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A General Route to Thiolato Ligands via t-Butyl Sulphides
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It is demonstrated that t-butyl sulphides are versatile intermediates in the preparation of new mono- and bi-
nucleating thiolato ligands; the properties of some copper complexes of such ligands are discussed.

The characterization of Cul! sites in metalloenzymes depends
to some extent on the preparation and design of Cul!’ com-
plexes which mimic aspects of the chemical and physical
properties of the protein Cul! sites. Therefore it is useful to
prepare and characterize monomeric and dimeric copper(ir)
thiolate systems which are reasonable models of the ligand
environment in type I and type III copper proteins,* and the
‘visible’ Cu, in cytochrome ¢ oxidase.?

Although metal complexes of mercaptoimines and thioxo-

imines are known,?* the preparation of such compounds is
often impeded by the instability of B-mercaptoaldehydes in
general as well as the formation of unwanted condensation
and oxidation products.>* We have recently demonstrated’
that a t-butyl group can be used to protect the thiol group® in
B—mercaptoaldehydes, and furthermore that t-butyl sulphides
are conveniently prepared from the 2-methyl-2-propane-
thiolato anion and halogen substituted heterocycles.

In the present work we have used the 4-formylpyrazole-5-
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thione® ring as an example and hence the 5-chloro-4-formyl-3-
methyl-1-substituted pyrazole (1)!° as the starting material
(Scheme 1).T The resulting t-butyl sulphides (2) or (3) were all
stable colourless crystalline compounds? soluble in non-polar
solvents. The di-imines (3) were prepared in nearly quantita-
tive yields by the reaction of the aldehydes (2) with 1,2-
diaminoethane in absolute ethanol.

It is known that strong acids as well as Lewis acids will
cleave t-butyl sulphides. Metal ions such as copper(il) may
also function as Lewis acids; thus when a di-imine such as (3b)
(1 mmol) was heated (40 °C) with copper(m) acetate (1 mmol)
in methanol (50 ml) for 20 min, isobutene was evolved and a
maroon red copper(ir) complex (4) was precipitated!* in 809
yield, analytically pure after one recrystallization from 2-
methoxyethanol (Scheme 2). When the di-imine (3d) was
treated with copper(ir) chloride, isobutene was again evolved
and the acid form of the 1:1 complex (4d) was formed.
Treatment of complex (4d) with triethylamine and a further
equivalent of copper(i) chloride in methoxyethanol resulted
in the formation of the binuclear complex (5) (Scheme 3).

In order to investigate a copper complex with tetrahedral
distortion the complex (7) was prepared from compound (6).

In contrast to the maroon coloured complexes (4a—d)
complex (7) was nearly black. The copper(i1) complexes (da—
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¢) are all very stable compounds; heating at the m.p. did not
lead to decomposition. Thus the mass spectra could be carried
out at the m.p. of each compound with the molecular ion as
the base peak. No low molecular weight fragments were lost
from M+, while other large peaks in the mass spectrum still
contained the copper(ir) ion.

The co-ordination sphere for complex (4) is similar to those
of the Schiff base complexes of o-mercaptobenzylideamine
and I-phenyl-3-iminomethylpyridine-2(1 H)-thione,®% and the
stereochemistry$ is undoubtedly cis-planar as found for the
analogous hydroxoimine complexes. It can be seen that all
the complexes described here [(4a—d), (5), (7)] contain two
thiolate!® groups.

The visible—u.v. spectra of complexes (4a—d) (in dimethyl-
formamide) show a weak d-d band in the region 800—830 nm
(e = 100), the position of which is dependent upon the sub-
stituent R. The trend is opposite to that expected from the
inductive properties of the substituent R. However this varia-
tion fits the expected variation of a 2A; — *B, (D,,) transition
in a CulL, chromophore, distorted more (4b) or less (4a) from
planar geometry. In addition the spectra show bands at 500—
520 nm and 430—440 nm of medium intensity (¢ = 500—
2000). These bands are assigned as Cul! «<- RS (¢ and =)
ligand to metal change transfer (L.M.C.T.) bands.!

