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I. General Comments 

This annual survey covers the literature for 1986 dealing with the use of transition 

metal intermediates for organic synthetic transformations. It is not a comprehensive 

review but is limited to reports of discrete systems that lead to at least moderate yields of 

organic compounds, or that allow uniaue organic transformations, even if low yields are 

obtained. Catalytic reactions 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, since the reader is likely to be more interested in the organic 

transformation effected than the metal causing it. Oxidation, reduction, and 

hydroformylation reactions are specifically excluded, and will be covered in a different 

annual survey. Also excluded are structural and mechanistic studies of organometallic 

systems unless they present data useful for synthetic application. Finally, reports from 

the patent literature have not been surveyed since patents are rarely sufficiently detailed 

to allow reproduction of the reported results. 

II. Carbon-Carbon Bond Forming Reactions 

A. Alkylations 

1. Alkylation of Organic Halides, Tosylates, Acetates and Epoxides 

Although research in the area of organocuprate chemistry is finally 

abating, useful extensions continue to be reported. Higher order cuprates were the 

subject of a dissertation [l]. Epoxides were alkylated with clean frans stereochemistry 
by organocuprates in the presence of BFs- etherate (equation 1) [2]. Protected 

hydroxyproline tosylates were phenylated with overall retention by phenylcuprate 

reagents (equations 2 and 3) [3]. Methylation of a chiral a-ketosulfone by dimethyl 

cuprate was used as a key step in the synthesis of estrone (equation 4) [4]. 

Et,0 
0 + R,CuLi 

BF,.Et,O 
-D 

OH 

‘% R 

60-92% 

R = Me, nBu, tBu, Ph, pMeOPh, mesityl, Bu /\/ Buy 

(1) 

Ph 

t 
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OTs 

1) Ph,CuLi 

2) NH,CVH,O 
C02R 

;d + .$; R 

C02R 2 

(mai@ 90% 

OTs Ph 

I I 

Ph 

I 

C02R C02R C02R 

213, 82% 

I TiCI,/ 

ZmAg 

Estrone - - 

Me0 

Pyridine-cuprates coupled to aryl iodides (equation 5) [5]. Dienes were 

synthesized by the carbocupration of alkynes followed by coupling of the thus-formed 

vinyl cuprate with allylic halides (equation 6) [6]. Thienyl copper reagents alkylated 

halides and epoxides and added in a 1,4-seine to conjugated enones (equation 7) [7]. 

Prenylated arenes were synthesized in copper chemistry (equation 8) [8]. 
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R = H, 2-MeO. 3.5~(MeO),, 2,3,4-Me,, 2,4,6-Me,, 2-CO,Me 60-76% 

RCU 
ElOC=CH 

THF 

R = Ph, nBu, tBu, nC, 

Et0 
Hg(OAc), ii ii 

* RCCH,CH,C-CH, 

R HCOOH 
60-80% 

#- ’ \ Li + CuCN + RMgX 
S 

- [e Cu-R] CNLiMgBr 

R.A+&& 

7 

R’ 
R R- R’ 

OH 

(7) 

References p. 312 



Fluoroalkyl cuprates have been used to introduce fluorinated side chains into 

organic substrates (equation 9) [9], (equation 10) [lo]. 

Mel 

/ 
R,CF=CF-M + Cul - R,CF=CF-CU (9) 

63-99% 

M = Cd, Zn 

R, = F, CF, 

DMF 
2M + CF,X, 

CuY, -80’ 

25’ 
* CF,MX + (CF&M - ICF,W 

-100% 

Y = Hz oNO*, mNO,, pNO,, OMe, 
pOMe, pBr, pCI 

78-l 00% 
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Using palladium-ferrocenylphosphine catalysts, the coupling of Grignard 
reagents with halides tolerated P-hydrogens in both members of the process (equation 

11) [ll]. A variety of chiral nickel catalysts were developed for the asymmetric coupling 
of cc-phenethyl Grignards to vinyl halides (equation 12) [12], (equation 13) [13]. 

Palladium catalysts were used to effect the coupling of aryl halides with aryl Grignard 

reagents (equation 14) [14], of aryllithium with bromohydrine (equation 15) [15], and of 

Grignards with Vans vinyl halides to the exclusion of 15s vinyl halides (equation 16) [16]. 

5% cat. 
RMgX + Ft’l - RR (11) 

THF 

R = pMeOPh, Ph M/ , nCs, cycle Ce 

R’ = Me, nC,s, Et, nCs, cYclo cs cat. = > PdC12 

MgCl 

A 

0.2% NiCI, 

Ph + BrCH=CH, 
L 

88% ee 

L = ‘SyPPh2 

NMe2 

MgCl 

A 

LiNiCI, 

Ph + BrCH=CH, 

NMe2 

n 

and several other macrccyck sulfiies 
and aminosulfides 

high yields 
low ee 

(12) 

(13) 

References FL 372 
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L,Pd 
ArX + AfMgX - Ar- Ar’ (14) 

Ar = Ph; 3,4-(MeO),Ph; 4-Me,NPh; 4-MeOPh; 2-MePh; 2-Me(TMS)NPh 

Ar’ = Ph; 2-MeOPh; 4-Me-2-Li indole; 2,4,6-Me,Ph 

OH OH 

Br Pd(0) 
+ ArLi - Ar (15) 

(16) 

nR&Br+ m R/-JBr + nR’MgBr 
Pd’Whwf) 

* nRbR’ 

(faster) (slower) >95% stereopure 

Polythienyls were prepared by coupling thienyl Grignard reagents with 

dibromothiophenes (equations 17 and 18) [17], (equation 19) [la]. 3-Bromothiophene 

was alkylated by Grignard reagents in the presence of nickel catalysts (equation 20) 

[19]. Vinyl sulfones were alkylated, with displacement of the sulfone, by Grignarcl 

reagents under nickel catalysis [20]. Chlorophosphazines were alkylated by ketones via 

organocopper chemistry (equation 21) [21]. (17) 

0 

/ ,\,MgBr + Br./ _\,Br PdC’z(dppf) 

S 
0 S 

2,3 

2,315 

25 

3,3 40-80% 
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R‘/ \/Br 

c) 

PdCI,L, 

S 
CO, EtsN, EtOH 

100°, 20 atm 

BrG Br 

Br 

Br 

L,NiCI, 
Bithienyls 

cat. 
terthienyls 

61-93% 

Br 

Ni(DPPP)CI, 
+ RMgBr 

Et20 

58-79% 

R = Et, nPr, nBu, nCs, PhCH2, 
c? Q-f 

Y 7’ 
N&'\N 

Cl I 
‘P. 

Cl/ 'N' 

R = Me, iPr, tBu 

R’ = Me, Ph, CH,CI, pNO,Ph, 

(19) 

(20) 

R” = H.Me 

References P. 372 
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Palladium-catalyzed oxidative addition-transmetallation processes from 

tin, zinc and boron continue to evolve. The palladium catalyzed cross-coupling 

reactions of organotin reagents with organic electrophiles has been reviewed 

[22, 231. Coupled pyridines and quinolines were prepared by this method 

(equations 22-24) [24]. Benzyl bromide was converted to ethyl benzene by this 
process (equation 25) [25]. a-Phenethyl bromide underwent the same reaction, 

but only in low yield. Aryl tins were coupled to aryl halides to give biaryls using 

palladium catalysts [26]. Heteroaromatics were arylated in a similar manner 

(equation 26) [27]. 

@nMe3 + oMBr _ &fff (23) 

N N’ N 

59-77% 

/ Br c-7 \ I 
N 

/N CI 1’ 

c), F-1 
N 0 Cl 
48% N 

(24) 
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PhCH,Br + Me,?3 + - PhA (25) 

CN 
100% 

(26) 

60-90% 

Z = CI,OAc,H,CO,R 

Vinyl triflates also underwent this palladium-catalyzed alkylation by tin 

reagents resulting in several useful synthetic transformations (equation 27) [28], 

(equations 28 and 29) [29], (equation 30) [30]. 

OTf 
L,Pd 

LiWTHF 

(27) 
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&OTf i- 
R’ * SnR3 Pd(O) cat. (28) 

es” BuSn PhnSn TMSA 
Sn 

All work in good yield. 

cr / \ Br + Bu3Sn+C” _ c5- 
0 c-nBu3 

(29) 

TfO 

p+ q 

SnBu3 

cl3 

@ 

\ 
H 

III 

b 

\ 

OH 

77% 

(30) 
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Palladium catalyzed the alkylation of vinyl (equation 31) [31], aryl 

(equation 32) [32] and allenic halides (equation 33) [33] by alkylzinc reagents. 

Trans vinyl halides (equations 34 and 35) [34] reacted in preference to cis vinyl 

halides, as did tfaans dibromoethenes (equation 36) [35]. Palladium also 

catalyzed the coupling of trifluorovinyl zinc reagents with aryl halides (equation 

37) [36] and vinyl halides (equation 38) [37], and the coupling of alkynylzinc 

reagents with perfluoroalkyl iodides (equation 39) [38]. 

AcO /\/\I 
EtZnCl (31) 

* 
L,Pd 

AcO 4 

EtO$-(CH&,Znl + Arl 

n=2.3 

L,PdCI, 
w EtO,C(CH,),Ar 

67-l 00% 

(32) 

Ar = Ph, oMePh, pMeOPh, oMeO,XCPh, pBrPh, pNO,Ph 

RW’ 

OTf 
also react 

R 

> 
.Br cat. 

Et 
<H + i-BUM - 

35% ee 

cat. = Ni(MeSalen), 
M=Al a = +lOO 

hnscl + 4.10 
ZnCl + o.@5° 
ZnC&W + 1.15O 

References p. 372 
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R\Br + ‘uB’ + CtZn = TMS 
L4pd 

(34) 

* - 

R-=TMs 
exclusively 

R = nBu, nPr, nC, 

wBr + ClZn = TMS 
L,Pd 

w 
(35) 

dTMS ,:,:b,, * LH 
‘- OAc 

* 
L,Pd, Cul, Et,N OAc 

(36) 

Br*Br + “‘\=/“’ 
L,Pd 

+ RCEC-ZnCl 
cat. 

R&R R = nBu, nC,, TMS, Ph 

84-99% pure E 

F 

Pd(O) 
+ AI! 

%Ar 

F 

(37) 
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WO) 
RZnCl + R’l t RR’ (38) 

70-80% 

R = CF,=CF 

PW’) 
RI + R’ZnCI - RR’ (39) 

RI = CF,CFI, sBuCFCFI, PhCFCFl 

R’ = nC, 2 
3 

nC, = 

Palladium catalyzed the coupling of zinc homoenolates to aryl and acid 

chlorides (equation 40) [39]. Palladium also catalyzed the coupling of CL- 

lithiozinc reagents to a number of organic halides [40]. 

Palladium also catalyzed the alkylation of organic halides by vinyl 

boranes (equations 41 and 42) [41], (equation 43) [42], (equation 44) [43]. This 

process was used in the synthesis of natural products (equation 45) [44]. 4- 

Substituted indoles were prepared by thallation/transmetallation processes 

(equation 46) [45]. 

-I? 
OR 

OTMS ZnCI, ArX 

I - 
OR ZnCl 0 PdW 

(40) 

Ar- 
COPR 

-COnR 

good yields 

References p. 372 
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R_B(Siam)n R,,X 
R R” 

* - 

L,Pd )_( 
H H 

LB(OR I2 40-90% 

R = Bu 

R’ = Ph 

Y + 
B(O-iPr)p 

(41) 

(42) 

‘, 
OH 

R’ B(OiPr), L,Pd 
R’ R3 

\_( 
+ R3X >w 

- - 

R2 
aq. KOH R2 

70-90% 

R1 = nBu, tBu 

R2 = Me, Bu, Ph, Bz 

(43) 

R3 = Ph, 
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ArX 
ArR 

+ R-B’ c (44) 

“‘e Br 

\ PdCMdppf) 
R’wR 

NaOH 
70-80% 

Ar = Ph, oMeOPh, pMeO&Ph, 1-Naphth 

R = nC,, iBu 

R’ = Ph, Me,, nCe 

B(Sia):! 

(45) 

52% 

PhB(OH);! 

Pd(OAc)@MF 

(46) 

60% 

References P. 372 
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Palladium was used to catalyze the reactions of terminal acetylenes with 

aryf halides (equation 47) f46], (equatjon 48) 1471, (equation 49) 1481, (equation 

50) [49], {equation 51) [50), with vinyl halides (equations 52 and 53) [51], with 

vinyl triflates (equation 54) [52], and with aryl trifiates (equation 55) 1531. 

Br 

NHCO$t 

RCz CH 

C,PdCL, 

1) NaOEt 

2) H,O 

(47) 

clo--R 65,93; 
R = H nBu 

(48) 

f-JO2 L,PDCI, 

+ HCEC-TMS - 

X 

TMS 
7596% 

+ TMS = H 
“I 

2f KOH, MeOti 84% . 
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(equation 49 continued) 

Me0 

OH L2PdC’2 L 

Et,N 

Cul 

..oae_oH _ _* 

OAc 

Meoeco2Me :::::Me * 

References p. 372 
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(q (7) (51) 

R* N R’ 

xx 
I’ + 

Pd cat. 
R-CFCH - 

R3 N’ Cl 
loo0 

50.90% 
R 

R’ = Me, Et, iPr, iBu, Ph, H 

R* = H, Ph 

R3 = Me, Et, iPr, iBu, Ph, H 

R = Ph, Bu, CH,OH 

(52) 

OH 

OH Cl 
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R’ OT1 

R’ = 

R* = 

+ HCEC-RR’ 
LiPd(OAc)dDMF 

L R’ = R” (54) 
BusN, Cul 

71-96% 

enol triflates of steroidal ketones 

Ph, tBu, TMS, (EtO),CH, CO*Et, 

X’ = CO,Me,CN 

xr 
74-99% 

R = Ph,TMS 

Nickel(O) cross coupling of benzyl halides gave cyclophanes [54]. 

Palladium-catalyzed cross coupling involving proximally heterofunctional 

reagents was the subject of a dissertation [55]. Group(VIII) metal-catalyzed 

carbon-carbon bond forming sequences has been reviewed [56]. Palladium(O) 

catalyzed the alkylation of amines by perfluoroalkyl iodides (equation 56) [57]. 

Copper assisted the alkylation of aryl halides by stabilized carbanions 

(equations 57 and 58) [58]. 

R 
WO) I 

3 (RCH,CH*),N + 2 R,CF,I - RfCF2C=CHN(CH2CH2R)2 (56) 

40-60% 

o- / \ Br 
I 

+ 

X i 

References p. 372 
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/ \ Q- Br CUBf 

+ c-,<: - (58) - diox. 

2. Alkylation of Acid Derivatives 

lmidoyl chlorides were converted to imines by a palladium 

catalyzed reaction with alkyl tin reagents (equation 59) [59]. Conjugated 

enones were made by a palladium(O) catalyzed condensation of acid chlorides 

(equation 60) [60]. a-Cuprated zinc reagents alkylated acid chlorides (equation 

61) [61]. Palladium(O) complexes catalyzed the alkylation of acid chlorides by 

vinyl copper species (from carbocupration of alkynes) (equations 62-65) [62]. 

Ph 
PhN=I( 

PWO) Ph 

Cl 
+ R’SnBu, - PhN=I( 

R’ 
(59) 

R’=N ’ fi/ --y-h 

S 
also 

t / 
Cl 

N 

coct (60) 

Ph A CHR’ R* 

40-86% 
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(61) 

#A.jZnBr + R/-7Li - 
CUCN 

R 

R’COCI 

R 
CuCN - 

R’ 
ZnBr 

ii Et,0 
+ R%CI - 

3% pwv 
(62) 

6040% 

R’ = H,Me, Et 

R2 = nC7> Et, nBu,iPr 

R3 = Me, nC,, Bu, tBu, Ph, OEt 

1) CuwTHF 
MgCl 

2) HC~CH 

80-l 00% 

Referencesp.372 



Alkylmanganese (equation 66) [63], (equation 67) [64] and vanadium 

complexes (equation 68) [65] efficiently converted acid halides to ketones. 

X 

X = MeS,CI 

R = Me,Bu, Ph 

RMnl + R’CCCI - RCR’ 

(66) 

(67) 

R = nC,, nBu, iBu, Et, BuCsC 

R’ = Et, iBu, nCs, nBu, tBu, Ph, nC, 

R” = Bu, Me, secBu, Et, Ph 

R’COCI li’ 
RMgBr + VCls - [RV (I RC- R’ (68) 

70-90% 

R = Ph, nBu 

R’ = otoly, pCNPh, Me, pBrPh, CICH,, EtCH, Meo2CM Me!- 

(normal RX unreactive) 
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3. Pilylation of Olefins 
Palladium catalyzed oxidative addition/olefin insertion continues 

to be the method of choice for the arylation of olefins. Arylated butenolides 

were prepared via the palladium-catalyzed arylation of o-hydroxy-acrylates 

(equation 69) [66]. o-Bromoacetanitriles were olefinated under similar 

conditions (equation 70) [67], as were chloropyrazines (equation 71) [68]. 

Palladium also catalyzed the coupling of indoles with chloropyrazines (equation 

72) [69]. j%Trimethylsilyl styrenes were prepared by the palladium catalyzed 

arylation of vinyltrimethylsilene (equation 73) [70]. Conjugated enones were 

alkylated by vinyl triflates under palladium catalysis (equation 74) [71]. 

Pd(OAc)~Bu,NCI THPO C02R (69) 

THPO- C02Me + Arx 
HMPA, NaHCOS,600 

Ar 

0 0 

-p” - 
Ar 

48-71% 

Ar = Ph, pMePh, mMePh. pMeOPh, mMeO,CPh, mHOCH$W PBrPh 

(70) 

E’ 

Pd(OAc), 

+ fiCOj34 
t 

‘R3 
2 I_ 

References p. 372 
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(equation 70 continued) 

R’ = OMe; R2 = Me, Et, Ph, PhCH,, EtO&CH,. CH,CH(OEt),, 3,4(MeO),Ph 

R3 I W, Et; R4 = Me, Et 

R’ = Me, Et, iPr, if3u; R’ = H, Ph; R3 = Me, El, iPr, Bu; R = Ph, CQEt,CN 

R = Me, Et, Me&H, Me&HCH,, Ph 
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Arl + Qms 
WO) 

A&J03 

60-80% 

(73) 

no Ag’ 

Ar = Ph, pMePh, pMeOPh, pNO,Ph, pBrPh, mMeOPh 

mN02Ph. oMeOPh, oNO,Ph, oMeO$Ph. 1 -bph 

OTf 

Pd(OAc), 

K&O,, TBA+CI- 
0 

MeCN 

Pd(OAc), 
w 

HCOOH, Bu,N 

DMF, 60’ 

x- 

? 
c 

Ar = 4MeOPh, AOHPh, 4MePh. 
MeCONHPh, 2MeO 

Trllate = 

References p. 372 
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Electrogenerated low oxidation state nickel complexes catalyzed the 

coupling of ethylene to bromobenzene to give styrene in 70% yield [72]. Olefins 

were similarly arylated by aryl halides in the presence of nickel complexes and 

zinc (equation 75) [73]. Palladium catalyzed the arylation of styrene by 

diaryliodonium salts, to give stilbene [74]. Palladium also catalyzed the 

cyclization shown in equation 76 [75]. 

(75) 

+ RCH=CHR’ 

up lo 60% 

+ RCH,CH,R + RR 

lots 

R = Ph, pMePh,pMeOPh 1 N 

R’ = Ph,CO,Et 

R 
Ap90 

L,PdCI, 

“/ Ao,(C”2)n (76) 
Et,N, PhCH, 

Br 

R = Me,Bu, Ph 

Palladium also catalyzed a number of transmetallation/insertion 

processes which resulted in the alkylation of olefins. This was particularly 

useful in the coupling of mercurated pyrimidines with sugars (equations 77 and 

78) [76], (equation 79) [77]. Norbornene was alkylated by vinyl mercuric halides 
under palladium catalysis and the resulting o-alkylpallaidum complex was 

further transformed (equation 80) [78], (equation 81) [79]. Norbornadiene 

underwent similar reactions (equation 82) [79]. lndoles were vinylated in the 4-, 

5-, and 7-position in a thallation/palladation insertion sequence (equation 83) 

[80], (equation 84) [81]. Methyl vinyl ketone was arylated by arylthallium salts 

using palladium catalysis (equation 85) [82]. 
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(77) 

HgOAc 

(PY) 

PY) + 
/O-O 

0 b / RO 

Pd(OAc), PY 

(78) 

References P. 372 
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R = MeOCH,O, R,Si, H, /O-O0 

NOTE: 

R = H, 2-Cl. 2-tBu. 2-nCc. 1 -Me-2-tBu 

0 b PY - 

(80) 



(equation 80 continued) 

(81) 

R’ = CH(OTHP)CSH,, 

a I \ 
g -s y 

6 
5 

-Pd’ “‘, 

/ 

\ 
2 

(82) 

References p. 372 
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(83) 
CHO 

1) TI(TFA), 
+ 7% - 5 

CO,Me 

45% recovered 

2)ToR 

Pd(O& 
CO,Me + 4% - 7 

32% 

3) OH-, N,O 

OMe (84) 

0 
w 

Pd(O) 

4) Salcomine I 

CO&te 

ArTl(TFA), + 7 Li2PdC14 * Ar 4 
0 

80-90% 

Ar = Ph, pTol, Mes, pMe0, pClPh 
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Direct aromatic palladation (equation 86) [83], or orthopalladation (equation 87) 

[84] followed by olefin insertion also served to arylate olefins. Ortho-ruthenated 

phosphites underwent a similar olefination (equation 88) 1851. Zirconocene dichloride 

catalyzed the ethylation of norbornene, dicyclopentadiene, and norbornadiene by 

ethylmagnesium chloride [86]. 

X = OH.OAc,H 

Y = H,OAc 

R = H, Me, Et, Ph. Bz 

Pd- N 

I\ 

20-50% 

Et,N 

037) 

References p. 372 
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CH,=CH, 

(88) 

Raney nickel catalyzed the addition of perfluoroalkyl iodides to olefins (equation 

89) [87] as did palladium(O) (equation 90) [88,89], and platinum(O) [go]. The copper 

catalyzed additions of organic polyhalides to olefins has been reviewed [91]. Copper(l) 

catalyzed the addition of trifluorochloroethene to conjugated dienes [92]. 

