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Abstraet--Triphenyltelluronium diphenylphosphinodithioate, [Ph3Te][S2PPhg ] (1) and 
tetraphenyldithioimidodiphosphinate, [Ph3Te][(SPPh2)2N] (2), were obtained by metathesis 
reaction between Ph3TeC1 and NH4[S2PPh2] and K[(SPPh2)2N], respectively, and were 
characterized by IR, MS and multinuclear NMR. The molecular structure of both com- 
pounds was investigated by X-ray diffractometry. The compounds are monomeric and 
predominantly ionic in the solid state. The Te. . .  S interatomic distances (3.331 and 3.655 
/~ in 1, and 3.264 and 3.451/k in 2 indicate weak cation-anion secondary interactions. In 
both compounds the tellurium atom is five-coordinated, with distorted square-pyramidal 
geometry. The coordination polyhedron in 2 is less distorted due to the flexibility of the 
SPNPS system and the larger S. . .  S bite of this ligand (4.276 A in 2, vs 3.368 A in 1). 

Triorganotelluronium salts, R3TeX, of simple 
anions such as NCO-, l NCS-, 2 or CI-, 3 display 
rather complex structures due to secondary bond- 
ing interactions between the tellurium atom and the 
anion. This behaviour is favoured by the tendency 
of tellurium to achieve higher coordination 
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numbers. With 1,1-dithio ligands either dimeric 
[Ph3TeS2CNPri2]z, 4 [Ph3TeSgCOMe]2, 5 and [Ph3Te- 
S2COEt]26 (bridging ligand) or monomeric 
Ph3TeSzCOBu~, 5 are formed. The use of dithio- 
phosphorus ligands, of known ability to exhibit 
various coordination patterns, 7 might result in fur- 
ther knowledge concerning stereochemical aspects 
of tellurium complexes with sulphur ligands) The 
synthesis and spectroscopic characterization of 
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several triorganotelluronium derivatives of 1,1- 
ditbiophosphorus ligands, [R3Te][S2PR'2] and 
[R3Te][SzP(OR,)2],9 l~ as well as the X-ray structure 
determination of the monomeric [Ph3Te] 
[S2P(OEt)2], ~2 has been recently reported. In com- 
plexes containing 1,1-dithio ligands the coor- 
dination polyhedron of tellurium is generally 
strongly distorted due to the small bite (S. . .  S ca 
3.0 A) of the ligand. Therefore, it would be of inter- 
est to compare the structures of compounds con- 
taining dithiophosphorus ligands with significantly 
differing S . . .  S bites. Thus, tetraphenyl- 
dithioimidodiphosphinato ligand, [(SPPh2)2N]-, 
which can form six-membered rings (a), will impose 
lesser steric constraints than the phos- 
phinodithioates, which form four-membered rings 
(b) in monomeric compounds. The dimerization of 
b is a way to avoid this steric strain. So far, only Te u 
complexes of dithioimidodiphosphinato ligand, 
i.e. Te[(SPPh2)2N]2 (monomeric) 13 and [PhYe 
(SPPh2)2N]2 (dimeric), ~4 have been described. 

R2 ~ " ~ .  p R2 S.~. 
: i u / "", 
S~M/S ~S "~ 

a b 

We report here the synthesis, spectroscopic 
characterization and X-ray molecular structure of 
[Ph3Te][S2PPh2] (1) and [Ph3Te][(SPPhz)zN] (2); both 
of which are monomeric and display weak Te. • • S 
secondary interactions between the triphenyl- 
telluronium cation and the dithiophosphorus 
anion. 

EXPERIMENTAL 

The starting materials were prepared according 
to literature methods: Ph3TeC1, L~ NH4[S2PPh2]] 6 
and K[(SPPh2)2N]J 7 Elemental analyses (carbon 
and hydrogen) were performed by Beller Mikroan- 
alytisches Laboratorium (G6ttingen). IR spectra 
were recorded in the range 4000-400 cm- ~ as nujol 
mulls using a Bio-Rad-FTS7 instrument. JH, ~3C 
and 31p NMR were obtained in CDC13 solutions on 
a Bruker WH 360 instrument operating at 360.134, 
145.785 and 90.554 MHz, respectively. Mass spec- 
tra were recorded on Varian CH7 (A) (MAT) and 
Jeol SX-102A spectrometers using both EI and 
FAB(+ ) techniques. 

