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1. General camments

This survey highlights the use of transition metals in organic syathesis tor the
year 1996, 1f offers a fairly comprehensive coverage of the literature. with extensive
citations, but only unusual or significant transformations are presenled in equation
form. This format requires a hittle more ¢effort from the user, and a lot less effort
from the author, and allows thorough coverage in a minimum format.

2. Carbon—carbon bond-forming reactions
210 Alkyiations

211 Allviation of organic alides. tosvlates, triffares. acetates and epoxides

Iron{ 111} acetylucetonate catalyzed the alkylation of alkenyl halides by aliphutic
organomanganese{ I} halides with retention of geometry {1} B-Difluorcalkenyl
cuprates alkylated a range of aliphatic, benzyl, and allyl halides. «-haloesters. and
acid halides [2]. Alkeny] triflates were alkylated by =-lithiated #-Boc amines in the
presence of copper{ I} cyanide [3]. Organocuprates alkylated purine nucleosides [4].
a-Silyluted bromoallenes were alkylated by organocuprates with clean inversion [ 5].
Copper( [} salts cutalyzed the alkylation of benzyl iodides by heteroaromalic
Crrignard reagents [6]. Copper(]) bromude catalyzed the curbocupration of ethoxya-
cetylenc by Grignard reagents. The resuliing rrans-f-alkoxyvinyl cuprates were cou-
pled to aryl halides using palladium(0} catalysts [7]. Copper(1} salts catalyzed the
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alkylation of thioaminals {Eq. {1)) [8]. Palladium catalyzed the peralkylation of
hexaiodobenzene by the copper acetylide of propargyl uicohol THP cther [9].
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Nickel{II} phosphine complexes catalyvzed the alkylutions of vinyl selenides by
Grignard reagents {10.11]. New chiral ligands for the asymmetric coupling of benzyl
CGrnignard reagents with halides involving binaphthyl amine- phosphines have been
developed [12]. Nickel{0) catalysis were superior to palladium (8} catalysts for the
alkylation of benzyl chlondes with vinyl alanes [13].

Palladium clusiers and palladium-nickel clusters were used to catalyze Suzuki and
Heck coupling reactions [14]. Triphenyls contamning unsaturated side chains were
prepared by palladium-catalyzed coupling of functionalized 1.4-dibromobenzencs
with diene-containing arylboronic acids [ 13]. Aryiboronic acids coupled to wetrazole-
containing aryl halides { Eq. {2} {16]. o-bromonitrobenzenc and o-bromoacetamide
[17]. 2.4.6-trialkoxyary]l bromides [18], and o-bromobenzenesulfonyl ureas [19] in
the presence of palladium catalysts. This chemistry was used to make Korupensamine
C (Eq. (31 and ancastobrevin B [20] and ens-Korupensamine D [21.22], as well as
the Michellumines ( Eq. {4)) [23].
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OBn  OMe

Suzuki coupling has been applied to solid phase synthesis for combinatorial
chemistry. making biaryls on Wang silicon resing {24]. biphenylcarboxylic acids on
polystyrene [ 25], bizryl benzamides on PAM linked resins {26] and p-alkenylbenzam-
ides [27].

Aryl boronic acids coupled to 2-halopyridines [28], 2-carboxy-3-triflylpyridines
[29] and ~.ao’-dichlerophenanthroline [38] in the presence of palladiom{((} catalysts.
Highly substituted heterocycles on the route to streptonigrin and lavendamycin were
prepared by Suzuki coupling (Eq. (31 {3!].

d

B(Ole
o] base
(5

G
A =F, NO; NH,, NHCOR R'-= H. OMe, OCONEY,

B = H, NHCOxBu
R® = €I, F, OMs, OTH gaod y:elds
%= H, OMe

Palladium (0} catalyzed the coupling of 2-triflylindoles with heteroaryl boronic
acids [32]. 3-todopyrimidoindoles with ary! boronic acids [33] and pyrrole triflates
with pyrrole boronic acids ( Eq. (63} [34]. Mono, tetra and octabromo-tetraphenyl-
porphyrins were perphenvlated by arylboronic acids in the presence of palladium{0}
catalysts {33].

OMe
e
BOH), KioOs N7 N _
N 2 KOs Boc B N (6]
N 3
LA
CiiHze 3% =

The cationie Cp ruthenium complex of 1.4-dibromobenzene was diphenylaied. to
give complexcd terphenyl, by phenylboronic acid and a palladium catalyst {36].
Arenes containing oligophenyl groups were synthesized using Suzuki coupling
(Eq. (71} [37]. The oligophenyl containing up to 15 phenyl groups in a row was
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synthesized viz Suzuki coupling [38]. Another unusual Suzuki coupling 15 shown in
Eq. (8 {39].

LsPd
nCig Br + Ph—Ph—BIOH), —— nly
base

94%
1) KF
Rl e N ==—TMs oo
2) TMS ——== “‘ / . - 2} L PACLICU
- Br terphenyl
LsPd/ Cul
Ph,P {7
<~ O~ O=-0-L0-0~<=
1,PdCl,
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Palladium (0} catalyzed the coupling of arylboronic acids with aryl dizzonium
salis [40.41]. lodides and triflates were tolerated in the diazonium species. Aryl
iodontum salts ulso coupled [42]. Nickel(11) phosphine complexes were the preferred
catalysts for coupling arylboromc actds with aryl sulfonates [43] and aryl chiorides
[44]. Palladium cataiysts failed 1 the latter case.

Alkenes having boronmic ester groups ut the | and 2 positions [45] and dienes
having them at the | and 3 positions [46] were selectively arylated at the I-position
under Suzuki coupling conditions. Ketone hvdrazones were converted to arylated
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alkanes by a combined Shapire reaction (3 equiv. Buli followed by B{OiPr);)
foilowed by a Suzuki coupling [47]. Arylation of 4-bremo- or 4-triflylisocoumarins
by aryvlboronic acuds was efficient under Suzuki conditions [48]. Vinyl boronic acids
coupled efficiently to ary] trflates under Suzuki conditions (Eq. (9)) [49].
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Long chuin alkyvlborancs coupled to aryl tnflates under Suzuki conditions [30].
This process was used as part of a very nice Suzuki Heek cascade (Eq. (1)) [31].
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Suzuki coupling was used to connect arylboronic acids with vinyl halides [32],
and vinylboronic acids with vinyl bromides to make dienes [53.54], {in both cases
with extensive functionality present). With gem-dibromoatkenes. only one halide
site underwent coupling { Eq. (113} [55]. Butenolides having B-triflate leaving groups
were efliciently coupled to alkenylboronates under palladium catatysis [36].

Other synthetically interesting couplings are shown in BEq. (123 |57], Eq. {13} 58]
and Eq. (14) [39].

Paliadium catalyzed the coupling of cyclopropylboronic acids with aryl halides
[60}. cyclopropyl iodides with alkenylboronic esters [61] and alkynylboronates with
aryl hahdes [62].

The coupling of halides to organosilanes 1n the presence of fluoride and palladium
catalysts ( Hiyama coupling) was rare this year. Alkenyl silanes were coupled to
1odopyrimidines [63] and aryl chlorides [64] under Hiyama conditions.

in contrast the palladium-catalyzed coupling of stannanes und organic halides
and triflates (Stille coupling) was a very active area. ~“New perspectives in the cross-
coupling reactions ol organostannuanes’ is the title of a review with 24 references
[e5]. By replacing the spectator alkyl groups on tin with CH,CH,CF,,; groups. the
tin residuc from Stille coupling was eusily removed by extraction [66]. Palladium£})
complexes catalyzed the coupling of ary] iodonium salts {67] and related hypervalent
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iodine compounds with organostannancs |68]. Steroids having 17-10doalkenyl sub-

stituents coupled to vinyl tin reagents

in the presence of dienophiles to give

Diels Alder cvcloadducts 1in one pot [69]. Stille coupling was used to preparc
1.3-dienes from cyclic vinyl tnflates and vinyl stannanes [70], dienes containing
polyhvdroxy functionality from functionalized viny!l stannanes and functionahzed
vinyl iodides [71]. and 1.3.5-triencs from vinyl stannanes and bromodienes |721.
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Palladium{ 0} catalyzed the coupling of cyvclic vinyl triflates with 2-stannyldioxenes
[73). and the coupling of vinyl, allyl, and allenyl stannanes with cephalosporin vinyl
triflates [74}. Other synthetically significant vinyl vinyl couplings are scen In
Eq. (133-Eq. (203 [75 80}

MeO, O MeD  OMe
MeOLC Me MeO,C
e Pdcb(MeCN)g
. HOT N sy, e (154
) OMF HO —
74%
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Paliadium{0} complexes catabyzed the coupling of aryl stannanes and borome
acids with 2-10docyelohexenones [81]. Both o and f-stannyl butenolides were
reluctunt to couple to aryl halides and only L[,PdClL. worked [82]. 2-
Bromonaphthequinones were arvlated by 2.4.6-trisubstituted aryl stannanes using
palladium{8) catalysts [83]. 3-Stannylfurans alkyiated enol tnflates of cvelopentanes
under palladium{0} catalysis [84]. while 5-iodobenzofurans were alkenylated by
propeny! tin reagents [83]. B-Stannylenones were arylated by ary] halides [86] and
v-amino vinyl stannanes were coupled 1o aryl and alkenyl halides under palladium
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catalysis [87]. The 17-enol trillates of steroids were coupled to 3-stannyl-a-pyrone
[88]. and the enoi triflates of cyclic B-ketoesters were coupled 1o oxygenated arylstan-
nenes {89] using Stille coupling. Other uscful Stille couplings are shown in Eq. (21}
[90] and Eq. {22} [91]). An unusual rearrangement obscrved during Stille coupling
is shown in Eqg. (23) [92].

Palladium{0} complexes catalyzed the coupling of stannylpyridines with bromo-
pyridine N-oxides to form bipyridines and terpyridines [93]. 2.6-Oligopyridines were
made in a similar manner (94]. The triflate of N-Losyl-4-hydroxyindole anderwent
Stilfe couphing with a wide range of organostannanes [95].

The Stille reaction was used to couple 3-stannylpyrroles to aryl and heteroaryl
halides [96]. 4-stannvinitrobenzenes with  2-hydroxyvpyndine  trniflates  [97],
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2-stannyipyridiacs to substituted bromobenzaldehydes [98], and 3-stannylpyrroles.
thiophenes. indeles and benzothiophenes to 2.3-dibromobenzoguinones [99].
Materials for erystat engineering of stacked aromatic columns were synthesized by
palladium-catalyzed coupling  of  S-stannyl-1.3-pyrazines with 9.10-
dibromoanthracenes [ 100},

Iedopyrimidine nucleosides [1G1] and chloroadenines {102] were alkylated by a
variety of stannanes under palladium catalysis. p-Bromobenzyl pyroglutamic esters
were alkylated without loss of stereochemistry [103]. 3-lodo-2-Tormy] indoles were
coupled to stannylated cyclic unsaturated carbamates using Stille coupling [ 104].
Functionalized 3-stannylpyridines were coupled to functionalized 3-bromopyrroles
{105]. and 2-bromothiazeles | 106] under Stille conditions. Brominated benzyl phos-
phonates were coupled to heteroaryl stannanes using palladium catalysis [107).
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Other useful Stille couplings are seen in Eqg. (24) [108] and Eq. (25} [109].

O _
(24}
SnBu, !
Lict OMe =
53%
R X 3] Ar
)f : LsPd ;f \( _
N\S’N + ArSnBuy ———= N\S’N (25}
51-87%

Palladium catalyzed the alkylation of 2-bromothiazolines [118] and optically
active 2-bromooxazolines [111] by tin reagents. Pyrrolidinone triflates were also
alkylated by a range of tin reagents under palladium catalysis |112.113]. Alkynyl
stannanes were coupled 1o highly functionalized vinyl iodides J114]. 3-iodo-2.2"-
binaphthyl [115]. 3-bremobutenohdes [116]. 3-iedothiophenes [117] and norborna-
dienc Afs phenyliodonium salts [118] in the presence of palladium catalysts.

The iron tricarbonyl complex of 1-O-triflyl-13-butadiene was vinylated
and alkyonvlated by coupling with the appropriate tin reagent [119). Penta-
iodocyclopentadienyl mangananes tricarbonyl was coupled to cyclopentadieny! tri-
methyltin at all five positions under Stille coupling conditions [120]. The iodo
position of a 1-butyl-2-icdoalkenc coupled sclectively 1o @ range of organotin rea-
gents under Stille coupling condivions [121]. Functionalized allyl bromudes [122]
ang sp” halides containing B-perfluoroalkyl groups [123] coupled cleanly to organotin
redgents in the presence of palladium catalysts. Copper{l} todide [124] and the
copper{ 1} salt of thicphenc-2-curboxylic acid [125] catalyzed the coupling of orga-
nostannanes and organic halides without the necessity of palladium cocatalysts.

Organozine reagents also underwent efficient transmetallation to palladium and
participate in & range of useful coupling reactions. Functionahzed organozine halides
for the process were prepared by the nickel{11} catalvzed reaction of diethylzine
with primary halides or terminal alkenes [126] or by lithiation of functionalized aryl
or alkenyl iodides at —580 C followed by treatment with zinc bromide [127]. Arenes
containing both a triflate and an iodide coupled with functionalized arvlzine halides
exclusively at the iodide position in the presence of palladiem catalysts [128].
Halobenzoic esters with additional electron-withdrawing groups were alkylated by
eorganozine halides in the presence of palladiumscopper catalysts [129]. Polymer-
bound biaryls were synthesized by the pafladium-catalyzed coupling of polymer-
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bound bromobenzeoates with arylzine halides [1301 =« B-Dibromoacrylates were
alkylated exclusively at the B positton by organozine halides 1n the presence of
palladium(0} catalysts [131). B-lodoacrylic acid coupled to vinyl and alkynylzinc
halides mn the presence of palladium catalysis [132].

Indoie zine halides coupled to aryl and heteroaryl halides [133] and 10
2-bromopyridine in the presence of palladium catalysis [134]. Bipyridyls were made
by palladium-catalyzed coupling of bromopynidines with pyridinezine halides [135].
Chloroadenine was converted to cyanoadenine by zinc cyanide in the presence of
palladium catalysts [136]. Iodopurines and pyrinidines as well as their nucleosides
were converted to their organozine derivatives and coupled to aryl halides using a
patladium catatyst [137]. Phenyt alanines containing a borome acid group on the
benzene ring were prepared by palladium-catalvzed coupling of the iedaphenylboro-
ni¢ acid with alanine zine hahde reagent [ 138]. Functionalized alkenyi iodides {139]
and e-bromo-B-methoxyacrylates [140] were coupled to orgunozine reagents using
palladium catalysis.

A vuriety of aryl halides were alkyluted by oxazole-2-zine chloride [141]. and
furan-. thiophene-. N-methylpyrrele- and selenophene-2-zine chloride {$42] in the
presence of palladium catalysts. Interesting uses in synthesis are scen in Eqg. {26)
[143]. Eq. {27} 144} and Eq. (28) [ 1431

_ _ ﬁ’{ o ? 200
/_(I era— R

RO)B 8r LsPd L4Pd
(RO} 2) NaOH 1 \\ 4
31z
S0% (26}
R 60-30%
oz'
oz’ oz’ oH
ZnBr
1) LPd =
o 2
2} KaCOs ™ 27
74 o7

68%
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b de
70-50%

Palladium catalyzed the coupling of vinyvlzircomum complexes from the hydrozir-
conation of arvlselenium acetylide to aryl [146] and aikenyl halides [147]. B.B-
Difluorostyrenes were prepared by the palladium-catalyzed coupling of arvl iodides
with the o-zirconium complex from difluoreethane [ 148].

Zirconacyelopentadiene reacted with o-diiodobenzence to give naphthalenes in the
presence of 2 equiv. of copper chloride [149]. Functionalized benzyl halides were
coupled to vinvl alanes or Zirconium complexes by nickel () catalysts. which proved
superior to pulladium(0} catalysts [150]. Palladium(0) catalyzed the stepwise
alkylation of dichloropyridazoles by  organcaluminum  complexes [1511
Triphenylphosphime reduced palladium (11} complexes to palladium(} complexes
in the presence of water [152). Palladium catalyzed the alkylation of 2-iodothiophene,
-selenophene and -tellurophene by the amon of malononitrile  153]. It also catalvzed
the alkylation shown in Eq. (29) | 1534].

I__
TBSO ——
Pd0)  MeC,C
/R CDzMe
o7 R (29)
30-65%

.
R = Ma, Ph. 1By, CS >_§

2.1.2. Alkylation of acid derivatives

Copper{]) catalyzed the alkylation of acid chlorides by a-acctoxy stunnanes {1531,
Grignard reagents [156] and terminal alkynes [157]. Palladium catalyzed the reaction
between methacryloyl chleride and y-carboethoxyaikyl zine hahdes [158], and the
O zin¢ chioride reagent from benzaldehyde ketals {139]. Other useful paliadium-
catalyzed processes are shown in Eq. (30} [160]. Eq. ¢31) | 161] and Eq. {32) [162].

Drialkvizines alkvlated actd chlondes in the presence of cobalt{ [1) bromide catalyst
[163]. Organomanganese bromides. made from Riecke manganese, alkylated acid
chlorides [164]. Zirconacyclopenienes were converted 1o cyclopentadienes by treat-
ment with acid chlorides and copper catalvsts { Eq. (333 {163]. n'-Allvkitanium
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species were acylated by methyi chioroformate [166] and the dimethyl chloroforma-
mudates [ 167].

