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Abstract 

Starting from Mo(CO) 6 and disulfanes RzP(S)-S-S-P(S)R 2 the "trimetallic" tetranuclear clusters Mo2WCuS4I(R2PS2) 4 3 
(R = Et (a), Pr (b)) were obtained via the dinuelear compounds MozS4(RzPS2)  2 1 and the trinuclear complexes M%WS4(RzPS2) 4 
2. The crystal structure of 3b shows a cubane-type core Mo2WCuS 4. Both Mo atoms and the W atom are chelated by a 
dithiophosphinato ligand. One Mo and the W atom are bridged by the fourth ligand. The coordination of W and Mo2 is 
octahedral, of Mol trigonal bipyramidal, and of Cu tetrahedral. 
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1. Introduction 

Heterometal  sulfur clusters are of great interest 
mainly because of their importance with respect to 
bioinorganic and technical processes [1]. Recently we 
reported on a series of metal-sulfur  clusters containing 
dithiophosphinato groups R2PS ~- as chelating or 
bridging ligands or as anions [2]. Depending on these 
different functions they give rise to resonance signals 
in well separated regions of field strength in their 
31p{1H}-NMR spectra. Thus, 31p-NMR spectroscopy 
turned out to be very helpful in the structure determi- 
nation of the clusters and revealed in combination with 
crystal structure analysis not only isomerism of some 
compounds [3] but also differences between crystal and 
solution structure e.g. in case of [Mo3S4(PrzPSz)4HgI 2] 
[4]. Moreover, this method enabled us to elucidate the 
role of M o - S  clusters in the catalytic sulfidation of 
tertiary phosphines [5] or unsaturated hydrocarbons [6] 
and to pursue the stepwise synthesis of the "tri- 
metallic" clusters 3 described below which contain the 
cubane-type cluster c o r e  M o 2 W C u S  4. 
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2. Experimental section 

2.1. General procedures 

All syntheses were carried out under dry argon. 
Solvents were purified and dried by standard methods. 
31p{~H}-NMR, Bruker HX 90 R; electronic spectra, 
Perkin-Elmer Lambda 5 (CH2C12), A (nm), (E 
(M-lcm-1) ) ;  IR, Perkin-Elmer 283 (KBr pellets); mass 
spectra, Varian MAT 311 A, EI-MS: 70 eV, FD-MS: 8 
kV, activated tungsten emitters; molecular weights, 
Knauer osmometer; electric conductivities, Metrohm 
518 conductimeter; magnetic measurements, Bruker 
magnet B-E 10 in combination with a microbalance 
Sartorius Type 4107 (Faraday-method), Pascal con- 
stants: [7]; melting points (uncorrected), Bfichi 510 W; 
microanalyses (C, H), Institut fiir Pharmazeutische 
Chemie der Universit~it Diisseldorf; Mo, W, Cu, atomic 
absorption spectrometer Perkin-Elmer 3100; P, photo- 
metrically as molybdate-vanadate [8]; I, titration with 
silver nitrate and potentiometric indication [8]; S, gravi- 
metrically as BaSO 4 [8]. 

2.2. Synthesis of M o 2 W S 4 ( R 2 P S 2 ) 4  2, general procedure 

Equimolar amounts of W(CO)3(CH3CN) 3 [9] and 
[R2P(S)S] 2 [10] were added to a solution of 1 mmol 1 
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[11] in 75 ml toluene at 80 °C. The solution was stirred 
for 3 h at this temperature and the colour turned to 
deep black with evolution of CO. After adding 100 ml 
of ligroine (100-140°C) to the hot solution the product 
began to precipitate, which was repeatedly recrystal- 
lized from CH 2C12/toluene (1:1). Black crystals, solu- 
ble in acetone, toluene or dichlormethane with deep 
red color. 

2.2.1. 1, 2, 3-Tris(diethyldithiophosphinato)-l, 2-ix-dieth- 
yldithiophosphinato-tri-ix-thio-ix 3-thio-triangulo- l-tung- 
sten-2, 3-dimolybdenum 2a 

Obtained from 0.63 g (1.0 mmol) la,  0.39 g (1.0 
mmol) W(CO)3(CH3CN) 3 and 0.31 g (1.0 mmol) 
[EtzP(S)S] 2. Yield: 0.25 g (22%). m.p. about 200°C 
(decomp.); molecular weight: 1112 (CHC13, 37°C, 0.002 
mol kg-~); EI-MS: m / z  (%): 964 (100) [M+-EtzPS2]; 
FD-MS: 1117 [M+]; xM(found.): - - 5 8 0 " 1 0  -6  c m  3 

mol-1; xM(calc.): - 6 2 0 . 1 0  -6 cm 3 mol-~; Anal. 
Found: C, 17.43; H, 3.57; P, 11.21; S, 34.60. Calc. (for 
C16H40Mo2P4S12W): molecular weight 1116.8; C, 17.21; 
H, 3.61; P, 11.09; S, 34.45. 

