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1. General comments 

This Annual Survey 
dealing with the use of 

covers the literature for 1991 
transition metal intermediates 

for organic synthetic transformations. It is not a com- 

* Reprints are not available. For previous Annual Survey see 
/. Organomet. Chem., 422 (1992) 301. 

prehensive review but is limited to reports of discrete 
systems that lead to at least moderate yields of organic 
compounds, or that allow unique organic transforma- 
tions, even if low yields are obtained. Catalytic reac- 
tions that lead cleanly to a major product and do not 
involve extreme conditions are also included. This is 
not a critical review, but rather a listing of the papers 
published in the title area. 

0022-328X/93/$6.00 0 1993 - Elsevier Sequoia S.A. All rights reserved 
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The papers in this survey are grouped primarily by 
reaction type rather than by organometallic reagent, 
since the reader is likely to be more interested in the 
organic transformation effected than the metal causing 
it. Oxidation, reduction, and hydroformylation reac- 
tions are specifically excluded, and will be covered in a 
different annual survey. Also excluded are structural 
and mechanistic studies of organometallic systems un- 
less they present data useful for synthetic application. 
Finally, reports from the patent literature have not 
been surveyed since patents are rarely sufficiently de- 
tailed to allow reproduction of the reported results. 

2. Carbon-carbon bond forming reactions 

2.1. Alkylations 

2.1.1. Alkylation of organic halides, tosylates, trifates, 
acetates, and epoxides 

The main stages of the cross-coupling of organo- 
metallic compounds with organic halides catalyzed by 
nickel and palladium complexes has been reviewed 
(100 references) [l]. Nickel chloride (eqn. (1) [2]) and 
(bislphosphine palladium chloride (eqn. (2) [31) cat- 
alyzed the coupling of polyhalogenated arenes with 
Grignard reagents. Sterically hindered (neopentyll io- 
dides were alkylated by Grignard reagents in the pres- 

(Equation I) 

(Equation 2) 

(Equation 3) 

ence of dppf NiCl, catalysts (eqn. (3) [41X Related 
nickel(II1 complexes catalyzed the coupling of vinyl 
halides to 2-metallated allylamines, to give dienes, 
which were used in Diels-Alder reactions (eqn. (4) [5]). 

(Equation 4) 

40-80X 

R2N Z' 
60.90% R#JW 

+ 

Thioketals (eqn. (5) [61) and both aryl and vinyl 
sulfides (eqn. (6) [7]) were alkylated by Grignard 
reagents in the presence of nickel@) catalysts. 

(Equation 5) 

(Equation 6) 

and p,,S&‘” - PhSbR 
57-87% 

Organocopper complexes efficiently alkylated a vari- 
ety of organic halides. Allenic bromides were alkylated 
by organocopper complexes to give both alkylated al- 
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lenes and alkynes (eqn. (7) [SD. cu-Heterooxazo- 
lidinones were alkylated with retention by organocop- 
per complexes (eqn. (8) [9]). Ally1 silanes were pre- 
pared by the alkylation of trimethylsilylmethyl iodide 
with vinyl copper species (eqn. (9) [lo]). Enol triflates 
were alkylated by a variety of organometallics including 
copper reagents (eqn. (10) [111X 

(Equation 7) 

R’_H.Me R 2-Me.El.iPr,tBu 

R.fU 

(Equation 8) 

60% 
TMS 

Cyanocuprates opened epoxides stereoselectively 
(eqn. (11) [12] and eqn. (12) 1131). Organocuprates 
having functional groups were prepared from activated 
copper, or from organozinc reagents, and were coupled 
to organic halides (eqn. (13) [14], eqn. (14) [151, eqn. 
(15) [Xl, and eqn. (16) [171). 

(Equation 11) 

(Equation 12) 

Ph 
\ 

(Equatiott 13) 

(Equation 14) 
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(Equation 15) 

0 0 0 

(Equation 16) 

Halides were trifluoromethylated by CF,TMS by 
treatment with fluoride in the presence of copper(l) 
iodide (eqn. (17) [18]) or by the treatment with trifluo- 
roacetate in the presence of copper(l) iodide 1191. Mus- 
calure was synthesized by the copper catalyzed cross 
coupling reaction of n-pentylmagnesium bromide with 
oleyl tosylate [201. 

(Equation 17) 

F-/Cd 
RX + CFd’MS - RCFJ 

60-80’ 
40.80% 

DMF 

Oxidative addition-transmetallation processes have 
finally been “discovered” by synthetic organic chemists, 

and have been the subject of an explosion of papers, 
not withstanding the fact that the processes have been 
known for years. Synthetic studies via the cross cou- 
pling reaction of organoboron derivatives with organic 
halides is the subject of a review [21]. Aryl and l-al- 
kenyl triflates were, coupled to 1-alkenyl boron com- 
pounds in the presence of palladium catalysts and 
potassium phosphate 1221. 2-Sibyl-3-hydroxymethyl fu- 
rans were lithiated, transmetallated to boron, then 
coupled to organic halides (eqn. (18) [231X Halopy- 
ridines were converted to phenylpyridines by treatment 
with diethyl phenyl borate in the presence of palladium 
catalysts [24], and by phenyl boronic acids (eqn. (19) 
[25]). Arylboronic acids also arylated iodoglycals (eqn. 
(20) [26]), aryl halides (eqn. (21) [271), and heteroaryl 
halides (eqn. (22) [28]) in the presence of palladium(O) 
catalysts. 

(Equation 18) 

OH 
~,Z.ZE!ULI/DMF R 

OH 

2) 2.0 mOl$l 
SR, sit?, 

3) RX. Pa4 

R r Ph. l-“aphlh. pMePh. oNQPh. cOHCPh. 2qY. PI,-/ 

also pMeOPhOTf, 

(Equation 19) 

b CT ,I OMs 
91% 

(Equation 20) 

70.90% 

Al = m. pmom. m I . 2.5 c12m. Imphth. OMeh. / 
0 /‘I’ 

MB = B(OH)n. znc4 

P-TIPS 



L.S. Hegedus / Transition metals in organic synthesis 1991 171 

(Equation 21) 

(Equation 22) 

Vinyl boranes were also coupled to halides using 
palladium catalysis (eqn. (23) [241, eqn. (24) [30], and 
eqn. (25) [311X Polycyclic aromatic compounds were 
synthesized by the palladium(O) catalyzed coupling of 
an aryl iodide with an aryl boronic acid (eqn. (26) [32]). 
(lZ,3E)-l-Phenyl-1,3-octadiene was synthesized by the 
coupling of 1-alkenyl-boronates with vinyl halides 1331. 
Palladium also catalyzed the coupling of aryl halides 
with arylboronic acids in water 1341. 

(Equation 23) 

(Equation 24) 

(Equation 25) 

m m 

(Equation 26) 

FTs = Me. Ii. iPr 

Transmetallation from tin and zinc to palladium 
remained a popular pursuit this year. Haloquinones 
were alkylated by organotin reagents in the presence of 
palladium(O) catalysis (eqn. (27) [35]), as were bro- 
motropanones (eqn. (28) [361X Cyclobutene diones were 
annellated to isoquinolines using palladium catalyzed 
tin coupling reaction (eqn. (29) [371X cw-Stannyl silylenol 
ethers were alkylated by halides in the presence of 
palladium catalysts (eqn. (30) [381X The effect of lig- 
ands on the Stille coupling of organic halides and 
triflates to vinyl tin reagents was studied (eqn. (31) 
[39]). Tris-(2-furyljphosphine was the best ligand. 

(Equation 27) 

0 

?Q 
0 

m R 

I I w(O) 
+Rsms’ - 

Cu% 93 I I 
R 0 

L 
R 0 
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(Equation 28) 
(Equation 32) 

(Equation 30) 

0 0 
R 

4wcb 
+ RS"R's - 

H H 

HO HO 

(Equation 33) 

WOI [tSn&IJ - 
R&i0 R,SlO 

R,SiO R,SIO 

(Equation 34) 

(Equation 31) 

(Equation 35) 

H 

The cross coupling of nucleoside halides with orga- 
nostannanes catalyzed by palladium(O) is becoming in- 
creasingly utilized (eqn. (32) [401, eqn. (33) [411, eqn. 
(34) [42], and eqn. (35) [431). 

Aryl iodides coupled to 2-stannyl benzofurans in the 
presence of palladium(O) catalyst (eqn. (36) [441). 2- 
Methylenebenzocyclobutanones were made by in- 
tramolecular coupling (eqn. (37) [451X Zearelenone was 
synthesized in a aryl iodide-vinyl tin coupling process 
(eqn. (38) [461). 
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Wquation 36) (Equation 40) 

(Equation 41) 

(Equation 37) 

(Equation 38) 

4-t-Butyl-1-vinylcyclohexane was synthesized by the 
palladium(O) catalyzed vinylation of the corresponding 
triflate with vinyl tin [47]. Aryl (eqn. (39) [48]) and 
dienyl (eqn. (40) [491) triflates were similarly vinylated. 
A new annellation strategy involving vinyl tin/en01 
triflate coupling has been developed (eqn. (41) [50] and 
eqn. (42) [511X Triflates of P-ketoesters were also 
alkylated by tin reagents in the presence of palladium(O) 
catalysts (eqn. (43) [521X Arylation of vinyl (eqn. (44) 
[53]) and aryl triflates (eqn. (45) [54]) has also been 
developed. 

(Equation 39) 

(Equation 42) 

(Equation 43) 

(Equation 44) 

(Equation 45) 
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Fluorosulfonates (eqn. (46) [55] and eqn. (47) 
[56,57]), enol mesylates (eqn. (48) [581), and aryldiazo- 
nium salts are also alkylated by alkyl tin reagents in the 
presence of palladium(O) complexes [591. 

(Equation 46) 

(Equation 47) (Equation 52) 

(Equation 48) 

OMes 0 

(ybz!.Lp 
IBr 

Vinyl halides were coupled to alkyl zinc reagents 
with palladium catalysis (eqn. (49) [601 and eqn. (50) 
[61]). Aryl halides were also coupled to vinyl zinc 
reagent under similar conditions (eqn. (51) [621). This 
coupling was used with highly functionalized com- 
pound (eqn. (52) [63]). Vinyl triflates were coupled to 
vinyl tin reagents using palladium catalysis (eqn. (53) 
[64]). Benzofurans were made in a palladium catalyzed 
tandem coupling process (eqn. (54) [651). 

(Equation 49) 

(Equation 50) 

(Equation 5 1) 

$J5+ ’ 0 0 Me&U 

CtADM yb$x&& \’ 
0 0 \ 0 0 

0 

(Equation 53) 

(Equation 54) 
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Conjugated enynes were built up using a variety of 
coupling processes (eqn. (55) 1661). Palladium(O) com- 
plexes catalyzed the conversion of aryl halides and 
triflates to aryl cyanides (eqn. (56) [67]). Palladium(O) 
catalyzed the coupling of aryl thallium compounds with 
vinyl tin reagents (eqn. (57) [68]). Ortho-palladated 
aromatics were alkylated by treating with excess alkyl 
iodides (eqn. (58) 1691). 

(Equation 55) 

50-75x 

(Equation 58) 

With the advent of ene-diyne antitumor agents, the 
palladium catalyzed coupling of alkynes with vinyl 
halides has undergone explosive growth. This reaction 
works well with simple vinyl halides (eqn. (59) [70] and 
eqn. (60) 1711) and with heteroaromatic halides (eqn. 
(61) 1721, eqn. (62) [731, eqn. (63) 1741, eqn. (64) [751, 
and eqn. (65) 1761). Tertiary allylic alcohols are toler- 
ated (eqn. (66) 1771). 

(Equation 59) 

(Equation 56) 

00-90X 

X-071.1 

or - m. pcim. pl*m, pthom. mMwrn. 0hwcm. 0ktem. kwcm. 

(Equation 57) 

R’ 

4 \ + RJ-E 
Cl wcw-‘2- :k 0 L 

N -\ 
H 

RJ 

70.90% 

(Equation 60) 

Ho HO 

(Equatioo 61) 
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(Equation 62) (Equation 67) 

6h 

R-NBu.Ph 

X - H. I. ph. CO Me. SuC- C. PhC=C. 
(Equation 63) 

(Equation 68) 

(Equation 64) 

* (Equation 69) 

(Equation 65) 

(Equation 70) 

Pd(OMk Ph 
+m_.= - 

(Equation 66) 

(Equation 71) 

Attempted a&nation of an iodocubane led to rear- 
rangement (eqn. (67) [78]). Palladium on carbon cat- 
alyzed the coupling of aryl bromides with terminal 
alkynes [79]. Unsymmetrical ene diynes were prepared 
by sequential coupling of two different alkynes to 1,2- 
dichloroethene (eqn. (68) [80]). This worked in more 
complex systems as well (eqn. (69) [81], eqn. (70) [821, 
eqn. (71) [83], eqn. (72) [84], eqn. (73) [85], and eqn. 
(74) [861X 
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(Equation 72) (Equation 77) 

Y-, + m-.rr.--H 
; HeQ._._._R 

o,-em--H 

Y.ma.-” 40s70% 

(Equation 73) 

p” 
Br J-4 PhmCH 

i 
- ‘k -_ 

F R’ wcai F R’ 

cc \ 
Tktd OTB9 

91% 

Alkynyl zinc reagents were alkylated by aryl halides 
in the presence of palladium catalysis (eqn. (78) -[91]>, 
and by vinyl iodides (eqn. (79) 1921, eqn. (80) [931 and 
eqn. (81) [941X 

(E.quatiott 74) 

(Equation 78) 

( R’\N_.,._.,._ZnC, r)m ( R’\ 
N-.=.-.‘P.-Al 

d 2lw-a RJ 
Vinyl triflates are also alkynylated using palladium/ 

copper catalysis (eqn. (75) [87,881, eqn. (76) [891, and 
eqn. (77) DOD. 

(Equation 75) (Jlqttation 79) 

Re-C-ma 

4Pd 

R1‘ 
R’s‘-,&Me,H Rs-NM9 

Rz-TM9 d-EuPh.Tw 

R’ = OTHP. CSRa. CH#i, TMS, CH#+Ui 

R2 = TMS. TMSCH 2, nBu. CH$&OH. (CH&C+, 

(Equation 80) 

(Equation 76) 

+ H-.E. 
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(Equation 81) (Equation 85) 

,TMS 

.# 
m 

TM*.=.-DC, + AJ* 
X L,Pd 

- Al- - 

87% 

Arw 
51% 

54% 

L2pdcNLSW (Equation 86) 

(Equation 82) 

LPdG c, + tK=C-R3 - R’ 
EW 
cul 

The chemistry and biology of the enediyne anti- 
cancer antibiotics has been reviewed (136 references) 
[95]. This review contains many references to ene-yne 
coupling processes. There are several examples of the 
use of this coupling reaction for the synthesis of ene- 
diyne compounds (eqn. (83) [96], eqn. (84) [971, and 
eqn. (85) [98,99]). This chemistry has also been applied 
to the synthesis of polyether antibiotics (eqn. (86) [lOOI). 
It also has been used to provide starting materials for 
diazo insertion reactions (eqn. (87) [loll). 

(Equation 83) 

-- 
(Equation 84) 

OTES OTES 

80% 

(Equation 87) 

-- 

Terminal alkynes were unsymmetrically coupled by 
palladium/copper catalysts (eqn. (88) [102]). Iodoal- 
kynes also coupled to alkynes to give 1,3-diynes using 
the same catalyst (eqn. (89) [103]). Bicyclic ketones 
were synthesized by electroreductive coupling of bro- 
mocycloalkenones in the presence of cobalt and nickel 
catalysts (eqn. (90) [1041X Alkylmanganese complexes 
coupled to P-chloroalkenyl ketones (eqn. (91) [lOS]>. 

(Equation 88) 

4 
.L OTMS 

(Equation 89) 

PdKa 
liccH@Cl+ PMTCH - PhC-C-C-C-CH&++ 

79% 



0 

b I OQI 
+I) 

0 Nimng*x 
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(Equation 90) Palladium(O) complexes catalyzed the alkylation of 
acid chlorides by organostannanes (eqn. (95) [llOl, eqn. 

