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Novel Trithioanhydride Complexes of Transition Metals; X-Ray Crystallographic
Characterization of [(1-CsH5)(CO)FeSC(Fp)SCS(Fp)ISO5CF3, [Fp = Fe(CO).(n-CsHs)]
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Nucleophilic addition of the thione sulphur atom in the complexes [FpC(=S)SML,] [ML,, = Fp or Re{CO)s; Fp =
Fe(CO),(n-CsHs)] at the thiocarbonyl carbon atom in the complexes [FpCS]+ gives five-membered metallacycles

———

[(n-CsHsHCO)FeSC(Fp)SCS(ML,)ISO3CF3, ascertained by an X-ray crystal-structure determination of the complex
with ML, = Fp; the reactivity of the exocyclic sulphur atom has been studied.

Although bis(thioacyl)sulphides (1) were reported for the first
time in 1976,! their instability has precluded extensive
investigation.2 Now that the field of stabilization of unusual
organic ligands by their complexation with transition metals is
developing so rapidly?3 it is realistic to consider the synthesis of
complexes containing the C,S; unit. The ideal candidates for
achieving such a goal are the complexes (2) and (3) (Scheme 1)
since they may react together via nucleophilic addition of the
basic4 thione sulphur atom at the electrophilic’ thiocarbonyl
carbon centre. In fact if CH,Cl, solutions of these derivatives
are stirred together at room temperature for ca. 0.5 h, the
deep green stable cationic derivatives (4a) and (4b) may be
almost quantitatively (94% yield) isolated. In order to assign a
structure to complexes (4)1 unambiguously, an X-ray crystal-
structure determination was undertaken for complex (4a).%
Crystal data: (4a) Cy3H,sF3Fe30gS,, M = 772.2, mono-
clinic, space group P2,/n, a = 9.68(1), b = 18.78(1), ¢ =

+ Satisfactory microanalytical data were obtained for all the new
complexes described. (4a): i.r. v(CO) (CH,Cl,) 2045 and 2002s cm~';
v(CS) (KBr) 998ms, 934ms, 798m, and 750m c¢cm-!; 'H n.m.r.
(CD1COCDs) 6 5.58, 5.53, and 5.13 (1-CsHs); An(Me,CO) 137 Q-1
cm? mol-1; (4b): i.r. v(CO) (CH,Cl;) 2143m, 2044s, and 2003s cm—1;
v(CS) (KBr) 997ms, 925ms, 802m, and 755m cm~'; 'H n.m.r.
(CD;COCD;) § 5.50 and 5.21 (n-CsHs); A (Me,CO) 148 Q-1 cm?
mol-1.

t The atomic co-ordinates for this work are available on request from
the Director of the Cambridge Crystallographic Data Centre,
University Chemical Laboratory, Lensfield Road, Cambridge
CB2 1EW. Any request should be accompanied by the full literature
citation for this communication.

15.40(1) A, B = 92.83(5)°, U=2797 A3, Z=4,D. =183 g
cm—3, Mo-K, radiation, A = 0.7107 A, 1456 observed
reflections with F,> 5o F, from 3411 measured at room
temperature on an Enraf-Nonius CAD4 diffractometer, 6
range 2—20°. The structure was solved by standard methods
and refined by full-matrix least-squares (SHELX 76)¢ with
anisotropic thermal parameters for the iron and sulphur atoms
and isotropic for the remaining; hydrogen atoms were placed
in calculated positions. Final R = 0.12 (R’ = 0.10); the crystals
diffracted poorly.

The structure of the cation (4a) is shown in Figure 1 together
with relevant bond parameters. It contains a C,S; skeleton
acting as a tetradentate ligand. One carbon and one sulphur
atom [C(1) and S(3)] are chelated to a Fe(CO)(n-CsHs)
fragment forming a metallocyclopentane ring to which two Fp
units are bonded through C(2) and S(1). The CO ligand
bonded to Fe(2) points downwards while those bonded to
Fe(1) and Fe(3) point upwards. The cation as a whole is
asymmetric and in addition it contains a chiral centre at Fe(2).
Among the two possible diastereoisomeric pairs the one with
overall longer intramolecular contacts has been obtained. The
FeC,S, ring deviates slightly from planarity and, although the
bond lengths have not been determined very accurately, two
very short distances [C(2)-Fe(3) and C(1)-S(1)] support the
electronic structure shown in Scheme 1, in which the C,S; unit
formally acts as a 6e donor. Delocalized n-bonding stabilizes
the ring. We suggest that complexes (4) are formed via
open-chain intermediates formed in a sterically enforced Z
sulphur-addition step,? and these intermediates undergo ring
closure and then chiral induction at Fe(2) to give the
five-membered rings in a stereo- and diastereo-selective
reaction.
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(6) E =CH3t
(7) E = W(CO)g
(8 E=H*

Scheme 1. a; ML,, = Fe(CO),(n-CsH;)(Fp)
b; ML, = Re(CO)s

The cationic derivatives (4) react with NEt;Br in refluxing
CH,(Cl, with preferential cleavage of the exocyclic metal-
sulphur bond producing ML, Br and (5)§ in 46% vyield after
24 h.

