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Structure of  1,3-#2-Acetato-2-(acetonitrile)-#3-sulfido-tris[(diethyl dithiophosphate- • 
S,S')-p2-sultido-molybdenum(IV)](3 Mo-Mo) 
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Abstract. [1VIo384(C2H3N)(C2H302)(C4HI002PS2)3], scan, scan speed varied from 3 to 5 ° m i n - i  (in a0; 
Mr = 1072, triclinic,  P1,  a = 12.877 (3), b = the scan width was (0.60 + 0 .35tan0)  °. Cell constants 
12.954 (3), c = 12.807 (3) A, a = 108.70 (2), fl  = were obtained by least-squares analysis of  25 diffrac- 
102-05 (2), y = 71.62 (2) °, V = 1906.5/~3, Z = 2, Dx tion maxima with  26 ___ 0_< 27 °. A total of  7080 
= 1.87 g cm -3, A(Mo Ka) = 0"71073 A, /z = intensities up to a maximum 20 of 50 ° (0 < h < 12, 
16.4 cm -~, F(000)= 1068, R = 0"045 for 3148 unique 
observed reflections [I_> 3O(/)]. The Mo atoms are all 
octahedrally coordinated by two /z2-S atoms 
(Mo---/z2-S av. 2-284 A), a/~3-8 atom (Mo---/z3-S av. 
2 -334A)  and a chelating S2P(OC2Hs)2 terminal 
ligand [Mo--S,  2.537/~]. In addition, Mo(1) and 
Mo(3) are coordinated by a bridging CH3COO 
ligand (Mo---Ob 2.197]k), while Mo(2) is coordi- 
nated by a CH3CN molecule (MoroN 2-232 A). 
There are three M o - - M o  bonds [Mo(1)--Mo(2) 
2.763, Mo(1)---Mo(3) 2.682, Mo(2)---Mo(3) 2.743/~] 
in the [Mo3S4] 4+ cluster core, which has an incom- 
plete cubane-like structure. 

Experimental. Crystals of  the title compound were 
prepared by the method described by Wu, Lu, Zhu, 
Wu & Lu (1987). Crystal 0.25 × 0-20 x 0.25 mm. 
Data were collected using an AFC four-circle diffrac- 
tometer and Mo Ka radiation at ca 296 K. ad20 
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Fig. 1. Drawing of the title compound with thermal ellipsoids. 
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- 12 < k < 12, - 12 < l < 12) were measured. Max. 
(sinO)/a = 0.59 A - l ;  3832 reflections with I <  3o(/) 
were considered unobserved. 3148 reflections with I 
_> 3o(/) used in the refinement. Three standard 
reflections were measured periodically, no random 

Table 1. Atomic coordinates and equivalent isotropic 
thermal parameters 

Bm = ~ , Y j B , j a , . a j .  

