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The regio- and stereoselectivity of the reaction of allenyl en-
olates obtained by 1,6-addition of lithium dimethylcuprate to
acceptor-substituted enynes 1 with C and Si electrophiles is
examined. It is found that allyl bromide reacts at C-4 to give
4-substituted 2,4-dienoates 2; in contrast, methyl triflate and
carbonyl compounds react at C-2 to yield 2-substituted p-al-
lenic esters 3—12. The hard electrophile chlorotrimethylsilane
reacts at the enolate oxygen atom to provide allenyl enol ether

14. The regioselectivity of these trapping reactions depends
only on the nature of the electrophile; the stereoselectivities,
on the other hand, are a function of both the steric properties
of the allenyl enolate and the type of electrophile. The regio-
and stereoselectivities are rationalized in terms of charge con-
trol and frontier-orbital control, of kinetic and thermodynamic
control, and of steric interactions in intermediates and tran-
sition states.

The formation of C— C bonds by the reaction of enolates
with electrophiles is an important synthetic method in or-
ganic chemistry, in particular because a high degree of ster-
eocontrol may be achieved in these processes'!l, This trans-
formation can be carried out in a classical manner via de-
protonation of carbonyl compounds'; synthetically more
useful, however, is the reaction of enolates formed by 1,4-
addition of nucleophiles to Michael acceptors with electro-
philes since two different substituents can be introduced in
one sequence'”, Likewise, deprotonation of o,B-unsaturated
carbonyl compounds gives rise to the formation of dieno-
lates; these ambident nucleophiles can react with electro-
philes at the a- or the y-position!®?. Usually, reaction at
the o-position predominates; however, in many cases
mixtures of the two regioisomers are formed>?, a fact that
limits the synthetic use of this method. In this paper we
disclose our results of the reaction of allenyl enolates, which
represent a new class of chiral ambident nucleophiles, with
different electrophiles'. Allenyl enolates are readily avail-
able by 1,6-addition of organocuprates to acceptor-substi-
tuted enynes™™ and can react with an electrophile at C-4,
at C-2, or at the enolate oxygen atom; in contrast to the
dienolates mentioned above, a complete regiocontrol can be
achieved in these reactions!,

According to their NMR spectra, the allenyl enolates
formed by 1,6-addition of organocuprates to acceptor-sub-
stituted enynes A are represented best by structure B with
the lithium atom bound to the enolate oxygen'®; alternative
species with the lithium at C-2 or C-4 (possibly n-bound®)
could not be detected. Nevertheless, all three possible re-
gioisomeric products resulting from attack of an electrophile
E—X at C-4 (C), C-2 (D), and the enolate oxygen atom (E)
can be obtained. The regioselectivity. of the reaction has
consequences for the stereochemical outcome: if the attack
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occurs at C-4 or at the enolate oxygen, (E/Z) isomers can
be formed; if the reaction takes place at C-2, the product D
possesses two stereogenic elements and therefore exists as
pair of diastereomers. The goal of this study is to establish
whether the regio- and stereochemical course of the reaction
of allenyl enolates with electrophiles can be controlled by
the type of electrophile, by the steric and electronic prop-
erties of the starting enyne A, and by the reaction conditions.

Results

For the reaction of allenyl enolates with soft carbon elec-
trophiles, three 2-en-4-ynoates 1a—c with different steric
properties were used; for the reaction with chlorotrimethyl-
silane, ketone 1d was employed. All enynes are readily avail-
able by standard methods!%.

For the first trapping reactions of allenyl enolates alkyl-
ating agents were used. Whereas the enolate obtained by
1,6-addition of lithium dimethylcuprate (Me,Cul.i - Lil) to
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1a does not react with methyl iodide and benzyl bromide,
a rapid reaction takes place with allyl bromide at —20°C,
proceeding with exclusive attack of the electrophile at C-4
of the allenyl enolate to give the 4-allyl-substituted 2,4-dien-
oate 2a in 60% yield. Likewise, the tert-butyl-substituted
enynoate 1b furnished dienoate 2b in 80% yield under the
same conditions; thus, the regioselectivity of the attack of
allyl bromide is not altered by the presence of the bulky
tert-butyl group at C-5. Theses transformations take place
not only regioselectively but also with remarkable stereo-
selectivity: whereas 2a is formed as a 1:1 mixture of the
(QEAE) and (2E,4Z) isomers, 2b is obtained as (2E,4E) iso-
mers exclusively (proven with NOE difference spectra; see
Experimental Section). The geometry of the C-2/C-3 double
bond seems to be thermodynamically controlled; in contrast
to this, the stereochemistry of the attack of the electrophile
at the allenyl enolate and consequently the geometry of the
C-4/C-5 double bond should be influenced by the size of the
substituents at C-5. If these substitutents differ considerably
in size, one might expect a preference of the attack from the
side of the smaller substituent; such a behavior is found for
example in the base-catalyzed isomerizations of B-allenic
carbonyl compounds to conjugated dienes!'"'?, Thus, the
formation of a 1:1 mixture of (E/Z) isomers for 2a may be
rationalized by the small difference in size between the
methyl and n-butyl group. However, in the case of 2b the
product resulting from attack of the electrophile from the
sterically more shielded side of the allenyl enolate, i.e. the
side occupied by the tert-butyl group, is formed exclusively!
The stereoselectivity of this reaction is affected slightly by
addition of the lithium-complexing agent 12-crown-4 to the
enolate formed from 1b and Me,CulLi - Lil; treatment with
allyl bromide then yields 2b as a 5:1 mixture of the (2E,4E)
and (2E,47) isomers, i.e. under these conditions a small shift
towards the product expected on sterical grounds is ob-
served. Possible explanations for this puzzling behavior will
be discussed below.

Like allyl bromide, propargyl bromide reacts with the
allenyl enolate obtained by 1,6-addition of Me,Culi - Lil
to la at C-4 exclusively. However, the synthetic use of this
reaction is limited by the fact that it takes place both in an
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Table 1. Reaction of 2-en-4-ynoates 1 with Me,CuLi - Lil and
electrophiles E—X

Entry Enyne Electrophile Aflene R!  R2 E Yield dr
1 1a MeOTt 3 nBu H Me 71% 11
2 1b MeOTF 4 tBu H Me 51% 1:1
3 1c MeOTf 5 n-Bu Me Me 80% -
4 1a PhCHO 6 nBu H CHPhOH 79% ~1:1:11
5 1b PhCHO 7 +Bu H CHPhOH 99% 8:8:4:1
6 1c PhCHO 8 n-Bu Me CHPhOH 62% 1:1:141
7 1b  tBuCHO 9 tBu H CH(-BuOH 82%  1:1
8 1a CHg=CHCHO 10 n-Bu H CH(CH=CH2)OH 53% ~1:1:1:1
9 1a MeCOMe 11 n-Bu H CMe20OH 1% 1:1
10 1b MeCOMe 12 t-Bu H CMe20OH 83% 4:1

Sn2 and SN2’ fashion, furnishing a mixture of 4-propargyl-
and 4-allenyl-substitued 2,4-dienoates™".

Since to our surprise the allenyl enolates did not react
with methyl iodide, we next tried to use the more reactive
methyl triflate for this purpose. Indeed, the allenyl enolate
formed from 1a and Me,CulLi - Lil reacts with methyl tri-
flate; however, the only product obtained in 71% yield was
the methylated allene 3 (see Table 1, entry 1), i.e. the reaction
takes place at C-2 exclusively! Likewise, the enynoates 1b
and 1c furnished allenes 4 and 5 in 51 and 80% yield, re-
spectively (entries 2 and 3). Thus, this method allows to
synthesize B-allenic esters with a quarternary center at C-
2; besides that, the formation of 5 proves that the regiose-
lectivity of this trapping reaction is insensitive towards the
steric properies of the allenyl enolate. The products 3 and
4 were obtained as 1:1 mixtures of diastereomers, i.e. the
reaction proceeds without diastereoselectivity.

