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I. General Comments 
This annual survey covers the literature for 1979 dealing with the use of 

transition metal intermediates for organic synthetic transformations - It is 
not a comprehensive review but is limited to reports of discrete systems that 
lead to at least moderate yields of organic compounds, or that allow unique 
organic transformations, even if low yields are obtained. Catalytic reactions 
that lead cleanly to a major product and do not involve extreme conditions are 
also included. 

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

by orqanometallic reagent, since the reader is likely to be more interested in 
the organic transformation affected than the meta? causing it. Specifically 
excluded are papers dealing with transition metal catalyzed hydrosilation, 
since these are covered by another survey in this series. Also excluded are 
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structural and mechanistic studies of organometallic systems unless they pre- 

sent data useful for synthetic application. Finally, reports from the patent 

literature have not been surveyed since patents are rarely sufficiently de- 
tailed to allow reproduction of the reported results. 

II-Carbon-Carbon Bond Forming Reactions 
A. A? kylations 

7. Alkylation of Organic Halides and Tosylates 
Organocuprates and copper-catalyzed Grignard reactions continue to be 

used extensively for the alkylation of organic halides and tosylates. Chl ori- 
nated s-lactams react with allylcuprates to introduce the allylic side chain. 
This process has been used to synthesize carbapenam esters (eq. 1) [lf. 

oj-f-+--; + cuJ+-R; _ ;jR3 
COsCHPhs C02CHPh2 

(1) 

Heterocyclic halides react with lithium dimethylcuprate to either alkylate or 

reduce depending on the halide and the reaction conditions (eq. 2) C27. 
Optically active u-alkyl or u-aryl acids were synthesized from L-u-amino acids 
by reaction of the corresponding a-tosylates with organocuprates. The.reactions 
went with clean inversion of configuration, but yields varied from 301 to 70% 

and side products were evident (eq. 3) [37. Cyclopentadienyl (tributylphosphine)- 
copper(I) reacted with a-bromoacids to produce a-cyclopentadienyl carboxylic 
acids. Nickelocene in the presence of triphenylphosphine reacted in a similar 
fashion [4]. Allylic and propargylic halides reacted with the cuprate produced 

90% (X=F) 100% (X=1) 

also px and p_> J up to 80% al kylation or 80% 
reduction, depending on conditions. 

X 

References p_ 314 
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COOH COOH COOH 

c 
I I 

H2N= -H - HO-C-H __L TsO-C-=aH 
I I I 
RI R' RI 

I 

Rz2CuLi 

RI.= PhCH2,CHs. 
‘r‘ 

COOH 
I 

H-C-R' 
I 
R' 

R2 = Me, Ph, n-Bu 

from an ally1 dithiane exclusively at the y position of the anion 

of SNZ' to 5~2 products always exceeded 0.67 (eq. 4) [5]_ 

s 
- c’, CuI-(MeO)qP 

s +(+-ccl> 

Li CuP(OMe)s R 

(3) 

The ratios 

(4) 

Treatment of trifluoromethyl iodide with copper powder in HMPA at 120", 

followed by reaction with organic halides resulted in replacement of halogen by 

a trifluoromethyl group (eq. 5) [6]. 

CFsI + Cu powder HMPA RX 
W--+ 

R = PhCH2, 

Ph 

, n-Clo. PhCOBr, 

a-Cuprophosphonates reacted with allylic halides to produce homoallylicphos- 

phonates (eq. 6) C73. This process was used in the synthesis of aminoalkene- 

phosphonic acids [B]. 

(EtO)$-C&R c(Et0)2P-CHR] f X 

Y ;: &I 
RI 

Y = 0, s R1 = H, Me 

X = Cl, Br R2 = H, Me, Ph 

R = H, Me, Et R3 = H, Me 

X R1 R2 

(Et0)2iCH-CH2-C=C' 

;r k3 

60-901 

(5) 

(6) 
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The reactions of homogeneous and polymer-supported lithium diorganocuprates 
were compared _ Copper iodide was bound to polymer supports through a polymer- 
bound triaryl phosphine, treated with two equivalents of RLi (R = Me, B;1, 

Me&, EtCHMe, Ph), and the resulting reagent treated with alkyl halides, tosy- 
lates and conjugated enones. The yields were comparable or superior to those 
obtained using the corresponding homogeneous reagent C91. Organic tosylates 
were reacted with lithium diphenylcuprate and lithium dimethylcuprate. De-- 
pending on the nature of the tosylate and the cuprate, displacement, reduction 
or elimination was observed (eq. 7) [lo]. 

n-CgH1 g><\oTs - 

n-C& 9 Me,CuLi 

6Ts 

Benzyl ic and al lylic amines were 
diphenylcuprate by conversion to 

n-CgH1gxYFh 
48:: 

(7) 

n-CgH1gm 
61% 

and 

n-CaH17* 

displaced (al kylated) by 1 ithium dimethyl- or 

the corresponding N,N-bis-trifluoromethane- 
sulfonimides first. The reaction proceeded by an SN2 mechanism iIll]_ 

In a study to determine if the alkylation of B-chloro conjugated enones 

proceeded by electron transfer, addition-elimination, or a concerted oxidative 

addition process, one atrope isomer of a 2-methylnaphthalene derivative was 
alkylated by lithium dimethylcuprate (eq. 8). No isomerizatioe was observed, 

Me,CuLi (8) 

hence the reaction was claimed to proceed by a concerted oxidative addition 

process C127. Copper catalyzed Grignard reactions attacked the carbonyl group 

to give tertiary alcohols. Lithium dimethylcuprate reacted with Ghalophenyl- 
ethylenes and with 6-halo(phenylsulfonyl)ethylenes to produce mainly cross- 
coupled products. Reductive dehalogenation was also observed in some cases. 
The reactions of vinyl halides were claimed to proceed by a concerted substi- 
tution mechanism, while the sulfonyl compounds were thought to react by an 
addition-e1 imination mechanism t-1 37. The effects of added copper(I) iodide 

References p. 314 
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(Z-10$) on the reactions of lithium enolates with methyl iodide were studied 
and are sunxnarized in eq. 9. It is seen that even small amounts of copper 
severely limited polyalkylation and had drastic effects on the stereochemistry 
of the reaction [14]. Hence, although the conjugate addition of organocuprates 
to conjugated enones results in the formation of lithium enolates, (liouse) the 
presence of small amounts of copper drastically alters the reactivity of these 
lithium enolates. 

1) LDA + A + B + C + D -I- E 
2) Me1 - 

34% 47 10 12 
9O:lcl 

1) LDA 
2! Me1 

10% GUI 

38% + 33 :67 
10 10 42 

OTMS 

Q 

\ 

Ph 
Me 

1) LDA 80% 5 10 
2) 1 equiv. CuI 35:65 

Me1 

and (91 

1) MeLi 
2) Me1 :A f B + C 

28% 57 
93:7 

1) MeLi 
2) 2% CuI, Me1 ’ 

44% 
19:81 

19 

0 

i- D 

0 

0 

+ E 

13 

19 

Copper-catalyzed Grignard reactions find continued use in organic synthesis. 
Aliphatic Grignard reagents reacted with w-bromoesters in the presence of 
LizCuCl, to give 37-79:: coupling product. In contrast, w-bromoaldehydes reacted 
primarily at the carbonyl carbon to give alcohols [75]. a,b,y,&Unsaturated 
esters were alkynylated by a sequence involving reduction of the ester, con- 
version of the alcohol to the bromide, and reaction with alkynyl Grignards using 
a copper(I) chloride catalyst (eq. 10) fl67. 
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1) LAH/Et20 (60%) 
2) PBr?/Et70 (351) * 

w 
COOEt 3) HCzC-MgBr/CuCl ' v 

THF (55::) 

The synthesis of the sex 

using a copper-catalyzed 

Chlorophosphine-nitrogen 
reagents in the presence 

K?H THF 
I 

.H 
- 

(10) 

pheromone of the Southern army worm moth was synthesized 

Grignard reaction as the key coupling step (eq. 11) [177. 

heterocycles were alkylated by reaction with Grignard 
of BusPCuI (eq. 12) [18]. Allylic bromohydrins reacted 

with Grignard reagents in the presence of a copper(I) iodide catalyst to alkylate 

with an unusual rearrangement (eq. 13) Cl97. Copper(I) methyl trialkyiborate 

complexes reacted with a-chloroenamines to result ultimately in a-alkylated 

ketones (eq. 14) [ZO]. The use of these copper-borate complexes in organic 

synthesis has been reviewed [21]. 

Other transition metal complexes also catalyze thereaction of organic halides 

with Grignard reagents. Most notable are complexes of nickel(II) and palladium(I1). 

/-OTHP 1) BH7 
2) BrPlg(CH,),MgBr 

1) BH3 
2) BrMg(CH~)=,MoBr 

L,Pd 

OTHP 

BrMg-OTHP 

WBr 

cat. LizCuCl+ 

& 

'@OT"P 

(11) 

AcOH 1 AcCl 

Reierencesp. 314 



192 

“\ /” 
NHP-h 
I II 

1) RMgX/Bu7PCuI l 

NAN 
-Cl 2) i-PrOH Cl- 

I II 
Cl 

IpW’p\ 
,P\# 

-Cl 

Cl 
\ 

Cl 
Cl 

Cl 
36-76X 

R = l:e, Et, n-Pr, i-Pr, n-Bu, i-Bu, t-Bu 

0 
0 

N 
(R~B)CU f 

b 

Cl A -+ 
?Y 

60-80% 

(‘2) 

(13) 

(14) 

R = n-Pr, n-Bu, i-Bu, n-hexyl 

u-Curcumene was synthesized in high optical purity using a chiral nickel catalyst 
to promote the reaction of a Grignard reagent. with vinyl halides (eq. 15) [227. 

i ABr 
(S)(R)OP~;A-NiCl, 

(- 1 

Me H 

342 overall 

66% optical yield 

Ni (dppp)Clz 
0.5% 
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A similar reaction between set-butylmagnesium bromide and halobenzenes using an 

(+)(R) prophos complex of nickel(I1) chloride as a catalyst gave P-phenylbutane 

in 70-85% and up to 44% optical yield [23]. The pheromone of Ips paraconfusus, 

ipsenol and ipsdienol were synthesized using the nickel(II) catalyzed coupling 

of trimethylsilylmethylmagnesium chloride with 2-chloro-1.3-butadiene, followed 

by reaction with electrophiles in the presence of the Lewis acid TiCl& (eq. 16) 

~247. Vinyl sulfides were al kylated by reaction with Grignard reagents in the 

presence of L2NiX2 (eq. 17) jI25Ij. The mechanism of the reaction of aromatic 

halides with nickel(O) complexes was examined in detail [26]. This reaction 

has some bearing on the mechanism of the nickel-catalyzed Grignard reactions 

discussed above. 

Palladium(II) complexes with l,l’-bis(diphenylphosphine)ferrocene as a ligand 

were effective catalysts for the reaction of secondary alkyl Grignard reagents 

with vinyl halides c27-J. Similarly, phosphine-palladium(O) complexes catalyzed 

+ MesSiCH,MgCl Ni[Ph3P(CH3)3PPhY]C17 
Et20 

! MezCHCHzCOCl 

TiCl, 

(16) 
I 

I 
(HezCHCH2 )zAl H 

Y 

SR4 R1 Rs 

+ RSMgX 
NiCl ?Ls 

Et20, rfx 
+ (~4-Rs) 

3 

Rs = Ph, n-Bu 

50-90% 

(17) 

reactions of organolithium and Grignard reagents and thiophenoxide with vinyl 

ha1 ides . The stereochemistry of the double bond was maintained in these reactions 

(eq. 18) [287. This sort of chemistry was used to alkylate bromo nucleosides 

with Grignard reagents (eq. 19) [29]. 

References &I. 3 14 
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RI R3 RLi RI Rx 

-- 

t-( 

+ 32 LbPd - 
cat. +X 

80402 
W-1 00% isomeric purity 

R2 X R’ R 

R = Me-, Bu-, p-tol-, PhS-, EtS-, 

(18) 

1%35% 

R = Me, A/\/1‘ , Ph, p-anisyl, p-F-Ph 

Nickel (Oj and palladium(O) complexes also catalyzed the reactions of aryl halides 

with Reformatsky (organozinc) reagents (eq. 20) II303. 

x -i- BrZnCHzCOzEt 
1 ON ML H$PA b + R+,,C,_E, (20) 

M = Pd, Ni; R = H, COOH, CN, f4e0, MeCO, NO2 

40-857: 

Mixtures of palladium(II) complexes and copper(I) iodide catalyzed the 

reactions of bronoquinol ines and bromoisoquinolines with alkynes (eq. 21) [31]. 

Vinyl boranes (from hydroboration of alkynes) reacted with vinyl halides in the 

presence of palladium(O) complexes as catalysts. Oienes were produced in 

this fashion (eq. 22) [32J. Aryl halides reacted in a similar fashion [331. 
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RC-CH + HEX2 - 
\ 

LnPd, base 
- 

Br RI R2 (22) 

BX2 - X 
Rs R2 

Organic ha1 ides reacted with tetraorganotin reagents 

catalysts to produce coupled products (eq. 23) [343. 

cess was studied extensively c351. 

RX f R14Sn 
PhCHTPd(L?)Cl 

HMPA 
PR, + \ R' sSnX 

in the presence of palladium 

The mechanism of this pro- 

(23) 

R = PhCH,, Ph, Ar 

R’ = Me. Ph. n-Bu 

Allylcobaloxime complexes reacted with bromomalonic ester with resulting 

coupling at the most substituted ally1 position (eq. 24) [36]. Cobalt(I1) 

acetylacetonate reacted with benzyl ic and ally1 ic ha1 ides to produce al kylated 

acetylacetones (eq. 25) [37]. Manganese(II1) acetylacetonate reacted with 

R2 R3 R2 R3 

- 

Y 

+ BrCH(COOEt), - R1-t-;=CH2 (24) 

RI 
iH(COOEt )2 

Co(OmgH)2 
65-80:: 

by 

0 0 

Co(acac)a f 2 RX CH,Cl _ 
rfx 

v 
R 

(25) 

triphenylaluminum in the presence of phosphines to produce a diphenylmanganese 

compl ex _ This reacted with ally1 bromide to give ally1 benzene, and with carbon 

dioxide to give benzoic acid [38]. Bridged bicyclic ketones were made by the 

reaction of 1,3-cyclohexadiene with a,=~‘-dibromoketones and Fes(CO)9. Oxidation 

of the resulting iron complexes with tertiary amine oxides freed the organic 

product (eq. 26) [39]. 

References p. 314 
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Ketones were regiospecifically c-methyiated and a-methylenated by the 
titanium(N) chloride assisted reaction of silylenol ethers with chloromethyl- 
phenyl sulfide (eq. 27) [40-j. The silylated enolates of aldehydes. esters and 

lactones reacted in a similar fashion C411. Dienylsilanes were converted to 

OTMS 

+ 

\ 
f ClfiSPh TiClr, 

0 P- r- SPh 

/ 

P ic / 

0 

K 
(27) 

a,s,y,&unsaturated aldehydes by treatment with dichloromethyl methyl ether 
and titanium tetrachloride (eq. 28) [427. 

R 
m TiCl, 

TM + C12CHOMe CHzCIZ p CHO (28) 

50-72% 

R = Ph, n-Pr, n-pentyl 

Aryl iodides coupled with m-dinitrobenzene when treated with copper(I) t- 

butoxide in pyridine to give unsymmetrical biaryls (eq. 29) [43]. 

t-BUOCU 
Py rfx * OzN (291 

NO2 

I 

2. Alkylation of Acid Halides 
A very efficient conversion of acid chlorides to ketones has recently 

been developed. It involves the reaction of tetraorganotin reagents with acid 
chlorides using a palladium(I1) catalyst. Thirty cases were cited, including 

aryl, aliphatic, sterically hindered, conjugated and heterocyclic acid halides. 
The reaction tolerated the presence of CK, HO2, Cl, ONe, COOR, and CHO groups 
(eq. 30) C44]. Fluorinated aromatic copper reagents reacted with perfluoroalkyl 

0 

RCC)Cl + R'+Sn PhCH3Pd(Cl)L3 
HMPA + R-;-R' -I- R'$nCl (30) 

high yields 
R' = Me, Ph. Bz, n-Bu, CH,=CH 
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acid halides to produce fluoroketones [45]. Terminal olefins were “hydro- 
acylated” by sequential titanium tetrachloride assisted hydroalumination of 
followed by reaction with acid halides in the presence of copper(I) chloride 
(eq. 37) t467. 

0 
4 RCH=CH, + LiAl H, TiCl h R’ COCl , CuCl 

l RCH2CH&R' (31) 

40-90% 

R = H, n-Bu, m. /JSl, r;T 

R’ = Ph, Me, Et, i-Pr, n-Bu, WeOCHzCHz 

3. Alkylation of Olefins 
Palladium-catalyzed reactions of organic halides with olefins have re- 

cently been reviewed [47]. These “Heck” arylations and alkylations rely upon 
the oxidative addition of aryl, benzyl, heteroaromatic and vinyl ha1 ides to the 
palladium(O) catalyst followed by insertion of the olefin into the u-alkyl- 
palladium complex thus formed. The stereochemistry of the process is consistent 
with a syn addition-z elimination mechanism. Heck arylation of styrene, 
methyl acrylate. acrylic acid, and N-vinylphthalimide using bromoiodo aromatics 
as the halide component alkylated exclusively at the site of the iodide to oive 
brominated aromatic compounds (eq. 32) [48]. Enol ethers and acetates also 
functioned as the olefinic component in these “Heck” arylations. The regio- 

Br 

Et,N 
Pd(OAc)z cat. ’ 

loo0 

R = COOMe, Ph, COOH, 

/_gyBr 
R 

60-80% 

(32) 

-selectivity of the process was dependent on the enol ether component (eq. 33) 
CWII. With bromothiophene as the halide and ally1 alcohols as the olefin, 
thiophenes containing k&o side chains were prepared (eq. 34) [5OJ. This 
chemistry was used in the synthesis of the Queen bee substance. 

Organopalladium(II) complexes made by transmetallation reactions with organo- 
mercury, tin, copper or magnesium compounds al so al kylate (insert) olefins. 
Mercurated nucleosides reacted with substituted styrenes in the presence of a 

References p_ 314 
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Phi f 

Phi + 

Ph 

L?Pd(OAc):, cat. 
Et=J 
1000 

but 
OEt 

Et0 OEt 

L 
-J A 

Ph '+ Ph- + Ph~OEt 
- 

72% 12% 122 

(33) 

mixed palladium(II)-copper catalyst (eq_ 35) [I517_ Vinylsulfides reacted 
with phenylmercuric chloride in the presence of LizPdClk 
vinylsulfides (eq. 36). Intramolecular versions of this 

0 

gx 

to produce B-phenylated 
reaction failed with 

HO H 

-I- \ 
F 

Y 

Y = m-NO,, H, e-NO? - 

LiTPdClt; cat. 
2 equiv. CuC12 * 
25-50" 

(35) 

R L x- f PhHgCl 6% Li -,PdCl b - 
1 equiv. CuCl2 

* =/J' 

'k, THF ';; 
Ph 

(36) 

40-701 
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vinylmercuric halides but the corresponding aryl trimethyl tin complexes reacted 
well, and alkylated c to the sulfur, which was then ‘lost in the elimination 
step (eq. 37) [52]. Styrene and butyl acrylate reacted with lithium diphenyl- 
cuprate in the presence of palladium(I1) salts to produce stilbenes and B- 

I -PdSMe (37) 

phenylacrylates, respectively [53]. Enol ethers reacted with Grignard reagents 
in the presence of nickel (II) catalysts to replace the ether group with a group 
provided by the Grignard reagent (eq. 38) C547. 

OMe 

PhNgX + LzNiC12 - 

ph 
71% 

(38 1 

Acetanilides were ortho alkylated by an ortho palladation olefin insertion 
sequence (eq. 39) [55J_ Bridged polycyclic compounds were synthesized using 
a palladium-assisted acetoxylation of an olefin followed by olefin insertion 
into the thus-formed a-alkylpalladium(I1) complex (eq. 40) lI56,571. Electro- 
philic olefins were converted to vinyl cyclopentanes by the reaction presented 
in eq. 41 [587. 

Under relatively severe conditions, palladium(I1) salts will undergo 

References i. 314 



I i - EtaN 
PhCH2 rfx 

40-86% 

z = Ar, CN, CHO. COOMe, cGr!e, *C*k 

PdCl T/CuCl s/HOAc L 
NaOAc, 80” 

24 hr 

AGO 
f 

Pd(Ol r 
cat. 

(39) 

AcO 
(40) 

(41) 

Y = H, Me, II-Cs, COOMe, Ph 

Z = COOP!e, CN, COCH3, COPh 

electrophilic substitutions with aromatic hydrocarbons, permittingdirect alkylation 

of aromatic hydrocarbons with olefins. Furan reacted with methyl acrylate or 

acrylonitrile in the presence of a palladium(I1) acetate catalyst to produce the 

Z-substituted furan (eq. 42). _F!Sg]. The kinetics of the arylation of styrene by 

(Ph,P)pPd(OAc), to give stilbenes was studied [60]. Triphenylphosphine was the 
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+ fix Pd(OAc)s/Cu(OAc)T 
1000 
8 hr 

(42) 

X = COOMe, CN 

~700% (on Pd) 

source of the aryl group in this reaction. The kinetics of the arylation of 

styrene by benzene or naphthalene in the presence of palladium(I1) acetate were 

also studied [617. Ethylene was arylated by benzene, thiophene, and furan 

using palTadium(II) catalysts in the presence of phosphorus-molybdenum-vanadium 

heteropolyacids C627. Benzene reacted with ethylene and carbon monoxide in 

the presence of Rh4(C0)12 at 220° and 55 kg/cm pressure to produce styrene and 

3-pentanone [63J. The reaction of methylcobalt complexes with ethylene to 

give propene was shown to go by an insertion of the olefin into the cobalt- 

methyl bond rather than by a 6-elimination-carbene-metallacycle process [64]. 

Olefins coordinated to palladium(II) complexes can be directly alkylated by 

carbanions. Using the complex CPd(n”-CsHs)(PPh3)(CH2=CH2)7+, it was demon- 

strated that B-di ketocarbanions reacted with the coordinated ethylene excl u- 

sively trans to the metal [657. Allylethers of oximes reacted with stabilized 

carbanions to alkylate the ally1 olefin. The resul ting a-al kyl pal ladium complex 
was decomposed by TWX1 to produce alkylated product (eq. 43) [667. a-Ami no 

m :OR* THF 

+ Na-CC-COR3 PdCl 7 (MeCN )? l 

RI 

(43) 

LN \ 1- 
Pd 7 TMSCl l ~_+J~“’ 

RI COR3 
COR3 56-731 

RI 
COR * 

R1 = H, Me, Bu; R2 = MeO, Me, Et; Ra = MeO, Et0 

References p. 314 
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acids were synthesized by alkylation of palladium(I1) coordinate olefins with 

diethyiacetamidomalonates (eqs. 44-46) C671. 

