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The element molybdenum has already been found to be 
a prolific former of homonuclear metal-metal bonds, especially 
quadruple ones.2 A distinct capacity to form triple bonds has 
also become evident, somewhat more recently. The first triple 
bond was found3 in Mo2(CH2SiMe3)<i, where the bond length 
was found to be 2.167 A and the second4 in Mo2(NMe2)6 
where the bond length is 2.214 (2) A. Most recently, the 
compound [(j75-C5Hs)Mo(CO)2]2 has been shown5 to have 
a (presumably) triple bond with a length of 2.448 ( I ) A , that 
is, about 0.25 A longer than in the other two cases.6 

In the meantime, in our laboratories several compounds 
containing tungsten-tungsten triple bonds have been prepared 
and characterized.7 In this and the two following papers8,9 we 
shall describe the preparation, structures, and certain other 
properties of these new molybdenum and tungsten compounds 
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in detail. Preliminary reports on Mo2(NMe2)6 have ap­
peared.4 '10 

Results and Discussion 

Synthesis. Analysis of the crude brown product obtained 
from petroleum extraction of the reaction between M0CI5 and 
LiNR2 (5 equiv) indicated11 molybdenum to nitrogen ratios 
of ca. 1:3.2 and showed valencies of molybdenum somewhat 
greater than 3. The monomeric compounds Mo(NR2)4 were 
then obtained by sublimation at 60-90° (Mo(NMe2M and 
80-110° (Mo(NEt2M at 10~4 cmHg. Analysis of the residue 
after sublimation gave molybdenum to nitrogen ratios of ca. 
1:2.6 and suggested valencies of molybdenum less than 3. This 
situation was reminiscent of the behavior of many of the di-
alkylamides of titanium(III), vanadium(III), and chromi-

The Molybdenum-Molybdenum Triple Bond. 1. 
Hexakis(dimethylamido)dimolybdenum and Some 
Homologues: Preparation, Structure, and Properties 

M. H. Chisholm,* l a F. A. Cotton,* l b B. A. Frenz, lb W. W. Reichert, ,a 
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Abstract: Mo2(NR2)6, where NR2 = NMe2, NMeEt, and NEt2, have been prepared from metathetic reactions involving mo­
lybdenum halides and the appropriate lithium dialkylamide, and have been characterized by a number of physical techniques. 
The molecular structure of Mo2(NMe2)6 has been determined by single-crystal x-ray diffraction. The space group is P2\/c 
with a = 11.461 (3) A, b = 12.052 (4) A, c = 15.409 (3) A, /3 = 101.83 (2)°, V = 2083.3 (10) A3, and Z = 4. The molecules 
lie on centers of inversionand form two crystallographically independent pairs. The two molecules are essentially identical, 
each having virtual 56 symmetry; the central M02N6 skeleton has virtual D^ symmetry, i.e., ethane-like geometry. The 
Mo-Mo distances are 2.211 (2) and 2.217 (2) A. The following mean distances and angles were found: Mo-N, 1.98 A; N-C, 
1.47 A; Mo-Mo-N, 103.7°. The bonds to N are essentially coplanar. The structure has been refined to R1 = 0.057 and R2 = 
0.075 using 1897 reflections having / > 3CT(/). The short Mo-Mo distance together with other structural and physicochemical 
properties establish the presence of a Mo-Mo triple bond. The orientations of the planar M0NC2 units lead to six proximal and 
six distal methyl groups with respect to the Mo-Mo bond. Variable temperature 1H NMR studies show that proximal and dis­
tal methyl groups are frozen out in solution below —30°; at higher temperatures they interconvert rapidly on the NMR time 
scale. A large chemical shift separation, ca. 2 ppm, between proximal and distal methyl proton resonances reflects the marked 
diamagnetic anisotropy of the Mo-Mo triple bond. Mo2(NMeEt)6 and Mo2(NEt2)6 show similar 1H NMR spectra: Mo2(N-
MeEt)6 exists in an equilibrium of isomers favoring proximal methyl and distal ethyl groups. No single Raman active band can 
be assigned to a totally symmetric Mo-Mo stretching vibration due apparently to extensive coupling between this and other 
vibrational modes. The bonding and structural properties of Mo2(NR2)6 are compared with previously reported alkyls, 
M02R6, and with related chromium(III) alkyls, dialkylamides, and alkoxides. 
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um(III) which readily undergo disproportionation under 
vacuum at relatively mild temperatures,12 e.g., 

Et 
Et2N^ N ^ NEt2 

^ C r Cr 
Et2N N N / \ N E U 

Et2 

—> [Cr(NEt2)2]n + Cr(NEt2), (1) 

However, in contrast to these first-row transition metal 
tris(dialkylamides) which show only ions derived from 
M(NR2)4+ in the mass spectrum, the crude materials of ap­
proximate composition Mo(NR2) 3 showed dinuclear species 
such as Mo2(NR2)6+. We therefore decided to investigate 
further the dark brown pyrophoric residues which remained 
after sublimation of Mo(NR2)4. 

Substantial amounts of these residues were soluble in alkane 
solvents. Extraction with pentane or hexane followed by 
stripping off the solvent led to brown solids which again yielded 
Mo(NR2)4 on sublimation. However, at higher temperatures 
(100-120° (NMe2), 120-150° (NEt2) at 10~4 cmHg) small 
amounts of yellow crystalline compounds also sublimed. When 
the process of petroleum extraction followed by sublimation 
was repeated the yield of the yellow crystalline solids increased 
relative to Mo(NR2)4. 

Careful fractional sublimation allowed the isolation of the 
yellow solids which could then be purified by subsequent 
resublimation and crystallization. Analysis and subsequent 
characterization showed that these yellow crystalline sub­
stances were Mo2(NR2)6. 

We have therefore established that the crude product from 
the reaction of M0CI5 and LiNR2 (5 equiv) was a mixture of 
Mo(NR2)4, Mo2(NR2)6, and other nonvolatile species of 
lower-valent molybdenum. The nature of the oxidized organic 
products and the lower-valent molybdenum species is not 
known at this time. We have, however, established that com­
pounds of formula Mo2(NR2^ are stable with respect to dis­
proportionation to give Mo(NR2)4. 

