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The 1,3-dithiane ring undergoes cleavage even under mild neutral reaction
conditions when heated in the presence of trifluoromethylthiocopper. The free-
radical nature of the reaction was confirmed by the characterization of bis-
(trifluoromethyl)disulfide as one of the products.
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Since the 1970s 1, 3-dithiane (1) has been employed extensively as a
building block in the preparation of a vast array of organic intermedi-
ates and synthons required for the total synthesis of several scores
of interesting organic compounds. The synthetic utility and useful-
ness of 1,3-dithiane (1) rest squarely on the facile introduction of func-
tional groups and the removal of the masking moiety, namely the 1,3-
propanedithiol fragment after the accomplishment of the successful
synthesis. The pioneering work of Corey and Seebach1 has demon-
strated the synthetic utility and versatility of the dithiane synthons.
The chemistry of dithiane and dithialanes has been reviewed.2 An ex-
cellent report on the synthetic applications of the anions derived from
1,3-dithiane has been published.2c In this context, it is worth mention-
ing that the dithiane ring system has been modified to 1,3-oxathiane
and its synthetic applications have been described.3
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The presence of fluorine, trifluoromethyl and trifluoromethylthio
groups contributes significantly towards the enhancement of the
biological potency and effectiveness of active compounds.4,5 This ob-
servation has created considerable interest in the development of
methodologies best suited to introduce and incorporate these func-
tional groups into the molecular architecture of biologically active
compounds. In continuation of our interest in the chemistry of the
trifluoromethylthio group,6 attempts were made to synthesize new
potential transfer agents, in particular, 2-(trifluoromethylthio)-1, 3-
dithialane and -dithiane. This expectation was based on the use of N-
trifluoromethylthiophthalimide) in α-trifluoromethylthiolation of car-
bonyl compounds.7 These sulfur stabilized trifluoromethylthiolating
agents were considered to be of particular interest and use as synthetic
intermediates and thiolating agents. The reaction of 1,3-dithiane (1)
with trifluoromethylthiocopper (2) was examined. The GC-MS analysis
of the reaction mixture enabled the characterization of six out of nine
compounds present in the reaction product. Thus the structures of com-
pounds 3 through 8 have now been deduced by the examination of their
mass spectral fragmentation behavior. This communication describes
the probable mechanism of the formation and the structure elucidation
of the various compounds resulting from the reaction of 1,3-dithiane (1)
with trifluoromethylthiocopper (2).

RESULTS AND DISCUSSION

The treatment of 2,2-diaryl-1,3-dithialanes and -1,3-dithianes with n-
BuLi has been observed to induce the cleavage of the dithiane ring.8

This facile fission of the ring and the formation of the products have
been attributed to the attack on sulfur by the alkyl anion, followed
by hydrogen abstraction. Anion-induced gas phase deprotonation has
been described to result in the cleavage of the dithiane ring and to form
1-allylthiomethylthiyl anion intermediate.9

The stability of the carbanions of the dithiane have been exam-
ined in detail10a and the concept of back-donation of electrons into
the vacant d-orbitals has been advanced to account for their ob-
served stability.10b Simple ab initio calculations on the α-thio carban-
ions have shown the involvement and participation of the induced
polarization.11a Later calculations have indicated significant contri-
bution of the d-orbitals to the reactivity of the α-thio carbanions.11b

Reaction of 2-lithio-2-trimethylsilyl-, 2-lithio-2-trimethylstannyl-, and
2-lithio-2-trimethylgermanyl-1,3-dithianes with acylchloride has been
reported to furnish, in addition to 2-acyl-1,3-dithianes, the thiane ring
cleavage products, namely bis-1,3-dithia-acylpropane.12 The reaction of
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Reaction of 1,3-Dithiane 107

FIGURE 1 Compounds from the reaction of 1,3-dithiane and CF3SCu.

