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I General Comments 

This annual survey covers the literature for 1983 dealing with the use of transi- 

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

sive 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 critical review, but 

rather a listing of the papers published in the title area. 

The papers in this survey are grouped primarily by reaction type rather than by 

organometallic reagent, since the reader is likely to be more interested in the organic 

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

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

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

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

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

detailed to allow reproduction of the reported results. 

II. Carbon-Carbon Bond-Forming Reactions 

A Alkylations 

1. Alkylation of Organic Halides, Tosylates, and Acetates 

Organocuprates continue to be the reagents of choice for the alkylation 

of halides, and new reagents and new understanding have continued to evolve. The 

electrochemical reduction potentials of typical substrates for organocopper reaction 

(including halides) have been measured in DMF, acetonitrile, and THF [ll. An nmr 

study of the composition of methylcopper species in solution has also been carried 

out E21. The reagent formed by the r??r+i?n of two equivalents of organolithium rea- 

gent with copper(I) thiocyanate is more efficient in the alkylation of 

secondary halidesthan is the typical lithium dialkylcuprate, R2CuLi [31. The reagents 

formed from copper-111 cyanide were efficient in the alkylation of organic bromides, 
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and were more selective than the corresponding dialkylcuprate (equation 1) 141, 

(equation 21 E53, and (equation 3) crjl. Secondary alcohols were produced from alde- 

hydes by reaction with trimethylsilyl iodide followed by a dialkylcuprate (equation 4) 

c73 

RBr + R2'Cu(&N)li2 ---_) RR' (1) 

BrlA.h 
CN g2% Cl -0- Ph 81% -8r 95% 

CT_ 58% BrMCl 89% 

e_10 fat Br) 
X 90% X=Br, OTs 

PhS Br 

Y 
;\fl &' / Br 93% 70% 

91% * z 
Br 

R' = n-Bu, n-Pr, vinyl, s-Bu, Ph, 

RLi + CuCN v [RCuCNlLi R'X w R-R' (21 

R = Me, Ph 

R' = PhCsC-Br, , ~-Br-adamantane, Phi, Mx 

0 

PhtCH2Br 
Me,CuLi 

0 

Ph&Ct12CH3 

0 

PhCH-i-CH3 I 
Br 

~eCuCNLi 

RCHO f Me3SiI 
Et20 

e RCH-OTMS 
R2'CuLi 

* RCH-OH 

; Rl 

R2 = Et, n-C6 

R, = Bu, Me 

48-77% 

(31 

(41 

Alkynes were alkylated with Grignard reagents, then with alkyl halides using 

titanium and copper catalysts, respectively (equations 5-7) [8I. long chain aldehydes 

were available from halides and Grignard reagents of protected br~oaldehydes (equation 

Referencas 9. 196 
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8) [5!1. Allylic bromides of thioenolethers were alkylated by organocuprates (equation 

9) [JOI. Geminal dihalides were dialkylated by organocopper species (equation 10) [ll], 

{equation 11) [121. Organocopper chemistry was also useful in the functionalization of 

8-lactams (equation 12) ClSl. 

R TMS R TMS 
CppTiC12 R'X 

R-z-TMS + i-BuMgCl - .w-."_-_-_--___+ ._.. _ ._. _ _ L_ 
v 

151 
Cl.41 

MgX R' 

T#S- EE -OH 
lf i-BuMgCl/CF*Ti~t~ 

-. .--lr-. ____l_._ .._ _____ _ _ 

2) n-Bul, CuI 

\ 
t 

(6) 

(71 
H 

/MS 
11 i-~uMgC~/Cp~TiCY~ 

-.-~~_-.-_.---____-__~ 

2) 4++yCuf 

TMS 

PdC12/02 
-_I _-._-.._--_-)c 
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( OD)/VMgBr + Br(CH2),R 

Li2CuC14 

* ( )+CH2fR ('I 

40-80% 

n = 3, 4, 5, 7 

R = Me, OMe, Cl, CN, C02Et 

Ph Br 
R 

NBS 

-K 

R2CuLi 
- 

CHC13 
SPh SR 

(9) 

6/ & “‘---& p,,,2°-60% 

(10) 

2) CH2N2 

PMepLi 
w 

Br 

@ 

Br + C CuMgCl + 

(0) 
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H OAc 
= = 0 ! Me 

Z 
RCONH ; Mc2CuLi 

R;N H 

---- 
H (12) 

97% 

Enol phosphates were readily alkylated by organocopper species (equation 13) [141, 

(equation 14) 1151, (equation 15) 1161. 

0 

RMgXCuY 
mRm 

// 

THF 

R = PhCH2 

n-C8 

72 12% 

21 6% 

23 7% 

0-P(OEtj2 

RMgX ) &f 

6 
Ni cat R 

(13) 

(14) 

60-80%; R=Ph, PhCH2, n-C8, Me 

and 



1 

(151 

L 

0 

0 
0 Hi!(OPh)2, EtBN 

OP?OPhl2 

CF.,&Ar 
1) Bu2CuLi 

* 

F R Ar = Ph, p-tolyl 

F Ar 

30-90% 

also 

ted 

16) 

0 

C 
,O;(OPh)2 

'Ph 

- 

./ ’ 
F Ar 

2) RX TMEOA 

X 

RX = H20, e 

0 

F 
O;(OPh), 

Bu2CuLi 
t 

Bu Ph 

In a modification of the well known Hurtley reaction, aryl halides were alkyla- 

by stabilized carbanions in the presence of copper(I) iodide and HMPA (equation 

[17,18,191. 

I-1 R' = H, Me 

X + CHXY 
GUI ) ArCH-X 
HMPA ; 

R2 = H, Me, MeO, CF3, 
OCH20 

loo0 R3 = H, Me, i-Bu, Me0 
40-90% R4 = H, Me 

X, Y = CN, C02Et R5 = H, Me 

Aryl triflates were alkylated by organocopper species (equation 17) [201, while 

thiophenols were alkylated in a nickel-catalyzed Grignard reaction (equations 18, 19) 

[211. Unsymmetrical biphenyls were available from an Ullmann type coupling of aryl 

iodides with trinitrobenzene (equation 201 [22]. 
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ArOTf f R2Cu(CN)Li2 -----+ Ar-R (17) 

40-96% 

R = Me, n-Bu, set-Bu, t-Bu, 6 , Ph 

Ar = Z-Naphth, OTf, 

0 

SCHMe2 SCHMe2 Ph 

b 

PhMgX 

-!I8 

PhMgX 

L2NiC12 
Ph 

L2NiC12 
*@ 

SCHMe2 Ph 

SMe 

@ 

L2NiC12 
+ RMgX - 

SCH2Me2 SCHMe2 

(18) 

(19) 

R = Ph, Me, N , 

(20) 

NOz 

R _+ + @ NO2 CuZo:;;nO’ine c R&No2 
Nd2 

i02 

R = PY, NMe2, Morph, pip 

Combined palladium/copper catalysis was used to condense aryl halides with tri- 

methylsilyl acetylenes (equation 21) C231, and other alkynes (equation 22) C241. 

Alkynes alkylated acid halides in the presence of a similar catalyst system (equations 

23, 24) C251. Bromoalkynes underwent alkylation by secondary Grignard reagents in the 
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presence of chiral palladium catalysts (equation 25) 1263. Vinyl boranes and bromo- 

alkynes coupled when treated with base and copper acetylacetonate {equation 26) 

1271. 

L2PdCl2/CuI/Et3N KOH 
ArX + TMSCzCH -W ArCqC-TMS ------+ ArCrCH (211 

MeOH 

Ar = pyridines, quinolines, isoquinolines, 

I * /R 
(22) 

+ RCzCH 
L2PdC12/CuI 

f 
Et2NH 

n=3,4 R= CB, CH20H 73-872 

t HC$H ---lr Crown-z-Crown OB% 

0 

L2PdCf2/CuI 
0 

+ Ph-E-H or Ph-z- 

75% 

(231 

oxalic * Ph 

Acid 

64% 
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(24) 

+ 
L2PdC12 

_.__ ,.-.. . __ _) 
CuI 

(25) 
TMS 

Ph-+Br + Mg6r 

Ph 

,\‘TMS 

______ II. _. ..___ _. .* Ph-:-C'"" Ph 
PdC12[(S)PPFA] 

'H 

t-BA Pd\ 

t-t3 

Y= 
3 

==L 
Ph 

23% 

TMS 
z \ 

PhCH2H2 .TPh 

H 

18% ee 

R1 Rz 

1) NaOH 
___.--__ ..--.__ ---__I, 

R25 

2) Cu(AcAc)* 

3) 8rCrCBu 

R1 = H, Et 
R2 = Bu, Ph, Et, C8 

Chiral ~-amin~phosphjnes were prepared from chiral a-aminoacids, and were used 

as ligands in the nickel or palladium catalyzed cross coupling of secondary Grignard 

reagents with vinyl bromide (equation 27). High enantiomeric excesses were observed 

[28]. A detailed study of similar reaction, the alkylation of bromobenzene with 

set-butylmagnesium halide in the presence of chit-al ligands has also appeared [29]. 

The chiral ligands (RI-prophos, (RI-cyclophos, (R)-phephos, (S,S)-chiraphos, (R,RJ- 

norphos, and (R,R)-dipamp were used. There was little effect on the enantiomeric 
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excess upon changing the ligand, but the nature of the halide and the solvent were 

important. With substituted aryl halides, steric effects prevailed. Grignard rea- 

gents alkylated halopyrimidines in the presence of nickel catalysts (equations 28 

adn 29) C301. Iron complexes catalyzed the reaction of aryl magnesium halides with 

vinyl halides (equations 30 and 31) f-311. Vinyl tellurides underwent a similar 

reaction (equation 32) [32]. 

Br L* * 

ArCHMe + 

Mgx 

___.-_.._. . 

PdC12 
high yield - up to 83% ee 

L* = R;H-CH PPh 

NMe2 
2 2 

R = Me, i-Bu, PhCH2, i-Pr, s-Bu, Ph, C-C8, t-Bu 

Cl 
Cl 
I 

N/ ” s PhMgX --~- ---------‘------I, 
H 

Cl 'N A NiC12(dppp) 

Ph 

RMgX 
t +- 

Cl NiC12(dppp) c1 

Br Ar 

r/ 
+ 

Fe(OBMI3 
- ArMgX 

-* r/ 
- 

Ph Ph 

70-80% 

DBM = dibenzoylmethido 

Ar = Ph, 1-Naphth, 3-MeOPh, 4-ClPh, o-tolyl 

(27) 

(28) 

(29) 

(30) 
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R' R3 R' R3 
(311 

x 

+ ArMgX 
0.5% Fe(DBMJ3 + ArAr + SM - - 

DMF -X 
R2 x 

R2 Ar 

52-90% 2-17% O-l'% 

R' = Ph, H, Bu 

R2 = Ph, H, '3u 

R3 = H, Ph 

(321 

/7 NiI' 
Ph TePh + R'MgBr 

H H 

Ph H 

+ X - 
H R' 

good 
yields 

Several routes to the alkylation of halides involve oxidative addition reac- 

tions of palladium(O) complexes. Enol acetates were alkylated by aryl halides in 

the presence of palladium catalysts (equation 33) 1333. Vinyl halides behaved in a 

similar manner (equation 341 [341. 2,2'-Diiodobiphenyls cyclized with phenyl acetyl- 

ene in the presence of a palladium(II)/copper(I) catalyst system (equation 35) [35]. 

AcO R2 

PhBr - 
Pd cat. 

+ -* 

R3 
Bu3SnOMe 

R3 

(33) 

3s90% 

R' = Me, t-Bu, Ph, Et, i-Pr 

R2 = H, Me, -(CH2)4- 

R3 = H, Me 



AcO R2 

)_( 

- 

R R3 

OAc 

A / 

OAc 

+ 

/ 

OAc 

A 
' Ph 

OAc 

0 

/ 

OAc 

R4 x 
0 

R4 
Pd cat. 

t 
p R'l\cix 

R2 R3 

50-90% 

/ ‘(‘ Br 

A ’ Br 

Br 

PhCXH 
t 

L/L2PdC12/Cu212 

R = NO2 

R=H 

13 

(34) 

R R 

(35) 

62% 

78% 

The cross-coupling reactions of organic halides with organic derivatives of 

tin, mercury, and copper, catalyzed by palladium (53 references) C361, has been 

reviewed, as has palladium or nickel-catalyzed cross-coupling involving proximally 

heterofunctional reagents (56 references) C371. Aryl and vinyl halides were directly 
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acylated by using palladium catalysts for zinc salts of enol ethers (equations 36 

and 37) [381. Secondary benzyl zinc reagents alkylated vinyl bromide in the presence 

of chiral palladium catalysts in up to 86% ee (equation 38) [391. Palladium cata- 

lyzed coupling of organozinc reagents and aryl or vinyl halides was a general 

process (equations 39-41) [401. Ethyl bromoacetate behaved in a similar manner 

(equation 42) [411. Methoxypropadiene was converted to 3-methoxy-1,3-butadiene 

using a palladium catalyzed organozinc coupling reaction (equation 43) [42]. 

OEt 
OEt 0 

Pd(O) 
t RX -----w 

H+ --_---__t 

ZnCl 

R = Ph, o-MePh, p-MePh, m-MePh, m-OMePh, o-H2NPh, o-N02Ph, o-Me02CPh 

(36) 

(37) 

OMe 0 
OMe 

Pd(O) 
D + RX _--~ ----W 

ZnCl R 

Ar 

MgCl 
(38) 

R 

Ii-- 

Ar 

t 

JR, THF 
Ar 

ZnX 
* 

L- 
PdC12[(R)(S)-ppFA1 

R ,111 

J-I \ 
Ar 

t 

R H 

Br 8586% ee 

R 95% yield 

PhCH2CH2ZnC1 + 
I& L,pNdior t DCH2CH2& 

(39) 

70% 
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(40) 

PhCH2CH2ZnCl + 

92% 

w 
ZnCl + Br 

--0- 
CN L4Pd _) -cN(41) 

80% 

ArZnCl + BrCH2C02Et 
Ni(acac12 

m ArCH2C02Et (421 

38-60% 

Ar = Ph, o-tolyl, o-anisyl, 2-furyl, 2-thienyl, 2-selenienyl 

OMe 
L4Pd R' 

t R'ZnCl __- p 
OMe 

CR202CMe 

(43) 

Rhodium(I) catalyzed the alkylation of vinyl iodide by aryl mercuric halides 

(equation 441 C431. Dichloronaphthoquinones were alkylated by alkyl tin reagents 

in the presence of a palladium(I1) catalyst (equation 45) [44] A variety of highly 

functionalized molecules were made using palladium catalyzed coupling of allylic 

halides with unsaturated tin compounds is the key step (equations 46-511 C451. Vinyl 

boranes coupled with vinyl halides under the influence of palladium(O) catalysts to 

form long chain unsaturated alcohols (equations 52-551 [461[471. Enol ether, thio- 

enol ether and trimethylsilyl organozinc or boron reagents coupled with unsaturated 

halides in the presence of palladium catalysts (equation 56) [481. Boron enolates 

also coupled with allylic halides to give diketones under similar circumstances 

(equation 571 [491. 
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ArHgX + -/ I .__?!?hAh!~. ) Ar r 

HMPA 

Ar = Ph, p-MeOPh, m-N02Ph, 
@yyT 

z- 

also: 6 
Bu 

Br, wI. 

C02Me 

-y4 *xc0 Me, NC\ 
2 I' 

0 

OMe 

Br&C02Et + Bu$in/-=\ 

R = Me 88% 

R=e 65% 

(44) 

(45) 

Pd(dba12 
-* (46) 

OMe 

OMe 
Br&C02Et + BU$~OH _-_w 

(47) 

OMe 

HOdCoZMe 

82% 



t /-7co Bz Bu$nPh __-- 
2 

C02Bz 

80% 

(48) 

(491 

\ .‘;I \ 
I 

Cl + Bu$nPh ------- p ;1 I 
Ph 

90% CN 

C02Et 

Br& + Bu$n CH2CN ---- * 

I!- 

0 (50) 

/ 

i02Et 81% 

CHO 

+ Bu.$n OMe --- 

OMe 

87% 

(52) 

HO 
) 

B(OH12 + 

Br PhH 

HO 

82% 

Recerenccm p. 196 
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(53) 

HO )/\OH-_2 + I 

\ - * 

HO 

Br 

(55) 
HO 

+ - Bx2 -. -* 

Br 



R' Z R' Z 

+ R'X 
L4Pd 

_--_-__-* 

H M H 

R'=H, m‘ 
6540% 

g' 

7. = OEt, SEt, SiMe3 

M = ZnCl, BR2, Li 

R2 =n-C4,&', A/J, Ph, p-ClPh 

1) KH 
0 R' 

2) BEt3 
OR1 0 

R&l: 2 _ __ -___--_-_-___--__-----._-~-..--_* 

R 3) ClCH2CCl=CH2, L4Pd cat. 
R;-&CH2:-CH3 

R2 

I 4) Hg(OAc12, HCOOH 

19 

(56) 

(57) 

3) ClC~2CH=C(Cl)Me, L4Pd 

4) Hg(OAc)2, HCOOH 
72-83% 

Iron acyl compounds were u-alkylated by treatment with butyllithium and organic 

halides (equation 58) [503. Aryl diazonium salts were alkylated by alkyl tin com- 

pounds in the presence of palladium catalysts (equation 59) [51]. 6-Dicarbonyl 

compounds were alkylated by allylic,or benzilic alcohols in the presence of cobalt- 

(11) chloride (equation 60) [521. 

0 0 0 0 
I 

1) BuLi 
I 

co' Fe 0 --"- --.--.-- -- * /O 
1 

CO F,' 

2) RX L 
L x 

R 

(581 
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. ArN2+ + R3SnR' - .- -. 
PdLT cat._ ) 

ArR 

40-80% 

R = Me, Ph,5,A 

R"OH 
CoCl* 

R' + 
_-.--- Ir R R' 

(59) 

(60) 

R" = Ph, PhCH2, Ph2CH, linalyl 

2. Alkylation of Acid Derivatives 

Nickel(I1) salts catalyzed the reaction of Grignard reagents with car- 

boxylic acids to form ketones (equation 61) 1531. Acid chlorides were converted to 

ketones by treatment with organozinc reagents and palladium(D) catalysts (equation 62) 

c541. Vinyl copper species behaved in a similar manner (equation 63) [551. Organo- 

palladium species, from ortho-palladation of benzyl amines, reacted with acid halides 

to give acylated aromatics (equation 64) C561. 

0 

0 

R&OH + 
Ni(dppe)CT2 

R’,,,gX _--_--___~-------. R R' 

R = Ph, m-tol, E-Naphth, Bu, C5 

R’ = n-C5, n-Bu, Ph 

R'ZnX + R'COCl ~- 
L,Pd cat. 

Rl;R2 

THF 

R’ = n-Bu , Ph C 2, C A/1 C -..;“:I:,ph, phCH '5 6 '5 ’ 2' 
n-C8, o_tolyl 

- 

R2 = Me, Ph, =, MeO, 

6D-75% 

(61) 

(62) 
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(63) 

R' R' 
R"COX 

RCuMgX2 + RI-:-H __._-. p - 

R CuMgX2 
3% L4Pd 

*>x- R R" 

0 

R = n-C7,. n-Bu, i-Pr, Et 

IR'= Me, H, Et0 

60-80% 

R" = Me, n-au, t-Bu, Ph, Me% 

IQ-' 

h, 

R' = H, OMe 

R2 = Me, CH,COe 

R3 = Bz, Ph+ 
’ Ph 

Alkyl tin reagents converted acid halides to ketones in the presence of palladium 

catalysts (equations 65 and 66) 1571, (equation 67) 1681. The mechanism of this pro- 

1) Li2PdCl4 (60-90%) 

2) R3COCl 

3) KCN (77-98%) 

0 

(64) 

Ph 
, Ph2CH 

cess has been studied, and the order of R group transfer from tin is PhCzC > PrCeC > 

PhCH=CH > CH2=CH > Ph > PhCH2 > CH30CH2 > Me > Bu [59]. a-Oiketones could be made using 

this reaction (equation 68) [60]. Acid derivatives underwent reductive coupling with 

aldehydes to give diols when treated with titanium(II1) chloride (equation 69) [61]. 

0 
Pd cat. 

R3SnR' t R":-Cl -_---+ R" R' 
CHC13 

(65) 

R' = alkyl, aryl, vinyl, alkyne, MeOCH2 

R" = aryl, alkyl 
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22 

0 

y31 

Pd 
Cl + --.)L 

CO 
OTMS 

(66) 

--.----.-) +C02H ----t ----- w pyrenopborin 

OH 

0 

Bu3SnvOTMS + 
Pd PhLOTMS (67) 

Phb --------e 

CO 78% 

0 
OM@ 

==c 

RCOCl 
OMe 

-_R (68) 
LZPdC12 

SnMe3 

R = M~~44%~, n-&j(~2%)~ c-C6f86%), t-~u~79%), ~~(~H~)4{?7%), Ph(73%), Z-furany~(8~) 

0 

R&X + R' 
2 TiC13 

H- 

HS Ht) ;)H 

40-90% 
R = Ph, Me 

R' = H, Me, Ph 

X = CN, C02Me, COZH, 2 Py, 4 PY 

(69) 
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Acid chlorides were converted to methyl ketones by reaction with a titanium 

methylene complex (equation 70) C621C631. Acid anhydrides acylated conjugated enones 

when irradiated in the presence of vitamin 512 (equation 311 1641. Esters were con- 

verted to B,r-unsaturated ketones by reaction with zirconium-diene complexes (equation 

72) [651. Organocuprates converted acid derivatives to ketones (equation 73) [66]. 

0 0 

Rf-Cl + Cp2Ti(CH2)(C1)A1Me2 ---______-_-_ * R:-CH3 

0 RL 
(&O),,O t R3HC=& --%-k-ti R'&CH-&iZ _ 

512 R3 

40-80% 

c 

Z = CHO, COR, C02R, CR 

R1 = Me, n-C,, Ph, n-C6 

R2 = H, Me 

R3 = H, Me 
-(CR&-, -(CH2f3- 

0 

CPzZr t R:OR' ---------* 
5o" H+ --.-lr 

R 

R = H, Me, i-Pr, CHZ=CH,w. y/ 0 

85-988 

0 

0 

R-z-0 t RZCuLi R 
A ___-_.--_.) R' 

6C-90% 

(70) 

(711 

(72) 

(73) 
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3. Alkylation of Olefins 

Asymmetric induction was achieved, in modest enantiomeric excess, in 

the palladium(II1 assisted alkylation of olefins by stabilized carbanions (equations 

74 and 75) [67], by use of chiral amines as auxilliary ligands. Palladium(III pro- 

moted the cyclization of olefinic trimethylsilyl enol ethers (equation 76) [68l, and 

the cyclization of 1,5-bis(methylene)cyclooctane (equation 77) E691. 1,5-Hexadienes 

also cyclized to cyclohexenes when treated with PdCl,(RCN), followed by silica gel 

(equations 78-81) [701. 

(74) 

Et N R * Nut R 

PdC12 + Nut* __A_ ___t H2 Y t 
R = n-Bu PhW and 

W 
also used. 

Nut* = PhSOCH2Li, p-Tol&HC02t-Bu, LiCH 
6 Li 

2++_; Ph;&P;Me 

3-40% ee 
20-7O%yield 

(751 

- CH(CO,Etl, 

PhM + 

PhX CO 
2 
Et 

O-66% yield 

Pd" 

PhA NMe* 
2 

O-30% ee 

(76) 



25 

._._~iC~..--~ _* ($) C,Q (77) 
PdC12/Cu(OAc)2 

OAc 

73-83% 

/ 

95% 

CuCl* 7o" 

R 
\ 

c 

1) 1 eq PdC12(RCN)2 R = C02Et 53% 
_ _ _-_-.. .~__._.~. (78) 

/ 
2) Si gel 

CN 30% 

Me 
Me 

R R 
R = C02Et 30% 

_-----_--_* 

COPh 44% 

COMe 35% 

(79) 

(80) 

(81) 
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The "Heck" arylation of olefins continues to be extensively developed. Efficient 

condition for the arylation of olefins by aryl bromides have been developed, and 

consist of using palladium(I1) acetate, phosphine, and sodium acetate in DMF (equation 

82) [711. Very high catalyst turnovers were observed. Norbornene underwent palladium 

catalyzed "Heck" arylation with aryl halides, and the intermediate a-alkylpalladium 

species inserted another molecule of norbornene (equation 83) [721. Palladium cata- 

lyzed the arylation of a-acetamido acrylic acid by bromoaromatics (equation 84) [731. 

Nickel(O) complexes, generated electrochemically, catalyzed similar arylations of 

olefins (equation 85) [741. 

