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I. General Comments 

This annual survey covers the literature for .1982 dealing with the use of 

transition metal intermediates for organic synthetic transformations. It is not 

a comprehensive review but is limited to reports of discrete systems that lead to 

at least moderate yields of organic compounds, or that allow unique organic trans- 

formations, 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, reduc- 

tion, and hydroformylation reactions are specifically excluded, and will be 

covered in a different annual survey. Also excluded are structural and mecha- 

nistic studies of organometallic systems unless they present data useful for syn- 

thetic 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. Alkylation 

1. Alkylation of Organic Halides and Tosylates 

The activity in the area of new organocopper chemistry is finally 

abating, although several useful new procedures have been developed this year. 

Organic halides coupled cleanly to the appropriate Grignard reagent in the presence 

of Li2CuClq to form 3-substituted furans in quite good yield (equation 1) Cl]. 

6-Bromobutenolides were cleanly alkylated by organocuprate reagents, with the mix- 

ture R2CuLi/RLi/BF3.Et20 being the most efficient reagent (equation 2) [2]. Ace- 

toxy-e-lactans were alkylated by organocuprates stereospecifically (equations 3-5) 

[3]. Organocopper chemistry played an important role in the synthesis of ubi- 



285 

quinone 10 (equation 6) [4]. Aryl acetones were prepared by a modified Hurtley 

reaction (equation 7) [51. Aryl iodides reacted with sodium trifluoroacetate in 

the presence of copper(I) iodide to produce trifluoromethylaryl compounds (equa- 

tion 8) E61. 

MgCl 

+ RX 

R = n-octyl, set-octyl, i-Pr, 

yc', -Cl, LnSnBu3 

Et- R 
R2CuLi/RLi/BF3*Et20 

* 

R = Me, n-W, 

OAc R' 

0 
+ R'$uLi -----w 

0 

RN 

+ R'*CuLi - 

OAc 

+ R'$uLi - 

(1) 

(3) 

(4) 
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OR OR 

1) Mg 

/O 2) CuBr 

\O Br 
3, SO2Ph 

OR 

I I uax 

/ 
2) Solanesyl Br 

3) -SO2Ph H 

4) oxidize 

(6) 

cux OH- 
ArX + 5-10 ,MCH(C02Me)2 - 

DMF 
ArCH(C02MeI2 -----w ArCH2COCH3 (7) 

1000 14 cases 

40-80% 

Ar contains PhCO, AcO, N02, F, Me, OMe, AcNH substituents 

CUI 
I + CF3C02Na - 

HMPA 

R = mono, di, tri, or tetra Me 

+ H t 

3537% 
(8) 

Boron "ate" complexes were formed by the reaction of 9-borabicyclo 13.3.13 

nonane (g-BBN) by reaction with lithium dialkylcuprates [71. Ally1 boranes reacted 

with allylic halides in the presence of copper(I) iodide to give cross-coupled 

products (equation 9) C83. Bridge-head bicycle [l.l.O] butanosulfonates underwent 



alkylation by organocuprates (equation 10) C91. The new organocopper reagents 

[RCuPPh2]Li and ~RCuNCy2JLi were thermally stable at 25', and reacted with halides, 

epoxides, conjugated enones and acid chlorides in a manner similar to that of 

R2CuLi reagents [lo]. 

R3B+PhOw - R 

(-1 
\ 

Y 
BR, 

1) GUI 

2) -Br * 

R 

R 
\ 

U+ 
c 

/ 

22-601 

(9) 

R= n-Bu, n-C6, n-C7, 

n-65, n -c9, cycle-c5 

ArS02 
3 R2CuLi R3 (10) 

R' = H, Me 

R2 = H, Me 

70-80X 

R3 = n-Bu, 

Several stereochemical and mechanistic studies regarding organocopper chem- 

istry have been carried out. Stereochemically pure vinylcopper (equation 11) and 

cyclopropylcopper species (equation 12) were prepared, and reacted with methyl 

iodide or D20 respectively with complete retention 1111. Reaction of chiral 2- 

iodooctane with dialkylcuprates resulted in alkylation with racemization, where- 

as the same reaction with P-bromooctane went with greater than 97% inversion, 

demonstrating that the stereochemistry of these processes-depends on the nature of the 

leaving group (equations 13 and 14) [12]. Greater than 88% inversion was also 

observed with E-octyl tosylate (equation 151 tl31. Evidence for electron trans- 

fer processes in the reactions of organocuprates with organic halides was obtained 

using both trityl chloride (equation 16) and 6-halohept-1-ene (equation 17) 1143. 

The "ate" complexes Me3CuMg and Me4Cu2Mg were prepared from Grignard reagents 

and [(COB)Cu6r12 El51. 

References p. 458 
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11 s-BuLi 
t 

2) GUI 
(+)S 

dimer 

Ph Me 

D2° 
Ph D 

QlOo% 
retention 

(12) 

%lOO% retention 

5-Products 

L or * J/w/ (13) 

Et2CuCNLi2 

Et2CiLi 
racemic 

Br 

>97% inversion 



Li CU 

>88% inversion 

PhSCCl + Me#uLi c PhSCCHS + epr signal (16) 

R#uLi + 

X major 

R = Me, Et, n-C6 

X = I, OTS, Cl 

X = I, R = Me 

X = I, Me3CuLip 

t 

-0 +dR 
traces 0 

65% 

62% 

(15) 

(17) 

Asymmetric Grignard cross-coupling reactions involving chiral phosphine- 

nickel and -palladium complex catalysts was the subject of several reviews 

[16, 17, 181. The full experimental details of the reaction of vinyl halides 

with secondary Grignard reagents in the presence of nickel and palladium-chiral 

ferrocenyl phosphineamine complexes (equation 18) has appeared 1191. It was 

found that the planar chirality of the ferrocene was more important than carbon- 

centered chirality; that the dialkylamino group was required; and that the bulk 

of the phosphine was unimportant but the bulk of the amine was crucial. This 

process was used to make chiral ally1 silanes in high optical yield (equation 19) 

CZOI. The same process has been carried out with achiral catalysts as well 

(equation 20) C211. 

References p. 458 
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R&R' Ri:-MgCl + R'Br e tH3 (18) 

R = Ph, n-C6, Et 

R' = =_7 

/ 
, Phd, Me W', Ph 

M = Ni, Pd 

L* = 

q 

Fe 
PPh2 

H IIII C-Wle2 

L 
Me 

Br 
PdC12(R,S PPFA) 

+ Me3Si-I;-MgBr 

up to 95% ee 

H2 

R+e 

p:, 

Pd/C 
H 

R’ R3 R' R3 

x 

+ C1MgCH2SiMe3 
Ni or Pd 

(201 

R I 
SiMe3 

70-88% 

R' = n-C6, n-Bu, H 

R2 = Me, H, n-Pr 

Vinyl sulfides (equation 21) [22], sulfones (equation 22) [23J, and tellu- 

rides (equation 23) [24] also underwent nickel or palladium catalyzed reactions 

with Grignard reagents. Biaryls were prepared by the nickel-catalyzed reaction 

of aryl halides with aryl Grignard reagents (equation 24) 1251. Oxazolines of 

halobenzoic acids were alkylated using a similar reaction (equation 25) [26]. 

Chloroaryl thioethers underwent a double alkylation (equation 26) 1271. 



Br RI 

\ 

R' 

- RlMgX R2t4gX 

SPh 
cat. cat. 

SPh R2 

t;! R1 = Ph, n-B& Np, Ph 

R2 = Ph, Me, Np, n-Bu 

cat. = L2PdC12, diphos NiC12 

?O-100% 

R3 R2 R3 R2 

x 

RMgX 

I I 

R4S0, Rl IMx,-' R x R' 

291 

f2lf 

(22) 

L 
50-80% 

R= Ph, Me 

RI = H, Me, n-Pr, n-Q, i-prenyl R2 = Me, n-B& H 

M = Ni, Fe R3 = Me, H 

PhT Ar 

+ RMgX (23) 

H R 

ArMgX + Ar'X 
Ni (acac12 

w ArAr' (24) 

(25) 

60-90% 

R = Ph, p-anisyl. Et, n-Pr, Bz 

X = H, Cl, Br, C12, We 

Referencea p, 468 
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R 

b 
SR R" 

/ R'MgX R"MgX 
Cl R' 

\ L2NiC12 L2NiC12 

(26) 

This process is especially useful for alkylation of hetero-aromatic halides. 

Chloronucleosides were alkylated using nickel catalyzed Grignard reactions (equa- 

tion 27) 1281. Halofurans were arylated using nickel catalysts (equation 28) 

[29]. The full experimental details for the coupling of heteroaromatic halides 

with Grignard reagents (equation 29) and heteroaromatic Grignard reagents with 

halides (equation 30) have appeared [301. 

(27) 
Cl R 

R' 
0 

(?J 

'w 

{ I'N 

N' 

dR' t)R' 

x MN 
t-1 

R = Et, Ph, Phfi, Ph , 

R’ = t-8uSiMe2 

RMgBr R'O 

Ni(dppp)C12 - 

Et20 

NiC12(dppe) Ar 

+ ArMgX 
Et20 

OR' OR' 

82-93% 

X = 2-Br, 3-Br; R = H 

X = 2-We; R = 5-n-Bu 

Ar = Ph, p-tolyl, 3,4-diMePh, m-tolyl, p-EtPh 

[Ni-P] 
X + RMgX 

cat. 

42-50% 

(28) 

(29) 

o- Het X = Bromothiophenes, pyridines, quinolines, isoquinolines 



MgX + RX R 
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(30) 

o- Het MgX = thiophenes, pyridines 

The "Heck" type reactions of vinyl halides with organopalladium species 

have been reviewed C31, 32, 333. Palladium catalyzed the reactions of vinyl 

halides with ally1 alcohols (equation 311, allylamine (equation 321, ally1 OTHP 

compounds (equation 331, and N-allylphthalimides (equation 34) to give coupling 

products 1341. 

&OH + kx + R"3N 

R' 

JW 

0R 
N, 

R ' 

R 

JY 

OTHP 
+ 

modest yields 
(30 cases) 

OH 

R" 

)-r X- 
*NC1 

(8 cases) 

R' 

+ X- R+oTHP 

(4 cases) 

(31) 

(32) 

(4 cases) 
Fkferences p. 458 
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Transmetallation from main group metals to organopalladium species produced 

by oxidative addition processes is becoming increasingly important in organic 

synthesis. The palladium-catalyzed cross-coupling reaction of heteroarylzinc 

derivatives with unsaturated organic halides as well as the palladium catalyzed 

coupling of heteroaryl halides with organozinc or aluminum reagents has been 

reported [35]. This general area has been reviewed [36]. Aryl and vinyl halides 

coupled with allenic zinc reagents in the presence of palladium catalysts in high 

yield (equation 35) 1371. Similarly, allenic halides coupled to unsaturated 

organozinc reagents in the presence of palladium catalysts (equation 36) [38]. 

Even allenic lithium reagents worked in this process (equations 37-39) [39]. 

(35) 

H ArX 

+ :\ 
ZnCl X R' Art=) 

high yields 

R = Me, t-Bu, H 

R' = Me, H 

R' H 

+ R3M 

X 

R' 

X 
R2 ' 

R3M _-.I L4Pd 

R' = Ii, Me, Ph, t-Bu, i-Pr, n-C5 

R* = H, Me 

R3M = TMSCEC-ZnCl, , A a-ZnCl, tl ¶=I -- 

ZnCl 
ZnCl 

R' R' 

F== 

ArX 

R* 
i 7 -F= \ 

Li X R* R3 

LOPd 78-90% 

(36) 

(37) 
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OEt 

= t Phi 

Li 0 

42% 

LL =-cOMe Phi 

Bu p phYBu 
t4Pd 

0 

(38) 

(39) 

78% 

Vinyl copper reagents reacted with vinyl halides in the presence of palla- 

dium catalysts to give dienes in good yield (equation 401 [40]. Copper acetylides 

coupled with aryl and ally1 halides (equation 41) [411, heteroaromatic halides 

(equation 42) 1421, and vinyl halides (equation 43) 1431, all in the presence of 

palladium catalysts. 

R' 

h t - 
R2 

CuMgX2 

- x-\ cu 

Ph 

)7 
- 

Et cu 

Me 

h - 
i-Pr cu 

Me 

h - 
Et cu 

X R3 
L4Pd 

c5 Iw - 

Br 

Ph 

I Bu 

- 

Y 
Me 

>98% stereospecific 

(40) 
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PhC-C-Cu + ArX 
L4Pd 

_ ArCzCPh 

B4-98% 

Ar = p-MeCOPh, 2,4-diN02Ph, C02MePh, NCPh 

PhCsCCu t o- Het 
L4Pd 

X - 

o- ’ 

Het X = &Cl, 
Cl 

(41) 

(42) 

R'CH=C-X + R3-C-CH 
Pd cat., CuI 

w R'CH=C-C:CR3 

R' = H, n-Bu, n-CB 

R2 = Me, H 

X = Br, I 

R3 = n-C 5, CH20H, cycle C6, 

Aryl acetones were prepared by the palladium(O) catalyzed coupling of aryl 

Et2NH 

PTC 
K2 

40-90% 

(431 

halides with acetonyl tin reagents (equation 441 1441. Trimethylsilylenol ethers 

alkylated aryl halides in the presence of tributyltin fluoride and a palladium 

catalyst (equation 451 C451. Vinyl boranes (equation 461 [46], and vinylzirconium 

compounds (equation 471 [47] also coupled to aryl halides in the presence of 

palladium catalysts. 

Pd(O) 
Bu3SnCH2COCH3 + ArBr + ! 

1000 
ArCH2 -CH3 

PhCH3 51-91% 

(441 

Ar = Ph, @e2NPh, p-MeOPh, o-tolyl, m-tolY1, p-tolyl, e-ClPH, p-MeCOPh 
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OTMS 

+ ArX + Bu3SnF 
3% PdClZ[p(o-tol13]Z 

*'(45) 
R PhH, rfx 

R = n-C,, h,->-,+,k,Ph 

Ar = Ph, p-OMePh, p-tolyl, o-tolyl, p-CH3COPh 

Et0 
0 

H 

EtOCeCH + HB' ‘(! 

Ar = Ph, p-tolyl, _ o-anisyl, p-anisyl, Me0 

p-OAcPh, o-COZEtPh, naphth, PhCHZ, r 

R' H 

R'CzCH + Cl(H)ZrCpZ - 

H 
0 

ZrCpZ 
Cl 

40-90% 

R = C1(CHZ13 - 89%; CH3(CH213 - 95%; CH3(CHZ17 - 76% 

CN(CHZ13 - 76%; HCzC-CHZ - 80%; Ph - 85%; Et0 - 49% 

(461 

ArX 

Pd(Ol 

ArCH=CHOEt 

I H+, Hz0 
ArCH#HO 

86-97% 

(47) 

Pd cat. 
Ir 

0 

I 

Finally aryl iodides coupled to 4-phenyloxazoles in the presence of palla- 

dium catalysts 1481, and haloisoxazoles reacted with phenyl acetylene and 

styrene again in the presence of palladium catalysts [49]. Titanium(IV1 chloride 

coupled ally1 silanes to B-lactam acetates in fair yield (equation 48) [50]. 

References P. 468 
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R' 
R' 

OAc 
R + M 

SiR3 Tic14 
(48) 

PhH 

OAc 
R=Et,e , , Me 

R' = H, Me 

2. Alkylation of Acid Derivatives 

Carboxylate salts reacted with Grignard reagents in the presence 

of a copper(I) catalyst to produce ketones (equations 49 and 50) 1511. Palla- 

dium(0) complexes catalyzed the reaction of acid halides with Reformatsky rea- 

gents (equation 51) C521, and with acetylenic tin reagents (equation 52) [531 to 

produce ketones in both instances. Palladium was also used to catalyze the 

coupling with decarbonylation of acid halides with vinyl halides (equation 53) 

1541. The stereochemistry of this insertion was shown to be a cis process [55]. - 
Titanium(IV1 chloride was used to couple acid halides with trimethylsilylacetyl- 

enes (equation 54) [561. 

MeOUOl_i + 
ph/\/MgX GUI 

I 

(49) 

69% 

Dl_i t RMgCl & AR 

0 

L? 
%70% 

& Pd(O) 
RC-Cl t 8rZnCH2C02Et 

R 
* RCCH2C02Et 

R=Ph- 80%; p-ClPh - - 90%; m-ClPh - 83%; e-tolyl - 84%; p-N02Ph - 41%; 

p-anisyl - 51%; w - 72%; Ph /= - 73X;-&) - 8g%, n-C8 - 30%; 

- 24%; t-Bu - 29% 

(50) 

(51) 



+ Bu3SnCXR 
Pd cat. w 1 R -C:CR' 

40-70% 

R = i-Pr, Ph, Me, p-N02Ph 

R' = Ph, (Et012CH, TMS, Me02C 

ArCOCl + Ax 
Pd(OAcl2 

base 

299 

(521 

(531 

loo0 66-92% 

X = C02Et, Ph, CONEt2, CN, COMe 

(541 

R'_----_ -TMS + R*COCl 
TiCI 

e --R *R'-=- = 2 
- - 

~80% 

3. Alkylation of Olefins 

Palladium(I1) assisted alkylation of olefins has found several 

synthetic applications recently. Oihydrofurans were selectively alkylated in the 

a-position with several stabilized carbanions (equation 55). The position of the 

olefin depended on the carbanion used (equation 561. Allylic acetates were also 

alkylated by stabilized carbanions, this time using palladium(O) catalysts (equa- 

tion 571 C571. A variety of olefins were alkylated by nitrile stabilized car- 

banions in the presence of palladium(I1) species (equation 58) C581. The least 

substituted terminus of the olefin was always alkylated, and the carbanion could 

be generated in situ using phenyllithium as the base. Asymmetry was induced in -- 
the palladium(I1) assisted alkylation of olefins by using chiral amine ligands 

(equation 59) or better,yet chiral carbanions as well [59]. 

0 0 / 1) PdC12(MeCN12 (551 
2) 2Et3N 

31 RM, -78' 50-78% 

RM = NaC(NHCHOl(C02Et12, NaC(NHAcl(C02R12, NaC(MeI(C02Me12, NaO 
AC 

References p. 458 
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0 0 1 1) PdC121MeCNJ2 
* 

2) 2Et3N 

31 NaCH(C02R12 

_OAc 

/CO2R 

'C02R 

L4Pd cat. 

R- 

(561 

(571 

80-94% 

R = (-)C(NHCHO)(C02Et)2, (-)C(NHAC)(CO~R)~, Ph, = 

(58) 

R\// 
+ PdC12(MeCNJ2 + CH2CN 

2Et3N 
H2 

-----R~CN 
-78'C 

(59) 

Rl M 
R2 C(-1 

+ PdC12(MeCN12 + 2R31 - - 
H2 

1 

C- = (-)CH(C02Et12 

R3N* = PhjHNMe2 

CH3 
with C- = Ph50CH2Li or ptolSOCHC02tBu 

l!i 
20-40% yield 
up to 32% ee 

up to 40% optical yield 

Intramolecular alkylation of olefins by trimethylsilyl enol ethers using 

palladium(II1 catalysts has recently been developed (equation 60) [601. This has 

been used in the synthesis of quadrone (equation 61) [61]. Intramolecular.cycli- 

zation of olefins with indoles using palladium-silver catalysts has been studied 

(equations 62-651 C621. Dissertations entitled "Addition of Enolates to Iron(O) 

Tetracarbonyl Complexes of Acrylates and -ylidene Malonate Esters," [631, and 

"Nucleophilic Addition to (Methyl a-Chloroacrylate)tetracarbonyliron - Prepara- 

tion and Synthetic Applications of a-Acylacrylate and Methylene Malonate Esters" 

1641 have appeared. 



Ii :- 
OTMS 

Pd(OAc+ 

CH$N 

80% 

(9 cases reported) 

301 

(60) 

(61) 

A!? 0 
0 0 

Fi 
61% 

* 3 w 
79% 

(63j 

References p. 458 
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q-J-& * No Cyclization 

(64) 

(65) 

Heck type arylation of olefins was used to prepare a large number of Y- 

aryl ally1 amines in fair to good yields (equation 66) [65]. Similar oxidative 

addition-insertion chemistry using aryl or vinyl halides,l,4_dienes, and secon- 

dary amines led to the production of mixtures of allylamines (equations 67 and 

68) C663. Aryl iodides were vinylated using the palladium(O) catalyzed reac- 

tion with trimethylvinylsilane (equation 69) 1671. 

ArX + eN 
Pd(OAc12 

0 

EtSN 

Ar contains: Cl, Br, Me2N, N02, OH, CH202, MeS, 

NH2. C02Me, CN 

I NH2NH2 

Ar- 
NH2 



ArX + + 
L4Pd cat. 
~ ‘w Ar+ 

303 

(671 

+ 

+ 0 
N 
H 

(68) L4Pd 

_? 

+ + 

(69) 

R I + fiTMS 
Pd(OAcI2, L 

-R 
Et3N, OMF 

51-60% 

R = H, Me, MeO, NO2 

Palladium(O) catalyzed the reaction of organic halides, alkynes and nor- 

bornene to give disubstituted norbornanes (equation 70) [681. With norbornene 

and simple vinyl halides cyclopropanation resulted (equation 711, while with 

a,b,v,6-unsaturated halides polycyclic material was obtained (equation 72) [691. 

Prostaglandin analogs were made by the insertion of norbornene into n-allyl- 

palladium complexes (equation 73) 1701. 

Fteference8 p. 468 



Pd(O) 
+ RBr + R'CrCH + RC02Na 

80° 

R = Ph, Ph F/b 

OH 

R' = Ph, n-C6, X /’ 

&I / 

& / 

42-86% 

X 
NH2 

# 
(71) 

+ Br- 
W(O) 

&c5- WH 

"54% conversion" 
PdOAc 

"56% selectivity" 

+ 

"32% selectivity" 

I M(O) 

HC02NH4 

(72) 

3 \ + +Ph 

"24% selectivity" 

Ph 

"49% selectivity" 
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Pd(TFA)2 (CH2),-X 1) AgOAc 
H2C=CH-CH2-(CH2)n-X w * 

TPA 
0 0 

YFU 
3 CF3 

OMe 

2L 
LiCzC- H.C5H11 L! p-TsOH 

w * 

+ 

’ (CH2),-X 

40-90% 

(CH2)n-X (73) 

Transmetallation from mercury to palladium has been used to alkylate ole- 

fins. Again, this process has been used to make bicyclic prostaglandin deriva- 

tives (equation 74) [71], purine and pyrimidine intermediates (equations 75 and 

76) [72], (equation 77) [73], and to arylate acrylic acid [74]. 

(74) 

,,,g + C02Me + 
PdCl2 

+ 

LiCl 

eco2"' CF3JJCF3 . nextpage) (continued on 

/ 
Cl 

83-86X 

Refen?nces p. 458 
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\ 
C02Me 

S 

7 

L4Pd 
* 

CF3 

LiCu (JJ, 

I 
0 

CF3 

(74) 

0 

1) Li2PdC14, &C02Me 

2) H2S 

_O~fJyyJ-p 

R R 

0 
(75) 

1) Li2PdC14, &CN 
N 

2) NaBH4 

HgCl 

dR 

dR 



0 

\ A / 
N N 

HgX 
(PyHgX) 

Li2PdC12(0Acl2 

+ \ 

\ 

307 

(771 

AC 4 + 
PY 

+ 'WOAc 

b AC 

ratio depends on amounts of 

Cl- and OAc- 

Ethene and bromobenzene were converted to l,l-diphenylethane when electro- 

chemically reduced in the presence of nickel(II1 bromide [751. e-Methylene-s- 

lactones ring-opened when treated with Grignard reagents and cobalt(II1 iodide 

(equation 781 C761. Chromium carbene complexes underwent a double insertion with 

ethylene (equation 79) [77]. o-Olefinic alcohols were alkylated by trimethyl- 

aluminum/titanium(IV) chloride mixtures (equation 801 [781. Unsaturated cobalt- 

dmg complexes cyclized when decomposed under radical conditions (equation 811 

r791. 

=+o -+pRGW 
R=Me,Et, n-Bu, F) , +j, set-Bu, t-8u 

(C0)5Cr=!:Ph + CH2CH2 - _ E Ph -FHCH2CH3 

CH3 

(78) 

(79) 

(801 

m OH 
Me3Al/TiC14 /\/\\/ 

w HO 

120° 
57% 

OH 
23% 
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- Co(dmgHIPy 
hv Cl 

cc14 

L 
4 cc13 

cc14 

(81) 

4. Decomposition of Diazoalkanes and Other Cyclopropanations 

Transition metal catalyzed decomposition of diazoalkanes con- 

tinues to be utilized to cyclopropanate olefins. Rhodium(III porphyrin complexes 

were used as catalysts for the reaction between olefins and ethyl diazoacetate. 

High yields with large syn selectivity for cis olefins was observed, and explained - - 

by invoking the control of the direction of approach of the olefin to the carbene 

complex by the steric bulk of the porphyrin. The following olefins were studied 

Chiral cyclopropanes were prepared by using chiral copper complexes to decompose 

chiral menthyl diazoacetates in the presence of olefins (equations 82 and 83) 

[al]. Acetylenes underwent multiple cyclopropanations when treated with diazo- 

esters and rhodium(III catalysts (equations 84 and 85) C821. Diazoketones cyclo- 

propanated olefins in the presence of molybdenum catalysts (equation 86) [83]. 

Metal-catalyzed decomposition of diazoketones and diazoamides of s-lactams has 

been studied as an approach to carbapenems C841. The carbene species from ethyl 

diazoacetate and rhodium porphyrin catalysts inserts into C-H bonds of hydro- 

carbons (equations 87 and 881 [85]. Intramolecular cyclopropanations were obser- 

ved in nickel catalyzed diazoketone decompositions (equations 89-91) [86]. 

t N2CHC02 menthyl 

(Rl 

1-R trans 42% -- 

R R C02R 
- 

-Y 

N2CHC0PR 

(SI cat. 
* 

-72 

* 

(821 

(83) 

85:15 cis:trans -- 
cis = 90% ee - 
trans = lo-20% ee 



AcOCH2-z-CH20Ac 

N2CHC02Et 

Rh2(OAc)4 
m AcOTc 

I 
C02Et 

65% 2% 

AcOTOAc Rh2(0Ac)4 ~ 

COCHN2 

OAc OAc 

309 

(84) 

(85) 

30-40% 

(861 

R' 0 
Z P' 

R CHN2 
F 

MOK016 
+ 

d 

+ RkH2CH=C 

or 
= Ry-k I R1 'Z 

Z 
Mo2(0Ad4 major 

+ 

H 
N-N 

RhTPPI 
+ N2CHC02Et 

* L?Yo2Et 
(87) 

71% 

(88) 

RhTPPI 

7 + N2CHC02Et - 

all possible isomers 

30-60% 
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COCHN2 

COCHN2 

(89) 
R2 

hv 

Ni(acac) 

The iron carbene complex in Scheme 1 was an effective cyclopropanating 

agent 1871. 

Scheme 1 

Cp:e(C0)2 

-C- 

dMe 

--r 
CpFe(C012 

f 

+ 
P(OMe13 
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Olefins were cyclopropanated by bromomalonates when treated with copper(I1) 

halides and amines (equation 921 E881. Bis-trimethylsilylenol ethers were con- - 

verted to cyclopropanes by reactions with titanium(IV1 chloride (equation 93) 

[89]. Allylic alcohols were cyclopropanated by ethylidene iodide and zinc/copper 

couple C901. Olefins and rem dihalides produced cyclopropanes when treated 

with copper(I) bromide in DMSO [91]. 

x I 
cux* 

+ BrCH(C02Rl2 - 
C02R 

amine C02R 

40-90% 

olefin = Ph /=, p-to1y1 /=, p-ClPh/=, @CN, 

2TiC14 
W 

CH2C12 

(92) 

(93) 

*O-JO% 

5. Cycloaddition Reactions 

Nickel101 complexes catalyzed the [2 + 23 cycloaddition of elec- 

trophilic olefins to strained olefins (equations 94 and 95 1 [92]. Similar com- 

plexes catalyzed the [2 + 2 + 21 cycloaddition of alkynes with isocyanates to 

give 2-pyridones (equation 96) [93]. 

Nit01 

H 

Z = CN, C02Me 

% 
Z 

(94) 

55- 72% 
ii 

R.eferencw p. 468 
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Nit01 
R-:-R' + R"NC0 it RR' 

(95) 

(96) 

R = Ph, Et, Me 

R' = Ph 

R" = Me, H 

13-84% 

Copper(I) triflate was used to catalyze a number of photolytic 12 + 21 

cycloadditions (equations 97-99) [94],(equations 100-102) [95], and (equation 

103) [96]. Titanocene hydride converted 1,5-hexadienes to cyclopentenes (equa- 

tion 1041 [97]. Palladium(II1 salts catalyzed the cyclodimerization of alkoxy 

acetylenes, whereas cobalt carbonyl complexes cyclocarbonylated these substrates 

(equation 105) C981. 

OH 

JZ 

hv t b -_A (971 
CuOTf 

R R 
80% 

R = Me at,2, 4, 5, 6, 3 

di Me at 4, and 2,5 

hv 

CuOTf 
(981 

c OH ,:6,, - mO” + (-Jy-OH (99) 



313 

(100) 

(% OH “aTf * TtH + y (lo2’ 

CuOTf 
h" t 8 Ru203 ) '9 (103) 

48-98% 60-85; 

R = H, Me 

n=5,6 

H 
: = 

\ 

cc 

"Titanocene hydride" 

=' 
= 
H 

References p. 458 



314 

t o---_-o t 
CH2C12 

+ PdCl2.2MeCN p 
rfx 

L- 
O 

0 
cpcoKo)2 

0 

hV -ti - 
k0 O’rc 

(105) 

The palladium mediated "trimethylene methane" cycloaddition to a,B,T,6- 

unsaturated esters gave two cyclic products, theratios of which depended on the 

palladium catalyst and the solvent (equations 106 and 107) [991. Bicyclic 

material was prepared in this fashion (equation 108) ClOOl, as was (2) albene 

(equation 109) [loll. Vinylcyclopropanes underwent a [3 + 21 cycloaddition to 

olefins to give cyclopentanes in the presence of n-allylpalladium catalysts 1102 

- 
\ 

C02Me 

1. 

C02Me 

Cb2Me 

L4Pd, dppe, THF 1.6 

L4Pd, dppe, diox 3.8 

[(i-Pr013P14Pd 1.1 

TMS 

Pd(O) 
OAc _. 

Ph 

C02Me 

i02Me C02Me 

1 47% 

1 98% 

1 89% 

C02Me 
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TMS +;to+ + -vt 
2 H 

(CH2)_ (108) 

OAc I 

Et02C H 

(109) 

TMS&I + 

Pd(OAc12 

Electrophilic olefins (equation 110) and alkynes (equation 111) underwent 

a two step cycloaddition process when treated with n' -allylcyclopentadienyl iron 

complexes 11031. Similar reactions were observed with iron complexes containing 

enol ethers (equation 112) [104], (equation 113) [105]. In some instances four 

(equation 114) and six (equation 115) membered rings were formed [106]. With 

cyclic enones a cyclopentane annulation procedure was developed (equation 116) 

c1071. 

R' H 
R' 

CpFe(C0)2M + - - FP 

Wp) 

R', R2 = C02R, CN ,:",;, / 

G 

R2 (110) 

H 
R3 60-90% 

I 

CeI" 

8r2 ROH, CO 

d 

R3 = H, C02R, CN 

# 

R2 
8r RO 

30-80% R3H 60-87% 
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FP 

+ Me02C-CX-C02Me - 9% 

Me02C 

FP 

C02Me 

C02Me 

R' 

F 
iI* 

R3 

FP -,,,_/OMe 

1 Me02C-CEC-C02Me ~ P- 
C02Me 

FP I 
C02Me 

OMe 

R' R3 

t( 

FP R' 

FP 

-?- 

Me0 

-v 

R* - + - 

R3 
OMe R* 

H 
H 

R' R* 

R' R 

RCX-C02Me + 
R'\=/R' 

A, CH2C12 

C02Me 

(112) 

(113) 

(114) 



R" 

Y 

; 
+ 

R-CzC-C02Me 

FP+ 
A * 

0 
0 

R" 

0 

(115) 

Fp- 

+ 6 5 &&_,./Fp (116) 

H 45% 

Chromium carbene complexes have finally been developed into useful reagents 

for organic synthesis. Reaction with enynes produced naphthoquinone vitamins 

after oxidative removal of the chromium (equation 117) [108]. Nanomycin (equa- 

tion 118) and deoxyfrenolicin(equation 119) were prepared using this kind of 

chemistry [109]. The regiochemistry of addition of alkyne was controlled by 

incorporating it into the carbene complex 

/Ph 
(CO),Cr=C, t 

OMe 

H R2 

Y 
- 

R1-C-C-CH2' 

R' = Me, H 

R2 = (CH2CH2CH2f~)C~3, Me, 

CH3 

References p. 468 

(equation 120) 11101. 

OH R2 
/ 

CH3 

(co)3ci 1 
OMe 

60-90% 

I Ag20 (117) 

* -ffe w : , O , - R2 
R' 

0 

40-55% 
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OMe 0 (118) 

-$+b ox. 
Gr(C016 + &Y/ -- 

or& OEt 

PdC~2/CuCl2 
-----+ w 

CO 02Me 

- - Na~~~c~~ 7% 

(rrsf 

OAc 

16-82% 



Naphthoquinoneswere synthesized by the reaction of alkynes with cobalt- 

aphthalates (equation 121) [llll. Finally the THP ether of ally1 alcohol 

reacted with the cobalt complex of P-butyne to give a cyclopentenone (equation 

122) 11121. 

+ RC;C-R' - 

R = H, Et, TMS, Me 51-96% 

R' = n-L&, Et, CH20Et, CH(OEt12, (CH2)20THP 

(121) 

OTHP H+ 

CH,-T-CH3 + . 

C02(CO)6 
m" 

35% 

0 

tf- 
I OH -- 

6. Alkylation of Alkynes 

C02H 

Organocopper chemistry continues to be extensively used for the 

alkylation of alkynes. Vinylcuprates added to acetylene to give functionalized 

1,3-dienes in excellent yield (equation 1231 C1133. Similarly alkoxy containing 

cuprates added to alkynes to give functionalized alkenes stereo- and regiospeci- 

fically (equation 124) C1141. Triphenyltincopper reagents added to acetylene in 

a similar fashion (equation 125) and reacted with propargyl mesylates to give 

allenes (equation 726) C1151. 