2-alkyl-2-lithio-1,3-dithiane with bis-(methyl)disulfide has been stated
to yield 2-alkyl-2-methylthio-1,3-dithiane.13

The loss of CH3, SH, CH2S, CH3S, and C3H7S moieties from the
molecular ion was seen in the mass spectral breakdown of 1,3-dithiane.
The expulsion of these entities involves a variety of cleavages and hydro-
gen migrations. A detailed examination of the mass spectral breakdown
of 1,3-dithiane using labelled substrates has appeared.14a FAB and CI-
induced as well as collision-induced dissociation of dithiane fragmen-
tation also has been investigated.14b The mass spectral fragmentation
of 1,3-dithialane and its derivatives has been discussed.15 The sulfur-
stabilized anions serve as masked nucleophilic acylating agents.16

The GC-MS analysis of the product of the reaction of 1,3-dithiane
(1) with trifluoromethylthiocopper (2) indicated the presence of
the following compounds (cf. Figure 1): (1) 1,3-dithiane (1); (2) 1,3-
dithiolane (3); (3) bis-(tri-fluoromethyl)disulfide (4); (4) 1-(trifluoro-
methylthio)-3-(trifluoromethylthio-methyl)-1,3-propanedithiol (5); (5)
2-methyl-1,3-dithiane: (6); bis-(1,3-dimethyl)-1,3-propanedithiol (7);
and (6) l-methyl-1,3-propanedithiol (8). The presence of 1,3-dithialane
(3) was somewhat surprising in that its origin could not be imme-
diately traced. Its presence can be attributed to two sources: (1) it
could either have been formed from 1 during the GC-MS analysis
in the mass spectrometer, (2) or it could have arisen during the
course of the reaction itself. To see if it accompanied the reaction
substrate, namely 1, as an impurity, 1 was subjected to GC-MS
analysis. This analysis showed that 3 was present to the extent of
0.2%. But the fact that its concentration in the reaction mixture was
0.5% would favor the latter contention. The origin and formation of
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FIGURE 2 Probable mechanism of the compounds cited in the narrative.

bis-(trifluoromethyl)disulfide (4) have been previously explained.6d

Figure 2 attempts to provide a rational explanation for the formation
of compounds 3–8. The attack on S of 1,3-dithiane (1) by CF3S· formed
from trifluoromethylthiocopper (2), followed by the cleavage of the
S1 C2 bond results in the intermediate 9, which further can react
with CF3S· to yield compound 5. It is worth mentioning here that this
compound was identified to be present in the products of the reaction

FIGURE 3 Products from the acylation of 2-M(CH3)3-1,3-dithiane (cf. Ref. 15).
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Reaction of 1,3-Dithiane 109

of trifluoromethylsulfenyl chloride (CF3SCI) with 1. If, on the other
hand, the S1 C6 gets cleaved after the attack by the CF3S· radical,
then that would give rise to intermediate 12, which can fragment off a
methylene (carbene) moiety to generate the diradical intermediate 13,
which simply then goes on to form 1,3-dithialane (3). The intermediate
9 can simply abstract hydrogen to yield compound 10. The latter then
can fragment off the CF3S· radical to give intermediate 11, which,
in turn, abstracts hydrogen to furnish 1-methyl-1,3-propanedithiol
(8). It remains to explain the genesis 2-methyl-1,3-dithiane (6) and
bis-(1,3-dimethyl)-1,3-propanedithiol (7). The origin of 6 can be as-
cribed to the methylene (carbene) insertion between the C2 H bond
of 1,3-dithiane (1), while the formation of 7 requires the methylene
insertion to occur between S H bond of 8. There are precedents
supporting the suggested CH2-insertion.18 The suggested attack on the
sulfur atom of 1,3-dithiane (1) has precedent (Figure 3).8 It is worth
noting that the presence of the sulfur anion analog of intermediate
14 has been invoked to rationalize the gas-phase cleavage reaction of
1,3-dithiane (1).9b Table I describes the mass spectral fragmentation
of the compounds mentioned in the text.

