acrylate

1) CH,X, THF/HMPA
2) O,
3) (C;Hg):NH, CH.Cl,

CH;l, HMPA, THF

BrCH,C=CC;H,,
HMPA, THF

GCeH,
CO,C
o H,

CH,0,C

GeHs
(41)

Oq Sy
Ko

CH,0.C CeHs

(0]

(41)

& ;

(51)

X

(22)

(78)

W CH,C=CC;Hg
SeCgHs

(90)

136

136

384

230

230
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TABLE 1.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent
No. BSubsu-ate and Conditions

Electrophilic Reagent
and Conditions

Product(s) and
Yield(s) (%)

Ref.

Section B: Cyclic Substrates

o
i
o
P-CH,CGH} A\é
- CH,=CHMgBr, ZnBr,,
THF, -78°
MgBr
CH,0 | |
THF, -78°
MgBr
CH,0 Ii Ii
THF, -78°, 1h
o)
o

NaOH, 3 eq
C,H,OH/H,0, n

CsHs

CH30.C(CH,),CLi,
THF, -78°

CH,0,C(CH,).CLi,
THF, -78°

(o]
p—CH,c.H.mlﬁ:’iﬁ N
/

CH,l, HMPA CH,=CH
(30)
o]
CH,=CH

=)

CH,l, HMPA, 33°,
24 h
CH,l, NMP CH,0
(78)
H o
OH
Intramolecular
)
(9]
CH,I CO,CH,4
(76)

O  CH,CH=CH,
C‘“’\@(){
CO,CH,

(74)

CH,=CHCH,Br

386

387

192

123

135

135
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. 2 BSubsn;?ue and Conditions and Conditions Yield(sg (%) Ref.
Section B: Cyclic Substrates
CH,G.H
C.H, H.GeH,
CH,0,CC(CH,).CLi, CeHsCH,Br CO,CH,
THF, ~78° (73) 135
o
CH,0,CC(CH,)CeHslLi, CH,l CO,CH,
THF, -78° (68) 135
CH,CH=C
ol N
CH,30,CC(CH,) CeHsLi, CH,=CHCH,Br CO,CH,4
THF, -78° 7 135
CoHe g
CH,0,CC(CH,) CeHsLi, CeHsCH,Br CO.CH,
THF, -78° (78) 135
(o}
Hiumn CeHsS
\\\ >_Li
// CO,CH, , THF, H.CO, -60° 281
-60° to -35°
: i f? CH,C
Z (CH,).CuLi, 25° CH,COCI CH,CO, % 272
)
»”
(CH,),CulLi CH,COCl 269
(66)
(CHs),CuLi CICH,COCl Z 269

(73)
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TABLE I.

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section B: Cyclic Substrates
(CH,=CH),CuMgBr, H,CO 388
-50°
CO,CH,
1) LDA Intramolecular o 369
2) CH,=CBrCO,CH, (20)
+
E CO,CH,
(12)
H (o)
b' \
(CH,),CuLi, -40° to nt Intramolecular OH 317
(69)
0 CH,CH=CH,
@‘ COC‘HQ-H
CH,0 OCH, n-C.HoLi, Ni(CO)s, CH,=CHCH,I, HMPA CH 0 OCH, 389
THF, -50° (85)
CHyn
COC.H,—R
n-CoH,I, HMPA CHO OCH, 389

n-C HgLi, Ni(CO),,
THF, -50°

(21)
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TABLE I. o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No. Substrate

«, B-Unsaturated Nucleophilic Reagent
and Conditions

Electrophilic Reagent

and Conditions

Product ()s) and Ref.

Yield(s) (%)

Section B: Cyclic Substrates

n-C,HgLi, Ni(CO)s,
THF, -50°

n-C,H CONi(CO),,
THF

n-C,H,CONi(CO);,
THF

n-C HgCONi(CO),,
THF

C,H,CHO

CH,=CHCH,I, HMPA

CH,I, HMPA

GC3H,1, HMPA

COC,Hg-n
CHO0 OCH,
(40)

Hsg

CHg-n

b Ooche on

(34)

CH,0
COCHg-n

’ff A
(85)

CH.0
COC,Hgn

(43)

CH,30, Hy
COCHg-n

CgHy-l'l
(21)

CH O CH,
COC,Hg-n

CSHT -n
OC;H;-n
(34)

389

212

212

212
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent
No. BSubstrate and Conditions

Electrophilic Reagent Product()s) and Ref

and Conditions Yield(s) (%)

Section B: Cyclic Substrates

n-C,H,CONi(CO),,
THF

13 (CH,3),CulLi,
-40° tont

CH,0,CC(CHy),Li,
THF, -78°

CH,0,CC(CH,;).Li,
THF, -78°

CH,0.CC(CHj,).Li,
THF, -78°

CH,0,CC(OCH,),Li,
THF, -78°

CH O OCH, OH

C‘Hg‘ﬂ
0 +
CH,CHO o
(40) 212
CH.0, CH,
COC‘HQ_H
0
(31)
é |
Intramolecular OH 317
(96)
0
Cﬂ\m
CH,I CO,CH,4
(85) 13¢
o
CH,CH=CH,
CeHs
CO,CH.
CH,=CHCH,Br T
(82) 13§
CH,GsH;
GeHs
CsHsCH,Br CO.CH,
(64) 135

o
OCH,
QH’W -
CHal CO.CH,

(85) 135
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TABLE I.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon , B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. Gey s and Conditions and Conditions Yield(s) (%) Ref.
Section B: Cyclic Substrates
O CH,CH=CH,
CeHo CHO
OCH,;
THF, -78° (81) 135
C H
CHe cH;lCa s
OCH,
CH;0,CC(OCHj),Li, CeHysCH,Br CO,CH,
THF, -78° (58) 135
0 I CONH »
QUL oo
(CH,)Cl CHyNH,, CeH, Intramolecular NHCH, 147
(39)
i? CONH .
NH;(1), GeHe Intramolecular NH . 147
(42)
conm,
N.
H.
O Gotle Intramolecular Q 147
(23)
CONH.
O
NH,
C Gotle Intramolecular 147
(29)
CONH
CH;3NO;, 10% NaOH/ Intramolecular CH,;NO:2 147
t-C,HgOH (30)
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TABLE I.

o,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Electrophilic Reagent Product(s) and

Carbon a, B-Unsaturated Nucleophilic Reagent Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section B: Cyclic Substrates
i CONH,
CsHsSH, NaH, Intramolecular SCeHs 147
t-C,H,OH (100)
i? CONH .
P-CH,CsH,SH, NaH, Intramolecular p- CHaCeHadS 147
t-C,H,OH -)
i? CONH 2
SH s
» NaH, Intramolecular 147
t-CH,OH (78)
NH
NaCN, ¢-C,HOH, Intramolecular :II.H( 147
H,0, steam bath (93)
9 o)
NH
\%\
(CH,);CO, 10% KOH/ Intramolecular 147
f—C4H30H (30)
1 CH,CH=CH,
e
I/\I ”ff S
) () s
CH,0 Li CoH <, CH,=CHCH,Br CH,0 389
THF/HMPA (60)
CH,CH=CH,
'/,
“ COCHyn
n-CgH;Li, Ni(CO),, CH=CHCH,l, HMPA CH,0 389

THF
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TABLE 1.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No.

o, B-Unsaturated Nucleophilic Reagent
Substrate

and Conditions

Electrophilic Reagent

and Conditions

Product(s) and
Yielcl(s() (%) Ref.

Section B: Cyclic Substrates

14 GgHLC(CH,),0

CH,Li, Ni(CO).,
THF

M
o

n-C;H, Li, THF, HMPA

CH,CONi(CO)n

n-C,H,CONi(CO)n

CI(CsHg)Zr GsHirn
OCH;OCH,CsHs
THEF, Ni(acac),
(i-CAHS)IAlH! 0°
q(CEHS)azr c’H"-”
OCH;OCH,GsHs
THF, Ni(acac),

(i-CqHo).AlH, 0°

CH,=CHCH.I, HMPA

CH_,=CHCH,Br

CH.,=CHCH.I, HMPA

CH,=CHCH_,I, HMPA

CeHsSeBr,

(GeHg)Se,,
-78°

CgHgSeCl,
-78°

CH,O 389

o 212
(60)

CH,O , \

f : :COCH,
212

o
(54

CH,O0 |/ \
{ : :CO GHn
212

o
(82)

0O
SeCyHs
=~ CsHyy-n
CeHs C(CHy),0

OCH,OCH,GsHs
50:31 trans:cis 209
(81)
aSeCaHe
3y
\‘,\\\ CsH;—n
CeH;C(CH,), 0
OCH,0CH,GgH,
27 209
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon a, B-Unsaturated Nucleophilic Reagent

Electrophilic Reagent

Productgs) and

Ref.

No. Substrate and Conditions and Conditions Yield(s) (%)
Section B: Cyclic Substrates
0
CH,OH
Cl(CeHs )2 Zr GsHyy-n GHyy-n
CeHsC(CH,)20
OSi(CHa),C,Hg-t H.CO OTBDS
Ni+2 (CH;COCHCOCH,)., (70) 210
(i-C4H,)2AlH, 0°
0
CH,OH
C1(CeHjp )2 Zr CsH Gt
11N
i CsHsC(CH,),0
OCH,0CH.CgHs
OCH,OCH,C.H, H.CO
Ni+*2 (CH,COCHCOCH,),, (69) 210
(i-C4Hg).AlH, THF, 0°
+
(o]
NaOH, 3 eq Intramolecular 123
C.H;OH/H.0, 25°
(o]
OH
(CH,),CuLi, THF, 0° Intramolecular 73
(10)
2
CH;MgCl, 10 mol % Intramolecular 73

CuBr « DMS

(15)
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TABLE L.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Electrophilic Reagent

Product(s) and

Carbon o, B-Unsaturated Nucleophilic Reagent
No. BSubstrate and Conditions and Conditions Yield(s) (%) Ref,
Section B: Cyclic Substrates

1
(CHj3),MgCl « DMS Intramolecular 73

(25)

ﬁi D
i-CyH, (CH,),Br (CH,);CuLi, CgHs, HMPA, 0° i-CoHy 108
0° to 5° (25-30) 118
O (o]}
CO.;CH,
| N\ | \
(CH,)2Culi, 0° Intramolecular 233
(73)
H

CO.CH, (CH,0,C),CHNa, THF, Intramolecular CH(CO,CH, ). 241

reflux (up to 70)

t-C,Hy CO,CH,
w, t-C.H, L
le] 1) LDA Intramolecular I 0 372
2) D}KC}
CO,CH, (79)
) A CONH >
Q™™ %

(CH,).Cl p-CH3CgH, SH, NaH, Intramolecular p-CH,CeH,S 147

DMF (86)

(o]
Cﬁé

NaCN, t-C,HgOH, Intramolecular NH 147

H,0, steam bath

—
[+
on

—
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TABLE I. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)
Carbon a, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) *
Section B: Cyclic Substrates
CH=CH,
Q
CH,=CH SN
\‘\\ i
N
(CHa,),CulLi, H.CO CH,OH 292
DMS/(C,H;),O/pentane, -20° (46)
OSi(CH,),
= H = H
CH,0 (CH,=CH),CuLi CH,l CH,0 305
3:2 cis:trans
(85)
(o]
CH,0H
(o}
n-CsHiy ),cm S CeHyi-n
CsHy(CHy),CO 2
CsHsC(CH,),0 OCH,OCH.GHs - H,CO OCH,OCH,CsHs
(n-CHp),P, -78° (trans:cis 1.3:1) 390
(50-60)
o)
OC.H, (o]
CH,0,
17 CH,=CH(CH,).MgBr, Intramolecular OC.Hs 382
25 mol % CuBr, THF, (48)
-20° to -23°
(o]
(CH,)LO,CH,
111 (CH,)LO,CH,
+
>l\oc1-L_,l CH,0 © )zCuLi 1) CHal, 20% HMPA CiH,-n
2) Hot 337
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TABLEI. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No.

o, B-Unsaturated Nucleophilic Reagent
Substrate and Conditions

Electrophilic Reagent
and Conditions

Product()s) and Ref.

Yield(s) (%)

Section B: Cyclic Substrates

(CH,),CuLi, -25°

(CH,),CuLi, -40°

1) CICH,COCl
2) base

1) CICH,COCl
2) base

1111 (CH,)CO,CH,
HO ¥

CsH,,-n

Il (CH,),CO,CH,
/

n- CgH,,

(<47% overall)

269

269
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TABLE I.

a,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon
No.

o, B-Unsaturated

Substrate

Nucleophilic Reagent
and Conditions

Electrophilic Reagent
and Conditions

Product(s) and
Yield(sg (%) Ret.

Section A: Acyclic Substrates

21

CHLO,CH,
C.Hs

OCH,GeHs

(i-CgH;),Cull,
DMS, THF, -78°

1) CeHgSeCl
2) H,0,/THF

1) LDA, THF Intramolecular
2) CH,=C(CHj)P(CoHs)oBT
1) LDA, THF Intramolecular
2) CH,=C(CHy) F(CeHs)oBT
SO,CeHs
OCH, © Intramolecular
CH;0 "
R so.cH,
cH,o © Intramolecular

CH-i

321

(55)
CO,CH,
g 176
(20)
2
175
(23)
OH
CH,CO,CH,
LT s
CH, 0O OH O OCH,CsHs
(-80) 153
CH,0 OH
CH,CO,CH,
4o oo™
CH, O OH O OCH,CsHs

(~82) 153
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TABLEI. «,B-UNSATURATED ALDEHYDES AND KETONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and
No. FSubstrate and Conditions and Conditions Yield(s) (%) Ret.

Section B: Cyclic Substrates

C OCH(CH,)O
c‘H,(:Hg H( H,); OCH(CH5)OG, Hs

-
=

24 C,H;OCH(CH,)O(CH,)sCu(SCeHs)Li, CH,l, DME
THF, -20° 391
CeHsCHO ., (CHz)sOCH(CH,)OCH,
= H CH,OH
= (o)
H
C,HsOCH (CH,)O(CH,)sCu(SCeHs)Li, H.CO(g), -78° CeHsCH.0
THF, -20° (67) 391
a
iy )
S0, GH,
CH,0 CH,0 o
25 0,CCH, 80, GHs  CsF, CH,Cl,, Intramolecular
25° (83-91) 130
(CHe)s COCH, (CH,)sCO:CH,
CH,),Si
GHy—n
CsHyy-n
- P il (CHo -
27 OSi(CHy).CiHot  (CHo)SI , Intramolecular OSi(CHy):CeHo~t
THF, -30° to 15° (40) 1

% See addendum 1o Table IB for additional entries.
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TABLE II.

o,B-UNSATURATED ESTERS AND LACTONES

Carbon a, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Esters
CeHegSe CO,CH,
3 CH=CHCO,CH,3 LDA, THF, 0° CgHySeBr \n/ 203
(18)
o}
Li
. THF, Intramolecular CO.CH, 139
—23° (90)
(o)
Li
CO,CH,4
, THF, Intramolecular 139
-23° (98)
H
CO,CH4
i-C,H;
CgHySMgl, i-C3H,CHO C¢HeS 145
(C2Hg):0/n-CgH,,, 0° (96)
OH
CO,CH,4
GeHs
CeHsSMgl, CeHsCHO GeHsS 145
(C.Hg)20/n-CeHy,, 0° (€2))
H
CO,CH
CHO =
v X
CgHasSMgl, GCeH,S 145
(C2Hs)20/n-CeHy, 0° (87)
H
ﬁ:l/coza«l°
CeHsSMgl, (CH,).CO GsHsS 145
(CzHa}zOh"CsHu- 0° (89)
Ojiﬁ
CO,CH,3
CeHysSMgl, Cyclohexanone CsH,sS 145
(CzHg)20/n-CeHy,, 0° (72)
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
Substrate and Conditions and Conditions Yield(s) (%) Ref.
Section A: Esters
H
ﬁj/ CO,CH,
i-C3Hyl, Zn, (CH,).CO i-GH, 257
CH,CN, reflux 57
H
CO,CH,
I
O/ , Zn, (CH,);CO 257
CH,CN, reflux (52)
Li SGeHs Intramolecular CeHsS 156
(83)
CO,CH,
) :z
, THF, Intramolecular o 138
-23° (90)
CO,CH,
, THF, Intramolecular o 138
-23° (81)
CO,CH,
/&/U L 5
, THF, Intramolecular (o] 138
-23° (98)
CO,CH,
0o
Li
, THF, Intramolecular (o] 138
23° (98)
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon

o, p-Unsaturated Nucleophilic Reagent
No. Substrate

and Conditions

Electrophilic Reagent
and Conditions

Prod d
Pty Rt

Section A: Esters

(s}
Li
, THF,
-23°
CH,0.C CO,CH,
LDA, THF, 0°
CICHZCOH;, \\\\

NaH, CH,0H, CgHg

Ha
Li, THF,
-78°
(CH;3),8iCH, CH,0,CCH,,

Pd[P(CeHs)sl4, toluene,
80-90°

ONa

(CoHg) CCO,CH,,
DMSO

CH,0,CCH.ONa, DMSO

Intramolecular

Intramolecular,

CH,OH/HCI, reflux

KOH, HOCH.CH,OH

Intramolecular

Intramolecular

CH,=CHCH_Br

Intramolecular

i CO,CH,

P} 138
(91)

0.C 0

L2

3:1, trans:

O 325

&

(35)

COH

HO,C

392
(35)

OCH,
CO.,CH,
393

(-17)

CO.CH, 215

)&;jﬂa 394

L e
148
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TABLE II.

o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent ProductSs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) ok
Section A: Esters
CO,CH,
CH;0,CCH(CH;)ONa, Intramolecular 148
DMSO (58)
CO,CH,
CH;0,CCH_,SNa, Intramolecular s 148
DMSO an
CO,CH,3
Na
p-CH,CeH,SO, SCHa, CH,=CHCO,C,Hs p-CH;GH.S0;  SCH,
DMF (81) 166
, THF, -78° CH,=CHCO,CH, 226
(79)
ﬁ CO,C
CH,S ,C.Hy
CH,=CHCO,C.H, n-C(HoMgBr, CH,SCl, -78° n-C,Hg 357
2 mol % CuCl, (60)
-30°
OH
C0,C,H,
(CH,)2AISGeHe, CH,CHO, THF GH,S 204
CH,Cl,, -78° (73)
CO,C,H,
[(Z)-n-CsH,,CH=CH],CuLi CH=CHCO.C,H, —
(16) 395
CO,C.H,
"N
[(Z)-n-CsH,CH=CH],CuLi CH,=CHCO,C,H, —

395
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent ProductSs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) '
Section A: Esters
CO,C,H,
CO,C,H,
[(Z)-CH,CH=CH],CuLi CH,=CHCO,C,H, —
(21) 395
CO,C,H,
[(E)-CH,CH=CH],CuLi CH,=CHCO,C,H;,
W) 395
CH,OCH, Br
CH,=CBrCO,CH, CH,OLi, 0.5 eq , THF Self CH,0.C CO,CH, 141
-50° (80)
C,HySCH, Br
C;H,SLi, 0.5 eq Self CH,0,C CO,CH, 141
THF, -50° )
C,HsSCH, CO,CHa
C,HgSLi, 1.0 eq Self CH,0,C SC,Hs 141
THF, -50° -)
CeHsSCH. T
CeH,SLi, 0.5 eq Self CH,0,C CO.CHq 141
THF, -50° (95:5 trans:cis)
)
CeHsN(CH,)CH, Br
CeHgN(CH,)Li, 0.5 eq Self CH,0.C CO,CH,
THF, -50° (54) 141
CH;0.C CO,CH,
Br
CH,0,CCHLIiCO,CH,, 0.5 eq  Self CH,0,C CO,CH,

THF, -50°

(48) 141
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TABLE II.

o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon a, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productss ) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) *
Section A: Esters
CH,O,C
oLi b
CO,CH,
, THF, -78° CH=CBrCO,CH, 226
CH,0.C
Br
Br
Qmﬁqm
C;H,COCH,Li CH,=CBrCO,CH, HE 226
(69)
CH,0.C
B.l' Br
HOj:}COzCHa
p-CH,0CH,COCH_Li CH=CBrCO,CH, p-CH,OGH, 226
(50)
CH40. Br
1 Br CO,CH,
CH; GH, , THF, -78° CH=CBrCO,CH, CH, GHs 226
(66)
C;HsOCH.
CH,=CBrC0,C,H, C;HOLi, 0.5 eq Self C,H40,C : CO,C;H, 141
THF, -50° (70)
CH,0.C
OLi Br Br
HO CO:CH,
, THF, -78° Self 226
(54)
CsHs;CH,OCH,
CH,=CBrCO,CH,CeH;  GCgH,CH,OLi, 0.5 eq Self CgHsCH,0,C : CO,CH,CeH,

THF, -50°

(87)

141
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TABLE I

a,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon

No. Substrate

o, B~Unsaturated Nucleophilic Reagent

and Conditions

Electrophilic Reagent
and Conditions

Product(s) and

Yield(s) (%) Ref.

Section A: Esters

HC=CCO,C,H,?

(n-C.H.CEC) Cu (C4H.'B) Li,
-78°

(n-C,HyC=C)Cu(CHq-n)Li,
-78°

(n-C4HoC=C)Cu(CH,)Li

(n-C4HgC=C) Cu(CH,)Li

Intramolecular

Intramolecular

Bl'g

N-Chlorosuccinimide

Ethylene oxide, -20°

O,

A\

CeHio-n |
-20° to 1t

Q )P
H oH
GHs0.C H\\\\
\/

(60) 396

396

C.H50,C
hie Cu H\ﬂr Ce Ha -n
CO,C;Hs
(69)

C.H-0.C
n-C‘H,\X\ CiHg-n R
CO,C,H,
(69)

249

249

249

HO CO,CoHs
el J

(61)

249
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TABLE II.

o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. Substrate and Conditions and Conditions Yieid(sg (%) Ret.
Section A: Esters
HO
CO,C.H,
(n-CHyC=C)Cu(CHy)Li  Cyclopentanone, -78° 249
(96)
OH
CO,C.H,
(n-CHgC=C)Cu(CH3)Li  2-Methylcyclohexanone, 249
-78° (99)

(n-C,HgC=C)Cu(CH,)Li

(n-C,HoC=C)Cu(CH,)Li

(n-C,HgC=C)Cu(CH,)Li

(n-CHoC=C)Cu(CH,)Li

(n-C,HoC=C)Cu(CHy)Li

(n-C HgC=C)Cu(CH,)Li

4-tert-Butylcyclohexanone,
-78°

Cycloheptanone

CH,=CH(CH,),COCH,,
-78°

, =78°

n-CgH,,CHO

i-CH,CHO, -78°

OH
S g
t-C,H

mixture of diastereomers

(59)
HO.
CO,C.H,
96)
OH
\\/\>j/cozcaﬂe
©3)

OH
Spen
©2)

OH
CO:CaHs
n-CeH;y

1.6:1.0, cis:trans
(80)

OH
CO.CH,
i-CGH;

3.6:1.0, cis:trans
(89)

249

249

249

249

249

249
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TABLE II. o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent

Electrophilic Reagent

Product()s) and

Ref.

No. Substrate and Conditions and Conditions Yield(s) (%)
Section A: Esters
OH
CO.C.H,
CeHs |
(n-C HoC=C)Cu(CH,)Li CgHsCHO, -78° 249
4.0:1.0, cis:trans
(86)
OH
CO,C.H;
I
(n-C,HgsC=C)Cu(C,Hg-n)Li Cyclopentanone, -78° CHp-n 249
(98)
(0]
CO,C,H,
CH,Cu(CN)Li, -78° (E)-CH,CH=CHCOCl I I 110
(75)
CO,C,H,
| |
CH,Cu(C=CC,Hy-n)Li, (E)-CeHsCH=CHCOCl  CgHj 110
78° (82)
(o]
coci @/lj/coac‘eﬂa
I
CH,Cu(C=CC,Hg-n)Li, @/ 110
-78° (87)
cocl >@/S/CO=CZH¢
|
CH,Cu(C=CCHg-n)Li, >@/ 110
-78° (80)
(o]
coal [::::I,{t::r,»CChc.Hb
|
CH;yCu(C=CC,Hg-n)Li, O/ 110
_780 (85)
0
cocl db/co,czﬂ.
|
CH,Cu(C=CC,Hy-n)Li, g 110

-78°

(92)
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TABLE II.

a,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon
No. Substrate

a, B-Unsaturated Nucleophilic Reagent

and Conditions

Electrophilic Reagent
and Conditions

Product(s) and
Yield(s) (%)

Section A: Esters

HC=CCO,CHq-t

4  CH,C=CCO,C,Hs

CH,=C(CH,)CO.CH,

/

N

H »
CH,CN, reflux

H
CH,CN, 80°, 24 h

[(CHa)sSn]2,
Pd[P(CeHs)s]s,
THF

CeHsSMgl,
(C2Hs)20/n-CeHia,
0°

CeHeSMgl,
(C2He)20/n-CeH, 4,
oﬂ

CeHSMgl,
(C:Hg)20/n-CgH,,,
0°

CH,0,CCHCICH;,,
NaH, Toluene

Intramolecular

Intramolecular

i-GH,CHO

CHO

v

(CH,),CO

Intramolecular

\
H \\\‘H
t-CiHi0,C 7
CH,0 ‘;'}<)
/
(23) 396
(65) 202
(CH;)38n Sn(CHa)s
CO,C.H,g 252
(82)
OH
CO,CH,
i-CGH;
CgH4S 145
(97)
OH
CO,CH,
\ /
GeHeS 145
(92)
CO,CH,
HO
GCeHeS 145
95)
CH,0,C CO,CH,
279

93:7 cis:trans

(1)
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TABLE II. o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent

Electrophilic Reagent

Product()s) and

Ref.

No. Substrate and Conditions and Conditions Yield(s) (%)
Section A: Esters
caao,j CO,CH,
CH;0,CCHCl,, NaH, Intramolecular Cl1 279
Toluene (74)
(CH,),SiCH, CH,0,CCH,, Intramolecular :COzCHs 215
Pd[P(CeHs)sla, toluene, (50)
80-90°
CH,0.C
OLi
HO CO,CH,
. THF, -78° Self 226
(58)
C,H,Se CO.CH,
I
trans-CH,CH=CHCO,CH, LDA, THF, 0° CgHgSeBr >( 203
(64)
X
LDA, THF, 0° CH,l (i-CH,),N 203
(92)
0
CO,CH,
CBHG
Hy, CuCgH,Li
N(CHy, , Self CO;CH, 109
THF, nt (38)
i-CgH, “ ico,,cx-r,
(CH,),CuLi, THF, Self CO,CH, 109
10° (49)
0
CH,OCH,OCH,
& OSi(CH,),
I o
CH,0CH,OCH, OSi(CHj)s, Intramolecular CO,CH, 309
THF, -78° 74)
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TABLE II.

a,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon «, B~Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) *
Section A: Esters
(CH,),SiCH, CH,0,CCH,, Intramolecular CO,CH, 215
Pd[P(CgHg)al4, toluene, 13:1, trans:cis
reflux (38)
: OLi
OC,H.-t, THF, CH,l, KOCHq-t CH0.C CO,CHgt 129
-78° 2>10:1 trans:cis
(70)
: OLi »
OC Hg-t , THF, CH,l, HMPA 129
-78° 2:1 trans:cis
(59)
OH
CHZ0 CHJ0
0O
1 cocH,
OCH, 0. Intramolecular OCH,3 195
LDA, -78° (-52)
CO,CH,
o]
CH,;0,CCH,ONa, DMSO Intramolecular 148
(65)
OH
CO,CH,
i-CiH,
CsHsSMgl, i-C3H,CHO CsHsS 145
(C2Hg)20/n-CeH,s, (90)
DD
OH
CO,CH,
n-CsH,s
CsHasSMgl, n-CgH,CHO CeHsS 145
(83)

(C2Hs)20/n-CeHia,
06
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TABLE II. o,B-UNSATURATED ESTERs AND LAcCTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. bstrate and Conditions and Conditions Yield(s) (%) :

Section A: Esters

OH
CO,CH,
CeHsSMgl, (CH,).CO GeHgS 145
(C;Hg)20/n-CgHya, (92)
Dﬂ
Icoaczﬂa
trans-CH,CH=CHCO,H;  [CsH5(CH,).Si].CuLi CH,l Si(CH,):CeHs - 102
1:99 erythro:threo
(82)
f
CH,S CO,CH,
i X
R—C4H9M8.Br. C!{QSCL H-GIHE 357
2 mol % CuCl, -78° (64)
-30°
|
CH,S CO,C,Hy
f
(CH,),C=CHCH,MgBr, CH,SC], (CH,),C=CHCH: 357
2 mol % CuCl, -78° (80)
-30°
f
CH,S CO,C;Hs
f
(CH,),C=CH(CH,),C(CH,)=CHCH,MgBr, CHS,C|, (CH,).C=CH(CH,),C(CH,)=CHCH,
2 mol % CuCl, -30° -78° (76) 357
H H H
o CO,C,Hs
CHGCHP?QHA)@ Intramolecular 170
91)
Icoacaﬂs
¢is~-CH,CH=CHCO,C,Hs  [C,H:(CH;),Si},CuLi CH,l Si(CH,).CeHs 102

2:98 erythro:threo
(75)
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TABLE II. a,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent

Electrophilic Reagent

Product ()s) and

Ref.

No. Substrate and Conditions and Conditions Yield(s) (%)
Section A: Esters
Z
trans-BrCH,CH=CHCO,CH, t-C,H,SLi, THF, Intramolecular t-CeHeS COzCH, 128
0° (54)
th]
t-C,HgSLi, CH,Cl,, 0° Intramolecular 1-C4H,yS 397
(73)
»”
t-C,HgSLi, 0° Intramolecular 397
(70)
1
t-C HgSLi, THF, 0° Intramolecular 397
(65)
”
t-C,HgSLi, C,Hg, 0° Intramolecular 397
(81)
’”
t-C,HgSLi, CsH,,, 0° Intramolecular 397
(74)
CeHs
CgHsMgBr, rt Intramolecular, HO,C 398
saponify (13)
Li SO .CsH,
/
~ ! SO,CsHs |
~ .
trans-BrCH,CH=CHCO,C,H; N . Intramolecular N CO.C.Hg 276

THF, -78° 10 -50°

(75)
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)
Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) i
Section A: Esters
Li 0=SCgH,
z SOCsHs “
< ~
N , Intramolecular N CO,C,Hs 276
THF, -78 to -50° (53)
S0.CoHs
GeHg
CeHsCHLiSO,CeHs, Intramolecular CO,C.Hg 276
THF, -65° (61)
50,CeHg
P-CHoCsH,4
p-CH,CeH,CHLiSO,CeHs, Intramolecular CO,C.Hg 276
THF, -65° (78)
SO,CsHs
m-CHaCeHy
m-CHaCgH,CHLISO,CgHs, Intramolecular CO,C,H, 276
THF, -65° (72)
S0,CeHs
0-CHoCeHy
0-CH3CeH,CHLiSO,CeHs, Intramolecular CO,C,H, 276
THF, -65° (77)
CO,C,H;
GeHsS
CyHsSCHLiICO,C,Hg, Intramolecular CO,C,Hg 276
THF, -60° (64)
CO,C,H,
CeHsS
CoHsSC(CH,)LiCO,C,Hs, Intramolecular CO,C.Hy 276
THF, -60° (74)
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TABLE II.

a,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Elecu-oplnhc Reagent Product(s) and
No. Substrate and Conditions Conditions Yield(s() (%) Ret.
Section A: Esters
CO.C,H,
: OLi
OC.Hg-t, THF, KOC, H,-t t-C,Hy0,CCH, 129
-78° (84)
C:Hg0.C
\-\_% OLi CO,C,Hg-t
OCHgt, THF,  KOCHy-t = 129
-78° (76)
C.H0.C
\-\,5< OLi CO.CHg-t
OC‘HQ"‘| THFn xm‘*"ﬂ_‘t 129
-78° HMPA (89)
Dimethyl (CH,),SiCH, CH,0,CCH, , Intramolecular cn,o,c: ”CO,CH, 215
fumarate Pd[P(CeHs)slas THF, (32)
reflux
Dimethyl (CH,),SiCH, CH,0,CCH,, Intramolecular CH,0.C CO.,CH, 215
maleate Pd[P(CsHs)sls, THF, 1.3:1 trans:cis
reflux (60)
”
(CH,),SiCH, CH,0,CCH,;, Intramolecular 215
Pd[P(CgsHs)als, toluene, 25:1 trans:cis
100° (50)
CO,CH,
CHQO,Cj E (
CH,0,CC=CCO,CH, R Cu ® DMS, THF, Substrate CH,0.C 93
MgBr,, =>-40°,
R=C.Hs, n-C4H,,
n-CgHyg, n-CgH,s,
(CH;)C=CC;H,,
CH,=CH, (E)-CH,CH=CH,
(CH,)3Si, CeHs,

CeHsCH,
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon @, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) y

Section A: Esters

CO.CH,-t
CH,0.C
-C,Hg0,C  CO,C.Hq-t \I '"C‘H‘O’C‘(Lf\cozcng
s
TI/ I\/ H. Intramolecular s
NaOCH,, CH,OH (70) 146
CO,C,Hg
CH,=C=CHCO,C,H, (CH,).CulLi, -90° CH,l, DME, I 255
-30° (95)
CH,=CHCH, CO.C,H,
(CH,),CuLi, -90° CH,=CHCH,Cl, j)/\ 255
DME, -30° (95)
(CH,),C=CHCH, CO,C.H,4
(CH,),CuLi, -90° (CH,)2C=CHCH,Br, j//\ 255
DME, -30° (95)
T
5 C,HsC=CCO,CH, (CH,)2CuLi CH,l C.H, 97
(25)
(CH,),Sn Sn(CHy)a
CICH,CH,C=CCO,C;Hs [(CHa)aSn]2, - CICH,CH, CO,C.H, 252
Pd[P(CsHs)sls, THF (90)
(CH,),Sn Sn(CHy)s
BrCH,CH,C=CCO,C;Hs [(CHa)aSn]a, - BrCH,CH, CO,C.H, 252
Pd[P(CeHs)sls, THF (90)
-]
CH,=C=C(CH,)CO,C;Hs (CH,).CuLi, -90° CH,l, DME, -30° i 255
(95)
CH,=CHCH,
icozc.;ﬂo
(CH,),CuLi, -90° CH,=CHCH,Cl, DME, 255

-30° (95)
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) *

Section A: Esters

CH,0.C CO,CH,
CH,0,CCH=C(CO.,CH;).  O.NC(CH,)K, DMSO, 60°; 178
THF, 20° H,0 (72)
o]
OLi
, THF, -78° Self 226
7
CO,C,H,
CO,CH,
@i CH,CO.,C;H,
C,H,0,CCH=C=CHCO,C,H; NHCH, , +-C,H 0K, CH, 149
CeH,Cl intramolecular (65)
CO.C;Hq
CO,CH, |
s

Intramolecular CO,C;H,g 149
(66)

CO,C:Hg
q CO,CH, |
CsHgCl

F, Intramolecular CO,C;Hg 149
(29)

CeHg

CO.C;H,
N
COCeti, Nz

NH, t-C,H 0K, CO,C.Hy 149
intramolecular (84)
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TABLE II. o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) Y
Section A: Esters
CO.C;H,
~
COCH, ~
<L i
NH, , t-C,HOK, CO,C;H, 149
CgHsCl intramolecular (63)
CO,C,H,
~
CHO i
NH. , t-C,H,OK, CO,C.H, 149
CgHgCl intramolecular (52)
HO CO,C,H,
/ \
S
HSCH,CO,CH,, t-CsH,OK, CO.C.H,y 149
CgH,Cl intramolecular (51)
HO CO,C;H,
/ \
S
HSCH(CH,)CO,CHs,, t-C,HyOK, CO,C.H, 149
CeH,Cl intramolecular (56)
CO.C,H;g
GsHs
e
/ CO,C.Hg
N—N
/
HoNN(CgHg)COCgHs, +-C,H,0K, CeHs 149
CgH;Cl1 intramolecular (93)
. GeH,
GHe CO,C;H,
~
CeHsCO, CeHs Nl\ _
\I r .
NNH, |, CeHsCl t-CHyOK, CO,C,H, 149
intramolecular (20)
t-C;Hg0,C
OLi (CHo)aSi Si(CHa)o
HO
CO,C,Hg-
si(cH), e
69 CH,=CCO,C,Hg-t , THF, -78° Self

(54)

226
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)
Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref,
No. Substrate and Conditions and Conditions Yield(s) (%) 4
Section A: Esters
Q™
(E)-CI(CH,);CH=CHCO,CH, LDA, THF, -78° Intramolecular N(CHr i) 128
(44)
q\\\cozc}le
(E)-Br(CH,),CH=CHCO,CH, LDA, THF, -78° Intramolecular N(CH;-i) 128
(73)
q\\\coza‘la
t-C,H,SLi, THF, nt Intramolecular SCH,-t 128
(6.3)
W CO.CH,
: OLi
(E)-1(CH_);CH=CHCO,C.H, OCH,-t, THF, KOC H,-t CH,CO,C, H,~t 129
-78° (84)
W CO:CoH,
S L cocn
OCHe-t, THF,  KOC,Het i = 129
-78° (=99)
WCO.CoH,
‘-u%ou CO,C Ho-t
OCHgt, THF, KOC Hg-t, 129
-78° HMPA (=99)
W CO:C.Hy
>=<°"i COLC;H,
OC,H,, THF, KOC Hg~t 129
-78° (95)
CeHgSe :u/ CO,C.H,
(E)-n-C,H,CH=CHCO,C,Hs; LDA, THF, 0° CeHsSeBr n-C,H; 203
(66)
ICC&C:H;
LDA, THF, 0° CH,l (i-GH,),N CHyn 203

(77
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon «, p-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) *

Section A: Esters

CeHS\_~ CO:CaHs

LDA, THF, 0° (CeHog)2S2 (i-CH,), N CHyn 203
(33)
C.H,S CO,C,H,
b
LDA, THF, 0° CeHsSC1 n-C,H;7
(18) 203

c,H,sI CO,C.Hs

(i-CH),NT S CH,n
®

COCH,
n-CgHys

‘7:2'3

n-CH,C=CCO,CH,4 (n-C4HgC=C)Cu(CH,)Li n-CgH,;CHO CH,-n 249

7:3 cis:trans

(89)

COCH,
CeH

%g

(n-C,HeC=C)Cu(CH,)Li CeHsCHO C,H,n 249

7:3 cis:trans

93)

COCH,

~

C,H,-n 249
57:43 cis:trans
(89)

(n-C HgC=C)Cu(CH,)Li CH,=CH,Br

(CH,),Sn Sn(CHa)s

X

i-C,H,C=CCO,CH, [(CHa)4Sn],, - i-CaHz CO.CH, 252
Pd[P(CeHs)s]s, THF (90)

(CHo)aSn Sn(CHa)s

CO,CH,4

P

|> C=CCOLHs | (cHaysna, -

PA[P(CeHs)sls, THF (90)

252
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TABLE II. o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon «, B-Unsaturated Nucleophilic Reagent
No. Substrate and Conditions

Electrophilic Reagent
and Conditions

Product()s) and
Yield(s) (%)

Ref.

Section A: Esters

CI(CH,;);C=CCO,CH;  [(CH,)sSn].,
Pd[P(CeHs)s)s, THF

Br(CH.)sCG=CCO,CH,  [(CH,)sSn]z,
Pd[P(CeHs)sls, THF

(E,E)-CH,(CH=CH),CO,C;Hs LDA, THF, 0°

fozCHa

C
1]
:—c.H.o,c\/T (\M
2CuMgCl
THF, -78°
CO,CH,
CH,0,C (CH,=CH),Cu(CN)Li,,
=30°
[CH,=C(CHy)].Cu(CN)Li,,
=30°
CHQOQ( CO,CH,
Br NaCN, DMSO

CsHgySeBr

Intramolecular

Intramolecular

Intramolecular

Intramolecular

(CHy)sSn Sn(CHs)s

!

CI(CH,) CO,CH,
(90)

(CHa)sSn, Sn(CHs)s

!

Br(CH,), CO,CH,

; E
Q
o
O
=

CH=CH,
94% trans
(77-85)
0
CO,CH,

(74)

SCO:H

-

(67)

N

252

252

203

99

87

87

181
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon a, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :

Section A: Esters

CO,CH, CH,0C CO,CH,
| T
79 Fe(co),” 1! (C;Hs0,C),CHNa, CHLI (C;H50,C),CH 228
2/1 THF/NMP, (85)
25°
gHsoc:l/ CO,CH,
(C.Hs0,C),CHNa, C.H,l (C:Hs0.C).CH 228
2/1 THF/NMP, (54)
45° 10 50°, 72 h
a—c,H,oc:I/ CO,CH,
(C,Hz0,C),CHNa, n-C3H;l (C:Hs0,C).CH 228
2/1 THF/NMP, (40)
45° 10 50°, 72 h
CH,0C CO,CH,
CH,0, g
CO,C.Hs
(C,Hs0,C),CNa(COCHS,), CH,l CO,C,Hy 228
2/1 THF/NMP, 25° (43)
C,H,0C CO,CH,
CH,0, ‘\Q/
CO,C;H,
(C,Hs0,C),CNa(COCH,), C,H,l CO,C,H, 228
2/1 THF/NMP, 25° (42)
CH,0C CO,CH,
”°>2/
CO,C,Hs
(C,H40,C),CNa(CN), CH,l CO,C,H, 228
2/1 THF/NMP, 25° (43)
CH, CO,CH,
o}
Na
CO,CH, CO,CH,
, CH,l 228
4/3/2 THF/NMP/HMPA, 25° (46)
CO,CHs
(C:Hi0):R(0) CO,C,H, c,a,r”j/
Y CeHsC=CLi, ZnCl,, C¢HsCHO, reflux CsHsC=C 165
THF, -70° 3:1E:2
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. Substrate and Conditions and Conditions Yield(s() (%) Ref.

Section A: Esters

CO,CHg
C.H, ,-fi/

CsHgC=CLi, ZnCl;, C,HgCHO, reflux GeHsC=C 165
THF, -70° 5:4 E:Z
(71)
CO;C;Hs
GeHg
CH,SO  SCH, CHS
Li ' CeHgCHO, n SCH, 165
THF, -70° (62)
co
C.H, G Hg
CH,SO  SCH, CHoS
Li ' C,HsCHO, rt SCH, 165
THF, -70° (56)
CO.C:H,
CeHs
CH,SO SCH, S0
Li A (E)-CeHsCH=CHCHO, SCH,
THF, -70° reflux (=50) 165
CO,CH,
CH,SO SCH, CH.S
Li : (E)-CH,CH=CHCHO, SCH,
THF, -70° reflux (=38) 165
CO.CHs
u-c,l-i,/\
CH,SO  SCH, CH.S
Li i (E)-C3H,CH=CHCHO, SCH,
THF, -70° reflux =42) 165
_ CO,C;Hs
CeHsC=C
CH,SO  SCH, CH.S
Li ' CgHsC=CCHO, SCH,

THF, -70° reflux 43) 165
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TABLE II. o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon «, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) )

Section A: Esters

SCH,
S(O)CH,
CHO
CH,SQ  SCH, CH,(0)$
Li , OHC , CH, CO,C;H,
THF, -70° reflux (16) 165
CeH,
CO.,CGH,
cu-..s\(cozczﬂs s
Li , (Z)-CeHsCH=CHCHO, CO,C.H;,
THF, -78° n (43) 165
CO.CH,
H—QH,
CH@S\l/'COzC,H, CH,S
Li , (E)-C,H,CH=CHCHO, CO.CHs
THF, -78° n (52) 165
CO,GH
CHsC= . C:.Hy
CJI-leaSYco,x,‘,.H=i CH,S
Li . CgHsC=CCHO, CO,CH,
THF, -78° t (50) 165
A/ C0:CHe
+
(E)-n-C,H,CH=CHCO,CH, (CeHs)oPCLi(CHo)z, Intramolecular n-CeHgq 173
THF, 1t (70)
CDHGSE)/C():C:HS
(E)-i-C ,HgCH=CHCO,C,H, LDA, THF, 0° CeH,SeBr i-C(Hg 203
(1)
: SCO:CH,
(E)-Br(CH,),CH=CHCO,CH, LDA, THF, -78° Intramolecular N(GHz-i), 128

(53)
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) '
Section A: Esters
WCO:CHs
< X
(E)-1(CH,),CH=CHCO,C,H,4 OC,Hqt, THF, KOCH,y~t CH;CO,CHy-t 129
-78° (94)
L\\%ou
OCHq-t, THF, KOCHg-t, 129
-78° HMPA (=99)
\\\\CWB
OC,H,-t, THF, KOC,Hg-t = 129
-78° (=99)
\\\\COQCQHQ
> <ou C&CO,C,H.
OC;Hs , THF, KOC, H,-t 129
-78° (80)
CO,C Hq-t
CO,C Hq-t
(E)-1(CH.),CH=CHCO,C,Hg-t n-C,HgLi, -8° Intramolecular 399
)
CH,0 CO.CH,
CH,0,C CO.CH,
Cl (CH,),C=CHMgBr, Intramolecular A\)\ 80
THF, 45° (55)
”
(CH,),C=CHMgBr, Intramolecular 80
cat. CuCl, 45° (51)
CH,0 CO.CH,
”
Br (CH,),C=CHMgBr, Intramolecular 80
THF, 24¢ (32)
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TABLE II. a,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon

o, B-Unsaturated Nucleophilic Reagent
No. Substrate

and Conditions

Electrophilic Reagent
and Conditions

Product(s) and
Yield(s() (%) Ref.

Section A: Esters

CH,=CH it CO,CH;

CO.CHs

,_’ E :CO:CzHa

CO.C;H,

Br(CH,),C=CCO.CH;,

(CH,),C=CHMgBr,
cat. CuCl, THF, 24°

(CH;).CuLi, 0°

(CH,).CuLi, 0°

(CH,);CulLi, 0°

(n-C,Hy).CuLi, -20°

(n-C4Hg)2CulLi, -20°

(CH,).CulLi, 0°

(CH,).Culi, 0°

(R "C‘Hg)acuu , =20°

(n-C,Hsg).CuLi, -20°

[(CHj)aSn]2,
Pd[P(CeHs)sls,» THF

Intramolecular

CH,l, 0°

CH,=CHCH,Br, 0°

CBHGC HaCI " 0°

CH,l, n

CH,=CHCH,Br, rt

CH,l, 0°

CH,=CHCH_Br, 0°

CH.l, nt

CH,=CHCH_,Br, 1t

»

80
(25)
(E)-C,HsCH=CHCH,C(CO,C,Hs),CH,
(70) 227

(E)-C,HsCH=CHCH,C(CO,C;Hs),CH,CH=CH,
(75) 227

(E)-C.HsCH=CHCH.C(CO,C;Hs).CH,C;Hs
(88) 227

(E)-n-CgH,,CH=CHCH,(CO,C;H;).CH,
(75) 227

(E)-n-CgH,,CH=CHCH,(CO,C;H,),CH,CH=CH,

(88) 227
227
(93)
i : CH(CO.C;Hs).
CH,CH=CH, 227
(95)
CHe-n
wcoﬁﬂﬂ)a
227
(99)
C‘Hg_ﬂ
CH(CO,C;Hs).
CH,CH=CH;, 227
(98)
(CHy)s5n Sn(CHs)s
Br(CH;), CO,CH, 252
(90)
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X4

2) CH,Li, -80°

68:32 cis:trans
(70)

TABLE II. «,-UNSATURATED ESTERs AND LacTONES (Continued)
Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) z
Section A: Esters
CO,CH, CHOLC Cocts
I CH30,C
I
g4 Fe(CO)., (C,Hs0,C),CNa(COCH,), CH,l CO;CGHs  CO,CeH, 228
1/2/1 THF/NMP/HMPA, (61)
40°
CH;0.C COCH,
NC
(C.Hg0,C),CNa(CN), CH,I CO.C;Hs  COCH, 228
2/1 THF/NMP, (16)
40°
/A/ eine
+
(E)-n-CgH,,CH=CHCO,CH,; (CeHg)sPCLi(CH,)., Intramolecular n-CgH,, 173
THF, nt (75)
s.\coacu,
(E)-Br(CH,)sCH=CHCO,CH, LDA, THF, reflux Intramolecular : 'N(Cal-lr-i )2 128
(23)
WCOCH,
OLi CO,C Hq-t
(E)-1(CH,)sCH=CHCO,C;H, OC Ht, THF, KOC, Hg-t 129
-78° 1:1 mixture of epimers
(60)
CO,C,H,
OLi
OCH¢t, THF, KOC,Hqt CH,CO,C Hgt 129
-78° 3.5:1 trans:cis
(58)
NC CO,C.H,
Iy
i-C3H,NO,, K.CO,, Intramolecular CN 177
C.HgOH, reflux (95)
1j<c0,,c11=r
1) (CH,).CulLi, -80° I CeHs 250
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon a, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) d
Section A: Esters
”
CH;MgBr, cat. Cul, I 250
-80° 37:63 cis:trans
=)
(CHg)sSn Sn(CH,)s
Br(CH,)¢C=CCO,CH,  [(CH,)sSnl,, - Br(CH.)s CO,CH, 252
PA[P(CeHg)sla, THF (90)
C=CCO,CH, >&co,cu,
CO,CH,q (CH,)Culi, THF, Intramolecular 99
—78° (45)
0
: ? ,CO,CH,3
(n-C,Hg).CuLi, THF, Intramolecular CHe-n 99
-78° (41)
(o]
: {I ,CO,CH,
[CH,=CH(CH,);],.CuMgBr, Intramolecular (CH;).CH=CH; 99
THF, -78° (43)
: ? ,CO,CH,
(CzHs;)2CuMgBr, Intramolecular C.H, 99
THF, -78° (37)
CO,CH,3
CuM
HQ/.\; SBI, Intramolecular H 99
THF, -78° (42)
(o]
: I_.I ,CO,CH,
(i-C5H7).CuMgCl, Intramolecular GCH4-i 99
THF, -78° (35)
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)
Carbon B-Unsaturated Nucleophilic Reagent  Electrophilic Reagent Product(s) and
No. Substrate and Conditions and Conditions Yield(sg (%) Ref.
Section A: Esters
: ? ,CO,CH,
[(CH,).C=CH(CH,),C(CH,)H],CuMgCl, Intramolecular CH(CH,)(CH,),CH=C(CH,),
THF, -78° (48) 99
o]
: ? ,CO,CH,
(CH,=CHCH,),CuMgCl, Intramolecular CH,CH=CH, 99
THF, -78° (40)
99 (E)-n-CeH,qCH=CHCO,CH, (CH,)sSiCH, CH,0,CCH;, Intramolecular ﬂ-C-Hw: CO:tCHa 215
Pd[P(CeHs)s]a THF, (51)
reflux
Im
trans-CeHyCH=CHCO,CH, [CsHs(CH,),Si],CuLi CH,l Si(CH,)CeHs 102
3 97 cis:trans
(88)
(CH,)s SiICH, CH;0,CCH,, Intramolecular : CO.:CHa 215
Pd[P(CeHs)sla, THF, (70)
reflux
CsHyC=CCO,CH,4 (CH,).CulLi, -80° I CeHg j( 250
23:77 cis:trans
(63)
CsHs(CHa)2Si
& CO.H
ﬂ
trans-Benzyl [CeHs(CHa)2Si] ,CuLi 1. CH,CHO 400
cinnamate 2. Hp/Pd 9:1 mixture of uomers

(70)
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TABLE II.

o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Esters
t-CH, t-C4Hy
CH,
OCH, s OCH,
GH
GHY  cH/ CeH,Li, -78° CH,l e W 196
(88)
NC CO,C.H,g
CO.C;Hs
'’ -~ CN
f“CgHyNOg. KgCOm Intramolecular 177
C,HsOH, reflux (>80)
HO C@UCOaCaHa
/
(CH,),CuLi, DMS, -78° CH,=CHCH_Br, HMPA 254
(71)
CO,CH,4
+
10 (E)-m-CH,0CsH,CH=CHCO,CH, (CeHs)sPCLi(CHy)., Intramolecular m-CH,0 GgH, 173
THF, 1t (65)
NC CO,C.H, 0.CH,
Q.J/ i-C3H,;NO,, K;CO,, Intramolecular CesHs CN 177
C.H,OH, reflux (81)
CeHs CeHs
(E)-BrCH,CH=C(C¢Hs)CO,CH; CyHgMgBr, 1t Intramolecular, HO,C 398
saponify stereochemistry uncertain
(0.6)
CHsO SCeH,CHy—p
OLi p—CHzCal‘]‘Sf;,’
HO, 2,
CO,CH,
CH,=C(SCgH,CH,-p)CO,CH, , THF, =78°  CH,=C(p-CH,yCsH,S)CO,CH, (
55) 226
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TABLEII. a,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :

Section A: Esters

CO,CH, COHe
CO,GH
C"H‘scﬁ‘r 2CHe 5:[( CH,SCeHs
GH, Li Intramolecular CeHsS 319
(63)
CO,CH,
n-C,H,sC=CCO,CH, (CHa),CuLi, THF, -78° 0. I CHisn 96
)
n-C;H,s
CO,CH,
CHs0:C
(CH,):CuLi, 1 eq THF, -78° O, CH,sn 96
-
II COgCHa
(CH,);Culi, 1 eq THF, -78° I, C,H,s-n 96
' -)
(CH,)aSn Sn(CHa)s
t-CyHo(CH,)2SiOCH,C=CCO,C,Hs  [(CHa)aSn]2, = t-C,Ho(CH,), SiOCH, CO.C:H,
Pd[P(CgHs)s]s, THF (90) 252

(CHy)sSn Sn(CHs)a

C=CCO,CH, d_>:< CO,CH,
©/\/ [(CH3)aSn]., - 252

Pd[P(CeHs)s)s, THF (90)

(CHy)sSn Sn(CHa)s

[::::]”ﬁx“cscxngnia <<:::>>__>>==<<
[(CHag)4Sn]2, - CO.CH,3 252

PA[P(CeHs)a)a, THF (90)
CO.CH,
CeHsCH=C(CO,CH,);  (CHo)sSiCH, CH,0,CCH,;, Intramolecular GeHs CO,CH, 215
Pd[P(CQE{E)G]M to]uene, (65}

85-95°
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TABLE II. o,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent

Electrophilic Reagent

Productas) and

Ref.

No. Substrate and Conditions and Conditions Yield(s) (%)
Section A: Esters
: o
]
cmo-l‘.\ﬂ\/ CO,CH,
SH. Intramolecular s 146
triton B, CoH, (60)
(CHa)eSn Sn(CHa)s
11 THPO(CH,)sC=ECCO,CH, [(CH,)sSn]a, - THPO(CH;)s CO,CH, 252
Pd[P(CeHs)s)s, THF (90)
COchs
+
12 (E)-m-CH30CgH,(CH,),CH=CHCO,CH, (CeHs)sPCLi(CHs)z2, Intramolecular m-CH,O CeH,
THF, 1t (70) 173
U\ c%a:oeCHa QJIIIV
OSi(CHy)s (CHo).CuLi, THF, -78°  CH=CHBr, I, reflux 2~ 0“ o 253
(85)
CO,CH,
Z +
’IOCH,, CH,=C(CH;3;)MgBr, Intramolecular

Cul, THF, -50°

13 +-CHg(CH,)28i0(CH,)C=CCO,C,Hy [(CHy)sSn]2,
Pd[P(CeHa)als, THF

(CHs)sSn

t~C4Hg(CH), SIO(CH,)s
(90)

306

Sn(CHa)s

CO.CH,3
252
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

a, B-Unsaturated Nucleophilic Reagent

Electrophilic Reagent
Substrate and Conditions

Carbon
No. and Conditions

Product(s) and
Yield(s() (%) Ref.

Section A: Esters

CO;QH; C03 CQHB

i

LHMDS, hexane Intramolecular

(50) 401

(CHa)s SIO

SES

/j\/ (CCOsSI(CHy)s

o
o -

(51)

14 n-CeHys (CH),CuLi, THF, -78° I, n-CeH,3 253
(72)
COCH
0Si(CHo)s < ?
@CCOaCHa o o
CeH; (CH;),CuLi, THF, -78° 1) CH,COCl, HMPA GsHs 253
2) I, reflux (72)
OC;H,
~
(CHj):CuLi, THF, -78° 1) C,HsOCH,Cl, HMPA GCgHq @ o 253
2) I, reflux (62)
f‘fm
(CH,).CuLi, THF, -78° 1) (CHj)2S.. HMPA CeHg o o 253
2) I, reflux (62)
m
. (0] (o]
(CH,).CuLi, THF, -78° CH,l, HMPA GH, 253
(58)
I
N
3 o (o]
(CH,),CuLi, THF, -78° I. GeHg 253
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent
No.

Electrophilic Reagent

Product()s) and

Ref.

Substrate and Conditions and Conditions Yield(s) (%)
Section A: Esters
CO,CH;
(o}
CO,CH,
15 LHMDS, THF, Intramolecular 402
-78°tort (30-60) 401
”
LHMDS, THF/HMPA, Intramolecular 402
-78° to rt (10)
2
LDA, THF, -78° Intramolecular 402
(22)
”
LDA, THF, -78° 10 -20° Intramolecular 402
(45)
CO,CH,
20 o LHMDS, Intramolecular 402
8:1 hexane: (C;H;),0,
-78°tor
(CO:CH:
R o
H LHMDS Intramolecular 140

é See addendum to Table IIA for additional entries.
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon
No. Substrate

o, B-Unsaturated Nucleophilic Reagent
and Conditions

Electrophilic Reagent

Product gs) and
and Conditions

Yield(s) (%)

Section B: Lactones

SCH,
< SCH,

THF, -78°

(CH.)2AISCoH L1 ,
CH_Cl,, -78°

CsHsSLi, THF,
-50°

CsH,SLi, THF,
-50°

CeH,4SLi, THF,
-50°

GeH,SLi, THF,
-50°

GeH,SLi, THF,
-50°

OCH,

:

N
(=]

CH,0~ CH,Br

6 CH.S o
CH,S >
OCH,

TMEDA (99)
OH

CeH

o

Ce¢H,CHO, THF CeH,eS

)

o]

CeH

s
&

CgH,CHO
92)

H-C-aH'r

he

&

n-CyH,CHO
(61)

OH

n-CsH,

&

B“C‘H 1 CHO c‘H;
73)

OH

n-CHyg

%

GeH,S
(56)

n-CH,,CHO

OH O

GeH,

ot

CeH,S
a7

GCeHyCOCH,

162

204

403

403

403

403

403
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

Carbon @, p-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and
No. Substrate and Conditions and Conditions Yield(s) (%)

Section B: Lactones

CH: OH O
C.H, o
CeH,SLi, THF, (CoHg),CO CeHgS
-50° Q)

)

OCH,
Li CH,0
o CH,Br
0CH3 1 0 C \--—j
THF, -78° (65)
/_
m rO “ o
s _S i o
T
¢ "]
(o] S (o)
THF, HMPA (78)

s . @Eé
9 QO\D (CHa, ), SiCH, CH,O,CCH,;,  Intramolecular o}

Pd[P(CgHs)a] Toluene, (52)
115°

11 g CH,=C(CH,)MgBr, Intramolecular
Cul, THF, -50°

/—.
CH,0 :, -
H,0

403

159

160

215

306
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TABLE II. «,B-UNSATURATED ESTERS AND LACTONES (Continued)

@, B-Unsaturated Nucleophilic Reagent

Electrophilic Reagent

Carbon ProductSs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) '
Section B: Lactones
X
e
8:1
(95)
p-CH,GH,S
OLi
P-CHyGHLS
\ P + -
CH=CHP (CgHg),Br 143
(26)
I
Li
CH,S R
\ s-c.H.ogc% CoHyrn
12 GeHyrn SCH,, I;, THF CO,CHg-t 303
THF, -78° (93)
Eo
",
) e, 0CH,CH
CH,0 S H,OCH,GsH,
o CH,Br OCH
\ [ CH,0 < :@/ .
 CHOCH, CoHe OCH, o CH, OCH,
THF (96) 163
o
QCH, 1 O CH,0, CH,
= \_\\\“L\ S
I
Q CO,CH,3
(0] OCH, OCH, Intramolecular
LDA, THF, N,N'- (~51) 195

dimethylpropyleneurea
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TABLE III. «,B-UNSATURATED AMIDES AND THIOAMIDES

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Prqduct()s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) '

Section A: Amides

CONHCH,
7 'y

S trans-CH;CH=CHCONHCH,  n-C/H,Li, THF, CH,l n-C,Hg
-20° to rt (70) 190

CH,NHCO \), "y :CONHCH.

n-C,HgLi, THF, Self n-CeHg
-20° to nt (48) 190
I CON(CH;).
HC=CCON(CH,), (CH;)5SnCu » DMS, CH,l, HMPA (CH,)sSn 95
THF, -78° (87)
%/:ui CON(CH,),
(CH;),SnCu » DMS, CH,=CHCH_.Br, HMPA  (CH):Sn 95
THF, -78° (82)
CON(CH,),
(CH,),SnCu » DMS, CH,=C(CH,)CH,Br, (CH,)sSn 95
THF, -78° HMPA (81)
CON(CH,),
(CH,),SnCu » DMS, (E)-CH4CH=C(CH,)CH,Br, (CH,)sSn 95
THF, -78° HMPA (78)

CH,=CHCH, ~_CON(CHa)
/f

6 trans-CH,CH=CHCON(CH,); n-C,H,Li, THF, CH,=CHCH_Br n-C4Hg
-20°tornt (90) 190

OH
CH,0 CHO CH,0 CON(CHa):

)] L
n-CHgLi, THF, CH,0 CH,0 n-C4Hg

-20° to 1t (86) 190
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TABLE III.

o,B-UNSATURATED AMIDES AND THIOAMIDES (Continued)

Carbo «, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) 2
Section A: Amides

n-C,HgLi, THF,
-20° to rt

n-C,H,Li, THF,
-20° to t

n-C,HgLi, THF,
-20° tont

s-C,H,Li, THF,
-20° tont

Li

A
1

-20° to rt

CH,O

THF, -78°

C.Hgs0,CCl

(CeHe):S:

CH,l

CH,0

E_C‘H'

CaHstCjE CON(CHg).
n-C,H

(87)

QH’SjE CON(CHy);

(65)

(C}L),Nco\/l CON(CH,).

B-C‘H’

s-C4Hg

f;’ 7

CH;,0

(85)

I CON(CH,),

(61)

CON(CH.).

(75)

OH
CH,0 CHO CH’O:@)’#, CONEIRM
X R

(80)

o LY

CON(CH,).

pSle

87:10 threo:erythro

(97)

190

190

190

190

190

190

158
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TABLE III.

o,B-UNSATURATED AMIDES AND THIOAMIDES (Continued)

Carbon
No. Substrate

o, B-Unsaturated Nucleophilic Reagent

and Conditions

Electrophilic Reagent

and Conditions

Product gs) and
Yield(s) (%)

Section A: Amides

CH,C=CCON(CH,)

CH,=CHCON(CH,)N(CH,).

7 C.H,C=CCON(CHy).

[(CHs)sSn]2,
Pd[P(CeHs)ala
THF

n-C,HgLi, THF,
-78°

n-C,HgLi, THF,
-78°

n-C,HgLi, THF,
-78°

n-CH,Li, THF,
-78°

(CHa)sSnCu * DMS,
THF, -78°

(CH,3)3SnCu » DMS,
THF, -78°

1) CH,l
2) 10%HCI, reflux

1) n-C,HgBr
2) 10%HCI, reflux

1) (CHy)2S:

"2) 10%HCI, reflux

1) CH,l
2) CH,Li, HMPA,
-78° 10 0°

CH,l, HMPA

CH,=CHCH_Br, HMPA

70:9 threo:erythro
(79)

(CHo)sSn, Sn(CHs)s

X

CON(CH).
Z:E, 4:1
(66)

CO,H

\_<

H—C.H.
(56)

H-C‘Hg COQH

\_<

n- C.H'
(55)

CH,S
OH

o4

n-CHgy
(53)

COCH,

\_<

n-C.Hp
(51)

CON(CH,).

!

(CHa)eSn C.H,

(77)

CON(CH,),

~

(CHy)oSn CzHs

(79)

158

252

193

193

193

193

95

95
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TABLE III.

o,B-UNSATURATED AMIDES AND THIOAMIDES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product()s) and Ref.
No. ubstrate and Conditions and Conditions Yield(s) (%) :
Section A: Amides
E: CON(CHY
(CH,),SnCu « DMS, CH,=C(CH,)CH,Br, (CH,)sSn C.H, 95
THF, -78° HMPA (81)
(CHy)sSn CON(CHa).
[(CHa)sSn], = C.H, Sn(CH,)s 252
Pd[P(CeHsg)slas (48)
THF
(CHe)aSn>:<C0N(CHe)a
8 Br(CH_);C=CCON(CH,). [(CHs)sSn]2, - Br(CHa,)s Sn(CHa)a 252
Pd[P(CsHe)a)a, (75
THF
OH
CONHCgH,
CeHs
9 CH,=CHCONHGCgH; n-C,HgLi, CsH,CHO n-C,Hg 229
THF/TMEDA, )
-65°to0 1t
o] 1y, N
) U
LDA, THF, CH,I (i-CoHz):N
-70° to it (71) 190
0
#-Gelly jij\ N )
-C. i, THF, n-C,H,Br t-C,H
o ’ " @9 190
= i CH,),C=CHCH,B -C.H
n-C4H,Li, THF, (CH,), 2Br n o - _—

-70° to rt
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TABLE III.

a,B-UNSATURATED AMIDES AND THIOAMIDES (Continued)

Carbon o, B-Unsaturated Nucledphﬂic Reagent Electrophilic Reagent ProductSs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Amides
ffff N: >
E-CH,CH=CHMgBr, CH,l
THF, -20° to 1t (65) 190
(CHo)eSn
CH,CH,C=CCON(CH,).
o -
12 (CH,)aSnCu * DMS, CH,l, HMPA 95
THF, -78° (78)
(CHz)eSn,
13 1-C H,(CH,),SiO(CH,),C=CCON(CH,), CH,l, HMPA t-C4Hy(CH,),SiO CON(CH,),
(CH,)sSnCu « DMS, (76) 95
THF, -78°
(CHa)oSn, CON(CH,).
14 1-C Hg(CH,)2SiO(CH,)sC=CCON(CH,)2 - t-C4Ho(CH,):SiO(CH,);  Sn(CHa)s
[(CH,)4Sn]2, (63) 252
Pd[P(CeHe)s)s, THF
Section B: Thioamides
CeH,S CSN(CHa)2
(E)-CH,CH=CHCSN(CH,), n-C/H,Li, THF, 0° (CeHa)2S2 n-C,H, 194
(77)
CH,;=CHCH, CSN(CHg).
n-C,H,Li, THF, 0° CH,=CHCH_Br, 0° n-C,Hy 194
(83)
CH,=CBrCH;  CSN(CH,).
n-C H,Li, THF, 0° CH,=CBrCH,Br n-C¢H,y 194

(68)



TABLE III. «,B-UNSATURATED AMIDES AND THIOAMIDES (Continued)

Carbon o, B—Unsaturatecl Nucleophilic Reagent
No. Substrate and Conditions

Electrophilic Reagent
and Conditions

ProductSs) and Ref.

Yield(s) (%)

Section B: Thioamides

1458

6 CH,=C(CH,;)CSN(CH,). n-C H,Li, THF, 0°

C.H;MgBr, THF,
-78°

C,HsMgBr, THF,
-78°

C;H MgBr, THF,
-78°

gss

C.HMgBr, THF,
-78°

i-C;H,MgBr, THF,
—78°

CH_,=CHCH,Br

CH,CHO

i-GH,CHO

CeHsCHO

CeHsCHO

CH,CHO

CSN(CHo)2
ca,:cucﬂ,a/

H-Q‘Hn
(81)

2, CaH-n
ﬁ/( CSN(CHy),

OH
(85)

-GH,, %4, pHn
%CSN(CH,),

OH
(86)

CHs, %, e B
CSN(CHy), |

/,,, gHrﬂ
2 CSN(CH,),

OH
41:59

(80)

CSN(CHy),  +

OH

GHs, 7 p0T"
%,
& CSN(CHy)a

8:92
(80)

194

191

191

191

191

191
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TABLE III. «,8-UNSATURATED AMIDES AND THIOAMIDES (Continued)

Carbon «, B-Unsaturated Nucleophilic Reagent  Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :

Section B: Thioamides

CHs, %, Collgt

CSN(CHo).
i~C,H,MgBr, THF, C,HsCHO OH
-78° 191
CQHQ /,,, C.‘H' =i
CSN(CHa), +
i-C,H,MgBr, THF, CeH,CHO OH
-78° 191
B i
GH,, 4, pHe!
/7,
4 CSN(CHa),
OH
33:67
(83)
2, CH,CH,
7
Y<CSN(CH,),
CeH:MgBr, THF, CH,CHO OH
-78° (24) 191
4, aCH:CsHs
L
%CSN(CH,};
CeH;MgBr, THF, (E)-CH,CH=CHCHO OH
-78° (25) 191
CSN(CH,),
CeHsMgBr, THF, (E)-CsHsCH=CHCHO OH
-78° (48) 191
GHs. %, CH,CeHs
CSN(CH,). +
CgHsMgBr, THF, GeH,CHO OH
-78° 191
CH,C.H
GHs, %, ¢
7
CSN(CH,).
OH
17:83
(81)
Si(C Ho-
/ ( Ha)z l,_ CQH;? 1,,, CS T n
W CSNH
OH
15 C,HsMgBr, THF, i-CoH,CHO

-78° ) 191
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES

Carbo o, B-Unsaturated Nucleophilic Neutral Electrophilic Product(s) and
No. BSubstrate Reagent Intermediate Reagent Yield(s() )(%) Ref.
and Conditions Type and Conditions
(\ Li S<__S
Oj\/\'/s @\
4  CH,=CHCOCH, s\j . A HCI/CH,OH, COCH, 404
HMPA, -78° reflux )
CO,CH,
CH,0 OCH, 5 A TsOH, toluene, 124
CH,OH, (CsHsCH,)(CHy)sNOH reflux (30)
(\ Li S<__S
5 (E)-CH,CH=CHCOCH, s\j, A HCI/CH,OH, COCH, 404
HMPA, -78° reflux a7
SCH,
SCH,
1) (CH,):CuLi, -40° S 1) CH,Li, THF/HMPA 320
2) (CH,)5SiCl, (CzHsg)aN, 2) Cs; (70)
HMPA 3) LHMDS, THF,
CH,l
o
~CH.CH=CH,
&
1) n-CgHyy  Cu(C=CCoH,-n)Li Vok -
OSi(CHy): CiHo-t, . 8 1) LiNH,, THF, OSi(CHa)2 CsHo-t
-78°, HMPA NH, (1) (25) 280
2) (CH,),SiCl, (CzHg)oN 2) CH,=CHCH_Br
OH
o\Z/\Mgm, cat. A HCUH,0 77
CuBr « DMS, THF/DMS, (42)
-78°
CHGCO(CHS)GNOE‘ A TSOH. C‘Hﬂv No!

LDA, CHCl,, 60° reflux (71) 180
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

_ Nucleophilic Neutral Electrophilic
Caﬁigon *» B.sulgnstsr:t:;rated Reagent Intermediate Reagent Pg’c;gﬁ%tsgs)(%:;d Ref.
’ and Conditions Type and Conditions
o}
CH,),CO,CH,
X CsH,1-n
1) (n-CeH,; Z )eCulLi, S LiNH;, THF/NH,, OH
-78° (Z)-CH30,C(CH,),CH=CHCH,Br (47) 339
2) (CHy)sSiCl, (CoHg)eN
(o}
C=C(CH,),CO,CH,
>< GHyy-n
L5
1) (n-CgH,j Z 2Culi, § LiNH,, THF/NH,, OH
-78° CH,0,C(CH,),C=CCH,I (19.5) 339
2) (CHg)sSiCl, (CoHg)sN
(o]
CH;)sCO,CH,4
1) [(E)-n-CeH,,CH=CH],CuLi, S8 LiNH,, THF/NH,, CeHg-n
-40° (E)-CH,0,C(CH;);CH=CHCH,Br (58) 339
2) (CH,)sSiCl, (CoHg)oN
o
CH,CH=CH:
1) (CeHs):CulLi, 0° S CH,Li, THF, CeHs
2) (CHy)sSiCl, (CzHs)aN, CH,=CHCH,Br (42) 67
t
1) (CeHs):CuLi, 0° S CH,Li, THF, ”
2) (CHj,)s8iCl, (CzHg)sN, CeHesCu, 1 eq trans:cis, 4:96 67
it CH,=CHCH,Br (43)
CO,CH,4 o:g;Q
CH,O OCH, A TsOH, toluene, o 124
NaOCH,, CH,0H reflux =)
0O,
Cu ¢P(CHg-n)s
a . A KH, rt, THF 82
THF, -78° 4.9:1 cis:trans

(55)
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TABLE IV. a,B-UNSATURATED KETONES ViA NEUTRAL INTERMEDIATES (Continued)

= Nucleophilic Neutral Electrophilic
Cﬁg?n @3 BSubUnsamliuerated Reagent Intermediate Reagent P;ggl"d?s()s)(%r)‘d Ref.
and Conditions Type and Conditions
(CH,)sCO,CH,4
WN\—
1) Li;Cu(CH=CH,),CN S 1) n-C,HLi
2) Si(CH,),Cl 2) B(C;Hq)s (57) 86
(CH;)3CO.CH,
3) CH,CO, ;
Pd[P(CeHe)sl4
(CH;)sCO,CH,
\\\\\—_—/
1) (n-GeHyy  ),CulLi CeHy-n
OSi(CHa), C4He, - S 1) n-C/H,Li OSi(CHy)C H,~t
2) Si(CH,)sCl 2) B(C;He)s (54) 86
(CH,)CO,CH,4
3) CH,CO,” — ;
Pd[P(CeHs)sls
H
Cu(CN)Li m
cl, A KH, THF, n H 120
THF, -78° 4.9:1 cis:trans
(52)
CHCeHs
OCH,
CO,CH,
OSi(CHg)s , s TASF, pyridine, 131
TASF, THF, (26)
THF, -70° CeHsCH,Br
(o}
CH,CH=CH,
OCH,4
L e
OSi(CHy)s , s TASF, pyridine, 131
TASF, THF, CH,=CHCH,Br (23)
THF, -70°
CH,CH=CH,
OSi(CHg)s
7 o
y s TASF, pyridine, o 131
CH,NO,, nt THF, CH,=CHCH,Br (13)



vos

S9s

TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Carbo a, B-Unsaturated Nucleophilic Neutral Electrophilic Product(s) and
No. Substrate Reagent Intermediate Reagent Yield(s() (%) Ret.
and Conditions Type and Conditions
CSC,Hg-t
0Si(CHa)s
2C A o
SC.‘HQ“. S TBA»FU 0
B'/\c-“:c,/\ 0
TBAF O(J (18) 132
o)
i D—Cu(SC,H,)Ll, THF A 450°, {jo
-78° basic AlO, (~60) 405
|>—Cu(sc,H,)I.i. 0° A 450° &[>
41) 406
CH=CH Cu(SCgH;)Li \‘L’-::
A 180°, intramolecular
(80) 121
OAI(CHa).
OAI(CHg). OHC 1y,
:-c:‘H.\A\
6  (CH,).C=CHCOCH, (CHa)sAl, 3 mol % CH,CHO, C.Hq-t
Ni(acac)z, =50° toluene (68) 208
O0AI(CH,),
OAI(CH), o ",
:-c.H.\J\ \1) CeH,
(CHQ)@A], 3 mol % CgHﬁCHO. c.ng—f
Ni(acac),, -50° toluene, -20° (67) 208
(o}
GeHs CHO
OAI(CHs).
:_C‘H’\J\
(CH,),Al, 3 mol % (CeHs),C=C=0, CeHs C.Ho-t
Ni(acac),, -50° toluene (47) 208
OH
OH
OAI(CHq):
t-CeHy C.He-t
1) (CH,)sAl, 3 mol % 1) CH,CHO, 93:7
Ni(acac),, -50° CeHs erythro:threo 208
2) toluene, 150° 2) NH,CI/H,0 (52)
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TABLE IV. «,B-UNSATURATED KETONES via NEUTRAL INTERMEDIATES (Continued)

Carbo: iz Nucleophilic Neutral Electrophilic Prod )
No. n %3 Bsmt;mted Reagent Intermediate Reagent Yiellélc(tsSS) (g;d Ref.
and Conditions Type and Conditions
o H
OAI(CHa). Yy
‘_c 4Hg C!HS

1) (CHa)5Al, 3 mol % 1) CeHsCHO, C,H,-t

Ni(acac),, -50° GeH,g (60) 208
2) toluene, 150° 2) NH,CI/H,0
OH
oy .