R,I + RCH=CH, 

80°C, RaNi 
w R,CH,CHIR (89) 

EtOH 

80-90% 

R, = CV,),, CF,(CF&+ CW,),, W&h 

R = nC5, nBu, Me. Also moh 

vR L,Pd R 

pt’ + * Rf (90) 
hexane 

- R’ 

/’ 
Rf CH=C 

‘R 

R, = CF,(CF,),; R = nBu, HO-/ ~/~TMS 

R’ = Ph, nC,,TMs 
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Olefins were alkylated by trimethylsilylenol ethers in the presence of palladium 

acetate (equation 91) [93]. Elimination was sometimes observed (equation 92). 

Palladium(H) salts catalyzed the aryl chlorination of unsaturated alcohols (equation 93) 
[94]. A number of metal catalysts cyclized o-olefins dichloroesters probably by radical 

processes (equations 94-96) [95]. Rhodium(l) complexes catalyzed the alkylation of 

butenoic acid by methylenecyclopropanes (equation 97) [96]. Iron(O) complexes 

catalyzed the alkylation of ally1 ethers by dienes (equation 98) [97]. 

TMSO 

R’ 

n Pd(OAc), ) R1+.$ + R2% 

6Ac 

r^’ Pd(OAc)2 t + 

(91) 

(92) 

(93) 

I33 49 R3 
ArSnMe, + + chloroalcohols 

R2 OH 

Cl Cl Cl 

PhH 
; C02R 

1 60°, M cat. 

-9; H 
Cl 

O-55% O-51% O-94% 

M = RuCI~L~, FeC12L3, [CpMo(CO)3]2 
(RUCt,L3) 

References D. 372 
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Cl Cl Cl 
COZR 

er 

L*RUCI, 
COZR 

-(A 

+ 

\ 
/ 

Cl 

m”“‘” = Cl 

9 
0 

0 
88% 

Cl O 

ti 

(95) 

0 

H 

UP to 89% 

(96) 

(Solvent) 

Ph 

Ph 

+ 

C02H 

32% 

5% bipy 

+ tioBz Fe(O) OBz 

(98) 

60-l 00% 
conversion 

80% yield 
955 bipy 
5:95 diphos 
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4. Decomposition of Diazoalkanes and Other Cyclopropanations 

Transition metals catalyze a number of useful insertion reactions of 

diazocompounds. Rhodium(ll) acetate catalyzed insertion into O-H bonds to form cyclic 

ethers (equation 99) 1981. Copper catalyzed the insertion of diphenylcarbene into N- 

H bonds (equation 100) [99]. Fihodium(ll) acetate catalyzed a number of insertions into 

C-H bonds that produced useful organic compounds (equation 101) [loo], (equation 

102) [loll, (equation 103) [102]. Polyfunctional systems were converted into polycyclic 

systems (equations 104 and 105) [103]. Palladium(ll) also catalyzed the C-H insertion 

reactions of diazoalkanes (equations 106 and 107) [104]. 

MeO,$ 

0 
(A) 

‘OH 

Rh,(OW, 

71-78% 

(4 = W2h 

Ph,CN, + 
Cu(acac), 

-C NCHPh2 

82% 

Rh,(OAc), 
* 

/ \ 
N 2 0 

3 
R’ 

(99) 

(100) 

(101) 
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R’ = H 6:l 
Me0 712 
NO, sloo:l 

AC0 36:i 
PhCH,O 411 

15 cases. Both electronic and steric effects 
control regioselectivity 
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0 

I ’ 0 
0 

+ @I3 0 
/ O/ \ 

RO - 
10% 

0 

(104) 

(105) 

(No yield) 

((f OMe PdC12(MeCN)2 * YOMe (106) 

R = H,Me,Me2 
40-60% 
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uoMe PdCMW, ) 

N2 

+ 24:l 
0 

C02Me 

“Catalytic asymmetric synthesis of cyclopropanecarboxylic acids: an application 

of chiral copper carbenoid reaction” was the title of a review [105,106]. Chiral copper 

complexes catalyzed the cyclopropanation of olefins by diazocompounds in up to 97% 

ee (equation 108) [107]. Copper-loaded X-type zeolites catalyzed the same process, 

giving only small amounts of polymer, and with the same stereoselectivity of free copper 

catalysts. However only low asymmetric induction was observed [108]. Copper(l) 

chloride catalyzed the cyclopropanation of cyclooctatetraene to give all possible mono, 

di, tri and tetracyclopropanated products [log]. Rhodium(ll) acetate catalyzed the 

cyclopropanation of olefins by diazoamides (equation 109) [l lo] and diazomalonates 

(equation 110) [l II]. Polycyclic systems were prepared by the intramolecular 

cyclopropanation of enol ethers (equations 11 l-l 13) [112], (equations 114 and 115) 

[113]. 

H 
(106) 

1% cat. 
H 

F/k + N,CHCO,~ + vb 

CICH,CH,CI H: ‘c02R2 R,$ sco2R2 

23’ 

R1 = Ph, nC,, 
Af 

-80:20 ratio 
up to 97% ee 

60-70% yields 

R2 = Et, tBu, I-menthyl, d-menthyl 
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(equatiw lus continued) 

CN 

cat. = 

CN 

X, Y = H; X = H; Y = N,; X = OR; 

olefin = w 

51% 

Y = N, 

w Ph- 
Ph 

54% 42% 

74% 66% 56% 44% 80% 

36% 18% 22% 
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OMe 

PhS 

1 7% 

+ 

pJ-&/_ WOAc)4, (JfJ (111) 

0 

Ro (CH2) COCHN2 --Rm’ 
(112) 

- n 

-I ’ I (” R/C*O 
0 
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Rh,(OAc), 

CH,CI, 
25’ 

0 58% 

0 92% 45% 

Palladium catalyzed the arylation of vinyl stannanes (equation 116) [114] and 

Vinyl SilaneS (equation 117) [I 151 by arenediazonium salts. Titanium(lll) salts catalyzed 

a similar process (equation 118) [116]. Olefins were prepared by the routine of Wittig 

reagents with diazo compounds via molybdenum intermediates (equation 119) [117]. 

M,s~~>- + ArN,BF, Pd(dba)2’250 t ‘I)CCHVVIAr (116) 

CH,CN/25’ 

Ar-TMS 

(117) 

PhN,BF, 

- ArwPh + 
Pd(dba), 

76 : 24 high yields 

Ar = Ph, pMePh, pNO,Ph, pBrPh 

References D. 372 
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Ad’++ + XCH=CHX + T?+ + H+ 
(a) NaOAciacetone 

w 
(b) NaOH/acetone 

X = CO,H, CN, CONH,, CO,Et 

Ar = Ph, pCIPh, mCIPh, oCIPh, pMeOPh, pBrPh, pFPh 

i 
ArCHCH,Y (118) 

50-70% 

S 
(119) 

R’ RR’CN, 
OMo’“(S,CNR,), - 

S, /;0 
MO 

S’ \qN 
+ Ph3P=C< 2 - 

R 

)/ 

s 7, 
N 

NRz 
R’ R 

R1 = H, Me, Ph 
R* = Ph, Pr, iPr, tBu, 4-cyclohex 
R = Et; R’ = H; R* = H, Bu, Ph 

5. Cycloaddition Reactions 

“[3+2] Cycloaddition approaches to five-membered rings via 

trimethylenemethane and its equivalents” has been reviewed (99 references) [l 181. 

Palladium catalyzed generation of complexed trimethylene methanes has been used to 

synthesize a number of cyclic systems including silylated cyclohexanones (equation 

120) [119]. With additional TMS functionality the system could be further functionalized 

(equations 121 and 122) [I 201. This chemistry was used in the synthesis of (+)-brefeldin 

A (equation 123) [121], and other cyclic systems involving chiral auxillaries (equations 

124-l 26) [122]. Substituted cyclopentadiene having exocyclic double bonds were 

prepared by cycloaddition-cycloreversion processes (equation 127) [123]. 

Cycloadditions of trimethylene methane complexes to imines (equation 128) [I241 and 

aldehydes (equation 129) [125] has also been developed. 
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0 
TMS (120) 

R 

OAc 

+ 
0 

TMS 
R1 = OMe, OEt, OnBu, CN, NH,, Me, Et 

R02C\//\ 
C02R also adds 

6040% 
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--- (+)-Brefeldin A 

Me02C I - + TMS&OA 

0 

+ & 
78% 

MeOzC 
76 : 24 
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&OM~ * 6 (126) 

61% 

h;+ AqLMS ;;;I;’ * &$z2’) 
THF, ;?, 

R2 

530° I?3 

flash - 
vacuum * d 
pyrolysis R’ R2 

‘l-84% 

40-70% 

(129) 

TMS&OAC + RCHO ;;;pd(oAc’2 - ’ P@ 
R 70-90% 

R = Ph- p,,/\/ >=/o 
References p. 372 
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Aminated norbornenes were prepared in a sequence involving cycloaddition to 
nl-cyclopentadienyliron complexes (equation 130) [126]. Metal-mediated cycloaddition 

reactions of 1 ,2-disilacyclobutenes with dienes has been reviewed (16 references) 

[127]. Metallo-l ,3-dipoles underwent cycloaddition N-phenylmaleimide (equation 131) 

11281. 

N3 

Ce’” 

NaN, 

A R’ = CH,H,CO,Me 

R2 = H,CN 

F? = H,CN 
60.90% 

ti = CN,H 

0 

$1; +E5N+ +:l$; 
CHNMe2 

CHNMe2 
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6. Alkylation of Alkynes 

Trimethylsilylcuprates added to alkynes to give vinylcuprates (equation 

132) [129]. Palladium and nickel salts catalyzed the addition of trimethylsilylcyanide to 

allenes (equation 133) [130]. Hexamethylditin added to alkynes in the presence of 

palladium(O) catalysts (equation 134) [131]. Trimethylsilylacetylenes were arylated by 

aryl iodides in the presence of palladium catalysts (equation 135) [132]. Palladium(ll) 

catalyzed the cyclization of 1 cyclopropyl-2-propynyl acetates (equation 136) [133]. 

H CuMX 
(132) 

TMS-CH-CuMX + Y = H 
I 

- TMS 

H(R) Y 

55-80% 

Y = nBu, OEt, CH(OEt),, CO,Et, CH,OMgBr 

(133) 
R 

>- 

PdCldPy or 
= + TMSCN * 

(Me)H NiCldDIBAH 

60-90% 

R = nCs, Ph 

L,Pd 
Me&n, + RCsCH - 

Me$?,:)=<z:Mea 
(134) 

60-80% 

20-80% 

R = H, nBu, Ph, Bz, HOCH,, MeOCH,, PhOCH,, Me,NCH,, HOCH,CH, HO-C 

3 
HOCH(nPr), HOCMe,, HOCMeEt, HOC(Me), i-Hex, I-hex-3-en, CO,Me, COPEt 
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Pd(OAc),L, 

R-c~c-TMS + Arl - 
Bu,N, HCOOH 

DMF, 60’ 

(135) 

TMS + R+:MS 

40.70% 

Ar = 4-MeOPh, 4-HOPh, 3-MePh, Ph 

R = Me, nCG, 4-NH,Ph, 4-HOPh, 4-CIPh, 3-MeO,CPh, 4-MeO,CPh, 3-H,NPh 

Z-MePh, 4-MeOPh, 4-MeO,CPh 

AcO R 

Y& 
I 

PdCI,(MeCN), 

OAc (136) 

R \’ d R’ 

Cationic complexes of alkynes underwent a series of useful reactions (equation 

137) [134], (equation 138) [135]. 
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Me 

Ph 

(137) 

[Fe] 

I 

\ 
MeLi 

OMe 

x 
I 

MeOH 
- [Fe]+- 

II 
Fe1 

Fe 

Fe] = CpFe(CO), 

R’ R’ (138) 

co 
CpFe+-- 

co II 

co, -78O 

+ Nut- - Nut cat. Ce’” 

R 
R 

0 R’ 0 R’ 

co 

K/- 

X SCe’” 
/ - R”0 

K/- 

/ 
CpFe Nut Nut 

L 
CH,CI, 

R -780 R 
R”OH 

R = Me, Ph, C02Me, Et 

R1 = Ph,Me,H 

NUC = Me, Ph, 5Ph, CH(CO,Et), 

References P. 372 
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The reaction of cobalt-stabilized propargyl cations continue to be developed as 

useful synthetic transformations, particularly when coupled to the Pauson-Khand 

annulation procedure. Examples are seen in equations 139-141 [136, 1371, equation 

142 [138, 1391 and equations 143-145 [140]. Finally alkynes underwent reaction with 

phthaloyl cobalt complexes to give naphthoquinones (equation 147) [141]. 

(139) 

co2(co)6 

/q+ + 

-‘P(c0)6 

OMe 

0 

MeOH 

*COBFI - - 

(140) 

1) MeMgX 

2) A 

OMe 
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KOH 

EtOH 

IfX 
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TMS 

L 

I 

OMe 

%?(c0)6 

BF,,OEl 

67% 

(743) 

co 

a 

I 
TMS 

G 
I 

H (144) 

CO2W)6 

(145) 

TMS--+:icOl. 2) Me,NO * 

1) BF,-OEt, 

OMe 

Ph 
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0 OH 0 
R’ 

R’ 
+ ,, COCI,~6H,O 

(146) 

or SnCI, A2 
R2 

0 

72-99% 

R’ = H, Et, C02Et, OEt, tBu 

R2 = nBu, Me, Et 

RMgBr 
+ 

OCOR’ l-l 0% cux R R 

Et20 a Y 

(147) 

R = Me, Et, nBu, iPr, secBu, Ph, pMeOPh, 

- o- 

7. Alkylation of Allyl, Propargyl, and Allenyl Systems 

In a study of copper catalyzed Grignard reactions with ally1 esters, catalytic 

reactions were found to be superior to stoichiometric organocuprate reactions, and 

copper(l) cyanide favored y-coupling with alkyl but not atyl or vinyl Grignards (equation 

147) [142]. The regio- and stereochemistry of copper catalyzed (equations 148-150) 

[143] and organocuprate reactions (equation 151) [144] with cyclic ally1 esters was 

studied. Use of chiral nickel catalysts in the reaction of cyclohexenyl ethers with 

Grignard reagents led to reasonable asymmetric induction (equation 152) [145]. The 

effects of ligands, reductants, solvents and temperature on the yield, regiochemistry and 

stereochemistry of the reaction in equation 153 was studied [146]. Palladium 

complexes catalyzed the coupling of cyclopentadienyl Grignards with ally1 ether 

(equation 154) [147]. The regio- and stereochemistry of the reaction of a number of 

organometallics with 4-t-butyl cyclohexenyl systems was studied (equation 155) [I 481. 
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L\ Ni,C’ 

+ R’MgX 
L’ ‘Cl 

cat. -0 I * (152) 

bR Et20 I 
R’ 

+s R = H, Ph; R’ = Me, Et, Ph, m 

L 

60-80% yield/up to 50% optical 
purity 

L 
= chiral prophos. chiraphos, phenphos cyphos 

(153) 

+ (_) <Y @JiCLJRMgX 

Z X or DIBAH 
X 

z = SO,Ph, S02tol 

X = CO,R,SO,Ph 

y = C02R, CN, S02Ph 

0 0 Pd(acac), 
- MgX + /v”a 

L 

1585 96% yield 
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RM = Bu&uLi 

(-) <,’ , L,Pd 

MeMgClN& 

36% 

40% 

40% 

(156) 

1) m 
MgBr 

110% Cul 
R’CS CCH20H 

2) H+ or I2 

1) BuLi 

1) R,SiCI 

2) R,ZrlX 

L4Pd cat. 

2) MeSO,CI 
w 

3) BrMg- C=CTMS 

Li,C4@14 

I) 2BuLi 
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H 

BuMgBr + 5%CuBr + BusP + =+Bu - 
B”b (157) 

Bu 
OMe 

via syn 

/ 

90% 
optical yield 

“siu “‘_Busiu -!ffL-~ antielim. 68% 
optical yield 

MCI, 

\ 
syn elim. 35% 
optical I yield 

Molybdenum(O) catalyzed reactions of allylic acetates and palladium(ll) catalyzed 

cyclization of 1,6-enynes was the topic of a dissertation [151]. Palladium(O) catalyzed 

the alkylation of allylic acetates by stabilized carbanions (equation 158) [152], (equation 

159) [153], (equation 160) [154]. The anion of imines of glycine esters alkylated allylic 

acetates in the presence of palladium(O) catalysts (equation 161) [155]. With chiral 

ligands asymmetric induction was observed (equation 162) [156]. Palladium(O) 

complexes also catalyzed the alkylation of ally1 acetates by Reformatsky reagents 

(equation 163) [157], and by carbanions cathodically generated [158]. This chemistry 

was used to synthesize long chain unsaturated acids (equation 164) [159], substituted 

enol acetates (equation 165) [160] and unsaturated ketones from b-ketoacids with 

extension of CO2 (equation 166) [lSl]. 

_ 

Pd(O) 

x = CO,Me, CN, SO,Ph 
good yield 

Y = CO$le 
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C02Me 

Pd(0) cat. 

Et,N or DBU 
THF 

(160) 

SPh 

ArCH 
ArCH (161) 

II 
N L,Pd N R’ 

OR + w 

Et02C 

60-70% 

E,,,,uL R = COMe, CO,Et 

R’= H,Me 

SPY 



207 

Ph2C 
+N 1) LDA 

(162) 

Me02C 
2) -0AC 

Pd(dba), + L’ 
C02Me 

3) HCI up to 50% ee 

with L’ = DIOP 

(163) 

R C02R’ + WqOAc PdtOj c 

ZnBr 
C02R 

I?” 
R” 

+ 

R” \W 

R I? C02R’ 

(164) 

OH C02Et 

u OCOEt 

References p. 372 
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WO) 

NUC 

60-90% 

R’ = H, Me, nC,; R* = cat. Me 

(166) 

L4Pd OH + -0AC - L +CO*+AcOH 

OAc 

l/l_/ OAc 
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Asymmetric induction in the palladium(O) catalyzed reactions of ally1 acetates with 

carbanions has been extensively studied. Racemic ally1 acetates were allowed to react 

with 0.5 equivalents of malonate anion in the presence of 1% of a chiral palladium 

catalyst. At 50% conversion, the recovered acetate had 56% ee. At higher (80%) 

conversion the acetate had >95% ee, in a kinetic resolution process (equation 167) 

[162]. The procedure was shown to proceed with net retention for both regioisomers 

(equation 168) 11631. A variety of chiral ferrocenyl ligands led to high ee’s in this allylic 

alkylation (equation 169) [I 641. One problem was that chiral acetates underwent some 

racemization during this process (equation 170) [165]. Enamines of chiral proline esters 

alkylated ally1 acetates with up to 100% ee (equation 171) [166]. Enamines also 

alkylated ketene acetals under palladium(O) catalysis (equation 172) [167]. 

(167) 

PhyiPr + (_)<zE:E: l”~L’ Pd(oi PhviPr + a,,y,ation 

OAc product 

(racemic) 0.5 eq SAC 

recovered 58% (56% ee) (R) 
20% (~49% ee) (R) 

OAc 

(WE) 
(3 9O:lO :. retention (R) 

-/ inversion 
Ph 

References p, 372 
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*‘PA’ + (_)<y lq %WW, 
* 

OAc X L^ 

4o” 

X = COMe, CO,Me 

Y = COMe, COPh, CO,Me 

H 
OH 

5 
: Z = MeN 

L’ = 

ti 

Fe 
z -c OH 

PPh2 OH 
PPh2 MeNw 

30-70% ee 

(169) 

70-90% yield 

up to 92% ee 

N-OH 

hoH 

OAc 

+ L,Pd + 0 

ONa 

0 

b \,\\ - 
20-46% yield 

30.70% ee 

high yield 
OAC suffers 11% racemization 
P(O)(O& 4-6% racemization 

R = OEt 
+ 

@vOAc 

Pd 

31-47% yield 

up to 100% ee 
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The full experimental details of the alkylation of ally1 nitro compounds using 

palladium catalysis have appeared (equation 173) [168], (equation 174) [169]. a- 

0 

R’ 

c -& (172) 

Pd(OAc) “20 
R’ 

dwe 

OAc 
38% 

Nitroketones proved effective anions for palladium catalyzed allylic alkylation (equation 

175) [170]. Ketone enolates alkylated DCC adducts of allylic alcohols in the presence of 

Pd(0) catalysts (equation 176) [171]. Ally1 acetates of vinylsulfones were alkylated with 
sN2’ regiochemistry by organ0 cyanocuprates (equation 177) [172]. 

(-<I X 
WO) R/yNo2 + - (173) 

R,NH 
‘w NR:! 

(174) 

y + E+ E1,N R++ 

NO2 NO2 

rd;’ * T 

R 
Y X 

X = CN, CO,Me, SO,Ph 

Y = CO,Me 

R = ‘7 +OMe , CHOH 

0 0 

60-90% 

References P. 372 
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(175) 
0 

Kf 

R’ 
R’ mOCO*Et 

_RI+ ~3 LPd 
+ R3 

NO2 0 2 

0 

80.87% 
R3 = Ph, H 

NCY 

K 
0 0 (176) 

R” R’ Pd(O) R’ 

Ah0 
NHCY + R A/ -Fl 

i- R”. I 

ketone = 

A + n ,,A ph30 goodyie’ds 



S02Ph S02Ph 

213 

(177) 

OAc Nud 

L NBS 

Me,S 

Nut 

- N”itio2Ph 

Nut = BuCuCNLi, PhCuCN 
CuCNLi 

tBuCuCNLu c,- 

CuCNLi 

Palladium catalyzed the reaction between acetates and cyclopentadienide and 

indenyllithium anions (equation 178) [173]. Triallylarsenites could serve as ally1 Sources 

in palladium(O) catalyzed reactions with stabilized carbanion (equation 179) [174]. 
Palladium(O) catalyzed the reaction between ally1 acetates and aryl bromides in the 

presence of hexamethyl ditin (equation 180) [175]. 

