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I .  Introduction 

Organomercury compounds1-8 have been known since 
the middle of the past century, and they were one of 
the first types of organometallic compounds studied. 
However, due to the low reactivity of the mercury- 
carbon bond, their application in synthetic organic 
processes was not important, and their utility was 
centered on the synthesis of other more reactive or- 
ganometallics. This low importance was even more 
diminished when the Grignard reagents were discovered 
at the beginning of this century. However, in the past 
20 years, organomercury compounds have again ac- 
quired interest in organic synthesis, in spite of their 
toxicity, in relation mainly to the solvomercuration 
reaction, which permits the preparation of functional- 
ized organomercurials with high selectivity; these or- 
ganometallics are adequate precursors for functionaliied 
organic compounds. 

The numerous general methods for obtaining orga- 
nomercury compounds are described in detail in Hou- 
ben- WeyT and include, basically, substitution or ad- 
dition reactions; they are shown as follows: 

487 
488 

488 
488 
489 
494 
494 

(a) Substitution reactions 

RH + HgX2 - RHgX + HX 

(R = alkyl, alkynyl, aryl) 

RMet + HgXz - RHgX + MetX 
494 

RMet + RHgX - R2Hg + MetX 

495 
496 
496 

(Met = Li, YZMg, 1/B, y3Al, Y3Tl, l/qSi, YzZn, f/,Pb, ... ) 
RX + Hg - RHgX 

497 
505 (X = Br, I, N2+, NHNH2) 

(b) Addition reactions 506 
506 
506 RCH=CHz + HgX2 + HY - RCHY4H2HgX 
506 
506 

(Y = OH, OzH, OR’, OzR’, OAc, NR’z, NHCOR’, 
N3, NO21 

507 
507 
507 

RCzCR + HgXz - RCX=CR(HgX) 

(X = F, C1, OAc, SCN) 

Y 
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( Y  = OH, OR’) 

The reactivity3 of the prepared organomercury com- 

(a) Mercury-metal interchange (transmetalation) 

RHgX + Met - RMet + Hg + X- 

RzHg + 2Met - 2RMet + Hg 

(Met = Li, Na, K, Mg, Al, ... ) 
This reaction is particularly interesting for obtaining 

p-functionalized organometallic intermediates derived 
from alkaline-earth  metal^.^ 

(b) Mercury-hydrogen interchange (hydrogenolysis) 
by means of mineral acids or reducing agents, especially 
sodium borohydride 

pounds can be summarized in the following way: 

RHgX + HX - RH + HgXz 

RHgX + H-- RH + Hg + X- 
0 1,988 American Chemical Society 
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(d) Mercury-halogen interchange (halode- 
mercuration) 

RHgX + Halz - RHal + XHgHal 

(Hal = Br, I) 
More recently, different methods for the generation 

of carbenes and radicals from organomercury com- 
pounds have been developed. In the first case, the 
starting materials are haloalkylmercury 

RHgCH2Hsl  - fCH2:) + R H p H d  - * A  
( H a l  = CI. Br. I )  

In the generation of radicals"J2 the starting materials 
are typical organomercury compounds; the thermal, 
photochemical, or chemical-mainly using a h y d r i d e  
treatment of these organometallics yields the corre- 
sponding radicals: 

-C N 
h e . 1 o r h  flleCN R 

12IH-.lon donor 
RHgX - R. 

0, H 

From the above-described reactivity, it can be de- 
duced that organomercury compounds are adequate 
precursors for carbanions (transmetalation), carboca- 
tions (halodemermation), carbenes, or radicals. From 
these possibilities, the transformations of organo- 
mercury compounds, which involve intermediate radi- 
cals, have acquired great interest in the past decade due 
to the importance in organic synthesis of radical reac- 
tions, which have been developed in the past years, 
above all in the important field of carbon-carbon bond 
formation."-" 

The present review considers the reactions of orga- 
nomercury compounds, which occur through a radical 
mechanism, paying special attention to their poten- 
tiality in organic synthesis, that is, pointing out the 
applicability of these processes. 

II .  Radicals Generated Thermally or 
Photochemlcally 

A. General Theoretical Comments 

The thermal generation in solution of substituted 
benzyl radicals from substituted d ibenzy lmerc~ry '~~~  
or benzylmercury iodides2" has extensively been studied 
from a theoretical and spectroscopic point of view. 
Thus, the kinetica of the decomposition of these mer- 
curials has been investigated, concluding that they are 
processes of first the corresponding values of 
u have been deduced (although these might be flawed 
because benzyl mercurials decompose by a chain 

and the resulting radicals have been 
studied by spin resonance spectroscopy (ESR).% This 
theoretical and spectroscopic study has been extended 
to diarylmercuryu or dialkylmercury compounds,z6 
fluoroalkylmercury derivatives?? and &substituted 
organomercurials.28 

B. Thermally Generated Radlcals 

The most studied generation of radicals by heating29 
has been carried out starting from dibenzylmercury. 

.IC& Barhmga was born In Tardiema, Spain, h 1940. He obtained 
his Ph.D. degree (soivomercuration of dlenes) at the University of 
Zaragoza in 1966 under the direction of Prof. V. mer-Aranda. 
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of the Max Planck Gesellschaft at the Max Pianck Instnut fin 
Kohlenforschung, Mulhelm a.d. Ruhr, Germany, In h group of Fmf. 
H. Hoberg studying aluminum chemistry. In 1970 he took a pos- 
ition as a Research Associate at h University of Zaragoza, where 
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istry, in the Department of Organometallic Chemistry, where he  is 
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in the area of heterocyclic chemistry and functionalized systems. 
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Compounds. 
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(c) Mercury-carbon interchange in the presence of 
a catalyst 

Pdn at. RHgX + CO + R'OH - RC02R' 

Nio ut 
RHgX + CO - RCOzR' 

AI&, 
&Hg + R'COCI - RCOR' 

Pdn ut. RHgX + R'CI - RR' 

Pdn 
RHgX + C H 2 4 H R '  - R C H 4 H R '  
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SCHEME 1 

(PhCH212 + PhCH2NHPh + PhCH20H t PhCHO 

(28% 1 (18%) 1 3 7 % )  

(PhCH2I2 + PhCH2NHPh t PhCHO 

152%) minor 118%1 

(PhCH2i2Hg a 

' (PhCH212 + )$O + Ph++Ph + PhMe 

1 3 0 % )  PhCH2 0 1 3 4 % )  ( 8 % )  

122%) 

SCHEME 245 

02 i-PrOD 
i-Pr Hg - &-Pr' - 2  
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SCHEME 351 

(CNl2C=CICNl2 + R2Hg [TCNE' + RZH9+] - 

The reaction has no synthetic utility because a mixture 
of reaction products is usually obtained, 1,2-diphenyl- 
ethane always being present. Thus, while dibenzyl- 
mercury reacts with acetic acid at  130 "C, yielding 
benzylmercury benzoate as the main product,30 its 
treatment with nitrobenzene31 or nitro~obenzene~~ leads 
to a mixture of different compounds (Scheme 1). 
When decomposition is performedin the presence of 
maleic anhydride, the mixture indicated in the Scheme 
1 is obtained.33 The corresponding radical produced by 
reaction of the benzyl radical with the anhydride is 
postulated as an intermediate. 

Perhaps the most studied reaction with the benzyl 
radical thermally generated from dibenzylmercury is the 
process with aromatic systems such as a n t h r a ~ e n e , ~ ~ - ~ ~  
9,1O-dihydroanthra~ene,~~-~~ pyridine,39 quinoline,39 
isoquin~l ine,~~ and indene.40 In all these cases the re- 
action is initiated by generation of the benzyl radical, 
which attacks the aromatic system, yielding a new 
radical; the final stabilization of this intermediate leads 
to the corresponding mixture of products. An indirect 
route for generating benzyl radicals is to thermally 
decompose dimethyL41 or diethylmer~ury~~ in the 
presence of toluene. 

The pyrolytic decomposition of diphenyl- 
mercury36~40~43 or phenylmercury acetate44 as a source 
of phenyl radicals and their coupling reaction with 
aromatic systems such as anthra~ene:~ 9,lO-dihydro- 
a n t h r a ~ e n e , ~ ~  or indene40 have also been described. 

The pyrolysis of different dialkylmercury compounds 
in the presence of 2-propanol leads to the radical de- 
rived from the alcohol, which suffers disproportionation 
or oxidation, giving, in the case of diisopropylmercury, 
the products showed in Scheme 2. The process, which 
can also be activated photochemically, has been studied 
by using 0-deuteriated 2-propanol; thus, deuterium 
incorporation has been found to take place in both 
radicals.45 

In regard to cyclopentadienyl derivatives, the reaction 
of ethyl radicals-generated by heating diethyl- 
mercury-with ferrocene& and the formation of cyclo- 
pentadienyl radicals from substituted dicyclo- 
pentadienylmercur3P7 have been studied. On the other 
hand, benzyl radicals-obtained by pyrolysis or pho- 
tolysis of dibenzylmercury-have been used for trap- 
ping of nitr0gen-@7~~ and phosphorus-containingm rad- 
icals. 