ArBr + -/ X _'"!""')?!~!.!Mz?!~ * /Jx 

130° 
Ar 

0 

Ar = Ph, 4-02NPh, 2, 3, or 4 CN-Ph, 4-HE-Ph 

(82) 

C02H 

ArBr + 

NHAc 

R3N 
--_---_-* 
Pd cat. 

C02H 

Ar NHAc 

40-70% 

(84) 

Ar = Ph, 4-ClPh, 4-MeOPh, 3,4 (Me012Ph, 2-MePh, 4-PhC02Ph, l-Naphth, 3,4 (02CH2)Ph 

R 

ArX 
+ 1/" Ni", PPh3 

2e- at -O.gv/SCE -r/ 

_ 

Ar 

R = H, Me, Ph 

ArX = Phi, PhCl, PhBr, p-HOPhI, p-MeOPhI 

50-80% 

(85) 
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Polyenes were prepared by the palladium catalyzed reaction of vinyl bromides 

with polyunsaturated esters (equation 861 [751. Cilycals were arylated by aryl halides 

and palladium catalysts (equation 87) [76]. Norbornene was both arylated and carbonyl- 

ated with a similar catalyst system (equation 88) 1771. Olefins were arylated by 

acid chlorides and palladium catalysts in a process that involved a decarbonylation 

along the way (equation 891 [78]. Vinyl silanes were arylated by aryl diatonium salts 

in the presence of a palladium(O) catalyst (equation 90) [79]. 

(86) 

+ mCO Me 2 
Et3N .* 
Pd(OAc)~ 

L, loo0 

Pd(Ol cat. 
+ ArX * 

80-170' 
Ar 

(87) 

AcO' 3050% 

Ar = Ph, p-MeOPh, 2,4 (MeOl2Ph, 2 MeO-4-N02Ph, 2 MeO-4-Ph, OMePh, 2,6 fMeO)2Ph, 

2,4 (Me012Ph 

L4Pd 
R 

f RBr + AcOK f CO ------.~r 

80' 
k 

OAc 

0 

(881 

R = Ph 46% 

I= 65% R = Ph 
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Pd(OAc)2 
ArCOCl + = --------W ArF 

Base 
3050% 

Ar = p-MePh, Ph, NO2, CHO, MeO, Cl-containing Ar 

TMS 

5% Pd(dbaI2 
--_-------_-* 

MeCN 

25' 

Ar = Ph, p-tolyl, p-BrPh, p-NO2Ph 

Ar 

r/ 
- 

Ph 

+ 

Ph 

)_ 
Ar 

(89) 

(90) 

3:l 

G.C. yields of 
68-100% 

Olefins were also alkylated by transmetallation reactions to palladium. Enol 

ethers were arylated by a variety of aromatic mercury compounds in this manner (equa- 

tion 91) C801 (equation 92) E811. Transmetallation from boron was used to synthesize 

the sex pheremone of the grapevine moth (equation 93) [82]. Aryl palladium complexes 

from electrophilic aromatic substitution (equations 94 and 95) [831 and orthopal~ada- 

tion (equation 96) [84] also aryfated olefins. 

ArHgOAc t 

i 

Ar = 
‘N N’ 

0 

HgOAc HgOAc 

Pd" -.-_ F 

Ar 

(91) 

good yields - always this regiochemistry 

OMe 

HgOAc HgOAc 

ether = 
&* (?J* @ 
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/ PY 

+ 
stoic. PdiOAc)2 

-------_--_t 
NaHC03 

HgOAc 
R 60-9046 

(92) 

works with 

+ Ct02BH 

TMSO_ - - TMSO 

I 1) Aq NaOH 

I 2) Et 
W 

H L4Pd 

Ac20, PY 
4 HO 

Et Et 

X 

+fix 

stoic. Pd(OAcl2 
.W. (94) 

AcOH 

rfx 

X = C02Me, CN 20-45% 
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Q)-J_ (95) 

A 0 

(96) 

Prochiral olefins on chiral iron complexes underwent alkylation by stabilized 

carbanions with asymmetric induction (equation 97) [85]. Titanium(IV) complexes 

catalyzed the alkylation of norbornenehaving a 7-hydroxy substituent syn to the olefin - 
(equation 981 1861. Methylene chloride added to electrophilic olefins when irradiated 

in the presence of copper(I) chloride (equation 99) [87]. 1,1-Dimethylallene alkyl- 

ated phenol (probably at oxygen, followed by a Cope rearrangement) in the presence of 

a platinum(II1 catalyst (equation 100) [88]. Iron carbene complexes reacted with 

olefins to effect carbene transfer (equation 101) [89]. 

0 0 
I 0 0 

R- I --_ t 

L 
\\)' FW R 

co I 

"=@a ’ GD+ 

co 

OH 

11 R2A1C1 & R ----------_t 
H 

Ti(acacj2C12 

2) H+ R = Me 95% 

(971 

(98) 

HO R = Et 64% 

do not alkylate 

OH 
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(991 

/R' hv 
R' R* 

CH2=c"R2 + 
CH2C12 

'2 le__ 
-----w ClCH2CH2-C-R 

CuCl Cl R' 

R' = H R* = CN 72% R' = Me R* = CN 80% 

R' = H R* = C02Et 70% R' = Me R* = C02Et 40% 

R' = H R* = COMe 40% R 
1 

= CH2C02Et R* = C02Et 42% 

pt** 

ArOH + = -----* R 

cat. 

(1001 

Ar = Ph, 3-MePh, 3-MeOPh, 4-MePh, 4-MeOPh, 2,6-(MeOl,Ph 
L 

(1011 

==c OEt 

(COlnFe + 

R 

c X 

I -“Oh_, + Etoyx 
R R 

40-60% 

R = Ph, n-Bu, t-8u 

X = Ph, OEt, C02Me, SPh 

4. Decomposition of Diazoalkanes and Other Cyclopropanations 

Transition metal catalyzed decompositions of diazo compounds continues 

to be an active area of research. Cyclopropane carboxylic esters were made by the 

palladium(I1) catalyzed decomposition of ethyl diazoacetate in the presence of olefins 

(equation 1021 1901. The regioselectivity of this reaction with dienes was studied, 

and it was found that, with palladium(II1 acetate as a catalyst terminal, nonhindered 

double bonds were most reactive, whereas rhodium(I1) acetate was most effective for 

electron rich olefins (equation 103) [91]. Insertion of carbenes into C-H bonds has 

been used to maKe cyclic compounds. With chiral diazoesters, asynnnetric induction 

was observed (equations 104-106) [92]. Insertion into aromatic C-H bonds has also 

been observed (equation 1071 [93] (equation 1081 [94]. The copper-catalyzed decom- 

position of dimethyl diazomalonate in the presence of olefins has been examined, and 

addition, insertion, and dimerization products were observed [95]. 
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/R' 
Pd(OAcI2 R2 

H2C=C, 
R* + 

N2CHC02Et -._* 

PhH, 40' 
F 

R' 

R' = H, Me 

C02Et 

R* = Ph, CO2Me, COMe 
30-76% 

(102) 

Cl 

FL 

Rh2(0Ac14 
+ N2CHC02R -----------w 

(103) 
- 

Cl - 

0 0 0 0 

OR* 
Rh2(0Acj4 

____---_--p 
I!!+ 

OR* 

/I J/ 

U 
6GL yield 

87:13diastereoselective 

R* = 

0 0 0 0 

OR* Rh2(0Ac14 OR* 
* I!+ 

2 

62% 

92:8 

(104) 

(105) 



OR* Rh2(OAc)4 
* 

@ 
OR* 

OEt Rh'I 
) 

PhF 4 

R' = Ph, 4-MeOPh, 4-ClPh, styryl 

R2 = Ph, 4-MeOPh, 4-ClPh 

0 / \ N 

X 

60% 

83:7 

OH 

I, 

I 
(CH~)~-C~CHN~ 

4 PhH 

cu 

76-97% 

33 

(1061 

(107) 

(108) 

quantitative 

Iron carbene complexes were efficient cyclopropanating reagents (equation 109) 

C961. GIith chiral iron complexes, substantial asymmetric induction was observed 

(equation 1101 1971. Finally dimethylfumarate and malonate were cyclopropanated 

by gem dihalides in the presence of nickel(O) or cobalt(O) catalysts (equation 1111 

C981. 

0 
(109) 

Cp(C012Fet-CH3 
MeOS02CF3 ,OMe 

* Cp(C012Fe=C, ---+ 
Me 

Yp(CO12F~=CHCH3" 

=- 

o:O 
I - -v L;( Ph/= 

99% 87% 48% 34% 58% 52% 91% 
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Me Ph Me 

---------) t 
(110) 

cis lR2S trans lR2R 

1:3.5 83% ee 75% yield 

Ni(0) or 
+ CH28r2 

C02Et 
-..-. ---_ . .._ * 

Co(O) C02Et 

C02Et 
67% 

(111) 

5. Cycloaddition Reactions 

Electron poor olefins reacted with Fp ally1 compounds to produce cyclo- 

addition products (equation 1121 [991. Even cationic olefin Fp complexes were suf- 

ficiently reactive to cyclize (equation 113 and 114) [loo]. The full details of 

the palladium(O) catalyzed cycloaddition of electron deficient olefins with a tri- 

methylenemethane precursor have been published (equation 115) [loll. The reactive 

intermediate was claimed to be a - +(' PdL2 species in which all three -CH2-'s 

were equivalent, and the cycloaddition was thought to be stepwise [102]. Copper(I) 

triflate catalyzed a photochemical 2+2 cycloaddition of cyclohexane with cyclohep- 

tene (equation 116) C1031. 

R4 

Rl 

(112) 

Fp = Cp(CO)Fe-P-O 
'0 

R1 = C02Me, CN, C02Et R3 = H 

R2 = C02Me, CN R4 = C02Me, C02Et, Ph. CH,-<:) 
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FP+ 

(113) 

1 -. 

Fp+ 

wp+ -!_?!I_, Fp% + 3 (114) 

FP 

Pd(0) 

Y 

-'TX (115) 

” \I I-,-? “  ̂ I 

^\I/’ = A C02Me, -f”2’vr, -C02Me 
, 

C02Me 

Me02C 

phpo Me PqC02Me 

2' C02Me' 

-CN, To, 

PhdPh 

b, d$-+,, $&,,& 
, MeOd , @-SO Ph Me0 Co ,C02Me 

2' 2y 
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3’o 0 ’ + \ ______h~ 
CuI triflate -cn3 

::1-: 

15-372 

Diels Alder reactions of metal complexed dienes ordieneophiles is being developed. 

Unsaturated chromium carbene complexes reacted with dienes to give a variety of func- 

tionalized chromium carbene complexes which were converted to useful organic compounds 

(equation 117) 11041. An organoiron dienophile behaved in a similar manner (equation 

118) [105]. An iron complex (n,) of cyclopentadiene was an efficient di:;.-a in 

cycloaddition reactions (equation 119) [106]. Finally the chromium complex of cyclo- 

hexatriene underwent an unusual cycloaddition reaction (equation 120) [107]. 

(CO)+Ir=C /OMe 

/i-t:_ w +$&,OMe 

(117) 

\ 
\ 

Cr 

92:8 
Cr 

70% 

t 
Me0 

96:4 

Cr 
t 

'OMe 

78% 

OMe 
71% 

I OMe I 

I 72% H 
80% OMe 
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(118) 

C02Me 
R' 

x 

R' 

\ hv 
+ -------_) 

/ 
C02Me R* R* 

R' = 22 = H, Me 

C02Me 

17-21% 

FP MeO-C (119) 

C02Me CeI" 
-_) 

C02Me MeOH 

Me02C-r-C02Me 

/ 

Fp = CpFe(C012 

Cr(C0)3 

R' = H, Me, CH20H 

R* = H, Me 

R3 = H, Me 

R4 = H, Me, C02Me 

Me02C 
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fransition metals were also used to catalyze Diels-Alder reactions. An iron- 

diazadiene complex catalyzed the reaction between alkynes and dienes (equation 121) 

[108). A ~-al~ylmolybdenum complex was claimed to catalyze an intramolecular cycli- 

zation with furan (equation 122) [lo?], while titanium(IV) chloride catalyzed the 

reaction of quinones witb dienes, to give the same products at -78' as obtained ther- 

mally at 200°, and opposite that obtained using BF3 [ilO]. Finally, bridgehead ole- 

fins were generated by the Fe(CO)i- assisted elimination of X2, and the resulting 

olefins were trapped by fur-an (equation 123) 11111. 

/ 
xix R x \ 

I I 
R” 

(--_---- 

R” R' 

72% 

R" L H, Et R 

cat. = 

>, 

_$eCl2 

R- R' j 

:,, 

k- 

-.-* (121) 
cat., AlEt 

R' 

64% 

R' = Et, 3-menthyl 

(122) 

MCl(CU~2(~3-allyl)(MeCN~2 
-__-- 

Y 

no yield 

I a% X 
Fe(CO)4*- 

-.---..--..-.---....-_) i + (123) 

Q 
& 

6. Alkylation of Alkynes 

New access to conjugated dienes via carbocupration of alkynes has 

recently been reviewed (37 references) C1121. Vinyl cuprates were made by the addi- 

tion of alkyl copper complexes to alkynes. These materials were converted to a num- 

ber of useful organic compounds (equation 124) [113]. Vinyl tin reagents were 
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prepared by the addition of tin-copper species to alkynes (equation 125) [1141. The 

zirconium-promoted carbometallation of heterofunctionalited acetylenes was the sub- 

ject of a dissertation [115]. Vinyl iodides resulted from the addition of ally1 

zinc bromide to alkynes followed by treatment with iodine (equation 126) 11161. The 

resulting product was converted to an a-methylene lactone by reaction with carbon 

monoxide and a palladium(O) catalyst. Zirconium complexes catalyzed the addition 

of dialkylzinc reagents to alkynes (equation 127) [117]. Allenic iodides and alkynes 

were coupled by reaction with palladium(O) and copper(I) complexes (equation 128) 

[1181. Palladium(O) also catalyzed the addition of hexamethylditin to alkynes (equa- 

tion 129) C:191. 

(124) 

60% 

TMS CuMX 

TMSCH2CuMX + RC:CH ----w 
CuC12 R 

LiCl 
R 

60% 
TMS 

R = EtO, n-C5 L- H+ 
TMS 

> 
R 

SnMe3 

H-I-(CH~)~OTHP + Me3SnCu*Me2S * (125) 

(also 1,2,3,4,5 CH2) 

55-89% 
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(125) 
R R' 

ZnBr 
R-CsC-R' + m I2 ----_- ----w 

stoic. L4Pd 
t 

co 

R = n-C6 60' 

R' = TMS 

R R 

- 

v- 

0 

54% 

R H 

RCXH + R12Zn 
X2ZrCp2 

W X - 
R' Zny 

high yield 

R' H R' H 

>-4 

+ H-?-R3 
L4Pd/CuI 

R2 
Br 

Et2NH Q-3 R * 
\ 

R' = Me, n-Pr R2 = H, Me 
R3 

R3 = Ph, cycle C6, CH2OH, n-C3COH, rt NEt2' 
TMS, (CH2)80Ac 

(127) 

(128) 

R H 
L4Pd 

RCcCH + Me6Sn2 ----t X - 
Me3Sn SnMe3 

R = H, 60%; n-Bu, 30%; Ph, 42%; PhCH2, 43%; MeOCH2, 

(129) 

70% 

Cobalt complexes of propargyl acetates were alkylated by aluminum acetylides 

,equation 130) [120], and by thiophene (equation 131) [121]. The latter reaction was 

used to synthesize intermediates for prostaglandin syntheses. Norbornene and alkynes 

condensed when treated with palladium catalysts and ammonium formate (equation i32: 

c1221. Iron(II1) chloride coupled trimethylsilyl-stannyl, germanyl acetylenes to 

produce diynes [1231. 
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(130' 

'i-5 OAc t 

H-G 
-+ 

=- 

R'- 

40-80% 

CeI" 
(R3-+A' -b ------t 

R' = H, Me R' = H, Ph, Me R3 = n-C4, n-C6 

do,rc0,, 
L--l- 

(131) 

H-CX-CH2(+) + /\ R - w 
S 

h R' 

I 
Pd cat. 

t RC=CR' + HC02NH4 W R 

29-42% 
R = Ph, p-MeOPh, 2-thiophenyl, 

0 
Ph 

PhWFy , Et 

R' = H, Et 

(132) 

7. Alkylation of Ally1 and Propargyl Alcohols and Acetates 

Ally1 carbamates underwent an SN2' alkylation when treated with organo- 

copper reagents (equation 133' [124]. The regiochemistry of the alkylation of allylic 

acetates by organocuprates was studied in detail (equations 134-1371 11251. The 

stereochemistry of this process was shown to be inversion for a-alkylation, whereas 

u-alkylation went with "excess antibonding" (?I. Ally1 silanes were made stereospeci- 

fically by the reaction of allylic acetates with silyl cuprates (equations 138 and 
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139) [127]. $2' allylic displacements by organocopper reagents were used in the 

synthesis of steroids (equations 140 and 1411 [1281. Reformatsky reagents alkytated 

allylic acetates in the presence of copper(I1) acetylacetonate (equation 142) 11291. 

The influence of solvents and substitution patterns on the regiochemistry of the copper 

catalyzed addition OF Grignard reagents to ally1 sulfonates was studied C130]. Attack 

at the less substituted allylic terminus. This chemistry was used to make poly- 

unsaturated alcohols (equation 143) [131]. 

11 MeLi 

II 

W""" 

2) GUI 
_-_-_* 

5) RLi 
(133) 

PhT + R2CuLi ------) Ph 7 + phF (134) 

OAc 
R R 

95:5 

/=%_ OAc + R2CuLi 
---phi + phR-..J 1135) 

Ph 

R 
42:57 

R 

OAc + 
O0 

R2Culi -----w 
Ph-R + Ph / 

3 

(1361 

99:l 

Ph ' + 3 Ph R 

R2CuLi 
-78' 

* + 

AcO 
Ph / 

R 
3 

(1371 

99.5 0.4 
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t 
(PhMe~Si)~~uLi 

--_~ -_) 

Ph (PhMe$i)$uLi 
-_I_-- * 

OAc t 

SiMe2Ph 

Phm 

80% 

(138) 

80% 

**,,, i -&-Ii, ,CuCN 

Et,0 

--r I 
68% 

OMe 

(i-C6H13).$uLi 
I “.:;;ar 

--I w 

& 
(141) 

a*0 
\ 

Otk 73% 
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R' R' 

X 
+ A -------------_-~ 

BrZn C02Et C02Et (142) 

(SN2 + SN2') 

OH 
MgBr 1% Cu(acac)2 

+ --------------_-~ &&jH (143) 

I 
S02Ph 

82% 

Nickel(I1) phosphine complexes catalyzed the reaction of aryl Grignard reagents 

with a wide variety of allylic substrates (equation 144) [132]. With chiral phos- 

phine ligands, ally1 phenyl ethers underwent alkylation with substantial asyrrmetric 

induction (equation 145) [133]. Nickel(I1) phosphine complexes also catalyzed the 

alkylation of allylic acetates (equations 146 and 147) [1341. 

Ar' 
X 

+ Ar2MgBr 
Li2NiC12 Arl Ar2 

w 
* 

PhH 
w 

20-90% 

Ar' = H, Ph 

X = OH, OEt, OMe, SH, SMe, SEt, 1-indolyl 

Ar2 = 4-TMSOPh, 4-MeOPh, 3,4-(Me0j2Ph, 2,4-(Me0j2Ph, 2,3,4-(Me0j3Ph 

- 
OPh 

•t RMgBr t 

OPh 

o- 
OPh 

- 

(5 

R 
- 

80-90% yield 

6-97% ee 

(144) 

(145) 



/ 

>i 
+ (-1 (: 

L2NiC12 
__ 

OAc 

------_ +" t )$X ,:,., 

X Y 

good yields 

/ Y t TsNa 

OAc 

(147) 

Macrocycles were synthesized using the palladium catalyzed alkylation of allylic 

acetates as the key ring-forming step (equation 148) [135], (equations 149 and 150) 

[1361, (equations 151 and 152) [1371, (equation 153) C1381. Palladium(O) complexes 

also catalyzed the reaction of ally1 acetates with alkyl tin reagents (equation 154) 

[13gl. Finally, the reaction of ally1 acetates with enolates, catalyzed by palla- 

dium(0) complexes, was studied in detail. Of all the enolates studied, only zinc and 

boron enolates were efficient (equation 155) C1403. 

0 

L4Pd 
* 

base 

"Poly Pd" 
* 

THF 

(148) 
0 

C02H 

A 267116 84% 

S02Ph 
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s02Ph 

0 

OH 

70% 

0 
0 (151) 

H 

L so2t01 

kc5Hll Pd3(TBAA)3 -* O 

,,SO$ol 

&n 
; \ ? C5H,, 

_-.-----ti 11 deoxy p6El 

’ H 

Pd3(TBAA13 
* (153) 

H 
C5Hll 

60% 
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(1541 

R = allyl, vinyl, Ar, , PhCHCo2Et 

(155) 

M = K, Li, BEtS/K, BEtS/Li, MgCl, Me2A1, MeSAl/Li, AlMeS/K, TMS, BuSSN, CP2TiCl 

Allylic acetates related to sugars were alkylated by aceto-acetate at the hemi- 

acetal carbon in the presence of palladium(II1 catalyst (equation 156) [141]. Elimi- 

nation of Pd-0 was claimed in a palladium-assisted coupling of an aryl mercuric halide 

with a cyclic allylic alcohol (equation 1571 [142]. 

R 
0 0 

0 

b 
OH 

- 

AcO 
PdC12(MeCN12 

(156) 

76% 
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/o--/o 0 

FJ / 
OH 

0 

04 ‘\N N’ 

0 

NaBD4 

t 

HO D 

Molybdenum complexes also catalyzed the reactions of allylic acetates with car- 

banions, with regiochemical preferences different from those observed with palladium 

catalysts (equations 158 and 159) [1431. The regiochemistry strongly depended on 

the substitution pattern of the allylic acetate (equation 160) [1441. Palladium com- 

plexes catalyzed reactions of these same substituted allylic acetates (equations 161- 

163) C1451. 

(158) 

0 
OAc 

OMe.$ 0 

BrtCH2,7L ' 

COZMe Mo(COI6 

* 
PhCH3 

Br~CH217~ 

llo" exclusively 
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OAc 

Br(C" ,A + <co*Me JgL 

(159) 

5:1 internal/terminal attack 

27 C02Me 
llo" 

3 

x;“’ + &co2Me Mo(COl6 ) w 

OAc 
0 TMS 

60% 

49% 57%bllm) 

(160) 

TMS OAc TMS TM+/ TMS 1 C02t-Br 

1 1.2 
OAc XI 

43%(m) 

60%(m) 
OAc 

y C02Et &CO2Me 

33%(m, mn) 52%(mm) 

m = malonate 
mm = methylmalonate 

0 0 (161) 

TMS OAc + 
C02Me 

w 

DBU or +O- 63-70% 
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TMS TMS 

0 

C02Me 

-_-___ 

I - 

OAc 

t 
(-)CH(C02Me12 

(Me02C) 

Tungsten compounds also catalyzed all, 

TMS 

,CJ= TMS 

ylic alkylation of ally1 acetates and 

carbonates and directed alkylation to the most substituted ally1 terminus (equations -- 

164-168) t.1461. In a careful study of the stereochemistry of palladium catalyzed 

allylic alkylation, both the oxidative addition step and the nucleophilic attack step 

proceded with inversion (equation 169) 11471. Alkyl nitronates alkylated ally1 ace- 

tates in the presence of a palladium(O) catalyst 11481. 

bipy 

(164) 

81% 

Ph 

w 

OCO*Me + CH(C02Me12 t Ph 

“uv \ + CH(C02Me12 * 

OC02Me 

CH(C02Me12 

92% 

+ 9O:lO 

Ph 

\/ 

^r 

CH(C02Me)2 

88% 

(166) 



(167) 

Bry + CH(CO~M~)~ -- 
OC02Me 

75% 
CH(C02Me) 

OC02Me 

A oCo2Me + iH(C02Me)2 --_.-----) 

(168) 

OC02Me 

(169) 

Me y Ph 
OAc 1 (+) 1R 2S 3s 

44% 

47% ee 

/ 

CH(C02Me12 

CH(C02Me12 

74% 

38% ee 

Ph 

Mexz Ph 
\ 

2 2 

97% 

58% ee 
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Allenic acetates were alkylated by organozinc reagents in the presence of palla- 

dium catalysts (equation 170) C1491, as were propargyl systems (equation 171) [1503, 

(equations 172 and 173) [151]. Palladium catalyzed the reaction of allenic tin rea- 

gents with ally1 acetates (Equation 174) [152]. Propargyl systems react with tin 

cuprates to produce allenic tin reagents (equation 175) [1531. 'Reactions of Propar- 

gylic Substrates with Organocopper Species, Synthetic Aspects" was the title of 

a dissertation [154]. 

