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Abstract—New diorganophosphinodithioato derivatives, Ph,Te(S,PR,),, were formed in
the reaction of Ph,TeCl, with R,PS;M-xH,O (R =Me, Et, M = Na, x =2; R = Ph,
M = NH,, x = 0) in a 1:2 molar ratio. In the case of alkyl derivatives, the expected Te'v
compounds decomposed rapidly to Ph,Te" and the corresponding disulphane, R,P(S)-S-
S-(S)PR,, as proved by multinuclear ('H, "*C, *'P) NMR studies. By contrast, for R = Ph
the desired tellurium compound could be isolated as a pure sample and its crystal and
molecular structure has been determined by single-crystal X-ray diffractometry. The 1,1-
dithio ligands are coordinated to tellurium as anisobidentate groups, with single P—S
[2.081(2), 2.057(2) A] and double P=S [1.954(2), 1.966(2) A] bonds coupled with primary
Te—S [2.597(2), 2.658(2) A] bonds and intramolecular Te- - - S (3.316, 3.286 A) secondary
interactions, respectively. If only the primary covalent bonds are considered the coor-
dination geometry about the central tellurium atom can be described as y-trigonal bipyr-
amidal, with two sulphur atoms in axial positions [S(1)—Te(1)—S(3) 174.1(1)°]. Two
carbon atoms and the stereochemical active lone electron pair of tellurium occupy the
equatorial sites. If the secondary interactions of tellurium with the S(2) and S(4) atoms
which are placed above and below the C,Te equatorial plane are taken into account the
coordination number at tellurium is increased to 7 (including the lone pair).

The continuous interest in tellurium compounds
containing sulphur ligands is due to their broad
structural variety.' In the case of 1,1-dithio ligands
(i.e. dithiocarbamates, xanthates, phospho-
rodithioates, phosphinodithioates) this diver-
sity is determined by the ability of these ligands to
exhibit various coordination patterns, the tendency
of tellurium to increase its coordination number,

* Author to whom correspondence should be addressed.

and the possible stereochemical activity of lone elec-
tron pairs on tellurium.

Several studies on the chemistry of inorganic and
organotellurium derivatives of phosphorodithioato
ligands, (R’O),PS;, have been reported and
the X-ray molecular structures of various com-
pounds have been described.! In particular, for
diorganotellurium(IV) bis(phosphorodithioates),
R,Te[S,P(OR"),],, the structure of R = Ph,
R’ = Me,?> Et* and R, = CgH;, R =Et* are
known. All these compounds exhibit a structure of
type a, with the stereochemically active lone elec-
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tron pair of tellurium in an equatorial position.
Although in solid state this type of compound is
stable, in solution there is evidence concerning their
decomposition to R,Te" and (R’O),P(S)-S-S-
(S)P(OR"),.’> A significant increase in the stability
could be achieved using phosphorodithioato
ligands prepared from diols,% OR’OPS;. By
contrast, no studies on diorganophosphino-
dithioato derivatives, R,Te(S,PR%),, have been
reported.

We wish to report here an investigation of the
reaction of Ph,TeCl, with dialkyl- and diphenyl-
phosphinodithioates, as well as the crystal and
molecular structure of Ph,Te(S,PPh,),. Multi-
nuclear NMR studies emphasized the rapid
decomposition of the related dimethyl- and diethyl-
phosphinodithioato derivatives to Ph,Te and
[R,PS(S)],, a behaviour which prevented any struc-
tural characterization.

EXPERIMENTAL

The compounds used as starting materials in this
study were prepared according to literature
methods: Ph,TeCl, (from Ph,Pb and TeCl,),’
R,PS,Na-2H,0 (R = Me®, Et’), PH,PS,NH,."’ IR
spectra were recorded in the range 4000400 cm ™'
on Nujol mulls using a Bio-Rad-FTS7 instrument.
'H, *C and *P NMR were obtained in CDCI, solu-
tions on a Bruker WH 360 instrument opperating
at 360.134, 145.785 and 90.554 MHz, respectively.
Mass spectra were recorded using the EI method on
a Varian CH7 (A) (MAT) spectrometer. Elemental
analyses (carbon and hydrogen) were performed by
Beller Mikroanalytisches Laboratorium (Géttingen).