0 

&J 

(96) [ill], eqn. (97) [112l, eqn. (98) [113], eqn. (99) 
0. [114], and eqn. (100) [115]). Palladium(O) complexes 

also catalyzed the alkylation of acid chlorides by cyclo- 
0 \ propanone ketals (eqn. (101) [1161). 

(Equation 95) 

(Equation 91) 

2.1.2. Alkylation of acid abivatives 
Acid chlorides were alkylated by functionalized 

organocopper reagents prepared from organozinc 
reagents (eqn. (92) [106]) or by copper cyanide reduced 
with sodium napththalenide (eqn. (93) 11071). Organo- 
copper reagents alkylated N-acylpyridinium com- 
pounds in the 4position (eqn. (94) [108,1091). 

(Equation 92) 

(Equation 93) 

(Equation 94) 

(Equation 96) 

(Equation 97) 

(Equation 98) 
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(Equation LOO) 

(Equation 101) 

40-W% 
R-CEtOiPl 

2.1.3. Alkylation of olefns 
The Heck reaction (palladium catalyzed oxidative 

addition/olefin insertion) remained a popular way to 
alkylate olefins. The palladium catalyzed arylation and 
vinylation of olefins was the subject of a review (18 
references) [ 1193, as was palladium-mediated arylation 
of enol ethers (127 references) [120]. Palladium cat- 
alyzed arylation and vinylation of cyclic alkenes was the 
topic of a dissertation [1211. The dramatic effect of 
adding quatermary ammonium halides to Heck reac- 
tions has been investigated electrochemically [122]. It 
was found that halides stabilize palladium(O) com- 
plexes and prevent catalyst deactivation particularly in 
ligandless systems. In the palladium catalyzed arylation 
of styrene by iodobenzene, p-elimination was found to 
be the rate limiting step [123]. 

1-Acetoxydienes were synthesized by the palladium 
catalyzed coupling of vinyl acetates with vinyl triflates 
(eqn. (104) [1241X Vinyliodonium salts alkylated olefins 
to give dienes (eqn. (105) [125]). 1-Azadienes were 
prepared by the palladium catalyzed olefination of 
imidoylhalide (eqn. (106) [126]). 

(Equation 104) R’.H,Ms 

ti - Ph. pCIPh. pMeOPh. 
&,W,Ph~ 

Ph 

OTf 
OAC 

Digrignard reagents were bis acylated by acid chlo- A W(0) + &oAc - / 

rides in the presence of iron(II1) acetylacetonate cata- 1 
lysts (eqn. (102) [117]). Pyrones were formed by inser- 40.60% 

tion of vinyl palladium species into adjacent ester 
groups (eqn. (1031[1181). 

TMale I 

(Equation 102) 

OTI 

,A, + cyo- Fe@ack J( ,A, (%.40CI - 
60.70% 

R-Ph, 4 .Ph.?..M@ n-6.8.9 

(Equation 105) 

(Equation 103) 

R’.rn. d F?-n , OTs. “Bu 
~.H.neU.OTs 

d-CCM,CQM.Ph.CKJ 
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(Equation 106) (Equation 110) 

:A, pgo) 

Electron rich olefins were arylated by aryl halides 
and triflates in the presence of palladium(O) catalysts 
(eqn. (107) [127], eqn. (108) [1281, and eqn. (109) [1291X 

(Equation 111) 

(Equation 112) 

(Equation 107) 

(Equation 108) 

or _ m. pam. mph. pm0Ft1. p+tcm. p)lsCOPh. 2-NapMh 

(Equation 109) 

fl’.ti,Me.~.m F?-w.te 

AI - Ph. p&m. pMeOm. 2-N4.hlh. P.WMs0l$d@2h 

Electron deficient olefins (eqn. (110) [130] and eqn. 
(111) [1311) and a-acetamidoacrylates (eqn. (112) 
[132,1331 and eqn. (113) [1341) were arylated using the 
Heck reaction. 

(Equation 113) 

90-90% yield 

Halogenated tropanones were olefinated using Heck 
chemistry (eqn. (114) [135]). Multiple insertions were 
observed in the palladium(O) catalyzed arylation of 
norbornene (eqn. (115) [1361X Palladium also catalyzed 
an unusual iodoalkylation of alkenes (eqn. (116) [1371X 
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(Equation 114) 

(Equation 115) 

d 
- + Phx + w(O) - 

[@I 

\ / 
Pd Ph 

(&ydon 118) 

(Equation 119) 

X=H.h% Y-H,MO R=9n,caa 

(Equation 116) 

(Equation 120) 

Intramolecular Heck reactions were also extensively 
used for cyclization, particularly in alkaloid synthesis 
(eqn. (117) [138], eqn. (118) [1391, eqn. (119) [1401, eqn. 
(120) [141], eqn. (121) [1421, eqn. (122) [143l, and eqn. 
(123) [144]). Thallium salts suppressed alkene isomer- 
ization products from intramolecular Heck reactions 
[ 1451. 

(Equation 117) (Equation 122) 

OR OR 

(Equation 121) 
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(Equation 123) 

Heck arylation of allylic alcohols produces carbonvl 
compounds if p-elimination is possible (eqn. (124) [146], 
eqn. (125) [1471, eqn. (126) 11481, and eqn. (127) [1491X 

(Equation 124) 

(Fipation 125) 

(Equation 126) 

(Equation 127) 

Transmetallation from mercury (eqn. (128) 11501 and 
eqn. (129) [1511) and boron (eqn. (130) [1521), as well as 
direct metallation (eqn. (131) 11531) and cyclopallada- 
tion (review, 15 references) 11541 have all been used to 
produce a-alkyl palladium complexes for olefination. 

(Equation 128) 

(Equation 129) 

(Equation 130) 
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0 

Multiple insertion “cascade” 
come increasingly popular, and _. _, 

cyclizations have be- 
many interesting cy- 

clizations have been achieved teqn. (132) Ml, ew. 
(133) [156], eqn. (134) 11571, eqn. (135) [158], eqn. (136) 
[159], and eqn. (137) [1601X 

(Equation 131) (Equation 136) 

(Equation 137) 

(Equation 132) 

pqpo 

R R 
70% 

R\ 
‘*. 

OMP 
OSIR, 

OlliP 
R-H. Me. C&Me. R&El. CONMe~ 

55-01x 

(Equation 133) 

Palladium(I1) catalyzed the alkylation of ene car- 
bonates by aldehydes (eqn. (138) [1611), and the rear- 
rangement of 2-silyloxy-1,3,5_hexatrienes (eqn. (139) 
i1621). 

(Equation 134) 

(Equation 135) 

“.P.4.10 ( 1 
0 

Ar.Ph,pMeOPh. (-& 

(Equation 138) 

(Equation 139) 

OTMS 0 

wclz(pFur& 

A R 

R.Ph.H,%r W% 

Palladium(I1) complexes catalyzed the alkylation of 
olefins by stabilized carbanions. This chemistry was 
used to synthesize a relay to thienamycin [163]. Opti- 
cally active ene-carbamates were efficiently alkylated 
and acylated utilizing palladium(I1) salts (eqn. (140) 
[164]). A very nice synthesis of prostacyclin analogs 
used alkylation of an olefin as a key step (eqn. (141) 
[165]). Enolates alkylated the olefin of platinum or 
iridium complexed C-ally1 glycine and C-vinyl glycine 
[ 1661. Rhodium(I) complexes catalyzed the alkylation 
of terpenes by enolates (eqn. (142) 11671). 
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(Equation 140) 

(Equation 141) 

(Equation 142) 

IrOn complexes catalyzed the addition of alkyl io- 
dides to alkenes (eqn. (143) [1681 and eqn. (144) [1691). 
Copper (eqn. (145) [1701) and manganese complexes 
(eqn. (146) [171]) catalyzed radical cyclization pro- 
cesses. 

(Equation 143) 

w + FOR 
VP wco,2l2 

Rw 
- RJOR 

w 
63-91x 

R- 0 IBU X-H,MO.iFT.lEU 
v=c*c,cwkm 
z=tt.cm.m.C02R 

X-N.0 
R=H.El 

185 

(Equation 144) 

(Equation 145) 

(Equation 146) 

Zirconocene dichloride catalyzed the addition of 
ethyl magnesium bromide to alkenes (eqn. (137) [172], 
eqn. (148) [173], and eqn. (149) [1741). Zirconium com- 
plexes of benzynes inserted olefins (eqn. (150) Cl751 
and eqn. (151) [176]). 

(Equation 147) 

Emw+c%m2,Q)+R\=- --vCH’ 
R 

(Equation 148) 

(Equation 149) 
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(Equation 150) (Equation 152) 

OMe 

d 
OMe 

cP2 1; 
C 

E' E 
+ 1 o-- 

% 
3 \ 

Ho 

ohto 

I 0 p4d Ok% (Equation 153) 

(Equation 151) 

wp THF 

CW, + 
THF 

2.1.4. Decomposition of diazoalkanes and other cyclo- 
propanations 

A number of reviews dealing with cyclopropanations 
and metal catalyzed decomposition of diazo com- 
pounds have appeared. These include: Transition Metal 
Carbene Complexes in Cyclopropanation (30 references) 
[177]; Chiral Catalysts for Enantioselective Carbenoid 
Cyclopropanation Reactions (37 references) [178]; Rho- 
dium(ZZ) Catalyzed Reactions of Diazocarbonyl Com- 
pounds (151 references) [179]; Carbenoid Cyclizations 
(28 references) [180]; Metal Salt Catalyzed Carbenoids 
(dissertation) [ 1811. 

Rhodium(H) salts were the most extensively studied 
catalysts for cyclopropanation via decomposition of di- 
azocompounds. Recoverable catalysts were prepared 
by making soluble polyethylenecarboxylate-supported 
rhodium catalysts [ 1821. A rhodium-porphyrin catalyst 
with four BINAP ligands around the periphery cat- 
alyzed the cyclopropanation of styrene, p-methyl 
styrene, and ally1 benzene by ethyl diazoacetate with 
2.3 to 7.8 syn to anti ratios and lo-45% enantiomeric 
excess in the syn manifold and O-60% enantiomeric 
excess in the anti [183]. Allenes cyclopropanated on the 
unsubstituted olefin when treated with diazomalonate 
and a rhodium(R) catalyst (eqn. (152) [1841X Unsatu- 
rated diazo compounds cyclopropanated a wide range 
of olefins (eqn. (1531 [1851 and eqn. (154) 11861). With 
dienes as substrates ring expansion-rearrangements oc- 
curred (eqn. (155) [187] and eqn. (156) [ISS]). 

x1-a.H x2.a.H.ul xl-a.H.w 

R’ -Me. WOO. H, OTMS. OPh. OEt. OiS”. OTSDUS. Bn 

~-H,C+.4e.OTus 

R9-t&.H.Et Kw3. wd4. -cw+zk-. Oa-wB 

d=h@.H 

(Equation 154) 

0 
Rw-4 

R + Ph- - 

N2 

(Equation 155) 

(Equtttion 156) 

X=Me,H Y=H.OkCt&OMS Z-H.- 

Intramolecular cyclopropanations were also devel- 
oped (eqn. (157) [1891, eqn. (158) 11901, eqn. (159) [191], 
and eqn. (160) 11921). 
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(Equation 162) 

(Equation 158) 

(Equation 160) 

Rh”TPPCl--“~O 

5% 

82x 

0 

Palladium acetate (eqn. (161) [193], eqn. (162) 11941, 
and eqn. (163) [195]) also catalyzed the cyclopropana- 
tion of olefins by diazocompounds. Chiral bis oxazoline 
copper catalysts cyclopropanated dienes with high 
enantiomeric excess (eqn. (164) [1961X 

(Equation 161) 

(Equation 163) 

(Equation 164) 

The thermal reaction of unsaturated (eqn. (165) 
[197]) or cyclopropyl chromium carbene complexes 
(eqn. (166) [198]) with electron poor olefins gave mod- 
est yields of cyclopropanation. Group VI carbene com- 
plexes cyclopropanated dienes efficiently (eqn. (167) 
[199] and eqn. (168) [200]). 

(Equation 165) 

(Equation 166) 
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(Equation 161) (Equation 171) 

(Equation 168) 

(Equation 172) 

Group VI carbene complexes also participate in 
multiple insertion/metathesis/cyclopropanation pro- 
cesses, which generate.multiple rings in a single reac- 
tion (eqn. (169) I2011, eqn. (170) [2021, eqn. (171) [2031, 
eqn. (172) [204], and eqn. (173) [205]). 

(Equation 169) 

(Equation 170) 

(Equation 173) 

A detailed study of the mechanism of asymmetric 
cyclopropanation of alkenes by optically active cationic 
iron carbene complexes has appeared [206]. Iron Fis- 
cher-type carbene complexes underwent reaction with 
ketenimines, followed by alkynes to give nitrogen hete- 
recycles (eqn. (174) [207]). Nickel acetylacetonate cat- 
alyzed the cyclopropanation of nonactivated alkenes by 
a-sulfonyl carbanions [208,2091. 
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(Equation 174) 

70.90% 

Rhodium(I1) acetate catalyzed an intramolecular cy- 
clopropanation to produce a bridged polycyclic system 
(eqn. (175) [2101X 

(Equation 175) 

Rhodium(I1) acetate also catalyzed diazo decompo- 
sitions to give C-H insertion products. Qclopentene 
construction by rhodium-catalyzed intramolecular C-H 
insertion was reviewed (28 references) [2111. Lactones 
were formed this way (eqn. (176) [212] and eqn. (177) 
[213]). Selectivity in intramolecular insertions has also 
been probed in detail (eqn. (178) [214] and eqn. (179) 
[2151X Cyclopentenones (eqn. (180) [216,217]), and cy- 
clohexenones (eqn. (181) [218]) were prepared by C-H 
insertion processes, as were bridged bicyclic Iactones 
(eqn. (182) [2191X 

(Equation 176) 

R’ 

R 

(Equation 177) 

M 

-J$ !!!?!%,I o” LL=zP= 
50% 

A- 
40% 

27% 

(Equation 179) 

78% 73% 

(Equation 180) 

(Equation 181) 
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Other rhodium(U) catalyzed insertions are shown in 
eqn. (183) [2201, eqn. (1841 [2211, eqn. (185) [2221, eqn. 
(186) [223], and eqn. (187) [224]. Palladium acetate also 
catalyzed CH insertion of diazo compounds (eqn. (188) 
LW). 

(Equation 187) 

(Equation 183) (Equation 188) 

Pd(0Ac)zmoH / 

+ AN 
30” 

+ 

22-79x 

Ar - m. @AaPh. mM2m. mMeOPh, p400rn. 
PcIm, 0um. w=h, twwh. w0.e 2cclom 

(Equation 184) 
Ylide formation from reactions of carbenes and 

carbenoids with heteroatom lone pairs has been re- 
viewed (332 references) [226] as has the generation and 
utilization of carbonyl ylides via the tandem cycliza- 
tion-cycloaddition method [2271. For examples, see 
eqn. (189) [228] and eqn. (190) [2291. Tandem cycliza- 
tion reactions of rhodium carbenoids and its applica- 
tion for the synthesis of heterocyclic compounds was 
the topic of a dissertation [230]. In the rhodium(I1) 
catalyzed cascade cyclization in eqn. (1911, rhodium 
failed to insert into an alkyne [231]. 

(Equation 185) 

(Equation 189) 

ef y-f Jy 

40-80X 

(Equstion 186) 

(Equation 190) 

0 R’ 
RZ 0 

R RWk4 
l w-~~.-c0#3 - 

m 

El0 0 
- 

Meqc C4Me 

5595% 

(Eguation 191) 
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2.1.5. Cycloaddition reactions 
Cationic iron (eqn. (192) [232]) and zirconium (eqn. 

(193) [233]) catalyzed Diels-Alder reactions. Reduced 
cobalt complexes catalyzed asymmetric homo Diels- 
Alder reactions in the presence of chiral ligands (eqn. 
(194) [234]). Chromium cycloheptatriene complexes un- 
derwent 6 + 2 cycloaddition with alkynes (eqn. (195) 
[235]) and alkenes (eqn. (196) [236]), while manganese 
pentadienyl complexes underwent 6 + 4 cycloaddition 
with dienes (eqn. (197) [2371). 

