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I. General Cements 

This annual survey covers the literature for 1980 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 sys- 

tems that lead to at least moderate yields of organic compounds, or that 

allow unique organic transformations, even if low yields are obtained. Cata- 

lytic 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 organometall ic reagent, since the reader is likely to be more inter- 

ested in the organic transformation affected than the metal causing it. 

Specifically excluded are papers dealing with transition metal catalysed 

hydrosilation, since these are covered by another survey in this series. Also 

excluded are structural and mechanistic studies of organometallic systems un- 

less they present data useful for synthetic application. Finally, reports 

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

sufficiently detailed to allow reproduction of the reported results- 

The number of papers published in this area continues to increase pre- 

cipitously, and this review now cites over one thousand papers. This increase 

is partly due to an increase in activity in this area. However, other major 

factors in this increase are: the trend to publish smaller and smaller frag- 

ments of research as individual papers (a number of papers cited in this re- 

view report a single experiment); the habit of publishing a number of short 

papers, reporting essentially the same chemistry, in several different journals 

at the same time; and the mindless generation of data, reporting cases 47 

through 56 of somebody elses chemistry. The responsibility for these problems 

lie equally among the scientists who write these pagers and the referees and 

editors who accept them for publication. 

II. Carbon-Carbon Bond Forming Reactions 

A. Al kylations 

1. Alkylation of Organic Halides and Tosylates 

Group VIII catalyzed cross coupling reactions of Grignard reagents 

with organic halides is becoming increasingly useful in organic synthesis. 

Nickel and palladium catalyzed cross coupling reactions of organometallics with 

organic halides has recently been reviewed [Ill. The full experimental de- 

tails for the synthesis of chiral ferrocenyl phosphines ligands for use in 

the above reaction, as well as others have been published [Z]. The cross 

coupling reaction of butylmagnesium bromide with o-dichlorobenzene catalyzed 

by nickel-phosphine complexes produced 1,2_dibutylbenzene in 79-533 yield [31. 

Reierences p_ 414 
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B-Bromostyrene reacted with f,-butylmagnesium chloride in the presence of nic- 

kel (II) complexes of ferrocenyldiphosphines to give 6-t-butylstyrene in_67% 

yield E4]. Nickel (II) complexes of a new chiral ligand synthesized from 

chiral a-amino acids were excellent catalysts for the asymmetric Grignard 

cross-coup1 ing reaction (equation 1) [51. These same ligands were attached 

to an insoluble polymer support, and nickel(I1) complexes were used in the 

reaction in equation 1. Although the chemical yields were acceptable, the 

ootical yields were rather low (34-50% ee) [6]. 

PhFH-CH, c /n6r L*iliC?2 
PhC*HCH3 

MgBr 
+ 

k \ 
up to 94% ee (1) 

7 
L" = R-C-CH 

WMe, 

2 R = Me, Ph, i-Pr 

'PPh, 

Ligands were synthesized using the nickel (II) and/or palladium (0) 

catalyzed cross coupling of benzylmagnesium halides with dihromothiophenes 

(equation 2) C77. Aromatic dihalides including dibromothiophenes and dihalo- 

pyridines were mono alkylated or arylated by Grignard or organozinc reagents 

in the presence of palladium (0) catalysts [S-j. Isoprenylmagnesium halides 

Br Br Ar Ar 

+ 2 ArCH,WgX NiClp(dppp) 

L) MeMgX, 

L NiC12(dppp) 2) Br2_ 

(2) 

ArCH$!gX 

Br NiCl,(dpppS 
Ar Ar 

ArCH,ZnBr 

L$d 

Ar 
Ar' Ar 

Ar'CH2MgX 
, 

NiCl,(dppp) 
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iodide and copper powder to give a cowlex mixture of products arising from 

reactions of perfl uoroal kyl radicals C147. In contrast, CuCFz cleanly trifluoro- 

methylated iodobenzene, e-nitro, and 2,4_dinitroiodobenzene, P-iodopyridine, 

and e-nitrobenzyl bromide C151. The relative reactivities of methyl iodide 

and methyl tosylate with a variety of transition metal nucleophiles were 

measured [16]. The complexes were thought to react by a common S,,2 mechanism, 

and the rate constants spanned a range of 10 11 , while the ratio of rate con- 

stants of the iodide vs tosylate ranged from 10 -3 to log 

Ally1 chlorides reacted with isonitiiles in the presence of DBll and 

palladium acetate as a catalyst to produce N-t-butylvinylketenimines (equation 

7) cr77. Cyclopropyl bromides reacted with lithium dibutylcuprate followed 

by an alkyl iodide to give alkylated products (equation 8) [181. Bromobenzene 

RI 

+ 
DBU 

Cl -I- NC l 

RCH Pd(OPc), 

R’ 

R’ 

R3 

4 
R4 

Br 

1) Bu2CuLi 
& 

2) //\J Br 

R' (7) 

A 
RCH’ C=C=N+ 

30-40% 

RI 
(8) 

Rz 

* 

p.4 

R3 

I 
60-90% 

R1 = H 
-(W)I+- 

x2 = Ph, H, nC 6, PhCHz0CH2 
R3 = H, Ph, Me R4 = H, Me, A-/ 

behaved in a similar manner. Allylic halides of silylenol ethers underu:ent 

alkylation by organocuprates with allylic transposition (equation 9) [19]. Ben- 

zene and toluene reacted with allylic chlorides in the presence of tungsten 

hexachloride to alkylate the allylic position and add hydrogen chloride to the 

ofefin [20]. 

OTMS 
I 

X f RzCuLi 

50-80% 
R = Bu, Me, Ph 
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Palladium (0) complexes catalyzed the cross coupling reaction of homo- 

allylic and homopropargylic organozinc reagents to produce 1,5-dienes and 1,5- 

enynes (equation 10) C211. This same chemistry was used to synthesize rrokup- 

alide (equation 11) C227. 

+ Me ,A1 I2 

R- 

r - 

Cl 2ZrCp2 

1) TMSCX -ZnCl , L4Pd 
t 

2) KF 
R 

(10) 

I) HesAl, Cp,ZrCl, 

2) BuLi 
l 

3) (CH,O), 

(11) 

1) @i, THF 
l 

2) ZnBr2, THF 

3) Br , L4Pd 
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Arenechromium tricarbonyl complexes were arene-rino 1 i thiated by butyl- 

lithium, and this resulting complex reacted with a variety of electrophiles 

(equation 12) [23]. Reactions of substituted arenechromium tricarbonyl com- 

o-- I I 

/ 

\‘- i 
WC01 3 

(12) 

f n-BuLi - 

I 3Te 

Cr(C0) 3 I 

nBu 

plexes were studied in a similar manner. Ui th monoal kyl arenes 1 i thiation 

occurred in the meta position, with fluorobenzene, in the ortho aosition, -. 

and with anisole in both ortho positions, giving 2,6-disubstitution C24-j. --- 
Chromi urn tricarbonyl complexes of i ndanone and tetralone underwent deproton- 

ation alkylation reactions a to the car-bony1 aroup followed by cyclization 

(equation 13) C251. 

Tertiarychlorides, i ncl uding chl orodecal ins, underwent clean al kyl ation 

when treated with organozinc or titanium complexes (equation 14) [26a, 26b-J. 

Aryl . ha1 ides reacted with trimethylsilyl acetylene in the presence of a mixed 

copper iodide-palladium (II) catalyst to give ethynylarenes (equation 15) l-271. 

Terminal al kynes reacted with al kynylbromides in the presence of copper(I) 

chloride to produce diynes (equation 16) C281. Al k.ynyl bromides were cleanly 

alkylated by organocupratc complexes to give internal ai kynes C2g7. 

Iodoall enyl ethers reacted with organocuprates to produce l-al kynyl 

ethers in good yield (equation 16a) f303. Homoallylic cobalt (III) complexes 

reacted with dihalocarbene precursors and irradiation to produce cyclopropanes 

(equation 17) C317. Homoallyl ic iron complexes reacted with both electro- 

Referencesp.414 
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(16) 

philes and free radicals at the 6 carbon to give cyclopropyl carbonyl com- 

pounds (equation 18) [32]. Imidoyl chlorides were coupled to diazadienes 

by anionic nickel carbonyl complexes (equation 19) [337. 

H,C=C=C 
/I 

‘OMe 
+ [RCuYlM - RCH2CzC-OMe 

60-80% 

R = alkyl, vinyl, aryl, RCK- 

R3 R1 

/ 

)i” 

X + CCo’(dmgH)$y]- - Co111(dmoH)2Py 

R2 

(17) 

Y = CC13, p-tolso~ 

(18) 

R’X 

FeCp - 

(cW2 

Rl 

65- 100% 

R1 = H, CC13, C8r3, ArSO; 

Ar’ Ar’ 
0 

A$-Ni (CO) 3-. + Ar’- NAr” - 

A”rN NAP 

(19) 
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2_ Alkyl atian of Acid Halides 

Furanoyl chlorides reacted with vinylsilanes in the presence of titanium 

tetrachloride to produce conjugated ketones (equation 20) [34J. Copper (I) 

bromide catalyzed the alkylation of benzylic acid chlorides to ketones using 

Grignard reagents 11351. The complexes BrMgPhzCu and IM9MezCu were synthesized 

CL /\ Cl 

O :1 
u 

1) Tic14 
TM5 2) EtsN (20) 

i- 

\ + G 
\ 

55% 

and characterized, and their reactions withacid chlorides to give ketones were 

studied C367. Hindered alkylcuprates were prepared from aldehyde tosylhydra- 

zones, and studied in their reactions withacid chlorides (equation 21) c377. 

These cuprates added in a I,4 fashion to conjugated a‘idehydes. 

(21) 
\ 
CuMe 0 

MesCuLi 2 PhCOCl 

H 

70% 

3_ Alkylation of Olefins 

Aryl halides arylated dienes in the presence of pal ladi urn (II) acetate 

catalysts to produce phenylbutadienes. The reaction was thought to occur by 

oxidative addition of the ary? halide to palladium (O),insertion of the diene 

into aryl-palladium bond to give a phenyl-n-allylpalladium complex, and abstrac- 

tion of a proton by added secondary amine to regenerate the diene. In some 

instances amine addition to the x-allylpalladium complex occurred (equation 22) 

C383. Olefins were arylated by treatment with diaryltellurium halides and a 

palladium (II) catalyst. The olefins included styrene. acrylate esterS, acryl- 

onitrile, acrylaldehyde, ally1 alcohol, ally1 bromide, and ally1 acetate. 

Arylation always occurred at the less substituted olefin position, typical of 

a cis insertion process [39-J. Olefins were arylated by aryl amines in the pre- 
sence Qf t-butylnitrile and a palladium (0) or palladium (II) cata’iyst (equa- 

tion 22) [40, 417. Mercurated purine bases added to styrene at the 6-nosition 

in the presence of palladium catalysts and an oxidizing agent (equation 24) 

t427. 
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‘H/ i- 
Pd( OAc)zcat 

Arf3r f I- At-M 
L. 1000 

H 
N 

Am- + PhBr + 
0 

0 

PhhTND 

-1 

77% 

(22) 

At-NH, + 
Pd( dba)p 

I? P’ 

t-BuONO l 

AcOH - ClCH,COOH 

Ar H 

61-97% 

Ar = Ph, e-tol, p-ClPh, @rPh, gNOZPh, o-NOzPh, 3-Pyr (23) 

Olefin = - i 0 / 
Ph CO,Et 

0 0 
HgOAc 

H&Ac)z + 
t 

dR 
Y 

dR 
Y 

(24) 

dR = deoxyribose, deoxyribose phosphate 

Y = NOz, NH2;N3 
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Roth styrene and dienes react with n-propylmagnesium bromide in the presence 

of Cp,TiCl 2 to produce the corresponding benzyl- or al lyl magnesium halides 

from formal addition of “HNgZ” to the olefin [437_ Ethyl cyanoacetate was 

alkylated by olefins in the presence of copper oxide by a free radical pro- 

cess C447. 

A number of procedures for the alkylation of enol ethers to produce ole- 

fins have been developed. Trimethyl si lylenol ethers reacted with Grignard 

reagents in the presence of nickel (II) catalysts to produce olefins (equation 

25) [45-J. Enol phosphates were al kyl ated by trial kyl al uminum reagents using 

a palladium (0) catalysts (equation 26) [46-J, enol trifl ates were al kyl ated by 

dialkylcuprates (equation 27) [47]. and aryl, vinyl, and ally1 selenides were 

alkylated by Grignard reagents and nickel (II) catalysts (equation 28) C48I1. 

R’ R3 RI RS 

>--( 
-I- R’+MgX 

Ni(acac)2 
l 

cat. 
R2 OTMS R2 p.4 

0 

O:(OPh), 

A 

R’ sA1 
l 

R ’ L,+Pd 

4 = n-ClO, Ph, 

regio- and stereospecific 

R’ 

A 
R \ 

>90% 

(251 

(26) 

RI = Me, Et, PhCX. n-CsCX-, nCsC=C 
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TfO H 

-I- R$_tLi - (27) 

R 

R = Me, n-Bu, Ph, - iD 

R R” 
R SePh 

- X -I- R”’ MgX 
L,Ni” 

r 
cat x - 

R R” 

(28) 

R’ R” 

The full details of the alkylation of olefins with carbanions in the pre- 

sence of palladium (II) salts have been published (equation 29) [49-J. This 

work was the topic of a dissertation [507. The alkylation of palladium-olefin 

complexes by ester enolates has again been reported [51]. Enol-ether iron 

complexes served as vinyl cation equivalents in the vinylation of enolates 

(equation 30) C527. 

R 

J c PdCla(CH,CN), + R’M i EtsN - 
P 

R R’ R = H, Me, Et, nC4, 

H2 
- 

R’ = Carbanions pKa 

OLi 

R2 

+ R3woEt -i- 
FPi 

(29) 

Ph, NHAc 

12-30 

(30) 

THF 
- 
-78’ 

(next page) 
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FP 

CE!e 

Fp = CpFe(CO)2 

Stryene chromi urn tricarbonyl complexes underwent p-al kyl ation by carban- 

ions, and the resulting chromium-stabilized benzyl anion reacted further with 

electrophiles (equation 31) [537. 

1 

G 

a Rl 

0 
I •t R2(-) - 
I 

! 
Cr(CO) 3 Cr(CO)3 

(31) 

Rl = H, Me, SEt 

Rz = (-))-CN, (-))-Co@& (;> = (-KS, n-Bu, Ph, Me 

E = H+, MeI, AcCl , PhSSPh 
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Photolysis of acetoxypalladation producl of a, trans-l,!Scycloocta- 

diene produced a bridged bicyclic product (equation 32) [54]. 

0 I Pd(OAc)z 
* 

(32) 

hw 

1 
OAc 

A number of new cyclopropanation procedures have been developed. Per- 

haps the most genera77y useful re’iies upon a cationic iron-carbene complex 

(equation 33) C551. Olefins reacted with dibromomalonates in the presence 

of copper powder in DE0 to produce cyclrJpmpanes (equation 34) [56J. 

Car-2-ene was synthesized via a copper-carbenoid intermediate C577. 

R4 Rz 

(+I 
Cp(CO), Fe=CHPh t 

-78’ to +25’ 

R3 R’ 

(33) 

RL = H, Me, Et, i-Pr, Ph 

Ri = H, Me, Ph 

R3 = H, Me 

R’+ = H, Me 0 / also works. 

H 5./h 

A 

45-96X 
R4 ItI8 1111 R2 

R3 R1 
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!34) 

x cu 
I + Br,C(CO,Et), - (COzEt)z 

DMSO 

- 
olefin = Ph 

/=/= 
3 Ar , &CN. ‘-U&Et, 0 , nC,-CH=CH,, Ph 

The complex CpzTiCHz reacted with ethylene to produce propene via a metal- 

lacycle intermediate C587. The substrate 1,8-nonadiene cyclized to P-methyl- 

vinylcycloheptene when treated with a tantalum styrene complex (equation 35) 

c591. Palladium (II) and rhodium (I) complexes also cyclized dienes (equation 

36) [60]. Norbornene reacted with 8-bromostyrene in the presence of rhodium 

(I) catalysts to give 6-norbornylstyrene, whereas palladium (0) catalysts pro- 

duced cyclopropylcarbynyl compounds (equation 37) [617. 

/w+ Ta(n-CsMes) (PhCH=CH,)Cl, l 

Q 
(35) 

+ cyclool igomers 

(36) 

6’ 

LJ 
2 

1’ / 

x x 

Pd” 
l 

Rl R2 
I 

J 
‘0 h / H 

x x 

LaRhCl 

HCl gas 

x x 

60-90% 
X = COt4e9 C02Et, COPh 
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(37) 

0 + RCH,OH + KO- $011, LsRhCl 

Photolysis of olefin-containing allylic alcohols in the presence of copper 

(I) triflate led to cyclization (equation 38) (1627. Organic halides added to 

olefins when photolyzed in the presence of copper (I) chloride under phase 

transfer conditions (equation 39) [63]. 

&< / 
4 

- 

Rl Rs 

RX + 

hv 
l 

CuOTf 

OH 

@ 

55% 

hv 
x. 

cm 

Phase transfer 

F/l 7” 

R-C-C-X 

R i4 ‘2 

(38) 

(39) 

ACN. 
CO,Et 

olefin = //\C02Et, r-/ , phF 

C02Et 

R = CHCl 2, CH,Cl , Ph 
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4. Decomposition of Diazoal kanes 

Metal -sal t-catalyzed decomoosi tion of di azoal kanes has been reviewed 

C647. Carbapenam t65-J and carbacepham e-lactams 15667 have been synthesized 

using rhodium (II) acetate catalyzed decomposition of diazoal kanes as the key 

step (equations 40, 41). Cyclopropanation of olefins by rhodium catalyzed de- 

composition of ethyl diazoacetate yielded primarily cis Droducts t677. In -. 
contrast, rhodium (II) acetate-catalyzed decomposition of the diazoketone in 

equation 42 did not result in insertion [68]. 

CO,Bz Rb(OAc), 

H 
= 0 = 

PhH 80” 
+ P=L 

N CD2Bz 
0 

H 

(40) 

- - homothienamycin 

0 

g+ 
N2 

- - 

COatBu 

70% 

0 OH 

Rh,(OAc)l, 

l 05 

(41) 

B-Damascone 

86% 

(42) 

The copper (II) acetylacetonate-catalyzed decomposition of ethyl dia- 

zoacetate in the presence of a number of olefins was studied [69J. Cyclo- 
hexene, 4-t-butylcyclohexene, styrene, and indene all gave cyclopropenes, 
while l-methyl cyclohexene and 1.2-dimethylcyclohexene gave complex mixtures 

of products. Unusual polycycl ic materials were produced by carrying out 

this type of process (equation 43) C7O-j. 



OMe 

Cu(acac)z 
l 

R&CR’. 

251 

OMe 

03 
R 

ll “’ (43) 

d 
R’ 

60-70% 

R, R’ = PhCO, CO,Fe 

Palladium (II) complexes catalyzed the decomposition shown in equation 

43a [71] and equation 44 [7?]. 

+ CH2P12 Pd(oAc)2 l 

1) CC,W’tCl 212 
> 

2) DMSO 

“G CHN2 

R’ R” 

R = Ph 

R’ = Ph, Me, H 

R” = H, Me, Ph r--/ , 3 also works. 

k0 / 
70% 

+ 0 I 

(ah) 

Pd(OAc)2 

(44) 
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The use of palladium. rhodium and copper compl Exes to catalyze the cyclo- 
propanation of olefins by diazo compounds is the subject of a review [73]. 

In a careful study of diazo compounds and their metal-catalyzed reactions with 

olefins, it was found that rhodium (II) catalysts promoted a carbenoid 

mechanism involving electrophilic attack on the uncomplexed olefin, whereas 

palladium (II) catalysts coordinate the olefin, and olefins which coordinate 

more strongly give better selectivity [74]. Molybdenum hexacarbonyl catalyzed 

the cyclopropanation of acrylonitrile, methacrylonitrile, and ethyl acrylate 

by ethyl diazoacetate or a-diazoacetophenone. Chromium hexacarbonyl also 

catalyzed this process, but tungsten hexacarbonyl did not [75]. 

5. Cycloaddition Reactions 

a,a’-Dibromoketones reacted with enamines to form cyclopentenones after 

hydrolysis (equation 45) [76]. This same type of cycloaddition was used to 

synthesis E’-methylated c-nucleosides (equation 46) [77]. Palladium (0) com- 

plexes catalyzed the unusual cycloaddition in equation 47 [78]. 

0 

HsO+ l ti \ (45) 

Ph 

Br 

Br 
Zn/Cu 

f - 

Br 

- - C-Nucleosides 

64-67% 

(46) 

6. Al kyl ation of Al kynes 

A number of procedures for the alkylation of vinylboranes have been 

developed. Since these vinyl boranes are prepared from al kynes, these methods 

provide procedures for the alkylation of alkynes. Hydroboration of acetylenes 

with dial kyl boranes , followed by treatment with sodium methoxide and copper(I) 

bromide dimethylsulfide produced symmetrical E.E-dienes (equation 48) C79]. 

These same copper intermediates reacted with allylic bromides (equation 49) 
t~I1C81X321. Dialkyl vinyl boranes reacted with palladium (II) acetate and 

triethylamine to produce trans olefins with an alkyl group from the borane; 
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(47) 

72% (exo/endo = 4) 

CO,Me 
72% 

CO,Me 

SO_vPh 

SOsPh 
H2C 

( 
CO,Me 

l UCO Me 2 

70% 

RCXH + 9BBN 

RCXH •t R126H 

R 

t( 

H 

- 
/\\ 

H 
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1) NaOMe 

\ 2) CuBr.SMe, 

\ 
R 

R H 

-- 

Pd(OAc), - + 

BR12 Et3N \ 
R’ 

‘-Cl l 

Pd(OAc), 

(50) 

H+ 

Pd(OAc), l \ 
H 



254 

treatment with acid and palladium (II) acetate led to pt-otonolysis, whereas 

reaction with ally1 chloride prqduced 1,4-dienes (equation 50) [SJ]. Benzyl 

bromides reacted in a similar fashion [84J, using palladium (0) catalysts. 

Iron (III) chloride catalyzed the reaction of aliphatic terminal alkynes 

with trialkyl aluminum complexes to produce 2,2-dialkyl terminal olefins [85]. 

Under some conditions oligomerization was observed. Phenyl acetylene and 

allylacetate reacted in the presence of nickel (0) or palladium (0) complexes 

to result in alkylation of the alkyne [86Ij. 

Furans were alkylated by internal alkynes in the presence of Rh,(C0!12 

as a catalyst (equation 51) [87]. Thiophene and N-methylpyrrole react in a 

similar manner. Alkynes insert into diacylrhodium, cobalt or iron complexes 

to produce quinones (equation 52) [88], Chlorodisilanes similarly add to 

acetylene itself to produce (Z)-1,2-bis(chlorosilyl)ethenes (equation 53) 

C893. 

R 

R1 = Ph, p-tolyl , Me 

R2 = Ph, p-tolyl 

Rh+(CO) 12 

220° 
+ R-c” 

7h RI 

41-86% 

R = Me, COZMe, AC, CHO 

0 0 

CHsCN R 

RC-CR’ - 
A 

R’ 
0 0 

R = Me, Et, Ph, n-Bu, Et0 

R’ = Me, Et, Ph,H, allyl, TMS, COMe, C02Et, (CH2)20H 

M = Rh, Co, Fe 

(51) 

(52) 

C1mMes_mSiSiMes_nC1 + 
L,+Pd 

n HCXH _ C1mMe,_mSiCH=CHSiMes_nCln (53) 
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Fe 

NaCH(CO&t), 2 
I 

- 

OEt- 

Fe 

X - 

Fe 

Fe 
Me Ph 

X 

I 

I Me 

1 
Br 

CN Fe 

\ 

NaSPh 

* Fe 

X - 
SPh 

OEt 

SCHEME 11 

7. Alkylation of Ally1 and Propargyl Alcohols and Acetates 

n-Hexylmagnesium bromide with a copper catalyst reacted with opti- 

cal ly active propargyl systems to produce optical ly active al 1 enes with up to 

79% ee (equation 54) 11927. Trimethylsilylmethylmagnesium bromide al kylated 

propargyl esters in the presence of copper (I) bromide exclusively by an SN2’ 
process, producing allenes (equation 55) [93]. Conjugated enyne propargyl 

mesylates reacted with organosilver complexes to produce 1,2,3-trienes 

(equation 56) [94]. 

% 

R 

CHs- -CzCH f nCsH 1 sMgBr 
CuBr 

Me,, 
/H 

+C=C 

H( ‘C6H13 

(54) 

R = Me, AC-, MeS02, NEt2 

ee = 16, 79, 66, 36% 
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OR 

TMSCH,MgCl -I- LiCuBr, + 
)L 

=- - 
I 

(55) 

6585% 

ri 

R’ 
mge3LiBr R 

l -c- --- (56) 

RI 

8545% 

H R’ 

R2 /Jfi 
III 

R3 A 
OH 

2) R4MgX, CuI 

and 
OMe 

EtMgBr 

CuBr + ‘yy (57) 

and 

OMe 

- 
= 

OH 
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Grignard reagents added to propargyl esters (tosylates) or ethers in 

preference to ally1 esters or ethers in the presence of copper (I) bromide 

(equation 57) _ Propargyl alcohols were converted reoiosel ectively to al 1 enes 

using the copper chemistry shown in equation 58 C963. 

R’ 
1) MeLi 

RI r(- 

Rl_C&_R3 
2) GUI 

l 

AH 3) R4Li >< 
C 

4) Bu$N(Me)PhI- 
R; R” 

34-824: 

(58) 

R’ = Ph , PhSCH 2, TMS, nBu 

R2 = H, Ph, Et, n-Bu 

Rs=H Me > 

Allylic alcohols reacted with Grignard reagents in the presence of chiral 

nickel (II) catalysts to result in alkenes by SN2 and SN2’ displacement of the 

oxygen with uo to 16% optical yield E?7Ii. Secondary frignard reagents reacted 

with allylic alcohols in the presence of palladium(I1) complexes of ferrocenyl- 

phosphines. again with both SN2 and SN2’ displacements C987. 

allenyl halides react with Grignard reagents in the Presence 

catalysts to produce the same allene (equation 59) C997. 

- = 
;i F 

Rl 
RM9X -- 

Pd(0) t \ 
R2 R 

-- 

-\ 

R2 X 

Propar9.yl and 

of nalladium(O) 

(59) 

Propargyl alcohols were compl exed to dicobalt octacarbonyl , then treated 

with tetrafl uoroboric acid to produce cobalt-stabilized propargyl cations. 

These reacted with enol ethers or acetates (equation 60) [100~~101~ and with 

a7lylsilanes (equation 61 ) UO2]. 
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RI R’ 

R-C&-OH f R-C&-OH 
HBF,, 

- 

12 

Co,(CO), - 

I pt2 
Co,(CO!s (60) 

Ok- 60-801 

OR5 

R3 R4 RI 

Fe(N03)2-9H,O 
r 

(61) 

The nature of the organocopper reagent used in the alkylation of propargyl 

sYsteIE+ was the major determinant of whether allenes or alkynes were produced, 

withMeCu*LiBr.PgBrI producing allenes while R,CuLi and R3CuLi2 favored propargyl 

systems [1031j, The reactions of allylic alcohols or halides with RCu-BF3 

resulted in clean SR2’ displacement of the leaving group. Similarly, propargyl 

halides reacted exclusively at the 6 position, to produce allenes, regardless 

of the specific 1eavZng group, or the substitution pattern of the substrate 

[1047. Long chain dienes and enynes were synthesized by the reaction of ally1 

acetates with Grignards in the presence of copper salts (equation 62) C1051. 

u-Acetoxy-a.,$-unsaturated esters underwent almost exclusive a-al kylation when 

treated with BuCu(AlCls)n, whereas BuCu failed to react at all, and BuzCuLi 

reduced the acetate (equation 63) C106aI. Al lyl ic sul foxi des and sul fones 

underwent SR2’ displaced when treated with 7 i thium dial kyl cuprates CL06b7. 