// + PdC12(MeCN), + Et3N + (-)C(COOEt), -k- OOEt (44) 

AHAC 
NHAc 

N/\// + (-)C(COOEt), Pd (OAc I7 

L-WC 
PhONa ’ 
Ph3P 

//l/-OH f (-)C(COOEt) Pd(OAc), 

;IHA~ 
PhO?la + 

wC(COOEt)2 
(46) 

Ph,P E;HAc 

Cyclohexadienyl complexes of iron were treated with stabilized carbanions 

(eq. 47) [I683 and trimethylsilylenol ethers (eq. 48) II697, resulting in 

alkylation. 

&&Fe(CO)3 PhqCfBFL- : [ $C.0)3j 
R 

(-)CH(COOMe), ~ 

OMe 

0 / 
Fe(CO)x 

R’ ---- iH(COOF!e), 

OMe 

‘I 
RSNO l b 

/=-__ 

R CH(COOMe), 

(47) 

38% overall 

R1 = H, COO:le; R2 = H, OMe; R3 = H, f.le 70-84% 
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Enynes reacted with alkylsilver or dialkylargentates by an apparent Sh2' 
mechanism to produce alkylated allenes (eq. 49) [70]. a-Chloro esters [71], 
benzyl halides [72], and a-ch7oronitriles [I737 added to olefins when treated 
with copper(I) chloride and 2,2'-bipyridine in acetonitrile or DMF (eq. 50). 
With 1,3-dienes both 1,2 and 1,4 addition were observed. 

= 4 
R 

- / H+ 
+ [RAg or R,AgMgCl]-2LiBr - ---+ = ==c (49) 

R' R' 
60-97% 

R' = H, Me; R = Bu, i-Pr, t-Bu 

RCl i- R'CH=CH, CuCl 
Bipy 

+ R'CH-CHaR 
MeCN il 
90-130" 

R = -CHsCOOMe, ArCH2,- CH2CW; R' = Me, Ph, n-hexyl. n-octyl 

(501 

A number of new cyclopropanating agents have been developed recently. 
Treatment of CpFe(CO),- with chloromethylmethyl sulfide followed by alkylation 
of the sulfur produced a very stable and storable salt. Treatment of olefins 
with this salt in refluxing dioxane resulted in the formation of cyclopropanes 
in high yield (eq. 51) [74]. The reaction was thought to involve a cationic 

CpFe(CO),- f ClCH,SMe2 - CpFe(CO)aAS' Me~O+BF,- 

(51) 

CpFe(CO)zfi?' BFb- RCH=CHR' 

I 
dioxane ' 

A 
67-96:: 

reflux R R' 

n /= 
R R" R 

iron-carbene complex. The stereochemistry of the olefin was maintained. The 
phenylcarbene complex of tungsten carbonyl reacted with a variety of olefins 
to produce phenylcyclopropanes in fair to excellent yields (eq. 52) C751. 

1 
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Electrophi lit 0 lefins such as acry 1’ onitrile, methyl acrylate. and methyl vinyl 

ketone were converted to cyclopropanes in 50-75% yield by treatment with di- 
bromomethane and nickel (0) phosphine complex catalysts. Addition of sodium 
iodide and zinc increased the yields [76]. 01 efins were converted to cyc’lo- 
propanes by treatment with diiodomethane and copper powder, in a process 
similar to the Simmons-Smith reaction [77]. 

40-80% 

Terminal olefins were alkylated by trialkylaluminum reagents in the presence 
of Cp2TiC12 (eq. 53) 173-J. Allylic alcohols containing remote unsaturation 
reacted with titanium(IY) halides and N-methylanilin P to produce cyclic products. 
This procedure was used to synthesize nezukone (eq. 54) 179-J. Olefins were 
arylated by zirconium-bound benzyne to produce zirconacyclopentanes (eq. 55) 
007. 

H,C=C 9 
“H 

f 2 AlR;' + 2 CpzTiClz CH?Cl:, r H,C=C NR 
‘RI 

R=n-Cs, 1 
u 

3 IdeC02(CH&+, TMSO(CHz)4, NC-(CHZ)~. Br(CHz)4- 

R’ = Me, Et, n-Bu, i-Bu 

(53) 

- -- I? \ / (54) 

0 

0 9 Ce2Zr (55) 



4. Decomposition of Diazoal kane 
The reaction of ethyl diazoacetate 

a- and B-N-methyl pyrroloacetic esters _ 
metal catalyst on the ratio of these two 
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with N-methylpyrrole gave mixtures of 
The effects of N-substitution. and the 

products (which ranged from 16:l U/B 
to 3:2) were studied (811. Chrysanthemumic acid and esters were prepared by 
the reaction of unsymmetrical olefins with ethyl diazoacetate in the presence 

of asymmetric organocopper complexes C827_ 

5. Cycl oaddi tion Reactions 
An intramolecular version of the iron(O) catalyzed formal 3+2 cycl o- 

addition of a,a’-dibromoketones to olefins was used to synthesize a number of 
terpenes (eq. 56). A similar intramolecular version of the corresponding 4+3 
cycloaddition to furan was also developed (eq. 57) C83]. Palladium(O) complexes 

(57) 

38:: 

reacted with Z-acetoxymethyl-3-al lyl trimethyl si lane to provide an equival ent 

of trimethylenemethane for cycloaddition to electron deficient olefins, producing 

methylenecyclopentanes (eq. 58) r84J. Cationic iron complexes of enol ethers 
underwent a cycloaddition reaction with TCNE to produce substituted cyclopentanes 

(eq. 59) II851. Iron(O) complexes catalyzed the cycloaddition of ynamines and 
butadiene to give aminocyclohexadi-1,4-enes (eq. 60) 1867. Norbornene, nortri- 
cyclane, and furan underwent .?I+.? cycloadditions with dimethylacetylene 

X = COOR, CN, COR, S02R 
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Ce(IV) 
CO l 

ROH 

NE+ 
-1 c I NEt2 

+ Fe(O) ~ 
\ 25" a I I 

I R 

(59) 

(60) 

R = Me, i-Pr, CsH11, Ph 

dicarboxylate to form cyclobutenes (eq. 61) t871. Nickel(O) complexes catalyzed 

the reaction of allylacetate with norbornene to produce both vinylcyclobutanes 

and dienes (eq. 62) rS8]. 

or 
Ru cat. + Me02C.C-CCOzMe PhH, 80" )- 

60-87% 

and (61) 

X = CH,, 0; R = H, Me; Ru cat. = L+RuHz, RuHz(CO)L3 
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/-OAC 

f 

lb / . - 
L = (iPrO&P 80% overal 1 

(62) 

6. Alkylation of Al kynes 
Among the best methods for forming vinyl copper species for further use 

in organic synthesis is the addition of organocopper derivatives to acetylenes. 
Nith acetylene itself, the best reagents were lithium dialkylcuprates, which 
reacted to form Z-dialkenylcuprates which were iodinated stereospecifically 
to afford Z-1-iodoal kenes. w-Functionalized dial kylcuprates al so added cleanly 
to acetylene C89]. Under appropriate conditions the thus formed vinylcuprates 
reacted with a number of organic ha1 ides to produce Z-internal ol efi ns in good 
yield. Twenty cases were studied [IgO]. The use of stoichiometric versus 
catalytic amounts of copper in the addition of organolithium and magnesium 
compounds to acetylenes has been reviewed [91]. 

Cumulenes reacted with 1 ithium dial kyl cuprates to produce dienes in good 
yield (eq. 63) L-921. Allylmagnesium bromide reacted with acetylenic Grignard 

+ R”2CuEIgX-LiBr - (63 1 

75-95x 

reagents in the presence of copper(I) iodide. Further reaction ensued (eq. 64) 
[93]. A sequence involving copper-catalyzed addition of Grignard reagents to 
alkynes was used as a key step in the synthesis of the codling moth substance 
(eq. 65) C941. The reagent CHsCu(MesS)MgBr was formed to add cleanly to 
terminal al kynes to produce Z,2-disubstituted al kenyl copper intermediates. 
The reactions of these complexes with a variety of electrophiles. including 
ally1 and acid ha1 ides, conjugated enones, and epoxides were studied in 
detail (eq. 66) 1951. Metallated vinyl silanes were prepared by the reaction 
of methylmagnesium bromide with trimethylsilylacetylenes, trimethyl aluminum 
and nickel(II) acetylacetonate (eq. 67) [961. 
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BrMg----_ 

R’ 
+ ,_KgBr 10% GUI> 

OMqBr 

R’ 

/ 
.3;; - / OH 

R’ 

/eBr 

I (64) 

MgBr 

h- 

- 

BrMg 
OMgBr 

R’ 

1) CuBr(Me2S) 

n-C3H7MgBr2 2) CH?C-CH 
3) n-C3H+C-Li ’ LOH 

4) 

5) NH4Cl (65) 

E 

CH3Cu(Me$)-MgBr + RC-CH - (66) 

R 

65-95% 

w Br 0 
E+ = H+, 3 Cl = 3 /\ 



X&Ha),-CaCTMS 
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(67) 

Internal acetylenes reacted with allylic halides in the presence of 

palladium(I1) chloride to give chloro-1,4-dienes (eq. 68). The reaction was 

R-C-C-R' f "li,x PdCl$PhCN)7 l (68) 

thought to proceed by chloropalladation of the alkyne, insertion of the ally1 
halide, and B-elimination of palladium chloride [97]. Internal alkynes reacted 

with benzene in the presence of Rhh(CO)I2 to give styrenes and indenones (eq. 
69) [98-J. Terminal al kynes were stereosel ectivel y converted to (E )-2-methyl- 

R-CEC-R’ + PhH RhL(Co)17 L + 'v;; f + (69) 
CO, 20-30 kg/cm 

10-302 lo-40% 

l-alkenyl iodides by reaction with Cp2ZrC12 and trimethylaluminum, followed by 
iodine (eq. 70) [99]. The corresponding titanium complexes effected similar 
chemistry [loo]. 

R Ii 

CpaZrCla + Me3Al + RC-CH - 

Me I 

(78) 

70-851 

7. Al kylation of Ally1 and Propargyl Alcohols and Acetates 

Propargyl tosylates and mesylates react with organocuprates to produce 

allenes by an sN2’ type reaction. A number of trimethylsilylpropargylic systems 
reacted with [RCuBrBjgX to produce trimethylsilylallenes (eq. 71) ClOl]. 

’ R’ 
l-MS-c&’ + tR"CuBrlMgX THF l 

'R 
(71) 

R = H, t-Bu, Me 
R' = H. We, (CH,),. -(CH,)s- 
R" = Et, n-Bu, i-Pr, c-C~H~~, Ph, see-Bu, Me 
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Propargyl mesylates having remote ether functionality reacted in a similar 
fashion (eq. 72) [102-J, as did polyunsaturated propargyl tosylates (eq. 73) 
C!O3]. Allenic prostanoids were synthesized using this methodology (eqs. 74, 
75) c104II. Chromium(I1) reduced a propargyl bromide to the allene. The 
intermediate allenic chromium complex could be trapped with ketones (eq. 76) 
ClO5J. 

R OMs 
R 

R' S-(CH1)nOR" THF + [R"'CuBrBgX*LiBr -* R,>~=C-(~HP)nOR" (72) 
R"' 

/m R 

* -Oh + RMgX-CuBr - CH,=C=;: , 
W 

50-704: 

0 

K 1) Me9CuLi 
\ 0 

$;~+sH~~ 2) AcOH, A , H20 

ijAc :; 3) &CO,, MeOH, HZ0 
OR 

4 

0 

(73) 

(74) 
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pms = f 

0 ,,...~CH--= Y-O*= 

6Ac 

\“cCsH1l .= 
THPd= 

(75) 

HvO -- CSHl I-- - 

+ Cr(I1) (76) 

Primary d-acetylenic alcohols reacted with Grignard reagents regio- and 
stereospecifically in the presence of copper(I) halides as catalyst to produce 
disubstituted ally1 alcohols (eq. 77) [1061. The vinylcopper intermediates, 

R R’ 

RCsCCH;OH + cux R’MgX - - 

)_( 
H CH20H 

(77) 

when treated with iodine, produced vinyl halides [107]. Allenic alcohols added 
Grignard reagents to the terminal carbon to produce vinyl complexes which 

reacted further with electrophi 1 es (eq- 78) El 077. Copper(I) catalyzed Grignard 
reactions were used to synthesize 1.4-diynes (eq. 79 )Cl OKI- 

Ally1 i c sul fones reacted with Gri gnard reagents and copper (I ) acetyl acetonate 
catalysts primarily by an SR2 process when primary sulfones were used, but by 
an S$’ process when secondary sulfones were used. The regioselectivi ty al so 
depended on the other substituents and on the solvent [109J. With a phenyl 
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substituted cyclohexenyl allylic ester system , reactions with lithium dialkyl- 

cuprates went exclusively by an SN2’ process when the carbamate was used, but 

reacted virtually 1 :l SN2-SNZ’ with al 1 other esters (eq. 80) [1107. 

H2C=C=~~~~20~ RCH2 H 

-t GUI - 

x_ 
RMgx 1MgX OMgX 

13, “?%, (78) 

OH 

HCzCCH20Ts f BrMgC-CR CuBr THF b HCsC-CH2CsCR 09) 

6040% 

i MepCuLi (80) 

R = CONHPh 

z-9874 

Allylic alcohols reacted with copper acetylides with clean allylic transposition 

when converted to a heterocyclic derivative (eq. 81) Cl11 J. Allylic-propargylic 

TT=& + R’C-CCu - R' CsC-CH2CH=CHR 

acetates reacted with Grignard reagents in the presence of a copper(I) 

catalyst by an SNZ’ process at the olefinic site to give exclusively Z 

40-70% 

(81) 

enynes 
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(eq. 82) [llZJ. Al ly7 ic-propargyl ic sul fones reacted with [RCuBr]NgX-Li Br 
reagents to form enynes or allenes depending on the substituents (eq. 83) 
Cll3-J. In the reaction of ally1 acetates with Grignard reagents and copper(I) 

R2 
RZ 

R3 
RlC&-C&C’ i- 

kS(O)Me 
‘H 

R%&=CH-CHR3R4 
(R4CuBr)MgXLiBr THF l + 

R1 R2 
~C&_C:C/H 

R4’ ;1 ‘R3 

(82) 

(E and Z) 
(83) 

bromide catalysts the reaction was claimed to occur by an antarafacial attack, 
and the leaving group was required to be quasiorthogonal to the plane of the 
double bond [1143. Ally1 ethers reacted with Grignard reagents in the presence 
of copper(I) catalysts to give substitution with both SN2 and SN2’ regiochemistry. 
The amount of SN2’ depended on the substrate structure CllS]. Allylic acetals 
reacted with Grignard reagents and copper catalysts to give mixtures of E and 
Z enol ethers. by clean SN2’ chemistry (eq. 84) Cll67. Allylic sulfides reacted 

OEt 
RCH=CH-;H f R’MgX 

;)Et 
55! IIuBr . RCH-CH=CHOEt (84) 

r;l 
E+Z 

with Grignard reagents in the presence of phosphine nickel(I1) halide catalysts 
to give substitution products from both SN2 and SN2’ displacement [lli’]. The 
reaction of allylic esters with sodiodiethylmalonate was catalyzed by a number 
of complexes including Fe(C0j3NO-. ns-crotyl Fe(C0)2N0, q3-crotyl Co(CO)zL 

and Co(CO),+- to give mixtures of SN2 and SN2’ displacement products. The 
intermediacy of ns-ally1 complexes was claimed [118]. 

Allylic alcohols reacted with arylpalladium(I1) complexes to give both 

alcohol and carbonyl compounds. The ratio depended on the nature of the 
allylic alcohol (eq. SS)rll9]. Alkynols were al kylated by treatment with 
diethylaluminum chloride using CpzTiClp as a catalyst (eq. 86) [120]. 

PhPdX + RwH _ phF,., * Ph+” 
(85) 

R 
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Et 

HCS-C(CH&OH •r- Et2AlC1 + CpzTiClz - 
\ 

- 

(W )nOR 

n = 2-4 

Et 

A 
(86) 

f / 
(C'$)nOH 

8. Coupling Reactions 
The C-O ring portion of streptonigrin was synthesized by an unsymmetrical 

Ullmann coupling of an iodobenzene and a chloropyridine using copper dust (eq. 
87) Cl21 7. Symmetrical biaryls were synthesized by coupling iodoarenes with 
a nickel (0) species generated in situ by reduction of nickel (11) chloride with 

zinc 11227. Extremely reactive copper and uranium powders for Ullmann coupling 

were Produced by reduction of the corresponding metal chloride or iodide with 
potassium metal in the presence of naphthalene. In this fashion pentafluoro- 
iodobenzene was coupled to perfluorobiphenyl in 83% yield [123]. The nickel 
catalyzed coupling of aryl halides to biaryls was studied in great detail and 
was claimed to be a radical chain process involving both nickel(I1) and 
nickel (III) intermediates (eq. 88) [124-J. 

Ni(I)X c ArX - ArNi(III)X2 

ArNi (III )X, + Ar’Ni (11)X - Ni(II)X, + ArNi(III)X (88) 
i\r’ 

ArPli (111)X - Ar-Ar’ + Ni (1)X, etc. 

;\r’ 

Aromatic ketones when treated with titanium(IV) chloride in acetonitrile 
condensed to give Ritter type condensation products C125]_ Ketones were re- 
ductively coupled to vie diols by n-butyllithium using (Bu,N)sCFe4S4(SPh)J 
to mediate the electron transfer Cl 261. Ketones were reductively dimerized to 
alkenes by treatment with his benzenetitanium (eq_ 89) u-Diketones were 
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0 

)h 

R R 

+ Ti 
THF - 

R ’ 

0 

0 
)+ 

(891 

F?’ R’ 

100% 

converted to al kynes, benzyl alcohol was reduced to to1 uene, al lyl alcohol to 

propene, and propylene oxide was deoxygenated to propene by this reagent [I1271. 

Conjugated ketones were coupled at the carbonyl carbon to produce 1,5-dienes 
upon treatment with lithium aluminum hydride, Fea(CO)Iz and HCl consecutively 

(eq. 90) E1281. 

0 

RCH=CH-L-R’ 1 ) LiAIHL 
2) Fea(C0)12 

t RCH=CH-CHR’ 

3) HCl RCH=CH-CHR’ 

(90) 

47-76X 
all possible isomers 

R = Ph, p-tolyl, p-anisyl, p-ClPh, 2-thiophene 

R’ = Ph. p-tolyl, styryl 

Bis-trimethylsiiylacetyiene was coupled to a cumulene by reaction with 

CpCo(CO)z (eq. 91) [129]. Acetylenes were coupled to 1,3-dienes by conversion 

to pentafluorosilicate, followed by treatment with solid copper(I) chloride 

at 200-300” (eq. 92) C1307. Vinyl boranes were converted to 1.3-dienes by 
treatment with palladium chloride in triethylamine (eq. 93) Cl317. 

cpco (CO!, 

R-CaC-R’ 

Ph 

i- TMS-CzC-TMS 137O l 

TMsb = __/TMs + others (91) 
TMS TMS’ 

1) HSiCla R R’ 

HsPtCl s 
2) KF, EtOH ’ K2 

CuCl 
200-300° ’ 

H SiFs 

R R’ 
- 

% 

- (92) 

R’ R 

Ph 

\ 

B(OH)s 

PdCl T,/LiCl 
EtsN (93) 

Methylacrylate was dimerized by se1 f-coupling at the b-position by treatment 

with palladium(I1) phosphine complexes and silver tetrafluoroborate (eq. 94)[132]. 
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2 CH,=CHCOOMe L3 PdCl 3 3 AgBF4 + MeOzCCHzCH=CHCHzCOOHe 

Allyltrimethylsi7anes coupled to ccnjugated ketones 

(94) 

in a Michael sense upon 
treatment with titanium tetrachloride (eq. 95) [133-J. a-Lithioselenides coupled 

RI R RI 
TiCl& 

Ra 
CH,Cl z 

* J4 
/ /R3 

(95) 

R2 
C”24,b 

to give olefins upon treatment with copper(I) iodide (eq. 96). Cross coup1 i ng 

of two different selenides led to all possible products [134]. Addition and 
coupling reactions of organometallic compounds in the presence of transition 
metal catalysts has been reviewed [135]. 

R” R' R' 
RSe-&Li cur 

ril 
-78" to +20" l 

- X (96) 

R" R" 
55-80X 

9. T-Allylpalladium Alkylations 
Alkylation of x-al7ylpalladium halide complexes by stabilized carbanions 

continues to grow in importance in organic synthesis. Enol ether-acetates were 

used as substrates in the palladium(O) catalyzed alkylation of allylic acetates 
by stabilized carbanions to give highly functionalized products (eq. 97) [136]. 

OEt 

R 
PhS0&C02R' Lbpd+ 

I 
RJJ;2R, 

(97) 

Allylic la&ones having defined stereochemistry a to the carbonyl group were 
used to control the stereochemistry of the palladium(O) catalyzed allylic 
alkylations of these lactones (es_ 98) El377. In the intramolecular allylic 
al kylation of ally1 acetates by palladium(O) catalysts to form macrocyclic 
lactones, formation of the larger of the two possible rings was always observed. 
Thus eight-membered rings predominated over six, nine over seven, and ten over 
eight (eqs. 99-101) 11387. E-Acetoxy-3-al lyl trimethylsilane reacted with 
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0 
+ Pd(0) - R 

b,e ..a’, Pd 

I (-)CH(COOMe), (98) 

90% yield 
=-98% regiospecific 

(99) 

0 

d- l 

0 
\ 

AC 

PhS02 COOMe 

(101) 

OAc 

carbanions in the 

(eq. 102) Cl391. 

presence of palladium(O) catalysts to alkylate in high yield 

THS1(‘ OAC + LbPd + (-)CH(COOI~!e)2- "G;ob,e (102) 

73% 
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Trimethylsilylenol ethers with remote “olefinic groups” were cyclized to 

cyclopentenones or cyclohexenones by treatment with palladium(II) salts. The 

reaction was claimed to proceed via an oxallylpalladium complex which then 
inserted the remote olefin (eq. 7G)Cl40] _ Cationic phosphine-n-al lyl platinum 

R’ R' - t\ 
R (CW, 

OTMS 

R?==!Chz&[pd<> 

0 1 
(103) 

complexes reacted with acetylacetone anion to produce ally1 acetylacetone in 
high yield. Platinum(O) complexes catalyzed the same reaction of ally1 acetates 
with acetyl acetone anions. An alkylated olefin-platinum complex was detected 
as an intermediate in these reactions (eq. 104) [141]. A bridged bicyclic 
n-allylpalladium chloride complex was halogenated by copper(I1) halides and 
alkylated by methylmagnesium iodide or dimethylcadmium (eq. 105) [142]. 

~1ethYlenecYClOPrOPane reacted Gth cyclohexenones in the presence of palladium(O) 
catalysts to produce 2-allylcyclohexenones (eq. 106) [143]. 

