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1. General comments

This review offers a broad survey of the literature dealing with the use of transition
metals in organic synthesis for the year 1995. Although the coverage is relatively
all-inclusive, only those reactions of unusual novelty, complexity or significance will
be presented in equation form. The remainder will be referenced but not expiicitly
discussed. In this way this review can serve as a rather complete reference source
for the field without being an inordinate burden to write, type, print and read.

2. Carbon—-carbon bond forming reactions
2.1. Alkylations

2.1.1. Alkylations of organic halides, tosylates, triflates, acetates and epoxides

New chiral ferrocenylphosphine-amine ligands for use in nickel and palladium
catalyzed Grignard reactions have been synthesized [1]. Nickel-phosphine complexes
were used to catalyze the alkylations of vinyl carbamates by acetylenic Grignard
reagents [2], while palladium complexes catalyzed the coupling of gem-vinyl dihalides
with alkynyl Grignard reagents [3]. Bridgehead [1.1.0.3] tricycloalkyl Grignard
reagents coupled to alkynyl chlorides under nickel catalysis {4]. Nickel-phosphine
complexes catalyzed the coupling of 1-naphthyl Grignard reagents with 1,2-dichloro
benzene [5]. Nickel-phosphine complexes catalyzed aryl-aryl coupling (Eq. (1)) [6],
while optically active palladium—phosphine complexes catalyzed the alkylation of
aryl triflates (Eq. (2)) [7]. Copper(Ii) salts catalyzed the mono allylation of chlo-
robromo alkanes and aryl systems by allyl Grignard reagents [8].
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The controversy over the structure of higher order cyanocuprates continued, with
EXAFS, XANES [9] and ab initio calculations [10,11], afl indicating that the
cyanide is mot coordinated to copper, but rather to two lithiums (Fig. 1), The
regiochemistry of the reaction of aryl cuprates with B,y-epoxy-f-unsaturated esters
depended on the nature of the cuprate [12].

Nickel(II) acetylacetonate catalyzed the alkylations of alkyl iodides by function-
alized organozinc compounds [13]. Copper(1) chloride catalyzed the alkylation of
a-haloethers by alkyl and vinyl zirconium species, generated by hydrozirconation of
alkenes and alkynes, respectively [14]. Vinyl halides reacted with Cp,Zr(Bn); to
produce vinyl zirconium species, which underwent an array of copper and palladium
catalyzed coupling processes [15]. Palladium(0) complexes catalyzed the cyanation
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of aryl triflates by zinc cyanide [16] while nickel(0) complexes catalyzed the same
process for vinyl chlorides and bromides [17].

The reduction of palladium acetate to palladium(0) by phosphines has been
studied in detail [18], as have the rates and mechanism of oxidative addition of aryl
triflates to palladium(0) {19].

Oxidative addition/transmetallation processss involving palladium continues to
be extensively used to alkylate organic halides. Pailadium(0)/copper(1I) catalyzed
the arylations of w¢-lithiated cyclic carbamates by aryl halides [20]. Palladium(0)
complexes catalyzed the intramolecular alkylation of a vinyl halide by a potassium
enolate (Eq. (3)) [21].
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Palladium catalyzed the coupling of a functionalized aryl zinc reagent with vinyl
halides [22], chloropurines with vinyl and aryl main group organometallics [23],
B-iodo-o, B-unsaturated acids with alkyl, allyl and alkynyl zinc and tin reagents [24],
cis-dideutero vinyl indides with alkynyl zinc reagents [25], and benzyl bromide with
2-zincated indoles [26]. o-iodostilbene was lithiated, transmetallated to zinc chloride,
and coupled to o-iodo-1,4-diphenyl butadiene under palladium catalysis {27]. Other
synthetically useful transformations of this sort are shown in Eq. (4) [28], Eq. (5)
[29], Eq. (6) [30], Eq. (7) [31] and Eq. (8) [32].
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Donor-acceptor cligothiophenes were prepared by paliadium catalyzed coupling
of 2-iodothiophenes with 2-zincated thiophenes [33]. Terminally zincated oligothio-
phenes were capped by aryl containing icdothiophenes using palladium catalysts
[34]. 3-Aryl thiophenes were prepared from aryl iodides and 3-zincated thiophenes
[35]. Compounds for nonlinear optical materials were prepared by palladium cata-
lyzed coupling (Eq. (9)) [36] and (Eq. (10)) [37].
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Palladium catalyzed oxidative addition/transmetallation from boron continues to
grow in popularity. Palladium catalyzed cross-coupling reactions of organoboron
compounds has been reviewed (246 references) [38]. Treatment of mono- or bis-
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alkoxyboranes with lithium acetylides followed by organic halides and a palia-
dium(0) catalyst resulted in alkylation of the acetylide [39,40]. Vinyl boranes coupled
with vinyl and aryl halides ([41], used for retinoid synthesis, {42,43]), while alkyl
and aryl boronic acids coupled to vinyl iriflates [44], and vinyl halides ([45], and
a,@-diboranes coupled with gem dihalides to give cyclic compounds, [46]) under
palladium catalysis.

Treatment of 9BBN(OMe) with acetylides followed by functionalized ary! halides
and PdCl,dppf resulted in efficient coupling [47]. Aryl boronic acids coupled effi-
ciently to aryl halides with palladium catalysis {48—-50]. Aryl fluorosulfonates also
coupled with nickel catalysis while aryl triflates required palladium catalysts [51].
Optically active biaryls were prepared by palladium catalyzed coupling of naphthyl
boronic acids with bromoarenechromium tricarbonyl complexes (Eq. (11)) [52]. The
palladium catalyzed coupling of p-tolyl boronic acid to o-bromobenzene sulfon-
amides was carried out in 87% yield on a 7.3-kg scale [53]!
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™
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Polyhaloanilines were arylated by phenylboronic acid using palladium catalysis
[54]. Other interesting couplings are shown in Eq. (12) [55] and Eq. (13) [56] (sece
Ref. {57] for another application to liquid crystals).

Palladium complexes catalyzed the coupling of quaternized chloropyridines to
pyridinyl boranes [58-60], aryl boranes to bromotetrazoles [61] and bromopyrroles
[62], and aryl halides to pyrroloboranes [63]. Tetraphenylporphyrins with up to
eight aryl halide groups were polyarylated by arylboronic acids in the presence of
palladium catalysts [64]. Heterocyclic vinyl trifiates arylated under similar coaditions
(Eq. (14)) [65].
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Ortho acetamidoaryl boronic acids weré coupled to 3- [66] and 6-bromoguinolines
using palladium catalysts [67]. Other useful couplings of this type are shown in

Eg. (15) [68], Eq. (16) [69], and Eq. (17) [70].
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Oxidative addition/transmetallation from tin remains the most popular form of
alkylating halides and triflates. Trichloroorganostannanes successfully coupled with
aryl and vinyl halides with palladium catalysis if the reaction was run in the presence
of aqueous base [71,72]. Aryl mesylates coupled to stannanes but in low vield [73].
Compounds containing 'C (half-life =20 min) were synthesized by the palladium
catalyzed coupling of *CH;I with stannanes [74].

Vinyl triflates of six-membered cyclic ketones [75,76], of cyclic P-ketoesters
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[77,78], and of acyclic ketoesters [79] ail coapled to vinyl, aryl or alkynyl stannanes
in the presence of palladium catalysts. Palladium(0) complexes catalyzed thes al-
kylations of 1-naphthol triflates by vinyl stannanes [80], and aryl triflates by
Bu;SnCFC{OMe)(CO,Me) [81]. In an attempt to vinylate the 1,3-triflate of a
tetraphenol cryptand, it was discovered that palladium catalyzed the redistribution
of the triflate groups to give a 1:1 mixture of the 1,2,3-OTf-4-OH and 1,2,3-OH-
4-OTf compounds [82]. Palladium complexes also catalyzed the coupling of hetero-
aromatic triflates with stannanes (Eq. (18)) [83], (Eq. (19)) [84], (Eq. (20)) [85],
(Eq. (21)) [86], and (Eq. (22)) [871.
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Polyenes were prepared by the palladinm catalyzed coupling of 1-stannyl dienes
[88] or 1,4-bis-stannyl dienes [89] with vinyl halides. Palladium catalyzed the cou-
pling of w-bromocinnamates to a-stannylcinnamates to give diene diesters [90].
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B-Stanny!-o,B-unsaturated ketones were B-alkylated by aryl or benzyl halides in the
presence of palladium(0)/copper(l) catalysts [91]. Imines of a-amino acid esters
bearing a §- or y-vinylstannane were alkylated by vinyl halides in the presence of
palladium catalysts [92]. a-Halo-optically active vinyl sulfoxides were alkylated by
vinylstannanes to give the 2-sulfoxy butadiene using paliadium catalyst [93]. Other
useful vinyl-vinyl couplings are shown in Eq.(23) [94], Eq.(24) [95], and
Eq. (25) [96].

The Stille coupling of aryl and vinyl halides and triflates to ary! and vinyl stannanes
was optimized utilizing 0.5% palladium from palladium on carbon, 10% copper(l)
iodide and 20% triphenylarsine [97]. A solid-phase synthesis of biaryis utilizing Stille
coupling has been developed {98]. Palladium also catalyzed the coupling of
f-methoxy-o-stannyl acrylates with aryl halides [99], stannyl stilbenes with aryl
halides [100] and 1-trimethylsilyl-4-tributylstannyl-1,3-butadiene with o-trimethyi-
silyl bromobenzene [101].
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Palladium catalyzed the coupling of a wide range of heteroaromatic halides to
stannanes including iodoimidazoles to vinylstannanes [102,103], iodopyrroles [104]
and 3-bromoquinolines [105] to vinylstannanes, and 4-stannylpyridines to polybro-
moarenes [106]. 2,2-Linked bis-thiophenes [107], methyi-capped a-oligothiophenes
[108] and pyridine-capped a-oligothiophenes [ 109] were all synthesized by palladium
catalyzed coupling processes. Other useful coupling of heterccyclic systems are
shown in Eq. (26) [110], Eq. (27) [111], Eq. (28) [112], and Eq. (29) [113].

O o
§ R‘Snﬂaz ﬁj,ﬂ'
PR |
) go Pd®) R gOgPh
61-70% {28)
O
A N
N_4{
i —
3]
87-86% (29}

Palladium catalyzed the coupling of 2-stannyl indoles with a wide range of aryl
and vinyl halides [114]. Other applications to the synthesis of more complex mole-
cules are shown in Eq. (30) {115], Eq. (31)[116,117], Eq. (32)[118], Eq. (33)[119],
Eq. (34) [120] and Eq. (35) [121].

Palladium catalyzed the coupling of vinyl sifanes with aryl halides [122].
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peca)- - Nsseey
2 rre—— I i
L
iPrO o P i#0
o o oH
48%

but

R
OR Oﬁm R¢
R‘ SnBu, Q M R N
A? o’ W w2 Z
Onc OAc  40-80% (30)

2.1.2. Alkylation of acid derivatives

Palladium(0) catalyzed the alkylation of m-methoxyphenylacety: chleride by the
zinc reagent from y-iodebutyric acid ester [123]. Arenes containing ortho directing
groups were ortho lithiated, transmetallated to zinc chloride, then acylated by acid
chlorides using palladium catalysts [124]. Trifluoroacetyl chloride was arylated by
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arylstannanes using palladium catalysis [125]. Polymer-bound ortho stannylated
aniline was arylated in a similar fashion [126]. Copper(l) iodide promoted the
acylation of w-alkoxystannanes by acid chlorides only if the protecting group or the
acylating agent (e.g., CI(CO)SEt) contained sulfur [127]. Acid halides were incorpo-
rated ipto vinyl boranes in the sirange reaction shown in Eq. (36) [128]. Nickel(0)
complexes catalyzed the reaction of Grignard reagents with acid halides to give
ketones [129]. Optically active w-acyloxyacid chlorides were converted to ketones
without racemization by treatment organomanganese(Il) halides [130]. Other more
peculiar reactions of acid halides are shown in Eq. (37) [131], Eq. (38) [132], and
Eg. (39) [133]. Acid chlorides were alkylated by aryl cuprates made from activated
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copper {NaNaPh reduction of Cul). Even ortho haloaromatics did not form ben-
zynes [134].
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2.1.3. Alkylation of olefins

The Heck reaction (palladium catalyzed oxidative addition/olefin insertion) con-
tinued to be the method of choice for the alkylation of olefins. High pressure
(10 000 atm) was found to accelerate the Heck reaction [135]. Water-soluble ligands,
phosphines with pendant guanidinium groups, have been developed for use in the
Heck rection, and work in 1:1 water—acetonitrile [136]. The phenyl groups of
triphenyl phosphine get involved in both the Heck reaction and Stille coupling [137]
and tetraphenylphosphonium salts will arylate olefins under Heck reaction conditions
[138]. Preformed palladium catalysts {[Ph,PCH,PdOAc], [139] and [L,PdPh]* [140]
are more active and more stable in the Fock reaction. The Heck reaction in super
heated (260°C) and super critical (400°C) water has been studied in detail [141,142).

Aryl halides were replaced by aryl diazonium salts for use in the Heck reaction
[143,144]. Azoarenes [145] and gquaternary benzyiammonium bromides [146] also
alkylated olefins. Palladium(Q) catalyzed the alkylation of N-Boc allyl amines by
p-bromomethacrylates [147] and para-methoxyiodobenzene [148] and the arylation



L.S. Hegedus | Coordination Chemistry Reviews 161 (1997) 129-255 143

of acrylates by o-bromobenzyl amines [149]. Para-iodobenzamide coupled to a resin
through a lysine linker arylated acrylamides under palladium catalysis [150].
Dihydrofuran [151] and glucals [152] were arylated and olefinated under Heck
conditions.

B-Iodo-o,B-unsaturated phosphonates were olefinated under Heck conditions
[153]. Cyclic polyethers of m-iodo-o-hydroquinone were vinylated under Heck condi-
tions [154]. Vinyl boronates were coupled to vinyl halides to give dienyl boronates
{155] (silver icdide was required to suppress Suzuki coupling) while vinyl siloxanates
(CH,CHSI(OR),) arylated and olefinated with elimination of the silicon [156].
Vinyl triflates coupled to vinyl phosphonates [157], and enol ethers [158]. The
triflate of 3-hydroxypyridine arylated acrylates under Heck conditions [159].
Heteroatom bridged bicyclic olefins were arylated by aryl halides with ring opening
(Eq. (40)) [160,161].

XH
‘“:"‘ (40)

Clavicipitic acid was synthesized utilizing Heck type chemistry extensively [162]
in a synthesis patterned after a previous synthesis of Harrington and Hegedus. A
methylene cyclopropane ring opened under Heck conditions (Eq. (41)) [163].

o=
A\ o
° as% (a1)

Palladium catalyzed arylation of allylic alcohols gave saturated (phenethyl) alde-
hydes [164], by B-climination to give first the enol. B-Elimination away from the
OH group, to give back an arylated allylic alcohol, could be promoted by a change
in conditions [165]. This chemistry was used to make nucleoside analogs (Eq. (42))
[166]. Palladium catalyzed the reaction of 3-mercurioindole with allyl bromide to
give 3-allylindoles [167].

The mechanism of the intramolecular Heck reaction was studied in detail [168].

HaN
L o e X
. IN/I AP,
a1 HaN NHg y

73%aip (42)
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The o,B-unsaturated amide of 7-bromodihydroindole cyclized exclusively 6-endo-
trig in 88-95% yield under Heck conditions [169]. Macrocyclization was effected
under high dilution conditions [170] or on a solid support [171]. Intramolecular
Heck chemistry was used in the context of taxol synthesis (Eq. (43)) [172-175] and
other related systems.

ot ~ OIBS

L4Pd KCO3
- 0 MeCN
C § @ A y
o OBn 4A Mol. Sieve
8]

(43)

Intramolecular Heck reactions have been used to make six-membered fused carbo-
cyclic rings [176], five-membered fused carbocyclic rings [177], seven-membered
fused carbocyclic rings [178] and spirofused five-membered furanones (Eq. (44))
[179]. Depending on reaction conditions, spiro or fused ring systems could be
prepared from the same starting material (Eq. (45)) [180]. In the presence of sodium
formate reduced cyclization products were formed [181]. The Heck reaction, along
with Pd(II) catalyzed carboxylation of alkenes was used in the synthesis of complex
polycyclic systems (Eq. (46)) [182].

A2 R
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OTt + e —_—
co TIOA
OH  MeCN > OAO ._c
(10 cases) 62-92%

LS
al
[o]
(¢]

60-75% (44)

Heck insertion can even take place into aromatic [183,184] and heteroaromatic
(Eq. (47)) [185] bonds ([186], for insertion into the indole double bond). By using
chiral ligands, asymmetric induction in the Heck reaction was achieved (Eq. (48))
[187-189].

The Heck rection need not be terminated dy p-elimination. Rather the resulting
c-alkylpalladium complex can be trapped by stabilized carbanions [190], or by
transmetallation from tin [191], (Eq. (49)) {192], or by another olefin insertion
(Eq. (50)) [193].

Palladium(1I) complexes promoted the stoichiometric alkylations of chiral ene
carbamates with high diastereoselection [194]. Nickel acetylacetonate catalyzed the
hydrozincation of the double bond of homoallylic alcohols to give terminal alkylzinc
reagents, which coupled to a variety of carbon electrophiles [195]. The same reagent
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system catalyzed the intramolecular carbometallation of alkenes by a remote alkyl
bromide [196] and the alkylation of conjugated enones by alkyl iodides (Eg. (51))
[197]. Aryl halides added to activated alkenes under electrochemical reducing condi-
tions in the presence of nickel bromide [198].
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Ruthenium hydride coniplexes catalyzed the alkylation of arenes (C-EH insertion)
orthe to carbonyl groups by alkenes (Eq. (52)) [199,200]. Conjugated enones were
similarly alkylated in the P-position by the same catalyst system [201,202].
Ruthenivm{0) complexes catalyzed the cyclization of acetoacetates with alkenes
(Eq. (53)) [203], while rhodium(I) complexes catalyzed the addition of methylene-
cyclopropane to allyl carboxylic acids (Eq. (54)) [204].
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2.1.4. Decomposition of diazealkanes, and other cyclopropanations (see heterocycles
(Section 3.5) for additional examples of diazo decomposition)

Rhodium(II) catalyzed decomposition of diazo compounds continued to
be extensively studied for making cyclopropanes, and studies examining the
effect of the carboxylate ligand on the reaction path were many. Trans stereo-
chemistry in the cyclopropanation reaction was observed with Rh(QAc), and
Rb,[2S-MEPY 1, while Rh,{(4S)Phox], led to cis cyclopropanes [205]. The system
Rh,{(45-MPPIM )], (read the paper to figure out the acronyms) enhanced enantio-
control in intramolecular cyclopropanations of allylic diazoacetates and provided
optimal enantio and diastereocontrol for intramolecular CH insertion reactions of
these subsirates [206]. By varying the rhodium ligand from pfb, which gave 100%
CH insertion, to cap, which gave 100% iniramolecular cyclopropanation with
1-diazo-2-phenylhex-5-ene-2-one, product distribution could be effectively controlled
[207]. Iodonium ylides ( X,C=1Ph) gave the same products with the same distribu-
tion as did diazocompounds when treated with rhodium(EI) carboxylates, indicating
the intermediacy of metallocarbenes [208]. Decent asymmetric induction (71% e<)
in the intramolecular cyclopropanation of isoprene esters of diazopropionic acid
was observed using rhodium(II) 4S-MEOX catalyst [209]. Styrene was cyclopropa-
nated by ethyl diazoacetate in the presence of rhodium-chiral 2,6-bis-substituted
pyridine ligands to give 1:1 cis to trans, 16-80% ee with (S,R) stereochemistry, while
the corresponding copper complex gave 2:1 trans to cis, with (R,S) stereochemisiry.
The yields were 40-70% [210]. Some less obvious reactions of diazo compounds in
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the presence of rhodium(II) catalyst are shown in Eq. (55) [211], Eq. (56) [212],
and Eq. (57) [213]. Alkynes were converted to cyclopropenes by rhodium(II) cata-
lyzed diazodecomposition. Their rearrangements in the presence of other rhodium
complexes were studied [214].

2N
2 Rha(OAC)s z
* @ ) OSiR
RaSI0 3

50-90%
Z= PhSOy, (E10},FO, MeO,C (55)

Rha(OAC)s
COCHN, >
Oz ha{OAC)s
4 | + ncHeOE DbalOhek | ( COM
N

Copper triflate in the presence of a chiral oxazoline cyclopropanated styrene with
ethyl diazoacetate in low yield with low ee [215]. However chiral bis-imines [216]
and binap-bis-oxazolines [217] and copper triflate were very efficient catalysts for
intramolecular cyclopropanations. Ir contrast 2,6-bis-chiral oxazoline pyridine-ru-
thenium complexes were highly efficient asymmetric catalysts for both inter- and
intramolecular cyclopropanations of alkenes by diazo esters [218,219]. The achiral
complex Rul;[Si(OFEt);]L; catalyzed the cyclopropanation of substituted styrenes
by ethyl diazoacetate [220]. Copper(1I) salen complexes catalyzed the intramolecular
cyclopropanation shown in Eq. (58) [221], while chiral cobalt(III) salen complexes
catalyzed the cycloproparation of alkenes by #-butyldiazoacetate with 95:5 trans/cis
selectivity and 70% ee [222]. Iron tetraphenylporphyrin catalyzed the cyclopropana-
tion of alkenes by ethyl diazoacetate with a selectivity for terminal olefins, and
electron deficient olefins, giving predominantly the zrans cyclopropane [223].
Palladium catalyzed cyclopropanation by diazomethane (Eq. (59)) [224].

(56)

57

/

'lu,

(58)
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An EHMO study of the cyclopropanation of alkenes by (CO);Cr=CPh(H) and
Cp(CO),Fe==CH; found an early transition state, no intermediates, and back side
nucleophilic attack of the olefin on the carbene carbon. Metallocyclobutanes were
found to be very high in energy [225]. Chromium-carbene complexes cyclopropa-
nated dienoic esters exclusively at the v,8-double bond, in good yield with good
diastereoselectivity [226]. o,B-Unsaturated imines formed cyclopropanes, not aziri-
dines [227]. Titanium complexes effected some unusual cyclopropanations (Eq. (69))
[228] and (Eq. (61)) [229]. Sulfur ylides cyclopropanated chromium tricarbonyl
complexed styrene {230].

82
R R e w
CpeTi—\[ + BRs Ry “gpp ——= RN ,
A a R R (60)
3
/ﬁR}@a (iPrO)eTi——"/ Ré HOHOH
4 o R ———
&0 R R
o
70-90% (61)

A new chiral ligand for rhodium carbenoids, 4(S)-MEQOX was very efficient for
intramolecular CH insertion of sterically demanding diazoacetates [231].
Rhodium(II) complexes with 5(S)-MEPY or chiral bis-oxazolines as ligands cata-
lyzed the insertion of carbenes into cinnanyi phenyl sulfide allylic C-H bonds with
allylic transposition in up to 34% ee [232]. Rhodium(II} (S)-PTPA catalyzed intra-
molecular insertion into an aryl CH bond with up to 95% ee for o,a-diphenyl-o’-
diazoketones [233]. Rhodium(Il ) octanoate catalyzed five-membered ring formation
by insertion into an aliphatic methylene group [234]. The indanol ester of diazoacetic
acid decomposed to give either indanone or what would be the Wittig product of
indanol, depending on the rhodium catalyst [235]. More complex insertion reactions
are shown in Eq. (62) [236] and Eq. (63) [237].

HO
OH o o H
%
No  mngly Ao
I + e s sr—
o o O H
51%

(OH group directs) (62)

W

Rhodium catalyzed diazo decompositions that proceed via ylides are shown in
Eq. (64) [238] and Eq. (65) [239,240].
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2.1.5. Cycloaddition

The full details of the cobalt-catalyzed 2 + 2 -2 homo Diels Alder reaction between
norbornadiene and alkynes [241] and activated alkenes [242] have been published,
as have relatively simple applications of the alkyne cycloaddition to synthesis
1243,244]. Asymmetry has been induced in the photochemical cycloaddition of
activated alkenes to chromium tricarbonyl complexed cycloheptatrienes by selective
facial complexation of chromium to the cycloheptatriene with a chiral auxilliary
(e.g., (—)-8-phenylmenthol ) on the sp* carbon [245] or by using chiral acrylate esters
as substrates (Eq. (66)) [246]. This cycloaddition process was efficient with alkynes
[247] as well as with chromium complexed cyclooctatrienes or tetraemes [248].
Complex systems could be quickly assembled in this manner (Eq. (67)) [249].

Other synthetically useful cycloadditions are shown in Eq. (68) [250] and Eq. (69)

LCr(CT)a |)L o,
G o=

'CO I

m%"‘&f" (66)
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[251]. Fp allyl and propargyl complexes cycloadded to ketenes (Eq. (70)) [2521.
Rhodium(I) complexes catalyzed the cycloaddition of alkynes with vinylcyclo-
propanes (Eq. (71)) [253].

X
X
K=H 81%
X=0OAc (67)
7\~ i
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(68)
s Fe(acac)gelpv Ck
N\/ﬁ\ Engi
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L= | |
N N
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o Ph
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! I
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R Ph
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— We/va
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2.1.6. Alkylation of alkynes

The total synthesis of ene-diyne drugs has involved extensive use of the palladium
catalyzed alkylation of alkynes by vinyl halides. The design of ens-diyne products
has been reviewed (57 references) [254]. 1,2-Dichloreoethene was bis-alkynylated by
simple alkynes as well as enynes to give polyenynes using palladium/copper iodide
catalysts [255]. 1-Chloro-l-iodo alkenynes were bis-alkynylated stepwise, using
palladium(0)/copper(I) catalysts [256]. As expected, the icdide reacted first.
Similarly 1,2-dihaloalkenes were bis-alkynylated [257]. Alkenes tetrasubstituted with
alkynes were prepared by the palladium/copper catalyzed coupling of alkynes to
1,1-dibromo-2,2-(bis)trimethylsilylethynyl ethene [258,259].

1-Bromo-1-trimethylsilyl ethene was coupled to a range of terminal alizynes using
palladium(0)/copper(l) catalysts in the presence of butyl amine [260]. A reiated
catalyst system was used to couple substituted bromocyclopentenes to o-ethynyl
benzyl alcohol [261] and vinyl bromide to a functionalized propargyl ether bear-
ing an aliphatic bromo group [262]. Ene-diynes were prepared by the
palladium/copper/amine catalyzed coupling of alkynes to chloroenynes [263,264],
Eq. (72) [265].

s (72)

Other alkylations of alkynes by vinyl halides in more complex systems are shown
in Eq. (73) [266], Eq. (74) [267], Eq. (75) [268] and Eq. (76) [269,270].

80% (73)
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(74)

(75)

(76)

Palladium/copper/amine catalysts also promoted the arylation of alkynes by aryl
halides. The system palladium on carbon/Ph;P/Cul/K,CO./DME/H,O at 80°C
catalyzed this process efficiently with a wide range of aryl and heteroaryl halides
[271]. Trimethyl silyl acetylene was arylated by 2,3-dimethoxy iodobenzene using
L,PdClL,/Cul/piperidine as catalyst {272], as was m-methoxyiodobenzene [273a].
Tetrapheny! porphyrins having one terminal alkyne substituted phenyl group coupled
to tetrapheny! porphyrins have two iodopheny! groups to form dimers and trimers
[273]b. Related reactions were used in the synthesis of more complex systems
(Eq. (77)) [274], (Eq. (78)) [275]. and (Eq. (79)} [276]. The acetyl group was the
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best protecting group for the SH group of thiophenols when these are substrates
for the pailadium catalyzed alkylation of alkynes [277].

cHO cHO
Pd/Cu CH
+ ==—TMS ——— —_—
Br = S
™S

o}
o
Pd/Cu O OMe N O N Riz(OAG)

[ — N o D

COMe
L T '

' J

OH

(o]

O — Q 75% for this step

e KD

R
10-40% (78)

,u(l)

oY= /CfL b

(79)

1,2-Diiodobenzenes were symmetrically [278] and unsymmetrically [279] bis-alky-
nylated using palladum/copper/amine catalysts. 1,3-Diiodoarenes reacted in a similar
fashion [280a]. 1,3,5-Triiodobenzene, 1,2,4,6-tctraiodobenzene, and periodobenzene
were pelyalkynylated under similar conditions [280b]. A complex chloroiodoarene
was bis-alkynylated (£q. (80)) [281]. Macrocyclic polyalkynes were prepared by
systematic coupling of diodoarenes with polyalkynes [282] (Eq. (81)) [283]. Chloro-
diiodoarenes reacted only at the iodide sites (Eq. (82)) [284]. 2,7-Dibromofiuorene
was bis-alkynylated by acetylenic esters using L,PdCl,/Cul/Et;NH catalysts [285].

Aryl halides alkylated a range of propargyl alcohols under palladium/copper
catalysis conditions [286]. Aryl groups could come from aryl phosphines used to
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T @O

4% (80)

(81)

(82)

stabilize the catalysts {287]. Propargyl alcohols were arylated by p-iodobenzoic acid
esters [288], 2-amino-5,6-diflucroiodobenzene [289], and 1,3-diicdo-4,5-di-
methoxybenzene [290], while 3-butyn-1-ol was arylated by 3,4-dicyanoiodobenzene
[291], all using palladium/copper type catalysts.

Alkynes were also arylated by hetercaromatic halides including iodonucleosides
(Eq. (83)) [292], 3-iodo-1,2-pyrazines [293], 3,8-dibromo-1,10-phenanthrolines
[294], 3,4-diiodopyrroles [295], as well as more complex iodopyrroles {Eg. (84))
{296,2971].
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Vinyl trifiates also alkylated alkynes (Eq. (85)) [298], (Eq. (86)) [299], (Eq. (87))
{3001, and (Eq. (83)) [301].

The palladium/copper catalyzed coupling of iodoalkynes to alkynes was optimized
and its mechanism studied [302]. Using water-scluble phosphine ligands it could be
run in aqueous acetonitrile [303]. Kinetic studies demonstrated that although
palladium(IT) acetate was the catalyst precursor, palladium(0) was spontaneously
produced. Zirconocene dichloride catalyzed the carboalumination of alkynes, which
were then further alkylated (Eq. (89)) [304] and (Eq. (90)) [305]. Titanocene dichlo-
ride catalyzed the “hydrozincation” of alkynes to give vinyl zinc halides, which were
coupled to aryl halides using palladium catalyst [306]. Other unusual reactions of
alkynes are seen in Eq. (91) [307] and Eq. (92) [308].
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Perfluorophenyl copper added to perfluoro-2-butyne to give a vinyl cuprate which
alkylated iodo-perfluoropropene [309]. p-Aikynylenones underwent cuprate addi-
tions at the y-position foliowed by alkylation at the «-position to give allenes in
good yield [310].
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Aromatic ketones were vinylated by alkynes (formal aromatic C—H addition to
an alkyne) ortho to the carbony! group by RuH,L;CO catalysts [311]. Phosphorous
heterocycles were made by intramolecular additions to alkynes (Eq. (93)) [312] and
(Eq. (94)) [313]. Reduced nickel complexes catalyzed the reactions of allyl chlorides
with terminal alkynes and alkynyl tin reagents to give dienenynes (Eq. (99))
[3141.

