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Equilibration of 4-Substituted Thiane 1-Oxides!
Sir:

There is much current interest in stereochemical
aspects of sulfoxides. We have previously reported on a
stereoselective method of inversion of configuration of
sulfoxides.? Subsequently, Mislow and co-workers®have
described the hydrogen chloride catalyzed racemization
of sulfoxides and Henbest and Khan,* the thermal isom-
erization of sulfoxides.

For 4-t-butylthiane 1-oxides (1) thermally-induced
equilibrium (190° in decalin) was reported to exist at a
cis:trans ratio of 20:80, although no arguments were
presented for the assigned configurations.! We have
also prepared these sulfoxides® and our results indicate
that the previous stereochemical assignments are in
error. This work further demonstrates that in 4-
substituted thiane 1-oxides the isomer bearing the axial
oxygen is more stable.

The geometries of the 4-t-butylthiane 1-oxides were
ascertained by physical and chemical analogies with the
corresponding 4-p-chlorophenylthiane 1-oxides (2) of
known configuration.?® Periodate oxidation of sulfide
5 provides a 70:30 mixture of 2a:2b, whereas peroxide
oxidants yield approximately 30:70 mixtures.®® By
analogy, the cis configuration (la) is assigned to the
predominant product (759,) obtained by periodate
oxidation of 4 and trans (1b) to the isomer predominat-
ing in peroxide oxidations.® In each case, the compound
of cis assignment is found to predominate under
equilibrating conditions (see below). This chemical
evidence is corroborated by a correspondence in physical
behavior of compounds of like assignment. In each
case the compound assigned the c¢is structure had the

o
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R = (CHs)aC la 1b 4
R = p-CICsH, 2a 2b 5
R = CH, 3a 3b 6

higher melting point (la, m.p. 70-71°, lit.¢ 49-50°;
1b, m.p. 57-59°, lit.* 68-70°; 2a, m.p. 172.5-173°;
2b, m.p. 120-120.5°); the cis compounds are eluted
prior to the frans isomers in both column and gas
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chromatography”; there is a striking similarity in the
sulfoxide stretching region (1000 to 1100 cm.—1) of the
infrared spectra for the compounds of like assignment.

Thermal equilibrations were run in purified decalin
at 190° employing a quartz flask and nitrogen atmos-
phere. Mixtures of the 4-t-butylthiane 1-oxides (cis:
trans, 75:25 and 25:75) rapidly provided an equilibrium
composition of 809, cts and 209, trans. With pure
samples of la and 1b, approach to equilibrium is
very slow and significant side reactions could not
be avoided. Thermal equilibration of 2 was also
found to be impractical because of partial decomposi-
tion.

Treatment of pure la, 1b, or mixtures thereof with
hydrochloric acid—dioxane?®® for 20 min. is sufficient to
provide a cis:trans equilibrium mixture of 90:10.
Similar equilibrium compositions were obtained for
compounds 2 and 3 (Table I).

TapLE I

EQUILIBRATION OF 4-SUBSTITUTED THIANE 1-OXIDES

Com- Method Equilibrium composition AF,
pounds °C) cts trans kcal./mole
1 HCI (25) 90 10 1.3
2 HCIl (25) 80 20 0.8
3 HCI1 (25) 80 20 0.8
1 Decalin (190) 80 20 1.3
3 Declain (190) 65 35 0.6
1 N0, (0) 81 19 0.8
3 N2Oq¢ (0) 76 24 0.6

We have found that dinitrogen tetroxide, a useful
reagent for the conversion of sulfides to sulfoxides,® is
also capable of isomerization of sulfoxides. Treatment
of sulfide 4 and sulfoxide la or 1b yields a mixture com-
posed of 819, la and 199, 1b. Optically active (4 )-
benzyl p-toly! sulfoxide is rapidly racemized by this
reagent.

As can be seen from the data in Table I, there is
considerable variation in the equilibrium composition
dependent upon conditions and the identity of the 4-
substituent; however, there is always a marked
preference for the isomer with the axial oxygen. The
best value for the conformation free-energy differece
for the sulfoxide within the six-membered ring is
probably that (1.3 kcal./mole) obtained with the very
bulky and nonpolar 4-t-butyl group from both thermal
and hydrogen chloride catalyzed equilibrations. In
the dinitrogen tetroxide reaction, free sulfoxides are
probably not involved in the equilibration observed.?

