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Abstract: The rotational spectra of eight isotopic species of 1,2,4-trithiolane (the sulfur analogue of ethylene ozonide) were
assigned and a structure determined by least-squares fitting of the moments of inertia. The molecule has a disulfide-twist
half-chair conformation with C, symmetry. The structural parameters for the ring atoms are the following: r(S-S) = 2.044
(2) A, r(C-S,) = 1.829 (2) A, r(C-Sy) = 1.808 (2) A, 2C-8-S = 93.8 (1)°, /C-S-C = 99.4 (1)°, £S-C-S = 110.0 (1)°,
7(C-S-S-C) = 52.8 (3)°, 7(S-S-C-S) = 46.4 (4)°, and 7(C-S-C-S) = 20.2 (1.0)°. Vibrational satellites (v = 1-4) from
an antisymmetric mode with a fundamental frequency of 82 = 10 cm™ were observed. A dipole moment of 0.465 (4) D was
determined. No effects of fluxional behavior were observed since all the measurements were on vibrational states considerably

below the estimated barrier to pseudorotation of 3—6 kcal mol™.

The structure and conformational properties of disulfides and
cyclic disulfides have attracted interest because of the bearing they
have on the structure of cystine residues in proteins. Scheraga
and co-workers! have used vibrational and crystallographic data
along with theoretical calculations to obtain insight on changes
in properties when the dihedral angle, 7(CS-SC), is varied. Bock
and co-workers have investigated the correlation between the
photoelectron spectra and dihedral angle? and provided an es-
pecially extensive study of the fluxionality properties of 1,2-di-

thiolane?® (CH,-CH,-CH,-S-S) and its radical cation using
photoelectron spectroscopy (PES), electron-spin resonance, and
ab initio calculations. On the other hand, there has been little
gas-phase structural data from microwave (MW) or electron-
diffraction studies of cyclic disulfides.

As an outgrowth of our interest in ozonide structures, we un-

dertook a MW study of 1,2,4-trithiolane, CH,-S-S-CH,-S
(sometimes called trithio ozonide), which is the sulfur analogue
of ethylene ozonide and the prototype species in the 1,2,4-tri-
thiolane series. Until Morita and Kobayashi?® provided a reliable
synthesis and several bona fide properties in 1967, there was little
previous discussion of it in the literature.* On the basis of its
vibrational and PES spectra,® C, symmetry has been deduced and

(1) (a) Van Wart, H. E.; Shipman, L. L.; Scheraga, H. A. J. Phys. Chem.
1975, 79, 1428-1436. (b) Van Wart, H. E.; Scheraga, H. A ; J. Phys. Chem.
1976, 80, 1812-1823. (c) Van Wart, H. E.; Scheraga, H. A.; Martin, R. B.
J. Phys. Chem. 1976, 80, 1832.

(2) (a) Bock, H.; Wagner, G. Angew. Chem., Int. Ed. Engl. 1972, 11, 150.
(b) Chem. Ber. 1974, 107, 68. (c) Bock, H.; Stein, V.; Semkow, A. Ibid. 1980,
113, 3208.

(3) Morita, K.; Kobayashi, S. Chem. Pharm. Bull. 1967, 15, 988.

(4) Breslow, D. S.; Skolnic, H. “The Chemistry of Heterocyclic
Compounds™; Weissberger, A., Ed.; Wiley-Interscience: New York, 1966; Vol.
21, Part 1.

(5) (a) Guimon, M. F.; Guimon, C.; Metras, F.; Pfister-Guillouzo, G. Can.
J. Chem. 1976, 54, 146. (b) Guimon, M. F.; Guimon, C.; Pfister-Guillouzo,
G. Tetrahedron Lett. 1975, 441,

a CS-SC dihedral angle of about 50° was estimated. Molecular
mechanics calculations® have also indicated a twisted conformer
with a dihedral angle of about 46° while a flexible conformation
and a low barrier to pseudorotation (<6 kcal mol™) have been
inferred from its proton NMR spectrum’ which remains a singlet
at temperatures down to =117 °C.

More detailed structures are available for three substituted
1,2,4-trithiolanes containing exo-carbon double bonds.®'® Species
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1972, 28, 3489.
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1and 2 are twisted about the disulfide linkage (r(CS-SC) a 42°)
while a sulfide envelope conformer was found for 3 (7(CS-SC)
a2 (0°). This paper reports the conformation and detailed structural
parameters for the simplest member of this series, 1,2,4-trithiolane.