References p. 372 
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mO@s + <: x-Ax + 
(179) 

1 I % 

Y 

+ 
’ zx 

89% 

(180) 

C02Et + (Bu,Sn), + hoAc ,-- Pd(O) 

Ts 

50-80% 

Ally1 epoxides also underwent a palladium(O) catalyzed alkylation by stabilized 
carbanions. With additional unsaturation migration of the ns-allylpalladium system was 

observed (equation 181) [176]. Palladium(ll) salts catalyzed the alkylation of ally1 
epoxides by organomercurates (equation 182) [177]. With P-keto acids, decarboxylation 

accompanied alkylation (equation 183) [178]. Intramolecular versions were used to 

form large (equation 184) [179] and smaller (equation 185) [I 801 rings. 
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R = C02Et 

OH OH 

OH 

R = H: 100% 

RHgCl + 

q LizPdC’4 
+ RH2Cw OH (182) 

R = Ph, mCHOPh, mN02Ph, 

epoxide = / 

/\<lo 3 00 d 

OH + 
‘w 

0 

Pd(O) ) c; 

+ 

CO2 
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(equation 183 continued) 

88% 

68% 

59% 

54% 

Ph 

4 67% 

27% 

+ 
0 81% 

(iPrO),P 
* 

Pd(OAc), 

92% 
OTBDPS 
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Palladium(O) complexes also catalyzed the reaction of ally1 acetates with ketenes 

(equation 186) [181] and vinyl cyclopropanes (equation 187) [182]. Palladium(ll) salts 

catalyzed the arylation of ally1 alcohols by iodobenzene (equation 188) [183]. 

Propargyl acetates were reduced to allenes by samarium(ll) iodide in the 

presence of palladium(O) catalysts (equation 189) [184], and were alkylated to allenes 

by vinylzinc reagents (equations 190 and 191) [185]. 

R’ 
55-84% 

R’ = H,Me 

R2 = H,Me 

A3 = H, Me, nPr, Ph 

+ R.$ + Pd(0) + (-) 

<; _ J& (la’) 

R’ 

R2 = Ph, 
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PdCI,,NaHCO, 
+ Phl 

Ph (188) 

DMF 
0 

130”, 2 hr 

50% chemical yield 

St+) =- S(c) 22.5% optical yield 

R(-1 - R(-) 27.5% optical yield 

AcO ~3 

L,Pd/Sml, 

ROH/THF 
major 

(189) 

Ph 

OAc 

I\ 
\\ 

+ &ZnCl - 
cat. Phyc< 

36% 

Pd(0) 

(190) 

S” (_gy 

4 X 
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(191) 

OAc 

68% 

(MeZnCI, Et,AI, z ZnCI, C5 = AIE~~ -40-80yo) 

8. Coupling Reactions 

Coupling processes of organic halides electrocatalyzed by nickel 

complexes has been reviewed (32 references) [186]. Aryl halides and vinyl halides 

were electrochemically coupled in the presence of nickel catalysts (equation 192) [187]. 

Bromopyridines and bromoquinolines were coupled by nickel complex reducing agents 

(equation 193) [188]. Aryl triflates were coupled to biaryls in the presence of nickel(ll) 

salts and zinc under ultraosnic irradiations (equation 194) [189], and under more normal 

conditions (equation 195) [IgO]. Vinyl halides were also coupled by nickel “complex 

reducing agents” (equation 196) [191]. Allylic halides and acetates were reductively 
coupled exclusively head to tail by electrochemical methods in the presence of PdCI, 

and RsSnCI (equation 197) [192]. Gem dihalides were dimerized to diynes by 

palladium complexes under carbon monoxide (equation 198) [193]. 

L,NiX, + 

ArX e- 
ArAr 

(192) 

good yields 
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tBuONa/NiCRA 

Ph P DME 3 * 

60.90% 

Q, oBr fJ mBf 

NiCRA = NaWtBuONaiNi(OAc), 

ArOTf 
NiCI,lZniPPha/Nal 

DMF, 60°8 ultrasound 

p ArAr (194) 

Ar = pMePh, mMePh, oMePh, pMeOPh, 1-Naphth, oMeO,CPh 

NiCI,. PPha, DMA 
2AtCI + Zn ArAr (195) 

x-o-ci X = H, OH, OAc, NH,, OMe, Me, CHO, CHaCO, CN 
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tAmONa/NiCRA/bipy 

THF 

R I 
THF 

and 
-% 

R 

Br R 

-Cl 
2 em, BusSnCl 

2 R (197) 

(OAc) PdCI,/Ph,P 
R 

50439% 

Pd(diphos), 
ArCH=CBr, + CO + ArCEC-CEC-Ar (198) 

PhCH,NEt,+CI 

I (diphos)ePd 

5N NaOH 
tAmOH 

ArCH+ 
C02H 

C02H 

5N NaOHlPhH 
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Thiophenes and furans were oxidatively coupled by ruthenium(lli) salts {equation 

199) f794f. ruthenium dioxide effected oxidative aryl couplings (equation 200) 1195, 

1961. 

RuCI,XH,O 

ROH, 140” 

z = 0,s R+wR 

OMe 

Me0 

OMe 

OMe 

RuO&WVTFAA 

BF,.Et,O 

6Me 

98% 

Aryl Grignards were coupled to f&o-dibromoalkanes in the presence of copper(l) 

iodide (equation 201) [197]. Vinyl cuprates were oxidatively coupled to dienes by 

copper chloride (equation 202) 11981. Dienes were synthesized by the nickel 
catalyzed coupling of vinyl bromides with vinyl halides (equation 203) [199]. 
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\ 
MgBr 

3) LAH n = 3,6 5OaO% 

(202) 

R = nC,, Bu, H, OEt 

(203) 
Br 

TMS + 

Br 

NMe2 + 

TMS 
NiCl,dppe 

MgBr 

A0 
TMS 

TMS 

NMe2 

56-75% 

I ez 

TMS 

TMS 
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Methyl acrylate was dimerized by ruthenium(lll)/zinc (equation 204) [200]. 

Norbornene was coupled by nickel(ll) salts/sodium borohydride (equation 205) [201]. c 

Nickel complexes of norbornadiene were oxidatively coupled (equation 206) [202]. 

lsocyanates were reductively coupled by ruthenium clusters (equation 207) [203]. 

(204) 

fi CO*Me 
RuCI,/ZrVMeOH 

b Me02C 
w C02Me 

major 

+ MeO*C~co2Me 

(205) 

NiCI,LdNaBH, 

0 0 

Ni 

C02Me 

C02Me 

MCBRA or 
) 

NBS or NCS m I I + 
Me02C 

C02Me 

(206) 

C02Me 

C02Me 

(X = OH, Br, Cl) 

RNCO 
W=&=)2Nl k@~4W312)1 

* RNHCNRCHO (207) 

R = Me, Et, Pr 
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1,6-Dienes were photochemically dimerized in the presence of copper(l) triflate 

(equation 208) [204]. Nickel(O) complexes dimerized tetraenes (equation 209) [205]. 

Zirconocenes reductively cyclized en@ ynes (equation 210) [206]. 

hv 

CuOTf 

50-74% 

(208) 

(209) 

E E 

E - E 70% 

C02Me 

+ 
L-4 

Me02C a3 - 

. . :- 
E 

E 

84% 

19:l 

82% 
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2 BuLi 
N_ 

3 

(210) 
Cp,ZrCI, * “Cp,Zrc Cp2Zr I 

Reduced titanium reductively coupled conjugated enones (equation 211) [207] 

and aldehydes (equation 212) [208], (equation 213) [209]. Molybdenum hexacarbonyl 

coupled thioketals, (equation 214) [210]. Titanium(lll) salts coupled cr-keto esters to 

ketones (equation 215) [211]. 

80% 

~qq-pHO IT” ) I 

Ii’ 
, (2’2) cc3 IN; ‘;J 

/” - \ 
- - 

940 mg 
20 mg 
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75-85% 

40-60% 

0 0 HO OH 
OMe Ti3+, AcOH 

R’ R* + Ph K, L Ph--l; L 

(215) 

-- R’ 

l 
I I 

0 
Me02C R* 

good yields 

R’ = Me, Et, (C&)4, (CH&+ (CH2)6 

R* = Me, Et, nPr. nBu, iPr, ~BIJ, CYClO-C, 

9. Alkylation of x-Ally1 Complexes 

New general synthetic methods involving n-allylpalladium complexes as 

intermediates and neutral reaction conditions havebeen reviewed (120 references) 

[212], as has carbon-carbon bond formation using qs-ally1 complexes (12 references) 

[213], and asymmetric coupling reactions involving allylic compounds (43 references) 

[214]. Ligand induced coupling from di(allylic) complexes of palladium was the topic of 

a dissertation [215]. As were studies of reactions of iron and tungsten-cycloalkyl and 
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platinum nl-ally1 complexes with electrophiles [216]. The full details of the reactions of 

palladium(O) complexes with ally1 acetates, ethers, sulfides, selenides, alcohols and 

amines have been published [217]. 

The mechanism of formation of n3-allylpalladium complexes from the reaction of 

olefins with palladium(ll) salts has been studied using deuterium isotope effects. The 

most likely path was found to involve proton abstraction by a base, not insertion of 

palladium into a C-H bond (equation 216) [218]. The reaction of s-trans-conjugated 
dienes with Na2PdC14 to give rc-allylpalladium complexes has been studied (equation 

217) [219]. Alkylated cycloheptyl systems were made by chloropalladation/nucleophilic 
attack on cycloheptadiene systems (equation 218) [220]. Norbornene inserted into n- 

allylpalladium complexes to produce o-alkylpalladium complexes, which were further 

elaborated (equation 219) 12211. 

+ fast 
PdCI, = 

I most likely 

+ HCI 

(217) 

R = H,Me 

Pd 
R = i-Pr, t&r 
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,.*’ 
Cl 

Q 
(218) 

+ 2eq (-I<: 
4L 

- \ 9 %,, Y 

r 
Y X 

X 90% 

80% 

ql-Allylpalladium complexes underwent reaction with electrophiles to give ally1 

substitution products (equation 220) [222, 2231 while q3-allylpalladium complexes 

cleaved only the aryl group (equation 221) [223]. 
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B r 2 
ArBr (221) 

Diene-cobalt tricarbonyl complexes were 1,4-dialkylated via their na-allylcobalt 

complex intermediates (equation 222) [224]. Cationic n3-ally1 iron complexes were 

generally reactive toward nucleophiles (equations 223-225) [225]. 2-Trimethylsilyl- 

methylallyl nickel complexes transferred this ally1 group to a number of organic halides 

(equation 226) [226]. 

Nuc- + Nut - Nut -N”c~.J=L Nut 
ww3 

WCO)3 
+ 

NUC = Py, NaBH,CN, PhMgBr, Me,P, Ph,P, (MeO),P, NaCH(C02Me),, MeOH 

Nut’ = NaCH(CO,Me), Nut = H 33% 

Nut, Nut’ = NaCH(CO,Me), 35% 
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Nut (2231 

Fe(CO),+ + Nut- _ 
WNuc + 

favored good yiefds 

f224) 

A OAC 

\ + Nut - Same products, different distributiins 

Fe(C% 

//2, OAc + Fe2(CO), .Nucb eNUC 
cat. 

(225) 

TMS 

4 (2261 

R 

70-90% 

R = “C,,, 
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10. Alkylation of Carbonyl Compounds 

Titanium(W) chloride catalyzed the alkylnylation of aldehydes by alkynyltin 

reagents with high Cram selectivity (equation 227) [227]. Titanium homoenolates 

alkylated aldehydes, producing lactones (equation 228) 12281. Titanium(W) chloride 

promoted the reactions of trimethylsilyl enol ethers with aldehydes, with a high degree of 

stereoselectivity (equation 229) 12291, (equation 230) [230]. Chiral acetals of P-hydroxy 

esters underwent reaction with nucleophilic trimethylsilyl derivatives to ultimately 

produce alcohols with high enantioselectivity (equation 231) [231]. Complexation of 

enolates with titanium was used to promote high stereoselectivity in aldol condensations 
(equation 232) [232]. Rhodium complexes catalyzed the reaction of aldehydes with 

conjugated enones (equation 233) [233] and with trimethylsilyl enol ethers (equation 

234) [234]. 

CHO 
(227) 

T-ICI, 
+ R’ -CEC--S&us A 

R&O 

(13 cases) 

R 

OTMS TiCI, 

OR - 

R’ 

At OR WCHO 
w 

ClsTi - 0 

(228) 
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TMSO OMe 

&kOTMS + 4H = 

OBz 

(229) 

&OMe - - 
OBz 

+99% syn 

0 

0 4 I 
OMe 

OH 

pestolin 

(230) 

OTMS 

PhCHO/liCI,-PR, 

CHfi m PhvOEt + PhvOEt 

R = PhsP 105/l antikyn 

R R 
1) TMS-Rnuc 

2) TiXCI, 0 A 
\0 

H 

R LDA 
* 

0 3) H,O 
C02H 

Rnuc,, R R = Me, iPr, tBu, nC,, nCs, Ccl, 44 ph/\/ 

HO 
(?H 

X = Cl, OiPr 

(231) 

67-80% yield 
84-97% ee 

‘4, 
Rnuc = CN, M -C=CH 
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OS& 
1) LDA 

2) (iPrO),TiCI 

3) RCHO 

R&Y6 + RG16 

OH 0 6H 0 

(232) 

99:i 

(233) 

R’ 

+ R2CH0 
0 

HRhL, t Rl,&R’ + RI&R’ 

0 OH 0 0 

40-80% 

R’ = Me, Et, nC,, nC,, Ph 

R* = Et, nPr, iPr, Ph, 

R* 

RUCO),, 
+ R,CHO 

~ R’ 

6 

R3 
(234) 

PhH 
0 OTMS 

1) [CODRhDPPB] 

2) Bu,NF/MeOH/THF 

Ri,&R3+R1,&R3 

0 OH 0 

R’ = Me, Ph, Et, (CH2)4 
good yields 

R2 = H, Me 

R3 = nC,, Et, Ph, 

o- 
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Monoalkyltitaniumtrichlorides were able to discriminate between aldehydes and 

ketones, and were nonbasic, so that enolizable ketones did not interfere (equation 235) 

[235]. Chiral titanium(lV) alkyls alkylated aldehydes with up to 90% ee (equation 236) 

12361. Low valent titanium species cross-coupled ketones (equation 237) [237]. (R)-(-)- 

4-methylcyclohexylidene acetone coupled to acetone in the presence of titanium(O) 

complexes to give chiral products where as the S(+) isomer led to racemic material 

(equation 238) [238]. Acetylenic vanadium complexes alkynated aldehydes to zinones! 

(equation 239) [239]. Alkylmanganese(ll) halides alkylated aldehydes in the presence 

of ketones (equation 240) (2401. Adjacent chelating groups activated electrophilic 

carbonyl groups toward reaction with transition metal organometallics (equation 241) 

[241]. 

OH (235) 

R’CHO I 
RLi + TiCI, - RTiCI, - RCHR’ 

fast 

I slow 

stable to NO,, CN, CO&t, Cl 
em&able ketones 

Ph 

X 

OH 

Me NH 
I 
S02R 

1) Me,Ti 

2) Me,CHOH 

0 
\ 

Tin Me 

N ’ “OCHMe2 
\ 
‘S02R 

R’CHO 

OH (236) 

: 

R&Hs 

70-90% yield 
31-91% ee 

# 

R’ = Ph, oNO,Ph, l-Naphth. oMePh, nC7, Bu 
x 
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I? = Me, CICH,CH,, BrCH,CH,, CF,C,F,, Me,NCH,CH,, H 

(R) 
0 

4 A Ti(0) 25-50% (R) * 

racemic 

(239) 

R c Li +VCI, -p = v<] R’CHO 

0 
II 

R = C-R’ R = nBu, nCs, Ph 

50-70% R1 = Ph, pCIPh, pCNPh, nPr, nC,, 
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RMnX + R’CHO - 
YH 

OH 

ketone inert 

R = Me, nBu, nC,, iPr 

0 2 /u 
+ “RMX” - 

Obz 
OH 

(_ 

Z 

R 

(240) 

(241) 

RMX = CI,HfMe, CIV(O)Me,, CI,CrMe, (iPrO),TiMe, ClMnMe 

Z = NMe,,OPh,OMe 

Hydroxy protected glyceraldehyde was treated with vinyl trimethylsilane copper 

derivatives to produce homologated products with high stereoselectivity (equation 242) 

[242, 2431, (equation 243) [244]. Organocuprates added to the C=S of the heterocycle 

in equation 244 [245]. Dimethyl and pentamethyl cuprates attacked 5-aldehydo-6- 

arylpyridazin-3-(2H)-ones at several positions (equation 245) [246]. 
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x 

TMS 

0 0 BrMg LR >+ R TB,,H (242) 

CUl 

CHO OH 

vn 

LiMgBr 

VO(acac), 

1 

J- 0 
0 A/ CHO 

TMS CuBuCNMgBrLi 
& + 

: 

R 

OH 

(243) 

OR 

0 OH 

+w 

0 

&I TMS 

82% yield 
>98% this isomer 

R,CuLi 
R’ 

(244) 

R = Me, Bu, Ph 

Rl = ph; R* = Me, Ph; R3 = Me, Ph 
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(245) 

CHO 

Ph 

+ Me&uLi - 

0 
H 

‘SO ..,n;; + Phx 

E 
0 

CHO 

Ph 
+ 

H 

Low valent chromium effected an efficient intramolecular alkylation of an 

aldehyde by an allylic bromide (equation 246) [247]. Nickel(ll) and palladium(ll) salts 

catalyzed the chromium(ll) reductive alkylation of aldehydes by vinyl halides (equation 

247) [248]. Vinyl triflates alkylated aldehydes when treated with chromium(ll) and 

nickel(ll) salts (equation 248) [249]. Vinyl halides were prepared by the reaction of 

aldehydes with trihalomethanes in the presence of chromium(ll) chloride (equation 249) 

[250]. 

42% 

el 
CICI, 

+ RCHO (247) 
NiCI, or Pd(OAc), cat. 

OH 

(used with highly functionalized palytoxin intermediates) 
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WI, R-2 
+ r&HO 

OTf 
* R’ 

cat. NICI, 
DMF, 25’ 

OH 

(248) 

R2 = Ph, nC,, iPrCH=CH CHO 

CN 

t 

CCI, 
RCHO + CHX, - RCH=CHX 

R = Ph, nC,, 

Ketones and aldehydes were allylated by ally1 acetates in the presence of 

samarium(ll) iodide and a palladium(O) catalyst (equation 250) [251]. Aldehydes were 

olefinated by ally1 alcohol/DCC adducts or triphenylphosphine in the presence of 

palladium(O) catalysts (equation 251) [252], (equation 252) [253]. Chromium 

complexed tetralones, benzaldehyde and aryl ketones underwent alkylation at the 

carbonyl group by organometallation (equations 253 and 254) [254]. 

(249) 
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0 (250) 

RIM 

Pd(0) cat. 

OAc + R2 Fts 
Sml, 

OH 
good yields 

Phw OAc PhCHO, 

I 
o= 

o &COzMe 

PhdOAc -0Ac 

,,& Ph& 
OAc 

AOAc woAc 

0 

R3 

R’CHO + R3 QY 0 \C#NR 

I 

/ 

NHR 

via 

(251) 

L4Pd, Ph,P Rs 

DMF 
* R’CHZCH-CH<~~ 

50-80° 
40-90% 

t 
RCHO 

Ph,P 

Pd’ - 
\ 

WPPhs - -PPhs 

R’ = Ph, nPr; R2 = H, Me; R3 = H. Me, nPr, Ph, nCs, geranyl 

P 

(252) 

-OH + A 

Pd(acac), 

PhsP + Ph 
t 

H (CH=CH),Ar 
diix, lfx 
40-110 hr 

Ph*” Ar Ar = PCIPh, 2-fWl, Spy, 2-thienyl, Ph 
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add Me,AI 93:7 

0 I/= CHo yy- 
2 / 

8’ & 

(CQ3Cr (COJ3J 
92% 

(254) 

1) Ac,O 

2) Me,AI 

(C0)3Cr 

11. Alkylation of Aromatic Compounds 

Recent advances in arene transformation reactions via chromium complexes 

have been reviewed (36 references) [255]. lsoquinoline alkaloids were ring- 

functionalized by complexation to chromium followed by lithiation/electrophile reaction 

(equation 255) [256]. Chromium-complexed fluororenes were lithiated and then 

allowed to react with electrophiles. The fluorine directed the lithiation ortho (equation 

256) [257], (equation 257) [258]. With nucleophiles, fluorines on chromium-complexed 

arenes were selectively replaced [259]. Conformationally restricted arenechromium 

tricarbonyl COmPkxeS underwent nucleophilic attack at carbons eclipsed by a chromium 

carbonyl bond and electrophilic attack at carbon atoms in the staggered position [260]. 
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- (255) 

1) BuLi 
2) Mel 

3) 0, 

OMe 

OMe 
(256) 

OMe 

b I 
\ R 

/ ‘/ F 

(CO)& 

R = TMS,CO$de.Me 
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1) BuLi; 2) E+; 3) NW 

NW = BzNH, 0 Ph/l’SH 

N 
H 

Chlorobenzenes complexed to chromium tricarbonyl undenvent displacement by 
methoxide under phase transfer conditions [261]. Unusual hydrogen shifts were noted 
in additions of nucteophiles to arenechrom~um tricarbonyl complexes (equation 256) 
[262], (equation 259) [263]. 

1) -78O 
D 

+ CN - t258) 
2) TFA 
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Activation of benzylic positions by arene complexation to chromium has also 

become popular. Treatment of chromium tricarbonyl complexes of benzyl alcohol with 
HBF4.0Me2 generated a stabilized benzyl cation that was generally reactive toward 

nucleophiles (equation 260) [264]. Complexed benzyl ethers underwent similar 

activation (equations 261 and 262) [265]. The stereochemistry of attack on the benzylic 

position was controlled by the ring position of a trimethylsilyl group (equations 263 and 

264) [266]. This chemistry was used to synthesize a relay to acorenone (equation 265) 

[267]. 

OH HBF,.OMe, 0 I,/= CH2+ 

OMe 

(260) 

high yields 

R1 = H,Me 

R* = AcH 

x = H,OMe 

n = 1,0 
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CH(OH)R 

1) Cr(CO), 

TMS 2) F- 

OMe 3) Ac,OPy 

S’S’ 

TMS 
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(265) 
CH(OH)R 

1) Cr(C0)3Naphth 
OAc - 

TMS 2) Bu,NF 

6Me 

CN 

MeO. &(C0)3 

- 9% \ / “‘I H 
Me0 

Chromium complexed ally1 benzenes underwent y-alkylation by aldehydes under 

basic conditions (equation 266) [268]. Remote substituents on complexed arene rings 

directed the site of benzylic deprotonation (equation 267) [269], (equation 268) [270]. 