[RC ( CN 1 2-t I CN 1 + RHg ' 3  - RC I CN I 2-C ( CN I 2HgR 

( R = M e ,  Et, L-Pr) 

SCHEME 4"~'~ 

SCHEME 557*" 
hu 

R'HgX + ,:,=NO; Li+ - R'R;C-NO~ 
DMSO 

1 2 3 

The addition of dialkylmercury compounds to tetra- 
cyanoethylene (TCNE) through a charge-transfer 
mechanism, which involves two radicals has been de- 
scribed (Scheme 3).51 

When the thermal or photochemical decomposition 
of the mercurial is performed in the presence of carbon 
tetrachloride as a solvent, olefins and alkyl chlorides 
are obtained as reaction products through a chain 
radical process.52-" Scheme 4 shows two examples as 
well as the proposed mechanism; when the alkyl sub- 
stituents contain deuterium atoms at  the P-position 
with respect to the mercury atom, an isotopic effect of 
4.9 f 0.1 (KH/KD) is observed.53 

The above-described reaction has also been per- 
formed in the presence of per~hloroethane;~~ in both 
cases an in-depth mechanistic study relating the reac- 
tion conditions, structure of reagents, initiators, etc. has 
been carried out, concluding that both processes are 
mechanistically similar. Finally, the spontaneous de- 
composition of di-tert-butylmercury in carbon tetra- 
chloride has been demonstrated to occur via a radical 
m e ~ h a n i s m . ~ ~  

C. Photochemically Generated Radicals 

The photochemically induced reaction of different 
primary or secondary alkylmercury chlorides or brom- 
ides 1 with several anions derived from nitro derivatives 
2 leads to the corresponding products 3 through an SRNl 
type mechanism (Scheme 5 and Table 1).57158 

The process is inhibited with di-tert-butyl nitroxide, 
it does not occur in the dark, and the reaction works 
only when the solvents are completely deoxygenated. 
Additional evidence for a radical mechanism is the 
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TABLE 1. Nitro Derivatives 3 from Organomercurials 1 
and Nitronate Salts 267Js 

nitronate salt 2 nitro derivative 3 
R’ X RZI vield. % 

PhCH, 

n-C6H13 

c-C6H11 

i-Pr 
CH2=CHCH2 cr “‘OMe 

c-C,H&H, 

t-Bu 
Me 

Ph 
(E)-Me3CCH=CH 
2-CH2=CHCH2OC6H, 

SCHEME 65s*5g 

e1 
Br 
e1 
e1 
Cl 
e1 
Br 
e1 
c1 
e1 
e1 
e1 

c1 
e1 
c1 
c1 
c1 
e1 

56 
68 
60 
87 

100 
90 
50 
76 
84 
63 
50 
14.5 

35 
2 
0 
0 
0 
0 

R’RZCNO~ i 
3 %  [R1R;CN02] 

R ’RZCNO~ i 
3 %  [R1R;CN02] 

, )  
R’HgX 

SCHEME @Of6’ 

hL. 
t-BuHgC1 + NU- - t-BuNu 

18-crown-6 
4 

above-described reaction (Scheme 5) starting from (5- 
hexeny1)mercury chloride: the result of this process is 
a mixture of the corresponding cyclization products 
through the initially generated radical (Scheme 6).59 
The proposed mechanism is shown in Scheme 7.57r5s 

As shown in Table 1, the reaction does not work when 
a tertiary organomercurial (i.e., tert-butyl) or aryl- 
mercury chloride is used. However, this problem can 
be overcome in the case of the tert-butyl mercurial by 
carrying out the reaction in the presence of a stoichio- 
metric amount of 18-crown-6 (Scheme 8 and Table 
2).60,61 

The photochemically generated radicals from orga- 
nomercurials 1 have been used with success to produce 
coupling reactions with heteroatoms, yielding carbon- 
heteroatom bond f o r m a t i ~ n . ~ ~ , ~ ~  The products 5-8 ob- 
tained in this way are listed in Scheme 9 and Table 3. 

TABLE 2. Coupling Products 4 from t-BuHgC1 and 
NucleoDhiles Nu-60,s1 

product 4 
nucleophile Nu” yield, % ref 

NO2 71 60, 61 
MeZCNOz 69 60,61 
MeCHNOz 74 60, 61 
CHzNOz 68 60, 61 
PhCHNOz 71 60, 61 
PhC(Me)N02 67 60, 61 

qp 0 60 

(OzN)zCN02 0 60 
fJCG\, 72 60, 61 

‘ co’ 
N3 34 60, 61 
PhCHCN 4 60, 61 
PhzCCN 48 60, 61 
Ph3C 39 60, 61 
Ph2CH 36 60, 61 
Ph2CC02Et 0 60 
Ph2CCOCMe3 6 60 

No2 

44 60, 61 

PhC(CO2Et)Z 43 60,61 
CH(C02Et)z <2 60 
MeC(CO,Et), <2 60 
t-BuCOCHZ 7 60,61 
t-BuCOCPh, 6 61 
PhCOCHz 54 60, 61 
PhCOCMez 21 60, 61 
PhCOCHMe 34 60, 61 
PhCOCHPh 63 60, 61 
PhCOCPh2 57 60, 61 q 8 60, 61 

PhCOCHCOPh 2 60 
PhCOC(Ph)COPh 3 60 
PhCOCHCN 2 60 
PhCOCHCOzEt 2 60 

COPh 

a In all cases the potassium salt is used. 

SCHEME 962*63 

w R1SR3 

1 Y-M+ 
RlY 

8 

As shown in Table 3, when (5-hexeny1)mercury 
chloride is used as starting material, a mixture of 
products is obtained arising from the corresponding 
5-hexenyl and the equilibrated cyclopentylmethyl rad- 
ical intermediates. The proposed mechanism for 
products 5 and 6 is included in Scheme 10. 

Radicals photochemically generated from organo- 
mercurials 9 can be added to olefins 10, yielding the 
corresponding coupling products 11 through a nonst- 
ereospecific chain radical process (Scheme 11 and Table 
4) *64 
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TABLE 3. Coupling Products 6-8 from Mercurials 1 and Reagents (RzY)2, R?SH, R'Hal, and Y-M+62*6a 
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products 5-8 organomercurial 1 reagent 
R' X R2Y R3 R'Hal Y-M+ vield. % ref " ,  

(E)-Me3CCH=CH c1 n-Bus 
PhS 
PhSe 
PhTe 

100 62 
100 
95 
29 
84 
76 
84 
81 
75 
99 

100 
64 
61 

100 
91 
92 

100 
97 

100 
61 
50 
99" 

100" 
100" 
100" 
100" 
100" 
56 
71 
21 

100 
92 
85 
92 
87" 
78 
82 
83 
82" 
46 
56 
74 
86 
78 
7 5" 

100 
100 
65 
72 
86 
84 
43 
53 
45 
48" 
88b 
936 
85b 
8 1 " ~ ~  
54b 
58b 
15 
72 
80 
68" 

8 
100 
85 

100 

62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 

PhSOzCl 
(Et0)zPOK 
PhP(0Bu)OK 
p-MePhCOzNa 
n-PrSOzNa 

Ph 
t-Bu 
PhCHz 
Ph 
Ph 

(Z)-HOCHzC(Cl)=CH 
CHz=CH 

c1 
c1 

PhSe 

MeS 

(E)-EtC(OAc)=CEt 
(E)-Me3CCH=CH 

PhZC=CH 

c1 
AcO 

Br 

Ph  
Ph 
PhCHz 

p-MePhS0,Na 
MezCHI 

(E)-Me3CCH=CH 

Ph&=CH 

(E)-PhCH=CH 
PhzC=CMe 

(E)-n-PrCH=CH 

PhS 
n-Bus 
PhS 
PhS 
PhS 
PhS 
c1 (Et0)zPOK 

p-MePhS0,Na 
p-MePhS0,Na (E)-PhCH=CH 

CHz=CHCHZCHz 

c1 
c1 

n-Bu 
PhS 
PhSe 
PhTe 

PhS 
PhSe 
PhTe 

p-MePhSOzSePh 

p-MePhSOzSePh 
PhSOzCl 
CC13Br 

p-MePhSOzSePh 

c1 

t-BuCHz c1 PhS 
PhSe 
PhTe 

PhS 
PhSe 
PhS 
PhSe 
PhS 
PhSe 
PhS 
PhSe 
PhTe 

PhS 
PhSe 
PhTe 

i-Pr 

c-C6H11 

c-C~H~CHZ 

c1 

c1 
c1 

Br 

p-MePhSOzSePh 
C1 

p-MePhSOzSePh 
PhSOzCl 

Ph 
PhCHz C1 PhS 

PhSe 
PhTe 

PhS 
PhTe 
PhS 
PhS 

p-MePhS02SePh 
PhCHp 

c1 
n-Bu 

n-Bu 

'Product of the type 5 is isolated. bMixture of the cyclopentylmethyl and As-hexenyl derivatives in different ratios depending on the 
reaction conditions. 
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SCHEME 1062~63 
R % g X  ill 

Barluenga and Yus 

( R ' Y I ,  

t I 

6 

!RL = vlnyll 

SCHEME 1164 
- hi. 

RlHGCi + RiCiPhi=CHR' - R2CIPhi=CHR1 
9 10 11 

SCHEME 1264 

XiC! Pk 1 =CHR3 ! 101 '\ 

R ' H ~ C ~  

9 

The proposed mechanism for the reaction described 
in Scheme 11 is indicated in Scheme 

The corresponding photostimulated addition to di- 
arylethenes 12 has been studied when in the starting 
organomercurial 9 (R1 = t-Bu),@' taking into account the 
influence of the substituents in the aryl groups. Thus, 
for X = H a 1:l mixture of the products 13 and 14 is 
obtained, the mechanism being not a chain radical one. 
However, for X = OMe the major product is 13, and for 
X = NO2 the major product is 14; in these cases a chain 
radical mechanism has been proposed (Scheme 13).@ 

Recently, the photochemically induced addition of 
cyclohexylmercury chloride (9 with R1 = c-C6H11) to 
different substituted olefins 15 has been described.66 
The process, which leads to the products 16, takes place 
with partial retention in the configuration, and the 
highest stereospecificity has been found for R2 = I in 
the olefin 15 (Scheme 14 and Table 5) . 

TABLE 4. Olefins 11 from Organomercurials 9 and 
Alkenes los4 

organomercurial 9 reagent 10' product ll* 
R' R2 R3 yield, % 

i-Pr 

t-Bu 

PhSd 

PhSOZd 
PhCOCHzd 

H 
H 
H 
H 
H 
H 
Ph 
Ph 
Ph 
Ph  
Ph  
H 
H 
H 
H 
Ph  
Ph 
Ph 
Ph 
H 
H 
H 
H 
H 
H 
H 
Ph 
Ph 
Ph 
H 
Ph 
Ph 
Ph 

n-Bu3Sn 
HgCl 
I 
PhSOp 
PhSO 
PhS 
n-Bu3Sn 
HgBr 
I 
PhSOp 
PhS 
n-BuaSn 
HgCl 

PhSO 
n-Bu3Sn 
HgBr 
I 
PhSOp 
n-Bu3Sn 
I 
n-Bu3Sn 
n-Bu3Sn 
n-Bu3Sn 
HgCl 
I 
n-Bu3Sn 
HgBr 
I 
I 
I 
HgBr 
HgBr 

PhSOp 

86 
83 
76 
68 
20 
35 
73 
96 
89 
87 
55 
83 
40 
43 
32 
78 

100 
86 
88 
46 
22 
55c 
52c 
45 
65 
85 
65 
85 
86 
97 

100 
100 
64 

"The compounds 10 with R2 = H have the E configuration. 
The products 11 with R2 = H appear as an E / Z  mixture. The 

only reaction product is the cyclopentylmethyl derivative. dThe 
organomercurial R1,Hg is used. 