Preparation of triphenyltelluronium diphenyl- 
phosphinodithioate, [Ph3Te][S2PPh2] 

A mixture of Ph3TeC1 (0.65 g, 1.65 mmol) and 
NHa[SzPPh2] (0.44 g, 1.65 mmol) in 25 cm 3 meth- 
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anol was stirred at room temperature for 0.5 h. The 
resulting ammonium chloride was filtered off and 
the clear filtrate was evaporated in a rotary evap- 
orator. The white solid product was recrystallized 
from chloroform. Yield: 0.86 g (85%); 
m.p. = 178~'C [lit. 136'~C (dec.)l~)]. Found: C, 59.3; 
H, 4.3. Calc. for C30H25PSzTe : C, 59.2; H, 4.1. IR 
(cm-~) : v~,s(PS2) 645m, 620s ; vs(PS2) 5708, 535m. ~H 
NMR (6, relative to TMS): 7.23m (6H, P-C~Hs, 
meta+para), 7.36m (6H, Te-C6Hs, meta), 7.45m 
(3H, Te-C6Hs, para), 7.66m (6H, Te-C6Hs, ortho), 
7.92ddd (4H, P-C6Hs, ortho, 3Jpu 13.9, 3JHH 6.7, 
43JHH 3.0). 3~p NMR (5, relative to H3PO4 85%): 
59.68 (lit. 58.8 ppmU). MS-EI [70 eV; m/z (%)]: 
361 (27), Ph3Te+; 284 (63), PhYe+; 249 (11), 
Ph2PS2+ ; 217 (24), PhzPS+; 207 (21) PhTe + ;172 
(100), PhPS2+ ; 154 (85), Ph +. MS-FAB(+)  [m/z, 
(%)]' 610 (1), M + ; 456 (1), PhTeS2PPh2 ~ ; 361 (43), 
Ph3Te+ ; 284 (5), Ph2Te+ ; 249 (20), PhzPS+; 217 
(100), Ph2PS + ; 207 (2) PhTe + ; 172 (1), PhPS + ; 154 
(56), Ph + . 

Preparation of triphenyltelluronium tetraphenyl- 
dithioimidodiphosphinate, [Ph3Te][(SPPh:)2N] 

A mixture of Ph3TeC1 (0.27 g, 1.013 mmol) and 
K[(SPPh2)2N] (0.49 g, 1.013 mmol) in 25 cm 3 meth- 
anol was stirred at room temperature for 2 h. The 
resulting KC1 was filtered off and the solvent was 
removed from the clear solution in a rotary evap- 
orator. The white solid product was recrystallized 
from acetone. Yield: 0.69 g (86%); m.p. = 195 
196°C. Found: C, 62.2, H, 4.5. Calc. for 
C42H35NP2S2Te : C, 62.5 ; H, 4.49. IR (cm t) : v(PS) 
5958, 570m; Vas(P2N ) 1204s, 1190s. ~H NMR (5, 
relative to TMS): 7.27m (18H, P-C6Hs, meta+ 
para, Te-C6Hs, meta), 7.40m (3H, Te-C6Hs, para), 
7.48m (6H, Te-C6Hs, ortho), 8.01ddd (8H, P-C6Hs, 
ortho, 3JpH 13.3, 3JHH 7.7, 4JHH 1.7). 13C NMR (6, 
relative to TMS): 127.53m (Cm(P), 3Jpc 13.8), 
128.88s (Ci(Te)), 129.37s (Cp(Te)), 129.93s 
(Cm(Te)), 130.97s (Cp(P)), 131.26m (C0(P), 2Jec 
11.6), 135.00s (C0(Te)), 142.16dd (C~(P), ~Jec 104.4, 
3Jpc4.6). 31p NMR (6, relative to H3PO4 85%): 
36.98. MS-EI [70 eV; m/z, (%)]: 525 (28), 
(SPPhz)2NPh+; 448 (9), (SPPh2)2N+; 416 (100), 
(SPPh2)(PPh2)N+; 361 (22), Ph3Te+; 284 (54), 
PhzTe+; 217 (23), PhzPS+ ; 185 (38), PhzP+; 154 
(87), Ph2 ~. MS-FAB(+)  [m/z, (%)1' 809 (1), M+;  
525 (1), (SPPh2)2NPh+ ; 448 (17), (SPPh2)2N+ ; 416 
(5), (SPPh2)(PPh2)N+ ; 361 (100), Ph3Te + ; 284 (4), 
Ph2Te + ; 217 (8), Ph2PS + ; 207 (3) PhTe + ; 185 (4), 
Ph2P + ; 154 (15), Ph +. 

