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THE CRYSTAL AND MOLECULAR STRUCTURE OF A 
SERIES OF O X 0  MOLYBDENUM DITHIOCARBAMATES 
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JEAN FISCHER, ANDRE MITSCMLER AND RAYMOND WEISS 

Institut de Chimie' , Universiti Louis Pasteur, BP 296 fR8, 67008 Strasbourg-Cedex, France 

(Received March 28, I 9  73: in final form July 3. 1 9  73) 

The crystal and molecular structure of  a series of 0x0-molybdenun di-n-propyldithiocarbamates have been studied 
by X-ray diffraction methods. The compounds studied were di(oxodi-n-propyldithiocarbamato) molybdenum VI 
(A),  puxo-bis-(di(oxodi-n-propyldithiocarbamato) molybdenum V )  (B) ,  and oxo-bis-di-n-propyldithiocarbamato 
molybdenum IV (C). Compound A is orthorhombic, space group Pbca, with eight molecules in a unit cell having 
dimensions a = 16.577(3) A,  b = 18.771(3) A and c = 13.702(2) A. The molybdenum V compound (B) crystallizes 
in the orthorhombic non-centrosymmetric space group Pca2, , with four molecules in a unit cell havingparameters 
a = 19.605(6) A, b = 13.491(3) A and c =  16.342C4) A. The last compound ( C )  is triclinic, spacegroup P l  with two 
molecules in the unit cell. Its crystal parameters are a = 10.183(6) A, b = 13.012(9) A,  c = 9.208(5) A' u 
= 71.57(5)", p : 1 0 5 . 8 1 ( ~ ) ~  and y = 81.82(5)". The intensities were collected by counter techniques using MoKu 

radiation. All structures were refined by full matrix least-squares, using anisotropic temperature factors for all 
non-hydrogen atoms. For each compound, respectively, these refinements were conducted on 2795,3216 and 2346 
reflections and the corresponding R factors were 0.052, 0.052 and 0.063. The dioxo molybdenum VI compound 
contains two oxygen atoms in cis position, as it is usually observed in these compounds. The four sulfur atoms 
occupy the remaining four positions of an octahedron around molybdenum. This octahedron is deformed by steric 
interact ions between the sulfur atoms. The molybdenum V complex possesses a similar geometry around each 
molybdenum. A common oxygen atom bridges the two metal atoms. This structure is similar to that of 
Mo,O,(S,COC,H,),.The ligdnd around the molybdenum IV comDlex form a muare pyramid. The four sulfur atoms 
occupy the basal plane and the oxygen is a t  the sumrnil 

INTRODUCTION 

The catalytic activation of molecular oxygen by 
transition metal complexes has recently drawn much 
attention.2 The oxidation o f  tertiary phosphines at 
close to room temperature constitutes a good model 
for the study of the activation processes. Several 
reactions of this type, have been studied with 
dioxygen complexes of low valent  metal^.^ Sajus and 
co-workers have recently found that 0x0 complexes 
of molybdenum behave the same way? A particu- 
larly interesting system is that of the 0x0 molyb- 
denum dithiocarbamates where these workers have 
shown the existence of an oxido-reduction cycle that 
is repeated until all the phosphiiie is oxidized. In 
order to elucidate some o f  the factors influencing this 
reaction, it was decided to study the molecular 
structure of some of the above mentioned products, 
namely the molybdenum V and molybdenum IV 
oxo-dithiocarbamates. In view of the recent report 
concerning oxidative addition by the latter com- 
pound,' knowledge of its structure takes on added 

.~ 
of the pyiamid. 

interest. Because of  the absence of precise structural 
data on molybdenum V1 oxo-dithiocarbamates, and 
so as to have a coherent set of data, the study of the 
molecular structure of this compound was also 
undertaken . 