TABLE 5. Olefins 16 from Cyclohexylmercury Chloride 
and Alkenes 1566 

reactant 15 
~ product 16 stereo- ~ 

chemistry X R2 yield, % E / Z  ratio 
E C0,Me n-Bu3Sn 20 36 
z C02Me n-Bu3Sn 34 2.5 
E C02Me n-Bu3Sn 66 23 z C02Me n-Bu3Sn 70 2.1 
E COzMe I 34 20 
z COzMe I 45 0.9 
E HgCl C1 28 4.3 
Z HgCl C1 39 0.7 
z c1 c1 70 0.8 
E c1 c1 63 0.7 

The former results can be explained admitting that, 
in the case of a secondary organomercurial such as cy- 
clohexylmercury chloride, the elimination of group X 
is faster than the establishment of equilibrium between 
I and I1 (Scheme E).@ When instead of the cyclohexyl 
group a more bulky one, such as tert-butyl, is present 
in the mercurial 1, the Ib configuration is very disfa- 
vored and the elimination step takes place through the 
configuration IIb (Scheme 15).66 

The addition of radicals-photochemically generated 
from organomercurials 1-to pyridine constitutes an 
adequate method for radical alkylation of systems of 
this type.67,68 The reaction can be carried out either by 
starting from the isolated organomercurial 1 or in situ 
starting from olefins and performing previous meth- 
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SCHEME 1365 
CH2=C(p-MeOC6H4)2 

L-BUHgCl 

t I 

1 
t-BuCH=C(p-MeOC6H4)Z 

13 
CH2=C(p-N02C6H4)2 

ClHg+ + t-BUCH2-?(p-N02C6H,) t-BUHgC1 

1.- 
t-BuCHZ-CH(p-N02C6H4)2 

14  

SCHEME 14sa 
hri 

c-C6H11HgC1 + XCH=CHR2 - G-C6Hl1CH=CHR2 + XHgCl 

15 16 

SCHEME 1566 

z 7. Ia - Ib - 
I 

- E Ira IIb E - 

XI 

oxymercuration with mercury trifluoroacetate in 
methanol (Scheme 16 and Table 6). 

The above-described reaction (Scheme 16) has been 
extended to other systems such as substituted pyridines 
or N,N,N’,N’-tetramethyl-p-phenylendiamine~.~~@ 

The reaction of photochemically generated 
radicals-from organomercury compounds-with ole- 
fins or aromatic compounds has been applied to phe- 
nylacetylenes 18 bearing another substituent such as 
iodine, phenylmercapto, phenylsulfonyl, or a mercury 
or a tin atom; therefore, products 19 are prepared in this 
way (Scheme 17 and Table 7).69 

TABLE 6. Alkylated Pyridines 17 from Organomercurials 
1 and Pyridineas 

organomercurial 1 product 17 
R X yield, 70 o / p  ratio 

E t  
n-Bu 
n-C6H13 
t-BuCHzCHz 
t-BuCH, 
c-C6H9CH2 
i-Pr 
c-C6H11 

Lb 
t-Bu ’ 

MeOCIj2CHz 
MeOCH(Me)CHz 
MeOCH(Et)CH2 
MeOCH(n-Bu)CHz 
MeOCH(t-Bu)CHz 
MeOCH(Me)CH(Me) 

u:e 
0: 
&W. 

NHCOMe 

a Not eiven. 

c1 
c1 
c1 
c1 
c1 
c1 
c1 
c1 
c1 

c1 
CF3COz 
CF3COz 
CF3COz 
CF3COz 
CF3COz 
CF3COz 
CFSCOz 

CF3COz 

CF3COz 

64 2.0 
66 2.4 
83 a 
64 2.5 
54 1.9 
7’7 1.9 
72 1.6 
69 3.1 
90 4.1 

94 1.4 
7 3  2.0 
76 2.5 
78 2.5 
80 2.7 
67 2.8 
81 1.9 
86 2.2 

69 2.3 

78  3.0 

TABLE 7. Acetylenes 19 from Organomercurials 9 and 
Substituted Phenvlacetslenes Na9 

organomercurial 9 acetylene 18 product 19 

t-Bu I 100 
c-C6H11 I 93 
n-Bu I 48 
(EtO)zPO I 32 
i-Pr PhSOz 44 
C-C6H11 PhSOz 67 
t-Bu PhSOz 55 

’ (Et0)zPO PhS02 30 
i-Pr PhS 42 
c-C6H11 PhS 46 
t-Bu PhS 44 

c-C6H11 PhCECHg 26 

(Et0)zPO PhCECHg 61 
n-Bu n-Bu3Sn 13 

t-Bu n-Bu3Sn 61 

yield, % R X 

n-Bu PhCECHg 9 

t-Bu PhCZCHg 34 

C-C6H11 n-Bu3Sn 43 

SCHEME 1667@ 
h d  

RHgX + C5H5N - RCjH4N 
1 17 

SCHEME 1769 
hu - PhCXCR RHgCl + PhCaCX 

9 18 19 

The relative reactivity of acetylenes 18 with cyclo- 
hexylmercury chloride is as follows: X = PhSOz (65) 
> I (19) > n-Bu3Sn (1.0)) the mechanism being similar 
to that described for the radical reaction with substi- 
tuted olefins. 

Recently, the photostimulated radical addition of 
tert-butylmercury chloride to acetylenes 20, which bear 
electron-withdrawing groups, has been described, 
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TABLE 8. Olefins 22 and 23 from tert-Butylmercury 
Chloride and the Acetylenes 2070 

product; 
acetylene 20 yield, % 

R' R2 22 23 
H Ph 63 41 
H COMe 90 85 

C02Et C02Et 97 96 
C02Et Ph 72 94 

'Mixture of Z/E isomers. 

SCHEME 18'O 

t-BuHgC1 + R 1 C X R 2  

20 

23 

SCHEME 1973 

A or hv 
( RC02 1 2Hg - RC02HgR + C 0 2  

A or h u  
RC02HgR - R2Hg + C02 

yielding vinyl mercurials 2 l;70 these organomercurials 
are transformed in situ into the corresponding reduced 
or iodinated systems 22 and 23, respectively (Scheme 
18 and Table 

Finally, the photochemical decomposition of orga- 
nomercurials bearing carboxymethyl groups leads to 
carboxymethyl radicals; the results, depending on the 
solvent used (benzene'l or te t rahydrof~ran~~),  yield 
different reaction products. 

D. Heteroradicals 

By thermal or photochemical decomposition of 
mercury carboxylates-either isolated or generated in 
situ by reaction of the corresponding alkaline carbox- 
ylates with mercury acetate-can be transformed, de- 
pending on the reaction conditions and the groups R, 
into mercurials arising from a mono- or didecarb- 
oxylation. The proposed mechanism includes the for- 
mation of an oxygenated radical of the type RC02' as 
is shown in Scheme 19.73 The same reaction is also 
known for sulfiiic acid  derivative^.'^ However, a similar 
radical mechanism in this case has not been postulated. 

A convenient method for generating bis(trifluor0- 
methyl) nitroxide radicals is to heat mercury bis(tri- 
fluoromethy1)nitroxide at  85 0C;75,76 this radical has 
been used in the synthesis of new organic and inorganic 
compounds, as well in the trapping of other radicals.77 

SCHEME 20 
RHgX 

lH- 
[RHgH] 

\ i  
4 

RHg' 

I 

SCHEME 2184*86 
NaBH4 OH 

Ph3CCH2HgC1 Ph2CCH2Ph 
air 

malor 
NaBH4 OH 

PhC(Me)2CHZHgBr c PhC(Me12CH20H + Me2ACH2Ph 
0, 

major minor 

Silyl radicals have been generated from bis( tri- 
methylsilyl)mercury, and they have been used, for in- 
stance, in the silylation of aromatic systems such as 
substituted  pyridine^.^^^^^ The reaction of bis(tri- 
methylsily1)mercury or the ethyl derivative with pyri- 
dines bearing a metal like silicon, germanium, tin, or 
lead,so arenes like benzene or to1uene:l and alkyl or acyl 
chloridess2 has also been studied. In all cases a tri- 
methylsilyl radical has been proposed as a reaction in- 
termediate. In a similar way, the reaction of bis(tri- 
alkylgermany1)mercury with aromatic compounds such 
as naphthalene, anthracene, or anisole,8l pyridine,so and 
alkyl or aryl chloridess2 through the corresponding 
germanyl radicals has been studied. 

Finally, compounds containing a mercury-tin bond 
have been used for generating stannyl radicals, which 
are adequate precursors for compounds with tin-tin 
bonds.s3 

I I I .  Radicals Generated by Means of Hydrldes 

A. Radical Mechanism in the Reduction of 
Organomercurials with Hydrides 

The reduction of organomercury compounds by 
means of metal hydrides, especially sodium boro- 
hydrides, has widely been studied from a mechanistic 
point of view, the mechanism being of a chain radical 
type (Scheme 20). 

The intermediates have been trapped by carrying out 
the reaction in the presence of air;84,85 in these cases, 
together with the expected oxygenated products, others, 
arising from a transposition process of the initially 
generated radical, are obtained (Scheme 21). 

Furthermore, the reduction of (Bhexeny1)mercury 
bromide with sodium borohydride leads to the expected 
products coming from the initially formed radical; on 
the other hand, the use of sodium borodeuteride instead 
of the corresponding hydride indicates an isotopic ef- 
fect, which is based on the influence of winning a hy- 
drogen or a deuterium atom for the radical intermediate 
from the species RHgX (X = H or D) (Scheme 22).86187 
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SCHEME 25" 

Y R' 

( X = H  or D l  

SCHEME 23#' 

OH 

1 : 2.2 

SCHEME 2493 
NaBH4 

(PhCH2)2Hg 

(PhCH2I2Hg + PhMe 

PhMe 

PhCH2HgCl 

/PhfB2Hg' PhCHZ 

L==/ / 
(PhCHz)zHg2 

PhMe PhCH2HgH - PhCH2HgC1 I 
Hg + (PhCH2)2Hg 

However, the most important contribution to the 
radical mechanism in the hydride-promoted reduction 
of organomercurials is in relation to stereochemical 
studies.*92 Thus, for instance, in the reduction with 
sodium borodeuteride or in the reduction/oxidation of 
both isomers of norbornylmercury bromide, the same 
mixture of products was obtained, with loss in the initial 
stereochemistry (Scheme 23). 