Resolved, chromium complexed o-methyl benzaldehyde underwent reductive 

amination-alkylation with high ee (equation 269) 12711. 

(266) 

X-Q- 
I 

;:‘I * x_(=p+ 
I R 

WW3 R R Cr(C0)3 

X = H,OMe 

A = Me,N, MeO, Cl, CO$Bu - ail direct to Jll methyl 
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1) IBuO 

2) CH,O 

&CO,, 

A = OMe, OiPr, NMe,, NU, 

CHO 

I 

I 
CW33 

EWlOO% diastereoselective 

PhCH,NH, 

CVW3 

100% ee 
(-)R 

q H 

(CO)sCr’ 

,,\’ 

NH2 
295% ee 

1) B-, RX 

2) H+ 

red. 
NH,OH 

Cationic manganese arene complexes underwent alkylation by Grignard 

reagents (equation 270) [272]. Bi$examethylbenzene)iron2+ was functionalized by the 

process shown in equation 271 [273]. 1,2_Disubstituted cyclohexadienes were 

prepared this way (equation 272) [274]. 

OMe (270) 

R= fi 
f 

4:l 

=- 9:l 

Me 114 



7) Al,O,/O, 

2 

Fez+ :: Hm ) 
ke 

l_ Ph,C+ 
* 

Ph/\MgBr 
2) CN 
3) Fe& 

Ph 

(272) 

/ cc Ph 

’ CN 

good yield 

12. Alkylation of Dienyl and Diene Complexes 

Regioselectivity in nucleophilic addition to diene-iron complexes was the topic of 

a dissertation [275]. Reduced nickel species catalyzed the addition of nucleophiles to 

1,3-cyclohexadiene (equation 273) [276]. 2-Formylbutadiene iron tricarbonyl 

complexes were resolved, and were alkylated at the formyl group (equation 274) [277]. 

The aldehyde group of this complexed diene was also converted to its dithiane and 

subjected to normal dithiane chemistry (equation 275) [278]. 

0 ’ 1 + NW 

NW = CH(CO,Et), 

95% 

References p. 372 

Ni(acac)dBu,P NW 

Ei,AI 
(2’3) 

OMe CN SO,Ph OAN 

71% 75% 90% 80% 
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(274) 
1) R’NHNH, 

2) chromatography 

II 
0 3) AcOH, CH,CCO,H, H,O, 1 OO” 

II 
0 -320’= +322’ 

2) FeCI, 

OH 

(275) 

Cyclohexadienyliron tricarbonyl complexes figured extensively in the synthesis fo 

3,14-dihydroxytrichothecane (equation 276) [279] and bridged polycyclic alkaloids 

(equation 277) [280]. Trimethylsilyl cyanide proved superior to sodium cyanide for the 

introduction of CN into cyclohexadienyl iron complexes (equation 278) [281]. Chiral 

carbanions alkylated cycloheptadienyl iron complexes with up to 50% ee (equation 279) 

12821. Cyclohexadienyliron tricarbonyl complexes were effective nucleophiles for the 

alkylation of ns-allylmolybdenum anones (equation 280) [283]. 
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Me0 (276) 
+ 

-- 

OH 

e 

H 

/ 
i 0 

: 0 

7 

I; 

OMe 

(277) 
+ 

+ B&Q- OTHP - 

MeNH, ‘N 

CH,O/HCI aq. 

* 6P 

(278) 
CN 

x3 Fi* ,I 
FeGOh 

” TMSCN t ;vR’ + &/” 

Fe(COh 
FeFOh 
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Fe(C0)2P(OPh)3 

0 COpMe 
II I * 

+ PhS - 
II 

- CH(-) 

f 

SONTsPh , 
NTs 

CP 
MO 

1) LDA 

CN 

R 
\,\’ 2) E’ 

E 

MO 

2) E+ 
H 

E+ 

602Me 

up to 50% ee 

(280) 
OMe 

E= 

25% , 

MOCPW)~ 

c? 

PhCHO 
70% 

E = H, D, Me, PhCHO 
81% 

Rhodium(l) complexes catalyzed the condensation of allenes with 3-butenoic 

acids (equation 281) [284]. Ruthenium(O) complexes catalyzed the l+addition of 

terminal alkynes to dienes (equation 282) [285]. Silylmanganese complexes added to 
dienes (equation 283) [286]. 

(281) 

L,RhCI 

c= + 
/._COzH - L ‘=2H 

+ +C02H 20.40% 1:2 
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RCsCH + N 

Ru(COD)(COT)(PR’,) 
c RCEC m 

PhH 80” 

80-90% 

R = nBu, tBu, (EtO,C),CHCHz- m COzMe / w CO*Me 

also work 

1) (Me,PhSi),MnMgMe 
~ R&, SiRs (283’ 

E 

+ ‘lasiR3 R’ = H Me, R2 = H Me 

E = ; Me, p,,C,,; Me CO + + I 8 1 2 
40-90% 

Ph- CHo bCHO 

13. Metal-Carbene Reactions 

Electrophilic metal carbenes as reaction intermediates in catalytic reactions has 

been reviewed (52 references) [287], as has catalytic methods for metal carbene 

transformations (159 references) [288]. Fisher type carbenes have been made directly 

from tungsten hexacarbonyl and alkynes (equation 284) [289]. “Four membered rings 

from isocyanides-recent advances” was the title of a review (125 references) which 

included the reactions shown in equations 285 and 286 [290]. 

R (284) 

W(CO)s + R c H 
hv 

+ R’C#i - W)5W 

si gel 
OR’ 

1 O-32% 

R=H,TMS 

R’ - Me w 
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NAr 

R c R’ + (ArCN),Ni - (285) 

NAr 

Me0 
OMe HON R 

W)5Cr 
4 

+ R’CN - (286) 

R HON ‘OMe 
R 

The D-ring of steroids was annulated in modest yields using the alkyne-chromium 

carbene reaction (equation 287) [291]. Carbenes of tetramethyl acetals of quinones 

behaved anomalously (equations 288 and 289) [292]. The steric and electronic effects 

of alkyne substitution on the “D&z” naphthohydroquinone synthesis from chromium 

carbenes and alkynes was studied in detail (equation 290) [293]. A bj_s_ chromium 

carbene comlex thermolyzed to a j& enol ether (equation 291) [294]. Diynes 

underwent reaction with metal carbynes to produce phenols [295]. 

(287) 

OMe OR 

R’ = H; R2 = Ph 11% 

R’ = Ph; R2 = H 21% 
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OMe Me0 OMe 

OEt 

OMe Cr(W5 

(289) 

Cr(W5 

Me0 0th 

P)5Cr 

OMe + R' = R2 - 
Ph 

OMe 
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p3 (equation 290 continued) 

OMe 

Electronic Factors Important 
R’ = H, EtO, tBu, Ph, nC,, Et 

OTMS 
R2 = CH,CO,CO,Et 

A 

AA = 1.4 100% 

\ 
AA = 1 1.611 

’ AA = 0.4 2.9/l 

(291) 
Ph Ph OEt 

,\\’ 

JX 

A I 
-+ PhCH CC-C=CHPh + Cr(CO), complexes 

Et0 ‘cr’ 
1 3o” I 

OEt OEt 

(CO), 

Acetylenic carbyne complexes underwent a 1,3-dipolar cycloaddition with 

diazoalkanes to produce heterocyclic carbenes, which underwent typical carbene 

reactions (equation 292) [296]. Aminocarbenes underwent thermal reaction with 

alkynes to give indenones or I-aminoindenes (equation 293) [297]. lndenes (equation 

294) and cyclobutenones (equation 295) were also available from chromium carbenes 

[298]. Cobalt carbenes underwent reaction with alkynes to give furans (equations 296 

and 297) [299]. 

WJ5Cr 

OMe OMe (292) 
TMSCHN, 

c W)5Cr 

25’ 

R = Me, Ph, TMS 

-(, 

R* = Ph, Et; R3 = Ph, H, nPr 80-97% 
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R4 (293) 

NR’ I?’ 
1) DMF 

(W&r + R3 = R4 - R3 

Ph 2) A 

0 

R3 = H, Et, GOzEt, Me, Ph 

or R3 R4 = Bu, Et, Ph 

good yields 

OMe 

(C0)5Cr 

OMe 

Ph3SnCo(CO)3 
4 

R’ 

Me Ph 

Ph = Ph 

Bu,O Ph 

\ 
OMe 

(294) 

Ar 

0 

) ti 

0Me 

A (295) 
I 
I 
Cr(CQ3 

(296) 

PhH 
+ R2 = R3 _ 

OMe 

R’ = Ph R’ = Et 93% 
!a Ph 58 
Ph Me 75 
Bu Ph 39 
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Ph3 SnCo(CO)s 

OMe 
1) z 

2) TMSI 

50°4 days 

0 

48% 

Methylenations with Tebbe-Grubbs reagents has been reviewed (16 references) 

[300]. Eight membered lactones were methylenated to enol ethers by the Tebbe 

reagent (equation 298) [301]. Allynes, phenyllithium and titanocene dichloride 

combined to produce trisubstituted alkynes via titanocycles [302]. Capnellene was 

synthesized using titanium carbenes as key intermediates (equation 299) [303]. The 
reagents CI+rMe(THF)s, CIMo(0)=CH2, and C12Mo(Me)=CH, did not react with acid 

chlorides or anhydrides [304]. Tungsten 0x0 carbenes efficiently methylenated ketones 

and aldehydes (equations 300 and 301) [305]. Reaction of these with 

trimethylaluminum also produced reagents that methylanted aldehydes and ketones but 

not esters (equations 302 and 303) [306]. 

‘OH 
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(equation 299 continued) 

0 

0 

WOCls ClW=CH2 R R’ 

+ PM&i - 
WCX& Ct2z=CH2 

et-6 

K R R’ 

PhCHO, 91%; pMe0PhGI-Q 89% 

PhCOMe, 32%; (f-J=& 93% ,,A,, 35% 

0 80° 
ChW= CH2 * Cl./% - metathesis (301) 

4hr 

0 
2 AlMes 

Mo0,C12 - 

MoOCl,(THF), - 
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(304) 

14. Alkylation of Metal Acyl Enolates 

The use of acyliron enolates to control stereochemistry in enolate alkylation shas 

found extensive application. Htickel and ab initio SCFMD calculations have shown that 

this stereocontrol arises because the acyl carbonyl group is anti periplanar to the CO 

group on iron due to interaction with two of the phenyl groups on the phosphium 

(equation 304) [307]. An increase in the size of the electrophile resulted in an increase 
in stereoselectivity of the alkylation of iron enolates [308]. *,P,Unsaturated acyliron 
COV@?Xf?S were y-deprotonated and a-alkylated with a high degree of stereocontrol 

(equation 305) [309]. 

1) BuLi 

2) RX 

co 
1 PPh, 

Fe’ 
(305) 

0 0 ‘- 

R = H, Me, Et, Bu, Bz, SMe 
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The full experimental details on the use of acyliron enolates in the synthesis of p- 

lactams has appeared (equation 306) [310], (equation 307) [311]]312]. Extensions of 

this alkylation chemistry have also appeared (equation 308) [313]. In some cases, 

decomposition of the acyliron enolate to the ketene was observed (equation 309) [314]. 

E fFel$H + fFelin_ 

R 

(307) 

6 (+I 
(resolved) 

(S) 76% 

1) NaH 

Me H 
S . 

+f 

xNHz ;; ;TH*NHFHLi 

NH- Ph ,\\’ Me 

s I 
1 

mu H 0 
Me,, 

p 
‘0, ,,*’ Me 0 N_Ph 

2 (PI 3 (P) (-) 

Jl 

4 (6) (-) 

N_ Ph 
29% 

0 

3 (R), 4 (S) (-) 11% 
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Rcog~nrr I. Bu”LI. tcwahydrofuran (THF). -7X ‘C. II. CICH:OR fR = Me. mcnthyl). -WT. err. NaH. MF. 50°C. I\. Mel -7& ‘C 
\. MeOH. -If11 “C. VI. Ed. -78 “C 

oc’ ‘co R’ oc’ ‘co R’ 

R2 
- o=c ==l + CpFe(CO)2- 

R’ 

Diels-Alder reaction to a&unsaturated acyliron complexes have also been 

carried out (equation 310) [315], (equation 311) 13161. Again, starting with resolved 

chiral acyliron species, high asymmetric induction was observed (equation 312) [3li’]. 
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R? (310) 

ti\Fek.J2 1) R3Li 

oc’ ‘co R’ 
2) BF 

3 
- @$BF2 

d 

R’ 

R3 

0 o ‘BF .Fe 

R2 R’ 3 0’ 

2 

I 

diene = AA 
0 \ I 

R’ = Me, H; R2 = H; R3 = Me, Ph 

FeW)zCP 

(311) 

EtAIC12 

25’ 

WCOWP 

(312) 

~95% ee 65% 
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Sequential reduction-insertion-reduction processes on cyclopentadienyliron 

carbonyl compounds produced pentanoic acid in which all five carbons were carbon- 

monoxide derived (equation 313) [318]. Synthessi and carbon-carbon bond forming 

reactions of tungsten, molybdenum, and rhenium enolates has been reviewed [319]. 
Molybdenum enolates were a-alkylated (equation 314) [320]. 

(313) 
0 

co BH,- co BH,’ 

CpFeCO - WeI-CH3 - [Fe] CH3 - 
Me,P &I+ 

[Fe]- etc. -0x -OH 

0 

0 0 

1) IT 
R_ K, f?’ 

Tp’(CO)[(PhO)aP]Mo Ml (314) 
2) R’X 

R 

B. Conjugate Addition 
“Conjugate additions of nonterminal vinylic organocuprates to a$-ethylenic 

carbonyl compounds” was the subject of a dissertation [321]. Copper assisted 

conjugate alkylations continue to be used in the synthesis of prostaglandins (equation 

315) [322], j3-functionalized cyclohexenones (equation 316) [323] and capnellenes 

(equation 317) [324]. With o$,y,&unsaturated aldehydes, 1,2- and 1,4-addition were 

observed, but not 1,6 (equation 318) [325]. Substituents in the ortho position of 

cinnamate esters greatly accelerated conjugate addition reactions if they could chelate 

to lithium or copper (equation 319) [326]. Thiophenolcopper-Grignard reagent 

complexes were efficient in the 1,4-alkylation of conjugated esters (equation 320) [327]. 
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0 

6 I + . 
ROT 

(315) 

Li\ 

: 

OR 

1) PhCsC-Cu 
w 

,,,,,,~co2Me 

2) /-\ 

N~N+C02~C02Me 
OR 

: 

;)R 

0 OTMS (316) 

b 

Pd(OAc), 

I 

TMSCH,MgCI, TMSCI * 

CuBr/Me,S 

TMS 

0 

4 

1) Cul 

/ + MMgBr 2) TMSCI 

78% 

1 eq Pd(OAc), 

NaOAc 
MeCN 
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(318) 

OTBS 
H : 

” OTBS 

_ I f / a (nC&CuLi / 

-v; 

+ 

\ z Et 

R 

\ f 

H 
&Hd’ 

O-17% up 10 91% with 

1.8 RLi, Cul, Me,S; 1.6/l Et,O/THF 

14 hr TMSCI, H?O’ 

C02Me 

c 

(319) 

ch / \ X + Me C&i 5 H+ / \ 
2 

- 

ck 

X 

- 

X=H iPr OMe MeSCH, Me& MeOCH, 

18% 10% 10% 15% 27% >98% 

(320) 

ArSCu + 3RMgX + R, OMe - vYoMe 
R’ 0 

R = Me, Et, iPr, iBu, Ph 6 
x 

high yield 

R’ = Ph. Me 

Ar = Ph, pMeOPh 

Trimethyisilyl chloride has been found to greatly accelerate conjugate alkylation 

of enones - particularly aldehydes - by cuprates both in catalytic (equation 321) [328a] 

and stoichiometric [328b] reactions (also equation 322) [329] and (equation 323) [330]. 
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5% cu+ 
1 eq TMSCI 

RMgBr + 
NO 2eqHMPA 

(321) 

THF, -78” 
high yields 

R = Ph, nPr. o-tol, nBu, nC,, Me A/ 

Ketone = 

&b+?&CO*tBu 

(322) 

1.2 R,CuLi + 1.2 TMSCI + 
X 

X 

0 good yields 

R = Me,Ph 
83-97% 

Pha,,, PhaOtBu Aco2Et fi COzMe 

HIM,, + ?J G- tJ&+ (& 
H 3 ci 

OMOM OMOM 

30:70 96% 
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A number of approaches to induce chirality at the newly formed center in 

organocuprate conjugate alkylations have been developed. One involves conjugate 
addition to o&unsaturated chirai heterocycles such as chiral cyclic aminals (equation 

324) [331][332], (equation 325) [333] or proline amides (equation 326) [334]. Another 

involves conjugate addition to chiral sulfinimides (equation 327) [335][336]. Conjugated 

esters having chiral substituents at the P-position (equation 328) [337] and acrolein 

acetals of chiral 1,3-dials (equation 329) [338] also undergo conjugate alkylation with 

induction of asymmetry. Perhaps the most efficient appraoch involved conjugate 

alkylations of chiral conjugated menthol- or camphor bases esters (equation 330) [339] 

or sulfonamides (equation 331) [340], (equation 332) [341]. The use of chiral ligands on 

copper was somewhat less efficient (equation 333) I3421 but worked well in some cases 

(equation 334) [343], (equation 335) [344]. 

\,I\ Ph \,,s Ph 

‘(‘,Me 2) H,O/KCN “I, Me 

(324) 

up to 80% ee 

R = Ph; R2 = Me; M = Li, Et,0 > 40% ee S 

R = Ph; R2 s Me, MeLi, Hexane 3 80% ee !f! 

3) Mel 
78.93% ee 

R = Me, Bu, Et, nPr 

40-60% yield 

(326) 

4 1) CuBrMe, 

0 

I 

+ R2MgCI 
2) H+ 

* R’yC02H 

3) KOH R2 
R’ 

77-99% ee 

80-90% yield 

R’ = Me, Bu; R2 = Ph, pMePh, Bu, Et, 
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(327) 

Ph 

RCu or R,CuLi 
w 

C02H 
R=Me,Bu 

H 

(counterion effects stereochemistry) 
~-90% ee 
high yield 

OTBS OTBS (328) 

+/C02Me J+O,Me 

OR 

Me,CuLbBFs >QQ:l diastereoselective 
- 

OTBS 

A CGMe 

: 

dR 

OTBS 

C02Me 

PhCuBF, + 

R 

R (329) 

R 

R 

100% Sn2 80-80% yield 

Up to 75% ee 
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Et&?, PBu, 

Y 
R 0 

high ee chirat reagent recovered 

1) ~e~~uf-Bu~P/BF~,~t~O 
t 

2) BuLi 
I 

3) =N+ 

\ 

69% 98% ee 

-- 

l-R- p -Necm&l 
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97% de 

ee depends on amine, sobent, courtterion, liiand, tem~tature 

90% 

R 

R = Et, 92% ee; Bu, 89% ee, 85% 

ah works 70-8~~~ ee 

0 
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(335) 

c S-&J- NMe2 

““H 

6) 

I 0 
0 PhAA \ 

0 I 
0 

1,4 adduct 
(S)(S) diastereoisomer 

Organocuprates ring-opened quarternary cyclic imidates (equation 336) [345]. 
Conjugate additions to enones with leaving groups in the P-position resulted in both cz- 

(equation 337) [346], (equation 338) [347] and P-alkylation (equation 339) [348]. 

Remote groups controlled the stereochemistry of addition to cyclic vinyl sulfones 

(equation 340) [349], (equation 341) [350]. 

Me2CuLi or 
- R’ 

Rl Bu,CuLi 
0 NRA 

H 

(336) 

60-90% 

R1 = Me, Ph; R2 = H, Br, Cl, COPh, COMe, C02Et, CN, NO, 

R3 = Me, Ph; R4 = Me, Et 

a>s&co2R3 !+'W c 4G02R3 (337) 

R2 

~1 = H, Me; R* = H, Me; R3 = Et; p E f&k “% 
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T 
C02Et R 

( )” 
on 

13” 

C02Et 
RX 

+ Bu,CuLi - - 
/ 

(338) 

OAc 
90% 

n = 1, 2; R = Bu, Me, Br THPO- 
r’ 

C02Et 

( )E;“‘” Aco~s”*Me 

also works 

0 R 
R2’CuLi 

SMe 
* 

or R,‘CuSCNLi 

or Me2CuCNLi2 

(339) 

R’ = Me, Bu. tBu, Pr, Ph, secBu 

E- retention in THF 
inversion in Et20 

Z- retention in both 

S02Ph 

- 

d 
z 

“‘I NMe3BF4 

S02Ph 

Q,,,NMez + (-)2CuLi LGph -X \ (341) 
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Methylcopper promoted the conjugate reduction of enones by DIBAH (equation 

342) 13511. Palladium(O)/zinc mixtures catalyzed the same reduction with 

diphenyisilan~ as the reducing agent (equation 343) 13521. Ynones were reduced to 

enones by aqueous ~hormium(Jl) salts (equation 344) [353]. Iron-complexed 1,2- 

diazepines added to dimethyl acetylene dicarboxylate (equation 345) [354]. 

@-( + DlBAH ;z - Hb’@-f (342) 
0 

0 

high yields 
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0 
CrSO,IDMFAi,O 

II 
I?‘--CsC-c-R* 

Or 

C~l~HF~*O 
- eJ,* (344) 

25-85% 

R’ = tBu, Me, Et 

R* = Me, Et, iPr, tBu, Ph 

R2 (345) 

ox. 
+ Me02C = C02Me - - 

H 

R2 

R’ 

+ 
’ 7Feico)3 N 

‘N ) 

MeO& 

C. Acylation Reactions (Excluding Hydroformylation) 

1. Carbonylation of Alkenes and Atkynes 

“Transition metal catalyzed carbonylation reactions” was the subject of a review 

with no references [355]. “Transition metal in organic synthesis - hydroformylation, 

reduction and oxidation” annual survey for 1984 (631 references) has appeared [356]. 

“Metal carbonyls in phase transfer catalysis” has been reviewed (102 references) [357], 

as has homogeneous and phase-transfer catalyzed carbonylation reactions (27 

references) 13581. 