R1 R3 

Et20 Et 
t HCeCH - m 

(1231 

R1 R3 R' = H 

E 
/ R2 = H, n-Bu 

R3 = H, Me, n-C8 

E+ = C02, BuI, MeI, PhSCH2NEt2 
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1) HC=CH 
(RO-(CH2),+2CuLi.ZLiX.LiBr 

2) E+ 
v RO(CH lmE 

2n 

I 
52-78% 

E+ = Mel, 12, PhSCHNEt2, + Pd cat. 

Ph3SnCu + HC&H 

R = Me, 

Ph3Sn R 

@ , TMSCzC- 90% 

Ph3SnCu + H&C-FHR - Ph Sri/=\-- 
3 

OS02Me -7R 
75-80% 

124) 

(125) 

(126) 

Zirconium complexes catalyzed the carboalumination of alkynes to give vinyl- 

alanes, which reacted with electrophiles to give substituted alkenes (equation 

127) Cl161 (equation 128) [ll71. 

MeOBR2' 
* 

I 
R H 

RCrCH 
Me3Al 

- 
C12ZrCp2 -)_( 

Me AlMe 

1 1) n-BuLi ~ 

2) X2ZrCp2 

R' 

R&R2 + R3$lCl 
Cp2ZrC12 

cat. 

_ I2 _ R3H; + ;k; (128) 

(127) 

rCp2X 

R' = n-C5, n-Bu 

R2 = Me, Et, n-Pr, n-Bu 

71-82% 

from 9B/2 to 76/24 
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Palladjum( TT)complexes catalyzed the addition of allylic halides to tri- 

~thylsily~acetylenes (equation 1291 Ell81. Chromic carbene complexes condensed 

with alkynes to give unsaturated species (equation 130) E1191, (equation 131) 

[1201. 

R2 

RTCK-TMS + CT 
+ 

PdCl2(PhCN)2 
W 

R2 (129) 

R3 

R1 = n-Bu, n-CS, n-C6 

R2 = H, Me 

R3 = H, Me 

79-91% 

Ar 
EtOH 

.'Ar + HCmCCO2Et d 
/H 

(CO)$r=C\ 
c"LI. 

(130) 
OMe THF CH2fC02Et) 

60' CH30 

80-87% 

Ar = Ph, 6 , @- , &$ 

I 

,Awl 
(CO)$r=C, 

OMe 

O=C=C' 
TMS 

+ TMSCX-TMS F 'c=c 
,ArCr(CO)3 

TM/ 'OMe 
(1311 

Cobalt-stabilized propargyl cations reacted with a variety of nucleophiles 

to produce a variety of propargyl substituted systems (equation 132) [12l, 1221. 

With further investigation two products were obtained (equation 133) [123]. 

(132) 

r” Ei 
CH 
I3 NW Fe"T iH3 

HC;C-C=CH2 - HCsC-C-CH2E - - HDC-I-CH2E 

C02iCO)6 c o2(&6 NW 

5590% 

E+ = M&O, +co, , t-h, C10H15, p-MePhS3 P-ClPhS, NO2 

NUC = MeO-, OH- 0 
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R 
Nuc.E 

OH wH--_ 
BF3.Et20 

CH2C12 

-780 + 

Nut-E= PhOMe 82% A 

W 
TMS 

81% A EtOH 

TMS 
80% A 

B 

76% A, 6% B 

10% A, 70% B 

(133) 

7. Alkylation of Ally1 and Propargyl Alcohols and Acetates 

Allylic alcohols were alkylated with SN2' regiochemistry by 

sequential treatment with methyllithium, copper iodide, organolithium, and a 

phosphonium salt (equation 134) [124]. Allylic phosphites were alkylated by 

heteroaromatic Grignard reagents in the presence of copper(I) iodide (equation 

135) C1251. The regiochemistry of the reaction of Li2Cu3Me5 with allylic carba- 

mates or acetates of terpenoid alcohols was studied C1261. 

'Ivy 

OH 
1) MeLi 

/ 2) CUT 

3) RLi 

) R*R2 

R2 
4) Bu3PNMePh 

R 

R1 = TMS , TMSCH 2' " 

R2 = H, n-Bu, TMSCH2 

R = n-Bu, Me, Ph, Ar 

(134) 
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80% 

80% 

Copper-catalyzed reactions of Grignard reagents with %-vinyl-%-lactones has 

been used in the synthesis of a number of interesting organic compounds (equa- 
tions 136 and 137) C1271, 

The five and six membered 

143) c1301. 

(equations 138 and 139) C1281, (equation 140) C1291. 

lactones reacted similarly (equations 141, 142, and 

(136) 

THPO_MgCl 

+fl"+L 

0 

HO 
OH 

65% 

p&/HgCl + /--c&o cul ) 
(137) 

0 0 

OH 

37% 
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CUM 

R 

R = H, Me 

N' 
NMe2 

+ Jf” + ~1 v0H”3g’ 
99: + 

7584% 
R' = Me, Et, Ph, H 

R2 = H 
-(CH2)4- 

/\o 

8,&H 

1) Mg 

2) CuI.Me2S 
* 

3) HCnCH 

(138) 

91% 

8 

R' 
OH 

R2 

1 

1) Mg 
c 

2) 8r-8r Br 
86% 

Li2CuC14 

-\ 8rMgcuH / 2 
(continued on 

next page) 
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cl- I Cl 
ec 

(MeOI3P H 

1) Mg 
c 

2) GUI H 

THF, Me2S 

__Ic- 
CHO 

RMgX/CuI 

or R2CoMgX 

R = Me, n-Bu, Set-Bu, t-Bu, &@-j+-,Ph 

1) HCzCH 

duMgBr ,,a0 -4 

(142) 

OH 

RMgX/CuI 
0 

* 
OH (143) 

Allylic halides and propargyl boranes coupled when treated with copper(I) 

iodide to form eneynes (equation 144) 11311. Dienic ally1 sulfones underwent 

T,6-alkylation with organocopper reagents (equations 145 and 146) [132]. Drgano- 

cuprates reacted with 1,4-diacetoxy-Z-butenes with high regioselectivity (equa- 

tions 147-149) [133]. Allylic thiocarbamates underwent $2' alkylation when 

treated with organocopper reagents (equation 150) Cl341 (equation 151) 1135-J. 
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RCzCCH2ElR2 + 
Br GUI 7’ 

L 
MeOLi 

RCEC-CH2CH2-C=CH2 (144) 

R = ~I-C,~, n-Bu, i-Bu, set-Bu, CyClOpentYl 

R' = H, Me, Br 

(145) 

SO2Tol - S02Tol 

w 
+ Bu2CuLi ___t w 

20-60% 

4- s"2N 

--/ 

R2CuLi 

R 

wS02w 

(146) 

RCu*MgBrX-LiBr + 
Aco-Id-Aco 

R 

82-100% 

+ (147) 

Rv OAc 
minor 

RCuMgBrXLiBr 
"'"\oAc - "6OAc 

0% 

I-c - 
(148) 

L- OAc 

100% 
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OAc 

+ 
RCuMgBrXLi t ' TOAc ) 

OAc R 

t (149) 

R' = H R* = Me R = n-Bu, Bz, n-C8, -(CH2)40MgX 

R' = Et R* q H 

R' R* 
R* (151) 

tiR3 + R4MgX CuBr ) R1&,3 

R4 

70-90% 

R' = H, Et 

Acetals of allylic aldehydes underwent a double alkylation when treated 

with Grignard reagents in the presence of nickel(I1) catalysts (equations 152-154) 

11361. Titanium(IV) chloride coupled ally1 acetates and ally1 silanes (equation 

155) c1371. Palladium(I1) complexes were used to couple allylic halides to 

trimethylsilylacetylene (equation 156) [1381. Ally1 acetate and benzene were 

reacted in the presence of palladium(I1) salts to produce unsaturated aldehydes 

(equation 157) Cl391. 
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OMe 

t PhMgBr 
L2NiC12 

or Ph 
Ph 

w 
t 152) 

OMe 

0, / OMe 

OMe 

,;;;f, b (&Ph t d;: (153) 

Ph 

OMe 

OMe 
PhMgX 

L2NiC12 

Ph 

OAc 
TMS 

bR ; * 

(154) 

(155) 

R = CH20Bz, Ph, CH.$.Ph, n-Pr 

60-99% 

B? 

HCrC-TMS t w 
PdBrz(PhCNjp 

94% 

TMS (156) 

1) Mg/THF 

2) RCH2X, CuI 
* &CH*R 

0-e-R 

J-- + 
Pd(TFA$ 

CF3COOH 

.. > + Ph$; 

Ph 

O-12% Ph 9-47% 
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Chiral propargyl mesylates were converted to chiral haloallenes by reac- 

tion with copper halides (equations 158 and 159) 11401. Alkylcopper reagents 

converted propargyl tosylates or mesylates to allenes (equation 160) [141], 

(equation 161) Cl421. More highly unsaturated propargyl systems reacted in a 

similar fashion (equation 162) 11431. Propargyl epoxides were converted to 

allenic systems when treated with organozinc reagents in the presence of palla- 

dium(0) catalysts (equations 163 and 164) 11441, (equation 165) 11451. Cumu- 

lenes were produced from a-acetylenic vinyl halides and organocopper species 

(equation 166) [1461. Titanium(IV) chloride coupled propargylic trimethylsilanes 

with alkylidene malonates to produce allenes (equation 167) Cl471. 

Ph 
z 

Hc-t-CsCH 
LiCuX2 Ph '11, 

* c=c=c 
/X 

/ Hfl 'H 

MsO 

go-95% 

high ee 

OMe 

R'-:-CzC-R2 + 
Ph 

I!! 
Ph 

>N-CH2CuMgX 

LiCuX2 
* 

-60' 

(‘58) 

R' 

>< 

2 

Ph 

H CH2N 

15-452 
h 

(160) 

R' = Me, n-Pr, H 

R2 = H, Me, n-Bu, Bz, n-C6 
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R' -_~-CEC-CH~I;I;~ + 
20% GUI H+ 

62 

BuMgBr 

9--c 

Me 
NR3 

I 
R 

40-80% 

(161) 

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

R2 = H, Me 

R3 = PhCH2, Me 

RCu 
R-C=C=C=C=C c--__ 

\R 8~ 

(162) 

RCu 
R'-CeC-C-C-C-R"' ) 

dMS 

R' R" 
7” 

R'-CrC-C,y,CH2 
1) RZnCl/L4Pd 

2) H+- * R)-=c,, 
(163) 

1;; ;;BLIZnC11L4Pd ) yk xoR = ==ic~~~~, t-Bu-CH=C=CH, 

1) TMS(CeC12 ZnCl 1) AgN03 
(164) 

HCsC-CH\-jH2 w TMSCsC-C=C-CH=C=CHCH20H 

0 
L Pd 

2) H 
4 

2) NaCN 

HC:C-C=C-CH=C=CH-CH20H II 

%30% 

H NPhth R3 
(165) 

+ RMgX/CuBr - 

R' 
R6 

Phti$ 

R 

Tt R6 

60% 
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Br 
If:,. ) ")== = ==(R 

R' 85-95% R" 

(166) 

R' = n-au, i-Pr, t-Bu 

R" = H D Ph I , 
R = t-Bu, i-Pr 

(1671 

R' f' fO2Et 

RCX-CH2TMS + KO2Et)2 
TiC14KH2C12 

15hr, 20' 
L CH2=C=i-CH-y-OM 

H 
R C02Et 

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

R' = i-Pr, OEt, Me 

R' C02Et 

42-84% 

8. Coupling Reactions 

Ullmann type coupling was used to synthesize thirteen substituted 

biaryls in fair to good yield (for example, see equation 168) El483. Haloazu- 

lenes were dimerized in a similar process (equations 169 and 170) 11493. Copper 

(equations 171 and 172) 11501 and nickel salts (equations 173 and 174) ['151], 

coupled sulfur stabilized carbanions, often with loss of the sulfur stabilizing 

group. 

pMe 

250° 
W 

Cu powder 
(168) 

References p. 468 



332 

R 

Cu powder 
* 

220° 

I- /, - a - 
’ ‘/ - 

(169) 

'R 
fair yield 

R 

2 PhS02fHLi 
cux2 

-or PhSO CH-CHS02Ph 
21 I 

R R R 

RYY S02Ph qi?+ cux2 ) 

(171) 

(1721 

R Li 

MgBr 

PhSO U 

2% Ni(acac12 
(1731 

2 rfx THF 
80% 

M 

PhSO; 
A 

2% Ni(acac12 
+ RCH=CHR t RCH-CH-R 

R rfx THF Y 
R 

(174) 

Diary1 mercury reagents cross-coupled with aryl halides to give unsymme- 

trical biaryls when treated with PhPdIL2 in HMPA 11521. Diarylmercury compounds 

produced biaryls under the same conditions. Aryl, vinyl and acetylenic mercuric 

halides were methylated by methylrhodium(III1 complexes (equation 1751 c1531. 

A detailed study of the reaction of aryl, vinyl and alkylmercuric halides with 
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organocopper reagents to give coupled productshas been published [1541. Nickel 

metal coupled aryl halides to biaryls and benzyl halides to bibenzyls [155]. 

- 7 - 
HgX 

7 
Me 

70° 
CH3RhI2L2 + i -HgX -+ F -Me 

HMPA 
(175) 

ArHgX ArMe 

90% 

The reductive coupling of carbonyl compounds by low-valent titanium species 

has been reviewed (40 references1 [156]. In addition to the coupling of car- 

bony1 compounds, these reagents cause hydrogenation,isomerization and aldol con- 

densation reactions to occur [1573. Fluorenone coupled to conjugated enones 

when treated with the reagent resulting from reaction of magnesium metal with 

titanium(IV1 chloride (equations 176 and 1771 C1581. The reagents produced by 

the reduction of TiC13, TiC14, NbC15, MoC15, and WC16, by lithium aluminum 

hydride were examined for their ability to couple benzophenone to tetraphenyl- 

ethylene. The reagent from TiClS proved the most efficient 11591. Reduction of 

NbC15 with sodium aluminum hydride gave a reagent that reductively coupled and/or 

deoxygenated a number of substrates (Scheme 21 [1601. The mechanism of titanium(O) 

coupling of ketones to olefins has been studied C1611. As the steric congestion 

about the parent ketone increased, the yield of substituted ethanes (from reduc- 

tion of the olefin) and methanes (from reduction of the ketones) increased, at 

the expense of the olefin [1621. The reagent produced from the reduction of 

titanium(II1) chloride with lithium aluminum hydride effected a number of coup- 

lings (Scheme 3) [1631. 

cro 0’0 +7-r TiC14/Mg 
* 

(176) 

25% 70% 
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@s$J$Q + fy TiC14/Mg) & (,77) 

z 
/\\ 70% 

Scheme 2 

NbC15 + NaAlH4 - "Nb" 

0 R 
"Nb" "Nb" 

* 
R R' 

R&OH _a 

R' R' R R 

PhCH20H 
"Nb" 

t PhCH2CH2Ph "Nb" 

Scheme 3 

LiAlH4 + TiC13 ) WTiM 

#Tj 8, 

PhX - PhH 

60-98% 

"Ti " 
PhCrCPh - PhCH=CHPh 

54% 

"Ti '* Th 
PhC-CHPh 

! r)H 

___c PhCH=F-C=CHPh 

Ph 

80% 

"Ti " "Tj ,I 
Ph2CHOH ___c Ph2CHCHPh2 PhN02 w PhN=NPb 

85% 65% 



Ketones were dimerized to diols by titanium(III1 chloride in strongly 

basic medium (equation 1781 [164]. Carboxylic acid derivatives condensed with 

ketones to give diols when allowed to react with titanium(II1) chloride under 

acidic conditions (equation 179) Cl651. Ferrocenyl alcohols were dimerized when 

treated with titanium(III1 chloride and butyllithium (equation 180) [166]. 

0 R(H) q(H) 
(178) 

2 Phi-R t 2 Tic13 t 6 OH- - Ph-d -C-Ph 
(Hl dH AH 

t 2 Ti02 t 2 Hz0 

53-88% 

RC-X t d-&-R’ 1 2 Ti3' : PH 
- R-.F -C-R' t 2 Ti4' 

2 H+ OH A2 

X = CN, C02H, C02Me, py 

R = Me, Ph 

R' = Me, H 

R2 = H, Me, Ph 

1 11 BuLi/OME I I 
CpFeCp-COH 

I 21 TiC13/BuLi/Et3N 

w CpFeCp-\-y-CpFeCp 

50-80% 

(179) 

(180) 

An imobilized macromolecular copper catalyst for the oxidative coupling 

of phenols has been developed Cl671. The kinetics of the oxidative coupling 

of acetone with aromatic compounds in the presence of manganese(III1 acetate have 

been studied 11681. Oihydrobenzofurans coupled when exposed to K3Fe(CN16 and 

base (equation 181) Cl691. Finally cobalt(II1 polyvinylpyridine in DMF catalyzed 

aldol condensation reactions between aryl aldehydes and aryl methyl ketones. The 

reaction proceeded under neutral conditions and gave no sideproducts [170]. 
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HO base 
+ K3Fe(CN)6 - 

(181) 

+ 

8. Alkylations Involving n-Ally1 Complexes 

The stereochemistry of reactions of n-ally1 complexes with nuc- 

leophilic reagents has been reviewed (15 references) C1711. The crystal and 

molecular structure of the dimeric n-allylpalladium chloride complex of testo- 

sterone has been elucidated 11721. Asymnetric catalytic allylic alkylation was 

the subject of a review 11731. "Cyclopentanoids: A Challenge for New Method- 

olgy" was the title of a review (63 references) which included a discussion of 

n-allylpalladium complexes in that context [174]. Catalytic reactions via II- 

allylpalladium complexes was also the subject of a review (14 references) 11753. 

Palladium(O) complexes catalyzed the alkylation of allylic acetates with 

a-ketoester anions (equations 182 and 183) [176], the coupling of ally1 phos- 

phites with a wide range of nucleophiles including stabilized carbanions and 

amines (equations 184 and 185) [177], and the coupling of ally1 ammonium salts 

with stabilized carbanions (equation 186) 11781. The alkylation of 1-acetoxy-4- 

hydroxy-2-butene at the acetoxy position was also catalyzed by palladium(O) com- 

plexes (equation 187) 11791. This type of reaction was used to make cyclopro- 

panes (equation 188) [180]. Double alkylation of 1,4-acetoxy-2-butene using 

palladium(O) catalysts was also achieved (equation 189) [lSl]. Alkylation of 

ally1 acetate by a e-diketone in the presence of a n-allylpalladium catalyst and 

a chiral ligand led to alkylation with up to 52% ee (equation 190) 11821. 
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N 
OAc + 

I/‘ 

Pd(O) 
C02Me - 

0 PPh3 

C02Me 

@3P (182) 
0 

AcO w 
OC02Me 

+ 
1(‘ C02Me 

0 

Pd(0) 

PPh3 

C02Me 

AcOw 

0 
77% 

(183) 

R 
w 

Nut 

L4Pd 
* RuNuc (184) 

63-88% 

Nut = CH(C02Et)2, Et2NH, OSNH, Phi; 

(185) 

Aco~OioEt)2 1) Nut L4Pd 2) Nut' 
* +- 

L4Pd 

Nut = CH(C02Et12, amines 

Nut' = amines 

Nut ’ 

\ 

\ 

50-80% Nut 

R' 
R' 

Y 

+ 
NEt38r- /x L4Pd 

+ NaCH - / (186) 

\Y 
R2 

>^/( X major 

+ 

R' = H, Ph, Me 

R2 = H, Me 

Y 

/>j‘ / 
R'. R2x 

X = C02Et 60-983 
Y = C02Et, s02Ph ketone enolates alS0 react. 
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R' R2 R' R2 

R' = H, Me 

R2 = H 

X q C02Me, C02CH2Ph 

Y = C02Me, COMe, CN, S02Ph 

OAc 

OR 

or 

OAc 

OR 

(188) 

+ NaCH(C02Me)2 
L4Pd RoG;02Me 

N R 4 . . ~;HdiphOl) 
2 

J 
C02Me + 
COiMe 

7:l no yield 

o- W(O) - - C02Me 

R’O 11ll1 OR 

(_)<c02Me 

) R'OIIII 0-c 
C02Me 

C02Me 

I 

C02Et 

Pd(O) (-I< co Et 

2 

R = COCH3 

R' = Cot-Bu 
Et02C ,,,,,o_c;z; 

C02Et 2 

(189) 
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0 0 0 0 

OAc 
t W 

up to 52% ee 

0 

Ph2P? )t, 
L* = Ph2PdN (CH212 

C02Me 

(190) 

Transmetallation to n-ally1 complexes continues to be a useful process. 

Ally1 acetates were alkylated by organozinc compounds in the presence of palla- 

dium(0) catalysts (equation 191) 11831. Fluorinated alkyl groups were introduced 

to allyl, vinyl, and aryl halides in a similar manner, although ultrasound was 

required for reaction (equation 1921 11841. Palladium(O) also catalyzed the 

reactions of vinylalanes with allylic lactones (equation 193) 11851, the reaction 

of boron enolates with ally1 acetates (equation 1941 [1861, and the reaction of 

aryltin reagents with ally1 acetates (equation 195) [187]. 

- r (1,4-elimination) 

H 

THF 
RfI t Zn - 

R-x 
I .- 

CRfZnIl 

L,Pd 

(192) 

RwRf 

ArRf 

good yields 
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BU H 

Me OAc 

(193) Bu H 

90% 

Bu H 

>90% inversion 

(194) 



OAc 

W 
L4Pd 

RSnMe3 + W RN 

z 

R = Ph, tolyl, ClPh, Ph / - 
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(195) 

Palladium(O) catalyzed cyclization reactions have proven very useful, 

particularly for the synthesis of large ring compounds. By using allylic epo- 

xides as substrates and a polymer-bound palladium(O) catalyst, large rings were 

synthesized efficiently without having to resort to high dilution conditions 

(equations 196 and 197) [188l. Although nucleophilic attack normally occurs on 

the less substituted position of a n-ally1 group, the regiochemistry of the reac- 

tion depends on the leaving group. Ally1 phenyl ethers underwent attack at the 

more substituted terminus (equation 198) 11891. Spirocyclic compounds were made 

by the palladium(O) catalyzed reactions of cyclohexenyl acetate. Both C 

(equations 199 and 200) and 0 (equations201 and 202) alkylation were observed 

E1901. Palladium also catalyzed the reaction between ally1 epoxides and vinyl- 

boranes (equation 203) [191], and the reaction of diethyl malonate with an 

allylic nitrile (equation 204) [192]. 

PhS02 
(196) 

PhS02 OH 

+ 

OH 

PhS02 

PhS02 

OH 

71% 

(197) 
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(198) 

Pd(OAcl2 

(S)tR)BPPFA 
OPh 

0 

CL *’ 

82% yjeld 

48% ee 

OAc 

\ 
C02Et 

NaH 0 

C02Et L4Pd 
We 

67% 

NaH 

CO2Me L4Pd 

0 63% 

OAc 

NaH 

L4Pd 

(199) 

f2001 

(201) 

(202) 
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Pd cat R' R2 

- 

*X 
- 

OH 

= n-Bu, n-Hex, Me, 2-propenyl, Ph 

= H, Me, TMS + 

R2 

L4Pd 

* 
C02Et 

(-l<CO Et 
2 

C02Et 

“‘k,, 
high yields 

(203) 

(204) 

KCN 

7090% 

The organometallic chemistry of nitrocompounds is beginning to be explored. 

Ally1 acetates were alkylated by nitro stabilized carbanions (equation 2051 

Cl931. Ally1 phenyl ethers and even ally1 alcohols reacted in a similar manner 

(equation 206) [1941[1951. In contrast, ally1 nitro compounds underwent 

alkylation with loss of the nitro group when treated with stabilized carbanions 

and palladium catalysts (equation 2071 Cl961 (equation 208) C1971. 
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RCH=CH-CH20Ac 

R = Ph, Me 

R' = H, Me, n-Bu, Ph, C02Et 

R" = H, Et 

R' 
L4Pd Y 

t NO-2 p RCH=CHCH2-t-R" 

R" N02 

t 

RiH-CH=CH2 

R'-C-N02 54-89% 
18, 

from 1:l to 97:3 

N02 + wx PdC’*$. 
b 

L, MeONa 

(205) 

do2 
(206) 

X = OAc, OPh, OH 

$? 

Made ti N02, dNo2, & , Ph~NO 
2' 

N02 

6 

/ t 
L4Pd 

b 

C02Me 

C02Me 

70% 

N02 

6 d 
N02 

0 
, ' 0 N&COMe also react 2 

(207) 

ON-COMe 2 2 
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OzN \ 
/If I + 

R 

C02Me 

(_) <~~%~~ L4Pd ;, C02Me (208) 

40% 

Allylic acetoacetates underwent a palladium catalyzed decarboxylation with 

some stereoselectivity (equation 209) 11981. Allylcyclopropanes underwent a 

palladium(I1) assisted ring opening with inversion to give n-ally1 complexes 

(equation 210) 11991. The x-ray structure and dynamic exchange process of n- 

allylpalladium complex ion pairs have been studied [200]. 

0 0 / Q@ 
0!CH2kH3 

R 

R = Ph, i-Pr 

CH,COMe 

-0” 
L 

Pd(OAc12 0 

L 

R 

PdC12(MeCN12 
W 

0.1 eq CuC12 

(209) 

4253% 86:14 cis/trans 

starting with 95:5 

cis/trans 

"Pd 

(210) 
PdCl 

Qcl + Bcl 

Vinylzirconium species alkylated n-allylpalladium complexes. This reaction 

was used to introduce steroid side chains (equation 211) C2011, and to synthesize 

macrocyclic polyenes (equation 212) C2021, (equation 213) C2031. 
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c Pd /“:, dF / \ 2 + cp2::y (211) 
0 

c 
0 

+ 

96% 7:l ratio 

0 
(2121 

+ (Me012CH- b 

ZrCp2C1 

0 

c 1 -0 
0 

OHC 
0 

c 

76% 

TiC13 
* 

Zn/Cu 

/ d2 - 
I 

+ 

/ - G / 78% 



(MeO),CH~ 
ZrCp2Cl 

OHC 

84% 

6 TiCl3/ZnCu 
. 

DME 

/ a \ - 
60% humulene 

Molybdenum(O) complexes also catalyzed the allylic alkylation of ally1 

acetatesby stabilized carbanions. The regiochemistry depended on the nature of 

the molybdenum reagent (equation 214) 12041. A variety of unsaturated II- 

allylnickel halide complexes were made and were coupled to a variety of organic 

halides (Scheme 4) [205]. 

(214) 

CO Me 
I 2 

OAc 

+ (_< co2Me co Me 

2 

MoK0)6 15 85 69% 

Mo(bipy)(CO)4 67 : 33 45% 
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SCHEME 4 

DMF 
t R'X _I_) 

R 

and 
Br 

Phi, Ph 

10. Alkylation of Carbonyl Compounds 

Alkylchromium(II1) reagents showed very high selectivity for 

aldehydes over ketones in alkylation reactions (equation 215) C2063. Chromium(I1) 

chloride coupled aldehydes and ketones with allylic halides with strong threo 

selectivity (equation 216) [207]. The stereochemistry of this reaction was 

studied and was found to depend on the nature of the substituent on the o- 

carbon [2083. F.!anganese(OI, produced by the reduction of manganese(I1) chloride '.. 
with lithium aluminum hydride, alsocoupled aldehydes and ketones to allylic 

halides (equation 217) 12091. Alkyl niobium and tantalum complexes of the consti- 

tution Me2M(O-i-Pr)S and MeMC14 alkylated aldehydes exclusively in the presence 

of ketones [ZlO]. Samarium(II1 iodide also reductively coupled aldehydes and 

allylic halides (equation 218) [211]. 

RCrC12(THF)S + R' H (2151 

very high selectivity for aldehydes 



RCHO 
H 

CrC13 t l/PLiAlH4 _ [CrC121 'M m RC 

wx AH 

349 

(2161 

22 cases studied high yield, high threo selectivity 

* 

MnC12 t LiAlH4 - "Mn(0)" R 
0 

R' 
A 

Br !H;R'& (217) 

- HCR' 
good yield 

11 Sm12 

RCHO + AX w RCH- I 

22 cases 

(218) 
21 H20 bH 

7B-96% 

R = n-C7. i-Pr, t-Bu, S 0 
X = I > Br > Cl >> OTs 

Titanium alkyls have also been studied as alkylating agents for aldehydes 

and ketones. Steroidal ketones were alkylated by a range of titanium alkyls and 

the erythro-threo ratios were determined (equation 219) [212]. Allyltitanium(IV1 

complexes reacted selectively with aldehydes when the anionic groups were iso- 

propoxide, and exclusively with ketones when the anionic groups were dimethyl- 

amido (equation 220) C2131.' However, a related titanium species alkylated alde- 

hydes almost exclusively threo (equation 221) [214]. Propargyl titanium species 

alkylated aldehydes to give mixtures of allenic and acetylenic alcohols (Scheme 

51 12151. Titanium(IV) chloride promoted the reaction of allylic trimethyl 

silanes with aldehydes. The stereochemistry was determined by the geometry of 

the double bond (equations 222 and 223) [216]. This reaction was used to syn- 

thesize a-methylene lactones (equations 224 and 225) 12171. 
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90-96% 4-10% 

used RTi(O-iPr)3, MeTi(OEt)3, R2Ti(O-iPr)2, TiMe4, MeZr(O-nPr)3, ZrMe4 

+ 

(219) 

(220) 

OH 

0- 
For X = 2:98 

For X = Me2N 98:2 

cH3TTi(NEt2)3 

0 -N(i-Pr)2 
E 

"1;;: ) Rho 1 N(, Pr) (221) 

__ *- 
2 

0 
>97% threo 

R' = t-Bu, Me, i-Pr, 
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TMS OX 

= 

- 

Ph 

+ R'CHO - R? 
TiC14 

T (222) 

H H 

up to 86% ee 

R' = Me, Ph 

R2 = t-Bu, i-Pr, Me 

TMS 

R2CH0 

TiC14 

OH 

Ph 

SCHEHE 5 

R* 

(223) 

R2 

R' - -= + R'CHO -R---E 1 

iL, R3 

1 - 

R'1 R2 

R3 
--I=" 

OH 
1. 

R1 7 TMS, Me R2 = H R3 = Ph, 0 l/2 = 1:99 -- 

R' = TMS, Et, Ph R2 = Me R3 = Ph, 0 l/2 = 99:l -- 

60-93% 
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TMS 
0 

0 

t Br 
R R' 

OH 

L2Ni(CO)2 

i 

70-90% 

(224) 

(225) 

OH 

EtA1C12 

Allyltitanium complexes alkylated aldehydes (equation 226) [218]. These 

compounds also reacted with a wide variety of other electrophiles (equation 227) 

[2191. 

TMS 11 BuLi/HMPA 
w 

2) Cp2TiC12 

(226) 

1) RCHO 
* 

2) 2fj HCl 

31 Air 

R = 
-?MS 

86-95% 



PhNCO 

NHPh 

H2° 

0 

OH 

(227) 

PhN=CHPh 

w 

\ 
CH3CN 

Ph 

"j‘ 

/ NHPh 

R 

Low valent titanium complexes promoted the olefination of ketones (equation 

228) 12201, (equations 229, 230, and 23i) C2211. 

0 
H R' 

i-Bu2AlCH=CHR' + R2 
A 

R3 
Cp2TiC12 

* x 
I 

R2 R3 

R' = n-C6. n-Pr 

R2 = Me, Ph, -(CH2)6- 

R3 = Me, Et, Ph 

61-70% 

0 H 

CH2Br2/Zn/TiClq 

(228) 

(229) 
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.O H 

CH2Br2/Zn/TiClq 

CH3 C02R 

94% 

H3C C02R 

CH2Br2/TiC14/Zn 
* 

C02Me 

A dissertation entitled "Diastereoselective and Enantioselective Aldol 

Condensations with bis(Cyclopentadienyl)zirconium Enolates" has appeared [222]. 

H. Alkylation of Epoxides 

CD2Me 

(231) 

Organocopper compounds were extensively used to alkylate epoxides. 

The mixed cuprate R2CuCNLi2 was a very mild and efficient reagent for the ring 

opening of substituted epoxides (equation 232) C2231. The substituted cyclo- 

hexene oxide in equation 233 was studied extensively 12241. Steroidal epoxides 

also alkylated cleanly (equation 234) C2251. This chemistry was used to prepare 

a maytansine synthon (equation 235) C2261. The site of attack of allylic 

epoxides depended on the structure of the organocopper species (equation 236) 

[227]. Propargyl epoxides ring opened when treated with organozinc reagents 

in the presence of palladium(O) complexes (equation 237) C22Bl. 

OH 

R2Cu(CN)Li2 + 

A R 95% 

(232) 



OTMS 

R4 

+ I[RCuCN]Li .-.. R 

high yield 

R = Me, n-Bu, t-Bu 

::o 

0 
fl 

OH 

t 

c 0 

R = Me, Ph, n-Bu, 

1) R2CuLi 

R$t(CN)Li 

21 aq NH4Cl 

(233) 

OH 

high yield (234) 

OH 

Me2CuLi 0 
\Me 

OTMS / c@ 
H 

85% 

(235) 

OTMS 

R2CuLi 

* "Y$I###, + aoH 

1.5 THF eq 0 100 62% 
4 Et20 eq 59 41 81% 
4 LiCu(CN)Me eq 100 0 77% 



356 

OH 
0 

R'GC 
-P 

Pd(Ol 
+ R'ZnCl - 

R 
RyH- 

R 

(237) 

12. Aromatic Substitution 

Selectivity in the addition of nucleophiles to n6- 

tricarbonylchromium(0) complexes was the subject of a dissertation 

(arene) 

12291. It 

was found that the conformation of the Cr(C0)3 unit in the arenechromium tricarbonyl 

directed the regiochemistry of nucleophilic attack on the arene portion (equation 

238) [230]. The effect of replacing the CO's of arenechromium tricarbonyl by 

phosphines was studied (equation 239) [231]. Cationic arene manganese complexes 

reacted with carbanions to give alkylated arenes. The manganese fragment could 

be recycled (equation 240) [232]. 