OMe 

OAc + 
L4Pd 

RZnCl -------W (1701 

R' R' OMe 

50-95x 
R = CH2CH-, TMS-s, Ph, t-BuC=C=C, = 

R' = H, Me 

- 
+ L4Pd --w 

RZnCl 
= 

Pd 
L' 'x 

R 

isolated R = Ph, TMS 

"quantitative" 

Ph 
,\b'Ph PhZnCl 

Ph 

H&C-C+-H > 
'X L4Pd )== 

H H 

X = MeC02, CF3C02, MeSO 

Me 

(RI 

PhZnCl 
---------_) 

L4Pd 

H\ ,\Ph 

IP 

Me0 

(172) 

98:2 
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OAC 

/dGJb + ,,“J _!-!“._, 

Ar = Ph 

Ar' = &FPh, &BrPh, 4-MePh 

R2 

R1C=x_C-R3 

k 

+ R3SnCu 

\x /// Ar,-if\ 
(1741 

(175) 

R' = H, Me; R2 = H, Me,(CH,),,(CH21S; R3 = H, Me, Ph, Pr, t-Bu 

Allylic carbonates underwent a number of palladium catalyzed reactions. Ally1 

vinyl carbonates underwent a decarboxylation-oxidation process when treated with palla- 

diumfII1 acetate and a bis phosphine (equation 176) t1551. ._-._. Diallyl carbon)s allylated 

allylic acetates of e-ketoesters (equations 177-180) [156], while methyl ally1 carbonate 

allylated enol acetates (equations 181-185) [157] and trimethylsilylenol ethers 

(equation 1861 [1581 (equation 1871 t1591. In the presence of tributyltin methoxide, 

enol acetates were converted to conjugate enones (equation 188) C1601. 

0 

oEo_ 

0 

Pd(OAcl2 

\ 

b 

--___-_-_-_---_-~ 
I (176) 

dwe 0 

98% 

(177) 

zco 
I L4Pd 

) &)S (178) 

93% 
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0 0 O \ w OW t &OiOM@ 'p'", '\\ (179) s 
63% 

0 

L4Pd 
.-__* 

54% 

(180) 

OAc 0 (181) 

R,&YR2 t 4-+--J oC02Me -__c4pd_ RI 

MeOSnBu3 

diox 

OAc 0 

+ v 

0C02Me 
L4Pd / 

-_) 

w 

93% 

OAc 0 

OC02Me 
+w --t 

0 
OAc 

+N 

0C02Me 

14- 

I 
--t 

82% 

(182) 

(183) 

(184) 





Allylsulfur derivatives underwent alkylation by Grignard reagents in the presence 

of copper salts (equation 189) [161], as did ally1 amidates (equation 190) tl621. 

Chromium complexes of benzyl acetates reacted with silylenol ethers in the presence of 

zinc chloride (equations 191 and 192) [163]. Enynes were alkylated by trimethyl 

aluminum in the presence of titanium(IV) chloride (equation 193) [1641. 

(189) 

Btz-S 
CU+ 

+ BuMgBr . . . l.---." r_ 

Bu * >I 

high yield 

BuMg8r/CuBr 

R3 

R2L.?A #H e 

R1 = H, Me 

R2 = H, OMe, Ph 

R3 = H, Me 

R4 = PhCH2CH2, Ph, Et, & / 

co)-( I 

OAc 

TMS 

t 

t:3 0.5 to 99.5 A/B 
B - 

4:t 9S:l A/B 

R3 R1 

+zz Rq"gX , 

(190) 

GUI 

R3 

R*L 

HMPA 

R4 

80-90% R3 

(1911 

tnC12/CH2C12 

Cr(C0j3 

84% 
TMS 

i"‘ (-j 

82% 68% 



(.._@jOAc + @$+/jE __._____g;__* &Af’9z) 
I I I 
Cr(C0j3 Cr(C013 Cr(C0J3 

91% 

\ 
Y 

$c-y”” 
R' 

R 

AlMe$TiC14 
. . .- -..---- .~ _-) (193) 

70-80% 

8. Coupling Reactions 

Reductive coupling of halides by low valent transition metal remained a 

p@pu>ar DursuSt. Uiny> halibes were coup>eb to 1,3-aienes by treatment with nicke>l‘l'i> 

chloride and zinc (equation 194) C1651. Aryl halides were coupled to biaryls by nickel 

ptDwtler probuceb by the rer)uction of nicke’tl3S) ha>ibes with littim ~a~~~~a~enj~e 

(equation J95) I‘rbb1. SimilarJy reactSYe nickel powkr was probuceb eJectrochemica'lly 

(equations 196 and 197) C1671. Biallyls were produced by the reductive coupling of 

allylic halides with cobalttlj complexes (equation 198) [168]. The same reaction with 

butanoyl chloride as a substrate produced modest yields of a mixture of all possible 

coupling and deacylation products C1691. 

NiCl 
+ Zn --2._W 

- 

KI, HMPA 
X 

tk 
- + ZnX2 

60-80% 

Br Ph Br 



58 

ArX 
Nix2 + LilNaphth _,___-_-) "Ni" .- . . . . . * Ar-Ar 11951 

28 cases 

X 

R 
high 

NiS04 
e- 

------"--w Ni/Hg 
R _-_~____) "Ni" ..~..-_._.--... . ) (196) 

vat. 

a 
8r 

< 1 + "Ni" 

Br 

Br Br 

t 

COClL8 
- 

Br 
DMF * 

farnesyl, geranyl, neryl also couple 

f head to tail (1981 

16% 

Aryl halides coupled to aryl hydrazones in the presence of palladium(I1) chloride 

to all possible coupling products E170l. ~,a-Dichlorotoluene was coupled to dichloro- 

bibenzyl by palladium(O) and hexamethyldisilane [171]. a-Phenethyl bromide dimeriz 

when treated with palladium dibenzylidene acetone under phase transfer conditions 
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(equation 1991 C1721. Diary1 iodonium salts coupled to diaryls when treated with zinc 

and a palladium catalyst (equation 200) [173]. Dihalides coupled to olefins when 

treated with cobaloxine (equation 201) [1741. 1,3-Cienes couple to cyclooctadienes 

when treated with nickel(C) complexes (equation 202) 11751. 

Br 

A --.----- 

CC, Pd(dbal2, PTC 
w PhCHCHPh 

Ph 
ti, 

MeMe 

2 CArIArl+X- 
Pd cat. 

t Zn ----------m ArAr t 2 ArI 
THF 

25' 
50-901 

Ar = Ph, p-MePh, 4 t-BuPh, 4 MeCPh, 4 ClPh, 3 Nc2Ph 

'w ' + "Cobaloxime" -----w 

CHC12 

X = H, Me, Et, CMe, Br, Cl 

Y 

-v Nit01 
t 

Y 

y = TM5 90% 

Y = CC2Me 70% 

Y = CAc NR 

t ZnX2 

X 

0 
0 

(199) 

(200) 

c (201) \ 

0 
40-80% 

X 

(2021 

The topic "Ti induced dicarbonyl coupling reactions" has been reviewed (29 refer- 

ences) C1761. Ketoester cyclized tocyclic ketones when treated with the reagent 

resulting from the reaction of titanium(III) chloride with lithium aluminum hydride 

(equations 203 and 204) 11771. Titanium(II1) salts coupled ketones with acetyl pyri- 
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dines (equation 205) [178]. Cyclobutenes were produced by the titaniumIII1) chloride 

zinc-copper couple coupling of diketones (equation 206) [1791. Aldehydes reductively 

coupled when treated with iron carbonyl anions (equation 207) [1801. Samarium iodide 

coupledketones to diols (equation 208) [181]. Aldehydes disproportionated when treated 

with rhodium(I) hydrides (equation 209) [1821. 

0 0 

R~-(CH2),~-OMe 
1) TiCl3ILiAlH4 

21 H30+ 

R=Men=8 50% 

R=Etn =9 45% 

R = Et n = 10 63% 

R = Me n = 11 60% 

R 
(CH21nC02Me 

1) TiCl3/LiAlH4 
(CH21n 

0 
21 H30+ 

-------) 

W 
0 

R = t-Bu, H 

n = 1, 2, 3, 4, 5, 6, 11 

R 

t _- _-__--) 

R' 

R = H, Me 

R' = Me, n-Pr, Ph 

R2 = Me, H 
-KH214-, -(CH215- 

-c4 
Ph 

TiC13/Zn-Cu 

I I’ 

CH3 

60-95% 

(203) 

(204) 

(205) 

(2061 
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R* 

R'-CHCHO - 
[Fe&CO),]*- 

---t 
R2 R' + R2 R' !? 

R'-CHCHkH2OH R'-CH-CH-C-CH,O-C-CHR' (207) 

PY R'-CH-C-6 R* ;)H R* k* 

R2 ; 

50-90% 

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

R* = H, Me 

0 

A 1) Sm12 
R' R' 

R R' W R--k--d-R 

21 H30+ 

R = H, Me 

R' = Ph, p-N02Ph, 4-CNPh, 

2 PhCHO - 
RhHL4 

t 

(208) 

85-95% 

4-H02CPh, 4-MeOPh, 4-Me2NPh, mesityl, 0 S , n-C6 
0 

PhCH20-&Ph (2091 

Trimethylsilylenol ethers coupled when treated with titanium(IV) chloride (equa- 

tion 2101 11831. Cyclopropyl trimethylsilylethers dimerized when treated with 

copper(II) tetrafluoroborate (equation 2111 C1841. 

TMSO R3 R3 

TiC14 
R'02C 4R- \' 

C02R' 

W 

R2 

CH2C12 
R* 

R' = Me 
R2 + R1 g8% 

(2101 

R* = Me, H 

R3 = Me, H, TMS, TMSCH2, TMSO R'O*C*R' 
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TMSO 

Cu(BF& 
--._----____--_-.* 

OTMS 

TMSO 

Ph 

78% 81% 

OTMS OTMS OTMS OTMS 

74% 69% 

80% 

fl (j-0~Ms 

68% 77% 

70% 63% 

(2111 

Arenes coupled to biaryls when treated with thallium trifluoroacetate and cata- 

lytic amounts of palladium(II1 acetate (equation 212) [185lC1861. Thallated aroma- 

tics coupled to biaryls when treated with 0.1 equivalent of lithium tetrachloropalla- 

date 111871. Potassium hexacyanoferrate coupled halophenols to dibenzofurans (equation 

213) [lBB]. Copper complexes of poly (amid0 amines) oxidatively coupled 2,6-dimethyl- 

phenol [lag], while macromolecular copper catalysts oxidatively coupled 2,6-di-t- 

butylphenol C1901. 

ArH 
T1(TFa13 

)_ Ar-Ar 

cat. Pd(OAcj2 

52-99% 

(2121 

Ar = Ph, 4-MeOPh, EtPh, MePh, FPh, ClPh, BrPh 
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0 
OMe 

K3Fe(CN)6 k 
--.----__* 

0 CMe3 

+ (2'3) 

CMe3 

OH 

CMe3 

CMe3 CHMe2 

9. Alkylation of n-Ally1 Complexes 

Catalytic reactions containing n-allylpalladium complexes as inter- 

mediates has been reviewed (25 references) [191]. Alkyl trimethyl tin compounds 

react& with x-aJJy>pa>>abium cDmp>exes to result in aSky>ationDY thea\\y\ groupSB21. 

ChiraT alTyl frimefhyTsiTanes were converted to n-aIlyrpaTladium comprexes with com- 

plete transfer of chirality (equations 214 and 215) [193]. Photolysis of n-allyl- 

palladium chloride complexes in the presence of alkyl halides gave low yields of cross 

coupling (equation 216) El941. Perillenal was synthesized by the reaction 3-bromo- 

methy' furan with a n-al'ylnicke' halide complex (equation 2171 Cl951. Chiral n-ally1 

molybdenum complexes underwent stereospecific attack by enamines (equation 218) [196]. 

Several new precursors to r-allylcobalt complexes have been developed (equations 219- 

221) c1971. 

TMS 
0 

TM'S 

TH' 

Li2PdX4 
-= V& q--- 

/ 

1 
fl 

(214) 

(R)-(E) 
Pd(X12 

Ph 

(-I-(lS,2R,3R) (S)-2 

Flefemncea P. 196 
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TMS (215) 
Li2PdXq Ph TMS 

Ph 
* ~______ 

Ph 

hv 

Cl ----------* 
RX 0 

minor R 

$A$ t (--J CH2ar HMPA, 

major 

(RI and (S) Eeomenthyl CPM~(NO)(CO)~/]' 

-t I 
oc- MO -NO 

t 

(216) 

(217) 

h 
(218) 

+ - 

CHO 

(+1-R 

-CHO 
SS 60% 



d,OAc t TMSCo(C014 __---. -* 

A//O + TMSCo(C014 W /+/ OTMS 

CoKOI3 

w. + TMSCo(COl4 we 

CH20TMS 

Co(COl3 

65 

(2191 

(220) 

(2211 

10. Alkylation of Carbonyl Compounds 

Reduction of vinyl halides by chromium(II1 in the presence of aldehydes 

produced allylic alcohols (equation 2221. The reaction distinguished between alde- 

hydes and ketones (equation 2231 and nitriles (equation 224) C1981. Similar reduc- 

tion of allylic halides by a chiral chromium(I1) complex produced homoallylic alcohols 

with modest enantiomeric excess (equation 225) [199]. Manganese powder similarly 

coupled allylic halides to ketones (equation 226) [200]. Samarium(I1) iodide coupled 

halides to aldehydes (equations 227 and 228) and ketones to themselves (equation 229) 

12011. Intramolecular reductive coupling of a ketone with as ester was effected by 

titanium(II1) chloride and lithium aluminum hydride (equation 230) [202]. 

A CrC12 Ph / + PhCHO t (222) 
I DMF I 

1000 OH 

70-90% 

3 @-Br ,phi-c’ ,ph/-/“‘, /--7 A1 
I Ph 8r ’ ph 

I /-7 
Ph I' 

Phi work 



',A (223) 

RX 
------* 
CrC12 

OH 
87-96% 

(224) 

(225) 

THF 

+ 
1.5 RCHO -----) 

2o" 

OH 

A ,"' A 

R = n-Pr, i-Pr, n-C7Ph 

R' = H, Me 
R 

48-60% yield 

6-17% ee 

(226) 

0 

A R2+fi/ 
Br Mn R' 4 

Ri powder p R2 >(‘ 

OH 

68-94% 

R' = Ph, 4-BuOPh, 4-ClPh, n-C,o, /=",y-yy, ‘$-j-/+, 
Ph 

R2 = H 0 

also Ph 
K 

CH3 , , 



RCHO + ArCH2X 
Sm12 

-w RCH-CH2Ar 

6H 

RCHO + 

0 R 

2 R R 
-* 

OH OH 

TiCl3/LiAlH4 

Et3N 

6'7 

(227) 

(228) 

(229) 

(230) 

A titanium-based conversion of ketones to allenes has been developed (equations 

231 and 232) [203]. A titanium methylene complex behaved similar to a Wittig reagent 

(equation 233) C2041. Aldehydes were alkylated by n-ally1 titanium complexes (equa- 

tions 234 and 235) [205]. 

II 
R A 4 (231) 

+ 
R2 R3 _ 

Cp2Ti 
3 

R' R2 t 

R 

A 
I 

R3 R2 

R' = Ph, Me 

R2 = Ph 50-80% 
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II 0 
R3 R4 

R2 + R3 R4 * Y I 
Cp2Tix 

(232) 

A P 
Ph Ph f 

Ph 
.A 

Ph 

Cp2TiC12 + CH2(ZnI)2 -.--------m Cp2TiCH2ZnX2 -.-r 
0 

(233) 

.Jf+ 

Ph' 

Ph 

PhCN 
H2o 

0 
‘8 

b-w I___IC PhC-CH 
3 

Me R 1) t-BuLi/HMPA 
* 'ilek+dk+./ 

R EtCHO 
w .t 

2) Cp2TiC12 Ti 

cp2 
(234) 

85-938 
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TMS 
W 

TMS 1) t-BuLi/HMPA EtCHO 
--lr 

2) Cp2TiCl2 TMsWTMs _II_) 
fi 

cp2 

OH 

TMS 

Ketones were converted to tertiary alkyd groups by sequential treatment with an 

organo~ithium reagent, foilowed by an organotitanium reagent ~equation 236) [2061. 

Alkyltitanium trichlorides alkylated a-alkoxy aldehydes with a high degree of stereo- 

selectivity (equations 237 and 238) c2071. The stereochemistry could be reversed by 

changing the ligands on titanium {equations 239 and 240) [2081. Other titanium rea- 

gents also were reactive toward oxy ketones (equation 241) [209]. 1,3-Dienes were 

produced in the reaction of aldehydes with a titanium containing vinyl phosphine 

(equation 242) C2101. 

OMe Me0 OMe 

1) R'ti 
c- 

2) 1:l MeTiC13/Me2TiC12 

(236) 

R' = Me, n-W, n-C6 

R2 = Et, n-Bu, n-C6, He 

70-90% 

(237) 

9O:lO RT = R2 = Me 



OTMS 

t 
Tic14 mph 

_--_-) 
P 

OH 0 (238) 

Ph 
Ph -I 

92:8 (other isomer) 

Ph 

MeTiC13 
W 

Me 
H 

MeTi(O-i-Prj3 92:8 
t 8:92 

Ph 
Ph (239) 

+ 

Me H 

>99% 

H OH OH 

Z 

0 R 
t 

R 

R = Ph, Me, n-Bu, ally1 

M = Li, MgBr, Zn, Ti(O-i-Pr)3 

91;9 with Ti 

LnTiWPPh2 Me1 
RCHO W 

76-89% 

5:95 E:Z 

(240) 

(241) 

(242) 
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Ally1 silanes condensed with aldehydes in the presence of titanium(IV) chloride 

tto give high eryYnr0 ratios of homoa'lly>ic alcohoJs \epuation 243) 521J>. with siJyl- -___ 
enol ethers, high threo ratios were observed (equation 244) 12121. Alkynes were con- -_ 
verted to conjugated enones by reaction with ortho esters in the presence of titanium 

(IV) chloride (equation 245) 12131. 

R' TiC14 
_w TMS + R2CH0 e-w 

CH2C12 

R' = Me, Ph 

R2 = t-Bu, i-Pr, Et, Me 

91% erythro 

R' 

RCHO 
W 

Tic14 

R 
BF3Et20 * 

82-98% yield 

100% threo 

R' R2 

&Q-.-p + R'CUR'.,, 
1) TiCl% 

N 
2) co1 

R' 
COR3 

R' = n-Pr, n-I& i-Bu, n-C6 

R2 = Ph, n-Bu 

R3 = H, Me 

40-100% 

(243) 

(244) 

Zirconocycles combined with ketones to give homoallylic alcohols (equation 246) 

[214][215]. High threo selectivity was noted in the reaction of allylzirconium 

with aldehydes (equation 247) [216]. 



12 

0 

1) R' 
K 

R2 
Ic 

2) H+, A 

I- 11 hv 

0 

K 
R' R2 

2) H+ 

R2 OH 
- h_l( 

R' 

80% 
(246) 

Cp22rC12 + _MgCl ---* [I (247) 

R = Me, Et, i-Pr 

70-90% threo 

87-95% yield 

Diesters were produced from a-lactones and bis-Grignard reagents (equation 248) 

[2171. Aldehydes were alkylated by dialkylzinc reagents in the presence of a chiral 

ligand in the presence of a chiral cobalt or palladium catalyst (equation 249) [218]. 

Palladium(I1) complexes catalyzed the reaction of aldehydes with allylic alcohols to 

give dienes (equation 2501 C2191. Nickel and palladium phosphine complexes catalyzed 

the reaction of main group organometallics with diketene to give 3-substituted-3- 

butenoic acids [220]. Chromium complexes of ethyl benzene underwent condensation with 

ketones at the benzylic position (equation 251) 12211. 

1) GUI 
BrMg-(CH2),MgBr + -p Et02C-(CH2)n+4-C02Et (2481 

2) EtOH, H+ 

n = 8-12 60-68% 



cat* 
OH 

ArCHO + Et2Zn t ArCHEt 
* 

73 

(249) 

Cg‘91_. 
up to 57% ee 

cat = 

bH '2 

M = Co, Pd 

(250) 

R'CHO + Ph3P + "("* or y R 5% ;:'f'""'- R'CHzCH-CHzCHR' 

OH OH 
rfx 30-60% 

L\ 
R' = 4-ClPh, 4-N02Ph, 4-MeOPh, 4-HOPh, n-C5, Me- , n-Pr 1 W 

R2 = n-C5, Me 

0 (251) 

I I 
OH 

Cr(C013 Cr(C013 Cr(C013 R' 

11. Aromatic Substitution 

The application of arene-metal complexes in organic synthesis has been 

reviewed (27 references) [222]. A study of the regioselectivity of nucleophilic 

attack on n-arene chromium tricarbonyl complexes correlated with frontier orbitals 

using low energy arene-centered MO's on the complex, but was also sensitive to steric 

R.afrm?nces p. 196 
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Lithiation of the arene ring in arene chromium tricarbonyl complexes has also 

been extensively developed and applied to synthesis. Electronic effects directed 

the site of lithiation/electrophilic attack (equation 255) [227]. A variety of 

heterocyclic systems were prepared from the lithiated fluorobenzene chromium com- 

plex (equation 256) [228]. Lithiation was also directed by ring substituents (equa- 

tion 257) [229]. This process was used to prepare a number of fused bicyclic systems 

(equations 258-260) [230], (equations 261 and 262) [231]. Chromium complexed benzo- 

cyclohexanones underwent combined-metal directed cyclizations, alkylation, and lithia- 

tion to produce complex organic molecules (equation 265) [232], (equation 266) [233]. 

Frenolicin was synthesized using this type of chemistry (equation 267) [234]. (See 

reference 234a for dissertation). 

Cr(C0j3 

a 0 
0SiR3 

f 
0SiR3 

/ 0 
F 

\' ’ (-) t 

11 t-8uLi 
-- + para 

2) Me1 

0SiR3 
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f ' OSiR3 NMeSiR3 70-90% 

Et - 

Cr(C013 
l 
Cr(C013 

I 
Cr(C013 

PhNCO - etc. 

(255) 

75% 65% 
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OH 1) R*Li/TMEDA 

R' = Me, CH20Me 

R* = n-Bu, see-Bu, t-Bu 

R3 = CO*, TMSCl 
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(258) 

OMe OMe 

Me 

R R = Ph, t-Bu 

dithianyl 
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42-76% 

OMe OMe 

Cr(C013 + RLi - - (259) 
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1'261) 
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2 84% 
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1) FIGS, Agf 
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62% 

OMe 0 w 0 
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(C013Cr 0 

(C013Cr OH 
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OH 
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2) hv 
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(265) 
OMe OMe 

l-I% 
J a 0 I 
I 
Cr(C0)3 

11 BuLi 

2) GUI 

3) r^^ 

Br 

OMe 

#@__ 

I 
Cr(C0j3 

3) H+, H20 
I 
CN 

63% 

OMe Pr 

PdC12/CuC12 

CO, MeOH 

OH C02Me 

81% 

12. Alkylation of Diene and Dienyl Compounds 

The chemistry of novel transition metal-diene complexes and their 

application to organic synthesis has been reviewed (21 references) [2351. Cyclo- 

hexadiene iron tricarbonyl complexes underwent ring alkylation when treated with 

carbanions (equation 266) [236]. When the intermediate from this process was treated 

with an electrophile, carbonyl insertion occurred (equation 267) [237]. Iron penta- 

carbonyl was used to convert cyclohexenyl alcohols to arenes (equation 268) [238]. 

Optically active hemicaronaldehydes were synthesized from chiral butadiene iron tri- 

carbonyl complexes (equation 269) [239]. 

major 

47-87% 

(2661 

t CN, ->C02Et, +02t-Bu, 
n R= - CN, y Ph2CH, Ph3C, S-S, PhSCH2-, Ph, - C02- 

R.&z?- p. 196 
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I 0 
a) RLi 

p----W- (267) 
\ b) E+ 

R= VCN n 
- _ 
t 

CO2Li, S-S 

E’ = H, Me, OH, OEt 

(268) 

d 
low overall yields 

R = Ii, n-Bu 

R' = H, Me 

R" = Me, n-Bu, H 

(269) 

Me02CvCHo + Ph3PCMe2 -------* 

:e(CclI3 
(+) 

72% 

- &02C 
N2CHC~2Me 

ox, 

Fe(W)3 
H 

Dienyliron complexes were alkylated by Reformatsky reagents (equation 270) 62401 

and by stabilized enolates (equation 271) [241]. A detailed study of the regiochem- 

istry of alkylation of substituted dienyliron complexes by stabilized carbanions has 

been carried out (equation 2721 [2421. One of these complexes was used as a precur- 

sor to t ~imnaspermine (equation 273) E2431. Two separate groups have resolved chiral 

iron dienyl complexes by attacking them with chit-al nucleophiles, separating the 

diastereoisomers, then regenerating the complex (equation 274) [2441[2451. 