Rhodium complex catalyzed olefin hydroformylation reactions have been 

reviewed (85 references) [359]. Tropane and piperidine carboxaldehyde were 

synthesized by the rhdoium catalyzed hydroformylation of unsaturated nitogen 

heterocycles [360]. Bimetallic cobalt-ruthenium catalyst systems were considerably 

more reactive in hydroformyfation and hydroesterification reactions then was dicobalt 

octacarbonyl itself [361]. Platinum catalysts bound to chiral polymers effected 

asymmetric hydroformylation of styrene with 70-75% ee [362]]363]. Adjacent ligands 

were used to direct olefin hydroformylation to a desired face of a molecule (equation 

346) [364]. 
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Me 
CO/H, 

* 

(346) 

q; + +L-- 
CHO 

H 

7.7 to 0.3 
down CHO to up 

1 :l 

Hydrocarboxylation of unsaturated compounds has been reviewed [365]. The 
rate and selectivity of hydrocarboxylation of cr-olefins with a PdCIZ(PPhs)2 catalyst 

increased in the order C3 < C5 < C7, Cs [366]. The effects of reaction conditions on the 

Pd&(PPh& catalyzed hydrocarboxylation of ethyl 3-butenoate [367] and 1 -heptene 

[368] were studied. The hydrocarboxylation of styrene over PdCIZ(PPhsj2 catalysts was 

more efficient in a CO atmosphere than in an atmosphere of synthesis gas [369]. 

Palladium chloride catalyzed the oxidative carbonylation of conjugated dienes 

(equation 347) [370]. 

OMe OMe 

\ 
0 

PdCI, 

+ co + 02 + CuCh 

/ Bu,NCI 

-0 0 

1 + 1 (347) 

C02Me OMe 

52% 30% 

Cobalt complexes(equation 348) [371], rhodium complexes (equation 349) [372] 

and palladium complexes (equation 350) [373] catalyzed intramolecular acylation 

processes. 

(324 B -N,)F’Ph,k 
-CHO 

MeCN, 70’ -9 I 
0 

(348) 

-100% 



27 

+ 

20-31% 

R = Ph, pMeOPh, pCNPh 

R’ = Ph 

(349) 

H&O I 
* R 

4F 

R’ + 
Rh,(CO),, 

0 

15-23% 

6-l 2% 

AcO’ 
95% 

Coordinated pyridine underwent bis-orthocyclization when butalized (equation 

351) [374]. Titanacyclobutenes inserted CO to give metal-bound vinylketenes (equation 

352) [375]. Cationic iron carbene complexes inserted CO, and were oxidatively cleaved 

to malonates (equation 353) [376]. 

1000 psi 
WWW-kh (351) 

co - 
M = Zr, Hf 2 \ /N C 

ArO’ 1 
OAr 
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CppTi 
co 

- 
PMe, 

I? = Ph, Me, Et 

R1 = Ph, Me,Si, Me, Et 

(352) 

(353) 

+ 1) co 0CH3 Ce’” 
Fp= CH2 - FP 

- 2) MeOH 
MeOu OMe 

MeOHiCO 
0 

53% 

Cyclohexadiene iron complexes underwent carbonylation in the presence of 

Lewis acids to give bridged bicyclic ketones (equation 354) [377]. Butadiene iron 

tricarbonyl complexes (equation 355) [378] and cycloheptatrieneiron carbonyl 

complexes (equation 356) [379] underwent acylation and further useful transformation. 

Phenylacetylene was carbonylated to methyl cinnamate and methyl atropate 
RhCI(CO)(PPh3)2 catalysts [380]. 

1) AICI,ICO 

I I7 
2) Gel” 

FGO), 

60-80% 

(354) 

(R’s = methyls everywhere) 
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(355) 

hv 

AcOH 

WC% ie(CO), 

(356) 
0 

0 
II 

+ ’ I, ““CR 
I 

Fe(CO)3 

60-90% 

35:65 

2. Carbonylation of Halides 

“Palladium-catalyzed carbonylation reactions of organic halides with tributyltin 

hydride” was the subject of a dissertation [381]. Palladium catalyzed the efficient 

conversion of aryl iodides (equation 357) and vinyl iodides (equation 358) to aldehydes 

in high yield [382]. Platinum(ll) complexes catalyzed the conversion of aliphatic iodides 

to aldehydes (equation 359) [383]. 

L,Pd cat. 
Arl + CO + Bu&W * ArCHO (357) 

high yield 

Ar = Ph, pBrPh, mCIPh, pCHOPh, pMeO,CPh, mMeO,CPh, 
pMePh, oMePh, pMeOPh, oHOCH,Ph, oTHPOCH,Ph 
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N/X 
CO/Bu,SnH/Pd(O) cat. 

t %CHO 

high yield 

(358) 

b OTf 

I 

RI + CO/H, 

4, AA QO” 
OTf 

L,Pi Cl, 
WHO (35% 

1 20°, 50Kg/cm* 

- 

R = nC,, 86%; nC,,, 61%; 78%; nCG A 58% 

Iron pentacarbonyl catalyzed the carbonylation of benzyl halides to phenylacetic 

acids under phase transfer conditions [384]. A similar system could be adjusted to 

produce ketones instead of acids (equation 360) [385]. Cobalt octacarbonyl 

carbonylated aryl halides under phase-transfer conditions (equation 361) 13861. 

Polyhaloaromatics were converted to polycarboxylic acids by cobalt octacarbonyl acid 

aqueous base under irradiation (equation 362) [387][388]. 
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(360) 

Fe(CO), + PhCH,Br 
H,O/Bu,NOH/CH,CI, (-) 

* [PhCH,COFe(CO),] 
co 

/ \ 

Mel 
PhCH,Br 

PhY 
0 

Phy Ph 

0 

ArX + Mel 
cww, 

- ArCMe + ArCOOH 
CTAB/NaOH/PhH 

4-W% O-20% 

W R02C 

Me07MeOH or 

(361) 

(362) 

HO-/H,0 high yields 

(R = H, Me) 

Aryl iodides were converted to a-ketoesters by palladium-catalyzed double 

carbonylation [369]. Alkyl halides underwent a similar double carbonylation in the 

presence of cobalt carbonyl catalysts [390]. Under basic conditions cobalt carbonyl 

catalyzed the double acylation of aryl (equation 363) and benzyl halides (equation 364) 

[391]. The palladium catalyzed double carbonylation of o-iodoacetanilide was used to 

prepare quinolines and indolones (equation 365) [392]. 

Co2(CO)$Ca(OW2 
ArX + CO + ROti t ArCCOH + AKXIOH (363) 

1P 1 atm CHBl II 
0 
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I - 
Ar 

Y 

CCOH 

CH3 II + Ar 
Y 

COOH 
+ 

COOH 

0 
Arw 

Pd (365) 
+ E&NH + CO - 

NEt2 

82% 0 

I 

The rate determining step in palladium catalyzed carbonylations of organic 

halides was shown to be cleavage of a palladium acyl complex by alcohol, not reductive 

elimination of acyl-alkoxide (equation 366) [393]. N-Tosylenamines were iodinated and 

then carbonylated under palladium catalysis (equation 367) [394]. Palladium also 

catalyzed an intramolecular acylation (equation 368) [395], as well as the combination 

of aryl halides, carbon monoxide and stabilized carbanions (equation 369) [396]. 

(366) 
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(367) 

17-36% 

Y 

7-J - 

w I 
\ ’ 

‘/ I 
R’ 

0 

R’X + co + ,x: 

600 psi CO 
Pd(dba)* 

EtBN 100’ 

0 
(366) 

R = H,93% 

R = Me, 82% 

L,PdCL, I: r 
W 

Et,N R’C-VZ 
E 

loo0 33 hr 

(369) 

Z = CO,Me, CN 

R1 = Phi, PhBr, pEtO,CPhl, pClPhl E = CO,Me 

PhMBr 

Atyl and benzyl halides were converted to ketones by reaction with CO and alkyl 

boranes in the presence of reduced palladium catalysts (equation 370) [397]. 

lodobenzene and phenyl acetylene combined to give the phenyl-alkynyl ketone when 

treated with a palladium catalyst under 20 atmospheres of CO at 120° [398]. 

Trimethylsilylbutadiene iron complexes underwent acylation by acid halides (equation 

371) [399]. Geminal dibromocyclopropanes were carbonylated by nickel carbonyl 
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(equations 372 and 373) [400]. Geminal dihalides were reductively carbonylated to 

esters or amides in the presence of metallic zinc and transition metal catalysts (equation 

374) [401]. Aryl triflates were carbonylated over Pd catalysts (equation 375) [402]. 

0 
(370) 

ArX L,PdCI, 

+ R-B + co * R K Af 

Ph-X 
Zn(acac), 
THF/HMPA, 50’ 60-80% 

R = Et, nC,, n- Phv? MeOK (CHl),,,- 

Ar = Ph, pBrPh, pMeOPh 

TMS 

(371) 

RCOCVAICI, 

T’saI)s +TMSa R 

95% 
te(CO)s 

0 
Br Ni(CO),, DMF II 

C-OR (372) 
R Br 

RoH Or RHNR 

NR2 
R 

& 
) “’ OH 
Br 

Br -< 

I’” 
0 

(373) 

I 
0 

good yields 
n = 1.2 

Zn 
R’R2CX2 + CO + MeOH R’R2CHC02Me (374) 

co2w), 

or L2PtCi2 up to 70% 
or L,PdCI, 

or L,NiBr, 

R’ = R2 = H 

R’ = H; R2 = Me 
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AroTf + Pd(0) + CO + ROH -w ArCO,R (375) 

3. Carbonylation of Nitrogen Compounds. 

Amines were efficiently N-formylated over ruthenium carbonyl cluster catalysts 

(equation 376) [403]. The same system aminocarbonylated olefins (equatino 377). 

Thirty five promoters for the palladium catalyzed carbonylation of nitro and azobenzene 

were examined 14041. A wide variety of palladium and vanadium catalysts were 

screened for activity in the carbonylation of nitromesitylene [405]. Carbonylation of 
nitromesitylene to the isocyanate was catalyzed by Rh2C12(C0)4 and MoOC13 [406]. 

lmines were acylated by carbon monoxide in the presence of thiols by cobalt 

octacarbonyl (equation 378) [407]. Mixed rhodium/cobalt catalyst systems catalyzed the 
amidocarbonylation of substituted allylic alcohols (equation 379) [408]. 6-Aminoacyl 

complexes of palladium were aminoacylated (equation 380) [409]. 

R~,W),, 
RN& + CO * RNHCHO 

40 Kg/cm* 
120 2oo” high yields 

R = nC,, iBu, Ph, Ph -‘C N- 

(376) 

RU3(CO)12 
RNY + R’CH=CH, + CO * RNHCCH,CH,R + RNHCCHR’ 

I 

850 psi, 1 70° 
RSH + CO + R’CH=NR” * RCNHR” + RCONR” 

Co2(CO),, PhWH,O I 
CH2R’ 

30-60% 4-10% 

I I C02H I 

+ 

(377) 

(378) 

R’CH=CHR’ 

(379) 

&OH ;,“;;o;;;2 * u NHCCCH: /+‘OoH 

CH;CONH, 23% NHCOCH3 

28% 
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Et2 (380) 

N 

M + PdCI,(MeCN), + 2 Et,NH + CO - 
\ 7’ ^6 Pd 

‘NHEt2 

0 

co 
* 

c Et2 N COCON 

NH 3 

50-80% 

4. Carbonylation of Oxygen Compounds 

Methanol was hydroformylated to 1 ,I-dimethoxyethane by iodine-promoted 

cobalt catalysts [410]. Primary alcohols were carbonylated to esters over ruthenium, 

rhodium or cobalt catalysts [41 11. The full details of the useful carbonylative 

homologation of secondary acetates have been published (equation 381) [412]. 

OAc HSiR,, CO 

Co,(CO), OSiR3 

(381) 

good yields for 



287 

5. Miscellaneous Carbonylations 

Thiophenes, furans and pyrroles were carbonylated in the 2-position using 

palladium catalysts (equation 382) [413]. Methyl acetate was homologated to ethyl 
acetate over Ru(CO)sls- catalysts [414]. Dimethylether was reductively carbonylated to 

acetaldehyde and ethanol over cobalt catalysts [415]. Olefin homologation was 

compared with Fischer-Tropsch syntheses in regards to the mechanism of carbon- 

carbon bond formation [416]. 

50 bar CO 

ROH, PdCI$NaOAc 

Cu”/Hg” 

(382) 
C02R 

Z = S, 0, NH 

up to 90% 

6. Decarbonylation Reactions 

Conditions to extend the lifetime of palladium catalysts for the decarbonylation of 

furfural have been developed [417]. Bridgehead acid chlorides decarbonylated to give 

rearranged, nonbridgehead olefins (equation 383) [418]. Aroyl cyanides were 

decarbonylated to aromatic nitriles by palladium catalysts, while aliphatic systems gave 

olefins (equation 384) [419]. 

i$,COCI PdBr, t & 

nBu,N U / 

L4Pd 
ArCCN - 

but 

e 

(383) 

(384) 

ArCN 

94-100% 

Ar = Ph, pMePh, 3,4(MeO),Ph, 

PCIPh, 2-furyl, 1-naphth 
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7. Reactions of Carbon Dioxide 

The synthesis of organic chemicals by catalytic reactions of carbon dioxide has 

been reviewed (16 references) [420]. Aryl and vinyl halides, as Well as ally1 aCetateS 

were redutively carboxylated by carbon dioxide in the presence of palladium(O) 

catalysts (equation 385) [421]. Diethyl amine was converted to tetraethyl urea, and 

diethyl formamid e by carbon dioxide and palladium(ll) catalysts (equation 386) [422]. 

Aryl halides were carboxylated under photolytic conditions by dicobalt octacarbonyl 

[423]. Propargyl alcohols were converted to carbonates by reaction with carbon dioxide 

and ruthenium catalysts (equation 387) [424]. Terminal alkynes were converted to enol 

carbamates by reactions with carbon dioxide, secondary amines and ruthenium 

Catalysts (equation 388) [425][426]. 

ArX ArCO,H (385) 

Br e- 

Phb 
C02H 

b Ph 
L,Pd cat. 

co2 C02H 

Phm OAc hC02H 

40-80% 

0 0 

PdCI,(MeCN), 
Et,NH + CO2 NEt2 + 

(386) 
Et2 N H 

(387) 

I-I r ~~,Kq, 
\ 

OH 
+ co, 

Et,N OA 

0 

27% 

RCE CH + Et,NH + CO, 

(388) 

+ 

RCH= CH- C= C- R 

0 

Y 

NEt2 

I 
0 



Nickel(O) complexes catlayzed the carboxylation of quadricylene (equation 389) 

[427], styrene (equation 390) [428], ethylene (equation 391) [429] and 

benzocyclopropane (equation 392) [430]. Nickelacyclopentanes readily inserted 

carbon dioxide (equation 393) [431]. Bis-cyclooctadiene nickel effected the b& 

carboxylation dienes (equation 394) [432] as well as the telomerization-carboxylation of 

butadiene (equation 395) 14331. Butadieneiron tris-phosphine complexes also 

incorporated carbon dioxide into their ligand framework (equation 396) [434]. 

dl + Ni(COD)(bipy) + CO, - (339) 

H+ 

Ph- + CO, + Ni(0) + L --Phm 
C02H 

+ 

I- A 

Ph- 
C02H 

70% 

MeOH 

C&C& + CO, + Ni(0) + L - m 
HCI 

C02Me 

71% 

fi C02Me + wC02Me 

3% 5% 

+ LnNi(0) - 
f? 

(390) 

Ph A C02H 

(391) 

+ 
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(Me,P),NiC12 + MgCl - 

(393) 

co2 

- / / + Ni(COl& + bipy - 

0 

I HCI 
MeOH 

C02Me 

C02Me 

N + CO, + Ni(0) -a (3g5’ 

L- 59% 

Rh(‘) q 
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+ co, - H,O+ /=\/CO>H 

+ 

co J H,O+ 

H0$\/=-7/ C02H 

H02C 
-C02H 

0 

w C02H 

H02C \ C02H 

93% 

Propargyl carbonates were decarboxylated to allenes by low valent palladium 

complexes (equation 397) [435]. a-Cyan0 ally1 esters were converted to unsaturated 

nitriles by palladium(O) catalysts (equation 398) [436]. 

ii (397) 
OCOMe 

NH,+HCO,- 
* R-c 

R \ 
-R# 

Pd/Bu,N 

40-80% 

Ryoco2Me 
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CN 
R 

EtCN 
0 ____c 
I 

wo/ ‘0 C\ 
L,Pd, A 

(398) 

D. Oligomerizations 

“Dimerization of ethylene and propylene catalyzed by transition metal COmpleXeS” 

was the title of a review (567 references) [437]. Ethylene was polymerized by 
[Cp2ZrCH3CTHF)]+BPh4 [438]. Ethylene was dimerized to 1-butene by titanium 

alkoxide/alkyl aluminum catalysts [439]. Nickel-oxide, titanium/sulfate ion SyStemS 

catalyzed ethylene dimerization [440]. Cationic ns-allylnickel complexes dimerized and 

trimerized ethylene [441]. Gel immobilized nickel catalyst system dimerized lower 
olefins [442]. ns-Cyclooctenyl nickel perfluoroacetylacetonate catalyzed the linear 

dimerization of propene and I-butene [443]. Nitroxyl radicals were used to reduce the 

formation of polyethylene in ethylene oligomerization over titanium(lV) chloride- 

dichloroethylaluminum catalysts [444]. Propene underwent linear oligomerization over 

diethylaluminum ethoxide/nickel hexafluoroacetylacetonate catalyst [445]. 

Ziegler-Natta type catalysts promoted the codimerization of styrene and 

Propylene [4461. Nickel(O) complexes catalyzed the cooligomerization of methyl 

acrylate with dimethylcyclopropene (equation 399) [447]. Rhodium catalyzed the 

cooligomerization of 1,3-diene with 3-butenoic acid (equation 400) [446]. 
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(399) 

x R,P/Ni(O) 

’ fiCO2Me 40_5,,o 

-A 

+ 
- 

- 

C02Me C02Me 

73-92% L = Et,P, 33%; L = P(iPr)2tBu, 90%; L I P 78% 

3 

(400) 

Rh cat. 
+ +CO2H - 

w C02H 

&CO,H 

Rh(diphos)(ns-BPh,) catalyzed the head to tail coupling of allene [449]. 

Butadiene was linearly dimerized gel-immobilized iron complex catalyst 14501. 

Polyethylene bound nickel(O) catalysts gave the same reactivity and selectivity as 

homogeneous catalysts in the cyclooligomerization of butadiene but could be easily 

recovered and reused [451]. Palladium(ll) acetylacetonate catalyzed the telomerization 
of butadiene and water [452], and isoprene with water [453]. A PdC12/VOC12/FeC13 

catalyst converted butadiene to octyl alcohol [454]. ns-Allylpalladium catalysts 

promoted the telomerization of butadiene and isoprene with cyclohexenone (equation 

401) [455]. The intermediates in the bis-ns-allylpalladium catalyzed oligomerization and 

telomerization of butadiene have been characterized (equation 402) [456]. The 
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telomerization of butadiene. carbon monoxide, and ethylene oxide was catalyzed by 

palladium complexes (equation 403) [457]. 

0 

4 I + 

* N + -( pd$- R,P ,,F , t402) 3 

/L./ + co, + 
Pd(acac)$iPr,P/MeCN 

0 
90°, 20h 

22% 

Alkyne oligomerization has been reviewed (116 references) [458]. Bis- 

trimethylsilylacetylene was dimerized to tetrakis-trimethylsilylallene in very low yield by 
CpCo(CO);! (equation 404) [459]. Terminal alkynes were dimerized to 1,3-dienes by 

reduced cobalt species (equation 405) [460]. Acetylene was alkylated and 

homologated via organocopper chemistry (equation 406) [461]. Alkyltitanium 

complexes catalyzed the cooligomerization of bis-trimethylsilylacetylene and 
norbornadiene (equation 407) [462]. ne-Bis benzene chromium catalyzed the 

cooligomerization of perfluoropropene with perfluorobut-2-yne (equation 408) [463]. 
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TMS TMS 
(404) 

TMS = TMS + CpCo(CO), - C + lots of complexes 

TMS 
F+ 

TMS 

5% 

FCC CH + (CoCl,/3R,P/NaBH,] - R-R (405) 

70-80% 

R = nCs, nC,, nC,, Ph, MeO.$-(CH2)s 

1) 2 HCECH -50’4 

R,CuLi 
2) 4 HCZCH 0’ (406) 

3) E+, -50° to -80’ 

30-700~ 0 

R = Bu, nCs; E+ = Mel, CO,BuCHO, I2 mBrPhfiBr K \ 

w C02Me OEt 
I 

OEt 

TMS 

TMS TMS = TMS 

TiC14/Et2AlCI 

TMS 
H 

TMS 

TMS 
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F (408) 
F 
I PY 
C 

CF3’ *CF2 
+ CF3Cs C- CF3 

- cF3* 

\ CF3 

(PhH)&r 
CF3 F F 

Alkynes were cyclotrimerized to arenes by CpRhL, catalysts [464]. Reduced 

nickel comlexes cyclotrimerized b&-propargyl ethers (equation 409) [465]. Phenyl 

acetylene was cyclotrimerized to 1,2,4_triphenylbenzene by (triisopropylphosphate) 

nickel tricarbonyl [466]. Propargyl alcohol was cyclotetramerized by azadiene nickel(O) 

complexes [467]. Low valent complexes cyclooligomerized alkynes (equation 410) 

[468]. 

& 

/\OMe 

MeoA/ 
h cyclotrimers 

Ni(ll)/NaBH,/R,P 
(409) 

(410) 
Ph Ph 

LnNi + Ph 2 Ph - 
Ph6 

Ph 
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Organometallic cobalt-mediated [2+2+2] cycloaddition of polyenyne systems was 

the subject of a dissertation [469]. This process was used in the synthesis of a number 

of polycyclic Systems (equation 411) [470], (equation 412) [471], (equation 413) [472], 

Sequation 414) [473]. 

2) TMSCI 

3) CPCOW), 

OMe 

Me 

Me 

R30 

\ 
cocp 

(412) 
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(413) 

TMS 

= X 

CpCotCO), 

X = MeO,COPEt,TMS 30-60% 

R = H, Me, COCH,CH,CH /‘\/ 
NHAc 

‘111 

- OSiR3 

? 
i 

X W2)n = y 

CPCOW), 

(414) 
Y 

(9 

/ ‘L -“,,c, 

N / 

A X’ 0 n 

X = 0, H,; n = 2,3,4; Y = H, 
kl 

Reduced ruthenium catalysts dimerized methyl acrylate (equation 415) [474]. 