Alkynes were chloropalladated by PdCl,, and the resulting o-vinylpalladum(II)
complex coupled to allyl chloride to give 5-chloro-1,4-dienes [315]. Palladium(0)
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complexes catalyzed the alkylation of allenes by stabilized carbanions [316] to give
mixtures of regioisomers as well as dialkylation. Terminal aryl allenes were alkylated
by cyanide stabilized carbanions in the presence of palladium(0) catalysts. Attack
occurred at the terminal position when the aryl group was electron donating, but
at the internal position when it was electron withdrawing [317]. Sulfone stabilized
carbanions alkylated allenes at the terminal position [318]. Gther interesting reac-
tions of ailenes are shown in Eq. (96) [319] and Eq. (97) [320].

(%6
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2.1.7. Alkylation of ally!, propargyl, and allenyl systems

The palladium catalyzed alkylation of allylic substrates by stabilized nucleophiles
continues to be extensively exploited. Allyl acetates bearing methoxy groups [321]
or fluoro groups on the double bond [322] were alkylated to malonates. Allyl
chiorides bearing vinyl tin groups [323] were alkylated by vinyl zinc or aluminum
reagents under palladium catalysis, while allyl epoxides reacted with vinylstannanes
predominately by an Sy2’ pathway [324]. Palladium(0) catalyzed the alkylation of
allyl stannanes by aryl halides and triflates [325] as well as by stabilized carbanions
[326]. Vinyl silanes in the absence of fiuoride [327], arylboronic esters [328] and
3-mercurioindoles [329] all alkylated allylic halides under palladium catalysts.
Stabilized enolates alkylated benzyl carbonates in the presence of palladium(0)
catalysts ]1330]. Synthetic applications of this type of reaction are seen in Eq. (98))
[331], Eq. (99) [332], and Eq. (100) [333].
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o Y 2 o CO:Me
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91% ©  owu
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Asymmetric induction in the palladium-catalyzed alkylation of allylic acetates has
become a growth industry, with the 1,3-diphenyl allyl system being the tavored
substrate. Chiral diamines (up to 95% ee) [334], bis-cyclic imines and oxazolines
(X-ray of intermediates, 88-94% ee) [335], 2-(o-diphenylphosphino)phenyl oxazo-
lines (nitromethar.e anion, 97% ¢e¢) [336], TADDOP (mechanism study) {337} and
ortho-bis-chiral sulfoxide ligands (20-64% ee) [338] have all been used with varying
degrees of success. A i-acetoxy allyl acetate was alkylated in excellent ee using a
chiral diamide-bis-phosphine catalyst [339]. 1,3,3-tripheny! allyl systems were also
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(+) Lycorane

efficiently asymmetrically alkylated using chiral phosphine-oxazoline ligands
[340,341), even with the carbanion of a-iminophosphonic acid esters [342,343].
Terminal allyl phosphonates underwent alkylation at the internal position, using the
same ligand in 86-95% ee [344]. Cyclic allyl acetates were alkylated by malonates
[345] and phosphonate ester analogs of malonates using chiral 8-diphenylphosphino
carboxylic acids as ligands [345,346]. Benzyl acetates were asymmetrically alkylated
by stabilized carbanions in the presence of palladium(0) (S,S)-BDPP ligands [347].
Chiral enolates utilizing Evans’ chiral oxazolidinone auxilliary alkylated allyl acetates
in modest yield but with good stereccontrol [348]. Chiral sultams alkylated cyclopro-
pyl-allyl tosylates efficiently (Eq. (101)) [349]. Palladium catalyzed alkylation of
allylic acetates having a chiral sulfoxide on the 2-position with 20-80% de [350].
Chiral allyl acetates were alicylated with complete chiraiity transfer (Eq. (102} [351].
Other useful asymmetric transformations are shown in Eq. (103) [352,353],
Eq. (104) [354] and Eq. (105) [355].

[o]
I\
OTs C=-X Pdasiba,
CO!
Mo ST N (o1
Ph n=( )
good yield
good de

Palladium(II) chloride catalyzed the alkylation of allylic alcohols by enol ethers
under acidic conditions [356], while chiral quaternary allylic ammonium salts were
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high yields

asymmetrically alkylated in an Sy2 manner by stabilized carbanions [357].
a-Acetoxy-o-imino acids were alkylated by malonates in the presence of palladium
catalysts [358].

Bis-allylic halides were bis-alkylated by enolates of a-iminoesters in the presence
of palladium(0) catalysts [359]. Bis-aliylic systems were precursors to palladium-
catalyzed trimethylenemethane cycloaddition reactions (Eq. (106)) [360] and
(Eq. (107)) [361]. Vinyl cyclopropanes {Eq. (108)) [362] and methylene cyclopro-
panes (Eq. (109)) [363], (Eq.(110)) [364], and (Eq. (111)) [365] all underwent
palladium catalyzed cyclization reactions.

Tungsten(0) phenanthroline-carbonyl complexes catalyzed the alkylation of
allylic acetates by stabilized carbanions with retention of the olefin’s original position
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and geometry [366], as well as with clean retention of configuration with optically
active substrates [367].

A detailed study of the (n*-cyclohexenyl)palladiuta systemn, from oxypalladation
of cyclohexadienes, has appeared [368]. Other palladium catalyzed reactions of
dienes are seen in Eq. (112) [369] and Eq. (113) [370].
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Zirconocene catalyzed addition of ethyl Grignard reagents to allylic aicohols,
along with the zirconium catalyzed resolution of cyclic allylic ethers was used in
synthesis (Eq. (114)) {371]. Bis-allylic ethers underwent highly stereoselective alkyla-
tion by ethyl Grignard reagents in the presence of optically active zirconocenes

(Eq. (115)) [372]).
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Copper iodide in DMSO promoted the alkylation of allylic halides by a wide
variety of funciionalized vinylstannanes, mainly at the a-position {373]. The effect
of solvent and copper(l) precursor on the regiochemical outcome of the reaction of
preformed mono and dibutyl cuprates with allyl acetates [374] was studied. Reduced
copper species promoted the alkylation of allyl phosphates with aryl iodides
(Eq. (116)) [375].

COMe

0o
(E10):P0w~ COMe z
8. 0 =8
& Za/CuCIALICH
- Hw l

(116)

wnt
gy

OsiR, OSiRy
98%

Nickel(0) complexes catalyzed the alkylation of allyl amines [376], allyl carbonates
[377,378] and allyl epoxides by vinyl and aryl boronates or vinyl boronic acids.
Nickel(II)-phosphine complexes catalyzed the reaction of Grignard reagents with
allyl carbonates [379,380j. An interesting application is shown in Eq. (117) [381].

b }o
ArMigBr
- —— _}'\"R
800 o@ PACLAPP  png =
or
NiCltippt
Pd =—> W0%a (117)
NI ==> 100%p

Ar = Ph, pMeOPh, cMaOPh, pMePh, oMePh, pCiPh, Bn, Q\é

Palladium-catalyzed reactions of propargylic compounds in organic synthesis has
been reviewed (> 80 references) [382]. Propargyl chlorides were alkylated by silylenol
ethers without the production of alienes via the formation of Co,(CQO), stabilized
propargyl cations (the Nicholas reaction) {383]. Propargyi ethers were similarly
alkylated by silylenol ethers via their cobalt stabilized propargyl cations {384,385].

Palladium(Q) catalyzed the arylation of propargyl aleohols by iodopurines
{Eq. (118)) [386]. Propargyl phosphates were converted to functionalized allenes
using palladium(0Q)/samarium(Il) iodide (Eq.(119)) [387]. Hydrozirconation of
vinyl boronates followed by copper(l) cyanide catalyzed coupling with propargyl
bromide, followed by an aldehyde gave diencs (Eq. (120)) [388]. The fuil details of
the ruthenium catalyzed reaction of olefins with propargy! alcohol propiolates
(Eq. (121)) [389] have been published.

Palladium(0) catalyzed the addition of malonates to allenic ethers (Eq. (122}
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[390] and the alkylation of alienes by vinyl triflates and malonates (Eq. (123)) [391].
Functionalized zinc cuprates added to propargaldebvde iminium salts to give allenei-
mines (Eq. (124)) [392].
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2.1.8. Coupling reactions

The formation of carbon-carbon bonds using a zirconocene—butene complex
(“Cp,Zr™} as a synthetic tool has been reviewed (29 references) [3931. The reagent
reductively dimerized o-vinyl benzyl ethers in good yield [394]. Dienes cyclocoupled
to give cyclic dialkylzirconium complexes which had rich reaction chemistry
(Eq. (125)) {395,396]. Depending on the conditions, either ¢is or frans stereochemis-
try was observed (Eq. (126)) [397,398]. Dimethylzirconocene catalyzed the carbo-
alumination of dienes to ultimately give cyclic alcohols (Eq. (127)) [399].

“Zirconocene” also reductively cyclized enynes to zirconacyclopentenes which
also had very rich reaction chemistry (e.g., Eq. (128)) {400-404]. The same reagent
intermolecularly coupled alkenes with enol ethers to give, after cleavage with iodiae,
1-iodo-1,3-dienes [405], or 1,5-dienes when allyl ethers were used [406]. Diynes
formed bis-zirconacyclopentenes when treated with zirconocene and ethyl Grignard
reagents. These were carbonylated to give bis-cyclopentenones or hydrolyzed to give
bis-alkenes [407]. Treatment of zirconacyclopentenes with alkynes led to extrusion
of the alkene to give zirconacyclopentadienes which formed acyclic 1,3-dienes upon
protolytic cleavage [408]. Zirconacyclopentadiene underwent reaction with alkynes
in the presence of copper(l) chioride to give polysubstituted benzenes [409]. 4,4~
Bis-trimethylsilylethynylbiphenyl underwent reaction with zirconocene to give cyclic
tris- and tetrakis-zirconacyclopentadiene linked by biphenyl groups [410]. Titanium
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isopropoxide/isopropylmagnesium chloride cyclized 1,7-dienes to cyclopentenes,
1,7-enynes to methylcyclopentenes, and 1,7-diynes to bis-methylenecyclopentenes
[411]). A similar reagent coupled 1,3-dienes with alkenes to give 1,4-dienes [412].
Enones were cyclocoupled by titanocene dicarbonyl (Eq. (129)) [413].

A comparative study of the McMurry coupling reaction with [HTIiCI(THF)s],
TiCl;(DME), 5/Zn/Cu, and TiCl, - LiCl as coupling agent has been carried out [414].
Highly distorted cone calix[4]arenes were made by McMurry coupling of opposing
aryl aldehyde groups [415], as were other highly strained systems (Eq. (130)) [416].
a,B-Unsaturated aldehydes were coupled to trienes [417], while bis-propargaldehydes
were coupled by related vanadium reagents (Eq. (131 P [418].

2-Metallated (zinc) oxazolines were coupled to give 2,2-bis-oxazolines by treat-
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ment with palladium(0) complexes [419]. Bis-vinyl halides were coupled by treatment
with palladium(Il) acetate, in the presence of phosphine and methyl copper
(Eq. (132)) [420]. Nickel chloride in the presence of zinc and triphenyl phosphine
reductively coupled 2-brome-polythiophenes to give thiophene oligomers [421] while
2-metaliated-5-bromothiophene underwent exclusive head-to-tail dimerization when
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treated with nickel catalysts [422]. Nickel(0) complexes also coupled aryl tosylates
{423] and mesylates [424] to give biaryls. Aryl halides were coupled to aryl triflates
by treatment with hexamethylditin and palladium(0) catalysts [425]. Heterocyclic
(8)-vinyl triflates coupled under similar conditions [426]. Vinyl stannanes were
coupled with both copper(Il) salts and palladium(II) complexes (Eq. (133)) [427].

o o [} o]
OMe Pd(oAG)a - 'OMe
. (132
K.CO3
Br Br MaCu
84%

TSE Ac
AcN T

(133)

Juaapd DMFIOZ

A vinyl iodide was coupled to an alkyl iodide by treatment with z-butyllithium in
the presence of palladium(0) complexes (Eq. (134)) [428]. Grganolithium reagents
were coupled by treaiment with nickel(1I)-phosphine complexes [429], while copper
powder in pyridine was used to couple 1-(chiral oxazoline)-8-bromonaphthalenes to
give optically active BINAP systems {430]. BINAPs were also synthesized by copper-
assisted coupling of naphthyilithium reagents (Eq. (135)) [431].

R
tBuki
+ W WwOTBS  —— .
LPd

OoPMP

€6% CPMP

The full details of the ruthenium(II) catalyzed coupling of terminal alkynes with
alkenes to give dienes have been published [432]. Internal alkynes were coupled to
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allylic amines and alcohols to give 1,4-dienes by TaCls/Zn [433]. Reduced rhodium
complexes coupled terminal alkynes to give enynes or dienynes [434]. Stilbenes were
produced by the palladium(0) catalyzed coupling of benzylidene dibromides
(ArCHBr,) [435]. Palladium(0) complexes coupled propargyl acetates to diynes and
allenenynes [436]. Cyclic diynes were prepared by the oxidative coupling of cobalt
complexed propargyl cations (Eq. (136)) [437].

C{a(ools [
" oH P
1) HBF,
- {136)
S 2j Zn or Na benzophenone i
/\ on 0 _ A
Cox(COls 'R 40%

2.1.9. Alkylation of w-allyl complexes

A review (77 references) dealing with the stereochemistry of pailadium catalyzed
cyclization reactions — addition to n-allyl intermediates — has appeared [438].
n>~(2-Chloroallyl ) palladium complexes were bis-alkylated to give 2,3-dialkyl prope-
nes, when treated with stabilized carbanions in the presence of bipy or TMEDA
[4393. Palladium catalyzed the reaction of vinyl halides, alkenes, and stabilized
carbanions to produce alkylated allyl products [440]. The reaction proceeded
through ny3-allyl complex intermediates. a-Branched nucleophiles attacked the central
carbon of n-allylpalladium complexes to produce metallacyclobutanes {charac-
terized by X-ray) which collapsed to cyclopropanes [441].

Chiral 'y-bﬁnzy!e)xy-a,ﬁ-unsamrated sulfones were alkylated by allyl silanes with
high enantioselectivity via n -a!lyl iron complem {Fa ¢ 137)} F442-444]. Allyl epox-
ide rings opened to give ni-allyl iron comploxes which were then alkylated by
stabilized carbamons (Eq. (138)) [445]. Other reactions involving n*-allyliron com-
plexes are showsn in Eq. (139) [446,447], Eq. (140) {448] and Eq. (141) [4491.

Preformed wP-aliylmolybdenum complexes were wsed to synthesize polyhy-
droxylated polyenes [450]. n3-Allylrhodium complexes underwent reaction with a
wide varicty of organic substrates (amines, enolates, alkenes, oximes, ketones, alde-
hydes) to incorporate an allyl group [451]. Diynes underwent a 3+2+42 cycloaddi-
tion with iridium r-allyl complexes (Eq. (142)) [452].
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2.1.10. Alkylation of carbonyl compounds

Petasis” reagent (Cp,TiMe,) efficiently methylenated a wide range of car-
bonyl compounds RCOX (X=H, R!, Ar, OR!, OSiR%, OCOR!, NR,, NRICOR}Y,
SR’, SeR*?, TMS) [453] as well as cyclobutene diones [454] and lactones (Eq. (143))
[455]. A reagent which transfers the CHTMS group has also been developed
(Eq. (144)) [456]. Tebbe’s reagent methylenated sterically hindered cyclopentenones,
while Wittig reagents just epimerized them [457]. It was also efficient with complex

cyclohexenones (Eq. (145)) [458]. A reagent for transfer of the CHtBu group to
ketones has been developed [459].

HO,
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Various zirconocene derivatives alkylated ketones and aldehydes (Eq. (146)) [460],
(Eq. (147)) [461], (Eq. (148)) [462] and (Eq. (149)) [463].

Aldehydes were alkylated by propargyl halides in the presence of isopropyl magne-
sium chloride and titanium(IV ) isopropoxide [464]. Viny! silylenol ethers (Eq. (150))
[465] and allylsulfides (Eq. (151)) [466] alkylated aldehydes in the presence of
titanocene.

Titanocene-phosphine complexes catalyzed the hydrosilylation-cyclization of
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olefinic ketones (Eq.(152)) [467,468]. Titanccene cyclohexadieny!l complexes
underwent reaction with two aldehydes (Eq. (153)) [469]. Alkynes were hydrotita-
nated (to give vinyl titanium species) then treated with ketones to produce allyl
aicohols [470]. Manganese enolates were silylated to silylenclates [4711.

o] HO, a
/u\/x\/\ 1) CpeNiPite):
PhaSit, X (152)
60-65%
X = CHy, O, NPh, (Me02C),, Me,C
H - O
1
Cp\T- + n"lLaz i &
MGQP/ Y H o
(153)

Palladium(0) complexes catalyzed the alkylation of aldehydes by ailylstannanes
[4721, silylenol ethers [473] and cyclic allyl carbonates [474]. Cobalt complexed
alkynyl aldehydes were alkylated by ketene silylacetals (Eqg. (154)) [475], while
cobalt stabilized enynes alkylated aldehydes in the presence of dimethylaluminum
chloride [476].

oBn O C8n OH O
= W Me  OTMS = Y~ sy
A e A,
Coz(CO)s StBu Cex{COls
8%

Ruthenium complexes (RuH,L,) catalyzed the alkylation of aldehydes by acti-
vated nitriles (malononitrile, phenylacetonitriles) [477]. ni-Allyliron complexes alty-
lated aldehydes [478]. Ketones were dialkylated by Grignard and organic halides in
the presence of VCI,(TMEDA), [479].

a-Stannyl ketals were aikylated by cuprates (Eq. (155)) [480]. Palladium catalyzed
the cycloalkylation of chiral imines (Eq. (156)) [481]. Imines were alkylated by
titanium-alkyne complexes (Eq. (157)) {482] and ketones in the presence of nickel
catalysts (Eq. (158)) [483].



i76 L.S. Hegedus [ Coordination Chemistry Reviews 161 (1997) 129-255

oJ\o" o’l‘a

RCu )
A" NenBu,  VSBFOEL R snBu (155)
from 1:1 to 1:30 depending on R
60-80%
fpe Pd
\N_éﬂﬂ —1-}}1__.. W CHO
f 2pH*
o (156)
€5% yield
80% ea

R

L Nl/ R_f R R
7 s A — = =
Ben. " (157)
!
50-90%

1 a2

A H )
LaNiCl,
\Nf + nscnzﬁ-a‘ ——— R R
~p2
R NHAZ O
1
R = ptol, pMeOPh, pMSFh ( 58)

2 = MeO,Ph, pOzNPh,

2.1.11. Alkylation of aromatic compounds

Chromium complexed aryltin reagents underwent palladium catalyzed Stille cou-
pling to ary! halides [484], while optically active chromium aryl bromide complexes
underwent Suzuki coupling (Eq. (159)) [485].

(CO)Cr  CHO €O:Cr oo
/ ' \ Br & .‘:Ei_b / I \ 4 -ix-- isomerize
= BOH), 59% = o (159)
OMe Ohle

(') ()

Chiral diaminoketals [486], ketals [487] (Eq. (160}), and aminals [488] of benzalde-
hydes, and aryl sulfoxides complexed to chromium [489] were enanmtioselectively
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a-lithiated and reacted with electrophiles to give optically active orthe disubstituted
arenechromium tricarbonyl complexes. Chromium complexed thiophene underwent
o-fithiation alkylation {490]. A single enantiomer of the chromium tricarbonyl complex
of e-methoxybenzaldehyde was converted to the iron carbene complex by treatment
with Fp anion and TMSCI, followed by TMSOTT and styrene to give the optically
active cyclopropane [491]. The same complex was methylenated with the Wittig reagent
and then dialkylated by treatment with -butyllithium followed by methyl iodide to give
the optically active arene [492]. Other interesiing chromiumn arene complex reactions
are shown in Eq. (161) [493], Eq. (162) [494], and Eq. (163) [495].

Organolithium reagents added to substituted arenechromium tricarbonyl complexes
with loss of a methoxy group (Eq. (164)) [496]. Addition of nuclcophiles to cationic
manganese complexes of C-2 symmetric anilines proceeded with varying degrees of
stereoselectivity depending on the nucleophile [497]. Cationic manganese complexes of
functionalized anisoles undeirwent nucleophilic attack, the regiochemistry of which
depended on the face occupied by Mn (Eq. (165)) [498]. The regioselectivity of alkyia-
tion of cationic iron complexes of 2,4-dimethoxy-naphthalene depended on the nucleo-
phile [499].

The ability of osmium 42 complexation to deconjugate aromatic systems was
utilized to functionalize complexed pyrroles (Eq. (166)) [500,501] and furans
(Eq. (167)) [502].
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2.1.12. Alkylation of dieny! and diene complexes

The cationic n°-hexadienyliron tricarbonyl comnplex underwent nucleophilic addi-
tion primarily at the internal position [503]. The reaction of substituted anilines
with n’-cyclohexadienyliron tricarbonyl complexes was used yet again to make
carbazoles [504-506]. Tetrahydroindoles could also be made from this type of
complex (Eq. (168)) [507]. Cationic iron n’-cycloheptadienyl complexes underwent
nucleophilic attack at an internal position [508], while the corresponding manganese
complex underwent reaction at the terminal position [509] (Eq. (169)).

+
Fe{COla OMe H mc?,;le
{Culi{CHCOEY) X 1) MeANR | /
——— ——=Fe{C0)y ———r l
WS P 2) DIBAR o ( 1 68}
i arss
Ohe CO:Et H
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Racemic iron tricarbonyl complexes of dienoic acids were resolved via their chiral
esters [510]. Sonication of o,B-unsaturated imines from chiral aminc acid csters gave
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mixtures of diastereoisomeric complexes which could be equilibrated [5i1]. Iron
complexed a-diazo-dienylketones underwent reactions typical of w-diazoketones
(Eq. (170)) [512]. Iron complexed dienylketones were alkvlated at the carbonyl by
carbanions, and converted to trienes by SOCl,-assisted elimination of water [513].

(170)

Other uses of iron diene complexes in synthesis are shown in Eq. (171} [514] and
Eq. (172) [515]. Iron vinylketene complexes underwent interesting insertion chemis-
try (Eq. (173)) [516]. Palladium(0) catalyzed bis-metallation of tetraenes (Eq. (174))
[5171, as well as their cyclization (Eq. (175)) [518].
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2.1.13. Metal carbene reacti. »s

Fischer carbene complexes were synthesized directly from propargyl alcohols or
ethers (Eq. (176)) [519], (Eq. (177)) [520] or by the reaction functionalized dialkyi-
zinc reagents with Cr(CO)s(THF) [521].
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o, B-Unsaturated chromium carbene complexes were cyclopropanated by treatment
with “CICH,Li” [522]. Mecthyl carbene complexes were a-diatkylated by activated
organic halides (allyl, benzyl) under phase transfer conditions [523], and were
a-thiolated by o-lithiation followed by treatiment with diphenyl disulfide [524].
Lithiated C-2 symmetric aminocarbene complexes Michael added to conjugated
ketones inl good yield and 56-92% de [525]. Alkynylcarbene complexes reacted wiih
organic azides to give f-amino-o,B-unsaturated carbene complexes [526]. Carbene
complexes containing two thiophene units were synthesized as precursors to noniin-
ear optical materials [527].

The Détz reactior of alkynes with unsaturated carbene complexes gave improved
yields and metal-free products when run under photolytic conditions [528]. The use
of terminal alkynes and nonpolar solvents was best for pheno! (rather than indene)
production from aminocarbene complexes [529]. Ethynylferrocene underwent the
Dotz reaction to give quinones having a ferrocene group attached [530]. Other
interesting Dotz reactions are shown in (Eq. (178)) [531], (Eq. (179)) [532], and
(Eq. (180)) [533]. Using optically active chromium carbene complexes in the Dbtz
reaction gave optically active chromium arene complexes [534,535].

o
OMe e -]
{CO)Cr== sopn DATE
_— 2) CAN (o} (178)
c
o)
37-69%
NHR
OEt EtO,
(00)5Cr=&<Ph e Oe
= 179
o, - (179)
PR,

80%
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In the reaction of 1-hexyne with (phenyl)(inethoxy) group 6 carbene complexes,
molybdenum complexes gave indenes as the major product with CO ligands, but
naphthquinones with phosphine ligands. Chromium complexes always favored gui-
nones [536]. Other five-membered ring forming reactions are shown in Eg. (181)
[537], Eq. (182) [538-540], Eq. (183) [541] and Eq. (184} [542].

(180)

= A 7\
i + p—==—s' — \‘ )
Me0”  W(CO)s o r?
20-40%
OFt at s °
(cokc:=<___<n . A=
DMFHO o R
NRp MR,
e (182}
R NR
HS
DMF S>—<<
RY OEt
80-90%
Ph-

QOFt .Ij,\‘iﬁz 555 OEt
(CO)M * — NR, (183)
{0
Ph
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CNR
Ome

]
(cohCr:r] . \__—_—~_\ —_— OQ (184)
MeO

OMe OMe

Other more exotic reactions of carbene complexes are shown in Eq. (185) [543],
Eq. (186) [544], Eq. (187) [545], Eq. (188) [546] and Eq. (189) [547].

OMe R' P R‘
(CO)sCr = j(\ g OMe
— ggn
Y4 S (185)
34-73%
P A {)
(CO)Cr L OMe
2 o (186)
O n=12
o
OR'  f2r%i oR?
(CO)sCr et I - o '
% 2jox ” (187)
12-50%
RP R
OMe NR%R7 1 ]
{CO)Cr o o, s o o
= FFSm 2n0 (188)
Rt &° R
R? o
37-82%

Carbene complexes having pyrrole as the heteroatom substituent behaved more
like alkoxycarbene complexes than aminocarbene complexes, cyclopropanating ole-
fins, forming quinones with alkynes, and cyclobutanones and $-lactams under pho-
tolytic conditions [548]. Unsaturated carbene complexes bearing a f§-(2-pyrrole)
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(189)

group gave cyclopentanes when reacted with activated olefins in cyciohexane, but
cyclopropasnes when acetonitrile was used as solvent [5491. Optically active
4 4-disubstituted butenolides were made by photolysis of chromium carbene com-
plexes in the presence of optically active ene carbamates, followed by Baeyer-Villiger
oxidation and elimination. Reactions of these butenolides were studied [550].

2.1.14. Alkylation of metal acyl enolates
There were no synthetically significant examples of this class of reaction this year.

2.2. Conjugate addition

A new mechanism to rationalize the effects of added trimethylsilyl chioride on
the conjugate additions of cuprates to enones has been advanced [551]. By appro-
priate choice of cuprate, cither diastercoisomer could be made from the conjugate
alkylation of allyl esters of acrylates, followed by Claisen rearrangement [552].
The conjugate addition of functionalized organozine reagents to conjugated enones
was catalyzed by Me,CuCNLi, in the presence of excess TMSCl [553].
(Me;SnCH=CH)Cu(R)CNLi, transferred the R group to enones, while
(Me;SnCHCH ),CuCNLi, transferred the vinyltin group [554]. Copper(I) salis
promoted the conjugate addition of x-lithiated hydrazones to enones [555], as well
as the conjugate addition of a-zirconated alkoxyboranes [556]. Copper() iodide
promoted the intramolecuiar conjugate addition shown in Eq. (190) [5571.

o o}
O 2.5 Cul Oa )
l DMF § .
. (190)
Hl
Snlde; 70-90%

An NMR investigation of copper catalyzed conjugate addition in tl.:presence of
4-phenyloxazolidinone ligands has been published [558). Conjugate additions to
cyclic enones in the presence of chiral diamines I $59], and proline derived aminophs-
phine ligand [560,561] were efficient. In the latter case, the counterion reversed
stereoselectivity. Conjugate addition of cuprates to chiral camphor sultam derivatives
of conjugated acids proved an efficient way to induce asymmetry [562-564]
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(Eq. (191)) [565]. Conjugate addition to chiral substrates was also efficient
(Eq. (192)) [566,567].

OH NHEBn
1) LifCuCNNBR/TMS), H P
Ph
2) CH;CHO H
,N/lk/\/\ ) CHy cone (191)
7i%
single isomer
o §
0. v 1 o}
"y e 1N
Apcl o7 (192)

88%

T

Cuprates Michael added to propiolate esters [568] (Eq. (193)) [569}]. and replaced
the cis chloro group of B-dichloroenones [570]. Organozinc halides, including steri-
cally hindered ones {e.g., adamantyl) Michael added to enones [571].

a
RO ] T™SGI COEt
Y=—cor + EOLTN Nz — a 193
b CucCN
R HMPA (193)
oR
35.71%

Nickel(II) acetylacetonate catalyzed the f-altkylation of sterically hindered enones
[572] especially steroidal systems [573]. Other less common 1,4-additions are seen
in Eq. (194) [574], Eq. (195) [575] and Eq. (196) [576]. Palladium (1) catalyzed the

B-arylation of enones by tetraary! borates [577].

/L i 1) CpZrHCH \I\(
7Y JJ; (194)

(E-migrates to terminal positien)
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{196)
= Mo, nBu, secBu, Ph, 1Bu, pMeOPh, pMaPh, [>—

2.3. Acylation reactions (excluding hydroformylation)

For carbonylations that form heterocycles, see Section 3.5.

