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Conformational Analysis of 1,4-Dithiane Derivatives
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a-Mercapto ketones either exist as such (I-a; II-a; III-a) or dimerise to
2,5-dihydroxy-1,4-dithiane derivatives (I-b; II-b; III-b). The wide range
of melting-points reported for these specific compounds provides a con-
fusing dimension to the question of their structure. Infrared spectroscopy
has given a qualitative evidence that these compounds exist in solution
as a mixture of both forms. Cryoscopic molecular-weight measurements
have also given values varying between those for one or two units. In
addition to these, 'H-nmr spectra have given good evidences that
a-mercapto ketones are formed as a mixture of monomer and a dimer.
No evidences are found to support the previously claimed isolation of
two dimeric species. Generally, the dimer dissociates to the monomer on
standing as a solution in chloroform, while the monomer is dimerised by
the grinding effect.

INTRODUCTION

Preparation of some selected a-mercapto ketones such as «-mercapto
acetone (I-a)!~7; l-mercapto-3-phenyl-2-propanone (II-a)%; 2-mercapto
cyclohexanone (III-a)%!° and its dimeric forms 2,5-dihydroxy-2,5-dimethyl-
1,4-dithiane (I-b); 2,5-dihydroxy-2,5-dibenzyl-1,4-dithiane (II-b); 2,5-
dihydroxy-2,3,5,6-bis-tetramethylene-1,4-dithiane (III-b) have been repor-
ted early. As an example of this class of compounds a-mercapto acetone
(I-a) was first prepared by acid hydrolysis of the glycolic acid derviative!;
but is more readily obtained by reacting «-haloacetone with sodium
hydrogen sulphide2.
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Varied melting points have been reported for products of these
reactions!~6, which contributed to the contention*57 that a-mercapto
acetone exists as two distinct forms denoted hereafter as (A) and (B);
where (A) refers to the form having m.pt. 81-83°C in Ref. (4) and 136~
138 °C in Ref. (5); and (B) refers to that having m.pt. 107-108°C in Ref.
(4) and 117-118°C in Ref. (5). The higher melting points reported in
Ref. (5) were attributed to the method of measurement.

As a class, a-mercapto ketones are known to dimerise to the 2,5-
dihydroxy-1,4-dithiane system? and both (A) and (B) have been postulated
to be dimeric on the basis of cryoscopict and i.r. spectral measurements’.
Schotte* found that (A) and (B) gave the same X-ray powder diagrams
and, after commenting upon the possibility of cis-trans isomerism, took
the view that the forms were probably polymorphic. In another X-ray
study, Haberl et al5> reported differences in the crystal structures; both
forms had a centre of symmetry and trans structures (IV) and (V) were
assigned to (A) and (B), respectively. However, the isolation of such
structures, both recrystallizable from benzene, require a barrier to con-
formational inversion (IV) = (V) far in excess of that normally associated
with such processes. Furthermore, the greater thermodynamic stability of
(A) over (B), as judged by the reported conversion of (B) into (A) by
steam distillation* and recrystallization from pyridine’, is inconsistent
with (A) having structure (IV) where steric and dipolar repulsions are at
a maximum.
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but It iIs not stable. by schottet and

it Is stable.
l.e., (B)y==(a)

EXPERIMENTAL

According to the above-mentioned contradictions, we had the cause to
prepare the three selected a-mercapto ketones mentioned above ourselves
and subject all these compounds to 'H-nmr and IR as well as to mass
spectroscopic measurements, We ought to follow the same procedures of
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preparation reported in the literatures2, Then 60-MHz nmr spectra were
obtained using a Perkin Elmer R-12 spectrometer. Chemical shifts are
quoted as ppm downfield from TMS. Infrared spectra were measured
using a Perkin Elmer 257-spectrometer, while mass spectra were measured
using a Hitachi-Perkin Elmer RMU-6E- spectrometer All the experimental
data are tabulated in Table 1.

RESULTS AND DISCUSSION

We found that «-chloroacetone with H,S in NaOH at 0°C afforded a
product (I) which on recrystallization from benzene had m.pt. 102-106°C.
A second recrystallization gave acrop of crystals, m.pt. 92°C and a second
crop m.pt. 106°C. All samples showed m/e 180 corresponding to a dimeric
structure. However the 60-MHz nmr spectrum-of a crop of crystals of
m.pt. 102-106°C .in CDCl; showed that each material was a mixture,
not of the previously supposed two dimers, but of one dimer and one
monomer together. The nmr spectrum of the dimer showed two singlets,
the first one at 81.6 for the six methyl-protons (6H, S) and the other at
84.3 for the two hydroxyl-protons (2H, S). In addition to that a significant
doublet signal (i.e., AB pattern) was shown at §(2.8-2.5) ie. (2H,
d, J = 14 Hz) and at §(3.7-3,5) i.e., (2H, d, J = 14 Hz) assignable to the
two methylene-protons of the ring. Moreover, the same nmr spectrum
showed a sharp singlet at 82.3 for the methyl-protons (3H, S); a doublet
at 8(3.4-3.3) ie.. (2H, d,J = 8 Hz) for the methylene protons and a
triplet at 8(2.1-1.7) assignable to the SH proton (1H, t, J = 8 Hz) of the
monomeric structure.

On the other hand, on scanning another crop of crystals of m.pt.
102-106°C in a mixture of CDCIs;and two drops pyridine; pure pyridine
alone or CH,Cl,, all showed n.m.r. spectra interpretable to the monomer
only. Moreover, on using D,O with CDClI; it showed n.m.r. spectrum
having two sharp singlets of different intensity referring only to the
methyl and methylene protons of the deuterated mercapto acetone.

