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The attention that has been paid to synthesis and structures 
of sulfido- and polysulfido-metal complexes derives both from 
the well-established significance of such compounds in metallo-
enzymatic catalysis and also from the wealth of their own chem
istry. Our attempt to prepare sulfido complexes of penta-
methylcyclopentadienyltantalum, Cp*Ta, was prompted by the 
two motives. One is the beautiful chemistry developed recently 
from the closely related complexes Cp'2Mo2S4' and Cp'2V2S4 (Cp' 
= C5H4Me).2 The other is the EI fragmentation pattern of 
Cp*Ta(SCH2CH2S)2 which shows sets of peaks associated with 
CpTa(SCH2CH2S)(S2)+ and Cp*Ta(S2)2

+.3 

Aiming to synthesize relevant disulfido(2-) complexes, we ran 
a reaction between CpTaCl4 and 2 equiv of Li2S2

43 in THF, only 
to find that an uncharacterizable orange-colored gum was formed. 
However, when the amount of Li2S2 was increased by 2-2.5 times 
we were able to isolate the unexpected title complex 1 which carries 
three terminal sulfides at a Ta center. Thus, the reaction of 
CpTaCl 4 with 4-5 equiv of Li2S2 in dry THF under Ar gave 1 
as light yellow crystals (ca. 50% yield), after evaporation of the 

'Present address: Department of Chemistry, Calvin College, Grand 
Rapids, MI 49506. 
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Figure 1. Molecular structure and atom-labeling scheme for 
[Cp*TaS3Li2(thf)2]2 (1) drawn with 50% thermal ellipsoids. Selected 
bond distances (A) and angles (deg) are as follows: Ta-S(I), 2.270 (2); 
Ta-S (2), 2.268 (3); Ta-S(3), 2.300 (3); Ta-C(I), 2.48 (1); Ta-C(2), 
2.47 (1), Ta-C(3), 2.45 (1); Ta-C(4), 2.46 (1); Ta-C(5), 2.45 (2); 
Ta-Ta(a), 5.490 (1); Li(I)-S(Ia), 2.45 (2); Li(l)-S(2), 2.54 (2); Li-
(1)-S(3), 2.44 (2); Li(2)-S(l), 2.50 (2); Li(2)-S(2a), 2.49 (2); Li(2)-
S(3), 2.44 (2); Li(I)-O(I), 1.96 (2); Li(2)-0(2), 1.90 (2); S(I)-Ta-S-
(2), 107.1 (1); S(l)-Ta-S(3), 103.4 (1); S(2)-Ta-S(3), 104.1 (1); S-
(la)-Li(l)-S(2), 104.7 (6); S(la)-Li(l)-S(3), 133.1 (7); S(2)-Li(l)-
S(3), 92.7 (6); S(l)-Li(2)-S(2a), 104.9 (7); S(l)-Li(2)-S(3), 93.1 (5); 
S(2a)-Li(2)-S(3), 118.4(7). 

solvent, extraction of the residue with benzene, and recrystalli-
zation from THF/hexane.5a Formation of 1 was also noted when 
CpTa(SCH2CH2S)2 was treated with 2 equiv of Li2S2 in THF, 
which is an intriguing reaction by itself. Upon introducing a THF 
solution of CpTa(SCH2CH2S)2 to a THF suspension of Li2S2, 
the color of the solution turned gradually from red to yellow, and, 
after filtrating off the insoluble yellow residue, 1 (crystals, 42% 
yield) was readily isolated from the filtrate by concentrating it 
in vacuo to ca. one-seventh of its original volume. 

Cp*TaCl4 + nLi2S2 v 
(n=4~5) \ 

[Cp*TaS3Li2(thf)2]2 

Cp*Ta(SCH2CH2S)2 + 2Li2S2 ' 

With the stoichiometry of 1 being established, we attempted 
the reaction between CpTaCl4 and 3 equiv of Li2S.4b However, 
isolation of 1 from the resultant red powder6 has not been suc
cessful. Instead, we noticed formation of 1 (ca. 50% yield) when 
the amount of Li2S was increased to 5 equiv as in the case of the 
reaction with Li2S2. On the other hand, addition of tetra-
methylethylenediamine (tmeda) (excess) into a THF solution of 
1 afforded a stoichiometric amount of yellow crystalline powder 
formulated as Cp*TaS3Li2(tmeda)2 2.5b The sulfide complexes 
1 and 2 are moderately air-sensitive and hygroscopic. 

