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1. Introduction

The simple compound benzo[d][1,3,2]dioxathiole 2-oxide or “catechol sulfite” 1 was
first reported in 1894 [1]. It shows a rather interesting pattern of reactivity upon pyrol-
ysis (Scheme 1), undergoing sequential loss of sulfur monoxide and carbon monoxide
to generate cyclopentadienone, isolated as its stable Diels–Alder dimer 2 [2], and this
reaction has been developed into a convenient undergraduate laboratory experiment to
illustrate the use of flash vacuum pyrolysis (FVP) [3]. The corresponding sulfur ana-
logue benzo[d][1,2,3]oxadithiole 2-oxide 3 has only been mentioned in a single paper [4],
where its gas phase pyrolysis was used to generate cyclopentadienethione 4, detected by
photoelectron spectroscopy, but no stable product was isolated in this case.
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electron spectroscopy, but no stable product was isolated in this case. 

 
Scheme 1. Synthesis and pyrolytic behaviour of compounds 1 and 3. 

The extent of previous characterisation of the fundamental compounds 1 and 3 by 
NMR is rather limited, with just a single chemical shift reported for both 1 [5] and 3 [4] in 
the 1H NMR spectra and, while 13C NMR chemical shifts are listed for 3 [4] without as-
signment, we are not aware of any published 13C NMR data for 1. 

In the context of renewed studies on the FVP behaviour of 3, we have reinvestigated 
these compounds, and in this paper, we report a full NMR study of 1 and 3 as well as the 
X-ray structure determination of 3. 
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Scheme 1. Synthesis and pyrolytic behaviour of compounds 1 and 3.

The extent of previous characterisation of the fundamental compounds 1 and 3 by
NMR is rather limited, with just a single chemical shift reported for both 1 [5] and 3 [4]
in the 1H NMR spectra and, while 13C NMR chemical shifts are listed for 3 [4] without
assignment, we are not aware of any published 13C NMR data for 1.

In the context of renewed studies on the FVP behaviour of 3, we have reinvestigated
these compounds, and in this paper, we report a full NMR study of 1 and 3 as well as the
X-ray structure determination of 3.

2. Results

Although the original preparation of 1 involved simply heating catechol with thionyl
chloride in benzene solution [1], more recent reports have involved addition of pyridine
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and use of the highly toxic carbon disulfide as solvent [2], and this was the method used
in the preparation of 3 [4], with the additional use of carbon tetrachloride. As we already
reported for 1, simply heating catechol and thionyl chloride in toluene until the evolution
of HCl ceased offered a much safer alternative [3], and the application of the same method
to the synthesis of 3 proved to be quite satisfactory. The reaction took an interesting
course, however. Upon the addition of one equivalent of thionyl chloride to a toluene
solution of 2-mercaptophenol (2-hydroxythiophenol) at room temperature, a vigorous
exothermic reaction occurred with evolution of HCl, and a white solid was deposited. We
interpret this as an attack of the more nucleophilic thiophenol function on thionyl chloride
to give the dithiosulfite 5 (Scheme 2). Upon heating under reflux, the solid dissolved and a
comproportionation reaction took place with the second equivalent of thionyl chloride to
afford compound 3 in good yield.
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Scheme 2. Improved synthesis of compound 3.

Although simple evaporation of the reaction solution gave product 3 in reasonable
purity, it was not amenable to chromatographic purification owing to the ready hydrolysis
on silica, and Kugelrohr distillation was accompanied by a significant degree of thermal
decomposition with the evolution of sulfur dioxide and formation of an involatile polymeric
resin. The distilled material was pure 3, obtained as a yellow liquid which crystallised
upon cooling.

The 1H NMR spectrum of 3, described in the literature simply as δ 7.37 (m) [4], showed
an interesting and complex pattern (Figure 1). However, this was successfully simulated
using the chemical shift values given in Table 1 and the coupling constants in Table 2
(Figure 1). The more symmetrical but still complex pattern in the 1H NMR spectrum of
1, described in the only literature report [5] as δ 7.14 (AA′BB′), was likewise simulated
(Figure 1) with values given in Tables 1 and 2.
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Table 1. 1H and 13C chemical shifts (ppm) and C–H coupling constants (Hz) for 3 and 1.