2.3.1. Carbonylation of alkenes and arenes

Paliadium(0) catalyzed the carbonylation of aryl and vinyl boronates {578}, vinyl
triflates [579], and vinylmercuric chlorides from carbomercuration of alkynes [580].
Dihydrofurans were aroylated by reaction with aryl hatides, carbon monoxide and
patladium(0) catalysts {581]. Aromatic hydrocarbons were directly carbonylated by
palladium (11} under oxidizing conditions {582]. Anionic acylnickel carbony! com-
plexes acylated electron deficient olefins {583]. Acy! cobalt complexes cycloalkylcar-
bonylated allenes (Eq. (197)) [584] and allyl epoxides (Eq. (198)) [585]. Terminal
alkenes were carbonylatatively dimerized to symmetrical ketones by reduced cobait
species [586]. Ene allenes cyclocarbonylated with rhodium(I) catalyst to give methy-
lene cyclopentenone [387]. The full details of the rhodium(I) catalyzed a-acylation
of styrenes by acid anhydrides have appeared [588]. Ruthenium(II) complexes
catalyzed the Claisen rearrangement followed by hydroacylation (Eq. (192)) [589].
Zirconocene cyclocarbonylated olefinic ketones (Eq. (200)) [590].

fron tricarbonyl complexed conjugated enones were converted to vinyl ketene

RGOCO(00) + ™~ o R)W

R = Ma, BrOCH;, E1C,CHa, Bn, PHTGH,, A
X = GH{COES), CHNQ;, OH, NHTs (30-80%)

(197)
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3) H* ey o

complexes by treatment with methyllithium and carbon monoxide [591]. «-Diazoiren
dienes underwent thermal cyclocarbonylation [592]. Asymmetric hydroformylation
of alkenes has been reviewed (101 references) [593], (77 references) [594].

2.3.2. Carbonylation of alkynes (including the Pauson Khand reaction)

Terminal alkynes were aroylated at the terminal position by aryl halides and
carbon monoxide in the presence of palladium(0) catalyst [595]. Carboxylic
acids added across alkynes to give vinyl esters in the presence of
[PdMo;S,(TaCN),CI1PF, [596]. Palladium(0) catalyzed the carbonylative thiola-
tion of terminal alkynes by aryl thiols to give B-thio acroleins [597]. Palladium
acetate catalyzed the hydrocarboxylation of 2-alkynyl naphthalenes to give high
turnovers for branched unsaturated acids [598]. Rhodium(I) complexes catalyzed
the hydroformylation of internal alkynes [599]. Palladium(0) catalyzed the alkyne
carbonylation reaction shown in Eq. (201) {600].

Iron carbonyl promoted the cyclocarbonylation of diynes to iron-complexed cyclo-
pentadienones [601,602] while Rh(CO),, cyclosilylcarbonylated diynes to
a-silylcyclopentenones [603]. Simple terminal alkynes were silylformylated to give
B-silyl unsaturated aldehydes [604]. This process occurred in an intramolecular
fashion as well [605). Both iron carbonyi and molybdenum carbonyl cyclocar-
bonylated yne allenes to give cyclopentencnes [606,607].

The Pauson Khand reaction between norbornene and cobalt complexed ethylpro-
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9 CO, THF 1,
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priolate [608] and propargyl alcohols {609] has ueen reported. Conditions for use
of ethylene as the olefin in the Pauson Khand reaction was optimized {610].

Asymmetric induction into the Pauson Khand reaction has been achieved with
modest selectivity by using chiral alkoxyalkynes [611] or alkynyl esters [612]. By
making and separating diastercoisomeric cobalt complexes of propargyl menthy!
esters, high de was obtained in the Pauson Khand reaction (Eq. (202)) {613].
Similarly, chiral phosphine complexes of cobalt alkynes resulted in good asymmetric
induction in the Pauson Khand reaction [614]. Cobalt carbonyl promoted the
cyclocarbonylation of alkynes with electron deficient olefins (Eq. (203)) [615] and
allenes (Eq. (204)) [616].

Y

= 4;[\/ 202
cl:oa(t:O)sL /"_\/xu _/ (202)
) Cox(CONL
- 80-32% e2
R'
a:n'+2/\cozaz—L-R ~AO0F
Cox(CO)s R (203)
I ,
modest yield
20—
Cox(CO); | (204)

Molecular mechanics calculations for stereoselectivity with the intramolecular
Pauson Khand reaction were carried out [617]. Useful intramolecular Pauson Khand
reactions are shown in Eq. (205) [618], Eq.{206) [619], Eq.(207) [620], and
Eq. (208) [621].
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N 2a - ‘407)
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(208)

2.3.3. Carbonylation of halides and triflates

Palladium catalyzed double and single carbonylation of aryl halides and allylic
compounds has been reviewed (>66 references) [622]. Palladium catalyzed the
carbonylation of bromopyridones (Eq. (2093}) [623], the acylation of halides by akyl
tins wsing *CO [624] and the carboxylation of halogenated benzopyrans (Eq. (210))
[625]. Aryl halides, heteroaryl halides and vinyl halides were carbonylated to give
esters by cobalt complex reducing agents [626]. Iodonucleosides were carbonylated
by treatment with alkyltins, carbon monoxide and palladium catalyst [627].

Auxyl triflates were converted to aryl methyl ketones by reaction with tetramethyl-
tin, carbon monoxide, and a paliadium catalyst [628]. Pyrrole triflates were alkoxy-
carbonylated using palladium catalysts {629,630], (Eq. (211)) [631}. Heteroaryl
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triflates were carbonylatively coupled to aryl boronates under palladium catalysis
(Eq. (212)) [632]. Palladium(0Q) catalyzed the carbonylative coupling of ally! halides
to functionalized organozinc reagents [633]. Aryl antimonates were carbonylated by
pailladium catalysts under oxidizing conditions [634].

(212

Cobalt bromide catalyzed the carbonylative coupling of functionalized organozinc
reagents to give symmetrical ketones [635]. Nickel carbonyl carbonylated vinyl
balides to give esters [636].
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2.3.4. Carbonylation of nitrogen compounds
Amines were carbenylated to carbamates using palladium catalysts [637].

2.3.5. Carbonylation of oxygen compounds
Thioketals were converted o-thioesters by treatment with high pressures of carbon

monoxide in the presence of rhodium(I) catalysis [638]. B-Acetoxychromium car-
bene complexes were converted to diketones by photolysis (Eq. (213)) [639].

OEt . R\ 0
(CO)5Cr£\=(o Rl ——— a
\“’ E‘O:K_« (213)

R ©
o]

63-80%

2.3.6. Miscellaneous carbonylations
Miscellaneous carbonylations are shown in Eq. (214) [640] and Eq. (215) [641].

QBn

S SN

BnO SriBug 8nO (214)
:
oR PaCsiED oR oR
H "
o)
P Pd cat %Jv\
Ars/\/
o (215)
RS P Aucat rs/lk/\

2.3.7. Decarbonylations
The sole interesting decarbonylation is shown in Eq. (216) [642].

{216)
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2.3.8. Reactions of carbon dioxide

“Utilization of carbon dioxide in organic synthesis and polymer synthesis by the
transition metal catalyzed carbon dioxide fixation into unsaturated hydrocarbons”
was the subject of a review (39 references) [643]. Nickel cyclams under electrochemi-
cal reduction converted epoxides into cyclic carbonates [644].

2.4. Oligomerization (including cyclotrimerization of alkynes and metathesis
polymerization)

Papers dealing with the oligomerization of ethylene by cationic phenanthroline
methylpaliadium complexes [645], the roles of Lewis Acids in Ziegler-Natta alkene
insertions — competition of Ti-C vs. Al-C alkene insertions [646], and a review entitled
“Stereospecific olefin polymerization with chiral metallocene catalysts™ {235 references)
{6471 have appeared. Cationic chefating diamine metal complexes catalyzed the dimeriza-
tion of terminal alkenes to give predominantly branched polymers [648].

Papers dealing with palladium catalyzed alternating copolymerization of alkenes
and carbon monoxide [649,650], and the chiral polymerization of terminal alkenes
with carbon monoxide to give isotactic optically active 1,4- and 1,5-polvketones
[651,652] have appeared.

A paper dealing with polymerizations of a-olefins and butadienes and cyclotri-
merizations of 1-alkynes by chelating phenoxide titanium and zirconium species has
appeared [653]. Palladium(0) complexes catalyzed the cyclodimerization of butadi-
enes to 1-methylene-2-vinylcyclopentane [654]. Chiral nickel(0) complexes catalyzed
the cyclodimerization of butadiene with methyl sorbate to give cyclooctadienes with
low ee [655]. Palladium(0) catalyzed the silyl-dimerization of alkynes with trichloro-
silane to give silylbutadienes [636].

Cobalt catalyzed cyclotrimerizations are shown in Eq. (217) [657] and Eq. {(218)
[658]. Cobalt cocyclotrimerized chiral nitriles with acetylene to give pyridines [659].
Ortho palladated acetophenones reacted with alkynes (Eg.(219)) [660].
Palladium(0) catalyzed the reaction of diyvnes with dibromophthalimides ( Eq. (220))
[661]. Nickel aryne complexes reacted with alkynes te give naphthalenes [662].
Tantalum pentachloride cocyclized diynes with alkynes to give arenes under reductive
conditions [663]. Zirconocene cyclooligomerized diynes (Eq. (221)) [664].

217

*
&

3-Substituted 2,5-bis-mercuriothiophenes were oligomerized (AMy, 700—18 000) by
treatment with palladium chioride and copper [665]. Nickel(0) complexes oligo-
merized dibromo-bis-heterocycles (Eq. (222)) [666]. 2,5-Bis-tributylstannyl thio-
phene cooligomerized with 1,4-diodo-2,5-bis-octanyl benzene in the presence of
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palladium(0) catalysts [667]. Other useful oligomerizations are seen in Eq. (223)
[668] and Eq. (224) [669].

Treatment of areneRuCl, phosphine complexes with trimethylsilyldiazomethane
gave a ROMP catalyst for norbornene and cyclooctene which tolerated esters and
epoxides [670]. Chloroplatinic acid catalyzed oligomerization of silanes with unsatu-
rated organics (Eq. (225)) [671] and (Eq. (226)) [672].

Transition metal synthesis of silicon polymers has been reviewed (53 references)
[673], as has molecular trees: from synthesis towards applications (236 references)
[674].
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2.5. Rearrangements

2.5.1. Metathesis (metathesis processes which produce heterocycles are found in
Section 3.5)

The complex RuCL(PCy;),(CHATr) was an efficient metathesis catalyst for acyclic
alienes [675]. Molybdenum alkylidene complexes catalyzed the cross-metathesis of
terminal alkenes with acrylonitrile to give alkylated acrylonitriles [676]. Cyclobutenes
underwent selective ring opening metathesis with terminal alkenes [677]. Unsaturated
morpholinocarbene molybdenum complexes metathesized with electron poor olefins
[678]. Dienes were cyclized by metathesis with W(0)( Ar0),Cl,/Et,Pb catalysts [679]
(tolerates functional groups), (CysP),RuCL(CHCHCPh,) [680] and MeReQ; [681].
Para-propyny! phenol metathesized to di-p-hydroxyphenyl acetylene in the presence
of Mo(CO)s [682]. The same catalyst cross-metathesized diphenyl acetylene with
internal atkynes (Eq. (227)) [683].

Ph

/\/\/\/\/ OAc /\/\/
p— Mo(CC)
AcO Z + Ph—==—pPh — "%, AcO (2 27)

nuee
74%

2.5.2. Olefin cycloisomerization
These are shown in Eq. (228) [684], Eq. (229) [685] and Eq. {230) [686].

2.5.3. Rearrangement of allylic and propargylic systems

HCo(CO), isomerized allyl ethers to vinyl ethers [687]. Monoalkyl ketals of
1,4-dihydroxy-2-butene rearrange to the 1-butene when treated with nickel(II) phos-
phine complexes and isopropyl Grignard reagents [688]. Propargyl alcohols

OAc
R
A LY 1) Cc2(CO)e 1
2) Ac;0 R
T, (228)
R=Ph, Cg. TMS, H ¢
56-90%

R'=H, Ph, Cs
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rearranged to «,B-unsaturated esters when treated with rhodium(I) catalysts [689]
or ruthenium(Il) catalysis [690]. Palladium acetate rearranged 1,4-dihydropyrroles
to 1,2-dihydropyrroles [691]. Wilkinson’s catalyst was used to do the isomerization
in Eq. (231)[692]. Palladium{0) catalyzed the rearrangement of alkynes to 1,3-diencs
[693]. 1,4-Disiloxy-2-butenes werc Jcsymmetrized by RhBINAP catalysts
(Eq. (232)) [694]). The stereochemical features of palladium(Il) catalyzed Claisen
rearrangement were studied [695]. Ruthenium(II) complexes catalyzed the allylic
transposition of allyl alcohols (Eqg. (233)) [696]. Other interesting isomerizations
are seen in Eg. (234) [697] and Eq. (235} [638].

{231)

(232)




198 L.S. Hegedus | Coordination Chemistry Reviews 161 (1997) 129-255

OH OH

RuCl.
AI‘M ——3- A’/\\)\ (233)
Alr
49.75%
Sifig
A >z 2O, om A - RS07
R's =Me, (Bu 85% 1] (234)
iPr 81 0
Mo 0 3s
MeMePhe 0 67
0 Ho(THF)(MePh,P)* 0
S 1 - S 23
\° \o ( 5)

2.5.4. Skeletal rearrangements
There were none.

2.5.5. Miscellaneous rearrangements

Terminal alkenes isomerized to internal alkenes when treated with Na,Fe(CO),
and copper(I) chloride or dibromoethane [699]. Rhodium hydride complexes cata-
lyzed the contraction of glycopyranoses {Eq. (236)) [700]. Treatment of the chro-
mium tricarbonyl complex of 2-methyl-S-trimethylsilylthiophene with z-butyllithium
gave the complex of 2-methyi-3-trimethylsilylthiophene [701]. Palladium(0) com-
plexes catalyzed the isomerization of methoxy groups along a polysilane backbone
via silylenes [702]. '

HO o HO o
{s] HO (¢)
@“ L 3\@1’?’0 ca~IN g
HO v
0%
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3. Functional group preparation
3.1. Halides

Alkynes were converted into terminal vinyl iodides by zirconium catalyzed carboa-
lumination followed by cleavage with iodine [703], (Eq.(237)) [704].
Hydrozirconation followed by NBS cleavage produced vinyl bromides [705].
Zirconabenzynes could be halogenated at either position {Eq. (238)) [706]. Vinyl
triflates were converted to vinyl iodides by treatment with heaxmethylditin in the
presence of palladium catalysts, followed by N-iodosuccinimide [707].

1) CpaZrCia
X
\/Y\/ (237)

2) 'z

3 NaoHA10,
. (238)
1) 18uli
2; (E10a)3 CH
I
2 NaoHM,0, <

3.2. Amides, nitriles

Treatment of o-allylcarbamates with palladium(0), tip. hvdride and acetic anhy-
dride gave the free amine which was immediately acyiaied [708]. Cyclams were
coordinated through three of their nitrogens to Mo(CO),‘s and the fourth was cleanly
acylated by acid halides [709]. Ru,(CO),; catalyzed the addition of terminal alkynes
to acetanilides to give N-vinyl acetanilides [710]. a-Diazophosphonates esiers
inserted into the N-H bond of amides to give a-amidophosphonate esters [7111
Palladium catalyzed the reaction shown in Eq. (239) [712].

3.3. Amines, alcohols

Palladium{0) complexes catalyzed the allylic amination of c«-phosphonoallyl
carbonates by hydroxylamines [713], the allylic amination of aliyl alcohols
in the presence of SnCl, [714], the asymmetric allylic amination of
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1-acetoxy-1,3-diphenylpropene by phthalimide (up to 96% ee) [715], and by benzyl
amine (66% ee) [716]. Carbocyclic nucleoside analogs were synthesized by palladium
catalyzed amination of 3-acetoxycyclopentenes by pyrimidine bases (no yields
reported) {717]. 1-Chloro-1-ethenylcyctopropane underwent allylic amination with
transposition (Eq. (240)) [718]

/2
Dﬁ/ . MNHz Pd,dbag o [’ O\S fnz

o7 g R HN (240)

\/\V
66-86%

C-2-symmetric 1,4-acetoxy cyclohex-2-enes were azirdinated with high ee using
chiral palladium catalysts {719], Eq. (241) [720]. Cyclic epoxides were asymmetri-
cally opened with azide using chromium salen catalysts [721]. Diene monoaziridines
were both oxidatively {722] and reductively [723] opened under palladium catalysis
(Eq. (242)).

OCO:Me QCO;Me
©:°>< TMSN EIOK CuCN
R e e
o < _Cl o o] #gB.
Pd cat
G
Le

high e (241)

Palladium catalyzed amination of aryl halides was the subject of a short review
(11 references) {724]. Efficient palladium catalyzed aminations of a very wide range
of aryl bromides have been developed, one based on the use of #-butoxide {725] and
one on the use of Li bis-trimethylsilyl amide [726]. Palladium(0) catalyzed the
amination of iron-iodocyclobutadiene complexes [727].

The full details on the reaction of alkenes, viny! bromides and amines with
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palladium(0) catalysts in aqueous DMF (water improved yield) to give allyl amines
have been published (Eq. (243); [728]. -Butyl acetylene, 1,3-dichloro-1-propene and
ethyl amine reacted with Pd/Cu catalysts to give amination of the allylic position
and alkynylation of the vinyl position [729]. Terminal allenes reacted with sccondary
amines to give allyi amines plus 2-aminomethyl butadienes, incorporating two eguiv-
alents of the allene [730]. Diallylamines were deallylated in a stepwise fashion using
palladium(0) catalyst and o-sulfhydryl benzoic acid [731,732].

H'\ T\' R!
N + ! + BN, 2

(NF) - BuNCH
DUFHO R (243)

58-20% miajor regicisomer

Cobalt complexed propargyl alcohols were converted to propargy! amines via
cobalt stabilized propargyl cations [733]. Aryl azides, aroyl azides, and aryi sulfonyl
azides were reduced to the corresponding NH, species by MoS2™ [734]. Imines were
reduced to amines by Cp,MoH, [735], and by iridium(I) BINAP catalyst systems
with high ee [736]. Olefins were converted to terminai amines by hydrozirconation
followed by cleavage with ArSQO,ONH, [737]. w-Aminoamides were synthesized
from zirconium-imine complexes and isocyanates (Eq. (244)) [738]. Iron complexed
vinyl ketenes were converted to complexed ketenimines by treatment with phos-
phonamides and butyllithium [739].

W “Iph MeOH NHPR
cnaZr<K e C%Zr< UM R’NHJ\r
, Ao 0 Koyt E)HCI (244)

Chiral ferrocenyl aldehydes were used to synthesize optically active amino acids
(Eq. (245))[740]. Chromium aminocarbene complexes were used to introduce amino
acid residues into peptides both on soluble PEG supports {741}, and in solution
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[742] (Eq. (246)). Fluorcbenzene chromium tricarbonyl underwent reaction with
deprotonated aminoalcohols to give complexed phenols which rearranged to com-
plexed anilines when treated with butyllithium (Eq. (247)) [743].

Mol. Sieve

O
Nkiw ﬂ <j
| e AN

(245)

v R,\(u\ v _ NH
R Pn I (246)

h""

X = OMe, NH of peptide, NI{ of PEG supported peplide J yiekds, de

HO. \llR‘

R

T Qe
=/ 247)

Cf(CO)s H Cr{CO); HN Cr{COl

Asymimetric catalytic transfer reduction of ketones by isopropanol has been
achieved in excellent ¢e using chiral ruthenium(II) catalysts [744,745]. Nickel(II)
phosphine complexes catalyzed a similar reduction [746]. Styrene was asymmetrically
hydroborated using rhodium(I) catalysts and chiral ferrocenylphosphine amines.
Up to 98% ee was achieved, but with only a 68% yield and a 3:2 mixture of
regioisomers [747]. Chiral aminophosphinoboranes catalyzed the asymmetric reduc-
tion of chromium complexed p-chlorobenzophenone with 90% yield and 92% ee.
Cobalt complexed propargyl alcohols were asymmetrically reduced with similar
efficiency [748]. Epoxides were reductively opened (attack at the less substituted
position) by ammonium formate and Pd/C [749].
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Chiral ruthenium(Il) complexes catalyzed the reduction of 1,3-diketones to anti
1,3-diols in 70% yield and 100% ee [750]. «-Amino-8-ketophosphonates were asym-
metrically reduced in high ee (Eq. (248)) [751], as were a variety of dicarbonyl
compounds (Eq. (249)) [752]. B-Keto esters were asymmetrically reduced in high
yield with high ee under mild conditions using (R,R)-(iPrBPE )RuBr, catalysts [ 753].

[o] 8 OH ﬁ
n’u\r"‘%’* He R)\rwomg
(RIBINAPR(I) R
26%
I ’ 249
g 9
R JK-:/P{OMa)z
NHAc
& S 1) (Rh{COD),IBF, 9“ oH
LA IS §
{R.RMS.SIETRAP
Ph,SiH, 7%
DMOH,KC0s 91 1o 70 aimeso (249)
85% 68

X=none, Chles, 2™\t NN

Chiral zirconocene complexes catalyzed the ring opening of dihydrofurans and
pyrans (Eq. (250)) [ 754]. Nickel cyclooctadiene catalyzed the ring opening of bridged
bicyclic ethers by DIBAL (Eq. (251)) [755]. Palladium(0) was required for the
hydroxylation of chloroquinones (Eq. (252)) [756]. Allyl cthers were reductively
cleaved to alcohols electrochemicaily in the presence of mickel(Il) salts [757].
Terminal olefins were converted to secondary aicohols by palladium catalyzed hydro-
silylation {HSiCl,) followed by oxidation [758]. Adjacent carboxylate groups were
used to direct this chemistry (Fa. (253)) [759]. Palladium(0) catalyzed the allylation
of benzaldehyde (to give allyl alcohols) by allyl esters [760].

Xy, [EBTHIZCL {250)
o u/ »>25:1 casterecssisciivity

Molybdenum hexacarbonyl cleaved isoxazoles (Eq. (254)) [761]. Chiral zircono-
cene complexes catalyzed the asymmetric methalumination of terminal alkenes to
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give a-methyl terminal alcohols in good yield and high ee, after oxidation [762].
Iron carbonyl complexation was used to protect a diene while a remote olefin was

hydroborated (Eq. (255)) [763].
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3.4. Ethers, esters, acids

The factors which influenced the stereo- and regioselectivity in the palladium
catalyzed conversion of allyl carbonates to aryl phenyl ethers (phenoxide was the
nucleophile) were studied [764]. Nickel{0) catalyzed the displacement of allyl ace-
tates and carbonates by phenoxide [ 765]. Acetoxy glycals were converted to disaccha-
rides by palladium catalyzed displacement by the anomeric OH of a sugar (Eq. (256))
[766]. Sugar OH groups were allylated by diallyl carbonate in the presence of
palladium(Q) catalyst [767]. Molybdenum(II) catalyzed the conversion of allyl
acetals to allyl methy! ethers {768].

R'O.

e 5

R'0.

PO 14}

\)C’)\ . on PO por  \=/be

a0 ¥ Omt dppb (256)
PO OP

FO oP

aoP
23-85%

Rhodium(II) acetate catalyzed the decomposition of chiral ¢-diazo csiers in
alcohols to give w-alkoxy esters in good yield and up to 50% de [769]. Complex
ethers could be made in this way (Eq. (257)) [770]. Fluorinated a-diazo esters [771],
and diazo ketones [772] underwent similar insertions into alcohol OH bonds to
give cthers.

(257)

(257

Diaryl ethers were made by the copper promoted coupling of aryl bromides with
phenols {773]. Treatment of the cationic iron Cp complex of chiorobenzene with
alkoxides under irradiation gave metal-free aryl ethers by displacement of the chlo-
ride [774]. The corresponding ruthenium complexes of polychlorinated arenes gave
poly aryl ethers or thioethers [775]. This has been used to make quite complex
systems {Eq. (258)) [776] and (Eq. (259)) [777].

Hydroxy groups allylic to iron coordinated dienes were replaced by alcohols to
form ethers in the presence of Lewis acids (Eq. (260)) {778]. Eq. (261) shows an
unusual displacement [779]. Esters were deoxygenated to ethers by treatment with
manganese acyl catalysts and phenyl silane [780]. Copper iodide catalyzed the
displacement of tertiary propargyl halides by phenoxide [7811.
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Ruthenium complexes catalyzed the addition of carboxylic acids to alkynes to
give secondary [782] or primary [783] vinyl esters. Benzene was oxidized to cyclohex-
ane-hexacetate by barium chlorite in the presence of OsQO, catalysts [784]. Cobalt
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complexed propargyl glycals were ring opened by alkexides (Eq. (262)) [785].
Palladium catalyzed the cleavage of an allyl ester to the acid in a complex system

(Eq. (263)) [786].

3.5. Heterocycles

Avziridenes were made by the rhodium(II) [787], rhenium(VII) [788], and
copper(I1) catalyzed decomposition of ethyl diazoacetate in the presence of imines.
By using chiral bis-oxazoline ligands, the copper(l) catalyzed decomposition gave
good yields, >10:1 trans to cis and ee values from 40% to 67% in this process
{789,790]. The mechanism of the copper(l) catalyzed aziridination of olefins by
Phi=NTs was studied [791].

B-Lactams were synthesized by rhodium(If) catalyzed H insertion processes
(Eq. (264)) [792]. Palladium on carbon in the presence of copper{l) iodide catalyzed
the oxidative carbonylative cyclization of propargyl amines to B-lactams [793].
Alkynes reacted with nitrones in the presence of copper(l) iodide to give
B-lactams|794]. Vinyl triflates with pendant amino groups underwent carboaylative
cyclization to B-lactams using palladium catalysts (Eq. (265)) [795].

Q

o Pyde o
Okﬂz T C“LT (264)

97% @2

Pyrrolidines were made from allyl propargy! amines by chromium carbene medi-
ated metathesis/cyclopropanations {Eq. (266)) [796], by palladium catalyzed cyclo-
carbonylation (Eq. (267)) [797], by palladium{II) catalyzed amination of olefins
(Eq. (268)) [798], and by the oxidation of amino-iron divne complexes (Eq. (269))
[799]. Two useful palladium catalyzed syntheses of this ring system are seen in
Egq. (270) [800] and Eq. (271) [801].

y-Nitroketones were reductively cyclized to five-membered imines by Ruz(CQ)y,



208 L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255

ot
Nign HPABUN RO
e co NBn
MeCN ¢
n=1,2,3  7090%
and {265)
NHBn
(ha —n {h I NBn
ot §
)
Et
| meoe=
L J Py B (266)
H R
91%

! A
l%‘sf/y :m:»' (%*ﬂ (267)

Pd{0)}

)
O 5% Pd(0AC), (hl
m DMSO @
e e AT (268)
n=1,23
high yields
Emzc Rz
1
[( } rl B2 1)LDA NR
= ———
}: . + R‘NH COEt cant 2) Gi':;COOH (269)
+ Fe(co)a u 3
80-80%

and 9,10-phenanthroline [802]. Complex aminocarbene complexes thermally pro-
duced cyclized five-membered imines (Eg. (272)) [803]. Rhodium(II) octanoate
catalyzed the cycloaddition of a-diazo-B-vinyl esters to pyrroles (Eq. (273)) [804].
2,5-Dihydropyrroles were made by chromium carbene comn:plex promoted metathesis
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processes {Eq. (274)) [805] and ruthenium carbene complex metathesis (Eg. (275))
[806].
Pyrroles were synthesized by McMurry coupling of $-amido enones [807], the
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copper catalyzed reaction of propargyl bromide with B-thio-B-amino ketones
(Eq. (276)) [808] and by the reaction of aminocarbene chromium complexes with
alkynes (Eq. (277)) [809].

]!
RJ]\ rEmm e A (276)
MeS Ea* Br ?ﬁ;‘, g,‘,
40-70%
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R Ph'
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Five-membered lactams were made by rhodium(II) catalyzed C-H insertion pro-
cesses of a-diazoamides {810], or N-H inserticn (Eq. (278)) [811], by carbonylative
cyclizations of g-aminophenylacetylene by Rh(CQO),¢ [812], the chromium carbene
assisted cyclization of acetylenic amines (Eq. (279)) [813] and the reactions of
aminocarbene complexes with alkynes (Eq. (280}) [814,815].

N 278)

Indolines were synthesized in the many approaches shown in Eq. (281) [816],
Eq. (282) [817], Eq. (283) [818], Eqg. (284) [819], Eq. (285) [820]. Eq. (286) [821],
Eq. (287) [822], Eq. (288) [823] and Eq. (289) [824].

A catalytic version of McMurry coupling was used to synthesize indoles from the
reductive coupling of the carbonyl groups of ¢-acy! anilides in good yields [825,826].
Palladium acetate catalyzed the oxidaiive coupling of N-aryl aminoquinones
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(281)
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(Eq. (250)) 1827]. Other indole syntheses are seen in Eq. (291) [828], Eg. (292)
[829], and Eq. (293) [830].

Zirconocene cyclized bis-olefinic amines to piperidines: Eq.(294) {831] and
Eq. (295) [832]. Hydroformylation of ally! glycine esters gave piperidines or tetrahy-
dropyridines [833]). Tetrahydroisoguinolines were synthesized by intramolecular
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Heck cyclization of o-iodo-N-allylbenzylamines [834]. Palladium(0) catalyzed the
reaction of optically active aminoalcohols with 1,4-diacetoxy-2-butene to form mor-
pholines [835]. Iron catalyzed processes were used to make piperidines (Eq. (296))

[836] and (Eq. (297)) [837].

Dihydroisoquinolines were synthesized by palladium(0) catalyzed Heck cycliza-
tion of ¢-iodo-N-allyl benzamides {838,839]. The same type of cyclization with N-
alleny! benzamides gave a n-allyl palladium complex which could be further function-
alized (Eq. (298)) [840]. Quinolines were prepared from palladium(0) catalyzed
cyclization of the vinyl triflate of P-keto esters with o-boronic acids of aniline
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carbamates [841], and the carbonylative cyclization of amine containing iodoenynes
[842]. N-Aryl-2-aminomethylindoles cyclized to give fused tetrahydroguinoclines in
low yield when treated with one equivalent of palladium acetate [843]. Iron com-
plexed vinyl ketenes reacted thermally with imines, followed by oxidation to give
dihydroquinolines [844]. Iron diene complexed imines of sorbaldehyde uaderwent
4+4-2 cycloaddition with Danishefsky’s dicne to give dihydro-4-pyridones [845].

il ,//' Pd
(/ Pd(0)
o e HN
N
{298)
Swe
N
N
NS e0%
o

Quinolines were prepared by the palladivm catalyzed reaction of formamide with
o-nitrophenyl ketones in 20-46% yield {846], while pyridines were produced from
hydrazones of dienylaldehydes [847].

Larger ring nitrogen heterocycles were made by ruthenium carbene catalyzed
metathesis processes [848], Eq. (299) [849]. Azirenes cycloadded to chromium com-
plexed cycloheptatriene in a 2+ 6 cycloaddition to give 4.3.1-bicyclo nitrogen hetero-
cycles [850]. Macrocyclic lactams were made by palladium(0) catalyzed cyclization
of (alkylation) of long chain malonamides with remote allyl acetates [851]. Larger
ring (7-10) benz fused nitrogen heterocycles were prepared by Heck cyelization of
o-iodoarenes with enamides in the side chain [852). Zirconium (Egq. (300)) [853]
and iridium (Eq. (301)) [854] chemistry was used to make larger ring nitrogen
heterocycles.