Reaction of Ph,TeCl, with Me,PS,Na-2H,0

Me,PS,Na - 2H,0 (0.74 g, 4.02 mmol) was added
to a solution of Ph,TeCl, (0.71 g, 2.01 mmol) in
chloroform (25 cm®). The colour of the solution
immediately became yellowish. The reaction mix-
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ture was stirred at room temperature for 0.5 h, and
then was filtered to remove the resulting sodium
chloride. The clear filtrate was concentrated in a
rotary evaporator until white crystals began to
deposit. These were filtered off (vield: 0.16 g, 32%
calculated for [Me,P(S)S],). Their '"H NMR spec-
trum indicated the presence of only methyl groups
bound to phosphorus and the elemental analysis is
in agreement with [Me,P(S)S], (Found: C, 19.7, H,
4.6; Calc. for C,H,P,S,: C, 19.2, H, 4.8%). The
remaining solution was evaporated in air, resulting
in a yellow oil which was not further investigated.

Reaction of Ph,TeCl, with Et,PS,Na-2H,0

The reaction of Et,PS,Na-2H,0 (0.85 g, 4.02
mmol) with Ph,TeCl, (0.71 g, 2.01 mmol) in chloro-
form (25 cm®) was carried out in a similar way as
described above for the methyl derivative.
However, in this case no solid product could be
isolated. The removal of the solvent to dryness led
to a yellow oil product which could not be separated
into components (see below Results and
Discussion).

Preparation of Ph,Te(S,PPh,),

A mixture of Ph,TeCl, (0.5 g, 1.42 mmol) and
Ph,PS,NH, (0.76 g, 2.84 mmol) in chloroform (25
cm?®) was stirred at room temperature for 0.5 h. The
resulting ammonium chloride was filtered off from
the reaction mixture and the solvent was removed
from the clear solution in a rotary evaporator. The
solid product thus obtained was recrystallized from
chloroform/petroleum ether (1 : 4 by volume), lead-
ing to yellowish crystals of the title compound.
Ci6H3P,S,Te - 0.5CHCI, (840.06): Yield: 0.82 g
(69%); m.p. 82-4°C. Found: C, 54.1; H, 3.8.
Calc.: C, 53.6; H, 3.6%. IR (Nujol) : v,,(PS,) 639s,
591s, v,(PS,) 492m, 477s cm~'. MS-EI (70 €V ; m/z,
(%)) : 533(14) M* —Ph,PS,, 498(2) M* —Ph,Te,
456(2) M* —Ph,PS,Ph, 284(15) M* —[Ph,PS,],,
249(41) Ph,PS5, 217(100) Ph,PS™*, 207(6) PhTe™,
185(13) Ph,P*, 154(31) Ph3, 77(29) Ph™.

X-Ray crystal structure of Ph,Te(S,PPh,),

Crystal data. Ci6H;0P,S,Te-0.5CHCl;,, M =
840.06, monoclinic, a = 13.450(3) A, b = 16.775(3)
A, ¢ =8.815(2) A, B =108.89(3)°, U = 1881.8(7)
A, Zz=2, D.,=1483 g cm™>, F(000) = 842,
space group Pc, Mo-K, radiation, 4 = 0.71073 A,
u(Mo-K,) = 1.229 mm™', crystal size 0.9 x 0.2 x
0.1 mm.