1) Li CN 
(238) 

oc 21 I2 

0 I2 
I +R- __t- 

I 
LCr(C012 

L = PPh3, diphos R = LiC(Me12CN, CHMeC02R 

R H 

+ R- c__) 

X d 
I 
Mn(C013 

56-92% 

(239) 

(240) 

CF3COOH 

CH3CN 

---I 

Mn(C013(CH3CN13 + R 

X = H, 4-Me, Cl X 

R = Me, Ph, +COCH2- 
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Chromium tricarbonyl complexes of indoles and benzofurans underwent alkyla- 

tion at C-4 unless substituents at C-3 were large (equation 241) [233]. Chromium 

tricarbonyl complexes of indole were lithiated in the 4-position and treated with 

electrophiles to produce 4-substituted indoles (equation 242) [234]. Similar 

studies were carried out with aniline complexes (equation 243) [235]. Chromium 

tricarbonyl complexes of dihydropyridines were alkylated and dimerized by reac- 

tion with organolithium reagents (equation 244) [236]. Mixed dicyclopentadienyl 

cobalt complexes reacted with organolithium reagents to give mixtures of products 

from alkylation on either ring (equation 245) (2371. 

Cr(C013 A 
X = NH, NMe, NBz, NSiPh2t-Bu, NC02t-Bu, 0 

Y = H, Me, CH2TMS 

R= C02t-Bu,--$ 3 , CH2CH=CHTMS 

1) n-BuLi. TMEBA : 

2) EC1 

3) hv 

E = TMS, C02Et, C02Me, 

Me,N/SiMe2(t-Bu) 
MeNAc 

Q 

'I 
1) BuLi 

2) Et 

Cr(C013 
3) I2 E 
4) Ac20/py 

57-73% 

E+ = PhCHO, MeCHO, HCONMe2, MeI, MeSSMe, PhCN 

E = CH(OH)Ph, CH(OH)Me, CHO, Me, SMe, COPh 

(242) 

(243) 
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(C013Cr 

+ RLi y,,,,o + q 

I H 

32-37% 

(C013Cr 

4-27% 25-50% 

(244) 

(245) 

TMS 

Me0 -b 0 

TMS ; 
co 

0 

TMS TMS 

co 

H 

From 0:lOO to 80:20 depending on R (no yields) 

R = t-Bu, Me, p n-C6 , n-C6-E, TMS-Z, t-B&-=, PhS-I, ClCX-, H 

Chromium tricarbonyl complexes of indanones were made by acid catalyzed 

cyclization of the complexed corresponding phenylpropionic acid (equations 246 

and 247) [2381. These complexes were alkylated and dimerized (equation 247) 

c2391. 
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P PPA 
CHCH2COOH & 

0 

I I major 

Cr(C013 Cr(C013 

+ 

R = H, Me, Et, i-Pr 0 

I 

Cr(C013 

(246) 

(247) 

ldeMgBr ) 

(C013Cr OH 

Ortho-palladation has been used to introduce alkyl substituents regiospe- 

cifically into aromatics. The regiochemistry of cyclopalladations of aryli- 

denemethylamines was studied (equations 248 and 249) [240]. Ortho-palladation 

of these types of compounds was used to prepare substituted benzaldehydes (equa- 

tion 250) 12411, and quinolines (equation 251) C2423. Directed palladation of 

2-methylaminomethylpyrrole was used to synthesize 2,3-disubstituted pyrroles 

[243]. 

;I&R__ Pd(OAc12 ) IetigT 
(248) 

3 
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Pd(OAc)2 

PdCl;. NaOAc 

R 
HOAc x 
80' R 

(249) 

(250) 

81-96% 

PhF 

Ph 

c 

TFA/HOAc 
R 

67-913 

R = H, 4X1, 4-MeO, 3-MeO, 2-MeO, 3,4-(Me012 

CN 
Et3N 

+ dcN - 

R R 

(251) 

160' 
+ HCN + 

% 

R = H, 5X1, 5-Me, 3,4 or 5-OMe, 4,5-diOMe 
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13. Alkylation of Dienyl Complexes 

The stereoselectivity of the c~plexation of cyclohexadiene 

esters to Fe(C0)3 was found to depend on the nature of the ester and the solvent 

(equation 252) 12441. An nmr method for determining the configuration (a or a) 

in .A if both epimers were available has been developed C2451. 

iCOf3Fe 6 

The regiochemistry of alkylation of 1-methoxy-4-substituted cyclohexadienyliron 

complexes dependedon the counterion (cation) of the nucleophile (equation 253) 

12461, and was correlated to steric, coulombic, and frontier orbital factors 

[2471. 

(252) 

C02R 

+ FefC0)5 - iCO13FedR + ~~O~3Fe_o'"R 

OMe OMe 

(253) 

OMe 

0 3 + -FeIC0)3 + R'(-1 - 

R 

Rfi-Fe(Cg)3 + ‘~-Fe~Co13 

I 
II 

R = Me, Et, (CH2)2C02Me, (CH213NPhTh 

R' = CH(C02Me12, ~H(OMe)(C02~e), CH(CNI2 

For' Li I:II = 3.0 Na 4.6 K 5.6 for CH(C02Me12 

Arylamines aminated cycYohexadienyliron complexes at 25', but alkylated 

themat higher temperatures (equation 254) [2481. Tri~thylsilylcyclohexadienyl 

complexes of iron were alkylated by stabilized carbanions (equations 255 and 256) 

E2493. Other related alkylations are shown in equation 257 C2501, equation 258, 

equation 259 C2511, and equation 260 12521. 



R = H, Me 

R' = H, Me 

NHAr 

Fe(C013 

Fe(C013 

(255) 
R"(-1 

R' R 

R" = CH(C02Et)2, CH(C02Et)(S02Ph) 

TMS 

t (256) 

R 

Fe(C013 

R' 

(257) 
R 

NaH/CH2(S02Ph)C02Me / 

-Q R' h/ ,CH /S02Ph 

Fe(C013 'C02Me 
R = H, OMe 

R' = OMe, H 

81% 
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(2581 

R' 

R2 

$J 

+ + 

R3 Fe(COI3 

OTMS R' 

b R4 / 

4-5 eq. 

CH3CN 
* 

high yields 

R' = H, C02Me, OMe 

R2 = H, OMe, Me 

R3 = H, OMe, Me 

R4 = H, Me 

(259) 
OTMS 

+ &R--&,,,&R 

OMe OMe 

FefCOl3 + "CHKN), - 

CN 

(CH2)nCH20TS (also with CN 

CHCN(C02R)) 

(2601 

This chemistry has been used extensively in organic synthesis. Substituted 

cyclohexenones (equation 2611 [2531, (equation 262) 12543, o-~thyljouber- 

tiamine (equation 263) 12551, steroids (equation 2643 [256], limaspermine 

(equation 265) C2573, and aspidospernine (equation 266) [2583 have been made 

this way. Cyclopropanes were prepared in a rather convoluted manner from 

dieneiron tricarbonyl complexes (equation 2671 (2591. 

Referencen p. 468 
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Me 
efCOlg 

Ph.$+ 

Me0 Cd 

(261) 

0 \ a 
OMe 

(262) 

Me0 
H 

Me0 
-CH(C02Me12 CeI' 

* * 

C02Me 

/ d rrt,-OAc 

0 *, ,, cope 
t 
C02Me 
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(263) 

OMe 

Fe(C013 + 

OK 

OMe 

OMe 

88-97% 

OMe 
OR 

NMe2 -- -- 

pMe 

MeOH OMe - -omme 
3 C02Me 

/ 
0 

(continued on next page) 
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OMe 
(264) 

-- 

P 
OMe 

0 \ 
0- 

= 
= R 

I H 

(265) 

Me0 

F;f?tco+ 

+ -CH(C02Me) 
:'yQ/NPhth 

CH(C02Me) 

68% 

-- R' 

Fe(C0j3 

,.O,J?L C02Me 
H 

- (2) limnaspermine 

(266) 

Me0 

- (+I aspidospermine 



0 

(RO)2&"2CO2Me 
t 

NaH 

CHO 
97% 

CHO 

CHO 

-- 

C02Me 
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(267) 

CO2Me 

DAP 

Et20 

58% 

/ 
-Fe(C0)3 

\ 

i: 

N 
CO*Me 

1 

8. 

alkylation 

-f-b- C02Me 

96% 

Conjugate Addition 

Organocuprates continue to be the reagents of choice for conjugate 

of a,e-unsaturated carbonyl systems. The reagent Me&+Li, was the 

best reagent for the 1,4-alkylation of aldehydes without conc&it&t-1,2-addi- 

tion. Other reagents tried were Me2Culi, Meti, MeCuBF3, Me3CuLi3, R4(Me)Cu3- 

(MgBrf2, Me3Cu2Li. ~Cu(R)~X, and MeCu E260J. The reagent R2CuMgCl.Me2S 

reacted with a,s-unsaturated aldehydes to give mixtures of 1,2- and 1,4-addition 

(equation 268) 12611. The reagent RCu*BF3 was efficient for the 1,4-alkylation 

of sterically crowded a,$-unsaturated ketones, esters, and even a number of acids. 

With a,a,y,6-unsaturated systems, 1,4-addition again predominated (equation 269) 

E2621. The reagent R2CuCNLi2 was also effective in 1,4-alkylation reactions 

(equation 270) C2631. Reagents of the type RS02CH2CuR' were efficient mixed cu- 

prates for conjugate addition reactions. The RS02CH2 group did not transfer 

12641. Finally 1,4-alkylation was effected by irradiating with ultrasound, mix- 

tures of conjugated enone, organic halide, lithium sand, and copper(I) iodide 

(equation 271) E2651. 
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R' R3 R' R3 (268) 
THF 

R2CuMgCl.Me2S + 
+ 

R* 
CHO 

Me3SiCl 

R* 
CHOTMS 

A 

R = Me, n-Bu, i-Pr, t-Bu, Ph, ally1 

R1 = Et, H, n-Pr 

R* = H 

R3 = Me 

45-84% 

(269) 

y"‘ C02Me tBu2cuLi ~co Me BuCuBF3+ 

Bu 

* y02Me 

Bu 

R2CuCNLi2 + 
4-&. 

R q n-Bu, Ph, n-Pr, A/ 

Li sand, CuI 

ultrasound 
0 

ArX fair to good yields 

(270) 

(271) 

Conjugate addition was a key step in a new annelation procedure (equations 

272 and 273) 12661. Prostaglandins were synthesized using conjugate addition of 

organocuprates to cyclopentenones (equation 274) [267]. This topic has been 

reviewed (20 references) 12681. Chiral alkylcuprates underwent conjugate addition 
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to cyclic enones to give chiral products in up to 75% optical yield (equation 275) 

E2691. 

n (272) 

MgBr 

HCl 
t 

[ OkMgBr 

+ 
CuBr.Me2S 

0 

di KH24, 

n = 2, 54% 

n = 3, 89% 

n = 4, 80% 

CuBr*Me2S 
* 

HCl (273) 

45-85% 

~cupBu3 
CHO_ C02Me 

c 

= 

oi~P 

(RI (274) 

%H 

References p. 468 



370 

R H 
0 

H+ 
GuLi + -- 

n =2,1 

0 
(275) 

3049% 

16-75% opt. yield 

Other more exotic conjugated enones also undergo 1,4-alkylation when 

treated with organocuprates (equation 276) C2701, (equation 277) [271], and (equa- 

tion 278) [2721. 

0 
0 

"RCu" - 
(SO, SO2 compounds 

R 
similarly 

"RCu" = [RCu-C=CPr]Li 

R = Me, Bu, t-Bu, Ph,-OTMS 

0 

R*MgX 

CuCl 

83-86% 

R = H, Me 

R1 = Me, Ph 

R2 = Me, Et, Ph 

RCu-BF3 
02 

THF 
0 

81-94% 

(276) 

react 

(277) 

(278) 

+l 
R = n-Pr, n-C6, Ph. Ph- , 



Depending on conditions cyclopropanes conjugated to carbonyl groups either 

survive intact (equation 279) [273], or ring open (equations 280-283) [274]. 

371 

Ph 

0 
t Me2CuLi - 

0 

t Me2CuLi 

--A +phd+phEo Ph 0 

92% 2% 6% 

V 

-Z -4 RCwAlC13 0 

0 
-4Jl 

(279) 

R 

7040% 

15 cases 

100% 

(280) 

\ 
(282) 

Ph 0 
+ Me2CuLi 

- ,::oo + pha 

Ph 

\ P 0 
Me2CuLi 

:' 

* 

86% 7% 

+ 

xx I 
Ph 0 

7% 

@ 3 0 

100% 

(283) 

Referencer p. 458 
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Chirality was induced into the conjugate addition process by introducing a 

chiral sulfoxide in the a-position (equations 284 and 285) [275], or by using a 

chiral alkyl group on the copper (equation 286) C2761, (equation 287) 12771. 

1) Me2CuLi 

21 H+ 

31 Al/Hg 

4) 2,4-DNP 

DNP 

(284) 

57% ee 

(285) 

72% 

100% ee 

NO2 

ti 

N02 

- t LiCH3CuR* - 

Ph Ph 

4-50% 

O-2% ee 

R* = menthyloxy, 

/- 

0 

- 

R 

t 

Cu-NMe2 
/ I 

Me 

high diastereomeric 

excess 

(286) 

(287) 

B-Substituted conjugated enones underwent conjugate alkylation by organo- 

cuprate reagents to give unsaturated products (equation 288) 12781,' or doubly 

alkylated products (equations 289 and 290) [279]. Heteroaryl cuprates also 

added 1,4 to conjugated enones (equation 291) C2801. 
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I 

U SMe + R2CuLi - J&5,+ Jz.R (288) 

major for major for 

cyclic enones acyclic enones 

0 

T!Yr R 
/ + Me2CuLi 

Br 

0 

-CL 
R 

good yields 

0 

-T!!Y R 

/ 
Me 

(289) 

(2901 

phAAR + (yJJ - I Nl 
2 CuLLiI 

9 

;‘I 
Ph 

82-85% 

Quinone monoketals were 1,4-acylated when treated with acylnickel 

carbonylates (equation 292) [2811. Nitromethane added 1,4 to conjugated ketones 

in the presence of nickel(II1 or cobalt(I1) salts (equation 2931 12823. 

(2921 

0 
Et 

t CR?-Ni(COlXI- - - R 

0 

x&Y + CH3N02 Ni(OAc)2 

or Co(OAc12 

"")J( 

Y 

bipy 
X 

good yields 

X = Ph, p-N02Ph, p-ClPh, styryl, H 

Y = Ph, p-N02Ph, p-ClPh, Me, CN 

(293) 

References p. 468 
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Iron pentacarbonyl and iodine catalyzed the 1,4 addition of diethyl 

ma~onate to acrylic compounds E2833. Iro~(III~ chloride pr~oted the cycliza- 

tion of dienones to cyclopentenones (equations 294-299) [2841. Titanium(III) 

chloride and t-butylhydroperoxide promoted the addition of ethers to conjugated 

enones (equation 300) C2851. Titanium(IV) chloride catalyzed the hydrocyanation 

of conjugated enones by isonitriles (equation 3011 Z286J. 

0 

FeC13 
c 

TMS 84% 

0 0 

FeC13 

-’ d I 
TMS 55% 

FeC13 
* 

TMS 

0 

FeC13 -9 I TMS 

FeC13 
* 

(294) 

(295) 

(2961 

(297) 

(298) 

(299) 



2 Ti3+ 

40-60% 

R' R3 

376 

(300) 

(3011 

80% 87% 84% 63% 

o=y a ,m oJ33 
0 

85% 84% 85x 82% 

C. Acylation Reactions (Excluding Hydroformylation) 

1. Carbonylation of Alkenes and Alkynes 

N-Vinylphthalimide was carbonylated using palladium catalysts 

(equation 302) 12871. The regiochemistry depended on the solvent and the pre- 

sence of added ligands and ranged from 98.5/1.5 linear to branched to 8.7Bl.3. 

Carbonylation of styrene or vinyl naphthalene in the presence of palladium(O) 

catalysts and a chiral phosphine ligand produced chiral esters (equations 303 

and 304) 12881. Indole was carboxylated at the 3-position using palladium(I1) 

catalysts under oxidizing conditions (equation 305 and 306) [2891. Immobilized 

palladium catalysts were used in the hydrocarboxylation of I-nonene [290]. 

CO, ROH 

CPdl 

(302) 

0 

R.eferencea p. 458 
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/= 

Pd(dbaJ2 C02Ke 

+ CO t MeOH W 
Ph (t) Neomenthyl PPh2 

A 
Ph 

94% 

52% ee 

CO Me 
I 2 

.,,m Same -,,e 
42% ee 

% 

=I I 
N 

0 
‘1 

k 
low conversion 

fair yield 

CO, Pd(OAc), 

s20s 2- :I I 

C02H 

% 

N c 
0 

s,y-Unsaturated ketones were converted to r-diketones when oxidized in 

the presence of palladium(II) salts (equation 307) [2911. Palladium also cata- 

(303) 

(304) 

(305) 

(306) 

lyzed reaction of olefins and carbon tetrachloride with carbon monoxide to give 

6-trichloromethyl esters (equation 308) [292]. n-Allylpalladium complexes 

carbonylated when treated with sodium butyrate and carbon monoxide (equations 

309 and 310) C2931. A dissertation concerning the rhodium catalyzed hydroacyla- 

tion of ethylene with unsaturated aldehydes has appeared C2941. 

RdH PdC12/CuC1/02 R,d 
t 

aq. dioxane 

0 

R' = Et, n-C6 

x = OMe, Me 
45-61% 

(307) 



/= + ccl4 + co 
R 

+- iiy\L(l3 + "Y'CCl, 

v03 
C02Et Cl 

40-90% 
R = n-C6, ArCH2, (CH2)2C02Et, (CH218C02Me 

R2 

n-Pr C02Na, MeOH 

50 psi CO 

R' = H, Me 

R2 = H, Me 

68-95% 

0 

n-Pr C02Na, MeOH 

50 psi CO 

Cl' \ 

C02Me 

\ 2 
/ 

90% 

(308) 

(309) 

(310) 

Alkynes were carbonylated to conjugated esters when treated with carbon 

monoxide, hydrogen, and ethylene in the presence of a rhodium catalyst (equation 

(311) [295]. Under other conditions, furanones were formed (equation 312) [296]. 

Acetylene itself was carbonylated in solutions of palladium(I1) bromide in the 

presence of triphenylphosphite and tosic acid [297]. 

R'CrCR' + CH,=CH2 + CO + Hz 
Rh4(CO)12 - 

150°, -)-+ 60 kg/cm2 H 
(311) 

CO,Et 
L 

R1,R2.ph 75% 

R1=8u, R2=H 42% 

R'=Ph, R2=C02Me 

R'=Ph, R2=H 48% 

R'=Me, R2=C02Me 

L 

R'=Ph, R2=Me 49% R'=R'=Me 25% 

R'=t-Bu, R2=H 61% 
12 

R =R =Me02CH2 76% 

40% 

76% 

Referencea p. 458 

R' R2 



CH3-CEC-CH3 t CO t CH2=CH2 
Rh4(C0),2 

ROH 

58% 

(3121 

Transition metals were used to activate carbon dioxide in a number of 

systems. Norbornene was carboxylated when treated with carbon dioxide and a 

nickel(O) catalyst (equation 313) [298]. 2,3_Oimethylbutadiene reacted with 

carbon dioxide in the presence of nickel(O) complexes (equation 314) [299]. The 

intermediate complex from alkynes was converted to acids or anhydrides (equa- 

tion 315) C3001C3011. Furanones were produced by the palladium(O) catalyzed 

reaction of carbon dioxide with methylenecyclopropanes (equation 316) [302]. 

Group VIII metals catalyzed the carboxylation of ethylene by carbon dioxide 

[3031. 

Lb t Nit01 - cfs 0 (313) 

+ co2 : H+ 

I bipy b ____c 
Ni' 

; 

C02H 93% 

95% 

t Ni(COD)2 t TMEDA + CO2 - (3141 

+ Me-CrC-Me + 

(315) 

C02H 
0 



+ co* 
Pd(O), PPh3 

-J? 

0 

0 
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(3161 

2. Carbonylation of Halides 

Aryl and vinyl halides were converted to their corresponding 

amides when treated with carbon monoxide and palladium catalysts in the pre- 

sence of secondary amines (equation 317) 13041. Under appropriate conditions a 

double insertion occurred giving a-ketoamides in good yield (equation 318) [305] 

[306][307]. Benzyl halides reacted with carbon monoxide and a palladium cata- 

lyst under phase transfer conditions to give several products (equation 319). 

With L4Pd as catalyst the carboxylic acid was the major product, whereas Pd(dbaJ2 

resulted in reduction and coupling, and Pb(diphosl2 produced esters [308]. 

Oiaryliodonium salts were carbonylated to benzoates by carbon monoxide and 

palladium(IIJ or palladium(O) catalysts 13091, as were aryl halides [310]. Acid 

anhydrides were produced in the reaction of arenes and 1,2_dibromoethane with 

carbon monoxide and palladium(II1 complexes (equation 320) C3111. 

L2Pd(Ph)I 
0 

ArX t R2NH c Art-NR2 (317) 
co 

40-80% 

Pd*I : ! 0 

RX + CO + HNR12 
60-100' 

= RC-C-NR12 t R?NRa2 (318) 

40 atm CO 
good yield 

4\ 

R = Ph, Ph /-, & , p-tolyl, p-anisyl, p-ClPh, u 

PdL, 0 

ArCH2X t CO t ArCH2COOH t ArCH3 t ArCH2t-0CH2Ar (319) 
PhH, 5N NaOH 

ArCH2CH2Ar 

ArH + c 8r Pd(oAc)2 ) Ar~_O_~_Ar 
15 atm CO 

loo0 32-66% 

(320) 

Ar = Ph, p-OMePh, tolyl, p-ClPh, q&J&r* @ 

References p. 468 
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Ketones were produced in the reaction of aryl halides with aryl trimethyl- 

tin reagents and carbon monoxide in the presence of a palladium catalyst 

(equation 321)[312][313]. Iron pentacarbonyl acylated sulfur stabilized carbanions 

(equation 322) [314]. 

ArX + Me3SnR + CO 
HMPA 

0 
R"X 

RSCH-Li + ie(C0)5 - - RSCH-;-RI' 

RI I+ 

modest yields 

R = PH, vinyl 

R" = Me RCO , 

(321) 

(322) 

Cobalt carbonyl converted benzyl halides into a number of products under 

phase transfer conditions. The product distribution depended on the conditions 

(equation 323) [315]. Organic halides, carbon monoxide, 1,3-dienes, and 

stabilized carbanions combined to give 8,u-unsaturated ketones when sodium 

tetracarbonyl cobaltate was treated sequentially with these reagents (equation 

324) 13161. 1,3_Diiodopropane was converted to a cobaltacyclopentanone, which 

behaved like a cyclic ketone in that it could be a-alkylated (equation 325) 

[317]. Benzyl bromide was converted to dibenzylketone by Ni(CN)2(C0)2= in 

aqueous acetone [3181. Electrochemical reduction of NiL2X2 in the presence of 

aryl halides and carbon dioxide gave arene carboxylates in good yield [319]. 

These same nickel complexes catalyzed the production of ketones by the reaction 

of aryl halides , carbon monoxide, and Grignard reagents [320]. 

R 

PhCH-X + NaCo 
Co2KO)g 

R /\/ C02Na 

~(CO14 
PTC 

t PhiHC02Na + Ph 

(323) 

0 

+ PhCHEC02Na 

r; 

PhCH-CHPh 

F; R 
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(3241 

RX + -co(coJ4 
'C02Me 

+ co + M+ (-K _* 
C02Me 

"eo2c+ 
‘R 

Me02C 
modest yields 

1) Ha/WE 
cpcoKo)* w 

2) I.- I 

3) 
H p 
)_, 

Ph 
+ ,/PPh2 

\ 

Ph 

CP 

1) LDA 0 

21 * 
31 FeC13H 

3. Carbonylation of Nitrogen Compounds 

Diethylamine was converted to diethyl oxamide by reaction with 

carbon monoxide and nickel(II1 amine complexes (equation 326) [321]. Amides 

were also produced in the reaction of lithium amides with carbon monoxide and 

alkyl halide and copper(I) iodide (equation 327) [322]. Metal complexes oxida- 

tively carbonylated amines 13231. Imines were acylated and reduced by carbon 

monoxide and trialkylboranes in the presence of dicobalt octacarbonyl (equation 

3281 [324]. Ketones were produced from alkyl tin reagents, carbon monoxide and 

aryl diazonium salts in the presence of palladium(II1 catalysts (equation 3291 

13251. 

00 

Et2NH + (Et2NHj2Ni8r2 + CO 
,I II 

w Et2NC-C-NEt2 (3261 

82% 

GUI RX 
0 

PhNMe + CO - - PhN-E-R 

ii 
Me 

's R=W 88% 

R = CH3C0 78% 

(3271 

References p. 468 



R' R' 0 R' 

R-t=?& + CO + R"' 
R" 

3B 

Co*(~O)* 
* &N&R" + R-~~NHR" 

60' 1 atm R,, 

40-80% 

R = PhCO, p-tolco 

R' = Ph, p-tolyl, H 

R" = Ph, p-anisyl 

P"' \ = Et, n-Bu, n-C,, Ph */ 

2% Pd(OAc12 0 

ArN2X + CO + R4Sn I, Ari-R 

40-90x 

R = Me, Et, Ph 

Ar = Ph, o-tolyl, m-tolyl, p-tolyl, E-ClPh, 4-ClPh, 4-BrPh, 

4-Wh, 3-N02Ph, 4-N02Ph 

1328) 

(3291 

Nitrobentene was carbonylated to its corresponding ethyl carbamate by car- 

bon monoxide in the presence of mixed platinum/tin catalysts (equation 330) 

C3261. Palladium catalysts anchored to silica gel by nitrogen and sulfur con- 

taining ligands were effective catalysts for the carbonylation of nitroaromatics 

to carbamates and isocyanates C3271. Rhodium on alumina catalyzed the same pro- 

cess and a mechanism for this system was proposed [3281. The additives Ca(V03j2, 

Al(V03)3, Pd0'03)2, H2M004, (NH412Mo04, and CdF!o04 promoted the palladium(II1 

chloride-pyridine catalyzed carbonylation of nitroarenes, azobenzenes and azo- 

xybenzenes to isocyanates [329]. A catalyst prepared by impregnating y-alumina 

with Pd2M02(n5-CSHS12(CO)6(PPh3)Z followed by heating at 300' for 16 hrs conver- 

ted nitrobenzene into phenylisocyanate at 240' and 100 atmospheres carbon mono- 

xide, in 80% yield and 100% conversion [3301. 

L2PdC12/SnClq 
0 

PhN02 + 3C0 + EtOH (3301 
Et3N 

w PhNH-;-OEt + 2 CO2 

SO atm 180' 
83% 

4. Carbonylation of Oxygen Compounds 

Carbonylation of benzyl alcohols and acetates has been reviewed 

(36 references) C3311. The full details of the synthesis of phenylacetic acid 

from benzyl alcohol and carbon monoxide, catalyzed by rhodium complexes has 

appeared 13321. Cobalt catalyzed a similar conversion of benzyl alcohols to 
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phenylacetic acid amides (equation 331) 13331. A variety of ketones and esters 

were produced by the reaction of ethylene, carbon monoxide, and isopropanol in 

the presence of ruthenium catalysts (equation 3321 E3341. Palladium cata- 

lyzed the conversion of ally1 carbonates to ally1 esters in the presence of 

carbon monoxide (equation 333) [335]. Methanol was reductively carbonylated 

over FeCo3fCOj12- catalysts [3363. Rhodium zeolites were used to catalyze the 

carbonylation of ethanol to ethyl propionate [337]. Formaldehyde was 

carbonylated by copper- or silver carbonyl catalysts in 85% sulfuric acid [338]. 

+ co + R*NH 
PPE 

e 
NaI 

co2Ko)B 

X = H, p-OMe, p-Cl, p-Br, p-N02, o-Cl 

R = i-Pr, cyclohexyl, Et 

0 

CR,:-NR2 

X 
40-80X 

H 

R Ru cat. 

// + co + _Ir+A 

0 

(331) 

(3321 

W 
0 Ow + co 

Pd(OAc)2 

5. Miscellaneous Carbonylations 

Reviews dealing with carbony~ation (43 references) f33P3, 

cyclocarbonylation of organic unsaturated substrates with carbon monoxide (24 

references) 13401, organic synthesis with carbon dioxide (153 references) [341], 

and carbon monoxide in organic synthesis by organotransition metal complexes 

(6C references) C3421 have appeared. Lithiated arenechromium tricarbonyl com- 

plexes reacted with methyl chloroformate to produce carbonyl-bridged dimers 

(equation 334) C3431. Arylthallium complexes were carbonylated by treatment 

with carbon monoxide and palladium(IIf catalysts (equations 335-337) C3443. 

Er‘ignard reagents were carbonylated to aldehydes by reaction with iron penta- 

carbonyl C3453. 

References p. 468 
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R &I 

i 

0 + ClC02:Ge 

Li 

; wi3 

Cr(C013 KO13Cr F 

T1(TFA13 
Tl(TFAj2 co 

ArH 
CF3COOH PdC12 

p ArC02b!e 

X1 
#eOH 42-80% 

OH + T1(TFA12 --!& 

X YeOH X 
0 

(334) 

(3351 

(3361 

30-EO% 

x = H, FleO, OH, tie 

‘9 R 

co 
+ T1(TFAJ3 - p 

Pd(II1 

X MeOH 
0 

X = OMe, H 50-90% 

6. Decarbonylation 

Aryl acid chlorides were decarbonylated to aryl halides by 

treatment with 1% palladium on carbon at 360°C 13461. Catalytic decarbonyla- 

tion of aldehydes using chelating diphosphine complexes of rhodium (I) has been 

studied C3471. The complex [Rh(dppp12]8F4 was lo2 faster than Rh(PPh313C1, 

under mild conditions (150') with turnovers in excess of 100,000 being observed. 

D. Oligomerizations 

The mechanism of the Fischer-Tropsch synthesis was claimed to involve 

methylene polymerization, but a carbon,monoxide insertion mechanism was equally 

well supported by the data [349]. Dimethylsulfoxide complexes of palladium(I1) 

such as (DMS0)2PdC12 and K+[DMSO PdC13]- were efficient catalysts for the dimer- 

zation of ethylene [350], as were tetrabutyl titanateltriethylaluminum systems 

in ether in the presence of hydrogen 13511. Propylene was dimerized by complex 

nickel catalysts fixed on phosphorylated polystyrene [352]. A dissertation 

dealing with metallacyclopentanes as catalysts for the linear and cyclodimeriza- 

tion of olefins has appeared [353]. Dimethylcyclopropene was dimerized and 
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tetramerized by n-allylpalladium catalysts (equation 338) [354]. 1,3-Dienes were 

prepared by the palladium-catalyzed dimerization of vinyl pentafluorosilicon 

species (equation 339) [3551. Methyl acrylate dimerized with incorporation of 

carbon monoxide when treated with carbon monoxide and dicobalt octacarbonyl (equa- 

tion 340) [356]. Methyl acrylate was hydrodimerized to dimethyl adipate by 

cobalt(O)/alkali halide/zinc catalysts [357]. The mechanism of the cobalt-cata- 

lyzed dimerization of acrylonitrile to adiponitrile was studied (equation 341) 

C3581. 

no yields given 

Pd 

< C 
(338) 

RW 5iF 1 MeCN R 

K2 
+ PdC12 --) (339) 

'5 _R 

2 q OMe + CO/H20 
0 

cc@+l;8 * 

100 kg/cm2 
0 

94% 

135O 

2 ACN + Co(O) cat --!Kw 
DMF 

NC-ICH2)4-CN 

References p. 458 
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Butadiene was dimerized to 1,7- or 1,6-octadiene by palladium(III cata- 

lysts in the presence of formic acid (equation 342) [359]. Bisphenoxytitanium 

catalysts dimerized isoprene C3601. Substituted norbornadienes were dimerized 

by rhodium(II1) complexes (equation 343) 13611 and by iron carbonyl nitrosyl 

complexes (equation 344) [362]. Iron carbonyls promoted the dimerization shown 

in equation 345 113631. 

Pd(OAc12 150' 
* 0 

PEt3, Et3N, OMF 
95% 93% selectivity 

H + HC02H (342) 

( Pd(OAc)2 90' . 

Et3N, DMF 
99% selectivity 

RhC13*3 H20 
t 

Et2AlCl 
+ 4 + 4 dimer 

1 
(343) 

lb R II 

Fe(C0)2(ND12 
*R &J-JgR (344) 

R = Me, CH20H, CH20Me, CD2Me 

Fe2(C01g 

I MeOH (345) 

J h 

&FetCOJ3 + :r:, li9and 

_. 
H 

30% 
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Keith cationic n-allylpalladium complexes as catalysts, higher telomers of 

butadiene and methanol were obtained than when neutral complexes were used (equa- 

tion 346) C3641. Pheremones were prepared from a telomer of butadiene and 

phenol, produced in a palladium-catalyzed process 13651. Alkylphosphine com- 

plexes of palladium catalyzed the telomerization of butadiene with acetone to 

give a number of products (equation 347) [366]. Nickel(II1 salts catalyzed the 

telomerization of aryl grignard reagents with butadiene (equation 348) [367]. 

Isoprene and phenol telomerized over Pd(dba12 catalysts (equation 349) [368]. 

In the presence of chiral phosphines, palladium complexes telomerized isoprene 

and methanol to give chiral products (equation 3501 [369]. The kinetics of the 

telomerization of ethylene with carbon tetrafluoride catalyzed by chromium 

hexacarbonyl or its monophosphine derivative have been studied [370]. 

(346) 

v, + MeOH + 

OMe 

OMe 

n = 0, 2, 4 n=O,2 

0 (3471 
L Pd 

e + n 

Nit111 
ArMg8r t M - 

Ar 
W (3481 

Pd(dba12 

) PhO- + 

(3491 
t PhOH 

71% 
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MeOH 
(( 

PdCl/Z + L* 

MeO- 
OMe 

(350) 

100% conversion 

up to 35% ee 

The kinetics of the cotrimerization of butadiene with styrene over nickel 

catalysts (equation 351) have been studied 13711. Rhodium(I) complexes catalyzed 

the codimerization of dienes with unsaturated acids (equations 352 and 353)[372]. 

Nickel(O) complexes with chiral aminophosphine ligands such as (-j(R)-Ph2PNMeCHMePh 

catalyzed the asymmetric codimerization of ethylene with 1,3-cyclohexadiene 

c3731. Palladium(O) complexes catalyzed the codimerization of norbornene with 

bromobenzene (equation 354) [374], and vinyl cyclopropanes with almost everything 

(equation 355) [375]. 