(Equation 196) 

(Equation 197) 

(Equation 192) 

(Equation 193) 

Intramolecular palladium-catalyzed trimethylenn- 
methane cycloaddition was the topic of a dissertation 
[238]. Full papers on this topic has also appeared (eqn. 
(198) [239] and eqn. (199) [240]). Intermolecular ver- 
sions were also useful (eqn. (200) [241]). Palladium also 
catalyzed cycloadditions of methylenecyclopropanes 
(eqn. (201) [2421) and methylenethiaranes (eqn. (202) 
[243]). 

(Equation 198) 

(Equation 194) 

L’ - NC4’h-X 

R.Ph.S”.tS”.TMS 

(Equation 195) 

0 \,I l)h + MS-.s.-_Ms - : ctg- lws 

2) ce” I 

&CO,. 
TMS 

Nonem 

(Equation 199) 
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(Equation ZOO) (Equation 204) 

76% 

(Equation 201) 

30% -OH 

6% 

(Equation 202) 

Wd 
+ lM&c-.~.-c~s - 

m Ph 

-i \ $7 m/ 

m cwa 

Palladium (eqn. (203) [244]) and manganese (eqn. 
(204) [245]) catalyzed 1,3-dipolar cycloadditions. The 
[3 + 21 cycloaddition reactions of allylstannanes with 
cr,/3-unsaturated acyliron complexes have been re- 
viewed (91 referenced) [246]. The response of yields to 
the position and steric environment of the oxygenation 
in the nickel mediated [2 + 2 + 21 cocyclization of 
hepta-1,6-diyne and alkynols was examined [2471. Pal- 
ladium catalyzed enyne cyclizations which involved 
metathesis processes (eqn. (205) [248] and eqn. (206) 
LW). 

(Equation 203) 

(Equation 205) 

/ n-1.2.6 5346% 

(Equation 206) 

60% 

2.1.6. Alkylation of alkynes 
Palladium(O) catalyzed the intramolecular alkylation 

of alkynes by aryl halides (eqn. (207) [2501 and eqn. 
(208) [251]). Insertion of two alkynes produced arenes 
(eqn. (209) [252]). A spectacular alkyne insertion/cas- 
cade cyclization has been achieved (eqn. (210) [2531X 
Palladium(O) complexes catalyzed the alkylation of 
alkynes by enolates (eqn. (211) [254]), and by aryl 
halides followed by enolates (eqn. (212) [2551X Allenes 
also were alkylated by this same insertion-alkylation 
sequence (eqn. (213) [256] and eqn. (214) [2571X Ho- 
mologation was achieved using palladium(O) catalyzed 
oxidative addition/insertion/transmetallation pro- 
cesses (eqn. (215) [258] and eqn. (216) [259]). 

(Equation 207) 
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(Equation 208) (Equation 213) 

n-1.2 x-on.1 40.60% 

mt. & I’ TMS-.E 3 ~sm.zccl 

(Equation 209) 

R’ R’ 

f WO) 

c + Ii1 _- FP 

k” 70-907. 

(Equation 214) 

(Equation 215) 

=.A)\/ 

f 

A -6lN a 3 
R 

b 
-60% 

R2 

R’ 

tf 

A1 

/ 

71% 

R’=Lle.CQMS 

p=cqMs 

(Equation 210) 

(Equation 211) 

(Equation 212) 

Ar=R.FateoPh z=cQAte R=H.lM.9.kt9e.THKX&lH~ 

ljl R. 

c 4Pd + R-.=.-x - z 
(4 z 0.81 z 
t 35-71x 

Wquation 216) 

Wd oBn + .%sl-.s~ _ 

OTB6 
60% 

Alkynes were “carbocuprated” by functionalized 
organozinc reagents in the presence of (dimethylxcya- 
nojcuprates (eqn. (217) [2601). Palladium(O)/copper(I) 
systems catalyzed the alkylation of terminal alkynes by 
fluorinated vinyl iodides [261]. Reactions of cyclopalla- 
dated compounds with alkynes have been reviewed (56 
references) [2621 (eqn. (218) [2631). Alkynes were alky- 
lated by alkynyl tins using palladium catalysts (eqn. 
(219) [2641). Organolithium reagents alkylated 
alkynylzirconium complexes (eqn. (220) [265]). Alkynes 
were alkylated by zirconium benzyne complexes (eqn. 
(221) [266]). Alkynes were alkylated by 2thienoyliron 
complexes (eqn. (222) [267]). 
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(Equation 217) (Equation 222) 

0 

co s; +I 
1s 

cp”p d + PI-CECH - / 
,I \ m 

0 

55.76% 

+ R’-E.-_R2 - 

R’. ti= CQUa. ph. C+t(CEtk, CHO 

2.1.7. Alkylation of allyl, propargyl, and allenyl sys- 
terns 

Palladium catalyzed allylic alkylation continued to 
be actively investigated. Phase transfer conditions for 
the alkylation of ally1 acetates and chlorides by stabi- 

(Equation 218) lized enolates using palladium catalysts have been de- 
veloped [268] (eqn. (223) [269]). The regioselectivity of 

A’ 

% 

palladium(O) catalyzed reactions of nucleophiles with 

:I ’ qzNLlez+ cyclopropyl group containing ally1 esters has been stud- 

\/ 
ied [270]. Palladium(O) catalyzed the alkylation of ally1 
halides by dimethylfulvene (eqn. (224) [271]). Cyclic 

70.90% ally1 acetates were alkylated by acetonitrile anion gen- 
erated by palladium(O) catalyzed decomposition of ally1 
carbonates (eqn. (225) [2721). Palladium(O) complexes 

(Equation 219) 
catalyzed the C-allylation of cyclic P-diketones by ally1 
acetate in acid mediums [273]. 

w4 
R’CGCH + TYS, + RC~C-S,,B,, _ 

RJ 
(Equation 223) 

70-W% 

(Equation 220) 

(Equation 224) 

@&‘+.S.-R)2 + R'Li & 9=/” 
60.80% 

R=m,tic+, A$ P(O) 

R’=PIIC=C- -‘= Ph,pMeOPh,pCFsPh 

(Equation 221) 

(Equation 225) 
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Palladium(O) also catalyzed the alkylation of ally1 
epoxides by stabilized carbanions (eqn. (226) [274] and 
eqn. (227) [275]). 

(Equation 226) 

83% 

(Equation 227) 

Palladium(O) catalyzed alkylation of allylic acetates 
has found applications in the synthesis of C-glycosides 
(eqn. (228) [276], eqn. (229) [2771, and eqn. (230) [2781X 

(Equation 228) 

Ro O ex “0 Rb ’ 
+ (-)i 2% R 

X d )I 

Fd’ 
ami 814 

Ft.k,Fbl x.oco@ X.CO$tCN 

(Equation 229) 

78% 
72% 

(Equation 230) 

Asymmetric inductions in palladium catalyzed allylic 
alkylations has been achieved by using chiral ligands 
(eqn. (231) [279], eqn. (232) 12801, eqn. (233) [281l, and 
eqn. (234) [2821X 

(Equation 231) 

(Equation 232) 

(Equation 233) 

(Equation 234) 
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Palladium(O) also catalyzed allylation by transmetal- 
lation from tin (eqn. (235) [283]), silicon (eqn. (236) 
[284]) and boron (eqn. (237) [285]), as well as reduction 
(eqn. (238) [286]) and rearrangement/insertion reac- 
tions (eqn. (239) [2871 and eqn. (240) [2881). 

(Equation 235) 

Silylketene acetals attacked ally1 acetates at the less 
substituted carbon in the presence of palladium cata- 
lysts (eqn. (241) [2891), but at the central carbon with a 
platinum catalyst (eqn. (242) [290]). 

(Equation 241) 

X-H.CI.F Y-CIF.H.CFs 

(Equation 242) 
(Equation 236) 

SiF* 

(Equation 237) 

(Equation 238) 

(Equation 239) 

Palladium catalyzed allylic alkylation was useful for 
several cyclizations (eqn. (243) [2911, eqn. (244) [2921, 
eqn. (245) [293], and eqn. (246) 12941). This process 
could be truneated by a transmetallation leading to 
increased functionalization (eqn. (247) [2951X 

(Equation 243) 

>9% Id.4 L-(iPfO)p.THF 

8.W L -(iPfO)sP. OMSO 

(Equation 244) 

(Equation 240) 
(Equation 245) 

72% yield 

R - po~~lz L’ - (.wNbPo 5!5%ds 
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(Equation 246) (Equation 250) 

92% 

65% 

(Equation 247) 

4Pd 

(Equation 251) 

% 
HO 

Palladium(O) catalyzed the rearrangements of ally1 
epoxides (eqn. (248) 129611, nucleoside synthesis (eqn. 
(249) [297]), diene cyclization (eqn. (250) [298]) and 
deprotection (eqn. (251) [2991). 

Iron catalyzed the alkylation of ally1 acetates by silyl 
enol ethers (eqn. (252) [300]). Molybdenum carbonyl 
catalyzed the reduction of ally1 acetals (eqn. (253) 
[3011). 

(Equation 248) 

(Equation 249) 

(Equation 252) 

(Equation 253) 



198 L.S. Hegedus / Transition metals in organic synthesis 1991 

Palladium(O) catalyzed a number of fantastic multi- 
ple insertion/cascade cyclizations, starting from ally1 
acetates (eqn. (254) [3021, eqn. (255) [3031, eqn. (256) 
[304], eqn. (257) [305], eqn. (258) 13061, and eqn. (259) 
[3071). 

80% 

C&Et 
x-,-m ( 

m2u 

(Equation 254) 

(Equation 255) 

(Equation 256) 

(Equation 257) 

(Equation 258) 

(Equation 259) 

Vinyl cuprates alkylated ally1 and propargyl com- 
pounds (eqn. (26011 [308]. The diastereodifferentiation 
in the alkylation of ally1 epoxides by cuprates was 
studied (eqn. (261) [309]). Bis-propargyl halides or tosy- 
lates were dialkylated to dienes by organozinc reagents 
in the presence of copper cyanide (eqn. (262) [310]). 

(Equation 260) 

n 0 

?5- 
n 0 

I ). 
I 

CUR’ + ex - &- / 1 

0 

(Equation 261) 

(Equation 262) 
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Nickel(U) complexes catalyzed the alkylation of ally1 
dithio ethers (eqn. (263) [311]), and ally1 ethers (eqn. 
(264) [312]) by Grignard reagents. Copper(I) catalyzed 
the alkylation of ally1 chlorides or phosphonates by 
alkyltitanium alkoxides in “clean S,2” anti sense (eqn. 
(265) [313]). Zirconocene dichloride catalyzed the alky- 
lation of ally1 alcohols by Grignard reagents (eqn. (266) 
13141). 

(Equation 263) 

70.90% 

A,-(> - A,< +a - + 

Cobalt-stabilized propargyl cations were alkylated 
by enol ethers (eqn. (267) [3151, eqn. (268) [3161, eqn. 
(269a) [317a], and eqn. (269b) [317b]). Cobalt com- 
plexed propargyl aldehydes were alkylated by silyl- 

(Equation 264) ketene thioacetals (eqn. (270) [3181X 

I. \ 
Q 

L’MRQ +EmQs - (. \ 
Q . 

OPh El 

n-1.2 
L’.BlNAP 

upb92S 
34% comenion 

(Equation 265) 

(Equation 266) 

& (+~:5 
R’.oMe = a96 
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60-80x 

(Equation 268) 

(Equation 269a) 
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(Equation 269b) (Equation 272) 

2) TFA 

but 

0 

(Equation 270) 

2.1.8. Coupling reactions 
Regio- and stereoselective aryl coupling using tran- 

sition metals has been reviewed (21 references) [319]. 
Palladium mediated couplings for the synthesis of 
rotenoids was the subject of a dissertation [320]. Biaryls 
were synthesized by the coupling of aryl halides using 
palladium catalysts in the presented of tertiary amines 
[321]. Thiophene was dimerized then oligomerized 
when treated with chloropalladate in aqueous ethanol 
(eqn. (271) [322]). Stannyl quinones were coupled by 
palladium/copper catalyst systems (eqn. (272) [3231). 
Intramolecular coupling of aryl iodides was achieved 
using palladium(O) catalysts and hexamethylditin (eqn. 
(273) [324]), while palladium(O) catalyzed the coupling 
of vinyl iodides via their zinc derivative (eqn. (274) 
[3251X 

(Equation 271) 

and 

(Equation 273) 

:I N P :I O 
LO 60% 

‘\ c/p - o a3 :I 
0 N 

H 

60% 

(Equation 274) 

Aryl chlorides were electrochemically reductively 
coupled to biaryls using a nickel(H) chloride bisphos- 
phine catalyst [326]. Nickel species reduced by zinc also 
coupled aryl halides (eqn. (2751 [3271 and eqn. (2761 
[3281X 

(Equation 275) 

(Equation 276) 
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Highly stereoselective asymmetric synthesis of axi- 
ally dissymmetric diphenic acids via intramolecular Ull- 
mann reaction was the subject of a review (49 refer- 
ences) [329]. Unsymmetrical Ullmann coupling was 
achieved by “templating” the process (eqn. (277) [330]), 
or by oxidatively coupling unsymmetrical (his) aryl cop- 
per complexes at low temperature (eqn. (278) [331]). 
Gem-dibromoalkenes were coupled to 1,2,3-trienes by 
zinc/copper (eqn. (279) [3321). Copper coupled se- 
lenoamides to (bis)aminoolefins (eqn. (280) [333]). 

(Equation 277) 

(Equation 278) 

Mi+CtiN -w AWW~ &Ii 9 Allv 
-- 

-125 0 -125” hiih yields 

>S64 
Ar - m, oMeWh. fwom. pMeoPh. ZCI. 4CFJph. 1-Naphlh 
AC = oMe0Fi1 gMeC+‘h. oMePh. SF, 4YePh 78.SO% 

(Equation 279) 

(Equation 280) 

52-s% 
AI - m. mCFsPh, pMeOm. Z-NapMh 

Low valent titanium species and their application to 
organic synthesis has been reviewed (204 references) 
[334], as had Ambrene diterpene synthesis using tita- 
nium induced carbonyl coupling reactions (44 refer- 
ences) 13351. Ultrasound has been found to accelerate 
the McMurray coupling reaction [336]. Low valent tita- 
nium was used to couple benzoic acid halides and 
esters to stilbenes [3371. Aromatic nitriles were reduc- 

tively coupled to 1,2-diary1 ethanones by TiCl,/Zn 
[338]. McMurray coupling of dicarbonyl compounds 
was accomplished by TiCl,/K-C, (potassium-gra- 
phite) intercolate [339]. (This paper neglected to cite 
the extensive work of Furstner in the area.) McMurray 
coupling was not restricted to simple ketones, as evi- 
denced by the examples in eqn. (281) [340,3411, eqn. 
(282) [342], eqn. (283) [343], and eqn. (284) [3441. Opti- 
cally active 1,Zdiphenylethylene diamine was synthe- 
sized by the titanium induced coupling of the appropri- 
ate D-camphor ketimine (eqn. (285) [345]). 

(Equation 281) 

(Equation 282) 

(Equation 283) 

(Equation 284) 

(Equation 285) 
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Dimeric tungsten alkoxychlorides effected a meth- 
ylative reductivedimerization of ketones (eqn. (286) 
[346]). The coupling of alkynes with alkynes, isonitriles 
and carbon monoxide by complexes of molybdenum, 
niobium and tantalum was the topic of a dissertation 
[347]. Palladium(R) acetate oxidatively coupled ben- 
zopyranones to benzene [348]. Ruthenium dioxide in 
trifluoroacetic acid oxidatively coupled aryls (eqn. (287) 
L3491). 

