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1. General comments 

This Annual Survey covers the literature for 1992 
dealing with the use of transition metal intermediates 
for organic synthetic transformations. It is not a com- 
prehensive review but is limited to reports of discrete 

* Renrints are not availa_h!e, For nrevious .A_n.nu& &pev see ;I r____._ ___ ___. 
Organomet. Chem., 457 (1993) 167. 

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. 

The papers in this survey are grouped primarily by 
reaction type rather than by organometallic reagent, 
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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. Alkyla tions 

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

Metal-catalyzed Grignard reactions continue to be 
developed and applied in organic synthesis. A review 
entitled “Carbon-carbon bond formation in heterocy- 
cles using nickel and palladium-catalyzed reactions” 
has appeared [l]; and deals with metal-catalyzed Grig- 
nard reactions as well as the Castro-Stevens reaction. 
Palladium diazine complexes catalyzed the coupling of 
aryl halides with Grignard and organozinc derivatives 
(eqn. (1) [2]). Nickel phosphine complexes catalyzed 
the coupling of 1,8-dibromo-naphthalene with thio- 
phene Grignard reagents (eqn. (2) [3]). Chromium com- 
plexes of optically active aryl aminophosphines cat- 
alyzed the asymmetric coupling of phenethyl Grignard 
reagents with vinyl halides (eqn. (3) [4]). 

Pd cat 
Arx + RMgx - Am 

RznX SO-99% 

R- !a. w ‘c , PMePh PdM- 

Ph- (1) 

(2) 

(3) 

Nickel phosphine complexes catalyzed the alkylation 
of allylic dithianes (eqn. (4) [5]), benzylic dithianes 
(eqn. (5) [6] and eqn. (6) [71), the coupling of te- 
trathiomethanes (eqn. (7) [S]) and the alkylation of 
1,3-dioxep-4-enes by Grignard reagent (eqn. (8) [91X 
Acid anhydrides were alkylated by halides in the pres- 
ence of reduced nickel salts (eqn. (9) [lo]). 

R - Ph oMePh pMeOPh pMePh Ph*’ I , , 
o- \ 

R’=M,,.Ph 

A, I VNapMh. 2-Naphth, pMePh, 3.4(MeO)zPh, 3,5-(MeO)zPh 

L~NiCll 
+ RCH*MgX- 

TMSCHZ TMSCH, TMS 
Fh H MB 
S” Me H 

u3 uz x R R’ 

(4) 

(5) 

(6) 

(7) 

(8) 
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Copper catalyzed the alkylation of acetals (eqn. (10) 
[ll]) and cAodoepoxides (eqn. (11) [12]). Titanocene 
dichloride catalyzed the alkylation of gem dihaloalka- 
nes by Grignard reagents [13]. 

7030% de 
50.80% yield 

(11) 

=r a 

Organocuprates efficiently alkylated epoxides (eqn. 
(12) [14], eqn. (13) [151, eqn. (14) [161, eqn. 15 [171) and 
vinyl triflates (eqn. (16) [Ml). Trienes were synthesized 
by the coupling of chlorodienes with vinylcuprates from 
carbocupration of alkynes (eqn. (17) [191). The aryla- 
tion of an a-haloketone by a vinylcuprate was a key 
step in the synthesis of cannabidiol (eqn. (18) [20]). 
a-Haloallylic esters underwent alkylation by cuprates 
with clean S,2’ regioselectivity (eqn. (19) 1211). 

B”z”4JoE, MBEULI .,,.J-p,, 
OH 

(12) 

OH 

0 

(3 1 +f&.-- 
0 p CuLi R o_ VO” 

hiph yields 

40.60% 

(14) 

(15) 

(16) 

-CuONl.QBrliCI + WSCH - 

(17) 

(18) 

y&p-----_ CannaMiol 

R’ 

- 

3- 

R’ 
R’&“ll 

R CO,h ___c R 

Cl -r 
- 

CO,Et 

RZ 

BO-94% 

R-H R’ -Ph. Me El R2.Ph.h+3.1-t!U 

(19) 

Pyrrole and imidazole cyanocuprates had typical 
“higher order cuprate” reactivity [221. Perfluorophenyl 
copper combined with perfluoromethyl copper to in- 
sert two CF, groups, and this homologated fragment 
transferred to halides (eqn. (20) [231). Functionalized 
organocuprates continued to be developed and ex- 
ploited in synthesis (eqn. (21) [24], eqn. (22) [251, eqn. 
(23) [26], eqn. (24) [271, and eqn. (25) [281X 

(20) 

CuCN*PLiCI 
FGRI + El&3 - FGRZnEt FGRE (21) 

E’ 

FGR-A&-#, a-x, m#. 
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Zn. MI. Mr. DMA CuCN*PLiCI E’ 
FIX _ RZnX - RC”(CN)ZnX - RE (22) 

4C-W 

X - Cl. Br, OMs. OTs. OP(O)(Om), RX F E102CvSr E,O-S’ 

EQC-0~s , PhCH2Ct.4s. AoMs, ~oP(o)(oE”2 , 

0 

BuLi ZnCln CuCN*?LICI 
FGRz-cI - FGRc,, - FGRE (23) E’ 

FGRX - FGRU - 
-100% 

R - alyl. wnyl FG - CN. teUO& N02, Cl, N3 

0 

, Arl. Flc= C-l. PhcOCI. 

6 

1 -CGEI 

Ph’ SCH&eI 1) CuCN.PLCI Ph9-S6E (24) 

PhSCH-ZnCI 

I 
2) E’ 

R phSX 
E goOdyiekis 

R - H. Me. m. nPr, NCCHz, EQC-# 

XS FGRCu(CN)ZnCI 
-- - (25) 

- PT -x 
FGR’ R2FG 

2) FGR’Cu c, Cl FGR RFG 

67%3x 

0 0 0 0 u 1) FGR’Cu 
0 

’ 

- 
FGR .- - PhCH2. R 

Aco-~ E,O>C- NC-# ’ 

The reagents Me,CoLi, and Me,FeLi, were 
claimed to be superior to Me,CuLi for the methylation 
of vinyl halides [29]. j?-Haloalkenylketones were alky- 
lated by alkyl organomanganese compounds [301. Al- 
lylic manganese compounds alkylated y-bromo+?-un- 
saturated carboxylic acid esters [311. 

Palladium catalyzed coupling of halides and triflates 
to main group organometallics via oxidative addition/ 
transmetallation sequences continues to be a growth 
industry, an indication that good ideas are easier to 
recognize than to get. Boron is fast becoming the main 
group metal of choice. Examples of coupling aryl tri- 
flates or halides to arylboronic acids abound (eqn. (26) 
[32], eqn. (27) [33], eqn. (28) [34l, eqn. (29) [35], eqn. 
(30) [361, eqn. (31) [371, eqn. (32) [381, eqn. (33) [39l, 
eqn. (34) [401, eqn. (35) [411, eqn. (36) [421, eqn. (37) 
[43], eqn. (38) 1441, eqn. (39) [451, and eqn. (40) [461X 

(26) 

Ar - Ph. pMePh. pCIPh. 1 -NapMh. 2.furany, 

ArOT, 
LdPd 

+ NaBAT, - 

ArAt 

(27) 

OH 

HO--;1 bW 
+ Arx - 

Nat%& 

Ar- Ph. PFPh. OMeOPh. MeOPh, 5-N%. PMePh, nt & 5.pynnidy,, 1 (28) 

2) Ar’B(OH)~, W(0) I Base 
TS TS 

4~ - Ph, PFPh, OMeOPh. MeOPh. S-N&. 2MePh. 
(29) 

L,Pd 
ArB(oH)p + At‘& - Some biaryl Imm 1 an pmducts (30) 
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S/&S. + Ph/bPh 3 Ph Ph(32) 

6h 

Bcw, Ar 
ArX/L& 

PhH/l+O/MBOH 

Si& Na2ccb SiR, 

60.90% 

A,- Ph, pMePh. pMeOph, pMeCONHPh. pCIPh> fiNPh. 
pMeO&Ph. pCHOPh, pNCPh. 0MePh. d9OPh SSti 

Y.H.OMCM 2-M 

Ar - 2.4.6-Me3Ph. oMeOPh. oCHOPh 

AV = oMeOPh. 0CIPh. 0SrPh. IHaphth. pSrPh. oAcN.HPh 

(36) 

(37) 

6TSS 

(39) 

(35) 

Vinyl boronates (eqn. (41) [471, eqn. (42) [481, and 
eqn. (43) [49]) and even alkyl boronates (eqn. (44) [501, 
eqn. (45) [51], and eqn. (46) [521) couple. Remarkably, 
halides having /3-hydrogens can also be made to un- 
dergo the palladium catalyzed coupling process with 
only minimal p-elimination (eqn. (47) 1531). 
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OH 

Pd dba2 R 

R”+, php- CFz 

BR2 
2, R” 

70.80% (42) 

40.90% 

x = TMS. MB, AC 

R’ - Ph. l&I. iPr 

F?=H k-W94 

R3=WX, +,A$, n.A&..# 

Co&& 

Ph. pMePh, pMeOPh 

(45) 

(46) 

L4m - R-R 

KJPO,. dmx. 

45.71% 

(47) 

Palladium catalyzed couplings involving transmetal- 
lation from tin remained very popular and were the 
subject of an in depth review (174 references) [54]. Aryl 
halides were coupled efficiently to vinyl tin reagents 
(eqn. (48) 15511, aryl tin reagent (eqn. (49) [56]), acety- 
lene tin reagents (eqn. (50) [57]) and p-stannylenones 
(eqn. (51) 1581). Aryl triflates (eqn. (52) [59]) and eqn. 
(53) [60]) and p-fluorophenyl sulfonates (eqn. (54) [611) 
were also efficiently coupled to stannanes. 

0 

’ + Bu,Sn&OEf 5 OEl 

R R 
60% (48) 

(49) 

L_,PdQ 
Ad + f9&c~CO,E1 - &C ~C-OEt 

40-6056 

(50) 

Ar = Ph. pN&Ph. pElO&Ph, pMePh. PMeOPh, 0’1 (f&S d; 

(51) 
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Me0 

OTf A” 

(1) PbP requked for slectmn rich sy**ms 
(2) alO% Pd required 

R” can be Me. Ph. PhC= C. Ar. p# , tul Ml ntutyl 

77% 

37% 

Aloso2 F 
WO) 

+ R,Sn+ - ArA 

‘lo-80% 

Ar = Ph. pMePh, pElOPh, l-n@ih, 

a$o R Sne , R&mph R SnhPh ’ ‘J COIJPl.3 

(52) 

t&d&R A ,&0&r - OoAr 3 Pd(Sn)(cI)L, 0 

60.90% 40.96% (57) 
m 

AI - pNOzPh. cCFaPh. OMePh, pPhPh. 3-py. pCIPh, CHOPh. Z,&Me2Ph 

EU&l R 

H 
R 

I \ La 
+Rx - 

0 DMFIHMPA 

35.78% 

(53) 

(54) 

R’=pMeOPh. ph/=‘? E,Gc/==$ 

R,Sn A, 

-- 

Palladium also catalyzed a variety of coupling reac- 
tions with heterocyclic tin reagents (eqn. (55) 1621, eqn. 
(56) [63], eqn. (57) [641, eqn. (58) [651, and eqn. (59) 
1661). 

rd 0 u S!lSll!j 

+ ,/=lco”= 
0 - 

2 CP 0 0 (55) 

good yields 

0 u SllSU~ 

I + w(O) O \ w co*m 

Vinyl stannanes coupled to bromoalkynes (eqn. (60) 
[671), &iodostyrenes (eqn. (61) 1681) and acetylenic 
stannanes coupled to vinyl bromide (eqn. (62) [69]). 
cw-Iodoenones were alkylated by vinyl and ally1 stan- 
nanes in the presence of palladium(O) catalysts (eqn. 
(63) [701) as were a-halocyclobutenones (eqn. (64) [71]) 
and a-halo ethers (eqn. (65) [72]). 

(58) 

(59) 

(60) 
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PC 

EtO& Sr x I + R-snsy - 
SJ CO,El 

TMS 
SUN” 

23% 

0 

9’ 
0 

x I 
5% W(OAc)* 

-9 

R 

+ RsnSu~ 

\ 
lo%cul 

ml&s. NW i’ 

OH 
Rz I fi RJ 

- 

R’ 
,‘I 

50.75% 

R’ -Me, nBu, Ph Rx= CWT. NSn2. nSn. ph. me 

x.0.s R’. m#. Th6wx En. Ph. Ph 

(62) 
R.HCIC- 69% 

R=Hfi=CH 91% 

(63) Q EtlO 
:I 

CH2oH 
Sr 

.& 

OH 

RO 
0 6 SflSU~ 

RC02 OH 

\ 
OH 

(66) 

67) 

TTES 0 

(64) l-x 65% 

(65) 
cl-lo CHO 

(+j-Jatap,,m - c_ “so, 

overa, 15% 

(69) 

Palladium catalyzed tin coupling reactions have been 
used extensively in the synthesis of complex molecules 
(eqn. (66) [731, eqn. (67) 1741, eqn. (68) [751, eqn. (69) 
1761, and eqn. (70) 1771). 

F 

Cl+OEt 

% RR;;(70) 

OSiR, OSiR, 

62-i?% 
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(75) 

(71) 

R.Ph, 

(76) 

Ar - Ph. PhcOc, 

Cl 
\ ,C’ 

N’p*N 
? ,R 

II I 
MeSnR p/\\ 

--,S,// \ p-c’ qw II : 
Cl Cl 16hr. 

R-,p, +y R 
RN R 

(72) 

(77) 

Other less conventional halides also underwent pal- 
ladium catalyzed coupling with organostannanes (eqn. 
(71) [78] and eqn. (72) [791). 

Zinc also effectively transmetallates to palladium, 
and many palladium catalyzed couplings of organozinc 
reagents with triflates and halides have been developed 
(eqn. (73) [80], eqn. (74) 1811, eqn. (75) [82l, eqn. (76) 
1831, eqn. (77) [841, eqn. (78) [853, eqn. (79) [86], eqn. 
(80) 1871, eqn. (81) [88l, and eqn. (82) 1891). 

0 

bL ’ f 
80-9046 

0 

P 
A, 

(73) 

d”., l)Ztl/cu HMPA 

a AJX. l-m 

(80) 
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Ar-Ph. (-& 

“Highly selective cross-coupling reactions of organo- 
silicon compounds mediated by fluoride ion and a 
palladium catalyst” is the title of a recent review (48 
references) DO]. Examples of this kind of reaction are 
shown in eqn. (83) [91]. 

\ 
SiMelPh 

PII 

Ar 
1747% 

(83) 

TSAF w ((Pdg ” 

Palladium also catalyzed the coupling of halides to 
organocopper species (eqn. (84) [921, eqn. (85) [931, and 
eqn. (86) [94]), aluminum alkyls (eqn. (87) [951) and to 
stabilized carbanions (eqn. (88) [961X 

SPh 

SOzPh S02Ph 

MH - pMeOPh, 1,P(MeO,nPh. Z-9,-1,4 MeOPh 

1, SULi 
CF~CHZOTS - 

21 Srz 
CFZ+~ 

Al 
3) CUl 
4) Ad. U’d 93.100% 

or _ PII. pNOzPh. mNOnPh. pAcPh, pEtO&Ph, pCIPh, WeOPh. I-NapMh 

R- .‘.+-$Ph 

w 
HO - HO 

Pdcat. 

Hd 

R - Me. El. iPr. nSu. ISn 

(86) 

(87) 

4pd 

t-1 

PhSG-CN 

PhSO, 

- Replaa,Xby 

NC? 
(88) 

Ph 2845% 

Ph ‘,Lx l- 

2.1.2. A&ration of acid derivatives 
Palladium efficiently catalyzed the alkylation of acid 

chlorides by zinc (eqn. (89) [97]) and tin alkyls (eqn. 
(90) [981), eqn. (91) [991, eqn. (92) [lOOI, eqn. (93) [loll, 
eqn. (94) [102], and eqn. (95) [103]). 

(84 
Imp NHsOC L2PdC12 

&en 
+ ROzca - ROEoy 

2 (89) 

43% 

(90) 
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:Ll* + QCUCN - “CU’ 
1) eC’ ,L 

Li 
2) Phcccl 

4o-55% (96) 

0 
RJSll BU&l A R 

1 R’X _ “@+A, 
(93) 

w(O) 0 

R - Ph. pMePh. pMeCOPh. pNO>Ph, 

0 

‘G, 4- oL”0:3 
RI-) 

0nPdCIL2 

%,,,&iqp 
oJ&J% 

0 
38% (dimr) 

60.80% 

R - Me, El. 
7 

- Ph. pMePh, p(BuPh. 

Pil 

OMBPh, PCIPh. pMeOPh, ada”m,yl 

and RI 1 R* 
-- R’ 

R’ - Ph. tB”, E,. pNCPh. ElOzC 
-# 

R=El.Me R’X. C, PhCCCI. eE’ Mal,Etl 

(95) 

RCOCI + RMgU 
% MnCbLir 

- R’R 

(98) 

(99) 

WK0 

Organocopper complexes are waning in popularity 
for the conversion of acid halides to ketones, but a few 
cases have been reported (eqn. (96) [KM], eqn. (97) 
[1051, and eqn. (98) [1061). Organomanganese com- 
plexes also alkylate acid chlorides (eqn. (99) [107] and 
eqn. WIO) [108]). 
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2.1.3. Alkylation of Olejh 
The Heck reaction - palladium catalyzed oxidative 

addition/olefin insertion/ p-elimination - continued 
to be the most popular method to alkylate olefins, and 
many aspects of this reaction have been studied. Heck 
reactions in aqueous solutions were achieved by using 
sulfonated phosphines as ligands. The reactions went 
at mild temperatures in aqueous ethanol or acetoni- 
trile, and gave high yields [log]. Polymer supported 
phenanthroline ligand/palladium complexes catalyzed 
the arylation of acrylamide (eqn. (101) [IlO]). Several 
other heterogeneous supports were also developed 
[111,112]. The effects of ligands on the regioselectivity 
of the arylation of a variety of alkenes by 1-naphthyl 
iodide or triflate were studied (eqn. (102) [113] and 
eqn. (103) [114]). 

