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I. General Connnents 

This annual survey covers the literature for 1981 dealing with the use of transi- 

tion metal intermediates for organic synthetic transformations. It is not a compre- 

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

moderate yields of organic compounds, or that allow unique 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 criti- 

cal 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 dif- 

ferent annual survey. Also excluded are structural and mechanistic studies of organo- 

metallic 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 and Tosylates 

Organocuprates continue to figure extensively in the alkylation of organic 

halides. cis-Bergamotene was synthesized by a copper(I)-catalyzed Grignard 

tion of theappropriate bicyclic halide {equation 1) 111. The mixed cuprate 

alkyla- 

ER2CuCNlLi2, p re ared p from organolithium reagents and copper(I) cyanide, was an effec- 

tive reagent for the alkylation of normally unreactive secondary halides. Thus, 

cyclohexyl- and cyclopentyl iodide, and Z-bromo- or iodopentane were alkylated in 

greater than 80% yield by this reagent fR = Me, Et, n-Bu, n-F+, vinyl) whereas the 

corresponding R2CuLi reagents reacted in less than 20% yield. The [Ph2CuCNJLi2 

failed to alkylate these substrates 123. Copper tiglates reacted rapidly with allylic 

halides and tosylates with high r-specificity. The epoxide underwent allylic trans- 
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position. Tiglic and crotonic acid anions were used to prepare l,fi-diene units with 

an E_2,3 double bond whereas senecioic acid anions gave a z 2,3 double bond (equation 

21 1.33. Aryl halides were alkylated by malonate anions in the presence of copper(I) 

salts (equation 3) C4J. Organocuprates alkylated aryl- and vinylmercuric halides in 

fair to good yield (equation 4) 151. Chloroisopropylbiphenyls were prepared by the 

reaction of chloroarylcopper complexes with aryl iodides in pyridine (equation 5) 163. 

Allenic copper species alkylated acetylenic iodides cleanly, whereas dialkyl cuprates 

gave extensive halogen-metal exchange (equation 61 C71. Mono-copper(I) reagents 

were used to couple a-halosulfones with (El and (Z)-2-iodo-1-sulfonylalkenes [S]. 

(1) 

GUI 

>F 

/ 

MgCl 
+ 

94% 

A COOH 

COOH 

ArX + 1-l 
Ar 

C02Et 

C02Et 
(3) 

QO-90% conversion 

40-96% yield 
Ar = Ph, o-toly?, p-tolyl, o-OMe, p-Of&, o-N02, p-N02.' o-C02Et, p-C02Et, o-Br, a-naphth 

R.@Jnsaor* p. 268 
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ArHgCl t Li2Cu(Me13 -----+ 
CH31/02 

b ArCH9 

n 

+ 

R2 

0 

I\ R3 
- 

Cl 

I 

65-92% (4) 

(51 

R R' R2 

R's = H, i-Pr 

Ci 

24-50% 

(6) 

R’ H R' H 
11 n-Buti I-CsC-R" 

2) CuBr ' F=_( 
R R CU 

R' 

>< 

H 

R- 0 
\ 

74-90% R" 
R = H, Me, t-Bu 

R' = H, Me Me 

R" = .TMs, Ph, Me, H, MeCrC, H2C=?- 

Two new chiral ferrocenylphosphines were studied as iigands for the metal- 

catalyzed cross-coupling of Grignard reagents with vinyl halides (equation 71. How- 

ever, only low optical yields were obtained C91. In a similar reaction, up to 67% ee 

was realized using a nickel(I1) (-)norphos catalyst (equation 81 [lo]. Halobentenes 

were cross-coupled to sec_butyl Grignard reagents using chiral diphosphine ligands to 

give (fi) or Ql 2phenylbutenes 1113. Racemic Grignard reagents were kinetically 

resolved by reaction with less than one equivalent of a vinyl halide in the presence 

of a chfral nickel(I1) catalyst (equation 9) E123. Alkylation of a chiral vinyl 

bromide with ~thyllithi~ in the presence of cobalt, iron, and nickel catalysts went 
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predominantly with retention of configuration (equation 10) Cl31. Arylmagnesium 

halides alkylated allylic halides in the presence of nickel(II) and palladium(I1) 

catalysts. The regiochemistry was independent of the starting halide, but was a 

function of the catalyst (equation 11) 1141. E-Substituted butadienes were prepared 

by the palladium(O) or copper(I) catalyzed coupling of the corresponding vinyl Grig- 

nard reagent with aryl or alkyl halides (equation 12) [lS]. 

Ph HMgC 
F 
Me 

Nil* 
1 + 

\ -TG? 
Ph?HA 

Br tfrcz 

77-88% yield 
14% ee 

CH -c&z; 
2 bNMe2 

or 

I 
PPh2 

re1cJ!r-1 ~R~{~~(+) _- 

Ph 

MgBr 

Br 

t -f - 
NiC12 (-1 Norphos 

r+ 

cat. 

+ R wBr L*, NW2 
D 

cl eq. 

(81 

* 
Ph -x.- - 

61 95% yield 

67% ee 

C02 

(rich in less 
reactive enantio- 
mer) 

COOH 
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CH3Li 
S 

cat. 

cat. = L*CoCl* 89% retention 

NiCl2 diphos 91% retention 

RWX 

“r’ 
X 

R _) 

t PhMgBr (11) 

Me 
(10) 

Fe 

AgBr 

96% retention 

racemic 

Ph 

R Ph 
w 

Ar 

Ar = PhCH2, p-tolyl, Ph, 

p-OMePh 40-751 

I/ 7 
Mgx x T R = n-hex, twct, n-dec, n-Cl6 

R 

Grignard reagents alkylated 2-chloropyrldfnes (equation 131 Cl67 and haloiso- 

quinolines {equation 141 El73 in the presence of his phosphinen~cke~~iI? catalysts. 

Pa~lad~um~O) catalyzed the a~kylation of allenyl and propargyl halides by alkylrinc 

reagents (equations 15 and 16) IlSl, vinyl halides by Reformatsky reagents (equation 

171 1197, and iodopyrimidines by alkynyl zinc complexes (equation 181 [ZOI. Gem- - 
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dihalides were cleanly methylated by ~thyltitanium complexes (equation 19) [Zll. 

Benzyl halides, tertiary ethers, and aldehydes and ketones also reacted with these 

reagents. 

n=6,9 

70-80% 

+ 
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cat, 
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>=_( 
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R' X 
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R .H 
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(151 
cat 

THF R" R" 

80-90% 

P’ 14Pd 
R-C-C&H f t-BuC~~C=CH~nC~ ---+' 

1 

RR'C=C=CH-CH=C=CH-t-Bu (161 
THF 

>90% 

Br 

+ 
L4M or 

~r~nC~*CO~Et ~-& RCH=CHCH~CO*~t (171 

R 
L4Pd cat 

70-961x 
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R 

X 
X MeTiC 

+ or 
CH2C12 

R' X 
> 

Me2WTiCl4 

R 

X 
Me 

R' Me 

>90% 

(19) 

Transmetallation reactions are becoming increasingly important in organic syn- 

thesis. Aryl iodides were alkylated by vinyl cuprates through transmetallation to 

zinc, then to palladium (equation 20) C223. Pyrroles were lithiated, then transmetal- 

lated to zinc or magnesium, and the resulting reagents alkylated heteroaromatic halidt 

in the presence of a palladium catalyst (equation 211 (231. Indoles behaved in a 

similar fashion (equation 22). 1,3-Dienes were synthesized by the reaction of vinyl 

cuprates with vinyl halides in the presence of zinc chloride and a palladium(O) 

catalyst (equation 231 [241. Benzylzinc halides alkylated vinyl halides in a similar 

manner (equation 241 1251. Organotinc reagents alkylated allylic substrates in the 

presence of palladium(O) catalysts (equation 25) E261. Aryl phosphonates were alkyl- 

ated by organometallics in the presence of nickel catalysts (equation 26) C271. 

Enol ether phosphonates reacted in a similar manner (equation 27) E281. This formed 

the basis for a clever ketone transposition procedure (equation 281 [293. 

- (0 R 
2 
Cuti 

11 ZnBr2/THF 

21 L4Pd (5%) 
l m 65081% (20) 

3) ArI R Ar 

Ar = Ph, p-BrPh, p-OMePh, p-N02Ph, p-C02MePh, o-C02MePh, 

(21) 

60-90% 

M = Zn, Mg 

R = Ph, @, ($, 
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1) MgBr2 
3 (221 

L-i 21 Phi, PdC12 dppb 

I 
Ph 

79% 

(231 

RJ 
R 

&Ix* R4 
t * 

Cuti X R4 5% L4Pd 
R2 

ArCN2Z~X + 

? RI R” 
tnPd 

r 

Ar R3 

*90% 

82~94% 

>97% is~~ric purity 

(24) 

X = Cl, &, I, OAc > CiAIR2 > ~PO~~R~2 > OSiR3 

M = Zn 

ArOH ------a ArOP~~~Et~3 $ ArR (261 

[Nil = Ni~aca~~2, NiC12L2, N~C~2dppb 

RM = TMSCN2M9C1, ArMgCl, Pb~H2~C~, ~-~~~C~, Et3A1, 
A~~i-B~~2 

Buw 
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R2 R3 

TMSCHMgX 

Ni(acacI2 or 

Ni8r2 or L4Pd (27) 

TMs 

6042% 

10 cases 

0 0P(OPh12 

B , bsph ;ey l &” 1) LDA, PhSSPh 

2) NaH, ClP(OPh12 

The ability to transmetallate from boron to palladium was a major advance in 

this area. Biphenyls were formed by the palladium(O) catalyzed coupling of aryl 

borates with aryl halides (equation 29) [30]. Dienes formed similarly from vinyl 

boranes and vinyl halides (equation 30) 1311. The regiochemistry of the reaction 

depended on the conditions (equation 31) 1321. Palladium-catalyzed reactions of 

organic halides with organotin compounds, to result in carbon-carbon bond formation, 

has been reported [333. 



Ph8(OW2 + Br 

Z = Me, Cl, naphth 

42-865 

Rl = o-Bu, H, Ph, o-r ' >98% isomeric purity 

R2 = H, Bu 

R3 = H, Ph 

R4 = H, Ph 

R5 = Ph, H, n-hex 

RJ R R' 

X Pd(Ol 
- + R*X 

EtN >- 
H BY2 DMF3 R* 

80' 60-90% 

(31) 

R' = n-B& Ph, n-hex 

R2 = Ph, PhF, n-~6/r‘ 

The sex pheremone of the Egyptian cotton Jeafworm was synthesized in a process 

the key step of whfch was the palladia catalyzed coupling of a vinyl halide with 

a copper acetylide (equation 32) E343. Dienes (equation 33) and enynes (equation 341 

were prepared by related coupling reactions of vinyt halides with vinyl silanes or 

acetylen1c Grignard reagents 1353. 5-Iodouracil was alkylated by copper acetylides 

in the presence of palladium catalysts (equations 35 and 36) [36]. 

Rafenwtnu p. 282 
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- + RMAC 
X 

(32) 

L4Pd CuI 

1 

OAc 

(33) 

(SiaJ2B 

L,Pd, NaOH 
“,“I- 

l)ABr, 7 
> 

2) AcOH 

3) H202, OH- 

4) Ac20, AcOH 

54% 

(34) 
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R= 

+ HC&R 
L2Pd&1 2 

* 

CuifEt3N 

NZ/50Q 

Et, n-Pr, n-Bu, t-E& TXS, Ph, TNPOCH2, 

n-C2ti40-Tel, n-C3H5OTol 

435) 
Tot0 

OTol 

77-91% 

I 
2 

LiZPdC12 @ 
+ WC&R .p> 

0 
CuI/Et3N 

t 
~~/500 

84% 

GUI 

i 

Ex3N 

rfx 

R 

(361 

B-Sinesal was synthesized by the alkylation of an altylic halide with a n-dllyl- 

nickel halide complex [equation 371 C373. 

Et 0MF n+ 

- + 

$37) 
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Organ~rcuric halides were alkylated by alkylrhodium{IIK) complexes stoichio- 

metrically (equation 38) 1381. Hexamethyldisilane silylated chloronitro aromatics 

in the presence of palladjum~0) catalysts (equations 39 and 401 [391. Benzylnitriles 

were alkylated by alcohols in the presence of ruthenium hydride catalysts in a process 

that involved catalytic transfer hydrogenation and proceeded via the aldehyde of the 

alcohol (equation 41) C401. Isoprenyl cobalt complexes alkylated bromo~alonates in 

fair yield (equation 42) [411. Iron pentacarbonyl initiated the add$tion of vinyl 

chloride to diethyl dichloromalonate (423. 

RRhX2Ln t R'HgX ----+ RR' (38) 

91-972 

R' = Ph /== , Ar, t-B&C 

R = Me 

Pd(O1 
Me3Sf-SiMe3 * OaN (39) 

160' 

Cl 

+ Me3Si-SiMe3 ----D 

Cl TMS 

32% 

ArCH2CN t 
P 

ROX 
RuH2L4 

* ArCHCN 

1401 

(41) 

(via R*CHO and RICH-rN1 

Ar 
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(42) 

[COPY + Br2C(C02Et12 ---+ CBr(C02Etl2 

2. Alky~ation of Acid Derivatives 

Acid halides were cleanly converted to ketones when treated with a trialkyl- 

aluminum/copper(IIl(acac)2/triphenylphosphine mixture [431. Thio esters reacted in 

a similar manner. Steroidal acid halides were converted to ketones by reaction with 

alkylmanganese complexes (equation 43) [44]. A cyclopentanone annulation scheme involv- 

ing the alkylation of an a,a-unsaturated acid chloride with a vinyl copper species 

has been developed (equation 441 C451. Macrocyclic conjugated enones were prepared 

by the palladium-catalyzed alkylation of acid halides by acetylides (equations 45 and 

461 C461. The chromium tricarbonyl complex of N-methylindole was lithiated, then 

acylated with ethyl chloroformate (equation 471 1473. A number of activated esters 

have been converted to ketones by reaction with organometallics (equations 48 E481, 

49 1491, and 50 ISOIl. 

(43) 

R' = a-OAc, a-HCOO 

R* = a-Ohc, 6-HCOO, H 

R = i-Bu 

80-902 
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(44) 

HC=CC02Et + [RCuL]Li .-, 

L - CN, -MC4 

\ 

di I Cl 

0 0 

Lewis 
C02Et 

7x-- 

JCI phJc, kc* SC’ &, 
75% 82% 87% 80% 85x 

0 

OK Cl 

92% 

(45) 

L2PdC12/CuI/PPh3 
Et N PhH , R‘r""r'" 

3' 

Ill Ill 

R = t-b, Ph 
OUR 

6-l.?% 

(461 
COCl 
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Co2Et (47) 
1) BuLi, TMEDA 

* 
2) ClC02Et 

11 BuLi, TMEOA 
+ 

2) ClC02Et 
THS 

(CO)3 
C02Et 

+ 

TMS 

67% 

Rt-S 

43-99% 

c R2'CuLi (48) 

70-99% 

R = Ph, PhCt$, n-Bu, i-Pr, t-Bu 

R' = Me, n-Bu, t-Bu 

I! R -0 + R'I 
10% NtC12fZn 

* 1 R R' 
DMF 

70-991 

(491 

R=Phw , t Ph, o-tolyt, o-anisyl, m-ClPh, Et02CMA PhcoMd 

CI/v(\\, Ph - /-s\ 

R’ = n-Bu, Ph”‘++$ , ri-C,-$ , Me02Cwi , PhCOwj , Cl4 
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SMe + RMgX 
NiCl2(dppp) (50) 

PdC12(dppf) 

73-94% 

R = Ph; p-tolyl; p_-anisyl; k-EtPh; 3,4*diMePh 

3, Alkylation of Olefins 

Several approaches to the direct alkylation of olefins have been developed. 

The synthetic applications of the chemistry of dicarbonyl cyclopentad~enyliron olefin 

complexes havebeen reviewed 1511. The cationic dicarbonyl cyclopentadienyliron com- 

plexes of enol ethers behaved as vinyl cation equivalents and were used to introduce 

vinyl groups a to carbonyl groups in ketones (equations 51 and 52) (521. A synthesis 

of a-methylene lactones was developed using this chemistry (equation 531 1533. 

(51) 

+ 
LDA 

high yield 

0 OTMS 

TMSH 

L3RhC1 

0 
Et 

eCpW2 

(521 



90% 93% 

Olefins have also been alkylated by insertion into palladium-carbon o-bonds. 

Mercuration of isoquinolones followed by treatment with a palladium(II1 catalyst and 

an olefin resulted in olefination of the heterocycle (equation 54) E543. Similar 

insertion chemistry was used to synthesize cyclic and bicyclic dienes (equations 55 

and 56) C551. Mercurated pyrimidines reacted with enol ethers of protected carbo- 

hydrates in the presence of a palladium(I1) catalyst to effect coupling (equation 57) 

1561. Allylic halides similarly inserted, leading to allylation (equation 58) [573. 

(54) 

X = C02Me. 75% X = Ph, 57% 

X = o-ClPh, 73% X - e-ClPh, 41% 

X = 3,4 di OMePh, 3% 

HgCl 

Et3N 
* 

+ 0 1 '*21n 

n = 1, 3, 4 

R 

l 

-+TJCH2% 
70-90% 

CH2)n 

30-608 

f55f 
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+ 'i<R' LlpPdCl4/ 

"gX (56) 

n=l,2 

R = H, Cl, t-W 

R' = H, Me 

0 

X = -CH2CH2-, _&_, 

RO C 1-i CO R 2- -2 

R 

0 

HgCl 

dR 

R 
X Li2PdC14 

’ 8-j-)( 
HN 

0 A I R (58) 

dNR 

dR = deoxyribose X = Cl, OAc 

40-70% 

mixed regio + stereoisomer 
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u-A~ky~palladi~ complexes from oxidative addition of organic halides to 

palladium(O) complexes also insert olefins. Ketals of conjugated ketones and alde- 

hydes reacted with vinyl halides in the presence of palladium catalysts and amines 

to give dienyl carbonyl compounds (equation 59) 1581. With secondary amines, amina- 

tion of the diene competed (equation 60). Conjugated acids, esters, amides, and 

nitrfles also reacted with vinyl halides and palladium catalysts to produce dienes 

(equation 611 (591. Aryl iodides reacted with allylic alcohols in the presence of 

palladium catalysts to produce n-aryl ketones by an insertion-elimination process 

(equation 62) 1601. Allylic carboxylic acids were alkylated by vinyl bromides in the 

presence of nickel(O) or rhodium(X) catalysts (equation 63) [611. A macrocyclic lac- 

tone containing an a,s,u,a-dienone was synthesized usfng olefin insertion into a 

vinyl palladium complex as the key step (equation 64) 1621. Enol ethers were arylated 

by aryl halides in the presence of a palladium catalyst (equation 65) C631. Amino- 

alkylphencyclidines were synthesized using similar chemistry (equation 66) [64]. 

