Journal of Organometallic Chemistry 493 (1995) 181-187

ofi ]
metallic
Chemistry

Redox-induced activation of C—H bonds
in 1,2,3,4,5-pentamethylcyclopentadiene platinum complexes

Oleg V. Gusev »”, Larisa N. Morozova ?, Tat’yana A. Peganova ?, Mikhail G. Peterleitner 2,
Svetlana M. Peregudova 2, Larisa 1. Denisovich ?, Pavel V. Petroskii ?, Yuri F. Oprunenko °,
Nikolai A. Ustynyuk 2

* A.N. Nesmeyanov Institute of Organoelement Compounds, Academy of Sciences of Russia, Vavilov St. 28, 117813 Moscow, Russia
b Chemistry Department, Moscow State University, Leninskie Gory, 117234 Moscow, Russia

Received 12 October 1994

Abstract

The electrochemical behaviour of the platinum complexes [Pt(n*-C MesHX7’-CsHIBE, (1*) and [Pt(n*-dieneXn>-
CsMe,)]*BF, (diene = CsMesH (2) or 1,3-cyclohexadiene; (3%) 1,5-cyclooctadiene(4)) has been studied by cyclic voltamme-
try. The complexes 1*-4" are capable of both oxidation and reduction. The bulk electrolysis of 2* at the potential of its
reduction gives a mixture of two neutral isomeric complexes 5a and 5b. These are assigned structures with n>-allylic and of o,
m-bonding methylene cyclopentenyl Me,CsH(=CH ) ligand. This is the proposed result from methyl C-H bond breakage in
pentamethylcyclopentadiene ligand of an intermediate 19-electron complex [Pt(n*-CsMesHXn3-CsMes)” (27). The same
mixture of isomers 5a and 5b forms in interaction of 2* and “BuOK in tetrahydrofuran. The preparative electrochemical
oxidation of 2* proceeds with C—H bond scission at the pentamethylcyclopentadiene sp3-hybridized carbon in an intermediate
17-electron dication radical [Pt(n*-CsMesHX7n5-C Mey)l'2* (2°2%) to give decamethylplatinacene dication [Pt(n°-

CsMe,), " (BF; ), (72%). The one-electron reduction of 7°* regenerates 2.
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1. Introduction

C-H bond activation in coordinated ligands induced by
electron transfer are well known [1], but examples of
18-electron complexes which can undergo C-H activa-
tion via both 17-electron and 19-electron intermediates
remain rare. Here we report selective reductively and
oxidatively induced C~H bond activation in 7*-penta-
methylcyclopentadiene platinum complexes which have
recently been prepared by us [2].

2. Results and discussion

The cyclic voltammetry study of [Pt(n*-C;MesH)-
(73-CsH)I"BF, (1%) and [Pt(n*-diene)(n>-Cs-
Me)]*BF, (diene = CsMesH, (2%) or 1,3-cyclohexa-
diene (3%), 1,5-cyclooctadiene (4*)) was carried out on
carbon glass electrode in CH,Cl, solution with
Bu,NPF, as the supporting electrolyte.
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It follows from the data (Table 1) obtained that
1*—4" are able to undergo both oxidation and reduc-
tion, unlike the related complexes [Pt(n*-C,Me X7°-
Cp)]* (Cp=CsH;, CsH Me, or CsMe,) for which
oxidation was not observed [3].

The reduction of all four complexes 1*—4* present
one-electron irreversible processes. The values of the
reduction potentials of 1*-4* are close to reduction
potentials found for [Pt(n*-C,Me X7°-Cp)]* (Cp=
CsH;, CsHMe or CsMes) [3]. The complex 17 is
reduced at —1.34 V. The reduction peak of 2% is
shifted to more negative values (4 = 0.23 V (Table 1))
because of the presence of five methyl groups in pen-
tamethylcyclopentadienyl ligand. Methyl groups in the
pentamethylcyclopentadiene ligand exert a similar in-
fluence on the reduction potential values, as can be
seen from a comparison of reduction potentials of the
1,3-cyclohexadiene (3*) (—1.44 V) and pentamethylcy-
clopentadiene (2*) (—1.57 V) complexes. The 1,5-
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Fig. 1. Reduction of [Pt(n*C;MesHXn%-CsMe)]* BFE, (2%) as
shown by cyclic voltammograms of 2%; (¢ =4X 10~3 M 17!; THF;
Bu,NPF;; Hg electrode; s =200 mV s~ L with reference to a satu-
rated calomel electrode): (a) before electrolysis; (b) after electrolysis.

cyclooctadiene complex (4*) is reduced with slightly
greater difficulty (—1.70 V).

