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We have previously shown [1] that the c ross -coupl ing  of o rganomercury  compounds R2Hg and RHgX with 
aryl halides ArI in the catalyt ic  sys tem palladium complex-ha l ide  ion proceeds under mild conditions, and is 
a convenient method for the synthesis  of nonsymmetr ica l  d iaryls .  A by-product  of these reactions with a ry l -  
m e r c u r y  compounds is the product of oxidative demercura t ion  (OD) 1=(2, the yields of which are dependent on 
the nature of R in R2Hg (RHgX), ArX, the solvent,  and the ligand in the Pd complex. Fu r the rmore ,  it is 
known that the OD of a r y l m e r c u r y  compounds,  catalyzed by Rh and Pd complexes [2, 3], takes place under 
conditions which are  much more  severe  than those required for c ross -coupl ing  [1]. We assume that the addi- 
tion of halide ion acce le ra tes  both c ross -coup l ing  and the oxidative demercura t ion  of o rganomercury  com-  
pounds. 

It has been found that the demercura t ion  of Ph2Hg (I) in the presence  of 2 mole % of Pd(PPh3) 4 (II) and 1 
equiv, of Bu4NI in acetonitr i le  at 20~ for 4 h affords 42% of Ph 2 (73% after 24 h), whereas ,  according to Ta-  
kagi et al. [2], in the absence of iodide ion 31% of Ph 2 was obtained after  8 h at 80~ (2.6 mole % of (II)). 

To compare  the catalytic activit ies of Pd and Rh complexes ,  we ca r r i ed  out the OD of (I) and PhHgC1 
(III) in the presence  of added Bu4NI. As will be seen from Table 1, in the case of the o rganomercury  salt the 
Rh complex was the most  act ive,  whereas  in the case of the Symmetr ical  o rganomercury  compound the palla-  
dium complex PhPdI(PPh3)2 was the more  act ive,  demercura t ion  of (III) being most  rapid when catalyzed by 

[Rh(CO) 2C1] 2 (V). 

PheHg (~v), I -  Ph~-~ Hg (1) 

2PhHgC1 (,~). i-> Ph2 Jr Hg ~- HgC12 (2) 

To esta/)lish the optimum conditions for the demercura t ion  of o rganomercury  salts by react ion (2), the 
effects of type and amount of halide ion and type of solvent on the yields of R2 were studied (Table 2). The 
presence  of halide ion is neces sa ry  for the reac t ion  to occur  under mild conditions, since in the absence of 
halide ion not even a t race  of product was obtained after  3 h at 20~ in DMF, whereas in the presence of 1 
equiv, of Bu4NI 93% of Ph 2 was obtained after  1 h. It was found that the rate of OD was virtually independent 
of the type of halide ion if it was added in the form of Bu4NX, and addition of bromide and chloride was also 
ve ry  effective.  It is noteworthy that in the presence  of 2 equiv, of LiC1 the demercura t ion  of (III) catalyzed 
by (V) required  more  severe  conditiotls (800C, 24 h) [3], apparently owing to the l e s se r  extent of dissociat ion 
of LiC1 in compar i son  with Bu4NCI [4]. As the concentrat ion of iodide ion is increased ,  the rate of d e m e r -  
curat ion of (III) also increases  (Table 2). 

The Wilkinson complex RhCl(PPh3) 3 does not catalyze the OD of (III) at 20~ even in the presence of 
iodide. This implies that the presence  of stabilizing ligands substantially reduces the react ivi ty  of Rh in the 
OD react ion.  

In the catalytic system_ (V) -Bu4NI,  the demercura t ion  of (III) takes place rapidly and in high yield in a 
var ie ty  of solvents (HMPA, DMF, MeCN, acetone,  THF, and CtI2C12). Even in benzene, in which the react ion 
is heterogeneous,  the yield of Ph 2 was 84% after  1 h. The react ion was much slower in methanol,  in which the 
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T A B L E  1. Ox ida t i ve  D e m e r c u r a t i o n  of  Ph2Hg and PhHgCI C a t a -  
l y z e d  by PhPdI (PPh3)  2 (1 m o l e  %) o r  [Rh(CG)~Cll2 (0 .5  m o l e  %) 
and 1-2  equ iv ,  of  Bu4NI* (HMPA,  C O = 0 .25  m o l e / l i t e r ,  20~ Ar)  

