
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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REACTIONS OF ORGANOMETALLIC COMPOUNDS, 

CATALYZED BY TRANSITION METAL COMPLEXES. 

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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TABLE I. Carbonylation of (I) and (V) Catalyzed by 1 mole % of 

(H) or 0.5 mole % of (IV), I-2 equiv, of Bu4NI* (HMPA, C o = 0.25 

mole/liter, 1 arm CO) 

Organomercury 
compound Catalyst 

Reaction 
time, h 

Yield, o/s 

Ph2CO 1 Ph2 

(i) 
(I) 
(v) 
(v) 

(II) 
(iv) 
ill) 
(IV) 

18 
t9 
t9 
i8 

70 
89 
98 
57 

24 

41 

* 1 equiv, in the case of (I), and 2 equiv, in the case of (V). 

T A B L E  2. E f f e c t  o f  T y p e  of  S o l v e n t ,  C a t a l y s t ,  and T y p e  and  

A m o u n t  o f  H a l i d e  Ion  on  t h e  C a r b o n y l a t i o n  o f  O r g a n o m e r c u r y  C o r n -  

.pounds  (C0 = 0 . 2 5  m o l e / l i t e r ,  20~  1 a t rn  CO) 

Organomer- 
cury com- 

pound 

(V)  * 

(v) * 
(v) 
(v) 
(I) * 
(1) * 

(I) * 
(I) * 
(I) 
(I) 
(I) 
(I) 

(I) 

(t) 

(I) 
(V) 

PhHg0Ac 

Catalyst 

(Ii) 

(II) 
ill) 
ill) 
(iv) 
(iv) 
(IV) 
(iv) 
(iv) 
(iv) 
(IV) 
(IV) 

(IV) 

(iv) 

l%C1 (PPha) a 
(Iv) 
(iv) 

Solvent 

THF (t) ~ 

Ditto 
Acetone(2) 
Acetone(3) 
DMF (t) 
THF (1) 
Acetone (t) 
Benzene(l) 
Acetone (0) 
Acetone(1) , 
Acetone (0,5) 
Acetone (0,25) 

Acetone (0,05) 

Acetone (0,02) 

Acetone (t) 
Acetone (2) 
Acetone (3) 

Reaction 
time, h 

6 
20 
6 
2 
2 
4 
4 
4 
4 

24 
2,5 
2,5 
2,5 
5 
2,5 
5 
2,5 
5 
6 
2,5 
2,5 

* Bu4NI used instead of NaI. 
+, Number of equivalents of NaI shown in parentheses 

solvent. 
Bu4NBr used instead of Nal. 

Yield, % 

Ph2CO 

80 
97 
29 
93 
55 
90 
69 
89 
95 
84 
85 
83 
84 
97 
90 
98 
90 
97 
65 
97 
84 

Ph2 

7 
43 

after the 

namely, carbonylation of the IR2Hg-ArI system, and carbonylation of R2Hg to give R2CO , the latter reaction 

predominating. This finding leads to the conclusion that it is possible to carbonylate mercury compounds 
under very mild conditions (I arm CO, 20~ in the presence of iodide. It is known that in the absence of iodide, 
the carbonylation of ArHgX catalyzed by Pd and iRh compounds (1-3 arm, 20-I00~ gives a mixture of Ar2CO, 
At2, and ArCOCI, the yield of ketone not exceeding 50% [3]. The addition of LiCl considerably increases the 
selectivity of the reaction, enabling the carbonylation of ArHgX catalyzed by [Rh(CO)2CI]2 (IV) to be carried out 

in high yield, but the reaction conditions were severe (70~ 68-100 arm [4]). It is noteworthy that symmetrical 
organomercury compounds do not undergo carbonylation in the presence of lad and IRh complexes. 