Py
P 3]
2
= 21 I\
Cpadr
RCOCI -
1
R 10% Cul a (3%
Copalr "
50-70%:

243 Alkviation of alkenes
Palladium-catalyzed reactions of unsaturated triflates with alkenes and alkvnes
has been reviewed {32 references) [168]. as has sclectivities in carbametalation ol
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olefins (15 referencesy {169). The electronic effects on insertion of p-substituted
styrenes into palladium alkyl complexes has been studied [170]. Electron-withdraw-
ing groups accelerate the process. The reactive intermediate in the palladium-cata-
lyzed arylations of methyl acrylate has been characterized [171]. The palladiacycle
prepared by heating palladium acetate with tri-(e-tolyl yphosphine had high turnover
numbers. but low sclectivity for the phenylation of methyl methacrylate [172]. The
Heck reaction was cutalyzed by pailadium colloids in the presence of basc {173].
Paliadium((} catalyzed the arylutions of butyl acryzlte by arvl halides in molten
salts [174]. Tetraalky]l ammonium sulfates promote the Heck reaction and allow it
to be run in water. water orgammic or anhydrous solvents J175]. The Heck reaction
between aryl halides and clectron-poor alkenes was dramatically accclerated by
microwave Irradiation {2 6 min reaction times) [ 176].

Ethyl cinnamate. methyl acrvlate [177,178] and styrene [179] were arvlated
by uryl halides in the presence of palladium(0} catalyst. 1.2-Dibromo.
-1.2.3-tribromobenzene and [ .2-dibromocyeiohexene underwent Heck reaction with
o B-unsaturated ketones at all halogen-bearing sites [18¢]. Heck arylation of
Z-acctoxypropene gave arylacetones [181]. [-Methoxy-2-trifluoromethyl cthene
underwent Heck arylatton exclusively o to the methoxy group [182]. Other syntheti-
cally useful Heck reactions are seen in Eq. (34} [183]. Eq. (35) [184] and Eq. (36}
[185].

z
Br o] Pg{0} - Q
= f‘l . -
N v N 3
R R

52-64%
EL,50
¥ B
=
, Py Poda ) 2, X 35)
KsPO, 4 —N
o
CO,PMP
0.0
OTf ==
o {36)
i PA{DAC),
+ HO\/-H\\“‘/U\OEI Tow
AcQ koac Ae©

60° 24 h
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Alkenyl silanes underwent [Heck arylation predominately at the nonstly! site of
the alkene [186]. Platinum complexes were incffictent catalysts for the Heck reaction
[187). v-Acyloxy unsaturated ketones [188]. v-carboethoxy acrylates [189). allyl
amines [190] and optically active aliylamines |191] all underwent efficient Heck
arvlatton or alkenylation. Other interesting eolefin alkylation reactions are seen in
Fq. ¢37)[192]. Eq. (38) [193]. Bq. (39) [ 194 and Eq. (40) [195}.

NCOEL \ NCO,E
| = I LPdiOAC), ~ lN
+ —_—
g LiEtgN S al (37)
COLEt HCOOH COMe
C
56%
NCOzBn |
0,
N N
- - LPdiOAS): =
e & ] \ {38)
N LIEtN
HCOOH
- 7
notz & 50-63%

(3

40

A 60-96%

Ar = phePh, pMO2Ph, pMeOPh, Ph
R=H Me

The SO, adduct of butadiene [196] and dihydrofurans [197] were arvlated by aryl
diazonium compounds using paliadium catalysts. Dihydrofuran was alkylated by
todopurines using palladium(0} catalyst [198]. Using vinyl triflates and a chiral
ligand. the reaction proceeded with high ece (Eq. (41)) [199]. In the aryiation of
dihydrofuran by iodobenzenc in the presence of palladium catalysts. at & kbar
pressure the turnover number was greater than 100 000 at 833 per hour. whereas at
10 *kbar it was 190 per hour [200]. In the arylation of dihvdropyreroles. olefin
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migration was suppressed by using additives {Eq. (42)) [201].

3O G0
o’ O/ v e
8

2%
>89% ee @1
L= o
),
PhyP N—,
R
Ar
<=> PA{OAC) \
y A — = Z ) 42]
Y AgaCOs ™
COMe TIOAG COMe
47-70%

Intramolecular olefin inscrtion reactions continwed to prove useful in organic
synthesis. Cyclie carbopalladation has been reviewed { 110 references} [202]. Under
normal Heck condiions 5-exe closure is favored but in aqueous methanol with
water-soluble ligands 6-endo can be achieved [203]. Intramolecular Heck reactions
have proven very useful in the synthesis of carbocycles (Eq. (43) [204]. Eq. (44)
[205], Eq.{45) [206] and Eq. (46} [207])) as well as alkaloids {Eq. {47} [208],
Eg. (48} {209], Eq.(49) [210]. Eq. (50) [211] and Eq.{51} [212)}. Using chiral
ligands, asymmetry has been induced {Eq. (52)) [213]. A tin mediated vanant is
seen in Eq. {33} {214].

CgHig
PdiQAC):

Ph,P {43)

Palladium catalyzed the double alkylation of strained doubie bonds in bridged
bicyclic compounds {Eq. (54} [215]. Eq.(535) [216} and Eq.{36) [217]%.
Paltadium(0} catalyzed the arvlation of alkenes by diaryltellurium species [218] and
by organomercuric hahides {Eq. {57}) [219]).

“The stereochemistry of palladium-catalyzed cychzation reactions—cascade reac-
tions” was the title of a review with 198 references [220]. Several cascade reactions
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are shown in Eq. {38) [221]. Eq.{39) [222], Eq. {60} [223] and Eq. (61} ]2

OSiR, 08ify

9 POIOAC), 0
—_— Zve (LN
=/~ L \/

Z =0, NTs, {CO;Mel,

OMe OMa ‘
—
O
Pd{S-BINAP
[} 1147 o

OMe o OMe o

24].

{55)

(56}

{57

(58)

{59)

Palladium({}) complexes catalyzed the alkylation of alkenes by methylene cyclo-
propanes { Eq. {62}} [225]. Steichiometric palladation of #n indole by palladium( 11}

resulted in allylation of 4 pendant alkene ( Eq. (63)} [226].

Nickel{acac) catalyzed the alkenylation of electron-poor alkenes by alkenytbor-
anes [227] while nickel{0) complexes catalyzed intramolecular couplings similar to

palladium ( Eq. (64)) [228].
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Ruthenium{Il} complexes catalyzed the e-alkylation of aromatic carbonyl com-
pounds by vinyl silanes via C H activation ( Eq. (65)) [229-231]. whiic rhodium{1)
hydrides catalyzed the alkylation of oletins by stabilized carbonium ions [232].
Rhodium(1) also catalyze alkylations of olefins by o-metallation processes { Eq. (66)
[233] and Eq. (673 [234]).

Optically active zirconium complexes catalyzed the addition of dicthyl magnesium
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to alkenes 235]). while corresponding titanium complexes did the same for trieth-
vlaluminum [236]. Titanium{IV) catalyzed the reaction shown in {Eq. (68} [237].
OH

CIT(CPY) $
A0 C0M L s eqBagtt ”@> (68)

55%

2. L4 Merad-curalyvzed diazodecomposition and other cyclopropanationy

Several reviews on various aspects of rhodium{ 1) catalyzed cyclopropanation of
alkenes by diazo compounds have appeared [238-240] and new ligands for asymmaet-
ric cyclopropanation of alkenes continue to be developed [241- 246]. Interesting
apphications are scen m BEq. {69) [247]. Eq. (703 [248] and Eq. {71) | 249].

Copper(l} wiflates catalyzed the asymmetric eyclopropanation of styrene by
diazoesters in the presence of chiral BINAP his oxazoline hgands [250] including
mtramolecutar processes [251] (Eq. (72) [232} and Eq. {73) [253]}). MeRe(3, cuta-
tyzed the entire range of diaroester reactions -~ cyclopropanations, € H, OO -H,
S-H. NH insertions. etc. {254]. Palladium catalyzed the cyclopropanation of vinylb-
oronic ¢sters by diazomethane [255] as well us the mtramolecular process in Eq. (74}
[256]. Osmium{[1} cymene complexes catalyzed the cyclopropanation of styrenes
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by diazoesters [257] while nickel( T} acetvlacetonate catalyzed the cvclopropanations
of ulkenes by sulfone vlids [258).

O s}
OMe ?
/&\ — 72
EO PNF COEMe

68%

Transition melals aise catalyze C-H insertuon reactions of diazoalkenes. This has
been reviewed [259]. The computational model ZINDO has been used to predict
diastereoselectivity m Rh mediated CH insertion reactions [260]. Insertion 1ato aryl
CH bonds [261.262] is efficient and. with C-2 symumetrical diphenylmethyl diazocom-
pounds high ce has been achieved {Eq.{75)) [263]. Insertion into aliphatic CH
bonds was also efficient [264] (Eq. (76)) [265] and [266,267] (Eq. (77)).

The effects of the ligand on rhedium(11) catalyzed cyclopropanation versus viide
chemistry has been siudied [208]. Two interesting reactions proceeding via ylides
are shown in Eq. {78} [269] and Eq. (79) [270].

Cascade processes of metallocarbenoids has been reviewed (320 references) [271],
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2.1.5 Cycloadditions

Transition metal mediated cycloaddition reactions have been reviewed (226 refer-
ences} [274]. Palladium-catalyzed cycloadditions of trimethylenemethane moietics
were efficient with dihydropyranes (Eq. (82)) [275.276] and intramolecularly
{Eq. (831 [277] Palladium{0) complexes catalvzed the cycloaddition of methylene-
cyclopropanc-derived tnimethylenemethances to atkynes [278]. (Eqg. {841 [279] and
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alkenes (Eq. (85)) [280). Palladium({) complexes catalyzed the cyeloaddition of
diphenylacetylene to o-iodoacetophenones {Eq. {861 [281].
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PRS0, , 30: 2
+ —_—
: "5 ™S OAc - "o {82)
75%
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T 2
{iPr)3P H (8 - l
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D 2% Pdadbay
— o]
R:?_q_{uph PLOIPT), ; (84)
H R’ /f H I,’Rz
r? R
3
R
5B-B5%
COMe
| MeCC o
10% LPd H
S PhCH, {83)
x
CrHhs CrHig
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OH Pn
(s}
T
i Ph
e POIOAS),
+ Ph—=———FPh (86)
MeQ OMe 5;3:,': MeC OMe
COMe OMe
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Iron carbonyl promoted an unusual 3 -3 cycloaddition {Eq.(%7) [282].
Diels Alder reactions with iron tricarbonyt complexes of 1.4.6-hcxatriene-3-ones
went with high diastereoselectivity [283]. Similarly. Diels- Alder reaction with acrylic
esters having a chromium-complexed arenc pendent from the ester group proceeded
with >93% endo sclectivity versus 7822 for the uncomplexed species [284]. A
tungsten furan complex underwent cycloaddition with dienophiles (Eq. {88)) [285].
Nickel((t) complexes catalyzed the intramolecular 4 + 2 cycloaddition of a diene to
an alkyne { Eq. {89)) [286].

|/-\0 R2
o

A o &) R
R R FenGQg
. bl o (87)
a2 R* .
Br Br

R .
56-86%
o) COR
O _E CO,R CpiCOLW "
S\_%’ . [ . oo M
CpICO) W Me CoR N oA
€0, 70%
(88)
/_-\\_: Im Ni{COD),

v o—— TMS { 3

N—H  (ROIP
TMS—==—1{J, O Ng {89

e B0-90%

m=2n=1

m=1,n=2

The [4+4] cycloaddition in natural product synthesis has been reviewed (126
references) {287]. Photochemical [6 + 4] eycloadditions [288). ( Eq. (90}) [289], itera-
tve {6 + 2] cvcloadditions [290]. ( Eq. {$1))[291.292] and higher order eyeloadditions
(Eq. (92} [293] all proceeded with chromium tricarbonyl complexes of cyclic trienes.

() o

|
CriCOly

S0%a
Cr(ccn3

75-81%
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2.1.6. Alkviarion of alkynes

Much of the research involving alkyne alkylation is in the context of the synthesis
of cnedivie compounds and two reviews [294] { 189 references) [295] have appeared
on this subject. A full paper on the synthesis of Dynemicin A, involving paliadium-
catalyzed alkylation of alkynes, has appeared [296]. A number of studics involving
the palladium-catalyzed alkylation of alkynes by the bis-triflate shown in (Eq. (93))
have appeared [297 -300]. Other ene—diyne syntheses are shown in Eq. {94} [301)
and Eq. (95) [302]). Conditions for the palladium-catalyzed coupling of terminal
alkynes with aryl halides in the absence of copper [303] and under agucous conditions
{304] have been developed.

OTf
i =
o m ePeCh ‘C = (93)
. 3
S cul —
= \x v

iProNH 20-40%
[stepwise)
— LsPg —
cul j
g7 " N punt, o M A (94)

oTBS

, 74 7\ (95)
P . Pd(0) OEt
EG - Cut OEt
HO HO

A pulladium/icopper catalyst was used to couple terminal alkynes to o-haloaniline
amides [305.306], and dimethoxy iodoarenes [307], and 2-brome-4.5-methy-
lenedioxobenzaldehydes [308). It has been used in the synthesis of benzofurans
{Eq. (96)) [309] and optically active biaryl systems (Eq. {97} [3101
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Palladium ‘copper systems catalyzed a large number of alkynesalkenyl halide cou-
pling reactions. Propargyl alcohols were coupled to eis und trans 1.2-dichtoreethylene
[311]. v-bromocinnamaldehydes with acetylenic alcohols [312]. chloroallyl amines
with terminal alkynes [313]. 4.7-diene-1-vnes with functionalized alkenyt bromides
{314] and propargyl aicohols with alkenyl wodides [315]. Propargyt and homopropar-
gyl epoxides coupled o 4-r-butyleyclohexanone triflate [316] and highly function-
alized alkenyl iodides {Eq. {98} [317]. Other wsctul palladium-copper catalyzed
alkvlations of alkynes are seen in Eq. {99} [318]. Eq. (1003 [319.320] and Eq. { 101}
I321]. The reaction has been used to make butenolides {Eq. (1021 |322] and to
incorporate acetylenic side chains mto butenolides { Eq. { 103)) | 323,324},

PACi{MeCM},
——
Cul
IPrNEL,

(98

S4%

Patfadium copper systems were used to catalvze the coupling of alkvnes with
heterogromatic hahides including 2-chloropyridines [323], iodopurine [326], and
pyrimidine nucleosides [327]. and iodoimidazeles [328]1. Phenyl acetvlenes having
tong chain phenol ethers para were coupled to 2-iodo-6-bromopyrnidazines at the
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iodo position under palladium copper catalyst and subsequently Suzuki coupled al
the bromo position with similar aryl boronic ackds [329]. Boc-protecied m-iodouni-
line coupled to trimethylsilyl acetylene using palladium catalysis [330]. Alkyne-
functionalized oligopyridine building blocks were synthesized by palladium ‘copper
catalvzed coupling of alkynes to bromopyridines [331].

Ortho diodobenzene [332] and e-quinone Aiy triflates [333] were Ais-alkynylated
by termimal alkynes 1o the presence of palladium copper catalvsts as was
4 3-dibromotriazine [ 334]. Two procedures for the “orthogonal”™ coupling of ulkynes
1o aryl halides have been developed [335.336]. Polybrominated 2.27-Ais thiophenes
[337] and phenanthrenes containing long chain alkyl ethers for use as the tail in
triphenylene discouic hguid erystals [338] were polyalkynyviated by terminal alkynes
and palladium copper catalysts. Acetylene was Ais-arylated under similar conditions
13394, Other multiple couplings arc shown n Eqg. (1043 [340]. Eq. ¢ 103) [341L
Eqg. (1367 [342,343], Eq. (107) [344]. Egq. (108) | 345] and Eq. {109} {346].
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Linear amphipathic porphyrin dimers and trimers were synthesized by coupling
porphyrins with pendant aryl halides with those having terminal alkyne groups
[347]. A solid phase synthesis of phenylacetvlene oligomers using palladiumicopper
catatyzed alkyne ulkenyl halide coupling has been developed [348]. This has also
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(109)

been accomphlished in solution using alkyneqaryl iodide coupling [349]. Ohgomeric
optically active BINAPS connected by phenylacetylene linkages were made by
palladium/copper c¢atalyzed coupling of p-dnodobenzene with bis phenylacetylene
BINAP [350], and 6,6'-dibromo BINAPs linked at the 2,2-positions by a polvethyl-
ene glycol group, with 1,4-bis cthynyl-2,5-bis{C,; ether} benzene [351]. Terminal
alkynes were dimerized by reaction with allyl bromide and Pd,dba, in the presence
of 30% NaOH [352]. Chromium tricarbonyl complexed chlorobenzene was coupled
to trimethylsilytacetvlene using palladium‘copper catalysis [353]. A related catalysis
coupled t-bromo-2-trimethylsilyl ethyne to a terminal alkyne pendant from a eycio-
propanated fullerene [354].

A full paper entitled **Palladivm-catalyzed tandem cyclization anion capture —
part 2. Cyclization onto alkynes and allenes with hydnde capture™ has appeared
[335]. Related examples are seen in Eq. (110} [356] and Eq. {111) [357]. Nickel{()
complexes catatyzed the alkylative cyclization of alkvnes onto enones {Eq. {112}
[358]. Palladium‘copper catalyst sysiems cyclized enynes via c¢hloropatiadation
(Eq. (1133 [359.360]. lodoferrocene was coupled to phenylacetylene dimer using
palladium:copper catalysts [361].