Experimental Section

Synthesis. The synthesis of 1,2,4-trithiolane (hereafter trithiolane)
followed a scaled-down procedure reported by Morita and Kobayashi.?
CH,Cl, (25 mL) was added to 25 mL of aqueous Na,S, s (~1.25 M).
After about 1 day, the nonaqueous layer was separated and the more
volatile CH,Cl, was removed by using a rotary evaporator. The crude
trithiolane was purified by low-pressure distillation (~0.5 torr at 115 °C;
10% yield). The product was confirmed by mass spectroscopy and
NMR.? Its vapor pressure at room temperature was less than 0.25 torr,
and the material did not easily transfer on a vacuum line.

Deuterated Specles. A sample of 3,5-dideuterio-1,2,4-trithiolane was
prepared similarly by using 25 mL of 98% CHDCI,. The latter was
prepared by reducing CDCl, (99.6% D) with tributyltin hydride.! The
chloroform and methylene chloride were separated by fractional distil-
lation. A purity of 98% was determiped by VPC. Mass spgctroscopy
indicated the deuterium content was 97%. A sample of trithiolane con-
taining the normal, dy, and 3,5-d, species was also synthesized by using
12 mL of CH,Cl; and 13 mL of CHDCI,. The synthesis of 1,2,4-tri-
thiolane-3,3-d, employed 1.5 mL of CH,Cl, and 1.5 mL of CD,Cl,. The
yield was low and only a few spectroscopic measurements could be per-
formed before the sample was depleted.

Spectrometer. Spectra were recorded with a HP 8460A spectrometer
between 18 and 40 GHz. Both Stark modulation and radio frequency—
microwave double resonance (RFMWDR) were employed.l* Weak
transitions were measured by using a microcomputer system that per-
mitted signal averaging. It was based on a Motorola M6800 microcom-
puter system (Southwest Technical Products Co.) with 40 kbytes of
memory and home-built analog—digital interfaces.

Spectra. The spectrum was sparse and exhibited weak, sharp tran-
sitions. Approximately 50 u,-dipole R-branch transitions were assigned
up to J = 9—10 Hz. A selection of these transitions is listed in Table
I. A centrifugal distortion fit of all the transitions gave agreement with
a standard deviation of 0.02 MHz,!* with a maximum correction of only
0.7 MHz for a 7,4 — 85, transition.

The presence of intensity alternations (due to nuclear spin statistics
in the ratio of 5/3) was evident in transitions arising from symmetric vs.
antisymmetric levels. From this observation and the moments of inertia
which indicate a nonplanar heavy-atom framework, it can be concluded
that the molecule belongs to the C, rather than the C,, point group.

The trithiolane sample prepared by using approximately equal
amounts of CH,Cl;, and CHDCI, gave transitions of the normal species
along with species monodueterated at both an equatorial and an axial site.
The monodeuterated species possess C; symmetry and neither exhibited
alternating nuclear spin statistics. Seventeen R-branch transitions were
assigned for each species.

The spectra of the three possible 3,5-dideuterio-1,2,4-trithiolane
species were measured in the sample prepared by using only CHDC],.
The spectrum of the [3-2H,,,5-2H,,]-trithiolane did not show effects of
nuclear spin statistics while the transitions of the 3-*H,,5-?H,, or 3-
?H,,.5-*H,, species exhibited the expected statistical weight ratio of
15/21. Between 9 and 13 transitions were measured for the three di-
deuterated species and rigid rotor spectral constants were calculated. The
quality of the fits was comparable for all of the deuterated species (de-
viations <0.2 MHz).

A bootstrap procedure using the data from the normal and deuterated
species along with several structural assumptions was employed to obtain
good models'S to help assign spectra of the Sy and 3S; species'S in
natural abundance. Twenty-six transitions for the 34Sy species were
assigned and the absence of spin statistics was verified. Eight transitions

(11) Seyferth, D.; Yamazaki, H.; Alleston, D. J. Org. Chem. 1963, 28, 703.

(12) D. G. Borseth, Ph.D. Thesis, University of Michigan, 1982.

(13) Wodarczyk, F. W.; Wilson, E. B. J. Mol. Spectrosc. 1971, 37, 445.