1) (CHz=CH),CuMgBr, THF, S 1) CH,Li, nt, CH=CH . 377

-70°
2) (CH,)sSiCl, (CzHe)oN,
HMPA

1) CH,=CHMgBr, Cul,
THF, -60° to -40°

2) (CH,)sSiCl, (C.Hs)aN,
HMPA

1) (CH,=CH),CuMgBr, THF,
-70°

2) (CH,)sSiCl, (CzHs)aN,
HMPA

1) (CeH).Culi, 0°
2) (CH,)sSiCl, (CoHe)oN

1.5h (32)

2) CgHgSeCH,CHO,
11,
H C=CH

ZnCl,, 0°, 5 min

.C‘F.

S 1) LiNHz, NH(1), H 407
THF 2:1 trans:cis 408
HCED/\/I

2) hce (57) 290
»”
S 1) CH,Li,
THF/HMPA 4:1 trans:cis
(37 290
HC‘—‘_j/vl
2)HC=C
\\\CHzCOzCHc

S CH,Li, HMPA GHg 67

CH,0,CCH.Br (70)
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

: Nucleophilic Neutral Electrophilic
Ca];]-g(.)n i Bsulgglgated Reagent Intermediate Reagent P;‘;g&%gs)(%f)‘d Ref.
and Conditions Type and Conditions
CHg-t o]
1) ( )2CuLi* DMS, s SnCl,, COCH,4 101
THF, -60° CH,Cl,, (42)
2) (CH,),SiCl HC(OCHj,)s

1) [(E)-(CH,)oSiCH=CH],CuMgBr, S
THF, -70°
2) (CH,)sSICl, (CzHs)oN, HMPA

Cu *P(C,Hg-n)s

Cl
. A
BF; ¢ (C2Hy)20,
THF, -78°
1) n-C;H,C=CCu(CH=CH,)Li, A
THF, HMPA, -60°
1) n-GH,C=CCu(CH=CH,)Li, S

THF, HMPA, -60°

2) (CHa)sSiCl

1) CH,Li (CHy)sSi 100

2) BrCH,CO,CH, 95:5 trans:cis

(68)

KH, r, THF H ” 82

(60)

OH
N'o
|
1) CH,Li, THF CH,O
(72) 409

OH
2) CH,0

1) CH,Li, THF
OH

CH,Br
2) CH,0

”

409

(74)
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

i Nucleophilic Neutral Electrophilic
Caﬁ"b;on s BSulggut:mted Reagent Intermediate Reagent Pff(;g;:i?sgs)(%r)ld Ref.
g and Conditions Type and Conditions
1) n-CyH,C=CCu(CH=CH,)Li, A 1) CH,Li, THF M
THF, HMPA, -60° (53) 409
OH
Cu(SCsHy)Li m
cl, A KH, THF, nt H 120
THF, -78° (58)
Hun HECO,R"
)Xﬂacozn
1) Br
1) LiCH,NC s 298
2) (CHy),SiCl 2) AgO,SCF,
CH=CH Cu(SCeH)Li &9
1 A 180°, intramolecular
(84) 121
CHg-n
1) [CeHg(CHs,).Si],Culi, S 1) n-CH,CHO, 5i(CH,):CeHs 63
THF, -23° TiCl,, CH,Cl, (62)
2) (CHs)aSiCl, (CzHg)sN 2) HY, GeHs, reflux
(CeHg).CuLi, 0° A 1) LDA, 1 eq, ; CeHg 67
CuCN, CHyl, trans:cis, 35:65
HMPA (68)
23
1) (CeHs),CuLi, 0° S 1) CH,Li 67
2) (CH,)4SiCl, (C.Hg)sN 2) CH,I, HMPA trans:cis, 93:7

(22)
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Nucleophilic

Neutral

Electrophilic

Carbon a, B-Unsaturated ; Productgs) and
No, Substrats andkggggilttions Ime':i_'n;;;ha = annggrgli?ttions Yield(s) (%) Ret
”
1) (CgHg)2Culi, 0° S CH,Li, 2 mol 67
2) (CH,3)sSiCl, (CoHg)sN % CH,Cu, CH,l, trans:cis, 19:81
HMPA (35)
0
Br
”
. CeHg .
1) (CeHg)zCuLi (CH,).CuLi, CH,I, 67
2) Bry, -78° HMPA trans:cis, 4:9
(64)
|
1) [CH,=C(CH,)CH,CH,].CuLi, B SnCl,, i 410
-40° CH.Cl,/H,0 (29)
2) (CH,0.C);0
H
MgBr
)\/\/ o
' A KH, THF, nt 82
25 mol % CuBr « DMS, (48)
BF; * (C;Hy).0, THF, -78°
H
jﬁi{‘\)m m
Cl, THF, A KH, THF, nt 120
BF; » (C;H,),0, -78° (56)
0o 0
I
&\ [>— cutsceru, 0° A 450 é@
a”n 406
(19) KYp!
o o
o
E )— (CHa)MgCl
(o) , A THF/H,0/HC], 411
8 mol % CuBr « DMS, reflux (60)
THF/DMS, -78°
1) (CH,).CuLi, 0° s 1) CH,Li o” : f 277
2) (CH,)oSiCl 2) CH,=C[Si(CH,)s]COCH, (50)

3) CH,0H/KOH
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Carbo o, B-Unsaturated Nucleophilic Neutral Electrophilic Product(s) and
Reagent Intermediate Reagent ; Ref.
Ne: Substrate and Conditions Type and Conditions Y:eld(s() (%)
1) (CH,)2CuLi, 0° s 1) CH,Li, (o] 277
2) (CH,),SiCl 2) Cul + CH,Li (38)
3) CH,=C[Si(CH,)5] COCH,
4) CH,0H/KOH
”
1) (CH,),CuLi, 0° s 1) CH,Li, Cul 277
2) (CH,),SiCl 2) CH,=C[Si(CH,);]COCH, (22)
3) CH,0H/KOH
”
1) (CH,);CuLi, 0° s 1) CH,Li, 277
2) (CH,),SiCl then CH,Cu (49)
2) CH,=C[Si(CH,),)COCH,
3) CH,0H/KOH
”
1) (CH,),CuLi, 0° s 1) CH,Li, DME 277
2) (CH,),SiCl 2) CH,=C[Si(CH,),] COCH, (51)
3) CH,OH/KOH
”
1) (CH,),Culi, 0° s 1) CH,Li, THF 277
2) (CHa),SiCl 2) CH,=C[Si(CH,);]COCH, (46)
3) CH,0H/KOH
OH
” S
1) (CH2;=CH);CuMgBr, s 1) CH,Li, CH=CH. 377
THF, -70° 2) C4HsSeCH,CHO, (35)
2) (CHy)5SiCl, (CaHs)sN, ZnCl,
HMPA
OH
CH,SeGgH,
1) [CH,=C(CH,)],CuMgBr, s 1) CH,Li, 377
THF, 0° 2) CoHsSeCH,CHO, (76)
2) (CH,)sSiCl, (CzHg)sN, 3) ZnCl,

HMPA
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Nucleophilic

Neutral

Carbon o, B-Unsaturated . Electrophilic Product(s) and
Reagent Intermediate Reagent ; Ref.
No. Substrate and Conditions Type and Conditions Yield(s) (%)
o}
|| iC(SCH,),
1) (CH,),CuLi, -40° to 0° S 1) CH,Li, THF/HMPA 320
2) (CHy)sSiCl, (CzHs)sN, 2) Cs; (48)
HMPA 3) LHMDS, THF,
CH,I
(CH,)5SiO-
1) (CH,),CuLi s CH,l,, Zn(Cu) 91
2) (CHy)sSiCl, (CpHs)sN i
(CH,)SSi0 |:C‘
1) (CH,),CuLi s CH,CHCl,, 91
2) (CH,)sSiCl, (C;He)sN n-C,H,Li, -20° )
Ho
i cl
(CHShSI/\l.r\ ; A KOC,He-t, ;<]Z\)j 213
TiCl,, CH.Cl,, -78° HOC Hg-t 3:1 isomeric mixture
(48)
0]
CeHgSe
CH,0,C
(E)-CH,CH=C(OCH,)OSi(CHy)s, S CeHgSeCl,
CH4CN, 55° CH,Cl, (=51) 412
GeH,S o
CHoOzCJT:é
(E)-CH,CH=C(OCH,)O0Si(CHy)s, S CeHsSCH(CI)CH,,
CH,CN, 55° ZnBr,,CH,Cl, (=40) 412
(LA &@
MgBr, cat. A HCI/H,0 77
CuBr » DMS, THF/DMS, (76)

-78° to 0°
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

¥ Nucleophilic Neutral Electrophilic
Cab}-gon ® Bsumtgated Reagent Intermediate Reagent P;c;g&c(ts()s)(%r)xd Ref.
: and Conditions Type and Conditions
E‘\ ] s
Li i ;
Oi/\FS
s\.j, A  HCI/CH,OH, o 404
HMPA, -78° reflux (56)
o
CO.CH, (o)
CH,O OCH, i A TsOH, toluene, o 124
CH,0ONa, CH,OH reflux (38)
OH
&Oﬂ
1) (CH,),CuLi, THF, -40° s 1) BH,, DMS 413
2) (CH,),SiCl 2) H,0,/-OH (70)
OH
dOH
1) (n-CgHy,),CuLi, THF, -40° S 1) BHy, DMS "WCH,-n 413
2) (CH,),SiCl 2) H,0,/-OH (65)
OH
1) (n-CyoHaz).CuLi, THF, -40° S 1) BH,, DMS CioHey-n 413
2) (CHa)aSiCl 2) H;0,/-OH (58)
OH
\\\OH
1) (n-Cy¢Hag).Culi, THF, -40° S 1) BH,;, DMS f ¥ C\oHy-n 413
2) (CH,)4SiCl 2) H,0,/~OH (55)
MgBr
A\/\/C1
; A KH, THF, n, 82
25 mol % CuBr » DMS, 1:2 cis:trans
THF, -78° (70)
OH
Cu(SCH,)Li ip
cl, A KH, THF, rt, H 120
THF, -78° (62)
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TABLE IV. o,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Carbon o, B-Unsaturated Nucleophilic ; Electrophilic Product()s) and
Reagent Intermediate Reagent : Ref.
Ne: Substrate and Conditions and Conditions Yield(s) (%)
OCH,
CO,CH,
OSi(CHa) , TASF, pyridine, 131
TASF, THF, -70° THF, CH,=CHCH,Br (18)
(o}
0Si(CH,)s
éﬁ’
, TASF, TASF, pyridine, o 131
THF, -70° THF, CH,=CHCH,Br 17)
0
" [>— cuscaui, o0 o @3 -
(-76)
. (o}
Z Cu(SGgHg)Li
A/cmcn,
I ?—l . Reflux, hexane
(C:Hs),O/THF, (~90) 414
) 0
SCu(SCeHe)Li
)&cmcu,
h ’ 0-CIG,H.Cl,
(C,Hg),O/THF, nt 220° (56) 414
Z_ Cu(SCgHs)Li
4/}!
"CH=C(CH,),, Reflux, xylene
(CzH,),O/THF, (=90) 312
-78°tont
| > Cu(SCeHs)Li 1) 450°, 53
THF, -78° basic Al,O, (72) 405
”
I >— Cu(SGH,)Li 1) 425°, 371
2) Basic AL,O, (72) 121
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TABLE IV. a,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Nucleophilic

Neutral Electrophilic

Product and

Carbon a, B-Unsaturated : ;
Reagent Intermediate Reagent Ref.
No: Substrate and Cogditions Type and Cogdm Yield(s (%)
l><0=(sc.Ha)Li A1) 425, E
2) NaOCH, (87) 371
CH Cu(SCeHs)Li &)
C A 180°
-78° (15) 121
Cu(SCeH,)Li
S z A 110° E
(93) 121
CH=CH Cu(SCeHs)Li
A 222°
(59) 121
Li(GeHsS)Cu
SN CH=C(CHo)s» A  Xylene, reflux 415
-78° (98)
(CH,)Si
7 (E)-(CHs)oSiCH=CHCOCH, 1) (CH,);CuLi S 1) CeHSCHCIC,Hyn, CoHo-n 251
2) (CH,),SiCl TiCl, (70)
2) Raney Ni
(CH,),Si
(CH,),SiC=CCOCH, 1) (CHy),CuLi S 1) CeHsSCHCIC;Hyn, n-CoH,  SGeHs 251
2) (CH,)sSiCl ZnBr, (62)



¥8S

S8S

TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Carbon o, B-Unsaturated Nucleophilic

No. Substrate

Reagent
and Conditions

Neutral Electrophilic
Intermediate Reagent P{,‘;gﬁ?s()s)(%d Ref.
Type and Conditions

1) CH,=CHMgBr, 10 mol %
CuBr « DMS, THF, -78°

2) (CH,)sSiCl, (CzHeg)oN,

HMPA

1) (CH;=CHCH;), CuMgBr » DMS,

THF, -78°

2) (CHa)sSiCl, (CzHe)aN

CuBr « DMS, THF, -78°

(n-CgHy,

OTHP
-78°

)g QIU'P(CqH.—R)g

CH,O0 OCH,
NaOCH,, CH,OH

Cu(CN)Li

THF, -78°

C]l

CO.,CH,

S

S

A

A

“

Hun
1) CH,Li, THF/(C;Hg),0 o 281
(30)
C:Hg
2 Br P(O)(OCHy);
HMPA
3) Ht, acetone
4) NaH, DME
\J:H,COCH:CO;C,H,
"Wy
1) LiNH;, THF/NH,;, CH,CH=CH;
(64) 235
CO,C.Hg
? Br\/u:
OCH,
3) HCIO,
OH
HCIl, aqueous 416
acetone (79)
(CH,),CO,CH,
\\\\ —
CeH,yy-n
LDA, THF, OTHP
(Z)-CH30,C(CH,)sCH=CHCH,l  (47) 103
H
(o)
TsOH, toluene, (o) 307
reflux (45-50) 417
KH, THF, nt H ‘o 120

(58)
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Carbon «, B-Unsaturated Nucleophilic . Electrophilic Product(s) and
Reagent Intermediate Reagent - Ref.
No. Substrate and Conditions and Conditions Yield (s() (%)
Cu «P(C;Ho-n)s &I?
A/\/Cl
; KH, THF, n H 82
THF, -78° (45)
Q/\
MgBr, cat. HCI/H,0 ? | : 77
CuBr » DMS, THF/DMS, (57)
-78° to 0°
Cu+P(C,Hg-n)s
J\/\/ C
' KH, THF, n 82
-78°, THF 3.5:1 cis:trans
(45)
S_ _S
oW
s
s\) HCI/CH,OH, o 404
HMPA, -78° reflux (48)
Cqu—ﬂ
7/,
1)( )k/ )2CuLie (n-C,Hy). S, 1) LiNH,, THF /k 64
-78° 2) n-C H,l (78)
2) (CH,),SiCl, (C,Hg)sN, HMPA
”
1)( )l\/ )2CuLie (n-C,Hg), S, 1) LiNH,, 1.2 eq THF 64
-78° 2) n-CHgl (30)
2) (CH,),SiCl, (C;Hg)sN, HMPA
”
1) ( )J\/ )2CuLi* (n-C,Hg).S, 1) KNH,, 1.2 eq THF 64
-78° 2) n-CHgl (42)

2) (CHo)sSiCl, (C:He)sN, HMPA
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Carbon «, B-Unsaturated Nucleophilic Neutral Electrophilic Product(s) and
Reagent Intermediate Reagent : Ref.
e Substrate and Conditions Type and Conditions Y;eld(s() (%)
3
1) ( )j\/ )2CulLi* (n-C,Ho).S, s 1) KNH,, THF 64
-78° 2) n-C Hgl (48)
2) (CHa)sSiCl, (C;Hg)sN, HMPA
LH
1)( )J\/ )2CuLi « (-C,Hg),S, s 1) CH,Li, THF 64
-78° 2) n-C H,l, (45)
2) (CH,),SiCl, (C;Hg)sN, HMPA HMPA
”
1)()1\/ )2CuLi e (n-C,Hg). S, S 1) CH,Li, THF 64
-78° 2) n-C H,l (36)
2) (CH,)sSiCl, (C;Hg)sN, HMPA HMPA
C.H'—H
1) (CH,);CuLi, 0° s 1) LiNH,, THF X 4 % % 64
2) (CH,)oSiCl, (CzHe)aN, 2) n-C,Hgl (71)
HMPA
0
Z_ Cu(SCeHe)Li
Acn:ca,
I %—l , A Reflux,
(C2Hg),O/THF, 1t 0-CH,CsH,CH, (46) 414
\\\\Cu(SC,H,)Li
)A/cmcn, %
?-l " A Reﬂ'l.lx.
(C,Hg),O/THF, nt 0-CH,CeH,CH, (14) 414
o}
1 [>— cutscamons, Tarr, 0° A 4so° (l_l:t>
2) H0* (~10) 405
o}
CH=CH Cu(SCeHs)Li &}
A 180°
(82) 121
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TABLE IV. o,B-UNSATURATED KETONES ViA NEUTRAL INTERMEDIATES (Continued)

Carbon o, B-Unsaturated Nucleophilic Neutral Electrophilic Product(s) and
No. Substrate Reagent Intermediate Reagent Yield(s) (%) Ref.
and Conditions Type and Conditions
A 145°,
collidine (37) 121
CH,=CH Cu(SCgHs)Li
A 222° al
(14) 121
I
[>—cutscemi, 0° A 450 or
1) LDA (26) 406
2) (CH,),SiCl (36) 371
3) 425° (40) 121
oA &)
MgBr, cat. A HCI/H,0 77
CuBr » DMS, THF/DMS, (70)
-78° 10 0°
o}
CH,O OCH, . A TsOH, toluene, 124
NaOCH,, CH,OH reflux (59)
CO.CH,4 LiCu CsHyrn
I )
OSi(CH,), CiH -t /2 A 1) NaH, THF OSi(CH,),CHo-t
21" =" ‘co,cH, (51) 418
OH
(\ 1 1nH
8 Oj\/\ MgBr, A HCl, aqueous 416

CuBr « DMS, THF, -78°

acetone

(48)
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TABLE IV. o,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Nucleophilic

Neutral

Electrophilic

Carbon «, B-Unsaturated ¢ Product(s) and
Reagent Intermediate Reagent ; Ref.
No. Substrate and Conditions Type and Conditions Yleld(s() (%)
1 i
(s) =
= o
1) AN Mghr, B 1) CH,Li, THF N(CHy):
Cul + DMS, 0° 2) (CHy)aN=CH,CI” (51) 144
2) CH,0,CCl
ty,
(R)-
1) CH,=CH(CH,),MgBr, B 1) m-CPBA, o 419
(C2Hs):0/DMS, 10 mol % CH.Cl, )
Cul 2) CH,Li, THF
2) CH,0,CCl, 0° to 1t 3) (CH@)J&CH:.CI',
CH,l, K;CO,4
)/ 'I;
e
1) CH,=CH(CH,),MgBr, S 1) CH,Li, THF o 420
10 mol % Cul, 2) (CHa)sN=CH,CI™, (42)
(C:Hs),O/DMS, 0° tornt CH,l, K.CO,
2) (CH,)4SiCl
CHO
w
THPO Cu(C=ECGHy-n)Li, A 1) NaH, CeH,, TH
HMPA HCO,C.H, (45) 301
2) LDA, THF, CH,l
(o}
Br
D-—Cu(SC,Hg)Li. 0° A 450°
(23) 406
Cj\/\ MgBr, A 5% HCl, C;HOH, ; 91

10 mol
-20°

% Cul, THF,

reflux

22:78 cis:trans
(36)
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

e Nucleophilic Neutral Electrophilic
Calsgon % %ugﬁgated Reagent Intermediate Reagent P{;‘;g&?sss)(%gd Ref.
' and Conditions Type and Conditions
(3
MMgBr. s 1) CH,Li, DME 91
then (CH,),SiCl, 2) CH,l (21)
(C:Hg)sN
(o]
H Cl, THF, A KH, THF, rt 120
BF; * (CH;),0, —78° (47)
(CH;),.CO.CH,
W=/
( u—C,H,,Yv ) CuLieP(C Hg-n)s CeHyy-n
9 CH,CO; OTHP , A LDA, THF, -78°, CHCO OTHP
-78° (Z)-CH30,C(CH,)sCH=CHCH,l (6) 103
(o] OH
A\/\ i i '
( )zCuLi, -45° A 1) m-CPBA
2) t-C,HsOK, 315
I‘-C‘H.OH
)
MgBr
Cl
' A KH, THF, nt 82
25 mol % CuBr » DMS, 8:1 cis:trans
BF; « (C;Hq)20, -78°, THF (40)
H
HO 5
CH,=CH(CH;),CuMgBr * BF,, A 1) 05, CH;0H/CH,Cl, 91

-78°

2) HCI/H,O/HOAc (44)
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

Nucleophilic

Neutral

Electrophilic Product(s) and

Carbon o, B-Unsaturated :
Reagent Intermediate Reagent : Ref.
No: Subsirare and Coﬁdiﬁons Type and Conditions Yield(s) (%)
4
ﬁ 1) (CH,=CH).CuLi, DMS, s 1) O,, CH,OH o f 329
_750 2) aq. HCl (69)
2) (CH,)4SiCl, HMPA,
(C:Hs)sN _
1) (CHy).CuLi, DMS, S 1) O,, CH,OH G i 329
-75° 2) aq. HCl (63)
2) (CH,)sSiCl, (CHg)sN,
HMPA
(CH,),Si
j]\ )f\c‘ﬂﬂ
10 (CH,),SiC=ECCOC,Hq-t 1) (CHy).CuLi s CeHsS CH;-n, n-GH;7 SCeHs
2) (CH,)4SiCl TiCl, (76)
(CHe)aCO:eCHa
WN\—/
(n-CoHyy\ A )e CuLi*P(CHys-n)s Cetluirn
C Cc
CH,CO,CH; OTHP » A 1) LDA, THF HOKCHh OTHP
-78° 2) (Z)-CH,0,C(CH,)sCH=CHCH,I (6) 103
l><j‘i>:0 js\m/\ @
H cl, A KH, THF, nt o} 323
0.3 eq CuBr » DMS, THF, (66)
-78°
0o
0 SCsHs
SCgHs
CO.C.H,
11 C,H,0,CCHLICH,, A 1) NaH, THF 90
Cul « P(OCH,), 2) CH,l (48)
”
C,H,0,CCHLiCH,, A 1) LDA, THF 90
Cul » P(OCH,), 2) CH,l (16)
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TABLE IV. «,B-UNSATURATED KETONES VIA NEUTRAL INTERMEDIATES (Continued)

] Nucleophilic Neutral Electrophilic
C?f;gfm e BSumeastmgawd Reagent Intermediate Reagent P;t;;ll::ic(tés)(gd Ref.
and Conditions Type and Conditions
”
C,H;0,CCHLIiCH,, A 1) LDA, 1 eq HMPA, 90
Cul « P(OCH,), THF 19)
2) CH,l
”
C;H;0,CCHLICH,, A 1) LDA, 3 eq HMPA, 90
Cul « P(OCH,), THF (3%)
2) CH,l
”
C,H30,CCHLICH,, A 1) LICA, THF, 90
Cul » P(OCH,), 1 eq Cul (13)
2) CH,l, nt
”
C,Hs0,CCHLICH,, A 1) LICA, 2 eq HMPA, 90
Cul » P(OCH,),3 THF (25)
2) CH,l
”
C,Hg0,CCHLIiCH,, A 1) LTMP, 2 eq HMPA, 90
Cul « P(OCH,), THF (39)
2) CH,l
”
C;H0,CCHLIiCH,, A 1) LHMDS, THF, 90
Cul « P(OCH,), 2) CH,l (22)
»
C,Hz0,CCHLICH,, A 1) LHMDS, 2 eq 90
Cul » P(OCH,), HMPA, THF (22)
2) CH,l
CH,C=CC,H,
SGeHs
CH,0,CCH;CO,CH,, A C;H,C=CCH,Br, CO,CH, 125
NaOCH,, CH,OH, 0° NaH, DME cis:trans, 1.6:1

(53)
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TABLE IV. «,B-UNSATURATED KETONES ViA NEUTRAL INTERMEDIATES (Continued)

5 Nucleophilic Electrophilic
CaNrg?n Qs BSuUbthsarattL;rated Reagent Intermediate Reagent P{;?Sl":f(ts()s)(%ld Ref.
and Conditions and Conditions
SHs (cH,)c0,cH,
(n-CgH,, )Cu( CH,C= CC,H,-n)Li },{NCBHH'"
OSi(CH,); C(Hyt 1) NaH, THF OSi(CHa)oCoHo-t
-78° ©)]
2) (Z)-CH40,C(CH,),CH=CHCH,Br 119
® (CH.)CO,CH,3
(n—caHuW)oacsc‘Hau W
OTHP , 1) NaH, THF OTHP
-40° (8)
2) (Z)-CH30,C(CH,),CH=CHCH,Br 119
LH:CeH, CeHg-p
Sell SC,H,
p-CeHsCeH,Li, KH, DME, GCH,GHs-p 421
cat. [(n-C,H;)aP], * Cul, p-CeHgCeH,CH,Br (39)
-78° stereochemistry not stated explicitly
o GHeSe o
SeCeHs
i :7 i cl
(cm),s:/ﬁr\ : KOC H,-t, 213
C;HAICl;, CH.CL,, 2/1 THF/t-C,H,OH (46)
-78°
H,
CH,C=CC;H,
(CH,),CuLi, 1) LDA, THF/HMPA 383
-20° 2) C,HsC=CCH,Br (91)
OH
(o}
/7 O
(O\j\/\ MgBr HCl, H,O/THF 416
CuBr » DMS, THF, -78° (48)
O ”
MgBr HCI/THF/H,0 326

cat. Cul

(69)
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TABLE IV. «,B-UNSATURATED KETONES ViA NEUTRAL INTERMEDIATES (Continued)

= Nucleophilic Neutral Electrophilic
Caﬁg?n %5 %ulggﬁrated Reagent Intermediate Reagent P;?gﬁcégs)(%r)‘d Ref.
and Conditions Type and Conditions
CuLi
=
H ZN""\q, THF, A KH, THF 105
BF; ¢ (C;H,)2:0
(o]
w A\,
I'I‘\‘\ H\\\
12 o CeHsCH,0(CH,),MgBr, A 1) (HOCH,),, o 304
8 mol % Cu(OAc);, CgHg, TsOH (64)
THF, -30° 2) LDA, THF,
CIPO[N(CH,)2].
3) Li, C;HzNH,
4) [0]
s} CsHs- TsOH
|
p-CH,GH. ‘Hlli
CH,=CHMgBr, ZnBr,, A 1) NaH, DME,
THF, -78° CH,l trans:cis 92:8
2) Al/Hg, (61) 386
THF/H,0
1
CH=CHMgBr, 1 mol % A 1) NaH, DME,
CuBr, THF, -78° CH,l trans:cis 92:8
2) Al/Hg, (61) 386
THF/H; O
t-C4HyO,CCH;,
/7
1 eq ZnBr;, CH,=CHMgBr, A 1) NaH, DME, CH,=C
THF, -78°, 1h CH,l (30) 192
2) (CHy)Culi,
!-c‘}igOchHzBr'
HMPA
o CeHgSe
SeCgH,
3 Cl
(CH")’S’/W]/\ . A KOC.H,, 213
TiCl,, CH:Cl;, -78° 2/1 THF/t-C,H;OH (63)

09
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TABLE IV. «,B-UNSATURATED KETONES ViA NEUTRAL INTERMEDIATES (Continued)

Carbon «, B-Unsaturated Nucleophilic Neutral Electrophilic Product(s) and
No. BSubstrate Reagent Intermediate Reagent Yield (SS )(%) Ref.
and Conditions Type and Conditions
o (o)
i e
p-CH3CgH, g
‘ 111}
13 (p~CHaCsH,).CuLi, THF, A (HOCH,),, TsOH, p-CH4CeH, 239
-78° CeH,, reflux (50)
P ‘CHSCBHQSOg
[11]
(p-CH;CsH,).CuLi, THF, A 1) m-CPBA p-CHGH, 240
-78° 2) KOC,Hg-¢, (25)
CH,l
o / \
16 1) (CH,)2CuLi S TiCl,, CH,Cl,
2) (CHj),SiCl, (C:Hg)aN (54) 73
C
\\\‘\=/(CHa)5C0= H,
%( ﬂ"c’H"W )gCuI.i.P(c‘Hg-ﬂ)a t-C4H¢(cal"‘)zsiOCH2 CGHH-”
23 1"CaHo(Gol), SIOCH, OTHP , A LDA, THF, OTHP
-78° (Z)-CH30,C(CH;);CH=CHCH,I (39) 103

@ R = Undefined.
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TABLE V. «,B-UNSATURATED ESTERS VIA NEUTRAL INTERMEDIATES

Carbon «, B-Unsaturated Nucleophilic Neutral Electrophilic Product(s) and
Reagent Intermediate Reagent : Ref.
i Wubstrate and Conditions Type and Conditions Helci(s)
CeHs(CH,),Si
\\\\COQH
'/
4 trans-CH,CH=CHCO,CH,CH=CH, [CgHs(CH,).Si],CuLi A 1) LDA CeH7 “ron 400
2) CgHsCHO (54)
3) H,/Pd
CeHs(CHs),Si
\\\\COQH
“non
trans-CH,CH=CHCO,CH,CgHs [CeHs(CH,)2Si],CuLi A 1) LDA 400
2) i-C,H,CHO (54)
3) H,/Pd
CeHs(CH,).Si QH
= Si(CH,):CeHs
[CeHs(CH3),Si],CuLi A 1)LDA CO,CH,CeHs
OHC
) T SICH)LGHs (1) 400
Icozczﬂe
CH,C=CCO,C,H, (CHa)sSnCu * DMS, A 1) 1.1 eq CH,Li, Sn(CH,), 94
THF, -48° THF (~61)
2) CH,l
\/j( CO;C.H,
(CH,)3SnCu » DMS, A 1) 1.1 eq CH,Li, Sn(CH,), 94
THF, -48° THF (~57)
2) WBr
/:D: CO.C.H,
(CHa),SnCu = DMS, A 1) 1.1eq CH,Li Sn(CH,), 94
THF, -48° 2) CeHsCH,Br (~55)
n-C,Hg I CO.C.Hg
(CHj;)3SnCu » DMS, A 1) 1.1 eq CH,Li, Sn(CH, ), 94
THF, -48° THF (~36)
2) n-CH,l
OH
CO.C;H,
(CH,),SnCu » DMS, A 1) 1.1 eq CH,Li, Sn(CH,), 94
THF, -48° THF (~52)

2) cyclohexanone
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TABLE V. «,B-UNSATURATED ESTERS VIA NEUTRAL INTERMEDIATES (Continued)

% Nucleophilic Neutral Electrophilic
Caﬁgon @, le Ulbnsmail.;rated Reagent Intermediate Reagent Pro%::{:és&)and Ref.
' and Conditions Type and Conditions
0
M -
S S s. &
L GCeH,CH,O X
(\/s
/ GHCRO OCH,CoHs
OCH, , A 1LbaA
THF, -80° (84) 161
CHgBI'
2)
CeHCH,0
OCH,
CH,0, CO,CH,
CO,CH,
5 CH,0,CCH=C(CO,CHjy). O,NC(CH,),Li, A NaH, DMSO
THF, 20° (86) 178
C CH
\\\\\=/( H,),CO,CH,4
/ (n-CgH,, )2 CuLisP(C,Hgo-n)s CeH,rn
OTHP A LDA, THF, OTHP
-78° (Z)-CH,0,C(CH_,),CH=CHCH,I (43) 103
CO,CH,
CO,CH,
E]/ CH,=C(CH,)MgBr, A LDA, CHyl, 75
10 mol % Cul, THF, -70° THF 85:15, syn:anti
(55)
CoHg(CH,).Si
WCO.H
6 (E)-i-C;H,CH=CHCO,CH,CsH, [GeHs(CH,)2Si].CuLi A 1)LDA “non 400
2) CH,CHO (51)
3) Pd/H,
CeHs(CH,),Si
C'H‘ \\\\COgH
9 trans-CeHgCH=CHCO,CH,CoHs [CgHs(CH,),Si],CuLi A 1)LDA “tron 400
2) CH,CHO 96:4 mixture of isomers

3) H,/Pd (63)
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TABLE V. «,B-UNSATURATED ESTERS ViA NEUTRAL INTERMEDIATES (Continued)

Catbon  «, B-Unsaturated Nucleophilic Neutral Electrophilic Product(s) and
Reagent Intermediate Reagent : Ref.
No. Sulistrate and Cogditions Type and Conditions Yleld&)
i 0
i CO,CH,
o
(n-C.H,),CuLi, THF, A LDA, THF CiHe-n 99
-78° (75)
o)
S
(CH,=CHCH,CH;),CuMgBr, A LDA, THF (CH,);CH=CH,
THF, -78° (69) 99
o)
(C2H,);CuMgBr, THF, A LDA, THF CeHs
-78° (53) 99
o
CO.CH,
C i
] e
(CHz)o_|.CuMgBr, A LDA, THF
THF, -78° (61) 99
(CH,),CO,CH
(7-CeHy\ A/ )2 CuLisP(CHan)s W=/
/ CeHyn
OTHP
10 CH,OTHP A  LDA, THF, THPOCH, OTHP

-78°

r-C..H.O:C\/?

CO.CH,
o

-

-78°

I
p-CHCsHgmn
‘s \ P

11

(i-CsH,),CuMgCl, THF,

ZnBr,, 2,5-dimethyl THF

2) Raney Ni

(Z)-CHy0,C(CH,)CH=CHCH,I (12)

(0]
f | CO,CHyt

CH,MgCl
1) <;§Er . S 1) LDA, THF, HMPA

A LDA, THF i-GH,
(52)
o (o]
CH,O »
o
CH,0
OCH,@
(52)
2 CHQ CO.C;H,
CH,0

OCH,4

102

99

422

2See addendum to Table V for additional entries.
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TABLE VI.

MISCELLANEOUS SUBSTRATES

CaNrbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent
0.

Substrate

and Conditions

and Conditions

Product()s) and

Yield(s) (%)

3 CH,=CHCN

i-CyH,1, Zn,
CH,CN, reflux

Cyclohexyl iodide,
Zn, CH;CN, reflux

H_CQHTI. Zn,
CH,CN, reflux

CHSIl znl CHacnt
reflux

(CH,).CO

CsHsCHO

Cyclohexanone

Cyclopentanone

C;H,CHO

(CH,).CO

(CH,).CO

(CH,).CO

i-CyH,
(98)

i-CoHy
(92)

n-C,H,
(63)

(52)

CN

2

257

257

257

257

257

257

257



TABLE VI. MISCELLANEOUS SUBSTRATES (Continued)

vi9

S19

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
Substrate and Conditions and Conditions Yield(s) (%) :
OH
CN
CeHsCHBr, Zn, (CH,),CO C.HsCH3 257
CH,CN, reflux (46)
(CHj)3SiCH; CH;0,CCHj;, Intramolecular “CN 215
Pd[P(CeHs)s]4 Toluene, (35)
60°

OH
CN
GeHs

(E)-CH,CH=CHCN i-CyH,l, Zn, CeHsCHO i-CyH, 257
CH,CN, reflux (95)
OH
CN
CeHs
CH,=C(CH3)CN i-C;H,1, Zn, CeHzCHO i-GH, 257
CH,CN, reflux (73)
CN
HO
i-C;H,I, Zn, (CH;).CO i-CH, 257
(CH;);CO, nﬂux (72)
CN CO,CH,
CH30,CCHCICH,, Intramolecular ; 279
NaH, toluene 3:1 cis:trans
(59)

CH,=CHCH., _P(0)(OC;Hs).

CH,=CHP(O)(OC;Hs);  (CHa)sCuLi CH,=CHCH,X 258
-

CH,=CHCH. _P(0)(OC,He).

(n-C4Hq),CulLi CH,=CHCH.X n-CHg 258
)
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TABLE VI. MiSCELLANEOUS SUBSTRATES (Continued)’

Carbon a, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) e
C:HsQ,
CHeQ 0
‘ ’0 P \\\\R'
" O
/ : iy
R.CuLi R'X R 258

-)
R = CH,, n-C4Hg, n—-CgH,7
R'= CHg:CHCHe. CHE‘ H_CTH|Q
C.HyO,
Lo
g(CHa)scozCHa
( ﬂ"cuHuW )2CuLi %, CeHy—n

/fY

OSi(CHp)2CeHo=t  CHo0,C(CHy)el OSi(CH,),C Hq~t
) 258
CN
NC CN CH,0,C Ne
) QI
SH Intramolecular S 146
Triton B, C,H, (82)
CN
NC CN NE
CH,0,C CO,CH,4
\n\/ s
i § SH. Intramolecular 146
Triton B, CeHs (70)
OSCH,
CH,S
=Y
CH,SO SCH,
CHoSO; P(0)(OC:Hy). \|/
\[( Li , THF, (E)-CoeHsCH=CHCHO, CoHs
-70°, 1h reflux, 3 h 56) 165
OSCH,
CH,S

cmso,/\&
cu,so\l/ SCH,@ W

Li » THF, (E)-n-C3H,CH=CHCHO, CHqn
-70°, 1 h reflux, 3 h (=27) 165
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TABLE VI. MISCELLANEOUS SUBSTRATES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
CO,C.H,
CHS
cmsoz/\g\
CH,S \l/C0=CzHu \|
Li , (E)-CgHsCH=CHCHO, CeHs
THF, -78° rt, 30 min; (38) 165
then reflux, 3 h '
CO,C,Hg
CH,S
cn,sof?\
CH,S \l/COaCaHa W
Li , n-C,H,CH=CHCHO, CoH;-n
THF, -78° 1, 30 min; (39) 165
then reflux, 3 h
CHs OH
SOCHCl-p
CeHg
8  CH,=CHSOC,H,Cl-p (CH,),CulLi, (CeHg)CO, 98
(C2Hs).0/DMS, -60° -60° to (80)
CHs OH
SOC.H/Cl-p
GeHg
(n—C4Hy).Culi, n-C,Hg 98
(C2Hs):0/DMS, -60° (73)
OH
SOC.H,Cl-p
CeH;
(n—C4H,).Culi, CeH,CHO, n-C,Hg 98
(CzHs),0/DMS, -60° -60° to rt (67)
SOCQH.CI—,P
OH
(n-C,H;)CulLi, Cyclohexanone, n-C,Hg 98
(C,Hs),0/DMS, -60° -60° to rt (26)
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TABLE VI. MIisCELLANEOUS SUBSTRATES (Continued)

Carbon @, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
OH
SOCHCl-p
GHg
(n-C4Hy)-CulLi, C;H,CHO, n-C,Hg 98
(C;Hs);0/DMS, -60° -60° to 1t 13)
(n-C4Ho),CuLi, CH,=CHCH,Br, n-C.Hg 98
(C2Hs);O/DMS, -60° -60° to 1t (73)
GHs OH
SOC.H,Cl-p
GeHg
(‘_Clﬁﬁ)acuu ] (CeHs)zco. f_CAH' 98
(C.Hs),O/DMS, -78° -60° to 1t (45)
(CH;),COCH,4
N 422)}1
11 (CH,) CuLi, -20° Intramolecular
(80-90) 244
SO:CeHs
so.CiH, (TD=
@/ (CHo)oSiCH;,  CH,0,CCH,, Intramolecular f 215
Pd[P(CeHs)s]« THF, (58)
reflux
=N
13 CH,Li, HMPA, CH_=CHCH_Br, -78°
~78°, 160 min 20 min; then 89:11 cis:trans 261
~78° 1o 25°, 30 min (90)
CH,Li, HMPA, (Z)-CH4CCl=CHCH,CI,
=78°, 160 min -78°, 80 min 70:30 E:Z 261

(90)



9

€29

TABLE VI. MISCELLANEOUS SUBSTRATES (Continued)

Carbon @, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
: (CH,), Si
(CH,),Si SOC,Hs CH,=CHCH, SOLCeH,
14 i-CH; CH,Li, THF, -78°, CH,=CHCH_,Br, i-C4H; 423
10 min -78°tont (55)
SO,C,Hg-t
<0 SO,C,Hg-t
o (CHa)zBT
S
15 t-CHy(CH,),SiO Li ; Intramolecular t- CuH{(CH,).Si
-100°, 30 min; then (75) 424
-100°torn, 1h
SOgQ‘H"! SO:C‘HQ“
16 t-C,HyCH,),Si0 Intramolecular t- C;Ho(CH;), Si0
-78°, 30 min; (78) 424
then -78°tor, 1h
CH,
SOZCQH'-t
0@:(%),&
Intramolecular - C,H(CH,);Si0
-78°, 30 min; (81) 424
-78%tort, 1h
CH
(CH,),Cl SO,C,Hy-t
CHO
CH,0 Intramolecular t- C,Hy(CH,),8i0
-100°, 30 min; (80) 424
then -100° tort, 1 h
sOgCng"‘
0: : :(CHn)zBf
Li , Intramolecular t- C;H{(CH,),Si0
-100°, 30 min; (79) 424
then -100°tort, 1 h
(CH,).Cl
CXC "
Li , Intramolecular
~78°, 30 min; (71) 424

then -78°tort, 1 h
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TABLE VI. MiscELLANEOUS SUBSTRATES (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :

o
QHg't ()
= HO
-CeHy0,c 7 N
19 CH,=C(CH,)MgBr, 1) CH,l, HMPA

THF 2) citric acid 35:22 trans:cis 262
3) NaBH, 7
OCH,
Br OCH,
Br
> C'H‘O‘S\Z:/j t-C.H,Li, -78° Intramolecular SO, C Hg-t 425
(73)
N(CHy).
CH = _
D g CO,CH,
SO,CeH, 7 30,CeH,
ar Ly Gelnn S CoHin
5 = . CO,cH, '~CaHs(CHa),SiO =
t- C,Hy(CH,),Si0 OSi(CH).CHe-t , 'N\/—\A/S 277, OSi(CHy)p CHg-t
THF, -78° -40° (67) 282
259
Lo GHin ”
OSi(CH): CuHo-t , BN
THF, -78° 54:3, trans:cis 259
N(CH,).
R SO:CeHe
Li CsHy1-n § Hy-
Py t- CeHo(CH,),Si0 el
OSi(CHa):CaHo~t, BN OSi(CHg)sCoHo-t
THF, -78° (87) 259
N(CHa)2
!;SO’C‘H'CN
Li CsHyy-n = CsH,-n
W 1 - -
o t- C{Hy(CH,), SiO g

OSi(CHy):CHo~t, B\ A/ Si(CHy)2CoHot
THF, -78° 82:7, trans:cis 259



TABLE VI. MISCELLANEOUS SUBSTRATES (Continued)

Carbon @, B-Unsaturated Nucleophilic Reagent  Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) .
2 - H cc-—q
8 20 P P(CeHa)eBr CeHsCOCHCILI, Intramolecular Goble 263
THF/DMF, -78°; (61)
then 25°, 24 h
»”
CeHsCOCHB1Li, Intramolecular 263
THF/DMF, -78°; (70)
then 25°, 24 h
1
CeHsCOC(CH,)CILi, Intramolecular 263
THF/DMF, -20°; (53)
then 25°, 24 h
s
; ()
()
N S =
A SO:CeHs 1 50,c,11.C0CHo
ar Lixgyy CeHtirn 5 CHyen
s E t- C;H{CH,), SiO =
21 t- C4HCHo) SiO OSi(CHa)eCHot, 17 N=" M\ co,cH, ’ OSi(CHo):CaHo-t
THF (39) 259
< :
N =
= WA=\
8 Q/ L\ Getln 3 o CeHirn
$ S t- C,H{(CH,),SiO =
(- CuH!(CHo); SIO OSICHY:CHt, 17 =N oo ’ OSi(CHy):CeHot
THF 259

v=ng
3
Y = =N (72)
Xou
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TABLE I. ALDEHYDES AND KETONES—ADDENDA
Carbon a, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) ’
Section A: Acyclic Substrates
0OSi(CH,),C, Hgt
OSi(CH,),C,Hgt CH,0.C = ©e
CeH,
6 (CH;),C=CHCOCH, OCH, . CgHsCHO
5 mol % trityl perchlorate, (74) 133
CH,Cl,, -78°
2 CH,
OTMS )1:,
10 (E)-GH,CH=CHCOCH, 1) » 5-10 mol % trityl Intramolecular 134
perchlorate, CH,Cl,, -78° (62)
2) Ht
j CH,
N
1))\/\ CsH,, 5-10 mol % Intramolecular C,H:\\ o 134
trityl perchlorate, CH,Cl,, -78° (72)
2) Ht
(o]
e C.H)de
]
(E)-CH,CH=CHCOC,Hs 1))\/. 5-10 mol % trityl Intramolecular (o} 134
perchlorate, CH,Cl,, -78° (68)
2) Ht
[o]
OTMS ) J”f
]
o
1) CeH,, 5-10 mol % Intramolecular CeH, 134
trityl perchlorate, CH,Cl,, -78° (78)
2) Ht
nga QSi(CHs)zcaﬂn_‘
OSi(CH._,)gC.H.-t CZHQOZC - -
\I C‘l{a
15 (E)-CsHsCH=CHCOC,Hs OC;H, ‘ CeHsCHO CeHs
5 mol % trityl perchlorate,
CHgClg. -78°

(100) 133
OSi(CH,),C,Hgt

C,H, OSi(CH,),C,Hyt
C,H,0.C = =

\f C.H, -
OC,H, . n-CgH,,CHO Ce
5 mol % trityl perchlorate,

HS
(83) 133
CH,Cl,, -78°
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TABLE 1.

ALDEHYDES AND KETONES—ADDENDA (Continued)

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Acyclic Substrates
co co
X \\\\P(Ccns)s \ §P(CBH5)3
Fe Wc;r% Fe NHCH ,CeH,
27 @ CeHsCH,NHLi, THF, CH,I, -78° @ o
e (13) 224
P(GHy),
I CO,C,H,
CO.C.H,
28 P(GHy), t-C,H,Li CH,I o
(73) 201
o CO:C.Hq
Br CcO 2C2HB
’f,’ P(GH,),
P(GHy), n-CHgLi Intramolecular CH,n
(87) 201
co
co FP(GH,)
N SFGH, \ G
@ v CH,Li, THF, CHjl, 2 eq @
Pifg"c. 2h —3!3°, 2h (60) 225
P FGHY,
Fe‘?
-C H,Li, THF, CHgl, 2 eq @7 O CHg-n
" —;3°. 2h -78°,2h (93) 225
o QP(CuHs)a
Fe{‘
CH,NHLi, THF, CH,l, 4 eq O NHCH,GeHs
C‘H-“fsc'. 2h -78°, 1h (91) 225
CO.CHg
H
I CO,C;H, CeH,
P(GHy),
P i CH,B
29 (GHo)s t-CHoLi CoHsCH;Br . -
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TABLE I.

ALDEHYDES AND KETONES—ADDENDA (Continued)

Carbon
No. Substrate

o, B-Unsaturated Nucleophilic Reagent
and Conditions

Electrophilic Reagent

Productgs) and Ref.

and Conditions Yield(s) (%)

Section A: Acyclic Substrates

I P(GH,)s

WCO,C,H.

(o]

P(GgHy),

I
M‘H’l\m&ﬁa

30 (o]

t-C,H,Li

n-C,HgLi

t-C HgLi

o]
CO,C,H;
CH,0.C i
P(GeHy),
BrCH.CO.CH,
(67)
201
o
Br CO.C.Hg
P(CeHy)y
(32)
(o]
CO.CHe
P(GHy),
Intramolecular CHy-n
(48) 201
CO,C.H,
P(GHo),
C.Hel

(78) 201
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TABLE'I. ALDEHYDES AND KETONES—ADDENDA (Continued)

Carbon  «, B-Unsaturated  Nucleophilic Reagent Electrophilic Reagent ProductSs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) *
Section B: Cyclic Substrates
CO,CH,
9 &
é Li EICQH SOCH,
]
5 W , THF CH,CO,CN, -60°
(83) 154
OSi(CH,),C,H,t
OSi(CH,),C H,-t o
CH; *
CO,CH,
OCH, " CeHs(CH,),CHO
5 mol % trityl perchlorate,
CH.Cl,, -78°
0  OSI(CH,),CH,-t
z
W V\c‘Hg
CO.CH,
88:12
(77) 133
w
NO,
NO,
n-CHgCu = 2P(C,Hg-n)s, , —=78°, 20 min; CHg-n
~-78° -30°, 10 min; 0° 5 min (66) 286
P(0) (CeHs)2
P(0)(CeHa)a
CsHsSO, ]
(o}
6 Li , THF o '
-20°C, 5 min Z:E = 3:97 155
(76)
(0) (CeHs).
P(0)(CeHa)
W CeHsSO, "
Li . THF 0\). o
-20°C, 5 min Z:E=1:1 155
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TABLE I. ALDEHYDES AND KETONES—ADDENDA (Continued)

Carbon o, B — Unsaturated Nucleophilic Reagent Electrophilic Reagent
o Substrate and Cond. and Cond.

Product()s) and Ref.

Yield(s) (%)

Section B: Cyclic Substrates

P(0)(CeHg): SO, W\
Li , THF 0o
P(O
(0)(CeHe)2 CaHuSOqu/
Li , THF (o]

OSi (CHQ);C.H;"!

OCH, ; CgHs(CH,),CHO
5 mol % trityl perchlorate,
CH,Cl,, -78°
OTMS
1) CeHs, 5-10 mol % trityl  Intramolecular
perchlorate, CH,Cl,, -78°C
2) Ht

Si(CH;).CoHo-t
7 1) » 5-10 mol % Intramolecular

trityl perchlorate, CH,Cl,, -78°C
2) H*

P(0)(CeHe)2
W "
Z:E = <3:>97 155
(64)
P(0)(CeHs)2
V"l
(8]
Z:E = 6:94 155
(53)

(o]

OSi(CH,),C,Hg-t

W

GH, +

CO,CH,

QSi(CH,),C,H-t

(o]
\\\\-\/\
GH,
CO,CH,
91:9
(63)
 GHe
+ isomer
(o]
H
4:1
(74)
I H
(0]
H
(55)

133

134

134
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TABLE I. ALDEHYDES AND KETONES—ADDENDA (Continued)

Carbon «, B - Unsaturated Nucleophilic Reagent Electrophilic Reagent Product(s) and
No. Substrate and Cond. and Cond. Yield(ss (%) Ref.

Section B: Cyclic Substrates

R
n-C,H,,\{%;:u-ZP(C‘H.-n)a CH,,-n

$ t-C H{(CH,),SiO

t-C,H{CH,),Si0 OSi(CH,),C,H,~t  , CH,=CHNO,, -78°, OSi(CH,),C,H, -t
-78° 10 -40° 30 min; -40°, 30 min 27 286
CO,CH,
\\\\Y\/\/
n-CH,, Cus2P(C,Hgn), CO,CH, A NOs CgH,n
t-C,H/{CH,),SiO s
OSi(CH,),C,H, -t NO: OSi(CH,),C, H,-t
(71) 286
CO,CH,
\\\\\/‘\/\/
n-C.H, Cus2P(C,Hgn), CO,CH, \ NO: -
- C et ]
t-C si0
OSi(CH,),CH,-t NO. <HCHy),Si OSi(CH,),C H,-t
(57) 286
"
3 WCO,CH,
n-C.H, Cus2P(C,Hgn), CO,CH, S O CH,-n
t-C Hy{(CH,),SiO e
OSi(CH,),C,H, -t 1) NO: OSi(CH,),C H,-t
2) 25% aq TiCl, (52) 286
NH,OAc
CO,CH,
\\\\Y\/\/
n-GH,, Cue2P(C,Hg-n), CO,CH, 2 No'n—c,ﬂ,,
t-C,H{CH,),SiO s
OSi(CH,),CH,t , NO: ‘ : OSi(CH,),~-C,H,

-78°C -78°, 15 min; -40°, 1 h (42) 285
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TABLE II. ESTERS AND LACTONES—ADDENDA

Carbon o, B-Unsaturated Nucleophilic Reagent Electrophilic Reagent Productgs) and Ref
No. Substrate and Conditions and Conditions Yield(s) (%) :
Section A: Esters
A, Qe
3 HC=CCO,CH, (i-C4Ho)2AlH, HMPA, Br, 1, 15h
THF, 0°, 1 h (79) 211
O
CN
-~
CN
6 CO.,C,H, NaOC,H,, C,HsOH, Cyclohexanone 297
10-15°, 2 h (40)
(¢ ]
CN
-~
CN
7 n-GH, CO,C,H,g NaOC,H,, C,H;OH, Cyclohexanone CH;-n 297
10-15°, 2 h (20)
1] (o]
CN
-~
CN
CO.CH;g NaOC;Hs, C;H;OH, Cyclohexanone 297
10-15°, 2 h 15)
0]
CN
~
CN
8 CO.CH, NaOC.H,s, C;HsOH, Cyclohexanone 297
10-15°, 2 h (50)
O
CN
-~
O -
9 CO.C;H; NaOC;H,, C;HsOH, Cyclohexanone 297

10-15°C, 2h

(75)
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TABLE V. ESTERS—ADDENDA

Nucleophilic

Neutral

Electrophilic

Caer;on % %;g;’;ggawd Reagent Intermediate Reagent Proc{,tixgltéss)and Ref.
' and Conditions Type and Conditions
o
CH, o
OCH,
3  CH,=CHCO,CH, 1) OCH, OLi , THF, A HCI/CH,OH,
0°, 5h reflux (41) 300
2) NH,CQ
CHO
OCH,4
OCH, OLi , THF, A HCIUCH,0H, @‘
0°, 5h reflux (52) 300
CHO
D OCH,
4 (E)-CH,CH=CHCO,CH, OCH, OLi , THF, A HCI/CH,OH,
0°, Sh reflux (40) 300
2) NH,C
CH,0
Ho o
OCH, ] ||
OCH, OLi , THF, A HCI/CH,0H,
0°, 5h reflux (51) 300
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The Nef Reaction

Harold W. Pinnick, Bucknell University, Lewisburg, Pennsylvania

1. Introduction

The Nef reaction is usually defined as the conversion of a primary or
secondary nitroalkane into the corresponding carbonyl compound. (1) This
reaction was reported by the Swiss chemist J. U. Nef in 1894 with two
examples. (2)

CH,CHNO, Na* - CH,;CHO
(70%)

(CH,CNO, Na© —*—~  (CH,),C=0
(67%)

Hydrochloric and sulfuric acid give the same result. The conversion of a nitro
group to a carbonyl group has become an important synthetic tool (3) because
of the ease of preparation of substituted nitro compounds by condensation of
nitroalkanes with aldehydes (the Henry reaction), (4) conjugate addition of
nitroalkanes to electrophilic alkenes, 3c,5 or carbon alkylation of the dianion of
primary nitroparaffins. (6) The Nef reaction is one of the better examples of

“umpolung’ﬂmﬂmﬁE@Eﬂ@@@ﬁunctions as

an acyl ani

This chapter discusses the Nef reaction and modifications of the original
process that extend the variety of compounds which are useful as substrates.
Each modification is considered according to general mechanistic type and is
organized in a “reagent” approach. The Tabular Survey lists all known
examples of both the Nef reaction and these modifications so that specific
comparison of methods can be made.



2. Mechanism

The mechanism of the Nef reaction has been studied extensively. (1, 8-18)
The initial conversion of the nitro compound into the salt (“nitronate”) is
accomplished with base; however, the key step is acidification of this
intermediate to give the carbonyl compound and inorganic byproducts (Eqg. 1).
The latter

.
RRIC=NO,” ——= RR!IC=0 + 12 N,0 + 1/2H,0 (1)

RR'CHNO,

reaction is pH-dependent, and side reactions can occur (see Table A). (16)
Weakly acidic conditions favor regeneration of the nitro compound, whereas
high acidity gives the Nef reaction. (17) Oximes and pseudonitroles ( a -nitroso
nitro compounds) are observed at intermediate levels of acidity (pH 1-5).

Table A. pH Dependence of the Product Distribution in the Acidification
of the Salt of 2-Nitropropane at 21° (16)

Yield (%)
0 o o o o
54  (100) (0) () (0)
5.0 (85) (8) (8) (0)
4.3 (44) (20) (19) (15)
3.1 (10) (30) (30) (29)
2.0 (0) (39) (32) (29)
15 (0) (49) (28) (22)
1.2 (0) (80) (12) @)
0.5 (0) (100) (0) (0)

Several mechanisms have been proposed for this reaction. (8, 11, 15, 18)
Kinetic analysis, together with the fact that additional water in an alcohol-water



solvent slows the reaction, (18) have led to the conclusion that two
mechanisms can operate—the difference between the two mechanisms being
the timing of water loss. The basic steps are sequential protonation of the
nitronate salt on each oxygen followed by attack of water and decomposition of
the resulting intermediate (Scheme 1). Another report contends that the
nitronic acid is not an intermediate from the protonation of the nitronate. (19)
Nevertheless, it is clear that the reaction is sensitive to both pH and
concentration of water. As a result, adding acid to the nitronate favors nitro
compound regeneration in competition with the Nef reaction, whereas addition
of the nitronate to strong acid favors the Nef reaction. (20, 21) The mechanism
clearly shows that additional side reactions can be expected in some systems
because of nitrous oxide formation.

Scheme 1.
- H
- u* ,/D H* | /?
RRIC=NO, == RR'C=N* === RRI!C=N_
OH OH
OH OH OH
H,0, -H" | *+

-H,0 b +
— RRICN(UH)Z -i—‘ RR]EN=0 -— RR'!TNZOE-[

+
———= RRIC=OH + HNO =—/7— RR!C=0
2HNO —= H,0 + N,0

OOO0O0doooodoooo



3. Scope and Limitations

3.1. Nitro Compounds and Nitronates

Nitro compounds are readily available (1, 22-29) and serve as ideal synthetic
intermediates. The most common method of preparation is by nitrite ion
displacement of a leaving group. (22) Most primary and secondary halides
react with sodium nitrite in aprotic media such as dimethyl sulfoxide (DMSO) or

RX + NO, RNO, + X

dimethylformamide (DMF) to give useful yields of the nitro compounds. In
another approach, stabilized carbanions can be nitrated by treatment with a
nitrate ester (RONOy). (22, 24) In addition, enol acetates are nitrated by acetyl
nitrate. (24, 25) Thus a -nitroketones, a -nitroesters, and B -nitrosulfones are
easily prepared. A third method is the oxidation of primary amines with
potassium permanganate, m-chloroperoxybenzoic acid (MCPBA), (22) ozone,
(23) or the exotic dimethyldioxirane. (26) These oxidative methods are useful
for preparing virtually any nitro compound—even tertiary derivatives that are
not available by the nitrite displacement reaction, an Sy2 process. Oximes also
can be oxidized with peroxyacids. (27, 28) Alternatively, oximes can be
brominated to give a -bromo nitroso compounds, which can be oxidized with
nitric acid/3. This is a valuable route for preparing secondary nitroparaffins by
reductive removal of the bromine. (29, 30) These latter compounds also can
be obtaineg I Emmmm QT itro
compoundm;[g]j rmm FOb et chlorinate
oximes in 71-93% yields, and the products are then reduced with magnesium,
zinc, or hydrogen/palladium to give 77-95% yields of secondary nitro
compounds. (29a)

Many reactions of nitro compounds reflect the equilibrium with nitronic acids 1
(also called aci-nitro or isonitro compounds). (31) These nitronic acids

o

1 j-l"
RR'CHNO, ==  RRIC=N_
OH
1

are much like enol forms of ketones—they are much more acidic than nitro
compounds (2-5 pK, units), (32) and the equilibrium lies very much on the side
of the nitro isomer. Typical values for the equilibrium constant Keq are 107 to
107. 3a



Nitronate salts are formed by treating nitro compounds with any aqueous alkali.
Water-miscible cosolvents such as dioxane, tetrahydrofuran (THF), or alcohols
can also be used, particularly when the nitro compound has limited solubility in
water. For example, treatment of nitro compounds with sodium methoxide in
methanol gives acetals after addition of acid from even large primary
nitroparaffins. (33) Stronger bases are used in aprotic media. As an illustration,
nitronates from primary nitro compounds can be deprotonated by using
n-butyllithium as the base in an aprotic solvent like tetrahydrofuran. (6)

A wide range of substituted nitro compounds undergoes the Nef reaction.
These include y -nitroketones, (34) y -nitroalcohols, (35) y -nitroesters, (36, 37)
and y -nitro nitriles. (38, 39) All of these are available by Michael reactions. a
-Keto

R'CH,NO, + R2CH=CHY R'CH(NO,)CHR’CH,Y

1. addition
—

3 2 1
2, reduction R*CH(NO,)CHR"CH,CHOHR

R’CHNO; + R2CH=CHCOR!

RICH,Y + RZCH=C(NO,)R3 R'CH(Y)CHR?CH(NO,)R?

aldehydes are available from a -nitroketones. (40) a -Hydroxy aldehydes and
ketones are isolated from the condensation of nitro compounds with aldehydes
followed by a Nef reaction. Many examples of this chemistry are found in the
carbohydrate field as early as 1944. (41) Aldoses are often used in
condensatipn m@med nitro
compounds W e Nel reaCton. AT a -acela Jgose can also
be prepared in this way. (42) Other polyfunctional compounds that undergo the
Nef reaction include the azido- 3 -lactam 2. (43)

N, CHINO, | oo N, CH,CH(OCH,),
2. H3504, CH;0H 5
N, N,
0 CH,C¢H4(OCH;),-2,4 O CH,C¢H3(OCH,),-2,4
2 (95%)

The Nef reaction has been used as the key step in a 1,2 transposition of
carbonyl groups (p. 660). (44) Thus a ketone is nitrated at the alpha position
with a nitrate ester, (24, 25) and the carbonyl group is reduced with sodium
borohydride. Loss of water followed by conjugate reduction with sodium
borohydride gives a nitro compound which is then submitted to the Nef



reaction. Unfortunately, since reduction of some nitroolefins is incomplete, a
reductive Nef process using zinc is necessary in order to obtain clean results.

Some aromatic nitro compounds undergo addition of nucleophiles to give
nitronate anions which can be protonated to give either the nitro compound

MaBH,

R'COCH,R R'COCHRNO,

R'CHOHCHRNO,

R'CH=CRNO,

R'CH,CHRNO, R'CH,COR

or the Nef product. (45-48) For example, addition of a Grignard reagent to
9-nitroanthracene followed by workup with buffered acetic acid gives the cis
adduct. (45) Similar results are obtained with nitronaphthalenes. (46) The Nef
process is observed in the reaction of o-nitrobenzonitrile with sodium cyanide

NO, NO,
1. RMgX
2. CHyCOH, CHyCOK O
R

OOO0000000000o.e

where 2,6-dicyanophenol is obtained in 60—75% vyield. (47, 48)

CN

NO, OH
@ NaCN
CN DMSO, 100° C N
(75%)

3.2. Side Reactions That Complicate the Nef Reaction

Nitronates are reactive toward electrophiles at several sites because of
delocalization of the negative charge, and this often leads to complications.
Addition of a proton to the alpha carbon atom regenerates the nitro compound,
(1, 49) whereas the desired Nef process requires protonation on one of the
oxygen atoms to give a nitronic acid. More stable nitronates tend to give the



nitro compounds upon acidification. (20, 49) This regeneration of nitroparaffins
is the only reaction if mild acids capable of destroying nitrous acid (like
hydroxylamine hydrochloride or urea and acetic acid) are used. (20)

Another problem arises as a result of nitrite ion behaving as a good leaving
group. Many nitro compounds eliminate upon treatment with base. This is a
problem particularly when the nitro group is beta to an acidifying functionality
like a carbonyl group. While this is a side reaction for the Nef reaction, it can
have synthetic utility. 3d

As mentioned above, acid itself can cause reactions other than the Nef
reaction although the product may be identical. There is one report of the direct
conversion of a nitro compound into a ketone by treatment with acid. (50) Thus
2-nitrooctane gives 2-octanone after prolonged reflux with 1 N hydrochloric
acid in a heterogeneous system. The conversion is only 35% complete after
nearly 2 weeks of heating. The action of strong acid on nitro compounds was
discovered by Meyer 11 years before Nef recorded his initial observations. (51)
In the Meyer reaction, primary nitro compounds are converted into carboxylic
acids by treatment with hydrochloric acid or sulfuric acid. (51-59) This

+

RCH,NO, 2

RCO,H

process involves hydroxamic acids 3 as intermediates, (19, 59-61) which are

™" DDODDODOOOOODOOO

(I]H
RC=NOH
3

1
RCH,NO, -39 RréNHOH

isolated simply by avoiding heat. (15, 60-65) The mechanism of the Meyer
reaction is shown in Eq. 2. (15, 61, 63-65) A thorough study of the kinetics
indicates that the reaction proceeds at a maximum rate at a pH less than that
required to protonate all of the neutral nitronic acid. (64, 65) This suggests that
a competitive reaction takes place involving O-protonation of the nitronic acid,
followed by loss of water and a proton to give the nitrile oxide. (65) The nitrile
oxide has been trapped by 1,3-dipolar cycloaddition to alkenes and alkynes.
(66)



. OH

e o +
RCH,NO, —2 = RCH=N x . Rc=N-0 2
o] (2)
3 i

RCO,H + NH,0H

heat

Several reports indicate that nitronate salts derived from primary nitro
compounds give carboxylic acids upon acidification. (62, 67, 68) Although
these seem to be abnormal Nef reactions, undoubtedly the Meyer reaction is
the true pathway because of the strong acid or vigorous conditions employed.
Direct acidification of 1-phenylnitroethane and 1-phenylnitropropane in the
presence of potassium nitrite gives acetophenone and propiophenone,
respectively. (69)

Nitroalkanes sometimes undergo self-condensation upon exposure to base.
As might be expected, this process is a serious problem with less-hindered
nitro compounds such as nitromethane, which readily forms methazonate ion
((O2N = CHCH = NO") upon treatment with hydroxide ion. (70, 71) In
addition, small primary nitroparaffins (nitroethane, 1-nitropropane, and
1-nitrobutane) undergo trimerization in the presence of even weak bases such
as triethylamine or potassium carbonate to give isoxazoles. (72, 73) This
conversion proceeds via the aldehyde, which condenses with the nitroalkane.

" DOOOOOOOQOOOO00O0

K N’ R

R R

Another side reaction that complicates the Nef reaction is the formation of
pseudonitroles 4 from secondary nitro compounds and nitrolic acids 5 when
primary nitroalkanes are used. (74-76) These products are favored by slow

1. NaOH

I
RR'C(NO)NO, — " RC(NO,)=NOH

4 5

RR!'CHNO,

addition of the nitronate to acid. (75) Since nitrous acid is the cause of the
nitrosation, addition of a good nitrous acid scavenger such as urea prevents



this problem. (1, 20)

Certain polyfunctional molecules can lead to undesired products because of
interaction of neighboring groups or loss of some functionality under the
reaction conditions. Attempted Nef reactions on the dinitro compound 6 (77) or
nitro acid 7 (78) lead mainly to heterocyclic products, presumably via the

O
~: i :cuzmoz NHo H
h, HzO
N—OH
heat
CH,NO,
(9]

(50%)
O
CO,H Na,CO4
et 0
CH,NO, .
(67%)

corresponding nitronic acids. The nitro lactone 8 undergoes ring opening as
well as the Nef reaction and gives an unexpected acetal. (79) Loss of nitrite ion

QDDDDDDDDDDDDICZIIEOE(I:H
IJI I: :E?:H,m' ﬁOCH:.,

(98%)

by intramolecular displacement occurs faster than acidification and
complicates the reaction of a -nitrotoluene with a -nitrostilbene. (80) The strong
acid

CﬁHj CGHS
NaOCH,

(B2%)



used in the Nef reaction causes dehydration of compound 9 instead of the

OH OH

1. base
7| NO, éﬁ][:ﬁ%—ﬂﬂz + NO,
S 2. HCI S S

OH OH

9
(65%) (35%)

Nef reaction, (81) and leads to partial dehydration as a byproduct from nitro
compound 10. (82)

OCH;
o I. KOH, CH3OH
2. Ha50y
0
CH
OCH s 3 OCH
3 N o 3
I:IE,IEIEII%D |
N N
0] 0
(28%) (46%)

2-Nitro-1-butanol gives mixtures of the Nef product (1-hydroxy-2-butanone)
and 2-nitro-1-butene as well as some of the oxime of the Nef product. (83)
These competing reactions are pH-dependent. The Nef process is favored at
high acidity (pH 1.1 is best). (83)

y -Nitroketones derived from the addition of 3 -keto esters to nitroolefins
undergo intramolecular reactions in the presence of alcoholic sodium or
potassium hydroxide and attempted Nef reaction with acid to give furans 11,
12, or 13. (84-87b) In contrast, the presence of a neighboring carboxylate



CH,COCH,CO,R  +  R'CH=C(NO,)R? e

R! CO,R R CO,R R! CO,R
R2 Iﬁ\ R?. Iﬁ\ R 02(: R?- Q_\S\

° s,
11 12 13
0
R R! R?
CHs CgHs CsHs (72%) = =
C,H; 4-CICH, CsHs (3%) (14%) —_
CH; 2,4-Cl,CH; CH, - — (70%)

group causes an accelerated Nef reaction with 4-nitrovaleric acid, possibly by
intramolecular protonation. (88)

NaOH, H,0

CH;CH(NO,)(CH,),CO,H CH,CO(CH,),CO,H

Rearrangements also occur under Nef reaction conditions if the substrates are
prone to form carbocations, for example, those containing the
bicyclo[2.2.1]heptane skeleton. An attempt to carry out the Nef reaction with
5-nitro-6-phenylbicyclo[2.2.1 hept 2- ene was not successful.

svucire ofift dhHpalrib eI ot dfadbodl Sl b o
N-hydroxylactam 14. (90) A S|m|Iar reaction occurs when the phenyl group is
replaced with a

CeH; 1. KOH, CH;OH ‘
! 0
2. HCl
~n
NO, " OH
14 (40%)

methyl group. (90) The rearrangement products from very similar compounds
(91-93) such as 15 (91) are of a different structural type. Both of these
products arise



d\fﬂ
1. NaOH
7
2. HCI _NH
0O

NO,

15 (42%)

by ring opening of the aci-nitro compound to give a nitrile oxide and then a
hydroxamic acid, which can form a ring via attack by either oxygen or nitrogen.
(90, 91)

OH
@,CH(R)C— N—CI' = i @,CH{R}CDNHDH

N"“DH

a -Nitrocamphor as well as the corresponding nitronate give an
N-hydroxyimide upon exposure to hydrochloric acid by a similar mechanism.

(94, 95)
INE NN EEr NN
0 HCI 0

A similar reaction occurs with the nitrosteroid 16. (96) Many cyclic a -nitro



NO, HCI

HO
-OH

HO
(75%)

ketones undergo this type of rearrangement under acidic conditions; however,
exposure to nucleophiles like water or alcohols under either acidic or basic
conditions gives the ring-opened nitro acid or ester by way of a retro aldol
reaction. (24, 97, 98)

0O

NO, NaHCO,
H;O, n

(85%)

LOD00oooooooonon

An interesting modification is the intramolecular variant of this reaction, which
can be used to prepare macrocyclic nitro compounds. (99-103) For example, a
10-membered ring nitrolactone is produced by reacting the substituted
nitrocyclohexanone 17 with a catalytic amount of sodium hydride in hot
1,2-dimethoxyethane. (99) Such cyclic nitro compounds can then be subjected
to the Nef reaction to yield ketolactones or keto diacids.

0
Y MaH (car.) N QO
(CH);0H CHyO(CH,);0CHs,
heat
NO,

NO,
17 (93%)



The salt of a -nitro ketone 18 dimerizes when exposed to acid. (104, 105)

heat

Some Nef products are prone to undergo epimerization. A nitronic ester is
obtained by cycloaddition of 1-nitrocyclohexene to cyclohexene and is
sensitive to loss of optical activity under the usual Nef conditions with sulfuric
acid and water. (106) When the reaction is carried out in the presence of
ethylene glycol at 0°, no epimerization is observed in the isolated hydroxyketal.

oo OOOO0O00OO0O000000C

H350,
HO(CH;),0H, 0°

(BB%)

Some nitro compounds fail to react under Nef conditions. For example, the
nitrodeoxyinositol mixture 19 is recovered unchanged from an attempted Nef
reaction using barium hydroxide followed by sulfuric acid. (107, 108) A variety



OH OH

2

OH HO NO,

OH

19

of fluorinated nitro compounds also fail to give Nef reaction products, although
no experimental details are available. (109) It is possible that these reactions
fail because the nitronate anions are not formed completely. Use of a stronger
base or modified Nef conditions might be helpful. Other systems fail to
undergo the Nef reaction because the corresponding nitronate salts are highly
stabilized and tend to protonate on carbon rather than oxygen. (20, 49)
Examples are the nitro compounds 20 (110, 111) and the heterocycle 21. (112)
The benzylic nitro compound 22 (113) also fails to give useful amounts of Nef
product, possibly for the same reason. Another system that does not undergo
the Nef reaction is nitro compound 23, (114) in which only starting material is
recovered

NC CN . CH(NO,)R
Ho’ij\k ﬁcuzwq CHZCH'CHZ
20 [O0O0O0OI00000000E0

R=H, CHj

after exposure to sodium ethoxide at —15° followed by sulfuric acid. The use

CH,NO,

=~ 0
N

23
R=H, NO,

of bromine instead of sulfuric acid gives the a -bromonitro compound, showing
that the nitronate was formed. This result seems to rule out elimination to the
nitroolefin, although acidification of the nitroolefin could give 23 by conjugate
addition of an oximino nitroalkene intermediate, and bromination of the
nitroolefin could yield the a-bromo compound via a bromonium ion.



3.3. Modified Nef Reactions

Considerable effort has been directed toward the development of modified Nef
reaction conditions for several reasons. First, some compounds are prone to
undergo side reactions or fail to react as discussed in the preceding section.
Second, the use of base followed by acid, as in the traditional Nef reaction, is
incompatible with many polyfunctional molecules. Thus, the scope of the Nef
reaction has been widened considerably by the use of modified methods to
accomplish this conversion. Many of the modified approaches utilize oxidizing
agents or reducing agents. Each method is discussed, and specific examples
are provided in the tables.

3.3.1.1. Oxidizing Agents

Numerous reagents accomplish the Nef conversion by way of an oxidation.
These are discussed individually roughly in the order of their discovery, but
with some consideration for synthetic utility as well.

3.3.1.2.1. Potassium Permanganate

One of the modified Nef reactions, discovered in the early 1900s, (115-123)
uses potassium permanganate to cleave the nitronate salts of various
compounds. The yields range from 12-100% when applied to simple nitro
compounds or unsaturated bicyclic nitro compounds like 24.

