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The reaction of [Cp(CO);M]; (Cp’ = °-C;Me;; M = Mo, W) with elemental sulfur results in the formation
of three different isomers of Cp’,M,S, as well as a carbonyl-containing complex, Cp’y(CO);W,S;. Distribution
of the reaction products depends on the reaction conditions. The structures of Cp’;Mo,(u-S,) (u-S), and
Cp’5(C0),W,S; have been established by X-ray crystallography. Cp’;Moy(i-S,)(u-S), contains three bridging
sulfur ligands, one of which representing a u-S, group. Cp’5(C0O);W,S; consists of a planar Wy(u-S), core.
The Cp’ groups are in an antiparallel orientation with two terminal CO groups coordinated to one W atom
and only one terminal sulfur ligand coordinated to the other. Both CO groups can be replaced by one

sulfur ligand, giving two isomers of Cp’yW,S,.

Introduction

The binuclear metal carbonyl derivatives [#3-C;R;M-
(CO),;l; M = Cr, Mo, W; R = H, CH;)! are models for
unsaturated metal cluster compounds. The high reactivity
of the metal-metal triple bond has been already demon-
strated in a variety of addition? and substitution® reactions
toward both electrophilic and nucleophilic reagents. In
order to continue our studies on the reactivity of the
metal-metal triple bond vs. ligands containing heteroat-
oms,? we selected elemental sulfur because of its versatile
ligand behavior and its tendency to form cluster com-
pounds.* Whereas the chemistry of [CsH;Mo(CO),], has
been studied preferentially, little is known on comparative
studies in the Cr, Mo, and W triad,’® especially of the
pentamethylcyclopentadienyl derivatives.®

In a preliminary paper we described the reaction of
[CsMeg(CO),Cr], and elemental sulfur, which gives as the
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references cited therein.

(3) Wachter, J.; Mitschler, A.; Riess, J. G. J. Am. Chem. Soc. 1981, 103,
2121. Brunner, H.; Meier, W.; Wachter, J. J. Organomet. Chem. 1981,
210, C23. Slater, S.; Muetterties, E. L. Inorg. Chem. 1981, 20, 946.

(4) Vahrenkamp, H. Angew. Chem., Int. Ed. Engl. 1975, 14, 322.

(5) Knox, S. A. R.; Stansfield, R. F. D.; Stone, F. G. A.; Winter, M. J ;
Woodward, P. J. Chem. Soc., Chem. Commun. 1978, 221.

(6) King, R. B,; Igbal, M. Z,; King, A. D., Jr. J. Organomet. Chem.
1979, 171, 58.

0276-7333/82/2301-1107$01.25/0

only isolable product a complex of composition
(CsMe;)oCr,S;." The presence of three different types of
sulfur ligands has been established by X-ray crystallog-
raphy, including a novel end-on coordinated (u-S,S) di-
sulfur bridge. We wish to report here the extension of this
reaction to the Mo and W analogues I and II which results
in the formation of a variety of dicyclopentadienyldimetal
sulfides of the general formula (C;Me;),M,S, (M = Mo,
W) and (C5Me5)2(CO)2WQS3.

Experimental Section

General Data. Infrared spectra were obtained with a Beckman
4240 spectrophotometer. NMR spectra were recorded at 60 MHz
on a Varian T-60 spectrometer. Mass spectra were obtained with
a Varian 311A instrument. Elemental analyses were performed
by the Mikroanalytisches Laboratorium, Universitit Regensburg,
and by the Analytische Laboratorien Malissa & Reuter, D-5250
Engelskirchen, Germany (O, S, W). They are shown together with
physical properties in Table I.

All procedures were carried out under nitrogen with solvents
freshly distilled under nitrogen from appropriate drying agents.
Pentamethvlcyclopentadiene® as well as [CsMe;(CO);M], (M =
Mo, W)? was prepared according to published procedures.