2.2.2. 1, 2, 3-Tris(dipropyldithiophosphinato)-l, 2-ix-di- 
propyldithiophosphinato-tri-ix-thio-ix 3-thio-triangulo-1- 
tungsten-2, 3-dimolybdenum 2b 

From 0.68 g (1.0 mmol) lb, 0.39 g (1.0 mmol) 
W(CO)3(CH3CN) 3 and 0.36 g (1.0 mmol) [PreP(S)S] 2. 
Yield: 0.25 g (20%). m.p. about 195°C (decomp.); 
molecular weight: 1180 (CHC13, 37°C, 0.002 mol kg-1); 
EI-MS: m / z  (%): 1048 (100) [M+-PrzPSz]; FD-MS: 
1229 [M+]; Anal. Found: C, 23.36; H, 4.65; P, 10.01; S, 
31.11. Calc. (for C24H56Mo2P4S12W):  molecular weight 
1229.0; C, 23.45; H, 4.59; P, 10.08; S, 31.40. 

2.3. Synthesis of Mo2WCblS 4I(R2PS2)4 3, general proce- 
dure 

Approximately equimolar amounts of 2 and CuI 
were stirred in 20 ml toluene for 48 h at room tempera- 
ture. Afterwards a red-brown precipitate had formed 
which was filtered off, dried in vacuo, and dissolved in 
CH2CI 2. The solution was filtered and 3 precipitated 
with ligroine (60-80°C). The compounds 3 are soluble 
in chlorinated hydrocarbons, CH2Br 2, and acetone with 
dark red color. 

= 1.27 (m, c), 1.9 (m, c), 2.27 (m, c); A c (CH2Br2, 25°C, 
10 -3 M): 0.14 Scm 2 mol-1; xM(found): - 7 2 6 . 1 0  -6 
cm 3 mol- l ;  xM(calc.): -758"  10 -6  c m  3 mol-~; Anal. 
Found: C, 14.81; H, 3.02; Cu, 4.99; Mo, 14.33; I, 9.63; 
S, 29.23. Calc. (for CI6H40CuIMozP4SlzW): molecular 
weight 1307.3; C, 14.70; H, 3.08; Cu, 4.86; Mo, 14.68; I, 
9.71; S, 29.43. 

2.3.2. 1, 2, 3-tris(dipropyldithiophosphinato)-l, 3-ix-di- 
propyldithiophosphinato-4-iodo-tetra-ix 3-thio-tetrahedro- 
1-tungsten-2, 3-dimolybdenum-4-copper 3b 

From 0.58 g (0.52 mmol) 2b and 0.1 g (0.53 mmol) 
CuI, brown crystals; yield: 0.4 g (59%). m.p about 
130°C (decomp.); molecular weight: 1428 (CH2Br 2, 
37°C); UV/VIS :  Ama x (E) = 400 (8650), 480 (5400), 540 
(3050); El-MS: m / z  (%): 1433-1412 (6) [M+], 1311- 
1290 (21) [M+-I], 1055-1039 (100) [M+-CuI-Pr2PS2]; 
A c (CH2Br 2, 25°C, 10 -3 M): 0.08 Scm e mol- l ;  
xM(found): - 885 • 10 -6 cm 3 mol-  t; xM(calc.): _ 853 
. 10 -6 cm 3 mol-~; Anal. Found: C, 20.03; H, 3.90; Cu, 
4.52; Mo, 13.75; I, 8.76; S, 27.83. Calc.(for 
C24H56CulMo2P4S12W): molecular weight 1419.6; C, 
20.31; H, 3.98; Cu, 4.48; Mo, 13.52; I, 8.94; S, 27.10. 