R' R' 

6 

Fe(C0)3 t BrZnCH2C02Et ---* 

R CH2C02Me 

R = H, Me 70% 
R' = H, OMe 

81 

(270) 

(271) 

Fe(C0)3 

tR&o_TMS w 

Me R = MeCO, PhCO, CN 

R R 

'-TMS 
Bu4NF 

Me0 

Fe(C0)3 
53-80% 

0-i-Pr 

(-)<: ge(co)3 + "%&le(CO)3 (272) 

X 
60-80% 

X = y = CN, C02Et Y 1O:l 

-w -* t limnaspermine - 
(273) 
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OMe 

P:eO 
(-1 menthol 

W 

Fe(C013 

\ (7 
OMe (274) 

t 

R,\\+ 
Fe(C013 

Cycloheptadienyliron complexes also were alkylated by carbanions (equation 275) 

[246]. Tropanoneiron complexes were used to permit the synthesis of otherwise 

unobtainable [4 t 21 adducts (equation 276) 12471. 

(275) 

Fe 

Fe 

Y 



RpFe(co’3 + J-J - 

0 

83 

1) 
_--__----_~ 

OX) 

/ 
(276) 

2) ox 
R 

0 

R=H 40-15% 

13. Alkylation + Cyclization Processes of Metal Carbene Complexes 

Quinone synthesis with organometallic reagents has been reviewed (34 

references) [248]. Vitamin E analogs have been synthesized from alkynes and a.8- 

unsaturated chromium carbene complexes (equation 277) [2491, as have other phenolics 

(equation 278) [250], and 2-allylnaphthoquinones (equation 2791 [251]. In contrast, 

tungsten carbene complexes reacted with alkynes under photolytic conditions to pro- 

duce stable alkyne complexes which decomposed to indenes (equation 280) [252]. The 

dd?rjnen_y’,CafDPnE- tU~OSti?n CDJJ#W bf?CDJ?DDSeb ‘T.D ih$%PQ,v’, ‘XE;ti?M LX&9 &dt’,V6y JJh-lb 

conditions {equation 2%I$ (2533. 

R2U 

R' 

/- 
(C015Cr-- 

-t 

R’ d& 
R2 = Me 4 , 

R' R2 

- 

(CO15Cr= 
t/ 

1 
OMe 

R' = H, Me 

R2 = H, Me, Ph 

R3 = Me, n-Pr, Ph 

R4 = Me, n-Pr, Ph, H 

11 
-----* 

2) co 

E 

OH 

R3 

+ R3-,-R4 --w 

R4 

OH 

* 

R' 

0 
R2 

(2771 

(278) 

Referencesp.195 
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(C0)5Cr=C /Ph 
'OMe 

+ R'-z-R2 _-_) 

R' = alkyl; R2 = H, -regiospecific for E-alkyl 

R' = R2 = alkyl, aryl - no regioselectivity 

(279) 

(280) 

,co,,,<;:' + 
hv >-2o" 

PhCKPh --- [W(CO),(PhCrCPh)(CCOMe)Phl -----c 
-30° 

@2 0 
\ Pt! 

H 
Ph 

rfx 

n-C, 
+ Ph2CH2 + Ph2C=CPh2 

10% 35% 

,Ph 
(co)5w=c, 

Ph 

/ 20-50' ~ Ph> =. 

dil 
Ph 

20-70% 

(281) 

B. Conjugate Addition 

Oienyl Grignard reagents added 1,4 to conjugated enones in the presence of 

copper catalysts (equations 282-285) c2541. Mixed cuprates alkylated r-pyrones in a 

similar manner (equation 286) [255]. Cyanocuprates were very efficient in the 1,4- 

alkylation of conjugated esters which lacked a-substitution (equation 287) [256]. 

Copper salts also catalyzed conjugate alkylation of carbohydrate-containing cr,8- 

unsaturated esters (equation 288) [257]. As usual, conjugate alkylation by organo- 

copper reactions was used in the synthesis of prostaglandins (equation 289) C2581. 

Vinyl cuprates containing remote halogen substitution, added 1,4- to conjugated enones 

(equation 290) C2591. Cyclization to the halide was then carried out. The reagent 

"MeCuBF3" added 1,4- to chiral unsaturated esters to give a high degree of asymmetric 

induction (equation 291) [2601. Much poorer enantiomeric excess was observed when 
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chiral copper reagents were used (equations 292) [2611. Even remote chirality in the 

conjugatedenonesresulted in reasonable enantiomeric excess (equations 293 and 294) 

[262]. T-Acetoxy-o,s-unsaturated nitro compounds were converted to cyclopropyl oximes 

by dimethyl copper reagents (equation 295) [2631. Organocopper reagents added 1,6- to 

dienoic amides, while Grignard reagents added 1,4 (equations 296) [2641.e-Iodo-a,B-cyc- 

Tohexenones were converted to seven membered ring systems by vinyTcyc7opropyT cuprates 

[equation 297) 1265). s-Thio-a,s-unsaturated enones underwent conjugate alkylation by 

organocuprates with loss of sulfide to regenerate the enone (equation 298) [266]. 

MgCl t CuBr.SMe2 +b_-_r^9 (282) 

0 

k 
73% 

/vAH -3x, 
84% 

R'CuSPhLi ---+ 

(283) 

(284) 

(285) 

(286) 

R’ = n-Bu, t-Bu, s-Bu, Me 65% 

References p. 195 
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0 

R"aCO R + OR 

2 
R2'Cu(CN)Li2 ---------w 

R' 

f 

R" 
R = Me, R3Si, t-Bu, Et 

R' = Bu, Ph, n-Pr, & 60-902 

R" = Me 

(287) 

ArMgX 
---_* 
CuX cat. 

(288) 

Ar = Ph, 4-ClPh, 4-MePh high yield D-manno config. 

single isomer 
_C02Me 

OSiR3 
(289) 

-------w (-)-PGEl 

= 
= 
OR 

OR 

42% 

M = CuSPhLi, CuCN, Li 

(290) 



0 0 

"MeCuBF3" R*O 
___.--_-_-----.~ 

R 
L R 

R = n-Bu, Et, C,B 

L = CN, PBu3 

R* = camphor 

Me 

78-98% ee 

76-90% yield 

0 + LiPyR*Cu ~_._--_) 0 
0 

&2:-R 

N bh 

30-72% 

Ph 23% ee 

87 

(291) 

(292) 

(293) 

0 d 
86% 

>lO:l diastereoselective 

2CuLi 0 

--------w (2941 

Et02C L 

62% 

X 

NO2 

X = OAc, OTs 

(via SET) 



1,4 addition 

AA>,:, Y 40_80% 

2 -+Y 
1,6 addition 

R - n-Pr, i-Pr, n-Bu, i-Bu, n-C5, n-C7, v 
/, Y 

(296) 

&JMe + cp---$iJyJ (297) 
I 

SMe 

R2CuLi 
* 

SMe2 

(298) 

Et20 - inversion of S. C. 

THF - retention of S. C. 

Organocopper species added 1,4 to unsaturated chiral aminals to give chiral 

aldehydes after hydrolysis (equation 299) [267], (equation 300) [268], (equation 301) 

C2691. Organocuprates also added 1,4 to 3-(l-imidazolyl)-2-alken-l-ones [270]. 

H 

1) R12CuM 
R 

CHO 
/ 

2) H20, H+, Si02 * R' 
(299) 

30-70% yield 

25-51% ee 



PhCH=CH,, 0 
5 

x_) 

,t 
,rPh 1) Me2CuZ.M 

H N 
* 

/ ;= 21 H20, KCN 

P;e~/~~+(;];;;ph 

H / Me 
Me 

80% ee 

MeCuZLi 
-____) 

+ 

Ph 

PhC*H-CH=CH-N-C*H-CH-OCuLiZ 

89 

(3001 

(301) 

Conjugated ynones also underwent conjugate addition with organocuprate reagents 

(equation 3021 12711, (equation 3031 [2721, (equation 304) C2731. 

(302) 

Me C02Et C02Et 

R$$LCuLi + MeCX-CO,$t .e H+ 1-/ 

R3Sn cu h R3sn/-- 

THF TMS 
(303) 

(Me3Si)2CuLi.LiCN + Me-+C02Et ------w 

HMPA 
Y 

Me 
DIBAH 

I - 

C02Et 

TMS-Me 

OH 

90% 
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(3041 

(RCuYILi 
HCK-C02Et ----------t 

Et20 

Y = Me, CN, Hexynyl 

R = alkyl 

97% 

Cyclopropyl ketones underwent 1,4-addition with organocuprates (equation 3051 

[274]. Cyclohexadiene monoxide gave a 1,4-adduct when treated with carboxylate salts 

in the presence of copper(I) chloride (equation 306) [275]. Trimethylsilylacetylenes 

added 1,4 to a,s-unsaturated and cyanides in the presence of titanium(IV) chloride 

(equation 307) [2761. Copper also catalyzed the cyclopropanation shown in equation 

308 [2771. 

+ R2CuCNLi2*BF3 ----* 

R = n-Bu 

n 78%, x O-55%, & 5%, & 8% 

OCOR 

CuCl 
t Na'RC02- ------+ 

(3051 

(306) 

OH 

84% 



R =:+e=, 3~ 

R' = H, Me, Ph 

R2 = H, Me 

R3 = H, Me 

Br fi 
r( 

OEt 

tJ 

cut11 

C02Et 
Et02C 

Et02C , wC02Et also work . 

Palladium catalysis of conjugate addition of arylmercury an? aryl ,lalide compounds 

to a$-enoneshas been reviewed (15 references) 12781. Aryl iodides added in a 1,4 

fashion to conjugated enones in the presence of palladium(I1) acetate and formic acid 

(equation 30?! 12791. Ferrocene was orthopalladated, then added 1,4- to conjugated 

enones (equation 3101 [280]. Organomercury compounds added 1,4- to conjugated enones 

in the presence of palladium(I1) chloride under phase transfer conditions (equation 

3111 c2811. 

ArI + v + Pd(OAc12L2 + HCOOH sAra (3091 

0 20-60% 

Ar = Ph, 4-tol, 4-MeOPh, 4-HOPh, 4-H2NPh, 4-HOCH2Ph, o, m, p, MeCONHPh, 

4-ClPh, 3-Me0 CPh, 3-H02CPh 

enone = phJ: PhYJPh , ,,APh 
I 

,,A,, 
, 



Fe 

NMe, 

0 6 O 
-388' 

leucine Fe' I 3 
Pd-NR, 3, 

d = 133.5' 

R’ :311) 
x / P \’ f 

NH2 

Hgy 

X = Me, Cl, HgCl, MeC02 

R' = H, Ph 

R2 = Me, Ph, Bz, Et 

Z = C02Bz, C02Et, COCF3 

0 
TBA+Cl 

X 

--_---_-_t R2 
PdCl2 

MeCl 3NHCl 

86-91% 

quinolines 

r- 
I. Acylation Reactions (Excluding Hydroformylation) 

1. Carbonylation of Alkenes and Alkynes 

4-Heptenal was converted to 7-nonene-3-one by reaction with ethylene 

in the presence of excess rhodium catalyst (equation 312) [282]. Unsaturated alde- 

hydes cyclized to give cyclopentenones with modest enantiomeric excess in the pre- 

sence of a chiral rhodium(I) catalyst (equation 313) 12831. Cobalt(O) complexes 

catalyzed a similar cyclization (equation 314) [284]. Butadiene iron tricarbonyl 

complexes reacted with organolithium reagents to produce cyclopentanones or open 

chain unsaturated aldehydes (equation 315) 12851, 1,4-Pentadienes cyclized to 

cyclopentanones when treated with cobalt octacarbonyl and carbon monoxide (equation 

316) [286]. 
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Me 
Phi CHO 

CRh(ChiraphosI2lCl 
_-_______- 

I 
160' 

II 

(312) 

CHC13 
37% conv. 

68% yield 

Ph 

40-50% 

52% ee 

2L2C12/L t 

0 Na Naphth o== 
0 

38% 

(313) 

(314) 

1) R3Li 
(315) - 2)H+ 

O-85% O-71% 

ratio depends on R's 

CO/H2 10 atm 

c02tc043 

120° 0 

(316) 

R’ = R2 = Me 39% 

R', R2 = (CH214 76% 

R', R2 = (CH215 81% 

Ffeferences p. 196 



Olefins were hydroacylated by treatment with carbon monoxide and water in the 

presence of a palladium(II)/copper(II) catalyst system (equation 317) [287]. Fluoro- 

alkyl olefins underwent a similar reaction (equation 318) [288]. Acrylonitrile was 

hydroesterified by carbon monoxide and methanol in the presence of a base-promoted 

cobalt catalyst (equation 319) [2891. Palladium catalyzed hydrocarboxylation of ole- 

fins in the presence of steroidal phosphines gave optically active products with 

modest stereoselectivity [290]. Anchored palladium catalysts were compared with 

their homogeneous counterparts in the alkoxycarbonylation of olefins [291]. Styrene 

was asymmetrically carbomethoxylated in the presence of a palladium catalyst [292]. 

s-Chloroacrylic acid was the product from the reaction of ethylene with carbon 

monoxide in the presence of a palladium catalyst [293]. 

RCH=CH2 + CO + H20 
PdC12/CuC12/HCl 

_----------_-* 
02/25'/1 atm 

RCH-CH3 

C02H 

R = n-C8, C7, Ph 

cycle Cl2 

good yields 

(317) 

L2PdC12 RF 

RF- 

C02H 

RFCH=CH2 + CO + H20 ----------_) C02H + (318) 

110 atm 

loo0 high yields 

RF = CF3, C6F6 

A 
FH3 

CN t CO t MeOH + Co/TMEDA ----r NCCHC02Me (319) 

Terminal alkynes were converted to fumarates and maleates, while internal 

alkynes were converted to acrylates by carbonylation in the presence of palladium 

catalysts (equations 320 and 321) [294]. Cobalt alkyne complexes were converted to 

bicyclic keto esters by reaction with dihydrofuran (equation 322) [295]. Rhodium(I) 

catalyzed the conversion of alkynes to butenolides (equations 323 and 324) [296]. 

Eneynes cyclized to bicyclic ketones when treated with dicobalt octacarbonyl (equa- 

tions 325 and 326) [297]. Acetylene was converted to acetylenic amides when treated 

with bis-diethylamine nickel(I1) bromide and carbon monoxide (equation 327) C2981. - 
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(320) 

PdC12/CuC12/HCl/02 
RCXH t CO + R'OH -- 

* I>-c + R)Jco2R' 

C02R' C02R' C02R' 

major minor 

high yield 

RC-C-CH3 
PdC12/CuC12/HC1/02 

-----_--------~ 

R' /CH3 

t 
R2 -\cO,n 

(321) 

60-75% 

R’ -,-RL 
6_ RIRhO ::;+;;- oq (322) 

bo2(co)6 

R' = R2 = Me 70% 0 

R’ = R2 = H 85% 32% 

EtOH 
PhCzCPh + 2C0 + Rh4(C0J2 

125O 
up to 87% 

30 kg km2 
Et 

H 

R'-Z-R' t R20H 
co 

Rh4(C0+2 

R' = Ph, Me, Et 

R2 = Me, Et, n-Pr, i-Pr, n-C8 60-90% 

(323) 

(3241 

R.eference,s p.195 
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OTMS TMS 

@ 

'TMS 
Co2KOl* 

llo" 
(325) 

OR OR (326) 

_ 0 -t -* d,l coriolin 

Z 
H precursor 

0 ! e 
(Et2NH12NiBr2 + HC:CH + CO -------p HCiC-;NEt2 + Et2NC---CNEt2 (327) 

Oiphenylacetylene cyclized to tetracyclone when treated with TMSCN and 

nickeltbis) cyclooctadiene L'2991. The rate of carbonylation of acetylene with 

[PdLBr12C0 was faster than with PdBr2 [300]. 

2. Carbonylation of Halides 

Aryl halides were converted to carboxylic acids under phase transfer 

conditions with cobalt carbonyl as catalyst (equation 328). Intramolecular versions 

(equations 329 and 3301 also worked [301]. Cobalt carbonyl attached to a cationic 

exchange resin also catalyzed the conversion of organic halides to acids or esters 

[302]. Benzyl halides were converted to phenylacetic esters by cobalt carbonyl in 

the presence of base and alumina (equation 331) [303]. Iron pentacarbonyl in aqueous 

hydroxide catalyzed the same reaction (equation 332) [304]. 

Co2(CO)*, PhH/5NNaOH/CO 
ArX --- 

_ 
-----t ArC02Na 

Bu4NBr 65', hv 
>90% 

(3281 

ArX = PhBr, Phi, 4-MePhBr, 2-MePhBr, 4-MeOPhBr, 2-MeOPhBr, 1-Br Napth 

2-Br Napth 

Br 

(329) 

high yield 



m :I OH ----___ -* G =I 0 

3r 
0 

PhCH2X t CO + ROH + base/A1203 
co(co)4- 

Co*(CO)* 
* PhCH2C02R 

70% 

ArCH2X - 
Fe(C015 cat. CO 

-----_) ArCH2C02H 

aq NaOH, (Bu4NI2S04 

97 

(330) 

(331) 

(332) 

Ar = Ph, 3-MePh, Z-MePh, 3-CNPh, 4-BrPH, e-napth, 3-MeOPh 

Palladium(O) catalyzed the reductive cross coupling of aryl halides with alkyl 

halides to give aryl alkyl ketones (equation 333) [305]. Styryl bromides were con- 

verted to cinnamic acids by reaction with carbon monoxide under phase transfer condi- 

tions with a palladium catalyst (equation 334) 13061. Dihalides underwent reductive 

coupling or carbonylation, depending on conditions (equation 335) [307]. Halides 

were converted to aldehydes by reaction with tributyltin hydride, carbon monoxide, 

and a palladium(O) catalyst (equation 336) [3OB]. Diaryliodonium salts were also 

carbonylated using a palladium catalyst (equation 3371 [3Og]. 

CO, L4Pd 
0 

ArX + RX - w ArER t ArR + ArH + ArAr 

Zn/Cu THF < 
V 

J 
60-90% traces 

Ar = Ph, p-MeOPh, p-tolyl, [4-BrPh, 2-Me02CPh, -failed1 

R = Me, n-Pr, i-Pr, n-CD, cyclohex 

/=l L4Pd, CO 
m 

Ar Br 
W 

PTC Ar C02H 

(333) 

(334) 

Ar = Ph, p-ClPh, m-BrPh, p-MePh, p-CF3Ph, o-MePh, p-OMePh 

References p. 196 
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ArCH=C 
,Br L4Pd 

' Br 
_---_---) ArCEC-CzC-Ar 

PTC 

I 

5N NaOH 
60-90% 

__---------_-_t 

Pd (diphosl2 

ArCH=C<E:: 

2 

AmOH, 5N NaOH 

Pd(O) RCHO 
RX t CO + Bu3SnH -----.--w 

50° 

(3351 

(336) 

I 

R = Ph, 4-MePh, 2-MePh, 4-BrPh, 4-MeOPh, 4-N02Ph, PhCH2, Q.,, &JH, 

a;,,, &, kI, QC,, C1.xC02Et 

Pd(OAc)2 
0 00 

Z[ArIAr]+X- + co + Zn -----_t ArEAr + ArttAr + 2ArI (337) 

30-608 4-40% 95% 

Ar = Ph, 4-MePh, 4-t-BuPh, 4-ClPh, 4-BrPh 

3. Carbonylation of Nitrogen Compounds 

Conjugated imines were converted to ally1 acetamides by reaction with 

cobalt carbonyl (equation 338) [310]. Trimethylsilyl .amines were carboxylated by 

reaction with carbon dioxide in the presence of a ruthenium catalyst (equations 339- 

3411 13111. Amines were carbonylated by nickel catalysts (equation 3421 13121. 

Organic halides reacted with the complex resulting from treatment of N-methylbenzyl 

amine with butyllithium, carbon monoxide, and copper(I) iodide to give acetanilides 

c3131. Nitrobenzene was converted to phenyl carbamates by reaction with carbon mono- 

xide in alcohol in the presence of a palladium-zeolite catalyst [3141. 
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CO, Me1 
NR" --- '&NC r&1. + R'NHCOMe (338) 

c0+c018 

H2° 
PTC 

from 1:l to 65:35 

R = aryl Me, H 

PhNHTMS 
co2 p---h PhNHC02TMS 

Ru~(CO),~ 

loo0 

110° 
0 

PhNHTMS + CO2 w PhNHiNHPh 
Ru~(CO),~ 

(TMSj2NH + CO2 
Ru~(CO),~ 

e TMSNHC02TMS 

L2Ni8r2 00 0 0 
II II 

2 R2NH + 2 CO w R2NC-CNR2 t R2N!H + R2NENR2 

THF/cat 20 
80-85% 5-7% 0.5% 

(339) 

(340) 

(341) 

(342) 

R = Et, -(CH214- RNH2 also works 

4. Carbonylation of Oxygen Compounds 

Alcohols were converted to carbonates by reaction with palladium cata- 

lysts and carbon monoxide (equation 343) [3151. The catalytic hydrocarbonylation of 

alcohols has been reviewed (50 references) C3161. Acetates were converted to tri- 

methyl silyl enol ethers by reaction with carbon monoxide, trimethyl silane, and 

cobalt carbonyl (equations 344-346) 13171. 
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L2Pd(OAc)2 
00 
,I II 

ROH + CO -w ROC-COR 

1000 psi 
benzoquinone 

L 02, Pd(OAcI2 -__.-_-- / 

Co(OAcI2 L, BQ 

HSiR CO 
OAc --3'_W 

>7 
- 

co2Ko)B 
OSiR3 

OTMS - 
OAc ------w o-/ 

75% 

ooAc Cl floAc 
82% 60% 

0SiR3 

0 - 
HSiR3, CO 

c0293 
C02SiR3 

(343) 

(344) 

(345) 

(346) 

5. Miscellaneous Carbonylations 

Heteroaromatic compounds were carbonylated by carbon monoxide in the 

presence of a palladium catalyst (equations 347 and 348) C3181. Cyclopropane dicar- 

boxylic esterswere ring opened and carbonylated by anionic iron carbonyl compounds 

(equation 349) C3191. Aromatic hydrocarbons were converted to benzoic acids using a 

palladium catalyst (equation 350) C3201. The kinetics and mechanism of ethyl formate 

formation from (ethoxycarbonyl) cobalt tetracarbonyl and hydrogen were studied [321]. 



(7 
0 

Pd(OAc)2/CO 
HO-C 

~~------_--) 
S2OB = HOAc 

R’ /\ -4-J ___-.--_- 
S 

- R0-&02H 

61% yield 

26% conversion 

R' = H, Cl, Br low yield 

C02Et 

F&0)4= + 

hOpEt C02Et 

62% 67% 

ArH - ArCOOH 

101 

(347) 

I2 

\ 
ROH 

C02Et 

R:&CO Et 
2 

64% 

Pd(AOc)2/t-BuOOH/~C'/A~OH 12 turns on catalyst 

1 atm CO 72 hr 75' 

(348) 

(349) 

(3501 

6. Decarbonylation Reactions 

Decarbonylation of aliphatic a,a-unsaturated aldehydes by a Wilkinson 

complex has been studied C3221. Ally1 acetates were decarboxylated by treatment with 

palladium(II1 salts (equation 351) 13231. 

Reference8 p. 196 



102 

OE 

I ‘I ‘/ s so 
0 

q 
0 II- 

0 .w 

7. Reactions of Carbon Dioxide 

Carbon dioxide and ethylene combined in the presence of a nickel(O) 

catalyst (equation 3521 C3241. Dienes were carboxylated by reaction with carbon 

dioxide and a nickel(D) catalyst (equation 3531 [325], (equation 354) 

Carbon dioxide coupled with dicyclohexyl carbodiimide in the presence 

catalyst (equation 355) [3281. Methylene cyclopropanes combined with 

in the presence of palladium(O) complexes to give furanones C3291. 