0 H*O. Naobc 
100” ,I-99% 

Phen-Pd(0) 
(101) 

Ar - Ph. pCIPh. p%Ph. oCIPh. 2.6.C12Ph, pN&Ph, pMePh. pMeOPh. mN@Ph. pCO$iPh. 

pAcPh. 3,4(MeO)~Ph. 2.W(MeO)zPh, 

W’J) 

Y.OCM $( CH$X. \x CAC, Ph. CO#.,e. CN, H 

A 

L L - DPPP. DMF, DPPB, DPPE 

COMe, 

(102) 

WO) 
Arx + pm” - A,&osu + 

DMF. L 

x - sr, Cocl 

AI = I-N@“h. oMePh. OMBOPh. oCH3COPh. .,NCPh, 002NPh. oMeO&Ph. 
mMePh. mMeOPh, mCH$OPh. mCNPh. m0#Wt1 pMePh. pMeOPh. pCH$OPh, 
WPh. PcIPh, FQNRI 

(103) 

Catalyzed asymmetric Heck reactions have been re- 
viewed (15 references) [115] and (24 references) [116]. 

Palladium(O) catalyzed the arylation and vinylation 
of vinyl glycine by triflates (eqn. (104) [117]), the vinyla- 
tion of indole triflates (eqn. (105) [118]) and naphthyl 

triflates (eqn. (106) [119]), and the arylation of ac- 
etamido acrylates (eqn. (107) [120]) and acrylamides 
(eqn. (108) [121]). Palladium(O) also catalyzed the viny- 
lation of cyclopentene diols (eqn. (109) [122]) and the 
arylation of styrenes (eqn. (110) [123]). 

ArOTl 

[Orf + /yO*H Pd(O) ArqCo*H 

NHCBz NHCBz 

SO-7096 

(104) 

OTf 

SOzPh SOzPh 

4590% 

R = CO+.&, C&El. COMe, CHO. Ph. nCs 
(105) 

OH 

z=nst 99-I Z.CO*Me 991 (106) 

Z=OBn,Ph- -_N 

and 

Ph 

81% 

(108) 

Ph 0 
67% 
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(109) 

Pd’oAC)Z xea + “Q, FL 

xqJ/d3y(l 1o) 

X - H, MO. NQ, PhCO. Cl40 

Y-H.MeO 

Norbomene (eqn. (111) 11241, eqn. (112) [KS], eqn. 
(113) [126]) and 1,3-dienes (eqn. (114) [1271) were alky- 
lated under Heck reaction conditions. 

Oxygen (eqn. (115) [1281, eqn. (116) KM, em. (117) 
[130], eqn. (118) [131]) and nitrogen (eqn. (119) KQI, 
eqn. (120) [133]) heterocyclic alkenes were alkylated 
under Heck conditions. Benzyl chlorides also alkylated 
olefins under Heck conditions (eqn. (121) [1341). 

0 

HN' NH 
0 0 

(111) map W?O, 
KCN 

.96% ee 
TWO 40-W 

w(ow2 
Ar 

DMSO. EbN 
HCOOH 

A, = Ph. pCF&%NHPh. pMeOPh, mMeOPh, oMeOPh 

95% 
AI - ph. pCIPh, “CIPh, oCIPh, pAcPh. pNCPh. pMeOPh. P-Napi,,,, 

Ar - pCH&OPh. mMePh. pCIPh. pMeOLCPh. Ph Ar = pCIPh. Ph. pAePh, pNCPh 

(115) 

(116) 

R-H. R-Ok 
R.OAc.R’.OH 

ArX - Phi. PhOTf. pMeCPhl. pElO&Phl. pNO#hl 

(118) 



282 L.S. Hegedus / Transition metals in organic synthesis 1992 

R’ = H. *Me. me. ootAe. 2.54”bZ. Cl 

R2 = Ph. CONHI, CO>El 

Tertiary allylic alcohols were alkylated by vinyl tri- 
flates under Heck conditions (eqn. (122) [135]). 
Quinones were arylated by aryl mercuric chlorides in 
the presence of palladium(I1) catalysts (eqn. 
11361). 

Ar = Ph. pCIPh, pAcOPh. oAcOPh 11 

(123) 

(122) 

(123) 

Intramolecular Heck reactions have been exten- 
sively used to form cyclic systems and have been the 
subject of several reviews [1371 (23 references), ]138l 
(25 references) [139]. It has proved very useful for the 
synthesis of a wide variety of nitrogen heterocycles 
(eqn. (124) [1401, eqn. (125) 11411, eqn. (126) ]1421, eqn. 
(127) [143], eqn. (128) [1441, eqn. (129) [145l, and eqn. 
(130) [1461X 

(124) 

p% OS& 

(125) 

0 

H 
MeNSO 

CBzN a n 

H 
WOnCk MeNSO (126) 

CA 
H 

(127) 

(128) 

>!37% 

0 

co I &I 4Y (129) 
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Carbocycles were also produced by intramolecular 
Heck alkylations of alkenes (eqn. (131) [147], eqn. (132) 
[148], eqn. (133) [1491, eqn. (134) WOI, and eqn. (135) 
[1511>. 

OTSDMS 

z 

91% 
and (131) 

COgA. 

-- 

5 

(132) 

+ +!Ez_& & (133) 
sr NacH 

80% 

/OTSDMS 

35-W% yield 

89.9% ee 

(135) 

By intercepting the initial a-alkylpalladium interme- 
diate in the Heck reaction, multiple bonds can be 
formed, generating cascade cyclizations, a topic of a 
recent review (15 references) [152]. Examples of this 
process are seen in eqn. (136) [153], eqn. (137) [154], 
eqn. (138) [1551, and eqn. (139) [156]. 

A = Ph. pMePh. pMeCnCPh. ph+\ 

(137) 

(138) 
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Ortho-manganated arenes underwent palladium cat- 
alyzed olefin insertion (eqn. (140) [157] and eqn. (141) 
[1581X 

R’ -co& c3wt.M 
R2.M.3.H 

2 P CO&s. COW CHO. CN 

R3 = OH, OMe 

Mwm, 1) Lt2PdCl, co&4e 

CN 

2) &co*Me CHO 

CN 
CHO up 10 96% (141) 

Alkenes were alkylated by free radical reactions 
initiated by cobalt(I) (eqn. (142) [159]), copper(I) (eqn. 
(143) [160]), ruthenium(R) (eqn. (144) [1611) or chromi- 
um(R) (eqn. (145) [162,1631). 

(142) 

Cl 

( )” 
CHCI, CuC!bipy 

eP”y - 
0 0 0 

Cl 

0 

(143) 

‘lo-90% 

R’ -H. Me. “Pr, Ph. C&Ok, CO&40 

R2=H,Me R3=H R4 = H. “pr 

R5=H.t& 
VW4 

(144 

Zirconocene dichloride catalyzed the alkylation of 
olefins by Grignard reagents (eqn. (146) [1641 and eqn. 
(147) [165]). Ruthenium complexes catalyzed the alky- 
lation of alkenes by vinyl halides (eqn. (148) [166]). 
Nickel(R) phosphine complexes catalyzed the alkyla- 
tive ring opening of dihydrofurans (eqn. (149) 11671, 
eqn. (150) [168]) and dihydropyrans (eqn. (151) [169]). 

“I\= 3% C&cl, ti* + R/\/“gx - - H,,LR2 (146) 

(147) 

Ru(COD)(COT) 
R 

RdX + =\ - 

2 @as3 
‘7, 

- 

lov4h 
2 

2575% 

(148) 

l--& PC- H0J-y 
L2NiCb 

60.97% 

(149) 

B”O/\/y B”O/V\) R2 - Me. P”. B”. TMSCH2 (m B_H) 

(150) 
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(151) 

Nickel(I1) phosphine complexes catalyzed the alky- 
lation of vinyl sulfinamides by organozinc reagents 
(eqn. (152) [170] and eqn. (153) [1711X Nickel(O) com- 
plexes catalyzed the alkylation of olefins by a-iodoes- 
ters (eqn. (154) [1721 and eqn. (155) [1731X Copper 
catalyzed the alkylation of olefins with perfluoroallyl 
iodides (eqn. (156) [1741) and cyclopropene acetals by 
halides (eqn. (157) [1751X 

MeN+ .eO TMS 

I 
Ph 

‘k K 
i _ \ ; Zn(CH2TMS)2 a s 

-cx, 

(152) 
NCh dppp 

W2 
OR OR 

92% 

NiCw+Q 
+ ICHFCQR - R%H@&HFCqR 

ZWFyTHF (154) 
60” so-80% 

RCH=CH, + CFzCqR z RCH$&CF$02R 

R = CO$Ae. “Pr, nBu, nCs. Cs. C,z. MS. ,,O 

and 

ICF$02E1 
&‘)_ - 

CF2C0,Et 

(C& 
(01 

NiCl@ifl 
ZNlHF Wz) 

(0) 
=70% 

“\= + CFz= CFCF,, : CF2= CFCF,CN&HIR 

50” (156) 
47.87% 

alkeenes = 

R3 - H, TMS, Ph. @$ 

0 \ 
(157) 

2.1.4. Decomposition of diazoalkanes and other cyclo- 
propanation reactions 

Metal catalyzed decomposition of diazoalkanes is 
another fairly standard class of organometallic reaction 
that has been “discovered” by organic chemists and 
has been explored with a vengeance. Perhaps the best- 
known process is the Rh(I1) catalyzed cyclopropanation 
of alkanes by cr-diazoketones and esters. The chiral 
rhodium(R) catalysis “MEPyH”,Rh, has been bound 
to soluble polyethylene to aid in its recovery from 
completed cyclopropanation reactions [ 1761. Rhodi- 
um(R) catalyzed intramolecular cyclopropanation was 
an efficient process (eqn. (158) [177] and eqn. (159) 
[ 1781). Cyclopentenes were prepared by rhodium(I1) 
catalyzed cyclopropanations followed by ring expansion 
(eqn. (1601 [1791). Vinyl cyclopropanes were made by 
rhodium(R) catalyzed decomposition of vinyl diazo 
compounds (eqn. (161) [lSO]). 

0 R2 
H 

W-EPy), o tf R’ 

CH& 

R3 

cb 

sse-wm 

R’ = H. Me, Et PII. Sn. TMS m-90x BB 
Rz= H. Me. Et, Ph 

R3 = H, Ye 

(158) 
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Ph,/ 
Cu( I) OTf 

+ N2CHQR - 
c 

p”dl- C02R 

(164) 

Ph_ 
cat. Ph,,, 

+ N&HO&Et - 

Y + 
C02Et 

R'OY 

88.95% 

(160) 

(161) 

76-W% 

R’ = Bn. Et R2=H,Me 
(165) 

The cyclopropanation of alkenes by diazoesters was 
also catalyzed by ruthenium carborane clusters 11871, 
copper(R) acetylacetonate [1881, palladium(II1 acetate 
[189] and copper salen complexes [MI]. Rhodium(R) 
complexes also catalyzed the cyclopropenation of 
alkynes by diazoalkanes (eqn. (166) [1911, eqn. (167) 
[192], eqn. (168) [193], and eqn. (169) [1941X 

1%56% 

x1 = Cl. H RI = Me, OMe, Et, H. OTMS. Ok, OtEu, OEt, OPh. Owe’ 

z = CL H. M R*= Me. OMe, H, OTMS 

X3=CI,H,Me R3.Me,H.El I 

R4.Me,H 

//NTMS, N2CHCO,R 

RhzOAcr 
NT!.+& (166) 

The mechanism of rhodium-porphyrin catalyzed cy- 
clopropanation of alkenes has been studied [181]. Chi- 
ral BINAP-porphyrin rhodium complexes catalyzed 
olefin cyclopropanation with modest ee (eqn. (162) 
[1821 and eqn. (163) [1831X 

C02R 

RhzOAcd 

b 
R-H +N2CHCO#e- - 

R 

(167) 

X Rh 

- + N2CHCO~Et --y- 

(162) 

,o-60% ee 

(168) 

cat.- 

= 
IlKOH kl. 

0 

N,CHCOzEl 2, HCI 

I I. ( )” _ - ( h 
G WOAy 3) HBF. 0 

( h 

v 
(169) 

Ph- 

Ph- Rh’* 
+ NfZ”C~El - cyclopmpanes 

EtO+ 

(163) 

Chiral copper complexes also catalyzed the asym- 
metric cyclopropanation of alkenes (eqn. (164) [1841 
and eqn. (165) [185,186]). 

Rhodium(I1) complexes also catalyzed C-H inser- 
tion reaction of diazoesters, but regiochemical predic- 
tions were difficult and strongly dependent on the 
parameters of the reaction (eqn. (170) [195], eqn. (171) 
[196], eqn. (172) [197], and eqn. (173) [1981X However, 
many reactions were straightforward (eqn. (174) [1991, 
eqn. (175) [2001, eqn. (176) [2Oll, and eqn. (177) 12021). 
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0 - 
COzR 

R-t.% 24:1 
TBDPS 76:l 
AC SO’1 
H 5.W 

(170) 

(171) 

(172) 

but N, 

(174) 
RZ 

75.60% yield 
62.62% Be 

(175) 

0 0 

R’. Rh20A.a 

: 
OMe - 

R N2 

J- R. 
“\ N2 

%- 
Ph Rh20Acl 0=6 

EdI +Y Ph 

be 
0 0 0 

(176) 

(177) 

IO-33% 

In substrates that can partition between cyclopropa- 
nation and CH insertion, several parameters were ob- 
served to effect the outcome of the reaction. In eqn. 
(178 [203]) diazoketones preferred to cyclopropanate 
whereas diazoesters underwent CH insertion. This par- 
titioning was also influenced by the nature of the 
catalyst (eqn. (179) [204] and eqn. (180) [205]). 

0 

AN2 RhzOAc4 

but 

pdJgOE, - O O ou 

N2 4f - 
(178) 

Ph 

(Binaphthol phosphate)rhodium(II) complexes were ef- 
ficient catalysts for CH insertion reactions for decom- 
position of diazo compounds, but enantioselectivities 
were low [206]. Rhodium(R) acetate catalyzed O-H 
insertion reactions of diazoketones, as well (eqn. 081) 
12071). 

(181) 
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“Application of intramolecular carbenoid reactions in 
organic synthesis” was the title of a review (228 refer- 
ences) [208]. Rhodium(I1) complexes catalyzed a bewil- 
dering array of cycloaddition reactions based on the 
formation of ylides by addition of heteroatoms to car- 
benoids generated by diazodecomposition reactions 
(eqn. (182) [209], eqn. (183) 12101, eqn. (184) [211], eqn. (186) 

(185) [212], and eqn. (186) 12131). 

Q-J-y-t Rh20ACI * 

Ph 

Rh' 

CO*Me 

R’ 

(182) 

Rhodium(I1) complexes catalyzed a number of un- 
usual cycloaddition reactions of diazoalkanes (eqn. 
(187) [214], eqn. (188) [2151, eqn. (189) L2161, and eqn. 
(190) [217]). 

and (187) 

(188) 

(184) 
* 

N 

0 

+ e” 
Ku- 

A, - 
(189) 

0 

Rhzb 44% 

(190) 

n=1,2,3 



L.S. Hegedus / Transition metals in organic synthesis 1992 289 

Rhodium(B) complexes catalyzed a number of un- 
usual “cascade” processes which involved metal car- 
benes as intermediates (eqn. (191) 12181, eqn. (192) 
[219], eqn. (193) 12201, and eqn. (194) [221]). The same 
complexes catalyzed the intramolecular dimerization of 
carbenoids (eqn. (195) [222]). 

I (mechanism) (192) 
8&o PallSO” Kha”d 

L-cm 6633 
Plb 10:90 Man 11 

I 0 

(195) 

Electron poor dienes were cyclopropanated on the 
remote alkene by chromium carbene complexes (eqn. 
(196) [223]). Cationic iron complexes catalyzed the cy- 
clopropanation of alkenes by diazoesters (eqn. (197) 
[224]). A route to iron carbene complexes, for use in 
cyclopropanation, from aldehydes has been developed 
(eqn. (198) [225]). Dienes were monocyclopropanated 
by iron carbene complexes, by protecting one alkene as 
the iron complex (eqn. (199) [226]). Nickel(O) catalyzed 
the cyclopropanation of electron deficient alkenes by 
gem-dihalo-alkanes [2271. 

R 
70-900/o (196) 

FF * Ph, Mao& Me X - CN. CO&k CCM4en 

R-Ph.MB 

[CpFe(C0)2THF]* 

+ N&HCqEt 
ca - Kh EtO& 

ewe 

R-H 2973m 
RIM Sou) 

(197) 

TMSCI 

R - Ph. Me. pMeOPh 

Fp’ -_ + Fd=CH, - 

60.100% 

(199) 

wo+“o- 

2.1.5. Cycloaddition reactions 
Cycloaddition reactions using transition metal 

trimethylene methane derivatives have been reviewed 
(6 references) [228]. A convenient synthesis of the 
requisite Z-2-trimethylsilylmethyl-2-butene-l-01 start- 
ing material for palladium catalyzed 3 + 2 cycloaddi- 
tions has been reported [229]. This process was useful 
for the synthesis of a variety of complex products (eqn. 
(200) [230], eqn. (201) [231], and eqn. (202) [2321X By 
changing conditions, the cycloaddition to conjugated 
enones can be diverted from addition to the alkene to 
addition to the carbonyl group (eqn. (203) [2331X AI- 
lylic diacetates added to both cu-positions of cyclic keto 
esters, giving bridged bicyclic intermediates (eqn. (204) 
[2341X 
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Meo21& TMse ) Meo2& (200) 

P(OEtj3 THF 

33% 0 

cope 

& co$de 

Ph CO,hh 

pkl qo_ 
S02Ph 

0 / Ph CT 

(204) 

(201) 
Chromium cycloheptatriene complexes catalyzed a 

number of [2 + 61 and [4 + 61 cycloadditions (eqn. (205) 
[235], eqn. (206) [2361, and eqn. (207) [237]). Reduced 
cobalt complexes catalyzed an intramolecular homo 
Diels Alder reaction (eqn. (208) [2381). Ruthenium 
hydrides catalyzed [2 + 21 and other unusual cycloaddi- 
tions (eqn. (209) [2391). Reduced titanium species cat- 
alyzed [4 + 21 and [6 + 21 cycloadditions (eqn. (210) 
[240]). Oxidation of cyclobutadiene iron complexes in 
the presence of norbornadiene led to several cy- 
cloadducts (eqn. (211) [2411X Polysubstituted phenols 
were synthesized from cyclobutenones via cobalt vinyl 
ketene intermediates (eqn. (212) 12421). 

