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Mild thermolysis (at 110È150 ¡C) of 1,3,2,4-benzodithiadiazine 1 and its carbocyclic substituted derivatives
2È15 in hydrocarbon solvents quantitatively yields stable 1,2,3-benzodithiazolyl p-radicals Kinetics of1~È15~.
this reaction can be described as a Ðrst-order process. Arrhenius parameters of the e†ective rate constant are

kJ mol~1, s~1 for 1 in squalane. Room-temperature photolysis of 1 in hydrocarbonEa \ 80 ^ 8 k0 \ 106.4B1.1
solvents also a†ords radical in nearly quantitative yield. Quantum yield of photolysis is wavelength1~
dependent and is equal to 0.08^ 0.01 at 313 nm in benzene. Experimental hyperÐne coupling (hfc) constants in
the ESR spectra of agree fairly well with those calculated at the B3LYP/CC-pVDZ level of theory. Spin1~È15~
density distribution in is in striking contrast to that of isomeric 1,3,2-benzodithiazolyls but resembles1~È15~
the distribution in correspondingly substituted benzyl radicals. ESR linewidths of radicals display some1~-15~
features likely related to spin-rotational relaxation.

Introduction
The design and synthesis of organic molecules with high-spin
ground states (molecular magnets)1,2 is of obvious fundamen-
tal signiÐcance. A rational approach to designing high-spin
molecules consists of conceptually dividing the molecule into
two components : a spin-containing (SC) fragment which pro-
vides the unpaired electron, and a ferromagnetic coupling
(FC) unit which connects radical centers ferromagnetically.3

Among the potential building blocks, the heterocyclic
sulfurÈnitrogen p-radicals (SCs) attached in various ways to
aromatic rings (FCs), for example AÈC (Scheme 1), belong to
the most promising ones.4,5 For instance, a system with the A
derivative (Ar \ 4- displays spontaneous magne-CNC6F4)tization at 36 K6 (cf. the other known molecular ferromagnets
2). The source of unpaired electrons in all these radicals is a
two-atom three-p-electron fragment i.e. the same(SN)~,3
moiety that the well-known molecular metal and low-
temperature superconductor poly(sulfur nitride) is(SN)

x
7

composed of.
At the same time, while 4-Ar-1,2,3,5-dithiadiazolyls A, 1,3,2-

benzodithiazolyls B, and the corresponding multiradicals have

Scheme 1
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been isolated and extensively studied in both liquid and solid
phases,4 1,2,3-benzodithiazolyls C, isomers of B, have only
been brieÑy investigated in solution.4,8 The reason for this is
that the traditional approach to C radicals mainly based on
the reduction of the Herz salts (1,2,3-arenodithiazolium
chlorides9),8,10 and the thermolysis and photolysis of rare
sulfurÈnitrogen compounds [3H-1,2,3-benzodithiazol-2-oxide,

where R\ piperid-1-yl, etc.]8,11,12(PhNH)2S, PhN(SR)2a†ords target radicals in low yields8h12 along with numerous
by-products.

We found that mild (D110È150 ¡C) thermolysis and pho-
tolysis of the newly synthesised 1,3,2,4-benzodithiadiazines
(Scheme 2)13h16 in dilute hydrocarbon solutions resulted in
nearly quantitative yields of C radicals (for preliminary work,
see ref. 17). The present paper describes in detail the prep-
aration and ESR characterisation of a large number of novel
1,2,3-benzodithiazolyls C based on this new approach. The
data obtained could be useful for designing synthetic path-
ways to 1,2,3-benzodithiazolyl-based multiradicals with poten-
tially ferromagnetic properties.

Experimental
The 1,3,2,4-benzodithiadiazines 1È15 were synthesised and
puriÐed as reported previously.13h16 Thermolysis or photoly-
sis of their 10~3 M solutions in absolute hydrocarbon solvents
[2,6,10,15,19,25-hexamethyltetracosane (squalane), nonane,
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hexane, cyclohexane, benzene, and trans-decalin] was per-
formed in an ESR TeÑon valve-equipped quartz tube out-
gassed by three freezeÈpumpÈthaw cycles.

The thermolysis was carried out with a glycerol thermostat
in a temperature range of 110È150 ¡C, with a temperature
accuracy of ^0.5 ¡C. In a typical experiment, a solution of the
radical precursor was gradually heated to 150 ¡C. After
keeping for 1 h at this temperature, the sample was cooled to
20 ¡C, and the ESR spectrum was measured. In squalane,
detectable amounts of radicals appeared at 110 ¡C, whereas in
cyclohexane they appeared even at 90 ¡C.