X-Ray crystal structure determination 

Data were collected at room temperature on a 
Siemens P4 four-circle diffractometer with graphite- 
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monochromated Mo-K~ radiation and the full- 
matrix least-squares refinement was performed with 
the SHELXTL-PC program system. ~8 Details of 
crystal data, measurement of intensities and data 
processing are summarized in Table 1. The struc- 
tures were solved by direct methods (SIR92). j9 All 
non-hydrogen atoms were refined anisotropically, 
and hydrogen atoms were calculated as a riding 
model with fixed isotropic U. 

R E S U L T S  A N D  D I S C U S S I O N  

The title compounds were obtained by reacting 
Ph3TeC1 with the ammonium or potassium salt of 
the corresponding dithio ligand, in methanol (eqs 1 
and 2) : 

Ph3TeC1 + NH4[SzPPh2] , 

[Ph3Te][S2PPh2] + NH4C1 (l) 

Ph3TeC1 + K[(SPPh2)2N] , 

[Ph3Tel[(SPPh2)2N]+KC1. (2) 

After recrystallization from chloroform and 
acetone, respectively, both compounds were iso- 
lated as colourless crystals, soluble in methanol, 

chloroform and acetone, as well as water, thus sug- 
gesting a strong ionic character. The synthesis of 
[Ph3Te][S2PPh2] (from Ph3TeC1 and Na[S2PPh2], or 
Ph3TeOMe and HS2PPh2), as well as its IH and 31p 
N MR spectra and conductivity data in MeCN were 
recently reported.l°'l~ 

The IR spectrum of  [Ph3Te][S2PPh2] exhibits 
strong to medium absorption bands in the 650- 
550 cm-1 region, characteristic of  asymmetric and 
symmetric phosphorus-sulphur stretching 
vibrations [Vas(PS2) 645m, 620s, and vs(PS2) 570s, 
535m]. These are close to those observed in the 
ammonion salt, NH+[S2PPh2] - [Va~(PS2) 635vs, 
v~(PS2) 557vs]. 

The 1R spectrum of [Ph3Te][(SPPh2)2N] exhibits 
strong to medium absorption bands at 595s, 570m, 
and 1204s, 1290s cm ~, respectively, which are 
indicative of the deprotonated ligand. These values 
clearly differ from those of the "free acid", 
(SPPh2)2NH [v(PS) 645vs; v~(P2NH) 920vs], and 
are close to the values observed for the potassium 
salt, K+[(SPPh2)2N] : v(PS) 600vs, 580s; v~,.,(P2N) 
1195vs, 1170vs. 

The 1H NM R spectra of both compounds exhibit 
the expected resonance signals for phenyl groups 
attached to tellurium and phosphorus, respectively. 
The 13C N MR spectrum of [Ph3Te][SPPh2)zN] 

Table 1. Crystal data for [Ph3Te][S2PPh2] (1) and [Ph3Te][(SPPh2)2 N] (2) 

l 2 

Formula C3oH2sPS2Te 
M 608.2 
Crystal size (mm) 0.44 x 0.42 x 0.24 
Crystal system Monoclinic 
Space group P2~/n 
a (~) 14.168(2) 
b (/~) 12.196(2) 
c (/~) 15.907(2) 
fi C) 103.22(2) 
v(A 3) 2675.8(5) 
z 4 
D~,ic (g cm 3) 1.510 
/~ (Mo-K~) (mm ') 1.345 
F(000) 1216 
Reflections collected 9378 
Independent reflections 4693 (Rmt = 3.08%) 
Observed reflections 3646 (F > Y0a(F)) 
Absorption correction Semi-empirical 
Min./Max. transmission 0.7495/0.9431 
Weighting scheme w- i = o.2(F) + 0.0002F 2 
R°(%) 3.51 
wR"(% ) 3.39 
Goodness-of-fit 1.03 

