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In a study of the applicabil i ty and mechanism of reac t ions  of o rganomercu ry  compounds with complexes 
of zerovalent  platinum group metals  [1], we found that cyc loa lky lmercur ic  halides in which m e r c u r y  is bonded 
to a secondary  carbon  reac t  with Pt(PPha)~ to form,  depending on the react ion conditions, compounds with an 
H g - P t  bond* or  cycloalkyl  der iva t ives  of platinum 

RHgBr q- Pt (PPha)s _ ~  NHgPt (PPhahBr Sunlight -~ RPt (PPh~h Br 
- -  --Hg 

where R is cyclopentyl ,  2-methoxycyclopentyl ,  cyclohexyl ,  t r a n s - 2 - m e t h o x y c y d o h e x y l ,  c i s -2-methoxycyc lohexyl ,  
exo-norbornyl ,  or  exo-c i s -methoxynorborny l .  

We suggested that compounds with an H g - P t  bond may be in te rmedia tes  ia the reac t ion  of o r g a a o m e r c u r y  
compounds with Pt(O)L n [1] and r igorous ly  demonst ra ted  this in seve ra l  cases  [2]. P l a t i n u m - m e r c u r y  com-  
pounds a re  most stable when e lec t ron-accep t ing  groups (CFa, C6F~, etc.) a re  present  in the molecule [3, 4]. 

We have p repa red  compounds with an H g - P t  bond by reac t ion  in the dark of cyc loa lky lmerour ic  bromides ;  
these  a re  readi ly  photolyzed, el iminating mercu ry .  Reaction of CFsCOOH with these and other  compounds with 
an H g - P t  bond [5] resu l t s  in elimination of mercu ry .  In the photolysis  of p l a t i n u m - m e r c u r y  compounds in 
benzene solution, the cyclopentyl  der iva t ives  most readi ly  el iminate mercury ;  the i r  stabil i ty inc reases  in the 
o rde r  

OCHa 
/ 

< 
v 

trans-(I) (II) 

OCHa 

<0< <<), 
HgPt (PPhah Br HgPt (PPha)2 Br 
cis -Ov) (V) 

< 

< 

eXO - 

OCH3 

r 
HgPt (PPha)~ Br < 

trans-(III) 

(w) 
exo-cis-  

< 

The el imination of t tg is complete within 5 h to 5 days, depending on the s t ruc tu re  of the cycloalky moiety. 
Af ter  deposit ion of Hg in the photolysis  of cyc loa lky lmercur ic  bromides  with Pt(PPha) 3 we were  able to isolate 
the re la t ive ly  stable a -cyc loa lkylp la t inum complexes  f rom the benzene solution. 

*We consider  that  the more  probable o rde r  of bonding is R - H g - P t - B r ,  although we cannot exclude the a l t e r -  
native, B r - H g - P t R .  
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TABLE 1. [(cr-Cycloalkyl)mercuri]  platinum Compounds P r e p a r e d  
by React ion of Cyeloa lkylmercur lc  Bromides  with Pt(PPh3) 3 

8 o  ~ 

(i) 
(H) 

OH) 

0V) 

(V) 

(VI) 

(Vn) 

76 
* 62 

85 

94 

93 

91 

88 

114 
136 

129 [47,89 

145 147,97 

152 [48r 14 

148 ]47,61 

216 [47, 58 

Found, % 

I-I Br 

4,03 
3,831 7,30 

3,981 6,80 

3,771 6,90 

4,031 7,09 

3,97[ 7,17 

3,97 / 7,12 

H g  

16,87 

16,7~ 

16,0~ 

16,38 

17,02 

17,17 

Emperieal 
formula 

C~zH~IBrHgOP~Pt 
C~IH39HgBrP~Pt, 

�9 0,5CRgCeH5 
C~3H43BrHgOP2Pt- 

"0,5CKsC6H5 
Cr 

.0,5CHsCGH5 
C~H41BrHgP2Pt. 
-0,5CRsCeH5 

~H~sBrHgOP~Pt. 
.0,5CRsC6H5 

".~H~IBrHgP2Pt. 
-0,5CI~3C8H5 

Calculated, % 

c H Br Hg 

45,75 3,8,' [ 
3,8~ 17,98: 47.91 7,16 

47,89l 4,0,~ 6,89[17,13: 

47.89[ 4,0.~ 6,89]17,1~ 

48,34[ 4,1C 7,07]17,7~ 

48,701 4,04 6,82]17,1~ 

48,92] 3,97 7,00[17,5T 

* PMR spec t rum conf i rmed the p re sence  of toluene of c rys t a l l i za -  
tion. 