Olefins alkylated cycloheptatrienones in the presence of palladiumjO catalysts 

(equation 671 1651. Aryl amines arylated olefins when reacted with t-butylnitrite 

and palladia catalysts (equation 68) (663. The vinylation of halogenated organic 

compounds in the presence of palladium catalysts has been reviewed 1671, 

R 

+ X 

\-/"' t 

)=( 
X 

II R' 

t +I- OR' 
OR' 

OMe 

“( + 
QMe 

Pd cat. 

R2NH 
OR' (59) 

OR' 

(22 cases) 

OMe 
I 

* 

+ t Et3N 
Pd(OAc12 

+ 

(60) 

OMe 

\=hhOMe I 

27% 

?+ (61) H 

Q = COOH, CO2Me, CONH2, CN 12 cases 
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42% 
I 

(62) 

(63) 

PhCH=CHBr + /-,/ 
C02K L$hCl 

or 
s PhCH=CH-CH=CHCH2C02H t KBr 

L,NJ 

(65% all possible isomers) 

(64) 

1 eq. PdCl,(MeCN),/HCOOH 

MeCN 

0 

1 d I 
0 

0 

55% 
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OMe OMe (651 

-.I 
Et3N 

ArX c - > 
Pd(OAcj2 

Ar 
120°, 6 hr. 

Ar we 

83% 

-fCH24,Jj 

n=O, ?,2 

Fd~~Ac~2 
i) 

M&N Et3N 

o-(toll3P 

PRNCS 

Ar 

(66) 

% PhNH -NW 
'fCH24 

(67) 

Et3N/YH~ 

X 
-* RCH=CH2 # 

L$d 

R = Ph, C~2Me 3Q-80% 
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PdfdbaI2 

:"3X- 
AcOH 

R 

+ 0 R + +Of@ .-+ 
CIC~2COQtl 

4647% 

Y = H, Z-Me, 3-f&, Q-Me, 2-&O, 4-MeU, 2-C?, 3-Cl, 4-U, 4-Br, 4-1, 2-N02, 

4'D2, 2-COW 

fiC6 0 0 (==J 

COaEt 

olefin = CN # 
’ Ph 

61% 81% 43% 75% 
Q?O% I 

Benzylam4nes were o_alkylated by ortbopa?~~dati~n followed by olefin insertion 

(equation 69) C683. 

Me0 R 

Me0 

60-90% 

R = COW?, C02Et, Ph, Ar 

Ary~pa~~ad~um complexes are avaifable by direct aromatic substitut5on tpallada- 

ttonf, and these complexes also react with olefins. benzene arylated protected 

carbohydrate enol ethers when treated with pall~~~~(II~ acetate fn acetic acid 

(equation 701 E69L Thiophenes and forans were alkylated at the Z-position by ole- 

fins under similar condWons ~equatio~ 71 C7OJ and equation 72 1713). ~uinones 

were arylated under sJmilar condftions ~~quet~ons 73 and 741 1723. 
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or 

AcOH 

+ Art! + Pd(OAc)2 
80' 

> 

AcO 

Ar 

or (70) 

Ar 

PCO' 

41-53% 

tJR , 1 eq. PdI' 

x = 0, s 
R = CN, Ph, CO2Me 

11-46X 

#- 
lo\ + 

Ok? 
Pd(OAcI2 

0 AcOH 100' 

(72) 
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(73) 

0 0 

Ph Ph 
l:l AcOH/PhH 

+ PdfOAc)2 ? + 
8Oo 

41% 12% 
+ 

0 

Ph 

Ph 

0 

l 

0 

Ar 

6% 

(74) 

s 0 

70-86% 

OYefins were arylated by a-aryl complexes of platinum(IV1 [731. a-Olefins were 

s-alkylated by treatment with Et~AlCl/~(OR)4 where M = Ti, Zr, or Hf [74f, Aryf 

dia~onium c~pound~ reacted with 1,3-butadiene in the presence of iron chloride 

to give I-phenyl-4-chloro-2-butene as well as compounds containing two diene units 

[751. Phenylmagnesium brmide arylated conjugated dienes at the unsubstituted ter- 

minal posltion in the presence of iron(II1) salts 1761. Alkenyldihydrofurans 

resulted from the reaction of 1,3-dicarbonyl compounds with 1,3-dienes in the pre- 

sence of manganese(III1 and copper(I1) salts (equation 75) [77J. 

(75) 

MnilI 
+ W 

R' R 

4, Dec~ositio~ of Diaroalkanes, and Cyclopropanation Reactions 

Transition-metal catalyzed decomposition of diaroalkanes to generate reactive 

"carbenes" continues to be developed as a synthetically useful process. A variety 

of metals have been used, foremost among them being rhodium. A number of olefins were 

cyclapropanated by ethyl diazoacetate in the presence of Rh~(OAc~.~ or Rh6(CO),6 
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(equation 76 [781 and equation 77 [79]). Alkynes underwent a similar reaction, pro- 

ducing cyclop~openes, which were further transfor~d (equation 78) E8OJ. With 

aflylic substrates, a ccrmpeting "ylid" reaction was observed (equations 79-811 E811. 

Twenty-two transition metal complexes were screened as catalysts for these processes 

C821. In addition to rhodium and copper complexes, Ru~(CO),~ was found to be an 

efficient catalyst. With saturated hydrocarbon substrates, insertion into C-H bonds 

was observed (equation 82) E833. Arenes were converted to cycloheptatrienes (equation 

83) C841. Terminal olefins were cyclopropanated by diazomethane in the presence of 

palladium(I1) acetate (851. 

R' R3 
R' 

H 
- + N2CHC02Et (76) 

R2 R4 
40-94% 

R' = OMe, H, Me, -(CH$4-; R* = Ph, Me, H, -(CH2J4-; R3 = H; R4 = H, 

x + N2CHC02Et 
Rh6(cO),6 

- C02Et 

25O 

(77) 

(78) 

Rh~(OAc)4 
<, 

AC0 OAc 

T 
AcO OAc COCHNZ 
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C02Et 

Et02CCHM2 + 

c 

cat. 
f 

X C02Et 

100 0 x=1 

27 73 X = Br 
cat = Rh6KOI16, Rh2(OAc14 5 95 x = Cl 

RI 

bL 

cat- 
RCHN2 + - D 

R2 
z 

R 
H 

(80) 

Z = SMe, 96% R' = H. Ph 

Z = NFle2, 82% R2 = H, Me 

(81) 

(Et02C)2CN2 + 

X 

cat. C02Et 

C02Et 

93 

a 

B 
RM + ~2CH~O2~t 

Rh2(OC-~F3~~ 
> 

cat. 

+ C02Et 

X 
C02Et 

7 x = Br 

92 x = Cl 

R& (821 
CH2CO2Et 

~2CHC~2R' 
~h~~F3CO~~* 

* (831 

22o good yield 

R = H; Me; 1,2-ditk; l,tdiMe; l,4-dif%?; 1,3,S-trfMe; OMe; Cl; F 
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A dissertatjon entitled "CopperfII) catalyzed dec~position of ~,y-unsaturated 

diazoketones: The vinylogous LJolff rearran~~ent...~' has appeared [861. Olefins 

were arylated by aryf diazoni~m complexes in the presence of ~alladium~~~ complexes 

C871. Thiometbyl- (equation 841 f88l and methoxy methyl iron complexes {equation 85) 

l891 were stable precursors to iron-carbene complexes which ~yclopropanated a variety 

of olefins. Chjral fumarate esters were cyclopropanated by dibr~met~a~e and 

cobalt(II~ or nickel salts and zinc metal in fair optica? yield ~equation 861 

f9Of. Chiral cyclopropanes were obtained via resolved l,J-dieneiron complexes 

(equation 871 C913. 

FH3 
CpFe(~O~2~HSP~ f 

FS03Me CH 
> 

CH2Cl2 

25O 
I 

40-81% 

olefin = 

Ph 

Ph 

F0 Pe 
H 

TMSOSO2~~3 CO 
3 CpFe' 

CO _( 
CH3 

olefin = Ph 

(841 

R 
87-N% 
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C02R* 
CoC12, or NiSr2 

+ CH2Br2 $ 
Zn, NaI, MeCN 

R*02C 

R* = (-1 menthyl, (-1 bornyl, ft) bornyl 

co, Me 

C02R* 

I 

F7 (861 

R*O2C 

18% yield 

70% optical yield 

Made + Resolved Meo*C_/co2Me CH2N2 

I 
Fe(C013 

----I 

(87) 

< 
1) 03 

21 Ph3P 

up to 90% ee 

(chemical yields not reported) 

5. Cycloaddition Reactions 

Annelated cyclohexadienes were prepared by cycloadditfon of diynes to mono- 

acetylenes using COCOS as a catalyst (equatfon 88) [92] [931. Phenylacetylene 

underwent a 2 + 2 cycloaddition process to triphenyl Dewar benzenes when treated 

with a polystyrene-supported molybdenum catalyst [94]. 

(88) 
TMS 

= - I 

t III 
cpcoKo)2 

TMS 

I rfx 2-3 days TMS 
TMS 

cocp 

20-30% 

+ 
n = 2, 3, 4 

TMS 

t 

12% 



Diiron enneacarbonylcata~yzed the cycloaddition of u,a'-dibr~oketones to a num- 

ber of substrates (equations 89-92) [95], (equation 931 E961, (equation 94) [973. 

The cycloaddition of 2,3-dimethylbutadiene to methyl acrylate produced a cyclopentenone 

when catalyzed by iron pentacarbonyl (equation 95) T-981. 

0 

Fe21COlg > 
Br Br 

/ 

0 

(89) 

R/ 

0 

R = H, Cl, Ph 28-65% 

(90) 

65% 

0 R 

* 

Fe2(C019 
> (91) 

Br Br 

0 R 

17-29% 

0 

Fe2(C0&, 
> 

Er Br 

(921 

\ 17% 

Refersnca p. 282 



t 

OFe 

7% 

0 

h 
Er Er 

+ Fe2(C0)9 t 

(951 

I CO 

0 

(no yield given) 

Chromium carbene complexes reacted with acetylenes to give naphthoquinones 

(equation 961 1991. Vitamin KtzoI was synthesized this way (equation 97) ElOOl. 



Ce'", H20 

(C016Cr t EtC;iCEt 

0 

Et 

Et 

OMe 0 

RbCR' 72% 

151 

(96) 

OMe 0 OMe 0 

66-81% 

R' = Et, n-b, i-Pr, Ph, (CH213CB2t-Bu, (CH2)3CONHt-Bu 

R2 = Me, H 

0 

/Ph R 

(CO)SCr=C, 
OMe 

t CH3WR 
11 n-Bu20 

(97) 

21 As20 

d 
48% 

CH CH3 
R = CH2CH=l-;H2(CH2CH2 HCH 4 ) CH CH CH 

AH3 

2 2 2 2 'CH3 

Vfnyicyclopropanes underwent cycloaddition reactions to olefins (equation 98) 

Cl011 and conjugated esters (equation 991 Cl023 in the presence of nickel(O) or 

palladium(O) catalysts. Strained ring compounds also underwent nickel(O) catalyzed 

cycloaddition reactions to electrophilfc olefins fequatlon 100) Cl031 (equation 101 

and 102) IlOSl. 

Ref- p 282 
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(98) 

/ A+% R 

R 

R II 

Ni(O) 40-60' = 
I 

Pd(O) 80-100' *o% 

%75% 

/= Ph R 
Ph 

R = Me, Ph 

(99) 

A L4Pd 
l 

I RO2C C02R 
w 

gJ + .4., 
R C02Me 

C02R 

= 
ii 
C02R 
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(100) 

I 
2 

__I + - 
Nit dcN12 

H I 

2 = CN, C02Me 
47% 

33% 

28% 

33% 

t 

16% 

22% 

65 35 
3 

95% 

y’$/ + i(co2k Nit01 , co2Me 

60 

t (JO21 

Electrophilic double bonds underwent a cycloaddition to a "trimethylene methane" 

species produced from an aJJyJic substrate in the presence of a palladium(O) catalyst 
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few&ion 103) ClO51. Cyclooctatetraene cyclized to a pentalene derivative when 

treated with [HMn(C0)413 teqUatiOn 1041 [1063. 

TMS xi + L4Pd ----+ 

/ 

+ ~HHn~CO~4~3 - (1041 

6. Alkylation of Alkynes 

Organocuprates reacted with termrlnal acetylenes to produce alkylated vjnyl- 

cuprates, which could be protonated or coupled (equation 1051 C1071. ThZs chemistry 

was used to prepare juvenile ho~ones (equation 106) El081 and eneynes (equation 1071 

[lO93. Models for natural rubber were also made fn this manner (equation 108) CllOl. 

The active species in the initial "carbo~tal~ation'l of the terminal alkyne appeared 

to be Cu4kQR6 or Cu6MgRR [?ll, 1121. 
(1061 

R3Cu2N# + R'CEH - 
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R2 ’ 
R3CuY- 

I R4CuY - 

NBS 
- 

'2"3 

1) C02, Hi 
> 

2) MeI, NaOH 

C02Me 

R' 

\ 

RkEC-CSH + [R~uY]M j b % 

X 
H 

- 

R = Et, n-Bu, n-C6, i-Pr, t-Bu R H 

Y = R or Br 

M = Li, MgCl, MgBr R1 + 

(1071 

80% 
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(108) 
cu 

y3, / -XC 

2 > 

all other isomers 4‘ 

A number of early transitton metals catalyze the carbometallation of 

(EtU)3P 

HMPA 

The most developed involves the use of zirconocene dichloride to catalyze 
alkynes. 

the carbo- 
alumination of alkynes. A general synthesis of 1,4 dienes resulted from this proce- 

dure (equation 109) [113l. Propargyl and h~propar~l functional~zed alkynes also 

unde~ent this reaction (equation liG1 CT74J. Titanium(IV~chloride catalyzed a 

similar carboalumination (equation ltl) (1151, and addition of Grignard reagents 

(equation 112) [1161. Vinyl titanium complexes added to acetylenes (equation 113) 

11173. Carbometallation of alkynes has been reviewed [1183. 

I1091 

0 * + Me3Al 
CqZrCl2 

* 

Cl 

86% 
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(110) 

ZWi*),C~:H 
Me3Al 

l 

C12ZrCp2 

Z = OH, OSiR3, SPh, I 

n-l,2 

Z(CH2), 

SEA 

Tic14 OH 

OH 60% 

R R’ 

RCZCR' + i-PrMgX 
Cp2TiC12 

* 
F( 

- 

H &3X 

(till 

(112) 

+ + Ph- =+ -Ph c__, H pr / 
Ph (1131 

CP*Ti Ph 

Alkynes were aYkylated by reaction with 9-BBN foll~ed by treat~nt with copper(I) 

bromide, sodium ~thoxide, and another halide (equation 1141 Cl?9]. Copper acetylides 

reacted with vinyl chlorides to produce eneynes (equation 115) 11201. 

RCfR + 96BN 

BBN 

NaOMe 

CuBr . 
2 

R'CIC-X 

90-9g~, 
R' 
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RCECH Cl > -1 

I GUI cur, L4Pd 

R L4Pd 

72-95% 

7. Alkylation of Ally1 and Propargyl Alcohols and Acetates 

65-100% 

Organocuprates alkylated allylic acetates to give the same product regard- 

less of the position of the acetate in the starting material (equation 1161 [1213. A 

n-allylcopper species was proposed as an intermediate. Allylic alcohols reacted 

with ~thylmagnesi~ bromide in the presence of a chiral nickelfII1 catalyst to give 

alkylation product in up to 15% ee (equation 117) Cl221. In a similar reaction with 

cyclohexenol substrates, this alkylation was shown to be stereospecific, and to 

occur anti to the leaving OH group (equation 1181 11231. Active methylene reagents 

alkylated ally1 and benzyl alcohols In the presence of cobalt(I1) chloride (equation 

119) C1241. Grifolin and neogrifolin were made in this way. Chiral allylic alcohols 

reacted with aryl iodides in the presence of palladium(I1) to give ketones with up 

to 18% optical yields from chirality transfer (equation 120) [125]. Trimethylsilyl 

derivatives of ally1 alcohols underwent a similar arylation (equation 121) [126J. 

OAc RPCuLi 

Ph 
\ 

V 
OAc R = Me, n-Bu 

(116). 

(117) 

-15% ee 



Y 
x 

X = H, Y = OH X = Me, Y = H 52% x = Me, Y = H 46% 
X = OH, Y = H x = H, Y = Me 88% x = H, Y = Me 10% 

x 
(- t 4-4@OH x 

X 
CoC$ 

or 3 Or (1191 
1 oo-zoo0 X 

PhCH2OH PhCH2 

X 

+ Phi 
PdX$Base 

* Me 

OH 0 

(RI 
St-70% yield 

18% opt. yield 

(1201 

RT 
OTMS 1 eq. Pd~OAc)2 

(121) 
LiCl 

R2 loo0 DNF 
20-60%" 

Ar = Ph, p-tolyl, p-CO2NePh, o~~O2MePh, & 

RT = H, Me; R2 = H, Me, Ph 

Sesqufterpene alcohols underwent halocyclfratfon when treated with titaniumIfV1 

chloride (equations 122-1241 11271, Propargyl alcohols were hydr~tallated by 

Grfgnard reagents and the resultfng vinyl Grignard reagents were reacted with 

e~ectrophi?es (equations 125 and 1261 El283. Cobalt stabf7ized-p~opar~? cations 

reacted with alkylating agents in modest yieid ~equation 127) El291. 
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OH 
TiCl4/PhNHMe 

> 

X = TMS, SnBu3 

R = H, COMe 

\ 9 
Cl 

60-67% 

\ 
TiCl4/PhNHMe 

’ Q \ 

51-79% 

TiCl4/PhNHMe 

(122) 

(123) 

(124) 

Cl 

60% 

(125) 

\ c OH 

95% 
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OH 

BuMgCl Me1 
-- 
Cp2TiCi2 

(126) 

98% 

(127) 

+ MeMLn --+ 

5-40% 

8. Coupling Reactions 

Organic reductive coupling with titanium and vanadium chlorides has been 

reviewed C1301. The reductive coupling of carbonyls to alkenes and its use to syn- 

thesizeadamantylidenecadamantane has been described in detail C1311. Bromo- and 

trifluoromethyl stilbenes were synthesized by the titanium-induced coupling of the 

correspondingacetophenones (equation 128) C1321. A variety of highly substituted 

stilbenes were prepared in a similar‘manner (equations 129 and 130) C1333. A 

detailed mechanism study of the reductive coupling of ketones to oleffns using 

LiAlH4/TiC14 has been carried out C1347. The system LiA1H4/TiC13 reductively coupled 

esters, acids, and acid chlorides as well (equation 131) C1351. Conjugated ketones 

coupled to a variety of products when treated with early transition metal halides and 

magnesium metal (equation 132) [1361. 