Triiron dodecacarbonyl dimerized conjugated enones (equation 416) [475], (equation 

417) [476]. ‘Norbornadienes were cyclooligomerized to strange ring systems by iron 

pentacarbonyl (equation 418) [477] and cobalt catalysts (equation 419) [478]. 

Radialenes were prepared by copper-catalyzed cyclooligomerization of gem- 

dibromovinyl halides (equation 420) [479]. lsocyanides were polymerized to helical 

polyimines by nickel(ll) catalysts in the presence of chiral amines [480]. 

0 

q 6C,H,(MA)2WO) 

_,,,~0Me (415) 

0 0 
NaNaphth 

47% uxwersion; 491 linear/branched 
77% dimer 
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WW12 
ArCH= CH- CAr’ * Ar 

A< 

II A 
0 

Ar = Ph, pMePh, pCIPh, pMeOPh 

Ar’ = Ph, pMeOPh 

-90% 

0 
II 

PhCH= CH- C- R 

R = Me, Et, nPr, iPr 40-80% 

i 
OCAr 

Fe3(C% 

OCOAr 

@ 

(41’3) 

(417) 

(419) 

‘OCOAr 

29% 

CoXLJLewis Acid 

high yield 
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up to 32% up to 30% 

minor 

E. Rearrangements 

1. Metathesis 

A review entitled “on the trail of metathesis catalysts” (47 references) has 

appeared [481], as has one dealing with catalysts for disporportionation of unsaturated 

linear hydrocarbons (34 references) [482], and olefin metathesis (32 references) [4831. 

Catalytic olefin disproportionation and other studies related to C-H activation with 

iridium complexes was the topic of a dissertation [484]. Metathesis of functionalized 
olefins has been reviewed (49 references) [485]. The catalyst system WCIc/LiAIH4 in 

chlorobenzene metathesized 2-pentene, 2-hexene, and 3-heptene [486]. Propene 

metathesized over molybdenum-alumina catalysts [487]. The catalyst System 
WCls/SnMe4 catalyzed the metathesis of cis-2-pentene with vinyl- and ally1 

trimethylsilane [488]. The catalysis of hydrosilation and metathesis of vinyl-substituted 
Silanes has been reviewed [489]. Titaniumcyclobutanes catalyzed the ring-opening 

POlYmeriZatiOn of norbornene (equation 421) [490]. Tungsten carbyne complexes were 

effective metathesis catalysts (equation 422) [491] as was a tungsten carbene/nitrene 

complex (equation 423) [492]. Titaniumcyclobutanes underwent a number of reactions 

other than metathesis (equation 424) [493], (equation 425) [494]. 
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(421) 

CpeTi- Al’ 
‘Cl’ ’ 

CpzTi 

O* I 
Cls(dme)W=C-CCMe3 

(dme)C13 + TMSNHR + Et3N 

63 (422) 

n 

good yield 

(423) 

2 Me(CF3),COm 
) 

well characterized metathesis catalyst 

L 89% 

Ph 

83% 
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HCI 

? 

Ph 
Cp,TiCI, + ArLi + Ph E Ph - - Ph \ 

Ar 

2. Olefin lsomerization 
I-Butene was isomerized to & and trans-2-butene by ns-C6H6Ni(SiCI,) and 

related compounds [495]. Rhodium and iridium(l) catalysts isomerized w-olefinic silanes 

to ally1 silanes (equation 426) [496]. Metal clusters in the catalysis of isomerization of 

methyl linoleate was the topic of a review [497]. IS-Cyclooctadiene was isomerized to 

1,3-cyclooctadiene by titanocene dichloride/Grignard reagent systems [498]. This same 

catalyst isomerized 1,5-hexadiene to methylenecyclopentane, methyl cyclopentane as 

well as all possible linear isomers [499]. Light catalyzed the isomerization of 1,5- 
cyclohexadiene by nickel hydride ocmplexes [500]. Vinyl cyclohexenes were 

isomerzied to 1,3-cyclohexadienes by iron pentacarbonyl (equation 427) [501]. This 

same catalyst isomerized ally1 benzenes to styrenes upon irradiation [502]. 

Dihydrodioxepins were isomerized over chiral catalysts (equation 428) [503]. 

SiR3 SiR3 

R’\//\(~H2j, 

Rh’ or 

R2 ,I’ 
+ R1(CH2)“dR2 (426) 

(427) 
R 

FePk 

BlJ,O, rfx 

R = H, MeO,C, CN 
1 : 9 

Fe(CO),/HCI 6 : 4 

(428) 

25% ee 
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3. Rearrangements of Allylic and Propargylic Systems 

Asymmetric isomerization of allylic compounds and mechanism was the subject 

of a review (20 references) [504j, as was asymmetric catalytic isomerization of 

functionalized olefins (72 references) [505]. Ally1 ethers of carbohydrates were 
isomerized and cleaved by trans [Pd(NH3).$12j [506]. Allylic alcohols were isomerized 

by 0sHBr(CO)(PPh3)3 [507]. 

Palladium(ll) chloride catalyzed the Cope rearrangement of ally1 vinyl ethers to 

olefinic ketones (equation 429) (equation 430) [508], while nickel(U) catalyzed 

phosphorous oxygen to carbon allylic rearrangements (equation 431) [509], and 

palladium(O) catalyzed sulfur to carbon allylic rearrangements (equation 432) [510]. 

Enamines of ally1 esters of proline also rearranged under palladium(O) catalysis 

(equation 433) [51 I]. 

R3 

R’ 

PdCI,(MeCN), 

good yields only for: R l=H;R2=Me,;R3=M;R4~R5-H;R6=Me 

RI =H;R2=Me;d=Et;R4=R5=R6=H 

R3F R4 NiC12 

(431) 

R20PR’ 

R3-R4 _R3? R4 + 

R+O RI/ ‘;+O 
R2 

f R’. R2 = Ph, Et, \,w 

R3, R” = H, Me, Ph, (CH2)3 

85-l 00% 
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R’ 
0 

’ -R2 Tol-s-o i--( 

R2 = H, Me 

L = DIOP 
NMDPB 
MDBPP 

L4Pd 

THF 

30-400/o 
87..100% ee 

Palladium(O) catalyzed a number of allylic other rearrangements with extrusion of 
COS (equation 434) [512], and CQ (equation 435) [513], (equation 436) [514], 

(equation 437) [515]. 

0 + L,Pd - + COS (434) 

SR 

S SR 
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(435) 

R’ Pd. Rh, Ru cat. R’ 

t 

0 i 
-- 

O_ 
0 + co, + fi 

R’ -)_ R2 

/ 

60-80% 

Ru cat. 

0 / 

OH + CI K O- 

0 OAc 0 

Pd2 (dbak 

R’ 
Kc 

CO,/\// (436) 

Ph,P, CH,CN 

0 
P 

::&(J + 
94% 63% 88% 

83% 

44-88% 
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(equation 437 continued) 

Zirconocene dichloride catalyzed [2,3]-Wittig rearrangements with high 

stereoselectivity (equation 438) [516], (equation 439) [518]. 

(438) 

60-80%; up to 96% de 
at C,’ 

bMOM 

(439) 

vyO-CO2~ CP2=32 ) R , OLo2A 

+ 

R = H, Me, nBu, nC,, iPr 
up to 96% ee of syn 

4. Skeletal Rearrangements 

Platinum catalyzed skeletal reactions of alkanes of various structures was the 

topic of a summary [519]. Skeletal isomerizations of alkanes over palladium and nickel 

catalysts appeared to proceed via carbene mechanisms [520]. A cyclobutyliron complex 

rearranged to a ring expanded carbene complex upon irradiation (equation 440) [521]. 
Palladium(ll) chloride isomerized vinyl cyclopropanes to $-ally1 complexes (equation 
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441) [522]. Nickel carbonyl rearranged vinyl cyclobutanes to cyclohexadienes 

(equation 442) [523], while cobalt(ll) porphyrins converted bicyclobutanes to 

cyclobutenes (equation 443) [524], and nortricyclanes to norbornadienes (equation 444) 

[525]. 

co 
CpFe 

* 

hv 
co 

/ 
FeCp 

OMe 
-c 

OMe 

(440) 

(441) 

- 
2 

Cl (444 

Ni(CO), 

I 

c 

C02Me 

C02Me 

References p. 372 



308 

R3_$CN ;:pcO(“) * *3+CN (443) 

CoTPPC 

Na,CO, 
(444) 

R = CONH,, CONHMe, CONHEW, CONMe,, CONMePh, CO,H, CONHPh, CONHBz 

CO,Me, CONHCH,COOH CON 

3 

Chromium carbonyl complexes rearranged a benzocyclobutane (equation 445) 

[526] while reduced nickel species catalyzed a ring expansion (equation 446) [527] and 

palladium(H) catalyzed a ring contraction (equation 447) [528)]. Molybdenum carbonyl 

(equation 448) [529] and iron carbonyl (equation 449) [530] catalyzed rearrangements 

of nitrogen heterocycles. 

m r;F(MeCN)3 * 1 ; \ \ (445) 

06 

Br 

HO 
t 

Ar 
\ 

OH 

71-90% 
Ar = Ph, mFPh, mCIPh, pCIPh, mCHBr,, pCHBr, 
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1 eq, Pd(OAc), 

NaOAc 
PhH 

(447) 

OH 

12-15% 

c) k-1 
'N 

I 
C02Et 

Mo(CO),(MeCW, 

NHCQEt NHCO;! Et 

+ 
/ 

c \ CN 

CHO 

25% 
7% 

(448) 

(449) 

WC% 

hv + phD +PhoCHO 

9% 6% 

5. Miscellaneous Rearrangements 

Nickel(ll) amine complexes catalyzed the epimerization of C-2 of aldoses and 

selectively complxed mannose-type epimers [531]. Palladium(O) (equation 450) [532], 

(equation 451) [533], titanium(lV) (equation 452) [534] and nickel(ll) complexes 

catalyzed the rearrangement of epoxides to carbonyls. 

(450) 

OH 

50-70% 

R = Ph,ptoly.pNO,P 
(fails if R = aliphatic, electron rich aromatic) 
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WO) K, F? 
* R’ 

I 
0 

(451) 

40.70% 

R’ = Ph,pMePh,Me 
R2 = Me, Ph. nBu 

III. Functionalized Group Preparations 

A. Halides 

Electrochemical reduction of nciekl(ll) bromide in N-methylpyrrolidinone gave a 

catalyst which converted aryl and alkyl bromides to iodides (equation 454) [536]. Aryl 

bromides were converted to iodides by potassium iodide and copper iodide (equation 

455) [537]. Iron complexes catalyzed the addition of carbon tetrachloride to olefins 

(equation 456) [578]. Manganese(lll) acetate converted cinnamic acids to trichloroethyl 

benzenes (equation 457) [539]. Ketones were converted to vinyl halides via their 

triflates by a palladium catalyzed stannylation/bromination (equation 458) [540]. 

Complexation to cobalt was used to protect the alkyne in enynes during bromination of 
the alkene (equation 459) [541]. Epoxides were opened to chlorohydrins by Li2CuC14 

(eequation 460) [542]. 

I 
R2 R 

41 ‘R5 -7a” 

W 

NiBr,L, 
c 

> 
CHO 

98% 

OH 0 

OTMS TiCI,/CH& 
R5 (452) 

40-90% 
22 cases 

(453) 

fiCH0 

97% 

Ph 

CHO 
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NMP ArBr Arl 
NiBr, + em - VW)1 m 

RBr, I- RI 

Ar = Ph, pMeOPh. oMeOPh, mMeOPh, pMePh, pFPh, Ph/\./ \\ 

SO’, HMPT 
ArBr + KI + Cul w Arl 

7 hr 

(454) 

(455) 

70-85% 

(456) 

w Cp2Fe2(COh + CCI, 

60% 
Cl 

(457) 

Arb 
C02H AcOH 

+ Mn(OAc), + ct _ ArCHCICHCI, 
ffX 

up to 50% 

Ar C02H Ar 

t/ 
- __Ic 

Ar 

2) Br2 high yields 
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(equation 458 contintied) 

0 

&o 
0 

OH 

co2Fm3 

Ph = CH>CH =CHPh - Ph = CH,CH = CHPh 

I 
co2w)6 

1) Br2 

2) Ce’” 

Br 
I 

L- Ph = CH2 - CH- CH- Ph 
I 
Br 

53% 

(460) 
OH Cl 

0 THF 
A/ 

Cl OH 
R + Li2CuClJ - R + R 

major minor 

R = nC,, RO(CH,),; also 
0’ PhAOa PhA 

B. Amides, Nitriles 

Nickel(O) complexes catalyzed the reaction between olefins and isocyanates to 

give unsaturated amides after cleavage (equation 461) [543][544]. Ruthenium ClUSterS 

catalyzed the reduction dimerization of isocyanates to N-formylureas (equation 462) 

[545]. Ruthenium tetroxide oxidized N-protected amines to amides (equation 463) [546]. 

Ruthenium hydrides catalyzed the reaction between nitriles, amines and water to give 

amides (equations 464 and 465) [547]. Diperoxycarbamates were prepared by thie 

copper catalyzed reaction of hydroperoxides with isocyanates [548]. 



L, Ni(0) 
PhNCO + RCH=CH2 - RCH= CHCONPh 

H,Ru,W)W- 
2 RNCO + H, - RNH’NK, 

1 20°, 50 hr I 
R 

313 

(461) 

(462) 

41-56% 

OR 

RuO, cat. 

* 0+ 

(463) 

aq. NalO, OR 

0 
(464) 

Ru cat. II 
R’CN + HNR2@ + H,O * R’C- NR2R3 + NH, 

L 

RuH2L, 

160°, 24 hr, DMe 

RuH,L, 

RCN + H,N(CH,),NH(CH,),NH, - R!N,,., Ill NH(CH ) NH!-R 2n 

(465) 

The hydrocyanation of alkynes has been reviewed (8 references) [549] as has 

homogeneous nickel-catalyzed olefin hydroxyanation (73 refernces) [550], and metal 

catalyzed stereoselective additions of hydrogen cyanide and other small molecules to 

alkenes and alkynes (12 references) [551]. The nickel(O) catalyzed addition of HCN to 

olefins (equation 466) and dienes (equation 467) [552] has been shown to go with & 

stereochemistry. Aryl iodides were converted to aryl cyanides by trimethylsilylcyanide in 

the presence of palladium(O) catalysts (equation 468) [553]. 
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>90% erythro 

Arl + TMSCN 
L,Pd 

b ArCN 
Et,N, rfx 

60-90% 

Ar = Ph, oMePh, pMeOPh, pCIPh, pBrPh, pMe02cPh 

ArN02 
B,H,/NiCI, 

ArNH, 

high yields 

(467) 

WW 

(4QW 

Ar = pMeOPh, pCNPh, pCNCH,Ph, pMeO,CPh, pH,NCOPh 

tolerates: C=O, CHO, CO& CONR,, CN. C=C 

C. Amines, Alcohols 

Arylnitrocompounds were reduced to anilines by diborane/nickel(ll) chloride 

(equation 468) [554]. Copper catalyzed a similar nitro group reduction by 

borohydride (equation 469) [555]. Palladium(ll) quinoline complexes catalyzed the 
homogeneous hydrogenation of nitroarenes to anilines [556]. a&Unsaturated nitro 

compounds were reduced to oximes by sodium hypophosphate using a palladium 

catalyst [557]. Rhenium 0x0 complexes required high hydrogen pressures to reduce 

nitrobenzene [558]. Palladium(O) catalyzed the reaction of bromobenzene, t- 

butylisocyanide and alkyl tin reagents to give imines (equation 470) [559]. 
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(469) 
ArNO, ArNH, 

t 

+ NaBH, 
cu2+ 

t 

NH2 
NO2 

cN, CO,R, CONH2, inert 

t WO) 
PhBr + NC Bu,SnR - (470) 

Ph 

R = OMe, OEt, NEt,, CN, Cs CPh 

Platinum/tin systems catalyzed the reaction between ally1 alcohols and amines to 

give ally1 amines (equation 471), while ruthenium catalysts effected further conversions 

(equation 472) [560]. Palladium(O) complexes catalyzed the conversion of ally1 

acetates to ally1 azides or amines (equation 473) [561]. The same catalyst promoted the 

1,4-amination of butadiene (equation 474) [562]. Aryl halides were converted to aryl 

amines by reaction with aminotin compounds in the presence of palladium(O) catalysts 

[563]. Copper(l) or nickel(ll) salts promoted the amination of quinolinoquinones 

(equation 475) [564]. Early transition metal azide complexes (eg. Ti, V) catalyzed the 

ring opening of epoxides by trimethylsilyl azide [565]. 

RNH, + R’CH=CHRCH,OH 

PtC12(L2)/SnC12/H20 
> R’CH&HR”CH,NHR 

120-l 5o” 
57-84% 

R = Ph, nCs; R’ = H, Me; R” = Me,H 

(471) 
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(472) 

RLqL, 

X + R’CH=CHCH,OH 

180’ 

X 

f?w 

1) NaN,, L,Pd cat. (473) 

OAc 
2) PPh, 

* R-NH 2 

3) NaOH/H,O 
60-80% 

(EtO),POu 
t t 

OAc 

(474) 

w + Pd(0) + R,NH + R$NH+I- - 
R2N 

w 

modest yield 

0 
(475) 

0 

CUCI 

or Ni(ll) 
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Oxidation of alkenes-metal induced formation of an allylic-carbon oxygen bond - 

was the topic of a review (190 references) [566]. Enolates of esters of chiral alcohols 
were cc-oxygenated to cr-hydroxy esters by “MoOPh” with high ee (equation 476) [567]. 

Ethyl esters were similarly a-oxidized [568]. Amines were converted to alcohots by 

reaction with NaZ-Fe(CN)5N0 (equation 477) [569]. 1,2-Aminoalcohols were converted 

to epoxides by this reqgent (equation 478). Chiral diols were prepared by the oxidation 

of olefins by osmium tetroxide in the presence of chiral diamines (equation 479) [570], 

(equation 480) [571]. Cyclopentadienyl zirconium dihydride catalyzed the “Meetwein 

Pondorf Veerly” reduction of ketones to alcohols by isopropanol [572]. Vaska’s 
compound, L21rCI(CO) catalyzed the conversion of formate esters to alcohols and 

carbon monoxide (equation 481) [573]. Palladium(O) catalyzed the reduction of 

conjugated epoxides to allylic alcohols by formic acid (equation 482) [574]. Styrene 
was hydroxylated to a-phenethyl alcohol by an oxygen/Co(ll)TPP/borohydride system 

15751. 

OH 

Y 

OR’ 
R 2 KN(TMS), OR’ 

I 
c R 

+ 

(476) 

0 set BuOK I 
MoOPh 0 

50-80%, high ee 

(477) 

Na,Fe(CN),NO 
* 

K&O,, H,O 
OSiR3 OSiR? 

67-83% 

0 NHz 

M’ezN 
+ 

Na,Fe(CN),NO 

* MesNb 
(478) 

OH K2C03 

61% 
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R OH w HO R 

40.86% ee 

(479) 

R = H, nC,, Ph, CO,Me 

R’ = H,Ph 

H - + OS04 - h-K (480) 
13 a -Naphthy;/-~Q Ho OH 

OTMS 

PhbPh PhTMT phToMe a PhdOEt 

70%, 90%ee 
47%, 60%ee 96% ( 66%ee 72%. 35%ee 42%, O%ee 

P 180’ (461) 

HC-OR + L,lr(CO)CI - ROH + CO 

cat. 48 hr 

(solvent) 40-60% 

R = Me, nBu, tBu, nC,, Z-C,, nC,, 2-C,, PhCH2 

78-85% 
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D. Ethers, Esters, Acids 

1,2-Dimethoxyethylene complexed to iron exchanged with (R)(R)-2,3-butane dial 

to produce a chiral complex which was further transformed (equation 483) [57’S]. Cobalt 

carbonyl catalyzed the conversion of oxetanes to silyl ethers (equation 484) [577]. 

Palladium(ll) chloride/copper(ll) chloride mixtures converted butadiene to 1,4-dibutoxy- 

2-butene (equation 485) 15771. Copper aryloxides converted carbon &sulfide to 

tetraaryloxymethane (equation 486) [579]. Palladium chloride catalyzed the a- 
methoxylation of afused furan (equation 487) [580]. Unsymmetrical diary1 ethers were 

made by nucleophilic attack of phenoxides on manganese complexed chlorobenzene 

(equation 488) [581]. 

(483) 

Nut 
100% 

NW‘ = BH3CNF. MeCuCN, PhMgBr, CN-, PhCH,S, 

(484) 

R R 
HSiEtPMe 

*+ R$iO 
+ R,SiO& OSiR2 

CO, Co,W), 
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N + BuOH 

PSI, 
/Y/L+. OBu 

* BUO 
CUCI, 

CS, + [CuOAr], - C(OA0.j + 2cu,s 

Ar = Ph, pMePh, pEtOPh, pMeOPh, pMeO,CPh, pCIPh, mMePh 

OMe 0 

(465) 

(466) 

PdCI,/CuCI 

O,, MeOH 

OMe 0 (487) 

OMe 

73% 

Mn(C0)3 + 

46% 

(468) 

+ ArO’ - 

OAr 
MeCN 

w 

0 c 

OAr AcHN 

29% Ar= i-@,lre * ~QJ-co’“’ 

Palladium acetate catalyzed the conversions of amino acid carbamates to 

silylcarbamates with inversion at the chiral center (equation 489) [582]. Palladium(ll) 

copper catalysts promoted the acetoxylation of olefins (equation 490) [583]. An ester 
group was introduced a to the nitrogen in p-lactams by hydroperoxides and copper(l) 

salts (equation 491) [584]. Peracids oxygenated benzene in the presence of cobalt(ll) 

catalysts (equation 492) [585]. 
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R,‘SiH 

Pd(OAc), 
(469) 

R,‘Si = Et,Si, tBuMe,Si 

Iii cog 

R’ 
R’ 

> 
N 

0 ‘R2 

(490) 

Pd(OAc)&b(OAc), 

O,, AcOOH 
A;Ofio2R Ac0,fjo2R 

40-60% 

-tO 

P 
0-C-Ph R’ 

OCOPh (491) 

R1 = H, Me, Ph 

R2 = tBu, Ph. Me, Bz 

Cul 
+ CF&-OOH + CF,COOH - (492) 

cat. 
60’ 

56% yield 
at 58% conversion 

Ruthenium complexes catalyzed the reaction between alkynes and carboxylic 

acids to produce enol esters (equation 493) [586], (equation 494) [587]. Phenoxy esters 

were converted to alkyl esters or ketones over cobalt catalysts (equation 495) [588]. 
Ruthenium tetroxide oxidized cyclic iactams imides or ocarboxy amides (equation 496) 

[589]. Malonic acids were readily decarboxylated by small amounts of copper(l) salts in 

acetonitrile (equation 497) [590]. 
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0 
(493) 

PhCECH 
(RUCl3~3 H,O) 

+ RCO,H - PhCH=CH 

15 hr. 120° ‘0 R 

60-80% 

f 
(494) 

W-OH + R’CzCH w P P 

0 

+ RC-04 
R’ 

- RuPR3 

2 

major 60-90% 

R’ = nBu,tBu, Ph 

R = Me, Et, iPr, tBu, 1-adamantyl, nC,,, PhCO, PhCH(OH), 

(495) 

P 
RC-OPh + Co(H)(N&, p 

f 
RC- OCH2R + WOPh)L, + N, 

CoMeLi - RCOMe 

30-40% 
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0 N 

0 

G? N 

0 

c- 2 
N 3 

0 

m N 

0 

“oLq (4g6) 
76% 0 

0 

(3 N 
0 

0 
32% 

C02H 

C02H 

0.01 - 0.1 eq Cu(l) 
MeCN 

60”, 95-98% 

E. 