Since the Mo2(NR2)6 compounds provide excellent starting 
materials for the synthesis of other metalloorganic compounds 
of molybdenum(III) it was particularly desirable to obtain an 
improved synthesis. A logical starting point was to use me-
tathetic reactions involving M0CI3. However, our initial work 
using commercial sources of M0CI3 was disappointing arid 
gave erratic results. Significant quantities of Mo(NR2^ were 
often obtained. This suggested that either the reaction condi­
tions were very critical or that some impurities in M0CI3 were 
responsible for the formation of Mo(NR2)4. Examination of 
commercially available samples of M0CI3 showed that they 
often contained significant quantities of M0CI5 and volatile 
oxymolybdenum chlorides. When freshly prepared M0CI3, free 
from M0CI5 and oxymolybdenum chlorides, was used we ob­
tained reproducible results. Mo2(NMe2^ was obtained in ca. 
20-30% yield based on the reaction between MoCl3 and 
LiNMe2 (3 equiv). Although only a trace of Mo(NMe2)4 was 
obtained in the preparation of Mo2(NMe2)6, analogous re­
actions involving LiNMeEt and LiNEt2 gave significant 
quantities of Mo(NR2)4, (NEt2, NMeEt) which thus neces­
sitated the separation procedures described previously. The 
difference between the reactions involving LiNMe2 and 
LiNEt2 is quite striking in this respect. Models of the dinuclear 
diethylamide, Mo2(NEt2^, suggest that it is an extremely 
crowded molecule. Thus, it is not unreasonable to suppose that 
during the reaction between LiNEt2 and molybdenum(III) 
chloride the formation of Mo(NEt2)4 by a redox reaction 
competes with the formation of the sterically crowded 
Mo2(NEt2)6. Attempts to synthesize Mo2(NR2)6 using even 
more sterically demanding NR2 groups, e.g., N-Z-Pr2, which 
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gives monomeric Cr(N-/-Pr2)3,13 have thus far not led to any 
characterizable compounds by crystallization or sublimation 
techniques. 

Physical Properties. Mo2(NR2)6, where NR2 = NMe2, 
NMeEt, and NEt2, are moisture and oxygen sensitive, yellow, 
crystalline, diamagnetic compounds and are appreciably sol­
uble in alkane solvents. A cryoscopic molecular weight deter­
mination in,benzene indicated the dinuclear nature of the di-
methylamide, i.e., Mo2(NMe2)6. Their mass spectra show 
strong parent ions, Mo2(NR2)6

+, together with many other 
dimolybdenum fragments such as Mo2(NR2)s+ and 
Mo2(NR2)4+. A number of doubly charged Mo2-containing 
ions were also observed. The presence of dimolybdenum ions 
produces a very characteristic isotopic distribution pattern. The 
observed vs. calculated pattern for Mo2(NMe2)6

+ is shown in 
Figure 1. A characteristic feature of the mass spectra of these 
compounds is the absence of ions containing only one molyb­
denum atom. 

The dinuclear, diamagnetic nature of these compounds to­
gether with the abundance of Mo2-containing ions in their mass 
spectra provided evidence for the existence of strong Mo-Mo 
bonding Further evidence came from 1H NMR studies. 

1H NMR Spectra. Solutions of Mo2(NMe2)6 in toluen$-rfg 
show a single resonance, 1/1/2 = 3.0 Hz, at 3.28 ppm relative 
to HMDS (hexamethyldisiloxane) at 30° and above. This is 
comparable to other transition metal dimethylamides, e.g., 
compare Mo(NMe2)4, singlet S 3.25 ppm, and W(NMe2)6, 
singlet, 5 3.33 ppm. 

However, on cooling a sample of Mo2(NMe2)6 the singlet 
at 3.28 ppm initially broadens until at —30° it is lost into the 
baseline. On further cooling two new resonances appear at 5 
4.13 and 2.41 ppm. These are in the integral ratio 1:1 and 
sharpen on cooling to give v\/2 — 4 Hz at —71°. Further cooling 
of the sample to —90° produces no significant change except 
that the line width increases at low temperatures. These ob­
servations are independent of Mo2(NMe2)6 concentration and 
independent of added Me2NH. 

The low-temperature limiting spectrum is clearly in­
consistent with a dimeric bridged structure (Me2N)2Mo(M-
NMe2)2Mo(NMe2)2 akin to that observed14 for Al2(NMe2)^ 
and suggested for Ti2(NMe2)6- Furthermore, the marked 
shielding and deshielding experienced by the two types of 
methyl groups warrants a specific explanation. 

It was these considerations which initially led us to suggest 
a dinuclear structure for Mo2(NMe2)6 involving a Mo-Mo 
triple bond and six terminal NMe2 ligands, with the planar 
Mo-NC2 units in a propeller-like arrangement so as to produce 
six proximal and six distal methyl groups. The crystallographic 
characterization of this molecule (discussed later) clearly 
shows that in the crystalline state the methyl groups are di­
rected over (proximal) and away from (distal) the Mo-Mo 
bond. The low-temperature limiting spectrum can thus readily 
be reconciled with the freezing out of a structure akin to that 
found in the crystal. 

The large chemical shift difference betwen the proximal arid 
distal methyl groups is not entirely surprising since a multiple 
metal-metal bond might be expected to have considerable 
magnetic anisotropy. A much smaller effect of this kind was 
reported earlier15 for some compounds containing quadruple 
bonds. It will be shown later that experimental data for 
Mo2(NMeEt)6 indicate that the proximal resonance occurs 
downfield (5 4.13) and the distal one upfield (5 2.41). This 
assignment is reasonable from a theoretical point of view as 
well. 

The magnetic susceptibility of the molecule should have a 
principal axis of symmetry along the M-M line. Both dia­
magnetic and (temperature-independent) paramagnetic mo­
ments could be introduced by the applied magnetic field. In 
view of the closed shell electronic structure of the molecule, 
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Figure 1. Observed (—) vs. calculated (- - -) m/e for Mo2(NMe2)6+-

with all metal-atom electrons in bonding orbitals, it seems 
unlikely that any electronic excited state suitable for producing 
a Van Vleck second-order paramagnetic moment under the 
action of the magnetic field could be of sufficiently low energy 
to do so to a significant extent. Thus, we expect the dominant 
magnetic field induced in the molecule to be in opposition to 
the applied field and symmetric about the molecular threefold 
axis. This will lower the effective field in the region of distal 
methyl groups and increase it in the region of proximal methyl 
groups, with the result that the signals for distal and proximal 
protons will lie, respectively, upfield and downfield from the 
nearly identical positions they would otherwise have had. 

Regardless of whether the above assignment is correct, the 
temperature dependence of the proton NMR spectrum of 
Mo2(NMe2)6 can be used to estimate the free energy of acti­
vation for proximal-distal exchange. Using the Gutowsky-
HoIm equation,16 which is rigorously appropriate to this case, 
we estimate AG* = 11.5 ± 0.2 kcal mol-1 at the coalescence 
temperature of -30 ± 2 0C. 