C3261C3271. 

of a nickel(O) 

carbon dioxide 

(3521 

9 -C02H 
(Cdt)Ni + co2 + = t Lig- Lig NiNo 

0 HCl 
* -C02Me 

MeOH 

1) LnNi 

m + co2 

- 
C02H 
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+ co* t (bipy)Ni(COD' --------) 

R' 

R' = Me, H 

R* = Me, H 

RX 
R' R* 

-W RCH2C=C-CH2C02H (354' 

HX 

R = Me, Bz 

(355' 

(bipy)Ni(COD) + CO2 t (N=c=N~ F 

0. Oligomerizations 

The dimerization of ethylene by nickel carbonyl/triphenylphosphine cata- 

lysts on alumina was studied [330], as was the use of nickel complexes of poly(2- 

methyl-5-vinylpyridine)/diethylaluminum chloride as a catalyst for propene dimeriza- 

tion C3311. Propylene was also dimerized in the homogeneous phase by the use of 

Co(acac13/HAlEt2/L/COD catalysts C3321. Dimerization and oligomerization of butene 

was effected by an alkylnickel catalyst [333]. CationicC-allylpalladium complexes 

dimerized ethylene and styrene, and theq-ally1 complex, [ally1 Pd (MeN02121BF4, was 

recovered unchanged C334l. Dimethyl phthalate was stereospecifically tiimerized to 

tetramethyl-3,4,3',4' biphenyltetracarboxylate by a phenanthroline containing palla- 

dium catalyst [335]. The cationic nickel*-ally1 complex (MeCHCHCH2NiL2)+ was a 

catalyst precursor for the formation of linear and cyclic butadiene dimers 13361. 

2,3_Dihalobutadiene cycle dimerized or trimerized in the presence of nickel(O) cata- 

lysts (equation 356) [337]. 1,4-Dichlorobutadiene cyclodimerized when treated with 

iron pentacarbonyl (equation 357' [338]. 

Referencea p. 196 
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(356) 

X 

up to 48% 

up to 56% 

Cl 

W 
Cl 

t Fe(C0)5 ---* 

up to 63% 

Cl Cl 

(357) 

Nickel(O) complexes catalyzed the codimerization of butadiene with norbornene 

(equation 358) while ruthenium complexes catalyzed the codimerization of dimethyl- 

acetylene dicarboxylate with norbornene (equation 359) [3391; and cobalt catalyzed 

the codimerization of nobornadiene with tetracyclo [4.3.0.0.2y403y7] non-8-ene c3401. 

Low valent titanium catalyzed the codimerization of cycloheptatriene with butadiene 

(equation 3601, norbornene (equation 3611, and alkynes (equation 362) [341]. Ace- 

tylene combined with (cyclooctadiene) (cyclooctatriene) ruthenium to produce a 

bicyclic dimer (equation 363) [342]. Butadiene and methyl acrylate codimerized when 

treated with a cationic II ally1 palladium catalyst (equation 364) [343]. Butadiene 

was dimerized and carbonylated when treated with palladiumt II) acetate, trialkyl 

phosphine and maleic anhydride [344]. 

(358) 

60% 
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(359) 

C02Me 

\‘& 
- 

0 

TiClq/Et2A1C1 

\/ +N--- 
-w 

78% 

(360) 

+ b d \ +&-A 
49% 

(361) 

32% 

R = TMS 

78% 

(362) 

-0 H2 
(363) @RQ t HCrCH = 

(364) 

-+ 5 +BF4- + Bu3P + M+ fiCO Me 
80° ) 

II I 
2 20 hr 

I 

Y 
cat. 

80% 
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Nickel(O) complexes catalyzed the cyclodimerization of vinylcyclopropane as well 

as the cooligomerization (equation 365) [3451. The same complexes catalyzed the 

codimerization of this substrate with methyl acrylate (equations 366-369) 13461, and 

methyl pentadienoate (equation 370) [3471. With chiral acrylates modest diastereo- 

selectivity was observed (equation 371) [348-J. More complex products resulted from 

the diene analog of methylene cyclopropane (equation 372) [349]. Methyl acrylate 

dimerized to trans dimethylhex-2-enedioate with a cationic palladium catalyst (equa- 

tion 373) E3501. 

(365) 

bipyNi(COD) + A ------* bipy Np + bipyN!$= + bipyNi5 

*O/YJJ/o kk 1, 

81% 
60% 

+ ACOMe 

Ni(CODJ2 

2 
-Q 

C02Me 

>90% 

. 

A 
a.*.* 

-ti 

(366) 

(367) 

‘C02R 

33-431 
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A 
C02Me 

t 
xJfo2R + KYco2R 

(368) 

Ni(CODj2 
C02R 20-40% 

60-81% 

tA 
Ni(COD12 

C02Me 
_----.-_--_-* 

N"'Met y+fo2Me (369) 

75% 

78-92% 
0 

2-64% de 

(370) 

-CO,Me 

Wd) + PMe3 + *i’ - rq Mep_pMef72’ 
2 

P\ 

P' 

25' _ [ 
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0 

ToMe + (MeCN),Pd(BF4)2 --t 
R2CuLi 

----_----.+ 
n- 

C02R 
(373) 

0 ? 
R 

Cobalt mediated cyclizations of a,w-enzynes was the topic of a dissertation 

[3511. a,w-Cyanoacetylenes cyclized to pyridines when treated with low valent cobalt 

catalysts (equation 374) C3521. The steroid nucleus was synthesized by a cobalt 

catalyzed enzne cyclization (equation 375) 13531. Oihydroisoindoles were prepared 

from a nickel-catalyzed cyclocodimerization of propargyl amines with alkynes (equa- 

tion 376) [354], (equation 3771 [3551. Manganese(III)acetate/copperlII) xetate 

dimerized butadiene and acetone (equation 3781 [3561. 

Co cat 
HCXO(CH2+,C:N -y- 

(CH2),CN 

n = 4, 5, 6, b 

90% 

TMS 

Me0 

t 

20% 17a 

R R" 

NH t RI-:-R" 
Ni(C0D)2 

------_,HN 

R' 

ZO-82% 

Me 

HC&+NH t RCN 

Me 2 R 

R = Me, Pr, Ph, PhCH2, NCCH2CH2 

(3741 

0' 

72% 

(3751 

(376) 

(3771 



109 

Me 

c (3781 

Dispersed nickel on silica catalyzed the cyclotrimerization of acetylene [3571. 

Nickel(O) tolan complexes co cyclotrimerized with dimethylacetylene dicarboxylate 

(equation 379). Tetracyclone was also made under different conditions (equation 

380) [358]. Palladium(I1) complexes of suffoxides catalyzed the cyclotrimeri~ation 

of tolan (equations 381) [359]. The cobalt(I) catalyst C~CO(C~H~)~ cyclotrimerited a 

number of alkynes (equation 382) C3601. Tantalum(V) and Niobium(V) halides cyclo- 

trimerized 1-pentyne, while tungsten(V1) and molybdenum(V) halides led to linear poly- 

mers [361]. Butadiene cyclotrimerized to 1,5,9-cyclododecatriene when treated with 

a titanium(IV) alkoxide/triethyl dialuminum trichloride catalyst [362][3631. 

Ph Ph 

L2Ni-1'1 1 + 

C02Me 

Ph 

~e02C-C~C-~02Me ------I. 

Ph C02Me 

C02Me 

(no yield) 

Ph Ph 

TMSCN 
PhCXPh + (COD)2Ni -w Ph 

0 

/ 
PdC12L2 t PhCKPh w c3- \ Ph6 

L = 4-MeOPhSOCH3 4 turn on catalyst 

(379) 

(380) 

(3811 

Fleferencas p. 195 
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HCXH 

Cp2Co + K + C2H4 -----) CpCo(C2H4)2 A 0 (I 
\ t' (382) 

CpCo(C6Me6) 

Me6 

Palladium catalyzed telomerization of isoprene with diethylamine led to the tail- 

to-tail terpene amine in the absence of acids, while carbon dioxide favored the head- 

to-tail and tail-to-head isomers, and BF3.Et20/tricyclohexylphosphine favored the 

head-to-head isomer [364][3651. Aminoalcohols reacted with butadiene in the presence 

of palladium(I1) acetylacetonate and triphenylphosphine to give telomerization pro- 

ducts (equation 383) 13661. Piperidine telomerized with isoprene in the presence of 

a palladium(I1) catalyst (equation 384) [367]. Allene and allylamine were telomerized 

by a similar catalyst system (equation 385) [3681. Palladium(O) and nickel(O) com- 

plexes telomerized vinylcyclopropane, butadiene, and secondary amines (equation 386) 

C3691. 

RNHCH2CH20H + w 
Pd(acacl2 

*e (383) 
Ph3P 

S1CH2CH20H 

R = Me, Et, Bu, t-Bu, Ph, PhCH2CH2CH20H 93% 

0, + 7 :IltlT:' e CN~ and (384) 

H 
3 

MeCN 
isomers 
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NH + == 
PdCl2, PPh3 (3851 

___.-______---) 

NaBH4 

R 
(3861 

/ 

& 

+ 
R 

R'2NH + w/ .--?4-, 
or 

R'2N 

L'4Ni R" R" 

R R" = Me H , 

Palladium(I1) complexes telomerited butadiene, isoprene, and piperylene in the 

presence of water to give polyunsaturated alcohols 13701. Isoprene under~nt a simi- 

lar process using a palladium(O) catalyst (equation 387) [371]. Palladium catalysts 

also telomerited P-cyclopropyl-1.3-butadiene with activated methylene compounds (equa- 

tion 388) C3723. Ester sulfones behaved similarly 13733. In the presence of carbon 

dioxide, butadiene telomerization incorporated carbon dioxide to produce esters and 

lactones (equation 389) C3743. 

t H20 

(3871 

RJ?ferem@J p. 196 
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(-1 
< 

Y Pd cat 
+ -----.-_t 

X 
Y 

(388) 

X, Y = C02Me, PhS02, COMe, NO2 

(389) 

M + CO2 + Pd(acac)2 + L ---w 

The study of organometallic polymerization catalysts was the topic of a disser- 

tation [3751. Polyethylene of molecular weights of C40-C200 was made using a tantalum 

carbene catalyst (equation 39) [376]. Niobium(IV)hal and tantalum(V) halides 

converted trimethylsilylpropyne to a high polymer having a molecular weight of %106 

[3771. Ethylene was polymerized by a nickel arsine catalyst (equation 391) [3781. 

Heteroolefins and butadiene cooligomerized in the presence of a nickel(O) catalyst 

(equation 392) 13791. 

O0 HCl 
Ta(CHCMe3)(H)L312 + = ------+ Living polymer -----+ polyethylene (3901 

PhCH3 

c40-c200 

Ph 

CH2=CH2 + 
Ph3P 

------+ linear polymer (391) 

>70% a-olefins 
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(3921 

+ 

EE. Rearrangements 

1. Metathesis 

Metathesis of functionalized olefins has been reviewed (46 references) 

C3801. Metathesis of propene on metal oxide supported catalysts (Group VIE metal 
oxides on alumina) was studied [381]. An olefin metathesis catalyst was formed by 

ce',ectroJytic relSuction of tungsten)Yl) ch)Drjl)p wit), an aluminum e>eczror)e in m&by)- 

ene chloride solvent [382]. Isobutylene was metathesized by a samariumoxide-tungsten- 

alumina catalyst C383]. A discussion of alternative mechanisms for the olefin 

metathesis reaction has been published [384]. Several new metathesis reactions were 

studied with a number of substrates and catalysts C3851. The stereochemistry of the 

cross metathesis of 1-butene and 2-butene over rhenium oxide-alumina oxide was studied 

C3861. The relation between oxygen chemisorption and olefin disproportionation 

activity of tungsten oxide/silica catalysts was examined C3871. The kinetics of the 

first alkylation step in the metathesis catalyst system tungsten(VI1 chloride-tetra- 

methyltin was second order with an activation energy of 26 kJ/mol 13881. The cata- 

lyst system arene tungsten tricarbonyl, alkyl aluminum dichloride, oxygen was studied 

by infrared and proton nmr spectroscopy [389]. 

Long chain aliphatic esters were prepared by the metathesis of cyclododecene and 

olefinic esters (equation 393) [390]. Oinitriles were prepared by the metathesis of 

unsaturated nitriles (equation 394) [391]. A molybdenum carbene converted ketones to 

methylene compounds (equation 395) [392], while tungsten diphenylcarbene complexes 

metathesized with enol ethers (equation 396) [393]. Racemic 1-methylnorbornene poly- 

merized to all cis syndiotactic all head-to-tail product when treated with rhenium(V) 

chloride (equation 397) [394]. 

Referencesp.195 
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(393) 

~H3(CH2)7CH=CH{CH2)7Y + CH3(CH2)7CH=CH(CH2),O-~H=CH-(CH2~7Y 

Y = C02Me, OAc 
68% 

CH2=CH(CH$nCN 
Re207-A1203 

L, CH2CH2 t NCKH21nC=C+CH2lnC:N 

MeaSn 

(394) 

(395) 

1 

80-91% 
n = 2-5 

R2 Rf 

-* 

0 

==( 

THF 
C13Mo=CH2 + 0 CH2 

+ C12kTHFl2 

R' 
-?OQ R2 

2o" good yield 

R' = H, Me 

R* = n-C6, Ph, 4-MeOPh 

OEt 
HPh + -/ 

(CO~5W'C~ 
Ph 

) I;).= + "‘w;; +Ftoyph (396) 

Ph 

major in major in minor 
pentane neat 

'=\ 
always 

OEt 

racemic 

L 
Solvent 

(3971 

2. Olefin Isomerization 

Alumina-supported osmium clusters catalyzed the isomerization of l-hexene 

13951. Bromocarbonyl hydridotris(triphenylphosphine)osmium!IIl was also an effi- 

cient olefin isomeritation catalyst [396], while silica supported triosmium clusters 
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were catalysts for butene isomerization [397]. Terminal olefins isomerized to 2- 

olefins when treated with reduced titanium species (equation 398) [398]. Ally1 ben- 

zene rearranged to B-methyl styretie under the influence of cobalt hydride catalysts 

(equation 399) C3991. w-Olefinic amines rearranged to enamines when treated with 

iron carbonyl under photolysis 

tion of safrole and eugenol by 

(equation 400) C4001. The photo catalyzed isomeriza- 

iron carbonyl was studied C4011. 

(C5Me5)TiC12 
-------. 

Na Naphth 
cleanly 

>99% stereoselectivity 

(398) 

Ph- 
CoH(PPh(OMe)2)4 --L---W CoH(PPh(OMeJ2j3 -- .W Ph.- (399) 

HA hv 

n NTMS2 (4001 

5% Fe(C015 2 

70-90% 
n = 1, 2, 4 R = Me 

3. 

(equation 402) 

denum nitrogen 

Rearrangements of Allylic and Propargylic Oxygen and Nitrogen Compounds 

Allylic alcohols rearranged to aldehydes (equation 401) or ketones 

and ally1 amines to enamines (equation 403) when treated with a molyb- 

complex [402][4031. Vinyl silanes bearing allylic OH groups 

rearranged to trimethylsilylenol ethers when treated with a rhodium(I) hydride 

catalyst (equation 404) [404]. Palladium(O) complexes catalyzed allylic 0 to S 

rearrangement (equation 405) [405]; and allylic S to N rearrangements (equation 

406) [406]. Allylic acetate rearrangement also occurred with this catalyst (equation 

407) [407]. Ally1 vinyl carbonates rearranged with loss of carbon dioxide when 

treated with palladium(O) catalysts (equation 408) [408]. 

s 
OH Mo(N2)(dppe12 

-* 
PhH 

(401) 
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OH 
/ 

7 

0 
---_-..----__) 

7 

(402) 

R 
R 

TM5 TMS 

9 

R 
/ HRh(CO)L 

OH 

PhH 3 * q + *K + TSR (404) 

l&O OTMS 

R=Me- poor yields major 

n-t+, C,, C,O, Ph, 3-hept, cyclohex - 80-100% 

irr012ioLR2 1% L4Pd 
0 

DME 
. (EtO)26-Sm 

R1 = H, R2 = Me (11 cases) 

R1 = Me, R2 = H 

R' 
/ N'NH 

x A. / 
ON S 

Pd" cat 

R2 

'3 

R' .N'NH 

X 0 N S 

R3 

(405) 

(406) 



1) t-BuOk 
. ----. * 

2) ClCO2_ 

B5-89% 

p. 

A. 
0 0- 0 (408) 

Pd2(dba)3 / 
------_ 

Ph3P W 

DME 91% 

117 

(407) 

82% 

,,i,a --_ o@7B% ,02coLb-m 

4. Skeletal Rearrangements 

The mechanism of C5 and C6-dehydrocyclization and skeletal isomeriza- 

tion of hydrocarbons on metal-containing catalysts has been reviewed (170 references) 

[409], as has platinacyclobutane chemistry, skeletal isomerization, a-elimination, 

and ring expansion reactions (22 references) C4101. Oxycope rearrangements were cata- 

lyzed by palladium(II1 complexes (equation 4091 [4111. 1,5-Hexadienes underwent 

several different rearrangements when treated with cyclopentadienyl titanium catalysts 

(equations 410-4131 C4121. Divinylcyclobutane rearranged to 4-vinylcyclohexene over 

nickel catalysts (equation 414) C4131. Norcarenes isomerized over rhodium or platinum 

catalysts (equation 417) [414]. Iron carbonyl promoted a photochemical isomerization 

to give cyclobutane fused to cyclooctatetraene (equation 416) [415]. Nickel chloride 

catalyzed the skeletal rearrangement of dienyl alcohols containing thioenol ethers 

(equations 417 and 418) [416]. Chromium carbonyl promoted 1,5-sigmatropic rearrange- 

ments in hexaethylidenecyclohexane (equation 4191 [417]. 
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R* 

R' _wPdCti._, 

HO 
0 

(409) 

55-100% 

Cp2TiC12 
--_---_t 

Cp2TiH 

(411) 

Cp2TiH 
* 

2 cc / - 
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Cp2TiH 
-----w 

d? 
H 

22% ee 

cat Pt02 
-* 

of 
I ‘H 

or CRh(C012C112 H 

H 65% 

\ CRhKODlC112 

----@H + o/ + 0” 
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(414) 
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51 43 tr 



119 

(416) 

NiC12 
----_-----_* 

aq t-BuOH 

THP 

R4 

OH 

(417) 

(418) 

(419) 

(MeCN),Cr(CO), 
* 

diox 
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5. Miscellaneous Rearrangements 

Catalytic rearrangements of epoxide compounds has been reviewed (117 

references) [418]. Allenes were epimerized by organocopper reagents, ostensibly by 

an electron transfer process (equations 420 and 421) [419]. The redistribution reac- 

tions of methylsiloxanes catalyzed by transition metal complexes has been examined 

[420]. 

H Me 

I 

\I\’ 

Me2CuMgCl 

or Me2CuLi 

t-Bu t-Bu 

(420) 

(4211 

III. Functional Group Preparations 

A. Halides 

Cyclohexane was converted to cyclohexyl halides or azides by reaction with 

iodosyl benzene in the presence of manganese-porphyrin compounds (equation 422) [421]. 

Thioenolethers (equation 423) and vinyl silanes (equation 4241 were converted to a- 

haloketones by irradiation in the presence of oxygen and iron(II1) chloride [422]. 

Similar conditions ring opened cyclic olefins to chloroketones (equations 425-427) 

[423]. Vinyl halides were haloalkylated by organic halides when irradiated in the 

presence of copper(I) halides and phosphines (equation 4281 [4241. Exocyclic 1,5- 

dienes were halogenated and cyclized by reaction with copper(I) chloride and palla- 

dium(II1 chloride (equation 429) . Cyclic ethers combined with acid chlorides in the 

presence of platinum(II1 catalysts to give w-chloroesters (equation 4301 14261. Cyclo- 

hexene oxide was converted to 1,2-dibromocyclohexane by a molybdenumcomplex(equation 

4311 [427]. Epoxy sugars were converted to chlorohydrins by palladium1111 chloride 

(equations 432 and 433) [428]. Acetylene was converted to 1-chloro-1,3-butadiene by 

reaction with several different metals (equation 434) [429]. 



0 + PhIO + X- 

X = N3 Cl F OAc 

55% 8% 0 0 

CN Br I NC0 

X = St-Bu, SPh, SEt 40-80X 

R = H, 2-Me, 3-Me, 4-Me, 5-Me, 6-Me 

h ", O2 -______) 
Cl 

TMS' FeC13 

R' = r"6, R2 =H 

R' = n-Pr, R2 = Et 

43% 

67% 

hv. PY 
-___) 

FeC13 

X = CH2 

(CH212 

CH2CH-i-Pr 

(CH2)3 

(CH218 

45% 

47% 

26% 

6% 

35% 

121 

(422) 

(423) 

(424) 

+ (425) 
Cl 

8% 

7% 

12% 

0 

33% 
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R' 

R2 R' 
hy PY 

--___) 

FeC13 

R' 
60-86% 

d 

hv, PY R2 Cl 

_------_~ 

FeC13 

30-77% 

hv, CuX 
RX t A ---w RJI 

Y Bu3P Y 
50-90% 

R = n-Bu, c-C6, t-b, Br(CH213-Br, Br(CH2)2C02Et 
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Y - CN, C02Et 

7o" 

I cuc12 * Qcl + QoAc HOAc/NaOAc 
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(428) 

(429) 

I PdC12/CuC12 

LiCl-02-HOAc 

70-80% 
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R&O-(CH2)nCl 
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81% Q_ + 70% 

47% 

n=5 57% J$$_ + 81% 
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Br 

70% 

R4 
R4 

Cl 
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40-5096 

R2 = OH, H 

R3 = OH, H 
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R2 
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B. Amides, nitriles, nitrocompounds 

Aldehydes and secondary amines were oxidatively transformed to amides by 

palladium(I1) acetate (equation 435) [4301. Iron(II1) chloride oxidized secondary 

aminesto amides, while ruthenium(II1) chloride gave an isomer (equation 4361 [4311. 

Imines and isocyanates condensed to give urea in the presence of nickel(O) catalysts 

(equation 4371 [4321. Copper(I1) acetate catlayzed the hydrolysis of a-helocyano- 

imines to amides (equation 438) [433]. Primary amides were alkylated to secondary 

amides by alcohols in the presence of a ruthenium catalyst (equation 438) [4341. Pro- 

pargyl amines were converted to citraconicacid diamides by cobalt carbonyl (equation 

439) [4351. 

R2 Pd(OAc12/ArBr 
0 R2 

R'CHO + 
R3 

) NH ..__-._ _.-__-__-_-W R't-N' 

K2C03 
'R3 

(435) 

70-96% 

R' = Ph, 4-CNPh, 4-MeOPh, n-C7, PhCH2CH2, PhCH=CH 

5-R 0 
FeC13 ~ CH3CN t CH3&H2Ph 

LR 
-R 
/ 

PhCH2N. 

L R ' Ac2{ RuC'3 ~ PhCHrvcH3 t other product:' 

Ni(Ol 
PhCH=NPh + RNCO W 

Lig 

R = Me, Ph, 4-MePh 

n-Bu, t-Bu, c-C6 

Ph 

-R 

Lig Ni 
A 

\ 
N-Ph Ht 0 

N 
--& 

t PhCH2N-:-NHR (437) 

R 0 
Ph 

57-97% 

Ph 

R ,NMe 00 
(0 II Ah H Cu(OAd2 - -_-------_t RC-C-N, 

Me 
HO CN 

EtOH/H20 

68-91% 

(4381 

R = Ph, 4-MePh, 4-MeOPh, 4-ClPh 



0 CRUI 0 

R&NH2 + R'OH ----_---_t RENHR' 

180' 

R = Me, Ph, n-l& 4-ClPh 9-58% conversion 

R' = Me, Et, n-Bu, C8 30-100% selectivity 

HCzCCH2NR2 + CO 
co~(co)8 

------t R2NCOC=CHCONR2 

tH3 

125 

(439) 

1440) 

Winy1 halides were converted to vinyl cyanides by reaction *ith cobalt(I) cyanide 

(equation 4411 14361. A similar reagent converted aryl halides into aryl cyanides 

(equation 442) [437]. Oximes were dehydrated to nitriles by copper acetate (equa- 

tion 4431 14381. Cobalt~II) cyanides converted alkynes to saturated and unsaturated 

nitriles under a hydrogen atmosphere (equation 444) [439]. Tetracyano nickelate did 

the same to diynes (equation 445) [44Ol. The kinetics and mechanism of copper- 

catalyzed hydrocyanation of olefins has been studied [441]. 

CL I 
COAX- 

-...v--------_) 

CN 
X CN 

(CH21,, 

n = 3, 4, 5, 6 

high yield 

ArX t CoC12 f KCN t KOH ------+ ArCN + ArH 

Ar = 4-H2NPh, 4-MeOPh, 
O-84% O-55% 

a-Napt, e-Napt 

RCH=NOH 
Cu(OAcI2 

c RCN 

CH3CN 
85-98% 

R = n-C7, n-C9, Ph Wf , 4-MePh, 4-MeOPh, 3-N02Ph 

(441) 

(442) 

(4431 
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RC&R' 
"2 

+ CO(CN),3- -------.----) RCH-CH2R' + RC=CHR' 

CN CN 

minor 

R = HO Me2C(OH), Et~Me~C~OH), ;zl"LhVf R' = H, Me 

}~C~C-(CH2~n-C~CH + Ni(CN)4 
2- 

8H4- 

KCN 
t CH3CH-(CH2)nCHCH3 

CN CN 

(444) 

(445) 

Z&90% 

Iron(II1) nitrate on clay nitrated phenolic steroids (equation 446) [4421. 