The question remains open as to why an axial oxide
on sulfur in thianes is energetically favored over the
equatorial configuration. One explanation is that this
preference simply reflects the relative steric require-
ments of oxygen uvs. the free electron pair. If this were
true, it would be unlikely that the electron pair of suli-
oxides is located in a 3s orbital as has been proposed.!
On the other hand, the lone pair could reasonably be

(7) Gas chromatography employing a 6-ft. silicone gvm nitrile (GE
XE-60) column provided excellent resolution of the sulfide tnetwo sulfoxides,
and the sulfone.
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expected to occupy a 3sp?® orbital of sulfur.!* From
models it is estimated that the 1,3-oxygen—-axial hydro-
gen internuclear distance is 2.6 A., a value within the
range of the sum of the van der Waal’s contact radii of
hydrogen and oxygen. It is possible that attractive
terms outweigh repulsions and create a favorable
interaction between the oxygen and the ring. The
evidence presented in this report does not allow a
conclusion to be made. Itisnoteworthy that trimethyl-
ene sulfite is reported to exist almost exclusively
with the oxide in the axial position,'? that trans-1,4-
dithiane 1,4-dioxide prefers the form with two axial
S==0 bonds,!? and that both c¢is- and trans-4-chloro-
thiane 1l-oxide appear to prefer the conformer bearing
an axial oxide.!*
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Conformational Equilibria and Solvolyses of Six-
Membered Ring Sulfoxide Derivatives
Sir:

Structures of the cis- and ¢rans-4-chlorothiane 1-oxides
(Ia and IITa) have been well established through dipole
moment studies and solvolysis rate and product studies.
Structures for Ib, Ic, IIIb, and IIIc may be assigned by
analogy.

S X
%'—X RN MH
H 0—S8

IIa,b,c

S H
w}[ K, MX
—
X 0—S

IIIa, b, c IVa,b,c

a, X=Cl
b, X=0H
C, X= p—OSOzCaH4CH3

Spectroscopic evidence (n.m.r., infrared) suggests
that these compounds exhibit a surprising conforma-
tional preference for forms I and III with sulfoxide
oxygen axial. This is to be contrasted with the recent
report! assigning the cis geometry to the less stable
(and lower melting) of the isomers of 4-t-butylthiane
1-oxide, V. Our data lead to a conclusion parallel to
that of Johnson,? who has presented evidence suggest-
ing the opposite assignment for the isomers of V.

(1) H. B. Henbest and S. A. Khan, Proc. Chem. Soc., 56 (1964).
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For all of the compounds of our work and those of
Johnson the cis isomer is higher melting than the trans
(Ia, m.p. 120-121°, and IIIa, 104-105°; Ic, 136.5-138°,
and IIlc, 112-113°).

The sulfoxides I and III, prepared by oxidation of
the corresponding sulfides with ozone or sodium
metaperiodate,® were separated by column chroma-
tography, the trans isomers being eluted first in every
case. (In the case of Johnson,? the isomers postulated
to have a preponderarnce of axial sulfoxide oxygen were
also eluted first.)

Electric dipole moments for Ia and IIla were com-
pared with those calculated using thiane, thiane 1-
oxide, and cyclohexyl chloride as models. The assump-
tion was made* that the sulfoxide group dipole moment
is directed at an angle of 38° out of the C~S-C plane
toward the oxygen atom. Dipole moments, measured
at 25° in CCly, were: for 4-chlorothiane, 1.63 = 0.13
D. (caled. 1.8); for Ia-IIa, 4.18 = 0.22 (caled. 4.8);
and for IITa~IVa, 2.12 = 0.15 (caled. 2.2).

Structural evidence from solvolytic rate studies is
based on the large values of the k,4.5/kcis ratio (about
630 for chlorides Ia and IIla at 140° in 3509, v./v.
aqueous ethanol and about 150 for p-toluenesulfonates
Ic and Illc in 809, v./v. aqueous ethanol at 100°).
This is interpreted in terms of oxygen participation in
the ionization of the trans isomer to give intermediate
VI. Attack of water on VI either on $ or on C would
be expected to give cleanly the only observed alcohol
product, IIIb, with over-all retention of configuration.
No 4-thianone, from elimination involving the bridge-
head proton, could be detected in the reaction mixture.

0
+q~ £
IIla, c —% Si Z H % 111h 4+ olefins
H0 (88%)
VI

The proton of the CHX group in these derivatives
gives rise to a multiplet in the n.m.r. spectrum which is
broader and at lower field for the czs than for the trans
isomer, as would be expected® for a predominantly
axial proton. This suggests a conformational prefer-
ence for the forms (Ia—c or IIla—c) having sulfoxide
oxygen axial over those with sulfoxide oxygen equa-
torial (ITa—c or IVa—c).

TABLE I
NUCLEAR MAGNETIC RESONANCE Data rForR THE CHX PROTON
IN 4-SUBSTITUTED THIANE 1-OXIDES
Multiplet width

Compound Chemical shift® (half-height)?
Ia 251 14
I1Ia 271 9
Ib 227 16
IIIb 242 12
Ic 277 17
ITIc 288 10
a C.p.s. from tetramethylsilane at 60 Mc. & C.p.s.

The absorption intensities at the infrared C-Cl
stretching frequencies (748 and 719 cm.~! for Ia-Ila
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