Solution of the Structure. Rotating crystal and Weissenberg
photographs (Cu Ka) showed the crystals to be triclinic (III) and

(7) Brunner, H.; Guggolz, E.; Wachter, J.; Ziegler, M. L. J. Am. Chem.
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Table I. Selected Properties of Compounds III-VIII
yield, mol. wt.% anal. caled (found) T
compd color % caled found C H S 0

(C;Me,),Mo,(u-8,)(u-8),, IIl  dark blue 18 590.6 582 40.67 (40.65) 5.12(4.88) 21.72(21.32)

prisms
(C;Me,),Mo,(1-8,)8,, IV brown-green 10  590.6 582 40.67 (40.69) 5.12(4.25) 21.72(21.69)

needles
(C,Me,),Mo,(u-8),8,,V brown 10 590.6 582 40.67 (40.68) 5.12(4.88) 21.72(21.44)

prisms
(C,Me,),W,(CO),(1-S),S, VI green spears 45 790.3 790 33.43(32.62) 3.83(3.66) 12.17(11.91) 4.05(4.03)
(CMe),W, (1-8,)8,, VII green 8 766.4 766 31.34(30.67) 3.95(4.11)

needles
(CMe,},W,(1-S),8,, VIII red-brown 54% 766.4 766 31.34(31.30) 3.95(3.85) 16.73(16.60)

prisms

¢ Determination by field desorptlon mass spectroscopy (from toluene solution, related to *Mo and W, respectively).
b From the reaction of VI with §, in boiling toluene.

Table II. Crystallographic Data

C..H,.Mo,S, (III)

CZZHSOOZSSW2 (VI)

color

cryst type

a, A

b, A

c, A

o, deg

g, deg

v, deg

V, A

zZ

radiation used in intensity
measurement A(Mo Ka), cm™!

dark blue
triclinic
8.169 (2)
10.592 (5)
14.251 (7)
90.08 (4)
95.41(3)
107.51 (83)
1170.2

2

0.7107 (graphite monochromator)

green
monoclinic
14.632 (25)
19.203 (43)
9.000 (15)
90

4
0.7107 (Ni filter)

temp room room
space group PI-C; ShP2,/n
cryst size, mm™! 0.2x 0,15 x 0.15 0.1x 0.05x 0.05
(Mo Ka), cm™! 13.9 95.1
method of correcting for absorptn ¥ scans, empirical (7 reflns) none
diffractometer Syntex R3 AED-Siemens
diffraction geometry four circle three circle
coll reflns 6-20 6-26
no of reflns 2298 2348
independent intens 2081 (I > 2.50(1)) 1844 (I > 3q(l))
agreement between equivalent 4.71% 5.3%

reflns, Rpmerge
26 max> 29 min 2° < 20 < 50° 2° < 20 < 60°
systematic absences 0kO,k=2n+ 1,h0l,h+i=2n+ 1
R 7.5 10.6
Raniso 5.9 8.8
R, 5.4 6.1

monoclinic (VI) and provided rough lattice constants. Exact lattice
parameters for VI were calculated by least squares® from dif-
fractometrically determined 6 values of 58 selected reflections
(AED-Siemens, Mo Ka, 6-26 scans, five-value method); the
corresponding parameters of III were derived from the setting
angles of 25 machine-centered reflections (Syntex R3, Mo Kq,
6-20 scans, three-value method). Data collection was carried out
on AED-Siemens (VI) and Syntex R3 (III) diffractometers, re-
spectively. The intensities for III and VI were corrected for
Lorentz and polarization factors, for the former an empirical (¢
scans) absorption correction including seven reflections was ap-
plied. The program package for the calculations was SHELXTL,°
which were carried out on a NOVA 3 computer; plots were drawn
on a Tektronix plotter. Final refinements were performed by a
cascade-matrix procedure. The hydrogen atoms (IIT) were located
with the program HFIX (SHELXTL), only the temperature
factors being refined (U = !/strace(J; U = orthogonalized U
tensor). The anisotropic temperature factor exponent takes the
form -272(h2a*2U,; + k%*2Uy, + ... 2hka*b*Uy, + ...). Scattering
factors were those of Hanson, Herman, Lea, and Skillman.!! The