When the generated radical is especially stable, for 
instance the benzyl radical, the obtained products de- 
pend on the hydride used, the reduction competing with 
the symmetrization reaction. In Scheme 24 the pro- 
posed mechanism for these processes is included.93 

A similar radical mechanism to that described above 
has been proposed for the reduction with other reducing 
agents such as tin lithium aluminum hy- 
dride,96 or lithium na~hthalenide.~' In regard to the 
starting organomercurials, they can either lack func- 
tionality or be /3-~ubs t i tu ted .~~.~~ 

In subsections C of this section, the synthetic po- 
tential of radicals from the hydride reduction of orga- 
nomercurials is discussed. 

B. Theoretical Comments and Selectivity 

The generation of radicals starting from organo- 
mercurials by means of metal hydrides, mainly sodium 
borohydride, together with their further use in the 
formation of carbon-carbon bonds by reaction with 
electron-poor alkenes has been called "the mercury 
method" (Scheme 25).11 This methodology has ex- 
tensively been studied from a theoretical point of view.l* 

Thus, the 5-hexenyl radical is easily generated from 
the corresponding mercurial, and it cyclizes to form the 
cyclopentylmethyl radical, the relative reaction rate of 
the both species with an alkylmercury hydride or an 
electrophilic olefin-Le., acrylonitrile or methyl 
acrylate-in a competition experiment has been in- 
vestigated: the mentioned radicals are trapped by the 
hydride with a rate greater than lo7 L-M-'.s-~.'"O 

When the kinetics of the reaction between different 
primary, secondary, or tertiary radicals with several 
electrophilic olefins was studied, it was found that the 
radicals behave as nucleophiles, and the reactivity in- 
creases as follows: primary < secondary C tertiary.lol~lm 
In the case of the cyclohexyl radical, an involved study 
was carried out considering the effect of the substitu- 
ents of the electrophilic olefin on the reaction 
finding interesting correlations between the rate con- 
stant and the electronic effect of the substituent in the 
electron-poor alkene. This study has also been ex- 
tended to a- and 0-functionalized radicals; in this case 
the steric effects play an important role in the reaction 
rate.'% 

Especially interesting is the kinetics in the reaction 
of radicals generated by "the mercury method" with 
substituted styrenes:lo7J08 an important correlation 
between the reaction rate constant and the corre- 
sponding u values is found for the aromatic ring sub- 
stituents. 

Upon comparison of "u radicals" (an unpaired elec- 
tron in an sp3 orbital) and " x  radicals" (an unpaired 
electron in a p orbital) generated by the above-men- 
tioned method, it was found that the former are as 
selective as the latter in the reaction with different 
electron-poor olefins.lOgpl'O The chemoselectivity of 
several c- and m a d i d s  with the halogens chlorine and 
bromine in a mixture of carbon tetrachloride/bromo- 
trichloromethane was explored; in general, the selec- 
tivity is drastically dependent on the temperature and 
steric effects: at 273 K the methyl radical is the least 
selective of the series, while at 403 K it appears as the 
most se1ective.l1lJl2 

Numerous studies have been carried out concerning 
the selectivity of different radicals prepared from or- 
ganomercurials and sodium borohydride with electro- 
philic olefins. Thus, it has been shown that the 
trans-disubstituted olefins of the type YCH=CHC02R 
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SCHEME 26lI4 
NaBH4 

CyHqOAc -- CyHqH - Cy 

iX=Me,C, MeN, NH. PhN. S, 0 1 
SCHEME 27IL5 

RHgH - 04 Ru\o + &d: 
>97$ C3% 

SCHEME 28116p11' 

RHgH 

major 

SCHEME 29Il8 

NaBH4 - O O R  

major minor  

21  28 

react more rapidly than the cis isomer, this "cis effect" 
increasing with the size of the group Y.l13 In the re- 
action of cyclohexyl radicals with systems of the type 
24, it has been pointed out that the relative rate in- 
creases as follows: Me& > MeN > NH > PhN > S > 
0 (Scheme 26).'14 

The regioselectivity in the addition process of pri- 
mary, secondary, or tertiary radicals to 2-methylmaleic 
anhydride shows that, in any case, the major reaction 
product is a,d-disubstituted (Scheme 27).l15 In rela- 
tion to the stereochemistry of the reaction mentioned 
in Scheme 27, it has been observed that the major di- 
astereoisomer has both substituents in the cis position 
(anti attack of RHgH). The selectivity is considerably 
increased with the bulkiness of the generated radical 
R'. This can be easily explained by considering that 
the attack of the alkylmercury hydride takes place 
preferentially on the opposite side of where the alkyl 

TABLE 9. Diastereoisomers 27 and 28 from Cyclic Olefins, 
Alcohols 25, and Electrophilic Olefins 26IL8 

product 
27 + 28O 

alcohol 25 Olefin 26 27/28 
cyclic olefin R X' Xz X3 vield, % ratio 

cyclopentene 

dihydrofuran 

cyclohexene 

dihydro- 
pyran 

E t  

Me 
i-Pr 

Me 
t-Bu 

Me 

Me 

CN H CN 
H C1 CN 
H H CN 
H Me CN 
H H COMe 
H H C02Me 
H H P h  
H H CN 
H H CN 
H H CN 
CN H CN 
H H CN 
H H COMe 
H H COzMe 
H H CN 
H H COZMe 
H H Ph 
CN H CN 

H H CN 
H H COMe 
H H COzMe 

Overall vield for the one-Dot reaction. 

60 
66 
65 
46 
51 
60 
15 
65 
50 
8 

20 
45 
40 
48 
67 
65 
12 
69 

76 
68 
64 

60140 
72/28 
71/23 
77/23 
87/13 
88/12 

78/22 
77/23 
80120 
64/36 
86/14 
88/12 
9317 

65/35 
70130 
75/25 
58/42 

66/34 
73/27 
75/25 

90/10 

SCHEME 30120 
HO 

29 

1% 60% 4% 11% 14% 

ClHg T-  I 
29 

group in the cy-position of maleic anhydride is attached 
(Scheme 28).1163117 

Finally, the diastereoselectivity in the addition of 
cyclic /3-substituted radicals, generated by solvomercu- 
ration-reduction of cyclic olefins such as cyclopentene, 
2,3-dihydrofuran, cyclohexene, and 2,3-dihydropyran, 
to electrophilic olefins has been described. In all cases 
the trans diastereoisomer turned out to  be the major 
one (Scheme 29 and Table 9).ll8 

Recently, the mechanism of the 1,Zmigration of vinyl 
or formyl substituents in free radicals generated via a 
mercuration-reduction tandem reaction was studied 
from a theoretical point of view.llg 

C. Applications in Organic Synthesis 

1. Intramolecular Reaction with Olefins 

Linalool undergoes cyclization through the tandem 
oxymercuration-reduction to give a complex mixture 
of products, where the major one (29) is probably 
formed by a radical mechanism via the corresponding 
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SCHEME 35"' 

NaBH4 -& 
30 

SCHEME 32lz1 

- p o  

oxymercuriation 

R'O 

HgX 

SCHEME 33121 

SCHEME 34lZ2 

C02Me 

mercury hydride intermediate (Scheme 30). However, 
it has not been possible to trap the corresponding rad- 
ical by reaction with oxygen." The same principle has 
been used to prepare the strobane structure 30 from 

OMe (11 Hg102CCH2C112 
(21 NaCl - 

O-(oNe 

HO cl e C 5 H 1 1  + HO 

OH OH HO 

2 1 

( 6 0 - 9 0 % 1  

SCHEME 3612' a 72) 11) Hg(0Acl~ NaBH4 - q% 
O + L  \ 04 

31 32 (45%) 33 

SCHEME 37lZ6 
NaBH4 

RiHgOAC + X1CH=CX2X3 - RIXICH-CHX2X3 
34 26 35 

epimanool via mercuration-reduction (Scheme 3 1). 120 
The intramolecular formation of monocyclic spiranic 

systems has been described as shown in Scheme 32. 
Some examples of this strategy are included in Scheme 
33.121 

The reduction step can also be carried out by using 
tributyltin hydride, and the resulting radical can be 
trapped with molecular oxygen. Thus, this sequence 
has successfully been used in a synthesis of prosta- 
glandins (Schemes 34122 and 35lZ3). 

In relation to intramolecular reactions with amino 
mercurials, the cyclization of the adduct 31 is known 
to give the product 32 (Scheme 36). In this reaction, 
which constitutes a reasonable alternative to the same 
process promoted by palladium, no isomer 33 was de- 
tected.lZ4 

2. Intermolecular Reaction with Olefins 

In this section the intermolecular reaction of different 
unsubstituted and functionalized radicals-generated 
by reaction of organomercurials with sodium boro- 
hydride-with olefins will be considered. 

(a) Unsubstituted Radicals. The reduction of 
different alkylmercury acetates 34 with sodium boro- 
hydride in the presence of electron-poor olefins 26 
constitutes an adequate formation method for carbon- 
carbon bonds, yielding the corresponding coupling 
products 35 (Scheme 37 and Table 10).lz6 

Starting organomercurials 34 are easily obtained from 
the corresponding organomagnesium compounds by 
reaction with mercury a ~ e t a t e . ~  

The reaction included in Scheme 37 fails when cro- 
tonic esters are used as electrophilic olefins. This 
problem has been overcome by employing 1,l-dicyano 
olefins 36, as shown in Scheme 38. This procedure is 
a convenient route to &fl-disubstituted carboxylic acids 
38 by final hydrolysis of the dicyano derivatives 37 
(Table 11).126 

The reaction mechanism included in Schemes 37 and 
38 has already been described in Scheme 25.l' The 
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TABLE 12. Coupling Products 40 from Olefins 39 and 26lZ9 

R' RZ X' X2 X3 yield, 90 
H t-Bu H H CN 47 
H 4-MeC6H4 H H CN 50 
H ~ - A c O C ~ H ~ C H ~  H H CN 65 
H 2-HOCGHdCH2 H H CN 48 
H BrCH2CH, H H CN 53 
H AcOCHz H H CN 51 
H TsOCHzCHz H H CN 71 
H EtOZC(CH2)B H H CN 57 
H E t 0  H H CN 55 
H PhOCH, H H CN 55 
Me Et H H CN 65 
Me n-Pr H H CN 51 
Me ClCH2 H H CN 50 

product 40 olefin 39 olefin 26 

0-pinene H H CN 53 
H C-CgHg4 H H CN 54 

H H COzMe 47 
H H COMe 44 
H C1 CN 52 
H C1 C1 28 
H Me Ph 13 
CN Me CN 37 
OC-0-CO H 53 

OC-NH-CO H 50 

c-C6H, = 3-cyclohexenyl. 