0 0 

- Y f 

(104) 



NaTPdClb _ 
AcOH, Na0.4c 

MeMgX or X = OAc. Cl 
Me,Cd 35-95:; 

(106) 

10. Al kylation of Ketones and Al dehydes. 
Aldehydes reacted with lithium dialkylcuprates in the presence of chiral 

1 ,&bis(dimethylamino)-2,3_dimethoxybutane to give tertiary alcohols in up to 
15% optical yield cl447. Aldol condensations were catalyzed using cobalt(II1) 
salts complexed to vinylpyridine-styrene-divinyl benzene copolymers. It was 
claimed that this system suppressed self condensation. However, only aromatic 
al dehydes and ketones worked Cl45 J. Copper(I) salts of enamines reacted with 
Z-allyloxybenzimidazoles to produce allylated ketones in good yield. Primary 
allylethers reacted at the a-carbon with retention of configuration while 
secondary ethers reacted primarily at the y-carbon [146]. Isonitriles reacted 
with perfl uoroal kyliodides in the presence of copper powder to give perfl uoro- 
iodoimines (eq. 107) [147]. 

RNC + RfI Cu powder i R:>FNR 

32-902 

R = nBu, t-Bu, cyclohexyl. Bz 

The n6-chromium carbonyl complex of methyl phenylacetate underwent clean di- 
alkylation at the u position when treated with sodium hydride and alkyl halides 
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(eq. 108). Replacement of one carbonyl group by triphenylphosphite resulted in 

monoal kylation. Methyl 3-phenyl propanoate complexed to chromium tricarbonyl 

o- DMF 

r’ 

CH$OOMe + NaH + RX - 

Cr(CO)s Cr(C023 

70-90% 

(108) 

alkylated o to the ester (eq. 109). and complexed toluene was converted to 

ethyl benzene or isopropyl benzene (eq. 110) [1487. The methyl tosyl hydrazone 

of androstenone reacted with lithium dimethylcuprate to give methylandrostenone 

(eq. 711) C1491. 

CH3 

CHzCH2COOMe + NaH + Me1 - 

9 + 
Cr(C013 

+ 

Me1 o- - 
V- 

f!r(CO)3 

34% 

65% 

(100) 

n v (110) 

Cr(C013 

ie 40% 

49% 

11. Alkylation of Epoxides 

Lithium b&(2-furanoyl )cuprate reacted with epoxides to give al kylation 

products in excellent yield (eq. 112) C1507. Grignard reagents reacted with 

cyclohexene oxide in the presence of copper(I) catalyst to give primarily trans 

ring opening of the epoxide. Four-membered cyclic ethers also reacted to give 
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(4 / \ CuLi + 
b 

2 

p - H:b + &!L (112) 
R 

93% 

primary alcohols. When allylic Grignard reagents were used, no allylic trans- 
position was observed L-151-J. All four stereoisomers of the sex pheremune of the 
pine saw fly were synthesized using chiral aliphatic lithium dia7kylcuprates 

and chiral epoxides (eq. 113) C1527. o,S-Unsaturated steroidal epoxides 
with lithium dialkylcuprates with allylic transposition to produce ll-e- 
substituted-lg-norsteroids (eq. 114) [1537. 

reacted 

(^^----$- ___.=8, 2 CuLi * _eLH 
R or S 2S,3S 

2FYJ3R 

(113) 

OH 

+ RaCuLi - (114) 

85-l 00% 

The ring opening of epoxides by vinylcuprates was used in two synthetic 
approaches to prostaglandins (es. 115) [1547, (eq. 116) C1551. 
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O’..? 

=o 
*““\ 

COOMe + PhC-C-Cu ;i 

(115) 

-I- 

.:’ 
0<iR3 

4:l 
88% 

(116) 

12. Oxidative Coupling. 
Oxidative coupling of aromatic systems under the influence of transition 

metal compounds has recently been reviewed cl561. Soluble polymer bound com- 
plexes of copper(IIj chloride catalyzed the oxidative coupling of Z,&dimethyl- 
phenol and the coupling of 2,6_diphenylphenol El57]. The products of the 
o.xidation of copper(I) chloride by oxygen in polar aprotic media were useful 
catalysts for the oxidative coupling of phenols El58J. Car bazol e was oxi da- 

tively dimerized by treatment with palladium(I1) acetate in acetic acid 
(Ml_ 117) [15g]. Copper trifluoromethane sulfonate was used to oxidatively 
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couple 3,3-disubstituted-2,4_pentanediones intramolecularly to form 1,3-cyclo- 
pentadienones (eq. 118) [1607. Macrocyclic acetylenic alcohols were oxidatively 
coupled by reaction with anhydrous copper(I1) acetate (eq. 119) Ll613. 

Pd(OAc):, f 
AcOH 

0 0 
1) IDA 
2) Cu(OTf)* 

l 

0 

R k t 

(117) 

(118) 

13. Nucleophilic Aromatic Substitution 
Substituent effects in the addition of nitrile and ester stabilized 

carbanions to arene chromium tricarbonyl complexes were studied. Methoxy 
groups were strongly meta directing, while methyl and chloro groups also led to 

some ortho substitution. Trimethylsilyl and trifluoromethyl groups were -para 
directing [162J. The arene ring in arenechromium tricarbonyl complexes was 
lithiated by treatment with n-butyllithium-TMEDA, and then reacted with a 
number of electrophiles (eq. 120) [163]. The full experimental details of 
the reaction of arenechromium tricarbonyl complexes with carbanions have been 
published. The initial product of al kylation was a n5 -cyclohexadienyltricarbonyl- 
chromium(O) complex, which was characterized by X-ray diffraction analysis. 
Oxidizing agents free the alkylated arene ligand, electrophiles regenerate the 
arene complex; and trifluoroacetic acid produces substituted cyclohexadienes 
(eq. 121) [164]. Nucleophilic addition of nitrile-stabilized carbanions to 

anisole chromium tricarbonyl complexes followed by acid cleavage produced 
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$). zi3 eLi L+ Sk 
3 

Y = H, OMe, F, Cl 

E’ = COz, CH,COCH,, PhCHO, I,, TMSCl 

(120) 

Q + 
dr(CO), 

RLi - 
Ph?C+ 

CF$OOH ’ 

4 

/ 

\ 

3-substituted cyclohexenones (eq. 122) [165J. Finally, arene exchange reactions 

of arene chromium tricarbonyl complexes with free arenes established the follow- 

ing order of stability: C,Mes > &HzMe, > C,H3Me, 5 PhNMez 25 CsH,Mez > PhMe ?r 

C6H, > PhCOMe ‘L, PhOMe > BzOMe > PhCl CI, PhF > CloHa [166]. 

OMe 

b + 
Cr(CO), 

(-)CMezCN - 

Me 

Cr(CO)j- 

Hf 

OMe 

h \ 
CN 

(122) 
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B. Conjugate Addition 
Organocopper complexes 

variety of conjugate (1,4 
continued to be the reagents of choice for a wide 
or 1.6) additions to unsaturated systems. The 

stereochemistry of conjugate addition of lithium dimethyl and dibutylcuprate 
to 4-, 5-, and 6-substituted cycloheptenones was studied. The stereosel ectivi ty 
depended upon both the structure of the enone and the cuprate (eq. 123) [167]. 

Me2CuLi 
or _ + ‘u or RJJ” or go (123) 

nBu2CuLi 

R 

R = Me, t-Bu, 
==C 

Me, t-Bu Me, t-Bu 

1 2 3 4 5 6 7 

With 2, 4 and 7 20:80 cis to trans -- 
With 1 and 5 82:18 cis to trans 
With 6 2:g8 &to trans 

Procedures for the 1,4 addition of lithium dimethyl-, diethyl-, dibutyl- and 
diphenylcuprate tocitralhave been published [168]. The conjugate addition 

of organocuprates to cyclobutenyl esters has been used in the synthesis of (I)- 

grandisol (eq. 124) [169]. The stereochemistry of conjugate addition of homo- 
allylic cuprates to conjugated cyclohexenones was controlled by imposing a 
rigid bicyclic structure (via a fused lactone) upon the enone (eq. 125) [170]. 

Drcorne + (AJCuLi. - “l;i”:l - li,::;;O” (124) 
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The structure of the fused lactone had a profound effect on the conjugate 

addition reaction (eq. 126) cl71]. The copper-catalyzed reaction of a henzyl- 
magnesium halide with an cc,ri,y,6-unsaturated enone resulted in exclusive T,6- 

addition (eq. 127) [2727_ Copper catalyzed Grignard reactions were used 

in the synthesis of a number of 17a homoprostaglandins (eq, 128) r773]. 

COOMe 

R&iLi l 026) 

60% 

+OOMe 

+ 

R’MgX 

R' = prostaglandin side chain 

Functionalized organocuprates also react with conjugated enones. Methods 

for the conjugate addition of enolate and acyl anion equivalents to conjugated 

enones have recently been developed. These involve the use of cuprates made 

from lithio salts of enol ethers or vinyl silanes (eqs. 129, 130) 11747. The 
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3-lithio salt of 2,3-dihydropyran reacted in a conjugate fashion with a,& 

unsaturated ketones in the presence of copper iodide. Hydrolysis followed 

by oxidation resulted in the formation of lactones (eq. 731) [175-J. S-(Dimethyl- 

amino)-1-propyne was used as the non-transferrable group in mixed cuprates for 

CY 
r 

I + 

0 

0 

+ iyl 
i 

Li - I + cu1.J + 

i> 
I 

0 

conjugate addition reactions 

1,4 to conjugated ketones in 
same reagents were al kylated 
iodide [177-J. 

(a-hydroxyaldehyde 
equivalent) 

0 
(131) 

51761. Grignard reagents of vinyl silanes added 

the presence of copper(I) iodide (eq. 132). These 

by treatment with organic halides and copper(I) 
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IMgEr + i_ cuI_ O 4 TMS 
(132) 

Organoaluminates. prepared from olefins and lithium aluminum hydride in the 
presence of titanium tetrachloride, added 1,4 to acrolein and methyl vinyl ketone 
in the presence of stoichiometric amounts of copper(I1) acetate (eq. 133) [178]. 

2 RCH=CH2 + LiAlH& 
TiCl,., + LiAlH,(CH,CH,R)2 + 2 / 

1p 
’ 

0 

(133) 

cu(OAc)~ ~ RcH2cH2YrR’ 
0 

50-70x 

The conjugate addition of organocuprates to conjugated enones followed by 
trapping of the resulting enolate has been used to synthesize a number of pros- 
taglandins (eq. 134) [179]. The enolate resulting from conjugate addition of 

/ C5H11 \ fi 

Licu~yo,) f p - 

SCOMe ===c 
SMe 1) reduce 

2) H’ 

HO... 
CsH, I 

- - (2) PGFza 

18% overal 1 
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organocuprates to a,6-unsaturated ketones reacted with aldehydes via an aldol 
condensation in the presence of zinc(I1) chloride (eq. 135) [180]. 

R’ CHO 
ZnCl, l 

(135) 

0 

e-Acetyl enic esters reacted with al lyl i - L copper (not cuprate) complexes at 

-90°C to give mixtures of triene esters (eq. 136) [1817, by an overall cis 

addition. These same substrates reacted with RCu-8Rs’ complexes with very 

high regio- and stereoselectivity at low temperatures (eq. 137) Cl827. 

/mcu 
OOEt COOEt 

-go0 - - 
+ 

l /-Y + 

/ 
_-F 

- 
- = -COOEt 

92 8 

0 
RCu.BR,’ i- ---_--E-Y - 

R = We, Bu 

Y = OR, OH 

a-Cyclopropyl ketones and esters also react with organcuprates in a 1,4 

sense. This reaction was used in the synthesis of d,l-7,8-epialantolactone 

(eq. 138) c1831; and a prostaglandin (eq. 139) [184-J. A stereospeci fical ly 

*;Me Me,CuLi l w 

Me H 
H 

COOMe 

0 

-PI?= 

0 
\ 

Q 

Me 
H 

(136) 

(137) 

- 

(138) 
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9-deoxa-9,10-dehydroprostaglandin-D, 

deuterated B,u-cyclopropylcyclohex-2-enone reacted with lithium dimethylcuprate 
without loss of stereochemistry at the chiral cyclopropyl carbon. This result 
was used to argue against the intermediacy of radicals via electron transfer 
in conjugate .additions of organocuprates to conjugated enones (eq. 140) C1851. 

2 

1 electron 
transfer 

H 

d D 

/ 
'CH, 

0 H3 

_o/o& - _oq”e 
H 

racemi c 

(140) 

I 796 
nucl eoph-i 1 ic 
addition 

(or enanti omer) optically active 
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In another study of this mechanism, it was claimed that formation of a transient 
copper substrate complex followed by 1,2-addition to the double bond was the 
main reaction path (eq. 141) Cl867. On the other hand evidence for an electron 
transfer process has also been claimed (eq- 142) [187]. Thus the controversy 
over the mechanism of conjugate addition of organocuprates to conjugated enones 
continues . 

OTs 

Me,CuLi 

c-c 
r; 4 Ju Y- (141) 

R Xi 

(142) 

1,3_Cycloheptadiene monoepoxide reacted with lithium dialkylcuprates to give 
mixtures of gN2 and 3~2’ epoxide ring opened products (eq. 143) C1887, but 1.3- 
cyclohexadiene monoepoxide reacted both regio- and stereospecifical ly (eq. 144) 
[189-J. 

+ [RCuMel-Li+ - 6” f dMe (143) 

Me 
70 30 

OH 

MePBA ~ (144) 
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a-Bromovinylsulfones underwent a double alkylation when treated with lithium 

dialkylcuprates or Grignard reagents with copper catalysts (eq. 145) ~19OJ. 

S02Ph 
/ - r 

Br 

1) RMgx + cux 
RCHCH$OsPh 

RaC%i 

2) H+, Hz0 h 

(145) 

R = Me, Et 

cz-Chloro conjugated enones reacted with lithium dimethylcuprate to give 1,4- 

addition or reduction products, depending on the substituents on the double 

bond. In contrast, a-fluoro conjugated enones underwent competitive 1,4 and 

1,Z addition, with the ratio of products depending on the steric hindrance 

at the B-position (eq. 146) cl911. 

R 
\ Z = H or 

r’ R~~~cHzCICoz Z = R and R’ = H 

Y-c 
Cl 

- 
f Me2CuLi I 

R’ coz 

I- 

R H 

- 

t( 
R’ coz 

Z = R with 

R’.R = alkyl 

(145) 
but 

R 
R F 

CHFCOR” + 

R’ 
OH 

R” ‘Me 

B-Ketoesters were converted to a,&unsaturated esters in good yield by con- 

version to the enol phosphate followed by reaction with primary lithium dialkyl- 

cuprates (eq. 147) IIl927. The dithioacetal of s-aldehydoketones reacted with 

lithium dinethylcuprate to produce s,s-dimethyl conjugated enones (eq. 148) 

[193-J. 

Allylsilanes added 1,4 to conjugated enones in the presence of titanium 

tetrachloride (eq. 149) ~1947. g-Palladated aromatics inserted conjugated 
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0 OPO(OEt)2 

COOMe + (EtO),POCl - &OOMe 

(147) 
R 

R?CuLi ~ A 
\ 

COOMe 

70-953 

68% 20% 

0 
0 

* //\/SlR3 TiC14 l d (149) 
CH&l z ‘-.,.A 

esters upon heating to 150” for prolonged periods (eqs. 150 and 751) [195]- 

Phenyl mercuric chloride and tetraphenyl tin al kyl ated n ,&unsaturated ketones 

at the B-position when treated with palladium(I1) chloride under phase transfer 

conditions (eq. 152) C196]. 1 ,CNaphthoquinone was arylated in the presence 

of palladium(II) chloride [1973- 

R 

Ph 11% 

OMe 1500 
48 hr l 

R 
Me 150° 

62 hr l 

(150) 

(151) 
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+ Ph,M TBA+Cl -/PdCl 7 
HZO/CHC1s ’ PhU 1152) 

C. Carbonylation 
1 _ Hydroformyl ation 
Hydroformylation has been reviewed [198]. The relation between effects 

of carbon monoxide pressure and phosphine concentration on rhodium catalyzed 
hydroformylation of l-hexene was examined. A narrow range of carbon monoxide 
pressures and phosphine concentrations that favored linear aldehyde formation 
was found [199]. The kinetics of hydroformylation of cyclododecene in the pre- 
sence of hydrocarbonyltris(triphenylphosphine)rhodium(I) showed the reaction to 
be first order in hydrogen partial pressure regardless of phosphine concentration, 
and zero order in carbon monoxide partial pressure with excess phosphine, but 
without excess phosphine the rate increased with increasing carbon monoxide 
partial pressure C200,201 I. Side reactions in the hydroformylation of 1-propene 
with rhodium carbonyl complex catalysts and triphenylphosphine were studied 
[2021. Homogeneous hydroformylation of 1-hexene using [Rh(cod)&PF6-, 
ERh(cod)(PPhs)py]+PFa-, and CRh(cod)(PPha)2]iPFs- as catalysts was studied C2031. 
In the hydroformylation of 1-hexene using RhHCO(PPhs)s as catalyst, the yield of 
linear aldehyde was increased by increasing the amount of added triphenylphos- 
phine, by carrying out the reaction at 90”, and by lowering the partial pressure 
of carbon monoxide C2047. The hydroformylation of higher olefins in the pre- 
sence of cobalt carbonyl catalysts showed the. same effects as those for lower 
01 efins [2057. The use of dibenzophospholes as ligands in rhodium and cobalt- 
catalyzed hydroformylations caused a considerable rate enhancement over that 
observed with diphenylphosphines as ligands [206]. Al kyl-rhodium tetracarbonyl 
complexes were detected by infrared in the hydroformylation of ethane using a 
variety of rhodium(I) complexes as catalyst precursors 112077. Treatment of 
olefins with hydrogen and Carbon monoxide in benzil in the presence of rhodium 
catalysts produced a-benzoylbenzyl carboxylates c2087. Rhodium(I) complexes 

of a cyclic mixed phosphorus-nitrogen ligand catalyzed the hydroformylation of 
olefins (eq. 153) ,‘209]. Dicobalt octacarbonyl hydroformylated propene in high 

•t CO f H2 f f - -HO 
R 

(153) 
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yield when treated with carbon monoxide and water at 13Y. The requisite hydrogen 
came from a cobalt catalyzed water gas shift reaction [ZlO]. By using P-X12- 

SnC12-Ph2P(CH,J4PPh2 as a catalyst very high reaction rates and 99:l linear to 
branch aldehyde were obtained in the hydroformylation of 1-pentene. Both the 
rate and the linear/branched ratio depended on the length of the chelating di- 
phosphine chain [211-J. 

Attempts to induce asynnnetry in hydroformylation reactions by using chiral 

catalysts have met with only modest success. Vinylacetate was converted to 

(S)-e-acetoxypropionaldehyde in 10-24s optical yield by hydroformylation in the 
presence of a rhodium(I) catalyst produced by reaction of [(C0)2RhCl& with two 

equivalents of (-)-DIOP [212]. A number of chiral phosphines were used as 
ligands for rhodium catalyzed hydroformylation of styrene, 1-butene. e-2- 
butene and a-methylstyrene (eq. 154). Up to 40% optical purity was obtained C2131. 

Use of a chiral &ketoenolate as a 1 igand for rhodi um( I ) catalyzed hydroformyla- 

(154) 

tion led to no optical induction and no change in linear to branched products. 
This was taken as evidence for cleavage of the 1 i gand from rhodium prior to 

hydroformylation C2147. 3-Methyl-l-pentene was deuterioformylated using rhodium 
catalysts and the diastereomeric composition of both isomers was examined. These 

experiments showed that the (S)-enantiomer reacted preferentially at the si-si -- 
face while the (R)-enantiomer reacted on the re-re face 12157. Hydroformylation 
of cis-2-butene and norbornene in the presence of ruthenium complexes. of (-)- 

DIOP gave low optical yields of (R) product [216]. 

Solid-supported complexes have also been used in hydroformylation reactions, 

The copolymer of styrene, divinylbenzene, and 2-(p-styryl)-4,5-bisC(tosyloxy)- 
methy?]-1,3-dioxolane was prepared , and the tosyl groups were displaced by 
NaPPh, or Na-dibenzophosphole to give a polymer bound optically active DIOP 
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type 1 igand. Rhodium(I) was introduced by exchange, and the complex was 

characterized by s1P nmr, T,, and electron induced X-ray emission, which showed 
an even distribution of rhodium throughout the polymer particle. Use of this 
material as a hydroformylation catalyst gave low (3-30%) enantiomeric excesses. 
The corresponding homogeneous catalyst gave a branched to normal ratio of 2, 
whiie polymer bound Ph,P catalyst gave 6, and polymer-bound phosphole gave 20. 
The catalyst was recovered in active form by merely filtering C217]. Polymer 
supported (CsHs)Co(CO), and (CsHs)Rh(CO)2 catalyzed the hydroformylation of 
1-pentene to hexanal at 130”[218]. The normal 9:1 selectivity for normal to 
branched aldehyde formation in hydroformylation of olefins by (PhsP)2PtCl2-SnC12 
catalysts was increased to 15O:l by anchoring the catalyst to a polymer support. 
This catalyst has a short lifetime however [219]. Rhodium, cobalt, and rhodium- 

cobalt bimetallic clusters were dispersed on zinc oxide and pyrolyzed to pro- 
duce crystal1 ites . The resulting materials were used as hydroformylation 
catalysts 12207. Other oxides, such as MgO, Ti02, and La203 also gave active 
catalysts, but basic oxides such as alumina, silica and V205 led to inactive 
systems EZZl]. Phosphinoalkylorganosilicon compounds were used as ligands in 
the rhodium(I) catalyzed hydroformylation of 1-hexene. The catalytic activity 
was similar to that of simple phosphine ligand-rhodium(I) complexes [222]. 

The clusters Cor;(CO)12 and Co2(CO)a were used as catalysts to hydroformylate 
1-octene. Both appeared to react via HCa(CO)+ E223J. Th’ cobalt cluster 

t(C0)3Co]3COR was an active hydroformylation catalyst (224-J_ 
The aldehyde C-H bond was activated to undergo an oxidative addition by 

formation of a P-aminopyridylaldimine. This was used in a rhodium promoted 
hydroacylation of olefins (eq. 155) ~2257. 