Carbonyl compounds turned out to be reactive towards
allenyl enolates obtained by 1,6-addition of organocuprates
to 2-en-4-ynoates 1 — ¢, too. Thus, treatment of 1a with Me,-
CulLi - Lil and benzaldehyde at —20°C afforded in 79%
yield the B-hydroxy ester 6 resulting from exclusive attack
of the aldehyde at C-2 of the enolate (Table 1, entry 4).
Similarly, substrates 1b and 1c gave the adducts 7 and 8 in
99 and 62% yield, respectively (entries 5 and 6). The prod-
ucts 6 —8 possess three stereogenic elements and thus exist
as four diastereomers. In these cases all four diastereomers
were obtained, although with different diastereoselectivities:
whereas for the n-butyl-substituted products 6 and 8 almost
equal amounts of the four diastereomers were produced, the
tert-butyl-substituted adduct 7 was isolated as a 8:8:4:1
mixture of diastereomers.

This mixture could be separated partially by column chro-
matography into two fractions consisting of the two major
and the two minor diastereomers, respectively. In order to
assign the relative configuration, the mixture of the two ma-
jor diastereomers (7a/b) was converted into the cyclic ketals
13a/b by reduction of the ester function with LiAIH, and
ketalization with 2,2-dimethoxypropane. The relative con-
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figuration of the two centers of chirality of the dioxane ring
was assigned by determining the 'H-NMR coupling con-
stants of the two hydrogen atoms attached to these centers;
values of J = 10.4/10.5 Hz were obtained for 13a/b. Thus,
the hydrogen atoms are trans'’®, and the diastereomers
7a/b possess the (1'RS,2SR) configuration and differ only in
the relative configuration of the allene moiety. Analogous
treatment of the minor isomers 7¢/d gave the ketals 13¢/d;
here, a coupling constant of J = 2.1 Hz was determined for
both diastereomeric ketals, proving a cis-configuration®? for
13¢/d and a (1’SR,2SR) configuration for 7c¢/d.

The formation of 7 is the first example of a trapping re-
action of an allenyl enolate proceeding with (modest) dias-
tereoselectivity. Encouraged by this result, we tried to im-
prove the steroselectivity by using the bulkier pivalic alde-
hyde for trapping the allenyl enolate obtained from 1b and
Me,CulLi - Lil; indeed, the adduct 9 isolated in 82% yield
consists of a 1:1 mixture of only two of the four possible
diastereomers (entry 7). The relative configuration was as-
signed as for 7; the mixture of diastereomeric ketals obtained
from 9 gave coupling constants of J = 9.4/9.5 Hz, proving
a trans-configuration of the dioxane ring"* and a (1'RS,2SR)
configuration for 9. Thus, the diastereomers of 9 possess the
same relative configuration as the two major diastereomers
of 7; in the trapping reaction with pivalic aldehyde the two
minor diastereomers of type 7¢/d are no longer formed.

Another interesting aldehyde for trapping of the allenyl
enolates is acrolein; here, the enolate could add in a 1,2- or
in a 1,4-fashion to the enal moiety. Reaction of the allenyl
enolate obtained from 1a and Me,CulLi - Lil with acrolein

—20°C gave adduct 10 (entry 8, 53% yield, 1:1:1:1 mix-
ture of diastereomers); thus, in analogy to the reaction of
other lithium enolates!, the allenyl enolate reacts with acro-
lein with exclusive 1,2-addition.

The allenyl enolates obtained by treatment of enynoates
1a and 1b with Me,CulLi -Lil reacted also with acetone at
—~20°C (Table 1, entries 9 and 10) to give the adducts 11
and 12 resulting from exclusive attack of the electrophile at
C-2 of the enolates. These products possess two stereogenic
elements and therefore exist as pair of diastereomers;
whereas the n-butyl-substituted enynoate 1a gave a 1: 1 mix-
ture of the two diastereomers, for the tert-butyl-substituted
ester 1b a larger degree of diastercoselection (4:1) was ob-
served.
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We also tried to use acetyl chloride for trapping allenyl
enolates obtained by the 1,6-addition method. However, be-
sides the B-keto esters resulting from attack of acetyl chlo-
ride at C-2 of the enolates, large amounts of B-hydroxy esters
of type 11/12 were formed. The reason for this behavior is
probably that acetyl chloride reacts reacts more rapidly with
excess lithium dimethylcuprate present in the mixture than
it is trapping the allenyl enolate; the acetone thus produced
then reacts with the allenyl enolate to provide the products
of type 11/12. Although it should be possible to circumvent
this problem by avoiding the presence of excess cuprate, we
did not undertake further investigations in this direction
since our main goal was to establish that acetyl chloride,
like acetone and aldehydes, reacts with allenyl enolates re-
gioselectively at C-2. In contrast to these carbonyl com-
pounds, styrene oxide is not sufficiently reactive to trap the

enolate obtained from 1a and Me,CulLi - Lil ¥
LN 1. Me,Culi - Lil n—Bu/\ .
F O "5 Me;SiCl, EtN y

n-Bu OSiMe,

1d 14 (76%,E:2=1:2)

Finally, we tested the reaction of hard electrophiles like
chlorotrimethylsilane with the allenyl enolate formed from
ketone 1d by 1,6-addition of lithium dimethylcuprate in or-
der to obtain adducts of type E resulting from attack of the
electrophile at the enolate oxygen atom (enynes with the
ester function as acceptor substituent were not used for this
purpose because additives like HMPTA are needed for the
formation of ketene acetals and because these products are
rather sensitive™'¥). Indeed, treatment of this enolate with
Me;SiCl/Et;N gave the allenyl enol ether 14 in 75% yield
with an (E/Z) ratio of 1:2; the NMR signals for the isomers
were assigned by using NOE difference spectra (see Exper-
imental Section). The enol ether 14 is quite sensitive and
decomposes already at room temperature; even more un-
stable, however, is the analogous enol triflate obtained by
reaction of the allenyl enolate with N-phenylbis(triftuoro-
methanesulfonimide)*® ', The regioselectivity of the trap-
ping of the allenyl enolate obtained from 2-en-4-ynone 1d
and Me,CuLi -Lil a with other electrophiles is analogous
to that of the enolates derived from esters la—c, ie. allyl
bromide reacts at C-4 and carbonyl compounds at C-2; the
products thus formed, however, are rather unstable und
could not be obtained in pure form“",

Alleny! enolates did not react with other heteroatom elec-
trophiles; treatment of the enolate obtained from 1a and
Me,CulLi - Lil with N-bromosuccinimide, N-chlorosucci-
nimide, and dimethyl disulfide, respectively, gave after aque-
ous workup only the protonated products ethyl S-methyl-
3,4-nonadienoate and cthyl 5-methyl-2,4-nonadienoate!.,
The results of the reaction of allenyl enolates with iodine
and oxidizing agents are presented in the following paper .

Discussion

The reactions of allenyl enolates with electrophiles pre-
sented in this paper provided several interesting and some-
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times surprising results with regard to regioselectivity,
(E/Z) selectivity, and diastereoselectivity. In this section,
brief mechanistic considerations concerning these selectivity
problems are made.