Sodium nitrate and palladium(I1) acetate nitrated a number of heteroar~atic confounds 

(equation 447) C4431. 

0 

Fe(N0313 
* 

on clay 

Het Ar + NaNO2 

0 

R 

Het Ar = 

HO 

Pd(OAcI2 ---) 02N-Het Ar 

R?j--!--o ‘?$-R 
I 

(4461 

(4471 

C. Amines, Alcohols 

Aryl bromides were converted to anilines by reaction with tributyltin amines 

in the presence of a palladium catalyst (equation 448) (4441. The mechanism of the 

copper catalyzed amination of bromoanthroquinones was studied (equation 4491 [445l. 

Copper metal catalyzed the amination of aryl bromides (equation 4501 [4463. 



Bu3SnNEt2 + ArBr 
L2PdC12 

----A ArNEt2 t Bu3SnBr 

PhCH3 

loo0 
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(4481 

ArCl, ArI don't react Ar = Ph, 4-MePh, %80% 

Ar = 2-MeOPh, 2-MePh, 4-MeOPh, 4-ClPh 
20-45% 

4-BrPh, 4-MeCOPh, 4-N02Ph, 4-Me2NPh 

0 R' 

R2 + /-7 

(4491 
Cu, cat. 

NH2 NH2 - 
W 

THF, ROH 

0 Br 

CuI t ClCuOMe best catalyzed 

,2,11;" \ cuI' 

OR' 1 
active species 

(4501 
cu 

RZH t ArX -----_) RZAr 

150-270' 

moderate to good yields 

RZH = H, PhC02NH2, CH3CONH2, 
G?= 

0, PhNH2, PhOH, PhCOOH, Ph-EH 

H 
0 b 

ArX = Phi, PhBn, PhCl, 4-MePhBr, 4-FPhBr, 4-MeOPhBr 

The amination of alkenes has been reviewed (189 references) c4471. Palladium 

promoted addition of nucleophiles to allylic amines and isolated olefins was the topic 

of a dissertation [448]. This work has also appeared in the primary literature 

(equations 451 and 452) 14491. Olefins were converted to diamines by reaction with a 

cobalt nitrosyl species (equation 4531 14501. This work was also the subject of a 

References p. 196 
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dissertation [4511. Olefins were aminated by reaction with metal amides (equation 

454) c4521. 

NR3R4 
Li2PdC14 

H2 
NR2R3 

R*wR' 
W 

0 
) R2CH,-CH-dHR' 

L I 

(451) 

NPhth 

0 

18-crown-6 

60-90% 

R' = H 

R* = H 

R3 = Me 

R4 = Bz, n-Bu 

14 
R , R = (Cti213 

R3, R4 = (CH214 or CH3N_S02Ph 

R' = Ph, Me -- reaction fails 

1) PdC12(MeCN)*. -78' Phth 

m- 
2) Et3N 

* (452) 

3) KPhth 

[cpC0N01~ + 

4) Ii2 

R' R2 
0 R1 

2 

x 
I 

R3 R4 

R2 R3 

R' I 

NH2 NH, 
‘ NOH NOH 

50-90% 

(453) 

CR', R3 = H) 

180' 
MMe2NH t TM(NMe12 -----W Me2+k.n/ (454) 

cat. 
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Polymer supported palladium species catalyzed the allylic amination of ally1 ace- 

tates (equation 455). The catalyst, characterized by ESCA and electron microscopy was 

mainly palladium crystallites of about 25A [453]. This same process was catalyzed by 

1% palladium on carbon with added triphenylphosphine to activate it [454]. Oxygen- 

containing allylic acetates were catalytically aminated in a stereo- and regioselec- 

tive manner in the presence of Palladium(O) catalysts (equation 456-458) [455]. 

Amination of n-ally1 palladium complexes occured trans to the palladium, while car- 

bonylation was a cis process (equation 459' [456]. Oiallylamines were deallylated by 

methane sulfonic acid and palladium on carbon (equation 460) C4571. 

\\\ e (J 
, 

Li 

(Coo)PdC12 * cat al:::"' 

OAc cat. 
R2NH + w - RN- 

2 

RO Pd(O) 

W 
RO 

* \/\\/\ 
Y RNH2 or R2NH NHR 

(RI 

R = H, OAc 

Y = OAc, OPO(OEt)2, Cl 

R2 R' 
Pd(O) 

"0$&j OAc RNH2 * R:&NHR 

65-89X 

(456) 

(4571 

R' = H, Me 

R2 = Cg 
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R3 R' 

X 

u' 

\ A Pd(O) 
OAc -----w 

R4 
R2NH 

Y = OTHP, OH, Cl 

AgBF4/L 

NHR 

Me,N OMe 

Me2NH 

C02NEt2 

Pd/C 

2 
p--t RNH2 

MeS03H 

(458) 

(459) 

(4601 

rfx 
OMe OMe 

'=#, MOMerJj+ xj 

OH 

85% 87% 78% 
OMS 

77% 

Nitrobenzene was reduced to aniline by hydrogenation over silica supported 

poly(vinylpyrrolidonel-palladium complexes C4581, palladiumYsilica alumina phosphate 

catalysts with cyclohexene as the hydrogen source [459], palladium supported catalysts 

(study of influence of metal dispersion) [460], platinum-rhodium on poly(hexamethyl- 

enesuccinimide) and -sebacamide [461], Fe3(CO),,- on alumina [4621, and HFe(C0)4- on 

benzylammonium ion exchange resins [4631. Cobaloxime catalyzed the reduction of 

nitrobenzene by hydrogen in the olefins [464]. The rhodium cluster Rh,(CO),, was an 

effective catalyst for nitrobenzene reduction with carbon monoxide/water and amine 

ligands [465]. Aryl nitro compounds were reduced under similar conditions using 

platinum(II), tin(IV) catalysts (equation 461) [466]. Iridium(I) complexes with che- 

lating diamine ligands catalyzed the reduction of nitrobenzene by isopropanol C4671. 

Reduced titanium speciesreduced nitroaromatics in the presence of a large variety of 

other functional groups (equation 462) [468]. Aryl imines were reduced to amines by 
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[Fe4S4(SR)413- under acidic conditions C4691. Alkyl azides were reduced to amines by 

ammonium formate in the presence of palladium on carbon in methanol [470]. 

N02 

R + 3C0 + H20 
PtC12L2/SnC14 ~ ArNH 

2 + CO2 
Et3N, 80' 

95-100% 

Ar = Ph, 4-MePh, 4-ClPh, 3-OMePh 

THF 
ArN02 + TiC14/Mg/Hg 

t-BuOH 
w ArNH2 

(461) 

(4621 

87-95% 

tolerates OH, Cl, C02Et, CN, CO2 

reduces aliphatic nitro -+ NH2 

Amines scrambled alkyl groups when heated in the presence of palladium (equations 

463 and 4641 [4711. Ruthenium catalysts effected amine dehydrogenation and condensa- 

tion (equation 465) [472]. Platinum on titanium dioxide also catalyzed the conver- 

sion of primary amines to secondary amines (equations 466-4691 [473]. Secondary 

amines disproportionated to primary amines in the presence of reduced rhodium-platinum 

catalysts 

amides by 

ide [4751 

supported on alumina 14741. Tertiary amines were dealkylated to secondary 

acid anhydrides in the presence of iron(III chloride or rhodium(III1 chlor- 

R1R2CHNHR3 + R4R5NH 
Pd 

80-200' 
- R1R2CHNR4R5 + R3NH (463) 

R' = Bz, Me, Et, Bu, (CH214, (CH2j5, 4-t , 

R2 = Me, H, Ph 

R3 = n-C6, Ph, H2NCH2, S 0 
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,-5+ 
H2N'cH2'3NH2\ PhCH2NH2 ~ 

Pd, 170' 

RuC13'L 
RCH2NH2 ------m (RCH~)~NH 

r NH N Jv 
H 

(464) 

c NZPh 

68% 

(465) 

-NH 
5% Pt/Ti02 

2 
-__ ----_* - NH- 

aq soln hb 
33% 

- NH 
2 

m-NH_ 

24% 

H2/ 
(CH2)"\ 

NH2 ~--~ 

H2NW '- NH 
2 

n=5 33% 

n=6 20% 

n=4 67% 

H 
N 

-W 
[I 
N 
H 

8% 

(466) 

(467) 

(468) 

(469) 

Aryl ketones were reduced to chiral secondary alcohols in up to 86% ee by 

diphenylsilane in the presence of a chiral rhodium catalyst (equation 470) [476]. 
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Aldehydes and ketones were reduced to alcohols in tertiary amine solvents by hydro- 

gen and HFe(C0)4- 14771. a,e-Unsaturated ketones were reduced by alcohols using 

HRh(PPh314 as a transfer hydrogenation catalysts [4781. Difuryl ethane was hydro- 

genalyzed over palladium catalysts (equation 471) 14791. 

0 

1) cat. 
Me Ph + Ph2SiH2 -----) Me 

2) H20 

cat. = [(COD)RhC112 + Me02C L, 

Y_ 
S 

(471) 

(470) 

The stereochemistry of cis hydroxylation of allylic alcohols was examined, and it 

was stated "The relative stereochemistry between the pre-existing OH or OR group and 

the adjacent newly introduced OH group of the major product in all cases is erythro" 

14801. Forty two examples of the above formalism were provided C480al. The site of 

osmium tetroxide oxidation of polyenes depended on substrate structure (equations 472 

and 473) [481]. Potassium permanganate cis hydroxylated butenolides. The stereo- 

chemistry depended on the substitution pattern of the substrate (equation 474) [482]. 

An organic synthesis procedure for the hydroxamination of E-stilbene by N-chloro-N- 

argentocarbamates in the presence of osmium tetroxide has appeared [483]. Indoles 

were oxidized by Mo05eHMPA (equations 475-477) 14841. Iron carbonyls were used to 

protectpoly dienes from hydroboration (equation 478) [485]. 
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R 

I :4:1 I 

R" 
\\’ 

OsO4IPY 
W (472) 

(473) 

R 
KMn04 _-) "v" + Rv" 

(474) 
DCH-18-crown-6 

R = n-N, n-C,o, PhCH2C02, PhC02, PhCH20 
OH OH 

27-66% 

Ph2(Me)Si0, Ph3C0 
From 5O:l -L- 3:l 

R 

R = COMe, COPh, C02Me, pT 50-70% 7-20% 

OMe 

@-$ M"~~,MpA * eki + other isomers (476) 

R 
R; 

75% 
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Fe(C013 (4781 

1) 82H6 

2) H202 

) L$$ Me3NO ) & 

I I 

I 

c 

Me3N0 

Zirconium diene complexes were oxidized to allylic alcohols (equations 479-481) 

C4861, as were n-allylpalladium complexes (equation 482) [4871. Benzene was conver- 

ted to phenol by hydrogen peroxide and iron(III1 in the presence of 1,2-naphtho- 

quinone-4-sulfonate [488]. Epoxides were opened to alcohols by alkyl cuprates 

(equation 4831 14891. Ally1 alcohol was converted to 1,4-butane diol by carbon- 

monoxide and a Rh6(C0116 catalyst (equation 484) [490]. - 

\ 
Cp2Zr , Y aq H202 

(479) 

62% 29% 90% 

R.efemlcea p. 196 
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H 

aq H202 v I 
w (480) 

I 
/\ 

66% 

aq H202_* HO& 

95% 

(481) 

(482) 
Mo02(acacj2 / 

W 

+ OOH 
i- 

OH 

R 

50-60% conversion 

90% yields - always most substituted position 

ph$‘% Ph50H +,--“c”” 
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(4831 

"76_ OH + Me2CuLi -* 1.5/l 1,3diol/l,Z diol 

2.511 

RMgXKu cat. with 
Ph70 

Y- 

OH, Ph\ 
0 

, Ph\ 
0 

OH 

OH 

all gave 1,3 diol as major product 

60' 

D. Ethers, Esters, Acids 

Phenols and aryl halides combined in the presence of copper acetylides to 

produce diary1 ethers (equation 485) [491]. Palladium(II1 chloride condensed bentyl 

alcohol with alcohols to ethers (equations 486 and 4871 14921. Benzyl halides and 

acid chlorides were coupled to benzyl ethers by reduced nickel species (equation 488) 

[493]. Furans were ring opened to silylethers by trialkylsilanes and cobalt carbonyl 

(equations 489-491) C4941. Enol ethers reacted with iron carbene complexes to pro- 

duce new enol ethers (equation 492) [495]. Steroidal tosylhydrazones were oxidized 

to ethers by copper(I1) chloride (equation 4931 14961. Photolysis of methanol solu- 

tions of sugars in the presence of titanium(IV1 led to ethers (equation 4941 [497], 

(equation 495) C4981. 

Cu-:-Ph 
ArOH + Ar'X p ArOAr' 

PY, rfx 
40-70% 

(485) 

Ar = Ph, a, Naph, E-MeOPh, 4-N02Ph, E-BrPh, 2,7-di OH Naph 

At-' = Ph, 3-MePh, 4-MeOPh 
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ROH 
PdC12(PhCN)2 t PhCH20H --t PhCH20R (486) 

L 60-80% R = PhCH2, Ph2CH, C5 

PhOH 

Q 

CH2Ph 

OH 

OH 

PdC12(PhCN)2 
- --* 

OH OH 

(no yield) 

0 

ArCH2X t Rt-X t 
glyme 

"Ni " 

1 

------+ ArCH20R 
rfx 

I 40-85% 

NiI2 + LiNapth 

Ar = Ph, 4-ClPh, 4-CNPh, 3-BrCH Ph, 2-Naph 

R = Ph, Me, @ , Ph/-" 2 -5 Me02CCH2CH2 , 0 

0 HSiR3, CO 

0 Co2(COJ8, cat. 
w R3SiOq 

0SiR3 

70-87% 

(487) 

(488) 

(489) 
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---L R SiOdOSiR 
3 3 

R,SiOAr\r OSiR3 

77% 

56% 

(o( 0 , no reaction 1 

OEt 

KOl4F 
_( 

‘Ph 

OEt 

z/ 

CO, 50 psi 

5o" 

Et0 

Y- 

OEt 
- 

Ph 

76% 

OH 

ROH 
t 

a 

5 

TSNSN 
CuC12 RO,"' 

.I 
H 

14-56% 

(490) 
+ 

(491) 

(492) 

(493) 

Referencea p. 196 



140 

OH 

hv 
OH ---.W 

TiC14 

Me0 OMe 

0 Tr OMe OR 

OR 

(494) 

(4%) 

I 
OAc 

OAc 

76% 

Olefins were converted to diacetates by iron sulfate and peroxodisulfate 

(equation 496) E4991. Propylene was oxidized to ally1 acetate benzoyl peroxide and 

palladium black {500]. Benzyl ethers were oxidized to benzoate esters by ruthenium 

tetraoxide/sodium periodate (equation 497) 15011. Other systems were dibenzylated by 

this catalyst (equations 498 and 499) [502]. Aldehydes were converted to acetal 

diacetates by treatment with acetic anhydride and iron(II1) (equation 500) [5031. For- 

mate esters were converted to propionates by reaction with ethylene and a ruthenium 

catalyst (equation 5011 C5041. Acetylenes were converted to enol esters by treat- 

ment carboxylic acids and Ru~(CO),~ (equation 502) C5051. Ally1 epoxides were opened 

to ally1 acetates by copper(I) chloride (equation 503) [506]. Acetals were oxidized 

to o-hydroxyestersby t-butylhydroperoxide and a palladium(I1) catalyst (equation 

504) [507]. ~ilkinson~compound, L3RhCl, was used to deprotect allylesters of amino 

acids [508]. 

- 
f- 

FeSO4 

-f 
R 

OAc 

RA/oAc 

40-802 

(496) 

OAc 

w 



0 

Ph- OR 

RuO4/NaIO4 

---.------_--_) 

CC14/CH3CN/H20 
Ph OR 

141 

(497) 

HOH2C H 
_ 

[; 

z 

R = 

* 
5 = 

H 6,, 
82% 85% 89% 

96%e 

84% 54% 92% 86% 67% 92% 

1) NaI04/RuC13 
* 

2) CH2N2 

85% 

(498) 

(499) 

/ 
C02Me 85% 
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RCHO + FeC13 -----------t R A Ac20 
OAc 

R = Ph, Et, Z-Furyl, P , 3-N02Ph, 4-MePh, 4-CNPh, -.?r 

0 

&OR + /I 
RuC12L3 

190~zoo0 

L- ToR + co 

0 
18 hr 

0 

Ru~(CO+~ 
Ok-R 

?2CR 
RC'-CR t R'CO2H ---c RCH=i-R' 

145* 

+ R2C=C-H 

80-100% l-20% 

R = Ph, n-Pr, C02Me 

R' = Me, t-Bu, Ph, 4-FPh, 4-MePh 

OCOR \ 
Q RC02Na, CuCl 

-0 

I 

0 
THF 

OH 

70-80% 

0 \ 0 same 

R 0 

X 
c”\ t-BuOOH 0 

(CH2$, 

J 
Pd(TFA)(t-BuOO) 

w R&O(CH&,OH 

H 0 
60-70% 

f5011 

(502) 

(503) 

(504) 

n = 2, 3, 4 0 

R = Ph, /\/"J\ ) 2-MePhCH2, t-B&Hz-, 
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Cyclic silylenol ethers were oxidized to acids by iron(I1) chloride and copper 

(II) chloride (equation 505) [509]. Cholanic acid was oxidized by iron(I1) sulfate 

(equationS061 ISlO>. Mo\$&n~mltitaniwn oxide3 r;ata'ly226 the kdation 05 butarsjene 

to maleic acid [511], Ally1 esters of penams were cleaved to the corresponding car- 

boxylate by palladium(O) catalysts (equation 507) [5121. 

OTBOMS 

H202 Fe2+ 
--------) ---_-_) 

TFA 

n = 0, 1, 2, 3 

/ 

H+ 

H02C(CH212N+4-C02H 

53-728 

Me 

C02H 

(505) 

C02TBOMS 

C02H 

(CH2),, 
-Y 

(5061 
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H 

= 

dJ+ 
NJ0 . 

5C02_ 

H 

c 

C02Na 

(507) 

E. Heterocycles 

n-Complexes of heterocycles-preparation, reactivity and use in organic syn- 

theses has been reviewed (115 references) [513l, as has transition metal catalyzed 

selective oxidation (63 references) [514]. The effects of the acetylacetonates of 

vanadium, molybdenum, chromium and cobalt on the autoxidation of methyl oleate were 

studied [515]. Mechanistic studies of the catalytic oxidation of olefins by trityl 

hydroperoxide and a molybdenum(V1) catalyst were carried out 15161. The catalytic 

activity of molybdenum naphthenate in epoxidation of cyclohexene and styrene was pro- 

bed [5171. Propylene oxide and 1,2-propandiol accelerate the epoxidation of propyl- 

ene by diperoxomolybdenum(V1) complexes by forming active epoxidizing agents 15181. 

Electrophilic olefin epoxidation by molybdenum(V1) peroxospecies has been studied 

[5191, as has the catalytic activity of molybdenum(V) bis-(diphenylphosphine)ethane 

in epoxidation reactions [520]. Aqueous hydrogen peroxide epoxidized olefins in the 

presence of molybdenum acetylacetonate bis-(tri-n-butylltin oxide [521]. Activated -- 
molybdenum oxide epoxidized olefins [522]. Cyclohexene was epoxidized by ethyl ben- 

zene hydroperoxide in the presence of vanadium catalysts [523], and propylene was 

epoxidized by a-phenethyl hydroperoxide in the presence of molybdenum naphthenate 

[524]. Organic hydroperoxides epoxidized styrene in the presence of several transi- 

tion metals, of which molybdenum was the most efficient [525]. 

Chromium trioxide reacted with dinitrogen pentoxide to form an efficient epoxidi- 

zing agent (equation 508 and 509) C5261. A chromium oxosalen complex behaved in a 

similar manner (equation 510) [5271. Vanadium peroxospecies epoxidized, then cleaved 

olefins (equation 5111, oxygenated benzene (equation 5121, and oxidized cyclohexane 

(equation 513) [528]. Tungstate catalyzed the epoxidation of olefins by hydrogen 

peroxide under phase transfer conditions (equation 514) [529], or under normal con- 

ditions (equation 515) [530]. A manganese porphyrin complex catalyzed the epoxida- 

tion of terpenes (equations 516 and 517) [531]. Iron-porphyrin complexes catalyzed 

the epoxidation of olefins by iodosylbenzene (equation 518) 15321. With chiral por- 

phyrins, asymmetric induction was observed (equation 519) [5331. 



0 
\ - 

CrOj + N205 -- Cr(ON0212 --.--.-* 

Op 

z (j ib )=( + Ph- PhA Ph- 

(low) 

Ph 
Ph- 

X acetone 
Cr02(0N02)2 + _ ---------_* 

* 

O=Cr(Salen)tPF6- t 
74- 

145 

(508) 

(509) 

(510) 

& 0 >-( p,,- p,,- % - 
82% 41% 61% 24% 59% 62% 18% 

0 

i l- 
(511) 

( 

N,",o 
t 

o//"\?o 
> At -m --c 0 

OWN 
t 

ArH t cvo(02)L21 -+ ArOH 

Refemlcesp.195 

(512) 
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0 + [vo(o*)L21- -------* 

OH 0 

low yields 

H202/W04=/P04= 

RA 
v 

PTC 

70-90% 

(513) 

(514) 

R = C6, C8, CH2C1, Ph also 0 - (Jl 

R* (515) 

R* 
/R3 

(R1012P-(~~2)n-i=c, 4 

H202/W04= 

e 
6 

R or OOH/Mo(CO)6 

R' = Et, Me, i-Pr, n-Bu n =O,l 

R* = H, Me 

R3 = H 

R4 = H, Me 

NaOCl [Mnl 

60% 

[Mn] = MnTPPOAc 

(516) 
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NaOCl CMnl 

R-F{ + Phlo 

large XS 

O-00 

93% 

52% 

R 
FeTPPCl 

cat. R 

84% 67% 

(517) 

(518) 

0 OH 

/-7 
Ph Ph 

+ Hlfi\H &O% 0-0 +() 

Ph Ph 

77% 

Ph A 

PhIO 
* 

*FeT(a,B,a,e-Hyd)PPCl 
PhA 

(519) 

R(t) 31% ee 

FET(u,6,a,6-8inap)PPCl R' 48% ee 

Olefinic peroxides rearrange to epoxides when treated with cobalt tetraphenyl- 

porphyrin (equations 520-523) 15341. Silylated ally1 alcohols were epoxidized by t- 

butylhydroperoxide silyl ether in the presence of a vanadiumcatalyst with stereochem- 

istry intermediate between t-butylhydroperoxide/vanadiumandMCPBA (equation 524) [5351. 

Titanium catalyzed epoxidation was used in the synthesis of leukotriene (equation 525) 

[536], whereas vanadiumcatalysts were used in the synthesis of elemenone (equation 

526) 15373. Polymer bound molybdenum and vanadiumcomplexes catalyzed the epoxidation 

of allylic alcohols (equation 527) 15381. Selective epoxidations of olefins, allylic 

alcohols, and homoallylic alcohols with t-butylhydroperoxide and molybdenum, vanadium, 

and titanum catalysts. Application to asymetric synthesis of (+I-disparalure and 

(-)-T-amino-s-(R) hydroxybutyric acid was the topic of a dissertation [5391. Epoxi- 
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(526) 

2CuLi.CN 

0 
+OH 

PCC II 

\ 

-Tk 0 

1) MeMgBr/CuI 
-----__-----_---_-) 

2) PhSeBr 

3) NaI04 
0 0 

\\\ 
MeS SMe 

P(O)(OH), 

P(0)(OH)2 

\\\ 
-i- 

4(S)-trans elemenone 

or 
+ Vv or MO' salts = cat 

'OH 

cat 

OH OH 
t-BuOOH / 

(527) 

100% conversion 

98% selectivity 
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0 - 

A 0 
N 

II 

cF3 
(5281 

MnTFP 

kOCF3 

82-94% 

Several new s-lactam synthese have appeared. Aziridines were converted to B- 

lactams 

[5421. 

[5431. 

complex 

by carbonmonoxide in the presence of a rhodium(I) catalyst (equation 529) 

Iron(O) species converted diene monoepoxides into e-lactams (equation 530) 

Unsaturated esters were converted into bicyclic 6-lactams using iron olefin 

chemistry (equation 531) [544]. 