2.4. Crystal structure determination of 3b 

C24H56P4S12CuMo2WI , M = 1419.46, monoclinic, 
space group P21/n, a = 1278.3(2), b = 2206.0(4), c = 
1750.8(3) pm, /3 = 97.10(1) °, V= 4.899(1) nm 3, Z = 4, 
D c = 1.924 mg mm -3, F(000) = 2768. Syntex/Siemens 
diffractometer P 2 J P 3  with crystal monochromator, 
Mo Ka ,  A = 71.073 pm, ix = 4.6 mm-1. 

The intensities were measured at room temperature 
using a crystal of approximate size 0.40 × 0.45 × 0.50 
mm 3 and performing a variable w:2~9-scan up to 2 0  = 
50 °. The indices ranged from 0 to h = 15, k = 26 and 
from l = - 2 0  to l = 20. All 8609 unique reflections 
have been used for the structure solution [12] and 
refinement of 427 parameters by full-matrix least- 
squares on F 2 [13]. H atoms have been added in 
calculated fixed positions. The final residuals were 
R(F) = 0.034 (0.044) and wR(F 2) = 0.093 (0.099) for the 
7065 observed (I  > 2~rl) (all) reflections. Residual elec- 
tron densities ranged from -0 .86 to 0.82 • 10 -6 e pm-3. 
Further details have been deposited as supplementary 
material [14]. 

2.3.1. 1, 2, 3-Tris(diethyldithiophosphinato)-l, 3-ix-dieth- 
yldithiophosphinato-4-iodo- tetra-ix 3-thi°-tetrahedr°- l- 
tungsten-2, 3-dimolybdenum-4-copper 3a 

From 1.05 g (0.85 mmol) 2a and 0.16 g (0.86 mmol) 
CuI, red brown crystals; yield: 0.8 g (66%). m.p. about 
130°C (decomp.); UV/VIS :  /~max (E)= 400 (8200), 484 
(4350), 540 (3200); El-MS: m / z  (%): 1329-1305 (21) 
[M+], 1203-1178 (34) [M+-I], 960-943 (100) [M +- 
CuI-Et2PS2]; ~H-NMR (200 MHz, CD2C12, TMS) 8t~ 

3. Results and discussion 

3.1 Syntheses and properties 

We obtained the "trimetallic" clusters 3 by system- 
atically completing the "incomplete" cubane frame- 
work of the precursor complexes 1 and 2 according to 
Scheme 1 which shows the schematic structure of 1-3. 
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Scheme 1. Stepwise synthesis of 3 and schematic structure of the 
compounds 1-3. 

In the first step of the synthesis the metal atom in 
M o ( C O )  6 is oxidized by disulfanes R2P(S)-S-S- 
P(S)R 2 which are simultaneously reduced to the lig- 

Table 1 
tSp-values (90 MHz, CH2C12, 85% H3PO 4) of resonances (singlets) in 
the 31p{IH}-NMR-spectra of clusters 2 and 3 (assignments refering 
to scheme 1) 

60 (chelate) 6p (bridge) 

MozWCuS4I(Et 2PS2) 4 3a 126.5  125 .2  122.8 84.5 
Mo2WS4(Et 2PS2) 4 [5] 2a 125.3 122 .4  120.3 83.9 
MozWCuS4I(Pr2PS2) 4 3b 121 .4  120.3  118.1 78.8 
Mo2WS4(Pr2PS2) 4 [5] 2b 119.3 117 .4  115.3 78.3 
assignment A B C D 

ands R2PS 2 while CO is evolved. In the second step 
the dinuclear compounds 1 [11] are converted into the 
trinuclear clusters 2 [5] which are subsequently trans- 
formed into [MozWCuS4I(R2PS2)4] 3 with CuI. "Tri- 
metallic" clusters with cubane type cluster cores 
MzM'M"S 4 have been hitherto prepared by transmet- 
allation reactions i.e. by partial exchange of M' in 
M2M ~ with M" [15,16]. 

Compounds 3 form diamagnetic red-brown crystals 
which are soluble in chlorinated hydrocarbons or ace- 
tone. They are non-electrolytes in CH2Br 2. The 
31P{~H}-NMR spectra of 3 show four singlets of nearly 
equal intensity three of which are in the range of 
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Fig. 1. Molecular structure of 3b with displacement parameters of 25% probability [12]. For clearity the H atoms have been deleted. A 
description of the disorder of atoms Mo 2, W and of terminal C atoms is given in the text. 
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che la t ing  l igands  and  one  is in the  region  of  a b r idg ing  
d i t h i o p h o s p h i n a t o  group.  The  co r r e spond ing  8p-values 
and  the i r  a s s ignment  wi th  r e spec t  to the  labels  in 
Scheme  1 for  3 and  its p r ecu r so r  c lus ters  2 a re  l i s ted  in 
Tab le  1. T h e r e  is no ind ica t ion  for the  p re sence  of  
i somer ic  forms, e.g. b r idg ing  of  two M o  ins tead  of  M o  
and W. In this case  t h ree  add i t iona l  s inglets  of  re la t ive  
in tens i ty  2:1:1 should  be  expec ted  which are,  however ,  
not  obse rved  as is 2 j (PM)-coup l ing  with tS3w and  95M0 
or  97M0. 