TABLE 10. Coupling Products 35 from Organomercurials 
34 and Olefins 26126 

product 35 olefin 26 
R' X' X2 X3 yield, % 

organomercurial 34 

t-Bu H H C0,Me 83 

H Me C0,Me 83 
Me H C02Me <1 

H H COMe 70 
H H Ph  15 

c-C6H11 H H CN 61 
H H C02Me 62 
H H COMe 70 
H H CHO 27 
H H Ph 45 
H Me CN 50 

H c1 c1 27 
Me H CN 53 
Me H C02Me 24 
C0,Me H C02Me 34 
H H n-C6Hl, 2 
H H OEt <2 

n-C6H13 H H C02Me 64 
H H COMe 51 
H H Ph 20 
H Me C02Me 31 
Me H C0,Me 49 

H Me C02Me 84 

TABLE 11. Carboxylic Acids 38 from Organomercurials 9 
and Dicvano Olefins 3612s 

organomercurial 9 dicyano olefin 36 product 38 

C-CRHII Me 50 
R' R2 yield, % 

t-Bu 

n-Pr 45 
i-Pr 20 
i-Bu 45 
Me 50 

SCHEME 38lZ6 
Na6H 

R'HgC1 + R2CH=ClCN12 +' - R1R2CH-CH(CN12 
9 36 37 

hydrolysis 
- - R'R'CH-CH~CO~H 

38 

SCHEME 39lz9 
HqIOAcl 

R'R'C=CH~ - 6% (R'R~CH-CH 1 B -2 R'R'CH-CH~H~OA~ 2 3  
39 

XiCH=CX2X3 126 I - R1R'CH-CH2CH(X1 )CHX2X3 

NaBH4 40 

corresponding reduction products R'H are obtained as 
byproducts in this process. 

Another possibility of carrying out the coupling re- 
action of organomercurials and electrophilic olefins by 
generating the corresponding radicals consists in the 
formation of the starting mercurials by a tandem hy- 
dr~boration'~~-mercuration~~~ process as shown in 
Scheme 39 and Table 

The method described in Scheme 39 can be consid- 
ered a convenient procedure for coupling between 
electron-rich and electron-poor 01efins.l~~ 

(b) a-Substituted Radicals. (a-Acetoxyalky1)mer- 
cury chlorides 41 can be prepared from ketones via 
mercuration of the corresponding hydrazones.lm When 
these organomercurials 41  are used in the coupling 
process with electrophilic olefins 26 in the presence of 

OAc X1CH=CX2X3 (26) 
R'R'hCi 0 R'R'CLOAC lCHIX1 I CHX'X' 

42 41 NaBH4 

SCHEME 41134~1s6 
OMe NaBH4 or OMe 

R1JH-CHR2 t X1CH=CX2X3 - R1AH-CHCHlX11CHX2X3 
NaBH( CN I 2 m x  26 

43 44 

SCHEME 42136J3' 
R1R2C=CHR3 (1) H9(0Ac12/R40H 1461 - 

121 X1CH=CX2X3 1261/NaBH4 or Na6H(OHelj 45 

 OR^ 

k' 
R1R2L-CHCH(X1 I CHX2X3 

47 

sodium borohydride, the corresponding products 42 are 
isolated (Scheme 40 and Table 13).131-133 

The reaction indicated in Scheme 40 can be carried 
out without isolating the mercurial 41, in a one-pot 
process, the yields being lower in the in situ procedure 
due to the resulting byproducts and the necessary pu- 
rification of the final products 42.'32 

The selectivity of a-acetoxyalkyl radicals has been 
investigated: when the groups R1 and R2 in the mer- 
curial 41 are bulky, the reaction rate is lower with di- 
ethyl fumarate than with methyl acrylate.l@ Likewise, 
the relative nucleophilicity of different radicals of type 
41 has been studied by using competition reactions with 
other primary, secondary, and tertiary radicals: the 
acetoxyalkyl radical turned out to be less nucleophilic 
than cyclohexyl radical, a logical consequence of the 
ability of the acetoxy group for attracting e1ectr0ns.l~~ 
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TABLE 13. Coupling Products 42 from Organomercurials 
41 and Olefins 26131-133 
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organo- 
mercurial 41 olefin 26 
R' R2 X' X2 X3 

Me Me H H CN 
Me E t  H H CN 
Me n-Pr H H CN 
Me i-Pr H H CN 
Me t-Bu H H CN 
E t  E t  H H CN 
i-Pr i-Pr H H CN 
t-Bu t-BU H H CN 

-(c&)4- H H CN 
-(CHz)b- H H CN 

H H CN 

H CN 
H CN 

LA5 

A 
A 
A 
A 
b5 
A 
L k  

A 
A 

Me COMe H 
Me Ph  H 
Me Me H H COzMe 

-(CHz)b- H H COZMe 
H H COzMe 

H COMe 
H H COMe 

-(CH2)5- H 

H Ph  
H Ph  

H H Ph  

Me Me H 
-(cHZ)5- H 

Me CN 
H Me CN 

-(cHZ)5- H 

Me COzMe 
H Me COZMe 

Me Me H 

C1 CN 
H C1 CN 

Me Me H 

c1 c1 
H c1 c1 

-(cHZ)5- H 

Me Me CN H CN 

CN H CN 
-(CH2)5- CN H CN 

Me Me COzEt H COzEt 
-(CHz)pj- COzEt H COZEt 

COZEt H COZEt 

Me H CN 
-(CHz)5- O C - 0 4 0  H 

OC-0-CO H 

COzMe Me COZMe 
Me Me H C1 COZMe 

H Me0  COzMe 
H E t 0  COzEt 

product 42 
yield, % ref 

70 131, 132 
65 131, 132 
66 132 
62 131 
46 132 
71 131 
33 131 
<2 132 
72 131 
72 131 
77 132 

<2 132 
<2 132 
68 132 
55 132 
75 132 

43 132 
58 132 

13 132 
12 132 
17 132 

49 132 
58 132 

23 133 
51 132 

72 132 
70 132 

27 132 
31 132 

76 132 
69 132 

52 132 

54 132 
40 132 
61 132 

9 132 
75 132 
57 132 

16 132 
54 133 
5 133 

52 133 

(c) &Substituted Radicals. @-Oxygenated and 
@-nitrogenated organomercurials, which are the most 
important P-substituted mercurials, are precursors of 
the corresponding radicals and will be considered sep- 
arately. 

TABLE 14. Coupling Products 44 from Organomercurials 
43 and Olefins 2613'J3' 

organomercurial 
Olefin 26 product 44 43 

R1 R2 X X1 X2 X3 yield, % ref 
-(CHz)3- C1 H H CN 60 

H H COzMe 54 

-(CH.J4- Br H H CN 66 
-(CHz)4- C1 H H COzMe 50 
-(CHz)4- Br H H COzMe 51 

H Me CN 47 
H Me COZMe 38 
H C1 CN 65 
H C1 C1 25 
CN H CN" 61 

COzEt H COzEtb 30 
Me H CN 8 
COzEt Me COzEta 31 

-(CHz)4- C1 H H CN 77 

-(CH2)4- C1 H H P h  22 

COzEt H COZEt" 53 

Ph  H C1 H H CN 53-60 
H H COzEt 42-44 
H H P h  10 
H Me CN 43 
H Me COzMe 36 
H C1 CN 60 
CN H CN" 34 
COzEt H COZEt" 38 
COzEt H COzEtb 21 
Me H CN 6 
COzEt Me CO2Etn 22 

n-C6HI3 H Br H H CN 57 
PhCHz H C1 H H CN 55 

H H COzEt 46 
Ph  Me C1 H H CN 46 

"The CN or COzEt groups are in a trans position. 
C0,Et grouDs are in a cis Dosition. 

135 
135 
134 
135 
134 
135 
134 
134 
134 
134 
134 
134 
134 
134 
134 
134 

134, 135 
134, 135 
134 
134 
134 
134 
134 
134 
134 
134 
134 
135 
135 
135 
135 

bThe CN or 

SCHEME 43136 

(11 Hg(OAc12/R40H (46)  OR^ ( 2 )  Triton x-100 
R1CH=CHR3 - R'CH-CHCH~CH~X 
,5 (R2=H) ( 3 )  CH2=CHX (48)/NaBH4 8 3  

49 

(i) &Oxygenated Radicals. The reaction of dif- 
ferent (P-alkoxyalky1)mercury compounds 43, obtained 
by solvomercuration of the corresponding olefins14 with 
electron-poor alkenes 26 in the presence of sodium 
borohydride or trimethoxyborohydride, gives the ex- 
pected coupling products 44 (Scheme 41 and Table 

The reaction described in Scheme 41 can be carried 
out in situ, without isolating the intermediate mercu- 
rials 43; so, the starting materials are the corresponding 
olefins 45 (Scheme 42 and Table 15).136J37 

The yields in the coupling reaction described in 
Scheme 42, for @-alkoxy as well as for @-hydroxy mer- 
curials, can be notably improved by using sodium bo- 
rohydride as a reducing agent when a surfactant is em- 
ployed as a phase-transfer catalyst in the reduction step 
(Scheme 43 and Table 16).135 

When mercuration is performed with an olefin that 
bears a nucleophilic group, an intramolecular addition 
can take place; the further coupling reaction with an 
electrophilic alkene in the presence of a hydride is ex- 
emplified in Scheme 44.13* 

The former process has been applied to 1,3-dienic 
systems 50 as starting educts for the mercuration step; 
the kinetically controlled mercuration leads to the 

14).W135 
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TABLE 15. Coupling Products 47 from Olefins 45 and 26 and Alcohols 46136J3' 

Barluenga and Yus 

. -  

product 47 olefin 26 alcohol 46 olefin 45 
R' R2 R3 R4 X' X2 x3 yield, '?'D ref 
H H H Me H H C02Et 50 136 
H Me Me Et  H H CN 75 137 
H n-Bu H Me H H C02Me 48 136 

Et  H H CN 65 137 
H Ph  H Me H H C02Me 50 136 

Et  H H CN 48 137 
H -(CHz)r Me H H C02Me 65 136 

Et  H H CN 65 137 
E t  H H C02Me 60 137 
E t  H H Ph 15 137 
Et  H C1 CN 66 137 
Et  H c1 c1 21 137 
E t  CN H CN 66 137 
Et  C02Me Me C02Me 37 137 

H -(CHJ- Me H H COIMe 58 136 
Et  H 

Me H Me Me H 
Me E t  H Et H 
Me n-Pr H Me H 
Me t-Bu H Et  H 
Me Me Me Me H 

Et H 

H C N- 68 137 
H C0,Me 53 136 
H CN 53 137 
H C0,Me 30 136 
H CN 10 137 
H C02Me 32 136 
H CN 60 137 

TABLE 16. Coupling Products 49 from Olefins 45 (R2 = H) 
and 48 and Alcohols 46135 

alcohol 46 olefin 45 
R' R3 R4 

Ph  H Me 
PhCH, H Me 

Me 
4CKJ4- Me 

H 
CHz=CH(CH2)2 H H 
PhCH, H H 
n-Bu H H 

olefin 48 
X 

CN 
CN 
C02Me 
C0,Me 
CN 
C02Me 
C02Me 
C02Me 

product 49 
yield, 70 

50 
51 
39 
60 
59 
40 
57 
48 

1,2-adducts7 which are coupled in situ with electron- 
poor olefins 51, yielding products 52 (Scheme 45 and 
Table 17).13' 

In the field of carbohydrates the tandem mercura- 
tion-radical coupling has been used in the synthesis of 
branched sugars, starting from the corresponding un- 
saturated glycals 53 and 55 and employing the elec- 
trophilic olefin 26 (Scheme 46 and Table 18).'40 

The solvomercuration-reductive coupling tandem 
process can be used to prepare lactones 58 and 60 
starting from terminal olefins 57, either by employing 
Triton X-100 as a surfactant (Scheme 47)136 or by 
previous isolation of the coupling products 59 (Scheme 
48)141 (Table 19). 