Referencesp.414 



(62) 

\ 
-- 

OTHP 

50% 

(63) 
BU 

I 

OI 

C02Et 

t BuCu(AlC13)n - 

0 
, C02Et 3 

OAc 

+ 98% 

Q 

C02Et 

i 

97 

Bu 

8. Coupling Reactions 

Reduction-of cobalt, nickel and iron (II) halides with lithium metal 

produced highly reactive metal powders which coupled aryl bromides to biaryls 

[107]. The reactions also produced ArzM complexes which underwent other use- 

ful reactions. “Syntheses using the Ullmann and modified Ullmann reactions” 

was the topic of a dissertation C108-7, Copper powder in Dlf was used to 

couple polychlomaromatic compounds, as well as to reduce them. Pentachlom- 

pyridines were reduced to tetrachlompyridines, but did not couple [lOSJ. An 

efficient procedure for the cmss coupling of aryl halides involved ligand- 

directed metallation followed by exchange with copper halide, and reaction with 

aryl iodides (equation 64) CllO]. This chemistry was used to synthesize steg- 

-nacin (equation 65) D Chiral esters of I-bmmo-2-naphthoic acid coupled when 
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(64) 

BuLi 

l . 

Z = =N, , -Q \ l-3 
R ’ x 

Me 

1) cux 

(65) 
r0 

- - Stegnacin 

OMe 

treated with copper powder in OMF to give binaphthyls having up to 13% ee 

(equation 66) [ill]. This chemistry was used to synthesize the unusual chiral 

compound in equation 67 C1127. A review entitled “Modern Methods of Aryl-Aryl 

Bond Formation” has appeared C1137. 

(66) 
Br 

CO,R* 

Cu/DMF 

rfx 

cozI?* 

C02R* 

R* = l-menthol 

chol ester-o1 

+ l-phejlethanol 
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Aliphatic S-(2-pyridyl)thiolates were coupled to a-diketones and Q- 

hydroxyketones by bis-(cyclooctadiene) nickel (equation 68) C1177. Aryl S-(2- 

0 1) Ni(COD)z Z 
0 OH 

RF--S l 

2) H30+ 
I: RC- -R i- Rk;HR (68) 

21-58X O-30% 

pyridyl)thiolates coupled to diary1 ketones under the same conditions [1187. 

Iodoarenes were converted to biaryls by palladium amalgam [119]. Tetrahalo- 

diazocyclopentadiene coupled to produce the corresponding fulvene when treated 

with palladium (II) complexes (equation 69) [120]. The dimerization of 

1,4-dichlorotetrasilanes to 1,8-dichlorooctasilanes was effected by L,RuHz 

c1217. 

Cl Cl 

N2 

pd(=) 
l 

Cl Cl 
‘/ 

Cl 4=+ 
Cl 

Cl Cl 

(69) 

Titaniumtetrachloride/zinc coupled indanone to the dimer, but poly- 

methylated indanone underwent reduction of the ketone to the hydrocarbon 

(equation 70) lT1227. At-y1 aldehydes dimerized to form diarylglycols when 

treated with Fe(CO), or Fes(CO)l, [123]. Aryl ketones underwent aldol-type 

condensation when treated with titanium tetrachloride (equation 71) CI24-J. 

Titanium trichloride/lithium aluminum hydride coupled (S)(+)-l,l-diphenyl-1,3- 

butanediol to optically pure (R)(-)-1-methyl-2.2-diphenylcyclopropane [125]. 

TiClJZn 

(70) 
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(71) 
I 

’ TiCI, f 

R 

R' 

50-80% 

Palladium (II) acetate coupledN,N-dimethylaniline to 4,4'-bis-dimethyl- 

amino diarylmethanes (equation 72) C1267. N-Acetylpyrroles coupled to dimers 

at the 2 position when treated with this same catalyst (equation 73) [127]. 

Ketone enolates dimerized to 1,4 diketones when treated with either FeC13 in 

dry DMF Cl281 or copper (II) trifluoroacetate (equation 74) [129]. 

(72) 

NMe2 f Pd(OAc), 5 Me2NaCH+Me2 

76% 

I \ 
2 R 0' Ar 

-I- Pd(OAc)2 

1) LDA 
f 

2) M 

iOAr 
38-43% 

0 R’ R’ 0 

R!t : $R e--m 

(73) 

(74) 



265 

Iron (III) chloride on silica gel oxidatively coupled electron rich 

aromatic compounds o This procedure worked well intramolecularly (equation 75) 

c1303. Thermal decomposition of Wilkinson’s catalyst, RhCl (PPha), above 

140° produced biphenyl [131]. Oi hydropyri dine chromi urn tri carbonyl compl exes 

reacted with methyllithium to produce mixtures of bipyridines (equation 76) 

[132]. Olefins dimerized in a tail to tail fashion when treated with a tanta- 

lum complex catalyst (equation 77) C1337. 

Et0 

Me0 

(76) 

MeLi - 

Et Et 

Me 

64% 

(77) 

/-+ Cp”TaC12(cyclooctene) - 
R 

R = H, Me, nPr, (CHz)s, CHzCHMez, CHzCMea 

The mechanism of 1, l-reductive elimination from dialkylpalladium (II) 

complexes was studied C1347, A review entitled “Use of Isotope Crossover 

Experiments in Investigating Carbon-Carbon Bond Forming Reactions of Binuclear 

Refere;rerp.414 

R+ + RLp . 
R 



Dial kyl -Cobal t Complexes” has appeared [135]. The formation of carbon-carbon 

and carbon-nitrogen bonds mediated by organometallic cobalt complexes is the 

topfc of a dissertation C1361. 

9. r-Al lyl pal 1 adi urn Al kyl ations 

Allylic alkylations involving n-allylpalladium intermediates continued 

to be extensively studied and exploited. Pal 1 adi urn-catalyzed al lyl ic al kyl a- 

tion was the topic of a dissertation [1377. A new procedure for the prepara- 

tion of a new ir-allylmetal complexes using highly reactive metal powders and 

aliylic halides has been developed [138]. Olefins formed r-allylpalladium 

halide complexes quickly and in high yield when treated with palladium (II) 

tri fl uoroacetate, Cyclohexene. however, disproportionated under these condi- 

tions [139]. A review on new rules of selectivity: al lyl ic al kyl ations cata- 

lyzed by palladium has appeared [140]. The full experimental details (20 pages) 

of the stereo- and regioselectivity in the palladium (0) catalyzed reactions 

of stabilized carbanions with ally1 ic acetates have been pub1 ished C1417. 

The findings are sunnnarized in Scheme III. Al lyl sulfones reacted with sta- 

bilized carbanions in the presence of palladium (0) catalysts. b!ith unsym- 

metrical ally1 sulfones the re9iochemistry of the reaction depended on the 

nature of the carbanion (equation 78) [142]. 

OAc 

For ‘- 

reactivity 5>7>>6 

for n = 5, exclusive exo cyclic attack -OR carbon retained stereochemistry 

for n = 6, 85r15 mixture 

with x,, olefin stereo- 

chemistry maintained, with 

OAc olefin stereochemistry 

SCHEME III 
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(78) 

X 

high yield 

X = C02Et; Y = CO,Et, PhS02 

(79) 

OPh 

0 
5% Pd(OAc)JR3P 

rfx pa. 
up to 85% ---I 

up to 103% 

(RO) 

0 C02Me 

7 Pd(OAc;/Ph3P+ 'e 

OPh 87% 

- - *c 
References p_ 414 

_ ~~~__.._ _ -. -..---- ,__.__,. _.-~_-;.-__.L~~rl_~~-..-~-. 



Intramolecular versions of this alkyl ation reaction have been used to syn- 

thesize a nu&er of interesting carbocycles. The formation of five and six 

membered rings from ally1 phenyl ethers by the chemistry was control led by 

the solvent and the base (equation 79), This chemistry was used to synthesSze 

natural compounds (equation 80, 81) [1433, as well as the C,D rings of steroids 

bearing functionalized l&methyl groups (equation 82, 83) C1447. The synthesis 

of macrolides from intramolecular alkylation of ally1 acetates relied on pal- 

ladium (0) catalysts. Under these conditions, the larwr of the two possible A 

(81) 

Pd(OAc) z 
/m + PhOH - 

/- 
\ OPh -, 

PhaP 

PdCl z/CuCl 0 

t 

02 
Ph 

76% 

MeD2C 
Pd(OAc)2 

OPh - 
Ph,P 

OPh 

0 

Pd(OAc)2 
l 

PhaP 

Pd(CAc)2 
f 

Ph,P 

0 
C02He 

CL / 
62% 

(82) 

C02Me 

OcD 91% 

(83) 

60% 

rings was always the major product. Recifeiolide was synthesized in this manner 

(equation 84) C1457, as were 4, 5, 6, 10, 12, 14, and 16 membered ring com- 



pounds. The regioselectivity of the reaction of dimethyl malonate anion and 

cyclopentadiene anion with allylic acetates in the presence of palladium ((3) 

catalysts was studied with several differently substituted substrates. In 

all cases examined under this specific set of conditions, attack at the less 

substituted position predominated [146]. 

(84) 

AcO 

WO) 

Ally1 ic bromides cross coupled to trial kyl allyltin compounds in the pre- 

sence of palladium (0) catalysts. The reaction resulted in the production 

of 1,5-hexadienes in which the ally1 group from tin had undergone allylic 

transposition, but the allylic bromide had not [1477[1487. Tributyl tin eno- 

lates of ketones alkylated allylic acetates in the presence of palladium (0) 

catalysts C14gl. 

Trans-chrysanthemic acid was synthesized from an intermediate produced 

by the al kylation of an allylic acetate with a stabilized carbanion in the 

presence of palladium (0) catalysts (equation 85) [1507. 

OH 

MeOzCCHSOzPh 
l 

OH OAc L,+Pd 

(85) 

1) AczO 
+ 

2) NaH 
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Allylic nitrites were produced using the palladium (0) catalyzed alkyla- 

tion of ally1 acetate by nitro stabilized carbanions (equation 86) [151]. 

-I- 
//\/O*= Ld’d; // 

NO2 

(86) 

TiCl s 
_- 

Branched ester enolates reacted with n-allylpalladium halide complexes in the 

presence of triethylamine and HMPA to produce cyc!opropanes resulting from 

alkylation of the central carbon of the n-ally1 group (equation 87) [1527. 

CO,Me Me02C 

4 + ((pdq $- 8 (87) 

Irradition of n-allylpalladium chlorides in acetonitrile Ted to cou~linp 

of the ally1 groups to give 1,5-dienes [153]. Trimethylsilyl enol ethers 

reacted with palladium (II) chloride to produce oxallylpalladium II halide 

complexes . These inserted dienes to qive unsaturated ketones, olefins to give 

unsaturated ketones, and carbon monoxide to give ketoesters (equation 88) C154?- 

PdC12(RCN)2 •t 

0 

+ 

+ 
!-CHCH,=CH, 

75% 

OTMS 

1 e 
C-CH-CH&H=CHCHs C-C-C02Et 

85-100% 



When the starting enol ethers contained remote olefins, cyclization occurred 

(equation 89) [155]. Steroidal a-allylpalladium chloride complexes reacted 

with vinyl zirconates to result in vinyl transfer from zirconium to the less 

substituted terminus of the n-al lyl system C1567. Cationic a-ally1 complexes 

of molybdenum reacted with nucleophiles to produce propene complexes incor- 

porating the nucleophile in the propene portion C1571. 

PdCl 2( RCN), 

R’ OTMS 

R’ R 

CHsCN Pd R” 

/ ,pd X 

R 

R’ 

Q 

\ 

R’ .I 

R:& 

X 
.c--. 

0 

(89) 

0 

10. Al kyl ation of Carbonyl Compounds 

A number of essentially identical papers reporting the reaction of 

Grignard reagents with a-lactones in the presence of copper catalysts have 

appeared (equation 90) C158-1617. Overall, virtually all types of al kyl groups 

could be used. However, the yields were somewhat dependent on the metal and 

on whether stoichiometric or catalytic amounts of copper was used. Chirality 

transfer from a remote 1 actone position in the al kylation of ally1 lactones 

by a mixed organocuprate was developed (equation 91). This process went by an 

SN2’ mechanism, and the stereochemistry depended on the conformation of the sub- 

strate [162-J. a-Pyrones underwent a ring opening-alkylation when treated with 

Grignard reagents, methyl iodide, and copper (I) chloride (equation 92) C1637. 

Esters reacted with Grignard reagents in the presence of small amounts of 

Cp,TiCl s to undergo reductive al kylation to the secondary alcohol , whereas the 

Referencesp.414 
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USe Of larger amounts Of this titanum catalyst produced the primary alcohol 

(equation 93) C1641, 

RMgX f cux cat 

U 

0 

-,A/e 

(90) 

or -I- 

R,CuM 0 
OH 

(M = MgX, Li) 

R = Ete, n-Bu, i-Pr, t-Bu, h, ‘/y, 

R = R* = Me 

I u 
HO,C R” 

R' = R3 = H (' isomer) 

Single isomer R” = i-C,H,, 

(91) 

- 

but 

Me H 

Me0 

Me0 

OHe 

OMe 

i- CHjH9X CuCl 

OMe 

(92) 
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0 

R!-ORI 
low CpzTiClz 8” 

+ 2R”MgX t R-C-OH 

h 

RCHzOH (93) 

high Cp2TiC12 / 

Transition metals have been used to control the erythro-threo ratios-- 

resulting from al do1 condensations _ Treatment of zirconium enolates of 

esters, amides, thio esters Cl657 or ketones Cl667 with an aldehyde led to 

very high proportions of erythro products. in comparison to the same reactions 

with the corresponding 1 i thium enolates (equation 94). Treatment of 8-al koxy- 

al dehydes with 1 i thi urn dimethyl cuprate produced B-al koxyal cohol s wi th very 

high threo/erythro ratios (equation 95). a-Al koxy groups gave low stereo- 

selectivity [167]_ 

R”OLi CppZrCl z RdZrCT Cpz H 
(94) 

n 
PhCHO 

m - 
- Ph 

+ 
R’ 

H R’ R 

RI = Me, Et, OR, SR, NRz R = Ph, Me R, R’ = -(CHz)s-, -CHs)rl- 

r CHO + 

OR 

Et20 
Me,CuLi - 

-78O (95) 

>20:1 threo:erythro 90% 

Treatment of the chiral chelating imino arylchromium tricarbonyl complex 

in equation 96 with organolithium reagents produced the chiral amine having 94% 

optical purity 11687. Threonine was synthesized from the dipeptide gly-gly 

by al kylation with acetaldehyde of a chiral copper-cymantrene complex ci the 

dipeptide. The optical yield was 95-100% [169]. 

+ RLi 

R = Me, Bu 

(96) 

P 
P"C'h(CH&,-f-i'h 

NPh 

40-80% 

94% opt. purity 

Ref-p-414 
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Treatment of allenyl silanes with ketones and titanium tetrachloride 

produced propargyl alcohols (equation 97) [1707. Z-Alkoxycarbonyl ally1 

silanes reacted with acetals to produce &alkoxyesters, and with aldehydes 

to produce a-methylene-y-butyrolactones (equation 98) [171]. Camphoronic 

acid was synthesized by the titanium tetrachloride promoted Knoevenagel con- 

densation of ethyl cyanoacetate with ethyl 2.2-dimethylacetoacetate [172]. 

RCH=C=CH-TMS l 

A Tic1, 

CsCH (97) 
R' R" 

40-902 

(98) 

C&Et OR' 

r--Z+@UP, 

42-891 

SiMe, 

25-54% 

The aldol condensation of aldehydes with ketones was catalyzed b.y 2,2'- 

bipyridine complexes of cobalt (II), nickel (II), copper (II), and zinc (II), 

producing high yields of crossed aldol condensation products with little 

self-condensation ClT3-J. The kinetics of the aluminum, iron, and chromium 

sesquioxide catalyzed self aldol condensation of butyraldehyde has been 

examined [174]. Nickel and copper acetylacetonates catalyzed the reaction 

of phenyl isocyanate with N,N-diethylamide acetoacetate C1751. Photolysis 

of ketones in methanol in the presence of titanum tetrachloride produced 1,2- 

diols as the main products (equation 99) C1767. Nickel (II) phosphine com- 

plexes catalyzed the alkylation of the heterocycles shown in equation 100 by 

Grignard reagents [177]. 
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,A + hv 
MeOH 

R' - H”xoH TiCl, 
R R' 

3568% 

R' = Me, Et, -(cHz)~,-, -(cHz)s-. -(cHa)s- 

R = Et, n-Pr 

(99) 

a s 
l 1 ,J- We + 

N 

BuMgBr 

93% 

m 

-r 

-SMe also work (IO') 
0 

, 

SHe 

Chromium tricarbonyl complexes of tetralones were a-alkylated by treat- 

ment with titanium tetrachloride and acetaldehyde and the resulting aldol 

condensation product was reduced with diisobutylaluminumhydride. Since both 

alkylation and reduction occurred from the face opposite the metal pure trans 

compound was obtained. The same sequence of reactions on the uncomplexed 

tetralone gave mostly cis product (equation 101) [178-j. The chromium tri- 

carbonyl complex of m-methoxybenzyl alcohol underwent lithiation primarily 

para to the benzyl alcohol group, whereas m-methoxyphenol lithiated between 

the two substituents (equation 102, 103) C179-J. 

(101) 

OMe 

1) WC016 

2) Et*NSitiea 

3) MeCHO, TiC14 

1) 0IBP.H 

2) hv 

Cr(CO) 3 
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OH 

Cr(CO) 3 

1) BuLi-TMEDA 

2) (32 
+ 

3) h& 02 Hd3OC 
4) CH2N2 

OMe 77% 

overal 1 71% 

(102) 

OH 
1) Cr(CO)s 

2) BuLi -TMEDA 

OMe 

5) CHzN2 
OMe OMe 

9O:lO 

A reagent for the selective al kylation of carbonyl compounds, (i-Pro) sTiCHs, 

has been developed. The compound methylated aldehydes at -70' to -20°, whereas 

ketones required +25’ to +80°. Esters, ni triles , and epoxi des were unreactive 

and nitro groups were tolerated at low temperatures. Conjugated ketones under- 

went 1,2-alkylation [18Oa, 180b7. In the a-alkylation of butyrolactone by LDA 

and aldehydes. addition of copper (I) iodide changed the stereochemistry of the 
a-methylene group introduced (equation 104) ClSlII. Treatment of ketones or 

aldehydes with ol-mercurated ketones and nickel carbonyl resulted in an al do1 

condensation (equation 105) C182Ij. 

1) LDA 

’ 2) CMeOCSSIi2 I 3) RCHO 

0 - a 
0 

1) LDA 
1 2) (MeOCSS)? 

3) CuI or ZnC12 
4) RCHO 

w R 

0 

0 -H 

H 

0 
!YX 

0 R 

(104) 



P Ni(C0)4 ‘II 
RCCH,HgI + R'CHO M RCCH=CHR' 

DMF 
60-90X 

277 

(105) 

R = Ph, e-tolyl, -(CHe)s- R’ = Ph , i-Pr 

11. Alkylation of Epoxides 

The complex R2CuLi -2RLi was found to be more reactive towards epoxides 

than RzCuLi itself (equation 106) [1831j. Divinyl cuprates were prepared by the 

CuLi 

2 

. 2 0 Li * sd’ I (1°6) 

addition of dial kylcuprates to acetylene_ In reactions of these complexes with 

epoxides) both vinyl groups were available for transfer when the 1 i thium salt 

of l-hexyne was added to the reaction mixture (equation 107)_ This same process 

R’ (107) 

RpCuLi + PHCXH - 

2) BuCXLi 

I 

permitted the transfer of both .vinyl groups in carboxylation with CO,, formyla- 

tion with formaldehyde, and in conjugate additions to enones, ynones, and cyclo- 

prupyl esters [X341. Nickel chloride was observed to greatly enhance the rate 

of reaction of epoxides with NaAIEtl, and LiAlB&, (equation 108) [185]. Tri- 
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0 
NaAlR, 

LiAlR4 
f A 

R' R" 
(108) 

OH 

methylaluminum was added to terminal alkynes in the presence of Cp2ZrC1, to 

produce a vinylalane- This was converted to the "ate" complex and reacted with 

epoxides to produce unsaturated alcohols (equation 109) C1867. 

MeaAl/Cp,ZrClz 
Me 

Y 

AlMe 
1) BuLi 

RCsCH I - 

R 

(109) 

Ele G-7 nH 

R' R' 

71-87% 

12. Nucleophilic Aromatic Substitution 

Acorenone B was synthesized using the alkylation of arenechromium tri- 

carbonyl complexes with carbanions in two key steps, including the formation of 

the spiro ring system (equation 110) [187]. Alkylation of lithiated arene- 

chromium tricarbonyl complexes with benzyl chloride produced cycloheptatriene 

complexes (equation 111) Cli387. Heating 1-aroylpyrroles with palladium (II) 

acetate resulted in cyclization (equation 112). Some -dimerization was also 

noted i3391. 

a I R 
i 

Cr(CO) 3 

LDA 
f 

PhCH,Cl 

H 
(Ill) 

Ph 

I 

Cr(CO) 3 
31-84X 

R = H, Et, Ph, Bz, CH,OH, C&O 
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Me0 t!eO 

+ +l_i.jY{ -0x. $J&- 

0 
Cr(CD)s 

0 

7‘1 

l - 

CN 

Pd( 0Ac)z 

A 

(110) 

1) R2NLi 

2) CF,SO,H 

3) NH40H 

4). aq H+ 

Acorenone E 

(112) 

( IR 
8 

- \ 
0 

13, Al kyl ation of Dienyl Camp1 exes 

The use of cationic iron dienyl complexes in organic synthesis has 

undergone extensive development this year, and a great dea7 of new work has 

been pub1 ished, The topic has recently been reviewed C190al. Dienyliron 

complexes, when treated with a variety of stabilized carbanions, underwent 

alkylation to produce mixtures of regioisomers of the diene iron complexes 

(equation 113) C190b-J. Nitromethane (equation 114) and cyanide (equation 115) 

also alkylated dienyliron complexes C1911. By using cyclic stabilized 
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Otle OMe \ Q- Fe(C0)3 - Q-= f MC01 3 
NaR2 

/ 

R’ RI 

(113) 

OMe 

R2 “I& Fe(CO), + R$‘cob 
R’ 

RI = CH,C02Pee, CH,C02H, CH2CH20H, CH~CH~OAC, etc. 

R2 = CH(CN)2, CH(C02R)2, CH(COMe)(CO,R) 

(114) 

R Fe(CO), 

+ K+FHH,N02 - 

R = R’ = H 55% R = OMe, R’ = H 85% 

R = OMe, R’ = H 71%. R = R* = OVe ~10% 

(115) 
CN 

CN- + 

t?eO 
I 

Fe(CCJ)s _ Fe(CO)s 
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carbanions, polycyclic compounds were prepared (equation 116) [lY2], (equation 

117) C1933, (equation 118) Cl947, (equation 119) [1957. Spirocyclic systems 

(equation 120) 11961, (equation 121) [197], the- luaternary carbon corresponding 

to C-20 in aspidosperma alkaloids (equation 122) [198], and other cyclic com- 

pounds (equation 123, 124) C1991, were also prepared in this manner. 

+ 

MT2 COpMe 

90% (1:l mixture) 

(117) 

FeC13 ~ 

Si gel 

(CoLl& 

i02Me 

R.&e-p-414 





R= -(W3CH,0~~, -(CH2)2CH20~~ 5349% 

‘- MgBr 
> 

CuBr 

- - 

up to 50% 

c 

H 

MeO-0 

oL$p i+ 
“I,,, 

\Il 
UP to 60% 

OMe 

OMe 
OMe 

Fe(COj3 f 

283 

(119) 

(120) 

(121) 

Fteferencesp.414 
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OMe 

Fe(CO) 3 + 

Me3NO Hi A- 

(123) 

(co?,Fe CH,OH 

'CH20H 

1) Tl(TFA), 

2) Ac,O 
* i&m OAc 

60% 

Me 3N0 
c 

0 
CH(CO2M42 

+ \ 
kCH /C”2 

Fe(CO), 1 
CH20Ac 

1) DBU 
c 

2) Ek3N0 

No yield reported 
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Nonstabilized carbanions also alkylated these dienyliron complexes 

(equation 125) EZOOJ, as do silylenolethers (equation 126) C2011, (equation 

127) [ZOZ], (equation 128) [203], and allyltrimethylsilanes (equation 129) 

[204]. 

(125) 
CH&12 

c RLi - 
-78O 

Pe(CC)s 
+ 

80-902 

Y 

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

Y = H, Me, OMe 
A / ,\“ 

R 

(COl3Fe , v 
Rl 

R2 z$ -t 
R 

(E&R4 

R1 = H, OMe, Me 

R2 = H, OMe, Me 

R3 = H, Me 

R4 = H ' -CWz)It- 

(126) 
OTMS 

1) CH,CN 

+ 2) $OH, ’ 

I 

R2 

(CO),Fe 

R3 

56-78X 

(127) 

pJ:: f Ty If zis H’* &pl 
Fe(CO) 3 R2 

26-30% 

R1 = H, Me, OMe,- 
C02Me 

R2 = H, Me 
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(128) 

R1 OTMS 

/ 
i- A -- 

R2 

32-74% 

R’ = COaMe 

R2 = Me 

6”Il*o work, as doe* 

the tetral i ne complex. 

(129) 

f 
/_SiM% _ 

Optically active 1,3-diene complexes of iron were prepared by the direct 

transfer of the Fe(CO)a group from (+)-pulegone and (-) steroid complexes to 

prochiral dienes C2057. Alternatively the dieneiron complex of l-carboxy- 

cyclohexa-1,3-diene was resolved via its a-phenethyl amine salts C2067. 

Stereospecific and regiospecific formations and reactivities of some substi- 

tuted tricarbonyl cyclohexadieneiron complexes has been reviewed [207]. 

Dibt-omocarbene inserted into a C-H bond in the iron tricarbonyl complex of 

1,3-hexadiene under phase transfer conditions (equation 130) C2081. 