(9) Berdesinski, W.; Nuber, B. Neues Jahrb. Mineral., Abh. 1966, 104,

(10) Sheldrick, G. M. SHELXTL, An Integrated System for Solving,
Refining and Displaying Crystal Structures from Diffraction Data,
Universitat Gottingen, Federal Republic of Germany.

crystal data of III and VI are listed in Table IL

Preparations. Reaction of [CsMes(CO),Mo],, I, with S,
A mixture of 0.57 g (1 mmol) of I with 0.13 g (0.5 mmol) of Sg
and 100 mL of toluene was stirred at 45 °C for 22 h. After
concentration of the solvent to 10 mL, the solution was filtered
and transferred to a column (30 X 3 ¢m, Si0,). With toluene first
an orange red band was eluted containing a mixture of unreacted
starting material along with [CsMeg(CO);Mo],. (CsMes)sMoy(u-
S)8,, IV, and (CsMeg)oMog(u-So) (u-S),, III, were eluted with
toluene and toluene/ether (4:1) as brown and dark blue bands,
respectively. Both complexes as well as the following complexes
were recrystallized from toluene/pentane mixtures at -35 °C.

After a reaction period of 3 days the chromatographic workup
gave the following products: with toluene [C;Me;(CO);Mo}, was
eluted as an orange band followed by a dark brown band of V
and a second brown band containing IV.

Conversion of (CsMe;),Mo,(u-S;) (k-8),, IT1, into (C;Me;)-
Mo, (u-S,)8,, IV, A dark blue solution of 105 mg (0.18 mmol)
of III in 100 mL of toluene was stirred at 45 °C for 3 days. The
color changes to brown-green. The concentrated solution was
chromatographed on SiO, (column 20 X 2 cm). Complex IV was
eluted with toluene as a brown band (yield 40 mg, 38%) and

(11) Hanson, H. P.; Hermann, F.; Lea, J. D.; Skillman, S. Acta Crys-
tallogr. 1964, 17, 1040.
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Scheme I

II, M= W

Cp'a(CO4My + /5 Sg ————t————= Cp'n(CO)pW2S3 + Cp'aWa(k-S5)S;

I, M=

Mo

toluene, 45 °C, 15 h

VI Vil

+, Sg|toluene, reflux, 150

toluene, 45 °C

Cp'aMoa(#-52)52 + Cp'aMoz(k-S2){(#-S)2

CPlWa(k-S,)S, + anti-Cp'aWa(k-8)25,
Vil VIII

Cp'sMoz(#-52)Sp + ant/-Cp'aMoa(k-S)2S2

Iv III v v
toluene, 45 °C, 3 days
Cp' = 1°-CMe;
Table III. Spectroscopic Data of Complexes III-VIII
infrared (em™!, in KBr disks)
compd 'HNMR}?® 6CH3 Yco YcH YM=8 UM-8-M others
111 2.21 13785, 1023 s 420 w 380w
v 2.01 13745,1017 m 485 s 442 w 474 sh, 360 mw
A% 2.06 1378 m, 1019 m 479 s 439 w 362w
Vi 2.14, 2.07 1933, 1852 vs 1380s,1027 m 481 s 402 m 573,518,510 w
360 mw

VII 2.19 1378 ms, 1021 m 486 s 473 sh, 350 w
VIII 2.23 1379 m, 1023 m 481 s 430 vw 360 w

¢ CDC], solution: internal, Me,Si.
recrystallized from toluene/pentane (3:1) to give fine green needles:
IR (KBr) vy 485 (s), 474 (sh) em™; TH NMR écyy, 2.01 (CDCly).