EXPERIMENTAL SECTION 

The complex M O O ~ ( S ~ C N ( C ~ H ~ ) ~ ) ~  (A) was pre- 
pared following the method o f  Moore.6 Crystals 
suitable for X-ray diffraction measurements were 
obtained by recrystallization from toluene-hexane. 
The crystals used for the structure determination of 
Mo203(S2CN(C3H7)2)4 (B) and 
MoO(S2CN(C3 H7)2)2(C) were kindly supplied by the 
Institut Frdncais du Pktrole. These compounds were 
prepared by reacting in toluene the appropriate 
stoichiornetric amounts of A and triphenyl- 
phosphine ? 
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278 I,. RICARD et a!. 

TABLE I 
Crystal data !or the three oxomolybdenum complexes 

MoO,(S,CN(C, H,)z  )z Mo, 0, (S, CN(C, H ,  jz)4 MoO(S,CN(C, H 7 I z  l 2  
Space group Pbca Pbcmor Pca2, PI or P; 

a ( N  16.577( 3) 19.605(6) 10.1 83(6) 
18.77 1 (3) 13.49 l(3) 13.012(9) 

9.208(5) 
MA) 
c(A) 13.702(2) 16.342(4) 
a e )  71.57(5) 

105.81 (5) 
81.82(5) 

P(" 1 
1078 

YC 1 
4264 4322 

1.43 
1.45 
4 

not measured 
1.43 
L 

w(cm - I  ) 9.83 9.61 9.69 
M 480.57 945.14 464.57 

Crystal Data cube were approximately 200 microns. The fragments 

Precession photographs were used to determine the 
approximate crystallographic parameters of all three 
compounds and the possible space groups, listed in 
table I ,  were determined from the observed system- 
atic extinctions. The refined unit cell dimensions and 
their estimated standard deviations were obtained at 
room temperature (20 ? 2") with MoKa radiation 
(X = 0.70926, a) using the method outlined by Busing 
for four circle diffractometers.' The experimental 
densities were measured by flotation in mixtures of 
cyclohexane and bromoform . 

were then ;eked in Lindemann glass capillaries and 
mounted on a rotation free goniometer head. No 
special precautions were required except for com- 
pound C, which is very air sensitive and had to be cut 
and sealed under argon. All quantitative data were 
obtained from a four-circle Picker diffractometer 
controlled by a PDP-81 computer, using graphite 
monochromated MoKa radiation. The mono- 
chromator was set at a 20 angle of 11.84" 
(8 = 5.57').  The refined parameters listed in Table I 
and the orientation matrices were obtained using 
standard Picker-supplied routines. 

Intensity data were collected by use of the 8-28 
scan technique with a scan rate of 2"/min. The scan 
ranges used are listed in Table 11. In all cases, 
stationary background counts were recorded for 20 
sec. at each end of the scan. Attenuators were used 

Data Collection 

The available crystals were shaped into cubes to 
record the intensities. In all cases, the edges of the 

TABLE I1 
Summary of data collection and least-squares structure refinement parameters for the three 

oxomolybdenum comulexes 

A B C 

Scan range for data collection (") 
Total number of reflections recorded 
28 maximum 
u(I)/I, acceptance criterion for data reduction 
number of reflection with I > u(I)/I 
Final p value 

R, = (Cw(1 Fo 1 - I Fc 1)2/2w 1 F,IZ)% 
Rejection limit n in the expression AF < nu I 
Number of reflections with A F  >nu I 1:" j a  
K ,  same as above excluding rejects 
K, same as above excluding rejects 
e.s.d. of a unit weight observation 