(351) 

e + P 
Ni(acacj2 

*/ /\ 
Et3Al 

Ph 

PPh3 

(352) 

//\// +W 

C02H Rh(COD)L2+PF6- 
* 

120' 12 hr 
W CCOH 

+ TCOOH 

66% 

(353) 

+ &4C02H Rh(COD)L2+PF6 

MeCO K 
+ PhBr + Pd(O) 2 (354) 



Ph 

Ph 

or 

R3P/Pd(O) 
W 

RCHCH2 

0 I 

80% 

a%::: 
61% 

(3551 

48% 

n=l 97% 

n=2 76% 

n=3 80% 

A dissertation on the subject "organonickel intermediates in alkyne 

oligomerization reactions by nickel(O) complexes" has appeared [376]. Niobium(V) 

and tantalum(V) halides catalyzed the polymerization of 3-octyne and phenyl 

methyl acetylene to polymers exceeding molecular weight 1 x lo6 13771. Dibenzo- 

cyclobutanes were produced by the cobalt-catalyzed CO-cyclotrimerization of 

diynes with alkynes (equation 356) [378] (equation 357) [379]. Estrone (equation 

358) [380] and other polycyclic compounds (equation 359) were made this way. 

Rhodium(I) catalyzed a similar process (equations 360-362) C3811. 

Q + ‘I 
cpco(co)2 

R2 

A,hv *w;: 

R1 = R2 = TMS 96% 

R~ = TMS, H, n-Bu, Ph, COpMe 

R2 = n-C5, n-Bu, Ph, C02Me 

(356) 

I 25-5896 
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TMS 

e 
/ Ph 

1 

+ III 

*, I 
T#S OTMS 

TMS 

Ph 

(357) 

OTbiS 

TMS 
72% 

1) cpcO(c0)2, A 

2) FeC13 

estrone - * I 

cPco(co)2 

Me0 

60% 

X = CH2, 0, S02, NHCOble, C(C02b!e12 

R = H, n-Pr, CH20H, Ph, T#S 

x-+x &-&rR 
0 

(360) 

(361) 

79% 



III 

L3RhCl 
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(362) 

Cobalt complexes cyclodimerized di-t-butoxyacetylene with carbon monoxide 

to make the tetrasubstituted cyclopentadienone (equat. 363) 13821. Theoretical 

calculations concerning the role of cobaltacyclopentadienes in the cobalt- 

catalyzed oligomerization of alkynes have been carried out 13831. Nickel(O) 

complexes catalyzed the reaction of alkynes with carbon dioxide (equation 364) 

[384] and isocyanates (equation 365) [385] to give a variety of products. 

cpco(co)2 e- 

+ 
0-E 

-0+ 
pentane (electrochemical; 

MeCzCMe + CO2 

0 

& N 
Ph-N 

k 

t! 

Me 

cocp 

58% (363) 

(364) 

Me R 4 

Ni R'X_ X 
R' C02H 

I \ 

70% 

1) R”mI-R” 
R"CHC1 

2) H+ 2 

R" 
72% 
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a R 

RCZCR t R'N=C=O 
R-s-R 

/ 

Me1 

NHR 

87% 

\ 

R 

co 
12% 

(3651 

iz 
75% 

Condensation of diphenylacetylene with chromium vapor produced tetraphenyl- 

cyclobutadiene, hexaphenyl benzene, and the bis-arene chromium complex of the - 

starting acetylene C3861. The influence of ligands on the rhodium catalyzed 

oligomerization of terminal hydroxyacetylenes has been studied [387]. Alkynes 

were oligomerized by polymeric organostannylphosphenyl(tricarbonyl)nickel com- 

plexes [3aai. A review (24 references) entitled "Carbon-carbon Bond Formation 

II. Oligomerization, Isomerization, Metathesis, and Hydrocyanation" has appeared 

C3a91. The cationic palladium(I1) complex Pd(CH3CN14(BF412 polymerized (equa- 

tion 366) [390] and polymerized with carbonylation (equation 367) [391] a num- 

ber of unsaturated substrates. The tantalum-carbene complex Ta(CHCMe3)(H)L312 

polymerized ethylene to polyethylene C3S21. Benzene was polymerized to poly- 

benzene (equation 3681 [3931 by Cu(A1C1412. Cationic molybdenum and tungsten 

complexes polymerized olefins via a cationic process (equation 369) 13941. 

PhCXH 

HCrC-C02Me 

CH*=CHPh / 0 \ 
Lb 

Pd(CH3CN14(BF4)2 
w Polymer 30-902 



0 

CH2=CH2 + CO 
Pd(CH3CN)4(BF4)2 

n-PPh3 
* -I-CH~CH~-E+~ 

high molecular weight 

& , & also react 

2o" 
+ C~1AlCl4)~ - 

2 hr 

92% 

MeCN 
MKO), + 2 NOBF4 - [M(NO)2(CH3CN)4~(BF4)2 

M = w, MO 

A 
Ph ,Ph& 0, sI are polymerized by this catalyst 
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(367) 

(368) 

(369) 

E. Rearrangements 

1. Metathesis 

New metathesis catalysts continue to be developed and refined. 

Homogeneous metathesis of internal alkynes was catalyzed by Mo02(acac12/Et3Al/ 

PhOH systems, which are more efficient than previous L,Mo(CO)Y phenol systems 

The methathesis of cis-2-butene over Mo03A1203 catalysts of varying degrees of 

reduction was studied[396]. Tungsten hexacarbonyl was attached to an ion 

c3951. 

exchange resin, reduced with EtAlC12 , and thereafter functioned as a metathesis 

catalyst for 1-octene [3971. The technetium complex (Ph3P)2Tc(C0)3Cl was a 

moderately active metathesis catalyst for 2-pentene 13981. Tungsten phenoxides 

in combination with EtAlC12 active catalysts for the metathesis of olefins [399]. 

Tungsten carbene complexes became very active metathesis catalysts when treated 

with aluminum trichloride (equation 370) [400]. The molybdenum complex 

Mo(NO)(CO)~(A~C~~) was an active long-lived metathesis catalyst for 2-pentene 

[401]. The metathesis of 1,7-octadiene was catalyzed by tungsten complexes 

such as W(CO+(NO)X, W(C013(NO)LX, and W(C0)2(NO)L2X C4021. Active centers for 

metathesis of alkenes on tungsten oxide-silica centers were studied C4031. 

x NH AlC13 
(t-BuCH20)2;=C$ - 

"t-BuCH20,: ,H" 
,w=c, 

t-BuCH20 ;( R 

'AlX3 

(3701 
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l+exadecene metathesized to produce 80% 15-triacontene and ethylene over 

a 8u4NC~o(CO)5Cl~/EtAlCl2 catalyst system E4041. Small amounts of phenylace- 

tylene initiated the tungsten hexachloride catalysted metathesis of cis-2-pen- - 
tene, cyclopentene, cycloheptene, and cyclooctene C405,4061. The ring opening 

metathesis of norbornene using group VI metal catalysts was studied [407I. Evi- 

dence for metallacycles in the metathesis reaction was gained by studying the 

metathesis of labeled alkynes (equation 371) E4083. A mechanism for Lewis acid 

promoted metathesis reactions has been proposed (equation 372) C4OSl. The mech- 

anism of olefin metathesis was subjected to a theoretical treatment, and it was 

concluded that oxoalkylidene species were chain carrying [410]. 

Ph&C-p-tolyl 
~(~-i-Pr~)3t-BuC 

* Ph&C-p-tolyl + Ph&tPh + 

25' 

(371) 

p-toiyr-CX-p-tolyl 

Cp2Ti 
AlC13 Rds I 

’ Cp2Ti -AK1 \ 
'Cl' 3 

(372) 

_Cp Ti-AlCl 
2 "cl' 3 

The origin of the stereochemistry of metathesis of cyclic and acyclic ole- 

fins has been addressed 14111. Dimethyl norbornene metathesized to a trans 

isotactic polymer over a EtA~C12/(Ar)~J(CO)3/ 
& 

catalyst E4121. The stereo- 

chemistry of otefin metathesis on heterogeneous oxide catalysts was explained 

by a model based on a metallacyciobutane intermediate C4131. The metathesis of 

norbornene and cis-Z-pentene over a number of group VI metal catalyst/promoter 

combinations ha;been compared [414]. 

The metathesis of functionalized olefins has been reviewed (42 references) 

14151. The metathesis of technical grade methyl oleate over ~~16/~?e4Sn pro- 

duced numerous side products 14161. Monoolefins were metathesized with a-pen- 

tene-1-nitrile in reasonable yield over a supported rhenium catalyst (equation 

373) C4171. A tungsten-tin catalyst system metathesized w-olefins tosylates 

(equation 374) E4181. Functionalized alkynes also metathesized, but over moly- 

bdenum catalysts (equation 3751 [41?]. 



RCH=CHR + - 
Re207-Al203-He4Sn 

CR * RCH=CH eCN 

loo0 

R = Pr, Bu, n-C6 

4S-61% conversion 

RCH=CH-(CH21,-OTs 
WC16/#e3SnCl 

60°, PhCl 

* Ts0(CH2),-CH=CH-KH2),-0Ts 

n = 7, 8, 9 

>90% yields 

PhC=C-(CH212Y 
XOKO16 

\ PhCrCPh + Y(CH2)2-CaC-(CH212-Y 

Y = OH, OAc, Br, COOH, C02Me, CN 
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(373) 

(3741 

(3751 

Internal alkenes metathesized with vinylcyclohexene to produce alkyl 

benzenes, ultimately (equation 3761 [42Ol. The catalyst system consisting of 

Re207 or A1203 rapidly metathesized 1,5-hexadiene and 1,6-heptadiene C4211. 

Alkynes metathesized over tungsten(VI1 alkylidyne complexes [422]. A molyb- 

denum catalyst also metathesized alkynes (equation 377) 14231. / 
6 + RCH=CHR 

WC16/Et20 
* 

Bu4Sn 
\ 50° CHC13 

0-I‘ K’A’203 - 
(92% selectivity1 

(376) 

RCXR' 
iulo02(acac)3 

* RCtCR + R'CzCR' 
Et3Al 

PhCH3 rfx 
statistical 

R = Bu, Ph, CH2CHCH2, Cl(CH213, Me02C(CH2)2 

R' = Pr, p-tolyl, Bu, Et 

(3771 
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2. Olefin Isomerization 

Titanocenes rearranged nonconjugated dienes to conjugated dienes 

(equation 378) E4241. A review (15 references) dealing with the use of ruthenium 

hydride complexes to catalyze double bond migration has been published [4251. 

The complex HCo3(C0)9, p reduced from the reaction of HCo(C014 with Co2(COl8 was 

an active catalyst for the isomerization of hexene [426]. Triosmium clusters 

such as H2Os3(CO)9PPh3 and H~OS~(C~~,~ were attached to phosphine functionalized 

supports and used to catalyze olefin isomerization 1427). Zirconium dioxide 

catalyzed a similar process C4281. Irradiation of safrole and eugenol in the 

presence of iron carbonyls led to isomerization (equation 379) 14291. The copper 

complex [CuClAsPh3]4 was a catalyst for the photoisomerization of norbornadiene 

to quadricyclene (equation 380) t430l. 

R’ R4 
"titanocenes" 

_+ \ 
R4 

R2 R3 

Me 

Safrole 
Fe2(C01g 

hv 
0 

O-/ 

[CuC1AsPh314 
w 

hv 

(378) 

(379) 

(380) 

3. Rearrangements of Allylic and Propargylic Oxygen and Nitrogen 

Compounds 

Tertiary ally1 alcohols rearranged to primary ally1 alcohols when 

treated with a tungsten oxide catalyst (equation 381) 14311. Ally1 alcohol 

rearranged to propanolover Raney nickel [4321. Chiral ally1 acetates under- 

went allylic transposition when treated with palladium(I1) catalysts (equations 

382 and 3831 14331. Reduced titanium species rearranged bicyclic oxides to 

aromatics or cyclohexadienes (equation 384) E4341[434al. 
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40% conversion \OH 
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S6% chirality transfer 
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Ally1 ethers of amides rearrange to N-allylamides in the presence of 

palladium(I1) or palladium(O) catalysts (equations 385-387) [435]. s-Keto- 

ally1 ester rearranged to a-allylketones of enones under palladium(II1 cata- 

lysis (equation 388) C4361. Ally1 esters were converted to ally1 vinyl ethers 

by reaction with a titanium carbene complex, and subsequently rearranged 

(equation 3891 [4373. Allylamines rearranged to enamines with high enantio- 

selectivity when treated with chiral rhodium(I) complex catalysts (equation 3901 

[4381. 

PdC12(PhCNl2 
W /\ 

'qN,Ph or 
GN-Ph 

R 
L4Pd 

good yield 

YPh Pd(Ol,/, _Ph 

OW NPh 
Pd(I1) 

* 

"y 

N-Ph 
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(385) 

(3861 
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86% acetone 
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Cp2Ti=CH2 

0 
AlMe2Cl 

(389) 

-R 

good yields 

[Rh(+lbinap(COD1lt 
W 

NEt2 [Rh(-l-binap(CODll+ 

x 
NEt2 

[Rh(+lbinap(CODl]+ 

(390) 

NEt2 

>95% ee 

>98% selectivity 

70-96% yield 

NEt2 

4. Skeletal Rearrangements 

A dissertation dealing with transition metal promoted rearrange- 

ments of sterically hindered derivatives of bicyclo[l.l.Olbutane has appeared 

14391. Iridium(I) catalyzed the skeletal rearrangements of a variety of cyclo- 

propylnorbornyl systems (equation 3911 14401. a,e,r,6-Unsaturated cyclopropanes 

bearing two ring ester groups rearranged when treated with palladium(O) com- 

plexes (equations 392 and 3931 C441l. Rhodium, ruthenium, and platinium catalysts 

all promoted cyclopropane ring opening (equations 394-3971 [442]. Cope 
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rearrangements with complete chirality transfer were observed using palladium(II) 

catalysts (equation 3981 E4431. Iron pentacarbonyl catalyzed the disproportion- 

ation shown in equation 399) [444]. 
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C02Et 

cat- * h C03Et 

(397) 

Co*Et 

bie 
t 

Ph PdC12(MeCN)2 

7:3 86% 

complete chirality transfer 

4 hr 

5. Niscellaneous Rearrangements 

Platinum racemized chiral l,l'-binaphthyls [445]. Iron penta- 

carbonyl rearrangedepoxides to carbonyl compounds (equations 400-403) [446]. 

Trimethylsilyl epoxides were converted to conjugated enones by one equivalent 

of a palladium(II) complex (equation 404) C4471. Prostaglandin endoperoxide 

rearranged to a variety of prostaglandin methyl esters when treated with 

RuC12(PPh313 or Pd(PPh314 14481. Oxazoles rearranged to vinologous amides when 

irradiated in the presence of iron pentacarbonyl (equation 405) [449]. Some 

glucopyranosides were anomerized by titanium(IV) chloride (equation 406) [4503. 

Rhodium(I) complexes catalyzed the reaction shown in equation 407 14511. Alkyl 

groups on amines scrambled when treated with RuC12L3 at 180' (equations 408 and 

409) c4521. Primary amines were methylated by methanol under similar conditions 

(equation 410) 14531. 
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Cl-O- L3RhCl ) 
0 THF 

rfx 

7 OL 
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ClCH2C02H 
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2 RCH2NHCH3 - 

180' 

2 RCH2N(CH312 
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(RCH212NCH3 + CH3NH2 (408) 

(RCH212NCH3 + CH3NH2 
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O-30% 

(4071 

(409) 
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III. Functional Group Preparation 

A. Halides 

The aromatic ring of steroids was iodinated by reaction with copper 

(II) acetate and iodine in acetic acid (equation 4111 14551. A related system, 

using aluminum trichloride as well, iodinated a variety of arenes (equation 

412) [456]. Dienes were chloropalladated to produce chloro-v-allylpalladium 

complexes, which were subsequently further functionalized (equation 4131 [4573. 

Palladium(II1 assisted ring opening of allylcyclopropanes involved a trans 

chloropalladation (equation 414) [458]. r-Allylpalladium chloride complexes 

were converted to ally1 halides by treatment with copper(I) halides (equation 

4151 C4591. Cyclic ethers were cleaved to r-chloroesters by palladium(I1) 

complexes and trialkyltin halides (equation 4161 C4601. The cobalt tetracar- 

bony1 enolate of ethyl acetate was cleaved in low yield to ethyl iodoacetate by 

iodine 14611. Cyclohexane was converted to chlorocyclohexane by reaction with 

carbon tetrachloride and a variety of transition metal complexes (equation 4171 

[462]. Ruthenium(II1 catalyzed the addition of trichloroacetyl chloride to 

olefins (equation 418) [463]. 

Ho&:: ::OA;A: &&&l; 

HO 

64-90% 
R's = H, OH, =0 
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AlCl3 
2 ArH t 12 t 2 CuC12 w 2 ArI + 2 HCl t Cu2C12 (412) 

good yields 
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Ru(II) 
RCH=CHR' + C13CCOCl w RCH-CHR' 

t1 ~c12c0c1 

75-90% 

R = H, R' = n-C6, Ph, n-C8, 0 5 

B. Amides, Nitriles 

Copper-(111 sulfate reduced by sodium borohydride, promoted the 

lysis of nitriles to amides (equation 419) C4641. Copper salts catalyzed 

N-phenylation of amides such as pyrrolidin-2-OMe with aryl halides [465]. 

Benzylamine was oxidized to benzonitrile by ruthenium complexes such as 

405 

(418) 

hydro- 

the 

RuC12(PPh3)3 [466]. Vinyl halides were converted to vinyl cyanides (nitriles) 

by reaction with potassium cyanide and reduced nickel salts (equation 4201 

[467]. The cobalt complex KotCN),13- effected the same transfo~ation, and a 

detailed mechanistic study of this'process was undertaken 14681. 
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7 + KCN 
L2NiBr21Zn/L 

*-\ 
X CN 

(419) 
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,,/=; B”KBr /.JBr Q-Cl 
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’ Cl 

96% 81% 60% 20% 96% 

Chiral nickelfIll and palladium(II) complexes catalyzed the hydrocyanation 

of norbornene in high yield with up to 32% optical yield (equation 4211 14691. 

Similar results obtained with DCN showed this to be a stereospecific cis addi- - 
tion (equations 422 and 423) 14701. Nickel(O) and palladium(O) complexes cata- 

lyzed the hydrocyanation of alkynes (equation 424) 14711, as well as dienes and 

trienes E4721. Cyanohydrin acetates (equation 4251 and y-amino acrylonitriles 

(equation 4261 were converted to ally1 cyanides by reaction with a trialkyltin 

hydride and a palladium(O) catalyst [4731. 
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C. Amines, Alcohols 

Research continues into the development of new catalysts for the 

reduction of aromatic nitro compounds to amines. These included copper-modified 

platinum catalysts [474], palladium/aluminum phosphate/silica dioxide with 

triethylammonium formate as the hydrogen source [4753, the complex Pd2(PPh312C14 

in basic ethanol 14761, the complex trans-Pd(pyl2C12 in ethanol C4771, and the 

cobalt chelates shown below [478]. Nitriles were reduced to amines over cobalt 

catalysts C4791. 

Olefins were aminomethylated by hydroformylation in the presence of an 

amine and a rhodium(I) catalyst (equation 4271 C4801. The reduction of nitro- 

benzene in the presence of aldehydes over chloranilic acid platinum catalysts 

gave aromatic amines having the aldehyde group as a substituent on nitrogen 

[481]. Similarly reduction of mixtures of aniline and aldehydes with platinum 

complexes of Alizarine Red S as catalysts produced alkylated anilines [482]. 

Isobutyraldehyde was reductively aminated over group VIII metal complexes 

supported on alumina [483]. Imines were produced as in equation 428 C4841. 

\ 0 t CO t H20 + HN 3 
60-90% 

olefin = 

n 
amine = .Me2NH, 0 

n 0 
n 

NH, HN_NH, 
Fl 

, PhCH2NHMe, S NH 

(4281 

OMe t N3C02Me 
PdC12(PhCN)2 OMe 

N 

t02Me 

i02Me 

up to 95% 

Referenced p. 468 
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Nonenolizable ketones and aldehydes were aminated by titanium(IV) amide 

complexes (equation 429) [4853. Ally1 aryl ethers were oxaminated over palla- 

dium(II) salts (equation 430) C4863. Butadiene telomerized with diethylamine 

in the oresence of platinum(II1 catalysts (equation 4311 [487]. Cationic bis - 
chloroarene chromium complexes were aminated by nucleophilic substitution of 

one or both of the halogens [488]. 

R, R2 t 2 R3Ti(NR4,13 p (429) 

$’ G2 y-g2 ,.,J$’ &&’ 
48% 28% 47% 45% 46% 

0 

F phTtu w /X2 J2 >cI 

Ph 

7% 15% 73% 
REt2 Ph 44% 55% 21% 

ArO- 
1) R2NH, Pd(II1 

21 Pb(OAc14 
) ArO/\1/\NR2 

OAc 

40-60% 

M + Et2NH 
CF3C02H 

t W 

C12PtL2 
NEt2 

only! 

(430) 

(4311 

Aldehydes were reduced to alcohols by carbon monoxide and water over a 

rhodium catlayst (equation 432) C4893. .Acetophenone was reduced to chiral 

phenethylalcohol using catalytichydrosilation in the presence of a chiral 

rhodium catalyst (equation 433) [490]. Conjugated enones were completely 

reduced by reaction with HFe(CO14- (equation 4341 C4911 whereas 1,4-reduction 

was the major product from the use of OIBAH and nickel(I1) salts (equation 435) 

14921. 

n 
RCHO 

Rh6(COI10 Me2N Ntie2 

CO/H,0 5-10 atm 
c RCH20H 

high yield 

R = n-C8, i-Pr, Ph, , 

Ph 

(432) 



0 
cat. 

+ H2SiPh2 p 

Ph 

cat. 

Ph 

up to 57.2% ee 

14341 

+ i-Bu3A1/Ni(mesalen12 - 

(major) 

i-Bu 

‘r"r+n 
OH 

J-3 \ 
0 

5 RLi + CuI - - 
R 

-OH 

R = Et, 59%; n-Bu, 83%; n-C6, 83%; n-C8. 62%; Ph, 30% 

409 

(433) 

(4351 

(4361 

Dihydrofuran underwent a ring opening reaction when treated with alkyl- 

lithium reagents in the presence of copper(I) iodide (equation 436) [493]. 

Allylic tosylates were lithiated, condensed with aldehydes, and the tosylate 

group removed by reduction in the presence of palladium(O) compounds (equation 

437) [494]. Copper(II1 acetate promoted the production of the phenol shown in 

equation 438 C4951. 

References p. 468 



1) BuLi OH 
NaBH4 

* 
TS 

2) R4CH0 
5% L4Pd 

R' = H, Me; R* = Ph, H, Me; R3 = H, PhCH2; R4 = Ph, n-C8 

NEt2 

(437) 

KOAc 
R* 

CU(OAC)~ 

(438) 

OH 

NHAc 

N=N 

R3 
NEt2 

Long chain internal olefins were .hydrozirconated and oxidized to pro- 

duce terminal long-chain alcohols (equation 439) [496]. A similar procedure was 

applied to long chain fatty acids whose carboxyl group had been protected as an 

oxazoline [4971. Sterically hindered olefins were converted to vicinal diols 

by using trimethylamine oxide and a catalytic amount of osmium tetroxide as an 

oxidizing agent in refluxing t-butanol 14981. 1,3-Butadiene was acetoxylated 

over palladium catalysts, reduced, and hydrolyzed to give 1,4-dihydroxybutane 

[4991. Benzene was oxidized to phenol over a silica-supported iron(III)- 

catechol complex C5001. Iron compounds and hydrogen peroxide were used for a 

similar 

C 
1' 

purpose 15011. 

4H2gCH=CHC14H2g 
1) Cp2ZrHCl 

2) t-BuOQH 
+ (CH3)(CH2)2g0H 

- 
triacontanol 

(439) 
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0. Ethers, Esters, Acids 

Tertiary ethers of phenols were prepared by the nickel1111 promoted 

reaction of phenols with tertiary alkyl chlorides (equation 4401 CSOZI. Ally1 

alcohols were converted to allylmethyl ethers by reaction with methanol and 

ruthenium(III) chloride (equation 441) [503]. Alcohols reacted with ethyl diazo- 

acetate to produce a-carboethoxyethers (equation 442) [504]. 

R' Rl 

CH3 
+ Cl-C-R2 

Ni(acacj2 

OH CH3 
NaHC03 

R2 

(440) 

15-40% 

R1 = H, 2-OMe, 3-OMe, 4-OMe, 2-Me, 3-Me, 4-Me, 4-N02, 2-Cl, 3-F, 4-Cl 

R2 = Me, Et 

+ MeOH 
RuC13*3 H20 

(441) 

fair yields 

Rh2(OAd4 

ROH + N2CHC02R' 
or Cu(OTf12 

t ROCH2C02R + N2 

up to 97% 

\ R = Et, i-Pr, t-Bu,w , e/ 

Cyclic enol ethers were methoxylated by methanol and palladium(III 

chloride (equation 443) C5051. Reaction of 1,3-butadiene with alcohols in the 

presence of palladium(II1 and copper(II1 halides gave diethers (equation 444) 

15061. 1-Hexene was converted to di-2-hexyl ether over a copper(smectic 

catalyst [507]. 

(443) 
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OR 

Pd2+/Cu2+ 

-i- 

(4441 

M + ROH 
/ RO 

t V 

OR 
OR 

Ketals were converted to enol ethers by reaction with (CO)5MnSiMeS 

(equations 445-450) C5081C5091. Trimethylsilylenol ethers were converted to 

a-alkoxyketones by treatment with mercuric oxide/palladium(O) (equations 451- 

454) 15101. 

OR (445) 
CHSCN 

t (CO15MnSiMe3 - 
5o" 

t (C015MnH + ROSiMeS 

2-4 hr 

(CO)5MnSiMe3 
* 

n=O 

n=l 

n=3 

OR 

(C015MnSiMe3 

OR 
W 

OMe n \ 
(CH2)" 

95% 

98% 

85% 

OMe 

OMe 
I 

78% 

60% 

0 0 0- OTMS 
(CO)5MnSiMej 

87% 

(446) 

(447) 

(448) 

(449) 



RO OR 

(COl5MnSiMe3 

62 38 

OTMS 

+ ROCl 
HgO/L4Pd 

t /J- OR 
PhCH3 Ph 

64% 

, OTMS 

Me0 A + ROCl 
HgO/L4Pd 

* Me0 AOR 
PhCH3 

45% 

Ph & me + ROCl HWL4Pd 

?hCH3 

OR 

bMe 

85% 

ROCl 
* 

OTMS 
HgO/PdL4 

C02Me 

OR 

73-89% 

413 

(4511 

(4521 

(4531 

(4541 

Titanium(IV) alkoxides promoted a very mild transesterification process 

(equation 455) C5111. Aminoacids chelated to cobalt(III1, molybdenocene, and 

platinum(II1 were esterified by treatment with dimethyl sulfate or methanol and 

acid 15121. Dipeptides were transesterified without racemization by treatment 

with alcohol and titanium(IV1 alkoxides (equation 456) [513]. 

0 

FGmo-F-R2 R30H FGmDH 
k 

Ti(OR), 

W 
COOR' 

C02R3 

(4551 

FG = TMS, No2. CN, Br, OH, o RCONH, RCO 
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0 ,*---R' 0 R* 
R30H 

0 ,----R' 0 R2 

~-BuO%(H,-~H-kNH~H-C02Me 
(i-PrO)4Ti 

t i-BuO-a-i(H)-;H-;-NkHC02R3 

(456) 

without racemization 

n-Allylpal1adiumcomplexes were converted to ally1 acetates by reaction 

with potassium acetate (equations 457-459) [5141. The stereochemistry of ace- 

toxylation of dienes using palladium(II) complexes depended on reaction condi- 

tions (equation 460) [5151. Ally1 esters and carbamates were converted to the 

acid salt by reaction with a catalytic amount of a palladium(O) complex (equa- 

tion 461) C5161. 

AcOK 
* 

DMF 

H 

AcOK 

DMF 

(457) 

(458) 

C \ / m OAc 
H : 

: 
\ 

or 
PdC12/CuC12/AcOK 

=ti 

I (459) 

rfx AcOH 

H 



Na2PdClq/MeOH 

1) Pd(OAc)21AcOH 

2) NaCl 

L4Pd cat. 
0 

* R;-O-K+ 

4 

OK 

0 

(461) 

substrates included 

1,SDienes were allylically acetoxylated by reaction with palladium(II) 

salts in acetic acid (equations 462 and 463) [517]. Olefins were oxaminated in 

the presence of chiral ligands to give reasonable amounts of asymnetric induc- 

tion (equation 464). This chemistry was used to make s-blockers (equation 465) 

[518]. Aryl acetates were produced from the air oxidation of aryl cuprates in 

acetic acid (equation 466) C5191. 

0” I ’ PdC12/CuC12 

60°/24 hr 
(462) 

HOAc, NaOAc/PPh3 = 

tiAc 

36% 

R.eferellces p. 468 



416 

PdC12KuC12 

HOAc, NaOAc, PPh3 

= 
z 

OAc 

63% 

L* 
+ PdC12 ___t 

R*2NH Pb(OAcI4 
* * 

AcOH 
R' 

(463) 

(464) 

L* = chiral 3' amine 
* 

R2N OAc 

H 

R R' 

20-50% 

up to 60% ee 

(3-11% ee if achiral 2' amine used) 

Pb(OAc14 
(465) 

phoM t R*NMe2 t Me2NH - 

AcOH * PhOTNMe* 
OAc 

45% yield 

11% ee 

Ac20 
- ArOAc t Ar-Ar 

25' 

air, 0' 
ArCuLiBr - 

THF 

Ar={4EM (4 

OMEM OMe OMEM OMEM OMEM 

29-67% 65% 58% 46% 19% 

OMe - OMe 

(466) 

‘OMEM 

35% 37% 24% 
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Aldehydes were oxidized to esters using ruthenium(I1) hydrides as catalysts 

(equation 467) [5203. Diols were oxidized to polyesters by Ru3(C0),2 (equation 

468) [521]. Methyl acetate was homologated to ethyl acetate (as well as many, 

other products) in the presence of mixed ruthenium/cobalt catalysts (equation 

469) [522]. A review (39 references) dealing with the production of esters and 

acids from carbon monoxide over metal cluster catalysts has appeared 115231. 

Phenanthraquinone was oxidized to the diacid using copper(I) chloride, oxygen, 

and pyridine (equation 470) C5241. 

0 

RCHO + RuH2L2 - R:-OR 

cat. high yields 

R = Me, Et, i-Pr, n-Bu, i-Bu, Ph 

Ru3(C0)12 
0 

/--(CR2)'n70H 
HO 

PhCzCPh 
W +D-&CH~(CH'~)~_,CH~+-~ + 

0 0 

t:-CH2(CH2)n_2- CH2:-0CH2(CH2),-CH20-+, 

(467) 

(468) 

0 180' 
CH3t-OMe + CO/H2 + RuIacac)3/C02(CO)8 * 

120 kg/cm2 

Me1 Promote 

(469) 

0 0 

CH3t-OH + CH31-OEt + EtOH + CH3CH0 + ethers 
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R' = H, NO*, Br, t-Bu 

R* = H, Br, t-Bu, i-Pr, NO2 

R3 = H, Me 

R' 
76-95% 

CN 

C02H 

(470) 

E. Heterocycles 

Reviews entitled "New Organometallic Approaches to Heterocycles" 

(24 references) [525], and "Use of Transition Metal Organometallic Compounds in 

Heterocyclic Synthesis" (250 references) [526] have appeared. Transition metal 

catalyzed epoxidation of olefins has been extensively studied. Reviews entitled 

"Transition Metal-Catalyzed Stereocontrolled Epoxidations" (23 references) [527], 

"Catalytic Epoxidation of Olefins" (74 references) [528], "Recent Advances in 

Metal-Complex-Catalyzed Epoxidation of Olefins with Organic Hydroperoxides - A 

Mechanistic Approach" (20 references) [529], and "New Developments of Sharpless 

Reaction" (27 references) [530] have appeared. Dissertations dealing with new 

reagents for olefin epoxidation [531], and epoxidation and hydroxylation catalyzed 

by ferric porphyrins C5321 have appeared. 

The epoxidation of vinyltrimethylsilanes having allylic alcohol groups 

using vanadium(V) catalysts and t-butylhydroperoxide produce very high yields of 

epoxides with high erythro or threo selectivity (equation 471) [533]. Double 

bonds allylic to both ether and alcohol functional groups were epoxidized by 

t-butylhydroperoxide/Ti(O-i-Pr14/(-1 diethyl tartrate with high stereospecificity 

(equation 4721 C5341. C:Glucopyranosides were synthesized using this chemistry 

(equation 473) 15351. The vanadium/t-butylhydroperoxide epoxidation of sterically 

encumbered ally1 aclohols gave predominately erythro epoxides (equation 474) 

[536]. Epoxidation of ally1 alcohols with t-butylhydroperoxide/titanium(IV) 
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alkoxide gave mainly SJJ epoxide wherein MCPBA gave mainly* epoxides (equa- 

tion 4751 [5371. This reaction, in the presence of (if-L-diethyltartrate 

resulted in epoxide of high optical purity. 

TMS OH 

H / 
R 

6 
H 

/ 

TM!? 

t-BuOOH 
* epoxide 

V5+ cat 

>99% erythro or threo 

depending on substrate 

(471) 

Ph-OW 
t-~uOOH/Ti~~-i-Pr~4 

v- 
OH (-1 DET 

ph_o+z) 

OH 

-- 1,395 . . ..(&+?I polyols 

t-BUOOH 

OH W 
TiIO-i-Pr)4 

(-1 DET 

- _ 

(-1 DET 

(473) 

w - C-glucopyranosides 
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TMS 

hMI 
OH 

OR' 

I 
JR' 

R Me 
4 * HO+ R2 (475' 

-70° 
Me 

VO(acacI2 F- 
W 

t-BuOOH 

-+e 

I 

erythro 

(474) 

R = Me, R' = SiMe2-t-Bu, R2 = (CH2)40SiMe2-t-Bu,CH2C(OMe12CH(OMeICH20Ac 

Diepoxides of diolefins were prepared by the Cp2MoX2 catalyzed epoxidation 

of these substrates by t-butylhydroperoxide [538]. Molybdenum naphthenate 

catalyzed the epoxidation of styrene by hydroperoxides [539]. Cyclohexene and 

ally1 chloride were epoxided by t-butylhydropernxide in the presence of Mo04(8- 

quinololJ2 [5401. Cyclohexene was also epoxidized using Mo02C12L2 complexes as 

catalysts (L2 = Ph2P(0)CH2CH2P(OIPh2, bipy, l,lO-phen) [5411. Molybdenum car- 

bide catalyzed the epoxidation of I-octene by t-butylhydroperoxide 15421. 