Mechanisms which interchange proximal and distal methyl 
groups could involve (i) a fluxional process in which NMe2 
groups are transferred from one molybdenum atom to the 
other, as in the now well-recognized phenomenon of CO ligand 
scrambling in polynuclear metal carbonyl complexes,17 (ii) a 
dissociative process, i.e., 

Mo2(NMe2)6 — Mo2(NMe2)5
+ + "NMe2 

and (iii) processes involving "rotation" about molybdenum-
nitrogen bonds. For the latter, many "flip" rearrangements18 

are possible and we note the stereochemical correspondence 
of Mo2(NMe2^ to hexaphenyldisilane. 

We cannot distinguish between these mechanisms since they 
are permutationally indistinguishable. We have attempted to 
synthesize compounds of the type Mo2(NMe2)sL, where L = 
NPh2 and I (see Experimental Section), since these could allow 
further insight into the mechanism of proximal and distal in­
terchange. Our synthetic attempts were unsuccessful. How­
ever, W2(NEt2^Cl2 has been isolated and characterized9 and 
for this compound all available evidence points to a mechanism 
involving a rotation about the metal-nitrogen bonds. 

The variable temperature 1H NMR spectra of Mo2(NEt2)6 
parallel those observed for Mo2(NMe2)6. At low temperatures 
proximal and distal ethyl groups are frozen out (proximal 
5(CH2) 4.76, 8(CH3) 1.16 ppm, 3J11H = 7 Hz; distal: 5(CH2) 
2.34, 5(CH3) 0.82 ppm rel HMDS) and at high temperatures 
rapid averaging occurs on the NMR time scale (5(CH2) 3.63, 
5(CH3) 1.05 ppm (rel HMDS), V H H = 7 Hz). We estimate 
the energy of activation for proximal-distal ethyl exchange to 
be 13.6 ± 0.5 kcal mol-1. Thus the free energy of activation 
for proximal and distal alkyl exchange in Mo2(NR2^ is greater 
for R = Et than for R = Me, a fact which probably reflects the 
different steric demand of these groups. 
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Figure 2. Variable temperature 1H NMR spectra of Mo2(NMeEt)6 ob­
tained in toluene-^8 at 100 MHz: A at 81°; B at 40°; C at 0°; and D at 
—60°. S in parts per million relative to HMDS. 

The variable temperature 1H NMR spectra of Mo2(N-
MeEt)6 are particularly interesting and warrant further 
comment. Representative spectra obtained over the temper­
ature range +81 ° to —60° are shown in Figure 2. At +60° and 
above in toluene-rfg Mo2(NMeEt)6 shows a single sharp N-
methyl resonance at 3.81 ppm and single ethyl pattern: 5(CH2) 
2.97 and 5(CH3) 1.00 ppm (rel HMDS), 3 / H H = 7 Hz. 
Compared to other metal methylethylamides the NMe reso­
nance is to lower field while the NCH2 resonance is at higher 
field. This may be compared with Mo(NMeEt)4 for which 
5(NMe) 3.17,5(CH2) 3.41,5(CH2CZf3) 1.08 ppm rel HMDS. 
(No significant chemical shift change with temperature is 
observed for Mo(NMeEt)4.) On cooling a solution of 
Mo2(NMeEt)6 in toluene-dg below 60° the NMe resonance 
initially shifts slightly to lower field, broadens significantly, 
and then sharpens. A similar process is observed for the ethyl 
resonances which shift to higher field. The low temperature 
limiting spectrum is attained at -60°: 5(NMe) 4.23,5(CH2) 
2.48, and 5(CH2CZZ3) 0.92 ppm, 3Z11H = 7 Hz. However, 
careful examination of the low temperature limiting spectrum 
reveals, in addition to the above, a singlet 5(NMe) 2.28, quartet 
5(CH2) 4.71, and triplet 5(CH2CZZ3) 1.36 ppm. We estimate 
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Table I. Atomic Positional Parameters 

Mo(I) 
Mo(2) 
N ( I l ) 
N(12) 
N(13) 
N(21) 
N(22) 
N(23) 
I C ( I l ) 
2C(I l ) 
1C(12) 
2C(12) 
1C(13) 
2C(13) 
1C(21) 
2C(21) 
1C(22) 
2C(22) 
1C(23) 
2C(23) 

X 

-0 .007 29 (9) 
0.458 79 (9) 
0.073 6 (9) 
0.075 6 (9) 

-0 .180 2(9) 
0.567 0(10) 
0.458 3 (9) 
0.299 1 (9) 
0.128(1) 
0.082(1) 
0.134(1) 
0.082(1) 

-0 .283(1) 
-0 .218(1 ) 

0.533(1) 
0.676(1) 
0.500(1) 
0.403 (1) 
0.219(1) 
0.235 (1) 

y 

0.429 37 (8) 
0.051 17 (9) 
0.484 0 (8) 
0.309 0 (8) 
0.405 2 (9) 
0.032 8 (9) 
0.204 2 (8) 

-0 .015 6(9) 
0.589(1) 
0.405 (1) 
0.300(1) 
0.199(1) 
0.464(1) 
0.308(1) 
0.090 (1) 

-0 .034(1 ) 
0.250(1) 
0.290(1) 
0.038(1) 

-0 .107(1) 

Z 

0.453 42 (6) 
0.442 01 (6) 
0.359 6(6) 
0.527 4 (7) 
0.416 1 (7) 
0.358 0 (6) 
0.491 7 (7) 
0.403 1 (6) 
0.342(1) 
0.288(1) 
0.622(1) 
0.484(1) 
0.441 (1) 
0.356(1) 
0.273(1) 
0.362(1) 
0.579(1) 
0.430(1) 
0.324(1) 
0.433(1) 

the concentration of the low field NMe resonance (5 4.23 ppm) 
relative to the high field NMe (5 2.28 ppm) resonance to be ca. 
9:1. These observations clearly indicate that there are two (or 
more) isomers of Mo2(NMeEt)6 arising from the arrange­
ments of proximal and distal methyl and ethyl groups and 
differing very little in free energy. 

The structure of Mo2(NMe2)6 reveals a marked difference 
between proximal Mo-N-C (132°) and distal Mo-N-C 
(116°) angles, which most likely reflects the great internal 
steric crowding of the molecule. Thus for Mo2(NMeEt)6 we 
would expect a ground state geometry with more proximal 
methyl groups than ethyl groups. This expectation is borne out 
in the low temperature limiting spectrum of Mo2(NMeEt)6. 