/ 0 4 CHBra, NaOH 

; PhCH,NfEt,C1 - 
* 

Fe(C8) s 

(130) 

CHBr, 
1) H+ 

I 

2) HesNO 

WC01 3 

-I 

27-54% 
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0. Con jugate Addition 

Organocuprates continued to be extensively used for a wide variety of 

conjugate (1,4 or 1,6) additions to unsaturated systems, and procedures con- 

tinued to be refined. Tosyl hydrazones were used as a source of the R group 

for RzCuLi, used for conjugate additions of vinyl groups to conjugated enones 

(equation 131) [209]. New conditions for the conjugate addition reaction, 

(131) 

R = Me R' = nCs 

R = R’ = Et, lie, -(CBz)s- 

which require only one equivalent of organoli thium reagent, have been 

developed. They relied on the use of phosphine 1 igands, and the resulting 

enolate did not react cleanly with aldehydes (equation 132) [210]. A new 

(132) 

RLi + GUI + 2-3 BusP + 

Q - QR 
d d 

73-94x 

mixed cuprate reagent which is capable of transferring both of its R grows 

reactions ) has been developed (equation 

+ 2RMgX 

133) c2117. 

f (133) 

h9X- Is 
(next page) 



(133) 

In the reaction of mixed magnesium diorganocuprates, formed by the reac- 

tion of Grignard reagents with RCu, with 4-phenyl-3-buten-Z-one the R group 

of the Grignard reagent selectively transferred in this 1,4-addition process 

r-212:. Conjugated aldehydes underwent almost exclusive 1,4-addition of lithium 

dialkylcuprates when the reaction was run in nonpolar solvents at low tempera- 

ture_ An exception to this was tetrasubstituted aldehydes. which undervrent 

1,2-addition instead [2137. The conjugate addition of [R,CuJ-MgX' to a,B- 

unsaturated ketones was studied. The best yields were obtained with a three to 

four fold excess of the RzCuMgX, the reaction was slower than was the corre- 

sponding copper-catalyzed Grignard reaction, and electron donating groups on 

the a carbon slowed the reaction [I2143. Trimethyltin groups were introduced 

B to the ester group of acetylenic esters usinp a mixed copper-tin reagent. 

The stereochemistry of addition was controlled by the reaction conditions 

(equation 134) C2151. Muscopyridine was synthesized using a 1,6-alkylation pro- 

cess (equation 135) [216-l. 

(134) 

RCK-COzR' f [PhSCuSntieJ-Li* - 

R = Et, Me, Me,tBuSiOCH,CHp- 

R' = Et, Me 

P!esSn 

76% 

COzR' 

=-98XZ 



0 
- 

8 

\ 
MeM91-CuCl 

+ 

- Muscopyridine 
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(135) 

Cyclohexenone was treated with lithium dimethylcuprate followed by acetyl 

chloride, producing P-acetyl-3-methylcyclohexanone in 87%yield, with exclusive C- 

al kyl ation [217]. The enolate resulting from the conjugate addition of 

R2CuLi to 2-phenylselenocyclopentenone was studied extensively for its uses in 

synthesis [218]. The stereochemistry and mechanism of the reaction of Me2CuLi 

with $-cyclopropyl-a,B-unsaturated ketones was the topic of a dissertation chap- 

ter C2191. A number of approaches to induc e asymmetry in conjugate addition 

reactions of organocuprates have been attempted. Addition of a dial kylcuprate 

containing a nontransferable chiral group to conjugated esters having OR’ 

groups from chiral alcohols resulted in up to 49% enantiomeric excess (equation 

136) [220-J. Lower optical yields were obtained when mixed cuprates containing 

a chiral alkoxide group were used (equation 137) C2217. Quite high optical 

yields were obtained when copper complexes containing chiral aminoalcohols 

ligands were used (equation 138) [2221. 

LiRR*Cu - I*le-&CH2C02H 

;h 

R = Me, Ph 

RI = Ph, Me 

R2 = chiral OR 

R* = 2( 1-dimethyl aminoethyl )phenyl 

40-701 

up to 49%ee 

CnBuCuOR*l-Lii + R, AR,, - R’CH-CH,COR” 

AU 

(136) 

(137) 

up to 15% ee 

References p_ 414 
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(138) 

* 
1) CUY 2) 

2MeMgX 
Q-l 

I OH + 
3) _ Ph 

‘K 
Ph 0 

88% 61Xee 

Al kyl thio-a,D-unsaturated ketones reacted with 1 i thium dimethy? cuprate to 

give a low yield of product resulting from both conjugate addition and substi- 

tution (equation 139) [I223]. Mixed copper-al uminum compounds were used to 

affect conjuaate addition (alkylation) to y-acetoxy or r-siloxy-a,e-unsaturated 

ketones without displacement of this allylic acetate (equation 140) C224a7 

C224b]. Al kyl ation of a-iodovinyl ketones to give B-al kyl vinyl ketones was car- 

ried out using the organocuprate from EtLi and PrC=CCu-2HMPA [22.51]. Dialkyl- 

cuprate; were al so effective for bis 6 ,B ’ con jupate addition reactions (equa- 

tion 141) [226]. 

(139) 

? c /SNe 
0 

c.2 3 S’sMe+ fle,CuLi __j 02 :I 

We3 

S 

20% 

Q 
COR 

I 
and 

-I- R’Cu-AlCl s e 

OAc 

0 

i>- 

I 

OAc 

- 

cc COR 

R’ 

OAc 

69-87X 

0 

9 11” 
R 

Me 
OAc 



0 

cl- I x R,CuLi 
b 
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(141) 
0 

cc- R 

R 

X = OAc, SPh, Cl, OTMS 

&, 4;rx also work. 

Conjugate addition reactions of organocuprates have been used to synthesize 

a variety of complex molecules, including 6-thioketones (equation 142) [227]. 

Furopelargone A and E (equation 143) [228], cephal osporinj (equation 144) C229], 

and chiral alcohols (equation 145) [230]. As usual, a large number of prostag- 

landin type compounds have also been made by this procedure. Some rely on the 

chemistry of bicycl ic esters (equation 146) C2317, cyclopropyl ketones (equation 

147) C2321, epoxides (equation 148) C2331, and tricyclic esters (equation 149) 

[234]. Thromboxane A (equation 150) [235] and Brefeldin A (equation El) E236] 

nPrC&CuRLi 
-78’ 

0 (142) 

28-70% 

F! = Me, nBu, t-Bu, Ph 

(143) 
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RCON H 
H R’2CuLt RCONH 

l 

C02TCE C02TCE 

48-80% R’ = Me, Bu 

Fe0 f MesCuLi - 

(optically pure) 

0 4 = : 
5 = + Bu2CuLi - = ,= i- 

/o 
/ 

0 \ 
IIIIBU 

Br 
20 

1 

(145) 

(146) 



(147) 

0 

6 t LiCu[CH=CH-FH(OSiR3)]2 - 

7 

Br 

C5Hll = = 0 
Br 

-- 

(148) 

(149) 

R,CuLi 

Y-deoxa-Y,lO-dihydmprostaglandin Dq 

R = CH=CH-CHCsH12 

aSiR, 

(150) 

aCHO + (2qk"cEc_"pr - 

(next page) 



: 
OH 

0 (1511 

6 \ 
i - 

L co&l OTNS 

I- OTMS 

have also been synthesized using organocuprate conjugate additions. Conjugate 

epoxides al so reacted with mixed cuprates (equation 152) C2377. 

R’ a.=.. 
0 •I- LiR”CuCN 

R2 

R’+ = Me nBu, Ph,//\i , 
RI = H, Me 

OH 
= 
= 

R4 (152) 

OH 

6540% 

R2 = H, Me 

R3 = Me, H 
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Iron (0) complexes of conjugated enones reacted with stabilized carbanions 

at the s-position, and the resulting iron enolate reacted further with electro- 

philes to result in disubstitution (equation 153) [2387. A similar reaction with 

a-chloro-a,s-unsaturated esters resulted in dialkylation (equation 154) [23g]. 

R = H, Me X = C&Et 

R’ = Me, Et, kPr Y = CO,Et, COMe, CN 

40-602 

(154) 

/Cl ,CO,Me 
CH2=C 

I \O,Me 
f (-KY - CH2-C-H 

X 
Fe(CO), 

X = C02Me, C02Et 

Y = COZMe. C02Et, COMe, CN 

Nickel salts have been used to catalyze conjugate addition reactions of a 

number of different metal-carbanion species. Nickel-catalyzed additions of 

alkenylzirconium species was the topic of a dissertation [240]. In a general 

study of the con jugate addition of vinyl zi rconi urn complexes to conjugated 

enones, a 1:l mixture of nickel (II) acetylacetonate-diisobutylaluminum hydride 

proved the most efficient catalyst (equation 155). Prostaglandin precursors 

(155) 

RCsCH i- Cp,Zr(H)Cl - 

R = t-Bu, Et, n-C,, ~n~~CSH1l 
R 

enones =‘T , 8 , & 
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were synthesized using this reaction (equation 156) L-2411 (equation 157) C2421. 

Acetylenic alanes similarly added to conjugated enones in a 1,4-manner in the 

presence of this catalyst (equation 158) [243Ij_ 

Ph 
f 

0 

OCZrl 

[ ,&CsH] 

Ph 

CH20 
l 

(156) 

0 (157) 

,C' 

+ cp2zr-Kx 

Ni(acac), 
l 

DIBAH 

h 

PhSeBr 

Hz”2 

Ph 

(next page) 
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Ph 

(158) 

1) BuLi 
RCsCH + RCX-Al Me2 

2) Me,AlCl 

1) Ni (acac) z/DIBAH 
, 

2) - 

c- -0 

0 o\ 55-80X 

* 
R 

R = TMS, tBu, H, n-Bu 

enone = op 6 ’ oas o&f) ’ _RB 
Ph 

As 1 ittle as 1% of nickel (II) acetyl acetonate catalyzed the Wi chael 

addition of stabilized enolates (6-dicarbonyl anions) to conjugated enones 

in high yield under mild conditions, without the necessity of strong base 

C2447. The mechanism of the 6-benzoylation of methyl acrylate by benzoyl 

chloride and nickel (0) catalysts was studied [245]. Benzene added in a 

1,4 fashion to a,o-unsaturated ketones in a two phase system in the presence 

of tetrabutylammonium palladium trichloride as a catalyst C2467. Bicyclic 
systems were synthesized by electrochemical methods involving conjugated 

enones (equation 159) [2477. Mixtures of iron carbonyl and iodine promoted 

the Michael addition of malonic ester to acrylonitrile [248]. Copper salts 

promoted the Michael addition of 3,5_dimethylpyrazole to ethyl acrylate. 

(equation 160) [249]. 

elect. red. 
l 

Vit B12a cat 

95% n = 4 ~2% n=3 76% n = 5 
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0 / 
N - N 

CO,Et C&Et 

15% 15% 

+ 
N-N 

(160) 

Titaniumtetrachloride promoted the conjugate addition of allylsilanes 

(equation 161) [2501 (equation 162) [251] and alkynylborates (equation 163) 

[252) to conjugated enones;. 

R* R4 (161) 
R5 R= 0 

- 

>i/ 

TiClr, Hz0 
•t -- - 

R3 
0 ac,, 

5 
R 

R4 

R' CiTi 

R,B - R,B.-+Rt 

Rl = Ph n-Bu 3 

R = n-Pr, n-Bu, 

(163) 

f -Bu , n-Hex 

38-83% 
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C. Carbonyl ation 

1. Hydroformyl ation 

The hydroformylation of alkanes and alkadienes has been reviewed 

[253], as has the mechanism and stereochemistry of the process [254]. An 

enormous review (1970 ref) concerning hydroformylation, 0x0 syntheses, and 

Roelen reactions has appeared C2551. Propene hydroformyl ation using 

RhH(CO)(PPhs) s as a catalyst was examined, and it was found that the catalyst 

underwent extensive degradation during the course of the reaction C256]. 

Theoretical studies of the reactivities of cobalt carbonyls and hydrocarbonyls 

in relation to the hydroformylation process have been carried out C2571. 

These calculations were in good agreement with what was already known about 

these complexes. High pressure infrared spectroscopy was used to study 

rhodium-catalyzed hydroformylation reactions. Several intermediates includ- 

ing EtRh(CO)& and HRh(CO),(&H,) were detected by this method [2581. The 

homogeneous ruthenium catalyzed hydroformylation of 1-pentene using water 

gas was compared to rhodium-catalyzed hydroformylation and hydroxymethyla- 

tion of the same substrate [259]. The mechanism of hydroformylation of 

ethylene using rhodium catalysts was examined. The rate of the reaction was 

first order in ethylene with an activation energy of 33.18 kJ/mole [260]. 

1-Hexene was hydroformylated under low pressure of HZ/CO to give terminal 

aldehyde in the presence of rhodium and ruthenium catalysts containinp pyri- 

dinyl phosphines as ligands (equation 164) [261]. Cyclohexene underwent 

homogeneous hydrofotmylation using diaquobis (acetylacetonato) cobalt(I1) C2627. 

RhCl L, 

Cluster complexes also catalyzed hydroformylation reactions. In the 

hydroformylation of 1-hexene using MeCCo,(CO)a as a catalyst it was shown 

that the cluster fragmented to produce Cos(CO)a. which was responsible for the 

observed catalysis [263]. The anionic cl uster CHRus( CO) I II- catalyzed the 

hydroformylation of propene to n-butyraldehyde with a high specificity for 

formation of linear aldehyde C2647. The- mixed clusters Ru,Fe( CO) 12 and 

RuF+(CO) 12 hydroformylated propene in methanol to give methyl butyrate [265]. 

Rhodium(I) phosphine complexes were attached to poly(methylsiloxanes) 

and were used as catalysts for the hydroformylation of 1-hexene [266]. Ex- 

tensive catalyst degradation was noted. Propene was hydroformylated by 

HRh(CO)(.PPh,) s supported on alumina or silica gel C2677. The proportion of 

Referencesp.414 
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1 inear aldehyde could be increased by having excess phosphine present in the 

silica supported catalysts [268]. Ruthenium complexes were supported on 

zeolites and were used to catalyze ethylene hydrofonnylation [269]. The 

rhodi urn catalyzed hydroformyl ation of ally1 alcohol using both homogeneous 

and polymer bound RhH(CO)(PPh3)3 was studied [270]. The activity, selectivity, 

and spectroscopic properties of homogeneous and polymer supported rhodium- 

phosphine catalysts in hydroformylation were compared [271]. 

N-vinylsuccinimides and N-vinylphthalimides were hydroformylated using 

rhodium(I) DIOP or DIPHOL chiral catalysts to give up to 41% enantiomeric 

excess (equation 165) [272]. Isoprene was hydroformylated in 25% chemical 

0 0 CHO 

+ 
Hz/CO 

F c 

N A 
HRh(CO)L, I 

0 

L = -DiOP up to 41% ee 

(165) 

yield and 32% optical yield using rhodium(I) DIOP catalysts. Butadiene, 

2.3-dimethylbutadiene. and P-methylbutene failed to react in appreciable 

yield (equation 166) C273]. Formaldehyde was hydroformyl ated to 

‘7 f CO/H, RPh(COJL3, YCHO 

25% yield 

L = (-)DIOP 32% opt. yield 

(166) 

hydroxyacetaldehyde in 43% yield using RhCl(CO)Lz as a catalyst. Methanol 

was also formed 11274-J. The effect of phosphine ligands on the Co2(CO)a 

catalyzed hydroformylation of methyl acrylate was examined (equation 167) 

C275]. Diphos proved to be the most effective catalyst. The hydroformyla- 

tion of this same substrate using homogeneous and polymer attached 

RhH(CO)(PPhs), as a catalyst was carried out and the results were compared 

r276]. 

(167) 

He CHO 
-I- Co,(cO)e f Hz/CO + diphos - 

w”“e 
0 

85% 

19.5 B/a 
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2. Carbonylation of Alkenes and Alkynes 

Transition metal catalyzed hydroacylation of olefins has 

accounted for a number of interesting procedures. 4-Pentenal cycl i zed to 

Z-methylcyclopentanone in the presence of RhCl(PPh3)3 as a catalyst [277al. 

This .process was the subject of an extensive mechanistic investigation 

[277b]. A catalyst derived from bis(ethylene)Rh(acac) promoted the addi- 

tion of 4-pentenal to ethylene to give primarily 6-hepten-3-one [278]. This 

process was used to synthesize a number of cyclopentanones (equations 168- 

171) [279X The catalyst used in this case was generated from [(cyclooctene)- 

zRhCl]z and a tertiary phosphine. The hydroacyl ation to1 erated COOH, COOR. 

C-N, C=O, halide, and alcohol groups, but amines suppressed the reaction. 

The amount of catalyst required was 10%. The presence of methyl &oups at 

the 2 or 5 positions cut the yield in half, while disubstitution at those 

positions completely suppressed the desired reaction and led to nothing 

identifiable. In contrast, substitution at the 3 or 4 positions had no 

effect. A model complex for the t-!ydroacylation of olefins has been made C2801 

Rh’ 
RI 

fi 
R’ 

ocf” 
93% 

CHO 

89% 

cis 27 

trans 73 

CL CHO 

(168) 

(169) 

(‘i70) 

(171) 
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Propene and carbon monoxide reacted in the presence ofCo,(CO)a and diphos 

and water to give up to 81% of a mixture of ketones resulting from dimeri za- 

tion-acylation of propene (equation 172) [2817. Olefins underwent alkoxy 

carbonylation when treated with phenols and carbon monoxide in the presence 

of a palladium catalyst (equation 173) [282J. 01 efi ns were carboacyl ated by 

reaction of their palladium(I1) complexes with carbanions, followed by car- 

bon monoxide and methanol (equations 174 and 175) L-2831. Olefinic tosylates 

underwent cycl itation with concommitant carbonylation when treated with di- 

sodium tetracarbonyl ferrate (equations 176-178) [284]. Al lyl amines cycl i zed 

to butyrolactams when carbonylated over a rhodium(I) catalyst (equation 179) 0 

In contrast, ally1 alcohol, ally1 chloride, and vinyl chloride were al 1 con- 

verted to esters (equations 18U-182) [2851. a,$-Unsaturated acids and amides 

cycl i zed to anhydri des or imi des when treated with his- (cycl ooctadi ene)ni ckel , 

a tertiary phosphine, and carbon monoxide (equation 183) C2861. 

(172) 

- 
150° 

+ Co + coz(co)a + diphos + Hz0 ----- A 
140 kg/cm* 

+ 

0 

YY 

(173) 

/= R3N 
0 

P 
At-OH + R + Pd(CC)Cl - 

CHzCl z 
ArO-t-CH-CH2R + At%C-CHXHR 

d Ar 
high yields 

R = Ph, OAc, nBu, 0 

\ 



R 

L_ 
1) (-)<: 

- + PdCl,(CH$N)2 - 
2) CO, MeOH 

X = COzMe = Y Y 
R c X 

we 

0 

(175) 
R 0 

t-1 
1) 

+ PdCl,(CH,CN), - 
2) CC!, MeOH 

-1 

70% 

(176) 

(177) 

Referencsp.414 



304 

(178) 

o”‘\ - s4Ho 
NHR 

- 
150° 

f CO i- L,RhCl 0 
136 atm -#= 

N 
k 68X 

0 
OH 

pt.+/ LzPdCl #inCl 2 
f co l (180) 

88% 

/+_P + CO f MeOH - 
*Me 

91% 

9-l 
Cl 

-f- CO +- ROH - 

0 

84% 

R R 

I 
w 

Ni(COD)2 f 
‘LK 

PR, CO 
-- 

4 
0 

0 2 

high yield 
Z = 0, NR 

(1811 

(182) 

(183) 
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3,8_Nonadienoate esters were prepared by the palladium(II)-amine com- 

plex catalyzed carbonylation of butadiene. The yields were quite hiqh [287-j. 

The catalysis of diene carbonylation has been reviewed C288-j. Acetylene car- 

boxylates were produced from the carbonylation of terminal acetylenes with 

CO at room temperature and atmospheric pressure using palladium(II) chloride 

as a catalyst [289-J, Tertiary propargyl alcohols were carhonvlated to mix- 

tures of esters using either palladium black or Co2(CO)a as a catalyst C2401. 

Nickel carbonyl ring opened and acylated the Spiro compound in equation 184 

c2911, r-Allylnickel hali de complexes reacted with Z-acylpyridines to pro- 

duce B.&unsaturated ketones (equation 185) [292-J. 

oa + Ni(CO), - 

3. Carbonylation of Halides 

The carboxylation of benzyl 
system was shown to involve residence of 

and the product carboxylate PhCH,COO- in 

(m) 

(185) 

halides by C0(C0)~-in a biphasic 

R&o(CO)&- - in the organic phase 

the aqueous phase E2931. Methanolic 

solutionsof Co(CO)+- in the presence of an acid converted organic halides 

to hydrocarbons or aldehydes. Aliphatic and benzyl halides were primari:ly 

carbonylated to aidehydes r-2943. Phase transfer catalysis was used in the 
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carboxylation of ally1 chlorides to mixtures of 8,~ and cr,punsaturated 

carboxylic acids, using nickel carbonyl as the carbonylating agent [295]. 

Treatment of aryl bromides with carbon monoxide over a palladium phthalo- 

cyanine-active carbon catalyst produced the corresponding esters. The 

mechanism was shown to proceed by a free radical process [296]. Methyl 6- 

bromohexanoate was converted to methyl 7-oxoheptanoate by treatment with 

NazFe(CO)& C2977. 

Both curvularin and zearalenone were synthesized by processes involving 

palladium catalyzed carbonylation of a benzyl halide (equation 186) [298], 

(equation 187) [299]. Hal oalcohols were converted to 1 actones by a palla- 

dium(0) catalyzed carbonylation process (&uations 188-191) [3007. Isoindoles 

(equation 192) p ;soquinolinones (equation 193), and quinolinones (equation 194 

were prepared in a similar manner c3017. The process was even useful to syn- 

thesize B-lactams (equation 195) [302X Treatment of diiodobenzene with 

nickel cat-bony1 and acetylenes produced indanones (equation 196) [3037. 

HO 

dMe 

+ co + 

Curvul arin 

(186) 
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(187) 

I ICC =I 
+ 

Me0 

SPh 
PdC12 PhH 

OMe o ' 

zearalenone - 
- ..&ikJ--J 

SPh 
70% 

OH + WO) 

CO, Pd(0) 
l 

CO, Pd(0) 
+ 

OMe 

co 

- 02 ;I 0 

88% 

L_ 

D 0 

52% 

- 
0 b 

(188) 

(189) 

(190) 

(191) 
Me0 

CO, Pd(0) 

0 

Pd(OAc)2, Ph3P 

Bu$J, CO 



NHAc 

(193) 

H 
H 

Br 
Bz 

Pd(OAc), 
f 

Ph,P, BuaN 

C02CH,Ph co 

RCXR 

R’s = Et, He. Ph, H 

Ni(CO)* 
* 

120° 

sealed tube 

(194) 

C02CH2Ph 

36-63X 

(196) 
R 

4. Carbonylation of Nitrogen Compounds 

A great deal of effort continued to be expended on the carbonyl- 

ation of nitroaromatics to aryl isocyanates, because of their commercial 

Importance- up to 80% yields of phenyl isocyanate were obtained from the car- 

bonylation of nitrobenzene at 50 atm CO pressure and 205’, using CRh(C0)2ClI2 

and pyridinium hydrochloride as a catalyst system [3047[3057. Another catalyst 

system that worked well was RhH(CO)(PPhs)2 modified by the addition on molyb- 

denum pentachl ori de. This system catalyzed the reaction at 25’ and 80 

atmospheres of CO, considerably milder than usual [306][3071. In the reaction 

using CRhCl(C0)2I12MoCls as the catalyst, the reaction was first order with 

respect to nitroaromatic. and the rate limiting step was deoxygenation [308], 

In a somewhat different process , nitroaromatics were carbonylated in benzene, 

using Rh,(CO) 12 as the catalyst. Amides in which benzene had been incorporated 

were the products (equation 197) [309-j. 
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Rh+(CO) 12 

ArNOz + PhH + CO h ArNHCOPh (197) 
220° 

32-54% 

Ar = E-H, MezN, MeO, Cl, CH3, CN, CH,CO, CH30zC, E-Me, E-Me 

Palladium catalysts were also popular for the conversion of nitroaromatics 

to isocyanates. Para-nitrotoluene was converted to p-toiylisocyanate at 230 

atmospheres and 220' with a PdClz(pyridine)z/(Pyridine H),Fe,Cls(pyridine)z 

catalyst [3107. Other catalyst systems studied included (Gu,N)zPdzCls/VCls~ 

3THF [311-J, (Bu,N)zPdCls/isoquinolinium hydrochloride FeC13 at I80 atmospheres 

and 250' L-3127, and palladium chloride/metal oxide [313][3141 at 125 aimos- 

pheres and 200'. The optimum temperature forisocyanate formation using 

palladium chloride-pyridine catalysts was lowered from 200' to 160' by acti- 

vating the catalyst with methyl iodide C3151. The use of mixed heterogeneous- 

homogeneous catalyst systems for this conversion was also examined C3167. 

Amines such as piperidine and butylamine were oxidatively carbonylated 

to ureas by carbon monoxide and mixed palladium-coppercatalvstsC3171. The 

kineticsof this processwere studied C3181. Benzyl trialkylannnonium complexes 

were carbonylated to phenyl acetic acid by cobalt carbonyl and methyl iodide 

under basic conditions (equation 198) C3197. 

PhCH,NEt,+Cl- i- CO 
C%(CO)* 

+ PhCHzCOzH 
MeI, PhH 

latm. 25' 35% 

(198) 

5. Carbonylation of Oxygen Compounds 

The use of heterogenized homogeneous rnodiumcatalystsfor the 

carbonylation of methanol has been reviewed [320]. Methanol was both car- 

bonylated and homologated in its reaction with carbon monoxide and hydrogen 

using Ru(CO),+12, RUDER. or Ru(acac)s as catalyst and methyl iodide or 

sodium iodide as promoters [321X N-acyl-a-aminoacids were prepared by the 

cobalt catalyzed carbonylation of aldehydes in the presence of amides (equation 

199) [322X Styrene oxide was converted to a propriolactone by carbonylation 

using RhCl(CO)Lz as a catalyst, A number of other epoxides failed to undergo 

this reaction (equation 200) C323J. 

co 0 

RCHO + R'CONHz > R&NHCHCOOH 
Coz(CO)s I+ 

(199) 
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R R 

R = Ph, R' = H 67% 

(200) 

R = Me, Ph 

R' = H, Ph 

6. Miscellaneous Carbonylations, Decarbonylations, and Carboxylations 

Carbon monoxide insertion into transition metal carbon sigma bonds 

has been reviewed C324]. The effects of strong Lewis acids on the methyl 

migration (carbonyl insertion) in r! 5-C5H5Mo(CO) aMe have been probed [3251. 

Vinylmercurials underwent a carbonylation-dimerization when treated with 

carbon monoxide in the presence of CRh(CO)&llz as a catalyst (equation 201). 

Arylmercuric chlorides behaved similarly (equation 202) [326]. The alkyl- 

mercuric chloride resulting.ftom mercury(II) ring opening of trimethylsiloxyl- 

cyclopropanes underwent a palladium(I1) catalyzed carbonylation (equation 203) 

[327]. Aryl thallium complexes were converted to benzoic acids by treatment 

with carbon monoxide and a palladium(I1) catalyst (equation 204). This was 

used to make several heterocyclic systems (equations 

Chromi urn carbyne complexes reacted with thiophenoxide 

(equation 207) C329]_ 

205 and 206) C3287. 

to produce thioesters 

(201) 

Rz 
CO, PLiCl 

0.5% [Rh(C0)2Cl]2 

HgCl 

R1 = t-Bu, nBu, Ph 

R2 = H, Me 

ArHgCl 

0 

+ A 
Ar Ar (202) 

40-90% 

Ar = P-Naphthyl. 2-thienyl. m-N02Ph 
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(203) 

OTMS 
MOAc)z 

pr 

l r 
L 

PdCl 2 

I 

I 

46-522 

ArH 
~1 (OTFA) s CO, 10% PdCT2 

+ ArTl (TFA) 2 l ArC02H (204) 
LiCl/MgO 

KeOH 

OH 

HO 
HO 

(205) 

(206) 

Br(CO),CrzC-Ph t PhSLi 
1) Et20/THF -20 F1 

l Ph- H-C-SPh 
F 

(207) 
2) H,O/HCl 

SPh 

Cyclopropane was carbonylated to mixtures of cyclobutanone, dipropyl 

ketone, and 2- or 3-methyl cyclohexanone by carbon monoxide in the presence of 

[Rh(CO)2C172 as a catalyst C3307. Arenes were carbonylated to carboxyl ic acids 
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by carbon monoxide and palladium acetate as a catalyst (equation 208) [331]. 

