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Summary

cis-PtCl(CH, CN)(PPh; ), was obtained by the reaction of Pt(PPh;), with
CICH,CN in acetone. A solution of Pt(PPh;); and CICH,;CN in benzene was
heated under reflux to give trans-PtCl(CH, CN)(PPh; ), . The reaction of the
trans-isomer with Br™, 1", Ph, PCH, CH,PPh, , Ph,PCH, CH; AsPh, and ecis-
Ph, PCH=CHPPh, has been examined. The trans-influence of a ligand trans to
the CH,CN group seems to be indicated by the *J(Pt—H) of the CH,CN protons.
The 7 values of trans-PtX(CH, CN)(PPhs), and PtX(CH,CN)(P—P) (X = Cl, Br, I)
are related by a linear function.

Introduction

Recently several complexes containing a CH, CN group have been reported.
They include Fe!! [1], Rh!! [2], Ir'I! [2], PA™ [3] and Pt [4] as a central
metal atom. The palladium complexes reported by us were stable in air as ex-
pected due to the presence of the electron-withdrawing cyano group on the
methylenic ligand. Faraone et al. [2] demonstrated that the CH,CN group in
[7-CsHsM(CO)(PPh;)CH,CN]* (M = Rh, Ir) is less electrophilic than the CO
group by the reaction of CH;O™ or N3 with the complexes. Very recently
Bennett et al. [4] obtained Pt(CHj;){(CH, CN)(P—P) (P—P = Ph,PCH,CH,PPh,)
by the reaction of Pt(OH)(CH,; )}(P—P) with CH,CN. In this paper we describe
the preparation and spectroscopic properties of some platinum complexes con-
taining a cyanomethyl group and phosphorus or arsenic donor ligands attached
to the metal. It is also demonstrated that platinum—hydrogen coupling constant,
2J(Pt—H) in the complexes studied here is influenced by the g-donor property
of a ligand trans to the cyanomethyl! group.

Experimental

IR and NMR spectra were recorded as reported in the previous paper [3].
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Pit(PPh; ), was prepared by the method described in the literature [5]. All the
ligands used were obtained commercially. Analytical data are summarized in

Table 1.

trans-PtCI(CH,CN)(PPhs), (1)

To a solution of Pt(PPh;); (2.0 g) in benzene (100 ml) was added CICH,C
(0.5 ml) at room temperature under nitrogen. The mixture was heated under
reflux for a few hours. After cooling to room temperature, trans-PtCl(CH, CN)-
(PPh;), was obtained as white crystals containing one molecule of benzene.

trans-PtBr(CH, CN)(PPh, ), (II) and trans-PtI(CH, CN)(PPh3), (III)

LiBr (0.6 g) and 1.0 g of I was heated under reflux in ethanol for 24 h.
The product, II, was recrystallized from benzene. It contained one molecule of
benzene. The corresponding iodide III was prepared similarly using LiI- 3H,O
instead of LiBr and recrystallizing from dichloromethane.

cis-PtCl(CH,CN)(PPh3). (IV)

A mixture of Pt(PPh;)s (3.8 g) and CICH,CN (0.3 ml) in acetone (150 ml)
was stirred for 4 h under nitrogen at room temperature. The resulting precipitat
was filtered off and recrystallized from chloroform/acetone. It contained one
molecule of acetone. cis-PtCl(CH, CN)(PPh; )}, was converted into trans-PtCl-
(CH,CN )(P_Ph3 ). by heating under reflux in benzene containing a small amount

of triphenylphosphine.

PtCI{CH,CN)(P—P) (V)

To a suspension of trans-PtCl(CH, CN)(PPh3), (0.4 g) in benzene (100 ml)
was added P—P (0.2 g) in the same solvent (20 ml). After stirring for 2 h, the
product was filtered and recrystallized from dichloromethane/petroleum ether.

PtBr(CH,CN)(P—P) (VI)

A mixture of the complex V and LiBr in acetone was stirred for 17 h at
room temperature. The resulting mixture was filtered. The filtrate was concen-
trated. Addition of water precipitated a white solid. It was washed with acetone
and ether and dried in air.

PiI(CH,CN)}(P—P) (VII), PtCI(CH,CN)(P—As) (VIII) and PtCI(CH,CN)(PCH=
CHP) (IX)

These three complexes were synthesized in a manner similar to that des-
cribed for the complex V. The complexes VII and VIII were recrystallized from
dichloromethane/petroleum ether. The complex IX was obtained asa benzene

solvate.
Results and discussion

The reaction of Pi(PPh; ), suspended in acetone with CICH, CN gave cis-
PtCI(CH,; CN)(PPh;), IV. The corresponding trans-PtCl(CH, CN)(PPh;), I was
obtained by heating the cis-isomer with a small amount of PPh; under reflux in
benzene or by performing the reaction of Pt(PPh;). with CICH,CN in refluxing
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benzene since the reaction conducted at room temperature usually gave a mixture
of the cis- and trans-isomer. This result indicates that the first product of the
reaction is the cis-isomer even in benzene solution. If the complex PtCl(CH, CN)-
(PPh;), (cis or trens) was treated with a chelating agent, PtCI(CH,CN)L (L =
PhQ_PCHQ_CHQ_Pth = P—P; thPCHz CH; ASPh2 = P_AS; CiS’Ph2PCH=CI’IPPh2 =
PCH=CHP) was obtained. However, 1,10-phenanthroline did not form the ex-
pected complex PtCl(CH, CN)(phen), although the palladium analogue was
prepared by the corresponding reaction [3]. The metathesis reaction of the
trans-PtC1(CH, CN)(PPh; ), and PtCl(CH,CN)(P—P) with LiBr or Lil gave the
corresponding bromide and iodide respectively.