K, = C(I t:o 1 - I Fc l ) /X I F,, I 

1.6 
6147 
60.0 
0.40 
2796 
0.06 
0.052 
0.074 

Fo I 4 .O 
65 
0.047 
0.056 
1.185 

2.2 
4245 
50.0 
0.33 
2142 
.05 
0.052 
0.065 
5 .o 
31 
0.048 
0.052 
1.194 

1.6 
4174 
5 0.0 
0.40 
2 346 
0.1 0 
0.063 
0.089 
5 .O 
14 
0.060 
0.078 
1.279 

Low intensity reflections believed to be in error because of counting statistics 
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OX0 MOLYBDENUM DITHIOCARBAMATES 219 

whenever the scan count exceeded 7000 countslsec. 
The intensities of three standard reflections were 
monitored at intervals of 70 measurements through- 
out the data collections for compounds A and B and 
50 measurements for compound C. In the first two 
recordings the stability of the standard intensities was 
excellent and constant within two percent. In the 
case of compound C, however, these intensities 
dropped linearly by 20% in the time required to 
record all intensities and it was necessary to rescale 
them. This was done by least-squares using a local 
program.' A standard deviation was assigned to each 
measured intensity using the expression: 

u(I)=(C +(tb)2(B1 + B*)+(pl)')'' 

where C is the scan count, B1 and B2 are background 
counts, t, and tb are respectively scan and back- 
ground times and p is an empirical coefficient of the 
net count I.9 The value of p and other relevant 
parameters of the data collections are listed in Table 
11. No absorption corrections were applied in view of 
the small crystal dimensions and small linear 
absorption coefficients (see Table I). 

Structure Solution and Refinement 
Three dimensional Patterson maps were computed for 
each compound. The interpretation of the vector map 
for compound A was straightforward. Similarly, for 

compound C, the vector map readily indicated that 
the correct space group was P I .  In the case of 
compound B, the interpretation of the Patterson map 
was a little more difficult. The existence of a strong 
Harker plane in the Patterson map however, indicated 
that the correct space group was The vector 
map was successfully interpreted in this space group, 
yielding the position of the two independent molyb- 
denum atoms. Since the inteisities had been recorded 
with a choice of axis permitted in Pbcm, the h and k 
indices of all reflections were permuted to conform 
to the convention adopted in the 'International 
Tables for X-Ray Crystallography'.' The crystal 
parameters listed in Table I for compound B are then 
those required in the space group Pca2]. The choice 
of this space group was confirmed by successful 
refinement of the structure. Fourier maps computed 
in each case using the coordinates so obtained for the 
molybdenum atoms revealed the positions of all other 
non-hydrogen atoms. 

In all structure factor calculations, the atomic 
scattering factors used were those tabulated by 
Moore' using the development of Pepinsky .l The 
effects of anomalous dispersion were included for the 
molybdenum and sulfur atoms; the values of 4f' and 
4p are those given in the 'International Tables for 
X-Ray Crystallography'.' Atomic coordinates and 
individual anisotropic thermal parameters were 
refined by full-matrix least-squares using the program 
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280 L. RICARD et al. 

SFLS-5.I4 The correlation matrix for compound B 
revealed the existence of strong correlation terms 
between the z coordinates of the Mo203S8 skeleton. 
Since the number of parameters exceeded the maxi- 
mum allowed by the program it was decided to 
continue the refinement using blocks as large as 
possible. To this end, the molecule was divided into 
three parts: all molybdenum, sulfur, oxygen, nitrogen 
and CS2 carbon atoms were first refined for two 
cycles; the two ligands bonded to molybdenum Mo, 
were then refined for two cycles and, finally, the two 
ligands bonded to Mo2 were refined in the same 
manner. This procedure was repeated until con- 
vergence occured. In all least-squares computations, 

the function minimized was Zw( IF,, I I F, I)' , where 
I F, I and I F, 1 are the observed and calculated 
structure factors. The weight w was taken as 
l/02(I F,, I ) .  The final R factors and other relevant 
refinement parameters appear in Table 11. 

Fourier maps computed at this stage revealed the 
positions of some hydrogen atoms, but these were 
not included in ihe refinements. No other peaks 
higher than 0.5e/A3 were detected. 

All computations were conducted on a Univcc 
1108 computer. Other programs used include 
ORTEP, by C. K. Johnson' for drawings and local 
programs for Fourier and least squares planes.' 