(202) 0 \ - , + fW’ ;GO)J 
1w 

CO,EI 

99% 1:10 (205) and 

C0,t.a 

C02Et 

77% 

(206) 

(203) 
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(207) 

OH L’ 
J@ 

(212) 

=I : 

84% Fl3= Ph R~.u3 

40-80% 

R-H, Me. TMS. Ph 

dl co,tAe CO$.4e 

RUN4 

I + I(1 - dlf I 
C0g.Q 

co$Ae 

52% 

and 

q - Meo*cMp$ 
71% 

w 
TM 8O”lh PM, 

R’ 

70.90% 

and 

(208) 

2.1.6. Alkylation of alkwes 
The Castro-Stevens reaction (Pd/Cu/amine) has 

become the premier way to couple alkynes to aryl and 
vinyl halides and triflates, and a large number of sim- 
ple cases have been reported (eqn. (213) [2431, eqn. 
(214) 12441, eqn. (215) [2451, eqn. (216) [2461, eqn. (217) 
[247], eqn. (218) [248], eqn. (219) [2491, eqn. (220) [25Ol, 
eqn. (221) [2511, and eqn. (222) [2521X 

Pdlcu 
(20g) + RCICH pd/cu _ 

R’CsCH 

(213) 

(210) 

RCsCH + ,)=o& L,wcIz 

3 cu’ W 

R.Su.TMS.Ph 

(214) 

N+s’ W/CU 
+ RCICH - 

R# 
(215) 

0 0 

98% 

(216) 
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R 

LiSr I HOAc e R 
ez _ - 

L2PdC1z 

70-90x 

2 -C&Me. CONHa CN 

R-Ph.Su.TMS. \-OH 

(217) 

7594% 

R’ ij CO& Ph. COMe. CHO 

R2 - H. Me 

RX _ Ph,, pS,Ph,, pMeOPhEr. pFPh. pNOnPh. pCFsPh. 3.5(CF&Ph. 3.5(‘)2Ph’ 

(218) 

R - Ph, pFPh. 2Py. pQf4Ph. M6zNPh. WPh. pCVk r( 
s c 

1) MCPBA 

C (COEI), 

Ar + (COW. 

OEt 

ArW( 

OEt 

40.60% 

A, - Ph, pM6Ph. pMeOPh. pO,NPh, pMe0fiPh. 2Py. 3pY. 2,6Me2-4Py. WMepPynmldiw 

L&Cl* I E1.N 

pX’&F,oS~l + Rati pXC,F,a R 
CMF W 

50.90% 

cm0 

(221) 

Additional examples are seen in eqn. (223 [‘W, 
eqn. (224) [254], eqn. (225) 12551, eqn. (226) D561, ew. 
(227)[257], eqn. (228) [2581, and eqn. (229 [2591. 

Et0 

“C= CCH*OH RO 

Pd/CuIR$W (223) 

c.“wall70% 

2) 

•t 

cr 

0 

.X,’ 7’ 
0ilO 

g 
Bnc x 

Pdc~lcul 

‘--=-‘- w 
0n0 

Y.TMS,CH$Jk,H 

md i 
60.75% 

(224) 

(225) 

(226) 

X-F.cI R - TMS. ph. C,% (227) 
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OTf 

(232) and 

CtAe OMB 
87% 

(233) 

(229) 

R - Me, Ph. TMS 

This process was efficient for alkynylation of func- 
tionalized arenes (eqn. (230) 12601 and eqn. (231) LM), 
and for multiple incorporation of &mS into arem% 

(eqn. (232) [262], eqn. (233) 12631, eqn. (234 [264l, ew. 
(235) [2651, and eqn. (236) LMI). 

l&i CUl / OH 

+ RE - 
&NH* b \ 

OH 

(230) ir 18% 

RI ipr&Q. fBu. H 

TO-90% 

R - TMS. Ph, nBu 

T6Df.k 

4Pd 
+ TBDMSaH - 

cul 

TMS 
&H 

TMS 

(236) 

(231) 
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The Castro-Stevens coupling was extensively used in 
the synthesis of ene-diyne natural products (eqn. (237) 
[267], eqn. (238) 12681, eqn. (239) [2691, eqn. (240) [2701, 
eqn. (241) [271], and eqn. (242) [2721) as well as other 
natural products (eqn. (243) 12731, eqn. (244) [2741, and 
eqn. (2451 [2751). 

TBSO ?d o.,; + 
Oh+3 TM 

fi Pd(0)TBSo 
Cl ?.Jn “II- + TMS 

OMe 

77% (2371 

(239) 

(240) 

OTl 

hTMS + 

-+ 0 
0, 

also ’ /1 ,” OS% 

4 CHO 

ad 
EtaN 

(241) 

(242) 

i H OTl 

OTBS 

(2431 

TMS 

_ -Ha”‘c + I?_ (245) 

OH 

l&i GUI Ho% 

Alkynes were alkylated to give alkenes by treatment 
with organozinc reagents in the presence of palladium 
catalysts (eqn. (246) [2761X Orthopalladated species 
inserted alkynes to give polycyclic materials (eqn. (247) 
[2731). Alkynes were alkylated by propargyl halides in 
the presence of copper(I) salts (eqn. (248) [278]). Ally1 
halides behaved in a similar manner (eqn. (249) [279]), 
as did aryl and vinyl halides (eqn. (250) [280]). Alkynes 
were readily carbocuprated (eqn. (251) [281]), and stan- 
nylcuprated (eqn. (252) [282]). Copper(I) catalyzed the 
intramolecular alkylation of alkynes by stabilized car- 
banions (eqn. (253) [283]). 
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Z = CO$Ae, CFI 

I32 = sanle 

R’ = C02Me, C02E1, pNO?Ph. mCF$Jh 

(247) 

(248) 

(249) 

R’-H,MB 

R’X + Fk=CH 
CUI/PFt@ 

R’Cs CR2 

K&Q DMSO 
&?-1x)” 78.98% 

R’=Ph pMePh pClPh Phby 

R*=Ph. -x 

ip,& (250) 

Titanocene complexes alkylated alkynes (eqn. (254) 
[284]), eqn. (255) [285]). Zirconium porphyrin com- 
plexes catalyzed the alkylation of alkynes by triethyl 
aluminum (eqn. (256) [286]). $-Ketimine complexes of 
zirconium inserted alkynes (eqn. (257) [287] and eqn. 
(258) [288]). Ruthenium(I) complexes catalyzed the 
alkylation of alkynes by ally1 alcohols (eqn. (259) [289]). 
Alkynes inserted into arylmanganese complexes (eqn. 
(260) [290]), and into orthopalladated arenes (eqn. (261) 
P911). 

R 

h 
c )” 

70-90X 

“_1,2.3 R = Ph. Et. Me. TMS 

(254) 

CP2fiCh + Me~AiCI + RCEC--L, - 

(255) 

R’ - 

,S”NC 

5347% 6088% 

R = nPr. iElu, t&I, m’ Ph 

R’ R* R’=H Me .I 

R4 = TMS. “Pr 

(256) 

(257) 
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(259) I”; 1 CO,H 

+ RJaBr Pdo .,,/qyJ 
R’ 

R’ 35-40X 
(265) 

R’-n.M.3 R2-H.t.b R~-Eu.~. c,M# 

R3 R’-Ph TMS H , . 

\ 
Pd-0 

\ 

H R’+ R2 Me0 

R’ (261) 
MB0 

OMe 

(266) 
R’ R 

Pd(OA& / EIN 
R 

PlbP 

R&Rr 

Alkynes participated in a number of “cascade” cy- 
clization processes, involving palladium catalyzed ox- 
idative addition insertion processes (eqn. (262) [2921, 
eqn. (263) 12931, eqn. (264) [2941, eqn. (265) [2951, eqn. 
(266) [2961, eqn. (267) [2971, eqn. (268) [2981, eqn. (269) 
[299], and eqn. (270) [3001). 

OBIl 
(267) 

0 

(263) 

Ph 

\ 

>. 

Ph 

II 
s9”’ (268) 

, 
” yx,, 

I 
67% 

X=NCO%.O R.ti.t.b 

R’ 

A,X Pd(OWzlPhsP)z cm) 
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Fx EW. Suatw 

n Mea4 

40.70% 

X=OTf,I OTf 

Ar - Ph, pMeOPh, pMeO&Ph. pAcNHPh, T,oaSterpld j--$ 

_a 6 

Ph 

and 

85% 

(269) 

EEwE - E&E 
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Me4 
CO#Ae 

\ II Sr 5’ - 0th 
- 

(270) 

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

“Selectivity in palladium catalyzed allylic substitu- 
tions” was the title of a review (130 references) [301]. 
Palladium catalyzed alkylation of ally1 acetates by stabi- 
lized carbanions has been used extensively, both in- 
tramolecularly (eqn. (271) [3021, eqn. (272) [3031), and 
inter-molecularly (eqn. (273) [3041, eqn. (274) [3051, eqn. 
(275) [306], eqn. (276) 13071, eqn. (277) [3081, and eqn. 
(278) [309]). 

% 93 7 
+ dpqe 51% 68 : 31 

(271) 

R 

=# 

R R 

4Pd 
(_) Co$Ae - 

PM) CO&U =a R 

CWQ 
CO&Q 

(272) 

77% (273) 

$_ \ NUC 
0 

0 ph2sm2 

znch. km CO*R 
2)H,W/C (275) 

CO&l 

0 

CF, +&x--.-4 
CO>Et 

5% L,Pd cF3+)n 

CO,Et 

(276) 

(277) 

(278) 
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Palladium(O) catalyzed the alkylation of allylic sys- 
tems of vinyl cyclopropanes (eqn. (279) [3101, eqn. (280) 
[311]), the alkylation of ally1 acetates by ketene silyl 
acetals (eqn. (281) [312]), the alkylation of cholestenyl 
esters by carbon nucleophiles (eqn. (282) [3131), and 
the alkylation of ally1 acetates by cY-hydroxy acid 
derivatives (eqn. (283) [314]). Vinyl rnercurials (eqn. 
(284) [315]) and zinc reagents (eqn. (285) [3161) alky- 
lated ally1 acetates under palladium catalysis. 

\/-cOR 

R = AC. TF, C&Et Ts 

Pd dba, (280) 
R3 

Sl% 

R’ = H, Me. TMSCHz RZ. R3. R4, R5 = H, Me 

JL +W (281) 
Me0 OTMS 

(285) 

Asymmetric induction in the palladium catalyzed 
allylic alkylation reaction has been achieved both by 
using chiral substrates (eqn. (286) [317], eqn. (287) 
[318]), and chiral ligands (eqn. (288) [319], eqn. (289) 
[320], eqn. (290) [3211, eqn. (291) 13221, and eqn. (292) 
[3231X 

TJ-77% 

with L = (R)(S)BPPFA 

34% yeId 83% ee 

0 0 0 0 

(286) 

(287) 

(288) 

(289) 
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B-, ,,,, 
0 

,oK - 5 u %, (.J+A 
c W(0) - 

Full paper on do8ipn ol efficient ligands for this reaction 

(290) 

(291) 

(292) 

Palladium(O) complexes catalyzed the removal of 
ally1 carbonate protecting groups (eqn. (293) [3241 and 
eqn. (294 [325]). Palladium catalyzed reactions of 
propargyl carbonates have been reviewed (27 refer- 
ences) [326]. Propargyl carbonates were alkylated by 
stabilized carbanions in the presence of palladium(O) 
catalysts (eqn. (295) [327,3281). Benzyl carbonates un- 
derwent similar alkylations (eqn. (296) [329]). 

ki- 96% yeid 

NH2 
up to ‘lo% ee 

OH 

(293) 

PMC fB” 
H 1 IH 4Pd 

- depmletis 
G?w 

Palladium(O) complexes catalyzed “cascade” cycliza- 
tions which were initiated by oxidative addition to an 
ally1 acetate (eqn. (297) [330,3311). 

(297) 

Cobalt-stabilized propargyl cations were alkylated 
by a variety of carbon nucleophiles (eqn. (298) [332], 
eqn. (299) [333], and eqn. (300) [334]). 

COZ~CO)S 

(298) 

1) 
- HO 
2, ox 

Y 

(299) @-@3% 

Z - Me. S 0, R CHCHs 

I 
OMe 

&eoTMs LBwisAcid -3 (300) 

ChCOh &c% 

Organocuprates alkylated allylic (eqn. (301) [335] 
and eqn. (302) 13361) and propargyl systems (eqn. (303) 
[337] and eqn. (304) [3381X The stereo- and regiochem- 
istry of displacement of ally1 benzothiazines by alkyl 
copper species was the subject of an extensive investi- 
gation [339]. 
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(306) 

2.1.8. Coupling reactions 
“Controlled decomposition of kinetic higher order 

cyanocuprates - a new route to unsymmetrical biaryls” 
was the title of a review (20 references) [342]. Unsym- 
metrical biaryls were synthesized by copper catalyzed 
coupling of unsymmetrical aryl diesters (eqn. (307) 
[343]). Reduced nickel species coupled cu-halopyridines 
(eqn. (308) [344]). Aryl triflates were reductively cou- 
pled electrochemically in the presence of palladium 
catalysts (eqn. (309) [3451X Palladium(H) acetate cou- 
ple o-iodoanisoles (eqn. (310) [346]). Dienes were 
dimerized by palladium(O) complexes and hexameth- 
ylditin (eqn. (311) [3471). 

EWG = CN. C02Me, PhCO R = MB. B” 

(303) 

(307) 

(304) 

(308) 

Silyl enol ethers alkylated ally1 acetates complexed 
to Fe(CO), (eqn. (305) [340]). Nickel(O) complexes cat- 
alyzed the reaction of aryl Grignards with allylic bro- 
mides (eqn. (306)). 

L2PdCIz 
2ArOTf + 28. - Am 

DMF 
90” 3om (309) 

Ar = I-Ntaphlh, Ph. pCNPh, pCF3Ph, pC,Ph. oClPh 

DMF lOO* 

(305) 
(310) 

R = H. 90% 3MeO. 87%; 5,400. 77% 
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Me&lSnMea + ..,,“A&F (311) 

Low valent titanium coupled chromium-complexed dSiR3 

aryl ketones (eqn. (312) [3481), a-ketonitriles (eqn. (313) 
[349]), and oximes (eqn. (314) [350]). Low valent vana- 
dium species coupled a-amino aldehydes (eqn. (315) 
[351]), and cross coupled ketones with formaldehyde 

+ KF$&. ~~+ 
0 

(eqn. (316) [352]). Niobium(II1) coupled aldehydes (eqn. 
(317) [3531X ketones- ,,,,,), ,Jt 4 

0 

R% H, Me, Et, “Pr, P~CHZ 

R’ I H. Me R2 = Ph. pCIPh, OCIPh. pl4em 

0 
0 VCb(THF)a/Zn HO NHCSr 

R 
H * R 

2, H’ 
R 

NHCSr 

NHCSZ 

R - iPr. iSu. Sn, (CH&NHCBz. \mSMe 

(312) 
NbCla 

ArCHO - 
-w 
THF 

(316) 

(317) 

(313) 

Dicobalt octacarbonyl coupled thiocarbonates (eqn. 
(318) [354]). Osmium porphyrin complexes catalyzed 
the coupling of diazocompounds (eqn. (319) [355]). 
Silylenol ethers were coupled by vanadium oxychlo- 
rides (eqn. (320) [356]). Ruthenium oxide catalyzed 
oxidative biaryl coupling (eqn. (321) [357]). 

(314) 

hiph yields 
1m?mbJms 

R - CHCOzEt. (pMePh)nC 

(315) JQ VO(OEt)$Zl~ _ & 

0 

(319) 

(320) 
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R 
R 

Rn02.2H*o 

TFA (321) 

2.1.9. Alkylation of vallyl complexes 
A number of unusual facets of reactivity of r-al- 

lylpalladium complexes have been reported this year. 
The fact that a-branched ester enolates attacked the 
central carbon of rr-allylpalladium complexes, giving 
cyclopropanes, a reaction originally reported over ten 
years ago, was again reported (eqn. (322) [358]). Com- 
plexes from fluorinated ally1 acetates were alkylated at 
the less substituted position (eqn. (323) [359]). The 
stereochemistry of oxidative addition of palladium(O) 
complexes to ally1 acetates depended strongly on the 
solvent (eqn. (324) 136011, and on the steric bias of the 
starting material (eqn. (325) [361]). Evidence for the 
intermediacy of cationic ally1 palladium phosphine 
complexes in palladium-catalyzed allylic alkylations was 
obtained by isolating and studying just such intermedi- 
ates (eqn. (326) [362]). ~Allylpalladium complexes 
from methlenecyclopropanes were alkylated by carban- 
ions (eqn. (327) [3631). Palladium(O) complexes isomer- 
ized optically active r-ally1 complexes, accounting for 
loss of stereoselectivity in some reactions (eqn. (328) 
[364]). ~Allyliron complexes were alkylated by 
organocuprates (eqn. (329) [3651) and organolithium 
(eqn. (330) [3661X 

(322) 

(323) 

x = Cl. 8, R = CO*!& 

Y = Cl R-Me 

(both cis and trams) 

OC0#.4e + Pd(styrene)L2 - 

(324) 

(32% 

(326) 

2 

(327) 

PdL20Tf 4Pd 

C02Me - 
rapid ikomerua,ion 

b 

,#O M e 

\ 
PdL@Tf 

(328) 

R’ 

RCuCNZnl _ xR, + mR 

+ R R2 

4oel% (329) 

R’ I H. Me R2 - H. Me 
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R 

+ RLi - P 
4281% (330) 

R - Ph$H, RI Ph. Bu 

2.1.10. Alkylation of carbonyl compounds 
Tebbe’s reagent effectively methylenated a complex 

lactone (eqn. (331) [367]). Several new carbonyl olefina- 
tion reagents have been developed (eqn. (332) [3681, 
eqn. (333) [369], and eqn. (334) [370]). Ruthenium salen 
complexes catalyzed the alkylation of ketones by silyl 
enol ethers (eqn. (335) [371]). Tungsten(R) complexes 
promoted the alkylation of ketones by alkenes (eqn. 
(336) [3721X - 
(r3- CpzTiCHz 

0 OTBDPS e RO“” 

57 

0 OTBDS 
R o+*’ (331) 

0 =\ 
\ 

9B9b 

b 
+ Cpz3(CHnPh)z 1 

R 

(332) 
-R x 

55” 
PhCH~ 

good y1ehis 

(333) 
C~Tl(CHzTMS)t + R’ R? - R’ 

(334) 

+ :)=(:MS 

0 OTMS 

Ru(salen)(NO)(HzO) (335) 

(336) 

Chromium complexes of aryl ketones (eqn. (337) 
[373]) and aryl aldehydes (eqn. (338) [374] and eqn. 
(339) [375,376]) were alkylated with high stereoselectiv- 
ity. Cobalt complexed propargyl aldehydes were alky- 
lated by silyl ketene acetals (eqn. (340) [377]). 