Arenes were acylated by seleno esters in the presence of copper triflate 

(equation 209). These seleno esters reacted with isonitril es to produce oxa- 

zoles (equation 210) [332]. Copper(I) chloride and CuCl(PPhs) promoted the 

Sattermann-Kochsynthesis of aromatic aldehydes [333]. 

15 atm 
ArH + CO + Pd(OAc)2 - ArCOOH 

cat IOOO 12-48x 
(208) 

ArH = PhH, PhOMe, PhCH,,e-C?PhH. furan, thiophene 

0 ( CuOTf)PPhH 0 

RkSeMe + ArH + RI-At+ (209) 
high yield 

R = n-hexy?. ‘M 
X 

Ar = anisole, furan, thiophene, 

pyrrol e, N-methyl i ndol e 

R-LeMe 
CU~O Z R 

- 
+ ZCH+C - 

DBU td N\ 
-Y’ 

(210) 

40-92% 

R = Ph, Ox\, D-s. n-Cc, n-C7 

Z = C02Et, Ts 

Catalytic decarbonylation reactions using cationic rhodium(I) complexes 

of chelating diphosphine ligands was the subject of a dissertation C3343. A 

catalyst formed by the reaction of ruthenium tetraphenylporphyrin with a large 

excess of tri-+butylphosphine was an efficient catalyst for the decarbonyla- 

tion of aromatic aldehydes to the hydrocarbon. Aliphatic aldehydes gave some 

side products, but still gave acceptable yields. Cinnamaldehyde failed to 

decarbonyl ate cleanly C3357. Palladium supported on alumina and on carbon 

decarbonylated furfural to furan [336]. Cationic rhodium(I) complexes con- 

taining chelating diphosphine ligands were more active fcr aldehyde decar- 

bony1 ations than was RhCl (PPha) s C337 J. The role of decarbonylation of primary 

alcohols, used as solvents in catalytic hydrogenations, in catalyst poisoning 

was examined [338-J. Nickel chloride/zinc catalyzed the decarhonyl ation of 

S-(E-pyridyl) thiolates to olefins (equation 211) [339]. 



Rl 0 

RCH ,6-k-S 

A2 

cat NiCl &n 
+ 

DMF 100° 

313 

(211) 

/RI 
RCH=C\ 

R2 

30-804: 

R = nCs, Ph, Me, n-Bu, 0. Q, PhCH,, 0 

H 

RL = H; Ph, PhO, Et 

R2 = H, Me 

Carbon dioxide reacted with bis n-ally1 palladium complexes to produce 

unsaturated carboxylic acids (equation 212) [340]or esters (equation 213) 

c341Il. Sulfur dioxide also inserted (equation 214) [341]. Enolates (equa- 

tion 215) and epoxides (equation 216) were carboxylated by carbon dioxide 

and a copper catalyst that “fixed” CO2 [3427. 

-I- BusP + PhOWa 

0 0 Pd f R,P - 1) -co2 

2) co 

0 (pd) + R,P 5 
2) co 

(212) 

(213) 

(214) 
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0 

0 -I- LnCuOH - 

OCUL” 

\ 

o- 
CO, 

OCUL” / 

\ COaCuL, 

6 

_+/\/Br 

L CuCO,H 
n 

OMF, 130° 

COzH 

0 692 

(216) 

825 

D_ Oligomerizations 

Catalysts prepared from nickel (0) butadiene complexes and diethylalumi- 

num chloride/triphenylphosphine were very active for the oligomerization of 

ethylene [343-J. Butenes were produced from ethylene at 100° and lo-15 atmos- 

pheres pressure in the presence of palladium on aluminosilicate catalysts [3441. 

An especial 1 y productive Ziegler catalyst for ethyl ene polymeri zation was 

produced by treating CpzZrMez with the solid phase [Al (CHa)zO-7, C3457. The 

catalytic activity of the system n-allylnickel bromide (tricyclohexyl )phos- 

phine and ethylaluminum dichloride for the dimerization of propene was found 

to be one thousand times greater than originally thought C3467. The catalyst 

produced from the treatment of an 87:12 mixture of alumina and silica gel with 

(CpNi)s(CO)z at 150° was an effective oligomerization catalyst for the con- 

version of ethylene to a mixture of C4 to CzO olefins, Butenes (34%) and 

hexenes (36%) predominated C3477. The ki.netics of the dimerization of ethyl- 

ene by palladium(II) chloride in chloroform was studied [3487. The dimeriza- 

tion and codimerization of ethylene and pmpene was catalyzed by r-allylnickel 

bromide complexes in the presence of titanum tetrachloride, aluminum bromide, 

and phosphines C3491. Immobilization of the rhodium-tin complex 

CRh(SnC1 s)zC14113- on an ion exchange resin produced a highly active, stable, 

and selective catalyst for the dimerization of ethylene to P-butenes in acid 

media [3507. Nickel silicate was active for the dimerization of ethylene 

and the rearrangement of butene E3517_ The role of tantalacyclopentanes in 
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catalytic olefin dimerization has been reviewed [3527. In n-octane, the 

active catalyst for propene dimerization was based on [NiCH(COMe),]- 

(MezCHCHz) zAl Cl C3531. Palladium(I1) adsorbed on a carboxyl cation exchange 

resin oxidatively dimerized styrene 103xfaster than palladium acetate itself 

c3547. Addition of benzoquinone to palladium chloride-benzonitrile catalysts 

improved the system for the dimerization of acrylic acid derivatives [355]. 

Ethylene oligomerized to a-olefins in the presence of homogeneous solutions 

of a nickel-phosphorous ylide complex, LNiPhxP=CHBz C3561. Norbornene was l-101 Y- 

merized by RuCls-3Hz0 and by RuClz(PPh3)2. The kinetics of this process 

were studied [3571_ 

Stereoregular and sequence regular polymerization of butadiene has been 

reviewed C3587. A review comparing transition metal and non transition metal 

oligonerizationsof isoprene for the synthesis of terpenes has been published 

[359]. The zirconium-based catalyst Zr(OBu),+/PhsP/Et,AlCl was effective for 

the linear dimerization and codimerization of butadiene, 2,3-dimethylbuta- 

diene, myrcene, and a-farnesene [360-J. Butadiene cyclodimerized to vinyl- 

cyclohexene in the presence of Fe(N0)2 generated by the reaction of 

CFe(NO)zCllz with nickel(O) complexes C3617. The same catalyst also cyclo- 

dimerized isoprene and piperylenes. Copper(I) containing Y-zeolites were 

effective catalysts for the cyclodimerization of butadiene to 4-vinylcyclo- 

hexene C3627. The structure of this catalyst system was examined by an X-ray 

structural analysis [363]. A kinetic study of the cyclooligomerization of 

butadiene in the presence of Ni(acac)2/Et2A10Et/R3P catalysts has been carried 

out [364J. The chelated lithium complex FeCl(BH,)[MeN(CH,CH,NMe~)~] was an 

active catalyst for butadiene dimerization [365]. Cyclooctatetraene dimerized 

when heated in octane in the presence of molybdenum hexacarbonyl (equation 

217) C3661. 

(217) 

0 I - I + f4O(CO), !i!Er+ ET!+ 
I a 1 If - A 

/ 

An extensive study of nickel(O) catalyzed cyclooligomerization of buta- 

diene has been carried out. The nickel catalyzed cooligomerization of buta- 

diene with N-isopropyl-2-methyleneaziridine or 2-aza-1,3-dienes could be 

controlled by variation of the properties and concentrations of the nickel 

ligands [367J. Ligand concentration control maps of the nickel/butadiene/ 

diphenylphenoxyphosphane has been published [366]. The method of inverse 
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titrations for control of metal-catalyzed processes have also been published 

[369-j, as has a study of the role of steric [3712] and electronic factors 

in nickel catalyzed cyclooligomerizations of butadiene C3717, 

Nickel acetylacetonate/phosphine catalysts converted l-vinyl-l-cyclo- 

pentene to cyclodimers and trimers (equation 218) [372]. The kinetics of 

the cyclotrimerization of butadiene to 1,5,9-cyclododecatriene over TiCl,- 

Et*AlCl were studied E373-j. The effect of butadiene concentration in this oro- 

cess was also studied L-3743. 

6 \ Hi (acac) ,/R,P 

80’ 

+ 

(218) 

Iron pentacarbonyl and nickel tetracarbonyl polymerized perchlorocyclo- 

oentadiene to (CsClLCO)17 and C1,,Cllo r3757_ Palladium(I1) chloride dimer- 

ized propargyl bromide (equation 219) [376]. 

HCrC-CHzBr + PdCl, - 
CCB 
I 

r 

Br 

31% 

(219) 

Cyclohexa-1,3-diene and ethylene codimerized in the presence of a 

catalyst produced from bis(cyclooctadiene)nickel , diethylaluminum chloride, 

and a chiral aminophosphine to produce 3-vinylcyclohexene in 87% yield with 

a 73% optical yield [377]. Butadiene codimerized with P-cyclopropylbuta- 

diene in the presence of Ni(acac)+JP(OPh)s catalyst (equation 220) [378]. 

The diene complex (butadiene)zTi dmpe dimerized propene, and codimerized 

butadiene with ethene (equation 221). Butadiene itself polymerized, and 

other olefins as well as cyclopropene. were inert [379]. The comnlex 

CRh(diphos)(CO)z]CBPhJ polymerized allene to 1,2,1.2,-polyallene, and ol- 

igomerized propyne II3807. a-Olefins dimerized and codimerized over a 
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9% 

catalyst containing 1:X? Zr(OBu)4-Et2AlC1 f3FJ13. Conjugated cyclodienes 

(cyclopentadiene, cyclohexadiene. cycloheptadiene) underwent addition reac- 

tions with ethylene to give 3-vinylcyclenes in the presence of nickel or 

pal 7 ad-i um catalysts L$4X2 and EtnAl C? m C3823. Pal 7 adi umf II) compf exes 

catalyzed the cool igomerization of acetyf enes and al lyf ic ha1 ides to prQdUCe 

pentadienes and heptatrienes L3831, Atlene and carbon dioxide combined in 

the presence of bis z-(ally?)palladiun and a diphosphine to produce a mix- 

ture of carboxytzd oll’gomers (equation 222) C384-J. A slightly different 

complex catalyzed a similar reaction between butadiene and carbon dioxide 

{equation 223) [385X 
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v 

40% overal 1 

65% 4.7 % 

(223) 

R = octadienyl 

Pd(O)-L 
-I- co, 

+Q 
70°/IO0 atm o/ 

I 

+ 

Hethylene cyclopropane cyclooligomerired with allene (euqation 224) 

and I,2-cyciononadiene (equation 225) in the presence of palladium(O) 

phosphine complexes [3867. The same system codimerized methylenecyclopropane 

with ethylene, norbornene, dicyclopentadiene , or norbornadiene to produce 

methylenecyclopentane derivatives [3877. Dimethyl cycl opropene cyclodimer- 

ized or cyclotrimerized in the presence of palladium(O) catalysts (equation 

226) C388]. Cyclopropane alkylated benzene in the presence of a number of 

group VIII metal salts (equation 227) [3S9 J. Prostanoid cyclopentenones 

were produced by the reaction of cobalt-alkyne complexes with olefins 

(equation 228 and 229) [390]. 



W’/Pd(O) *-.- -- - 

(225) 

(226) 

X L,Pd 
- 

?I 
80% 

(R#)J'd 
, 

L = DBA, COD, NB 

I (227) 

D 100 atm 
+ MC1 + PhH + CO - 

9o" 

40-70% 

MC1 = RuC13, OsCl,, RhCl,, IrCl,, PdC12, PtCl, 
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(228) 
H 
‘c,-c 

,(CH2) &%Me 
f \ 

0 

160' 

(co),co~%co~ 3 

-1 

w2Me 
46% 

(229) 

02Me 

I= 

Phenylacetylene cyclotrimerized to mixtures of 1,2,4- and 1,3,5-tri- 

phenyl benzene in the presence of NbCl s or TaCl 5. The corresponding fluoride 

salts led to linear oligomerization of this alkyne as well C3911. Silica- 

supported V205 catalyzed the trimerization of acetylene to benzene [392-J. 

Nickel acetylides catalyzed the cyclotrimerization of al kynes to benzene 

(equation 230) C3933. Chromium Y-zeol i tes cycl ized acetylene to benzene 

c394IL 

RCXH + L2Ni (X)C&? - 

(230) 

X = NCS 
4 R=Ph, HO 
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The cobal t-catalyzed cyclotrimerization of al kynes has recently been 

used extensively for the synthesis of natural products_ Much of this work is 

covered in a review entitled “Thermal, Photochemical, and Transition-metal 

Mediated Routes to Steroids by Intramolecular Diels-Al der Reactions of o- 

Xylylenes” [395]. Cobalt-catalyzed co-oligomerization of diacetylenes with 

nitriles -a new route to annelated pyridines - was the topic of a dissertation 

[396]. Alkyl thiopyridines were synthesized by the cobalt catalyzed cyclo- 

trimerization of thiocyanates and alkynes (equation 231) [3g7]. The full 

experimental details of the synthesis of tricyclic species from acyclic poly- 

acetylenes via cobalt catalyzed cyclotrimerization reactions (equation 232) 

have been published C3981. “The Cobalt Way to Estrone” is the title of a 

review [399] which describes the synthesis of estrone via cobalt-catalyzed 

co-cyclotrimerization of acetylenes. The full experimental details of this 

estrone synthesis have also been published (equation 233) [400]. 

RCaCli + R’SCN i- (~CsHs)Co(C0)2 - 

cat 

R = Ph, Bu 

R’ = Me Et MezCH , 3 

(231) 

X 



322 

(233) 

Y 0 

! 
-_ - 

P cc03 
III + --3 - 

1 
= - = E 1 

X 

RO 

The cocyclotrimerization of bis-1,3-trimethylsilylpropyne with diynes 

has been used to make bicyclic syzms (equation 234) c4OlIj. The protected 

prOpargy1 alcohol underwent a similar reaction (equation 235) _ Complex 

chiral polycycles were synthesized by the cobalt mediated cyclization of 

linear achiral diynes (equation 236) C4021. Compl exed cycl opentadi enones 

were synthestzed by the cobalt assisted cyclization-carbonylation of tri- 

methyl silyl acetylenes (equations 237 and 238) [4037. The THP ether of pro- 

parqyl alcohol aTso cocyclotrimerized with diynes in the presence of cobalt 

catalysts (equations 239 and 240) [4047. Chromium carbene complexes reacted 

with 1,4-enynes to produce naphthoquinones (equation 241) [405]. 

4 TMS 

f 
(234) 

i 

On f III 
CPCO(CO)2 

I 
A 

f (ITS, 

TMS 
TM 

N 
(64-928) 

n = 0, 1, 2 

- 

i 

= 

f 

OH 

i- Ill 

(23% 
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f 236) 

(237) 

hv TMS 0 
l-w 

cocp 
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c4127. a-Acetamidoketones (equation 245) and a-acetamidomalonic esters 

(equation 246) telomerized with butadiene in the presence of palladium(I1) 

chloride to give octadienyl products [413X a-Hydroxyketones behaved in a 

similar fashion, but some o-alkylation was observed under certain conditions 

(equation 247) C4147. Treatment of pyrrol e with butadiene in the presence of 

a Pd(acac)z/PPhs/EtsAl catalyst produced bis-2,5-octadienylpyrroles (equa- 

tion 248) C4151. 

(242) 

C02Et 

‘/\/i -I- (_)(;;‘:: L4Pd 

2 PhONa 
‘YO,W 

1 

I 
1) Ni (COD), 

! 

*) Br+ 
OBz 

-8, 

OBz 

(243) 

m 

Ni(COD),, L / OH 
+ CHsCHO l / \ 

Et20 

7 

I 

1) Mg, Li2Cu2C14 

w 

yBr 
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(247) 

R 
/O 

x 
-I- ‘M 

R’ OH 

(248) 

f ++-4 Pd(acac)-, 

H 

H 

Amines also telomerized butadiene in the presence of palladium cata- 

lysts _ In the palladium acetate-phosphine system for telomerizi:ip secondary 

ami nes and butadiene, (ArO)sP ligands greatly increased both the rate of 

the reaction and the selectivity for linear product (equation 249) [416]. 

Three different adducts were obtained in the telomerization of isoprene with 

diethyl amine using a palladium catalyst (equation 250) [417]. Use of 

ammonium bicarbonate as the amine component led to the production of a mixture 

of mono-, b&-, and tris-octadienyl amines [418-J. Telomerization of 3.3- 

dimethyldiaziridine over a palladium catalyst led to mixtures of 7inear and 

branched octadienyldiaziridines (equation 251) [419]. Butadiene and mor- 

pholine telomerized in the presence of chiral nickel catalysts to 

N-octadienyl morph01 ine plus 4-ethyl cycl ohexene which was optically active 

[420]. The effect of the basicity of the amine on the telomerization of 

butadiene and amines over palladium catalysts was studied C4211. Palladium 

complexes were also used to telomerize butadiene with pyrazolines (equation 

252) C4227. Butadiene telomerized with hydroxymethylamines in the presence 

of palladium complexes to produce unsaturated tertiary amines (equation 253) 

c4237. Nickel catalyzed reactions of olefins with imines, hydrazones, diazabuta- 

dienes and azabutadienes has been reviewed’c424i. 
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(2521 

w + 

k 
(major product) 

(253) 

RzNCHzOH + 

+ 

I 
\ o- R,NCH,w 

-I- 

f 

New synthetic methods for natural products using butadiene telomers 

obtained by palladium-catalyzed telomerization has been reviewed (93 

references) C4257. The use of butadiene telomers to synthesize homoestrene- 

dione (equation 254) 14261 and (+)-19-nortestosterone (equation 255) [427, 

4287 ha; recently been developed. Mono- and bis-octadienyl ethers were pre- 

pared in high yield by the palladium catalyzed telomerization of butadiene 

with ethylene glycol, diethylene glycol, 1,2-propylene glycol, 1,3- and 1,4- 

butylene glycol; and glycerol [429X 
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(254) 

Pdrl cat 
OAc 

G-Y&+ AcOH 

- - 

0 

-,r;i”? - / z 
H 

0 

CuCl 
PdCl 2 

02, Hz0 

&-- f-j+ 
0 

(255) 

m 
/ + AcOH 

Pd(OAc), 
b 

PPh3 

(S)-Phenylalanine 
- l 

(next page) 
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(255) 

(+)-19-Nortestosterone 

Palladium(O) complexes catalyzed the telomerization of butadiene with 

sulfur dioxide to produce a dienyl cyclic sulfone (equation 256) E43OJ. Sul- 

finic acids similarly telomerized with butadiene to give linear sulfones 

(equation 257) [4317. Isoprene, dimethylacetylene dicarboxylate, and a 

cyclododecatriene nickel catalyst reacted to produce complex large ring 

compounds (equation 258) C4321. 

(256) 

m L 
+ so.2 + Pd(0) - 

80% 

RSOzH + w 
Pd(acac)z, EtsAl 

‘ 
Ph,P 

(257) 
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I / 7 cl ’ Ni 
-I- -l- t!e02CCXC02Me 

(258) 

30% 

I 
/ 73 / 

COpMe 

C0214e 
\ 

14% + other isomers 

E. Rearrangements 

1. Metathesis 

Intense activity in the field of the olefin metathesis reaction 

continued. A number of general reviews of the field appeared [433-4357, New 

catalyst systems continue to be developed. 1-Octene was metathesized by a 
catalyst prepared fromWXl,-EtAlC12 L-4373. An active metathesis catalyst 

was produced by the reaction of a tantalum-carbene complex and a tungsten 

alkoxide complex (equation 259). In the presence of aluminum chloride, 

olefin metathesis ensued [4383. 
(259) 

PEt, 
Cl LO 

Ta(CHCMea)(PEta)zCls + w(G)(G-tBu), - Ta(O-t-Bu),Cl + '&, 
C-fl'CHCP?ea 

PEt, 
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Alumina-supported rhenium-tin complexes of the type Ph,Sn[Re( CO) s],_, 

were catalysts for propene metathesis. Those with the highest amount of 

aryl groups (x = 3) were the most active catalysts [439-J. The effect of 

catalyst pretreatment on the olefin metathesis catalvzed by alumina-supported 

rhenium oxide was the topic of a dissertation [440]. The stereoselectivity 

of the metathesis reaction of 2-butene on a s- titanium oxide supported 

molybdenum oxide catalyst was examined [441]. Tungsten oxides supported on 

MgO, A1203, Si02, TiOe, and ZrO;! catalyzed the metathesis of propene 14421. 

Chromium(II)suppo on silica gel catalyzed the metathesis of olefins at 

temperatures in excess of 150' [4437. A mixed metal system consisting of 

CpW(C0)3-SnRx or -GeR,was chemically bound to high surface silica in hopes 

of developing an olefin metathesis catalyst. However, only rearrangements 

took place with this catalyst [444]. 

The mechanism of the olefin metathesis reaction was hotly pursued again 

this year. It was the subject of a review [445], and the topic of a disser- 

tation [446]. Ab initio calculationswere applied to the mechanism of the 

olefin metathesis reaction catalyzed by chromium and molybdenum metal-ox0 

bonds. It was claimed that spectator 0x0 bonds played a role in activating 

metal carbene bonds for metallacycle formation C4.477. Mechanistic studies 

of the metathesis of olefins over Mo(CO),/A120a confirmed the role of metal- 

lacyclobutanes in the process [448J. A study of the active centers involved 

in the rhenium VII oxide/MgO catalyst for olefin metathesis indicated that 

the system was inactive below temperatures at which metallic rhenium forms 

L-449]. Photo induced metathesis of olefins with tungsten hexacarbonyl in 

carbon tetrachloride produced RCH=CC12, indicating the probable presence of 

metalladichlorocarbene complexes [450]. The role of carbene complexes of 

transition metals in the chain reactions of cycloolefin polymerization with 

ring opening and olefin disproportionation was the subject of a review L-451]. 

The role of metal-carbene-alkene complexes in olefin metathesis was probed 

by studying the decomposition of a number of these complexes and examining 

the products obtained [452]. In studies examining the metathesis catalyst 

forming step, al kyl tungsten complexes- were thermally decomposed. The results 

agreed with the intermediacy of a tungsten hydride as the key step in meta- 

thesis catalyst formation C4537. When k!!cl6 was the catalyst precursor, some 

hydride source was necessary. G/hen tungsten(O) complexes were used, oxygen 

was required. Complex tungsten(I1) hydrides were active, but those of tung- 

sten VIwere not t4547. Al kyl idenetungsten complexes formed from Kl s and 

CH2(MgI), were efficient catalysts for olefin metathesis C4551. The stereo- 

selectivity of the olefin metathesis reaction depended on the coordination 

sphere of the precursor catalyst as well as the various repulsive 

interactions in the transition state metallacyclobutene L-456-J. The factors 

affecting the stereochemistry of the metathesis of olefins by Group VI 
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transition metal catalysts were examined [4577. A titanium carbene complex 

converted to a metallacyclobutane when treated with an olefin, mfmicinp a 

proposed step in the olefin metathesis reaction (equation 260) [4583. The 

reaction of nickel metallacyclopentanes, -hexanes, and -butanes were studied, 

particularly their thermal decomposi ti on reactions . a-El imi nation was an 

important process with the nickelacyclohexane C4597. 

CpzTi lf-Ie, + X--_ -- CpTi 
3 

(260) 

641 

The metathesis reaction is finally beginning to be used to synthesize 

unusual organic compounds _ Triacontanol was synthesized by the metathesis 

of hexadecene (equation 261) C460JS Long chain unsaturated esters were pre- 

pared by metathesis of medium chain terminal olefins. The catalyst system 

is one of the few that-tolerates functional groups (equations 262 and 263) 

[461]. Nacrolides including civetone were synthesized by a metathesis process 

{equations 264 and 265) C4621. The use of olefin metathesis in petrochemistry 

has been reviewed C463II. 

UC16 l)EH3, di glyme 
CH,(CH2),$H=CH2 p-+ CH,(CH,),,CH=CH(CH2)r3CH3 

SnBu, 40-602 160° 

/ 

2) HzOz, NaOH 

I 
%(CH2)dWH 

47% 

(262) 

ileO,C(CH,)&H=CH(CH2)8CO,He 

CHz=CH(CH2) &O$le i- 

+ 
Kl &nMe, 

* 
80° 

AcO(CHz),CH=CH(CH&OAc 

OAc 

- (CH&, 

n=3,4 

+ 

AcO(CH2)nCH=Ct!(CH2)&02Me 
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(253) 

MCI 6 + 
tle$n 

65% 

41 OCl I+ 

CH3(CH,),CH=CH(CH;),C0,Et l CH3(CH,),CH=& 
Cp2Ti Me2 

f 1:l 

Et02C-(CH&CH=s, 

(564) 

1) Dieckmann 
< 

2) -co;? 

(265) 

14X1!+ 

Cp2TiMe2 

0 

0 

+ \ 

low yields 

The tungsten carbene complex.(CO).s4!= CXPh where X was Ph or OMe was 

a catalyst for the polymerization of alkynes. The reaction was slow, but 

the yields of polymer were higher than those from other methods. The reac- 

tion was thought to go by a “metathesis” like mechanism involving metalla- 

cyclobutene intenzediates 14641. This same complex polymerized cycloal kenes 

in the presence of phenyl acetylene as a promoter I1465, 4667. 
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2. Olefin Isomerization 

The catalyst produced from EtAlClz and Ni(PPha), was an effec- 

tive promoter of olefin isomerization reactions particularly for Cs or Cs 

olefins, which rearranged in up to YU% yield C4677. Treatment of 

fCOORhCl]a with i-propylmagnesium bromide in the presence of 4-vinylcyclo- 
hexene gave neutral diamagnetic complexes of the type (n-cycloenyl ) ( 1,5- 

cyclooctadiene) rhodium(I) > which catalyzed olefin rearrangements C4681. 

1-Butene was isomerized by Rh2C12(PPh3)4 L469Ij. Iron carbonyls were anchored 

to phosphinated polystyrene resins then irradiated to produce catalysts 

active for the isomerization of l-pentene [4707[4711. Nickel(I) phosphine 

complexes of the type NiX(PPha)a catalyzed a selective cis isomerization 

of 1-pentene r4721. 

Iron carbonyl catalyzed the rearrangement of allylbenzenes to styrenes 

at 140° (equation 266) [473]. Rhodium trichloride was used to rearrange a 

double bond into carbonyl conjugation in a bicyclic system (equation 267) 

K4742. Ruthenium hydride complexes converted ally1 ethers into vinyl ethers 

(equation 268) 154751, Iron carbonyl isomerized (+)-citronellol to (+)- 

dihydrocitroncllol in 16% optical yield [476-J. 