Oxidation of 17-4*% takes place at high positive
potentials (Table 1). Only in the case of 2% is the
oxidation peak quasi-reversible, while the other com-
plexes, 1%, 3" and 4%, are oxidized irreversibly. The
oxidation processes are of a one-electron native for 27
and 3% and of a two-electron native for 1 + and 47. It
is proposed that decomposition of the first-formed
17-electron dication radicals 1'2* and 4°2* is followed
by oxidation of decomposition products in the latter
two instances.

2.1. Reduction of [Pt(n*-CsMesH)(n’-CsRs)]BF, (R =
H(1%), Me (2%))

After cathodic polarization of 1* and 2* at poten-
tials of their reduction peaks new peaks were observed
on anodic branch of cyclic voltammograms arising from
oxidation of reduction products (Fig. 1(a)). The prepar-
ative electrochemical reduction of 1* and 2% was
undertaken with the aim of establishing the structure
of their reduction products.

H,C 4 &

HzC Ql” H

o,n-olefin

5a,b

Scheme 1.

The bulk electrolysis of solution of [Pt(n*-
CsMe H)(n*-CsMeg)IBF, (2*) in tetrahydrofuran
(THF) was carried out on a mercury electrode at —1.8
V. After passing 1 F mol~!, the solution showed no
reduction peaks of 2* but did show oxidation peaks at
+0.30 and +0.48 V (Fig. 1(b)). Evaporation of the
solvent followed by extraction of the residue with hex-
ane gave a mixture of two isomeric neutral complexes.

The 'H NMR spectrum (C¢Dg) of this mixture
showed strong singlets at 8 =1.93 (Jp,_ = 18.3 Hz)
and 2.02 (Jp,_y; = 24.4 Hz) ppm arising from C;Me;
rings of different isomers, (the ratio is 1.3:1.0). In
addition, six methyl resonances were observed at & =
1.36 (Jp,_g=44.0 Hz), 1.47 (Jp,_, =44.0 Hz), 2.05
(Jp_pg = 26.4 Hz), 1.42 (Jp,_; = 14.0 Hz), 1.62 (Jp,_y
=14.0 Hz) and 1.91 ppm. The presence of methyl
doublets at 1.11 (J = 6.9 Hz) and 1.24 (J = 7.4 Hz) ppm
as well as corresponding quartets at 2.96 (J =6.9 Hz,
Jpu =484 Hz) and 221 (J=6.9, Jp,_,; =45 Hz)
ppm indicates that CHMe groups remain in each iso-
mer. There are also two pairs of resonances in lower
fields; 4.47 (s, 1H, Jp,_yy = 24.7 Hz), 4.68 (s, 1H, Jp, g4
=20.7 Hz) and 2.65 (d, 1H, Jp,_j; = 64.5 Hz), 3.74 (d,
1H, Jp,_y = 62.3 Hz) ppm. We therefore propose that
the neutral complexes obtained in reduction are mix-
ture of two isomers 5a and 5b one having 73-allylic and
the other a o, m-olefin bonding (Scheme 1).

In the 1*C spectra, the C;Me; rings exhibit two sets
of signals, at 8.59 (Jp,_c = 3.4 Hz), 99.73 (Jp,_c = 34.2
Hz) and 10.63 (Jp,_-=2.0 Hz), 103.72 (Jp,_ =354
Hz) ppm. The resonance of quaternary carbon at 19.55
(Jp,_c = 442.0 Hz) ppm is shifted upfield as is charac-

Table 1
Cyclic voltammetry data for 1*—4* (¢ =2 X 1073 CH,Cl,; 0.1 M BuyNBF,; s =200 mV s~ L with reference to a saturated calomel electrode)
Compound E,V E,V