C42H35NP2S2Te 
807.4 
0.64 x 0.34 x 0.16 
Monoclinic 
P21/c 
12.440(2) 
19.615(4) 
15.798(3) 
104.10(3) 
3738.7(11 
4 
1.434 
1.024 
1632 
6874 
6550 (Rmt = 3.39%) 
3908 (F > 3.@r(F)) 
Face-indexed numerical 
0.7014/0.8506 
w i = a2(F)+0.0008F2 
5.80 
6.43 
1.06 

~R = ZlAt/ZlFol ; wR = [Z(wAZ)/Z(wF~)]~"2; S = [ZwA2/(N.O.-N.V.)]I 2; A = IE,-Fcl.  
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Table 2. Interatomic distances (A,) and angles (~) in [Ph3Te][S2PPh2] (1) 

Te--C(I) 
Te--C(7) 
Te--C(13) 

Te. S(1) 
Te. S(2) 

S(I) ..S(2) 

P--s0) 
P--S(2) 
P--C(19) 
P--C(25) 

2.129(4) C(7)--Te--C(I) 101.2(2) 
2.129(4) C(7)--Te--C(13) 95.8(2) 
2.139(4) C(7)--Te. • • S(1) 90.2 

C(7)--Te. • • S(2) 90.5 

3 . 3 3 1  C(I)--Te--C(13) 94.4(2) 
3.655 C(13)--Te.. .  S(2) 122.9 

S(2) . . .Te . . .S(I )  57.4 
3.368 S(l) ... Te--C(1) 83.8 

C(I)--Te.  • • S(2) 139.7 
C(13)--Te.. .  S(I) 174.0 

Te. . .  S(1)--P 86.2 
Te. . .  S(2)--P 77.9 

2.004(2) S(1)--P--S(2) 115.7(1) 
1 . 9 7 5 ( 2 )  S(1)--P--C(19) 108.7(1) 
1 . 8 3 6 ( 4 )  S(1)--P--C(25) 109.5(2) 
1 . 8 3 3 ( 4 )  S(2)--P--C(19) 109.6(2) 

S(2)--P--C(25) 110.6(1) 
C(19)--P--C(25) 101.7(1) 

shows, as expected, a splitting of the signals for 
carbon atoms of phenyl groups bound to phos- 
phorus, due to phosphorus-carbon spin couplings. 

Both compounds exhibit only one sharp, singlet 
3~p resonance, which indicates equivalence of the 
two phosphorus atoms in the ligand unit of  [Ph3Te] 
[(SPPhz)2N] in solution. 

The solid state molecular structure of  the title 
compounds was investigated by X-ray diffract- 
ometry. Selected interatomic distances and angles 
are listed in Tables 2 and 3, while ORTEP-like 
diagrams of the molecular structures, with the atom 

numbering schemes, are shown in Fig. 1 for [Ph3Te] 
[S2PPh2] (1), and Fig. 2 for [Ph3Te][(SPPh2)2N] (2). 

Both compounds are monomeric and contain a 
pyramidal Ph3Te unit, with C - - T e - - C  angles aver- 
aging 97.1 '~' for 1, and 97.3 ° for 2. The mean T e - - C  
bond distances are 2.132 ~ for 1, and 2.131 /~ for 
2. These values are very close to those observed 
in the dimeric Ph3TeC1 used as starting material 
( C - - T e - - C  av. 95.1 ~ and T e - - C  av. 2.130 ~ ,  
respectively)? 

The phosphinodithioato ligand in [Ph~Te] 
[S2PPh2] exhibits slightly non-equivalent phos- 

Table 3. Interatomic distances (A) and angles ( )  in [Ph3Te] [(SPPh2)2N] (2) 

Te--C(1) 2.129(9) 
Te--C (7) 2.143 (8) 
Te--C(13) 2.121(9) 

Te..-  S(1) 3.264 
Te. . .  S(2) 3.451 

S(1)..-S(2) 4.276 

P(1)--S(1) 1.983(4) 
P(2)--S(2) 1.974(5) 
P(1)--N 1.594(9) 
P(2)--N 1.580(9) 