Structure determination. Data were collected at
173(2) K on a Siemens P4 four-circle diffractometer
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for 9233 reflections in the 26—w scan mode (20 range
from 5.0 to 55°), of which 8359 were independent
reflections (R, = 3.18%) and 8331 [I> 20(])]
were used in the full-matrix least-squares refine-
ment with the SHELXL-93 program.'' Three stan-
dard reflections were measured after every 197
reflections. The structure was solved by direct
methods with the SHELXTL PLUS (VMS) pro-
gram system'? for tellurium, difference Fourier syn-
thesis for the positions for the other non-hydrogen
atoms and has been refined anisotropically to a
final R=ZX|F,—F|/Z|F,|=53% and wR=
[Zw (|F,— F.))YZw|F,|*]"* = 13.2%, with weights
w™! = ¢} (F)+0.0008F2. The goodness-of-fit
(Goof) finished at 1.014. The residual electron den-
sity from a final difference-Fourier synthesis was in
the range —0.804 to 1.643 ¢ A—>. Further details of
the crystal structure investigation may be obtained
from the Fachinformationszentrum Karlsruhe,
Gesellschaft fiir Wissenschaftlich-technische Infor-
mations mbH, D-W-7514 Eggenstein-Leopolds-
hafen 2 (Germany), on quoting the names of the
authors and the journal citation.

RESULTS AND DISCUSSION

The exchange reaction between Ph,TeCl, and
sodium or ammonium salts of diorgano-
phosphinodithioic acids (1:2 molar ratio) was
carried out in chloroform. The colour of the reac-
tion mixture turned yellow immediately after mix-
ing of starting materials, thus indicating a fast
reaction. In the case of dimethyl- and diethyl-phos-
phinodithioates, after the filtration of the resulting
NaCl, all the attempts to obtain a pure sample
of the expected Ph,Te(S,PR,), (R = Me, Et) have
failed. For R = Me it was possible to separate from
the clear filtrate a small amount of a white crys-
talline solid whose 'H NMR spectrum exhibited
only a doublet resonance corresponding to methyl
groups attached to phosphorus. Its elemental analy-
sis (H, C) was consistent with [Me,P(S)S],. No
other pure compound could be separated from the
remaining yellowish oily product. In the case of
R = Et again a yellowish oil was obtained after the
removal of the solvent and the NMR spectra were
consistent with a complex mixture. All attempts
to isolate pure compounds have failed. However,
NMR spectra of a freshly prepared reaction mix-
ture indicated the presence of small amounts of the
expected Ph,Te(S,PR;), both in the case of R = Me
and Et, respectively (see subsequent discussion).
The reaction between Ph,TeCl, and Ph,PS,NH, was
carried out in a similar way to that for the alkyl
derivatives, but in this case Ph,Te(S,PPh,), was iso-
lated as a pure, stable, solid compound and struc-
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turally characterized (see below). However, in
solution a decomposition process was also
observed.

The pathway of the decomposition process of
Ph,Te(S,PR,), can be described by eq. (1) :

thTCC12 + 2R2PS2M * tzo

R=Me,Et, M=Na,x=2
R = Ph,M = NH,, x = 0

Ph,Te + R,P(S)-S-S-(S)PR,

A similar decomposition process in solution was
previously reported for diorganotellurium(IV)
derivatives of other 1,1-dithiolato ligands, e.g.
phosphorodithioates, R,Te[S,P(OR),],,” although
they were stable enough in solid state to allow X-
ray diffraction studies. This seems to be a common
decomposition route of inorganic metal derivatives
of 1,1-dithiophosphorus ligands, e.g. TI(S,PR,);
to TIS,PR, and [R,P(S)S],."* However, in the
case of diphenyllead(IV) phosphinodithioates,
Ph,Pb(S,PR,),, a different decomposition pathway,
resulting in Ph;PbS,PR,, inorganic Pb(S,PR,), and
PhS(S)PR, ester, was established.'

An NMR investigation was performed to eluci-
date the decomposition process. The results of the
'H, *C and *'P NMR monitoring of the reactions
between Ph,TeCl, with sodium or ammonium dior-
ganophosphinodithioates, carried out directly in an
NMR tube, are presented in Tables 1, 2 and 3, and
support the process described by eq. (1).