+ R$JOTl + iPrzNE1 - 

(337) 

Cr(CQ3 

i+) 

+ 

0 OH 0 

StBu SIBU 

OBll 

(338) 

2R 35 rSB?‘eee 

R2 

I+) - (_) S”,i96% 88 + 

(-) - (+) anti 96% Be 

(339) 

(340) 
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Aldehydes were alkylated by propargyl ethers (eqn. 
(341) [378]) and ally1 ethers (eqn. (342) [379] and eqn. 
(343) [380]) in the presence of zirconocene. q2- 
zirconium complexes alkylated aldehydes (eqn. (344) 
[381]). Hydrozirconation of alkynes and alkenes gave 
zirconium alkyls which alkylated aldehydes (eqn. (345) 
[382], eqn. (346) [3831, and eqn. (347) [3841X 

R’ = Ph. TMS. -# R’ = Ph. 

R* = Me, iPr R3 = H. Me 

R - H. Ph. Me. 

R' = "P,. d-z iPr 

(341) 

(342) 

SO-90% (R.R) 

WI 

from 9&S al 0” 
to 5:95 at fix 

(344) 

-Rw 

CpzZr--+R \ Cl + R’CHO Ag* 

CpZZr,~R 

R’ yvR 

Cl 6080% 

(346) 

,,,_ri” + ,,K, - H’ 

R 

.b 1 

+ 

PR3 
R’ HO R’ 

mapr 

99% 
R - H. Me. Et 

R’.mx. A, hx .Ph 

(347) 

Palladium catalyzed the alkylation of aldehydes by 
ally1 alcohols (eqn. (348) [3851 and eqn. (349) [3861) and 
by a-bromoamides (eqn. (350) [3871). Nickel enolates 
alkylated aldehydes (eqn. (351) [3881). 

R’ -Me. H, nPr. iPr, 

9 

Ph R2 = H, Me. 

9 

pMeOPh. pNCPh c349j 

R3 = Me. 

0 

Ph. PMeOpCPh. pCIPh, pMeOPh. Mx 

RCHO + ErCH2CONR2 
z “\-\,,,,, 

3x3% (350) 

R - pNOpPh. pCIPh. FV+‘-~ (“m’ 
0 
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Aldehydes were alkylated by ally1 cuprates (eqn. 
(352) [389]) and alkyl cuprates (eqn. (353) [390]). Re- 
duced tantalum species alkylated aldehydes and ke- 
tones with alkynes (eqn. (354) [391,392]). Imines were 
alkylated in a similar manner (eqn. (355) [393]). 

H (353) 

R = Ph. su. I&I 

(354) 

T&b 
R(-_R2 _ 

Z” 

(355) R’ Fi* 
Td& THF 

RI-R2 - - 
zn t&AI I33 

iHNMe2 

R’ - Cs. 0 Ph. TMS. MeS 

R3- d-d+ Q 

Allylmolybdenum complexes alkylated aldehydes 
(eqn. (356) [394], and eqn. (357) [395]). The addition of 
organochromium compounds to aldehydes - the 
Nozaki-Hiyama reaction - was the subject of a review 
(43 references) [396]. Allylic halides alkylated aldehy- 
des when treated with chromium(I1) salts (eqn. (358) 
[3971 and eqn. (359) [398]). Optically active arene 
chromium complexes induced asymmetry in the alkyla- 
tion of aldehydes by diethyl zinc (eqn. (360) [399]). 

MO(C0)2 + 

I&SO% 

(356) 

C02Me 

A- 
COtMe 

CPWCO)S 
+ RCHO F cw;; 

(357) 

TMS,&,,Sr + ,,A,- s 

RCHO 
Sr TMS 

54I8% 

R = Ph. nPr. 
noly an,, 

ii 
R’~OPWlz + RCHO s d$R 

RCHO + Et& cat. ,L 

2.97% yie!d 
>94% Be 

R = Ph. I-Naph. P-Naph. pMeOPh. P-Phen 

(358) 

(359) 

(360) 

Iron complexes of vinyl ketenes were alkylated by 
stabilized ylides (eqn. (361) [400]) and by alkyllithium 
(eqn. (362) [401]). Cationic iron cyclopentadienyl com- 
plexes catalyzed the alkylation of aldehydes by ketene 
silyl acetals (eqn. (363) [4021X Iron(R) complexes of 
acetonitrile anion alkylated ketones [403] and aldehy- 
des (eqn. (364) [404]). Titanocene alkylated, ketones 
with a-bromoesters (eqn. (365) [4051X Iron carbene 
precursors were made by the reaction of ketals ,with 
anionic cyclopentadienyl iron complexes (eqn. J366) 
HO61). 
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TMSO 0 

PhCHO + 

OH 

NCCH2FeCI + WHO -R 
-t 

H +R 
J. 

R 

CN 

L._.-“g= / sr-CW RZOH C02E1 

0 0 

R’ - Ph. iPr. nPr. 6,6 
R* = H. Me 

R = R’ =OMB 969h,R=H,R’=OMe 30% 

R i H. R’ = Ph 44% 

2.1.11. Alkylation of aromatic compounds 
Palladium(I1) complexes catalyzed the alkylation of 

pyrroles by organic halides (eqn. (367) [307l and eqn. 
(368) [408]), as well as intramolecular alkylation of 
arenes by aryl bromides (eqn. (369) [409]). Aryl cuprates 
added to the 4-position of N-acylpyridinium salts (eqn. 
(370) [410]). Nickel(I1) acetyolacetonate catalyzed the 

reaction of Grignard reagents with aryl triflates (eqn. 
(371) [411]). 

(361) 

:nc, 

+,,=pR+ qR 

(362) X = NH, NMe good yieMs 

(363) 

OMB 
s% 

(364) 

+ MCuCNZnl - 

R2 

R’ - Me, Cl. Er, OMe, CO+& R2 = H, Me 

(365) 

w-k A102 + RMgX - ArR 

Z - T,, CONMe 3leS% 

R = TMSCH2. Ph. Su 

AI ic 33 cam*! 

(366) 

(367) 

(368) 

(369) 

(370) 

(371) 

Chromium-complexed thiophene was lithiated, then 
a-alkylated (eqn. (372) [412]). Chromium-complexed 
polyaromatic hydrocarbons were similarly alkylated 
(eqn. (373) [4133). Chromium-complexed tetraline (eqn. 
(374) [414]), benzaldehyde SAMP derivatives (eqn. (375) -. ._ _. 
[415]), oxazolines (eqn. (376) [416]) and acetophenone 
ketals (eqn. (377) [417]) were lithiated, then alkylated. 

TMs~~cr~co)3 W+ TMSm 

(372) 
@F/0 
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1) LiTMP /E 
(COWPAH - PAH 

0 E’ 

Stereoselective manipulation of acetals derived from 
o-substituted benzaldehyde chromium tricarbonyl com- 
plexes was the topic of a lecture [422]. 

3) ox 

PAH is QJy&Jp 

t 
(373) 

(378) 

cc 1; co*tAe Pi Iv.3 

co*t.ae - 1 
\ 

BSterase 

\ 
cc CO,H 

> CO$& 

\ 
C~lCOh wc% 
&I 

NPr2 
0 cr(co,s 

NPQ 

(379) 
2) SW TMEDA. Mel 
3,hv.q 

alem 249% et? 

(374) 

1) &OK. Mel 

2, PfbP 

NPr2 

C&W % (380) 
1) RLi 
_ Q-N? $+ PC”’ 
2, Ph& 

CNWl 

W 

(375) 

(376) 

(377) 

Arene complexes of manganese (eqn. (380) [423], 
eqn. (382) [4241, eqn. (383) [4251), iron (eqn. (384) [426]) 
and ruthenium (eqn. (385) [427]) were alkylated. 

0 

0 =\I J!L CT”; \ \ 
+Mn(CO)s 

MNC013 

1, MeLi 

3) NaH I Mel I HMPh 

(381) 

54% >95%/oBB 

E - PhrPCI, TMSCI, Ph$O 

MC* )-CN ~““‘“” , ,,,-9 NC-C&,& 
Cl Llr 

O-&N” / 
(4 + 

& X< Q 
,-I -t&co)3 - 

OPh (382) 
Optl 

WCO,s 

76% 3.5 / 1 d&l “a-Benchrotrenic carbanions. Formation, stabiliza- 
tion and synthetic applications” was the title of a 
review (69 references) 14181. Optically active arene- 
chromium tricarbonyl complexes were benzyhcally alky- 
lated with high ee (eqn. (378) [4191). Optically active 
chromium arene complexes were prepared by the pro- 
cedures shown in eqn. (379) 14201 and eqn. (380) [4211. 

MB Me0 

OMe 

I m (383) 
MNWa ME0 

@?a% 
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\ ‘/ 

37 \ :I \ 

‘/ \ 

(384) 

(385) 

2.1.12. Alkyhtion of diene and dienyl complexes 
“Aryl substituted cyclohexadienyl iron complexes in 

alkaloid synthesis” was the title of a dissertation [4281. 
Indole alkaloids were synthesized in low yields by ox- 
idative cleavage of an iron-diene complex (eqn. (386) 
[429]). The role of substituent patterns in selectivity of 
preparation of cationic iron cyclohexadienyl complexes 
by acid catalyzed demethoxylation of iron complexes 
alkoxycyclohexadienes was examined [430]. Iron dienyl 
complexes found numerous applications in organic syn- 
thesis (eqn. (387) [4311, eqn. (388) [4321, eqn. (389) 
[433], eqn. (390) [4341, eqn. (391) [4311, and eqn. (392) 
[4361X 

Q + $- QwOM? qaoMe 
F&Oh’ NH2 (COhFe 

H?N B/o 

(386) 

?M” OMe 

&JJOM. s- @MOM. 
‘Fe(CO), 

OMB 

2 +/uk 4646 

(387) 

3) NHPFe 
4) KCN 

CN 

Bib 

and 
53.55% R’S - H, OMB 

(389) 

OR 
‘\ 

cm Rl - -4 - 

0 

(390) 

CFs 

b / OH 
\ (391) 

OH 

miially pm) 
BRb 

+ (ficSC+CuLit - R 
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Cycloheptadienyl complexes (eqn. (393) [437], eqn. 
(394) [438] and cyclooctadienyl complexes eqn. (395) Q 

ACu(CN)Znl R R=CH2CH2C02H 

\I/ 1) NO* -co 

(396) 

\ 
0 0 

[439] were similarly useful. c PWCO)z MO 21 W 
S% 

414)% 

R m  E,O&-’ , EtO,C-I’ EtO& /\/x NC-’ 

NC-#. AcOw# PhCO*_x 0n 

Fe(C0]2P(OPh)s 

CHsOCH2CI 
AK% 

(393) 

Gmph 5 *Amph (397) 

WCO)a 2lPA SF8u 

SH3THF 
HZ02 

ohte OH 

c0+4e 

MC-.Phs 62% ( 
81% 

c02tJe 

FeW% 
FB 

1) M,O/‘CI 

R’ R’ 

(394) TMSCI I EbN 

znci, 
-Fe(COh 

(395) 

Ew”’ -- E-C. 

Fs(COb 0 H 
F* OS, 

Diene complexes were also reactive toward nucle- 
ophiles (eqn. (396) N401, eqn. (397) MU, and eqn. 
(398) [442]). Dienes were complexed to iron to protect 
them from reagents used for carxying out reactions at 
remote sites (eqn. (399) [4431, eqn. (400) B44, ew. 

OTMS 

47% 
MO) 

(401) [4451X 
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2.1.13. Metal carbene reactions 
Metal carbene complexes continued to be developed 

for use in organic synthesis, and a number of proce- 
dures to elaborate carbene complexes themselves have 
been developed (eqn. (402) 14461, eqn. (403) 14471, eqn. 
(404) [4481, eqn. (405) [4491, and eqn. (406) 14501). 

3 
==f 

RZ 1.1 BF3.0Et2 

(COkCr + R’$Y 
- (CO)& 

RZ 
R’-H R* - H. Me, El. W&I xa% 

0 CmJ~s 0 R =a R 5 H. MB 

- (Cokcr R’ R’ = H, MB. CH20H. npr, nfsu 

2) MBsO+BFI* R2 RZ = H, MB 

(402) 

(403) 

OTBS (405) 

OR 

(COW + cq(CO)s - (COkM 

Ph 

(406) 

The classic reaction between chromium carbene 
complexes and alkynes (the Diitz reaction) continued 
its development. A theoretical paper addressed the 
role of metallacyclobutenes via q(2)-vinylcarbene com- 
plexes in this process [4511. It was used to make poly- 
cyclic aromatic compounds (eqn. (407) [452], eqn. (408) 
[453]), cyclopentenones (eqn. (409) [4541) and cy- 
clobutenones (eqn. (410) 14551). Manganese carbene 
complexes underwent similar reactions (eqn. (411) [456] 
and eqn. (412) C4571). 

ICOkCr 
0 

(404) 
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+R2 =R’- 

@ RZ 
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(408) 

w9 



L.S. Hegedus / Transition metals in organic synthesis 1992 311 

R’ - Ph. IBu R2 - Ph, Et. Me R3 - Me, NE,2 R’ = NE12. OEl 

R’ - H. MB. OH R2=H.Et R3 = H. Me. El. Ph. TMS 

(412) 

complexes underwent reactions with Aminocarbene 

(411) 

Chromium carbene complexes underwent photo- 
chemical cycloaddition with alkenes to give cyclobu- 
tanones (eqn. (417) [462]), with stabilized ylides to give 
push-pull allenes (eqn. (418) [4631) and with sulfur 
ylides to give conjugated enones (eqn. (419) [464]). 

alkynes without undergoing CO insertion (eqn. (413) 
[458], eqn. (414) [4591, and eqn. (415) [4601). Polyunsat- 
urated carbene complexes cychzed with isonitriles to 
give aminophenols (eqn. (416) [4611X 

P 

RZ 
Jo,.. 

N-R’ RQOX 
w5M+ - (&N-R1 OR’ IN 

R MAP R 
u 

mcr~ + Ph3P=CHC02R2 - 

R 

R3 

i--R2 

lCOW=3( 
‘3 

+ PhaFh - 

R’ 

(416) 

(414) 

(417) 

(418) 

(419) 

R’ -Me. Ph 

soa% 

R3 = MeO. fE?uO. Ph 

Carbene complexes underwent a series of “metathe- 
sis cascade” reactions with polyunsaturated substrates 
(eqn. (420) 14651, eqn. (421) 14661, and eqn. (422) [4671X 

(420) 
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(421) 

5% 

(422) 

Other unusual reactions of carbene complexes are 
shown in eqn. (423) [468] and eqn. (424) [4691. 

OEt 

W)aM + E,2No - (C0k.M 

(423) 

(424) 

2.1.14. Alkylation of metal acyl enolates 
Only two examples were reported this year (eqn. 

(425) [470] and eqn. (426) [4711). 

0 0 

co/Ji_m 5 fh 
CpFe 

L 2) E’ 

(425) 

(426) 

2.2. Conjugate aaiiition 
Organocuprates continued to be the reagents of 

choice for conjugate additions, and a review of this 
important class of reagents has appeared (1695 refer- 
ences) 14721. Asymmetric conjugate addition has been 
reviewed (124 references) [4731 and has been achieved 
using chiral conjugated amides (eqn. (427) [474], eqn. 
(428) [4751), asymmetric y-alkoxy substrates (eqn. (429) 
[476], eqn. (430) [477,478]), and asymmetric y-alkyl 
substrates (eqn. (431) [4791). 

E’ = H+. Br’. N3* 
-80% de (427) 

R’ - Ph. “P,. MB, pml 

R - MB, Ph. “l-r, pto,y 

(428) 

(429) 
OMS 

m+CO*Me pAo,M. 
NHSOC 

,98X de 
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0 
SOCNH Pk 0 

/ 
iBU~CULl 

# 
CO>Et - BOCNH 

R 
-r 

# 
c 

i COzE’ 

R I 
t 

94% R = MB. E” (431) 

Asymmetric induction from more remote centers 
was also observed (eqn. (432) [480], eqn. (433) [4811, 
and eqn. (434) [4821). Chiral ligands were also used to 
induce asymmetry (eqn. (435) [4831 and eqn. (436) 
[4841X 

X - MeO. Me2N 
R - MB, OMe 

(432) 

(433) 

(435) 

(436) 

Vinyl cuprates, generated from hydrozirconation of 
alkynes (eqn. (437) [4851, eqn. (438) [4861, eqn. (439) 
[487]) and stannylcupration of alkynes (eqn. (440) 148811, 
underwent conjugate addition reactions. Cuprates 
added 1,4 to propargyl iminium ions (eqn. (441) [489]). 

t) CpzZrHCl 
FG-H - 1.4admon (437) 

2) MqCuCNLin 
70.% 

IEuOCNH 

2) Nqll) 

R -Ma. iPr. Sn. (CH&NCSC. PhCHmCH2 

(438) 

OTBDMS 

SQS~LI + CuCN*LiCI + HC~CH- SWSn\=/CuCNLi 
(440) 
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(441) 

Cuprates added in a 1,4 manner to a number of 
complex systems (eqn. (442) [490], eqn. (443) [491], eqn. 
(444) [492], and eqn. (445) [4931X 

(442) 

56iwo 

R = MB. Bu. Ph. ,t3” 

,,-OEE 

TES6 88% 
0 

X = CN, CONH2, COW R’ - H, Me. NHAc R2 - H, Ma 

Cuprates alkylated the P-position of nitroalkenes 
(eqn. (446) [494]). Cuprates catalyzed the conjugate 
addition of amidines to enones (eqn. (447) 14951). Both 

cis and trans enones underwent conjugate addition to 
give the same product (eqn. (448) [496]). 