Thus we isolated a -cye loa lkylp la t inum compounds f rom the photolysls  of compounds (III) and (IV) in 
benzene a t  6~ in yields of  64% and 32%, respec t ive ly .  E a r l i e r  a t tempts  to p r ep a re  compounds in which pla t i -  
num is bonded t o  a secondary  carbon atom using organomagnesium compounds [6] o r  by oxidative addition [7] 
obtained el imination products:  the hydride HR(PPh3)2Hal and the corresponding oleflns. This was at tr ibuted 
to the suscept ibi l i ty  of alkyl compounds of platinum to f l-el imination.  We natural ly expected that our  synthetic 
eycloalkylplat inum compounds would behave s imi lar ly .  Indeed af te r  chromatography or  the rmolys i s  of (2- 
methoxyeyclohexyl)bis  (triphenylphosphine)platinum bromides  (IX) and (X), cyolohexylbis (triphenylphosphine)- 
platinum bromide {VIII), and cyclopentylbis(tr iphenylphosphine)plat inum bromide (X1), we were  able to conf i rm 
the formation of hydridobts(tr iphenylphosphine)platinum bromide [IR spect rum:  5 820, g 2220 cm -1] [8] and to 
isolate this compound. We p repa red  methoxybis(tr iphenylphosphine)plat inum bromide from compound (IX), 
which has a fl-CttaO group 

x 

PtL~Br 
X = H, CHaO, L = PPhs 

We conf i rmed that cyclohexane is formed in the decomposi t ion of compounds (VIII), (IX), and (X) by GLC. 

Thus we have demons t ra ted  that cyc loa lky lmercur i c  bromides  in which m e r c u r y  is bonded to a secondary  
carbon atom reac t  with Pt(PPha) 3 and have conf i rmed that format ion of the (r-organoplatinum products  involves 
the in te rmediacy  of p l a t i n u m -  m e r c u r y  compounds. This expands our view of the applicabili ty of the react ion of 
o r g a n o m e r c u r y  compounds with complexes  of zerovalent  platinum group metals .  

E X P E R I M E N T A L  

All reac t ions  and isolat ion of products  were  c a r r i e d  out in an a tmosphere  of Ar.  Spectra  were recorded  
with a H i t a e h i ' P e r k i n - E l m e r  R-20 ins t rument  at  60 MHz (PM_R); a UR-10 ins t rument  (I.R). Melting points 
were  de te rmined  in sealed capi l la r ies .  

Synthesis  of (Cyclohexylmercuri)bis( t r iphenylphosphine)plat inu m Bromide (V!. To a suspension of 
C6HnHgBr (0.18 g, 0.5 mmole) in toluene (25 ml) at 10~ was added Pt(PPh3) ~ (0.50 g, 0.5 mmole); the mixture 
was s t i r r e d  until the components had comple te ly  dissolved,  avoiding exposure  to d i rec t  sunlight, and then kept 
in a r e f r i g e r a t o r  at 0*C for  a day. The toluene solution was separa ted  f rom the smal l  precipi ta te  by fil tration. 
Addition of cold hexane (60 ml) gave a l ight-yel low precip i ta te ,  which was separa ted  and washed with b e n z e n e -  
hexaue (1:20) (3 x 5 ml). Af ter  drying under  vacuum the weight of the product  was 0.51 g (93%). The compound 
decomposed at > 152~ (in a sealed capi l lary) .  The other  p l a t i n u m - m e r c u r y  der ivat ives  of cycloalkanes 
(Table 1) were  p r epa red  in the same way. 

IR Spec t ra*  (KBr, cm-1). 

