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Methyl {1], acetonyl [2], and carboxymethyl [3] complexes of platinum{IV} (R = Me,
CH,COMe, CH;COOH) are obtained by the reaction#*

RI 4 PHUICLE™ 22 RP4IVCL(H,0) - I (1)

In an aqueous solution containing Cl~ ions, these complexes slowly convert into the
corresponding chloride and hydroxyl derivatives of the organic ligand R [1, 4, 5].

A reaction of PtCl,” with ethyl iodide is also known [6)}, but the complex formed (R =
Et) is relatively unstable, and its existence is concluded mainly from observation of ethyl
chloride and ethanol as the products of its reactlon with nucleophiles. It was therefore im-
portant to study in detail the properties of the o-ethyl complex of platinum(IV) obtained by
reaction (1). 1In the present work, the PMR spectrum parameters of this complex were deter—
mined, and the kinetics of its formation and dissociation in solution were studied.

When ethyl iodide is added to a solution of K,PtCl, in D;0, the accumulation of ethyl
chloride (PMR spectrum: quadruplet at 8§3.62, triplet at §1.45 ppm), ethanol (§3.69, 1.20
ppm), and an intermediate product, an ethyl complex of platinum (84.11, 0.54 ppm), is ob-
served. To assign the last signal, we carried out reaction (1) with ethyl iodide CDgCH,I
deuterated in the methyl group, so that platinum satellites could be observed in the PMR
spectrum, with an integral intensity close to 34%. This value corresponds to the natural
content of the '?°Pt isotope. The spin—spin splitting constant is equal to 2J,espt-C(1H), =
86.4 Hz. The platinum satellites of the B-proton signals of EtPtlV (3J195Pt-C(IH)s = 18 Hz)
were observed when the reaction was carried out in a CDa0D medium, T

Comparison of the parameters of the PMR spectra of the ethyl and other o-crganic de-
rivatives of platinum(IV), obtained by reaction (1) and by oxidation of Zeisse's salt solu-
tions by molecular chlorine [7] (Table 1) shows that the values of %J 9spe—(~2H increase in
the series MePtIV < EtPtIV~ OHCH,CH,PtlV =~ clcH,CH,PtIV < MecocH,PtIV.= HooccH,ptIV,
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 EtClL and EtOH
on time. This effect is sharply observed (Fig. 1) 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 KPtCl, at n20°C, the kinetics of change in the concentration of
ethyl iodide, ethylplatinum(IV), ethanol, and ethyl chloride, taking into account the condi-
tions [EtI]<CPt(II) correspond (see Table 2) to the equations [see scheme (2)] d[RI]/dr =
—k3 [RI]; d[RPt(IV)]/dt = k,[RI] — (ks + ka) [RPt(IV)]; d[ROH]/dt = k, [RPt(IV)]; d[RCl]/dT =
ks [RPE(IV)] at k, = 1.67°107%, ky = 4.1°107%, and ks = 2.0°107% gec™?

*The iodide ions formed are bound by an excess of platinum(IV).

tUnder these conditions, the stationary concentration of EtPtIV is higher than that in the
aqueous solutions, as the result of increase in the rate of reaction (1) due to higher
solubility of ethyl iodide in methanol.
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TABLE 1. Parameters of PMR Spectra of Alkyl Complexes of
Platinum(IV) and Their Analogs

Complex § Hey ppnlyy 29 5PE-C- TH? ;)3(:3), |;-;195Pt-C-C— 4,
i
CH;PLIV [1) 3.07 71,2 - -
CH,CH,PtIV 441 86,4 0,54 18
CICHCH.PU'Y [7] AT 82,0 3,92
OHCH,CH.PtIV [7] 3,99 85.0 3.48
HOOCH,PUV [3) 439 98,4 - -
CH,COCH.PUY (2] 469 984 223% -

*The data for the methyl complex [5] show that in aqueous
solutions under PMR measurement conditions, the complexes

are present in the form of an equilibrium mixture of two
particles RPtIVci,?~ and RPtIVel,(H,0)~.

18 (H) .

TABLE 2. Time-Dependent Change in Concentrations (M*®10%)
of Ethyl Iodide, Ethylplatinum(IV), Ethanol, and Ethyl
Chloride in Reaction of Ethyl Todide with KaPtCla*

(Et) (EtPtIV] {EtOH] [EtCl
T, min
exp. calc. exp. calc. exp. calc. exp. calc.