P’ = H, Me, -(CH,CH,)- P2 = Ph, PhCH,, c,, 

Heterocycles 

The synthesis of heterocycles via transition metal chemistry has been reviewed (9 

references) [591]. Net [3+2]-type heterocyclic syntheses via organostannanes and 

palladium chemistry was the topic of a dissertation [592]. Sharpless asymmetric 

epoxidation of olefins has been extensively reviewed this year. The following reviews 

have appeared. “Development of Sharpless asymmetric epoxidation - a wonderful 

organic synthesis method for optical purity” (no references); “The discovery of the 

asymmetric epoxidation” (22 references); “On the mechanism of asymmetric epoxidation 

with titanium-tartrate catalysts” (104 references); “Asymmetric epoxidation of allylic 

alcohols: the Sharpless epoxidation” (105 references); “Asymmetric epoxidation” (19 

references); “Procedure for catalytic asymmetric epoxidation of allylic alcohols in the 

presence of molecular sieves”; “Asymmetric epoxidation” (24 references). 
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This chemistry continues to be extensively used in synthesis (equation 498) [599]. 

Darvon alcohol (equation 499) [600], (R)(+)-a-Lipoic acid (equation 500) [601], P- 

blockers (equation 501) [602], and even carbohydrate-like molecules (equation 502) 

[603] were made using asymmetric epoxidation. 

(498) 

Ph 0 

Ph\_/OH ;;;;(-)DET * ,KoH ;; * 

N&O, 
65% yield 
80% ee 

CH& 

Ph 0 C02Me 

84% 

(499) 
Ph 

lc 

Ph (-) DET, Ti(OiPr), Ph 
t 

OH TBHP/CH,CI, OH 

OH 
Ph 

Ph 
* 

H 
ct 

OH OH 

-zL- (R) (+I -a -Liiic Aci 
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(501) 

~ OH 5% Ti(OiPr), 
* 

OhOH ArOH 
w 

6% (+)DET 
cumene hydroperoxide 
O”, 5hr 

Ti(OiPr)4 

062 OBz 

& OsO, &OH - _- z 

~TBs XTBS OH 

85% 

OBz 

J, 62: & -* 

-_ ‘, - 
6~~s O 

BF,.Et,O z z 

6~~s OH 

OBz 

9 

OH 

0 

OH 
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Advances in the development of methods for the epoxidation of olefins was the 

topic of a review (225 references) [604]. Ally1 hydroperoxides were converted to 

epoxides by treatment with titanium(W) isopropoxide (equation 503) [605]. Enol 

carbamates were epoxidized by t-butyl hydroperoxide/vanadium acetylacetonide 

(equation 504) [606]. An isolated, characterized vanadium hydroperoxide complex 

efficiently epoxidized olefins (equation 505) [606]. 

(503) 

Ti(OiPr), 

68-94% 

R’ = tBu. Me, CO,Et 

R’ = H, tBu,Me 

R3 = H,Me 

(504) 

tBuOOH 0 I 

- R*+ 
R’ 

VO(acac), 

“-Y” 
2 0 2 

R’ = H,Me 

R’ = iPr, Me, Ph 

81-92% 

(505) 

excellent yields 
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(equation 505 continued) 

\\ 0” ‘A - dH 

Pkoxytungstate (equation 506) [608], and tungstic acid (equation 507) [609] 

catalyzed the epoxidation of olefins. The stereochemistry of ally1 alcohol epoxidation by 
H,O,/W04= gave the same major diastereoisomer as did VO(acac)#3uOOH but 

homoallylic alcohols were epoxidized with much less stereoselectivity 16101. w-Olefinic 

fatty acids were epxodized by peroxide/tungstate, carbonylated by dicobalt 

octacarbonyl, and cyclized (equation 508) [611]. Heteropolytungstates catalyzed the 

epoxidation of olefins by iodosyl benzene (equation 509) [612], as did manganese(lll) 

salen complexes (equation 510) [613]. 

Cl- 
Cl 0 

R+ + 30% H,O, * R /(I 
R,Pf 

R,N+, W,O,, 60-90% 

(506) 

nerol, geraniol, carvone, limonene, cholesterol acetate 

+ 30% H,OflO,‘/Buffer - ObOH Fo7) 

high yields 
stereochemistry maintained 
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(equation 537 csntinued) 

m OH 

<IO% 

-C02Et 

*-CO,Et 

69% 

OH 
I 

Hz02 

Co&*)8 

K,COS, EtOH 

co, 400 

PPA 
Eto~c2C02Ef - 

60% 

+co2Me 7 80% 

s--._ 

COzMe 

20% 



W,NYMPWI 1% 
+ PhlO + 00 + o”: 

82% 

-460 - 
[Salen]M# cat. 

0 

+ PhlO -X + Phl 

329 

ww 

0” 
0 / 

(510) 

30-60% 

Ph- toI+ 4CIPhA 2,6 MenPh/\\ Phm 

Iron(lll) complexes of fluorine and nitrosubstituted tetraphenylporphyrins 
catalyzed the epoxidation of styrene, a-methyl styrene, cyclohexene and cycloheptene 

by hypochlorite [614]. Manganese(lll) complexes of nicotinamides of 

orthophenylenediamine catalyzed olefin epoxidation (equation 511) [615]. Nickel and 

palladium t-butoxide complexes decomposed to epoxides via oxometallacycles 

(equation 512) 16161. Long chain epoxides were synthesized by copper catalyzed co- 
oxidation of olefins and aldehydes [617]. The RurvO/RuttOH2 couple catalytically 

epoxidized olefins [618]. 
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(511) 

Phi0 
+ Mn(OAc), - Epoxides 

5862% yield 
27-60 tukovers 

(512) 
Me 

Me,NiL, + 
-t 

OH - LzNi< - 

O-t- 

+ CH, 

0 

45% 

Monocyclic p-lactams were produced in the reaction of copper acetylides with 

nitrones (equation 513) 16191. Iron ketenimine complexes underwent oxidative 

decomposition to p-lactams (equation 514) [620]. Iron carbonyl anions attacked 

keteneimines to produce metallazetidines (equation 515) [621]. Bicyclic P-lactams were 

prepared using palladium(O) catalysis to form the non-lactam ring (equation 516) [622], 

(equation 517) [623]. Palladium on carbon debenzylated cepham sulfones in the 

presence of hydrogen but led to alkoxylation in the absence of hydrogen (equation 518) 

[624]. 

PhCfC-Cu + 
ii i) py Ph 

PhCCH= NAr - 
29 

0 

80-85% 
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(PPhs)(Cp)(CO)ie= 

Ph 

CH= NMe 

PhlO (514) 
R 

66% 

CpFe(CO),’ + Ph2C=CzN--R - (515) 

C&Bz 

TBDMSO 

w 

TBDMSO 

L,Pd(OAc)2 
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Pd/C, No H, 
rl 

EtOAc 
0 

PdK, H, 

EtOAc 

(518) 

C02H 

Chromium chloride cyclized o-carboxybenzyl halides to benzofurans (equation 

519) [625]. Cobalt(l) salen complexes cyclized ortho iodo allylphenyl ethers to furans 

(equation 520) pyrans (equation 521) or indoles (equation 522) [626]. Tetrahydrofurans 

were also made by cobaloxime-catalyzed electrochemical reductions (equation 523) 

[627]. The adduct between crotyl bromide and o-protected glyceraldehyde in the 

presence of chromium(ll) salts was converted to (+)-multistriatin [628]. Aminocarbene 

complexes of iron reacted with alkynes to give a-aminofurans in fair yield (equation 524) 

[629]. Ynones were cyclized to furans by palladium(O) complexes (equation 525) [630]. 

Benzofurans were prepared by the palladium(ll) catalyzed reaction of ortho halophenols 

with terminal alkynes (equation 526) [631]. Palladium(O) catalyzed the cycloaddition of 

a-methylene lactones to aldehydes to give tetrahydrofurans (equation 527) [632]. 

Molybdenum(VI) catalyzed the reaction of enol ethers with conjugated ketones to give 

pyrans (equation 528) [633]. Cationic iron dienyl complexes underwent an 

intramolecular attack by remote alcohols to produce oxygen heterocycles (equation 
529) [634]. Ortho dihydroxy benzene condensed with the chromium tricarbonyl COmpleX 

of o-dichlorobenzene to give the expected six-membered heterocycle (equation 530) 

[635]. 

(519) 

(520) 

1) Co(.Salen)’ 

OU 
2) O,, h” 

I 
25% 
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co 
(521) 

9 

1; 

1) Co(l)Salen 

0- d * \ 

’ 0 

42% 

03 \\ 
’ 0 

No yield 

(522) 

I 32% 

co”; 

-CD- 
(523) 

Br 
e- 

OEt 

cobaloxime 0 
OEt 

H 

65% 

t 
H 

/ 

CD- 

OEt 

0 

H 

70% 

References p. 372 



334 

CO, 55 psi 
(524) 

GOh Fe + R’ zzz F3* 6oo 

Ph 
NMe2 

40-70% 

R’ = Me, Et, CO,tBu, tBu0, Ph, nPr, CO,Me 

R2 = Me, Et, CO,tBu, tBu0, H, Me 

R’ Pd(dba), 

RC =Iz ’ 
(525) 

Ph,P R’ 

25-60% 

R = Ph, MeOPh, pCIPh, pMePh, 

R’ = nPr, Et, Ph 

Pd(OAc),L, 
R3 (526) 

A = CH,N 

x = I,Br 

R’ = H, 2Me, CHO 

40-80% 

R 2 = H, 30Me OH OH 

R3 = nBu, Ph, CO,Me, CH(OEt),, CO,Et, steroid, Ph 
OEt 

WO) 
+ RCHO - 

0 
-co* 

(527) 

R = Ph, l-Naphth, nC,, 



(528) 

R R 

TI(TFA), 

: 
5 

f 80% 
OH 

75:25 

57% 

(529) 

Manganese bromocarbonyl combined alkynes with methyl iodide and carbon 

monoxide to produce lactones (equation 531) [636]. Diols were oxidatively cyclized to 

lactones by ruthenium complexes (equations 532 and 533) [637], or rhodium comlexes 

(equation 534) [638]. Manganese(lll) acetate cyclized olefins with malonic acids to give 

lactones (equation 535) [639]. Ortho-homoallyl phenols were cyclized to benzopyrans 

by palladium(ll) salts (equation 536) [640]. 

R 

CO, MnBr(CO)S 
RCZ CH + Mel -0 2x 

PTC 
0 

40-78% 

\ 
R = Ph, nBu, nC6,PMePh, Ph- 

(531) 
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L,RUCI, 

20°,10 hr 

major minor 

R = Me, iPr, Ph, MeO, BuO, BzO, MeOCH20 
60-99% 

R1 = H, Me 

78% 

R“ 
co2w 

f535) 
CO,H HOAc 

1000 

60-80% 



L,PdCI, 

t-)<,” -P” 

63% 

Dicobalt octacarbonyl converted benzyl bromide and diphenyl acetylene to a 
hydroxybutenolide (equation 537) [641]. The syntheses of a-methylene-y- 

butyrolactones has been reviewed (40 references) [642]. Reduction of P-carboethoxy- 

ally1 bromides with chromium(ll) in the presence of aldehydes produced a-methylene 

lactones (equation 538) [643]. Acetylenic carboxylates (equation 539) [644] and 

carbonates (equations 540 and 541) [645] cyclized to lactones in the presence of 

palladium(ll) salts. Diols were converted to carbamates (equation 542) and 

aminoalcohols to carbamates (equation 543) by palladium(ll) salts in the presence of 

carbon monoxide [646]. Diphenylcyclopropenum cations were converted to a-pyrones 

via their cobalt complexes (equation 544) [647]. 

CO, NaH 
PhCH,Br + PhCsCH (537) 

CWO)8 

NKCH2)20(CH2)20Mel~ 
Ph 

40% 

CH&HO + 

Cr” 

(LiAIH,/CrCI,) 

THF, 25’ 

85% 

(538) 
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Pd” 

R’CEC- (CHz),COzLi - 

Pd 

R’ = H, nC6, PhTMS 

R2 = H. Me 

R3 = H,Me 

50-80% 
R4 = H, Me 

R’ = Me, Et, nCs, Ph, TMF 

R2 = H, Me 

d = H,Me 

TMS z= 

OLi 

R3 R’ 

PdCI,(MeCN), 

R’ 

“x I ^ .R3 
RL’ 

TMS I-c 1 0 

0 -4 0 

(541) 

OH 
COIPdC12/CuC121NaOAc 

0 

e o= 
0 (542) 

OH 
0 

91% 
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R’HN OH 

Y 

CO, PdCI,/NaOAc 
) R’\ A 

P 

N 0 

R2 R1 = Ph, AC, Me, nBu, tBu 

R2 = H, Me, Ph 

(543) 

Ph 

Y 
Ph 

(544) 

+ R’Li 

+ Co(CO), - Ph 

--+ ‘\ 

0 
co 

Ph R ~(c0)3 

Ph 
R = H, Ph, Me 

R1 = Me, Ph, H 

no yields 

Tetrahydropyrroles were synthesized by the reductive amination of 1,2- 
dialdehydes in the presence of HFe(C0)4- (equation 545) [648], and by the palladium(ll) 

catalyzed intramolecular amination of allenes (equation 546) [649] and olefins 

(equation 547) [650]. Nickel(O) or palladium(O) catalyzed the cyclization of alkynes with 

trimethylsilyl cyanide to give pyrroles (equation 548) [651]. Copper chloride 
promoted the reaction of aroylazoalkenoates with P-ketoamides to give pyrroles 

(equation 549) [652]. 

OHCQ 
CHO HFe(CO), 

-0 
(545) 

+ RNH, 
CO, EtOH N 

R 

40-80% 

RI Ph, Bz, oCIPh, pCIPh, pMeOPh, oMeOPh, pMePh, mMePh, oMePh, 
“2, 

ph/\/ 
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R’ 
Pd’kOlMeOH 

(546) 

R 

COpMe 

R = PhCH2,Ts,C02Me 

R’ = H, a-COzMe 

40-80% 

R” = H, nCS, Me 

f-l = 1,2 

\ c ArSnB+ 

PdCI,(RCN), cat. 

NHTs cuc1.J 
* oAr + cAr (547) 

TS 

65:35 

R \ ‘c 
NHTs 

60-80% 

R Ar (548) 

Pd(0) or Ni(0) 
Arc= C- R + TMSCN 

NTMSz 

Ar = Ph, pMeOPh, pCIPh, 

R = Ph, pMeOPh, pCIPh, H 50-80% 
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f 
Me 

PhC-N=N-C=CHC02Me + 

NHCOPh 

5s90% 

Nickel(O) cyclized isocyanates and olefins to give unsaturated lactams (equation 

550) [653]. Palladium(O) cyclized oolefin amidoyl chlorides to lactams (equation 551) 

[654]. Ruthenium nitrene complexes combined with alkynes to give lactams (equation 

552) [655]. Ortho haloanilines combined with proline esters in the presence of carbon 

monoxide to give Wactams (equation 553) [656]. Polycyclic lactams were prepared by 

palladium-catalyzed oxidative addition/insertion processes on appropriate substrates 

(equation 554) [657]. 

Ph 

- 

/k 
N 0 
Ph 

30% 

“‘v Pd(OAc)dL 

N Cl 
R2’ 

130°, 16 hr 
xylene 

0 N+CO, 
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Ph 

I 
(552) 

Ph 

\ /‘” 
c- C 

PhCECPh 

t 

co 

hv 

Ph 

63% 

Ph Ph 

(553) 

CO, BusN 

Pd(OAc),, HMPA 
11 Oo, 5 am, 2 days 

0 
N H ‘::::t;- R’ = H,OTs 

R’ = H, Me0 
N Rs 

L x = Br, I 
d’ R4 

R3 = H,OAc 
40-80% 

Ft=H 



Pd(OAc)dEt,NCI 

K,CO,, Ph,p 

2580%, (best with R’s = H) 

ckfiYh - eph 
0 0 

(y--&l-q$) 
0 0 

Organocobalt compounds in the synthesis of pyridines has been reviewed [658]. 
Cobalt(ll)-zeolite catalysts converted phenyl acetylene and acetonitrile to pyridines 
(equation 555) [659], as did cobalt vapor (equation 556) [660]. Dienes and nitriles 
combined to give pyridines in the presence of CpCo(CO)2 (equation 557) [661]. 

Ph 
I 

(555) 

Co” - Zeolite 
CHsCN + ph = H 

NaBH, 
- aph+ phnph 

80% 

Co vapor 

CH,CN + R- 

80% 
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R 
OEt (557) 

+ NGC_C02Et cpco(co), 
A 

R cogzt 

35-56% 

R = Me, Et, nPr, iPr, nBu, nC5 

Palladium catalysis in the synthesis of indoloquinones has been reviewed (17 
references) [662]. Palladium(O) catalysts cyclized N-vinyl-o-bromoanilines to indoles 

(equation 558) 16631, as did nickel(O) complexes (equation 559) (6641. (equation 560) 
[665]. Aniline (equation 561) [666] and ortho bromoaniline (equation 562) condensed 

with alkynes in the presence of palladium(ll) catalysts to give indoles. 

Br Pd” 

+ FCOR - 

W 
R 

R 

R = Me, OEt 

C02R 

good yields 

Ni(0) (559) 
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CN 

R=H 
1) L,PdCI, 

) 

2) Et07EtOH 

R 

48-72% 

R = TMS, Bu, Ph 

Anilines and 1,2-dials were oxidatively cyclized to indoles in the presence of 

ruthenium catalysts (equation 563) [668], (equation 564) [669]. Ortho nitrostyrenes 

cyclized to indoles in the presence of iron, rhodium and ruthenium carbonyls (equation 

565) [670], (equation 566) [671]. 

0 NHR + Ho&OH ;;;2L3 cat’ ) mR’ (563’ 

R = H. Me, Et 

R’ = l-l, 1,2-Me2 

39-58% 
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OH 
L,RUCI;! 

(564) 
PhCH,, rfx 

R 

R=H 100% 
&Me 80% 
4CI 92% 
4-k 73% 

R2 
R3 (565) 

R’ MW), 
+ 4co - 

R’ = H, Me 

30-70% 

Mn(CO), = Fe(CO), 

R” = H, Me, CO,Me, Ph, 2-Py 

R3 = H, Me, Ph 

PhCH20 OBz 

Ni,B 
(566) 

N24 H2O 

91% 

lsonitriles reacted with Fisher carbene complexes to give unusual heterocycles 

(equation 567), (equation 568) [672], (equation 569) [673]. Ruthenium hydride- 

phosphine complexes transformed o-mesityl isocyanate to 7-methyl indole (equation 

570) [674]. N-Ally1 indoles condensed with nitriles in a “Ritter”-like reaction in the 

presence of highly electrophilic palladium(ll) species (equation 571) [675]. 

Pyrrolo[3,2,1-j,k] carbazoles were prepared by the nickel(O) mediated ring contraction of 

pyrrolo[3,2,1 -k,l]phenothiazines [676]. 
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R Y” (567’ 
- Pet. ether 

(COkCr 
< 

+ 3 PhNC 

OEt 
700 QqqR 

0 

20-47% 

(CObMo 

OEt 

+ PhNC - 

y (569) 

R’ OEt 

+ (CO)5Mo - 

NC R 

R’ 

58-76% 

R = Ph, Me 

R’ = H,OMe 

R2 = H, Me, OMe 

(570) 

3.5 turns on catalyst 
70% 
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1) Pd(MeCN),‘+, RCN 

fair yields 
C02Me 

Fisher carbenes, isocyanides and isocyanates combined to produce cyclic 

acylureas (equation 572) [677]. Rhodium(ll) catalyzed decomposition of 

diazomalonates in the presence of nitriles produced oxazoles (equation 573) [678]. 

Benzoxazoles were prepared by the copper catalyzed condensation of o-hydroxy 

aniline with aldehydes [679]. Aldehydes reacted with gold isonitrile complexes to 

produce oxazoles (equation 574) [680]_ 

(572) 

OEt R’ 

w45w + RCN + R’NCO - (CO)5W 

Ph 0 

R’ 

PRE’ 

-I- 

R” 

KMnO, 
N’ R= 

A 
o- 

0 
RN 

0 
R’ = Ph, Me, nBu, tBu 

80% 
69%, 66%, 63%, 10% 

0 0 OMe 

v 

Rh,(OAc), 
Me02C 

Me0 OMe + R’CN -4 0 (573) 

N2 CHCI,. rix N\ 

Y 
R’ 

40.90% 
R = Ph, 4CIPh, 4MePh, 4MeOPh, 4N0,Ph (0%) 

SCIPh, PhCH,, Me, nPr, nC,, iPr. tBu 



CN 

WHO + 
( 

[Au o- NC 2 I’ 
t 

C02Et Fe* 

R = Ph, Me, iPr, tBu, 

Fe’ = 

NEt2 

5 C02Me 
5 i-c + 
O-QN 
80-l 00% 

89-l 00% yield 

81-95% ee 

349 

(574) 

R ,_CQMe 

‘I--T 

QN 

O-20% 

bPh2 

Thiocarbamates condensed with o-iodoanilines in the presence of reduced nickel 

salts to produce benzothiazoles (equation 575) [681]. Quinazolines were prepared from 

palladium catalyzed carbonylation of o-iodoaniline-lactam mixtures [682]. Oxepins were 

made by the palladium-catalyzed decomposition of 4-diazomethyl-4H-pyrans (equation 

576) (6831. More complex heterocycles were also prepared using palladium catalyzed 

processes (equations 577 and 578) [684]. 