+ 5% LsRhCl 
0 

150 psi, CpHli 160” + a CH 3 CH 2- E R - 
6 hr 454 

(155) 

(900% on Rh) 

R = Ph, R-ONePh, e-ClPh 

2. Carbonylation of Alkenes and Alkynes. 
Propene was hydrocarboxylated by treatment with a number of alcohols and 

carbon monoxide in the presence of PdC12(PPh3)2 as catalyst, at 90-130° and 
40 to 120 atmospheres pressures 12267. At low carbon monoxide pressure the 
reaction resulted almost exclusively in production of the linear ester 12271. 
The active catalyst in this system was claimed to be a palladium(II) acyl 
complex, trans-Pd(COR)Cl (PPh3)2, whose structure was determined by X-ray crystal- 
lography [228-J. The mechanism of the conversion of ethylene to propanoic acid 
by carbon monoxide in water using a rhodium iodide as catalyst and iodine as a 



promoter, was shown 
rhodium catalyst to 
HRh(C,H,)I followed 

to proceed by: (1) formation of HI; (2) addition to the 
form HRh(CO)I; (3) coordination of ethylene to produce 
by insertion to give EtRh(III)I; (4) reaction with CO to 

give EtCORhI followed by reductive elimination producing EtCOI; (5) hydrolysis 
to form propionic acid and HI [229]. Olefins were converted to mixtures of 
linear and branched acids by treatment with carbon monoxide and acetic acid. 
HI or HBr was used as a promoter, and the catalysts were palladium on carbon 
or palladium on zeolite C2307. Palladium on silica also was an effective 
catalyst 1231 J. The full details of the J& carboxylation of olefins by car&n 
monoxide in methanol, and palladium(I1) catalysts with copper(I1) chloride as 
reoxidant, have been published 12321. Monoenes, conjugated and nonconjugated 

dienes, and conjugated enones reacted in good yield (eq. 156). This work was 

23’i 

RCH=CHz + CO + MeOH PdC13 cat. 
cuc1.2 & RCH=CH2COOMe (156) 

Na CaH7COa COOMe 

also the subject of a dissertation [233]. Styrene was converted to methyl 
cinnamate by treatment with carbon monoxide and methanol, using palladium(I1) 
chloride as a catalyst and copper(I) chloride, sodium acetate, and magnesium 
chloride as coreactants. At least 100 turns on catalyst was achieved [234]. 
Alkenes, alkynes and dienes were acylated by treatment with CpzZr(H)Cl, follow- 
ed by aluminum trichloride, followed by an acid halide (eq. 157). This was 
also a facile preparation of RAlCla species in which R was derived from an 
alkene or alkyne with the stereo- and regiochemistry of hydrozirconation [235]. 

Acetylene was carbonylated by carbon monoxide using PdBr2-(PhO)sP-HBr-BuOH 
as a catalyst system [236]. The effects of other ligands such as Cl-, Br-, I-, 
and SCN- on this system were also examined [2377. Alkynes were converted to 
a,~-unsaturated esters by platinum(Iv)-catalyzed hydrosilation, fcllowed by 
conversion to the pentafluorosilicate, followed by palladium(I1) catalyzed 
carbonylation by carbon monoxide and methanol (eq. 158) [238]. The development 
of palladium catalysts for the cyclocarbonylation of acetylenic alcohols to 

a-methylene lactones was the subject of a dissertation [239]. 

CpZr(H)Cl Cp Z,/\p _ 
2 \Cl 

RwAl Cl z 

+ - AlCl? 
or or 

RCH=CHa 
or Cp2ZreR 

RCsCH 

‘c1 R/JR, 
(157) 

R’ COCl l 

0 
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R-CEC-R’ t HSiCla H7PtCl s 

CO, MeOH 
PdClp/NaOAc 

R R’ - X 
H Sic1 

R R' 

V~ / - 
H COOMe 

3 

Hs+ 

(158) 

R = n-hexyl, t-Bu, Fh, MeOCH,-, Me0aC(CH2)a 

R’ = H, n-Bu 

Conjugated dienes were converted to a,g,y,&unsaturated ketones by treatment 

with dicobalt octacarbonyl and methyl iodide under phase transfer conditions 

(eq. 159) [2407. o-Bromoolefins and al lenes were converted to cyclic ketones 
by reaction with sodium tetracarbonylferrate (eqs. 160,161) c.2417. 

-I- COZ(CO)8 + CO c Me1 phase 
transfer (159) 

BrCH,CH2CH=C=CH2 + Fe(CO)&= AcOH l 

b’ 
Ts 

i- Fe(CO),= AcOH r 

r!!Y / 
30-404 

63% 

(160) 

c#O (161) 

65% 

Methylenecyclopropanes were converted to butenolides and p-methylene lactoner 

by reaction with carbon dioxide in the presence of palladium(O) catalysts (eq. 

162) E2421_ n-Allylpalladium chloride complexes reacted with carbon dioxide in 

the presence of diphos to give ally1 esters or unsaturated acids (eq. 163) 

C2437. 
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R = Me, - (‘3~ Is- 
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I CO2 t 

'Ph PAPPh 

$_ LOO" + ACOO" 

2 2 60% 

3. Carbonylation of Halides. 

Aryl halides were converted to neopentyl esters by treatment with NaH/ 

neopentyl 0Na/Co(OAc]2/C0 in THF followed hy hydrolysis. The reaction pro- 

ceeded under one atmosphere of carbon monoxide and was catalytic with respect 
to cobalt [244-J. Organic halides were converted to symmetrical ketones by 

reaction with iron pentacarbonyl and sodium hydroxide under phase transfer 
conditions. Unsymmetrical ketones were produced in low to moderate yield by 
initial reaction of an organic bromide to produce an alkyd-tetracarbonyl ferrate, 
followed by reaction with an organic iodide 12457. Acid anhydrides were con- 

verted to ketones by the reagent produced in the reaction of Grignard reagents 

or organolithium reagents with manganese(II) chloride and lithium chloride. 
With allylic Grignards, complete allylic transposition was observed L-2461. 
Acyl tetracarbonylferrates reacted with epoxides to produce a,b-unsaturated 
ketones (es_ 164) [2477_ Acyltetracarbonyl ferrates reacted with aryl iodonium 
salts to. give aryl ketones (eq. 1651 C2487. Aryl tellurium trichlorides reacted 
with nickel carbonyl in DMF to produce aryl carboxylic acids after hydrolysis [249-J. 
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0 

P 
0 

RCOFe(CO)Q- f p R:-CH=CHR’ 

R = n-8u >& 

60-80% 

R’ = Ph, Me 

0 
RCOFe(CO)ri f (Ar),IiX- - RkAr + ArI f LiX 

48-854, 

R = Me. n-Bu. Ph 

Ar = Ph, e-tolyl, e-anisyl-, e-chloro. e-bromo 

(164) 

(165) 

4. Carbonylation of Nitrogen Compounds 

Intensive activity continued in the study of the conversion of aryl nitro 

compounds to isocyanates _ Aryl isocyanates were produced in 38-903 yield from 

the corresponding nitro compound by treatment with carbon monoxide at 100 atm 

pressure and 200°C. Palladium(I1) chloride was the catalyst, and pyridine the 

promoter_ Oxides of Y, MO, Nb, H and Ta were also required [250,251]. The 

effects of pyridine base additives on yield were studied [252]. An increase of 

two to six fold was noted in the presence of these bases. Mixed oxides of 

molybdenum and lanthanides such as La, Ce, Pr and Nd in the form of mLt+Os-nMo0s 

increased both the activity and selectivity of these reactions [253J. Using 

RhaCl ,(CO)JMoCl s as a catalyst at one atmosphere of CO and 100” nitroarenes were 

converted to aryl isocyanides in 26% yield with 50% selectivity 12547. The iron 

compound Fe20a.V20s was found to increase the catalytic activity of PdCl,(Py)2 

for this conversion [255]. 

Phenylazirines were converted to 

[Rh(CO),ClJ, (eq. 166) 12561. Aryl 

R--Ll + co + 
R’ 

styryl isocyanates by reaction with 

amides were produced from 1,3-diaryltriazenes 

[Rh(CO)$l& - R qR(,1661 

R’ 

70-801 

R = H, Me, OMe, Br 

R’ = H. Me 

by reaction with carbon monoxide in the presence of PdCl,(PPhs)2 as catalyst 

(eq; 167) [257]. Secondary amines were formylated to N-formylamines by treat- 

ment with BMF in the presence of Ni(acac)z-phosphine-EtsAl catalysts [258]. 
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ArNHN=NAr + CO PdCl7(PPhq)p 
F ArNHCOAr (167 

5. Carbonylation of Oxygen Compounds 

The topic of mechanistic pathways in the catalytic carbonylation of methano 

by rhodium and iridium complexes has been reviewed C259J. The effects of added 

sodium iodide on the cobalt, rhodium and iridium-catalyzed carbonylation of 

methanol to acetic acid have been studied. No effect on the rhodium catalyzed 

reaction was noted, but the iridium catalyzed reaction was retarded [260]. The 

kinetics of methanol carbonylation over rhodium-y-zeolite catalyst were studied. 

A mechanism similar to that found with homogeneous rhodium catalysts was pro- 

posed E2613. Methanol was carbonylated with carbon monoxide to give dimethyl- 

oxalate and dimethyl carbonate using palladium(I1) acetate as a catalyst and 

tertiary amines and phosphines as additives [2627. Phenols reacted with carbon 

monoxide and triethylamine in the presence of PdCl,(PhCN)2 to produce diphenyl 

carbonates and salicylates. Use ofPd(CO)Clcomplexes as catalysts led ex- 
clusively to carbonate esters (eq. 166) C2631. 

i- 

co 
+ 

Et,N 

PdCl? (PhCN)? 
CH,Cl, 

(167) 

X = H, Me, Cl. Me0 

6. Miscellaneous Carbonylations. 

Formaldehyde was carbonylated to a-hydroxyacetal dehyde by reaction with 

hydridocobalt tetracarbonyl and car&n monoxide at 0” and 1 atmosphere pressure 

C2641. Aldehydes were converted to higher a-siloxyaldehydes by treatment with 

trialkylsilanes and carbon monoxide in the presence of dicobalt octacarbonyl 

and phosphines (eq. 168) [265]. Thioketones were converted to thioesters by 

reaction with sodium tetracarbonyl ferrate and acid halides (eq. 169) [266]. 

0 OSi EtaMe 

RE-H + HSiEtzMe + CO come 
PhsP 

loo”, 50 kg/cm2 k +fH 
R 

0 

068) 

43JX 
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+ Na,Fe(CO), -50” (1691 

50-601 

Olefins were converted to symmetrical ketones by hydroal umi nation fol 1 owed by 
treatment with carbon monoxide and copper(I1) acetate (eq. 170) [267]. 

Rfi f LiAlH, ---+ 4 
1 

R 4 

Thermal decomposition of dicyclopentadiene dimers in the presence of Cr(CO)s, 

T&g-+ R&i?) 2 

Mo(CO), or W(CO)s produced indanone L-2681. Terminal acetylenes reacted with 
iron pentacarbonyl upon irradiation to give mixtures of substituted quinones 
[269]. The steroid ring system was built up by the series of coupling and car- 
bonylation reactions shown in eq. 771 [270-J. Internal alkynes were cyclodimerized 

(171) 

27% by G.C. 

to substituted cyclopentadienones by carbon monoxide and palladium(I1) chloride. 
Only six to eight turns 
butene were converted to 
[272]. Carbon monoxide 
173) [r2737. 

of the catalyst were observed [271]. Diesters of cyclo- 
tricyclic ketones by reaction with Fez(CO)e (eq. 172) 
was methylated and reductively coupled by CpTaMe, (eq. 
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cr 0OMe 

I 
\ COOMe 

1) Fe7(COh t MeOOC 
2) Ce+4 

Cd% 
I 

low yield 

R 

C5Me5 

I 
Me-Ta\o oc=c /Me 

he 'Me 

(172) 

I 
(173) 

D. Oligomerization 

A catalyst prepared from nickel(I1) acetylacetonate, triethylaluminum and 
tributylphosphine reacted with butadiene at 100° in the presence of aziridine 

to produce 80% linear dimers, with 2,4,6-octatriene predominating. Isoprene 
dimerized with exclusive head-to-tail regiospecificity in 90% yield C2741. 
The catalyst resulting from reaction of (COD)zNi with triphenylphosphine 

dimerized butadiene to mixtures of linear octadienes. Morpholine was required 
for activity and formaldehyde acted as the hydrogen source [275]. A similar 

(CO&Ni-triphenylphosphine catalyst dimerized 1-cyclopropylbuta-1,3-diene to. 
4-cyclopropyl-1.5.7,9-undecatetraene in 50% yield [276J. Butadiene was 
selectively dimerized to 4-vinylcyclohexene when treated with “Fe(NO)s” 
generated electrochemically [277-J. The same reagent catalyzed (300 turns) the 

conversion of norbornadiene to the exo-trans-exo-dimer [278]. Linear, regular 
isoprene ol igomers were produced using Ni (acac)z/EtsAl/borate catalysts. Up 
to 57% farnesane was produced in this manner. Some cyclooligomers were also 

obtained C279J. In the nickel catalyzed oligomerization of isoprene, addition 
of cyclic amines enhanced formation of cyclic dimers such as dimethylcycloocta- 
diene and dipentene [280]. Isoprene was catalytically dimerized to 2,7- 
dimethyl-2-trans-4.6-octatriene by a homogeneous chromium catalyst (eq. 174; 
[281]. 
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R Et,Al OEt 

Cr(acac)j f 
THF f 3e- 7 

Selectivity control in nickel-catalyzed olefin oligomerization has been 

reviewed C282J. The reaction of butadiene with nickel (0) catalysts and phosphine 

to produce oligomers (eq. 175) was studied by varying the concentration of ligand 
and nickel, and plotting the log C[LJ/CNilI. This treatment of the data showed 

- 
0 - 

(4) 

\ + I c(=I / 

(2) 

\ + CJ- \ 
(5) 

f c2 \ / + 
(3) 

f CT ‘A 
(61 

log LLJ/tNiI = --3 75% 1 
15% 3 

log CLI/[Ni3 = 0 70% 4 
20% 5 

log [LJ/[NiJ = 2 70% 5, etc. 

the response of product distribution to changes in the ratio and allowed op- 
timization of the reaction for the desired product C283,2841. Butadiene was 
cyclodimerized to 1,5-cyclooctadiene with a 95%selectivity by using nickel (O)- 
s-(2-ethoxyphenyl)phosphite as a catalyst [285]. l-Yinylcyclopentene was 
cyclooligomerized by a Ni (acac)2/Bu3P/Et3Al catalyst system (eq- 176) C2867. 

Butadiene and ethylene were codimerized by homogeneous rhodium catalysts 

(175) 



245 

[287-J. Codimerization of butadiene and ethylene in the presence of a catalyst 

system consisting of CpTi (OTMS)3-MeMgI produced vinyl cyclobutanes IIZ883. 3- 

Vinylcycloal kenes were produced by codimerization of 1,3-dienes and ethylene 

using nickel (0) catalysts anchored to highly porous styrene-2X-divinyl benzene 

copolymers onto which pendent aminophosphine groups had been grafted [289]. 

Vinyl silane cooligomerized with butadiene using nickel(O) catalysts to produce 

l-trimethylsilyl-1.4,9-decatriene 112907. Butadiene and a vinyl aziridine cyclo- 

oligomerized in the presence of hi(O) catalysts. The ratio of products de- 

pended upon the ILI/CNi J ratio (eqs. 177,178) [291 J. 

o- + Ni (acac),/BusP/EtsAl 

1 1 4 - + 0 - 
8 4 

80” 
PhCH3 + 

57% conversion 
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Palladium-catalyzed nucleophilic attack-oligomerization has been used in the 

synthesis of a number of natural products including the sex pheremone of the 

red bollworm moth (eq. 179) [Z%!J. E,Z-Pyrethrolone (eq. 180) 12937, (c)- 

Zearalenone (eq. 181) [294], dihydrojasmone (eq. 182) [295-J, and steroids 

(eq. 183) [296J were synthesized in a similar fashion. 

/e, i- PhOH PdC1 ’ + j/\ * 
OPh 

THPO 
4OPh 

Pd(OAc)T AcO 
Ph3P 3 



- m 
OPh 

+ 

PhOH 

LpPdCl 3 
PhONa ’ 

i3SX 

PdCl 3/CuCl 
“20 

76% 

247 

(180) 

80% 

- + PdCII) + ROH - 

- 

I 

R --“-a: (181) 
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AN, + AcOH + Pd(I1) - AcO M 

1) Hy. RuCl?L? 
2) H+, Hz0 

(182) 

PdC13/CuCl 
DMF, H20 + L - - dihydrojasmone 

0 

OAc 

w, + AcOH Pd(OAc)& I 
+m 

+ 
1) base 
2) H+, H O-CO ’ 2 2 

COOMe 

base+ 

(183) 

1) Pd(IIjm(I1) 
02 

2) reduce 
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1,3-Dienes, vinyl halides and secondary amines condensed in the presence of 

palladium(O) catalysts to produce tertiary 2,5-dienyl amines (eq. 184) [I1971. 
0 

0 
v.* + <FYX 

L?Pd, 100” 

OSN”’ 21 

(184) 

12-401 

Methyl di hydrojasmonates was prepared in a synthesis involving palladium(Ii) 

assisted al kylation-dimerization of butadiene (eq. 185) 12981. In a similar 

fashion phenylmagnesium bromide reacted with butadiene in the presence of a 

Ni(acac)JP(OPh)s/Et3Al catalyst to give I-phenyl-2,7-octadiene, as well as 

other oligomers of butadiene not containing phenyl groups [2997. Butadiene 

//\// + UOMe PdC’-, + 
f-1 

YMe 

(185) 

, HP 
RuCl2Ls ’ 

dimerized and reacted with aldehydes when treated with Ni(COD), and tertiary 

phosphines (eq. 186) [3007. Methyl furfuraldimine reacted with butadiene in the 

presence of nickel (0) catalysts to give a number of cooligomerization products 

(eq. 187) C3017. Dimethyl ful vene dimerized when codeposited with nickel vapor 

(eq. 188) t3027. 

Ratio depends on L and R 

(1861 

F&fek-encesp.314 
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~ Nil(O) 
-I- 

N-R 

Ni (vapor) - 

087) 

(188) 

tantal urn complexes 
(eq. 189) C3037. 

The mechanism of dimerization of ethylene to I-butene by 
was shown to proceed via a metallacyclopentane intermediate 

(189) 

‘W 
CH,CH, 

The selectivity in ethylene dimerization over supported nickel oxide catalysts 
(SiOz or A1203) was examined r3047. The dimerization of norbornadiene to Binor-S 
by a (C7H8)2C02(C0)4-BF~-OEt2 catalyst system was claimed to proceed via a mono- 
nuclear cobalt catalyst, and not by a a-complex-multicenter process [305]. The 
complex produced by the reaction of Ni(acac)z with EtsAl and P(OEt)s catalyzed 
the homodimerization of bicycloC2.2.1]hept-2-ene (eq. 190) 13061. n4-Cyclo- 
octenyl complexes of nickel containing fluorinated acetylacetonate ligands 
oligomerized a-olefins in the absence of cocatalysts. The resuj ts were rational- 
ized by semi-empirical calculations [307]. Photolysis of (neopentyl )+Cr 
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+ Ni (acac )z + EtaAl + P(OEt)a - (190) 

and (mesityl)3Cr(THF) produced catalysts active for the polymerization of ethylene, 
styrene, acrylates, and vinyl acetate 13083. Electron rich olefins such as enol 
ethers, indene and sytrene cyclodimerized when irradiated in the presence of 
iron and manganese complexes of 2,2 ‘-bipyridine or l,lO-phenanthroline (eq. 191) 
[309]. 

Trial kylaluminum reagents react with terminal al kynes in the presence of 
nickel [310], manganese [311], and iron salts [312] to give mixtures of linear 
dimers, al kylated monomers and dimers, 1 inear oli gomers and aromatic compounds 
from cyclotrimerization of the alkyne. The product distribution depends on 
the conditions and catalyst used, but mixtures were always obtained. Terminal 
acetylenes were dimerized to enynes by reaction with i-BusZn and a nickel(I1) 
catalyst (eq. 192) E313]. 

2 RC-CH + i-Bu2Zn + Ni (mesal) - /R R&C-C\\ (192) 
CH, 

R = linear and branched hydrocarbons 

Dicobal t hexacarbonyl complexes of terminal acetylenes reacted with ful venes, 
indene, cyclopentadiene and acenaphthylene to give polycyclic, acylated products 
(eq. 193, for example) C314J. The same‘complexes produced thiepin dioxides when 

(193) 

heated with divinylsulfone (eq. 194) t3157. Racemic estrone was synthesized by 
a cobalt catalyzed cocyclotrimerization of bis-trimethylsilylacetylene and a 
functionalized diyne (eq. 195) 1316-J. This general process was the subject 
of a dissertation L-3177. 
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Ph \ 
-7” 

/R ,..TTN + (-+ / / so2 9& ’ 
Co(CO)3 

2 ti / \ 
s 

(‘194) 

+ TMscscTMs - TM.5 

// 

-__e d,l estrone 

The acetylene groups of the ligand PhsPCeCPh coupled when the bis phosphine 

complex of platinum(I1) chloride was refluxed in benzene (eq. 196) C3187. 

Phz 

cl\ 
,P--CsC-Ph 

clAPt\ 
P--C-C-Ph 
Ph2 

PhH 
rfx 

Ph 

Ph.z 

096) 

Acetylene was pol,ymerized in acetone solution at one atmosphere and 25O by 

these salts : (fbf~)CNis(CO),,IL (Me4N)2jI~~j6(C0)1J, (Me~N)CNil~(CO)zlHzJ, and 
(Et,$)ENi 12C02LH3 [319J. The bis benzonitrile complex of palladium(I1) chloride _ 

was an active catalyst for the codimerization of acetylenes with allylic halides 

to produce 1.4-diene codimers II3201. Rhodiumcatalysts reacted with carbon 

monoxide, hydrogen and methanol to produce ethanol with up to 50% selectivity 

[321 J. 

E. Rearrangements. 

1. Metathesis. 

The olefin metathesis reaction has been the subject of a review E3227. 

The stereoselectivity of the metathesis of cis and trans RCH=CH-CHs type alkenes - - 
using a catalyst consisting of Mo(NO)zXzLz or the corresponding tungsten complex 

and ethylaluminum dichloride was studied. The stereoselectivity decreased as 
the bulk of R increased, was independent of the nature of X, and decreased 

on going from molybdenum to tungsten. The stereoselectivity was related to 

steric interactions both upon olefin ‘coordination and in the metallacyclobutane 
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13233 _ The titanium complex CpzTiCHzAlClMez was shown to be a metathesis catalyst 
for terminal vinyl groups by reacting labelled isobutene with methylene cyclo- 
hexane and showing redistribution of the label between the two alkenes r324-J. 

The metathesis of cc-olefins on tungsten ha1 ide-organogermanium and organotin 
complex catalysts has been studied 13257. Inthemetathesis of 1-octene with 
tungsten hexachloride-ethylaluminum dichloride catalysts, addition of 
[(Ph0)3P]4Ni suppressed polymerization reactions and alkylation of the solvent, 
and rather directed the reaction towards production of internal olefins [326-J. 
Cyclopentene was metathesized in fair yield by the catalyst Wz(CH~SiMes)s. 
However, other olefins were inert to this catalyst c327-J. The catalyst re- 
sulting from irradiation of tungsten hexacarbonyl in carbon tetrachloride meta- 
thesized cis and trans olefins of the type RCH=CH-CHs to produce 2-butene wifh 
very high trans but low cis stereoselectivity. A severely sterical ly strained 
dinucl ear tungsten intermediate was cl aimed C3287 _ The catalyst resulting from 

treatment of MoOX on a-TiOz with NzO and hydrogen at 200” was found to catalyze 

olefin metathesis without hydrogen scrambling or isomerization through cationic 

intermediates [329]. 