Manganese salen catalyzed asymmetric oxidation of simple olefins has been
reviewed (36 references) [855], as has enantiomeric epoxidation via chemical or
enzymic methods (in French, 190 references) [856]. Chiral manganese salen com-
plexes continued to be refined as asymmetric epoxidation catalysts [857-859].
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Aldehydes were converted to epoxides by rhodium(IT) catalyzed reaction of diazoal-
kanes with thioethers to form sulfur ylides in situ [860]. Cationic platinum complexes
catalyzed the epoxidation of enones by hydrogen peroxide in a process which
required excess enone [861]. B-Lactones were synthesized by rhodium(II) catalyzed
decomposition of diazomalonates (CH inserticn into a carbon of the ester group)
[862].

Tetrahydrofurans were synthesized by nickel(0) catalyzed cyclization of allyl
ethers having a halide in the other arm [863,864], and by iron-assisted alkoxylation
of complexed alkenes (Eq. (302)) [865]. Allenes having y-hydroxy groups were
cyclized to tetrahydrofurans by palladium catalyzed arylation at the central carbon
followed by attack of OH on the thus-formed =-allyl palladiura complex [866].
Other palladium catalyzed tetrahydrofuran forming reactions are shown in Eq. (303)
[867] and Eq. (304) [868]. Homoallyl alcohols cyclized to tetrahydrofurans when
treated with three equivalents of Re,0, and H;10,4 [869]. These were also produced
via rhodium(II) catalyzed decomposition of diazo esters (C-H insertion into B-o-
ethyl group) [870].

Dihydrofurans were synthesized by Mo(CQO), catalyzed cyclization of homopro-
pargyl alcohols [871,872], by metathesis of diallyl ethers [873], by cocyclotrimeriza-
tion of bis-propargyl ethers (Eq. (305)) [874] and by rhodium carbene chemistry
(Eq. (306)) [875].
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Areneruthenium complexes cyclized ynenols to furans [876]. Palladium catalyzed
approaches to furans are shown in Eq. (307) [877], Eq. (308) [878] and Eq. (309)
[879]. Dihydrofuranylmolybdenum carbene complexes decomposed to bis-furans
linked at the 2-position [880]. Alkynes cyclized with o-iodophenols in the presence
of palladium catalysts to give benzofurans [881]. Heck cyclization of ¢-bromo-O-
allylphenols also gave benzofurans [881].

Butyrolactones were made by paliadium(1I} catalyzed alkoxycarbonylation of
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alkenes [882], (Eq.(310)) [883], palladium catalyzed oxidative cyclization of
B-hydroxytrimethylsilyacetylenes [884], cobalt catalyzed cyclocarbonylation of allyl
alcohols [885] and iron catalyzed cyclizations of unsaturated carboxylic acids [886].
Molybdenum carbonyl cyclized homopropargyl alcohols (Eq. (311)) [887].
Butyrolactones were made by rhodium(II) catalyzed cyclopropanation of alkenes
by diazo esters (Eq.{(312)) [888]. The site of cyclopropanation of polyolefins
depended on the ligand on rhodium [889], as did the endo/exo ratio and ee [890,891].
Butyrolactones were also synthesized by rhodium catalyzed CH insertion of diazoal-
kanes, with effective catalysts for enantioselective insertion into 3° positions of
alkylazo acetates [892,893]. 2-Oxo-tetrahydrofurans were made this way [894].
Butenolides were prepared by nickel catalyzed cyclocarbonylations of ynones
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[895], palladium catalyzed cyclocarbonylation of B-iodoenones, [896], and the ruthe-
nium catalyzed reaction between alkenes and acetylenic esters (Eq. (313)) {8971.

Pra e e N o
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oH MeOH \ paecid (313)

B-Halo-x-methylene lactones were synthesized by palladium catalyzed halocycliza-
tion of allyl esters of proprolic esters (Eq. (314)) [898-904], the palladium catalyzed
cyclocarbonylation of propargyl carbonates (Eq. (315)) [905] and the low valent
titanium cyclization of alkyne containing carbonates (Eq. (316)) [906]. Bis-propargy!
alcohols were cyclocarbonylated to succinic anhydride [907,908].

Palladium{II) catalyzed the alkoxy acetoxylation of cyclohexadiene by a
(CH_,),OH attached at the two position to give exomethylene pyrans. The stereo-
chemistry depended on the presence or absence of added lithium chloride or acetate
[909]. Propargyl allyl ethers cyclized to tetrahydropyrans in the presence of PiCl,
(Eq. (317)) [910]. Ortho iodo benzyl allyl ethers cyclized to dihydrobenzopyrans
under Heck reaction conditions {(Eq. (318)) [911,912]. Similar processes were used
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to cyclize into the double bond of dihydropyrans [913] and unsaturated nitro
compounds [214] to make six-membered heterocycles.

s e
/\ o™ PO, o >_<Hn1
R

20-90%

RGN
] o Pd(o}
2eq. E!;;N
PhyP

AgNOy/MeCN 919
THF 8:.92

317

(318)

Ortho iodobenzoic acid and alkynes formed isocoumarins under palladium cata-
lysts [915]. y-Pyrones formed by CH insertion in a rhodium (1) catalyzed decomposi-
tion of n-diazoacetophenones having an ortho isopropyl group {916 ]. Diphenylketene
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reacted twice with anicnic diene molybdenum compiexes to give e-methylene lactones
(Eq. (319) [9171.

Fh Ph
|
ox. [}
+ 2PBCeC0 — = —= (319)
' o
—Mo{CO)s od Fh

A seven-membered oxygen heterocycle containing a cobalt complexed alkyne was
made by propargyl cation chemistry [918]. Eight-membered unsaturated cyclic ethers
were made by palladium catalyzed intramolecular alkylation of allyl carbonates
{919,920] and by cyclization on to an iron stabilized dienyl cation (Eq. (320)) [921].
Tungsten carbonyl cyclized y-hydroxy akynes to seven-membered o f-unsaturated
lactones [922]. Palladium(0) compiexes catalyzed the cyclocarbonylation of
w-alkoxy terminal alkynes to cyclic alkynyl lactones in modest yield (ring sizes 16,
17 and 20) [923].

OH oA
E0,6— = \ O Levishid  eoc—t £\ a

good yieid

Dihydrobenzothiophenes and isothiophenes have been made (Eq. (321) [924],
Eq. (322) [925]).

(]
S (lLoa Rh;0AC, S
(:/[; tN T @'“"‘“ 321)
48%

1) RBP—=—R3 2
paS< ) agar, i
X2 3)PhCh-Pd e (322

R

-

50-50%

Palladium catalyzed syntheses of heterocycles containing more than one hetero-
atom are listed in Eq. (323) [926], Eq. (324) [927,928], Eq. (325) [929], Eq. (326)
[930], Eq. (327) [931], Eq. (328) [932], and Eq. (329) [933].
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COR ROC, v
\W’ PAClo(MaCN
¥=C=Y _._?(_}ﬁ. kx
2“' 120° PCH, éN
X = O, PhN, pNOoPhN 60-80%
Y =S, PhN
COR
CO,R?
E( PUCI(MeCN)» X
+ AN=CsX —————————t~
N A N7 SNAT
A )
Rﬂ
X =85, NAr high yisld
JPr
I\
dpw CO
2) soc:z
AcO,
o Lo+ HNH X e [ :(\
% = OH, NBn
up to 60% ee

2

R' ‘l—\_
o)\?.// <,\/m PACL{MeCN) )_\ |
O),NHTS o

50-70%

il

(323)

(324)

(325)

(326)

(327)

Rhodium catalyzed formation of heterocycles containing more than one hetero-
atom are seen in Eq. (330) [934], Eq. (331) [935], Eq. (332) [936], Eq. (333) [937],

and Eq. (334) [938].
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o 1) Pdi0) d
AsnBy; + cioNSCOR 4(\"/
ANHNH, {?.'N {328)

n N,
o N e Y0

(330)

AN
0 Ar. P

o (332

81%

N
Arﬁ—CHNz + PhC=N + EtOC—=——CO;8t i tha_»\”
(o]

Heterocycles derived from carbene complex chemistry are seen in Eq. (335) [939],
Eq. (336) [940], Eq. (337) [941], Eq. (338) [942], and Eq. (339) [943].

Other even less conventional syntheses of heterocycles are seen in Eq. (340) [944],
Eq. (341) [945], Eq. (342) [946], Eq. (343) [947], and Eq. (344) [948].
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wide range of Ar
] R, R g2

R?
/Z_ko [RRCODICI, r( jf(
AN oo esatm esatm /& } (333)
0-45%
20-80% (sole product
with Ir cal)

NHp N
R HJCO
@:/“\/& - @::D“R (334)
78%

QEt A R
(CO)sM + HoNNHR ——s A IN
N\ - (335)
Ph 75-90%
M(CO)s
Ri
OEt R o ={ OMe
(CO)sM + =N, T O m (336)
3] R Rﬁ
N
good yield

Ph

H
Ph

N
Ph

Jn AN P —Nf Ph
coner= LA :\( (337

L&)
40-85%

3.6. Alkenes, alkanes

Alkenes were produced by elimination of vicinal bromides by nickel(II)/ethyl
Grignard mixtures [949]. Allyl acetates were eliminated to give dienes by palla-
dium{(0) catalysts [950,951], (Eq. (345)) [952] and (Eq. (346)) [953]. Allyl epoxides
were eliminated to dienes via n-allyliron species [954]. Dimethyl amine was oxida-
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NHR NP N
(CONM ___< PhH/Bu,N8r N\ ]
mgqﬂelgfﬂ M(CO)s {338)
71-87%
o
OMe 0 Oie
(CO)sM4 ph/QN\ Fh (CO)sht Rt
OMe
Y. ol coum —_— ! % (339)
Ph N Ph N,
l A\ A
Ri
R‘
o
I R‘L_N’,O ox R3\N/ R1
R? —_— =
=0 1 — L
Ao T S o = G40
(CO)3F6<F€ s
O)a
60-80%

(CO)sct-—"( \K::Cf(CO)s * (_% S( 7&
n=2234,10
o

§
e PIC " j( N "N]<
2} H" ; SNH 7 : N

NH

5K

(341}

tively eliminated from chromium tricarbonyl benzylamine complexes to give com-
plexed styrenes {955]. Glycals were made by elimination of bromide and acetate
from the 1- and 2-positions of 1-bromosugars [956].

Silylenol ethers were oxidized to o, jj-unsaturated enones caralytically using 10%
Pd(QAc), in DMSO with O, [957]. Stoichiometric versions of this were used to
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(o]
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AN O o
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//—‘ NHBn 2 \ o
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80%
/ OMe
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SN H P
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good yislds
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' B (345)
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N o I
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(346)
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make 4-pyridones [958], to ““unsaturate” steroidal D-ring cyclopentanones [959],
and to make complex systems (Eq. (347)) [960]. The Cp* ruthenium fragment
activated C-H, C-C, C-Cl, and C-S bonds (review, 42 references). An example is
seen in Eq. (348) [961].

QTHS oteoms 0y osms
Y Fo(OAC) A
—rrve——
t EQ (347)
CO,Et CO,Et
5%
€5%

(348)

Aryl and vinyl triflates were reduced to arenes and olefins by ammonium formates
in the presence of palladium catalysts [962,963]. Triethyl silane also served as a
reducing agent under these conditions [964]. Allyl benzyl ethers were reduced to the
alkene [965], but regular benzyl ethers survived (Eq. (349)) [966]. PhSiH; and N-
trimethylsilyl-N-methyl trifluoroacetamides were new allyl group acceptors for the
palladium catalyzed dealiylation of allyl carbonates and ethers [967].

(349)

55
g %

Alkynes were reduced all the way to alkanes by 2 equiv. of Cp(CO),WH in trifiic
acid [968]. B,p-Dialkyi-debydroamino acids were reduced to B-dialkyl amino
acids with high ee by Rh(I) (R,R)(S,S)-TRAP systems [969], or even more highly
selectively by cationic rhodium(I) MeDuPhos or MeBPE catalyses [970].
a-Methylenebutyrolactones and cyclopentenones were reduced to the saturated car-
bonyl systems with high ee using ruthenium(II) BINAP catalysts [971]. Crabtree
catalysts efficiently reduced olefins with high stereoselectivity (Eq. (350)) [972].
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o
oo
IKCOD)(PCya)Py)*

3.7. Ketones, aldehydes

(350;

Recent advances in oxypailadation have been reviewed (51 references) [973]. The
Wacker oxidation of long chain alkenes to methyl ketones was accomplished with
a complex catalysis system [974]. Synthetically significant Wacker oxidations are
seen in Eq. (351) [975], Eq. (352) [976], and Eq. (353) [977]. Palladium chloride in
DMSO oxidized diarylalkynes to the a-diketene [978]. B-Substituted styrenes were
asymmetrically converted to benzyl aicohols by palladium catalyzed asyminetric
hydrosilylation followed by oxidation of the silane [979].

g) X 5 o
mevo. A7 PACI/CuCl, -
£ 0, DMF/H0 (351)
(352)
0, PdCl,
CuCt DMF .,2:\/\'(
72% o
72%
,U\ 9 0o o OR
Q N + A%OH Sk JLN/U\z)\OF‘e
\—4 CuCl O \ < H (353)
R R
89%
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Secondary alcohols were oxidized to ketones by RuCl;, ROCO,H [980], and
palladium catalysts with Andogene 464 [981]. 1,2-Diols were oxidized to x-diketones
by hydrogen peroxide, and peroxytungstophosphate [982].

Ruthenium porphyrins catalyzed the oxidation of arenes to quinones by pyridine
N-oxide [983]. Although isoindanone wouid not directly complex to chromium, its
ketal would, which, after deprotection allowed a rich reaction chemistry of the
complexed ketone [984]. The catalyst RuClLL, with ethylene diamine and KOH
reduced aldehydes and ketones in preference to olefins [985]. Cyclic ene diynes
having pendant hydroxymethyl groups were protected as their bis-dicobalt alkyne
complex, permitiing Swern oxidation of the hydroxymethyl group [986].

3.8. Organosilicon compounds

Dienes and alkenes were hydrosilylated with good ee using chiral palladium
catalysts [987]. Optically active silyl allyl epoxides underwent palladium catalyzed
ring opening with complete chirality transfer (Eq. (354)) [988]. Other palladium
catalyzed reactions of silicon compounds are seen in Eq. (355) [989], Eq. (356) [990]
and Eq. (357) [991].

SiR,

+ 3 LFd

N PR o

PhySi™ u\/ j)\/ (358
55%

\N/ 1/
R,Si—SiFy Lo x-S
YN TR .

3%
R! \S|/
CliMe S0l + R—=—~' Pdcar | I%\’n + Me;SiClh
R /sa\ R’ (356)
good yields

Rhodium(I) complexes catalyzed the ring opening of vinylcyclopropanes to give
regioisomer mixtures of unsaturated silanes [992]. Propargyl alcohols were converted
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R* g
Pdadbas SiMe,R?
R'COCI + R°MeSiSiMeR® + }\( —_— ai/Yk/
o A (357

29 cases

to B-silyl ketones by rhodium(I) catalyzed hydrosilylation [993]. Rhodium(II)
acetate catalyzed the insertion of diazo ester derived carbenes into Si—H bonds [994].
Rhodium(I) complexes catalyzed the intramolecular silylformylation of alkynes

(Eq. (358)) [995].

wOSIRH o NCILARCO(CONs -\“O\S/
it 4
X \ (358)
cHO
100%

Chromium complexed anisole was ortho silylated with 88% ee by deprotonation
with a C-2 symmetric chiral amide base [996]. Platinum(0) catalyzed the ortho
silylation of benzaldehyde imunes [997]. Eq. (359) shows a strange silylation reac-
tion [998].

Palladium(0) catalyzed the cis-bis-stannylation of alkoxyalkynes [999] and acety-

[+
K] R )
Cpa2t S A Si
R—:%asmz _922-’_ 'KZ L \_—-@'—R ‘159)
CpaZr = N
R 80-87%

OMs R
(com=<—<n' BugSH >_ﬂ’m
= d
R SnBuy
40-85%

and
(360)

OMe R OMe
(CO)sCr —_— >==d
— BussH

\\ 61%
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lenic esters by hexamethylditin {1000]. These rearrange to the frans on heating.
Palladium(0) catalyzed the conversion of vinyl triflates into vinyl stannanes with
hexamethylditin [1001,10602]. Terminal alkynes were converted to terminal vinyt
stannanes by hydrozirconation/transmetaliation [1003]. Vinyvl chromium carbene
complexes were converted to a-alkoxy allyl stannanes [1004] while acetylenic carbene
complexes were converted to allenyl stannanes by treatment with tributyltin hydride
(Eq. (360)).

3.9. Organophosphorous and sulfur compounds

Tungsten complexes catalyzed the metathesis of allyl diphenyl phosphine to
1,4-bis(diphenylphosphinc)-2-butene [1005]. Palladium(0) catalyzed the coupling of
bromophosphabenzenes with phospholes at P [1006]. Cationic iron hexadienyl com-
plexes underwent attack at the less substituted terminus by triphenyl phosphine to
give the alkylated phosphonium salt [1007]. Palladium(0) complexes were used to
cleave allylphosphonate esters on nucleotide [1008].

Allyl carbonates [1009] acetates and chlorides [1010] were converted to allyl
sulfonates by treatment with sodium toluene sulfinate and a palladiumz catalyst.
Copper iodide catalyzed the arylations of aryl sulfinates by aryl halides [1011].
Protected serine was S-arylated by aryl halides and a palladum(0) catalyst [1012].
Chiral manganese salen complexes catalyzed the oxidation of aryl thio ethers to
chiral sulfoxides in un to 70% ee [ 1013]. Other reactions of organosulfur compounds
are shown below (Eq. (361)) [1014], (Eq. (362)) [1015], and (Eq. (363)) [1016].

S
7=\ 222 weoc— £\
oo~ 1\ -/;\m—ho (361)

O

85%
/R
eoker A s
sYN\H. coa \S/?Q(F;E‘ " {362)
Rz

52-86%

3.10. Miscellaneous

Chiral manganese salen complexes were used to resolve racemic chromenes [1017].
Racemic chiral propargyl carbamates were resolved by complexation to Co(CO),
[1018]. Unusual boronating systems are shown in Eq. (364) [1019], Eq. (365) [1020]
and Eq. (366) [1021]. An iron promoted cationic cyclization is shown in Eq. (367)
[1022].
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32% 49%
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Cp.ZrHCH H B
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(367)

PRS Fe(GO)Cp

4. Reviews

The following reviews have appeared:

Transition metal catalyzed synthesis of seven membered carbocyclic rings (18
references) [1023].

Synthetic aspects of metal-catalyzed oxidations of amines and related reactions
(161 references) {1024].
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Recent advances in the use of tandem reactions for organic synthesis (167 refer-
ences) [1025].

The conquest of Taxol (30 references) [1026].

Synthetic applications of the OH insertion reactions of carbenes and carbenoids
derived from diazocarbonyl and related diazo compounds (248 references) [1027].

Thermolysis, photolysis, and transition metal catalyzed 3,4-benzo-
1,1,2,2-tetraethyl-1,2-disilacyclobut-3-ene {53 references) [1628].

High selectivity induced by neighboring group effects in C-C bond-forming reac-
tions with organotransition metal reagents (53 referencas) [1029].

Regio- and stereochemical aspects of the palladium catalyzed reactions of silanes
{163 references) [1030].

Activation of the Si-Si-bond by transition metal complexes { 145 references) {1031].

Redox induced radical and radical ionic carbon-carbon bond forming reactions
(284 references) [1032].

Ligand accelerated catalysis (89 references) {1033].

Stercoselective reactions mediated by functionalized diorganozincs (56 refer-
ences) [1034].

Transition metals in organic synthesis. Annual survey 1993 (947 references) [1035].

Transition metals in organic synthesis. Hydroformylation, reduction, oxidation.
Annual survey 1993 {708 references) {1036].

Atom economy — A challenge for organic synthesis: homogeneous catalysis leads
the way (159 references) [1037].

a-Monohalo ethers in organic synthesis (231 references) [1038].

Preparation of heterocyclic and carbocyclic compounds by the use of an allylzine
and an allylpalladium in tandem (76 references) [1639].

References

[1] A. Ohno, M. Yamane, T. Hayashi, N. Oguni and Ilayashi, M. Tetrahedron Asymmetry, 6
(1995) 2495.
[2] D. Madec, S. Pujol, V. Henryon and J.P. Ferezou, Synlett, (1995) 435.
{3] A. Bryant-Friedrich, Neidlein, R. Sy thesis, (1995) 1506.
{4] A.S.K. Hashmi, A. Vollmer and G. Szeimies, Liebigs Ann., (1995} 471.
[5] X-Q. Tang and R.G. Harvey, J. Org. Chem., 60 (1995) 3568.
[6] J.E. Rice and Z-W. Cai, Z-M. He and E.L. LeVore, J. Org. Chem., 60 (1995} 8101,
[71 T. Hayashi, S. Nizvma, T. Kamikawa, N. Suzuki and Y. Uozumi, J. Am. Chem. Scc., 117
(1995) 9101.
{8] D.K. Johnson, J.P. Ciavarri, F.T. Ishmael, K.J. Schillinger, T.A.P. van Geel and S.M. Siratton,
Tetrahedron Lett., 36 (1995) 8565.
[9] T.M. Barnhart, H. Huang and J.E. Penner-Hahn, J. Org. Chem., 60 {1995) 4210
{10] T.L. Stemmler, T.M. Barnhart, J.E. Penner-Hahn, C.E. Tucker, P. Knockel, M. Béhme and G.
Frenking, J. Am. Chem. Soc., 117 (1995) 12489.
{111 J.P. Snyder and S.H. Bertz, J. Org. Chem., 60 (1995) 4312.
[12] S. Nagnimo, S. Irie and H. Akita, J. Chem. Soc. Chem. Commun., {1995) 2001.
[13] A. Devasagayaraj, T. Stidemann and P. Knochel, Angew. Chem, Int. Ed., 34 (1995) 2723.
[14] 8. Pereira, B, Zhang and M. Stebnik, J. Org. Chem., 60 (1995) 6260.



234 L.S. Hegedus [ Coordination Chemistry Reviews 161 (1997) 129-255

[15] T. Takabashi, M. Kotara, R. Fischer, Y. Nishihara and K. Nakajima, J. Am. Chem. Soc., 117
(1995) 11039.

{16] H.G. Seinick, G.R. Smith and A.J. Tebben, Syn. Comm., 25 (1995) 3255.

[17] Y. Sakakibara, H. Enami, H. Ogawa, S. Fujimoto, H. Kato, K. Kunitake, K. Sasaki and M.
Sakai, Bull. Chem. Soc. Jpn., 68 (1995) 3137.

{18} C. Amatore, E. Carré, A. Jutland and M.A. M’Barki, Organometallics, 14 (1995) 1818.

[19] A. Jutland and A. Mosleh, Organometallics, 14 (1995) 1810.

[20] R.K. Dieter and S. Li, Tetrahedron Lett.,, 36 (1995) 35613,

[21] E. Piers and R.M. Oballa, Tetrahedron Lett., 36 (1995) 5857.

{22] R. Rossi, F. Bellina, A. Carpita and R. Gori, Synlett, (1955) 344.

[23] L-L. Gundersen, G. Langli and F. Rise, Tetrahedron Lett., 36 (1995) 1945.

[24] M. Abarbri, J-L. Parrain and Duchene, A. Tetrahedron Leit., 36 (1995) 2469.

[25] J-M. Duffault, J. Eiphorn and A. Alexakis, Tetrahedron Lett., 36 (1995) 21765.

[26] L.E. Fischer, S.S. Labadie, D.C. Renter and R.D. Clark, J. Org. Chem., 60 (1995) 6224.

{27} H. Maller, H. Manermann-Dull, M. Wagger, V. Enkelmann and K. Miillen, Angew. Chem. Int.
Ed., 34 (1995) 1583.

[28] X. Shi, W.S. Leal, Z. Liu, E. Schrader and J. Meinwald, Tetrahedron Lett., 36 (1995) 71.

[29] E. Lorthiois, I. Marck, C. Meyer and J-F. Normant, Tetrahedron Lett., 36 (1995) 1263.

[30] C. Meyer, I. Marek, G. Courtemanche and J-F. Normant, J. Org. Chem., 60 (1995) 863.

{31] E. Piers, M. Livan Breau, Y. Han, G.L. Plourde and W-L. Yeh, J. Chem. Soc. Perkin Trans. I,
(1995) 963.

[32] A.M. Garcia, J.L. Mascarefias, L. Casiedo and A. Mouriiio, Tetrahedron Lett., 36 (1995) 5413.

[33} F. Effenberger, F. Worthner and F. Steyke, J. Org. Chem., 60 (1995) 2082.

{34] F. Warthner, M. Vollmer, F. Effenberger, P. Emele, D.U. Meyer, H. Port and H.C. Wolf, J. Am.
Chem. Soc., 117 (1995) 8690.

[35] X. Wu and R.D. Ricke, J. Org, Chem., 60 (1995) 6658.

[36] D. Yu, A. Gharavi and L. Yu, J. Am. Chem. Soc., 117 (1995) 11680.

[371 K. Takahashi, A. Gunji, K. Yanagi and M. Miki, Tetrahedron Lett., 36 (1995} 8055.

[38} N. Miyaura and A. Suzuki, Chem. Rev., 95 (1995) 2457.

{39] J.A. Soderquist, K. Matos, A. Rane and J. Ramos, Tetrahedron Lett., 36 (1995) 2401.

{40] J.A. Soderquist, A.M. Rane. K. Matos and J. Ramos, Tetrahedron Lett., 36 (1995) 6847.

[41] A. Torrado, S. Lopez, R. Alvarez and A.R. de Lera, Synthesis, (1995) 285.

{42] J-P. Genet, A. Linquist, E. Blart, V. Mouvies, M. Savignac and M. Vaultile, Tetrahedron Lett.,
36 (1995) 1443,

[43] J.E. Baldwin, R. Chesworth, J.S. Parker and A.T. Russell, Tetrahedron Lett., 36 (1995) 9551.

{44) Y. Mu and R.A. Gibbs, Tetrahedron Lett., 36 (1995) 5669.

{45]J. Soderquist, G. Leon, J.C. Colberg and I. Martinez, Tetrahedron Lett., 36 (1995) 3119.

[46] M. Bratz, W.H. Bullock, L.E. Overman and T. Takemoto, J. Am. Chem. Soc., 117 (1995) 5958,

{471 A. Fusstner and G. Seidel, Tetrahedron, 51 (1995) 11165.

{481 J.C. Anderson and H. Namli, Synlett, (1995) 765.

[49] A. Bahl, W. Grahn, S. Stadler, F. Feiner, G. Bourhill, C. Braiichle, A. Reisner and P.G. Jones,
Angew. Chem. Int. Ed., 34 (1995) 1485.

[50] K.S. Feldman and R.F. Campbell, J. Org. Chein., 60 (1995) 1924,

[51] V. Percec, J-Y. Bae and D.H. Hill, J. Org. Chem., 60 (1995) 1060.

{52] T. Watanabe, K. Kamikawa and M. Uemura, Tetrahedron Lett., 36 (1995) 6695.

[53] H. Jendralla, A, Wagner, M. Mollath and J. Wunner, Licbigs Ann., (1995) 1253,

[54]1 Y. Miura, H. Oka and M. Momoki, Synthesis, (1995) 1419.

[55] C. Cochennis, P. Rocea, F. Marsais, A. Godard and G. Queguiner, Synthesis, (1995) 321.

{56] V. Percec, P. Chu, G. Ungar and J. Zhou, J. Am. Chem. Soc,, 117 (1995) 11411.

[57] H. Mller and C. Tschierske, J, Chem. Soc. Chem. Commun., (1995) 645.

[58] J.A. Zoltewicz and M.P. Cruskie, Jr., Tetrahedron, 51 (1995) 3103.

{59] J.A. Zoltewicz and M.P. Cruskie, Jr., Tetrahedron, 51 (1995) 11393.

[60] J. Zoltewicz and M.P. Cruskie, Jr., J. Org. Chem., 60 (1995) 264.

{611 K.Y. Yi and S. Yoo, Tetrahedron Lett., 36 (1995) 1679.



