273

Journal of Organometallic Chenustry, 275 (1984) 273-282
Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

PHOTOINDUCED REACTIONS OF ORGANIC COMPOUNDS WITH
TRANSITION METAL COMPLEXES

I *. FORMATION OF A o-METHYL COMPLEX OF PLATINUM(IV) AND A
m-ETHYLENE COMPLEX OF PLATINUM(II) IN PHOTOCHEMICAL AND
THERMAL REACTIONS OF PtCl;*~ WITH METHYL AND ETHYL
DERIVATIVES OF TIN OR GERMANIUM. THERMAL OXIDATIVE
ADDITION OF Me,Sn TO PtCl,>~ TO AFFORD THE o-METHYL COMPLEX
OF PLATINUMQYV)
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Summary

The photoinduced reaction of PtCl,>~ with alkyl derivatives of tin or germanium
in acetic acid or acetone is described. The reaction with (CH,),Sn affords the
complex CH;PtCl;®~ (I) whereas irradiation of PtCl¢’~ with (CH,),Sn(C,Hs),
leads to the formation of I and [(CH,=CH, )PtCl,], (III). Complex III is formed in
the reaction with Ge(C,Hj),. The proposed mechanism of “electrophilic” substitu-
tion by the platinum(IV) complex involves electron transfer from the tetraalkylmetal
to the platinum(IV) complex and is labelled the Sgle.t. mechanism. The
platinum(II)-ethylene complex 111 appears to be formed from CH,CH,PtCl,2~ (II)
upon light irradiation via B-hydrogen elimination. The thermal reaction of PtCl¢>~
with (CH;),Sn to afford complex I is catalysed by PtCl,%>~. The thermal reaction of
(CH;),Sn with PtCl,2~ in acetic acid or aqueous acetone affords the o-methyl
complex of platinum(IV).

Introduction

There has been great interest in the electrophilic cleavage of an alkyl-metal bond
by metal compounds [1-8] and alkyl transfers in organometals [9-13]. Derivatives of
transition metals have been, among other things, used as electrophilic reagents.
Either the S;2 (Sgi) mechanism (eq. 1) or the Szl mechanism (eq. 2 and 3) may

* For part II see ref. 18.
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operate in different cases. For example, the Sg2 mechanism has been proposed for
the reactions 4 to 6.

Alk- -M *
Alk—M + El—Nu —— ; ; ——» Alk—El + M—Nu (1)
El----Nu
Alk-M = Alk ™ + M™* (slow) (2)
Alk™ + El-Nu — AIlk—El + Nu ™~ (fast) (3)
Alk,Sn + HgX, — Alk,SnX + AlkHgX [14] (4)
Alk,Sn + X, - AlkX + Alk,SnX (X =Br, I) [15] (5)
Alk,Sn + IBr - AIKI + Alk,SnBr [16] (6)

Recently, we have shown that the PtCl,2~ ion reacts under light irradiation with
various organic compounds (acetone [17,18], arenes [17,19.20], olefins [17,21,22] and
alkanes [17]) to afford organometallic complexes of platinum(1V) or platinum(il). In
the present paper, we wish to report the photochemical reactions of alkyl derivatives
of tin and germanium with PtCl,>~. The thermal reactions of (CH,),Sn with
PtCl,*~ and/or PtCl,>~ will also be described.

Results

We have found that light irradiation (light from a 1000 W high-pressure mercury
lamp, A > 320 mm) of a solution of PtCl,*~ and (CH,),Sn in CD,CO,D or
CD,COCD, affords a o-methyl complex of platinum(IV), I, which may also be
prepared by oxidative addition of CH,I to PtCl,>” [23]. Complex I is rather
unstable and was characterized in the present work by its '"H NMR spectra: singlet
at § 3.22 ppm, J('H-'*Pt) 80 Hz.

hy
(CH,),Sn + PtCl>~ = CH,PtCl,2~ + (CH, ),SnCl (7)
(1

Changes in the 'H NMR spectra of the reaction mixture during irradiation are
shown in Fig. 1. The kinetic curves for reaction (7) in two solvents are shown in Figs.
2 and 3. Complex I formed in reaction 7 slowly affords CH,Cl:

CH,PtCl,>~ - CH,Cl + PtCl,2~ (8)

The kinetics of reactions 7 and 8 were followed by 'H NMR spectroscopy.