A metathesis catalyst consisting of Re207 and AlzOs with a tetramethyltin 
promoter metathesized functionalized olefins at 25O (eq. 197). Allylic ethers, 

CH,=CHCH,R _ CH,CH, + RCH2CH=CHCH,R 097) 

R = OAc 17% conversion 96% selective 
R = OEt 46% 98% 
R = CHzCOMe 35% 97% 

esters and ketones were tolerated C3307. Molybdenum trioxide/al umina catalysts 
both isomerized and metathesized P-butenes c331-J. The bri dged bi cycl i c compound 
(+)-exo-5-methylbicycloII2.2.1]hept-2-ene was metathesized to polymeric material 
(eq. 198). The all cis polymer was totally syndiotactic, the 11:89 cis/trans -- 

(198) 

was syndiotactic at the & junctions and atactic at the trans junctions C3321. 
Manganese methylene complexes were formed in the gas phase by reaction of 

MnO* with ethylene and were studied by ICR l-3337. It was concluded that strong 
metal-carbene bonds were required for effective olefin metathesis catalysts. 

The mechanism of olefin metathesis and cyclopropanation was discussed in detail 
and the Chauvin mechanism was found to be consistent with most experimental 
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observations 13343. The metathesis of cis,cis-2,8-decadiene was used to study -- 
the mechanism of olefin metathesis c3357. A non-pairwise exchange-metal carbene 

mechanism best fitsthe experimental observations. Transition metal carbene 

complexes were generated by the reaction of CDaLi with tungsten hexachloride and 

molybdenum pentachloride followed by decomposition. These complexes were active 

catalysts for olefin metathesis and cycloolefin ring-opening polymerization C336J. 

Photolysis of 3-hydroxyhepta-1,Gdienes in the presence of copper(I) triflate led 

to olefin metathesis to produce bicyclo[3.2.0Jheptan-3-01. These were converted . 
to cycl opentenones by 

OH 

hV 
CuOTF + 

thermolysis (eq. 199) C3377. Cycl obutadi ene metal compl exes 

OH 0 

oxidation 

86% 78% 

099) 

580” 
hot tube + 0 / 

were considered as potential intermediates in alkyne metathesis [338]. Diaryl- 

acetylenes were metathesized by a number of different molybdenum carbonyl 

complexes (eq. ZOO) [3397. Electrochemical reduction of tungsten hexachloride 

at a7uminum electrodes generated an efficient metathesis catalyst _ The active 

species was thought to have been generated in the first reduction step (3407. 

PhCECPh 

+ (200) 