At higher temperatures proximal-distal alkyl exchange 
rapidly interconverts these isomers and thus leads to the high 
temperature limiting spectrum shown in Figure 2. 

Solid State Structure of Mo^NMeiV The atomic positional 
parameters are listed in Table I and the anisotropic tempera­
ture factors are given in Table II. The molecular dimensions 
are listed in Table III. Figure 3 shows the molecule viewed 

2C(Il) 

'2C(13) 

Figure 3. ORTEP view of Mo2(NMe2)6 viewed nearly along the Mo-Mo 
axis. 

Figure 4. ORTEP view of Mo2(NMe2)6 viewed nearly perpendicular to the 
Mo-Mo axis. 

nearly along the Mo-Mo axis, so as to emphasize certain fea­
tures of the molecular symmetry. Figure 3 also defines the 
atom numbering scheme. Since the molecules reside on crys-
tallographic inversion centers the two ends are related and 
when numbers are required for atoms not explicitly numbered 
in the drawing (as in Table III), they are obtained by assigning 
them primed numbers corresponding to those of the atoms to 
which they are related by the inversion operation. For the 
second, crystallographically distinct molecule, an analogous 
numbering scheme is followed except that the metal atoms are 

Table II. Anisotropic Temperature Factors" (XlO4) 

Mo(I) 
Mo(2) 
N ( I l ) 
N(12) 
N(13) 
N(21) 
N(22) 
N(23) 
I C ( I l ) 
2C(I l ) 
1C(12) 
2C(12) 
1C(13) 
2C(13) 
1C(21) 
2C(21) 
1C(22) 
2C(22) 
1C(23) 
2C(23) 

flu 

75.6(10) 
73.9(10) 
83(10) 

123(12) 
90(10) 

113(12) 
113(12) 
80(10) 

171 (20) 
144(18) 
184(21) 
173(20) 
91(15) 

149(17) 
153(18) 
106(15) 
167(19) 
132(16) 
129(16) 
130(17) 

022 

53.2(8) 
67.2 (9) 
76(9) 
60(9) 
83(9) 

100(10) 
72(9) 

105(10) 
91 (14) 

104(14) 
110(15) 
84(13) 

164 (20) 
87(13) 

119(15) 
140(17) 
110(15) 
67(12) 

107(14) 
135(17) 

033 

27.0 (5) 
25.5 (5) 
45(6) 
48(6) 
44(6) 
30(5) 
43(6) 
38(5) 
78(10) 
48(8) 
48(8) 
60(9) 
81(11) 
57(9) 
27(6) 
82(10) 
44(8) 
80(10) 
40(7) 
69(10) 

012 

3.0(7) 
8.2 (7) 
6 (8) 

14(8) 
- 8 ( 8 ) 
11(9) 

- 7 ( 8 ) 
6(8) 

- 1 9 ( 1 3 ) 
19(12) 
23(14) 
41(13) 

8(14) 
- 4 6 ( 1 2 ) 

12(12) 
48(13) 

0(13) 
8(11) 

31 (12) 
- 2 4 ( 1 4 ) 

013 

7.1 (5) 
0.8(5) 

17(6) 
17(7) 

- 5 ( 6 ) 
18(6) 
14(6) 
0(6) 

58(12) 
29(9) 

- 1 1 ( 1 0 ) 
16(10) 
21 (10) 

- 1 0 ( 9 ) 
15(8) 
40 (10) 
19(10) 

- 1 ( 1 0 ) 
- 8 ( 8 ) 
10(10) 

023 

- 2 . 0 ( 5 ) 
1.7(5) 

- 3 ( 6 ) 
1(6) 
5(6) 

12(6) 
- 1 6 ( 6 ) 

1(6) 
8 (9) 

- 1 8 ( 8 ) 
4(9) 

- 1 6 ( 8 ) 
- 1 1 ( 1 1 ) 

6(8) 
15(8) 
25(10) 

- 2 4 (8) 
28(9) 

1(8) 
22(10) 

" These are of the form exp [-(0nh
2 + 022^2 + 033/2 + 10l2hk + 20i3M + 2023W)]. 
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TaJbIe III. Bond Distances (A) and Angles (deg) Table IV. Unweighted Least-Squares Planes 

Molecule I Molecule II Average" 
Plane 

Equations of Planes0 

M O ( H ) - M O ( H ) ' 

M O - N ( H I ) 

- N ( H 2 ) 

-N(n3) 
N ( H 1 ) - 1 C ( H 1 ) 

-2C(n l ) 
N ( H 2 ) - 1 C ( H 2 ) 

- 2 C ( H 2 ) 

N ( H 3 ) - 1 C ( H 3 ) 

- 2 C ( H 3 ) 

M O ( H ) - M O ( H ) ' - N ( H 1 ) 

- N ( H 2 ) 

- N ( H 3 ) 

N ( H 1 ) - M O ( H ) - N ( H 2 ) 

- N ( H 3 ) 

N ( H 2 ) - - N ( H 3 ) 

M O ( H ) - N ( H 1 ) - 1 C ( H 1 ) 

- N ( H 2 ) - 1 C ( H 2 ) 

- N ( H 3 ) - 1 C ( H 3 ) 

M O ( H ) - N ( H 1 ) - 2 C ( H 1 ) 

- N ( H 2 ) - 2 C ( H 2 ) 

- N ( H 3 ) - 2 C ( H 3 ) 

1 C ( H 1 ) - N ( H 1 ) - 2 C ( H 1 ) 

1 C ( H 2 ) - N ( H 2 ) - 2 C ( H 2 ) 

1 C ( H 3 ) - N ( H 3 ) - 2 C ( H 3 > 

2.211 (2) 
1.98(1) 
1.97(1) 
1.97(1) 
1.45(2) 
1.48(2) 
1.48 (2) 
1.50(2) 
1.49(2) 
1.49(2) 
103.5(3) 
103.2(3) 
104.0(3) 
115.2(4) 

115.4 (4) 
113.5(4) 
134.9(9) 
133.7(9) 
131.2(9) 
116.2(8) 
117.1 (9) 
116.2(9) 
108.9(11) 
109.1 (11) 
112.5(11) 

2.217(2) 
1.98(1) 
2.00(1) 
1.98(1) 
1.46(2) 
1.48(2) 
1.44(2) 
1.46(2) 
1.51(1) 
1.45 (2) 
104.1 (3) 
103.8(3) 
103.5 (3) 
113.9(4) 

114.9 (4) 
114.6(4) 
132.4(9) 
133.2(9) 
135.1 (9) 
116.4(9) 
115.9(8) 
116.0(9) 
111.2(11) 
110.9(11) 
108.8(11) 

