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Although the presence of 2-5 does cause some problems
during the work-up of preparative photochemical reac-
tions, a major objection to the use of dioxane in quantita-
tive or mechanistic studies is the presence of small steady-
state concentrations of 8 and 9, which could cause trouble-
some sensitization and/or quenching reactions.

Experimental Section

Infrared spectra were obtained on a Beckman IR-8, NMR spec-
tra on a Varian A-60D spectrometer, and gas chromatographic
work was carried out on Varian 1200 (flame ionization) and A-90
(thermal conductivity) instruments.

Photolysis of Dioxane. A sample of 200 ml of spectrograde di-
oxane was purged with nitrogen for 1 hr and then irradiated with a
450-W Hanovia type L lamp for a period of 200 hr. Aliquots were
removed during the course of the reaction and analysis on a 6 ft X
0.125 in. 20% Versmid on 60-80 Chromosorb W column at 140° in-
dicated the slow generation of four products with retention times
of 8 (A), 12.5 (B), 23, and 31 min. Dioxane was removed by distilla-
tion and the residue was distilled to give a fraction, bp 100-120°
(17 mm), enriched in the two short retention time peaks. The resi-
due was rich in the two long retention time components and these
wére separated via preparative GLC on a 6 ft X 0.25 in. 15% DC550
on 80-100 mesh Chromosorb W column at 125°, Melting points
and spectral data (ir, NMR, MS) indicated that these were the di-
mers 2 and 3.! '

The two early retention time peaks were isolated from the distil-
lation fraction by preparative GLC on a 6 ft X 0.25 in 20% Versmid
on 60-80 Chromosorb W column at 110°.

The material corresponding to peak A was identified as 4 (or 5)
on the basis of the following data: vmax (CDClg) 3600, 2870, 2980,
and 1120 ¢m~Y; NMR (CDCls) 7 8.87 (d, J = 6 Hz, 3 H, CHa), 7.27
(broad s, 1 H, OH), 6.0-6.7 (broad m, 8 H, HCO); MS m /e (rel in-
tensity) 132 (P, 4), 87 (100}, 45 (98).

The material corresponding to peak B was identified as 5 (or 4)
on the basis of the following data: ymax (CDCl3) 3600, 2865, 2970,
1115 em~!; NMR (CDCl;) 7 8.83 (d, J = 8.5 Hz, 3 H, CH3), 7.72
{broad s, 1 H, OH), 5.9-6.6 (broad m, 8 H, HCO); MS m/e (rel in-
tensity) 132 (P, 6), 87 (100), 45 (52).
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Recently, considerable discussion has focused on the
conformational preferences of the sulfinyl oxygen atom
(S-0) in a variety of six-membered rings. For example,
trans-1,4-dithiane 1,4-dioxide, possessing a diaxial oxygen
conformation in the solid state,! appears to exist preferen-
tially in the same conformation in solution.? This axial
preference of the S-O group has been established for
thiane S-oxide (1) by low-temperature 'H NMR tech-
niques® while an equilibrium mixture of anancomeric cis-
and trans-4-tert-butylthiane S-oxides (2 and 3) exhibits a
predominance of the cis isomer bearing the axial oxygen.*
In contrast, the sulfinyl oxygen atom of 3,3-dimethylthiane
S-oxide prefers the equatorial conformation (>95%).5 The
equatorial preference in the 3,3-dimethyl derivative is un-
doubtedly due to the repulsive 1,3-syn-axial methyl-sulfin-
yl oxygen atom interaction while the axial preference in 1
has been ascribed to an attractive interaction between the
axial sulfinyl oxygen atom and the syn-axial C-H atoms.?
In 1,3-dithiane S-oxide? and 1,3-oxathiane S-oxide® the
sulfur oxygen atom favors the equatorial conformation in
the former and the axial position in the latter. In view of
the growing concern for those factors which influence (and
possibly control) the conformations of sulfoxides in cyclic
systems, we wish to report our results and conclusions re-
garding the conformations of 1,4-oxathiane S-oxide (4).

We have examined the conformational equilibria of 1,4-
oxathiane S-oxide and the corresponding 3,3,5,5-tetradeu-
terio derivative 5 using 3C NMR spectroscopy.