(Equation 286) 

R 

R’-R F?.I-! 7% 

R’-FAM+ &=H76% 

Ph.M0 wh Ph.FbSC%ll C,CKl Fat 

(Equation 287) 

TFA 

0 

R’s=H.CMe 

2.1.9. Alkylation of r-ally1 complexes 
The allylnickel chemistry of optically active 2-al- 

kenyl-1,3-dioxolan-5-ones was the topic of a disserta- 
tion [350]. A theoretical study of palladium(O) cat- 
alyzed substitution on &allenic and allylic derivatives 
has appeared [351]. Palladium catalyzed allylic alkyla- 
tions of propen-2-yl acetates using chiral q3-ally1 com- 
plexes as catalysts were studied by NMR and crystallo- 
graphic techniques [351]. Cationic n3-allyliron com- 
plexes were alkylated by nl-allylmetal complexes (eqn. 
(288) [3531X cu-Methylene lactones were deoxygenated 
via r-allyliron complexes (eqn. (289) [354]). Trimeth- 
ylsilyloxy r-allyliron complexes underwent reaction 
with both nucleophiles and electrophiles (eqn. (290) 
[3551). 

(Equation 288) 

(Equation 289) 

(Equation 290) 

’ ‘R1 NU 

R’-H ti-H.I”e ~=“,k46,Et 18-5096 

NW = (-1 (E E’. /km 
& 

./‘\& 

E 

and 

Chiral r-allylmolybdenum complexes were used to 
alkylate aldehydes with high de (eqn. (291) [3561). Other 
uses of P-ally1 molybdenum complexes in synthesis are 
seen in eqn. (292) (reported several times last year) 
[357], eqn. (293) [3581, eqn. (294) 13591, and eqn. (295) 
[3601. 

(Equation 291) 

R 

(Equation 292) 
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(Equation 293) 

203 

(Equation 296) 

(Equation 294) 

(Equation 297) 

TCW 

0 x 
MO 

cpwv2 -c PhCHO 

(Equation 295) 

m 

2.1.10. Akylation of carbonyl compounds 
Tebbe’s reagent (,‘Cp,TiCH,“) was compared to 

Wittig’s reagent (Ph,PCH,) for ketone methylenation. 
Tebbe’s proved better, particularly for hindered or 
enolizable ketones 13611. Sugar esters, lactones and 
uloses were efficiently methylenated by Tebbe’s reagent 
(eqn. (296) [3621) as were polycyclic lactones (eqn. (297) 
13631). Ketones were converted to dienes by titanacy- 
clobutenes (eqn. (298) [3641X Other efficient methyle- 
nating reagents are shown in eqn. (299) [365], eqn. 
(300) [3661, and eqn. (301) [367]. Reduced niobium 
species coupled aldehydes (eqn. (302) [368]). 

(Equation 298) 

(Equation 299) 

Bo-90% 

(Equation 300) 
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(Equation 301) (Equation 305) 

FcHo + slckcea + &lap - RCH-CHCQm 

(25%) 
5085% 

R - Ph. pCIPh. pFPh. pMeOPh. +4ePh. pN&Ph. oBrPh 

(Equation 302) 

RCHO 
tac& + meti - ‘Nb’ - R/\\/R 

modest yield 

Chromous chloride reductively alkylated aldehydes 
with allylic halides (eqn. (303) [369]) with high Felkin 
selectivity (eqn. (304) [370]). Methyl chromium(II1) 
species alkylated aldehydes and (Y or p 0x0 ketones but 
not simple ketones (eqn. (305) [371]). Ketones were 
alkylated by (Y haloesters or nitriles by electrochemical 
reduction at a zinc anode using a nickel(R) catalyst 
(eqn. (306) [372]). Vinyl tantalum complexes alkylated 
ketones (eqn. (307) [37311. 

(Equation 303) 

(Equation 304) 

(Equation 306) 

Cl R 

60-60% 

(Equation 307) 

Reduced vanadium species cross coupled aldehydes 
(eqn. (308) [3741) and promoted the intramolecular 
alkylation of aldehydes by olefins (eqn. (309) [3751X 
Vanadium oxychlorides ring opened cyclobutanones 
and coupled them to olefins (eqn. (3101 [376]). 

(Equation 308) 
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(Equation 309) 

205 

(Equation 312) 

(Equation 310) 

Functionalized organocopper species alkylated car- 
bony1 compounds (eqn. (311) [3771 and eqn. (312) [3781X 
Ally1 copper complexes alkylated chiral imines with 
high diastereoselectivity (eqn. (313) [379]). Cyclopenta- 
dienyliron a-ally1 complexes alkylated aldehydes [380] 
and ketones (eqn. (314) [3811X 

(Equation 311) 

(Equation 3 13) 

(Equation 314) 

Chiral ferrocenylphosphine ligands ‘in combination 
with gold(I), catalyzed the asymmetri 

” 
aldol reaction 

[382]. Zirconocene dichloride did str nge things to 
ketones and aldehydes (eqn. (315) [ 831). 
added to rhenium-complexed aldehyde 
astereoselectivity (eqn. (316) [384]). ! 

Cyanide 
with high di- 

,alladium cat- 
alyzed the alkylation of a-hydroxy ketones by allylic 
alcohols (eqn. (317)[385]). 

(Equation 315) 

0 cm 

+ 2Rsao - 

R’ 

w w 

304% 
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(Equation 316) (Equation 319) 

R-Me. El, iR. En. Ph 
53-90x de 

(Equation 317) 

2.1.11. Alkylation of aromatic compounds 
Reviews entitled Tricarbonyl($-arenekhromium 

Complexes in Organic Synthesis (112 references) [3861, 
The study of catalyst effects on the complexation of 
arenes with chromium .hexacarbonyl. An overview (15 
references) [387] and New metho& of arene-carbon 
bond formation by aromatic nucleophilic substitution 
reactions (84 references) [388] have appeared. Chromi- 
urn-complexed benzocyclobutanes and benzocyclopen- 
tanes were alkylated by branched carbanions (eqn. 
(318) [389]). Optically active a-methyl phenyl glycine 
was synthesized by alkylation of chromium complexed 
fluorobenzene (eqn. (319) [390,391]). Complexed fluo- 
rotoluene was dialkylated by cyanocarbon carbanions 
(eqn. (320) 13921). 

(Equation 318) 

(Equation 320) 

Chromium-complexed pyridine underwent nucle- 
ophilic attack (eqn. (321) [393]). Chromium complexed 
1-methoxynaphthalene was alkylated/acylated (eqn. 
(322) [394]). Chromium complexed phenyl oxazolines 
or benzaldehyde imines underwent clean ortho alkyla- 
tion (eqn. (323) [395l) as well as trialkylation (eqn. 
(324) [3961X 

(Equation 321) 

(Equation 322) 

(Equation 323) 

(Equation 324) 

6WOl, &Kxn. 
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Cationic manganese arene complexes were dialky- 
lated (eqn. (325) [397]). Dimethyldioxirane efficiently 
decomplexed chromium from chromium arene com- 
plexes [398]. The regio- and diastereoselective addition 
of nucleophiles to electron-rich ($-pentadienyljiron 
complexes was the topic of a dissertation [399]. Cationic 
iron arene complexes were alkylated (eqn. (326) [400]). 

(Equation 325) 

(Equation 326) 

x-Nq,ClpTs,fR~ Z-H.4Me.4Cl Y--cI+#Q,~c~N+) 

-Cwx mu, -CHR. -CGb 

Chromium complexed arenes were cleanly lithiated 
and then functionalized with electrophiles (eqn. (327) 
[401], eqn. (328) [402], eqn. (329) [403], and eqn. (330) 
[4041. 

(Equation 327) 

(Equation 328) 

(Equrtion 329) 

(Equation 330) 

Complexation of arenes to chromium also activates 
benzylic positions. Synthetic applications of chromium 
tricarbonyl stabilized benzylic carbanions has been re- 
viewed (66 references) [405]. Functionalization of ben- 
zylic positions by deprotonation/reaction with elec- 
trophiles is efficient and selective (eqn. (331) [4061, 
eqn. (332) [407], eqn. (333) [408], and eqn. (334) [4091X 
This could be accomplished by anodic reduction of 
complexed methyl phenyl acetate [410]. Deprotonation 
of complexed ally1 benzene followed by reaction with 
aldehydes gave thermodynamic products with sodium 
or potassium counter ions and kinetic products with 
lithium counter ions (eqn. (335) [411]). 

(Equalion 331) 
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(Equation 332) 

(Equation 333) 

(Equation 334) 

(Equation 335) 

tbm,, ,Na*. K+. t&N+) kImtic Li’ 

Chromium complexed aldehydes underwent nucle- 
ophilic attack with a high degree of stereoselectivity 
(eqn. (336) [412], eqn. (337) [4131, and eqn. (338) 14141. 
Chromium complexed benzocyclobutanones underwent 
unusual reaction chemistry (eqn. (339) 14151, eqn. (340) 
[416], and eqn. (341) [417]). 

(Equation 337) 

(Equation 338) 

1) q  F3-OEt2 
t- + en-90% .90:10 

3, CAN 
OTM5 

(Equation 339) 

c+l 

1, BULI 
CO$A0 e ‘I 

2, li”” 
“, CO@ 

WCO,, 

t&lo&’ 
90% 

(Equation 340) 

&co,, 3) BuLi &COh 

85% 

(Equation 336) 
(Equation 341) 

MJC-ctl$K& 91m 

TMSCN 1oM) 
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Other reactions of complexed arenes, remote from 
the arene group, are shown in eqn. (342) [418,419], eqn. 
(343) [420], and eqn. (344) [421]. Arenechromium 
chemistry has been used extensively in the synthesis of 
complex natural products (eqn. (345) [422,423] and 
eqn. (346) 14241). 

(Equation 342) 

(Equation 345) 

-TMs 1)Meli 

BF&Et~ 2lessHICF~ 
Rx 46% 

(Equation 343) 

(Equation 346) 

g$~+ @y: 
3 WCO), 

66.65% 79-669/o d6 

18.911 

(Equation 344) 

Chromium complexed arenes underwent direct alky- 
lation (eqn. (237) 142511, and Wittig rearrangement 
(eqn. (348) [4261X The methyl benzoate chromium tri- 
carbonyl complex catalyzed the 1,4 hydrogenation of 
exocyclic dienes (eqn. (349) [427] and eqn. (350) [428]). 
The arene chromium tricarbonyl fragment was used as 
a chiral auxilliary in the synthesis of &lactams (eqn. 
(351) [4291X 

(Equation 347) 
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(Equation 348) (Equation 353) 

(Equation 349) 

(Equation 350) 

(Equation 351) 

Biphenyl (eqn. (352) [4301) and l+diphenylbuta- 
diene (his) chromium arene complexes (eqn. (353) [431]) 
were reduced then alkylated. 

(Equation 352) 

2.1.12. Alkylation of dienyl and diene complexes 
A review entitled Transition Metal Diene Complexes 

in Organic Synthesis. Part 5. Application of Iron-Diene 
Complexes to Natural Product Synthesis has appeared 
[432]. Complexation to iron carbonyl has been exten- 
sively used to protect diene portions of unsaturated 
carbonyl compounds during chemical reactions of the 
carbonyl group (eqn. (354) [433l, eqn. (355) [434], eqn. 
(356) [435l, eqn. (357) [4361, eqn. (358) [437], eqn. (359) 
[438], eqn. (360) [439], eqn. (361) [4401, and eqn. (362) 
Wll). 

(Equation 354) 

(Equation 355) 

(Equation 356) 
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(Equation 357) 

(Equation 358) 

QP decomplex 
o-_ 7-P - 

J 

(Equation 359) 

(Equation 360) 

,---- 

OH 

(Equation 361) 

WC% 

(Equation 362) 

95% 

Allylsilanes underwent reaction with appropriate di- 
ene complexes to give trimethylene methanes (eqn. 
(363) [442,4431X Diene iron complexes also underwent 
nucleophilic attack, generating n3-ally1 complexes, 
which were further functionalized (eqn. (364) [444,445]). 

(Equation 363) 

(Equation 364) 

WCO’, 

43 
(co’+s -La-- 

l 
* 

NUCO 
b&c-PhCH. PlKXXl 

40-60X 

Tungstem diene (eqn. (365) 14461) and molybdenum 
dienone complexes (eqn. (366) [4471) also underwent 
nucleophilic attack. 
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(Equation 365) (Equation 368) 

Nut CpW(CO), 
OM 

R-O& 

(Equation 369) 

(Equation 366) f 
-Fe(CO), 

Q, 
OTFA 

r 

pMePh, PhC=C a CN 

# 

0 ‘)F NMB* 

2)l+Z/FMi/M@H 

3) MesNo 

Reactions of nucleophiles with cationic dienyl com- 
plexes have been much more extensively studied. Cy- 
clohexadienyliron complexes were alkylated by diarylz- 
inc reagents (eqn. (367) [448]), methyllithium (eqn. 
(368) [449]) as well as more complex anions (eqn. (369) 
[450]). This chemistry has been used in the synthesis of 
isoquinuclidines (eqn. (370) [451]), indole alkaloids 
(eqn. (371) [452]) and isoquinoline alkaloids (eqn. (372) 
[453]). Alkylcadmium‘Ceqn. (373) [454]) and functional- 
ized organocopper species (eqn. (374) [455]) also alky- 
lated dienyl complexes. 

(Equation 367) 

* 
,WC% 

0 
m + AxgIl - 

51.73% 

(Equation 370) 

+Fe(COj,+ s h--- --Q 

(Equation 371) 

H CM9 

l)A@ DMAP -/ 

2) Mm & 9‘ CHO 
3) N&Ii. “X 

N 
H 

14% 

(Equation 372) 
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(Equation 373) 

(Equation 374) 

A dissertation dealing with nucleophilic attack on 
n5-dienylmanganese tricarbonyl complexes has ap- 
peared [456]. Manganese dienyl complexes underwent 
photochemical cycloaddition with dienes in low yield 
(eqn. (375) [4571X 

(Equation 375: 

9.45% 

2.1.13. Metal / carbene reactions 
Metal carbene complex chemistry remained an ac- 
tive area for research, and a large number of reviews 
and dissertations on the subject appeared this year. A 
list follows: 

Benzannulation Reactions Employing Fischeri 
Carbene Complexes 14581; 
Development of Carbene Complexes of Iron 
as New Reagents for Synthetic Organic Chem- 
istry 14591; 
Metallacycle and Metallacycle-Carbene Com- 
plexes: Synthesis, Structure, Relativity and 
Mechanistic Studies [4601; 
Carbene Complexes of Chromium Bearing 
Nitrogen Substituents [4611; 
Application of Fischer-type Metal Carbene 
Complexes to Organic Synthesis 14621; 

Mechanistic Studies of Enantioselective Car- 
bene Transfer Reactions of the Chiral-at-Iron 
Carbene Complexes 14631; 
Studies in the Synthesis of Metal-Nitrenoids 
and the Pericyclic Reactions of Cyclopropyl- 
carbene Chromium Complexes [4641; 
Synthetic and Mechanistic Studies of Reac- 
tions of Organometallic Carbene Complexes 
with Enynes 14651; 
Organometallic Chemistry of Vinylidene and 
Related Unsaturated Carbenes [4661; 
Chromium Aminocarbene Complexes in Or- 
ganic Synthesis L4671; 
Cyclization Reactions Involving Carbenk Com- 
plexes in the Inner Sphere of Transition Met- 
als 14681; 
Cyclization Reactions Occurring in the Inner 
Coordination Sphere of Transition Metals with 
the Participation of Carbene Complexes [469]. 

Several procedures for elaborating chromium car- 
bene complexes have been developed (eqn. (376) 
[470,471], eqn. (377) 14721, and eqn. (378) [4731X 

(Equation 376) 

(Equation 377) 

(Equation 378) 

OMe + 
OMB 

+ Ftc=y - GOI 

$1 

*cr 

Ph 
Ph 

wa.w 
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(Equation 383) 
The thermal benzannulation (Diitz) reaction contin- 

ues to be utilized to synthesize naphthoquinones and 
related derivatives (eqn. (379) [474], eqn. (380) [475], 
eqn. (381) [476], and eqn. (382) [477]). A full paper on 
the response of this reaction to variations in substrate 
structures has appeared (eqn. (383) [4781). 