Regioselectivity

The regioselectivity of the reaction of allenyl enolates with
electrophiles can be rationalized in terms of charge-con-
trolled and frontier orbital-controlled interactions, respec-
tively, between the reactants!”; here, semiempirical MNDO
calculations"™ proved to be a valuable tool. We have found
earlier that the regioselectivity of the simplest trapping re-
action of ester allenyl enolates, the protonation, can be con-
trolled by the nature of the proton source; with the weak
and bulky pivalic acid protonation takes place at C-2 ex-
clusively to give B-allenic esters™. Here, the equilibrium
between the allenyl enolate F and the enol G has to be taken
into account!™,

[0.31] |~
) ro72) oo [-0.55)
(045) H* e
[+0.56) 2\( - po.ag S 2
(0.32) OCHs (0.16) OCHjq
F

&“‘“\COZCH:;

H i

{...J: HOMO coefficients (MNDO) (...): Charge densities (MNDO)
If the protonation is carried out with a strong acid, the
concentration of solvated protons is high; these are very
hard electrophiles and react with charge control!” at the
enolate oxygen atom of enolate F (highest negative charge
density: —0.53), shifting the equilibrium to the side of allenyl
enol G. For the enol the charge densities (—0.21 vs. —0.16)
as well as the HOMO coefficients (—0.55 vs. +0.48) at C-
2 and C-4 are virtually identical; therefore, C-protonation
with subsequent O-deprotonation should yield mixtures of
allene H and conjugated diene I, regardless whether Cou-
lomb or orbital interactions are more important. If, instead,
the protonation is carried out with a weak acid, the con-
centration of solvated protons is low, and the products are
formed via enolate F. The kinetically controlled protonation
of F with a weak acid, which is acting as a soft electrophile,
should be controlled by frontier orbital interactions"”, The
HOMO coefficient at C-2 (—0.72) is considerably larger
than at C-4 (+0.56); therefore, allene H should be formed
mainly. It is noteworthy that the protonation of keto allenyl
enolates yields mainly™* or exclusively®™ conjugated 2,4-
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dienones; here, thermodynamic control seems to dominate,
favoring the formation of conjugated dienes of type I (ac-
cording to our MNDO calculations, methyl (E)-2,4-pen-
tadienoate is more stable than methyl 3,4-pentadienoate by
11.6 kcal/mol). Besides these electronic factores, steric influ-
ences also affect the regioselectivity of the protonation of
allenyl enolates. The presence of bulky substitutents at C-5
of the enolate disfavors protonation at C-4 und therefore
favors the formation of the allene H, in particular, if the
proton source is also sterically demanding"*™,

The factors controlling the regioselectivity of the proton-
ation should also govern the reaction of allenyl enolates with
other electrophiles: hard electrophiles should react with
charge control at the enolate oxygen atom and soft electro-
philes with frontier orbital control at C-2. This is in agree-
ment with the experiment, e.g. with chlorotrimethylsilane
and carbonyl compounds as electrophiles; in the latter case,
interaction of the carbonyl oxygen atom of the electrophile
with the lithium atom of the allenyl enolate favors reaction
at C-2 even more®. An exemption is allyl bromide which
attacks the allenyl enolate regioselectively at C-4; this re-
action could proceed via a “late” product-like transition
state and therefore could be controlled by the thermody-
namic stability of the 2,4-dienoate formed. Alternatively, the
attack of allyl bromide could take place first at C-2, pro-
viding 2-allyl-substituted B-allenic ester; subsequent Cope
rearrangement could then lead to the observed products 2.
However, this possibility can be ruled out because 1,2,6-
trienes analogous to these hypothetical intermediates are
stable under the conditions employed for the preparation of
2a/b and do not undergo Cope rearrangements!],

(E/Z) Selectivity

The (E/Z) selectivity observed in the formation of adduct
2b from enynoate 1b by treatment with lithium dimethyl-
cuprate and allyl bromide is opposite to that expected from
the steric influence of the substituents at C-5 of the allenyl
enolate which should favor the (2E,4Z) product. One pos-
sible explanation for this behavior is the Cieplak effect,
which has been used to account for unexpected stereochem-
ical tesults of several reactions”?. This bases on the as-
sumption that the attack of the electrophile is controlled by
delocalization of antiperiplanar ¢ bonds into the o* orbital
formed during the reaction”. Due to hyperconjugation, the
o bond to the methyl group is somewhat more electron-rich
than that to the ters-butyl group™ therefore, the attack of
the electrophile should be directed anti to the methyl group
(see structure J).

. OEt
OLi s
OEt
Mg~ w?” } © N
S—L 7
C Me/
t-BU L
E-X
t-Bu E-X
J K
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This effect, however, cannot account for the influence of
the lithium-complexing agent 12-crown-4 on the (E/Z) se-
lectivity. Rather, it seems reasonable to assume that the trap-
ping reaction leading to 2b is proceeding via a species of
type K where the enolate lithium atom is coordinated to a
n orbital of C-4 or to the C-3/C-4 n bond; although such a
species could not be detected in the NMR spectra of allenyl
enolates, it could be present as a minor species and, if
sufficiently reactive, be on the reaction coordinate leading
to product 2b. The enolate lithium is rather bulky because
it is coordinated to solvent molecules and/or copper species
which are formed in the 1,6-addition reaction; therefore, the
T interaction should take place preferably on the side of the
allenyl enolate occupied by the smaller methyl group. Thus,
the side of the tert-butyl group would be sterically less hin-
dered and attack of allyl bromide from this side would give
the observed (2E,4E) isomer. The presence of 12-crown-4
could cause a weakening of the = interaction; this would
make the side of the allenyl enolate occupied by the methyl
group accessible for the electrophile, and some (2E,4Z) prod-
uct would be formed.

Diastereoselectivity

The reaction of allenyl enolates with methyl triflate and
carbonyl compounds at C-2 proceeds in most cases without
diastereoselectivity (products 3, 4, 6, 8, 10, and 11); however,
in a few cases modest degrees of diastereoselectivity are ob-
served, depending both on the electrophile (7 vs. 9) and on
the structure of the allenyl enolate (11 vs. 12). There is ample
precedent for aldol reactions of chiral ester enolates®*; how-
ever, so far enolates with a center of chirality rather than a
chirality axis have been used. In order to explain the ob-
served stereoselectivites, the diastereomeric transition states
leading to the different diastereomeric products have to be
considered. For the reaction of the allenyl enolate derived
from 1b and Me,CuLi - Lil with acetone the diastereose-
lectivity is independent on the geometry of the allenyl en-
olate; the transition state for the (E)-enolate with the smallest
steric interactions is represented by structure L. Of the two
diastereotopic sides of the allenyl enolate, the reaction
should take place preferably on the side occupied by the
smaller methyl group at C-5; therefore, (25,4R)-12 should be
the main product. We are currently trying to verify this

Li
i Me
69 s | OH
4 2
— Me,s X1 Me
Me,,,moa T H Ycost
t-Bu t-Bu
L (25,4R)-12
Li
"I\O Ph
o) 3 Yo OH
4
—  Me,s X H
Me"’mw T H Ycos
+Bu H t-Bu
M (1'R,28,4R)-7
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prediction experimentally. In the analogous reaction of the
enynoate 1a, the reaction can take place on the side of the
methyl group or of the n-butyl group at C-5; since the dif-
ference in size between these groups is small, a 1:1 mixture
of the two diastereomeric products is formed.

The situation changes if the allenyl enolate is trapped with
aldehydes; now four diastereomers can be formed, and the
stereochemical course depends on the geometry of the all-
enyl enolate!. The energetically most favorable transition
state for the reaction of the (E)-allenyl enolate derived from
1b and Me,CulLi - Lil with benzaldehyde has structure M;
again, the reaction should take place preferably on the side
of the allenyl enolate occupied by the smaller methyl sub-
stituent at C-5. Of the two enantiotopic sides of the alde-
hyde, the reaction should proceed mainly on the Re-side, so
that the aldehyde hydrogen points towards the groups at
C-5 and the phenyl group to the sterically less hindered side
of the enolate; thus, (1'R,2S,4R)-7 should be the main prod-
uct. This is in accordance with the experiment: for benzal-
dehyde the two diastereomers with the (1’RS,2SR) config-
uration are the major, for pivalic aldehyde the only products.
The (Z)-allenyl enolate would give the opposite diastereo-
selectivities which are not consistent with the experiment;
thus, the reaction seems to proceed mainly or exclusively
via the (E)-enolate. In this context it is interesting to note
that in the NMR spectrum of the allenyl enolate obtained
by 1,6-addition of lithium di-tert-butylcyanocuprate to 1b
only one isomeric form could be detected; however, it could
not yet be determined whether this has the (E) or (Z) ge-
ometry. Therefore, we will devote further work in order to
determine whether the diastereoselectivity of the trapping
reaction of allenyl enolates with carbonyl compounds is
actually a function of the enolate geometry and whether
factors like the presence of copper in the reaction mixture
(which could form copper-containing clusters with the en-
olate and therefore influence the stereoselectivity) and the
reaction conditions (the aldol reaction is reversible and can
therefore take place under kinetic or thermodynamic con-
trol, usually with different stereoselectivites®) are affecting
the stereochemical course of these trapping reactions.