W) W)
[P{n*-CsMesHXn*-CsH)*BE; (17) +1.76 (n=2) -134(n=1)
(Pt(n*-CsMesHX73-CsMeg)]*BE;, 2F) +135(n=1) -157(n=1)
(Pe(n*-CeHgXn>-CsMes)] *BF, (37) +1.68(n=1) -144(n=1
(Pe(n*-CgH ; Xn3-CsMes)]*BF, (47) +1.73(n=2) -170(n=1)
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terized for o-bonded carbon atoms in o,7-cycloenyl
platinum complexes [4]. The resonances of secondary
carbon atoms at 30.41 and 32.16 ppm do not show
coupling to Pt, indicating the presence of uncoordi-
nated exo-methylene groups. The two signals 50.58
(Jp,_c = 64.1 Hz) and 52.29 (Jp,_ = 16.8 Hz) ppm are
due to the uncoordinated CHMe groups; the signifi-
cant difference in Pt—C spin-coupling constants is
probably due to different distances between those car-
bon atoms and the platinum Pt-C atom in the isomers
5a and 5b.

Although unequivocal assignment of all resonances
of primary and quaternary carbon atoms cannot be
made, the BC NMR spectrum (number of resonances,
chemical shifts and values of Pt—C spin-coupling con-
stants) agrees with the structures proposed for 5a and
5b. Elemental analysis also corresponds to those pro-
posed for the compositions of 5a and Sb.

The results can be rationalized in terms of Scheme
2. The unstable 19-electron radical 2° formed as a
result of electrochemical reduction of 2* undergoes
spontaneous homolysis of the C-H bonds in methyl
groups attached to the coordinated carbons of the
n*-pentamethylcyclopentadiene ligand.

In this reaction no formation of products derived
from breaking of C-H bonds at the sp> carbon atom of
the n*-ligand or in the methyl groups of the n°-penta-
methylcyclopentadienyl ligand has been observed.

The same mixture of 5a and 5b has been obtained
by deprotonation of 2% with 'BuOK in THF (Scheme
3).

The deprotonation of the mixture of exo-H and
endo-H isomers of 1%, which is phenomenologically
very close to the process in Scheme 3, also leads to
neutral isomeric complexes of platinum 6a—6d (Scheme
4).

Unlike 5a and 5b, 6a—6d proved to be rather unsta-
ble and were characterized only by the '"H NMR spec-
trum and cyclic voltammetry data. Thus, in the 'H

H,C, - %, D
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NMR spectrum, three resonances of C;H rings have
been observed at 5.58 (Jp,_y; = 19.6 Hz), 5.60 (Jp,_p; =
20.1 Hz) and 5.90 (Jp,_y; = 28.6 Hz) ppm. Three sets of
exo-methylene signals are found at 4.58 (d, 1H, J=1.8
Hz, Jp, 1y =25.6 Hz), 493 (d, 1H, J=18 Hz, Jp,_y =
20.6 Hz), 4.60 (d, 1H, J=1.6 Hz, J,,_,; =272 H2),
4.89 (d, 1H, J = 1.6 Hz, Jp,_y =23.4 Hz), 2.71 (d, 1H,
J=22Hz, Jp,_ ;= 110.1 Hz), 425 (d, 1H, J=2.2 Hz,
Jpi_p = 61.0 Hz) ppm. Resonances of the CHMe-group
protons were also observed for two isomers 1.34 (d,
3H, CH,, J = 6.7 Hz), 2.35 (q, 1H, J = 6.7 Hz), 1.04 (d,
3H, CH,, J=7.1Hz),3.23(q, 1H, J=7.1Hz, Jp,_yy =
52.0 Hz) ppm; part of the resonances of the third
minor isomer has not been observed owing to a low
concentration and to overlap of signals with those of
the major isomers. Nevertheless, the NMR data allow
one to propose that the reduction of 1* proceeds
analogously to the reduction of 27.