+ [TiC13 + Li] __, ,;-P - 
X 60-672 

X 
(128) 

X = e-Br, E-CF~ 
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R1 

R1 RI (129) 

R2 

R' = OMe, H, AcO 

R2 = PhCH20, AcO, H, 602Me, Me02CC~2C~20- e 

R3 = H, Me 

R' 
R* R3 

Ti(OI 
R4 -----+ R1 R1 

R2 (1301 

RI = MeO, H 

R2 = e-MePhS03, MeO, H 

R3 = H, @&PhS03 

R4 = H, Me 

Ph Ph 

10-554: l-8% 

+ (131) 

X = OMe, ONa, OH, Cl, OEt, OPh 

Ph Ph 

Ph Ph 

8-80X 
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(132) 

/ ‘(K 0 

77 
OH 

+ 

0 AL 0 

MX” 
- 

Mg, t-BuOH +?c - 

+ 

HO OH 

9 
0 t \ t 

+ >->=c;;( 

t 

t )=9--Q - - 
0 

w 
MXn = TiC13, TiC14, VC13, CrC13, FeC13. DC14 

The mechanism of the electrochemical reductive coupling of halides in the pre- 

sence of nickel(II) salts has been studied [137]. The full experimental details 

for the nickel(O) coupling of aryl halides to diaryls, and vinyl halides to 1,3- 

dienes have appeared, as well as the application of this chemistry to the synthesis 

of alnusone (equation 133) C1381. Benzyl halides coupled to form dibenzyls when 

treated with L3CoC1 (equation 134) C13gl. 

RO 
L4Ni 

, RO (133) 

52% 
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PhH 
ArCH2X + L3CoCl - 

25' 

ArCH2CH2Ar (134) 

The Ullmann coupling has been used to prepare macrocyclic lactones (equation 

135) 11401, and oligomeric anthraquinones (equation 136) [1411. The mechanism of 

the Ullmann condensation has been studied C1421. Furans (equation 137) [1431, 

pyrroles (equation 138) 11441, and thiophenes (equation 139) [1451 were dimerized and 

oligomerized by lithiation followed by copper or nickel catalyzed coupling. 

36% 
t 

cyclic tetramer 39% 

Cl 

I (136) 

Cl 0 0 n 

n = 2,3, 4 
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(137) 

Li 

I 1) BuLi 21 CuC12 

n=2 85% 

3 46% 

4 16% 

8 53% 

(138) 

0 / \ 
c 

BuLi NiC12 BuLi NiCl2 
, 3 > 

TMEDA TMEDA 

etc. 

n = 3, 2%; 4, 53%; 5, 0.3%; 6, 1.7%; 8, 29%; 16, 10% 

Br H 

Mg, Ni, cat. 
- 

* 
H 

(1391 

Alkyl Cl461 and aryl halides Cl473 were reductively coupled by hydrazine in the 

presence of palladium catalyst (equation 140). Palladium(I1) salts coupled mercurated 

uracilsto give two different dimers whose ratio depended on the counterion (equation 

141) [1483. Aryl mercuric halides coupled with aryl halides in the presence of a 

palladia catalyst 11491. Palladium on carbon catalyzed the coupling of indo- 

lizidines (equation 142) El501. Conjugated ketones coupled to form coordinated 1,3- 

diketoligandswhen treated with palladium(II) chloride (equation 1431 11511. Allylic 

alcohols coupled with aldehydes to give 1,3-dienes when treated with Pd(acac12 as a 

catalyst (equation 144) t1523. Biaryls were formed from aromatic hydrocarbons by 
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thallation followed by palladium(I1) acetate catalyzed coupling (equation 145) 11531. 

Benzene itself dimerized to biphenyl when treated with palladium(I1) acetate in the 

presence of 18-crown-6 11543. 

RX 

+ NH2NH2 
PdC12 

* 
4 

ArX 

1 eq. Pd(II) 
> 

MX 

h-0 

MX = NaCl 72% 2 

MX = NaOAc 89% 1 - 

RR 

ArAr 

R 

Pd/C 
R' __I_, 

Xylene 

rfx 

no yield reported 

t 3 PdC12 t 3 Na2C03 & 

<P 
Pd 

t 

(140) 

(141) 

0 

‘N 
A N’ / 

0 x 0 / 

/N K 
N\ 

0 

(142) 

(1431 



R2 / ̂( 
OH 

or 

R2 
\ 

Y 
OH 

+ R'CWO 
Pd~a~ac~2 

Ph3P 

167 

(144) 

R 
fl(tFAj3 

& R R (1451 

10% Pd~OAc~2 

Styrene ~xidative~y deprived to ~*4-dipheny~-~,3-~utadiene in the present@ of 

pa~~ad~u~(IX~ acetate 11553. Copperfll) complexes catalyzed the cxidative coupflng 

of 2~6-dialky~p~en~~s C1561. The YQFJ oxldatfve coupling of aryls was used to syn- 

thesize unusual heterocycles ~equation 146) 11571. Ethyl acrylate u~de~ent selena- 

ti~n/d~merizati~~ when treated with phenyl selenium bromide and ~al~adi~~I1~ chloride 

(equation 147) tt583. Titanium~~~~ chloride catalyzed the phutad~~rization of 

alcohols (equations ~48~~5~~ IlSSl. 

Me 

VW3 
* Me0 

tl= 6 
(1461 
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A co 2 + Et PhSeBr 
PdC12, PPh3 

EtO2C 

? 

NaOAc, PhCN 
r-f 

C02Et 

PhSe 

130° SePh 
37% 

(147) 

hv /OMe 
MeOH ---+ 

TiC14 HOCH2~H,~M~ 

30% 

-OH h” l 

TiC14 

hv 
OH - 

TiC14 

OH 

+ 

50% 

HO OH 

25% 

(148) 

(1491 

(150) 

9. Alkylation of n-Ally1 Complexes 

The n-allylpalladium chloride complexes of vitamins D2 and 53, ergosterol, 

7,8-didehydrocholesterol, and 3-e-cholesterol were prepared and subjected to oxida- 

tion and reduction reactions [1603. "Carbon-carbon bond formation through inter- 

mediate allylic complexes of palladium" was the subject of a dissertation f1611. By 
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comparison of the reactions of a preformed [n-allylpalladium-DIOPl+ cationic complex 

with diethyl malonate with the catalytic reaction of the corresponding ally1 acetate, 

it was claimed that palladium-catalyzed allylic alkylation proceeded through a 

o-ally1 intermediate rather than a n-allylpalladium cationic species [162]. This 

claim has been questioned, based on the stereochemical outcome of the reaction in 

equation 151 [163]. 

0 C02H 

L4Pd 
b 

b 
CH' 

co2Me 
(151) 

C02Me \ 

(-I( 
.co2Me 

co2Me racemic 

A number of new allylic substrates have found use in palladium catalyzed nucleo- 

philic attack processes. The side chain of vitamin E was synthesized using the 

palladium catalyzed allylic alkylation of an ally1 lactone derived from O-glucose 

(equation 1521 11641. High transfer of chirality was observed in this process. 

Ally1 epoxides also underwent palladium catalyzed alkylation and amination reactions 

(equation 153) C1651. This process was used to synthesize terpenes (equation 154). 

Neutral carbanion precursors could be.used since ring opening of the epoxide 

generated an alkoxide anion that could act as a base (equation 1551 C1663. This pro- 

cess was complimentary to the normal alkylation process (equation 156). Acetylated 

allylic cyanohydrins also underwent allylic alkylation (equations 157-1591 [167].as 

did trimethylsilyl-containing substrates (equations 160 and 161) C1681. Intramolecular 

allylic alkylation of an ally1 phenyl ether was used to synthesize sarkomycin (equa- 

tion 1621 C1691. Allylic and benzylic alcohols underwent allylic alkylation by 

stabilized carbanions in the presence of palladium(I1) acetylacetonate (equation 163) 

c1701. 
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(152) 

D-Glucose B 

EtocyJ+D” 

OR 

0 

95% yield 

C02Et 

Et02CY 
OH 

I 
64% 

1) TsCl 

2) Me2CuLi 

t 
CuCN 

“& t Nut L4Pd > ‘~Nuc 
OH 

Nut = stabilized C(-), OH 

64-92X 

(153) 
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L4Pd 

Pd 

f154f 

NW-H 

1 
4 

(1551 
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(156) 

OAc 

dCN + 

X = COMe, COpe 

-q/&o;; t 

OAc 

< 

X 

Y 

+ 

C02Me 

< 
X 

L4Pd 
> 

(1571 

L4Pd 

60-97% 

yF / CN (158) 

X 
37% 

<: 5 
X 

L / 
c0.p 

54% 

(159) 
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x = C02Et, COMe, S02Ph 

Y = C02Et 

OAc 

+ 

TMS 

R = H, Me 

(160) 

65-718 

(1621 

qMe P,,:,,,, l &2Me _ _ qi 

OPh 

OH + u __I_+ 

0 0 

R Pd(acac12 
(1631 

L, A 

Nitro-stabilized carbanions alkylated ally1 acetates in the presence of palla- 

dium(0) catalysts (equation 164) 11711. The products were converted to nitriles. 

Cyclopropanes, including chrysanthemic acid analogs, were prepared by allylic alkyla- 

tion of a bis allylic alcohol (equation 165) C1721. Ketone enolates cleanly alkylated - 
allylic acetates when a catalyst generated from Pd(dba12 and diphos was used (equa- 

tion 166) 11733. The reaction was shown to occur by nucleophilic attack from the 
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face opposite the metal (equation 167) 11743. Genes were dialkylated or methoxy 

alkylated using palladium(I1) chloride (equation 168) 11751. Vinyl ZirCOniUm species 

alkylated n-allylpalladium complexes through a process thought to involve initial 

alkylation at the metal center, followed by transfer of the alkyl group to the +-ally1 

ligand. The regiochemistry of alkylation could be controlled by the choice of ligands 

(equation 1691 E1763. Steroid side chains were appended in this manner (equation 170) 

C1773. Photolysis of n-ally1 palladium complexes produced 1,5-dienes or a,~-unsaturate 

ketones depending on the reaction conditions (equation 171) [1781. A series of 

unsaturated n-allylnickel halides were prepared and reacted with organic halides to 

produce dienes (equation 172) (1793. 

R 

RMoAc t xN~, 

11641 
L4Pd 

PhS02 * 
L 

PhSO *NO 2 2 

I 
83-90% 

TiC13 

i 

R 

I 

CN 

OH OAc X 

X = CN, C02Me, CO2t-Bu 

Y = C02t-Bu, CN, C02Et, S02Ph 

11 Pd(OI 

3-G-F 

AcO 
- Y 

2 

% 
X 

60-90X 

NaH 

Pd(O1 

I1651 

70% 
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066) 

&/oAc 

OAc 

OAc 

worked 

OLi 

+ r/ir 
/ 

OAc 

b 0 

1% Pd(dbaI2 

>g 
/ 

dppe / 

41"83% 

with allylic retention 

OLi OLi 

4 
x ) r‘ro‘ I',' w 

OLi ’ 
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+4L+ 
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(1681 

s--+-w/ + PdC’2 - 

Cl 

X = Y = C02Et 

R = H, Me, Ph, Br, E H NH 

R Y 

, 1) ‘Xx 
l 

~ 

2) TMEDA 

t MeQH , 

X 

X 

R Y 

3590% 

CO2Et 

60% 
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(169) 

X 

R3 

+ 

ic I 0 (170) 

0 

OH 
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70% 
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R3 

(171) 

R3 

RlcHJy2 t “‘+R2 
0 

general process for: 
B".I$*~,Q.@ 

0 

&JCH2)10-* &/Lo*, 
, 

R (172) 

Br 
t Nit01 + 

R 

R' q Ph, PhCH2, PhF , Ph/==l 



10. Alky~ation of Carbonyl Compounds 

Djmethyltitanium dichloride converted 

yield {equation 1731 Cl801. Tertiary alcohols 
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ketones to di~thyl compounds in good 

were sjmi~arly alkylated to give 

quaternary centers. The species RZr(O6u~3 alkylated aldehydes in preference to ketones, 

but ketones did react. It had very low basicity and did not enolize ketones 

{equation 1741 fl8ll_ Ketones reacted with an aluminum-titanium species to give 

allenes (equation 1751 El823. ~-Ally~titanium complexes alkylated aldehydes and 

ketones (equation 176) Cl831. ChlraI alky~t~tanium (IV) complexes alkylated aryl 

ketones and aldehydes in up to 88% enanti~er~c excess (equation 177) [18411 

R2 + 
MepTiC12 -----B (1731 

R 

58-86% 

R1 = n-Pr, cycle-Pr, Ph, Me 

R2 = n-Pr, cycle-Pr, ~?~~~~~3, Ph, ~~adamantyl 
"WH& 

R'CHO 
ClZr~08u)3 + Rti ----II RZr(O~u)3 ------+ R'$HR 

OH 

R = Me, t-&I, 

0 

R AlMe* R 

& 

Me’ 

---+ Cp2Ti 

RCHO J 
R 

88-95% 

(1741 
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e P” 
RTi(ORJ3 t Arc-R' __) ArF*-R' 

R 

(1771 

up to 88% ee 

RO* = o w oL , quinine-O, chinconine-0 
= , , 

0 ,@ 

also 

The use of early transition metal enolates to enhance erythro or three selectivity 

has been studied to the point of exhaustion this year. a-Allyltitanium compounds 

reacted with aldehydes with high three selectivity (equation 1781 11851. In contrast, 

titanium(IVlalkoxy or amido enolates were distillable compounds, miscible with THF, 

ether, methylene chloride, and pentane, which reacted with aldehydes with high 2- 

thro selectivity (equation 179) [1861. Ligated methyltitanium complexes reacted 

similarly (equation 1801 11871. Allylzirconium complexes reacted with aldehydes 

with high threo selectivity (equation 1811 [188], while zirconium enolates reacted 

with aldehydes with high erythro selectivity (equation 1821 11891. With a chiral 

oxazoline appended to the enolate, diastereoface selectivity within the erythro mani- 

fold ranged from 50-200 (equation 1831. 
(1781 

Cp,:i_ + RCHO __, 

X 

R = t-8u 90 10 

R = Ph 100 0 

21 8rTi(NR213 

l _, RCHO, tiR (17g) 

Luu.M 

11 ClTi(O-I-Pr13 

major 
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CH3TiC13 + L-L (1801 

ti 
+ 

Ph 
Ph H 

15 86 

or 

w 
Li 

R = Ph. Me, Et, i-Pr from 94:6 to 73~27 

Cp2ZrC12 RCHO R ; 

THF 
+- y" 

OH 

R 

+ 

/ 

OH 

(181) 

+ RCHO --+ 
H30+ 

- HO R (132f 

Me 

79-91% 

~97%~erythro 

OH 

+ RCHO 4 __* 
HO 
J++?A (183) 

f : R 

Me 
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Reduction of anhydrous chromium(III1 chloride with lithium aluminum hydride gave 

a reagent which reductively coupled allylic and benzylic halides and a-haloketones 

to aldehydes with high threo selectivity (equations 184 and 1851 Cl913. Propargyl 

bromides reacted with aldehydes and ketones in the presence of this chromium reagent 

to give a-allenic alcohols [192]. The nickel(O) promoted alkylation of ketones 

by halides was used to synthesize frullanolide (equation 186) [1931, 

V 
Br 

RCHO 
CrC13-sLiA1H4 R B +R 

f 

or CrC12 
OH 

major 

Ph . 

PhCHO + W 
8r CrC13-tLiAlH4 

* 

(184 1 

+ 

/ 

OH 

(185) 

95% (74:26I 

(186) 
X 

Ni(COI, 
* 

/ 

""I 

0 

+ 
i(co)4 

Cobalt(IIi acetate/bipyridine catalysts increased the rate of aldol condensa- 

tion of benzaldehyde with acetophenone by a factor of ten 11941. Titaniun(IYI 

chloride assisted the photo process shown in equation 187 C1951. 8icyclo E4.3.11 
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dec-l(9)-ene was prepared by the titanium assisted reaction of cycloheptenone 

with ailyl trimethyl silane (equation 188) ll953. Propargyl silanes alkylated 

ketones under similar conditjon~ (equation 1891 11973. The chr~jum tricarbonyl 

stabilized carbanion of ~~plexedbenzyl systems alkylated aldehydes lacking enolizable 

hydrogens {equations 190-193) C1987. The ~chan~sm of the nickel catalyzed addition 

of alkenylzir~onium reagents to cyclopropyl ketones has been studied f1993. The 

oxime of acetaldehyde was converted to benzonltrile when treated with phanylmercurj~ 

chloride and palladium(II~ and copper(Ii) salts 12003. 