Conclusions

In this work we have shown that the reaction of allenyl
enolates obtained by 1,6-addition of lithium dimethylcu-
prate to acceptor-substituted enynes 1 with several electro-
philes proceed with complete regioselectivity either at C-4,
at C-2, or at the enolate oxygen atom of the allenyl enolate.
Whereas allyl bromide reacts at C-4 to give 4-substituted
2,4-dienoates, methyl triflate and carbonyl compounds react
at C-2 to yield 2-substituted P-allenic esters. The hard elec-
trophile chlorotrimethylsilane is found to react at the eno-
late oxygen atom. The regioselectivity observed in these re-
actions does not depend on the steric and electonic prop-
erties of the starting enyne and on the reaction conditions
but only on the nature of the electrophile. In contrast, the
stereoselectivities of the trapping reactions depend both on
the steric properties of the allenyl enolate and on the nature
of the electrophile, and in some cases remarkable stereose-
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lectivities are found (products 2b, 7, 9, 12). The regio- and
stereoselectivities observed experimentally can be rational-
ized in terms of charge control and frontier-orbital control,
of kinetic and thermodynamic control, and of steric inter-
actions in intermediates and transition states. Thus, allenyl
enolates have turned out to be a new and synthetically useful
class of chiral ambident nucleophiles, and we are currently
exploring furthermore the use of these compounds both
from the preparative and mechanistic point of view.

Generous support of this work by the Deutschen Forschungsge-
meinschaft and the Fonds der Chemischen Industrie is gratefully
acknowledged. The authors thank the Chemetall G.m.b.H. (Frank-
furt) for kind gifts of chemicals and Ms. E. Bach for her help in the
preparation of compounds 7 and 9.

Experimental

General Information: See ref.™? — The NMR data for the major
isomer of a mixture are marked with an asterisk (*).

Ethyl 2-Methyl-2-nonen-4-ynoate (1¢): To a suspension of 1.50 g
(50.0 mmol) of sodium hydride (80% in paraffin oil) in 100 ml of
THF was added dropwise at room temp. a solution of 14.9 g (62.5
mmol) of ethyl 2-(diethoxyphosphoryl)propionate in 100 ml of
THF. After the evolution of hydrogen gas had ceased (ca. 30 min)
the mixture was cooled to 0°C, and a solution of crude 2-hepty-
nal®! [from 4.21 g (50.0 mmol) of 1-hexyne] in 100 ml of THF was
added dropwise. The mixture was stirred for 1.5 h at room temp.
and hydrolyzed with 100 ml of water; the organic layer was sepa-
rated, and the aqueous layer was extracted with diethyl ether. The
combined organic layers were washed with water and dried with
MgSO,; the solvent was removed in vacuo. The crude product was
chromatographed through a short column of silica gel (diethyl
ether/pentane, 1:20) and purified further by kugelrohr distillation
(100—110°C/0.05 Torr); yield: 6.43 g (66%) of 1¢ as a colorless
liquid. — IR: v = 2200 em™' (5, C=C), 1710 (s, C=0). — 'H
NMR: 6 = 093 (t,3H,J = 7.3 Hz,9-H), 1.29 (t, 3H, J = 7.0 Hz,
OCH,CH;), 1.41—-1.83 (m, 4H, 7-, 8-H), 2.03 (d, 3H, J = 1.2 Hz,
2-CH;), 242 (dt, 2H, J = 2.2/6.9 Hz, 6-H), 420 (q, 2H, J = 7.0 Hz,
OCH,), 6.63 (m, 1H, 3-H). —~ ®*C NMR: § = 12.0/13.3 2+, C-9,
2-CH;), 140 (+, OCH,CH,), 19.3/21.7 2—, C-7, -8), 304 (—,
C-6), 60.4 (—, OCH,), 77.3 (x, C-5), 1034 (x, C-4), 120.1 (+,
C-3),137.5(x, C-2), 167.1 (x, C-1). — MS, m/z (%): 194 (64) [M ],
79 (100).

Caled. C 74.19 H 9.34
Found C 73.72 H 9.21

CyH;50, (194.3)

General Procedure for the Reaction of Allenyl Enolates with Elec-
trophiles: To a suspension of copper(I) iodide in diethyl ether is
added dropwise at 0°C MeLi (1.5 M solution in diethyl ether). The
mixture is stirred for 15 min at 0°C, then cooled to —20°C, and a
solution of the enyne 1 in diethyl ether is added dropwise. Stirring
at —20°C is continued for 1 h prior to addition of the electrophile
at the temp. indicated. After stirring for another 1 h at this temp.
the mixture is poured into an excess of vigorously stirred 2 N H,SO,.
The copper salts and excess of acid are removed by filtration
through Celite; the filtrate is dried with MgSO, and concentrated
in vacuo. If not indicated otherwise, the crude product is purified
by column chromatography (SiO,, diethyl ether/pentane, 1:10).

Ethyl (2E4E)- and (2EA4Z)-5-Methyl-4-(2-propenyl j-2,4-nona-
dienoate (2a): From 0.86 g (4.5 mmol) of Cul in 20 ml of diethyl
ether, 6.0 ml (9.0 mmol) of MeLi, 0.54 g (3.0 mmol) of 1a in 10 ml
of diethyl ether, and 1.81 g (1.3 ml, 150 mmol) of allyl bromide;
reaction temp. —20°C. Yield: 042 g (60%) of 2a [1:1 mixture of
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the (2E4E) and (2E,4Z) isomers] as slightly yellow oil. — IR: ¥ =
1710 cm ™! (s, C=0), 1610 (s, C=C). — 'H NMR: & = 0.92/0.93
(2t,3H,2 x J =71 Hz,9-H), 1.29(t, 3H, J = 7.1 Hz, OCH,CH>),
1.35—1.46 (m, 4H, 7-, 8-H), 1.85/1.98 (2 s, 3H, 5-CHs), 2.17/2.36
(2t,2 x J = 7.7 Hz, 6-H), 3.00—3.04 (m, 2H, CH,CH =CH,), 4.20
(g, 2H, J = 7.1 Hz, OCHy), 4.92—5.01 (m, 2H, CH,CH=CH),),
5.71—5.82 (m, 1H, CH,CH=CH,), 581/5.82 (2d, 1H,2 x J =
15.6 Hz, 2-H), 7.81/7.83 2 d, 1H, 2 x J = 15.6 Hz, 3-H). — “C
NMR: § = 14.0/14.4 2+, C-9, OCH,CHj;), 19.0/20.4 (2+, 5-CH3),
22.7/23.0 2—, C-8), 30.3/31.3 (2—, C-7), 32.2/32.6 2, C-6), 34.5/
358 (2—, CH,CH=CH,), 60.1 (—, OCH,), 1149/1151 (2—,
CH,CH = CH),), 115.7/116.1 (2+, CH,CH =CH,), 127.8/128.0 (2 x,
C-4), 135.0/135.8 (24, C-2), 142.1/142.7 (2+, C-3), 147.6/148.0 2 x,,
C-5), 168.0/168.1 (2x, C-1). — MS, m/z (%): 236 (38) {M*], 105