8 hr Y32 

0 
\ cty . 

%, 
2 

RhCl 3 

EtOH 

0 9 I 
+, 

9 

(2671 

R = H, Me, Et, nPr, i-Pr, nBu, nCs, nC,, Ph, 

R’ = H, Et, Me -(%)I,-, -(W5- 
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Coordination of a trans cycloheptene system to platinum(I1) followed by 

decomplexation with cyanide resulted in the rearrangement to cis of the 

double bond (equation 269) C4777, Propargyl ethers isomerized to dienyl 

ethers when treated with RuH(C1)L3 (equation 270) [I478], Allene was in 

equilibrium with methyl acetylene at 165O over imn catalyst [I4797_ The 

double bond isomerization in equation 271 was catalyzed by ‘Cp,TiCl, and 

Li Al H, [4807. 

(269) 

23 
I\ 

G \ + 
ptrl - 

T 
IS 

,WI) 

S 
: 

& iii 
Me 

I CN- 

R* 

A 
150”, PhH 

OR3 RuH(Cl)L3 
+ Rk-(R2 

OR3 
60-10072 

R1 = OTMS, OPle, n-Pr, n-Pentvl, Ye 

R2 = H, Me, Et 

R3 = TMS, Me 

co 1 / 
cis 

CppTi Cl 2 

LiAlHb 

165’ 

/ I m 

(270) 

(271) 
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3. Rearrangements of Al lylic and Propargyl ic Oxygen and Nitrogen 

Compounds 

Ally7 ic alcohols rearranged to carbonyl compounds when treated 

with a [Rh(C0)2Cllz catalyst under phase-transfer conditions (equation 272) 

c4817. N-allylamides rearranged to enamides in the presence of ruthenium 

or rhodium hydride catalysts (equation 273) 1482% Propargyl esters iso- 

merized to allenyl esters when heated with copper chloride (equation 274) 

[4831. 

R’ 

* 

R 

OH 

R’ = H, Me, Ph 

WNHAC 

CRh(CO)+ll~ 
s- 

CH2Cl a/aq NaOH 

BzNEta+ 

PhH, A 
l 

HRuClL3 

or 

HFthLb 

R’ 
R 

V 

71-98% 

(272) 

(273) 
f=l 

NHAc 

80% 

(274) 

0 
R 

CuCl2 
+ 

d, PhH > 
=JO 

R’ 

Chiral B-deuterated ketones were prepared by the ruthenium(II1) chloride 

catalyzed isomerization of chiral B-deuterated allylic alcohols (equation 

275) o Chirality transfer resulted in an inversion of configuration with up 

to 22% optical purity being obtained c484-J. B-Ketoallyl esters underwent 

an. isomerization with a concommitant decarboxylation. This provided an easy 

route to u-allylketones from Claisen type condensation products (equation 

276) [I4851. Substituted allylic esters of acetoacetic acid underwent a simi- 

lar isomerization with decarboxylation (equation 277) C4861. 
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(275) 

RuCl ,/NaOH 
* 

17-22% optical purity, inversion 

i- co2 (276) 

+ 
Pd(OAc) 2 

> 
L 

(277) 

Rv major 

0 

R \ 

T 
0 

f 

minor 

co2 

4, Claisen Type Rearrangements 

Palladium chloride catalyzed a E3.33-sigmatropic rearrangement 

of al lylic acetates with complete transfer of chiral ity. This was used to 

control stereochemistry in the synthesis of prostaglandins (equation 278) 

C4871. Palladium chloride also catalyzed the low temperature Cope rearrange- 

ment of acyclic 1,5-dienes. With P-methyl-3-phenyl-1,5-hexadiene, the + 

for the rearrangement in the abs.ence of catalyst was 13 hr at 170°. whereas 

o the reaction went to completion in 24 hr at 25 in the presence of catalyst 

(equation 279). A substituent at C-2 or C-5 was required for this rearrange- 

ment [4887. Pal 1 adi um( II) salts al so catalyzed the Cl aisen rearrangement 

of S-ally1 thioimidates to N-ally1 thioamides (equation 280). Phosphines in- 

hibited the process. palladium(O), nickel(II), copper(I), and mercury(II) 
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salts failed to catalyze the process, and the regiospecifity of the catalyzed 

process ruled out the intermediacy of r-ally1 complexes (equations 281 and 282) 

[489]. Palladium(O) complexes catalyzed a 1,3-Q-to-C alkyl shift, and this 

process has been used to prepare useful organic compounds (equation 283-285) 

t4907. A similar rearrangement of 8-methylene lactones to butenol ides was 

catalyzed by palladium(O) complexes in the presence of COz (equation 286) 

[4911. 

OAc 

PdClz(CH3CN)z 
l 

(278) 
OAc 

PdClz(PhCN)z 

25O 
(279) 

2-Me, 5-Me 1,2-diMe, 2,6-diMe, 2,3,6-triMe rearrange unsub., l-Me, 6-Me, 

3,6-dille, 2,5-diMe fail 

1% .Pd(II) 
t 

THF h 

N 

yy I 

high yield 

phy+h 
S 

Ph 
A w 

(2801 

(281) 

(282) 



y-p”‘” 

0 t-P_ CO,Me 

L4Pd 

DME, &* 

t-!e02 C 

0 

% 

CsH11 

/ 

DCH,Ph 
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(283) 

(284) 

(285) 

(diphos),Pd 
CsH11 

OCY Ph 

R 

Q 

L 

(diphos)zPd 
t 

R co2, 125O 
&J=o 

0 76% 

(286) 

R = fIe, -(CH2)5- 

5. Skeletal Rearrangements 

Skeletal isomerization of hydrocarbons on metals has been re- 

viewed [492]. The bridged polycyclic systems in equations 287 [493] and 

288 14943 rearranged to aromatic systems under transition metal catalysis. 

Diazopenams rearranged, via carbene intermediates, to monocyclic hetero- 

cycles (equation 289) [495]. Earbaralyl systems were synthesized by re- 

arrangements of ‘dienyliron complexes (equations 290 and 291) [496J. Spiro- 

cyclopentadienes were ring-opened by boiling in benzene solutions of Fe2(CO)s 

(equation 292) [497] or Mo(CO)s (equation 293) C498J. 
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Cu(acac)2 45% 0 

Ruz(OAC)I+ 30% 

Fe(CO) 5 

0 

RO 
Cu(I1) or 

> 
Rh(OAcj2 

ROH C02CH,Ph 

6-55% 

CN- 
+ 

CN- 
* 

CN 

CN 

Q -/ 
R 

0 cs ‘F 
(CO12 

3% 

(288) 

(289) 

(290) 

(291) 

(292) 
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m MCO), 
l 

A 
(293) 

6. Miscell aneous Rearrangements 

a,&Epoxyketones- rearranged to B-diketones in the Dresence of 

palladium(O) catalysts(equations 294 and 295) [4991. Aldohexoses and aldo- 

pentoses epimerized when heated with Mo(CO)z(acac)z in DMF at 50° [500]. 

Aminoacid ligands in A-Bz-CCo(tetraamine)(aminoacid)l’+ undelvrent base cata- 

lyzed epimerization at pH lo-12 to give equilibrium mixtures of diastereo- 

merit D- and L-aminoacid complexes [501-J. Camphene rearranged to isobornyl 

methyl ether in 85% yield when heated at reflux in methanol in the ;:i-ese::ce 

of copper(I1) chloride [502-J. 

Pd(O) 

dpe 140’ -7 
(294) 

90% 

0 a 0 0 

l a (295) 

54% 

III. Oxidation 

A. Oxidation of Alcohols 

Methanol was oxidized to acetaldehyde using vanadium pentoxide as 

a catalyst and stannic oxide as a promoter [503-J. l-Butanol was oxidized 

to butyria acid using platinum on carbon as a catalyst C504J. The kinetics 

of the rutheniumCII1) catalyzed oxidation of aromatic aldehydes by sodium 

metaperiodate were studied EiO5lC5067 as were the kinetics of the palladium 
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chloride oxidation of isopropanolc507, 508-J, and the osmium(VII1) oxide 

catalyzed oxidation of primary alcohols by chloramine T [509J. 

Alcohols were electrochemically oxidized using (trpy)(bpy)Ru(OHz)2+/ 

(trpy) (bpy) RuO’* as a catalyst t5107. Secondary alcohols oxidized to ketones, 

primary alcohols to aldehydes, then acids, aryl methyl groups to carboxylic 

acids, and cyclohexene to benzoquinone under these conditions [510]. Pri- 

mary benglic and allylic alcohols oxidized to aldehydes with copper(I) 

chloride as a catalyst (equation 296). Aliphatic alcohols were oxidized 

to the one carbon shorter homolog aldehyde [511]. Secondary benzyl alcohols 

oxidized to the ketone using [Rh(CO)zC172 under phase transfer conditions 

(equation 297) (15127. Diols were selectively oxidized to lactones by benzoyl 

peroxide in the presence of nickel bromide (equation 298) C5133. The same 

system oxidized secondary alcohols to ketones C5143. 

CuC1/02/phen 
RCHzOH r RCHO but RCHzCH,OH -- RCHO (296) 

R = Ph, Ph 

RfHOH 

Ph 

802 

CRh(CO)zCl7, cat 

PhCH,NEts+Cl- 

PAH, BH NaOH 

R’ 

R = Ph, Et, Me 

R’ = Ph. Me 

RC=O 

bh 

42-81’6 

(297) 

NiBr2 

o7o; 

high yield 

Horroallylic steroidal alcohols were converted to the corresponding 

saturated ketones by activated Raney nickel catalysts (equation 299) C5157. 

Substituted phenols were oxidized to quinones and diphenoquinones by CrOzCl, 

or VOCls C516J. Cyclohexanol was converted to adipic acid by oxidation over 

Rhs(CD)Is or Rez(CUjlo (equation 300) C5177. Studies of this process showed 

that smaller fragments of the Rhs cluster were responsible for this oxida- 

tion t5187. 



H 

65% 

+ 

Rh,(CO) 16 
l 

18 hr, 500 psi 

OH 

C COO” 

COO” 

50% 

(300) 

5 LY3 0 ’ 
19% 

B. Oxidation of Alkenes and Alkynes 

The details of the oxidation of ethylene to acetic acid using mixed 
palladium(I1) vanadiumpentoxide catalyst have been examined [519], and the 

kinetics of the process have been studied [520-j. Catalysis of this same 

process by supported palladium complexes [5217, and aqueous solutions of 

palladium(II) and iron(II1) has also been studied [522]. Two reviews on 

the Wacker oxidation of ethylene to acetaldehyde using palladium(I1) as a 

catalyst have appeared C523, 5247. The rate of the oxidation of higher l- 

alkenes by aqueous palladium chloride solutions was increased by the addition 

of basic solvents such as methanol, glyme and N-methyl-2-pyrrolidone F-5257. 

The organic chemistry of transition metal dioxygen complexes has been 

reviewed C5261. Terminal olefins were oxidized to methyl ketones by palla- 

dium oxygen complexes (equation 301) C5271. This same transformation was 

affected by t-butylhydroperoxide in the presence of palladium(I1) catalysts 

(equation 302) [5287. Ally1 acetate was oxidized. to a-acetoxyacetone, but 

cyclohexene and methyl acrylate were inert. This reaction proceeded through 

a pall adium( II) hydroperoxide complex which was characterized by X-ray csvs- 

tallography_. Wheninternal olefins were exposed to this complex, n-allyl- 

palladium complexes formed (equation 303) [53OJ_ Rhodium(II1) complexes of 
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oxygen also catalyzed the oxidation of terminal olefins to methyl ketones. 

It was shown that the keto oxygen arose from molecular oxygen [531-J. 

(301) 

/=- t- L,Pd(Oz) + MeS03H - 
R -P, 

RCH=CH, 
pdrl ! 

f t-BuOOH I R-C-CH3 
t-BuOH 

(302) 

400 cat turns/hr 

A 
o (303) 

(RCO,)$d + t-BuOOH - “RC02Pd00-t-Bu” a 

Me 

a,s-Unsaturated ketones were converted to 1,3-diketones by treatment 

with t-butylhydroperoxide or hydrogen peroxide and sodium tetrachloro pal- 

ladate (equation 304) C5323. Terminal olefins were oxidized to methyl 

ketones by PdC12-CuCl-O2 in aqueous DMF. This process was used in the syn- 
thesis of muscone (equation 305) L-5337. Cyclopentenones were available from 

cr,a-unsaturated aldehydes via this oxidation (equation 306) 115347. Tenninal 

olefins were also oxidized to methyl ketones by cobalt nitro compounds, oxy- 

gen, and a palladium(I1) catalyst (equation 307) [535-J. 

(304) 

R3TR2 
Na,PdCl JtBuOOH 

or H20p 50% HOAc 

R1 = Me, n-Pr, i-Pr, i-Bu, n-Hex, Ph 

R2 = OMe, Me 

59-78% 
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(305) 

0 G?F / 
2 

PdCl 2-CuC1 -02 
c 

aq DMF 

1) MezCuLi 
+ 

2) Hz 

//\)( PdCl ,/CuCl/Oa 
* 

CHO kCHO 
aq DHF 84% 

R 

t f PdC12 

0 

R A 
(307) 

cat 

a-Methyls tyrene was oxidized to the allylic acetate by palladium(I1) 

-I- Co(TPP=NO) + Oa - 

0 

* 2 

1 

1 
0 t I _- _I cri 

(306) 
0 

-Q / 

acetate in acetic acid (equation 308). Small amounts of styrene dimers 

(1.3-dienes) were also formed C5361, Palladium on alumina was also used to 

acetoxylate olefins [537J. 

(308) 

A 
Ph \ i- Pd(OAc)z + 8 minor products 

(major) 

Osmium catalyzed cis hydroxylation of unsaturated substrates has been 

reviewed [538]. - Hindered olefins were oxidized to diols by amine oxides 

using osmium tetroxide as a catalyst (equations 309 and 310) E397. Cyclo- 
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hexene was oxidized to the cis diol with the same system r5401. Asymmetric 

induction in the cis hydroxylation of prochiral olefins by osmium tetroxide 

was accomplished by the use of chiral tertiary amines as ligands (equation 

311) [5417. The cis hydroxylation of endo-dicyclopentadiene by perman- 

ganate proceeded through a relatively stab1 e organomanganese complex [542J. 

The oxamination of olefins by tBuNOs0s was improved by alteration of a num- 

ber of reaction conditions, particularly by the use of quinuclidine in DYE as 

sol vent [5437. Even better results were obtained using N-chloro-N-metallo- 

carbamates (equation 312) L-5447. Copper(I) or copper(I1) chloride catalyzed 

the cyanoselenation of olefins (equation 313) [I545]. 

n;, osor, 
/ + MesNO + Pyridine - 

4 

R 
OH 

R OH 
80% 

olefin = PhF , ,,/-I, x l 

OH 

(310) 

R R” 

70-903 

up to 83% ee 



349 

OH 

FI oso, 
ROC-NC1 + Hg[NO,), + Et,NOAc + + - /\ R 

(312) 
Na N 

Y 

OR 

0 

R 

r/ 

CuCT2 or CN R 
- + PhSeCN - 

CuCl 
(313) 

R 

Olefins were converted to the less substituted alcohols by hydrozirco- 

nation-oxidation (bicyclic olefins) [546-J, or by hydroboration followed by 

oxidation of the borane by Moos-Py-HFPA [5477. This oxidation went with 

retention [5473 Bicyclic olefins reacted with titaniumtetrachloride/sodium 

borohydride to produce alcohols (equations 314 and 315) [5481. Nanganese(II1) 

acetate oxidized a-phenylcinnamic acids to oxaspiro compounds (equation 316) 

c5491. 

8 

OMe 

+ 

f 

1) DME 
ii Cl ,/NaBH 4 - 

2) H20 

1) BFlE Ho/l/l 
TiCl ,/NaBH,+ - 

2) H,O 
8 

A 

70% 

Ph 

(314) 

(315) 

(316) 

Oxidation of indoles with osmium tetroxide led to stable oximate esters 

(equation 317) 15501. 3-Fletfiylindole was oxidatively cleaved by oxygen in 

the presence of copper(I) chloride-pyridine complexes [equation 318) [551-J. 
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a-?-JR f osor, X 

I 
R’ 

W Oz/CuCl/Py 

* 0 

ti 
3 O\ lppy 

(317) 

N 
R’ 

o’i.LPy 

WN2 r w \ I (318) 
H CHO 

H 
70% 

C. Epoxidations 

Three reviews dealing with metal-catalyzed epoxidations have 

been published. They deal with the role of vanadium catalysts in the oxida- 

tion and amrroxidation of organic compounds C5527, metal catalyzed highly 

selective oxygenation of ol efins and acetylenes with t-butyl hydroperoxide 

C5537, and new ways in the catalytic epoxidation of olefins by hydrogen?erox- 

ide C5541. The mechanism of the epoxidation of cyclohexene with t-butyl- 

hydroperoxide catalyzed by molybdenum V oxalate has been studied C5.553, as 

has the same reaction of 4-vinylcyclohexene [556-J. The allylic alcohol in 

equation 319 underwent nonstereoselective epoxidation by t-butylhydmperoxide 

in the presence of vanadyl acetylacetonate [557X The mechanism of this 

oxidizing system has been studied C558J. Hydroperoxi des epoxi dized 1-nonene 

in the presence of fio(Oz)(OCH2CHzOH)z as a catalyst C559Ij. Prochiral olefins 

were epoxidized with very high yield and enantiomeric excess by t-butyl- 

hydmpemxide and titanium isopropoxide in the presence of diethyl tartrate. 

The stereochemistry of epoxidation depended on which enantiomers of the tar- 

trate was used (equation 320) [560X A preformed molybdenum pemxo complex 
epoxidized allylic alcohols with stereoselectivity that differed from molyb- 
denum catalyzed epoxidations (equation 321) C5611. The complex also 

oxidized alcohols to aldehydes or ketones. A manganese-porphyrin complex pro- 

moted the epoxidation of stryene by sodium hypochlorite (equation 322) [562]. 

The oxidation of cyclohexene by oxygen in the presence of vanadium catalysts 

gave a mu1 titude of products. The best results are found in equation 323 

C563I1. In the oxidation of cholesteryl acetate, hydrogen peroxide in the 

presence of Fe(acac)g led to epimeric 5,6-epoxides [564-J_ 

i- OH (319) 
Ph 
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D(-)-diethyltartrate 

/O" 

t-BuOOH 
3. 

Ti(O-iPr)& 

CH2C12, -20' 
. 

“0” 1 

L(t)-diethyltartrate 

studied 

-Ok 

R1 R2 

70-808 

1 904: ee 

OH 

OH 

nC9 

OH 

(320) 

(321) 

OH 

0 

P 
Ph (322) 

35% 
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OH 

0 
I + 0, 

41% 

0 is I 

16% 

n_ Oxidation of Ketones and Aldehydes 

(323) 

+ 

OH 

t b I 
15% 

Ketones were oxidized to a-diketones and carboxyl ic acids by oxygen 
in the presence of a ccbalt(II) phenanthroline complex [15657. Cyclic ketones 

were oxidized to lactones by hydrogen peroxide in the presence of molybdenum 

peroxo species such as Hf[Mo(0)(Oz)z(picolinato)] C566-J. Manganese(II1) ace- 

tateoxidizedmethyl ketones to carboxylic acids by a radica7 mechanism [1567-J. 

Catechols, phenols, and o-quinones wet-e oxidized to mononitriles of muconic 

acid by an oxygen/copper(I) chloride/ammonia mixture claimed to produce 

"CuO/NHa" (equation 324) [568-J. Ary7 ketenimines were oxidized to amides by 
iron(II1) nitrate in methanol (equation 325) [569-J, 

CuO/NHa 

02, ?Y 

WNW 3 
Ar 0 

Ar.&=C=NAr' - MeO-!Z-!-NAr' 
MeOH 

& 

0 G COOH CN (324) 

R 50-704: 

(325) 
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E. Dehydrogenations 

Catalytic dehydrogenation by platinum metals has been reviewed C570]. 

Treatment of dihydropyridines with Pd(acacj2, Bu3P, AlEtS, CF&OOH, and 1,5- 
cyclooctadiene gave pyridines in quantitative yield (equation 326) [571-J. Di- 

hydroindoles were oxidized to indoles by treatment VJith oxygen and a cobalt 

salen complex (equation 327) 15727. Pyrolysis of an iron tricarhonvl diene 

complex of ergosteryl benzoate led to aromatization (equation 328) [!i73]. 

Treatment of 1.3-NZ-(diphenylphosphino)phenyKipropane with rhodium(I) 

complexes resulted in dehydmgenation of the ligand to give the coordinated 

olefinrhodium complex (equation 329) C5747. Olefins were produced from 

alkylimn complexes by treatment with triphenyl methyl cation (equation 330) 

c5751. Cyclohexadiene disproportionated to benzene and cyclohexene when 

treated with iron( II) orconoer( II) chloride and ti tanium(I?) isopropoxide [5767_ 

Pd(acac)z, BusP, EtsAl CQEt 
> (326) 

CF,OH, COD 

lOD% 

Co(Salen) 

Oz, KeOH 
r ,.a--;; (327) 

RI 

40-90% 

BzQ 
Bz 

-FeCCO13 f (328) 

5 
e 

/ J29 BZO 

References p. 414 



354 

CpFe(CO)a(-) f XCHzCHzR 

i- [RhCl(COD)], - 

PhaC+BF,- 
- CpFe(C0) a-CH2CH2R 

(330) 

F- 
R 

12 
f 

F. Oxidation of Hydrocarbons 

Palladium catalyzed oxidation of hydrocarbons was the subject of 

a book [577]. Chromium complexed diary1 methanes were oxidized to diary1 

ketones (equations 331 and 332) C578-j. Alkyllithiums and alkylmagnesium 

halides reacted with ethylene and nickel (II) chloride to produce olefins by 

a regioselective B-hydride abstraction [579]. Pal 1 adium cl usters catalyzed 

the oxidation of to1 uene to acetoxytol uene by oxygen [5801. Chromic acid 

oxidized alkanes in the presence of iridium IV chloride [581X. 

I 
Cr(CO) 3 

Ph/%h 

63% 

a - 
I 

(CO) 3Cr 
n = 0,2 

(332) 

G. Miscellaneous Oxidations 

Oxidation over copper, silver, and gold catalysts has been reviewed 

C582], as has the application of nickel peroxide oxidation in organic syn- 

f 331) 
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thesis [583], and nickel peroxide as an oxidizing agent in organic chemistry 

[584]. Organic sulfides oxidatively coupled to disulfides when treated 

with nickel peroxide C5857, or with hydrogen peroxide and vanadium V salts 

[586-J. Carbon dioxide oxidized phosphines to phosphine oxides in the 

presence of(Ph,P)sRhClor [(cyclooctene),RhCl& [587]. The ruthenium tetrox- 

ide oxidation of steroidal ethers gave esters and ketones (equation 333) 

[588]. The same compound also oxidized simple ethers (equation 334-337) 

L-589]. Cobalt salen complexes catalyzed the oxidative rearrangement of a 

R-hydroxybenzal dehyde imine (equation 338) jT5901. 

Cd’17 
Me 

Me 

@ 

____ 

OR 

Ru04 
+ 

1) RuOL, 0 

RCH20CH3 - RkQCH3 
2) CH2N 2 

Me - 

‘I 

P --- 

2Cr' 

-o- Ru04 cat 
+ Iok- e 

4-k 
82% 

+ n 
H02C C02H 

79% 

n=2,3 

Ru04 
t 

(334) 

(335) 

(336) 

(337) 

41-65% 



OH 
0 

I) 02/Co(salen pr) 

2) Si gel 

CHO 

(338) 

IV. Reductions 

Reductions, mostly of olefins, continued to be studied with a passion 

not commensurate with the interest of the transformation, and accounted 

for over three hundred papers this year. Asyrmnetric hydrogenation was the 

must active single area, with the development of a multitude of new cata- 

lysts and ligands to reduce a-acetamidoacrylic and cinnamic acids with 

optical yields often approaching those reported in previous years. 

A. 01 ef i ns 

Iridium hydride complexes formed by the reduction of precursor 

catalysts such as [yIr(COD)Lpy]PF, in nonpolar solvents such as dichloro- 

methane were exceptionally active for the catalytic hydrogenation of ale- 
fins, including highly substituted ones [591-J. Rhodium(I) complexes of 

bidentate phosphorous nitrogen ligand & were active catalysts for the- reduc- 

tion of olefins [592-J. Dinuclear rhodium(I) and iridium complexes of the 

type [Mzcl (CO)n(Ph,PCH2PPh2)2~* were active catalysts for the reduction of 

al kynes and al kenes . Al kynes reduced to cis al kenes initially, then reduced 

further to the alkane [593]. Dinuclear thiolato bridged rhodium(I) complexes 

of the type CRhz(n-SR)z(CO)zLz] and [Rtiz(~-SR),(P(OR),),3’were very active 

catalysts for the hydrogenation of 1-hexene and cyclohexene at ZOO and one 

atmosphere pressure C594]. nixed ligand platinum complexes of the type 

PtLL’C12 where L was PhsP, and L' was Sk& or e-toluidine was an effective 

catalyst for the reduction of styrene to ethyl benzene, in the presence of 

tin(II) chloride dihydrate [595]. The complex catalyst composed of mixtures 

of nickel(I1) acetate, sodium hydride, and t-amyloxide selectively catalyzed 

the reduction of olefins to al kanes in the presence of carbonyl a-rouos. 

Al kynes reduced cleanly to cis alkenes L-5961. The nickel cluster Ni4Hs(C5Hs)4. 
with bridqing hydride ligands, acted as a catalyst for the reduction of 



non hindered terminal double bonds. The bridging hydrides were not transferred 

during the reduction C597J. Rhodium(I) complexes havin9 phosphine ligands 

containing varying length alkylsilane groups were prepared and their catalytic 

activity in the reduction of olefins was compared to that of silica bound cata- 

lysts of similar constitution. The activity of these was about three times 

higher than the silica supported catalysts because of the increased basicity 

of the ligand [598], The complex[closo-1,3-P-($-3,4-CH2=CHCHeCHz)-3-H-3- 

PhsP-3,1,2-RhC,BsH,a] was an exceedingly active catalyst for the hydrogenation 

of olefins [599]. Hydridocobal t tetracarbonyl reduced 9-methyl idenefl uorene 

in a stoichiometric process C6OO-J. 

The catalytic role of arenechromium tricarbonyl complexes in the hydro- 

genation of olefins was the subject of a review [601]. Replacing carbonyl 

groups with phosphines in arenechromium tricarbonyl complexes reduced the 

activity of these as olefin hydrogenation catalysts [602]. Tine stereosoecif- 

ic reduction of a tricycl ic diene was catalyzed by phenanthrene chromium 

tricarbonyl (equation 339) [603]. Specifically deuterated prostagl andins 

were prepared by the catalytic reduction of unsaturated precursors using 

RhCl(PPhs), as a catalyst [604]. 