2.214 ±0 .003 

1.98 ±0 .007 

1.47 ±0 .02 

103.7 ± 0 . 3 

114.6 ± 0 . 6 

(a angles) 
133.4 ± 1.2 

(0 angles) 
116.3 ± 0 . 3 

(7 angles) 
110.2 ± 1.3 

no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Atoms in plane 

M o ( l ) ' - M o ( l ) - N ( l l ) 
Mo(l ) ' -Mo( I)-N(12) 
Mo( l ) ' -Mo( l ) -N(13) 
Mo(2)'-Mo(2)-N(21) 
Mo(2) '-Mo(2)-N(22) 
Mo(2)'-Mo(2)-N(23) 
1C(11)-N(11)-2C(11) 
1C(12)-N(12)-2C(12) 
1C(13)-N(13)-2C(13) 
1C(21)-N(21)-2C(21) 
1C(22)-N(22)-2C(22) 
1C(23)-N(23)-2C(23) 

A 

8.91 
-10 .6 

-1 .47 
5.23 

-11.1 
-5 .69 

9.06 
-10 .8 

-1 .13 
5.64 

-10 .9 
-5 .66 

B 

-4 .33 
-3 .27 
-7 .58 

9.50 
-2 .01 

7.43 
-3 .79 
-3 .11 
-7 .08 

9.43 
-2 .38 

7.41 

Dihedral Angles between Planes, dee 
Plane no. 

1 
2 
3 
4 
5 
6 

Plane i 

7 
8 
9 

10 
11 
12 

no. 

C 

5.17 
6.62 

11.7 
4.66 
6.08 -

10.6 
5.25 
6.29 

12.2 
4.08 
6.46 -

10.6 

Angl 

2.7 
1.7 
3.6 
2.7 
2.4 
0.3 

D 

0.420 
1.68 
2.07 
4.95 

-2.49 
2.45 
0.723 
1.54 
2.40 
4.97 

-2.31 
2.48 

e 

" For all dimensions, in both molecules, which would be equivalent 
under the symmetry operations of the group S&. 

denoted Mo(2) and Mo(2)' and for the C and N atoms the 
numbers in parentheses have 2 rather than 1 for their first digit. 

Figure 4 shows another view of the molecule in which several 
of the types of angles listed in Table III are defined. 

The views shown in Figures 3 and 4, especially that in Figure 
3, stress that the molecules have approximate symmetry which 
is far higher than that (I) crystallographically required, 
namely, at least Se(3) or even Z>3^(3w). The configuration 
around each nitrogen atom is essentially planar. That is, each 
set of atoms, M0-N-C2, is almost exactly coplanar. This is 
evidenced by the fact that in each of the six crystallographically 
independent groups the sum of the three bond angles about the 
nitrogen atom is 359.9 or 360.0°. In addition, the dihedral 
angles between the NC2 planes and the Mo-Mo-N planes 
(Table IV) are all nearly the same, varying only from 0.3 to 
3.6°. If these angles were exactly equal the symmetry would 
be 5*6(3). If these angles were all equal to zero, the symmetry 
would be£>3rf(3m). 

Vibrational Spectra. Infrared and Raman data for 
Mc>2(NMe2)6 are given in Table V and the Raman spectra for 
this compound and its perdeutero analogue are shown in Figure 
5. The strong, polarized Raman bands at 550, 319, and 228 
cm -1 are of particular interest since stretching of the Mo-Mo 
bond should contribute heavily to one or more aig normal 
modes and these should give rise to strong, polarized Raman 
bands. In an earlier, tentative assignment, it was suggested10 

that the band at 228 cm -1 might be considered as, approxi­
mately, i>str(Mo-Mo), and that the band at 319 cm - 1 might 
be assigned to 5(NC^), the latter assignment being derived 
from comparison with spectra of other dimethylamido com­
pounds. We now recognize that these assignments are naive, 
and that the vibrational spectra of this and similar molecules 
are probably not subject to any such simple, "first order" as­
signments. 

We have used a modified form of Badger's rule given by 
Herschbach and Laurie.19 Using the values20 d = 0.88 and a 
= 2.73 in eq 7 of ref 19, together with a value of 2.22 A for 
/•e(Mo-Mo), we estimated a force constant for the Mo-Mo 

" These equations are of the form AX+ BY+ CZ = D. 

Table V 

Mo2(NMe2)6 Mo2(N(CD3)^6 

Ir" (cm-1) Raman* (cm-1) Ir" (cm-1) Raman* (cm-1) 

1169 w 1064 m 
1155w 1033 w 

1148 s 
1119m 

— 
1047 s 

— 
959 s 
944 vs 
552 vs 
— 
— 
— 

356 s 
— 

312m 
— 
— 
— 

— 
— 

1083 w 
— 

969 vs, p 
— 

943 m 
— 

550 s, p 
409 w 
361m 
— 

319 s, p 
— 

228 s, p 
— 

105 w 

1028 m 
950 w 
— 

898 s 
— 

825 s 
815s 
495 vs 
— 
— 
— 

320 s 
— 

275 w 
— 
— 
— 

— 
— 
— 
— 

833 s, p 
— 

818 sh 
499 sh 
485 vs, p 
401 w 
326 m 
— 

284 s, p 
— 

206 s, p 
136 w 
— 

" Nujol mull with CsI plates; ±2 cm-1. * Solid samples in capillary 
tubes, ±2 cm-1. 

triple bond of 2.57 mdyn/A. If there were a pure Mo-Mo 
stretching mode, which could be treated in the harmonic os­
cillator approximation, its frequency would then be calculated 
as about 333 cm-1. This result would suggest a reversal of the 
earlier assignment mentioned above. The "Mo-Mo stretching" 
frequencies in Mo2(NMeEt)6 and Mo2(NMe2)6 would then, 
presumably, be assigned to bands at 319 and 288 cm -1, re­
spectively. In all cases, the band around 500 cm -1 would be 
assigned to Mo-N stretching. 

However, we now have evidence to show that these assign­
ments are far too simplistic. As can be seen in Figure 5 and 
Table V, when the methyl groups are deuterated there are 
substantial shifts in all three of the strong, polarized Raman 
bands under discussion. This means that all of them must be 
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i n 2 _ 1 

x 10 cm 
Figure 5. Raman spectrum of a polycrystalline sample of M02(N(CH3)2)6 (top) and Mo2(N(CD3)2)6 (bottom), in the range 3400-100 cm" 

due to normal modes in which there is considerable involve­
ment of the hydrogen atoms. The band at 319 cm -1, which 
shifts to 284 cm -1 cannot be considered as "the Mo-Mo 
stretching mode" to any useful approximation. As will be seen 
in the following paper8 W2(NMe2)6 has strong, polarized 
Raman bands at very similar frequencies, 550, 322, and 213 
cm-1. This vitiates any assignment in which a reasonably pure 
metal-metal stretching mode could be found for each molecule, 
with their frequencies being in the inverse ratio of the square 
roots of their masses. 