100).
(100) CisHo0; (2364) Caled. C 76.23 H 10.24

Found C 75.88 H 10.16

Ethyl (2EAE)-56.6-Trimethyl-4-(2-propenyl)-2,4-heptadienoate
(2b): From 0.29 g (1.5 mmol) of Cul in 10 ml of diethyl ether, 2.0 m!
(3.0 mmol) of MeLi, 0.18 g (1.0 mmol) of 1b in 10 ml of diethyl
ether, and 0.60 g (0.43 ml, 5.0 mmol) of allyl bromide; reaction temp.
—20°C. Yield: 0.19 g (80%) of 2b as slightly yellow oil. — IR: ¥ =
1705 cm~' (s, C=0), 1605 (s, C=C). — 'HNMR: & = 1.22[s, 9H,
C(CH3)3], 1.29 (t, 3H, J = 7.1 Hz, OCH,CH3), 1.99 (s, 3H, 5-CH,),
327(d, 2H,J = 49 Hz, CH,CH=CH,), 419 (q, 2H, J = 7.1 Hz,
OCH,), 497 (dd, 1H, J = 1.8/17.2 Hz, CH,CH=CH,), 5.05 (dd,
1H, J = 18/103 Hz, CH,CH=CH,), 574-5.85 (m, 1H,
CH,CH=CHj,), 5.84 (d, 1H, J = 15.7 Hz, 2-H), 7.87 (d, 1H, J =
15.7 Hz, 3-H). — NOE difference spectra (irradiation at — intensity
enhancement at): & = 1.22 (¢Bu)— 5.74 — 5.85 (CH,CH =CH,); 1.99
(5-CH3) — 7.87 (3-H); 5.84 2-H) — 3.27 (CH,CH =CH),); 7.87 (3-
H) — 1.99 (5-CH;). — C NMR: & = 14.0 (+, OCH,CH;), 17.8
(+, 5-CH,), 304 [+, C(CH3;)y], 33.6 (—, CH,CH=CH),), 37.3 [x,
C(CH3)s), 59.7 (—, OCH,), 115.6 (—, CH,CH=CH,), 1169 (+,
CH,CH =CH,), 128.3 ( x, C-4), 136.3 (+, C-2), 145.1 (+, C-3), 153.1
(x, C-5), 167.6 (x, C-1). — MS, m/z (%): 236 (8) [M *], 41 (100).

CisHypO; (2364) Caled. C 76.23 H 10.24
Found C 7592 H 10.21

Ethyl 2,5-Dimethyl-3 4-nonadienoate (3): From 0.29 g (1.5 mmol)
of Cul in 10 ml of diethyl ether, 2.0 ml (3.0 mmol) of MeLi, 0.18 g
(1.0 mmol) of 1a in 10 ml of diethyl ether, and 0.46 g (0.3 ml, 2.8
mmol) of methyl triflate; addition of the triflate at —100°C, warm-
ing up to —20°C in 2 h prior to workup. Yield: 0.15 g (71%) of 3
as slightly yellow oil (1:1 mixture of diastereomers). — IR: ¥ =
1960 cm~! (m, C=C=C), 1730 (s, C=0). — 'H NMR: § = 0.90
(t, 3H, J = 7.1 Hz, 9-H), 1.21~1.29 (m, 6H, 2-CH;, OCH,CH,),
1.31—-145 (m, 4H, 7-, 8-H), 1.68 (d, 3H, J = 2.8 Hz, 5-CH;),
1.91—1.97 (m, 2H, 6-H), 3.06 (m, 1H, 2-H), 4.14 (q, 2H, J = 7.2 Hz,
OCH,), 519 (dg, 1H, J = 5.2/2.8 Hz, 3-H). — *C NMR:§ = 13.9/
14.1 2+, C-9, OCH,CH,), 16.5 (+, 2-CH3), 19.0 (+, 5-CH3), 22.3
(—,C-8),26.6 (—, C-7),33.5(—, C-6),39.8 (+, C-2), 60.4 (—, OCH,),
90.6 (4, C-3), 102.2 (x, C-5), 1748 (x, C-1), 2009 (x, C-4). —
MS, m/z (%) 210 (27) [M™*], 95 (100).

Ci3H»0, (210.3) Caled. C 74.24 H 10.54
Found C 74.07 H 10.84

Ethyl 2,5,6,6-Tetramethyl-3,4-heptadienoate (4); From 1.43 g (7.5
mmol) of Cul in 30 m] of diethyl ether, 10.0 m1(15.0 mmol) of MeLi,
0.90 g (5.0 mmol) of 1b in 10 ml of dicthyl ether, and 4.10 g (2.8 ml,
25.0 mmol) of methy! triflate; addition of the triflate at —100°C,
warming up to —20°C in 2 h prior to workup. Yield: 0.54 g (51%)
of 4 as slightly yellow oil (1:1 mixture of diastereomers). — IR:
V= 1960 cm™' (m, C=C=C), 1730 (s, C=0). — 'H NMR: § =
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1.04 [s, 9H, C(CH,):), 1.20—1.28 (m, 6H, 2-CH;, OCH,CH,), 1.69
(d, 3H, J = 2.7 Hz, 5-CH,), 3.06 (m, 1H, 2-H), 4.13 (q, 2H, J =
7.2 Hz, OCH,), 5.19 (m, 1H, 3-H). — °C NMR: § = 141 (+,
OCH,CH,), 148 (+, 5-CH), 16.1/162 (2+, 2-CH,), 289 [+,
C(CH;)], 33.2 (x, C-6), 42.7 (+, C-2), 60.5 (—, OCH,), 97.0 (+, C-
3), 103.0 (x, C-5), 176.1 (x, C-1), 200.1 ( x, C-4). — MS, m/z (%):
210 (17) [M *], 57 (100).
Ci;H»0; (210.3)  Caled. C 74.24 H 10.54
Found C 73.78 H 1047

Ethyl 22 5-Trimethyl-3,4-nonadienoate (5). From 0.29g (1.5
mmol) of Cul in 10 ml of diethyl ether, 2.0 ml (3.0 mmol) of MeLi,
0.19 g (1.0 mmol) of 1¢ in 10 ml of diethyl ether, and 0.46 g (0.3 ml,
2.8 mmol) of methyl triflate; addition of the triflate at —100°C,
warming up to —20°C in 2 h prior to workup. Yield: 0.18 g (80%)
of 5 as slightly yellow oil. — IR: ¥ = 1960 cm ! (m, C=C=C),
1720 (s, C=0). — 'H NMR: § = 0.89 (t, 3H J = 7.1 Hz, 9-H),
1.25(t, 3H, J = 7.2 Hz, OCH,CH,), 1.26 (s, 6H, 2-CH3), 1.28 —1.43
(m, 4H, 7-, 8-H), 1.68 (d, 3H, J = 2.8 Hz, 5-CHj;), 1.91 —-1.97 (m,
2H, 6-H),4.12(q,2H,J = 7.2 Hz, OCH,), 5.28 (q, 1H, J = 2.8 Hz,
3-H). — BC NMR: 8 = 13.9/14.1 2+, C-9, OCH,CH3), 19.1 (+,
5-CH,), 22.4 (—, C-8), 25.5 (+, 2-CH,), 29.7 (—, C-7), 33.7 (—, C-
6), 42.7 (x, C-2), 60.5 (—, OCH,), 97.0 (+, C-3), 103.0 (x, C-5),
176.7 (x, C-1), 199.6 ( x, C-4). — MS; m/z (%): 224 (22) (M "], 181
100).