KMnO,

NO, |

OOOoOddooornooo

(88%)

It is significant that the nitronate oxidation is faster than the cleavage of alkene
double bonds. This reaction was reinvestigated in 1962 and it was found to
proceed with higher yields than the “normal” Nef reaction. (124) In addition,
aldehydes can be isolated when excess potassium permanganate is avoided.
(124-131)

Carboxylic acids are obtained from primary nitroparaffins when excess reagent
is used (greater than 0.67 equivalent). (124, 129-132) The reaction usually is
carried out in a medium buffered with magnesium sulfate or a borate salt.
Analysis of the kinetics suggests that the key step is attack of permanganate
ion on the C = N bond of the nitronate salt. (133-135)

The original procedure involves the use of potassium hydroxide for the
formation of the nitronate salts, but this sometimes leads to erratic results. This
problem can be overcome by using sodium hydride in tert-butyl alcohol and



pentane. (126, 127) Under these conditions, addition of aqueous potassium
permanganate leads to 59-96% isolated yields of aldehydes such as 25. (126,
127)

N Hg-
-C,H,0,CC(CH,),C(CH,),CH,NO, ?;u e 1.C4Hy0,CC(CH,),C(CH,),CHO
0® 25 (91%)

Lithium methoxide followed by potassium permanganate gives a 95% yield of
the ketolactone 26. (99) An analogous ketolactam can be prepared by the
same general procedure. (136)

O
o) 0
1. LiOCH5

2. KMnOy

NO, 0
26 (95%)

Cetyltrimethylammonium permanganate in methylene chloride converts
numerous nitro compounds into aldehydes and ketones at room temperature
in good yields. (136a) For example, camphor is isolated in 65% yield and
B o o o o o
See also the section on silica-gel supported potassium permanganate
reactions for further examples (p. 680).

3.3.1.2.2. Oxygen and Ozone
The conversion of nitro compound 27 into the corresponding

__KOGHs

several days
2
27

ketone in unspecified yield by treatment with potassium ethoxide and then
exposure to air was reported 50 years ago. (137) This type of reaction was
studied 20 years later and found to represent an autoxidation. (138) Thus
2-nitropropane is converted into acetone and nitrite ion by exposure to sodium



hydroxide and air. More recently, the 8-azaflavin 28 has been found to
catalyze

cHy
N N0
=
N Y
LA N.
N CH,
0
28

this reaction. (139) The oxidation of nitronates with molecular oxygen appears
not to have much synthetic utility unless inexpensive catalysts can be found.
Ferric chloride accelerates the formation of acetone, (138) but the scope and
possible synthetic applications have not been studied.

Singlet oxygen also converts nitronate salts into aldehydes and ketones. (140)
Thus irradiation of basic solutions of four different nitro compounds in the
presence of oxygen and Rose Bengal gives the corresponding carbonyl
compounds in 49-67% yield. This group includes nitroalkenes such as
compound 29.

NaOH, CH,0H,0©
CH,CH(NO,)(CH,),CH=CH, — = CH,CO(CH,),CH=CH,

29 Oy, hu (66%)

OOO0O0doooodoooo

Ozone also accomplishes this Nef-like reaction. Nitro compounds can be
deprotonated with sodium methoxide in methanol and then exposed to ozone
at —78°. Workup with dimethyl sulfide gives the carbonyl compounds in
65—-88% yields. (141, 142) Aldehydes may also be obtained without difficulty.
Functional groups that are unaffected include ketone carbonyl, ester, and ketal.
(140) Thioesters can be obtained by ozonolysis of a nitronate generated by a
conjugate addition. 143,143a




(CH,),CH=C(NO,)SC.H
202 (NO,)SCgHs CHIIT /I;Q
_&50 N
J_ NI ‘ 55 & .

0 Si(CH3),C,Hy-t C(SCgHs)=NO,

COSC4H
(83%)

3.3.1.2.3. m-Chloroperoxybenzoic Acid

Trialkylsilyl nitronates are formed from secondary nitro compounds, base (e.g.,
1,8-diazabicyclo[5.4.0Jundec-2-ene, DBU), and chlorosilanes. These nitronate
esters react with m-chloroperoxybenzoic acid (MCPBA) to give ketones in
70-99% vyields. (143b) B -Substituted nitro compound substrates can be
prepared from the corresponding nitro-olefins. (143b)

1. DBU, (CH3);SiCl
2. MCPBA

C¢H;CH,OCH(CH;)CH(CH4)NO, CgH;CH,0CH(CH3)COCH,4

(91%)

OOO0O0doooodoooo

3.3.1.2.4. tert-Butyl Hydroperoxide/Oxovanadium(lV) Bisacetylacetonate or
Molybdenum Hexacarbonyl

tert-Butyl hydroperoxide converts nitronate salts into aldehydes or ketones in
the presence of oxovanadium(lV) bisacetylacetonate or molybdenum
hexacarbonyl as a catalyst. (144) Ketals, acetals, and alkenes survive the
reaction. Unfortunately, most of the published examples of this reaction give
yields determined only by gas chromatography. A slight excess of the
hydroperoxide leads to overoxidation of primary nitro compounds, and
systems containing ketone or ester groups require refluxing benzene and
molybdenum hexacarbonyl as a catalyst. (144) Furthermore, water appears to
inhibit the reaction so that 90—-100% tert-butyl hydroperoxide is required. (145)

1. KOC Hg-t, 1-C4HgO;H

CH3CO(CHp,CHINO))CHs s = CH;CO(CH,),COC,H;
(60%)




3.3.1.2.5. Oxodiperoxomolybdenum(VI1)/Pyridine/Hexamethylphosphoric
triamide

The salts of secondary nitro compounds are converted into ketones by the
pyridine/hexamethylphosphoric triamide (HMPA) complex of molybdenum(V1)
peroxide. (145) Since this reagent is known to effect hydroxylations of
carbanions, it is assumed that the reaction proceeds via an intermediate a
-nitroalcohol, which then loses nitrous acid. Nitronates from primary nitro
compounds yield carboxylic acids instead of aldehydes as a result of rapid
oxidation of the latter under the reaction conditions. The nitronate salts can be
formed with either lithium diisopropylamide (LDA) or triethylamine. Ester
groups and activated benzylic positions are tolerated. Ethyl pyruvate is
obtained from ethyl 2-nitropropanoate in 73% yield.

3.3.1.2.6. Hydrogen Peroxide

Another modified Nef reaction uses mild reaction conditions. The nitro
compound is stirred at room temperature with 30% hydrogen peroxide and
potassium carbonate in methanol followed by acidification with dilute
hydrochloric acid. (146, 147) Isolated yields of both aldehydes and ketones are
76-96%. (147) For example, hexanal is isolated in 80% yield, while an 88%
yield of cyclohexanone is obtained. (147) The combination of mild conditions
and high yields makes this a very attractive alternative to the Nef reaction.
Numerous other functional groups should survive under these conditions,
although this has not been confirmed.

3.3.1.2.7. Ceric Ammonium Nitrate (CAN)

High yields of aldehydes and ketones can be obtained by stirring nitro
compoundﬂ ety @E d lderd alpmidnigin Hitrd ium
cerium(IV) nitrate] in aqueous acetonitrile at 50°. (148) The carbonyl
compounds are isolated in 67—-85% vyields. Initial conversion of the nitro
compound into the O-trimethylsilyl nitronate with trimethylsilyl chloride and
lithium sulfide permits the ceric ammonium nitrate step to proceed at room
temperature in only 5 minutes with 90-92% yields of ketones being realized.
2-Fluorocyclohexanone is the only ketone produced by this method that
contains any functional group.

L,
F

L. (CzHs)kN, CHyCN

(B0%)
/ 2. (NHy),Ce(NOy)g \
H,0, 50° (/VEU
F
\ 1. (CH3)3SiCl, LigS A)%}

2. (NHg);Cc(NOy)g
H,0, 25°




3.3.1.2.8. m-lodoxybenzoic

Acid/N,N,N N -Tetramethyl-N'-tert-butylguanidine

A wide range of functional groups including esters, ketones, dithioketals,
alkenes, and alcohols are inert to m-iodoxybenzoic acid and the weak base
N,N,N ,N -tetramethyl-N'-tert-butylguanidine (TMBG); the nitro groups of
several nitrosteroids are converted into carbonyl groups by this reagent
combination in 33-95% yields. (149) 1,2-Diols also cleave readily. The only
reported example of a primary nitro compound is an allylic system which gives
the mixture of aldehydes 30 in 33% yield, isolated as the
2,4-dinitrophenylhydrazones. (149)

CgHy;

m-iodoxybenzoic acid
TMBG
CH;Cly, 1t

OHC !i

H

OOOO000000000000 se - e

The reaction causes the double bond to isomerize in this system so that both
compounds are formed.

NO,

3.3.1.2.9. Other Inorganic Salts

Several inorganic salts can be used to obtain vicinal dinitro compounds by the
oxidative dimerization of nitronate salts, although the corresponding carbonyl
compounds are also formed. (146, 150) For example, ammonium or sodium
persulfate converts the anion of 2-nitrobutane into 2-butanone (48%) and
3,4-dimethyl-3,4-dinitrohexane (37%). (146) Aldehydes can be obtained in low
yields (27-38%), although benzaldehyde is obtained in 75% yield. Only
ketones are obtained from highly conjugated nitronates (Eq. 3). (151, 152)
Stirring 2-nitropropane with cupric chloride and ammonium hydroxide



(NH);5:04

NaHCO;, 40°
H,0, CH,Cl

(56%)

in aqueous sodium hydroxide gives acetone in 75-90% vyield. (146) No other
examples of this reagent combination are reported. Low yields of acetone
(25—-30%) are obtained from the exposure of 2-nitropropane and sodium
hydroxide to silver nitrate. (146) Fluorenone is obtained in 33% yield from
9-nitrofluorene by this method. (150) Acetone is isolated in 55% yield as the
2,4-dinitrophenylhydrazone when 2-nitropropane is combined with sodium
hydroxide and potassium ferricyanide. (147) Sodium bromate gives an
unreported amount of acetone from sodium 2-propanenitronate. (146)

In summary, only persulfate ion seems to be of any synthetic value for the
preparation of ketones.

3.3.1.3. Reducing Agents

Only a small number of reagents convert nitro compounds into the
corresponding aldehydes and ketones by a reductive process. Nonetheless,
this is an important extension of the Nef reaction. Five reagents are discussed
with the most significant method mentioned first. It is assumed that most of
these processes involve oximes as intermediates; indeed, several methods
give oximem T rg YT lete this
reductive a i o =Hi Emiba m m reducing

electrons are obtained from an electrical source rather than a chemical one.

3.3.1.3.1. Titanium Trichloride

The most widely used reductive modified Nef reaction uses freshly prepared
aqueous titanium trichloride. (153) The reactivity of this reagent requires
manipulation under an inert atmosphere. The reducing agent can be stored
over zinc for prolonged periods of time. (153) Unfortunately, aqueous titanium
trichloride is very acidic (pH < 1) so that esters may suffer

TiCly, H,0
CH;CH(NO,)(CH,),COCH;  — O(;H;DCH — GHsCO(CH,),COCH,8
¥ 3s

(85%)

hydrolysis, carbon—carbon double bonds may isomerize, and ketals are
deprotected. (154) 2-Methyl-2-nitropropane is cleaved to acetone with hot
titanium trichloride. (155) The use of an ammonium acetate or sodium acetate
buffer allows



TiCl
CH,CH(NO,)(CH,),CO,CH, == :[20 - CH,CO(CH,),CO,H

(40%)

the reaction to proceed at pH 5-6 with the survival of these functional groups.
(99, 136, 154-160) Under these conditions, the reaction is successful even
with systems prone to acid-catalyzed rearrangements, such as compound 31.
(161)

1. NaOCH,, CH;0H
2. TiCly, NH;0;CCH,
NO, 0
31 (61%)

Aldehydes can be prepared from some nitrosteroids (154, 162) that do not
undergo the conventional Nef reaction. (163) This method also succeeds in
some cases that do not work well with an oxidative Nef method, such as
compound 32. The latter fails to give the corresponding ketone with buffered
potassium permanganate. (136)

cuzﬂDDDDDDDDDDDI]EIﬂD

TiCl
Na0;CCHy

(63%)

Compounds containing several functional groups also undergo the desired
reaction (Eqg. 4). (160) This example illustrates that the nitronate anion is often
formed prior to addition of the buffered titanium salt, although there are
examples where the nitronate salt is not preformed. (158, 161)



H CH
.~ CHyCH(NO,)(CH,),CO,CH, 1. NaOCHj, CH;0H "

& 2. TiCly. NH40,CCH,, H5O
RO CH =CiICH(DR]C5H| |-n

R= I'C4H95i{CH3)2 (4)
OH

.- CH,CO(CH,),CO,CH,

RO CH=CHCH(OR)C4H,,-n
(70%)

A useful synthetic application of the Nef reaction is the generation of a
1,4-dicarbonyl compound from an a,  -unsaturated carbonyl precursor via the
nitro compound 33. Titanium trichloride is used for the modified Nef reaction

R'CH(NO,)CHR’CHR*COR*
33

0000000000 OREER cHr'cor!

step of this sequence. (153, 154) For example, 1-nitropropane reacts with
methyl vinyl ketone in the presence of diisopropylamine to give
5-nitro-2-heptanone in 55% vyield. Treatment of the latter with titanium
trichloride gives 2,5-heptadione in 85% yield. (154)

R'CH,NO, + R*CH=CR?COR®

An alternative preparation of nitro compound 33 by using Lewis acids to
catalyze the reaction of enol silyl ethers with nitroolefins is an even more
convenient synthetic procedure because it is often a one-pot operation.
(164-168) The Lewis acids used are often titanium tetrachloride and stannic
chloride; aluminum chloride has been used occasionally. An O-silyl species 34
is assumed to be an intermediate (Eq. 5). Recently, the intermediate 34 was



v g Rl
R)CH=CR*OSi(CH;); + R2CH=CR'NO, —— |R? \,Nt(}-
o T (5)
OSi(CHy);
34 d

_ R“CUCHR"CHR%DR‘

isolated, examined spectroscopically, and purified when
dichlorodiisopropoxytitanium was used as the catalyst. (169) Hydrolysis of 34
to the 1,4-dicarbonyl compound is easy and is quantitative when titanium
tetrachloride, stannic chloride, or aluminum chloride is used. (164-168) A
change in stereoselectivity in

OSi(CHy); _ o
+ CHF C{ND:)Czl{S 1. TiCly, CHyCly
2 Hy0'
CH,COC,H;

(76%)

the nitro ketone 33 is observed in some systems when
dichlorodiisopropoxytitanium is used as the catalyst. (169)

3.3.1.3.2. Vanadium(ll) Chloride

Simple ketﬁﬁmﬁ!@a E@Ey stirring
nitro compoutnads With vanadiom aqueous nydrochionc acid, and

dimethylformamide. (170) The pH is so low that acid-sensitive functionalities
cannot survive. In fact, octanal is obtained from 1-nitrooctane in only 24% yield
because of a competing aldol reaction.

3.3.1.3.3. Chromium(ll) Chloride

Nitro compounds are converted by chromium(ll) chloride (171) and aqueous
hydrochloric acid in hot methanol into the corresponding aldehydes and
ketones in 32—77% vyields, isolated as 2,4-dinitrophenylhydrazones. (172)
Since this reagent reduces nitrobenzenes and sulfoxides as well, another
reducible functionality cannot be present. Oximes are obtained by combining
steroidal nitro compounds with chromium(ll) chloride with a brief reflux period
(Eqg. 6) (173) or at room temperature. (174) Chromium(ll) chloride



CEH 17

CH i
1C03 &)
NO,
CBHI? (6)
1. NﬂzCI'z‘DT. ZI'L
(CrCl3)
2. CH4y0H, HCI
reflux, 5 min CH.CO 3
3 2 1
CH,0
3~ NOH
(46%)

is unstable and has to be generated in situ as in Eq. 6.

3.3.1.3.4. Ascorbic Acid

Another reductive method uses ascorbic acid to transform stabilized nitronate
salts into the corresponding ketones. (152) Thus diketones are obtained in
8-37% yields from nitro enamines and ketones (Eqg. 7).

r'cocn, 2] [ [ dhdbd el 1CIESE LI

. : 7
R!COC(RY)=CHC(CH,)=N0,” 22 *¢_ RICOC(R?)=CHCOCH, ()

Ammonium persulfate can also be used, but the product yields are lower than
with ascorbic acid. (152) Additionally, the use of copper with the ascorbic acid
gives saturated 1,4-diketones in 33—46% vyields. (152) Zinc chloride catalyzes
this conversion, but the yields are lower than with copper and ascorbic acid.
(152)

3.3.1.3.5. Tributylphosphine/Diphenyl Disulfide

This reagent provides another very mild method for accomplishing a reductive
Nef reaction. Secondary nitro compounds and nitroalkenes give imines, which
are hydrolyzed to ketones



O

p / SH
RR'CHNO, —octP_ pRric=N"+ 2
g NOPCHHNSCH: o
4Tig-M)y 6* 5 - (n-C4Hg);PO
(n-C4Hg)sP HO
RR'C=NOH CaHisSh RR'C=NH RR'C=0
upon aqueous workup. A primary nitro compound subjected to these
conditions gives a nitrile. (175)
CgHyq
L. (n-CqHghsP, (CeHsS)y
2. H0
CH4CO; !
NO,
CgHyy
CH,CO;
0
LO00000000000000 e
CH=C(NO,)CHj, 1. CgHsSH, (CeHsS)a,
/©/ (CzHSIN (cat)
CoHsCH,0 2. (n-C4Ho)P
UCH(SC&HS}COCHE
CgHsCH,0
(75%)

3.3.1.3.6. Formation and Hydrolysis of Oximes

Some reagents transform nitro compounds into oximes that can be hydrolyzed
subsequently to give aldehydes or ketones. (176-178) The oldest of these is
zinc chloride, usually in the presence of hydrochloric acid (Lucas Reagent).



(179-183) For example, glutaraldehyde dioxime is obtained from
1,5-dinitropentane in 55-60% yield. (180) The only examples of this reaction
are with compounds that lack other functionalities which might be hydrolyzed
by zinc chloride and hydrochloric acid.

A variety of other reagents can be used to generate oximes from nitro
compounds. Copper salts such as copper(ll) acetylacetonate catalyze the
conversion of nitroparaffins into oximes in 52-89% yields in a carbon
monoxide atmosphere and in the presence of diamines. (184) Iron and acetic
acid convert nitro compound 35 into the corresponding oxime, which is
converted without isolation into the aldehyde by steam distillation in the
presence of formaldehyde at pH 2.5 in 40% overall isolated yield. (185)
Carbon disulfide and triethylamine

1. Fe, CH;CO;H
MNa;C0y, B5®
0,NCH,C(CH)=CHCH,0,CCHy 3~ O=CHC(CHy)=CHCH,0,CCH,
35 (40%)

yield oximes from nitro compounds in 29—-85% yields under mild conditions.
(185a) The most reactive substrates are allyl derivatives.

CH,NO, H=NOH
U AooeRaton 000

Primary nitro groups give nitriles upon prolonged reaction times, as in the case
of tributylphosphine and diphenyl disulfide reactions. (175) In an atypical
reaction, lithium aluminum hydride converts a nitro amine into the
corresponding oxime. (186)



CH,

NO, NOH

LiAlH,

CH, CH, CH,

(33%)

Hydroxylamine N,N-disulfonic acid and sulfuric acid convert the salt of
nitrocyclohexane into the oxime in 85-90% yield. (187) Basic sodium amalgam
or zinc dust also transforms nitro compounds into oximes, (188) as does
sulfuric acid with either sodium thiosulfate (189) or hydrogen sulfide. (190)
Thus the salt of nitrocyclohexane gives the oxime in 77-80% vyields. (189, 190)
Finally, B, B -diarylnitro compounds are converted into the corresponding
nitronic acids, which give oximes when boiled in methanol. (191)

3.3.1.3.7. Electrolysis

The nitro functionality is a strongly electron-withdrawing group and thus acts
as a good electron sink. Consequently, it is not surprising that electrochemical
reactions of nitro compounds are possible. Electrolysis of 2-nitropropane gives
acetone in m m ' i mmparenﬂy
contains 2, m , mg mm troethane
give N-methylhydroxylamine and N-ethylhydroxylamine, respectively, when
electrolyzed in the presence of trimethylamine. (192) Electrolysis of nitro
ketones, nitro esters, and a nitro nitrile in the presence of sodium formate gives
40-90% isolated yields of diketones, keto esters, and a ketonitrile, respectively.
(193) Furthermore, electrolysis of nitro compounds in the presence of oxygen
produces ketones in 55-86% isolated yields. (194) Both ester and ketone
carbonyls as well as ketal groups survive the process. (193-195) Presumably,

oxygen is converted into superoxide, which functions as a base in leading to
the Nef-like reaction. (194)

Electrolysis
CH,CH(NO,)CH,CH(CH;)CO,CH, CH;’ CH,COCH,CH(CH;)CO,CH,
cﬂ'Cqup}JN' Br (?6%]

3.3.2. Other Reagents



3.3.2.1.1. Sodium Nitrite/Alkyl Nitrites

The reagent combination of sodium nitrite and an alkyl nitrite ester in dimethyl
sulfoxide is useful because it avoids strong acids or bases. (196-198) The nitro
compound is apparently deprotonated by sodium nitrite, and the nitronate
anion is nitrosated by the alkyl nitrite. The isolated yields from this
room-temperature reaction are 67-90%. (197, 198) Ketones, amides,
1,3-dithianes, and aromatic rings survive the reaction. (197, 198) Carboxylic
acids are obtained from primary nitro compounds, while ketones are isolated
as expected from secondary nitro systems. (196-198)

MaM
CH;CO(CH),CH(NO)CH;  —— 2= CH,CO(CH,),COCH,
n-C3H;ONO
(CH3),50, 25° (716%)

3.3.2.1.2. Silica Gel

Silica gel can be used to effect the Nef reaction. (152, 199) A solution of a
nitronate salt is generated and poured through a column of dry silica gel. The
reaction probably occurs because of the acidity of the silica gel and is a true
Nef reaction. The yields for the two steps in systems such as those in Eq. 7 (p.
677) with a silica gel second step are 21-73% (diketones) (152) and 26-59%
(y -ketoesters). (199)

Basic silica gel can also be used to obtain Nef products. (200, 201) Silica gel is
mixed with ] T 1 3™ [ , and the
resulting sﬂmmm ,EEJEWNWO
compounds are mixed with a large excess of this reagent (typically, a five-fold
excess of sodium methoxide is used) (200) and then eluted to give the pure
aldehyde or ketone in excellent yields (60—-99%). (200) The reaction times are
fairly long (48-120 hours); (200, 201) these times can be reduced by using
heat, although this can result in lower yields. (201) Despite the basicity of the

reagent, aldehydes such as heptanal are obtained in good yields. (200) Ketal,
alkene, and ketone functionalities survive these reaction conditions.

NaOCHj
silica gel, 80°

H-CTHISND?. H-C6H |3_CHD

(87%)

Potassium permanganate on silica gel can be used to generate ketones from
secondary nitro compounds. (202, 203) A wide variety of 1,4-diketones are
obtained in 72-91% vyields from y -nitroketones by combination with a



stoichiometric amount of potassium permanganate on silica gel in benzene at
reflux temperatures. Some systems react at room temperature without solvent.

KMnO,

CH,CO(CH,),CH(NO,)CH, CH,CO(CH,),COCH,4

silica gel
benzene, 80°, 3.5 h (55%)

3.4. Related Reactions of Nitro Compounds Leading to Nef Products
3.4.1.1. Alkylation or Acylation of Nitro Compounds Followed by Hydrolysis
Nitronate anions react with electrophiles on either carbon or oxygen.
Protonation leads to either regeneration of the nitro compound or the Nef
reaction. Alkylation or acylation normally leads to the O-alkyl (nitronic ester) or
O-acyl (nitronic anhydride) products. Nitronic esters are prepared most
effectively by alkylation of nitronates with an oxonium salt. (204) They are
rapidly converted into carbonyl compounds by aqueous acids. (15) Nitronic
anhydrides are generally not stable, (205-208) and those from primary nitro
compounds give nitrile oxides which can be trapped by dimethyl
acetylenedicarboxylate. (208)

Alkylation of nitro compounds followed by hydrolysis gives carbonyl

compounds. (15, 151) For example, nitronate 36 gives an 85% yield of the
corresponding

cHscocH=tuHdoHNILK DSETEDECHCDCHS
36

(85%)

L]

diketone upon treatment with dimethyl sulfate and hydrolysis. (151) Dinitronate
37 gives the corresponding trione in 55% vyield. (151) An oxime is obtained

0]
B l. (CHy0),S0,
N= H4)CH CHC(CH,FNO,K
KO;N=C(CHy) Q& (CH, FE0, 2. CHsOH, heat
3. H
37

0

CH,COCH :ég.cncomj

by this procedure in ethanol (Eq. 8), but no reaction occurs in either diethyl
ether



CH=NO,K CH=NOH
CHjl or CyHsl N (8)
C;H;OH

or benzene, presumably because of insolubility of the nitronate salt. (209)

Acylation of nitronates gives the O-acylnitronic anhydrides as relatively
unstable intermediates. (205-208) Some of these products can be isolated,
albeit in low yields (Eqg. 9). (205) Hydrolysis of the product from Eq. 9 with
water gives

- o -
!-CJH?NUE CH{CO.K o= { 3)2 — MDZC{:HS (9)

(9%)

acetone and acetic acid. Primary nitroparaffins are oxidized to carboxylic acids
with acetic anhydride and weak bases. (206-208) For example, benzoic acid is
obtained in 78% yield by refluxing phenylnitromethane with acetic anhydride
and sodium acetate followed by hydrolysis. (208)

3.4.1.2. Reactions of Nitroolefins
Conjugated nitroolefins are used as acceptors for many nucleophiles to
provide useful substrates for the Nef reaction, as seen in earlier sections of this

chapter; .ml‘ﬁ T ifadfor EEE converted
&1 proquct.

directly intoa

Nitroolefins can be reduced by metals to give either oximes or ketones. For
example, aluminum amalgam converts the polyfunctional molecule 38 into the
oxime 39. (210) More recent work utilizes zinc in acetic acid for this



CO,C,H;
75
CHs0,C CH=CHNO,

-

C02C21'15
C,H0,C CH,CH=NOH

N
H
39

(50%)

conversion. (211-214) For example, 6-nitrocholesteryl chloride gives the
ketosteroid 40 in 79-93% yields when allowed to react under these conditions.
(211, 212)

« DDDDDDDDDﬁEDDé
40 (79-93%)

Rearrangements can occur, (214) however, several methylpyranosides
containing

0,NCH CHO
(30%)

nitroolefin groups produce the corresponding oximes in high yields, (213)
showing that acetal groups survive such treatment. Iron and iron(lll) chloride
react



D’j_ 0'/—[__
CeH 5«« 0L Zn, HOAc CﬁHS’« 0,

0 OCH - o} H
NO, . NOH ¢

(88%)

with nitrostyrenes in hydrochloric acid to give ketones in a wide variety of
systems. 213a

Fe, cha,
HCl

4-(CH4CONH)C¢H,CH=C(NO,)CH; 4-(CH,CONH)C4H,CH,COCH,4

(68%)

Chromium(Il) chloride also produces ketones in 52—-81% yields from

nitroolefins. (215) This is in contrast to earlier reports of their conversion into a
-hydroxyketones, (216-218) which were initially proposed to arise by reduction
to the nitroso alkene. Chromium(ll) chloride can be used to obtain a -diketones

via the same types of intermediates. (219) Some acyclic B -aryl- a, B
-unsaturated nitroolefins give saturated oximes with chromium(ll) chloride.
(220)

AICH=C(RINO, ——=+~  ArCH,C(R)=NOH

Stannous chloride in alcohols or thiols converts nitro compounds into the
corresponding a -alkoxy or a -alkylthio ketones. (221) For example, this
reagent converts nitrocyclohexene in ethanol into 2-ethoxycyclohexanone in



79% vyield.

Other reducing agents give various results. Sodium borohydride (213) or
o-phenylenediamine aminals (222) give saturated nitro compounds. Sodium
borohydride/3 gives hydroxylamines by reduction of the intermediate
nitronates. (223) Lithium tri-sec-butylborohydride converts nitroalkenes into
ketones after acid hydrolysis in 80—83% yields. (224) The inverse addition of
lithium aluminum hydride to terminal nitroalkenes gives aldimines. (225) A
combination of sodium hypophosphite and Raney nickel reduces nitroolefins to
ketones in 52-92% yields without affecting other functional groups such as
esters and aromatic nitro groups. (226) Sodium hypophosphite and palladium
convert nitroolefins into oximes. (227) Some nitroolefins are converted into a
-chloro oximes

ki 4-B CoC
/ RaNi, pH § -BrCqH,CH, Hy
CaHsOH (17%)

4- BrCgH,CH=C(NO,)CH,4

\ NaH,PO,

Pd/C, H,0, THF

4-BrCgH,CH,C(CH,) =NOH
(40%)

in good yield by exposure to gaseous hydrogen chloride in ether. (228)

Tributyltin m “i ﬁﬁ%ﬂﬂr Itr ﬁs which
react with VE a YAES or ketones.

ﬁ

(228a)
. (m-C4Hg)aSnH
4-CHyOCGH,CH=C(NO,)CH;  3—-—t 2 4 CH,0CH,CH,COCH,

(90%)

Free-radical addition of nitroolefins to substituted thiopyridones in the
presence of azobis(isobutyronitrile) (AIBN) gives adducts which are
decomposed with titanium trichloride to yield ketones or acids in good yields.
(229)
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RCH(R")COR?

Nitrohydrazones such as 41 give acylhydrazines after treatment with
hydrochloric acid followed by aqueous pyridine. (230, 231)

1. HCI
2. Py, Hy0

41

Potassium superoxide produces flavanols in low yields from nitroalkenes. The
major products are salicylic acids and benzoic acids. (231a)

0. _CgHs
QL=
~ DMSO
NO

nooodachodioeog 1
\ j: ) CO,H I H

(60-70%) (10-15%)

3.4.1.3. Reactions of Nitroepoxides

Conjugated nitroolefins can be converted into the corresponding nitroepoxides
with basic hydrogen peroxide. (232) Reduction with lithium aluminum hydride
(232) or sodium borohydride (233) gives the

H0, / 0\
RCH=C(NO,)R' #— RCH—C(NO,)R!

—~ (RCH,COR") ——=  RCH,CHOHR'



alcohol expected from reduction of the Nef product. Opening of the epoxide
with nucleophiles other than hydride yields a -substituted ketones. (234-235b)
Catalytic

0
O 0 OCH, | 0.0CH;
CeHs '& NO, "\ LI CeHs
0 THF, heat 0
0 0 Br
(75%)

palladium tetrakis(triphenylphosphine) converts several nitroepoxides into
1,2-diketones. (236)

(0]

SN
RCH—C(NO,R! ~ >mol® MIPCefisls . pcocor!
ol CoHON. bt o

3.4.1.4. Photolysis
There are a few reports of the photolysis of nitro compounds where Nef

products a detlo pholéyHs -239) in the
e 1] elfer ‘E |' 0| O

presence ol a base such as sodiim de in ethanorto give nes and
hydroxamic acids as major products. (239) No ketone is obtained

NO, 0 . OH

i N 0
hu .
NaOC;Hs U
C,HsOH
CH4CO; H HO ﬁ
{55%) (22%)

from photolysis in isopropyl alcohol or diethyl ether. (237) The corresponding
nitro compound with a 13 3 methyl group gives 11% of the ketone, 55% of the
hydroxamic acid, and 7% of a cyclopropane. (239) It is surprising that
irradiation



NO, 0

ho
NaOC,Hg
CaHsOH
CH,CO HO !
: ’ H H (11%%)
+
: HO :
H (55%) H (7T%)

of this nitrosteroid with sodium methoxide in methanol gives 78% of the
hydroxamic acid and only 1% of the ketone. (238) It is not clear if the choice of
alkoxide base is critical, but this seems to be the only explanation consistent
with the reported facts. In many nonsteroidal systems, the predominant
reaction product is also the hydroxamic acid, as with nitrocyclohexane and
sodium methoxide, which gives the N-hydroxylactam 42 in 28% vyield. (238)

UNED%DD@E@DDDDDD

42  (28%)

Several reports deal with the photochemistry of unsaturated nitro compounds.

(240-243) For example, irradiation of 3 -methyl- B -nitrostyrene in the presence
of either styrene or 2,3-dimethyl-2-butene gives the keto oxime 43 in 79% yield.
(240) In acetone, 43 is obtained in 80% vyield, but benzaldehyde (6%)

CgHsCH=C(NO,)CH, = d{:" _ CgHsC(=NOH)COCH,
or (CHy),C=C(CHy), 43 (79%)

is also detected. (242) With the analogous p-nitro compound, a 61% yield of
the keto oxime is formed along with p-nitrobenzaldehyde (15%). (242)
Photolysis of 9-nitroanthracene gives anthraquinone in 21% yield in addition to



10,10 -bianthrone (55%). The use of nitric oxide during this latter reaction
increases the yield of anthraquinone to 77% while that of bianthrone drops to
9%. (240) B -Nitrostyrene is reduced by photolysis in the presence of

N,N -dioctyl-4,4 -bipyridinium dibromide and ruthenium tris(bipyridine)
dichloride to give phenylacetaldehyde and/or the corresponding oxime. (243)

The photolysis of nitroolefins without any added base or participating solvent
has also been reported. 6-Nitrocholesteryl acetate gives the A *° isomer in
30% vyield in addition to 2—-3% of the corresponding enone 44 and 10%

CgH7
M
pyrex
CH,CO CH,CO
NO, NO,
(30%)

+ +
CH,CO CH,CO ;
0 0-N

0000000000000000

of an oxazole. (241) y -Hydrogen abstraction occurs to give the conjugated
nitronic acids as intermediates in the formation of enones. (244) Several
nitronic acids yield ketones upon irradiation, but other products are also
formed. (244)

3.5. Synthetic Utility

The common occurrence of the carbonyl group in organic molecules makes
the Nef reaction significant in organic synthesis. The nitro functionality is most
commonly introduced as a nucleophile—either a nitronate anion or nitrite ion.
The Nef reaction allows the nitronate anion to become an acyl anion
equivalent of great utility—particularly from conjugate addition reactions.

Even though many aldehydes and ketones, including many that are sensitive
like those containing a 3 -lactam (2), can be prepared by the Nef reaction, this
process suffers from several problems. Traditionally, the reaction is carried out
in an aqueous medium so that higher molecular weight nitro compounds do
not perform well. The use of water-miscible organic cosolvents largely



overcomes this deficiency. A more serious problem is the harshness of the
reaction conditions, especially the pH of the Nef process. Numerous
polyfunctional molecules undergo side reactions as a result. Modified Nef
reactions avoid this difficulty by the use of milder conditions, as shown in Eq. 4.
The most significant of these approaches involve potassium permanganate,
ozone, or titanium trichloride.

It is not easy to generalize on which methods will work best with a new nitro
compound since efficiency seems to be highly dependent upon the substrate.
That is, one method will work better with some nitro compounds while another
method will be superior with other compounds. Nevertheless, some
information may be gleaned from methods used on related substrates in Table
l.

It is clear that nitro compounds of lower molecular weight can be converted
into the carbonyl product in many ways. The absence of other functional
groups widens the choice of methods that can be used, although the traditional
Nef reaction may be among the best. For example, nitrocyclohexane gives
cyclohexanone in 85-97% yields when treated with base followed by acid. (10,
16) Potassium permanganate with aqueous hydroxide effects this
transformation in quantitative yield, (16) but the yield drops to 93% when
methanol is the solvent. (131) Some other modified Nef approaches are only
slightly less effective; for example, cyclohexanone is obtained in very good
yields when nitrocyclohexane is allowed to react with tert-butyl
hydroperoxide-oxovanadium(lV) bisacetylacetonate (86%), (144) molybdenum

N 101

As the complexity of the substrate increases, the choice of viable methods is
reduced sharply. Ester or acetal groups rarely survive either the usual Nef
reaction conditions or nonbuffered titanium trichloride. (154, 156) Such
acid-sensitive compounds are best treated with permanganate, buffered
titanium trichloride,

OSi(CH,),C Hy-t T OSi(CHs),CHo-t
e {CHZ}ﬁCDZ(szj 2. 0y __-(CHz}ﬁmzCzHﬁ
3. (CHy)S
CH,NO, CHO

(82%)



(C,H40),CH (C,Hs0),CH

1. KOCHg-t

2. 1-CHyOH

NO, YOl 0
(62%)

or ozone. The last method cannot be used with unsaturated systems or acetals
unless the amount of ozone is carefully controlled. Several specific reactions
are shown to illustrate selectivity (see also compound 2).
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4. Experimental Procedures

4.1.1.1. 3-endo-Methylbicyclo[2.2.1]heptan-2-one (Sodium Hydroxide and
Sulfuric Acid) (8)

3-exo-Methyl-2-endo-nitrobicyclo[2.2.1]heptane (35.6 g, 0.23 mol) was added
to a solution of sodium hydroxide (12 g, 0.3 mol) in 150 mL of water. After 2
hours, deprotonation was complete and the reaction mixture was filtered and
extracted with ether to remove any neutral organic compounds. The nitronate
solution was added slowly dropwise to a well-stirred solution of 25 mL of
concentrated sulfuric acid in 150 mL of water at 0-5°. Nitrous oxide was
evolved and the reaction mixture turned blue-green. Extraction with three
50-mL portions of ether gave, after distillation,
3-endo-methylbicyclo[2.2.1]heptan-2-one: 14.5 g (51%), bp 59—-61.5° (10 mm),

n’1.4677, 2,4-dinitrophenylhydrazone mp 114-118°, semicarbazone mp
185-187°.

4.1.1.2. Methyl 4-Oxo-2-phenylpentanoate (Hydrochloric Acid) (37)

Methyl phenylacetate (0.075 g, 0.5 mmol) was added dropwise to 0.6 mmol of
lithium diisopropylamide dissolved in 3 mL of tetrahydrofuran at —78° under
nitrogen. After 30 minutes of stirring, the reaction mixture was cooled to —100°
(dry ice/ether), and 0.065 g (0.75 mmol) of 2-nitropropene was added
dropwise. Stirring was continued while the temperature was allowed to rise
slowly to 10° over 5 hours. Dilute hydrochloric acid (3 mL of 17% acid) was
added at 0°, and the mixture was stirred overnight at 0°. Dilution with water
and extacol i ribrifelf Jfit{od el e
purified by preparative TLC to give 0.081 g (79%) of methyl
4-ox0-2-phenylpentanoate: mp 70-71°; IR ( NaCl) 1740-1710 cm™; *H NMR
(CDCl3) 6 2.12 (s, 3H), 2.67 (dd, J = 4 and 18 Hz), 3.36 (dd, J = 10 and 18 Hz,
1H), 3.60 (s, 3H), 4.07 (dd, J = 4 and 10 Hz, 1H), 7.22 (s, 5H).

4.1.1.3. 2-(1-Cyanocyclohexyl)-2-methylpropanal (Sodium tert-Butoxide and
Potassium Permanganate) (127)

A 60% oil dispersion of sodium hydride (0.20 g, 5.0 mmol) was washed with
pentane under nitrogen and was mixed with 20 mL of tert-butyl alcohol. The
mixture was stirred for 10 minutes while a solution of
2-(1-cyanocyclohexyl)-2-methyl-1-nitropropane (0.42 g, 2.0 mmol) in 20 mL of
tert-butyl alcohol was added. After 20 minutes of additional stirring, 400 mL of
ice-cold pentane was added followed by 50 g of ice and an ice-cold solution of
potassium permanganate (0.237 g, 1.5 mmol) in 80 mL of water. The reaction
mixture was stirred for 10 minutes, and 2 mL of 1 M sodium metabisulfite was
added followed by 4 mL of 1 M sulfuric acid. The phases were separated and
the aqueous layer was extracted with pentane. The combined organic layers
were washed with brine to give, after drying, concentration, and flash



chromatography on silica gel using benzene—pentane (1:1), 0.293 g (82%) of
2-(1-cyanocyclohexyl)-2-methylpropanal: mp 61.5-62°; *H NMR ( CDCl3) &
1.22 (s, 6H), 1.3-2.2 (m, 10H), 9.72 (s, 1H); IR (KBr) 2720, 2220, 1710 cm™.

4.1.1.4. Dimethyl 4-Oxopimelate (Sodium Methoxide and Ozone) (141)
Dimethyl 4-nitropimelate (4.66 g, 0.02 mol) was dissolved in 50 mL of
anhydrous methanol and stirred with sodium methoxide (1.08 g, 20 mmol) for
10 minutes. This solution was cooled to —78°, and ozone/oxygen was bubbled
through until an excess had been used as evidenced by a light-blue color. The
ozone generator was turned off, and after 30 minutes nitrogen was bubbled
through to remove excess ozone, and 5 mL of dimethyl sulfide was added. The
reaction mixture was allowed to warm to room temperature and stand for 16
hours. It was concentrated and the residue was dissolved in ether and washed
with water. Evaporation of the solvent gave the crude product, which was
recrystallized from hexane to give 3.55 g (88%) of dimethyl 4-oxopimelate, mp
49-50°.

4.1.1.5. Cyclohexanone [Oxovanadium(lV) Bisacetylacetonate] (144)
Nitrocyclohexane (0.129 g, 1.00 mmol) was stirred at room temperature with
0.123 g (1.10 mmol) of potassium tert-butoxide in 2 mL of benzene for 15
minutes. A solution of 0.3 mL of 90% tert-butyl hydroperoxide, 3.5 mg of
oxovanadium(lV) bisacetylacetonate, and 0.7 mL of benzene was added over
a 15-minute period. After 20 minutes, the mixture was diluted with ether,
washed with water and brine, and dried and the solvent was evaporated to
give the equivalent of 0.84 g (89%) of cyclohexanone determined by GC.

2l
Nitrocyclohexane (U. 3. [T 20 ML OT tetranydro as added

dropwise over a 5-minute period to a solution of diisopropylamine (0.90 mL,
6.7 mmol) and 2.8 mL (6.7 mmol) of n-butyllithium in hexane in 20 mL of
tetrahydrofuran at —78°. The molybdenum peroxide pyridine HMPA complex
(2.86 g, 6.6 mmol) was added quickly to the nitronate anion and the reaction
mixture was allowed to warm to room temperature over 3 hours. The mixture
was quenched with 40 mL of saturated aqueous sodium sulfite and was
extracted twice with ether. The organic layers were washed with 5%
hydrochloric acid, dried, and the solvent was evaporated to give 0.28 g (86%)
of pure cyclohexanone after distillation.

4.1.1.7. Cyclohexanone (Ceric Ammonium Nitrate) (148)

Nitrocyclohexane (0.65 g, 5.0 mmol) was stirred rapidly with 5 mL of
triethylamine, and 14 mL of acetonitrile and ceric ammonium nitrate (2.75 g,
5.0 mmol) in 6 mL of water was added. The deep brown emulsion which
formed was heated to 50° for 2 hours, cooled, diluted with acetonitrile, and
filtered. The filtrate was dissolved in 100 mL of ether and washed with water



and dilute hydrochloric acid. Evaporation of the solvent gave 0.40 g (81%) of
cyclohexanone.

4.1.1.8. 6-Methylcyclohex-3-en-1-one (Titanium Trichloride and Ammonium
Acetate) (154)

An excess of buffered titanium trichloride was formed by mixing 4.6 g

(0.06 mol) of ammonium acetate in 15 mL of water with 0.01 mol of 20%
aqueous titanium trichloride. 5-Methyl-4-nitrocyclohexene in tetrahydrofuran
was added rapidly and the reaction mixture was stirred for 45 minutes at room
temperature. The reaction mixture was extracted with ether, the organic layers
were washed with 5% sodium bicarbonate and brine and dried. Evaporation of
the solvent gave 6-methylcyclohex-3-en-1-one in 60% vyield: IR 3040,

1715 cm™; 2,4-dinitrohydrazone, mp 141°.

4.1.1.9. 3-(1-Methyl-2-oxocyclohexyl)-2-butanone (Titanium Tetrachloride)
(167)

2-Nitro-2-butene (0.15 g, 1.5 mmol) was added rapidly to a solution of titanium
tetrachloride (1.0 mmol) in 4 mL of methylene chloride under nitrogen at —78°.
After 10 minutes of stirring, 2-methyl-1-trimethylsilyloxycyclohexene (0.18 g,
1.0 mmol) was added dropwise over 5 minutes. After another hour, the
temperature was allowed to rise to 0° over 2 hours, and 1.5 mL of water was
added. The reaction mixture was heated to reflux for 2 hours, cooled, and
extracted with ethyl acetate. Evaporation of the solvent gave a residue which
was filtered through alumina and distilled to give 0.13 g (71%) of
3-(1-methyl-2-oxocyclohexyl)-2-butanone: bp 88-89° (0.2 mm); IR ( NaCl)
1701 cm™; 'H NMR ( CCls) 5 1.03 (s, 3H), 1.01 (d) and 1.15 (d, J = 7.5 Hz, 3H),
207 ) ARl A HIE BT T

4.1.1.10. Cyclohexanone (Sodium Methoxide and Silica Gel) (200)
Nitrocyclohexane (0.5 g, 3.9 mmol) was mixed with 50 g of basic silica gel
(prepared by mixing methanolic sodium methoxide with silica gel, evaporating
the solvent to dryness, and activation at 400° for several hours—the amount of
sodium methoxide per kilogram of silica gel was 0.5 molar equivalent). After 48
hours at room temperature, elution of the yellow silica gel with ether and

evaporation of the solvent gave 0.38 g (99%) of cyclohexanone, pure by
chromatography.

4.1.1.11. Undecane-2,5-dione (Potassium Permanganate and Silica Gel) (203)
A solution of 5-nitroundecan-2-one (0.97 g, 4.5 mmol) in 30 mL of benzene
was added to 15 g of potassium permanganate on silica gel [prepared from
1.18 g (7.5 mmol) of aqueous potassium permanganate and 15 g of silica gel
after drying at 100° in a vacuum], and the mixture was stirred at reflux for 10
hours. The mixture was filtered and the solid was washed several times with
ether. Evaporation of the solvent gave crude product which was passed
through a column of alumina to give 0.33 g (40%) of undecane-2,5-dione,



which was about 90% pure by *H NMR.
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5. Tabular Survey

An attempt has been made to include all known examples of the Nef reaction
published through late 1988 in Table I. Entries in the table are organized by
increasing number of carbon atoms in the basic structure of the nitro or
nitronate substrate, excluding carbon atoms in ester and ether groups that are
not involved in the reaction. Multiple products are given with the Nef product
first. A dash in the yield column indicates that a yield was not reported. Some
products are isolated as derivatives and are indicated with a D
(2,4-dinitrophenylhydrazone), P (phenylhydrazone), A (anilide), or B
(benzylphenylhydrazone). Unsuccessful Nef reactions are not given (see
section on Side Reactions).

Abbreviations used in the table are as follows:

A anilide

Ac acetyl

acac acetylacetonate

AIBN azobis(isobutyronitrile)
8-Azaflavin structure 28

B benzylphenylhydrazone
CAN ceric ammonium nitrate

2,4-dinitrophenylhydrazone

BOOEREEH I REEO00

DMF dimethylformamide

DMS dimethyl sulfide

DMSO dimethyl sulfoxide

e electrolysis

HMPA hexamethylphosphoric triamide
LDA lithium diisopropylamide

LICA lithium isopropylcyclohexylamide
MCPBA  m-chloroperoxybenzoic acid
MIBA m-iodobenzoic acid

P phenylhydrazone

Py pyridine

RaNi Raney nickel

rt room temperature

TBDMS tert-butyldimethylsilyl
TMBG N,N,N’" N’ -tetramethyl-N>-tert-butylguanidine



TMS trimethylsilyl
Ts p-toluenesulfonyl

Table I. Nef Reaction of Nitro Compounds

View PDF
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TABLE I. NEefF ReacTtioN oF NITRO COMPOUNDS

2. H,0,, K,CO,

Q

COCH;

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
G

CH;NO; 1. OH- CH,0 (—) 16
2. H*
1. CH~CHCOCH,, Al,0, CH,CO(CH;),CO(CH,),COCH, (48) 245
2. H,0,, K;,CO,
1. CH/~=CHCOGCH;, Al,0, C,H;CO(CH,).CO(CH,),COCH;s (50) 245
2. HgOz, KzCO;

G

CH,CD;NO, 1. NaOH CH,CDO (70) 246
2. H,S0,

CH:NO, 1. OH- CH,CHO (70) 2
2. HCl
1. OH- ) 16
2.H*
1. Ca(OH), (77 21
2. H,S0,
NaOH, 8-azaflavin (28) Y= 139
1. CrCl,, CH;OH » (32-D) 172
2. HCl
1 0 ,ALO; o} (68) 245

| @l
COCH;

2. H;0,, K,CO,4
1.0 , ALO; (o] (80) 245
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TABLE L.

NEF REACTION OF NITRO COoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH~C(CH,)CO,CH,, C(H:N=NC.H;, CH;COCH,CH(CH;)CO.CH; (60) 194
CH;CN, e~
CH,;CH=CHCO.CH;, C;H;N=NC.H,, CH,COCH(CH;)CH,CO,CH,; (59) 194
CH,CN, e-
& CH.N=NC.H,, CH,CN, e~ o (57} 194
COCH;
CH,CH=CHCO,C,H;, CHN=NC.H;, CH;COCH(C.H;)CH,CO,C,H;s  (46) 194
CH,CN, e~
HOCH,CH=NO;Na 1. CHO CH,OH CH,0H (23) 247, 248
HO——H =0 —0
H——OH H——OH HO——H
H—+—0OH HO——H + HO——H
CH,0H H——OH H——OH
H——OH H——O0OH
CH,OH CH,OH
2. H,80,
G
(CH;),NCH=C(NO,)CH; 1. LICA CH,COCH=CHCO,CHyt (7) 199
2. CH,CO,C.Hy-t
3. Silica gel
1. LICA CH;COCH=C(CH;)CO.C,H; (28) 199
2. CH;CH,CO,C;H;
3. Silica gel
1. LICA T (=) 199
2. CH,CH,CO.C,H;
3. NaHCO,, (CH;0),50,
4. H,0*, heat
1. LICA CH,COCH=C(CO.CH;)CH.OCH»4 (22) 199
2. 4-CH,0CH.CH.CO,CH,
3. Silica gel
1. LICA CH,;COCH=CHCO,CH; (7) 199
2. CH,COSC;H;
3. CH,0H, heat
1. LICA CH,COCH=CHCOSC.H; (14) 199
2. CH,COSC,H;
3. Silica gel
1. LICA CH,COCH=CHCO,C,H; (18) 199
2. CH;CO,C,H;
3. Silica gel
1. LICA ? (=) 199
2. CH,CO,C,H;
3. NaHCO,, (CH,;0),50,
4. H;0*, heat
1. LICA (—) 19
2. 0O 0
0\5 0\§CHCOCH3
3. NaHCO;, (CH,0),50,
4. H;0*, heat
1. LICA (42) 199
2. 0 0
o 0 CHCOCH,
3. Silica gel
1. LICA (24) 199
2. 0O 0

e
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TABLE I

NEr ReEacTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.

3. Silica gel
1. LICA CH,;COCH=C(C,H,)CO,C.Hs-t (24) 199
2. R-C;HTCOZC‘Hg'f
3. Silica gel

n-C;H,NO, 1. NaOH CH.CHO (80) 16, 21
2. H,S0,
1. Ca(OH), " (80) 21
2. H.SO,
NaOH, 8-azaflavin (28) T (=) 139
1. CrCl,, CH,OH " (66-D) 172
2. HCl
Silica gel, NaOCH, 97) 200
NaNQ,, n-C;H,ONO, DMSO ” (70) 197
NaOH, (NH.).S.0¢ " (45-59) + GH,CH(NO,)CH(NO.)C;H; 150

(41)

1. (CHy):N CH,CO.H (69) 145
2. MoOs-Py-HMPA
1. CH~CHCOCH;, AL,O; CHCO(CH,),COCH, (60) 245
2. H,0,, K,CO,

i-C;H,NO, 1. OH- (CH;),CO (67) 2
2. HCl
1. NaOH ” (76-D) 10
2. HCl
1. NaOH " (73-84) 21
2. H;S0,
1. Ca(OH), T (84) 21
2. H;S0,
1. NaOH " (— D) 205
2. Ac,O
3. H;0, heat
1. KOH, MgSO, ” (96-D) 124
2. KMnO,
1. KOH, CH,OH "™ (85) 131
2. KMnO,, MgSO,
1. NaOH " (83) 138
2.0,
NaOH, 8-azaflavin (28) " (=) 139
NaNO,, n-C;H,;ONO, DMSO " (70) 197
Silica gel, NaOCH, T (97) 200
NaOH, e " (50) 192
1. CrCl,, CH,0OH » (77-D) 172
2. HCl
1. NaOH " (—, D) 205
2. Ac,0
3. H,O, heat
(CH;).N*F~ (cat.) " (90) 249
1. NaOH "™ (57) + (CH;),C(NO,)NO (32) 74
2. HCl
NaOH, Na,S.0; ” (8-27-D) I + [(CH;),C(NO,)}, Il 146

(51-62)

NaOH, H,0, I (55-D) + I (8-15) 146
NaOH, K;Fe(CN), I (36-55-D) + I (6-15) 146
NaOH, AgNO, I (30-D) + II (11) 146
1. NaOH, CuCl,, NH,OH I (90-D)+1 (4) 146
2. 100°

C,H,CD,NO, 1. OH"- CH,CDO (—) 250
2. H*

CH~=CHCH,;NO, 1. NaOH CH~CHCHO (76) 251
2. H,S0,

(CH,0),P(O)CH(CH;)CH;NO, 1. NaOCH, (CH;0),P(O)CH(CH,)CHO (38) 252
2. O;, DMS

CH=C(NO.)CH; 1. CH,CH=C(OTMS)OCHj, TiCl, CH,COCH,CH(CH,)CO,CH; (64) 167, 168

Ti(OCHi),

2. H,0, heat
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TABLE I. NEeF Reaction oF NITRO CoMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
1. 0 0 (66) 253
é .-CH,COCHj
‘Hg-ﬂ'
2. n-CH,Cu[P(C:H,-n)s},
3. HCI
1. @.,-OSi(CH3)3 , SnCl, qo (63-70) 167, 168
CH,COCH;
2. H,0, heat 169
1. TiCl,, @,OSi(CHﬁ "(61) 167
2 Hzo, heat
1. (CH;),C=C(OTMS)OCH;, TiCL, CH,COCH,C(CH;),CO,CH; (66) 167
Ti(OC;Hri).
2. H,0, heat
1. n-CH,CH(Li)CO,Li, —100° CH,COCH,CH(CO,H)C.Hy-n (65) 37
2. dil HC1
1. n-CH,CH(Li)CO,Li, —100° CH,COCH,;CH(CO,CH;)C,H,-n  (65) 254
2. dil HCI; CH:N,
1. n-CH,C(CH;)(Li)CO.Li, —100° CH,COCH,C(CH;)(CO,H)C;Hrn (46) 37
2. dil HC1
1. n-C;H,C(CH;)(Li)CO,Li, —100° CH,COCH,C(CH;)(CO,CH;)C;H,-n  (46) 252
2. dil HClI; CH;N,
1. 0Si(CH3);, SnCl, (0] (61-85) 164, 166~
g (X &
CH,COCH,
2. H,O, heat
1. O,ossccng;, TiCl, " (83) 167
2. H,0, heat
1: O/OSi(CH3)3, AlCl, ” (70) 167
2. H,0, heat
0Si(CH3); , SnCl, 0 (41-60) 164, 167,
QCHZCOC}E e
2. H,0, heat
L. Q,OSKCH;);, TiCl, ™ (53) 167
2. H,0, heat
1. CH~CHC(CH;)=C(OTMS)OCH;, CH;COCH,C(CO,CH;)(CH;)CH=CH, 165, 167,
TiCL, Ti(OC;Hyi), (47) 168
2. H;0, heat
1. n-C;H,C(Li)(CH,)CO,Li CH,COCH,C(CH;)(CO,H)C;Hrn  (46) 168
2. HCl
CH,COCH(CH;)COCH;, KF CH,COC(CH;)(CO,CH,)CH,COCH; + (13) 168
CH,COC(CH;)(CO,CH;)CH.CH(NO,)CH;  (17)
oWe o
N
coy” CH,COCH;
S
AIBN, TiCl,
1. Li CO,CH,4 37 254
CO,Li

CH,COCH,4
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TABLE I. NEF REAcTION OF NiTRO CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
2. HCI
3. CH:N,
1. Li , —100° CO,H (37) 37
(j\cozu CH,COCH,
2. dil HCI
1. n-CH,CH(Li)CO,CH;, —100° CH,COCH,CH(CO,CH,)C.Hy,n  (81) 37
2. dil HC1
1. OSi(CH,); , TiCl, (o} (70) 164, 168
(P
2. H,0, heat
1. : :OSi(CH3)3. SnCl, ” (60) 167
2. H,0, heat
1. t _OSi(CHj),, SnCl, i i0 (63) 164, 168
CH,COCH,
2. H;0, heat
1: i _OSi(CH;);, TiCl, (60) 167
2. H;0, heat
1. n-CH,,CH(Li)CO,Li CH,COCH,CH(CO,H)CH,,-n (65) 168
2. HCl
1. Li CH,COCH; (37) 168
O\cozr_i COH
2. HCl
1. n-C,H,CH(Li)CO.CH, CH;COCH,CH(CO,CH;)C.Hy-n  (81) 168
2. HCl
0 L,KF 0 (14-96) 168
iicuzcocm
o 0o
1. C}\COZN _/}.AIBN G\CHZCOCH; (55) 229
S
2. TiCl,
1. CH;CH(Li)CO,Li CH,COCH,CH(CH;)CO.H (88) 37, 168
2. HCl
1. CH,CH(Li)CO,Li CH;COCH,CH(C(H;)CO,CH,; (88) 254
2. HC1
3. CH;N,
1. CH,SCH(Li)CO,Li CH,COCH,CH(SCH,)CO.H (80) 37, 168,
2. HCl 254
1. CHSCH(Li)CO,Li CH,COCH,CH(SCH;)CO.CH; (50-80) 254
2. HC1
3. CHN,
1. Li CH,COCH; (53) 37, 168
(j\co,cﬂ3 CO,CH;4
2. HCL
1. " (79) 165, 167

gC(OCHs}OSi(CHﬂs
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TABLE I.

NEeF ReacTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
2. TiCl,, Ti(OC;H,-i),
3. H;0, heat
1. CH/~C(OTMS)CH,;-n, SnCl, CH;CO(CH,),COCH,;-n  (65) 164, 168
2. H,0, heat
1. CH~C(OTMS)CHs-n, TiCl, " (63) 167
2. H,0, heat
0 , KF o} COCH (20) 168
25
CO,CoHs
CH,COCH,4
(47)
CO,C;H
CH,CH(NO,)CH;,
1. n-GH;,CH(Li)CO,CH, CH;COCH,CH(CO,CH;)CH,»-n  (61) 37
2. HCI
1. n-C.H,CH=C(OCH,)OTMS, TiCl,, " (84) 165, 167,
Ti(OC:Hri), 168
2. H,0, heat
1. @.~08i(CH3}3. SnCl, (0] (63-70) 164, 167,
168
CH,COCH;
2. H.0, heat
1. CH:CH(Li)CO,CH; CH,COCH,CH(C,H)CO,CH; (79) 37, 168
2. HA
1. CHsCH=C(OCH,)OTMS, TiCl,, CH,COCH,CH(CO.CH;)CHyn (82) 165, 167,
Ti(OC;Hx-i)s 168
2. H.0, heat
1. GHSCH(Li)CO,CH;, CHSCH(CO,CH,;)CH,COCH; (65) 37, 168
2. HC
1. CH,SC(Li)(CH,)CO,Li CH;COCH,C(SCH:)(CH;)CO.H  (55) 37, 168
2. HCl
1. CH,SC(Li)(CH;)CO,Li CH,COCH,C(SC:H;)(CH;)CO,CH, 254
2. HCI
3. CH.N,
0 ,KF 0 (11 168
CO,C,Hs CO,C,H;
CH,COCH;,
| co.cats =
CH,CH(NO,)CH;
1. (C4Hs),CHCH,CO,N />, AIBN (C¢H,).CH(CH,).COCH; (81) 229
S
2. TiCl,
1. (C¢H;CH,),CHCON /), AIBN (CH,CH,),CHCH,COCH, (75) 229
S
2. TiCl;
(CH,),NO, 1. CH/=CHCOCH;, AlL,0,4 CH,CO(CH,),COCH; (62) 245
o "o 0o o0
—/ A
2. H,0,, K,CO,
(CH;),P(O)CH(CH,)CH;NO; 1. NaOCH;, CH;OH (C¢H;),P(O)CH(CH;)CHO  (90) 255
2. O;, DMS
1. NaOCH,, CH,O0H ™ (90) 256
2. Rose Bengal, O,, hv
[L 1. NaOH |:\l\ (56-D) 10
NO, o]
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TABLE I. NEer Reaction of NITRo CompOUNDs (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
2. HCl
1. KOH, MgSO, " (94-D) 124
2. KMnO,
n-C,;H,NO, 1. NaOH n-GH,CHO (85) 21
2. H,50,
1. Ca(OH), ™ (85) 21
2. H:S0,
1. KOH, MgSO, " (83-97-D) 124
2. KMnO,
NaOH, 8-azaflavin (28) o = 139
1. H,0, " (76) 147
2. K;,CO,, H;0
3. HCl
NaOH, (NH,),S.0; ”o(18-27) + 150
n-C;H,C(NO.)=CHCHrn (32)
C:H,CH(NO,)CH; 1. NaOH C.H,COCH, (82) 21
2. H,S0,
1. Ca(OH), ” (86) 21
2. H;S0,
1. KOH, MgSO, " (94-D) 124
2. KMnO,
1. H,0, " (81) 147
2. K;,CO;, H:O
3. HCI
NaOH, Na,8$,0,4 ” (48-D) + CH.C(CH,)(NO,)C(CH;)- 146
(NO,)CH; (37)
i-C;H,NO, 1. NaOH i-GH,CHO (32) 21
2. H;80,
1. Ca(OH), » (36) 21
2. H;S0,
1. KOH, MgSO, " (73-D) 124
2. KMHO4
NaOH, (NH.).5,04 " (20) + i-C;H,CH(NO,)CH(NO,)C;Hi 150
(10)
-C;H,NO, TiCl;, H;0, heat (CH,),CO (—, D) 155
HOCH.CH(NO,)C:H; 1. OH" HOCH,COCH;1 (—) + 105
2. H* HOCH,C(=NOH)CH; Il (—) +
CH/~C(NO,)CH; Il (—)
1. OH- I (50) + I (20) 257
2. HCl
H,S0, I (50) + X (20) 258
O.N(CH,).NO, 1. ZnCl, HCI OHC(CH,),CHO (—) 183
2. H,O
CH,;CH=CHCH,NO, 1. NaOH CH;CH=CHCHO (68) 251
2. H,80,
O,NCH.CH=CHCH;NO, 1. NaOH OHCCH=CHCHO (58) 251
2. H,80,
(CH;0),P(0)CH(C,H;)CH;NO, 1. NaOCH, (CH;0),P(0O)CH(C,H;)CHO (44) 252
2. O,, DMS
CH,0,C(CH,);NO, 1. NaOCH, CH,0,C(CH,),CH(OCH;), (84) 258
2. H:S0,, CH,OH
CH~=C(NO,)C;H; 1. CH,CH=C(OTMS)OCH,, TiCl,, C;H,COCH,CH(CH,)CO,CH, (63) 165, 167
Ti(OCHi),
2. H;0, heat
1. (CH,),C=C(OTMS)OCH;, TiCL, C,H,COCH,C(CH;),CO,CH, (68) 167, 168
Ti(OCsHri),
2. H,0, heat
1. n-CH,CH(Li)CO,Li, —100° C,H;COCH,CH(C.H;-n)CO.H (55) 37
2. dil HC1
1. n-C;H,CH(Li)CO,Li, —100° C;H,COCH,CH(C.H,-n)CO,CH; (55) 254
2. dil HCI
3. CHyN,
1. n-C;H,C(CH;)(Li)CO.Li, —100° C;H;COCH,C(CH;)(C;Hy-n)CO.H (38) 37
2. dil HCI
1. n-C;H,C(CH;)(Li)CO.Li, —100° C;H.COCH,C(CH;)(C;H,-n)CO.CH; (38) 254
2
3

. CHzNz
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TABLE I. NEer ReactioN oF NiTRo CoMPOUNDs (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
1. O/OSi(CHQ;. TiCl, qo (76) 164, 168
CH,COC,H;
2. H,0
1. O,osucug,, SnClL (IO (62) 167
CH,COC,H;
2. HzO
1. 0Si(CHy);,, SnCL (0] (41) 164, 168
q qcﬂ ,COC,H,
2. HO
1. n-CH,CH(Li)CO,CH, CH;COCH,CH(CO,CH;)C.Hsn (56) 37
2. HCI
1. (I)Si(cm},, TiCl, o] (62-82) 164, 167
C H
2. H;0, heat HHCOS:
1. O,\osxcns);, SnCl, ”(82) 167, 168
2. H,0, heat
o] » KF (o} (96) 168
ﬁI &CHZCOCZH,
0 o}
1. GH,CH(Li)CO,Li CH,COCH,CH(CH;)CO.,H (73) 37
2. HCI
1. CH,CH(Li)CO.Li CGH,COCH,CH(CH;)CO,CH, (73) 254
2. HC
3. CH;N,
;. %ssCH(Li}CO;Li CH,COCH,CH(SCH;)CO,H (76) 37
1. CHSCH(Li)CO,Li C,H,COCH,CH(SCH;)CO,CH; (76) 254
2. HCl
3. CH:N;
L L CO,CH; (41) 37
CO,CH, O\CHZCOCZHS
2. HQ
1. gC(OCH;)OSi{CH;J;. TiCl, " (78) 167
Ti(OCHri).
2. H,0, heat
1. GH;CH(Li)CO,CH; C:H;COCH,CH(CH,)CO,CH; (75) 37
2. HC
1. CH;CH=C(OCH,)OTMS, TiCl,, " (74) 167
Ti(OC;Hxi),
2 H;O, heat
1. CHSCH(Li)CO,CH, C;H,COCH,CH(SCH;)CO.CH; (66) 37
2. HCl
1. CH,SC(Li)(CH;)CO,Li CH,COCH,C(CH,)(SCH,)CO.H (39) 37
2. HCI
1. CH,SC(Li)(CH;)CO,Li CH,;COCH,C(CH,)(SCH;)CO,CH; (39) 254
2. HCI
3. CH:N,
1. n-GsH,;CH(Li)CO,CH, C,H.COCH,CH(CO,CH;)C:H,-n  (53) 37
2. HCl
1. n-CiH,;CH=C(OTMS)OCH,, TiCL, " (81) 167
Ti(OCHri),
2. H,0, heat
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TABLE I. NEefF REACTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH,CH=C(NO,)CH;, 1. O,OSi(CHﬁ;, AlCIL qo (63) 164, 168
CH(CH;)COCH;4
2. H,0, heat
CH(CH;)COCH;
2. H,0, heat
1. O,OSi(Cl*I;)g, SnCl, ™ (50) 167
2. H,0, heat
1. O/OSi(CH3)3, TiClL "(41) 167
2. H,0, heat
1 OSi(CH,)s, SnCL (0] (36) 167
Q CH(CH;)COCH;
2. H,0, heat
1. @/\OSi(CI-!;)a, SnCl, (o] (63-71) 164, 167
CH(CH,)COCH,4
2. H,0, heat 168
T @OSi(CHa)s, TiCl, ”(T1) 167
2. H,0, heat
0 » KF (o} (63) 168
X oo
(0} (0]
1. CH,SCH(Li)CO,Li CH,COCH(CH;)CH(SC:H;)CO,H (64) 37, 168
2. HCl
2. HCl
3. CH:N,
1. CH~=CHCOCH;, Al,O; (80) 245
(CH,),NO, 2. H,0;, K,CO,4 CH,CO(CH,),COCH;
> >
o o0 o 0
-/ /
1. CH~=CHCOC;H;, Al,O, CH,CO(CH,),COC,Hs (68) 245
2. H;0,, K:CO, e
J/
(CH,):P(O)CH(C;H;)CH,NO; 1. NaOCH,, CH:OH (CH,):P(O)CH(C:H;)CHO  (99) 255
2. O;, DMS
1. NaOCH;, CH,0H "™ (90) 256
2. Rose Bengal, O,, hv
NO, 1. NaOH 0 (89-D) 10
2. HC1
NaOH, 8-azaflavin (28) T (=) 139
NO, 1. (i-CH;)Al O 1 (6 + NO, I (86) 260
2. (GHs),0
3. HCL, ¢ CH-i CiHyri
1. (i-C.H;)sAl I (58) + I (21) 260
2. (GH,),0

3. HCl, rt



01L

1L

TABLE I. NEeF ReEacTiON OF NITRO CoMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
1. CH,CH,, TiCL, 0 (90) 261
2. H,0* é/c H,CH 4
L /7y -Tick 0 (76) 261
¢\ o
0] N ‘l
2. H,0*
[>—cHmo,)cH, 1. NaOH [>—cocH, (64-D) 10
2. HC1
1. KOH, MgSO, (77-D) 124
2. KMnO,
EL 1. KOH, MgSO, r_—L (91-D) 124
2. KMnO,
CH,NO, CHO
n-CH, NO, 1. H;0, n-CH,CHO (81) 147
2. K,CO;, H,0
3. HCI
1. 0 ,ALO, 0 (55) 245
dmﬁg_ﬂ
2. H;0,, K;,CO,
1. CH~=CHCOC,H;, Al,O, n-C;H,CO(CH,),COC,H; (90) 245
2. H,0,, K;CO;
n-C;H,NO, CH;=C(CH;)CO,CH;, CH;CN, n-C,H;,COCH,CH(CH,)CO,CH, 194
CHN=NCH;, e~
CHCH=C(NO,)CH, 1. (n-C.H,);SnH C:H,COCH, (72) 228a
2. MCPBA
i-C;H,CH(NO,)CH;, 1. KOH, MgSO, i-C;H,COCH; (94-D) 124
2. KMnO,
t-C,H,CH,NO, ” t-CH,CHO (63-69-D) 124
HO(CH,);CH(NO;)CH, 1. NaOH HO(CH,);COCH, (37-D) 35
2. HSO,
CH,CH(NO;)(CH,),CO.H 1. NaOH or Py CH,CO(CH,),CO.H (—) 87
2. H*
CH,CH(NO,)CO,C,H, 1. (CHy),N CH,COCO,CH; (73) 145
2. MoO,-Py-HMPA
CH,CH(NO;)(CH,).CN TiCl;, H;0 CH,CO(CH,).CN  (55) 154
1. NaOH 7 (90) 156
_ 2. TiCl;, NH,OAc, H.0
O,N(CH,);NO, 1. ZnCl, HCl OHC(CH,);CHO (—) 183
2. H,O
CH;CO(CH,);NO, 1. (CHg):N CH,CO(CH,),CHO (57) 262
2. n-Ci¢H;N(CH;); MnO;
CH,CH(NO,)(CH,),CO;C,H; 1. NaOH CH,CO(CH,),CO;H (40) 263
2. HCI
1. KOAc, CH,0H, - CH,CO(CH,),.CHO (54) 195
2. H,O*
O\C,O o, .0
7 "N(CH,1NO, Silica gel, NaOCH; 7 "N(CH,),CHO (81) 200
AcOCH,CH=C(CH;)CH,NO, 1. Fe, HOAc AcOCH,CH=C(CH;)CHO (40) 185
2. CH,0, H*
CH;0,CCH,CH(CH,)CH,NO, 1. NaOCH;, CH;0H CH,0,CCH,CH(CH,)CH(OCH,), 258
2. H:S0,, CH;OH
(CH;0),P(O)CH(CH,NO,)C;H-i 1. NaOCH, (CH,0),P(O)CH(CHO)C;H--i (35) 252
2. 0,, DMS
(CH;):P(O)CH(CH;NO,)C,Hi 1. NaOCH; (CeH;),P(O)CH(CHO)C;Hy~i  (90) 255
2. O,, DMS
1. NaOCH;, CH,;0H " (91) 256
2. Rose Bengal, O,, hv
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Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
(C¢H;).P(O)CH(CH,NO,)C;Hrn 1. NaOCH, (C4H,);P(O)CH(CHO)C;Hrn  (97) 256
2. Rose Bengal, O,, hv
CH,NO, 1. NaOH CHO  (23-A) 264
CH, 2. H;S0, CH,
H——0Ac H OH
H——0Ac H OH
CH,0Ac CH,0H
CH,NO, 1. NaOH CHO  (70-B) 264
H——0Ac H——OH
H——0Ac H——OH
CH,0Ac CH,OH
CH,NO, 1. NaOH CHO  (72-B) 264
H——0Ac 2. H;S0, H——OH
H——O0Ac H——0H
H——O0Ac H——OH
CH,0Ac CH,0H
CH,NO, 1. NaOH CHO  (60B) 265a
CH, 2. H,50, CH,
H——0Ac 3. {CJ'ISCHZN(CQHS)NHJ H——0Ac
H——OAc H——0Ac
CH,0Ac CH,0Ac
NO, 1. NaOH 0 (97-D) 10
Oy Cr
1. OH- ” (85-90) 16
2.H
1. OH~ " (100) 116
2. KMnO,
1. KOH, CH,0H ”(93) 131
2. KMnO,, MgSO,
1. KOCHyt " (86) 144
2. t-C;HO:H, VO(acac),
1. LDA " (86) 145
2. MoO,-Py-HMPA
1. (CH,):N ”(81) 145
2. MoOs-Py-HMPA
NaOH, Na,S,0; ? (66-D) 146
1. HCl, DMF ™ (53) 170
2. VCl,, H,0, NaOH
1. H,0, ™ (88) 147
2. K,CO;, H,0
3. HCl
L (CH)N " (80) 148
2. CAN
1. TMSCI, Li,S " (92) 148
2. CAN
(n-C,H,)N*Br-, CH,CN, O,, e~ * (70) 194
NaNO,, n-C;H,ONO, DMSO »(67) 197
Silica gel, NaOCH; " (99) 200
L (GHy)N " (80) 261
2. C,HyN(CH,)s MnO;
1. NaOH »(66) + NOH (23) 266
2 H;SO.;, Nagso-l U
DBU, TMSCI, MCPBA " (96) 143b
B (CHy);N, CAN F (80) 148

Q,Noz ijro
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TABLE I. NEF REACTION OF NiTRO COMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
1. TMSCI, Li,S " (90) 148
2. CAN
NO, 1. LiHB(C.Hy-s), ”(81) 224
@’ 2. H,SO,
1. G;H,OH, SnCl, o) (79) 221
(X
OC,Hs
1. CH,CH(Li)CO,Li, —100° CH(CO,H)CH; (43) 37
2. dil HCl (&o
1. CH,CH=C(OTMS)OCH;, TiCL, 0 (70) 165, 167,
Ti(OCsHyri), (I 168
2. H,0, heat CH(CH,)CO,CH,
1. CH,CH(Li)CO.Li 0 (43) 168
2. HCI (I
CH(C,Hy)CO,H
1. (CH;),C=C(OTMS)OCH,, TiCl,, ) (25) 165, 167,
Ti(OCsHi), Cf 168
2. H,0, heat C(CH),CO,CH,
1. n-CH,CH(Li)CO:Li 0 (24) 37
Cx
CH(CO,H)C,Hg-n
1. n-CH,CH(Li)CO.Li 0 (24) 254
2. HCI (I
3. CHN, CH(CO,CHy)C,Hgn
1. n-C,H,CH(Li)CO.CH, (54) 37, 168
2. HCl
1. CH:CH(Li)CO,Li 0 (72) 37, 168
2. HCl Cﬁ
CH(CgH;)COH
1. CHCH(Li)CO,Li o (72) 254
2. HCI Cﬁ
2 SHA% CH(C{HJICO,CH
1. CH,CH(Li)CO,CH; (o} (61) 37, 168
2. HCl Cﬁ
CH(CH;)CO,CH;
1. CHSCH(Li)CO,Li 0 (72) 37, 168
X
CH(SCgHs)COH
1. CH,SCH(Li)CO,Li 0 (76) 254
2. HCl Cﬁ
3. CHN, CH(CH)CO:CH,
1. CHSCH(Li)CO.CH, " (52) 37, 168
2. HCl
1. CH,SC(Li)(CH;)CO,Li o] (37) 37, 168
2. HCl (I
C(CH;)(SC¢Hs)CO,H
1. CHsSC(Li)(CH;)CO,Li o} 37 254
2. HCl Of
3. CH:N, C(CH3)(SCH5)CO,CH,8
1. (CH,);Al 0 (16-21) 259
2. (GH),0 Of
3. HCl, 0° CH,
NO, (67-75)

+
o
&5
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TABLE I. NEer REAcTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
1. (CH)):Al o (83-86) 259
2. (GHJ.0 Cﬁ
3. HCl 1t CH,
+ O:Noz (4-6)
C,H;
1. (i-CH;),Al (o} (4-12) 259
2. (CH),0 Of
3. HCl, 0° CoHyi
P O:No2 (73-87)
C,Hgyi
1. (CHs)Al o (6) 259
2. (CH:):0 (I
3. HCL, 0° CeHs
NG
CeHs
1. (i-CH,),Al o (82) 259
2. (GH,,0 q
3. HCJ, t CHo-i
NG
C Hy-i
1. CH;CH;, TiCl, 0 (94) 260
2. H;0* i ,CsH,CH;-4
1. CH,CHyt, TiCl, 0 (86) 260
2. H,0* i _CgHy(CsHy-1)4
1. CH,OCH,, TiCL 0 (90) 260
2. H,0" f C¢H,OCH;4
1. 7 TiCL o o (72) 260
; onS
2. H,0*
: fo H}O;, KgCO,. CI'I;OH HO:C(CH!)JC(:):H (86) 2&3
" ( } (47)
267
I\ 1. NaOH, CH,OH 7\
Q\(cn,hnoz 2. HSO,, H,0, GHy 0” > CH,CHO
0o 1. OH- 0 (80) 268
Lb 2. H*
NO, o
NHAc 1. KOH, MgSO, NHAc (70) 269
i /Noz 2. KMnO, (0]
NHAc NHAc
n-C,H;,CH(NO,)CH, 1. H,0, n-C;H,COCH; (82) 147
2. K,.CO;, H;O
3. HCl
+-C,H,CH(NO,)CH, 1. KOH, MgSO, +-CH;COCH; (66-D) 124
2. KMnO,
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TABLE I. NEF ReEAcTION OF NITRO CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH,CH(NO,)(CH,),CH=CH, 1. NaOH, CH,OH CH,CO(CH,),CH=CH, (66) 140
2. Rose Bengal, O, hv
~ “cu=cno, 1. H,0,, NaHCO; —~  \cHFcHo (79) 235
0><0 2 KI'IF;, HO(CH;):OH, heat ‘)XC)
%
1. H,0,, NaHCO, CHSFCHO (—) 235b
2. KH¥F,, heat o><0
(CH,),C(NO,)=CH, 1. (i-C:H;),Al CH,CO(CH,);COCH,,-i (91) 270
> 2. HCI
0" o
L
1. (CH,),Al CH,CO(CH,),COCH,CH; (93) 270
2. HCl
(-C.H,),AICH=CHC H;-n CH,CO(CH,),COCH=CHC.Hs-n (96) 270
NO, 1. (i-C.H;),Al iCH, O (8 259
— 2. NaOH, H,0
3. CHyu
0__0 4. KMnO, 0.__0
T 5. NaHSO, T
i-CHo NO, (4)
+
o\l,o
CH=C(NO,;)CHy-n 1. CH.CH;, TiCl, n-CH;,COCH,CH.CH:-4 (62) 260
2. H,0*
n-CH;;NO, 1. H,0; n-C;H,CHO (80) 147
2. K,CO,, H;0
3. HCl
TiCl;, NH,OAc, H;0 »(45) 154
1. NaOCH, (45) 156
2 TiCl;. N!‘LOAC, Hzo
1. CH=CHCOCH;, Al,0, C,H,,CO(CH,),COCH, (71) 245
2. H,0,, K,CO,
1. 0 ,ALO; 0 (58) 245
COC4H,,-n
2. H,0,, K,CO,
1. CH=CHCOGH;, ALO; n-CH,,CO(CH,),COC:H; (78) 245
2. H;0,, K.CO,
CH,CO(CH,),CH(NO,)CH, (n-C.H).N*Br-, CH,CN, O,, e~ CH,CO(CH,),COCH, (82-86) 194
Silica gel, NaOCH; " (55-81) 202, 203
Silica gel, KMnO, " (82) 202
1. (CHy):N ” (65) 261
2. C¢HsN(CH;); MnO;
CH;CH(NO,)(CH,);CO,CH; TiCl, H,O CH,CO(CH,),CO.H (40) 154
TiCl,, NH.OAc, H;O CH;CO(CH,),CO.CH; (35) 154
i-C;H,CHOHCH(NO,)CH, H,S0, i-C;H,CHOHCOCH,; 1 (50) + 257
i-C;H,CH=C(NO,)CH, II (10)
1. OH- I (50) + I (10) 257
2. HCl
CH;CH(NO;)(CH,),CHOHCH, 1. (C:H:):N CH:CO(CH,),CHOHCH; (62) 261
2. C,Hs:N(CH;); MnO;
CH,COCH=CHCH(NO,)CH, 1. KOH CH,COCH=CHCOCH; (80) 151

2. (CH;0),80;, heat
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TABLE I.