It is particularly interesting that Mo2(NR2)6 do not show 
strong Raman bands which can be simply assigned to 
i>str(Mo-Mo) since inorganic chemists have become accus­
tomed to thinking that compounds with metal-metal bonds, 
especially those with M-M multiple bonds, characteristically 
show easily recognizable Raman active bands assignable to 
M-M stretching modes.21 

Bonding in Mo^NMejV The bonding in Mo2(NMe2)6 can 
be qualitatively described as follows: Each molybdenum atom 
forms four tr-bonds, three to nitrogen and one to the other 
molybdenum atom, utilizing approximately tetrahedral hybrid 
orbitals. These might be sp3, sd3, or any intermediate combi­
nation. Then, defining the Mo-Mo axis as the z axis, two 
metal-metal x-bonds can be formed employing dxz, dyz and/or 
px, Py orbitals on each atom. The Mo-Mo triple bond so 
formed parallels that in Mo2(CH2SiMej)6 and readily ac­
counts for the short Mo-Mo distance, 2.214 (2) A, the eth­
ane-like M02N6 moiety, and the diamagnetic nature of the 
compound. However, for Mo2(NMe2)6 the nitrogen lone pairs 
may also enter into the bonding scheme. Indeed the planarity 
of the M0-NC2 units together with the somewhat short Mo-N 
distances, 1.98 (1) A, suggest that N to Mo x-bonding should 
be considered. In an idealized Did ground state configuration 
in which the plane of each NC2 unit contains the Mo-Mo axis, 

the two pairs of molybdenum dxy and dxi-yi atomic orbitals 
may accommodate eight electrons from nitrogen lone pairs. 
This leads to 16 valence shell electrons per molybdenum atom 
and leaves two nitrogen x-electron pairs in essentially non-
bonding orbitals of a2g and aiu symmetry. The observed con­
figuration for the Mo2(NC2)6 group deviates but little from 
the Did configuration which, for convenience, we have as­
sumed. The foregoing discussion of bonding is very speculative. 
In order to reach a more definite understanding of the elec­
tronic structure, we have begun studies of valence-shell pho-
toelectron spectra and Xa-SW molecular orbital calculations. 

It is also interesting to consider the other configuration of 
Did symmetry, in which the NC2 planes would be perpendic­
ular to the Mo-Mo-N planes. For steric reasons alone this 
would be very unfavorable. It would allow effective interaction 
of the nitrogen lone pair electrons with the metal atom orbitals 
(pz, dxz, dyz) but to the extent that these interactions became 
effective the metal-metal bond would have to be based more 
on overlap of dx2-yi and dxy orbitals. Since these 8 overlaps 
would be far weaker than dx-dx overlaps, this would probably 
be electronically unfavorable. The observed structure is thus 
the expected one on both steric and electronic grounds. 

The Mo-Mo distance in Mo2(NMe2Je, 2.214 (2) A, is 
longer than those generally observed in compounds containing 
Mo-Mo quadruple bonds but falls within the range expected 
for compounds with Mo-Mo triple bonds. It would appear to 
be significantly longer than that in Mo2(CH2SiMeS^, 2.167 
A, although the error in the Mo-Mo distance in Mo2-
(CH2SiMe3)6 was not reported. Aside from the different steric 
requirements of NMe2 and CH2SiMe3 ligands which could 
account for differences in the Mo-Mo distance, different 
electronic factprs associated with these ligands should also be 
considered. In Mo2(NMe2)6 ligand x-electrons are donated 
to metal orbitals which are 8 and &* orbitals with respect to 
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metal-metal bonding. This factor could lead to a lengthening 
of the Mo-Mo triple bond relative to that in Mo2(CH2Si-
Me3)6- The role of electronic factors in M-N triple bond dis­
tances is not well understood at this time. However, the long 
Mo-Mo distance, 2.448 (1) A, in Cp2Mo2(CO)4, which con­
tains a linear CpMo-MoCp moiety and by simple valence 
electron counting might be supposed to have a Mo-Mo triple 
bond, further indicates the influence of electronic factors on 
M-M bond distance. This point is discussed further in a fol­
lowing paper on W2(NMe2)6-

Experimental Section 
Materials. M0CI5 was purchased (or received as a gift) from Climax 

Molybdenum Company. M0CI3 was prepared according to the method 
of Mallock.22 LiNMe2 was prepared by condensing an equimolar 
amount of dimethylamine (Matheson) into a cold (ca. —70°) ether/ 
hexane solution of M-butyllithium (Alfa). LiNMeEt and LiNEt2 were 
prepared similarly. HNMeEt was obtained from the Ames Labora­
tory, HNEt2 from Matheson Coleman and Bell. HN(CD3J2 was 
purchased from Merck, Sharp and Dohme. 

Physical and Analytical Measurements. Elemental analyses were 
performed by Alfred Bernhardt Mikroanalytisches Laboratorium, 
West Germany, using drybox sampling techniques. Molecular weight 
determinations were made under a purified nitrogen atmosphere in 
an all-glass cryoscopic apparatus incorporating a thermister 
bridge. 

Electronic absorption spectra were measured with a Perkin-Elmer 
202 spectrophotometer using quartz cells of 1-cm pathlength fitted 
with a Teflon-quartz seal. 

Infrared spectra were obtained from Nujol mulls or from solutions 
in hexane between CsI plates/windows using a Beckman IR-12 
spectrophotometer. 

Raman spectra were obtained on a spectrophotometer equipped 
with a coherent Radiation Model CR5 Ar+ laser, a Spex Model 1401 
double monochromator, and a cooled ITT FW-130 Startracker 
photomultiplier tube using the 5145 A exciting line. Spectra of solid 
samples were obtained from capillary tubes sealed under N2; solution 
spectra were obtained in THF using a Spex rotating quartz cell 
adapted for air-sensitive work. 

1H NMR spectra were obtained from a Varian HA-100 spec­
trometer equipped with a variable temperature probe. Temperatures 
were calibrated with ethylene glycol (high temperature) and methanol 
(low temperature) before and after each set of spectra. Hexameth-
yldisiloxane (HMDS) was chosen as the internal reference. 