(Equation 379) 

Other less straightforward uses are shown in eqn. 
(384) [479], eqn. (385) [480], eqn. (386) \481], eqn. (387) 
[482], and eqn. (388) [4831. 

(Equation 384) 

R 

X-OEt.Nb& 
17-m% 

Fl’.Ph.wr 

(Equation 380) 

(Equation 385) 

(Equation 381) 

(Equation 386) 

(Equation 382) L ‘-ems J 

VA 
+ m-e-m - 

2) ox 
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(Equation 387) 

(Equation 388) 

c 
E 

~CO)& 72 co + ,_._.q L - 4 . \ o 

0 
Ii 

63% 

Aminocarbene complexes give five- rather than six- 
membered rings (eqn. (389) [4841, eqn. (390) [4851, and 
eqn. (391) 14861). 

(Equation 389) 

(Equation 390) 

(Equation 391) 

Photochemical reactions of chromium carbene com- 
plexes generate ketene-like species. This has been used 
to synthesize cyclobutenones (eqn. (392) 14871) and 
(eqn. (393) [488]), to compare the stereoselectivity of 
free ketenes (generated from acid chlorides) to photo- 
generated ketenes (from carbene complexes) in their 
reactions with imines to produce /3-lactams [489], and 
to generate and intramolecularly trap vinylketenes to 
give a photo (Hege-Diitz) reaction (eqn. (394) [490]). 

(Equation 392) 

(Equation 393) 

cft’ 
lCOm=( l 

R 

(Equation 394) 

OMe 

Carbene complexes reacted with tropylium ions to 
give elaborated carbenes, which annulated intramolec- 
ularly (eqn. (395) [4911X Ynamines inserted into alkoxy- 
carbene complexes to give complex mixtures of which 
also underwent intramolecular homologation (eqn. 
(396) [4921). Alkoxy carbene complexes combined se- 
quentially with allenes, then alkynes to give meth- 
ylenecyclopentenes (eqn. (397) [493]). Polyunsaturated 
carbene complexes cyclized when heated (eqn. (398) 
[4941X 

(Equation 395) 

- (CO)*M 

cn3 
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(Equation 396) 

OEt 

==k 
NEtz Ph 

(COW - + Ey-.~.-hb - (COW 
- 

Ph Y 

+ 

- 

OEt 

Ph 

Eb x 0 

(Equation 400) 

(Equation 397) 

2.1.14. Alkylation sf metal acyl enolates 

(Equation 398) 

Bridging methylene molybdenum complexes meth- 
ylenated aldehydes but not ketones (eqn. (399) [4951). 
Iron carbene complexes inserted at C-H bonds (eqn. 
(400) 14961). 

The results of the two papers on this topic are 
present in eqn. (4011 [4971 and eqn. (402) 14981. 

(Equation 401) 

M - Et 
R R RSR >gaxde 

S R SSR 92%* 

(Equation 402) 

(Equation 399) 

2.2. Conjugate addition 

& 
LOW temperature NMR studies of the addition of 

H (R,Si),CuLi, and (Me,Sn),CuLi, to cyclohexenone 
SO-SD?4 gave evidence of r-complexation [499]. Functionalized 

enones were cleanly 1,4-alkylated by organocuprates 

Ix) rsadion (eqn. (403) [500] and eqn. (404) [5011X Functionalized 
organocuprates also efficiently 1,Calkylated conjugated 
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enones (eqn. (405) [5021 and eqn. (406) [503]). This 
chemistry was used in the synthesis of prostaglandins 
(eqn. (407) [504] and eqn. (408) [5051X 

&.S.-_H L!zL 

CZE% 

217 

(Equation 406) 

0 

1) 1o%cuc~2LicI 

-‘cI / R 

60-80?4 

(Equation 403) 

R - “St,. S”. TBDMS 

(Equation 404) 

(Equation 405) 

(Equation 407) 

(Equation 408) 

Asymmetric conjugate addition was very popular 
this year, with several different approaches being suc- 
cessful. The most popular was conjugate addition to 
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chiral substrates (eqn. (409) [5061, eqn. (410) [SW], eqn. 
(411) [508], eqn. (412) [5091, eqn. (413) [5101, eqn. (414) 
[511,512], and eqn. (415) [5131). 

(Equation 409) 

(Equation 410) 

R-Bu.Et.iPf 

Q 

Ph-s 

At 

(Equation 411) 

(Equation 414) 

(Equation 415) 

R2 

BuCBF3 397 0 R’ 

x - OMe. CaPI, MB 

R’ -Me. Eu 

l3*.Elu,Me 

R’-MB +.F~I (A) 

R’.k,e R2-Bu (S) 

63.91% yield 
94s to 8634 de 

Optically active copper species added to ynones 
(eqn. (416) [5141X The use of optically active ligands 

(Equation 412) 
was also efficient. The synthesis of R(- 1 muscone in 
this way (eqn. (417) was the subject of three papers this 
year [515-5171) and at least one last year, all by the 

Ph=OW 

R-Ye 84%yW G’%dB 
R-Et 3S%yiekl 14%kde 
R-W S’%yMd X?%de 
R-“&I 7t%yieid 58Kde 

same group with the same ligand and substrate! Other 
systems are seen in eqn. (418) [518], eqn. (419) [519], 
and eqn. (420) 15201. 

(Equation 416) 

(Equation 413) 

CUTMEDAL, + H-.z.-C4El - 

92% 

and 

o-o’ +0-o 

AnAm4EOALI - /-vbJL- ’ we 
91% 
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(Equation 417) 

(Equation 418) 

m 

L’. 
k 

4 

;“rl 

l3uCu’ - 2EuLi in hexam 
cul + 4uBhTHF 

(Equation 419) 

(Equation 420) 

CN 

More complex conjugate additions are also possible 
(eqn. (4211 15211 and eqn. (422) 15221). The enolate 
resulting from conjugate addition could be trapped as 
the silylenol ether by treatment with TMS chloride in 
the presence of lithium iodide (eqn. (423) 15231). 
Cuprates added 1,6 to ynenones (eqn. (424) [524]). 
Rhodium(I) complexes catalyzed the 1,Caddition of 
o-enones to @-unsaturated ketones (eqn. (425) 15251). 
1,CAdditions to enones was effected by nickel rr-ally1 
species in a somewhat convoluted but useful manner 
(eqn. (426) [526]). Palladium(O) catlayzed the conjugate 

addition of iodopyrimidines to a,gunsaturated ketones 
[527]. Ally1 manganese compounds added diastere- 
ospecifically to cY,&unsaturated esters [528]. 

(Equation 421) 

(Equation 422) 

(Equation 423) 

(Equation 424) 
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(Equation 425) 

low mnveoion 

(Equation 426) 

2.3. Acylation reactions (excluding hydrofomylation) 
The following general reviews and dissertations 

dealing with acylation/carboxylation chemistry have 
been published: 

Carbon Monoxide Activation by Homogeneous 
Catalysts 15291; 
Carbonylation. Direct Synthesis of Carbonyl 
Compounds [5301; 
Advances in Catalytic Carbonylation with 
Transition Metal Complexes in Homogeneous 
Phase [53Il; 
Asymmetric Hydroformylation in the Synthesis 
of Pharmaceuticals WI; 
Chelation-Controlled Carbonylations Cata 
lyzed by Group VIII Transition Metal Com- 
plexes [5331; 
Carbonylation of Formaldehyde and Its 
Derivatives L5341; 
Cyclocarbonylation Catalyzed by Palladium 
Complexes [5351; 
CIR-FI’IR Studies of Palladium-Catalyzed 
Carboalkoxylation Reactions [5361; 
Mechanisms of Double and Single Carbonyla- 
tion Reactions Catalyzed by Palladium Com- 
plexes L5371; 
Total Synthesis of (&:> Jatrophone and Its 
Epimer via a Key Palladium-Catalyzed Car- 
bonylative Coupling [538]. 

2.3.1. Carbonylation of alkenes and arenes 
The effect of temperature and pressure on the pal- 

ladium catalyzed carbonylation of 1,5cyclooctadiene 
was examined [539]. Asymmetric hydroformylation of 
styrenes using chiral phosphine/platinum/tin complex 

catalysts (4: 1 branched to normal = 100% eel [540] 
and of acylamino acrylates by rhodium/DIP0 catalysts 
(= 60% eel [591] has been developed. Monoterpenes 
were selectively hydroformylated using rhodium/phos- 
phine catalysts [5421. puru-substituted 2-phenylpro- 
penes were asymmetrically hydroformylated by palla- 
dium/DIOP systems 15431. The regioselectivity of the 
hydrocarboxylation of vinyl silanes strongly depended 
on the catalyst (eqn. (427) [544]), as did the regioselec- 
tivity for hydroesterification of acrylic acid esters (eqn. 
(428) [5451). Cobalt carbonyl catalyzed the hydrocar- 
boxylations of unsaturated cyclic amines (eqn. (429) 
[546]). Palladium acetate catalyzed the carbonylative 
polymerization of ethene (eqn. (430) [5471X 

(Equation 427) 

@WI, + W + EtCtl 
La 

* RsimC4Et l Rg A 
C02Et 

9015v 
BoK!Jhn*CO 
lHFWMCU t2Pu&cat >973 4&99?4 

WC& 
I 

595 yield 

(Equation 428) 

R’ ‘4 cat R’ R’ 
- 

+w+mCtl- + 
CO&w 

Q 
MeO& CO&@ 

k 
Mew CO.@ 

R.R’-H cat.L$‘d& 95%yieM a0873 
DlwRQ87% 49so 

R-Me.R’=H L&Q 44% 83:17 

-39% 3om 
R-H,R’.t& Lp14 50% 8020 

DtOPwQ49% 498 

(Equation 429) 

Q” co/y 
COPh 

cwma 

(Equation 430) 

a+Fcnz w+Mai 
w(oAc)z 

pwK2fphl high mkular W@‘d 

Olefins were efficiently amidocarbonylated using 
cobalt carbonyl catalysts (eqn. (431) [5481, eqn. (432) 
[5491, and eqn. (433) [5501). 

(Equation 431) 
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(Equation 432) 

221 

(Equation 436) 

R.H.Me.CO#& i?.PhMa 

R’-H.Ue 

n-0.1 

(Equation 433) R’.Me.rn,H 

R2.H 
ICC 

(Equation 437) 

&Y# u his @./Ok&_, +o(c~+l. I 
Hydroxyalkenes (eqn. (434) [5511) and aminoalkenes 

(eqn. (435) [5521, eqn. (436) [553], and eqn. (437) 15541) 
were intramolecularly acylated. 

Rhodium(I) complexes catalyzed the intramolecular 
addition of aldehydes to alkenes (eqn. (438) [5551 and 
eqn. (439) [5561). Other acylations of olefins are seen in 
eqn. (440) C5571, eqn. (441) [5581, and eqn. (442) [5591. 

(Equation 438) 

(Equation 434) 

.d R’ 

(Equation 435) 

0 

R’-H ti-m.Fh.IBu 

(Equation 439) 
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(Equation 441) 

x 
d\ +co+NaBc(, _ 

RCHUB 

5M)pai 
bH + 

1W 

CWh 
rn’ca 

(Equation 442) 

WOH 

70-Qo?G 

6rancwd - R - Ph, PMePh. pam. pFPh. 

2.3.2. Carbonylation of alkynes (including the Pau- 
son-Khand reaction) 

Ruthenium-Catalyzed Additions to Alkynes: Synthesis 
of Activated Esters and Their Use in Acylation Reactions 
was the subject of a review (57 references) [560]. Palla- 
dium catalyzed the acylation of alkynes to branched 
t-butyl esters (eqn. (443) [561]). Mixed cobalt/nickel 
catalysts gave reductive carbonylation products (eqn. 
(444) [562]). Cyclic propargyl alcohols and alkynes lack- 
ing propargylic hydrogens underwent double carbony- 
lation (eqn. (445) [563]). Allenes were acylated by man- 
ganese carbonyl/methyl iodide (eqn. (446) [5641). 
Alkynes were cycle dicarbonylated to butenolides by 
rhodium catalysts (eqn. (447) [5651). The same complex 
catalyzed the cross hydrocarbonylation of 1-alkynes 
with ethene (eqn. (448) [5661). 

(Equation 443) 

(Equation 444) 

(Equation 445) 

(Equation 446) 

(Equation 447) 

60.100% mnvenion 
M-91% s&uivny 

\x R’ . Ph.p MeWh. m/v MI. Et 

13’ = ph. pMePh. pUeOm. pNCPh. OMePh. m e.Et 

(Equation 448) 

4 I 0 

Palladium catalyzed the inter- (eqn. (449) 15671) and 
intramolecular (eqn. (450) [568]) aminocarbonylation of 
alkynes. Cobalt carbonyl converted phenylacetylenes to 
indanones (eqn. (451) [5691X Iron pentacarbonyl cy- 
clized diynes to cyclopentadienones and enynes to cy- 
clopentenones (eqn. (452) [570]). Zirconocene effected 
a similar transformation stepwise (eqn. (453) [5711X 

(Equation 449) 

(Equation 450) 
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(Equation 451) (Equation 455) 

co2oI 
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(Equation 452) 
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The Pauson-Khand cycloaddition reactions for syn- 
thesis of cyclopentenones has been reviewed (79 refer- 
ences) [572]. Trimethyl amine oxide dramatically accel- 
erated this process (eqn. (454) [5731) as did the use of 
alkynyl chromium carbene complexes (eqn. (455) [574]). 
The regiochemistry of the Pauson-Khand reaction 
could be ligand controlled, with the homoallylic posi- 
tion being most effective (eqn. (456) [575]). The reac- 
tion has found extensive use in synthesis (eqn. (457) 
[5761, eqn. (458) [577], eqn. (459) [5781, eqn. (460) [5791, 
and eqn. (461) [5801). 

(Equation 454) 

G!quation 456) 

(Equation 457) 

(Eguation 458) 
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(Equation 459) (Equation 463) 

(Equation 461) 

2.3.3. Carbonylation of halides and trzflates 
Organic halides were converted to esters over cobalt 

or palladium catalysts on zeolites (eqn. (462) [581,582]). 
Formate esters were used as a source of carbon monox- 
ide in the carbonylation of halides (eqn. (463) [583]). 
Palladium(O) complexes catalyzed the carbonylation of 
chloropyrazines (eqn. (464) [584]), and chlorobenzene 
chromium complexes (eqn. (465) [5851). Aryl halides 
were trifluoroacylated via their copper derivatives (eqn. 
(466) [586]). Gem dihalides were carboxylated (eqn. 
(467) [587]) and aminoacylated (eqn. (468) [5881) over 
cobalt catalysts. (2-Bromoethyl)benzene was converted 
to a lactone by double carbonylation using a cobalt 
catalyst (eqn. (469) [589]). 4Pyridone esters were pre- 
pared by the carbonylative coupling of bromoamino- 
acrylates with alkynes (eqn. (470) 15901). 

(Equation 462) 

,-nap~h. pb!OPh. MeOPh, We=JPh 

R - Ph. pFPh, pBrPh. plPh. ph@OPh. ph 

X-l 

(Equation 464) 

(Equation 465) 

(Equation 466) 

(Equation 467) 

R - m. me. i .ackh 

(Equation 468) 

(Equation 469) 

sr co. w muoH 

Ph- 
Sr(co(Cw4 Ph 
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(Equation 470) 

Lactones (eqn. (471) 15911, eqn. (472) [592], and eqn. 
(473) [593]), amides (eqn. (474) [594]), and pyridones 
(eqn. (475) [595]) were all synthesized by the carbonyla- 
tion of halides. 