(190 CsH0;, (224.3) Caled. C 7495 H 10.78
Found C 74.17 H 11.04

Ethyl 2-(a-Hydroxybenzyl))-5-methyl-3 4-nonadienoate (6). From
1.43 g (7.5 mmol) of Cul in 30 ml of diethyl ether, 10.0 ml (15.0
mmol) of MeLi, 0.90 g (5.0 mmol) of 1a in 10 ml of diethyl ether,
and 2.65 g (2.5 ml, 25.0 mmol) of benzaldehyde; reaction temp.
—20°C. The crude product was separated into two fractions by
column chromatography (SiO,, diethyl ether/pentane, 1:2) yielding
0.47 g (31%, Fr. 1) and 0.72 g (48%, Fr. 2) of 6 as slightly yellow
oils (each fraction consists of 1:1 mixtures of two diastereomers).
— IR: ¥ = 3600—3200 cm ' (s, OH), 1960 (m, C=C=C), 1720 (s,
C=0). — 'HNMR: Fr. 1: 3 = 0.84—091 (m, 3H, 9-H), 1.17 (1,
3H,J = 7.1 Hz, OCH,CH3), 1.21 —1.40 (m, 4H, 7-, 8-H), 1.49/1.67
(2d, 3H, 2 x J = 27Hz, 5CH;), 1.79-191 (m, 2H, 6-H),
3.22—3.30 (m, 2H, 2-H, OH), 4.09 (g, 2H, J = 7.1 Hz, OCH,), 5.05
(d, 1H, J = 52 Hz, CHPhOH), 5.17 (dq, 1H, J = 5.6/2.7 Hz, 3-
H), 7.23—7.42 (m, 5H, Ph). Fr. 2: § = 0.81—0.91 (m, 3H, 9-H),
1.11—-1.33 (m, 4H, 7-, 8-H), 1.26 (t, 3H, J = 7.2 Hz, OCH,CH,),
1.34/1.59 (2 d,3H, 2 x J = 2.8 Hz, 5-CH3), 1.70—1.85 (m, 2H, 6-
H), 3.13 (s, 1H, OH), 3.34/3.35(2 t,1H, 2 x J = 8.6 Hz, 2-H), 4.07
(9. 2H, J = 7.2 Hz, OCH,), 4.88—4.93 (m, 2H, 3-H, CHPhOH),
7.27—7.36 (m, 5H, Ph). — *CNMR: Fr. 1: 8 = 13.9/14.0/14.1 3 +,
C-9, OCH,CHy,), 18.4/18.7 (2+, 5-CH,), 22.3 (—, C-8), 294 (—, C-
7), 33.3/33.4 (2—, C-6), 54.3/54.5 (2+, C-2), 60.8 (—, OCHy,), 73.7/
73.8 (2+, CHPhOH), 84.4/84.7 (2+, C-3), 101.4/101.6 (2 x, C-5),
126.4/126.9/127.6/127.9/128.1/128.3 (6 +, Ph), 140.0/141.5 (2 x, Ph),
173.1(x, C-1),203.5/203.6 (2 x , C-4). Fr. 2: 8 = 13.8/13.9/14.1 (3 +,
C-9, OCH,CH3,), 18.4/18.6 (2+, 5-CH3), 22.2 (—, C-8), 29.2/29.4
2—,C-7),332(—, C-6), 54.1/54.4 2+, C-2), 60.8 (—, OCH,), 75.4/
75.5 2+, CHPhOH), 85.8/86.0 (2+, C-3), 101.7/101.8 (2x, C-5),
125.3/126.9/127.3/127.8/128.2/128.4 (6+, Ph), 141.4 (x, Ph), 173.3
(x,C-1),202.7/202.8 2 x, C-4). — MS, m/z (%): 302 (6) [M "], 195
100).
(100 CioHy60; (302.4) Caled. C 7546 H 8.67
Found C 7545 H 8.66

Ethyl 2-(a-Hydroxybenzyl)-5,6,6-trimethyl-3,4-heptadienoate (7):
From 2.86 g (15.0 mmol) of Cul in 40 ml of diethyl ether, 20.0 ml
(30.0 mmol) of MeLi, 1.80 g (10.0 mmol) of 1b in 20 ml of diethyl
ether, and 2.12 g (2.0 ml, 20.0 mmol) of benzaldehyde; reaction
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temp. —20°C. The product consists of four diastereomers in the
ratio of 8:8:4:1; it was separated into two pairs of diastereomers
by column chromatography (SiO,, diethyl ether/hexane, 1:2): Fr. 1:
0.48 g (16%), colorless oil, Fr. 2: 2.51 g (83%) colorless crystals
(m.p. 77—78°C). — IR: ¥ = 3600—3200 cm ™' (s, OH), 1960 (m,
C=C=(), 1720 (s, C=0). — 'H NMR: Fr. 1: 3 = 0.93/1.02* [2 s,
9H, C(CH,);}, 1.16 (t, 3H, J = 7.1 Hz, OCH,CH;), 1.49*/1.68 (2 d,
3H, 2 x J = 2.8 Hz, 5-CH,), 3.00 (s, 1H, OH), 3.26 (dd, 1H, J =
5.2/8.4 Hz, 2-H), 4.07/4.08* (2 q,2H, 2 x J = 7.1 Hz, OCH,), 5.05/
5.06%(2d,1H,2 x J = 5.2 Hz, CHPhOH), 5.14(dq, 1H, J = 8.4/
2.8 Hz, 3-H), 7.20—-7.40 (m, 5H, Ph). Fr. 2: 8 = 0.87/0.99 [2 s, 9H,
C(CH;)y), 1.25/1.26 (21,3H,2 x J = 7.1 Hz, OCH,CH;), 1.35/1.57
(2d,3H, 2 x J = 2.8 Hz, 5-CH3), 3.00 (s, 1H, OH), 333 (t, / =
8.4 Hz)/3.37 (dd, J = 7.8/8.7 Hz, 1H, 2-H), 4.12—4.24 (m, 2H,
OCH,), 4.80—4.96 (m, 2H, 3-H, CHPhOH), 7.20—7.40 (m, 5 H, Ph).
— BC NMR: Fr. 1: § = 14.0/14.7/150 (3+, 5-CH;, OCH,CHj),
28.8%/28.9 [2+, C(CH,)3}, 33.4 (x, C-6), 54.3/54.5% 2+, C-2), 60.7
(—, OCH,), 73.7 (+, CHPhOH), 84.8 (+, C-3), 110.4%/110.5 (2 x,
C-5), 126.4/127.6/128.1/128.2/129.0/129.8 (6 +, Ph), 140.8 ( x, Ph),
173.4%/173.5 (2x, C-1), 202.0/202.7* 2x, C-4). Fr. 2: § = 14.0/
14.2/14.7 3+, 5-CH;, OCH,CHj,), 28.6/28.8 [2+, C(CH3)3), 33.2( x,
C-6), 53.7/546 (2+, C-2), 60.7 (—, OCH,), 752/754 (2+,
CHPhOH), 86.1/86.2 2+, C-3), 110.5/110.9 (2 x , C-5), 126.7/126.8/
127.7/127.8/128.2/128.3 (6 +, Ph), 141.3 (x, Ph), 173.1/173.3 (2 %,
C-1), 201.5/201.7 (2 x , C-4). — MS, m/z (%): 302 (5) [M "], 195 (100).
CiyHy05 (302.4) Caled. C 7546 H 8.67
Found C 75.39 H 8.71