(187) 

hv 

dMe 

I 

P 0 w-l4 v-4 
R 0 

R MeOH 
lf-29% 

X = S, NH, 0, CH2 

R=H,Me 

TMS 
4+--J++ 

R = Et, n-Pr, n-Bu, n-C5, i-Pr 

R' = H, l&(23%), CW2Cl 

TiC14 
_) 

-7%O 

R l&25% 

(1891 

rwemnoa p. 282 
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F’ DMSO 
R1 it3 

@ 

C-H + R3Cti0 ----+ r ;--!HOH 
1 

I t-BUO cc- 

I 
R2 I k 

CrlC0)3 
Cr(C013 

16-86% 

R1 = H, Me; R2 = H, Me; R3 = Ph, H 

+ ZPRCHO 
2 *Ph 

OH 
Cr(C013 

Cr(C013 

25% 

+ 

Ph mph 
OH Cr~~O~3 OH 

52% 

(190) 

(1911 

+ LHCHO ~ (192) 

WC013 

68% 

Cr(C013 
Me 

(C013Cr H 

(193) 

11. Alkylation of Epoxides 

The ant pheremone faranal was synthesized by a process involving alkylation 

of ethylene oxide with a vinylcopper species (equation 194) 12011. 
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(194) 

p\ 
EtMgBr + Me3SCuI t - Z d --..+ OH 

73% 

1 

1 -)-3-, l ll MeCuMe2S*MgBrI G = 

66% 2) I2 
70% 

12. Aromatic Substitution 

Arene-metal complexes in organic chemistry has been reviewed [ZOZJ, as has 

addition of carbon nucleophiles to arene-chromium complexes C2031. "Metallation and 

cyclization of arenetricarbonylchromium complexes" was the topic of a dissertation 

12041. The effects of changing ligands on the alkylation of naphthalene chromium 

tricarbonyl complexes by carbanions was examined (equation 195) E2051. Replacement 

of carbon monoxide by phosphine lowered the yield of alkylation product. The alkyla- 

tion of tricyclic arene chromium (equation 1961 C2061 and iron complexes (equations 

197 and 198) 12073 has been studied. A cationic cobalt benzene complex underwent a 

double alkylation with cyclopentadiene anion (equation 199) 12081. Nucleophiles 

catalyzed aromatic substitution reactions of chromium complexed trimethylsilyl 

arenes (equation 2001 C2091. 

t I2 
R(-I _I_, 4 

L = co 

LiMe2CCN 94 

LiCH2CN 54 

LfCHSfCH2)3 83 
!_J 

PF3 
90 

55 

PF2(OMel P(OMeI3 

78 (3 

(1951 

LiOMe 30 
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(196) 

“0 0 I t 

I 
Fe+ 

6 R' = Me, Ph, Et, PhCH2 

* Li HCN E + ox., - OH 
H3 

4 

c-5 79% 

c-4 3% 

C-6 12% 

1) CHCN(CH3) 

2) Ox 
(197) 

3) -OH 

c4 43-503 

C5 13-14x 

‘6 34-41% 

R'- _i, + NBS R 

Fe+ 

(1981 

(1991 
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SiMe3 t R1 
a 

R* - 

I 
Cr(COI3 

R' = H, Me; R* = Me, n-Pr, Ph 

R' 

Q?- TMS (200) 

I 
Cr(COI3 

29-88% 

Pyrroles underwent arylation at the a-positions when treated with benzene and 

palladium(I1) in acetic ,acid (equation 201) [210]. Indoles reacted in a similar 

way. Furan was alkylated by t-butylchloride in the presence of a molybdenum catalyst 

(equation 202) [2111. Arenes were alkylated by nitromethane in the presence of 

manganese(II1) acetate, by a radical process (equation 203) 12121. 

Ar 

PdlOAcI 
Ar'H 2 Ar'-@ Arm (2011 

AcOH 
Ar 

/I\\ t + Cl 

'0' 

ArH + CH3N02 + Mn(OAc13 

(CeI" also 

4 ArCH2N02 t Ht 1203) 

works) 

ArH = PhCH3, PhH, naphth, PhOPh, e-MeOPhOMe 

76% 

%70X 

(202) 

13. Alkylation of Dienyl Complexes 

"Dieneand dienyl complexes of iron: reactivity and synthetic utility was" 

the subject of a review [213], as was" the strategy of lateral control of reactivity: 

tricarbonyl cyclohexadiene iron complexes and their organic synthetic equivalents" 

12141. The kinetics of nucleophilic attack of di- and tri-methoxybenzenes on cyclo- 

hexadienyliron tricarbonyl complexes was studied (equation 204) C2151, as were the 

RefeXWlce4p.282 
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rates of reaction of pentane-2,4-dione with the same complexes 12163. Chiral 

dieneiron complexes were resolved and their absolute configurations were assigned 

through a series of chemical transformations (equation 205) [2171. A procedure to 

resolve some of the corresponding cyclohexadienyl complexes was devised [218]. 

(204) 

3 

+.;.n”- - q 
FelC013 

OMe 

(205) 
2. 

+ 

goMe ( e Cd 

b 

(configuration known) 

A variety of substituted cyclohexadiene complexes of iron were prepared for fur- 

ther use in synthesis 12191. Substituted cyclohexenones were prepared by the alkyla- 

tlon of methoxycyclohexadtenyl complexes of iron (equation 2061 12201. Starting with 

resolved diene complexes, optically active alkylation products were obtained (equa- 

tion 207) 12211. Cyclohexadienyl complexes of iron were alkylated by nitromethane 

(equation 2081 C2223. Complexed cyclohexadienols were prepared by alkylation of apprc 

priate hydro~cyclohexadienyl iron complexes (equation 2091 E2231. 



OMe 

Fe(C013 R(-1 

R R 

189 

12061 

7s95% 65-85% 
o- 

R = t-ml, TMS TMS TMS 
I s ,- 

TM5 

Me0 

45% ee 

C02Et 

a =-If0 

NatJ 
+ CH3N02 ------a Zn 

Fe(C013 

81% 
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OTMS OH (209) 

H2° Nuc- 
+ Ph3C(+) c_, - 

Nut- = CN-, 
Fe(C013 Fe(C013 

-l 
-CH(C02MeJ2 

90% I 
OH 

40-60% 

Cyclohexadienyl iron complexes have been extensively used in organic synthesis 

this year (equation 210) [2243, (equation 211) C2251, (equation 212) 12261, (equa- 

tion 213) C2271, (equation 214) C2281. 

+ 0 

+ 
C02Me 

Fe(C013 C02Me 
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c Me0 
o- 

4 steps 
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+ 

Me0 
Me0 

+ -co2 

(214) 
H 

0 
1 

6. Conjugate Additions 

Organocopper species continue to be the reagents of choice for 1,4-addition 

processes. Two procedures for the preparation and purification of CuBraMe2S, an 

important starting material for a variety of organocopper reactions, have appeared 

[229][230]. Halide free "Normants" reagent CumMgnMe~m+2n1 for which m = 1, 2, 3. 4, 6 

and n = 1, 2, has been prepared [2311. Mesityl copper(I) is a stable yellow solid 

which has been used to provide the nontransferable alkyl group in mixed cuprate 

1,4-additions and reductions [232]. The kinetics of the reaction of lithium dimethyl- 

cuprate with methyl vinyl ketone has been studied and the mechanism in equation 215 

was proposed [2331. The mechanism of the reaction of dialkylcuprates with conjugated 

enones having leaving groups in the 6 position has been studied (equation 2161 [2341. 

L Kl 
/ + ,,_2_>,, \ cu/Li\cu 

Me'1 
i\ 

I/ 
Me 

\Li'*@' 

'11, 
: 

__ ____ cu 

'Me' L / 

II K3 

AC”\ . ..=- Li\cu/L’ 
kl 

) L 
cu’ 

L 
I 

.A’ 

/= I 

(215) 

LMe + MeCu 
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t R2CuLi ---+ 

0 

(216) 

(R2CuLi is a le-reducing agent) 

A number of attempts to induce as~tr~ in the conjugate addition process have 

been made. Using mixed cuprates of the type [R*OCu~lM in which the alkoxide was 

from a chiral amino alcohol such as 2-aminobutanol, valinol or cinchonine for 1,4- 

additions to chalcone, a maximum of 34% enantiomeric excess was obtained i-2361. 

Using a-prolinol as the chiral amino alcohol it was concluded that an N-H group was 

ten times more effective than an Nfle group and that THF was a better solvent than 

toluene for inducing asymmetry in 1,4-addition to conjugated ketones 12373. With 

mixed cuprates having chiral a-phenethyl groups as the nontransferable alkyl group 

high chemical yields for conjugate additions to chalcones were obtained, but only 

1% enantiomeric excess was observed 12383. The 1,4-alkylatfon of a,a-unsaturated 

esters of ~-)-8-phenylmenthol resulted in high optical yields (equation 217) 12391. 

0 

R1 0 

F OR* + R3C~BF3*~t20 ----+ 
RI 

(217) 

R2 

RI R2 R3 4: ee 

H Me Ph 76 >99 

H Me n-Bu 76 >99 

Me H Ph 36 24 

Me H n-Eu 76 70 

H n-Bu Me 28 7% 

The reagent f4e6Cu3Li2 added excfusivefy 1,4- to conjugated aldehydes (equation 

2181 E2401. CopperfII bromide catalyzed the conjugate addition of tri~thylsilyl- 

methylmagnesium chloride to conjugated enones (equation 2191 12411. a-Cyclopropyl- 

a,6-unsaturate ketones uode~ent exclusive 1,4 alkylatfon with f4e2CuLi ~equation 

2201 12427. The addition of lithium dialkylcuprates to a.+unsaturated phosphoryl 

c~ounds has been reviewed E2431. ~ganocopper ch~istry has been used in the 

synthesis of prostaglandins (equation 221) C2441 and steroids (equation 222) 12451, 
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aldeh1Le =&Ho, JCHO, 

R 
CHO 

(218) 

CHO 

~Ml~ cx CHO’ (yc,* d 
Ph CHO 

Ph 
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(220) 

67% 



t-BuOQH 

196 

f227 I 

0 HO 

t---e---. 
%“? 1 

(2221 

Conjugate additions to manes having app~~priate~~ located leaving groups led 

to olefinic products ~~quatians 223 and 224) f2461, (equation 225) E2473, (equation 

226) [2481, 

R4f4mnc44 p. 2&z 
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0 Ot& 0 

n-BuCuLiI 0 

OMe 2n-Bu3P -78' 
'oc, 

OMe 

89% 

0 OMe 0 

n-BuCuLiI 

OMe 
OMe 2 n-Bu3P 

> fc/ 

60% 

0 

X 
% -0' 

X q OR, H 

(223) 

(224) 

, R2CULi , xJ$y 

94% 

(225) 

kb &- 
X 

70-73% 

A / + R2'CuLi + 

R Cl 
RO R' 

(226) 

50-60X 



Organ~uprate reagents were also very efficient in $2' type reactions of ally1 

esters and epoxides. With allylie 'lactones the process was shown to proceed in an 

$2' anti manner tequation 227) 12491. With a'tlylic s-lactones. the copper-catalyzed 

Grignard addition was used to synthesize terpenes (equation 2281 12501, and 8,~ 

unsaturated acids (equation 229) C251?. With the corresponding propargyl iactones 

allenic acids were obtained (equation 230). This chemistry was used to synthesize 

pellitorine (equation 231) 12521. Acetates of carbohydrates underwent unusual reac- 

tions with organocuprates (equations 232 and 233) C2531, Ionones (equation 234) 

12541 and prostaglandins (equation 235) (2551 were synthesized using organocopper 

chemistry. 

0 
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1) C02H f22?) 
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(2281 
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89% 
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50-911 

R = Me, Et, n-Bu, set-8u 
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OH 
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(229) 

4%+=0 + R&X - “I Rd 
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=+O * RMgX s R\ s (230) 

OH 
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(2311 
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The reaction of cyclic allylic epoxides with organocuprates was used to synthe- 

size prostaglandin analogs (equation 236) [.256]. Alkylation of enol phosphates of 

epoxycyclohexanones (equation 237) was used to synthesize multistriatin (equation 

238) [257]. Trimethylsilylenol ethers reacted in a similar fashion (equation 239) 

C2581. The stereo- and regiochemistry of alkylation of exocyclic ally1 epoxides 

depend on both the substrate and the organocopper reagent (equations 240-242) C2591. 

Optically active ally1 epoxides underwent alkylation by organocuprates stereospeci- 

fically (equations 243 and 244) [260]. Estrenols were prepared from epoxy estrenes 

by alkylation with organocuprates (equation 2451 C2611. Propargyl epoxides underwent 

alkylation to produce allenes (equation 246) [2621. 

[CCUT] -Lit + o’** 

0 - 1 
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OH 

Bu#uLS 
-s 25% 

w Me2CuLi+ 
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CN 

,,.J)TMS 

4i?P 0 

c 0 1 
OH 
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* 95% 

R = fi-Bu 99 :I 

R = _$-Bu 60140 

The conjugate addition of [MegSnCuSPhlLi, CMeSSnCuSnMe33L1, CMe3SnC~CMe20MejLi, 

and MejSnCuLiBrMepS to acetylenlc esters was studied in detail 12631. The stereo- 

chemistry of the reaction depended on both the reagent and the substrate. Organo- 

cuprates added cis to dimethyl acetylene dkarboxylate (equation 247) C2643. Vinyl- - 
cuprates reacted with vinyl sulfenes {equation 248) 12647. Cumulated trienes 

resulted from the reaction of ;-butylcopper with eneynes (equation 2491 [266]. 
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C02Me C02Me 
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95% 

(249) 

Dissertations entitled "Applications and Scope of Tetracarbonyliron Mediated 

Michael Reactions of Acrylate Esters" [267] and "Michael Reactions of Highly 

Stabilized Enolate Anions to Iron(O) Tetracarbonyl Complexes of Acrylate Esters" 

12681 have appeared. Enol phosphates of 1,3-dlcarbonyl compounds underwent nickel- 

catalyzed conjugate alkylations with trialkylaluminums C2691. Ethyl acrylate was 



alkylated by aryl or vinyl halides in the presence of a "palladium-graphite" catalyst 

(equation 2501 12701. Arylmercuric halides arylated benzalacetone in the presence 

of palladium(II1 salts under phase transfer conditions (equation 2511 [2711. The 

mechanism of the nickel(O) catalyzed 1,4-addition of vinyl-zirconium complexes to 

cyclohexenone was proposed to involve an electron transfer process C2723. 

PdC12 + C8K + ("Pd-Graphite") .x, AticozEt (250) 
ArX 

Ar = Ph, e S' , 

60-80% 

Me + ArXgX pdII Ph=Me (251) 
PTC, 25'C 

Ar contains N02, CHO, OH, NHAc, NH2, C02Me, COMe, OMe, Cl, Me 

8. b , 7 , & also reacted 

C. Carbonylatfon Reactions 

1. Carbonylation of Alkenes and Alkynes 

Homogeneous catalysis of carbonylatfon has been reviewed [273], as have 

the mechanistic pathways of olefin hydrocarboxylation by rhodium, iridium, and cobalt 

catalysts 12741. The solvent effect on the hydrocarboalkoxylation of propene promoted 

by a lPdC12tPPh3)21-PPh3 catalyst has been studied t2753. Propene was converted to 

dipropyl ketone by reaction with water and carbon monoxide at 100 kg/cm' pressure 

in the presence of dicobalt octacarbonyl [2763. The same catalyst also effected the 

hydroesterification of acrylonitrile and methyl acrylate under different 

conditions C2773. 

The kinetics of the palladium(II) chloride catalyzed conversion of styrene to methyl 

cinnamate and dimethyl phenylsuccinate have been studied E2781. A variety of insect 

pheremones were synthesized by the Friedel-Crafts acylation of butadieneiron tri- 

carbonyl complexes (equation 2521 C2793. The synthetic scope of the palladium- 

catalyzed cyclocarbonylation of unsaturated alcohols to a-substituted tactones has 

been reported (equation 2531 t2801. The rhodium-catalyzed carbonylation of acetylenes 



in alcohol solvent produced furanones (equation 254) C281J. A variety of cyclic 

carbonyl-containing compounds were synthesized from acetylenes and carbon monoxide, 

using a nickel(O) complex as a template (equation 255) 12821[2831. Friedel-Crafts 

acylation of a bis iron complex of butadiene produced 2-acylbutadienes (equation 

2561 C2841. Alkyd were hydroborated and the resulting vinyl boranes were car- 

bonylated by treatment with carbon monoxide and methanol in the presence of a 

palladium(iI) catalyst (equation 257) E2851. 
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RC=CR' + "8: 
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I 
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CO, MeOH NaOAc 

Benzoquinone 

R = n-Bu, n-C6, 

R' =H, Et, TMS 

Et, Ph, HC&CH2)4 

H C02Me 

60-95% 

Benzene was converted to benzophenone by PdC12/CuC12 at 180' under 40 atmospheres 

of carbon monoxide [2861. N-Acylated anilines underwent orthopalladation readily, 

The resulting palladium complexes were carbonylated in high yield (equation 258) 

[287]. Benzylamines underwent a similar orthopalladation, the product of which was 

acylated by treatment with acid halides (equation 2591 t2881. Mercurated pyrrolo 

[2,3-dlpyrimidine systems were carbonylated by carbon monoxide in the presence of a 

palladium catalyst (equation 260) 12891. The total synthesis of aphidicolin and 

cyclocarbonylation with disodium iron tetracarbonyl was the subject of a dissertation 

12901. 

R3 
Pd(OAcf2 

) 

R' = H, Me, OMe, Cl, C02Et, COMe 

R2 = H. Me, OMe, Cl, CO2Me 

R3 = Me, Et, i-Pr 

R4 = Ar, CN, CHfOEt12, C02Me, COMe, 

OAc, H 

CO/EtOH 

1 
0 

R2 NH!R3 

R' C02Et 

40-90% 

(2581 



(259) 

N= PdC12 + 
RCOCl 

X 
X 

CH2C12 

---I 

x = 3,4 /b 0 ; 4-OMe; Z-OMe; 

3-Cl; 3,5-di-OMe 

R = Me, Ph 

CO, MeOH 
* 

l.i2 PdC14 

OH OH 

24% 

a ‘I N: 
X 

0 

70-90% 

1260) 

2. Carbonylation of Halides 

Anthratilic acids were synthesized by the palladium-catalyzed carbonyla- 

tion of ~-ha~oacetanilides (equation 261) [291]. Aryl and vinyl halides were con- 

verted to carboxylfc acids by dicobalt octacarbonyl under phase-transfer conditions 

(equation 262) c2921. Cobalt acetate/sodium hydride effected a similar transforma- 

tion (equation 263) C2931. Benzyl halides were carbonylated to phenylacetic acids 

by Co(C013N0 (equation 264) [294], and were acylated by acid halides in the presence 

of palladium(O) catalysts (equation 265) 12951. Benzyl bromides having a-hydrogens 

were converted to methyl ketones by reaction with tetramethyltin, carbon monoxide, 

and a palladium catalyst (equation 266) C2963. Palladium also catalyzed the conver- 

sion of aryl halides to acylnitriles ~equat~on 2671 C2971. 
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(261) 

L2PdCf2, L NHCOMe 
NaOH 

R Bu3N, CO, Ii20 
R 

C02H 1 

R 
C02H 

ArX + CO + 2NaOH 
N~DH/H2O/PhH/~2(CO~~ 

Bu4N+Br", hu 
* ArCOONa 

>95% 
Ar = ph, g-toll, @olyl, e-OMePh, o-OMePh, 1-Naphth I 

Ph r/ , cyclooctenyl 

(262) 

1263) 

PhBr + CO (1 atm) 
Na~/t-~~Na/~o~QAc~* 

* PhCOOH + PhC02-t-~ + PhCHO 
THF, rfx, 24 hr 

ArCH2-X + CO 
CO(CO)~NO 

* 
S?j NaOH, PhH 

ArCH2COOH 

R4N+C?- 

Ar = Ph, e_CNPh, 6-Naphth o_MePh, e_MePh 

ArCH2Br + RCOCl 
L4Pd cat/2 eq Zn 

DME, 25' 
3 e ArCH2 -R 

60-80X 

Ar = ph* e-tobl* @ph, E-NO2ph R = Ph, alkyl, 

1250 turns 

(264) 

(2651 
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Ph + co + Me4Sn (266) 

Br COMe 

ArX + CO t KCN 
PhPd(I)L, 

l D Ar -CN 

loo0 
45-921 

(267) 

Ar = Ph, pOMePh, e-tolyl, S' c 

Acid chlorideswere converted to methyl ketones by forming an acylcobalt complex 

and reacting this complex with methyl magnesium halides (equation 268) [2981. Aryl 

halides were converted to acetophenones by reaction with carbon monoxide and tetra- 

methyltin in the presence of nickel catalysts (equation 269) C2991 or *-allylpalladium 

catalysts 13001. Acyl halides were converted to ketones by reaction with alkyltins 

and the same catalyst C3011. 