The photolysis was performed using the selected lines of a
Hg lamp (DRSh-500) equipped with a water Ðlter. To isolate
individual lines (313, 365, 436 nm), combinations of glass
Ðlters were employed. The UV/VIS spectra were collected on
a Specord M40 instrument. The quantum yields of the pho-
tolysis were determined using 2-dimethylamino-3-chloro-1,4-
naphthoquinone as the standard with a quantum yield of
isomerization of 0.1 in benzene.18

The ESR spectra were recorded on a Bruker EMX spectro-
meter (MW power 0.64 mW, modulation frequency 100 kHz,
modulation amplitude 0.01 mT). The spectra integration and
simulation were performed with the WIN-EPR, Simfonia,
WinSim and NIEHS PEST software programs. The g-factors
of radicals were measured using a DPPH standard.

The conversion of precursors into radicals was determined
by a standard with an accuracy of ^15%.CuCl2 É 2H2OThe B3LYP/6-31G* and B3LYP/CC-pVDZ calculations
were carried out by means of the GAUSSIAN 94 program.19
The electronic absorption spectra were calculated using the
time-dependent density functional theory at the TD-B3LYP/
6-31]G* level with the Gaussian 98 suite of programs.20

1,3,2-Benzodithiazolyl (Scheme 1 : B, R\ H), an isomer16~
of was prepared by reduction of 1,3,2-benzodithiazolium1~,
chloride21 with The ESR spectrum corresponded toPh3Sb.
the published spectrum21 with a slightly better resolution.

Results and discussion
The heteroatom reactivity of the newly synthesized 1,3,2,4-
benzodithiadiazines (which exhibit some formal features of
antiaromaticity, for details see ref. 13È16 and references cited
therein) is poorly known. Nevertheless, it seems to be high and
varied.13h16,22 It is believed that many new reactions will be
observed, and many new structural types will be found among
the reaction products of 1,3,2,4-benzodithiadiazines. Reason-
ably, the Ðrst step in studying the chemistry of these com-
pounds is the investigation of their thermal stability and the
identiÐcation of decomposition products.

Although photochemical methods are used for synthetic
purposes rather rarely, they provide wide opportunities for
studying the mechanisms of the processes. The methods of
laser Ñash and low-temperature photolysis in combination
with those of matrix isolation very frequently give direct infor-
mation about reaction intermediates, their properties and
reactivity. In the case where both thermolysis and photolysis
result in identical products, it is assumed that the reaction
intermediates in these processes will be the same. This can
contribute much to the understanding of the mechanism of
thermal transformations. Therefore, along with the thermoly-
sis of 1,3,2,4-benzodithiadiazines 1È15, the photolysis of the
parent compound 1 in a series of hydrocarbon solvents
(squalane, hexane, benzene) was also performed at room tem-
perature in order to elucidate the nature of photolysis pro-
ducts and determine photo-transformation efficiency.

Thermolysis of 1,3,2,4-benzodithiadiazines

We found that mild (D110È150 ¡C) thermolysis of 1,3,2,4-ben-
zodithiadiazines 1È15 in hydrocarbon solvents (squalane,

nonane, hexane, cyclohexane, benzene, or trans-decalin)
resulted in stable radicals (Scheme 3 ; Table 1). Fig. 11~È15~
presents the ESR spectrum of prepared by 1-h thermolysis1~
of 1 at 150 ¡C in squalane and hexane. Fig. 2 depicts spectra of

generated from the corresponding precursors4~È7~, 9~, 13~È15~

Scheme 3

Fig. 1 ESR spectrum of radical a, experimental in squalane ; b,1~ :
simulated with hfc constants (Table 2) and linewidths best Ðtting
curve a ; c, experimental in hexane. Asterisks denote the lines for
which Fig. 7 shows the dependence of width on solvent viscosity.