Alkynes were [.2-4is arylated by aryl trifurylting using palladium;copper catalysis
1362]. Palladium(0} catalyzed the ¢is-addition of aroyl cyanides to aryl cthenes
placing the cyano group on the arene-bearning carbon {363]. Palladium 11} catalyzed
the 1.2-addition of a halogen and an enone { Michael addition) across an alkyne [364].
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A full paper on the mechunism of zircomum-catalyzed curboatumination of
alkynes has appeared [365]. Manganese{1]} todide catalyzed the 1,2-addition of aliyl
Grignards 1o alkynes [366]. The resulting alkenylmagnesium halide was quenched
with electrophiles. Palladium-catalyzed hydrocarbonation of allenes has been
reviewed [307]. Variations of this process are seen in Eq. (114) [368]. Eq. {115}
1369]). Eq. (116 [373] and Eq. (1173 [371].

!

I}~

{)a X dpet X (114

¥, X = CN, COMe, SO,Ph

Puiladium cutalyzed the arylation of terminal alkvnes by aryl todonium salts [372],
terminal propargyl alcohels by heterouromatic halides [373] and by a-bromo-[i-
{phenyitellurium) styrene at the bromo position [374]. Copper iodide m pyrrolidi-
noncs couple terminal alkvaes with alkynyl iodides [375). Palladium catalysts were
required for alkynyl bromides.
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287 Alkvlation of afivl propargyi and allenvi sysiens

Pulladium-catalyzed asymmetric allylic alkyvlation remains a growth industry
with many opew ligand systems for the asymmetric alkylation of racemic
J-acetoxy-1.3-diphenylpropene being reported [376 383]. Strangely, this system
could atready be alkviated with greater than 99% ee and would seem not 1o demund
so much continuing attention. Palladivm-catalyzed asymmetric allylic alkylation has
been reviewed a number of times [384] ( 183 references), [385] (47 references), [386]
{30 references). {3871 A curefu! study showed that the intermediate lor this process
need not be symmetrical 388]. Diphenyl imines of s-ucctoxv-z-amino acid esters
were alkylated with low ee [389]. Using palladium catalyst. asymmetry could be
induced at the x-posion of the stabilized carbanion used in alkylation of ally
acetzies as long as g quaternary center was formed to preclude epimerization of the
product [390.391].

A supporied aqueous-phase catalyst consisting ol palladium acetate and water-
sofuble phosphine ligands on porous silica catalyzed the alkylation of cinnamyl
carbonates by acctoacetates |392]. Allyl aleohols were treated with cthyl chloro-
formate then nitromethane and a palladium catalyst to alkvlate the thus formed
allyl carbonate {393]. The palladium-catalyzed alkylation of allyl acetates by the
anion ol 2-mcthyl-1.3-cyclopentanedione was reversible [394]. Intermediates for
carbocyelic nucleoside analogs were made by palladium-catalyzed alkylation of
J-acetoxyevelopentencs [395,396). Cuarbohydrate-related systems ulso underwemt
efticient palladium-catalyzed allylic alkylation (Eq. (1183 {397,398 . I.4-Diacctoxy-
2-tricthylsilyl-2-butene underwent palladiom-catalyzed allylic alkylation 1o the silyl
group [399]. Quite complex systems were allylically alkylated. see Eq. €119} {400,
Eg. (1203 [4011, Eq. {121 [402]. Eq. {1227 {403]) and Eqg. {123)[404). Palladiumi{(}
catalyzed the alkylation of ullvl carbonates by allyt tins with loss of ally]
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stereochemistry {4035].
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80:Ph | TI/ —_— = “OTEDMS {122}
PhaP :
! 0
N 52%
OTBOMS
Z
SnBu, z
z SnBu, /\J<I LPd  MeD,C 1) CICO,Et
\//\n/ + = —— —  MeO,C
Ma0.C e | 2) Po(5)
OH
(123}

Cyclopropanes were synthesized by the palladium-catulyzed alkviation of
1.4-dicklore-2-butene with the anion of the dipheny] iming of x-amino acetonitrile.
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in a two-step allylic alkylation [406,407]. An example is shown in Eq.{124)
[408,409].

or x

)\__)’ Patdppe), )R/(v 1) AFCOC /\A/
P . —_— o y

Ph QCCAE v, (124)

X 2) Pd(dppela
OB 0%

Erol ethers directly alkylated allyl alcohels in the presence of palladium catalyst
and trifluoroacetc acid [410]. a-Naphthol underwent polyallylation by allyl alcohols
in the presence of palladium{0} catalysts {411]. The alkene portion of allyl alcohols
was arylated by aryliodonium salts in the presence of palladium¢(}) catalysts, giving
the arylated allylic alcohol, rather than the ketone from B-climination into the
aleohol group [412]. Palladium also catalyzed cascade polyevelization sequences of
allyl systems {Eq. {125) [413] and Eq.{126}) [414]. as did reduced cobait species
(Eq. (127)) ]ﬁ]

R o
3 Pd{OAg)
/\[’R EHNQ ﬁ*-‘ (125)

37-55%
2]
& LiPg ,
OAc HOAC

S0%

i
Co(acach

- S o {127)
X s EtEAECI
— Phgp % COEH
ROC,C [
z COR B84%

Ruthenium complexes catalyzed the alkylation of allyl alcohol by terminal alkynes
{Eq. £128)) [416]). while nickel phosphine complexes catalyzed the alkviation of allyl
carbonates by aryl and alkenyl boronates [417] and the ring-opening of cyclic allyl
ethers { Eq. {129)) [418}. Phenyl copper in the presence of BF, performed an Sn2’
(&) displacement of chiral ketals of diene aldehvdes [419]. Butvlcopper effected
302’ displacement of chiral sulforamides with goed ee [420]. The chiral zirconium
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complex (RHEBTHI }Zrbinol catalyzed the kinetic resolution of 5 -8 membered
cyclic allyl ethers i 50- 7% cc by ring-opening one of the two enantiomers {421].

L OH Cp*RuCICOD) J\/\
R——== ., &~ — R OHO + R—3y_~_CHO
4

major

mior {128)
50-85%

R = Ph, GgHyy, tBu, MeOCH,, PNO,PR, TMS, HO™ "

OMe LZN:C!Z cat {1 29)

F0%

The development of highiy sterco- and regioselective reactions of cobali complexes
ol propargaldchydes has been reviewed (28 references) [422). A kev step in the
synthesis of thienamycin was the alkylation of cobalt-complexed propargyl ethers
fEq. {130)) [423.424]. Other reactions relying on the ability of cobalt 10 stabilize
positive charge at a propargylic position are shown in Eq. (1311 [425] and Fq. ( 132)
[126].

Complexation of propargyl ethers to Co.{CO), to prevent rearrangement to allenes

Bry
o8 ) ", ACBR
2 o o
! /’\/\ :
1 ——
PhG” i Q7 N R Ngrpg - HO = TMS (130
2} LIOOH oTes ’
CosCON P e 3) ox
79%
Rl
o - P [)n_o
1} BF
B G L
o ™S o
2} Nide
. Co,{CO}
n=0,12 Be 47-60%
002{00)6 002(00}5
Lewus
@’//\OTBDPS + . orepss  (132)
COsMe pcid H COMe
= - 2
HO
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during palladium-catalyzed alloc deprotection was cfficient (Eq.{133) [427].
Palladium catalyzed the alkylation of propargyl carbonates by indole-2-borates
[428]. The allene (Sn2'} wus the major product with Pd{dba), catalysts while the
alkyne resulied with 1 Pd catalysis. Palladiem (0} complexes catalyzed the alkylation
of 1.3-enynes by stabilized anions at the terminal olefin position o give allencs
[429]. Propargyl carbonates were transformed mnto dihydrofurans ( Eq. §1343) [430]
and propargy! ketals were x alkylated (Eq. (135)) {431] using palladium catalysts.
Copper{1} cyanide catalyzed the alkylation of propargyl bromide by 2-(Cp.ZrCl}
sikoxyboranes to give allenvl{alkoxy)borunes [432]. Nickel(Il} phosphine ¢com-
plexes catalyzed the conversion of propargyl dithiancs to allenes by methyl magne-
sium bromide { Fq. { 136)) [433].
OTBOMS

a © o CsHiy
P CoH., 1) CosiCON cog™~F PA{OAC); A\
= T — OTBOMS (| 33,
2y POiDAC) ".\b L el
etc. CgHyy HOOOH
(3% 76%
OTBOMS

(134

QEt
PA{OAC); —
Ar————d + A —— - A/_S/Oa -
KOOCH ' {135

DMF B0

M M
8. 85  MeMgBr ¢ e

/ R? NiCludppt R\’a’: T {136)

B 55-00%

2 L8 Coupling reactions

Papers dealing with the cffect of ¢xternal ligands on McMurry coupling [424], a
review { [42 references) on new developments in the chemistry of low-valent titanium
(435], and a paper on the use of electrochemically generated titanium nanoclusters
for MeMurry coupling [436] have all appeared. Cis-stilbene-3.3-dialdchyde was
evelocoupled at both aldehydes 1o give the cyclic tetraene by TiCl/Zn [437]. Nickel
porphyrins with & peripheral aldehyde group were dimerized through this group by
MeMurry coupling [438]. McMlurry eyclocoupling was also effective {Eq. (137)
[439] and Eq. (138)) |446]. McMurry coupling was used to make calix[4]arene
derivatives by aldehyde coupling across the ring [441]. Other highly Tunctionalized
McMurry  couplings  are seen an Eqg. (139 [442] and  Egq. (140)  [443].
Cp,TiICH THF 3 reductively coupled aldehvdes o mive diols {444 as did TiCl, Zn
tEa. ¢ 1411) 1445] although sumurium iodide wus more efficient.
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TiCt,
- (137)
34%
2 - H
Sy Tl
dx DMLY
T A (s
81%
0°C
—_— dio)
same
&t COE E: CO,E £10,C Et
. MH L NH HN
7 i TICL{DME) Ron 7
2 c=0 C=0—
— 1.5 Zn/Cu {135
By N By M AN ™ m
|
CO,E! CO.EL EO,C
76%
H 4
i " Pa
C=0o £=C
. TiClgZn
7N - R /A (140)
BOL ™ Ny EI0.C7 Ny N COE
H H B
62%
{141;

Excess copper(1} chloride in DMF coupled vinyl stannanes to give dienes both
inter- {446] and intramoleculurly [447] ( Eq. {142} [448]. Hydrozitconation of afky-
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nyl borancs followed by copper(l) catalyzed coupling produced 2.3-diborane con-
taining 1,3-dienes [449]

H
N/\/\N,,‘ PACIL,
“ —_—
T Cul
&k OMF
SnBu,
SnBu,

Nickel (0} catalysis coupled o-his-{dibromomethyl Ybenzenes to produce dibromo-
benzocyclobutanes [450], 2-chloropyridines to give 2.2-dipyridines [451] and
2-bromothio and selenophanes to give dimers { Eq. {143)) [452]. Nickel complexes
also catalyzed the intramoclecular coupling of Ais-enoncs { Eq. {144)) [4533] and the
intermolecular coupling of -sulfonyl allyl Grignard reagents to give trienes j434].

X ! X NICIZn/PhyP X | X g i X
M Az Y
-@7 DME y (143)
X=5 50%
X=Se 20%
0 Ph OH

nCOPh
Ph BuzZn %
- Hr H

) 23%

(144)

The mechanmism of Suzuki self-coupling of arylboronic acids has been studied
[455] and used to make biaryls and BINAPs [456]. Palladium chlorides coupled
alkenylmercuric halides [457] and cross coupled heteroaryl stannancs {Eq. {145}
[458]. Palladium/copper systems coupled 2-lithiated dithvdropyrans [459), heteroaryl-
halides {Eq. {146}) [4607 and alkenyl bromides [461] { Eq. (147)} [462]. Pailadium
acetate/phosphine systems coupled styrene oxides ( Eq. (148)) [463} and head-to-tail
dimerized terminal alkynes to give enynes [464].

Redueed titanocenes cyclocoupled dienes 1o give titanacyclopentanes [4635] and
enynes (0 give titanacyvclopenicnes |466] which could be further elaborated
(Eq. (1493} [467]. Imines with remote alkenes could be similarly cyclized to give
amines with a carboceyclic alkyl group [468]. 3.4-Dilithio-2.5-dimethythexa-2 4-diene
was converted to 2.5-dimethyl-1.34-hexatniene by treatment with Cp,TiCl, [469].
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{1451
L,PdCl;
0 o)
EOM i BOM
N L,PdCl N
| 2PaCl;
N Vg oL 2, N
] b Gul N {146}
8o.ph 8o,en DMF S0,Ph
2
‘\
N
763 SO:h
I Pl
| Ph
1% PA{OAC), \
— = Ph O {147
KoCO;y
Bu.NBr DMF
5%
Ar
o
PtOAC); BusP /_\/k
Ar/Q —— Ar Z N cro
BUOH (148)
48-B1%

Ar = Ph, pMePh, pFPh. pMaOPh, oMeCPh

Reduced #irconocenes similarly coupled dienes (Eq. {150)) [470) and alkenes with
alkynes [471]. Samarium 1odide coupled the aldehydes of chromium tricarbonyl
complexes of ¢-bromobenzatdehyde to give the symmetric diol [472].
R R

/‘\// 2 iPMgCl e

X B ™ o

Ny T TiOnPr,C
3 {149

K=CHpy {CHph 50-80%
E =H', D' EICHO, EL,C0
R = TMS. nCgHyy

2.1.9. Alkilation of n-alivi complexes

Theoretical papers dealing winh the effects of auxilliary hgands on the regiochemis-
try of nucleophilic addition to m-allylpalladium complexes [473]) and on pailadi-
um -carbon bonding in m-allvl-palladium complexcs [474] have appeared. The origin
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Z CogZitu,

—

X

{150

1) HG{OEt),
8F,
2j )

63% qverail

of enantioselectivity 1t the alkylation of m-allylpalladium (SIBINAP complexes was
derived from an X-ray crystal structure of the complex [475]. 2-Oxoallyl palladium
complexes reacted with norbornene to give eyclopropanes (Eg. (151)} [476].

™ LsPd i %

-
—° OT]/\X _— —OAO—<P<1/L} — O=de’ —_—
\ -
L | mo L
{151
N e
Ay

A review entitled “New Applications of Chiral N-Acyliminium Precursors™ (15
references}. has appeared and deals with cationic iron n-allyl complexes [477]. These
undergo alkylation with a high degree of regio- and stereocontrol (Eq, (152)) {478
480]. Enolates alkylated n-allyl iron carbene complexes { Eq. {153})) {441 483|.

HBF, 1) Nue
2 oL ‘
NN - 2
. 2) CAN \I/\/
YO Fe(CO) FeiCOl," s
{152
¥ = Ac, Bn OSiRg
Z=COR. SOPh  Nuc= . FGHCH2),-ZnCl
 ome O Fe{COJ);
{CONFe— R'
i F‘J\_’ i /"\< e
9 . (153
R i\ co ,
R

T0-80%
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n-Aliylmolybdenum complexes, formed by nucleophilic addition to cationic
t,3-diene complexes. underwent nucleophilic attack under oxidizing conditions
(Eq. {154} [484,485]. Cationic osmium and ruthenium n-allyl complexes also were
alkylated by stabilized carbanions {Eq. (135)) [486].

Y SPh
SFh < SPh
¥ | ) X {1543
t 21 H,0
CDMO(CO)Q CDMO(CO)Q 4%
{+) 687%
MeO,C. | COzie
b 1} _
eOsiNHgls  TBSOTE 3&‘05 g .O, COpMe
& 20, . : .
CHa{OMe), / 2) DDC OMe COMe
Me0

75%
(155)

2.8 100 Alkvieiion of carbonvi compotnds

Petasis reagent (Cp,TiMe,} methvienated B-lactones [487] and six-membered lac-
tones {Eq. { 150)) [488]. Tebbe's reagent was used to methylenate more complex
systems { Eg. {137)} [489].

< Z
a2 3]
. o Cp,TiMe, ﬂs% o
N Ao (156)
R‘

R o R
£5-B0%
H
T80 TBSQ :
~ "OR  op TiCH - e B
Peim2 (157)
407
a” o o

Titanium 1sopropoxide reacted with Grignard reagents followed by esiers to give
cyclopropanols { Eq. { [38)) [490.491]. m-Unsaturated ketones cvelized when treated
with reduced titanium species (Eq. (159)) [492] [[493] for alkynes]. Dienes [494]
and dienynes [495] were cvclized then alkviated with aldehvdes by reduced titanium
species { Eq. £ 160)). Allenes [496] and alkynes were hydrozirconaied or carbometa-
lated using zirconium catalysts. then alkylated by aldehydes (Eq. (1613} [497].

OH
o MgCl o
CITHOIP (158
/\R+o’u\0+©—-—l-ﬁ-ﬂoj (158)
S -
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o HO .
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o PhySiH,
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2) TEAHLOTHF {139
80-75%
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| TMS
™S ) —THOIPr),
BrO ZZ 1 BnO 3 OH
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OMe
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BUCSCH — = — By wMe
CppZrly OMe = \
: N0 owme tiel)
o HO
M
H—Cuu e 32
o
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Chromium arene complexes having carbonyl groups were alkylated with high
stereospecificity { Eq. {1623 [498]. Eq. {163} [499] and Eq. (1643} {500].