Tables 111, IV and V contain the observed and 

TABI,Iq VII 
Fractional coordiilates and anistropic temperaturc factors for Mo,O,(S,CN(C,H,),), ( ~ 1 0 ' )  

X Y z 811 8 2 2  8 3 3  8 1 2  8 1 3  8 2 3  
.~ 

HO 1 
N O 2  
Sl 
s2 
S3 
S4 
55 
56 
57 
58 

01-2 
01 
02 
C l  
c2 
c3 
c4 
c5 
C6 
c7 
C8 
c9 

C l O  
c11 
c12 
cis  
C14 
c1s 
C l 6  
C17 
ClR 
C19 
C2@ 
c2 1 

% 
C P 4  
C25 
C26 
C27 

N1 
u2 
NS 
N4 

c2n 
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OX0 MOLYBDENUM DITHIOCARBAMATES 281 

TABLI. VI I I  
Fractional coordinate5 and anisotropic tcmperature factors for MoO(S,CN(C, H7) ,  ) 2  (XI 0 ' ) .  

X Y z b11 8 2 2  8 3 3  B 3 2  8 1 3  8 2 3  

MO 108911 7 )  
S1 152371 22) 

SS 160971 251 
54 354601 23) 
0 17091 76) 

Cl 25111 44) 
C2 69301 95) 
C3 208451 101 1 
C'b 271Rn11U6I 
c5 -105R11102) 
C h  -2S355t135) 
C7 -35710(1n5) 
c9 5353 11 YYI 
C9 4131U1139) 
c10 42"491169) 
Cll C333611A?) 
Cl? 590491 Inn, 
c15 6455Q(llRl 
ti4 RF2.Tf7(113) 

t i? 441271 421 

52 -45601 23) 

f J 1  - 3 , T O f  69) 

computed structure factors for all reflections used in 
the refinement of compounds A, B and C respec- 
tively.' ' Final positional and thermal parameters are 
listed in Tables VI, VII and VIII. 

DESCRIPTION OF THE STRUCTURES 

I Bis-(om-di-n-propyldithiocarbarnato) moly b- 
denum VI and 0x0-bis-(di(oxo-di-n-propyl- 
dithiocarbarnato) molybdenum V). 

The structure of many dioxomolybdenuni VI com- 
plexes are presently known.' Of particular interest 
in the present case is that of di(oxo-diethyldi- 
thiocarbamato) molybdenum VI.' ' Like all other 
molybdenum VI dioxo complexes, it presents a 
deformed octahedral structure, with two oxygen 
atoms in cis position. The present (A) complex 
possesses a similar geometry. The only noteworthy 
difference is the longer Mo-0 bond length observed 
in this work. This discrepancy is attributed to 
imprecisions introduced by the smaller data set and 
different data collection method used by Kopwillem. 

The structure of the molybdenum V complex (B) 
is similar to that previously reported by Cotton for 
Mo203 (SzCOC2H5)4 .l The distances observed in 

TABLE 1X 
Molecular dimensions in MOO, (S,CN(C,H,),), (A)  

a) bond lengths (A) 
Mo- S, 2.446(2) 
Mo-S, 2.457(2) 
Mo--S, 2.621(2) 
Mo--S4 2.68 l (2)  
Mo--O, 1.695(5) 
Mo-0, 1.696(5) 
c ,  -s, 1.736(5) 
C, -s, 1.722(5) 

C, - N ,  I .485(7) 
C, - N ,  1.302(7) 

C, ~ - N ,  1.490(7) 
C, -C,l 1.526(9) 

b) bond angles (") 
S,  --Mo-S, 151.1(1) 
S ,  -Mops, 84.4(1) 
S, -Mo-S, 68.4(1) 

S, ~Mo-S,  96.2(1) 
S, pM0-S. S1.9(1) 

0, -Mo-S, 86.3(1) 

S 2  --Mo---S,% 

0, -Mo-O, 105.7(1) 