RCu(CN)ZnX + R”%,~‘Z T”F - R'k^N02 (446) 

0 

“%, \ cc+ OR = 0 
Me2CuLi “G,, 

OR - 
L-J+ -f+ 

11,111 OR 
s 0 s0?6 

(448) 

Other useful conjugate additions are reported in 
eqn. (449) 14971, eqn. (450) [498], eqn. (451) [4991, eqn. 
(452) [500], eqn. (453) [501], and eqn. (454) [5021. 

R2 R3 

0 

L% 

R \ 
R%CNLl 

o I 

R’ - R 

L? 

R’ 
N N 

0 0 

R = Pn, iPr 

7497% 

*an endo 

R’ = Co& R2 = Ii, Me 

(449) 
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+ PhCH,CuTMSCI / TMEDA - PhCHz 

(452) 

cati CusrSMe~ 
+ RMQX R 

TMSCI 
HMPA 

(453) 

(454) 

2RX 
1) 4Smlp 

2) CuI.P(OEt)~ 

Cuprates added mainly anti to y-alkyl enones (eqn. 
(455) [503], eqn. (456) [5041 and eqn. (457) [5051). 
Cuprates added to @silylenones (eqn. (458) [5061). 
Organic halides added 1,4 to enones in the presence of 
samarium iodide and copper iodide (eqn. (459) 15071). 
Iron complexes of a-acetamidoacrylates were alkylated 
in a 1,4-manner (eqn. (460) [SOS]>. Cobalt alkyls p-al- 
kylated enones (eqn. (461) [509]). 

tpFi3 

+ 

(455) 
/ =R1 

u 
i Rl 

80% 

co2FP R%U 
?” 

R’ - R-+;f@ 
R’ (456) 

0 
SN2 

OH 
Sll x 

- B”0 (457) 

(458) 

(459) 

(460) 

(461) 

2.3. Acylation reactions (excluding hydroforrnylation) 

2.3.1. Carbonytation of alkenes and arenes 
Androstene was hydroalkoxycarbonylated in the 

presence of palladium phosphine catalysts (eqn. (4621 
[510]). Vinyl silanes were carbonylated to (Y or p-silyl 
esters, depending on the catalyst (eqn. (463) [5111X 
Allylic alcohols were stereospecifically carbonylated us- 
ing rhodium(I) catalysts (eqn. (464) [5121X Nickel car- 
bony1 cyclocarbonylated w-olefinic vinyl halides (eqn. 
(465) [513]). Ally1 amines were cycloaminoacylated us- 
ing rhodium catalyst (eqn. (466) [514]) (for a review 
with 36 references see [515]). Palladium (eqn. (467) 
[516]) and rhodium (eqn. (468) [517]) catalyzed the 
intramolecular acylation of alkenes by aldehydes. 

PlMS a 
w TMsvC02E’ + TMS COzEt 

PW. CO, EIOH 

cm - Pd. maior hb$l yield ca = CO*(CO)*, major 

G462) 

(463) 
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(465) 

0 
CHO 

Q 

Rh BINAP 

R 
-4 

R 

so-95% y,eld .99% ee 

R = mu. 0 

(467) 

(468) 

Treatment of iron diene complexes with aluminum 
halides produced cyclopentenones (eqn. (469) [5181 and 
eqn. (470) [519]). Chromium complexes of polycyclic 
aromatic hydrocarbons were carboethoxylated with 
ethyl chloroformate [520]. Aryl mercuric halides were 
carbonylatively vinylated using palladium catalysts (eqn. 
(471) [521]). Pyridine (eqn. (472) [5221) and other arenes 
(eqn. (473) [523]) were also carbonylated using transi- 
tion metal catalysts. 

(469) 

Ar = Ph. pN02Ph, “,Me3Ph x = Ph. cog& 

(471) 

(472) 

(473) 

2.3.2. Carbonylation of alkynes (including the pau- 
son-Hand reaction) 

Palladium (eqn. (474) [5241, eqn. (475) t5251, and 
eqn. (476) [526]), rhodium (eqn. (477) ]5271) and nickel 
complexes (eqn. (478) [5281) all catalyzed the carbony- 
lation of alkynes. 

LIPd CO OAc 
RCECH + CO + ArOH - R 

100” 
PW 0 (474) 

R - Ph. pMeOPh. “CS, 6.Mea-P-Mph 
Ar a Ph. pMePh. pCIPh. mClh 

Pdlp I KI 
+ X0 + 2MeOH + 1ROt - 

R+TMS + co + ROH !EgL ,,o,“c~T”s 

R - H, nsu, C& 

Q 
Ph. cl-x MeozC M..,? 

(476) 



was controlled to a degree by the use of remote ligands 
CO Rh@Jhz 

- R&W (477) (eqn. (483) [536], eqn. (484) [5371 and eqn. (485) 15381). 
Ph" 
100” CHO Electron deficient alkynes were used in Pauson-Khand 

- 

R’ = EL Me, H R* P Me, H x = Cl, sr 

ocoR’ - OR' 
(482) \ 

coz’col8 OR' 

Eo4wo 

Nickel carbonyl catalyzed the cyclocarbonylation of 
alkynes with allylic halides (eqn. (479) [529,530]). Palla- 
dium complexes catalyzed a similar reaction (eqn. (480) 
[531]). Iron carbonyl converted alkynes into cyclopenta- 
dienones (eqn. (481) [532]). 

sr 
Ni(CO), 

0. / 3 + R’~RZ - R’ 

MeOH 

20-5-l% \/ up 10 90.10 de 

‘0?L2 R 
‘ILL’ 

R' + ,I,- (483) 
cwws - 

best lo, m = 2, L = SR 

reactions (eqn. 486) [539]). 

x = C02Me. CO$IU, CON& 

Y=Ph 

R R 

FeWIs 
R--=-TMS - - 

140” 
gW= 

0 

284% (481) and 

TMS 

oFTTMS - (1” 

* 

n 0 
- 
- TMS 

TMS 

70% 
“=I,2 

The Pauson-Khand reaction was the subject of a 
review (23 references) [533] and a dissertation [534]. 
Chiral auxilliaries in the substrate resulted in high 
diastereoselectivity in the Pauson-Khand process (eqn. 
(482) [535]). The regioselectivity of the Pauson-Khand 
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OTBS 0 

PhCHs TMs 
+ TMS+ - 

I 95’ (484) 
COZ(CO)6 

PhCH3 

- 

(480) (485) 

L-n. Wr. -(I) 03. (1) (1) SEt, 73 To 

2 

0 R 

coz’coh 

- x 0 
0 NM0 

(486) 
307096 

R I Me. H. Ph 

X=O.NH n-1.2 

The general sequence shown in eqn. (487) was used 
to synthesize [5.5.5], L6.5.51, i6.5.5.51 and 15.5.5.51 angu- 
larly and linearly fused systems 15401. Nickel carbonyl 
promoted a Pauson-Khand like process (eqn. (488) 
[491]). Other related reactions are seen in eqn. (489) 
[542], eqn. (490) [543], eqn. (491) [544], and eqn. (492) 
[545]. The Pauson-Khand reaction was used to synthe- 
size dendroline (eqn. (493) [5461) and kainic acid (eqn. 
(494) [547]). 
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x 

0. 1 b 
hieo*c 0 

wCOl4 + I?_# - w- / R’ 
MeOH ( )” 

R2 

Km% 

n- 1-4 R’ = MB, El. H Flz = Co~Me. cot.&, TMS 

x + Ph(ECH 

I 
CWlCO)6 

low y&d 

(487) 

(488) 

(489) 

(490) 

(491) 

(492) 

(493) 

(494) 

2.3.3. Carbonylation of halides and tr$!ates 
Palladium complexes catalyzed the carbonylation of 

allylic chlorides (eqn. (495) [548]). Polyvinylpyrrolidi- 
none-supported palladium catalysts were more effi- 
cient for this process [5491. Aliphatic iodides were 
carbonylated by molybdenum hexacarbonyl (eqn. (496) 
[550]). Aryl chlorides (eqn. (497) [551]) and iodides 
[552] were carbonylated using palladium catalysts. Di- 
cobalt octacarbonyl carbonylated 1,4-bis(chloromethy1) 
benzene and ally1 chloride [5531. Palladium(O) cat- 
alyzed the carbonylation of iodides and fluorosilanes to 
ketones (eqn. (498) [554]), and the carbonylation of 
iminoyl chlorides (eqn. (499) [555]). Collmans reagent 
coupled halides to give diketones (eqn. (500) 15561). 
Ruthenium complexes oxidized iodides to acids (eqn. 
(501) [557]). 

CO PdCls 

H*O i tieptane 

wc01s 
RI - RCOFR R=llC*,91% 

S”.NF 

(496) 

aIS I-’ - 

ArCl + CO * ArCO$- 

[otl 
P 7toll6l”r”s 

3 2 PdCl2 

ag KOH (497) 
Ar .e Ph. l-NapMh, pMePh, mMePh, oMsPh. pMeOPh. mPhCOPh, nCFsPh // PNOZP~ falls I 

RSIF2Me + R’I 
Pdcat 

C,xNR' 

CO*RZ 
p-3 

+ co + ROH - C&NR' 
kC03 

- 

(498) 

(499) 
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co CUCI 
0 

NazFe(CO)r + RCHzSr - - RCHZ 

+ 
C&R 

0 

7O?x% mo) 

R-1 
RUCI. I HS106 

- RC02H (501) 

Palladium(O) complexes catalyzed the carbonylation 
of aryl (eqn. (502) [5581) and vinyl (eqn. (503) [599], 
eqn. (504) [560]), triflates and fluorosulfonates (eqn. 
(505) [561]). 

TIO 

0 

TfO 

ROIC 

0 

RO>C 

(502) 

Pm 
ROTf - RCOOH (503) 

AcOK 77~ 

0 

n-1,2.3.4 
7WS% 

0 
OSOnF 

L. Pd(0) 
OR 

co, R’OH 
DMSO at 3h 

R - H. 4MeO. 4NOp. 4CHsCO. SMeO&. 2Naphth 

(504) 

2.3.4. Carbonyla tion of nitrogen compounds 
Catalytic carbonylation of nitrogen-containing or- 

ganic compounds has been reviewed (41 references) 
[5621. Palladium catalyzed the synthesis of diphenyl 
urea from nitrobenzene, aniline and carbon monoxide 
[5631 the carbonylation of N-chloroamines to car- 
bamoyl chlorides [504] and the acylation of anilines by 
aryl halides [565]. Cobalt carbonyl catalyzed the un- 
usual conversion of pyrrolidines to piperidones (eqn. 
(506) [566]). Cobalt porphyrins catalyzed the N- 
carbonylation of amines (eqn. (507) [567]). An unusual 
carbonylation is seen in eqn. (508) [568]. 

RNHJ + CO + O2 + EtOH - ANHCOzEt 

loo?6 calmtin 

>90% seklivity 

(506) 

(507) 

% 

(505) 

2.3.5. Carbonylation of oxygen compounds 
Palladium catalyzed the carbonylation of allylic alco- 

hols in the presence of lithium chloride and titanium 
isopropoxide [5691, the carbonylation of ally1 carbon- 
ates (eqn. (509) [5701), ally1 carbamates (eqn. (510) 
15711) and ally1 carboxylates (eqn. (511) 15721 and eqn. 
(512) [5731X Benzyl alcohols were carbonylated by 
rhodium(I) catalysts [5741. “Transition metal complex 
catalyzed new carbonylation of oxiranes, acetals, and 
allylic acetates using N-silyl amines” was the title of a 
review (12 references) [5751. An example is seen in eqn. 
(513) [576]. 
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R = MB. Et, ipr. isu 
R’ a Me, tEu, Et, tPr, CONMe 

R* F Me. El 

I33 I+ 
OCONRz 2 R’ CONR + Co2 

LdPd 

(509) 

RbX + (CHAWPk 4e,R&$/ 

,.,Pd Et 
0 

x = OAC, Cl, oco*Me R = Ph. “Pr 

and “%)/J _ 

+ 

(y 

OSiMes 
OMe 

2.3.6. Mkcellaneous carbonylations 
The synthesis of carbonyl compounds 

(512) 

(513) 

utilizing 
organomanganese pentacarbonyl complexes was the 
topic of a disertation [577]. A review dealing with the 
synthesis of C-2 compounds directly from synthesis gas 
via organometallic catalysts has appeared (118 refer- 
ences) [578]. Alkenes (eqn. (514) [579]) and amines 
(eqn. (515) [580] and eqn. (516) [581]) underwent cat- 
alyzed silylcarbonylation. w-Stannyl acid chlorides were 
cyclocarbonylated by palladium catalysts (eqn. (517) 
15821). 

OSiR:, 

R% $- R4S,R, 

co 
4245% 

R = Ph. EuO, TMS, BuOCH,, TMS /vg ,IFi NC-% 

67% R = Ph 

(514) 

(515) 

” = 13.7, 5.4.9 

n-3 X dimm 

(517) 

2.3.7. Decarbonylation reactions 
Acylphosphates (eqn. (518) [583]), ally1 carbamates 

(eqn. (519) [584]), and ally1 carbonates (eqn. (520) [5851) 
were deacylated by palladium(O) catalysts. Rhodium on 
alumina deformylated aldehydes (eqn. (521) [5861). 

PdMe& 
RC P(OEljp - RP(OEt)z 

catllo~ (518) 

R = Ph. 100%. ploly. 100%. pMeOPh, 72% pCIPh. 35% Me, 55% El, 9% 

RNHC02,‘,/ Me3S’NMe* c RNHl 

Pd(o) 
(519) 

7Erllx% 

(520) 

(521) 
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2.3.8. Reactions of carbon dioxide 
A review dealing with carbon dioxide in organic 

synthesis and polymer synthesis by means of transition 
metal complex catalysts has appeared (20 references) 
[587]. v6-Arene chromium tricarbonyl complexes were 
lithiated, then carboxylated with carbon dioxide [588]. 
Unsaturated carbamates, carbonates, and ureas were 
synthesized by ruthenium(B) catalyzed reactions of 
propargyl alcohols [589]. Ethers were converted to es- 
ters by CO, in the presence of a rhodium(I) catalyst 
(eqn. (522) [590]). Methoxy allene was cocyclotrimer- 
ized with CO, in the presence of palladium catalysts 
(eqn. (523) [591]). A review dealing with the synthesis 
of unsaturated lactones using carbon monoxide with 
transition metals (22 references) has appeared [592]. 
An example is seen in eqn. (524) [593]. Enynes were 
carboxylated by CO, in the presence of nickel catalysts 
(eqn. (525) 15941). 

Rh(NBD)(PMe>Ph)’ 

RO-R 
CO2 02 

e, - I?” (;I - c”,>“” 

(522) 

PO-m -) PO K R, /\oM - A,- 

OMe 

MeL + co2 LI??!?L / 
ti Me0 0 0 (523) 

6% 

- + CO? 
CODNiTMEDA - 

- 

(524) 

R’ 
HO,C 

2.4. Oligomerization (including cyclotrimerization of 
alkynes and metathesis polymerization) 
A review dealing with ethylene dimerization and 
oligomerization to cyolefins (194 references) has ap- 
peared [595] as has one dealing with dimerization of 
ethene to 2-butene and subsequent metathesis [596]. 

Nickel(O) complexes in the presence of phosphines 
dimerized acrylonitrile to 2,Cdicyanobutene [597,598]. 
Vinyl ketones were head-to-tail dimerized using modi- 
fied rhodium catalysts [599]. Conjugated dienes were 
linearly dimerized by nickel(O) aminophosphonite sys- 
tems [600]. Iridium complexes dimerized terminal 
alkynes (eqn. (526) 16011) while cobalt complexes 
trimerized phenylacetylene (eqn. (527) [602]). 

PhCECH 

(5261 

(5271 

Developing new, specific catalysts for Ziegler-Natta 
polymerization continued to be a very active area. The 
catalyst [(indenyl),TiMe]+ catalyzed ethylene polymer- 
ization and its activity decreased with decreasing sol- 
vent polarity [603]. The related catalysts [Cp’,M-Me]+ 
when M = Ti < < HF < Zr and Cp’ = C,H,TMS also 
polymerized ethylene [6041. Silicon bridged indenylzir- 
conium and silylated cyclopentadienylzirconium com- 
plexes catalyzed isotactic polymerization of propylene, 
butene, pentene and hexene [605,606]. The cationic 
complex [Cp;ZrH,]+B(C,H,); was an active olefin 
polymerization catalyst [607]. Stereoselective propene 
polymerization was achieved using cholestanylindene- 
derived non-bridged group 4 bent metallocene catalysts 
[608]. trans-1,2-Bis-indenylcyclohexane zirconium di- 
chloride catalyzed propene polymerization with high 
stereoselectivity even at 50°C [609]. Functionalized 
alkenes could also be Ziegler-Natta polymerized (eqn. 
(528) [6101). 

dz \-=+lJlT$” (528) 

The mechanism of rhodium(I) catalyzed alternating 
cooligomerization of carbon monoxide with alkenes has 
been studied [611], and ways to control the regioselec- 
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tivity of palladium catalyzed copolymerization of 
propene and carbon monoxide have been developed 
[6121. The complex Kbipy)Pd(CH,XMeCN]+ is a living 
catalyst for the copolymerization of carbon monoxide 
with 4-t-butylstyrene [6131. Unusual palladium cat- 
alyzed cooligomerizations of alkenes with carbon 
monoxide are seen in eqn. (529) [614], eqn. (530) [615], 
eqn. (531) [6161, and eqn. (532) [6171. Iron carbonyl 
cyclocarbonylated bis allenes (eqn. (533) [6183). 

