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more difficult phosphine dissociation from the hydridoacyl
compounds.

On the basis of the above observations, we believe that
both the reductive elimination and the decarbonylation
reactions of the complexes 2 proceed from a common un-
saturated intermediate, 6, formation of which is rate de-
terming (Scheme I). Because the hydridoalkyl reductive
elimination step in the decarbonylation process is irre-
versible, whereas the hydridoacyl reductive elimination is
reversible, the decarbonylation process usually predomi-
nates. However, if the equilibrium is interrupted either
by removal of the product aldehyde or the product Rh(I)
complex, e.g., by oxidative addition of hydrogen as in the
hydroformylation process, the hydridoacyl reductive elim-
ination prevails.

We are currently actively pursuing further clarification
of these reactions as well as studying other reactions of
hydridoacylrhodium complexes, notably, hydroacylation.
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Summary: Thermal rearrangement of (CzH,CH,),VSg
gives high yields of (CsH,CH,),V,S;5 (1) whose structure
consists of equivalent (CsH,CH;)V units bridged by u-S,
p-n'-S,, and p-n2-S, ligands.

It has previously been reported that (C;Hg),VS; rear-
ranges in refluxing benzene solutions to give a poorly
soluble product analyzing as [(C;H;),V5S5],.! While the
precursor complex has been structurally characterized as
a pentasulfido chelate,!? the nature of the bimetallic
product, which can also be prepared by treatment of
(CsH;)V(CO), with sulfur,® remains a mystery. This
problem attracted our attention because of its relevance
to the coupling reactions we recently observed in our
studies on the desulfurization of (CsH,R),TiS;.%® X-ray
diffraction quality crystals of [(CsHs),V,S;], have eluded
us and others;! however, suitable single crystals of
[(C;H,CHy),V,S;5],, (1) were easily grown from dichloro-
methane-methanol solutions.
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Figure 1. An ORTEP view of the (CsH,CHg),V,Ss molecule
showing the labeling scheme. The thermal ellipsoids are drawn
at the 50% probability level.

Figure 2. A view of the V;8; core in (C;H,CHjy);V2S; looking
directly along the V1-V2 vector. In 19% of the molecules, S3*
is present and S3 is absent. Thus, in the minority case, the S3*,
S5 pair is the u-n2-S, ligand and S4 is a x-S ligand.

Table I. Selected Bond Distances (A) and Angles (Deg)
for (C,H,CH,),V,S; (1)

(a) Bond Distances

Vi-v2 2.658 (1) Vi-85 2.267 (1)
V1-S1 2.316 (1) V2-85 2.263 (1)
V2-82 2.315 (1) V1-83* 2.440(6)
V1-S3 2.391 (2) V2-83* 2.414 (5)
V2-83 2.401 (1) S1-S2 2.023(2)
V1-84 2.348 (1) 53-84 1.956 (2)
V2-84 2.363(2)
(b) Bond Angles
V1-83-V2  67.4(0) V2-S4-83  67.0(1)
V1-84-V2 68.9(0) S1-Vi-V2  82.1(0)
V1-85-V2 71.9(0) 82-V2-V1 82.2(0)
V1-83*-V2  66.4(1) 83-V1-V2 56.5(0)
V1-81-82 97.9(1) 83-V2-V1  56.1(0)
V2-82-81 97.8(1) 84-V1-V2  55.7(0)
V1-83-84 64.5(1) S4-V2-V1  55.5(0)
V1-84-83 66.8(1) S5-V1-V2  54.0(0)
V2-83-S4 64.4(1) S5-V2-V1  54.1(0)

[(CEH-ICHE)2VZSB]H is Easi].y pl‘ep&Ied Via the the]'mal
rearrangement of (C;H,CH;),VS; in refluxing toluene (7
mL/mmol of (C;H,CH,),VS;) (eq 1). After 3 h, the hot

(CeHL,CHy),VS; — 0%, (CHCH),V,S; (1)

toluene solution was filtered, concentrated, and cooled to
-25 °C, giving analytically pure black crystals of 1 in 85%
yield.®