0 ,  -Mo-S, 105.5(1) 
0, -Mo-S, 93.5(1) 
0, -Mo--S, 154.5(1) 
O , - -Mo-S ,  113.5(1) 
O,-Mo-S> 89.0(1) 
0, -Mo-S, 154.2(1) 
0, -Mo-S, 87.5(1) 
S, -C, -S, 11 2.7(2) 
S,-C, - N ,  123.7(2) 

S,-C, - N ,  
C ,  - N ,  --C, 

C,-N,  -C, 
N, -C, -C, 
N, - -C5-C6 

C ,  -N, - .C5 

c, -C, -c4 
c, -C, --c., 
s, - c, -s, 
S ,  - C , - - N ,  
S,-C8-N, 
C 8  -N2 -C, 
C - N ,  -C, , 
c.4 -N, -c, 2 

N,-C,-C, , ,  

1.5 3 3( 1 0) 
I .5 1 O ( 8 )  
1 .S 15(9) 
1.728(5) 
1.706(5) 
1.334(6) 
1.470(6) 
1.463(7) 
1.520(8) 
1.52 1(9) 
1.538(9) 
1.530(9) 

123.7(2) 
122.0(4) 
121.2(3) 
116.8(3) 
110.3(4) 
11 1.1(3) 
11 1.4(4) 
110.3(4) 
1 14.5 (2) 
121.3(2) 
124.2(2) 
120.9(3) 
1 22.7 (3) 
116.3(3) 
110.9(3) 

N , -C , , -C , ,  111.6(3) 
C ,  , -C, , -C, -I 

C, -C, ,, 4, , 
110.0(4) 
110.3(4) 
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TAB1.E X 
Molecular dimensions in Mo,O, (S,CN(C, H 7 ) 2 ) 4  (B)  

d) bond lengths (A) 
Mo, 0, 1666(12) 
Mo, 0,  1676(12) 
Mo, 0,-, 1870(13) 
Mo, O,,, 1856(13) 
M o ,  S, 2.515(6) 
M o ,  S, 2 440(5) 
Mo, S, 2491(5) 
Mo, S, 2 669(7) 
Mo, S, 2687(5) 
Mo, S, 2.491(5) 

Mo, - S, 2.440(6) 
s, C, I681(16) 
s2 C ,  1762(16) 
C,  - N ,  1 344(21) 
N ,  -C, 1 460(22) 
N ,  C, 1478(21) 
C 2  C, 1621(26) 
C, C, 1472(27) 
C, C, 1.343(34) 
C, C, 1.420(38) 
S, C, 1674(16) 
sQ c8 1.706(15) 
C, N, 1 335(19) 

M v ,  -S, 2.536(7) 

b)bond angles 1") 
0, -Mo, -0, 102.7(5) 
0, -Mo, -O,_, 103.1(6) 

S, ~-Mo,  -S, 70.9(2) 
S, Mo,--S, 96.3(2) 

S2 -Mo, - S, 155.9(2) 
S, - ~ M v ,  ~ - S ,  90.5(2) 

S,--Mo, - S ,  67.7(2) 
S, -Mo, ~ S, 82.3(2) 
S, -Mod -S, 87.2(2) 
S, -Mo,--S, 95.8(2) 
S, -Mo, S, 153.2(2) 

Mo, -.-O,-, --Mo,178.1(7) 

S, ~-Mo,  --S4 84.1(2) 

S , -  Mo, -S, 67.5(2) 

S, -Mo,  --S, 70.6(2) 
0, - M o ,  -S, 94.6(4) 

0, --Mo,  - S 3  92.1(4) 
0, Mo, -S, 159.2(4) 

0, - M o ,  ~ S, 92.8(4) 
0, -Mo, -S, 94.5(4) 
0, ~ - M o ,  -S, 110.8(4) 
O, . ,~~-Mo,  --S, 157.6(4) 

0,  Mo,-S, 108.8(4) 

0, -Mo,-S, 159.7(5) 