(Equation 471) 

AI - m. p&&m. pCIPh. @4eOPh. pM&CPh, oMeCPh 
40-m% 

(Equation 472) 

lairyka 

(Equation 473) 

(Equation 474) 

so-70?& 

Al -ph. pMePh. pMeOm.p+k3wm. pNCPh. pClPh, PPhrn. pmCOPh 

aka 3-w. 4-M. 4cA 4,5Ma&. ~2dbdabeluene.s wink 

(Equation 475) 

Palladium(O) complexes catalyzed the carbonylation 
(eqn. (476) [596]) and carbonylative coupling (eqn. (477) 
[597], eqn. (478) [598], and eqn. (479) [5991) of triflates. 
Cobalt complexes catalyzed the carbonylation of sul- 
fonates (eqn. (480) [6001). Palladium complexes cat- 
alyzed the carbonylative coupling of boranes (eqn. (481) 
[6011 and eqn. (482) [6021X 

(Equation 476) 

(Equation 477) 

(Equation 478) 
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(Equation 479) 

(Equation 480) 

R’CfX# + CO + EKSI - R’WzB 

SJ 
loo’ 35-70% 

(Equation 481) 

(Equation 482) 

0 

50.90% 

‘* L”*., 

2.3.4. Carbonylation of nitrogen compounds 
Allylamine was carbonylated in very low yield to 

give a mixture of products [603]. The reductive car- 
bonylation of nitroaromatics to isocyanates with palla- 
dium catalysts [604] and rhodium catalysts [605] as well 
as the ruthenium catalyzed reductive carbonylation of 
aromatic nitro compounds to arenes [606], has been 
reported. 

2.3.5. Carbonylation of oxygen compounds 
Carbonylation of allylic compounds and cross dou- 

ble carbonylation of amines and alcohols using palla- 
dium and rhodium catalysts has been reviewed (42 
references) [607]. Optically active benzyl carbonates 
were carboxylated in modest enantiomeric excess using 

palladium catalysts (eqn. (483) [608]). Ally1 acetates 
were acylated by alcohols using ruthenium catalysts 
(eqn. (484) [609]). Propargyl carbonates were carbony- 
lated to allenyl ketones using palladium catalysis (eqn. 
(485) [6101X Ally1 ethers were carbonylated equally well 
by homogeneous and heterogeneous palladium cata- 
lysts [611]. Aromatic aldehydes were carbonylated to 
phenyl acetic acid derivatives by palladium-phos- 
phinehydrogen chloride systems [612]. Tetrahydrofuran 
was ring opened and carbonylated by manganese car- 
bony1 triflates (eqn. (486) [613]). Diphenyl ally1 acetates 
were cycloacylated to naphthols by palladium catalysts 
(eqn. (487) [6141X 

(Equation 483) 

(Equation 484) 

R-R, PI,-! o._ -j 
0 # 

R’=H.Me 

(Equation 485) 
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(Equation 486) 
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(Equation 487) 

b - ph. PuePh. a-hlrji. phtewh 

A+ - Ph. FM+. PcFsPh. 3.5CIph. 3.5mph 

2.3.6. Mscellaneous carbonylations 
Palladium acetate/copper acetate/oxidizing agent 

systems carboxylated cyclohexane [615] and alkylated 
cyclohexanes (eqn. (488) 16161). Iron acyl complexes 
added to iron @-unsaturated acyl complexes (eqn. 
(489) [6171). Palladium catalyzed the carbonylation of 
silyl ally1 carbonates (eqn. (490) [618]), cyclopalladated 
arenes (eqn. (491) [6191), and dienyl acetates (eqn. 
(492) 16201 and eqn. (4931[621]). Cyclopentenones were 
made by the carbonylation of zirconacyclopentanes 
(eqn. (494) [6221). 

(Equation 488) 

(Equation 489) 

(Equation 491) 

@quatim 492) 

(Equation 493) 

(Equation 494) 

(Equation 490) 
2.3. Z Decarbonylation reactions 
A dissertation dealing with mechanistic studies on 

rhodium(I) catalyzed decarbonylation reactions of acid 
chlorides has appeared. Thioesters were decarbony- 
lated to dithiols by nickel(U) chloride/zinc (eqn. (495) 
[6241X 
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(Equation 495) (Equation 498) 

,4R 

2.3.8. Reactions of carbon dioxide 
A review entitled Chemical Utilizations of Carbon 

Dioxide. Synthesis of Unsaturated Lactones (3 refer- 
ences) has appeared [625], as has one dealing with 
carbon dioxide as a C-1-synthon in catalytic syntheses 
(19 references) [626]. Alkynes were carboxylated by 
carbon dioxide under electrochemical reduction in the 
presence of nickel catalysts (eqn. (496) [627]), as were 
diynes (eqn. (497) [628]). Palladium catalyzed the car- 
boxylation of alkynes (eqn. (498) [6291) and dienes 
(eqn. (499) [630]), while ruthenium complexes catalyzed 
the carboxylation of enynes (eqn. WO) [6311X Alkynes 
were used to carry the carbonylation of amines by 
carbon dioxide (eqn. (501) [632]). 

(Equation 496) 

Nica C02H 
R’-.E.-.s.-Rz + CQ __ Rz._.=. 

L.Mpamde 

CO&i 
R’- .z . 

R’.nCs. Q Ph. pMePh, MeOCH2. PMXH2 

Rz - m, nBu. PhCCHz, MeCCH~. pMePh 

R-*=*-H + HCWil~O 

(Equation 499) 

(Equation 500) 

Ru diQk,S 

FhEH + co2 + tc=c - R+‘““K / 

30.60% 

(Equation 501) 

*+Cq 
Fb&.3H&J 

- RNH’NHR 
RCS CH 

Low valent nickel incorporated carbon dioxide into 
a number of substrates (eqn. (502) 16331, eqn. (503) 
[634], eqn. (504) [635], and eqn. 
(0) complexes decarboxylated 
(506) [6371X 

(505) [636]). Palladium 
ally1 carbonates (eqn. 

(Equation 502) 

(Equation 503) 
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(Equation 504) 

Q 
HO& C&H 

OH 

63% 

71% 

(Equation 505) 

(Equation 506) 

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

A dissertation dealing with ethylene dimerization 
catalyzed by rhodium supported on oxide surfaces has 
appeared [638]. Square planar nickel complexes [6391, 
nickel formazanates [6401, silica supported molybde- 
num catalysts derived from Mo(NMe2)3 [641], and 
nickel(R), palladium(II), and platinum(R) phosphine 
complexes [642] all catalyzed ethylene dimerization. 
Nickel aminophosphinite complexes dimerized conju- 
gated dienes [643]. Rhodium (ethyl) (ethylene> com- 
plexes catalyzed the efficient tail to tail dimerization of 
methyl acrylate (eqn. (507) 16441). Low valent titanium 
complexes catalyzed the oligomerization of methylene 
cyclopropene, and its cocyclooligomerization with con- 
jugated dienes [645]. 

(Equation 507) 

The oligomerization of cu-olefins to higher linear 
oligomers has been reviewed (447 references) 16461. 
Olefins were polymerized by vanadium containing 
polyhedral oligometallasilsesquioxanes 16471. Cationic 
chromium complexes (eqn. (508) [6481) and zirconium 
complexes (eqn. (509) [649] and eqn. (5101 [6501) poly 
merized ethene and propene. Palladium(O) complexes 
catalyzed the oligomerization of 1,Zdistannyl ethene 
with dibromothiophenes (eqn. (511) [651]). Enantiose- 
lective telomerization of 1,3-dienes has been reviewed 
(23 references) 16251. 

(Equation 508) 

+ Cl+=CH, 

(Equation 509) 

(Equation 510) 

(Equation 511) 
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Alkynes were dimerized by ruthenium catalysts (eqn. 
(512) [653,654] and eqn. (513) [655]), while a,&un- 
saturated ketones were tail to tail dimerized by rhodium 
catalysts (eqn. (514) [656]). Ruthenium catalysts codi- 
merized alkynes with alkenes (eqn. (515) [657]) while 
titanacyclopentenes codimerized isoprene and ethylene 
(eqn. (516) [6581X Palladium complexes catalyzed the 
cooligomerization of alkynes and alkenes (eqn. (517) 
16591 and eqn. (518) [6601X 

(Equation 512) 

Ru+ca 
Rea.--H - rt.EE. 

3 \ 
R 

R.MS.Ph 

(Equation 513) 

t 
CbCH 
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(Equation 514) 

(Eguation 515) 

R = Ph. Et. Me. tBu. Ii 

2 - cO#e. CONMe? 

(Equation 516) 

(Equation 517) 

E 
+ E-.=.-E + -OH_, 

E (mapr) 

(Equation 518) 

d 
46.65% 

Optically active (his) indenylzirconium complexes 
polymerized 15-hexdienes very stereoselectively (eqn. 
(519) [661]). Simple methyl rhenium 0x0 species were 
efficient ROMP catalysts (eqn. (520) [662]). Chiral 
polyacetylenes were synthesized by tungsten catalyzed 
ROMP polymerization of cyclooctatetraenes with chi- 
ral side chains (eqn. (521) 16631). Tungsten(W) chloride 
cooligomerized norbornene and phenyl acetylene (eqn. 
(522) [6641). ROMP polymerization of functionalized 
bridge bicyclic dienes led to highly functionalized 
oligomers (eqn. (523) [665]). 

(Equation 5 19) 

(Equation 520) 

(Equation 521) 
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(Equation 522) 
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(Equation 523) 
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Cyclopentadienyl cobalt dicarbonyl catalyzed a num- 
ber of cyclotrimerization reactions of alkynes, and 
alkene/alkyne cocyclotrimerizations (eqn. (524) [6661, 
eqn. (525) [667], eqn. (526) [668], and eqn. (527) [669]). 

(Equation 524) 

(Equation 525) 

(Equation 526) 

0 

(Equation 527) 

(Equation 528) 

R’-.H.-_Rz 
cpco(col2 

+ TMSCN - msl 
A 

Reduced nickel species cyclooligomerized unsatu- 
rated species (eqn. (529) [6701, eqn. (530) [6711, eqn. 
(531) 16721, and eqn. (532) [6731X 

(Equation 529) 

(Equation 530) 
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(Equation 532) 

Other cyclooligomerizations are shown in eqn. (533) 
[674] and eqn. (534) [675]. Niobium(V) chloride cat- 
alyzed the cocyclotrimerization of phenyl acetylenes 
and hexynes [676]. Rhodium chloride/aliquat 336 cat- 
alyzed the cooligomerization of phenylated diynes [677], 
while rhodium( + > phosphine complexes oligomerized 
phenylacetylene [678]. 

(Equation 533) 

W@Wz R’ 
&B’ + RI-.=.__R’ - 

z 

R _ Ph. pMeOPh. Me. Et0 w’ 
R’ - Ph. pMaOPh. Et 

(Equation 534) 

lK=CH 

Titanium(W) complexes catalyzed the living poly- 
merization of isocyanates (eqn. (535) [679]). The mode 
of chain growth for the cooligomerization of styrene 
and carbon monoxide was studied (eqn. (536) [686]). 

(Equation 535) 

(Equation 536) 
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2.5. Rearrangements 

2.5.1. Metathesis 
The following reviews and dissertations dealing with 

olefin metathesis have appeared: 

The Stereochemistry of Metathesis of Acyclic 
and Cyclic Olefins (23 references) [6811; 
Metathesis of Functionalized Acyclic Olefins 
(49 references) [6821; 
General Properties of Supported Metathesis 
Catalysts (47 references) NW; 
Novel Supported Catalysts for Terminal 
Alkene Metathesis (35 references) b841; 
Catalysts for the Homogeneous Metathesis of 
Functionalized Olefins (43 references) [6851; 
Metathesis of Alkynes (58 references) 16f-a; 
“Photochemical” Azo Metathesis by Tungsten 
Carbenes. Generation of Low-Valent Tung- 
sten Nitrenes 16871. 

New olefin metathesis catalyst systems involving an- 
choring molybdenum dioxo(acetylacetonate) to alu- 
mina [688], tungsten carbonyls [689], heteropoly- 
tungstate and molybdates on silica [6901, Re,O,/Al,O, 
16911, tungsten/tin/aluminum [692], and dinitrosyl- 
molybdenum complexes [693] have all been developed. 

2.5.2. Olefin isomeriza tion 
Palladium(R) dithio-p-diketonate complexes cat- 

alyzed the isomerization of cr-olefins in the presence of 
alkylaluminum cocatalyst [694]. Catalytic asymmetric 
hydrogen migration of allylamines has been reviewed 
(69 references) [695]. Arene chromium complexes cat- 
alyzed the rearrangement of allylic diene amines to 
dienamines (eqn. (537) [696]). Ruthenium complexes 
rearranged ally1 alcohols to aldehydes (eqn. (538) [697]) 
while cationic rhodium complexes rearranged ally1 al- 
cohols to enols, which were quite stable [eqn. (53911) 
[698]. Iridium hydride complexes rearranged propargyl 
amines to ketones (eqn. (540) [699]). 
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(Equation 537) mium complexed benzylallyl ethers underwent rear- 
rangement when treated with butyllithium (eqn. (545) 

NHBOC c ‘/ 

and 
94% 

yBoc YHEIOC 

(Equation 538) 

(Equation 539) 

(Equation 540) 

2.5.3. Rearrangement of allylic and propargylic com- 
pounds 

Palladium(H) complexes catalyzed the allylic trans- 
position of ally1 acetates (eqn. (541) [700]) propargyl 
acetates (eqn. (542) [701]), Sally1 dithiocarbamates (eqn. 
(543) [7021), and o-allyloximes (eqn. (544) [703]). Chro- 

17041). 

(Equation 541) 

(Equation 542) 
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2.5.4. Skeletal rearrangements 
Reviews dealing with transition metal (Pd and Nil 

catalyzed cycloisomerization of enynes have appeared 
([705] (40 references) and [706] (11 references)). Mis- 
cellaneous skeletal rearrangements are presented in 
eqn. (546) [707], eqn. (547) 17081, eqn. (548) 17091, eqn. 
(549) [710], eqn. (550) [7111, and eqn. (551) [7121. 

(Equation 551) 

(Equation 546) 

2.5.5. Miscellaneous rearrangements 
Epoxides were isomerized to aldehydes by Sn[Co 

(CO),], [714a]. Rhenium complexes catalyzed the 
epimerization of secondary alcohols (eqn. (552) [7131X 

(Equation 552) 

(Equation 547) 

(Equation 548) 

(Equation 549) 

(Equation 550) 
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3. Functional group preparations 

3.1, Halides 
Enol ethers were converted to cu-iodoketones by 

iodine/copper(B) nitrate (eqn. (5531 [714b]). Alkenes 
were converted 1,Zdichlorides by oxallyl chloride and 
potassium permanganate (eqn. (554) [715]). O-Bromo- 
N-allylanilines were converted to 4-iodoindoles via zir- 
conium chemistry (eqn. (555) [7161X Cyclopropyl ke- 
tones were chlorinatively ring-opened by molybdenum 
pentachloride (eqn. (556) [717]). 

(Equation 553) 
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(Equation 558) (Equation 554) 

(Equation 559) 

3.3. Amines and alcohols 
A review entitled Amination Reagent. Lithium Di- 

amid0 Cuprate has appeared (3 references) [722]. Aro- 
matic nitro compounds were reduced to anilines by 
Rh,(CO),,-9,10-diaminoanthracene catalysts [723] and 
by polymer-bound palladium acetate [724]. Imines were 
reduced to amines asymmetrically by rhodium(I) com- 
plexes of chiral bidentate phosphines with up to 69% 
enantiomeric excess [725]. The reaction could be car- 
ried out in aqueous solvents using sulfonated bdpp as 
the ligand (eqn. (560) [726]). O-Ally1 carbamates were 
deprotected to the free amine by palladium(O) catalysts 
and tin hydrides (eqn. (561) [727] and eqn. (562) [7281). 
Palladium also catalyzed the amination of allylic car- 
bonates [729]. 

(Equation 556) 

0 
Ml, 

Ph - CI 

Cl 

3.2. Amides and nitriles 
A dissertation dealing with amino acid bis amides 

from 5-aminoisoxazoles-transmetallations of organos- 
tannanes via higher-order cyanocuprates has appeared 
[718]. Copper(I) iodide coupled vinyl bromides with 
amides to give enamides (eqn. (557) [719]). Alkynes 
were converted to a&unsaturated amides by reaction 
with reduced tantalum species and isocyanates (eqn. 
(558) [7201X Nickel(O) complexes catalyzed the reaction 
of o-olefinic amides with isocyanates to give b&amides 
(eqn. (559) 17211). 