The bulk electrolysis of solution of exo- and endo-H
isomers of complex 1* was carried out in THF on an
Hg cathode at — 1.5 V. After passing 1 F mol ~! through
the electrolyzed solution, the appearance of new oxida-
tion peaks of low intensity at +0.52 and +0.82 V was
observed on the anode branch of cyclic voltammogram.
At the same time, reduction peaks of 1* with 50% of
original intensity were observed for the solution. After
passing 2 F mol~! the initial current dropped from 25
to 3 A, and the reduction peak of 1* had completely

H
/ <z "H y Z
Pt +
+ Pt + Fe ——  6ad
= <<z =
endo-H exo-H
1-0-
Scheme 5.
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Table 2

Cyclic voltammetry data for [Pt(n%-CsMesHX7-CsR5)]* BF;” (R =
H(@@*)orMe (2*)) and the products of their reduction (¢ = 2x1073;
THF; 0.1 M Bu,NBEF,; s =200 mV s~ L. with reference to a satu-
rated calomel electrode)

Compound E, E,* E,, E, b
W) ) W \%
1* -1.24(n=1) +0.46
+0.60
6a-hd -2.30 +0.52 -1.15
+0.82
2% —144(n=1) +0.19
+0.32
Sa, 5b =235 +0.20 —1.40
+0.32

? Peaks were observed after cathodic polarization only.
b Peaks were observed after anodic polarization only.

disappeared while the intensity of oxidation peak had
not changed. Electrolysis was accompanied by the de-
position of platinum metal. All attempts to isolate
6a—6d proved unsuccessful.

Chemical reduction of 1* by the 19-electron radical
iron complex [Fe(n®-CsHsX1%-C¢Mey)], which has an
oxidation potential of —1.55 V [5], gave mixture of
isomers 6a-6d with 12% vyield (Scheme 5).

Cyclic voltammograms of isomeric complexes Sa, 5b
and 6a-6d (Table 2) show the presence of oxidation
peaks coinciding with those observed on cyclic voltam-
mograms of solution obtained after electrolysis of the
complexes mentioned. After preliminary anodic polar-
ization the appearance of reduction peaks of respec-
tively 1* and 2* on polarograms of deprotonation
products was observed, indicating that the latter were
probable products of oxidation of 6a—6d and of Sa and
5b.

Table 3

Cyclic voltammetry data for [Pt(n*-C sMe;HX7n*-C5sR )] BF,” (R=H
(1*) or Me (2*)) and [Pt(n>-CsMesXn>-CsR)P* (BF; ), (R =Me
(72%) or H (8%2%)) (¢ = 2x 10 3; acetone; 0.1 M Bu,NBF,; s =200
mV s~ !; with reference to a saturated calomel electrode)

Compounds  E_, E,® E, E,"°
W ) %) W)
1+ +1.76(n=1) —-024 -132(n=1 +052
-1.26 +0.82
72+ -026(n=1) +1.68
-1.28
2+ +132(nr=1) -060 —154(n=1 +020
—1.28 +0.30
82+ -060(n=1 +1.30
—1.46

¥ Peaks were observed after anodic polarization only.
b peaks were observed after cathodic polarization only.
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Fig. 2. Oxidation of [Pt(n*-CsMeHX7n*-CsMes)I* BF, (27) as
shown by cyclic voltammograms of 2* (¢ =4Xx1073 M 1™ !; acetone;
NaBF,, carbon-glass electrode; s = 200 mV*! s~1; with reference to
a saturated calomel electrode): (a) before electrolysis; (b) after
electrolysis.

2.2. Oxidation of [Pt(n*-CsMesH)(n>-CsMes)] *BF,”
(2%)

According to the cyclic voltammetry data, oxidation
of 2% in CH,Cl, or acetone solutions gives a new
complex as evidenced by the appearance of reduction
peak at —0.43 V (CH,Cl,) or —0.60 V (acetone)
(Table 3 and Fig. 2(a)). The preparative electrolysis of
[Pt(n*-CsMe HXn3-CsMes)]*BF,- (2%) was carried
out in acetone solution on a carbon-glass anode at
+ 1.7 V using NaBF, as the supporting electrolyte. The
completion of the process was determined by the dis-
appearance of the oxidation peak of the starting com-
plex at +1.30 V and the appearance of the reduction
peak at —0.60 V (Fig. 2(b)). Decamethylplatinocene
dication (7%%) was isolated with 49% yield after elec-
trolysis (Scheme 6).