4 / 
3, 

= CO,lle 

CO,Me 

Reductions using the water gas shift reaction to provide hydrogen 

'-'2 

-(Phenant)Cr(CO), 
(339) 

have been developed, and reviewed briefly (4 references) [6051, The complexes 

n(CO)s where W = Cr, MO, kf and Ms(C0)1z where M = Ru,@s catalyzed the water 

gas shift reaction in the presence of excess sulfide, whereas Fe(CO)s did not 

[606-J. Ethylene and propene were reduced under water gas shift conditions 

using a catalyst system consisting of K2PtC1+, SnCl 4 l 5H20 in HCl /AcOH/HzO 

L-6071. Irradiation of Cp2TiR2 produced an efficient catalyst for the hydro- 

genation of linear and cyclic olefins. When I? was phenyl, the catalyst 

selectively reduced dienes to monoenes C6081. 

A mechanistic comparison of noble metal catalysts in olefin hydrogena- 

tion has been made C609-J. In the reduction of c-acetamidoacrylic acid deriv- 

atives by rhodium(I) diphos cationic complexes an intermediate (3) has been 

isolated and characterized by 1H, 31P, and 13C nmr. This, combined with 

kinetic studies, suggests the mechanism shown in equation 340 C6107. Ab initio 



LCAO-MO-SCF calculations for the complexes RhCl L2, H,RhClL, , H,RhCl!., , 

H,RhClL2(C,H4), and HRhClL2(C2Hs) have been carried out C611]. From these 

calculations it was claimed that the transfer of the first hydrogen to the 

coordinated olefin was a complex process involving rearranpements OC the non- 

reacting ligands. In the reaction of (PhsP)2Pt(C2H,) and (PhaP),Pt with H,Sf& 

and FsCSO$ it was concluded that the ethylene complex was a sufficiently 

strong reducing agent to convert ethylene to ethane, and the phosphine com- 

plex was a sufficient reducing agent to generate hydroqen i612]. The complex 

KfCCo(C,H,)L3]- was studied as a model compound for homogeneous catalysis L-6131. 

C02Me 
Rh(diphos)+ f l-c \ 

- \ CRh(diphos)PAC] 

Ph NHAc 

(MAC) 
11 

H2 
(340) 

-F Rh(diphos)+ 

PhCH,CH(NHAC)C02Me 

s Me 

2 
‘I, 

Pretreatment of palladium-alumina hydrogenation catalysts with hydro- 

gen prior to their exposure to olefins reduces the activjty of the catalysts 

[614]. Patladium(I1) acetylacetonate modified by Et,Al and RsP was an 

effective catalyst for the reduction of alkenes C6Y.51. The effect of composi- 

tion of Co-t~o/A1203 catalysts on the kinetics of cyclohexene hydrogenation 

has been probed C616]. in the competitive hydrogenation of methyl enecyclo- * 

hexane and E-methylmethylene cyclohexane over platinum group metal catalysts, 

the unsubstituted olefin was the most reactive toward all catalysts studied 

C617]. 

Olefins were reduced by a wide variety of aluminum hydrides by hydro- 

alumination in the presence of Cp2TiCl, followed by hydrolysis of the alane 

(equation 341) C618]. Al kynes were converted to al kenes by the process. 

The complex CpzZrCl 2 catalyzed a similar process, and tolerated the presence 

of OH, Br, and SPh groups (equation 342) C619]. Ally1 alcohols and ethers 

were similarly reduced by Lithium aiuminum hydride in the presence of 
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zirconium(IV) chloride (equation 343) [6201. Hafnium complexes catalyzed 

similar processes C6211. 

5% CpzTi Cl z & RCHzCH, 

RU!=CH2 + “Al H” + RCH,CH,-Al; 
---&_ 

(341) 

-+ RCH2CH,I 

“AlH” = LiAlH 41 NaAlH,, LiAlFle3H. NaAlHe3H, LiAlH2(NR2)z, NaAlHz(NR,)z 

vi tri de 

/= + i_Bu3Al CpzZrCl: W_ 

R 
(342) 

LiAlH4 + /TR 2 R~W+CHZA1~ z OR’ RC\HCH,CH, (343) 

OR’ 

B. Al kynes 

Palladium(I1) chloride in Dfr,F catalyzed the reduction of alkynes 

to al kenes [622X Dienes were reduced to monoolefins. Nickel(I1) stearate/ 

<c$l catalyzed similar transformations [623]. The cluster H4Ruq(CO)llL 

catalyzed the reduction of P-pentyne to cis-2-pentene C6241. Holecular A- 

frame rhodium complexes generated from hydrogen and [Rh2(C0)2dpmJ reduced 

acetylene efficiently [625Ij. Diphenyl acetyl ene was reduced to cis-sti 1 bene 

by sodium borohydride ancl CFe,S4(SR).]2- C626J. The rhodium(I) diene complex 

2 was an e$fective catalyst for the reduction of l-hexyne [627]. Alkynes 
- 

F 
TRh-L 

F r@@ =I’ ’ 

F 

F .? 
I 

t and enynes were reduced to cis olefins 

by triethylammonium formate in the pres- 

ence of palladium on carbon (equation 

344) [6281. The material produced from 

the reaction of nickel(II) acetate, 

sodium hydride, and sodium alkox?des 

- 

in THF were heterogeneous, storable, nonpyrophoric compounds which catalyzed 

the reduction of alkynes to cis alkenes quickly, under mild conditions [62gJ. 

Referencesp.414 
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Arc-CR 

Et,NHC02H 
l 

Pd/C 

R”C-C-CH=CHR’ 

ArwR 
(344) 

“‘id= Fr 
high yield 

Ar = Ph, p-CHOPh, p-N@,Ph 

R = nL+, Ph, /i”\ 

RI* = Ph, cyclohex. nBu 

RI = COztle 

C. Di enes 

The catalyst system comprised of Bu3P, EtsAl, and Co(acac)p effec- 

tively reduced isoprene to methyl butenes [630]. Cyclohexadiene reduced 

butadiene in the presence of cobalt(I1) sulfide. This was a catalytic trans- 

fer hydrogenation [631]. The complex catalyst system produced from Ni(acac)a, 

EtsAlsCl s, and PhsP reduced 2,3-dimethyl-1,3-butadiene to monoenes rapidly 

at 40’ under one atmosphere pressure C6321. Cyanoaminocobal tates catalyzed 

the conversion of cis-1,3-pentadiene to the trans isomer, then reduced it to 

a mixture of 1 and P-pentenes [633]. Cyclododecatriene was reduced using 

(PhsP),Ni12 as a catalyst [634]. Cycloheptatriene was reduced to cyclohep- 

tene by a ruthenium(O) catalyst (equation 345) [635]. 

0 \-I + Hz 
Ru(COD)($-cycloheptatriene) 

(345) 

100% 

D. Aromatics 

The reduction of 

by hydridoruthenium arene 

benzene to cyclohexane was efficiently catalyzed 

complexes (equation 346) [636]. Substituted 

benzenes were also reduced, but nitro groups were reduced to amino grouns, 

and chlorides and phenyl ethers were hydrogenolyied. Polynuclear aromatics 

were selectively reduced by anionic ruthenium hydride catalysts (equation 

347) [637]. 
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0 

uH,K=+ C10H8*Et20 

E. Asynnnetric Catalytic Reduction 

A number of reviews in this area appeared this year. They are: 

Asymnetric hydrogen transfer in 

references) [638] 

Asymmetric hydrogen transfer in 

C6W 

preparative organic chemistry. (16 

organic synthesis (part 2). (37 references) 

Asyrenetri c hydrogenation of a-acyl ami noacryl i c acid derivatives with chi ral 

phosphine-rhodium complex catalyst. (31 references) [640-J 

Homogeneous asymmetric catalysis by transition metal complexes. (121 

references) [641] 

Asymmetric homogeneous hydrogenation of prochiral olefins and control of 

the metal configuration in labile optically active organotransition metal 

compl exes . (22 references ) II6427 

Rational approaches to asysnmetric hydrogenation. (61 references) [643] 

Newer methods in selective and asymnetric reductions using homogeneous 

transition metal catalysts. (43 references) II6447 
Asymnetric hydrogenation of al kenes using chiral rhodium catalysts. c645] 

Sugars and carbohydrates have been used as starting materials for chiral 
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ligands to use in asymmetric hydrogenation reactions. Compounds 2-Q were 

prepared from D-mannitol, behaved as bidentate ligands, and induced asym- 

metry in the reduction ofa-aceliamidocinnamic acids [646]. Cationic rhodium(I) 

complexes of ligands 1 and 8 catalyzed the reduction of a-acetamidocinnamic 

acid. Ligand 2 led to up to 96% ee of the 2 enantiomer, and complex a 

resulted in up to 39% ee of the 2 isomer [6477. Rhodium(l) complexes of 

ligands 2-g were used to catalytically reduce a-acetamido- and a-methyl- 

cinnamic acids and esters, atropic acid, and methyl atroPate in fair optical 

yield C6483, Ligands Q, from mannitol and J,$ from xylose were synthesized 

[6491 s These, and other chiral phosphine derivatives of glucose, menthol, 

tartaric acid, and a-phenethyl amine were used as chiral ligands for the 

rhodium(I) catalyzed reduction of a-acetamidocinnamic acids. The optical 

yields ranged from 1.4% to 36% [650-J. The r-allylpalladium chloride complex 

of .@ was used to asymmetrically reduce the same substrate, as well as ita- 

conic and ci traconic acids and their esters [651]. 

H A 
Me 

J! 

CN 

H 
Ye 

CH2CH2PPh, 

&_JJ Q-4 -0 

0 
PPh;, 0 

8 

Ph,PO 
\ 

H 
PPh, 

CH2NMe, 

Q 

Ph2P PPhp 
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X 
0 

0 R = 

RO 

OR 

15 

Ph2P0 

Chiral phosphine 1 igands were attached to polymer molecules, particularly 

polystyrene, and the rhodium(I) complexes of these were studied as hydrogena- 

tion catalysis [652-j. By using a hydroxymethyl acrylate polymer, insoluble 

catalyst systems that swelled in ethanol were obtained. These chiral , 

polymer bound catalysts gave the same yields and optical yields as did their 

homogeneous analogs, in the reduction of a-acetamido acrylic acids C6537. 

The unit x was attached to a polystyrene polymer, and its rhodium(I) com- 

plexes were used to reduce a-methyl cinnamic acids and citraconic acids. The 

behavior of soluble and insoluble polymer supports was assessed, and it was 

concluded that insoluble, noncrossl inked polymers were required for practical 

asymmetric synthesis [654-J_ 

Two very similar axially disymmetric ligands, j&j C6551and Jj [656], have 

been synthesized, and used as ligands for cationic.rhodium(I) in the reduc- 

tion of a-acetamido acrylic acids and esters. Optical yields were from 79% to 

100%. Rhodium(I) complexes of the aminodiphosphine ligand ?$ reduced the 

same substrates in up to 29% ee [657], wkiie those of ligand Q were used 

to reduce an array of substrates (equation 348). In this latter case, addi- 

tion of triethyl amine increased the optical yield C6587. 

Fteferences p_ 414 
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* * l--c 
NH NH 
I I 

f .Rh(I) + H2 + 

PhzP PPh, 

COOH 
COOH 

=i- 

(348) 

Ph NHAc Ph 

, , 

COOH COOH 

H 

H 

CH3 

‘COOH ’ CbOH ‘COOH ’ 

NHAC 

v - 
Ph 

l chi ral reduction 

Impure chiral diphosphine ligands such as CHOP were heated to reflux 

in ethanol with copper(I) chloride, producing crystalline, easily purified 

copper complexes, the treatment of which with ERhCl (olefin)Jz led to com- 

plete transfer of the ligand from copper to rhodium [659-J. Chiral menthyl 

or neomenthyl diphosphines were synthesized and used. for ligands in the 

rhodium[I) catalyzed reduction of olefins (equation 349) C6601. Terpenic 

acrylic acids were reduced in modest optical yield by rhodium(I) complexes 

of a nurrber of chiral dip>osphines (equation 350) C661Zl. 



+ Rh(1) f H, + 

365 

(349) 

-+ 30% ee 

RL = H , 

R* = H , 

Phrl/,, __ 
WaP, 

MeHP- 

ble 
1IJJJ B-3 

Ph “/,,.. 

Ph/ MeA 
P--, Ph$= 

Rh(1) + H, 

woH - 
reduction up to 45% ee 

voH 

Methoxylation of DIOP reversed the stereochemistry of the rhodium(I) 
catalyzed reductions of enamides [662-j. Rhodium(I) complexes of 1 igand g 

reduced a-acetamidocinnamic acids in 90-97% optical yield [663-j, while those 

of G.S synthesized from tartaric acid, led to 83-98% optical yield C6641 and those 
of a led to 87-941 optical yield C6657. This last lipand, as is the case 
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with most chiral catalysts, was considerably less effective with simole con- 

jugated acids lacking the chelating a-acetamido group_ 

PPh, 

Palladium(I1) complexes of ligand $$ reduced enamides in from 4% to 16% 

optical yields (equation 351) L-6661. Rhodium(I) complexes of chiral 
amidines g were even worse, giving between0 % and 2% optical yields in the 

same reduction [6671_ Rhodium(I) complexes of chiral Schiff bases such as 

benzylidene-S-alanine reduced these samesubstrates in 88-9356 optical yield 

C668I1, 

(351) 

catalyst 

R C@zMe 

R’ 

4-1659 opt. yield 

The chiral ferrocene, BPPFA (Q’) and its analogs were complexed to 

rhodi um( I) and used to reduce a-acetami daacryl ic and ci nnami c acid esters 
in up to 85% optical yield. These catalysts were poor (3-342 optical yield) 
for itaconic and atropic acids and a-ethyl styrene [669]. Rhodium(I) com- 

plexes of chiral aminophosphines a-a reduced a-acetamidoacrylic esters in 

up to 94% ee. The catalytic reduction of both itaconic acid and a-acetamido- 

acrylic acids by chiral pyrrolidinodiphosphine complexes of rhodium(I) 

showed a marked dependency of optical yield on hydrogen pressure c6713. 
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PPh, / 

CHRNI:e2 

ix 

t\ 
Me: NMe 

PPh2 :Ph, 

Me-N N--Me 

Ph& bPh, fJH NH 
PPh? 

PPh, 

h H NH 

;Ph, bPh, 

Prochiral carboxylic acids were reduced undercatalytic transfer hydro- 

genation conditions using HkRu,(CO)e[(-)DIOP], as a catalyst and secondary 

alcohols as a hydrogen source [672]. DIOP complexes of RuzClb were used 

to reduce simple acrylic and cinnamic acids in 3-27% optical yields [673]. 

Rhodium(I) DIOP complexes catalyzed the reduction of imidazolinones in 

high yield and up to 33% ee (equation 352) [674]. Hydrogenation of opti- 

cally active oxazines over palladium produced aspartic acid in 12-16% 

optical yield (equation 353) 16751. l,l,l-Trifluoro-2-(acetyloxy)-Z- 

propene was reduced in high optical yield by rhodium(I) complexes of a 

chiral diphosphine (equation 354) [676]. 

rn 
COR 

(352) 

+ He + (+)DIOP + [CODRhCl]2 I 

_,C~2CH20!4e 

PhQ= 
0 

COR 

90% yield, ~33% ee 

._ 
Hz/Al-hg or Raney Ni 

+ 
or H2 Pd or Pd/C 

(353) 

H 

Ph 
H2C02Me 

40-70% 

12-17% optical yield 
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[Rh(COD)LfBF; f H2 - 
Y 

CF3-:-CH3 
(354) 

OAc 

high optical yield 

L = 
Ph,,,,,, Pm 

c% 
Of& 

:p\Ph 

The mechanism of asymmetric hydrogenation continued to be studied. 

Asymmetric hydrogenations withrhodium chiral phosphine catalysts has been 

reviewed [677]. The crystal and molecular structure of the methyl (Z)-a- 

acetamidocinnamic ester adduct of 1,2-bis(diphenylphosohino)ethane rhodium(I) 

has been elucidated, and it was shown that both the olefin and the acetamido 

oxygen of the substrate was coordinated to the rhodium [678]. This oxygen 

coordination was an important factor in determining the stereochemistry of 

the hydrogenation. A number of attempts to correlate optical yields with 

structural features of ligand or complex were made, and much speculation was 

advanced, but little definitive information came to light. Using rhodium(I) 

complexes of trans 1,2-bi-(diphenylphosphinomethyl) cycloalkanes as 

catalysts, it was found that optical yields did not correlate to the 
PCH2CCCH2P torsional angle. but appeared related to the flexibility of heptan- 

onal chelate ring [679]. A 31P nmr study of the intermediates of rhodium(I) 

catalyzed reductions of a-acetamidorinnamic acids was launched [680], and 

the existence of the hydrogenated enamide JJ was demonstrated [681]. A 

similar nmr study showed that only the Z-ester of a-acetamidocinnamic ester 

coordinated to rhodium(I) well (equation 355) L-6821. However, in the key 

paper in this area,Halpern showed that the major catalyst substrate complex 

reacted very slowly. Thus the preferred mode of substrate binding was >& 

responsib?e for enantioselectivity, Rather it was the relative rates of 
reduction of the diastereoisomeric substrate-catalyst pairs which is respon- 

sible, and in the case studied, this was the minor diastereoisomer [683Y. 

This observation makes a great deal of published speculation specious. 

From X-ray studies of the (norbornadiene) rhodium(I) PPFA complex (a) 

it was claimed that diastereotopic discrimination was a result of steric 

interaction of the substrate olefin with the PPFA ligand [684-J, The in- 

duced chirality in the reduction of a-acetamidocinnamic acids catalyzed 

by rhodium(I) complexes of ligands 3 and 3 was claimed to be due to the 

chiral helical conformation of the phenyl groups- on -phosnhorus [685-l. In 

mechanistic studies of the reduction of olefins using HRuCl(DIOP)z as a 
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catalyst, loss of one DIOP ligand was required during reaction [686, 6871. 

Dipeptides were synthesized asymmetrically by reducing a-acylamino- 

cinnamoyl (S) aminoacid esters with chiral rhodium(I) complexes (equation 

356). These workers claimed that chirality of the C-terminal aminoacid had 

COzPh 

u NHPPhz 

“r, 
‘NHPPhz- 

22 

PhzP 

2.2 

0 0 

Fe 

0 Y 
H-C-Me 

L-lez 

PPFA 

Me 

1) H,, YeOH 

ph 

no effect on the as,ymnetric induction C6887, However. other doing essen- 

tially thesamechemistry claimed to observe an influence on the asymmetry 

of the reduction [689]. The procedure did provide an efficient procedure 

for the synthesis of optically active dipeptides (equations 357 and 358) 

[690, 6917, Catalytic reduction of o.&dehydroamino acid residues over 

Pd/C gave 99.1% chiral induction (equation 359) C6927. 
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CH,?h x NH I 
H C02R 
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E-diastereo isomers - one in 

79% ee 

L- LRh* cat Ph+ N:kC02R 

AcNH g 
L = (t) or (-) DIOP, BPPE-I, diPAMP >90% ee 

Me 

+ 

0 
HN 

0 
JK 

NH 
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l -- C, (3591 

Pd/C OH 
7 

+GH 
? 

CHMe 53.1% ee 

A number Of chiral reductions of ketones have been carried out. !Thodium 
(I) DIoP complexes reduced aryl ketones to alcohols in benzene solvent and 

bJithaddedEtsN in 40-90% chemical yield and 5~34% optical yield C6931. u- 

Ketoesters and lactones were reduced to chiral a-hydroxy compounds using 
both DIOP and BPPH as 1 igands. The effect of conditions on optical yield 
was studied [694-j. Catalytic transfer hydrogenations of ketones using iso- 
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propanol or indoline as the hydrogen source and H4Ru4(C0)a (-)DI@P as a 

catalyst produced compounds in only 9.8% maximum optical yield [695]. 

The absorption mode of P-hydroxy acids on Raney nickel was studied 

in relation to modifying Raney nickel for asymmetric reductions [696]. 

Using a Raney-nickel-tartrate-sodium bromide modified catalyst for the re- 

duction of 4-h.vdrox.y-2-butanone produced (S)-1,3-butane diol in 100% vield 
and 69% optical purity T-6971. A similar catalyst reduced f3-diketones to 

1,3-diols in high optical purity [6981. A study of the factors affecting 

asymmetric hydrogenations over modified Raney Nickel catalysts has been 

published [I699]. Modified Raney Cobalt catalysts gave only low optical yields 

in the reduction of 6-diketones or e-ketoesters [700]. The asymmetric 

reduction of benzil to benzoin by a cobalt dimethylglyoxime system was 

carried out [701]. Methyl pyruvate was reduced to (R) (+)-methyl 1 actate 

in 86_8%optical yield over Pt-A1203 containing a small amount of quinine 

c 7027. 

The kinetics of the hydrosilation of phenyl t-butylketone by [Rh(COD)- 

DIOPf were studied C7037. Optically active alcohols were nrepared by 

hydrosilation of ketones in the presence of rhodium;I) DIOP catalysts. U!J 

to 34% ee was observed [704]. 

F. Solid Supported Reduction Catalysts 

Styrene polymers (8, 3, 3) of three different monomers were 

synthesized so as to have a phosphorus ligand on ever-x repeating unit. 

Rhodium(I) complexes were made of these polymers and 31P nmr spectra were 

taken, giving some unusual results. When the starting rhodium complex was 

C(COD)RhCl]z a single phosphine rh odium complex having the constitution 

[CODRh(Cl )-PJ was formed. In conbtrast the bis olefin rhodium(T) complex ._/ 
formed a myriad of different species, including [sPRh(C,H,)Cl],, [sP,RhCl]2, 

~P2RhCl,Rh(C2H,)a, sPRhCl(C2H4)2, sP2RhCl ( C2H4), and P sRhC1 [705]. Rhodium 

(I) complexed to polystyrene bound anthranilic acid was effective for the 

reduction of alkenes, aromatics, benzonitrile, and nitrobenzene. Polymer 

bound palladium catalysts carried out the same chemistry C7061, as did 

polymer-bound nickel catalysts [707]. The cluster Irb(C0)12 was attached to 

polystyrene-bound PhzP groups or DIOP groups to give catalysts that reduced 

ethene at 40° and one atmosphere of hydrogen [708]. Polymer-bound 

CHQRu4(CB),i_x(PPh,)x] was also studied as an olefin hydrogenation catalyst 

[709]. Infrared studies of polymer membranes functioning as catalysts in 

olefin hydrogenations and containing [Ir,(CO)iZ_x(PPh,),] (where X = 1, 2, 3) 

as a catalyst showed that the maj-or species present was that which was ori? 

inal ly attached to the polymer. At over 120’ iridium crystallites 

formed C7107. Similar studies were carried out using polymer bound 

CH,Ru,,(CO)lr,(PPhs)x] C7ili. The effect of degree of crosslinking on the’ 

activity of polys$y&le_bound rhodium(I) phosphine complexes was studied. 
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Polymers containing between 25 and 40% crosslinking gave good results C7127. 

Polymer-bound rhodium(I) catalysts prepared as in equation 360 t713al were modestly 

active in the reduction of styrene and 1-hexene, but not cyclohexene 

CiYib]. The kinetics of heptene reduction using soluble poly(siloxy)alkyl- 

diphenylphosphine-rhodium(I) complex catalysts were examined C714-j. 

ClsSi(CH2)nPPhZ + Rh(1) - 
HZ0 

complex 

I (360) 

c CO 3,2Si(CH2)2PPh273RhCl-(09,,SiCH3)20011 X 

Hollow poly(ethylenimine) beads containing palladium(II) acetate reduced 

by sodium borohydride catalyzed the hydrogenolysis of the carbobenzoxy-groun 

in peptides. using formic acid as solvent C715]. Polymer-protected colloidal 

nickel boride was an effective hydrogenation catalyst. Soluble nylon was 

the best polymer studied [716]. Polymer bound RhCl (PPhs)a showed kinetic 

selectivity in the competitive hydrogenation of 1-hexene and cyclohexene 

c7171. Silica-supported zirconium hydrides catalyzed the rapid isomeriza- 

tion of olefins to their thermodynamic mixtures C7181. Tris(ally1) rhodium 

(III) was adsorbed onto silica gel, then reduced with hydrogen to produce a 

silica bound catalysts purported to be [-SiO-Rh-Hz], which was an effective 

reduction catalyst for olefins, including tetrasubstituted ones, but a poor 

isomerization catalyst [719]. Catalyst consisting of rhodium crystal-lites 

on silica were prepared by reduction of mononuclear rhodium(I) complexes 

coordinated to silica bound Phosphine or amine groups [720]. A number of 

phosphine substituted rhodium clusters were studied as reduction catalysts 

for cyclohexene. The supported clusters had higher thermal stability than 

those same clusters adsorbed on silica gel [721]. Modification of silica- 

supported rhodium catalysts by tin, lead, molybdenum, or tungsten ions 



373 

changed the catalytic properties of the system [722]. The rhodium cluster 

RhG(CO)lG. when attached to silica supported ethylene diamine and used as a 

hydrogenation catalyst,fragments into mononuclear Rh(CO)z units, which 

are the active catalysts c7231. The same supported ethylene diamine ligand 

was treated with (ClzRhPy,+)Cl to generate a catalyst for the NaBH, reduc- 

tion of olefins and dienes [724-J. Binuclear palladium complexes attached 

to phosphine containing silica catalyzed the reduction of cyclopentadiene 

to cyclopentene and cyclopentane C7257. The silica-bound OSmiUm ClUSter 

[HzOsa(CO)sPPhzCzH,SIL] formed CHaOss(CO)s(CMe)PPhzCzH&IL7 when exposed to 

hydrogen and ethylene C7261. The influence of particle size on catalytic 

properties of alumina supported rhodium catalysts was studied C7277. Fischer- 

Tropsch type catalysts were prepared by impregnating SiO, or Alz@s with 

potassium Group VIII metal carbonyl complexes, then thermally decomposing 

them [728-J. 

G. Conjugate Reduction of a,s-Unsaturated CarbonylCompounds 

Arene chromium tricarbonyl complexes catalyzed the reduction of 

methyl sorbate. The activity of the catalyst was highly dependent upon 

the substitution on the aromatic ring (equation 361) [729-j. A general 

procedure for the conversion of methyi ketones to terminal acetylene groups 

has been developed (equation 362) C7301. Conjugated ketones. aldehydes. and 

esters underwent clean 1,4 reduction when treated with lithium aluminum 

hydride and copper(I) iodide in HMPA at -78OC C7311. Copper(I) bromide/ 

Vitride reduced the polycyclic unsaturated nitrile in equation 363 in a 1,4 

fashion C7321. Methanol solutions of Co(CO),+- were effective stoichiometric 

reducing agents for the X,4-reduction of a,s-unsaturated ketones and esters 

c7331. Conjugated enones underwent 1,4-reduction when treated with K,[Co(CN),HJ 

under phase transfer conditions. $-Substitution on the enone prevented this 

process C734J. Steroids having 3-oxo-4-ene and 3-oxo-1.4-diene functional 

groups were reduced using palladium black/amines as a catalyst to give 5-b- 

ketosteroids. With e-methoxypyridine very high stereoselectivity for 5-B- 

ketosteroid production was observed (equation 364) 117357. Iridium and 

ruthenium complexes were used for the bulk hydrogenation of a,B-unsaturated 

ketones to ketones [736-j. 

e I R 

I 
Cr(CO)s 

R = OMe 100% at 12Q", 0% at 100' 

R = 1, 2, 3-TriOMe 100% at 80° 

R = CO,Me 0% at lZOO 

ReferenceSp.414 

+ 
MC02Me 

k! 
- 

(361) 

'-COsMe 



GUI 

high yields 

P - T_L - 

CN 

CuBr 

(362) 

1) LDA 

1) I?e3Al, 

Cp2ZrC12 

2) BuLi 

‘7) (CH&,, 

+ 
Vitride 

2) ClPC(OEt)2. 