It has been found that in the presence of iodide, the carbonylation of PhHgCl and (I), catalyzed by Rh and 
Pd complexes, proceeds at atmospheric CO pressure and 20~ The best catalyst for the carbonylation of (1) 
was found to be the Rh complex, and for (V), the Pd complex (Table I): 

2h ,  Hg a~v) Ph~CO + Hg 

2PhHgC1 ~ Ph2CO + Hg + tIgCl~ 

(1) 
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Addition of iodide is n e c e s s a r y  for  the carbonyla t ion  of (V) to p roceed  under  mi ld  conditions in the 
p r e s e n c e  of Rh and Pd complexes ,  and for  the carbonyla t ion  of (I) in the p r e sence  of Pd complexes .  We have 
found that  the earbonyla t ion  of (I) ca ta lyzed  by (IV) p roceeds  at ~ 20~ at a tmospher i c  p r e s s u r e  of CO (Table 2). 
Addition of 1 equiv, of iodide ion cons iderab ly  i n c r e a s e s  the reac t ion  r a t e .  Thus,  earbonylat ion of (I) (0.5 
mole  % (IV), acetone) ,  gave yield of up to 84% of (III) a f te r  24 h, whereas  in the p r e sence  of 1 equiv, of NaI 
the s a m e  yield was obtained a f te r  only 2.5 h. 

It is noteworthy that the carbonyla t ion  of (V) and (I) is accompanied  by oxidative demercu ra t i on  [5, 6], 
which is also faci l i ta ted by iodide [7] 

CO 
(II) Or (IV) ]-----~ R2CO 

Ph~Hg(2PhHgC1) �9 ~ P~2 (2) 

Taking the carbonylation of (V) in the presence of Pd complexes and of (1) in the presence of Rh com- 

plexes as examples, we have examined the effects of type of solvent, halide, and catalyst on the reaction rate 
and product yields (Table 2). It was found that for the earbonylation of (V) catalyzed by (II), the solvent used 

could be not only HIVfPA, but also THF and acetone. When the carbonylation is carried out in acetone, it is 

possible to use the more readily available NaI in place of Bu4NI. In this case, it is necessary to use 2 equiv. 
of iodide, since 1 equiv, is consumed in forming PhHgl (VI). The carbonylation of (V) proceeds more rapidly 
in acetone (2 equiv. NaI) than in HMPA and THF, the reaction being complete in 2 h to give 93% of (III) and 7% 

of Ph 2. When 3 equiv, of Nal were used, the yield of ketone in this reaction fell sharply, and large amounts 
of diphenyl were formed. The decreased yields of (III) are apparently due to syrnmetrization of (VI) with the 

formation of (I) (reaction (3)), which in the presence of the Pd complex and iodide readily undergoes oxidative 

demercuration even in an atmosphere of CO (Table I) 

2PhHgI + I- ~ Ph2Hg % HgI3- (3) 

When bromide  is used  in place of iodide in the carbonyla t ion  of (V) in the p r e sence  of (II), the reac t ion  
p roceeds  much m o r e  s lowly,  but without affect ing its se lec t iv i ty  (Table 2). 

Complexes  of Pd which do not contain phosphine l igands,  such as 0r-C3HsPdC1)2, (MeCN)2PdC12, we re  
found to be devoid of act iv i ty  in the carbonyla t ion  reac t ion .  This is evidently due to the fact that the Pd(0), 
fo rmed  by the reduct ion of these  complexes  by the o r g a n o m e r e u r y  compound i s ,  in the absence of s tabi l iz ing 
l igands,  read i ly  cap tured  by even smal l  amounts  of meta l l i c  m e r c u r y ,  and is r emoved  f rom the reac t ion  zone. 

It will be seen  f r o m  Table 2 that carbonyla t ion  of (I) in the catalyt ic  s y s t e m  iodide-(IV) p roceeds  rapidly  
in high yield both in polar  solvents  (DMF, THF,  and acetone) and in the nonpolar benzene.  When, instead of 
(IV), the Wilkinson ca ta lys t  RhCl(PPh3) 3 is  used  as ca t a lys t ,  the reac t ion  ra te  is cons iderab ly  reduced ,  i . e . ,  
the p r e sence  of phosphine l igands reduces  the act ivi ty  of rhodium in carbonyla t ion .  

By ca r ry ing  out the reac t ion  in acetone in the p r e s e n c e  of NaI and (IV), it is poss ib le  to carbonyla te  not 
only s y m m e t r i c a l  o r g a n o m e r c u r y  compounds ,  but also o r g a n o m e r c u r y  sa l t s .  In the l a t t e r  c a s e ,  ca rbony la -  
t ion p roceeds  rapidly  and se lec t ive ly  owing to the s y m m e t r i z a t i o n  of RHgI (react ion (3)), in consequence of 
which the R2Hg fo rmed  in situ undergoes  reac t ion .  