The oxidation of 2% is thought to lead to unstable
17-electron dication radical 2'2* which undergoes C-H
bond scission at the sp3-hybridized carbon atom of the
n*-cyclopentadiene ligand to give the dication 72*. An
analogous process has been observed on oxidation of
n*-pentamethylcyclopentadiene rhodium complexes [6].

Pt -e pi* - pet
= = s, )
2+ 21+_ 7 2+

Scheme 6.
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7+
Scheme 7.

We have recently prepared decamethylplatinocene
dication [Pt(n°-CsMes),]** (72%) by interaction of
[Pt,(1°-CsMes),(u-Br),** with AgBF, in the pres-
ence of pentamethylcyclopentadiene [7]. The electro-
chemical method of synthesis of 72 has the advantage
of not requiring the difficult-to-make [Pt,(n°-
CsMe,),(u-Br),I** [8] as starting material. The com-
plex 7% is reduced at —0.60 V, ie. its reduction
potential is shifted to the cathodic region by compari-
son with [Ni(>-CsMes),** [9]. The reduction peak of
7%% is irreversible even at —60°C, indicating that fast
chemical transformation of the first-formed 19-electron
cation radical 7'* occurs; by comparison the isostruc-
tural 19-electron cation radical [Ni(n®-CsMes),]'™" is
sufficiently stable and can be isolated [9]. It should be
noted that the reduction potential of 72* is more
negative than was found for the Pt(II) sandwich com-
plex [Pt(n*-C,Me X n®-C,MeI** [3].

The cyclic voltamogram of 72* exhibits reduction
peaks at —1.50 V and an oxidation peak at +1.30 V
(Table 3), both latter peaks belonging to 2*. The fact
that the oxidation peak at +1.30 V is not observed
without preliminary cathodic polarization shows that
2% arises owing to reduction of the dication 727. In
accordance with this hypothesis, preparative electro-

+e

185

chemical reduction of 7°* in acetone, obtained by
oxidation of 2* at —0.8 V, resulted in regeneration of
2% (Scheme 7).

In the latter process the formation of the 19-elec-
tron cation radical of decamethylplatinocene 7" is
followed by hydrogen abstraction from the medium in
exactly the same manner as was found to occur on
reduction of the decamethylrhodocenium cation [10].

Preparative electrochemical oxidation of isomers 1*
could not be carried out owing to the high potential
(+1.7 V) required as well as their limited solubility.
Nevertheless the cyclic voltammetry data obtained for
monocationic complexes 1% and pentamethylplati-
nocene dication 82% (Table 3) allow the proposition to
be made that 1" and 8% are interconverted during the
redox cycle similar to the analogous interconversions of
decamethyl derivatives 2+ and 7°*.

The results of this study can be summarized by
Scheme 8.

Thus the ability of 1* and 2* to be both reduced
and oxidized allows comparison to be made of the
influence of various electron transfer processes on C-H
bond activation in these compounds.

The reduction of 2% leads to the 19-electron radical
which undergoes C-H bond activation at the methyl
groups attached to coordinated carbon atoms of the
n*-CsMe,H ligand giving 5a and 5b.

Oxidation of 2% to the 17-electron dication radical
2°2* is accompanied by C—H activation (at the sp>-hy-
bridized carbon atom of the pentamethylcyclopentadi-
ene ligand), resulting in the formation of the de-
camethylplatinocene dication 727.

It should be emphasized that, although 1* and 2%
contain several different C-H bonds, their activation

24 2+ 24»-
-H*
H +H H
H,C N T H %, > t, ,e‘\ =] ‘0, ’,o\
Pt + Pt +e
H 5 p{¥* - ————ee——— Pt
‘@‘ &= z =
Sa,b : : : :
72*. 7Z+

Scheme 8.
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processes are selective both for 17- and 19-electron
intermediates. The driving force of the processes is the
formation of 18-electron compounds.

3. Experimental details

All experiments were performed under argon in
solvents purified by standard methods. Complexes 17—
4% were prepared by the method described in [2].
Polarography measurements were made with a PI-50-1
potentiostat and peak potentials were recorded with
reference to a saturated calomel electrode. Coulomet-
ric measurements were made with an OH-404 Radelkis
coulometer. Bulk electrolysis were made with a P-
5827M potentiostat. 'H and >C NMR spectra were
obtained with Bruker-WP-200-SY and Varian VXR-400
spectrometers. All chemical shifts are reported with
reference to tetramethylsilane.