The structure’ of 1 is depicted in Figure 1, and a view
of the V,S; core is shown in Figure 2; important bond

(6) Anal. Calcd for CypHy,SgV, (1): C, 34.28; H, 3.36; S, 38.13; V, 24.23.
Found: C, 34.28; H, 3.46; S, 38.03; V, 23.89. IR (mineral oil mull): 1087
(m), 1052 (m), 1034 (m), 931 (w), 917 (w), 889 (w), 815 (s), 602 (w), 566
(m), 534 (m), 469 (w), 430 (w) em™. '*H NMR (CDCly): &6.59 (2 H, m),
6.38 (2 H, m), 2.38 (3 H, s). EI mass spectrum (70 eV), m/e (relative
1nten81ty} 420 {37. Mﬂ 356 {100. ClgH“Ssvg }

(7) (CsHCHy), V.S (1) in the monoclinic space group C2/c
with a = 12.703 (B)A b =17917(2) A, c = 31.30 (1) A, 8 = 102.22 (4)°,
V=230759A3 Z =8,and u = 18.13 cm™ (Mo Ka, A = 0.71073 4). A
total of 3057 reﬂecticms (3° = 26 = 50°) were collected on a Nicolet R3
diffractometer of which 2696 reflections were unique. Of these reflections,
2300 with F, = 2¢(F,) were used in the subsequent solution and refine-
ment. The final discrepancy factors are 4.63 and 4.22% for Rpand R 5,
respectively.

© 1982 American Chemical Society



1552 Organometallics, Vol. 1, No. 11, 1982

Table II. Bridging Disulfur Ligands Observed in
Binuclear Cyclopentadienyl Complexes @

M2SZ
geometry descriptor (e7/8),, examples (ref)
v skewwum' 1 (Cp'MoS,),S, (12)

! iso-u-n' 1 (Cp"Cr),S, (11)
Yy

/S—S\ syn-u-n' 1-2 (Cp'V),5
== es M [CpFe(u-SEt)],S, (13)
M

\5—5\ anti-u-n' 2 [CpMn(CO),1,S, (14)

M
"~ wmint 2 [Cp'MoS,LS, (12)
.

W25 uen’? 3 (CoV).S,

il (Cp"Cr),8; (11)

@ Cp=C,H,;Cp' = C,H,CH,;Cp" = C(CH,),

distances and angles are collected in Table I. The mol-
ecule is composed of two (methylcyclopentadienyl)vana-
dium fragments symmetrically bridged by three different
types of sulfur ligands. The methylcyclopentadienyl lig-
ands are inclined at an angle of 21° toward each other and
away from the u-n'-S, ligand. The methyl groups are also
positioned so as to minimize their interaction with this
same sulfur ligand. The V(1)-V(2) bond distance of 2.658
A is considerably longer than that observed for (CzHj),-
V,(CO); which is 2.46 A.®

Bridging the two vanadium atoms are x-S (S5), u-'-S,
(81, 82), and u-#2-S, (S8, S4) ligands. The u-S and u-7%-S,
ligands are crystallographically disordered with regards to
the position of S3 (81% occupancy) and S3* (19% occu-
pancy),’ these sites being related by the pseudomirror
plane defined by V1, V2, S1, and S2. S1.-S2 is parallel
with the V1-V2 axis, and the V-S(1 or 2)-S(2 or 1) angles
are close to 98°. While the S3-S4 distance of 1.956 (1) A
is the shortest observed for any disulfur ligand, this result
is complicated by the disorder prcblem involving S3. In
keeping with the bonding formalism developed to describe
Fe,y(u-S;)(CO)q,10 this u-9%-S; ligand functions as a net
six-electron donor. It is intriguing that the S-S distance
of 2.15 A for the corresponding u-7%-S, ligand in
(CsMeg)oCr,S; is the longest S-S bond reported for any
disulfur complex.!* The V-S distances fall in the sequence
2.37 (u-1%S,), 2.32 (u-n*-S,), and 2.27 A (u-S).