The earbonylat ion of ArHgX and Ar2Hg can be used  to synthes ize  s y m m e t r i c a l  d iaryi  ketones containing 
e i ther  e l ec t ron  accep tor  or  e lec t ron  donor groups .  Thus,  we have obtained 77-87% yields  (Table 3) of subs t i -  
tuted benzophenones (p-XC6H 4)2CO (X = C1, Me,  and MEG). Carbonylat ion of r ead i ly  avai lable  m e r c u r y  c o m -  
pounds containing a m i n o - ,  d ime thy lamino- ,  and hydroxy-groups  has given 70-97% yields  of 4 , 4 ' - d i a m i n o b e n z o -  
phenone,  M i c h l e r ' s  ketone,  and 2 ,2 ' -d ihydroxybenzophenone .  Carbonylat ion may  also be used to obtain h e t e r o -  
cycl ic  ke tones .  For  ins tance ,  2 - t h i e n y l m e r c u r y  b romide  and d i - 2 - t h i e n y l m e r c u r y  both afford 90% of d i - 2 - t h i e -  

nyl ketone: 

(IV) 
Ar2Hg ~ Ar~C0 + Hg 

2Ar'HgX r or (IV>) Are'GO + Hg + HgX2 (4) 

Am = p-MeC6H~, Ph, 2-thienyl ; At' ~ p-CIC6H~, Ph, p-MeC6H~, p-Me0C6H4, 

p-H2NCGH4, p-(Me)2NC~H~, 0-HOG,H4, 2-thienY 1 X = CI, Br, 0Ac. 

The mechanism proposed for the carbonylation of organomercury salts catalyzed by Pd complexes in- 

cludes the formation of Pd(0) and Pd(II) intermediates (reaction (5)): 
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TABLE 3, Synthesis of Symmetr ical  Ketones by the Carbonylation 
of A r y l m e r c u r y  Compounds,  Catalyzed by 1 mole % of (Ii), or  0o5 
mole % of (IV)~ in the P resence  of Bu4NI (C o = 0.25 mo le / l i t e r ,  
20~ 1 atm CO) 

Organomercury compound 
I 
Catalyst Solvent 

(n) 
(II) 
(II) 
(IV) 
(IV) 
(H) 
(II) 
(IV) 
(IV) 
(IV) 

2-C1CoH~HgCI HMPA (2) * 
p-Me0C~H~HgCI Ditto 
2-MeC6H~HgCI ,> 
(p-MeC~H~) .~Hg ~ 
(2-C~HsS) 2Hg DMF (0,5) 
2-C~H3SHgBr THF 
t-MezNC6H~HgOAc DMF (2) 
p-MezNCsH~HgOAe J~ Acetone (3) 
p-H2NC6H~HgOAc ~ Acetone (2) 
o-HOC~H~HgC1 "~ Acetone (2) 

�9 Number of equivalents of iodide ion shown in 
the solvent.  

Sodium iodide used in place of Bu4NI. 

Re act ion 
time, h 

10 
5 
5 

t0 
24 
t5 
14 
3 
3 
3 

Yield, % 

Ar~CO 

83 
80 
87 
77 
90 
90 
78 
72 
70 
95 

A r ~  

t7 

8 

i -  

parentheses  af ter  

CO .... 53 ~ RHgX PhPdlL2 --+ FhGIJk dlL2 ~ PhCOPdRL2 -------+ PdL~ 
--ggXl --PheOR 

~dL~ q- CO --~ Pd(CO)L2 

Pd(CO)L~ + RHgX --~ RPd(CO)([-IgX)L 2 
RPd(CO)(HgX)L2--~ RPd(CO)XL, -+ RCOPdXL~ 

o r  

(PdL2+RHgX-+RPd(HgX)L2 _-~g RPdXL2) 

\RPdXL~ + CO ~-RPfi(CO)XL~ --> RCOPdXL2, 

RCOPdXL2 + RHgX --~ RCOPdRL2 + HgX~ 
RCOPdRL2 --~ R2CO + PdL2, e t c  

(5) 