Fil4 + co 

a 
PdClz 

i 

c Me0 
MeOH CuCI? ?I+ 

OMe 

0 m 

\ 
0 

W(pTsO)n l.lo-Phen 
- Me0 

80 l&T4 Y 

0 RI ” 

R/N 
L--L’ Pd(0, 

+ co p 

LL’ = (S)-(6,6-dimethylbiphenyl-2.2’dlyl)bs(d~cyclohe~~lphosphine) 

0 

dp I33 
10% wACO)o R’ / \ 

-* 
/ \ + 

R’ 0 R4 

(529) 

(530) 

(531) 

(532) 

(533) 

Palladium complexes catalyzed the telomerization of 
isoprene with primary amines [619] and N-substituted 
tosamides [620]. Ruthenium codimerized butadiene 
with conjugated enones (eqn. (534) [6211X Palladium 
was used extensively in the synthesis shown in eqn. 
(535) [6221X 

e +qf WCOWCOT) c + R 

0 

R’ = NMe2. OMe, OEt 
(534) 

Butadiene was cyclotrimerized by TiCl,/Et+lCl,, 
systems [623]. Nickel(O) complexes cyclodimerized bu- 
tadienes (eqn. (536) [624]) as did iron azadiene com- 
plexes (eqn. (537) [6251X Palladium acetate cyclodimer- 
ized tetraenes (eqn. (538) [6261) while iron complexes 
cyclodimerized alkenes with dienes (eqn. (539) [6271X 
Palladium complexes in acetic acid cyclodimerized 
enynes (eqn. (540) [628], eqn. (541) [6291, and eqn. 
(542) [6301X 

OTBS ?TBS ?TBS 

66%; 61% BB 

R * H. El 
% 

“-1.2 (538) 
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(539) 

295% de 

0th 

d \ 11 I 
Pwxas _ & 

OMe 
/ 

0th 
N BEDA 

N 
OM* 

“O&c I PW 
0 0 

good yield 
(540) 

C02t.h 

s7¶0% 
md 

(541) 

& _ &Jly (542) 
: 5671% 

R-X-R’.H 

R - C02Me, R’ - Me, X - OTBS 

“Zirconocene” cyclodimerized alkenes (eqn. (543) 
[631], eqn. (544) I6321 and eqn. (545) [633]) while both 
“titanocene” (eqn. (546) [634]) and “zirconocene” (eqn. 
(547) [635] and eqn. (548) [636]) cocyclized alkenes and 
alkynes. 

7s ‘Cpgr” 

3 

R R 

- CPP 
1) MBOH SC 

(,I R 2) 812 -7 ‘b, 
R 

6wo% (543) 

= 
NHPh 

x 
2, PhNC 
3) M.OH 

- ----“t- 
(544) 

md 

&#lo&yE 

= R’ cc . 
R3 R2 

CP2zrcl2 

Suli 

/ 
co. 

R’ 

R’ / d %, EWQ 

R3 R2 

R’ 

(545) 

(546) 

(547) 

(548) 

Nickel(O) complexes catalyzed the oligomerization 
of dibromoheterocycles (eqn. (549) 16371, eqn. (550) 
[63&J], eqn. (551) [639], and eqn. (552) [6401X Head-to- 
tail and regiorandom polythiophenes were produced 
using Pd and Ni catalysis, respectively (eqn. (553) [641]). 
Palladium catalyzed the coupling of dibromothiophene 
with tin thiofulvalenes (eqn. (554) [6421X 

Ni(O)bipy 
S, - 

(549) 
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NitCOD) 
Esr - 

+BIPY 

- N- 

Br m 1 ; \ 1  Br - Same 

(550) 

(552) 
Mw5x10’-106 

(553) 

Palladium catalyzed the coupling of arenes with 
alkynes (eqn. (555) [643]), (eqn. (556) [6441), and (eqn. 
(557) [645]). Nickel(O) complexes catalyzed the cocy- 
clotrimerization of enynes and isonitriles (eqn. (558) 
L6461). 

II 
Pd dbal 

- “,r (556) $I 
E,lN 

(4; NiO Q_ (558) 

Ruthenium catalyzed the codimerization of acrylates 
with ally1 amines (eqn. (559) [647]). Cobalt catalyzed 
the codimerization of diynes with alkenes (eqn. (560) 
[648]), as did nickel (eqn. (561) [649]). Palladium cy- 
clodimerized alkynes (eqn. (562) [6501). Rhodium com- 
plexes cooligomerized cyclopropenes with alkynes (eqn. 
(563) [6511). 

COlR 

/l/NRz + @COIR. 
Ru(COD)(COT) 

-Is’ 
NRZ (559) 

‘709 

ZUSS% 

X - NH. NM% ‘31, (CHds R=t.b.H 

Y - Ii, COsEt. Ph Z-C&Et, Ph. CN 

R’= H, Me, Et, TMS 

0 0 

Z” 
+ 2RaR - 

NiEwp 

“il,P R - Me. El. Pr, Ph 53-S% 

(560) 

(561) 
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R I H, Ph 

(562) 

R = “P,. OMe, CH*Ph 

R2,R2 = H, IP, (563) 

Group 6 complexes cocyclotrimerized alkynes (eqn. 
(564) [652]) as did cobalt (eqn. (565) [6531). Cycloaddi- 
tion reactions of alkynes in organic synthesis was the 
topic of a review (12 references) [654], as was 
“Cycloalkadiynes - from bent triple bonds to strained 
Cage compounds” (109 references) [655]. Cobalt cy- 
clodimerized diynes (eqn. (566) [656]). Nickel(O) com- 
plexes cocyclooligomerized carbon dioxide and diynes 
(eqn. (567a) [657]). “3 + 2 Cycloaddition reactions of 
transition metal 2-alkynyl and #-ally1 complexes and 
their utilization in five membered ring compound syn- 
thesis” was the title of a review (63 references) [6581. 

M - cr. MO, w ic Ii 

R - Me. Et WA (564) 

cocp 

>=cz)+ CPCOlCO)P j$p=& 

cocp 

m% 

(565) 

(566) 

Cationic nickel ally1 complexes catalyzed the clean 
1,4&s polymerization of butadiene [659] while cationic 
ruthenium diene complexes catalyzed trimerization of 
butadienes to C,, linear oligomers [660]. ~Allylnickel 
trifluoroacetate polymerized c&dihydroxycyclohexad- 
iene (eqn. (567b) [661]), while reduced nickel species 
catalyzed the cooligomerization of sorbic acid esters 
with butadiene [662]. Palladium complexes catalyzed 
the cyclocodimerization of quadracyclane with nor- 
bornene [6631. 

A number of new ROMP catalyst systems have been 
developed, and many will tolerate functionality (eqn. 
(568) [664], eqn. (569) [6651, eqn. (570) [666], eqn. (571) 
[667], and eqn. (572) [6681X 

(569) 

(570) 

f-&J” 

(572) 
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Alkynes were polymerized by tungsten (eqn. (573) 
[6691) and molybdenum catalysts (eqn. (574) [670]). 
Cationic zirconium complexes cyclooligomerized 1,4-d& 
enes (eqn. (575) [671]). 

~CfCti + WCkl EtaAl - polymer M”, 103 = 77,000 (573) 50940/ 

(574) 

J._/&Z!ZM* 
” 

(575) 
@-M - Cpr’2rt.b~~ I B(CgF& 

85% 

M” - 2659 Mw - 18,175 

Group 6 metal carbonyls polymerized terminal 
alkynes but metathesized internal ones [672]. Nickel(O) 
complexes catalyzed the oligomerization of methylene 
cyclopropane [673]. Substituent effects in nickel cat- 
alyzed olefin oligomerization have been studied 16741. 
Palladium catalysts cooligomerized quinones with 
polysilanes (eqn. (576) [675]) and polyarylated nor- 
bomenes (eqn. (577) [676]). Ruthenium complexes 
dimerized diphenylcyclopropene (eqn. (578) [677]). 

0 

(576) 

A-“,-_ R L+luCl* + ’ 

x 
- 

Rl 

(577) 

(578) 

Stereoselection in nickel-catalyzed polymerization of 
chiral isocyanides was studied [678]. Palladium cata- 
lysts cooligomerized isonitriles and silanes (eqn. (579) 
[679]) and converted bis isonitriles into helical oligo- 
mers (eqn. (580) [680]). Dimethyl titanocene dimerized 
nitriles (eqn. (581) [6811X 

PdClzLz + PhMeSiH2 + GRNC - 

RHN 

(579) 

Me.4gtlr 
+ L>Pd(Me)Er - - 

(581) 

2.5. Rearrangements 

2.5.1. Metathesis 
A symposium article on the olefin metathesis reac- 

tion has been published [6821. Metathesis of 2-pentene 
by tungsten carbonyl has been studied [683]. Dinitroso- 
molybdenum catalysts metathesized functionalized 
alkenes [684]. Metathesis was used to synthesize hete- 
recycles (eqn. (582) [685]) and carbocycles (eqn. (583) 
[6861X 

‘c P 
Mo(CHCMe3Ph)(NAr)(OCMe(CF3)2) 

(582) 

(583) 

2.5.2. Olefi isomerization 
Styrene/divinylbenzene copolymers containing Ru- 

Cl,L, isomerized 1-hexene [687], as did hex- 
aaquoruthenium (2 + ) [6881. Iron carbonyls were used 
to isomerize alkenes (eqn. (584) [6891 and eqn. (585) 
[6901X Palladium acetate isomerized acylenic ketones 
(eqn. (586) [6911 and eqn. (587) [6921X Chiral ti- 



L.S. Hegedus / Transition metals in organic synthesis 1992 327 

tanocenes isomerized alkenes with reasonable asym- 
metric induction (eqn. (588) 16931). 

R’ - nPr. nBu, C5, Ce. Ph 

A2 = MB. El, npr. mu 

(584) 

(585) 

(586) 

0 
93% 

(587) 

(588) 

2.5.3. Rearrangement of allylic and propargyhc com- 
Pod 

Palladium(I1) complexes catalyzed a large number 
of allylic transposition rearrangements (eqn. (589) 16941, 
eqn. (590) [6951, eqn. (591) 16961, eqn. (592) L6971, eqn. 
(593) [6981, eqn. (594) 16991, and (eqn. (595) 17001). 

&L@ 
(589) 

) I 

PdCbWCWz _ R+,+ 

&PO R2 

RyOSiA:, WCldPhCN)p_ R.+/I~~,~~ 

PW 

5% PdCl#AeCN)z 

694D% 

R' PH. MB R* = H. Me Iv = H, “Pr. Me 

R’ = MB. nPr, H 

cc13 
and 

(590) 

(591) 

(592) 

(593) 

(594) 

(595) 

Palladium(O) complexes rearranged propargyl alco- 
hols to conjugated enones (eqn. (596) [701]) and ally1 
epoxides to unconjugated enones (eqn. (597) [702]). 
Cobalt carbonyl ring expanded cyclopropyl-propargyl 
alcohols (eqn. (598) [703]). 

OH 

R9dR2 
m 

iRp HOnO” 

RdR, + R’aR2 

ms% 

R’ - nBu. C,. Cs. Ph R2 - Et. Me. H. plolyl (596) 
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R 
(598) 

RI c., Ph. TMS, R3SiO -# 

3. Functional group preparations 
(597) 

2.5.4. Skeletal rearrangements 
Palladium and platinum catalyzed a number of 

skeletal rearrangements in small ring compounds (eqn. 
(599) [704], eqn. (600) 17051, and eqn. (6011 [7061X 

3.1. Halides 
Chromium(I1) halides promoted the addition of N- 

chlorocarbamates to alkenes (eqn. (603) [7091). Wilkin- 
sons complex (Rh(PPh,),CI) catalyzed the chlorination 
of adamantane to l-chloroadamantane in 80% yield, by 
CH,CI, [7101. Chromium complexed indole was iodi- 
nated (eqn. (604) [711]). 

ClNHCOzEt + () 5 a:‘,,,,, 

81% 

PdC12(MeCN)s 

So 
THF dx 

(601) 

2.55. Miscellaneous rearrangements 
Rhenium complexes epimerized secondary alcohols 

(eqn. (602) 17071). Rhodium(R) complexes catalyzed 
the vinylogous Wolff rearrangement [708]. 

’ / (602) 

(603) 

(604) 

3.2. Amides, nitriles 
Reduced tantalum species combined alkynes with 

isocyanates to produce unsaturated amides (eqn. (605) 
[712]). Nitriles were converted to amides by ruthenium 
hydrides (eqn. (606) [713]). E-Alkene isosteric dipep- 
tides were synthesized using copper chemistry (review, 
19 references) [714]. Dipeptides were synthesized by 
photolysis of chromium aminocarbene complexes in 
the presence of a-amino acid esters (eqn. (607) [715]). 
Chiral nickel complexes catalyzed the asymmetric hy- 
drocyanation of styrenes (eqn. (608) 17161). 

4080% 
R’ = C$ Ph. TMS. MeS 

R2 = nCs, Cg, Cm R3 = Ph. tSu, TMS 

a 

aM+ 

0 

HN 

R’ 
CN - 

R2 4 
R’ ’ 

R = Me, “Cg, Ph. M~OZC~’ 

R* 

R’=El RZ=t& (CHzb (CHA 

(605) 

(606) 
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(608) 

3.3. Amines, alcohols 
Stereoselective syntheses of acyclic chiral amines by 

a-amidoalkylation was the topic of a dissertation [717]. 
Molybdenum 0x0 species catalyzed the ally1 amination 
of alkenes by hydroxylamines (eqn. (609) [718]). Palla- 
dium catalyzed the amination of alkenes (eqn. (610) 
[719]), ally1 epoxides (eqn. (611) [720]), and ally1 acetals 
(eqn. (612) [721]). Fluorobenzene complexes of chromi- 
um were aminated by trifluoroacetic acid (eqn. (613) 
[722]). Zirconium amine complexes aminated alkynes 
(eqn. (614) [723]). 

x-c.0 “=I.* z = C02Me. COW CONEtZ, Ph 

0 

0 +fiH w(o) - “yy 
fiH = punnes. pyrimidines 

BtlO 
7 

BnO 
7 

O &NH LA- en0 - 0, 
WO) 

Fi7 

(609) 

0 

(610) 

R R 
1) CFCONb 

2) ckave 

406096 

NHR 

RN& + R’-R’ 
3% CpzZr(RWz R,=$ 

slow tuf encen, 

(613) 

(614) 

Ruthenium carbonyl complexes reduced nitroarenes 
to amines [724]. Ruthenium complexes catalyzed the 
reduction of imines by i-propanol (eqn. (615) [7251X 
Chiral zirconium complexes catalyzed the asymmetric 
reduction of imines (eqn. (616) [726]). Aryl glycines 
were synthesized using chromium carbene photochem- 
istry (eqn. (617) [727]), as was deuteroglycine (eqn. 
(618) [7281X 

+ p: 0.5% I.&Cl* ,,I;: 

R2 = Ph. pMeOPh. P-Naphth. lPr, MB, C8 

3) Hz, 2000 pa 

7w3% 

(611) W%%ee 

(T=. 2 / Binapdlolate 

% 
cd 

(612) 
R = Bu. iPr. 

0 

Ph. Ce. (-& P-NapMh R’ = Me 

(615) 

(616) 



330 L.S. Hegedus / Transition metals in organic synthesis 1992 

HL Ar 

m  Pm xco*- (617) 3 Rl + 

Ar - Ph. pMeOPh. pCIPh. pFPh. p&Ph, oMeOPh. 2.6.F2Ph. ,-Naphth 

(618) 

Stereocontrol in catalyzed and uncatalyzed hydrobo- 
rations has been reviewed (43 references) [7291 and was 
the subject of two mechanistic studies [730,731]. Some 
key features of the process are given in eqn. (619) 
[7321. Styrenes underwent catalyzed hydroborations to 
place the boron (Y to the aryl group, exclusively 
[733,734]. Palladium catalyzed the hydroboration of 
enynes to give allene boranes (eqn. (620) [735]). 

(619) 

0 
86% only product / \ 060. HO OH 

A 

/ 

0 

NM0 HO OH 

/ H 

( > 81% 

n 
HO OH 

(620) 

Enantioselective cti-hydroxylation was the topic of 
two reviews (17 references) 17361, (39 references) [7371. iI%, 
Systems to efficiently carry out this process continue to ,SiAo 
evolve. The current “best” system is described in ref. ,.* 

738. Enynes (eqn. (621) 17391) dienes (eqn. (622) [7401, 
C 

1.,-J 
iW* 

s .hOH 

80 I, OH 

eqn. (623) [7411) and enones (eqn. (624) [7421) all were 84% 
efficiently cti hydroxylated. Other ci.s hydroxylating directed terminal by blocking wth Si 

systems are shown in eqn. (62.5) [743], eqn. (626) [7441, 
eqn. (627) [745], eqn. (628) [746] and eqn. (629) [747]. 

/ 

(623) 

(624) 

(625) 

(626) 

“ADH” 
OH 

- R’ r 
R2 080, I alkaloid 

t 
R2 

HO 

R’ -Ph. , nC.. TMS 
R2 = H 73-w% Be 

Iv = R 3&790/o ee 

R2 = H. MB, Et, Ph. “S” 

(621) 

Fro,n 1 :a with m L to 2.2/l with DH QDPHN 

(627) 
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OH 
oso, 

R’@R2 - R 
XI 

R 

Fe(CN)s.- OH 
I* 

;y + 0~01 + N’ - cis did (629) 
wad ylelds 

n 31 12 45 14 

Enol ethers were converted to a-hydroxyketones by 
iodosyl benzene (eqn. (630) [7481 and osmium (eqn. 
(631) [749]). Reduced titanocenes reduced ally1 epox- 
ides to ally1 alcohols (eqn. (632) [750]), while nickel 
complexes catalyzed the air oxidation of epoxides to 
dials (eqn. (633) [751]). Alkylated naphthols were oxi- 
dized to a-hydroxyketones by t-butyl hydroperoxide in 
the presence of zirconium(H) [752]. 