Organomercury Reaction / Yield of 
compound Catalyst time~ h / Ph2' % 

[tth (CO2) C1]z (V) 
PhPdI (PPh3) 2 (IV) 
[tlh (CO)~Clh (V) 
PhPdI (PPh,)2 (IV) 

20 i 21 
2-2 69 
2 98 

22 , 32 

Ph2Hg (1) 

PhHgC1 (IIl) 

* 1 equ iv ,  in  the  c a s e  of  Ph2Hg, and 2 equ iv ,  in the  c a s e  of  PhHgCt.  

T A B L E  2. E f f ec t  of Solvent  for  C a t a l y s t  and Type  and Amount  of  
Ha l ide  Ion on the  D e m e r c u r a t i o n  of  O r g a n o m e r c u r y  Sa l t s  Catalyzed 
by 0 .5  m o l e  % of [Rh(CO)2C1]2 and Bu4NI (C o = 0 .25  mole/liter, 20~ 
1 h, Ar)  

Organomercury Solvent Equiv. of halide Yield of 
compound ion ph2, v/, 

PhHgCl. 
Ditto a) 

>> 

}) 

}> 

{/ 
'~ f) 

)> 

PhHgl ~ 
PhHgOAe ) 

D MF 

A c e t o n e  
Methanol 

H MPA 
D MSO 
MeCN 
THF 

Benzene 
CH~t.lz 

Acetone 
D MF 

1 
i 
2 
0,5 
0,25 
0 
t 
t 
1 
1 
t 
1 
1 
t 
i 
1 
t 
2 
i 
2 

93 �84 
Trace 
98 
78 
15 
0 
89 
93 
83 
96 
40 
88 

Trace 
92 
96 
84 
95 
53 
48 
75 

a) Catalyst 1 mole % of RhCl(PPh3) 3. b) Reaction time 3 h. c) In 
air. d,e) In place of Bu4NI , Bu4NBr used (d), or Bu4NCI (e). f) Re- 
action was heterogeneous, g) Nal used. h) 91% Ph 2 formed after 

7 h. i) Reaction time 24 h. 

limiting factor is probably the dissolution of (III). It could be that DMSO is a good stabilizing iigand for Rh, 
as is PPh3, resulting in the formation of an inactive Rh complex. 

Less active than (Ill) in demercuration was PhHgI (VII). The reason for this is probably that (VII) more 
readily undergoes symmetrization in the presence of iodide than does (HI), i.e., equilibrium (3) is shifted 

further to the right when X = h 

2PhI-IgX -t- I -  ~ Ph2ttg + HgX~I- (3) 

I t  was  in  fac t  e s t a b l i s h e d  by TLC on Si lufol  ( d e v e l o p e r  iod ine  vapor )  tha t  in  the  p r e s e n c e  of  Bu~NI (VII) 
s y m m e t r i z e s  to  (I). C o n s e q u e n t l y ,  the  c o n c e n t r a t i o n  of  the  o r g a n o m e r e u r y  s a l t  when X = I i s  s m a l l  c o m p a r e d  
wi th  when X = C1, and  the  OD of  {VII) i s  m u c h  s l o w e r .  S i m i l a r  b e h a v i o r  i s  a l s o  s e e n  in the  d e m e r c u r a t i o n  of  
(LII) in  the  p r e s e n c e  of  NaI in  a c e t o n e .  I t  i s  n e c e s s a r y  to u s e  2 equ iv ,  of  NaI in  th i s  r e a c t i o n ,  s i n c e  one equ iv .  
i s  c o n s u m e d  in the  f o r m a t i o n  of  (VII).  In  the  c a s e  of PhHgOAc ,  the  r e a c t i o n  a l so  o c c u r s  m u c h  m o r e  s l owly  than 
wi th  (III) ,  p r o b a b l y  owing  to the  l o w e r  r e a c t i v i t y  of  o r g a n o m e r e u r y  a c e t a t e s  in  t h e i r  o x i d a t i v e  a d d i t i o n  to the  

Rh complex (see below). 