Table 1 Carbocyclic substituents in 1~È15~ a

Radical R1 R2 R3 R4
1~ H H H H
2~ H H OCH3 H
3~ H H CH3 H
4~ H F H H
5~ H H F H
6~ F F F F
7~ H Br H Br
8~ H H Br H
9~ CF3 H H H

10~ H H Cl H
11~ OCH3 H H H
12~ H CH3 H H
13~ Br H H H
14~ H Br H H
15~ H H H Br

a For the precursors 1È15, are the same (see Scheme 3).R1ÈR4
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Fig. 2 ESR spectra of radicals in squalane.4~È7~, 9~, 13~È15~

under the same conditions. For the identical spectrum was1~,
obtained by thermolysis in other solvents, as well as by
reduction of 1,2,3-benzodithiazolium chloride9,16 with Ph3Sb
in toluene at 20 ¡C.

The obtained ESR spectra of 1,2,3-benzodithiazolyl and(1~)
some of its carbocyclic substituted derivatives 2~, 3~, 8~, 10~È12~
are identical with those,8h12 prepared by other methods,
mainly by reduction of the corresponding Herz salts by metal
powders. One can conclude that the thermolysis of 1È15 solu-
tions a†ords 1,2,3-benzodithiazolyl p-radicals. The radicals

are synthesised for the Ðrst time. Thus, this4~È7~, 9~, 13~È15~
approach is superior to methods reported previously.8h12 In
particular, the Herz salts corresponding to 4~È7~, 9~, 13~È15~
have not yet been described.9

All the ESR spectra obtained are well resolved. The width
of individual lines lies in the range 0.03È0.05 mT depending
on the solvent and position in the spectra. The hyperÐne
coupling (hfc) constants with all magnetic nuclei presented are
reliably determined by Ðtting (for example, see Fig. 1, curve b),
in which the hfc constants and linewidths are varied indepen-
dently. Table 2 contains the experimental hfc constants for

along with the theoretical values calculated at the1~È15~
B3LYP/CC-pVDZ level of theory. For novel radicals 4~È7~, 9~,

the values of hfc constants with nitrogen and hydro-13~È15~
gen nuclei are close to those of the known 1,2,3-benzodithia-
zolyls, verifying the assigned structure.

It should be noted that radical and its derivatives were1~
initially assigned to the 1,2-benzothiazetyl structure11,23 [i.e.
with the not the fragment connected to the 1,2-(SN)~, (SSN)~,
positions of the aromatic ring]. The assignment was subse-
quently corrected to 1,2,3-benzodithiazolyl on the basis of
ESR experiments with the 33S-enriched species. These experi-
ments indicated the presence of two non-equivalent sulfur
atoms.8 The 1,2,3-benzodithiazolyl structure is also consistent
with the fact that the radicals can be oxidised to Herz salts by
molecular chlorine.12

The assignment of hfc constants in (Table 2) is based1~È15~
on earlier data,8,11,12,23 substitutional e†ects and the results
of the B3LYP/CC-pVDZ calculations of spin density distribu-
tion. The molecular structure of the parent radical opti-1~
mised at the B3LYP/6-31G* level of theory is presented in
Fig. 3. The calculated constants are consistent with the experi-
mental data (Table 2). Of interest is the similarity of the rela-
tive values of the hfc constants of radicals and those1~È3~
of the correspondingly substituted benzyl radicals 4-

(R\ H, For instance, the char-RC6H4ÈCH2~ OCH3 , CH3).24acter of hfc values distribution over the ring in the C6H5ÈCH2~radical is the same as that in One can conclude then that1~.
the 1,2,3-benzodithiazolyls are the hetero-analogs of benzyl
radicals in their spin density distribution.

On the other hand, the spin density distribution in is in1~
striking contrast to that of the isomeric 1,3,2-benzodithiazolyl

(for B3LYP/CC-pVDZ data, see Scheme 4). The ESR16~
spectrum of consists of a 1 : 1 : 1 triplet with almost no16~
hyperÐne splitting due to spin coupling with protons.21 We
measured (calculated) the following values : aN \ 1.14 (1.05),

Table 2 Hfc constants (in parentheses, theoretical values) and g-factors of radicals 1~È15~

Radical Hfc constants/mT g-fact

1~ N : 0.82 H(1) : 0.29 H(2) : 0.08 H(3) : 0.37 H(4) : 0.10 2.0080
(0.80) ([0.26) (0.11) ([0.30) (0.12)

2~ N : 0.86 H(1) : 0.29 H(2) : 0.04 3H(OCH3) : 0.05 H(4) : 0.11 2.0076
(0.83) ([0.23) (0.08) (0.06) (0.12)