L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255 235

[62] C.K. Chang and N. Bag, J. Org. Chem., 60 (1995) 7030.
1631 J.G. Gricb and D.M. Ketcha, Syn. Comm., {1995} 2145.
[64] K.S. Chan, X. Zhou, M.T. Au and C.Y. Tam, Tetrahedron, 51 (1995) 3129.
[65] P. Gilt and W.D. Lubell, §. Grg. Chem., 60 (1995) 2638.
{661 F. Trecourt, F. Mongin, M. Mallet and G. Queguiner, Syn. Comimn., 25 (1995) 4011,
[671 F. Trécourt, M. Mallet, F. Mongin and G. Quequiner, Tetrahedron, 51 (1995) 11743.
[68] 1.M. Valk, T.D.W, Claridge, 1.M, Brown, D. Hubbs and M.B. Hursthouse, Tetrahedron
Asymmetry, 6 (1995) 2597.
{69] D.E. Zembower and M.M. Ames, Synthesis, (1994) 1433.
[70] F. Guillier, F. Nivoliers, A. Godard, F. Marsais, G. Queguiner, M.A. Siddiqui and V. Snieckus,
J. Org. Chem., 60 (1995) 202.
{711 A.L. Roshehin, N.A. Bumagin and LP. Beletskaya, Tetrahedron Lett., 36 (1995) 125.
[72] R. Rai, X.B. Aubrecht and D.B. Collum, Tetrahedron Lett., 36 (1995) 3111.
[73] V. Percec, 3-Y. Bae and D.H. Hill, J. Org. Chem., 60 (1995) 6895.
[74] Y. Anderson, A. Cheng and B. Langstrém, Acta Chem. Scand., 49 (1995) 683.
[751 D. Schinzer, K. Ringe, P.G. Jones and D. Doring, Tetrahedron Lett., 36 (1995) 4051.
[76] K. Pal, Synthesis, (1995) 1485,
[771 Y. Ogawa, M. Maruno and T. Wakamatsu, Synlett, (1995) 871.
[781 K.L. Keverline, P. Abraham, A.H. Lewin and F.1. Carroll, Tetrahedron Lett., 36 {(1995) 3059.
[79] R.A. Gibbs, U. Krishnan, J.M. Polence and C.D. Poulter, J. Org. Chem., 60 (1995) 7821.
[80] k. Pendrak and P.A. Chambers, J. Org. Chem., 60 (1995) 3249.
[81] G-q. Shi, Z-y. Cao and X-b. Zhang, J. Org. Chem., 60 (1995} 6608.
{82] J.J. Gonzalez, P.M. Nieto, P. Prados, A.M. Echavarren, and J. de Mendoza, I. Org. Chem., 60
(1995) 7419.
{83} T. Takahashi, H. Koga, H. Sato, T. Ishizawa and N. Taka, Heterocycles, 41 (1995) 2405.
[84] F. Nagatsugi, K. Uemura, 8. Nakashima, M. Maecda and 8. Saski, Tetrahedron Lett., 36 (1995)421.
[85] T. Ross Kelly and F. Lang, Tetrahedron Lett., 36 (1995) 5319.
[86] E.M. Beccalli and A. Marchesini, Tetrahedron Lett., 51 (1995) 2353.
[871 P. Caiitini, E. Morera and G. Ortar, Syn. Comm., 25 (1995) 2883.
[88] T. Shinada, N. Sekiya, N. Bojkova and K. Yoshihara, Synlett, (1995) 1247.
[89] A, Kichl, A, Eberhardt and K. Miillen, Liebigs Ann., (1995} 223.
[90] H. Sai, T. Ogiku, T. Nishitani, H. Hiramatsu, H. Horikawa and T. Iwasaki, Synthesis, (1993} 582,
[91] T. Takeda, Y. Kabasawa and T. Fujiwara, Tetrahedron, 51 (1995) 2515.
[92] G.T. Crisp and M.G. Gebauer, Tetrahedron Lett., 36 (1995) 3389.
[93] R.S. Paley, H.L. Weers, P. Fernandez, R. Fernandez de la Pradilla and 8. Castro, ...rahksdron
Lett., 36 (1995) 3605.
{94] P. Le Menez, V. Fargeas, [. Berque, J. Poisson and J. Ardisson, J. Org. Chem., 60 (1993) 3592
{95] D.M. Hodgson, L.T. Boulton and G.N. Maw, Synlett, (1995) 267.
[96] M.G. Banwell, R.W. Gable, S.C. Peters and J.R. Phyland, J. Chem. Soc. Chem. Commun,,
(1995) 1395.
[97] G.P. Roth, V. Farina, L.S. Liebeskind and E. Pefia-Cabrera, Tetrahedron Lett., 36 (1993) 2191
[98] F.W. Forman and I. Sucholeibi, J. Org. Chem., 60 (1995) 523.
[99] D.M. Hodgson, J. Witherington, B.A. Moloney, I.C. Richards and J.L. Brayer, Synlett, (1995) 32,
{100] C.H. Cummins, Syn. Comm., 25 {1995) 407!.
[101] F. Babudri, V. Fiandanese, G. Marchese and A. Punzi, Synlett, (1995) 817.
[102] M.D. Cliff and S.G. Pyne, Tetrahedron Lett., 36 (1995) 5969.
[103] M.D. Cliff and S.G. Pyne, J. Org. Chem., 60 (1995) 2378.
[104] 3. Wang and A.L Scott, Tetrahedron Lett., (1995) 36 7043.
{105} D. Elbaum and J.A. Porco Jr., T.J. Stout, J. Clardy and S.L. Schreiber, I. Am. Chem. Soc., 117
(1995) 211.
[106] M. Fujita, H. Oka and R. Ogura, Tetrahedron Lett., 36 (1995) 5247.
{107] U. Folli, D. Ia Rossi, M. Montorsi, A. Mucci and L. Schenetti, J. Chem. Soc. Chem. Commun.,
(1995) 537.
[108] L.L. Miller and Y. Yu, J. Org. Chem., 60 (1995) 6813.



236 L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255

[109] W.M. Albers, G.W. Canters and J. Reedijk, Tetrahedron, 51 (1995) 3895.

[110] M.A. Armitage, D.C. Lathbury and J.B. Sweeney, Tetrahedron Lett., 36 (1995) 775.

[11%] G.S. Hanan, J-M. Lehn and N. Kyritsakas, J. Chem. Soc., Chem. Comm., (1995) 765.

[112] D.L. Comins, S.P. Joseph and X. Chen, Tetrahedron Lett., 36 (1995) 9141.

[113] R. Lavilla, F. Gullon and J. Bosch, J. Chem. Soc., Chem. Comm., (1995) 1675.

[114] R.L. Hudkins, J.L. Diebold and F.D. Marsh, J. Org. Chem., 60 (1995) 6218.

[115} 8. Koo and L.S. Liebeskind, J. Am. Chem. Soc., 117 (1995) 3389.

[116] T. Choshi, S. Yamada, E. Sugino, T. Kwwada and S. Hibino, J. Org. Chem., 60 (1995) 5899.

[117] S. Achab, M. Guyot and P. Potier, Tetrahedron Lett., 36 (1995) 2615.

{118] M.D. Shair, T-Y., Yoon and S.J. Danishefsky, Angew. Chem. Int. Ed., 34 (1995) 1721.

[119] J-P. Ferezou, M. Julia, Y. Li, L.W. Liu and A. Panonazi, Bull. Soc. Chim. Fr., 132 { 1095) 428.

[120] A. Kende, K. Liu, I. Kaldor, G. Dorey and K. Koch, J. Am. Chem. Soc., 117 (1+95) 8258.

{121] A.B. Smith III, S.M. Condon, J.A. McCauley and J.L. Leazer Jr., J W. Leahy and K E. Maleczki
Jr., J. Am. Chem. Soc., 117 (1995} 5407.

[122] G.M. Garinola, V. Fiandanese, L. Mazzone and F. Naso, J. Chem. Soc. Chem. Commun.,
(1995) 2523,

[123] MLE. Maier and U. Abel, Synlett, (1995) 38.

[124] P.A. Evans, J.D. Nelson and A.L. Stanley, J. Org. Chem., 60 (1995) 2299,

[125] Guiles, J. Synlett, (1995} 165.

{126} M.J. Plunkett and J.A. Ellman, J. Am. Chem. Soc., 117 (1995) 3306.

[127] J.R. Falck, R.K. Bhatt and J. Ye, J. Am. Chem. Soc., 117 (1995} 5973.

{128] B. Zheng and M. Srebnik, Tetrahedron Lett., 36 (1995) 5665.

[129] C. Malanga, L.A. Eronica and L. Lardicci, Tetrahedron Lett., 36 (1995) 9185,

{130] G. Cahiez and E. Metais, Tetrahedron Lett., 36 (1995) 6449.

[131] T. Takahashi, M. Katora and Z. Xi, J. Chem. Soc. Chem. Commun., {1995} 1503,

[132] H. Kusama and K. Narasaka, Bull. Chem. Soc. Jpn., 68 (1%95) 2379.

[133] O. Kretschik, M. Nieger and K.H. Dotz, Chem. Ber., 128 (1995) 987.

[134] G.W. Ebert, B.R. Pfenning, S.D. Suchan, T.A. Donovan, E. Aouad, S.F. Tehrani, J.M. Gunnerson
and L. Dong, J. Org. Chem., 60 (1995) 2361.

[135] T. Sugihara, M. Takebayshi and C. Kaneko, Tetrahedron Lett., 36 (1995) 5547.

[136] H. Dibowski and F.P. Schmidtchen, Tetrahedron, 51 (1995) 2325.

[137] B.E. Segelstein, T.W. Butler and B.L. Chenard, J. Org. Chem., 60 (1995) 12.

[138] M. Sakamoto, I. Shimizu and A. Yamamoto, Chem. Lett., (1995) 1101.

{139] W.A. Herrmann, C. Brossmer, K. Ofele, C-P. Reisinger, T. Priermeier, M. Beller and H. Fischer,
Angew. Chem. Int. Ed., 34 (1995) 1844.

[140] F. Kawataka, I. Shimizu and A. Yamamoto, Bull. Chem. Soc. Jpn., 68 (1995) 654.

[141] P. Reardon, S. Metts, C. Crittendon, P. Daugherty and E.J. Parsons, Organometallics, 14
(1995) 3810.

[142} J. Diminnie, S. Metts and E.J. Parsons, Organometallics, 14 (1995) 4023.

[143] M. Beller and K. Kiihlein, Synlett, (1995) 441.

{144] S. Sengupta and S. Bhattacharyya, Tetrahedron Lett., 36 (1995) 4475.

[145] S. Bhattacharya, S. Majee, R. Mukherjee and S. Sengupta, Syn. Comm., 25 (1995) 651.

[146] P. Yi, Z. Zhuangyu and H. Wongwen, Synthesis, (1995) 245.

[147] M. Cottard, N. Kann, T. Rein, B. Akermark and P. Helquist, Tetrahedron Lett., 36 (1995) 3115.

[148] T. Itaza and S. Shimiza, Chem. Pharm. Bull,, 43 (1995) 398.

[149] W.H. Miller, K.A. Newlander, D.S. Eggleston and R.C. Haltiwanger, Tetrahedron Lett., 36
(1995) 373.

[150] M. Hiroshige, J.R. Hauske and P. Zhou, Tetrahedron Lett., 36 (1995) 4567.

[151] S. Hillers and O. Reiser, Synlett, (1995) 153.

[152] A. Abas, R.L. Beddoes, J.C. Conway, P. Quayle and D. Ujurch, Synlett, (1995) 1265.

[153] X. Huang, C. Zhang and X. Lu, Synthesis, (1995) 769.

[154] L. Yi, Z. Zhuangyu and H. Hongwent, Syn. Comm., 25 (1995) 595.

[155]) S.K. Stewart and A. Whiting, Tetrahedron Lett., 36 (1995) 3925.



L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255 ' 237

[156] M. Hojo, C. Murakami, H.A. Hara, E.I. Komori, S. Kohra, Y. Tominaga and A. Hosomi, Bull.
Soc. Chim. Fr., 132 (1995) 499.

{1571 A. Burini, S. Cacchi, P. Pace and B.R. Pictroni, Syniett, (1995) ¢77.

[158] 1. Pendrake, R. Wittrock and W.D. Kingsbury, J. Org. Chem., 60 (1995) 2912.

[159] T.L. Draper and T.R. Bailey, Synlett, (1995) 157.

{160] J-P. Duan and C-H. Cheng, Organometallics, 14 (1995) 1608.

{161] C. Moinet and J-C. Fiaud, Tetrahedron Lett., 36 (1995) 2051.

[162] Y. Yokoyama, T. Matsumoto and Y. Murakami, J. Org. Chem., 60 (1995) 1486.

[163] S. Brise and A. de Meijer, Angew. Chem. Int. Ed., 34 (1995) 2545.

{164] J.L. Reymond and Y. Chen, J. Org. Chem., 60 (1995) 6970.

[165] S-K. Kang, K.Y. Jung, C-H. Park, E-Y. Namkoong and T-H. Kim, Tetrahedron Lett., 36
{1995) 6827.

[166] 3.J. Chen and J.A. Walker II, W. Liu, D.S. Wise and L.B. Townsend, Tetrahedron Lett., 36
(1995} 8363.

[167] J. Mann and S. Barbey, Tetrahedron, 51 (1995) 12763.

[168] J.M. Brown, J.J. Perez-Torrente, N.W. Alcock and H.J. Clase, Organometallics, 14 {(1995) 207.

[169] J.W. Dankwardt and L.A. Flippin, J. Org. Chem., 60 (1995) 2312.

[170] M.J. Stocks, R.P. Harrison and S.J. Teange, Tetrahedron Lett., 36 {1995) 6555.

[171] M. Hiroshige, I.R. Hauske and P. Zhou, J. Am. Chem. Soc., 117 (1995) 11550.

[172] J.M. Schkeryantz and S.J. Danishefsky, J. Am. Chem. Soc., 117 {1995) 4722.

[173] W.B. Young, J.J. Masters and S. Danishefsky, J. Am. Chem. Soc., 117 (1995) 5228.

[174] J.J. Masters, D.K. Jung, S8.J. Danishefsky, L.B. Snyder, T.K. Park, R.C.A. Isaacs, C.A. Alaimeo
and W.B. Young, Angew. Chem. Int. Ed., 34 (1995) 452,

[175] 3.J. Masters, J.T. Link, L.B. Snyder, W.B. Young and S.J. Danishefsky, Angew. Chem. Int. Ed.,
34 (1995) 1723,

[176] S. Vrielynck, M. VandeWalle, A.M. Garcia, J.L. Mascarefias and A. Mourifio, Tetrahedron Lett.,
36 (1995) 9023.

{177] M. Toyota, T. Wada, M. Matsuura and K. Fukumoto, Synlett, (1995) 761.

{178] O. Comec, B. Joseph and J-Y. Merour, Tetrahedron Lett., 36 (1995) 8587.

{179] R. Anarcardio, A. Arcadi, G. D’Anniballe and F. Marinelli, Synthesis, (1995) 831.

[180] 3.H. Rigby, R.C. Hughes and M.J. Heeg, J. Am. Chem. Soc., 117 (1995) 7834.

[181] J.K. Mukhopadhayaya, 8. Pal and U.R. Ghatak, Syn. Comm., 25 (1995) 1641.

[182] T. Minami, A. Nishimoto and M. Hanaoka, Tetrahedron Lett., 36 (1995) 9505.

{183] S. Wiegand and H.J. Schafer, Tetrahedron, 51 (1995) 5341.

{184] X-Q. Tang and R.G. Harvey, Tetrahedron Lett., 36 (1985) 6037.

{185] M. Burwood, B. Davies, [. Diaz, R. Grigg, P. Molina, V. Sridharan and M. Hughes, Tetrahedron
Lett., 36 (1995) 9053.

[186] E. Desarbe and J-Y. Mérour, Heterocycles, 41 (1995) 1987.

[187] L..F. Ticize and T. Raschke, Synlett, (1995) 597.

(188] K. Kondo, M. Sodeoka and M. Shibasaxi, Tetrahedron Asymmetry, 6 (1995) 2453.

{189] K. Kondo, M. Sedeoka and M. Shibasaki, J. Org. Chem., 60 (1995) 4322.

[190] D. Bouyssi, I. Coudanne, H. Uriot. J. Goré and Balme, G. Tetrahedron Lett., 36 (1995) 8019.

[191] H. Oda, K. Mamataka, K. Fugami, M. Kosugi and T. Migita, Syniett, (1995) 1225,

[192] H. Oda, T. Kobayashi, M. Kosugi and T. Migita, Tetrahedron, 51 (1995) 695.

{193] D. Brown, R. Grigg, V. Sridharan and V. Tambyrajah, Tetrahedron Lett., 36 (1995) 8137.

{194] G.J. Laidig and L.S. Hegedus, Synthesis, (1995) 527.

{195] S. Vettel, A. Vaupel and P. Knochel, Tetrahedron Lett., 36 (1995) 1023.

{196] L. Klement, H. Lotgens and P. Knochel, Tetrahedron Lett., 36 (1995) 3161.

[197] P.S. Marchand, G.P. Viannikourous, P. Belicia and P. Madan, J. Org. Chem., 60 (1995) 6574.

[198] C-S. Guegnot, E. Leonel, J-Y. Nédelec and J. Perichon, J. Org. Chem., 60 {1995) 7684.

[199] F. Kakiuchi, S. Sekine, Y. Tanaka, A. Kamatani, M. Sonoda, N. Chatani and S. Murai, Buli.
Chem. Soc. Jpa., 68 (1995) 62.

{200} M. Sonoda, F. Kakiuchi, N. Chatani and S. Murai, J. Organomet. Chem., 504 (1995) 151.

{201} F. Kakiuchi, Y. Tanaka, T. Sato, N. Chatani and S. Murai, Chem. Lett., (1995) 679.



238 L.S. Hegedus | Coordination Chemistry Reviews 161 (1997) 129--255

[202] B.M. Trost, K. Imi and L.W. Davies, J. Am. Chem. Soc., 117 (1995) 5371.

{203] S-W. Zhang, T-E. Mitsudo, T. Kondo and Y. Watanabe, J. Organomet. Chem., 485 (1995) 55.

[204} G.P. Chiusoli, M. Costa, P. Schianchi and G. Salerno, Gazz. Chim. Ital,, 124 (1994) 371.

{205} P. Mailer, C. Baud, D. Ené, S. Motaliebi, M.P. Doyle, B.D. Brandes, A.B. Dyatkin and M.M.
See, Helv. Chim. Acta, 78 (1995) 459.

[206] M.P. Doyle, A-L. Zhou, A.B. Dyatkin and D.A. Ruppan, Tetrahedron Lett., 36 (1995) 7579.

[207] F. Estevan, P. Lahuerta, J. Perez-Prieto, S-E. Stiriba and M.A. Ubeda, Synlett, (1995) 1121.

{208} P. Muller and ID. Fernandez, Helv. Chim. Acta, 78 (1995) 947.

{2091 M.P. Doyle, and Q-L. Zhou, Tetrzhedron Asymmetry, 6 (1995) 2157.

[210] D.L. Christenson, C.J. Tokar and W.B. Tolman, Organometallics, 14 (1995) 2148.

[211] H.ML.L. Davies, J.H. Hauser and C. Thoraley, J. Org. Chem., 60 (1995) 7529.

[212] P. Manitto, D. Monti and G. Speranza, J. Org. Chem., 60 (1995) 484.

[213] M. Matsumoto, T. Shiono, H. Mutoh, M. Amano and S. Avimitsu, J. Chem. Soc. Chem. Commun.,
(1995) 101.

[214] P. Miiller and C. Grancher, Helv. Chim. Acta, 78 (1995) 129.

[215] H. Brunner and J. Berghofer, J. Organomet. Chem., 501 (1995) 161.

[216] C. Piqué, B. Fihndrich and A. Pfalz, Synlett, (1995) 467.

[217] T.C. Gant, M.C. Noo and E.J. Corey, Tetrahedron Lett., 36 (1995) 8745.

[218] S-B. Park, K. Murata, H, Matsumoto and H. Nishiyama, Tetrahedron Asymmetry, 6 (1995) 2487,

{219] H. Nishiyama, Y. Itoh, Y. Sugawara, H. Matsumoto, K. Aoki and K. Itoh, Bull. Chem. Soc.
Jpn., 68 (1995) 1247,

[220] A. Demonceau, Abreu E. Dias, C.A. Lemoine, A.W. Stumpf, A.F. Noels, C. Pietrasziak,
J. Gulinski and B. Marciniee, Tetranedron Lett., 36 (1995) 3519.

{2217 A.F. Mateos and A.M. Lopez Burba, J. Org. Chem., 60 (1995) 3580.

[222] T. Fukada and T. Katsuki, Svalett, (1995) 825.

[223] J.R. Wolf, C.G. Hamaka, J-P. Djukii, T. Kodadek and L.K. Woo, J. Am. Chem. Soc., 117
(1995) 9194.

[224] J.E. Baldwin and D.H. Sakkab, J. Org. Chem., 60 (1995) 2635.

[225] M. Jaeger, M-H. Prosene, C. Sontag and H. Fischer, New J. Chem., 19 (1995) 911.

[226] M. Buchert, M. Hoffmann and H-U. Reissig, Chem. Ber., 128 (1995) 605.

[227] J. Barlengua, M. Tomas, J.A. Lopez-Pelegrin and E. Rubio, J. Chem. Soc. Chem. Commun.,
(1995) 665.

[228] Y. Horikawa, T. Nomura, M. Watanabe, 1. Miura, T. Fujiwara and T. Takeda, Tetrahedron Lett.,
36 (1995) 8835.

[229] A. Kasatkin and F. Sato, Tetrahedron Lett., 36 (1995) 6079.

[230] S.E. Gibson, G.R. Jefferson and F. Prechtl, J. Chem. Soc. Chem. Commun., (1995) 1535.

[231] M.P. Doyle, A.B. Dyatkin, M.N. Protopopova, C.1. Yang, C.S. Miertschin, W.R. Winchester,
S.H. Simonsen, V. Lynch and R. Ghosh, Rec. Trav. Chim., 114 (1995) 163.

{232] Y. Nishibayashi, K. Ohe and S. Uemura, J. Chem. Soc. Chem. Commun., (1995) 1245.

{233} N. Watanabe, Y. Ohtake, S-i. Hashimoto, M. Shiro and S. Okegami, Tetrahedron Lett., 36
(1995) 1491.

[234] D.F. Taber and K.K. You, J. Am. Chem. Soc., 117 (1995) 5757.

[235] M.P. Doyle, A.B. Dyatkin and C.L. Autry, J. Chem. Soc. Perkin Trans I, (1995) 619.

{236) M.C. Pirrung and Y.R. Lee, J. Chem. Soc., Chem. Comm., (1995) 673.

[237] J.L. Wood, B.M. Stoltz and H-J. Dietrich, J. Am. Chem. Soc., 117 (1995) 10413.

[238] A. Padwa, J.M. Kassir, M.A. Semones and M.D. Weingarten, J. Org. Chem., 60 (1995) 53.

{2391 F. Kido, K. Yamaji, S.C. Sinha, T. Abiko and M. Kato, Tetrahedron, 51 (1995} 7697.

[240] F. Kido, T. Abiko and M. Kato, J. Chem. Soc. Perkin Trans 1, (1995) 2989.

[241] M. Lautens, W. Tam, J.C. Lautens, L.G. Edwards, C.M. Crudden and A.C. Smith, J. Am. Chem.
Soc., 117 (1995) 6863.

[242] M. Lautens, L.G. Edwards, W. Tam and A.J. Lough, J. Am. Chem. Soc., 117 (1995) 10276.

[243] P. Binger and S. Albus, J. Organomet. Chem., 493 (1995) C6.

[244] O. Pardigon, A. Tenaglia and G. Buono, J. Org. Chem., 60 (1995) 1868.

{245} J.H. Rigby, P. Sugathapala and M.J. Heeg, J. Am. Chem. Soc., 117 (1995) 8851.



L.S. Hegedus | Coordination Chemistry Reviews 161 (1997) 129--255 239

[246] J.H. Rigby and F.C. Pigge, J. Org. Chem., 60 (1995) 7392.

[247] K. Chaffee, P. Huo, J.B. Sheridan, A. Barbieri, A. Aistars, R.A. Lalancette, R.L. Ostrander and
A.L. Rheingold, J. Am. Chem. Soc., 117 (1995) 1900.

[248] J.H. Rigby, S. Scribner and M.J. Heeg, Tetrahedron Lett., 36 (1995) 8569.

[249] J.H. Rigby, N.M. Niyaz, K. Short and M.J. Heeg, J. Org. Chem., 60 (1995) 7720.

[250] P.A. Wender and T.E. Smith, J. Org. Chem., 60 (1995) 2962.

[251] 3.M. Takacs, J.J. Weidner, P.W. Newsome, B.E. Takacs, R. Chidambaram and R. Shoemalker,
J. Org. Chem., 60 ({1995) 3473.

{2521 H.L. Stokes, L.M. Ni, J.A. Belot and M.E. Welker, J. Organomet. Chem., 487 (1995) 95.

{253] P.A. Wender, H. Takahashi and B. Witulski, J. Am. Chem. Soc., 117 (1995) 4720.

{254]) M.E. Maier, Synlett, (1995) 13.

{255] B. Crousse, M. Alami and G. Linstrumelle, Tetrahedron Lett., 36 (1995) 4245,

{256] M. Alami, B. Crousse and G. Linstrumelle, Tetrahedron Lett., 36 {1995) 3687.

[257] M. Mladenova, M. Alami and G. Linstrumelle, Syn. Comm., 25 (1995) 1401.

[2581 J. Anthony, A.M. Boldi, Y. Rubin, M. Hobi, V. Gramlich, C.B. Knobler, P. Seiler and F.
Diederich, Helv. Chim. Acta, 78 (1995) 13.

[259] R. Faust, F. Diederich, V. Gremlich and P. Seiler, Chemistry, 1 (1995) 111.

[260] J. Kabbara, C. Hofimann and D. Schinzer, Synthesis, (1995) 299.

{261] Y. Matsumoto, Y. Kawatani and 1. Ueda, Tetrahedron Lett., 36 (1995) 3197.

[262] J-P. Dulcere, E. Dumez and R. Faure, J. Chem. Soc., Chem. Comm., (1995) 897.

[263] G. Ulibarri, W. Nadler, T. Skrydstrup. H. Audrain, A. Chiaroni, C. Riche and D.S. Grierson,
J. Org. Chem., 60 (1995) 2753.

[264] T. Nishkawa, M. Yoshikai, K. Obi, T. Kawai, R. Unno, T. Jomori and M. Isobe, Tetrahedron,
51 (1995) 9339.

[265] P.A. Wender, S. Beckham and J.G. O’Leary, Synthesis, (1995) 1279.

[266] T-L. Wang, X.E. Hu and J.M. Cassady, Tetrahedron Lett., 36 (1995) 9301.

[267] T.R. Hoye and L. Tan, Tetrahedron Lett., 36 (1995) 1981.

[268] C.H. Heathcock, M. Clasby, D.A. Griffith, B.R. Henke and M.J. Sharp, Synlett, (1955) 467.

[269] R.M. Moriarty, J. Kim and H. Brumer III, Tetrahedron Lett., 36 (1995) 51.

[270] R.M. Moriarty and A. Brumer Iil, Tetrahedron Lett., 36 (1995) 9265.

[271] L. Bleicher and N.P.P. Cosford, Synlett, (1995) 1115.

[272] M. Albrecht and S. Kotila, Angew. Chem. Int. Ed., 34 (1995) 2135.

[273] (@) C. Montalbetti, M. Savignac, F. Bonnefis and J.P. Genet, Tetrahedron Lett., 36 (1995) 5891.
(b} R.E. Wagner, T.E. Johnson, F. Li and J.S. Lindsey, J. Org. Chem., 60 (1995) 5267.

[274] A. Padwa, K.E. Krumpe and M.P. Weingarten, J. Org. Chem., 60 (1995) 5595.

[275] H-H. Johannes, W. Grahn, A. Reisner and P.G. Jones, Tetrahedron Lett., 36 (1995) 7225.

[276] Karp, G.M. J. Org. Chem., 60 (1995) 5814.

[277] R.P. Hsung, J.R. Babcock, C.E.D. Chidsey and L.R. Sita, Tetrahedron Lett., 36 (1995) 4525.

[278] J.W. Grissom and G.U. Cunawardena, Tetrahedron Lett., 36 (1995} 4951.

[279] J.W. Grissom and D. Klingberg, Tetrahedron Lett., 36 (1995) 6607.

{280] (a) R.W. Bates, C.J. Gabsl, J. Ji and T. Tama-Deir, Tetrahedron, 51 (1995) 8199.
{b) K. Kondo, S. Yasuda, T. Sakaguchi and M. Miya, J. Chem. Soc. Chem. Comm., {1995) 55.

[281] M.F. Brafia, M. Moran, M.J. Pereze de¢ Vega, 1. Pita-Romero and N. Walker, Tetrahedron, 51
(1995) 9127.

[282] S. Hoger and V. Enkelmann, Angew. Chem. Int. Ed., 34 (1995) 2713.

{283] T.C. Bedard and J.S. Moore, J. Am. Chem. Soc., 117 (1995) 10662,

{284] K. Xu, D.M. Ho and R.A. Pascal Jr., J. Org. Chem., 60 (1995) 7186.

{285] J.P. Starck, Y. Nakatani and G. Gurisson, Tetrahedron, 51 (1995) 2629.

{286] N.Y. Kundu, M. Pal and C. Chowdhury, J. Chem. Res., (1995) 4.

{287) K.R. Buszek and Y. Jeong, Tetrahedron Lett., 36 (1995) 5677.

{288} E.C. Taylor and W.B. Young, J. Org. Chem., 60 {1995) 7947.

{289] S. Morita, K. Otsubo, J. Matsubara, T. Ohtani and M. Uchida, Tetrahedron Asymmetry, 6
(1995} 245.

{290] R.W. Bates and T. Rama-Devi, Synlett, (1995) 1151.



240 L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255

{291] R.W. Boyle and J.E. van Lier, Synthesis, (1995) 1079.

[292] S.A. Adah and V. Nair, Tetrahedron Lett., 36 (1995) 6371.

[293] T.L. Draper and T.R. Bailey, J. Org. Chem., 60 (1995) 748.

[294] D. Tzalis and Y. Tor, Tetrahedron Lett., 36 (1995) 6017,

[295] Y. Sugihara, R. Miyatabe, I. Murata and A. Imamura, J. Chem. Soc. Chem. Commun., (1995)
1249.

[296] P.A. Jacobi and J. Guo, Tetrahedron Lett., 36 (1995) 2717.

[297] P.A. Jacobi, J. Guo and W. Zheng, Tetrahedron Lett., 36 (1995) 1197.

[298] M. Eckhardt, R. Briickner and J. Suffert, Tetrahedron Lett., 36 (1995) 5167.

[299] K. Nakatani, S. Maekawa, K. Tanabe and I. Saito, J. Am. Chem. Soc., 117 (1995) 10635.

[300] T. Okita and M. Isobe, Tetrahedron, 51 (1995) 3737.

[301] B. Konig, P. Buhenitschek and P.G. Jones, Liebigs Ann. Chem., {1995} 195.

[302] C. Cai and A. Vasella, Helv. Chim Acta, 78 (1995) 2053.

[303] C. Amatore, E. Blart, J.P. Genet and A. Jutland, J. Org. Chem., 60 (1995) 6829.

[304] A. Tornado, B. sylesras, S. Lopez and A.R. de Lera, Tetrahedron, 51 (1995) 2435.

[305] R.M. Rzasa, D. Romo, D.J. Sterling, J.W. Blunt and M.H.G. Munro, Tetrahedron Lett., 36
(1995) 5307.

[306] Y. Gao, K. Harada, T. Hata, H. Urabe and F. Sato, J. Org. Chem., 60 (1995) 290.

[307] N. Chatani, N. Amishiro, T. Mori, T. Yamashita and 8. Murai, J. Org. Chem., 60 (1995) 1834.

{308] S-i. Ikeda, H. Yamamoto, K. Kondo and Y. Sato, Organometallics, 14 (1995) 5015.

[3092] K.J. MacNeil and D.J. Burton, J. Org. Chem., 60 (1995) 4085.

{310] M. Hohmann and N. Krause, Chem. Ber., 128 (1995) 851.

[311) F. Kakiuchi, Y. Yamamoto, N. Chatani and S. Murai, Chem. Lett., (1995) 681.

[312] C. Ma, X. Lu and Y. Ma, J. Chem. Soc., Perkin I, (1995) 2683.

{313] T. Taapken and S. Blechert, Tetrahedron Lett., 36 (1995) 6659.