(14) The constants obtained from the centrifugal distortion fit with use of
Watson’s representation I were (in MHz) 4 = 3819.353 (12), B = 2621.131
(2), C=1710.615 (2) and (in kHz) A; = 0.27 (1), Ajx = 0.33 (5), A, = 0.35
(40), 8; = 0.07 (1), 8¢ = 0.40 (1). The fitting program was obtained from
Prof. R. H. Schwendeman.

(15) The structure-fitting program STRFIT4 was employed. It is a modified
version of R. H. Schwendeman’s STRFIT program: Schwendeman, R. H.
“Critical Evaluation of Chemical and Physical Structural Information”; Lide,
D. R., Paul, M. A, Eds.; National Academy of Science: Washington, DC,
1974; pp 74-115.

(16) S4 represents a sulfur in the disulfide link. S, represents the sulfide
sulfur (C-S,-C).
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Table 1. Assigned Microwave Transitions of 1,2,4-Trithiolane
in the Ground Vibrational State (v= 0)

frequency, obsd - caled,®

transition MHz MH:z
4(1,3) < 3(1,2) 18128.27 0.04
4(3,1) < 3(3,0) 18 346.52 0.08
4(2,2) < 3(2,1) 19179.72 0.09
5(1,5)«<4(1,4) 18467.92 0.05
5(0,5) < 4(0,4) 18527.44 0.04
5(2,4) < 4(2,3) 20876.50 0.03
5(1,4) < 4(1,3) 21661.96 -0.01
5(3,3) < 4(3,2) 22215.25 0.03
5(4,2) < 4(4,1) 22440.62 0.02
5(4,1) < 4(4,0) 22596.33 -0.01
5(3,2) < 4(3,1) 23569.51 0.07
5(2,3) < 4(2,2) 23851.90 0.03
6(1,6) < 5(1,5) 21907.50 0.01
6(0,6) < 5(0,5) 21925.46 0.01
6(2,5)<5(24) 24 531.33 0.00
6(1,5) < 5(1,4) 24933.29 0.00
6(5,2) < 5(5,1) 26933.60 -0.09
6(5,1) < 5(5,0) 26972.94 -0.13
6(4,3) < 5(4,2) 27027.47 -0.04
6(4,2) < 54,1) 27623.22 -0.01
6(2,4) <5(2,3) 27999.56 -0.06
6(3,3) <5(3,2) 28795.85 -0.00
7(1,7) < 6(1,6) 25333.87 -0.03
7(0,7) < 6(0,6) 25338.88 -0.03
7(2,6) < 6(2,5) 28 06Q.15 -0.07
7(1,6) < 6(1,5) 28220.63 -0.09
7(3,5) < 6(3,4) 30351.13 -0.11
7(6,2) < 6(6,1) 31393.70 -0.28
7(6,1) < 6(6,0) 31402.47 -0.37
7(4,4) < 6(4,3) 31511.48 -0.15
7(2,5)<6(2,4) 31557.50 -0.21
7(5,3) < 6(5,2) 31608.98 -0.20
7(5,2) < 6(5,1) 31803.87 -0.22
7(4,3) < 6(4,2) 32988.19 -0.10
7(3,4) < 6(3,3) 33642.75 -0.15

@ Calculated with the constants in Table II and a rigid rotor
model.

of the 3, species exhibiting the proper spin statistics were assigned. The
spectral fits were better than £0.1 MHz. The derived rotational con-
stants indicated that the 4 constant for the normal and the S, species
as well as the planar second moments Py, = 3 mb? and P, = 3 mc? were
identical within experimental error, as expected for isotopic substitution
on the C, symmetry axis. Relative intensity measurements for this
species and the S, species at both 21 and -20 °C gave values of 0.05
(1) and 0.08 (1), respectively, for the fractional population of the two
species.

The rigid rotor rotational constants for all the assigned isotopic species
are listed in Table II. The full set of observed transition frequencies of
the normal and isotopic species is available as supplemental material.