Ethyl 2-(a-Hydroxybenzyl)-2,5-dimethyl-3,4-nonadienoate (8):
From 0.86 g (4.5 mmol) of Cul in 20 ml of diethyl ether, 6.0 ml (9.0
mmol) of MeLi, 0.58 g (3.0 mmol) of 1¢ in 10 ml of diethyl ether,
and 1.59 g (1.5 ml, 150 mmol) of benzaldehyde; reaction temp.
—20°C. The crude product was separated into two fractions by
column chromatography (SiO,, diethyl ether/pentane, 1:5) yielding
0.29 g (31%, Fr. 1) and 0.29 g (31%, Fr. 2) of 8 as slightly yellow
oils (each fraction consists of 1:1 mixtures of two diastereomers).
— IR: ¥ = 3600—3200 cm ™! (s, OH), 1965 (m, C=C=C), 1710 (s,
C=0). — 'HNMR: Fr. 1: § = 0.84/0.88(2,3H,2 x J = 7.3 Hg,
9-H), 1.03/1.05 (2s, 3H, 2-CH3), 126 (t, 3H, J = 72 Hz
OCH,CH;), 1.12—1.47 (m, 4H, 7-, 8-H), 1.49/1.66 (2d, 3H, 2 x
J = 2.8 Hz, 5-CH3;), 1.73—1.94 (m, 2H, 6-H), 3.27 (s, 1 H, OH), 4.13
(g, 2H, J = 7.2 Hz, OCH,), 5.00 (s, 1H, CHPhOH), 546 (q, 1H,
J = 2.8 Hz, 3-H), 7.23—7.35 (m, 5H, Ph). Fr. 2: 3 = 0.80/0.88 (2 t,
3H,2 x J = 7.1 Hz, 9-H), 1.00—1.37 (m, 4H, 7-, 8-H), 1.10/1.11
(2's, 3H, 2-CH3), 1.25/1.26 (2 t, 3H, 2 x J = 7.1 Hz, OCH,CH,),
1.39/1.63 (2d, 3H,2 x J = 2.8 Hz, 5-CH3), 1.65—1.90 (m, 2H, 6-
H), 3.17 (s, 1H, OH), 4.17 (q, 2H, J = 7.1 Hz, OCH,), 5.00 (s, 1H,
CHPhOH), 5.18 (q, 1H, J = 2.8 Hz, 3-H), 7.13—-7.33 (m, 5H, Ph).
— BC NMR: Fr. 1: 8 = 13.8/14.0 2+, C-9, OCH,CHj,), 18.2/18.5/
18.7 (3+, 2-CH;, 5-CHs), 22.3 (—, C-8), 29.5/29.6 (2—, C-7), 334
(—, C-6),52.4/52.5 2 x, C-2),61.0 (—, OCH,), 78.2 (+, CHPhOH),
91.1/93.2 (2+, C-3),103.0/103.2 (2 x, C-5), 127.4/127.5/127.7/127.8/
127.9 (5+, Ph), 139.4 (x, Ph), 175.8/175.9 (2 x, C-1), 202.1 (x, C-
4). Fr. 2: 8 = 13.4/139 2+, C-9, OCH,CH3), 15.7 (+, 2-CH;), 18.3/
18.6 2+, 5-CH3), 22.1/22.3 (2—, C-8), 29.5/29.6 2—, C-7), 33.2/
333 2—, C-6), 526 (x, C-2), 609 (-, OCH,), 78.1/78.2 (2+,
CHPhOH), 92.9/93.2 2+, C-3), 103.1/103.2 (2 x, C-5), 126.9/127.2/
127.3/127.4/127.6/127.8 (6+, Ph), 139.7 (x, Ph), 175.4/175.6 (2 x,
C-1), 201.0/201.1 (2x, C-4). — MS, m/z (%): 316 (25) [M*], 274

(100).

CpHy0; (316.4) Caled. C 7591 H 892

Found C 75.77 H 8.67
Ethyl 2-(1-Hydroxy-2,2-dimethylpropyl)-5,6,6-trimethyl-3,4-hep-
tadienoate (9): From 2.86 g (15.0 mmol) of Cul in 40 ml of diethyl
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ether, 20.0 ml (30.0 mmol) of MeLi, 1.80 g (10.0 mmol) of 1b in
20 ml of diethyl ether, and 1.72 g (2.2 ml, 20.0 mmol) of pivalic
aldehyde; reaction temp. —20°C. The crude product was purified
by column chromatography (SiO,, diethy! ether/hexane, 1:2) yield:
2.30 g (82%) of 9 as colorless liquid (1: 1 mixture of diastereomers).
— IR: ¥ = 36003200 cm ™' (s, OH), 1960 (m, C=C=C), 1710 (s,
C=0). — '"HNMR: § = 0.92/0.94 [2 s, 9H, CHOHC(CH);], 1.04
[s, 9H, 5-C(CH,);), 1.27/1.28 2 t,3H,2 x J = 7.1 Hz, OCH,CH,),
1.68/1.69(2d,3H,2 x J = 29 Hz, 5-CH;), 3.21/3.23 2+, 1H, J =
3.0/3.6 Hz, 2-H), 3.39/342 2 d, 1 H, J = 3.0/3.6 Hz, CHOH), 4.14/
4152 q,2H,2 x J = 7.1 Hz, OCH,), 5.24 (m, 1H, 3-H). — C
NMR: § = 13.8/14.3/14.6 (3+, 5-CH;, OCH,CH,;), 26.0/26.1 2+,
CHOHC(CHj;)3], 28.6/28.7 [2+, 5-C(CH3)), 33.3 (x, C-6), 35.7 (%,
CHOHC(CHa),), 45.8/46.7 2+, C-2), 60.5 (—, OCH,), 81.0/81.4
(24, CHOH), 89.0/89.1 (2+, C-3), 110.7/111.0 (2 x, C-5), 174.4 (%,
C-1), 200.5/200.6 (2 x, C-4). — MS, m/z (%): 282 (3) [M*], 57 (100).

Ci7H30; (282.4) Caled. C 72.30 H 10.71

Found C 72.01 H 10.73

Ethyl 2-(1-Hydroxy-2-propenyl )-5-methyl-3 4-nonadienoate (10):
From 0.86 g (4.5 mmol) of Cul in 20 ml of diethyl ether, 6.0 ml (9.0
mmol) of MeLi, 0.54 g (3.0 mmol) of 1a in 10 ml of diethyl ether,
and 0.84 g (1.0 m], 15.0 mmol) of acrolein; reaction temp. —20°C.
The crude product was separated into two fractions by column
chromatography (SiQ,, diethyl cther/pentane, 1:5); yield: 0.19 g
(25%, Fr. 1) and 0.21 g (28%, Fr. 2) of 10 as slightly yellow oils
(each fraction consists of 1:1 mixtures of two diastereomers). — IR:
¥ = 3600—3200 cm ™' (s, OH), 1960 (m, C=C=C), 1740 (s, C=0).
— 'H NMR: Fr. 1: § = 0.89/0.90 2 t,3H,2 x J = 7.0 Hz, 9-H),
1.27 (t, 3H, J = 7.0 Hz, OCH,CH;), 1.31—1.45 (m, 4H, 7-, 8-H),
1.69 (d, 3H, J = 2.8 Hz, 5-CHj;), 1.92—1.97 (m, 2H, 6-H), 2.90 (s,
1H, OH), 3.11 (dd, 1H, J = 5.2/5.3 Hz, 2-H), 417 (q, 2H, J =
7.0 Hz, OCH,), 4.43 (m, 1 H, CHOH), 5.15—5.21 (m, 1H, 3-H), 5.20
(dd, 1H, J= 1.5/10.7 Hz, CH=CH,), 5.34 (dd, 1H, J = 1.5/17.8
Hz, CH=CH,), 5.82—5.85(m, 1H, CH=CH,). Fr. 2: 5 = 0.89/0.90
(2t,3H,2 x J = 7.1Hz, 9-H),1.25(t,3H,J = 7.1 Hz, OCH,CH,),
1.30—1.43 (m, 4H, 7-, 8-H), 1.67 (d, 3H, J = 2.7 Hz, 5-CH,),
1.91-1.93 (m, 2H, 6-H), 2.96 (s, 1 H, OH), 3.03—3.10 (m, 1H, 2-
H), 417 (g, 2H, J = 7.1 Hz, OCH,), 4.35 (m, 1H, CHOH), 5.07
(dq, 1H, J = 5.4/2.7 Hz, 3-H), 520 (dd, 1H, J = 1.2/10.6 Hz,
CH=CH,), 5.33 (dd, 1H, J = 1.2/17.1 Hz, CH=CH,), 5.85—6.00
(m, 1H, CH=CH,). — BC NMR: Fr. 1: § = 13.9/14.1 2+, C-9,
OCH,CH3), 18.8/19.1 (2 +, 5-CH3), 22.3 (—, C-8), 29.5/29.7 (2—, C-
7), 33.4/33.6 (2—, C-6), 52.3/52.4 2+, C-2), 60.9 (—, OCH,), 72.9
(+, CHOH), 84.6/84.7 (2+, C-3), 101.6/101.7 2 x, C-5), 116.5 (—,
CH=CH,), 137.3 (+, CH=CH,), 172.9 (x, C-1), 203.3 (x, C-4).
Fr. 2: § = 13.8/14.1 (2+, C-9, OCH,CHj), 18.7/18.8 (2+, 5-CH,;),
22.3 (—, C-8), 29.3/29.5 (2—, C-7), 33.3/33.5 (2—, C-6), 52.4/52.6
2+, C-2), 60.7 (-, OCH,), 73.5 (+, CHOH), 85.8/85.9 (2+, C-3),
101.7 (x, C-5), 116.2 (—, CH=CH,), 138.0 (+, CH=CH,), 1729
(x, C-1), 202.7 (x, C-4). — MS; m/z (%) 252 (3) [M ], 167 (100).