[314] D-M. Cui, N. Hashimoto, S-i. Ikeda and Y. Sato, J. Org. Chem., 60 (1995) 5752.

[315] J-E. Backvill, Y.I.M. Nilsson and R.G.P. Gatti, Organometallics, 14 (1995) 4242,

{316] L. Besson, J. Gore and B. Cayes, Tetrahedron Lett., 36 (1995) 3853.

[317] Y. Yamamote and M. Al Masum, N. Fujiwara and N. Asao, Tetrahedron Lett., 36 (1995) 2811.

{318] B.M. Trost and V.J. Gerusz, J. Am. Chem. Soc., 117 (1995) 5156.

[319] S. Ma and E-i. Negishi, J. Am. Chem. Soc., 117 (1995) 6345.

[320] M. Yamaguchi, Y. Kido, R. Omata and M. Hirama, Synlett, (1995) 1181.

[321] N. Vicart, B. Cazes and J. Gore, Tetrahedron Lett., 36 (1995) 535.

[322] G-q. Shi, X-h. Huang and F-J. Zhang, Tetrahedron Lett., 36 (1995) 6305.

[323] M.W. Hutzinger and A.C. Ochlschlager, J. Org. Chem., 60 (1995) 4595.

[324] J.D. White and M.S. Jensen, J. Am. Chem. Soc., 117 (1995) 6225.

[325] Y. Obora, Y. Tsuji, M. Kobayashi and T. Kawamura, J. Org. Chem., 60 (1995) 4647.

[326] Y. Yamamoto and N. Fujiwara, J. Chem. Soc. Chem. Commun., (1995) 20{3.

[327] H. Matsahashi, Y. Hatanaka, M. Kuroboshi 2nd T. Hiyama, Tetrahedron Lett., 36 (1995) 1539.

[328] M. Moreno-Maiias, F. Pajuelo and R. Pleixats, J. Org. Chem., 60 (1995) 2398.

{329] 8. Barbey and J. Mann, Synlett, (1995) 27.

[3301 J-Y. Legros, M. Toffano and J-C. Fiaud, Tetrahedron, 51 (1995) 3235.

{3311 S. Roland, J.O. Durand, M. Savignac and J.P. Genet, Tetrahedron Lett., 36 (1995) 3007.

{3321 S.D. Knight, L.E. Overman and G. Pefindesn, J. Am. Chem. Soc., 117 (1995) 5776.
[333] H. Yoshigaki, H. Satoh, Y. Sato, S. Nukui, M. Shibasaki and M. Mori, J. Org. Chem., 60
(1995) 2016.

[334] P. Gamez, B. Dunjii, F. Fache and M. LeMaire, Tetrahedron Asymmetry, 6 (1995) 1109.

[335] P. von Matt, G.C. Lloyd-Jones, A.B.E. Minidis, A. Pfaltz, L. Macko, M. Neuburger, M. Zehnder,
H. Riiegger and P. Pregosin, Helv. Chim Acta, 78 (1995) 265.

[336] H. Rieck and G. Helmchen, Angew. Chem. Int. Ed., 34 (1995) 2687.

[337] D. Seebach, E. Devaquet, A. Ernst, M. Hayahawa, F.N.M. Kiihnle, W.B. Schweizer and B. Weber,
Helv. Chim. Acta, 78 (1995) 1636.

[338] R. Tukunoh, M. Sodeoka, K-i. Aoe and M. Shibasaki, Tetrahedron Lett., 36 (1995) 8035.

{339] B.M. Trost, C.B. Lee and J.M. Weiss, J. Am. Chem. Soc., 117 (1995) 7247.



L.S. Hegedus [ Coordination Chemistry Reviews 161 ( 1997) 129--255 241

[340] G.J. Dawson, J.M.J. Williams and S.J. Coote, Tetrahedron Lett., 36 (1995) 461.

[341] G.J. Dawson, J.M.J. Williams and S.J. Coote, Tetrahedron Asymmetry, 6 (1995) 2535.

[342] 1.C. Baldwin and J.M.J. Williams, Tetrahedron Asymmetry, 6 (1995) 673.

[343] 1.C. Baldwin, J.M.J. Williams and R.P. Bechett, Tetrahedron Asymmetry, 6 (1995) 1515.

[344] G.C. Lloyd-Jones and A. Pfaltz, Angew. Chem. Int. Ed., 34 (1995) 462.

[345] G. Kniihl, P. Sennhenn and G. Helmchen, J. Chem. Soc. Chem. Commun., {1995) 1845.

[346] T. Minami, Y. Okada, T. Otaguro, S. Tawaraya, T. Furuichi and T. Okauchi, Tetrahedron
Asymmetry, 6 (1995) 2469.

[347]1 J-Y. Legros, M. Toffano and J-C. Fiaud, Tetrahedron Asymmetry, 6 (1995) 1899.

{348] H. Kanno and K. Osani, Tetrahedron Lett., 36 (1995) 5375.

{349] K. Voyt, A. Stolle, J. Salaiin and A. deMeijere, Synlett, (1995) 226.

{350] K. Hiroi, H. Onuma and Y. Arinaga, Chem, Lett., (1995) 1099,

{351] M. Braun, K. Opdenbusch and C. Unger, Synlett, (1995) 1174.

{352] J.P. Maxworthy, J.A. Wilkinson and G. Procter, Tetrahedron Lett., 36 (1995) 7539.

{3531 J.P. Maxworthy, J.A. Wilkinson and G. Procter, Tetrahedron Lett., 36 (1995) 7541.

[354] Y.J. Class and P. DeShong, Tetrahedron Lett., 36 (1995) 7631.

[355] S.K. Kang, K-Y. Jung, C-H. Park and S-B. Jang, Tetrahedron Lett., 36 (1995) 8047.

[356] M. Sugiura, M. Yanagisawa and T. Nakai, Synlett, (1995) 447.

[357] T. Doi, A. Yanagisawa, M. Miyazawa and K. Yamamoto, Tetrahedron Asymmetry, 6 (1995) 389.

[358] O’M.J. Donnell, C. Zhou, A. Mi, N. Chen and J.A. Kyle, Tetrahedron Lett., 36 (1995) 4205.

[359] A. Mazon, C. Najera, J. Ezquerra and C. Pedregal, Tetrahedron Lett., 36 (1995) 7697.

{360] Jourdan-C. Lebrun, L. Fensterbank and M. Malacria, Tetrahedron Lett., 36 (1995) 6447.

[361] B.M. Trost, I.R. Parquette and A.L. Marquart, J. Am. Chem. Soc., 117 (1995) 3284.

{362] B.M. Trost, J.R. Parquette and C. Nitbling, Tetrahedron Lett., 36 (1995) 2917.

[363] K.. Estien, J. Olivier and J. Salatin, Tetrahedron Lett., 36 (1995) 2975.

{364] H. Corlay, R.T. Lewis, W.B. Motherwell and M. Shipman, Tetrahedron, 51 (1995) 3303.

[365] R.T. Lewis, W.B. Motherwell, M. Shipman, A M.Z. Slawin and D.J. Williams, Tetrahedron, 51
(1995) 3289. .

[366] H. Frisell and B. Akermark, Organometallics, 14 {1995) 561.

[367] J. Lehmann and G.G. Lloyd-Jones, Tetrahedron, 51 (1995) 8863.

[368] J.T. Martin, J.D. Oslob, B. Akermark and P-O. Norrby, Acta Chem. Scand., 49 (1995) 888.

[369] A.M. Castaiio and J-E. Backvall, J. Am. Chem. Soc., 117 (1995) 560.

[370] R.C. Larock and L. Guo, Synlets, (1995) 465.

[371] A F. Houri, Z. Xu, D.A. Cogan and A.H. Hoveyda, J. Am. Chem. Soc., 117 (1995) 2943,

[372] M.S. Visser and A. Hoveyda, Tetrahedron, 51 (1995) 4359.

[373] T. Takeda, K-i. Matsunaga, Y. Kabawasa and T. Fujiwara, Chem. Lett., (1995) 771.

[374] E.S.M. Persson and J-E. Béckvall, Acta Chem. Scand., 49 (1995) 899.

[375] M. Koga, T. Fujii and T. Tanaka, Tetrahedron, 51 (1995) 5529.

[376] B.M. Trost and M.D. Spagnol, J. Chem. Soc. Perkin Trans. 1, (1995) 2083.

[377] R. Mizojiri and Y. Kobayashi, J. Chem. Soc. Perkin Trans. 1, (1995) 2073.

[378] Y. Kobayashi, R. Mizojiri and E. Ikeda, Synlett, (1995) 571.

[379] S-K. Kang, D-G. Cho, C-H. Park, E-Y. Namkoong and J-S. Shin, Syn. Comm., 25 (1995) 1659.

[380] M.T. Didouk, J.P. Morken and A.H. Hoveyda, J. Am. Chem. Soc., 117 (1995} 7273.

[381] C. Moineau, V. Bolitt and D. Sinou, J. Chem. Soc. Chem. Commun., (1995) 1103.

[382] I. Tsuji and T. Mandai, Angew. Chem. Int. Ed., 34 (1995) 2589.

[383] C.S. Vizniowski, J.R. Green, T.L. Breen and A.V. Dalcau, J. Org. Chem., 60 (1995) 7496.

[384] E. Tyrell, S. Claridge, R. Davis, J. Lebel and J. Berg, Synlett, (1995) 714.

[385] P.A. Jacobi, H.L. Brielmann and S.I. Hauck, Tetrahedron Lett., 36 {1995) 1193.

[386] N.G. Kundu and P. Das, J. Chem. Soc. Chem. Commun., (1995) 99.

[387] K. Mikami, A. Yoshida, S. Matsumoto, F. Feng, Y. Matsumoto, A. Sugino, T. Hanamoto and
I. Inanaga, Tetrahedron Lett., 36 (1995) 907.

[388] B. Zheng and M. Srebnik, J. Org. Chem., 60 (1995) 486.

[389] B.M. Trost, T.J.J. Miiller and J. Martinez, J. Am. Chem. Soc., 117 (1995) 1888.

[390] Y. Yamamoto and M. Al-Masum, Synlett, {1995) 969.



242 L.S. Hegedus [ Coordination Chemistry Reviews 161 ( 1997) 129-255

{391] N. Vicart, B. Cazes and J. Goré, Tetrahedron Lett., 36 (1995) 5015.

{392] M. Brunner and G. Maas, Synthesis, (1995) 957,

[393] Y. Hanzawa, H. Ito and T. Taguchi, Synlett, (1995) 299.

[394] Y. Hanazawa, Y. Ikeuchi, T. Nakamura and T. Taguchi, Tetrahedron Leti., 36 (1995) 6503.

[295] T. Luber and R.J. Whitby, Tetrahedron Lett., 36 (1995) 4109.

[396] T. Luber, R.J. Whithy and M. Webster, J. Organomet. Chem., 492 (1995) 53.

[397] D.F. Taber and Y. Wang, Tetrahedron Lett., 36 (1995) 6639.

[398] D.F. Taber and J.P. Louey, Tetrahedron, 51 (1995) 4495.

[399] K.H. Shaughnessy and R.M. Waymouth, J. Am. Chem. Soc., 117 (1995) 5873.

[400] G.D. Probert, R.J. Whitby and S.J. Coote, Tetrahedron Lett., 36 (1995) 4113.

[401] K. Kasai, M. Kotora, N. Suzuki and T. Takahashi, J. Chem. Soc. Chem. Commun., (1995) 109,

[402] G.J. Gordon and R.J. Whitby, Synlett, (1995) 77.

[403] J. Barluenga, R. Sanz and F.J. Fafianac, J. Chem. Soc. Chem. Commun., (1995) 1009.

[404] B.H. Lipshutz and M. Segi, Tetrahedron, 51 (1995) 4407.

[405] T. Takahashi, K.Y. Kandakov, Z. Xi and N. Suzuki, J. Am. Chem. Soc., 117 (1995) 5871.

[406] N. Suzuki, D.Y. Kondakov, M. Kageyama, M. Kotora, R. Hara and T. Takahashi, Tetrahedron,
51 (1995) 4519.

[407] T. Takahashi, K. Kasai, Z. Xi and V. Denisov, Chem. Lett., (1995) 347.

[408]} Z. Xi, R. Hara and T. Takahashi, J. Org. Chem., 60 (1995) 4444.

{409] T. Takahashi, M. Kotora and Z. Xj, J. Chem. Soc. Chem. Commun., (1995) 361.

{410} S.S.H. Mao and T.D. Tilley, J. Am. Chem. Soc., 117 (1995) 7031.

{411} H. Urabe, T. Hata and F. Sato, Tetrahedron Lett., 36 (1995) 4261.

{412} G.J. Bailich, J.E. Hill, S.A. Waratabe, P.E. Fanwick and L.P. Rothwell, Organometallics, 14
(1995) 656.

[413] R. Schubert, F. Maaref and S. Diirr, Synlett, (1995) 83.

[414) B. Bogdanovi¢ and A. Bolte, J. Organomet. Chem., 502 (1691) 199.

[415] A. Arduini, S. Fanni, A. Pochini, A.R. Sucuri and K. Ungaro, Tewrabedron, 51 (1995) 7951.

[416] P. Camps, M. Angeles Estrarte and S. Vazquez, Syn. Comm., 25 (1995) 1287.

[417] J. Saltiel and S. Wang, J. Am. Chem. Soc., 117 (1995) 10761.

[418] Y. Kuwatani and 1. Ueda, Angew. Chem. Int. Ed., 34 (1995) 1892.

{419] E. Crowe, F. Hossner and M.J. Hughes, Tetrahedron, 51 (1995) 8889.

[420] M. Moreno-Maitas, R. Pleixats and H. Roglans, Liebigs Ann. Chem., {1995) 1807.

[421] Y. Wei, B. Wang, W. Wang and J. Tian, Tetrahedron Lett., 36 {1995) 665

[422] T.A. Chen, X. Wu and R.D. Ricke, J. Am. Chem. Soc., 117 (1995) 233.

[423] V. Percec, J-Y. Bae, M. Zhao and D.H. Hill, J. Org. Chem., 60 (1995) 176.

[424] V. Percec, J-Y. Bae, M. Zhao and D.H. Hill, J. Org. Chem., 60 (1995) 1066.

[425] S.A. Hitchcock, D.R. Mayhugh and G.S. Gregory, Tetrahedron Lett., 36 (1995) 9085.

[426] O’L.D. Neil, K.M. Hamilton and 7. A. Miller, Synlett, (1995) 1053.

[427] R.M. Bor~ilieri, S.M. Weinreb and M. Parvez, J. Am. Chem. Soc., 117 (1995) 16905.

[428] A.B. Smith ill, Y. Qiu, O.R. Jones and K. Kobayashi, J. Am. Chem. Soc., 117 (1995) 12011.

{4291 H-J. Gais, H. Miiller, J. Decker and R. Hainz, Tetrahedron Lett., 36 (1995} 7433.

[430] A.L. Meyers and M.J. McKennon, Tetrahedron Lett., 36 (1995) 5869.

[431] R.S. Coleman and E.B. Grant, J. Am. Chem. Soc., 117 (1995) 10889.

[432] B.M. Trost, A.F. Imdolese, T.J.J. Muller ana B. Treptow, J. Am. Chem. Soc., 117 (1995) 615.

[433] K. Takai, M. Yamada, H. Odaka, K. Utimoto, T. Fuji and I. Furukawa, Chem. Lett., (1995) 851.

[434] H. Werner, M. Schiifer, §. Wolf, K. Peters and H.G. von Schnering, Angew. Chem. Int. Ed., 34
(1995) 190.

{435] S. Mataka, G-B. Liu and M. Tashiro, Synthesis, (1995} 133.

[436] S. Ogoshi, S. Nishiguchi, K. Tsutsumi and H. Kurosawa, J. Org. Chem., 60 (1995) 4650.

[437] G.G. Melikyan, M.A. Khan and K.M. Nicholas, Organometallics, 14 (1995) 2170.

[438] A. Heumann and M. Reglier, Tetrahedron, 51 (1995) 975.

[439] A.M. Castaito, A, Aranyos, K.J. Szabo and J-E. Backvall, Angew. Chem. Int. Ed., 34 (1995) 2551,

[440] C.S. Nylund, D.T. Smith, J.M. Klopp and S.M. Weinreb, Tetrahedron, 51 (1995) 9301.



L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) [129-255 243

[441] H.M.R. Hoffmann, A.R. Otte, A. Wilde, S. Menzer and D.J. Williams, Angew. Chem. Int. Ed.,
34 (1995) 100.

{442] D. Enders, B. Jandeleit and O.F. Prokopenbo, Tetrahedron, 51 (1995) 6273.

[443] D. Enders and B. Jandeleit, Liebigs Ann., (1995) 1173.

[444] D. Enders and B. Jandeleit, Synthesis, (1994) 1327.

[445] K. Itoh, Y. Otsuji and S. Nakanishi, Tetrahedron Lett., 36 (1995) 5211.

[446] J.C.P. Hopman, H. Hiemstra and W.N. Speckamp, J. Chem. Soc. Chem. Commun., { 1995) 619.

[447] J.P. Hopman, H. Hiemstra and W.N. Speckamp, J. Chem. Soc. Chem. Commua., (1995) 617.

{448] S. Hardinger, C. Bayne, E. Kantovowski, R. McClellan, L. Larres and M-A. Nuesse, J. Org.
Chem., 60 (1995) 1104.

{449] W.A. Donaldson, M.A. Hossain and C.D. Cushnie, J. Org. Chem., 60 (1995) 1611.

{450] 8-H. Lin, C-C. Chen, W-J. Vong and R-S. Liu, Organometallics, 14 (1995) 1619.

[451] T. Kondo, H. Ono, N. Satake, T-a. Mitsudo and Y. Watanabe, Organometallics, 14 (1995) 1945.

[452] K.E. Schwiebert and J.M. Stryker, J. Am. Chem. Soc., 117 (1995) 8275.

[453] N.A. Petasis and S-P. Lu, Tetrahedron Lett., 36 (1995) 2393.

[454] NLA. Petasis, Y-H. Hu and D-K. Fu, Tetrahedron Lett., 36 (1995) 600i.

[455] N.A. Petasis and S-P. Lu, J. Am. Chem. Soc., 117 (1995) 6394.

[456] N.A. Petasis, J.P. Stasjewski and D-K. Fu, Tetrahedron Lett., 36 (1995) 3619.

[457] 1.B. Schwartz and A.I. Meyers, J. Org. Chem., 60 (1995) 6511.

[458] D.L.J. Clive, P.L. Wickens and G.V.J. da Salva, J. Org. Chem., 60 (1995) 5532.

[459] O. Fujimura, G.C. Fu, P.W.K. Rothemund and R. Grubbs, J. Am. Chem. Soc., 117 (19585) 2355.

[460] S. Harada, H. Kiyono, T. Taguchi and Y. Hanzawa, Tetrahedron Lett., 36 (1995) 9489.

[461] M.E. Maier and T. Qost, J. Organomet. Chem., 505 (1995) 95.

[462] T.A. Hanna, A.M. Baranger, P.J. Walsh and R.G. Bergman, J. Am. Chem. Soc., 117 (1995) 3292.

[463] A.J. Clark, 1. Kasujee and J.L. Peacock, Tetrahedron Lett., 36 (1995) 7137.

[464] T. Nakagawa, A. Kasatkin and F. Sato, Tetrahedron Lett., 36 (1995) 3207.

[465] J. Szymoniak, H. Lefranc, J. Besancon and C. Moise, Synthesis, {1995) 815.

{466] T. Takeda, k. Minra, Y. Horikawa and T. Fujiwara, Tetrabedron Lett., 36 (1995) 1495.

{4671 N.M. Kablaoui and S.L. Buchwald, J. Am. Chem. Soc., 117 (1995) 6785.

{468} W.E. Crowe and M.J. Rachita, J. Am. Chem. Soc,, 117 (1995) 6787.

[469} A.M. Wilson, F.G. West, A.M. Arif and R.D. Emst, J. Am. Chem. Soc., 117 (1995) 8490.

[470) K. Harada, H. Urabe and F. Satc, Tetrahedron Lett., 36 (1995) 3203.

[471] G. Cahicz, M.W. Kanaan and P. Clery, Synlett, (1995) 191.

[472] H. Nakamura, N. Asao and Y. Yamamoto, J. Chem. Soc. Chem. Commun., (1995) 1273.

[473] M. Scdeoka, K. Ohrai and M. Shibasaki, J. Org. Chem., 60 (1995) 2648.

[474] S-K. Kang, P-C, Park, C-H. Park and S-B. Jang, Syn. Comm., 25 {1995) 1359.

[475] C. Mukai, S.M. Moharram, O. Kataoka and M. Hanaoka, J. Chem. Soc. Perkin Trams. 1,
(1995) 2849.

{476] T. Nagasawa, M. Kitamura and K. Suzuki, Synlett, (1995) 1183.

{477} S-1. Murhashi, T. Naota, H. Taki, M. Mizuno, H. Takaya, S. Komiya, Y. Mizuho, N. Oyasato,
M. Hiracka, M. Hirano and A. Fukuoka, J. Am. Chem. Soc., 117 (1995) 12436.

[478) S. Jiang, G.E. Agoston, T. Chen, M-P. Cabal and E. Turos, Organometallics, 14 (1995) 4697.

[479] Y. Katacka, I. Makihara, H. Akiyama and T. Kani, Tetrahedron Lett., 36 (1995} 6495.

[480] R.J. Linderman and S. Chen, Tetrahedron Lett., 36 (1995} 7799.

{481] K. Hiroi, N. Yamaoka, F. Kato and K. Oishi, Tetrahedron Lett., 36 (1995) 7251.

[482] Y. Gao, K. Karada and F. Sato, Tetrahedron Lett., 36 (1995) 5913.

[483] N. Shida, Y. Kubota, H. Fukui, N. Asao, [. Kadata and Y. Yamamoto, Tetrahedron Lett., 36
(1995} 5023.

[484) P. Caldirola, R. Chowdhury, A.M. Johansson and U. Hacksell, Organometailics, 14 (1995) 3897.

{485] K. Kamikawa, T. Watanabe and M. Uemura, Synlett, (1995) 1040.

[486] A. Alexakis, T. Kanger, P. Mangeney, F. Rose-Munch, A. Perrotey and E. Rose, Tetrahedron
Asymmetry, 6 (1995) 47.

[487] M. Uemura, A. Daimon and Y. Hayashi, J. Chem. Soc. Chem. Commun., (1995) 1943.



244 L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255

[488] A. Alexakis, T. Kanger, P. Mangeney, F. Rose-Munch, A. Perrotey and E. Rose, Tetrahedron
Asymmetry, 6 (1995) 2135.

[489]) S5.G. Davies, T. Loveridge and J.M. Clough, J. Chem. SoC. Chem. Commun., (1995) 817.

[49G] M.S. Loft, T.J. Mowlem and D.A. Widdowson, J. Chem. Soc. Perkin Trans 1, (1995} 97.

[491] R.D. Theys and M.M. Hossain, Tetrahedron Lett., 36 (1995) 5113.

[492] S.G. Davies and O.M.L.R. Furtado, D. Hepworth and T. Loveridge, Synlett, (1995) 69.

[493] M. Brands, H.G. Wey, R. Kromer, C. Krager and H. Buterschon, Liebigs Ann. Chem., (1995) 253.

[494] H-G. Schmalz, A. Majdalani, T. Geller, J. Hollander and J.W. Bats, Tetrahedron Lett., 36
{1995 4777.

[495] H-G. Schmalz, S. Siegel and J.W. Bats, Angew. Chem. Int. Ed., 34 (1995) 2383.

[496] H-G. Schmalz, Schellhaas, K. Tetrahedron Lett., 36 (1995) 5511.

{4971 A.J. Pearson, M.C. Miiletti and P.Y. Zhu, J. Chem. Soc. Chem. Commun., (1995) 853.

[4981 K. Woo, P.G. Williard, D.A. Sweigart, N.-W. Duffy, B.H. Robinson and J. Simpson, . Organomet.
Chem., 487 (1995) 111.

[499] E.P. Kundig, P. Jeger and G. Bernardinelli, Angew. Chem. Int. £d., 34 (1995) 2161.

[500] L.M. Hodges, J. Gonzalez, J.I. Koontz, W.H. Meyers and W.D. Harman, J. Org. Chem., 60
(1995) 2125.

[501] J. Gonzalez, J.I. Koontz, L.M. Hodges, K.R. Nilsson, L.K. Neely, W."1. Meyers, M. Sabat and
W.D. Harman, J. Am. Chem. Soc., 117 (1995) 3405.

[502] R. Liu, H. Chen and W.D}. Harman, Organometallics, 14 (1995) 2861.

[503] W.A. Donaldson and L. Shong, Teirahedron Lett.. 36 (1995) 1575.

[504] H-J. Knolker, M. Bauermeister, J-B. Pannek and M. Wolpert, Synthesis, (1995) 397.

[505] H-J. Kndlker, E. Baum and T. Hopfmann, Tetrahedron Lett., 36 (1995) 5339.

[506] H-J. Knélker and T. Hopfmann, Synlett, (1995) 981.

[507] A. McKillop, G.R. Stephenson and M. Tinkl, Synlett, (1995) 669.

[508] A. Hirschfelder and P. Eilbracht, Synthesis, (1995) 587.

[509] Y.K. Yun and K.F. McDanigl, Tetrahedron Lett., 36 (1995) 4931.

[510] S. Nakanishi, K. Kumeta, J-i. Nakanishi and T. Takata, Tetrahedron Asymmetry, 6 (1995) 2097.

[511] H-J. Knolker, G. Baum and P. Gonser, Tetrahedron Lett., 36 (1995) 8191.

[512] M. Franck-Neumann, P. Geoffroy and A. Winling, Tetrahedron Lett., 36 (1995) 8213.

[513] A, Wada, Y. Tanaka, S. Hiroshi and M. Ito, Chem. Pharm. Bull, 43 (1995) 2273.

[514] M. Franck-Neumann and A. Kastler, Syniett, (1995) 61.

[515] M. Balazs and G.R. Stephenson, J. Organomet. Chem., 498 (1995) C17.

[516] S. Gibson, S.P. Saberi, A.M.Z. Slawin, P.D. Stanley, M.F. Ward, D.J. Williams and P.
Worthington, J. Chem. Soc. Perkin Trans. 1, (1995) 2147.

[517] Y. Obora, Y. Tsuji, T. Kakehi, M. Kobayashi, Y. Shinkai, M. Ebihara and T. Kawamura, J. Chem.
Soc., Perkin Trans I, (1995) 599.

[518] R. Goddard, G. Hopp, P.W, Jolly, C. Kriiger, R. Mynott and C. Wirtz, J. Organomet. Chem.,
486 (1995) 163.

[519] J. Chuistoffers and K.H. Dotz, Chem. Ber., 128 (1995) 157.

[520] C. Cosset, 1. Del Rio and H. Le Bozec, Organometallics, 14 (1995) 1938.

{521] H. Stadtmiiller and P. Knochel, Organometallics, 14 (1995) 3863.

[522] J. Barluenga, P.L. Bernard Jr. and J.M. Concellon, Tetrahedron Lett., 36 (1995) 3937,

[523] S.R. Amin and A. Sarkar, Organometallics, 14 (1995) 547.

[524] C. Baldoli, P. De! Buttero, E. Licandro, 8. Maiorana and A. Papagni, Synlett, (1995) 666.

[525] C. Baldoli, P. Del Buttero, E. Licandro, S. Maiorana, A. Papagni and A. Zannoti Gerosa,
J. Organomet. Chem., 486 (1995) 279.

[526] H. Zhang and K.S. Chan, Syn. Comm., 25 (1995) 3329.

[527] S. Maiorana, A. Papagni, E. Licandro, A. Persoons, K. Clay, S. Houbrechts and W, Porzio, Gazz.
Chim. Ital., 125 (1995) 377.

{528] Y.H. Choi, K.S. Rhee, K.S. Kim, G.C. Shin and S.C. Shin, Tetrahedron Lett., 36 (1995) 1871.

[529] W.D. Wuliff, A.M. Gilbert, R.P. Hsung and A. Rahm, J. Org. Chem., 60 (1995) 4566.

[5307 K.S. Chan and H. Zhang, Syn. Comm., 25 (1995) 635.

[531] J.E. Painter, P. Quayle and P. Patel, Tetrahedron Lett., 36 (1995) 8089.



L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255 245

[5321 R. Aumann, B. Jasper and R. Fréhlich, Organometallics, 14 (1995) 231.

[533] J.W. Herndon and A. Hayford, Organometallics, 14 (1995) 1556.

[534] K.H. Détz, C. Stinner and M. Nieger, J. Chem. Soc. Chem. Commun., {1995) 2535.

{535] R.L. Beddoes, J.D. King and P. Quayle, Tetrahedron Lett., 36 (1995) 3027.

[536] R.P. Hsung, Y-C. Xu and W.D. Wulff, Tetrahedron Lett., 36 (1995) 8159.

[537] R. Neidlein, S. Gurtler and C. Krieger, Synthesis, (1995) 1389.

[538] B.L. Fiynn, C.G. Silveira and A. de Meijere, Synlett, (1995) 812.

[539] B.L. Flynn, F.J. Funke, M. Noltemeyer and A. de Meijere, Tetrahedron, 51 (1995) 11141.

{540] B.L. Flynn, F.J. Funke, C.C. Silveira and A. de Meijere, Synlett, (1995) 1007.

{541] A.G. Meyer and R. Aumann, Synlett, (1995) 1011.

[542] K.H. Dotz and C. Ckristoffers, Chem. Ber., 128 (1995} 163.

[543] T.R. Hoye and J.R. Vyuyan, J. Org. Chem., 60 (1995) 4184.

[544] J.W. Herndon, D.K. Hill and L.A. McMullen, Tetrahedron Lett., 36 (1995) 5687.

[545] G.M. Wieber, L.S. Hegedus and C. Gale, Organometallics, 14 (1995) 3574.

[546] J. Barluenga, F. Aznar, A. Martin and J.T. Vazquez, J. Am. Chem. Soc., 117 (1995) 9419.

[547] 1. Barluenga, F. Aznar and S. Barluenga, J. Chem. Soc. Chem. Commun., (1995) 1973.

[548] I. Merino and L.S. Hegedus, Organometallics, 14 (1995) 2523.

[549] M. Hoffmann and H-U. Reissig, Synlett, (1995) 625.

[550] A.D. Reed and L.S. Hegedus, J. Org. Chem., 60 (1995) 3787.

[551]1 S.H. Bertz, G. Miao, B.E. Rossiter and J.P. Snyder, J. Am. Chem. Soc., 117 (1995) 11623.

[552] M. Eriksson, A. Hjelmencrantz, M. Nilsson and T. Olsson, Tetrahedron, 51 (1995) 12631.