Propylene epoxidation was catalyzed by Mo02C12 on Amberlite IRC-84 resin [543]. 

Cyclohexene was epoxidized in fair yield by hydrogen peroxide using molybdenum 

blue on charcoal as a catalyst, in the presence of trialkyltin halides [544]. 

Cyclic alkenes were epoxidized by palladium(I1) nitrite compounds (equations 

476 and 477) [545]. Cobalt nitrite compounds epoxidized acyclic olefins (equa- 

tion 478) C5461. Complex iron species catalyzed the air epoxidation of polyole- 

finswith remarkable specificity for the most highly substituted alkene (equations 

479-485) 15473. 1,4-Epoxy-1,4-dihydroarenes were converted in high yields to the 

corresponding arenes by reaction with Fe2(C01g in refluxing benzene [548]. 

$3 I + PdCl(N021MeCN12 - (476) 

PhMe2 0 

48 hr 

%90% 
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(C”2)” I 
3 

+ PdCl(N02)(MeCN)2 - ,,HD + tCg"+ 

0 n=3 3% 27% 

n=4 0% 

n=5 .22-88% 

1% 

(477) 

n=6 34% 

n=7 32% 

n=B 69% 

n = cis 6 12% - 
n = trans 6 4% 

CHC13 0 
TPPCoN02 t RCH=CH2 + T1(PhC02)3 - 

p 
(478) 

0.32 mol xs xs 
R 

up to 0.18 mol 

(50% based on Co) 

woAc [Fe30CO-g-16(MeOHi3]tc,- 

O2 

WOAc 

87% 

(479) 

61% 

(481) 

21% 
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A-b 

(4821 

OAc 
81% 

OAc 
* &+OA1""" 

-0Ac * WA, (4841 

76% 

hOAc * +OAc (485) 

42% 

A dissertation on metal assisted e-lactam formation has appeared C5491. 

Irradiation of imines and chromium carbene complexes in ether solution produced 

B-lactams in good yield (equations 486-488) 15501. Azirines reacted with carbon 

monoxide in the presence of a palladium(O) catalyst to produce bicyclic B- 

lactams (equation 4891 C5511. a-Lactams were functionalized by reaction with 

dimethyl diazomalonate and rhodium(I1) catalysts (equation 4901 15521. Intra- 

molecular carbene insertions led to more complex a-lactam systems (equation 4911 

15531, (equations 492 and 4931 C5543. 6-Lactams containing allylic ester groups 

were converted to the free acid by treatment with palladium(O) complexes (equa- 

tion 494) 15551. 

,OMe 
(C015Cr=C, , 

", /R3 
+ 

hv 

R 
R2/C=h 

R' = R3 = Me, R2 = Ph 

R' = Me R2 = R3 I = Ph 

R' = R2 = Ph, R3 = Me 

(486) 

76% 

52% 

72% 
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(487) , OMe Me0 

(COl$r=C, + 
Me 

Me0 
0 

38% 
OMe 

Me0 R 

,OMe 
(COJ5Cr=C, * 

Me 

R = H 81% 

R = Ph 52% 

H R' 

+ co 

(488) 

(489) 

1 atm H 

37-63% 
R = p-tolyl, Ph, p-ClPh, p-BrPh 

R' = H, Me 

SR 

RhI+OAc) 
C02Me 

+ N2C~C02~~2 2_ C02Me 
(490) 

0 
60% 

R' 

Cu(acac12 

I 
R' 

R1,R2=H 

(491) 

I R',H 

R2=PhTh 
70% H 

Refereucea p. 468 



Cu(acac)2 
* 

OTMS 
Y&H 

0 
15-58% 

SR 

Azirines reacted with alkynes in the presence of molybdenum hexacarbonyl 

to give pyrroles (equation 495 and 4961 [5561. Pyrroles and pyridines formed 

from azirines when treated with palladium(O) complexes (equations 497-499) [557]. 

Pyrroles also formed from a-dicarbonyl compounds and azocompounds in the presence 

of copper-f111 chloride (equation 500) E5583. 

Ph 

+ Me02CCrCC02Me 
MoKOf6 

(495) 

Ph 
Mo(C016 

t Me02W02Me - (496) 

H 
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Ph 

,:f’:. -,,&L + n 
Ph N 

PhH 
18% (up to 70%) 

45% 

R'-N=N-C=CHR3 

R2 

+ O=C-CH2-C=O 

1;4 R5 

R' = Ph, p-N02Ph 

R* = Ph, PhCH2-, -(CH214- 

R3 = Ph 

R4 = Me, Et0 

R5 = Me, -(CH213- 

+ (498) 

Ph + 

(499) 

CuCl* 
(500) 

40-85% 

Thiohemiacetals cyclized to .tetrahydrofurans when treated with palladium- 

(III acetate (equation 501) [559-J. But-2-ene-1,4-diols cyclized to furans when 

treated with palladium(II) and copper-(111 under oxidizing conditions (equation 

502) [560]. 
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OR 

OH 

Pd(OAc)2 

OH 

(5013 

6B-93% 

R2 R2 

R3 
Pd(II)/Cu(II) 

HO OH 
02' 4 

* R1 R3 

22-77% 

R' = H, Et, n-Pr, Ph 

R2 = H, Me 

R3 = H, n-Pr 

0-Allylnaphthols cyclized to dihydronaphthofurans when treated with 

titanium(IV1 chloride (equations 503 and 5041 [5611. Acetylacetone and I-hexene 

oxidatively cyclized to the dihydrofuran in equation 505 in the presence of 

manganese(III1 acetate C5621. Oihydrobenzofurans were prepared by nucleophilic 

attack on dienyliron complexes (equation 5061 15631. Enol ethers reacted with 

diazo acetoacetate to give dihydrofurans in the presence of a copper-(111 cata- 

lyst (equation 5071 15641. Butadiene and formaldehyde combined to give ketals 

when treated with ruthenium acetate species (equation 5081 c565J. 

R 
R TiC14 

(503) 

40-80% 

R 

OQ 
R TiC14 

(5041 

40-80% 

Mn(OAc13 

HOAc/CF3COOH 
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Fe(COI3 

Me0 

0 
I' 

', 
"# 

HO A 

fCO13Fea" fR 

79-84X 
R 

Tl(TFAl3 
t 

0 

R = Me, CH20H, CH20Ac, CH20Ts, CH2CH(C02Me)2, CH20kH2C02Me 

(506) 

OR + k R' 
OMe 

c@)2 
b Me0 

R&oR (507) 
cat. 0 

"RuOAc" 
M + H2C0 + HOAc 

OwO 

ToA' + telomers 

OAc 

(508) 

Methoxycyclopropenes opened to methoxyfurans when treated with Fe2(C019 

(equation 509) C5661. Chiral homoallylic alcohols oxidatively cyclized to furans 

with very high stereospecificity (equation 510) 15671. Vinyltetrahydrofurans and 

a-methylenelactones were made as in equation 511 15681. Titanium(IV) chloride 

cyclized protected hydroxy vinyl silanes to tetrahydrofurans (equation 512) or 

tetrahydropyrans (equation 513) [569]. Palladium(II1 coupled o-aryl mercuric 

halides with conjugated enones to give products which cyclized to pyrans (equa- 

tion 5141 C5703. 

Fe2(C019 
OR + Fe complexes (5091 

-OR 

Reference3 p. 468 
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45-50% 

>99.5% stereospecific 

Cobaloxime(II1) 
Cr03'py 

w 

BH4- ) R' 

0 

R' = Ph, H 

R2 = Ph, Me, -(CH2J4-, -(CH2)3- 

R3 = H 

3361% 

(512) 

TMS 
TiC14/CH2C12 

OMEM 

TMS H 

TiC14/CH2C12 

H H 

88% 

96% 

(513) 



TBA+Cl-/PdCl2 
* 

OH 
CH2Cl2/3 NHCl 

HgCl 

X X 
BO-90% 

429 

(5141 

R' 

R' = Ph, H; R2 = Me, -(CH213-, Bz, Ph, Ph- 

X = H, HgCl, N02, CHO 

Y R2 Z = H, HgCl, Cl 

X 
Y=H 

A dissertation entitled "Synthesis and Reactions of 3(2Hl-Furanones - 

Novel Chromium(II1 Induced Cyclizations" has appeared 15721. But-2-yne-1,4- 

diol cyclized to butyrolactone when treated with RuH2L4 (equation 5151 C5731. 

Phenylacetic acid cyclized to the lactone when treated with palladium(II1 ace- 

tate under oxidizing conditions (equation 5161 15741. Bis-Propargylic ethers 

cyclized to furans in the presence of low valent chromium (equation 5171 C5751. 

These were converted to a-methylene lactones by oxidation.. a-Methylene-a- 

butyrolactones were synthesized by the palladium(O) catalyzed cyclization car- 

bonylation of 6-hydroxyvinyl bromides (equation 518-5201 C5761. Butane-1,4- 

diols cyclized to lactones when treated with copper(I) carbonyls in 100% 

sulfuric acid (equation 5211 C5771. Alkynes reacted with carbon dioxide in the 

presence of nickel(O) complexes to produce a-pyrones or butenolides (equation 

5221 15781. Methoxyfurans were converted to a-pyrones by reaction with Fe2(C019 

(equation 5231 [5791. 

membered anhydride by 

Oi-tert-butyl-o-hydroquinones 

vanadium(V) reagents (equation 

were oxidized to the seven 

5241 [580]. 

HOCH2CsCCH20H 
RuH2L4 

-J--J= 0 
0 

145O, 12 hr 
49% 

(5151 

Referencea p. 458 



C02H 

R' = Me, Et, -(CH2)5- 

R* = n-Pr, Et, n-Bu 

d‘ Br 

'G, 
OH 

Pd(OAc12 

w 
K2S208, MeS03H 

100' diox 

cobaloxime(1) 
* 

NaBHa 

(516) 

(517) 

CrOj 

H+ 

CO, L4Pd 

+ di 

0 

MeCN, K2C03 
'## 0 

7o" 72% 

(518) 

Br 
R 

>c 

R 
\ CO, L4Pd 

-* 

0 (519) 

R' 
0 

R' OH 
70-90% 

R’s = H, Me, Et 

(520) 

OH OH 

55% 



:ToH 100% H2S04 d:' 

Cu(I) co 

OH 

R' = Me, -(CH2)4-, -(CH2)5- 

high yields 

R* = Me, Et, n-Pr, n-Bu, n-C5, n-C6. n-CT, n-C8 

RCXR + CO2 

n I\ OR 
0 

431 

(521) 

R' (522) 

R 

+ Ni(0) - LNi 

R 

R R R 

R' 
0 

Fe2(C01g 

Fe(C013 (523) 

41-58% 

0 I 

&IH V"(acac)* ) p + a0 (524) 

39-43% 

Alkynes reacted with isocyanates in the presence of nickel(O) catalysts to 

produce 2-pyridones (equation 525) [5811. Pyridines were made by the cobalt- 

catalyzed cyclotrimerization of alkynes with nitriles (equation 526) [5821. 

Acrylonitrile reacted with trichloroacetaldehyde in a copper-catalyzed free radi- 

cal reaction to produce 2,3,5_trichloropyridine C5833. Trimethylstannyl pyri- 

dines, quinolines, and isoquinolines reacted with acid chlorides in the presence 

of palladium(O) catalysts to produce acylated products [584]. 

Referencw p. 458 
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R&R* 
Nit01 

+ R3N+0 - 

R', R* = Ph, Et, Me, H 

0 R3 = Ph, Me, S 

%80%, if one R = Ph 

~16% if not 

Y-- CECH R 
(CH21n + "i 

cpco(col 

k- CrN R' 

h" 
,A 

(525) 

(526) 

40-90% 

n = 3, 4, 5 

R = TMS, C02Me, Me, CH20Me, Ph, Me, H, n-Bu 

R' = TMS, C02Me, CHOMe, Ph, n-Bu, C02Et 

Carbazoles were prepared by the copper(I) assisted cyclization of halo- 

arenes containing conjugated enone side chains (equations 527-5301 [585]. 

Indoles were reduced to indolines by treatment with formic acid over palladium 

on carbon (equation 531) [586]. Nitroarenes reacted with aldehydes and carbon 

monoxide in the presence of rhodium/palladium catalysts to produce quinoline 

(equation 532) 15871 (equation 5331 C5881. Ureas condensed with vinyl halides 

and carbon monoxide in the presence of palladium(I1) catalysts to produce 

pyrimidines (equation 534) [5891. 

"'9: AR: $$$&3 (527) 

R* H R* 
80-90% 

R's = H, Me 

(528) 

40-60% 
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1) NaH 

2) GUI 

3) HMPA 

(529) 

40-60% 

R' 
HCOOH/Pd-C 

R* 70' * QLx"' 

i3 
R* 

R' = H, Me, 

R* = H, Me, -(CH214- 

R3 = H, CHO 

CO/H20 

RCH2CH0 

X * 

NO2 Rh/Pd cat. 

180' 80 atm 

good yield 

(531) 

(532) 

. 
5-53% 

3-59% 

+ RCH2CH20H 
IRh(C0)2C112 

MoC16 * =R 

N02 
180° 

700 psi CO 85% 

R = Me, Et 

Referencea p. 458 

(533) 
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H2C=C:;;3 

0 

+ CO + R'NH;NHR* 
L2PdC12 R'_N 

Et3N V 

F3 

*J. 0 

R' 
!2 

= Me, H 

R2 = Me, H 
24-70% 

(5341 

A variety of lactams were prepared by the palladium(O) catalyzed cycliza- 

tion of olefinic a-iodoamides (equations 535-5371 [5901. A variation of this 

chemistry was used to synthesize anthramycin (equation 538) [591], diazepam 

(equation 539) C5921, and other lactams (equations 540 and 541) [592]. A macro- 

cyclic lactam was prepared by the palladium(O) catalyzed intramolecular amina- 

tion of an ally1 acetate (equation 542) 15931. Metal-catalyzed reduction of 

N-imidotryptamines prdocued a-carbolines (equation 543) 15941. 

I 

“i sob +,fl’ 
Ph I 

k 
Ph Ph 

14% 23% 

k 
Ph 

Ph 
26% 

(535) 

(5361 

+ 
I 

L Ph 

I5371 
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(538) 

co, Pd(OAc)2 

OR' 
Ph3P, 8~3N 

PhCH3 R' 
0 

28% 

-- 

CONH2 

NHAc 

0 (539) 

48% 

PhLi 
L diazepam 

PdtO) 

NHMe 

(5411 
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X = H; Y = OAc 

X=Y=O 
NHAc 

(5421 

NHAc 70-80% 

NaBH4 
W 

MClx 

MX = CuC18, FeC13, CrC13 

70-80% 

a,e-Diaminoacids cyclized when treated with Na2Fe(CN)5N0 (equation 544) 

[595]. The palladium catlayzed cyclization of olefinic tosamides was the topic 

of a dissertation 15961, and a full paper (equation 5450 15971. Amino alcohols 

cyclized to nitrogen heterocycles when treated with ruthenium(III complexes 

(equations 546-548) [5981. Oxidative dimers of p-dimethylaminoanisole were 

formed by treatment with palladium(II1 acetate (equation 5491 [5991. 

H2N-KH214-FHCOOH 
Na2Fe(CN15N0 

-(1 
(5441 

NH2 fl 
COEH 

39% 

Pd(II) 
(545) 

benzoquinone ) a-)-- :: :e: :'ZZ c0-- 

THF, rfx Ts H 



HO-KH2),-NH2 

RuH2L4 

R'OH 

\_ 
R'NH, 

437 

(546) 

HO(CH2)nOH w 
RuH2L4 

(CH2)n NR' 

180' 
50-100% 

(547) 

CQ 
0 N 

PhCH2NH2 
4 

62% 
Ph 

RuH2L4 

cc 0 N-l 
Me0 

9 

0 
Oi4e 

42% 

oTnNH2 + HO(CH2150H c 

H 

Pd(OAcJ2, AcO- 

* MeOdp 

0 
80°, HOAc/PhH OMe 

bMe 10% 

(549) 

Miscellaneous heterocyclic syntheses are shown in equation 550 C6001, 

equations 551 and 552 C6011, and equation 553 C6023. 
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Fe(C013 
C02Me 

A 
+ NH N 

I 
N' '; 

Y 
C02Me 

X = NC02Me, CH2, C=O, C=N Me 

C02Me 

good yields 

s=c 4s z 1 I ‘s z 

22-64% 

Z = C02Me, Ph, COMe, CHO 

CO,! C=NR 
Fe'1 

1) z-i-z 
w 

co’; ‘s 2) sx 

18-32X 

PhC=N2 + 
Ar' 

Ph-C=O 
Cu(acac12 

(551) 

(552) 

(553) 

2!-36% 

Ar = Ph, p-MePh 

Ar' = Ph, p-MePh, p-ClPh 

F. Alkenes 

But-2-ene-1,4-diols eliminated to 1,3-dienes when treated with tita- 

nium(II1) chloride/lithium aluminum hydride (equation 554 and 555) [6031. 

Vicinial dihalides were debrominated to olefins with a similar reagent (equa- 

tion 556) C6041, as were thioacetals (equation 557) 16051. Propargyl halides 

were converted to allenes and alkynes by reaction with chromium(II) chloride 

(equation 558) C6061. Oiaminoglyoximes were converted to alkynes by oxidation 

over cobalt catalysts (equation 559) 16071. Cyclic olefins were produced from 

linear olefins by reaction with rhenium hydrides (equation 560) [608]. Aryl and 

vinyl thiols were desulfurated to the hydrocarbon by reaction with isopropyl- 

magnesium chloride and nickel(I1) saits in the presence of triphenyl phosphine 

C6091. Alkynes were reduced to alkenes by mixed copper-aluminum hydrides 



(equation 5611 [610]. Cyclopentanones were converted to cyclopentenones by air 

oxidation in the presence of iron(II1) chloride (equation 5621 16111. Palladium 

on carbon catalyzed a similar oxidation of 2-aminocyclopentanones to E-amino- 

489 

cyclopentenones (equation 563) 16121. Ally1 acetates were reduced to the parent 

olefin by tributyltin hydride/palladium(O) catalyst systems E6131. 

Rl 

R2 R' 
(554) 

c 

I 
OH for trans) 

THF, TiC13/LiA1H4 

OH - R2 

R3 R4 
R4 

60-85% 

R' = Me, Ph, -(CH215- 

R2 = Me, Ph, H 

R3 = Me, Ph, -(CH215- 

R4 = Me, Ph, H 

OH OH 

+ 
Ph 

TiC13/LiAlH4 
1555) 

Ph Ph Ph 

RICH-CHR' 
Zn/TjCl4/THF 0' 3 hr 

z RlCH=CHR' 

icr ;Ir 82-96% 

Rl r n-C8, n-Pr, H 

R2 = H, n-Bu, CH2COEt, &H2CH(OHlC2H5 

OTMS OTMS 

R'~H-S-~HR2 
4:l TlC13-LSAlH4 

* RlCH=CHR2 
THF 

30-80X 

(556) 

(557) 

R1 = Ph, p-MePh, p-ClPh, S 0 ) n-C6 
R2 = Ph. p-MePh, p-ClPh, S 0 , n-C6, n-Pr 



440 

R2 R' R2 

R'_, B 
CrC12 

/ c 

Br SolH +R2 + R'-= 

60-80% 60-80% 
SolH = carboxylic acid 

SolH = alcohol 

R' = Ph, ‘1(, u , n-cg, t-Bu 

R2 = Me, n-Pr, n-C5 

R'$-t-R2 02 c R'-C&-R2 
Co(Salen1 or 

CofMeO Salen) 96-98% 

C,H2n t Uir3P)2ReH7. 

n = 6, 7, 8 

C6 = 25% 

CT = 35% 

C8 = 60% 

R H 
1) RCsCH 

1 MeCuMgBrCl*ZLiCl t 2i-Bu2A1H 
2) H+ * )=( 

H H 
0 

R = n-C6, Ph, PhS(CH2)3, PhS, (EtO)2~-~CH2C~CH %100% 

R' FeC13*6H20 
* 

Air 

h 
*40% 

R' = H, , n-C5, n-C6, n-CT, II-C,~, Me, Me02CICH2)6 

R2 , R3, R4 = H He f 

(558) 

(559) 

(560) 

(561) 

15621 
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Pd/C 

NR2 
350-370° -6 

I NR2 

80-85% 

441 

(563) 

G. Ketones, Aldehydes 

A dissertation entitled "Synthesis of Optically Active a-Deuterio 

Ketones. Investigation of Tricarbonylchromium Derivatives of Aromatic Compounds" 

has appeared [6141. Ethylene and propylene were oxidized to ketones over PdC12/ 

CuC12/NaY zeolite catalysts [6151 and PdC12/CuC12 on A1203 or Si02 16163. Ally1 

ethers and acetates were oxidized to e-alkoxyketones by PdC12/CuCl/02 (equations 

564-567) 16171. Palladium nitrite complexes oxidized olefins to ketones in fair 

yield (equation 568). Strained olefins such as norbornenes were epoxidized 

instead (equation 569) 16183. Steroid precursors were made by Wacker-type oxi- 

dation of olefins (equation 5701 16191. Olefins underwent allylic oxidation by 

irradiation in the presence of oxygen and palladium(II1 trifluoroacetate (equa- 

tion 571) 16201. Other allylic oxidations were effected by t-butylhydroperoxide 

in the presence of rhodium(I1) catalysts (equation 572) [621][622]. 1-Hexene 

was oxidized to E-hexanone by oxygen and cobalt (salen) catalysts (equation 573) 

[623]. Alkoxy- and aminoalkynes oxidized to a-ketoesters or amides when treated 

with PhI=O in the presence of ruthenium(II1 catalysts (equation 574) [624]. 

R' = Me, n-Pr, i-Pr, n-C5, 

R' 

w OAc 

PdC12/CuCl/02 
* 

R' OR2 
PdC12/CuCl/02 R1 

w 
* (5641 

s 
42-622 

‘IK”‘ oAc (565) 

0 

72-80% 

qMe 
PdC12/CuCl/02 

t (566) 

51% 0 
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/ 

,,y_ 
OAc 

\ 0” 

PdC12/CuCL/02 

* '"m 
OAc 0 

70% 

0 

L2PdCUN02) 

O2 
PhH 60' 

c OK 

50-7(x 

L2PdC1(N02) 

-) b 

0 

02, PhH, 60' 
R R 

30-40% 

(567) 

(568) 

(569) 

_& PdC12~CUC1~02 ~ L&o 

0 (571) 

R hv 366 mm 

m 
Pd(TFA12 cat. 

/y'+")pI+~R 

0 0 

02 V 
J 

R = C,7. Cg, C5 
1-3 tram 

30-68% conversion 

2-6 trans 
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(572) 

28% 
n = 1, 2, 3 

Co Sal MDPT 

p + 02 
) 

EtOH 0 OH 
60' 

17% 12% 

RC=C-OR' 

R-CrC-NR2' 

PhI=O 
W 

RuC12L3 
(5741 

R = H, Me, i-Pr, n-C6, n-Bu, Ph 

R' = Et, Me, i-Pr 
good yields 

Vicinal diols were oxidized to a-hydroxyketones when treated with molyb- 

denum peroxides (equation 575-5771 16251. Chromium tricarbonyl complexes of 

benzylic alcohols were oxidized to the corresponding aldehydes by DMSO in 

acetic anhydride (equation 578) 16261. Similar chemistry occurred with substi- 

tuted iron tricarbonyldiene complexes (equation 579) 16271. Indanones were 

oxidized to a variety of products by oxygen and a cobalt salen complex (equation 

5801 [628]. 

OH 
OH 

DMSO 

OH 
* 

MO - peroxide 
_) 

OCH2SMe 

n = 3-6 

OH (5751 

30-70x 
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Ph Ph 

OH OH 

OH 

A 
Ph ' 

f--c 
cop 

6’ 
ie(C013 

ouso 
+ 

MO - peroxide 

DMSO 
. 

MO - peroxide 

0 on 
(5761 

0 

81% 

Ph2C=D 

89% 

DUSO CHO F 
A~20 

57% 

, 
also worked. 

(577) 

(578) 

LiAlt$ 

OH 
CHO 

(5791 

Fe(COl, 
J 80% 

(580) 
0 

D2 * 
Co (Me0 Salen) 

+ 
NHR' 

Alcohols were axidired to ketones by palladium(I1~ salts (equation 581) 

16297 or by nitro aromatics in the presence of rhodium catalysts (equation 

5821 16301. Trimethylsil~lenol ethers were converted to a-hydroxyketones by 



chromyl chloride (equation 583) 16311. 1,4-Dicarbonyl compounds were prepared 

as in equation 584 [632]. 

OH 

R 

+ 
R2 

Pd(OAc12 

P(o-toll2 

LI R1a 

R2 
X 

K2C03 

X = 8r, Cl, I 

OH 
0 

ArN02 + A 
R' 

RhCl(CO)L2 

R )R 
R1 + ArNH2 

OTMS 

62-82% 

k work. 
, 

Me OMe 
HRuCl(COlL3 

* 

cat 150' 6 hr 

go-100% 

R = H, Me, n-Bu, n-C6' n-C+, CH20H, CHOH 

iH) 

(5811 

(5821 

(5831 

(584) 

H2° 
+ 

H 

Oxazoles were converted to vinylogous amides by reaction with molybdenum 

carbonyl (equation 5851 16331. Acetylenic esters were converted to dialdehydes 

as in equation 586 C6341. Tributyltin hydride reduced a,6-unsaturated aldehydes 
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and ketones to saturated carbonyls in the presence of palladium(O) catalysts 

(equation 587-590) C6351. 

R' = Ph, Me 

R2 = H 
(CH21q 

R3 = Ph, Me 

IWO)6 

H20 R3 

70s90% 

1585) 

CuOTf C02Et NaH C02Et 

HCX-C02Et + EtOH - 
/c *A 

(586) 

Et0 OEt HC02Et 
CHO CHO 

86% 75% 

CHO 

At-- 

Bu$nH CHO 

LqPd cat. 
* Ar- 

99% 

(587) 

eCHo _____c ecHo (588) 

65% 

OH 

8ugSnH 
w 

L4Pd 

(589) 

(590) 

OH 
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Ruthenium(II) catalyzed the opening of endopemxides to a variety of car- 

bony1 compounds (equations 591-5931 C6361. Rhodium(I) complexes catalyzed a 

similar process (equations 594 and 595) C6371. Aldehydes were homblogated to 

ketones by reaction with olefins and ruthenium(II1 catalysts (equation 5961 

[638]. 

@ ;;OuC:;C:,r (+ + II + ii) 

H 

1% 43% 17% 

11% 8% 68% 11% 

+ b (5911 
OH 

11% 

HO 

(592) 

RuC12L3 
H + 

OH 

COOH 

Rh2(CO12C12 
CHO 

OH 

(593) 

(594) 

(595) 
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0 

RCHO t = 
RuC12L3 

* 
180-220° 

R-!-Et 

( fialso) low yields 

(596) 

H. Organosilanes 

A review dealing with the synthesis of vinylsilanes from olefins and 

hydrosilanes with the aid of transition metal catalysts (23 references) has 

appeared C6391. Polymeric organosilicon supported rhodium phosphine complexes 

catalyzed the hydrosilation of olefins 16401. Platinum(O) catalyzed the hydro- 

silation of silylacetylenes (equation 597)[6411. Polysiloxanes were made over 

platinum, palladium, and iridium complexes (equation 5981 C6421. Silyl cyclo- 

propanes dimerized when treated with palladium(I1) catalysts (equation 599) 

[643]. A review dealing with new polymer-supported metal catalysts for hydro- 

genation and hydrosilation (23 references) has appeared 16441. Silylated ena- 

mines resulted from the reaction of nitriles with (dimethylsilyll benzene in the 

presence of rhodium(I) catalysts (equation 6001 16451. intact cobalt clusters 

catalyzed the hydrosilation of acetophenone (equation 601) [646]. Chiral 

rhodium catalysts hydrosilylated conjugated enones to give chiral ally1 alcohols 

(equations 602-6061 16471. a-Haloesters, ketones, and nitriles were reduced by 

hexamethyldisilane and palladium(O) catalysts (equation 6071 [6481. Benzyl 

chlorides were converted to benzyl silanes by reaction with chlorosilanes and a 

palladium(O) catalyst (equation 6081 E6491. 

L4Pt 
SiMeC12 

MeC12Si-CrCH t Me2C1SiH -W 
==( 

(597) 

SiMeC12 

95% 

cat. 
(HSiMe2120 p HMe2Si(OSiMe2),0SiMe2H 

cat = (Ph3P12M 
)Sic 

ZSi 
,0 M = Pd, Pt, Ir(COlH 

\ 

Ph SiMe2R 

PdC12(PEt312 

b 

(598) 

(599) 

R = Me, Et, t-Bu, Ph 70% 
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a SiMe2 L3RhCl 
: 1 \ + RCH2CN v RCH=CHN (600) 

SiMe2 

0 

PhbCH3 
cat. 

OSiEt3 OSiEt3 

+ Et3SiH - PhEHCH3 + Ph;=CH2 (601) 
hv 

cat. = Co-Ni Co-Ni-Mo Co-MO-Fe clusters 

CO-MO 

Rl Rl (6021 

R3 Rh* ) 

k 

OSiR2H 

CH-t-R3 H30 CH-tHR3 
R2SiH2 H 

R2 
6H 

RL 

up to 69% ee 
Rh* = Rh(I) DIOP, RhlI) BMPP 

0 OH 

0 I - b I 

OH 

83Xyield 

522ee 

70% yield 

27% ee 

hf - -h - 0 
OH 

(6031 

(604) 

(605) 

60% 38% ee 

qJ?J _ +JJ +Jj (606) 
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R 2 R 

-Y 
Z 

Y 

(607) 
Me3SiSiMe3 

t Me2SiX t Yn(CH2SiMe2In 

X L4Pd cat. H 

PhH lOO-170' 
50-100% 

X = Br, Cl 

Z = COR, C02R, CN 

L4Pd 
ArCH2Cl t MenSi2C16_n ____t 

130° 

ArCH2SiMenC13_, 

61-100% 

(608) 

I. Miscellaneous 

Aryl halides were reduced to the hydrocarbon by zinc and a nickel{1 

catalyst (equation 609) 16501. Halides were also reduced to hydrocarbons by 

isopropylmagnesium chloride and Cp2TiC12 [651]. The process was shown to be a 

radical process. Allylic systems were reduced to olefins by LiBHEt3 and a 

palladium(O) catalyst (equation 610) 16521. Aryl halides were reduced to 

arenes by formic acid and palladium on carbon [653]. Nitriles were reduced to 

hydrocarbons by [CoL2N21Li(Etq0)3 [6541 and annnonium formate and palladium on - - 
carbon (equation 611) 16551. - _ 

L2NiX2 
ArX t Zn t H20 - ArH 

cat. 

ArX = Cl 0 OMe Cl 0 c> , 0 PhC1, C@N, 

I) 

H X Pd(OI 

W 
c 

LiBH3Et3 
W 

(609) 

, I-Br adamantane 

(610) 

X = OPh, OMe, SPh, S02Ph, SePh, OTMS, Cl stereo- and regiochemistry 

maintained 

10% Pd/C 
ArCN t HCOONH4 w ArCH3 (611) 

40-100% 

Sulfoxides were reduced to sulfide by CoC12/NaBH4 (equation 612) [656]. 

Molybdenum(V1) complexes catalyzed the deoxygenation of a variety of substrates 

by triphenylphosphine (equations 613-616) [657]. Sulfides were oxidized to 

sulfoxides by t-butylhydroperoxide and titanium(IV1 catalysts C6581. Oxygen 
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oxidized isocyanides to isocyanates and nitrosobenzene to nitrobenzene over 

cobaloxime( II) catalysts [6591. Cycfohexenones with unsaturated side chains were 

converted to aromatic compounds by reaction with rhodium(III) chloride (equations 

617-619) [6603. 

EtOH 
RSOR' + CoCl~(H*o)6/NaBH4 - RSR’ 

44-96% 

Ph3P t Ph3M=0 
(Et2NCS2)Mo02 

w Ph3P=0 + Ph3M 

M = As, Sb 

Me2S0 w Me2S 

63% 

0 
N -0l 

N 

(6121 

(613) 

(614) 

(615) 

(616) 

88% 

OAc 

I P OMe 

/ 

81% 

OH 

OAc 

OR 

(618) 

(619) 
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Diazoketones were converted to a-thioketones by reaction with thiophenol 

and rhodium(II1 acetate (equation 6201 [661]. a,6-Dithio-a,a-unsaturated 

ketones were monodesulfurated by borohydride in the presence of nickel(II1 salts 

(equation 621) C6621. Terminal alkynes were selenated by reaction with PhSeCN 

and a copper catalyst (equation 6221 [663]. Ally1 ethers were-treated with ethyl- 

azidacarbonate to give insertion products (equation 623) [664]. Two new systems 

for hydrocarbon activation have been developed (equation 624) [665], (equation 

625) 16661. 

0 

R;C-R' t PhSH 
I 

N2 

Rh2(0Ac14 
D 

v RECHR' 
(620) 

SPh 

NiC12*6H20 

R 

R2 

NaBH4, EtOH n 

R' = Ar 

R2 = H, Me, Et, n-Pr 

R3 = Me, Et 

70-90% 

PhSeCN 
HCZCR w PhSeC:CR 

CuX/Et3N/CH2C12 

89-96% 

40-80% 

14 cases 

R = n-Bu, , n-Cg$ nwC7, CH20H, C(OHl(Me1CH2Me 

N,C02Et + v 
OR PdC12(RCN12 

W I 
cat. 

NNCO Et 2 

(6211 

(6221 

(623) 

40-80% - 
OR - 

OR, $.,/R, T"", -OR,- , ' F 
OR all work. 
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0 
\ 

I -B )IrL*+ 
\ 

IrH2S2L2 t 
0 

I -0 O- - IrH2 
S = solvent 

0 v + @ IrH2 

H cpIr'& 

CpIr 
,H 

hv 
Me5CpIrH2PPh3 

'SH12 
* \o 

CpIr' 
H 

X 

t 0 
(624) 

(625) 

Aryl (equation 6261 and vinyl halides (equation 6271 were converted to 

phosphites by reaction with HP(Ol(OR12 and a palladium(O) catalyst 16671. 