Atmospheric oxygen has no appreciable effect on the rate of demercuration of (Ill) (Table 2). 

As mentioned above, the OD of symmetrical organomereury compounds proceeds most rapidl.y in the 
presence of the Rh complex. From the results presented in Table 3, it will be seen that the demercuration of 
(I) catalyzed by Pd complexes containing the PPh 3 ligand proceeds in high yield in acetone, benzene, and TH~ 
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T A B L E  3. E f fec t  of Type  of  So lven t ,  C a t a l y s t ,  and Type  and 
Amount  of  H a l i d e  Ion on the  D e m e r e u r a t i o n  of  Ph  Hg in the  P r e -  
s e n c e  of  I m o l e  % of  a P a l l a d i u m  C o m p l e x  and Na~. (C o = 0 .25  
m o l e / l i t e r ,  20~ 

Equiv. of Reaction Yield of 
Solvent halide ion Catalyst time, h ph2, %. 

Acetone 

9 
)) 

)) a) 
Benzene, 

THFa) 
T HF b) 

Benzene a) 

t 

0,25 
0,5 
2 
3 
4 
t 
t 
1 
1 
1 

PhPdI (PPhs) ~ (IV) 

Ditto 

)) 

PdCI2 (PPha) 2 
PdC12 (AsPh,) 2 

2,5 
24 
2,5 
2,5 
2,5 
2,5 
2,5 

24 
17 
17 
24 
24 

a,b) In place Of Nal, Bu4NI (a) or Bu4NBr (b) used. 

30 
80- 
24 
30 
27 
2i 
20 
83 
76 
83 
75 
32 

in the  p r e s e n c e  of  i od ide  and b r o m i d e  (Bu4NX, X = B r ,  I in  benzene  and THF;  NaI in  ace tone ) .  In the  p r e s e n c e  
of  Pd  c o m p l e x e s ,  h o w e v e r ,  the  d e m e r c u r a t i o n  of R2Hg i s  m u c h  r e t a r d e d ,  and the  r e a c t i o n  does  not p r o c e e d  to  
c o m p l e t i o n .  It a p p e a r s  tha t  a l l  the  Pd g r a d u a l l y  l e a v e s  the  r e a c t i o n  zone as  a r e s u l t  of  the  a m a l g a m i z a t i o n  of  
Pd(O) by m e t a l l i c  Hg,  f o r m e d  d u r i n g  the OD r e a c t i o n  ( r e a c t i o n  (4)): 

PdL2 q- Hg -+ Pd(Hg) q- 2L (4) 

When the  c o m p l e x  (Ph3As)2PdC12, which  c o n t a i n s  a l i g a n d  l e s s  b a s i c  than  P P h  3, i s  u s e d  as  the  c a t a l y s t ,  
t h i s  r e a c t i o n  i s  even  s l o w e r ,  ~ 30% r e a c t i o n  be ing  r e a c h e d  a f t e r  2 h,  w h e r e u p o n  the r e a c t i o n  a l m o s t  c e a s e d .  
It i s  n o t e w o r t h y  tha t  when PdX2L 2 o r  1RPdXL 2 (L i s  the  l igand)  i s  u s e d  as  the  Pd  c o m p l e x ,  the  a c t i v e  s p e c i e s  
PdL2 i s  f i r s t  f o r m e d ,  and  th i s  a l so  c a t a l y z e s  the  d e m e r c u r a t i o n :  

PdX2L~ - 2a..Hg > R2PdL2 --> R2 q~ PdL~ (5) 
- - 2 R H g X  

It was  found tha t  the  c o n c e n t r a t i o n  of  i od ide  had  l i t t l e  e f fec t  on the  r a t e  of d e m e r c u r a t i o n  of  RzHg in the  
p r e s e n c e  of  a Pd  c o m p l e x .  When the  c o n c e n t r a t i o n  was  v a r i e d  by a f a c t o r  of 16 in  the  r e a c t i o n  invo lv ing  (I) 
( ace tone  and Na i ) ,  the  y i e l d  of  Ph  2 d id  not v a r y  by m o r e  t han  a f a c t o r  of  1 .5 .  A p o s s i b l e  e x p i a n a t i o n  for  th i s  
i s  tha t  in  t h i s  c a s e  the  l i m i t i n g  s t e p  in  the  r e a c t i o n  i s  the  r e d u c t i v e  e l i m i n a t i o n  o f  Ph  2 f r o m  Ph2PdL 2, which  i s  
i n d e p e n d e n t  of  i od ide  c o n c e n t r a t i o n  ( see  b e l o w ,  Eq.  (7)). 