In order to appreciate the present results, it is instructive
to review the bonding geometries observed for bridging
disulfur ligands in related complexes. In Table II we
summarize the disulfur ligation modes observed crystal-
lographically for other binuclear cyclopentadienylmetal
sulfides. The formal electron donor capability for the u-S,

(8) Cotton, F. A,; Frenz, B. A.; Kruczynki J. Am. Chem. Soc. 1978, 95,
951.

(9) Site occupancy factor (sof) refinement for S3* with all other sof’s
fixed at 1.00 gave sof (S3*) = 0.18. Further refinement of the sof for both
S3 and S3* with the constraint sof (S3*) = 1.00 - sof (S3) produced the
reported fractional occupancies: S3 = 81%, S3* = 19%.

(10) Wei, C. H.; Dahl, L. F. Inorg. Chem. 1965, 4, 1.

(11) Brunner, H.; Wachter, J.; Guggolz, E.; Ziegler, M. L. J. Am. Chem.
Soc. 1982, 104, 1765.

(12) Rakowski DuBois, M.; DuBois, D. L.; VanDerveer, M. C.; Halti-
wanger, R. C. Inorg. Chem. 1981, 20, 3064.

(13) Kubas, G. J.; Vergamini, P. J. Inorg. Chem. 1981, 20, 2667-2676
and references therein.

(14) (a) Herberhold, M.; Reiner, D.; Zimmer-Gusser, B.; Schuberg, U.
Z. Naturforsch., B: Anorg. Chem., Org. Chem. 1980, 35, 1281. (b) For
a discussion of the related Ru,(NH;),0Ss** see: Elder, R. C.; Trkula, M.
Inorg. Chem. 1977, 16, 1048.
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ligands is strongly dependent on the conformation of the
M,S; unit.®® The skewed u-9'-S, functions as a 1 e/S
(pseudohalogen) ligand while maximum utilization of the
donor capacity of bridging disulfur ligands involves the
u-7>-S, unit. In the conversion of (C;H,CH,),VS; to 1, the
number of electrons donated to vanadium from five sulfur
atoms increases from two, in the pentasulfido chelate, to
ten-twelve in 1. This change dramatically illustrates the
electronic variability of catenated sulfur ligands. Em-
ploying our electron-counting formalism, 1 is a 30-32-
electron dimer. Aside from direct metal-metal bonding,
additional electron donation may derive from the u-sulfido
ligand via 7 donation. Such an interaction would explain
the short V-S(5) distances observed in 1.

As found for the dicyclopentadienyltitanium poly-
sulfides,*>!® 1 reacts with electrophilic acetylenes to give
dithiolene complexes. Thus treatment of 1 with dimethyl
acetylenedicarboxylate (4 equiv, THF solvent, 65 °C, 3 h)
or hexafluoro-2-butyne (5 equiv, 1,2-C;H,Cl, solvent, 85
°C, 5 h, Carius tube) gave the intensely blue, very air-stable
products (~25% yield based on S) which analyzed as
(CsH4CH3)V(SngR2)2 where R = COzCHg or CF3. IR
spectroscopy, mass spectrometry (70 eV electron impact
and field desorption), and NMR spectroscopy confirm this
formulation.!” Based on these data and well-established
literature precedents, we asgign the structure depicted
below for 2. This structure is closely related to those for

,syv"\ws
: //(S Sg:z
Z z
2

(C5H5)Ti(SgC2(CN)2)2_ 18 and (C5H5)W(SzCz(CF3)2)2,19
which have been prepared from reactions involving pre-
formed dithiolates (R,C,S,%) or 1,2-dithietes (R,C,S,).
The bimetallic bis (dithiolene) (C5H5)2V2(8202(CF3)2)2,20
which can be prepared from the monometallic fragment
(CsHp)V(CO), and 1,2-bis(trifluoromethyl)dithiete, is not
observed in appreciable quantities in the synthesis of 2.2
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temperature factors, bond lengths, bond angles, anisotropic
temperature factors, hydrogen coordinates and temperature
factors, and observed and calculated structure factors (21 pages).
Ordering information is given on any current masthead page.
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Summary: The reactivity of methyl iodide and trimethyl-
chiorosilane with a number of different nucleophiles has
been studied by using the flowing afterglow technique.
The reactivity of various nucleophiles with methyl iodide
generally varies with their basicity with the more basic
nucleophiles reacting most rapidly. On the other hand,
trimethylchlorosilane reacts with these nucleophiles in a
very different manner; essentlally it reacts either at the
collision rate with nucleophiles giving exothermic reaction
or not at all with nucleophiles giving endothermic reaction.
Such results are consistent with a concerted nucleophilic
substitution for methyl iodide and the intermediate forma-
tion of a pentacoordinate species for trimethylchloro-
silane.

