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Complexes of the type [PtCI(SeAr)(PPh3hl (I), [Pt(SeArh(PPh3hl (II) and [M(DPPE)(EArhl (III)
[Ar= Ph, C6H40Me-4; M =Pd, Pt; DPPE= I, 2-bis(diphenylphosphino)ethane; E= Se, Tel have been syn-
thesized from the reactions between cis-[PtCI2(PPh3hl and NaSeAr, and between [M(DPPE)CI2l and NaEAr
(generated in situ) in ethnaol-benzene at room temperature. Their structures have been established on the
basis of elemental analyses, conductance and molecular weight measurements, and IR, lH and 31p NMR
spectra. A trans-form for I and II and a cis-form for III have been assigned. The reaction of III (M = Pt:
Ar = Ph) with [Pd(PhCNhCI2l has led to the formation of an interesting class ofhetero binuclear complexes
[DPPE)Pt(Il-EPhhPdCI2l (IV) with phenyl cha1cogen bridging.

Sodium organyl chalcogenolate, NaER (E = S, Se,
Te; R = alkyl or aryl) is an effective reagent for incor-
porating RE - ligand in the coordination sphere of
certain metal ions. The coordination chemistry of
RS - has been extensively explored.':". However, the
interaction of RSe - and RTe - with d 8 metal ions like
Pd(II) and Pt(II) has not been so well studied! - 5. In
continuation of our previous work on coordination
chemistry" - 10 of Pd(H) and Pt(H) ions, '..: under-
took the present study. Our aim was to (a) find whe-
ther organyl chalcogenolates could form complexes
of novel structures with palladium and platinum and
(b) compare the donor tendencies of S, Se and Te in
chalcogenolates towards Pd(JI) and Pt(II).

Materials and Methods
cis-[PtCI2(PPh3hl (Strem Chemicals) and

[Pd(PhCN)2CI2l (Aldrich) were used as such.
[Pd (OPPE)CI2l and [Pt(OPPE)Chl were prepared
by published methods 11.12. Sodi urn aryl chalcogeno-
lates, NaEAr, were generated in situ by NaBH4 reduc-
tion of the corresponding diaryl dichalcogenides,
Ar2E2, in ethanol-A'!".

IR spectra were recorded in the solid state as CsI
pellets on a Nicolet 5 OX FT instrument. IH- and
3IP_{IH} NMR spectra were recorded in CDCI3 solu-
tion on a Bruker AM 500 MHz FT instrument using
TMS and H3P04 as internal and external references,
respectively. Conductance was measured in CH3CN
using a highly sensitive Pye conductance bridge (Mo-
del No. 11700) and molecular weights were determi-
ned in CHCIJ using a Knauer vapour pressure osmo-
meter (Model No. 11.00). Elemental analyses were
performed on a Perkin-Elmer 240 C analyser.. .

Solvents were dried and distilled before use. All the
reactions were carried out under an atmosphere of
dry oxygen-free nitrogen.

Preparation of[PtCl(SeAr)(PPh3hl (1 )(Ar= Ph and
C6H40Me-4)

A suspension of cis-[PtCI2(PPh3hl (1 mmol) in ben-
zene (30 ml) was added to the NaSeAr (I mmol) solu-
tion, all at one go. The mixture was stirred continuou-
sly for 6 h and then filtered (celite) to remove the NaCI
formed. The clear solution thus obtained was evapor-
ated to dryness under reduced pressure. It was dis-
solved in the minimum amount of chloroform and
poured into a mixture of petroleum ether and ether
(1: I, vlv; 200 ml) under rapid stirring. The product
then separated ou t in the form of microscopic crys-
tals. It was dried in vacuo.

Preparation of[Pt(SeAr)z(PPh3hl (If) (Ar= Ph and
C6H40Me-4)

These complexes were prepared in a way similar to
that mentioned above except that cis-[PtCi2(PPh3hl
and NaSeAr were taken in 1:2 molar ratio.