A bright green band eluted with toluene/ ether (100 1) contains
ca. 15% of (CsMe;);Mo,08; which was recrystallized from tolu-
ene/pentane (3:1) to give dark green needles. Anal. Caled for
CyH3yMo,084: C 41.80; H, 5.26; mol wt, 574.6. Found: C, 40.54;
H, 5.20; mol wt, 566 (*2Mo, mass spectroscopic).

Reaction of [C;Me;CO),W],, I, with S;. A mixture of 375
mg (0.5 mmol) of II with 64 mg (0.25 mmol) of Sg and 100 mL
of toluene was stirred at 45 °C for 17 h. The concentrated solution
was filtered and chromatographed on SiO, (column 30 X 3 cm).
(CsMe;), W4 (CO),S,, VI, was  eluted with toluene/pentane (4:1)
as a green band, well separated from an orange band of
[CsMe;(CO);W1,. With toluene/ether (10:1) a green band of
(CsMes),W,S,, VII, was eluted.

Reaction of (C;Me;),(CO),W,S;, VI, with Sg. The solution
of 200 mg (0.25 mmol) of VI and 11.4 mg (0.044 mmol) of Sg in
100 mL of toluene was boiled under reflux for 15 h. The solution
was cooled to room temperature and concentrated to 10 mL.
Chromatography on SiO, (column 30 X 3 cm) gives VIII as a
red-brown product (eluted with toluene) and VII as a green
product (eluted with toluene/ether (30:1)) in 54 and 18% yeld,
respectively. VII is in its spectroscopic properties identical with
the green product obtained from the direct reaction of Sg with
[CsMes(CO),W1,. Anal. Caled for Co0HgoW,S, (VII): C, 31.34;
H, 3.95; mol wt, 766.40. Found: C, 30.75; H, 3.49; mol wt, 766
(}%W, mass spectroscopic).

Results and Discussion

The reaction of Sg with [C;Meg(CO);Mo]s, I (molar ratio 0.5:1),
has been carried out in toluene at 45 °C with reaction times of
22 h and 3 days, respectively. As shown in Scheme I, three
products of the general formula (CsMeg),Mo,S, can be isolated,
differing in color as well as in physical properties. Compounds
I[I-VIII have been characterized by elemental analysis and mass
spectra (FD technique). After 22 h a dark blue complex, III, is
isolated together with a green-brown complex, IV, in 30 and 15%
yield, respectively. No blue product, III, is formed after 3 days,
but 12% of IV together with 10% of a dark brown complex, V,
is formed. The 'H NMR spectra (Table III) indicate a symmetric
structure with respect to the C;Me; groups for compounds ITI-V

Chart 1. Isomers of Formula Cp’,Mo,S, (Cp' = ns-C sMe;)

8
ua//_.'\‘m_c,'

Y

Cp'e Hn//— Mo—Cp Cp'e

7

\s/

u._e,

B c
"
Cp’ 8 Cp’ °p'
\MG/L\\MO/ M ./_. /
SN SN
v v

(6 (CDCly)): 2.21 (III), 2.01 (IV), 2.06 (V).

For the blue complex III terminal Mo=S ligands can be ruled
out because there are no IR absorptions between 500 and 450 cm™,
a region typical of strong vy—g stretching vibrations.’> In order
to distinguish between the remaining three isomers with only
bridging sulfur ligands (Chart I), an X-ray crystallographic study
was carried out, showing that this complex belongs to the
structural type B (vide infra).

In contrast complexes IV and V exhibit strong vy,—g stretching
vibrations at 485 and 479 cm™, respectively. Complex V agrees
in color and spectroscopic properties (Table III) with the well-
investigated complex anti-(CsMeg)sMo,(u-S),Ss, the only previ-
ously known representative of transition metal sulfides of the
composition Cp,M,S,.'3 Complete structural characterization
of this dark brown complex has been carried out.!4 III, when
stirred 3 days at 45 °C in toluene, gives IV in 38% yield. The
presence of terminal sulfur in IV is established by a strong IR
absorption at 485 cm™ with a shoulder at 474 cm™. The oxidation

(12) Newton, W. E.; Chen, G. J.-J.; McDonald, J. W. J. Am. Chem.
Soc. 1976, 98, 5387.