C(I 3)--Te--C(1) 97.4(4) 
C(13)--Te--C(7) 97.3(3) 
C(13)--Te.. .  S(1) 89.4 
C(I 3)--Te - • • S(2) 85.9 

C(I)--Te--C(7) 96.8(3) 
C(7)--Te-. .  S(2) 94.5 
S(2)--.Te.-.S(1) 79.1 
S(I) . . .  Te--C(1) 89.0 

C(I)--Te.  •. S(2) 167.7 
C(7)--Te. •. S(1) 170.5 

Te-. .  S(I)--P(1) 86.5 
Te. . .  S(2)--P(2) 101.1 

S(1)--P(1)--N 120.1(4) 
S(2)--P(2)--N 120.9(4) 
P(1)--N--P(2) 137.6(6) 
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C(23)~ C(21) 

C(24) , ~  (20) 

C(19) 
/ S(1) 

C(30) 
C(28) C(29) 

6) 
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Fig. 1. ORTEP-Iike view of the [Ph~Te][S2PPh2] molecule (1). 

C(9~1~ )C(10) C(17) 

C(3) C(2) C(8)C(7)k~ C ~ l l ) ~  (~17) C (16) 

, C(5)723 ~C(6) T N ~ e  \ ~  

C' ' C'4' s,x,i 

.... P ( I ~ ~ ~  ,~  _ ~  C(321 

C(25 / C ( 3 8 ) ~  

C(30)~ ~ C(33) 

C ( 2 9 ) ~  ~C(26) ..... C ( 3 6 ~ ~  
) C(27) C(35) C 34) 

C(28) 
Fig. 2. ORTEP-Iike view of the [Ph3Te][(SPPh2)2N] molecule (2). 

phorus-sulphur distances [P--S(1) 2.004(2) A and 
P--S(2) 1.975(2) ~, vs 2.077(1) and 1.954(1) A in 
the free Ph2P(S)SH acid. 2°] This suggests a high 
degree of delocalization of the g-electrons over the 

PS 2 system, however non-symmetrical. By con- 
trast, in [Ph3Te][(SPPh2)2N] the dithioimidodi- 
phosphinato ligand has equal phosphorus-sulphur 
[av. 1.979(5) /~] and phosphorus-nitrogen [av. 
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1.587(9)/~] bonds, consistent with a basically sym- 
metrical distribution of the 7t-electrons. The P--S 
distances in the SPNPS fragment are close to those 
observed in the free anion of [K(18-crown- 
6)][(SPPh2)2N] [1.976(1) A], 2~ but longer than in the 
"free acid" (SPPh2)2NH [1.937(1) and 1.950(1) ~]22 
and shorter than in the Te[(SPPh2)2N]2 chelate [av. 
2.022(3)/~].~3 

In complexes 1 and 2 weak tellurium-sulphur 
secondary interactions [Evdw(Te,S)= 3.9 /~]23 are 
established between the two sulphur atoms of the 
ligand fragment and the tellurium atom (Tables 2 
and 3). In the dithiophosphato analogue, [Ph3Te] 
[S2P(OEt)2], 12 the Te . . .S  distances are slightly 
shorter, i.e. 3.150 and 3.286 A. Both interatomic 
Te. . .  S distances for a molecular unit are larger 
than the sum of the corresponding covalent radii 
[Eco,,(Te,S) = 2.37 A] 23 or the Te--S distances in 
the Te[(SPPh2)2N]2 chelate (av. 2.685(2) A].I3 The 
elongation of the tellurium sulphur bonds may be 
due to the strong t r a n s  effect of the phenyl groups, 
also observed in other organotellurium derivatives 
of dithio ligands) As a result the chelate rings nor- 
mally formed by coordination of the bidentate 
dithiophosphorus ligand to a metal, in this case 
become a cation-anion association through Te. • • S 
secondary bonds, additional to electrostatic inter- 
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actions [structures e and d]. Such Te. -- S secondary 
interactions are usually observed as intermolecular 
bonds in associated tellurium-sulphur derivatives, 
e.g. [ArTeS2P(OMe)2],, 24"25 and [PhTeS2PPh2],,. 26'2v 
The coordination pattern of the dithio moiety can 
be described as monometallic biconnective. 7 