CsH»0;5 (252.4) Caled. C 71.39 H 9.59
Found C 71.02 H 9.67

Ethyl 2-(1-Hydroxy-1-methylethyl)-5-methyl-3 4-nonadienoate
(11): From 0.29 g (1.5 mmol) of Cul in 10 ml of diethyl ether, 2.0 ml
(3.0 mmol) of McLi, 0.18 g (1.0 mmol) of 1a in 10 ml of diethyl
ether, and 0.29 g (0.4 ml, 5.0 mmol) of acetone; reaction temp.
—20°C. Yield: 0.18 g (71%) of 11 as slightly yellow oil (1: 1 mixture
of diastereomers). — IR: ¥ = 3600—3200 cm ' (s, OH), 1965 (m,
C=C=C), 1705 (5, C=0). — 'H NMR: § = 089 (t, 3H, J =
7.0 Hz, 9-H), 1.25—1.53 [m, 13H, 7-, 8-H, C(CH;),OH, OCH,CH;],
1.67—1.71 (m, 3H, 5-CHj3), 1.91 —1.98 (m, 2H, 6-H), 2.94/2.95 (2 d,
1H, 2 x J = 9.3 Hz, 2-H), 3.34 (s, 1H, OH), 4.19 (g, 2H, J =
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7.2 Hz, OCH,), 5.22 (dg, 1H, J = 9.3/2.9 Hz, 3-H). — “C NMR:
8 = 13.7/13.9 (2+, C-9, OCH,CH,), 18.6/18.7 (2+, 5-CHj), 22.1
(—, C-8),26.2/26.4/28.4 (3 +, C(CH;),OH), 29.3/29.5 (2 —, C-7), 33.1/
33.4(2—, C-6), 56.4/56.6 2+, C-2), 60.5 (—, OCH,), 71.0/71.1 [2x,
C(CH;),OH}, 85.4/85.7 (2+, C-3), 100.5/101.6 (2 x, C-5), 174.0 (x,
C-1), 203.1 (x, C-4). — MS, m/z (%): 254 (2) [M*], 44 (100).
CysHy05 (254.4) Caled. C 70.83 H 10.30
Found C 69.65 H 10.49

Ethyl 2-(1-Hydroxy-1-methylethyl)-5,6,6-trimethyl-3,4-heptadi-
enoate (12): From 1.43 g (7.5 mmol) of Cul in 20 mi of diethyl ether,
10.0 ml (15.0 mmol) of MeLi, 0.90 g (5.0 mmol) of 1b in 20 ml of
diethyl ether, and 1.45 g (1.8 ml, 25.0 mmol) of acetone; reaction
temp. —20°C. The crude product was purified by kugelrohr distil-
lation (90 —100°C/0.06 mbar); yield: 1.06 g (83%) of 12 as colorless
oil (4:1 mixture of diastereomers). — IR: ¥ = 3600—3200 cm ! (s,
OH), 1960 (m, C=C=C), 1725 (s, C=0). — 'H NMR: § = 1.04*/
1.05[2 s, 9H, C(CHy)3], 1.24/1.26/1.27 [3 s, 6 H, C(CH,),OH], 1.28*/
1.29 21, 3H, 2 x J = 7.1 Hz, OCH,CH,), 1.68/1.69* (2 d, 3H,
J = 2.6/2.8 Hz, 5-CH,), 2.93*/294 (2 d, 1H, J = 9.3/9.1 Hz, 2-H),
342 (s, 1H, OH), 4.18%/419 (2 q, 2H, 2 x J = 7.1 Hz, OCH,),
5.19%/5.22 (2 dq, 1H, 2 x J = 9.4/2.8 Hz, 3-H). — "C NMR: § =
14.2 (+, OCH,CHj3), 14.9*/15.0 (2+, 5-CHa); 26.5*/26.9/28.7*/29.4
[4+, C(CH;),OH], 28.9%/29.1 [2+, C(CHs)s), 33.4 (x, C-6), 56.6/
56.9* 2+, C-2), 60.7 (—, OCH,), 71.3 [ x, C(CH;),OH], 85.8/86.0*
2+, C-3), 116.1 (x, C-5), 174.5 (x, C-1), 202.4 ( x, C-4). — MS,
m/z (%) 254 (< 1) [M™*], 59 (100).

Cy5sHy605 (254.4)  Caled. C 70.83 H 10.30
Found C 7049 H 10.32

(E}- and (Z)-6-Methyl-2-(trimethylsilyloxy)-2,4,5-decatriene
(14): From 0.57 g (3.0 mmol) of Cul in 15 ml of diethyl ether, 4.0 ml
(6.0 mmol) of MeLi, 0.30 g (2.0 mmol) of 1d in 10 ml of diethyl
ether; 1.63 g (1.9 ml, 15.0 mmol) of chlorotrimethylsitane and 1.52 g
(2.1 ml, 15.0 mmol) of triethylamine werc added at —80°C, the
mixture was warmed up to room temp., stirred for 30 min and
poured onto ice. Filtration through celite was followed by concen-
tration in vacuo and purification by column chromatography (SiO,,
diethyl ether/pentane, 1:10). Yield: 0.36 g (76%) of 14 [1:2 mixture
of (E) and (Z) isomers] as slightly yellow oil. — '"H NMR: § = 0.20/
0.22* [2 s, 9H, Si(CH3)3), 0.89 (t, 3H, J = 7.0 Hz, 10-H), 1.26 —1.44
(m, 4H, 8-, 9-H), 1.67/1.68* (2 s, 3H, 1-H), 1.81—1.83 (m, 3H, 6-
CH,), 1.87—-197 (m, 2H, 7-H), 497*/512 2d, 1H, 2 x J =
10.7 Hz, 3-H), 5.70—-5.93* (2 dq, 1H, 2 x J = 10.7/2.9 Hz, 4-H).
— NOE difference spectra (irradiation at — intensity enhancement
at): & = 0.20/0.22* {Si(CH;);] — 5.12 (3-H), 5.93* (4-H); 1.81 —1.83
(6-CH;) — 4.97* (3-H), 5.70 (4-H); 497* (3-H) — 1.81—1.83 (6-
CH3).
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98-5 / 2a (E,E): 143237-40-5 / 2a (Z,E): 143237-41-6 / 2b (E,E):
143237-42-7 / 3(R): 143193-04-8 / 3(5): 143289-16-1 / 4 (R): 143290-
25-9 / 4 (S): 143215-14-9 / 5: 143237-43-8 / 6 (R-R* R*): 143237-
46-1 / 6 (R-R* S*): 143237-45-0 / 6 (S-R*,R*): 143237-47-2 / 6 (S-
R*,S*): 143237-44-9 / 7 (R-R* R*): 143237-50-7 / 7 (R-R*,S*):
143237-49-4 / 7 (S-R* R*): 143237-51-8 / 7 (S-R* S*): 143237-48-3 /
8 (R-R*,R*): 143237-52-9 / 8 (R-R*,§*): 143237-54-1 / 8 (S-R*,R*):
143237-53-0 / 8 (S-R*,S*): 143265-77-4 / 9 (R*,R*): 143237-56-3 /
9 (R*,S*): 143237-55-2 / 10 (R-R* ,R*): 143237-57-4 / 10 (R-R* 5*):
143237-59-6 / 10 (S-R*,R*): 143237-58-5 / 10 (S-R*,S*): 143237-
60-9 / 11 (R): 143237-61-0 / 11 (S): 143237-62-1 / 12 (R): 143237-
63-2 / 12 (S): 143237-64-3 / 14 (E): 143237-65-4 / 14 (Z): 143237-
66-5 / (diethoxyphosphoryl)propionate: 3699-66-9 / 2-heptynal:
1846-67-9 / allyl bromide: 106-95-6 / methyl triflate: 333-27-7 /
benzaldehyde: 100-52-7 / pivalic aldehyde: 630-19-3 / acrolein: 107-
02-8 / acetone: 67-64-1 / chlorotrimethyl silane: 75-77-4