Reaction of iron(I11) chloride with potassium graphite produced a reagent that 

converted vie dihalides to olefins, a-haloketones to ketones, and promoted the - 
cycloaddition of a,a'-dihaloketones to enamines (equation 628) and furans (equa- 

tion 6291 [6681. Phosphorous stabilized ylides were silylated or stannated by 

chlorosilanes or stannanes in the presence of copper(I) iodide (equation 630) 

[669]. a-Amidoacids were prepared by the dicobalt octacarbonyl catalyzed reac- 

tion of amides with ally1 alcohols (equation 631) [6701. Ally1 acetates were 

converted to ally1 tosylates by reaction with the sodium salt of tosic acid in 

the presence of a palladium catalyst (equation 6321 [671]. Diphenylamine was 

oxidatively dimerized to tetraphenylhydrazine by oxygen and a copper(I) chloride- 

pyridine catalyst [672]. The o-hydrogens of benzoic acid and the a-hydrogens _ 

of acrylic acid exchanged with D20 in the presence of rhodium(II1) chloride 

(equation 6331 C6731. 

References p. 458 



20 cases - good ySe?ds 

16271 

Ph 



455 

R2 

R' ' 
+ 

R' NHCOR4 
0 

OH + H2N:R4 
CO, H2, diox 

COOH (631) 

R3 
CO2KOI8 -2"r 

R 

+ cat. R3 

R', R2, R3 = H, Me 

R4 = Me, Ph 

cat = HRh(C012L3, Fe2(C019, PdC12L2, 

HRuCl(COlL3 

36 hr, 60' 
W 

Pd cat. THF 

TsNa 

ArCOOH 
D20, RhC13 

(6321 

M ‘l-86% 

+ 

WTs O-88% 

depends on catalyst 

ArCo2H(o-D2) 

D 
DMF, llO", 18 h 

>lf 

OH 
/ 

(633) 

VI. Reviews 

The following reviews have appeared. 

Transition metal chemistry review. 16751 

Transformation of organic substrates on metal cluster complexes. (23 refer- 
ences) C6761 

Metal-carbon and carbon-carbon bond formation from small molecules and one 
carbon functional groups. (21 references) [677] 

Organometallics in synthesis. Part I. (60 references) C6781 

Organometallics in synthesis. Part II. (217 references) [679] 

Inorganic enzymes? Transition metal atoms as assembly and control centers in 
organic synthesis. (2 references) [680]. 

Metal atoms in synthesis and related aspects. (38 references) [6811 

Organometallics in synthesis. (270 references) [682] 
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Synthetic organic reactions by means of copper complexes. Preparation and 
characterization of novel copper(I) complexes and their utilization in organic 
synthesis. (35 references) [683] 

Common metals and transition metals - the skill of combining them for organic 
synthesis. (53 references) C6841 

Actinide organometallic chemistry. (62 references1 16851 

Transition metals in organic synthesis -- Annual Survey, 1980. (1045 references) 
16861 

Organometallics in synthesis. (270 references) [687] 

Control of metal-catalyzed organic syntheses. Part I. Introduction of models 
and methods in examples. (40 references) [6883 

Organoborates in new synthetic reactions. (71 references) [689] 

Transition-metal complexes of organoaluminum phosphides. (Dissertation) [690] 

New applications of organotitanium compounds in precision organic synthesis 
during recent years. (2 references) [691] 

Synthetic applications of bis(n-cyclopentadienylltitanium compounds. (46 
references) [692] 

Titanium compounds - their application to organic syntheses. (many references) 
C6931 

Organomercurials in organic synthesis. (398 references) [694] 

Organomercury, -palladium, -rhodium, and -thallium intermediates in organic 
synthesis. (39 references) [695] 

Organomercurials in organic synthesis. (398 references1 [696] 

Syntheses using 1,3-dienetricarbonyliron complexes. (27 references) [6971 

Cobalt-mediated bond forming and bond breaking reactions: synthetic and mecha- 
nistic perambulations. (19 references) [698] 

Synthesis and reactions of Z-azidooxiranes. Polymer attachment and cobalt com- 
plexes of phosphine macrocycles. (Dissertation1 16991 

Cobalt mediated cyclopentanoid synthesis. (Dissertation) [700] 

The reaction of alkylcobalt complex. (51 references) [7011 

Reactions of alkyl ligands coordinated to cobalamins and cobaloximes. (97 
references) [702] 

Nickel - a knack of its use. (102 references) [703] 

Zerovalent-nickel catalyzed carbon-carbon and carbon-hydrogen bond formation. 
(Dissertation) [704] 

Syntheses of some terpenoids via nickel tetracarbonyl induced cyclization. (11 
references) C7051 

Rhodium - a knack of its use. (52 references) [706] 

Organometallic intramolecular n-olefin metal coordination complexes. (171 
references) [707] 

Nucleophilic addition to n-olefin, n-allyl, and a-alkyl-palladium complexes. 
Examples of "unpoling" by the use of organometallic reagents. (57 references) 
17081 

Application of palladium catalysts to natural products syntheses. (26 refer- 
ences) [709J 

Palladium - a knack of its use. (39 references) [710] 

Some metal-catalyzed reactions of acetylenes and allenes. (Dissertation) [711] 

New synthetic method of isocyanates and aliphatic amines. (5 references) [712] 
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Organic synthesis via catalytic activation of carbon-hydrogen bonds of aromatic 
compounds by rhodium carbonyls. (25 references) 17131 

Copper salt in catalytic reactions of organic compounds. (343 references) C7143 

The coordination chemistry of acrylonitrile. (315 references) 17151 

The synthetic possibilities of addition reactions between common organometallic 
compounds and conjugated enzymes. (54 references) [7161 

Oxygen transfer from inorganic and organic peroxides to organic substrates: A 
colon mechanism. (145 references) 17171 

Electron transfer catalysis applied to organometallics. Part I. Application to 
the activations of C,p3X bonds and other u bond species. (439 references) 17181 

Recent applications of homogeneous catalysis to organic synthesis. (140 refer- 
ences) 17191 

Recent results on the heterogeneous catalytic transformations of carbon com- 
pounds. (42 references) C7201 

Asymnetric catalysis with transition metal complexes. (33 references) E7211 

Asymmetric synthesis catalyzed by transition-metal complexes with functionalized 
chiral ferrocenylphosphine ligands. (32 references) [722] 

Stereoselective synthesis of diastereomeric amino alcohols from chiral amino- 
carbonyl compounds by reduction or by addition of organometaltic reagents. 
(245 references) t7233 

Asymmetric synthesis mediated by transition metal complexes. (82 references) 
17241 
Some asymmetric syntheses catalyzed by chiral phosphine-transition metal com- 
plexes. (40 references) [7251 

Organometallic compounds for stereoregulated synthesis of acyclic systems. 
Their application to the synthesis of the Prelog-Djerassi lactonic acid. (68 
references) [726] 

Chiralitv transfer involving organopalladium and organocopper intermediates. 
(Dissertation) C7271 

Synthetic use of heavy 
tion. 17283 

Asymmetric reaction of 
ences) E7293 

Organometallic aspects 

metal catalysts in organic chemistry. Asymmetric oxida- 

olefins with nucleophiles via metal complex. (32 refer- 

of the Fischer-Tropsch synthesis. (48 references) C7303 

Metal-carbon and carbon-carbon bond formation from small molecules and one- 
carbon functional groups. (26 references) C7311 

Cl chemistry and metal complex catalyst. II. 
(no references) 17323 

Hydrogenation of carbon monoxide, 

Structure and reactivity in organometallic chemistry. An applied MO approach. 
(132 references) 17333 

Insertion reactions [of organometallic compoundsl. (27 references) 17341 

Metal-carbon bond formation and cleava e, 
reductive elimination. (64 references B 

including oxidative addition and 
C7351 

Reductive elimination. (17 references) C736f 

The cyclometalation of ketones and quinones by alkylmanganese pentacarbonyl com- 
plexes: Mechanistic and synthetic studies. (Dissertation) C7373 

Metallacyclic pathways in organometallic reactions. (43 references) 17381 

Palladium(O) olefin complexes and their role in homogeneous catalyses by way of 
metallacycle intermediates. (31 references) E7393 
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The photochemistry of transition-metal organometallic compounds, carbonyls, 
and lo-oxidation-state impounds. (150 references) C7401 

Novel reduction and oxidation using transition metal salts. (38 references) 
17413 

Oxidation of organometallic compounds by transition-metal salts. (244 refer- 
ences) C7421 

Carbon monoxide in organic synthesis by organotransition metal complexes. (57 
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Activation of atkyl halides by da complexes. 
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Complex-metal nucleophilic cata- 

Cycloaddition reactions of transition metal-nl-,allyl, -propargyl, and related 
complexes, (69 references) C7451 
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Catalytic aromatization reactions of low-molecular-weight olefins and alkanes. 
(24 references) [748] 

REFERENCES 

1. S. P. Tanis, Tetrahedron Lett., $2, 3115 (1982). 

2. R. K. Olsen, W. J. Hennen, and R. B. Wardle, J. Org. Chem., $z, 4605 (1982). 

3. W. Koller, A. Linkies, H. Pietsch, H. Rehling, and 0. Reuschling, Tetrahe- 

dron Lett., 21, 1545 (1982). 

4. Y. Fujita, M. Ishiguro, T. Onishi, and T, Nishida, Bull. Chem. Sot., Jpn., 

22, 1325 (19821. 

5. S. Sugai, F. Ikawa, T. Okazaki, S. Akaboshi, and S. Ikegami, Chem. Lett., 

597 (1982). 

6. H. Suzuki, Y. Yoshida, and A. Osuka, Chem. Lett., 135 (19821. 

7. C. G. Whiteley, S. Afr. J. Chem., 22, 9 (1982). 

8. S. Hara, S. Imai, T. Hara, and A. Suzuki, Synth. Comnun., $2, 813 (1982). 

9. Y. Gaoni, Tetrahedron Lett., 22, 5215 (1982). 

10. S. H. Bertz, G. Dabbagh, and 6. M. Villacorta, J. Amer. Chem. Sot., 103, 

5825 (1982). 

11. H. M. Walborsky, R; 8. Banks, M. L. A. Banks, and M. Duraismy, Organometallics, 

2, 667 (19821. 

12. B. H. Lipschutz and R. S. Wilhelm, J. Amer. Chem. Sot., ,lQ$, 4696 (1982). 

13. E. Hebert, Tetrahedron Lett., 22, 415 (1982). 

14. E. C. Ashby, R. N. DePriest, A. Tuncay, and S. Srivastava,.Tetrahedron.Lett., 

& 5251 (1982). 

15. A. B. Goel and E. C. Ashby, Inorg. Chim. Acta, 22, L199 (19811. 

16. T. Hayashi, Kagaku Zokan (Kyoto), 77 (1982). 

17. T. Hayashi, ACS Symp. Ser., 102, 177 (1982). 

18. M. Kumada, T. Hay&hi, and K. Tamao, Fundam. Res. Organomet. Chem., Proc. 

China-Jpn.-US., Trilateral Semin. Organ~et. Chem., lst, 175 (1982). 



19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

459 

T. Hayashi, M. Konishi, M. Fukushima, T. Mise, M. Kagotani, M. Tajaika, 

and M. Kunada, J. Amer. Chem. Sot., 192, 180 (1982). 

T. Hayashi, M. Konishi, H. Ito, and M. Kunada, J. Amer. Chem. Sot., kg?, 

4962 (1982). 

E-I. Negishi, F-T. Luo, and C. L. Rand, Tetrahedron Lett., @, 27 (1982). 

V. Fiandanese, G. Marchese, F. Naso, and L. Ronzini, J. Chem. Sot., Chem., 

Commun., 647 (1982). 

J-L. Fabre, M. Julia, and J-N. Verpeaux, Tetrahedron Lett., g2, 2469 (1982). 

S. Uenura and S-i. Fukuzaura, Tetrahedron Lett., Q, 1181 (1982). 

S. Ibuki, S. Ozasa, Y. Fujioka, and Y. Yanagihara, Chem. Pharm. Bull., $ll, 

802 (1982). 

L. Pridgen, J. Org. Chem., ,$z, 4319 (1982). 

M. Tiecco, L. Testaferri, M. Tingoli, D. Chianelli, and E. Wenbert, 

Tetrahedron Lett., z$, 4629 (19821. 

D. E. Bergstrom and P. Anatha Reddy, Tetrahedron Lett., 22, 4191 (1982). 

L. N. Pridgen and S. S. Jones, J. Org. Chem., $z, 1590 (19821. 

K. Tamao, S. Kodama, I. Nakajima,.M, Kumada, A. Minato, and K. Suzuki, 

Tetrahedron, $Q, 3347 (19821. 

R. F. Heck, Org. React., <I, 345 (1982). 

R. F. Heck, Adv. Chem. Ser., ,l$Q, 213 (1982). 

R. F. Heck, Fundam. Res. Drganomet. Chem., Proc. China-Jpn.-US. Trilateral 

Semin. Organomet. Chem., lst, 447 (1982). 

L-C. Kao, F. G. Stakem, 8. A. Patel, and R. F. Heck, J. Org. Chem., $z, 

1267 (1982). 

E-i. Negishi, F-T. Luo, R. Frisbee, and H. Matsushita, Heterocycles, I$, 

117 (19821. 

E-i. Negishi, Act. Chem. Res., ,Q, 340 (1982). 

K. Ruitenberg, H. Kleijn, J. Meijer, E. A. Oostveen, and P. Vermeer, J 2 
Organomet. Chem., Q,4, 399 (1982). 

K. Ruitenberg, H. Kleijn, H. Westmijze, J. Meijer, and P. Vermeer, Rec. 

Trav. Chim., I& 405 (1982). 

T. Jeffrey-Luong and G. Linstrumelle, Synthesis, 738 (1982). 

N. Jabri, A. Alexakis, and J. F. Normant, Tetrahedron Lett., pi, 1589 

(1982). 

N. A. Bumagin, I. 0. Kalinovskii, and I. P. Beletskaya, Izv. Akad. Nauk 

SSSR, Ser., Khim., 2836 (1981). 

N. A. Bumagin, I. 0. Kalinovskii, A. 8. Ponomarev, and I. P. Beletskaya, 

Dokl. Akad. Nauk SSSR, FQz, 1138 (19821. 

R. Rossi, A. Carpita, M. 6. Duirii , and M. L. Gaudenye, Tetrahedron, $8, 

631 (1982). 

M. Kosugi, M. Suzuki, I. Hagiwara, K. Goto, K. Saitoh, and T. Migita, Chem. 

Lett., 939 (19821. 



460 

45. I. Kuwajima and H. Urabe, J. Amer. Chem. Sot., l&q, 6831 (1982). 

46. N. Miyaura, K. Maeda, H. Suginome, and A. Suzuki, J. Org. Chem., $I, 2117 

(1982). 

47. P. Vincent, J-P. Beaucourt, and L. Pichat, Tetrahedron Lett., $2, 63 

(1982). 

48. N. Nakamura, Y. Tajima, and K. Sakai, Heterocycles, 11, 235 (1982). 

49. H. Yamanaka, M. Shiraiwa, E. Yamamoto, and T. Sakamoto, Chem. Pharm. Bull., 

22, 3543 (1981). 

50. K. Prasad, K. Adlgasser, R. Sharma, and P. StUtz, Heterocycles, 12, 2099 

(1982). 

51. T. Fujisawa, T. Mori, and T. Sato, Tetrahedron Lett., $2, 5059 (1982). 

52. T. Sato, T. Itoh, and T. Fujisawa, Chem. Lett., 1559 (1982). 

53. M. W. Logue and K. Teng, J. Org. Chem., $1, 2549 (1982). 

54. H-U. Blaser and A. Spencer, J. Organomet. Chem., &$3, 267 (1982). 

55. A. Spencer, J. Organomet. Chem., $$.I, 209 (19821. 

56. G. E. Jones and A. B. Holmes, Tetrahedron Lett., ,Q, 3203 (1982). 

57. L. V. Dunkerton and A. J. Serino, J. Org. Chem., $2, 2815 (1982). 

58. L. S. Hegedus and M. A. McGuire, Organometallics, 1, 1175 (1982). 

59. A. Solladie-Cavallo, J. L. Haesslein, and J. E. Backvall, Tetrahedron Lett., 

Q, 939 (1982). 

60. A. S. Kende, B. Roth, and P. J. Sanfilippo, J. Amer. Chem. Sot., I?$, 

1784 (19821. 

61. A. S. Kende, 8. Roth, P. J. Sanfilippo, and T. J. Blacklock, J. Amer. Chem. 

soc.3 _*_, 104 5808 (1982). 

62. 8. M. Trost and 3. M. Il. Fortunak, Organometallics, 1, 7 (1982). 

63. M. S. Frazza, Diss. Abstr. Int. B, $x, 4422 (1982). 

64. M. R. Baar, Diss. Abstr. Int. B, $g, 2370 (1981). 

65. N. J. Malek and A. E. Moormann, J. Org. Chem., $1, 5395 (1982). 

66. D. D. Bender, F. G. Staken, and R. F. Heck, J. Org. Chen., ${, 1278 (19821. 

67. A. Hallberg and C. Westerlunk, Chem. Lett., 1993 (1982). 

68. M. Catellani and G. P. Chiusoli, Tetrahedron Lett., p$, 4517 (1982). 

69. M. Catillani and G. P. Chiusoli, J. Organomet. Chem., i$!$, C21 (1982). 

70. R. C. Larock, J. P. Burkhart, and K. Oertle, Tetrahedron Lett., {$, 1071 

(1982). 

71. R. C. Larock, 0. R. Leach, and S. M. Bjorge, Tetrahedron Lett., $3, 715 

(1982). 

72. D. E. Bergstrom, H. Inoue, and P. Anantha Reddy, J. Org. Chem., $I, 2174 

(1982). 

73. I. Arai, T. D. Lee, R. Hanna, and G. D. Daves, Jr., Organometallics, i, 

742 (19821. 

74. 6. V. Nizova and G. B. Shul'pin, Izv. Akad. Nauk SSSR, Ser. Khim., 2653 

(19811. 



75. Y. Rollin, G. Meyer, M, Troupel, and 3. F. Fauvarque, Tetrahedron Lett., 

$2, 3573 (1982). 

76. 

77. 

78. 

79, 

80. 

81. 

82. 

83. 

T. Fujisawa, T. Sato, Y. Gotoh, M, Kawashima, and T, Kawara, Bull. Chen. 

Sot., Jpn., 22, 3555 (1982). 

J. Kadelka, H. Loevenich, and W. Keim, J. Organomet. Chem., x$1, 219 (1982). 

K. Fujita, E. Moret, and M. Schlosser, Chem. Lett., 1819 (1982). 

P. Bougeard, A. Bury, C. J. Cooksey, and M. D. Johnson, J. Amer. Chen. Sot., 

{pi, 5230 (19821. 

H. J. Callot, F. Metz, and C. Piechocki, Tetrahedron, ,@, 2365 (1982). 

T. Aratani, Y. Yoneyoshi, and T. Nagase, Tetrahedron Lett., 22, 685 (19821. 

P. Dowd, P. Garner, R. Schappert, H. Irngartinger, and A. Goldman, J. - 
Org. Chem., $2, 4240 (19821. 

M. P. Doyle, R. L. Dorow, and W. H. Tamblyn, J. Org. Chem., $1, 4059 

(19821. 

84. C. P. Mak, K. Baumann, F. Mayerl, C. Mayerl, and H. Fliri, Heterocycles, 

is, 1647 (1982). 

85. 

86. 

H. J. Callot and F. Metz, Tetrahedron Lett., & 4321 (1982). 

A. K. Chakraborti, 8. Saha, and U. R. Ghatak, Indian J. Chem., Sect. B, 29, 

911 (1981). 

87. 

88. 

C. P. Casey, W. H. Miles, H. Tukada, and J. M. O'Connor, J. Amer. Chem. 

s, ,&$ 3761 (1982). 

N. Kawabata, S. Yanao, and J-i. Yoshida, Bull. Chen. Sot., Jpn., 22, 2687 

(1982). 

89. 

90. 

91. 

92. 

T. H. Chan and I. H. M. Wallace, Tetrahedron Lett., 22, 799 (1982). 

E. C. Friedrich and G. Biresaw, J. Org. Chem., $1, 1615 ('1982). 

N. Kawabata, J. Yoshida, S. Y-ano, and J. Hashimoto, Kenkyu Hokoku-Asahi 

Garasu Kogyo Gijutsu Shoreikai, @, 309 (19811. 

H. Takaya, M. Yamakawa, and R. Noyori, Bull. Chem; Sot., Jpn., $2, 852 

(19821. 

93. 

94. 

95. 

H. Hoberg and B. W. Oster, Synthesis, 324 (1982). 

R. G.,Salomon, D. J. Coughlin, S. Ghosh, and M. 6. Zagorski, J. Amer. Chem. 

&, ,&I$, 998 (1982). 

R. G. Salomon, S. Ghosh, M. G. Zagorski, and M. Ratz, J. Org. Chem., $2, 

829 (1982). 

96. S. R. Raychaudhuri, S. Ghosh, and R. G. Salomon, J. Amer. Chem. Sot., l&1,4, 

6841 (19821. 

97. 

98. 

99. 

K. Mach, P. Sedmera, L. Petrusova, H. Antropuisov~, V. Hanus, and F. 

turecek, Tetrahedron Lett., Q, 1105 11982). 

A. Bou, M. A. Pericas, and F. Serratosa, Tetrahedron Lett., 22, 361 

B. M. Trost, T. N. Nanninga, and D. M. T. Chan, Organometallics, $, 

(1982). 

). (1982 

1543 

100. B. M. Trost and D. M. T. Chan. J. Amer. them. Sot., $$I$$ 3733 (1982) . 

461 



462 

101. 8. M. Trost and P. Renaut, J. Amer. Chem. Sot., #$, 6668 (1982). 

102. P. Binger and P. Bentz, Angew. Chem., @, 636 (1982). 

103. T. S. Abram, R. Baker, C. M. Exon, and 8. V. Rao, J. Chem. Sot., Perkin I, 

285 (1982). 

104. R. Baker, C. M. Exon, V. B. Rao, and R. W. Turner, J. Chem. Sot., Perkin I, 

295 (1982). 

105. T. S. Abram, R. Baker, C. M. Exon, V. B. Rao, and R. W. Turner, J. Chem. 

sot., Perkin I, 301 (1982). 

106. M. Rosenblum and D. Scheck, Organometallics, 1, 397 (1982). 

107. A. Bucheister, P. Klemarczyk, and M. Rosenblum, Organometallics, 1, 1679 

(1982). 

108. K. H. Pdtz, I. Pruskil, and J. Muhlemeier, Chem. Ber., 112, 1278 (1982). 

109. M. F. Semmelhack, J. J. Bozell, T. Sato, W. Wulff, E. Spiess, and A. Zask, 

J. Amer. Chem. Sot., ,lQ$, 5850 (1982). 

110. M. F. Semmelhack and J. J. Bozell, Tetrahedron Lett., 22, 2931 (1982). 

111. S. L. Baysdon and L. S. Liebeskind, Organometallics, 1, 771 (1982). 

112. D. C. Billington and P. L. Pauson, m, 1, 1560 (1982). 

113. A. Alexaki and J. F. Normant, Tetrahedron Lett., EQ, 5151 (1982). 

114. M. Gardette, A. Alexakis, and J. F. Normant, Tetrahedron Lett., $2, 5155 

(1982). 

115. H. Westmijze, K. Riutenberg, J. Meijer, and P. Vermeer, Tetrahedron Lett., 

z$, 2797 (1982). 

116. E-i. Negishi and L. D. Boardman, Tetrahedron Lett., 22, 3327 (1982). 

117. T. Yoshida, Chem. Lett., 293 (1982). 

118. R. Yamaguchi, H. Kawasaki, T. Yoshitome, and M. Kawanisi, Chem. Lett., 

1485 (1982). 

119. A. Yamashita and T. Scahill, Tetrahedron Lett., 52, 3765 (1982). 

120. K. H. Dijtz and J. Miihlemeier, Angew Chem. Int: Ed., 21, 929 (1982). 

121. A. A. Shchegolev, V. A. Smit, Y. B. Kal'yan, M. Z. Krimer, and R. Caple, 

Izv. Akad. Nauk SSSR, Ser. Khim., 1668 (1982). 

122. A:A. Shchegolev,V. A. Smit, Y. B. Kal'yan, M. Z. Krimer, and R. Caple, 

Tetrahedron Lett., 22, 4419 (1982). 

123. S. 

124. Y. 

125. S. 

126. C. 

127. T. 

128. T. 

129. T. 

130. T. 

Padmanabhan and K. M. Nicholas, Tetrahedron Lett., 22, 2555 (1982). 

Tanigawa, Y. Fuse, and S-i. Murahashi, Tetrahedron Lett., 22, 557 (1982). 

Araki and Y. Butsugan, Chem. Lett., 177 (1982). 

Gallina, Tetrahedron Lett., 22, 3093 (1982). 

Fujisawa, T. Sato, and T. Itoh, Chem. Lett., 219 (1982). 

Fujisawa, M. Takenchi, and T. Sato, Chem. Lett., 1521 (1982). 

Sato, K. Naruse, and T. Fujisawa, Tetrahedron Lett., x2, 3587 (1982). 

Fujisawa, T. Sato, M. Kawashima, K. Naruse, and K. Tamai, Tetrahedron 

Lett., $2, 3583 (1982). 

131. S. Hara, Y. Satoh, and A. Suzuki, Chem. Lett., 1289 (1982). 



463 

132. F. Naf, R. Decorzant, and S. D. Escher, Tetrahedron Lett., 22, 5043 (1982). 

133. A. Carpita and R. Rossi, Synthesis, 469 11982). 

134. V. Ca16, L. Lopez, and G. Pesce, J. Organomet. Chem., &lk, 179 (1982). 

135. V. Ca16, L. Lopez, G. Pesce, and A. Calianno, J. Org. Chem., $a, 4482 (1982). 

136. E. Wenkert and T. W. Ferreira, Organometallics, ,!, 1670 (1982). 

137. S. Danishefsky and J. F. Kerwin, Jr., J. Org. Chem., $z, 3805 (1982). 

138. R. Yamaguchi. H. Kawasaki, and M. Kawanisi, Synth. Coimnun., 1027 (1982). 

139. Y. Fujiwara, M. Yoshidomi, H. Kuromaru, and H. Taniguchi, 3. Organomet. 

s, Q$ C36 (1982). 

140. C. J. Elsevier, J. Meijer, 6. Tadema, P. M. Stehouwer, H. J. T. BOS, P. 

Vermeer, and W. Runge, J. Org. Chem., $l, 2194 (1982). 

141. A. Claesson and C. Sahlberg, Tetrahedron, $8, 363 (1982). 

142. C. Sahlberg and A. Claesson, Acta Chew. Stand., B, $I, 179 (1982). 

143. E. A. Oostveen, C. J. Elsevier, J. Meijer, and P. Vermeer, Rec. Trav. Chim;, 

IQ), 383 (1982). 

144. H. Kleijn, J. Meijer, 6. C. Overbeck, and P. Vermeer, Recueil, Bi, 97 

(1982). 

145. A. Poutheau, A. Saba, J. Gore, and 6. Quash, Tetrahedron Lett., $3, 2461 

(1982). 

146. H. Kleijn, M. Tigchelaar, R. J. Bullee, C. J. Elsevier, J. Meijer, and P. 

Vermeer, J. Drganomet. Chem., a2, 329 (1982). 

147. J. Pornet, N. Kolani, D, Mesnard, L, Miginiao, and K. Jaworski, J. Organ~et. 

s, 53$, 177 (1982). 

148. E. Brown, J-P. Robin, and R. Dhal, Tetrahedron, @, 2569 (1982). 

149. T. Morita and K. Takase, Bull. Chem. Sot., Jpn., $8, 1144 (1982). 

150. M. Julia, 6. LeThuillier, Ch. Rolando, and 1. Saussine, Tetrahedron Lett., 

51, 2452 11982). 

151. M. Julia and J-N. Verpeaux, Tetrahedron Lett., ;2, 2457 (1982). 

152. N. A. Bumagin, 1. 0. Kalinovskii, and I. P. Belelskaya, Bull. Akad. Nauk 

s, $Q, 1993 (1982). 

153. R. C. Larock and S. A. Hershberger, J. Organomet. Chem., '#,, 31 (1982). 

154. R. C. Larock and D. R. Leach, Organ~etallics, 1, 74 (1982). 

155. S-i. Inaba, H. Matsumoto, and R. D. Rieke, Tetrahedron Lett., 22, 4215 

(1982). 

156. P. Finocchiaro, E. Libertini, and A. Recta, Chim. Ind., $2, 644 (1982). 

157. R. Dams, M. Malinowski, and H. J. Geise, Bull. Sot. Chim. Belg., $8, 311 

(1982). 

158. J-M. Pons and M. Santelli, Tetrahedron Lett.. g$, 4937 (1982). 

159. R. Dams, M. Malinowski, and H. J. Geise, Bull. Sot. Chim. Belg., $1, 149 

(1982). 

160. M. Sato and K. Oshima, Chem. Lett., 157 (1982). 

161. R. Dams, M. Malinowski, 1. Westdorp, and H. Y. Geise, J. Org. Chem., $?', 

248 (1982). 



162. F. A. Bottino, P. Finocchiaro, E. Likertini, A. Reale, and A. Recta, 

J. Chem. Sot., Perkin II, 77 (1982). 

163. R. Dams, M. Malinowski, and H. J. Geise, Recueil, 181, 112 (1982). 

164.t A. Clerici and 0. Porta, Tetrahedron Lettx3517 (1982). 

165. 

166. 

167. 

A. Clerici and 0. Porta, J. Org. Chem., $I, 2852 11982). 

K. Schlijgl and W. Weissensteiner, Synthesis, 50 (1982). 

J. P. J. Verlaan, J. P. C. Bootsma, and G. Challa, J. Mol. Catal., 12, 

211 (1982). 

168. 

169. 

170. 

171. 

172. 

M. G. Vinogradov, R. S. Min, V. S. Aksenov, and G. I. Nikishin, Izv. Akad. 

Nauk SSSR, Ser. Khim., 1994 (1982). 

F. M. Dean and M. 0. A. Orabi, J. Chem. Sot., Perkin I, 2617 (1982). 

K-i. Watanabe and A. Imazawa, Bull. Chem. Sot., Jpn., $2, 3208 (1982). 

M. Kumada and T. Hayashi, Kagaku (Kyoto), 22, 696 (1982). 

P. Heutter, T. Butters, W. Winter, D. Handschuh, and W. Voelter, Liebigs 

Ann. Chem., 1111 (1982). 

173. 

174. 

175. 

176. 

B. Bosnich and P. B. Mackenzie, Pure Appl. Chem., ,5,4, 189 (1982). 

B. M. Trost. Chem. Sot. Rev.. 11. 141 (1982). . v-u- 

J. Tsuji, Pure and Appl. Chem., ,@, 197 

J. Tsuji, I. Shimizu, I. Minami, and Y. 

4809 (19821. 

(1982). 

Ohashi, Tetrahedron Lett., $3, 

177. and S-i. Murahashi, Tetrahedron 

178. 

Y. Tanigawa, K. Nishimura, A. Kawasaki, 

Lett., 22, 5549 (1982). 

T. Hirao, N. Yamada, Y. Ohshiro, and T. 

409 (1982). 

Agawa, J. Organomet. Chem., x?$, 

179. 

180. 

J. P. Genet, M. Balabane, and Y. Legras, Tetrahedron Lett., &i, 331 (1982). 

J. P. Genet, M. Balabane, and F. Charbonnier, Tetrahedron Lett., $2, 5027 

(1982). 

181. 

182. 

183. 

184. 

185. 

186. 

187. 

188. 

189. 

190. 

191. 

R. S. Valpez, D. J. Miller, J. M. Estes, and S. A. Godleski, J. Org. Chem., 

$z, 4717 (1982). 

T. Hayashi, K. Kanehira, H. Tsuchiya, and M. Kumado, J. Chem. Sot., Chem. 

Commun., 1162 (1982). 

H. Matsushita and E-i. Negishi, J. Org. Chem., $1, 4161 (1982). 

T. Kitazume and N. Ishikawa, Chem. Lett., 137 (1982). 

H. Matsushita and E-i. Negishi, J. Chem. Sot., Chem. Commun., 160 (1982). 

E-i. Negishi, H. Matsushita, S. Chatterjee, and R. A. John, J. Org. Chem., 

ii, 3188 (19821. 

I. P. Beletskaya, A. N. Kasatkin, S. A. Lebedev, and N. A. Bumagin, Bull. 

Akad. Nauk SSSR, ig, 1994 (1982). 

B. M. Trost and R. W. Warner, J. Amer. Chem. Sot., aQ$, 6110 (1982). 

K. Yamamoto and J. Tsuji, Tetrahedron Lett., 12, 3089 (1982). 

S. A. Godleski and R. S. Valpez, J. Org. Chem., $l, 381 (1982). 

N. Miyaura, Y. Tanake, H. Suginone, and A. Suzuki, J. Organomet. Chem., @$, 

Cl3 (1982). 

464 



192. 

193. 

194. 

195. 

196. 

197. 

19%. 

199. 

200. 

201. 

202. 

203. 

204. 

205. 

206. 

207. 

20%. 

209. 

210. 

211. 

212. 

213. 

214. 

215. 

216. 

217. 

21%. 

219. 

220. 

221. 

465 

F. Guibe, D. S. Grierson, and H-P. Husson, Tetrahedron Lett., $3, 5055 

(1982). 

P. A. Wade, S. D. Morrow, and S. A. Hardinger, J. Org. Chem., tz, 365 (1982). 

P. Aleksandrowicz, H. Piotrowska, and W. Sas, Tetrahedron, @, 1321 

P. Aleksandrowicz, H. Piotrowska, and W. Sas, Monatsch. Chem., $12, 

(1982). 

R. Tamura and 1. S. Hegedus, J. Amer. Chem. Sot., dQ$, 3727 (1982). 

N. Ono, I. Hashimoto, and A. Kaji, J. Chem. Sot., Chem. Coannun., 82 

1982). 

221 

1 (1982). 