3~ N : 0.84 H(1) : 0.30 H(2) : 0.08 3H(CH3) : 0.39 H(4) : 0.10 2.0076
(0.81) ([0.25) (0.11) (0.32) (0.12)

4~ N : 0.79 H(1) : 0.24a F(2) : 0.27a H(3) : 0.39 H(4) : 0.090 2.0081
(0.77) ([0.23) ([0.33) ([0.31) (0.11)

5~ N : 0.86 H(1) : 0.32 H(2) : 0.07 F(3) : 0.85 H(4) : 0.11 2.0079
(0.82) ([0.27) (0.10) (0.95) (0.12)

6~ N : 0.82 F(1) : 0.57 F(2) : 0.26 F(3) : 1.00 F(4) : 0.35 2.0078
(0.80) (0.72) ([0.36) (1.00) ([0.41)

7~ N : 0.78 H(1) : 0.31 Br : \ 0.01 H(3) : 0.40 Br : \ 0.01 È
8~ N : 0.80 H(1) : 0.30 H(2) : 0.10 Br : \ 0.01 H(4) : 0.08 È
9~ N : 0.77 3F(CF3) : 0.14 H(2) : 0.08 H(3) : 0.36 H(4) : 0.06 È

(0.75) (0.15) (0.09) ([0.29) (0.10)
10~ N : 0.80 H(1) : 0.30 H(2) : 0.09 Cl : \ 0.01 H(4) : 0.10 È

(0.79) ([0.26) (0.11) (0.12)
11~ N : 0.82 3H(OCH3) : 0.03 H(2) : 0.11 H(3) : 0.38 H(4) : 0.10 È

(0.80) (0.05) (0.12) ([0.30) (0.11)
12~ N : 0.81 H(1) : 0.28 3H(CH3) : 0.08 H(3) : 0.38 H(4) : 0.10 È
13~ N : 0.80 Br : \ 0.01 H(2) : 0.10 H(3) : 0.37 H(4) : 0.09 È
14~ N : 0.80 H(1) : 0.29 Br : \ 0.01 H(3) : 0.38 H(4) : 0.09 È
15~ N : 0.80 H(1) : 0.32 H(2) : 0.10 H(3) : 0.39 Br : \ 0.01 È

a Interchangeable values.
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Fig. 3 B3LYP/6-31G* geometry of radical Selected bond lengths1~.
and bond angles (¡) : C7aS1 1.765, S1S2 2.149, S2N3 1.647, N3C3a(A� )

1.355, C3aC7a 1.434, C3aC4 1.418, C4C5 1.384, C5C6 1.406, C6C7
1.394, C7C7a 1.396 ; C7aS1S2 90.3, S1S2N3 99.0, S2N3C3a 115.1,
N3C3aC7a 120.3, S1C7aC3a 115.4. The radical is perfectly planar.

aH4(H7)\ 0.05 ([0.04), aH5(H6)\ 0.05 ([0.02), mT. Thus, most
of the spin density of is localized on the heterocyclic Ðve-16~
membered ring.

The radicals studied display the absence of hfc with Cl (10~)
and Br nuclei. A similar feature of Cl and Br(7~, 8~, 13~È15~)
substituents was observed in substituted benzyl radicals.25
Practically, this property can be used to switch-o† the
protonÏs hfc in known positions (in particular, the structure of
the precursors 8, 13È15 of the radicals was unam-8~, 13~È15~
biguously determined by X-ray crystallography16). Usually,
the more laborious method of isotopic labelling, for example
with deuterium, is used for these purposes.

The kinetics of radical accumulation upon thermolysis of 1
in squalane (Fig. 4) can be approximated by the Ðrst-order
equation

A(t)\ B(1[ e~kt) (1)

where B is the concentration of radicals at t \ O, and k is the
e†ective rate constant. The rate constant k was measured in

Scheme 4

Fig. 4 Kinetics of radical formation upon thermolysis of a solu-1~
tion of in squalane at T \ 125 ¡C (initial concentration of 1 was1~
equal to 10~3 M). Inset : Arrhenius plot of the formation rate con-
stant of in squalane.1~

the temperature range 110È150 ¡C and was found to Ðt well
with the Arrhenius law (Fig. 4, inset). The activation energy
was found to be kJ mol~1 and the pre-Ea \ 80 ^ 8
exponential factor s~1.k0\ 106.4B1.1

Our measurements indicate the nearly quantitative conver-
sion of 1È15 into For example, 1 h thermolysis of 1 at1~È15~
145 ¡C a†ords in 95% yield (in squalane). However, further1~
heating leads to a slow decrease of radical concentration.