OMe OMe
40 1} {MeO),CH, H* OiPr
1 H 23Ticl, Meo P {1621
CrCO), 3} IPIOHELM
(-} 4) 0% 60%
=35% ee
o] Ar
H
w163
CriC0)q CriCO)a sl ela )
78-90% 89-52%
OMe
OMe
NAF 1 Zo R
+ B COEt —— COMe
h < : f (1641
g r Ercoy
Ok €O rar

»98% eg
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The complexation of dienals 1o iron tricarbonyt Tragmenis allows normal aldehyde
chemistry to be carried out on this usually over-reactive aldehyde. This includes
Wittig reaction chemistry (Eq. {165)) [M,502]. aldol chemistry ( Fq. { 166)) {303],
alkylation by dislkyl zinc reagents in the presence of optically active aminoalcohols
(98% cc) [504] and Peterson olefimation (Eq. {167)) [303]. Fernlactone complexes
having carbonyl groups were easily alkylated (Eg. (168)) [506.307].

1) {RO);P -CHC OaMe

2 /\\/ONa | {165)
{/ / L
F!(CO)3 cHo Fe(COh
B5%e

OMe

OMe

OoMe LDA
HC—//I\\—COQMS *

FelCOk
HO-‘ \ ljf\cozme
e, Fe(COl ( l b(ﬁ}
CHO
1) Me,NBH(OAGH,
2) 8i0o, Hy80,
HO
Ho~" \ ‘—/\CO?ME
Fe(CO),
OR
ooy P TMS RO \_\- oR
_/\/\/\ _/\/\/\
k (167)
FelCO)s Fe{CO}a

good vields

(CO);Fe o

o
j@‘:e% Mz, Al
S =

6%  9h% de
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The copper complex ArCu(Me}{CN L, arylated aldehydes as well as o wide
range of other clectrophiles [308]. »-Sityloxyaldimines were atkylated by cuprates in
the presence off BF; with high anti selecuvity [309]. 1.2-Diols were prepared by the
alkylation of aldehydes with the reagent IZn¢CN Y uCH,;B{OR ), followed by oxida-
tton of the borane [S16]. Vinyl coprates, itom transmcetallation from tin, alkyluied
aldehvdes (Eq. (1690 [511]. A review dealing with the alkylation of dithianes by
Grignard reagents m the presence of mickel catalysts has appeared (27 references)
[312]. An cxample s in Eg. (170} [513]. Reduced mickel species cvelized olelime
ketones (Eq. (171 [314].

Ho 8
BusSaH BusSn | MeCucNly
— 5
= w (EIORCHCH,GHO

{169}
(EO)LCR HO s/j
s
TT%
MgBr
Y NiCldopa Ae
S. .8 + By ———— — .
X — A = {170
Ar R
£0-80%
H3
e
o _R' _=
T 1 sq Nijacac) {i 71 )
O R " oman
n=123 §0-80%

Paltzdium{{) complexes cutalyzed the alkylation of aldchydes by alivi phospheo-
nates [315], allyl aleohols [316] and propargyl benzoates [517] with only small
amaunts of allenes bemg formed. Aryl aldehydes were converted to diaryl ketones
by reaction with aryl iodides in the presence of palladium(Il} chloride {518).
Palladium complexes catalyzed the selective allylation of aldimines over aldehvdes
by allyl tin reagents {319.520]. Palludium{(}) also promoted the strange alkviauion
shown 1n Eq. (1723 [521]. Manganese-complexed conjugated enones could be speci-
ficalty alkylated at the x-sp’ center by formation of the enolate followed by reaction
with aldehydes [522]. Chromium¢ [1} chloride catalyzed the alkylation of aldehydes
by aryl. alkenyl and allyl bromides. as well as alkenyl tnflates. i the presence of
manganese metal [323)
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Q o

G :ﬁ" o .% (172

5349
R = aryi, alkenyl 34%

2L Alkyladion of aromatic compounds

Chromium arene complexes continued to figure prominently in the alkvlation of
arenes. The use of chiral CO-emulating bgands in arene -chromium tricarbonyl
chemistry has been reviewed (23 references) [524]). An opucally aciive tetraby-
droguinoline complexed stereoselectivity to chromium {323]. Opticully active biphe-
nyls were made by the alkylation of chromium-complexed anisoles by Grignard
reagents {Eg. (173)) [326]. Alkvlation of these complexes by other curbanions led
Lo cyclohexenones [327] and kg, (174} [528]. Intramolecular alkylations of arenech-
romium tricarbonyl complexes by pendant nitrile-stabilized carbanions went in low
yield [329].

OMe MgBr OMe
Me(.C OMe
U OO0
(173
!
CHEO}, | NooMe
“ ;’Jr{CO)a
OMe 5 o)
™S PR > ™S TN
S . s {174y

; 2) TMSCI
ioon, 3 HCI .

Benzenechromium tricarbonyl was ring-lithiated. alkylated with p-chlorobenzoyi
chloride. @nd the resulting complexed benzophenone was reduced with high ee by
chirat boranes [530]. Complexed aryl oxazolines were ring lithtatedsalkylated with
high ec (Eq. (175)) [531.532]. The chromivm tricarbony! complex of benzaldehvde
dimethyl ketal was a-lithiated ‘alkylated in up 10 80% ee using a chiral base for the
deprotonation [333].

Palladium{( G} complcxes catalyzed the alkyiation of chromium-complexed chloro-
benzene by a wide range of terminal arylacetylenes [ 334] by B-zincated alanine ester
to produce aryl alanines [535} and by aryl boronates to produce axially disymmetric
biphenvis {(Eq. {176} [5336]. Chromium-complexed benzophenones were o-
manganated. then alkylated (Eq. (1773 [337].
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g
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30-60% 40-60% (177}

Chromium-complexed benzyl ethers were alkylated at the benzyl carbon with very
high ¢e using a chiral base for the formation of the complexed benzyl anion [538
54(). Styrenechromium tricarbonyl was cyclopropanated by sulfur ylides with high
de [541]. Benzaldehyde ketal chromium tricarbonyl was monocalkylated {once ketal
OR replaced) by treatment with biphenyl radical anion followed by electrophiles

CrCONaph Suli
— —_—
FiN

; coMc
OTHP CrCO, OTHP {CONCr

H

o S0P $0,°n
: : P

78%

)

{178)

98% e

[542]. Unusual chromium benzocyclobutane chemistry is seen in Eq. (178) [3431
Iron-complexed hexamethyl benzene was polvalkylated by treatment with base
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foliowed by an electrophile (Eq. (179} [544,545]. Even triple branching could be
achieved, Manganese wricarbonyl complexes of aryl stlanes were z-methylated by
methyhmagnesium  bromude.  Decomplexation  gave  [-silyl-6-methyleyelohexa-
1.3-diecne [546]. Osmum-complexed ambines (Eq. (180) [547] and pyrroles
{Eq. { 181)) | 548] alkylated clectrophiles.
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2,112, Alkviation of dievie and dienvi complexes

Chiral HPLC was used Lo sepurate the enantiomers of planar chiral Fe{COj,
diene complexes [549]. The use of iron tricarbonyl diene complexes in asymmetric
synthesis of natural products has been reviewed (41 references) {550]. An optically
active sulloxide on one terminus of an tron diene complex directed the stereochemis-
try of alkylatton of an aldchyde on the other terminus [351]. Dienciren tricarbonyl
complexes underwent intramotecular alkylation ( Eq. (182)) [552] and intramelecular
Friedel- Crafts acvlation [553]. Palladiumi 1) salts catalyzed the diene reaction in
Eq.{183) [554].

Fii
" % R?
1) LDA HOL0 3
A // A e 1 COLEL (182)
{CONFe 20 .
{Jn__COEt 3HH" n=12.3
50%
{a Ola, U
| PdiOAc); cat ‘
P 2
o .
I I Benzoquinone )\ (183]
LiC) AcCH ci
R R
50-60%

Cationic cyclohexadienyliron tricurbonyl complexes were alkviated by a-
aminomalonate antons in low vield [333]. and cyanoacetic esters in good vield [556].
They were alkylated by allvl and alkenveuprates. and the iron remained complexed
to the resulting diene o protect it during side-chain oxidation [557]. Cationic iron
tricarbonyl cycloheptadienyl complexes were alkyvluted by functionahzed organocu-
prates. then remote x-carbanions were generated and attacked the complexed diene
[538]. The same types of complexes were ulkylated and carbonylated (Eq. (184}
[5539]. Nucleophiles attack cationic cyclohexadienyl complexes with conjugated exo-
cyclic olefing both at the ring and the alkene ( Eg. ¢ 183)) [360]. Iron dieny] complex
chemistry was combined with rhodium (1) catalyzed diarodecomposition chemistry
to result in ring tormation {Eg. {1861 [361].
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. Fe{COls R Mue
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R ZFe(CO); —m (1841
a !
/
o

50-80%
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2.1 13 Metal carbene reactions

Chromium aminocarbene complexes were made by the alkylation of chromium
{ pentacarbonyl Yisocyamde) complexes followed by N-alkylation [562]. Densily
function calculations of the Détz reaction showed the reaction to proceed by rate
himiting loss of CO, and a highly energetic carbenesatkyne complex which directly
inserts to give an n-allylidene intermediate [563]. Carbene alkyne alkene cycliza-
tion reactions have been reviewed {86 references) [504]). BINAPs were synthesized
by the sequentiul reaction of 1.3-diynes with chromium alkexycarbene complexes
{Eq. {187)) [565]. Vaulted biarvls were synthesized starting with naphthylcarbene
complexes [566]. An unusual methyl migration was observed in the D6tz reuction
of hindered alkynes (Eq. {188} [567). Optically active cyclohexenylearbenc com-
plexes underwent benzannulation with alkynes to give optically active arene com-
plexes with high selectivity [568]. Carbenc complexes made from diazo compeounds
also underwent the benzannulation reaction (Eq. (189}) [569]. Propargyl silanes
(terminal alkyne} underwent thermal reactions with alkoxycarbene complexes to
give l-alkoxy-3-silyl-1.3-dienes by an insertion;double bond rearrangement [5790].

Reviews cntitled “f-Amine Substifuted x.p-Unsaturated  Fischer Carbene
Complexes as Chemical Multitalent™ {35 references} [571] and “Selective Organic
Synthesis via Group 6 Metul Carbene Complexes™ (20 references) [572] have
appeared. Other unusual reactions of group & curbene complexes are shown in
Eq. (1903 [573). Eq. (191} [574]). Eq. (1923 [575]. Eq. (193) {576] and Eq.{194)
[377]. The mechanism for the ring expansion of x-vinyl cyclopropyl carbene com-
plexes te give a-vinyl cyclopentenones has been elucidated [578].
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Photochemical reactions of chromium carbene complexes are shown in Eqg. { 195)
[579] and Eq. {196) | 380].
Ph

o OEt SifiPry,
OEt )_\ hy 3 //
(CONCr + N, O —=
”/ lr 3 (195)
Phu,, o]
\\ (_o\f 76% yield
Si(iPr) 100% de
BAO
2Bn tw
(CONCr o — {196)

2.2, Conjugure addition

The cyanide in “higher order” cuprates R,CuCNLi, was claimed not 1o be directly
bonded to copper {based on several spectroscopie techniques us well as calculations)
but rather to reside between the two lithiums [381,582] The silyl-contuining mixed
cuprates RCu(CH,TMS)LI, RCuiNTMS,)Li and RCu{STMS L were thermully
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stable. eftficient in 1.4-addition reactions and only transferred the R group [583].
The reagent {Me,SnCH  CH),CuCNLi, efficiently added 14 to cnones [584).
Polvisoprenyl copper reagents added to camphor esters of ucrylic acid with high
ce [585].

The rele of trimethylsilyt iodide in the conjugate addition of cuprates 1o enones
involved direct activation of the carbonyl group. and no enolate intermediate [ 586].
Conjugaied esters were f-alkvlated by RCu TMEDA in the presence of trimethylsilyl
chioride [S87]. and by Grignard rcagenis in the presence of copper todide and
trimcthylsilyl chloride [588].

Cuprates added with high stercosclectivity o camphor sultam esters of 2.3-
unsaturated-fi-ketoesters [589]. to d-amino-2.-unsaturated-f-ketoesters (f 1o keto
group) [590] and to optically active cyclohexenoncs |591) and cyclopentenones
(Eq. (1970 [592]). Cyclohexcnones  were  B-alkylated  with good ce by
Me ALCuOTE TBDMSOTI [393] and by #-butyl Grnignard reagents m the presence
of copper 1odide |594] with chiral oxazolines as ligands.

Q — o]
o_ 0
R PN i 1) ML
E 2) PhNTi,
TBSC TBsg 3) PO(OAC),
0" o co
Et;N MeOH

CpoTi=CH, (197)

-Alkoxvstannanes [595] and alkenylstannanes [596] transmetallated to copper
cyanide then 1.4 alkylated cnones. Stannylcuprates Michael added o nitrooelefins
{Lq. {19811 | 597]. Copper-catalyzed conjugate addition of functionalized organozine
reagents to alkynole esters {Eq. (199)) [598] and to cyclic enones [399]. Alkenyl
{Eq. (200)) [600] and alkylzirconium specics [6681] transmetallated 10 copper then
Michael added to enanes.

Alkynyl iriflates alkylated 3 to the triflate with organocopper reagents [602]. Enol
triflates of P-ketoesters underwent wiflate replacement by r-butyl und eyclopropyl
cuprates [603]. Allyl epoxides bearing chiral sulfoxides % to the epoxide underwent
Sn?’ ring epening by organccuprates I an anf sense with high stereoselectivity
[6634]. Other stereoselective ning openings are shown in Eq. (201 [603] and Eg. (202)
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[606]. Allyl thioamidates were Sn2" alkvlated by Grignard reagents in the presence
of copper salts [607].

Nickel boride on a borohydride exchange resin catalyzed the 1.4 atkvlation of
conjugated esters by alkyl 1odides [608]. Nickel complexes alse catalyzed the cycliza-
tion of his-enones { Eq. (203)) [609] and the coupling of alkynes, alkynvlstannanes
and cnones {Eq. {204)) [610].

Ph
OH o o COR
wCO:R Ph., .y
BuZnCl R 8 PhZnCl (' v COR
Hru wH | | - = {:{}3]
NHCODI, PhyZn
MGG,
65%
80-90% a
o —
N \)J\ B —— o Ni{agcacls
——H + + AT ———= nEty
R’ oo A o (204)
H3SIX =4 =t
many cases £0-80%

Palladium({0} complexes catalyzed the B-stammylation of ynones [611]. the Michael
arylation of enones by triarylstilbenes {612] and the Michael addition of terminal
{013} and internal [614] alkynes to cnones, The x-anion of optically active amino-
carbene chromium complexes added to enones with high stercosclectivity
{Eq. (205){6151. Unsaturated carbene complexes underwent facile conjugate addi-
tion ( Eq. (206) [616] and Eq. (207) [617]).

o)

)k o) ' 0

- "

NONT B J_k/\/[L

(CO}scr:‘< H e Ohde
Fh Me

i 70-80 (205)
-B0%
2} g? MR"
>80% ee
3) HOAs
) Ce™
OMe OMe
{COW + EiNH w
= = R
— {206)
\\ NEt,
95%
R
o 1AL OR N
{CO)Cr {EOKCr {(207]
2} MeOTH
(2
R

40% 1.4t181
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2.3, Acviation reactions excluding hvdroformviation

234, Carbowviution of alkenes und arenes

Palladium-catalyzed ring forming reactions of orgamice hahdes with unsaturated
substrates and CO has been reviewed {37 references) [618]. The cyclocarbonylation
of allyl acetates with allencs was catalyzed by palladium{0Q} complexes ( Eq. (208)
[619.620]. The tull papers on palladium(0) cvclocarbonvlation of alkenyl iodides
$621] and arvl iodides [622] onto alkenes have appeared. as has a polycarbonylation
{Eq. (2063 [623]. Palladivm-catalyzed the triple carbonylation of terminai alkenes
to give 2-keto-1.4-diesters [624]. 1o the presence of chiral higands, high ce was
obtamed. Palladium{0) complexes catalyzed the carbonylative rearrangement shown
in Eq. (210} [625].

/ L1IR1}
LsFPd % o
e -
co
N acon (208)
ArG =

o
22%
0
| LPdCt, o
o MeCiPhH
it BN o .
== CO(40at y {209)
K EtgN MaOH LI

—CO,Me

40-70% dr21 - 51

o]
Pd dppp -
‘\\.:\\ + ~
CO, ROH o o
orR ©
O

Q al Bg 'C 52% 0%

(210

at 50°C 10% 75%

The mechamsm of the conversion of vinyleyclopropanes to cyclohexenones by

iron pentacarbonyl has been described [626]. as has the cyclocarbonvlation of

1.2.3 d-tetraenes {(hiy allenes) to 2.4-bismethylenecyclopen-3-enone [627]. The asym-

metric hydroformylation ol & vinyl B-lactam by rhodium was highly stercosclective

tEq. (211 [628]. Ruthenum carbonyl! catalyzed the acylation of A-methylimidarzole
by terminal alkenes and CO [629].