As  has  a l r e a d y  been  no t ed ,  in  the  a b s e n c e  of  a d d e d  ha l i de  ion the  OD of  a r y l m e r c u r y  c o m p o u n d s  c a t a -  
l y z e d  by Pd and Rh c o m p l e x e s  r e q u i r e s  r e l a t i v e l y  s e v e r e  c o n d i t i o n s .  T h u s ,  the  d e m e r c u r a t i o n  of  Ar2Hg in the  
p r e s e n c e  of  (VI) t a k e s  p l a c e  at  80~ fo r  s e v e r a l  h o u r s  [2], P d  c o m p l e x e s  be ing  i n e f f i c i e n t  c a t a l y s t s o  The  �9 
of  a r y l m e r c u r y  s a l t s  in  the  p r e s e n c e  of  0 . 5  m o l e  % of  (V) mud 2 equ iv ,  of  LiC1 a l s o  r e q u i r e s  a t e m p e r a t u r e  of 
80~ fo r  24 h [3]. I t  w i l l  be s e e n  f r o m  T a b l e  4 tha t  the  a d d i t i o n  o f  i od ide  ion  e n a b l e s  the  OD of  ArHgX and 
Ar2Hg,  c a t a l y z e d  by Rh and P d  c o m p l e x e s ,  to be e f f e e t e d  in  high y i e l d s  at  ~ 20~ This  r e a c t i o n  c a n  be p r o f i t -  
ab ly  u s e d  for  the  s y n t h e s i s  of  s y m m e t r i c a l  d i a r y l s  con ta in ing  e i t h e r  e l e c t r o n - a c c e p t e r  o r  e l e c t r o n - d o n o r  
g r o u p s .  F o r  i n s t a n c e ,  we have  o b t a i n e d  the  s u b s t i t u t e d  d i a r y l s  (p-XC6H4) 2 (X = C1, M e ,  MoO) in 74-99% y i e l d .  
D e m e r c u r a t i o n  o f  p - a m i n o p h e n y l -  and p - d i m e t h y l a m i n o p h e n y l m e r c u r y  a c e t a t e s  a f f o r d s  63-69% of  benz id ine  
and 4 , 4 ' - b i s  ( d i m e t h y l a m i n o ) d i p h e n y l .  In the  d e m e r c u r a t i o n  of  d i - ( 2 - t h i e n y l ) m e r c u r y ,  83% o f  the  s y m m e t r i c a l  

d i h e t e r y l  d i - 2 - t h i e y l  was  o b t a i n e d  

Ar~Hg ~ Ar2 q- Hg 

2Ar 'HgX red,, or ,,Rh~, Ar~' q- Hg -4- HgX2 (6) 

Ar = p-C1C6H4, Ph, p-Me0C~H4, 2-'thienyl ; 

At '  = Ph, p-Me0C6H~, p-MeC6H~, 

p-H2NC~H4, p-Me~NC6H~; X = C1, OAc 

It i s  c u r r e n t l y  b e l i e v e d  tha t  in  t he  r e a c t i o n  o f  R2Hg wi th  Pd(0)  and Pt (0)  c o m p l e x e s  the  c o m p l e x  of  Pd  
o r  P t  i s  f i r s t  i n s e r t e d  in to  the  C - H g  bond (ox ida t ive  a d d i t i o n  of  R2Hg to the  Pd(0) and Pt(0)  c o m p l e x ) ,  the  
z e r o - v a l e n t  Pd  and I>t c o m p l e x e s  behav ing  as  n u c l e o p h i l i e  c a r b e n o i d s  [5]. If  the  1R2Hg compounds  c on t a in  
p o w e r f u l  e i e c t r o n - a e e e p t o r  g r o u p s  (1R = C F3, C6F s), t he  i n s e r t i o n  p r o d u c t s  of  the  p l a t i n u m  c o m p l e x  R H g P t -  
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TABLE 4. Synthesis of Symmetrical Diaryls by the Oxidative De- 

mercuration Arylmercury Compounds in the Presence of 1 mole% 

of PhPdI(PPh3)2 (IV) or 0.5 mole % of [Rh(CO)2CI]2 (V) and Nal 

(C O = 0.25 M, 20 ~ , Ara)) 