x y z B.a(A: ) 
MoO) 0.2937 (1) 0.2709 (11 0.9489 (I) 3.27 (3) 
Mo(2) 0.1427 (1) 0.2770 (1) 1-0772 (11 3.09 (2) 
Mo(31 0.2419 (11 0.4485 (I) 1.1258 (1) 3.20 (3) 
S 0.3299 (3) 0.2637 (2) 1.1336 (2) 1-40 (7) 
S(I) 0.1251 (3) 0-2353 (3) 0.8879 (3) 1-86 (8) 
S(2) 0.0574 (3) 0.4653 (2) 1.1132 (3) 1-52 (7) 
S(3) 0.2282 (3) 0.4558 (3) 0.9474 (3) 1-78 (8) 
SO1) 0.4177 (3) 0.0705 (3) 0-9021 (3) 2.19 (8) 
S(12) 0.3187 (3) 0.2357 O) 0.7463 (3) 3.03 (9) 
S(21) -0.0488 (3) 0.2452 (3) 1.0550 (3) 2-34 (8) 
S(22) 0.1307 (3) 0.2640 (3) 1.2686 (3) 2.50 (9) 
SOl) 0.2835 (3) 0.5000 (3) 1.3339 (3) 2-69 (9) 
S(32) 0.1996 (3) 0.6632 (3) 1.1752 (3) 2-66 (9) 
N 0.2014 (9) 0.0900 (8) 1-0508 (8) 4.6 (3) 
0(11) 0.4569 (6) 0.3081 (6) 0.9866 (7) 4.1 (2) 
0(31) 0.4089 (6) 0.4596 (6) 1.1385 (6) 4-0 (2) 
P(I) 0.4061 (3) 0.0807 (3) 0.7483 (3) 4.6 (1) 
P(2) - 1.0217 (3) 0.2487 (3) 1.2144 (3) 4.25 (9) 
P(3) 0.2413 (3) 0.6620 (3) 1.3332 (3) 4.6 (1) 
0(1) 0-364 (1) -0.0167 (8) 0.6605 (7) 7.4 (3) 
0(2) 0.5191 (8) 0.0613 (8) 0.7065 (8) 6.9 (3) 
0(3) -0.1090 (8) 0.3423 (8) 1.2881 (8) 6.5 (3) 
0(4) -0.0453 (8) 0.1470 (7) 1-2372 (7) 5-9 (2) 
0(5) 0.1490 (8) 0.7373 (7) 1.4092 (7) 5.7 (3) 
0(6) 0.3316 (8) 0.7233 (8) 1-3965 (8) 6-3 (3) 
C(I) 0.475 (1) 0.3912 (9) 1.069 (1) 4.4 (3) 
(2(2) 0.592 (1) 0.411 (1) 1.084 (1) 6.0 (4) 
C(31 0.242 (1) -0.003 (11 1-035 (1) 5-3 (4) 
C(4) 0.299 (l) -O.131 (l) l.Ol8 (2) 7.8 (6) 
C(ll) 0.270 (1) -0.054 (2) 0.671 (2) 9.2 (6) 
C(12) 0.311 (2) -0.169 (1) 0.689 (2) 10.2 (6) 

• C(21) 0.604 (2) -0.047 (2) 0.684 (2) 9-3 (6) 
C(22) 0.651 (2) -0.056 (2) 0.587 (2) 16 (l) 
C(31) -0.118 (2) 0.466 (1) 1-314 (1) 8-2 (5) 
C(32) -0.176 (2) 0.522 (2) 1.404 (2) 12.0 (7) 
C(411 0.013 (2) 0.027 (I) 1.184 (1) 7.6 (5) 
C(42) 0.058 (2) -0.029 (2) 1.270 (2) 13 (1) 
C(51) 0.041 (1) 0"710 (1) 1.385 (1) 7-7 (6) 
(2(52) -0.034 (2) 0"802 (2) 1.460 (2) 9"7 (7) 
C(61) 0.440 (I) 0.691 (2) 1.356 (2) 8.7 (6) 
C(62) 0.524 (2) 0.664 (3) 1.451 (2) 17 (1) 
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Table 2. Selected bond lengths (A) and bond angles (o) 

Mo(I)---Mo(2) 2.7632 (8) S(31)----P(3) i.998 (3) 
Mo(I)----Mo(3) 2.6817 (9) S(32)---P(3) 1.987 (3) 
Mo(I)---S 2.340 (2) N--CO) !.12 (1) 
Mo(I)--S(i) 2.286 (3) O(11)--C(I) 1.28 (1) 
Mo(I)--S(3) 2.280 (2) 0(31)-----(2(I) i.283 (9) 
Mo(I)---S(l I) 2.537 (2) P(l)---O(l) 1.553 (6) 
Mo(I)---S(12) 2.560 (2) P(1)----O(2) 1.574 (7) 
Mo(i)---O(l l) 2.225 (5) P(2)---0(3) 1.572 (5) 
Mo(2)---Mo(3) 2.7425 (8) P(2)----O(4) 1.565 (5) 
Mo(2)----S 2.336 (2) P(3)--O(5) i.566 (5) 
Mo(2)--S(I) 2.286 (2) P(3)---O(6) 1.554 (6) 
Mo(2)---S(2) 2.273 (2) O(I)---C(I !) i.49 (1) 
Mo(2)---S(2 !) 2.571 (3) O(2)----C(2 i) 1.47 (2) 
Mo(2)---S(22) 2.549 (2) O(3)--C(3 i) 1.49 (1) 
Mo(2)---N 2.232 (6) O(4)---C(41) 1.49 (2) 
Mo(3)---S 2.327 (2) O(5)--C(51) 1.49 (2) 
Mo(3)---S(2) 2-293 (2) O(6)----C(61) 1-47 (i) 
Mo(3)---S(3) 2.285 (2) C(1)--C(2) 1.57 (2) 
Mo(3)~S(31) 2.514 (3) C(3)---C(4) 1.56 (1) 
Mo(3)---S(32) 2.549 (2) C(I I)--C(12) 1.48 (2) 
Mo(3)--O(31) 2.169 (5) C(21)--C(22) !.46 (1) 
S(I I)----P(I) 1.989 (3) C(31)---C(32) !.38 (1) 
S(12)--P(I) 1.974 (3) C(41)----C(42) i.45 (1) 
S(21)----P(2) 1.987 (3) C(51)--C(52) i.47 (1) 
S(22)---P(2) 1-990 (3) C(61)--C(62) !.50 (2) 