The photoinduced reaction of PtCl?~ with (CH,),Sn(C,H;), proceeds more
rapidly, taking into account the rate of disappearance of the starting compound of
tin (Fig. 4). After 2, 4 and 10 min of irradiation, the signals due to complex I and
CH,Cl are observed in the '"H NMR spectra. A new multiplet signal appears in the
spectrum in the region of 8 0.6 ppm after irradiation for 2 min. This signal overlaps
the triplet of (CH,),Sn(C,H;), and the intensity of the signal increases with
increasing time of irradiation. This signal may be due to the methyl protons of the
g-ethyl complex of platinum(IV). To check this suggestion, we prepared the complex
CH,CH,PtCl;>~(II) by oxidative addition of CH,CH,I to PtCl1,2~ [24] in
CD,CO,D/D,0. Complex II thus obtained exhibits in its "H NMR spectrum a
triplet at § 0.59 ppm accompanied by satellites, J('H-!"°Pt) 21 Hz, due to the
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methyl protons and a quartet at § 4.16 ppm, J('H-'**Pt) 86 Hz, due to the protons
of the CH, group.

Cl™
CH,CH,I + PtCl,>~ - CH;CH,PtCl*~ ©)

Thus, it may be proposed that the photoinduced reaction of PtCl>~ with
(CH;),Sn(C,H;), affords, initially, o-ethyl (II) and o-methyl (I) complexes of
platinum(IV). Complex II predominates in a mixture, according to the 'H NMR
spectrum.

b

6(ppm)

Fig. 1. Changes in the 'TH NMR spectra of a solution of D,PtCl,-6D,0 (0.45 M) and (CH;),Sn (0.25
M) in CD;CO, D during light irradiation.
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Fig. 2. Plot of the concentrations of reagents and products of reaction (7) (initial concentrations of
D, PtClg-6D,0 0.45 M and of (CH,),5n 0.25 M) in CD,CO, D versus the time of light irradiation. (1)
(CH,) 4Sn, (2) (CH,),SnCl, (3) CH,PtCl,2™, (4) CH,4CL
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Fig. 3. Plot of the concentrations of reagents and products of reaction (7) at [D,PtCl,-6D,0], 0.15 M
and [(CH;),Sn}, 1.03 M in acetone-dg versus the time of light irradiation. (1) (CH ) ,Sn, (2) (CH,;);SnCl,
(3) CH,PtCl* ™, (4) CH,CL.
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Fig. 4. Plot of the concentrations of reagents and products of the photoinduced reaction of D, PtCl, - 6D,0
(initial concentration 0.092 M) with (CH,),Sn(C,Hy), (0.32 M) in CD,CO,D (reactions 10 and 11)
versus the time of light irradiation. (1) (CH,),Sn(C,Hs),. (2) CH;PtCI3~, (3) #-(CH,=CH,)Pt', (4)
CH,CL
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hv
(CH,),Sn(CH,CH}), + PtCl 2~ 5 CH,PtCl >~ + CH,CH, PtCl 2~
ey (11)
+CH,Sn(C,H, ),Cl + (CH,),Sn(C,H,)Cl (10)

After 15 min of irradiation, a new singlet appears at § 6.19 ppm, J('"H-'"°Pt) 70
Hz, due to the m-ethylene complex of platinum(II). The intensity of this signal
increases with increasing irradiation time whereas the intensity of the signal at § 0.6
ppm decreases.

We have also found that the complex CH,CH,PtCl,*~ prepared by reaction 9
affords upon light irradiation under the same conditions the 7-ethylene complex of
platinum(lI).

hy
CH,CH,PtC1;2~ - [(CH,=CH,)PtCl, ], (11)
(11m)

It should be noted that an excess of CH,;CH,I was present in the reaction
mixture and that complex III might be formed by photolysis of ethyl iodide
(disproportionation of ethyl radicals may produce ethylene). However, we did not
detect the formation of complex III in the photoinduced reaction of CH,CH,I with
PtCl*>~ in CD,CO,D.