Organomercury Reaction Yield of 
compound Solvent Catalyst time, h Ar 2, e/c 

p-MeC6H~HgC1 b)b~ 
p-Me0C6H~HgC1 / 
(p~MeOC6H~) ~Hg 
(p-C1CsH~) eHg 
(2-C~H3S) 2Hg 
p-H~NC6H~HgOAc b" 
p-Me~NC~tt~Hg0Ac ) 

HMPA (2) c) 

Acetone(t) 

Acetone (3) 
DMPA (2) 

(v) 
(v) 
(IV) 
0v) 
(iv) 
(iv) 
(v) 

2 
2 
24 
24 
24 
3 
24 

99 
98 
74 
78 
83 
63 
69 

a) Reactions catalyzed by the Pd complex were carried out in air. 

b) Bu4N I used instead of NaI. 
e) Number of equivalents of iodide ion given in parentheses after 

the solvent. 

B(PPh3) 2 are fully stable, and can be isolated (similar Pd complexes could not be isolated) [6]. The com- 

plexes RHgPdRL 2 formed as intermediates in the OD of R2Hg are unstable, and form the diorganopalladium 

complexes R2PdL 2 with elimination of metallic Hg, the former then undergoing reductive elimination to give 

R 2 and the original Pd(0) complex (equation (7)) 

R2Hg + PdL; ---> RHgPdRL~--~ R~PdL2 + Hg (7) 

R~PdL~ --~ R~ ~ PdL~ 

A s imi la r  mechanism for the OD of R2Hg in the presence  of Rh complexes has been proposed [2 I. The 
addition of halide ion apparently facilitates the insertion of Pd(0) into the C-Hg bond, thus accelerating the 

demercuration of R2Hg. 

The OD of organomercury salts in the presence of Pd complexes must comprise three steps, including 

exchange of RHgX with the complex RPdXL 2 (Eq. (8)) : 

RHgX q- PdL~ -+ RPd(HgX) L~ -+ RPdXL2 3- Hg 

( or BHgPdXL2) (8) 

RPdXL~ + RHgX --~ R~PdL~ -~ HgX 2 

R~PdL 2 -* R~ -~ PdL~ 

Addition of halide, which is a nucleophilie cata lyst  [7], could acce lera te  both the inser t ion and the ex-  
change s tages ,  since it is an eleetrophil ic substitution react ion.  It is noteworthy that insert ion of the Pd(0) 
complex could take place ei ther  at the C - H g  bond, at H g - X .  It is possible that in the lat ter  case separat ion 
of metal l ic  Hg could occur  following the exchange step.  O r g a n o m e r c u r y  salts undergo OD in the presence  of Pd 
complexes with g rea te r  difficulty than symmet r i ca l  o rganomercu ry  compounds,  apparently since exchange is 
the ra te - l imi t ing  step. 

A s imi la r  t h ree - s t age  mechan i sm in which the oxidation level of the Rh var ies  f rom 1 to 3 has been p ro -  
posed [3] for the OD of RHgX. 

EXPERIMENTAL 

The organomereury compounds, Pd and Rh complexes, and Bu~NCI were obtained by known methods. 

The tetrabutylarnmonium bromide and iodide and sodium iodide were pure grade, dried for 2 h at 150~ (10ram). 

Methanol was chemically pure. Purification of benzene, CH2C12, MeCN, DMSO, and DMF was carried out as 

described in [8]. HMPA was kept over molecular sieve 13X for 24 h, twice distilled over Call2, bp 37~ (8-10 -3 

ram), and stored over molecular sieve 4A. THF was kept for 24 h over KOH, and distilled from LiA]H 4 im- 

mediately before use. Specially pure grade acetone was redistilled from NaI. 