Radicals at ambient temperature in oxygen-free1~È15~
hydrocarbon solutions are very stable. After 3 weeks the con-
centrations of in air-protected squalane solutions1~È15~
decreased by only 30%. In the presence of oxygen, the radicals
are less stable, especially under heating. Thus, in air-saturated
squalane solutions at 150 ¡C, the ESR signal completely
decays in 5 min.

The removal of the hexane solvent by low-temperature dis-
tillation in vacuum also leads to ESR signal disappearance.
However, upon dissolving the residue, the ESR signal is
regained which testiÐes to the formation of weakly bound dia-
magnetic dimers in the solid state, typical of many hetero-
cyclic sulfurÈnitrogen radicals including those of type B.4,26

Photolysis of 1,3,2,4-benzodithiadiazines

Fig. 5 shows the experimental electronic absorption spectrum
of 1 characterized by a number of bands in the visible and UV
regions, along with the theoretical spectrum calculated at the
time dependent B3LYP/6-31]G* level. It is clear that the
experimental spectrum is well reproduced by the time-
dependent density functional theory.

The theoretical spectrum of 1 was calculated for the
geometry optimized by the B3LYP/6-31G* method. Accord-
ing to the calculations, the heterocycle of 1 is bent along the
S1ÈN4 line by about 15¡. We have also calculated the spec-
trum for a planar geometry of the heterocycle. The calculated
spectrum is close to that of Fig. 5 in the energy of transitions,
but di†ers in their intensities. Therefore, although the
geometry of the free molecule of 1 is non-planar, and the cal-
culations involve the KohnÈSham orbitals, we have character-
ized the absorption bands as pp* and pr*. The
long-wavelength band at 616 nm and the two bands in the
near-UV region are of the pp* type. The transition at 314 nm
can be assigned to the pr* type.

Prolonged irradiation of 1 solution by visible light ([400
nm) does not cause any noticeable photo transformation. UV
irradiation of the solution (365 or 313 nm) leads to a signiÐ-
cant change in the electronic absorption spectrum. In this

Fig. 5 Experimental and calculated (vertical lines, TD-B3LYP) elec-
tronic absorption spectrum of 1. Points, quantum yields (r) of 1
photo decomposition (r\ 0.08 at 313 nm in benzene) at di†erent
wavelengths.
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case, the ESR spectrum of the sample accumulates a signal
identical with that of radical (Fig. 1). The UV/VIS spectrum1~
of measured in this work corresponds to the previously1~
reported spectrum.8

Fig. 6 presents the kinetics of radical accumulation under1~
irradiation of a solution of 1. It is seen that the yield of rad-
icals amounts to 90%. Under further irradiation, the radicals
vanish during the secondary photochemical reactions. In the
absence of radical photo transformation, the yield is expected
to be close to 100%. The quantum yield of photolysis of 1 at
313 nm is equal to 0.08^ 0.01 in benzene and 0.15^ 0.01 in
hexane. When 1 is irradiated by the 365 nm light, the
quantum yield decreases more than 20 times (Fig. 5). This
dependence of quantum yield on the irradiation wavelength
testiÐes to the fact that a highly excited electronic state of 1
(see Fig. 5) is responsible for its photo-transformation under
discussion.

The transformation of 1È15 into is not trivial,1~È15~
requiring ring contraction with a loss of the N atom. The
reaction probably proceeds through the singlet 1,2,3-
benzodithiazol-2-ylnitrenes (Scheme 5), the isomers of 1È15.
The detailed data on stationary and laser Ñash photolysis,

Fig. 6 Kinetics of radical formation and decay under irradiation1~
of 1 in squalane by 313 nm light.

matrix isolation study and non-empirical quantum chemical
calculations to support the proposed mechanism (Scheme 5)
will be presented elsewhere27 (for preliminary work, see ref.
17(b)). Here it is only necessary to note that the nitrene
hypothesis is consistent with the heteroatom reactivity of 1È15
towards and to give the products of thePh3P22 SCl216
oxidative imination of phosphorus and sulfur, respectively
(Scheme 6).