The spectrum of the binuclear complex (5) does not show
any strong deviation from this pattern. Preliminary e.s.r. and
magnetic susceptibility measurements suggest a weak anti-
ferromagnetic coupling, in contrast to copper type III
behaviour.

The visible—u.v. spectrum of complex (6) does not show any
ligand field bands below 900 nm and is dominated by intense
(e = 1200 and 3000) bands at 580 and 487 nm. We assign

T All new compounds gave satisfactory analytical and spectro-
scopic data.

1 In analogy to the 1-phenyl-3-iminomethylpyridine-2(1 H)-thione
copper(i1) complexes (ref. 3).
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these bands to the Cull<- RS, L.M.C.T. transitions which are
strongly red shifted owing to the distortion of the CuS,N,
chromophore towards tetrahedral'* geometry.

Thus, it is suggested that complex (7) simulates copper type
1 behaviour. In a future paper we will describe in detail the
e.s.r. and magnetic properties of these and similar complexes.

Received, 18th April 1983; Com. 481

References

1 E. 1. Solomon, K. W. Penfield, and D. E. Wilcox, Struct.
Bonding (Berlin), 1983, 53, 1.

2 S.1. Chanin ‘The Coordination Chemistry of Metalloenzymes,’
eds. I. Bertini and R. S. Drago, Reidel, London, 1982, p. 313.

3 For a discussion see: J. Becher, D. J. Brockway, K. S. Murray,
P. J. Newmann, and H. Toftlund, Inorg. Chem., 1982, 21,
1791.

4 See for example: A. V. El’tsov, I. Ya. Kvitko, S. P. Fradkina,
and E. A. Panfilova, Zh. Obshch. Khim., 1979, 49, 417.

5P. J. M. W. L. Birker, E. F. Godefroi, J. Helder and
J. Reedijk, J. Am. Chem. Soc., 1982, 104, 7556 and references
cited therein.

6 D. E. Fenton, U. Casellato, P. A. Vigato, and M. Vidali,
Inorg. Chim. Acta, 1982, 62, 57.

7 J. Becher and J. Lundsgaard, Sulfur Lett., 1982, 1, 5; Phos-
phorus Sulfur, 1983, 14, 131.

10

11

12

13

14

J. CHEM. SOC., CHEM. COMMUN., 1983

The t-butyl group has been used for the protection of thiols,
see: T. W. Greene, ‘Protective Groups in Organic Synthesis,’
Wiley, New York, 1982, p. 203. For a recent discussion of the
use of the S-t-butyl group in cystein chemistry see: J. J.
Pastuszak and A. Chimiak, J. Org. Chem., 1981, 46, 1868.
J. Y. Kvitko and B. A. Porai-Koshits, Z. Org. Khim., 1969, 5,
1685.

For compound (1b), see: B. A. Porai-Koshits, 1. Y. Kvito,
and E. A. Shutkova, Khim. Farm. Zh., 1970, 4, 19.

Metal complexes for a similar Schiff base ligand derived from
4-benzoyl-3-methyl-1-phenyl-A%-pyrazolin-5-one have recently
been described: A. K. Rana and J. R. Shah, J. Indian Chem.
Soc., 1981, 58, 1100.

M. F. Corrigan and B. O. West, Aust. J. Chem., 1976, 29,
1413.

It has been demonstrated that the predominant tautomeric
form of 3-methyl-1-phenylpyrazoline-5-thione in aprotic
dipolar and non-polar solvents is the thiol species; this taut-
omeric preference is opposite to that noted for thiol-thione
tautomerism in six-membered heteroaromatic systems, see:
J. J. Bergman and B. M. Lynch, J. Heterocycl. Chem., 1974,
11, 135.

A quantitative relationship between tetrahedral distortion and
redox potential in some copper N,S, compounds, when the
number of methylene groups is changed has been demonstra-
ted: R. D. Bereman, J. R. Dorfman, J. Bordner, D. P. Rillema,
P. McCarthy, and G. D. Schields, J. Inorg. Biochem., 1982,
16, 47.