0 1 - 2  -MU, -Sz 89.8(4) 
OI,Z-MO, -~S, 97.2(4) 
OI-Z-MO, ~ S, 84.6(4) 
0 ,  -Mo, - -S5  85.4(4) 

0 ,  --Mo, -S, 158.3(4) 
0, , -Mo, --S, 95.9(4) 

0, ~ -Mo, -S. 91.1(4) 

1.505(22) 
1.470( 19) 
1.611(25) 
1.480(29) 
1.533(24) 
1.594(21) 
1.695(1S) 
1.703(15) 
1.334(18) 
1.467(22) 
1.485(22) 
1.5 13(26) 
1.590(28) 
1.621(25) 
1.571(30) 
1.677(16) 
1.742(16) 
1.308(19) 
1.478(19) 
1.530(20) 
1.583(21) 
I .556(23) 
1.533(22) 
1.509(27) 

108.6(1.4) 
113.4( 1.9) 
118.4(1 3) 
105.3( 1.5) 
125.1 (2.7) 
116.2(9) 
121.8(1 .I) 
121.9(1.1) 
119.9(1.2) 
121.7(1.2) 
114.4(1.3) 
107.3( 1.3) 
l18.4(1.2) 
114.q1.6) 
106.9(1.4) 
116.5(8) 
1 20.8( 1.1) 
122.7(1.1) 
124.7( 1 .O) 
109.0(9) 
108.9(9) 
114.6(1 .O) 
110.8(1.1) 
I14.6(9) 
123.7(1.1) 
121.q 1 . I )  
121.3(9) 
121.3(1.0) 
107.3(7) 
111.8(8) 
117.3(9) - .. . . . 

S , . - - C ' ,  S, 11 3.3(9) C,,  - C 2 a - C 2 s  106.1(9) 
S, -Cl -N, 124.3(1.2) C,, - C 2 , - - C 2 , ,  110.5(1.0) 
S, -N, 122.4(1.2) C ,  --N,-C, 120.6(1.0) 
(', N ,  ~C: ,  120.8(1.3) C ,  ~, -C, -C, , 108.8(1 . l )  
C, N, -C, 120.5(1.3) 

the Mo2O3S8 skeleton are nearly identical in both 
compounds. The previously reported trend in a 
lengthening of the Mo-S bonds trans to oxygen 
atoms is still observed. Other distances observed in 
the ligands are similar in both dithiocarbamates. The 
C-S bond lengths are equal within three standard 
deviations and the short C--N bond indicates a high 
degree of double bond character. The C-C bond 
lengths and angles compare favourably with accepted 
values. 

The geometries of the complexes are shown in 
Figure 1A and 18 for the molybdenum V1 and V 
complexes, respectively. Significant bond lengths and 
angles in both molecules are listed in Tables IXand X. 
There are no important intermolecular contacts. 

11 Oxo-bis-di-n-propyldithiocarbamato molyb- 

The molecular geometry and numbering scheme 
adopted are shown in Figure 1C. Important bond 
lengths and angles are listed in Table XI. In the solid 
state, the complex adopts a square pyramidal 

denum IV 

TABLE: XI 
Molecular dimensions in MoO(S,CN(C,H,),), (C) 

a)  bond lengths (A) 
MO-0 1.664(8) 
Mo-S, 2.412(2) 
MO-S, 2.418(2) 
MO-S, 2.413(2) 
MO-S, 2.410(2) 
s, -c, 1.729(8) 
s, -C, 1.732(8) 
N, -C,  1.312(3) 
N,-C, 1.474(11) 
N ,  -Cs 1.474(13) 

C,-C, 1.526(18) 
C2 C, 1.550(13) 

b) bond angles c )  
0-MOPS, 108.3(2) 
0-Mo-S, 109.6(2) 
O--Mo-S, 1 11.7(2) 
0 - M O  -S, 110.3(2) 
S, -Mo-S, 72.4(1) 
S ,  --Mo-S, 139.9(1) 
S ,  --~Mo-S, 93.0(1) 
S2 -Mo-S, 95.0(1) 

