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MS, 97.0% d0 and 3.0% d,. (d) Streptothricin F If (92 mg, 0.15 mmol) 
yielded 8 mg of 26a: MS, 95.6% d0 and 6.4% d,. 
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Recent years have seen dramatic expansion in synthetic and 
structural molybdenum-sulfur chemistry. Many new inorganic 
thioanions,1 organic-ligand-bearing complexes,2 and polymetallic 
heteronuclear clusters3'4 have been prepared and their significance 
to biochemistry5 and industry13,6'7 has been duly noted. Despite 
the plethora of new compounds, relatively few studies have been 
reported on reactivity toward organic reagents. As part of a 
systematic investigation of such reactivity we have begun to study 
the reactions of alkynes with Mo-S systems. 

Known reactions of alkynes with S-ligand complexes are of two 
types. In the first or classical type the alkyne adds directly to 
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Figure 1. Perspective drawing adapted from ORTEP plot of the 
Mo202S2(S2C2(C02CH3)2)2

2-dianion 4. Bond lengths: Mo-S1, 2.318 
(2); Mo-S2, 2.337 (2); Mo-O, 1.676 (6); Mo-S3, 2.382 (3); Mo-Mo', 
2.882 (1); S3-S4, 2.061 (3); S4-C2, 1.731 (9); C1-C2, 1.36 (1); Mo-C1, 
2.215 (8) A. Bond angles: Mo-C1-C2, 126.0 (6)°; C1-C2-S4, 123.0 (6)°. 

the metal to form either ir-bound8a_c or <r-bound8d complexes. In 
the second type the alkyne reacts with sulfide, disulfide, or po-
lysulfide ligands to form a 1,2-dithiolene ligand.7,8e,f Here we 
report preliminary results on reactions of Mo-S complexes with 
alkynes, including a case in which addition of the alkyne follows 
neither of the above patterns. 

We chose the dianion [Mo2S2(M-S)2(SCH2CH2S)2]
2- (1), whose 

structure contains a ^w-Mo2S4
2+ core,9 as a starting point for our 

studies. When a red-orange solution of the tetraethylammonium 
salt of 1 in CH3CN at 0 0C is treated with two or more equivalents 
of dimethyl acetylenedicarboxylate (DMAC), the solution rapidly 
darkens and 2 equiv of ethylene are liberated (as quantitated by 
GC). Apparently, in the major reaction the activated acetylene 
attacks the 1,2-ethanedithiolate ligands to displace ethylene10 

rather than adding to the S)Ti-Mo2S4
2+ core by a process analogous 

to that observed for the 0/Hi-Mo2S4
2+ core in (MenCp)2Mo2S2-

(/U-S)2 (n = 1,5) complexes.7 Identification of pure Mo/S 
products from the reaction of 1 with DMAC has proved trou
blesome, perhaps due to some reactivity at the Mo2S4

2+ core in 
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(10) The reaction of acetylene with CpMo(SCH2CH2S) 2MoCp has been 
reported to liberate H2C=CH2.'* This reaction involves a bridging ethane-
dithiolate, whereas the currently reported reaction starts with terminal eth-
anedithiolate ligands. In a related organic reaction DMAC displaces ethylene 
from ethylene trithiocarbonate (O'Conner, B. R.; Jones, F. N. J. Org. Chem. 
1970, 35, 2002). 
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addition to that at the 1,2-ethanedithiolate ligand. We thus turned 
to the well-known anion [Mo2O2(M-S)2(S2):]

2" (2), lb where we 
expected that addition of DMAC would occur only at the terminal 
S2

2" ligands to yield the bis-l,2-dithiolene complex (2 -»• 3). 
O 0 2 -

c , H C H ,C 
I Mo Mo I * 2 H J C O 3 C C S C C O 1 C H J 

S ̂  ^ S ' ' V S 

' A 
O O 2- 0 0 2" 

HCOC-. s Il . Il s_^CO,CH, S - S ^ H x S ^ H^S-S 

HjCO1C^8 8^CO1CH, H1CQ^ \ Q C H H C 0 ? / -CO1CH, 

i i 
Addition of 2 equiv of DMAC to a concentrated CH3CN 

solution of [N(C2H5)4]2[Mo2O20*-S)2(S2)2] at room temperature 
leads quickly to precipitation of an air-stable canary-yellow mi-
crocrystalline product.11 Elemental analysis12 indicates the for
mulation [N(C2H5)4]2[Mo202(/u-S)2(S2)2-2DMAC]. However, 
while spectroscopic information13 suggests retention of the 
Mo2O2S2

2+ core and involvement of the S-S group, it requires 
an asymmetric environment for the acetylene-derived fragment. 
A single-crystal X-ray diffraction study was carried out to un
ambiguously determine the structure. 