Position 3 1
δC δH

1JCH
2JCH

3JCH δC δH
1JCH

2JCH

3a 121.6 – – – – 142.7 – – –
4 115.0 7.318 165 8.0 – 124.4 7.132 163 7.6
5 125.5 7.238 162 7.2 – 112.4 7.192 165 –
6 127.2 7.285 163 8.9 – 112.4 7.192 165 –
7 123.4 7.438 164 8.1 3.4 124.4 7.132 163 7.6

7a 153.9 – – – – 142.7 – – –

Table 2. 1H–1H coupling constants (Hz) in 3 and 1.

Compound 3JH4–H5
4JH4–H6

5JH4–H7
3JH5–H6

4JH5–H7
3JH6–H7

3 8.0 1.2 0.4 7.2 1.6 7.2
1 7.9 1.5 0.4 7.9 1.5 7.9

In order to achieve a full NMR assignment for compound 3, and for comparison 1, a
range of additional spectra were obtained including DEPTQ 13C, HSQC, and HMBC (see
Supplementary Materials). The HSQC data allowed the association of H and C shifts as
shown in Table 1, but the HMBC results were key to arriving at an unambiguous assignment.
Thus, for 3, the high carbon chemical shift of 153.9 ppm was clearly C–O, and this correlated
on HMBC with the proton signal at 7.438 ppm, which was also correlated with the carbon at
127.2 ppm, while the carbon signal at 115.0 ppm was correlated on HMBC with the proton
signal at 7.238. Similarly, for 1, the quaternary carbon signal at 142.7 ppm was correlated
to the proton signal at 7.132 ppm which was also correlated to the carbon at 112.4, while
the 124.4 carbon signal was linked by HMBC to the proton signal at 7.192. Combining this
information with the coupling information derived from the proton spectra (Table 2) led to
the unambiguous assignment of all the signals as summarised in Figure 2.
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Finally, in the NMR study, we obtained non-proton decoupled 13C NMR spectra of 3
and 1 from which the values of 1JC–H were readily determined, together with 2JC–H and
even 3JC–H in some cases, and these values are also listed in Table 1. The values of 1JC–H,
which have some relation to the state of hybridisation at the carbon atom involved, are
consistent with those reported for other ortho-disubstituted benzene derivatives [6].

Since compound 3 formed suitable crystals after distillation, we have been able to
determine its structure by X-ray diffraction (Figure 3). The molecular structure has a planar
benzene ring but the heterocyclic ring takes up an envelope conformation with the plane
defined by O(1), S(2), and S(3) at an angle of 25.76(6)◦ to that defined by O(1), C(7a), C(3a),
and S(3). Most surprisingly, the S=O oxygen adopts an “axial” position with the lone pair
of S(2) in the equatorial position. As far as we are aware, this is the first structure of a
1,2,3-oxadithiole 2-oxide and indeed any 1,2,3-oxadithiole ring system.
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The structure of the oxygen analogue, catechol sulfite 1, has, however, been determined
in the gas phase by electron diffraction [7] and the structural parameters for the two
compounds are compared in Table 3. Interestingly, the structure of 1 also features the “axial”
S-oxide oxygen and a similar envelope conformation in the heterocyclic ring (Figure 4),
although the flap angle in the case of 1 is significantly lower at 19.8(18)◦. The other
differences between 1 and 3 are rather predictable with a much lower internal ring angle
and longer bonds to the ring S(3) as compared to ring O(3). The similar compound catechol
sulfate 6 has been characterised twice by X-ray diffraction [8,9], and its structural parameters
are also included in Table 3 for comparison. Again, in both structures, there is an envelope
conformation with a lower flap angle of 14–15◦.

Table 3. Ring dimensions for 3, 1 [7], and 6 [8,9] (Å, ◦).

Compound 3 1 [7] 6 [8] 6 [9]

O(1)–S(2) 1.6524(9) 1.670(4) 1.591 1.6047(14)
S(2)–S/O(3) 2.1426(4) 1.670(4) 1.609 1.6093(15)

S(2)=O 1.4549(10 1.423(6) 1.392, 1.380 1.4150(15), 1.4131(14)
S/O(3)–C(3a) 1.7565(13) 1.401(9) 1.404 1.401(2)
C(3a)–C(7a) 1.3879(18) 1.391(20) 1.363 1.378(3)
C(7a)–O(1) 1.3931(15) 1.401(9) 1.393 1.408(2)

C(7a)–O(1)–S(2) 116.09(8) 109.6(4) 108.63 108.47(12)
O(1)–S(2)–S/O(3) 93.01(3) 92.9(3) 96.97 97.19(7)
S(2)–S/O(3)–C(3a) 91.66(4) 109.6(4) 108.76 108.63(12)