Figure 1 shows an ORTEP view of the structure determined for 
1 by X-ray crystallography,7 along with the salient intramolecular 

(5) (a) [Cp*TaS,Li2(thf)2]2 1: 1H NMR (100 MHz, THF-^8) 5 2.10 (s, 
Cp*); UV (Xn^ (10"s ^ M-f (J1n-I)1 T H F ) 3 0 2 ( 1 6 6 ) n m ; R a m a n (crystals) 
619 w, 597 m, 552 w, 434 s (Ta=S), 418 sh, 368 w, 354 w. (b) 
Cp*TaS3Li2(tmeda)2 2: 1H NMR (100 MHz, C6D6) 6 2.49 (s, Cp*), 2.44 
(s, (C//3),NCH2CH2N(C//3)2), 2.18 (s, (CH3)2NCtt2C//2N(CH3)2); UV 
( X „ (10-Jfm„, M-1 cm'1), C6H6) 305 (7.2) nm; Raman (crystals) 618 w, 595 
w, 552 w, 432 s (Ta=S), 423 sh, 401 m, 350 w. The molecular weight 
estimated by cryoscopy in benzene is not accurate because of relatively low 
solubility of 2, ranging from 500-700 which however might indicate the 
monomeric nature of 2. 

(6) Characterization of the product(s) is in progress. 
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metrical parameters. A striking feature of the structure is the 
presence of the novel C p T a S 3

2 " unit (A) which is the first or-

, 2 -

^ 

.'1V*.' 

ganometallic species having three terminal sulfides. The known 
tri(sulfido) complexes are limited to a family of the MS3E"" anions 
(E = O, S, Se),8 and for Ta the occurrence of metal-sulfur double 
bonds itself is very rare indeed.9"1' The molecule that most closely 
resembles A, both geometrically and electronically, is perhaps the 
trioxorhenium complex, Cp*Re03.1213 

In the crystal structure, four Li cations link two Cp*TaS3
2" units 

where a crystallographic center of symmetry lies in the middle 
of the two units. The main frame of 1 may be viewed as a distorted 
hexagonal prism with metal atoms (Ta and Li) and sulfur atoms 
occupying alternative vertices. Such a prismatic M6S6 core also 
has been found in (Ph2PCH3)4Ag4W2S8

14 and [Fe6S6X6]
3" (X = 

Cl, I, SR, OR).15 Complex 1 extends this limited range of 
compounds to two more groups of the periodic table and to new 
types of supporting ligands including the organometallic Cp* 
group. This suggests that the M6S6 cage structure will be found 
in many more M ^ clusters. 

The geometry about the two crystallographically independent 
lithium atoms is basically tetrahedral where each lithium is bonded 
to three sulfurs and a THF molecule. In the Ta2Li4S6 core, the 
six unique Li-S bond lengths vary from 2.44 (2) to 2.54 (2) A. 
The Ta-S distances range from 2.268 (3) to 2.300 (3) A with the 
longest being the Ta-S(3) bond. They may be compared with 
the terminal Ta-S bond lengths of TaSCl3(PhSCH2CH2SPh) 
(2.204 (5) A),9a TaS(S2CNEu)3 (2.181 (1) A,9b and [Et4N]4-
[Ta6S17] (2.145 (5)-2.204 (4) A).9c The somewhat longer Ta-S 
distances observed for 1 have to be interpreted with caution and 
should not be attributed entirely to the presence of Li-S inter
actions, because in going from sulfido to tri(sulfido) systems M = S 
bonds tend to be elongated due to electronic reasons. As a matter 
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group Cljc, a = 24.879 (5) A, b = 11.501 (2) A, c = 16.669 (3) A, /3 = 99.21 
(1)°, K= 4708(1) A3, P081C1= 1.61 g cm"3, Z = 4, M (Mo Ka) = 4.88 cm"1. 
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of fact, whereas the T a = S stretching mode of 1 (Raman, 434 
cm"1) is at lower frequency than those OfTaSX3L2 (X = Cl, Br) 
(504-512 cm"'),9a it is higher than the A1 mode stretch of TaS4

3" 
(424 cm"1).100 Thus the tantalum-sulfur double bond character 
remains strong in the dimeric structure. 

Our synthetic study of 1 provides a convenient entry into rare 
Ta sulfides, and the CpTaS 3

2" unit may serve as a potential 
building block of a wide range of homo- and heteronuclear sulfide 
clusters. 
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Although the study of glycosidases dates back to the time of 
Liebig and Wohler, relatively little is known about the mechanisms 
and structures of these important enzymes.1,2 In fact lysozyme 
remains the only glycosidase for which detailed structural in
formation is available.2 Recent interest in the naturally occurring 
exoglycosidase inhibitors 1 and 2 (Chart I) has led to the rational 
design of other monosaccharide analogues.3"6 Unfortunately 1 
and 2 have no effect on endoglycosidases like lysozyme, chitinase, 
and cellulase, which bind and cleave randomly at the interior of 
polysaccharides. It was intriguing to speculate whether oligo
saccharides containing a strategically positioned azasugar residue 
might inhibit endoglycosidases.7 Here we describe an unusual 
new reaction of organomercurials leading to the synthesis of 
oligosaccharides 3-5 (Chart I) which competitively inhibit /3-
1,4-endoglucanases from the cellulolytic bacterium Thermomo-
nospora fusca. 

The NaBH4-O2-DMF reductive oxygenation of mercurial 6 to 
alcohol 9, a key step in our published syntheses of 1 and 2,8,9 also 
afforded an unusual byproduct 11 (Scheme I, 5% yield) in which 
the C4-benzyl ether was selectively removed with concomitant 
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