In the prior case, depending on the reaction condi- 
tions in the hydrolysis step, the corresponding y- or 

TABLE 17. Coupling Products 52 from Dienes 50, Olefins 
51, and Methanol'39 

diene 50 Olefin 51 product 52 
yield, % R' R2 R3 R4 X' X2 

H H H  H H CN 47 
H COzMe 34 
H COMe 22 
Me CN 24 
C1 CN 60 

Me H H H C1 CN 59 
H H Me Me C1 CN 24 
-(CH2)2- H H C1 CN 27 

SCHEME 45139 

R j  11) Hg10Aci21MeOH 
R~cH=~-C=CHR~ c 

A 4  1 2 I CHi=CX1X2 (51 i /NaBH I OMe I 

50 

52 

SCHEME 46"O 

111 HgiOAcii/MeOH 
AcO AccKi [ 2 I X1CH=CX2X3 I26 I 'MH 

53 

,OAc 11) NaOMelMeOH 

ACO 

54 

pAc 

ACO 

( 2 1  Hg(OAci2/MeOH 

! I !  26,MH ACO 

55 ' 4 )  Ac20 56 

I R = CHX1CHXiX3 ! 

SCHEME 47135 
111 Hg!CAc12/H20 
( 2 1  CH2=CHC02MeITr1tOn X-100 

I 3 1  NaBH4 

1 4 )  i23CC 58 
57 

&lactones (60 or 58)  can mainly be obtained (Scheme 
48). Another possibility for obtaining lactones consists 
in carrying out the hydroxymercuration of the starting 
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TABLE 18. Branched Sugars 54 and 56 from Glycals 53 and 55 And Olefins 26"O 
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olefin 26 product 54 or 56 stereoselectivity 
glycal X' X2 x3 MH yield, % ReqIRaX 

53 H H CN n-Bu4NBH4 60 67/33 
H H CN n-Bu3SnH 67 67/33 
H H C02Me n-Bu3SnH 55 71/29 

COzMe H C02Me n-Bu4NBH4 50 >97/<3 
Me CN CN n-Bu3SnH 40 >95/<5 

55 H H CN n-Bu3SnH 72 67/33 
CN H CN n-Bu3SnH 40 >95/<5 

CN H CN n-Bu3SnH 55 90/10 

TABLE 19 Lactones 58 and 60 from Olefins 57 and Methyl 
Acrylate or A c r ~ l o n i t r i l e ~ ~ ~ ~ ' ~ ~  
olefin 57 coupling product 59 y-lactone 60 &-lactone 58 

R yield," % yield,b % yield, % ref 
Me 52 62 82b 141 
n-Pr 50 63 80b 141 
n-Bu 48" 135 
n-C& 45 61 9gb 141 
PhCH2 57" 135 
n-C11H23c 4OC 96b 141 

"Based on the starting olefin 57. bBased on the coupling prod- 
uct 59. cAcetic acid was used in the mercuration atem 

SCHEME 48la1 

reflux 

58 
I l l  HgIOAc)2/HOAc 

";;" (21 CH2=CHCN/NaBH4 - 
59 

SCHEME 49142 
OH 11) Hg(0Ac)2/H20 

R1R2C=CHR3 R1R2&CHR3 
( 2 1  KBL HgBr 45 

61 

TSOH or  

NaOH 

OH 
R'R'A-CHCH~CH~X c 

4 3  
62 

SCHEME 50142 
ill G-BuLl 

- i fOTHP 
(OH ( 2 1  CH31CH2),I 

60 

CH2=CHX 148) 

NaBH10Me)3 

3 

R ? C J o  
63 

R1 

I \- 65 

A 0) HjO* 
6, 1 4 1  DHP, P0Cl3 

OTHP 
OH I 

1 1 1  Hg10Ac)2/H20 

I21 NaBr HgBr 
66 

TsOH -L ACN/NaBHiOMe13 

67 

68 69 

olefin 45 followed by the coupling reaction of the iso- 
lated mercurial 61 with the electrophilic alkene 48 and 
final cyclization of product 62, to give the corresponding 
lactone 63 (Scheme 49 and Table 20).142 

TABLE 20. Lactones 63 from Olefins 45 and 48l" 
coupling 

olefin 48 product 62 lactone 63 
R' R2 R3 X vield." % vield.6 % 

olefin 45 
" .  " I  

H H Ph C02Me 37 100 
CN 72 65 

H H n-CeH13 C02Me 50 70 
CN 60 50 

H H CH20CH2Ph COzMe 50 65 
CN 94 60 

CN 74 62 
Me Me Et C0,Me 43 88 

"Based on the organomercurial 61. 

H -(cH2)4- C02Me 78 95 

bBased on the coupling 
product 62. 

SCHEME 5114* 

This last strategy has successfull! been used in the 
synthesis of the antibiotic (*)-maiingolide 68,142 as 
shown in Scheme 50. Thus, starting from the allylic 
alcohol 64 and through the not isolated intermediate 
65, the corresponding bydroxymercuration is carried 
out, yielding the mercurial 66 (45% overall yield), which 
is coupled with methacrylonitrile to afford a 1:l mixture 
of diastereoisomers 67 (49% yield); the final cyclization 
leads to the expected 1:l mixture of the wanted anti- 
biotic 68 and its diastereoisomer 69, which is easily 
separated by chromatography. 

However, in the case of the mercurated lactones 
70-72, the coupling reaction gives poorer yields in 
products 73-75 than when the corresponding iodine or 
selenium derivatives are used (Scheme 51 and Table 

(ii) 0-Nitrogenated Radicals. The tandem ami- 
nomercuration-reductive coupling has been studied far 
less than the corresponding oxymercuration process. 
Thus, the intra-13s or i n t e r m ~ l e c u l a r l ~ ~  amino- 

211.143 
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TABLE 21. Coupling Products 73-75 from 
Organomercurials 70-72143 

Barluenga and Yus 

TABLE 22. Functionalized Amines 77 and 78 from Olefins 
45 (R2 = H) and 48'" 

~~ 

coupling 
organomercurial electrophilic olefin product 

no. R no. yield, % 

70 

71 

72 

SCHEME 521a8J44 

H 73a 6 
Me 73b 18 
H 74a 20 
Me 74b 18 
H 75a 0 
Me 75b 0 

( 1 )  Hg(OAC)2/Hg0 

(21 CH2=CHC02Me:NaBH4 
n-Pr  

76 ( 2 5 % )  
n - P r  

77 

78 

SCHEME 53146 

- d ..I 

CH2=CX1X2 (%I/ NaBH(OMei3 d \ p... 
T I  y R HgCl 

79 80 

k' 
CH2=CX1X2 (51)/NaBH4 or NaBH(OMelj 

' P H g C 1  
MeCONH 

81 

MeCONH 
82 

H ~ - B u  CN 39 CHzNHZ 

H Ph CN 38 CHZNHZ 

H PhCH2 CN 36 CHzNH2 

-(CH2)3- CN 44b CHzNHz 

COzEt 31 CHzOH 

COzEt 31 CHzOH 

COzEt 30 CHzOH 

COzEt 35b CHzOH 
-(CHz)4- CN 13 (47b) CH2NHZ 

COzEt 3gb CHZOH 

91 
85 
85 
80 
86 
80 
89 
86 
87 
85 

aBased on the starting olefin 45. bTriton X-100 is used as a 
uhase-transfer catalyst. 

TABLE 23. Substituted Pyrrolidines 80 from Amino 
Mercurials 79 and Olefins 51146 

product 80 olefin 51 
R X' X2 yield, % 

amino mercurial 

PhCH2 c1 CI 43 
c1 CN 26 

4-MeOC6H, c1 c1 18 
c1 CN 45 

TABLE 24. Coupling Products 82 from Amidomercury 
ComDounds 81 and Olefins 51*4sJr7J4s 

amido 
mercurial 81 

R' R2 
H Ph  

Me Me 

E t  E t  

a Not reDorted. 

olefin 51 
X' x2 

H CN 
H COzMe 
H CN 
H COzMe 
C1 CN 
H CN 
H COZMe 
C1 CN 
H CN 
H CO,Me 
C1 CN 

product 82 
yield, % ref 

67 
22 
67 
40 
44 
78 
15 
49 
74 
26 
a 

145 
145 
145 
145 
147 
145 
145 

147, 148 
145 
145 
147 

mercuration is used in the first step in the generation 
of the amino mercurial intermediate, which is coupled 
in situ with an electrophilic olefin, yielding the corre- 
sponding products 76 or 77; further reduction of the 
products 77 is an interesting method for the synthesis 
of amino alcohols or diamines 78 (Scheme 52 and Table 

The above-described reaction can alternatively be 
carried out by isolating the starting amino mercurials; 
the coupling process with compounds 79 and electron- 
poor olefins 51 is shown in Scheme 53 and leads to the 
expected products 80 (Table 23).145 

The coupling reaction fails when carried out starting 
from @-nitro or @-azido mercurials.lG However, the use 
of @-amido mercurials, either isolated or generated in 
situ, leads to the expected products. Thus, the reaction 
of P-acetamidomercury compounds (obtained by acet- 
amidomercuration of olefins with acetonitrile and 
mercury nitratelG) with electrophilic olefins 51 in the 
presence of a sodium borohydride leads to the coupling 
products 82 (Scheme 54 and Table 24).145J47J4s 