We also found that l-mercapto-3-phenyl-2-propanone (1I-a), prepared
from the corresponding chloroketone and NaSH?® and previously reported®
to exist as the dimer, behaves in an analogous manner. Freshly prepared
material has m.pt. 85-89°C and 92-93°C after recrystallization frem
ethanol, with a 1: 1 ratio of monomer to dimer by n.m.r. in CDCl,.

The dimer showed a doublet-doublet i.e., (AB pattern) at §(2.65-2.4)
f.e. (2H, d, J = 14 Hz) and at §(3.6-3.4) i.e. RH, d,J = 14 Hz) for the
methylene protons of the 1,4-dithiane ring. In addition to that another
composed doublet was shown at §(3.1-3) i.e., (2H, d, J = 13.5 Hz) and at
8(3.25-3.1) i.e. (2H, d, J = 13.5 Hz) assignable to the methylene protons
of the benzyl group (due to the geminal coupling). A sharp singlet
resonating at 4.0 was due to the OH protons (2H, S), whereas the
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broad singlet appeared at 67.25 was assignable to the phenyl protons
(10 H, S). On the other hand, the monomer showed a triplet at 8(2-1.7)
for the SH-proton (1H, d, J = 8 Hz), whereas the methylene protons of
—CO—CH,—SH group showed a doublet at §(3.3-3.2) i.e. 2H,d,J =38
Hz). The CH, protons of the benzyl group appeared at 83.8 as a singlet
(2H, S). The five phenyl protons showed a broad singlet at §7.25 (5H, S).
On leaving the material for four days in CDClI;, or as the solid for 25
days, it showed characteristic peaks for only the monomeric species
(m.pt. 92-93°C). Grinding the solid again caused dimerization, lowering
the m. pt. to 85°C. The schematic diagram of the mass spectrum data for
the material left for 25 days (m.pt. 92-93°C) showeéd M+ at m/e=166,
(X), which decomposed to (W) (m/e=134; 12%) due to the loss of S-atom.
On further decomposition of (X) and (W) to the cation (Y), the m/e
values decreased to 119 (30%) due to the loss of CH,SH or CH; radicals,
,respectively,
The cation (Y) lost CO giving the resonance stabilized tropylium ion
(Z) where m/e=91 (100%). In general, we found that the behaviour of
o*o
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2-mercapto cyclohexanone (I1I-a) and its dimeric form (III-b) was in
agreement with that discussed above. Now we can generalize that the
reaction between H,S and a-haloketones usually gives a-mercapto ketones
which are found to be easily dimerized to the corresponding 1,4-dithianes.
We can make the following observations about the composition of the
mixtures obtained in the case of a-mercapto acetone:

I — Sample of m.pt. 92°C was (0'8 : 1) monomer to dimer.
II' — Sample of m.pt. 106°C was (1.1 :1) monomer to dimer.
Il — Sample left for 3 weeks in CDCl; contained only mono-

mer. This conversion was rapid (< 15 min) on addition
of two drops of pyridine tothe solution.

IV — In contrast, grinding of a monomer-dimer mixture increas-
ed the amount of dimer present. Indeed the i.r. spectrum
of a well ground Nujol mull showed no C=O band but a
strong OH absorption.

The structure of the dimer cannot be assigned unambiguously but
simple conformational considerations predict that the trans-isomer is
more stable than the cis-form. We do not wish to speculate about previous
reports claiming the isolation of two dimeric species other than to note
the following points :

I — Evidence in favor of dimeric structures obtained from i.r.
spectra as Nujol mullsS is equivocal in view of the dimeri-
zation of monomer during mulling.

II — The reported conversion of (B) into (A) on recrystailiz-
ation from pyridine’, and our observations on the effect
of pyridine on our dimer, raise doubts about the exclu-
sively dimeric nature of (A).

III — The (9.5-4) p-region of the i.r. spectra of (A) and (B) in
CCl, illustrated in Ref. (5) indeed show strong O-H
absorption. However, inspection shows that both (A) and
(B) exhibit a weak band at 3.9x where S-H bonds absorb,
implying that neither (A) nor (B) is exclusively dimeric.

REFERENCES
1. B. Groth, Dissertation, Uppsala (1926).
2. O. Hromatka and E. Engel, Monatsh, 78, 29 (1984).
3. M. Ohta, J. Pharm. Soc. (Japan), 70, 709 (1958); Chem. Abstr., 45, 6581 (1951).
4. L. Schotte, Arkiv. Keml., 3, 397 (1951).

5. R.Haberl, F. Grass, O. Hromatka, K. Brauner and A. Preisinger, Monatsh, 86,
551 (1955).

Vol. 5, No. 1 (1993)



214 Conformational Analysis of 1, 4-Dithiane Derivatives

6. L. Field and S. Wayne, J. Org. Chem., 36, 2735 (1971).

7. D.S. Breslow and H. Skilnik, in Multisulfur and Sulfur and Oxygen Five- and
Six-membered Heterocycles, Part II: The Chemistry of Heterocyclic Compounds
Series of Monographs, Wiley-Interscience, New York, p. 1100 (1966).

8. M. Thiel, F. Asinger and M. Fedke, Ann., 615, 77 (1958).
9. M. Thiel, F. Asinger and K. Hans, Ann., 606, 67 (1957).

10. M. Thiel, F. Asingker, U. Helga, G. Karl Heinz, G. Horst and T. Seigfried,
Ann., 636, 144 (1960).

[Received: 3 March 1992; Accepted: 18 March 1992) AJC-414

Asian J. Chem.