J. C. Fiaud and L. Aribi-Zouioneche, Tetrahedron Lett., 22, 5279 (1982). 

M. U. Ahmad, J-E. Backvall, R. E. Nordberg, T. Norin, and S. Stromberg, 

J. Chem. Sot., Chem. Cormnun., 321 (1982). 

L. S. Hegedus, 8. Akermark, D. J. Olsen, 0. P. Anderson, and K. Zetterberg, 

J. Amer. Chem. Sot., I$$, 697 (1982). 

J. S. Temple, M. Riediker, and J. Schwartz, J. Amer. Chem. Sot., k&,4, 1310 

(1982). 

J. McMurray, J. R. Matz, K. L. Kees, and P. A. Bock, Tetrahedron Lett., 22, 

1777 (1982). 

J. E. McMurray and J. R. Matz, Tetrahedron Lett., $2, 2723 (1982). 

8. M. Trost and M. Lautens, J. Amer. Chem. Sot., ;d& 5543 (1982). 

L. S. Hegedus and S. Varaprath, Organometallics, 1, 259 (1982). 

T. Kauffmann, A. Hamsen, and C. Beirich, Angew. Chem. Int. Ed., 21, 144 

(1982). 

T. Hiyama, Y. Okude, K. Kimura, and H. Nozaki, Bull. Chem. Sac. Jpn., 22, 

561 (1982). 

M. D. Lewis and Y. Kishi, Tetrahedron Lett., $2, 2343 (1982). 

T. Hiyama, M. Obayashi, A. Obayashi , and A. Nakamura, Organometallics, 1, 

1249 (1982). 

T. Kauffmann, E. Anftang, 8. Ennen, and N. Klas, Tetrahedron Lett., $3, 

2301 (1982). 

J. Souppe, J. L. Namz, and H. B. Kagan, Tetrahedron Lett., 22, 3497 (1982). 

M. T. Reetz, R. Steinbach, J. Westermann, R. Urz, B. Wenderoth, and R. 

Reter, Angew. Chem. Int. Ed., 21, 135 (1982). 

M. 

R. 

M. 

T. 

8. 

F. 

E. 

J. 

T. Reetz and 8. Wenderoth, Tetrahedron Lett., $2, 5259 (1982). 

Hanko and D. Hoppe, Angew. Chem. Int. Ed., Q,, 372 (1982). 

Ishiguro, N. Ikeda, and H. Yamamoto, J. Org. Chem., $z, 2225 (1982). 

Hayashi, M. Knoishi, and M. Kumada, J. Amer. Chem. Sot., &I$ 4963 (1982). 

M, frost and B. P. Coppola, J. Amer. Chem. Sot., &I$, 6879 (1982). 

Sato, Y. Suzuki, and M. Sato, Tetrahedron Lett., 22, 4589 (1982). 

Klei, J. H. Teuben, H. J. DeLiefde Meijer, E. j. Kwak, and A. P. Bruins, 

Organometal. Chem., 253, 327 (1982). 

T. Yoshida, Chem. Lett., 429 (1982). 

L. Lombardo, Tetrahedron Lett.. a, 4293 (1982). 



466 

222. L. R. McGee, Diss. Abstr. Int. B, $p, 3690 (1982). 

223. B. H. Lipshutz, J. Kozlowski, and R. S. Wilhelim, J. Amer. Chem. Sot., 

@$, 2305 (1982). 

224. J. P. Marino and J. C. Jaen, J. Amer. Chem. Sot., $@, 3165 (1982). 

225. G. Teutseh, Tetrahedron Lett., $2, 4697 (19821. 

226. H. M. Sirat, E. J. Thomas, and J. D. Wallis, J. Chem. Sot., Perkin I, 2885 

(1982). 

227. M. F. Schlecht, J. Chem. Sot., Chem. Comm., 1331 (1982). 

228. H. Kleijn, J. Meijer, G. C. Overbeek, and P. Vermeer, Reel.: J. R. Neth. 

Chem. Sot., @$ 97 (19821. 

229. J. L. Garcia, Diss. Abstr. Int. B, $2, 427 (1982). 

230. W. R. Jackson, I. D. Rae, M. G. Wong, M. F. Semmelhack, and J. N. Garcia, 

J. Chem. Sot., Chem. Comm., 1359 (1982). 

231. M. F. Semmelhack, W. Seufert, and L. Keller, J. Organomet. Chem., 224, 

183 (1982). 

232. Y. K. Chung, P. G. Willard, and D. A. Sweigart, Organometallics, 1, 1053 

(1982). 

233. M. F. Semmelhack, W. Wulff, and J. L. Garica, J. Organomet. Chem., @p, C5 

(1982). 

234. G. Nechvatal and D. A. Widdowson, J. Chem. Sot., Chem. Cormn., 467 (1982). 

235. M. Fukui, T. Iheda, and T. Oishi, Tetrahedron Lett., 22, 1605 (1982). 

236. J. P. Kutney, L. Kaczmarek, D. Mostowicz, and B. R. Worth, Can. J. Chem., 

$9, 323 (1982). 

237. J. P. Tane and K. P. C. Vollhardt, Angew. Chem. Int. Ed., El, 617 (1982). 

238. B. Caro and G. Jaouen, J. Organomet. Chem., g@, 87 (1982). 

239. J-M. Lamarche and B. Laude, Bull. Sot. Chim. Fr., II-97 (1982). 

240. S. F. Dyke and S. N. Quessy, Transition Met. Chem., z, 233 (1982). 

241. 1. R. Girling and D. A. Widdowson, Tetrahedron Lett., x2, 1957 (19821. 

242. I. R. Girling and D. A. Widdowson, Tetrahedron Lett., $2, 4281 (19821. 

243. M. E. K. Cartoon and G. W. H. Cheeseman, J. Organomet. Chem., 1231, 123 

(19821. 

244. B. M. Ratnayaka Bandra, A. J. Birch, and W. D. Ravertz, J. Chem. Sot., 

Perkin I, 1775 (1982). 

245. B. M. Ratnayaka Bandra, A. J. Birch, and W. D. Ravertz, J. Chem. Sot., 

Perkin I, 1745 (19821. 

246. A. J. Pearson, T. R. Perrior, and D. C. Rees, J. Organomet. Chem., 4x6, 

C39 (1982). 

247. A. J. Pearson, P. Ham, C. W. Ong, T. R. Perrior, and D. C. Reese, J. Chem. 

sot., Perkin I, 1527 (19821. 

248. A. J. Birch, A. J. Liepa, and G. R. Stephenson, J. Chem. Sot., Perkin I, 

713 (1982). 

249. L. A. Paquette and R. G. Daniels, Organometallics, 1, 757 (19821. 



250. L. F. Kelly, J. Org. Chem.. $l, 3965 (19821. 

251. A. J. Birch, L. F. Kelly, and A. S. Narula, Tetrahedron, 26, 1813 (1982). 

252. A. J. Pearson, P. Ham, and D. C. Rees, J. Chem. Sot., Perkin Trans. 1, 489 

(1982). 

253. 

254. 

255. 

G. R. Stephenson, J. Chem. Sot., Perkin I, 2449 (1982). 

A. J. Pearson and C. W. Ong, J. Org. Chem., $z, 3780 (19821. 

A. J. Pearson, I. C, Richards, and D. V. Gardner, J. Chem. Sot., Chem. 

Coins., 807 (1982). 

256. 

257. 

258. 

259. 

A. J. Pearson and G. C. Heywood, J. Chem. Sot., Perkin I, 2631 (1982). 

A. J. Pearson and D. C. Rees, J. Amer. Chem. Sot., &ll, 1118 (1982). 

A. J. Pearson and D. C. Rees, J. Chem. Sec.. Perkin I, 2467 (1982). 

M. Frank-Ne~ann, D. Martina, and M. P. Heitz, Tetrahedron Lett., @, 3493 

(1982). 

260. D. L. J. Clive, V. Farina, and P. L. Beauliew, J. Org. Chem., $1, 2572 

(1982). 

261. 

262. 

263. 

M. Bourgain-Commerson, J-P. Foulon, and J. F. Normant, J. Organomet. Chem., 

@&, 321 (19821. 

Y. Yamamoto, S. Yamamoto, H. Yatagai, Y. Ishihara, and K. Maruyama, 

J. Org. Chem., $a, 119 (1982). 

B. H. Lipshutz, R. S. Wilhelin, and J. Kozlouski, Tetrahedron Lett., G, 

3755 (19821. 

264. 

265. 

C. R. Johnson and 0. S. Dhanoa, J. Chem. Sot., Chem. Comm.. 358 (1982). 

J. L. Luche, C. Petriev, A. L. Gernal, and N. Zirkra, J. Org. Chem., $1, 

3805 (1982). 

266. 

267. 

S. A. Bal, A. Marfat, and P. Helquist, J. Org. Chem., $1, 5047 (1982). 

M. Suzuki, T. Kawagishi, T. Suzuki, and R. Noyori, Tetrahedron Lett., 22, 

4057 (1982). 

268. 

269. 

270. 

F. Scheinmann, Prostaglandins Thromboxanes, 62 (1982). 

K. Yamamoto, M. Iijima, and Y. Ogimura, Tetrahedron Lett., & 3711 (1982). 

R. J. Batten, J. 0. Coyle, R. J. K. Taylor, and S. Vassiliow, J. Chem. Sot., 

Perkin I, 1177 (1982). 

271. 

272. 

273. 

274. 

275. 

276. 

277. 

278. 

X. Huang, C-C. Chan, and Q. L. Wu, Tetrahedron Lett., 22, 75 11982). 

K-y. Akiba, Y. Iseki and M. Wada, Tetrahedron Lett., 22, 429 (1982). 

T. Ibuka and E. Tabushi, J. Chem. Sot., Chem. Coezn., 703 (1982). 

C. Frejaville, R. Jullien, H. Stahl-Larivieve, M. Wanat, and 0. Zanin, 

Tetrahedron, Jl&, 2671 (1982). 

G. H. Posner, J. P. Mallamo, M. Hulce, and L. L. Frye, 3. Amer. Chem. Sot., 

@I$, 4180 (1982). 

A. T. Hansson and M. Nilsson, Tetrahedron, & 389 (1982). 

H. Malmberg, M. Nilsson, and C. Ullenius, Tetrahedron Lett., $2, 3823 (1982). 

R. K. Dieter, J. R. Fishpaugh, and L. A. Silks, Tetrahedron Lett., 22, 

3751 (1982). 

467 



468 

396. J. Engelhardt, J. Goldwasser, and W. K. Hall, J. Mol. Catal., 12, 173 

397. J. A. K. Du Plessis, P. J. Heenop, and J. J. Pienaar, S. Afr. J. Chem., 15, 

42 (1982). 

398. B. Lorenz, H. Rommel, and M. Wahren, Z. Chem., xp, 224 (1982). 

399. H. T. Dodd and I(. J. Rutt, J. Mol. Catal., 12, 103 (1982). 

400. J. Kress, M. Wesolek, and J. A. Osborn, J. &hem. Sot., Chem. Comm., 514 

(1982). 

401. K. Seyferth and R. Taube, J. Organomet. Chem., @$, 275 (1982). 

402. A. E. Crease, H. Egglestone, and N. Taylor, J. Organomet. Chem., $30, C5 

(1982). 

403. A. J. Van Roosmalen and J. C. Mof, J. Catal., aa, 17 (1982). 

404. H. Liu and H. Guo, Chiuhua Zuebao, $, 151 (1982). 

405. T. J. Katz and C. C. Han, Gov. Rep. Announce. Index (US), pl, 4256 (1982). 

406. T. J. Katz and C-C. Han, Organometallics, 1, 1093 (1982). 

407. C. Larroche, J. P. Loval, A. Lattes, M. leconte, F. Quignard, and J. M. 

Basset, J. Org. Chem., $a, 2019 (1982). 

408. G. J. Leigh, M. T. Rahman, and D. R. M. Walton, J, Chem. Sot., Chem. Comm., 

541 (1982). 

409. K. C. Ott, J. B. Lee, and R. H. Grubbs, J. Amer. Chem. Sot., 1p1, 2942 

(1982). 

410. A. K. Rappe and W. A. Goddard, III, J. Amer. Chem. Sot., ,@I, 448 (1982). 

411. C. tarroche, J. P. L'aval, A. Lattes, M. Leconte, F. Quignard. and J. M. 

Basset, NOUV, J. Chim., $, 61 (1982). 

412. 6. I. Devine, H. T. Ho, K. J. Ivin, M. A. Mohamed, and J. J. Rooney, 

J. Chem. Sot., Chem. Comm., 1229 (1982). 

413. 

414. 

415. 

416. 

417. 

418. 

419. 

420. 

421. 

422. 

423. 

424. 

F. Kapteijn and J. C. Mol, J. Chem. SOC.~ Faraday Trans. 1, & 2583 (1982). 

N. Taghizadeh, F. Qoignard, M. Leconte, J. M. Basset, C. Larroche, J, P. 

Laval, and A. Lattes, J. Mol. Catal., 12, 219 (1982). 

3. C. Mol, J. Mol. Catal., 12, 35 (1982). 

T. Mallat and J. Petro, Magy. Kern. Foly., @, 80 (1982). 

S. Warwel and E. Janssen, Chem. Ztg., @$. 266 (1982). 

D. 6. Daly and M. D. McKervey, Tetrahedron Lett., 52, 2997 (1982). 

D. Villemin and P. Cadiot, Tetrahedron Lett., 21, 5139 (1982). 

S. Warwel, H. Ridder, and W. WinkelmUller, Angew. Chem. Int. Ed., $z, 700 

(1982). 

E. I. Bogolepova, S. 8. Verbovetskaya, and A. N. Bashkirov, Neftekhimiya, 

& 207 (1982). 

J. Sancho and R. R. Schrock, J. Mol. Catal., 12, 75 (1982). 

M. Petit, A. Mortreaux, and F. Petit, J. Chem. Sot., Chem. Connn., 1385 

(1982). 

K. Mach, F. Turecek, H. Antropiuserva, L. Petrivosiur, and S. Harris, 

Synthesis, 51 (1982). 



469 

485. Il. Seebach and M. Schiess, Helv. Chim. Acta., 41, 2598 (1982). 

486. J. E. Backvall and S. E. Bystrom, J. Org. Chem., $I, 1126 (1982). 

487. H. Watanabe, A. Nagai, M. Saito, H. Tanaka, and Y. Nagai, Asahi Garasu 

Kogyo Gijutsu Shoreikai, $Q, 111 (19811. 

488. V, V. litvak, P. P. Kun, and V. D. Shteingarts, Zh. Org. Khim., 18, 1966 

(19821. 

489. K. Kaneda, M. Yasumura, T. Imanaka, and S. Teraniski, J. Chem. Sot., Chem. 

+, 935 (19821. 

490. H. Brunner and G. Riepl, Angew. Chem. Int. Ed., pi, 376 (1982). 

491. M. Yamashita, K. Miyoshi, Y. Okada, and R. Suemitsu, Bull. Chem. Sot., Jpn., 

$2, 1329 (1982). 

492. A. M. Caporusso, G. Giacomelli, and L. Lardicci, J. Org. Chem., $1, 4640 

(19821. 

493. T. 

494. H. 

495. R. 

496. t. 

497. R. 

498. R. 

499. Y. 

500. s. 

501. M. 

J. 

Fujisawa, Y. Kurita, M. Kawashima, and T. Sato, Chem. Lett., 1641 (1982). 

Kotake, T. Yamamoto, and H. Kinoshita, Chem. Lett., 1331 (19821. 

Price and J. E. Yates, J. Chem. Sot., Perkin I, 1775 (19821. 

Gibson, Tetrahedron Lett., & 157 (1982). 

Svenson and S. Gronowitz, Chem. Ser., ,Q, 149 (19821. 

Ray and D. S. Matteson, J. Indian Chem. Sot., $41, 119 (1982). 

Tanabe and J. Toriya, Yuki Gosei Kagaku Kyokaishi, I$!, 70 (1982). 

Tamagaki, K. Hotta, and W. Tagaki, Chem. Lett., 651 (19821. 

A. Brook, L. Castle, J. R. L. Smith, R. Higgins, and K. P. Morris, 

Chem. Sot., Perkin Trans 2, 687 (1982). 

502. F. Campo, J. Coll, and J. M. Moret, Synthesis, 186 (1982). 

503. S. Ito and M. Matsumoto, Synth. Comn., I{, 807 (1982). 

504. A. F. Noels, A. Pemonceau, N. Petiniot, A. J. Hukert, and P. Teysie, 

Tetrahedron, $& 2733 (19821. 

505. L. V. Dunkerton, K. T. Brady, and F. Mohamed, Tetrahedron Lett., Q, 599 

(1982). 

506. S. M. Brailovskii, L. Elfteriu, 0. N. Chernysheva, and A. P. Belov, Kinet. 

Katal., &3, 54 (1982). 

507. J. 

508. M. 

509. M. 

510. T. 

511. D. 

M. 

512. H. 

M. Adams, A. Bylina, and S. H. Graham, J. Catal., B, 190 (19821. 

Marsi and J. A. Gladysz, Organometallics, i, 1467 (1982). 

Marsi and J. A. Gladysz, Tetrahedron Lett., p$, 631 (19821. 

Nakatsutka and T. Mukaiyama, Chem. Lett., 369 (1982). 

Seebach, E. Hungerbuhler, R. Naef, P. Schnurrenberger, B. Weidmann, and 

Zuger, Synthesis, 138 (19821. 

Wautier, V. Daffe, M. N. Smets, and J. Fastrez, J. Chem. Sot., Dalton 

Trans., 2479 (19811. 

513. H. Rehwinkel and W. Seglich, Synthesis, 826 (1982). 

514. C. A. Horiuchi and J. Y. Satoh, J. Chem. Sot., Perkin I, 2595 (1982). 

515. T. Hosokawa, Y. Imada, and S-i. Murahashi, Tetrahedron Lett., $2, 3373 

(19821. 



470 

279. 

280. 

281. 

E. Piers, K. F. Cheng, and I. Nagakura, Can. J. Chem., $9, 1256 (19821. 

H. Malmberg and M. Nilsson, Tetrahedron, 3&, 1509 (1982). 

M. F. Semmelhack, L. Keller, T. Sato, and E. S. Piess, J. Org. Chem., $1, 

4384 (1982). 

282. K-i. Watanabe, K-i. Miyatu, and K. Irie, Bull. Chem. Sot., Jpn., $2, 3212 

(1982). 

283. F. K. Velichko and L. V. Vinogradova, Izv. Akad. Nauk SSSR, Ser. Khim., 

1107 (1982). 

284. 

285. 

286. 

S. E. Denmark and T. K. Jones, J. Amer. Chem. Sot., 1@, 2642 (1982). 

A. Citterio, A. Arnoldi, and A. Griffini, Tetrahedron, ,3$, 393 (1982). 

Y. Ito, H. Kato, H. Imai, and T. Saegusa, J. Amer. Chem. Sot., IQ!, 6449 

(19821. 

287. G. Cavinato, L. Toniolo, C. Botteghi, and S. Gladiali, J. Organomet. Chem., 

222, 93 (1982). 

288. 

289. 

290. 

G. Cometti and G. P. Chiusoli, J. Organomet. Chem., 

T. Itahara, Chem. Lett., 1151 (1982). 

M. R. Popchenko, M. N. Manakov, and T. I. Tarasova, 

(Moscow), 37 (19821. 

225, C31 (1982). 

Neftepererab. Neftekhim., 

291. 

292. 

293. 

294. 

295. 

296. 

297. 

H. Nagashima, K. Sakai, and J. Tsuji, Chem. Lett., 859 (1982). 

J. Tsuji, K. Sato, and H. Nagashima, Tetrahedron Lett., 22, 893 (1982). 

D. Milstein, Organometallics, 1, 888 (1982). 

K. P. Vora, Diss. Abstr. Int. B, $2, 4074 (1982). 

T. Mise, P. hong, and H. Yamazaki, Chem. Lett., 401 (1982). 

P. Hong, T. Mise, and H. Yamazaki, Nippon Kagaku Kaishi, 242 (1982). 

G. Shulyakovskii, L. A. Illina, and 0. N. Temkin, Zh. Prikl, Khim. 

298. 

299. 

300. 

301. 

302. 

(Leningrad), $$, 2739 (1981). 

H. Hoberg and D. Schaefer, J. Organomet. Chem., &$I, C28 (1982). 

D. Walther and E. Dinjus, Z. Chem., 22, 228 (1982). 

303. 

304. 

6. Burkhart and H. 

G. Burkhart and H. 

Y. Inoue, T. Hibi, 

Kagaku Kaishi, 276 

A. A. Koryakin and 

Hoberg, Angew. Chem. Int. Ed., 76 (1982). 

Hoberg, Angew. Chem. Suppl., 147 (1982). 

M. Satake, Y. Kawashima, and H. Hashimoto, Nippon 

(1982). 

A. S. Osipov, Deposited Doc., VINITI, 2327 (19801. 

T. Kobayashi and M. Tanaka, J. Organomet. Chem., 221, Cl2 (1982). 

305. T. Kobayashi and M. Tanaka, J. Organomet. Chem., $&l, C64 (1982). 

306. F. Ozawa and A. Yamamoto, Chem. Lett., 865 (1982). 

307. F. Ozawa, H. Soyama, T. Yamamoto, and A. Yamamoto, Tetrahedron Lett., Q, 

3383 (19821. 

308. H. Alper, K. Hashem, and J. Heveling, Organometallics, 1, 775 (1982). 

309. M. Uchiyama, T. Suzuki, and Y. Yamazaki, Nippon Kagaku Kaishi, 236 (1982). 

310. A. I. Minkov and 6. V. Savchekno, Kinet. Katal., 22, 634 (19821. 

311. Y. Fujiwara, I. Kawata, T. Kawanchi, and H. Taniguchi, J. Chem. Sot., Chem. 

a, 132 (1982). 



471 

312. N. A. Bumagin, I. 6. Bumagina, A. N. Kashin, and I. P. Beletskaya, Dokl. 

9, $Qi, 532 (1981). 

313. N. A. Bumagin, I. 6. Bumagina, A. N. Kashin, and I. P. Beletskaya, Zh. Org. 

Khim., $3, 1131 (1982). 

314. H. Alper and J-L. Fabre, Organometallics, 1, 1037 (1982). 

315. F. Francalanci and M. Foa, J. Organomet. Chem., &$?, 59 (1982). 

316. L. S. Hegedus and Y. fnoue, J. Amer. Chem. Sot., $& 4917 (1982). 

317. K. H. Theopold, P. N. Becker, and R. 6. Bergman, J. Amer. Chem. Sot., $Q$, 

5250 (1982). 

318. R. de1 Rosario and L. S. Stuhl, Tetrahedron Lett., $2, 3999 (1982). 

319. M. Troupel, Y. Rollin, J. Perichon, and J. F. Fauvarque, Nouv. J. Chim., 

2, 621 (19811. 

320. T. Yamamoto, Y. Ehara, and A. Yamamoto, Nippon Kagaku Kaishi, 310 (19821. 

321. H. Hoberg and H. J. Riegel, J. Organomet. Chem., $24, C53 (1982). 

322. Y. Wakita, T. Kobayashi, M. Maeda, and M. Kojima, Chem. Pharm. Bull., i,O, 

3395 (1982). 

323. V. A. Golodov. Y-L. Sheludyakov, and D. V. Sokol'skii, Katal. Reakts. 

Zhidk. Faze, Mater. Vses. Konf., 5th, 61 (1980). 

324. H. Alper and S. Amaratunger, J. Org. Chem., $2, 3595 (1982). 

325. K. Kikukawa, K. Kono, F. Wada, and T. Matsuda, Chem. Lett., 35 (1982). 

326. Y. Watanabe, Y. Tsuji, and N. Suzuki, Chem. Lett., 105 (19821. 

327. B. K. Nefedov, V. I. Manov-Yuvenskii, V. A. Semikolenov, V. A. Likholobov, 

and Y-I. Ermakov, Kinet. Katal., Q, 1001 (1982). 

328. B. Elleuch, Y. Ben Tagrit, J. M. Basset, and J. Kervennal, Angew. Chem. 

Int. Ed., 21, 687 (1982). 

329. A. L. Lapidus, 11. I. Manov-Yuvenskii, and K. 8. Petrovskii, Irv. Akad. Nauk 

SSSR, Ser. Khim., 2743 (1981). 

330. P. Braunstein, R. Bender, and J. Kervennal, Organometallics, 2, 1236 (1982). 

331. Y. Yamazaki and A. Masuda, Yuki Gosei Kagaku Kyokaishi, $.., 218 (1982). 

332. A. Masuda, H. Mitani, K. Oku, and Y. Yamazaki, Nippon Kagaku Kaishi, 249 

(1982). 

333. T. Imamoto, T. Kus~to, and M. Yokoyama, Bull. Chem. Sot., Jpn., !& 643 

(1982). 

334. P. Isnard, B. Denise, R. P. A. Sneeden, J. M. Cognion, and P. Duval, 

J. Organomet. Chem., m, 169 (1982). 

335. J. Tsuji, K. Sate, and H. Okumoto, Tetrahedron Lett., 22, 5189 (1982). 

336. 6. Doyl.e, J. Mol. Catal., 12, 237 (1981). 

337. M. S. Scurrell and T. Hauberg, Appl. Catal., 2, 225 (1982). 

338. Y. Souma and H. Sano, Nippon Kagaku Kaishi, 263 (1982). 

339. T. Onoda, Kagaku Sosetsu, 24, 76 (1982). 

340. E. Amari, M. Catellani, 6. P. Chiusoli, and 6. Salerno, Chim. Ind. (Milan), 

@, 240 (1982). 



412 

341. 

342. 

343. 

344. 

345. 

346. 

347. 

349. 

350. 

351. 

352. 

353. 

354. 

355. 

356. 

357. 

358. 

359. 

360. 

361. 

362. 

363. 

E. Haruki, Org. Bio-Org. Chem. Carbon Dioxide, 5, (19821. 

M. Tanaka, Kagaku to Kogyo, 25, 201 (1982). 

1. M. Sandilands, C. J. L. Lock, R. Faggiani, N. Hao, B. G. Sayer, M. A. 

Quillian, 8. E. McCarry, and M. J. McGlinchez, J. Organomet. Chem., @4, 

267 (19821. 

R. C. Larock and C. A. Fellows, J. Amer. Chem. Sot., l& 1902 (1982). - 
M. Yamashita, K. Miyoshi, Y. Nakazono, and R. Suemitsu, Bull. Chem. Sot.‘, 

Jpn., !& 1663 (1982). -- 
J. W. Verbicky Jr., B. A. Dellacoletta, and L. Williams, Tetrahedron Lett., 

22, 371 (19821. 

D. H. Doughty, M. P. Anderson, A. L. Casalnuovo, M. F. McGuiggan, C. C. 

Tso, H. H. Wang, and L. H. Pignolet, Adv. Chem. Ser., l9$, 65 (1982). 

G. Henrici-Olive and S. Olive, J. Mol. Catal., I$, 111 (1982). 

Y-N. Usov, E. D. Chekurovskaya, and N. I. Kuvshinova, Depostied Dot., SPSTL, 

898 (1980). 

P. E. Matkovskii, F. S. D'yachkovskii, L. N. Russiyan, V. D. Litvinova, 

V. N. Belova, 6. P. Startseva, and K-A. Brikenshtein, Neftekhimiya, ,Q, 

317 (1982). 

V. S. Aliev, A. A. Khanmetov, R-K. Mamedov, R. K. Kerimov, and V. M. 

Akmetov, Zh. Org. Khim., ;1@, 265 (19821. 

S. Shamouilian, Diss. Abstr. Int. B, $I, 3273 (1982). 

P. Binger, H. M. BUch, R. Benn, R. Mynott, Angew. Chem. Int. Ed., Sk, 

62 (19821. 

J-i. Yoshida, K. Tamao, H. Yamamoto, T. Kakui, T. Uchida, and M. Kumada, 

Organometallics, i, 542 (19821. 

K. Murata and A. Matsuda, Bull. Chem. Sot., Jpn., $2, 2195 (1982). 

K. Ishii, H. Kanai, I. Akasaki, and K. Tarama, Nippon Kagaku Kaishi, 16 

(19821. 

J. 0. Drulinger and R. C. Blackstone, J. Organomet. Chem., x&J, 277 (1982). 

C. U. Pittman Jr., R. M. Hanes, and J. J. Yang, J. Mol. Catal., 12, 377 

(19821. 

H. Tom Dieck and H. Mueller, J. Organomet. Chem., 221, C7 (1981). 

H. M. Zhemilev, R. I. Khusnutdinov, Z. S. Muslimov, L. V. Spirikhim, G. A. 

Tolstikov, and 0. M. Nofedov, Bull. Akad. Nauk SSSR, $9, 1889 (1982). 

S. R. Rafikov, U. M. Dzhemilov, R. I. Khusnutdinov, V. A. Dokichev, G. A. 

Tolstikov, A-S. Sultanov, Sultanov, 8. G. Zykov and 0. M. Nefedov, Izv. 

Akad. Nauk SSSR, Ser. Khim., 902 (1982). 

P. Vioget, P. Vogel, and R. Roulet, Angew. Chem. Int. Ed., $1, 430 (1982). 

364. P. Grenouillet, D. Neibecker, J. Poirier, and I. Tkatchenko, Angew. Chem. 

Int. Ed., ,Q, 767 (19821. 

365. L. I. Zakharkin and E. A. Petrushkina, Zh. Org. Khim., 19, 1623 (1982). 

366. R. Bortolin, G. Gatti, and A. Musco, J. Mol. Catal., I$, 95 (1982). 



473 

367. L. M. Zubitskii, N. D. Romashenkova, and A. D. Petrov, J. Org. Chem. SSSR, 

18, 667 (1982). 

368. L. I. Zakharkin, V. N. Medvedkov, and E. A. Petrushkina, Zh. Obshch. Khim., 

$2, 2118 (1982). 

369. M. Hidai, H. Mizuta, H. Yagi, Y. Nagai, K. Hata, and Y. Uchida, J. Organomet. 

Chem., gz, 89 (1982). 

370. N. A. Grigor'ev, A. L. Tumanskaya, and R. K. Freidlina, Izv. Akad. Nauk 

SSSR, Ser. Khim., 199 (1982). 

371. V. M. Akhimedov, A. A. Khanmetov, and A. G. Azizov, J. Org. Chem., USSR, 

lx, 1479 (1982). 

372. G. P. Chiusoli, L. Pallini, and 6. Salerno, J. Organomet. Chem., Qf, C85 

(1982). 

373. G. Buono, C. Triantaphylides, 6. Peiffer, A. Mortreux, and F. Petit, Amer. 

Chem. Sot., Symp. Ser., 171, 499 (1981). - 

374. M. Catellani and G. P. Chuisoli, J. Organomet. Chem., $2, C35 (1982). 

375. P. Binger and P. Bentz, Angew. Chem. Int. Ed., 21, 622 (1982). 

376. A. A. Aradi, Diss. Abstr. Int. B, $2, 1098 (1982). 

377. T. Masuda, T. Takahashi, and T. Higashimura, J. Chem. Sot., Chem. Connn., 

1297 (1982). 

378. B. C. Berris, Y-H Lai, and K. P. C. Vollhardt, J. Chem. Sot., Chem. Comm., 

953 (1982). 

379. E. R. F. Gesing, J. Org. Chem., $2, 3192 (1982). 

380. E. D. Sternberg and K. P. C. Vollhardt, J. Org. Chem., $2, 3447 (1982). 

381. R. Grigg, R. Scott, and P. Stevenson, Tetrahedron Lett., p$, 2691 (1982). 

382. A. Bow, M. A. Pericas, F. Serratosa, J. Claret, J. M. Feliu, and C. Muller, 

J. Chem. Sot., Chem. Comm., 1305 (1982). 

383. 0. Nomura, Y. Wakatsuki, K. Kitaura, and H. Yamazaki, Sci. Pap. Inst. Phys. 

Chem. Res., (Jpn.), a$, 118 (1981). 

384. H. Hoberg, D. Schaefer, and G. Burkhart, J. Organomet. Chem., $EI&, C21 

(1982). 

385. H. Hoberg ,and B. W. Oster, J. Organomet. Chem., @$, C35 (1982). 

386. T. T. T. Li and C. H. Brubaker, Jr., Inorg. Chim. Acta, $2, L113 (1982). 

387. H. A. SchBfer, R. Marcy, T. Riiping, and H. Singer, J. Organomet. Chem., 

z$Q, 17 (1982). 

388. H. Schumann and 6. Rodewald, J. Chem. Res., Synop., 210 (1982). 

389. R. Pearce, Catal. Chem. Processes, 194 (1981). 

390. A. Sen and T-W. Lai, Organo~tallics, _!, 415 (1982). 

391. A. Sen and A-W. Lai, J. Amer. Chem. Sot., @$, 3520 (1982); 

392. H. W. Turner and R. R. Schrock, J. Amer. Chem. Sot., l$t$, 2331 (1982). 

393. N. Kitajima, Y. Hakone, and Y. Ono, Chem. Lett., 871 (1982). 

394. A. Sen and R. R. Thomas, Organometallics, d, 1251 (1982). 

395. A. Bencheick, M. Petit, A. Mortreux, and F. Petit, J. Mol. Catal., 12, 

93 (1982). 



425. H. Suzuki and Y. Mooro-oka, Yuki Gosei Kagaku Kyokaishi, $2, 1222 

426. 6. Fachinetti and A. Stefani, Angew. Chem., 81, 924 (19821. 

427. M. B. Freeman, M. A. Patrick, and B. C. Gates, J. Catal., li, 82 

(1981 

(19821 

1 . 

434. N. Z. Huang, Y. D. Xing, and D. Y. Ye, Synthesis, 1041 (1982). 

434a.Y. D. Zing and Z. H. Nai, J. Org. Chem., $2, 140 (1982). 

435. T. Ikariya, Y. Ishikawa, K. Hirai, and S. Yoshikawa, Chem. Lett., 1815 

(1982). 

436. 

437. 

438. 

I. Shimirzu and J. Tsuji, J. Amer. Chem. Sot., 1&l, 5845 (19821. 

J. W. S. Stevenson and T. A. Bryson, Tetrahedron Lett., $2, 3143 (1982). 

K. Tani, T. Yamagata, S. Otsuka, S. Akutagawa, H. Kumobayashi, T. Taketomi, 

H. Takaya, A. Muyashita, and R. Noyori, J. Chem. Sot., Chem. Conmn., 600 

(1982). 

439. 

440. 

441. 

442. 

443. 

444. 

445. 

446. 

447. 

448. 