R 

[Rh(C012C112 

R N-R' + co ~ 
PhH 90' 

--) 1 

L 
N-R' 

20 atm 0 

R = Ph, H-PhPh, 4-BrPh 

R' = t-Bu, 1-adamantyl 

(529) 

(5301 

R R 
hv 

* 

Fe(C0j5 
3 

R'NH2 
------W R 

Lewis 

Acid 

60-100% 

R 

54-888 

made 
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(533) 

Na2PdC'4__ 1) TsN3/Et3NH 
-- -.___-._._.- w 

C02R t-BuOOH 2) Rh20Ac4 

AcOH/H20 C02R 

OH 
", 

?am 

G 

N 
0 

0 5 
s 
C02R 

No yield reported 

R' 
HO 

>sw 

OH 

0 
R 

R2 
Rh2(0Ac14 0 

NH 
----------W R (534) 

0 / 

N2 
C02PNB 

C02PNB 

H 
t 
Z S 

RTJ( 
N 

c 
= 
C02R1 

R' R' 

+ 

0 

C02R Rh(OAcj2 
C02R2 

-------_) (535) 

Cu powder 
-----_) 

DMF 100' 

N S 
0 -6 \\ 

C;R' 

R' R' 

(536) 

R' = C02Et R', X, Y = H 36% R'=R2=C0 Et 
2 

X=Y=H 48% 

R' = C02Bz R2 = H X,Y=O 23% R1=R2=" X,Y=O 93% 

R' = H R2 = C02Me X,Y=O 27% 
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(537) 

s-Lactams were functionalized O- to the carbonyl using zirconium chemistry (equa- 

tion 538) C5511. A variety of ferrocene derivatives of s-lactams were made and tested 

for biological activity 15521. 6-Lactams were hydrogenized to chiral oligopeptides 

c5531. 

(5381 

1) LDA 
~----------.-* 

2) Cp2ZrC12 
++fr 

3) MeCHO 13% 33% 

4) H+ 

OH 

o& NSiR3 

54% 

85% overall 

Vinyl azides cyclized to pyrroles when treated with molybdenum carbonyl (equa- 

tion 539) [554]. Copper(I1) chloride catalyzed the reaction between a-dicarbonyl com- 

pounds with arylazoalkanes (equation 590) [555]. Phenylazirenes were converted to 

indoles by reaction with palladium(O) complexes (equation 541) C5561. Alkynes and 

diarydiazene cyclized to form indoles in the presence of cobalt(I) complexes (equa- 

tion 542) [557]. Nitroenamines cyclized to indoles when treated with titanium(II1) 

chloride (equation 543) [558], while iron in acetic acid cyclized ortho nitro-e- 

nitrostyrenes to indoles (equation 5441 C5591. Orthoallyl acrylanilides were again 

shown to cyclize to pyrroloindoles when treated with palladium(I1) salts (equations 

545 and 546) 15601. Ortho iodoanilines reacted with dienes in the presence of palla- 

dium(0) catalysts to form indoles (equation 547) 15611. 
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MOM 

Ar N3 
n * n,-Q Ar + ArCOCH3 

H 

Ar = Ph, 64%; 4-MePh, 54%; 4-BrPh, 57% 

(539) 

0 

RN=NC=CHR' t R3 

CuCl* 

R' 
(540) 

b' NHR 

R = Ph, 4-N02Ph; R' = Ph, Bz; R2 = Ph, (CH214; R3 = Me, OMe, OEt; R4 = Ph, (CH213 

CO, L4Pd 

------_-----_* 

PhCH2NEt3 t Cl 

NaOH, PhH, 50-60' 

(541) 

6-20% 

R = H, 4-Me, 4-OMe, 2,4-diOMe 

RmI 

(542) 
Ph R Ph 

PhCrCPh t ArN=NAr ----------w I + 
Co(Co)lPPh3) N Ph 

I H 
Ph 

fiXNO + 43i - [GxyNq (543) 
X 

TiC13 

* m 
I 

X 
N 
H 

X = 4-OMe, 5-OMe, 6-OMe, 4-BzO, 5-BzO, 4-Cl, 

60-70% 
4-CN 
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R2 R2 

R3 N02 Fe/HOAc/Si gel 
R3 

__--____---w (544) 

R4 
PhH/cyclohex 

R4 
Rl 

rfx 1 hr 
R5 

R' = H, Me R3 = OMe, OBz 
75-96% 

R2 = Me, H R4 = OMe, OBz 

R5 = H, Me, OMe, OBZ 

/ cy \ 
0 

PdC12.2PhCN 

THF 

24 hr 

PdC12'2PhCN 
H2 

w (546) 

0 
23% 

PdC12*2PhCN co 

w 
MeOH 

Me 
5% 
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I 
Ph3P, Pd(OAc'2 72% 

NH2 
Et3N 

--l 

Copper triflate promoted the reaction of ketones with nitriles to give oxazoles 

(equation 548) 15621. Iron carbonyl promoted heterocyclic ring openings (equation 

549) [563]. A variety of unsaturated lactams and lactones were synthesized by the 

palladium(O) catalyzed cyclization of amino- or hydroxy vinyl iodides (equation 550) 

[564]. Aromatic aldehyde diimines underwent a cyclocarbonylation when treated with 

carbon monoxide and cobalt carbonyl (equations 551 and 552) [5651. 

Cu(OTf)2 
+ CH3CN --------* 

R' = Me, n-Pr, Ph 

R2 = Me, Et, i-Pr, n-Bu, Ph 

30-60% 

hv 
---W 

R3 
0 

Fe(C0j5, MeOH 

R2 

t 

k 

R' 

0 

(548) 

(549) 

R' = Ph, Me, mesityl 

R2 = H, Ph 

R3 = Ph, n-C6, H 



R2 

CO, Pd(OAc12 
_--.-_--_--* , 

Ph3P, Bu3N 
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(550) 

made +. a a, a0 a, a0 

LPh" 
LPh 

Ph 

NR 

NR 

co, C02(CO)B 
-.-* RN NR 

230' 

100 kg/cm2 0 

67% R = Ph 

96% R = Me, Et, n-Bu 

N 

K 0 

0 
h N 

0 R 

+ RN 

0 0 

13-25% 

(551) 

(552) 

Acetylenic isocyanates cyclized to pyridones when treated with alkynes and 

CpCo(CO12 as a catalyst (equation 553) C5661. Pyridines were also made from alkynes 

and smaller heterocycles (equation 554) [567]. Alkynes and isocyanates formed pyri- 

midines or pyridones with nickel(O) TMEDA catalysts (equations 555 and 556) 15681. 
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n 
R = TMS, n-Pr, O&t , t-Bu, Me 

R' = TMS, Et, C02Et, CH20SiR3 

R' R* 

R' = Ph, Me 

R* = H, Ph 

R3 = Ph, H, Me 

TMEDA/Ni(Ol 
R 

RCXR' + 2R'N=C=O __ W 

R = Ph; R' = Me, 0 
R 

S R' 
19-23% 

R 

TMEDA/Ni(O) R 
2R-Z-R + R'NCO ---* 

R 
R' 

Isoquinolines were prepared by an ortho-palladation/insertion process with sub- 

stituted benzylamines (equation 557) C5691. Titanium(IV) chloride also produced iso- 

(5531 

(554) 

(5551 

(5561 

quinolines from related starting materials (equation 5581 [570]. Aniline and ally1 

alcohols combined to form quinolines under ruthenium catalysis (equation 559) [571]. 

direct aromatic palladation followed by olefin insertion also produced quinolines 

(equation 560) [5721. A cobalt-catalyzed protoberberine synthesis has appeared (equa- 

tion 561) [5731/ 
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Li2PdCl4 
t 

0 

0 

k/l I 
. 

Et? x-c” c <O 0 
0 

N/C02Et 

I 
I 

72% 

\pd' 

(557) 

(Im\ _.C02Et 

94% 

K2C03 
C02R 

(558) 

_----* 
Y 

2 p(s) (nuei WI I 
2 

R = Me, H; X = 4-MeO, 4-Me, 4-Cl, 2-MeO, 2-Me, 2-Cl 



0 R' 

R2 PdC12/CuC1/02 

(560) 

o R3 R 

R = Me, Et; R' = H, Me; R2 = H, Me; R3 = H, Me 
'Z-50% 

Me0 

Me0 

cpco(co12 

(5611 

TMS 
TMS 

TMS 

cpcoKo)2 

Ph 

Imidazoles were produced from a halooximes and imines in the presence of 

Fe3(C01,2 (equation 5621 15741. Tungsten dinitrogen compounds were reduced, then 

reacted with cyanoolefins to produce nitrogen heterocycles (equation 563) [5751. 

2,6-bis-Trifluoromethylpyridine and 4,5-bis-trifluoromethyl imidazole were prepared 

by treating the corresponding dicarboxylic acids with molybdenum(VI) fluoride at 

200' for 40 hr [5761. Iron and copper salts catalyzed the reaction of benzylamine 

with carbon tetrachloride to form 1-benzyl-2,4,5-triphenylimidazoline [5771. 

NH 

R'C-CH2X + R2-&NPh 
Fe3(C0),2 

E;OH Me 80' 

w R' --&R' 1562) 

R' = Ph, Me, Et02C, 4-MePh, 4-BrPh 

R2 = Ph 

R3 = Ph, 3-MePh 

31-79% 



N2 + wc?6 + 
1) Zn 

dppe ___ ---__--_> 

2) Mg 

H 
40% 

Palladium-catalyzed synthesis of heterocycles (13 references) [578], and the role 

of palladium catalyst in the synthesis of N-heterocycles (82 references) [5791 have 

3) HBF4 

NC X 

Y -\ 
NC H _--------~ 

161 

(563) 

been the subjects of reviews. Palladium catalyzed the cyclization of bis-propargyl 

amines to divinylpyrroles (equation 564) [580]. Olefinic amines underwent a palladium 

catalyzed oxidation followed by cyclization to give cyclic imines or aminoketones 

(equations 565-570) [581]. w-Olefinic bromides were cyclized and aminated by secon- 

dary amines in the presence of palladium(O) catalysts (equations 571-573) 15821. 

Spiro fused bicyclic amines resulted from palladium catalyzed intramolecular amina- 

tian of aIIyl acetates (equatian 5741 C5831, (equation 5751 (5843. 

R 

Pd cat. 

HN + CO + R'OH 

R 

65% 
C02R 

w NH2 
PdC14 

c 

H+, H20 
0 

80% 

CuC12 

- NH2 -c-J- N' 
75% 

(5641 

(565) 

(566) 
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w 
NHMe 

---)_ 
80% 

I 

w 
NMe2 

_---_-___ /i_/NMe* 85% 

(567) 

(568) 

(569) 

D 
(571) 

L2Pd 
I 

r) 

+ 
9 
N 

N sf 
H 68% 9% 

71% (572) 

Br 

72% 6% 



163 

OAc 

kN _Ph - 5;;Pd * pz (574) 

H 
3 

1500 
65% 

L4Pd 

CH3CN 

rfx 
R2 Ph 

(575) 

80% 

The scope of the catalytic a-methylene lactone synthesis (Pd) was the topic of a 

dissertation 15851. Chlorocarbonates having a-olefins cyclized to a-methylene lac- 

tones when treated with palladium(O) complexes (equation 576) [586]. These same 

heterocycles were also available from a-diketones and Fp-a-keto ester enol ethers 

(equation 5771 15871. Copper(I) chloride cyclized olefinic trichloroesters to lac- 

tones (equations 578 and 579) C5881. Alkynes combined with carbon monoxide and methyl 

iodide to give butenolides (equation 580) [589]. Acetylenic esters underwent 1,4- 

addition with organocuprates, followed by oxidation by osmium tetroxide to form a,~- 

dihydroxylactones (equation 5811 15901. Iron(II1 complexes oxidized 3,5-di-tert- 

butylcatechol to a furanone (equation 5821 [5911. a,@-Diols were oxidatively cyclized 

to i sciones i,i '.' c.l~ presence of nickel(II1 salts (equations 583 and 584) [592], or by 

ruthenium complexes (equations 585 and 586) [593]. A bicyclic e-lactam was oxidized 

to a lactone by osmium tetroxide (equation 5871 C5941. Palladium acetate cleaved a 

cyclic enol ether to a y-pyrone (equation 588) [595]. Furans were oxidized to 

furanones by t-butylhydroperoxide and a vanadium catalyst (equation 589) [596], or 

by Ru~(CO),~ in the presence of carbon monoxide (equation 590) [597]. 

R2 R2 

4% 

Pd(0) cat. 
(576) 

0 7-58X 

R' = H, Et, n-Pr, n-8u, n-C6, 0 S 
R2 = H 
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OLi OEt 

&CO2Me t 
L-Selectride 

* 

FP+ 
C02Et 

Me 

HBF4 

aq acetone 

Me 

MeCN 
72% (8 cases) 

CuCl 

MeCN 

38% 

RCXH t Me1 + CO 
Co2(CO)8 

-------w 
PTC 

0 

R';C---C02Me 

tf OEt 
1 

t Me2CuLi ----m 

(no yields reported) 

(577) 

(578) 

(579) 

(580) 

+02Me 
OH 

OS04 

c 
cat. 

-0 
(581) 



OH 

FeII 

C02H 
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(582) 

HOaoH 

Br2/Ni(II) 

Bz202/Ni (II) 

* odR’ + a0 (583) 

R = R' = Ph 99:l 99% 

R = Et, R' = Me 0.45:1 to 49:l 49% 

R=R'=Me 0.83:1 to 24:l 58% 

8 

- CH20H 

CH20H 

R2 

Rl 
OH 

R1 R1 0 
Ru cat. 

PhCH=CHC02Et 

OH 

EtN _R'Q + R2yJ 

3 0 91-98% s3:l 

Br7’Ni(11) * < 7 
+ 0 (584) 

O 0 

2.2/l 88% 

(585) 

Ru cat. 
* 

R2bo + R25 

(586) 

PhCH=CHC02Et 

I 80-90% %4:1 

OH 
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OS0 
(5871 

C02R 

TESO 

RCHO 

Yb(fodIj 

Pd(OAc$, 
c 

i 
(588) 

OTBDS 

t-BuOOH 
0 

VO(acac)2 

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

R* = Me 

Ru$CO),~ 
t 

co 

150' 65 atm 

(589) 

OMe 

MeoJqxo + Q,,,, +(5go) 

I/ 3 
'RUG 

Me02C 

C02Me 



167 

Chloromercuration of propargyl alcohols followed by reaction with carbon monoxide 

and palladium(I1) give chlorofurans (equation 591) [5981. Palladium complexes also 

catalyzed the cyclization of o-bromo-diphenyl ethers to benzofurans (equation 592) 

c5991. Substituted phenols were oxidatively coupled by Fe(CN)63- to benzofurans if 

the substituents were large (equation 593) [600]. Bromo-bis-propargyl ethers were 

converted to furans by cobaloxime complexes (equation 594) [601]. 

Cl iigc1 

COMe 

pdII _-_-) c1o + "J--$OR + C)-)--$2~ (5g,) 
CO, MeOH 

OH low yield up to 97% up to 93% 

Na2(C013 

Pd(OAcl2 DMA 

t @---D (592) 

R 
56-80% 

R = 4-N02, 3-N02, 2-N02, 2-CN, H, E-CH20H, 1,3-diMe, 2-COOH 

OH 0 

X 
K3Fe(CN16 

(593) 

PhH 

4 
co1- KHS04 

(5941 

63% 60% 

O-H-O I I I 

1 1) NBS ) (TBr 

2) H+ 0 75% 
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Platinum catalyzed the reaction of 1,1-dimethyl 

mans (equation 595) E6021. Bromine-containing ally1 

cycles when treated with palladium(I1) catalysts and 

allene with phenol to give chro- 

ethers cyclized to oxygen hetero- 

secondary amines (equations 596- 

600) C6031. w-Haloketones cyclized to oxygen heterocycles when treated with alkyl 

tin reagents and palladium(I1) catalysts (,equation 601) [604]. Ally1 acetates contain- 

ing OH - bearing side chains cyclized to oxygen heterocycles when treated with palla- 

dium catalysts (equations 602 and 603) [605]. Secondary hydroxylamines combined with 

ethyl acrylate in the presence of palladium black to give bicyclic heterocycles (equa- 

tion 604) [6061. Arene chromium complexes having fluorine on the ring and alcoholic 

side chains cyclized when treated with base (equation 605) [607]. Amines and enamines 

were oxidized to dihydrofurans by a number of metal1111 acetates (equqtion 606) C6081. 

Other oxygen heterocycles were prepared as in equation 607 [6091 and equation 608 16101. 

=-( + b, Pr4N+Pt(CH2CH2)C13 ) w (595) 

Br 

A0 / 04 
Pd(OAcJ2 

(596) 

P(otol13, CH3CN 

loo0 
44% 

C NH 

Br 

A0 / OW 

3 

60% 

(597) 

(598) 
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(599) 

Br 

OM (600) 

0 

R'&(CH2)n-CH-R2 
pd*’ R' 

I 

+ R3SnR34 --w 
THF 

R3Y0&2 

60' 
(CH2)n 

n = 0, 1, 2; R3 = CH2CH=CH2, 

X = Cl, Br; R4 = n-Bu 

CH2COMe 

0 

e9. Af Br - 

Ph 
80% 55% 

phip _ z& QBr - &o 
Br 

35% 

PhL - 

Cl 
etc. 

(601) 

(602) 
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TESO 
H 

L4Pd, CC14 

--* 
PPh3 

* 

\ 
0 

H 

also HO AOTES 

90% 

t ACO Et 
Pd black 

2 
loo'/12 hr 

C02Et 

!lH 

(8 cases) 

@(yoH 
I 
Cr(C013 

R', PI, R4 

R2'N 

R3 

1 

;;_ 
+ 

R4 
\ 

t-BuO- 
* I2 

75% 

R3 

4 Co(acac12 
* R4 

Cu hv 

Mn CH3CN 0 

42-75% 

(603) 

(604) 

(605) 

(606) 

R' = n-Pr, n-Bu; R2 = n-Pr, n-Bu 

R3 = H; R4 = Me, Et 
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2 
LiCR 

Nz (607) 

R PdCl 

cat. 

R 

A 
CufIt or 

' CN 
Cu(II) 

Z 

(6081 

R 

R = OAc, Cl 

Transition metals were also used to make a number of more complex heterocycles 

(equation 609) [6111, (equation 610) C6121, (equation 6111 16131, and (equation 612) 

[614]. 

0 R R 0 

r;i / 
5 RN=C=O 

CHRu3(CO),~(Si~t3)*l R_N, ;_rj 

- ---* 
Xi 

Et3SiH 
'C-N C-N 

6 i 6 r; 

(609) 

R = Me, Et, n-Pr (no yield) 

(610) 

L 
co,,,c 

//S 2 

AFle. 
I, 

Cl _ 
+ t 

co L i! 

,s FF3 cF3 
triphos Ni,) + ‘:I -w 

i CF3 

triphos Ni=<:n 
co 

1c 

CF3 
5 

(611) 
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R 

L2PdN3 t PhCN -----w r;2Pd-&N$ )] .$-- & (6121 

Ph 3 ‘Ph 
25-70% 

R = Ph3C, COMe, COPh 

F. Alkenes, Alkanes 

Ally1 acetates were reduced to alkenes by palladium(O) catalysts and poly- 

methylhydrosiloxane (equation 613) [615]. In contrast, molybendum carbonyl and O,N- 

bis(trimethylsilyl)acetamide caused an elimination of ally1 acetates to 1,3-dienes 

(equations 614 and 615) [616], as did palladium(O) catalysts in THF (equation 616) 

16171. 

W 
OAc Pd(Ol 

t WH (613) 

PmHS 

pmHS = polymethylhydrosiloxane 

- @+?N Ph+8r _Ph -8, 

100% 89% 

75% 

OAc 

Mo(C016 

8SA 
R R 

(6141 

BSA = O,N-bis(trimethylsilyl1acetamide - 



173 

OAc 

+-*++ 

45:55 75% 

OAc 

pCO2Me - 0"" 

C02Me 

95% 

AcO 

2:l 85% 

OAc 

CH3fCH21,5~C0 Me Ac20 

Mo(COj6 
* w 

2 
DMAP BSA 68% 

PY 83% 

- 
C02Me 

CH3(CH2),4 

OAc 

(4 cases) 

(615) 

L4Pd 

25' THF 

OH 

95% 
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Reduction of trichloromethyl compounds by hydrogen donors induced by transition 

metal carbonyls, their complexes or their salts has been reviewed 16181. Vinyl- and 

dienylsulfones were reduced to the corresponding olefin (equation 617) or diene (equa- 

tion 618) by butylmagnesium chloride in the presence of nickel or palladium salts 

~6191[6201. 

A I 
BuMgCl 

* /c 
I 

PhS02 C9Hl9 
MLn H 

C9Hl9 

48-64% 

MLn = Ni(acac)2, NiCl2, NiL2Cl2 + dppe, Bu3P, i-Pr3Ph, DABCO, Et3N 

S02Ph 

+ 

MLn 2Ln' 
\\ 

Et 
BuMgX 

* Et7 

C6 THF 
'6 

(617) 

(618) 

15-61% 

Iron complexes were efficient in the desulfurization 

such as thiols (equation 619) [6211, thioethers (equation 

(equations 621 and 622) C6231. 

R1R2R3CSH 
Fe3(C0112 

-W R1R2R3CH 
5N NaOH, PhH 

BUN+ 
60-80% 

R' = 4-MePh, E-MePh, 2,4-C12Ph, Ph 

R2 = H, Ph, 4-MeOPh, 4-MePh 

R3 = H, Ph 

of organosulfur compounds 

620) [622], and thioketones 

(619) 

(620) 

62% 



RSH 
NaEt3BH/A1203 

.._.. _ __.________. ) RH + RR 

FeC13, THF/PhH 

R R R R 

k 
-S -X + - > 

R R R R 
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(6211 

(6221 

Aldehydes (equations 623) and ketones (equation 624) were oxidized to a,a-unsat- 

urated carbonyl compounds by treatment with two equivalents of palladium(I1) and four 

epuivaSenks o'i siSver or tin reagents llQ33, topper>S3) 'Dromjbe was aSs0 an effi- 

ccient reagent for the oxibation Of ketones to conjupateb enones >epuation b25) >lj29. 

h11_vJic amines underwent a Hoffmann tr;oe elimination toproouce oienes lepuation 825) 

16261. Reduced titanium species effected the elimination of HCl from a-halosulfoxides 

as well as reduction of the sulfoxide (equation 627) [627], while copper chloride/ 

oxygen/pyridine converted a-dihydrazones into alkynes (equation 6281 C6281. 

CHO 

RW 

PdC12(PhCN12/Ag0Tf 
t R wCHo 

OB- 

R = Ph, C8, CH3CO(CH2)6, Et02C(CH2)7, CH3!H(CH216 

Cl 

11 Sn(OTf12 

R' W 

C 
R 

NEt 

2) PdC12(MeCNj2 

i-PrNEt2 

R = n-Pr, Ph , n-f+ i-Pr 

R' = Ph, i-Pr, n-CS 

I 

40-90% 

4A 
R' 

30-80% 

(CH2)6-C02Me 
CuBr2 

-6 
I 

(CH216C02Me 

R R 

(623) 

(624) 

(625) 

R=H 66% 

R = CHO 38% 
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AcOH 

Pd(OAc)2 

Ph3P 120' 
67% 

18 hr + 

AR 
22% 

0 TiCl4/Zn 
R 

Phi-CH-CH2R' -----------)_ PhS-C=CHR' 

Cl 
49-85% 

CuC12/02/py 

R 
- CH2C12 * 

R-5-R 

(627) 

(628) 

NNH2 R = Ph 97% 

R = n-C5 88% 

Investigation of the hydrogenolysis of linear hydrocarbons and the synthesis 

and chemistry of diiron diphenylphosphido complexes was the topic of a dissertation 

C6291. Dienones were converted to enones by treatment with diiron eneacarbonyl and 

water, followed by cerium(IV) (equation 629) C6301. A detailed study of the reduction 

of alkenes to alkanes by primary Grignard reagents and titanium(IV) chloride has 

appeared [631]. Primary alcohols and alkyl iodides were reduced to alkanes by sodium 

iodide in the presence of perchloric and platinum(I1) [632]. A substituted cyclopen- 

tadienyliron dicarbonyl spcies was used as an olefin protecting group [633]. Iron 

could be removed from diene complexes by oxidation with alkaline hydrogen peroxide 

C6341. Ketones were converted to olefins by reaction with high valent molybdenum- 

carbene complexes (equation 630) [635]. 
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(629) 
11 Fe2(C0)g H20 

2) 
CeI" 

0 

-4 ./ z 

0 
.' 