Mo(2)----Mo(l)----Mo(3) 60.47 (2) Mo(i)---S--Mo(3) 70.15 (5) 
S--Mo(I)----S(I) 104-60 (7) Mo(2)--S---Mo(3) 72.05 (5) 
S---Mo(I)---S(3) 108.38 (7) Mo(I)---S(I)---Mo(2) 74.36 (6) 
S---Mo(1)---S(I 1) 86.55 (6) Mo(2)---S(2)---Mo(3) 73.84 (6) 
S--Mo(I)--S(12) 161.05 (7) Mo(I)----S(3)----Mo(3) 71.96 (6) 
S--Mo(I)---O(II) 82.8 (1) Mo(I)---S(I I)--P(I) 87.85 (9) 
S(I)---Mo(I)----S(3) 93.55 (8) Mo(I)--S(12)---P(i) 87.55 (9) 
S(I)--Mo(I)--S(II) I00.01 (8) Mo(2)---S(21)--P(2) 87.81 (9) 
S(I)--Mo(1)--S(12) 88.23 (7) Mo(2)---S(22)--P(2) 88.34 (9) 
S(1)--Mo(l)--O(I l) 172.6 (l) Mo(3)---S(31)--P(3) 88.18 (9) 
S(3)--Mo(l)--S(I l) 156-70 (8) Mo(3)--S(32)--P(3) 87.45 (9) 
S(3)--Mo(I)--S(12) 84.23 (7) Mo(2)--N--C(3) 171.5 (6) 
S(3)--Mo(l)--O(l I) 83.7 (1) Mo(l)--O(! I)---C(I) 120.6 (5) 
S(l 1)---Mo(1)--S(12) 77-39 (7) Mo(3)--0(31)--C(1) 121.6 (5) 
S(I l)---Mo(l)--O(I I) 80.5 (!) S(l I)--P(I)--S(12) 107.0 (I) 
S(12)--Mo(I)--O(I 1) 84.7 (l) S(I I)--P(I)--O(I) 112-0 (3) 
Mo(l)--Mo(2)--Mo(3) 58.30 (2) S(I I)--P(I)--O(2) 115.0 (3) 
S---Mo(2)--S(I) 104.76 (7) S(12)--P(I)--O(I) l l6.1 (3) 
S--Mo(2)--S(2) 105.59 (7) S(12)--P(1)--O(2) 106.7 (3) 
S--Mo(2)--S(21) 160.66 (7) O(I)--P(1)--O(2) 100.1 (4) 
S--Mo(2)--S(22) 87.37 (7) S(21)--P(2)--S(22) 106.6 (1) 
S--Mo(2)--N 82-2 (2) S(21)--P(2)--O(3) 114.5 (3) 
S(1)--Mo(2)--S(2) 98.12 (7) S(21)--P(2)---O(4) 113.6 (2) 
S(l)---Mo(2)---S(21) 87.16 (7) S(22)--P(2)--O(3) 112.2 (3) 
S(1)--Mo(2)--S(22) 159-l0 (7) S(22)--P(2)--O(4) 114-9 (3) 
S(I)----Mo(2)---N 85.3 (2) O(3)---P(2)---O(4) 95.1 (3) 
S(2)--Mo(2)---S(21) 87.33 (7) S(31)---P(3)---S(32) 106-3 (!) 
S(2)----Mo(2)----S(22) 94-80 (7) S(31)----P(3)----O(5) 112.3 (3) 
S(2)---Mo(2)---N 170-3 (2) S(3 I)----P(3)----O(6) 112-9 (3) 
S(21)---Mo(2)---S(22) 77.07 (7) S(32)---P(3)----O(5) 113.8 (2) 
S(21)----Mo(2)---N 83.7 (2) S(32)--P(3)---O(6) 114-6 (3) 
S(22)---Mo(2)----N 79.6 (2) O(5)---P(3)--O(6) 97-0 (4) 
Mo(1)--Mo(3)---Mo(2) 61.24 (2) P(I)---O(I)--C(I 1) 124-0 (6) 
S--Mo(3)--S(2) 105.25 (7) P(1)---O(2)---C(21) 124.5 (6) 
S--Mo(3)----S(3) 108.65 (7) P(2)---O(3)---C(31) 122.4 (6) 
S---Mo(3)---S(31) 85.19 (7) P(2)---43(4)---C(41) 121.5 (5) 
S--Mo(3)--S(32) 159.29 (8) P(3)---O(5)----C(51) 119.0 (5) 
S---Mo(3)--O(31) 83.5 (1) P(3)---O(6)---C(61) 121.3 (5) 
S(2)---Mo(3)---S(3) 92.70 (7) O(1 I)--C(!)----O(31) 127.7 (7) 
S(2)---Mo(3)--S(31) 98.31 (7) O(1 I)---C(1)--C(2) 115.7 (8) 
S(2)----Mo(3)---S(32) 89.30 (7) O(31)---C(1)---C(2) 116.5 (8) 
S(2)---Mo(3)---O(31) 171-3 (1) N--C(3)--C(4) 177-1 (8) 
S(3)---Mo(3)----S(31) 159-45 (7) O(I)---C(I 1)--C(12) 109.5 (9) 
S(3)--Mo(3)--S(32) 84.8 (1) O(2)---C(21)---C(22) 107 (1) 
S(3)---Mo(3)--O(31) 84.82 (7) O(3)--C(31)---C(32) 108.3 (8) 
S(31)---Mo(3)---S(32) 78.05 (7) O(4)---C(41)---C(42) 107.6 (9) 
S(31)----Mo(3)---O(31) 81-7 (I) O(5)--C(51)---C(52) 107-2 (9) 
S(32)--Mo(3)--O(31) 82.1 (!) O(6)---C(61)---C(62) 107 (1) 
Mo(I)---S--Mo(2) 72.46 (5) 