TBEC 1
H
Ahi{acac) {CON; ’ CHO 9644 Prox
R 75% intemal -
2L COM, S N adehyde (2113

95% yield
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232 Curbonviation of alkyaes {including the Pauson Khand reaction

The Pauson Khand reaction between norbornadicne and ternminal alkynes was
catalyzed by Cofacac)- NaBH, [630G]. Intramolecular Pauson Khand reactions of
enyones were carafvzed by Co-{CO), in the presence of high intensity visible light
[631]. Treatment of the dicobalt compiex of alkynylevelopropunes with ethene.
carbon monoxide and an amine oxide led to the formation of 2-cvelopropyl-cyelopen-
tenones by Pauson -Khand processes [632]. Treatment of diwcobalt complexes of
internal aikynes with trifluorcacetic acid produced cyclopentenones containing two
equivalents of the alkyne [633]. Oxidation of cobalt enyne complexes led to trun-
cated Pauson Khand reactions {Eq.{212)) [634]. Other synthetically uselul
Pauson--Khand reactions are seen in Eq. (213} {635]. Eq. {214} [636]. Eq.(215)
[637]. Eq.{216) [638]). Eq.{217) [639]. Eg. (218} [640]. Eq.¢219) (641} and
Eq. {2200 [642].

CosCO¥; CaHg

|
=m0 o
air
N

60-80%

BnQ, . BrOy
o i, Coa.lCo “,
©0alSOh 1213)
N
A
5 \/\\:\\ 5
95%
YO o C o ;
G LY
/)Q/\ 3eqC0C0k {214)
- CHiyCly
& R NMOHO o
4%
OTBS OTES
0 ConfCOlg
e wOle —————— =
— (215

Enynes were converted 1o Pauson Khand cyelopentenone products by a
Cp.Ti{CO}, catalyst [643]. With a chiral Cp system high ee was obtaed [644].
Titanium complexes similarly cvelized alkenes onto ketones to give lactones
(Eqg. {221 3} [645.646]. Cyelopentenones were also produced by the stepwise eyeliza-
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30%
0 o)
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tion of coynes to zirconacyclopentenes followed by carbonvlation [647]. Diynes
were silylcarbonylated using rhodium catalysts, again giving cyclopenicnones
tEq. (222)) [648].

Nickel cvclooctadiene complexes cocyelized cnynes with isonitriles to give
Pauson-Khand-like cyclopentenone imines [649). The full paper on palladium(()
catalyzed cyclocarbonylation of alkenyl 1odides onto alkynes with trapping by a
pendant aminge to give lactams has appeared [650]. Internal alkynes were converied
mto cvclopentene-t.2-diones by reaction with NaHFe{CO), and methy] iodide [6511.
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10% Cp,Ti(PMeg), o

Sif

tBuMe;,SH & (227}
CO 50 ak

Rh{acac) (00)2

|ml

good yield

An unusual alkyne carbonyvlation is seen in Eq. (223} [632].

0 1} CpWICT),™ O
" cHO } CpWICO)y co

1

i
Br 2) BFyrOEL ce = (223

MeOH  MeD,C
20-30%

2.3.3. Curbonviation of halides and triffates

Palladium acetate catalyzed the conversion of aryl and vinyl triflates to aldehydes
by silanes in the presence of CO [653). Anodic reduction of alkyl halides in the
presence of Fe{CQO); followed by an acidic workup produced aldehvdes [654).
Cinnamy! carbonates were converted to the homocimnamyl cster by palladium cata-
ivst in the presence of carbon menoxide and methanol [655]. Carbonylation of the
racemic chromium tricarbonyl complex of o-chloroanisele produced complesed o-
methoxy benzoates in low yield and low ce i the presence of BINAP [656]. Vinyl
triflates were converted to esters using palladium catalyst [657] (Eq. (2241) [658].
Heteroaromatic triflates [659 and propargy] mesylates { Eq. {225)) [660] were carbo-
nyalted under similar conditions. Benzy! chloride was converted te phenyl glycine
acetamide by reaction with acetamide. Coy{CO), and H; at 100 C |661]. Eq. (226)
shows a complex nickel-catalyzed cyvelocarbonylation [6621.

o o

PA(OAS],
—_—
O pngp
€O MeOH
ProhiH

) \ LPd CO J I

MeOH .
MsO™ H R {125

CO,Me (224
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2.3.4. Curbonviarion of mitroged compouids

Sodium iedide accelerated the palladiwum-catalyzed ammnocarbonyvlation off
clectron poor. p-substituted ¢hiorobenzenes by aniline [663]. Palladium complexes
catalvzed the conversion of propargyl [664] and allenyl [665] amincs (o unsaturated
amides (Eg. (2271, 1.2-Amino alcohols were evclocarbonylated to carbumates by
palladium copper catalysts in the presence of carbon monoxide and air [606].

2.3.5. Curbomviution of oxveen conpontinds
There were no svathetically significant examples this vear,

2300 Miscefluneous carbonlations

Treatment of Mn(CO),, sequentially with two diiferent organolithium reagents
followed by addition of HMPA gave unsymmetrical ketones [667]. Other unusoal
carbonylations are shown in Lq. {228) [668]. Eq. (229) [669] and Eqg. {230} {670].

o
5( - . H?NW R?
Pd dppp
co, R a
o ) 2273
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S6-87%
o 57-90%
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HgCl co
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O ™ome  PAClMeCN),
benzoquinone

n={12
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2.4. Oligomerization Cincluding cvclotrimerization and metathiesis polvimerization )

Ruthenium complexes catalyzed the head-to-head and head-to-1ail dimerization
of terminal alkynes [671,672]. Wilkinson's complex catalyzed the codimenzavon of
vinylpyridines with werminal atkenes [673]. The mechanism for the codimenzaton
ol ethylene with methyl acrylate by cationie m-allylpalladium complexes has been
published [674]. Copolymers of these two monomers were produced using
palladium (11} Ay amine complex catalysis [675], The mechanism for the copolyvimer-
ization ol cthylene with carbon monoxide by pulladum catalysts has been elucidated
|676]. Stercoblock polyketones were synthesized using this knowledge [677].
Depending on the symmetry of the ligand. alternating copolyiners of styrene and
carbon monoxide were either highly sotactic or completely  atactic.  using
palladium{ 11} catulysis |678]. The complex Cp¥Ti[n*C,TMS,] catalyzed the head-
wo-tal dimerizauon of alkynes [679].

Aryipalludium{ Iy complexes cyciodimerized with alkyvnes (Eq. (2311 [680].
Palladium( £}y complexes dimerized 1.3-envnes to give styrenes 6817, A review deal-
ing primarily with cobalt-catalvzed cyclotrimenzanon of alkynes (109 references)
has appeured [682]. A stable 19 ¢ complex ("18¢  +d7}y of cobalt-catalyzed evelotri-
merization of alkynes [683]. Other eyclotrimenizations are shown in Eq. (232 (684]
and Eq. {233) |685].

EO EiQ
(l:l/N\ R
Pa_
N o~ X (231)
MeD ome  Te=CR
ChMe MeQ me R
A K -
r_‘él/{ gl —5i" TSI
Coa{COk _| f__
oW e T
Oa, (n /N \
Si———5i
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() T “ {235
y e TMS—==—TMS
7 42%

Nickel(0) catalyzed the cocyclotrimerization of diynes with prepargyl amines to
give benzylamines [686]. Nickel benzyne complexes reacied with alkynes to give
naphthalene [687]. Cobalt complexes catalyzed the cocyelotrimerization of enediynes
to give cyclohexadienes (Eq. (234} {688] while ruthenium complexes cyclized
1.3.5-dieneynes to benzenes [689] and rhodium complexes cyclized 1.3-divae-2-enes
to benzenes [694U]. Cobalt complexes codimerized alkynes with allencs (Eq. (235}
[691] and mckel complexes catalyzed the cooligomerization of alkynes with hAis
malermides ( Eg. {236)) [692).

| = CoeoCabalz }ﬁm
= 2 , {234)

CoCp
n=1 00%
n=2 9%
CpCoiCO), o {233)
————r—i- “\
A o g8
50%

o o o o]
R
— MNI{CO),
2n B——=—R' . || N-¥Y—-n — -l / N—Y
e et S N
o o o] a]

AG-90% Mn = 45000

Pailadium((}} complexes catalyzed the cocyelotrimerization of bromeenynes with
alkenes {Eq.(237) [693.694]. while low-valent titanium cyclodimerized divnes
{Eq. (238} [695]. Oligo ladderancs were made by oxidation of iron cyclobutadienc
complexes [696]. Diynes were cooligomerized with norbornadienc and carbon mon-
oxide by cobalt catalysts { Eq. (239)) [697].

(237

40%



1.8 Hegedus  Convdinaiion Chemisire Reviews F68 7 098, 49 175 13

A
R
/\// 1) (HPIOY,Ti—— ( N B
z _— 7
x| 2 A%GHO S {238}
H‘
H\

40-80%

o}
_ ColindenylH GO0
Zn H——=——( Jo—=—H + ‘%————{&QU«} {239)
CC
o]

A review dealing with palladium-catalyzed coupling of thiophenes and alkynes to
give macromolecules of precsse length and constitution {60 references) has appeared
[698]. Munganese tricarbonyl complexes of m-dilodobenzene were coupled to para-
substituted aryt {his}-boronic acids to give alternating oligomers of about 3G units
[699]. 2.5-Dibromo-|.4-pyridazines coupled to 1,4 Aiy trimethylstannylbenzenes
under palladium catalysis 1o give an oligomer of 9-18 units {700].

n-Conjugated donor-acceptor molecules were made by the nickel(8) catalyzed
oligomerization of 2.2-dibromof{bis}-thiophenes, -selenophenes, 2 5-dibromo-
pyridines. and the cross coupling of 4 dihalearenes with 1,4-bis (tributylstannyl}
arenes [701]. 3.3-Dibromo-6,6"-diatkoxy hiphenyis [702] and 2.2%his acctoxy-6.6'-
dibromoBINAPs [ 703] were oligomerized { MW x 5000} by nickel(1) cyclooctadicne
complexes. Palladium () catalyzed oligomerization of heteroaromatic hatostannanes
{Eq. (240}) [704]. the cooligomerization of aryl halides and aryl zine reagent
(Eq. (2413} [705]. and the production of photorefractive polymers { Eq. (242)) [706].

S
Y
0c A/

Me,S &
2 n\]:i N: f 5 LoPdCl,
8 —
/ DMF

Or\

{240

©- &
;e 1} Pdi{o) low MW

M 7 oligomer
CB CiZn Zogt 2K (241)

Br

Ferroelectronic liquid crystal oligomers were made by metathesis polymerization
of long chain «.w-dienes having aryvl ether and ester linkers [707]. The Diels-Alder
adduct between cyclopentadiene and ¥-methylmaleimide underwent living ROMP
polymerization in aqueous solution with Grubbs ruthenium catalyst [708).
{.2-Polybutadiene underwent quantitative ring-closing metathesis polymerization
with the same catalvst to give polvmethyleyclopentene [709]. The complex
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Pa{DAC), RaF

Mo N-2-1BuPh{CHiBu)(.C{ Phy). polymenzed L6-heptadiynes to give exclusively
six-membered ring containing polymers [ 710].

Dicobalt octucarbonyl catalyzed the hving polymerization of 1.1-dimethylallene
vig: 1’-allyl complexes [711]. 2-Oletins underwent living polymerization to give
nearly monodispersed elastomeric v-olefin base block copolymers with a nickel{ 11}
diazine catalyst [712]. Cyclopropenes were linearly polymerized to polyeyclopro-
panes { MW 99 G00) by palladiom (0} spariein catalysts [713]. 1 2-Bsisocvanoarenes
were  polymerized  with  high  serew-sense selectivity by oplically  active
binaphthylpaliadium¢ 11} complexes [714]. Achirsl catalysts cllected the same type
of polvmerzation [715]. 1.2-Disilvlevclopentane was oligomerized to larger ring
polysilanes by palladium isonitrile catalyst [716]. Reviews dealing with the synthesis
of well-defined conjugated oligomers for melecular electronics {9 references) [717]
and recent developments in morganic polymer science (224 referencest [718] have
appeared.

2.3 Reurrangemesnrs

2.5 1 Merathesis

A water-soluble variant of the Grubbs metathesis catalyst has been reported [719].
Treatment of sis-m-allvlruthenium{ srisisonitrile complexes with ethyl dazoacetate
produced 2 good ROMP catalyst [720]. The Schrock metathesis catalysis was used
10 mctathesize substituted styrenes with altvl silane [721] and substituted silyl cthers
of aliyl alcobols [722} to give new allyl silanes or protected alivl alcohols. Another
uselul metathess 1s seen in Eg. (2433 [723].

The complex W{O}OAr).Cl, metathesized 1.6-heptadicnes 1o cyclopentencs
[724]. The Schrock catalyst ( but not the Grubbs catalyst} metathesized diallyvlsulfide
to 2.5-dihvdrothiophene [725]. Useful carbocycle-torming metatheses are shown in
Eq. (244 [726]. Eq. {245) [727] and Fg. (246} [728].

Rutheniunm complexes catalyzed the metathesis of diailyl and longer chain unsatu-
rated amines to dihydropyrroles and larger heterocyeles attached to polymers [729].
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Cyelic amides were made by metathesizing N-allyl amides of unsuturated acids [730].
The process alse is cflicient in solution |731] und has been used to make useful
moelecules ( Eq. (247) [732]. Eq. (248) [733] and Eq. £249) [734]).
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Dhalky! amines with two unsaturated alkyl groups metathesized to give unsatu-
rated five-. six- [735]a. seven- [735]b and eight-membered nitrogen heterocycles
{Eqg. (250} [736].

COsMe COzMe
H H
Schrock Mo E
cat
{2509
= 4%

Rmg-closmg metathesis was used to synthesize macrocyclic lactones {Eq. {251 )
[737] inctuding unfunctionalized ones with up to 21 members in the ring [738).
14-membered luctones spanning the | and 6 positions of a monosaccharide 739]
and ten-membered lactones bridging the orthe position of methoxy arcnes [740].
Cyclic peptides were formed via this process (Eq. (252)) {741]. N-Allyl B-lactams
having unsaturated cthers o- to the nitrogen metathesis ring closed o give bicyclic
B-lactams having 7- (84%}, 8- €53%) and 9- {12%) membered fused cvclie ethers
[742]. Ring-closing metathesis was used 1o cap or dimerize calixarencs (Fq. ¢253))
{743] and to synthesize antifungal agents { Eq. ¢254)) [744].

{251)

Optically active asw-dienes were kinetically resolved {(up to 84% ee and 90%
conversion} by ring-closing metathesis with a chiral carbene complex catalyst [745].
Combined ring opening/ring closing metathesis was used to make bis dihydrofurans
{Eq. {255)) [746]. Other interesting metatheses are shown in Eq. (256) {747] and
Eq.{257) [748].
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OBn

w
g
gj
o]
T
T
=z
::T%:
o]
3

: © OBn (252)
== o

oA L
aLs!
HM OMa
N N
BOCN\{&O :‘; H/\Drr
Y S
OH
Y W
oH £h o C
I LZC|2Ruﬁ OH

(253)
+

{also dimerize 53%)

57%
Ohc Ohe OAc QAo
o NHCOCF, ’&gmcocr—'g
G C e
Schrock Mo cat (254
“Et "EL
90%
Fh
e e oy

— — = {255)

n=082% n=3457%
n=1 80% n=4 85%
n=2
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o] o OBn
Cp,TICH;
o]
TBSO Q
H H CBn

H

T

i

1T
't I

(256)

Ph

OSiFl,
Oa| e _/=< GSF
)’ L L,ClRu=— eh {Jo LA Im
= 1 { = =l {257

= R
good yield

2.3.2. Qiehin isomerization including cveloisomerization

Palladium-catalyzed cnyne cycloisomerizations with reduction formed cyelic
alkenes [749.730). (Eq. (258)) [751]. Without reduction. dicnes were formed [752],
( Eq. (2593 [753]. By this method. = f-5is methylene lactones [ 754). bndged bicyehe
dicnes [755]. alkaloids (Eq. {268)) [756] and 3.4-His-methylencpyrroles [757] were
made,

FA{OAG),
—_—

""OH L. PMHS ( 258 j

AcOH

o

Ph -
TBOMSO” PRy TBOMSO™

tms phosphole

|||||.
ey

W

il

| ' o Pd(OAc)z
50
R3S:'0 "‘ COEH
@ - 8r { 2"9]

70%

Hepta-I-ene-6-ynes cyclized to [-vinvicyclopentenes with platinum{ 11 ) chloride as
a cutalyst [758]. Other enyne cychizations are shown in Eq. (261} [759], Eq. {262)
[760] and Eq. (263} [761].
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PA{OAC)
L : (260}
I A
E105C O8n
7B%
TS
E Z=TMS GpCo(COl,
—_—
E {261}
mixiure of diengs
lowiy yield
/\///
O GoalCONg =
Ph,Si Rl R o ohn
N ‘i (262
Phia
46%
RI
R? RZ
> — p -
- CpahCla/Mg 5
] —— " ©° : (263)
. =% M=Tilr R
A I =%
R* 50-80%

a-Drallylbenzene cyvclized Lo the seven-membered ring with an exocyclic double
bond under Cp.ZrCIZ/MAQO catalysis 1762]. Other muscellaneous cycloisomeriza-
tions are shown in Eq. (2641 [763]. Eq. (265) [764]. Eq. (266 {765] und Eyg. (267)
[766].
Wn 2 C]/m
Xy THF ~N
R

ThE (264)

83%

/ — AN Pd/C _ -
A—N o N—R ——= R’N:/} C\:N“"H {265)

140~
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./OTBDI\&S

Pdadbag

—_— {206)
{fur}zP
EtgSiH

R' HCOCH

—rz . (267)

PhsP
HCOOH

OSiR,
BE-B8%

2.5.3. Rearrangements of alivlic and propargyiic compounds

Propargyl alcohols were isomerized 1o «f-unsaturated aldehydes by
MoQyfacac) Bu,Sn(d [767]. Allyl cthers were isomerized o cnol ethers by
L:RECI/Buli [768,769]. Palladium(Il) salts catalvzed the isomerization ol allyl
ethers of 2-hvdroxypyridine to N-allylpyndoncs [770]. and the isomerization of non
conjugated dicnyl acetates to conjugated ones (Eq. (268)) [771]. Palladium{(} iso-
merized ailyl suonates 1o A-sulfony! allyl armnes [772]. Rhodium{I} compiex
catalyzed the isomerization of allvl viny! ethers 1o give d-alkenyl uldchvdes (oxy
Cope) foliowed by addition of the aldehyde 1o the alkene 1o give cyclopentanonacs
[773].