Although a covalent, pentacoordinate intermediate is
probably involved in many reactions of silicon compounds,
most notably in reactions involving retention of configu-
ration at silicon,1? the question of whether such an in-
termediate (1) or a related transition state (2) is formed

Nu-—-—Sl—CI .
N+ s»m { }Nu——s + ¢l (1)
> ~Me

NulllllSHllHCl

2

in displacement reactions of chlorosilanes has been ex-
plored only rarely.?® As a natural outgrowth of our studies
of pentacoordinate silicon anions in the gas phase,* we have
investigated this problem for Sy2 reactions by measuring
the rates of reaction of a series of nucleophiles with both
trimethylchlorosilane and methyl iodide. The response

(1) Corriu, R. J. P.; Henner, B. J. L. J. Chem. Soc., Chem. Commun.
1973, 116.

(2) Corriu, R. J. P.; Guerin, C. J. Organomet. Chem. 1980, 198, 231,

(3) Chauviere, G.; Corriu, R. J. P.; Henner, B. J. L. J. Organomet.
Chem. 1975, 86, Cl.

(4) Sullivan, S. A.; DePuy, C. H.; Damrauer, R. J. Am. Chem. Soc.
1981, 103, 480.

Table I. Rate Constants for Reaction of Nucleophiles
(Nu~) with Methyl Iodide and Trimethylchlorosilane

kou,1 kme sic,
proton 107%%m?® 107" em?
affinity, molecule”! molecule™!
Nu~ keal/mol st s~!
H,N- 404 31 34
HO- 391 30 28
F- 371 26 21
H,P- 370 13 18
HS- 363 8.9 21
NC- 353 1.8 19
N, 344 1.3 18
NSO- 344+ 5 0.28 20
NCO- 344 0.13 21
Cl- 333 2.1 5.7
NCS- 325+ 5 <0.002 <0.03
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Figure 1. Relative rates of various nucleophiles reacting with
methyl iodide and trimethylchlorosilane.

of these two halides to changes in the basicity of the nu-
cleophiles is so dramatically different that we believe
widely different mechanisms operate in the two systems.
Indeed, the results are in full accord with the intervention
of a pentacoordinate intermediate corresponding to 1
formed in each encounter between the chlorosilane and
nucleophile.

Our experiments were carried out in a flowing afterglow
(FA) apparatus®® in which H,N-, HO", F-, and Cl™ are
produced by electron impact on NH;, N,O/CH,, NF;, and
CCl, in a helium stream (flow velocity 80 m/s, 0.3 torr of
He) in a 100 X 8 cm stainless-steel tube. The tube is
equipped with moveable and fixed inlets and terminates
in a quadrupole mass filter detection system. Reaction
rates are measured by adding the halides through the
moveable inlet and measuring the decrease in reactant ion
intensity as a function of reaction distance. Other nu-
cleophiles are synthesized in the flow tube. All ions are
allowed to reach thermal equilibrium with the helium
buffer gas before reaction with halides commences.

The results are collected in Table I and displayed in
Figure 1. Both trimethylchlorosilane and methyl iodide’

(5) DePuy, C. H.; Bierbaum, V. M. Acc. Chem. Res. 1981, 14, 146.
(6) Bierbaum, V. M.; DePuy, C. H; Shapiro, R. H.; Stewart, J. H. J.
Am. Chem. Soc. 1976, 98, 4229.
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