(Equation 560) 

(Equation 561) 

(Equation 557) 

0 
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(Equation 562) 

Allenyl bromides were converted to propargyl 
amines using copper(I) bromide (eqn. (563) [730]). Op- 
tically active zirconocene derivatives were used to syn- 
thesize ally1 amines (eqn. (564) [731]). Nitriles were 
reductively coupled to give secondary amines by 
rhodium on alumina (eqn. (565) [7321X 

(Equation 563) 

groups, and metal complexation determined stereose- 
lectivity [734]. The asymmetric hydroboration of nor- 
bornene, indene, a-methyl styrene and 2,3,3-trimethyl- 
but-1-ene using rhodium(I) catalysts and diop as ligand 
gave very modest enantiomeric excesses (27%) [735]. 
The use of BINAP gave much better enantiomeric 
excesses with styrenes (eqn. (566) [7361X Phenylbutadi- 
enes were dihydroxylated (eqn. (567) [737]). B,y-un- 
saturated amides were regioselectively hydroborated 
(eqn. (568) 17381). 

(Equation 566) 
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(Equation 564) 

(Equation 565) 

Transition Metal Promoted Hydroborations of Al- 
kenes, Emerging Methodology for Organic Transfonna- 
tions is the title of a review (63 references) [733]. This 
process was accelerated by electron-withdrawing 

HYJ NH&l 
/ 70% 993 

Selective hydrogenolysis of benzyl and carbobenzy- 
loxy protecting groups for hydroxyl and amino func- 
tions has been reviewed (16 references) [739]. Ally1 
carbonates were reduced to homoallyl alcohols by 
borohydride and palladium(O) catalysts (eqn. (569) 
[740]). Nickel complexes catalyzed the (Y oxidation of 
silylenol ethers (eqn. (570) [7411X Carboxylic acids un- 
derwent remote oxidation with platinum(W) (eqn. (571) 
17421). 

(Equation 569) 

@+gHp 
0 m 2040% 



L.S. Hegedus / Transition metals in organic synthesis 1991 237 

(Equation 570) (Equation 573) 

R’.H,Me.nPr,C,, m d Ph-# 

Ph$O 

and 0 

- R’ 
OTSDMS 

Rz 

80-W% 

(Equation 571) 

> 
H 

co&4 - 

97 

\ AOH - HoA/-yM etc. 

0 0 

Catalytic enantioselective hydrogenation of ketones 
and imines using platinum-metal complexes has been 
reviewed (40 references) [743]. Cationic iridium com- 
plexes catalyzed the asymmetric hydrogenation of a- 
amino ketones [744]. Palladium(O) complexes catalyzed 
the reduction of epoxides to alcohols (eqn. (572) [745]). 
Nonenolizable ketones and aldehydes were reduced by 
zirconocene dialkyls (eqn. (573) [746]). Dihydropyridine 
iron acyl complexes were NADH mimics (eqn. (574) 
[747]). Ketones were reduced to optically active alco- 
hols by silanes and chiral rhodium complexes (eqn. 
(575) [7481X Esters were reduced to alcohols by ti- 
tanocene dialkyls/silanes (eqn. (576) [749]). 

(Equation 572) 

(Equation 574) 

H H 

(Equation 575) 

(Equation 576) 
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Asymmetric osmium tetroxide oxidation with 2,2’-bi- 
pyrrolidine ligands was reviewed (3 references) 17501. 
Olefins were cis dihydroxylated by Re,O,/H,O, (eqn. 
(577) [751]), and osmium tetroxide (eqn. (578) [752]), 
while this reagent tetrahydroxylated dienes (eqn. (579) 
[7531). Asymmetric dihydroxylations of alkenes using 
osmium tetroxide/alkaloid ligands continued its devel- 
opment [7541 and [755]. Bis epoxides were converted 
to 1,Zdiols by reaction with copper catalyzed Grignard 
reagent (eqn. (580) [7561X 

(Equation 577) 

ReJ7 R’_!+-R2 RcH=cttR2 + ti& - 

b A” 
60.60% 

(Equation 578) 

(Equation 579) 

72.95% 

(Equation 580) 

at30 m. m , Me.iR.t& 

Nickel(O) complexes catalyzed the alkylation of alde- 
hydes by pdicarbonyl ally1 carbonates (eqn. (581) [7571X 
Grignard reagents ring opened lithiated dihydrofurans 
and pyrans (eqn. (582) 175811. 

(Equation 581) 

(Equation 582) 

3.4. Ethers, esters, and acids 
Procedures to control the regiochemistry of palla- 

dium catalyzed etherification of allylic acetates have 
been developed [759]. Palladium complexes catalyzed 
the attack of phenols on ally1 epoxides (eqn. (583) 
[760]). Manganese-complexed chlorobenzenes were 
alkoxylated by phenols (eqn. (584) [7611X Oxidation of 
a-alkylpalladium(I1) complexes produced ethers (eqn. 
(585) [762]). Ketals were reduced to ethers by zirco- 
nium hydrides (eqn. (586) [763]). 

(Equation 583) 

v 
Hi 

wow2 
72% 

D 3 
Q., I 

y--y 

26% 

(Equation 584) 

(Egustion 585) 

L R’CSi 

RWX - ROR’ 
L MoOPh 

50-809c 

R-Ph.l-NapMtl 
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(Equation 586) 

Palladium catalyzed benzylic acetoxylation was 
purely heterogeneously catalyzed even when hornoge- 
neous palladium catalyst precursors were used [764]. 
The activity and selectivity of acetoxylation of cyclic 
conjugated dienes over Group VIII metal catalysts has 
been studied [765]. Acetoxylations of cyclohexene by 
copper acetate in the presence of amino acids pro- 
ceeded with up to 30% enantiomeric excess [766]. 
Sulfonylquinones were used to promote the palladium 
catalyzed 1,4=acetoxylation of dienes, improving the 
rate and the stereoselectivity [767]. Palladium(l1) cat- 
alyzed the acetoxy cyclization of lJ-dienes (eqn. (587) 
[768,769]). Palladium catalyzed the acetoxylation of LY- 
aminotropanone (eqn. (588) [7701X 

(Equation 587) 

303% yield 

uplow%Bo 

R- My;, J--If OH 

0 

(Equation 588) 

a WOW2 \-I - 
NR2 Q 1-1 

AC0 NR2 
0 0 

20.30% 

p-Lactams were acetoxylated a to nitrogen by 
OsCl,/peroxides (eqn. (589) [771]), ruthenium catalyst 
(eqn. (590) [772]) and copper acetate (eqn. (591) 17731). 
Nickel(R) complexes catalyzed Baeyer-Villiger oxida- 
tion of ketones (eqn. (592) [774]). Ruthenium com- 
plexes catalyzed the reductive coupling of aroyl chlo- 
rides (eqn. (593) [7751). 

(Equation 590) 

(Equation 591) 

(Equation 592) 

(Equation 593) 

Cobalt011 chloride catalyzed the conversion of, aryl 
aldehydes to acetals (eqn. (594) [7763). Chromium acy- 
late complexes were converted to enol acetates by acid 
chlorides (eqn. (595) [777]). Rhodium and iridium(I)- 
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complexes were used to promote peptide coupling (eqn. 
(5%) [778]). Nickel(R) complexes catalyzed the oxida- 
tion of aldehydes to acids (eqn. (597) [779]). 

(Equation 594) 

(Equation 595) 

(Equation 596) 

(Equation 597) 

3.5, ffeterocycles 
Asymmetric epoxidation of olefin continues to be a 

very active area for research. The following reviews on 
this topic have appeared: 

Asymmetric Epoxidation (242 references) [7801; 
Catalytic, Enantioselective Epoxidation of 
Simple Olefins (11 references) 17811; 
A Revolution in Organic Synthesis. Discovery 
of Asymmetric Epoxidation (17 references) [7821; 
Metal-Mediated Enantioselective Access to 
Simple Oxiranes. Prochiral and Chiral Recog- 
nition (37 references) t7831; 

Applications of Some Chiral, /3-Ketophos- 
phonate Transition Metal Complexes in Epoxi- 
dation Catalysis [784]. 

The effect of hydroperoxide structure on the enan- 
tioselectivity of the Sharpless epoxidation of 3-methyl- 
2=buten-l-01 has been studied [785]. Sharpless asym- 
metric epoxidation figures extensively in complex syn- 
theses (eqn. (598) [786], eqn. (599) [787,788], eqn. (600) 
[789], and eqn. (601) [790]). Functionalized ally1 alco- 
hols also underwent this reaction (eqn. (602) [791], eqn. 
(603) [792], and eqn. (604) [793]. Titanium(W) t-buto- 
xide was much less efficient than the isopropoxide for 
Sharpless kinetic resolution of racemic secondary alco- 
hols [794]. 

(Equation 598) 

(Equation 599) 

OH 0 OH 0 

TWO4 
R R' - R 

tBuooH 

R. , Me. Et, !Pr 

R’ = MB. OMe. CmJ 

(Equation 600) 
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(Equation 601) 

(Equation 602) 

(Equation 603) 

N-OH tyH* NC&/cm 
61% sl%ee 

&i &I 

65% 

(Equation 604) 

F 

OH 
St% SW erythm’thmo 

Molybdenum peroxo compounds catalyzed the epox- 
idation of olefins (eqn. (605) [7951 and eqn. (606) [796]). 

(Equation 605) 

- X 
wwco)scI + 02 - cpwqo(oz)ct - 

(+)teuooH R 

(Equation 606) 

Cobalt Shiff base complexes catalyzed the epoxida- 
tion of olefins [797], as did nickel salen complexes (eqn. 
(607) [7981X Optically active manganese salen com- 
plexes were efficient asymmetric epoxidation catalysts 
(eqn. (608) [799-8011 and eqn. (609) [802]). 

(Equation 607) 

a? - A 
cl+3 

67% 
ca 

m&m me 

79% 66% 

m/-I a +y- 

65% 
U6C4 22% 

dwble 

(Equation 608) 

64% 67% R 
92%W 92%w 63% 65% 

72% 
9S%W 94%6# 89x90 

66% 72% 27% 
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(Equation 609) (E.quation 612) 

Metal Complex / Iodosobenzene Active Species for Ox- 
idation was the topic of a review (5 references) ]803]. 
Optically active porphyrin-manganese complexes cat- 
alyzed the olefin epoxidation (eqn. (610) [804]), as did 
nickel(H), p-diketonate complexes (eqn. (6111 [805, 
806]), nickel bipyridine complexes (eqn. (612) 180711, 
and iron cyclams (eqn. (613) [SOSI). 

(Equation 610) 

a& 
Ph ph/-7 ph% Ph&” Ph-Ph 

(Equation 613) 

Olefin epoxidation was also catalyzed by vanadium 
0x0 species (eqn. (614) [SO91 and eqn. (615) [SlOl) and 
simple rhenium 0x0 species (eqn. (616) 18111). Copper 
catalyzed the aziridination of alkenes (eqn. (617) [8121). 

(Equation 614) 

(Equation 615) 

R’ -Me. Ii. Ph 

(Equation 616) 

X MBRecbca 
- +Hh - x 0 

many cases 
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(Equation 617) 

A /3-lactone natural product was synthesized using 
iron carbonyl chemistry (eqn. (618) [813,8141). Asym- 
metric synthesis of azetidinones was reviewed 18151. 
p-Lactams were synthesized using palladium (eqn. (619) 
[816]), chromium (eqn. (620) [8171), and cobalt chem- 
istry (eqn. (621) [818]). 

(Equation 618) 

(Equation 619) 

(Equation 620) 

(Equation 621) 

Rhenium(U) complexes catalyzed the trans acetyl- 
ization reaction (eqn. (622) [819]). Palladium(H) cat- 
alyzed several forming reactions (eqn. (623) [8201, eqn. 
(624) [821], and eqn. (625) [8221X 

(Equation 622) 

(Equation 623) 

ctl 

(Equation 624) 

(Equation 625) 

Dihydrofurans were made by the reaction of ketene 
dimer with olefins (eqn. (626) [823]), manganese cat- 
alyzed cyclization of diolefins (eqn. (627) [824]) and the 
condensation of isonitriles with a-halo ketones (eqn. 
(628) [8251X 
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(Equation 626) (Equation 631) 

0 

P OR 
0 

O + +lh vaoR)a3 R; o\ 
ti 

14.73% 

(Equation 628) 

AI - Ph. pMePh, pPhPh. pMeOPh. pNozPh 

Five-membered lactones were synthesized by a num- 
ber of different organometallic routes (eqn. (629) [8261, 
eqn. (630) [827], eqn. (631) [8281, eqn. (632) [8291, eqn. 
(633) [830], and eqn. (634) [8311X 

(Equation 629) 

R 

(Equation 630) 

(Equation 632) 

R’ 

50-m% 

(Equation 633) 

20% 

(Equation 634) 

R-EtMe R’=Me.Bu.Ph +=6~. WeOzCPh 

Furans were synthesized by palladium catalyzed cy- 
clization of Pynones (eqn. (635) [8321), copper acetylide 
reaction with halopyrimidines (eqn. (636) [833]), and 
McMurray coupling (eqn. (637) [8341). 

(Equation 635) 

R’ 
MeCN/H$., 

R’-mC-CH+RJ _ 

WCC R’ 
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(Equation 636) 1,4- and 1,Saminoalcohols were cyclized to lactams 
by ruthenium complexes (eqn. (6421 [839]). Nickel(O) 

‘XX IT x 
complexes cyclized olefins, isocyanates, and carbon 

+ Flcsccu 
R ; 0 $ SD- monoxide to imides (eqn. (643) [8401X Copper(I) cy- 

57-W% 
clized propargyl alcohols and isocyanates to give oxazo- 
lidinones (eqn. (644) [8411X Diols were converted to 

(Equation 637) oxazolidinones by reaction with isocyanates in the pres- 
ence of palladium catalysts (eqn. (645) [842]). 

Pyrrolidines were made by palladium catalyzed cy- 
clizations (eqn. (638) [8351, eqn. (639) [836], eqn. (640) 
[837], and eqn. (641) [8381X 

(Equation 638) 

(Equation 639) 

(Equation 640) 

(Equation 641) 

(Equation 642) 

PhNCO 
c)- 

ISP 

co 

(Equation 643) 

0 08 0 
Ph 

40% 

(Equation 644) 

(Equation 645) 

with L’. 85% ee 
97% 

Pyrroles were synthesized by the reaction of propar- 
gyl amines, organocopper complexes and acid chlorides 
(eqn. (646) [843]), by the rhodium catalyzed carbonyla- 
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(Equation 650) tion of propargyl amines (eqn. (647) [8441), and by 
unusual zirconium chemistry (eqn. (648) [845]). 

(Equation 646) 
A 

+ m-.E.-ph - 

(Equation 651) 

(Equation 647) 

(Equation 652) 

RZ 

H 
El 

OEt OEt 

L.4 + Etcc=cli- L. Rd 

R -4 

R’W - R 

- L b OEI 
OEt R’ 

50.90% 

R’ - Ph. pMePh. Bu 
40-so% 

(Equation 648) (Equation 653) 

NY P~CHO 
wM+ - (CO)6 

Ph ,X24, m 
H _.2._Nw 

2 

Chromium carbene complexes were used to synthe- 
size a variety of five-membered nitrogen heterocycles 
(eqn. (649) [846], eqn. (650) [8471, eqn. (651) L8481, eqn. 
(652) [849], and eqn. (653) [8501X 

Indoles were synthesized by palladium catalyzed cy- 
clization (eqn. (654) [8511 and eqn. (655) [852]), ruthe- 
nium catalyzed cyclization (eqn. (656) 185311, and direct 
palladation (eqn. (657) [854] and eqn. (658) [SSSI). 
Other nitrogen heterocycles were synthesized as in 
eqn. (659) [856] and eqn. (660) [857]. 