D. P. Getman, Diss. Abstr. Int. B, $3, 138 (1982). 

W. H. Campbell and P. W. Jennings, Organometallics, 1, 1071 (19821. 

Y. Morizawa, K. Oshima, and H. Nozaki, Tetrahedron Lett., 22, 2871 (1982). 

M. P. Doyle and D. van Leusen, J. Org. Chem., $1, 5326 (19821. 

L. E. Overman and E. J. Jacobsen, J. Amer. Chem. Sot., ,l$t, 7225 (19821. 

T. Kagayama, S. Okabiyoshi, Y. Amarke, Y. Matsukawa, Y. Ishii, and M. Ogawa, 

Bull. Chem. Sot., Jpn., $2, 2297 (1982). 

L. G. Hutchins and R. E. Pinock, J. Org. Chem., ,$I, 607 (19821. 

T. Kobayashi and M. Nitta, Chem. Lett., 325 (1982). 

T. Hirao, N. Yamada, Y. Ohshiro, and T. Agawa, Chem. Lett., 1997 (19821. 

M. Suzuki, R. Noyori, and N. Hamanaka, Tennen Yuki Kagobutsu Toronkai Koen 

Yoshishu, 24th, 418 (19811. 

449. 

450. 

451. 

M. Nitta and T. Kobayashi, Tetrahedron Lett., $2, 3925 (19821. 

S. Koto, N. Morishima, R. Kawahara, K. Ishikawa, and S. Zen, Bull. Chem. 

Sot., Jpn., & 1092 (1982). 

S. Miyano, A. MOri, K. Kato, Y. Kawashima, and H. Hashimoto, Chem. Lett., 

1379 (1982). 

452. A. Arcelli, B-T. Khai, and G. Porzi, J. Organomet. Chem., $21, C31 (1982). 

453. A. Arcelli, B-T. Khai, and G. Porzi, J. Organomet; Chem., 822, 93 (1982). 

455. C. A. Horiuchi and J. Y. Satoh, J. Chem. Sot., Chem. Coazn., 671 (1982). 

428. K. Tolvaj Nemeth, I. Halasz, G. Gati, and F. Billes, Magy. Kern. Foly., @, 

349 (1982). 

429. X. Lu, R. Zhao, G. Chen, and J. Xu, Youji Hauxue, 340 (1982). 

430. S. Sakaki, K. Ohkubo, H. Fujiwara, and A. Ohyoshi, J. Mol. Catal., $6, 

181 (1982). 

431. T. Hosogai, Y. Fujita, Y, Ninagawa, and T. Nishida, Chem. Lett., 357 (1982). 

432. J. V. N. Vara Prasad, A. G. Samuelson, and C. N. Pillai, J. Catal., 22, 

1 (19821. 

433. S. Takatsuto, M. Ishiguro, and N. Ikekawa, J. Chem. Sot., Chem. Comm., 258 

(1982). 



456. 

457. 

T. Sugita, M. Idei, Y. Ishibashi, and Y. Takegami, Chem. Lett., 1481 (19821. 

J. E. BAckvall, R. E. Nordberg, and J-E. Nystrom, Tetrahedron Lett., Q, 

1617 (19821. 

458. 

459. 

460. 

461. 

462. 

J. E. BAckvall and E. Bjorkman, J. Chem. Sot., Chem. Corma., 693 (19821. 

Y. Castanet and F. Petit, J. Chem. Res, (SI, 238 (1982). 

I. Pri-Bar and J. K. Stille, J. Org. Chem., $1, 1215 (1982). 

M. Tasi, V. Galamb, and 6. Palzi, J. Org~~et. Chem., @Q, C31 (1982). 

R. Davis, I. F. Groves, and C. C. Rowland, J. Organomet. Chem., @$, C9 

(1982). 

463. T. Nakano, Y. Shimada, R. Sako, M. Kayama, H. Matsumoto. and Y. Nagai, 

Chem. Lett., 1255 (1982). 

464. M. Ravindranathan, N. Kalyanam, and S. Sivaram, J. Org. Chem., $.., 4812 

(19821. 

465. 

466. 

467. 

T. Yamamoto and Y. Kurata, Chem. Ind. (London), 737 (19811. 

S. Cenini, F. Porta, and M. Pizzotti, J. Mol. Catal.; 12, 297 (1982). 

Y. Sakakibara. N. Yadani, 1. Ibuki, M. Sakai, and N. &chino, Chem. Lett., 

1565 (1982). 

468. 

469. 

470. 

471. 

472. 

473. 

474. 

T. Funabiki, H. Hosomi, S. Yoshida, and K. Tarama, J. Amer. Chem. Sot., 

$&$ 1560 (1982). 

P. S. Elmes and W. R. Jackson, Aust. J. Chem., $2, 2041 (1982). 

W. R. Jackson and C. G. Lovel, Aust. J. Chem.. 22, 2053 .(1982). 

W. R. Jackson and C. G. Level, J. Chem. Sot.. Chem. Comn., 1231 (1982). 

W. Keim, A. Behr, H. 0. Luehr. and J. Weisser, J. Catal.. & 209 (1982). 

475. 

E. Keinan and N. Greenspoon, Tetrahedron Lett., $1, 241 (1982). 

L. Cerveny, I. Paseka, V. Stuchly, and V. Ruzicka, Collect. Czech. Chem. 

Commun., $l, 853 (i982f. 

M . A. Aramendia, Y. Borau, C. Jimenez, and J. M. Marinas, Afinidad, 3$, 

503 (1981). 

476. 

477. 

T. K. Banerjee and D. Sen, J. Chem. Technol. Biotechnol., 22, 676 (1981). 

S. Bhattacharya, P. Khandual, and C. R. Saha, Chem. Ind. (London), 600 

(1982). 

478. 

479. 

J. Bremer, V. Oexheimer, and K. Madeja, J. Prakt. Chem., i& 857 fl9811. 

L. 6. Duquette, P. E. Garrou, 6. E. Hartwell, and J. A. Kaufman, Ind. Eng. 

Chem. Prod. Res. Dev., 21, 632 (19821. 

480. F. Jackimowicz and J. W. Raksis, J. Org. Chem., ,+l, 445 (1982). 

481. M. V. Klyuev. 5. I. Kondrat'ev, and M. L. Khidekel, Kinet. Katal., 51, 71 

(19821. 

482. 

483. 

484. 

M. V. Klyuev and M. L. Khidekel, Zh. Org. Khim., 

T. P. Smaeva. M. I. Yakushkin, N. G. Akulova, R. 

Lebedeva, Zh. Prikl. Khim. (Leningrad), s, 1122 

T. Migita, M. Chiba, K. Takahashi, N. Saitoh, S. 

3~11. Chem. Sot., Jpn., $2, 3943 (19821. 

lx, 2595 (19811. 

V. Bazyleva, and N. V. 

(1982). 

Nakaido, and M. Kosugi, 

475 



476 

516. 

517. 

P. D. jeffrey and S. W. McCombie, J. Org. Chem., $z, 587 (1982). 

A. Heumann, M. Regher, and 8. Waegell, Angew. Chem. Int. Ed., Q,, 366 

(1982). 

518. 

519. 

520. 

521. 

J. E. Backvall, E. E. Bjorkman, S. E. BystrUm, and A. Solladie-Cavallo, 

Tetrahedron Lett., $3, 943 (1982). 

G. J. Lambert, R. P. Duffley, H. C. Dalzell, and R. K. Razdan, J. Org. 

Chem., $1, 3350 (1982). 

T. Ito, H. Horino, Y. Koshiro, and A. Yamamoto, Bull. Chem. Sot., Jpn., 

$2, 504 (1982). 

Y. Shio, Y. Blum, D. Reshef, and M. Menzin, J. Organomet. Chem., 4$5, C21 

(1982). 

522. M. Hidai, Y. Koyasu, M. Yokota, M. Orisaku, and Y. Uchida, Bull. Chem. Sot., 

Jpn., 22, 3951 (1982). 

523. 

524. 

525. 

526. 

527. 

528. 

529. 

530. 

531. 

532. 

533. 

534. 

535. 

M. Ichikawa, Hyomen, 12, 555 (1981). 

E. Balogh-Hergovich, G. Speier, and Z. Tyeklar, Synthesis, 731 (1982). 

R. C. Larock, Heterocycles, ,@, 397 (1982). 

J. L. Davidson and P. N. Preston, Adv. Heterocycl. Chem., 39, 319 (1982). 

D. Hoppe, Nachr. Chem., Tech. Lab., 39, 281 (1982). 

H. Arzoumanian, Chem. Phys. Aspects. Catal. Oxid., 131 (1980). 

J. J. Ziolkowski, Oxid. Cormnun., E, 307 (1982). 

T. Katsuki, Kagaku, Zokan (Kyoto), 105 (1982). 

R. J. 

T. E. 

A. S. 

K. C. 

L. A. 

c, 

McCready, Diss. Abstr. Int. B, $$, 3269 (1982). 

Nemo, Diss. Abstr. Int. B. $2, 3692 (1982). 

Narula, Tetrahedron Lett., &l, 5579 (1982). 

Nicolaou and J. Uenishi, J. Chem. Sot., Chem. Connn., 1292 (1982). 

Reed, III, Y. Ito, S. Masamune, and K. B. Sharpless, J. Amer. Chem. 

536. H. Tamioka, T. Suzuki, K. Oshima, and H. Nozaki, Tetrahedron Lett., $2, 

3387 (1982). 

537. M. Isobe, M. Kitamura, S. Mio, and T. Goto, Tetrahedron Lett., pi, 221 

(1982). 

538. 

539. 

540. 

A. 0. Kolmakov, V. M. Fomin, T. N. Aizenshtadt, and Y. A. Aleksandrov, 

Zh. Obshch, Khim., 21, 2805 (1981). 

M. Spadlo and H. Olkowski, Przem. Chem., $1, 173 (1982). 

A. P. Filippov, G. A. Konishevskaya, and V. M. Belousov, Kinet. Katal., Q, 

346 (1982). 

541. C. C. Su, C. H. Ueng, W. H. Lin, M. J. Gi, K. H. Lii, J. S. Ting, S. C. 

Jan, and K. 0. Hodgson, Proc. Natl. Sci. Count. Repub. China, Part 8, &, 

45 (1982). 

542. I. Y. Pyrig, M. V. Nikipanchuk, and B. I. Chernyak, Ukr. Khim. Zh. (Russ. 

Ed.), $Q, 538 (1982). 

543. R. Boeva and S. Kotov, Zh. Prikl. Khim. (Leningrad), $2, 2112 (1982). 



544. M. Inaue, Y. Itoi, S, Enomoto, and Y. Watanabe, Chem. Lett., 1375 11982). 

545. M. A. Andrews and C-W. F. Cheng, J. Amer. Chem. Sot., a@, 4268 (1982). 

546. S. E. Diamond, F. Mares, A. Szalkiewicz, D. A. Mucergrosso, and J. P. Solar, 

J. Amer. Chem. Sot., lQ$, 4266 (1982). 

547. S. Ito, K. Inoue, and M. Matsumoto, J. Amer. Chem. Sot., @$, 6450 (1982). 

548. W. M. Best, P. A. Collins, R. K. McCulloch, and D. Wege, Aust. J. Chem., 

22, 843 (1982). 

549. T. A. Price, Diss. Abstr. Int. 8, $2, 1106 119821. 

550. M. A. McGuire and L. S. Hegedus, J. Amer. Chem. Sot., 192, 5538 (1982). 

551. H. Alper and C. P. Mahatantilla, Or 

552. K. Prasad, P. Kneussel, G. Schultz, and P. Stiltz, Tetrahedron Lett., 21, 

1247 (1982). 

553. C-P. Mak, F. Mayerl, C. Mayerl, and H. Fliri, Heterocycles, 22, 1647 (1982). 

554. K. Prasad and P:StDtz, Heterocycles, ,& 1597 (1982). 

555. F. DiNinno, D. A. Muthard, R. W. Ratcliffe, and 8. G. Christensen, 

Tetrahedron Lett., W, 3535 (1982). 

556. 

557. 

558. 

A. Inada and H. Hei~artner, Helv. Chim. Acta, 22, 1489 (19821. 

T. Izumi and H. Alper, Organometallics, ,l, 322 (1982). 

0. Attanasi and P. Bonifazi, E. Foresti, and G. Pradella, J. Org. Chem., 

$1, 684 (1982). 

559. T. Mukaiyama, T. Sugaya, S. Marui, and T. Nakatsuka, Chem. Lett., 1555 

(1982). 

560. F. Camus, 8. Hasiak, M. Martin, and D. Couturier, Synth. Comn., 12, 647 ?r% 
(19821. 

561. 

562. 

563. 

564. 

565. 

M. R. Sardi, Heterocycles, il, 1473 (1982). 

M. G. Vinogradov, V. I. Dolinko, and 6. I. Nikishin, Izv. Akad. Nauk SSSR, 

Ser. Khim., 2313 (1982). 

A. J. Pearson and M. Chandler, J. Chem. Sot., Perkin I, 2641 (1982). 

M. E. Alonso, A. Morales, and A. W. Chittz, J. Org. Chem., j!, 3747 (1982). 

J. Thuvalle-Cazat and I. Tkatchenko, J. Chem. Sot., Chem. Comn., 1128 

(1982). 

566. 

567. 

568. 

569. 

570. 

572. 

573. 

574. 

575. 

576. 

577. 

J. Klimes and E. Weiss, Chem. Ber., ll$, 2606 (19821. 

D. M. Walba and G. S. Stoudt. Tetrahedron Lett., 23, 727 (19821. 

M. Okabe, M. Ake, and M. Tada, J. Org. Chem., $4, 1776 (19821. 

H. Nishiyama and K. Itoh, J. Org. Chem., 47, 2499 (1982). 

S. Cacchi, D. Misiti, and 6. Palmieri, J. Org. Chem., $2, 2995 (1982). 

P. A. Levenberg, Diss. Abstr. Int. 8, 42, 4796 (1982). 

Y. Shvo, Y. 8lum and D. Reshef, J. Organomet. Chem., 23!, C79 (19821. 

T. Fukagawa, Y. Fujiwara, and H. Taniguichi, J. Org. Chem., 47, 2491 (19821. .-I,% 
M. Okake and M. Tada, J. Org. Chem., 47, 5382 (1982). 

L. 0. Martin and J. K. Stille. J. Org. Chem., 8, 3630 (1982). 

Y. Takahashi. N. Yoneda, and H. Nagai. Chem. Lett., 1187 (1982). 



478 

578. 

579. 

580. 

H. Hoberg and D. Schaefer, J. Organomet. Chem., 23,8, 383 (1982). 

T-a. Mitsudo, Y. Ogino, Y. Komiya, H. Watanabe, and Y. Watanabe, J. Chem. 

sot., Chem. Comm., 962 (1982). 

Y. Tatsuno, M. Tatsuda, and S. Otsuka, J. Chem. Sot., Chem. Comn., 1100 

11982). 

581. 

582. 

H. Hoberg and B. W. Oster, Synthesis, 374 (19821. 

D. J. Brien, A. Naiman, and D. P. C. Vollhardt, J. Chem. Sot., Chem. 

&, 133 (1982). 

583. 

584. 

585. 

586. 

587. 

E. 

Y. 

A. 

Y. 

Y. 

Steiner, P. Martin, and D. Bellus, Helv. Chim. Acta, 22, 983 (1982). 

Yamamoto and A. Yanagi, Chem. Pharm. Bull., 23, 2003 (1982). 

Osuka, Y. Mori, and H. Suzuki, Chem. Lett., 2031 (1982). 

Kikugawa and M. Kashimura, Synthesis, 785 (1982). 

Watanabe, N. Suzuki, Y. Tsuji, S. C. Shin, and T-a. Mitsudo, Bull. Chem. 

588. 

589. 

590. 

591. 

592. 

593. 

594. 

Sot., Jpn., 22, 1116 (1982). 

W. J. Boyle, Jr. and F. Mares, Organometallics, ?, 1003 (1982). 

T. Fuchikami and I. Ojima, Tetrahedron Lett., z?, 4099 (1982). 

M. Mori, I. Oda, and Y. Ban, Tetrahedron Lett., 23, 5315 (1982). 

M. Ishikura, M. Mori, M. Terashima, and Y. Ban, J. Chem. Sot., Chem. 

comm., 741 (1982). 

M. Ishikura, M. Mori, T. Ikeda, M. Terashima, and Y. Ban? J. Org. Chem., 

$I, 2456 (1982). 

B. M. Trost and J. Cossy, J. Amer. Chem. Sot., &$, 6881 (1982). 

A. U. Rahman, M. Ghazalan, N. Sultana, M. Bashir, and A. A. Ansari, 

J. Chem. Sot., Pak., $, 91 (1982). 

595. 

596. 

597. 

598. 

599. 

600. 

L. Kisfaludy, F. Korenczki, and A. Katho, Synthesis, 163 (1982). 

M. M. McKearin, Diss. Abstr. Int. B, $2, 4428 (1982). 

L. S. Hegedus and J. M. McKearin, J. Amer. Chem. Sot., _l#, 2444 (19821. 

S-i. Murahashi, K. Kondo, and T. Hakata, Tetrahedron Lett., 22, 229 (19821. 

T. Sakakihara and T. Hamakawa, Chem. Lett., 1823 (1982). 

T. Ban, K. Nagai, Y. Miyamoto, K. Harano, M. Yasuda, and K. Kanematsu, 

J. Org. Chem., $$ 110 (1982). 

601. 

602. 

603. 

604. 

605. 

N. Ngounda, H. LeBozec, and P. Dixness, J. Org. Chem., $.., 4000 (1982). 

G. Prasad and K. N. Mehrota, J. Org. Chem., $1, 2806 (1982). 

H. M. Walborsky and H. H. Wust, J. Amer. Chem. Sot., $l$, 5807 (1982). 

F. Sato, T. Akiyama, K. Pida, and M. Sato, Synthesis, 1025 (1982). 

T. H. Chan, J. S. Li, T. Aida, and D. N. Harpp, Tetrahedron Lett., 22, 

837 (1982). 

606. 

607. 

608. 

B. Cazes, C. Vermer, and J. Gore, Tetrahedron Lett., $2, 3501 (1982). 

D. Baudry, M. Ephritikhine, and H. Felkin, J. Chem. Sot., Chem. Comn., 

606 (1982). 

609. E. Wenkert and T. W. Ferreira, J. Chem. Sot., Chem. Comn., 840 (1982). 



479 

610. 0. Masure, P. Coutrot, and J. F. Normant, J. Organomet. Chem., &@, C55 

(1982). 

611. G. Cardinale, J. A. M. Laan, S. W. Russell, and J. P. Ward, Reel. frav. 

Chim., 181, 199 (1982). 

612. R. A. Karakhanov, M. M. Vartanyan, R. B. Apandiev, and N. P. Karshavina, 

Izv. Akad. Nauk SSSR, Ser. Khim., 1905 (1982). 

613. E. Keinan and N. Greenspoon, Tetrahedron Lett.. @, 241 (1982). 

614. B. Gopalakrishnan, Diss. Abstr. Int. B, $2, 727 (1982). 

615. K. M. Minachev, N. Y. Usachev, A. P. Rodin, and Y. I. Isakov, Izv. Akad. 

Nauk SSSR, Ser. Khim.,1975 (1982). 

616. K. M. Minachev, N. Y. Usachev, A. P. Rodin, and Y. I. Isakov, Izv. Akad. 

Nauk SSSR, Ser. Khim., 132 (1982). 

617. J. Tsuji, H. Nagashima, and K. Hori, Tetrahedron Lett., $2, 2679 (1982). 

618. A. Heumann, F. Chavet, and B. Waegell, Tetrahedron Lett., 21, 2767 (1982). 

619, J. Tsuji, Pure Appl. Chem., 22, 2371 (1981). 

620. J. Muzart, P. Pale, and J-P. Pete, Tetrahedron Lett., 22, 3577 (1982). 

621. S. Uemura and S. R. Patel, Chem. Lett., 1743 (1982). 

622. 5. Uemura and S. R. Patel, Tetrahedron Lett., 22, 4353 (1982). 

623. A. Zombeck, 0. E. Hamilton, and R. Drago, J. Amer. Chem. Sot., it:, 6782 

(1982). 

624. P. MUller and J. Godoz, Tetrahedron lett., +Q, 3661 (1982). 

625. Y. Masuyama, M-i. Usukura, and Y. Kurusu, Chem. Lett., 1950 (1982). 

626. S. G. Levine and B. Gopalakrishnan, Tetrahedron Lett., 23, 1239 (1982). 

627. D. Martina and F. Brian, Tetrahedron Lett., 29, 865 (1982). 

628. A. Inada and Y. Morita, Heterocycles, I$, 2139 (1982). 

629. J. Tsuji, H. Nagashima, and K. Sato, Tetrahedron Lett., 23, 3085 (1982). 

630. F. C. Liou and C. H. Cheng, J. Org. Chem., $2, 3019 (1982). 

631. T. V. Lee and J. Toczek, 

632. K. Hirai, H. Suzuki, H. Kashiawagi, Y. Moro-Oka, and T. Ikawa, Chem. Lett., 

23 (1982). 

633. M. Nita and T. Kobayashi, J. Chem. Sot., Chem. Comm., 877 (1982). 

634. S. H. Bertz, 6. Dabbagh, and P. Cotti, J. Org. Chem., 47, 2216 (1982). 

635. E. Keinan and P. A. Gleize, Tetrahedron Lett., $2, 477 (1982). 

636. M. Suzuki and R. Noyori, J. Amer. Chem. Sot., l$$* 2024 (1982). 

637. J. P. Hagenbuch, N-L. Birbaum, J-L. Metral, and P. Vogel, Helv. Chim. 

e, $5, 887 (1982). 

638. P. Isnard, B. Denise, P. P. A. Sneeden, J. M. Cognion, and P. Durval, 

J. Organomet. Chem., 2$Q, 285 (1982). 

639. Y. Seki, K. Kawamoto, S. Murai, and N. Sonoda, Yuki Gosei Kagaku Kyokaishi, 

32, 501 (1982). 

640. B. Marciniec. W. Urbaniak, and P. Pawlak, J. Mol. Catal., i$, 323 (1982). 

641. H. Matsumoto, Y. Hoshino, and Y. Nagaf, Chem. Lett., 1663 (1982). 



480 

642. 

643. 

644. 

645. 

646. 

647. 

648. 

649. 

650. 

651. 

652. 

653. 

654. 

655. 

656. 

657. 

658. 

659. 

660. 

661. 

662. 

663. 

664. 

665. 

666. 

667. 

668. 

I. Colon, J. Org. Chem., $1, 2622 (19821. 

J. A. Rilatt and W. Kitching, Organometallics, 1, 1089 (19821. 

R. 0. Hutchins and K. Learn, J. Org. Chem., $z, 4380 (1982). 

P. N. Pandey and M. L. Purkuyastha, Synthesis, 876 (19821. 

F. Ozawa, K. Iri, and A. Yamamoto, Chem. Lett., 1707 (19821. 

G. R. Brown and A. J. Foubister, Synthesis, 1036 (19821. 

S-K. Chung and G. Han, Synth. Comm., I$, 903 (19821. 

X. 

0. 

63 

S. 

I. 

Lu, J. Sun, and X. Tao, Synthesis, 185 (1982). 

Bortolini, C. Campello, F. Di Furia, and G. Modena, J. Mol. Catal., I$, 

(1982). 

Nemeth and L. I. Simandi, Inorg. Chim. Acta, $2, L21 (1982). 

S. Blagbrough, G. Pattenden, and R. A. Raphael, Tetrahedron Lett., 

W. A. Gustavson, P. S. Epstein and M. D. Curtis, J. Organomet. Chem., 235, 

87 (1982). 

M. Ishikawa, H. Sugisawa, M. Kumada, T. Higuchi, K. Matsui, and K. Hirotsu, 

Organometallics, 1, 1473 (19821. 

Y. Zhou, Y. Li, L. Wang, Y. Jiang, and Y. Y. Chiang, Fundam. Res. Organomet. 

Chem., Proc. China-Jpn.-US Trilateral Semin. Organomet. Chem., lst, (1980). 

R. J. P. Corriu, J. J. E. Moreau, and M. Pataud-Sat, J. Organomet. Chem., 

Q,8, 301 (1982). 

C. U. Pittman, Jr., M. 6. Richmond, M. Aksi-Halabi, H. Beurich, F. Richter, 

and H. Vahrenkamp, Angew. Chem. Int. Ed., xi, 786 (1982). 

T. Kogure and I. Ojima, J. Organomet. Chem., $$, 249 (1982). 

H. Urata, H. Suzuki, Y. Moro-oka, and T. Ikawa, J. Organomet. Chem., 23$, 

367 (19821. 

H. Matsumoto, M. Kasahara, I. Matsubara, M. Takahashi, T. Nakano, and Y. 

Nagai, Chem. Lett., 399 (19821. 

& 4843 (19821. 

M. A. McKervey and P. Ratananudul, , Q, 2509 (19821. 

8. Myrboh, L. W. Singh, H. Ila, and H. Junjappa, Synthesis, 307 (1982). 

S. Tomoda, Y. Takeguchi, and Y. Nomura, Chem. Lett., 253 (1982). 

T. Migita, N. Saitoh, H. Pizuka, C. Ogyu, M. Kosuyi, and S. Nakaidoz, 

Chem. Lett., 1015 (19821. 

R. H. Crabtree, M. F. Uellea, J. M. Mihelcic, and J. M. Quirk, J. Amer. 

Chem. Sot., lQ$, 107 (19821. 

A. H. Janowicz and R. 6. Bergman, J. Amer. Chem. Sot., $I$, 352 (19821. 

T. Hirao, T. Masunaga, N. Yamada, Y. Ohshiro, and T. Agawa, Bull. Chem. 

Sot., Jpn., $2, 909 (19821. 

D. Savoia, E. Tagliavini, C. Trombini, and A. Umani-Ronchi, J. Org. Chem., 

$2, 877 (19821. 

669. P. Savignac and F. Mathey, Synthesis, 725 (19821. 

670. K. Hirai, Y. Takahashi, and I. Ojima, Tetrahedron Lett., ps, 2491 (19821. 



481 

671. M. Julia, M. Nel, A. Righini, and D. Uguen, J. Organomet. Chem., $32, 

113 (1982). 

672. T. Kajimoto, H. Takahashi, and J. Tsuji, Bull. Chem. Sot., Jpn., 22, 3673 

(1982). 

673. W. J. S. Lockley, Tetrahedron Lett., 52, 3819 (1982). 

674. T. E. Nalesnik, Diss. Abstr. Int. 8, $& 142 (1982). 

675. C. D. Garner and K. R. Seddon, Coord. Chem. Rev., $$, 1 (1982). 

676. H. D. Kaesz, C. B. Knobler, M. A. Andrews, 6. van Bushnik, R. Szostak, 

C. E. Strouse, Y. C. Lin, and A. Mayr, Pure Appl. Chem., $4, 131 (1982). 

677. C. Floriani, Pure Appl. Chem., 23, 59 (19821. 

678. D. J. Thompson, Gen. Synth. Methods, 3, 196 (1981). 

679. P. F. Gordon and M. 6. Hutchings, Gen. Synth. Methods, 2, 214 (1981). 

680. A. J. Birch, Curr. Sci., 22, 155 (19821. 

681. M. L. H. Green, Front. Chem. Plenary Keynote Lect. IUPAC Congr., 28th, 229 

(1981). 

682. S. V. Ley, R. A. Porter, P. F. Gordon, and A. J. Nelson, Gen. Synth. Methods, 

2, 208 (1982). 

683. T. Saegusa and T. Tsuda, Fundam. Res. Organomet. Chem., Prof. China-Jpn.- 

US, Trilateral Semin. Organomet. Chem., lst, 227 (1980). 

684. E-i. Negishi, Kagaku, Zokan (Kyoto), 49 (1982). 

685. T. J. Marks, Science, 2& 989 (1982). 

686. L. S. Hegedus, J. Organ~et. Chem., $21, 231 (1982). 

687. S. V. Ley, R. A. Porter, P. F. Gordon, and A. J. Nelson, Gen. Synth. Methods, 

2, 208 (1982). 

688. P. Heimbach, J. Kluth, and H. Schenkluhn, Kontakte (Darmstadt), 3 (1982). 

689. A. Suzuki, Accts. Chem. Res., & 178 (1982). 

690. C. A. Tessier, Diss. Abstr. Int. B, $3, 135 (1982). 

691. X. Lu, Youji Hauxue, 67 (1982). 

692. F. Sato, Yuki Gosei Kagaku Kyokaishi, $9, 744 (19821. 

693. K. Narasaka, Kagaku Zokan (Kyoto), 37 (1982). 

694. R. 6. Larock, Tetrahedron, & 1713 (1982). 

695. R. C. Larock, Fundam. Res. Organ~t. Chem., Proc. China-Jpn.-US Trilateral 

Semin. Organomet. Chem., lst, 861 (19801. 

696. R. C. Larock, Tetrahedron, $$, 1713 (19821. 

697. D. Hoppe, Nachr. Chem., Tech. Lab., $2, 706 (19821. 

698. K. P. C. Vollhardt, Chem. Aust., $2, 3 (1982). 

699. D. C. Alexander, Diss. Abstr. Int. B, t;, 1014 (1981). 

700. J. P. Tane, Diss. Abstr. Int. 8, $p, 4800 (1982). 

701. M. Ohno and Y. Ohkatsu, Kagaku Kogyo, $2.. 1097 (1981). 

702. H. P. C. Hogenkamp, 812 [Twelve], av 295 (1982). 

703. K. Tamao, Kagaku Zokan (yyoto), 65 (1982). 

704. T. W. Ferreira, Diss. Abstr. Int. B, $2, 426 (1982). 



482 

705. 0. P. Vig, J. Indian Chem. Sot., 22, 609 (1982). 

706. I. Ojima, Kagaku, Zokan (Kyoto), 85 (1982). 

707. I. Omae, Angew. Chem., $1, 889 (1982). 

708. 8. Akermark, J-E. Backvall, and K. Zetterberg, Acta Chem. Stand., El& 

577 (19821. 

709. J. Tsuji, Fundam. Res. Organomet. Chem., Proc. China-Jpn.-US Trilateral 

Semin. Organomet. Chem., lst, 305 (19801. 

710. K. Itoh, Kagaku, Zokan (Kyotol, 75 (19821. 

711. S. Chongkolrattanaporn, Diss. Abstr. Int. 8, $$, 3264 (19821. 

712. R. Oda, Kagaku (Kyoto), ix, 246 (1982). 

713. P. Hong and H. Yamazaki, Fundam. Res. Organomet. Chem., Proc. China-Jpn.- 

US Trilateral Semin. Organomet. Chem., lst, 793 (1980). 

714. S. 0. Badanyan, M. G. Voskanyan, and Z. A. Chobanayn, Russ. Chem. Rev., 

$Q, 1074 (1981). 

715. S. J. Bryan, P. G. Huggett, K. Wade, J. A. Daniels, and J. R. Jenning, 

Coord. Chem. Rev., $3, 149 (1982). 

716. L. 

717. H. 

718. M. 

719. T. 

720. M. 

721. H. 

722. T. 

723. M. 

724. 8. 

725. M. 

55 

726. Y. 

727. T. 

728. V. 

729. s. 

730. w. 

731. c. 

732. M. 

733. T. 

734. A. 

735. A. 

736. R. 

Miginiac, J. Organomet. Chem., $28, 235 (19821. 

Mimoun, Angew. Chem. Int. Ed., $1, 734 (1982). 

Chanon, Bull. Sot. Chim, France, &I, 197 (19801. 

H. Black. Aldrichimica Acta, !2, 13 (1982). 

Bartok, Magy. Kern. Lapja, ix, 193 (1982). 

Brunner, Kontakte (Darmstadt), 3 (1981). 

Hasashi and M. Kumada, Accts. Chem. Res., &S, 395 (1982). 

Maurilio, Synthesis, 605 (19821. 

Bosnich and M. D. Fryzuk, Top. Stereochem., l2, 119 (1981). 

Kumada, T. Hayashi, and K. Tamao, Stud. Org. Chem. (Amsterdam), $, 

(1981). 

Yamamoto and K. Maruyama, Heterocycles, @, 357 (19821. 

P. Klun, Diss. Abstr. Int. B, $$, 4065 (1982). 

S. Martin Garcia, Ser. Univ. - Fund. Juan March, $X$ 38 (1982). 

Murahashi and T. Hosokawa, Kagaku, Zokan (Kyoto), 49 (1982). 

A. Herrmann, Angew. Chem. Int. Ed., '$1, 117 (19821. 

Floriani, Pure Appl. Chem., 2$, 59 (1982). 

Hidai, Kagaku (Kyoto), aa, 292 (19821. 

A. Albright, Tetrahedron, .$Q, 1339 (1980). 

J. Deeming, Inorg. React. Mech., z, 404 (1981). 

J. Deeming, Inorg. React. Mech., {, 387 (1981). 

Hoffmann, Front. Chem., Plenary Keynote Lect. IUPAC Congr., 28th, 247 

(1981). 

737. A. W. Cabral, Diss. Abstr. int. 8, 2x, 3264 (19821. 

738. J. J. Eisch, Fundam. Res. Organomet. Chem., Proc. China-Jpn.-US Trilateral 

Semin. Organomet. Chem., lst, 399 (1980). 



483 

739. K. Itoh, Fundam. Res. Organomet. Chem., Proc. China-Jpn.-US Trilateral 

Semin. Organomet. Chem., lst, 149 (1980). 

740. J. M. Kelly, Photochemistry, I$, 155 (1982). 

741. T. Hiyama and K. Oshima, Kagaku, Zokan (Kyotol, 113 (19821. 

742. A. N. Kashin and I. P. Beletskaya, Russ. Chem. Rev., 2i, 503 (1982). 

743. M. Tanaka, Kagaku to Kogyo (Osaka), 25, 152 (19821. 

744. V. V. Zamashchikov, S. L. Litvinenko, and E. S. Rudakov, Struktura i 

Reakts. Sposobnost Organ. Soedin., Kiev, 62 (19811. 

745. A. Wojcicki, Fundam. Res. Organomet. Chem., Proc. China-Jpn.-US Trilateral 

Semin. Organomet. Chem., lst, 569 (1980). 

746. S. Otsuka and 5. Akutagawa. Yuki Gosei Kagaku Kyokaishi, 12, 1138 (1981). 

747. W. E. Watts, Organomet. Chem.. &I, 283 (1982). 

748. 0. V. Bragin, Chem. Tech. (Leipzig), 22, 82 (1982). 