3.1. Electrochemical reductions of [Pt(n*-CsM;H)(n’-
CsMe;)] *BF,~ (2%)

The reduction of 2* (111 mg, 0.2 mmol) was carried
out at a stirred Hg electrode (— 1.8 V) in THF (50 cm?)
(0.2 M Bu,NPF,); after consumption of 19.6Q (Qcor
=19.4; n = 1) the current decreased from 20 to 3 mA.
A cyclic voltammogram of the solution obtained showed
the disappearance of reduction peak of 2* and the
appearance of two new oxidation peaks at +0.30 and
+0.48 V; electrolysis was stopped. The solution was
decanted and the THF removed in vacuo, to leave a
residue which was extracted by hexane (3 X 20 cm?).
Combined hexane solution was filtered and evapo-
rated; then the residue was dried in vacuo (yield of 5a
and 5b, 63 mg (68%)). Anal. Found: C, 51.92; H, 6.26.

2oH3oPt Calc.: C, 51.53; H, 6.49%.

YHNMR (C,D,):  (first isomer) 1.11 (d, 3H, CH Me,
J=6.9 Hz); 136(s 3H, CH,;, Jp,_y = 44.0 Hz); 1.47 (s,
3H, CH;, Jp,_y = 44.0 Hz); 1.93 (s, 15H, CsMes, Jp,_y
= 18.2 Hz); 2.05 (s, 3H, CH ,, Jp,_y = 26.4 Hz); 2.96 (q,
1H, CHMe, J = 6.9 Hz, Jp,_y; = 48.4 Hz); 4.47 (s, 1H,
=CHH, Jp,_y =24.7 Hz); 4.68 (s, 1H, =CHH, Jp,_yy =
20.7 Hz); 8 (second isomer) 1.24 (d, 3H, CHMe, J = 7.4
Hz); 1.62 (s, 3H, CH;, Jp,_, = 14.0 Hz); 1.91 (s, 3H,
CH,); 2.02 (s, 15H, CsMes, Jp,_y = 24.4 Hz); 2.21 (q,
1H, CHMe, J =17.4 Hz, Jp,_y = 4.5 Hz); 2.66 (d, 1H,
CHH, J = 22Hz Jp_yy = 64.5 Hz); 3.74 (d, 1H, CHH,
J=22 Hz, Jp_ H—623 Hz). °C NMR (C4Dy); 6
(primary) 8.59 (CsMes, Jp,_ = 3.4 Hz); 10.63 (C Me5,
Jpi_c=2.0 Hz); 11.19 (CH;, Jp,_ =458 Hz); 12.40
(CH,;, Jp,_c = 110.2 Hz); 12.93 (CH,, Jp,_ = 26.6 Hz);
14.45 (CH;, Jp,_c = 11.9 Hz); 14.61 (CH ,, Jp,_ =20.2
Hz); 14.89 (CH;, Jp,_c = 14.6 Hz); 18.05 (CH3, Jp,_¢
=54.4 Hz); 20.80 (CH,, Jp,_c =727 Hz); & (sec-
ondary) 30.41 (=CH,, Jp,_c = 34.3 Hz); 32.16 (=CH,,

Jo_c =340 Hz); & (tertiary) 50.58 (CHMe, Jp,_c=
64.1 Hz); 5229 (CHMe, Jp_c =168 Hz); &
(quaternary) 19.55 (Jp,_c = 422.0 Hz); 80.38 (Jp,_c=
144.0 Hz); 89.81 (Jp,_c = 36.3 Hz); 99.73 (Jp,_ = 34.2
Hz); 103.72 (Jp,_c = 35.4 Hz); 132.98 (Jp,_ = 32.2 Hz);
140.92 (Jp,_ = 13.1 Hz); 163.50 (Jp,_ = 82.2 Hz).