OAc ?Bﬂ Ohc OBn
P . 20% PACh{MaCN), f e e -
. - - . {268)
OBn Oac OBn Oac

254 Skeletad rearrangentents

A paper dealing with skecletal rearrangements from the products of addition of
perfluorophenyl palladium{11) to 1.4-pentadiene has appearcd [774]. Optically active
rrans-2-suyl-3-vinyl epoxides rearranged to anti-3-silyl-4-hydroxy-l-alkenes in good
yield and high ee [775). Onher skeletal rearrangements are shown in Eq. (269} [776).
EG. {2703 [777]. Eq. (2713 [778) and Eq. (272} [775].

R
) o R
O—CHAr ]
(CO)scr:< ——e  AtC—CH—Ar {2649
Ar
50-80%
CaHg
/
N ey 1 C02(COs \%Ph
Z 2) TMSOT : (270)
TMSOF o 3) CAN OH O
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8]
RO fe) -Pdclp_ cat =10} .
RO diox RO on (27 1 }
CR OMs H,O OH
70-90%
A2 g2 ,
o =Y g e
LyPd 37
o wp ° -
o7 -0 BusF [}
o

235 Misceflancous rearrangenients

“Molecular Gymnastics of Alkynes Orchestrated by Ruthentum Complexes™ {37
references) was the title of a review [780]. Cobalt alkyne compiexes of propargyl
cthers underwent epimerization in the presence of triflic acid (Eq. {273% [781]
2-Vinyl aaridines were epimerized by palladium(() complexes. with the ciy com-
pound being favored [782.783]. Complexation of 1. 4-disubstituted cyciohexadicnes
to 1won carbonyl in the presence of chiral binup diene ligands led to up to 66% cc
(but 9% vyield) of the opucally active iron cyclohexadiene complex |784]. Iron
pentacarbonyl rearranged methyl oleate to 4-ethyl-4-pentenoate [785).

H

o ACO
Aco’\l/\jm..,—— SpR 1) TIOH
|
T e 2

"OR ConCO,

mI

(273

3. Functionai group preparation
3.{. Hualides

Tungsten hexachloride converted benzyl aleohols and benzaldehvdes to benzyl
chlorides [786]. It converted epoxides to 1.2-dichlorides. DAST replaced allyl OH
groups on iron tricarbonyl diene complexes [787] and benzyl alcohols on chromium
carene complexes of 1-hydroxy tetralin [788] with fuoride stereospecificity. Alkenyl
iocdides were made by hydrozirconation of alkynes (syw 4-methyl-5-methoxy-
6-phenythex-2-yne) followed by cleavage with iodine [789]. Alkynyl borates were
hydrezirconated. alkvlated at the Zr position. then the borate cleaved by NBS or
NIS to give the rruns alkenyl halide [790].

3.2 Amides. nitriles, azides

Nickel(©) complexes stoichiometrically converied evclopentene te cyclopentene-
3-carboxamide by treatmem with phenyl isocyanate [791]. Pailadium complexes
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catalyzed the carbonylative couphng of aryl iodides with acid hydrazides (Eq. {274}
£792]. Cp.ZrHCH deoxygenated arides converting them into imings by climination
of the carbony! oxygen und an ™ H [793]. Iren tricarbonyl complexes of dienalde-
hydes were cleanly converied 1o imines by treatiment with primary amines [794].
Iron vinylketene complexes were converted 1o iron vinyl keteneimine complexes by
reaction with isonitndes [ 795}, [n the mekel(0) catalyvzed addition of HON 1o styrene
to give the benzyl nitrile, the ¢e of the process was dramatically altered by changing
the clectronics of the aryl groups on the diphosphine ligand [796]. Trimethvlsilyi
cvanide cleanty alkyvlated iron dienyl complexes (Eq. (2733 [797]. Optically active
chromium sulen complexes catalyzed the asymmetric ring-opening of cpoxides [ 798
including epichlorohydrin [799] by trimethylstlyleyvanide, wilh very high ¢e (kinetic
resofution). A review dealing with palladium-catalvzed addition of azide to ailvlacet-
ates has appeared ( 140 references) [800]. An example is seen in Eq. (2763 [RO1]
CONHNH,

i o
HNHNOC CONHNH; \ f
N— -
N— M
,t i\
o

Z,—

-"Z
=z
|

CONHNH (274

el S CONHNH N

DBU NHNOC =1
GO, 100
o]

Fa{CO),

OMe

(275

NPHIR NPhih
86%
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OzCPR OGP
TMSN,
_c {276)
0,CPh <(Pd“/ 2 Ny
L 8o%

3.3, Amines. aleahols

Palladium(0} catalyzed amination of arvl bromides and iodides has rapidly devel-
oped into an efficient process and was the subject of nuinerous papers {802 805].
Hetercaromatic halides such as bromopyridines and bromoquinolines were aminated
(806} and arvi halides were meonoaminated by [4-diazacyclohexane [807]. Aryl
dihalides and diamines oligomerized under these conditions {808]. Polymer-bound
p-bromobenzamides were cleanly aminated and cleaved from the resing [8(9.810],
Aryl halides were aminated by optically active #-amino acids without racemization
utilizing  PACLiotol;PYK.CO: ' DMFE/HLO/ECNCul, TEBA  catalysts [811].
Pd {dba}; catalyzed the snunation of aryl iodontum salts [812]

Palladium-catalyzed asymmetric allylic amination was the subject of 1 theoretical
treatment [813]. Very high ee was oblamed in the allylic amination of the ali-time
favorite subsirate for asvmmetric allylic reactions. 1.3-diphenvl-3-acctoxyprop-I-ene
[814]. Allyl epoxides were asvmmetrically annnated by phthalionde in the presence
of pailadium catalyst and optically active Ais-phosphines |815.816]. This was extens-
ively used in the svnthesis of carbocyelic nucleoside unalogs { Eq. {2771 [817 820).
nucleoside analogs { Eq. {278)) [8217] as well as simple AM-allyl purine and pyrimidine
bases [B22].

8] ¥ </N ~H

i JL N Ty L )-L NI/)

Ph
PR o;@,o + </ | ——— T o N
" s Pdydbay
N
(h
¥ {27
N =
¢
NG ,) (Y=Cl 63%. 97% eej

N
—_ . PRSO,
PhSOp . NO;

Pd,dbas, L

Palladiom (8} catalyzed allylic amination of polymer-bound allyl acetates was aiso
efticient {823]. Allviic amination of uracils occurred at N,. but thiouracils underwent
reaction both at nitrogen and sullur. under palladium catalysis [824]. Allvl alcohols
were converted W allyl amines by treatment with secondary amines and a palla-
dium{(}) catalyst in the presence of carbon dioxide [825]). Palludium (0} catalyzed
the amination of opticaily acuve propargyl mesylates with retention [826].
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o] S Cl N

/U\Ph NP NN Pddba jL T
Ph o..Q..o . R 2 o X _ _
N | N v OU W= (278)
N -

M

4%
high ee

Rhodium{ 11} acetate catatyzed the insertion of ¥-diazocarbonyl compounds into
N H bonds te make amines §827]. ( Eg. (279); [828]. Trfluoroalanmes were made
this way { Eq. {280}) [829] as were «-amino phosphoric acids {830]. Rutheniam(I[1})
complexes catalvzed similar reaction of a-diazocarbonyl compounds [831].

NHCbz
NHCbz Npo COsMe H
Rh,0Acy |
...‘HrNHz + I - N;:COZMG
° {279
o}
&) © o
71%
N Rh,OAC, e O
CFC—COMe + PhGH, JH ———= PRCH, OMe
I N " 280
¢{280)
Nz NH, H NH, H O

B68%

Paltadium-catalyzed hydrogenolysis of allvlic and propargylic compounds with
various hydrides has been reviewed {134 references) [832]. Many systems for remov-
ing allec protecting groups invelving palladium catalysis have heen developed.
includig L,PdCl,Bu,SnH to remove NH alloc groups from trnieyclic homoleptic
peptides {8331, PA{OAc); tppts H 0/ NaN; 'CH;CN to remove e-alloc groups [834].
and Pd.dba, dppb;/o-thiobenzoic acid for the selective monodeallylation of diallyl
amines in the presence of Boc. and Troc groups [835]. Examnples of alloc deprotecuon
are shown in Eqg. {2813 [836] and Eq. {282) [837].

AH OCONH,
L.Pd

dimedone

OH
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HN HN
NH I L4Pd {4 loid x5) NH d [282]
Iy o} dimedone M o
T . NH,

Racemic phencthylamine was partially resolved (38% ee) using optically active
dienyliren tricarbonyl complexes [838]. Iron-complexed 1.4-dichlorebenzene could
he differentially diaminated in good yield (Eq. (283)) [839]. Ammonia aminated
cyclohexadienyl iron tricarbonyl complexes twice. to give the symmetrical 2 amine
having two cyclohexadiene 1ron groups [840]. Chromium tricarbonyl complexed
fuorobenzencs were readily aminated by 2 aminges {841,

Ci ENj
O/;ECD . [:j — FeCp
()

78-56%

1283

X = NH, NMe, NCH,CHo0H, CH,
{can add two diferent amines}
Imines were reduced to optically active amines by phenylsilane in the presence of
an optically active titanocene difluoride [842]. 2.4-Dihydropyrroles were ring-opened
by hydrozirconation { Eq. {284)) [843]. Dihvdrofurans underwent a similar process,
Homoallyl amines were made as in Eq. {285) [844].

Cr\
ZrCpn
- { ; . 284)
CppZrHC! £ {22
N I N . Efo\/\\:.
kph LPh PhJ
SiR; NHR
A, ){\ _R 1) LiEtBH
B——R + Cmir=—N —_— g~ Sif, (285)
21 NH,C1 B2 BLs
37-78%%

Alkyl{cyvanojcuprates converted lithated secondary amines to iertary amines
under oxidizing conditions {R43], Cyvelohexene was allylically aminated by reaction
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with nitrobenzene and carbon monoxide in the presence of Ru {CO),, [846]. Other
systems which allylically aminated oleting were LMoQ{Q,),. R°OOH/ATNH, [847]
and ATNHOH, FeCl, [R48]. Chromium complexes catalyzed the ring-opening of -
tosvt azindines by trimethylsilylazide [849]. Iron tricarbonyl complexes of benzalace-
tone imines were converled to iron tricarbonyl complexes of 2-amino-1.3-dienes by
reaction with PhCH.NHL1 [R50,

Aryl ketones were asvmmetrically reduced to alcohols with high enantioselectivity
by rhodivm (1) [851.852] and iridium( 1) [R53] catalyzed hydrosilvlation-hydrelysis.
Ruthenium{ I }-catulyzed transfer hydrogenation of arvl ketones to alcchols also
proceeded with high enantioselectivity [854]. Optically active allyl alcohols were
prepared by the ruthenium({ 11 catalyzed cleavage of the corresponding allyl carbon-
ate [855} TBDMS cthers of phenols were deprotected by treatment with acetone.
water and palladium( 11} chloride catalysts (836]. Aliphatic ethers of phenol were
readily cleaved to the phenoxide by formung the cationic CpFe arene complex
followed by treatment with potassium /-butoxide [857). Deprotection of the chro-
mium tricarbonyl complex of 3-silvloxy-1.3 3-cycloheptadiene give the complexed
cnol. which could be untihized synthetically { Eq. (286)) |858].

M
AcO OAc
-
F
T8A o= o {286)
i -~
Ph
OTRS l é)c;; \-)-I\OH B 31l
Creo f(Co) : )
000, 3 SMe MeO
DCC

Bakers veast reduced iron-complexed deunterodienals to optically dienol complexes
with 100% ec [839]. Racemic allyl acetates were dynamically resolved nto a single
optically active allyl alcohol by an enzyme. while paltadium catalysts were used to
equibrate the racemie acctale to supply the correet enantiomer to the chzyme [860].

Alcohols were made by alkylation of ron dienal complexes. and underwent further
useful reaction chemustry (Bg. (287)) [861]. [ron tricarbonyl complexes of dicnes
with adjacent atkenes underweni moderate vield iy dihydroxylation of the alkene
with OsO, §862]. Pddba, HCOOH regio and stereospecifically reduced allyl epox-
wdes (Eq. (2880 [863]. Cyclohexenals were made by rmng-opening of {uran
Diels Alder adducis {Eq. (2893 [R64]. Osmium {2+ complexed enol ethers
were subject 10 nucleophilic substitution and were converted 1o complexed enols
{H.01 cool ethers {ROH ) enamines (PhNH; and acetates (AcQ )} [863].
Rh,CL{COD), catalyzed the hvdrogenolviic ring-opening of eyclobutanones to buta-
nals [R66 . x-Keto phosphonates were reduced 1o v-hydroxyphosphonates with high
¢ using ruthenium BINAP catalysts [867], Rhodium(1} complexes catalyvzed the
hydroboration of alkenyl boranes to give 1.2-hiv boranes. oxidation of which gave
diols [868]. 1.3-Dhiols were prepared by the unusual chemistry in Eq. (290 [864].
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OH COH
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MEO?CJT\\_CHO MeQ,C 4//_5‘\\_&..'” + Me(,C —//?\\—kluﬁ
Fe{COY, FetCOl, B Fe(COls H
1} NoCHCOEL
an" .
2} DIBAH (287

HO
(/\I amberiyst
TN ——

=4 CH+
HO Fei{COl R
BnO Pdidbas  gno
COEt —————
5! BugP {288)
MPMO HCOOMIEIN MPMO  OH
96%
o
A " HO,
H
H38nH MeLi
\ —_— -
n
LPd 3 (289)
el RC
R = H, CHOMe
85-95% on o
ke rd H H
OLi A o-8 X = CH, &8\
1 ~ o3 K]
com=( v PN XS LR e T e (2901
2] A 2 R 2 H0p R° R
R g R oH
40-60%

3.4, Ethers, esters, acids

The cationic CpRu complexes of haloarenes underwent reaction with phenoxides
to give diaryl cthers [870]. This was uvsed intramolecularly {Eq. {2911 [871]
and intermolecularly [872] in the context of vancomycin synthesis. Fluoro-
benzenechromium (ricarbonyl complexes underwent reaction with alkoxides of
optically active alcohols to give ethers which were turther functionalized (Eq. ¢292))
[873]. The cationic ron dienyl complex of cyciohexadiene phenyl sulfone underwent
nucleephilic attack by alkoxide to form ary] ethers after oxidation [874]. Aryl ethers
were formed by the arylation of phenols by aryl iodides using copper{l} bromide
in collidine { Eq. {2931 |875]. Palladium (0} catalvzed the coupling of aryl bromides
with sodium s-butoxide to make aryl --butyl ¢thers [R76 1 Cyclopentadiene monoxide
underwent palladium(0} catalyzed ring-opening with phenol to give I-phenoxy-
4-hvdroxycwclopent-2-ene  [877]). Rhodiam{Il} catalyzed the imsertion  of
a-dizzoketones into alcohol O-H bonds (Eg. (294)) [878).
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o

MeO
1}
- . (291)
2vhw  MeCN
EC Bo
F
= R*OK
/ | —= {292)
{COKCr {CONEr
R
39-76% de
40-84% yteld
_ NaH i
: cUBr : {293)
Y\NBOC collindine e, VNBOC
c oMe 6 | co Me O
20-30%
o]
1} ROH SN J\/OR (294)
— . o~ HN N
SN RhoOhcy NS
23 TFA
N, 40%

The racemic chromium-complexed “benzyl™ alcohol of cycloheptatriene was ace-
ivlated by lipase. and resolved in this way { Eq. {295)) [879]. Rhodium{[1} acetate
catalyzed insertion of diaze ketones inte the OH bond of carboxylic acids { Eq. {2961
[880]. Ruthenium({11) complexes catulyzed the addition of carboxylic scids 1o enynes
to give dienol csters {Eq. {297)) [881].

{395)

ECO)QCr; \

70% ea C::R(CO};;

G0-75% eg
34-42% vield
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fa}
o @ RhyOAcy O
PN Ny o+ AcOH ohc
o’ O {296}
m=2n=1 65%
m=1n=2 30%
_/ {dppbiRufaliyl), o
RCOH + = \\ p— RE / (297
le!
70-50%

3.5, Hewerocrcles

Azirenes were made by the rhodium{ 1) acetate catalyzed reaction of alkenes with
NsN - [Ph in 40-80% vicld [882], and by the rhodium( I1 } acetate catalyzed reaction
between imines and phenyl diazomethane [883]. A wide range of clefins were
converted to epoxides by hvdrogen peroxide/ 1% MeReQ, catalyst [884]. Palladium
acetate catalyzed the conversion of a functionalized cyclohexeneone to its epoxides
( Eq. (298)) [885]. Thiiranes were made by the rhodium( 11} catalyzed decomposition
of stable diaze compounds with thicketones [886] and thioketenes [887] 1o give
methylencthiranes.