Vibrational Satellites. The twisted form of trithiolane should have two
low-frequency ring vibrational moges dependent on the barriers to
pseudorotation and inversion.”” One mode will be symmetric and the
other antisymmetric with respect to the C, axis of the molecule. Mi-
crowave transitions were observed from four excited states associated with
the antisymmetric state (v, = 1 to 4). Transitions from excited states
of the symmetric mode were not identified. The progression in the
antisymmetric states was evident from their regular change in rotational
constants and the behavior of the nuclear spin statistical weight factors.
The transitions from states with V,, = 2, 4 had the same spin weights as
the ground state while they reversed for v,, = 1, 3. The energy difference
between the v = 0 and v,, = 1 states was estimated to be 82 + 10 cm™
from relative intensity measurements at room temperature. The rota-
tional constants derived for the four excited vibrational states are listed
in Table I11. The transition frequencies are available as supplementary
material. The regular progression in the vibrational satellite series as well
as the modest centrifugal distortion corrections for the ground state
denote the absence of unusually large amplitude vibrational effects for
the states that were observed.

(17) Harris, D. O;; Engerholm, G. G.; Tolman, C. A,; Luntz, A. C,; Keller,
R. A.; Kim, H.; Gwinn, W. D. J. Chem. Phys. 1969, 50, 2438.
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Table II. Rotational Constants of Isotopically Substituted Species of 1,2,4-Trithiolane

no. of
species A, MHz B, MHz C, MHz K transitions®
normal 3819.367 (24) 2621.105 (3) 1710.601 (3) —-0.13646 59
"Heq 3679.820 (17) 2609.615 (3) 1677.389 (3) -0.06891 17
2Hay 3701.014 (19) 2587.948 (3) 1698.298 (3) -0.11156 18
3- Heq,S-’Hax 3567.507 (24) 2577.335 (4) 1665.346 (4) -0.04110 12
3-?Heq,5-Heq 3544.577 (17) 2600.246 (3) 1645.066 (3) +0.00571 9
3- Hax,S-’Hax 3587.536 (46) 2556.514 (7) 1685.510 (6) -0.08413 13
Sy 3819.393 (81) 2545.556 (7) 1678.096 (4) -0.18978 8
84 3763.125 (22) 2586.589 (3) 1686.475 (2) -0.13311 26

@ k is the asymmetry parameter: (24 -8 + O)/(B - (). b The uncertainty (in the last digits) represents one standard deviation of the fit.

¢ The number of transitions assigned.

Table I1I. Rotational Constants (MHz) for the Ground State and
the Excited Vibrational State Series Asymmetric to the C, Axis

ground

state, v A B C
0 3819.37 (2)° 2621.11(3) 1710.60 (3)
1b 3816.53 (2) 2622.78 (3) 1709.21 (3)
2 3813.86 (2) 2623.85 (3) 1707.99 (3)
3 3811.58 (3) 2624.99 (4) 1706.78 (3)
4 3809.39 (9) 2626.01 (2) 1705.58 (3)

% The uncertainty (in the last digits) represents one standard
deviation of the fit. ®E = —EF,= =82+ 10 cm™ from relative
intensity measurements.

Table IV, Principal Axisr, Coordinates in A for Trithiolane®

atom a, b, ¢,

Ss -1.707 (1)® 0.0 0.0

Sa 1.092 (1) £0.979 (1) £0.293 (1)
C -0.524 (2) £1.323 (3) £0.441 (1)
Heq  —0.881(1) £2.256 (1) £0.010 (1)
Hy,  -0.428(3) £1.385 (1) £1.526 (1)

¢ Determined from least-squares fitting-of isotopic data (Table
1) and fixing C-Heq at 1.088 A.'S b Uncertainties represent one
standard deviation in the 7, fit.

Dipole Moment. The Stark splittings were measured as a function of
electric field for the following transitions: 753 — 854 (M = 1), 75, —
853 (M =1),and 64, — 7,3 (M =1, 2, 3). The observed and calculated
values of Av/E? agreed to =1% and yielded a dipole moment of y, = g,
= 0.465 (4) D. The Stark effect data are available as supplementary
material. Methanol was used to calibrate the spectrometer.'®

Structure Determination. The microwave spectral data for trithiolane
already presented have shown that the molecule belongs to the C, point
group. Thirteen nonzero atomic coordinates (or 11 internal structural
parameters) must be determined to completely define the structure. They
can be evaluated from the moments of inertia of the normal species and
the four single-substituted species (D,,, Deg, *S;, #Sy)."* With use of
least-squares fitting methods, these data, along with the additional mo-
ments of inertia from the three dideuterated species, can be simultane-
ously fit to determine the so called 7, coordinates and r, structure.!s

It was found by this procedure that all of the r, coordinates could be
determined with little ambiguity except for the ¢ coordinate of H,. This
coordinate is <0.1 A, and both its magnitude and sign could be varied
without altering the quality of the least-squares fit significantly (Al
<0.006 amu A?). Consequently, it was decided to set d(C-H,) = 1.088
A as an additional constraint in the fitting process. This resulted in the
r, coordinates listed in Table IV and the structural parameters in Table
V. The r, coordinates determined by using Kraitchman’s equations? and
the single-substitution data are within +0.005 A of the values in Table
IV except for cy, where a value of [0.097] is obtained.