(13) Beck, W.; Danzer, W.; Thiel, G. Angew. Chem., Int. Ed. Engl.
1973, 12, 582, Danzer, W.; Thesis, Universitat Minchen, Federal Re-
public of Germany, 1976. Fehlhammer, W. P., personal communication.

(14) Rakowski DuBois, M.; DuBois, D. L.; Van Derveer, M. C.; Hal-
tiwanger, R. C. Inorg. Chem. 1981, 20, 3064.
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Figure 1. ORTEP drawing of the molecular structure of
(CsMes)sMog(u-S,) (u-S)s, 111

state of both Mo atoms seems thus to be preserved, for opening
of the S,* bridge would require a change in the oxidation state.
Mo complexes such as V or its syn isomer are not formed in this
reaction. As a byproduct, probably caused by traces of oxygen
or water impurities in the reaction mixture, a complex of com-
position (C;Mes)oMo,08; can be isolated, in which one terminal
sulfur is replaced by a terminal oxygen as indicated by IR ab-
sorptions at 903 and 484 cm™, respectively. Correspondingly, two
CH, resonances are found in the 'H NMR spectrum at 1.98 and
1.92 ppm, The color of (CsMe;)sMoy0S; is green in contrast to
the red color of compound (CsMes);Mo,(u-S),0,, a color which
is characteristic for other complexes with two sulfide bridges.'**
This interconversion of bridging sulfur into terminal sulfur to our
knowledge is unique for Mo-S cluster compounds. The reverse
step has been demonstrated by the reaction of [C;Me;Mo(u-S)S],
with H,, C;Hy, and C3H; and is combined with a change of the
metal oxidation state.'17

The same reaction starting from [CsMes(CO),W],, 11, gives after
17 h in 45% yield a green product, VI, of composition
(CsMe;),(CO)WoS, (IR v 1933 and 1852 cm™). A strong IR
vibration at 481 em™ indicates a terminal W=S ligand, and the
'H NMR spectrum exhibits two inequivalent sets of methyl groups
(6 (CDCly) 2.14, 2.07). These data as well as additional IR fre-
quencies at 573, 518, 510, and 402 cm™ are consistent with the
structure established by an X-ray examination (vide infra). As
a byproduct the green complex VII is formed in 8% yield.

VI reacts with an excess of sulfur in boiling toluene (15 h) with
formation of two (C;Me;),W,S, isomers. The green product VII
is obtained in 18% yield (ry._g 486 cm™; dcy, (CDCly) 2.19) and
the brown complex VIII in 54% yield (»y._g) 481 cm™; bcn, (CDCly)
2.23). Substitution of both CO groups in anti-(C;Me;)o(CO)oWoSs,
VI, leads to the formation of anti-(C;Me;),W,(1-S),S,. An anti
structure with two S*" bridges is also assumed for VIII on the basis
of a color comparison with V.

It is not clear whether one S, bridge or two S* bridges are
present in complex VII. The former seems to be more likely
because of the similarity of the W compound VII with its Mo
analogue IV: the green color as well as a shoulder at 473 cm™
in the IR spectrum, absent in all the other compounds, is common
for both complexes. Furthermore, the CH; resonances in the 'H
NMR spectrum for both IV and VII are slightly shifted to a higher
field when compared to those for V and VIII, respectively. In
any case, synthesis of VII and VIII via VI starting from
[CsMe;(CO); W], represents a stepwise oxidation of the W atoms.
However, the formation of VII from VI must be accompanied by
an intramolecular redox process if a disulfide bridge is assumed
in VII.