Thus, in all cases two >'P resonances were
observed for the reaction mixture (Table 1) : the low
field signal is due to the corresponding disulphane,
R,P(S)-S-S-(S)PR,, formed during the decompo-
sition, while the high field signal was assigned to
the still undecomposed Ph,Te(S,PR,),. Similar
3P chemical shifts have been reported for
phosphinodithioato ligands in the related
Ph,Pb(S,PR;), derivatives (in C;Dg solutions), i.e.
58.5, 79.1 and 61.0 ppm for R = Mg, Et and Ph,
respectively.'

For R = Me and Et, the 'H NMR spectra of the
reaction mixtures exhibited two groups of signals
in the aromatic region. One of them is due to the
ortho (ca 8 ppm) and meta+para (ca 7.5 ppm)
protons of the phenyl groups attached to tellurium
in Ph,Te(S,PR;),, and is in good intensity relation
with resonances observed in the alkyl region for
methyl and ethyl groups bound to phosphorus. The
other signal was assigned to the decomposition
product Ph,Te (ca 7.7 ppm for ortho protons and
ca 7.2 ppm for meta+ para protons) by comparison
with a pure sample of diphenyltellurium(II). It is



A.SILVESTRU ez al.

1178

OYHT - eN*Sd“d/ (3 0v£0°0) “1DRL%Ud ‘(B 0¥£0°0) OPHT - EN'SIOIN/ (B £££0°0)

‘sreudis xopdwod A1ap ,

"ordures pyjos arnd se parefost ‘(T JJ?S)a LU Y1 10] B1ep YN »

(A dES)oL%yd 01 paudisse [eudig,
(BN ES)ALY 01 paudisse [eusig,

“SIUEIORAI SY) BUIXI 13)Je Ajoyerpawur ‘Afaanaadsal (8 0650'0) "HN S U/ 9+270°0) 1D°L%Ud PUE “(3 0£S0°0)

1031 %yd JO 2IMIXIW UOHIEII ONRI JR[OW T : [ B 10J aqn] YN UT Ul A02JIp UONN[0S LD Ul poureIqo e1j0ods YN »

(vivd + v1aw-H9) (oy140-HY)
Wy, wey'L ARLES
669 [Fsdudl
L'9S 669 MUTE L WYL, _ pCuddfs)Liud
L'9S 669 JWITEL Wy, AHNSdUAT +9D21Ud
8Tt
LM
CHO'HDd-HZ1) CHDd-H8)
L'68 P6T'1 wigg R BE]
87T, X4 ygtdr,
LM Ly LM i
CHYHOA-HTD)  CHOHDL-HTD)  (HOd'HS) CHDA-HS) (@wd+mow-H9)  (pand+piow-19)  {(oyiio-Hp)  (oy140-|1p)
8SL 668 APIL LT ,bp16l wzg wyzL Jgy/ weg', ,W9Q'g JOPHT - eN*Sd9d T +9031°Ud
ST,
CHOD o
699 PSIT ‘Fsd= i
(3 34 b
CHOod-HID)  CHDD) (vivd+viow-H9)  (pivd +vjow-g9)  (oyrio-Hy)  (oyiio-Hy)
SYS 1'L9 PS8°T PSI'T wyz'L JUTS L we9'L 908 JOPHT - EN*SdINT + D2 L%Ud
die suojoxd [Ay1y suojoxd Sg9)

(zH w1 syueysuoo Fundnos pue ‘wdd ul syjIys [eoTWAYD) H,

Y(*Ud*S)2L7ud 10) BIEP WINN d)c PUR H, '[ JlqBL



1179

Diphenyltellurium(IV) bis(diorganophosphinodithioates)

"J9]qnOP PaAjosalu(] ,

*I 9[qeL JO 310UI00] 3Y) UT PaqLIOSIP SB 3qn] YN U. Ul A[031Ip PaUIRIGOo SIMIXIW UOLORAI 3Y) 10] BIED YN,
‘snondiquieun jou a1e 31 ‘yq ut sdnoid jKusyd a1y Jo sUOqILd pIawi puk 04140 10 SIUSWUTISSE Y],