The structural parameters in Table V do not vary greatly with the
calculation procedure except for parameters that involve Hyg (e.g., C—Hgg
and /H,~C-H,,). Apart from these latter parameters, the 7, values in
Table V are probably close to the so called 7, or average structure.?!
Uncertainty limits of #0.01 A and %0.5° should be sufficient to encom-

(18) Hughes, R. H.; Good, W. E.; Coles, D. K. Phys. Rev. 1951, 84, 418.

(19) The moments of inertia were determined from the rotational constants
in Table II by using the relationship B:fz = 505379.05 MHz-amu-AZ

(20) Kraitchman, J. Am. J. Phys. 1953, 21, 17.

(21) Laurie, V. W.; Herschbach, D. R. J. Chem. Phys. 1962, 37, 1687.

Table V. Structural Parameters of 1,2,4-Trithiolane?
bond lengths, A

bond angle, deg dihedral angle, deg

S-S 2.044(2) C-S-S 93.8 (1) C-S-S-C  52.8(3)
C-Ss  1.829(2) C-S-C 99.4 (1) S-S-C-S  46.4 (4)
C-Sq 1.808(2) S-C-S 110.0 (1) C-S-C-S  20.2(10)
C-Heq 1.088%  H-C-H  112.0(2)
C-H,, 1.091(1) S¢-C-Heq 108.2(2)

Sq-C-Hoq 107.2(2)
S¢-C-H,, 109.8 (2)
Sq-C-H,, 109.6 (2)

@ Calculated from r, coordinates in Table IV, ® Fixed at this
value during the least-squares fitting analysis.

Figure 1. The structure of 1,2,4-trithiolane projected on the be principal
axes plane.

1.808

S >99.4 2.044

Figure 2. The structure of 1,2,4-trithiolane projected on the ab principal
axes plane.

pass the r, parameters. The parameters associated with H are less well
determined and an uncertainty of +0.03 A for d(C-H,) and £3° for
related angles is estimated. The structure is illustrated in Figures 1 and
2'22

Structure and Discussion

One of the noteworthy findings has been the absence of vi-
brational perturbations from ring fluxionality. The ground and
excited vibrational states which were observed are apparently well

(22) The figures were drawn by using the program orTEP. C. K. Johnson,
oRTEP. Oak Ridge National Laboratory Report No. ORNL-3794, 1965.
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below the barriers to ring pseudorotation or inversion and so the
MW spectrum “behaves” like a typical, fairly rigid species. It
is difficult to draw any firm inferences about the barriers associated
with the ring motion modes except to estimate a lower limit of
about 500 cm™ (1.5 kcal mol™) for the pseudorotation barrier
based on the observed regularity in vibrational states up to v,, =
4, This can be compared with values of 3.1 kcal estimated for
1,2,4-trithiolane® and the upper limit of 6 kcal estimated for
3,5-dimethyl-1,2,4-trithiolane.” These estimated barrier limits,
while consistent with a relatively rigid species as viewed by MW
spectroscopy, are presumably still low enough to lead to the ab-
sence of any geminal H,H coupling (i.e., fluxional behavior) on
the NMR time scale.?

There has been an interest in correlating the dihedral angle
about disulfide bonds (7(CS-SC)) with the S-S bond length!®2*
and spectral features such as PES transitions> and S-S stretching
frequencies.! In this respect, the PES results and 7(CS-SC) =
53° of trithiolane correlate reasonably well with related examples.
However, the S-S bond length in trithiolane is projected to be
about 2.06-2.08 A on the basis of the suggestion that this bond
lengthens when 7(CS-SC) decreases from the nominal 90° found
in unstrained species.'>?* However, the observed S-S bond of
2.04 (1) A is nearly identical with the results of 2.03-2.04 A found
in (CH,),S, where 7(CS-SC) is about 85°,25%

Other structural parameters in trithiolane viz d(C-S), £CSC,
and the nearly tetrahedral ZSCS are also close to values in un-
strained compounds, for example, (CHj;),S and (CH;),S,.25%
Only £CSS which is 9° smaller than in (CHj;),S, shows any
marked perturbation upon incorporation into the ring. It is also
noteworthy that the three ring dihedral angles are all several
degrees larger than their counterparts in ethylene ozonide where
7(CO-0C) = 49.5°, r(0O0-CO) = 40.8°, and 7(CO-CO) =
16.2°.2% 1t is apparent that trithiolane readily twists in the C,
minimum energy conformation without inducing much strain in
most structural parameters except for ZCSS.