EXPERIMENTAL

Mass spectra were obtained using a Finnigan TSQ-7000 GC/MS/MS
equipped with a 30 m × 0.25 mm. i.d. DB-5 capillary column (J and W
Scientific, Folsom, CA) or a Finnigan 5100 GC/MS equipped with a 15
m × 0.25 mm. i.d. Rtx-5. capillary column (Restek, Bellefonte, PA). The
conditions on 5100 were the following oven temperature was 60–270◦C

TABLE I Mass Spectral Fragmentation of Compounds Cited in the
Narrative

Mass Spectral Fragmentation of 1-(trifluoromethylthiomethyl)-3-trifluoromethylthio-
1,3-propanedithiol (5): M+ = 322; 207 (322-CF3SCH2); 147 (CF3SCH2S): 135
(CH2F3S2), 133 (CF3SS); 107 (C3H7S2, 100%); 106 (C3H6S2); 82 (CSF2); 78 (CH2S2);
73 (C3H5S); 69 (CF3); 64 (SS); and 47 (SCH3). Incidentally, this assignment is
supported by comparison of the mass spectrum of the compound obtained by the
treatment of 1 with trfluoromethanesulfenyl chloride at −78◦C.

Mass Spectral Fragmentation of 2-methyl-1,3-dithiane (6): (M+ = 134 (100%); 106
(M C2H2); 90 (106-CH4); 78 (CH2S2); 73 (C3H4S); 61 (C2H5S); 47 (SCH3); and 45
(CSH).

Mass Spectral Fragmentation of bis-1,3-dimethyl-1,3-propamedithiol (7): M+ = 136
(100%); 120 (M CH4); 119 (C4H7S2); 106 (M C2H6); 90 (C4H10S); 87 (C4H7S); 73
(87-CH2); 61 (C2H5S); and 45 (CSH).

Mass Spectral Fragmentation of 3-methylthiopropanethiol (8): M+ 122 (100%); 106
(M CH4); 94 (M C2H4); 73 (C3H5S); 64 (SS); and 45 (CSH).
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at 10◦C/min injection temperature was 210◦C, interface temperature
was 230◦C, electron energy, was 70 eV, emission current was 500 µA,
and scan time was 1 s. The conditions on the TSQ-7000 were the follow-
ings oven temperature was 60–270◦C at 15◦C/min, injection temper-
ature was 220◦C, interface temprature was 250◦C, source temprature
was 150◦C, electron energy was 70 eV (El) or 200 eV (Cl), the emission
current was 400 µA (El) or 300 µA (Cl), and scan time was 0.7 s. Data
was obtained in both the electron ionization mode (range 45–450 da)
and chemical ionization mode (mass range 60–450 da) Ultrahig-purity
methane was used as the Cl agent gas with a source pressure of 0.5 Torr
(5100) or 4 Torr (TSQ-7100). Routine GC analyses were accomplished
with a Hewlett-Packard 5890A gas chromatograph equipped with a J
and W Scientific 30 m × 0.53 mm i.d. DB-5 column (J and W Scientific).
We have previously described the preparation, the use of, and the X-ray
crystal structure of trifluoromethylthiocopper.17

Reaction of 1,3-Dithiane (1) with Trifluoromethylthiocopper
(2)19

Stoichiometric amounts of 1,3-dithiane (1) and trifluoromethylthiocop-
per (2) in dry toluene were reacted at 100–10◦C for 14 h. After the
reaction mixture cooled to room temperature, it was treated with a sat-
urated solution of ammonium chloride and extracted with methylene
chloride; the organic layer separated, washed with a saturated solution
of sodium chloride, dried over anhydrous sodium sulfate, and the sol-
vent was evaporated under reduced pressure. The GC-MS analysis of
the residue indicated it to consist of (1) bis-(trifluoromethyl)disulfide
(4, 2.3%: M+ = 202; (2) 1,3-dithiane (1, 50.7%, M+ = 120, starting ma-
terial); (3) 1-(trifluoromethyl)-thio-3-(trifluoromethylthiomethyl)-1,3-
propanedithiol (5, 0.4% M+ not seen)’(3.) 2-methyl-1,3-dithiane: (6,
0.5% M+ = 134); (4) bis-(1,3-dimethyl)-1,3-propanedithiol (7, 45.7%,
M+ = 136); (5) 1-methyl-1,3-propanedithiol (8, 0.1%, M+ = 122); and
(6) 1,3-dithiolane (3, 0.5%, M+ = 106). Three more minor compounds
occurring in trace amounts could not be identified as they underwent
extensive degradation in the mass spectrometer before their M+ ions
got recorded. The mass spectral fragmentation of bis-trifluoroemethyl)
disulfde (4), 1,3-dithiane (1), and 1,3-dithialane (3) has already been
descibed.6e,14,15
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