X-ray Diffraction Studies of (C;Me;s);Mos(u-S;) (u-S)y, IT1,
and (C;Me,),(CO),W,(u-S),S, VI. oRTEP drawings of the mo-
lecular structure of III and VI are shown in Figures 1 and 3,

(15) Stevenson, D. L.; Dahl, L. F. J. Am. Chem. Soc. 1967, 98, 372.
Huneke, J. T.; Enemark, J. H. Inorg. Chem. 1978, 17, 3698.

{(16) Rakowski DuBois, M.; Van Derveer, M. C.; DuBois, D. L.; Hal-
tiwanger, R. C.; Miller, W. K. J. Am. Chem. Soc. 1980, 102, 7456.

(17) DuBois, D. L.; Miller, W. K.; Rakowski DuBois, M. J. Am. Chem.
Soc. 1981, 103, 3429,
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Figure 2. Stereoview of (C;Meg)sMo(u-S,) (u-S), viewed down
along the metal axis.

c2o0

ca

Figure 3. ORTEP drawing of the molecular structure of
(C5Me5)o(COYWy(u-S),S, VI.

respectively. Positional parameters and selected bond distances
and angles for both structures are listed in Tables IV-VIL.
(C;Me;)Moy(u-S,)(u-S); crystallizes from a mixture of tolu-
ene/ pentane (2:1) in space group P1-C! with molecular symmetry
D,. The dominating feature of the structure is the nearly
square-planar arrangement of the four sulfur atoms, perpendicular
to the metal-metal bond and parallel to the two (1*-C;Me;) planes.
Two types of sulfur ligands are found: (i) a u-5*-3, ligand, S-
(3)-S(4), (i) two u-S* ligands, S(1) and S(2). The disulfide bridge
is symmetric with an average metal-sulfur bond length of 2.446
A and an M-S-M angle of 64.1°, which is in contrast to the
asymmetric coordination of the disulfide bridges in the known
examples of Mo cluster sulfides.”® The observed S-S bond length
of 2.095 (7) A is close to that in other S, complexes.’® The Mo-S
bond lengths of S(1) and S(2) are only slightly longer than those
in corresponding Mo(V) complexes (see Table VIII), but there
is a remarkable reduction of the angle of the S* bridge from values
about 76 to 66.8° in III. The same observation was made for the
u-8% group in (CHCsH)sMog(u-8)5(u-SCH;),. '8 Concomitantly
a contraction of the metal-metal bond to 2.599 (2) A is found.
This short distance is within the range typical for Mo=Mo
bonds, like in a binuclear alkoxy-bridged Mo(IV) complex (d
(Mo-Mo) = 2.523 (1) A.)® Another example of a Mo—=Mo bond
in a Mo(IV) complex has been proposed in bis((gz-sulfido)(thio-
carboxamido)(di-n-propyldithiocarbamato)molybdenum) with a
distance of 2.705 (2) A.*» Formation of a formal metal-metal
double bond is further supported by electron bookkeeping in order
to explain the diagmagnetism of ITII. As can be concluded from
Table VIII, the metal-metal interaction seems to be affected by

(18) Miiller, A.; Nolte, W. O.; Krebs, B. Inorg. Chem. 1980, 19, 2835.
Miiller, A.; Pohl, S.; Dartmann, M.; Cohen, J. P.; Bennett, J. M.; Kirchner,
R. M. Z. Naturforsch. B.: Anorg. Chem., Org. Chem. 1979, 34B, 434.

(19) Miller, A.: Jaegermann, W. Tnorg. Chem. 1979, 18, 2631.

(20) Chisholm, M. A,; Cotton, F. A; Extine, W. M.; Reichert, W. W.
Inorg. Chem. 1978, 17, 2944.

(21) Ricard, L.; Estienne, J.; Weiss, R. Inorg. Chem. 1973, 12, 2182.