(Equation 649) 

(Equation 654) 
NR?R3 

(CO,&r=( 
A 

+ m-.t._m - 

m 

Ph 
WWk 

+ RF’= PhsP. B”,NcI 

5” 
N-Me 

GOW=( 
H 

m Nh4sPh 
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(Equation 655) 

(Equation 656) 

(Equation 657) 

(Equation 658) 

(Equation 659) 

RCN + Et 

(Equation 660) 

R’ - m. no. im, tta. mctm 

R2.H 

d-H -‘==&’ R-M4.m 

Six-membered oxygen heterocycles were made by 
palladium catalyzed cyclization (eqn. (661) [SSS]), and 
by nucleophilic attack on cationic a-arene iron com- 
plexes (eqn. (662) [8591X 

(Equation 661) 

51-90x 

R’=Ms. Y-- T---f--$ 
R2-4cH04OH d-6cMe.H 

(Equation 662) 

R’.NM4 
R’ -Ii. OH. CW. CGh’a. ~0~+~‘4’ 

R2-H.M4 

#-H.Me.CH0. f wC02H co#9 

Organocobalt-catalyzed synthesis of pyridines has 
been reviewed (9 references) [860]. Pyrazines were 
prepared by low valent titanium coupling of dinitriles 
(eqn. (663) [8611). Quinolines resulted from palladium 
catalyzed reactions (eqn. (664) [8621 and eqn. (665) 
[8631X Piperidones were prepared by the ruthenium 
tetroxide oxidation of piperidines [864], and by nickel 
(eqn. (666) [865]) and rhodium (eqn. (667) [866]) cat- 
alyzed cyclizations. Malononitrile was cyclotrimerized 
by nickel complexes (eqn. (668) [867]). 

(Equation 663) 

27.33% 

(Equation 664) 

20.50% 
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sr 

aGy :I \‘I 
N N 
sn 

0 

(Equation 665) Dissertations dealing with the synthesis of heterocy- 
cles via palladiumcatalyzed heteroannulation of dienes \ 

N- N 

ok 

18731, and the synthesis of macrolides via organopalla- 
Pd(OAc)p M 

:I ’ 
dium chemistry - application to the synthesis of zear- 

WG CM N o alenone [8741 have appeared. Palladium also catalyzed 
B” the synthesis of sulfur heterocycles (eqn. (671) [8751 

73% and eqn. (672) [876]). Other strange heterocycles are 
(Equation 666) seen in eqn. (673) [877] and eqn. (674) [878]. 

(Equation 667) 

0 

@quatim 672) 

(Equation 668) 

Oxapines (eqn. (669) [868,869]) and perhydroaze- 
pines [870,8711 were synthesized using transition metal 
catalysts. The macrocyclic lactam in eqn. (670) was 
made by an Ullmann-type coupling reaction [872]. 

(Equation 669) 

(Equation 670) 

(Equation 671) 

t-h s 
+ - 

* 
Ph 

(Equation 673) 

(Equation 674) 

3.6. Alkenes and alkanes 
Chiral palladium(O) complexes catalyzed the asym- 

metric elimination of acetic acid from ally1 acetates 
(eqn. (675) [8791). Cobalt complexes of propargyl alco- 
hols were cleanly dehydrated to enynes (eqn. (676) 
[SSO]). Cyclohexenones were aromatized by vanadium 
0x0 species (eqn. (677) [SSll>. 
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(Equation 677) 

70.90% 

Aryl triflates were reduced to arenes by zinc/ 
nickel(O) complexes (eqn. (6781 [8821). Aryl chlorides 
were reduced by rhodium hydride complexes under 
phase transfer conditions (eqn. (679) 18831). Aryl io- 
dides were reduced by iron carbonyl hydrides (eqn. 
(680) [8841X Vinyl halides were reduced by tin hydrides 
in the presence of palladium catalysts (eqn. (681) [885]). 
Ally1 acetates were deacetoxylated by molybdenum 
hexacarbonyl (eqn. (682) 18861). Chromium complexed 
aryl ethers were reduced by lithium aluminum hydride 
(eqn. (683) [8871X 

(Equation 678) 

Mac+i/Zn 
ArOTf _ ~,ti 

NiqpP 

79.99% 

Ar- pMePh. pMeOPh, pCHsCOt+tPh. pYsO@h, pNCPh. 

PPhPh. 2.N?@Mh. p Tao 

(Equation 680) 

(Equation 681) 

(Equation 682) 

(Equation 683) 

Rhodium complexes catalyzed the reduction of 
enynes to alkynes (eqn. (6841 [888]). Palladium(O) cata- 
lysts with formate reduced cr,p-unsaturated enones in 
a conjugate fashion [889]. Iridium pentahydrides con- 
verted diynones to tetraenones (eqn. (685) [890]). 

(Equation 684) 

(Equation 685) 

1 0 

R- 
s -*._ R-A 

7040% 

A.Me.Et,ilFY,fBU 

3.7. Ketones and aldehydes 
Oxidation of alcohols and diols by peroxometal com- 

plexes has been reviewed (7 references) [891]. Alcohols 
were oxidized to ketones by hydrogen peroxide with 



250 L.S. Hegedus / Transition metals in organic synthesis 1991 

[P0,[W(0)c0,>,],13-(R~N)~ [8921. Primary alcohols 
and aldehydes were oxidized to acids. Diols were oxi- 
dized to hydroxyketones by hydrogen peroxide peroxo- 
tungstophosphates (eqn. (686) [8931X Primary alcohols 
were oxidized to aldehydes by hypochlorite in the pres- 
ence of ruthenium(II1) chloride [894]. Benzyl alcohol 
was oxidized to benzaldehyde by air using RuCl(OAc)- 
(PPh,), with hydroquinone/cobalt salen as cocatalysts 
[895]. Ruthenium(R) complexes also catalyzed the oxi- 
dation of other alcohols [896] and cY-hydroxyacids to 
a-ketoacids [897]. 

Other oxidative processes giving ketones are shown 
in eqn. (689) [9011, eqn. (690) [902l, eqn. (691) [9031, 
and eqn. (692) 19041. 

(Equation 689) 

(Equation 690) 
(Equation 686) 

A “true” heterogeneous Wacker catalyst was pre- 
pared by exchanging Pd(NH,)z’ and Cu2+ into y-type 
zeolites [898]. The regioselectivity of Wacker oxidation 
of N-ally1 amides was controlled by reaction conditions 
(eqn. (687) [899]>. Nickel/osmium/oxygen systems oxi- 
dized alkenes to a-hydroxyketones (eqn. (688) [9001). 

(Equation 691) 

(Equation 692) 

(Equation 687) 

Other unusual approaches to ketones and aldehydes 
are shown in eqn. (693) [9051, eqn. (694) [9061, eqn. 
(695) [9071, and eqn. (696) l.9081. 

(Equation 693) 

(Equation 694) 
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(Equation 695) 

2.51 

(Equation 700) 

R@%msP)z 
tux=w + TMS, + Ey4 - .wtf=cHrMs 

4555% 

R - Ph. pclh. phwh 

Alkynes were hydrosilylated to vinyl silanes over 
platinum silyloxy catalysis (eqn. (701) [914]), and 
rhodium catalysts (eqn. (702) [915]). The same products 

CmU 0 OMe 0 were made by palladium(O) catalyzed silylstannylation 
poodyidla (eqn. (703) [916]). With rhodium(acac) catalyst, internal 

silylation was observed (eqn. (704) [9171). 
R.MaM.Bn 

(Equation 696) 

3.8. Organosilanes 
The hydrosilylation of alkenes was catalyzed by zir- 

conium complexes (eqn. (697) [909,910]), platinum and 
rhodium complexes (eqn. (698) [911] and eqn. (699) 
[9121), and by palladium complexes (eqn. (700) [9131X 

(Equation 701) 

(Equation 702) 

(Equation 697) 

(Equation 703) 

(Equation 698) 

(Equation 699) (Equation 704) 
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Alkynes were also cyclosilylated (eqn. (705) 19181 
and eqn. (706) 19191) and polylsilylated (eqn. (707) [920] 
and eqn. (7081 [921]). 

(Equation 705) 

aM / m CozM@ 

1 ’ Si- 
+ Yei&c-.E.--CO,Me - 

\ 
m F\ CO$h 

(Equation 706) 

(Equation 707) 

,c-L-R + #2_ G wok12 =’ . 
I I 

NC 
62-96X 

Rz-Ph.H. w 

am 

-si c c-c- 
l-l-l I 

_Lc +_p-,-+,-J< 

47% 

(Equation 708) 

lhesaA&+mCH 

91% 

Dienes were readily hydrosilylated (eqn. (709) W21 
and eqn. (710) [923]), as were allenes (eqn. (7111]924]). 

(Equation 709) 

(Equation 710) 

(Equation 711) 

,h_,._J.b Ph(M@?.i)*CuLi ) ph_&ySiR, 

Ruthenium (eqn. (712) [925]) and nickel complexes 
(eqn. (713) [926]) catalyzed the oligomerization of 
silanes, while palladium(I1) acetate catalyzed the co- 
oligomerization of silanes with isonitriles (eqn. (714) 
19271). 

(Equation 712) 

(Equation 7 13) 

H MB” 
Nil2 I LAH H 

PI~M~SHI - PMlgSiiMePh + R 
I I I, 

L I 
2SeSCScPh 

I I 
+ mh4eHsb+it.wmgae.k+m 

H m MB 
25% 

20% 40% 

(Equation 714) 

(Equation 715) 

Chiral cobalt (eqn. (715) 19281) and rhodium (eqn. 
(716) [929,9301) complexes catalyzed the asymmetric 
hydrosilylation of ketones and imines. Acyl silanes were 
prepared using copper catalysts (eqn. (717) [931]). 
Cobalt catalyzed the silylcarbonylation of cyclic or- 

I 22% thoesters (eqn. (718) 19321). 
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(Equation 716) 

253 

(Equation 720) 

Ph 

(Equation 717) 

(Equation 721) 

(Equation 718) 

3.9. Miscellaneous 
Transition Metal Catalyzed Silylmetallation of 

Acetylenes - Selective Synthesis of vinyl Stannanes and 
Vinyl Sifanes was the topic of a dissertation [9331. 
Transition metals figured extensively in the synthesis of 
organostannanes (eqn. (719) [934], eqn. (720) [935], 
eqn. (721) [936], eqn. (722) [937], eqn. (723) [938], and 
eqn. (724) [9391X Similar chemistry was used to synthe- 
size organogermanes (eqn. (725) [940]). 

(Equation 719) 

R-&Me A’=ktd ~=li.hte.Ph t+.H.Me 

OR 

\ 
I) Fi&nMRn 

- 

2, E’ 
studied fegbselenivlty 

E=H+.ahl( 

WOI 
PhS-.E.-R + S,@“H _ 

50-m% 

(Equation 722) 

(Equation 723) 

R-M0.SU. Ph, MO. EtO& Me& 

(Equation 724) 

R’=H,EU d-Me.TSM5.B 
mllo:1w to 55s 

d=H.B~u.59.ttbS..@ d-S” 
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(Equation 725) (Equation 729) 

PhC3CH 

Imidates were synthesized via Group VI carbene 
complex chemistry (eqn. (726) [9411 and eqn. (727) 
[942]). Ketenimines were produced in the reaction of 
cobalt isonitriles with diazo compound (eqn. (728) 
19431). Tetraazamacrocyclic amines could be monoalky- 
lated by selective complexation to chromium [944]. 
Palladium catalyzed the reduction of cu,&unsaturated 
nitro compounds to oximes by ammonium formate 
[945] while nitro compounds were reduced to azo com- 
pounds by titanocene chloride [946]. 

(Equation 726) 

(Equation 727) 

OR' 
Pw 

+a/ l)hv @N=t 
C’% ’ 2102 CH3 

40-90% 

R’.t.ie,Et F?-PI 

(Equation 728) R-nBu.m. Eta& 
/1;c p,NHTFA 

F SR 

i 
‘1 lE.- 

Ftf’ I FV’ d ‘I 1) BuLi / 

+I 
- -+R’ 

5549% r 2)=x x/’ 
Cw3h CHICO), I 

Cwm, 

(Equation 730) 

(Equation 731) 

(Equation 732) 

HO HO 
46-73x 

(Equation 733) 

Cal OIO, RCS’R’ - 
MO 

L’ 8499% 

R - Ph, II&,. IP,. tEu, B”. Ph. Me. Me, “B”. IPr. Et. Br. (CHd, 

Chromium thiophenol complexes were synthesized 
by several routes (eqn. (729) [947]). Other processes 
involving sulfur chemistry are shown in eqn. (730) [948], 
eqn. (731) [949], eqn. (732) [9501, and eqn. (733) [951]. 

The Binary Reagent PhSeSePh-CuOTf - A Useful 
Phenylselenating Reagent was the topic of a review 
[952]. Organoselenium compounds were made by palla- 
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dium (eqn. (734) 19531) and zirconium mediated pro- 
cesses (eqn. (735) [9541X An efficient hydrozirconation 
reagent was generated by the reaction of zirconocene 
dichloride with t-butyl Grignard reagent (eqn. (736) 
Pm 

(Equation 734) 

TMSPh. Nl$-# 

(Equation 735) 

I!1 s0m 

PhSeX 
R’ -- 

w 

tl2 
R? 

(Equation 736) 

Ally1 alcohols and ethers were deuterated using 
zirconium chemistry (eqn. (737) [9561). Rhodium, 
ruthenium [957] and platinum [958] catalysts were used 
to introduce tritium into organic compounds. 

(Equation 737) 

4. Reviews 

The following reviews and dissertations ha 
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Derivatives Using Homogeneous Metal Com- 
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Reactions of Alkynes at Transition Metal 
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phine Ligands (6 references) 
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istry (no references) 
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Oxygen Heterocycles 
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alyzed by Ruthenium Complexes (66 refer- 
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Homogeneous Catalysis of Organic Reactions 
by Transition Metal Complexes (132 refer- 
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Metal Complex Catalysis 
Transition-Metal-Promoted Hydroborations of 
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Advances in Organometallic Chemistry 
Organometallic Models and Mechanisms (Part 
B) 
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references) 
Selectivity and Homogeneous Transition Metal 
Catalysis (40 references) 
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Reactivity of Manganese and Tungsten Car- 
byne Complexes with Unsaturated Organic 
Substrates [1025]; 
Stereochemistry and Catalysis with Zirconium 
Complexes (17 references) [1026]; 
Titanium Complex with Chiral 1,CDiol (6 
references) [ 10271; 
Tantalum-Alkyne Complexes “LOW- 

Valent Tantalum (TaCl,-Zn) (6 references) [1028]; 
Organomanganese Complexes in Organic Syn- 
thesis [10291; 
Recent Advances in the Chemistry of Metal- 
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Ruthenium Complex-Catalyzed Novel Organic 
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gents (45 references) [10451; 
Hydride-Mediated Homogeneous Catalysis. 
Catalytic Reductions of q&Unsaturated Ke- 
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Organocyanocopper-Boron Trifluoride Medi- 
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Synthetic Studies Toward Opticaliy Active An- 
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New Tools in Synthetic Organocopper Chem- 
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Activation of Carbon-Hydrogen Bonds in 
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Activation of Carbon-carbon Bonds in Satu- 
rated Hydrocarbons by Metal Complexes (158 
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Activation of CH Bond by Metal Complexes 
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Nonporphyrinic Metal Complex-Catalyzed Re- 
actions of Iodosylbenzene with Olefins [ 10551; 
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Catalytic Oxygenation of Alkenes by Phos- 
phino-Complexes of Rhodium and Ruthenium 
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Applications of Organoiron in Organic Synthe- 
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Catalyst for Carbon-Carbon Bond Forming 
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Acetylenes and Diazo Ketones in Organic 
Synthesis. Can a Synthetic Organic Chemist 
Avoid Organometallic Chemistry? ( > 45 refer- 
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Studies on Novel Catalytic Reactions Using 
Transition Metal Complexes (19 references) 
Metal-Catalyzed Reactions in Organic Chem- 
istry 
Organometallic Approaches to the Synthesis 
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loids 
Functionalization of Heterocycles by Ni and 
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Enantioseleetive Catalysis with Metal Com- 
plexes Containing Heterocyclie Ligands [IO@% 
Design of New Catalytie Reaetions and Cat- 
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Cp,MCI,-AgX (M = Zr, Hf) (7 references) 
Catalytic Reduction of Carbon Dioxide by 
Dihydrogen in the presence of Transition 
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