cat. = Mo(CO),(PhOH),, Mo(CO)s(NHs)s, Mo(CO)s(MeCN)s, trans-Mo(CO)bLz, 

~~~-Mo(CO)~(F~~PCH~PP~~)~ 

2. Olefin Isomerization. 

&- and trans-2-Butenes were s7ow7y isomerized to an equilibrium mixture 

of the three Possible n-butenes by RhCl(PPhs)s in dichloromethane [341-J. The 
kinetics of this isornerization as we17 as that of 1-butene [342-J were studied, 
and the reaction simulated on an ana?og computer c3437. Iron pentacarbonyl 
catalyzed the isomerization of 3-cyclohexene-7-carbonitrile to l-cyclohexene-l- 
carbonitri7e under carbon monoxide pressure at 180-250°0447. AYlyl benzene 



was isomerized to B-methylstyrene by (PhsP)kRu(s-CHsCN) (CHsCN). The rearrange- 

ment was believed to go via a n-allylruthenium species c3457. Olefins were 

isomerized by carbonylpalladium(1) complexes E3467. Nickel acetylacetonate 

cata7yzed the rearrangement of 2,5-dienones to 2,4-dienones (eq. 201) C3475. 

A steroidal diene was isomerizcd by heating with chromium hexacarbonyl in 

octane (eq. 202) [3487_ 

(201) 

n = 1,2 

H 

_n 

AcO 

+ Cr(CO)s rfx 
octane 

H 

81% 

Electron deficient alkynes were isomerized to allenes by formation of manganese 

complexes , treatment with al umina , and removal of manganese by cerium(IV) oxi- 
dation (eq. 203). This was of some use in organic synthesis (eq. 204) [349-J. 

Chiral allenes were racemized by reaction width (n.Bu)pCuLi, EtMgBr-CuBr, and 

MeP?gI-CuI _ An electron transfer mechanism was claimed [3503. 

R\ 
,CH-W-E 

LqMn(THF) + R’ 

R 
Ce4’ 

H 

b W R’ 

R = H, n-Bu 

R’ = H (CH2)5 

E = COOEt, COOMe, COCH,. CHO L3M = CpMn(C0)2 

(203) 
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n-&HI &CCHO - RCcC-CHO Al ?04 Rq PcHCOOMe 

I 
lo,,z t n-CaH17C=C=CHCH0 

I 
MnL3 MnL, 

(204) 

CaH17CH=C=CH-CH=CHCOOMe 
Fe(II1) l 

I 
CaH17CH=C=CH-CH=CH=COOMe 

?4nL3 

95% 

3. .Rearrangements of Al lyl Acetates, Al lyl Ethers, Al lyl Alcohols and 
Al lyl Amines. 

Cyclohexenylacetates nere rapidly isomerized by reaction with LQPd complexes. 
The mixture of isomers slowly lost acetate to give cyclohexadienes (eq. 205) 

COOMe 

4 ’ a-,,, 

COOMe COOMe 

(205) 

13517. In allylthiophosphate esters, the ally1 group rearranged from oxygen to 
sulfur in the presence of L4Pd catalysts (eq. 206). Allylic transposition was 

A lp& 

A/ 

Lz,Pd 
R’ ‘o- / K2C03 

m 

70-80° 
(206) 

73-98’6 
A = MeO, EtO, Ph 

B = MeO, EtO, EtsN, Et23 

observed, and r-allylpalladium complexes were claimed as intermediates [352]. 
Palladium(II) complexes catalyzed the rearrangement of ally1 acetates in high 

yield (eq. 207) [353-J. Ally1 ethers of 2-hydroxypyridine rearranged to N- 
al7ylpyridones upon reaction with platinum(O) complexes (eq. 208) C3541. 

PdCl 7 (MeCN )3 
cat. 0 (207) 

0-;-CH, 
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(208 1 

R1 = H; R2 = Me 
RI = Me. Rz-= H , 

Allylic esters of 3-butenoic acids rearranged to heptadienoic acids in 
reactions catalyzed Rh(PPh,),Cl under mild conditions [3553. “Rhodium(I) 
catalysis of vinylcyclopropane epimerization-stereochemical course and mechanism” 

as we1 1 as”Claisen rearrangements of al 1 yl oxyketone enol ethers” were topics of 
a dissertation [356-J. Al lyl alcohols were isomerized to ketones by water 
soluble ruthenium catalysts in a two phase system (eq. 209) C3577. Ally1 alcohols 

/ -7 
R Ru cat. l 

OH rcRl -TR (209) 

disproportionated to alkenes and conjugated aldehydes upon treatment with 
(COD),Ni and triphenylphosphine or bipyridine (eq. 210) [358]. Ally1 trimethyl- 
silyl ethers were isomerized to silylenol ethers by H2RuL4 (eq. 211) II3591. 

+ 
Ni(COD), - 

+ 
2 Ph,P 

+ H,O (210) 

(211 I 

Diene epoxides rearranged to allylic alcohols when treated with palladium(O) 
catalysts (eq. 212) 13607. N-Allylaniline underwent C-N bond cleavage to give 
aniline and methyl acetylene when treated with platinum(I1) or palladium(I1) 
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0 

+ 

/ 

d - 

L,Pd(O) 

and (2121 

a82 

salts at room temperature in polar solvents 13617. The platinum(I1) COIIqJleX 

of N,N-diallylan;Tine isomerized then cyclized to 1,2,4,5-tetrahydro-2,4- 
dimethylpyrrololI3,2.1-h,iJindole (eq. 213) [3627. 

4. Skel eta1 Rearrangements 
Nickel (0) catalyzed reactions of strained ring systems have been reviewed 

C363J. The skel eta1 rearrangements of 3-methyl pentane and methyl cyclopentane 
in the presence of Pt/C, Pt-black, pt/Si& and Pt/Al,Os were studied and 
compared C3641. Nickel (0) complexes catalyzed the vinylcyclopropane to cyclo- 

pentene rearrangement (eq. 214) [365]. Copper salts catalyzed the decomposition 

9-l + (COD)2Ni t- L3u3P - 
- 

& + &\ (214) 

R - 20% 80% 

R= 
D 

, Me, Et; i-Pr, Ph 

of homooctaval enyl diazomethyl ketone (eq . 215) [I366]. Strained mol ecu1 es 
containing fused cyclobutane rings isomerized when treated with rhodium(I) 

complexes (eqs. 216,217) [367]. Yalence isomerization of quadricyclane was 
catalyzed by rhodium(I) complexes (eq. 218) [368]. The reaction was thought 
to proceed thrqugh a rhodiacyclobutane. 

Catalysis of the quadricyclane to norbornadiene rearrangement was actively 
investigated, since this reaction holds promise for storage of photochemical 



COCHN;! 63 

CHO 

35% 47% 

259 

(215) 

+ [NBDRhCl& - 0 I (216) 

&I? + CRh(NBD)(AcO)& - 

(217) 

+ (218) 

Lb I I 
75% 
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solar energy. This rearrangement was catalyzed by cobalt tetraarylporphyrin 

supported on a polystyrene backbone. The catalyst slowly lost activity, pre- 
sumably because of partial oxidation [369-J. Derivatives of triphenylcyclo- 
propyl nickel also catalyzed the reaction 1370-J. The photochemical conversion 

of norbornadiene to quadricyclane was sensitized by Cu(PhsP)zBH4 with 0.76 

sensitizer yield and by Cu(PPhzMe)sBH+ with a 0.54 sensitizer yield 11371-J. 

Substituted platinacyclobutanes rearranged readily with retention of stereo- 

chemistry (eq. 219). The process was thought to proceed by a concerted 
mechanism ~3723. Palladium(I1) comp7exes promoted the conversion of 5a- 

pregnane-3s,ZCWdiol to uraneliol (eq. 220) [373]. 

Ph Ph 

Ph 

HO 

Bicyclic unsaturated esters rearranged by a process involving inversion by 

copper displacement, followed by a smigration of R (eq. 221) [3747. Cyclic 

0 

R-A f BuaCuLi -78” l csJ@ \ 
5 5 

‘R 
60% 

hydroperoxides were decomposed by palladium(I1) complexes to a,&unsaturated 

aldehydes (eq. 222) [I3757. The yields dropped as ring size increased.- The 
use of optically active metal complexes to epimerize a-amino acids has been 
reported 1376aJ. 

Na?PdCl II CHO a 
+ ‘420 

58% 
(also CS, C7, C&j. Cl2 rings) 

(227 1 

(222) 
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III.Oxidation 
A. Oxidation 
A wide range 

peroxide in the 

of Alcohols 
of secondary alcohols were oxidized to ketones by hydrogen 
presence of a tungsten catalyst (eq. 223). The rate limiting 

PH 
0 

A 4 Hz02 + (223) 
s 

cat. 

step was thought to be a two electron transfer C376b J. Allenic alcohols were 
oxidized to allenic ketones by nickel peroxides (eq. 224) 13777. Secondary 

R3 RI R3 
Ni peroxide 
200, Et20 + 

R4 

(224) 

R1 = H, Me, Et. Ph 

R2 = R3 = R4 = H, Ele 

60-902 

alcohols were oxidized to ketones in high yield by benzoyl peroxide in the pre- 
sence of nickel(I1) bromide as catalyst. Primary alcohols were oxidized to 

al dehydes or acids. To prevent overoxidation an excess of nickel (II) bromide 
over alcohol (2.5) was required Ir3787. Persul fate’catalyzed the oxidation of 

benzyl alcohol and benzaldehyde to benzoic acid. cycl opentanol to cycl opentanone, 

henzyl amine to benzonitrile , and aliphatic amines to acids in the presence 
of KsRuO,, as catalyst. Cyclohexene, t-butanol and dimethylacetylene dicarboxy- 
late were inert 13791. 

The enantioselective dehydrogenation of racemic l-phenylethanol by chiral 
rhodium(I) phosphine complexes was examined in detail [38OJ, as was the same 
process catalyzed by chiral ruthenium(I1) phosphine complexes [3817. Cyclo- 
hexanol = isopropanol, diphenylcarbinol and a-phenethyl alcohol were oxidized 
to ketones using RhCl(COD)L and IrCl(COD)L as catalysts. Cyclohexene and 
cyclopentene were used as hydrogen acceptors C3827. 

Pyridinium dichromate in DMF or CH2C12 oxidized aliphatic, aromatic hetero- 
cyclic and terpenoid alcohols to ketones. Nonconjugated aldehydes and primary 
alcohols were oxidized to the correspondi_ng acids [383]. Competi.ng carbon- 
carbon bond cleavages observed in the CrO, oxidations of secondary alcohols 
were suppressed by carrying the oxidations out in acetone or in the presence 
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of oxalic acid. Chromium(U) species were implicated in the carbon-carbon 
bond cleavage reaction [384]. Alcohols, aldehydes, and triphenylphosphine 
were oxidized by CrOCl,- [3857. 

The kinetics of the oxidation of aliphatic alcohols and diols by alkaline 
hexacyanoferrate(II1) in the presence of ruthenium(II1) chloride as catalyst 
were examined [386J. Primary alcohols coordinated to ruthenium(I1) amine com- 
plexes were oxidized by oxygen or hydrogen peroxide to the corresponding acids 
E387J. Aqueous JMSO oxidized primary alcohols to aldehydes and secondary 
alcohols to ketones when irradiated in the presence of copper(I) or silver(I) 
salts. The yields were high [3887. Secondary alcohols were oxidized to 
ketones by bromobenzene using palladium(O) complexes as catalyst (eq. 225) 
[389]. Unsaturated sugars were allylically oxidized by chalcone using 
RuHzL4 as a hydrogen transfer catalyst (eq. 226) f3911. 

OH 
RdHR’ + PhBr 1% LhPd 

base, DMF + PhH + HBr 
70-120”, 3-7 hr 

PAPh l 

RuH,L,+ cat. 

(225) 

(226) 

The kinetics of the oxidation of isopropanol and acetone by ceric sulfate 
in the presence of iridium(II1) catalysts-were studied [392]. Ethanol, 
methanol anci isopropanol were oxidized by benzyl chloride, a-haloketones. and 
a-haloacid derivatives in the presence of rhodium(II1) catalysts (eq. 227) 
II3937. 

0 
Pht-CHzCl 
PhCHzCl 
H2tKOCH2Cl 
EtOzCCH$l 

OH 

+ A PhqP, NaTC.03 (227) RhCls-3H,O cat. l R‘H i a 

40-708 

B-Oxidation of Alkenes and Alkynes. 
The stereochemistry of the hydroxypalladation of ethene. the first step 

in the Wacker oxidation of ethene, was shown to be trans (eq. 228) 13943, 
(es. 229) t3957. The kinetics and mechanism of the gas phase catalytic 
oxidation of ethylene to acetaldehyde on a palladium(II)-VzOs/AlzOs catalyst 
were studied 13961. Ethylene was oxidized to 6-chloroethylethers by 
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+ H20 + Pd(I1) 
_[;$;I &Dy (226) 

i Pd(I1) -I- CuCl z -I- Hz0 + CT- - 

D 

(229) 

palladium(I1) chloride-copper(I1) chloride solutions (eq. 230) [397]. 

CH2CH2 f EtOH + PdC12 
CuCl 3 

)- EtOCHzCHsCl (230) 

a-Methylstyrene was oxidized to the hydroxyacetate by cobalt(II1) acetate 
in acetic acid (eq. 231). a-Methylstyrene was oxidized primarily to cinnamyl 

Me Me 

A Ph ’ 
HOAc 

f Co(OAc)s - MC (231) 

acetate by this reagent E3981. The oxidation of olefins in homogeneous and 

heterogeneous phases by oxygen and metal 0x0 species has been reviewed 113397. 

Cycloocta-1 &diene was oxidized to mixtures of bicyclic ethers by phenyl 

selenium cyanide and copper(I1) chloride in the presence of alcoho?s (es. 232) 

14007. Conjugated esters were oxidized to y-keto-a,&unsaturated esters by 

chromium trioxide in acetic anhydride (eq. 233) [4OlJ. 

0 I I 
CuC12, ROH ’ phse~Phse ’ PhSeaPhSe (232) 

2 PhSeCN 

68% 

95r5 to 0:lOO depending on ROH 

Referencesp.314 
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0 0 

RCH2CH=CHCOOMe + CrOj AcTO l 
AcOH R:-CH=CH-;-OFle 

60-80'6 
R = n-Cs, Et, n-C3, n-C&, n-c5 

Fluorinated or partially fluorinated olefins were oxidatively cleaved to 
carboxylic acids by ruthenium tetroxide (eq. 234) 1402-j and periodic acid, 
peracetic acid or sodium hypochlorite. Steroidal dienes were oxidatively 
cleaved by ruthenium tetroxide (eqs. 235,236) [4037. Secoestratetraenes 
were oxidatively cleaved by Jones oxidation (eq. 237) E4047. 

c~~(c~~)scH=c~(~F~)~cFs + NaIOl, RuO, + CF~(CF,)~COOH 

&aH17 RuOl, l Hooch 
70% 

(2331 

(234) 

(235) 

(236) 

Cyclohexene and cycloheptene were oxidized to allylic phosphates by t- 
butylperoxyphosphates in the presence of copper salts L405-J. Alkynes were 
oxidized at the triple bond by CrO;, but both direct and a-oxidation products 
were obtained from CrO,Cl 2r CrOz(OAcIz and CrOs(OtBu), C406-J. 
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C. Epoxidationr 

The VO(acac), catalyzed epoxidations of cyclic allylic alcohols by t-butyl- 

hydroperoxide gave cis epoxides preferentially from medium ring alcohols (5-9 

membered) _ In contrast MCPBA gave exclusively trans epoxides with 8- and 9- 

membered alcohols [4077. The vanadium catalyzed epoxidation of trans-5-t- 

butyl-2-cyclohexen-l-01 was 34 times faster than the cis isomer, when alkyl 

hydroperoxides were used as the oxidizing agents. With the cis isomer, compet- 

ing oxidation to the u,B-unsaturated ketone was observed [408]. The stereo- 

chemistry of the vanadium(V) and molybdenum(V1) catalyzed epoxidation of allylic 

alcohols by t-butylhydroperoxide has been corrected (eq.238) [409,4101. 

R = n-Pr, Me; Et, t-Bu 

R’ = Et, Md, n-Pr 

threo erythro 

VO(acac)#-BuOOH 60:40 erythro-threo 

MO (CO)&-BuOOH 40:60 erythro-threo 

MCPBA 30:70 erythro-threo 

The rate constants and activation energies of the epoxidation of olefins 

hydroperoxide in the presence of homogeneous molybdenum catalysts were 

measured [4117. The epoxidation of dimers from Diels-Alder reactions of 

cyclopentadiene and butadiene using hydrogen peroxide and molybdenum(U) 

(238) 

by 

and 

tungsten(V1) catalyst was studied 14121. Rate and equilibrium constants 

for the epoxidation of cyclohexene by organic hydroperoxides in the presence 

of Mo(O)~DMF were measured [413-J. This process was inhibited by ai kali and 

and alkali earth metals such as Li, Na, K.and Mg stearates [414]. Propylene 

was epoxidized by t-butyl hydroperoxide in the presence of a polymer supported 

&(acetylacetonate)molybdenum(VI) oxide catalyst c4157. Other molybdenum(V1) 

catalysts active in the process were the naph thenate, the acetyl acetonate 

and the molybdenum(V) 1,2-propyleneglycolates C4161. The mechanism of propy- 
lene epoxidation by hydroperoxides catalyzed by molybdenum(V1) naphthenate was 

studied [417J as was the catalytic degradation of a-phenethylhydroperoxide by 

molybdenum&I) naphthenate C4187. 

Ally1 chloride was epoxidized by organic hydroperoxides using Mo(O)(OH), 

supported on silica gel [419]. Olefins were epoxidized by the reaction of 

iodosylbenzene in the presence of chloro-a.B.y.&tetraphenylporphinatoiron(III) 

as a catalyst (eqs. 239,240) [I4203. Cyclohexene was oxidized to 1,2-epoxy- 

3-cyclohexanol by oxygen in the presence of mixed rhodium(II) carboxylate- 

vanadium or molybdenum epoxidation catalysts [421-J. 

References P. 314 
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0 w (239) 

55% 

0 

CY (240) 

74% 

Phosphine and at-sine complexes of rhodium(I) of the type (PhsM)RhCl 
catalyzed the oxygenation of l-octene by oxygen in a process involving direct 
oxygen transfer from a rhodium-O2 complex [422]. Complexes of the type 
MoO(Oz)zL in which L is (S)-N,N-dimethylacetamide epoxidized olefins in up to 
78% yield and with up to 34% enantiomeric excess (eq. 241) C4237. Olefins were 

MoO(O,)-NMe2 

Me 

PhNO:, 
20” + (241) 

R 
up to 34% ee 

epoxidized in high chemical yield but low optical yield using t-butylhydro- 
peroxide and an Mo(Ojzacac catalyst in the presence of optically active dials. 
In this fashion squalene was converted to 3(S)-2,3-oxidosqualene in 31% yield 
and 14% optical yield. The optically active diol was tartrate C424-J. 

Al lylic alcohols were converted to 1.3-dienes in a process involving vanadium 
catalyzed epoxidation as a first step (eq. 242) C4253. The kinetics of the 
molybdate catalyzed epoxidation of ally1 chloride by hydrogen peroxide have 
been studied [426J. Sodium molybdate also catalyzed the epoxidation of a,~- 
unsaturated acids by hydrogen peroxide [427-J. 

H +COOH 
V cat. ’ R 

OH TMSCl l 

R,NAl Et? _ &OH 
(242 1 
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il. Oxidation of Ketones and Aldehydes. 
Aromatic aldefiydes, furfural s and octanal were aminoxidized by reaction with 

ammonia and nickel peroxide in the presence of anhydrous sodium sulfate, pro- 

ducing the corresponding nitrile in 58-778 yield [428-J. The kinetics of the 

ruthenium(III) catalyzed oxidation of ketones with potassium bromate in acid 
medium [429], the oxidation of linear aldehydes by KsCu(OH),(H4TeOs)2 r4307. 
and the osmium(VII1) oxide catalyzed oxidation of benzaldehydes by alkaline 
hexacyanoferrate [4317 have all been studied. 

E. Other Oxidations. 

The structure and catalytic activities of cobalt complexes of the type 

Co(OMe),OAc and molybdenum complexes of the type H2[Mo204L2(H20)2J in the 

homogeneous oxidation of hydrocarbons has been studied C4321. Saturated hydro- 
carbons were oxidized under both homogeneous and heterogeneous conditions by 
Cr(VI), Mn(II1) and HN03 oxidants in the presence of ruthenium(IV) complexes 
[4337. Ruthenium tetroxide was useful for the monodealkylation of N6,N6- 
dialkyladenosines by an oxidation to the corresponding amide (eq. 243) C434Ij. 
Indoles were oxidatively cleaved to amido ketones by copper(I1) chloride, 
oxygen and pyridine (eqs. 244, 245) C435J. a-Methylene ketones and esters 
were oxidatively cleaved at the a-bond to give carboxylates by Ru(NH~)~NO*’ 

RO 
RuOL, 

Qh 

NH2 
/ y& - 

H 

cuc13, OS 
QY 

R2 

RO 
NH, A 1 

MeOH ’ 
’ (243) 

0 a? ,‘I H 
H ‘i( 

6 
33% 

Ph 
Cl NH, 

-* 

Ii \ 

H 

(244) 

(245 1 

62% 
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[4367. Aryl halides and nitrobenzene were oxidized to biphenyl and terphenyl 
by palladium(I1) trifluoroacetate [4377. Phenols were oxidatively coupled to 
polyethers by reaction with oxygen in the presence of copper(I1) complexes of 
octameric oligo[l-(N-phenylcarbamoyl)aziridineJ (eq. 246) 14387. Oxazol ines 

(246) 

were converted to oxazoles, thiazolines to thiazoles, and other heterocycles 
were similarly dehydrogenated by nickel peroxide (eq. 247) [439]. Carvomenthene 

epoxide was converted to carvacrol by reaction with palladium at 200” (eq. 248). 
Platinum, ruthenium, and rhodium were less effective C4407. Benzoylformic acid 

(247) 

9 200°yd12 hr l fH (248) 

was oxidatively decarboxylated by aqueous acidic solutions of iron salts [441]. 
The mechanism of the oxidation of ArSMecompoundsby hydrogen peroxide in the 
presence of VO(acac), as a catalyst was studied C4421. The oxidation of carbon 
monoxide over supported palladium catalysts was the topic of a dissertation 
1443-J. Homogeneous catalytic oxidation was the subject of a review with 126 
references [444]. 

IV Reductions . 

A. Olefins. 
Hydrogenation of al kenes and alkynes catalyzed by metals and metal COITIpleXeS 

has been reviewed (140 references) 14457. Water soluble diphosphine ligands 
were prepared, and rhodium(I) hydrogenation catalysts incorporating these ligands 
were used to reduce olefins and a-acetamidocinnamic esters in aqueous solution. 
These catalysts were as effective as normal catalysts were in organic solvents 
(eq. 249) [446]. Complexes of the type ERh(diphos)]+, and their alkene and 
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fjNNPPh3 or 

-PPh 3 

(249) 

H e 1 HX H3 

p/RhlL / +\ 
H 

arene adducts were characterized, and the role of such complexes in homogeneous 

catalytic hydrogenation was studied [4477. Cationic rhodium(I) complexes con- 

taining norbornadiene and amines as ligands were prepared and examined as 

hydrogenation catalysts 14481. Reaction of isopropenyl cyclobutane with 

hydrogen in the presence of Pd/C, Pt/C or Rh/C catalysts resulted in reduction 

to isopropylcyclobutane, hydrogenolysis to P-methylhexane and 2,3_dimethylpentane, 

double bond migration, and ring expansion to cyclopentanes [449J. Olefins were 

catalytically reduced when treated with hydrogen and mixed ligand rhodium(I) 

complexes of the type Rh(Cl)LL’L”. The catalysts were prepared by reduction 

of @hCl (O.z)(PPhs)Jz in ethanol in the presence of phosphines such as P(CsH,X)s 

r4507. The rate of hydrogenation of cyclohexene in benzene using RhCl(PPh,), 

as a catalyst was studied. The rate limiting step appeared to be formation of 

RhHzCl (PPh3)e(CeH1a) 114517. The complex trans-PtH(NOs)(PEts)z was a hydrogena- 

tion catalyst at 60” and 600 psi hydrogen pressure. The order of reactivity 

was 1-hexene > trans-2-hexene > trans-3-hexene. Dienes and electron deficient 

olefins reacted very slowly [452]. Dihydridoiridium diolefin complexes such 

as [IrHz(COD)Lz]PF6 were observed directly by pmr spectroscopy and appeared 

tobeimportant intermediates in the catalytic hydrogenation of cyclooctadiene 
by these catalysts [453]. The stereochemistry of the reduction of bicycloolefins 

by RhCl(PPh,)s catalysts was studied. Platinum(I1) oxide catalysts gave the 

same results [454]. 

The stereoselectivity in the catalytic reduction of conformationally rigid 

cycloolefins such as Z-substituted-ii-methylene-1,3-dioxanes using a wide range 

of heterogeneous catalysts was studied [455]. The trimeric ruthenium complex 

[RugO(OAc)6(Hz0)3J0A~ reacted with hydrogen in DMF to produce a catalyst which 

reduced al kenes and al kynes. It was claimed that only one of the ruthenium 

atoms was active for both hydrogen activation and olefin coordination. The 

other two ruthenium acted merely as ligands for the one ruthenium that worked 

[456]. I-Decene was hydrogenated in the presence of dimethylamine-borane 

and the catalysts RuClz(PMe,)(C,H,), RuC1z(PMe3)4 and RuClz(CO)z(PMe3)4[4571. 
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The complex RuH2(PPh3)b was used as a model to study the mechanism of olefin 

hydrogenation, isomerization, and hydrogen-deuterium exchange [458]. Mono- 

and disubstituted olefins were selectively, reduced by sodium borohydride and 
cobalt(I1) salts. The order of reactivity was mono =- di =- trisubstituted 
olefins- Alkynes were reduced to alkanes [459J. 

l-Hexene was reduced by NaBHk, LiH, CaH2 and NaA1H4-reduced palladium 

[460]. The use ofAlH3mMesN, AlHClz.EtzO, AlHzNMe2, HA1 (NMe2)2, and (AlHNHR), 

plus Cp,TiCl,, Ti(oPr-i)k, YO(O-Bu-n)s, Y(NEtz)k, Fe(acac)z and Co(acac)a as 

catalysts for the reduction of olefins by hydrogen has been reported [461]. 

The res;lts of a detailed study of the reduction of olefins by HA1 (N-Pr2-i)z 

in the presence of transition metal complexes are sunanarized in eq. 250 C4627. 

Sodium borohydride reduced Rh(III)(DMG)2X to produce a CatalySt for Olefin 

hydrogenation (eq. 251) [463]. 
H 

(250) PhH HAl(N-i-Prz)2 f _R f cat- - 

H R 

cat. = TiCls, TiC14, CoCl,, NiClz, Cp,TiClz, CpNiLCl, (E$P)$iBr, 

with Cp2TiC1,: 

+ Hz + Rh(I)(DMG)z - 

t 

(251) 

I 99.5% 
NaBH+ f Rh(III)(DMG)2X --l 

The 5-Z and 5-E isomers of Vitamin D3 underwent regiospecific reduction of the 

Alc(lg) double bond by treatment with CpzZrHCl followed by protonation [464J. 
Olefins were both hydrogenated and isomerized over highly active nickel oxide 

catalysts [465]. The hydrogenation of ethylene over lanthanium transition metal 

perovskites was the topic of a dissertation [4667. 

B. Al kynes 

The use of metal clusters to catalyze the hydrogenation of triple bonds with 

organometallic compounds has been reviewed (36 references) L-4671. The cluster 
(CpFeCO)r, catalyzed the reduction of alkynes to al kenes at 130° and 100-1000 
psi _ Terminal alkynes were reduced over internal al kynes and electrophilic 

olefins such as methyl vinyl ketone were also reduced_ The cluster appeared to 
remain intact [468]. Palladium(I1) chloride in PMF was an effective homogeneous 
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catalyst for hydrogenation of alkynes and conjugated dienes C4691. Palladium(II) 
complexes anchored to polymer supports were effective hydrogenation catalysts 
for the reduction of al kynes to al kenes. Conjugated acetylenes. were reduced to 
conjugated 01 efins . Oxygen-containing solvents gave the most activity C4701. 
Acetylenes complexed to cationic iron species to give CpFe(C0)2(alkyne)f complexes 

which were reduced to u-vinyl species by hydride reagents C4717. Chromium(I1) 

amine complexes reduced al kynes to cis-al kenes in good yieJd (eq. 252). Dial kyl 

Cr(C70,)2 + 
H NA 

+ Arc-CR DMF l 
2 NH2 

(252) 

acetylenes did not react, but terminal and 1-phenyl-2-alkylacetylenes did [4722. 
Al kynes were stereospecifically reduced to cis al kenes by a Cp,TiCl 2 catalyzed 
hydroalumination reaction followed by an aqueous quench (eq. 253) C4737. 

RCEX-R’ + HAl[N(CHMe,),12 Cp7TiC17 + ‘Hi & :HI’ (253) 

C. Dienes. 

The dienes 1,Scyclooctadiene and 1,4- and 1,7-octadienes were cleanly reduced 

to monoenes using 8-aJlyJpa7ladium halides as catalysts in dimethyl acetamide 

under hydrogen. The reaction selectively gave monoenes because the mechanism 
involved a-al lylpal ladium species not accessible from monoenes C4741. The 
22(23) doubJe bond of a steroidal diene was hydroborated in the presence of a 

5-6diene by complexation of the diene to Fe(CO)s (eq. 254) C4757. 

(254) 