(22) Bunzey, G.; Enemark, J. H. Inorg. Chem. 1978, 17, 682.
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Formation of Different Cp’sM,S, Isomers

Table VI.

Mo(1)-Mo(2)
Mo(1)-S(1)
Mo(1)-S(2)
Mo(1)-S(3)

Mo(2)-S(1)
Mo(2)-S(2)
Mo(2)-S(3)

S(3)-S(4)
S(1)-8(2)°

Mo(1)-Mo(2)-S(1)
Mo(1)-Mo(2)-S(2)
Mo(1)-Mo(2)-S(3)

Mo(1)-S(1)-Mo(2)
Mo(1)-8(2)-Mo(2)

S(1)-Mo(1)-S(2)
S(1)-Mo(1)-S(3)
S(1)-Mo(1)-S(4)
S(1)-Mo(2)-S(2)

¢ Nonbonded distances.

Bond Lengths (d)

2.599 (2) Mo(1)-S(4) 2.449 (5)
2.361 (4) Mo(1)-C(1) 2.31(1)
2.353 (4) Mo(1)-C(3) 2.33 (1)
2.446 (4)
2.362 (5) Mo(2)-S(4) 2.443 (4)
2.362 (4) Mo(2)-C(11) 2.29 (2)
2.448 (5) Mo(2)-C(13) 2.33 (2)
2.095 (7) S(1)-S(3)¢ 3.054
3.098
Bond Angles (w)
56.6 (1) Mo(1)-Mo(2)-S(4) 58.0 (1)
56.4 (1) Mo(2)-Mo(1)-8(1) 56.6 (1)
57.9 (1) Mo(2)-Mo(1)-S(2) 56.7 (1)
66.8 (1) Mo(1)-S(3)-Mo(2) 64.1 (1)
66.9 (1) Mo(1)-S(4)-Mo(2) 64.2 (1)
82.2 (1) S(1)-Mo(2)-S(3) 78.8 (2)
78.9 (1) S(1)-Mo(2)-S(4) 111.6 (2)
111.4 (2) S(2)-Mo(1)-S(3) 111.6 (2)
82.0 (1) S(2)-Mo(1)-S(4) 78.5 (2)
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Mo(1)-C(5)
Mo(1)-C(7)
Mo(1)-C(9)

Mo(2)-C(15)
Mo(2)-C(17)
Mo(2)-C(19)

5(2)-8(4)°

Mo(2)-Mo(1)-5(3)
Mo(2)-Mo(1)-S(4)

Mo(1)-5(3)-S(4)
Mo(2)-8(3)-S(4)

S(2)-Mo(2)-5(3)
S(2)-Mo(2)-S(4)
S(3)-Mo(1)-5(4)
S(3)-Mo(2)-S(4)

Selected Bond Lengths (d, A) and Bond Angles (w, Deg) for (n-C,Me,),Mo,(1-8,)(u-S),

2.34 (1)
2.38 (2)
2.36 (2)
2.37 (2)
2.34 (1)
2.33 (1)
3.039

58.0 (1)
57.8 (1)

64.7 (2)
64.5 (2)

111.2 (1)
78.4 (1)
50.7 (2)
50.7 (2)