NEF REacTiON OF NITRO COoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH,COCH=CHC(CH,)=NO,Na Silica gel, CH,OH " (36) 152
OHCC(CH,;)=CHC(CH,)=NO.Na Silica gel, CH,OH OHCC(CH;)=CHCOCH, (38) 152
(C;H;0,C),C=CHC(CH,;)=NO,Na Silica gel, CH,OH (CH;0,C),C=CHCOCH, (23) 152
n-C;H,CH(NO,)CO,C H;-n CH,OH, LiClO,, e~ n-C.H,COCO.CHyn (76) 193
O;N(CH,){NO, ZnCl,, HCI, H,O OHC(CH,),CHO (—) 183
CH;CH(NO,)CH(CH;)CH,CO,CH, 1. NaOH CH,COCH(CH;)CH,CO.H (55) 262

2. HCl
CH;CH(NO,)(CH,),CO,CH; KOCHyt, t-C;H,0;H, Mo(CO); CH,;CO(CH;),CO,CH; (20) 144
1. NaOH C.H,;CO(CH,),CO.H (65) m
2.H*
CH,CH(NO,)CH,CH(CH;)CO,CH; (n-C;H,).N*Br-, CH,CN, O,, e~ CH,COCH,CH(CH;)CO,CH, (76) 194
1. NaOH CH,COCH,CH(CH,)CO,H (53) 262
2. HCl
M\ (n-C,H,).N*Br-, CH,CN, O,, e~ /() 194
0. .0 i
C
CH;CH(NO,)(CHp)y” CH3CO(CHpy”
0 1. KOAc, CH,0H, e~ C,H,CO(CH,),CHO (75) 194
C,l-lsCH(NOz)(CHz)zCH_Oj 2. H;,0"
CH;CH(NO,)(CH,),CO,C.H; 1. NaOH CH;CO(CH,),CO,C;H; (74) 272
2. H,S0,
CH,NO, 1. NaOH (84) 42
AcNH——H 2. H,80, Aco—]
HO——H 3. AcO, Py AcNH——H
H——OH AcO——H
H——OH H——0Ac
CH,0H H— o
CH,0Ac
1. NaOH CHO (93) 273
2. HCl, heat H,N—H
HO——H
H——OH
H——OH
CH,OH
1. Ba(OH), CHO  (66) 274
2. H,S0, AcNH——H
HO——H
H——OH
H——OH
CH,OH
CH,NO, 1. NaOH CHO  (23-P) 275, 248
H——OH 2. H;80, H——OH
H——OH H——OH
HO——H HO——H
HO—T~H Ho_c:l:m
CH,0H
e 1. OH- (81-P) 276
g 275, 248
CH,NO, 1. NaOH CHO  (58) :
HO——H 2. H;80, Ho—:gH
H——OH H "
HO——H HO— i
o 0 CH,OH
CH,0H
o 1. NaOH ” (20-25) 248
2. H;80,
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TABLE I. NEr Reaction oF NiTRO CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH,NO, 1. NaOH CHO  (60) 277
H——OH 2. H,;80, H——OH
HO——H HO——H
H——OH H——OH
H——OH H——OH
CH,0H CH,OH
CH,NO, 1. NaOH CHO  (80-P) 277
HO——H 2. H,80, HO——H
HO——H HO——H
H——OH H——OH
H——OH H——OH
CH,0H CH,OH
CH,NO, 1. NaOH CHO  (64) 278
H——OH 2. H,80, H——OH
HO——H HO——H
HO——H HO——H
H——OH H——OH
CH,0H CH,OH
CH,NO, CH,NO, 1. Ba(OH), CHO CHO (62) 279
H——OH HO——H 2. H:S0, H——OH HO——H
H——OH H——OH H——OH ,  H-—T-OH
HO——H HO——H HO——H HO——H
H——OH H——OH H——OH H——OH
CH; CH, CH, CH;
CH,NO, 1. OH- CHO (25) 280
CH, 2. H* CH,
H——OH H——OH
HO——H HO——H
H——OH H——OH
CH,OH CH,0H
CH,NO, H,SO. CHO  (100) 281
L H —H
HO——H HO—1—H
H—{—OH o s
HO——H HO——H
14CH,NO, 1. NaOH “YcHo  (58) 282
H——OH 2. HSO, H——OH
HO——H HO——H
H——OH H——OH
H——oH H—OH
CH,0H NCHZOH
“cH,NO, 1. NaOH CHO (78-P) 282
HO—H 2. H;S0, HO——H
HO——H HO——H
H——OH L
H——OH H——OH
CH,0H CH,0H
CH,NO, 1. NaOH CHO  (85) 273
H——NHAc 2. HCI, heat H——NH,
HO——H HO——H
H——OH H——OH
H——OH H——OH
CH,OH

CH,OH
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TABLE I. Ner ReactioN OF NITRO COMPOUNDS (Continued)
Nitro Compound Product(s) and Yield(s) (%) Refs.
CH,NO, 1. NaOH CHO  (—) 274
H——NHAc 2. HCI, heat H——NH,
H——OH H——OH
HO——H HO——H
H——OH H——OH
CH,0H CH,OH
CH,NO, 1. Ba(OH), CHO  (80) 278
AcNH——H 2. H;S0, AcNH——H
HO——H HO——H
HO——H HO——H
H——OH H——OH
CH,0H CH,O0H
i ™ (79) 283
CH,NO, ” CHO (80) 278
H—r—NHAc H——NHAc
HO——H HO——H
HO——H HO——H
H——OH H——OH
CH,OH CH,OH
” " (84) 283
CH,NO, CH,NO, ” CHO CHO (91) 284, 285
H-—I—NHAc AcNH——H H—1—NHAc AcNH——H
H——OH 3 H——OH H——OH i H——OH
H——OH H—1—OH H——OH H——OH
H——OH H——OH H——OH H——OH
CH,0H CH,0H CH,0H CH,0H
CH,NO, " CHO (32) 280, 286
H——NHAc H——NHAc
H——OH H——OH
HO——H HO——H
H——OH H——OH
CH,0H CH,0H
CH,NO, " CHO (4 280, 286
AcNH——H AcNH——H
H——OH H—OH
HO——H HO——H
H——OH H——OH
CH.OH CH,0H
CH,NO, 1. NaOH CHO  (100) 279
CH, 2. H:S0, CH,
H——O0Ac H——OH
AcO——H HO——H
H——O0Ac H——OH
CH; CH,
CH,NO, 1. NaOH CHO (31-P) 41
HO——H 2. H,50, HO——H
HO——H HO——H
H——0. H——OH
H—f—o~ CHCeHls H——OH
CH,OH CH,0H
CH,OH 1. NaOH CHO (52-B) 287
H——O 2. H:S0, HO——H
HO——H\CHQHS 3. Ba,CO; HO——H
H-———O/ H——OH
H——OH HO——H
CH,NO, CH,0H
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TABLE I. NEF REACTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH,NO, 1. NaOH CHO  (70) 288
CH, 2. H;S0; CH:
AcO——H HO——H
H——O0Ac H——OH
H—/0Ac H——OH
CH,0Ac CH,OH
1. Ba(OH), " (86) 289, 290
2. H,S0,
CH,NO, 1. NaOH CHO  (100) 284
CH, 2. H,80, CH,
H—{—0Ac H——OH
H——0Ac H——OH
H——0Ac H——OH
CH,0Ac CH,OH
CH,NO, CH,NO, 1. NH,, CH,0H CHO CHO (37) 279
H——O0Ac AcO——H 2. Ba(OH), H——NHAc AcNH——H
H——OAc  H——OAc 3. H:S0, H——OH H——OH
AcO——H AcO——H HO—+H * HO—H
H——0Ac H——O0Ac H——OH H——O0H
CH, CH, CH, CH,
(o
CH,COCH,C(CH,).CH,NO, 1. (GH):N CH;COCH,C(CH;),CHO (62) 261
2. C,Hy;N(CH;); MnO;
NO, 1. NaOCH;, CH;0H o (70) 154
2. TiCl,, NH.OAc, H;O
OCH,
NO, 1. NaOH 0 (94-D) 10
O o)
1. ZnCl,, H.O " (80) 179
2. K.CO,
NaNO;, n-C;H;,ONO;, DMSO » (88) 197
[>—cumoy—<] 1. NaOH [>—c0—<] ©%6D) 10
2. HCI
NO, 1. LDA 0 (85) 145
2. MoO,-Py-HMPA (:/[’\
O,crizmo2 (C:H):N, CAN O,CHO (75) 148
CH,NO, 1. ZnCl,, HCI CHO (—) 183
> >
TiCl,, H,0 " (55) 162
NO, Silica gel, NaOCH; o (82) 201
O/\ TiCl;, H:O qc. 35) 154
TiCl;, NH,OAc, H,O (\/io (30) 154
NaOCH,, TiCl,, NH,OAc, H,0 *(60) 156
CH(NO,)CH, 1. KOCHyt COCH; (80) 291
2. TiCl,
1. NaOH (40, 80-D) 292
2. HCl
0
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TABLE I. NEF REacTioN OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
1. NaOCH;, CH;0H (56) 02
; 2. TiCl;, NH.OAc ;
NO, 0
O.__ CH(NO,)CH, 1. (CH,):NH O._COCH; (65) 293
U 2. HCI U
NO, 1. OH- 0 (75) 81
@ﬁ 2. HCI A,f_g
S S
CyH.CH,NO, 1. KOH, MgSO, CH;CHO (68, 97-D) 124
2. KMnO,
1. KOH, CH,0H (83) 131
2. KMnO,, MgSO,
1. NaOH, CH,0H, Rose Bengal " (49) 140
2. 02, hv
1. NaOCH;, CH;OH, —78° " (68) 141
2. O;, DMS
TiCl;, H,O ” (80) 154
1. (GHy),N " (89) 261
2. CHyuN(CH;) MnO;
L. (GHg)N CH,CO.H (75) 145
2. MoOsPy-HMPA
4-BrCH.CH,NO, 1. NaOC.Hyt 4-BrCH,CHO (90) 127
2. KMnO,
n-C;HNO, 1. H,0, n-CH,CHO (78) 148
2. K.CO;, H;0
3. HCI
1. (GH,):N " (67) 148
2. CAN
Silica gel, NaOCH, T (87) 200
1. (CHy)N (71) 261
2. CH3;;N(CH;); MnOy7
1. CH~=CHCOCH;, Al,O, 0 (60) 245
2. H,0,, K,CO,
3. NaOH, heat Cotaira
CH,0.C(CH,):NO, 1. CH—=CHCOCH;, ALO; CH;0,C(CH,)sCO(CH,),COCH; (50) 245
2. H,0,, K,CO,
n-C;H,CH(NO,)C;Hn 1. HCl, DMF n-C;H,COC;H-n (63) 170
2. VCl;, H,O
3. NaOH
C,H.CH(NO,)(CH,),COCH; 1. NaOH, CH,OH C,H,CO(CH,),COCH, (60) 140
2. Rose Bengal, O,, hv
1. NaOCH,;, CH,0OH, -78° " (83) 141
2. O,, DMS
1. KOCHqt ” (60) 144
2. +-C;H,0,H, Mo(CQ),
TiCl;, H.O " (85) 153, 154
NaOCH;, TiCl,, NH;OAc, H.O ” (90) 156
Silica gel, NaOCH; T (84) 200
Silica gel, KMnO, ™ (80) 202, 203
TiCl,, NH,OAc, H;0 CoHs \é/ (20) 154
C,H.CO(CH,),CH(NO,)CH, Silica gel, KMnO, C.H,CO(CH,),COCH; (73) 202, 203
CH,COCH,CH(CH;)CH(NO,)CH; Silica gel, KMnO, CH,COCH,CH(CH;)COCH; (80) 202, 203
CH,COCH,C(CH;),CH;NO, 1. (CHy):N CH,COCH,C(CH;),CHO (62) 261
2. Cd‘l;;N(CH,){MIIOI
i-C;H,CHOHCH(NO,)C,H; H.SO, i-C;H,CHOHCOC;H; 1 (40-50) + 257
i-C;H,CH=C(NO,)C;H; 1l (10)
1. OH- I (40-50) + 11 (—) 256

2. HCl
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TABLE I. NeF ReacTioN OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
C:H.COCH=CHC(CH,)=NO,Na Silica gel, CH,OH CH,COCH=CHCOCH; (38) 152
O,N(CH;),NO, 1. ZnCl,, HCl OHC(CH;);CHO (20-30) 183

2. H,0
C:H:CH(NO,)CH,CH(NO,)C,H;s 1. (CH,),NH C:H,COCH,COC,H; (39) 293
2. HCl
CH,0:C(CH,)NO: 1. NaOCH,, CH,OH CH,0,C(CH,);CHO (61) 294
2. H,SO,
” " (70) 205
CH,0.C(CH.),CH(NO,)(CH,).CO,CH, 1. NaOCH;, CH,0H, -78° CH,0,C(CH,),CO(CH;),CO,CH; (88) 141
2. 0;, DMS
1. NaOH HO,C(CH,),CO(CH,),CO.H (60) 263
2. HCl
/\ 1. KOCH-t (82) 144
ouclo 2. "C.HgO;H, VO[acac}; oscro
CHCH(NOXCH, 5 ™ CHCO(CHp)s™ ™™
TiCl,, NHOAc, H;0 " (70) 154
1. NaOCH, " (70) 156
2. TiCl,, NH,OAc, H,O0
TiCl;, H;O C,H;CO(CH,),COCH, (40) 154
o
n-C3H,CH(NO,)(CH,),CH_ j " n-C;H,CO(CH,),.CHO (80) 195
o]
0
i-C3H,CH(NO,)(CH,),CH_ j 1. KOAc, CH,0H, e~ i-C;H,CO(CH,),CHO (84) 195
(6} 2. H,0"
NO, 1. CH;CH=C(OTMS)OCH,, TiCl,, 0 + (32) 165, 167
@/\ Ti(OG,Hr), (:/Fcu(cugcozcﬂ3
2. H,0, heat OH (41)
o
o]
o) H.0,, K,CO,, CH,OH HO,C(CH,);CO.H (90) 266a
gnoz
NO, ” (o} (73) 168
O’\ (:/FCH(CHa)COzCH:‘»
=1 1. KOH M\ (50) 2%
0.0 O 2. KMnO,, MgSO, 0_ 0 _O
~CHO—N o Q-—Cﬂzo 0
CH,NO, CO,H
0 LiBr /0 oc (75) 234
/ OCH, o 3
CH 0 CeHsCH
CeHis N N
0 0
(0] o Br
LiN, o (83) 234
. CH/ 0. OCH;
-
\
0
(o] N,
CH,NO, 1. NaOH CHO  (70) 297
H——OH 2. H,80, H——OH
HO——H HO——H
HO——H HO——H
H——OH H——OH
H——OH H——OH
CH,OH CH,OH



TABLE I. NEF REACTION OF NITRO CoMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH,NO, 1. NaOH CHO  (80) 297
HO——H 2. H:80, HO——H
HO——H HO——H
HO——H HO——H
H——OH H——OH
H——OH H——OH
CH,0H CH,OH
CH,NO, 1. Ba(OH), CHO (44) 298, 298a
H——OH 2. H:80, H——OH
H——NHAc H——NHAc
H——OH H——OH
3 HO——H HO——H
H——OH H——OH
CH,0H CH,0H
CH,NO, " CHO (56) 298, 298a
HO——H HO——H
H——NHAc H——NHAc
H——OH H——OH
HO——H HO——H
H——OH H——OH
CH,OH CH,OH
CH,NO, 1. H;80, CHO  (60-B) 299
H——OH 2. NaOH H——OH
H——0H 3. H,SO. H——on
HO——H HO——H
H——0——CHC¢H, H——OH
H——OH H——OH
CH, o CH,OH
OCH,C4H; 1. NaOCH,, CH,0OH OCH,C¢Hs (74) 300
CHsCH,OCH, | CHNO, 2.0 CeHsCH,OCH, o.| §HO
ijHQOCH;OCHs CH,0CH,0CH;
CeHsCH,0 GeHsCH;0
OCH,CHs " OCH,CgH; (63) 300
CgHsCH,0CH, O CH,OCH,0CH,4 CgHsCH,0CH, O- CH,0CH,0CH;
?jcmnoz CHO
CgHsCH,0 CeHsCH0
CH,~C(NO,)(CH,),CO,CH, 1. LICH=CHCH(OTBDMS)CH,,-n, Cul, (o} (76) 160
(n-CHs),P CH,CO(CH,),CO,CH;
TBDMSO  CH=CHCHCH,,-n
a8 OTBDMS
e
TBDMSO
3. TiCl;, NH,OAc
” ” (66) 253
G
(j,mo2 TiCl;, H,O 00 (55) 154
TiCl;, NH.OAc, H,0 * (70) 154
1. NaOH o (90) 154

2. TiCl;, NH,OAc, H.O

OH
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TABLE I. NEF REAcCTION OF NITRO COMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CIO H,0,, K,CO,, CH,OH HO,C(CH,),CO,H (89) 266a
NO,
i CH,NO, TiCl;, H,0 : CHO (57) 162
(o] 1. NaOH (0] (65) 34
f 2. H,SO, ?
CH(NO,)CH; COCH;,4
OH 1. NaOH OH (80) 34
f 2. H,S0, i
CH(NO,)CH, COCH,4
CH,NO, 1. NaOCH, CHO (92) 291
2. TiCl,
CH(NO,)CH; 1. NaOCH, COCH, (81) 291
O 8f
NaOH, (NH,),S.0; " (61-66) 150
0 H.0,, K,CO,, CH;OH HO,CCH,C(CH,),CH,COCH,; (79) 266a
X
1. OH" (51) 8
Lb’ 2. H:SO,
(o]
NO,
1. NaOH, CH;OH " (24) 301
2. H,S0,
1. NaOCH,;, CH;0H (61) 161
; 2. TiCl;, NH,OAc
!
NO, o
1. NaOH, CH;0H " (35) 301
2. H;S0,
2. HCl
i {
NO, o
CH,NO, 1. NaOCH; CH,CO,CH; (98) 79
2. H;80,, CH,;0H l—&\
0~ ~OCH;
o 0
1. (CH;),NH (55) 293
ol
07 “CH(NO,)C,H; 0" "COC,H;
E\,( TiCl;, HCI, H,0 E‘j\/ (35) 303
N” “CH,NO, N” “cHo
4-CH,CH,CH,NO, (GH,),N, CAN 4-CH,CH,CHO (85) 148
C,H:(CH,),NO, NaOCH,, TiCl;, NH,OAc, H,O CH;CH,CHO (70) 156
Silica gel, NaOCH, ™ (60) 200
1. (GH,):N ' (80) 261

2. C,;HyuN(CH;)s MnO;
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TABLE I. NEfF REacTION OF NITRO CoMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.

1. NaOH, C;H,OH (64) 267
2. H:80,, H;0, CH,,

CH:CH=C(NO,)CH; 1. (n-C.H,);SnH CH;CH,COCH, (72) 228a
2.0,

CH.CH=CHNO, 1. @\ ﬂ (84) 304

§” MgBr (CH,0).CHCH(CHy) s

2. H;S80,, CH,OH
1. 2-CH,0CH.MgBr CH;CH(CH.,OCH;-2)CH(OCH,). (76) 304
2. H,S0,, CH,OH
1. 3-CIC(H.MgBr C.H,CH(CH.CI-3)CH(OCH,): (82) 304
2. H.80,, CH,0H
1. 4-CF,CH.MgBr CH,CH(CH.CF-4)CH(OCH,). (73) 304
2. H,;80,, CH;0H

4-CIC,H,(CH,),NO. 1. NaOH, GH,OH 4-CICH,CH,CHO (36) 267
2. HSO,, H;0, CH,,

CH,CH(NO,)CH, KNO,, H;SO, CH.COCH; (—) 69
1. NaOC,Hqt ”(90) 127
2. KMnO,
NaOH, (NH,).S.0 ” (72) 150
NaNO,, n-C;H,ONO, DMSO " (79) 197
L. (GHs):N ” (87) 261
2. C,¢Hy;N(CH;)s MnO;

9/0 TiCl, CH,CO,H (89) 229

O,CHZCHcNoa SN O/

n-CiH,;;NO, 1. NaOCH;, CH;OH n-C;H,;,CH(OCH;); (—) 33
2. H:80,
1. NaOC H¢t n-C;H;;CHO (85) 127
2. KMnO;,
1. KOH, CH,;0H ' (83) 131
2. KMnO,, MgSO,
NaOH, 8-azaflavin (28) " (=) 139
1. NaOH, CH;0OH, Rose Bengal " (67) 140
2.0, hy
1. NaOCH;, CH,0OH, -78° " (65) 141
2. 0,, DMS
1. KOC,Hyt ” (45) 144
e I-C.|H902H, VO(acac);
1. HCl, DMF " (24) 170
2. VCl;, H;O, NaOH
CrCl,, CH,OH, HCl " (53-D) 172
NaNQ,, n-C;H,ONO, DMF, H* n-CHCO.H (9-52) 196

ﬂ'CﬂHuCH[NO})CH; HCI, reﬂl.lx ﬂ‘CJ-Il;COCH; (65) 50
1. HCl, DMF *(T) 170
2. v(Ql,, H,0
3. NaOH
CrCl,, CH,0H, HCl ” (61-D) 172
NaNQ,, n-C;H,ONO, DMF ” (47-83) 196
NaNO;, n-C;H,ONO, DMSO " (83) 197

CH=C(NO,)CH,;-n 1. (i-C.H,);Al i-CH,COCH,;s-n I (50) + 259
2. (CH;).0 i-CH,,CH(NO,)CH,;-n Il (38)
3.HCL 1t
1. (i-C.H,);Al I 86) + I (7) 259
2. H,0*

CH,;CO(CH,),CH(NO;)C;Hn NaNQ,, n-C;H,ONO, DMSO CH,CO(CH,),COC;Hrn (71) 197

CH,COCH,CH(CH;)CH(NO.)CH; Silica gel, KMnO, CH,COCH,CH(CH;)COCH; (78) 202, 203

CH,COCH,C(CH;),CH(NO,)CH, 1. NaOH, C,H;OH CH,COCH,C(CH;,),COCH; (70) 305
2. HCI

CH,C(CH;)=CHCO(CH,);NO, 1. NaOH CH,C(CH,)=CHCO(CH,),CHO (—) 129
2. KMnO,

i~C;H,CO(CH,),NO, 1. NaOH -CH,CO(CH,),CHO (—) 129
2- KMl'lo-t

i-C;H,COCH=CHC(CH,)=NO,Na Silica gel, CH;OH i-C;H,COCH=CHCOCH,; (41) 152
Silica gel, CH;OH C,H,COC(CH,;)CHCOCH, (56) 152

CzH{COC(CH3}=CHC(CH3)=N03Na
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TABLE I. NEefF REACTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
0,N(CH,),NO, 1. ZnCl,, HCI OHC(CH,)CHO (—) 183
2. H,0
n-C,;H,SO,(CH,),CH(NO,)CH, 1. NaOH n-C;H,;SO;(CH,),COCH; (—) 306
2. H:SO,
CH;0CH, 1. NaOCH,, CH;OH CH,0CH, (60) 7]
2. TiCl;, NH,OAc
7 /
NO, o
/\ 1. NaOH, CH;0H, -78° M\ (14 142
o_.0 2. 0,, DMS O\C,O
7 (CH,),CHNO,)C3Hy-i 7 (CH,),COC;Hy-i
CH,CO(CH,),CH(NO,)(CH,),CO,C,H;, C,H,OH, NaO,CH, e~ CH,CO(CH;,),CO(CH,),CO,C.H; (88) 193
CH,CH(OCH,CH=CH,)CH(NO,)C:H; 1. DBU, TMSCI CH,CH(OCH,CH=CH,)COC,H; (81) 143b
2. MCPBA
n-CH,,CH(OAc)CH(NO,)CH, CH,0H, NaOAc, e- n-CH,,CH(OAC)COCH, (40-43) 193
0
i-C4HyCH(NO,)(CH,),CH, j 1. KOAc, CH;0H, e~ i-C;H,CO(CH,),CHO (85) 195
0 2. H,0*
Jo)
n-C4HgCH(NO,)(CH,),CH, j " n-C.H,CO(CH;).CHO (82) 195
o]
CH,0,CCH(CH;)CH,CH(NO:)(CH,),CO,- 1. NaOH HO.CCH(CH,)CH,CO(CH.),CO,H (52) 262
CH, 2. HCI
CH,0.CCH,CH(CH;)CH(NO,)(CH,),CO>- 1. NaOH HO,CCH,CH(CH,)CO(CH,),CO-H (63) 262
CH, 2. HCl
0 o
CH;CO(CH,),CH(NO,)(CHy),CH. j 1. OH- CH3CO(CH,);,CO(CH,),CH, j (50) 307
o} 2. H* o]
(C,H0),CH 1. KOC.H,t (C,Hs0),CH (62) 144
2. t-C;H;0;H, VO(acac),
/] !
NO, : ©
1-C,;H,0,CC(CH,),C(CH;),CH,NO, 1. NaOCHyt +-C;H,0,CC(CH;),C(CH;),CHO (91) 126, 127
2. KMnO,
CH;CH(OAC)(CH,),CH(NO,)(CH,),- C,H.OH, NaOAc, e" CH;CH(OAC)(CH,),CO(CH,),CO,C,H; 193
CO,C.H; (55-62)
CH,CH,NO, 1. NaOCH;, CH;OH XN, (20) 308
EZ 2. TiCl,, NH,OAc !
3. H,0*
e 4. Ac,O 0
(CH;0),P(0)CH(CH;)CH:NO, 1. NaOCH; (CH,0),P(0)CH(CH;)CHO  (30) 252
2. 0, DMS
(C4H;),P(O)CH(CH;)CH:NO, 1. NaOCH;, CH;OH (C¢H;);,P(O)CH(CH;)CHO (67) 255
2. 0,, DMS
1. NaOCH;, CH;OH v (87 256
2. Rose Bengal, O;, hv
CH,NO, 1. NaOH CHO  (84-P) 309
HO——H 2. HS0, HO——H
HO——H HO——H
HO——H HO——H
HO——H HO——H
H——OH H——OH
H——OH H——OH
CH,0H CH,0H
CH,NO, 1. NaOCH; 291
2. TiCl,



TABLE I. NEerF REAcTiON OF NITRO COMPOUNDS (Continued)
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Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH(NO,)CH,3 1. NaOCH, COCH; (60) 291
@} Hre J
0 1. NaOH 0 (64) 310
? 2. KMnO; ?
CH,NO, CHO
1. NaOH ” (90) 310
2. 0,, CH;OH
CH,CH(NO,)CH, 1. NaOCH,, CH,OH x> 52) 308
2. TiCl,, NH.OAc
3. H,0" 0
oM 4. Ac,O o
1. NaOH » (84) 308
2. H,S0,, CH,OH
3. Ac,0
1. OH- - 119
N02 2. KM.I]OJ 0
| [
1. OH- =) 311
1. NaOH, CH;OH (55) 301
2. H,S0,
NO, o
” (—) 301
!
/
0
NO,
0 1. NaOH HO,C(CH,),CO(CH,),COH (73) 99
NOZ 2- H4—
(CH,),CO,H
o} 1. (C:H:N 9, 09 98
C:;O) 2. CAN, heat C’P\J
NO, o]
0 1. LiOCH,, Na,B.0; 0 (68) 136
H 2. KMnO, i‘;‘:‘j
N N
NO, o]
(CH,),NO, 1. NaOH, C,H;OH CH,CHO (29) 267
2. H,80,, H;0, CH,,
o) o
L...o \—-0
0 ” 0 (53) 312
CH,NO, i CHO
CH(CH,);NO, 1. NaOCH;, CH,0H C¢H,(CH,).CH(OCHs). (—) 33
2. H;SO,
1. NaOC,Hy- C,Hy(CH,),CHO (82) 127
2. KMnO,
1. ZnCl,, HCl (60) 182

2. HCl, H;0
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TABLE I. NEer Reaction of NiTRo CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
C¢HCH(NO,)C,H; S$nCl,, HCI CH,COCH; (—) 69
CHCH.CH(NO,)CH;, 1. HCl, DMF CH;CH,COCH, (65) 170

2. VCl,, H,0
3. NaOH
1. DBU, TMSCI " (92) 143b
2. MCPBA
1. NaOH, C,H,OH (89) 267
2. H,80,, H.0, CH,
C.H;CH=C(NO.)CH, 1. (n-C;H,);SnH " 97) 228a
2.0,
4-CH,0CH.CH=CHNO, " 4-CH;,OCH,CH.CHO (70) 228a
4-CIC,H.CH,CH(NO,)CH, 1. DBU, TMSCI 4-CICH,CH,COCH; (98) 143b
2. MCPBA
4-CH,CH,(CH,),NO, 1. NaOH, C;H;OH 4-CH,CH,CH,CHO (65) 267
2. H:80,, H,0, CH;;
4-CH;0CH,(CH,),NO; " 4-CH,OCH,CH,CHO (67) 267
i-C,H,CO(CH,),CH(NO,)CH, 1. NaOH i-CH,CO(CH,),COCH; (—) 129
2. KMnO,
C,HC(CH;)=CHCO(CH,),NO, 1. NaOH C,H,C(CH;)=CHCO(CH,),CHO (—) 129
2. KMnO,
CH,CH(CH;)CH,CO(CH,);NO, 1. NaOH CH,CH(CH;)CH,CO(CH,),CHO (—) 129
2. KMnO,
C.H;CH=CHCH,NO, (C:H;);,N, CAN CH,CH=CHCHO (78) 148
CH;CH(NO,)CH=CHCOCH=CH- 1. KOH CH,COCH=CHCOCH=CHCOCH, (50) 151
CH(NO,)CH, 2. (CH,0),50,, heat
CH;C(CH;)=CHCO(CH,),CH(NO,)CH; 1. NaOH CH;C(CH;)=CHCO(CH,),COCH; (—) 129
2. KMnO,
@ Silica gel, CH;OH @\ (51) 152
0~ ~COCH=CHC(CH;)=NO,Na 0~ ~COCH=CHCOCH,
C,H;CH(NO,)C(CH;),CH,COCH, CH,;0H, NaO,CH, e~ C,H,COC(CH,),CH,COCH; (60) 193
n-C;H;SO,(CH,),CH(NO,)C,H; 1. NaOH n-CH;SO,(CH,),COC,H; (—) 306
2. H,S0,
C:H;CH(NO,)C(CH,);CH,COCH, 1. NaOH, GH;OH C,H,COC(CH,),CH,COCH; (70) 305
2. HCl
n-CH,,CH=C(CH,)CH,NO, 1. NaOCH; n-CsH,,CH=C(CH,)CHO (50) 291
2. TiCl,
(CH;),C=CHCO(CH,),CH(NO,)CH, 1. NaOH CH;C(CH;)}=CHCO(CH,),COCH; (—) 129
2. KMnO,
2-HOC,H,CH=C(NO;)CH, NaH,PO,, RaNi, H* 2-HOCH.CH,COCH; (70) 226
4-HOCH,CH=C(NO,)CH, ” 4-HOCH,CH,COCH, (56) 226
4-CH,0C,H,CH=CHNO, " 4-CH,0CH,CH,CHO (53) 226
4-CIC{H,CH=C(NO,)CH, 1. CH~=CHCH,TMS, AICl, 4-CICH.CH(CH,CH=CH,)COCH, (55) 157
2. NaOCH,, CH;OH
3. TiCl;, NH,OAc
4-BrC,H.CH=CH(NO,)CH, 1. LiHB(C.H;-s) 4-BrCH,CH,COCH; (82) 224
2. H,S0,
NaH,PO,, RaNi, H* 7)) 226
CH,CH=C(NO,)CH;, 1. CH,0H, $nCl, CH,CH(OCH,)COCH, (93) 221
2. H*
1. LiHB(C.Hy-s); CH,CH,COCH; (80) 224
2. H,80,
1. LiAlH, ™ (795) 225
2. H*
NaH,PO,, RaNi, H* " (88) 226
1. G;H,OH, SnCl, C4H,CH(OC,H,)COCH; (95) 21
2. H*
1. C;HsSH, SnCl, CH,CH(SC,H;)COCH; (90) 221
2.H*
1. CH~CHCH,TMS, AICl, CH;CH(CH,CH=CH,)COCH; (51) 157
2. NaOCH;, CH,OH
3. TiCl;, NH,OAc
1. CH;CH;OH, SnCl, C.H;CH(OCH.CH;)COCH; (88) 221
2. H*
1. NaCH(CO,C:Hy), CH;CH(COCH;)CH(CO,C:Hs):  (27) 36
2. H*
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TABLE I. NEF REACTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CH,CH=C(NO,)SC:H; 1. NaOCH;, CH,;0CH(CH,)COSC¢H;s (79) 313
2.0
1. 0 0O (68) 143a
(0] (o}
2.0
1. KOH CH,CHOHCOSCH; (58) 313
2.0
1. NaTs TsCH(CH;)COSCH; (56) 313
2.0
1. FCH;CONHK FCH,CONHCH(CH,)COSCH; (62) 313
2.0,
1. NaOC;Hri i-C;H,OCH(CH,)COSCH; (61) 313
2.0,
1. (CH;0,C),CHK (CH,0,C),CHCH(CH;)COSCH; (60) 313
2.0,
1. CH,Li CH;CH(CH;)COSC{H; (39) 313
2.0,
1. CHCOCH,Li CH;COCH,CH(CH;)COSCH,; (43) 313
2.0,
1. ><o ><0 (51) 313
o Oj(o o Oféi(CHa}COSCJJS
o (0]
of\ 07L
2.0,
1. CgHyy CgHyy 313
LiO H C4HsSCOCH(CH;)0 H (55)
2.0,
1. CH,CH,NTsLi C¢H;CH,N(Ts)CH(CH,)COSC¢H;s (67) 313
2.0,
1, o) 0 (68) 313
NK ij\iﬁncmcm)coscﬁus
0 o]
2.0,
1. NaTs TsCH(CH,)COSCH; (56) 313
2.0,
O 1. KOAc, CH,OH, e- n-CH,,CO(CH,),CHO (89) 195
i-CsH);CH(NO,XCH)LH j 2. H;0*
(o]
CH,0,CCH(CH;)CH,CH(NO,)CH,- 1. NaOH HO,CCH(CH,)CH,COCH,CH(CH,)CO,H 263
CH(CH;)CO,CH, 2. HCI (84)
CH,0,CCH(CH;)CH,CH(NO,;)CH(CH;)- 1. NaOH HO,CCH(CH;)CH,COCH(CH,)CH.CO,H 263
CH.CO.CH; 2. HQ (45)
C,H;0,CCH,CH(CH,)CH(NO.)CH(CH,)- 1. NaOH HO,CCH,CH(CH;)COCH(CH;)CH.CO,H 263
CH.CO.C,H; 2. HCl (12)
f_\ NaOH, H:O, (H‘CJHU).;N'BI'- ‘r’_\ {—J 314
Oio CH,CH(NO,)CH, Oio CH,COCH,
0 0
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TABLE I.

NEF REACTION OF NITRO CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
M\ 1. NaOCH, R (77 296
00 2. TiCly, NH,OAc 0.0
CO,CH, CO,CH;
CH(NO,)CH; COCH,4
1. NaOCH;, (63) 296
2.0,
0’3 TiCl, NH,OAc, H,0 o} (70) 154
@ e
CH(CH;)CH,NO, CH(CH;)CHO
0 NO, 1. NaOCH,, CH;0H CH,0,C(CH,),CO(CH,).CH(OCH,), (79) 315
2. TiCl;, NH,OAc
(CH,),CH(OCH3),
0 1. LiOCH, O (70) 128
’p{ 2. NaMnO, 9—{
8 9
HO,C  CH,NO, HO,C  CHO
1. KOH, CH;0H (85) 131
CHs0,C, . CH,NO, 2. KMnO,, MgSO, CH;0,C~ - CHO
CHO,C~ - CHs0,C~
CO,CH, CO,CH;
1. KOH, CH,;0H (95) 131
CHLCH,0,CN | —CHNO, 2. KMnO., MgSO. CAHICH,0,CN-| N —CHO
CeHsCH,0,CN CeHsCH;0,CN
CO,CH;, CO,CH;
o
CH(NO,)CH; 1. NaOCH, cocH, (40) 291
2. TiCl,
1. KOH (12) 120
2. H,0
N I
CH i 0, iz 3
1. OH- (61) 117, 122
OZNZ‘%/ 2. KMnO, 0%/
1. OH- =) 117
5%( 2. KMnO, o
1
1. OH- =) 122
|5 2. KMnO,
T NO:
o}
1. OH- ) 118
NO, 2. KMnO, o
| |
1. OH- ) 119
ON i}\(r 2. KMnO, o)
1. KOH 316
2. H;30,
NO,



8vL

6¥L

TABLE I. NEF ReactionN oF NITRO CoMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
1. (CH)N »(65) 261
2. C,H;;N(CH;); MnO;
CH,CH(NO,)C;Hs 1. NaOCH,, CH,0H NGl (43) 308
©: 2. TiCl,, NFLOAc 1
3. H,O0*
CcoH 4. Ac,0, H* J
1. NaOH " (85) 308
2. H,80,, CH,OH
3. Ac,O, H"
H NO, 1.0H- H (0] (52) 121
: [ f 2. KMnO,
H H
NO, CeHg, hv 0 (14) 244
C4Hg-t CHyt
+ NOH (33)
CHyt
+ NO, (49)
CeHy-t
0 H.0., K,CO,, CH,OH HO zc/:/‘\\/COZH (88) 266a
NO,
0 NO, H;0,, K,CO;, CH;OH HO,C(CH,);CO(CH,),COCH; (61) 266a
@(Cﬂzhcmﬂs
NO, 1. LiHB(C.Hy-s)s 0 = 317
i 2. H;S0, f
CHgn CiHg-n
05 1. (GHs):N 0 0 (76) 98
CL:,) 2. CAN, heat (:l;)
NO, o]
0 1. NaOCH, D (80) 99
Cl:))/ 2. TiCls, NH.OAc c;)/
NO, 0
1. LiOCH;, " (95) 99
2. KMnO,
(o] o 1. NaH, +-CH,OH 0 o (60) 102
2. KMnO,
3. H:S0,
NO, o)
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TABLE I. NEer ReacTioN oF NITRO CoMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
NO, 1. KOH NO, (92) 132, 318
_ CH,NO, 2. KMnO,, Na;B.0, _ CHO
| ]
N N
CH,NO, » CHO (88) 132, 318
SNONF N
z ” z (85) 132, 318
1 1
N CH,NO, N CHO
NO, NO,
0 Silica gel, CH;OH 0 (34) 152
\&CHC(CHQZNO:M \éfcncocn3
/\ NaOH, H,0, (n-C.H;)N*Br~ S\ ) 314
o__0 o__0
fomos o
o]
0 1. NaOCH;, CH,0H CH;0,C(CH,)sCO(CH,),CH(OCH;), 315
NO, 2. TiCl;, NaOAc
(CH,),CH(OCH,),
0 Silica gel, CH;OH 0 (54) 152
? ,CHC(CH;)=NO;Na T ,CHCOCH,
1. ZnCl;, Hzo (—) 180
CH,NO, 2. K,CO, CHO
n-C,HyNO, 1. NaOC,Hy-t n-CH,CHO (92) 127
2. KMnO,
CeHy(CH,).NO, 1. ZnCl,, H,O CeHy(CH,),CH(OCH;): (—) 182
2. CH,0OH, H*
CH;C(CH;=CHCO(CH,),CH(NO,)C;H; 1. NaOH CH,C(CH,)=CHCO(CH,),COC.H; 129
2. KMnO,
C;H;C(CH;)=CHCO(CH,),CH(NO.)CH, 1. NaOH C,H,C(CH,)=CHCO(CH,),COCH; (—) 129
2. KMnO,
i-C;H,CO(CH,),CH(NO,)C,H; 1. NaOH i-C,;H,;CO(CH,),COCH; (—) 129
2. KMnO;
5s-C;H,CH,CO(CH,),CH(NO,)CH, 1. NaOH s-C;H;CH,CO(CH,),COCH; (—) 129
2. KMnO,
CH~CH(CH,),CH=CHCH,CH(NO,)CH; 1. TiCl;, NH.OAc, H.O CH~CH(CH,),CH=CHCH,COCH; (70) 158
2. HO(CH,),0OH
n-CH;CH(NO,)(CH,),CN CH,0H, NaO,CH, e~ n-CH,;;CO(CH,),CN (88) 193
4-CH,0C,H,CH=C(NO,)CH, NaHPO., RaNi, H* 4-CH,OCH.CH,COCH, (92) 226
1. (n-C.Hg);SnH ™ (95) 228a
2.0,
4-CH;CH,CH=C(NO,)CH, 1. (n-C,Hy),SnH 4-CH,CH.CH;COCH; (99) 228a
2. MCPBA
4-NCCH.CH=C(NO,)CH, = 4-NCC4H,CH,COCH; (95) 228a
CH,CH=C(CH;)CH,NO, 1. NaOCH;, CH;CH=C(CH;)CHO (51) 291
2. TiCl,
C,H,CH=CH(CH,),CO(CH;),NO, 1. NaOH C,H,CH=CH(CH,),CO(CH,),CHO (45) 319
2. H;S0,
C:H,CH.CH(NO,)CH,CO,C,H, 1. NaOH CH;CH,COCH,CO;H (91) 263
2. HCl
CH;CH=C(NO,)C,H; 1. CH/~=CHCH,TMS, AICI; CH,CH(CH,CH=CH,)COC,H; (62) 157
2. NEOCHJ, CH;OH
3. TiCl;, NH,OAc
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TABLE I. NerF REACTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
C.H.CH.CH(NOQ,)C.H. 1. NaOH, CG,H,OH CH;CH.COC,H; (91) 267
2. H80,, H;0, CH,,
4-CH,C,H,CH,CH(NO,)CH, 1. DBU, TMSCI 4-CH,CH.CH.COCH; (99) 143b
2. MCPBA
4-CH;0OCH,CH.CH(NO.)CH; ” 4-CH;0CH.CH,COCH; (97) 143b
4-NCC,H,CH,CH(NO,)CH, ” 4-NCCH.CH,COCH; (95) 143b
C,H:CH(OCH;)CH(NO;)CH, C.H.CH(OCH;)COCH; (95) 143b
3-O.NC,H,CH(OCH,)CH(NO,)CH; " 3-O,NCH.CH(OCH;)COCH; (73) 143b
3.4’(CH10):C(,H\(CH}}:N0: 1. NaOH. C:H(OH 3.4—(CH\0)2C¢H3CH:CHO (ﬁ) 267
2. H:80,, H:0, CH,, ’
” " (59) 157
4-CIC,H.CH=C(NO)C:H, NaOCH;, CH.OH; TiCl,, NH.OAc 4-CICH,CH(CH,CH=CH,)COC:H, (55) 157
CH=~CHCH.TMS, TiCl,, " (49) 157
CH;0O(CH,),0OCH,
4-CH,0C,H,CH=C(NQ,)CH, 1. CH~CHCH,TMS, AICl, 4-CH,0CH,CH(CH,CH=CH,)COCH, 157
2. NaOCH;, CH;OH (48)
3. TiCl;, NH.OAc
1. CH/~CHCH,TMS, AICl, " (59) 157
2. TiCl;, CH;0(CH;),OCH;
Cll
0 1. NaOCH,, CH;OH CH;0,C(CH,),CO(CH,).CH(OCH,), (83) 315
NO, 2. TiCl;, NaOAc
(CH,),CH(OCH3),
0._0 1. (CH;)N 0.0 (81) 98
2. CAN, heat
NO, 0
1. NaOCH, 7 (88) 99
2. TiCl;, NH,OAc
0 1. KH, heat 0._0 (21) 102
NO, 2. dil HCI
(CH,),OH
o]
+ 0._0 (5)
NO,
1. OH- (88) 123
}b 2. KMnO, }B
cuf? | NO, a1 TNy
1. NaOCH,-1 (81) 126, 127
Q/C(CﬂshCHzNOz 2. KMnO, C(CH;),CHO
CN : CN
CH,CH(NO,)CH;, 1. NaOCH,, CH;O0H x 27 308
2. TiCl;, NH,OAc o
3. H,0*
COH 4
CH,0 4. Ac,0, H CH,0 O
NO, 1. OH- NO, (82) 132
CH2N02 2. KMnO,, borate buffer CHO
1. KOH " (82) 318
2. KMnO,, Na,B,0,
CHCH(NO,)CH;3 1. KOH CHCOCH;  (55) 151
o 2. (CH;0),80,, heat 6
CHCH(NO,)CH; CHCOCH;,
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TABLE I. NEF Reaction oF NiTRo CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
1. NaOH (90) 320
o 2. HCI °
CH,CH(NO,)C;H, CH,COC;H,
CH(NO,)CH,4 1. (CHy):N COCH, (67) 261

C[ 2. C,H,N(CH,); MnO; q

4-NCCH.C(CH;),CH,NO, 1. NaOC.H,-t 4-NCCH.C(CH;,),CHO (83) 126
2. KM“OA

4-CH,0CH,CH(CH,NO,)CH,CN 1. NaOCH,, CH,0H 4-CH,0CH.,CH(CHO)CH,CN (60) 38
2. H;50,, CH,OH
3. HCl, H,O

CHCO(CH,),CH(NO,)CH, 1. NaOH CH,CO(CH,),COCH; (—) 130
2. H,0*
1. NaOH * (=) 130
2. KMnO,, MgSO,
Silica gel, KMnO, * (86) 202, 203

4-BrC,H,COCH=CHCH(NO,)CH, 1. KOH 4-BrC.H.COCH=CHCOCH; (85) 151
2. (CH;0),80,, heat

4-BrC,H,COCH=CHC(CH,)=NO;Na Silica gel, CH,OH 4-BrCH,COCH=CHCOCH; (57) 152
(NH,),S,04 ™ (31) 152
Ascorbic acid, HCI " (36) 152

CH;COCH=CHCH(NO,)CH, 1. KOH CH;COCH=CHCOCH; (85) 151
2. (CH,;0),50;, heat

CHCOCH=CHC(CH;)=NO;Na Silica gel, CH,OH * (64) 152
(NH,).5,04 (21) 152
Ascorbic acid, HCI ™ (37 152

4-0,NCH,COCH=CHC(CH,}==NO,Na Silica gel, CH,OH 4-O,NCH,COCH=CHCOCH,; (21) 152
Ascorbic acid, HCI ” (8) 152

CH,;CO(CH,),CH(NO,)CH;-n Silica gel, NaOCH, CH,CO(CH.),COCH,;-n (80) 200
Silica gel, KMnO, ” (40) 203
1. NaOH, C.:H,OH (—) 321
2.H*
1. (GH;):N 7 (64) 261
2. C,H;N(CH;)y MnOy

C,H;CH=CH(CH,),CO(CH,),CH(NO;)- 1. NaOH C,H,CH=CH(CH,),CO(CH,),COCH; 319

CH, 2. H:S0, (72)

CH~CH(CH,);NO, 1. NaOC,H;,-t CH~CH(CH,);CHO (59) 127
2. KMnO,
1. KOH, CH;0OH " (50) 131
2. KMnO,, MgSO,
1. (GHs)N " (66) 261
2. C,H;;N(CH;); MnOy

CHs(CH:);NO, 1. ZnCL,, HCI CH,(CH,).CH(OCH;). (—) 182
2. CH;0H, H*

OHCC(CH)=CHC(CH,)=NO.Na Silica gel, CH;OH OHCC(CH;=CHCOCH, (46) 152

C,H,C=C(CH,),CH(NO,)(CH,),COCH; TiCl;,, H;,O C,H,C=C(CH,),CO(CH,),COCH; (85) 153, 154

C:H;CH=CHCH=C(NO,)CH, NaH,PO,, RaNi, H* CH,CH,CH=CHCOCH, (64) 226

CH;CH.CH(NO,)C;H-n 1. NaOH, C;H,OH CH,CH,COC,Hn (93) 267
2' E{"'soh Hlos CSHIZ

CHCH(CH;CO,CH;)CH(NO,)CH; 1. DBU, TMSCI CH,CH(CH,CO,CH;)COCH; (70) 143b
2. MCPBA

CH,CH(NO,)CH(C:H;)CH,CO.CH, (n-CH;),N*Br-, CH,CN, CH,COCH(C¢H;)CH,CO,CH, (68) 194

01, eT
n-C;H,;CH(NO;)(CH,),CO,C,H; C;H;OH, NaOCH;, e~ n-C;H,;,CO(CH,),CO,C;H; (72) 193
CH,CONHC(CO,C,H;),(CH,).CH- 1. NaOH CH,CONHC(CO,C,H;),(CH,).CH(CHO)- 322
(CH,NO.)0,CCH; 2. H,S0, 0,CCH; (—)

i-C;H,CH=C(NO,)SCH;s o ,0, (0] (46) 313

(J\::NK cﬁnm(coscﬁuggﬂﬂ
0 o}
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TABLE I. NEF REACTION OF NITRO COMPOUNDS (Continued)

Nitro Compound

Reagents

Product(s) and Yield(s) (%)

Refs.

(CH,);CHOHCH;

0
@cmcnmo,)s SN

OCH,CH=C(NO,)SC¢Hs

P

[0} TBDMS
(CH,),NO,

CH,O@,CH{CHZNOZJCHzm
CH;0

1. NaOC,H,-t
2. KMnO,

H;0,, K;CO,;, CH;OH

1. NaOH, CH;0H
2. H,S0,

1. NaOC,H;, C,H;OH
2. HCl
3. TsOH, heat

1. NaOCH;, C,H,OH
2. HCl

1. NaOC,H;, C;H;OH
2. HCI

1. NaOCH;, CH;0H
2. H,80,, CH;0H

1. KH, heat
2. dil HCl1

TiCl,

TiCl; (excess)

1. (n-C.H,)N*F~
2,08

1. NaOH, C,H,OH
2. H:80,, H,0, CH,,

1. NaOCH;, CH,0H
2. H;80,, CH,OH
3. dil HCI

: : o O

HO.,C(CH,),;CO:H (92)
(0]
Cﬁim
F 0 (74)

(0]

3

0 (43)

CeHs
o
[Oj/ CH(OCH3)2 (95)
N
CH,CgH;
(o] (18)
(o]

0

(68)
CH,CHO

(95)
CH,COH

o) (56)
A2
o]
COSCHs
CH,CHO (54)
CH,0 CH(CHO)CH,CN

CH,0

(95)

(73)

127

266a

323

324

325

326

327

102

229

229

143a

267

38
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TABLE I. NEfF REacTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
OCH, 1. NaOCH,, CH,0H OCH, (90) 39
CH;0 CH(CH,CN)CH,NO, 2. H:SO,, CH;OH c1-l,0@,cH(CH;CN)(:H(OCH;}2
C(CH,),CH,NO, 1. NaOCHy-t C(CH;),CHO (88) 126, 127
2. KMnO,
CF3 CF3 CF3 CF_‘;
OCH, 1. NaOH, G;H,OH OCH, (90) 328
2. HCI
CH,0 CH(NO,)(CH,),CO,H CH;0 CO(CH,),CO,H
0 1. KOH 0 (56) 151
2. (NH.),5,0,
CHCH(NO,)CH; CHCOCH,
0 Silica gel, CH,OH (713%) 152
@:IS:CHC(Cﬂs}mozna
(NH.).S:0; 7 (51%) 152
QH(CO(CH;};CH(NOZ)C‘.‘HS 1. NaOH CﬁHsCO(an)zco'Csz (—) 130
2. H;,0*
1. NaOH ") 130
2. KMnO,, MgSO,
CH,COCH(CH,)CH;CH(NO,)CH, Silica gel, KMnO, C4H;COCH(CH,)CH,COCH, (71) 202, 203
i-C;H,C(CH,)==CHCO(CH,),CH(NO,)CH, 1. NaOH i-CH,C(CH;)=CHCO(CH,),COCH; (—) 129
2. KMnO,
i-CH,CH(CH;)CH,CO(CH,),CH(NO,)CH, 1. NaOH i-C.:H;CH(CH;)CH,CO(CH,),COCH; (—) 129
2. KMnO,
4-CH,0C,H,COCH=CHCH(NO,)CH, 1. KOH 4-CH,0CH,COCH=CHCOCH, (62) 151
2. (CH;0),80;, heat
4-CH,0CH,COCH=CHC(CH;)=NO;Na Silica gel, CH;OH n o (41) 152
(NH,),S:0; " (19) 152
Ascorbic acid, HCI (26) 152
C.H(CH,).NO, 1. ZnCl,, HCl CHs(CH,);CHO (50) 182
2. H;0
n-C;H,sCH(NO,)(CH,),COCH; CH,0OH, NaO,CH, e- n-C;HCO(CH,),COCH, (87~-90) 193
4-CH,COC{H,CH=CHC(CH;)=NO;Na Silica gel, CH,OH 4-CH,;COCH.CH=CHCOCH, (38) 152
CH;(CH,);CH=C(NO,)C;H; 1. CH~CHCH,TMS, AICl, C,H,(CH,),CH(CH,CH=CH,)COC,H; 157
2. TiCl;, CH,O(CH,),0CH; (50)
9 No, 1. NaOCH;, CH;OH CH,0,C(CH,),CO(CH,),CH(OCH,), (82) 315
2. TiCl;, NaOAc
(CH,),CH(OCH;,),
Cy
LiBr 0 (77) 234
cancr o Js cogcr, o
5
\ NO, AN
0 o]
o o Br
LiN, 0 (76) 234
carcH 0
N 4
o]
o] N,
1. OH- (100) 116
qus 2 000, 49e
NO, o]



TABLE I. NEF ReacTiON OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
KOH, (NH,),5.05 T (72) 150
1. KOH " (90) 329
2. Air

09L

19L

Swel

NO,
CeH;

NO,

3-cn,ocsm’©

NO,

4-CH;0CeH;

NO,
+
CeHs Q/
NO, CeHs

NO,

CeHs
NO,
ne
NO,
OCH,

CH;0” i > CH(NO,)CH(CH;)CH,CN

(CH,);NCOCH,CH(CH:NO;)CH.OCH-4

C¢H:C(CH;,),C(CH;).CH,NO,

CH,COCH,CH(C;H;)CH(NO)C;H;

4-CH,CH,CH,CH(NO;)(CH,),COCH,

CH,NO,

(CH,);,CH=C(NO,)SCgH;

N
0 "Si(CH3),CyHgt

hv, CH;OH or -C.H,OH " (62%) + O O (24) 244

o 2

REETRE Ml T Ik e s T S R e

. KOCH;

Air

. NaOH

HCl1

NaOC.H;, C;H;OH
HC1

. NaOH
. HCl

NaOCH;, CH,OH

. H:S0,, CH,OH

NaOC,He-t
KMnO,

NaOH

H,0*

NaOH

KMnO,, MgSO,
LiOCH;
KMnO;, buffer
NaOCH,

. TiCly

1. HF, Py

w K

—

. KOCH;-t
. 03

< {H'CnHD)AN *F-

0,

NOH

Br

o)
(71-D)

CeHs

0
(87
3-CH,0CgH;
o}
(88)
4-CH;0CH

137

292

325

(o]
65) + (15) 326
CeHs
CeHs )
0

(35)
iy

o}
(33)
CeHs
o}
OCH;4 (70)
CH;0 COCH(CH;)CH,CO,H

(CH;),NCOCH,CH[CH(OCHy;),}-
CH.OCH;4 (15)
C:H,C(CH,),C(CH,),CHO (88)
CH,COCH,CH(CH;)COCH; (—)
(=)
4-CH,CH,CH,CO(CH,),COCH; (85)

CHO (79)

(83)

COSCgHs
v (83)

326

326

328

330
126, 127
130
130
331

291

143

143a
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TABLE I. NEeF REacTION OF NiTRO COMPOUNDS (Continued)
Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
0 KH o] I (13) 332
@é({CHZ)ZCHOHCHj 8
NO,
(0]
+ o] I (32)
(0]
N
n-(CH,).N*F- I (7)+ 0O (43) 332
0 Silica gel, CH;OH 0 (44) 152
zﬁ CHC(CH3;)=NO;Na CﬁCHCOCHS
(NH,).S;05 " (17) 152
Silica gel, CH;OH A (36) 152
\)— COCH=CHC(CH;)=NO,Na COCH=CHCOCH;
(o] o
CeHy(CH,);NO, ZnCl;, HCI CH,(CH;),CHO (53) 182
CH;COCH,CH(CH;)CH(NO,)C,H; KMnO,, silica gel CH,COCH,CH(C:H;)COCH; (72) 202, 203
CH=C(NO,)CH, 1. LiHB(C,H,-s), CH,COCH; (81) 224
‘ | 2. H;S0, I '
X " NG U
CH,0 CH=C(NO,)CH; C,H,0 CH,COCH;
CH=C(NO,)CH, NaH,PO,, RaNi, H* CH,COCH; (86) 226
X X
- -
0 1. NaOCH;, CH,OH 0 (71) 333
2. H;S0,
- (CHy)sCO,CH; (CHy)¢COCH;
CH,NO, CHO
OH - OH (56) 333
.~CH,CH=CH(CH,);CO,CH; . CH,CH=CH(CH,);CO,CHj
CH,NO, CHO
OH * OH (>36) 333
-~ CH,C=C(CH,),C0O,CH, Q,,c[-]z(;'=c((:}{2)3c¢_)2c]{3
CH,NO, CHO
o] o 1. Py, Ac;0, heat o] (43) 101
2. Ice =
3. dil HCI
OAc OAc
NO, o}
I\ 1. KOH, MgSO, \ (=) 125
0__0o 2. KMnO, 0,0
Q (CH,)¢CO,CH, Q.—-(CHQGCOZH
CH,NO, CHO
OTBDMS 1. NaOCH;, CH,OH OTBDMS (71-82) 334

Q (CH,)4C0,C,H

CH,NO,

2. O,, DMS

Q (CHy)6CO,C,H;

CHO



TABLE I. NEefF ReacTioN oF NiTRO CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
Cu
1. NaOC;H;, C;H;OH - 335
2. HCl
NO, o
1. NaOH, C,H,OH ) 335, 336
2. HCl
(0]
NO, ’ ) (35) 337
~J
e
CH,0 CH;0
CH,0 CH;0
” ‘ NO, (—) + ‘ 0 (—) 337
:,0;’,‘ CH;0 E
CH;0 CH;0
» 0 (83) 325
CH,0 ' O
CH,0
CH;0
0 0 (17) 337
OCH, OCH,
OCH,4 ocil;
NO, 0
- (50) 325
Cehis Qﬂs/¢/
NO, o
0 1. KOH, CH,0H 0 (100 338
: || 2. KMnO,, MgSO, : :rl\ i
3 NO, 0
& 0 KH (22) 332

(CH,),CHOHCH,
g

(H,-CJ'IO);N'F-

o
o
o

(30)

+
o
=)

z
A

(o}
Q
(=]
2

332
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TABLE I. NEefF ReacTiON OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
* 1 (34)
0]
NO,
o] H.0,, K;CO,, CH,OH 266a
NO,
Rog CO,H
1. NaOCH;, C;H:OH (69) 326
2. HCl
4-CH;0C¢H; 4-CH;0C¢H;
NO, o]
326
4-CH;0CEH ; 4-CH,0CgH{” ;
NO, 0

<o:©\ NaNO;, n-C;H,ONO, DMSO
o CH[CH,CON(CHj),]CH(NO,)CH;

(CH;);CH=C(NO,)SC¢Hs 1. HF, Py
2. KOCHgt
O TBDMS
OC(CH;)zCI'hC(NOZ)SciHS 1. n-(C.HyLN'F'
I 2.0
N\
0] TBDMS
OC(CH,),CH=C(NO,)SC¢Hs 1. n-(CH,),N*F-
2.0
K
0 TBDMS

OCH,COH[CH,OTBDMS]C=C(NO,)SC¢H

5
1. ﬂ-(CHa)lN Hp=
N, 2.0,

(0] TBDMS
OC(CH,),CH=C(NO,)SC¢Hs 1. HF, Py
2. KOCHet
o] TBDMS
3,4,5-(CH,0),CH,COCH=CH- Silica gel, CH;OH
C(CH,)=NO,Na
(NH.):S,0,
CH,COC(CO,C;Hy)=CHC(CH;)=NO.Na Silica gel, CH,OH
o] 1. Py, Ac;0, heat
2. Ice
(o} 3. dil HC1

OAc
NO,

+ 4-CH;OCgH; ;'[‘ (99 total)

o

(o] (90) 198
1L
0 CHICH,CON(CH3),|COCH;

(53)

N
0

COSC;Hs

(o] (83)
FX

9 COSC¢Hs

COSCgHs

ﬂ% —

COSCgHs

X

o
COSC¢Hs

(€3]

3,4,5-

(CH;0),CH,;COCH=CHCOCH, (58)

" (39)

CH;COC(CO,C;H;)=CHCOCH; (—)

0 (49)

o

OAc

143

143a

143a

143a

143

152

152
152
101
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TABLE I

NEF ReACTION OF NITRO CoMPOUNDS (Continued)

Nitro Compound

Reagents

Product(s) and Yield(s) (%) Refs.

Nj (CHz}z N02
s

0 CH,Cg¢H3(OCH,),-2.4
n-Cy,H,,CH=C(NO,)C,H;

CJ'lsCH=C(N02)C-5H5

n-C,HyC(CH;),CH,NO,

CH:—CHCH,C(SC;H;)(COCH;)CH(CH)-
CH.NO,

CO,H

CeH;CH,0CH,

05,0 e

CT\J}’*%
A

O N

g}""z

o
NO,
(Hj)wm

1. NaOCH,
2. H,80,, CH,OH

1. CH;=CHCH,TMS, AICl,

2. TiCl;, CH,0(CH,),0CH;

1. CH=C(CH,)CH,TMS, AICl,

2. NaOCH,, CH,0H, TiCl;, NH,OAc
1. NaCH(CO.C;Hy),

2. H*

1. NaOC,H,-t

2. KMnO,

1. NEOCI'Ig

2. H,S0,

1. NaOCH;, C,H,OH
2. HCl

1. NaOGCH;, C;H,OH
2. HCl

1. NaOCH;, CH,OH
2. TiCl;, NH,OAc
3. H,0*

4. Ac,O, H*

1. NaOH

2. H;30., CH,OH
3. Ac,O, H*

1. NaOCH;, CH;OH
2. TiCl;, NH,OAc

L. (GHy);N
2. CAN

1. NaOCH;

2. TiCl;, NH,OAc
1. LiOCH;, Na,B.0,
2. KMnO,

N; CH,CH(OCH;), (95) 43
e

07 'CH,C¢Hy(OCH;),-2,4
n-C\H, CH(CH,CH=CH,)COCH; (74) 157

n-CyiHy, CH(COG;H,)CH.C(CH;)=CH, 157
(74)
(C:H,0,C),CHCH(C4H;)COCH; (=) 36

n-CHy;C(CH;),CHO  (96) 126, 127
CH,=CHCH,C(SC{H;)(COCH,)CH(CH,)- 339
CHO (81)
0 =) 335
(O
2
(89) 326
4-CH,0C¢H;
0o
: ;\ CeHs  (32) 308
0
0
" (84) 308
CgHsCH,OCH, (64) 91
!
o
0-_0 (75) 98
dL}o
”(87) 99

H @) 136
0s_N

g!}o

<0?:/I‘Q (28) 102

0
Q0. &)

i
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TABLE I. NEF REacTioN oF NiTRO CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
0 1. NaOCH;, CH;0OH CH,0.C(CH.),;CO(CH.),CH(OCH,), 315
NO, 2. TiCl;, NaOAc (83)
(CH,),CH(OCH,),
0 KH 0 1 (59) 332
(CH,),CHOHCH,
je®) :
NO,
CH;0 CH;0
o
(n-CH;).N-F- I (6) + o} (33) 332
(o]
CH;0
NO,
(o] (CH,),CHOHCH, KH 0 (14) 332
O™ -
(0}
+ 0] (45)
@i‘b
NO,
CH,CeHs 1. LiOCH, CH,CgHs (63) 136
o-__N 2. TiCl;, NaOAc O~ _N
) 6\30
Cis
n-C,;Hy;NO, 1. NaOC,H,-t n-C;;H;,CHO (87) 127
2. KMnO,
4-(CHS0,)CH.C(CH;),CH:NO, " 4-(CH,S0,)CH,C(CH,),CHO (91) 126, 127
+-C,;H;COCH,CH(C¢H,)CH(NO,)C;H; 1. NaOH t-C.H;COCH,CH(CH;)COCHs  (—) 130
2. H,0*
1. NaOH T (=) 130
2. KMnO,, MgSO,
4-(CH,CH,0)CH.CH,CH(NO,)CH; 1. (n-CH,)P, (CHS), 4-(CH,CH,0)CH.CH,COCH;  (82) 175
2. H,0
4-(C:H;CH,0)CH.CH=C(NO,)CH, 1. CHsSH, (CHS),, (CGHs)iN, 4- 175
(n-C.H,),P (CH;CH,0)C,H,CH(SC{H;)COCH; (75)
2. H,0
O 1. KOH, C,H;OH (87) 340
‘ 2. HCl or H,S0O, =
NO, o]
1. NaOCH; (83) 262
2. TiCl;, NaOAc
CH40,C CH,0,C
0 O

NO,
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TABLE I. NEfr ReactionN oF NITRO CoMPOUNDSs (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CI'F
CH,CO,CH; 1. NaOCH;, CH;OH CH,COCH;  (78) 3
i (CH,),NO, 2. H.80, & CH,CHO
COC4H; COCgH;
CH,CH(NO,)C¢H OCH;-4 1. NaOCH,, CH;OH \CeH:OCH;4  (20) 308
2. TiCl;, NH,0Ac
CO.H 3. H,0* 0
CH;0 4. A0, H CH,0 O
1. NaOH ™ (79) 308
2. H;80,, CH,OH
3. Ac;0, H*
1. KOH, C;H;OH 17 340
I 2. HCl or H;SO, ‘
NO, o
1. KOH, H;0, CH,0H " (4) 13
2. HCl
+ (32)
C4HCOCH(C(H;)CH,CH(NO,)CH, KMnO,, silica gel C4H;COCH(C(H,)CH,COCH, (91) 202, 203
C:H.COCH,CH(CH;)CH(NO,)CH, KMnO,, silica gel C.H;COCH;CH(C:H;)COCH, (87) 202, 203
D TiCl, (excess) n-CHy,COH  (100) 229
n-CyHyCHNOS ™ N~
TiCl, n-C,¢Hy;CHO  (70)
CH,C0,CH; 1. NaOCH;,, CH,;0H CH,CO,CH, )
fj,(CH,)zNoz 2. HS0, O,(:Hzcmocm)z
NC 1':1 NC flq
COC¢Hs COCgHs
CH;C(NOz) C6H5 1. (H'C‘Hy)jan CH;CO CGHS (84) 341
2. O,, DMS
N\ N\
o CeHs o CgHs
0 NaNO,, n-C;H,ONO, DMSO (90) 198
(LS G
0
S S
0: C - CHCH,NO, o:©/CHCOzH
(o] 0
1. NaOCH, (81) 262
2. TiCl;, NaOAc
CH40,C CH,0,C
0 (o]
NO, o}
Cis
CH,COCH,CH(CH;)CH(NO;)CH; 1. NaOH CH,;COCH,CH(CH;)COC;H; (—) 130
2. H;0*
1. NaOH e 130
2. KMnO,, MgSO,
KMnO,, silica gel " (83) 202, 203
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TABLE I. NEer ReacTion oF NITRO ComMPOUNDS (Continued)

Nitro Compound

1. NaOCH,

O,m(ozccdug-rmcnﬁcmsozcmcnzmmmm
2. TiCl,

O/CH@;CC‘H,-:}C}{(CHN{ZCHCOC;& (65)

Reagents Product(s) and Yield(s) (%) Refs.
0 1. Py, Ac,O, heat o] (57 101
2. Ice
0 3. dil HCI 0
OAc OAc
NO, o]
CEHS 1= (n'Cal'IQLN‘F_‘ CH;CI']=C[N01)SC‘I'15 CBHS (?5} l43a
2.0,
o7 N
AR S crci,CscH,
1. KOCHyt " (41) 143a
2.0,
CH,C(NO,) CgH,CH;-4 1. (n-C.H,),SnH CH,CO C¢H;CH;4 (91) 341
2. 0,, DMS
N\ N\
g CeHs e CeHs
Cs
NaOGC;H;, hv 239
1. NaOCH; 342
NHCOCgHs 2. TiCl, pH 5
CH;C(NO,) CeH,CHy4 1. (n-CH,);SnH CH,CO CgH,CHy-4  (80) 341
2. 0;, DMS
N\ N\
o CGHGCH3-4 0 C6H4CH3 4
Cy
CH,NO, TMBG, MIBA CHO (41) 149
TiCl;, H,0 163
(C¢H;),CHC(CH;)=NO,MgBr HCI (CH;),CHCOCH; (97) 343
,CH, 1. LiAlH, ,CH, (62) 186
N 2. HCl, H,0 N
NO, (o]
(Y i / )
CH;0 o OCH;, CH,0 Y OCH,
344



TABLE I. NEF REACTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.