In the react ion sequence (5), react ion of PhPdIL 2 with CO and RHgX firs t  resul ts  in the production of the 
active form of the cata lys t ,  the coordinately unsaturated palladium complex PdL2o This complex coordinates 
a molecule of CO, to give the earbonyl complex Pd(CO)L 2. Subsequently, oxidative addition ef RHgX to the 
Pd(0) complex occurs  (insertion of the Pd(0) complex into the H g - C  or  H g - X  bond [Sj), fcllowed by e l imina-  
tion of metal l ic  mercury~  Next, insert ion of CO into the C - P d  bond [9] gives an acyl Pd complex,  which 
undergoes an exchange react ion with RHgX to give a dihydrocarbyt  complex of Pd(II) o Elimination of RzCO 
f rom the dihydrocarbylpal ladium complex regenera tes  the original complex PdL 2. Another sequence of r e -  
actions is also possible ,  in which the compound undergoing oxidative addition to RHgX is PdL 2, ra ther  than 
the carbonyl Pd complex.  

Iodide ion is a nucleophilic catalyst  [10], and should accelera te  the exchange step,  since this is an d e c -  
trophilie substitution react ion,  It is also possible ,  however ,  that it also acce lera tes  the insert ion of Pd(0) in- 
to the H g - C  or  H g - X  bond. This is supported by the fact that the addition of iodide also acce lera tes  the c a r -  
bonylation of o rganomercu ry  compounds catalyzed by Pd complexes ,  in which there  is no exchange step (Eq. 
(6)): 

[R2Hg + Pd(CO)L2---~- RPd(CO)(HgR)L2 _~>g R.~Pd(CO)L~ 

R2Pd(CO)L2 --~ RCOPdRL2 -+ R2CO + PdL.~ 
PdL2 + CO --~ Pd(CO)L~ etc. (6) 

PdL~ + R~Hg --~ RPd(HgR)L~ _~g R~PdL~ 

RePdL~ -+ R2 + PdL2 

The formation of the oxidative demereura t ion  product R2 in the caroonylat ion of R2Hg in the presence  of 
Pd complexes appears  to be due to the fact that R2Bg can undergo oxidative addition to PdL z in addition to 
Pd(CO) L 2. 
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When an Rh(IV) complex is used as catalyst, the active catalytic species is probably the complex [RhL- 
(CO)2CI ] (L is the solvent), formed on dissolving the original complex. In the presence of iodide, this com- 
plex apparently forms an anionic complex (Eq. (8)), which is more active in the oxidative addition of organo- 
mercury compounds, in the same way as the anionic rhodium complex [RhL(CO)I2]- is much more active in 
the oxidative addition of Mel than is the neutral complex [RhL2(CO)I ] (L = PPh~, Ph3As, Ph3Sb ) [Ii] 

[RhL(CO)2C1] -}- l- ~ [Rh(C0)~CII]- + L (8) 

L - solvent~ 

If this assumption is valid, then it should be possible to use catalytic amounts of iodide in the earbonyl-  
ation of RzHg in the presence  of (IV) (Table 2). It was in fact found that the earbonylat ion of (I), c a t a lyzed  by 
0.5 mole % of (IV), proceeds rapidly in high yield when using 50, 25, 5, or  even 2% of sodium iodide (cal- 
culated on (1)). 

As a model of the carbonylat ion react ion,  we have ca r r i ed  out react ion (1) with 10% of (IV) (1 equiv, of 
NaI, acetone, under argon,  20~ After 3 h, 19% of (III) had been formed (95% calculated on a single CO 
group in [Rh(CO)2CII]-, together with 77~ of Ph 2. In a s toichiometr ic  react ion of (I) with 50% of (IV), after  
15 rain 65% of (IIi) and 35% of Ph 2 were formed.  These resul ts  show that only the Rh complex containing two 
ca rbony l  groups is capable of giving R2CO in the react ion with R~Hg. Complex A, which is formed by the loss 
of one molecule of CO, catalyzes only the oxidative demercura t ion  of (!) to give Ph z (reaction (9)): 

[Rh(C0)2CII]- P~Hg PhotO + Hg + [RhL(CO)CII]- (9) 
L (A) 

" Ph~Hg ~ Ph~/-  Hg 

It appears  that the presence  of phosphine ligands resul ts  in a decrease  in the concentrat ion of  the active 
catalytic species containing two CO groups,  with the resul t  that the Wilkinson complex is less active in c a r -  
bonylation than is (IV). 