POPIT  08LTI  9¥6Z1  S6LEL a1%yd
oSy
Um\__
SIL PI'8CT redadl
68
¥$24r, 2p TLIYr, ¥1°95%4r, JOHT - BN'Sd9dT
PI169 P8'LT 6SHIT  8LLTI  SP6ZI  6LLEI pEr9 PITEE 8671 60¢1 6PEl 79¢l +9D219yd
LTS
Um\__
pTest Yrsd=s ]
0°€s a1
2p 24r, 4OHZ - EN*SdNT
PIS'ST 19911 €8°LC1  9v'6T1  8YLEI PSS 6T SO0ET  PLIEl  IL°EEl  00°SEl +7D°1%9d
‘HO'HOd ‘HOd  ‘HOd o) D fee) e} fHO'HOd ‘HOd ‘HOd “0 D D o)
esd¥dl CARLP: | d 1A 31-H’D
{(Fgdes)alud

(zH w syueysuod Surdnods pue ‘wdd ur sIYs [eOIWAYD) 1 ‘OW = A

(RAd*S)2L7Ud 10] Brep YN O, ‘T 3I9eL



A.SILVESTRU et al.

1180

‘uonnjos °1°H uj ,

"dnoi3 sures 3y} Jo sUOqIed 0y140 JO [BUBLS A1 Aq PIYSEU ST J2[GnOp uIpuodsaIiod ay) Jo Youelq puodss ayJ,,
‘dnoid sures a3 Jo suoqIed 0y1i0 JO [RUSIS 1[qNOP Y} AQ PAINISGO DUBUOSIY ,
"1 91qB L JO 330U300§ Y3 Ul PGLIISIP SB 3qN1 YAIN Ue Ul A[J921Ip PAUIRIGO SIMIXIW UOTIIRAI 3Y) 10] Blep YN ,
‘snongiquieun jou are 3] {yd ut sdnois jAuayd ay) Jo suoqIed vrow pue oy140 10§ sjuswudisse oy ,

YOPIT  08°LTL  9v'6T1  S6'LEL al'yd

8¢l 911 1€

Um\.m bm\.N Um\.ﬂ N
Pz98Tl  TI'ZTEl  PIETEL  PO6ECI SFsdfud]

g€l 6°€l

Um\.m bm\.N
PIS8TI  T6IET  PLITET  ,begl f'sdydl

9¢l L€l 9¢] 811 Y8

p M, 2 2dr, o JHNSd™ude
PSE'8T1  L8IET  PITTEL  HE1°€€I 8SPIT  9L°LZ1  SP6T1  88°LE1 P10'8T1 s PLOET P89 LEL 08°6Z1  LTOET  9VTET €091 +40°1%ud

EU ;U eU _U _U mU a.:U ::O EU QU :U _U _:U QU eU _U

Msdyd] EARLA d°HD aL-H%D
{(*ydd’s)>1ud

(zH ur syueysuod Sundnoo pue ‘wdd ur syiys (ROMUSYD) Y(PYJJ°S)A1 U J0] B¥ep AN Dy, € 9I9BL



Diphenyltelluriom(IV) bis(diorganophosphinodithioates)

worth mentioning that for R = Et the relative
intensity of the resonances corresponding to Ph,Te
(S,PR,), and Ph,Te is 1:5, thus suggesting a fast
decomposition as noted for the lead(IV) analogue.'
Additionally, both for R = Me and Et, the 'H
NMR spectra exhibited resonances for the cor-
responding disulphanes, with a characteristic split-
ting pattern due to proton—proton and
phosphorus—proton couplings.

The "*C NMR data (Tables 2 and 3) are also
consistent with the presence of Ph,Te(S,PR,),, as
well as decomposition products Ph,Te and R,P(S)-
S-S-(S)PR,, in all three reaction mixtures, thus
providing further proof in support of the decom-
position pathway described by eq. (1).