At —80° in CDgyCl;, two absorptions are observed for 5
while in a separate experiment four absorptions were visi-
ble for 4. The carbons « to the ring oxygen and the ones «
to the sulfinyl group were easily assigned since deuteration
served to “mask”® only carbons adjacent to the sulfinyl
group. Inspection of the low-temperature spectrum of 4 re-
vealed two low-field absorptions of unequal intensity (8
57.66 and 64.68 ppm) which exhibited a chemical shift dif-
ference of 7.02 ppm. A similar result was obtained for the
high-field carbons « to the S-O group (Aé = 7.42 ppm =
51.67 — 44.25). The conformer assignments for the two
forms were made by comparison with the appropriate car-
bon shifts of other systems with established conformations
as shown in Table I. ‘

In all cases, it is apparent that the axial (sc) sulfinyl oxy-
gen atom in a chair conformation engenders an upfield
shift on the 8 carbons as compared to the equatorial (ap)
sulfinyl oxygen atom.!®!! From these data we conclude
that the high-intensity absorptions (most populous con-
former) correspond to the one with the axial sulfinyl oxy-
gen atom (4a). This conclusion is in harmony with the one
arrived at by Szarek et al.l® from an examination of the 'H
NMR couplings and proton chemical shifts of 4 at ambient
temperature. Calculation of the corresponding conforma-
tional free energy (AG®°) gave the data in Chart L1 The
data on the conformational equilibrium of thiane S-oxide?
are included for comparison.

It is especially noteworthy that the AG® for 4 is more
than three times that observed for thiane S-oxide under
similar conditions (AG°_gge = 0.68 £ 0.07 kcal/mol for 4
and AG®°_gge = 0.17 + 0.03 keal/mol? for 1). Dreiding mo-
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Table 1
13C NMR Shifts of 3-Antiperiplanar (ap) and
3-Synclinal (sc¢) Carbons in
Six-Membered Ring Sulfoxides®

Conformer or diastereocisomer
Carbon chemical shift

ap sc difference (A8), ppmb
I
/\!/ ~0 S 7.02¢:4
]
ws‘\o ws 7.45°
3 2 ﬁ
s 9.10¢

=7~

@' The ap and sc carbons relative to the sulfinyl oxygen atom are
identified as darkened circles. ® Ad = a5 — 8¢c. € Carbon shift dif-
ference measured at —80° in CD,Cl; solution. ¢ The shift difference
for the appropriate carbons in 5 is identical with that observed for
4; however, the deuterium isotope effect caused a slight upfield
shift for C-2 and C-6 relative to internal Me4sSi. Cf. D. Lauer,
E. L. Motell, D. Traficants, and G. E. Maciel, J. Am. Chem. Soc.,
94, 5335 (1972). ¢ Data obtained from CDClj3 solutions at ambient
temperature. / G. W. Buchanan, J. B. Stothers, and G. Wood, Can.
J. Chem., 51, 3746 (1973).

Chart 1
Conformational Free Energy of 1,4-Oxathiane
S-Oxide and Thiane S-Oxide
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v AG®_y» = —0.17 keal/mol"
o J. B. Lambert and R. G. Keske, J. Org. Chem., 31, 3429 (1968).

lecular models indicate that the distances between an axial
sulfinyl oxygen atom and the 2,6-CH positions in 4 (2.75 &)
and the 3,5-CH positions in 1 (2.70 A) are not significantly
different. This, therefore, might suggest that spatial differ-
ences between these groups are only marginally reponsible
for the disparity in conformational energy between 1 and 4.
It would seem likely that an electrostatic interaction of the
type described for the axial preference in 4-chlorocyclohex-
anone may, in part, be responsible for this additional stabi-
lization of the axial conformer 4a (as compared to 1a).!?

Experimental Section

The carbon FT' NMR spectra were recorded on a Varian Model
X1.-100-12 NMR spectrometer controlled by a 620/f computer.
Noise-decoupled and gated decoupled spectral® were obtained at
ambient (30°) and low temperature (—80°) and the Fourier trans-
forms were based upon 8K data points. The low temperature was
measured by insertion of a thermometer directly into the 10-mm
tube. Chemical shifts (5) are reported in parts per million and
measured as CD:Cls solutions downfield from internal tetrameth-
ylsilane (Me4Si). Both ambient- and low-temperature spectra were
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obtained with pulse widths of % 41%4 psec, acquisition time of 1.6
sec, and 400-1000 transients. Gated decoupled low-temperature
spectra were obtained at PD + AD + AT = 30 sec and the number
of transients was 400-600. The gated decoupling experiments gave
averaged area ratios (K = 6.06 at ~80°) consonant with those ob-
tained by planimeterization and electronic integration (K = 5.82 at
—80°) of the appropriate carbon signals.

1,4-Oxathiane S-oxide (4) was prepared by oxidizing 1,4-oxa-
thiane with sodium metaperiodate in 50% aqueous methanol solu-
tion as previously described.!®

3,3,5,5-Tetradeuterio-1,4-oxathiane S-Oxide (5). A solution
of 4 (4.0 g, 32.5 mmol) in 20 m!l of DyO was added to a solution of
NaOD (0.033 g-atom of Na) in 10 ml of D3O and heated to reflux
for 48 hr. The solution was cooled and extracted with CH2Cls (2 X
75 ml) and the organic layer was dried (MgSO4) and concentrated
to give an oil. Sublimation gave 500 mg of the desired sulfoxide
(55°, 0.1 Torr). The proton and carbon spectra were consistent
with the desired structure.
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