Preparation of [M(DPPE)(EArhl (I1f) (M= Pd.
Ar= Ph; M= Pt, Ar= Ph and C6H40Me-4)

A benzene suspension of M(DPPE)CI2 (1 mmol)
was added to the ethanolic solution ofNaEAr (E =-
Se, Te) (2 mmol). Stirring was continued for 6 h during
which period M(DPPE)Cl2 dissolved to give a clear
solution. It was filtered through cclite to remove the
NaCl formed and any unreacted Pd or Pt complex.
The clear filtrate thus obtained was evaporated to
dryness. It was redissolved in the minimum amount of
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Table I-Physical and analytical data of complexes

Complex Colour m.p. Found (Calc.), % Molecular
(yield, %) ("C) weight"

C H CI SefTe
[PtCI(SePh)(pPh3hJ Yellow 151 55.4 3.8 4.2 9.2 926

(58) (dec.) (55.3) (3.8) (3.9) (8.6) (910)
[PtCI(SeC6H4OMe-4)(PPh3)2J Yellow 145 54.7 3.9 4.0 8.7 915

(63) (dec.) (54.8) (3.9) (3.7) (8.4) (940)
[Pt(SePhh(PPh3hJ Orange 134 55.9 3.8 15.6 1051

(65) (dec.) (55.8) (3.8) (15.3) (1031)
[Pt(SeC6H4OMe-4MPPh3hJ Orange 131 55.1 4.1 14.8 1079

(70) (dec.) (54.9) (4.0) (14.4) (1091)
[Pd(DPPE)(SePhhJ Reddish 186 56.3 4.2 19.7 836

Brown (55.8) (4.1) (19.3) (816)
(71)

[Pd(DPPE)(TePhhl Brown 133 50.1 3.6 28.4 927
(72) (49.8) (3.7) (27.9) (914)

[Pt(DPPE)(TePhhl Orange 175 45.5 3.4 25.8 1036
(57) (45.4) (3.3) (25.4) (1002)

[Pt(DPPE)(TeC6H4OMe-4hJ Orange 196 45.4 3.8 24.5 1086
(55) (45.1 ) (3.5) (24.0) (1062)

[Pt(DPPE)(SePhhJ Yellow 205 50.5 3.7 17.7 927
(61) (50.3) (3.7) ( 17.4) (905)

[Pt(DPPE)(SeC6H4OMe-4hJ Yellow 192 50.0 4.0 16.11 978
(60) (49.7) (3.9) ( 16.3) (965)

[Pt(DPPE)(~- TePhhPdCI21 Brown 246 38.8 2.9 6.4 22.0 1210
(80) (dec.) (38.6) (2.8) (6.0) (21.6) (1180)

[Pt(DPPE)(~-SePhhPdCI2J Brown 267 42.4 3.2 6.8 15.1 1105
(70) (dec.) (42.1) (3.1 ) (6.5) (14.5) (1083)

"Molecular weights were determined in CHC1.l.

CHClJ and mixed with an appropriate amount of di-
ethyl ether until turbidity appeared. On cooling it
overnight, a crystalline material separated out. It was
filtered, washed with ether and dried in vacuo.

Preparation of [(DPPE)Pt(Il-EPhhPdCl2] (IV)
Pt(DPPE)(EPhh (1 mmol) and Pd(PhCNhCI2

(1 mmol) were mixed in benzene (30 ml) and the solu-
tion was stirred for 6 h at room temperature. Concen-
tration of the solution at reduced pressure and addi-
tion of diethyl ether to the resulting solution gave a
reddish brown material. It was washed with ether and
dried in vacuo.

Results and Discussion
The yield, colour, m.p., analytical and molecular

weight data of all the isolated complexes have been
incorporated in Table I.

The reaction of NaSeAr (generated in situ) with
cis-[PtCI2(PPh3hl in ethanol-benzene in I: I and 2: I
molar ratios at room temperature resulted in the for-
mation of complexes of the types [PtCI(SeAr)(PPhJhl
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(I) and [Pt(SeArMPPhJ)21 (II), similar to their Te ana-
logues", Addition of excess ofNaSeAr to Pt(II) solu-
tion yielded the compound with stoichiometry corre-
sponding to II only. All the mono selenol complexes
(I) were yellow while bis-selenol complexes (II) were
orange in colour. These complexes were soluble in
common organic solvents except petroleum ether and
diethyl ether. The molar conductance values for com-
plexes I and II in CH,CN were fairly low (6-17
ohm - I ern- mol- Ir as compared to the values repor-
ted 15 for I: I electrolytes (120-160 ohm - I ern? mol-I)
suggesting their non-electrolytic nature. Molecular
weight determinations in CHCll established their
monomeric nature in solution. Elemental analyses
agreed well with their formulations.