Q . IS  
Ph3Te:"'" (~,) p p h 2 

S Ph2 
® .  . . . . . .  ,,\ 

Ph3Te,: . (~) .,~N 
-'S--P 

Ph2 

e d 

In the case of compound 2 the bidentate nature 
of the ligand is substantiated by the relative position 
of the sulphur atoms with respect to the PNP frag- 
ment. In the "free acid" (SPPh2)2NH, 22 the 
S - - P - - N - - P - - S  backbone has an a n t i  confor- 
mation, with a long sulphu~sulphur (non-inter- 
acting) distance of 5.708 A. In the title compound 
the S - - P - - N - - P - - S  fragment is twisted to achieve 
a s y n  conformation, which brings the sulphur atoms 
much closer (S . . .S  4.276 ,~) and allows inter- 
actions of both sulphur atoms with tellurium. 

As a consequence of the weak Te . . .S  inter- 
actions, in both compounds the tellurium atom is 

(a) 
C(7) 

S(2) L 13) 

0C(19) 

(b) 

(~)C(13) 
s(2) 

cOO ~ . . . . . .  

C(37) O'C(25) ~C(19) 

(c) 

C ( 2 0 ) q  

C(19)% O(1) (i) C(7) 

p~-t~S(2) l C ( 1 )  

C(22) ( ~ C ( 2 1 )  

Fig. 3. Coordination geometry and chelate ring conformation in (a) [Ph3Te][S2PPh2] (1), (b) [Ph3Te] 
[(SPPhz)2N] (2), and (c) [Ph3Te][S2P(OEt)2] 12 (for clarity only ipso carbons of phenyl groups are 

shown). 
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five-coordinated in a distorted square-pyramidal 
geometry (see angles at Te in Tables 2 and 3). The 
apical position is occupied by C(7) in I and C(13) 
in 2, respectively. The deviations from the best basal 
plane are: C(1)C(13)S(1)S(2) plane - C(1) -0.093,  
C(13) 0.069, S(1) 0.087, S(2) -0 .063 ,  Te 0.210, 
C(7) (apical) 2.335, P -0 .889  ]~ for 1, and 
C(1)C(7)S(1)S(2) plane C(1) 0.044, C(7) -0.041,  
S(1) -0 .033,  S(2) 0.030, Te 0.126, C(13) (apical) 
2.209, P(1) -1 .877,  P(2) -1 .232,  N --2.113 ~ for 
2. In both cases the tellurium atom is slightly 
displaced towards the apical atom, and the four- 
membered TeSzP and six-membered TeS~P2N 
rings are folded in opposite directions [dihedral 
angles: TeS(1)S(2)/S(1)S(2)P 125.1 '~, and 
TeS(1)S(2)/S(1)S(2)P(1)P(2)N 114.4q. This con- 
trasts with the situation observed in [PhBTe] 
[S2P(OEt)z], ~2 for which the four-membered TeS2P 
ring is almost planar (dihedral angle 
TeS(I)S(2)/S(1)S(2)P 9.23. The deviation of the 
C(13) - -Te . . .S (2 )  (122.9) and S ( 1 ) . . . T e . . . S ( 2 )  
(57.4 °) basal angles in 1 from the ideal value of 90' 
is much larger than the corresponding 
C(7 ) - -Te . . .S (2 )  (94.5 ~) and S ( 1 ) . . . T e . . . S ( 2 )  
(79.1~) angles in 2. This is caused by the smaller 
S(1) . . .S(2)  ligand bite in I (3.368 ~)  than in 2 
(4.276 ~).  Similar values for the corresponding 
angles were observed in [PhBTe][S2P(OEt)2], 12 i.e. 
C ( 1 3 ) - - T e . . . S ( I )  109.9(2) and S ( I ) . , .  T e . . .  S(2) 
62.74(7) 7 for a S - - -S  bite of  3.354 ~.  The coor- 
dination geometries and ring conformations for 
[PhBTe][S~PPh2], [Ph3Te][(SPPh2)2N] and [Ph3Te] 
[S:P(OEt)2] are presented for comparison in Fig. 3. 

Alternatively, the coordination geometry at tel- 
lurium might be described as pseudo-octahedral, 
with an electron lone pair of  tellurium trans to the 
apical position occupied by the carbon atom. 
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