In the case of the coupling products 83 derived from 
acrylonitrile, the corresponding systems have been used 
for the preparation of pyrrolidines 84 (Scheme 55).14' 

22).144 

SCHEME 55147 

- ylCN NaH 

MeCONH 

' 6 C N  MeCO 

8 3  84 

Other amidomercury compounds used in coupling 
processes are mercurated urethanes like 85 prepared by 
intramolecular amidomerc~ration'~~ of unsaturated 
urethanes 86; the corresponding coupling reaction with 
acrylic derivatives leads to the products 87, which are 
adequate precursors for nitrogen-containing heterocy- 
cles 88. The tandem amidomercuration-coupling can 
be carried out in situ, as is shown in the case of 87b 
(Scheme 56).150 

The process described above has successfully been 
applied to the synthesis of piperidinic systems 91 
starting from the corresponding unsaturated urethanes 
89 via a tandem mercuration-reductive coupling, the 
mercurial 90 being the intermediate. The resulting 
products are also adequate precursors for alkaloid type 
molecules like 92 (Scheme 57).I5l 
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SCHEME 56lS0 
HgOAc CH2=CHCO2Me,"aBHlOMel3 

Hgi0Ac12 - cc L 

COZCH2Ph 
C02CH2Fh 

86a 8% 

Chemical Reviews, 1988, Vol. 88, No. 3 503 

11) H2/Pd-C 
(21 heat 

c-pco2Me 
C02CH2Ph i 3 1  L1A1H4 

S-coniceine i88a1 
a7a 164%) 

(11 HgiOAc12 

121 CH2=CHCN/NaBH10Me13 

C02CH2Ph CN 

L/ 
88b O'/ i 7 1 % 1  

Hql 0 A C  1 CH2=CHC02Me/NaBH4 - D....dH90Ac - 
C02CH2Ph A02CH2Ph 

86.2 8% 

H2/Pd-C 

PhCH2C02 

87c (41%) 88c I E j % l  

SCHEME 5716' 

- Hg i OAC ) 

CO2Me C02Me 

89 
90 

-&x 

CH2=CHX ( 4 8 ) /  NaBH4 

C02Me 

91a: X = C N  (75%) 
9lb : X=C02Et (40%) 
91c: X=COC7Hlj ( 2 5 % )  

(1) HCl/EtOH 

( 2 )  xylene, reflux -3 91a or 9lb 

92a (1) HS(CH213SH 
(2) Ni Raney l-l 91c 
I31 HClIHOAC E 'llH23 

92c (77%) 

SCHEME 58lS2 

( 1 )  o3 
( 2 ) i Et0 )2POCHZCN 

(2) 11) Hg(0Ac)2 CH2=CHCN/NaBH4 -6 ( 3 )  H2/Pd-C 
'ti 14) H2/Rh-A103 

94 ( 5 6 % )  

T'-3 
93 

TABLE 25. Coupling Products 97 from Olefins 45 (R2 = H) 
and 48 and Amides 96lSs 

Olefin 45 amide 96 olefin 48 product 97 
R' R3 R4 X vield. % 

Me 
Me0 
Me 
Me 
Me0 
Me0 
Me0 
H 
Me 
Me0  
NHZ 

" I  

H H Me0  CN 32" 
CN 30 
CN 68 
CN 77 
COZMe 50 
CN 71 
COMe 40" 
COzMe 61" 
CN 40 
CN 44 
CN 63 
CN 57 

" A  mixture of 1-;(N03)z an :O (29) was used in the mercu- 
ration step. 

TABLE 26. Coupling Products 100 from Cyclopropanes 98, 
Olefins 26. and Methanol'" 

product 100 cyclopropanes 98 olefin 26 
R' R2 X' x2 x3 vield. % 
H Ph  H 

H 
H 
H 
H 
H 
H 
CN 
COzEt 
COzEt 
Me 
Me 

H 
H 
H 
H 
H 
CN 
COzEt 
COzEt 
Me 
Me 
COzEt 

H 
H 
H 
Me 
Me 
c1 
c1 
H 
H 
H 
H 
H 
Me 
H 
H 
H 
Me 
Me 
c1 
c1 
H 
H 
H 
H 
H 
Me 

CN 
COZMe 
Ph  
CN 
COzMe 
CN 
c1 
CN 
C02Et 
COzEt 
CN 
COZMe 

CN 
COZMe 
Ph  
CN 
COZMe 
CN 
c1 
CN 
COzEt 
COzEt 

C02Et 

CN 
COzMe 
COZEt 

90 
77 
38 
70 
67 
87 
51 
90" 
95" 
42b 
2 1  
12 
67 
80 
76 
34 
80 
68 
76 
44 
84" 
80" 
35b 
22 
13 
60 

"The CN or COzEt groups are in a trans position. bThe CN or 
C02Et groups are in a cis position. 

SCHEME 59lSs 

R1CH=CHR3 (1) R4CONH2196)/Hg(N03)2 ~ R I A x  
( 2 ) CH2=CHX (48  1 /NaBH4 HNCOR 45 IR'=H) 

97 

Recently, the in situ amidomercuration-coupling 
tandem reaction has been used in the key step of the 
preparation of the immunosuppressant tripeptide 95, 
starting from the lactams 93 via the intermediate 94 
(Scheme 58).152 

A general method for the addition of carboxamides, 
ureas, and urethanes 96 to unactivated olefins 45 con- 
sists in the use of mercury nitrate.153J54 When this 
method is combined with the in situ reductive coupling 
reaction employing electrophilic olefins 48 as reagents, 
the corresponding products 97 are obtained (Scheme 
59 and Table 25).155 



504 Chemical Reviews, 1988, Vol. 88, No. 3 Barluenga and Yus 

TABLE 27. Coupling Products 102 from Cyclopropanes 101, Olefins 26, and Methanol or Acetic A ~ i d ' ~ ' - ' ~ ~  
olefin 26 solvent cyclopropane 101 

- R' R2 R3 R4 R6 R6 X' X2 x3 

H 

n-C6H13 

H 

E t  
Me 

Me 
Me 
Ph 

n-C6H13 

H 

Me 

Me 

SCHEME 60156 

RL '", 
98 

H 

H 

H 

H 
H 

H 
Me 
H 

H 

H 

H 

Me 

H 

H 

H 

H 
H 

Me 
H 
H 

H 

H 

H 

H 

Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 
MeCO 

X1CH=CX2X3 ( 2 6 )  /NaBH4 "\Wx3 
100 

(d) ysubstituted Radicals. y-Substituted orga- 
nomercury compounds are easily prepared by oxy- 
mercuration of cyclopropanes 98,3 and their isolation 
is usually carried out as the corresponding chloro- 
mercury derivatives 99. The reductive coupling of these 
systems with electron-poor olefins 26 leads to the ex- 
pected coupling products 100 (Scheme 60 and Table 
26). 156 

The process can be carried out in a one-pot manner 
without isolation of the organomercury intermediates. 
In this case the reaction has been studied for the 
m e t h o ~ y - ~ ~ ' J ~ ~  and acetoxymercuration products.159 

H 
H 
H 
H 
H 
H 
H 
CN 
COZEt 
COzEt 
Me 
Me 
CO2Et 
H 
H 
COzEt 
CO2Et 
H 
H 
COzEt 
COzEt 
H 
H 
COzEt 
COzEt 
H 
H 
H 
COzEt 
COzEt 
H 
H 
H 
H 
H 
CO2Et 
COZEt 
H 
C02Et 
H 
H 
H 
COzEt 
H 
COZEt 
H 

H 
H 
Me 
Me 
c1 
c1 
H 
H 
COZEt 
H 
H 
Me 
H 
Me 
H 
Me 
H 
Me 
H 
Me 
H 
Me 
H 
Me 
H 
H 
Me 
H 
Me 
H 
H 
H 
Me 
c1 
H 
Me 
H 
H 
H 
Me 
c1 
Me 
H 
H 
H 

C02Me 
Ph 
CN 
CO,Me 
CN 
c1 
CN 
COZEt 
H 
CN 
COzMe 
C02Et 
CN 
COzMe 
C02Et 

CN 
C02Me 

C0,Et 
CN 
C02Me 

C02Et 
CN 
CN 
COzMe 

COZEt 

COzEt 

COzEt 

COzEt 
COZEt 
CN 
CN 
CN 
CN 
CN 
COzEt 

CN 

CN 
CN 
CN 

CN 

CN 

CO2Et 

COZEt 

CO2Et 

C02Et 

product 102 
yield, 9i ref. 

82 157, 158 
74 
30 
70 
60 
84 
38 
87 
70 
33 
18 
11 
50 
87 
50 
68 
74 
50 
33 
55 
40 
82 
60 
70 
50 
64 
81 
50 
71 
50 
20 
56 
62 
41  
65 
80 
45 
40 
40 
65 
46 
81 
46 
45 
41 
40 

158 
158 
158 
158 
158 
158 
158 
158 
158 
158 
158 
158 

157, 158 
158 
158 
158 
157, 158 
158 
158 
158 
158 
158 
158 
158 
157, 158 
157, 158 
158 
158 
158 

157, 158 
157, 158 
159 
159 
159 
159 
159 
159 
159 
159 
159 
159 
159 
159 
159 
159 

SCHEME 61157-159 

R 2  R 3  
( 11 Hg( OAc I 2/R60H 

1 i )  X1CH=CX2X3 ( 2 6 )  iNaBH4 
* 

101 

102 

Scheme 61 shows the mentioned reaction performed 
with the starting cyclopropanes 101, in methanol or 
acetic acid as solvent, and an electrophilic olefin 26, in 
which the expected coupling products 102 are isolated 
(Table 27). 

Other y-substituted organomercury compounds are 
the so-called homoenolates 105, which are available 
from aldehydes or ketones 103 by successive silyla- 
tion," cyclopropanation,161 and final mercuration of the 
isolated silylated cyclopropanols 104.162 When the or- 
ganomercury compounds 105 are allowed to react in situ 
with an electrophilic olefin 26 and sodium borohydride, 
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TABLE 28. Coupling Products 106 from Carbonyl Compounds 103 and Olefins 26'63t16' 

product 106 carbonyl compound 103 olefin 26 

R' R2 R3 X' X2 x3 yield, % ref 
- ( c H z ) ~  H H H CN 68 163 

H 

H n-Bu H 

H Me Me 

SCHEME 62l*I6' 

n R1 OSiMe, - 
- &R3' 

Rl%2R3 11) MejSiCl 

R (21 CH212/Zn-Cu 
R2 

H 
H 
COZEt 
H 
H 
H 
H 
H 
H 
H 
COzEt 
H 
H 
H 
H 
COzEt 

103 
104 

Hg(OAc)2/HOAC OAC - .'+HgOAc R Or M e 3 S 1 0 w  

105 

X1CH=CX2X3 (26 I /NaBH4 - 
106 

SCHEME 63IM 

106 (R1= H )  101 

SCHEME 64'" 
NaBH4 

R'H~C~ t R~C-CR' c R1R2C=CHR3 

9 108 45 

the corresponding coupling products 106 are obtained 
(Scheme 62 and Table 28).163*164 

In the case of the aldehyde derivatives (103 with R1 
= H), described in Scheme 62, it is necessary to treat 
the reaction product with potassium fluoride at the end 
of the reaction in order to get the final desilylation. 