1,2,4-Trithiolane does differ somewhat from the other three
trithiolanes noted in the introduction. The CS-SC dihedral angle
in1and 2 is 41-42° and in 3 it is ~0°. In the latter, the sulfide
envelope conformer is probably stabilized by S..«O interactions.
Also, the S-S bond distances are lengthened to 2.07 A in 1 and
2 and to 2.10 A in 3 while the C-S bonds are shortened by
~0.04-0.06 A from the more typical values of 1.80-1.82 A for
a nominal C-S single bond.2>?" Of course, the C-S bond distances
in these compounds are probably affected by the adjacent double
bonds to carbon (exo) which can interact with the trithiolane ring.

There have been two calculations on trithiolane with use of
molecular mechanics® and the CNDO method.®® The MM study
calculated the relative energies of several conformers (C, < C;
< C, < C,,) and estimated 7(CS-SC) = 45.9° for the disulfide

(23) Moriarty, R. M.; Ishibe, N.; Kayser, M.; Ramsey, K. C; Gister, H.
J., Jr. Tetrahedron Lett. 1969, 4883.

(24) Hordvik, A. Acta Chem. Scand. 1966, 20, 1885,

(25) Yokozeki, A.; Bauer, S. H. J. Phys. Chem. 1976, 80, 618.

(26) Sutter, D.; Dreizler, H.; Rudolph, H. D. Z. Naturforsch., A 1975,
204, 1676.

(27) Pierce, L.; Hayashi, M. J. Chem. Phys. 1961, 35, 479. Dreizler, H.;
Rudolph, H. D. Z. Naturforsch., A1962, 174, 712.

(28) Kuczkowski, R. L.; Gillies, C. W.; Gallaher, K. L. J. Mol. Spectrosc.
1976, 60, 361.
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twist or C, half-chair conformer. The lowest C; conformer, an
S, envelope, was estimated to be 0.3 kcal higher than the C, form.
This would give it an intensity similar to thev = 1 and v = 2
vibrational satellites of the C, form if it had the same dipole
moment. No evidence for it was found in the microwave regions
that were covered. Nevertheless, the possibility of another low-
lying conformer populated at room temperature cannot be defi-
nitively eliminated since a small decrease (~0.2 D) in the
spectrally active dipole components would drastically reduce
transition intensities and modulation properties.

The CNDO calculation was primarily directed at assigning the
PE ionization energies and estimating the dihedral angle (~50°)
from the splitting of the two lowest transitions.®® Some other
geometric parameters were also estimated and the ring-bond
distances and angles were within £0.02 A and £3.5° of the MW
values. This study proposed a qualitative model which sheds light
on the twisting of the ring. It suggests that an important inter-
action will involve the overlap of = orbitals on S, S; with the CH,
groups. The calculation was not sophisticated enough to provide
a quantitative analysis of this proposal nor much insight on
structural details such as the shrinkage in ZCCS and the small
difference between the C-S, and C-S4 distances.

The same interactions but involving = orbitals on the oxygen
atoms and the CH, groups were also recognized as important
factors stabilizing the twisted conformation in ethylene ozonide*®
and other oxolanes.® Thus, while the oxolane and thiolane
families have comparable conformational properties originating
from similar interactions, details of behavior may still differ. For
example, the dihedral angle about the S-S bond in 1,2-dithiolane*
and substituted dithiolanes!® decrease to ca. 30° upon replacement
of Sy by -CH,- while in 1,2-dioxolane the O-O dihedral angle
of 50  2°32 remains nearly identical with that of ethylene
ozonide.?® This contrast also brings to mind the remarkable
diversity exhibited in S-S dihedral angles which can vary from
0° to 90° as various factors influence the conformational ener-
getics.!
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