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Thiarubrine A @a) and related wine-red antibiotic pigments
from species in theAsteracea® are unique among natural
products in containing an eight-electron (1,2-dithiin) ring.

A notable property of 1,2-dithiinslj?#is their light sensitivity,
with brief exposure to visible or ultraviolet light giving the
corresponding thiophené&s(Scheme 1§° Hitherto, little was
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pounds’ Matrix isolation and flash photolysis techniques have
been used to identify and determine the lifetime in solution of

known about the mechanism of this desulfurization process. The s-Cis-s-trangZ)-2-butenedithial ¢Zt-3b), a presumed intermedi-

quantum yield for conversion of 3,6-diphenyl-1,2-dithithc)
to 2,5-diphenylthiophene() is 0.924ring opening ofl to (2)-
butenedithione derivatives3) has been postulaté@ 62 and
involvement of various valence isomers ®fin the desulfur-
ization process has been sugge$tedl. As well, direct extrusion
of singlet sulfur fromlb is calculated to be disfavored by ca.
80 kcal motl.52 Exposure ofla to visible light, leading to
desulfurization, results in enhanced biological activityrhe
recent observation that irradiation d& results in a colorless

ate in the formation of4, and to define alternative low-
temperature photochemical pathways availableab3b. On
warming or further exposure to light, affords thiopheneg
and sulfur, while with catalytic acidb and4c rearrange to 2-
and 3-mercaptothiophenes énd 8), respectively.

Samples ofla—d2d4.83in deuterated solvents in NMR tubes
were cooled to—60 to —75 °C and exposed to visible light
until the original color fade@® at which point low-temperature
IH and 13C NMR spectra (see Table 1) were recorded for

solution which upon standing regains some of its red color has photoproductgta—d and the corresponding thiopherizs-d.®
led us to speculate on the presence of an intermediate betweemn addition of catalytic CFEO;H, 4b and 4c rearranged to

1,2-dithiins and thiophenes.

We have examined the photochemistrylaefand synthetic
1,2-dithiins 1b—d in solution and under matrix isolation
conditions. We report the direct observation of novel sulfur

mercaptothiopheneg!%@ and 8,10°¢ respectively. Analysis of
irradiated samples ofa and 1c by reversed-phase LC with
photodiode array (PDA) detection showed in each case the
presence of two compounds, different froba and 1c and

compounds whose formation provides an explanation for the |acking in long wavelength UV absorptidh. The longer

light-induced conversion of 1,2-dithiins to thiophenes. In
particular we find that brief irradiation df with visible light at
—60 to —75 °C affords in excellent yields 2,6-dithiabicyclo-

[3.1.0]hex-3-enes4), a previously unknown class of com-
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after 1 h at 25°C, being replaced bya and 2c and lower
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analysis of the irradiated solution frofra by LC—APCI-MS
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Table 1. 2,6-Dithiabicyclo[3.1.0]hex-3-ene$a—d from Irradiation of 1,2-Dithiinsla—d

compound  yield 'H NMR chemical shift §)2° 13C NMR chemical shift

43 [4a]cd 91 2.04 (s), 5.88 (11.1, 2.1), 5.98 (17.6, 2.3), 6.08 (17.6, 11.1),3.94 (CH), 53.88 (CH),58.65 (C)|69.81, 71.34, 72.90,
6.66/5.03 (2.6), [7.01/4.86 (29) 76.47, 80.58, 95.21 115.83, 125.77, 129.41, 138.76

4b 88  4.48(2.4,5.1),5.17(1.8,5.1), 6.38 (2.1, 5.7), 6.51 (2, 5.6) 51.16, 52.63, 125.09, 129.41

4c 86  4.67(2.7),6.77 (2.7), 7.407.51 (m, 8H), 7.60 (1.5, 7.8, 2H)  58.21, 118.64, 126.14-1P%), 132.37, 136.30, 146.90

4a° 96 3.83(12.1),4.09 (12.1), 4.20 (14.5, 1.6), 4.35 (17.4), 55.20, 60.18, 69.22, 73.16, 119.63, 150.64

4.37 (s), 6.19 (s)

aUnless otherwise indicated solvent is CR@hd each signal corresponds to PHCoupling constants in HZ.In CD;C(O)CDs. ¢ Minor component
in brackets; major isomer 88.8%, minor isomer 2.6%; only thiirane ring protons seen for minor iS&ieg.protons! Thiirane ring.9 Major
component signals only.From NMR analysis; also formed 8.6%a from 1a, 12% 2b from 1b, 14% 2c from 1c, 4% 2d from 1d.