S, --Mo-S, 72.3(1) 
S,-Mo-S, 140.1(1) 

C ,  -c, 
c, -C, 
s, -c* 
S, -C, 
N2 -c, 
N, -c, 

CY -c, 11 
Cl 0 -C, 1 

c1 2 --c, 3 

Cl 3 -c, 4 

N 2  --C, , 

N ,  -C, -C, 
N , C C, 
C 2  -N , --C, 
c, -C, -c4 
C, -c, -c, 
s, -C, -s, 
S, -C, - N 2  
C, -h!, -Cy 
C,-N, -Ct  7 

S, -C, --N2 

" -  - s, -c, -s2 N, -c, -c, 0 

S, -C, - N ,  124.1(3) N2 -c, 2 -C, 3 

S , - C ,  N, 124.6(3) c, -N, -C, 9 

11 1 . I  (2) 

1.602(14) 
1.54 1(26) 
1.724(8) 
1.726(9) 
1.295(9) 
1.582(17) 
1.504(12) 
1.396(28) 
1.745(22) 
1.508(18) 
1.5 60( 1 6) 

110.0(5) 
107.4(6) 
118.0(6) 
107.4(7) 
106.5 (9) 
111.1(2) 
125.6(4) 
123.0(4) 
119.4(8) 
122.3(6) 
98.9(8) 

109.7(6) 
118.1(7) 

C; -N., -C; 121 . O W  C i  -Cl-,l 98.2(9) 
C, - N ,  -C, 120.9(6) C, , -C, -C, 107.0(7) 
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c12Yc13 

FIGURE l b  Molecular geometry of 
Mo, 0, (S,CN(C, H, I z  l4 . 

geometry. The basal plane of the pyramid is formed 
by the four sulfur atoms. The molybdenum atom lies 
0.83 A above this plane and the oxygen atom 
occupies the summit. The Mo-0 line is perpendicular 
to the least-squares plane formed by the four sulfur 
atoms. There are no steric interactions in this 
complex, so that the four Mo-S bond lengths are 
identical and slightly shorter than those observed for 
trans sulfur atoms in the two previous complexes. 
Similarly, the C-S and C-N bond lengths are 
respectively identical in both ligands. The C-C bond 
lengths compare favourably with accepted values. 

FIGURE: I C  

Finally the Mo-0 bond is slightly shorter than that 
observed in the other complexes. 

The only intermolecular contact shorter than 
3.5 a is between the oxygen atom and carbon C3 of a 
neighbouring molecule. 

Molecular geometry of MoO(S,CN(CH,),), . 

DISCUSSION 

Average bond lengths and standard deviations for the 
three molecules are assembled in Table XII. 

TABLE XI1 
Average bond lengths and deviation from the mean in the 

three complexes. 

a) Environment of the metal atoms 

A B C - 
Mo-Ot 1.695(1) 1.671(4) 1.664(8) 
MO o h  1.863(7) 
Mo-S,t 2 45 2(5) 2.465 (1 4)  2.4 14(2) 
Mo-Stt 2.65 l(18) 2.67 8 (5)  
Mo-Sth 2.5 26(6) 

0 b  =bridging oxygen 
Ot =terminal oxygen 
SCt = sulfur cis to 0, 
St t  = sulfur trans to Ot 
Sth = sulfur trans to o h  

b) Intraligand bond lengths. 
A B C 

s-C, 1.723(6) 1.705(12) I .728(2) 
N-C, 1.318(9) 1.33 (6) 1.303(5) 
N-C, 1.477(6) 1.484(8) 1.508(25) 
c,  -c, 1.524(4) 1.534(15) 1.55 3(14) 
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The values of the Mo-0 bond lengths observed in 
the molybdenum VI dioxo complex (A) and molyb- 
denum V complex (B) are in good agreement with 
previously reported values. The only structure of a 
mono-oxo molybdenum IV complex previously 
reported is that of oxo-dichloro-tris (dirnethylphenyl- 
phosphine) molybdenum IV, in which a Mo-0 bond 
length of 1.676(7) a is reported.” This value does 
not differ significantly from the length of 1.664(8) 
we observe; the difference is about two standard 
deviations. However, the deviation is such that it is 
consistent with a shortening of :he Mo-0 bond due 
to a change of coordination from six to five: such a 
change would be expected to induce a slight short- 
ening of the bond lengths. 