Mass spectra were obtained on an AEI MS 9 by the method of di­
rect insertion with probe temperatures 100-120°. 

General Procedures. Due to the highly reactive nature of LiNR2, 
Mo2(NR2J6, and related compounds, all preparations and other op­
erations were carried out under a dry and oxygen-free nitrogen at­
mosphere or in vacuo. Solvents were dried and freed from dissolved 
molecular oxygen by distillation from a solution of the solvent, ben-
zophenone, phenyl ether, and sodium. When not needed for immediate 
use, solvents were stored over calcium hydride under nitrogen. Samples 
were stored and handled in a Vacuum Atmospheres Dri Lab System. 

Preparation of Hexakis(dimethylamido)dimolybdenum(IH). (a) From 
the Reaction of MoCl3 with LiNMe2. MoCl3 (23.0 g, 114 mmol) was 
added in portions to an ice-cold magnetically stirred solution of 
LiNMe2 (341 mmol) in hexane (150 ml), ether (100 ml), and THF 
(200 ml) over a period of 1 h. (Caution: an exothermic reaction oc­
curs.) The reaction mixture was then allowed to warm to room tem­
perature and stirred for a further 8 h. Solvent was then removed in 
vacuo, and the resulting brown solids were heated to 70° at 1O-4 cmHg 
for 2 h. (This ensured removal of all THF and drove off the very vol­
atile, purple Mo(NMe2)+) Only a trace of Mo(NMe2)4 was liberated. 
Hexane (120 ml) and pentane (50 ml) were added to the dried solids 
to give a dark brown solution and finely divided gray solids. The so­
lution was filtered using standard Schlenk tube techniques, and the 
solids were repeatedly washed with pentane/hexane, distilled under 
vacuum from the filtrate solution through the frit. (This procedure 
avoids the necessity of introducing additional solvent.) The filtrate 
was then evaporated to dryness in vacuo yielding a crude sample of 
Mo2(NMe2V Pure yellow crystalline Mo2(NMe2)6 (4.8 g) was ob­
tained by sublimation from this crude material at 100-120°, 1O-4 

cmHg, over a period of 6 h. Anal. Calcd (found) for Mo2(NMe2J6: 
C, 31.59 (31.29); H, 7.95 (7.71); N, 18.42 (18.17). Parent ion at m/e 

456 in the mass spectrum corresponds to Mo2(NMe2)S
+ (based on 

96Mo). 
(b) From the Reaction of MoCl5 with LiNMe2. MoCl5 (21.9 g, 80 

mmol) was added in portions to an ice-cold magnetically stirred slurry 
OfLiNMe2 (400 mmol) in hexane (150 ml) and ether (200 ml) over 
a period of 1 h. An exothermic reaction occurred. The reaction mixture 
was then allowed to warm to room temperature and was stirred for 
a further 6 h at which time the solvent was stripped off. Hexane (150 
ml) and pentane (50 ml) were added to the above and the dark brown 
solution so formed was separated from the solids (mostly LiCl) by 
standard Schlenk tube filtration techniques. The filtrate was evapo­
rated to dryness to yield a sticky brown solid, which on heating, 40-70° 
at 1O-4 cmHg, yielded the highly volatile purple Mo(NMe2)+ The 
latter was collected on the probe of a cold finger cooled with solid CO2. 
Mo(NMe2J4 obtained in this manner was collected by washing the 
probe with pentane. The brown residues (crude Mo2(NMe2J6) were 
then extracted with hexane (100 ml) and pentane (25 ml), filtered, 
and dried. Upon heating to 40-70° at 1O-4 cmHg more Mo(NMe2)4 
sublimed and was collected as above. This process was repeated a 
further two times until only a trace of Mo(NMe2)4 sublimed. The 
residue was then heated to 100-120° at 1O-4 cmHg for 6 h during 
which time the yellow crystalline solid Mo2(NMe2)6 sublimed (2.4 

g). 
Mo2(NMe2)6 can be recrystallized from hexane or toluene solu­

tions. Note that Mo2(NMe2J6 is an exceedingly oxygen- and mois­
ture-sensitive compound and reacts with many common organic sol­
vents (e.g., CS2, acetone, alcohols, CHCl3, CCI4). However, 
Mo2(NMe2)6 is appreciably soluble in alkane solvents and appears 
indefinitely stable at room temperature providing it is kept under 
vacuum or stored under an inert atmosphere such as N2. 

Preparation of Mo2(N(CDa)2^. As in procedure (a) above using 
LiN(CD3)2. Parent ion at m/e 492 in the mass spectrum corresponded 
to Mo2(N(CD3)2)6 (based on 96Mo). 

Preparation of Hexakis(diethylamido)dimolybdenum(IU). MoCl3 
(17.7 g, 87 mmol) was added in portions to an ice-cooled magnetically 
stirred solution of LiNEt2 (260 mmol) in hexane (100 ml), ether (150 
ml), and THF (150 ml) over a period of 1 h. An exothermic reaction 
occurred. The reaction mixture was then allowed to warm to room 
temperature and stirred for a further 8 h at which time the solvent was 
stripped off. The solids thus formed were dried at 40°, 10 -4 cmHg, 
for 2 h to ensure complete removal of THF and HNEt2. Extraction 
with hexane (150 ml) and pentane (50 ml) in the manner previously 
described for the preparation of Mo2(NMe2)6 yielded a brown sticky 
solid from which a purple liquid, Mo(NEt2)4, distilled at 100-120°, 
1O-4 cmHg. The latter was collected and the residue containing 
Mo2(NEt2)6 was again extracted with hexane (50 ml) and pentane 
(25 ml). At 100-120°, 10~4 cmHg, some Mo(NEt2)4 again distilled. 
This was collected, and the brown residues were then heated to 
140-170° at 10-4 cmHg for 6 h during which time a yellow crystalline 
solid, Mo2(NEt2)6, sublimed. This solid was scraped loose from the 
sublimer, dissolved in hexane (20 ml), and crystallized by slowly 
cooling to -78°. This yielded Mo2(NEt2)6 as a pale yellow crystalline 
compound (1.2 g). Anal. Calcd for Mo2(NEt2)6; C, 46.14; H, 9.68; 
N, 13.46. Found: C, 45.88; H, 9.36; N, 13.21. Parent ion in the mass 
spectrum at m/e 624 corresponds to Mo2(NEt2)6

+ (based on 96Mo). 