(268) 

RCOCl + 

R = PhCH2, I-Naph, 1,3,!Gmesftyl, cyclohexyl 

0 

Ni cat. 
RX + CO + Me4Sn - R 

K, 
Me 

HMPA 

120° 30-90x 

R = Ph, p-tolyl, p-OMePh, e-Et02CPh, p-CN-Ph, 
&j 

(269) 

cat = Ni(C014, LNi(C013, L2NW012, L2NiC12 
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Aryl and vinyl halides were converted into acetylenic ketones by reaction with 

carbon monoxide and an alkyne in the presence of a palladium(I1) catalyst (equation 

270) [302]. (+)-Zearalenone was synthesized by a process involving acylation of an 

aryl halide with a palladium catalyst as a key step (equation 271) [303]. a-Methylene 

lactones were synthesized by a nickel-promoted cyclocarbonylation (equations 272-274) 

c3041. Lactams were formed in a similar process using a palladium catalyst (equation 

275) [305]. 

(270) 

Arx PdI' cat 120' 
ArCOC=CR' 

het ArX t CO + HCtCR' - het ArCOC:CR' 47-93% 
80 atm 

-\ R" N -COW 
X 3 

(271) 
OMe 

Me0 

t 

SPh 

SPh 

(CH2)n 
8r Ni(C0)4 

\-OH base, L 

n=2,3 

good yields 

Br Ni(C0)4 

base, L 

(272) 

(273) 
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(2741 

58% 

(275) 

3. Carbonylatlon of Nitrogen Compounds. 

Oehydroabietylamine was carbonylated to the isocyanate by reaction with 

carbon monoxide in the presence of a palladium(II) catalyst (equation 276) 13063. 

Amines were carbonylated to formamides by nickel carbonyl (equations 277 and 278) 

l-3071. Imines were converted to enamides by reaction with Cp2Zr(HlC1 followed by 

acetyl chloride (equation 2791 13083. Phenyl azldes were converted to phenyl isocya- 

nates in high yield when treated with carbon monoxide in the presence of L2Rh(COIC1 

as a catalyst C3093. 

qcHNe2 'OS PdC'2> QcHMe2 (276) 

fl 
RNH2 Ni(C014 RNHC-H 

+ co * 
R2NH 1800, 750 psi 0 

R2N!-H 

(2771 
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0 Me 
N-CH 

\Ph + 

CH3COCl 
Cp2Zr(H)Cl d -5 

(278) 

Nitrobenzene was converted into ethyl-N-phenylcarbamate by reaction with carbon 

monoxide in methanol with ClIr(~O~(PPh3)2, ClH~Ir(PPh3)3, HIr(CO)(PPh3)3, HRh(CO)(PPh3) 

and ClRh(CO)(FPh3)2 as.catalysts. The yjelds were low E3101. The synthesis of nitro- 

gen-containing compounds by the reaction of nitro compounds with carbon monoxide has 

been reviewed (128 references) C3111. p-Methylnitrobenzene was carbonylated to 

p-methyl phenyl~socyanate using palladium(O) or palladium(I) catalysts In the pre- 

sence of iron halide cocatalysts 1[3121. The best results (83% conversion) were obtaine 

with PdC12-(pyH)2Fe2C18(py)* as Catalyst c3131. The ~arbonylat~on of nitrobenzene 

to phenyl isocyanate was accelerated by addition of Moo3 or Mo03/A1203 to the normal 

PdCl2-pyridine catalyst 13141. The effect of pyridine and pyridinium hydrochloride 

on the activation of CPd(COlCl1, for carbonylation of nitrobenzene was assessed (3151. 

The effect of solvent and added transltlon metal oxides and chlorides on the PdC12 

or RhC13-catalyzed carbonylation of nitrobenzenes to aryl isocyanates was studied 

E3163. The effects of added Feel3 and Fe203 on this reaction were also studied r3173. 

4. Carbonylation of Oxygen Compounds 

Alcohols were converted to esters (equations 2791 and dials to lactones (equal 

280) when treated with ruthenium catalysts at high (180'1 temperatures (3181. Lac- 

tones were converted to dicarboxylic acids when treated with carbon monoxide and 

rhodium(III) chloride as a catalyst (equation 281) 13193. A variety of carbonyl com- 

pounds were produced by the reduction of cationic iron carbonyl compounds with sodium 

cyanoborohydride (equation 282) [3201. 

RCH20H 
RuH2L4 8 

* 
180°, PhCH3 

RC-0CH2R 

78-93% 

(279) 

R = n-PI-, n-C5, Ph. PhCH2, cyclohexyl, EtCHMe 
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7 
f 

CH-OH 
R 

RuH2L4 
3 

acetone 

H20H 

60-100X 

E H02C-(CH2),, HC02H 

(280) 

(281) 

180' high yield 

(282) 

CpFe(CO)3+ + 
ROH L co O 

NaBH3CN __) CpFe(C0)2-CH20R - I! CpFe- CH2OR 
I 

R'30+ 

< CH3C02R 

L H+ 

CP:ECH2CH3 - 
CH3CH3. 

L 

I H+ 
t 

<H- CpkeCH CO R 
co 2 2 

CH3CH0 

5. Miscellaneous Carbonylations 

The following reviews concerning carbonylation have appeared: "Carbonyla- 

tions Catalyzed by Metal Carbonyls Reppe Reactions" (289 references) 13211. "Catalytic 

Reactions Induced by Transition Metal Complexes Solvated in teolite Matrices: Oxida- 

tion, Carbonylation. and Related Reactions" (76 references) 13221. "A Series of New 

Catalytic Reactions with Carbon Monoxide and Hydrosllane" (27 references) C3231. 
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6. Decarbonylation Reactions 

Fo~amides, formate esters, and aldehydes were decarbonylated stoichio- 

metrically using Mo(N2)(diphosI2 (equation 283) E3241. Aldehydes were decarbonylated 

to hydrocarbons by ruthenium(I1) porphyrin catalysts 13251. The mechanism of reduc- 

tive deacylation of 2-alkylidene-1,3-diones by KHFe(COI, was studied 13261. The 

deacylation of acryloyl acid chlorides by rhodium(I) complexes led to vinylphosphonium 

salts not vinyl halides (equation 284) C3273. A review (32 references) entitled 

"Catalysis by Platinum-Group Metals- Decarbonylation and Desulfonylation" has appeared 

13281. 

R2Ni-H e 

HfioR 
0 

RC-H 

!I 

R2NH 

+ Mo(N2}(diphos)2 w ROH 

RH 

R'R'C=CHCOCl + L3RhC1 __+ R'R2C=CH;Ph3C'- 

R' = Ph, Me, n-Bu, H 

R2 = H, Me 

(283) 

(284) 

D. O~igomerization 

Ethylene dimerization was efficiently catalyzed by a mixed Ni(acac12/ 

Et2AlCl/PPh3 catalyst supported on alumina or silica gel-alumina 13291. The kinetics 

of the conversion of ethylene to butenes on a n-allylnickel halide/alumina/Et3A12C13 

supported catalyst was studied 13303. A bis carbene complex of tantalum RTaL2(=CH~H3 

was an efficient olefin dfmerization cataGt 13311. The physical and structural pro- 

perties of the olefin dimerization catalyst Ni(acac12/Et2A1C1/PPh3 have been studied 

13321, as have nickel(I1) catalysts grafted to polymers 13331. Perfluoropropene was 

converted to dimers and trimers when treated with bis (benzene)chromium as a cata- 

lyst c3341. Ethylene and propene were codimerized< gel-i~bilized nickel(II) 

catalysts C3551. Similar codimerization catalysts were made by gel-insnobilizing 

nickel COmPleXes of poly(4-vinylpyridine) containing phosphorous ligands [336]. 

The kinetics of the oxidative dimerization of styrene in the presence of palla-. 



dium(XI) have been studied [3373[338]. Methyl acrylate dimerized when treated with 

palladium(II1 salts (equation 285) 13393. Methyl vinyl ketone was hydrodimerized 

to 2,7-octanedione by cobalt(I)-bipyridyl complexes C3401. The system ZrCl,/Et,AlCl 

at 120' codimerized C6 
_ 

to Cl0 a olefins with butadiene [341]. 

OMe 

C02Me 

D M02C- (2851 

90% 

or y OMe 
0 

+ PdC12(PhCN12 

fsobutene was trimerired by a catalyst prepared from SnC12 and RuC13*H20 in 

nitr~ethane 13421. Cationic n-allylnickel complexes catalyzed the pol~erization of 

olefins [equation 286) 13433. Styrene and methyl acrylate were polymerized by 

tetrakis (neopentyltitanium(lV1) by a free radical process. Irradiation of the mix- 

ture increasedthe rate of reaction [344]. Ethylene was polymerized by the n-allyl- 

nickel complex in equation 287, but the corresponding palladium complex was inert [3453. 

Cyclopentene, cyclohexene and cycloheptene were polymerized by metathesis-type poly- 

merization and by normal olefin oligomerization processes when treated with zirconium 

salts/EtAlCl2 catalysts C346]. The cationic palladium complex Pd(CH3CN14*' 

polymerized styrene to polystyrene, ethylene to C4, C6, C8, and Cl0 oligomers, but 

only isomerired butenes [347]. Heating the copper(I) triflate complex of trans 

cycloheptene with cycloheptene produced the cyclic trimer (equation 2881 [3481. 

The effects of the nature of catalyst components on the Ziegler-Natta type copoly- 

merization of styrene with propylene have been examined [3491. Styrene was poly- 

merized by anIrCl(COl(PPh3)2/~-butylhydroperoxide catalyst system 13501. &-n-arene 

chromium(O) complexes catalyzed the oligomerization of perfluoropropene [351][352]. 

(286) 

R + AgPF6 + L _I* 

L = COD, MeCN. THF 

poly BD c6, C9* Cl2 C4' C6, cg 
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TMSN \ P-NTMS2 _ 

TMSN 
/ 

(287) 

CUTf + 
G _ (cHp2)5(2881 

80% 

Acetylene was cyclotrimerized to benzene by TaC15/EtAlC12 catalyst systems C3531. 

In contrast Pd(A13C17)2.2PhH cyclotrimerized acetylene to fulvenes 13541. Linear 

trimers of HCzCCMe20H were obtained from the reaction of this substrate, in aqueous 

solution, with C12Pd(PPh2C6H4S03NaJ2 as a catalyst 13551. The linear and cyclotri- 

meritation of I-ethynyl-1-cyclohexanol was catalyzed by nickel(II1 salts and nickel(II) 

alkyne complexes [3561. The mechanism of the cyclotetramerization of acetylene to 

cyclooctatetraene was shown to be "zipper-wise" 13571. Olefins cooligomerized with 

dimethyl acetylenedicarboxylate in the presence of palladium(O)cataly (equation 289) 

[3581. Butadiene and terminal alkynes codimerized over a ruthenium catalyst (equation 

290) c3591. Eneynes dimerized when treated with I-BugAl and manganese or nickel 

salts (equation 2911 13601. Palladium(I1) salts cooligomerized acetylene and ally1 

chloride 13611. Zirconium complexes of butadiene reacted with olefins, alkynes, and 

1,3-dienes to produce cpdimers (equation 292) 13621. 

(289) 

Meo2c co2Me 

Pd(O) 
2 Me02CCsCC02Me t RCH2CH=CH2 ,-> 

4o" 
"-& 

CHC13 
t 

R = Me, Et, n-Bu, J-C,, PhCH2 59-783 
C02Me 

C02Me 

R 

C02Me 



RCrCH t v L4RUHZ, 
RC=CCH=CHCH2Me 

t 

R' = H, Me, Et 

R* = H, fle, Et 

R3 = Et, H, Me 

219 

(290) 

L = Et3P, n-Bu3P B3-100% 

R = n-Pr, n-Bu, t-Bu,n-C6 

R = Ph 31% 

i-Bu3Al 

KH214- 

Mn[acac13 

I Ni#eSaf)2 

15-60% 

R2 R' 
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(292) 

\ 
Cp2Zr 7 / - 

1) R1CH2=CHRL 

2) H+ 
* 

1) R1CsCR2 
* 

0-N “t” 

-+ 

2) H+ 

w2 
Ii’ 

70% 

R' 

ku’ 
R2 

Palladium(O) complexes catalyzed the cycloaddition reactions of 1-methylene-2- 

vinylcyclopropane with itself (equation 2931, with strained olefins (equation 294) 

E3631 and the cycloaddition of ~thylenecyclopropane to acrylic esters (equation 295) 

13641. 

(293) 

t 

(--& + (-JJ= 



A 
L4Pd 

+ 
-co Me 

(2951 
2 

co2Me 

The catalyst system Zr~06u)4/PPb3/Et2AlCl din&ted and codimerized conjugated 

dienes and trienes C3651. Butadiene was polymerized to cis and trans polybutadienes -- 
when treated L2Rh(CO)Cl/Et2AlCN catalysts in ethanol. In DMF or pyridine, cycloocta- 

diene, and vinylcyclohexene were formed instead E3663. The complex C(EtO)3Pl4NiH' 

reacted with ethylene 13673 and propylene 13681 and mixed octatrienes to give all 

possible codimers. Palladium complexes were studied as catalysts for the linear 

dimeritation of isoprene C3693. Optically active phosphine or phosphonite complexes 

of nickel(O) species cataiyzed the conversion of butadiene to 4-vinylcyclohexene with 

up to 35% epimer excess 13703. The mechanism of the nickel-catalyzed regioselective 

cyclodimerization of isoprene was studied [3711. Bicyclo[2.2.l]hepta-2,5-diene 

dimerired and codimerized with norbornadiene in the presence of rhodium complexes 

13723. Butadiene reacted with 2,5-dihydrothiepine l,l-dioxide in the presence of a 

Pd(acac12/Ph3P/AlEt3 catalyst to give 2-vinyl+butadienylsulfolanes in 80% yield 

[373]. Complexation of methyl benzoylacrylate to a nickel(O) species followed by 

reaction with butadiene produced linear addition products, rather than the normal 

Diets-Alder cycloaddition products C3743. The kinetics and mechanism of the cotri- 

merization of butadiene with styrene in the presence of Ni(acac)2/Ph3P/Et3A? cata- 

lysts have been studied 13751. Butadiene was polymerized over f-transition metal 

catalysts 13761, Co(acac13/RA1C12 catalysts (3771 and Mo(butadfene13 and U(butadiene13 
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catalysts [3781. Cycloocta-1,4-diene and various methyl and dimethylcyclooctadienes 

underwent metathesis type polymerization over a WC16EtAlC18 catalyst system [3791. 

Butadiene and isoprene cotelomerized with water in the presence of palladium(I1) 

acetylacetonate, triphenyl phosphine, and carbon dioxide to give nonadienols C3801, 

while octadienols were obtained from telomerization of butadiene with water C3811. 

Palladium-phosphine complexes catalyzed the telomeriration of butadiene with glycols 

(equation 296) C3821. The telomer of butadiene and acetate was used to synthesize 

macrocyclic lactones (equation 2971 C383f. Isoprene (equation 2981 C3841 and buta- 

diene [3851 underwent telomerization with ammonia to give nixtures of alkylamines. 

Nickel(O) complexes catalyzed the telomerization of butadiene and methylamine (equa- 

tion 299) C3861. When chiral phosphines were used as ligands in the telomerization 

of dialkylamines with butadiene amine telomers with optical activity resulted 

[3871. Polystyrene-supported palladium(O) complexes catalyzed the telomerization of 

butadiene with amines and carboxylates (equations 300 and 301) 13881. Palladium(O) 

complexes catalyzed the telomerization of N,N-dimethyl allylamine with butadienes 

(equations 302-304) E3891, The synthesis of medium to large ring lactones and 

ketones from butadiene telomers has been reviewed (62 references) [390], as has 

nickel catalyzed reactions of olefins with carbon-nitrogen double bond systems (18 

references) C3911. 

(296) 

(297) 

M + AcOH 
PdfOAc& 

D B 
Ph3P 



+ NH3 
Pd(acacl2 

> 
Pkx?Lj 
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(298) 

MeNH2 + e 
Ni(~~~)2, Bu3p 

> 

BF.fOEt 

(major) 

- 
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- 

+ 

(3001 

w + R2NH + w/w 
NR2 

Pd(O) 92-100% 

H > Et2NH > i-Pr2NH 

0 

RCOOH t M _>, w 0 R (301) 

(major) 
R = Me, Et, n-C5 

vNMe2 

(302) 

+M 
L2PdC12/Et3Al 

' TN"' 

(303) 

v 
NMe2 

+W- 
NMe2 

t 1:l 



E. Rearrangements 

1. Metathesis 

Olefin metathesis continues to be intensively studied, although it is 

becoming increasingly difficult to tell the difference among many of the studies. 

Reviews dealing with the mechanism of olefin metathesis (40 references) [3921, 

metal-carbene complexes as reactive intermediates (110 references) C3931, catalysts 

for disproportionation of olefins (49 references) [3941, and metathesis of olefins having 

functional groups (47 references) C3951 have appeared. Long chain iodides and alcohols 

were synthesized by a combined olefin metathesislhydrotirconation process (equation 

305) 13961. The metathesis of w olefinic esters (equation 3061 [397] and nitriles 

(equation 307) [3981 was studied. Long chain diesters (equations 308-310) and macro- 

cyclic lactones (equations 311 and 312) were made by a metathesis process [3991. 

The influence of basicity and steric effects on the metathesis of olefinic amines over 

W(CO15L or W(COl, arene catalysts was studied [400]. The olefin metathesis of a 

cyclooctatetraene iron complex produced the dimer shown in equation 313 14011. 

(305) 

n = 13-16, 20 

WC16/SnMe4 
B 'nH2n+l CH=CHCnH2n+l 

Cp2Zr(H)C1 

EtOAc 

--I 
RI 

ROH 
C2nQ.,+lCH2CH2ZrCP2CJ 

36-58X 

(306) 
Re207-A1203 

CH3(CH2),CH=CH(CH2~,C02Me + H2C=CH2 - 
\ 

CH2=CH(CH2 )7C02Me 

Me4Sn 

t 

39-75% co metathesis 

Referencea p. 282 
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WC16 

C~~=CH(CH2)nCN \- NC(CH2)~C~=CH(CH2)~CN + CH2CH2 (3071 
SnMe4 

lLnL4 best for n = 2 

(308) 

MeO2 
~COp? 