The yields of products were determined by TLC on Silufol UV-254 in conjunction with UV spectroscopy. 

The bands visualized by UV were cut out, eluted with methanol, and the UV spectra recorded on a Hitachi-124 

spectrophotometer. The reaction products were identified by comparing their Rf values and UV spectra with 

authentic samples. The yields were calculated from their extinction coefficients, determined for standard sam- 
ples. 
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4,4 ' -Dimethoxydiphenyl .  In a f lask fitted with a magnet ic  s t i r r e r  we re  placed under a s t r e a m  of argon 
171 mg  (0.5 mmole)  of p - a n i s y l m e r c u r y  ch lor ide ,  369 mg (1 mmole)  of Bu4NI, 2 ml  of HIMPA, and 1.0 mg  (2.5 
pmole)  of (V). After  2 h, TLC showed that the mix tu re  contained 52.5 mg {98%) of the des i red  product .  The 
reac t ion  mix tu re  was t r ea t ed  with 20 ml  of wa te r ,  ex t rac ted  with 4 x 10 ml  of  e t h e r ,  washed with 3 • 20 ml  of 
wa t e r ,  and subjected to TLC on s i l ica  gel (eluent h e x a n e - e t h e r ,  2:1) to give 47 m g  (88%) of 4 , 4 ' - d i m e t h o x y -  
diphenyl,  mp 177~ (cf. [13]). 

C O N C L U S I O N S  

1. The effects  of adding halide ion, type of solvent  and ca ta lys t  on the oxidative demercu ra t i on  of a r y l -  
m e r c u r y  compounds in the p r e s ence  of pal ladium and plat inum complexes  have been studied.  

2. In the p r e s ence  of halide ion,  a r y l m e r c u r y  compounds Ar2Hg and ArHgX (Ar = p-CIC6H4, Ph,  P-MeC 6- 
H4, p-MeOC6H4, p-Me2NC6I-I4, p-HI2NC6H4, 2-thienyl;  X = C1, OAc)undergo  oxidative d e m e r c u r a t i o n  ca ta lyzed  
by pal ladium and rhodium complexes ,  under ve ry  mild conditions (20~ to give s y m m e t r i c a l  d ia ry l s  in high 
y ie lds .  
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8. CARBONYLATION OF ARYLMERCURY COMPOUNDS IN THE 

PRESENCE OF PALLADIUM AND RHODIUM 

N. A. Bumagin, I. O. Kalinovskii, 

and I. P. Beletskaya 

UDC 542.97:547. 559.49 

It has p rev ious ly  been shown that carbonyla t ion  of the RSnlV[e 3 - R ' I  s y s t e m ,  ca ta lyzed  by "nonligand" 
pa l lad ium,  * takes  place with CO under  a tmospher i c  p r e s s u r e  at ~ 20~ to give the n o n s y m m e t r i c a l  ketones 
RCOR'  in high yields  [1]. We a t tempted  to use  in this r eac t ion ,  in p lace  of  RSnMe3, the m o r e  acces s ib l e  o r -  
g a n o m e r e u r y  compounds which,  according to [2], in the p r e sence  of Pd complexes  and iodide ion undergo 
c ros s - coup l ing  with a ry l  iodides.  However ,  the main  products  of carbonyla t ion  of the s y s t e m  R 2 H g - A r I  were  
the s y m m e t r i c a l  ketones R2CO. Thus ,  r eac t ion  of Ph2Hg (I) with 2 equiv,  of p-NO2C6H4I (1 mole  % PhPdI(PPh3)2 
(II), 1 equiv.  Bu4NI, 1 a tm.  CO, 20~ for  24 h gave 55% of Ph2CO, 26% of p-NO2C6H4Ph, 11% Ph2, and only 8% 
of PhCOC6H4NO2-P. Hence,  two compet ing carbonyla t ion  reac t ions  take place with o r g a n o m e r c u r y  compounds ,  

* By "nonligand" pa l ladium,  we mean  complexes  RPdXL 2, PdL n, e t c . ,  in which the solvent  functions as a 
weakly coordinat ing ligand. 
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