Preparation of Hexakis(ethylmethylamido)dimolybdenum(III). 
MoCl3 (11.2 g, 55 mmol) was treated with LiNMeEt (165 mmol) in 
hexane (60 ml), ether (150 ml), and THF (150 ml) in a directly 
analogous procedure to that previously described for the preparation 
of Mo2(NEt2)6. Extraction with hexane/pentane and subsequent 
sublimation, 50-80°, 1O-4 cmHg, gave purple Mo(NMeEt)4 which 
was collected on a probe cooled with liquid nitrogen. Extraction of the 
residue with hexane/pentane and sublimation at 100-130°, 1O-4 

cmHg, gave a yellow waxy solid. Crystallization from hexane gave 
Mo2(NMeEt)6 as a crystalline substance (1.0 g) Anal. Calcd for 
Mo(NMeEt)6: C, 40.01; H, 8.95; N, 15.55. Found: C, 39.77; H, 8.76; 
N, 15.39. Parent ion at m/e 540 in the mass spectrum corresponds to 
Mo2(NMeEt)6

+ (based on 96Mo). 
Attempted Thermolysis OfMo(NEt2)+ Mo(NEt2J4 (1 g) was dis­

solved in hexane (10 ml), ether (10 ml), and THF (10 ml) to give a 
deep purple solution. The solution was then heated to reflux for 3 h. 
Upon removal of the solvent a purple viscous liquid remained. This 
was distilled at 80-100°, 1O-4 cmHg, and was shown to be Mo(NEt2J4 
by 1H NMR spectroscopy. No significant decomposition was observed 
and no Mo2(NEt2)6 was detected. 

Reaction of Mo(NEt2J4 with LiNEt2. Mo(NEt2J4 (1.0 g) was dis-
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solved in hexane (15 ml) and a solution of LiNEt2 (0.5 g) in THF (15 
ml) was added. The solution was refluxed for 4 h at which time the 
solvent was stripped off to give a purple sticky solid. Upon heating this 
residue to 80-100°, 10 -4 cmHg, Mo(NEt2U distilled off. This was 
characterized by 1H NMR spectroscopy. At 140°, 10~4 cmHg, 
LiNEt2 sublimed as a white crystalline solid. No Mo2(NEt2)6 was 
detected. 

Reaction of Mo2<NMe2)6 with Ph2NH. Mo2(NMe2J6 (0.515 g, 1.13 
mmol) was dissolved in benzene (10 ml) in a round-bottomed flask 
fitted with a condenser and containing a magnetic stirring bar. To this 
solution Ph2NH (0.191 g, 1.13 mmol) dissolved in benzene (20 ml) 
was added with stirring. The solution was heated to reflux for 4 h at 
which time the solvent was stripped off. A sample of the solids re­
maining was examined by 1H NMR spectroscopy which suggested 
that only pure Mo2(NMe2)6 and Ph2NH were present; i.e., no ami-
nolysis had occurred. Heating this mixture to 40° at 1O-3 cmHg 
caused Ph2NH to sublime leaving behind pure Mo2(NMe2)6. 

Reaction of Ji-Bu4N
+I- with Mo2(NMe2J6. Mo2(NMe2)6 (0.397 

g, 0.87 mmol) and M-Bu4N
+I- (0.321 g, 0.87 mmol) were placed in 

a 25-ml round-bottomed flask fitted with a condenser and a magnetic 
stirrer. Toluene (15 ml) was added and the solution was refluxed for 
3 h. The solution was cooled slowly to —10° which resulted in the 
formation of white crystals. These were removed by filtration and 
identified as ^-Bu4NI. The filtrate was evaporated to dryness and 
examined by 1H NMR spectroscopy which indicated the presence of 
Mo2(NMe2)6 contaminated with H-Bu4NI. Recrystallization from 
toluene gave pure Mo2(NMe2J6. 

Determination of Crystal Structure. A yellow crystal of approximate 
dimensions 0.3 X 0.2 X 0.2 mm was sealed in a capillary with epoxy 
glue. An alignment photograph was taken on a Syntex Pl four-circle 
automatic diffractometer, and 15 reflections from this photograph 
were used in the automatic centering procedure. The peak widths at 
half-height for several of these reflections were measured in oj-scans 
and found to be about 0.15°. Least-squares refinement of the 15 re­
flections gave an orientation matrix for calculation of setting angles 
and cell parameters. A monoclinic cell, later shown by systematic 
absences and successful refinement to belong to space group P2\jc, 
was used. The cell dimensions are: a = 11.461 (3) A, b = 12.052 (4) 
A, c = 15.409 (3) A, 8 = 101.83 (2)°, and V = 2083.3 (10) A3. For 
Z = A, density (calcd) = 1.454 g cm -3. 

Data were collected at 23 ± 1 ° using the 6-26 scan technique. Scan 
speeds varied from 4 to 24° min-1 depending upon the intensity of the 
reflection. Scans of each peak were made from 0.7° below Kai to 0.8° 
above Ka2. Three reflections were used as standards and their in­
tensities were periodically monitored. All three decreased linearly 
during data collection with a total drop of ~30%, indicating crystal 
decomposition. All reflections remained intense enough to complete 
data collection on the same crystal. 

Mo Ka radiation, filtered by a graphite crystal monochromator, 
gave 3041 reflections in the 26 range 0-45°. During data reduction, 
a linear correction for crystal decomposition was made, resulting in 
1897 reflections with F0

2 > 3<r(F0
2) which were used to solve and 

refine the structure. 
The positions of two molybdenum atoms were taken from a three-

dimensional Patterson map23 and their positional and thermal pa­
rameters were refined in two cycles of full-matrix least-squares re­
finement. The resulting residuals were./?i = 2 | |F 0 | — |F C | | / 2 |F 0 | 
= 0.264 and R2 = (2w{\F0\ - |Fc|)

2/2wF0
2)i/2 = 0.354. A differ­

ence electron density map then revealed all non-hydrogen atoms. 
Three cycles of isotropic refinement followed by three cycles of an­
isotropic refinement resulted in residuals of 0.057 and 0.075. In a final 
difference electron density map peaks which might correspond to a 
few of the methyl hydrogen atoms were observed. However, since the 
majority could not be found and rotational disorder of the methyl 
groups is very likely, no hydrogen atoms were included in the refine­

ment. The error in an observation of unit weight was 1.57 when a value 
of 0.07 was assigned to the parameter p used in the weighting function. 
Scattering factors from Cromer and Waber24 including anomalous 
dispersion contributions25 for molybdenum were used. No unusual 
trends were observed in the weighted residuals as a function of re­
flection number, X- ' sin 8, | F0 \, or various classes of Miller indices. 
The observed and final calculated structure factor amplitudes, ex­
pressed as 10|Fo| and 10|FC|, are available.26 
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