The usefulness of Cotton and Wing’s’ correlation 
between Mo-0 bond lengths and bond orders in 
oxomolybdenum compounds has long been recog- 
nised.” In the present instance, i t  would be par- 
ticularly interesting to determine the bond order for 
the molybdenum IV complex (C). It has recently 
been shown that oxomolybdenum IV complexes 
similar to (C) probably undergo oxidative addition 
with a number of unsaturated ligands.’ According to 
Tolman’s rules,’ this requires the molybdenum IV 
0x0 complex to be diamagnetic and to present a 
sixteen electrons configuration. Referring to Cotton 
and Wing’s correlation, we find a bond order of 
approximately 3.0 for compound (C). In turn, this 
implies an electron configuration of sixteen for the 
molybdenum IV complex (C). I t  thus appears that 
this correlation can still give useful indications for 
oxo-molybdenum IV complexes. 

Another point of interest is the possibility of trans 
influence to explain the lengthening of the Mo-S,, 
bond lengths. Since there are large steric hindrances 
between the sulfur atoms. as shown by the short S - ~ S  
contact distances (See Table XIII) and the deform- 
ation of the Mo-ligand angles from the ideal ninety 
degrees, it is not clear whether this is indeed the case. 
However, one notices that in the molybdenum V 
compound, the Mo--Stb bond length has a value 
intermediate to that of Mo -Set and Mo-S,,. Since 
the Mo-Ob bond is weaker than the Mo-0, bond by 
a factor of about two, one would expect less trans 
influence by the former oxygen. Thus, despite the 
fact that there exist strong steric interactions between 
the sulfur atoms, one cannot entirely rule out the 
occurence of trans influence on the basis of the 
present data. 

Finally, one notices that the C1 - S  and C I  --N 
bond lengths are equal in all complexes. The fact that 
both C-S bonds are identical within experimenta! 

TABLE XI11 
Intramolecular contact distances in the three complexes (A)  

0, . . .  s, 2.883 

0, . . . s, 3.205 
3.488 

0, ... s, 3.338 

0, . . . s,  
B 
0 ,  . . .O,,, 2.628 
0, . . .  s, 3.029 

Mo,O, (S, CN(C, H , ) 2  1, 

0, . . . s, 
0, . . . s, 
O,,, . . . S, 

3.305 
2.930 
3.091 
3.21 3 
3.121 

s, . . .s ,  3.761 
s, . . . s, 3.588 
s, . . . s, 3.666 

C MoO(S,CN(C, H , L  ), 
o . . . s ,  3.332 
o . . . s ,  3.363 
o . . . s ,  3.40 3 

01-2 . . . S, 
01-2 . . . s, 

0,  . . . s, 
0, . . . s, 
s ,  . . .s, 
s, . . . s, 
s, . . . s, 

0, . . . 01 ,2  
0, . . . s, 
0,  . . . s, 
0, . . . s, 
o,-2 . . . s, 
0,-, . ’ .  S 6  

01-2 . . . s, 
s, . . . s ,  
s, . . . s, 
s, . . I s, 

o . . . s ,  
s, . . . s, 
s, . . . s, 

2.960 
3.106 
3.405 
3.824 
3.47 3 

2.747 
3.062 
3.085 
3.342 
3.224 
3.345 
3.111 
3.461 
3.562 
3.721 

3.314 
3.494 
3.559 

errors along with the observation of the very short 
C1- -N  bond confirms that the most important 
resonance form rcsponsible for complex formation by 
the dithiocarbamates is 

as it has previously been observed. 
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