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Methyl [I], acetonyl [2], and carboxymethyl [3] complexes of platinum(iV) (R = Me, 
CH2COMe, CH2COOH) are obtained by the reaction* 

HI + Pt~Cl~ - ~ Ret~vCl4(H20) - q- I- ( i )  

In an aqueous s o l u t i o n  c o n t a i n i n g  C1- i o n s ,  t h e s e  complexes s lowly  convert:  i n t o  the  
c o r r e s p o n d i n g  c h l o r i d e  and h y d r o x y l  d e r i v a t i v e s  o f  the  o r g a n i c  l i g a n d  R [1, 4, 5] .  

A r e a c t i o n  of  P tCI~-  w i t h  e t h y l  i o d i d e  i s  a l s o  known [6~, bu t  the  complex formed (R = 
Et)  i s  r e l a t i v e l y  u n s t a b l e ,  and i t s  e x i s t e n c e  i s  conc luded  mainly  from o b s e r v a t i o n  o f  e t h y l  
c h l o r i d e  and e t h a n o l  as the  p r o d u c t s  o f  i t s  r e a c t i o n  w~th n u c l e o p h i l e s .  I t  was t h e r e f o r e  im- 
p o r t a n t  to  s tudy  in  d e t a i l  the  p r o p e r t i e s  of  the  ~ - e t h y l  complex o f  p la t inum(IV)  o b t a i n e d  by �9 
r e a c t i o n  (1 ) .  In t he  p r e s e n t  work, the PMRspectrum pa rame te r s  of  t h i s  complex were d e t e r -  
mined,  and the k i n e t i c s  o f  i t s  f o r m a t i o n  and d i s s o c i a t i o n  in  s o l u t i o n  were s t u d i e d .  

When e t h y l  i o d i d e  i s  added to  a s o l u t i o n  o f  K2PtCI~ i n  D20, the  accumula t ion  o f  e t h y l  
c h l o r i d e  (PMR spec t rum:  q u a d r u p l e t  a t  63 .62 ,  t r i p l e t  a t  61.45 ppm), e t h a n o l  (63 .69 ,  1.20 
ppm), and an i n t e r m e d i a t e  p r o d u c t ,  an e t h y l  complex of  p l a t i num (64 .11 ,  0 .54 ppm), i s  ob-  
s e r v e d .  To a s s i g n  the  l a s t  s i g n a l ,  we c a r r i e d  out  r e a c t i o n  (1) w i th  e t h y l  i o d i d e  CDsCH2I 
d e u t e r a t e d  i n  the  methy l  group,  so t h a t  p l a t i num s a t e l l i t e s  could  be obse rved  i n  the  PMR 
spectrum, with an integral intensity close to 34%. This value corresponds to the natural 
content of the 195Pt isotope. The spin-spin splitting constant is equal to 2J~gsPt-C(*Hi 2 = 
86.4 Hz. The platinum satellites of the 8-proton signals of EtPt !V (sJ,95Pt_C(~H) s = 18 Hz) 
were observed when the reaction was carried out in a CD30D medium. # 

Comparison of the parameters of the PMR spectra of the ethyl and other o-organic de- 
rivatives of platinum(IV), obtained by reaction (i) and by oxidation of Zeisse's salt solu- 
tions by molecular chlorine [7] (Table i) shows that the values of 2J**bPt_C_1H increase in 
the series MePt IV < EtPtlV~OHCH2CH2ptlV~ CICH2CH2Pt IV < MeCOCH2ptlV~HOOCCH2ptlV, 
symbatically with increase in the chemical shifts. 

We shall now consider the paths of decomposition of the ethyl complex of platinum(IV). 
After some time, the concentration of ethylplatinum(IV) passes through a maximum (Table 2). 
Ethanol and ethyl chloride accumulate in parallel, and also form after the disappearance of 
ethyl iodide in the system, which proves the intermediate role of ethylplatinum(IV). This 
should lead, in particular, to an S-shaped dependence of the concentration of EtCI and EtOH 
on time. This effect is sharply observed (Fig. i) when the more sensitive GLC method is 
used to monitor the accumulation of ethyl chloride in the gaseous phase of an agitated 
closed reactor. 

In 0.15 M solution of K2PtCI~ at ~20~ the kinetics of change in the concentration of 
ethy ! iodide, ethylplatinum(IV), ethanol, and ethyl chloride, taking into account the condi- 
tions [Etl]~Pt(ll) correspond (see Table 2) to the equations [see scheme (2)] d[Rl]/d~ = 
--k~[Rl]; d[RPt(IV)]/H~ = k~[Rl]- (k2 +ks) [RPt(IV)]; d[ROH]/d~ = k=[RPt(IV)]; d[RCI]/HT = 
ks[RPt(IV)] at k, = 1.67'10 -~, k2 = 4.1"10 -5 , and ks = 2.0"i0-5 sac -I 

*The iodide ions formed are bound by an excess of platinum(IV). 
#Under these conditions, the stationary concentration of EtPt Iv is higher than that in the 
aqueous solutions, as the result of increase in the rate of reaction (i) due to higher 
solubility of ethyl iodide in methanol. 

