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Several years ago [1, 2] it was reported that reac-
tion of molybdenum(II) acetate with an excess of
K[S,COEt] in degassed alcohol led to the precipita-
tion of the red crystalline solid [Mo,(S,COEt),],
shown by X-ray analysis [2] to have the well known
‘acetate-type’ structure. This red compound was
isolated from a green solution, claimed by Weiss
et al. [2] to contain another complex of probable
composition [Mo,(S,COEt),], which reacted in the
manner expected of an alkoxycarbonyl complex
and whose nmr spectrum indicated the presence of
two electronically non-equivalent ligands. Recently,
Cotton et al. [3] mentioned this green ‘impurity’
and showed that it was not formed when equivalent
amounts of xanthate ion were used in the prepara-
tion of {Mo,(S;COR),4] (R = Et,'Pr).

In this preliminary communication, we now wish
to report that this green compound is neither an
impurity nor an isomeric form of [Mo,(S,COEt),]
but in fact contains an anion of empirical formula
[Mo, (S, COEt)s]~ which can be readily precipitated
from solution by addition of either AsPh,CIHCI or
Ph 3 (PhCH,)PCIL.

The complex My [§Mo,(S,COEt)st,,] (M = AsPhy,
Ph;(PhCH,)P") is best synthesised by reaction of
[Mo, (S, COEt)4] with K[S,COEt] (1:1 molar ratio)
in degassed acetone followed by precipitation on
addition of an ethanolic solution of AsPh,CIHCI or
Ph; (PhCH,)PCI. Similarly, M, [£EMo, (S, COR);s&,] (R
= Me, 'Pr) were synthesised and by reaction of
[Mo, (S; COR) ] with K[S,COR*] (1:1 molar ratio),
the mixed xanthato complexes M,[£Mo,(S; COR),-
(S,CORME,] (R = Me, R! = Et; R = Et, R! = Me)
could also be made.

The compounds have been characterised by
elemental analyses and high resolution 'H nmr
spectroscopy (Table I). For M,[EMo,(S,COR);sé,]
(R = Me, Et), three sets of alkyl resonances of relative
intensity 1:2:2 were clearly observed, consistent with
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either structure (1a) or (1b) (assuming n = 1)*. For
R = 'Pr, three methyl doublets also of relative
intensity 1:2:2 were found but the methine proton
region was too weak and complicated to analyse
fully. Since two of the nmr signals are very close
together such that at lower resolution, (or for the
[EMo,(S,COEt)st, 1™ anion, when M = Ph;-
(PhCH,)P"), two peaks of relative intensity 3:2 were
initially observed, (cf. the observation in reference 2),
structure (1a) in which alkyl groups Rg and R¢ are in
very similar environments was believed to be the
more likely. For [Ph3(PhCH,)P] [£EMo,-
(S,COMe), (S;COEt)%,], since it was the resonance
assigned to the methyl of the bridging ~S,COMe
groups in (la) (R,) which halved in intensity (see
Table I), this suggested that the “S,COEt ligand
occupied one of the bridging positions in structure
(1a). However, although conductivity measurements
in nitromethane or acetone (ca. 1072 dm™ mol,
assuming n = 1) gave values expected for 1:1 elec-
trolytes (75-95 S c¢cm? mol ') [7], measurements
over a wide range of concentrations for all these
compounds and subsequent plots of A, — A (equiv-
alent conductance) vs. CY/? (concentration in equiv-

*t is of interest to note that cations of formulae [M;(S;-
CNR3)s5]1" (M = Co[4], Ru[5], Rh[6]) which have struc-
tures analogous to (1a) or (1b) have been synthesised in
recent years.
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alents dm™) revealed unequivocally that all the
compounds were 2:] and not 1:1 electrolytes**,
Thus, these complexes should be formulated as
tetrameric.

[M;[Mo4(S,COR)jo] and M,;(Mos(S,COR),-
(S,COR'"),] (i.e. n = 2) compounds and a possible
structure which maintains the xanthato group
arrangement shown in (la) is (2). Although X-ray
structural analyses are now essential to verify the
details of these tetrameric structures, the recent
X-ray determination [9] of the related [Mo,Clg-
(PEt;)4] complex, showing it to be a rectangular
cluster containing two short and two long Mo—Mo
bonds is most encouraging.

N 2=

(4)
al n>> 1

b} n=1

**In CH3NO,, plots lof Ao — A ¥s. cv? give slopes of
ca. 190-250 for 1:1 electrolytes and ca. 350-700 for 2:1
electrolytes [8].

LA7

Preliminary work shows that reaction of [Mo,(S,-
COR),;] with other dithio- and monothio-acid anions
[SS(0)"] leads to the formation of [EMo,(S,-
COR),4(S-S(0),]™ anions (S-S = "S,CNR,; SO =
~SOCPh) which can be trapped out with large cations
and are also 2:1 electrolytes (i.e. n = 2).

In contrast, reaction of [Mo,(S,COR),] with a
large excess of LiX (X = Br, I) followed by addition
of Ph;(PhCH,)P* gave the compounds [Ph;(Ph-
CH,)P],[Mo,(S,COR),X,] of probable structure
(3) (¢f [Moy(0,CCF3)4X,]*~ [10]). With LiCl
however, anions of formulae [EMo,(S,COR)4ClE,]™
were formed which might have the polymeric, single
chloride bridged structure (4a) (cf. [Ru(OCOR),-
Cl] [11]) and/or a discrete dimeric structure (4b)
(cf. [Mo2(0,CCF3)sX]™ [10]).

Acknowledgement

We thank the SRC (J.A.G.) for financial support.

References

1 D. F. Steele and T. A. Stephenson, Inorg. Nucl. Chem.
Letters, 9, 777 (1973).
2 L. Ricard, P. Karagiannidis and R. Weiss, Inorg. Chem.,
12,2179 (1973).
3 F. A. Cotton, M. W, Extine and R. H. Niswander, /norg.
Chem,, 17, 692 (1978).
4 A. R. Hendrickson, R. L. Martin and D. Taylor, J. Chem.
Soc. Dalton, 2182 (1975).
5 A. R. Hendrickson, J. M. Hope and R. L. Martin, J.
Chem. Soc. Dalton, 2032 (1976) and references therein.
6 A. R. Hendrickson, R. L. Martin and D. Taylor, 4ust. J.
Chem., 29, 269 (1976).
7 W.J. Geary, Coord. Chem, Rev., 7, 81 (1971).
8 R. G. Hayter and F. S. Humiec, Inorg. Chem., 2, 306
(1963).
9 R. N. McGinnis, T. R. Ryan and R. E. McCarley, J. Am.
Chem. Soc., 100, 7900 (1978).
10 C. D. Garner and R. G. Senior, J. Chem. Soc. Dalton,
1171 (1975).
11 M. J. Bennett, K. G. Caulton and F. A. Cotton, Inorg.
Chem., 8, 1 (1969).