deviations. The intensities were corrected for absorp- 
tion using empirical scan data (maximum and mini- 
mum transmission factors 1-22 and 0.86, 
respectively) and Lorentz and polarization factors. 

The structure was solved by direct methods using 
MULTANll /82 (Main et al., 1982). Seven heavy 

atoms (Mo, S) were located in the E map. The 
remaining non-H atoms were located in the succeed- 
ing difference Fourier syntheses (H atoms were 
placed in geometrically calculated positions with 
C--H 0.95 ~ ,  but not included in the refinement). 
The structure was refined by full-matrix least-squares 
techniques with anisotropic thermal parameters for 
all non-H atoms (370 variables). Final R = 0-045, wR 
= 0-052 and S = 3-33, the function minimized was 
Y w(IFol - IFcl) 2, w = 4Fo2/o2(Fo2), or2(Fo 2) = [O~o(Fo 2) 

+ (0.04Fo2) 2] where ~(Fo 2) is the standard deviation 
based on counting statistics. (A/tr)max = 0"50. In final 
difference electron density synthesis max. height less 
than 0.63 e/~-3.  All calculations were performed on 
a VAX 785 computer using SDP (Frenz, 1978), the 
scattering factors were taken from Cromer & Waber 
(1974). ORTEPII (Johnson, 1976) was used to 
produce the molecular configuration shown in Fig. 1. 
The atom coordinates and equivalent isotropic 
thermal parameters are listed in Table l, important 
bond lengths and bond angles are given in Table 2.* 

Related literature. A derivative of the title 
compound, [CuM03S4{ 52P(OC2H5)2} 3(P,2-CH3COO)- 
{HCON(CH3)2}],  has been reported (Wu et al., 
1987). 
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