Single crystals were grown by slow vapor diffusion of 2-propanol 
into an acetonitrile solution of [N(C2H5)4]2[Mo202(^-S)2-
(S2)2-2DMAC], and a full three-dimensional X-ray diffraction 
study was carried out.14 The crystal contains ordered Mo2O2-
( M - S ) 2 [ S 2 C 2 ( C 0 2 C H 3 ) 2 ] 2

2 _ dianions 4 as illustrated in Figure 1, 
along with disordered tetraethylammonium cations.15 The source 
of the ligand asymmetry indicated by the spectroscopy is imme
diately clear and quite surprising: the acetylenes have inserted 
into Mo-S bonds of the terminal disulfides (rather than into S-S 
bonds) to form novel five-membered metalla-2,3-dithiacyclo-
pent-4-ene rings. The dimensions of the five-membered rings are 
consistent with the presence of Mo—C1, Mo—S3, S3-S4, and 
C2—S4 single bonds and a C 1 =C 2 double bond in an "vinyl 
disulfide" ligand. The "vinyl disulfide" ligand is very nearly planar 
(maximum deviation of 0.05 A for a plane containing C1, C2, S3, 
and S4). The Mo atom lies out of this plane by 0.47 A. The 
coordination geometry about each Mo is roughly square pyramidal 
with terminal oxo at the apex. The dimensions of the Mo2O2S2

2+ 

core are little changed from those in the starting [Mo2O2O*-
S)2(S2)2]2".16 The MoS1S2-Mc^S1S2 dihedral angle of 146.7° is 
slightly more acute than the average of 150-160° for known 
Mo2O2S2

2+ core complexes.10 

Insertions of alkynes into transition-metal hydride17 and car
bon1819 bonds to form vinyl complexes are well-known and one 

(11) Yield on the basis of the formula [N(C2HS)4]2MO202(AJ-S)2(S2C2-
(C02CH3)2)2 is typically 60-65%. 

(12) Anal. Calcd for C28H52O10S6N2Mo2: C, 35.00; H, 5.45; N, 2.92; S, 
20.02. Found: C, 34.62; H, 5.31; N, 2.89; S, 19.84. 

(13) Infrared (KBr) PM<*-O 947, i/Mo_s_Mo 473; i/S-s 520 cm"1 in starting 
material is gone; 1H NMR (Me2SO-(Z6) S 3.77 (s, 6, ester CH3), 3.72 (s, 6, 
ester CH3), 3.13 (q, 16, cation CH2), 1.11 (t, 24, cation CH3);

 13C (Me2SO-^6) 
5 177.4, 176.6, 161.7, 149.3, 52.18, 51.85, 51.42, 51.31, 51.15, 50.55, 6.89. 

(14) Crystal data: space group P^1-D2/,
16 (No. 62) with a = 18.314 (5) 

A, b = 25.358 (6) A, c = 8.916 (2) A, V = 4141 A,3 Z = A. The structure 
was solved by conventional heavy-atom methods, difference Fourier synthesis 
and full-matrix least-squares refinement. RF = 0.048, R„F = 0.057 for 2276 
independent diffracted intensities (/ > 3.Oa(T)) with 3° < 20 < 55° (Mo Ka 
radiation). Anisotropic thermal parameters were employed for all 31 inde
pendent non-hydrogen atoms. 

(15) Perspective drawings of the two independent tetraethylammonium 
cations are included in the supplementary material. Both cations, though 
disordered, were fully characterized. 

(16) For the Mo2O2S2
2+ core1" in [N(C2H5)J 2MO202(M-S)2(S2)2 , M O = O 

is 1.67 A, Mo—Sbri(lge average 2.324 A, Mo-Mo is 2.825 A. 
(17) Clark, H. C; Milne, C. R. J. Organomet. Chem. 1978, 161, 51 and 

references cited therein. 
(18) (a) Davidson, J. L.; Green, M.; Sharp, D. W. A.; Stone, F. G. A.; 

Welch, A. J. J. Chem. Soc, Chem. Commun. 1974, 706. (b) Bottrill, M.; 
Green, M. / . Am. Chem. Soc. 1977, 99, 5795. 
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example has been reported of a reaction that may involve alkyne 
insertion into a Ni-P bond.20 Although analogous insertions into 
transition-metal-sulfur bonds have also been claimed,21 to our 
knowledge 4 is the first structurally characterized product of such 
an insertion. The factors that lead to such insertion rather than 
1,2-dithiolene formation or direct Tr-coordination to molybdenum 
are not yet understood.22 It seems likely that frontier molecular 
orbitals of molybdenum-sulfur complexes exhibit significant metal 
and sulfur character. The reactions of such complexes may involve 
coordinatively unsaturated sites on the metal,8""*1 direct reactions 
with S ligands,7,8e,f or, as we have demonstrated here for the first 
time, reaction at a multicenter metal-sulfur site leading to insertion 
of a molecule into a metal-sulfur bond. Further systematic re
activity studies combined with theoretical treatments are required 
to fully understand these systems. Such work is in progress. 
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The establishment of defined, vicinal stereorelationships in the 
construction of organic molecules is a central requirement for 
efficient synthesis of many structurally complex substances. An 
approach involving formation of the carbon-carbon bond linking 
two asymmetric centers can often provide a useful solution to the 
problem, particularly in acyclic systems. Schemes of this type 
(Scheme I) frequently involve bond formation between trigonal 
carbons (route a). The striking developments in stereocontrolled 
aldol reactions1 provide testimony to the utility of this approach. 
An alternative to this strategy involves bond formation between 
a trigonal and nontrigonal carbon atom2 (shown for a tetrahedral 
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