Some features of spin relaxation of 1,2,3-benzodithiazolyls

The low (\10~5 M) radical concentrations were used to
eliminate the line broadening due to spin exchange and to
increase the spectral resolution. Among the solvents used, the
most resolved but slightly asymmetric ESR spectra of radicals

were obtained in the most viscous, squalane (g \ 211~È15~
cP). The asymmetry testiÐes to a noticeable contribution to
the rate of paramagnetic relaxation from the modulation of
hfc and g-tensor anisotropy by tumbling rotation. This contri-
bution is proportional to solvent viscosity.28 In the less
viscous solvents, e.g. hexane (g \ 0.31 cP), the spectral asym-
metry vanishes but the spectral lines broaden (Fig. 1). The
broadening indicates the prevailing contribution of spin-
rotational relaxation, which gives the inversely proportional
dependence of linewidth on viscosity.29 Since an increase in
linewidth with decreasing solvent viscosity is rather uncom-
mon, it was studied additionally.

Fig. 7 shows the dependence of the widths of the two lines
of the radical spectrum, denoted in Fig. 1 by asterisks, on1~
solvent viscosity. As the viscosity increases, the widths of both
lines decrease. At high viscosity, the width of the high-Ðeld
line slowly increases.

The smooth curves in Fig. 7 correspond to the optimum
description of the dependence of the experimental linewidth

on viscosity g in terms of the equation*Hpp
*Hpp\ a ] b/g ] cg (2)

with the additional condition that parameters a and b are the
same for both lines. In eqn (2) parameter a characterizes the
contribution of viscosity-independent relaxation mechanisms
to the linewidth ; parameter b characterizes the contribution of
spin-rotational interaction ; and parameter c characterizes the

Scheme 5

Scheme 6
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Fig. 7 Dependence of the widths of the lines denoted by asterisks in
Fig. 1 on solvent viscosity at 293 K. Dots, experimental data, solid
lines, approximation of experimental data by eqn. (2).

contribution of anisotropy modulation by rotation. The
optimum values of these parameters are summarized in
Table 3.

The contribution of the spin-rotational mechanism to the
ESR spectrum linewidth obeys29 the equation

1/T2\ (12nr3)~1 ] [*gp2 ] 2*go2]] (kT /g)

*gp \ gzz [ 2.0023

*go \ (gxx ] gyy)/2 [ 2.0023 (3)

where r is the radical radius in the spherical approximation,
are the main values of the g-tensor, k is the Bolt-gxx , gyy , gzz ,

zman constant, and T is the temperature. The values gxx \
2.020 39, are determined bygyy \ 2.010 75, gzz \ 1.992 85
simulation of spectrum in frozen squalane at 77 K (Fig. 8).1~
Transforming the second term in eqn. (2) into frequency units
and then equating it to eqn. (3), we obtain the value of the
radius of r \ 3.8 corresponding to the geometry of1~, A� , 1~
optimized by the B3LYP/6-31G* method. This result agrees
with the hypothesis that an increase in the linewidth of the
ESR spectra of the title radicals with decreasing solvent vis-
cosity is related to spin-rotational relaxation.

As follows from Table 3, the mechanisms independent of
solvent viscosity contribute much to the linewidth. One of
these relaxation mechanisms is hfc modulation due to intra-
molecular motions, for example, the high-amplitude deforma-
tion modes of a heterocycle. Although, according to the

Table 3 Optimum values of the parameters a, b, and c in eqn. (2)

Line a/mT b/mT cP c/mT cP~1

Low Ðeld 0.0325 0.005 68 0
High Ðeld 0.0325 0.005 68 0.000 22

Fig. 8 Spectrum of in squalane at 77 K. The positions of the main1~
values of the g-tensor are marked by arrows.

B3LYP/6-31G* data, radical is Ñat (Fig. 3), it very likely1~
possesses low-energy deformation modes (with the S2 atom
moving out from the heterocycle plane) modulating the hfc
and, as a result, leading to broadening of the ESR spectrum
lines. Note that, based on the ESR measurements on 2H- and
33S-labelled samples,30 the bent structure in a solution was
proposed for 1,3,2-dithiazolyl radicals (non-fused analogs of
radicals B, Scheme 1) related to Meanwhile, in the gas1~È15~.
phase the planar structure was observed by electron di†rac-
tion,31 which is in agreement with the results of non-empirical
quantum chemical calculations.32 For vibrational modes con-
tributing to the e†ect, however, the broadening must depend
on temperature rather than on solvent viscosity, which
requires further study.
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