0 
48% 0 

RkjlR -.h, oJd3 -,&b 

MoC 

- 
R 

-70° )= 
0 

9 R 

(6301 

'5 
+ RLi _--_--) CC13Mo=CH21 ’ - 

i 

f 
THF 

C13Mo 

-I 

I H+ 
R 

)_ 
R 

G. Ketones, Aldehydes 

Several new methods for the oxidation of alcohols to aldehydes or ketones 

using transition metals have appeared. Cobalt nitrite and nitrate complexes cata- 

lyzed the oxidation of benzyl alcohol by nitrosyl tetrafluoroborate (equation 6311 

[636]. Ruthenium(I1) catalyzed the oxidation of alcohols by bis-trimethylsilylperox- 

ide (equation 6321. This reagent could discriminate between primary and secondary 

alcohols (equations 633 and 634) [6371. Palladium(O) catalyzed the oxidation of 

alcohols by aryl halides (equation 6351 C6381. Vanadium(IV) catalyzed the oxidation 

of secondary alcohols to ketones (equation 636). Primary alcohols did not react 

(equation 637) [6391. 

NOBF4 + PhCH20H 
CpCo(S2CNR2)N03 or 

-W PhCHO (631) 

CpCo(S2CNR21N02 
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RCHO 
TMSOOTMS 

-------_-_) lo >> 20 

RuC12L3 
RKR' 

0 

OH 

OH TMSOOTMS 

RuC12L3 

I 

(632) 

(633) 

OH 

CHO 
70% 

OH 

TMSOOTMS 
(6341 

t 
HO RuC12L3 

OH 

H-C 

L4Pd 
RCH20H + ArX -----+ 

K2C03 

0 

Rt-H + ArH 

(21 cases) 50-100% 

(635) 

0 0 
OH 

A 
R' - 

K .- - 
R R R HO OH 

e 
0 

26cases 74% 

OH 
OH - 



OH 0 

VO(acacl,2 
* A 

R R' 
t-BuOOH 

R R' 

good yield 

R = C6, C8, Ph; R’ = CH3,Et, (CH215, (CH217, (CH2)4 

(Y 
OH OH 

VO(acacl3 

* 

t-BuOOH 
I 
OH ' 
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(6361 

(6371 

96% 

Bromohydrins were converted to ketones by cobalt(I) compounds and cyclohexene 

or triethylamine (equation 6381 [640]. Geminal cyclopropyldibromides were carbonyl- 

ated by nickel carbonyl in the presence of alcohols or amines (equation 639) 116411. 

Anthracenes were oxidized to anthraquinones by t-butylhydroperoxide in the presence 

of a rhodium(I) catalyst (equation 6401 16421. Phenols were oxidized to quinones by 

hydrogen peroxide and transition metals (equation 641) [643]. Cyclohexenones were 

oxidized to ene diones by t-butylhydroperoxide and transition metal catalysts (equa- 

tions 642 and 643) [644]. 

Br OH 
CoClL3 

0 

* A R 

R 
Et3N or 

0 
85-90% 

I 

(638) 

Br 

OH 0 

90% 
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R2 Br 

Br 
+ R3QH 

Ni(C014 
* R1P-Y_:QR3 (639) 

DMF 
R* 

R' = Ph, Me; R* = H, CD2Me, CN 40-78% Q = 0, NH, NR 

Br 

-* 6DH -9 

0 Br 
73% 51% 

(640) 

0 

R = H, Me, Cl, OMe, OCOMe, NO*, CN 30-90% 

IJH 0 

H202/RtiC13 

AcOH 

0 90% 

Fe, Cu, Zn, Co, Ni, Pd, Sn, Al, Ce, V, MO, La, W less efficient. 

0 0 

t-BuOOH 

Pd*I-Et N cat 
3 * 

DTMS 0 

1) t-BuOOHfCuCl 

2) H+ 

(641) 

(642) 

(643) 
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Terminal olefins were oxidized to ketones by Wacker type chemistry (palladium/ 

copper catalysts) under phase transfer conditions (equation 644). The yield depended 

on the quaternary salt used, and the reaction required a large lipophilic phase 

transfer catalyst C6451. The mechanism of the oxidation of olefins with participation 

of nitrochloropalladium complexes has been reviewed (18 references) C6461. Conjugated 

enones reacted with chiral 2,4_pentanediol in the presence of palladium(II1 chloride/ 

copper(I) chloride to give a-ketoacetals (equations 645 and 646) [647]. Terminal 

monoolefins were oxidized to methyl ketones by rhodium or ruthenium salts, in modest 

yield, under phase transfer conditions [648]. Cationic rhodium(I) complexes con- 

taining the hemilabile ligand Ph2PCH2CH2SR catalyzed the air oxidation of terminal 

olefins to ketones, primary alcohols to acetals, and secondary alcohols to ketones 

[6491. Cyclooctadiene was converted to cyclooctanedione by oxygen and a rhodium- 

oxygen complex catalyst (equation 647) [650]. Wilkinson's compound, RhCl(PPh313 

catalyzed the oxidative cleavage of olefins to ketones by molecular oxygen [651]. 

n-Allylpalladium complexes were oxidized to conjugated enones by oxygen under photo- 

lysis (equation 648) [652]. 

PdC12, CuC12, 2 H20 
0 

RCH=CH2 + O2 t R?-CH3 (644) 

R = c8, c,o 

@ (CH2 

R14NX, PhH, H20, 80" 

C3' C2; PTC = C14NMe3+, C12NMe3+ 

A - diketones 
3-5 

PdC12/CuC1 

n 

dH bH 
DME 02 

5o" 

f-l 
OH OH also works. 

Ph 
OH OH 

R = Ph, 86%; Me, 57%; 

t-Bu, 63% 

4 0 
Ph 3 (6461 

0 

84% 
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0 
L3RhCl(0)2 

0 

1 1 + Ph3P + 02 
(647) 

cat. 

hv 

O2 

0 

(6481 

R=O,< 
OAc 

H 

0 0 d R2 

O~Ph,R1&502Tol -c R1 S02To' 

\ 
Cl 0 Pd 

0 

50% 17-89% 

Enol ethers were converted to ketals or acetals by reaction with alcohols (equa- 

tion 649) or carboxylic acids (equation 650) in the presence of copper bromide 

C6531. Titanium(IV1 amide complexes protected aldehydes in the presence of ketones 

(equation 651) C6541. Cyclic hemi acetals were converted to dithioacetals by reac- 

tion with titanium(IVl chloride and ethane dithiol (equation 652) [655][655a]. 

Titanium(IV) chloride was a very mild catalyst for the conversion of ketals or acetals 

to carbonyl compounds, in ether solvent [6561. Palladium(II1 complexes catalyzed the 

selective deprotection of bis-trimethylsilylenol ethers by tri-n-butyltin fluoride 

(equation 653). The least hindered site was hydrolyzed 16571. Acid chlorides were 

converted to aldehydes by polymer bound bis-triphenylphosphine copper borohydride 

[6581. Nickel(I1) acetylacetonate was a catalyst for the Friedel Crafts acylation of 

electron rich aryl compounds with acid chlorides [659]. 

OMe 

CuBr2 cat. 

Et20 

RO 

(649) 

80% 
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(650) 

CuBr2 
R:-0 OEt 

RCOOH + AOEt * 

cat. X 
H Me 

65-88% 

0 
R2N 

OTi(NR213 0 

RCHO + R, R' + Ti(NR214 ---* X t (651) 

R' R' 
R H 

0 

HS SH 
W 

Tic14 

(6 cases, all high yield) 

(652) 

OTMS 

OTMS 

(653) 

Bu3SnF 
* 

L2PdC12 

PhH rfx 

OTMS 

OTMS OTMS 

H. Organosilanes 

Ally1 chlorides were converted to ally1 silanes by reaction with trimethyl- 

silyl copper reagents (equation 654) [660] (equation 655) [661]. Ally1 acetates were 

converted allylsilanes by trimethylsilyl aluminum reagents with palladium or molyb- 
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denum catalysts (equation 656) [662]. a,s-Unsaturated esters were converted to B- 

silyl conjugated esters by reaction with trialkylsilanes and cobalt carbonyl catalysts 

(equation 657) [663]. Dienes were converted to allylsilanes by palladium catalyzed 

hydrosilation. With chiral catalysts, most asymmetric induction was observed (equa- 

tion 658) [664]. Sonication of trialkylsilanes and olefins in the presence of plati- 

num on carbon resulted in a low temperature (30'1 hydrosilation (equation 659) C6651. 

Alkynes were converted to vinyl silanes by reaction with silyllithium reagents in the 

presence of metal catalysts (equation 660) [6661. Titanium and vanadium complexes 

catalyzed the reaction of trimethylsilylazide with epoxides (equation 661) [667]. 

t PhMe2SiLi/Cu ---w 0 (6541 

' 'I 
Cl +SiR3 

75% 

X + MeLi, Me3Si-SiMe3 ----- JV 

SiMe3 

/ 
Me2S 

HMPA R = H, Br, Cl 

64-985 

R L4Pd R 
OAc 

TMS3A1:Et20 t )k\/ * wTMS 
or 

Mo(C016 R = Br; 87% 

+OAc ~ + 

I+ - \ 

ti -- 

TMS 
TMS 

OMe 

y + HSiR3 co2(co18 + 
0 

R siAoMe 
3 

(655) 

(656) 

(657) 

55-86% 



- 
0 I \ HSiMeCl2 

PdCl2UR)WPPFA) -O- SiMeCl2 

0.01 mol % 87% 25% ee 

185 

(658) 

0 1’ - SiR3 95% 1% ee 

X sonicate H 

R3SiH + - t 

pt/c 
R3Si (659) 

l-2 hr 30' 

R3 = C13, C12Me, (OEtJ3, Et3 

olefin = A, 
/ 

m , 

(660) 

RC&H 

1) PhMe2SiLi/MX/cat. 

2) H30+ 
-“-\ + Rskh 

SiMe2Ph 2 

OH 

high yield 

R = n-Clo, , PhCH20CH2CH2 

MX = MeMg, Et2AlCl, ZuBr 

cat. = L2PtC12, CuI, PdC12L2, RhClL3 

Me3SiN3 + /o\ 

Ti(O-i-Prj4 
c N3 

or Cp2VC12 
OTMS 

(661) 

VO(O-i-PrJ3 
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I. Miscellaneous 

Thiophenols were prepared by the reaction thio anions with halobenzene chro- 

mium complexes (equation 662) [668], (equation 663) [669], (equation 664) [670]. 

Allenic sulfides were prepared from propargyl sulfonates by reaction with thiophenol 

copper complexes (equation 665) [671]. Sodium sulfinates attacked dienes in the pre- 

sence of palladium(I1) chloride (equation 666) [6721. Ruthenium(I) complexes catalyzed 

the reaction of arenesulfonyl chlorides with olefins (equation 667) [673]. a-Halo- 

sulfoxides were converted to sulfoxides by cobalt carbonyl on alumina (equation 6681 

C6741. Other sulfur and phosphorous compounds were also prepared using transition 

metal catalysts (equation 669) [675], (equation 670) [676], (equation 671) [677], 

(equation 672) [67Bl. 

(662) 

o- PhH I2 

I x + RS- SR * 
NaOH/PTC 

I 
Cr(CO)3 

o- SR 
X = F, Cl; R = Me, n-Bu, t-Bu 

RS(-1 
+ &Cl + $+R (6631 

PTC 

Cr(C013 

0 

ArI + Phi-SCu W ArSt-Ph 

71-94% 

5 cases 

(664) 



+ 

& 
+ PhSCwPR3 (665) 

// 

H 5OX 
H 

x = SO2Me, SO2CF3 
66% racemic X = S02Me 

iruersion X = SO2CF3 

NaS02Neo 

R* R4 
(666) 

PdC12 

S02Neo + 

R' = H, Me, Et, CHMe2, CHMePh 

R* = H, Me, Ph, 

R3 = H, Me 

R4 = H, Me 

DMG p NOTE: 

zpS$ H2 c 

\ BH4 _ 

R3 R' 

R4 

S02Neo 

16 cases 

mS02R 

-S02R 

-S02R 

Ar' 
cat. RUCl*L3 

- (667) 

ArS02C1 + At-' 
/= 

60' 
-\ 

Et3N S02Ar 
72 hr 

60-901 

Ar = 4-MeOPh, 4-MePh, Ph, 4-ClPh, 3-N02Ph 

Ar' = H, HClPh, 4-MePh, 4-N02Ph 
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0 0 

R;-CHR' 
Co,(C0)8/A1203 

V 

;Ir 0 
RSCH2R' 

, 25O 
80-100% 

R = Ph, 4-ClPh, PhCH2, 4-MePh, a-naphth 

R" 11 PhN=S=O 
R 

)-4 

3 hr - 60' 
R' 

t R&-R" 
-- 

21 H+ 
I 

/S 
R' cu 0' 'NHPh 

75-95% 

(668) 

(669) 

OAc 
W + LiP(S)Ph, L4Pd cat. 

w- 
PWPh, 

(670) 
‘ 

THF 

80-85X 

0 -0 Yx:: 
OAc PWPh2 

0 
L4Pd 0 

ArBr t PhF-OR ------------t 
Ar ," 

(671) 

;I Et3N 
Ph/P-OR 

50-97% 
0 

Ar = Ph, 4-MePh, 2-MePh, 4-ClPh, 4-MeOPh, 4-PhPh, 4-N02Ph, 4-CH3COPh, 4-CH3?NHPh, 

4-CNPh, a-naph, E-thiophenyl 

R = Et, n-Bu 

0 
9, , OR GUI 0 

ArX + NaP, -_) 
OR HMPT, 

ArF(ORj2 

54-81% (10 cases) 

R = Ph, Et; Ar = Me, NH2, OMe; X = Br, I 

(6721 

Thiols were oxidized to disulfides by iron(III) nitrate on bentonite in 40-97% 

yield [679], by t-butylhydroperoxide or hydrogen peroxide in the presence of vanadium 

and molybdenum catalysts [680], by bipy copper(I1) permanganate [681], and by hydro- 

gen peroxide in the presence of tungsten catalysts [682]. 



Allylphosphonium salts were made by the nucleophilic attack of phospnines on 

n-allyliron complexes (equation 673) [683]. These were homologated into polyene iron 

complexes by Wittig chemistry (equation 674) [6841. Diastereoisomeric prostaglandin 
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precursors were separated by making cobalt-acetylene complex (equation 675) C6851. 

The stereochemistry of a tetraene was confirmed by making and characterizing an iron 

complex of it (equation 676) [686]. 

(673) 

/I 'I 

CF3COOH 

-T 

Ph3P 
t fi;Ph3 

HBF4/C0 I 

Fe(C013 
Fe(C014 
$ 

Fe(C014 

- /=/+ 
PPh3 

made m ;Ph3 qiph3 )=',_iPh3 >=c;P,, /=c;,h, 

3 3 
:e(CO13 

\+ 
PPh3 

(674) 

Fe(C013 
Ph3P * +;,, 

1) BuLi 
* 

3 

Fe(C013 
I 

+CHO - 

Fe(C013 

_ JU$F.'""" 

no yields 



OH 

(675) 

1) Co2(COI8 (complexes f) 
* separate 

2) separate 

3) Fe(N03j2*2H20, EtOH 

inseparable 

(676) 

Fe(C013 

Palladium(I1) bromide catalyzed the adiditon of 65H9 to olefins to give l- and 

2-substituted alkenylpentaboranes [6871. Cationic platinum olefin complexes were 

converted to a number of substituted o-alkyl complexes by reaction with nucleophiles 

(equation 677) [688]. Isothiocyanates were converted to isocyanates by oxygen in the 

presence of a palladium(I1) catalyst (eqaution 678) [689]. Organocopper chemistry was 

used to convert nitro compounds to oximes (equation 679) [6901. 



\/ 

c N,+ / II 
Pt 

0\ 

IN\ 
Cl 
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(6771 

\/ 
NO2- 

\ 

I- N3 

\/ 

"\Pt- 

J, 

N' ' Cl 

RNCS + PdC12 + 02 * RNCO t Pd(O1 + SOCl2 (6781 

t 
CuCl* 

49-96% 

0 

R = Me, Et, n-Pr, i-Pr, Ph, PhCH2, Ph? 

P 

0 

NCS 

1) RLi R' R 
RCH2N02 

2) HC=CiMe 

W 

I 
bl cl-2 

Y 
N-OH 

3) R'MgBr 60-90% 

R = Me, Et, n-C5m fi/ 

R' = Me, n-Bu, n-CB, Ph, 0 S t , Ph- 

(679) 

IV. Reviews 

The following reviews has appeared. 

Transition metals in organic synthesis - carbon-carbon bond forming reactions and 
functional group preparations. (755 references1 C6911 

Transition metals in organic synthesis: hydroformylation, reduction and oxidation. 
Annual survey covering the year 1981. (245 references) C6921 
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Organotransition metal chemistry for organic synthesis. (37 references) [693] 

Transition metal mediated formation of carbon-carbon bonds. (Dissertation) [694] 

Catalysts in organic synthesis. (3 references) [695] 

Organometallics in synthesis. (270 references) [696] 

Group VIII transition metals in organic synthesis. (127 references) [6971 

The challenge of the synthesis of natural substances by homogeneous catalysis. (32 
references) [6981 

Transition metals in organic synthesis. Principles of transition metal chemistry. 
(115 references) [6991 

Organic reactions of selected n-complexes. Annual survey 1982. (333 references) 
t-7001 

Plenary lectures (18 of them) of 2nd International Symposium on Organometallic Chem- 
sitry Directed Toward Organic Synthesis. [7011 

Advances in organic synthesis promoted by transition metal complexes. (97 references) 
[7021 

Transition metal nitrosyls in organicsynthesis and in pollution control. (143 refer- 
ences) [7033 

New methods for stereo- and regiocontrol in organic synthesis via organometallic com- 
pounds. (15 references) [7043 

The effect of metal n-complexation on the properties of organic molecules and ions. 
(no references) [7051 

Organocopper reagents as new agents for the synthesis of insect sex pheromones. (23 
references) [7061 

Chemistry of organocopper clusters. (several references) [7071 

Nucleophilic substitution of halogen in aromatic o-halocarboxylic acids in the pre- 
sence of copper complexes. (53 references) [7081 

Organomanganese reagents as synthetic tools. (10 references) C7091 

Organocopper and organomanganous reagents. Part I. Preparation of conjugated dienes 
and enynes via organocopper reagents. (63 references) 17101 

Organocopper and organomanganous reagents. Part 2. Organomanganous reagents: their 
use in organic synthesis. (47 references) [7111 

Cyclopalladation of benzyldiphenylphosphine by palladium(I1) acetate. [7121 

Sodium peroxydisulfate as a reoxidant for palladium acetate-catalyzed reactions of 
arenes. [7131 

Amination of Alkenes. (189 references) [7141 

The termination step in Pd-catalyzed insertion reactions. (17 references) [7153 

Palladium in some selective oxidation reaction. (68 references) [716] 

The mechanism of oxidative coupling of unsaturated hydrocarbons under the influence 
of Pd(I1) complexes. (161 references) [7171 

Palladium(I) complexes in coordination chemistry and catalysis. (163 references) 
[7181 

Novel improved synthetic means. (XIII). New synthetic reactions using palladium 
catalysts. (13 references) C7191 

Palladium(I) complexes in coordination chemistry and catalysis. (163 references) 
E7201 

Catalytic reactions of allylic compounds via n-allylpalladium complexes as active 
intermediates. (50 references) [721] 
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A study of two modified hydride delivery systems. Part I. Reductive displacement of 
a number of allylic leaving groups via catalytic activation by a palladium(O) com- 
plex. (Dissertation) C7221 

Jrganopalladium approaches to bicyclic heteroatom containing prostaglandin analogs. 
(Dissertation) [723l 

Mechanisms of nucleophilic and electrophilic attack on carbon bonded palladium(f.1~ 
and platinum(II~ complexes. (27 references) C7241 

The termination step in palladium-catalyzed insertion reactions. (17 references) 
C7251 

Organonickel, -palladium, and -platinum comlexes. Their chemical properties and role 
in organic synthesis. (65 references) [726] 

Organometallic compounds of Ti and Zr as selective nucleophilic reagents in organic 
synthesis. (125 references) t7271 

Titanium and zirconium derivatives in organic synthesis. A review with procedures. 
(218 references) 17281 

urganotitanium reagents in organic synthesis. A simple means to adjust reactivity 
and selectivity of carbanions. (148 references) [729] 

Progress in organotitanium compounds. (66 references) [730] 

Solvent effects on the rates and mechanisms of organotin alkyl exchange reactions. 
(23 references) [7311 

Zirconium and titanium complexes for organic synthesis. (122 references) [732] 

McMurry reaction for alkene syntheses. (40 references) [733] 

Cyclometalation - an important class of organometallic reactions. (49 references) 
E7341 

The preparation and properties of metallacyclic c~pounds of the transition elements. 
(190 references) E7351 

Arene synthese by extrusion of heteroatoms from 7-heteroatom-bicycloC2.2.llheptene 

systems. (63 references) C7361 

Organometallic compounds with intramolecular n-olefin-metal coordination. (171 refer- 
ences) (7371 

Metallacycloalkanes as catalytic intermediates. (67 references) E7381 

Organic syntheses via directed metalation of aromatic compounds (129 references) C7391 

Metal complexes of porphine and azaporphine compounds as catalysts of reactions 
involving oxidation by molecular oxygen. (161 references) [740] 

Ruthenium-catalyzed oxidations of organic compounds. (60 references) 17471 

New catalytic methods for selective oxidation. (65 references) E7421 

Complex reducing agents (CRA'S) - versatile, novel ways of using sodium hydride in 
organic synthesis. (81 references) [7433 

The photochemistry of transition-metal organometallic compounds, carbonyls, and low- 
oxidation-state compounds. (124 references) C7441 

Homogeneous metal-catalysis in organic photochemistry. (244 references) f-7451 

Homogeneous metal catalysis in organic photochemistry. (244 references) C746f 

Some aspects of heterogeneous and homogenous catalysis. (Dissertation) [7471 

Homogeneous catalysis of organic reactions by complexes of metal ions. 
ences) [748] 

(119 refer- 

Rhodium-catalysts for enantioselective hydrosilation " A new concept in the develop- 
ment of asymmetric catalysts. (102 references) [749] 
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Application of homogeneous catalytic hydrogenation in asymmetric synthesis. (29 
references) C7501 

New methods for the stereoselective synthesis of mono- and polyunsaturated acetates, 
alcohols, and aldehydes using tetrakis(triphenylphosphine)palladium catalyst. Appli- 
cation to the synthesis of Lepidoptera sex pheromones. (13 references) [751] 

Mechanism and stereocnemistry of asymmetric catalysis by metal complexes. [752] 

Asymmetric synthesis using optically active metal complexes. (66 references) [753] 

Practical asymmetric catalytic reactions. [7541 

Activation of CO2 or transition metal centers: New routes for organic and metal 
organic synthesis. (109 references) C7551 

Activation and reduction of carbon monoxide. (36 references) [756] 

Transition metal carbonyl cluster chemistry: some new aspects of carbon monoxide 
catalysis. (119 references) [757] 

Applications of transition metal alkylidene carbene transfer reagents in organic 
synthesis. (Dissertation) C7581 

Multiple metal-carbon bonds in catalysis. (37 references) [759] 

Interaction of organometallic moieties with carbanions and other electron-rich 
centers. (76 references) 17601 

Organoiron complexes of aromatic compounds. Applications in synthesis. (230 refer- 
ences) [761] 

Organoiron complexes as intermediates for natural products synthesis. (26 references) 
[762] 

Enol ether-iron complexes as vinyl cation equivalents. Synthetic applications. 
(Dissertation) C7631 

Investigation of In'-allyl)iron 
synthesis. (Dissertation) 17641 

and (n2-olefin)iron complexes as synthons in organic 

Catalysis by molecular metal clusters. (106 references) [765] 

Activation of B-carbon-carbon bonds of alkyl derivatives of transition metals. [766] 

Homolytic and free radical pathways in the reactions of organochromium complexes. 
(85 references) 17671 

Reduction of trichloromethyl compounds by hydrogen donors induced 
carbonyls. Their complexes or their salts. (74 references) [768] 

by transition metal 

Activation of carbon-hydrogen bond with transition metals. (16 references) [769] 

Vitamin B1 and related cobalt complexes as catalysts in organic synthesis. 
references [770] ? 

(285 

Cyclopentadienylcobalt dicarbonyl-induced cyclizations of enediynes in the synthesis 
of cyclohexadiene cobalt complexes: 
(Dissertation) [771] 

applications towards the synthesis of estrone. 

*-Clefin complexes of cobalt(I). (several references) [772] 

Intermetallic compounds as catalysts for reactions of heterogeneous catalysis. [773] 

Complex effects in catalysts - as examples of multicomponent metal oxide catalysts. 
(49 references) 17743 

Mechanism of the decomposition of organometallic compounds of transition metals and 
role of intermediate particles in catalysis. (108 references) 17751 

Concepts in catalysis by transition metal oxides. (62 references) [776] 

Iridium compounds in catalysis. (27 references) [777] 
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