An alternative to the reaction described above for 
aldehyde derivatives consists in the hydroxymercuration 
of the corresponding silylated cyclopropanols (104 with 
R' = H) before the second reaction step. In this case 
a mixture of reaction products 106 and 107 is obtained, 

_ _  
H 
H 
Me 
H 
c1 
Me 
H 
H 
H 
c1 
Me 
H 
H 
H 
c1 
Me 
H 

COMe 
COzMe 
COzMe 

CN 
CN 
CN 
COzMe 
COMe 
CN 
CN 

CN 

CN 
CN 

COzEt 

COzEt 

COzEt 

COzEt 

64 163 
62 163 
60 163 
58 163 
50 163 
50 163 
60 164 
52 164 
61 164 
65 164 
40 164 
60 164 
51 164 
49 164 
51 164 
30 164 
45 164 

TABLE 29. Coupling Products 106 (R' = H) and 107 from 
Silylated Cyclopropanols 103 (R' = H) and Olefins 26IB4 

cvclomooanol - -  
product 106 + 107 103 olefin 26 

R2 R3 X' x2 x3 vield. % " ,  

n-Bu H H H CN 55 
H H COzEt 50 
H C1 CN 35 
C02Et H COZEt 36 

Me Me H H CN 47 
H H C02Et 45 
H C1 CN 45 
COzEt H COzEt 45 

TABLE 30. Coupling Products 45 from Organomercurials 9 
and Alkynes 108 

mercurial 9 alkyne 108 product 45 
R' R2 R3 vield. % E / Z  ratio 

C - C ~ H ~ I  H Ph 8 30170 

n-C6H13 H COZMe 10 69/31 
C-CcH11 H COzMe 35 56/44 

C-C&11 C02Me COzMe 21 36/64 

t-Bu H Ph 10 7/93 

t-Bu H C02Me 41 28/72 

t-Bu COZMe C02Me 54 58/42 

SCHEME 65166 
h 0  RH 

Hg - Hg* RHgH 
hii 

RHgH - RHg + H 
h u  

RHg - RHg 
H* + RH - R '  + 

RHg* + RH - RHgH + R' 

RHg* - Hg + R' 

H2 

which arises from the corresponding equilibration of the 
radical intermediates (Scheme 63 and Table 29).164 

3. Reaction with Acetylenes 

The reaction of radicals generated by the "mercury 
method" with acetylenes has been the subject of a sole 
publication.166 When different primary, secondary, or 
tertiary organomercury compounds 9 are treated with 
several alkynes 108 in the presence of sodium boro- 
hydride, a Z / E  mixture of the corresponding coupling 
products 45 is obtained (Scheme 64 and Table 30). 



506 Chemical Reviews, 1988, Vol. 88, No. 3 

TABLE 31. Products from the Mercury-Photosensitized Decomposition of Sulfur-Containing Compounds16TJ6s 

Barluenga and Yus 

starting product ratio, % 

MeoS 40.6 28.8 11.8 
material EtH Me82 MeSH MeH MeS3Me Me2S H2S H2 

MeiSz 13.4 26.5 22.0 
MeSH 17.5 13.1 

3.0 
1.9 25.9 
6.6 13.8 38.5 13.6 

SCHEME 66Is7 
h u  Me2S 

Hg - Hg - Me,S + Hg 

MeaS - Mes + Me 

2 MeS' - MeSSMe 
2 MeS' - MeSH + (HiCSI 

2 Me' _t EtH 

Me' + MeS' - MeH * IH2CSl 

SCHEME 6716"171 

lSt lave: RHgX + e RHg + X 

(RHg' - 1/2 R2Hg + 1/2 Hg! 

ind wave: RHg' + e - R -  7 Hg 

R- r HX - RH - X 

The relative reaction rate of the intermediate radical 
with alkenes and alkynes was studied, concluding that 
the last reagents react 3.0-5.2 times more slowly than 
the alkenes. These results contrast with the addition 
of nucleophiles to both unsaturated systems. 

I V. Radlcals Generated by Other Methods 

A. Radlcals Generated by Excited Mercury 

Although of no synthetic interest, the reaction of 
photosensitized mercury with 3-methylpentane glass at 
5-77 K leads to radicals, through the corresponding 
alkylmercury hydride species (Scheme 65).166 

Likewise, the reaction of photosensitized mercury 
with different sulfur-containing compounds such as 
dimethyl sulfide,167 dimethyl disulfide,167 and methyl 
or ethyl mercaptan168 has been studied by mass spec- 
trometry (Table 31). Scheme 66 shows the proposed 
mechanism for the case of dimethyl s ~ 1 f i d e . I ~ ~  

B. Electrochemlcally Generated Radlcals 

Depending on the reaction conditions, the formation 
of a mixture of products has been observed in the 
electrochemical reduction of organomercury com- 
pounds. This process can easily be explained by con- 
sidering the existence of an alkyl- or arylmercury radical 
intermediate. This species would be generated in the 
first phase of the process (first polarographic wave), and 
a second step (second polarographic wave) would give 
the reduction products. In an alternative way, the 
generated radical can suffer disproportionation to afford 
symmetrization products. However, in these processes 
the corresponding dimer has never been observed 
(Scheme 67).16*171 

C. Radlcals Generated by Autoxidation 

The oxidation of organomercury compounds by 
means of mercury(I1) salts, the so-called "autoxidation", 

SCHEME 6817' 
GMe CMe 

Ph+ - Hg(GAc!2 Me0H'BF3 

AcGHg Me0 
ph& + Hg;iOAc)i 

MeGHlHNG, HgONG2 
+ Hg(NGjj2 L 

HgGNG2 H20/HNOJ 
+ HgIN0,I2 - 

SCHEME 69"2 

XHg HgX. e X * 

HgX2 + ROH ROHgX + HX 

RGHgX RO' t XHg 

R'HgX e R' + XHg 

XHg' + ROHgX - RO' + 

RC' + R'HgX - R'OR + XHg 

XHg' + HgX. -- X' + Hg2X2 

X '  + R'HgX - R'X + XHg 

H92X2 

2 XHg' - Hg X 2 2  

constitutes a method of interest for the substitution of 
a mercury atom by a nucleophile (Scheme 68).172 

The proposed mechanism for this process is of a 
radical type, this conclusion being based on the fact that 
the reaction is inhibited by means of oxygen and is 
capable of polymerizing acrylonitrile (Scheme 69).172 

0. Radicals Generated by Means of Metalilc 
Salts 

More general than the case of the "autoxidation" 
(section C) is the use of other metallic salts for the 
generation of radicals starting from dialkylmercury 
compounds, for instance, iridium(1V) salts; the obtained 
radicals have been the object of broad theoretical, 
spectroscopic, and chemical s t ~ d y . ' ~ ~ J ~ ~  The proposed 
mechanism is shown in Scheme 70: as can be seen, in 
the first step a charge transfer between the iridium salt 
and the organomercury compound is generated. Re- 
cently, the existence of stable complexes of this type 
has been demonstrated, such as the complex prepared 
from the 1:l complex mercury(I1) trifluoroacetate- 
EDTA and hexamethylbenzene; its structure has been 
analyzed by X-ray diffra~t i0n. l~~ 

On the other hand, organomercury compounds have 
been used as initiators or accelerators in radical polim- 
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SCHEME 701's 

R2Hg + IrClg- - R2Hgt + IrCli- 

R2Hgt - RHg' + R' 

R '  + IrC1;- - R+ + IrC1;- 

R+ + C1- - Rl-HI + RC1 

SCHEME 711'* 
Me2Hg + CuC12 - MeHgCl + CuCl + Me' 

Me' /'z - -2 

dZ P z  - z 
. . . . . - 

SCHEME 721s0,1s1 

RHal Hal2 

erizations of olefins17G178 and dienes,179 such as sty- 
rene,176 methyl acrylate,176178 vinyl acetate,176 acrylo- 
nitrile,178 or butadiene.179 For instance, the corre- 
sponding process using copper(II) chloride as a reagent 
for the generation of the initiator, in this case, the 
methyl radical from dimethylmercury, is shown in 
Scheme 71.178 

E. Radicals Generated by Haiodemercuration 

Radical intermediates have been proposed in reac- 
tions of organomercury compounds, bearing the metal 
atom on an sp3-hybridized carbon atom, with bro- 
minelWJ8l or iodine,lE2 based on stereochemical data. 
The reaction products are in all casea the corresponding 
alkyl halides (Scheme 72). In polar solvents, a com- 
peting nonradical halodemercuration can occur.183 

However, when the organomercury compound bears 
the metal atom on an sp2-hybridized carbon atom, the 
corresponding halodemercuration gives different ste- 
reochemical results depending on the solvent used. For 
instance, in the bromodemercuration in pyridine, a 
retention in the configuration is observed, whereas in 
carbon disulfide the main process occurs with inversion. 
Taking these facts into account, a radical mechanism 
does not seem to be general for the mentioned pro- 
cess.184 

V. Conclusions 

From the chemistry described in this survey it can 
be conclused that one of the most important applica- 
tions of organomercury compounds in organic synthesis 
is related to their potential for generating radical in- 
termediates. The most general method for carrying out 
this generation, which can also be performed thermally, 

photochemically, or by other methods, is the so-called 
"mercury method" by means of sodium borohydride. 
Primary, secondary, and tertiary unfunctionalized or 
a-, 0-, and y-functionalized radicals bearing an oxy- 
genated or nitrogenated functional group have been 
obtained by this methodology. The further reaction of 
the generated radicals with different unsaturated sys- 
tems through an intra- or intermolecular reaction con- 
stitutes an efficient procedure of obtaining regiospecific 
but not stereospecific carbon-carbon bonds and rep- 
resents an adequate way to construct organic molecules. 
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