R’ = Cg, 

y‘ 

$ , Ph. pMaOPh 

R2 - C6. 

y‘ 
#, 

Ph. pMeOPh, C,. MB 

R3 = MB. TBS 

OH 

R 

R - CHSCOZEt. CHICO 

(632) 

(633) 

~Allylmolybdenum compounds were hydroborated 
and converted to a variety of oxygenated compounds 
(eqn. (634) [753]). Ketones were asymmetrically re- 
duced by silanes in the presence of rhodium(I) catalysts 
(eqn. (635) 17541). Esters were reduced to alcohols by 
silanes in the presence of titanium salts (eqn. (636) 
[7451X Ally1 and benzyl ether protecting groups were 
removed by low valent titanium species (eqn. (637) 
[7561X 

+ PhpSHp 

73% up ,o 99% Be 

(635) 
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(637) 

3.4. Ethers, esters, acids 
Aryl ethers were prepared by the copper catalyzed 

reactions of aryl halides with alkoxides (eqn. (638) 
[757], eqn. (639) [758] and eqn. (640) [759]), as were 
enol ethers (eqn. (641) [7601). Aryl ethers were also 
made by reaction of alkoxides with iron (eqn. (642) 
[7611, eqn. (643) [7621, eqn. (644) [7631), ruthenium 
(eqn. (645) [7641), manganese (eqn. (646) 176511, and 
chromium (eqn. (647) [766]) complexes of chloroarenes. 

CUE2 
ArBr + NaOR’ - ACOR 

x E H, 2w. 3t.w 4w 2Meo. 3.5-w+ 

Y = 2MeO,4MeO. 2Me. 3Me. Me, H. INaphth 

(638) 

(639) 

(Equation 640) 

NW - same 

(641) 

(642) 

(643) 

R = H, OMB. pw?. pmo. PCI 

Cl / * c \yFscp AX..+ CI~OA. + A’O~OM (644) 

iecp 

f 
c’ // 

Rucp 

Q 

OH 

A’ + 
Q 

hv 
:I -- 

z R’O 
NHCBz 

+ 
NHR 

0 0 

(645) 

(640) 
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::;$=$HBo: 2)NBS I 
OMe 3) H’ 

(646) 

(647) 

N-Methylamines were oxidized to methoxymethyl 
amines by ruthenium catalysts and hydrogen peroxide 
(eqn. (648) [767]). Pahadium catalyzed the alkoxylation 
(eqn. (649) [768]) and the acetoxylation (eqn. (650) 
[769], eqn. (651) [770], eqn. (652) [771], eqn. (653) [7721) 
of alkenes, the allylation of protected ribonucleosides 
(eqn. (654) [773]), and the conversion of ally1 carbon- 
ates to ally1 aryl ethers (eqn. (655) 17741). 

@\ R” cat 

R2’ 
N--C& 

Hz02. MeOH R2’ 

E&47% (648) 
RI = Ph. p~eOPh. pMePh. mClPh 

R2 - MB. Et 

R,Nx (649) 
2) BH4 

1) RO- /\ -0 
- 

Pd(OAc)z kO*.. 

2) OX R o”‘ “*Me 
LiOAC 
HO& 

0 R 0“ 
,,;; (650) 

(651) 

(652) 

(653) 

L. Pddbaz 

(654 

A OAr 
RI- OCOR’ 

WJ) 
+ ArOH - R *DA, + 

M)” R& (655) 

R’ l i  H. “Pr, Ph. ill = ,tr Ph. p~eo~h, oMeOPh, 2.6.MezPh, WIPh, pNOpPh. 2-Naphtb 

Oxidation of chromium carbene complexes gave es- 
ters (eqn. (656) [775] and eqn. (657) [776]). Chiral esters 
were made from chromium carbene derived /3-lactams 
(eqn. (658) [777]). Ruthenium oxidized ketals to hy- 
droxy esters (eqn. (659) 17781). Cobalt salen complexes 
converted aketoaldehydes to cu-hydroxyesters (eqn. 
(660) [7791X 

ico,5cr+Rx + >(o - ,A, 
609496 

Id 
R = Ph. Phe X = OE,. NHP, alSO cr =3 I 

RI 

0 

(656) 

R’ = Bn, Ph. Me. H20, iPrNHz 

R’QKH(OMe)2 - - tJeo*c 

(658) 



*70% 
(659) 

n=2.3.4 

R = Ph. 128, pCIPh, WeOPh. pMePh. R,- PhCH2, EI02CCH1 

- ArCHCo2R + MCC02R (660) 
II 

OH 0 

3.5. Heterocycles 
The following reviews on heterocyclic syntheses have 

appeared: “Synthesis of heterocyclic systems by activa- 
tion of isocyanide, carbonyl, trifluoromethyl and nitrile w/o 

ligands in platinum(ii) complexes” (more than 62 refer- 
ences) [780]; “Asymmetric synthesis of nitrogen-con- 
taining biologically active compounds utilizing in- 
tramolecular aminocyclization to olefin of secondary 
allylic alcohols” (more than 35 references) [781]; 
“Synthesis of oxygen-containing heterocycles using pal- 
ladium(II1 catalysts” (more than 50 references) [782]; 
“Titanium metallacycles as intermediates in the syn- 
thesis of acyclic and heterocyclic compounds” (37 ref- 
erences) [783]; “Iron-mediated synthesis of heterocyclic 
ring systems and applications in alkaloid chemistry” (87 
references) [784]. 

h 
02 

- 
R a -W” (664) 

7c!-em 
0 Co” SCM, Base 

Epoxidation has been extensively studied. Hydroxy 
chalcones were epoxidized by t-butylhydroperoxide in 
the presence of V,O, [785]. C-2 symmetrical binaphthyl 
bridged indenyl titaniumocene complexes catalyzed the 
asymmetric epoxidation of unifunctionlaized alkenes, 
but with low ( = 20%) ee [786]. A conference report on 
shape selectivity in the epoxidation of olefins over 
supported titanium catalysts has appeared [787]. Tita- 
nium tetraphenyl porphyrin catalyst epoxidized alkenes 
[788], as did ruthenium(III)/EDTA complexes [7891, 
and dimeric molybdenum(W) catalyses [790]. 

Asymmetric epoxidation using salen metal com- 
plexes was the topic of a review (9 references) [791]. 
Examples are seen in eqn. (661) [792], eqn. (662) 17931, 
and eqn. (663) [794]. Cobalt Schiffs base complexes 
also catalyzed the epoxidation of olefins (eqn. (664) 
L7951). 

Iron and manganese “twin coronet” porphyrin com- 
plexes (eqn. (665) [796]) and iron binaph capped por- 
phyrins (eqn. (666) 17971) catalyzed the asymmetric 
epoxidation of alkenes. Steroidal olefins were epoxi- 
dized by manganese compounds and air in the pres- 
ence of isobutyraldehyde (eqn. (667) [7981). A full 
paper on the nature of the Katsuki-Sharpless Asym- 
metric Epoxidation catalyst has appeared [799]. Exam- 
ples of its use are seen in eqn. (668) [800] and eqn. 
(669) [8011. Tungstate catalyzed the epoxidation of 
alkenes by peroxides (eqn. (670) 18021). 

“f-JR 

mLzF../co2E’ NaOCl ~co,,,-- mJ 
M” saten m  

,Y&,, 

bH 

42 

(661) 
H WH 

‘=</ “I \ ,F - , 

(662) 

CHO 

X 
+ 302 

‘r* 0 
- 

Ni Cal X 
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(663) 

PM0 
* “‘wR 

imidazok 
‘Porphyrin Fe’ 

(665) 

R% + PM0 rat .A (666) 
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5s%ee, FhmCOCOniPr 

0 N@WO, 0 
R O.YH-R 

Hz02 
PTC I? 

hiih y&d 

(667) 

(668) 

(669) 

(670) 

Chiral &lactones were made from optically active 
iron acylenolates [803]. Chromium carbene mediated 
p-lactam syntheses was the topic of a dissertation [804]. 
Photolysis of chromium carbene complexes in the pres- 
ence of imines gave p-lactams (eqn. (671) [8051, eqn. 
(672) [806], and eqn. (673) [8071). Rhodium-catalyzed 
diazodecomposition also produced /3-lactams (eqn. 
(674) [SOS]). 

c020n 

X - OMe. OSn, OiPr, NBuz 

R - Me, Ph. 4 

R’ - pMeOPh, Ph. En 

(671) 

(672) 

R = MB. EU. _a p~e~h. pMeOPh. (CHzls 

R’ F ml 

(673) 

=-N x. 
fJ+ I 0 

Rh24”q +zbo + 6-z (674) 

0 

Five-membered oxygen heterocycles were synthe- 
sized by a variety of palladium catalyzed cyclization 
reactions (eqn. (675) [8091, eqn. (676) [8101, eqn. (677) 
[8111, eqn. (678) 18121, eqn. (679) 18131, eqn. (680) [8141, 
and eqn. (681) [SlSl>. 

OH 

OFJn 5%PdCI,(MeCN)~ 
OBC 

lBtJOOH 

(675) 

(676) 

R (677) 

959b 

C 0. om “or ’ 0) 
R 0. oln u \ 0) 

(678) 
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R’ = H. El, 0 R* = Ph. Me. B” 

R’ = Me, Ph. IOU. Me R* = Me. Ph 

(687) 

Five membered oxygen heterocycles were made by 
hydrolytic (eqn. (682) [816], eqn. (683) [817]), oxidative 
(eqn. (684) [818], eqn. (819) [820]), and reductive (eqn. 
(685) [821]) procedures. Rhodium(I) catalyzed the cy- 
clization of olefinic ketones (eqn. (686) [822]). Propar- 
gyl tungsten complexes reacted with aldehydes to give 
five membered oxygen heterocycles (eqn. (687) [8231). 

Palladium catalyzed the reaction between o- 
iodophenol and alkynes to give benzofurans (eqn. (688) 
[824,825]). Tantalum combined alkynes with isonitriles 
to produce furans (eqn. (689) [826]). Ruthenate oxida- 
tively produced furans (eqn. (690) [8271). Palladium 
catalyzed the reaction between acetylenic ketones and 
aryl halides to produce furans (eqn. (691) [8281). 

(682) 

R’ = H. Me. Cl. I Z=CH,N R2 = Ph. mClPh, CHsOH. 

R-O/” (683) 
OH 

WCO)3 
WCO)a 

4cxm 

R’ R* 

T2.G &HO *rw MeOH 
R’--=_R2 ---- R3 

Z” 

(684) -IO (689) 

R’ = nCw CF, , m. TMS, TBDMS Rz = H. Cs, Cc., C,, Go. Ph 

R3 = “Pr. nCs. C8 
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(690) 

ArX + AC 
co, Pdc&Lp 

(691) 

Af=Ph,pM.Ph,pCIPh,(--& Ar’=Ph,pMePh R=Et.Bu 

Furanones were synthesized by palladium catalyzed 
cyclizations (eqn. (692) [829,8301, eqn. (693) [8311), by 
copper (eqn. (694) [832]), nickel (eqn. (695) [8331), and 
oxidative chemistry (eqn. (696) [834]). Chromium car- 
bene complexes reacted with ketene acetals to give 
furanones (eqn. (697) [8351). 

oh co / WC,* 0 

-w 

0 
CuCb. NaOAc 

ACOH 
0 

HO 

OH OH 

u, 
\- 

HO& 

0 

0 

c&i OH 
Ho$ 

0 0 
0 

+t 

R 

-0 O_ 
W(OW2 

+ PHCOOH __c 

x 

0 + ace, 
L 

\ 
?2w% 

R 

1) FGRCuCNZnX 

-* 

RFG B 0 
RCSC-COzEt 

“;l’ O 

(692) 

(693) 

(694) 

R = H. CQEI. En. Ph. FGR = Bu. 0% NC -‘,m = _\ 

(695) 

(696) 

OC&R’ R.O 

cow=( 
+ R y”“’ 2z-z ~3 0 RYlpO + ,9p-0 

,. 
(697) 

Pyrroles were made via chromium (eqn. (698) [8361) 
and rhodium (eqn. (699) [837]) carbene chemistry. In- 
doles were synthesized from alkynes and o-iodoani- 
lines via palladium chemistry (eqn. (700) [838], eqn. 
(701) [839]), and by reductive carbonylation of ni- 
trostyrenes (eqn. (702) [8401X 

A,iCHN2 + PhCN + Et02C~C02Et - 
RbO& 

(698) 

(699) 

(700) 

(701) 
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(702) 
Y-79% 

R’ = H, Me R2 = Ph. CO++?, H. COPh 

Five membered nitrogen heterocycles were made by 
palladium catalyzed olefin amination (eqn. (703) [841], 
eqn. (704) [842], eqn. (705) [8431), from chromium 
carbene chemistry (eqn. (706) [844], eqn. (707) [845]), 
and by iron acyl anion chemistry (eqn. (708) [8461). 
Rhodium catalyzed the cyclization of amino olefins 
(eqn. (709) [8471X 

(703) 

(704) 

(705) 

(706) 

(707) 

(708) 

CO. NaSHn. tPrOH 

(709) 

Five membered nitrogen heterocycles were also 
made by zirconium (eqn. (710) [8481, eqn. (711) [8491) 
and titanium insertion chemistry (eqn. (712) [SSOD. 

TMS 0 .\ 

(710) 

(711) 

0 0 

L = bfl,_ (712) 
* 

NH? 90% 

Oxazolines were synthesized by the palladium cat- 
alyzed aminocarbonylation of triflates (eqn. (713) [8513) 
and aryl halides (eqn. (714) [8521) and the gold-cata- 
lyzed condensation of aldehydes with cY-isocyanoesters 
(eqn. (715) [853]). Oxazolidinones were prepared by 
palladium catalyzed olefin amidation (eqn. (716) [8541, 
eqn. (717) [855]), palladium catalyzed isocyanate ex- 
change into cyclic carbonates (eqn. (718) [8561), and the 
ruthenium catalyzed reaction of ureas with dials (eqn. 
(719) [8521X 

OTf 
CO, Pd dban 

ArOT1 

HO 

(713) 
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(721) 

1% Au(RNC)ySF4* 
RCHO + CNCH2C02Me 

L 

4S.5R 

PdCl2 

CUCI,. co kOH 

R’ = Ph. pCIPh, pMeOPh 

R = Et 2 = SOzPh, CN 

(715) B 
PdQ(PhCN)p 

+ ArN=C=N-A, ___it 

(716) 

R = Ph. ,,PhPh, pErPh 

R’ = ,Su. adama”. “8” 

Ar I Ph. plolyl 

(722) 

(723) 

(724) 

R* 

/” 

// R2 

& 

R’ R’ I 

Pd cat AR 

“_a”““ J..Cl c OyNTS 

(fR + QNH*- @ 

Cf(CO)s i4H2 WCO)3 

(ti 
mso$e 

0 (717) 

WxPh ,JL .-cl, A’ - H, Me. El, “Pr. ,S” R2 = H, Me 11 ec’ 

-L ) F++lb y4 

Six membered oxygen heterocycles were synthesized 
from ally1 epoxides uiu iron chemistry (eqn. (725) [863]), 
iron alkene chemistry (eqn. (726) [864]), palladium cat- 
alyzed alkoxylation of olefms (eqn. (727) [865]), 
chromium carbene chemistry (eqn. (728) [866]) and 
osmium oxidation chemistry (eqn. (729) [867]). 

RNCO = 

R’ = Me. Et R2 I MB. H R3 = Me, H, Et 
MeOH 

(CHzb ,-* AcO”OMe 

Other N, 0-heterocycles were synthesized as in eqn. 
(720) [SSS], eqn. (721) [859], eqn. (722) [860], eqn. (723) 
[861], and eqn. (724) [8621. 

,OLR $-( c A,OaIR 

%,/YR 0 R 

R’ - H, MB, “P, 

OEl 

(720) (C0k.M 

R 
f?l 

(725) 

(726) 

(727) 

(728) 
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(729) 

Six membered nitrogen heterocycles were prepared 
by palladium catalyzed olefin amination (eqn. (730) 
[868]), allylic amination (eqn. (731) [869], eqn. (732) 
[870]), palladium catalyzed alkyne amination (eqn. (733) 
[871], eqn. (734) [8721, eqn. (735) [8731, eqn. (736) 
[874]), rhodium catalyzed N-H insertion (eqn. (737) 
[875]), chromium carbene chemistry (eqn. (738) [8761), 
and ruthenium catalyzed oxidation chemistry (eqn. 
(739) [8771X 

(730) 

Pd + ACzECH - 
20 at co 

4oawe 

2.CH.N R3 - H. OH, NH2, OMe R’ = NH2, H 

(732) 

NHPh 

0 

7% Rh20Ac4 ’ 

/ 
N2 

COR’ - 

RHN COR’ 

zllEc% 

OEt 
RZ 

LIIM NHR’ 

% 
- + R’S - LAM 

R 
A 

(736) 

(737) 

(738) 

RNH> + 4, - +RyH 7 R-N<’ RN-’ 

(739) 
OH R’ 

R - tsu. iPI, MB, mu 

A’ I Me, El 

Other miscellaneous approaches to heterocycles are 
seen in eqn. (740) [8781, eqn. (741) 18791, eqn. (742) 
[880], eqn. (743) [8811, eqn. (744) 18821, eqn. (745) 18831, 
and eqn. (746) B841. 

(740) 

(741) 

(742) 
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OTBDMS OTBDMS 

R$jHs +J+ $y (743) 

%I% 7085% OTBDMS 
&P 

OTEDMS (751) 

n i 1, 2 high yield. stereochemically *an 

(744) 
Palladium catalyzed the elimination of ally1 esters to 

give dienes (eqn. (752) [891], eqn. (753) [8921, eqn. (754) 
[893] and eqn. (755) [8941X Molybdenum isonitriles 
catalyzed a similar process (eqn. (756) [8951X 

(will not cb.se without canplexafion) 

R-S-R 
+ @ w-12 \ -0 (745) 

S 
(752) 

(746) 

3.6. Alkanes, alkenes 
Palladium (or nickel) catalyzed the reduction of aryl 

sulfonates (review, 11 references) [8851, (eqn. (747) 
[886]), ally1 sulfonates (eqn. (748) 188711, ally1 ethers 
(eqn. (749) [8883), and ally1 esters (eqn. (750) [8891 and 
eqn. (751) [8901>. 