3) 2 LZA 

4) HCl 

(363) 

Me0 

R = H, Me 

Y =H,=O 

x = p-c,, ~0, B-OH, BAC, aOH 

H. Carbonyl Compounds 

The complex C12R~(C0)2(P(cyclohexyl)3)2 was the most efficient 

catalyst for the bulk reduction of a,punsaturated aldehydes to allylic 

alcohols II7377. Aldehydes disproportionated to the corresponding acids 

and alcohols in the presence of a nunker of catalysts (equation 365) C7381J. 

cat 
2 RCHO + Hz0 \ RCH20H + RCOOH (365) 

cat = [Rh,(C5Me5)2(0H)JCl. Ru2(@ymene)2C14. CRu2(C&e~)(OH)S, 

M2(C$-k&Cl, 

M = Ir, Rh 
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Complexes of the type RuC1&2, HRuClLx, HRu(OAc)Ls, and HRuC1(CO)L3 

for which L was the water soluble r+iulfophenyl-diphenylphosphine. catalyzed 

the reduction of pyruvic acid to the u-hydroxy acid C7391. Formic acid in 

the presence of LaRuCl reduced ethyl pyruvate , as well as a number of other 

ketones (excepting B-ketoesters) to alcohols in reasonable yield (equation 

366) C7401. The ruthenium complex RuHCl(CO)Ls was also effective in the 

catalytic hydrogenation of ketones to alcohols (equation 367) [741]. Ketones 

reacted with isopropylmagnesium chloride in the presence of CpzTiC!, catalyst 

to produce alcohols- Aryl and vinyl ketones were not reduced under these con- 

di tions [742-J. Urushibara nickel catalyzed the reduction of 3-oxochalestanes 

to axial 3-alcohols, while axial 38 alcohols were produced with Urushibara 

cabal t C743-j. 5c~ and 56-cholestan-3-ones were 30 and 17 times more reactive 

than was 4-s-butyl cycl ohexanone toward pal 1 adi urn catalyzed hydrogenation in 

t-butanol [7447, Colloidal nickel boride, acti vated by sodf uE hydroxide, 

was an effective catalyst for the reduction of ketones and aldehydes [7457. 

0 

_A t 
I? R’ 

F? = Ph, Et, nPr, 
R’ = Ph Me Et I . 

Q b 

HCOOH 
L3RuC12 

+ 
12S" 3hr. 

(366) 

R R’ 

40-85% 

nBu 

(367) 

0 

A 
Ph 
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Aryl ketones were reduced by as”ymmetric catalyzed hydrosilation to 

produce benzyl alcohols in up to 63% ee (equation 366) C7467_ Raney nickel 

modified byR,Rtartaric acid catalyzed the reduction of 3-oxotetradecanoic 

acid to the 3-hydroxy acid in 852 ee [7471. Ketones were sequentially con- 

densed (aldol) and simultaneously hydrogenated by using immobilized acid 

catalysts and Pd/C under hydrogen [748]. 

0 R,SiHz 

Art-R + or 
RhCl ((-)DIOP) PH 

Ar-C-R 

ArzSiC!, cat k 

un to 43% ee 

(368) 

Carboxylic acids were reduced and condensed to esters b.y a ruthenium 

catalyst (equation 369) [749]. Esters of trifluoroacetic acid were reduced 

to alcohols over an anionic phosphide ruthenium catalyst [75OJ. Sodium 

borohydride/cobalt(II) chloride reduced one carbonyl group of a succinamide 

(equation 370) C7517. Treatment of vanadium(II1) chloride with lithium 

hydride gave a complex that reduced aldehydes, ketones, and esters to alco- 

hols in high yield. Terminal olefins also reduced but al kynes and internal 

olefins did not [752-j. Another generally useful reducing agent was produced 

in the reaction of titanium tetrachloride with sodium borohydride (equation 

371) c7537. Cobalt and rhodium DHG complexes were efficient catalysts for 

the reductive amination of carbonyl compounds C754, 7557. 

WG(C~)~(PBU~L, 
0 

RCOOH + Hz + R!-OCH2R (369) 
zoo 130 atm 



377 

-COOH - -CH,OH 

-COCl - -CHzOH 

NaBHt, + TiC14 i- -CONH, - -CHzNHz (371) 

=NHOH - -NH2 

-;-R - -SR 

0 

OH, ONe, Br inert high yields 

I. Carbon lionoxide 

The following is a list of titles of papers concerning the 

reduction of carbon monoxide, the Fischer-Tropsch synthesis, and the reduc- 

tive homologation of carbon monoxide. 

On the mechanism of the Fischer-Tropsch synthesis. (26 references) [756] 

Fischer-Tropsch synthesis over a ruthenium catalyst: infrared and kinetic 
studies. C7571 

Ilechanisms of carbon monoxide reduction with zirconium hydrides. (34 
references) C7581 
Catalytic synthesis of light hydrocarbons from carbon monoxide/hydrogen 
over metal catalysts. [7591 

Chemicals from coal : the cobalt octacarbonyl catalyzed homologation of 
methanol to ethanol. (82 references) [760] 

Fischer-Tropsch synthesis over a ruthenium catalyst: infrared and kinetic 
studies. C7611 

Formation and evolution of the active site for methanol carbonylation on 
oxide catalysts containing rhodium(II1) chloride. [762] 

Activity of supported cobalt carbonyl catalysts for the synthesis of aliphatic 
hydrocarbons from carbon monoxide and hydrogen. C763f 

Selectivity .of Fischer-Trbpsch synthesis on supported nickel catalysts. C764J 

Activity and mechanism of carbon monoxide methanation on activated carbon- 
supported nickel. [I7651 

Selective formation of propene from carbon monoxide and hydrogen or ethylene 
with Fes(CO)12 supported on inorgahic oxides_ Mechanistic imp1 ication in 
Fischer-Tropsch synthesis. [766] 

Catalytic synthesis of low molecular weight olefins from carbon monoxide and 
hydrogen with pentacarbonyliron, dodecacarbonyltriiron, and hydridoundeca- 
carbonyltriiron anion supported on inorganic oxides. C7671 

Rhodium-car&;;1 cluster chemistry under high pressure of carbon monoxide 
and hydrogen. [I7687 

Synthesis of aliphatic hydrocarbons from carbon monoxide and molecular 
hydrogen over rhodium-complex catalysts. C7691 

High pressure homogeneous hydrogenation of carbon monoxide in polar and npn- 
polar sol vents, lr7703 

Hydrogenation of carbon monoxi:de and related molecules. [771] 
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Synthesis of hydrocarbons from carbon monoxide and hydrogen in the liquid 
phase over cobalt catalysts, C772I1 

Organometallic chemistry. XIV. Methanol homol ogation catalyzed by homo- 
geneous cobalt derivatives. C7731 

Hydrogenation of carbon monoxide to methanol and ethylene glycol by homo- 
geneous ruthenium catalysts_ C7747 

Formation of methane and ethane by reduction of carbon monoxide coordinated 
through both carbon and oxygen on !lgCCpFe(C0)2]2GTHF. [7757 

J” Catalytic Transfer Hydrogenation 

Catalytic transfer hydrogenation and transfer hydrogenolysis has 

been reviewed (97 references) [7761. Iridium(I) complexes of bi?yridine 

ligands catalyzed the reduction of 4-t-butylcyclohexanone to the alcohol in 

high yield. 3,4,8,7-Tetramethyl-l,l8-phenanthroline was the best ligand 

(equation 372) [7777. Cationic rhodium(I) cyclooctadiene-phosphine complexes 

were also effective for. the same transformation [778]. Cyclohexane-1,4- 

dione was reduced by isopropanol in the presence of ruthenium metal on silica 

gel (equation 373) [7791. Iridium(I) complexes of bipyridine type ligands 

catalyzed the reduction of conjugated ketones to saturated alcohols (equation 

374) [7807. D-Glucose was reduced by a number of hydrogen-donor solvents in 

the presence of CleRu(PPh,), to sorbitol [781]. The complex RuHCl(C~)[P(C,H,,),7, 

in the presence of KOH was an efficient catalyst for transfer hydrogenation 

of acetophenone L-7821. Ally1 acetates were reduced to olefins by NaBH4 or 

NaBHsCN in the presence of palladium(O) catalysts [7831. 

Cl- + ROH + 

o- 

0 
OH 

Ru/SiOz 
-I- H2 c l O 

OH 

(372) 

0 
OH 

(373) 
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K. Nitrogen Compounds 

The ruthenium cluster RUDER reduced nitro compounds to amines 

under phase transfer conditions (equation 375) [784J. Titanium trichloride 

in aqueous acetic acid was a very effective reducing agent for nitroaromatics 

containing a variety of other reducible groups (equations 376-379) [785]. 

Dinitroaromatics were selectively reduced to aminonitro compounds by tri- 

ethylammonium formate over Palladium on carbon (equation 380) [786]. Palla- 

dium and platinum complexes of 1,2-dihydroxyanthraquinone catal_vzed the 

reduction of nitrobenzene to aniline [787]. Similarly the bis isocyanide 

complex of palladium(I1) catalyzed this same reduction [788], as did pal- 

ladium and platinum complexes of azo dyes in the presence of.sodiun boro- 

hydride C7891; The stereochemistry of palladium and platinum catalyzed 

reductions of nitro sugar epoxides was extensively studied. Both the 

regio- and stereospecificity of the ring opening and the fate of the nitro 

group were examined C7907. 

RNO, 
CO,.Rus(C0)1z. 5N NaOH 

PhH, CH,OwOH, PhCH,NEt3+Cl- 
RNH, (375) 

TiCl s 
l 

AcOH/H20 

NO2 

(376) 

Nii2 
84-95% 
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N“2 
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\ 
0 

, 
NO2 

NO2 

R Pd/C 
+ EtsNifiHC& - (380) 

NO2 

10 cases studied 

Copper borohydride complexes reduced tosyl hydrazones of ketones in 
high yield, and those of aldehydes in fair yield, to hydrocarbons (equation 

381) [7911. Aromatic ketones and conjugated ketones gave very low yields. 

(377) 

84-90X 

(378) 

NH2 
93% 

(3791 

Aqueous vanadium(I1) chloride reduced cyclic, acyclic, bicyclic, and aro- 

matic oximes to ketones in 75-93% yield (equation 382) L-7921. The reagent 
produced by the reaction of molybdenum pentachloride with zinc produced a 

molybdenum(II1) species which reduced azides and hydrazines to amines in 

the presence of halogen L7931. Rhodium(I) and ruthenium(I1) complexes 

catalyzed the reduction of azobenzene to aniline by isoorooanol [7947. 

NNHSOZAr 

A 
i R’ 

LzCuBH4 
& 

- CHCl 
RCH,R’ (381) 

3= rfx 

N-OH 
(382) 
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Titanium trichloride reduced hydroxamic acids, including ll-hydroxy-2- 

azetidinones, to amides in good yield (equations 383 and 384) [795-J. Titanium 

tetracbloride reduced N-nitrosamines to amines in the presence of sodium 

borohydride in 75-95% yield. Nickel chloride-sodium borohydride was also 

effective [796]. The same titanium system reduced pyridine and quinoline 

N-oxides to the free amines C7971. 

p ,Rl 
f! “~0 

R N\oR2 + TiCl, P 
Buffered 

R = Ph, RI = H R2 = H 

PhCH2 

Ph 

Ph 

PhCHz 

Me H 

H PhCH, 

H COPh 

He CH2Ph 

TiCl,, H20 
, 

85% 

64% 

91% 

91% 

N.R. 

(383) 

(384) 

67-79% 

L. Halides, Ally1 Ethers 

The hydrogenolysis of organic halides has been reviewed (450 ref- 

erences) C7987. Cobalt tetracarbonyl anion reduced organic halides to 

hydrocarbons under carbon monoxide. Carbonylation of the halide to the al- 

dehyde was a competirlg reaction (equation 385) C799-J. A variety of secondary 

halides were reduce-d to the hydrocarbon with little competing elimination 

by chromium(I1) c;llts (equation 386) II3007. 

Well!; 
co(co)4- + Rx - RH + XHO 

co 
(385) 

R = Ar, ArCO, I:O,CCH,X RH major prJduct 

R = Me, Et, nLu, Bz 40-60% RCHf, 

1 [a-chlorotet:-acycline - RR 94% 
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OH X 

The full paper describing the reduction of acid chlorides to al dehydes 

using (PhsP),CuBHb has appeared [801]. A number of variations on this pro- 

cedure have been developed_ The reagent [(PhsP)2Cu(BHs)CN]2 reduced acid 

chlorides to al dehydes under neutral conditions, and aldehycies and ketones 

to alcohols in acid media [8021[803]. Sodi urn borohydri de reduced acid 

chlorides to aldehydes, but left al kyl , aryl , and benzyl halides unaffected 

in the presence of copper( i 1, copper( c+dmium(II)_, and zinc(I1) salts 

[804]. Trial kyltin hydrides reduced acid chlortdes to aldehydes in the 

presence of a palladium(O) catalyst in 75-978 yield (equation 387) C8051, 

L,,Pd 
RCOCl + R’sSnH - RCHO 

‘kg’* 

(387) 

R = Ph. 1-Naphth. 2-Naphth, PhF . n&0 

Ally1 acetates were reduced to olefins by sodium borohydride or sodium 

cyanoborohydride in the presence of phosphine palladium(O) complexes. A 

mixture of regioisomers was obtained, and the relative amounts of SN2 and 

SN2’ displacement depended on steric and electronic factors C8067. Ally1 

and benzyl alkoxides were reduced to olefins by lithium aluminum hydride in 

the presence of Cp,TiCl, (equation 388) [807]. Lithium aluminum hydride 

in the presence of copper(I) bromide reduced propargyl tosylates to alkynes 
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and al 1 enes . The intermediate underwent reaction with ketones to give 

alcohols (equation 389) [808]. Propargyl halides of ketals of propar9yl 

aldehydes were reduced to cumulated trienes by chromous ion (equation 390) 

C8091. 

q _ LiAlH4/CpzTiClz q 
l (388) 

14 cases studied 

good yields 

(389) 

1) LiAl HJCuBr 

Li Al ii&uBr 

THF 25’ 

HO 

major 60% minor 21% 

RCH-CnC-CH RCH=C=C=CHOEt 
j( 

45-55% 
(390) 

R = Et, nC,, Ph 

N. Reduction by Hydrosilylation 

The relative addition rates of dichloro- and trichlorosilane to 

2-pentene and I-octene have been measured in the presence of H,PtCl,, and 

Cl,SiH was found to add much m)re rapidly than Cl,SiH, CSlO]. The factors 

controlling the regioselectivity of hydrosilylation of alkynes [Sll], 

and the relative reactivjties of al kynes to hydrosilylation catalyzed by 

platinum hydride dimers has been studied [812J. The same pl atinum complexes, 

[Pt(u-H)(SiR,)(PR,‘)]z catalyzed the 1,4 hydrosilylation of a&-unsaturated 

al dehydes [813]. ‘Triphenylphosphine (5 eq) greatly enhanced the hydro- 
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silylation of olefins catalyzed by n-complexes of nickel [814]. The con- 

sequences of steric effects in the hydrosilylation of st!!rene, a- methyl- 

styrene. and 6-methylstyrene catalyzed by rhodium(I) or platinum(IV) com- 

plexes was studied [815-J, as were the effects of solvents [816-J. In the 

latter study it was found that polar solvents suppressed the formation of 

the a-adduct [816-J; The influence of the structure of the hydrosilane on 

the rhodium(I) catalyzed hydrosilylation of phenylacetylene was investi- 

gated [8177. In careful studies it was found that the hydrosilylation of 

al kenes or alkynes in the presence of L3RhCl did not proceed when everything 

was absolutely pure and air free, but that oxygen or hydroperoxide promoted 

the reaction [8187. The effects of n- and r-donor ligands on the Coz(CO)a 

catalyzed hydrosilylation of olefins was studied [819-J. The activity of 

metal carbonyl clusters for the hydrosilylation of olefins decreased in the 

following order: Rh,(CO)1,~~CCo(CO)4l2Sn~Co2(CO)8~Co4(CO)~~~~Co(CO)~1]4Sn~ 

tCo(CO)JzSnClz~Rhs(CO)lsXos(CO),s C8207. Olefins were hydrosilylated by 

(RO),SiH in the presence of RuC12(PPh3)s [821]. 

N. Hydrogenolysis 

Dipeptides were synthesized by hydrogenolysis of B-lactams (equation 

391) r8227. An octalone was debenzylated upon catalytic hydrogenation (equa- 

tion 3~2) C8231. Benzyl ester bound peptide resins were cleaved by pall adi um( II) 

acetate catalyzed reduction [824-J. The selectivity of palladium and platinum 

catalysts in the hydrogenolysis of 4-hydroxy- and 4-methoxycyclohexanones was 

probed II8251. Treatment of L,+RuH~, LbRhH, LsRuClz, and LxRhCl where L = 

PhsP with hydrogen donors produced benzene by almost complete hydrogenolysis 

of phosphorous carbon bonds [826-j. 

PhCH20 

Ph 

Hz 

l (3g1) 10% Pd/C M2OH 

25’ 12hr 

Ph+N4; Me 
OBz 2 

COple 

n 
H Z, Pd/C EtOH 

(392) 
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0. Miscellaneous Reviews 

The following reviews dealing with reduction have appeared: 

Homogeneous catalytic hydrogenation: a retrospective account. (81 references) 
C8273 

Homogeneous hydrogenations catalyzed by metal complexes. I. (4’3 refererces) 
IX287 

Homogeneous hydrogenation catalyzed with metal complexes. II. (30 ref- 
erences) 118291 

Homogeneous catalytic hydrogenation of unsaturated compounds with chromium 
carbonyl catalysts . (24 references ) C8307 

Catalyses by platinum-group metals. IX. V. Selective hydrogenation. (48 
references) C831l 

Catalytic hydroalumination in olefins. (35 references) [832-J 

Choosing and using no6le metal hydrogenation catalysts. (12 references) 
C8337 

Catalyses by platinum-groups metals, 
references) .[8347 

X. 5. Selective hydrogenation. (127 

Catalyses by platinum-group metals. XI. 5. Selective hydrogenation. (58 
references) II8357 

Catalyses by platinum-group metal s . 
references) C83651 

XII. 5. Selective hydrogenation. (56 

Catalyses by platinum-group metals. 
references) L-8371 

XIII. 5. Selective hydrogenation. (48 

Catalyses by platinum-group metals . XIV. 5. Selective hydrogenation. (60 
references) C8387 

V. Functional Group Preparations 

A. Halides 

Aryl halides were converted to iodides by their reaction with zinc 

metal, nickel halide, andpotassiumiodide (equation 393) [839]. In turn, aryl 

iodides were converted to other halides by copper halides in HMPA. This 

same process was used to make aryl azides and nitriles (equation 394) r84O-j. 

Aryl halides resulted from the reaction of anilines with nitroso or nitrito 

compounds in the presence of copper halides (equation 395) C8411. Tri- 

bromoaromatics were the products of the reaction of anilines with bromine 

and t-butylnitrite in the presence of copper(I1) bromide (equation 396) 

C8421. Nickel(O) and nickel.(I) complexes catalyzed the halide exchange reac- 

tion of aryl and vinyl bromides (equations 397-400) [8437. 

50-150° 
+ Zn(0) + NiX2 + KI -p 

DNF or HMPA 

X = Br, Cl 

Y = 4-OMe. 4-COHe, 4-Cl 

3-COztle , 2:He, 2-OHe 

IXS Nix, ) yky 
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I 

b ‘I 
R 

N3 

CN 

KSeCN/CuI 
l 

R 

X 

HHPA 

t-Bus-NO cuxz 
ArNH, f or l ArX + N, 

~-BuSNO~ CH&N O-25? good yields 

(394) 

(395) 

(396) 

XeNH, + Br, + CuBr, + -fORO -- X 

X = NO;,, Br, Cl , Me, OMe 100% Br 

Ni CO) 
ArI + BukNBr y ArBr 

ArBr + B&NC1 y ArCl 

phir + cl- - 
Ph 

M 
Cl 

+ cl- - 
Ph/-7Cl 

(400) 

(397) 

(398) 

(399) 
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Copper(I1) or iron(II1) chloride converted trimethylsilyl enol ethers to 

a-chloroketones in 58-70%. yield C8441. Olefins were converted to chiral 

halides via a metal-catalyzed hydrosilylation followed by an oxidative 

cleavage (equation 401) [845X. Copper(I1) chloride catalyzed the addition 

of tosyl iodide to olefins (equation 402) [846]. Iron carbonyls catalyzed 

the addition of carbon tetrachloride to olefins (equation 403) [847]. 

Tungsten carbonyl in carbon tetrachloride converted olefins to gem-dichloro- 

olefins (equation 404) [848]. 

RCH=CHR’ 
HSiCl s 1) KF 

+ R;HCH,R’ - (401) 
Pd-PPFA* 

:iCls 
2) NBS 

I Ts 

/= CuClz 
At-SO21 + R + 

cat R 

up to 50% ee 

(402) 

Ar = Ph, p-tolyl 

R = Ph, n-C,, 0 1 
60-90% 

f ccl, Fe(COls or 

or Fe$~Fe(CO) 4 

__I i- W(CO)6 + cc14 -5 f-3;: (404) 

/-- 

8. Amides, Nitriles 

Acryloni trile was hydrolyzed to acryl amide at 50-70° in the 

presence of [PdCl (OH),(bipy)(H20)1 C8491. Complexes of the type Pt(OH)RLz 

and Pt(NHCOMe)RLz catalyzed the hydrolysis of nitriles to amides, but were 

less efficient than (R,P),Pt..[850~__ Rhodium(II1) chloride accelerated the 

conversion of esters to amides by reaction with amines [851]. Benzyl amides 

were prepared in high optical yield by the reaction of chromium stabilized 

benzyl cations with acetonitrile (equation 405) C852]. The complex @IOP]Pd 

catalyzed the addition of HCN to norbornene to give 2-exo-cyanonorbornane in 

30% optical yield [853]_ 
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Q-+;; 
H2% (+l;--H 

+* 

CH$N 

Me 
I 

CrCCOl, Cr(C013 

St+) 
1 

(405) 

NHCOMe 

Cr(CO), 

92% optical purity 

C, Amines. Alcohols 

Ally1 amines were prepared from vinylcuprates by reaction with 

PhSCH,NEt2 (equation 406) E8541. 01 efins were aminomethyl ated by ami nes 

andcarbon inonoxidein the presence of Rhs(CO)lc or Fe3(CO)12 catalysts 

(equation 407) [8557. Copper(I1) bromide catalyzed the amination of 

2-chloro-benzimidatole (equation 408) 1856J. I-Amtnoanthraquinones, avail- 

able from the stoichiometric reaction of primary amines with anthraquinones 

in the presence of rhodium(I) complexes C8571, were aminated in the 4 

position by reaction with primary amines in the presence of Cobalt(I1) 

chloride and oxygen (equation 409) 

chromium-stabilized benzyl cations 

yield (equation 410) [8607. 

[I858, 8591. The reaction 

produced benzyl amines in 

of amines with 

fair to good 

F 1 

R2CuLi + R’ CZCH -- 
ip>=b cu] PhSCWtj 

R = nC7, Et, nBu 

RI = H. CH(OEt),, EtO, nBu, Et, Ph 

(4061 

R' 

F-T_- 
- 

R NEt2 

60-901 

Rki(CO) 16 

R’zNH + RCH=CHz + CO + Hz -* R(CH2)sNRt2 + CO, (407) 
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Nt!e2 (408) 

*+RNH2T &y$ 
0 NHR 

R = Me, nBu, secBu n-C,, cycl ohexyl , PhCH, 

39% 79% 38% 34% 52% 6% 

Y4p- 
R 

C\/(C) 

R’ 

WC01 3 

+ R”NH 2- 

(409) 

(410) 

Nickel (II) or cobalt(I1) acetate-bipyridine complexes catalyzed the 

Michael addition of aniline to a,d-unsaturated ketones, esters, and nitriles 

E8617. Amines reacted with diphenyliodonium-2-carboxylates to produce g- 

aminobenzoic acids (equation 411) [8621. Aniline was produced in the reaction 

oft-nitrochlorobenzene with amnia in the presence of copper compounds [863]. 

co,- 
CuII cat 

O2H 

f ArNH, (411) 

I+-Ph 20- loo0 HAr 

60-90X 

Secondary amines were al kylated by treatment with dial kylcuprates fol- 

lowed by an oxidative isolation procedure (equation 412). Alternatively, 

aryllithium reagents were aminated by copper amine complexes (equation 413) 

[864]. Rhodium, iridium, ruthenium, and osmium carbonyl clusters scrambled 

alkyl groups on tertiary amines (equation 414) C865Il. Tertiary amines were 

deal kylated by treatment with PhSeha in the presence of reduced ruthenium 
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(equations 415-418) C8667. Palladium and nickel promoted amination of ole- 

finic double bonds was the subject of a review (78 references) c867]. The 

full experimental detai7s of the palladium assisted oxyamination Of OlefinS 

have been published (equation 419) [868]. Alkenes were diaminated by reac- 

tion with NO and COCOS, followed by reductive cleavage (equation 420) 

t869]. Sodium borohydride converted alkenes to alcohols in the presence of 

titanium tetrachloride, in a process whose product resembled that formed by 

hydroboration-oxidation L-8703. _- Bi s (cycl ooctadi ene) ni ckel decarboxyl ated 

aryl carboxylates to produce o’lefins and phenols (equation 421) t8711. 

02 
R” 

R-N-R’ + R”sCuLi - - R-i-R’ 
H 30-94% 

p. = n-Ca, cycle C,, Bz, n-CIo, Ph 

R’ = nc,,. cycle Cg, Bz, H, Me, Ph 

R” = nBu, Me, Ph, t-Bu 

cat. 
EtaN + nPraN F EQNPr + Pr,NEt 

OEt 

cat = Rha(CO),c, 

Irq(CO)22. 

Ru~(CO)LP, 

O%(CO)12 

1) RuCla/K, 80-150° 
RIRzRaN f PhSeNa k R’SePh + R2R”NH 

2) J+,o 

SePh 

-I- PhSeNa p 

76% 

i- PhSeNa - 
PFeWNH2 4 

(412) 

(413) 

(414) 

(415) 

(416) 

(417) 



f-l -f- PhSeNa - u SePh 

f R’,NH ----+ 

R’ 2N R 

_Y APd 

391 

(418) 

(4291 

x 
I f 

ii0 
CpC~~CO)~ * NO - 

r+J > TT‘1 > RCf?=CH2 > “\-\ 2, 0 > “I;/” 
R 

(421) 

x f 3L + Ni(COD}, - 

X OH + Ni~CO)L~ f - /--- 

X = H, Me, Ott@, CN 
R’ 

R a Et, nPr 

I?A?renceE. p. 414 
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0. Ethers, Esters, Acids 

Vinyl ethers were prepared from alkynes by hydrosilylation followed 

by copper acetate oxidation in alcohol solvent (equation 422) [872X 

A titanium carbene complex converted esters to vinyl ethers in excellent 
yield (equations 423-427) C8731. The alcohol portion of vinyl ethers ex- 

changed with other alcohols in the presence of silica-bound palladium-nhos- 

phine complexes C8741. Ally1 ethers, used as hydroxyl protecting groups in 

carbohydrate chemistry, rearranged to vinyl ethers, for subsequent removal 

by hydrolysis, when treated with LsRhCl. In contrast, prenyl ethers did 

not rearrange under these conditions. Hence the ally1 group could be re- 

moved in the presence of the prenyl group C8751. Cyclohexadiene was conver- 

ted to trans-3-acetoxy-6-methoxycyclohex-1-ene in a palladium( II) assisted 

dialkoxylation (equation 428) [876]. The complex Pd4(C0)4-(OAc),., converted 

olefins into ally1 ethers when treated with methanol and oxygen in the pres- 

ence of bipyridine 118771. Copper(I1) bromide in methanol converted a 

9-anthracenyl-methyl group to a methyl ether group (equation 429) [878-J. 