This reaction is in agreement both with the dipolar nature of
the =S — ML, bond suggested above and with the reactivity of
the metallodithiocarbene-metal complexes [FpC(SR)SML, ] *
which are known to react with halide ions to form [FpC(S)SR]
and ML, X.8 The nature of the trithioanhydride derivative (5)
was confirmed further by its reactivity towards Lewis acids
(E). In particular we have found that CH;OSO,CF; and
[W(CO)s(thf)] (thf = tetrahydrofuran) easily react at the free
sulphur atom of (5) to give the cationic alkylated (6)$ and the
neutral metallated (7)§ complexes, respectively. The presence
of the FeC,S; group in these derivatives is shown by
comparison of their i.r. spectra with spectra of the strictly
analogous derivatives (4) which invariably show four v(CS)

§ (5), green crystals, m.p. 145 °C; i.r. v(CO) (CH,Cl,) 2040s, 1994s,
and 1958s cm~1; v(CS) (KBr) 998ms, 968m, 840m, and 700w cm~1; 'H
n.m.r. (CDCl;) 8 5.13 and 4.75 (n-CsHs); (6): i.r. v(CO) (CH,CL,)
2046 and 2004s cm—!; v(CS) (KBr) 1000ms, 932m, 802m, and 756m
cm~1; 'H n.m.r. § 5.32 and 5.17 (n-CsHs); 3.15 (CH3); (7), brown
crystals, m.p. 155 °C; i.r. v(CO) (CH,CL,) 2058ms, 2041s, 1999s,
1971s,1920vs, and 1887sh cm~1; the bands due to the precursor (5) are
italicised; v(CS) (KBr) 998m, 942m, 806m, and 750w cm~!; 'H n.m.r.
5 8.43 and 5.15 (n-CsHs); (8): i.r. v(CO) (CH,Cl,) 2050s and 2003s
cm~1.

Figure 1. Perspective drawing of the cation (4a) showing the atom
labelling; hydrogen atoms are omitted. Relevant bond distances (A)
and angles (°) with e.s.d.s in parentheses: Fe(1)-S(1), 2.35(1);
C(1)-S(1), 1.50(3); C(1)-S(2), 1.65(3); C(2)-S(2), 1.73(4); Fe(3)-
C(2), 1.67(3); C(2)-S(3), 1.88(4); Fe(2)-S(3), 2.32(1); Fe(2)-C(1),
2.08(3); average Fe-C-O distances, 1.77, 1.14; average Fe—C(Cp)
distance 2.10; C(1)-S(2)-C(2), 122(2); S(2)-C(2)-S(3), 102(2); C(2)-
S(3)-Fe(2), 112(1); S(3)-Fe(2)-C(1), 87(1); Fe(2)-C(1)-S(2), 116(2);
Fe(3)-C(2)-S(2), 136(2); Fe(1)-S(1)-C(1), 107(1); S(1)-C(1)-S(2),
131(2).

absorptions that seem to be characteristic of these types of
compounds. Finally complex (5) is immediately protonated in
Et,0 with HOSO,CF; to form (8) which has been charac-
terized by its i.r. spectrum.§

The newly synthesized complexes contain the MS,C, ring
which has previously been observed in the few cases in which
metal-promoted head-to-tail condensation of two CS; mole-
cules has been studied.® Notwithstanding this the examples
reported here represent the first derivatives in which the
FeC,S, ring is generated by a trithioanhydride C,S; unit.

Acknowledgements are made to the Italian C.N.R. and
Ministero della Pubblica Istruzione for financial support.

Received, 20th June 1984, Com. 865

References

1 S. Kato, T. Katada, and M. Mizuta, Angew. Chem., Int. Ed. Engl.,
1976, 11, 766.

2 S. Kato, K. Sugino, M. Mizuta, and T. Katada, Angew. Chem., Int.
Ed. Engl., 1978, 17, 675.

3 E. J. Parker, J. R. Bodwell, T. C. Sedergran, and D. C. Dittmer,
Organometallics, 1982, 1, 517, and references therein.

4 H. Stolzenberg, W. P. Fehlhammer, M. Monari, V. Zanotti and L.
Busetto, J. Organomet. Chem., submitted for publication.

5 L. Busetto, M. Graziani, and U. Belluco, Inorg. Chem., 1971, 10,
78.

6 G. M. Sheldrick, SHELX 76 System of Computer Programs,
Cambridge, 1976.

7 L. Busetto, M. Monari, A. Palazzi, V. G. Albano, and F.
Demartin, J. Chem. Soc., Dalton Trans., 1983, 1849.

8 L. Busetto, A. Palazzi, and M. Monari, J. Chem. Soc., Dalton
Trans., 1982, 1631.

9 M. G. Mason, P. N. Swepston, andJ. A. Ibers, Inorg. Chem., 1983,
22, 411, and references therein.