Q

o]
Cighy
e nnNHCOPh
A HCOPh Pd{omz' _

I COooMe : COMe {298)
a™ ™y
.f)—o ,ﬁ—o

Azetidines were prepared by the rhodium (11} catalyzed decomposition of diuzoke-
tones adjacent 1o pyrroles { Eq. {299)) {888]. B-Lactams were made by rhodium (11}
catalyzed mseriions of diazoamides ( Eq. (300} {889] and Eq. {301) [890]). by dico-
ball octacarbonyl carbonylation of aziridines {891] and by the palladium-catalyzed
allyl carbenylation of thiazines ( Eq. {302} [892]. The use of n-allyl iron tricarbonyl
complexes in the synthesis of lactams und lactones has been reviewed { 64 references)
[823]. Propurgyl slcohols rcucted with chromium carbene complexes to give
B-luctones { Eq. {303)) [894].

Boe

RWO Rhaoctg A o
O
Ny BN, /% Y {299}
on ¥/ Ph

60-79%
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o O RO AR ROLC
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R
76-90% up o 80% ee
B R P
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T .
Ne .S PdCI,{PhCN}), ~
PhyP 1107 ¢ Ar {302)
Ar
WCQ P=0 %
3 U to 74%

(CO}SCr:< <—!( R :?f

(303

Five-membered nitrogen heteroeyeles were synthesized by palludium EH 3 catalyzed
amination of olefins { Eq. {304)) [895]. aminocarbonylation of alkvnes { Eq. {303))
[896]. the palladium{()} catalyzed amination of allylic sulfones (Eq. (306)) [897]
and the palladium(0) catalyzed cychization of amino aleohels (Eqg. (307)) [§98]).
They were also prepared by palladium({i) catalyzed cascade reactions (Eg. (308)
[8991. Eq. €309} [900] und Eq. {310} [901]).

Other synthieses of five-membered nitrogen heterocyeles are shown in lig. (311}
[902], Eq. (3123 [903]. Eq.{313) [904]. Eq. {314} {905]. Eq.(315} [906] and
Eq. 1316} {907].

[ndoles were synthesized by the palludium copper catalyzed reaction of ¢-1iodoam-
lines with alkynes [90B] {Eq. {317)) {909,914, while allenes produced 3-methylene
mdoklines [911.912] and vinyl cyclopropanes produced 2-cthenyl indolines {9131
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good yield
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THS DMF
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2-Bromo-N-allylamiines underwent palladium{ 0} catalyzed cyclization to indoles
[914,915], (Eq. (318)) [9]16}, and 2-todoanilides reacted with allyl bromides to give
indoles {Eq. {319)) [917] und with enol triflates and carbon monexide to give
oxindoles |$18].

SOsNHMe SOMHMe  H,
B PA(OAC)
BusNCI
NTFA DMF (318)
ar Br
I Chz TB%
H
!
R~
NHBog
[
—
5(:( _oMe CORE
- ] “.
NHBoc \/\)1\ a0y AR\ N
+ Br rr—— ™ OMs
s N Ngo TNy (319)
) Boc
N 60-80%
NHBoc

3
s NHBoc

A range of nitrogen heterocveles were prepared by the PA(OAC).. O, DMSO
catalyzed cychization of olcfinic tosamides ( Pd" catalyzed amination of olefins} [919].
These mcluded indoles and dihvdroquinolines. Indolines and tetrahvdroquinolines
were prepared by the intramolecular anmination of aryl halides using palladium
catalysts [920]. Indolines were also prepared by the stoichiometric reaction between
2-phenyl-2-methylpropvlmagnesium chloride, nickel{ I1} chloride »is phosphines and
aryl or tosyl azide {921, A synthesis of elaborated indoles is shown in Eq. {320)
[922].

Another spute of papers deal with the synthesis of carbazoles by the alkylation
of cationic iron cyclehexadiene complexes with antlines, followed by oxidative cyceli-
zuation to form the indole ring {923 926|. Ortho acyl acetanilides were reductively
cyclized 1o ndoles using McMuwry coupling (Eg. (3211 [927]. Excess NHCOD),
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Y X
|
_ LPs .
mma , X OCOMe — .: o (3204
N\ ~r>\ \
R 40-50%

promoted the formation of indolines by the reductive coupling of nitroarenes with
o-allached cyclohexenones [928]. Indaoles { Eq. {322)) [929] and indotines ( Eq. (323))
{930] were avaslable from chromium carbene chemistry.

O\ O, _OMe MeQ,C
NH
H R\
o 1 Ti!Cy @\,Cl‘ {321)

- AN

© 29 H* N Q
H

60%

R? NGRS
7 X
A ! AN
—_ R
H&Cr(coms i
12 OH { 322)
R'-pRPh ‘ 6@ 2]
N
H
_ 20-40%
\N — o ap° HO
{CONCr _ 1o
A N {323)
N\ @ \
R (H-acceptor) 30-80%

Saturated. benz-fused oxygen heterocyeles were synthesized by the palladium(0)
catalyzed alkoxylation of aryl halides by ortho-aliphatic alcohol groups [9311]
Palladium/copper systems calalvzed the reaction of o-halophenols with alkynes to
give benzofurans [932]. Ruthenium carbene complexes catalvzed the conversion of
pent-i-yne-2-ene-3-0l 10 2.3-dimethylfuran [933]. Oxvgen heterocyeles were made
by palladium{ () catabyzed cascade reactions (Eg. (324} [934]. Eq. (325} [935] and
Eqg. {326) |936]}. by palladium( 1) catalyzed alkoxylation of alkenes (Eq. (327}
[237]. and by palledium{ll) catalyzed r-ullyl chemistry {Eq.(328) [938] and
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Eq. {329) [939]). The regiospecific synthesis of 3.4-disubstituted furans via Stille
coupling was reviewed {24 references) [940].

PU{O}

o o MeQ o

{324)

H

Co'salophen v W
MeO
MeOH o
H
X
}\I l _Pao)

Buaan {325)

a

B7-75%

X = NCOPh, NTs. O

o
Al G
7\
Fd(0} A
(4] o l
o {326}
L4Pd
} \ Ar
Ari o
30-60%
Pd{CAC) ElPd(OA{:)Z
LiCCl 80 HOMOA: HO
80G
T2%
Cl
CO;, <( Pd/// cat o
H
—_— T C0Me
L e
i {3281
72%
OAg

Tetrahydrofurans [941] and dibhydrofurans (942] were synthesized by the
rhodium (11} catalyzed CH insertion of diszoalkanes in ethers. Molybdenum car-
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z
o A R 5% PACIMeCN),
=/ ¢ N {329)
o
n=1,2

Z = COMe, COPh, COMe. NO,

bonyl { Eg. {330} [943] and chromium carbene complexes [944]) converted homopro-
pargyl aleohols to dibydrofurans. Molybdenum carbene complexes converted allyl
propargyl ethers to tetrahydrofurans ( Eq. ¢331)}[945]. The full paper on the reaction
of propargyl 1ungsien complexes with aldehydes to give furan dervatives has
appeared [946].

Piv0 PivO
b Mo(COIS(EN) O
' R/ .
X x* (330)
60-80%
X = H, OH. OTES, NHAG
MeO
Mo(CO); ®
© OM 2
P i o
{331)
o
X o
15-74%

Cvyclohexadienelron complexes having an exocyclic double bond underwent
[.3-dipolar cycloaddition reactions to give heterocycles {947]. Oxidation of cyclobu-
tadienciron complexes having pendent ether groups produced tetrahydrofurans by
242 cyeloadditton of the alkene to cyclobutadiene |948). Reduced titanocenes
eyclized d-olefinic aldchydes with sonitriles and CO 1o give tetrahydrofurans [949]
{ Eq. (3321, and epoxy propargyl ethers to give methylene tetrahydrofurans [950].
Other syntheses of tetrahydrofurans are seen in Eq. (333) [951] und Eq. (334) [952].

o CpoTil)
X CpaTiLy ,« HNC HCI
2

81%

Palladium/copper systems catalyzed the cyclocarbonylation of homoativl alcohols
to give butyrolactones [933] and the cyclization of homopropargyvl aleohols o
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X
/E Et,Zn h {333}
2

X

R o7 “og? NiWcat  cuGnaLict
many cases
/// Sif, SiRy
o N PhMe,SiK d s, O
C Rh{acac)Co P (334
hexane 10900 80%

COTMTHF 125 95%

butyrotactones [934]. while palladium (0} complexes catalyzed the reaction ol aryl
halides with v-hvdroxy acrylates to give 3-aryl butenolides [955]. Methylene fac-
tones were available by the pulladium (11} catalvzed oxidative cyclization of terminal
olefins with acrylic acid [956] and the palladium{I1} catalyzed halocyclization of
chioroallyl esters of propiolic acids [957]. Alkynoic acids were evelized to methylene
luctones by pulladiummolybdenum systems {Eq. {335)) [958] and by the palla-
dium{ ) cascade reaction { Eq. (33673} [959].

{)n
CO.H (POMO;SLICHPFg J
W ——e——— Jexg

3

EtyM o {3 353
n=1% 97%
n=2 87%
n=3 28%
|
ra | | OH Pd{6) - 0,
o | — [ /] o
/ o base ‘% (336
R 10 cases [
50-80%

Pulladium (11} complexes catalyzed the cyclocarbonvlation of e-ullylphenols to
benz-fused five- (up to 77%), six- (up to 7%} and seven- {up to 93%) membered
lactones, depending on conditions [963]. »- and PB-naphthols underwent reaction
with aldehydes in the presence of palladium acetate catalysts to give butvroluctonces
benz-fused at the - and B-position [961]. 1-1odo-2,3-dimethoxybenzene was oxida-
tively dimerized {Pd{OAC» PCC Y to tetramethoxvdibenzo six-membered lactonces
[962]. Rhodizm carbonyls cutalvzed the production of butenolides from o-cthvinyl-
benzaldehydes  via  the water gas  shift reaction (Eq. (3373 [963]. ¢2-
Cyclohexadiencirontricarbonyl Huran  was  oxidized by singlet oxygen to the
4-mecthoxy-4-cyclohexadienyl butenolide in low yield |964). »-Mecthylene lactones
were prepared vin m-allvltungsten chemistry { Eq. {33813 [965].
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CHO

@

. — {337}

7
[} R 2y THOH

OH
OR" 4y CowiCON 1) NOBF R
— < } CpWI ta I)‘ ) 4 . o (338]

A full paper on the synthesis of butyrolactones by rhodium(Il} carboxylate
catalyzed C H insertion reactions of diazo esters [966], including diastercoselection
with chiral complexes, has appeared [967]. Lactones were prepared by low-valent
titanium cyclization of unsaturated esters (Eq. (339)) [968].

Q

0
R THOPH4
f/‘-/\okogr —_— o
2 IPrMgC) l_f
R

40-G27

339
also o)

Six-membered nitrogen heterocycles were prepared by palladium(0} catalyzed
oxidative addition msertion  chennstry  {Eq. (3400 (969 972], oxidauve
addition iransmetaliation chemistry  (Eq. (341 [973] and orthopalladation/
msertion chemistry [974]. Pyridenes were made by hetero Diels-Alder reaction of
chromium tricarbonyl complexed benzaldimines { Eq. {342)) [975] and rhodium(1l)
carboxvlate  catalyzed dizzoester N H  inserton  chemistry  |976].  Iron
n®-phosphimine complexes catalyzed the co-cvelotrimerization of alkynes with nit-
riles to give pyridines [977].

Paltadium( 1) complexes catalyzed the hetero Diels Alder reaction between dicnes
and aldehyvdes to form dihydropyranes [978]. Dihydropyrans were made by meiathe-
sis chemistry after Tebbe olefination ( Eq. (343)) [979]. palladium (O) catalvzed intra-
molecular hydroxylation of propargyl acetates [980] and tungstea hexacurbonyl
cvclization of acetvlenic alcohols (Eq. {344)) [98]1].

Coumarins were made by palladum{) oxidalive addition/imsertion processes with
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{ PA(OAT);
N NHCy KOAc NHCy {340
0\... d N BuCl

Fi%
NHCOtBu h
2 Pd (0} |
o {341}
B(OH}, “ }
N7 el
a4

@” ;( @, N

CrCON, CrCOY,

70-96%

(343)

(OH W(COls (O WOk BusSnOT! f SnBus
A Z /£ j (334)
R

35-45% 83-100%

[.-unsaturated esters of o-ivdophenol [9821 and by the palladivmi{)) catalveed
reaction of 1.3, 5-trithvdroxybenzene with alkvnoic esters { Eqg. {3451 [983]. Oxidative
addition of v-acetoxy-.B-unsaturated esters could go with either retention or inver-
sion, depending on conditions [984]. Dihydro-y-pyrones were made by Diek Alder
reactions of Dumshefsky's diene with chromium ricarbonyl complexed benzalde-
hivdes (sce Eq. (3423) [985]. Pyriliom sults were made by the reaction of alkynes
with manganese cnone complexes {(Eqg. 1346)) [986]. Acetylacetone reacted with
tungsten alkyne carbene compleses (o give w-pyrone carbene complexes [987].
Mucrocyelic dicthers were muade by rhodivm(1]) catalvzed arvl CH msertion of
dizzoketones [988].
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OR OorR R
Ri
I | szdbaa =
———e
v (345)
RO OH RO o o]
CO,E!
6{-80%
R’ =H, Me, Ph

1 R—~* (346}

231,

Cimnamaidehvde imines cvcloadded to alkynvicarbene chromium complexes 1o
give azepinones { Eq. (34711 989,990, Photolysis of chromium ecarbene complexes
with 2-vinylpyrrolidines gave nine-membered rings via zwitierionic uzs Cope chemis-
try {Eq. €348} {9911 Other approaches to larger nitrogen heterocycles are shown
i Eq. (349} [992] and Eq. (330} [993].

Af Prt] R' " R
OMe A _ A
‘ {CONCr 74
. + (COICr \ 5 / &0, ! (347]
[y S H0 ~N
| \ MO N o}
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60-90% 57-83%
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N E
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2.5/1 to 4:1 depending on catalyst
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N one " 1350)
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Palladium{ [ } catalyzed intramolecular olefin anunation to make eyvelic carbonates
or carbamates { Eg. £3531)) [994). Oxazoles were prepared by rhodium( 1) catalyzed
NH inscriion of y-diazoketones into wmides followed by cvclizations [995].
Oxazolines of e-bromobenzoic acids cyclized to the five-membered lactam when
treated with combined palladiuninickel catalysts and CO [996]. Cobalt complex-
ation of the alkvne position of enynes protected the alkyne while the ene portion
underwent §3-dipolar eycloaddition with nitrile oxides to Torm the heterocyele {9971,
Palludiumi¢ ) cataiyzed the asymmetric cycloaddition ol nitrones to methacrylamides
with good ee. bul poor cado cxo ratios [998] Other reacuons lorming nitrogen
heterocyeles are seen in Eq. {3323 [999) and Eq. (353 [1004].

COMe
Ts
TsMH (= N
)\ PACl,, CuCly. GO .
Pol, bl 2O
o X A o X A {35
X =0, NH
Gy
| R,
\( £4(0)
N + o= 4+ AuNH e N-Ts {352
I
Ts O 70-60%
Ph Ph
o —
R T rmgree S THE N Mo,

PRCH=N R
2] aq. KzCO4 T

{353}
50-74%

from the THF cleavage 1o ” + II\
o

Polvthiophenes were made by zirconium promoted alkyne cyclization followed by
palladium-catalyzed coupling ( Eq. (353433 [1001]. Tetraryl thiophenes were produoced
by palladium acetate catalyzed dimerization of diaryl alkynes with 8¢ [1002]. Divies
gave polythiophenes. Cyelic hydroxylumine ethers were expanded to carbamates by
dicobalt octacarbonyl catalyred high pressure carbonylation (g, {3553 [1003].
Crihe aminophenols reacted with [4-dihale-2-butenes m the presence of palia-
dium{0) and chiral lgands to give 2-vinvlbenzomorpholines i good yield and
modest ee’s [1004] Bievelie B-lactams were made via palladium{(dy chemistry
( Eq. (356)) [1005]. Benzo-l4-dioxenes were made by the palladium{0j copper(1}
cutalyzed  cychization of monopropargyl  ethers  of  e-hydroyuinone  [1806].
Rhodivm{ 1) complexes catalyzed the cyclization of allyl ethers of o-hvdroxvbenzy-
lamines to the saturated N.O heterocyele | 10G7]. Cationie ruthenium complexes of
o-difluoro- [T} and o-dichlorobenzene | 100Y] coupled efficiently to e-hydregui-
none or e-phenvlenediinmine o give dibenzodioxenes or dibenzodiazimes m good
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142 1.8 Hogedns
yield. 4,5-Tetrahaloarene complexes readily coupled on both sides to give the
pentacyclic system.
TMS TMS
Br 3 Br
[ y .
1} CppZrBuy
2} 8,1, :
>S< o . S +  Me,Sn 7\ /A ’lms
3} Bry 5 S s
i R |
8 B
TMS TMS TS ' i Pd(o) {354)
™S
Si
A ﬁ A
7\
TMS!\!’!\;’\ s PN N VN e
=1 s 24 S 3 5
86%
& R
R R? 74 [o}
1000 psu GO /&
CO:(CO)a R N Yo
11" (355}
R
16-50%

OBy
/];\/W ’ PO(0)
- T M. -
7 o™F COM o (3561
COsBu
50%

hydrosiivioxvlation  of

Rhodium{l) complexes catalyzed the mtramolecular
Palladiem

allylic aleohols (o make Hve-membered S1 O heterocyeles [1010G].
acctate isonitrile complexes catalyzed the intrumolecular addition of disiloxanes to
the olefin of homoalivlic alcohols to give Si- G heterocyeles {Eqg. 3571 [1011L

sitacyclobutanes underwent reaction with organic halides and carbon monoxide in
Biy-propar-

the presence of palladium (1) catalysts to give 2-silahvdropyrans [ 1012].
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gvi silancs were cychized to 34d-bismethylene silacyclopentanes by treatment with
“(p.Ze Tollowed by hydrolysis | 10131 Pulladiom¢0) alkene complexes catalyzed
the co-cyclization of acetylene with stannenes (R.Sn:) to give stannols [1014]
Phospholes were made via zirconium chemustry { Eg. ¢358)) [1013].