Although Ph,Te(S,PPh,), was also found to
undergo a similar decomposition process in solu-
tion, its successful isolation as yellowish crystals
allowed characterization by IR and mass spec-
troscopy, as well as by an X-ray diffraction study.
In the infrared spectrum strong bands in the 650—
450 cm~! region were assigned to P—S stretching
vibrations. Their splitting into two components is
frequently observed in other metal diphe-
nylphosphinodithioates.'"* The difference A =
v,(PS,) — v (PS,) = 147, 114 cm ™! suggests a mono-
dentate coordination of the 1,1-dithio ligands to
the tellurium atom,'* but secondary interactions
between sulphur atoms doubly bonded to phos-
phorus and tellurium cannot be definitely ruled out
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only on this basis. The EI-MS spectrum does not
show the molecular ion, but an ion corresponding
to the first fragmentation, i.e. Ph,TeS,PPh] (m/z
533, 14%) resulting from the cleavage of a Te—S
bond, can be observed. The base peak was a tel-
lurium-free ion, Ph,PS* (m/z 217). Fragments con-
taining both phosphinodithioato groups bound to
tellurium are not present.

X-Ray crystal structure

0.5CHCl,

of Ph,Te(S,PPhy),*

The crystal structure of the title compound was
determined by X-ray diffraction. Important inter-
atomic distances and angles are listed in Table 4,
and an ORTEP diagram of the complex structure
with the numbering scheme is shown in Fig. 1.

The crystal consists of monomeric Ph,Te-
(S,PPh,), units and contains CHCI; molecules, as
crystallization solvent, in a 2:1 ratio (Fig. 2). The
P—S distances in the phosphinodithioato units are
characteristic for single P—S (2.081(2) and 2.057(2)
A) and double P=S (1.954(2) and 1.966(2) A)
bonds (¢f 2.077(1) and 1.954(1) A in the free
Ph,P(S)SH acid),'® suggesting a monodentate coor-
dination. However, both sulphur atoms doubly
bonded to phosphorus exhibit intramolecular sec-
ondary interactions with the tellurium atom, i.e.
Te(1)---S(2) 3.316 A and Te(1) - - - S(4) 3.286 A. If
only the primary covalent bonds at tellurium are

Table 4. Selected interatomic distances (A) and angles (°) in Ph,Te(S,PPh,),

Te(1)—C(1) 2.131(6) C(1)—Te(1)—C(10) 96.3(2)
Te(1)—C(10)  2.128(6) C(1)—Te(1)—S(1) 87.7(2)
Te(1)—S(1) 2.597(2) C(1)—Te(1)—S(3) 92.7(3)
Te(1)---S(2) 3316 C(10)—Te(1)—S(1) 88.3(2)
Te(1)—S(3) 2.658(2) C(10)—Te(1)—S(3) 85.8(2)
Te(l)---S(@)  3.286 S(1)—Te(1)—S(3) 174.1(1)
P(1)—S(1) 2.081(2) C(1)—Te(1) - --S(2) 154.0
P(1)—S(2) 1.954(2) C(1)—Te(1) - - S(4) 83.2
P(1)—C(20) 1.814(7) C(10)—Te(1) - - S2) 95.0
P(1)—C(30) 1.817(6) C(10)—Te(1) - - - S(4) 154.2
S(1)—Te(1) - -- S(2) 69.3
P(2)—S(3) 2.057(2) S(1)—Te(1) - -- S(4) 117.4
P(2)—S(4) 1.966(2) S(3)—Te(1) - S(2) 111.4
P(2)—C(40) 1.816(7) S(3)—Te(1) - - - S(4) 68.6
P(2)—C(50) 1.804(7) S(2)---Te(l)---S(4) 96.3
Te(1)—S(1)—P(1) 96.1(1)
Te(l) - - S(2)—P(1) 78.4
Te(1)—S(3)—P(2) 93.9(1)
Te(l) - - - S(4)—P(1) 78.3
S(1)—P(1)—S(2) 115.7(1)

S(3)—P(2)—S(4) 114.7(1)
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Fig. 1. ORTEP drawing of the Ph,Te(S,PPh;), molecule (hydrogen atoms and the chloroform
molecule present in the lattice were omitted for clarity).