OH 1. NaOCH, OH (70) 160, 253

9LL

LLL

Q._Cﬂzcnmo,xcnzmozcﬂs 2. TiCls, NH,OAc, H,0

Py
&

TBDMSO CI"—_-C}I:C"ICSH“-H
OTBDMS

1. NaOCH;
2. TiCly, NH.OAc, H,0
0 1. (GH;):P

~CH,CH(NO,)(CH,);C0,CH;

-CiHy(CHy);SI0” CH=CHCHC;H,;-n

OSi(CHy),CHyt
2. TiCl;, NH.OAc
1. NaOCH;, CH;OH

FN
Csﬂssozmmwxgn 2 NH, 2.0,
7 NN
oxo

C-;|

CH(NO,)CH, NaOC,H;, hv

HO

CH;C(NO,) C(CH,)=CHCgH; 1. (n-C.H;),SnH
2. HF, CH,0OH
N\
o C¢H,OCH;-4

ON 1. LDA

; CeHs 2. MoOs-Py-HMPA
- g

1. KOH, CH;OH
2. HClI or H;S0O,

1. NaOCH,;, CH;O0H
2. TiCl;, NaOAc, H,0O
N
| (0]

N
g (R 1. DBU, TMSCI
2. MCPBA
o

N CH,CH(NO,)C4Hs

0 My
CH,CO,CH,

Q, CH,CO(CH,),CO,CH;

TBDMSO  YCH=CHCHCH,-n
OTBDMS
(72) 345
o) (16) 253
CH,CO(CH,),CO,CH;

t-CHy(CHy), S0 CH=CHCHCgH,
OSi(CHy),CHg-t

=N 75 346
mao,C\Q,N\\/)\l(mh
i NE/N
oxo
COCH, (22) 239
B0 H
Y COCH, (39)
HO :
CHCO_ C(CHs)=CHCgHs ) 341
N
0 ~
CeH,OCH,-4
+ 45)

CH;CH(NO,) C(CH;)=CHC,H,

N
0" “cyH,0CH4

0 (96) 145
J CeHs
" (56) 340
@?’ (60) 159
N
0 L2
(CHp)sN(Ts)(CH,),NHTs
(—) 143b
(0]

CH,COCgHs

N
(0]
N

0 \
CH3 CO:CH;



8LL

6LL

TABLE I. NEeF REacTION OF NITRO COMPOUNDS (Continued)

Nitro Compound

Reagents

Product(s) and Yield(s) (%) Refs.

Ca

Cx

NO,

1. NaOCH,, CH;0H
2. TiCl;, NaOAc, H,0

(CH,)sN(Ts)(CH,),NHTs
COCH,CH(CEHgCH(NO,)C,H 1. NaOH

II il 2. H,0*
1. NaOH

HO

HO

O,N

2. KMnO,, MgSO,

=~

)
CH(CH;)(CH,);C(NO,)(CH)S~ N
TiCl,

CH(CH;)CH(NO,)CHy-i 1. NaOH
2. H;SO,

1. KOH, CH,;0H
2. H;S0,

CeHy 1. KOH, GH,0H
2. HSO,

TMBG, MIBA

TMBG, MIBA

C 2
o

(o]

((CH,);N(Ts)(CH,),NHTs
COCH‘ HCH(CHICOCHs  (—) 130
" (9 130
CH(CH;)(CH,);COCH; 229
0 (90)
HO
H

CH(CH;)COCHg-i 347

HO

82
44
0
B
Gy (78) 149
0
o]
CgHyy  (58) 149
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TABLE I. NEF REACTION OF NITRO CoMPOUNDS (Continued)

Nitro Compound Reagents Product(s) and Yield(s) (%) Refs.
CeHyy CrCl,, HCl, Zn CHi, (17) 174
CrCl;, HCl, Zn 97 174
CrCl;, HCl, Zn CiHyy  (100) 174
NaOC;Hj, hv (22) 239
CgHy;  (18)

HO
NaOC.Hj, hv CHyy  (16) 239

" Yk

+ (22)

TMBG, MIBA (89) 149
TMBG, MIBA CHyy (95) 149

AcO

0

1. (n-C.Hs);P, (CHsS). " (55) 175

2. H;0
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TABLE I. NEefF REACTION OF NITRO COMPOUNDS (Continued)

Nitro Compound Reagents

Product(s) and Yield(s) (%) Refs.

CgH,, CrCl;, HCl, Zn

NaHPO,, Ra Ni, H*

NO,

CH(CH,)CH(NO,)(CH,),CH(CH3)CH,0Ac
1. NaBH,, C;H,OH

(o} 2. HCI
HO
1. NaOH
2. H;S0, or KMnO,
CH(CH;)CH(NO,)X(CH,),CH(CH,0Ac),
1. NaBH.,, C;H;OH
(o] 2. HCI
HO

TMBG, MIBA

CH,y  (79) 174

AcO

CgHiy  (52) 226

AcO

0

o (86) 347, 348

HO
CH(CH;)CO(CH,),CH(CH;)CH,0Ac
(20) 347,348
0
HO
CH,0H
0 (83) 349
0
HO
CiHy (33-D) 149
OHC
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The Peterson Olefination Reaction

David J. Ager, Mt. Prospect, lllinois

1. Introduction

The Peterson olefination reaction provides a useful method for the preparation
of alkenes from a -silyl carbanions and carbonyl compounds. As alkenes hold
a pivotal role in synthetic methodology for the introduction of

RISICR?R?R? + R*COR*—> L
RISICR?R’C(O - )R‘R* —> RIR’C=CR‘R® (1)

vicinal functionality, particularly in a stereoselective manner, (1) the Peterson
reaction is increasing in importance in the reaction repertoire. This chapter
discusses the reaction (Eq. 1) and its advantages over comparable methods
such as the Wittig reaction.

Although elimination of B-silylalkoxides, as shown in Eq. 1, was noted in 1947,
(2) it was not until Peterson described the preparation of functionalized
alkenes from a-silyl carbanions in 1968 that the full potential of the reaction
became apparent. (3) Alkenes are usually only isolated directly from the
condensation when an anion-stabilizing group is present in the carbanion (R?
or R® in Eq. 1); if not, the B -hydroxysilane is formed. Many examples of the
formation g gike Ii'ilii i @ﬁ -]‘ Iiﬁ ture. These
eliminations—are€ <l ' TapLeT, a giT the nould not be
called Peterson olefination reactions. However, the “common” organic
reactions of  -hydroxysilanes which follow the usual pathways—such as the
thermolytic elimination of esters derived from those alcohols (4)—are omitted.

The central nature of the Peterson reaction to organosilicon chemistry has led
all reviews in this area to discuss the subject to some extent. (5-22) In addition,
the reaction itself has been reviewed previously. (23, 24)



2. Mechanism

At present, the exact mechanism of the Peterson reaction is not clear. The
experimental results can, however, be rationalized and used in a predictive
manner, particularly with regard to the E:Z product ratio, by consideration of a
-silyl carbanions bearing alkyl or electron-donating substituents and those with
electron-withdrawing groups separately. The principal mechanistic difference
arises from the exact timing for the elimination of the oxygen moiety—whether
it is concerted with the loss of the silyl group, or stepwise (Eicp-like) in nature.
Indeed, CNDO-MO calculations suggest that a stepwise mechanism is
plausible for the Peterson olefination reaction. (25)

2.1. Alkyl Substituents

When only alkyl, hydrogen, or electron-donating substituents are present on
the carbon atom bonded to silicon, the stereochemical outcome of the
Peterson olefination reaction can be controlled by the choice of conditions for
the elimination from the intermediate 3 -hydroxysilane 1. Since aryl
substituents in the a -silyl carbanion often necessitate the use of harsh
conditions for the deprotonation of the parent silane, these substituents are
best considered with electron-withdrawing groups.

Condensation of an a -silyl carbanion with a carbonyl compound results in a 3
-silylalkoxide 2. If the metal counterion is covalently bound to the oxygen—as
with lithium, magnesium, or aluminum (3, 26)—then protonation provides the 3
-hydroxysil [ isql ' er, usually
results in ammmmmmlmuqh they

can be separated by the usual physical methods such as chromatography.

When a 3 -hydroxysilane (e.g., 1a) is treated with a base to yield an alkoxide
2a with considerable ionic character on the oxygen atom such as with a
sodium or potassium counterion, or if the condensation (Eq. 2) results in such
a



R* oM R’ OH
2a 1a
SiR,
RI —*RZ + R! Rd = (2)
M
where M' = Li, MgX, or ALX,
RSi R'. RSi R,
o 2R
R e R
R* OM' R* OH
2b 1b

species, a syn elimination results. (27) A pentacoordinate silicon species 3

may be involved in the reaction, but the formation of this intermediate is still
open to question (Eg. 3). This base-promoted elimination pathway is accepted
as concerted to account for the stereochemical outcome observed.

R,Si ga;‘ NI R,Si-0
RI . TeEm——_ RI{( - R4 — Rl - 3R4
R* OH R® R’ R® R
1a

o

R R

In contrast, treatment of the 3 -hydroxysilane 1a with acid provides the other
alkene isomer by an anti elimination pathway.

R3 i _,R'a 4 go
Bt R =5 (4)
R? OH

1a



Thus either alkene is available from each diastereomer of a 3 -hydroxysilane 4.
(27) To achieve a stereospecific preparation of an alkene, it is necessary to

H H
H,50,. —
T
H,0, THF
n-C;H, C,H,-n
(99%) E:Z = 8:92
(CHy),S1 H
Ha\  4O0H ___
n-C,H, C;H,-n
! H
w  TOH
—
THF
H C,H;-n

(96%) £:Z = 95:5

perform the condensation of the a -silyl carbanion and carbonyl compound to
provide the mixture of B -hydroxysilanes 1a and 1b (Eqg. 2). The diastereomers
must then be separated and one treated with acid, the other with base, to give
the required alkene isomer. To overcome this problem, stereoselective routes
to a -hydroxysilanes have been developed, many of which rely upon the
stereochemical consequences associated with a particular system (Eqg. 5). (28)

OOO0O0dooqRoooon

i(CH,),

1. +CHL, eSS KH,
(CHS}ESMSi(CHah e ) :
2. Mgh, Si(CH,),
3. CH,CHO
(80%) (5)
CeH,

Wﬁ(cng};

(94%) A* E:Z = 9:87

Cyclic systems can impose stereochemical constraints which do not allow the
oxygen and silicon atoms to adopt the required geometry for elimination to
occur. (29-32) The epoxide 5 gives the allyl alcohol 6 as its silyl ether upon
standing at room temperature, or more rapidly by treatment with dilute sulfuric
acid. In contrast, the diol 7 is stable to acid, base, and fluoride ion. (33)



05 M HS0, 1h 0
—_—

HO /

Another consequence of relative stereochemistry becomes apparent when a
second leaving group is available in the system. Addition of potassium
bis(trimethylsilyl)amide to the alcohol 8 results, after aqueous workup,
chromatography, and removal of protecting groups, in a mixture of the allyl
alcohols 9 and 10. (34) As the alcohol 9 is the major product, the anti
elimination

EI/]:IEIEIEIEIEI L[ 10100 RL ]

1. KNISI(CH,), ],

THF, CH,, -70°, 3 h
H”7 “CH, 2H0'

CH, | OH OH ~OH (6)
Si(CH,), ko
3
8
(68%) 63:37 10
9

with loss of alkoxide takes place preferentially over the syn pathway. These
observations may be rationalized either by formation of a pentacoordinate
silicon species 11, the geometry required for facile alkoxide elimination, or by
transfer of the silicon from carbon to oxygen with concurrent formation of a
carbanion (Eicp mechanism) which then eliminates. As alkoxide elimination



affords only the Z isomer 9, the formation of a “free” carbanion seems unlikely.
A reaction which probably occurs by a similar mechanism is the
protiodesilylation of a B -hydroxysilane (Eq. 7). This substitution reaction
proceeds at a rate faster than the competing elimination. (35)

HQ  SiCHy, . Hq: H
I, 5
: H0, 16 h (7)

n-C¢H,, n-CgHy,
(B9%:)

A reaction similar to that of Eq. 6 is observed with the 8-O-methyl ether of
6,7-erythro-7,8-erythro-7-trimethylsilyltridecane-6,8-diol (12). Treatment of this
alcohol 12 with potassium hydride yields the Z alkene 13 by a Peterson syn
elimination, but the major product is the protected allyl alcohol 14 formed by an
E> mechanist.

HOOO000000000000

N
(CH,),Si o~

HQ DucH:! KH ( i

[ ] — —

H'CSH N\CSH] |"-ﬂ e nItICjHu H
Si(CH,), OH
12 o 0_{;‘}3
o OCH (CHs};&i/\
B-Lsthi : 5
l{=/\CsHH'n n‘Csﬂn / CsH“'n
13 14
(ca. 100%) 1:5

2.2. Electron-Withdrawing Substituents
The presence of an aryl group in conjugation with the a -silyl carbanion leads
to direct formation of the alkene, and the intermediate B -hydroxysilane cannot



be trapped. Although a phenyl group can be considered an
electron-withdrawing substituent, the conditions required for the formation of
the requisite carbanion from the parent silane are strongly basic and invariably
employ an additive or polar solvent, which renders the intermediate alkoxide 2
ionic in character, and in situ elimination is observed.

The ratio of (E)- and (Z)-stilbenes formed by condensation of the anion 15 with
benzaldehyde is insensitive to temperature and other reaction medium

CHCHO CE‘I‘{’ F“Hj

CHCH(SIR,)Si(CH,), ——— CH,CHSIR,

15 CaHs
M=Li Na,or K =

CeHs

effects, such as counterion and the addition of inert salts, but varies greatly
with the size of the silyl group. The amount of (Z)-stilbene formed increases as
the size of the silyl group increases. (37, 38) These observations have been
explained by steric approach control in the initial condensation step. (38)

When a conjugated electron-withdrawing group is present in the a -silyl
carbanion, the intermediate {3 -silylalkoxide 2 cannot be trapped, and the basic
elimination pathway (Eq. 3) is observed. However, studies with a -silyl
carbanions which are also stabilized by an electron-withdrawing substituent

alpha to thI Emm need not
o s

be concert

The lithium enolate 16 derived from ethyl trimethylsilylacetate (17) reacts with
carbonyl compounds to produce the a, B -unsaturated esters favoring the E
isomer. (39, 40) However, when the reaction (Eq. 8) is performed at —110°, or

(CH,);SiCH,CO;C;H; ——""5 (CH,);SiCHLICO,C,H; ——
17 16 (8)

RCH=CHCO,C,H;

E major isomer

better with a magnesium counterion, then the B -hydroxysilane 18 can be
isolated. Reaction of the alcohol 18 with sodium hexamethyldisilazide leads
mainly to the (E)- a, B -unsaturated ester, while addition of
hexamethylphosphoric triamide (HMPA) to the magnesium enolate provides
the Z isomer as the major product. (41) Clearly, a synchronous syn elimination
cannot explain these findings.
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17 2.RE|'iD
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3
H CO,C,H,
) "{: o
O000000000000000a 4 C}{
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The stereoselectivity observed with the preparation of a, B -unsaturated esters
has been attributed to the relative stabilities of the rotamers of the ester
enolates, (42, 43) and not to the geometry of the enolate or its mode of
condensation. (44) Reaction of the lithium enolate derived from ethyl
(diphenylmethylsilyl) propionate (19) with 2-methylpropanal results in a 60%
yield of the unsaturated esters 20 and 21 in a 9:1 ratio. (43) The product
distribution is derived from the rotamer 22a of the intermediate enolate 22,
which is more stable than 22b. An alternative argument is that the
stereoselectivity is controlled by formation of the kinetically preferred 3
-hydroxysilane 23, which is followed by a synchronous syn elimination. (44, 45)

Reaction of enolates derived from tert-butyl bis(trimethylsilyl)acetate (24) with
aldehydes yield the a -trimethylsilyl- a , B -unsaturated esters 25. The



stereochemical outcome of this reaction is dependent upon both the size of the
alkyl group in the aldehyde and the metal counterion. The larger the alkyl

1. LDA, THF, <78°

CH,CO,CH o CH,CHISICH,(CgHy),]CO,CH,
19
1. LDA, THF, -78° | 2 2
rorgie—— i-CyH,CH(OL)CHISICH,(CgHy),1C0,C,H,
2
— s i-C,H,CH[OSiCH,(C,H,),]CH=C(OLi)OC,H,
22

i'C}I_ITCH=CHCDECZHS
(60%:) E (20): Z (21) = 9:1

LED\ SiCH,(C¢Hy), SiCH,(C4Hy),
OLi

c=)—cH, cH—(N=c7
NOC,H,

C;.Hs'i{ H C;Hy-i H C,H,-i

22a 22b

group (R), the greater the selectivity observed. Counterions which impart
considerable ionic character to the metal-oxygen bond lead preferentially to
the thermodynamically more stable product (E)-25. In contrast, relatively

Rl i e e e
mechanisti fTat EMNEr or the an peconie syn to the

alkoxide 26a or 26b. The preferred direction of rotation is governed by the
nonbonding interactions with the alkyl group R; the larger this group, the
greater the preference for counterclockwise rotation and formation of the E
isomer. With a covalent enolate, formation of the chelate 27 is possible which,




+

o
(CH,),$i +CHOC H

1 R —— =
t-C,H,0,C Si(CH,), (CH),Si R
26a (£)-25
oM*
: i LBase  (CH,),Si Si(CH
t-C,H,0,CCH[SI(CH,),], —2= 3)3 Y) lf}; Y
24
26
(CH,),Si (CH),Si H
g X ’ —
(CH,),Si CO,C H,-t t-C,H,0,C R
26b (E)-25

if a least-motion pathway is assumed, leads preferentially to the conformer 26a

and the Z isomer. (46)
E elimination
Vidisilazide to

mechanis s,

give the a, B -unsaturated lactone 29. The intermediate 30, the enolate

0—M R _H
H-7 R 0—M
CHSI LsiccHy), & CO,C,Hyt
CO,C,Hy ¢ Si(CH),
26 27 26a

of 4,5-dihydro-3-[1 -(trimethylsiloxy)ethyl]-2(3H)-furanone, can be detected
and disappears as the reaction proceeds. The silyl ether 30 is also formed by
treatment of the 3 -hydroxysilane 28 with a catalytic amount of base. (47)

In certain cases, the initial condensation of the a-silyl carbanion may be
controlled by the presence of a -heteroatom substituents (chelation control) in
the carbonyl moiety. (48-50)
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QSi(CH3}3
¢ 1 umew, oPn Mg LN
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8 30
0
0 =
29

Condensation of the aluminum enolate obtained from the organoiron complex
31 with acetaldehyde affords a 1:1 mixture of the diastereomeric 3
-silylalcohols 32 and 33. Only these two diastereomers, of the four possible,
are formed. Base-catalyzed elimination from alcohols 32 and 33 results in a
mixture of the enones 34 and 35 by syn elimination. (51)
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(10)
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Alkene 34 can be prepared selectively by stereochemical control of the
silylation of the B -hydroxycarbonyl enolate from the unhindered face. (51)

When a two-step mechanism is invoked for the elimination, it is not only
necessary for the silicon and oxygen atoms to adopt a favorable conformation,
but the subsequent silanoxide elimination also has stereochemical
requirements. The ester enolate of cyclopropane 36 does not eliminate, but
can undergo reactions with electrophiles; the product ratio is a function of the
stability of the configurationally labile pyramidal ester enolate. (52)

(CH,),SiO (CH,),Si
LDA. THF, -T8" 3.
R! CO,CH, R! Ll =
OCH,
36
CH,),Si0 < i i
(CH,),Si .0 ; (CH),SI0 o . (CH)SI0 0,CH,
—
R' HEH, R'# imicuz R"b :E
major
E" = electrophile

These arguments may be used to explain experimental observations, but it can

still be diffig e{I{TH PIf sTH fmikal outcome
of a specifiCT ON. (2 fTe exact mecr T of U n olefination
reaction still requires elucidation. Considerable evidence exists, however, to
suggest that the elimination is not concerted but follows a two-step mechanism:
attack of the alkoxide at silicon transfers the silyl group from carbon to oxygen,
which is followed by elimination of silanoxide. With a -silylcarbonyl compounds,
the intermediate carbanion is stabilized as an enolate (Eq. 10). A
pentacoordinate silicon atom may also be invoked in the reaction (Eq. 3).
Protiodesilylation is consistent with this two-step mechanism (Eg. 7), (35) while
the formation of diols from a , B -epoxysilanes suggests that an anti elimination
can occur under basic conditions. (53)
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3. Scope and Limitations

To be a useful reaction for the stereoselective synthesis of alkenes, the
Peterson reaction requires the stereospecific preparation of 8 -hydroxysilanes.
As the presence of an electron-withdrawing group alpha to the silyl group
promotes formation of the alkene under the conditions used for the
condensation of the a-silyl carbanion with the carbonyl compound, the major

thrust in the stereoselective preparation of 8 -hydroxysilanes has been with

alkyl-substituted derivatives.

The success of the Peterson olefination reaction is dependent on the
availability of a -silyl carbanions. Until recently, this was not a trivial problem to
overcome—particularly for the formation of a -silyl carbanions substituted by

alkyl groups alone.

3.1. Diastereoselective Synthesis of B -Hydroxysilanes
The stereoselectivity of the Peterson olefination reaction in the preparation of
hydrocarbon alkenes depends upon the availability of just one 3
-hydroxysilane diastereomer. Thus, routes have been developed to overcome

) T 0

|

e

olefination reactions. These routes do, however, expand the chemistry of 3
-hydroxysilanes and are included for that reason.

3.

1.1.1. From a -Silyl Ketones

T IRRg

Reduction §f §fe | - E n# . 1 E/ith

diisobutylaluminum hydride (Dibal-H) follows Cram's rule (54) to give the threo

isomer 38-threo of the B -hydroxysilane 38. (26, 27)
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(CH,),81

e COH —
1. (Coquy,
(CH'}]aSi 2. CO, n-C3H? 2. (m-CyH L Culi
\= I CH LI
39 2, n-CH,CHO
(CH),8i OH cio,
n-C;H, C,H,n (11)
8
(CH)Si O I (&SI H
CyH,,, —120°
n-CH, CH;n n-CH, CyHyn
37 38-threo

It is noteworthy that addition of ethyllithium to trimethylvinylsilane (39) and
condensation of the resultant anion with butyraldehyde is diastereoselective,
00000000 bdhvifidé ArHA$ 130 B Jirtb Hnlld IE@IEIEIEIEIEIEIEIEIEII
This isomer ratio is evident from subsequent acid- or base-catalyzed
elimination.

In addition to hydride, other nucleophiles can be added to a -silylcarbonyl

PR 2k B 2

potassium tert-butoxide to effect elimination, affords the alkene (E)-42. Acid
treatment of the intermediate 41 yields the isomeric alkene (Z)-42. (56, 57)

A further example is provided by an aldol method for the preparation of



Si(csz)?. o) SE(CZHS:':; H—C3HT H
| CH,Li i | KOC,H,-t X /
—_— C

n-CH,CCHCH, -n —2  c—c. =C
|| nCHd NH FN
0 3 C5H| 1 -1 CHj C5H1 ‘“H
40 41 (76%) E:Z =91:9
(E)-42
CH,COH
CH,CO,Na
CH, H
\ /
=C
\

n-C;H, CH,-n
(57%) E:Z = 10:90
(Z)-42

either the (E)- or (2)- B, y -unsaturated ketone 43 from hydroxy ketone 44. The
reduction—oxidation procedure is necessary to avoid the formation of
retro-aldol products durin&lthe base-catalyzed elimination.
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HO 0]
)W< 1-C,Hy(CH,),Si ﬁ}vl*
I.LDA, (CH)0
~78°, 1 h - BE;-O(C;H,),

o o o

O
LiAlH, n-CgHy, Z
(CH,),0
2h
(68 %)
(E)-43
0 OH OH
t-C,H,(CH,),Si i
S — il Y
THF H,50,
n-CgH,, n-CH,,
O
N\K
n-CgH,
(46%)
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In contrast, attempted condensation of the boron enolate, derived in turn from
a trimethylsilyl enol ether, with a -silyl aldehydes fails to give the a
-hydroxysilane, the aldol product. (59)

Functionalized carbanions condense in the expected manner with a -silyl
ketones. This method can be used to make the thermodynamically less stable
B,y -unsaturated ester isomers. (60)

Si(CH,),
Si(CH,),
_LICHCOLHyt HCIO,
TGl Gl 07 CO,C,Hyt THR.C®

CO,C Hyt

OO000o000oooooooodoooooooo Oo00oooooooooool

{T7%)

A U1 I
an a -silyl c g a NG ' e, Supnsequent conadensation of

the enolate with an aldehyde results in the formation of a single enone isomer.
(61)

1. C;H,,CHLISI(CH,),

n-chf\(\m{cuah W

]
(CH,),Si H
5 L NHEI CH, -n
H_C‘H:WCEHI?H i H_C4H(W g A
O LiO H 0
(B82%)

Alkenes are also available from the reaction of hydride donors (62) and
organometallic reagents with a -silyl esters. (63)



n-Cgl CH

sk S,
n-CyH,,CHCO,C,H, _l.wCiHMgor c=C¢
| = 2 CH,Li /S L

SiCH,(C H,), ¥ KOoCH« H C,H,-n
(52%) £:Z = 99:1

The Lewis acid silyl enol ether variation of the aldol reaction provides the
-hydroxysilane 45 from the lactone silyl enol ether 46 through the preferred
six-membered transition state 47. (47) Subsequent protection of the hydroxy
group and reduction with lithium aluminum-hydride provides the 3
-hydroxysilane

(CH3}3

OSi(CH,), /
—0—-Ti--Cl,

—

Oooodooo jululi=s JHEN0008800000000000001

-3
SicCHg}s

DDDDDDDD%@EDDDD ? cn,
\S[{:(I':{H (CH,0 é;

)3
(100%) E:Z = 5:95

-
H
46

(98%)
45

8, whose reactions have already been discussed (Eqg. 6). (34)



1. CH,=CHOC,H,
2. LiAlH,
3, NH,CIH,0

3.1.1.2. From Epoxides and Diols

a, B -Epoxysilanes provide some useful methods for the preparation of 3
-hydroxysilanes because a nucleophile attacks at the carbon atom bonded to
silicon under conditions of electrophilic catalysis. (30, 35, 59, 64-71)

Reaction of an a , B -epoxysilane with a Grignard reagent brings about a
rearrangement to produce an a -silyl carbonyl compound which then reacts

Si(CH,)

O0000000B Dn{j{ﬁﬁd}hmum 0000000000000
O o (CH,),Si OH CH,0 CH,

E:Z =595

with the or@ﬂ.. E.“lﬂ.l.\ﬂ@@

-hydroxysilane.

O Si(CH,), SI(CH3}3 Si(CH,),
C,H,MgBr _BE-OGH),
MgBr, CH,CI,

CgH,-n C ¢Hy3-n C,H, CH,;-n
CH,;-n

CEHS
(90%) E:Z = 100:0

Condensation of an a , 3 -epoxysilane with an organocuprate results in the
regio- and stereoselective formation of 3 -hydroxysilanes. (73)



(CHLSE o MCPBA (n-C,H),CuLi, -78° {CH,}JSI“ﬂ(DH

s —
CH,CL H-7 v-H (CH)L0
H C,H,-n (CH,),Si C;Hy-n n-C,H, CiH;-n

(B2%)

Oxidation of the vinylsilane 48 provides two alternative methods for the
preparation of the cyclohexanone enol ether 49. This methodology can be
extended to the preparation of the unstable cyclooctene derivative 50. (74)
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a b
l 1. CH,CO,H l (CH,CO),0,
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(CH,),Si OH (CH)Si 0—/
. 20,CCH, (. OH
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CH,COH, CHN, 0°
DMSO
_ pen _pen
(CH,),Si n ’ (CH,),Si 0 1 G~ e,

0,CCH,
KOH, CH,D][
TI[F o

The stereospecific elimination of the Peterson olefination reaction provides two
useful synthetic methods for the inversion of alkenes. (75) Both methods rely
on the stereospecific opening of an epoxide by a silyl alkali-metal reagent. (30,
76) Although a mixture of regio- and diastereoisomers is formed in the initial



condensation step, the inversion at this center and subsequent syn elimination
ensure stereospecificity. (77, 78)

SCH,

(CH,),Sj O OH

CH,S
KH
—_— —
THF D
50
R\‘ XRE O R,Rf* ;
RCOH RY(CH,),5iM ot
_.a;_\ . " Rz"' “'fz{d HMPA | if’_‘:‘
R R R R R’(CH,),Si R
11%3. Ez . RE. 2
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R¥(CH,),Si O R" R
R° M
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Oxidation ﬁ y ;W::E
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gﬁ@ﬂﬁﬂﬁminaﬁm

3.1.1.3. From Unsaturated Silanes

Applications of Cram's rule have made significant contributions to the
stereoselective synthesis of 3 -hydroxysilanes, particularly for the preparation
of functionalized silanes. Deprotonation of allyltrimethylsilane (54) with
n-butyllithium, followed by treatment with di- n °>-cyclopentadienyltitanium(l11)
chloride results in the formation of the complex



Q,CCH, ,CCH,

0s0,, 1-C,HO0H
(CH,)CO, H,O 5
HO"
Si(CH,), [Nj Si(CH,),
1::1;,r \ﬂ' (96%)
51 52
0,CCH,
HO. 0,CH,
p-CH,CH,SO,H
CH,, heat
(98%0)
53

(55). This complex reacts with aldehydes to provide the 3 -hydroxysilane 56
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elimination conditions. (80, 81)

A/Sl(CHg}z Sneu e [ -Si(CHY),

« OOOHBIEC hgﬁu 000

i/\ (12)
I C,H,CHO ‘_,.-"

7- HCI HO
Ss(CH3)3 (33%; E:Z = 0:100

(95%)
56

Similar selectivity is observed with a magnesium counterion for an analogous
system (Eq. 5). (28) The stereoselectivity in this case may be attributed to the
preferential formation of the transition state 57 over 58.



(CH,),Si H

A cyclic transition state provides the regioselectivity for the anion derived from
1,3-bis(trimethylsilyl)propyne (59). (82)
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! CeH,,

CHy.. . OMg~ /

— wry — K

g C=CSICH), CC=CSi(CHy),
(CHE].!Si H

(84%) E:Z = 1:20

Stereoselective control of the addition of the anion to carbonyl compounds can
arise from the system itself as in cyclic compounds (83) or from heteroatom
control when it is adjacent to the carbonyl group. (48-50, 84)

Stereoselective additions to carbon—carbon multiple bonds, as in the acetylene
60, provide B -hydroxysilanes with various relative stereochemistries. (36)
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B-hydroxysilanes. One such example is the [2,3]-Wittig rearrangement. (85)

CIHSWSi(CHE)B CyHyo A~ _»Si(CH,),
Dﬁ \/\I
C

1. n-CH,Li, THF, -B5°

2. H,0 HO™ ~C %{j
! “SSi(CHY),
C Si(CH,),
s'ucna):, ‘Izlﬁ

KH
Tno Ci“!\/\;

(97%) E:Z = 8:92-



Another such reaction is the Baeyer—Villiger oxidation of y -ketosilanes with
m-chloroperoxybenzoic acid (MCPBA) followed by hydrolysis of the lactone.

(86)
1(CH3)1 R/\/
BF,:D(C,H,);
H, CH,ﬂH T L,Cl, CH,

Si(CH,),
MCPBA
MaH,PO,
CH,Cl,
CH
? BF,-O(C,Hy),
CH,Cl,
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3.2. Preparation of a -Silyl Carbanions

In tha -silyl carbanions are discussed. Each section considers one type of
functional group, or heteroatom, on the same carbon atom as the silyl moiety.
In certain cases, additional examples with remote functionality are included
when that functional group influences the outcome of a reaction. The
preparation and reactions of a -silyl carbanions have been reviewed previously.
(21, 87, 88)

3.2.1. Alkyl and Aryl Substituents

3.2.1.1.1. Direct Deprotonation

The simplest method for the preparation of an a -silyl carbanion is the direct
deprotonation of the parent silane by a base. Unfortunately, this procedure is
only generally applicable when an electron-withdrawing group is also present
to stabilize the resultant carbanion.

Although silicon does stabilize an a -carbanion, (89) it does not have a marked
effect on the kinetic rate of deprotonation. Treatment of tetramethylsilane with

n-butyllithium—N,N,N N -tetramethylethylenediamine (TMEDA) complex in
hexane gives, after 4 days, a 36% yield of the a -silyl carbanion as detected by
subsequent reaction with an electrophile. The analogous reaction with

o i o o o T

#-CaHyLi, TME )  (CHySIC ) )
: :::::":”“ > (CH;);SiCH,Li ———— 5 (CH,),SiCH,Si(CH.),

(36%)
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Direct deprotonation in the alkyl series is not a viable method for the
preparation of the requisite metalated derivative. However, arylsilanes can be
directly deprotonated in good yield under strongly basic conditions. For
example, benzyltrimethylsilane (61) is deprotonated by n-butyllithium in
hexamethylphosphortriamide (HMPA). (91, 92) An analog of the silane 61,
benzyltriphenylsilane, provides additional stabilization to the carbanion owing

(CHj3).Si

to
CﬁHSCHZS](Cl'I]Jj "_If:‘%;h_) CﬁH'SCHLlSE{CHE}S CeHsCHO

61
CH,CH=CHC,H,

(50%) E:Z = 1:1

the aryl groups on silicon, and deprotonation is achieved by n-butyllithium in
ether. (93) Stabilization of the anionic species by two aryl groups as in 62 also



facilitates the deprotonation. (94) This approach is useful for the preparation of
sulfines (Eg. 28, p. 73). An example is known where a functionalized silyl
moiety [(t-C4Ho)2BrSi] does not interfere with the deprotonation. (95)

Si(CH,),

- I. »-CH,Li, TMEDA, THF, 0° _
2. p-CH,CH,COCH, ]

62

The pyridine analog 63 is deprotonated by the relatively mild base lithium
diisopropylamide

0000000000000000000NE Oooodooodooooooooo

63

(LDA). (96) The nitrogen atom is probably playing a significant role through
complex formation and this example is, therefore, discussed in detail with

JSSN

The ability of an aryl group to stabilize an adjacent carbanion allows a one-pot
procedure to be performed for the introduction of the silyl moiety and the
subsequent condensation with a carbonyl compound. (97)

LGt LaCHL cﬁHj
2. CHysicl {cu,;,slm SI{CHCJH 2. (CHQ,C00

(41%)

On occasion, the acidity of protons adjacent to a silyl group can be enhanced
by a neighboring group. Thus, silane 64 is deprotonated by n-butyllithium in
tetrahydrofuran (THF) at —50° within 8 minutes, as detected by further reaction
of the carbanion. (98) The silyl group increases the kinetic acidity of the a
-methylene group since unsubstituted diphenyl-tert-butylphosphine oxide is



very difficult to deprotonate. The addition of TMEDA to the organolithium 65, or
reaction of the parent silane 64 with base in the presence of this complexing
agent, affords the anion adjacent to the phosphorus group 66. Treatment of
this anion 66 with benzaldehyde yields an allylsilane through a Horner—Wittig

reaction. (99) The generality of this reaction (Eq. 13) remains to be established.
(100)

CEH,CHU
(CsHs}zP\ﬁSI(CHﬂJ
/fﬂf s
THF, -50°, 8 min (CGHS}EP C 6H5
Q Si(CH,),

I
(CeHs),P TMEDA (13)

o n-C,H,Li, TMEDA

THF, 30° (CH,),Si
DDDDDDDDDDDDDDDDDD@%MgEE'EIIQQﬂD

ﬂﬁ
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Sometimes the direct deprotonation approach fails. Even the use of strong
bases with 67 does not effect an intramolecular Peterson reaction. (101)

Ooooooo

H

(CH,),Si
67

3.2.1.1.2. Formation of Grignard Reagents



a -Halosilanes are converted into the corresponding Grignard reagents by
classical techniques. (102) Because of trimethylsilylmethyl chloride's (68)
availability, (21) trimethylsilylmethylmagnesium chloride (69) is by far the most
commonly used reagent in this class. Grignard reagent 69 is useful for
methylenations and provides an alternative

. Mg . L. RIRICO
(CH;);SiCH,Cl e (CH,;),SiCH,MgCl g
68 69

acid

(CH,),SiCH,C(OH)R'R? — CH,=CR'R?

to the classic Wittig reagents. (103-108) Since the metal counterion is
magnesium, the intermediate (3 -hydroxysilane can be isolated. (91, 92)
Unfortunately, higher homologs of the a-halosilane 68 are often tedious or
troublesome to prepare. (109)

An example of the use of the Grignard reagent 69 for methylenation is
provided as part of a synthesis of periplanone-B, the sex excitant pheromone
of the American cockroach.
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0OSi(CH,),C,H,-t 0OSi(CH,).,C,H,-t
0 i( 3:'2 4llg CH ( 3}1 41'19

1. 68, (CH,),0

OO0o00

8]

EE = ethoxyethyl

The ability to isolate the B -hydroxysilane has been used to effect a
stereoselective reduction in an approach to a substituted denudatine system.
(111, 112)



SC,H, SC,H,

o) (CH,),SiCH,
(CHy,SICHMgCl HD
THF
(0] 0
(CH,),SiCH,
Raney Ni HCIO,, H,0
G H;0H, heat HO THF
O O

(90%)

The Grignard reagent 69 is sterically demanding and does not add to hindered
ketones, such as 70, (113—115i:|but does react with others, such as 71, when a
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Preferential axial attack (93%) is observed between the a -silyl Grignard
reagent 69 and the bicyclic ketone 72. Forcing conditions ( NaH, THF, 150°, 10
hours) must be used to effect elimination. (117)

Gondensatb L ke el ol e ) )i

reaction
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OSi(CH,),C,H,t

H
0 )\
Br
71
70

o
T2

with conjugated ketones favors a 1,4 mode of addition. (120) The enal 3
-cyclocitral (73) reacts in a 1,2 manner to yield the 8 -hydroxysilane 74.
Subsequent treatment of 74 with sulfuric acid in the presence of
R ERERNE R A NLNEE EEEE00000000
the silane 74 with sulfuric acid alone, or with potassium hydride in
tetrahydrofuran, results

73 (96%)

75

in significant amounts of the silyl diene, indicating that dehydration is a
significant competing reaction pathway in this system. (122)

Reaction of the Grignard reagent 69 with esters substituted adjacent to the
carbonyl group leads to a -silyl ketones; (123) these latter compounds can
then react with a second equivalent of 69 if the steric requirements are not too
overpowering. (100) In a similar manner, reaction of a lactone with excess
reagent 69 provides an w -hydroxyallylsilane. (124)



Si(CH,),
HO Si(CH,),

n-CyHyso OO  (cupsicumga $i0,
\g (C,H,),0, heat n-C;Hjs
OH
HO Si(CH,),
n-C,Hiz

{41% overall)

3.2.1.1.3. From Vinylsilanes

Alkyllithiums add to vinylsilanes regioselectively to provide a -silyl carbanions,
(125, 126) which can then react with a carbonyl compound. The addition is
clean with simple vinylsilanes, (26) particularly if the

R,Si

(14)
l
silyl group is triphenylsilyl (Eq. 14, R = CgHs). (91-93, 127) The addition is

susceptible to steric effects in the alkyllithium and at both alkene termini. (128)
The methodology provides a route to the sex pheromone of the gypsy moth

(DisparlureDDDDDDDDDDDDDD

Grignard reagents do not add to vinylsilanes unless electron-donating

1. CHCHSKGH, (GHO
Li 1-C,oH, CHO,

(CHN0, heat
3, H,0

/I\/\/\/\ —
z
'Cu}lel“”l
PN
CoHy-n

groups are present in the silyl moiety. (129, 130) Subsequent addition of a
carbonyl group to the Grignard adduct results in reduction of the carbonyl
group to give an alcohol. (91)
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(C,H;0)(CH,),Si (C,H,0)(CH,),Si  C,H,-i

!-C,H,MgBr‘
» 0
- BrMg —H
oLk
\
R
(C,H.0)(CH,),Si H
a0 T N Ho—¢—H
2. 1,0 T \
C,H,i R

Vinylsilanes contain an alkene functional group in addition to the silyl moiety.
This unsaturation can be used to prepare functionalized alkenes such as
allenes (Eq. 17, p. 36). Vinylsilanes can, however, provide useful routes to
alkenes based on a -metallovinylsilanes. (131-133)

00000000 klfdhd akdd Helbde Mo dbrat o dhdiol tet el loldnl ukbd € Mok H 11 CICICICICIC|
Wittig reaction fails because of enolization of the carbonyl compound caused
by the basic phosphorus ylide. While neither ethylidenetriphenylphosphorane
nor 1-(trimethylsilyl)ethylmagnesium chloride forms an addition compound with
the ketone 76, the use of a -trimethylsilylvinyllithium (77) circumvents this

problem a;ﬂ@ﬁ a8 ﬁ E ﬁﬁl ‘ A ﬂThe alkene
is unmask aclairea ~ (3 1T approacn,




(15)

0
H
=
H
1. HpRh-ALO,
2. BE,O(CH,),, H
CH,Cl,

OO00000000000dooodgnonooonodon Oooooooodoooal

which allows variation in the alkene substitution pattern, relies upon the
condensation of the vinyllithium reagent 77 with aldehydes through the
intermediary of 79 and 80. (134-136)

OOoOO000o0an0000n

(CH,),Si R Si(CH,),
RCHO + >= _mr - R X Soch N\
ki 79 80
— R\ fl{CHs}j R H

=

Si(CH,), i(CH,), g
R W/I% cnco0 R X RICuLi ,\z(_
CHN

OH 0,CCH, Si(CH,),
79

(16)



This method has been elaborated to prepare a -silylenones for use in an
annelation procedure. (137)

The acetylation procedure (Eq. 16) provides an alternative method for the
formation of alkenes from 3 -hydroxysilanes by way of the vinylsilane. (138,
139) The silane 81 is stable to hydrochloric acid, while use of potassium
hydride results in the formation of the base-catalyzed isomerization product 82
in addition to the simple elimination product 83. In contrast, treatment of the
alcohol 81 with acetyl chloride in acetic acid provides 83 as the sole product.
(140)

It is possible, however, for B -hydroxysilanes to be esterified—for example,
with propionic anhydride in the presence of triethylamine and
4-(dimethylamino)pyridine (DMAP)—and used in subsequent transformations
without elimination occurring. (141)

c=c c=cC OH
00000000 DDDEEBE@E%EE%E@DDD 0000000000000
C=CH C=CH Si(CH,),

0O000REAC

|:
|:|
|:|
|
r%
I
Z’

C

ScH

82 (B5%%:) 1:4
CHDOCI
THcoH

C=CH Si(CH,), CH
(60%)
83

3.2.1.1.4. a -Silylalkyllithiums from Halides
The halogen atom of an a -halosilane can be transmetalated by an alkyllithium.
(21, 93) The methodology provides a



n-CgHgLi
{C Hs); 0

(CﬁHﬂ;SiCHzBI‘ (CﬁHﬁ]]S]CH:Ll

CgHsCHO

(C4Hs);SiCH,CHOHC,H,
(81%)

useful route to a -silyl carbanions as illustrated by the formation of cyclopropyl
derivatives. (142, 143)

Use of lithium metal, rather than an alkyllithium, also results in the formation of
an a -silylalkyllithium from an a-halosilane. (87, 144, 145) As with the Grignard
approach, the general availability of a -halosilanes, other than the simple

PN
CEHS. D/\D<S](CH?'}3 m-CHLi /\D<SI[CH3:|3
Br 11'|I' -05*
LCHCHO |;
2. KOCH, 1, THF

CH,

OO000000000ooooododooodoooiooooodEsiaooooaoooal

ones such as those derived from benzylsilanes, (109, 146) seriously curtails
the utility of this displacement method. Thus various functional groups or

heteroatoms can be used in place of the halogen to faC|I|tate both mtroductlon
o the syt plpod b} et befb ]

The reactions of a -silylalkyllithium reagents are very similar to those described
for the analogous Grignard reagent. The use of the titanium reagent 84,
formed from the corresponding alkyllithium, has been advocated to minimize
proton abstraction reactions. (147)

(CH,)SiTi(OC;Hy-i)5
84

3.2.1.1.5. a -Silylalkyllithiums from Sulfides

A sulfide provides a wide variety of approaches for the introduction of the silyl
group and the subsequent formation of the a-silyl carbanion. The required a
-silylsilane 85 is obtained by alkylation of the anion of
phenylthiotrimethylsilylmethane (86), (148-150) by addition of an alkyllithium to
the alkene 87, (151-153) or by silylation of the lithio derivative obtained from a
bis(phenylthio)acetal 88. (153-155) The latter two methods also can be used
for the preparation of dialkyl analogs 89.



1. nC,H,Li, THF, 0°

C,H,SCH,Si(CH,),

2. RX
86
L 3
i 1. R'Li, TMEDA, (C,H),0 :
(C(HS)(CH,),SIIC=CH, 7= 2 > C,H,SCHRSi(CH,),
87 (R = R'CH,) 85
1. ArLi
(CeHs5),CHR 2. (CH,),8iC1
88
Ar—see text

The replacement of the phenylthio group by a lithium atom is accomplished
with a variety of reagents which include lithium naphthalenide (154, 156, 157)
and lithium 1-(dimethylamino)naphthalenide. (155) The latter reagent has the
advantage that the aryl byproduct, 1-(dimethylamino)naphthalene, can be

easily
O0o00o0oo EIEIEII;IEEIDDQD@EDDIZIIZIIZIEIIZIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEII
z?n‘n'm; RI R3
R'Si(CH,), %0  (CH,),Si OH
89 or 85, R'= H

T O0O00O0000000000O

separated from the desired product. (158) In contrast, lithium naphthalenide is
prepared from readily available, inexpensive precursors. (159, 160) In many
cases, separation of the naphthalene byproduct is not difficult; (157) it is not,
however, always trivial. (136, 161, 162) Other reagents that have been used to
effect reductive lithiation of sulfides are lithium di-tert-butylbiphenyl (163) and
tri-n-butylstannyllithium. (164)

The elimination of the  -hydroxysilane can be accomplished by a one-pot
reaction sequence through careful choice of workup conditions. (157)

3.2.1.1.6. a -Silylalkyllithiums from Selenides

A selenium group may be exchanged for lithium by treatment of the selenide
with an alkyllithium. (165) Thus a one-pot sequence for the introduction of the
silyl group and subsequent carbanion formation is a straightforward procedure.



R' SeCH, R' SeCH R' R

1. a-CH,Li, THF _L mCHLL THE 2 4
A 2. {CH,),SiCI A 2 RRCO R R
R* SeCH, R’ Si(CH,), (CH,),Si OH

Cyclopropylidene derivatives are available by this protocol, although in some
cases elimination from the 3-hydroxysilane with potassium is not clean. The
required transformation is accomplished by thionyl chloride followed by fluoride

ion. (147)
|>_<Si(CH3}3 1. n-CH,Li, THF, ~78° Si(CH,), Lsoc, FI[JHZI'H
SeCH, 2 mCalhyCHO ’ CioHo-n ey, D=
3 HO 2. N(CHyn)F,
OH (CH,),50 (46%)
(85%)
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Silicon itself can be displaced from a bis(silane) to provide an a -silyl carbanion.
An alkali metal alkoxide in the polar solvent HMPA is required to achieve this
transformation. (166) If two different silyl groups are present, the less sterically
hindered group is preferentially

OOOopooooooooooo

[(CH,),SIL,CHCoH; -2, CyH CH=C(CoHy),
(79%)

cleaved. (37)

1. KOCyHg-t. HMPA 3
2, CyHsCHO

CHCH[Si(CH,)5][Si(CsHs)s] C H;CH=CHC{H;

{ca. 100%) E: Z = 52:1

3.2.1.1.8. a -Silylalkyllithiums from Stannanes

In a manner very similar to that used for selenides, stannanes are readily
transmetalated by alkyllithiums. The approach provides a useful method for
the preparation of trimethylsilylmethyllithium (90), (167) which, in addition to
reacting with aldehydes and ketones, reacts with carboxylic acids, esters, and
acid chlorides to give a -trimethylsilyl



n-CH,Li, THF

(CHy),SiCH,Sn(CHg-n), =50

(CH,),SiCH,Li
90

0
L.

2, H,50,, 24 h

(60%)

ketones in good yields. (123, 168)

3.2.2. Preparation of a -Silyl Carbanions Containing Unsaturation (169)
3.2.2.1.1. From Vinylsilanes

a-Lithiovinylsilanes are readily available by metalhalogen exchange, and react
with a wide variety of electrophiles including aldehydes and ketones (Eg. 16).
(132, 133, 136, 137, 170) The analogous Grignard reagents are also available.

OO0000000Me #ME eI TE EEEyes sH [ G HOHSN B 10000000

for the elimination of B -hydroxysilanes. The allene is prepared by treatment of
the alcohol 91 with thionyl chloride to give the rearranged allyl chloride (cf. 80),
which is then followed by fluoride ion in dimethyl sulfoxide. (171, 172)

& H,};LDDDIEIHQDDDDDDQ i}

n-CH,Li n-C H CHO
THF
Br Li
91 a7
n-cml-{m—iii:ﬁHS]j n-C,oH,,

S0Cl, KF L
S = . i —C=

cal, (CH,),S0, 10 h

Cl (ca. 100%)
(ca. 100%)

3.2.2.1.2. From Allylsilanes

In these cases, an allyl anion is prepared and, as a consequence, it is more
stable than the vinyl anions just described. Allyltrimethylsilane (54) is
deprotonated by n-butyllithium—TMEDA complex in ether, (173) or by
sec-butyllithium—TMEDA in tetrahydrofuran. (174) An analogous



. ; p
(CHy),Si X\ _ wcHti ™eDA, g0 (CHy)Sic e Ay
3 or 5:C,H,Li, TMEDA, THE, -16° Li*

92

Grignard reagent is available from the bromide. (175)

(CﬁHs}isiﬂ NBS [CﬁH,}ESin Mg (CeHo)ySi
*MgBr
93

Ambident anions 92 and 93 react with carbonyl compounds at the y position
and thus the Peterson reaction is not feasible. (174, 175) However, the
regioselectivity can be changed by the use of additives, such as magnesium
bromide (Egs. 5 and 12). Elimination in these cases is accomplished by thionyl
or

O0000000000a000agaoodoooooggoooooodgodgoooooooan
(CHy)ySi 2 (CH,),Si_~
Li’

Oooooooooottinooon

acetyl chloride followed by fluoride ion. (176) Of course, in some cases the allyl
anion is symmetrical and the regioselectivity problem does not exist.

CH,
(CH,),Si X ! FGHLL HMPA, <78 /\/fj\c H
2. MgBr,
54 3 gﬁi,l:ﬂtﬁ, (=95%)
4. 50Cl,
5. KF

When the degree of conjugation is increased, as in the anion 94, the principal
reaction with a carbonyl compound occurs at the € position. The anions 95 and
96 afford polyenes when condensed with carbonyl compounds since both
termini bear silyl groups. (177) Even larger conjugated systems are possible
(Eq. 18). (178)



MSi{CHﬂa
Li*
% Si(CH,),

95

{Cﬂa)ssiM/Si{CHs)s

Li'
9%

3.2.2.1.3. From Silylacetylenes

Addition of an aldehyde to the lithio derivative of
1,3-bis(triisopropylsilyl)propyne (97) results in a cis enyne. When HMPA is
used as cosolvent, the stereoselectivity is changed in favor of the trans enyne.
This selectivity is rationalized by the allenic anion being the most reactive
species in tetrahydrofuran, while the propargylic anion is the predominate

0000000088 N A RHEes e E eI L O 0 00000000000000oa0l

(i-C3H,),SiC=CCH,Si(C,H,-i), lz ::::;:;.Lu L LR

0 I

Deprotonation of the /A *-(4H-pyranyl)-substituted acetylene 98 results in the
highly delocalized anion 99. This organolithium 99 reacts with carbonyl
compounds to provide cumulenes 100. (180)

3.2.2.2. Preparation of a -Silyl Carbanions Containing Carbonyl Groups

a -Silyl ketones and aldehydes are relatively labile compounds which are
desilylated by many nucleophilic and electrophilic reagents. (181) This
property, together with the indirect methods that have been used for the
preparation of a -silyl ketones such as silylation of the enolate, usually results
in reaction at the oxygen center. (13) Thus, a -silylcarbonyl compounds have
not found widespread application in the Peterson olefination reaction. Methods
that are successful for the synthesis of a -silyl ketones include the addition of a
cuprate derived from trimethylsilylmethylmagnesium chloride (69) and an acid
chloride, (123, 182, 183) isomerization of a , B -epoxysilanes, {3 -silylallyl
alcohols, (184, 185) or a silyl enol ether, (186) and reactions of a-selenosilyl



enol ethers. (187)

An example of the use of a -silyl ketones in synthesis is provided by a route to
the macrolide narbonolide. (188)

SICHy),

“Li"

OO0000000000o0oooc [00000000A000000001

CeH,. . C.H,
DDDDDDDDDDDDDQ{DD

C

(CHILCO

CeHj (9] «Hs

(56%)
100

3.2.2.3.1. a -Silyl Esters (189)

Problems associated with a -silyl esters are similar to those with a -silyl
ketones—namely, a labile silyl group and a preference for O-silylation of the
ester enolate. (190) The routes to a-silyl esters are more direct than those to
their ketonic counterparts.



The first synthesis of ethyl trimethylsilylacetate (17) resulted from reaction of
trimethylsilylmethylmagnesium chloride (69) with ethyl chloroformate. (191)
More general approaches have since been developed.

a -Silyl esters are available from a modified Reformatsky reaction of the a
-bromoester with a silyl chloride. (192) Low yields are, however, obtained
when other a -substituents are present in the ester or if a large, bulky silyl
chloride is used.

(CH,),Si

(CHY,SICH,,Culd
(C,H.),0, -78°

OO000o000oooooododooooooiooooodcoooooooooooal

OO0000QOO0RO0naOn
> _-"TOR ™~

2. -18%,075h

H 0
o ‘

1 08i(CyHy), XS 0
(95% overall)
R = Si(C,H,),

BrCH,CO,C,H, o> (CH,),SiCH,CO,C,H,
(72%)
17

Silylation of ester enolates, such as that derived from ethyl acetate, results in a
mixture of the O- and C-silylated products. In the presence of HMPA, the



amount of C-silylation is augmented. (193) The degree of O-silylation is
increased by the use of higher temperatures (0°) and trimethylsilyl chloride

1. LilCA, THF, —T&""_j

CH,CO,C,H; 2. (CHy):S8iCl
CH,=C(OCH,)0Si(CH,); + (CH,),SiCH,CO,C,H;
(65%) (35%)
17

LilICA = lithium N-isopropylcyclohexylamide

as electrophile. (194)
When a tert-butyl ester is employed, the steric bulk of this alkyl group promotes
C-silylation, often to the extent that O-silylation is effectively excluded. (193)

Alkylation of the enolate derived from an a -silyl ester allows higher homologs

1. LilCA. THF, — 7§

CH;CD:Cqu'f > {CII]);SICI‘I}COQCqHQ'f

- (CH3)5iC) 5
m
O000000000000000000000000CORBaREMRGEHEOO000000

(2%)

to be prepared. (195) An alternative procedure is provided by silylation of an

ester enolate with chlorodﬁ enylmeth IsﬂanehﬁThls reﬁselectlwty can
be | I

C,H,CO,C,H, ;{L::;’::&CI (C¢Hs),CH,SiCH(CH,)CO,C,H;
(93%)

attributed to softer acid characteristics of the silyl chloride rather than steric
effects; the addition of HMPA increases the amount of O-silylation.

Condensation of an aldehyde with ethyl trimethylsilylacetate (17) in the
presence of a base catalyst leads to formation of 102, the silyl ether of the 3
-hydroxyester. (197) This ether is eliminated stereoselectively by sodium
hexamethyldisilazide. (41)



MaOH

CsHsCHO + (CH,),51CH,CO,C;H; ——
(CH,),SiOCH(C,H)CH,CO,C,H;, (19)

(46%)
102

The mechanism of formation of the silyl ether 102, as shown in Eq. 19, is open
to speculation; it could involve desilylation to achieve enolate formation.

Treatment of ethyl trimethylsilylacetate (17) with lithium dicyclohexylamide
(LiCA) or lithium diisopropylamide provides the ester enolate 16, which upon
subsequent reaction with aldehydes or ketones, provides the a, B
-unsaturated esters directly. (40, 198-200)

LA or LiCA
THF, -78*

(CH,),SiCH,CO,C,H,
17
CellsCHO

(CH,),SiCH=C(OLi)OC,;H; ———— C H;CH=CHCO,C,H;
(84%) E: Z = 3:1
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The tert-butyl ester 101 reacts in an analogous manner. (201, 202) A variant of

this approach, using an acylimidazole in place of a carbonyl compound,
provides  folle 1 lftbelett dbA L ILILILILICIL]
(CH,),SiCH,CO,C,Hyt om0, Q

101 Qn CHCO,C,H,-t

(95%)

The enolates of a -silyl esters are also obtained by the copper-catalyzed
addition of Grignard reagents to methyl 2-(trimethylsilyl)acrylate (103).
Subsequent addition of a carbonyl compound results in overall formation of an
a, B -unsaturated ester. (204)



Si(CH,), CH Si(CH,), C H/\K\C H
C,HMgBr 6ils | CH.CHO 6L ks 6ilg

CuCl, (CH),0 CO,CH
COCH, - CH,0” ~OMgB i
3 gor ok
103 (80%) E:Z=1:4

Many of the reactions of a -silyl esters have already been discussed in the
context of the stereochemical outcome of the Peterson olefination reaction.
Rather than reiterate, it suffices to say that stereochemical control with this
class of compounds can be either small (45, 205) or heavily biased toward the
E isomer (magnesium counterion), (41) or can form the Z isomer preferentially
(diphenylmethylsilyl group). (42, 43)

I. LDA, THF, -8

CHsCH[SICH;(CeH;),]CO.CoHs S

C&H$CH=C{ CEHS,) C(}zCsz
(73%) E: Z = 20:80
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condensation between the a -silyl ester enolate and the carbonyl group is
stereochemically controlled, (206) particularly by the presence of heteroatom
substituents in the ketonic moiety. (48-50, 84)

Reaction o 1 efolffe HerMed tate with

2-cyclopentenone results in 1,4 addition. (207)

OSi(CH,),C,H,-t
; 1. LDA, THF, -T§°
(CH,),SiCH,CO,CHy 5y
17 Q/
; CHCO,C,H;

(68%) E:Z = 14:86

a -Silyl esters provide a useful route for the preparation of alkenes by the
Peterson olefination reaction through conversion of the ester moiety to an
alcohol by way of a reduction, (62) or reaction with organometallic compounds
which undergo Cram addition to the intermediate 3 -ketosilane. (43, 63,
208-210)



n-CgH;CH[SiCH,(C¢H5),]CO,C,H; 1. w-CyH:MgBr, THF.

3 KOCHe
H‘CEH ITCH: C(CHJ}CJH}'H + n- CgH r,rc H= C(C:I,H‘p‘ﬂ}z
(52%) E: Z = 99:1 (9%)

The Peterson reaction is pivotal to one approach to coumarins, where an a
-silyl ester is generated in situ from trimethylsilylketene. (211)

OH O Na'
MNaH
@(cm e @V(CH;
O O

(CH ) SICH=C=0
> —_—

CH
Ooonoooonoooonogoooor 000000000000 C:EIEIEIEIEIEIEIEIEII

(98%)

Oo0000doo00donoon

Lactones are, of course, a subclass of esters. Lactone enolates undergo
C-silylation in the presence of HMPA, (195) (omission of HMPA results in
O-silylation (194)), or by use of chlorodiphenylmethylsilane as the silylating
agent. (196) Another approach starts from trimethylsilylacetic acid (104). (212)

(CH,),8i__COH 1.2¢q LA, THF, 0

L0
104
1 H.0
0
(CH,),Si
(CH,),Si._ __COH ,cucuson O
CyH,, heat
(100%)

OH
(94%)



These a -silyl lactones provide a , B -unsaturated lactones in an analogous
manner to esters, (195) although use of lithium triphenylmethide as base is
advocated to circumvent any problems associated with the formation of
Michael byproducts from an amine and an a -ylidenelactone. (212)

O 0]

O 1. (CH,),CLi, THF, -78° CH,CH 0
2. CH,CHO =

(CH,),Si

(80%)

The Lewis acid catalyzed condensation of a -silyl lactones with carbonyl
compounds has already been illustrated (Eq. 10). (34, 47)

3.2.2.3.2. a -Silyl Acids (189)
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-unsaturated carboxylic acids. (212)

(CH,);SiCH,CO,H LtPAC« RO, . C.H,,CH=CHCO,H

2. n-CgH;3CHO
v

0 o e

3.2.2.3.3. a -Silyl Thioesters
There are many variations on the ester theme. One example is the preparation
of a, B -unsaturated thiol esters. The E isomer is the major product. (213)

1. (COCI)2
2. -CyHeSH

1. LDA, THF, - 78"
2, CgHsCHO i

(CH,),SiCH,CO,H
104

(CH;)3SiCH,COSCH,-t

CﬁH [ CH=CHCOSC.1 H gt
(73%) E: Z > 98:2

3.2.2.3.4. a -Silyl Acylsilanes
a -Silyl acylsilanes are readily accessible from bis(trimethylsilyl)acetylene.
(214) Deprotonation—alkylation—deprotonation—Peterson reaction is available



as a one-pot sequence. (44) The resultant a , B -unsaturated acylsilane is
formed as one isomer, and can be converted to the corresponding carboxylic
acid by oxidation.

1. BH3-5(CHa)z

(CH;);SIC=CSi(CH)s s (CH;)sSiCH,COSi(CH;);
1. LDA. THE, =718 . .
e —  -CyH,CH=C(CH,)COSi(CH;),
. LChCHO (90%)

L. NaOH. HyQ3. HzO, THF, 40F
i. Hyov

* j'CgH ]'CH:C (CH;J CD: H
(89%)

3.2.2.3.5. a -Silyl Amides

The C-silylated derivative of N,N-dimethylacetamide is prepared by
deprotonation of the parent amide with lithium diisopropylamide and reaction
of the enolate with chlorotrimethylsilane. (195, 215)

OO0000000edNGLOEAREANCHSOLeMOLINO000000000000

(78%)
105

The enolate of amide 105 is more stable than the corresponding ester analog,

and reacts E\@ El@l@ Eﬁ (216, 217)

(CH,),SiCH,CON(CH,); e CHsCH=CHCON(CHj),
105 3. CHyCO;H. H;0 (85%)

The methodology provides a useful method for the synthesis of
3-alkylideneazetidin-2-ones. (218, 219)

CH,
(CH,),Si C
L LDA, THF, -78° \_' L. LDA, THF, —78° CH;J
NCEHS 2 {CH,)SiC é—NCﬁHS 1. C,H,COCH, NC.H
o 0 3. HO o 6775

(43%) E:Z =52



Deprotonation of the unsaturated amide 106 followed by condensation with
benzaldehyde results in a mixture of compounds, with the Peterson product
107 as the major component. (220, 221)

CON(C,H,-i), ON(C;H;-),
Si(CH,), (CH,),Si CHOHCH,
1. 5-CH,Li, TMEDA,
THF, -78° " e

2. CH,CHO

106 (16%)
ON(C;H.-D),
CHCH,
(44%)
107
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3.2.2.3.6. 2-Silylmethyl-1,3-oxazines
1,3-Oxazines may be considered to be carboxylic acid analogs. Deprotonation

subsequen i as a

mixture of isomers. (222)

1. n-CH,Li, THF, =T8° _

N
2. C,H,COCH,
)k/Si(CHg)g 3.H0
o
108

(20)

0] 7 CH,

{=B80%) maior isomer E



3.2.3. Preparation of a -Silyl Carbanions Containing Nitrogen

3.2.3.1.1. a -Silyl Nitriles

In many ways, nitriles are closely related to carboxylic acid derivatives since
hydrolysis of the former provides the latter in high yields. a -Silyl nitriles are
available from hydrosilylation of a , B -unsaturated nitriles. (223) Deprotonation
with lithium diisopropylamide and reaction with a carbonyl compound provides
the homologous unsaturated nitrile. (223, 224)

R!CH=CHCN —HCSH , B ICH,CHI[SiC¢H(CH,),]CN

[(CsHs)aPlsRRCI

I. LDA, THF, — 78" .
2. CzHsCOCH, R!CH,C(CN)=C(CH;)C,;H;
(95% by GLC)

Conjugate addition is observed with the lithio derivative of
trimethylsilylacetonitrile and a , B -unsaturated carbonyl compounds. (225)

OooooooonEnpRREoo00oonoooonoooooononoooooool

Sodium hexamethyldisilazide (109) is commonly employed as a hindered base.
However, it reacts with nonenolizable aldehydes and ketones to provide the
imine. (226)

(cﬁﬁs)zccpmum QHEQQQQQDDD

CygHg, heat
(B4%)

The reagent 109 also reacts with both carbonyl groups of benzoquinone, (226)
while in a related reaction, monosilylamines condense with sulfur dioxide (Eqg.

29). (227)
0 NSi(CH,),
o3
C,Hy (CH,),SiC1, heat
0 NSi(CH,),

(20%)



This protocol for the preparation of imines has not been fully exploited, but
N-silylamines do react with carbonyl compounds when heated. (228) An
additional example is provided by the preparation of the N-arylimine 110. (229)

[

1. n-C,H,Li, THF, -78°

p-CH,C{H,NHSi(CH,), —+
D _NCH,CH,p
/Clﬁc- CF,
CF, (74%)
110

The N, N-bis(trimethylsilyl)enamine 111 reacts with carbonyl compounds in the
presence of fluoride ion to furnish the imines in moderate yields. (230)

C3sH/CHO

N(C3Hg-n)4F, THF
111 (50%

)
OO00000000ooooododooooooiooooodooooooooaoooal

3.2.3.1.3. a -Silyl Imines and Related Derivatives
a-Silyl imines, and other derivatives such as hydrazones, (231) provide useful

methodolo e Hreppri I‘ﬁ E@@@ pounds; the
nitrogen-containing tunctionar group acts as a protected carbonyT group. (232,

233) This strategy has been employed

NX
1. LDA, THF, 0° CHY
2. Cyclohexanane
_ 3. (CO,H), KO (21)
Si(CH,) (90%) X = 1-C,H,
112

X = +-CH, or (CH),N

in a synthesis of N-methylmaysenine. (234) An improvement on reagent



Cl O

CH,0O NHCH, ~
OMEM
S
Pz Z 1. (CH,),SiCLI(CH)CH = NC Hy-t
2. H,0' %
OCH,

MEM = methoxyethoxymethyl
OHC

cl
CH,0

MEM

OCH,

0000000032 MdEd e bdbdedé thd bl édlotcdheshd I kbl diHalis] L1C1C1O1CICICIOI1 O 01

preparation, is to use the triethylsilyl analog 113. (235)
(CzHS}jsiCH(CH3JCH:NC4Hg'I

o o o o o o o e

a, B -Unsaturated dimethylhydrazones are obtained as shown in Eq. 21 prior
to hydrolysis. (236)

2-Alkylidenepyridine derivatives are readily available from
2-(trimethylsilylmethyl)pyridine (63). (96)

(1 I. LA, THF, -75° Z |

. 2. RCHO =~

N~ ~CH,Si(CH,), N~ TCH=CHR
63

The lithio derivative derived from trimethylsilyldiazomethane reacts with



carbonyl compounds to give the (3 -hydroxysilane 114. When 114 is warmed to
room temperature, nitrogen is evolved and an epoxide is formed. (237)

(CH,),SiCH=N, "C'""" =7, (CH,),SiCLi=N,
_ 7
S0, (CH,),SIC(=N,)COH(CHy), —» (CH,),SiCH—C(CHY),

114

Reaction of bis(trimethylsilyl)methyl isothiocyanate (115) with
tetra-n-butylammonium fluoride affords the a -silyl anion, which can be trapped
by benzaldehyde to give a mixture of the a , B -unsaturated isothiocyanate 116
and oxazolidine-2-thione 117; the latter product results from competing attack
of the alkoxide oxygen at the isocyanate group. (238)

3.2.3.2. Preparation of a -Silyl Carbanions Containing Sulfur
Thiol esters have already been discussed (p. 44).

DDDDDDDDBJ;L@EJEEIEQD EREEYERENGROEO000000000000

115 (31%) E:Z = 56:44)
116

CiHs  Si(CH,),

DDDDDDDDDDDDdﬁlﬁD 2

(6%)
117

3.2.3.2.1. a -Silyl Sulfides

a -Silyl sulfides are readily deprotonated by n-butyllithium in tetrahydrofuran or
tetramethylethylenediamine. Subsequent condensation of this alkyllithium
derivative 118 with carbonyl compounds provides the vinyl sulfides directly. (3)
The requisite anion 118 can be obtained by a variety of methods which include
direct deprotonation of the parent silane (86), (3, 16, 239)



(CHy);SiCH;SCeH; —ms (CHy)SICHLISCH; ——
o 118
C¢HsCH=CHSCH;

(T19%) E: Z = 1:2

the addition of an alkyllithium to 1-phenylthio-1-trimethylsilylethene (87), (150,
153, 156, 157, 240) and reductive lithiation of bis(phenylthio)ketals 119. (153,

157, 241)

PCeHs 1. R'Li, TMEDA, (GH)0 | ;‘S CHy

— 2. RR'CO S/
Si(CH,), R' \>-R=
3

87 R

R'C(SC,H,),Si(CH,), ! CdiLi. THE 16" C HSCR'=CR’R’
2, R'R'co
119

00000000 kLRI L R R LI ELAEILLALL IO O O O OO0 O

addition and the formation of 1-phenylthio-1,3-butadienes. (239, 242) Reaction
of the sulfide-containing carbanion 118 with amides provides a route to
enamines. (243, 244)

OOOOOOO0O0O0EC S,

N)LCH NJ\C
C,H,SCHLISi(CH,), + Q h O H,
118

{35% by NMR) E:Z = 100:0

3.2.3.2.2. a -Silyl Sulfoxides

1-Trimethylsilyl-1-phenylsulfinylmethyllithium (120) is available from the parent
sulfoxide 121 by reaction with n- or tert-butyllithium. Condensation of the
alkyllithium 120 with carbonyl compounds provides the vinyl sulfoxides. (245)
However, this approach is complicated by the thermal



CoHsSOCH,Si(CHy); ~= C,H;SOCHLISI(CHs)y
121 ) 5 (23)

C¢H;SOCH=CR'R?

lability of the sulfoxide 121, which undergoes a sila-Pummerer rearrangement
to a significant degree above 0°. This problem can be circumvented to a
certain extent by generation of the a-silyl sulfoxide in situ. The sequence of Eq.
23 cannot be used to react the silyl derivative 121 prepared from methyl phenyl
sulfoxide since carbon-sulfur bond cleavage occurs. (245)

1. n-CyHyLi (2 eq), THF
2. (CH3)sSiCl d

CH;SOCH,Si(CHs);

(CH,;),SO

1. CHySOCHaLi
—
2. (CgHs);CO

CH JSDCH =C{Cﬁ H 5 ) 2
(50%)

D

[ o O T o

stereoselectivity is not observed in the vinyl sulfoxide formation. (246) As with
the sulfide, the sulfoxide 120 undergoes 1,2 addition to conjugated ketones.
(245)

Sels s aa/a R e
Reaction of timethylsiiyimethylenedimetnylSulitirane with carbony

compounds leads to a vinyl sulfonium product 122. This sulfonium salt can
then undergo further reaction depending upon the nature of the substituents
and conditions. (247) When the sulfonium salt 123 is deprotonated by
sec-butyllithium, the vinyl sulfide is isolated. (248)

(CH,),8" Si(CH,), (CH,),8"

& 1. KOC,Hyt, DMSO

(CH,),S" Si(CH,); — Treae — |
I

123

CH, CH, CH,

CHy__, CeHs
o8
kocy+  CHS )\ iy OHE
CJEHS



3.2.3.2.4. a -Silyl Sulfones

This class of compounds is readily deprotonated because of the excellent
anion-stabilizing properties of the sulfone group. (249) Vinyl sulfones are
obtained in good to excellent yields. (250-253) The use of
1,2-dimethoxyethane (DME) is advocated as the solvent of choice for this
reaction. (251) When an alkyl substituent is attached to the carbon atom
bonded to the silicon and sulfur groups, the reaction does proceed but yields
can be low, particularly with enolizable ketones. (157)

1. n-C3HqLi, THF or DME. -
2. RIRCO

C,HsSO,CHR'Si(CH,); , C4HsSO,CR'=CR?R’

The intermediate 8 -hydroxysilane can be trapped by acylation when the
condensation is performed in diethyl ether. Nucleophilic elimination from the
acetate 124 to the vinyl sulfone is not, however, stereoselective. (253)

i PR CH,S0, O,CCH,

ﬁo
] T TR A2 e 2 ] m e ]

(60%) (30%)
124

HE NN NN

The tricyclic sulfone 125 provides the vinyl sulfone 126 by a Peterson protocol.
Thermolysis of 126 affords a vinylallene. (254)

i(CH,), C.H C,H,
1. n-CH,Li, THE R - T C
2. CH,CHO, THF == i =\=
S0, HMPA S0,
125 {79%) (78%)
126

3.2.4. Preparation of a -Silyl Carbanions Containing Selenium
3.2.4.1.1. a-Silyl Selenides

The chemistry of a -silyl selenides has been included in reviews of
organoselenium chemistry. (88, 255)



The requisite carbanion 127 is prepared either by direct deprotonation of the
parent a -silyl selenide or by transmetalation of a selenide. The latter route
usually provides higher yields. (256) For many examples, the 3 -hydroxysilane
can be isolated in good yield and the diastereomers separated. Base treatment
then results in just one vinyl selenide isomer. (257)

Rl
LDA, THF
RSe Si(CH;),
I g R' R?
R Ji(CHy); 1. RR'co | | 1
Fe=F » RSe R’ 4
i . 2. H,O [ |
e Li (CH,),Si OH
127 128
R'i i 2
i(CH,), i R! R
RSe SeR TR, RSe T R’

(CH,),Si OH )
O000000000000HE0 renCLpoatfon0oo0oooooo)
RSe C,H;,-n CH-_, H
(60% of this diastereomer from 127) (89%)

OOO000doooodooon

The selenium moiety can also be eliminated from the alcohol 128 by use of the
appropriate reagents, such as phosphorus oxychloride in the presence of
triethylamine, to yield the vinylsilane. (257)

Although the anion derived from 1,3-bis(phenylseleno)-3-trimethylsilylpropene
(129) condenses with carbonyl compounds, reaction occurs at the carbon
atom gamma to the silyl moiety and, thus a Peterson reaction pathway is not
available. (258)

CﬁH 5 SECH:CH [S i {CH ].} 3 ]S EC& H 5
129

3.2.4.2. Preparation of a -Silyl Carbanions Containing Silicon (16, 88)

This class of compounds requires two silyl groups on the carbon atom carrying
the negative charge. As with a monosilyl carbanion, the silicon atoms do
stabilize the negative charge but do not facilitate kinetic deprotonation. The



parent compound, bis(trimethylsilyl)methane (130), is deprotonated by
methyllithium. (170, 259) Alternative methods must be employed for higher
homologs—these

1. CHaLi. THF, HMPA,

[(C,),8i),CH, SR » C4H;CH=CHSIi(CH.,),
130 (70%) E: Z = 1:1

indirect routes parallel those used for the preparation of a -silyl carbanions.

An alkyllithium adds cleanly to 1,1-bis(trimethylsilyl)ethene, and the resultant
anion reacts with carbonyl compounds to afford the vinylsilanes. (240, 259)

1. #-CgHglLi. THF, — 78"
2, HCHO

CH,=C[Si(CH)s]; » n-CHyCH,C[Si(CH,);|=CH,

(73%)

0 o o o o o o o

n-CH, H
L. CiHLi, THF, -78° \ *’f
2. C,H,CHO

DDDDDDDDDDDE@UDD

while a silicon moiety can be displaced by a similar strategy. (166)

C(H,SC[Si(CH,),,C,H,-n

I. LIOCH;, HMPA
2. (CgHs)CO

[(CH5;),8i],CH + (C4H;),C=CHSIi(CH3;);

(51%)

When an allyl anion can be formed, deprotonation of a bis(silyl) compound is
relatively straightforward. (173) The condensation reactions of these allyl
anions can be controlled stereoselectively (Egs. 5 and 12). (28, 81, 82)

3.2.4.3. Preparation of a -Silyl Carbanions Containing Tin
(Tri-n-butylstannyl)(trimethylsilyl)methane is deprotonated by potassium
diisopropylamide (KDA), albeit in low yield (ca. 50%). Subsequent
condensation of the potassium carbanion with a nonenolizable aldehyde or



ketone yields the vinylstannane by way of silicon elimination. Extrusion of the
stannyl group is not observed as a competing elimination pathway. (260)

1. KDA. THF.
2. L@Hj’f_HU

(CI IJJJSiCI leﬂ{C.;Hg“ﬂ}j

CE,H CH= C]'ISH[Cq,Hg'H};
(63%)

3.2.4.4. Preparation of a -Silyl Carbanions Containing Phosphorus

Reaction of the ylide derived from (trimethylsilylmethyl)triphenylphosphonium
bromide (261) with benzophenone leads to tetraphenylallene. (262) This
reaction illustrates that the silyl moiety is eliminated more rapidly than the
phosphorus group.