[553] B.H. Lipshutz, M.R. Wood and R. Tirado, J. Am. Chem. Soc., 117 (1995) 6126.

[554] O.Z. Pereira and T.H. Chan, Tetrahedron Lett., 36 (1995) 8749.

[555} C.W. Alexander, S-Y. Lin and R.K. Dieter, J. Organomet. Chem., 503 (1995) 213.

[556] S. Pireira and M. Srebnik, Tetrahedron Lett., 36 (1995) 1805.

[557] E. Piers, E.J. McEachern and P.A. Bumns, J. Org. Chem., 60 (1995) 2322,

[558] B.S. Loy, G. Li, F-D. Lung and V.T. Hruby, J. Crg. Chem., 60 (1995) 5509.

{559] G. Miao and B.E. Rossiter, J. Org. Chem., 60 (1995) 8424.

{5601 M. Kanai and K. Tomioka, Tetrahedron Lett., 36 (1995) 4273.

{5611 M. Kanai and K. Tomioka, Tetrahedron Leit., 36 (1995) 4275.

[562] G. Riehs and E. Urban, Tetrahedron Lett., 36 (1995) 7233.

{5631 E. Urban, G. Kniihl and G. Helmchen, Tetrahedron Lett., 36 (1995) 7229.

[564] E. Urban, G. Riehs and G. Kniihl, Tetrahedron, 51 (1995) 11149.

[565] N. Asao, T. Uyehara, N. Tsukada and Y. Yamamoto, Bull. Chem. Soc. Jpn., 68 (1995) 2103.

[566] A.B. Smith, J.P. Sestelo and P.G. Dormer, J. Am. Chem. Soc., 117 (1995) 10755.

[567] Y. Yoshida, Y. Sato, S. Okamoto and F. Sato, J. Chem. Soc. Chem. Commun., (1995) 811.

[568] J.M. Gardiner and P.E. Giles, Tetrahedron Lett., 36 (1995) 7515.

[569} M.T. Crimmins, S. Huang, L.E. Guise and D.B. Lacey, Tetrahedron Lett., 36 (1995) 7061.

[570] R.F. Cunico and C-P. Zhang, Tetrahed.on, 51 (1995) 9823.

[571] M.V. Hanson and R.D. Rieke, J. Am. Chem. Soc., 117 (1995) 10775.

[572] J. Kabbara, S. Flemming, K. Nickisch, H. Nett and J. Westermann, Liebigs Ann., (1995) 401.

[573] S. Fleming, J. Kabbara, K. Nickisch, H. Neh and J. Westermann, Synthesis, (1995) 317.

[574] S. Pereira and M. Srebnik, J. Org. Chem., 60 (1995) 4317.

[575] B.M. Trost and C.-J. Li, Synthesis, (1995) 1267.

[576] B.C. Soderberg, D.C. York, E.A. Havriston, H.J. Caprara and A _H. Fhirry, Organometallics, 14
(1995) 3712.

[577] C.S. Cho, S-i. Motofusa, K. Ohe, S. Uemura and S.C. Shim, J. Org. Chem., 60 (1995) 883.

[578] C.S. Cho, T. Ohe and S. Uemura, J. Organomet. Chem., 496 {1995) 221.

[579] G.T. Crisp and A.G. Meyer, Tetrahedron, 51 (1995) 5831.

[580] H. Huang and C.J. Forsythe, J. Org. Chem., 60 (1995) 5746.

[581] T. Satoh, T. Itaya, K. Okuro, M. Miura and M. Nomura, J. Org. Chem., 60 (1995) 7267.

[582] Y. Taniguchi, Y. Yomaoka, K. Nakata, K. Takaki and Y. Fujiwara, Chem. Lett., (1995) 345.

[583] L.R. Hermanson, M.L. Gunther, J.L. Belletire and A.R. Pinhas, J. Org. Chem., 60 (1995) 1900.



246 L.S. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255

[584] (2} R.W. Bates, T. Rama-Devi and H-H. Ko, Tetrahedron, 51 (1995) 12939,
(b) R.W. Bates and T.R. Devi, Tetrahedron Lett., 36 (1995) 509.

[585] S.D. Christie, C. Cosset, P.R. Hamilton, W.J. Kerr and J.M. O’Callaghan, J. Chem. Soc. Chem.
Commun., (1995) 2051.

[586] MLL.N. Rao and M. Periasamy, Tetrahedron Lett., 36 (1995) 9069.

[587] M. Murakami, K. Itami and Y. Ito, Angew. Chem. Int. Ed., 34 (1995) 2691.

[588] K. Kokubo, M. Miura and M. Nomura, Organometallics, 14 (1995) 4521.

[589] P. Eilbracht, A. Gersmeier, D. Lenmartz and T. Huber, Synthesis, (1995) 330.

[596] F. Saitoh, M. Mori, K. Okamura and T. Date, Tetrahedron, 51 (1995) 4439.

[591] S.E. Gibson and G.J. Justin, J. Chem. Soc., (1995) 2427.

[592] M. Franck-Neumann, P. Geoffroy and A. Winling, Synlett, (1995) 341.

[593] F. Agbossow, J-F. Carpenties and A. Mortreux, Chem. Rev., 95 (1995) 2485.

[594] S. Gladiali, J.C. Bayon and C. Claver, Tetrahedron Asymmetry, 6 (1995) 1453.

[595] A. Arcadi, S. Cacchi, F. Marinelli and G. Sanzi, Synlett, (1995} 823.

[596] T. Wakabayashi, Y. Ishii, T. Murata, Y. Mizobe and M. Hidai, Tetrahedron Lett., 36 (1995) 5585.

[597] A. Ogawa, M. Takeba, K-i. Kawakami, I. Rhu, N. Kambe and N, Sonoda, J. Am. Chem. Soc.,
117 (1995) 7564.

[598] A. Scrivanti and U. Matteoli, Tetrahedron Lett., 36 (1995) 9015.

[599] J.R. Johnson, G.D. Cuny and S.L. Buchwald, Angew. Chem. Int. Ed., 34 (1995) 1760.

[600] J.A. Marshall and E.M. Wallace, J. Org. Chem., 60 (1995) 796.

[601] A.J. Pearson and A. Perosa, Organometallics, 14 (1995) 5178.

[602] H.J. Knolbe, E. Baum and J. Heber, Tetrahedron Lett., 36 (1995) 7647.

[603] I. Matsuda, H.L. Ishibashi and N. Ii, Tetrahedron Lett., 36 (1995) 241.

[604] N.F. Jaim, P.F. Cirillo, J.V. Schaus and J. Panek, Tetrahedron Lett., 36 (1995) 8723.

[605] F. Monteil, I. Matsuda and H. Alper, J. Am. Chem. Soc., 117 (1995) 4419.

[606} T. Shibata, Y. Koga and K. Narasaka, Bull. Chem. Soc. Jpn., 68 (1995) 911.

[607] J.L. Kent, H. Wan and K.M. Brummond, Tetrahedron Lett., 36 (1995) 2403.

[608] M.E. Krafft, R.H. Romero and I.L. Scott, Synlett, (1995) 577.

[609] W.J. Kerr, G.E. Kirk and D. Middlemiss, Synlett, (1995) 1085.

[610] A.R. Gordon, C. Johnstone and W.J. Kerr, Synlett, (1995) 1083.

[611] V. Bernardes, N. Kann, A. Riera, A. Moyano, M.A. Pericas and A.E. Greene, J. Org. Chem., 60
(1995) 6670.

[612] S. Fonquerna, A. Moyano, M.A. Pericas and A. Riera, Tetrahedron, 51 (1995) 4239.

[613] H-J. Park, B.Y. Lee, Y.K. Kang and Y.K. Chung, Organometallics, 14 (1995) 3104.

[614] A.M. Hay, W. Kerr, G.G. Kirk and D. Middlemis, Organometallics, 14 (1995) 4986.

[615] M. Costa and A. Mor, Tetrahedron Lett., 36 (1995) 2867,

[616] M. Ahmar, F. Antras and B. Cazes, Tetrahedron Lett., 36 (1995) 4417.

[617] J. Castro, A. Moyano, M.A. Pericas and A. Riera, Tetrahedron, 51 (1995) 6541.

[618] R.L. Halterman, T.M. Ramsey, N.A. Pailes and M.A. Khan, J. Organomet. Chem., 497 (1995) 43.

[619] C. Mukai, M. Uchiyama, S. Sakamoto and M. Hanaoka, Tetrahedron Lett., 36 (1995) 5761.

[620] A.L. Verentenov, D.C. Koltnn, W.A. Smit and Y.A. Strelenko, Tetrahedron Lett., 36 (1995) 4651.

[621] L.A. Paquette and S. Borrelly, J. Org. Chem., 60 (1995) 6912.

[622] A. Yamamoto, Bull. Chem. Soc. Jpn., 68 (1995) 433.

{623] P.R. Spur, Tetrahedron Lett., 36 (1995) 2745.

[624] Y. Andersson and B. Langstrom, J. Chem. Soc. Perkin Trans. 1, (1995) 287.

[625] H. Koga, H. Sato, T. Ishizawa, N. Taka and T. Takahashi, Tetrahedron Lett., 36 (1995) 87.

[626] J. Marchel, J. Bodiguel, Y. Fort and P. Caubere, J. Org. Chem., 60 (1995) 8336.

[627] T.M. Dewey, A.A. Mundt, G.J. Crouch, M.C. Zyzniewski and B.E. Eaton, J. Am. Chem. Soc.,
117 (1995) 8474,

[628] R.L. Danheiser, D.S. Casebier and F. Firooznia, J. Org. Chem., 60 (1995) 8341.

{629] E.D. Edstrom, T. Yu and Z. Jones, Tetrahedron Lett., 36 (1995) 7035.

[630] E.D. Edstrom, Synlett, (1995) 49.

[631] E. Edstrom and Y. Wee, J. Org. Chem., 60 (1995) 5069.

[632] T. Chosi, S. Yamada, E. Sugino, T. Kawada and S. Hibino, Synlett, (1995) 147.



LS. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255 247

[633] K. Yasui, K. Fugami, S. Tanaka and Y. Tamaru, J. Org. Chem., 60 (1995) 1365.

[634] C.S. Cho, K. Tanaka, O. Itoh and S. Uemura, J. Org. Chem., 60 (1995) 274.

[635] A. Devasagayaraj and P. Knochel, Tetrahedron Lett., 36 (1995) 8411.

[636] A.J. Blacker, R.J. Booth, G.M. Davies and J.K. Sutherland, J. Chem. Soc. Perkin Trans. 1,
(1995) 2861.

{637] I. Pri-Bar and J. Schwartz, J. Org. Chem., 60 (1995) 8124.

{638] K. Khumtaveeporn and H. Alper, Chem. Comm., (1995) 917.

{639] R. Aumann and B. Jasper, Organometallics, 14 (1995) 1461.

[640] Y.Y. Belosludtsev, R.K. Bhatt and J.R. Falck, Tetrahedron Lett., 36 (1995) 5881.

[641] C.M. Crudden and H. Alper, J. Org. Chem., 60 (1995) 5579.

[642] M. Tanaka, T. Ohshima, H. Mitsuhashi, M. Maruno and T. Wakamatsu, Tetrahedron, 51
(1995) 11693.

[643] Tsuda, T. Gazz. Chim. ital., 125 (1995) 101.

[644] P. Tescedda and E. Dunich, J. Chem. Soc. Chem. Commun., (1995) 43.

[645) S. Stromberg, M. Oksam, L. Zhang and K. Zetterberg, Acta Chem. Scand., 49 (1995) 689.

[646] N.S. Parta, B.A. Kirk and J.R. Stille, J. Organomet. Chem., 487 (1995) 47.

[647] H.H. Brintzinger, D. Fischer, R. Miilhaupt, B. Rieger and R.M. Waymouth, Angew. Chem. int.
Ed., 34 (1995) 1143,

[648] L.K. Johnson, C.M. Killian and M. Brookhart, J. Am. Chem. Soc., 117 (1995) 6414.

[649] B.A. Markies, D. Kruis, M.H.P. Rietveld, K.A.N. Verberx, J. Boersma, H. Kooijman, M.T. Lakin,
A.L. Speck and G. van Koten, J. Am. Chem. Soc., 117 (1995) 5263.

{650] S. Kacker and A. Sen, J. Am. Chem. Soc., 117 (1995) 10591.

{651] K. Nozaki, N. Sato and H. Takaya, J. Am. Chem. Soc., 117 (1995} 9911.

[652] Z. Jiang and A. Sen, J. Am. Chem. Soc., 117 (1995) 4455.

[653] A. van der Linden, G.J. Schaverien, N. Meijboom, C. Ganter and A.G. Orpen, §. Am. Chem.
Soc., 117 (1995) 3008.

[654] F. Bergamini, F. Panella, R. Santi and E. Antonelli, J. Chem. Soc. Chem. Commun., (1995) 931.

[655] M.A. ElAmrani, 1. Suisse, N. Knouzi and A. Mortreaux, Tetrahedron Lett., 36 (1995) 5011.

[656] Y. Kawanami and K. Yamamoto, Synlett, (1995) 1232.

[657] P. Cruciani, C. Aubert and M. Malacria, J. Org. Chem., 60 (1995) 2664.

[658] R. Boese, A.P. van Sickle and K.P.C. Voilhardt, Synthesis, (1995) 1374.

[659] G. Chelurci, Tetrahedron Asymmetry, 6 {(1995) 811.

[660] J. Vicente, J.A. Abad, J.G.H. Rubio and P.G. Jones, Organometallics, 14 (1995) 2677.

[661] M.G. Saulnier, D.B. Frennesson, M.S. Deshpande and D.M. Vyas, Tetrahedron Lett., 36 (1995)
7841.

{662] M.A. Bennett and E. Wenger, Organometallics, 14 (1995) 1267.

[663] K. Takai, M. Yamada and K. Utimoto, Chem. Lett., (1995) 851.

[664] S.H.S. Mao and T.D. Tilley, J. Am. Chem. Soc., 117 (1995) 5365.

{6651 M.D. McClain, D.A. Whittington, D.J. Miichell and M.D. Curtis, J. Am. Chem. Soc., 117
{1995) 3887.

[666] T. Yamamoto, H. Suganuma, T. Maruyama and K. Kubota, J. Chem. Soc. Chem. Commun.,
(1995) 1613.

[667) Z. Bao, W.K. Chan and L. Yu, J. Am, Chem. Scc., 117 (1995) 12426.

[668] Q. Zhou and T.M. Swager, J. Am. Chem. Soc., 117 (1995) 12593.

[669] M. Altmann and U.H.F. Bunz, Ang. Chem. Int. Ed., 34 (1995) 569.

[670] A.W. Stumpf, E. Saive, A. Demonceau and A.F. Noels, J. Chem. Soc. Chem. Commun., (1995)
1127.

[671] J. Lu and W.P. Weber, Bull. Soc. Chim. Fr., 132 (1995) 551.

[672] S. Shimada, Y. Uchimaru and M. Tanaka, Chem. Lett., (1995) 223.

[673] H. Yamashita and M. Tanaka, Bull. Chem. Soc. Jpn., 68 (1995) 403.

[674] N. Ardoin and D. Astruc, Bull. Soc. Chim. Fr., 132 {1995} 875.

[675] P. Schwab, M.B. France, §.W. Ziller and R.H. Grubbs, Angew. Chem. Int. Ed., 34 (1995) 2039.

[676] W.E. Crowe and D.R. Goldberg, J. Am. Chem. Soc., 117 (1995) 5162.

[677] ML.L. Randall, J.A. Tallarico and M.L.. Snapper, J. Am. Chem. Soc., 117 (1995) 9610.



248 L.S. Hegedus | Coordination Chemistry Reviews 161 { 1997) 129-255

[678] 3. Barluenga, F. Aznar and A. Martin, Organometallics, 14 (1995) 1429.

[6791 W_A. Nugent, J. Feldman and J.C. Calabrese, J. Am. Chem. Soc., 117 (1995) 8992.

[680] M. Maier, D. Langenbacher and F. Rebien, Liebigs Ann., (1995) 1843.

[681] M.F. Schneider, H. Junga and S. Blechert, Tetrahedron, 51 (1995) 13003.

[682] M. Kaneta, T. Hirai and M. Mori, Chem. Lett., (1995) 627.

{683] N. Kaneta, K. Hikichi, 8-i. Asaka, M. Uemura and M. Mori, Chem. Lett., (1995) 1055.

[684] N. lwasawa, Y. Owada and T. Matsuo, Chem. Lett., (1995) 115.

[685] M. Zucco, F. Le Bidzau and M. Malacria, Tetrahedron Lett., 36 (1995) 2487.

[686] H. Bienaymé, Bull. Soc. Chim. Fr., 132 (1995 696.

[687} B-H. Chang, J. Organomet. Chem., 492 (1995} 31.

[688] C. Malanga, A. Urso and L. Lardicci, Tetrahedron Lett., 36 (1995) 1133.

[689] M.K. Eddine Saiah and R. Pellicciari, Tetrahedron Lett., 36 (1995) 4497.

[690] B.M. Trost and R.C. Livington, J. Am. Chem. Soc., 117 (1995) 9586.

{691] C. Sonesson and A. Hallberg, Tetrahedron Lett., 36 (1995) 4505.

[692] M. Tanaka, Y. Ikeya, H. Mitsuhashi, M. Maruno aad T. Wakamatsu, Tetrahedron, 51 (1995)
11703.

[693] Z. Whang and X. Lu, Tetrahedron, 51 (1995) 11765.

[694] K. Hiroya and K. Ogasawara, J. Chem. Soc. Chem. Commun., (1995) 2205.

[695] M. Sugiura and T. Nakai, Chem. Lett., (1995) 697.

[696] C-J. Li, D. Wang, Chen, D-L. J. Am. Chem. Soc., 117 (1995) 12867.

[697] Le F. Bideau, F. Gilloir, Y. Nilsson, C. Aubert and M. Malacria, Tetrahedron Lett., 36 (1995) 1641.

[698] T. Moriya, A. Suzuki and N. Miyaura, Tetrahedron Lett., 36 (1995) 1887.

[699] M.R. Reddy and M. Perisamy, J. Organomet. Chem., 491 (1995) 263.

[7001 L. Isaac, 1. Stasik, D. Beaupere and R. Uzan, Tetrahedron Lett., 36 (1995) 383.

[701] M.S. Loft, T.J. Mowlem, D.A. Widdowson and D.J. Williams, J. Chem. Soc. Perkin Trans. 1,
(19953 105.

{702] K. Tamao, G-R. San and A. Kawachi, . Am. Chem. Soc., 117 (1995) 8043.

[703] K. Mori and N. Murata, Liebigs Ann., (1995} 2089.

[704] J.D. White, T-S. Kim and M. Nambu, J. Am. Chem. Soc., 117 (1595} 5612.

[705] A.B. Smith kI, S.S.Y. Chen, F.C. Nelson, ..M. Reichert and B.A. Salvatore, J. Am. Chem. Scc.,
117 (1995) 12013,

706] F.M.G. de Rege and S.L. Buchwald, Tetrahedron, 51 (1995) 4291.

[707} D.W.C. MacMillan and L.E. Overman, J. Am. Chem. Soc., 117 (1995} 10391.

{708} E.C. Roos, P. Bernabe, H. Heimstra, W.N, Speckamp, B. Kaptein and W.H.J. Boesten, J. Org.
Chem., 60 (1995) 1733.

[709] V. Patinee, J.J. Yaouani, J.C. Clencnt, H. Handel and H. des Abbayes, Tetrahedron Lett., 36
(1995) 79.

{710] T. Kondo, A. Tanaka, S. Kotachi and Y. Watanabe, J. Chem. Soc. Chem. Commun., (1995) 413.

[711] L. Ferris, D. Haigh and C.J. Moody, Synlett, (1995} 921.

[712] S.G. Pyne, Z. Dong, B.W. Shelton and A.H. White, J. Chem. Soc. Chem. Commun., (1995) 445.

{713] E. Ohler and S. Kanzler, Synthesis, (1995) 539,

[714] Y. Masanyama, M. Kagawa and Y. Kurusu, Chem. Lett., (1995) 1121.

{715] R. Jumnah, A.C. Williams and J.M.J. Williams, Synlett, (1995) 821.

[716] A. Yamazaki and K. Achiwa, Tetrahedron Asymmetry, 6 (1995) 51.

[717] T. Berranger and Y. Langlois, Tetrahedron Lett., 36 (1995) 5523.

{718] T. Heiner, S. Michaiski, K. Gerbe, G. Kuchta, M. Buback and A. de Meijere, Synlett, (1995) 355.

[719] B.M. Trost and S.R. Pulley, Tetrahedron Lett., 36 {1995) 8737.

[720] B.M. Trost and S.R. Pulley, J. Am. Chem. Soc., 117 (1995) 10143.

[721] L.E. Martinez, J.L. Leighton, D.H. Carsten and E.N. Jacobsen, J. Am. Chem. Soc., 117 (1995)
5897.

[722] Y. Matano, M. Yoshimune and H. Suzuki, J. Org. Chem., 60 (1995) 4663.

[723] A. Satake, 1. Shimizu and A. Yamamoto, Synlett, (1995) 64.

[724] M. Beller, Angew. Chem. Int. Ed. Engl., 34 (1995) 1316.

[725] A.S. Guram, R.A. Rennels and S.L. Buchwald, Angew. Chem. Int. Ed., 34 (1995) 1348.



L.S. Hegedus | Coordination Chemistry Reviews 161 (1997) 129-255 249

[726] J. Louie and J.F. Hariwig, Tetrahedron Lett., 36 (1995) 3609.

[727} J.E.C. Wiegelmann-Kreiter, V. Enkelmann and U.H.F. Bunz, Chem. Ber., 128 {1995) 1055.

[728] R.C. Larock and C. Tu, Tetrahedron, 51 {1995) 6635.

[729] 3-P. Gotteland and S. Halazy, Synlett, (1995) 931.

[730] L. Besson, J. Goré and B. Cazes, Tetrahedron Lett., 36 (1995) 3857.

[731] S. Lemaire-Andoire, M. Savignac, C. Dupuis and J-P. Genet, Bull. Soc. Chim. Fr., 132 (1995) 1157.

{732] S. Lemaire-Andoire, M. Savignac and J-P. Genet, Tetrahedron Lett., 36 (1995) 1267.

{733] J-L. Wang, C-H. Ueng and M-C.P. Yeh, Tetrahedron Lett., 36 (1995) 2823.

[734] A.R. Ramesha, S. Bhat and S. Chandrasekaran, J. Org. Chem., 60 (1995) 7682.

[735] M. Minato, Y. Fujiwara and T. ito, Chem. Lett., (1595) 647.

{736] K. Tani, J-i. Onouchi, T. Yamagata and Y. Kataoka, Chem. Lett., (1995) 955.

{737] B. Zheng and M. Srebnik, J. Org. Chem., 60 (1995) 1912.

[738] D.A. Gately, J.R. Norton and P.A. Goodson, §. Am. Chem. Soc., 117 (1995) 986.

[739] S.A. Benyunes, S.E. Gibson and J.A. Stern, J. Chem. Soc. Perkin Trans. 1, (1995) 1333.

[740] F. Alcnso and S.G. Davies, Tetrahedron Asymmetry, 6 (1995) 353.

[741] J. Zhu and L.S. Hegedus, J. Org. Chem., 60 (1995) 5831.

[742] C. Dubuisson, Y. Fukumoto and L.S. Hegedus, J. Am. Chem. Sec., 117 (1995) 3697.

[743] S.G. Davies and W.E. Hume, Tetrahedron Lett., 36 {1995) 2673.

[744] S. Hashiguchi, A. Fujii, J. Takehara, T. Ikariya and R. Noyori, J. Am. Chem. Soc., 117 (1995} 7562.

[745] H. Yang, M. Alvarez, N. Lugan and R. Mathieu, J. Chem. Soc., Chem. Comm., (1995} 1721.

[746] S. Iyer and J.P. Varghese, J. Chem. Soc., Chem. Comm., (1995) 465.

[747] A. Schnyder, L. Hintermann and A. Togni, Angew. Chem. Int. Ed., 34 (1995) 931.

[748] E.J. Corey and C.J. Helal, Tetrahedron Lett., 36 (1995) 9153.

[749] P.S. Dragovich, T.J. Prins and R. Zhou, J. Org. Chem., 60 (1595) 4922.

{750] D. Pini, A. Mandoli, A. Inlisno and P. Salvadori, Tetrahedron Asymmetry, 6 (1995) 1031.

[751] M. Kitamura, M. Tokunaga, T. Pham, W.D. Lubell and R. Noyori, Tetrahedron Lett., 36
(1995) 5769.

[752] R. Kuwano, M. Sawamura, J. Shirai, M. Takahashi and Y. lio, Tetrahedron Lett., 36 {1995} 5239.

[753] M.J. Burk, T. Gregory, P. Harper and C.S. Kalberg, J. Am. Chem. Soc., 117 (1995) 4423.

{754] M.T. Didiuk, C.W. Johannes, J.P. Morken and A H. Hoveyda, J. Am. Chem. Soc.,, 117 (1995)
7097.

{755] M. Lautens, P. Chiu, S. Ma and T. Rovis, J. Am. Chem. Soc., 117 (1995) 532.

[756] S.D. Bruner, H.S. Radeke, J.A. Tallarico and M.L. Snapper, J. Org. Chem., 60 (1995) 1114,

[757] S. Olivero and E. Duidiach, J. Chem. Soc., Chem. Comm., (1995} 2497.

[758] Y. Uozumi, K. Kitayama, T. Hayashi, K. Yanagi and E. Fukuyo, Bull. Chem. Soc. Jpn., 68
(1995) 713.

{759] M.P. Sibi and J.W. Christensen, Tetrahedron Lett., 36 (1995} 6213.

[760] Y. Tamaru, A. Tanaka, K. Yasui, S. Goto and S. Tanaka, Angew. Chem. Int. Ed. Engl., 34
(1995) 787.

{761} A. Barco, S. Benetti, C. De Risi, G.P. Pollini and V. Zanirato. Tetrahedron, 51 (1995) 7721.

{762] D.Y. Konkakov and E-i. Negishi, J. Am. Chem. Soc., 117 (1995) 10771.

{763] Y. Sato, M. Mori and M. Shibasaki, Tetrahedron Asymmetry, 6 (1995) 757.

{764] C. Goux, M. Massacret, P. Lhoste and D. Sinou, Organometallics, 14 {1995) 4585.

[765] H. Bricout, J-F. Carpentier and A. Mortreux, J. Chem. Soc., Chem. Comm., (1995) 1863.

[766] D. Sinou, 1. Frappa, P. Lhoste, S. Porwanski and B, Kryczka, Tetrahedron Lett., 36 (1995) 1251.

[767] H. Oguri, S. Hishiyama, T. Qishi and M. Hirama, Synlett, (1995) 1252,

[768] H. Dvorakova, D. Dvorak, J. Srogl and P. Kocovsky, Tetrahedron Lett., 36 (1995) 6351.

{7691 E. Aller, D.S. Brown, G.G. Cox, D.J. Miller and C.J. Moody, J. Org. Chem., 60 (1995) 4449.

{770] S. Bhandaru and P.L. Fuchs, Tetrahedron Lett., 36 (1995) 8347.

[771]1 G-q. Shi, Z-y. Cao and W-¢. Cai, Tetrahedron, 51 (1995) 5011.

[772] S. Murata, C. Kongou and H, Tomioka, Tetrahedron Lett., 36 (1995) 1499.

[773] F.R. Blase and K. Banerjee, Syn. Comm., 25 (1995) 3187,

[774] A.J. Pearson and A.M. Gelormini, J. Org. Chem., 60 (1995) 281.

[775] A.A. Dembek and P.J. Fagan, Crganometallics, 14 (1995) 3741.



250 L.S. Hegedus [ Coordination Chemistry Reviews 161 ( 1997} 129-255

[7761 A.J. Pearson and K. Lee, J. Org. Chem., 60 (1995) 7153.

[777} J.W. Janetka and D.H. Rich, J. Am. Chem. Scc., 47 (1995) 10585.

[778] J.F. Lellouche and C. Quirosa-Guillou, Syn. Comm., 25 (1985) 977.

{7791 Y. Takemoto, N. Yoshikawa and C. Iwata, J. Chem. Soc. Chem. Commun., (1995) 631.

[780] Z. Mao, B.T. Gregg and A.R. Cutler, . Am. Chem. Soc., 117 (1995) 10139.

[781] D. Beli, IM.R. Davies, G.R. Geen and L.S. Mann, Synthesis, (1995) 707.

{782} B. Seiller, D. Heins, C. Bruneau and P.H. Dixneuf, Tetrahedron, 51 (1995) 10901.

{783] H. Douset, Martin-B. Vaca, C. Gruneau and P.H. Dixneuf, J. Org. Chem., 60 (1995) 7247.

{784] W.B. Motherwell and A.S. Williams, Angew. Chem. Int. Ed., 34 (1995) 2031.

{7851 S. Tanaka and M. Isobe, Synthesis, (1995) 859.

[785] D.E. Seitz, J.E. Ezairra and D.L. Guttman-Carlisle, Tetrahedron Lett., 36 (1995) 1413.

[787] M. Moran, G. Bernardinelli and P. Miiller, Helv. Chim. Acta, 78 (1995) 2048.

[788] Z. Zhu and J.H. Espenson, J. Org. Chem., 60 (1995) 7090.

{7891 K.G. Rasmussen and K.A. Jorgensen, J. Chem. Soc. Chem. Commun., (1995) 1401.

[790] K.B. Hansen, N.S. Finney and E.N. Jacobsen, Angew. Chem. Int. Ed., 34 (1995) 676.

[7911 Z. Li, R.W. Quan and E.N. Jacobsen, J. Am. Chem. Soc., 117 (1995) 5889,

[792] M.P. Doyle and A.V. Kalinin, Synlett, {1995) 1075.

[793] A. Bonardi, M. Costa, B. Gabrielo, G. Salerno and G.P. Chiusoli, Tetrahedron Lett., 36 (1995)
7495.

[794] M. Miura, M. Enna, K. Okuro and M. Nomura, J. Org. Chem., 60 (1995) 4999.

[795] G.T. Crisp and A.G. Meyer, Tetrahedron, 51 (1995) 5585.

{796] S. Watanuki and M. Mori, Organometallics, 14 (1995) 5054.

{797] T. Ishiyama, M. Murata, A. Suzuki and N. Miyaura, J. Chem. Soc. Chem. Commun., (1995) 295.