Scheme 2 at 500-600 nm (CH=S nz*).1517° Compound9 displays
9 characteristic thioketene IR absorption at 1760 &/-17
<—> 2Ny, pasenm To confirm the structural assignments, ab initio calculations
N T H_Q_ Ar 25K S:H();}_H (HF, 6-31G*) were carried out of the vibrational spectra3bf
cZe3b oo 53¢ ozt3b and9.1% While cZt3b was twisted ca. 40out of plane tZt-
®ccce =29° zsmm“mnm 3b (not shown) was found to be planar; no energy minimum
) A\ was found corresponding Zc3b in either planar or twisted
7o S/F/_Hs\ﬁ” geometrie§2152 The frequencies and intensities calculated for
9 the cZt-3b geometry fit the experiments nicelf2 An energy

) N minimum was found foB in a slightly twisted s-cis geometry.

We propose that photoproducta—d, identified spectro-  The calculated vibrational spectrum for this conformer9of
scopically as 2,6-dithiabicyclo[3.1.0]hex-3-erdésre formed agrees well with experiment2
by a s4a + 2. rearrangement of initally formedzj-2- Time-resolved irradiations dfb in solution were also carried
butenedithials3), a process analogous to that reported by Padwa out18 Laser flash photolysis dfb (Freon-113, 308 nm, 25C)
for photolysis of 4-phenylisothiochromene (see below for produced a transient absorption withsx = 329 nm. The trans-
evidence forcZt-3b).!* At least in the cases afaand4c the  jent was fairly long lived, decaying by apparent first-order
process can be partially reversed under thermal conditions, kinetics with a lifetime of 62us. The similarity of this absorp-
regenerating dithiindaandlc. Rearrangement of photoprod-  tjon to that obtained in the low-temperature matrix isolation
ucts 4b and 4c to mercaptothiophene® and 8 presumably  experiments suggests that the transient correspondzt{gb.
involves acid-catalyzed ring opening giving the most stable Flash vacuum pyrolysis dfb at 500°C also affords thiophene
carbocation,5 and 6, respectively. In common with photo- 7. This result could be explained either in terms of formation
chemical and thermal loss of sulfur from related thiira*@ééz,c’l:m of 4b followed by Surface_cata|yzed rearrangement or by con-
further irradiation of4b yields 2b. version ofcZt3b to 9 which can give4b by an intramolecular

To obtain additional information on intermediates in 1,2- thiol addition!® Microwave Spectroscopy reveals thHb is
dithiin photochemistry, Ar matrix isolation spectroscopy at 25 nonplanar with a 539CSSC dihedral angle (Scheme?2Elec-
K14152was performed wittib. Irradiation of the matrix with  trocyclic ring opening followed by limited rotation about the
visible light (436 nm, 2 h) caused the complete disappearanceC1—C2 bond could lead directly taZt-3b. Rotation in the
of 1b and the simultaneous production sftransZ-s-cis opposite direction would affordZc-3b, disfavored relative to
2-butenedithial ((Zt-gb 15 rradiation of cZt-3b at shorter cZt-3h.2b.6a Compoun(k;Zt.sb can then undergo either a 1,5-
wavelengths (313 nm, 8 h) gav&){4-mercapto-1,3-butadi-  sigmatropic shif®221giving 9 or a .4, + »2. rearrangement

enethial @) (Scheme 2}J° Irradiation of9 at 254 nm caused  giving 4b. Formation of9 is apparently favored at 25 K in the
the reappearance of the bands 3 which grew until a Ar matrix.

photostationary state containing both species was reached (5

h). In this fashion,3b and 9 could be interconverted over Acknowledgment. We gratefully acknowledge support from the
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region (G=S)>17band a weaker band at 1558 th{conjugated
C=C). In addition to an intense UV band at 319 nm, an
extremely weak absorption was observed in the visible region
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