3.2. Electrochemical oxidation of [Pt(n*-C;MesH)(n’-
C,Me;)] *BF (2+)

The electrolysis of 2* (103 mg, 0.2 mmol) was car-
ried out at a carbon glass electrode (+1.7 V) in ace-
tone (50 cm®) (0.1 M NaBF,). Monitoring of the elec-
trolysis was provided by cyclic voltammetry. The result-
ing solution was evaporated to dryness, and the residue
was dissolved in water (30 cm?). The addition of a
solution of NH,PF, in water led to precipitation of
white solid, which was filtered, dried in vacuo and
reprecipitated from CH,Cl,-Et,O (yield of 72*, 70 mg
(49%)). Anal. Found: C, 31.48; H, 3.74. C, H,,F,P,Pt
Calcd C, 31.77; H, 4.00%.

'H NMR (acetone-dﬁ) 239 (s, 2 CsMeg, Jp,_ =
19.2 Hz). ®C NMR (acetone-dy): 8.03 (s, CsMes, Jp,_c
=9.0 Hz); 114.6 (s, CsMes, Jp,_ = 69.1 Hz).

The oxidation of 2* (64 mg, 0.018 mmol) in acetone
(50 cm?) (0.1 M Bu,NPF) at +1.4 V using a carbon
glass electrode required 13.3Q (Qyeor = 11.2; n=1).
The cyclic voltammogram of the resulting solution
shows a cathodic peak at —0.60 V, characteristic for
([Pt(n°-CsMes), > (PF; ),). Reduction of the solution
at —0.8 V (Q.,, = 9.2) led to regeneration of 2 (E,,
= —1 44 V).

"H NMR (acetone-d,): 2.39 (s, 2CsMes, Jp,_y = 19.2
Hz).

exp

3.3. Interaction of [Pt(n*-CsMesH)(n>-CsMes)] * BF,~
with '‘BuOK

Sodium tert-butoxide (34 mg; 0.3 mmol) was added
to a suspension of [Pt(n*-CsMesHXn>-CsMes)]* BF,
(118 mg; 0.2 mmol) in THF (10 cm?) at —78 °C. The
mixture was stirred for 10 min, and allowed to warm to
room temperature; then the solvent was evaporated in
vacuo (yield of 5a and 5b, 76 mg (82%)). Anal. Found:
C, 51.92; H, 6.26. C,,H,,Pt Calcd.: C, 51.53; H, 6.49%.

'"H NMR (C,Dy): 6 (first isomer) 1.11 (d, 3H, 3H Me,
J=6.9 Hz); 1.36 (s, 3H, CH,;, Jp,_y; = 44.0 Hz); 1.47 (s,
3H, CH,, Jp,_y = 44.0 Hz); 1.93 (s, 15H, CsMes, Jp,_y
= 18.2 Hz); 2.05 (s, 3H, CH,, Jp,_y = 26.4 Hz); 2.96 (q,
1H, CHMe, J=6.9 Hz, Jp,_y; = 48.4 Hz); 447 (s, 1H,
=CHH, Jp, ;=247 Hz); 4.68 (s, 1H, =CHH, Jp,_y =
20.7 Hz); & (second isomer) 1.24 (d, 3H, CHMe, J = 7.4
Hz); 1.62 (s, 3H, CH;, Jp,_y = 14.0 Hz); 1.91 (s, 3H,
CH,); 2.02 (s, 15H, CsMes, Jp,_yy = 24.4 Hz); 2.21 (q,
1H, CHMe, J=7.4 Hz, Jp,_; = 4.5 Hz); 2.66 (d, 1H,
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CHH, J=22Hz, J_,; = 64.5 Hz); 3.74 (d, 1H, CHH,
J=22Hz, Jp_y = 623 Hz).

3.4. Interaction of [Pt(n*-C;MesH)(n’-C;H,)] *BF,~
(1*) with 'BuOK

Sodium tert-butoxide (34 mg; 0.3 mmol) was added
to a suspension of [Pt(n*-CsMesH)(n*-CsH,)]*BE,
(100 mg; 0.2 mmol) in THF at —78°C. The mixture was
stirred for 10 min and allowed to warm to room tem-
perature; then the solvent was evaporated in vacuo. A
solid was extracted by hexane (20 cm?); the resulting
solution was filtered and evaporated in vacuo (yield of
6a—6d, 51 mg (65%)).