The IR spectra showed one v(Pt-CI) band in 1and
none in II (Table 2). The observed v(Pt-CI) values are
characteristic of terminal chlorine trans to Sc
ligands!".

The IH NM R spectra of the complexes I and II
(Table 2) showed all the expected peaks in the proper
intensity ratio. The data, which agreed with the ear-
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Table 2-IH NMRa, lIP_{IH} NMRb and IR< spectral data of complexes

Complex I) Aromatic H I) CHz (DPPE) I)CHl I)P IJ(Pt_p) (M-O)
(ppm) (ppm) (ppm) (ppm) (Hz) (cm ")

PtO(SePh)(PPh)h 6.23-7.69 (m) 15.37 2827 297
PtCI(SeC6H.OMe-4)(pPh)h 6.27-7.64 (m) 3.67 (s) 15.55 2875 318
Pt(SePhh(PPh)h 6.31-7.65 (m) 13.88 3040
Pt(SeC6H.OMe-4)Z(pPh)z 6.15-7.59 (m) 3.72 (8) 13.51 3010

Pd(DPPE)(SePh)z 6.50-7.62 (m) J 2-01(d) 48.12
PH-21 H.

Pd(DPPE)(TePh)z 6.42-7.87 (m) J l.l6(d) 43.73PH-21 H.

Pt(DPPE)(SePhh 6.58-7.81 (m) J ;~(~~ H. 42.21 2957

Pt(DPPE)(TePhh 6.56-7.66 (m) J 1.!lI(d) 41.56 2890PH-19 Hz

Pt(DPPE)(SeC6H.OMe-4h 6.17-7.69 (m) J l.OI(d) 3.62 (s) 41.98 2960PH-19 Hz

Pt(DPPE)(TeC6H.OMe-4h 6.14-7.68 (m) J ~~~~~Hz 3.63 (s) 41.14 2884

7.26-7.95 (m) J l.ll(d) 36.94 3620 313,290Pt(DPPE)(SePhhPdCI2 PH-IS Hz

7.25-8.05 (m) J z.J4-(d) 36.91 3619 313,292Pt(DPPE)(TePhhPdCIz PH-IS Hz

aRecorded in COO). bRecorded in CDCh, H)P04 as external reference. <Recorded in the solid state as CsI pellets. s = singlet, d = doub-
let, m = multiplet.

lier reports'"!", established equivalence of both the
aryl groups in the complex II.

The lIP_{IH} NMR spectra of both the complexes
and II (Table 2) displayed a single lip resonance

consistent with the presence of only one type of phos-
phorus atom in the solution. Further, the lip reso-
nances were associated with platinum satellites (appr-
oximately I :4:I triplet structure) (Fig. I). The coupl-
ing constant, IJ(pt-P) for complexes I and II lied in the
range 2827-3040 Hz which is characteristic of
trans-Ph3P-Pt-PPh3 system. Thus, starting from
cis-[PtCh(PPh3hl the materials obtained on addition
of NaSeAr are the trans-[ptCl(SeAr)(pPh3hl and tra-
ns-[pt(SeAr)2(PPh3hl which are similar to those obta-
ined in the case of the Te analogues", Although no mech-
anistic studies have been carried out on this system, it
seems probable that the cis-starting material yields
the trans-products via a two stage mechanism involv-
ing a five coordinate transition intermediate followed
by rearrangement of the ligands.

It is interesting to note that the reaction between
cis-[PtCI2(PPh3hl and NaEAr (E= Se, Te) at the
room temperature resulted only in the formation of a
monomeric species. However, PdCh(PPh3h is repor-
ted to form with ArTe - a dimeric and with ArSe -, a
monomeric product "!". The similar monomeric

thiol complexes have also been reported from the re-
action between PdCh(PR3h (PR3 = PEt) or
1/2DPPE) and RS - (ref. 11).Thus, a marked distinct-
ion is observed in the behaviour ofthiols and selenols
on one side and tellurols on the other side.