S NiCI,L, 
NR’ R* (575) 

R’ R*N NR’ R* NaBH, 

R = H, 5M, 5CI, 5F 

R1 = H, Me, nBu, Ph 

R2 = H,Me 

(576) 
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,-i‘ 4 s 
R4 

N/ 

0 J-,r: R’ 

A \ 1 
IY FP 

R3 

R’ 

M 1, 

yNNNH II 

/ 
0 N A S R* 

PdCI,(MeCN), 

40-90% 
14 cases 

Pd*+ 

F. Alkenes, Alkanes 

Reduced nickel species in the presence of DBU, converted primary halides to 

olefins in an elimination reaction (equation 579). Palladium(O) complexes catalyzed the 

elimination of amines from ally1 amines to give dienes (equation 580) [686]. Zirconium 

hydrazides olefinated ketones (equation 581) [687]. Reduction of cobalt carbonate with 

triethyl aluminum produced a black powder which aromatized tetralin [688]. 

R-x + DBU 

L,NiCIdBuLi 

R/\\ (579) 

R = PhCH,O(CH,), Br 5fX THPO(CH,)sBr, 12%; nC,sBr, 77%; 

Cl 68% EiO,C(CH,),Br, 77%: HO(CH,),,Br, 82%; 

49% 
(CH2)3I 

50% 
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(580) 

R 

L,Zr’“X, + LipN-N 
4 

R 

(581) 

Palladium complexes catalyzed the reduction of a wide range of allylic systems to 

olefins (equation 582) 16891, (equation 583) [690], (equation 584) [691], (equation 585) 

[692], (equation 586) 16931. Ally1 alcohols were reduced to olefins in a multistep process 

involving cyclopentadienyliron chemistry (equation 587) [694]. Dienes were reduced to 

olefins by dicobalt octacarbonyl under phase transfer conditions (equation 588) [695]. 

Eneynes were converted to dienyl tin reagents by hydrozirconation/transmetallation 

(equation 589) [696]. 

(584 

R-X + HCOONa 
L,PdCI, 

Heptane/H,O 
* Rw+RM 

L= P -0- 0 0 - 
3 

water soluble L for PTC 
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5% L,Pd 
(583) 

NOz HCOONa 
or NaBH, 

or NaBH,CN 

0 : 100 depending on reducing agent 

E+E +lc$O 2 2 

CN 

(584) 

m 
x Pd(O) 

R - R w+ R- 
HCO,H, NR, 

good yields 

- OcoMe - OAc 
(ON 

LOAc AcO-OAc -t-_ 

OCOqMe 

(585) 

R-OAc 

WO) 
+ Snll, - R-+R/\// 

Sml, 
79-l 00% 
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9 
R’ 

2 LiHBEts 

5% PdCl,(dppp) 

Ts R2 

89-91% 

R’ = H,Bz,nC4 Ph/\/ \ 

R2 = Bz, H. nC,,, Ph/\/ 

R’)&/oH :I g$i,,- R+ 

R2 3) HBF4 
R* 

4) Nal 

low yields 

(587) 

(588) 

*rm 
co2wh3 

- ilr- + Ar w 

PTC 
HBF, 

(589) 

+ Cp2ZrHCI - 

,pO”‘=-(-J //y 
OMe 
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Episulfides were desulfurized to olefins by rhodium carbonyls (equation 590) 

[697]. Ally1 carbamates were cleaved to olefins and amines by palladium(O) catalysts 

and tin hydrides (equation 591) [698]. 1 ,SDienes were oxidatively cyclized by 

palladium(ll) salts in the presence of Mn02 (equation 592) [699]. 

AA W-CO)&Il 
- ArA + cos 

CO, 18 hr, 400 psi 

70-90% 

(590) 

4 L.7L_OPR2 
C02Et 

(591) 

m” NHBz Bu,SnH 
t BzNH, + CO, + m 

H 
+ Bu.$nX 

0 Pd(O), HX 

(good amino acid amine protecting group) 

H 

\ 

clz 

5% Pd(OAc), 
(592) 

/ MnO,, HOAc 

H Quinone 
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Aryl triflates (equation 593) [700][701] and halides (equation 594) [702][703] were 

reduced to hydrocarbons by formate salts in the presence of a palladium(O) catalyst. 

Benzyl chlorides were reduced to toluenes by sodium formate with palladium catalysts 

under phase transfer conditions in the presence of soluble phosphine ligands [704]. 

Aryl halides were reduced to arenes by nickel(ll) chloride/zinc/HMPA mixtures with 

ultrasound irradiation [705]. Aryl, aliphatic and cycloaliphatic halides were reduced to 
hydrocarbons in the presence of CpTiCIz and isopropylmagnesium bromide [706]. 

ArSO,Rf 

L,Pd, RsNIHCOOH 
* ArH (693) 

DMF 

W efficient 

Ar = oCIPh, mMeOPh, 2,6-Me,Ph, Ph, 2-Naphth, 3-NO,Ph, plus many more 

P L,Pd 
RX + NaOC-H RH 

or H,/NaOAc 
good yields 

Br 

RX = Phi, PhBr, 
Br 

Cf Ph- Ph A C02H 

0 

A/ Br 
Ph 4BrPhCOMe, 4NO,PhBr, BrPhPhBr, 4BrPhCH0, 4BrPhC02H 

(594 

Aryl aldehydes and ketones were reduced to alkyiarenes by hydrogen in the 

presence of rhodium(l)-cyclodextrin catalysts (equation 595) [707]. 
Trimethoxyacetophenone was ortho deuterated via manganese o-aryl intermediates 

Sequation 596) [708]. 
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\ [c I_ - RhCl cat. 

ArCHO / 2 
ArCH, 

+ Hz 
ArCOCHs p -cyclodextrin 

ArCH,CH, 

THF 1 atm good yields 

OMe OMe 

Me0 OMe OMe 

PhCH,Mn(CO), MNW4 

dx heptane 

0 

Me0 

(595) 

(596) 

Ce'" 
w 

CDsCOCD, 

G. Ketones, Aldehydes 

Oxidation of lower olefins to ketones has been reviewed (76 references) [709]. 

Low temperature ethylene oxidation by modified Wacker catalysts was the subject of a 

dissertation [710]. Cyclopentene was cleanly oxidized to cyclopentanone by 

palladium(ll) in the absence of benzoquinone and gave enol ether and ketal byproducts 

in the presence of quinone (equation 597) [711]. Palladium nitrile complexes oxidized 
terminal olefins predominately to the aldehyde (equation 598) [712]. Vinyl P-lactams 

were oxidized to keto p-lactams by palladium(ll) (equation 599) [713]. The oxidation of 

o-pinene to verbenone and verbenol was catalyzed by palladium(ll) salts [714]. The 

terminal double bond of octasdienylamines was oxidized by palladium(ll) 
chloride/benzoquinone (equation 600) [715]. Substituted P-methyl styrenes were 

oxidatively cleaved to benzaldehydes by a cobalt catalyst (equation 601) [716]. 

Manganese complexes catalyzed the oxidation of cyclohexene to cyclohexanone and 

cyclohexenol by hydrogen peroxide [717]. 
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(597) 

_z_o Q 

- 
02 

0 / 
PdC12(MeCONR2)2 

6 

(598) 
0 

R/\\ + 0, + CUCI, + 
+ 

OH 
(MeCN),PdCIN02 

b RCH,CHO + R 

major 

R = nC,, Ph 

7 
R’ 

/ PdC12/O$uC12 

N 
0 ‘R2 

0 
60-70% O-5% 

R1 = Ph, pMeOPh, COPh, Ph 

R2 = Ph, pMeOPh 

NEt2 
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OH OH 

Secondary alcohols were oxidized to ketones by t-butyl hydroperoxide in the 

presence of molybdenum hexacarbonyls (equation 602) [718]. 1,3-Diols were 

selectively monooxidized. Bipyridyl chromium pentoxide was an efficient oxidant, 

taking alcohols to aldehydes and ketones, cleaving glycols, and oxidizing naphthalene 

to naphthoquinone [719]. Alcohols were electrochemically oxidized to carbonyls in a 
two phase system using the Ru02-Ru04 couple to carry the redox [720]. Alkynes were 

converted to a-dicarbonyls by molybdenum (equation 603) [721] and osmium (equation 

604) [722] oxidizing systems. Benzylic positions were oxidized by t-butyl 

hydroperoxide/chromium(Vl) systems (equation 605) [723]. 

R’ 

A R’ OH 

tBuOOH/Mo(CO), R’ 

w 

PTC 
(602) 

70.84% 

R’ = nBu,nC6 

R2 = H, Me 042)5 

0 

WOW, R’ 

RC= C- R’ + (HMPA)MoO(O,)~ - R h (803) 

DCE 
0 

R = Ph, nC,. nPr 

R1 = Ph, H, nC, 

good yields 
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(604) 
0 

oso, oso, 
RCO,H - R E TMS p 

0 
R 

tBuOOH tBuOOH % 
9362% tBuOH/H,O OR” 

R”OH 
54-61% 

R = Ph, nC,, n&i\ 
R = Ph, nC,, nC, 

Ar-R 

0 

tBuOOH 
w Ar /-L 

9, I? 

R 

Cr 
0’ ‘0 

-80% 

(605) 

a&Unsaturated N-acetoxyoximes were converted to a number of products upon 

treatment with molbydenum hexacarbonyl (equation 606) [724]. Thioketones were 

converted to ketones by copper(l) chloride [725]. Dithioketals were converted to ketones 

by iron(lll) amine compounds (equation 607) [726]. 

OAc 

PhL ‘Ph A w phY+ph + phyph 0 

(606) 

MGO), 

Ph 

Ph 
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n 0 

Fe(bpy)dCQ)~-3 HP 

svs - R K R 

/i 
R I? 70-90% 

CHO 

607) 

Methyl acetate was converted to acetaldehyde and acetic acid by cobalt(ll) 

iodide/lithium iodide catalysts with high pressures of hydrogen and carbon monoxide 

17271. Rhodium(l) complexes catalyzed the cyclization of appropriate olefinic aldehydes 

to cyclopentanones (equation 608) [728]. a-Chloroacid halides were converted to 

ketenes by manganese pentacarbonyl anion (equation 609) [729]. Diallylcarbonate 

was the reoxidant for the palladium(ll) catalyzed oxidation of enol ethers to conjugated 

enones (equation 610) [730]. Diphenyl furans and pyrroles were opened to diketones 
by Moos HMPA (equation 611) [731]. 

42% 

) a -cuparenone 
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R2 Br 

& Cl Mn(CO),- 
R’ c=o 

0 

(609) 

(61’3) 

@we 15 cases 
good yields 

R = AC. TMS 

PhQ,, 
MOO,-HMPA 

(611) 

X = 0,NH 

x=s - PhaPh 

02 

H. Organosiianes 

Asymmetric hydrosilylation and hydrocarbonylation has been reviewed [732]. 

Ruthenium carbonyls catalyzed the conversion of alkenes to vinyl silanes (equation 

612) (7331. Chiral palladium(ll) complexes catalyzed the asymmetric hydrosilylation of 

alkenes (equation 613) [734] and alkylation of vinyl bromides by trimethylsilyl alkyl 

Grignard reagents (equation 614). Alkynes were silylstannated (equation 615) [735] 

and hydrosilylated (equation 616) [736], (equation 617) [737] alkynes. 
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(61 a 
%w)l2 

RIA + HSiRz2R3 SiR22R3 

80-I oo” 
* ,1/x/ 

R’ = Ph, pMePh, pMeOPh, pCIPh, 2-Napht, tBu, &uO, &$k CO& t-l 

(613) 
HSEI, 

=- R--+ 

; SiCI3 

PdCi#)(S)SPPFA 
H 

_) 

Ph 
R 

TMS 

t 
MgBr + 

R 

PdCI,(R)(S)PPFA R’ TMS 

-- YYR 
R’ H 

60-80% 

R = Me. Ph GO-95% ee 

L,Pd R H 

RCs&H + R,‘SiSNR,” p 

R3”Srl SiR3 

8592% 

R = Ph, nC,, iPr, tBu, TMS, NC 

(615) 

CI&HPO~ HO/\y”\ 
f 

R’ = Me, Me,Ph, BuMe,; R” = SK Me 
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(616) 

R’ = R2 + PhMe,S.iZnR,3Li 
L,Pd, Cul 

or CuCN t R’YR’ + R’WR’ 
SiR3 SiR3 

good yields 

(617) 

R’ z R2 + PhMe,SiBEt,Li 
THF, MeOH 

CuCN or * “ic”’ + “‘wR2 

COCI,L, 
SiR3 SiR3 

66-90% O-34% 

Vinyl halides, phosphates, sulfides and triflates were silylated by silylmanganese 

compounds (equation 618) [738]. Allenes were silylcuprated by disilylcopper 

compounds (equation 619) [739]. Chromium-complexed paracyclophanes were 

lithiated, then silylated by trimethylsilyl chloride (equation 620) [740]. lsocyanides were 

converted to silyl-stanyl imines using palladium(O) catalysts (equation 621) [741]. 

Cyclic disilyl compounds were made by the photocycloaddition shown in equation 622 

[742]. 

+ TMS3MnMgMe - 

60-100% 

R1 = Me, nC,,,. H, nC5, Ph 
(CH,)5, (‘342k 

R2 = H, nC,, nC,, nBu, nC,, 

R3 = H,Me,r~C,~,ph 

X = Br, I, SMe, OPO(OPh),c OTf 

(618) 
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depends on R 

OR 
(620) / \ - I-:-, I I 1) BuLi. TMEDA 

RO 2) TMSCI - 
l TMS+TMS 

\I / 
I 

ww3 

I 

WW3 

- TMS 

- TMSWTMS 

(C0)3Cr TMS 

L, Pd R3Sn 

R,SnSiMe2R2 + R3NC - 
t 

-N 
\ 

R’MeSi R3 

528-71 

R’ = Me, nC,, otoiyl, nBu 

(621) 

R2 = Me, tBu 

R3 = iPr, nCG, otolyl, 
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Fe 
(622) 

a:F + a’* no yields 

Fe Si 
Fe 

I. Miscellaneous 

Ally1 acetates, carbonates and epoxides were converted to ally1 thio ethers by 

palladium catalyzed reaction with RSTMS (equation 623) [743]. Aryl halides were 

converted to thiophenyl ethers by the palladium catalyzed reaction with trialkyl tin 

sulfides (equation 624) [744]. Chiral ruthenium(h) complexes catalyzed the addition of 

aryl sulfonyl chloride to olefins (equation 625) [745], while palladium(O) catalyzed diene 

addition and telomerization with phenylsulfinic and salts (equation 626) [746], and ally1 

nitro displacement (equation 627) [747]. Cobalt(ll) chloride catalyzed the conversion of 

acid chlorides to thioesters (equation 628 [748]. Chiral titanium(lV) tartrates catalyzed 

the asymmetric oxidation of sulfides to chiral sulfoxides by t-butylhydroperoxides [749]. 

Nickel(ll) salts catalyzed the conversion of vinyl halides to vinyl selenides or sulfides 

(equation 629) [750]. 

(623) 

+ RSSiMe, 
(dba),Pd,CHCI, 

(iPrO),P 

THF 60-90% 

r OCOde i>- oC02Me 

C02Me 

b_ 0C02Me 
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(equation 623 continued) 

Ph R = Et, Ph 

L,Pd 
Bu$nSR + XCsH,Br ------F XC,H,SR (624) 

34-I 00% 

R = Ph; X = H, pMe, oMe, pMe0, oMe0, pCl, oCI, pMeC0, pCN, pNO,, 2,4,6-Me, 

Ru,CI,(DIoP) * 
A602CI + PhCH= CH2 PhCHCH,SO,Ar (625) 

I 
Cl 

Ar = Ph, pMePh, pCIPh, pMeOPh 22-45% ee 

WO) 
PhSO/-&@‘- 

(626) 

R 
+ PhSO,Na - 

co2 A R 

+ 
R R 

PhSO2 - 

B 

Afor 7 % w 20% A;78% Bfor M 
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(627) 

R L / + PhSO,Na 

NO2 

pdo R&s + RFS”‘” 

2 

79-96% 

COCI, II 
RC- x + R’SH w RCSR’ 

MeCN 
2o” 70-95% 

R = Me, Ph. Et, nPr 

t 
C02H 

~1 = Ph, pBrPh. Bz, pMePh, oNH,Ph HS- 

HSW 
,’ 

X=OAc,CI 

R’ Ft* 

t( 
bipy, NiBr, R’ R* 

+ PhSeNa - - 

Br 
120°, DMS -t( 

H H SePh 

(629) 

Vinyl halides (equation 630) [751], (equation 632) [752], vinyl halides (equation 

633) [753] and ally1 acetates and carbonates were converted to the corresponding 

oxophosphonous species using palladium or nickel catalysis. Nitroolefins were 

sodium hypophosphite 

phenylisocyanate over 

converted to oximes by palladium catalyzed reaction with 

(equation 634) [755]. Nitrobenzene was carbonylated to 

polymer supported anionic iron or osmium clusters [756]. 
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H 0 L,Pd (630) 

+ ” p P’ 
R4’ ‘Ph Et,N 0 

PhCH3 R4’ ‘Ph 
60-l 10’ 

R’ = H, Me, Ph, CO,Me 

R2 = H. Me, Ph 

@=H 

R4 = Ph, p/+-‘. _ 

(R) (+) 
(S) (-) 
complete retention 

RA 
NO2 

Na hypophosphite 
NOH 

5% PdlC R (634) 
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(equation 634 continued) 

Two new ligands 

(equation 636) (7571. 

for catalysis have been developed (equation 635) [757[, 

M 635) 

chiral metal Cp’s for catalysis 

Ph2P 

Ph;! P 

Ph2 

x, p 
Nut 

+ Pd(OAc), + Nut- - Pd’ 
t-/ 

F36) 
x’ ‘p 

ph, 

Nut = Me2NH2, BzNH2, chiral amines, a -aminoeeters, MeO; -+0- :)(-) 
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IV. Reviews 

The following review articles and dissertations have been published. 

Homogeneous catalysis by transition-metal complexes (330 references) [759]. 

Transition metal alkyls, a personal perspective (108 references) [760]. 

Photocatalytic reactions on metal-complex catalysts (72 references) [761]. 

Triphase catalysis in organometallic anion chemistry [762]. 

Binuclear metallocenes (122 references) [763]. 

Rhodium and Iridium (286 references) [764]. 

Rhenium - 1982 review (143 references) [765]. 

Manganese - 1983 review (444 references) [766]. 

Transition metal chemistry review, 1982, Part I3 [767]. 

Incorporation of radiohalogens via versatile organometallic reactions: applications in 

radiopharmaceutical chemistry (19 references) [768]. 

Twelfth International Conferences in Organometallic Chemist ry [769]. 

Catalytic oxidations in organic synthesis (63 references) [770]. 

The organometallic chemistry of transition metal porphyrin complexes (54 references) 

[771]. 

A new role for organometallic reactions in organic synthesis in industry (21 references) 

[772]. 

Highly selective organometallic reagents (0 references) [773]. 

Organometals as key compounds in novel organic syntheses. Their chemistry and 

application to chemical industry (31 references) [774]. 

Synthetic processes in the organometallic chemistry of gold (11 references) [775]. 

Transition metals in organic synthesis. Annual survey covering the year 1984 (890 

references) [776]. 

Multicomponent one-pot annulations forming three to six bonds (82 references) [777]. 

The chemistry of metal-carbon bond, Vol. 2: the nature and cleavage of metal-carbon 

bonds [778]. 

The chemistry of the metal-carbon bond, Vol. 3: carbon-carbon bond formation using 

organometallic compounds [779]. 

Catalysis with coordination and organometallic compounds - application to organic 

synthesis (42 references) 17801. 

Organometallics in synthesis (198 references) [781]. 

Metal-catalyzed reactions of organic compounds (63 references) [782]. 

Synthesis using transition metal complexes (3 references) [783]. 

Synthesis and reactions of organotransition metal complexes [784]. 

Transition metal complexes as catalysts in organic synthesis (45 references) [785]. 

The role of metals in highly selective organic synthesis exploring new synthetic 

methodologies (52 references) [786]. 
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Group(VIII) metal-catalyzed carbon-carbon bond forming sequences (69 references) 

[787]. 

Ring closing reactions of hydrocarbons on metal catalysts (420 references) [788]. 

Selective carbon-hydrogen and carbon-carbon bond activation in alkanes by transition 

metal complexes [789]. 

Activation of carbon-hydrogen bond of methane by organometallic complexes (14 

references) [790]. 

From silicon-hydrogen to carbon-hydrogen activation (57 references) [791]. 

Activation of carbon-hydrogen bonds by metal complexes: mechanistic, kinetic and 

thermodynamic considerations [792]. 

The activation of carbon-hydrogen bonds (33 references) [793]. 

Zirconium complexes in synthesis and catalysis (147 references) [794]. 

Niobium organometallic compounds: analysis and classification of crystallographic data 

(61 references) [795]. 

Titanium - 1983 review (655 references) [796]. 

Selective reactions of organotitanium reagents (36 references) [797]. 

Homogeneous zirconium based catalysts in organic synthesis (76 references) [798]. 

Applications of (propargylium)dicobaIt hexacarbonyl complexes to organic synthesos 

[799]. 

Organic chemistry of cyclic manganese carbonyl compounds (48 references) [800]. 

Synthetically useful reactions with metal boride and aluminide catalysts (93 references) 

[801]. 

Lewis acid promoted reactivity of transition metal complexes [802]. 

New applications of organoboron complexes in organic synthesis (28 references) [803]. 

Carbon-carbon bond formation using organometallic compounds of zinc, cadmium, and 

mercury (489 references) [804]. 

Transition metal catalysis in organotin chemistry (68 references) [805]. 
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