*s =strong;  m = medium; w =weak. 
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TABLE 2. (cr-Cycloalkyl)platinum Compounds Prepared by Reac- 
tion Of Cyeloalkylmercuric Bromides with Pt(PPha) ~ 

Corn- 
pound 

(viii) 

(ix) 

(x) 

(xi) 

(XII) 

(XIII) 

(xiv) 

Formula 

~--Pt(PPh3)~Br 

OCHa 

()--/Pt(PPh3)~Br* 
OCHs 

(~--Pt(PPh3)~Bz J" 

~ -- Pt(PPh3)~Br 

OCH3 
/ 

~ --Pt(PPh3)~Br 

~Pt(PPha)2Br 

Yield,lDe- 
% Ic~ 

lpoint 
[*C 

86,3 

73,3 

69 

72 

52 

76,7 

76,4 

Empirical 
formula 

C~H41PtP2Br 

C~aH~PtOP2Br 

C~H~PtOPzBr 

C~iH39PtPzBr 

C~H~,PtOPzBr 

C~3H~PtP2Br 

C~,H~3PtOP2Br 

Found, ~o 

C 56,24 
H 4,32 
Br 9,01 

C 57,83 
H 4,i0 
Br 9,76 

C 57,98 
H 4,ii 
Br 9,44 

C 56,64 
H 4,35 
Br 7,14 

C 57,0i 
iI 4,14 
Br 9,49 

C 57,64 
H 4,62 
Br 9,48 

C 56,2i 
H 4,55 
Br 9,i9 

Calculated, 
% 

C 57,ti 
H 4,67 
Br 9,07 

C 56,58 
tt 4,74 
Br 8,64 

C 56,58 
H 4,74 
Br 8,64 

C 56,67 
H 4,49 
Br 8,98 

C 56,i2 
tt 4,~ 
Br 8,99 

C 56,56 
H 4,79 
Br 8,93 

C 57,t5 
H 4,76 
Br 8,65 

*Prepared from (trans-2-methoxycyclohexyl)mercuric bro- 
mide and Pt(PPh3) 3. 
S P r e p a r e d  f r o m  ( c i s - 2 - m e t h o x y c y c l o h e x y l ) m e r c u r i c  b r o m i d e  

and Pt(PPh3) 3. 

[ ( t r a n s - 2 - M e t h o x y c y c l o p e n t y l ) m e r c u r i ] b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  b r o m i d e  (I): 505 s, 525 s, 545 s, 

690 e, 1085 s, 1434 s, 2820 s, 620 m, 585 m, 1155 m, 1480 m, 2845 m, 3050 m, 3070 m, 640 w, 765 w, 8 4 2 w ,  

918 w, 995 w, 1024 w, 1082 w, 1092 w, 1115 w, 1305 w. 

[ ( t r a n s - 2 - M e t h o x y c y c l o h e x y l ) m e r e u r i ] b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  b r o m i d e  (II1): 530 s, 546 s, 690 s, 

700 s, 770 s,  2830 s, 422 m, 1075 m, 1000 m, 1032 m, 1155 m, 1188 m, 2824 m,  2855 m,  30.69 m, 590 w ,  615 w ,  
645 w ,  855 w ,  890 w ,  925 w ,  1250 w, 1280 w, 1312 w. 

[ ( e i s -2 -Methoxycyc lohexy l )  m e r c u r i ] b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  b r o m i d e  (IV): 525 s, 535 s, 690 s, 
740 s,  1090 s,  2815 s, 2825 s ,  415 m, 588 m,  675 m, 995 m,  1025 m,  1180 m, 3055 m, 3062 m, 2850 m,  3070 m, 
640 w, 665 w, 780 w, 835 w, 825 w, 930 w, 1115 w, 1130 w, 1285 w, 1355 w. 

( C y c l o h e x y l m e r c u r i ) b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  b r o m i d e  (V): 500 s, 524 s, 692 s, 745 s, 1432 s, 
2819 s, 622 m, 588 m, 1158 m, 1480 m, 2845 m, 3050 m, 3070 m, 640 w, 765 w, 840 w, 925 w, 980 w, 998 w, 
1025 w, 1085 w, 1115 w, 1309 w. 