Table VII. Selected Bond Lengths (d, A) and Bond Angles (w, Deg) for (n-C,Me,),W,(CO),(u-S),S
Bond Lengths (d)
W(1)-W(2) 3.045(2) W(1)-C(2) 1.66 (6) W(2)-S(2) 2.272 (9)
W(1)-S(2) 2.430(9) W(1)-Cp'(cent) 2.02 (4) W(2)-8(3) 2.285 (9)
W(1)-S(3) 2.450(10) W(2)-S(1) 2.13 (1) W(2)-Cp’(cent) 2.06 (4)
W(1)-C(1) 1.85 (4)
Bond Angles (w)
W(1)-W(2)-S(1) 112.6(3)  W(2)-W(1)-8(2) 47.4(2)  W(2)-W(1)-Cp(cent) 128.2 (8)
W(1)-W(2)-S(2) 51.9 (2) W(2)-S(1)-S(3) 47.6 (2) W(1)-S(2)-W(2) 80.7 (3)
W(1)-W(2)-8(3) 52.4 (2) W(2)-W(1)-C(1) 108 (1) W(1)-S(3)-W(2) 80.0 (3)
W(1)-W(2)-Cp'(cent) 131.0 (8) W(2)-W(1)-C(2) 109 (2)
S(2)-W(1)-8(3) 95.0 (3) S(1)-W(2)-8(2) 104.2 (4) S(2)-W(2)-S(3) 104.3 (3)
C(1)-W(1)-C(2) 70 (2) S(1)-W(2)-S(3) 105.8 (4)

Table VIII. Relevant Structural Parameters of Selected Sulfido-Bridged Molybdenum Complexes
complex? M-M, A M-S(bridge), A M-S-M, deg ref
Cp',Mo,(x-8),8, 2.905 (1) 2.297 (2) 78.38 (6) 14
syn-[Mo,(u-S),S,(S,C,H,),1*~ 2.863 (2) 2.320(3) 76.22 (9) 22
anti-[Mo,(u-8),8,(S,C,H,),]*" 2.878 (2) 2.321 (2) 76.72 (7) 22
Mo, (1-8),(n*-SCNR,),(S,CNR,), (R = n-C,H,) 2.705 (2) 2.242 (2), 2.340 (2) 72.3 (1) 21
(CH,C,H,),Mo,(u-S),(1-SCH,), 2.582 (1) 2.3562 (2) 66.58 (8) 16
Cp',Mo,(1-8,)(k-8), 2.599 (2) 2.357 (4) 66.8 (1) this work

@ Cp' = 15-C_Me,.

the formal oxidation state of the metal, as well as by the nature
of the sulfur bridges. The incorporation of one disulfide and two
sulfide bridges in molecule III, which consequently leads to the
formation of a relative short metal-metal bond, is quite unusual
in the chemistry of group 6B metal sulfides. In this way the
unfavorable Mo(V) configuration with four sulfide bridges has
been avoided.'” An analogous principle was recently found in
(CsMe;),Cr,S; with the only exception that one u-S% ligand is
replaced by an 7'(u-S,S) ligand.”

(CsMe;),(CO) Wo(u-S),S crystallizes from a mixture of tolu-
ene/pentane (1:1) as dark green spears in space group C3,—P2,/n.
The characteristic feature of the structure is the anti arrangement
of all nonbridging ligands around the W,(u-S), plane, leaving both
tungsten atoms in different coordination states. The originally
bridging carbonyls are converted into terminal functions on one
side (W(1)) of the molecule, whereas on the other side (W(2)) there
is only one terminal sulfur ligand. If a direct W-W bond is

two tungsten atoms achieve d'® and d® electron configuration,
respectively. This mixed-valence state is balanced by the sulfide
bridges: S(2) and S(3) are bonded more closely to the
“electron-deficient” center W(2) (mean 2.278 A) than to W(1)
{mean 2.440 A). The W-S-W angle (average 80.3°) still seems
indicative of a direct bond between the metal atoms.

Registry No. I, 12132-04-6; 11, 70634-77-4; 111, 82167-40-6; IV,
82167-39-3; V, 78085-81-1; VI, 82167-38-2; VII, 82167-37-1; VIII,
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Supplementary Material Available: Tables of observed and
calculated structure factors and bond distances and angles for
compounds IIT and VI (29 pages). Ordering information is given
on any current masthead page.

postulated, although the found distance of 3.045 (2) A is very long
compared to known values of S-bridged W(IV) complexes,? the

(23) Bino, A.; Cotton, F. A,; Dori, Z.; Sekutowski, J. C. Inorg. Chem.
1978, 17, 2946.