71% 

Me02C 4 - 
CO*Me 

45% 

(3101 

AcO 

AC0 OAc 

- 

37% 



(313) 

(COf,Fe=- 

Fe(CO13 

(3121 1312) 

New metathesis catalyst systems continue to be developed and exploited. A 

variety of tungsten and molybdenum 0x0 complexes containing alkyl groups were treated 
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with Lewis Acids. Those which released an alkyl ligand in the process were active 

metathesis catalysts (equation 314) L4021. A tungsten carbyne complex catalyzed the 

metathesis of alkynes (equation 315) C4031. The role of oxygen in olefin metathesis 

was studied. It was proposed the olefin epoxidation was an important step in produc- 

ing the ultimate catalytically active species (equation 316) 14041. The importance 

of tungsten hydrides in olefin metathesis reactions was studied, and tungsten(I1) 

hydrides were proposed to be involved, but not tungsten IV hydrides 14651. The full 

details on how nobium and tantalum complexes of the type M(CHCMe3) (Pr3)2C12, 

could be modified to give olefin metathesis catalysts have been published 14061. 

The stereoselectivity in the cross metathesis of 1-octene, cis- and trans-2-octene - 
over WC16/Ph4Sn,(PhO)6WIEtAlC12, or WC16/Et3Al was claimed to be influenced by 

2,4-interactions between the metal and the C2 alkyl group in the metallacyclobutane 

intermediate 14071. The use of W(CO)6 and (arene)W(CO)3 complexes in the presence 

of RA1C12 and oxygen as metathesis catalysts has been reported C4081. Irradiation 

of W(CO)6 in Ccl4 produced an active metathesis catalyst [409]. The influence of 

the molar ratios of olefin to WC16, and of acyclic to cyclic olefin ratios on the 

composition of products in co-metathesis reactions catalyzed by WC16/EtAlC12 has 

been examined [410]. The tungsten catalyzed W(N0)2C12(PPh3)2 was more stereoselective 

in the metathesis of cis-pentene than were other catalysts which did not contain 

nitrosyl ligands C4llr Reaction of acetylene and ethylene with Na8H4/MoC16 in DMF 

resulted in formation of disproportionation products [412]. 

(314) 

0 
+O/Ayn 

RCH2 \ I,,,, AYn 
RCH,'I 

RCH2\[ C,, 

‘ x 
RCH2' I- 2 

R 

X 

AY, = AlX3, 8X3, SnC14, ZnCl2, Mg8r2 

t 
P a 

cl/ ,;,OPEt3 
I 
Cl 

also studied 

Ph 
I 

il 
+ PhCzCPh _j PhC+- t W 

/I\ 
(315) 

catalyzes metathesis of PhCrCEt, CyCzCEt, PhCzC-tolyl, EtCgCPr 
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RuCl2L4 O2 > [Ru].02 + 4 -+ ~ (3161 

+-4- ( 
+ 

0 
Ru = 0 

/ 
Ru 

Supported catalysts for olefin metathesis were also actively pursued. Unreduced 

molybdena/alumina catalysts were studied for the metathesis of butenes T.4131. The 

mechanism of the catalyst system was studied using deuterated olefins 14141. The 

effect of oxide supports on molybdenium oxide-catalyzed metathesis was studied C4151, 

as was the activity of supported tungsten oxides for the metathesis of propene 14163. 

Reaction of tungsten hexachloride with dry silica gel followed by treatment with 

tetramethyltin gave a solid catalyst for metathesis of E-pentene (4173. Functionalized 

olefins feg., Cl, I, F, CN) poisoned ~3/Si02 metathesis catalysts 14181. The effects 

of isobutyl~ine on the metathesis of olefinscatalyzed by W03/Si02 were studied 14191. 

The metathesis catalyst Re207/A1203 was studied by infrared spectroscopy, and was 

shown to have two different surface rheniumspecies, Re04- and Re207* (4201. 

Dialkenyl silanes underwent metathesis and polymerization when exposed to Re207/A1203 

or Re207/A1203/Sn8u4 catalysts (equation 317) 14211. The metathesis of propene over 

unsupported rhenium trioxide was studied E4223. 

(3171 

Re207/A1203 
> Me2Si I 

3 
t - 

2. Olefin Isomerization 

The kinetics of the iscmeriration of I-butene and cis-2-butene over rhodium 

(III) chloride and palladium(II1 chloride in chloroform has%en studied 14231. A 

new mechanism for alkene isomerization by palladiumfiI1 canpounds has been proposed 

C4243. The isomerization of 4-methyl-l-pentene by HCoN2L3 was studied kinetically 

14251. Ally1 aromatics isomerized under phase transfer conditions using rhodi~(I) 

catalysts [426]. A variety of metal halides (RhC13, K31rC16, PdC121 catalyzed the 

isomerfzation of ally1 aromatics under phase transfer conditions E427J. Polystyrene- 

bound bfs (cyclopentadienyl~titanium dichloride reacted with Grignard reagents to 

form active olefin isomerization catalysts [428]. Polymer bound Cp2Ti(CO12. CpTf*TiC13 

and Cp2TiC12 were prepared and studied as catalysts for the isomerization of ally1 

benzene to 8-methyl styrene C4293. Polystyrene-bound RuC12L3 catalyzed the same 

Reielsnglp.zaa 
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conversion C4303. This catalyst did notleachfrom the polymer, and was 2 to 5 times 

less active than the corresponding h~geneous systems. Ally1 protecting groups on 

sugars were removed by isomerization to the enol ether followed by hydrolysis. The 

catalyst used was [Ir(COD)(MePPh2)2~'BF4-, which was preferable to 13RhCl since 

competitive reduction of the olefln did not occur C431J. Unsaturated dicarboxylic 

esters underwent isomerization over RhCl(PPh3)3/~C12 catalysts C4323. 

3. Rearrangements of Allylic and Propargylic Oxygen and Nitrogen Compounds 

A dissertation entitled "Palladium-Catalyzed 1,3-Oxygen to Carbon Alkyl Shifts 

in Substituted 2-Alkylidene+vinyitetrahydrofurans" has appeared [433]. This 

process was used to produce either cyclopentanones or cycloheptenones, depending on 

the catalyst (equation 318) C4341[4351. This chemistry was used to synthesize seco 

steroids (equation 319) and prostaglandin E (equation 3201 [4351[436]. Acyclic 

vinyl acetals rearranged to conjugated ketones when treated with palladium(I1) 

catalysts (equation 321) [4371. 

H 

t-Bu02C I,,,, % 

H b Y t 
"0, 

- no 
H 

up to 64% up to 82% 

up to 98% 

t 

0 X 

(3181 

Br 

C02k L4Pd 

81% 
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PGE 

(320) 

““y “y’* 
R3 

R' = Me, Et, n-Pr 

R* = H, Me, Et, n-Pr 

PdC1204eCN)2 

or (diene) PdC12 cat. 

0 
(321) 

R* 

R3 

70-W% 

R3 = Me, Et 

Allylic cyanohydrin acetates rearranged to a1keny.l nitriles when treated with 

palladium(O) catalysts. These were further converted to furans (equation 322) 14381. 

Chiral ally1 acetates underwent a 1,3-acetate rearrangement, stereospecifically, in 

the presence of palladium(II) catalysts (equations 323 and 324) [4391. Doubly allylic 

acetates rearranged to a,a,r,b-unsaturated acetates (equations 325-328) [44Ol. 

S-Allylthiocarbamates rearranged to N-allylthiocarbamates in the presence of palla- 

dium(II) catalysts (equation 329) (4411. 

Rdermacm p. 282 
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R2 

CN L4Pd CN 

\ 

R' - THF, 25' 
R4 OAc 

50-80% 

I l)OH- 2) DiBAH, (322) 

R’ = H, Me 
~~ = H, Et, n-C8, PhS(CH2)2 

R3 = Ph, n-Pr, n-C6 

R4 = H 

(323) 

Pd(II) 
* 

cat. 

Pd(I1) 
l 

76% yield 

(324) 



(325) 

v 
OAc 

Pd'I 

Pd(II) RGR2 - 
ZE 

R', R2 = Me, Bu 

T 
OAc 

OAc 

7 100% 
OAc 

EE 

(ZE) 

(326) 

“L/-u R2 
OAc 

80% + 20% EE 

7 (327) 
PdIII) 

l 
6Ac 

95% 

(328) 

7 + AcOw 

OAc 

60% 30% 

(3291 

Pd(II) 

- 
65% 

high yield 

4. Skeletal Rearrangements 

2-Alkoxycyclopropancarboxylic acids rearranged to 6.6-unsaturated esters in 

the presence of platinum(I1). rhodium(I), or ruthenium(I1) catalysts (equations 330- 

lbfercncm p. 262 
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333) [442I. Cyclopropenecarboxylic acid ring opened when treated with iron carbonyl 

compounds (equation 334) C443l. Metathesis catalysts ring opened cyclopropanes, but 

did not effect a retro carbene reaction (equation 3351 [4441. Molybdenum VI oxide 

catalysts caused skeletal isomerization of 3,3-dimethyl-1-butene C4453. 

Ph 
Ph 2% cat. 

l 
CHCH2C02Et 

(3301 
Me0 C02R 1 hr, 70° >= 

Me0 
100% 

cat. = PtC12(PhCN)2, [Rh(C0)2ClI2, [Ru(CO)~C~~I~ 

OMe 

cat. \ OMe 

C02Et j a/ C02Et (3311 

cat. 
C02Et B 

- 
--%I 
Me0 C02Et 

cat. 

C02Et (332) 

- 

?= 
CHCH2C02Et (333) 

Me0 
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(3341 

PhH 

WC16/Ph4Sn 
l 

or 

WC16/EtAlC12 

MeO,.) 

CH3 

0 

I (3351 

5. Miscellaneous Rearrangements 

Palladium(II) chloride catalyzed a cis-trans isomerization of substituted -- 
cyclopropanes (equation 336) 14461. Epiperoxides underwent a palladium(O) catalyzed 

rearrangement to give a mixture of products (equation 3371 f4473. Bicyclic peroxides 

underwent a similar rearrangement (equations 338-347) 14481. This chemistry was used 

to prepare prostaglandins (equation 3421. Gibberellins underwent a number of palla- 

dium catalyzed rearrang~nts fequatjon 3431 14491. 

PdCl$RCN$ 
CORR 

l (3361 

PhH 
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4 Pd(O), ;J + ::$ t 

R 

e 

(8 cases) 

Q 

0 

d 

5% L4Pd 
l 

CH2C12 

0 

6 
Pd(O) 

> 

0 0 6 l 

major 

0 

v t 
bH 

4-54% 

0 

0 t 
OH 

49% 

0 

d . 
18-29% 

0 

0 t 
0 

4% 

(--Jo + (-Jo t 
0 OH 

60-77X 12% 

0 

’ 0 + 
OH 

73% 

R 

0 

$ 

(337) 
0 

R 

minor 

H 

(338) 

OH 

ZO-27% 

OH 

0 (339) 

OH 

37% 

OH 

(340) 

OH 

23% 

OH 

(341) 

OH 

28% 
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OH OH 

41% PGEP 11% PGFzo 

Pd(O) 

t 

17% PGD2 

t 

0 
‘\ t3- I = =_ 

Pd(DA$ 

Ph3P, DMF 

t 

Reaction of Ph*PNEtPh with bromobentene in the presence of nickel(II) bromide 

gave e-Ph3PtC6H4NHEtBr- which upon heating in the presence of the same catalyst gave 

o- and e-Ph2PC6H4NHEt C4503. Platinum on Cab-0-Sil catalyzed the rearrangement.of 
1.3-dioxacycloalkanes to esters 14511, Reviews entitled "Organanetallic compounds: 

Isomerization: Intramolecular Processes" (137 references) [452], 'The 0,~Rearrangement: 

A Key Process in Organcmetallic Catalysis" (147 references) C4531, and "Organometallic 

1,2-Shift Type Reactions"{35 references) C4543, have appeared. 
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III. 

With 

were 

Functional Group Preparations 

A. Halides 

6-Bromostyrenes were converted to e-chlorostyrenes in high yield by reaction 

(PhOJ3PCuCl [4551. Steroidal ketones, cyclohexanone, 5-nonanone, and acetone 

a-iodinated by iodine and copper{111 acetate in acetic acid C4561. Alkynes were 

converted to vinyl iodides by reaction with a nickel{111 methyl complex followed by 

iodination (equation 344) 14571. Acetylene was hydrochlorinated by HCl in the pre- 

sence of copper(I) chloride 14583. Toluenes were converted to benzy? bromides by 

reaction with copper(II)br~ide and ~-butylhydroperoxide (equation 345) E45gl. 

Acetyl bromide reacted with methyl chloroformate in the presence of nickel(O), palla- 

dium(O), or platinum(O) catalysts to give methyl bromide, acetyl chloride and carbon 

dioxide L4601. 

R R' 

4 / Me 

I I2 43441 

R R' - H 
I Me 

CuBr$t-8uOOH 
CH3 p 

AcOH, Ac20 

X = 4-Cl, 4-B?-, Z-Cl, Z-Br, 3-Br, 4-COOH, H 
43-98% O-38% 

The mechanism of the addition of carbon tetrachloride to l-octene catalyzed by 

hexacarbonyl bistn-cyclopentadienylldimolybdenum started as a redox process but 

ended up as aradical chain process (4611. Palladium salts catalyzed the addition of 
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polyhal~ethanes to olefins (equation 346) 14621, and allylic alcohols (equation 347) 

14633. Br~otricbloromethane added to styrene in the presence of a chiral rhod~~~l) 

complex to give the addition product with >32% ee ~equation 3483 f4641. Titanium 

chloride rSng opened t~i~thy~silylcyclopropanes (equations 349-35'1) 14653. Cyclic 

olefins were converted to acyclic chloroketones by reaction with %rordIIIf chloride 

with irradiation (equations 352-354) [4661. 

R= 

x= 
Y= 

RA + XCCl Y 
Pd(OAcj2l'L 

2 - 
CCl2Y 

NaOAc _ 

K2C03 
80-1000 

: 

good yields 

n-Cp -(~H2)~C02~e, 
CH2OA~, cyclohexyl 

CT, Br 

Cl, C02Me 

I 

XCC13 + ’ 4p 
OH 

R = n-Bu, Ph, KH217C02Me 

R' = H, Me 

40-80% 

Ph 
\ ~-~D~~PR~C~ Ph 

Br ,*+ 
Y 

CH2CC13 

c BrCC13 ------+ 

H H 

26% yield >32% ee 

Pdf0Ac12 
? 

fo-toU3P c13c vR 
0 

(346) 

(347) 

(3481 
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TMS 
> 

:-TMS 
? . 

TMS 
(351) 

\ 

i 

FeC13 
> 

(X) 
hv 

X = (CH2)3' KH2)*, my8 

FeC13 
> 

hv 

R’s = Me, Et 

R' 

R* - 

h X 

FeC13 
b 

hv 

Cl 63 0 

j/ 

Cl 
0 

+C'\/\x 
(352) 

X Cl 
6-47% O-33% 

R' 

0 CA Cl 

Cl 

R2 

60-86X 

Cl R' 
0 

R2 

-\i 

Cl 

X 

(353) 

(354) 

31-77% 



B. Amides, Nitriles 

produced 

chromium 

Reaction of chromium hexacarbonyl with lithium dimethylamide and hydrogen 

a 40% yield of dimethyl formamide in which the carbonyl group came from the 

carbonyl (equation 355) 14671. Chromium-complexed bentyl alcohols reacted 
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with nitriles in sulfuric acid to give amides (equations 356 and 357). Cobalt com- 

plexed propargyl alcohols reacted similarly (equation 358) [468]. A cobalt-amino 

acid complex provided an alternative to activated esters for polypeptide synthesis 

(equation 359) 1469lC4701. A dissertation entitled "The Zinc and Copper Promoted 

Hydrolysis of Lactams" has appeared [471]. 

Cr(CO)6 + LiNMe2 C_)I (C015Cr=C 
,OLi 

[ 1 8 
Me2NC-H (355) 

\NMe2 

40% 

(356) 

R' 

R 
* 

I 1 -OH + R"' CN 
H2S04 R 

I -Q 
I 

-15O 
I R" I 

Cr(C013 
Cr(C013 

R = Me, MeO, H 

R' = H, Me, Ph 

R" = H, Me 

R"' = Me Ph , 

80-902 

H2S04 , 

MeCN 

tr(C013 

HCfC-CH20H H2S04 
l I! HCSC-CH2NH -Me 

co2(co)6 
MeCN 

co2Ko)6 

(357) 

(Cr(C0)3 

89% 

(358) 

Refemneg *. 282 



242 

(3591 

2% 9’ 
+ CF3S03Me j NH2CWC02R" 

electrochem. 
dipeptide e 

red. 

N COANH2\CHR 

4 ‘0% 

NHCHR'~O2R~ 

The selective hydrolysis of nitriles to amides catalyzed by ClPdtOH)(bipy) 

was studied in detail [4721[4731. Amides were produced by the reaction in equation 

360 C4743. 

X = W, H; 0 

Rl = t-f&, Ph 

R2 = Me, Et, Ph 

FeS04*7H20 

rfx H20 

50-97% 

(3601 

Copper(I) cyanide converted 2-br~o-3-~thylphenol into 2-cyano-3~~thy~phenol 

in 94% yield E4751. Thenickel catalyzed addition of DCN to olefins proceeded 

with clean $& stereochemistry (equation 3611 C4761. Aerogel catalysts comprised of 

nickel oxide dispersed on aluminum oxide or sillcon oxide supports were efficient for 

the conversion of isobutene and NO into metha~rylonitrjl~~477][47~][479]. 

t-i& 
H H = D 

t OCN 
NIL4 

60°, MeCN H I# 
H 0 ZnC12 * ‘j: CN 

D 

(3611 

C. Amines, Alcohols 

Nitrobenzenes were reduced to anilines by dicobalt octacarbonyl on alumina 
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14801. Nitroarenes were reduced to aryl amines by carbon monoxide/water over 

ruthenium(I1) catalysts, while palladium catalysts produced ureas in addition to 

aryl amines (equation 362) [481]. Nitrobenzene and ~-chloronitrobenzene were reduced 

to the corresponding aniiines over PdCl,(PhCN)2 [482). Nitroarenes reacted with car- 

bon monoxide/hydrogen mixturesover iron or ruthenium catalysts to give a variety of 

reduction and reductive acylation products (equation 363) 14831. Aromatic azides 

were reduced to aryl amines by (Ph3PI2CuBH4 [484]. 