PhyP CH,CN
—CeHs Pt -t
Cl PPhy
48]
PL(PPhy), <+ Ci—CHCN — — —== PtCHCHCNIL
PhyP cl
Acetone \Pt/ L
PhP \CH2CN
()

All these complexes are stable both in the solid state and in soluiton like
the palladium analogues. They are soluble in CHCl; and CH,Cl, and slightly
soluble in acetone. Generally the triphenylphosphine complexes were more
soluble than the complexes of chelating phosphines. Some of the complexes con-
tained one molecule of lattice solvent. However, none of them showed any color
change similar to that observed for the palladium complexes reported previously
[3]. The reason is not clear yet.

Infrared spectra

All the complexes reported here show a storng band due to v(CN) at ca.
2200 cm™! indicating the presence of a cyanomethyl group. The platinum—
chlorine stretching frequency of the complexes is useful in determining the
structure of the complexes. They are summarized in Table 2 together with NMR
data.

The complex I (whose structure was confirmed by NMR) showed a strong
band at 298 cm™' . The band was assigned to »(Pt—Cl) because of its disappearance
in the corresponding bromide and icdide. The stretching frequency is a little
higher than the v(Pd—Cl) of the corresponding palladium complex (288 cm™ ).

In the complexes cis-PtCl(CH, CN){(PPh; ), 1V, PiCI{CH,CN){(P—P) V, and
PtCl(CH, CN)(PCH=CHP) VIII where Cl is trans to P, the v(Pt—Cl) appeared at
304, 301, and 303 cm™' respectively. These stretching frequencies are ca. 10 cm™*
higher than that of I. This result is similar to that obtained for the corresponding
palladium complexes and indicates that the frans influence of carbon is larger
than that of phosphorus in the platinum complexes, too.
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The complex PtCI(CH, CN)(P—As) IX can take two different structures i.e.
with P ¢rans to Cl or with As frans to Cl. It was hoped that the structure of IX
could be determined by its far infrared spectrum, but this was not possible. There-
fore the configuration of IX is discussed on the basis of NMR data alone.

NMR specira

NMR spectra of the complexes were recorded at room temperature in
CDCl; using TMS as internal standard. The cyanomethyl protons of the com-
plexes I—III appeared as a triplet (1/2/1) with satellites due to coupling with
195pt indicating the trans configuration of two triphenylphosphines. The chemi-
cal shift of the CH,CN protons and the coupling constant J(P—H) of the plati-
num complexes are similar to thcse of the corresponding palladium complexes
reported previously [3].

The eyanomethyl protons of the complexes IV—VIII showed a quartet
(1/1/1/1) as expected from the cis configuration of two phosphorus atoms. In
the NMR spectrum of Pt(NO; )(CH;) (P—P), Bennett et al. {6] have found that
the |J(P—H) for trans-coupling is larger than that for cis-coupling, although
the sign for the former is negative and positive for the latter. Therefore the
larger J(P—H) in the complexes IV—VIII is tentatively assigned to coupling with
tha trans-phosphorus and smaller J(P—H) to coupling with the cis-phosphorus.

The J(Pt—H) of trans-PtCl(CH, CN)(PPh;), I is larger than that of cis-

isomer IV. A similar result has been reported in the cis and trans platinum com-
plexes of the type PtX(CH;)(PPh;), [7] (X = Cl, Br, N3, NCS, and NO, ).
Using a series of platinum complexes Clark et al. [8] showed that the increase
of the trans-influence of a ligand trans to CH; caused the decrease of J(Pt—H).
Therefore, it is reasonable to ascribe the change of J(Pt—H) observed for I and
IV to the difference of trans-influence of PPh; and Cl.

As shown in Table 2, 7(CH, CN) of I—III (trans) and V—VII (cis) decreased
in the same order Cl > Br > I. The values of the corresponding halide complexes
in these two series are related to each other by the equation 7, = 5.44 + 3/7 (7,),
where 7, is the 7(CH, CN) of the complexes I—III and 7, is that of the complexes
V—VIIL.

In the complex IX, it was difficult to determine the structure on the basis
of v(Pt—Cl) as mentioned before, but the NMR spectrum suggests that the structure
in which P is trans to Cl is preferable. This is because the J(P—H) of IX is close to
the cis J(P—H) found for the complexes IV--VII suggesting the configuration where
P is cis to the CH, CN group. Furthermore, J(Pt—H) of IX is larger than that of IV.
This fact also supports the configuration mentioned above because in this structure
As must be trans to the CH,CN group causing the increase of J(Pt—H) owing to
the weaker g-donor property of As than that of P.
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