The analogous reaction with a , B -unsaturated carbonyl compounds leads to
the alkyl-1,3-dienylphosphonium salt. (263)

(CH),P*  Si(CH,), (CH,),P*
DDDDDDDDBEEEEEEDDEH C@{DDDUDDEIH |CEIEIEIEIEIEIEIEIEIEII
6" "5 6" "5 CH CEH ﬁHs
o (CeHyB! CH, Qlf

] L
=< ¥ (cﬁﬂshﬁj L emo o,/
=0 o \=ﬁ-{cﬁu,)3

Br

Other vinylphosphorus compounds, such as vinylphosphonates, (239, 264)
vinylphosphines, (3) and vinylphosphine sulfides, (3) are also available by the
Peterson olefination reaction.

1. n-CyHsLi. THF

(C,H;0),POCH,Si(CH3); 2. (CH;);CO

{Cz H g 0}2 POCH=C{CH 3 ) 7
(55%)



The use of a B -phosphine oxide to stabilize an a -silyl carbanion provides a
route to allylphosphine oxides (Eq. 13). (98)

Although most a -silyl carbanions react with a wide variety of electrophiles in a
manner analogous to carbonyl compounds,
(trimethylsilylmethylene)-dimethylphenylphosphorane (131) condenses with
isocyanates, isothiocyanates, and carbon disulfide to yield products resulting
from insertions into the carbon-silicon bond through irreversible migrations of
the silyl group. (265)

CﬁHs(CHJ)zP=CHS|{CHJ}1
131

The phosphide 132 condenses with the phosphaketene 133 to afford the
phosphaallene 134. (266)

00000000000 I'_'II:IEIEIEIEIEIEIEIDDDDDDDDDDDDDDDDDDDDI
t-C,H; PLiSi(CH,), — =2
T
&t -C H; Q P=C=0
EIEIEIEIEIEII-I I:IEIEIEIEIEI

CH~I t-C,H,

(35%)
134

3.2.4.5. Preparation of a -Silyl Carbanions Containing Halogens
Deprotonation of chloromethyltrimethylsilane or a -chloroethyltrimethylsilane
(267) with sec-butyllithium provides the a -halo carbanion. Condensation of
this anion with an aldehyde or ketone provides the chlorohydrin, which upon
treatment with sodium hydride yields the a , B -epoxysilane. (268, 269) Thus,



the chlorine is eliminated in preference to attack of the alkoxide at silicon.

The approach has been used in a short synthesis of (R)-(+)-frontalin. (270)

(CH,),SiCH,CI ——"=> (CH,),SiCHLiCI

THF, -78°
68

S, (CH,),SiCHCICHOHC H,

major isomer threo

0
H4d WH H4 \ SI(CH3)3
Hs

CgH, Si[CH3}3 o
(95%) 34:1

—1
THF, 50
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triphenylsilylmethylene iodide provides the epoxide through preferential
displacement of the iodide; (271) the threo-diastereomer of the 3 -alkoxysilane
135 is formed as the major isomer. (272)

EDI;ILIQDDDD/I]LDDDDDD

(C H,),Si (CeHj),Si Li
I
CH,0H H Si(CHy),
I e~ H CgH; ]
H/ “Si(C,H,), OH
CH,CHO C.H
Tt H 6ils — (41%) n-C H,Li
OLi H (85%)
135 | cuyon 0 Si(CoHs), "
25‘ H
CeHs



A closely related reaction is observed when the acyl silane 136 is treated with
fluoride ion to yield benzil. Fluoride is eliminated preferentially to the
trimethylsiloxy group. This reaction also involves the migration of a silyl group
from carbon to oxygen. (273)

tﬁ O O—Si(CH,),
e KF N 4
C,H; tﬁSl{CH._,‘]a e CEHS“—?—SL[CHJh E— CﬁHj_cf_
s
F F
136
0—Si(CH,), 0—Si(CH,)
- 0—$i(CH,),
136 L %
— CH—C—CESiCHy), — CH,—C L&
F CeHls II"} \CﬁHS
CHy_ ,OSi(CHy),
— emiE —— C4H,COCOC,H,
(CH,),Si0 C.H,

OO00000000ooooododooooestdooooodooooooooaoooal

Reaction of the allyl anion, prepared by a transmetalation from the lead

compoundlm arHpn Ei'i mitfurH o] prgducts,
including t iISTMgTTomn Nation pamnway. 7

(cﬁﬁs}gpbWSi(cuj}, L nCaL
2. cyclohexanone
Cl =y

137 Cl
@1%)

C1” Si(CH,),
(5379%)



Treatment of dibromo(trimethylsilyl)methane and cyclohexanone with
magnesium amalgam results in formation of the vinylsilane. However, the
procedure is not general, and the exact mechanism is open to question. (275)

0 CHSi(CH,),

Mg—Hg

(CH,),SiCHBr, + o

(40%)

3.2.4.6. Preparation of a -Silyl Carbanions Containing Oxygen
Methoxymethyltrimethylsilane is deprotonated by sec-butyllithium to give, upon
condensation with a carbonyl compound, the 8 -hydroxysilane 138; elimination
is effected by potassium hydride. (276, 277) This methodology has been
employed in a synthesis

DDDDDDDDQ%QEEE@EIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIDDI

i

OCH,

THF

138 (>90%)

of warburganal, when other nucleophiles, including Wittig reagents, failed to
react with the enone 139. (278)



Si(CH,),

CH,0
I NS
0] o (0]
{CH,),SiCHLIOCH, _
THF, -23°,05h
H H
139

(73%)

D\CH{5
O
KH
E—
THF, 0*
20 min !
H
(85%) E:Z = 3:1
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polar solvents to yield the B -alkoxyalcohol; (279) the Peterson reaction is still
observed in less polar solvents.

O0000G0E000M0RERED

2. C,H,CHO
OCH, (83%)
CH; Si(CH,), OCH,
140 1. C,H,CHO, HMPA, 0° CHs
2. n-CH,Li > Cels

OH
(929) erythro:threo = 1;1

3.2.4.7. Preparation of a -Silyl Carbanions Containing Boron

Treatment of pinacol trimethylsilylmethaneboronate (141) with lithium
2,2,6,6-tetramethylpiperidine (LTMP) followed by a carbonyl compound gives
the alkeneboronic ester. (280) The reaction cannot be applied to higher
homologs of 141 because the lithiation procedure fails. (281)



0 0
‘ £ . LITMP, THF, , 4
(CH,),SiCH,B_ e n-C,H, CH=CHB_

0] (0]
141 (73%) E:2 = 1:2

The procedure has been modified to allow the preparation of dienes; (282) no
base is required for the condensation step with the carbonyl compound.

Li
N — .-'D
(CH,),Si” XS~ Lsocuy, | (CHYSITN""B
2. Nu3, |
92 HO OH 0
(53%)

0
0000000000000000E000 BDEIDDI;TMH];IDD O00000oaoal
- N

CH;

. @0 CHY N
Si(CH,), Si(CH,),

o o o o

Reaction of benzaldehyde with the carbanion derived from
(dimethylborylmethyl)trimethylsilane gives phenylacetaldehyde upon oxidative
workup. (283) Presumably, the silicon is eliminated in a Peterson-type process.
With benzophenone as the carbonyl compound, a mixture of
2,2-diphenylacetaldehyde (45%) and 2,2-diphenyl-1-trimethylsilylethene (55%)
is obtained. The crowded transition state promotes competitive elimination of
boron. (283)

I. MesLi

2. CotlsCHO C¢H;CH,CHO

3. HyOp, NaOH (95%}

MESQBCHISi(CHJ}ﬁ

Mes = mesityl



3.2.4.8. Other Transformations Closely Related to the Peterson Olefination
Reaction

Reactions closely related to the Peterson olefination, including the use of
electrophiles containing carbonyl groups, are discussed elsewhere in this
chapter.

Other transformations that could involve a Peterson-type mechanism are the
deoxygenation of ketones by zinc and chlorotrimethylsilane, (284) and the
deoxygenation of epoxides by magnesium and the same chlorosilane. (285)
The exact mechanisms of these reactions have not been rigorously

established.
_Zn (CH)SIC1
tE,H,m
0,CCH, 0,CCH,

(60%)
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3.2.4.9. Preparation of a -Silyl Carbanions Containing Two or More Functional
Groups

In many re X m r more of
the functlom A B b m together
with a silyl group. Most of the reactions of these compounds mirror those of the
monosubstituted series, although in some cases the sheer size of the

carbanion promotes reaction of this species as a base rather than a
nucleophile.

The examples cited in this section are subdivided by the nature of the
substituents and listed in the same order as used for the monosubstituted a
-silyl carbanions. When one of the functional groups is carbon—carbon
unsaturation so that an allyl (or propargyl) anion results from the deprotonation
procedure, the chemistry of this system is discussed in the appropriate
monosubstituted section provided that condensation with a carbonyl
compound results directly in a Peterson-type elimination.

3.2.4.9.1. a -Silyl Carbanions Containing an Ester and Silyl Groups
The enolate anion derived from tert-butyl bis(trimethylsilyl)acetate (24) reacts
with aldehydes to give the a-silyl- a, B -unsaturated esters in good yields.



Condensation occurs in a 1,2 manner with conjugated enals but fails with
enones. (286)

1. LDA, THF. —78°
2. -CyHiCHO

[(CH,)5Si),CHCO,C,H,-t
24
I'C]I‘ITCHZC[SI[CH3)31C02C4H9‘ t
(74%)

The use of various cations as the enolate counterion can be used to control the
stereochemical outcome of the reaction (Eq. 9). (46)

3.2.4.9.2. a -Silyl Carbanions Containing an Ester and Tin Groups

Reaction of the lithium or potassium enolate derived from tert-butyl
(trimethylsilyl)tri-n-butylstannylacetate with carbonyl compounds provides a
useful method for the preparation of a -stannyl- a , B -unsaturated esters. (260,
287)

DDDDDDDDDI@E]E!;I_DCDDDPUELBEHDDEE OfAEHEMIO0000nonnn

0,C H,- TR
(n-C,H,),Sn 2, E:Z:I{,nc;::]“m " CO,C H,-t

(70%) E:Z = 45:35

OOO000doooodooon

3.2.4.9.3. a -Silyl Carbanions Containing an Ester and Halogen Groups
tert-Butyl chloroacetate is deprotonated by lithium diisopropylamide, and
subsequent silylation results in formation of the adduct 142.

CICH,CO,CHyt ;:‘:};S”;F > CICH[Si(CH,),]CO,C,H,-t
142

1. LDA, THF, -78° CEH"\ .J"Cl

Eol i Lo G Cc=C
2. CH,,CHO / \
3 sz CH:] CD:CAI{g_r

{44%) E:Z = 56:44
143

The ester 142 is deprotonated and condensed with a carbonyl compound by
the standard procedures. Workup is optimized by use of thionyl chloride, which
suppresses isolation of the 3 -hydroxysilane rather than the a -halo ester 143.



(288) tert-Butyl bromo(trimethylsilyl)acetate provides a -bromo- a, 3
-unsaturated esters in an analogous manner. (289)

3.2.4.9.4. a -Silyl Carbanions Containing a 1,3-Oxazine and Silyl Groups

In a manner completely analogous to Eq. 20, the vinylsilanes 144 are prepared
from the bis(silyl) compound 145. In all cases the E isomer is the major product.
(222)

r \ 1. n-CHLi, THF, -78° |
SICH,), ~oam—— 5 C,H,-i

Si(CH,), (CH,),Si T
145 (E)-144

f(f;
* (o)

O0000000000000000000000000000EH HO000000i

(80-95%) E:Z = 93.7 (Z)-144

(0]

3.24.95. bl EAball dballid Gl o LML ]

The a -amino nitrile 146 can be silylated and subsequentially condensed with a
carbonyl compound in a one-pot reaction. (290, 291)

L. LDA, THF. CyHys
NCCH;N(CH,)CeHy —mmt ™™, CH,—C(CN)N(CH,)C,H;
s ok %)

3.2.4.9.6. a -Silyl Carbanions Containing Nitrogen and Sulfur Groups
1-(Arylthio)alkenyl isocyanides are available from arylthiomethyl isocyanides
147. The silylation and condensation steps can be performed in a single flask.
(292)

In a similar manner, 1-isocyano-1-toluenesulfonylalkenes are obtained from
the sulfone 148. (293)



ArSCH;NC i'u_'::d'i' i~ ArSCHISi(CH,);]NC ! ..:;:hu.ﬂw .
147 2. (CHy)sSiCl 2. RICHO

R!CH=C(SAr)NC

Si(CH,);
|
p-CH,C¢H,SO,CHNC

148

3.2.4.9.7. a -Silyl Carbanions Containing Nitrogen and Silyl Groups

The protocol just described has been adapted for the reaction of
tris(trimethylsilyl)methyl isocyanate with benzaldehyde in the presence of
fluoride ion to give a -trimethylsilylstyryl isothiocyanate (26%) and
4-benzyl-5-phenyl-4-oxazoline-2-thione (7%) (cf. Eq. 22). (238)

3.2.4.9.8. a -Silyl Carbanions Containing Sulfur and Unsaturation
The allyl anion obtained from 1-phenylthio-1-trimethylsilyl-2-propene (149)
condenses with carbonyl compounds at the gamma carbon atom. (294, 295)

0 PERNE00000000

SCH;

SCH; 1 oL, THE, -78° HO

S 9 i )

(50%)
150
SC.H
HO 605
I 3-CH,Li, THF, -78°* = =
2. (CH,,CO il
(54%0)

The 4H-thiopyran 151 provides a useful starting material for the preparation of
A\ *-4H-thiopyrans. (298) The conjugation may be increased further by use of
the vinylsilanes 152 (Eq. 18). (178)



1(CH3}3

Z “Si(CH,),

C4H; X C¢H;
X=0orS
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3.2.4.9.9. a -Silyl Carbanions Containing Two Sulfur Groups
cetone thiobollaedb ALl botbel el e T LT e
ketene thio 3 [ range of

synthetic transformations. (299, 300)

The two sulfur atoms are often part of a 1,3-dithiane system because the
required 2-silyl derivative 153 is readily available. (301, 302) Deprotonation of
the silane 153 with n-butyllithium followed by reaction with a carbonyl
compound provides the ketene thioacetals 154 in good yields. (303-309) 1,2
Addition is observed between the organolithium derived from the 1,3-dithiane
153 and

S S S S
Y L. n-CHLi, THF, -23° I
Si(CH,); 2 r'wco g

1 2
153 B E
154




a, B -unsaturated ketones. (305) The general application of this methodology
can be illustrated by the preparation of the ketene thioacetal 155 and its use in
a cyclization procedure. (310)

@

LMSHL‘H,},

THF, -60°

_CRCOM |
CRCHOH
J

155
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OHC

HgCl,, CaCO,
ket
H,0, CH,CN

OO0O000oo0OOona

The preference for 1,2 addition can be put to good use for the preparation of
substituted 1,3-butadienes. (311) A further example of the methodology is
available as part of a synthesis of 17-oxoelliptiane. (312)

s’j
L Li Si(CH,),
—_—,
CH,0” X CH,07 XX

(70%)



Other sulfur groups, such as phenylthio, can be used to give the homologous
ketene thioacetals, (240, 308, 313, 314) and in certain cases, the carbanion is
available by a displacement reaction rather than deprotonation. (241) When
the sulfur atoms are not part of a cyclic system, 1,4 addition is usually
observed with conjugated ketones; the regioselectivity is, however, dependent
upon the exact nature of the carbanion, enone, and reaction conditions. (242,
315, 316)

Formamides derived from secondary amines react with
bisthio(trimethylsilyl)methyllithiums to furnish the enamines 156. (308)

CH,
(] J
9] 5 =
1. L;}(smvm, E
2. CH,LI
3. NaBH, g S

|
00000000000000000000000000@80000000000000000

CH,

o J

L'y Hﬁ'ﬂg P
= CHO

(100%)

3.2.4.9.10. a-Silyl Carbanions Containing Sulfur and Silicon Groups
1-Thio-1-silylalkenes are readily available by the Peterson protocol. (313) The
requisite anion 157 is also available by a sulfur displacement reaction. (241)



C,H,S

CeH,S 1 m CHLI, THE, -78°
: - O HLL, THF, -78°
)—s;(cmh o > >=\

(CH,),Si (CH,),Si R

Bis(trimethylsilyl)phenylthiomethyllithium (157) can be used as a carboxylate
anion equivalent by the strategy illustrated in Eq. 25, which outlines a
synthesis of the Prelog—Djerassi lactone (158). Conversion of selenide 159 to
the acid is achieved by a selenium analog of the sila-Pummerer rearrangement.
(317, 318)

Si(CH,),

H 0 CH SO

"Hk \"H. 0
? L. CH,S[(CH,),SiL,CLi (1ST), THF _

2. MCPBA

“OCH, OCH,

O0000000000000000000000000000000000000000000

(60%)

(25)

1. CH,Li, THF
—
2. C H,SeCl e DCQ_HS
(100%) (68%)
159
HOC. .-
L. HCL, H,O
2. Br, NaO,CCH,
0
|
|
(98%)

158



3.2.4.9.11. a -Silyl Carbanions Containing Sulfur and Tin Groups
Vinylstannanes are formed in the expected manner with the silyl group being
eliminated exclusively. (260, 313)

Sn(CH,),

2. R'R'co

1
{CHa}].Sn\l/SI{CH;;}-_; L. LDA, THF, HMPA, —T&" R: :‘
SCH; R? SC.H,

3.2.4.9.12. a -Silyl Carbanions Containing Sulfur and Oxygen Groups
2-Trimethylsilyl-1,3-oxathiane (160) (319) is deprotonated by sec-butyllithium.
When the resultant anion is reacted with benzaldehyde, the 8 -hydroxysilane
results. When benzophenone or cyclohexanone is employed as the carbonyl
compound and the reaction mixture is allowed to warm to ambient temperature,
thiol esters 161 are formed presumably by way of the ketene acetal 162. (320)

DDDDDDDDIFDE‘DDDHDEBD OO0000oodoooooooodoooal

2. eyclohexanone DL‘-

Si(CH,), (CHS L
© DDDDDDDDDDD?] 9
162 66%)

Methoxyphenylthiomethane provides the analogous acyclic ketene acetals in
good yields. (321) As with the cyclic thioacetal 160, 1,2 addition is the major
reaction pathway with conjugated carbonyl compounds. The sulfone 163
provides the substituted vinyl sulfones as expected. (322)



L. n-CyHygLi. THF. - 75%

p-CIC{H,SO,CH(OCH,)Si(CH3)s .

2. CHyCHO
163

p-CIC4H,SO,C(OCH;)=CHCH;
(99%) E:Z = 83:16

3.2.4.9.13. a -Silyl Carbanions Containing Two Selenium Groups
Ketene selenoacetals are available from a bis(selenosilyl) carbanion. (255,
313)

1. LDA, THF, -7
1. RCHO

(CeHsSe),CHSi(CH;), » (C¢HsSe),C=CHR

3.2.4.9.14. a -Silyl Carbanions Containing Two Silicon Groups
Again, one of the major problems is the preparation of the required carbanion,
although direct deprotonation of tris(trimethylsilyl)methane is possible using

00000000 CHMER a9 p3gd (IS EADIEGidnHapr WD Hedpor{yl FAipdedd 101 L1C1CIOI O]

is, however, limited to nonenolizable aldehydes and ketones.

CH,Li, THF (CeHs)2CO

[(CH;),Si];CH —"_“'_" [(CH,):S81];CLi —— [(CH,),Si],C=C(C¢Hs),

5 o O O

Alternative procedures for the preparation of the carbanion 164 employ
addition of an alkyllithium to 1,1-bis(trimethylsilyl)ethene, (240) reductive
lithiation of a phenylthio group by lithium naphthalenide (241) or
tri-n-butylstannyllithium, (164) and cleavage of a silyl group by an alkoxide in a
polar solvent. (166)

3.2.4.9.15. a -Silyl Carbanions Containing Silicon and Halogen Groups
Bis(trimethylsilyl)bromomethyllithium (165) reacts with aldehydes to give a
mixture of the E and Z isomers of the 1-bromo-1-trimethylsilylalkene. Reaction
of the anion 165 with enolizable ketones leads to proton abstraction from



n-C,H,Li, THF

[(CHy),Si},CBr, ~o—>  [(CH,),Sil,CLiBr
165
cncno (CHDS (CH,),Si CH,
—_" Y= + ="
Br CH, Br
(51%) (17%)

the carbonyl compound. Treatment of the carbanion 165 with benzophenone
leads to the epoxide 166 through elimination of the halogen rather than a silyl
moiety. This outcome may be attributed to the most stable conformer

XA

CeHs O 'CH
166

of the intermediate B -hydroxysilane having the oxygen and bromine atoms
anti to minimize steric interactions between the large phenyl and silyl groups.
(326)
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3.3. Preparation of Carbonyl Compounds

Although the conversion of vinylsilanes and a, 3 -epoxysilanes into carbonyl
compounds is not strictly a Peterson olefination reaction, many of the
observations result from the chemistry that has been discussed elsewhere in
this chapter.

Overall, the transformation of an a, B -epoxysilane involves opening to the diol
which then eliminates to give an enol. This enol then tautomerizes to the
carbonyl compound. The stereochemical consequences of the elimination step
are of little importance since the double bond is lost in the tautomerization
step.

3.3.1.1. Vinylsilanes

All reviews on organosilicon chemistry invariably include a discussion of the
methods available for the preparation of this class of compounds. There have
also been reviews which have concentrated on the synthesis and reactions of
vinylsilanes. (16, 327)

The principal method for conversion of vinylsilanes to ketones is oxidation of
the carbon—carbon double bond to an a , B -epoxysilane, which is then

DDDDDDDD@ﬂﬁﬂﬂQQQE@ﬂﬂQﬂQ@] ”m@m 00000000l

an acyl anion equivalent. (132, 330)

n-C,H, SUCHD); | ,cuui mur, e MCilloy  SI(CHy),

I T T o T 9 T

wcrsn -CaHs SICHY); s, n-CHy 0
CH,CL, \_~i / "I’: C Hyn H,0, CH,0H i Giln
(88%) (70%)

An example of the use of this protocol is provided by part of the sequence used
for the synthesis of the sesquiterpene gymnomitrol (167). (331)



“NAsi(CHY), N T sicHy),
o n;ﬁ.« o 0]
O, |

1. H,0", CH,0H, heat KOH — OH
: Q ey
2. Hy0, CH,COH CH,0H
(74%)
H
| |
HO HO
L. H,Cro,
2. CH,Li, -78° \ g
3. POCI,. GHN - -
4, LiAIH,
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The use of vinylsilanes as carbonyl precursors may increase as the oxidative

cleavage ﬁ’ﬁ"ﬁ'ﬁ ‘EEDDDD

3.3.1.2. a, B -Epoxysilanes

In addition to the oxidation of vinylsilanes, these compounds are available by a
number of other routes, (7) including one based on an a -silyl carbanion (Eg.
24). (268)

a, B -Epoxysilanes are isomerized to the trimethylsilyl enol ethers by treatment
with a Lewis acid (332) such as magnesium bromide (66) or by heat. (65, 69,
333) Rearrangements of the substituents can also occur during these
isomerizations, and a mixture of products results. (334, 335)

Many reactions of a , B -epoxysilanes have already been discussed. In
addition, these epoxides react with amines to afford enamines which are
masked carbonyl compounds. (336)



0

H O EH H—N HDH HS (CH). = o
\ ‘-l—r“ b 1Ty — /7 \
THF i
n-CHj,  'Si(CHy), aLo,d u nCH,, n-CeHys f_i
(62%)

a, B -Epoxysilanes react with other nucleophiles at the alpha position. (328)
The stereochemical requirements for the elimination of the silyl group from the
resultant B -hydroxysilane are still rigorous.
1,2-Epoxy-1-trimethylsilylcyclohexane (168) gives addition products with a
wide variety of nucleophiles,

H
. HO Si(CH,),

R\ O ,Si(CH), u R\ Oy, Si(CH),
0O0000000Q Dnnﬁﬂphagnnnﬁnqhiﬁhnnnnnnnnnnnnm

H,O:
z (27)
. H0L 0 R'  ,OH RI 0O
R Si(CH,), K R H R

H,0:

but as the product 3 -hydroxysilane is cis, the anti configuration necessary for
elimination cannot be achieved. (29, 30, 337)

Si(CH,), Si(CH,),
(=
168

(96%)

The mechanism outlined in Eq. 27 has gained wide acceptance since it is
analogous to the acid-catalyzed pathway for a Peterson-type elimination.



However, this mechanism may not be correct. Treatment of diol 169 with
trifluoroacetic acid gives rise to aldehyde 170 as detected by NMR.
Protiodesilylation is achieved by a protic acid. Thus, the reaction pathway may
be similar to the pinacol rearrangement and involve a 1,2-silicon migration.

(338)
H H
0 ma FCHy O ECHy O
H')‘ Ik“*H CHCI, ; z
t-C,H, Si(CH,), (CH,),Si H H
169 (B5%)

170

Treatment of a dihydroxysilane with base results in elimination through both a -
and B -oxidosilanes unless the base is sodium hydride in diethyl ether. In this
case, the reaction is highly stereospecific and anti elimination is observed. (53)

HO OH HO
DDDDDDDDE{%” Jﬂﬁﬁegﬁdﬁﬁﬁw k JAnooooooo

OSi(CH,),

— =
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An a, B -epoxysilane can be opened in an intramolecular manner within the
appropriate system. (339)

H-CSH"\—@EDH MCPBA HFCSH”WOH
— —
—_— —

(70%)

In medium-sized rings, transannular interactions can play a significant role,
particularly if aprotic conditions are employed.



1,2-Epoxy-1-trimethylsilylcyclooctane (171) gives three products when treated
with sulfuric acid, but the bicyclo[3.3.0]octane derivative 172 is formed
exclusively with boron trifluoride. (31)

{I)H OH
H,S0,, H,0
=2 P
H

0O — 172 (72%) (189%)
"Si(CH,), - {‘E}H
11 BF,-0(C,Hy),
CH,Cl,, 0°
H
172 (96%)
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A method derived from the hydrolysis of a , B -epoxysilanes provides a route to
O-methyllactols. (174)

L0000 q_sicHy,

MCPBA
CH,Cl,
(88%)
OCH,
OH 0]
OCH
e 3
BF,-O(GH),
CH,0H
(98%)

The presence of an a -silyl group allows an allyl alcohol to be epoxidized
stereoselectively, (340) but subsequent treatment with a Lewis acid can



provide a mixture of products, depending upon the exact nature of the system.
(341, 342)

3.4. Related Reactions

3.4.1.1. Other Electrophiles

In addition to carbonyl compounds, other electrophiles condense with a -silyl
carbanions and result in the formation of a double bond through elimination of
the elements of a silanoxide.

3.4.1.1.1. Sulfur Dioxide (342)

Sulfur dioxide serves as a good electrophile for a -silyl carbanions, and
elimination occurs spontaneously to provide an excellent method for the
preparation of sulfines. The a -silyl carbanions are, of course, available by the
usual methods, such as direct deprotonation of a silane (343, 344) or addition
of an alkyllithium to a vinylsilane. (128)

0

V4
Si (CH:;];; 1. n-C‘J-ﬁI;ig.ﬂTMEDA S

=< " N CH/—{ (28)
n-C,H, -
EIEIEIEIEIEIEIEIEIEIIjIjEIEIEIEIEIEIEI 000080 EIEIEIEIEIIBQEIDEIEIDEIEIDDI

D

ne 173 need

notve otell db LICIC TR EIET AT
{I:I} i(CH,),

nt:,,Hj---ﬁ---mri':—rcﬂ3
N H

—
~

1. n-CH,Li, THF, -78°
2, {CH,),8iC

|
CﬁHs""ﬁ ~=C,H;
-~ N ~
p"c H-;CEHJ_ p‘CH3C6H4
173

0
L/ el L
1. n-CH,Li, THF, ~78° C H=S-C CH»=S—C
250, |
C

(669 overall)



The use of N-silylamines allows the preparation of N-sulfinylamines, although
excess sulfur dioxide is required to minimize diimine formation. (227)

NH, N=8=0
1. n-CH,Li, THF, -78°_
2. (CH,),SiC1 )
3. nCHLI, THF, 0°
4. 80,

(29)

(85%)

3.4.1.1.2. Nitrogen-based Electrophiles

a -Silyl carbanions condense with imines to yield alkenes. (346) The best
results are obtained with imines derived from aryl aldehydes, and
stereoselectivity is excellent.

noonoonopomooooOUgEaaCniOnnOEno000000000000001

X 2, HLH= H .
RN Si(CHy); s nuamo N i 0 ;

63 (84%) E:Z = 100:0
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With an oxime ether as electrophile, a mixture of aziridine and enamine is
produced. (347)

CeHs
- | I. LDA, THF, -90° I_i'
% Si(CH), 2, C,H,CH=NOCH,
N
63

The hydrazone 175 also gives the alkene 174, but forcing conditions are
required to achieve this reaction. The condensation fails if the monosubstituted



amine is used rather than the N-methyl compound. In the presence of
[2.2.1]-cryptand, an agent that forms a complex with lithium, the reaction
proceeds at low temperature, albeit in low yield, to give the Z product. As the E
isomer is the product formed without these constraints, the reasons for the
high stereochemical control are not clear. One explanation is that the Z isomer
is the kinetic product while the E isomer is thermodynamically favored. (348)

1. LDA,

= 18-crown:6,
+ CH.__N Ry B A
\'\. Si(CH3}3 6 5\\? \Nf‘, 6°°5 2. heat
N l
63 CH,
175
=
=,
N 7 CeHs
(58%) E:Z =100:0
174
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The analogous reaction with a -aryl-N-phenylnitrones gives a mixture of the E
alkene 174, azobenzene, and azoxybenzene. (349) If a cyclic nitrone is

& EIEIEIEIDELDD EIEIEIEI

T LCH, ,J’C"Hj
" Si(CH,), i i
63 (72%)
174
H, CH, o
+ \N—N\ + \N =N {
CﬁHj C'GHS

used as the electrophile, then aziridines and hydroxylamine derivatives can
also be formed. (349, 350)

When benzonitrile is the electrophile, an enamine results whose geometry is
dependent upon the reaction conditions. (351, 352)



| 1. LDA, THF, -78°
p 2. CH,.CN
= SI{CHJ):-. 3. HD, 0°

5,

C.Hs NHS}{CHa)S {CH;}:,SIHN CH

Condensation of 2-lithio-2-trimethylsilyl-1,3-oxathiane (176) with benzonitrile
results in a silicon transfer from carbon to nitrogen to yield an enamine anion
which affords the carbonyl compound on aqueous acid workup. (320, 353)
This methodology has been extended for the preparation of 1,3-dithiane
aminoketene

EIEIEIEIEIDDDI%EU\‘DDDDDDI%E%DDDDDDDDDD Oooooooooooo

C.H
S s-CH,Li o CH,LCN 3 SH'O S
=y .>< —

Si(CH,

DDDDDDED?Q%DDDED

Oo_ _S
H,50,
. \(|:/\_ __H%} \C(
CEH;, T CE-H; %ﬂ
Si(CH,), (73%)

thioacetals (354) and isothiazole derivatives. (355) The silicon is not necessary
for these reactions to proceed.



l/\| 1. n-C;HLi, THF, -78° m
5 s 2,
Y O

Si(CH,), .

7

In addition to carbon electrophiles, N-silyl reagents undergo a Peterson
olefination reaction with nitriles to afford silylimines. (355)

WNHSI{CHﬂ?‘C‘Hﬂ a Gl T
\ 2. p-QCH,CN

N—S

NN -CeHClp
|:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:||:|D\Dﬁﬁﬁnﬁgg%@ymnnnnm

(64%)
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N-Silyl anions react with sulfinylamines to yield thiodiimide. (356) The reaction
analogous to Eg. 30 with an isocyanate gives the carbodiimide (56%). (356)

L. n-CH,Li, THF, -78° :
2 ICHN—5—0 HEH NemSm=N—S1(CH1)s (30)

(65%)

[(CH;):Si],NH

Reaction of a trimethylsilyl anion with nitrous oxide in the gas phase involves
nucleophilic attack at the terminal nitrogen atom; this adduct then collapses by
a Peterson-type reaction. (357)



N,O

[(CH;18i), ——— (CH,),81 —

shau

(CH,),Si /0

N=N  — (CH,),Si0" + N,

%

3.4.1.1.3. Cyclopropylium lons
This class of compounds provides a useful method for the synthesis of
substituted triafulvenes. (358)

CH CH scn) CH
6 i, e (g‘f;;;i:xifcm: 615 SO,CH,
0 CH,CI b OCH, DME, THF, 78" il
CH; cH oTf CH; SK(CH,)s
Tf = triflate (T0%)
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The deoxygenation of pyridine N-oxide by trimethylsilyllithium, generated in
situ from hexamethyldisilane, could involve a Peterson-type elimination. (359)

(j HE@DDDEHZI@DDD

51((:113)3
cr (86%)

3.4.1.2. The Homo-Peterson Reaction

The Peterson olefination reaction necessitates interactions between oxygen
and silicon atoms situated on adjacent carbon atoms. Reactions also occur
when the two heteroatoms are separated by three carbon or another element's
atoms, but the intermediate carbanion must be stabilized. Reaction of
tris(trimethylsilyl)methyllithium with styrene oxide gives cyclopropane 177 in
good yield. (163, 325, 360) The spacer between the oxygen and silicon atoms
can be even larger. (361)



A
CeHCH—CH,
—

[(CH,),Sil,CLi

THF, 0*
fh\ ﬁmm%
':CH?n}?-SIi CH—CH, (CH)Si, CH__
/ RN L e
_C—CH, | E—cH, B
(CHy),5i” | cHsi’
(CH,),Si ¥3
CHCH—CH,
JHCHys (CH)Si,  CH,
H
C, SCHDHCHZ?CHZCHDHCﬁHs : cm},s)v
Si(CH,), o
(13%) 177
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it KH, THF

—_—
{or SnCL)
— X
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The overall philosophy is related to an approach to o-quinodimethanes, but as
the reaction involves nucleophilic attack at a silyl group by an external
nucleophile and loss of a remote leaving group, it is not a descendant of the
homo-Peterson reaction. (361-364) This is also true for the conversion of y
-hydroxysilanes to alkenes by Lewis acids, which no doubt proceeds by way of
an allylsilane and protiodesilylation. (365)

Many reactions can be related to a homo-Peterson reaction by virtue of a



H
Si(CH,),
B-F, CH,COH
-::HJCI!

(100%)

1,3 transfer of a silyl group, (366) such as for the reaction of an O-silylketene
acetal with a carbonyl compound, (13, 367) and sigmatropic rearrangements.
(368) The relationship stops at this stage because subsequent elimination

would be thermodynamically unfavorable; (368) the anions formed in such a

rearrangement
I
(CH o) (CH,0),P
\/\]/ e S
(CH),Si O
{CHZ,},S:
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can, however, be used in further reactions (369) or provide an elegant method

_1. LDA, DME, -78° CN

(CH,),Si” “CN

OoOfO00C00REC0000

CN 1. cucno,
~78%, 14 h

e
OSi(CHy), ~ *Na.mo o
(17%)

for the removal of the silyl group once it has done its job directing, for example,
the stereochemistry of an addition. (318, 370-373)

Under very special conditions, an a, w -silicon shift can be thermodynamically
favorable. One example is used for the preparation of allyl alcohols. (374)



CH,
{ p-CH,OC H, )P = CHCH,Si{CH,), y
CHO — > CeH; P(C4H,OCH,p),
CﬁHS
Si(CH,), DS:(CH )3
Z 4 CH; /’
CH;
(70-80%) 9:1

Although the elimination of B -silyl sulfoxides can be considered a
homo-Peterson analog, the requirements of this elimination suggest that the
silyl group is acting as a bulky proton equivalent. (375-377) Indeed, there are
many
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reactions ﬂmllm tHd H 4 — c —

C —X system, where the silicon acts as a proton equivalent to an external
nucleophile, and X is a leaving group. (378-380)

3.4.1.3. The Brook Rearrangement and Related Reactions (381-383)

a -Hydroxysilanes can undergo a rearrangement after deprotonation. The
product, or product mixture, depends upon the relative stabilities of the two
anions 178 and 179. This reaction, which is only indirectly related to the
Peterson reaction,

RGOH e RO R._OSi(CHy), ' _R._ OSi(CH,),

— — i —
Base

SiCHy), " Si(CH,),
178 179 180

has enjoyed considerable usage in synthetic methodology. (384-389) The

reverse reaction, conversion of a silyl enol ether into an a -hydroxysilane, can
be accomplished by a strong base. (390-393) Analogous rearrangements of a
silyl group from sulfur to carbon (394) and from oxygen to nitrogen (395) also



proceed.

A reaction similar to the Brook rearrangement is observed when
vinyldisiloxanes are reacted with an alkyllithium. (396)

CH, TH
_ _Si(CH,)
(CHa}JSiUSIiCH=CHz ; iq, C(;H1LL CHYO.0 o S C H 11
; CHi
CH, CH3 !

A further variant of the rearrangement is observed for the deoxygenation of
isocyanates with tert-butyldiphenylsilyllithium. The mechanism was elucidated
by NMR studies. (397, 398)

A"
C H“N=C...—_._D N_ 2
'\ (%.

6Hil
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N=
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> CeHy, Li — CH;,
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A 1,3-silicon migration is observed when 8 -hydroxyvinylsilanes 181 are
treated with a catalytic amount of sodium or potassium hydride in HMPA. (399,
400) The mechanism of this reaction is not clear, but probably involves a
four-center intramolecular transition state, although an intermolecular pathway
has not been excluded experimentally.

-1)(C

fn/aa{ualulalulululualua]u!

=C

H'C‘Hg, Si(CH3)3 H‘C4H.g

MaH, HMPA

025h

OH OSi(CH,),
181 (ca. 100%})

3.4.1.4. The Sila-Pummerer Rearrangement



In many respects, this rearrangement is closely related to Peterson-type
transformations because a silyl group is transferred from carbon to oxygen,
followed by expulsion of the silanoxide moiety, which can then react further
with the resultant sulfur ylide. The last

CH, CeHs_ s OSI(CH),

~ S+.—f7_ 3
/IQ CﬁH;J =

CH{ ~'Si(CH,),

CJSHS"'\.\ § Cﬁ“i‘\.\ S
EJ,;" "0Si(CH,), — bi g
CH; CH, OSi(CH,),

part of the reaction is susceptible to stereoelectronic effects, and the sulfur
ylide can lose a proton to afford a vinyl sulfide as a competing reaction
pathway. (16, 148, 150, 153, 401-407) The analogous reaction has been
observed for a -silyl selenides, although it is not as clean as in the sulfur series.
(408-411)
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Reactions of the 3 -hydroxysilane 182, obtained from the a -selenoselenide,
with tin(ll) chloride results in formation of the allyl-selenide 183 through
selenium migration. However, treatment of alcohol 184
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with silver nitrate results in the (3 -silyl aldehyde 185; treatment with tin(ll)
results in a mixture of aldehyde 185 and the corresponding allylselenide. (412)
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4. Comparison with Related Reactions

The Peterson olefination reaction is a member of a general class of
transformations which provide an alkene by condensation of a functionalized
carbanion with a carbonyl compound, followed by elimination of the oxygen
and functional group. (413) The best-known reaction of this type is the Wittig
reaction (G = "PRy), (414-418) together with its variants. (419) Other elements
that have been used for the elimination described in Eqg. 31 are: aluminum

(G = AIRy), (420)
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antimony (G = SbRy), (421) arsenic (G = AsRy), (417, 422, 423) boron

(G =BRy), (424, 425) lead (G = PbR), (421, 426) magnesium (G = MgR), (427)
mercury (G = HgR), (428, 429) selenium (G = SeR), (430) tellurium (G = TeR),
(431, 432) tin (G = SnR3), (433) zinc (G = ZnR), (434) and sulfur as sulfides,
(435) sulfoxides, (436-438) sulfinamides, (439, 440) and sulfones. (249, 441)
Many of these eliminations require special conditions or the change of
oxidation level, as with sulfones.

Despite the proliferation of elements, the only examples that have enjoyed
widespread usage and compete with the Peterson protocol are those of

organotin ﬂ @D D D D D D

4.1.1.1. Organotin Compounds

Tin is in the same period as silicon and therefore deserves special mention. 3
-Hydroxystannanes 186 are prepared by methods similar to those used for
organosilanes. For example, an epoxide is opened by triphenylstannyl alkali
metals, (426) while carbonyl compounds condense with
trialkylstannylmethyllithium. (442-444) In general, elimination from a 3
-hydroxysilane

HO SnR,
R! R*
R* R’
186

186 requires a potassium counterion, rather than lithium, or acidic conditions.
More vigorous conditions (perchloric acid) are required for triphenylstannyl
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derivatives of 186 than for the trimethylstannyl series which eliminate on silica.
(442) Other electrophiles, such as esters which provide ketone enolates
through tin elimination from the intermediate a -stannylketone (445) and a
-chloroketones, (442) also react with a -stannylcarbanions.

When other anion-stabilizing groups are present in conjugation with a
-stannylcarbanions, alkene formation is facilitated and the intermediate 3
-hydroxystannane need not be isolated. (313-445a) The stereochemistry of
this elimination is analogous to the Peterson olefination reaction: anti
elimination is observed under acidic conditions, while the syn pathway is
followed for thermolytic, and presumably basic, conditions. (446)

At present, the methodology for the formation of alkenes from 3
-hydroxystannanes is still under development. As cited above, the eliminations
are facile, but the high formula weight of the stannyl moiety, particularly if
tri-n-butyls ‘ ﬁﬂl H™SH r‘@)n of the
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the stannane can be problematic. (260) In many systems the choice of base to
effect formation of the a -stannyl carbanion is limited to lithium amides in order
to avoid transmetalation.

4.1.1.2. Wittig Reaction

The Peterson olefination reaction usually gives rise to hexamethyldisiloxane as
the byproduct, which because of its low boiling point (100°) is easily removed
when the reaction or extraction solvent is evaporated. In contrast, the
byproduct of the Wittig reaction is triphenylphosphine oxide, which on
occasions can be troublesome to remove; use of phosphonate derivatives can
alleviate this problem.

The stereochemical outcome of the Peterson reaction, when only alkyl
substituents are present, may be controlled with certainty, although separation
of the diastereomeric 3 -hydroxysilanes may be necessary. Such a separation
is not required to control the stereochemical outcome of the Wittig reaction; the
major isomer is dependent on the reaction conditions. A variety of models
have been proposed to rationalize and predict the alkene stereoselectivity from
a phosphorus ylide. (416, 447-449) These arguments were based on a
rationale derived from the observed E:Z ratios, but the intermediate can be
observed by NMR techniques. (450) Thus the reaction outcome can be
predicted with certainty. (451, 452)

When an electron-withdrawing group is present on the same carbon atom as
the phosphorus moiety, the Wittig reaction usually provides the E alkene as
the major \ i gous
stereochemical control is observed. This property can be exploited. Peterson
methodology provides the E,Z dienic ester 187 in a 1:1 mixture with the E,E
isomer 188. (205, 453) The Wittig protocol gives a 35:65 mixture of 187 and

188, at best. Thus the silicon method is the route of choice for the preparation
of the E,Z ester 187.

When a heteroatom is present in the carbonyl moiety, chelation-controlled
condensation occurs, which in turn leads to stereoselectivity. (50, 84) In some
cases,
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the corresponding Wittig approach can show poor selectivity, (50) or give the
opposite selectivity. (84)
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An additional advantage of the Peterson olefination over the Wittig reaction
occurs when an electron-withdrawing group is present, in that the a -silyl
carbanion condenses with carbonyl compounds and undergoes elimination of
the silicon moiety rapidly (within minutes). The corresponding reaction with a
stabilized phosphorus ylide is often extremely slow.

Finally, the Peterson reaction can proceed when a Wittig reaction fails as a
consequence of less steric constraints preventing attack of the ylide on the
carbonyl group (see Eqg. 15).

The choice between use of a phosphorus or silicon reagent depends on the
compound required as product. If the general reaction requirements include a
rapid reaction with a stabilized carbanion, the formation of a
thermodynamically less-stable isomer of a functionalized alkene, a simple



separation procedure for byproducts, or methylenation of a hindered carbonyl
group, the elimination of a silicon group would prove advantageous.

In contrast, stereochemical control for the preparation of hydrocarbon alkenes
and the thermodynamically most stable isomer of functionalized alkenes, the
availability of the phosphorus precursors, and the greater anion-stabilizing
properties of this element which facilitates carbanion formation, often give a
Wittig variant a strategic advantage. All of these variations are noted
throughout this chapter. Unfortunately, it is not possible to generalize which
element, phosphorus or silicon, is most advantageous. Each case must be
considered on its own merits (e.g., whether the a, 3 -unsaturated ester 187 or
188 is the required product). As illustrated in this chapter and its
accompanying tables, the Peterson olefination reaction can have distinct
advantages over the Wittig reaction under certain constraints, and in some
cases the two approaches are complementary.
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5. Experimental Conditions

The experimental conditions for the majority of Peterson olefination reactions require
condensation of a carbanion, derived from a silane, with a carbonyl compound. Formation
of this carbanion invariably involves use of a strong base, such as n-butyllithium or lithium
diisopropylamide, in an ethereal solvent. Reactions must therefore be performed under an
inert atmosphere (nitrogen or argon). The most commonly used solvents are
tetrahydrofuran, diethyl ether, and 1,2-dimethoxyethane. To obtain optimum yields, these
solvents should be freshly distilled from lithium aluminum hydride or
sodium-benzophenone.

When the a -silyl carbanion contains other a -functional groups, the substituted alkene is
usually generated under the conditions used for the condensation step, and no special
precautions are necessary during workup. In the absence of any anion-stabilizing moities,
the B-hydroxysilane can be isolated. To alleviate any problem of premature elimination,
strongly acidic or basic conditions must be avoided during this isolation procedure.
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6. Experimental Procedures

The procedures presented here have been chosen to illustrate the application
of the Peterson olefination reaction for the preparation of a wide variety of both
functionalized and nonfunctionalized alkenes. General procedures for the
elimination of B -hydroxysilanes have also been included for solely
alkyl-substituted examples.

As the success of this synthetic protocol for the formation of olefins relies upon
the availability of an appropriately substituted silane, illustrative examples of
the preparation of this latter class of compounds are included in this section.
Although the preparation of 5-trimethylsilyl-4-octanol is accomplished by
reduction of a carbonyl precursor rather than a Peterson protocol, the first four
procedures are included to illustrate the problems associated with a
stereospecific 3 -hydroxysilane synthesis.

Unless stated otherwise, the reaction procedures outlined below can be
performed in the appropriate size three-necked, round-bottomed flask fitted
with a dropping funnel, nitrogen inlet, serum stopper, thermometer, and
magnetic stirrer bar. Reagents can be added by syringe through the serum
stopper.

6.1.1. 5-Trimethylsilyl-4-octanol (Preparation of a 8 -Hydroxysilane) (27)
6.1.1.1.1. 2-Trimethylsilylvaleric Acid

A solution dtrimethvis ' rofuran
(50 mL) Waﬁ El g ! a mmmof al.t3 M
solution in ether, 13.4 mmol) added. The reaction mixture was stirred at —78°
for 10 hours, warmed to 0° for 1 hour, and then cooled again to —78°. The
mixture was then added to excess crushed dry ice in pentane. As soon as the
excess solid carbon dioxide had evaporated, the resultant mixture was added
to cold 6 M hydrochloric acid, forming a slurry containing ice. When the ice had
melted, the mixture was shaken in a separatory funnel, and the organic layer
separated, dried ( MgSO,), concentrated, and evaporatively distilled (oven
temperature 150°) to give 2-trimethylsilylvaleric acid (1.515 g, 84%) as a liquid
which solidified below room temperature; IR (film) 3570-2500, 1690, 1250,
850 cm™; *H NMR ( CCly) 5 0.00 (2H, s, impurity), 0.10 (9H, s), 0.8-1.1 (3H,
br), 1.1-1.8 (5H, br), 1.8-2.1 (1H, m).

6.1.1.1.2. 5-Trimethylsilyl-4-octanone

Oxalyl chloride (0.58 mL, 0.86 g, 6.8 mmol) was added to a solution of
2-trimethylsilylvaleric acid (0.396 g, 2.27 mmol) in hexane (15 mL), the
reaction mixture being protected from the atmosphere by a drying tube. The
mixture was stirred for 2 hours at ambient temperature, then placed under
aspirator vacuum to give the crude acid chloride which was used in the



following reaction sequence without further purification.

A mixture of copper(l) iodide (1.30 g, 6.8 mmol) and diethyl ether (10 mL) was
cooled to 0°, and a solution of n-propyllithium (11.2 mL of a 1.23 M solution in
diethyl ether, 13.8 mmol) was added. After stirring for 15 minutes, the reaction
mixture was cooled to —78°, taken up in a syringe, and then added to a solution
of the above acid chloride in diethyl ether (15 mL) which was also cooled to
—78°. The resultant mixture was stirred for 1 hour at —78°, for 1 hour with
warming to 0°, and for 30 minutes at 0°; then the mixture was poured into 10%
aqueous ammonium chloride solution overlaid with diethyl ether. The organic
layer was separated, dried ( MgSO,), concentrated and evaporatively distilled
(oven temperature 150°) to give 5-trimethylsilyl-4-octanone (0.293 g, 64%); IR
(film) 2940, 1690, 1250, 840 cm™; *H NMR ( CHCls) 5 0.00 (9H, s), 0.7-1.9
(14.5H, br), 2.0-2.5 (3H, m).

6.1.1.1.3. 5-Trimethylsilyl-4-octanol

Diisobutylaluminum hydride (26.2 mL of a 0.96 M solution in hexane,

25.2 mmol) and pentane (10 mL) were placed in one side of a two-bottomed
flask; in the other side of the flask were placed 5-trimethylsilyl-4-octanone
(1.679 g, 8.38 mmol) and pentane (20 mL). The flask was immersed in a liquid
nitrogen—ethanol bath (—120°) for 1 hour to allow the temperature to equilibrate.
The flask was then tipped to mix the contents. The resultant mixture was kept
at —120° for 3 hours, and then warmed slowly to —20° overnight. The mixture
was poured into 2 M hydrochloric acid overlaid with ether. The organic layer
was washed with saturated aqueous sodium hydrogen carbonate solution,
dried ( Mg i it perature
160°) to giie Hle rmm 1 2940, 1250,
840 cm™; 'H NMR ( CHCls) 8 0.00 (9H, s), 0.7-1.1 (7H, br), 1.1-1.8 (10H, br),
2.1-2.4 (1H, m), 3.85 (1.4H, br).

6.1.1.1.4. 5-Trimethylsilyl-4-octanol (Alternative)

A solution of vinyltrimethylsilane (0.679 g, 6.77 mmol) in tetrahydrofuran

(10 mL) was cooled to —78°, and ethyllithium (7.65 mL of a 1.15 M solution in
diethyl ether, 8.8 mmol) was added. The mixture was stirred for 2 hours at
—78°, warmed over 1 hour to —30°, and cooled again to —78°. n-Butyraldehyde
(0.66 mL, 0.54 g, 7.5 mmol) was added, and the reaction mixture warmed to
room temperature over 1 hour, and then stirred for an additional 2 hours. The
reaction mixture was poured into saturated aqueous sodium chloride solution
overlaid with diethyl ether. The organic layer was separated, dried ( MgSQ,),
concentrated, and evaporatively distilled (oven temperature 120°) to give
5-trimethylsilyl-4-octanol (1.272 g, 93%), whose spectroscopic properties are
given above.

6.1.1.2. Elimination of 5-Trimethylsilyl-4-octanol with Potassium Hydride in
Tetrahydrofuran (27)



Potassium hydride (0.10 g of a 50% slurry in oil, ca. 1.25 mmol) was stirred
with pentane (4 mL), and the liquid removed by pipet. To the residue was
added a solution of 5-trimethylsilyl-4-octanol (76.5 mg, 0.378 mmol), prepared
by the reductive methodology outlined above in tetrahydrofuran (5 mL) and
n-butylbenzene (98.8 mg, internal standard for the VPC analysis). The mixture
was stirred for 1 hour at ambient temperature and then added to cold 10%
aqueous ammonium chloride overlaid with diethyl ether. The ethereal layer
was separated, dried ( MgSQO,), and analyzed by VPC showing a 5:95 ratio of
(2)- and (E)-4-octene formed in 96% yield.

6.1.1.3. Elimination of 5-Trimethylsilyl-4-octanol with Sodium Acetate in Acetic
Acid (27)

5-Trimethylsilyl-4-octanol (98.1 mg, 0.485 mmol), prepared by the reductive
method outlined above was added to glacial acetic acid (15 mL) saturated with
sodium acetate at 50° together with n-butylbenzene (110 mg, internal standard
for the VPC analysis). The reaction mixture was stirred at 50° for 30 minutes,
cooled to room temperature, and poured into saturated sodium hydrogen
carbonate solution overlaid with pentane. The organic layer was separated,
washed with saturated aqueous sodium hydrogen carbonate solution, dried
(MgSO0,), and analyzed by VPC showing a 98:2 ratio of (Z)- and (E)-4-octene
formed in 85% yield.

6.1.2. Methyl 4,6-O-Benzylidene-3-deoxy-3-C-methylene- a
-D-ribo-hexopyranoside (Reaction of Trimethylsilylmethylmagnesium
Chloride) (454)

6.1.2.1.1. Methyl 2-O-Benzo -0O-benzylidene-3-[(trimethylsilyl) methyl]- a
—D—aIIopyra @ h h h

Magnesium turnings (2 57 g, 106 mmol) were placed in a 1 L, three-necked
flask equipped with a dry-ice condenser and equilibrating side-arm addition
funnel. Serum stoppers were attached, the system flushed with argon, and
flame dried. A flow of argon was passed through the apparatus for the duration
of the experiment. Anhydrous diethyl ether (75 mL) and
(bromomethyl)trimethylsilane(0.841 g, 5.0 mmol) were introduced.
(Chloromethyl)trimethylsilane (14.2 g, 116 mmol) in diethyl ether (50 mL) was
added dropwise at a rate sufficient to maintain a gentle rate of reflux. The
mixture was stirred at reflux for an additional 1 hour. The apparatus was
cooled and a solution of methyl 2-O-benzoyl-4,6-O-benzylidene- a
-D-ribo-hexopyranosid-3-ulose (6.33 g, 16.5 mmol) in warm toluene (400 mL)
was added dropwise. The solution was stirred for 3 hours, quenched with
saturated aqueous ammonium chloride solution, and extracted with ether (1 L).
The extracts were dried ( MgSO,) and evaporated to give the crude 3
-hydroxysilane as a syrup (8.85 g, 90%); *H NMR ( CDCls) & 0.10 (9H, s), 1.20
and 1.37 (2H, AB q), 3.40 (4H, s), 3.5-4.5 (4H, m), 4.88 and 5.10 (2H, AB q),
7.58 (1H, s), 7.1-7.6 (8H, m), 8.0-8.3 (2H, m).



6.1.2.1.2. Elimination with Potassium Hydride

The crude 3 -hydroxysilane was dissolved in anhydrous tetrahydrofuran

(250 mL) and added carefully to a suspension of potassium hydride (8.5 g,
205 mmol) in tetrahydrofuran (225 mL). A reflux condenser was attached and
the mixture heated under reflux for 4 hours. The opaque brown liquid was
poured slowly into saturated aqueous ammonium chloride solution (300 mL)
overlaid with diethyl ether (500 mL), and the layers separated. The aqueous
layer was extracted twice with diethyl ether. The combined extracts were
evaporated to give crude methyl 4,6-benzylidene-3-deoxy-3-C-methylene- a
-D-ribo-hexopyranoside (3.9 g). Recrystallization from
dichloromethane—hexane gave the pure alkene (2.71 g, 58%) in two crops; mp

194.5-195° and mp 188-189°; la]f’ +145°

6.1.2.2. Reaction of Trimethylsilyloenzyl Anion with Benzaldehyde (Direct
Deprotonation) (91)

Methyllithium (0.01 mol of a solution in pentane) was added to a stirred,
ice-cooled solution of benzyltrimethylsilane (1.64 g, 0.01 mol) in HMPA

(10 mL). Stirring was continued for 2 hours, when a solution of benzaldehyde
(1.1 g, 0.01 mol) in diethyl ether (5 mL) was added. The ice bath was removed
and the reaction mixture stirred at ambient temperature for 1 hour. The mixture
was poured into ice-cooled 1% hydrochloric acid (25 mL). The ethereal layer
was separated, and the aqueous layer extracted with ether (2 x 10 mL). The
combined extracts were washed with water, dried ( Na,SO4— Na,CO3), and
evaporated to give a brown liquid (2.4 g). Recrystallization of this crude
material fromge rans-sti . 1241205 The filtrate
was evapolaiéd tH g mﬁmmﬁM; 6’3@@ Total yield

of stilbene was 50%.

6.1.2.3. 1,1-Diphenyl-2-(2-pyridyl)-1-ethene (96)

A 15% solution of n-butyllithium (13 g, 0.03 mol) in hexane was added to a
solution of diisopropylamine (0.03 mol) in tetrahydrofuran (54 mL) at —75°. To
the solution, 2-(trimethylsilylmethyl)pyridine (0.03 mol) was added dropwise
over 5 minutes. After an additional 10 minutes at this temperature, the mixture
was treated with benzophenone (0.045 mol) in tetrahydrofuran. The resultant
mixture was stirred for 1 hour at —75° and then allowed to warm to room
temperature with stirring over 2 hours. The reaction mixture was quenched
with water (60 mL) and extracted with diethyl ether. The extracts were dried,
evaporated, and recrystallized from petroleum ether to give the alkene (53%);
mp 120-121.5° *H NMR ( CCl,) & 6.5-7.55 (12H, m), 8.48 (1H, dd).

6.1.2.4. Reaction of 1-Triphenylsilyl-1-hexyllithium with Benzaldehyde
(Alkyllithium Addition to a Vinylsilane) (91)

A solution of triphenylvinylsilane (1.43 g, 5 mmol) in diethyl ether (50 mL) was
added dropwise over 1.75 hours to a stirred solution of n-butyllithium (2.2 mL,



5 mmol) in diethyl ether. After 5 minutes, benzaldehyde (0.53 g, 5 mmol) was
added over 15 minutes to the stirred reaction mixture. The mixture was then
stirred under reflux for 30 hours, cooled, and poured into 10% aqueous
ammonium chloride solution (50 mL). The ether layer was separated and the
aqueous phase was extracted with ether (2 x 25 mL). The combined extracts
were dried ( Na;SO,) and evaporated to give 2.2 g of a mixture of pale yellow
oil and white solid. Treatment with n-pentane and filtration afforded
triphenylsilanol (0.6 g); mp 156-157.5°. Evaporation of the filtrate gave an oil,
which upon distillation yielded 1-phenylheptene (0.4 g, 46%) as a 1:1 mixture
of the E and Z isomers (VPC analysis); bp 46°/0.01 mm Hg; IR (neat) 2910,
2830, 2770, 1610, 1502, 1478, 1458, 973, 772, 747, 704, 697, cm™; *H NMR
(CCls) 0.9 (3H, t) 1.48 (6H, m), 2.2 (2H, m), 6.13 (2H, m), 7.23 (5H, br s).

6.1.2.5. 1-Phenylbut-1-ene (Reductive Cleavage of a Phenylthio Group with
Lithium Naphthalenide) (157)

Phenyl(phenylthio)(trimethylsilyl)methane (2.72, 0.01 mol) in tetrahydrofuran
(10 mL) was added to a solution of lithium naphthalenide [prepared from
lithium (0.14 g, 0.02 mol) and naphthalene (2.56 g, 0.02 mol)] in
tetrahydrofuran (50 mL) at —78°. The mixture was stirred for 30 minutes at this
temperature. Pentanal (0.01 mol) in tetrahydrofuran (5 mL) was added and the
mixture allowed to warm slowly to room temperature. Hydrochloric acid (2 M,
50 mL) was added and the mixture stirred overnight. The mixture was poured
into saturated aqueous ammonium chloride solution (50 mL) and extracted
with diethyl ether (3 x 50 mL). The extracts were washed with 2 M sodium
hydroxide solution (2 x 40 mL) and saturated aqueous sodium chloride

solution, drj NalP) i istillation
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6.1.3. (4-tert-Butylcyclohexylidene)cyclohexylmethane [Displacement of
a Phenylthio Group by Lithium 1-(Dimethylamino)naphthalenide] (155)
6.1.3.1.1. Lithium 1-(Dimethylamino)naphthalenide

To a flame-dried two-necked flask, which was continuously purged with argon
and equipped with a glass-coated stirring bar, was added tetrahydrofuran

(20 mL) and lithium ribbon (40 mg, 5.8 mmol). The mixture was cooled to —45
to —55° by a 1-hexanol/dry ice bath. 1-(Dimethylamino)naphthalene (0.84 mL,
0.87 g, 5.1 mmol) was added slowly. The dark green color of the radical anion
appeared within 10 minutes and was complete after 3.5 hours of rapid stirring.

This procedure yielded an approximately 0.5 M solution of lithium
1-(dimethylamino)-naphthalenide.

6.1.3.1.2. 1-(Phenylthio)-1-(trimethylsilyl)-4-tert-butylcyclohexanone

A solution of 1,1-bis(phenylthio)-4-tert-butylcyclohexanone (1.44 g, 4.05 mmol)
in tetrahydrofuran (5 mL) was added to a solution of lithium
1-(dimethylamino)-naphthalenide (10.4 mmol) in tetrahydrofuran (20 mL) at
—78° and the resultant mixture was stirred for 15 minutes. Freshly distilled



chlorotrimethylsilane (0.60 mL, 0.51 g, 4.7 mmol) was added, and within 1
minute the reaction was quenched with excess water at —78°. The solvent was
removed under reduced pressure and the residue taken up in diethyl ether.
This mixture was washed twice with 5% sodium hydroxide solution and twice
with 5% sulfuric acid and saturated aqueous sodium hydrogen carbonate
solution, dried ( MgSQO,), and evaporated to give the crude a -thiosilane.
Column chromatography afforded
1-(phenylthio)-1-(trimethylsilyl)-4-tert-butylcyclohexanone (1.08 g, 83%); mp
83.1-83.9° IR ( CCly) 3090, 2950, 1440, 1400, 1370, 1250, 1120, 1020 cm'™;
'H NMR ( CCl,) 8 0.23 (9H, s), 0.80 (9H, s), 0.97-2.00 (9H, s).

6.1.3.1.3. (4-tert-Butylcyclohexylidene)cyclohexylmethane

A solution of 1-(phenylthio)-1-(trimethylsilyl)-4-tert-butylcyclohexanone (0.20 g,
0.64 mmol) in tetrahydrofuran (1 mL) was added to a solution of lithium
1-(dimethylamino)naphthalenide (1.5 mmol) in tetrahydrofuran (3 mL) and the
resultant mixture stirred for 4 minutes at —78°. Cyclohexanecarboxaldehyde
(0.120 mL, 0.09 g, 0.08 mmol) was added and the mixture stirred for 15 minutes.
The reaction was worked up as described in the previous procedure to give,
after flash chromatography, the  -hydroxysilane; IR ( CCls) 3625, 2925, 1440,
1335, 1225 cm™; *H NMR ( CDCl3) 8 0.13 (9H, s), 0.83 (9H, s), 0.66-1.97
(21H, m), 3.13 (1H, br m).

The alcohol was dissolved in tetrahydrofuran (3 mL) and treated with
hexane-washed potassium hydride in tetrahydrofuran at room temperature for
1.5 hours. The resultant mixture was poured into ice water overlaid with diethyl
ether. The i S j rated to
give, after Eﬂ‘m fodr m 12 g, 80%
overall); IR (neat) 2950, 2850, 1485, 1395, 1250 cm™; *H NMR ( CCl,) 5 0.87
(9H, s), 0.57-2.80 (20H, m), 4.75-4.97 (1H, br d).

6.1.3.2. 3,4-Dimethoxystyrene (Displacement of a Stannyl Group) (167)

To a flame-dried flask with a serum-stopped side arm under nitrogen was
added a solution of (tri-n-butylstannyl)(trimethylsilyl)methane (2.263 g,

6.00 mmol) in tetrahydrofuran (8 mL). The flask and contents were cooled to
0°, when n-butyllithium (4.0 mL of a 1.5 M solution in hexane, 6.0 mmol) was
added dropwise with stirring. After 30 minutes, the mixture was cooled to —78°
and veratraldehyde (998 mg, 6.0 mmol) in tetrahydrofuran (2 mL) added
dropwise. The reaction was stirred for 5 minutes at —78°, then quenched with
water. The mixture was extracted with hexane (3 x 10 mL). The combined
extracts were washed with water, dried ( NaxSO,), and concentrated under
reduced pressure. Rapid filtration of this crude product through silica (15 g)
with hexane afforded tetra-n-butyltin (2.083 g, 100%). Further elution of the
mixture with ethyl acetate and hexane (1:1) gave the B -hydroxysilane, which
was then stirred with a two-phase mixture comprised of hexane (10 mL) and
50% acetic acid (10 mL) for 30 minutes. The layers were then separated and



the organic phase washed with 5% aqueous sodium hydrogen carbonate
solution and water, dried ( NaxSO.), and concentrated under reduced pressure.
Shortpath column chromatography eluting with hexane and ethyl acetate (9:1)
gave 3,4-dimethoxystyrene (760 mg, 77%).

6.1.3.3. 1,2-Tridecadiene (172)

n-Butyllithium (0.024 mol) was added slowly to a solution of a
-bromovinyltriphenylsilane (8.8 g, 0.024 mol) in diethyl ether (60 mL) at —24°
and the resultant mixture stirred for 1.5 hours. Undecanal (0.024 mol) in diethyl
ether (10 mL) was added slowly and the reaction mixture stirred at —24° for 1
hour. Stirring was continued overnight at ambient temperature. The mixture
was then poured into 10% hydrochloric acid (50 mL). The organic phase was
separated, washed with water (50 mL), dried ( MgSO.), and evaporated under
reduced pressure to give the crude alcohol. This alcohol was dissolved in
carbon tetrachloride (25 mL) and a 25% excess of thionyl chloride added. The
reaction mixture was stirred for 2 hours and then evaporated to give the crude
chloride. This crude chloride was dissolved in dimethyl sulfoxide (25 mL per
gram of tetraethylammonium fluoride used) and a 10% excess of
tetraethylammonium fluoride added. The mixture was stirred for 2 hours at
room temperature. The mixture was partitioned between diethyl ether (25 mL)
and water (25 mL). The ethereal phase was separated, dried ( MgSQ,), and
evaporated to give the crude allene. The crude product was treated with
hexane (10 mL) and cooled. Filtration gave triphenylsilanol, while distillation
afforded 1,2-tridecadiene (44%); bp 63-64°/0.1 mm Hg; IR 1960 cm™; *H
NMR & 0.75-2.25 (21H, m), 4.6 (2H, m), 5.05 (1H, m).
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6.1.4.1.1. Ethyl Tnmethylsﬂylacetate (292)

In a 2-L three-necked flask equipped with a mechanical stirrer, dropping funnel,
and condenser arranged for distillation were placed benzene (500 mL) and
strips of freshly sandpapered zinc (31.7 g, 0.5 mol). To ensure dryness, 75 mL
of the benzene was distilled off, and the condenser replaced by a reflux
condenser with a calcium chloride guard tube. A solution of redistilled
chlorotrimethylsilane (43.5 g, 0.40 mol) and ethyl bromoacetate (83.5 g,

0.50 mol) in benzene (100 mL) and anhydrous diethyl ether (100 mL) was
added over 30 minutes to maintain a gentle reflux. A crystal of iodine can be
used to initiate the reaction. Occasionally the reaction can be vigorous and
require cooling. After the addition was complete, the mixture was heated under
reflux until all of the zinc had dissolved, 1-3 hours. The mixture was cooled in
an ice bath, and 1 M hydrochloric acid (400 mL) added over 15 minutes with
stirring. The mixture was stirred for a further 5 minutes and separated. The
organic layer was washed with 1 M hydrochloric acid, and the combined
agueous layers extracted with ether. The combined organic extracts were
washed with water, saturated sodium hydrogen carbonate solution, water
again, and dried. Frequently, a precipitate formed in the hydrogen carbonate



solution, but this was drawn off and discarded. The solvents were distilled.
Fractional distillation gave impure ethyl trimethylsilylacetate (46.1 g, 72%); bp
76-77°/40 mm Hg; '"H NMR (CHCl») 5 0.15 (9H, s), 1.24 (3H, 1), 1.87 (2H, s),
4.02 (2H, q).

6.1.4.1.2. tert-Butyl Trimethylsilylacetate (191, 455)

tert-Butyl acetate (32.95 mL, 28.4 g, 0.245 mol) in tetrahydrofuran (40 mL)
was added dropwise to a solution of lithium diisopropylamide [from
diisopropylamine (37.25 mL, 27.0 g, 0.267 mol) and n-butyllithium (150 mL of
a 1.67-M solution in hexane, 0.250 mol)] in tetrahydrofuran (400 mL) at —78°
over 0.5 hour. The mixture was stirred for 1 hour at this temperature and then
chlorotrimethylsilane (26.1 g, 30.5 mL, 0.241 mol) was added. The reaction
mixture was allowed to warm to room temperature overnight. The reaction was
qguenched by pouring into saturated aqueous ammonium chloride solution
(50 mL). The mixture was extracted with diethyl ether (3 x 100 mL). The
combined extracts were washed with saturated aqueous sodium chloride
solution (75 mL), dried ( Na>SO,), concentrated under reduced pressure, and
distilled to give the a -silyl ester (29.7 g, 66%); bp 67°/13 mm Hg; IR (film)
1740 cm™; *H NMR ( CDCls) & 0.09 (9H, s), 0.88 (9H, s), 1.80 (2H, s).

6.1.4.1.3. Ethyl 2-Undecenoate (40)

Dicyclohexylamine (365 mg, 2.0 mmol) was dissolved in dry tetrahydrofuran
(10 mL). The solution was cooled to —78° and then treated with n-butyllithium
(1.35 mL of a 1.5 M solution in hexane). The mixture was stirred for 15 minutes.
A solution of ethyl trimethylsilylacetate (320 mg, 2.0 mmol) in tetrahydrofuran
(1.0 mL) was added dropwise at —78°, and the resultant solution was stirred at
s temperle 1D fin A bl it dim] 1 Hrd
tetrahydrofuran (1 mL) was added dropwise. The mixture was stirred at —78°
for 1 hour, at —25° for 1 hour, and at 25° for 1 hour. Finely ground sodium
hydrogen sulfate monohydrate (0.22 g) was added and the mixture stirred for
10 minutes. The solid was filtered off and water added to the filtrate. This
solution was extracted with ethyl acetate (3 x 5 mL). The combined extracts
were dried, evaporated, and chromatographed on a silica thin-layer plate to
give ethyl (Z)-2-undecenoate (51 mg, 24%); IR (neat) 1724, 1646, 1470, 1418,
1186, 1040, 822 cm™; *H NMR ( CDCl3) 8 0.68-1.04 (3H, m), 1.05-1.75 (12H,
m), 1.24 (3H, t), 2.57 (2H, br d), 4.06 (2H, q), 5.62 (1H, d, J = 9.3 Hz), 6.05 (1H,
dt, J = 6.3 and 9.3 Hz), and ethyl (E)-2-undecenoate (128 mg, 58%); IR (neat)
1724, 1656, 1470, 1270, 1185, 1047, 985 cm™*; *H NMR ( CDCls) 0.70-1.08
(3H, m), 1.09-1.85 (12H, m), 1.28 (3H, t), 2.18 (2H, br t), 4.18 (2H, q), 5.74 (1H,
d, J =15 Hz), 6.86 (1H, dt, J = 7 and 15 Hz).

6.1.4.1.4. tert-Butyl Cyclohexylideneacetate (201)

Diisopropylamine (3.6 mL, 25 mmol) was added to n-butyllithium (12.5 mL of a
1.5 M solution in hexane) over 2 minutes at 0°. The hexane was removed
under reduced pressure, and the residue dissolved in tetrahydrofuran (25 mL).



The solution was cooled to —78°, and tert-butyl trimethylsilylacetate (5.5 mL,
25 mmol) added dropwise over 2 minutes. The mixture was stirred for 10
minutes and then cyclohexanone (2.6 mL, 25 mmol) was added. The solution
was allowed to come to room temperature before it was quenched by the
addition of 3 M hydrochloric acid (25 mL). The product was isolated by
extraction with pentane and vacuum distilled to give the ester (4.5 g, 90%); bp
121-123/16 mm Hg.

6.1.5. Cyclohexylidenepropionaldehyde (Use of an a -Silylimine) (232)
6.1.5.1.1. Silylation of Propionaldehyde tert-Butylimine

Propionaldehyde imine (7.23 mL, 63.8 mmol) was added to a stirred solution
of lithium diisopropylamide (66.0 mmol) in tetrahydrofuran (100 mL) at 0°
under argon. The solution was treated with chlorotrimethylsilane (8.12 mL,
64.0 mmol) with stirring and cooling. The reaction mixture was warmed to 0°
over 3.5 hours, poured into water (150 mL), and extracted with diethyl ether.
The organic extracts were washed with saturated sodium chloride solution,
dried ( K,COs3), concentrated, and distilled to give the a -silylimine (8.5 g, 73%);
bp 175-178°.

6.1.5.1.2. Cyclohexylidenepropionaldehyde

The silylated propionaldehyde imine, prepared as described above (0.493 g,
2.50 mmol), was added to a solution of lithium diisopropylamide (2.60 mmol) in
tetrahydrofuran (9 mL) at 0° under argon. The reaction mixture was stirred for
15 minutes, then cooled to —78° and treated with cyclohexanone (0.26 mL,
2.50 mmol). The resultant mixture was warmed to —20° over 2.5 hours, then
quenched with water (3 mL). Solid oxalic acid was added to bring the pH to 4.5.
The mixturﬂ br B 1 EEI @ aqueous
sodium chloride solution (10 mL), and extracted with diethyl ether. The
extracts were washed with sodium hydrogen carbonate solution, dried

( K2COg3), concentrated under reduced pressure, and distilled (short path) to
give the enal (310 mg, 90%); bp 80-85° (bath)/0.07 mm Hg; IR ( CCl,)

1675 cm™; *H NMR ( CCls) 8 1.69 (CH3 and CH; protons), 2.37 and 2.64 (y
-CH; protons) and 10.1 (CHO).