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Both 1,3-pentadiene and cyclopentadiene were homogeneously hydrogenated in 

the presence of palladium(I1) chloride-sodium borohydride stabilized by poly- 
vinylpyrrolidone [476]. 2,4-Dimethyl-2,3-pentadiene ‘.US reduced to 2,4-dimethyl- 

I- and -2-pentene by triisobutylaluminum in the presence of nickel (II) acetyl- 

acetonate 14773. The product distribution from the reduction of dienes by 

hydridopentacyanocobaltate(II)-catalyzed hydrogenation was altered by addition 

of neutral surfactants capable of forming micelles [478]. Conjugated dienes 

were reduced to monoenes by CoX(PPhs)s complexes activated by BFs-OEtz [479]. 

Catalysts for the selective hydrogenation of dienes and acetylenes to hydro- 

carbons were produced by the reaction of NiClz, PdClz or RhCl 3 with chelating 

nitrogen-containing ligands such as tyrosine, o_phenanthroline. or 

poly(ethylenimine) [480]. Chelating diphosphine complexes of nickel (II) halides 

cataiyzed the reduction of 1,5,9-cyclododecatriene [4811. Homogeneous catalytic 

hydrogenation of conjugated dienes under micellar and phase transfer reaction 

conditions was the subject of a dissertation [482]. 

D. Aromatics 

Catalytic hydrogenation of aromatic hydrocarbons has recently been reviewed 

(38 references) [483], as has pentamethylcyclopentadienylrhodium and iridium 

complexes as catalysts for olefin and arene hydrogenation (21 references)[484]. 

Arenes coordinated to molybdenum, ruthenium and titanium in a n6 fashion were 

reluctant to undergo hydrogenation. It was suggested that for catalysis in 

arene hydrogenation n4-arene bonding was important [485]. Benzene was reduced 

to cyclohexane under hydrogen using chelated amine complexes of nickel or cobalt 

[486-J. The effect of pressure on the catalytic hydrogenation of aromatic hydro- 

carbons on rhodium catalysts was examined [487-J. A hydridoruthenium-n6-arene 

dimer complex was a very stable and very active catalyst for the reduction of 

arenes at 50” and 50 atmospheres hydrogen’pressure (eq. 255) [488x. 

Phr + H2 

100% 

cat. = 
A”\ 

n6-CsH6Ru-H-RuC6H6-n6 Cl- 

\Cl’ 

PhOMe, PhOH, PhCOOMe, PhCOCHs, PhCOPh. PhNMe, -- high yields 
PhNO, + PhNH2 38% 

PhBr, PhCl. PhF, PhOPh -- not reduced 

(255) 

E. Asymmetric Catalytic Reduction 

The following reviews or dissertations concerning asymmetric catalytic reduc- 

tion have appeared: Catalytic Asyrrnnetric Synthesis with Transition Metal Complexes 

(30 references) [489]; Asymmetric Homogeneous Catalysts for the Synthesis of 
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Amino Acids (92 references) [490]; Asymmetric Homogeneous Hydrogenation with 

Chiral Phosphine-Rhodium(I) Catalysts (dissertation) [491]; Asymmetrical 

Synthesis of Amino Acids using Rhodium Complexes (87 references) i4927; 

Asymmetric Synthesis, The Use of Chiral Rhodium-Diphosphine Complexes as Homo- 

geneous Asymmetric Hydrogenation Catalysts (dissertation) [493]. 

The synthesis of new chiral ligands for use in asymmetric reduction continued 

unabated _ A phosphine ligand containing a chiral neomenthyl group, and chiral 

at phosphorus as well (lJ was used with a rhodium(I) hydrogenation catalyst for 

the reduction of a-acylamidocinnamic acids. Diastereoisomers differing in 
configuration only at phosphorus gave different amounts of optical induction. 

@ne diastereoisomer gave 31-85% ee, while the other gave 42-56X ee [494X. The 

use of diphosphine made from mandelic acid ($) as a ligand on rhodium(I) com- 

plexes produced catalysts which reduced a-acetamidocinnamic esters and acids in 

78-881 optical yields [495]. Other unsaturated acids gave low optical yields. 

Rhodium(I) carboxylate complexes of +-mandel ic acid were used as catalysts for 

the reduction of unsaturated carboxylic acids. The best optical yield obtained 

was 13% C4961. A bridged bicyclic diphosphine ligand was synthesized and used 

as a ligand for rhodium(I) complexes. The resulting catalysts reduced Q- 

acetamidocinnamic acids in high optical yield (eq. 256) 14977. Similarly 

rhodium(I) complexes containing the terpenoid bridged bicyclic diphosphine ligand 

were catalysts for reduction of these same substrates in 94-958 ee (eq. 257) 

14987. The catalytic activity of chiral phosphines 2 and the corresponding 

0 
;Ph2 _ 

Ph2P- 

s 

HSiCl? l & 
Ls PPh2 

/ 
‘, 

“‘PPh2 

Rh7C17(COD)3 
COOH + ?hCH$H-COOH 

E;HAC 

96% optical yield 

(2561 
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:Phz _ 

(257) 
Ph,P 

ph~P H. H 

-% 

COOH 
Na Rh(I), H7 

/ OOH ' 
SC NHAc 

HAc 94-95% ee 

phosphinites 4 in the rhodium(I) catalyzed reduction of prochiral olefins was 
compared - The phosphines gave the highest optical yields with acids while the 
phosphinites were best for esters. Both gave only low optical yields c4991. 
The arsine anaiog of DIOP (2) was prepared, and catalytic hydrogenations using 
rhodium(I) complexes of the ligand were studied. In the reduction of c-acetamido- 

4 2r 

cinnamic acids, the optical yields were lower than obtained with DIOP, and 
the products were of opposite chirality. The arsinecatalystswere comparable 
to DIOP for the hydrosilation of ketones, giving up to 42% optical yield [:OOl. 

The chiral pyrrolidinephosphine complex e was used as a ligand for rhodium(I) 
hydrogenation cata'iysts. The resulting complexes were used in the asymmetric 
synthesis of a-acetamidophenylacetic acids, salsolidine pentolactone, B-amino 
and 1,2-dicarboxylic acids in nearly quantitative yields 15011. The same 
catalyst was used to produce chiral lignans (eq. 258) [502J. 

Chiral rhodium(I) complexes of ferrocenylphosphine x were used to catalyze 
the reduction of a-acetamidocinnamic and acrylic acids, ketones, and imines, 
giving high optical yie7ds in some cases C503J. The chiral 1,2-diaminocyclo- 
hexane g was used as a ligand for rhodium(I) complexes used to catalyze the re- 
duction of a-acetamidocinnamic acids. It was found that methylation 



275 

+ H, L L*Rh(I) cat. - 

of the nitrogen to give 2 changed the chirality of the reduction products from 

(R) with g to (S) with J$ [504,.505]. 

7 % Me 

’ PPh2 

0” “I 
“NPPh2 , 

Sugar-derived phosphines and phosphinites have also been used as ligands in 

rhodium(I) catalyzed reductions of a-acetamido unsaturated carboxylic acids. 

With ligand g, the B form was more active than the a, the (S) enantiomer was 

obtained in up to 91% ee from acids and 88% ee from esters, the neutral rhodium(I) 

complexes were less active than the cationic complexes, and if the substrate lack- 

ed the a-acetamido group, no reduction occurred [506-J. Ligands z-g [SO77 

and ,$$-J,$ CSo8J produced active chiral rhodium(I) reduction catalysts. 

Ph 

<ti 

Me 

H OPPh 
H 

lo 0PPh.z 
- 
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REDAL reduced prochiral olefins to saturated compounds in 7-154: ee in the pre- 

sence of Cp2TiC1 z complexes containing (-)-menthyl cyclopentadienyl or (+)- 

neomenthylcyclopentadienyl groups f50gJ. Al 1 twe’ive possible permutations of 

label and chirality of chiral methyl-chiral lactic acid were accessible by 

R-pmphosRh+or S,S chiraphos Rh* catalyzed reductions of the tritiated olefin 

(eq. 259) &IO]. Chiral tryptophans were produced by asymmetric reduction of 

the correspondingunsaturatedacid (eq. 260) [511]. 

H COOEt 
- X 

OOEt 
1) LhPd 
2) CHaCOOT, CHzC12 * x - 

Br OAc T OAc 

ai % optical purity 
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F OOR’ 

HP 
LRh* cat. ’ 

60” 7 

82% ee 

Chiral Cob(I)alamine catalyzed the reduction of 3-methyl-5-phenylpent-2- 
enoic esters by zinc in ethanol/acetic acid/water solutions in high chemical 

yield and up to 21% ee. The Z isomer reduced to the (S) saturated product 

while the E isomer gave the (R) saturated product. The free acid, the ethyl 

ester and disubstituted amides reacted as well (eq. 261) [512,513]. 

Ph Cob(I)alamine 
EtOH&OH/H,O r 

PhzCOOEt 

(2601 

(261) 

kOOEt 
Ln 

(S) 21% ee 

85% yield 

A significant number of studies have addressed the mechanism of optical 

induction by chiral catalysts. The selectivity, isotope effect, and chiral 

recognition in olefin-rhodium(I)_+complexation has been probed [5147. Using 

31P nmr the reaction of the chiral rhodium complex in equation 262 with u- 

acetamidocinnamic esters was followed. The addition of triethylamine was shown 

p;f+; * R,qcooRt, - compl ex 

2L$hl 2 
-H 

RO..“ 

H ‘H 

(262) 

to greatly increase the rate of substrate complex formation [5157. By 1sc 

nmr the mode of bonding of enamide ester substrates to rhodium(I) complexes was 
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claimed to be as in g c5167. By 31P nmr the reaction in equation 263 was 
shown to give two complex isomers, which were regioisomers, not stereoisomers 
[517]_ Asymmetric homogeneous hydrogenation of Z-a-N-methylacetamidocinnamic 
acids and esters by chiral rhodium(I) complexes of DIDP and its carbocyclic 
analog has been studied [518]. 

R’ 

19 

+ 

1 
-I- 

I 
BFL+- 

Ph H 

JCL 
I 

+ Me OOMe 
H 

(263) 

Me 

(aj R = Me; R’ = H 

(6) R = H; R’ = Me 

The reduction of a-acetamidocinnamic acid by hydrogen in the presence of 
neutral and cationic rhodium(I) complexes of BPPM, (-)DIOP and DIPAMP was 

.Ph 

studied as a function of hydrogen pressure and added triethylamine. At one 
atmosphere the (R) product formed in 60-90% ee, but at one hundred atmospheres 
pressure the (S) isomer was formed in 8-158 ee. In the presence of triethyl- 

amine, the (R) isomer always predominated. The high and low pressure mechanisms 

proposed are shown in equations 264 and 265 c5?gJ. 

Using 31P and IH nmr studies of the complexes fL* TlRh (S-S ‘) +ClO1;- where 
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Rf + H, - &H, c=c slow 
_+ + R*h(C=C)Hz 

l Rth(H)(&-H) 

(264) 

H:--CH 

Rf + C=C * <(c=c;~+'-'-H 

Hi%CH 

(265) 

Lf L was BPPM and PPPM, and S-S’ was itaconic acid and a-acetamidocinnamic 

acid, cl aims of regioselective and stereosel ective complexation of these bi- 

dentate substrates leading to asymmetric induction were made [520]. The con- 

formations of pyrrolidine phosphine complexed (structure Q) to rhodium(I) were 

examined by 31P nmr studies [521]. Complex $JJ was used as a catalyst for the 
reduction of itaconic acid_ A bidentate coordination of substrate was thought 

necessary for good asynxnetric induction. Itaconic acid was a poor substrate 

forthis catalyst because hydrogen bonding (dimerization) prevented this. The 
pyrmlidine phosphine ligand (6) was thought to work well with itaconic acid 

by breaking up the hydrogen bonding [5221. Olefins were reduced using mixed 

hydride complexes of rhodium(I), triphenyl phosphine, and d-u-methyl benzyl amine. 

Formation of these mixed complexes was monitored by CD, 31P nmr, and electronic 

spectra [523]. The dependence of enantioselectivity on the structure of chiral 

ligands in aminophosphine rhodium(I) catalysts for asyrranetric hydrogenation was 

studied [524]. 

Rhodium(I) complexes of dimenthyl phenyl phosphine anchored to a polystyrene 

support catalyzed the reduction of a-acetamidocinnamic acids in 60% optical 

yields [5257. The DIOP ligand was attached to graphite, and rhodium(I) catalystsof 

this supported ligand were used to reduce a-acetamidocinnamic acids and to 

hydrosil ate ketones _ Low optical yields were obtained [526]. 

Raney nickel catalysts modified by the addition of chiral compounds such as 

tartaric and glutaric acid, and valine were used to reduce 8-ketoesters. Up 

to 56% optical yields were obtained (eq. 266) [527]. Similar catalysts were 

used to reduce acetylacetone to the diol (eq. 267) [528] and methyl aceto- 
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Me H 
_.= 

+ 

Me H 
. 

COOMe + H2 
Ni catalyst \_/ 

chiral aaditive + 

I 
0 

-T / 
COOMe 

HO H 

OH 

+ H-, + RaNi/tartaric acid/NaBr - IJl * * 

2R,4R 
65% isolated yield 
100% optical purity 

(266) 

(267) 

acetate to methyi hydroxybutyrate C5291. Similar substrates were reduced using 
Raney copper modified with chiral amino acids [530]. 

Methyl pyruvate was reduced to the (+) a-hydroxyester in 78X optical yield 

using platinum on carbon as a catalyst in the presence of cinchondine [531]. 

Methyl benzoyl formate was reduced by the same catalyst in 92% yield and 82% 
optical yield [532]. Dehydroalanine residues in cyclodipeptides were asymnetri- 
tally reduced over Pd/C catalysts with 85-98% chira'l induction C533l. Azlactones 
were asymmetrically reduced over a palladium catalyst in the presence'of (S)- 
a-phenethylamine t5347. 

Prochiral benzophenones were reduced to the afcohols in up to 26% ee using 
chiral DIOP rhodium(I) complexes to catalyze hydrosilation of the ketone C5357. 
Both rhodium(I) and ruthenium(I1) complexes of DIOP and (+)-Ph2PCH2CHMePPh2 
catalyzed the asymmetric reduction of aryl ketones to alcohols [536]. 

rhodium(.I) complexes catalyzed the reduction of a-amino-l-arylketones 
95% enantioselectivity (eq. 268) C5377. 

Chiral 
in up to 

-a-- 0 OH 
R2 /\ &CH2NHR3.HC1 H? 

Rhl_* cat. ' RI d-CH,NHRa-HCl 
- 

; (268) 

R' 

R1,R2 = OMe, H 
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F. Solid Supported Reduction Catalysts. 
Polymer supported transition-metal organometallic compounds as hydrogenation 

catalysts has been reviewed (15 references) [538]. Infrared and kinetic studies 
of polymer-bound rhodium cluster catalysts for hydrogenation C5397, and prepara- 
tion and characterization of polymer-bound tetrairidium cluster catalysts for 
olefin hydrogenation 15407 were both topics of dissertations. 

Anthanilic acid :,as anchored to Amberlite XAD-4 polystyrene beads, treated 

with rhodium(III) chloride, followed by reduction with sodium borohydride. 
ESCA showed the species to be a rhodium(I) complex. This complex catalyzed the 
reduction of olefins, aromatics, carbonyls, nitriles, and nitro groups, was 
insensitive to poisons, and had a long lifetime [5411. Rhodium(I) compounds 
were complexed to phosphinated silica to produce an air insensitive reusable 
catalyst for the reduction of olefins C5421. Cyclopentadiene groups were synthe- 
tical ly attached to a 20% divinyl benzene-polystyrene macroporous polymer, which 
was then reacted to produce polymer-bound CpRh(CO)z and CpCo(CO)z complexes. 
The rhodium complex catalyzed olefin, ketone, and aldehyde reduction, olefin 
isomerization and disproportionation of cyclohexadiene, turning black in all 
instances. Both the cobalt and rhodium species catalyzed hydroforrnylation 
reactions [543]. Phosphine ligands were attached to a polymer backbone through 
long (Cl,) hydrocarbon chains. Rhodium(I) complexes of these supported 1 igands 
catalyzed the reduction of I-octene, andwere equal to or superior to the horno- 
geneous system. The idea was to make the catalyst sites more accessible to 
reactants by removing it from close proximity to the polymer [544]. Swelled- 

mica-type silicates were intercalated with Rhz(OAc)s+ and triphenylphosphine to 
produce intercalated L,.,Rh+ type catalysts. In methanol 1-hexene was reduced 
without rearrangement. These intercalated catalysts discriminated between large 
and small al kynes. compared to homogeneous catalysts, producing cis al kenes 
c5457. Rhodium(I) complexes of(EtO&i(CHz)a-PPhz were prepared, and the 
catalytic activities compared with those of silica anchored catalysts. The 
supported catalysts were more active and more stable [546]. 

Amino-containing silica gels were treated with NazPdClb, and the resulting 
complexes were used as reduction catalysts for allylbenzene, cyclopentadiene, 
propargyl alcohols and Schiff bases [5477. Polystyrene-attached bipyridine was 
treated with palladium acetate, and the resulting supported complex catalyzed 
the reduction of al kynes preferentially to al kenes. Al kenes were reduced more 
slowly, but also isomerized. Ketone, ni tro, halo and benzyl alcohol groups 
were inert [548,54g]. Aqueous solutions of K,PdC14 were exchanged onto basic, 
OH group-containing ion exchange resins, then reduced. The activity of the 
resulting catalyst for the reduction of ally1 alcohol to propanol depended on 
the amount of surface OH remaining. Addition of HCl decreased the catalytic 
selectivity to that of Pd/C, while addition of NaOH increased it [5507. Enynes 
were selectively reduced to monoenes over polymer supported complexes of palladium 
phosphine/stannous chloride [5517. A highly active olefin hydrogenation catalyst 
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was prepared by adsorbing palladium(I1) chloride and poly-y-aminopropylsiloxane 
on fumed silica gel [5521_ Palladium catalysts on sulfide and metallic forms 
of alumina were studied by exoelectronic emission spectroscopy C553l. Silica 
supported palladium, rhodium, and iridium catalysts were shown to reduce acetylene 
directly to ethane by carrying out the hydrogenation in the presence of 14C 

labe?led ethene and showing no 14C in the ethane produced [I5541. 
P?atinum on nylon catalyzed the reduction of benzene only slowly, but re- 

duced cyclohexene rapidly. It was claimed that with this catalyst benzene 
coordinated in a dihapto fashion C5551. 

Iron pentacarbonyl was coordinated to triphenylphosphine groups attached to 

a 1% crosslinked polystyrene resin , and the resulting solid supported complex was 
activated (strippedofCO)by photolysisor by heating. The material catalyzed the 
isomerization of l-pentene, and the hydrosilation of l-pentene to n-pentane, 
triethyl-n-pentylsilane, cis- and trans terminal vinyl silanes and the corres- 
ponding a-llylic silane. The activity of this supported catalyst was comparable 
to that of the related homogeneous catalyst c5567. The iron carbonyls Fe(CO)s, 
Fez(CO)s and Fes(C0)12 were physisorbed on v-alumina under air-free 
conditions .to give highly dispersed supported catalysts of potential use for 

olefin hydrogenation and hydroformylation C5577. Cyclopentadiene groups were 
attached to 1% cross1 inked microporous polystyrene and 3% crosslinked macro- 
porous polystyrene, either as phenyl cyclopentadiene or benzyl cyclopentadiene 

groups, and COG groups were attached to give polymer supported “CpCo(CO)z” 
complexes . Irradiation or vacuum pyrolysis removed all of the CO’s (the 
process was reversible) to give supported “CpCo” catalysts which reacted with 
a 3:1 mixture of carbon monoxide and hydrogen at 200° to give a mixture of 
straight chain hydrocarbons in a Fischer-Tropsch type process. This same 
catalyst was re'iatively inactive in cyclotrimerization of alkynes and hydro- 
formylation reactions. Since COCOS was not active in Fischer-Tropsch 
chemistry under the same conditions , polymer support led to novel activity 
115587. Site separation of polymer bound ligands was probed by preparing a 
number of chloromethylated resins by copolymerization, incorporating imidazole, 
then complexing Co(DPGB)z-2MeOH through coordination of a polymer-bound 
imidazole at the axial position. ESR studies showed both 1 :l and 1:2 cobalt-to- 

imidazole adducts. depending on the polymer C559-J. 

Silica gel was treated with CpTiC13, then butyllithium to produce a solid 
supported catalyst for olefin hydrogenation [5603. Both silica gel supported 
TiCl, and polystyrene-bound Cp,TiCl z were catalysts for the hydroal umination 
of olefins c56lJ. Finally, bimetal lit clusters were supported on silica gel and 
polystyrene. and then studied as ethylene hydrogenation catalysts. The systems 
studied were: FezPt(CO)a(PPhz-@),; RuPtZ(CO)s(PPh2-@)s; HAUOS~(CO)~~-L-@ ; 
H,Ru~(CO)~,_,L-@; HzOss(CO)s-L-a [562]. 
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6. Conjugate Reduction of a,&Unsaturated Carbonyls. 

The rhodium(I) complex Rh(H)(PPh3)k catalyzed the transfer hydrogenation of 

conjugated enones to saturated ketones, using a-phenethyl alcohol as the hydro- 

gen source (eq. 269) [5631. The mixed reducing agent prepared from NaH, RONa 

F+ 
on 

/ 
’ * Ph A f HRhLL, Cat. 500 

(269) 

R R = H, 4-NO,, 4-Me,N, 4-MeO, 3-cl 

and Ni(OAc)2selectively reduced conjugated enones in a 1,4 fashion. Magnesium 

bromide increased the activity of this system. In contrast the system NaH, 

RONa, ZnCl, reduced conjugated enones in a 1,2 fashion to give ally1 alcohols 

(eq. 270) C5641. Under phase-transfer conditions K,Co(CN)sH reduced a n&ber 

t NaH/RONa/Ni (OAc)z (270) 

>95% 

of conjugated systems (eqs. 271-272). The catalyst was long-lived and gave many 

turnovers because of the phase transfer conditions used [565]. 

+ K,Co(CN),H 

0 

+ KaCo(CN)sH p”;c l 

(271) 

(272) 

93% 

Cinnamaldehyde was reduced to a mixture of B-phenylpropionaldehyde and its 

dimethylacetal by hydrogenation over palladium catalysts in methanol C5667. 

Methyl linoleate was reduced to the saturated ester by dicobalt octacarbonyl 

and hydrogen [567]. Dimethylmaleate was isomerized and reduced to dimethyl- 
succinate using H,Ru4(CO)aCP(OEt)J, as a catalyst C568j. Methylene succinic 

acid was reduced using a number of chelating diphosphine complexes of rhodium(I) 

of the type HRh(PhzP-(CHz),PPhp) as catalysts. Catalytic activity increased 
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as n increased from 1 to 4 [569]. Finally, i3-thio-a,B-unsaturated ketones were 

reduced to saturatedketones by sodium borohydride and cobalt(I1) or nickel(I1) 

chloride (eq. 273) [5707. 
0 SR” 0 

R_;_CH=C’ NaBHJCoCl 3 or NiCl 7 

‘R’ BH4, MeOH l R-;-CHZCH2R’ (273) 

R = Ph, Me 

R’ = Me, H, Ph 

RI’ = Et, n-Pr, Ph 

H. Ketones and Aldehydes. 

The effect of phosphine structure in the catalysts RhCl(PR3)2(CO) on the 

catalytic activity in the reduction of acetone to isopropanol was studied 

c577 7. Ketones were selectively hydrogenated in the presence of olefins by the 

rhodium(I) catalyst [Rh(Z,Z’-bipyridine)J+ 15727. Aliphatic,aromatic, and 

cyclic ketones were reduced to the corresponding alcohols at 160”/15 bar in the 

absence of solvent using RuC12(PPh ) 3 3, RuH2(CD)(PPh3)3 and Ru(CF3C02)2(CO)(pph3)2 
as homogeneous catalysts C5737. Similar ruthenium catalysts reduced aldehydes 

to alcohols C5747_ 

Aldehydes were reductively aminated in aqueous ethanol using dicobalt octa- 

carbonyl as catalyst, and carbon monoxide-water in place of hydrogen (water gas 

shift conditions)(eq. 274) [575]. E-Aryl 2-pyridyl ketones were reduced or 

reductively coupled by titanium(III) chloride and lithium aluminum hydride, 

depending on conditions (eq. 275) [576]. Acetophenone was reduced to the alcohol 

DC>“” + Co2(CD)s t- RHCO ;$‘;$$h 0s-CH2R (274) 

80-90% 

R = H, CHa, Ph, p-tolyl , p-anisyl , p-chloro 

Ar f TiCl 3/LiA1H, - (Q+Ar Or lQ+Ar (275) 

OH -2 

using catalysts produced from Rh(Cl)(PPhs)s and triethylamine, or [Rh(NBD)Cl&, 

triethylcmine. and phosphines. The triethylamine was required for activity. 

With chiral phosphines, up to 35% ee was obtained C5777. A procedure for 

the reduction of ketones in the presence of aldehydes, and the reduction of 

conjugatedaldehydes in the presence of saturate aldehydes is described in 

equations 276 and 277 C578]. Beth saturated and conjugated ketones were reduced 

to alcohols by transition metal complexes of heterocycl ic amine borane complexes 

(eq. 278) [579]. 
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+ CeC13-6H2O 

1 
15" 1.5NaBH, 

I 
(276) 

CHO R 
w 

OH 
m 1.5 NaBH, l 
R 

+ R'CHO + CeC13-6H,O 
R'ZHO 

(277) 

c, \ 
( j H2<i-N 

M i- 

u Nc\ 2 

0 + 0 
Cl OH 

i 
Q 

OH 

(278) 

M = Co, Ni, Cu, Zn, Cd 

I. Carbon Monoxide. 

Mechanistic features of cata?ytic carbon monoxide hydrogenation reactions 
have been reviewed (93 references) [580], as has the heterogeneously catalyzed 

hydrogenation of carbon monoxide (140 references) C5811. Investigation of the 

reduction of carbon monoxide by heterogeneous and homogeneous catalysts C5821, 

and models for the metal-catalyzed reduction of carbon monoxide by hydrogen [583-J 

were dissertation titles. Soluble ruthenium catalysts converted a 40~60 mixture 
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of carbon monoxide and hydrogen to a 4:7 mixture of methanol and methyl for-mate 

at 268” and 1300 atmospheres pressure [584J. Reaction rate measurements and 

infrared spectra of adsorbed species were studied in the synthesis of hydro- 

carbons from CO and Hz using silica supported ruthenium catalysts [585]. 

Reductionsofrhenium complexes $,j, and &! were studied as model reactions of the 

Fischer-Tropsch reaction [586]. The cluster Rus(C0)12 was a catalyst precursor 

for the Fischer-Tropsch reaction E5871. Coordinated carbon monoxide was reduced 

to “zirconoxy” carbenes by permethyl zirconocene di hydri de (eq . 279) [5887. 

I+ I 

OC+CO Bh- OC/Pe’R 
NO NO 

21 2 

R = CHO, CH20H, CH3 

f (n5-CsMes)2ZrH2 - 

J. Catalytic Transfer Hydrogenation 

Isopropanol reduced cyclohexanone, 4-t-butyl cyclohexanone.and acetophenone 

to the corresponding alcohols in the presence of an CRh(diene)LzJ+ catalyst 

and KOH C589-J. The complex CRh(4,7-dimethylphenanthroline)~ClJCl behaved in 

a similar fashion [590]. Isopropanol reduced 4-alkylpiperidinones in the pre- 

sence of triphenylphosphine complexes of rhodium(I) and ruthenium(I1) C5911. 

Iridium(I) complexes of 2,2’-bipyridine and 9,10-phenanthroline were active 

catalysts for transfer hydrogenation of ketones by isopropanol [592]. D-Glucose 

was reduced by tetrahydrofurfuryl alcohol or Z-methoxyethanol in the presence 