The rate of the photoinduced reaction of PtCl 2~ with Ge(C,H;), in CD,CO,D
is much lower than that of Sn(CH,), and especially that of (CH,),Sn(C,H;),.
Complex III was detected in solution in the course of irradiation, and the induction
period of the reaction was observed (Fig. 5). The rates of reactions 12 and 11 in this
case are approximately equal.

hy
Ge(C,H,), + PtCl2~ - CH,CH,PtCl >~ + Ge(C,H;),Cl (12)
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Fig. 5. Plot of the concentration of complex III formed in the reaction of D,PtCl-6D,0 (0.18 M) with
Ge(C,Hy), (0.21 M) in CD;CO, D (reactions 12 and 11) versus the time of irradiation.
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Fig. 6. ESR spectrum of a frozen solution of H,PtCl; and (CH;),Sn in CH;CO,H irradiated at 77 K.
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Fig. 7. Plot of the concentration of complex CH PtCl;2~ formed in the thermal reaction of D, PtCl, -6D,0
(0.08 M) with (CH,),Sn (0.25 M) in CD5CO, D versus time, at various concentrations of Na, PtCl1,-4H,0
added: (1) 0; (2) 0.009; (3) 0.018; (4) 0.027 M.



279

The ESR spectrum of a frozen solution of (CH,),Sn and H,PtCl in CH,CO,H
irradiated at 77 K (A > 300 nm) was recorded. The spectrum exhibits a quartet due
to the methyl radical (g=2.0) and signals due to a complex of platinum(III)
(g, =2.4) (Fig. 6). The spectrum of the platinum(III) complex is similar to those
obtained in the photolysis of PtCl,>~ with CH,OH [25], CH,COCH, [18] and
anisole [19], and in the radiolysis of PtCl,2~ [26].

We have also found that the PtCl,>~ ion slowly reacts with (CH,;),Sn in
CD,CO,D in darkness. The reaction is catalysed by PtCl,2~ (Fig. 7), the formation
of complex I being first order in PtC1,*>~ (Fig. 8).

The PtCl,2>~ ion also reacts with (CH,;),Sn in CD,CO,D/D,0O or
CD,COCD,/D,0O to afford the o-methyl complex of platinum(IV), which was
detected by the '"H NMR spectra.

PtCl,2~ + Sn(CH,), — o-CH,Pt"Y (13)

It should be noted that deposition of platinum metal can be observed in the
course of this reaction. So one may assume that the reaction proceeds, for example,
as follows:

H,0 _
2PtCl1 >~ + Sn(CH,), —— 0-CH,PtCl,(H,0) + Pt +(CH,),SnCl + 3C1~ (13')

Discussion

The formation of ¢-alkyl complexes of platinum(IV) in the photochemical reac-
tions of alkyltin and alkylgermanium compounds with PtCl,>~ appears to proceed
via electron transfer from the organometallic to the platinum(IV) complex. Analo-
gous processes have been proposed for the thermal reactions of IrCl?~ with
alkyllead [27], alkylmercury [28] and alkyltin [29] compounds; for the thermal
reaction of the phenanthroline complex of iron(III) with Sn(CH,), [30]; and for the
photochemical reactions of PtCl;>~ with organic comi)ounds [18-22]. It is known
that the rate of cleavage of the M—C,H, bond is much higher than that of the

! | | |
o 01 02 03

[Ptctf']/[mctﬁz']

Fig. 8. Plot of the relative rate of the thermal reaction of PtC162“ with (CH,),Sn (see Fig. 7) versus the
concentration of PtCl,2~ added (relative to PtCl 2~ ).
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M-CH, bond when electron transfer is involved in contrast to electrophilic substitu-
tion [5]. Irradiation of a solution of (CH,),Sn and tetracyanoethylene (TCNE) at
426 nm affords (CH,),Sn(TCNE)CH; adducts. The reaction is proposed to proceed
via electron transfer [5,31].

The first step of reactions 7. 10 and 12 is the photoexcitation of the PtCl,*>~ ion
[32):

hy
PtCl 2~ > [PtCl > |* (14)

The excited species then reacts with Alk ,M.
[PtC12~]™ + Alk M — [Alk,M] " [Pt CL2 7] +CI (15)

Recently, the cation-radical SnH,*" was prepared by exposing solutions of SnH, to
y-rays [33].

The stability of cation-radicals of tetraalkylmetals is low and they rapidly
decompose to produce alkyl radicals and Alk,;M™* cations:

[Alk ,M]" — Alk + Alk,M* (16)

The methy!l radical and the complex of platinum(IIl) were detected in the ESR
spectrum of the irradiated solution of PtC162‘ and (CH;),Sn at 77 K (see above).