6.1.5.2. Cinnamonitrile (224)

Trimethylsilylacetonitrile (0.567 g, 5.0 mmol) was added to a solution of lithium
diisopropylamide [formed from diisopropylamine (0.516 g, 5.1 mmol) and
n-butyllithium (4.6 mL of a 1.1 M solution)] in tetrahydrofuran (5 mL) at —78°.
The mixture was stirred for 40 minutes at this temperature. A solution of
benzaldehyde (0.529 g, 4.99 mmol) in tetrahydrofuran (5 mL) was added at
—78° and the mixture stirred for 1 hour at this temperature and 4 hours at room
temperature. The reaction was quenched with agueous ammonium chloride
solution and extracted with dichloromethane (6 x 20 mL). The combined
extracts were washed with saturated aqueous sodium chloride solution, dried
(MgSO0.), and concentrated under reduced pressure to give the a, B



-unsaturated nitrile (0.499 g, 77%) as a 1:1 mixture of E and Z isomers after
column chromatography.; IR ( CCls) 2235, 1620 cm™; *H NMR ( CCly) 5 5.42
(1H, d,J =12 Hz), 5.86 (1H, d, J =16.5 Hz), 7.10 (1H, d, J = 12 Hz), 7.37 (1H,
d J =16.5 Hz), 7.4-7.9 (5H, m).

6.1.5.3. 2,3-Dimethyl-1-phenylthiobut-1-ene (157)

n-Butyllithium (7.15 mL of a 1.4 M solution in hexane, 10 mmol) was added to
a solution of phenylthiotrimethylsilylmethane (1.96 g, 10 mmol) in
tetrahydrofuran (25 mL) at 0°. After 0.5 hour, the carbonyl compound (10 mmol)
was added and the mixture allowed to come to room temperature overnight.
The mixture was poured into saturated agueous ammonium chloride solution
(50 mL) and extracted with ether (3 x 25 mL). The combined extracts were
washed with 2 M sodium hydroxide solution (30 mL) and saturated aqueous
sodium chloride solution (30 mL), dried ( Na,SOa), evaporated under reduced
pressure and chromatographed to give the vinyl sulfide (1.31 g, 68%) as an oil;
IR ( CHCI3) 1600 cm™; *H NMR ( CDCls) 5 1.0 (6H, 2 x d), 1.75 (3H, br s),
2.0-2.5 (1H, m), 5.75 and 5.90 (1H, 2s, ratio 1:1), 7.15 (5H, br s).

6.1.5.4. 4,4-Dimethylcyclohex-2-en-1-ylidenemethyl Phenyl Sulfone (253)
n-Butyllithium (1.0 equivalent of a hexane solution) was added to a stirred
solution of phenyl trimethylsilylmethyl sulfone (1.0 eq) in 1,2-dimethoxyethane
(5 mL mmol™ sulfone) under argon at —78°. The pale yellow solution was
maintained at —78° for 20 minutes while the carbonyl compound (1.0 eq) was
added by syringe, either neat or as a solution in 1,2-dimethoxyethane. The
reaction mixture was allowed to warm to room temperature immediately,
whereupon agueous ammonium chloride solution was added. The layers were
separated, drfd| E @@Eive the vinyl
sulfone (81%) as a 1:1 mixture of the E and Z isomers; IR ( CH,Cl,) 3044,
2958, 2867, 1619, 1574, 1303, 1145 cm™; *H NMR ( CDCls) 5 1.03 (3H, s),
1.05 (3H, s), 1.50-1.62 (2H, m), 2.39 and 2.90 (2H, m), 5.85 (0.5H, d

J =10 Hz), 5.95-6.10 (2H, m), 7.21 (0.5H, dd, J = 10 and 1 Hz), 7.50-7.65 (3H,
m), 7.90-7.95 (2H, m).

6.1.5.5. Diethyl 3-Methyl-1-butenylphosphonate (239)

n-Butyllithium (25 mmol of a 23% solution in hexane) was added to a solution
of diethyl trimethylsilylmethylphosphonate (5.6 g, 25 mmol) in tetrahydrofuran
(10 mL) and the mixture stirred for 1.5 hours. Isobutyraldehyde (25 mmol) was
added and, after a further 2 hours at 25°, saturated aqueous sodium chloride
solution (25 mL). The layers were separated and the aqueous phase was
extracted with diethyl ether, dried ( MgSQ,), and concentrated to give the vinyl
phosphonate (92%) as a 1:2.4 mixture of the E and Z isomers, which were
separated by preparative GLPC on a 10-ft 20% Carbowax 20 M-on-firebrick
column at 150°. The major isomer eluted first; *H NMR ( CDCl3) & 1.10 (6H, d),
1.4 (6H, t), 3.32 (1H, m), 4.10 (4H, q), 5.4 (1H, dd, J = 12 and 20 Hz), 6.2 (1H,
ddd, J =12, 10, and 52 Hz), followed by the E isomer; 'H NMR 1.10 (6H, d),



1.36 (6H, t), 4.10 (4H, q), 5.58 (1H, t,J = 18 and 18 Hz), 6.8 (1H, ddd, J = 18, 7,
and 23 Hz).

6.1.5.6. 2-[Methoxy(trimethylsilyl)methyl]-2-adamantanol [Reaction of
(Trimethylsilyl)methoxymethyllithium)] (277)

(Methoxymethyl)trimethylsilane (0.66 mL, 4.23 mmol) in tetrahydrofuran

(6.0 mL) was cooled to —78° and sec-butyllithium (3.0 mL of a 1.4 M solution in
cyclohexane, 4.23 mmol) slowly added by syringe. The mixture was warmed to
—25° and then held at this temperature for 0.5 hour. The pale yellow solution
was cooled to —35° and adamantanone (0.57 g, 3.8 mmol) added. The mixture
was allowed to slowly warm to room temperature over 1.5 hours, when it was
guenched with saturated aqueous ammonium chloride solution (30 mL) and
extracted with diethyl ether (2 x 30 mL). The ethereal layer was washed with
water (2 x 20 mL) and saturated aqueous sodium chloride solution (10 mL),
dried ( MgSO.), and evaporated under reduced pressure to give the alcohol
(0.91 g, 89%); mp 65—67° (petroleum ether/ethyl acetate); IR (nujol) 3500,
2900, 2850, 1450, 1375, 1320, 1250, 1170, 1050, 990, 930, 910, 870,

840 cm™; 'H NMR ( CDCl3) 5 0.1 (9H, s), 1.65 (10H, br s), 1.7 (4H, br s), 2.2
(1H, brs), 3.4 (3H, s).

6.1.5.7. 2-(3-Phenyl-2-propenylidene)-1,3-dithiane (305)

n-Butyllithium (11.25 mL of a 2.2 M solution in hexane, 25 mmol) was added to
a solution of 2-trimethylsilyl-1,3-dithiane (4.80 g, 25 mmol) in tetrahydrofuran
(25 mL) and the resultant mixture stirred for 15 minutes at 0°. Cinnamaldehyde
(25 mmol) was added and the temperature maintained at 0° for 15 minutes
and 25° for 15 minutes. The reaction was quenched with saturated sodium
cioride sofp [§r ) Jplbcibclfs o b lfefErle ffzd ). e
extracts were dried ( MgSO,) and evaporated to give the crude product, which
separated as yellow crystals from hexane—ether; mp 84°; *H NMR ( CDCls) &
2.0-2.4 (2H, m), 2.8-3.1 (4H, m), 6.58 (1H, d, J = 15 Hz), 6.63 (1H, d,

J =10 Hz), 7.0-7.6 (6H, m).

6.1.5.8. tert-Butyl 2-(Tri-n-butylstannyl)-2-hexenoate (287)

A 25-mL, flame-dried flask fitted with a serum-stoppered side arm was cooled
in an ice-water bath. n-Butyllithium (2.2 mmol of a solution in hexane) was
placed in the flask and diisopropylamine (0.35 mL, 2.5 mmol) was added
dropwise. When the addition was complete, the solvent was removed under
reduced pressure. The residue was dissolved in tetrahydrofuran (2.5 mL) and
HMPA (0.70 mL, 4.0 mmol) was added. The flask was cooled with a dry
ice—acetone bath and a solution of tert-butyl a -(tri-n-butylstannyl)- a
-(trimethylsilyl)acetate (0.9573 g, 2.0 mmol) in tetrahydrofuran (1.0 mL) was
added dropwise. The reaction was stirred for 10 minutes at —78°, and then at
—23° for 30 minutes. The solution was cooled to —78°, and butyraldehyde
(0.18 mL, 2.0 mmol) was added. The mixture was stirred for a further 10
minutes, then hydrolyzed with saturated aqueous ammonium chloride solution



and extracted with petroleum ether. The product,
tert-butyl-2-(tri-n-butylstannyl)-2-hexenoate, was purified by TLC on silica
eluting with petroleum ether—dichloromethane (1:1) and was obtained as a
46:54 mixture of the E and Z isomers (0.4794 g, 51%); IR (neat) 1690 cm™*; *H
NMR ( CDCls) 6 0.7-1.7 (32H, m), 1.5 (9H, s), 2.3 (2H, m) 5.96 and 7.3 (1H, t).

6.1.6. N-6-Methyl-2,4-di-tert-butylsulfinylanilide (227)

6.1.6.1.1. N-Trimethylsilyl-6-methyl-2,4-di-tert-butylaniline

n-Butyllithium (20.6 mL of a 1.6 M solution in hexane, 33 mmol) was added
gradually to a solution of 6-methyl-2,4-di-tert-butylaniline (30 mmol) in
tetrahydrofuran (60 mL) at —78°. The mixture was stirred for 1 hour at room
temperature, then chlorotrimethylsilane (4.6 mL, 36 mmol) was added at —78°.
The reaction mixture ws stirred at room temperature for 15 minutes, the
solvent was evaporated, and the residue distilled to give the N-silylamine
(78%); bp 85°/0.2 mm Hg; IR (neat) 3440, 1255, 836 cm™; *H NMR ( CDCl3) &
0.21 (9H, s), 1.41 (9H, s), 2.27 (3H, s), 2.90 (1H, s), 6.95 (1H, d), 7.15 (1H, d).

6.1.6.1.2. N-6-Methyl-2,4-di-tert-butylsulfinylanilide
A solution of n-butyllithium (13.75 mL of a 1.6 M solution in hexane, 22 mmol)
was added to a stirred solution of the N-silylamine (20 mmol, prepared as
described above) in tetrahydrofuran (50 mL) at 0°. The solution was stirred for
1 hour at room temperature and added to excess sulfur dioxide in
tetrahydrofuran (50 mL) at —78°. This mixture was stirred for 1 hour at room
temperature. The reaction was quenched by the addition of saturated aqueous
ammonium chloride solution (20 mL). The organic layer was separated, dried
(MgSO0y), evaporated, and the residue rectallized from methanol to give the
)
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6.1.7. Phenylacetaldehyde [Reaction of
Chloro(trimethylsilyl)methyllithium, Formation of an a, B -Epoxysilane
and Its Opening] (269)

6.1.7.1.1. (E,2)-3-Phenyl-2-trimethylsilyloxirane

sec-Butyllithium as a solution in cyclohexane (1.1-M, 1.05 eq.) was added to a
stirred solution of chloromethyl(trimethylsilyl)methane (6.15 mmol) in
tetrahydrofuran (8 mL) at —78° under argon. After 5 minutes,
N,N,N¢,N¢-tetramethylethylenediamine (1.05 eq.) was added and the mixture
stirred for 0.5 hour while allowing the temperature to rise to —55°.
Benzaldehyde (0.53 g, 4.93 mmol) was added to the pale yellow solution at
—55°. The solution was maintained at —50° for 0.5 hour, then warmed to 20°
over 3 hours. The mixture was poured into 0.5 M hydrochloric acid (25 mL),
extracted with dichloromethane (3 x 30 mL), dried ( MgSO,), and evaporated
to give the epoxide as an oil (0.87 g, 95-98% pure, 3.4:1 ratio of Z:E isomers
by GLC); IR (neat) 1605, 1595, 1248, 842, 750 cm™; *"H NMR ( CCl,) 6 0.19
(9H, s), 0.31 (9H, s), 2.48 (1H, d), 2.68 (1H, d), 3.86 (1H, d), 4.40 (1H, d), 7.47
(5H, s).



6.1.7.1.2. Hydrolysis to Phenylacetaldehyde Dimethylacetal

The a, B -epoxysilane (0.20 g, prepared as described above) was stirred with
10% aqueous methanol (5 mL) and boron trifluoride etherate (0.095 mL) at —5°.
The mixture was warmed to 20°. After 2 hours, the reaction mixture was
poured into 0.5 M hydrochloric acid (20 mL). The mixture was extracted with
dichloromethane (3 x 20 mL), dried ( MgSOQ.), and evaporated to give the
acetal (0.14 g, 82%), identical with an authentic sample.

6.1.7.1.3. Hydrolysis to Phenylacetaldehyde

The a, B -epoxysilane (0.19 g, prepared as described above) was stirred with
20% aqueous tetrahydrofuran (2 mL), and 70% perchloric acid (0.01 mL) was
added. After 4 hours, the mixture was poured into water (20 mL), extracted
with dichloromethane (3 x 20 mL), dried ( MgSO4), and evaporated under
reduced pressure at 30° to give the aldehyde (0.149, 85%);
2,4-dinitrophenylhydrazone: mp 230-235°.
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7. Tabular Survey

The following tables contain examples of the Peterson olefination reaction as
defined in the introduction to this chapter. The tables also include the
eliminations of B -hydroxysilanes, although the origin of some of these
compounds may not have been by a Peterson protocol. A table has been
compiled for noncarbonyl-derived electrophiles. Related reactions, such as the
homo-Peterson reaction, are not contained in the tabular survey. The literature
survey includes articles appearing up to December 1986.

The tables are arranged by substituent in the a -silyl carbanion and appear in
the same order as described in the text. Within each table, substances are
arranged in order of increasing number of carbon atoms in the a -silyl
carbanion, or B -hydroxysilane when applicable, and then by the heteroatom
substituent. Only the carbon atoms contained within the carbon chain directly
bonded to the silicon atoms are included in the count. With silanes similar in
every other regard, the size of the silyl substituent is used to determine the
order of appearance. The electrophiles are ordered in a similar manner to the
a -silyl carbanions.

The titles of the tables are self-explanatory. All reactions which give rise to
conjugated or homo-conjugated carbon—carbon unsaturation are contained in
Tables IV-XI. Products that contain conjugation with heteroatom-derived
functional groups are contained in the appropriate heteroatom table.
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columns separated by a comma denote that the stereochemistry is not cited in
the literature or a mixture of isomers is used. Isomer ratios of the alkene
products are quoted only when noted in the original citation.

In Tables | and Il the formation of trimethylsilylmethyllithium is inferred from the
chloride, unless specifically stated, as this compound is commercially available.

The reagent column indicates the reagent necessary for the generation of the
a -silyl carbanion and/or elimination from the  -hydroxysilane. Aqueous
workup is not included. The product column indicates all products with yields in
parentheses; a dash denotes that no specific yield is given.

Abbreviations for some reagents are used in the tabular material. Short forms
of some groups are also used when that group is not directly involved in the

reaction.
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BF3-OEt,  boron trifluoride etherate
diglyme diethylene glycol dimethyl ether

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

Et,O diethyl ether

HMPA hexamethylphosphoric triamide
KDA potassium diisopropylamide
LDA lithium diisopropylamide

LDMAN lithium 1-(dimethylamino)naphthalenide
LiC1gHs lithium naphthalenide

LITMP lithium 2,2,6,6-tetramethylpiperidide
MCPBA m-chloroperoxybenzoic acid

Mes mesityl

MgBr,-OEt, magnesium bromide etherate

py pyridine

rt room temperature

THF tetrahydrofuran

Thp tetrahydropyranyl

TMEDA N,N,N¢,N¢-tetramethylethylenediamine
TsOH p-toluenesulfonic acid
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TABLE I. PREPARATION OF HYDROCARBON ALKENES

3

R,Si R' T 4
RXX e RHR‘
e Carbonyl Reaction Product(s)
R R! R? Compound Conditions and Yield(s) (%) Refs.
G,
CH, H H (CH;),SiCH=CHCHO 1. Mg, Et,0 (CH,),SiCH=CHCH=CH, (59) 103
2. TsOH, Et,O
1. Mg, Et,0 (>50) 92
2. H;,O
3. NaH, THF, heat
1. Mg, E,0 » (100) 91
2. AcCl
o] 1. Li, Et,0 CH, (20) 91
2. AcCl
CHCO,CH; 1. Mg, EO CHC(=CH,)CHSi(CH,);  (49) 100
2. Si0,
% 1. Mg, Et,0 » (>50) 92
2. H,O
3. NaH, THF, heat
" 1. Mg, Et,O " (5T) 91
2. 80CL,
CH,CO(CHy)- 1. Li, Et,0 CH~=C(CH,)(CH,),CH=C(CH,). 91
CH=C(CH,), 2. SOCl, (53)
CH(CH,),CO,C,H; 1. Mg, Et,0 C¢H;(CH,),C(=CH,)CH.Si(CH,), 100
2. Si0; @5)
TMSCH, 1. Mg, Et,0 (18) 106
Q.. i, QO
coc, - HCh CHOH coch,
» 1. Mg, Et,O " (46) 106
2. CsF, DMSO
CHO 1. Mg, Et,0 CH=CH, (90) 121
2. TsOH, THF
CH=CHCHO 1. Mg, Et,O CH=CHCH=CH, (75) 104
C[ 2. AcOH, H,0, CH, O:
CO,CH, CO,CH,
n-CeH;n O 1. Mg, Et,0, heat OH CH,Si(CHy), (45) 124
Uo 2. Si0, nC LHF(_)=CH:
HC=C(CH,),- 1. Mg, Et,O CH,—CH(CH,),C=C(CH,);,C=CH 140
C=C(CH,)CHO 2. AcCl, AcOH (60)
HC=C(CH,)s - CH;—=CH(CH,),C=C(CH,);C=CH 140
C=C(CH,),CHO (60)
#CH O 1. Mg, Et,0, heat OH CHSI(CH,), (41) 124
\Ofo 2. Si0;, CHCl, nCHz CH,
1. Mg, THF (60) 107
2. 8oL,
0
CH,
1. Mg, Et,0 (52) 91

2. AcCl
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TABLE I. PREPARATION OF HYDROCARBON ALKENES (Continued)
Silane
Carbonyl Reaction Product(s)
X R R! R? Compound Conditions and Yield(s) (%) Refs.
1. Mg, Et,0, heat, (75) 106
3h
2. HCI, CH,OH Sifo
ig(l »” i{:ﬂz@\ (73) 106
(84 105, 106
T™S
o] 1. Mg, Et,0, heat, CH, 42) 106
H 11h
2. HCl, CH;0H
/ll\l:I /}\ﬁ
(o] CH; 38 106
H H, (38)
25)
OTBDMS 1. Mg, Et,0 OTBDMS  (62) 110
o 2. KH, THF
| CH,-i
|
Noc,H,0C,H, NOCH0CH;
SCH; CH, H n-C;H,CHO 1. LiC,(Hs, THF, —78° CH=CHCH,n (64) 154,157
2. HCI, H,O E:Z~1:1
0 b CH, (69) 157
CH,CHO » CH=CHCH; (77) 154, 157
CH,COCH, " CH,=C(CH;)C¢H; (83) 154,157
E:Z~1:1
(C:H;).CO ” CH;=C(CH;), (7) 154, 157
Si(CH,); CH;, H -CH;COCH; NaOCH;, HMPA t+-CH,C(=CH,)CH; (—) 166
(CH;).CO i CH:=C(CH;). (53) 166
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TABLE I. PREPARATION OF HYDROCARBON ALKENES (Continued)
Silane 7
Carbonyl Reaction Product(s)
X R R! R? Compound Conditions and Yield(s) (%) Refs.
Sn(CHyn); CH; H H p-CICH,CHO 1. n-C,HLi, THF, CH~=CHCH.Cl-p (72) 167
CH,;
2. AcOH, H;0
CHO » CH=CH, (77) 167
CH,0 CH,0
CH,0 CH,0
o » 46)° 167
n-C;H,;CHO 1. n-CH,Li, THF, CH~=CHCH,rn (61) 167
CHy,
2. H;80,, THF
1. n-C;H,Li, THF, (60) 167
CGI-IH
2. AcOH, H,0
Cyclododecanone » (:\/;,rcu. 90y 167
(CH;),CO ” CH,=C(CH;), (78) 167
SCH; CH, CH, H (CH,).CO 1. LiC,Hs, THF, —78° CH,CH=C(CH,), (51) 157
2. HCl, H;0
n-C;H,CHO ” CH;CH=CHC;Hn (74) 154, 157
E:Z~1:1
d) " UCHCHG 47 154, 157
CH,CHO # CH,;CH=CHGCH; (75) 154,157
E:Z~1:1
CH,COCH, ” CH,CH=C(CH,)C¢H; (79) 154,157
E:Z~1:1
(CHy).CO » CH,CH=C(CH,). (80) 154, 157
SeCH,; CH; CH, H 0 1. n-CHLi, THF CHCH, (40) 165
2. Acid or base?
CHyt CH;t
n-C,;H,CHO " CH,CH=CHC,H;;-n (45) 165
CH;CH,COC.H;s " CH,CH=C(CH;)CH,CH; (90) 165
SCH; CH, CH, CH, CH.CHO 1. LiCyH,, THF, —78°  (CH;),C=CHCH; (47) 157
2. HCl, H,0
BnOCH, . CH;CHO 1. n-C;H,Li, THF, BnOCH, (56) 238
Si(CH,), —95° | S=CHCH;
Br ) 2. KH, THF
CH;CH=CHCHO " BnOC (46) 238
H’\D=CHCH=CHC,,H,
SC.H; CH, nCH, H HCO LiC,H;, THF, -78° n-CH,CH=CH, (58) 157

b

. HCl, H,0
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TABLE 1.

PREPARATION OF HYDROCARBON ALKENES (Continued)

o}

d,cucmﬂ, 36)

Silone Carbonyl Reaction Product(s)
X R R! R? Compound Conditions and Yield(s) (%) Refs.
CH,CHO ” n-C;H,CH=CHCH, (82) 154, 157
E:Z~1:1
(CH,),CO " n-C.H,CH=C(CH,), (61) 154, 157
n-C{H,CHO " n-C,H;CH=CHC;Hn (78) 154, 157
E:Z~1:1
d » U:HC,H,—» (52) 157
CH;CHO " n-C,H,CH=CHCH; (86) 154, 157
E:Z~1:1
CH,COCH, " n-C.Hy;CH=C(CH,)CsH; (76) 154,157
E:Z~1:1
(CH;).CO ” n-CH,CH=C(C:H;), (74) 154, 157
SC.H; CH, +CH; H (CH,).CO ” +-CH,CH=C(CH,). (<20) 157
CH,CHO » +-CH,CH=CHCH; (32) 157
Li CH; n-CH, H CH,CHO n-CHLi, Et,0, n-C;H,,CH=CHCH; (50) 91,92
CH,=CHSIi(C¢Hs), E:Z=1:1
{CH;);C=C.I‘{' b n‘C§H|1CI'I=C(CH3)(CH1)2‘ 91, 92
(CH,),COCH; CH=C(CH;), (34)
E:Z=1:1
SC¢H; CH, —(CHy)— CH,CHO 1. LiC,iH;, THF, —78° HCH, (38) 157
2. HCl, H,0 Uﬂ
H CH; CgH; H (CH;).CO n-CH;Li, TMEDA CH,CH=C(CH,). (50) 3
CH;CHO. ” CH,CH=CHC.H; (72) 3
E:Z =1:1
o n-CH,Li, HMPA ” (50) 91,92
E:Z =2:1
CH;COCH; " CH;CH=C(CH,)CH; (—)/ 91, 92
(CH,),CO n-C,H,Li, TMEDA CH,CH=C(CH;). (77) 3
CH,;COCH, n-C;H,Li, THF : CH, (108 97
@Si{d‘l,},
H
(CH;),CO " @D=(C6HS @1y 97
CeH,
Li CH, Ii-GH,(CH;; H n-C,H,,CHO i-C;H;(CH,),Li, Et,0, i-GH/(CH,),CH=CHC,(H;-n (69) 91
CH=CHSIi(CHs), E:Z =1:1
n-CH;CHO 1. n-CH,Li, THF, 238
Br -95° CHCH;-n  (96)
Si(CHy), 2. KH, THF
CH,CHO 1. n-C,H,Li, THF, 2338
-95° &CHCGH, (55)
2. KOCH,-t, THF
CH;,CH=CHCHO ” 238
CHCH=CHCJH, (45)
0" 0‘ i(CH,), CH;,CHO 1. LiC,H;, THF, —-78° 156
SC.H, 2. HCl, H,O CH=CHCH, (24)+
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TABLE I. PREPARATION OF HYDROCARBON ALKENES (Continued)
S Carbonyl Reaction Product(s)
X R R’ R? Compound Conditions and Yield(s) (%) Refs.
SCH; CH, CH; H H,CO ’ CH,CH=CH, (62) 157
CH,CHO “ CH.CH=CHCH, (71) 154, 157
E:Z~1:1
(CH,).CO " CH;CH=C(CH;), (70) 154, 157
n-C;H,CHO i CH,CH=CHGC;H,-n (85) 154,157
E:Z = 1:1
:‘: 20 :: ~CHCH, (41) 157
CH,CHO 2 CH,CH=CHCH; (76) 154,157
E:Z~1:1
CH,COCH, % CH;CH=C(CH,)CH; (69) 154,157
E:Z~1:1
(CH;),CO " CH,CH=C(CHj). (59) 154, 157
SeCH, CH; n-CH; H (CH,).CO 1. n-CH,Li, THF, 0° n-CH,;CH=C(C,H;), (40) 165
2. Acid or base?
UO " Uﬁﬂcﬂﬂu-n (40) 165
n-CH,;;CHO id n-CH,;CH=CHCH,;-n (90) 165
SeCH; CHs n-CH; H U) " g:ﬂcaﬂ:rﬂ (90) 165
n-CH,;CHO ¥ n-CH;;CH=CHCH,s-n (90) 165
Si(CH,), CH, CH; H t-CH,CHO NaOCH;, HMPA CHCH=CHC,H,t (26) 166
E:Z = 1:5.7
CH,CHO ” CH;CH=CHCH; (79) 166
" " ” (9) 3-7, 38
E:Z = 1.32:1
”: LiOCH,-t, HMPA i (100) 37
E:Z = 143:1
" KOCH;-t, HMPA » (100) 37
E:Z =1.30:1
” KOCH,-t, Mgl,, ” (56) 38
HMPA E:Z = 1.85:1
i NaOSi(CH;)j, Mglz, L4 (50) 37
HMPA E:Z = 1.83:1
G
Li CH; CHCH, H CH;CHO CH,CH,Li, Et;0, CHCH,CH=CHCH; (40) 91
CH,=CHSi(CH;); E:Z=1:1
Li CH; i-GH,(CH,), H n-C,;H;,CHO i-CH.(CH,)sLi, Et,0, i-C;H,(CH,),CH=CHC\jH,;-n  (50) 91
CH~=CHSi(CsH;); E:Z=1:1
SCH; CH, CH; CH; CH,CHO 1. LiC,0Hs, THF, —78° CH.C(CH,)=CHCH; (<20)* 157
2. HClL, H,0
Cll
= ™S CH.CHO KOCH;-t, THF O O’ CeH; 97
™ T™S R
R=H (~100)
CH,COCH; ” R =CH; (41) 97
Cis
H CH;  9-Fluorenyl p-CH,CH,COCH, n-C,H,Li, THF, C(CH,)CH,CH,-p 94
TMEDA, 0°

saok
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TABLE I. PREPARATION OF HYDROCARBON ALKENES (Continued)

Sil
ane Carbonyl Reaction Product(s)
X R R! R? Compound Conditions and Yield(s) (%) Refs.
Br (C.Hq-t), 9-Fluorenyl CH.CHO t-CH,Li, CH), CHCH, 95

ssel

* The yield was determined by NMR.

b At least two equivalents of the Grignard reagent are used.

¢ The yield is based on recovered starting material.

4 No specific conditions are given.

¢ The yield was determined by GLC.

! The product is obtained as a mixture of isomers.

¢ The yield is overall from the parent hydrocarbon, which is silylated in situ.
* The yield as determined by GLC and NMR.
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TABLE II. FORMATION OF B-HYDROXYSILANES
o . 3
R,S:XX oe  RoSE R
R" R? e R' R*
R’ OH
Silane
Carbonyl Reaction Product(s)
R R! R? Compound Conditions and Yield(s) (%) Refs.
G
Br CH, H H (CH;),CO Mg, EO (CH;);SiCH,COH(CHs),  (52) 102
(E)-CH,CH=CHCHO Mg, Et;0, Cu;Br, (E)-(CH;);SiCH,CHOHCH=CHCH; (72) 120
CHCHO Mg, Et,O (CH5);SiCH,CHOHCH;s (14) 102
(E)-CH, CH=CHCHO Mg, E;0, Cu;Br, (E)-(CH,);SiCH,CHOHCH=CHCH; (90) 120
Br CHs H H C¢HsCHO n-CHsLi, Et,O (C¢H;):SiCH,CHOHC¢H;  (81) 93
a CH, H H HCO,C;Hs Mg, Er,0 [(CH3):8iCH,],CHOH  (50) 100
CH;CHO o (CH;);SiCH,CHOHCH; (—) 2
(CH;),CO " (CH;,);SiCH,COH(CH;): (—) 3
CH,=CHCHO # (CH,);SiCHOHCH=CH, (65) 118
» 1. Mg, Et,0 (CH,);SiCOCH=CH; (56) 61
2. H,0
3. HRh[P(C¢Hs)s)«
C¢H;SeCH(CH;)CHO Li (CH,),SiCH,CHOHCH(CH;)SeC:Hs  (85) 412
CH;COCH(OCH;)- Mg, Er,0, 0° (CH,);SiCH,C(CH,;)OHCH(OCH;)SCeHs 108
SCH (~90)
CH,COEH=CH- Mg, Et,0 (CH5);SiCH,C(CH;) OHCH=CHSi(CH,); 119
Si(CHs)s (95)
C;H;COCH=CH- o (CH;);8iCH,C(C,HsJOHCH=CHSi(CH); 19
Si(CHy)s (65)
+-C;H,CHO " (CH;);SiCH,CHOHC Hyt  (73) 4
-CH/CH(SeCH;)CHO  Li (CH,);SiCHOHCH(SeCHy)C;H-i  (75) 412
Cyclohexanone Mg, Et,0 (CH,),SiCH,OH (86) 4



TABLE II. ForMATION OF B-HYDROXYSILANES (Continued)

41|

el

(OCH,)SCqHs

SCgHs  (~90)

Sil
_— Carbonyl Reaction Product(s)
R R! R? Compound Conditions and Yield(s) (%) Refs.
i-C;H,COCH=CH- (CH;);SiCH,COH(C;H))CH=CHSi(CH;); 119

Si(CH;)s (85)
n-CHyCH(SeCeHs)- Li (CH;);SiCH,CHOHCH(SeCeHs)C:Hyn (84) 412

CHO
(C;Hs).C(SeC¢H;)CHO (CH,);SiCH,CHOHC(SeC¢H;)(CoHs):  (92) 412
THPO(CH.),COCH- Mg, Et,0 (CH;),SiCH,COH[CH(OCH,)(SC¢Hs))- 108

(OCH;)SC¢Hs (CH,),OTHP (~90)

CH o cH o 454
o] o o]
CH,),SiC
d ¢ (CH,),5iCH; o £
OCH, OCH,

R=H R=H (%)

R = 0,CCH; R = O,CCH; (87) 454
CHCHO (CH,);SiCH,CHOHCH; (83) 3.4
n-CH,,CHO " (CH,);SiCH,CHOHCH3-n  (84) 4

SeC,H; Li SeCH, (73) 412
OCHO Cl\CHOHCH,Si(CH,)J
C,H:CH,CHO Mg. Et,O (CH;);SiCHOHCH-CH; (35) 4
n-C;H;sCHO » (CH,);SiCH,CHOHC:H,;;-n  (—) 3
o_ 0 SCeHy 0 0 SCeHy (~90) 108
)< (CH,); OCH, X{CH’L%OCH,
o] HO CH,Si(CH,),
C,HsCH,CH(SeC4Hs)- Li (CH;);SiCH;CHOHCH(SeC¢Hs)CH,C Hs 412

CHO (68)

@ Mg. Et.O (70) 117
(¢} HO CH:SI(CHy,
CH;COCH=CH- (CH;);8iCH,C(CHs)OHCH=CHSi(CH;); 119

Si(CH;); (90)
Adamantanone CH,Si(CH,), (89) 4

OH
=) 122
CHO CHOHCH,Si(CH,),
HC=C(CH,),- (CH;),8iCH;CHOH(CH,)C=C(CH.);- 140
C=C(CH,),CHO C=CH (80)
1. Mg, THF (7)) 107
2. AcCl
o CH,Si(CH,),
0 0,CCH,
1. Mg, THF (61) 107
2. NH,C, Hy
L OH
CH,Si(CH,),
(CsHs)CO Mg. Et,0 (CH;),SiCH;COH(C¢Hs): (—) 3
n-C, H»COCH- " (CH;);SiCH,COH(C),Hy-n)CH(OCH;)- 108



TABLE II. FORMATION OF B-HYDROXYSILANES (Continued)

Silane

1448

St

Carbonyl Reaction Product(s)
X R R! R? Compound Conditions and Yield(s) (%) Refs.
\,/}i Mg, THF, heat, 18 h YHO CH,SI(CHy); (=) 116
S Mg, THF S (75) 112
0 G (CH,),SiCH,, G
HO
o] o
o (CH,),SiCH, (80) 11
| o |
0 - 0
</0 N v N \i’
/ 0 (o)
Ti(OCHr); CH; H H CH;CHO THF, 48 h (CH;):SiCH,CHOHC H;  (41) 147
SeCH; CHs CH; H CHsCOCH,CeHs n-CHsLi, THF, (° (CH;);SiCOH(CsHs)CH,CsHs  (20) 165
SeCH; CH; —(CHy)— n-CH,CH=CHCHO n-CyHsLi (CH,),Si CHOHC,H,-n (72) 143
G
n-C¢H,;;CH(SeCHs)- (CH,),Si CHOH(SeCH,)CHCH,;-n (60) 143
CHO
n-CygHyCHO (CH,),Si CHOHC,H,-n (85) 143
n-CsH3COCH; (CHy),Si XCOH((‘.I-I,}C.,Hw-a (40) 143
G
SCeHs CH;  GHs H  CH,CHO LDMAN, THF. -45° (CH;);SiCH(C;H;)CHOHCH;  (65) 155
” HO CH(C,H)Si(CHy); (30) 155
CHyt CHyt
SCeHj CH; CH, CH; CgH;CHO ’ (CH;)38iC(CH;),CHOHCH,;  (79) 155
SC¢Hs CH, —(CHy)r— p-CH;OCH,CHO " (CHp,Si CHOHCH,OCH,p (85) 155
n-CH;;CHO (CH,},S'XCHOHC,H,,-;: (84) 155
0 CH;t (86) 155
oos [T
OH
CHyt
C,
Li CHy n-CH, H n-C;H,CHO C.HiLi, CH;=CHSi(CH;);  (CH,);8iCH(C;H-n)CHOHC;Hrn (—) 26
Cs
SeCH; CH, —{CH(CH3)}:— n-C3H,CH=CHCHO n-CH,Li (CH,),Si CHOHC,H,n (72) 143
n-CsH,,CHO (CH,),Si CHOHCH,-n (70) 143




TABLE II. FORMATION OF B-HYDROXYSILANES (Continued)
Silane
Carbonyl Reaction Product(s)
X R R! R? Compound Conditions and Yield(s) (%) Refs.
n-CyHyCHO (CH,),Si CHOHC, H,-n (71) 143
SeCH; CH; —{CH(CH;)}— n-C;H,CH=CHCHO (CH,),Si CHOHCH=CHC,H,-n (59) 143
n-CHiCH(SeCH;)CHO (CH,),Si CHOH(SeCH,)CH,-n (59) 143
— \
S
SCeH; CH; —(CH,)s— CgH;CHO LDMAN, THF, —45° (CH,),Si CHOHCH,, (51) 155
Q§<SC‘Hs CH,C(=CH,)CHO " &G{OHC(CH;)=CH2 on 155
Si(CH,), Si(CHy),
G
SC,H; CHOHC(CH)=CH, (90) 155
Si(CHy), Si(CHy),
n-CsH,;CHO " CHOHCH,-n (92) 155
Si(CHy),
SCH, p-CH;0CH,CHO CHOHCH.CH,p (92) 155
T Si(CHy); e Si(CH,),
CH;,Se CH; n-CHp H n-CiHi;CHO n-C;HsLi, THF, 0°, 1 h (CH,);SiCH(C¢Hy5-n)CH-OHCHy-n  (50) 165
CH,Se GHs n-CHys H » " " (30) 165
Cyclohexanone HO CH(CH,;-n)Si(CH,); (30) 165
SeCH, n-C;H,CH=CHCHO n-CHsLi CHOHCH=CHCH,n (10) 143
Si(CHy); Si(CH,),
n-CsHy,CHO CHOHCH,,-n (40) 143
Si(CH,),
5 Co
(CH,),Si SCgH; C¢H,,CHO LDMAN, THF, -45° (CH,);Si CHOHCH,, (58) 155

C.Hyt

CHyt
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TABLE III.

ELIMINATIONS OF B-HYDROXYSILANES

R,;Si OH R’ R}
e — =
R' R’ R' R
Silane
Reaction Product(s)
R R! R? R? R* Conditions and Yield(s) (%) Refs.
G
CH, HC=C- H H H KH, Et,0, 0° HC=C(CH,),CH=CH; 70
(CH,),0
n=1 n=1 (50)
i n=2 (5)
n=3 n=3 (1)
CH, HC=C(CH),- H H H . QH,,N=(|3OM HC=C(CH,),CO;CH=CH, 70
cO;
n=0 CH,NH a=0 (5)
n= 2. (C:Hs)NF n=2 (69
n=8 n=28 (76)
G
CH; H H CH,3 H H;S0, CH=CHCH; (—)* 2
C,
CH, H H CH; CH, KOCHyt, THF  CH;=C(CHj); (35) 3
CH; H H CH;, CH(OCH;)SCHs NaH, HMPA, CH;=C(CH,)CH(OCH;)SC¢H; 108
THF (~80)
CH, H H H CH(CH;)SeC¢Hs $nCl;, CH,Cl, CHiCH=CHCH;SeCH; (63) 412
CH, H COFe(CO)(CsHy)- H CH, NaH, THF [(CHs)sP)(CsHis)(CO)FeCO- 51
[P(CeHs)s) CH=CHCH; (—)
TBDM H H H CH,CO,C.Hqt BFyOE, CH,Cl, CH,=CHCH,CO,CHyt (64) 58
Cs
CH; H H CH; CH,CO,C,Hyt HCIO,, THF, (° CHz=C(CH;)CH,CO,C.Hs-t 60
(65)
CH; H H CH, CH,CON(CHjs), CH:-C(CH;}CH:OON{CH;):(?S 60
Cq
CH;, H H H CHgn KH, THF CH=CHCHsn (95)° 7
CH; H H H CH(C;H-n)NHCH;  Acid or base* CH;=CHCH(C;H-n)NHC:H; 456
(87)
CH; H H H CH(C;Hri)SeCeHs SnCl;, CH,Cl, i-C;H,CH=CHCH,SeCH; (86) 412
G
CH; H H H (CHy)COH BF;-OEt, CH;=CH(CH,),CO.H (86) 86
CH, H H CH(OCH;)SCHs  (CH,)OTHP NaH, HMPA, CH~C|(CH:),OTHP|CH(OCH; 108
THF SGH;s (~80)
CH, (CH,);CO,H H CH, H BF;-OEt, CH;CH=CH(CH,);,CO,H (81) 86
E:Z ~ 100:0
CH, CH;, H (CH,),COH H " (63) 86
E:Z ~ 100:0
KH, THF 2 (62) 86
E:Z = 3.5:96.5
_— TsOH, CgH, heat AcQ o8
HO._ CO,CH, HO.. CO,CH,
HO
Si(CH,),
(CH,),Si H;804 1 h H (73) 33
H 0
0
0. i o]
B = " CiCl
i CICl
CH; H H H C(CyH;),5eCeHs $nCl;, CH:Cl, (C;Hs),C=CHCH;SeCHs (20) 412
+ (CZH,}ZC(CI-IO)CHQSi{Cl('l;g;
CH; H H H CH(CHy-n)SeC:Hs n-C,H,CH=CHCH,SeCH; (63) 412
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TABLE III. ELIMINATIONS OF B-HYDROXYSILANES (Continued)

Silane
Reaction Product(s)

R R! R? R? R Conditions and Yield(s) (%) Refs.
CH; H H CH, n-CsHy, NaOAc, AcOH CH=C(CH,)CH;-n (90) 55
CH; H H CeHs H KH, THF CH=CHGCgH; (91) 3

H,SO,, THF () 3
CH; H n-C;H, n-C;H, H KH, THF n-C;H,CH=CHC;Hrn 96y 26,27
E:Z = 95:5
NaH, HMPA " 85y 26,27
E:Z =933
H,S0,, THF ” (99 26,27
E:Z = 8:92
BF;-OEt;, CH,Cl, b (997 26,27
E:Z = 6:94
CH,S0,Cl, NEt,, ” (80 26,27
chﬂ E:Z = 11:89
NaOAc, Ac,0, ” (81 26,27
DMSO E:Z = 13:87
NaOAc, AcOH, (8s)y 27
50° E:Z =298
CH, n-CH, H n-CH, H KH, THF " 98y 72,73
E:Z = 2:98
BF;-OEt;, CH,Cl; b (102 72,73
E:Z =98:2
H,S0,, THF " (96 72
E:Z = 99:1
CH3 n-CH, H CH; CH;, NaOAc, AcOH ﬂ'CJ'quH(CI‘I;): (81} 72
SeCH, $nCl;, CH,Cl, CHCH,SeCH, 412
O\CHOHC%SE(CH;% U (16) +
CHO
O\G{,Si(CH,], (26)
Br Br
0 0]
CH,CO; 1. NaOCH,, HO (95) 4
(CH,),Si CH;OH
,SiCH, 2 HO*
OH OCH, OCH,
C (0] KH, THF, heat C
5\ o ea ,H,TO 5 (58) 4
o o]
(CH,);SiCH,
OH OCH, OHOCHg
O,CCH,
TBDM H H n-CgH,3 KH, THF CH~=CHCH,CH;;n (—) 58
BF;-OEt, CH;Cl, " (=) 58
TBDM H H H CH,COC,Hy-t ” CH;/~CHCH,COCH,t (65) 58
(o] (o]
TBDMSCH,CHOH » CH,=CH (49) 58
CH, H H H n-C;H,s KH, THF CH~CHC;Hys-n (70) 3
H,50,, THF " (73) 3
CH; H H H CH(C¢H;)NHCH, Acid or base® CH~=CH(CH;)NHCH; (72) 456
(CH,);Si NaH, HMPA, SCH, (~80) 108
THF
HO SCH, OCH,
OCH, (‘ o
(0]
o o0
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TABLE III.

ELIMINATIONS OF B-HYDROXYSILANES (Continued)

Silane
Reaction Product(s)
R R! R? R} R Conditions and Yield(s) (%) Refs.
CH, n-CqH, H n-CiHs H KH, THF n-CHy;CH=CHC Hs-n (82) 457
E:Z = 4:96
BFyOEt, * (85) 457
E:Z = 95:5
CH, CeHy, H GHs H CgHyCH=CHGC;H; (%) 72
E:Z =973
KH, THF " (%0) T2
E:Z = 2:98
CIII
CH, CH; CH, H CeH,yy KH, diglyme, 90°  (CH,),C=CHCH, (92) 155
KH, THF 95) 155
o
CHOHC(CH,)=CH, CHC(CHy)=CH,
(CH,),Si CHOHCH,OCH,p KH, THF, 90° CHC,H,OCH,-p (90) 155
NaH, THF, 150°, (65) 117
Q
o CH,Si(CH,),
CH; H CeHs CH,CO,C Hy-t HCIO,, THF, 0°  CH/~=C(C¢H;)CH,CO,CHyt 60
(65)
CH, H H CeHy, CH;CO,CHy-t CH=C(C¢H,;)CH,CO,C/Hs-t 60
(77)
CH; H CeHyy CH,CON(CH;), - CHZ=C(C6H1I]CHZCON{CHJ)(2 60
60)
CHS o 1. AGO, py @,,Cﬂﬁo ) 339
. 'CsHU 2. (C.Hs)NF
E:Z = 99:1
CH; H H H CH(CH,C¢H;)Se- SnCl,, CH,Cl C¢H;CH,CH=CHCH,SeC H; 412
CH; (57)
TBDM n-CgHis H CH, H BF;-OEt, CH,Cl; n-CH;CH=CHGC,H;  (84-89) 58
E:Z = 95-99.5:5-0.5/
KH, THF " (72-79) 58
E:Z = 6-1:94-99/
Cu
CH; H H H (CH,),C=C(CH,)s CH;~CH(CH,),C=C(CH;)s 140
C=CH C=CH (68) + CH/~CH-
{CH,J;C:C(CH,);CECCH,{ .
1
TsOH, H,S0; 122
(=)
CHOHCH,Si(CH,), CH=CH,
(CH,),Si CHOHCH=CHCH,-n KH, THF HCH=CHCH,-n (76) 143
(CH,),Si CHOHCH=CHC,H,n CH=CHCH,n (71) 143
/ /
s (-
= HC(CH,)=CH, 155
CHOHC(CH,)= 00
CIZ
CH; CH,Se H n-CioHy H KOCHyt, THF,  CH;SeCH=CHC)oH;-n 257
55° E:Z ~ 0:100 (74)
C}{; CH;SC H H H“CWHH " e (73) 257

E:Z ~ 100:0
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TABLE III. ELIMINATIONS OF B-HYDROXYSILANES (Continued)

Silane
Reaction Product(s)
R! R? Conditions and Yield(s) (%) Refs.
BF;‘OE‘;, CH;CI; (—-) 107
CH,Si(CH,),
OAc 9
CF,CO;H, THF, =) 107
heat
Si(CH,), KH, THF CHCH,-n (100 143
CHOHC,H, -n y Ghyen (100
CIJ
(CH,),Si COH(CH,)C,H,sn gca,)c,ﬂ,,-n (88) 143
HO_ CH(GH,)Si(CH,), CHCH, (85) 155
C.Hyt CHyt
* (83) 155
(CH,);Si
OH
KH, diglyme, 90° (86) 155
HO
$i(CH,),
CeHyt CHyt
Si(CH,); i CHC,H, - 155
CHOHCH, - KH, diglyme O>Z Cien: 08)
HO  OCH, KH, THF, -78° H (50) + 36
i n-C;Hy, N CHyy-n
n-CHyy CH,-n OSi(CH,),
Si(CH,), (50)
n-CHy ™72 "CH,-n
H3
HO  oCH, i ﬁu\_;f Q)+ 3
CiHyyon
n-CHy, CH,-n FS
. i(CH,);
Si(CH,), /1\/\ (80)
u'CSHI'I. Z CSHn'n
HO  OCH, OcH, 86) + 36
n-CHy,y CH,-n R-CSH"\=)\C5H“'R
Si(CH,), OSi(CH;), ”
n-c,H(I\/‘c,H”-a
HO ?CH,OCH; /\).\CH:OCH_\ (16) + 36
n-CHy, CH,-n n-CHp, CH,,-n
Si(CH,), OSi(CH,),

n-c,H{K/‘c,H.m
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TABLE III. ELIMINATIONS OF B-HYDROXYSILANES (Continued)

Silane
Reaction Product(s)
R R! R? :8 R Conditions and Yield(s) (%) Refs.
HO  OCH, " QCh, &)+ %
H r"CSI'III C H -n
n-CHy, CH,-n _— sty
Si(CH,),CgH, OSi(CH,),CH, ,
(13)
n-CHj, 7 “CHyn
CH; CH,Se H n-CyoHy, H KOCHyt, THF  CH;SeCH=CHC,oH,-n 257
E:Z ~ 0:100 (89)
CH, CHSe H H n-CyoHy B § (70) 257
E:Z ~ 100:0
C]‘
CH; H H CeHs CeH; KH, THF CH;=C(CH;); (86) 3
NaH, THF " (6T)F 3
(CH,),Si CHOHC,H,,-n 1.80CL | _ CHC,H,-n (46) 143
2. (C/H,)NF
KH, THF " (0) 143
(CH,),5i CHOHCH,OCH,p " CHCH,0CH,p (95" 155
CH, H H " n-CyHy CH(OCH;)SCH; NaH, HMPA, CHz=C(Cy;Hy-n)CH(OCH;)S- 108
THF CeHs (~80)
TBDM n-CeHy; H CH,COC Hyt H BF;-OEty, CH,Cl,  n-CgHpyCH=CHCH,COC,Hy-t 58
E:Z ~ 100:0 (68)
TBDM n-CgHys H CH,CHOH CHyt n-CgH;;CH=CHCH,CHOH- 58
CHot
E:Z ~ 100:0 (=)
KH, THF ” (— 58
E:Z ~0:100
Cis ;
HO = KH HO (97) 458
Si(CH,),CH, ﬂ\/\
CH, H OH
\}/go | CHSI(CH), AcOH, H0 116
(CH,),SiCH, HCIO,, H;0, 90) 112
O THF
0 0
CI? £
BF;-OEt,, O (>86) 83
CH,Cl;, 0° CH,CH
H
H
KH, THF 155

(CH,),Si OH

C Hyt
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TABLE III. ELIMINATIONS OF B-HYDROXYSILANES (Continued)

Silane
Reaction Product(s)
R R! R? R3 R* Conditions and Yield(s) (%) Refs.
CD
(CH,),SiC HCI0,, THF (100) 111
HO
[0}

Y
<,

“ The alkene is isolated as the dibromide.

b The yield is determined by VPC analysis.

¢ No specific conditions are given.

4 The product is isolated as polystyrene.

¢ The yield is determined by GLC.

/ The exact yield and isomer distribution depend on the method used for the preparation of the B-hydroxysilane.
£ The yield is determined by NMR and GLC.

* The product is obtained as a mixture of isomers.

 For closely related eliminations see references 459 and 460.



6cl

TABLE IV. REACTIONS OF SILANES CONTAINING UNSATURATION WITHOUT ISOLATION OF A B-HYDROXYSILANE

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
C,
(CH,);8iCBr=CH, C:H;CHO 1. n-C;H,Li CH;CH=C=CH, (59) 1m

2. 50ClL,
3. (CHy).,NF, DMSO

ﬂ'C]gl'lz]CHO i ﬂ"C|o}lnCH=C— 2 (44) 171

C:H,CH=CHCHO ki CH.CH=CHCH=C=CH, (35) 171

(CeH,):CO ” (CH;),C=C=CH, (45) 171

G
(CH;);8iCH,CH=CH, (o] 1. +-C.H,Li, HMPA, 0° CHCH==CH, (49) 176

2. MgBr,
3. Carbonyl compound
4, SOCl,

CGH,CHO 2 CH,CH=CHCH=CH, (50) 176

CH,,CHO 1. +CH,Li, HMPA, 0° CH,;, CH=CHCH=CH, (42) 176
2. MgBr,
3. Carbonyl compound
4. AcCl

CH,COCH, 1. +CH,Li, HMPA, 0° C:H,(CH,;)C=CHCH=CH, (43) 176
2. MgBl'z
3. Carbonyl compound
4. SOCl,
s-C;H,Li, THF 174

o] O
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TABLE IV. REACTIONS OF SILANES CONTAINING UNSATURATION WITHOUT ISOLATION OF A B-HYDROXYSILANE (Continued)

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
n-C,iH;)CHO 1. +-C;H,Li, HMPA, O° n-CyH,CH=CHCH=CH, (54) 176
2. MgBl’:
3. Carbonyl compound
4. S0Cl,
(CH,);SiCH=CHCH,Si(CH;); HCHO CH/~=CHCH==CHSIi(CH;), (10) 103
n-C;H,CHO s-CH,Li, THF, —-78° n-C;H;CH=CHCH==CHSi(CHj,), (34 28
or +-C,H,Li, THF, 1E, 3E:1E, 3Z = 60:40°
HMPA
CH:CHO ” CH.CH=CHCH=CHSi(CH;); (77 28
1E, 3E:1E, 3Z:1Z, 3E = 77:20:3°
n-CH,;;CHO » n-CH,,CH=CHCH=CHSIi(CH,); 27) 28
1E,3E:1E, 3Z:1Z,3E = 73:24:%
(CH,)SiCH=CHCHSI(CH):  (CH;:CO CH,Li, EtO, TMEDA  (CiH:);SiCH=CHCH=C(CH,); (>95) 173
(CH,),SiC=CCH,Si(CH,), UO n-CH,Li UCHCECSKCI-I‘.,)3 (83) 82
” 1. n-C.H,Li " (88) 82
2. MgBr,
n-CH,CHO N n-CH,,CH=CHC=CSi(CH.): (75) 82
E:Z=1:7
L n-C,HsLi " 7 8
E:Z=13%
CH;CHO » CH;CH=CHC=CSi(CH,), (53) &
E:Z =1:1*
” 1. n-CH,Li ” (76) 82
2. MgBr, E:Z =1:3
CH,;,CHO ” CH,,CH=CHC=CSi(CH,); (84) 82
E:Z =1:20*
n-CH,Li L (69) 82
E:Z=1:8
CHCH=CHCHO 1. n-CH,Li CH;CH=CHCH=CHC=CSi(CH.); (88) 8
2. MgBr, E:Z=1:2
(CH,):SiC=CCH,Si(C;Hs); Cyclohexanone K UCHCECSKCH,), 93) 82
ﬂ'CsH"CI'IO " H'QH[]C}I%HECSKCH;); (89) 82
E:Z =1:31*
i n-CH,Li ” (18) 8
E:Z = 1:6"
CH.CHO CJ-I,CH=CI-£CECSi(CH,), 63) 8
E:Z =1:1
» 1. n-CH,Li " (78) 8
2. MgBr; E:Z = 2:1°
CH,CHO " CH,,CH=CHC=CSi(CH,); 9%6) 82
E:Z = 1:23
" n-CHLi " o
E:Z = 1:10*
(CH,),SiC=CCH,Si(CH;).- n-CH,,CHO 1. n-CHLi n-CH,;,CH=CHC=CSi(CH;); (65) 82
C.Hqt 2. MgBr, E:Z <1:50°
CH:CHO * CH;CH=CHC=CSi(CH,); (55) 8
E:Z =1:1
CH,CHO " C:H,,CH=CHC=CSi(CH); (55) 82
E:Z = 1:12
. wCHL ; 5w
E:Z = 1:30°
CH.CH=CHCHO 1. n-CH,Li CH,CH=CHCH=CHC=CSi(CH;), (90) 82
2. MgBr, E:Z=1:7
(i-C;H,),SiC=CCH,Si(C;Hr-i) t+-CH,CHO n-CH,Li, THF, —-20° r-CéHECl-lT(é‘,gI(,‘E(Si(QH,-i); (79) 179
:Z>1:
” 1. n-C;H,Li, THF, —20° ” (60-65) 179
2. HMPA, -78° E:Z = 20-10:1
n-CH,;;CHO n-CH;Li, THF, —20° n-C¢H,;;CH=CHC=CSi(C;H:i); (57) 179
E:Z>1:20
" 1. n-CH,Li, THF, —20° " (60-65) 179

2. HMPA, -78°

E:Z = 20-10:1
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TABLE IV. REeAcCTIONS OF SILANES CONTAINING UNSATURATION WITHOUT ISOLATION OF A B-HYDROXYSILANE (Continued)

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
CH,;CHO n-CH,Li, THF, —20° C.H,;;CH=CHC=CSi(C;Hri)s (71) 179
E:Z>1:20
1. n-C,H,Li, THF, —-20° " (60-65) 179
2. HMPA, -78° E:Z = 20-10:1
CH.CHO ” CH,CH=CHC=CSi(C;H~i); (60-65) 179
E:Z =9:1
p-CH;,OCH,CHO p-CH,0CH,CH=CHC=CSi(GHri); (60-65) 179
E:Z = 4.5:1
Cs
(CH,),Si(CH=CH),CH,- (i-C;H,),CO n-CH;Li, THF, —-70° (CH,),Si(CH=CH),CH=C(CHri), (53) 177
Si(CH;);
(CHy),Si A \_A~\_SiCHy, CH,CHO n (CH,),Si (90) 177
(CH,),Si —CHCH,
i-C;H,CHO * (CH,),Si (82) 177
(CH),Si  \=CHCHi
(CH,),CO (CH,),Si (83) 177
(C:H;).CO 7 (CH,),Si (58) 177
(CH\;S>_\=C(C=HJ:
Cyclohexanone " (65) 177
Cn
Si(CH,), p-(CH;;,NCH,.CHO  n-CH,Li, :-C;H,0K, p-(CH;),NCH, H (79) 298
THF, <20°
| |
CHy s CH ]
CHy; “s” "CgHs
CHO ” CH, CeH 298
||
CHs CeHs
298
CH, CHO ” 298




TABLE IV. REACTIONS OF SILANES CONTAINING UNSATURATION WITHOUT ISOLATION OF A B-HYDROXYSILANE (Continued)

pEl

SEl

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
CHO n-C,H,Li, THF, <-10° C.H, 0 (58) 178
Si(CH,), f | s
|
CHy ~07 "CHy
||
CHs 07 "CeHs 2
Si(CH,), CH,CHO n-C,H,Li, THF, —10° CH,. _H (52) 180
I b
c o
Il I
C C
Q1 8!
CH; 07 "CdH, CH ~o” “CH
(CH;).CO " C,I-I,\n/(fol-ls (56) 180
C
[
C
| |
CHs "07 "CH

49) 180

-8

0
5
v O
Kg)
B

47) 180

=0}

D
&

180

g 8
" ) 9
O
9

2=} o

(38)

%
v
NEeE
SRS

0
&
o]
&
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TABLE IV. REACTIONS OF SILANES CONTAINING UNSATURATION WITHOUT ISOLATION OF A B-HYDROXYSILANE (Continued)

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
(p-CICH,),CO ” p-CICH, CHClp (58) 180
C
I
C
|
CH; "o CeHy
[ p-(CH;)-NCH,],CO ¥ p-(CH,)NCJ-l‘YCEH‘N(CH,),-p (46) 180
{ &
I
C
||
CH; "o CeHy
CHO " CeHy O~ __CH; (41) 180
|
| |
CH; "0 "CH; |

CeHs

C

O

8!

CeHs

“ All double bonds have the E configuration.
* The yield is determined by GC analysis.
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TABLE V. PREPARATION OF UNSATURATED B-HYDROXYSILANES

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
G
(CH;),SiCBr=CH, Cyclopropanone t-C.H,Li (2 eq), THF, CH,=C[Si(CH;);JCOH(CH,). (60) 170
-78°
CH,CHO » CH=CI[Si(CH,),JCHOHCH; (64) 134, 170
(CeHs),CO " CH;=C[Si(CH;);] COH(C¢H;); (69) 170
(CeH,),SiCBr=CH, CH;CHO C.H,Li CH=C[Si(CH;),JCHOHCH; (—) 171
CH,CH=CHCHO " CH,;=C][Si(C¢H;);JCHOHCH=CHCH; (—) 171
n-C,,H,,CHO v CH,=C[Si(CH;);]CHOHC,H;-n (—) 171
(CH,),CO " CH,;=C[Si(CH;),JCOH(CH;), (—)* 17
G
(CH,),SiCH,CH=CH, CH,CHO 1. s-CH,Li HO (89) 282
2. B(OCH;); ,k‘/\
3. NH.CI, pinacol CHY 7S
4. N(CH,CH.OH), Si(CH,),
n-C-,H]sCHO " HO (—"8] 282
n-C,H,,J\I/\
Si(CHy)
AcO(CH,),CHO HO (92) 282
ACOCCH), Y O
Si(CH,),
CHYSI AN CH;CHO 1. n-CHiLi HO 80, 81
2. HCP®
Ti(C,Hy), 3.0, R)\l/"\
Si(CH,);
R = GH; (86)
i-C;H,CHO R = i-CH, (88) 80
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TABLE V. PREPARATION OF UNSATURATED B-HYDROXYSILANES (Continued)

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
+-C.H,CHO ” R = +-CH, (%) 80
Br(CH,).CHO » R = Br(CH.). (92) 80
CH,CHO B R = CH;s (95) 80
(CH.),SiCH,CH=CH, (CH,),CO n-CH,Li, TMEDA, (CHy),SICH=CHCH,COH(CH,), (>95) 173
Et,0
(CH,):8iCH=CHCH,Si(CH,), n-C;H,CHO 1. n-CH;Li, THF, —-76° HO 28
2. MgBr; RJ\/\\/Si(CH,),
Si(CH,),
R = n-CH, (74)
n 1. n-CH,Li, THF, —-76° " (52) 28
2. B(OCHy),
CH;CHO 2 R = GH; (50) 28
" 1. n-C;H,Li, THF, —76° ” (80) 28
2. MgBr;
n-CH,CHO 9 R = n-CHy, (80) 28
” 1. n-CH,Li, THF, —-76° * (50) 28
2. B(OCHy),

“ No specific yield is given, but it is in the range 50-80%.
* The first step is condensation of the organometallic species with the carbonyl compound.
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TABLE VI. ELIMINATIONS FROM UNSATURATED B-HYDROXYSILANES

Reaction Product(s)

Silane Conditions and Yield(s) (%) Refs.
(CH,),SiCH,CHOHCH=CHCH, CH,S0.Cl, py, 70° CH~CHCH=CHCH; (—) 120
(CH;,),SiCH,COH(CH;)CH=CHSi(CH,); NaOAc, AcOH CH~C(CH;)CH=CHSi(CH,); (70) 119

HO KH, THF CH,CH=CHCH=CH, (—)* 80, 81
Czl'!i*}/\\
Si(CHy),

H,;SO,, THF " (=) 80, 81

(CH;);SiCH,COH(C,H;)CH=CHSi(CH); NaOAc, AcOH CH~C(C,H;)CH=CHSi(CH,); (45) 119

7 Si(CH,), KH, THF CH/~CHCH=CHC=CSi(CH,), (54) 85

/I 3Z, 5E:3E, SE < 5:95

HO” ~C

Si(CH,),
BF;-OE, " (85) 85
3Z, 5E:3E, SE < 95:5
HO
Si(
RJ\;/‘\’ CHs KH, THF n-C;H,CH=CHCH=CHSi(CH,); (94) 28
Si(CH,), 1E, 3E:1E, 3Z:1Z, 3Z = 2:63:35 or <1:90:9¢

R = n-GH,

H,SO,, THF ‘" (94) 28
1E, 3E:1E, 3Z:1Z, 3Z = 68:3:29 or 92:<1:7*

R = i-CH, KH, THF i-C;H,CH=CHCH=CH, (—) 80
H,;S0,, THF ) 80

(CH,),SiCH,COH(C;H-i) CH=CHSi(CH,); NaOAc, AcOH CH;=C(C;H,-)CH=CHSi(CH,); (65) 119



ovl

vl

TABLE VI. ELIMINATIONS FROM UNSATURATED B-HYDROXYSILANES (Continued)

Reaction Product(s)
Silane Conditions and Yield(s) (%) Refs.
7 Si(CH,), KH, THF CH,CH=CHCH=CHC=CSi(CH,); (96) 85
3Z, SE:3E, 5E > 95:5
HO’ C%C
o
Si(CH,),
BF;-OEt, » (85) 85
3Z, 5E:3E, 5E < 5:95
C
HO
s Ny
Si(CH,),
R = CH, KH, THF -CH,CH=CHCH=CH, (—)° 80
H,SO,, THF R O 80
R = Br(CH)), KH, THF Br(CH,)CH=CHCH=CH, (84)° 80
H,SO,, THF " (89) 80
CH,_~ Si(CH,); KH, THF C,H;,CH=CHCH=CHC=CSi(CH,); (97) 85
3Z, 5E, :3E,5E = 92:8
HO c%C
N
Si(CH,),
BF,-OEt, : (88) 85
3Z,5E:3E, 5E = 6:94
G
0 H $nCL, CH: 0 69 1
Si(CH, L, CH;Cl, (69) 36
— A N
Ci
HO KH, THF CH,CH=CHCH=CH, (84-88) 80, 282
J\/\ E:Z = 2:98
CHY N
Si(CH,),
H,S0,, THF 2 (85-86) 80, 282
E:Z =9:1
HO KH, THF CH;CH=CHCH=CHSi(CH;), (90-94) 28
: 1E, 3E:1E, 3Z:1Z,3Z = 9:87:4 or 6:81:13¢
Cm('\/\\/sl{crl,),
Si(CH,),
H.SO,, THF " (91-92) 28
1E, 3E:1E, 3Z:1Z, 3E = 90:6:4 or 84:2:15°
(CH,),SiCH,COH(CH;)CH=CHSi(CH,); NaOAc, AcOH CH;=C(CH;)CH=CHSIi(CH,); (72) 119
n-CiHyn A\ s Si(CH), KH, THF n-CH,CH=CHCH=CHC=CSi(CH;) (92) 85
\/I 3Z, SE:3E, SE = 94:6
HO C%C
e, PN
Si(CH,),
— Si(CH,), $nCL, CH,Cl, 0 (80) 361
>
7
o
HOQ
R&’/\\
Si(CH,), KH, THF n-CgH,;;CH=CHCH=CH, (91-93)
R = n-GH, 1E, 3E:1E, 3Z:1Z, 3Z = 1:67:32 or <1:90:0¢
H.SO,, THF & (92-95)

1E, 3E:1E, 3Z:1Z, 3E = 72:2:26 or 92:<1:7°
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TABLE VI. ELIMINATIONS FROM UNSATURATED B-HYDROXYSILANES (Continued)

Reaction Product(s)
Silane Conditions and Yield(s) (%) Refs.
R = AcO(CH,); KH, THF AcO(CH,){CH=CHCH=CH., (94) 282
E:Z =3:97
H;80,, THF 2 (88) 282
E:Z =973
C¢H;(CH,),CHOHCH=CHCH,Si(CH;); KH, THF CH;(CH,),CH=CHCH=CH, (74) 361
Ci
(CHy,Si 1. SOCl, ~CHn () 155
FoHu 2. (CHy) J:ﬂ_: @/‘\/
OH
Cu
n- CH,;CH,CH(CH,;)CHOHCH=CHCH,Si(CH,); KH, THF n-CH,,CH,CH(CH,)CH=CHCH=CH, (84) 361
Sl(CH:)! SnClL, CH.Cl, (0]
0 HO
> ™
n=7 n=7 (78) 361
C'I'l'
n=28 " n=2_8 (73) 361

¢ The Z isomer is the major product.

* The E isomer is the major product.

¢ The isomer distribution of the products is dependent on the method used for the preparation of the p-hydroxysilane. The first ratio quoted is for the
MgBr, method of preparation, while the second distribution is for the B(OCH,), method: see Table V.
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TABLE VII. FORMATION OF a,B-UNSATURATED CARBOXYLIC ACID DERIVATIVES

R! . R
2 1. Base, THF > {
S'>_ﬁn e piyd R
RSi 4
[0}
Silane
Carbonyl Reaction Product(s)
X R R! R? Compound Conditions and Yield(s) (%) Refs.
G
N CH, H (CH;, CH,CHO LDA, 0° CH,CH=CHCON(CH); (10)* 215
CH,CHO " C;H,CH=CHCON(CH;), (15} 215
(CH;),CO " (CH;),C=CHCON(CH;). (82) 215
UO ” UCHCON(CH,}: (82) 215
CH;CHO " C;H,CH=CHCON(CH;), (85)° 215
CiH;CH=CHCHO » C:H;CH=CHCH=CHCON(CH;); (89) 215
0 CH, H H go LDA (2 eq), 78 Of\co’ﬁ &0 212
1-CsH,,CHO " #-CsH, ,CH=CHCO,H 90) 212
E:Z = 3:2
o " 212
o Oty
CH.CHO " CH,CH=CHCO;H (88) 212
E:Z = 1:1
(0] CH; H CH; (CH;0),CHCOCH; LDA, -78° (CH;0);CHCH=C(CH;)CO,CH;  (35) 49

E:Z = 44:56
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TABLE VII. FORMATION OF «,B-UNSATURATED CARBOXYLIC ACID DERIVATIVES (Continued)

Sil
i Carbonyl Reaction Product(s)
R R! R? Compound Conditions and Yield(s) (%) Refs.
n-C;H;CHO 1.LDA, -78° n-CHyCH=CHCO,CH, (74) 4
2. MgBr, E:Z =98:2
3. H.O
4. BF;-OEt,, —80°
" 1. LDA, -78° . @) 4
2. MgBr; E:Z = 15:85
3. HMPA
CH,CHO 1. LDA, -78 C¢H;CH=CHCO.CH; (78) 41
2. MgBr, E:Z>99:1
3. H,0
4. BF;-OEn
o 1. LDA, 78 " (73) 41
2. MgBr» E:Z = 20:80
3. HMPA
(o} LDA, -78° CHCO,CH, 49
CH,OM cugo\')K/Y 70
CH,0 CH,0
E:Z = 57:43
CH=CHCHO n-CJHgli, —78° CH=CHCO,CH; (—) 205
H 0,CCH, H——0,CCH,
H 0,CCH, H——0,CCH,
CH,0,CCH, CH,0,CCH,
E:Z =1:1
CH; CHs go LiN(C¢Hyy),, —78° y\cozczns @1) 40, 198
OTBDMS 1. LDA, =78 OTBDMS (64) 81
Q/ 2. room temp
0 CHCO,C,H,
E:Z = 33:67
CHO LDA, -78° CH=CHCO,CH; (—) 453
H l H |
CH,COY CH,CO,
HO f Cts HO H
n-CsH,;,CHO 1.LDA, -78 n-CsH;,CH=CHCO,C;H; (65) 41
2. MgBr; E:Z =29:71
3. HMPA
go LiN(CeHyy ), —78° Oy\cozczﬂi ©95) 40, 198
0 KNI[Si(CHy)s):, —78° HCO,C,H; (60) 50
60 ;
’ E:Z = 8:92
0 LDA, 78 CO,CH; (84) 50
(B(OCH, OCH,
E:Z =72:28
o] 1. LDA, -78° CHCO,C,H, (68) 84
OTBDMs 2 "oom temp i _OTBDMS
E:Z = 14:86
-C;H,;COCH;, LiN(C¢Hy)), —78° +-C,H,C(CH;)=CHCO,C:H; (21)* 40
CH;CHO by C¢Hs;CH=CHCO-C;H; (84) 40,198
E:Z = 3:1
C¢H;COCH; h CgHs(CH,)C=CHCO,C,Hs (63) 40

E:Z=2:1



TABLE VII.

FORMATION OF a,B-UNSATURATED CARBOXYLIC ACID DERIVATIVES (Continued)

Carbonyl Reaction
Compound Conditions

Product(s)
and Yield(s) (%)

Refs.