20 1,95 1.56 0,37 0,34 028 0,44 -

40 1,28 1,27 0.61 0,58 044 048 -

61 0.97 1.03 0,73 0,77 0,50 0,50 -

79 0.86 0,86 086 0,88 0,54 054 0,26 0,25
103 0,68 0.67 0,98 0.98 0.65 059 0,30 0,28
126 0,53 0,54 1.04 1,04 0.70 0,65 034 0,31
150 0,42 0,42 1,03 1,08 0.31 0.71 0,36 0,34
185 0,30 0,30 1,00 1,05 087 0,80 0.42 038
233 0,18 0,19 0,94 0.98 0.97 0.92 0,42 (1773
260 - 0,90 0,93 1,00 0.98 0,45 047
285 - 086 0,88 1,01 1,04 048 0,49
306 - 083 0,83 1,07 1,08 0,50 0,51
330 - 0.82 0,78 1,09 1,43 049 0,54
367 - 0,75 0,70 116 1,20 0,54 0,57
47 - 0,70 0,60 1,23 1.28 0,59 0,64

*[K,PtCl,] = 0.15 M, D.0, Bruker SXP-4-100 NMR spectrom-
eter, internal standard — acetone, scanning time (400
scannings) — 13.3 min} the calculated values of the con-
centrations were found by using scheme (2).

== ROH + H* + PY(II)

RI + PyIN 5 RPY(IV)—| (2)

[
+~RCl + Py(II)
R = Et.

The values of ki 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 EtCl. The
yield of ethyl chloride in 0.15 M solution of KyPtCl, is 32+ 4% and decreases to 17 + 3%
when the initial concentration of K,PtCl, 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 Cl™ concentration. The yield of ethanol in 0.05 M solution of KaPtCl, 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 147 [51.
This can be explained by the known fact that the rate of hydrolysis increases [8] and the
rate of Sy2 substitution decreases on transition from R = Me to R = Et, for example, on
transition from MeCl to EtCl [9].
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Fig. 1. Time-dependent change in rel-
ative concentration of éthyl chloride

in gaseous phase in closed agitated
reactor; [h(EtCl/h(i-CsH;,;) is ratio

of heights of chromatographic peaks of
ethyl chloride and isopentane, used as
internal standard]; [EtI] < [KoPtCl,] =
0.1 M, agueous solution, 298°K,

In general, from the available data [1-3, 4, 7], a stability series of the alkyl com-
plexes of platinum(IV) and their analogs with respect to reductive elimination: PtIVCH,COOH >
PtIVcH,coMe =~ PtIVCH,CH,C1 ~ PtIVCH,CH,0H > PtIVMe > PtIVEL, can be constructed. The intro-
duction of electron—acceptor substituents and decrease in the steric accessibility of the o~
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 (1) with iodohexane [10], or in the reaction of hexane with PtClg®~ [10, 11]1. 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 EtCl, EtOH, and EtPtIV is close to 100%). In fact, at 298°K
"in a 0.05 M solution of K,PtCl,, the ethylene complex of platinum(II) is formed in a yield
of about 1% only (based on EtIl; 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, formed as the result of hydrolysis of ethylplatinum(IV), At 298°K in a 0.1 M solu-
tion of K;PtCl,, the rate of accumulation of the w~complex in the reactionof platinum{II)
with EtI is 4-5 times higher than the rate of formation of Zeisse's salt in the reaction of
Pt(II) with ethanol at an initial concentration 10 times the initial concentration of EtI,
and hence the concentration 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) 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 B-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-dimethyl-2-silapentane-5-sulfonic acid) or
acetone as internal standards.

The experiments were carried out directly in PMR ampules at ~20°C. K PtCl, was added
to a saturated sclution of Etl in D;0, 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.
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Identification of Ethylene Complex of Platinum(II). A saturated solution of KsPtCl,
and Etl (excess in the form of a separate phase) in H;0 was stirred for 4 h at ~20°C. The
solvent was distilled in vacuo at ~20°C. The residue was extracted by chloroform, and the
extract was shaken with an aqueous solution of pyridine (0.03 ml in 10 ml of H,0). The
chloroform solution was dried over Na,S0,, the solvent was evaporated in vacuo, and the
residue was chromatographed on silica gel plates (eluent — CHCl,y). Yield, ~l17% (based on Pt)
of complex (CHz=CH,)PtCl,CsH,N, identified by comparison with a sample synthesized by the
reaction of PtCle>~ with ethylene in acetone with irradiation by light [16, 17].

CONCLUSIONS

1. In the reaction of potassium tetrachloroplatoate with 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. 1In aqueous solutions containing chloride ions, the ethyl complex of platinum(IV)
decomposes to form ethanol, ethyl chloride and an ethylene complex of platinum(II).
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