Ar = PhH, p-MePh, p-OMePh, m-MePh, m-N02Ph 

60' 
ArN02 + CO/H2 + NaOMe - ArNHCHO + 

Me3(COI,2 
ArNHC02Me 

1 atm 
t (363) 

Me = Fe, Ru 0 

Ar/i=NAr t ArNHCONHAr + ArNH2 

Palladium supported on alumina catalyzed the amtnation of phenols with ammonia 

14851. Copper catalyzed the amination of aliphatic alcohols 14861. ?.romatic amines 

were alkyalted by alcohols over ruthenium catalysts at high temperatures (equation 

364). Ally1 alcohol reacted with aniline to produce quinolines (equation 365) 14871. 

Aliphatic amfnes underwent alkylation by alcohols in the presence of iridium and 

rhodium catalysts (equations 366 and 3671 14881. Primary amines underwent "dispro- 

portionation" in the presence of ruthenium catalysts (equation 3681 [SSgJ. 

(364) 

NH2 + ROH 
RuC12L3 

NR2 t NHR 
180' 

R = Me, Et, n-k 



(3651 

OH 
RuC12L3 

cat. R' 
RNH2 + R‘OH __I, RNH 

70-90% 

R = II-Bu, cyclohex. Ph 

R' = Me, Et, Bz, i-Pr 

cat. 
Ht R'OH .-) 

(366) 

cat = IrC13*H20/PPh3, Na21rC16/PPh3 

RhC13*3H20/PPh3, RhHL4, IrClL3 

RhC1L3 

C N-R' 

RCH2NH2 
RuC12L3 

f 
RCh2. 

185' 

,NH + NH3 
RCH2 

?O-99% 

(3671 

(3681 

Aromatic carboxyllc acids reacted with ammonia over copper oxide to produce 

aryl amines. The amination occurred in the ortho position of the aromatic (equation 

369) [4901. Amines aminated anthraquinones in the presence of cobalt(II1 catalysts 

(equation 370) 14911, copper(I1) catalysts (equation 3711 [4921, and rhodium(I) cata- 

lysts 1493lE4941. 

CUD 

190-230' 
O-NH4+ 

(369) 
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0 NHX 0 NHX 

R2NH (solvent) 

CoC12, o2 

0 NHY 0 NHY 

40-70% 

+ NH2-(CH21nNH2 
CuC12 

0 OH 0 OH 

n=2, 98% 

n=3, 0% 

A dissertation entitled "Palladium Assisted Amination of Olefins" has appeared 

14951. Indole aminated olefins in the presence of palladium(II1 salts. The inter- 

mediate o-alkylpalladium complex was carbonylated (equation 3721 14961. Oiethyl- 

amine aminated ethylene bound to platinum(II1 to produce an ammonium salt (equation 

3731 14971. Aromatic amines added to the e-position of conjugated enones in the 

presence of palladium(II1 catalysts (equation 3741 14981. Eutadiene was aminated by 

secondary amines in the presence of nickel(II1 complexes of chiral phosphines to give 

telomers with some optical activity C4991. Allylic acetates were aminated in the 

presence of catalytic amounts of palladium(II1 complexes (equation 3751 [SOOI. The 

mechanism of amination of n-ally1 palladium complexes in the presence of phosphines 

was claimed to proceed by an SN2' attack on a a-allylpalladium complex rather than 

by nucleophilic attack on a cationic n-allylpalladium species 15011. 

Rdemnces p. 282 



(3721 

= t Pd(II)+ 

Pd 

Et2NH 

co 
MeOH 

/ 
C02Me 

\ 

H2 

OJ 
:I I 

N 

\ 
H 

(373) 
q 

z 
NHR 

(374) 

2 = C02Me, COMe, CN 



247 

Me2NH, Pd(aCac)2 
9 

dfphos, THF 

550 

SPY, 4-Py, 2-Py 

X = H, 4-F, 4X1, 4-k, 4-OMe, 2-Br 

NMe2 

30-80% 

Rhodium salts catalyzed the ~in~ethylationof olefins by carbon ~noxide, water, 

and amines 15023. Chirat alanine was synthesized using chiral l-ferroceny~ethyl~ine 

(equation 3761 [5031. Isocyanates reacted with aldehydes in the presence of 

Co2(cO)8, N(cO16 ) and Ni~CO)2(PPh3)2 to give imines E504f. Christ complexes of 

indanone were reduced to complexed indanols exclusively from the face opposite the 

metal (equation 377) t5051. 

(376) 

CH3&E-OH ---+ c, 

iL)-alanine 

R' 
2 
R3 NaBH4/i-PrOH 

K6H4/MeOH/H20 

Cr(CO~3 

(377) 

R1 = Me, Et, f-Pr: R2=R3=R4=H 

R2 = Me, Et, i-Pr; R'=R3=R4=H 

R3 = Me, Et,, i-Pr, t-Bu; R'=R2=R4,H 

R4 = Me, Et, i-Pr, t-W; R1=R2=R3=H 

Referenced p. 282 
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0. Ethers, Esters, Acids 

Diphenylethers were synthesized by the reaction of copper(I) phenoxide with 

aryl halides 15061. A Hamnett a,~ study of the reaction of phenoxides with cationic 

iron-chlorobenzene complexes has been carried out [507]. A one-stage a-glycosidation 

of alcohols involving the use of cobalt{111 bromide as a promoter has been developed 

(equation 3783 E5081. Palladium(O) complexes converted ally1 esters into ally1 

ethers (equation 3791 [SOS]. Enol ethers were prepared by the iron-assisted alkoxy- 

lation of alkynes (equations 380 and 381) C5103. Copper(II1 perchlorate oxidatively 

cleaved cyclopropanes to ethers under irradiation (equation 3821 C5113. Thioketones 

were converted to a variety of compounds by hydrozirconation followed by further 

reaction (equation 383) [5121. 

(3781 

TMSBr, CoBr2, Bu4NBr 
> 

Nil01 Sieve 

OH CHECIE ROH 082 ’ 
OR 

40-94x 

R = (-)+X2, 0 , cholestanol 

(379) 

ROH + ClCO2 - _c) RO-E-0 O/W Pd(O1 
> RO- 

K EtOH 
- a- C02Me + Fp+ 

CHBCIE 

= IOH + Fp'A ___+ 

(3801 

(3811 

FP+ 
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(382) 

Ph + hv 
Cu~C10412'6H*0 _I) 

MeOH 
PhCHCH2CH20Me t 

I 
PhCHCH2CH20Me 

OMe -L_ 
2 

3543% 1-27x 

(383) 

i 
ArCAr 

R2CHS8r 

R2CH20Me 

48 
R#HSC-C-OMe 

Thioesters were converted to esters by treatment with iron pentacarbonyl (equa- 

tion 3841 [5131. Propylene carbonate was prepared from propylene and carbon dioxide 

in the presence of transition metal oxidants 15143. Organichalides reacted with THF 

in the presence of carbon monoxide and palladium(II1 salts to give a-chloroesters 

(equation 3851 15153. Alcohols were oxidized and then condensed to esters by reaction 

with Ru3(C0112 in the presence of a hydrogen acceptor (equation 386) 15161. The 

mechanism of the acetoxylation of arenes by acetic acid in the presence of palla- 

dium(I1) catalysts has been studied 15173. Copper oxide oxidized alcohols.to esters 

at temperatures in excess of 170' (equation 387) [518]. Phenols were converted to 

diary1 carbonates by oxidative carbonylation in the presence of palladium(II1 and 

manganese(II1 salts (equation 388) 15191. A methylene-bridged iron species was con- 

verted to esters by reac?Dn with alcohols (equation 389) [520]. 

0 

Fe(C0J5 

loo0 & 
65% 

(3841 
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RX t CO + 
PhPdIL2 P 

130° 

> RC-0(CH2)n-X 

n = 2,4 v, 

R = PhCH2, 

oO;o react 

Ph, p-anisyl, Ph - , Ph- , PhCOCH2 

2RCH20H 
Ru3(COl12 

> e R -OCH2R + PhCH=CHPh 

PhC=CPh 
70-80% 

R = Ph, n-au 

cue 
2RCH20H ___, R%OCH R 

2 + "2 
1700 

(385) 

(386) 

(3871 

R = C6 or longer (dials ---_, polyesters) 

(3881 

2ArOH t CO t 40, 
CH2C12, NaOH, Bu4NBr a 

) ArO OAr t "20 

PdBr2, Mn(acac12 

up to 61% 

(CO) F!Je(CO) 
ROH 19 

4 4' CH3C-OR 

R = Me, Et 

(3891 

Oxidative acetoxylation of propene was effected by a palladium/potassium acetate/ 

amorphous aluminosilicatecatalyst 15211. The nature of the active center of this 

catalyst was studied [522]. Palladium(O) clusters catalyzed the oxidative acetoxyla- 

tion of ethylene 15231. The mechanism of this process was also studied C5241, as 
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was the stability of alumina-supported palladium catalysts for the synthesis of vinyl 

acetate from ethylene C5253. 

Palladium(O) complexes catalyzed the oxidative acetoxylation of toluene to benzyl 

acetate [526f. Olefins were converted to ally1 acetates by reaction with cobalt(IIi~ 

acetate in acetic acid C5273. Cyclohexa-1,3-diene was converted to either cfs or 

trans 1,4-acetoxycyclohex-2-ene by palladium-catalyzed acetoxylation {equation 390) 

E5281. B,Y- Unsaturatedesters were acetoxylated in the r-position by palladium(I1) 

salts under oxidizing conditions (equations 391 and 392) C5293. Ally1 sulfones were 

acetoxylated by conversion to n-allylpalladium complexes (equation 393) E5303. 

Pd(OAc12 cat. 

Benzoquinone, HOAc 

LfOAc 

0 \/ 

>90% trans 

(3901 

1 PdfOAc12 cat., Benzoquinone , Acp 

HOAc, LiCl, LfOAc - 

>93% cis - 

(391 f 

+PP’ 
PdI' OAc- + R y&0 C02R' ~ 

pentyl Nitrite 

R = n-C6, Et, Me. H 45-52% 

OAc 
OAc (3921 

KOAc, PdCt2 
, +c02, 

OAc 

50% 
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(3931 

RM so2to1 AcO- 
SO2tol 

YPdX6, 

\ 2/ 

R = Ph, H, Me, c-I$ RYS02to’ 
OAc 

60-809 

~-Allyltitani~ complexes were converted to carboxylic acid derivatives (equa- 

tion 394) E5311. a-Aminoacids were synthesized by titanic assisted reactions of 

isonitriles'(equation 395) E5321. Acids or diacids were produced from the molyb- 

deny oxidative cleavage of tri~thylsilylenol ethers (equations 396-3981 F.5331, 

The synthesis of carboxylic acids by copper(I) or silver carbonyl catalysts has been 

reviewed (27 references) 15341. Acid hydratides were converted to carboxylic acids, 

esters, and amides by reaction with copper(I1) compounds [5351. Anhydrides of aro- 

matic carboxylfc acids were prepared from aryl diazonium salts and carboxylates in 

the presence of palladium(II) salts (equation 399) 15361, and from a-diketones and 

platinum-oxygen complexes (equation 400) 15373. 

(3941 

4 
/ Y 

R 

"Quantitative" 

R 
f 
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(395) 

R* 

R' PhNC R2 

O,? 

C02Me 
TiCl 

H+ > 

4 R'NH 
A 

COOH 

34-82% 

OTMS 

t40(021(acac12 

' c 

COOH 

t-8uOOH 
COOH 

(396) 

QTHS 

cc” I ’ ’ 

ArN28F4 t CO + RC02Na t 

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

R = H, Et, Me, t-Bu, Ph 

Ar!-&r t L2Pt$ 
0 

(397) 

’ cc” 
COOH 

I' (398) 

Pd(OAcI2 F Ari!-0-P-R (399) 

45-862 

2-OMePh, 4-BrPh, 4-IPh, 4-N02Ph, I-naphth 

- At- Ar (400) 

14-50x 

E. Heterocycles 

A review entitled "New Synthetic Methods of Heterocyclic Compounds Using 

Organometallic Complexes" (33 references) has appeared 15383. The catalytic 
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epoxidation of olefins with organic hydroperoxides has been reviewed (197 references) 

(5391 as has synthetic and mechanistic aspects of metal catalyzed epoxidations with 

hydroperoxides (49 references) (5401. The reactivity of olefins and hydroperoxides 

in the hydroperoxide epoxidation with vanadyl acetylacetonate catalysts has been 

studied [5411[5421. The epoxidation of monoterpenes with t-butylhydroperoxides and 

metal catalysts was studied C5431, as was the use of polymer-supported vanadium(IV) 

catalysts for similar reactions 15441. Cholesteryl acetate was epoxidized by t-butyl- 

hydroperoxide in the presence of a ~lybdenum catalyst (equation 401) C5453. A 

leukotriene precursor (equation 402) a methamycin intermediate (equation 403) and a 

disparalure intermediate (equation 404) were synthesized using titanium-(t) dimethyl 

tartrate catalysts for key epoxidation steps C5461. The stereochemistry of the 

epoxidation of homoallylic alcohols using vanadium(V) -t-butylhydroperoxide was pre- 

dicted by considering the transition state having the least steric interactions (equa- 

tion 405) E5471. Racemic 2' allylic alcohols resolved byconsuming one enantiomer 

in a chiral epoxidation reaction (equation 406) [548]. 

(4011 

AcO 

AcO 

Ti(O-IPr)4, 
t 

OOH 
OH 

OH (402) 

f+) DfQ 

(OMT = dimethyl tartrate) 
79% >95% ee 



255 / c 1) Ti(O-iPr)4, 
t 

OOH 

I 
(403) 

OH (+)DMT OAc 

2) Ac20 

80% >95% ee 

(y----q--- 
CHO 

1 
(404) 

1 

(t) disparalure 

via 

(405) 

(406) 

(L)(t)(i-Pr)2 tartrate 
D Chiral t one enantianer 

OH Ti(O-iPr14 epoxide of alcohol 

racemic 
t 

OOH 

Allenyl ally1 alcohols cyclized to dihydrofurans when treated with cationic 

iron-olefin complexes (equation 407) 15491. Furans were formed from the titanium(IV) 
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chloride induced condensation of trimethyl silylenol ethers with a-functionalized 

ketones (equation 4081 C55Ol. Ortho-allylphenols cyclized to chiral dihydrobenro- 

furans in the presence of chiral n-allylpalladium catalysts (equation 409) 15511. 

Oxidation of hindered phenols produced benzofurans (equation 410) 15521. Diolefins 

were oxidatively cyclited to oxygen heterocycles by reaction with PhSeCN in the pre- 

sence of copper(III chloride (equations 411-4131 C5531. Cyclohexane-1,2-dione reacted 

with diols to give aromatic cyclic diethers in the presence of palladium(II1 salts 

(equation 414) [5541. Carpanone formed in an oxidative dimerization with a number 

of metal catalysts (equation 415) 15551. Diazoacetoacetates reacted with aldehydes 

in the presence of copper(I1) salts to give acetals (equation 416) 15561. 

R3 R4 

Y I 
FP+ + 

I 

NaFp (407) 

Fp = Fe(C012 

R', R2, R3, R4 = H, Me 

R3 

h: 
/ 

R2 

R4 0 R' 

high yield 

/OTMS 
R2CH=C, , + 31 R CCHSR4 

TiC14 
4 (4081 

R il 

- R3 
CH2C12 

02s Cu(OAd2 

’ QJf= (409) 

9 
H 

S(+) 18% opt. yield 
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Br 
K3FetCNI6 

_) 
PhW 

(4101 

81% 

s/"-k= f PhSeCN Cuc12 

86% 

64% 

PhSeCN, CuC12 

M&N 

SePh 
(4?3f 

SePh 
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(4141 

HO 

t 
2PdC12(PhCN12 

HO PhH, 4 

50-65% 

cat = Co(II) Salpr 96% PdC12/NaOAc 46% 

Co(II1 Salen 94% 02, hv, TPP 29% 

Fe(II) Salen 78% BP0 40% 

Mn(II1 Salen 80% AIBN 10% 

0 0 

+ 
C”II 

OMe t RCHO ___j 
C02Me 

(416) 

76-83% 

R = n-Pr, i-Pr, e/, Ph, 

Lactones resulted from the oxidation of 1,4-diols with bromine in the presence 

of nickel(I1) acetate (equation 4171 C5571. The full details of the palladium-cata- 

lyzed cyclization of hcmopropargyl alcohols to a-methylene lactones (equation 4181 

have appeared 15583. A dissertation entitled "Nickel-Promoted Synthesis of Sesqui- 

terpene aMethylene Lactones" has appeared [559]. Butenolides (5-alkyl-2(5H)- 

furanonesl were formed in the rhodium catalyzed reaction of alkynes, carbon monoxide 

and olefins (equation 4191 and alcohols (equation 420) [560][5611. r,a-Unsaturated 

ally1 esters cyclized to lactones, when treated with palladium(O) complexes (equa- 

tion 4211 15621. The cyclization of o-ally1 benzoic acids to isocoumarins using 

palladium(II1 catalysts was again reported [563]. More complex lactones were also 

prepared by organometallic routes (equation 4221 C5641 (equation 4231 C5651. 



OH Ni(OAc)2 
58-70% 

R = Ph, n-Bu, n-hex 

R' OH 

x 

R' 
+ Pd(IlI cat CO 

0' 

R * R 

f1f.l cases1 

cat = PdC121SnC12/PR3 

0 14191 

R&R2 + 2CO + R3C~=C~2 
Rh4(CO~~2 

* 

ROH, 220° 

RbCR* + 2CO + R30H 

129, Base 

R' = Ph, Me 

R2 = Ph, Me 

30-87% 

R3 = Me, Et, i-f+, n-CB 

f420) 
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- s 
,0- L4Pd B 00 (421) 

0 140°, 6 hr 

OMF/PhH 
69% 

(G. C. yield) 

-N (4221 

Me 
Me 

78% 

R2 R' 

C02H 

R's = MeO, H 

CoF3 
5 

BF3/Et20 

R2 (423) 

R3 

R2 
5-20X 

k+Lactams were made as in equations 424 [566] and 425 [567]. 

R H 

L4Pd R 

+ co 
PhH, 40' 

R' 

H R' 
1 atm H 

R = Ph, p-ClPh, p-BrPh, p+ePh 

R' = H, Me 
25-632 

(424) 

Cu(I) 

Base 

SR2 

(425) 
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a,w-Diamines cyclized to cyclic monoamines when treated with RuC12L3 catalysts 

at high temperatures (18D'f (equation 426) E5681. u-Olefinic amines cyclized to 

nitrogen heterocycles when thefr trifluor~thane sulfonate salts were neutralized 

in the presence of palladium(II1 chloride (equation 4271 E5691. Spiro fused hetero- 

cyclic amlnes were synthesized by the palladium(O) catalyzed amination of suitably 

constituted allylic acetates (equation 428) C5701. 