S/O(3)–C(3a)–C(7a) 114.74(10) 111.6(4) 110.75 111.61(15)
C(3a)–C(7a)–(O1) 116.79(11) 111.6(4) 112.58 111.53(15)

Flap angle * 25.76 19.8(18) 14.22 15.09

* Defined as angle between planes defined by O(1)–C(7a)–C(3a)–S/O(3) and O(1)–S(2)–S/O(3).
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It is also interesting to note that the three crystallographically characterised 1,2,3-
benzotrithiole 2-oxides, the chloro nitro compound 7 [10], and the two isomeric pen-
tathiepine compounds 8 and 9 [11,12] all show the same envelope conformation in the
trithiole ring with oxygen axial.

In summary, we have been able to fully assign the 1H and 13C NMR spectra for
compound 3, and for comparison 1, for the first time. The X-ray structure of 3, the first
for a 1,2,3-oxadithiole, shows an envelope conformation of the heterocyclic ring with the
2-oxygen atom in an axial position, consistent with the structure of the oxygen analogue 1
previously determined by gas-phase electron diffraction.

3. Experimental
3.1. General Experimental Details

Melting points were recorded on a Reichert hot-stage microscope (Reichert, Vienna,
Austria) and are uncorrected. NMR spectra were obtained using a Bruker AV300 instrument
(Bruker, Billerica, MA, USA). Spectra were run with internal Me4Si as the reference and
chemical shifts are reported in ppm to high frequency of the reference. NMR spectra were
processed and simulations produced using iNMR reader, version 6.3.3 (Mestrelab Research,
Santiago de Compostela, Spain). Compound 1 was prepared as previously described [3].

3.2. Synthesis of Benzo[d][1,2,3]oxadithiole 2-Oxide 3

A solution of 2-mercaptophenol (5.0 g, 40 mmol) in toluene (50 mL) was stirred at RT,
while thionyl chloride (3.0 mL, 4.89 g, 41 mmol) was added dropwise. After a few minutes,
an exothermic reaction occurred with evolution of HCl gas and formation of a white solid.
The mixture was heated under reflux for 3 h resulting in dissolution of the solid and further
evolution of HCl. Evaporation gave the crude product (6.42 g) as a yellow liquid which
was purified by Kugelrohr distillation (15 Torr, oven temp. 150–180 ◦C) to give the product
(3.54 g, 51%) as a yellow liquid which crystallised on cooling to give 3 as yellow crystals,
mp 44–46 ◦C (lit. [4] 46.5 ◦C). For NMR data, see Figures 1 and 2 and Tables 1 and 2. IR
data for compound 3 were already reported [4].

3.3. X-ray Structure Determination of 3

X-ray diffraction data were collected at 100 K using a Rigaku FR-X Ultrahigh Bril-
liance Microfocus RA generator/confocal optics with XtaLAB P200 diffractometer [Mo
Kα radiation (λ = 0.71073 Å), Tokyo, Japan]. Data were collected (using a calculated strat-
egy) and processed (including correction for Lorentz, polarization, and absorption) using
CrysAlisPro [13]. The structure was solved by dual-space methods (SHELXT) [14] and
refined by full-matrix least-squares against F2 (SHELXL-2019/3) [15]. Non-hydrogen atoms
were refined anisotropically, and hydrogen atoms were refined using a riding model. All
calculations were performed using the Olex2 interface [16].

Crystal data for C6H4O2S2, M = 172.21 g mol−1, colourless prism, crystal dimen-
sions 0.16 × 0.12 × 0.06 mm, monoclinic, space group P21/n (No. 14), a = 6.13102(15),
b = 10.3500(3), c = 10.7854(3) Å, β = 100.979(2)◦, V = 671.87(3) Å3, Z = 4, Dcalc = 1.702 g cm−3,
T = 100 K, Goodness of fit on F2 1.082, 14199 reflections measured, 1661 unique (Rint = 0.0416),
which were used in all calculations. The final R1 [I > 2σ(I)] was 0.0252 and wR2 (all data) was
0.0655. Data have been deposited at the Cambridge Crystallographic Data Centre as CCDC
2340013. The data can be obtained free of charge from the Cambridge Crystallographic Data
Centre via http://www.ccdc.cam.ac.uk/getstructures.

Supplementary Materials: The following supporting information is available online. cif and check-cif
files for 3; 1H and 13C NMR data for 1 and 3.
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