[ ( e x o - c i s - M e t h o x y n o r b o r n y l )  m e r c u r i ] b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  b r o m i d e  (VI) : 498 s, 524 s, 538 s, 
690 s, 1090 s,  1430 s,  738 m, 1065 m, 1475 m, 2864 m, 2915 m, 2948 m, 3068 m, 415 w, 585 w, 635 w, 860 w, 
915 w, 935 w, 970 w, 995 w, 1025 w, 1145 w, 1120 w, 1145 w, 1218 w, 1240 w, 1310 w, 2812 w, 3000 w. 

[ ( e x o - N o r b o r n y l ) m e r e u r i ] b i s ( t r i p h e n y l p h o s p h i n e ) p l a t i n u m  b r o m i d e  (VII): 500 s, 522 s, 535 s, 692 s, 785 s, 
750 s, 736 m, 1065 m, 1474 m, 2948 m, 3050 m, 418 w, 528 w, 632 w, 682 w, 915 w, 936 w, 972 w, 994 w, 1025 w, 
1120 w, 1145 w, 1245 w, 1220 w, 1294 w, 1312 w, 3000 w. 

Syn thes i s  of C y c l o h e x y l b i s ( t r i p h e a y l p h o s p h i n e ) p l a t i a u m  B r omi de  (VIII). The e l i m i n a t i o n  of Hg (95 mg, 
95%) in the pho to lys i s  of a so lu t ion  of CsHnHgBr (0.18 g, 0.5 mmole)  and Pt(PPha)a (0.50 g, 0.5 mmole)  in b e n -  
zene  (30 ml) was comple t e  a f t e r  6 h. The so lu t ion  con ta ined  only  one p l a t i n u m  compound  [TLC; (Rf 0.57); 
Si lufol ;  b e n z e n e - e t h y l  ace t a t e  (3:1)]. The so lu t ion  was s e p a r a t e d  f rom Hg by f i l t r a t ion ,  and cold hezaae  (80 ml) 
was  added to the f i l t r a t e .  The l i gh t -ye l l ow  c r y s t a l l i n e  p r e c i p i t a t e  was washed  with b e n z e n e - h e x a n e  (1:15) and 

2375 



dried under vacuum to give (VIII) (0.38 g, 86%), decomposition point 136~ The other cycloalkylplatinum 
derivatives (Table 2) were prepared in the same way. 

Photolysis of Cyolohexylbis(triphenylphosphine)platinum Bromide (VIII). Chromatography on a column 
packed with silica gel L 100/160 ~ (20 g) [toluene-ethyl acetate (3:1)] of the reaction product from photolysis 
of cyolohexylmercuric bromide (0.36 g, 1 mmole) with P t(PPhs) ~ (0.98 g, 1 mmole) gave hydridobis(triphenyl- 
phosphine)platinum bromide (,0.31 g, 37%), mp 178~ (from toluene-hexane). The substance contained toluene 
of crystallization. PMR spectrum (6, ppm); 2.07 (CH3). IR spectrum (KBr): 6 820, v 2220 cm -I (Pt-H).  
Found: C 58.03; H 4.13; Br 9.48%. C36H31BrP2Pt" CHsC6H s. Calculated: C 57.92; H 4.40; Br 8.95%. 

Photolysis of (2-Methoxycyclohexyl)bis(trtphenylphosphine)platinum Bromide (IX). Photolysis of (IX), 
carried out under the conditions of the preceding reaction, gave methoxybis(triphenylphoSphine)platinum bro- 
mide in 47~ yield, mp 210~ (decomposition). PMR spectrum (CHC13, 6, ppm); 2.32 unresolved multiplet 
(OCH3). Found: C 53.93; H 4.05; Br 10.35%. C3yH33BrOP2Pt. Calculated: C 53.49; H 3.98; Br 9.64%. 

CONCLUSIONS 

i. The reaction of cycloalkylmercuric bromides with Pt(PPh3) s involves the intermediacy of compounds 
with an Hg-Pt bond, which can be isolated in the dark at low temperatures (O-IO~ 

2. Photolysis of the platinum mercury compounds ia solution forms (~-cycloalkyl)bis(triphenylphosphine)- 
platinum bromides. These are the first reported or-platinum derivatives with the metal bonded to a secondary 
carbon atom. 

3. (cr-Cyoloalkyl)bis(triphenylphosphine)platinum bromides decompose by fl-elimination. 
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