H2NW12),,NH2 RUC12L3 t 

180' 
NH3 

PhOPh 

(4261 

n = 4, 5, 6 70-90% 

(427) 

t 
& 

-60' 2Et3N 
(CH21n/NR3CF3S03- f PdC12(PhCN12 --, ._, 

n=2 0% 

n = 3 65% 

n = 4 76% 

OAc 

(4281 

>95% yield 

Enamines reacted with a-halooxjmes with the presence of Fe3(CO),2 to produce 

pyrroles (equation 4291 (5711. Palladia salts catalyzed the cyclization of 

acetylenic ~inoalcohols to pyrroles (equation 4301 15721. Dienes were converted to 

pyrroles by allylic acetoxylatfon followed by reaction of the resulting n-allyl- 

palladium complex with amines in the presence of silver and copper salts (equation 4311 

E5731. 
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R2 

Fe3(C0),2 
(429) 

H 

49-72% 

R2 = Me 

R3 = Et 
-fCH,f,-, -(CH2)3- 

OH 
I 

R'-C-EC-R 
I 
CH2NH2 

PdC12 cat 
# 

CH3CN b 

3 hr 

R' 

H 

84-100s 

(430) 

R = n-C6, Ph 

R1 = Et, t-au 

R* R3 R* R4 (431) 

R's = H, Me 70-100% 
RI 

More complex pyrrole-containing heterocyclic systems (equations 432 and 433) 

others (equation 435) C5771 have also been made. 

Palladium-Mediated Ring Closures" was the title of 

[5751, (equation 434) C5761, and 

"Approaches to Mftomycin C usfng 

a dissertation [5741. 

P 

Me 

- 

PdK 

150-200' 

16-23% 

(432) 
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(433) 

X 
210° 

X OMe 

l 

PWC 

X = H, Cl 

Ph Ph 
22-49% 

(434) 

OMe 

N ;I OR Cu~aca~)2 * 
"2 

0 

80% 

(4351 

C I 

+ 

X 

1 

0 

R , 

0 
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unsaturated acetats ware converted to pyridines as in equation 436 E5781. Tolan 

reacted with a nickel-carbodiimide complex to give the pyrtdine ring system (equation 

437) E579J. Alkylpyridines were synthesized from ethylene and ammonia over mixed 

palladium/copper catalysts [5803. Nitrobentene reacted with alcohols at high tempera- 

tures (180'1 over RuClRL3 to produce quinolines in modest yield (equation 4381 CSSll. 
Anilines reacted with aldehydes over a rhodi~~1~ catalyst to give similar c~pounds 

(equation 4391 15821. Phthalocyanine complexes of cobalt condensed o-nitroaldehydes 

with ketones to produced quinol~nes ~equations 440 and 441) E583]. Acr~d~nes were 

formed in a palladium(I1) catalyzed condensation of allylated enaminones (equation 4421 

C5841. Arepines were produced from l-~inohexatr~enyl systems using PdCl~~PhCN)~ as 

the catalyst E5851. 

R R (4361 

R 
CO, H2 

C~{OEt)* - 
n 

---+--4 

RhCl(&O)L~ CHO CH(OEtl* 
PhH, Et3N 

65.70% 

Ph 

PhCZXPh + LNi[PhN~C=NPhJ -----+ 

Ph 

NPR 

(4371 

Ph 

NO2 + RCH2CH20H RuC12L3 

180°, 4 hr 

B =R (438) 

17-43x 

0 

NH2 “( 
R 

+ ’ I 

tNBDRhCl12 
* (439) 

x 

R 

R = H, Me, Et, n-Pr 

x =O#e, Me,Cl 
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(4401 

R &HO CH2R2 R2 

+ 0 D! 

N02 R1 HeOH R1 

77-81% 

S-62% 

26% 

Neter~yc?~c systems co~t~f~fng two ~ete~o~t~~ have also been prepared using 
Org~n~~~l~fC reagents ~equ~ti~n 4431 f6861; ~eq~atfon 4441 @87); ~~q~~tion 446) 

t5883; and ~equ~tion 4461 CS89J. 
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+ ArMgX 
L2NiC12 

+ Ar 
or L2PdC12 cat 

~lacacf, + NC-W 

M = cu, Ni, Mn 

n = 1, 2, 3 

@O2' 

\ 
t\ 

C02Me 

(443) 

(4441 

(4451 

F. Afkenes 

Epoxides were deoxygenated to cis-trans mixtures of oteftns bY YfaCaC)2, -- 

V~d~~2, V(tfaf2, Mofacac),, Mo(d~)2 [5903 and by ~~~~EuLi E59lf. Thioenol ethers 

were desulfurized by treatment with isopropyl~gnesi~ halides and a nlckel(IIf 

catatyst (equation 4471 IS923. Rhodim acetate catalyzed the decomposition of 



alkyl a-diazoesters to cis-a,@unsaturated esters C5931. Allylic acetates were con- 

verted to olefins by rezion with pa~~adi~~I1) salts (equations 448 and 4491 ic5941 

(equations 450-452) C595l. Steroida? enones were converted to dienones via their 

n-allylpalladium complexes 15963. 1,2,4,6-Tetraehes were prepared from 4,6-dien-2- 

yn-l-01 sulfonates by reaction with organ~opper compounds (5973. 

SPh 

RI = Ph, n-Pr, Me, n-&i 

R2 2 tMeO)2CH, THPO~H2 

50-76% 

- 
OAC 

1% Pd~OAc)2 W 
-* (4481 

PhCH3 a 
37% 

-0,c ------+ 4-&w@L/ (4491 

48% 

(450) 

H02C 
CO2Me 

OAc 

COpMe 



COOH (4511 

p;$++J&/ C0*Et .------l 

OR 

02Et 

Ph 

60% 

C02Me 

G. Ketones and Aldehydes 

Copper1111 sulfate assisted the hydrolysis of hydrazones, oximes and semi- 

carbazones to carbonyl compounds 15981. The oxidation of olefins to ketones in a 

"Wacker" type oxidation was catalyzed by PdCl(N02)MeCN12. The nitro group was 

claimed to be the source of the carbonyl oxygen 15991. Alcohols were oxidized to 

carbonyl c~pounds by carbon tetrachloride and palladium(I1) salts E6001. Steroidal 

acid chlorides were alkylated to ketones by organomanganesecompounds (equation 453) 

[SOlI. Ally1 ethers were oxidized to unsaturated aldehydes by oxygen and palladiumlII1 

chloride C6021. Acid chlorides were reduced to aldehydes by reaction with tri-n- 

butyltin hydride'in the presence of palladia catalysts 16031. Twenty six cases 

were reported. Carboxylic acids were converted to aldehydes by reaction with iso- 

butylmagnesium chloride with a Cp2TiC12 catalyst [6041. Secondary nitro compounds 

were converted to ketones by oxidation with molybdenum 0x0 compounds (equation 4541 

C6053. 1,5-Hexadiene was oxidatfvely cleaved to acetone by Pd~12/CuCl*/CuCl/H20 

mixtures C6061. Steroidal ~-allylpalladi~ complexes were oxidized to a,6-unsaturated 

carbonylcompounds by MCPBA (equation 4551 Z607J and by chromic oxide (equations 456- 

459) E6087. 
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\* co+ dF i “, 
'OAc 

H 

R R 

x 

N02 Base 
0 

Mo05.Py.HMPA 
(454) 

R' H R' 

69-96% 

for ON", a '02, Tco2Et , -No2, PhAN02 

(455) 

spp .MCPBA* oJ# 

c,/p< 

\/( 

H 28% 38% 

Refemme4 p. 282 



J35 \ 
& 

R 
I 

,PdiCl 

\ 2' 

Cr03 

OMF 

\ 
CrO8 

’ Qs- 
0 6% 

CrO8 
-\ 

l d?X \ 
R 0 

62-96% 

(458) 

(459) 

H. Organosilanes 

Reaction of Wilkinson's compound with oxygen, followed by irradiation pro- 

duced L2RhCl, a very active hydrosilation catalyst 16091. Hydrosilylation of olefins 

over NiC12(Bu3P12 16101, H2PtC16 and chlorides of Al, Ge, Ce, Nd, Nb, and Ta 16111, 

and silica supported rhodium catalysts 16121 has been developed. Terminal alkynes 

were converted into mixtures of cis and trans terminal vinyl silanes by reaction with -- 
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Et3SiH in the presence of rhodf~(I) catalysts C6131. Alkenes and ketones were 

hydrosfly~ated using rhodium(I1) catalysts E6141. Alkynes were converted into bis- - 
1,2-vinylsilanes using palladium(O) catalysts (equation 4601 16153. Allenes were 

converted to ally1 silanes by hydrbsflylatfon with XnSi2Me6_n in the presence of 

palladium(O) catalysts (6163. a-Oleffns reacted withEt3SiHfn the presence of 

rhodium(Ii~ complexes to give mixtures of ally1 and vinylsilanes~6171. Butadiene 

was hydrosilylated by irradiation in the presence of iron pentacarbonyl (equation 

461) C6181. Butadiene and trimethylvinyl silane telomerized over reduced nickel 

catalysts (equation 462) C6191. Styrene, cyclopentadiene, and 1,3-cyclohexadiene were 

bydrosflylated over palladium catalysts having chiral phosphfne ligands. Up to 34% 

optical yields were obtained C6201. Chfral phosphfnites were used as ligands in the 

rhodium(I) catalyzed hydrosilylation of aryl ketones [621J. The 6-position of con- 

jugated enones was protected by the introduction of a trialkyl silyl group using 

copper chemistry (equation 463) C6221. The cuprate of Me*PhSi- was used to prepare 

a number of silicon-containing vinyl copper reagents (equation 464) [6233. 

R H 
L4Pd 

~MeO)mMe3_mSfSi&3_n(OMe~n + RCZCH __L+ 

'Si 
X - (460) 

m=O, 1.2 R= Bu, TNS, H ' ' /Si: 

n = 0, 1, 2 
*60% 

w, + HSiR3 - hv 5 + ( + < (4611 

Fe(C015 

SiR3 SiR3 SiR3 

e + Ne3si 
A NiC12/R3Al iH2 

* (CH3CH=CHCH2),-C-SfMe3 (462) 
Ph3P 

n = 1-5 
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/ O 

t-r 

(RMe2Si12CuLi 

-- * RMe2sin@o - 

(463) 

1) Base 

-- 
2) RX 

RMe2Si 0 CuBr 

W 

/ 
2, 

-- 

(464) 

(Me2PhSi~2CuLi 
A- -- d * SiMe2Ph 

SiMe2Ph 

+SiMe2Ph \&SiMe2Ph 

Li 

1. Miscellaneous 

~Cycl~etallated C~pounds of Palladia, Rhodi~(III), and Iridium(III~~ 

is the title of a recent dissertation [6241. l-Azo-naphthalenes o-palladated at the 

B-position 16253. The o-palladation products of a number of N,N-dimethylbenzylamines 

were again reacted with-styrenes to produce insertion products 16261. Both 2-aryl- 

4,4-dimethyl-2-oxazolines C6271 and arylhydrazones 16283 underwent facile g-pallada- 

tion. 1,3-Dienes were converted to sulfones by the palladium(I1) assisted reaction 

with sulfinates (equation 465) [6291. Allylic acetates reacted in a similar manner 

in the presence of palladium(O) catalysts (equation 466) 16303. Thiophenols were con- 

verted to diarylsulfides (14 cases) by reaction with aryl bromides in the presence of 

nickelf catalysts at 200' C6311. Aryl and vinyl halides reacted with thiols 

under phase transfer conditions in the presence of nickel{111 catalysts to give the 

corresponding sulfides (equation 467) C6323. Alkynes reacted with PhSeCN in the 

presence of copper catalysts (equation 468) E6333. Diarylselenides were prepared by 

the copper(I) promoted alkylation of arylselenides (equation 469) E6341. 
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'l&R, t PdC12 t NaSO*NeO 

SOpNeO 

40-80% 

DMG 
4 

S02Ne0 

AcOH 

t (465) 

S%NeO 

(466) 

w t TsNa*St$O s eTs 

ArX ArSR' 

TX 

NaO~/P~CH3/R4Nt 
t R'S(-) - A 

L*NfArCl SR' 

Br 

r/ 

70-90% 

- RX = PhBr, PhCl, Ph 

R'SH = PhSX, PhCH$H 

84% 

(467) 



X R2 
PhSeCN 

RlCECR' - 
CuXZ-Et3N 

Rl SePh 
CH,Cl, 

X SePh 

t 
t( 

- (468) 

R1 Rz 

66-96% 

Rl = Et, n-Pr, H 

RB = n-C6, n-Pr, n-&i, n-C8, 

X = Cl, Br 

R's = Me, Ii, NO8, Cl, Br, 

(469) 

R3 I + R6 Se- 

R2 Rl 

R3 Se 

Vinyl tin compounds were prepared by the reaction of Bu3SnCu with vjnyl halides 

(equation 470) C6351. Aryl halides reacted with R3SnSnR3 in the presence of palla- 

dium(0) catalysts to produce R3SnAr compounds in fair to high yield C636116371. 

Ally1 halides reacted similarly. Olefins reacted with d~isobutylalumin~ chloride 

in the presence of CpZZrClZ to produce dialkylal~in~ chlorides in which the alkyl 

groups had come from the olefin 16381. 

(4701 

* 

C02Me C02Me 

X = Cl, I, TsO, PhS 
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Vinylphosphonates were prepared by the reaction of vinyl halides with copper(I)- 

phosphite complexes (equation 4711 C6391[6401. Aryl halides reacted with HP(O)(OR)2 

in the presence of palladium(O) catalysts (equation 472)[641]. 

A X (RO) ! 2 A 

X h 
(R013PCuBr + _ > X - (4711 

B C C B 

good yield 

A = H, Ph 

B = Ph. H, Me, Et 

C = H, Ph 

0 L4Pd/Et3N & 
ArX t HP(OR)2 - ArP(ORJ2 (472) 

70-90% 

Ar = Ph, p-MePh, o-MePh, p-ClPh, p-OMePh, p-N02Ph, p-CNPh, p-BrPh 

3-pyridyl, I-naphth 

Ketones were deoxygenated to the corresponding hydrocarbons (products corre- 

sponding to a Clemnenson reduction) in high yield by reaction with hydrogen over a 

nickel/alumina catalyst at 190' in a flow system 16421. Diaryl- and triaryl carbinola 

were reduced to diaryl- and triarylmethanes by treatment with benzoyl chloride and 

iron pentacarbonyl [6431. Arene-1,4-endoxides were deoxygenated to arenes in high 

yield by reaction with n-butyllithium in the presence of FeC13, WC16, or TiC13 C6441. 

Azoxyaromatics were deoxygenated to azoarolatics, and amine oxides to amines by 

reaction with alumina supported Mo(C016 or Fe3(C0)12 [6451. Nitrosobenzene was con- 

verted to PhN=NPh by reaction with RIJ(CO)~L~ in refluxing ethanol C6461. Aromatic 

sulfur compounds were desulfurized by nickel(O) complexes [647]. 

Nitriles were converted to disilylenaminesby reaction with an iron-silicon 

species (equation 473) C64Bl. These were unreactive toward organolithium reagents, 

lithium aluminum hydride, or acidchlorides, but hydrolyzed readily to the aldehyde. 

Palladium(II1 chloride cleaved allylphenyl ethers C6491. Mixtures of bis(cyclo- 

octadienelnickel and tertiary phosphines reacted with a variety of allylic substrates 

(equation 474) C6501. Polypeptides were synthesized by palladium-catalyzed hydro- 

genalysis of a-lactams (equation 4751 [6511. 
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(4731 
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X 
H 

R - 
/ii ,Si 

(C014Fe 

\I 
t CN ,&, R' 

N\si 

R' 

I H30t 
R CHO 

R' 
t/ 

60-95% 

(4741 

-OAc t Ni(OAcl2 

-OAPh -> 6 Ni /OPh 
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(475) 

H2 10% Pd/C 
) AcPheGlyPheGlyOt-8u 

EtOAc/EtOH 

COqt-Bu 84% 

Copper(l) chloride converted acyl- and tosylhydrazi~es into amides C6523. 

Oxygen oxidatively cleaved indoles in the presence of C&l-pyridine complexes C6531. 

B-Bisabolene was synthesized by the carboxy~thylation of (+I-limonene with manganese 

(III) acetate CSSS]. Unsaturated cyclopropanes (equation 4761 and lactones (equa- 

tion 4771 reacted with amines in the presence of nickel(O) or palladium(O) catalysts 

to result in ring opening [6563. Copper-(111 thiocyanate converted ketones to u- 

thiocyano ketones 16571. Carbon disulfide reacted with triethyl phosphine in the 

presence of iron(II1 tetrafluoroborate to give tEt3PCH2S2CH2F~t2~[BF4]~ 16581. 

Pd(Ol 
+ R'2NH - R'2NHCH2CH=CHCH2CH2C02R (4761 

Do t R'2NH PdL4 * R'2NCH2CH=CHCH2~H2COOH I4771 

A number of unclassified reactions are summarized in equations 478 [6591, 

479 C6601, 480 [6611. 481 C6623, 482 /663l, and 483 (6641. 

(4781 

Ph SiMe2R3 

+ PhCmWMe2R4 
NiC$t2 

Si&e2R4 

Rl/“R, 
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CH !CdCO, 
' 4 Arc-W-N jR 4 t Arc-C=NR + PhiCHNHR (479) 

3 I 'COCH3 I 
Ar Ph 

40-80% -10% 

(480) 

OH t Cut-BuO ___, 'I, ecu p1 
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e CIA 
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\ 4 hu 
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I 
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120° 

co2 - 1 
v 
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- 

0 cr, Cl 

H 
Cl 

low yield 

RNC t 

C02Me 

NHR 

L3RhCl 
b 

NR 

48% 

II 
R 

(481) 

(482) 

(483) 
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IV. Reviews 

The following reviews have appeared: 

Organic reactions of selected n-complexes -- Annual Survey, 1979. (284 references) 
16651 

Transition metals in organic synthesis -- Annual Survey, 1979. (809 references) 
C6661 

Transition metals in organic synthesis. (no references) [667] 

New applications'of organometallic reagents in the synthesis of natural products. 
(Dissertation) C6683 

Organometallics in synthesis. Part II. Main group elements. (217 references) 
[6691 

Organometallics in synthesis. Part I. The transition elements. (60 references) 
C6701 

Organometallic compounds. Reactions of coordinated ligands. (61 references) 
16711 

Organic synthesis using transition-metal complex: Palladium-catalyzed reactions. 
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