b O o

Fig. 2. View of the unit cell of Ph,Te(S,PPh,), (including the CHCI; molecules).
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considered, the coordination polyhedron can be
described as a distorted -trigonal bipyramid, with
S(1) and S(3) atoms in axial positions
[S(1)—Te(1)—S(3) 174.1(1)°]. Two of the equa-
torial sites are occupied by the C(1) and C(10)
atoms of the phenyl groups attached to tellurium.
The lone electron pair of tellurium is stereo-
chemically active, occupying the third equatorial
position. This is supported by the C(1)—
Te(1)—C(10) angle significantly smaller [96.3(2)°]
than the normal 120° value.

The S(2) and S(4) atoms, exhibiting the sec-
ondary interactions with tellurium atom, are placed
above and below the equatorial C(1)Te(1)C(10)
plane at —1.313 and 1.427 A, respectively. This can
be due to the small bite of the ligands, but can be
also interpreted as being a result of the tendency
of these sulphur atoms to avoid the lone pair of
electrons at tellurium.

Similar structures have been established for
diorganotellurium(IV) bis(dithiocarbamates),
R,Te(S;CNR5),," " and diorganotellurium(IV)
bis(phosphorodithioates), R,Te[S,P(OR"),],.**
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research fellowship grant and the hospitality of Bremen
Universitit during a 10 month stay in Germany.

REFERENCES

1. I. Haiduc, R. B. King and M. G. Newton, Chem.
Rev. 1994, 94, 301.
2. R. K. Chadha, J. E. Drake, N. T. McManus, B. A.

10.

1.
12.

14.

15.

16.

17.

19.

1183

Quinlan and A. B. Sarkar, Organometallics 1987, 6,
813.

D. Dakternieks, R. Di Giacomo, R. W. Gable and
B. F. Hoskins, J. Organometal. Chem. 1988, 349, 305.
D. Dakternieks, R. Di Giacomo, R. W. Gable and
B. F. Hoskins, J. Am. Chem. Soc. 1988, 110, 6753.

. T. N. Srivastava, J. D. Singh and S. K. Srivastava,

Phosphorus, Sulfur and Silicon 1991, 55, 117.

. T. N. Srivastava, J. D. Singh and S. K. Srivastava,

Polyhedron 1990, 9, 943.

B. C. Pant, J. Organometal. Chem. 1973, 54, 191.

R. G. Cavell, W. Byers and E. D. Day, Inorg. Chem.
1971, 10, 2710.

W. Kuchen, H. Strolenberg and J. Metten, Chem.
Ber. 1963, 96, 1733.

C. Silvestru, A. Silvestru, I. Haiduc, R. Gaviiio
Ramirez and R. Cea-Olivares, Heteroatom. Chem.
1994, 15, 4.

G. M. Sheldrick, SHELXL-93, Géttingen (1993).
Siemens SHELXTL PLUS: Release 4.0 for Siemens
R3 Crystallographic Research System. Siemens Ana-
lytical X-Ray Instruments, Inc., Madison, WI,
U.S.A. (1989).

. W. Kuchen and H. Mayatepek, Chem. Ber. 1964,

101, 3454.

A. Miiller, V. V. Rao Krishna and G. Klinksiek,
Chem. Ber. 1971, 104, 1892.

1. Haiduc, 1. Silaghi-Dumitrescu, R. Grecu, R. Con-
stantinescu and L. Silaghi-Dumitrescu, J. Mol.
Struct. 1984, 114, 467.

B. Krebs and G. Henkel, Z. Anorg. Allg. Chem. 1981,
475, 143.

1. H. E. Bailey, J. E. Drake and M. L. Y. Wong,
Can. J. Chem. 1991, 69, 1948.

. J. H. E. Bailey and J. E. Drake, Can. J. Chem. 1993,
71, 42.
N. W. Alcock, J. Culver and S. M. Roe, J. Chem.

Soc., Dalton Trans. 1992, 1477.