'"H NMR (C,D,): & (first isomer) 1.34 (d, 3H, CH,,
J=6.7 Hz); 1.54 (s, 3H, CHMe, J,,_,; = 6.8 Hz); 1.81
(s, 3H, CH,, Jp,_y = 46.7 Hz); 2.21 (s, 3H, CH;, Jp,_y
= 46.7 Hz); 2.35 (q, 1H, CHMe, J = 6.8 Hz); 4.58 (d,
1H, CHH, J=1.8 Hz, Jp,_y=25.6 Hz); 493 (d, H,
CHH, J =18 Hz, Jp,_y = 20.6 Hz); 5.58 (s, 5SH, CH,,
Jp_ = 19.6 Hz), 8 (second isomer) 1.04 (d, 3H, CH Me,
J=17.1 Hz); 1.68 (s, 3H, CH;, Jp,_y = 6.0 Hz); 1.84 (s,
3H, CH,, Jp,_y = 47.4 Hz); 2.14 (s, 3H, CH;, Jp,_y =
34.7 Hz); 3.23 (q, 1H, CHMe, J =7.1 Hz, Jp,_; =52.0
Hz); 4.60 (d, 1H, CHH, J=1.6 Hz, Jp,_ =27.2 Hz);
4.89 (d, 1H, CHH, J = 1.6 Hz, Jp,_y; = 23.4 Hz); 5.60
(s, SH, CsHs, Jp,_py=20.1 Hz); d (third isomer) 2.70
(d, 1H, CHH, J=2.2 Hz, Jp,_y = 110.1 Hz), 425 (d,
1H, CHH, J=2.2 Hz, Jp,_yz=61.0 Hz); 590 (s, SH,
CsHs, Jp,_y = 28.6 Hz).

3.5. Reduction [Pt(n*-C;Me;H)(n’-CsHs)] *BF, (1)
by [Fe(n>-CsH;)(n5-CsMe,)]

A solution of [Fe(n°-CsH )X(n®C¢Mey)] (130 mg,
0.46 mmol) in dimethoxyethane (DME) (40 cm?®) was
added to suspension of 1* (200 mg, 0.41 mmol) in
DME (10 cm?®) at —78°C. The resulting mixture was
allowed to warm to room temperature and stirred for
1.5 h. The solution was filtered and evaporated in
vacuo. Residue oil was extracted by pentane (3 X 10
cm?®). Pentane solution was filtered and evaporated in
vacuo. The solid residue obtained was dried in vacuo
(yield of 6a—6d, 19 mg (12%).

"H NMR (CDy): 6 (first isomer)134 (d, 3H, CH,,
J=6.7 Hz); 1.54 (s, 3H, CH Me, J5,_;, = 6.8 Hz); 1.81
(s, 3H, CH,, Jp,_,; = 46.7 Hz); 2.21 (s, 3H, CHa, Jp,_y
=46.7 Hz); 2.35 (q, 1H, CHMe, J = 6.8 Hz); 4.58 (d,
1H, CyH, J=1.8 Hz, Jp_; =25.6 Hz); 493 (d, H,
CHH, J =18 Hz, Jp_y; = 20.6 Hz); 5.58 (s, SH, CH.,
Jpi_p = 19.6 Hz); & (second isomer) 1.04 (d, 3H, CH Me,
J=7.1 Hz); 1.68 (s, 3H, CH., Jp,_;; = 6.0 Hz); 1.84 (s,
3H, CH,, Jp,_y, = 47.4 Hz); 2.14 (s, 3H, CH,, Jp_p =
347 Hz); 3.23 (q, 1H, CHMe, J =171, Jp_j =520
Hz); 4.60 (d, 1H, CHH, J = 1.6 Hz, Jp_,, = 27.2 Hz);
4.89 (d, 1H, CHH, J=1.6 Hz, Jp_;; = 23.4 Hz); 5.60
(s, SH, CsHs, Jp, iy =20.1 Hz); & (third isomer) 2.70
(d, 1H, CyH, J =2.2 Hz, Jp_y = 110.1 Hz), 4.25 (d,
1H, CHH, J=2.2 Hz, Jp,_y = 61.0 Hz); 590 (s, SH,
CH,, Jp,_yy = 28.6 Ho).
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