The observations suggest that among chalco-
genolates the donor tendency of Te, bein~ larger in
size, is higher towards Pd(II) and Pt(II) relative to that
towards Se and S. Further, this tendency is more in the
case ofPd(lI) as compared to that in the case ofPt(II).
Thus, the sequence, Te> Se> S is followed for favou-
red donation to Pd(lI) and Pt(II).

Reactions between M(DPPE)Ch and NaEAr in
1:2or higher molar ratios in ethanol-benzene at room
temperature yielded the chelated complexes [M(DPPE)-
(EAr)2l (III). They were fc;>undto be crystalline
solids, fairly soluble in organic solvents except 10 pet-
roleum ether and diethyl ether. The elemental analy-
ses of these complexes and their molecular weight
data in CHCI3 (Table 2) were consistent with the ab-
ove formulation. Conductance measurements in
CH3CN indicated their non-electrolytic nature. IR
spectra indicated the absence of v(M - CI) bands in
all the complexes.

The IH NMR spectra of complexes III (Table 2)
showed all the expected peaks in the proper intensity
ratio. A doublet (2.1 PH = 18-21 Hz) was present in
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Fig. 1_31p NMR spectrum of trans-[PtCI(SePh)(PPh3)2] in
CDCh at 202.5 MHz

each case at 0 1.9-2.3 ppm due to the methylene back-
bone of DPPE.

The 31P-{ 1H} NMR spectra of complexes III (Ta-
ble 2) comprised a single 31P resonance indicating the
equivalence of the two phosphorus atoms in the com-
plexes. The 31p resonance in the complexes III
(M = Pt) was associated with 195Ptsatellites (appro-
ximately 1:4: 1 triplet structure). The coupling cons-
tant 1J(Pt-P) observed in the range 2884-2960 Hz is
characteristic ofP trans to Se or Te ligands!". Thus,
complexes III have essentially a cis structure similar
to thei r S-analogues 18.

The reaction of complex III (M =Pt, Ar > Ph) with
Pd(PhCNhCIz in benzene at room temperature lead
to the formation of a hetero binuclear complex
[(DPPE)Pt(Il-EPh)zPdClzl (IV) with phenyl chalco-
gen bridging. The characterization data are given in
Table I. Conductance measurements in CH3CN indi-
cated their non-electrolytic nature. Elemental analy-
ses and molecular weight measurements in CHCh
were consistent with the above formulation.

The IR spectra (Table 2) showed two v(Pd - Cl)
bands in the region 313-290 em - 1indicating the pre-
sence of terminal chloride ligands. The observed
v(Pd - Cl) values are typical ofCI trans to Se16and
Te!? Iigands.

In the 1H NMR spectra of complexes IV (Table 2)
the phenyl protons have been found to be considera-
bly deshielded ( '" 0.7 ppm) in comparison to those of
complexes I, II and III, suggesting that the phenyl
cha\cogen groups form bridges between Pd and Pt
atoms.

The 31P NMR spectra of complexes IV (Table 2)
consisted of a single 31P resonance associated with
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platinum satelIites (approximately 1:4:1 triplet struc-
ture). This clearly indicates the equivalence of the
two phosphorus atoms in the complexes. The obser-
ved 1J(Pt-P) values (3619-3620 Hz; Table 2) are hi-
gherthan that expected for P trans to Se or Te. This is
probably because of the bridging nature ofPhE that
the interaction between Pt and E is relatively weak
and as a consequence of it, the Pt - P bonds become
stronger. This is supported by the fact that these val-
ues are in good agreement with those for P trans to Cl,
which is a weak ligand (the IJ(Pt-P) for
cis-[PtCIz(PPh3hl is 3679 Hz (PPh3 trans toCI)20.
Hence, ? l,<;tero binuclearstructure with phenyl chal-
cogen bridging, similar to that of its S-analoguesw, is
reasonable for complex IV (structure-I).

(Structure II
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