(753) 
NaBHl I N,CIZ 

AlOTS _ ArH 90% (747) 

Ar - L-naphth. pPhPh. pPhOPh. stermdal, etc 

..02co&roM~ &““’ (748) 

,G 
HCOOH 

_ Re + CO* 
PdKl 

J. 

FJU3P 

R-0 H (749) 

OBn 

BnO 6 0 
0 

w(0) BflO 

BnO OMS - 

En0 ? 
BnO OBn 

OBn 

(754) 

SPh 
SRI R-R 

t 
- Rlf+ 

\ 
R2 

Ok w(0) 
R’ 

RZR’ 

401y)% 

(755) 

$ 

W(OW 
-i 

(750) 
HCOOH 

EloN 

(756) 
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Reduced vanadium species deoxygenated epoxides 
(eqn. (757) [8961) while reduced titanium species deoxy- 
genated diols (eqn. (758) 18971). Tungsten (eqn. (759) 
PI981 and zirconium species (eqn. (760) [899]) deoxy- 
genated organic compounds. 

VZCI.~THFJB / ZnC18 

* fl* (757) 
‘Sa3% 

HO& 
OH 

c 

RZ 

R’ 
0 

276% (759) 
R’ = H. Ph. pMeOPh. pNO>Ph. El 

R2 = H, MB. El 
wwd 

0 
H 

COIR 1)LlNTMSz _ R, 

R 2) CpzZrHCI R 

32x% (760) 

Grignard reagents converted thiols to alkenes in the 
presence of nickel catalysts (eqn. (761) l.9001 and eqn. 
(762) [901]). Hydrozirconation of long chain olefin sul- 
fur compounds resulted in loss of the functional group 
(eqn. (763) [902]). Alkynes were reduced to alkenes by 
reduced tantalum or niobium species (eqn. (764) [903]). 
Functionalized alkenes were prepared by coupling alkyl 
zirconium to allylic halides (eqn. (765) 19041). Ruthe- 
nium complexes catalyzed phenolic coupling (eqn. (766) 
[905]). A catalyst system for decarbonylation of aldehy- 
des was devised (eqn. (767) [9061X 

R - H, Ph “=1,2.3 X.SH E&SO% 

(761) 

(762) 

_Y 
1, Cp$rHCI 

- - C&38! 

2) H* 

(763) 
Y I We, SPh. SO$‘h 

R’+R* 
NbC& I Z” NaOH R’ R* 

or T&I5 / Zn 
-\=/ 

R’ = Cm. Ph. Cg, Ce. ISu. TMS 

(764) 

f+ 
Cp~zrticl 

R* - R/\/n 
R’ * R-P 

(765) 
CUCN 
CSN2 

R’ 

Ok.40 

(766) 

Me0 OM0 

SW0 

5% 4RhCI 
RCHe p RH 

(PhObPNs 
II s&5?& 
0 

(767) 
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3. Z Ketones, aldehydes 
Electrode mediated Wacker oxidation of cyclic 

olefins has been developed [907]. Palladium catalyzed 
the oxidation of alkenes to carbonyl compounds effi- 
ciently (eqn. (768) [9081), eqn. (769) PO91, eqn. (770) 
[910], and eqn. (771) [911]). It catalyzed the amination 
of dihydropyrane (eqn. (772) [912]), the acetoxylation 
of propargyl acetates (eqn. (773) [9131), and the funny 
reaction in eqn. (774 [914]). Peroxy ditungstate oxidized 
alkenes to hydroxyketones (eqn. (775) [9151). Ruthe- 
nium catalyzed the cleavage of electron rich olefins to 
aldehydes 19161. 

‘- PdQ/Op_ (768). 
0 

PdClz I C&l2 I DMF (769) 

RI m 

PR 
PdCI(NOR)(MeCN)p 

amtdes 
(770) 

R OAc + ~~~~ i?$+ .hOAc 
OAC 

0 
‘% A- H SurSnH 

R 0 

- 

CI R 4Pd 02 = Y CF 
3 

S% 

(773) 

(774) 

a 
H20* * + (775) p~roxotunesfophosphale 

OH 

m 

Palladium catalyzed the conversion of selenoesters 
to aldehydes (eqn. (776) [9171), the coupling of ally1 
alcohols to diketones (eqn. (777) [918]>, and the cleav- 
age of /?-lactams to formamides (eqn. (778) [919]). 
Tungsten oxychloride converted cy-hydroxyacids to ke- 
tones (eqn. (779) [9201). Iron acetylene complexes re- 
acted with diphenyl ketene to give cyclopentenones 
(eqn. (780) [9211X Ruthenium compIexes catalyzed the 
oxidation of alcohols to 
Carbene complexes were 
mally (eqn. (782) [923]). 

ketones- (eqn. (781) [922]). 
converted to ketones ther- 

(776) 

(778) 

(780) 
rn 

Q 
\ Rl 

A 0 
0 
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(781) 

0CH2Af 

(COW qA, L Ar’CHjAr 

5%x% (782) 

Af = Ph. pMePh. pMeOPh 

3.8. Organosilanes 
Rhodium(R) catalyzed hydrosilylation was discussed 

in a current review (375 references) [9241. Rhodium 
(eqn. (783) [925]), palladium (eqn. (784) [9261) and 
zirconium (eqn. (785) [9271) catalyzed hydrosilylation of 
alkenes. Platinum catalyzed the disilylation of dienes 
(eqn. (786) [928]). Intramolecular hydrosilylation was 
developed in several systems (eqn. (787) 19291, eqn. 
(788) [930], and eqn. (789) [9311). 

RCH2CH=CH2 + R’#+ - RCH2CH2CH2S~R’3 

good yieM 

R = nSu, Cs. Cg, Ph, p0uPh 

R_ + Ph*SiHp 5@!!!% RbSiHPh2 

good yields 

(783) 

(791) 
SiMepH 

Me2 
R’ 

(784) I (792) 
s”NH 

&R’ 
ArCN - 

(785) 
+ NiLg (793) 

(786) 

R’ 

R 

(787) 

(d&t. depends on R’ no, S,) 

R = Me, El. Ph. ,Pr “n (789) 

Cyclic disilanes were synthesized by metal catalyzed 
addition of disilanes to alkenes (eqn. (790) [9321, eqn. 
(791) [9331, eqn. (792) [9341, eqn. (7931 [9351, and eqn. 
(794) [936]). 

(790) 
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Other silylations are seen in eqn. (795) 19371 and 
eqn. (796) [938]. 

0 

I 9 + PhMe&3&MiCN - 
Si 44 

3 

(795) 

I 
OH 

0 

RdNR, 
HSiR, w R 

A 

OSiR3 

CO [RhCI(CO)& 
NR2 

em.?% (796) 

3.9. Miscellaneous 
Herein are found all reactions which fit no other 

classification. Organotin compounds were made via 
organocopper chemistry (eqn. (797) 19391, eqn. (798) 
[940], eqn. (799) [9411, eqn. (800) [9421), organopalla- 
dium chemistry (eqn. (801) [943], eqn. (802) [944], eqn. 
(803) [945]), organozirconium chemistry (eqn. (804) 
[946]) and organochromium chemistry (eqn. (805) [947]). 

R’ = H, Ph. Et. COZE, R2 = H. Ph Et CO& CO>Me TMS. nSu 
(797) 

and BU&l 

2) E* \-; 

+ (BU&+CUU - 
;*u’ or RJJs”B”3 

S"B"3 R* 
S”Bua (798) 

89-910/o euaK 
R’ = R* = I+ = H 
R’ = Ph. R2 I R3 I H R’=R’ - Me. R3 = H 

R’ - Me, R* = H. R’ = Ph R’ = Su. R* - R3 = H 

.-w_ + Bu,SnCuDMS (799) 

(801) 

R’ 
R’ 

L,W R* 
+ Su&H - SllBtJl 

R’ = H, MB R2 I H. Me, OAC 

R’~SnR, + Cp;rZrHCI 
1) 

- R/=\,“, 3 
2, H’ 

R’ = H. MB, MO-‘, la-o--i PiI R3SiO- , 

OMe S@nH 
(COkCr - Sussn 

R PY 

(802) 

(803) 

(804) 

(805) 

Palladium catalyzed the selenation of alkynes (eqn. 
(806) [948]). Zirconacycles underwent reaction with 
PhClBr (eqn. (807) [949]). Transition metals were used 
to introduce germanium (eqn. (808) [950]), boron (eqn. 
(809) [951]), phosphorous (eqn. (810) [952]), eqn. (811) 
[953]), and iron (eqn. (812) [954]) into organic sub- 
strates. 

R’S = Et. Ph. “Su. nEr 

(806) 

(807) 

R’ = Ph. MeO$ R2 = H. MeOzC 

C,,i!r(“)C, !% Cl f,- 73CP2 

(809) 



346 L.S. Hegedus / Transition metals in organic synthesb 1992 

*A,, i 
HzjtOW - Ar*P-0l.b 

Pd(OWz 
4559% 

0 PO 

OP(Otw2 

(811) 

(812) 

Palladium catalyzed the thiation of ally1 carbonates 
(eqn. (813) [955]), atyl halides (eqn. (814) [9561), and 
alkynes (eqn. (815) [9571). Nucleosides were synthe- 
sized via zirconium (eqn. (816) [958]) and palladium 
chemistry (eqn. (817) 19591 and eqn. (818) 19601). Hex- 
aalkoxvcvclohexanes were made by osmate oxidation 
(eqn. (819) [961]). 

Film OCO# 
W(0) 

+ R3SH - R’ 
THF 
60” 

‘!o+wo 

bpd 
R-X + PhSSnSus - WP,, 

(813) 

(814) 

(815) 

- abo = \ C5WCOzH M - XE’ 
OH 

M=Zr,H,F:“~F ,SnoBF opF 
En0 OBll Em0 00n 

(816) 

(817) 

(818) 
$)H 

TESO , 
oso, Q- ,,O H 

S”B I*CAC MegNO "'0 AC 
OTSS OTES 

S?%de (819) 
and 

OH 

AcO \ 

Q TRS& 

OS” OS” 

4. Reviews 

The following reviews have appeared. 

Dicobalt hexacarbonyl complexes as chirality relay for 
the differentiation of acetylenic diasteeomers [9621; 

Selected applications to organic synthesis of in- 
tramolecular C-H activation reactions by transition 
metals (12 references) 19631; 

Stereoselective synthesis with zirconium complexes (14 
references) 19641; 

Biomimetic oxidation in organic synthesis using transi- 
tion metal catalysts (31 references) [9651; 

Enzyme models and organometallic chemistry (15 ref- 
erences) K’661; 
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The chemistry of polyfunctional organozinc and copper 
reagents (15 references) P671; 

Applications of nickel(II)/chromium(II)-mediated cou- 
pling reactions to natural products syntheses (24 
references) MN; 

Synthesis and reactivity of iron tricarbonyl complexes 
of vinylketenes, vinylketenimines and vinylallenes (12 
references) [9691; 

Asymmetric hydrogen transfer reactions promoted by 
homogeneous transition metal catalysts (more than 
79 references) [9701; 

Enantioselective rhodium(H) catalysts (18 references) 
19711; 

Organotitanium reagents in organic synthesis (21 pa- 
pers) [9721; 

Synthesis of enantiomerically pure 2”a halo allylic alco- 
hols and their use in the synthesis of leukotrienes (41 
references) [9731; 

New aspects of organocopper reagents: 1,3- and 1,2- 
chiral induction and reaction mechanism (59 refer- 
ences) t9741; 

Remote substituent effects on regioselectivity of Rh(1) 
cat. hydroboration of norbornene ]9751; 

Ruthenium 0x0 complexes as organic oxidants [9761; 
Transition metals in organic synthesis - hydroformyla- 

tion, reduction, and oxidation (897 references) [977]; 
Catalytic asymmetric synthesis by means of secondary 

interaction between chiral ligands and substrates (129 
references) [9781; 

Synthesis and application of chiral Cp metal complexes 
(122 references) [9791; 

Asymmetric hydrogen transfer reactions promoted by 
homogeneous transition metal catalysts (79 refer- 
ences) [9801; 

Transition metals in organic synthesis annual survey 
1990 (1048 references) KW; 

Fluorinated organometallics, perfluoroalkyl, and func- 
tionalized organometallic reagents in synthesis (297 
references) 19821; 

Transition metal catalyzed reactions involving reactions 
with ammonia and amines (278 references) 19831; 

Recent developments in the synthesis of optically ac- 
tive a-arylpropanoic acids: an important class of 
non-steroidal anti-inflammatory agents (48 refer- 
ences) 19841; 

Synthesis of organophosphorous compounds via coor- 
dination spheres of transition metals (63 references) 

19851; 
Synthesis and applications of binaphthylicC,-symmetry 

derivatives as chiral auxilliaries in enantioselective 
reactions (86 references) 19861; 

Catalytic synthesis of optically active alcohols via hy- 
drosilylation of olefins with a chiral monophosphine- 
palladium catalyst (19 references) [9871; 

Development of organopalladium(IV) chemistry: fun- 
damental aspects and systems for studies of mecha- 
nism in organometallic chemistry and catalysis (many 
references) [9881; 

Transition metal catalyzed reactions of organozinc 
reagents (144 references) [9891; 

Recent advances in the asymmetric dihydroxylation of 
alkenes (101 references) [9901; 

Organic derivatives of manganesetll) in organic synthe- 
sis (99 references) [9911; 

Selectivity control in cobalt(O) catalyzed cycloaddition 
reactions (29 references) [9921; 

Organotitanium reagents in reduction reactions (41 
references) [9931; 

Organometallic chemistry. Part 1. The transition ele- 
ments (226 references) [9941; 

Organometallic chemistry. Part 2. Main-group ele- 
ments (211 references) t9951; 

Synthesis of optically active natural products based on 
palladium-catalyzed stereoselective reduction of 
alkenyloxiranes (9 references) [9961; 

Organic synthesis via organometallics. Proceedings of 
the 3rd symposium in Marburg, July 11-14, 1990 

19971; 
Aminocarbene complexes of chromium and molybde- 

num: initiators for cascade reactions with alkynes 
leading to new heterocyclic compounds via nitrogen 
ylides (60 references) [9981; 

Palladium and BINAP, a strong pair (3 references) 
[9991; 

Regio-, stereo-, and enantioselectivity in palladium- 
and platinum-catalyzed organic reactions (more than 
77 references) [ lOOO]; 

Metals as selective coupling agents (4 references) 
[lOOl]; 

Titanium metallacycles as intermediates in the synthe- 
sis of acyclic and heterocyclic compounds (37 refer- 
ences) t 10021; 

Synthesis of optically active alcohols using ferrocene 
catalysts (29 references) [ 10031; 

Ligand-controlled catalysis: chemo- to stereoselective 
syntheses from olefins and dienes over nickel cata- 
lysts (more than 40 references) [IOO41; 

Basic principles in carbene chemistry and applications 
to organic synthesis (more than 42 references) [1005]; 

Chemical synthesis of optically pure compounds. 3. 
Asymmetric catalysis (42 references) [ 10061; 

Carbonylchromium(0) complexes in organic synthesis 
(37 references) [ 10071; 

Homogeneous catalysis by transition metal complexes 
(370 references) [ 10081; 

Organo-iron complexes in aromatic synthesis (more 
than 14 references) [ 10091; 

Regio- and stereocontrol in allylation (11 references) 
[10101; 
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Chemistry of organochromium(II1) complexes (more 
than 85 referencees) [loll]; 

Organometallics in synthesis. The transition elements 
(89 references) [1012]; 

Transition metals which changed organic synthesis: 
fundamentals and applications [1013]; 

The ally1 ether as a protecting group in carbohydrate 
chemistry (23 references) [ 10141; 

Studies in organo-transition metal chemistry [10151; 
Synthesis and reactivity patterns of (arenelmanganese 

carbonyl and (cyclohexadienyl)manganese carbonyl 
derivatives [1016]; 

Application of organic copper compounds (87 refer- 
ences) [ 10171; 

The chemistry of iron imido clusters and synergistic 
bimetallic iron/ruthenium catalysts for the carbony- 
lation of nitroaromatics [1018]; 

Homogeneous catalytic oxidations using metallopor- 
phyrin complexes with emphasis on ruthenium sys- 
tems (67 references) [10193; 

Ally1 based side-chain protection for SPPS [1020]; 
Transition metals in organic synthesis: hydroformyla- 

tion, reduction, and oxidation. Annual survey cover- 
ing the year 1990 (897 references) [1021]; 

Palladium(II)-catayzed oxidation, isomerization and ex- 
change of olefins, allylic alcohoIs and allylic ethers in 
water and methanol solvents 110221; 

Palladium cluster catalysts supported on chelate resin- 
metal complexes (13 references) [1023]; 

Organic derivatives of manganese(U) in organic synthe- 
sis (99 references) [ 10241; 

A new development of ruthenium complex catalysts. 
Carbon-carbon bond forming reactions (25 refer- 
ences) [1025]; 

Homogeneous metal-catalyzed oxidations by molecular 
oxygen (71 references) [ 10261; 

Photocatalysis by transition-metal complexes (164 ref- 
erences) [1027]; 

Iron- and cobalt-induced activation of hydrogen perox- 
ide and dioxygen for the selective oxidation-dehydro- 
genation and oxygenation of organic molecules (209 

references) [1028]; 
Transition metal-promoted reactions of main group 

species and main group-promoted reactions of tran- 
sition metal species (more than 76 references) [10291; 

New routes to biologically active heterocyclic natural 
products 02 references) [1030]; 

New development in catalytic asymmetric hydrogena- 
tion (50 references) [1031]; 

Cyclizations made easy by transition metal catalysts (20 
references) [1032]; 

High-velocity palladium catalysis (10 references) 110331; 
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