RS
2 H 2
B . &
R M g DO Me}SIH
1OCiNG Si . {357
5 ™S SN, R
-
L8Py 60-90%
TMS” Me,
Pn RPCI P
cpzzr@ i “en (358)

sl

88%
3.6, Athenes, alkanes

Alkenes were made by Tebbe olefinution of complex ketones { Eq. (339)) [1)i6],
and stoichiometric palladium assisted oxidation of enoil ethers { Eq. (364)) [1017] or
enol triflates to convert indanones to indenones | 1G18]. Optically active dienes were
prepared by palladium{ 0} calalyzed elimination of allyl acetates [1019]. (Eqg. (361}
F1020]. Samarium wodide in the presence of palladium catalysts ehiminated propargyl
acetates to give enynes [1021]. z-Diazoketones were converted to 2. B-unsaturated
enones by treatment with rhodwm(11) triftuoroacetate [1022]. Reduced titanocene
species ehminated 2-bromohexose acctates Lo give corresponding dihvdropyran
10231 Cp*ReOy calulyzed the deoxygenation of 1.2 diols 1o give alkenes [1024],

Chiral ruthenium complexes  catalvzed the  asymmetric  reduction  of
I d-dihvdroisoguinelines to  the tetrahvdroisoquimoline with high ee 1025
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oTIPS "
1.2 eq. PA{OAC),
T —
1.2 eq. AQOTI .
\ OSiRy, & 429 \Y OSify -
{360)
P ;
MPMO—, OO osif, MPMO— Q0 0Sif,
MOMO MOMO
MP,P MP2P
S( i =AY
{) ptolBINAP {361)
QCO:Me B6% B6% ee
{£} i

Rhodmum{i} DUPHOS complexes catalyzed the hydrogenation of cither £ or Z
dehydroamine acids with very high ec [1026]. x-Methyl methacrylic acd was reduced
with high ec iy supereritical CO, using chiral ruthenium catalyst [1027]. Bis chro-
muum fulvalene compiexes catalyzed the mono L2-reduction of 1.3-dienes [ 1028].

A very wide range of aryl and alkyl halides were reduced to alkanes by trialkylsi-
lanes 1 the presence of palladium{ 1) chlonde catalysts [1029]. 1.1-Dibromeatkencs
were reduced 1o Z-I-bromoalkenes by tributyl stannane in the presence of palla-
divm ) catalysts [1030.1931]. Racemic allylearbonates were reduced to optically
active dalkenes hy chiral palladivm (03 canalyst (Fq. (362)) [1032], Similar conditions
ied to the reduoctive dicarboxylation of allox-protected P lactams (Eq. (363)) | 1033
Excess cthyl Grignard reduced ailvl cthers 1o alkenes in the presence of nickel{I1)
chioride [1034]. Perfluorinated arencs { benzene. naphthalene) were mone reduced
(loss of one Fi by treatment with Ph,ZrCl, Mg HeCl. [1033].

OCOMe 1% {A)-Pd MOPphen

£ HGOOH ‘n {362)
Proton Sponge

TSBO

Pd{QAC), cat
OMe —
HCGCOH
PPhy

Cile { ))(73]

3.7 Ketones aldefivdes

The system Pd Phen{QAc), 'O, was a very selective catalyst for the oxidation
of allylic aleohols o aldebydes J1036]. The systemn 3% PACLEMeCN ),



LS. Hegedus Coordination Chenwstry Reviews 168 7 JV68; 40 (75 145

H,O0/DMF bromomesitylene deprotects o range of silyl-protected alcohols then
oxidizes them to aldehvdes [1037]. Arene chromium tricarbonyl complexes of alco-
hols could be oxidhzed to aldchydes without oxidation of the metal [1038].
-Bremoalivialcohols were rearranged to unsaturated aldehydes by palladium{l)
complexes {Eq. (364)) [1039]. Para-Alkylphenols were oxidatively rearranged to
2-alkyl-1.4-benzoquineones by RuClL; and r-butylhydroperoxide [1040]. Palladium
acetate oxidized silylenol ether to enones { Eq. {365)) [1041].

N ey s |
%;]vao” KO oo (364)

Vi-90%

OO 0000

1 eq PeiQAC):
Br
MeCN
N7
o]
]

0TS

{363)

B0%

Terminal alkenes were oxidized to methy! ketones using palladium¢ 1) catalyzed
oxidation chemistry [1042]. (Fq. (366) [1043 1045] and Eq.{367) [1046]).
Ruthenium chloride;s-butyl hydroperoxide oxidized A-S-steroids at the allylic ¢7)
position to give the conjugated cyclohexenone [1047]. Rhodium(1} complexes cata-
fyzed the reaction between benzoyl chloride and alkynes to give indenones [1048].

8ro BnC,
N Oa/PdCl \H/\Ij%_\
S o _— o
i o CuCl DMF H { 166 y

Hal
"’ 2 ° <
85%
OH
HO -
oG PA(OAC), K
3 —_——— Hing (OH-dwracted) { "67')
R BO f HEK, N

—3 MeCN/H,O ___ &

72%
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2.8 Organchoranes, silunes, germanes and stanianes

Palladiunt((}} complexes catalyzed the addition of { RO),BB{OR). species to allyl
carboxylates to give allylboronates [ 1049], to alkynes to give cis-{his}{ boryl Jatkenes
[1050] and 1o 1.3-dienes to give Ld-{his)(boryl)-2-butenes [1051]. Palladium(II)
complexes catalyzed the addition of R ;S1B{OR}, to alkynes to give {silyl ¥ boryl)al-
kenes [H332]. Rbodium{i} or Cp,Zr{ H ¥l catalyzed the hyvdroboration of alkenes
[1053] and Cp.TuCO) catalyzed the hyvdroboraton of both alkvnes and alkenes
[1034}.

Asymmetric hydrosilylation of olefing catalbyvzed by MOP pulladium catalysts has
heen reviewed (26 references) FHI55] und was modestly {51 %1% ce) stercosclective
i the hydrosilvlinon  of cyclized dienes to give allyl silanes | 1036.1057].
Patladmum {0y complexes catalyzed the addition of R;:81 SiR; to aikvies to give
civ-1.2-(his)sily] alkenes [LU3R] and to allvl tnflates and acetate to give allyl silunes
FHO39]. The mtramoleculuar As-silvlation of alkenes catalyzed by paltudium (4), tert-
ary alkvlisocvamde complexes has been reviewed ¢4 reterences) | 1060]. This catalyst
system converted the O SiR, SiR, protected propargyl alecohols to silylallenes (Sn2')
[1061] and similarly protected allyl alcohels to allvlsilanes ¢Sn27) [1062]. The same
system catalvzed the oiy By silvlation of alkynes | H63]. Palladium( 11 complexes
catalyvzed the addition of aad chlordes 1o silacyclobutanes { Eg. {368 1) [ 1064] while
patladium (0} compiexes catulvzed the addition of R 8n8iR ;o allenes to give 2-sityl
allylstannunes [10635],

Ru_Ou_
PAGl, WeCN) cat SiF
Csmz + A'coc! |
s N (368)

85% many cases

Rh.({5-MEPY ), catalyzed the asymmetric insertion of z-diazoesiers into Si H
bonds 1o give 2-silyl esters in good vield and 47% ce [ 1066]. The chromum tricarbo-
nyl complex of 1 d-his-(chiorodimethylsilyl Ybenzene was dimerized by sodium 1o
give the cychie tetrasilane having the Cr(CQO), groups on the outside 1067,
Chromium  hexacarbonyl catalyzed the L4-hydrosilvlaton of 1.3-dienes under
photelytic conditions [[868]. »-Silylamines were made via zivconium chemistry
(Eqg. 3690 [1369]. A Tull paper on the thodium{[) catalyzed silylformylation of
aldehydes has appeared [1070). Palladium{0} catalyvzed the conversion of allvl
chlondes te allylgermanes by reaction with R, GeSaR ;| 1071).

i iR . 4 = NHPR
s %, " NR—="" ~
Cpplr + PRNG ———~ Cpulr 1 .
Ssin, & LIBHE!, A Sify  {369)
2) CuCl {2 eq.} R?

41-85%
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Peariman’s catatyst (PA(OH1,/C) catalyzed the hydrostannylation of allyv] acids.
amines. alcohels and ketals to give terminal stannanes, and of N-vinylphthalimide
and acrylonitrile to give secondary stannanes [1072]. Palladium{{}} complexes cata-
iyzed the hvdrostannylation of bromo [ 1373] and beoryl alkynes [1074] to put tin %
and P respectively 1o the heteroatom. the hydrostannylation of cne divnes to stanny-
late the less indered alkyne [1075]. the hvdrostannylation of t-chloroenynes to give
i-chloro-3-stannyl-1,3-dicnes  [1876]. and methylene cyvelopropancs {Eq. {3700)
[1077].

SnBuy

2 SnBuy "2,
R Bu,SnH R, 4. R
N —_— A R'  or Bu,Sn .
74 at LsPd of o {3704
A PAOHY, /G oH
L:Pd  60-90% PHOHIIC  59-85%

Palladiumi{ ) complexes catalvzed the 1.2-Ais-stannviation of alkynes | 10781 and
cyehic allenes [10789] by R ;Sn8nR .. the conversion of 3-1odo-4-methexyvphenvialunine
to the 3-tributyistannylarene by R8nSnR, | 1080]. the stannylborylation of alkvnes
by R,SrBR: [1081] and tin Sn2’ reduction of stannyl silyl alivl acctates (g, (371 ))
j1082].

SnBu QAc SnBuy
Pdaghag cat
I 2 3 e
™S A ———— M8 R (371
PhsP
HCOOH EtgN

3.9 Organophosphorous and sulfla compounds

Palladium (0} complexes catalvzed the hydrophosphinylation of terminal alkynes
by Ph.P{O}M (o give terminad phosphinauon [1083]. by { ROLP{OIH to give internal
phosphination {1084] und by PhSeP{O}(OPh), to give 1-P-2-8¢ ulkenes [10851
Paltadium{{}) complexes also catalvzed the conversion of aryl wdides to arvi phos-
phines by reaction with Ph,PH [1086.1087] and by H,P{ONOR) [1088]. Luctoncs
were converted o a.e-Aiy phosphorous compounds uwtilizing zircomum chemistry
(Eg. (372 110891,

0
1} CppZrHCi
{CH} G PhaPO PP
2"\/ 2) Pn,PCI z OFPhe (372)
80-90%
n=2,34

Allyl esters were converted to allyl sulfones by reaction with PhS(L.Na in the
preseace of palladium {{) catalysts { Eq. {373)) [ 1090 ] tasymmetric induction) | 1M1 ]
Allyl suifones were also produced by palladiumi 0} cascade processes {(Eg. (3741
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[1092]. Paliadium{Q} complexes catalyzed the addition of thiophenol o allenes to
give vinyisulfides [1093], the reaction of aryl gnd zlkenyl hahdes with RSBRS to
give aryl and alkenvisuifides (thioethersy [ 1084], the reaction of allyl thiocurbumates
with arvl lodides to give (arvijallyl thiocthers [1095]. the coupling RSC 1o RS8SS
by tetramethylstannane [ 10961, the reaction ot 4-iodophenylalanine with 1-butvithiol
10 give the 4-r-butylthiol species [ 1397] and the cross coupling of ArSCN with aryl
halides to give ArSAr’, in the presence of samarium todide [ 1098].

Fa(P-OPry)
+ PnSO,Na - Pnsogf”'@g\/co"“e {373

H

65%
P

= = LePd

P + 2%+ PRSOMNE e 8O,Ph

X
50-80% 1374)

for )\Br %\Br @—Br BOCO\ A
o

Alkynes were converted to alkenyl selenanes by hydrozirconation foliowed by
tregtment with ArSeSeAr [1099] or ArSeBr [1100]. Reactions producing sulfur
compounds are shown in Eq. {373y [1101]). Eq. (376) [1102] and Eq. {377} [1103)].

OMe
@/CHO SH 3 &~ H
T C) L ) t@
+ +
S
; CI/OH i H . 4]

CHCO)3 CriCO),
J0%
{-HB} V 70% separate {375
= l, OMe
- -
O\D
98% ce

Q MeaRe0 N
{CODNCr gph —————= {CO)Cr SO,PhR o
— M0, — {376)

o _ih SN
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O) PhsH OH
MPMO ™Sy ~ MPMO. A A~
( H CpBaL,Cl cat 5Ph
55-75%
and {377
¢ OH 9
BHOM — - BHOM + BHOM SPh
(D R SPh R

200 Miscellancous

An improved procedure for the resolution of racemic ethylene #is-{ tetrahydroinde-
nyl Hitanium derivatives has been devised [ 1104]. Secondary amines were oxidized
to nitrones by hydrogen peroxide and MeReQ, catalysts [1105]. Palladium(11}
catalyzed the allylic acctoxylation of allviphosphonate {Eq. (3781 [1106].

Compicxation to cobalt was used to protect an alkyne in o complex svnthesis
(Eq. {379 [1107].
o

1 -
(A0} gt PolOAcl

I
1 3
e —_— e {A'ORP R
. 5 80 =~ [y
2] 3} MAG, AcOH R°  DAc {378)
58.70%
mosty E
PhS fo] o] PhS o] O5iR,
e, Me:,,
; 1) LHMDS / R3SIiOTt L
RySI0 ’ : R3SIO

wY 2} Co{CO

{3791

1) Claisan  3) KaCOs

ZINMO 4 CHoNy

4. Reviews

The followmyg reviews have appeared:

(1) Highly selective addition of organic dichalconides 1o carbon carbon unsatu-
rated bonds (19 references) [ THIRY



(6)

{7

p—

(8}

{9}

(19}
(20}

(20
{22y

{23}

L5 Hegedus Conrdmation Clheprister Reviews Fo8 2 J90xi v 1735

Use of RIMCOM.LCT as catalyst for pinacot borane hydroboration of alkenes
and alkynes [1T09].

Toward direcl synthesis of organonitrogen compounds from dimtrogen: the
chemistry of diazoalkane complexes derived tfrom dimtrogen complexes (49
references} [1110].

Catalysts for the reactions of ecpoxides and carbon dioxide (30 references)
[11E1]

Heterogeneous catalysis of € C bond formation: black art or organometallic
seience’? (45 references) [T112].

Enantioselective € C and C H bond formation mediated or catalvzed by
chiral ¢bThi complexes of Ti and Zr {806 relerences) [1113)

Les polyvenones 4 conjugaison croisés en chemie moleculuire (82 references)
[1114]).

The versatile chemistry of arenemanganese carbonyl complexes (77 refer-
cncesy [1113).

Design of chiral ligands for asymmetric catalysis: from C-symmetric semicor-
rins and bisoxazolines 1o nonsymmetric phosphinooxazelines (33 references)
[11e].

Catalytic conversions in water: environmentally attracine processes employing
water soluble transitions metal complexes (65 references) [FHT].

Annual survey 1994, Transition mctals m organic synthesis {866 relerences)
[1118].
Annual survey 1994, Transition metals in hydroformylation {102 references)
[HH19].

Transformations of PB-dicarbonyl compounds by reactions of their transition
metal complexes with carbon and oxygen clectrophiles {66 referencesy [1120].
Nonstabilized alkyl complexes and alkyl cyano ate complexes of tron( 11} and
cobalt (11} as new reagents m orginnie synihesis {80 references) [11211].
Asymmeiric catalytic vroutes to chiral building blocks of medicinal interest ¢290
references) [1122].

Regiocontrelled intramolecular reductive evelization of diynes {12 references)
[1i123].

A new way for cllicient catalysis by using low valent ruthenium complexes as
redox Lewis acid and base catalysis (79 references) [1124].

Explorstion of synthetic reactions via C H bond activation by transition metal
catalysts. Carboxylation and ammomethylations of alkanes or arenes {41 refer-
cnees) [1125].

Sn2"uand Sn2’ like ring openings of oxa-a-cyclosystems (63 referencesy {11261,
Application of r-arenc ruthenium complexes wn peptide labeling and peptide
syathesis (25 refercnces) [1127].

Recent deveiopments in Pd-catalyzed oxidations (7 references) [1128).
Organotitunium compounds in orgame synthesis ¢ 30 references) | 1129),
Regio and stereoselective metal-mediated syntheses of polyfunctionatized
alkenes {19 referencesy [1130].
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(243 HSIR,/CO as the potent reaclant combination in developing new trunsition

metal catalyzed reactions (68 references) [1131].

Catalytic applications of rhodium complexes containing trialkylphosphines

£ 200 references) [1132].

{263 From Hoin to hexene: recent advances in the chemistry of organochromium
n-complexes {49 referencest [ 11335

(27} Synmthcue applications of orgunochlorozirconocene complexes {235 vefer-
encesy [1134).

{28) Orgamc products from oxidation of metal carbynes {32 references) {1135],

{25

o
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