of RuCl,(PPh,),[593]. Fo-rmic acid was the hydrogen source in the Pd black- 

catalyzed hydrogenolysis of benzyl and benzyloxy groups from peptides [594,595]. 

Olefins were used as hydrogen donors in the 10% Pd/C-FeCls catalyzed reductions 

of aldehydes and ketones. Limonene was the best donor. This system reduced aryl 

chlorides and cyclopropyl ketones as well [596J. Raney nickel catalyzed the 

reduction of olefins, ketones and certain aromatic hydrocarbons by isopropanol 

t5977. Optically active esters of a- and 6-methylcinnamic acids were reduced 

over Raney nickel, palladium or platinum, giving up to 68% optical yields C5981. 

K. Ni troqen Compounds 

Nitroarenes were reduced to arylamines by sodium borohydride and copper(I1) 

acetylacetonate in very high yield. Many functional groups were tolerated (eq. 
280). [SSSJ. Aromatic n!tro groups were reduced in the presence of alkynes by 



NO2 + NaBH& Cu(acac)p 
Etou NHz 

30", 2-4 hr 

R R 

R = H, 4-U, 3X1, Z-cl, 4-Me, 3-Me, Z-Me, 4-OMe, 3-OMe, P-OMe 

C=C-R CSC-R 

H? 
Ru/AlzOs + 

70” 
60 psi 

NO2 NH2 

287 

(280) 

(281) 

hydrogenation over 5% Ru on A1203 (eq. 281) [6OOJ. Cobalt polysulfide and 
ruthenium sulfide catalysts showed similar selectivity [601]. 

Addition of triethylamine to RhC'i(PPhs)s produced a very active catalyst for 
the reduction of aromatic nitro compounds to aryl amines E6023. Nitrobenzene 
was reduced to aniline by CO and He0 in the presence of Rh6(C0)1c as a catalyst. 
The hydrogen source was claimed to be the water gas shift reaction L-6031. 

Nitrobenzene was reduced to aniline at room temperature and one atmosphere of 

hydrogen in the presence of Pd(acac)Z-pyridine. The complex Pd(acac)H(PhN02)py 

was isolable from the reaction C6041. Isopropanol reduced nitrobenzene to 
aniline in the presence of RhCl(PPhs)s or RuCl,(PPhs), and KOH [605]. Nitro- 
benzene was reduced to aniline under homogeneous conditions using PdCl,(PhCN)z 

as a catalyst [6067. Diacid complexes of cerium catalyzed the same reduction 

[6077, as did CuBr(PPha),C6081. 

Imines were reduced stereosel ectively cis by platinum catalysts in polar 

sol vents ; in contrast palladium and supported catalyst reduced them preferential- 
ly trans (eq. 282) [609]. Heterocyclic diazocompounds were reduced by 
titanium(II1) 07 iron(II1) salts in ethanol/water (eqs. 283, 284) [6107. 

H2 h catalyst HCl (282) 
-%_ 

kHaNMe, 

ii(III) or Fe(II1) (283) 

Y = CH, N 
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N 
H 

V 

:I‘ - :I I 
N 2 

cl q 

(284) 

49% 

Nitriles were reduced to amines by hydrogen using RhH(P-i-Prs)a as a catalyst 

(eq. 285) L-6117. Nitriles were reduced in a stepwise fashion on the face of an 

RCcN + fl, RhH(i-PrqP), 
l RCHzNH, (285) 

70-l 00% 

R = n-Bu, i-P?-, t-Bu, PhCH,, A-, w , Ph- 

Fea(CO)s cluster catalyst [612-j. Aldononitrilesofaldoses were reduced by 

hydrogen over a Pd/BaSO, catalyst [613-J. Conjugated nitriles were reduced to 
benzyl or allylamines by zinc in the presence of cob(I)alamin catalysts (eq. 

286) [614J. 

CN 

cob(I)aTamin cat. 
AcOH/H20 

Zn 

but 

(286) 

25% 38% 

The role of isocyanide insertion reactions in cluster catalyzed hydrogenation 

of isocyanides was examined [67 5 7. The reduction of isocyanides by hydrogen in 

the presence of Cp2ZrH2 was studied as a model for carbon monoxide reduction 

C6167. 

L. Halides, Ally1 Ethers 

Iron pentacarbonyl reduced a-bromoketones to ketones when refluxed in xylene. 
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The yields were 45-68%. A free radical mechanism was favored [617]. Aromatic 

halides were reduced to hydrocarbons by sodium borohydride in the presence of 

catalytic amounts of nickel(O) complexes (eq. 287) C618J. Nickel boride . 

ArI + NaBH, w+ ArH (287) 

70” 

Ar = H, p-Cl, p-COOMe--high yields 

Ar = p-OMe, p-CN, p-Me, p-N02, p-OH, p-NH2--low yields 

catalyzed the dechlorination of several organochlorine pesticides including 

lindane, heptachlor. and chlordane c6197. Polychlorinated alkanes were reduced 

by iron pentacarbonyl by a radical process [620]. Halides were reduced to 

hydrocarbons by CPpMoHz _ With chiral substrates the reaction went with reten- 

tion (eq. 288) L-6211. 

Cp,MoH2 + RX - RH (288) 

1 hr RX = CFsI, CHsI, CHzIz, CHzBra, Me02CCH21, NCCHzBr, MeO,CCH,Br, CHCl s 

1 day RX = EtI, n-PrI, i-PrI, e’-, BreBr, PhCH2Br, CH2C12, 

Me02CCH2Cl, NCCH2C1, PhCHCl2 

No reaction RX = Phi. EtBr, n-BuCl , AC1 , PhCH2C1 

Acid chlorides were reduced to aldehydes with no overreduction by (PhsP)2Cu- 

BHz+ [622]. The mechanism of the reduction of allylic ethers and acetates by 

organocuprates has been studied [623]. Al lyl acetates and ally1 phenyl ethers 

were converted to terminal olefins by reaction with anzmonium formate and a 

palladium(I1) catalyst (eq. 289) [624]. 

RtMOR 

or f HC02- L&U, r R./\/I 

OR 
(289) 

R’ A/ / 

R = Ph, CH$O 

M. Reduction by Hydrosilation 

Homogeneous catalysis of hydrosilation by transition metals has been reviewed 

(59 references) [625]. Hydrosilation of norbornene systems catalyzed by 

nickel(I1) phosphine complexes has been studied [626]. . The stereoselectivity 

of the hydrosilation of substituted cyclohexanones catalyzed by RhCl(PPhs)s 

under homogeneous conditions and by silicon bound phosphine rhodium(I) complexes 

under heterogeneous conditions was similar [627J_ Butadiene underwentalmost 
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exclusive 1,4 addition when treated with H2SiC72 and H2PtC1, as catalyst. Non- 
conjugated dienes underwent 7,2 additions (eqs. 290,291) [628]. Allylamine was 
hydrosilated to mixtures of y and p,-aminopropyl(triethoxy)silane in the presence 
of H,PtCl, and phosphines or arsines [629]. Alkynes (eq- 292), dienes (eq_ 29X), 
olefins (eq. 294), and conjugated aldehydes (eq_ 295) were hydrosilated using 

Rh(cicac), as a catalyst [630-J. 

e, f H,SiCl2 H,PtClF; ~ 
cat. 

72% 

H2PtCls 
I 

+ H2SiC12 H2PtClF, 

RCszCR' + HSiEts Rh(acac)q cat. RCH=C-SiEt, 
;I1 

(R' smaller) 

/MA f HSiEt, Rh(acac)? EtsSi 
cat. 

R R' 
RCH-CHR' + HSiEts - 

H X SiEt, 
(R' smaller) 

R.%yH t HSiEt, - 

OSiEt, 
RCH,CH=CH-L--H 

d 

(290) 

(291 I 

(292) 

(293) 

(294) 

(295) 
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isoprene was hydrosilated by (EtO),SiH in the presence of cocondensed Ni, 
Co, or Fe vapor [6313. 2-(Trimethylsilyl)-l-al kenes were prepared by platinum 
catalyzed hydrosilation of a trimethylsilylacetylene followed by desilation 
(eq. 296) 16327. 

TMS H TMS H 
n-&HI sC-C-TMS + MesSi H H?PtCl K l t( HOAc l 

- (296) 

nCsHl3 TMS nCs”,s H 

96% 96% 

N. Miscellaneous Reviews 
The following reviews dealing with reduction have appeared: 

Catalytic Reductions using Carbon Monoxide and Hater in Place of Hydrogen. 
(79 references) [6337 

Highly Stereoselective Hydrogenations with Group VIII Transition Metal Catalysts. 
(54 references) [6341 
Reduction of Organic Compounds with Low-Valent Species of Group IVB, VB, and 
VIB Metals . (172 references) [635] 
Catalytic Hydrogenation in Organic Synthesis--Procedures and Commentary. 
(191 pages) C6361 
Hydrogenation Reactions Catalyzed by Transition Metal Complexes. (548 references) 
16377 

Metal Catalyzed-Borohydride Reducing Systems for Organofunctional Groups. 
(41 references) II6381 
Redtictions with Covalent Borohydride Complexes.(5 references) [I6391 
Cationic Ionic Hydrogenation. (58 references ) 116401 
Catalytic Homogeneous Hydrogenations Using Mice1 lar and Phase Transfer Reaction 
Conditions . (16 references) 16417 
Part I. The Intramol ecu1 ar Cycl ization of Organoal umi num Compounds. Part 2. 
Reduction Using Low-Valent Titanium and Zirconium Complexes. (136 pages) C6421 

V. Functional Group Preparations 
A. Halides 

c-&-Yinyl iodides were prepared from acetylene by alkylation with an organo- 
cuprate followed by reaction with iodine.(eq. 297) [643-J. Hydroalumination of 

R,CuLi + 2 HCECH I? Rn (297) 

60-90% 

R = n-C,, mCH,,H, = Et Et 0 AO A 
alkynes by HA1 (N-i-Prz)z catalyzed with CpzTiCl,, followed by iodine cleavage 
of the alane led to similar products (eq. 298) 11644-J. Iron(II1) chloride 
reacted with acetylenes in the presence of a hydrogen source to give vinyl 
chlorides in a nonregio- and nonstereoselective fashion C6457. 
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KECR’ + HA1 (N-i-Prz)z 
Cp?Ti Cl 3 + 

R R’ R R’ 

X I? - X - 
H Al (N-i-Prz)z H I 

+ (298) 

R R’ R R’ - X I2 X - 
(N-i-Prz)zAl H I H 

Chlorobenzene was halogenated by iron(II1) chloride C6461. Aromatic, 

alkynyl and alkenyl nickel(I1) complexes were cleaved by N-bromosuccinimide to 

the corresponding organic bromides C6477. The conversion of Zeiss’ salt to 

2-chloroethanol by reaction with chlorine in water was studied [648]. 

8. Amides, Nitriles 

Lactams and imides were vinylated by reaction with vinyl acetate in the pre- 

sence of NanPdClr, (eq. 299) II6491. a-Chloroacetophenones were converted to 

amides by reaction with nitroaromatics and NazFe(CO), (eq. 300) C6507. 

c ,c@ f \ + AcOH 

! OAc 

(299) 

75-85% 

Rai-CHzCl + NazFe(C0)4 + ClzN--@Y 

(300) 

- R-@CClCHzCONH+-Y -_ 

R = H, Ph; Y = Me, ii, Cl 16-50% 
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Azlactones were converted to chit-al amides by reduction using palladium(I1) 

chloride as a catalyst in the presence of optically active a-phenethylamine 

(eq. 301) [651-J. Ma1 eic anhydride was converted to ma1 eic acid monoamides by 

reaction with amines in the presence of palladium(I1) chloride (eq. 302) [652]. 

(301) 

63% yield 
60% diastereomeric excess 

R1 = OAc, OMe 
R= = H 

4 0 

I -I- 2 RNH2 PdCl:, cat. 
l HOOC-CH=CH-;-NHR 

461 
0 

(302) 

Alkynes were converted to saturated nitriles by reaction with Ni(CN),=, sodium 

borohydride and cyanide ion (es. 303) [653-J. Aromatic aldehydes and saturated 
aldehydes were converted to the corresponding nitrile by oxidative amination 

(eq. 304) C6541. Aromatic halides were converted to nitriles by reaction with 

RC-CR' + Ni(CN),‘- + NaBH, + CN- H70 Or l RCH-CH,R' (303) 

HOQH "I 100% 
R = Ph, PhCH,CH, 
R' = H, Et 
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HO 

i Na2S04 + NH3 + “Ni peroxide” 

(304) 

PhH 
rfx 

CN 

cyanide and nickel(O) catalysts under phase transfer conditions [655]. Chiral 

palladium(O) complexes (DIOP) catalyzed the asyrrrnetric hydrocyanation of 

norbornene (eq. 305) and norbornadiene II6567. 

Lb I + HCN 

(+)DIOP Pd (305) 

40-80% yield 

28% ee 

C. Amines, Alcohols 

4 number of conjugated dienes were aminated in the presence of nickel(O) 

or palladium(O) complexes (eqs. 306, 307) [657-J. Butadiene was converted to 

1.4-bis dimethylaminobut-Z-ene by dimethyiamine and palladium(II) chloride 

(eq. 308) [6587. Allylic acetates were aminated by an ammonia equivalent in 

Pd(II) + R3P + &Al 

L-Pd(0) 

/ 

! 6 
\ 

l 

OG+ 

‘DA 60% 

(306) 

oo/o 50% 



A’ 
-+ PdC12 - Pd 

‘NHMee 

(308) 

the presence of L,Pd(O) catalysts. (2) Gabaculine was synthesized in this 

manner (eq. 309) L-6591. Butadiene was aminated and dimerized by treatment with 

secondary amines and nickel(O) catalysts (eq. 310) L-6607. Cationic cyclohexa- 

dienyl iron complexes were aminated by aromatic amines and phthalimide (eq. 311) 

C6611. 

OOMe 

b + DMBNH2 LtiPd cat. 

\ 
AC 

DMBNH, = (MeO-@CH-NH, (NH, equivalent HCOOH cleaves) 

THF , w, + [EtaAl + L2NiC127 + R2NH 20" \ 
-Rz (310) 

100% 

turnover > 400 
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Fe(C0)3 NHAr 

f ArNH, - 
FeCl q 

(311) 

The Ullman condensation reaction o f haloanthraquinones with amines has been 

reviewed (42 references) [6627. Anthraquinone reacted with ethylene diamine in 

the presence of copper(I) bromide catalyst to produce diaminated product (eq. 

312) [663-J. Copper(I) or copper(I1) chloride catalyzed the amination of 1,4- 

dihydroxyanthraquinone (es. 313) C6647_ 5,8-Dihydroxy-1,4-naphthoquinone under- 

went preferential B-amination under these conditions [665J. 

+ 

:I I;+ 
I 

0 

0 OH 

0 OH 

H2 

CuBr r 

RNH2 CuC? 2.H70 

(312) 

HR 

(313) 

100% 

Ketones and aldehydes were reductively aminated by amnonia in the presenceof 

a rhodium glyoxime complex C6661. Acetone was reductively aminated by aniline 

in the presence of cormaercial copper based catalysts C6671. Tri-n-butylamine 
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reacted with 2,4-dinitrophenyl hydrazine, Pd black and HCl at ZOO0 to produce 
98% di-n-butylamine and 92% 2,4_dinitrophenylhydrazone of butyraldehyde L-6687. 
Amino groups in polypeptides were protected with 8-haloalkyoxycarbonyl groups, 
which were readily cleaved by the supernucleophiles, cobalt(I)-phthalocyanines 
C6691. Primary and secondary amines were arylated by aryl halides in the pre- 
sence of copper catalysts C67O-J. 

Nero1 was prepared by palladium(I1) assisted hydroxylation of the corres- 
ponding triene. The terminal olefin was selectively oxygenated (eq. 314) 
C6717. Epoxides were opened to diols, a-methoxy al cohol s or chl orohydri ns by 
copper(I1) sulfate (eq. 315) [672]. Paraformaldehyde reacted with the bis 

(314) 

MeOH -MeONa 
3 hr 

r 
CuSO4/Py/MeOH 

CuS01+/Py/iZl -/THF 

n-allylnickel complex of 7,6,11-dodecatriene to give linear alcohols (eq. 316) 
[673-J. Hydroperoxides reacted with iron(I1) sulfate/copper(II) acetate to pro- 
duce unsaturated alcohols by a radical process (eq. 317) [674]. Hydroboration 
of terminal olefins by LiBH4 was catalyzed by Cp,TiClp. The resulting bOranQS 
were oxidatively cleaved to terminal alcohols C675J. 

OH 

H >95% 

OMe 

OH >95x (315) 

1 

Cd-Q =r H >95% 

FLeferencesp.314 



\ \ OH 
HCHO - 

i- (316) 

OH 

v, FeSOJCu(OAC)7 l /*OH 

(317) 

-0,. - -OH f 
w 

H 

59% 15% 

D. Ethers, Esters, Acids 

Chromium tricarbonyl complexes of fluorobenzene were converted to ethers by 

reaction with alkoxide. With the appropriate alkoxide the reaction was Cataly- 

tic in chromium (eq. 318) [6767. Indanols were stereospecifically converted 

o- ‘I’ F+RO- - 
7 

Cr(CO), 
I 

Cr(COI3 

(3181 

to ethers by complexation to chromium,formation of the chromium stabilized 

carbonium ion, and reaction with methanol exclusively from the face opposite 

chromium (eq. 319) [677]. Irradiation of primary or secondary alcohols in THF 

OH 
only 

(319) 

OMe 
w,..., 

WC013 
(only) 
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in the presence of iron(II1) chloride produced the corresponding tetrahydro-2- 
fury1 ethers E6787. Ally1 alcohols were converted to silylenol ethers by 
reaction with trimethylsilyl chloride in the presence of RuH,(PPhs)4. The 
reaction involved rearrangement of the allylic alcohol to the enol C679]. 
Butadiene was converted to 1,4-diacetoxy-Z-butene by reaction with acetic acid 
over a pal 1 adi urn-tell uri urn-carbon catalyst [6807. 

Anhydrous iron(III) chloride catalyzed the esterification of carboxylic acids 
in refluxing alcohol [6817. Transesterification reactions were catalyzed by 
copper(I) alkoxide phosphine complexes [ROCu(PPh,),][6827. Oxiranes were con- 
verted to a-hydroxy esters by reaction with Co2(CO)a and carbon monoxide in 
methanol C6831. Thioesters were available from the copper catalyzed reaction 
of Grignard reagents with carbon disulfide (eq. 320) [684-J. Steroidal dithio- 
carbonates produced diacetates upon reaction with iron(I1) perchlorate and 

S 

RMgx + cs, CuBr Me1 
THF + - RE-SMe (320) 

93-100% 

R = t-Bu, 0, )=/ ¶ .+C=L PPhh*;:; 

oxygen in acetic acid (eq. 321) [6857. Aldehydes (RCHO) condensed to self 
esters (RCO$HzR) when reacted with RuHz(PPhs)4 [6867. 

Fe(C10L)7 
Oz, 120°, AcOH (321) 

H 

SMe 34% (cholestane ring system) 
S 

E. Heterocycl es 
o-Olefinic amines cyclized when reacted with PtCl,= in acidic aqueous solution. 

The reaction was very slow taking from 8 to 67 days (es. 322) C6871. Aromatic 
dialdehydes were reductively aminated by primary amines in the presence of 
KHFe(CO), (eq. 323) [688-J. (i)Catheranthine was synthesized using two 

(322) 

H H 

40 60 90% 
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+ RNH, 

CHO 

(323) 

R = Me, PhCHe, furfuryl , aryl 

palladium assisted ring closures (eq. 324) [689]. The general approach has 

been described in detail 1690-J. 

Indoles were prepared by the reaction of (o-isonitrile)benzyl ketones with 

copper(I) oxide (eq. 325) ~691.692~. Indoles, quinolines and benzazopines 

were prepared from o-haloani7ines containing unsaturated alkyl groups 

COOMe 

COR 

R = Me, n-Pr, i-60, n-C+, Ph, t-Bu 

R1 = H, Me 

Rz = H, Me 

- (324) 

(325) 



on nitrogen by reaction with Ni(0) complexes (eq. 326) [693]. N-blethylisoquino- 
line salts contracted to indoles upon reaction with titanium(II1) chloride (eq. 

327) [694]. 
Anilines reacted with aldehydes in the presence of [Rh(NBD)Cl& as a 

catalyst to produce 2,3_disubstituted quinolines (eq. 328) [695]. Aniline 

MeMgBr 
1% NiC12(PPhs)2 

> 

Me 

NO2 

+ 7.7 TiC13 - 

H 

(326) 

(327) 

20% 

reacted with ethene in the presence of rhodium(II1) chloride and phosphine to 

give mixtures of E-methylquinoline and N-ethylaniline L-6961. More unusual 

heterocyclic syntheses are shown in equations 329 [697], 330 [698], 331 [699], 

and 332 [7003. 

+ RCH&HO 
[Rh(NBD)Cl]y l (328) 

1 

H2 

R = H, Me, Et- 

PhN=C=N-Ph + RLC=C-R2 

R1 = Ph, Et 

R2 = Ph, Et, COOEt 

30-80% 

Ph 

67% 

(329) 

R+l\R, + CCpFe(CO)& 

R 
6-39% 

R = H, Br 

R’ = H, CHO 
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Ph R + MeOOCC=CCOOMe Mo(CO)c; r 

R' 
R' R 
S-28% 

0 Cl 
R1-;-_Fe(CO)k- + R2-i=NR3 CH3C17 

ToHrF RI 

(331) 

(332) 

12-651 
RI = Ph-, p-anisyl, P-furyl, Me 
R' = Ph, p-BrPh, Et, 2-fury1 
Rs = p-to1y1, Ph, p-ClPh, Me, p-anisyl 

Unsaturated amides of o-bromoaniline cyclized to oxindoles or isoquinolones 
upon reaction with catalytic amounts of palladium(II) salts (eqs_ 333-336) 
r701-J. An unusual rearrangement was noted in this type of reaction (eq. 337) 

[702J. B-Lactams were made by the Pd(0) catalyzed cyclization-carbonylation 

MeOOC 

Pd(OAc):, 0 

L Ph 
48% 

(333) 

of (bromo)-allylamines (eq. 338) [703]. Polycyclic ring systems were prepared 
by a similar reaction (eq. 339) 17041. Palladium(I1) acetate catalyzed the 
cyclization of N-benzoyl indole derivatives (eq. 340) 17057. Penams were 
synthesized by a copper(I) mediated cyclization (eq. 341)[706]. N-chloro- 
carboxamides cyclized when treated with chromium(I1) chloride (eq. 342) 17077. 

Ph 

PdCl?(PhCN)q l 
(334) 



Ph 

Pd(OAc):, t COOEt 

303 

(335) 

(336) 

Pd(OAc)? 
PAr3, 100° + 

(337) 

H iI:cl :I , Pd 

R 

H 
N 

-O7@ 

=I / 

R 

h 

40-90% 

(338) 
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Me0 

Pd(OAc)? cat. 
Bu3N, Ph,P ’ x>c =r N 

(339) 

90”, co IteO 

Pd(OAc)? 

Rx = H, Cl, CH3; R’ = H, CH,, Cl 

LDA 
CuI.PBu3 + 

~PNB 

6-40X 

CrCl 7 

CONCl Me 

C02PNB 

(340) 

(341) 

(342) 

y-Ketothioenol ethers cyclized to furans when treated with titanium tetra- 

chloride (eq. 343) C708 7. Furans were produced from a-acetylene glycol by 

reaction with L,PdCl, (eq. 344) [709]. Chiral cobalt complexes converted chloro- 

-ot;6 
X 

Tic14 l de 
Me X 

(3433 

X = H, Me 

R = Me, Et 

75% 



RCS-C-CHOHCHOHR’ 
LpPdCl:, l 

305 

(344) 

40-90s 
R = Me, Et 
R’ = Ph. HC=C-_ MeCGC-, EtC=C 

hydrins to epoxides in up to 35% optical purity (eq. 345) [710]. Heptane-2,6- 

dione was converted to frontalin by irradiation in the presence of titanium 

tetrachloride (eq. 346) [711]. Tetrahydrofurans and pyrans were prepared from 

7,5-dienes and phenylselenyl cyanide and copper(I1) chloride (eq. 347) C7127. 

H 

L 0 

Cl +co* - 

p 
* 

~35% optical purity 

Co* = N.N’-disalicyliden-~lR,2R)-1.2-cyclohexandiaminatocobalt(II) 

u hv + 
CH,OH/TiCl+ 

\ 

58% 

J---L + 2 PhSeCN + CuC12 MeCNf H?O 

P 
SePh 

SePh 
9 

(345) 

(346) 

(347) 

Chiral E-substituted dehydrobenzofurans were prepared by cyclization of o- 

allylphenols with chiral s-allylpalladium halide catalysts (eq. 348) C7131. 

The full experimental details, including a detailed kinetic and mechanistic 
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study, of the palladium(I1) catalyzed conversion of acetylenic alcohols to CI- 
methylene lactones has appeared (eq_ 349) [7147- Butenolides were synthesized 
by the reaction of iodoalkenols with carbon monoxide and palladium(O) catalysts 
(eq. 350) C7157. Styrenes reacted with palladium complexes of aryl carboxyl ic 
acids to give dihydroisocoumarins (eq. 351) C716-J. Propargyl alcohols were 

converted to butenolides or dihydrofurans by reaction with Grignard reagents 
followed by reaction of the thus-formed vinyl magnesium halide with the appro- 
priate electrophile (eq. 352) [717]. Olefins reacted with dihaloacetic acids 

PdI,/Bu3P/CH3CN 

HOCH,CH$=CH -I- CO f or 

PdCl2/Ph$‘/SnCl 2/CH3CN 
cat. 

f 82% (348) 

IIcg = 3.42O 

0 

+ QT (349) 

R 

-t LrPd 2 atm CO 
R’ THF 

350 R’ 

Arr 

COOH 

Pd-Cl Ph 
+ AcOH 

250 

(350) 

(351) 

29-838 
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Benzene and nitromethane reacted to form a-nitrotoluene when manganese(I1) 

was electrochemically oxidized to manganese(IIi) in the presence of these 

substrates [729-J. The thiocyanate group was introduced into aromatic nitrogen 

containing compounds by ortho palladation followed by reaction with thiocyanate 

(eq. 361) [730-J. Thioamides were converted to amides by reaction with sodium 

f Pd(OAc) - 

Ph 

(361) 
SCN- + 

Ph 

s , s react similarly 

chloropalladate in methanol, followed by DMSO (eq. 362) C731 I. Racemic arene 

tricarbonyl complexes of aromatic aldehydes were resolved by formation of the 

semioxamazones derived from (-)-(S)-a-phenethylamine [7321. Alcohols added 

1,4 to phenylazostilbene in the presence of iron or copper catalysts (eq. 363) 

S 0 

ArNH-t--R + Na,PdCl 4 MeOH l OMSO l ArNH-t--R (362) 

PhN=N-C=CHPh f 

;ti 

M = CuSO,+-SH,O, 

OR 

ROH M cat. ~ PhNH-N=C-&!-Ph 

;h 

CuClz-2Hz0, FeS04.7Hz0, Fe2(S0,)s~mH,0 

(363) 

17337. Polycyclic aromatic thiophenes were hydrodesulfurized by reaction with 

46-72% 

sulfided cobalt(I1) oxide-molybdenum(Y1) oxide/y-alumina C7341. Tertiary amines 

were converted to secondary amines when treated with Pd black and thiolates at 

200° (eq. 364) C7357. 

R1RZR3N + R’SNa 
1) Pd black, 200° 

2) H30+ 
b R4SR1 + R’R3NH (364) 

3” > 2O > Jo for R1 
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Monosubstituted terminal olefins were converted to the corresponding n- 
allylpalladium chloride complexes in 41-92% yield by irradiation of the olefin 
and t-butyl hypochloride, followed by treatment with PdCl 2r NaCl , MeOH and 
Hz0 under CO L736J. Triphenylphosphine reacted with styrene in acetic acid in 
the presence of palladium(I1) acetate to give 94% stilbene. The phenyl group 
was derived from the phosphine E7371. Ethyl 1 ithi urn was produced in the reaction 
of lithium with (COD)2Ni followed by hydrogen and ethylene L73C7. Optically 
active l-dimethylaminoferrocenes were ortho palladated, then treated with 
conjugated.enones to give 1,2-disubstituted ferrocene derivatives (eq.365) [739]. 

Fe 

H \’ 

\‘\Me 
NMez 

Na3PdC14 

(365) 

Ph 

Ph 

Fe 

Chelating diphosphine complexes of iron(O) cleave a variety of C-H bonds in- 
cluding those of primary acetylenes, activated methyl groups, and aromatic 
and other sp2 hybridized systems L7403. Cyclic ketazines were cleaved to 
cycloalkenes and cycloalkanones when treated with t-butylhydroperoxide and 
molybdenum(V) chloride or molybdenum carbonyl C7411. Aryl halides reacted 
with CuSCsFs to produce ary? -perfl uoroarylsul fides Ar-S-CeFsC7427. Steroidal 
epoxides were ring opened to the corresponding chlomhydrins by dichloro-bis 
(benzonitrile)palladium(II). The reaction was most efficient for 4,5-oxido-3- 
ketosteroids, giving yields of 80-95% L7431. 

Styrenes reacted with p-toluenesulfonyl chloride in the presence of L3RuC12 

as catalyst to give vinyl sulfones (eq. 366) [744]. Conjugated di enes reacted 
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Ph 

R 
> + Me+-SOzCl L$i’7 + ’ (366) 

Me 

with sulfinic acids or their sodium salts using a-al lyl pal 1 adi urn chloride and 

phosphine as catalysts to give allylsulfones (eq. 367) [7453. Chelating diolefin 
palladium(I1) complexes reacted in a similar fashion (eq. 368) L-7467. 

ArS02H 

w,+ or 

ArSOzNa 

i- - (367) 
SOaAr 

30-93% 5-20x 

+ RS&- + PdClp - 

(368) 

Nickel(I1) complexes of the lactam of lysine racemized (the lysine) when 
treated with ethoxide in refluxing ethanol. By seeding with crystals of enan- 

tiomerically pure nickel complex, one enantiomer of lysine could be obtained. 

By running the undesired enantiomer through the above sequence again, racemic 

lysine could be converted to a single enantiomer [747]. Olefins reacted with 

diphenyl diselenide in the presence of copper acetate to produce a- 

acetoxy phenyl se1 enides [748]. Perfluoroalkyl iodides c-added to isocyanides 

in the presence of copper powder as catalyst [7493. Copper(I1) acetate 
catalyzed the reaction of triethylphosphite with bronw-azobenzenes (eq. 369) 

[7507. Benzene was converted to mixtures of monosubstituted linear alkylbenzenes 
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::F>& + (EtO)aP 

Et2 

(369) 

with one to five carbon atoms by reaction with hydrogen and carbon monoxide 
(CO, 100 atm) and a U(CO),/AlCl, catalyst at ZOO”C75lJ. 
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