If the s toichiometr ic  react ion is ca r r i ed  out in an a tmosphere  of carbon monoxide,  no Ph2 is formed,  
but the yield of (III) is 70%, despite the fact that all the (I) is consumed.  Evidently,  some of the (I) (~ 30%) 
undergoes an exchange react ion with complex A to give the organorhodium derivat ive B, which in a CO a tmo-  
sphere  forms a stable complex,  possibly of the c lus ter  type,  but in the absence of CO breaks  down to give 
Ph 2 (Eq. (10)): 

[RhL(CO)ClI]- Ph~Hg [RbL(CO)Ph!]- 
(A: (B) . (lO) 

i I 

[Rh(C0)zPh]n Ph2 ~- Rh(0) 

L = solvent.  

As pointed out above, earbonylation of the sys tem R2Hg-Ar I  gives R2CO as the principal product ,  r a ther  
than RCOAr.  A possible explanation for this is that under the carbonylat ion conditions the o rganomercu ry  
compound is more  react ive than aryl  halides in oxidative addition to the Pd(0) complex.  It is also known [2] 
that RAr is formed in near ly  quantitative yields under argon,  in the presence  of iodide, in the c ross -coupl ing  
of R2Hg with ArI ,  catalyzed by Pd complexes ,  i . e . ,  in oxidative addition to the Pd(0) complex,  ArI  is more  
react ive  than l=(2Hg. It appears  that the Pd complex formed in a CO a tmosphere ,  wkich contains CO molecules  
as l igands,  is m o r e  react ive in the insert ion react ion into the C - H g  bond than it is in oxidative addition to ArI.  

EXPERIMENTAL 

The organomercury compounds and Pd and Rh complexes were synthesized by known methods. The 

Bu4Ni (pure grade) and Nal (pure grade) weredried for 2 h at 150~ (i0 ram). HMPA was kept over molecular 

sieve 13X for 24 h, twice distilled over Call 2 (bp 37~ -z ram), and stored over molecular sieve 4A. The 

THF was kept for a day over KOH, and distilled from LiAIH 4 immediately before use. Acetone (specially pure 

grade) was distilled from Nal. The DMF was purified as described in [12], 

The product yields were determined by TLC on Silufol UV-254 followed by UV spectroscopy. The bands 

visualized by UV were cut out and eluted with methanol. UV spectra were obtained on a Hitachi-124 spectro- 
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photometer. The reaction products were identified by comparison with authentic samples from their Rf va- 

lues and UV spectra. The yields were calculated from the extinction coefficients obtained for the standard 

samples. 

2,2'-Dihydroxybenzophenone. In a flask were placed 0o 329 g (i mmole) of o-hydroxyphe:ayhmereury, 

0.300 g (2 mmole) of NaI, and 4 ml of acetone. The resulting solution was stirred for 10 rain in a stream 

of CO. The solution was then treated with 1.9 mg (0. 005 mmole) of (IV) and CO introduced from a buret into 

the reaction mixture at 1 atm. After 3 h, TLC and UV spectroscopy showed that the mixture contained 0.1 02 

g (95%) of the desired product. The reaction mixture was transferred without ~arther treatment to a s~]ica 

gel plate (eluent hexane-CHCl 3, 1:1) to give 0. 091 g (85%) of 2,2~-dihydroxybenzophenone, mp 61.5-62~ 5~ 
(ef. [13]). 

C O N C L U S I O N S  

1. It has been found that in the presence  of iodide ion the earbonylat ion of a r y t m e r e u r y  compounds 
R2Hg and RHgX (R = p-C1C6H r Ph,  p-MeC6H4, p-MeOC6Ht, p-Me2NC6H4, p-H2NC~H4, o-HOC6H4, 2-thienyl; 
X = C1, Br ,  OAc), catalyzed by palladium and rhodium complexes ,  proceeds under very  mild conditions (1 arm 
CO, 20~ to give high yields of symmet r i ca l  diaryl ketones. 

2. The effects of type of solvent and ca ta lys t ,  and the type and amount of halide ion have been examined, 
and the optimum conditions for carbonylat ion have been found. 
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