Table 2 
Atomic coordinates (× 104) and equivalent isotropic displacement 
parameters (pm2× 10 i) for 3b with e.s.d.s in parentheses. Ueq is 
defined by Ueq = 1/3(Utl a* 2a2 + ... + 2U23 b * c * bc cos a) 

x y z Ucq 

W 6523(1) 1597(1) 1022(1) 33(1) 
I 3041(1) 2144(1) -713(1) 64(1) 
Cu 4529(1) 2114(1) 327(1) 46(1) 
Mo(1) 5065(1) 2009(1) 1943(1) 35(1) 
Mo(2) 6210(1) 2819(1) 1171(1) 36(1) 
S(1) 6187(1) 2290(1) 6(1) 37(1) 
S(2) 4797(1) 1235(1) 1062(1) 40(1) 
S(3) 4390(1) 2830(1) 1274(1) 46(1) 
S(4) 6895(1) 2160(1) 2153(1) 36(1) 
S(ll) 3205(1) 1748(1) 2223(1) 68(1) 
S(12) 5308(1) 2036(1) 3333(1) 61(1) 
S(21) 6413(1) 3637(1) 2214(1) 50(1) 
S(22) 5831(2) 3786(1) 365(1) 53(1) 
S(31) 7241(1) 720(1) 1856(1) 45(1) 
S(32) 6673(1) 766(1) 21(1) 44(1) 
S(41) 8092(1) 3166(1) 1015(1) 49(1) 
S(42) 8460(1) 1668(1) 776(1) 43(1) 
P(1) 3729(2) 1914(1) 3329(1) 63(1) 
P(2) 5948(1) 4240(1) 1372(1) 49(1) 
P(3) 6992(1) 183(1) 911(1) 42(1) 
P(4) 9068(1) 2448(1) 1247(1) 44(1) 
C(ll) 3474(8) 1294(6) 3958(5) 107(4) 
C(12)  4008(10) 711(6) 3818(8) 133(5) 
C(13)  3707(17) 229(8) 4 3 6 3 ( 1 1 )  243(10) 
C(14) 3151(8) 2572(6) 3686(6) 109(4) 
C(15)  3 2 3 7 ( 2 6 )  3181(13 )  3229(17)  194(13) 
C(16) 3 7 5 7 ( 5 9 )  3 4 5 7 ( 4 1 )  3498(41)  224(49) 
C(17)  2 8 3 6 ( 3 6 )  3 7 1 9 ( 1 3 )  3394(16)  199(19) 
C(21) 6895(6) 4847(3) 1380(4) 65(2) 
C(22) 6585(8) 5351(4) 808(5) 87(3) 
C(23)  7 3 8 2 ( 1 1 )  5845(5) 829(7) 127(4) 
C(24) 4704(6) 4576(4) 1535(4) 71(2) 
C(25) 4713(8) 4896(4) 2300(5) 91(3) 
C(26) 3668(9) 5163(5) 2417(8) 132(5) 
C(31) 8138(6) -267(3) 790(4) 64(2) 
C(32) 8125(8) -539(4) -5(6) 92(3) 
C(33)  9 1 5 3 ( 1 0 )  -898(6) -62(9) 165(6) 
C(34) 5902(5) -328(3) 989(4) 55(2) 
C(35) 5928(7) -642(4) 1760(5) 80(2) 
C(36)  4 9 9 8 ( 1 1 )  -993(7) 1878(8) 88(6) 
C(37)  5 1 8 8 ( 2 1 )  -379(14) 2205(17)  100(11) 
C(41)  10258(5) 2586(4) 809(4) 64(2) 
C(42)  10812(9) 3203(6) 1056(9) 143(5) 
C(43) 11610(11)  3390(7) 752(10) 173(7) 
C(44) 9504(5) 2372(3) 2284(4) 54(2) 
C(45) 9989(7) 1753(4) 2515(5) 80(2) 
(2(46) 10216(8) 1690(4) 3346(5) 92(3) 