9%l

Lyl

(o) LDA, -78°%

KN[Si(CH;)s)2, —78°

1.LDA, -78°
OTBDMS 2. room temp

LDA, 78

KN[Si(CH;);), —78°

n-CeH;;CHO LiN(CgHyy), =78°

LDA, 78

E )
lo} o

ﬂ*CQH;Li, -60°

3
3

oz
o m

LDA, —78%

C,H,CCH=CHCH, LiN(CsHyy),, —78°
Cyclododecanone

CHCO,C.H,  (86)

E.Z =11:89
CHCO,C,H; (85)

E:Z = 55:45

E:Z = 56:44
CHCOCH; (50)

i ~OTBDMS

E:Z = 8:92
CHCO,GH, (78)

(0]

5

E:Z =2:78

E:Z = 11:89
n-CgH,;CH=CHCO,C,H;

E:Z=1:1

CHCO,CH; (87)

%

E:Z = 10:9%
o CHCOGH, (=)

N
H H
CHCO,C H; (82)

3

E:Z = 33:67
CHCO,CH; (90)

0

Q

E:Z = 10:90

CeH;CH=CHC(C¢H;5)=CHCO,H;

E:Z=73

CHCO,H; (94)

§

50

40, 198

50

50

40, 198

40, 198
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TABLE VII. FORMATION OF a,B-UNSATURATED CARBOXYLIC ACID DERIVATIVES (Continued)

Silane

Carbonyl Reaction Product(s)
R R! R? Compound Conditions and Yield(s) (%) Refs.
(82) 40
X = CO,CH,
E:Z = 3:2
CH,S SCH, LDA, -78° CH,S SCH, @ 48
CH;; “CHO CH;y ~CH=CHCO,C;H,
CH=CH(CHz)r " CH;~=CH(CH,),C(SCH;)CH=CHCO» 48
C(SCH;),CHO CHs (92)* 5
(I)Si(CH,JzC,H.,-r (I)Si(Cl'I,),CJ-I,-r (76) 48
CH,CH(CH,),C(SCH,), CHO CH,CH(CH,),C(SCH,),CH=CHCO,
p-CH,;0CH,(CH;),C- " p-CH;0CH,(CH;,),C(SCH;),CH=CH-
(SCH;),.CHO COC;H; (%0)
OCH, OCH, @7 48
CHO CH==CHCO,C;H,
SCH, SCH,
SCH, SCH,
CH,0 LDA, -35° CH;0 =) 200
CHO CH=CHCO,C,H;
SCH, SCH,
SCH,
DMS DMS
‘ ‘ LiN(CeHyy),, —78° ‘ ‘ B0 19
ooy (e
1.LDA, -78° CO,CH; (47) 461
2. (NH,).80,, H,0
E:Z = 4:1
CH, H :‘-C,H-; i-C;H,CHO 1. LDA, -78° i-C3H,CH=CHCO,C;Hri (75) 41
2. MgBr; E:Z>9%:1
3. HMPA
LDA, -78° CHCO,CH,-i 49
CH_‘OM
CH,0
E:Z = 20:80
CD,C,H-,—: 49
M CH,0
CH,0
E:Z = 30:70
CH;, H +CH; CH,;CHO b CH;CH=CHCO,C;Hs-t (93)* 201
(CH;0),CHCHO " (CH;0),CHCH=CHCO,C,Hyt (63) 49
E:Z = 11:89 49
{CH!]ZCO v (CH;),C=CHCO,C;Hyt (53) 201
i-C;H,CHO ‘ i-C3H,CH=CHCO,C;Hs-t (66)* 201

CH;CH=CHCHO

CH;CH=CHCH=CHCO,CHst (78)°
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TABLE VII. FORMATION OF a,B-UNSATURATED CARBOXYLIC ACID DERIVATIVES (Continued)

Silane
Carbonyl Reaction Produci(s)
R R R Compound Conditions and Yield(s) (%) Refs.
(CH,0);CHCOC.Hen (CH,0):CHC(CHon}=CHCO,CHg-t 49
E:Z = 16:84 (19)
O’O UCHCO,C.H,-: (90) 201
CHCO.C,Hyt (60) 50
(6] (6]
E:Z=22:78
i OCHyt (63) 50
OCH, OCH,
E:Z = 13:87
CH.CHO : CoH;CH=CHCO,C.Hyt (75) 201
o) CHCOCHyt (T7) 50
e °
E:Z = 17:83
0 w CHCO.CH,r (77 49
CH’OM( CH,0
OCH, OCH,
E:Z = 12:88
CgH;CH=CHCHO " CH,CH=CHCH=CHCO,CHyt (58)¢ 201
o) CHCO,CH,t (87) 50
X ;
E:Z = 10:9
1. LDA, —78° (60)* 202
2. CF;CO-H, H,0
0 PO, X CHCO,H
" 52" 2w
(o] CHCO,H
0 LDA, —78% %co,c.u,-r (56) 50
E:Z = 18:82
1-CH,0,f sy 4
CH,0 X X CH0 AN X
CH,0 CH,0
E:Z = 2:98
OCHOCH, " OCH,0CH, @5 48
QCHO CH=CHCO,C H,t
SCH, SCH,

CH,S
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TABLE VII. FORMATION OF a,B-UNSATURATED CARBOXYLIC ACID DERIVATIVES (Continued)

Silane
Carbonyl Reaction Product(s)
R R! R? Compound Conditions and Yield(s) (%) Refs.
OCH, ! H, (71) 49
OCH, OCH,
0 CHCO,C Hy-t
E:Z = 10:9%0
)\(\rcrico,c.ﬂ,-r (46) 45
0
v
E:Z =23:1
CiHs H i-C;H,CH=CHCO,H; (—)r 42
(CHs), E:Z = 86:14
» (—)r 42
2.0° E:Z = 30:70
" LDA, TMEDA (2 eq), » (—)r 42
-78°
E:Z = 55:45
" LDA, HMPA (2eq), —78° 4 =)r 4«
E:Z = 36:44
” LDA, 12-crown-4, —78° " =r £
E:Z = 30:70
CeHs H i-C:H, ™ LDA, -78° i-C;H;CH=CHCO,C:H-i =)r £
(CH;); E:Z = 40:60
" LDA, HMPA (2eq), —78° u (—)yr+ 42
E:Z = 16:50
Aldehyde trimer (34)
C¢H;- H -C.H, » LDA, -78° i-C;H,CH=CHCO-CHg-t (—)r 42
(CHs); E:Z = 40:60
5 (-)- " v i-C3H,CH=CHCO,(-)-menthyl (—)r 42
(CH;s), menthyl E:Z = 86:14
C¢H;CH=CHCHO " CyH;CH=CHCH=CHCO:- (—)ye 42
(~)-menthyl
E:Z = 57:43
CH; H i-C;H,  i-C;H,CHO » i-C3H,CH=CHCOSC;Hri (51) 213
E:Z > 95:5
Uﬂ " O/chosch?-i (62) 213
CsHsCHO CHsCH=CHCOSC;Hri (65) 213
E:Z>95:5
CH, H +-CHy I:jo " (:/rCHCOSC.HrI () 213
CH,CHO " CeHsCH=CHCOSC.Hyt (73) 213
CsH:COCH; 1 C¢H;C(CH;)=CHCOSC,He-r (52) 213
E:Z>95:5
CH;, H CH,CgH; UO ” O¢CHCOSCH2C,,H, (49) 213
CH;CHO » C¢H;CH=CHCOSCH,C:H; (54) 213
E:Z >95:5
G
CH, (CH;),CO LDA CH, (93) 218
AN N
N N
=P
o Si(CH,), 0
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Ny

Silane
Carbonyl Reaction Product(s)
R R! R? Compound Conditions and Yield(s) (%) Refs.
0 C 218
o P
N
0
UO CJ{,\ (86) 218
N
o}
o
CHs, @7 218
i:: N
0
[o] Cﬁ,\ (36) 218
N.
Oy ;
C¢H;COCH; " C,,H,\ 43)° 218
N
o oH,
CH, CH; C;H; CH=CHCHO LDA, -78° CH=CHCH==C(CH,)CO,Hjs (65) 209
E:Z=2:T1
(CH;).CO " (CH,);C=C(CH;)CO,C;H; (84) 209
n-C;H,CHO " n-C3H,CH=C(CH,)CO,C;H; 67 209
E:Z = 25:75
i-C;H,CHO i-C;H,CH=C(CH;)CO,C,H; (60) 209
E:Z =10:9
Ua : _C(CH)CO,CH, (7T7) 209
n-CH;CHO n-C¢H,;CH=C(CH,)CO,C,H; (69) 209
E:Z = 25:75
OTMS B H/\rC(CI'UCOzC:H: (77
TMSO 0
| ¥°
W\ 0 E:Z=1:3
o "
OTMS
1. LDA, -78° 45
2. MgBr, E:Z = 37:15
CeHs CH;, GHs LDA, -78° " (43) 45
(CHa),
E:Z = 1:16
CHs CH;, -CH, l\]/\r—C(ClﬁCO:C‘Hrf (70) 45
i/0
all TMS now OH
E:Z=1:72
CH;,4 CH,S CH;, C;H,CHO CH,SCHLiSOCH;, CH,SCH(SOCH,)CH,C(CO,CH;)=CH- 204
| CH~C[Si(CH;);}, 78 C;Hs
‘|3H E:Z=1:1
CH,SO
C¢HCHO " CH,SCH(SOCH;)CH,C(CO,CH;)=CH- 204
GeHs (90)

E:Z = 100:0
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TABLE VII. FORMATION OF a,B-UNSATURATED CARBOXYLIC ACID DERIVATIVES (Continued)

Silane

Carbonyl Reaction Product(s)
X R R! Compound Conditions and Yield(s) (%) Refs.
C.H,CH=CHCHO CH,S(CH,SO)CHCH,C(CO.CH;=CH- 204
CH=CHCH; (71)
E:Z = 100:0
C,
o CHs CH; i-C;H;CHO LDA, —-78° i-C;H,CH=C(C,H;5)CO,Hs (55) 204
(CHs); E:Z = 18:82
CsHsCHO C¢HsCH=C(C;H;)CO;H;s (73) 204
E:Z = 20:80
o CH; —(CHy)— CH;CHO (CeHs),CLi, —78° o] 212
G
(o] CH; —CH,CH(CH;)}— (o] 212
35/\ (80)
G
0o CH; CH,= t-C;H,CHO CH~=CHC(Li}=CH,, CH==(IZH 47 204
=C[Si
cH,= S CH,=CCH,C(CO,CH)=CHC Hyt
CO,CH,, -78° E:Z = 0:100
CH:CHO # CH,=CH (74) 204
CH,=CCH,C(CO,CH,)=CHCH,
E:Z =12:1
CH,CH=CHCHO CH,=CH CO,CH, 45) 204
CH,=CCH,C=CHCH=CHCH
E:Z=1:3
G
CON(C,H,-i), CH.CHO 5s-C;HsLi, TMEDA, —78° CON(CHri), (44) + 220, 221
ccw,Sifj CHCH,
CON(CH-), an +
(CH,)Si CHOHCH,
CON —
(CHSi CHD, (—)
HO
CH; H
G
CH, . CH;CHO LDA, —78° QH’\N 5 (60) 219
T =
G Si(CHy, CH;A  “CHCH,
E:Z =1:1
CgHs " (33) 219
\/Tio E:Z = 6:4
(oh ; g 1 H Si(CH,),
p-O;NCH,CHO " C.H; (22) 219

~ (o]

Caﬂ;z :cuc,moz-p

E:Z = 1:2
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TABLE VII. FORMATION OF a,B-UNSATURATED CARBOXYLIC ACID DERIVATIVES (Continued)

Silal
= Carbonyl Reaction Product(s)
X R R! R? Compound Conditions and Yield(s) (%) Refs.
p " " n (68) 219
‘H’\N E:Z=1:2
” TWH
CeHs H Si(CH,),
0-CICgH,CHO " CQH,\ 29) 219
Ni
CsH;.H CeH Cl-o
E:Z = 0:100
" (17) 219
CeHls E:Z = 0:100
N
~1 [Si(CH
cHh i i(CH,),
p-(CH;);NCH.CHO s CHs__ (28) 219
N-
C,H,"H* zCHC,,H‘N{CH,}z
E:Z =1:1
Cells_ o] L " " (64) 219
AT_—_/L E:Z=1:1
: ™WH
CH R Si(CH),
o CH,3 C¢Hy(CH;), CH, (CH;),CO C¢HsMgBr, CuCl, Et,0, CH;CH,C(CO,CH;)=C(CH;), (73) 204
—15°, CH/~=C[Si-(CH,);}-
CO,CH,
CH:;CH=CHCHO " CeH;CH,C(CO,CH;=CHCH=CHCH; 204
E:Z = 3:7 (59)
-C;H,CHO i CsHsCH,C(CO,CH;=CHCO,CHy- 204
E:Z = 3:2 (54)
: 0 # : _C(CO,CH)CH,CH;  (40) 204
CH,CHO " CeH;CH,C(CO,CH3=CHCgH; (80) 204
E:Z =14
Cu
(0] CH, —CH,CH(CsH,5-n)— CH,CHO (CeH;)sCLi, —78° 0 212
(60)
35"’\
n-CHy
o CeHs- n-CgHyy CH;s n-C;H,CHO LDA, -78° n-CH,CH=C(CsH,r-n)CO,C;Hs =) 20
(CH; E:Z = 33:67
" 1. LDA, -78° » =) 09
2. H,O E:Z =12:8
6. BF;-OEt,
n-CH;;CHO LDA, -78° n-CeHy;CH=C(CH,n)CO,C;Hs  (62) 209
E:Z = 29:71

“ The yield is determined by GC analysis.

¢ No Z isomer is detected.

¢ These conditions are inferred from the text.

4 The isomer ratio is not stated.

¢ No specific yield is given but it is in the 60-80% range.
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TABLE VIIIL.

FORMATION OF a,B-UNSATURATED CARBONYL COMPOUNDS

R'. H — R' R
e )=
R’c": Si(CH,), R’(I'i‘ R
(o (o]
Silane
Carbonyl Reaction Product(s)
R' R? Compound Conditions and Yield(s) (%) Refs.
G
H Fe(CO)[P(CHs)- CH,0 n-CH,Li, —78° [(CHs):P](CO)(C:H,)FeCO- 51
(CsHs) CH=CHR
R=H (30
CH,CHO » R =CH, (88) E:Z = 2:1 51
CH,CHO " R=CH;, (THE:Z=2:1 51
CH;=CHCHO " R = CH=CH, (68)E:Z =3:2 5l
n-CH,Li ” R = CHyn (88) E:Z = 3:2 51
t-C.H,Li » R = CHyt (63)E:Z =100:0 51
Furfural ” R = 2-Furyl (78) E:Z = 3:2 51
C,H.CHO ” R = CH, (80) E:Z = 3:2 51
G
CH, Si(CH,), CH,CHO 1.LDA, 0° CH,CH=C(CH,)COSi(CH;); (82)° 44
2. =78
i-C;H,CHO ? i-CyH,CH=C(CH;)COSi(CH;); 44
(90
(E)-CH,CH=CHCHO » (E)-CH,CH=CHCH=C(CH,)- 4
COSi(CHy); (91)
n-CH,CHO n-C,H,CH=C(CH,)COSi(CH,), 44
(78)
s-CH,CHO " 5-C,H,CH=C(CH;)COSi(CHj;); 44
(&)
-CH,CHO LDA, 0° t-CH,;CH=C(CH,)COSi(CH,), 44
(72y
n-C;H,C=CCHO 1. LDA, 0° n-CH;C=CCH=C(CH,) 44
2. -78° COSi-(CH,), (78
CH,CHO " CH,CH=C(CH;)COSi(CH;); (84)" 44
G
H GH; i-C;H,CH,CHO (CH,):SiCHLiCH,,-n, —78° C,H,COCH=CHCH,C:H;-i (75)" 61
CH~=CHCH, Si(CH;), n-CH,CHO 1. LDA, 0° n-CH,;CH=C(C,H;-n)COSi(CH,), 44
2. =78 (80)
(o}
H n-CH,, -CH,CHO (CH,),SiCHLiCH,-n, —78°  n-CH,,COCH=C(C:H,,-n)CO- 61
Si(CHy); (75)°
(E)-n-C;H,CH=CHCHO % (E)-n-C;H,CH=CHCH=C- 61
(CH,-n)COSI(CHs);  (81)°
CH,,CHO QH11CH=C(C3H1|'")COSi(CH3)3 61
(88)°
CHCHO » C4H;CH=C(C,H,,-n)COSi(CHj), 61
o1
n-CH,;,CHO 2 n-CgH,;,CH=C(C;H,,-n)COSi(CH;), 61
(82)°
G
CH,CH, Si(CH); CH;CHO 1. LDA, 0° CH;CH=C(CH,C,H;)COSi(CHy), 44
2. =78 (84)



91

TABLE VIII. FORMATION OF «,B-UNSATURATED CARBONYL COMPOUNDS (Continued)

Sane Carbonyl Reaction Product(s)
R! R? Compound Conditions and Yield(s) (%) Refs.
CIO

H LiN[Si(CH,);];, —78° (95) 188

(CHy)Si i*ﬂi‘m
osicHy,

+-CHS

R = SUCH),
* No Z isomer is detected.

* The E:Z isomer ratio is not quoted.
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TABLE IX. NITROGEN-CONTAINING a-SILYL CARBANIONS
Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
G

[(CH;),Si],NH CH,CHO NaH, CH;, 70° (CH,),SiN=CHC(H; (61) 226
(CH,),CO ? (CH,),SiN=C(CiH,) (84) 226
(o] ! Si(CHy; (20) 226

o} NSi(CH,),
+-CH;NCO n-CH,Li, CH,, (CH;);SIN—=C=NCH;t (56) 356
p-CH,CH.NHSi(CH,); n-C,H;Li, THF, —78° 229

N~(cHy, N~(cu),
o NCH,CH,-p
CF, CF;
n=1 n=1 (74)
n=2 n=2 (69)
o

(CH;),SiCH,CN 040 LDA, Et,0, —78° UCHCN (73) 224
CH,CHO ” CH,CH=CHCN (77 224

E:Z=1:1
CH,CH=CHCHO ” C.H;CH=CHCH=CHCN (95) 224
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TABLE IX. NITROGEN-CONTAINING a-SILYL CARBANIONS (Continued)

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
[(CH,),SiJ:CHNCS CH.CHO 1. (CH,).NF, THF CH,CH=CHNCS (31) + 24
2. H,0 E:Z = 56:44  _
CJH, Si(CH),
(6)
O\H/NH
S
&
(CH;);SiCH,CH=NN(CH;), CH;CH=CHCHO LDA, THF, —-78° CH;CH=CHCH=CHCH=NN(CH3), (80) 236
n-CsH,,CHO ” n-CH,,CH=CHCH=NN(CH,), (93) 236
” 1. LDA, THF, -78° n-CH,,CH=CHCHO (9%4) 231
2. H,0, (COH),
Uo LDA, THF, —-78° Ucucn:m{cns)z an 236
" 1. LDA, THF, -78° UCHCHO (90) 231
2. H,0, (CO.H),
CH,CHO LDA, THF, —-78° CH,CH=CHCH=NN(CH,). (95) 236
C;H,COCH; n-CH,Li, THF, -78° 222
N \
O/J\ca,m(cn,), OJ\CH=C(CH,)R
R = CH; (80-95P E:Z = 96:4
i-C;H,CHO 5 R = i-GH, (80-95) E:Z = 85:15° s
C¢H;COCH,; ” R = CH; (80-95)* E:Z = 95:5° 222
O/m: * O/ (80—95)’ 222
E:Z = 95:5°
G .
[(CH,),Si].NCH=CHCH;, i-C;H,CHO (C.H,).NF, THF CH;CH=CHN=CHC;H,i (50) 230
(CH;).CO CsF, DMF, 80° CH;CH=CHN=C(C,H;), (30) 230
ﬂ\ (C.H,).NF, THF ﬂ\ (23 230
o~ “CHO o CH=NCH=CHCH,
CH;CHO CsF, DMF, 80° CH,CH=CHN=CHCH; (80) 230
CH;CH=CHCHO (C,H;).NF, THF CH,;CH=CHN=CHCH=CHCH; (29)° 230
CsF, DMF, 80° /N Cgﬂs (67 230
x
CeH,
(CH).CO CsF, DMF, 80° CH,CH=CHN=C(CH;), (80) 230
E:Z = 62:38
(CH,),SiCH(CH;)CH=NN(CH;), i-GH,CHO 1. LDA, THF, 0° i-GH,CH=C(CH,)CHO (88) 231
2. H;0, (CO.H),
(jo " O¢C(CH,}CH0 (90) 231
CH,CHO ¥ C¢H,CH=C(CH,)CHO (%) 231

E:Z =1:1
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TABLE IX. NITROGEN-CONTAINING a-SILYL CARBANIONS (Continued)

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
(CH,),SiCH(CH;)CH=NCH;t  OHC._.~ 1. s-CH,Li, THF, —-78° OHC (80) 233
2. NaOAc, AcOH, H,0
TBDMS 3. §i0,, CH.Cl, e
DMS
s
OCH,
S
e
OCH;§
1. LDA, THF, -110°  OHC (82) 234
2. -78%° |
3. 8i0, g
4. Py-HQ1, CH,CL,
MEM
(C;H,),SiCH(CH;)CH=NC H,-t OTBDMS  s-CH,Li, THF OTBDMS (77) 235
C
GH,CH[SIC;H,(CH,),]CN CH,CHO LDA, THF, ~78° CHCH=C(CH,)CN (98) 23
CH,CH[SiC,Hy(CH;),]CN CH,CH=CHCHO " CH,CH=CHCH=C(C;H,)CN (91)* 223
(CH;),CO ” (CH,),C=C(C,H;)CN (92)* 223
C,H,COCH, " CH,C(CH;)=C(CH;)CN  (95)* 223
o Oy = =
CH,CHO ” CH,CH=C(CH,)CN (98)’ 223
CH:COCH,; 3 CéHy(CH;)C=C(C;H;)CN  (98)* 23
o] ” C(CH)CN  (93) 223
x N
n-C;H,CHISICH,(CH;).]CN CH,CHO . CHCH=C(CH-n)CN (97)¢ 223
C.H,(CH,),CH[SiCH;(CH;),]JCN ” ” CH,CH=C(CH,CH,)CN (92) 223
G
Z (CHy).CO LDA, THF, —70° F ' 96
L 0
N~ " CH,Si(CH,), N~ “CH=C(CH,),
L LadD” ”“
SN-SCH
CH,CHO ” 7 I (19 9%
NN-"“CH=CHCH,
E:Z =2:3
CH;COCH, ” (l (67) 9%
NN-"NCH=C(CH,)CH,
CHCH=CHCHO " (j\ (53) 9%
NN~ CH=CHCH==CHCH
(GH,),CO ” 7 | (70) 96
o

N~ SCH=C(CH,),

* The E:Z isomer ratio is not given.
® The exact yield is not given.

¢ The isomer ratio is determined by GLC analysis.

¢ The yield is from GLC analysis.
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TABLE X. SuLFUR-CONTAINING a-CARBANIONS

X\ /YR’ st /Y 3
1. Base
5 2 RR'CO l>=< 4
(CH,,Si R R R
emiod Carbonyl Reaction Product(s)
X Y R R! Compound Conditions and Yield(s) (%) Refs.
G
—* — CH; H CH;CHO n-CHglLi, THF, 0° C¢H;CH=CHSCH; (64) 3
E:Z =1:1
(C¢H;),CO i (C4Hs),C=CHSCH; (56) 3
C¢H;CON(CH,)s " C¢Hy[N(CH,)s]C=CHSCH; (72) 243,244
E:Z = 87:13
= — Gy H CH:0 i CH~=CHSGCH; (65) 157
" n-CiHgLi, TMEDA, CH,,, 0° " (63) 157
CH;CHO n-CiHoLi, THF, 0° CH;CH=CHSCH; (58) 157
E:Z~1:1
(CH,),CO ” (CH;),C=CHSCH; (50, 62) 157,239
E:Z~1:1
CH/~=CHCOCH, ¥ CH=~CHC(CH;)==CHSCH; (71) 242
n-CH,CHO " n-CHyCH=CHSCH; (67) 157
E:Z~1:1
CH;CH=CHCOCH, » CH;CH=CHC(CH;=CHSCH; (95) 242
i-C3H,COCH; " i-CyH,C(CH;)=CHSC:H; (68) 157
E:Z~1:1
(CHs),CO ™ (C;H;),C=CHSC,H; (1) 157
E:Z~1:1
OﬁO v gCHSC,H, (60) 157
(CH;),C=CHCOCH; ¥ (CH;),C=C(CH;)}=CHSC.H; (85) 242
n-CgH,,CHO " n-CsH,\CH=CHSCH; (63) 157
E:Z~1:1
i n-CHoLi, TMEDA, CiH,,. 0° 2 (71) 157
E:Z~1:1
: -0 n-C,H,Li, THF, 0° : ~CHSCH, (65) 157, 239
" n-C.HLi. TMEDA, CeH,,, 0° " (68) 157
t-C;H,COCH;, n-C,H,Li, THF, (° t-CsHoC(CH;)=CHSC¢H; (55) 239
E:Z =2:3
0 " CHSCH, (75, 90) 239, 242
CH;CHO # CeHCH=CHSCH; (M) 157,239
E:Z=1:2
o n-CH,Li, TMEDA, CH,,, 0° " (74) 157
E:Z-~1:1
C¢HsCOCH; n-C,HsLi, THF, 0° C¢H:C(CH;)=CHSC.Hs (63) 157
E:Z~1:1
» n-C.HsLi, TMEDA, CH,,, 0° ki (69) 157
E:Z~1:1
0 n-CH,Li, THF, (° CHSCH, (100) 242
n-C;H,;;CHO " n-C;H,sCH=CHSC¢H; (64) 157
E:Z~1:1
0 ” CHSCH, (90) 242
Adamantanone b CHSCH; (80) 239
(CsH;).CO = (C¢Hs);C=CHSCHs (82) 157
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TABLE X. SULFUR-CONTAINING a-CARBANIONS (Continued)

Silane

CHC(=CH,)CH(CH;)CH,SCH; (13)

Carbonyl Reaction Product(s)
X Y R R! R Compound Conditions and Yield(s) (%) Refs.
HCON(CH;), " (CH;);NCH=CHSC¢H; (64) 243,244
E:Z = 100:0
1-C;HyCON(CHy), " (CH;),NC(C:Hy-1)=CHSCgH; (40) 243,244
E:Z = 20:80
CgH;CON(CH;), (CH,);NC(CgHs)=CHSCcH; (44) 243,244
E:Z = 9%:4
C¢H;CON(CH,), " (CH),N C(Csl;s))=c HSCgH; (87) 243,244
E:Z = 80:
CsH;CON(CH,)s (ng)ZsNC(%%PCHSCJ'Is (55)° 243,244
:Z = 100:
— —  CHs H SCH;  n-CH;,CHO LiCyyHy, THF, -78° n-CsH,,CH=CHSC¢H; (75) 157,241
EZ~1:1
UO UCHSC,Hj (61) 157, 241
CeHsCHO CeHCH=CHSC¢H; (70) 157,241
E:Z~1:1
(C¢Hs),CO " (C4Hs),C=CHSCeH; (73) 157,241
— — CH,£  CH SCH;  n-CH,CHO " n-C{HyCH=C(CH;)SC,H; ©) 157
E:Z~1:1
CeH,CHO CeHCH=C(CH,)SC,H; (64) 157,241
E:Z~1:1
— — GHs CH;s H n-CH,CHO CH~C(SC¢H;)[Si(CH;)3], CHC(SCH =CHC, Hy-n (60) 157
CH;Li, TMEDA, Et,0 E:Z~1:1
C¢H;CHO ¥ ngsc(scsﬂs)"‘CHCbHs (65) 157
1 Z2~1:1 .
— —  CgHs n-CH, SCHs CH,0 LiC,oHs, THF, —78° CH;~=C(CHqn)SCH; (71) 157, 241
n-C;H,CHO " n-CH;CH=C(C,Hy-n)SCHs (58) 157,241
E:Z~1:1
UO (jC((',‘.l'l.,-i'z)SC,,I'ls (51) 157, 241
CgH;CHO CH,CH=C(C,H¢-n)SCH; (66) 157,241
E:Z~1:1
(CeH;),CO " (CeHs):C=C(C.Hy-n)SCHs  (61) 157, 241
— —  CgHs n-CsHy; H CH,CHO CH~=C(SC¢H;)[Si(CH;)s]. CHyCH=C(CsH,,-n)SC¢H; 47n 157
n-C,H;Li, TMEDA, Et,0 E:Z~1:1
n-CH;CHO n n-CHyCH=C(CH,;-n)SCsH; (52) 157
E:Z~1:1
UO UC{C,H,,-:I)SC,H, (50) 157
CeHCHO # CéHCH=C(CsH,,-n)SC¢Hs (61) 157
E:Z~1:1
C4H;COCH, Cslgs(ma)c=c(cs“u'”)scsﬂs 43) 157
&~ 1:1
- — GHs CeHs H CH,0 n-g:l'lol-i. TMEDA, C¢Hty, CHy=C(C¢Hy)SCeH;  (71) 157
n-C;H,CHO n-C;H;CH=C(C¢H;)SCH; (63) 157
(jo O’C(C.H,}SC‘H, 47 157
CH,CHO " CH,CH=C(CH,)SCH; (53) 157
— — GCeHs CHCH, H n-CH;CHO CH=C(SC¢H;)[Si(CH;)s], n-CHyCH=C(CH,;C¢H;)SC¢Hs (49) 157
CsHiLi, TMEDA, Et,0 E:Z~1:1
CHCHO CsHCH=C(CH,C¢H;)SC¢Hs (s1) 157
E:Z~1:1
CH; — CH, H H CH,COC,H; KOCHyt (2 eqg), DMSO C,HC(=CH,)CH(CH;)CH,SCH; (25) 247
i-C;H,COCH, KOC,H¢r, DMSO CH;C(=CH,)C(CH,),CH,SCH; (78) 247
(C:H;s),CO " (C,H;),C=CHS(CH;);'I- (9) + 247
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TABLE X. SULFUR-CONTAINING a-CARBANIONS (Continued)

Silane

Carbonyl Reaction Product(s)
R R! R® Compound Conditions and Yield(s) (%) Refs.
o " CH, (19) 247
O o
CHS(CH),I" (12) 247
CH,
CH, @n
. @ﬂl}ﬂ‘,
i-C;H,COCH; KOCHyt (2 eq), i-CHyC(CH;)=CHS(CHy)y 1= (9) + 247
IEMSO Cli;‘i(ﬁﬂz}m(cﬂrt)CHzSCH; (6)
(o} Z CHS(CH,),'I” (9) 247
-C.H, -C.H,
CH,SCH; (18)
+
1-C,H,
(CeHs);CHCOCH; KOC.H,-t, DMSO (CJHs);CHC(CH,=CHS(CHy), 1= (24) 247
(CsH5);CHCOC,H; © C;H;C(=CH;)C(C:H;);CH,SCH;  (23) 247
247
@
i(CH,),SCH
CeHs H CH~CHCHO n-CHLi, THF, - 70° CH~=CHCH=CHSOCH; (67) 245
E:Z =1:1
-CH;Li, THF, -70° ” (72) 245
E:Z =1:1
i-C;H,CHO n-CHLi, THF, -70° i~CyH,CH=CHSOCH; (30) 245
E:Z=1:2
" t-C;HoLi, THF, -70° » (66) 245
E:Z = 0.8:1
0 CHSOCH, (24) 245
o} n-C,HLi, THF, —70° CHSOCH; (66) 245
y +-CH,Li, THF, -70° " (67) 245
CH,CHO n-CH,Li, THF, —70° CsH;CH=CHSOCH; (87) 245
E:Z=1:1
t-C.H;Li, THF, -70° - (81) 245
E:Z =2:1
C¢H;CH=CHCHO n-CH;Li, THF, —70° C¢H;CH=CHCH=CHSOCH; (70) 245



TABLE X. SuULFUR-CONTAINING a-CARBANIONS (Continued)

Silane

Carbonyl Reaction Product(s)
X Y R R! R% Compound Conditions and Yield(s) (%) Refs.
Adamantanone t-C,H,Li, THF, —70° MCI-ISOC&H5 (82) 245
(CeHy),CO n-C,H,Li, THF, -70° (CeH;),C=CHSOCH;s (72) 245
L -C H,Li, THF, —70° " (75) 245
(o] —  CH.- H (CH,),CO n-CHoLi, THF, -90° (CH,),C=CHSOCH,CH;-p (15)¢ 246
CHyp *
’ n-C;H,CHO n-C;H,.CH=CHSOCH,CH;-p (62) 246
E:Z =121
i-C;H,CHO i-C3H,CH=CHSOCH,CH;-p (55)¢ 246
3 E:Z=1:1
= i-CH,CHO i-C,H;CH=CHSOC/H,CH;-p (58) 246
E:Z =1.1:1
1-C;H,CHO i-C{Hy;CH=CHSOCH,CH;-p (504 246
E:Z~0:100
GH;CHO C¢H;CH=CHSOC.H,CH;-p (65)¢ 246
E:Z =2:1
CH,,CHO CH,,CH=CHSOCH,CH;-p (60) 246
E:Z =1:29
(o] 0 CHs H H CH,0 n-C,H,Li, THF, 0° CH~CHSO,CH; (87) 157, 250
CH;CHO " CH,;CH=CHSO,C¢H; (81) 157,250
E:Z~1:1
(CH;),CO "’ (CH;),C=CHS0,C¢H;s (75) g 250
i, DME, —78°
0 mhos ) )
o N0 o A eusoch,
E:Z =3:4
i-C;H,CHO i-C3H,CH=CHSO,CH; (70) 251,253
E:Z =3:5
(CH;),CHCH,COCH; " (CH;0),CHCH,C(CH;)=CHSO,C¢H; 251, 253
g E:Z = 1:1 (65)
n-C;Hy,CHO n-C,HyLi, THF, (° n-C,;H,CH=CHSO,CH; (85) 157,250
E:Z~1:1
n-CH,Li, DME, 0° " (89) 157
E:Z~1:1
(C;Hs),CO nCJ-lng THF, 0° (C;Hs),C=CHSO,CH;s (60) 157, 250
E:Z =1:3
OSi(CH,),C, Hy-t 0Si(CH,),C,Hy-t (74) 253
CHSO,CH,
E:Z = 1:1
(E)-CH,CH=C(CH;)CO- CH;CH=C(CH,)C(CH,)=CHSO,C¢H;s 253
CH, E:Z =2:1 (87)
n-CsH,,CHO n-C,H,Li, THF, 0° n-CsH,;CH=CHSO,CH; (73) 157,250
E:Z~1:1
= n-CHyLi, DME, 0° ” (1) 157
b E:Z~1:1
(o] n-C,H,Li, THF, (° CHSO,CH; (51) 157, 250
o CHSO,CH, (83) 157, 250
» n-C,H,Li, DME, 0° " (86) 157
» n-CHyLi, DME, —78° " (92) 251, 253
C¢H;CHO n-C,HgLi, THF, 0° C¢HsCH=CHSO,C¢H; (79) 157,250
E:Z~1:1
n-C¢HqLi, DME, 0° " (83) 157

E:Z~1:1
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TABLE X. SuLFUR-CONTAINING a-CARBANIONS (Continued)

Sitape Carbonyl Reaction Product(s)
R R! R Compound Conditions and Yield(s) (%) Refs.
o} n-C;H;Li, DME, -78° CHSO,CH, (81) 251, 253
E:Z=1:1
(o} " CHSO,C,H; (84) 251, 253
o 6]
E:Z =1:1
\, FHO \, LHSO,CeH 92) 251,253
OSi(CHy),C Hyt OSi(CH,),C,Hyt
E:Z = 100:0
C.H;COCH, n-CHLi, THF, (° C¢HsC(CH;)=CHSO,CH; (68) 157,250
E:Z~1:1
n-C;HqLi, DME, -78° (50) 251,253
CH,0,C 0" INe© CH,0,C 0 N\ CHSOCH;
H H H H
E:Z=1:1
(C¢H;).CO n-C.HsLi, THF, 0° (C¢H4);C=CHSO,C¢H; (71) 157,250
n-C;H;Li, DME, -78° 251,253
®5),
C/H,SO,CH
E:Z =1:1
CeHs CH, CH,0 n-CHsLi, THF, 0° CH/~=C(CH;)SO,CcH; (64) 157, 250
CH,CHO " CH;CH=C(CH;)S0,C¢H; (48) 157,250
E:Z~1:1
n-C,H,CHO u n-CHyCH=C(CH;)S0.C¢H; (35) 157,250
E:Z~1:1
" n-C,H,Li, DME, 0° " (44) 157
E:Z~1:1
0 n-C,H,Li, THF, 0° C(CH,)SO,CH, (32) 157, 250
¥ n-C¢HoLi, DME, (° i (39 157
CgH;CHO n-CHLi, THF, 0° CsH;CH=C(CH,)SO,C;H;s (74) 157,250
E:Z~1:1
" n-CH,Li, DME, 0° * (78) 157
E;Z =11
(CH;),NCHO n-C,H,Li, THF, 0 (CH;),NCH=C(CH;)SO,C.H; (42) 242
E:Z = 100:0
(CH,)sNCHO (CH,)sNCH=C(CH,)SO,C¢H: (24) 242
E:Z = 100:0
CeH; n-CsHy, (CH;),CO n-C;H,Li. THF, 0° (CH;),C=C(CsH,;-n)SO,CeHs (349 157
n-C;H;CHO " n-C;HyCH=C(CsH,-n)SO,C4Hs (40) 157,250
E:Z~1:1
" n-C;HsLi, DME, 0° " (42) 157
E:Z~1:1
o} n-C;H,Li, THF, 0° C(CH,,-n)SO,CH;  (19) 157, 250
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TABLE X. SULFUR-CONTAINING a-CARBANIONS (Continued)

S Carbonyl Reaction Product(s)
X Y R Compound Conditions and Yield(s) (%) Refs.
" n-C,;H,Li, DME, (0° " (23) 157
CgH;CHO n-CHyLi, THF, 0° CgHCH=C(CsH,;-n)S0,C¢Hs (66) 157,250
E:Z~1:1
o 0O GHs CH,0 CH~C(CgH;)S0,C;Hs (70) 157,250
n-C;H,CHO n-C;HyCH=C(C¢H;)S0,CcHs (61) 157,250
E:Z~1:1
0TT C(CHJSOCH, (23) 157, 250
" n-CHqLi, DME, 0° " (25) 157
C¢H:CHO n-C/H,Li, THF, (° CgHsCH=C(C4H;)SO,C¢Hs (82) 157,250
E:Z~1:1
C¢HsCOCH, C¢HC(CH;)=C(CHs)S0,CHs (65) 157,250
E:Z~1:1
HCON(CH;), " (CH,);NCH=C(CH;)SO,CHs (42) 244
E:Z = 100:0
HCON(CHz)s (CH,)sNCH=C(C¢Hs)S0;C¢H; (81) 244
E:Z = 100:0
C,H,.CHO 1. n-C,H,Li, THF 254
2. HMPA
CHCH,; (—)
Si(
i(CH,), i
S0, E:Z=1:1
n-C;HyCHO 254
CHCHyn (—)
50,
E:Z=1:1

* R? is a group which is displaced to form the alkyllithium.

b No group is attached at this position.
¢ The yield is determined by NMR.

< This is the overall yield from the sulfoxide including the silylation step. Deprotonation for this latter step is achieved with LDA in THF at —90°.
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TABLE XI. SELENIUM-CONTAINING a-SILYL CARBANIONS

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
G
(CH,);SiCH(SeCH.), n-C,;H,CHO n-CH,Li, THF (CH,),Si OH (CH,),Si OH 257
H-% H + CH,Se~ b ~H
CH;Se  CH,n H CyHyn
35:65 (54)
G
(CH;),SiC(CH;)(SeCH3), n o (CH),Si OH (CH,),Si OH 257
CH; 4~ bH +  CH,Se H
CHSe  CyHy-n CH, CypHyn
60:40 (50)
(CH,);8iC(CH;)(SeCéHy), o] e CH, 256
SeC.H; 40
n-CH;CHO ” n-CH;CHOHC(CH,)(SeCH;s)Si(CH;);  (40) 256
n-C,H, CHO ” n-C,H,,CHOHC(CH;)(SeCH,)Si(CH,); (50) 256
n-CH,,COCH, 2 n-CHsCOHC(CH;)(SeCeH;)Si(CH;); (35) 256
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TABLE XII. PREPARATION OF VINYL SELENIDES

Reaction Product(s)
Silane Conditions and Yield(s) (%) Refs.
Ce
(CH,),Si OH KOCH,~t, THF, 55° CH,Se CioHyn (74) 257
SOl W H
CH,Se CyH, -
(CH,),Si OH CH,Se H (78) 257
H-Z ™ bCyoHy- -
CHSe H W H Cyoty-n
Cu
(CH,),Si OH ™ CH,Se CoHyn (89) 257
CH,- ~H CH,>_<H
CHSSe CyH,-n
(CH,,Si OH - CH,Se. H (70) 257
CHJ' H"CmHm-ﬂ CH]: :Cm'ﬂz;"ﬂ

CH,Se
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TABLE XIII.

FORMATION OF VINYLSILANES

(CH,);Si_ R' (CHy.Si, R’
(CH,),Si R? R" R
Silane Carbonyl Reaction Product(s)
R! R? Compound Conditions and Yield(s) (%) Refs.
o
H H CH;O -CH,Li, THF, HMPA, —-78° (CH,),SiCH=CH; (45) 170
CH=CHCHO n-CJHLi, TMEDA, Et,0. (CH,),SiCH=CHCH=CH, (13) 103
n-C;H,CHO -C.H;Li, THF, HMPA, -78° (CH,),SiCH=CHC,H-n (25)" 170
C¢H,CHO " (CH;),SiCH=CHCH; (70) 170, 259
E:Z = 1.4:1
CH,CH=CHCHO » (CH,),SiCH=CHCH=CHCH; (37) 170
E:Z = 14:1
(CH,):CO . (CH,),SiCH=C(CHs), (65) 170, 259
H SCH; LiC,H;, THF, —78° (CH,),SiCH (0) 241
CH,CHO » (CH.),SiCH=CHCH; (72)° 241
(CH,).CO » (CH;);SiCH=C(CH;):  (63) 241
G
CH, SCH; CH,0 (CH,),SiC(CH:)=CH, (71) 241
CH;CHO ” (CH,),SiC(CH,)=CHCH; (69)° 241
(GH;).CO (CH,),8iC(CH;)=C(CHs):  (57) 241
G
n-C.Hj SCH; H.CO " (CH,):SiC(C.Hyn)=CH, (73) 241
CH,CHO " (CH,);SiC(CHy-n)=CHCH;  (62)° 241
” (n-CH,),SnLi, THF, —78° v (74) 164
(CeHs),CO LiCyH,, THF, —78° (CH;):SiC(CHy-n)=C(CHs),  (48) 241
G
n-CHy, H CH,0 [(CH,)Si,C=CH;, n-C;H,Li (CH,):SiC(CsH,-n)=CH, (73) 240, 259
CH,CHO " (CH;),SiC(C:H,y-n)=CHCH;  (66) 240,259
E:Z = 5:6
s-CH,CH; H CH,0 [(CH:):Si},C=CH, s-CH,Li (CH:):SiC(CH,C.Hys)=CH, (64) 240, 259
+-C.;H;CH; H CH.O [(CH.),Si],C=CH,, +-CH,Li (CH;):SiC(CH,CH,t)=CH, (71) 240, 259
CH,CHO H (CH5),SiC(CH,CHy1)=CHCH; (64) 240, 259
E:Z = 5:7
CHCH=CHCHO ~ (CH:),SiC(CHy-j=CHCH=CHCH; (61) 240, 259
E:Z =2:5
&)
CeH; SCHs CH,0 LiCyoHy, THF, —78° (CH;):SiC(CsHs)=CH, (66) 241
G
CHCH, SCH; CH,CHO (n-C.H;),SnLi (CH,):8iC(CH,CHs)=CHCH;  (76)" 164
Cll
-CHy(CHj)CH H CH,0 [(CH,):8i,C=CHCH,t, CHLi  (CH,):SiC[CH(CH;)CH,-f]=CH, (81) 240

* The E:Z isomer ratio is not given.
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TABLE XIV. PHOSPHORUS-CONTAINING a-SILYL CARBANIONS

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
G
0,0,p-(1-C,H,),CH,PHSi(CH,), 0,0,p-(-C;H,),CH,PCO 1. r-C;H,Li, Et,0 CHy-t (35) 266
2. (CH,),SiCL P+C
2
t-CH, C.Hyt
C
(CH,),SiCH,P(CH;), CH,CHO n-CH,Li, THF, 0° (Cé—l%zPCH=CHC,,H, (53) 3
:Z=1:1
i - (GH;),CO & (C4H;);,PCH=C(CHs), (65) 3
(CH,),8iCH,P(C¢Hs)s 1 (CH;),CO CHiLi (CJ'Is):C=C=C(C\«.Hs)z* (20-35) _ 262
(CH,);Si(CH=P(C:H,); CH~=CHCOCH, Et,0, —63° FCHC(CH,)=CHF(C,H,),-O_Si(CH,), (50)° 263
CH,;CH=CHCHO " CH;CH=CHCH=CHP(CH;); OSi(CH,); (86)" 263
CH;CH=CHCH=CHP(C¢H;);-OSi(CH;), 263
CH.CH=CHCHO " (100)
CH,CH=C(CH;)CHO ” CJi,Qi—C(QH,)CH—CPIP{QH,J; 081(CI-(13)3). 263
<5
(CH,):SiCH,PS(CHs), (CH;5).CO n-CHsLi, THF, 0° (CHy),PSCH=C(C{Hy), (80) 3
(CH;),SiCH,PO(OCH,), CHO ” CH=CHPO(OCH,), (—) 264
0 >< o] ><
0 o]
E:Z =1:1
CHO » CH=CHPO(OCH,), (—) 264
N :
o} o]
°X X
o (0]
E:Z =2:1
(CH;);SiCH,PO(OC;H). (CH,).CO n-CH,Li, THF (C.H;0),POCH=C(CH,). (55) 239
i-C;H,CHO ® (C;H;0),POCH=CHC;H-~i (92) 239
E:Z=1:24
O/CHzPO(OCsz]z (=)
CH,CHO o OCH_CHCsHs (63) 239
0 C:(-IPO(O(‘,ZH_,’)2 (42) 239
(CH;),CO (CszOhPOCH“"C(CsHs)z (83) 239
Cs
(CH,):SiCH.CH(C;H)PO(CH,), CH,CHO n-CH,Li, THF, -50° (CH);POCH(CH;)CH=CHCH; (—) 98

“ The yield is determined by NMR spectroscopy.
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TABLE XV. REeAcTIONS OF OXYGEN-CONTAINING a-SILYL CARBANIONS

Reaction Product(s)
Silane Conditions and Yield(s) (%) Refs.
C
(CH,),SiCH,0GH, s-CH,Li, THF, —78° HO, ,CH(OCH,)Si(CH,); (73) 276, 277
" HO, ,CH(OCH,)Si(CHy), (65) 27
C:H,; CHO b C¢H,,CHOHCH(OCHS,)Si(CH;); (80) 276, 277
Adamantanone ” HO 217
CH(OCH,)Si(CH,); (89)
i CHOH(I:HOCH, 85) mn
T™S
” (89) 277
CH(OCH,),Si(CH,),
0 OH
|
/\ /\
™ H(OCH,)Si(CH,), (73) 278
o HO 0
[0}
H !
H
90 " 90 T
CHO CHOHCIIHOCH,
T™MS
G
C,H,CH(OCH;)Si(CH,); CH;CHO n-C;HLi, THF, 0° CH;CH=C(OCH,)CH; (83) 279
i n-CH,Li, HMPA, 0° "o (41)° 279

¢ The product is a mixture of isomers.
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TABLE XVI. ELIMINATION OF B-HYDROXYSILANES TO GIVE VINYL ETHERS
Reaction Product(s)
Silane Conditions and Yield(s) (%) Refs.
(o
HO KH, THF, 60° CHOCH, (85) 276, 271
O\CH(OCH,}SE(CH,), U
i(CH,), NaH, DMF OR 30
C
OH
R = CH; R = CH; (>98)
R = CH,SCH, R = CH;SCH; (90) 74
C
i(CH,), KH, THF OR 74
“OR
OH
R = CH, R=CH, ()
R = CH,SCH, R = CHSCH; (—) 74
HO.__ CH(OCH,)Si(CH,), i CHOCH, (79) 277
O/CHOHCH(OCH,)Si(CH,), O/CH=CH0CH, 95)° 276, 277
HO 2 CHOCH, (87) 276, 277
@cmocﬂ,)su(:ﬂ,}, g
)@/CHOHCH(OCH,)SKCH,), ” WCH=CHOCH3 (70)° 277
b (86)" 276
CH(OCH,)Si(CH,),
OH CHOCH,
| ]
Cis
CH(OCH,)Si(CH,), KH, THF, 0° CH,OCH /> (85) 278
HO
0
(o]
] H
H
CI?
KH, THF, 60° 277

‘ ‘ CHOHCH(OCH,)Si(CH,),

QO CH=CHOCH,

e

“ The product is a mixture of isomers.
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TABLE XVII. OTHER MISCELLANEOUS «-SILYL CARBANIONS CONTAINING A HETEROATOM SUBSTITUENT

Carbonyl Reaction Product(s)
Silane Compound Conditions and Yield(s) (%) Refs.
C
(CH;),SiCH,Sn(CHy-n), CH,CHO KDA, THF, —-78° CH,CH=CHSn(C.H;-n), (35) 260
E:Z = 55:45
(CH,),SiCH,B[OC(CH,),), 0 LiTMP, THF, 0° [OC(CH,),), (87) 280
CH;CHO # CH;CH=CHB[OC(CHs),}, (84) 280
E:Z =1:2
n-CH,;CHO ” n-C¢H,;CH=CHB[OC(CH,), (73) 280
E:Z =1:2
(n-CH,),CO " (n-CH,),C=CHB[OC(CH,):} (74) 280
(CH,),SiCH,BMes, CH,CHO 1. MesLi, THF CH;CH,CHO (95) 283
2. H;0,, NaOH
(CH,).CO MesLi (CH):C=CHSI(CH;); (55) + (CHy),C=CH- 283
BMes, (45)°
(CH,);SiCHIL, CH,CHO 1. CGH,Li, THF CH,CH=CHC¢H; (36) 272
2. CHiLi E:Z ~0:100
e 1. CH.Li, Et,O, —60° HO Si(C(Hy), n
2. CH,0H, —65° CH 1 (41)
"H5H H

“ The product is isolated as the aldehyde after oxidative workup.
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TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS

B% W R'X, R
—— —
R-,SiXR) 2. ®'R'co ng,\f :R’
Silane
Carbonyl Reaction Product(s)
X Y R R! R? R? Compound Conditions and Yield(s) (%) Refs.
o
Co, Si CH;, CH; (CHs)s H LDA, THF, -78° T™MS (15)° 45
I TMSO, ,-\ro %COZCH;
N\, (o) ;
E:Z = 3:1
TMSO

Co, Si +CH,; CH, (CH;)s H CH,O CH=CI[Si(CH,);]CO,CHyt (35) 286
CH,CHO CH;CH=C[Si(CH;);JCO,.C.Hsr (58) 286
C;H,CHO C;:,CH=C[Si{CH,);]C0;CJ{9-: (51) 462

:Z = 1:1
" o 2 91) 46

E:Z=1:2
KDA, THF, -78° # (78) 46

. E:Z = 1:1
1. LDA, THF, -78° " (94) 46

2. MgBr;-OEt; E:Z =2:1
1. LDA, THF, -78° " (75) 46

2. (G;Hs)AIQ E:Z =1:12
(E)-CH;CH=CH- LDA, THF, -78° (E)-CH;CH=CHCH=C][Si(CH,);}- 286
CHO CO,C.Hyt (85)%<
i-C4H,CHO -C3H,CH=CSi(CH;);]CO,C.Hy-t 286
(74)
" (82) 46
E:Z = 1:6.5

KDA, THF, -78° ” (82) 46

E:Z <1:100



TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)

261

£6l

Carbonyl Reaction Product(s)
Compound Conditions and Yield(s) (%)
" 1. LDA, THF, - 78° ” (82) 46
2. MgBT:'OEl; E:Z = 3.5:1
™ 1. LDA, THF, -78 " (82) 46
2. (C:HshAICI E:Z = 4:1
+-C;H,CHO LDA, THF, -78 -CHCH=C[Si(CH;);]JCO.Hs-t (51) 46
E:Z <1:100
" KDA, THF, -78° = (84) 46
E:Z<1:100
" 1. LDA, THF, -78° " (93) 46
2. MgBr,-OEt; E:Z =1:30
" 1. LDA, THF, -78° ” (81) 46
2. (C;Hs)AICI E:Z = 9:1
CH, CHO LDA, THF, -78° CHsCH=C[Si(CH;);CO,C:Hy-t (65 286
" " " (88) 46
E:Z =1:94
- KDA, THF, -78° " 1) 46
E:Z=1:17
1. LDA, THF, -78° » (83) 46
2. MgBl'z'OEtz E:Z =1:34
2 1. LDA, THF, -78° " (84) 46
2. (CH;)AICI E:Z = 2.5:1
CH;0 LDA, THF, HMPA, CH;=C[Sn(C;Hy-n);]JCO,C;Hst (26) 287
-23°10 -78°
n-C;H,CHO " n-C;H,CH=C[Sn(CHy-n);]CO,C,Hq-t 287
E:Z = 46:54 (51)
i-G;H,CHO " i-C3H,CH=C[Sn(CHy-n);]CO,C,Hy-t 287
E:Z = 69:31 (20)
C4H;CHO 5 CeHsCH=C[Sn(CHynp]CO.CHyt 287
E:Z = 45:55 (70)
" KDA, THF, -78° " (72)
E:Z=1:1
p-CH;C{H,CHO LDA, THF, HMPA,  p-CH;C{H,CH=C[Sn(C;H¢-n);]CO--
-23°to0 -78° C:Hgt €2))
E:Z = 37:63
p-CICH,CHO 3 p-CICgH,CH=C[Sn(C;H;-n);]CO.C.- 287
Hot (a1)
E:Z = 48:52
(GéHs),CO KDA, THF, -78° (CeHs),C=C[Sn(C.Hy-n);]CO,C.Hg-1 260
(46)
i-C;H,CHO 1. LDA, THF, -78° i-C,H,CH=CBrCO,C,Hst (37) 289
2. 80CL, 0°
(C:Hs),CO . (C:Hy),C=CBrCO,CHyt (40) 289
289

J
of
C:H;,CHO

CH,CH=CHCHO

R-C|5H3]CHO
CH,CHO

i-C;H,CHO
CH;=CH-

(CH,),CHO
i-C3H,COCH;

~

CeH:CHO

"

: ~CBrCO,C.Hy-t (66)
chrcozqu,-: (25)

CHCH=CBICO,CHyt (57)

CHsCH=CHCH=CBrCO,C,Hot
(44)
n-CysHs,CH=CBrCO,C,Hst (47)
C;H;CH=CCICO,C Hy-t (55)
E:Z = 49:51
i-C;H,CH=CCICO,C,Hq-t (25)
E:Z = 36:64

CH;=CH(CH,),CH=CCICO.Hg-r (49)
E:Z = 34:66

i-C3H,C(CH;)=CCICO,C,Hy-t (17)
E:Z = 18:82

: _CCICO,C,Hy-t (44)

CsH;CH=CCICO,C,Hq-t (55)
E:Z = 46:54

¥ OB B B BB ¥8 ¥

8



TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)

¥61

s6l

Silane
Carbonyl Reaction Product(s)
X Y R R! R? R? Compound Conditions and Yield(s) (%) Refs.
CH,;,CHO " CsH,yCH=CCICO,C.Hq (44) 288
E:Z = 44:56
CH,CH,CHO " C¢HsCH,CH=CCICO,C,Hy-t (40) 288
_E:Z=2:7T7
TMS " CCICO,C H,t (58) 45
. T™SO \ro
1 - - .
N\—’ o E:Z = 28:1
TMSO
NC N CH; - CHy(CH;) H CH,0 LDA CH;=C(CN)N(CH;)CgHs (83) 290
n-C;H,CHO KH, THF n-C;H;CH=C(CN)N(CH,;)CH; (56) 291
n-CsH,,CHO 1. KH, THF n-CsH, CH=C(CN)N(CH,)CsHs (53) 291
2. Heat
C:H:CHO " CeHs;CH=C(CN)N(CH;)CeHs (100) 291
(CeHs),CO ” (CeH4),C=C(CN)N(CH,)CeHs  (68) 291
NC S CH, — p-CICH, H +-C,H,CHO n-CH,Li +-C,H,;CH=C(CN)SCH.Cl-p (53) 292
E:Z = 100:0°
O 8\ o
§~ "CHO §“ "CH=C(CN)SCHCl-p
C¢H,CHO " CHCH=C(CN)SCH.Cl-p (66) 292
E:Z =1:2
p-CIGH.CHO " p-CICH,CH=C(CN)SCH.Cl-p (78) 292
E:Z =23
NC s CH, - pCHCH, H CHs;CHO " CH,CH=C(CN)SCH.CH;p  (74) 292
E:Z =1:3
NC S CH; - 2-C,cH, H -CH,CHO " 1-CH,CH=C(CN)S(CoHs-2) (52) 292
E:Z =9:1
§“ "CHO §7 "CH=C(CN)S(CH;-2)
C¢H,CHO - CeHsCH=C(CN)S(C,oHs-2) (70) 292
E:Z=1:4
p-CICgH.CHO " p-CICH,CH=C(CN)S(C,jHs2) (74) 292
E:Z = 3:7
CH,,CHO " CsH CH=C(CN)S(CoHs-2) (50) 292
E:Z = 3:1
— H CCLCHO n-C;H,Li, THF, -70°  CCl,CH=C(CN)Ts (25) 293
Ne: S G PRI, e ; " _CCNSOCHCHp (64 293
G (88) 293
Q\cno @ “CH=C(CN)SO,CH,CH,p
L LMoo
ON CHO O,N CH=C(CN)SO,C{H CH;-p
i 87) 293
L) L. ”
§<” “CHO §“° “CH=C(CN)SO,CH,CH;p
CgH;CHO " CH;CH=C(CN)Ts (82) 293
p-CICH,CHO " p-CICH,CH=C(CN)Ts (85) 293
p-0,NCH,CHO @ p-O,NCH,CH=C(CN)Ts (55) 293
p-CH,;0CH,CHO " p-CH;0CH,CH=C(CN)Ts (93) 293
p-(CH;);NC H.- v p-(CH;);NCH,CH=C(CN)Ts  (76) 293
CHO :
7 A cHo \l/\/\I/\CH=c(CN)Ts-p 293
) (90)
(E)-C¢HsCH=CH- " (E)-CHsCH=CHCH=C(CN)Ts (83) 293
CHO e
NCS Si CH; — (CH3)s Si(CH;); GH;CHO 1. (C:Hs).NF, THF CH;CH=C(SCN)Si(CH;); (26) + 238
2. H;0 CH; CH,C¢H,
o_ _NH ™

Y

S



TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)
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Sila
i Carbonyl Reaction Product(s)
X Y R R! R? R? Compound Conditions and Yield(s) (%) Refs.
S CH  CH CH, H cr(-gf‘r}:;’C o n-CiH,Li, THF, —60° cnq,:cc(gc_rg(),sc hss): o ﬁ
n- » n- [ == 3
n-C.H,,CHO - n-C;H,CH=C(SCHy); (82) 313
CHCHO . CH:CH=C(SCHy); (89) 13
n-CeHyCHO » n-CeH,«CH—=C(SCHy), (84) 313
0 " C(SCH,), (54) 313
CHCOCH; " CH,C(CH)=C(SCHy), (57) 313
mp(CHOMCH: R
(CHe)CO " (CHsHC=C(SCHy), (—) 508314
8
(CH,S),C
(0]
S CH, —(CH)— H CH,0 » ) 308, 314
0
CH,
CH,CHO . (45-69) 304, 307,
308
S S
CHCH,
(CH;),CO (45-75) 303, 304
307, 308
e
C(CHy),
CH,COCH,OTHP " =) 307
S S
C(CH,)CH,OTHP
CH~C(OCHy>  — m (70 a1
CHO
S S

(E)}-CH;CH=CH-  n-CH,Li, THF, —60° 93 308
CHO ﬁ

n-C;H,CHO ¥ (67-75) 303, 304,

7]
7]



TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)
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Sil
ane Carbonyl Reaction Product(s)
R! R? R? Compound Conditions and Yield(s) (%) Refs.
i-C3H,CHO L (69) 303, 304
S S
CHC,H,~
n-C,H,Li, THF, 0° " (44) 239
o) n-C,H,Li, THF, —60° @1 308

o] n-C.H,Li, THF, 0° 0 (25) 239
@ §e
S
o o)( s 0X
CH;CH=C(CH,)- " m (80) 239
CHO | !
HCC(CH,)==CHCH,
” n-C,H,Li, THF, —60° " (66)¢ 308
n-C;H;COCH; ” (85) 308
S S
CH,CC;H;-n
o] 2 (60) 308, 314
(CH,),C=CHCO- " (69) 208
CH;
SYS
CH,CCH=C(CH,),
0 " m (80-92) 308, 314
s s
n n-CHLi, THF, (° ” (62) 29
(0] et (\' (40) 239
S S
o n-C.HsLi, THF, —60° " (63) 308, 314
(n-C3H7);CO " (80) 308
S S

C(CHyn),
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TABLE XVIIL

FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)

Silane

Carbonyl Reaction Product(s)
R! R? R} Compound Conditions and Yield(s) (%) Refs.
(D_) co n-CsH,Li, THF, 0° (68) 239
2
S\\"/,S
(=),
C¢H;CHO n-CiHqLi, THF, —60° m (68-95) 303, 304,
308, 314
S S
CHCH,
0 (60-61) 308, 314
S S
n-CyHgLi, THF, S (64) 239
(o) o
ﬁ\s
0 n-C;H,yLi, THF, (80) 308
—-60°
S S
CsH;COCH, ¢ @7 308
S S
C(CH,)CH,
n-CsHgLi, THF, " (66-67) 303, 304
w
0 — (40) 463
S

Fe(CO),

Fe(CO),
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TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)
Silane
Carbonyl Reaction Product(s)
R! R? R} Compound Conditions and Yield(s) (%) Refs.
C¢H;CH=CHCHO n-C,HqLi, THF, (66—70) 239, 303,
o 304
S
CHCH=CHCJH,
o) . (83) 464
H
! 0
H
Adamantanone " S /ﬁ (95) 239
S
(89) 309
CHO m
L S
i]]/
CO -C;HsLi, THF, 75-78) 239, 303,
(CeHs): n D"H'}L. m ( 3ot
S S
C(CeHy),
n-C;HqLi, THF, " (87) 308, 314
—-60°
(o) " m (78) 308
= S S
=
(719) 310
OHC Y
S S
463

o~ ey

Re
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TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)
Silane
Carbonyl Reaction Product(s)
X Y R R' R? R} Compound Conditions and Yield(s) (%) Refs.
1. n-CHLi (25) 312
2. CH,Li
= o
N
H
S\/S
n-CH;Li, THF (45) 304
S S
CHN(CH,),
CHO n-C.HsLi, THF, (82) 308, 314
| ars M
O DY
o
CHO 59 308, 314
| m (59
) N
CH
(o) (\N/
s CH; —CH,SCH; H (CeHs).CO r S \[ (42) 308
S S
C(CHy),
s CH; CH; C,H; H o] n-C.H,Li, THF, C(SC,H,), (48) 242
v
CHCH(CH;)CHO  n-CH,Li, THF,  C¢H;CH(CH;)CH=C(SCsHs): 308, 314
-60°
({:’HO " H<|:=C{scsﬂs), (30) 308, 314
N N
S CH; CeHs CeHs SCyH; CH,0 LiCyoH;, THF, CH~=C(SC¢Hs). (80) 241
-78°
CeH,CHO " CHsCH=C(SC¢Hs), (78) 241
(CeHs),CO y (CeHs),C=C(SCeHs): (49) 241
Si CH; CH; (CH;); H CH,0 n-CHoLi, THF,  CH,=C(SCH,)Si(CH,); (79) 313
-60°
CH;CHO » CH,;CH=C(SCH,)Si(CH,); (53) 313
E:Z = 1:1.6
n-CH,;CHO n-CgH,;CH=C(SCH,)Si(CH3); (71) 313
E:Z =1:13
Si CH;, CgHs (CH;); H CH;O ed CH=C(SC¢H;)Si(CH,); (84) 313
THPO(CH;,CHO  n-CHLi, THF, = THPO(CH,),CH=C(SC¢H;)Si(CHy); (54) 465
-78° E:Z = 1:1
(E)-CH,CH=CH- n-CHsLi, THF,  (E)-CHyCH=CHCH=C(SC¢H;)Si(CH;); 242
CHO 0 (14)
n-CsH,,CHO n-CHoLi, THF,  n-CsH,,CH=C(SC.Hy)Si(CH;); (70)° 313
—-60°
(C:H;),CHCHO " (C;H;),CHCH=C(SC¢H;)Si(CH;); (86) 313
E:Z=1:13
(CH,),C=CH- n-CHsLi, THF.  (CH;),C=CHC(CH;)=C(SC:H;)Si(CH,); 242
COCH, o (28)



TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)

Silane

Carbonyl Reaction Product(s)
X Y R R! R? R? Compound Conditions and Yield(s) (%) Refs.
0 C(SC.H,)Si(CHy), (22) 242
OCHO n-C;HqLi, THF, OCH=C(SC,H,)Si(CH,), (85) 313
-60°
E:Z =1:13
CH;CHO " CsHsCH=C(SCH;)Si(CH,); (76)° 313
§ CHO ” CH=C(SC,H,)Si(CH,), 313
(74
(o] 0
o o
CHO 1. n-C;HqLi, HC=C(S50,CH,)Si(CH,); (60) 317
- THF 2
A (o} 2. MCPBA (6}
" TOGH, ~ TOCH,
1 1
S Si CH; CsHs (CH;); SCH; CH;O LiC,oHs, THF, CH=C(SC:Hs)Si(CH,); (80) 241
—-78°
CeH,CHO " CeH,CH=C(SC¢H;)Si(CH;); (78) 241
(CH;),CO i (CeHs),C=C(SCsH,)Si(CHy); (49) 241
S Sn CH;, CH, (CH;); H CH;O LDA, THF, CH,=C[Sn(CH;);]SCH; (33) 313
HMPA, -78°
CsH.CHO n CeHsCH=C[Sn(CH;);]SCH; (60) 313
E:Z=1:2
s Sn CH; CeHs (CH;) H CH,0 bt CH,=C[Sn(CH;);]SCsHs (71) 313
n-CsH,CHO . n-C;H,CH=C[Sn(CH;);}SCH; (19) 313
E:Z =1:3
n-CsH,,CHO " n-CsH,,CH=C[Sn(CH,);])SC,H; (74) 313
E:Z=1:3
GH,CHO = CHsCH=C[Sn(CH),]SC¢H;s (8) 313
E:Z=1:2
(C¢Hs),CO " (CeHs);C=C[Sn(CH;),SCeHs  (60) 313
S Sn CH, CeHs (n-C.Hs)s H CeHsCHO KDA, THF, CeHsCH==C[Sn(C,Hy-n);]SCsH;s (72) 260
-78° E:Z =1:1
(C¢Hs),CO " (CeHs),C=C[Sn(C,Hy-n);]SCeHs  (46) 260
S [0} CH;3 —(CH;)— H (o] s-C.H,Li, THF, (\l (66) 319
-78°
S
Si(CH,).
Ol(-! Hy);
b
S
CsH;CHO " m sy 319
S><0
(CH,),Si CHOHCH, /
C¢H;CH=CHCHO . m (76 319
S (0]
(CH,),Si CHOHCH=CHCH;,
(CeHy),CO . m (46y 319
S><0
(CH,),Si COH(CH,),
s O CH, CHs CH, H i-C;H,CHO s-CHoLi, i-C;H,CH=C(SC,H;)OCH;  (96) 321
TMEDA,
THF, -78°
(E)-CH;CH=CH- " (E)-CH;CH=CHCH=C(SCH;)OCH; 321
CHO (94
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TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)
Silane
Carbonyl Reaction Product(s)
X Y R R! R? R} Compound Conditions and Yield(s) (%) Refs.
C.H;CHO C¢HsCH=C(SC4Hs)OCH; (100) 321
0 CH,SCOCH, (87) 321
o CH,SCOCH, (93) 321
C.Hqt CHyt
(E)-CiHsCH=CH- (E)-CHsCH=CHCH=C(SC,H;)OCH; 321
CHO (100)
SO, O CH, p-CICH, CH; H CH,CHO n-C;H,Li, THF, = CH,CH=C(OCH;)S0,C;H.Cl-p (96) 32
-70° E:Z = 83:13
(CH;)%.CO " (CH;),C=C(OCH;)SO,CH.Cl-p (88) k2]
0 CH, ,CH,Cl-p (42) n
p-CICH,CHO g p-CICH,.CH=C(OCH;)SO.CH,Cl-p (88) 322
E:Z =76:22
HCO,CH; CH,OCH=C(OCH,)S0,C,H.Cl-p 71y 32
E:Z = 100:0
Se Se CH, CeHs CeHs H CH;0 LDA. THF, CH=C(SeCeH;); (—)¢ 313
-78°
C:H;CHO " C,H;CH=C(SeC¢Hs), (—)f 313
CH;CHO CHsCH=C(SeCsHy), (85) 313
Si Si CH,3 (CH;); (CHa)s H CH;0 CH.Li, THF CH~=C[Si(CH;):}. (70) 259, 313
CH;CHO w CH;CH=qSi(CH3)]lz (22) 313
n-C;H,CHO n-C;H,CH=C[Si(CH;):}» (43) 313
-C;H,CHO -CH;CH=C[Si(CHs)s}. (73-80) 313, 325
C,H;CHO CsHsCH=C[Si(CH;)s}» (71-72) 313, 325
(E)-CH;CH=CH- (E)-CsHs;CH=CHCH=C[Si(CH,)s}, 313, 325
CHO (
(CeHs),CO * (CeHs),C=C[Si(CH3)}» (25) 313
Si Si CH; (CH;); (CH;); SC¢Hs CH,0 LiCyoHs, THF, CH=C[Si(CH);); (73) 241
-78°
CgHCHO " C¢H;CH=C[Si(CH;);}. (68) 241
(CeHs):CO " (CeHs),C=C[Si(CH;)s}. (21) 241
Si Br CH; (CHs); - Br CH;CHO n-CHoLi, THF, = CH;CH=CBrSi(CH;); (78) + 326
Ccl'l:l. -115° E:Z = 1:1
(CH,),Si: / (8)
(CH,),Si
i-C;H.CHO -C3H,CH=CBrSi(CH3); (52) 326
E:Z = 1:2.29
-C.H,CHO 1-C;H,CH=CBrSi(CH;); (64) + 326
E:Z =1:18
+-CsHyCH=C[Si(CH;)3}» ®
C4H,CHO CsH;CH=CBrSi(CH,); (68) 326
E:Z = 1:3.03
-CH{CH=CH- 1-C;H,CH=CHCH==CBrSi(CH;); (73) 326
CHO E:Z = 1:2.1
CH;CHO n-C;HoLi, THF, - =z
-78° N
BN A
0~ TCHISi(CH,);] 0~ “CHISi(CH,)]=CHR
R = CH;
E:Z = 76:24
C,H;CHO R = GH;s = =2

E:Z = 86:14



oiz

TABLE XVIII. FORMATION OF ALKENES WITH Two HETEROATOM SUBSTITUENTS (Continued)
Silane
Carbonyl Reaction Product(s)
X Y R R! R? R} Compound Conditions and Yield(s) (%) Refs.
i-C;H,CHO 2 R = i-CH, (= =
E:Z = 93:7
CeHsCHO " R = CH; - =
E:Z = 90:10
G
TMSCCL,CH=CH, UO n-C;H;Li, THF, (jﬁccu:ﬂ_—.-ai2 27 274
-90°
OH
CH,CH=CCITMS (57)
n-CgH,;;CHO i n-CgHCH=CCICH=CH, (60) + 274
n-CgH;;CHOHCH,CH=CCISi(CH;); (28)
C¢H,CHO " CH,;CH=CCICH=CH, (26) + 274
CHsCHOHCH,CH=CCISi(CH;); (67)
C,H;COCH; " C¢HsC(CH;)=CCICH=CH, (43) + 274
C¢HsC(CH;)OHCH,CH=CCISi(CH;);

(8) + C¢HsC(CH,)[OSi(CH;);]CH;-
CH=CCISi(CH;); (13) +
CeHsC[OSi(CH3);}=CH, (10) +
(CsH;s),C(CH3)0Si(CHs);  (19)

? Only the E isomer is isolated.
® The yield is determined by GC analysis.

€ The product is obtained as a mixture of isomers.

4 The yield is determined by NMR.
¢ Two equivalents of the carbanion are used.

/ The product is obtained as a mixture of diastereoisomers.

# The product is not isolated.
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TABLE XIX. RELATED REACTIONS WITH OTHER ELECTROPHILES

4-Cyanopyridine

Reaction Product(s)
Silane Electrophile Conditions and Yield(s) (%) Refs.
G
Cﬂl{SNHSi(CHj); SO: 1. ﬂ'CquLi, TI‘IF,O’ CJ'I;N=%0 (74) 227
p-CH,CH.NHSI(CH;), " 7 p-CH,CHN=5=0 (90) 227
p-CICH,NHSi(CH,); i 2 p-CICHN=8=0 (73) 227
m-CH;OCH.NHSi(CH,); " " m-CH;OCHN=8=0 (64) 227
0,0-(CH;),CH;NHSi(CH,); " " 0,0-(CH;),CH:N=8=0 (85) 227
0,0, p-(CH,),CH,NHSi(CH;); ” ” 0,0,p-(CH;);CH,N=8=0 (85) 227
0,0-(i-C;H;),C;H,;NHSi(CH;), " ” 0,0-(i-GH,),CJH;NHSi(CH,); (79) 227
0,p-(t-C.H,);CH;NHSi(CH;); i ” 0,p-(t-CHy),CH;N=S=0 (80) 227
CH,,NHSi(CH,); ” ” CH;N=8=0 (62) 227
[(CH.):Si],.NH CH;NSO n-CH,Li, CHy, CH,N=8=NSi(CH,); (9) 356
t-C.H,NSO = 1-CH;N=8=NSi(CH,); (65) 356
CHNSO ” CH,N=S=NSi(CH,); (26) 356
C,
-C,H, 1. n-CH,Li, THF -C.H, S (54) 358
[] S—ocn, 2. CH,CN, heat ‘I/\ <:>
-C,H, -C.H, S
Si(CH,), CHEN
1. n-CH,Li 354
®

R:[l:N}Ei(CH,),

2. H,0* R = CH;s (67)
p-CH;CH.CN ” R = p-CH;CH, (78) 354
3 R = 4-pyridyl (61) 354
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TABLE XIX. RELATED REACTIONS WITH OTHER ELECTROPHILES (Continued)

Reaction Product(s)
Silane Electrophile Conditions and Yield(s) (%) Refs.
@ ” R = N-methyl-5-pyrryl (96)
1? CN
CH,
o-Cyanothiophenol " R = 2-thiophenyl (27) 354
p-BrCH.CN ” R = p-BrCH, (48) 354
t-C;H,CN " 354
SO, n-CH,Li, THF, —78° S (80) 344
(ms=o
S
(CH,S),CHSi(CH,) ” " (CH,S),C=5=0 (80) 344
(C:H.SO-CHISi(CH3)s): CH; 1. n-CH,Li, THF CH, socH, (0 358
2. CH,CN, heat e
|&—0cCH,
CeHy C.H, Si(CH,),
p-CH,CH.SO,CH[SI(CH)s . ¥ » CH; SO.CHCHp (76 358
Cﬂﬂs: Si(CH,),
CHCN 1. CH,Li, THF, -78° (45) 353
m 2. CH,l m
S 3. H,0* oS
m}ﬂrc,ﬂs
Si(CHy), X
G,
(ﬁ Si(CH,), SO, 1. n-C;H,Li, THF, —-78° 0\\ 344
C6H;-5+CH3 2. CH/~C(CH;)C(CH;)=CH, (I)l j:/\l/L
g CH=s
- i
R N
R”
R = CH, R = CH; (40)
R = p-CHCH, R = p-CHCH, (60) 344
(‘G‘
CH,=C(S0,C:H;)Si(CH,); " CH,Li, TMEDA, THF, —-78° CH,;CH,C(=S$=0)S0,CH; (74)" 128
C
NHTBDMS p-CICH,.CN n-CH,Li, THF N CHCl-p (64) 355
N X
XY XYY
N—S N—S§ NHTBDMS
C
F R'N=CRAr 1. LDA, THF, -75° Z
| 2. NH(CI, H,0 Cj\
NN~ CH,Si(CH,), R R A& SN CH=CRAr
CH; H CiH; (84) E:Z = 100:0 346
pCICH, H C¢H; (32) E:Z = 100:0 346
CJH, H  2pyridyl  (54) E:Z = 100:0 346
C¢H; H CH.CH=CH (68)° 346
CH, H CH (10)! E:Z = 99.6:0.4
-C,H, H CeH; (5)* 346
CH; CH; CH; (10 E:Z = 87.5:12.5 346
346
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TABLE XIX. RELATED REACTIONS WITH OTHER ELECTROPHILES (Continued)

Reaction Product(s)
Silane Electrophile Conditions and Yield(s) (%) Refs.
p-XCH,CH=NOCH, LDA, THF, —90° p-XCq
H’ N O
N CH.X-p
X=0d X=Cl (12) (30)
X=H ” X=H (38 (11) 347
X = CH, e X =CH, (15 (30) 347
CH,CN 1. LDA, THF, -75° F (15) + 352
e g\
NN~ CH=C(C,H,NHSI(CH,),
< J
N~ TCH,COCH,
CH,CH=NN(CH;)CiH; 1. LDA, 18-crown-6, THF, 0° Z (74) 348
2. Heat 0\
NN~ NCH=CHCH,
E:Z = 100:0
QI
CH;=C(SC¢H;)Si(CH,); SO, n-C;H;Li, TMEDA, THF, n-C.H,CH,C(=S8=0)SCH; (15) 128
-78° E:Z=1:1
= -C,H,Li, TMEDA, THF, -78°  -C,H,CH,C(=S=0)SCH; (73) 128
E:Z=1:1
CH,=C(S0,CH;)Si(CH.,), " n-C.H,Li, TMEDA, THF, n-CH,CH,C(=S=0)S0O,CH; (50) 128
-78°
" +-C,H,Li, TMEDA, THF, =78  -CH,CH,C(=8=0)S0O,CH; (51) 128
(o
CH;CH(SC¢H;)Si(CH;); ” 1. n-C;H,Li, THF, —78° CHC(=8=0)5CH; (60) 344
2. =20° E:Z = 34:26
CJH,CH(SO,C.H,)Si(CHy)s - " CHLO(=S=)SO,CH, (10) 344
E:Z = :
CH,CHCNSi(CH;); ” " CHC(=S=0)CN (41) 344
Cys
CH—C(SO,CH,)Si(CHy), " CHLi, TMEDA, THF, -7  CH.CH.C(=S=0)SO.CH; (72) 344
Cu
p-CICH, N ArCN n-C,H,Li, THF p-CIC,H., \(Y\rm
\{Y\TBDMS 1
N—S N—S NHTBDMS
Ar = p-CICH, Ar = p-CICH, (61) 355
Ar = m,m-CL,CH; " Ar = m,m-CL,CH, (50) 355
= p-CH,GH, " Ar = p-CH,CH, (45) 355
Cy*
CH=C(C¢Hs)Si(CH,)s S0, n-C,H,Li, TMEDA, THF, n-CH,CH,COCH; (42) 128
-78°
t-CH,Li, TMEDA, THF, -78° (-CH,CH,C(=S=0)CH; (29) + 128
-CH,CH,COCH; (17)
Cy
Si(CH,), " 1. n-C,H,Li, THF, —-78° 20 (80) 355
2. -20° S
gag Y )
Si(CH,), & " . P (80) 355
8¢ 0%
(0]



91t

TABLE XIX. RELATED REAcTIONS WiTH OTHER ELECTROPHILES (Continued)

Reaction Product(s)
Silane Electrophile Conditions and Yield(s) (%) Refs.
G
Si(CH,), " n-C,H,Li, TMEDA, THF, P 128
-78° S (30)
O
2 -C,H;Li, TMEDA, THF, —78° ¢0 128
S (33)
C.Hyt

* This compound is derived from the a-silylcarbanion through addition of the alkyllithium to the alkene.
® The yield is determined by NMR.

< The isomer ratio is not given.

¢ The yield is determined by GC.

¢ The silane is prepared in situ.
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