A number of catalysts converted diphenyl carbinol to mixtures of products 

among which was dibenzyl ether (equation 430) [8791, Ferric chloride 

catalyzed the glycosylation of alcohols by 2-acylamido-2-deoxy-B-D-g1 uco- 

pyranose-l-acetates 118807, and catalyzed the coupling of protected sugar 

acceptors to the same substrate C8817, 

C422) 
RI R2 

X 
R?OH,.CUCOAC~~/O~ R’ R2 

R’_a-Ra __f __f - - 
25’ +X - H SiF, 

H OR3 

R1 = nC s, Ph, Me02C(CH2Ja, CN(CH2j20CH,-, nBu 

R2 = H, n-Bu 

R3 = He, Et, i-Pr, t-Bu+-‘.j,/-+.‘~, ’ A 5 

30-67% 

CH2 

.A 
+ 

Q, 
Ti 

~(342, /He 

CH2 

Al - 9-Y (423) 
R OR’ CP/ ‘Cl / ’ pe R OR’ 

(424) 

96% 



(425) 
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0 

A./I5 9 

Et0 / 

Y 0 

(4261 

-- -G3 (427) 

1 

Eti-i .- 

0 \/ + MeOH + PdC-lp - 

i 
Pd. 

/ Cl 

\ 
I 

2 

Me CH20CH3 

Cub- 

MeOH 
(4291 

83.4: 

I) ACJOAC (4281 

Zf COfPhH 

---I 

Ol?fZ 

0 
- 

OAc 

zoo0 
(430) 

Ph&HOH + Cat. - (Ph2CH&0 i- (Ph2W, + ph&Q + Ph2CH2 
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Palladium(O) complexes coupled aryl ha1 ides with thiols to produce 

thioethers (equation 431) [882]. Copper(I) iodide promoted a similar coup- 

ling of aryl iodides to thiophenoxides (equation 432) K8832. Arenesulfonyl 

chlorides reacted with ally1 and crotylcobaloximes to produce ally1 and 

cyclopropylcarbinyl sulfides (equation 433) ~884~. Copper(I) triflate con- 

verted thioacetals to vinyl sulfides in 76-94% yield [885-j. Acid chlorides 

were converted to thioesters by reaction with RSCu (equation 434) [8867. 

L,Pd 
ArX + RSH + ArSR 

DHSO, loo0 6-100X 

Ar = Ph, p-tolyl, e-OMe,p-Cl 

R = Ph, t-W, Et 

R4 R5 

+ R6-c2 

(431) 

GUI, CJ 
(432) 

RI = He, NO 2 R4 = Me Cl H , , 60-77% 

R2 = Me, H R5 = Me, H 

R3 = Me, H Ra = H, Cl 

ArSCl 
f ,_corJtiG 

- ArSM (433) 

D Et20 0 

RC-Cl f R'SCu -- R&R' f 
2o" 

CuCl (434) 

R = Me, Et, 
&. t>-a i-pr, o-. t-Bu, /Oti ) C1CH2, 

M\.Ph 

R' = Ph, E-tolyl. e-cl~h, t-8u 
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Palladium(I1) acetate catalyzed the reaction of vinylmercuric halides 

with mercury(I1) carboxylates to produce vinyl ethers (equation 435) [887]. 

Aryl amines were converted to aryl carboxylic acids by diazotization followed 

by reaction with carbon monoxide in the presence of palladium catalysts [888]. 

Copper(I1) chloride assisted the solvolysis of acid hydrazines to acids or 

esters (equation 435) [889J. Acetic anhydride fully acetylated carbohydrates 

in the presence of iron(II1) chloride L-8901. Aryl diazonium salts reacted 

with carboxylic acid salts in the presence of palladium(I1) acetate to pro- 

duce mixed acid anhydrides in 40-80% yield [SSl]. Sodium chloropalladate 

converted y-benzyl glutamate to pyrogl utamic acid [8921. 

R 

t( 

R’ 
Pd(OAc)* R 

R’ 

- + Hg(OzCR”‘) z - 

R” HgX R’ 

6-R “’ 
high yields 

R = t-Bu. Ph, OAc. nBu 

R’ = H, Me, Ph, tolyl, Et 

R” = H, Et, OAc 

0 
0 HZ0 

RF-NHNHR’ + or 
CuClz-2HzO R:-OH 

l 

FtOH R-F-OEt 

(435) 

(436) 

R = Ph, Bz, nC,s, Phb 

R’ = H, Ts 

cj 
75-95% 

E, Heterocycl es 

The synthesis of heterocycles via organometallic complexes has been 

reviewed in two separate articles C8937 (72 references) [894] (86 references). 

8-Lactams were synthesized from y,s-unsaturated ketones using CpFe(CU)z+ chemistr 

(equation 437) L-8951. Simple B-lactams were produced by the oxidative cleav- 

age of a ?r-allyliron carbamoyl complex (equation 438) [896]. Trimeth_ylsilyl- 

enol ethers condensed with imines to produce 6-lactams (equation 439) [897] 

C8981. Penicillanic acid rearranged toa fused B-lactam system when treated 

with copper acetylacetonate (equation 440) r-8991. 
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CCpFe(CO)2 1 7 ’ 

(FP)+ 
/I 

I 

I NH, 

H 

D 
N 

0 72% 

(438) 

R 
-t 

R 

RlCH=NfCHMeR2 

i- 

OMe 

t( - 
OTHS 

ZnCl2 
PhCH2NH2 - 

34-881 

(CO) 3 

R 

46-821 

Ti Cl ,/CHPCl 2 
+ 

e 

60-90% 
44-704; opt. yield 

R1 = Et, n-Pr, i-Pr, i-Bu, nBu 
R2 = Ph, f-Np 
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(440) 

= S 

R+> 

.8. 

N : = 
COCHN, 

Acetylacetone reacted with butadiene in the presence of manganese(II1) 

acetate/copper(II) acetate to produce dihydrofurans (equation 441) [900]. 

v,d-Acetylenic alcohols reacted with [ICpFe(CO),(olefin)?f complexes to pro- 

duce dihydrofuran complexes (equation 442) [901]. Terminal alkynes and c- 

iodophenols combined to produce benzofurans in the presence of copner 

powder (equation 443) C9021. To1 an reacted with u-al kyl i r-on complexes 

under irradiation to give furans or thiophenes (equations 444 and 445) 

C903]. Benzopyrans were produced from arene chromium tricarbonyl complexes 

(equation 446) _ Arene rhodium complexes catalyzed this transformation 

(equation 447) e904]. 

(441) 

W f )In(OAc) s/Cu(OAc)z - 

(442) 

i- 

HC-C-CH,-CH20H + [CpFe(CO)z 
/JL 

7” - \ 
/FP + 

(FP) 
# FPi 

0 
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“:i,;o_ JQ---i-oH (443) 

Ph 

Fp f PhCXPh hv (444) 

0 

(445) 

t-BuO- / 
+ 

co 4' 
(446) 

Cr(C013 
I * 
Cr(C013 

75% 

(4471 

45-!Etller,C5)r16-CgflRhi 

catalyst. 



Titanium(IV) chloride converted Z,!Sbis(trimethylsiloxyl)furan int> 

fused bis lactones (equation 448) [905]. Lactones were produced by the ther- 

mal decomposition of n-allyliron carbonato complexes (equation 449) C906Yl. 

Isocoumarins were produced in the reaction of g-iodobenzoic acids with copper 

acetylides (equation 450) [9071. Aldehydes condensed with phenols to form 

cyclic acetals in the presence of potassium and titanium(IV) chloride 

(equation 451) 19081. Cyclic carbonates were produced in the reaction of 

epoxides with carbon dioxide in the presence of copper or nickel [SO93 or 

cobalt, iron, or molybdenum catalysts (equation 452) [ISlO]. 

R’s = Ne, H, Ar, i-Bu 

R1 

OH 

(449) 
H 
5, a? = = -&. 
Ho ’ 40% 

1) K 

2) TiC14 

3) R4CH0 

(450) 

R2 
R3 R4 

60-90% 
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0 

B cat A 
0 0 

i- co, - 
Y 

R R go-100% 

(452) 

cat = CuC12, NiC12, CoC12, FeCls, Mocls 

+ Ph,P 

6-Dicarbonyl systems reacted with vinylmagnesium bromide to yield, after 

acyl ation, a-ketoallylacetates, Reaction of these with benzyl amine and 

palladium(O) catalysts produced pyrroles (equation 453) C9ll-j. &Amino 

pentenes very slowly cycl ized to pyrrol idines and piperidi nes when exposed 

to ptcL+= in acidic media C912-J. The reaction of Z-allylanil ine with rho- 

diumiI) complexes produced stable aminoolefin complexes which when heated 

produced P-methylindole (equation 454) [913-j. In contrast, the same set of 

reactions with N-allylaniline produced a complex which reacted with diphenyl- 

acetyl ene to produce pyrrol es (equation 455) C9131. 

0 
R’ +A 

* 
R 

HgBr - - 

0 

R = Me. Ph, H 

R’ = Me Ph H 

R. R’ =‘-&& 

(453) 

c + CRh(W-UzCllz - mh,$ 
2 NH2' 

(454) 



(455) 

PhCXPh 

NH- 
f CRh(CWM2C~1, - C 7 

Me Ph 
- 

G 
='h 

"I' 
Ph 

Palladium(O) catalyzed the cyclization of Z-halo-N-allylanilines to 

indoles by an oxidative addition-insertion process (equation 456) C9147. 

Carbazoleswere produced in a similar fashion, by insertion of enaminones 

(equation 457) [9153, Unsaturated N-acyl-Z-haloanilines cyclized to ox- 

indoles when treated with electrochemically generated nickel(Q) complexes 

(equation 458) C916-j. N-Arylanilines cyclized to indoles when treated with 

palladium(I1) acetate and trifluoroacetic acid (equation 459) C9171, Indoles 

and oxindoles were produced by the cyclization of e-bromophenylacetamides 

by copper(I) iodide and sodium hydride (equation 460) C9181. Aryl hydra- 

zines reacted with ketones in the presence of a rhodium catalyst at 180° 

to produce indoles in a process reminiscent of the Fischer indole synthesis 

(equation 461) [919]. Palladium(I1) chloride catalyzed the cyclization of 

E-allylanilines to a-alkyl palladium complexes which inserted CO (equation 

462) and conjugated enones (equation 463) to give functionalized indolines. 

When the conjugated enone was in the form of an acrylamide tricyclic material 

was formed in excellent yield (equation 464) C92O-J. Palladium(I1) acetyl- 

acetonate in glacial acetic acid catalyzed the 1 and 3 alkylation of indoles 

(equation 465) C921-J. 

Y 

Y = He, COzEt, OMe 

(456) 

Pd(0) 

good yield 
(8 cases) 
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R’ R 

R” = OMe 3 NO 2 

Ph 

Br a1 / 

1’ 
’ f 

I O 
Ae 

NaHC03 

LkNi - 

CuI, DMF 
-I 

NaH, 80’ 

f&-J& (457) 
R” R’ R 

9-36% 
(20 cases) 

cc’ (458) 

I 
54% 

50-75% 

(460) 

+ RLR1 Rh cat f 
I8oo ax; (461) 

H 
22-49% 

R = H, Me 

R* = Me, Et, n-k 

(462) 

CO, MeOH 
+ PdC12(CH3CN)2 - - 

QyGOMe 

(463) 

R = t?e, OMe 



THF 
(464) 

(465) 

+ - 
OAc 

The yohimbane skeleton was synthesized using a palladium(O) catalyzed 

cycl ization-carbonylation process (equation 466) C922-J. Identical chemistry 

was used in a synthesis of sendevarine, for which no yields were reported 

(equation 467) C923-j. Using a reaction reported several years ago, I-hycirox- 

Yisoquinolines were synthesized from g-amidostilbene by palladium catalysis 

(equation 468) [924]. Nitrobenzene and butyraldehyde reacted with carbon 

monoxide in the presence of a rhodium-palladium catalyst to produce quino- 

lines [equation 469) C925-J. Aniline and ethylene reacted to form quinaldine 

and N-ethylaniline when heated to 150-200° for several days in the presence 

of rhddium(II1) chloride [926-J. Propargyl alcohol’, piperidine and P-bromo- 

pyridine combined to form 3-(dia‘lkylamino)indolizines when treated with 

palladium(I1) and copper(I) salts (equation 470) [927-j. Novel chromium 

carbonyl complexes of dihydropyridines and their application to the syn- 

thesis of dehydrosecodine was the topic of a dissertation C9281. 

(466) 

CO, Pd(OAc)z 
f 

t’, BuaN- 100’ 
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OMe OMe 

/ 

OMe 

(467) 

(468) 

R = p-tolyl, PhCO, CN 

(469) 

_CHO CO, Hz0 
Et 

[Rh-Pd] 180' Pr 
70 atm 60% 

+ HC=C-CH20H +- L2PdC12 
NH - 

GUI 

WC,, m also work. 

Cl 
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Copper bromide catalyzed the decomposition of aryldiazomethanes to produce 

mixtures of cis and trans stilbenes C9377, Iron carbonyl complexed to two 

adjacent double bonds of symmetrical 1,3,5-trienes, and acted as a protecting 

group for that diene unit, while permitting reactions at the uncomplexed 

site [938]. 

L,Pd 
PhtHCiiPh A 

Br I 
Y Y = Br, OAc, 

PhCH=CHPh high yield 

OSOpMe. OMe, SMe 

(4741 

(4751 

E,E 61-89% 

(476) 

THPO 

Opt 

/: 
COOH 

LkPd 
l 

Et3N 

THP 
+ 

77-82% 
jlAc 

L4Pd 
_/\ - 

EtaN 
COOH 

rzo~- 
Cod1 emone 
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Pd” 
l 

THF 

R 

(478) 

CN Pd(OAc)2 
l 

OAc 
Ph,P 

- 
J-N 

\ --= -+ + ANd \ 

pellitorine 

Me0 H 1) BuLi 
R 

2) RaB - 
+ 

3) Cl ,CCOOH R t 
(479) 

45-781 

4) NaOAc/Ac,!I TiClJTi(O-i-Pr), 

R = i-Bu, set Bu, nCs, cycle Cs, nC6, cycle C, 

G. Organos i 1 anes 

Hexamethy‘ldisilane reacted with benzoyl chlorides in the presence 

of s-al lyl pal 1 adium chloride catalyst to produce substituted benzoyl trimethyl 

sil anes [939]. Aryl , benzyl , and al lyl chlorides reacted with ClzrSeSiSiMeClz 

in the presence of nickelocene as catalyst to produce the corresponding 

trichlorosilanes. ArSiCla, ArCHzSiCls, and ally1 SiCla [940]. These same 

chlorinated disilanes added 1,4 to substituted butadienes to produce 1,4- 

disilyl-Z-butenes in the presence of a palladium(O) catalyst C9411. Alkynes 
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underwent disilylation when reacted with methoxy disilanes (equation 480) [942]. Trid- 

a’ikylvinyl silanes were prepared from oTefins by reaction with trialkylsilanes 

in the presence of a ruthenium catalyst (equation 481) [943]. 

L4Pd Ph 

X 
H 

(MeO)nMes_nSiSiMe_,m(OMe)m + PhCsCH - - 
or 

(480) 

SiR,’ 

/= 
- 

f Rs’SiH 
Ru,(CO) 12 

R 80° 
l r/ 

R 83-1001 

R = Ph, e-tolyl , @IlPh, e-OMePh, 2-napht., PhOCH, 

R’ = Et, Me 

(481) 

H* Miscellaneous 

Thiophenoxide complexes of copper converted propargyl chlorides to 

allenylsulfides (equation 482) [944-J. Allenyl bromides were produced from 

propargyl tosylates using LiBr/CuBr (equation 483) L-9453. 

SPh 

good yields 

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

R2 = H, tie 

R3 = H, Ph 

(482) 

(483) 

Aryl halides were converted to aryl phosphonates by copper complexes of 

trialkylphosphites (equation 484) [946-j. Vinyl halides underwent a similar 

reaction (equation 485) [947-J, and the same vinyl phosphonates were available 

from the palladium(O) catalyzed reaction of vinyl bromides tiith (RO),P(H)O 
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(equation 486) [I948J. The mechanism of the nickel catalyzed Arbuzov reaction 

was studied C9491. 

02NqeNs 

2 
NCt2 

NEt2 

180° 
P(OR), 

JX 
+ (RO)sPCuX -- -/ 

2 hr. 60-90% 

halide = Ph,C=CHBr, PhflBr= py! -)=‘“‘s O/;VBr 

R = Et, i-Pr Ph 

R2 0 
Rl R= 

LriPd 
+ HP(bR4h - - 

Br 
Et,N 

R3 
t( 

P(o!?b)2 

70-9O%O 

R1 = Ph, H, Me 

R2 = H, Ph 

R3 = H, Ph 

R4 = Et, i-P?-, n-Bu 

(485) 

(486) 

Potassium superoxide coupled ketoximes in the presence of a-allylpalla- 

dium catalysts (equation 487) C9507. Aryl B-lactams hydrogenolyzed over Pd 

on carbon to amides in high yield (equation 488) [951]. Aryl alcohols which 

could form stable carbanions (e. _ g., PhsCOK) . were deoxygenated to the 

hydrocarbon with potassium and iron carbonyl in toluene and HCl [952]. 
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Thiols were desulfurized to the hydrocarbon by reaction with silica-adsorbed 

molybdenum. hexacarbonyl [953]. 

R 
KO2 

+ CH,Cl, 

R' cat+ ~~Fq~cH2 (487) 

24-531 

(488) 

X 
Hz/Pd/C 

+ 
COCl N 

‘R 

X = N,, Y = NH, 

X = PhCH20 Y = OH 

Ar&NHR 
Y 

high yield 

(17 cases studied) 

VI. Reviews 

The following reviews have appeared: 

New reagents. Part 13. In search of new organometallic reagents for organic 
synthesis. (65 references ) [954] 

Applications of novel organometallic reagents in organic synthesis. (Disser- 
tation) E955] 

Transition Metal Mediated Organic Synthesis. (24 references) [956] 

TransitionMetals in Organic Synthesis. (no references) C957] 

Organic syntheses using transition metal catalysts. (20 references) t958] 

Metal complex catalysis in chemistry and the chemical industry. 
references) [959] 

(47 

The transition metal-carbon bond and its importance for development in 
chemistry. (106 references) [96OJ 

Organometallic complexes in fine chemistry, (54 references) C961] 

Specialist Periodical Reports : Organometallic Chemistry, Vol. 8 [A Review 
of the Literature Published in 19787. C9621 

Patterns in or anometallic chemistry with application in organic synthesis. 
(33 references 3 [963] 

New aspects of organic syntheses catalyzed by Group VIII metal complexes. 
(32 references) t964J 

Studies in organometallic chemistry. (Dissertation) II9651 



411 

General and synthetic methods. 
C9661 

Organometallics in synthesis. (193 references) 

Activation of organic and inorganic molecules by organ0 transition metal 
complexes . (31 references) [9677 
Using some compounds of transition metals in organic synthesis. 
references) [968] 

(165 

Uses of transition metals in organic synthesis: Fascinating novel syn- 
thetic routes in the synthesis of complex molecules _ (20 references) C9691! 

New applications of metal carbonyls as reagents and catalysts in synthesis. 
(20 references) I19701 

Synthesis chemistry using metal carbonyls. (24 references) C9711 

Use of metal carhonyls in organic synthesis. Part 2. (35 references) C9721 

Organic reactions of selected a-complexes. Annual survey covering the 
year 1978. (302 references) 19737 

Novel synthetic reactions by means of palladium, nickel. and rhodium complex 
catalysts. (10 references) C9741 

Organomercury , -rhodium, and -palladium compounds in organic synthesis. 
(Dissertation) C9757 

Palladium catalyzed reactions of vinylic halides with amines and olefins. 
(no references) C9763 

Application of palladium catalysts to natural product syntheses. (31 
references) C9771 

Nucleophilic attack on palladium coordinated olefins: Applications in 
organic synthesis, (Dissertation) C9781 

Organic syntheses using palladium and ruthenium compounds. (199 references) 
c9791 

Applications of palladium-catalyzed or promoted reactions to natural product 
syntheses. (101 references) C9801 

Triarylphosphine-palladium complexes. C98tl 

Trimethyl phosphane complexes of Ni , 
catalysis. (108 references) C9821 

Co, Fe- model compounds for homogeneous 

Synthesis with electron-rich nickel triad complexes. (182 references) C9837 

Iron. The preparation and reactions of tetracarbonylferrates. (20 references) 
C9841 
Development of new organic synthesis. Reaction of iron carbonyl with poly- 
bromoketone. (3 references) 19853 

Synthesis and reactivity of iron carbene complexes. (Dissertation) C9861 

Platinacyclobutane chemistry. (82 references) C9871 

Metallacycles as novel organic reagents. (116 references) C9881 

Reaction modes of unsaturated three-membered carbocycles at transition metal 
catalysts. (19 references) C9891 

Early transition metal organometal 1 i c reacti vi ty . Catalytic acetylene 
hydrogenation and dimerization, carbene migratory insertion reactions. (Dis- 
sertation) C9901 

Organozirconium compounds in organic synthesis: Cleavage reactions of carbon- 
zirconium bonds. (30 references) C9911 

Applications of organozirconium complexes in organic synthesis. (17 references) 
c9921 

Referekes p_ 414 
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Molybdenum and tungsten compounds utilized in organic synthesis. 
E9931 

(69 references) 

Tricarbonyl: (diene)iron complexes: Synthetical ly useful properties _ lT994-j 

Application of (arene)tricarbonylchromium complexes in organic synthesis. 
(17 references) 1995J 

improved new synthetic methods. II. (II references) C9961 

Metal complex catalysis in the synthesis chemistry of organic sulfur com- 
pounds. (no references) C997J 

Lithium, copper, mercury, selenium, and thallium compounds for organic syn- 
theses _ (60 references) c9g8J 

Synthesis of acetylene derivatives using organometallic complexes. (109 
references) C999J 

Part I: Aspects of organocopper chemistr_v. Part II: Studies directed 
toward the synthesis of a sesquiterpene cuaianolide a-methylene-r-butyrolac- 
tones i (Dissertation) ClOOOJ 

Reactions of copper and silver organoacetylides. (270 references) Cl0011 

Synthetic methods using a-heterosubstituted organometallics. 
CIOOZJ 

(536 references) 

Hydrometalation and carbometalation reactions applicable to organic synthesis. 
(Dissertation) Cl0031 

Dr9anic syntheses via hydroalumination of olefins catalyzed by titanium or 
zl rconi urn compounds. (47 references ) cl0047 

Further perspectives in organometall ic chemistry. Cl0057 

The insertion of diene hydrocarbons 
(242 references) Cl0067 

in a transition metal ?igand bond. 

Phase-transfer catalysis in transition metal chemistry. (34 references) 
c10071 

Carbon-hydrogen and carbon-oxygen bond activation by transition metal com- 
pl exes . Oxidative addition and reductive elimination. (120 references) 
Cl0087 

Reactivity Patterns of transition metal hydrides and al kyls. 
r 10091 

(Dissertation) 

Metal-catalyzed dehydrocycl ization of al kyl-aromatics. (60 references) ClOlOJ 

Asyrmnetric synthesis with complex catalysts. (no references) [loll] 

Recent advances in asymnetric synthesis. (235 references) [1012J 

Chiral ligands in asynnnetric catalysis by transition metal complexes. (64 
references) El0137 

Asymmetric homogeneous catalysis. (22 references) Cl0141 

Oiastereotopy in transition metal complexes. (63 references) Cl0151 

Stereochemistry of the oxidative addition of benzyl halides to tetrakis(tri- 
phenylphosphine)nickel(O) and the palladium(O) catalyzed synthesis of lactones. 
(Dissertation) ElO16J 

Dynamic and stereochemical studies by phosphorus-31 NMR spectroscopy on poly- 
phosphine complexes of heavy metals. (33 references) c1017J 

The structure and alP NMR spectra of Rh enamide complexes containing lR,2R- 
Trans-1,2-Bis(diphenylphosphinomethy1) cyclobutane. Cl0181 

Polymer supports in organic synthesis. (2 references) ClOl9J 

Polymer-attached homogeneous catalysis. C102OJ 



Supported metal catalysts for the transformation of hydrocarbons (Kew 
approaches to the preparation and study), Pt. 1. rlOZ11 

Supported metal catalysts for the transformation of hydrocarbons (New 
approaches to the preparation and study), Pt 2. Cl0227 

413 

Selectivity effects using polymer-bound catalysts in organic synthesis. 
Cl0237 

Catalysis of polymer-bound pal 1 adium complexes a cl0241 

Synthesis and catalytic properties of palladium complexes fixed on silica gel, 
(35 references) t1025Ij 

Homogeneous catalysis by transition metal complexes. (231 references) [lo267 

Basic concepts of homogeneous catalysis with metal complexes. (31 references) 
Cl0271 

Organometallic chemistry in homogeneous catalysis. (15 references) Cl0287 

Contributions to homogeneous catalysis 1955-1980. (81 references) Cl0293 

Some aspects of selecting metal-complex catalytic systems. (77 references ) 
c10301 

El ectrochemi cal contributions to the synthesis and characteri zation of acti ve 
species in homogeneous catalysis. C103l-J 

Nucleophilic and organometallic displacement reactions of allylic compounds: 
Stereo and regiochemistry. (149 references) [lo321 

Nucl eophil ic addition to transition metal complexes . (69 references) cl0337 

Clusters in catalysis. (50 references) [1034-J 

Radical pathways in reactions of transition metal organometallic compounds, 
(61 references) E1035J 

The role of electron transfer and charge transfer in organometallic chemistry. 
(36 references) Cl0361 

Free radicals in organometallic chemistry and in organic reactions catalyzed 
by metal complexes, (47 references) Cl0371 

Formation, stability, and reactivity of the transition metal-carbon a-bond, 
(40 references) Cl0381 

Molecular orbital approach to U-II rearrangements of organotransition metal 
complexes in catalysis. (62 references) Cl0391 

Reaction mechanisms in heterogeneous catalysis. (75 references) C104OZi 

Reactivity and bonding in early transition metal complexes. (32 references) 
Cl0417 

Mechanistic study of organonickel chemistry. (Dissertation) Cl0421 

Phosphorus-31 NMR studies of catalytic systems containing rhodium complexes 
of chelating diphosphines. (42 references ) [ 10437 

Carbon-hydrogen bond activation by da metal complexes; studies of electronic 
and steric influences. (17 references) El0447 

Photoacti vation of organometall ic catalysts s (41 references) [1045] 
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