Table 3 
Main bond lengths (pm) and bond angles (°) of 3a. The e.s.d.s are 
0.1-0.2 pm and 0.1 °, respectively 

w-s1  234.5 w- s2  235.5 
w- s4  233.6 w-s31 252.9 
w-$32 256.0 w-$42 257.0 
Mol-S2 229.7  Mol-S3 226.9 
Mol-S4 234.7  MoI-S11 255.1 
Mol-S12 241.5 Mo2-S1 234.8 
Mo2-$3 235.6  Mo2-$4 233.8 
Mo2-$21 255.7  Mo2-$22 257.0 
Mo2-$41 257.2 Cu-S1 229.3 
Cu-S2 232.8 Cu-S3 231.3 
Cu-I 246.6 
S1-W-S2 9 9 . 2  S1-Mo2-$3 99.5 

-$4 107.2 -$4 107.1 
-$31 163.1 -$21 163.8 
-$32 88.3 -$22 87.4 
-$42 85.6 -$41 88.1 

$2-W-$4 104.4 $3-Mo2-$4 103.5 
-$31 89.9 -$21 87.3 
-$32 85.8 -$22 85.0 
-$42 162.0 -$41 162.0 

$4-W-$31 8 4 . 0  $4-Mo2-$21 85.3 
-$32 159.4 -$22 161.4 
-$42 90.6 -$41 89.6 

$31-W-$32 78 .1  $21-Mo2-$22 78.6 
-$42 81.6 -$41 81.5 

$32-W-$42 7 6 . 9  $22-Mo2-$41 79.1 
$2-Mol-$3 103.4 S1-Cu-S2 101.5 

-$4 105.9 -$3 102.4 
-S l l  84.1 -I  117.8 
-S12 133.2 S2-Cu-S3 101.0 

$3-Mol-$4 106.0 -I  118.5 
-SI1 8 8 . 6  S3-Cu-I 113.0 
-S12 119.6 

S4-Mol-Sl l  159.4 
-S12 80.6 

S11-MoI-S12 79.6 

3.2. Crys ta l  s t ruc tu re  o f  3b 

The  so lu t ion  s t ruc ture  pos tu l a t e d  for  3 on account  
of  the  spec t ra l  da t a  co r r e sponds  to the  crystal  s t ruc ture  
of  3b shown in Fig. 1. A t o m i c  coord ina te s  a re  given in 
Tab le  2, se lec ted  b o n d  lengths  and b o n d  angles  a re  
d i sp layed  in Tab le  3. 

The  c lus ter  conta ins  a cubane  l ike core  Mo2WCuS4,  
the  M o  and  W a toms  be ing  che l a t ed  by th ree  b i d e n t a t e  
and  one  br idg ing  d i t h i o p h o s p h i n a t o  l igands.  The  coor-  
d ina t ion  of  the  Cu a tom is c o m p l e t e d  by the  I a tom 
only. T h e  a toms  Mo2 and W are  d i so rde r e d  with a 
d i s t r i bu t ion  of  MOxWl_ x versus  MOl_xW x (x  = 
0.582(2)). T h e  m e t a l - m e t a l  d i s tances  can be  s e p a r a t e d  
into th ree  shor t  ( M o , W - M o  average  275.7(1)) and  th ree  
long ones  ( M o , W - C u  average  286.6(1) pm). The  coor-  
d ina t ion  of  the  me ta l  a toms  is d i s to r t ed  oc t ahed ra l  (W, 
Mo2)  or  t r igonal  b ipy ramida l  ( M o l )  by S a toms  only 
and  d i s to r t ed  t e t r a h e d r a l  (Cu) by th ree  S and the  I 
a t om with devia t ions  f rom idea l i zed  angles  of  up to 21, 
19, 17, and  9 °, respect ively.  Severa l  of  the  t e rmina l  C 
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atoms show enlarged displacements parameters. How- 
ever, two groups could be treated with split atom 
positions only. 

4. Conclusion 

"Trimetallic" dithiophosphinato clusters with cu- 
bane-type MozWCuS 4 cores are readily accessible by 
systematically completing the "incomplete" framework 
of suitable precursor clusters via the route shown in 
Scheme 1. At present we are investigating the exten- 
sion of this procedure to other metals. 
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