Institute of Physical Organic Chemistry and Carbon Chemistry, Academy of Sciences of 
the USSR, Donetsk. Institute of Chemical Physics, Academy of Sciences of the USSR, Moscow. 
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. I, pp. 192-195, 
January, 1986. Original article submitted August 28, 1984. 

0568-5230/86/3501-0175512.50 �9 1986 Plenum Publishing Corporation 175 



TABLE I. 
Platinum(IV) 

Complex* 

CHsPt TM [~] 
CH3CH2Pt ' 
CICHzCH~Pt Iv [7] 
OHCHzCH:Pt Iv [7] 
HOOCtI2Pt TM [3] 
CH3COCH2Pt tv [2] 

Parameters of PMR Spectra of Alkyl Complexes of 
and Their Analogs 

6 HCo ppm 

3,O7 
4,iT 
4,tt 
3,99 
4,39 
4,69 

2JlgsPt- C_ z H, 
Hz 

77,2 
86,4 
82,0 
85,0 
98,4 
98,4 

p6p(mH 3j  
6 ) ,  [ i 95 Pt-C-C- IH, 

Hz 

0,54 
3,92 
3,48 

i8 

*The data for the methyl complex [5] show that in aqueous 
solutions under PMRmeasurement conditions, the complexes 
are present in the form of an equilibrium mixture of two 
particles RPtlVcIs 2- and RPtlVcI~(H20) -. 

TABLE 2. Time-Dependent Change in Concentrations (M'IO 2) 
of Ethyl Iodide, Ethylplatlnum(IV), Ethanol, and Ethyl 
Chloride in Reaction of Ethyl Iodide with KaPtCI~* 

I 
I, min i 

exp. 

1,55 
1,28 
0.97 
0.86 
0,68 
0,53 
0,42 
0,30 
0,i8 

[Etll 

calc. 

[EtPt lYl  

exp. 

t,5( 137 
t,2~ 161 
i,0~ 0,73 
0,8( 0,86 
0,6~ 0,98 
0,5~ t,04 
0,4~ t ,03 
0,~ t,00 
0,t~ 0,94 

0,90 
0,86 
0,83 
0,82 
0,75 
0,70 

20 
~0 
61 
79 

103 
126 
1'50 
t85 
233 
260 
285 
306 
33O 
367 
4t7 

*[K:PtCI4] : 0.15 M, D20, 

talc. 

)34 
),58 
),77 
188 
),98 
1;04 
i,06 
t,05 
~).98 
9:93 

0,83 
038 
0,70 
0,60 

[EtOH] 

exp. calc .  

0,28 h44 
0,44 ),48 
0,50 ),50 
0,54 ),54 
0,65 ),59 
0,70 ),65 
0.8t 17t 
0187 9,80 
0,97 0,92 

,00 3,98 
1,01, 1',04 
t,,07 t~08 
1,1)9 t,t~ 
t,t6 t 20 
t:,23 t,28 

[EtCl| 

exp. calc. 

1~6 0,2.5 
)30 0,28 
),34 0,31, 
),~ ~ 
),42 1%8B 
),42 r 
),45 0,47 
148 0,49 
%50 0,5~ 
3.49 0,54 
154 0,57 
3,59 0,6i 

~ruker SXP-4-100 NMR spectrom- 
eter, internal standard- acetone, scanning time (400 
scannings) -- 13.3 rain| the calculated values of the con- 
centrations were found by using scheme (2). 

ROH + H § + P t0D 

RI + Pt(II)~-~ R P t ( I V ) - -  / k. (2)  
/ 
[ G1- 
7 ~  RCI + e t ( I I )  

R = E t .  

The values of ka and ks were found from the condition of a minimum sum of squares of devia- 
tions of the experimentally determined EtPt(IV) concentration and the calculated concentra- 
tion according to scheme (2), taking into account the ratios of yields of EtOH and EtCI. The 
yield of ethyl chloride in 0.15 M solution of KaPtCI~ is 32 + 4% and decreases to 17 +_ 3% 
when the initial concentration of KaPtCI~ is decreased to 0.05 M. This agrees with the data 
for the methyl complex [4], as its rate of dissociation to methyl chloride decreases with de- 
crease in CI- concentration. The yield of ethanol in 0.05 M solution of K~PtCI~ is 75 + 6%. 
We should note that under conditions similar to those shown above, the dissociation of methyl- 
platinum(IV) gives mainly methyl chloride; the yield of methanol does not exceed 14% [5]. 
This can be explained by the known fact that the rate of hydrolysis increases [8] and the 
rate of SN2 substitution decreases on transition from R = Me to R = Et, for example, on 
transition from MeCI to EtCI [9]. 
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Fig. 1. Time-dependent change in  r e l -  
a t ive  concentration of e thy l  chlor ide 
in  gaseous phase in  closed agi tated 
reactor; [h(EtCl/h(i-CbH,=) is ratio 
of heights of chromatographic peaks of 
ethyl chloride and isopentane, used as 
internal standard]; [EtI] 4 [K~PtCIa] = 
0.1 M, aqueous solution, 298~ 