The alkyl radicals thus formed and the Pt"""Cl,>~ species may then recombine to
afford the o-alkyl complex of platinum(IV):

Alk" + Pt"C12~ - AIkPt'VCl 2~ (17)

Formally, such a process is electrophilic substitution at the metal atom. the
platinum(IV) complex being the electrophilic reagent:

Alk-M + Pt-Cl — Alk-Pt + M-Cl (18)

The mechanism of reaction 18 described above may be denoted as the Sgle.t.
mechanism (electrophilic substitution with the crucial dissociative step involving the
electron transfer step).

This mechanism may generally be depicted as follows:

R-M + El* - ([R-M] " [El] )= (R +M* + El )s—> R-El+ M~ (19)

Here ( )4 denotes a solvent cage.

Alternatively, though in our opinion less probable, the mechanism for the
formation of o-alkyl complexes in the photoinduced reaction is the radical chain
process {34] imitiated by photoinduced homolysis of the Pt—Cl bond [32]:

PIC1 2~ S P2 + T (20)
Cl +(CH,),Sn - (CH,),SnCl + CH,’ (21)
CH, + PtCl,2~ - CH,PtCl,>~ + CI’ (22)
CH; + PtCl>~ —» CH,PtCl >~ (23)

The process of 7-olefin complex formation (eq. 11) was previously assumed by us
for the formation of #-olefin complexes of platinum(Il) in the photochemical [17]
and thermal [35] reactions of alkanes with PtCl,2~. Light irradiation may cause the
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formation of a coordinatively unsaturated complex by abstraction of Cl~:

(hr)
CH,CH,PtCl >~ = CH,CH,PtCl,” + C1~ (24)
Elimination of the B-hydrogen from the ethyl group leads to the formation of the
m-ethylene complex of platinum(II).
CH,CH,PtCl,” - [(CH,=CH,)P(H)Cl,"] -

— 7-(CH,=CH, )PtCl,” + H* + CI~ (25)

Alternatively, the m-olefin complex III may be formed via oxidation of Alk™ with
a platinum(IV) or a platinum(III) complex to Alk* to afford the alkene after
extrusion of H* (or disproportionation of Alk’ to alkene and alkane).

CH,CH, + Pt"Y - CH,CH,"* + pt'! (26)
CH,CH, + Pt" - CH,CH," + Pt" (27)
CH,CH,* - CH,=CH, + H* (28)
2Pt - pt'' 4 P!V (29)
2CH,CH, — CH,=CH, + CH,CH, (30)
CH,=CH, + Pt" - #-(CH,=CH, )Pt" (31)

However, the kinetics of the reaction are not consistent with such a proposal. We
were also unable to detect complex III formation in the photoinduced reaction of
PtCl*~, with CH,CH,1 as a source of ethyl radicals in CD,CO,D.

The thermal reaction of PtCl*~ with (CH,),Sn is catalysed by PtCl,2~, the
platinum(II) complex alone reacting with (CH;),Sn to afford the o-methyl complex
of platinum(IV). It is known that PtCl,>~ also catalyses the methyl group transfer
from methylcobalamin to PtCl?~ [36-38]. On the other hand, the complex
(CH,),Pt(bipy) is known to be capable of oxidative addition of (CH,),PbCl,
CH,HgCl or (CH,),Pb to afford o-methyl complexes of platinum(IV) [10]. Oxida-
tive addition of alkyl and aryl derivatives of non-transition metals to complexes of
platinum(0) followed by extrusion of the non-transition metal is a convenient
method of synthesizing organic derivatives of platinum(II) or palladium(II) [39,40].
The thermal reaction of PtCl,?>~ with Sn(CH,), described in the present paper may
be used to prepare the o-methyl complex of platinum(IV) which does not contain
ligands other than chloride ions.

Experimental

All the reactions were carried out in NMR glass tubes of 5 mm diameter.
Solutions in the NMR tubes were placed in glass vessels cooled with water and were
irradiated with light of a 1000 W high-pressure mercury lamp. The kinetics of the
reactions were followed by the '"H NMR method. Complex 11 was detected by the
'"H NMR spectrum of a solution of Na,PtCl, and CH,CH,I in CD,CO,D-D,0
after 2 h of mixing the reagents. The '"H NMR spectra were recorded on a Bruker
SXP-4-100 (90 MHz) spectrometer. The ESR spectra were taken on an EPR-20 (3
cm) instrument.
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