[798] M. Rénn, J-E. Backvall and P.G. Andersson, Tetrahedron Lett., 36 (1995) 7749,

[799] M-C.P. Yeh, L-W. Chuang, C-C. Hwu, J-M. Sheu and L-C. Row, Organometallics, 14 (1595) 3396.

[8001 R. Grigg, V. Sridharan, S. Suganthan and A.W. Bridge, Tetrahedron, 51 (1995) 295.

[801] H. Pettersson-Fasth, S.W. Riesinger and J-E. Béckvall, J. Org. Chem., 60 (1995) 6091.

[802] Y. Watanabe, J. Yamamoto, M. Akazome, T. Kondo and T-a. Mitsudo, J. Org. Chem., 60
(1995) 8328.

[803] A. Rahm and W.D. Wulff, Tetrahedron Lett., 36 (1995) 8753.

[804] H.M.L. Davies, J.J. Matasi and C. Thornley, Tetrahedron Lett., 36 (1995) 7205.

[805] S. Watanuki, N. Ochifuji and M. Mori, Organometallics, 14 (1995) 5062.

[806] C.M. Huwe and S. Blechert, Tetrahedron Lett., 36 (1995) 1621.

[807] A. Furstner, H. Weintrutt and A. Hupperts, J. Org. Chem., 60 (1995) 6637.

[808] A.K. Gupta, K.R. Reddy, H. Ila and H. Junjappa, J. Chem. Soc. Perkin Trans. 1, (1995) 1725.

{809] A. Parker, M. Rudler, H. Rudler, R. Goumont, J-C. Daran and J. Vaissermann, Organometallics,
14 (1995) 2760.

[810] F. Zaragoza, Tetrahedron, 51 (1995) 8829.

. [811] K.J. Wildonger, W.J. Leanza, R.W. Ratcliffe and J.P. Springler, Heterocycles, 41 (1995) 1891.

[812] K. Hirao, N. Morii, T. Joh and S. Takahashi, Tetrahedron Lett., 36 (1995) 6243,

[813] N. Ochifuji and M. Mori, Tetrahedron Lett., 36 (1595) 9501.

[814] B. Denise, A. Parker, H. Rudler and J. Vaissermann, J. Organomet. Chem., 494 (1995) 43.

{815] C. Bouancheau, M. Rudler, E. Chelain, H. Rudler, J. Vaissermann and J-C. Daran, J. Organomet.
Chem., 496 (1995) 127.

[816] L-C. Chen, S-C. Yang and H-M. Wang, Synthesis, (1995) 385.

[817]1 S. Brown, S. Clarkson, R. Grigg and V. Sridharan, J. Chem. Soc. Chem. Commun., (1995) 1135.

[818] K. Samizu and K. Ogasawara, Heterocycles, 41 (1995) 1627.

[819] R.C. Larock and J.M. Zenner, J. Org. Chem., 60 (1995) 482.

[820] J. Bonjoch, D. Sol¢ and J. Bosch, J. Am. Chem. Soc., 117 (1995) 11017.

[821] H-J. Lim and G.A. Sulikowski, J. Org. Chem., 60 (1995) 2326.

[822] M. Mori, K. Kuriyama, N. Ochifuji and S. Watanaki, Chem. Lett., (1995) 615.

{823] K. Koo and G.L. Hillhouse, Organometatlics, 14 (1995) 4421.

[824] L.F. Tietze and W. Buhr, Angew. Chem. Int. Ed., 34 (1995) 1366.

[825] A. Fiirstner and A. Hupperts, J. Am. Chem. Soc., 117 (1995) 4468.



LS. Hegedus { Ceordination Ckiei.:::ry Reviews 161 ( 1997) 129-255 251

[826] A. Farstner, A. Ptock, H. Weintritt, R. Goddard and C. Angew. Krtiger, Chem. Int. Ed., 34
(1995) 678.

[827] B. Akermark, J.D. Oslob and U. Heuschert, Tetrahedron Lett., 36 (1995) 1325.

[828] M. Ishikura, J. Chem. Scc. Chem. Commun., (1995) 409.

{829] D. Wensbo, U. Annby and S. Gronowitz, Tetrahedron, 51 (1995) 10323.

[830} U.R. Aulwurm, J-U. Melchinger and H. Kisch, Organometallics, 14 (1995) 3385.

[831] M. Mori, A.E. Imai and N. Uesaka, Heterocycles, 40 (1995) 551.

{832] A J. Bird, R.J.K. Taylor and X. Wei, Synlett, (1995) 1237.

[833] L. Gjima, M. Tzamarioudaki and M. Eguchi, J. Org. Chem., 60 (1995) 7078.

{834] L.F. Tietze and O. Burkhardt, Synthesis, (1994) 1331.

{835] C. Thorey, J. Wilken, F. Henin, J. Martens, T, Mehler and J. Muzart, Tetrahedron Lett., 36
(1995) 5527.

[836] 1. Ripoche, J. Gelas, D. Gree, R. Gree and Y. Troin, Tetrahedron Lett., 36 (1995) 6675.

{837} J.M. Takacs and S.C. Boito, Tetrahedron Lett., 36 (1995) 2941.

{8381 L.F. Tietze and O. Burkhart, Liebigs Ann., {1995) 1153.

[839] D.A. Goff and R.N. Zuckermann, J. Org. Chem., 60 (1995) 5748.

{840] R. Grigg, V. Sridharan and L-H. Xu, J. Chem. Soc. Chem. Commun., (1995) 1903.

{841] L.A. White, P.M. O’Neill, B.K. Park and R.C. Stoor, Tetrahedron Lett., 36 {1995) 5983.

{842] C. Copiret, T. Sugihara and E-i. Negishi, Tetrahedron Lett., 36 (1995) 1771.

(843} A. Jeevanandam and P.C. Srinivasan, Syn. Comm., 25 (1995) 3427.

[844] A.C. Reduto dos Reis and L.S. Hegedus, Organometaltics, 14 (1995) 1587.

{8451 Y. Takemoto, S. Ueda, J. Takeuchi, T. Nakamoto, C. Iwata, H. Ghishi, K-i. Sakaguchi and M.
Kusunoki, Chem. Pharm. Bull., 43 (1995) 559.

[846] M. Akogome, J. Yamamoto, T. Kondo and Y. Watanabe, J. Organomet. Chem., 494 (1995) 229.

{8471 T.L. Gilchrist and P.D. Kemmitt, Tetrahedron, 51 (1995) 9119.

[848] S.F. Martin and A.S. Wagman, Tetrahedron Lett., 36 (1995) 1169.

[849] S.J. Miller, S-H. Kim, Z-R. Chen and R.H. Grubbs, J. Am. Chem. Scc., 117 (1995) 2108.

{850} K. Chaffee, H. Morcos and J.B. Sheridan, Tetrahedron Lett., 36 (1995) 1577.

[851] E.P. Johnson, G-P. Chen, K.R. Fales, B.E. Lenk, R. Szendroi, X-J. Wang and J.A. Carison,
I Org. Chem., 60 (1995) 6595.

[852] S.E. Gibson and R.J. Middleton, J. Chem. Soc. Chem. Commun., (1995) 1743.

[853] M.C.J. Harris, R.J. Whitby and J. Blagg, Tetrahedron Lett., 36 (1995) 4287.

[854] N. Chatani, S. Yamaguchi, Y. Fukumoto and S. Murai, Organometallics, 14 (1995) 4418.

[855] T. Katsuki, §. Synth. Org. Chem. Jpn., 53 (1995) 940.

[856] S. Pedragosa-Moreau, A. Archelas and R. Furstose, Bull. Soc. Chim. Fr., 132 (1995) 769.

[857] D. Mikame, T. Hamada, R. Irie and T. Katsuki, Synlett, (1995) 827.

[858] M. Palucki, G.J. McCormick and E.N. Jacobsen, Tetrahedron Lett., 36 (1995) 5457.

{859} B.D. Brandes and E.N. Jacobsen, Tetrahedron Lett., 36 {1995) 5123.

[860] V.K. Aggarwal, H. Abdel-Rahman, R.V.H. Jones and M.C.H. Standen, Tetrahedron Lett., 36
(1995) 1731.

{861] C. Bacin, A. Gusso, F. Pinna and G. Strukul, Organometallics, 14 (1995) 1161.

{862] G. Chelucci and A. Saba, Teirahedron Lett., 36 (1995) 4673.

[863] A. Vanpel and P. Knochel, Tetrahedron Lett., 36 (1995) 231.

{864] 1.C. Clinet and E. Duilach, J. Organomet. Chem., 503 (1995) C48.

{865} S. Jiang, T. Chen and E. Turos, Organometatlics, 14 (1995) 4710.

[866] R.D. Walkup, L. Guan, Y.S. Kim and S.W. Kim, Tetrahedron Lett., 36 (1995) 3805,

[867] M. Lautens, Y. Ren, P. Delanghe, P. Chin, S. Ma and J. Colucci, Can. J. Chem., 73 (1995) 1251.

[868] M. Suginome, Y. Yamamoto, K. Fujii and Y. ito, J. Am. Chem. Soc., 117 (1995) 9608.

{869] S.C. Sinha, A. Sinha-Bagchi, A. Yazbak and E. Keinan, Tetrahedron Lett., 36 (1995) 9257.

{870] D.F. Taber and Y. Song, Tetrahedror Lett., 36 (1995) 2587.

[871] F.E. McDonald, C.C. Schultz and A K. Chattergce, Organometallics, 14 (1995) 3628.

[872) F.E. McDonald and M.M. Gleason, Angew. Chem. Int. Ed., 34 (1995) 350.

{873] M. Leconte, S. Pagano, A. Mutch, F. Lefevre and J.M. Bassett, Bull. Soc. Chim. Fr., 132
(1995) 1069.



252 L.S. Hegedus | Coordination Chemistry Reviews 161 (1997) 129-255

{874] F.E. McDonald, H.Y.H. Zhu and C.R. Holmquist, J. Am. Chem. Soc., 117 (1995) 6605.

[8751 M.C. Pirrung, J. Zhang, K. Lackey, D. Sternbach and F. Brown, J. Org. Chem., 60 (1995) 2112.

{876] B. Seiller, C. Bruneau and P.H. Dixneuf, Tetrahedron, 51 (1995) 13089.

{8771 C.W. Holzapfel and D.B.G. Williams, Tetrahedron, 51 (1995) 8555.

[878] B.M. Trost and M.C. Mclntosh, J. Am. Chem. Soc., 117 (1995) 7255.

[879] A. Stephen and K. Hashmi, Angew. Chem. Int. Ed., 34 (1995) 1581.

[880] J. Christoffers and K.H. Détz, Chem. Ber., 128 (1995) 641.

[881] (a) R.C. Larock, E.K. Yam, M.J. Doty and K.K.C. Sham, J. Org. Chem., 60 {1995) 3270.
(b) A.P. Kozikowski, DB. Ma, L. Du, N.E. Lewin and P.M. Blumberg, J. Am. Chem. Soc., 117
(1995) 6666.

{882] G.A. Kraus, J. Li, M.S. Gordon and J.H. Jensen, J. Org. Chem., 60 (1995) 1154.

[883] T. Gracza and V. Jiger, Synthesis, (1995) 1359,

{884] P. Compain, J. Gore and J-M. Vatele, Tetrahedron Lett., 36 (1995) 4059.

[885] Y.L. Chow, Y.J. Huang and V. Dragotlovic, Car. J. Chem., 73 (1995) 740.

[886] Y. Nishibayashi, S.K. Srivastava, H. Takada, S-i. Fukuzawa and S. Uemura, J. Chem. Soc. Chem.
Commun., (1995) 2321.

(8871 P. Quaylz, S. Rahman and J. Herbert, Tetrahedron Lett., 36 (1995) 8087.

[888% D.H. Rogers, E.C. Yi and C.D. Poulter, J. Org. Chem., 60 (1995) 941.

[889] M.P. Doyle, M.N. Protopopova, C.D. Poulter and D.H. Rogers, J. Am. Chem. Soc., 117
(1995) 7281.

[890] M.P. Doyle, A.B. Dyatkin, A.V. Kalinin, D.A. Ruppar, S.F. Martin, M.R. Spaller and S. Liras,
J. Am. Chem. Soc., 117 (1995) 11021.

[891] Doyle M.P,, et al. J. Am. Chem. Soc., 117 (1995) 5763.

[892} M.P. Doyle and Q-L. Zhou, Tetrahedron Lett., 36 (1995) 4745.

[893] M.P. Doyle, M.N. Protopova, Q-L. Zhou and J.W. Bode, J. Org. Chem., 60 (1995) 6654.

[994] E. Lee, L. Choi and 8.Y. Song, J. Chem. Soc., Chem. Comm., (1995) 321.

[895] H. Arzomanian, M. Jear. D. Nuel, A. Cabrera, J.L.G. Gutierrez and N. Rosas, Organometallics,
14 (1995) 5438.

[896] C. Copiret, T. Sugihara, O. Wu, I. Shimoyama and E-i. Negishi, J. Am. Chem. Soc., 117 (1995)
3423,

[897] B.M. Trost and T.L. Calkins, Tetrahedron Lett., 36 (1995) 6021.

[898] G. Zhu and X. Lu, Tetrahedron Asymmetry, 6 (1995) 345.

[899] G. Zhu and X. Lu, Tetrahedron Asymmetry, 6 (1995) 1657.

[900] G. Zhu, S. Ma, X. Lu and Q. Huang, J. Chem. Soc. Chem. Commun., {1995) 271.

[901] G. Zhu and X. Lu, J. Org. Chem., 60 (1995) 1087.

[902] J. Ji, C. Zhang and X, Ly, J. Org. Chem., 60 (1995) 1160.

[903] G. Zhu and X. Lu, Tetrahedron Asymmetry, 6 (1995) 885.

[904] G. Zhu and X. Lu, Organometallics, 14 (1995) 4899.

[905] T. Mandai, Y. Tsujiguchi, S. Matsuoka, S. Saito and J. Tsuji, J. Organomet. Chem., 488 (1995) 127.

[906] A. Kastkin, S. Okamoto and F. Sato, Tetrahedron Lett., 36 (1995) 6075.

[907] S. Uchida, Y. Yokoyama, J. Kiji, T. Okano and H. Kitamura, Bull. Chem. Soc. Jpn., 68 (1995)
2961.

[908] J. Kiji, T. Okano, H. Kitamura, Y. Yokoyama, S. Kubota and Y. Kurita, Bull. Chem. Soc. Jpu.,
68 (1995) 616.

[909] E.B. Kovoleva, J-E. Backvall and P.G. Andersson, Tetrahedron Lett., 36 (1995) 5397.

{910] J. Blum, H. Beer-Kraft and Y. Badrieh, J. Org. Chem., 60 (1995) 5567.

[211] G.K. Fricstad and B.P. Branchaud, Tetrahedron Lett, 36 (1995) 7047.

[912] D.P. Curran, S-B. Ko and H. Josien, Angew. Chem. Int. Ed., 34 (1995) 2683.

[913] J-F. Nguefack, V. Bolitt and D. Sinou, J. Chem. Scc. Chem. Communs., (1995) 1893.

[914] S.E. Denmark and M.E. Schmite, J. Org. Chem., 60 (1995) 1013.

[915] H-Y. Lioo and C-H. Cheng, J. Org. Chem., 60 (1995) 3711.

[916] T. Ye, C.F. Garcia and M.A. McKervey, J. Chem. Soc. Perkin Trans. 1, (1995} 1373.

{917] S. Lee, S.J. Geib and N.J. Cooper, J. Am. Chem. Soc., 117 (1995) 9572.

[918] S. Hosokawa and M. Isobe, Synlett, (1995) 1179.



L.S. Hegedus [ Coordination Chemistry Reviews 161 ( 1997} 129-255 253

[919] A. Brandes and H.M.R. Hoffmann, Tetrahedron, 51 (1995) 145.

[920] H.M.R. Hoffmann and A. Brandes, Tetrahedron, 51 (1995) 151.

[921] D.M. Gree, J.T. Martinelli and R.L. Gree, J. Org. Chem., 60 (1995) 2316.

{922] C-C. Chen, J-S. Fan, G-H. Lee, S-M. Peng, S-L. Wang and R-S. Liw, J. Am. Chem. Soc., 117
(1995) 2933.

[923] M. Setoh, O. Yamada and K. Ogasawara, Heterocycles, 40 (1995) 539.

[924] H. Meier and D. Groschl, Tetrahedron Lett., 36 (1985) 6047.

{925] J. Spencer, M. Pfefier, A. DeCian and J. Fischer, J. Org. Chem., 60 (1995) 1605.

[926] J-O. Baeg, C. Bensimos and H. Alper, J. Am. Chem. Soc., 117 (1995) 4700.

[927] J-O. Baeg and H. Alper, J. Org. Chem., 60 (1995) 3092.

[928] J-O. Baeg, C. Bensimon and H. Alper, J. Org. Chem., 60 (1995) 253.

{9291 A.S. Hulme, S.S. Henry and A.1. Meyers, J. Org. Chem., 60 (1995) 1265.

[930] A. Yamazaki and K. Achiwa, Tetrahedron Asymmetry, 6 (1995) 1021.

[931] M. Kimura, S. Tanaka and Y. Tamaru, J. Org. Chem., 60 (1995) 3764.

[932] M. Sosabowski and P. Powell, J. Chem. Res. (8), (1995) 402,

[933] J-G. Hansel, S. O’Hogan, S. Lensky, A.R. Ritter and M.J. Miller, Tetrahedron Lett., 36 (1995)
2913.

[934] F. Zaragoza, Synlett, (1995) 237,

[935] H. Nakano and T. Ibata, Bull. Chem. Soc. Jpn., 68 (1995) 1393.

[936] K. Fukushima and T. Ibata, Bull. Chem. Soc. Jpn., 68 (1995) 3469.

[937] K. Khumtaveeporn and H. Alper, J. Org. Chem., 60 (1995) 8142.

[938] E.M. Campi, J. Hasbuda, W.R. Jackson, C.A.M. Jonasson and Q.J. McCubbin, Aust. J. Chem,,
48 (19925) 2023.

{939] R. Aumann, B. Jasper and R. Fréhlich, Organometallics, 14 (1995) 2447.

{940] K.S. Chan, M.L. Yeung, W-K. Chan, R-J. Wang and T.C.W. Mak, J. Org. Chem., 60 (1995) 1741.

{941] B. Alcaide, L. Casarrubios, G. Dominguez, M.A. Surra and A. Monge, J. Am. Chem. Soc., 117
{1995) 5604.

[942] S.R. Amin, S.S. Sawant, V.G. Puranik and A. Sakar, Organometallics, 14 (1995) 3617.

[943] Y.H. Choi, B.S. Kang, Y-J. Yoon, j. Kim and S. Chul, Syn. Comm., 25 (1995) 2043.

[944] S.R. Gilbertson, D.P. Dawson, O.D. Lopez and K.L. Marshall, J. Am. Chem. Soc., 117 {1995)
4431,

[945] S. Dumas, E. Lastra and L.S. Hegedus, J. Am. Chem. Soc., 117 (1995) 3368.

[946] S.J. Miller and R.H. Grubbs, J. Am. Chem. Soc., 117 {1995) 5855.

[947] A. Padwa and A.T. Price, J. Org. Chem., 60 (1995) 6258.

{948] J.P. Marino Jr., M.H. Osterhout and A. Padwa, J. Org. Chem., 60 (1995) 27064.

{949] C. Malanga, L.A. Aronica and L. Lardicci, Tetrahedron Lett., 36 (1995) 9189.

[950] P.G. Andersson and S. Schab, Organometallics, 14 (1995) 1.

[951] G. Muchow, J.M. Brunel, M. Maffei and G. Buono, J. Org. Chem., 60 (1995) 852.

[952] S-K. Kang, P-C. Park, C-H. Park and R.K. Hong, Tetrahedron Lett., 36 (1995) 405.

[953] A. Satabe, H. Ishii, I. Shimizu, Y. Inoue, H. Hasegawa and A. Yamamoto, Tetrahedron, 51
(1995) 5331.

[954] S.V. Ley and G. Meek, J. Chem. Soc. Chem. Commun., (1995) 1751.

[955] P.W.N. Christian, S.E. Gibson, R. Gil, P.C.V. Jones, C.F. Marcos, F. Prechtl and AT.
Wierzchleyski, Rec. Trav. Chim., 114 (1995) 195.

[956] C.L. Cavallaro and J. Schwartz, J. Org. Chem., 60 (1995) 7055.

[957]1 R.C. Larock, T.R. Hightower, G.A. Kraus, P. Hahn and D. Zheng, Tetrahedron Lett., 36
(1995) 2473.

{958] D.L. Comins, S.PP. Joseph and P.P. Peters, Tetrahedron Lett., 36 (1995) 9449.

[959] A. Cleve, G. Nief, E. Ottow, S. Scholz and W. Schwede, Tetrahedron, 51 (1995) 5563.

[960] J. Cossy, S. Ibhi, P.H. Kahn and L. Tacchini, Tetrahedron Lett., 36 (1995) 7877.

[961] B. Chaudret, Bull. Soc. Chim. Fr., 132 (1995) 268.

[962] K. Mori and Y. Matsushima, Synthesis, (1995} 845.

[963] D.L. Comins and R.S. Al-awar, J. Org. Chem., 60 (1995) 711.

[964] H. Kotsuki, P. Kanti Datta, H. Hayakawa and H. Suenaga, Synthesis, (1995) 1348.



254 LS. Hegedus | Coordination Chemistry Reviews 161 ( 1997) 129-255

[9651 P. Wipf, Y. Kim and D.M. Goldstein, J. Am. Chem. Soc., 117 (1995) 11106.
[966] D.L. Comins and A. Dehghani, J. Org. Chem., 60 (1995) 794.
[967] M. Dessolin, M-G. Guillerez, N. Thieret, F. Guibo and A. Loffet, Tetrahedron Lett., 36 (1995)
5741.
{9681 L. Luan, J-S. Song and R.M, Bullock, J. Org. Chem., 60 (1995) 7170,
[969] M. Sawamura, R. Kuwano and Y. Ito, J. Am. Chem. Scc., 117 (1995) 9602.
{9701 M.J. Burk, M.F, Gross and J.P. Martinez, J. Am, Chem, Scc., 117 (1995) 9375.
[971] T. Ohta, T. Miyake, N. Seido, H. Kumobayashi and H. Takaya, J. Org. Chem., 60 (1995) 357.
{972] A.T. Watson, K. Park, D.F. Wiemer and W.J. Scott, J. Org. Chem., 60 (1995) 5102,
{973] T. Hosokawa and S-i. Murahashi, J. Synth. Org. Chem. Jpn., 53 (1995) 1009.
[974] E. Monflier, 8. Tilley, G. Fremy, Y. Barbaux and A. Mortreux, Tetrahedron Lett., 36 (1995) 387.
[975] S.K. Kang, K-Y. Jung, J-U. Chung, E-Y. Namkoong and T-H. Kim, J. Org. Chem,, 60 (1995)
4678.
{9761 M. Oikawa, T. Ueno, H. Oikawa and A. Ichibara, J. Org. Chem., 60 (1995) 5048.
[9771 T. Hosokawa, T. Yamanaka, M. Itotani and S-i. Murahashi, J. Org. Chem., 60 (1995) 6159.
[978] M. Yusubov, V.D. Filimonov, V.P. Vasilyeva and K.W. Chan, Synthesis, (1995) 1235.
[979] K. Kitayama, Y. Nozumi and T. Hayashi, J. Chem. Soc. Chem. Commun., (1995) 1533.
[980] S-i, Murahashi, T. Naota, Y. Oda and N. Hirai, Synlett, (1995) 733.
[981] S.A. Mohand, F. Henin and J. Muzart, Tetrahedron Lett., 36 (1995) 2473.
[982] T. Iwahama, S. Sakaguchi, Y. Nishiyama and Y. Ishii, Tetrahedron Lett., 36 (1995) 1523.
[983] T. Higuchi, C. Satake and H. Hirobe, J. Am. Chem. Soc., 117 (1995) 8879.
[984] E.L.M. Cowton, S.E. Gibson, M.T. Schneider and M.H. Smith, J. Chem. Soc, Perkin Trans. 1,
{1995) 2077.
{9851 T. Chkuma, H. Qoka, T. Ikariya and R. Noyori, J. Am. Chem. Soc., 117 (1995) 10417.
[986] G.B. Jones, R.S. Huber and J.E. Mathews, J. Chem, Soc. Chem. Commun., (1995) 1791,
[987] 8. Sakuraba, T. Okada, T. Morimoto and K. Achiwa, Chem. Pharm. Bull,, 43 (1995) 927.
{988] F. Le Bideau, C. Aubert and M. Malacria, Tetrahedron Asymmetry, 6 (1995) 697.
[989] T. Kusukawa, Y. Kabe, B. Nestler and W. Ando, Organometallics, 14 (1995) 2556.
[990] Y. Tanaka, H. Yamashita and M. Tanaka, Organometallics, 14 (1995) 530.
{9911 Y. Cbora, Y. Tsuji and T. Kawamura, J. Am. Chem. Soc., 117 (1995) 9814.
[992] A.G. Bessmertnykh, K.A. Blinov, Y.K. Grishin, N.A. Donsaya and L.P. Beletskaya, Tetrahedron
Lett., 43 (1995) 7901.
[993] R. Takeuchi, S. Nitta and D. Watanabe, J. Org. Chem., 60 (1995) 3045.
{994] O. Andrey, Y. Landais, P. Planchenault and V. Weber, Tetrahedron, 51 (1995) 12083,
[995] L. Ojima, E. Vidal, M. Tzamarioudaki and I. Matsuda, J. Am. Chem. Soc., 117 (1995) 6797.
[996]1 H.G. Schmalz and K. Scheilhaus, Tetrahedron Lett., 36 (1995) 5515.
[997] N.A. Williams, Y. Uchimaru and M. Tanaka, J. Chem. Soc. Chem. Commun., (1995) 1129.
[998] T. Takahashi, Z. Xi, Y. Obora and N. Suzuki, J. Am. Chem. Soc., 117 (1995) 2665.
{9991 S. Casson, P. Kocienski, G. Reed, N, Smith, J.M, Street and M. Webster, Synthesis, (1994) 1301.
[1000] E. Piers and R.T. Skerlj, Can, J. Chem., 72 (1995) 2468.
{10011 G. Hareau-Vittini, P. Kocienski and G. Reid, Synthesis, (1995) 1007.
[1002] G. Hareaw-Vittini and P.J. Kocienski, Synlett, (1995) 893.
[1003] S. Kim and K.H. Kim, Tetrahedron Lett., 36 (1995} 3725.
[1004] C.A, Mertic and J. Albaneze, Tetrahedron Lett., 36 (1995) 1007.
[1005] (a) C.A. Merlic and J. Albaneze, Tetrahedron Lett., 36 (1995) 1011.
(b) M. Leconte, I. Jourdan, S. Pagano, F. Lefebore and J-M. Basset, J. Chem. Soc. Chem.
Commum,, (1995} 857.
{10067 K. Waschbiisch, P. Le Floch and F. Mathey, Bull. Soc. Chim. Fr., 132 (1995) 910.
{1607] W.A. Donaldson, L. Shang, M. Ramaswami, C.A. Droste and C. Tao, Organometallics, 14
(1995) 5119.
[1008] F. Bergmann, E. Kueng, P. laiza and W. Bannwarth, Tetrahedron, 51 (1995) 6971.
{1009] B.M. Trost, M.G. Organ and G.A. O’Doherty, J. Am. Chem. Soc., 117 (1995) 9662.
[1010] H. Eichelmann and H-J. Gais, Tetrahedron Asymmetsy, 6 (1995) 643.
{10i1] H. Suzuki and H. Abe, Tetrahedron Lett., 36 (1995) 6239,



L.S. Hegedus [ Coordination Chemistry Reviews 161 ( 1997) 129-255 255

[1012] P.G. Ciattini, E. Morera and G. Ortar, Tetrahedron Lett., 36 {1995) 4133.

[1013] T. Nagata, K. Imagawa, T. Yamada and T. Mukaiyama, Bull. Chem. Soc. Jpn., 68 (1995) 3241.

[1014] A. Hachem, L. Toupet and R. Gree, Tetrahedron Lett., 36 (1995) 1849.

{1015] H. Alper, C. Crudden and K. Khumtaveeporn, J. Chem. Soc. Chem. Commun., (1995) 1199.

[1016] B.C. Cagle, O. Meyer, K. Weichhardt, A.M. Arif and J.A. Gladysz, J. Am. Chem. Soc., 117
(1995) 11731,

[1017] 8.L. Van der Velde and E.N. Jacobsen, J. Org. Chem., 60 (1995) 5380.

[1018] C. Mukai, O. Kataoka and M. Hanoaka, J. Org. Chem., 60 (1995) 5910.

{10191 T. Ishimaya, M. Murata and N. Miyaura, I. Org. Chem., 60 (1995) 7508.

[1020] R.T. Baker, P. Nguyen, T.B. Marder and S.A. Wescott, Angew. Chem. Int. Ed., 34 (1995) 1336.

[1021] S. Pereira and M. Srebnik, Organometallics, 14 (1995) 3127.

[1022] C.T. Baker, M.N. Matison and P. Helquist, Tetrahedron Lett., 36 (1995} 7065.

[1023] G. Dyker, Angew. Chem. Int. Ed., 34 (1995) 2223.

[1024] S-i. Murahashi, Angew. Chem. Int. Ed., 34 (1995) 2443.

{1025] R.A. Bunce, Tetrahedron, 51 (1995) 13103.

{10261 K.C. Nicolaou and R.K. Guy, Angew. Chem. Int. Ed., 34 (1995) 2079.

[1027] D.J. Miller and C.J. Moody, Tetrahedron, 51 (1995) 10811.

[1028] M. Ishikawa and A. Naka, Synlett, (1995) 794.

[1029] T. Kauffman, Synthesis, (1995) 745.

[1030} K.A. Horn, Chem. Rev., 95 (1995) 1135.

[1031} HK. Sharma and K.H. Paanell, Chem. Rev., 95 (1995) 1351.

[1032] P.I. Dalko, Tetrahedron, 51 (1995) 7579.

[1033] D.J. Berrisford, C. Bolm and K.B. Sharpless, Angew. Chem. Int. Ed., 34 (1995) 1059.

[1034] P. Knochel, Synlett, (1995) 393.

{1035] L.S. Hegedus, Coord. Chem. Rev., 141 (1995) 153.

[1036] F. Ungvary, Coord. Chem. Rev., 141 (1995) 371.

[1037] B.M. Trost, Angew. Chem. Int. Ed., 34 (1995) 259.

{1038] T. Benneche, Synthesis, (1995) 1.

{1039] L.L. van der Baan, T.A.J. van der Heide, J. van der Louw and G.W. Klumpp, Synlett, (1995} 1.