In general, from the available data [1-3, 4, 7], a stability series of the alky! com- 
plexes of platinum(IV) and their analogs with respect to reductive elimination: PtIVCH=COOH > 
ptIVcH=COMe ~ptIVcll=CH=CII~ptlVcH2CH2OH~ptIVMe~ptIVEt, can be constructed. The intro- 
duction of electron-acceptor substituents and decrease in the steric accessibility of the a- 
carbon atom lead to increase in the stability of the complex in this series. 

Since in the ethyl complex there are B-hydrogen atoms, the presence of a still another 
path of the dissociation of the complex could be expected, namely, via the B-elimination. 
This reaction probably proceeds in the case of the hexyl complex of platinum(IV), formed by 
reaction (I) with iodohexane [I0], or in the reaction of hexane with PtCI+ =- [I0, ii]. The 
observations [12, 13] on dehydrogenation in the oxidation of alkanes indicate that B-elimina- 
tion can be a very general reaction of alkyl complexes of platinum. However, the data in 
Table 2 show that under the conditions that we studied, dehydrogenation proceeds only to an 
inappreciable extent (the sum of EtCI, EtOHj and EtPt IV is close to 100%). In fact~ at 298~ 
in a 0.05 M solution of K=PtCI~, the ethylene complex of platinum(II) is formed in a yield 
of about 1% only (based on EtI; isolated and identified in the form of an adduct with Py). 
With increase in temperature, the yield of Zeisse's salt decreases. The formation of Zeisse~s 
salt under our conditions cannot be explained by the known reaction [14] of platinum(II) with 
ethanol, �9 formed as the result of hydrolysis of ethylplatinum(IV). At 298~ in a 0.I M solu- 
tionof K=PtCI4, the rate of accumulation of the T-complex in the reactionof platinum(II) 
with EtI is 4-5 times higher than the rate of formation of Zelsse's salt in the reaction of 
Pt(II) with ethanol at an initial concentration 10 times the initial concentration of EtI, 
and hence the co~%centration of ethanol formed in the system studied. 

The small fraction of B-elimination in the dissociation of ethyl-complex of platinum(IV) 
may probably be due to the absence under our experimental conditions of coordinational 
vacancies in EtPt(IV)I in the cis position with respect to the alkyl group, which are neces- 
sary [15] for the elimination to proceed. It is not excluded that 8-elimination proceeds 
more readily in the alkyl complexes of platinum(II), the first intermediates in the oxidation 
of alkanes in the Pt(II)--Pt(IV) system. This, in particular, may be the reason for the 
relatively high yields of the dehydrogenation products in the oxidation of cyclohexane~ 

EXPERIMENTAL 

The PMR spectra were recorded on Bruker SXP-4-100 (90 MHz) and Bruker WM-250 (250 MHz) 
spectrometers, using DSS (the Na salt of 2,2-dlmethyl-2-silapentane-5-sulfonic acid) or 
acetone as internal standards. 

The experiments were carried out directly in PMR ampules at ~20~ K=PtC14 was added 
to a saturated solution of Etl in DsO, and the PMR spectra of the reaction mixture were re- 
corded at given periods of time. 

The yields of the ethylene complex of platinum was determined by displacing ethylene 
from the coordination sphere of platinum by adding a large excess of thiocyanate ions to the 
reaction products, followed by GLC analysis of the ethylene liberated. 

i77 



Identification of Ethylene Complex of Platinum(ll). A saturated solution of K2PtCI~ 
and Etl (excess in the form of a separate phase) in H=0 was stirred for 4 h at ~20~ The 
solvent was distilled in vacuo at %20~ The residue was extracted by chloroform, and the 
extract was shaken with an aqueous solution of pyridlne (0.03 ml in i0 ml of H20). The 
chloroform solution was dried over Na~S04, the solvent was evaporated in vacuo, and the 
residue was chromatographed on silica gel plates (eluent -- CHCI~). Yield, ~1% (based on Pt) 
of complex (CH~--CH2)PtCI2CbH4N, identified by comparison with a sample synthesized by the 
reaction of PtCI62- with ethylene in acetone with irradiation by light [16, 17]. 

CONCLUSIONS 

i. In the reaction of potassium tetrachloroplatoate wlth ethyl iodide in an aqueous 
solution at room temperature, the ethyl complex of platinum(IV) is formed, which is charac- 
terized by PMR spectra. 

2. In aqueous solutions containing chloride ions, the ethyl complex of platinum(IV) 
decomposes to form ethanol, ethyl chloride and an ethylene complex of platinum(ll). 
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