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6,10-Diethyl[1,2,3]trithiolo[4,5-h]benzopentathiepin (1) was oxidized by mCPBA in dichloromethane to produce
the corresponding four monoxides. The structures of the monoxides 2, 3, 4, and 5 were determined by X-ray crystallo-
graphy to be 6,10-diethyl[1,2,3]trithiolo[4,5-h]benzopentathiepin 8-oxides (1,2,3-trithiole 2-oxides) for 2 and 3, and
6,10-diethyl[1,2,3]trithiolo[4,5-h]benzopentathiepin 7-oxides (1,2,3-trithiole 1-oxides) for 4 and 5, respectively. Com-
pounds 2 and 3 are isomers with respect to the conformation of the 1,2,3,4,5-pentathiepin ring, and 4 and 5 are also the
conformational isomers. These compound pair members, 2 and 3, and 4 and 5, were found to isomerize each other by in-
version of the pentathiepin ring. The activation parameters of the isomerization, AG,os*, AH”, and AS”, were determined
by 'H NMR spectroscopy. Because of the slow inversion of the pentathiepin ring, isolation of unsymmetrically substitut-
ed benzopentathiepin as a chiral molecule is possible. Asymmetric oxidation of 1 was performed by a Sharpless reagent
[1/Ti(O'Pr)4/R,R-DET/t-BuOOH = 1:2:4:4] to produce optically active monoxides 4a and 5a. The configuration of 4a
and 5a was confirmed as R configuration on the sulfinyl sulfur atom, respectively. The specific rotation and the circular
dichroism spectra of 4a and 5a were measured in chloroform; such data are apparently affected by the conformation of

the pentathiepin ring.

Benzopentathiepins and analog compounds are interesting
molecules for their structure, reactivity, electrochemical prop-
erty, metabolism, and biological activities." For instance,
Varacin and Lissoclinotoxin A, which have antitumor and anti-
fungal activities, were isolated from marine ascidian." Such
unsymmetrically substituted benzopentathiepins constitute a
chiral molecule, if the inversion of the pentathiepin ring pro-
ceeds very slowly. Recently, we and Nakayama reported the
first experimental determination of the inversion energy of the
pentathiepin and pentathiepane rings, respectively, which re-
veal that the ring inversion of these seven-membered rings is
very slow at room temperature.®*’” On the other hand, when
6,10-diethyl[1,2,3]trithiolo[4,5-#]benzopentathiepin (1) was
oxidized by m-chloroperbenzoic acid (mCPBA), the corre-
sponding four monoxides were obtained in moderate yields.
These four monoxides consisted of two pairs of isomers with
respect to the orientation of the 1,2,3,4,5-pentathiepin ring and
the position of the sulfinyl group. Furthermore, two of the
monoxides were chiral molecules since they contain a plane of
chirality. This article reports the preparation and structure de-
termination of these four monoxides, the conformational anal-

ysis of the pentathiepin ring, and the isolation and optical
properties of the chiral benzopentathiepin derivatives.

Results and Discussion

Preparation and Structure of Monoxides 2, 3, 4, and 5.
In order to examine the reactivity between the 1,2,3,4,5-pen-
tathiepin and 1,2,3-trithiole rings, 1 was oxidized with
equimolar amount of mCPBA in dichloromethane at room
temperature. After the usual work-up, four oxidized com-
pounds 2, 3, 4, and 5 were obtained as the major products. The
following yields of these compounds were determined by the
integral ratio of '"H NMR spectra: 2, 16%; 3, 13%; 4, 26%; S,
32% (Scheme 1). These four oxidized compounds were puri-
fied by repeated recrystallization, after separation by silica-gel
column chromatography, the process gave pure yellow crys-
tals.

In the "H NMR spectra, the methylene protons of two ethyl
groups were recorded as one double quartet signal for 2 (6 =
3.12,3.21;dq,J = 15.1,7.6 Hz) and 3 (6 = 3.09, 3.18; dq, J =
14.9, 7.6 Hz), while two double quartet signals of the methyl-
ene protons were observed for 4 (6§ = 3.18, 3.25; dq, J = 14.7,
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7.5Hz. § = 3.44,3.46;J = 9.6, 7.5 Hz) and 5 (6 = 3.19, 3.25;
dg, J = 13.9, 7.5 Hz. § = 3.36, 3.53; dq, J = 9.6, 7.5 Hz).
These spectra show that 2 and 3 have a symmetric structure,
while 4 and 5 have an unsymmetric structure. In the IR spec-
tra, the sulfinyl group of these compounds is observed at 1119
cm™' for 2, 1118 cm™' for 3, 1098 cm™' for 4, and 1088 cm ™'
for 5, as the wave number of the absorption. The structure of
these compounds was determined by spectroscopical examina-
tion and elemental analysis to be CoH;00Sg. To our knowl-
edge, there is no report with respect to the preparation and iso-
lation of benzopentathiepin monoxide. Therefore, we predict-
ed that 2, 3, 4, and § are diethyl[1,2,3]trithiolo[4,5-/]benzo-
pentathiepin monoxides bearing one oxygen atom on the 1,2,3-
trithiole ring. However, it is impossible to establish the exact
position of the oxidized sulfur atom, the exact configuration of
the sulfinyl group, and the exact conformation of the pentathi-
epin ring of 2, 3, 4, and 5 by the analytical data described
above. So the structure of the four monoxides was determined
by X-ray crystallographic analysis, revealing that they have the
oxygen atom on the trithiole ring, not on the pentathiepin ring;
2 and 3 are benzotrithiole 2-oxides, while 4 and 5 are benzo-
trithiole 1-oxides. The ORTEP drawings of 2 and 3 are shown
in Fig. 1. Meanwhile, instead of compounds 4 and 5, the
ORTEP drawings of 4a and Sa which were obtained by asym-
metric oxidation of 1, are shown in Fig. 3 (vide infra). In these
molecules, the oxygen atoms coordinated to the sulfur atoms
of 2 and 3 orient to the end side of the trithiole ring, and the
oxygen atoms of 4 and 5 are located to the exo side of the
trithiole ring. Meanwhile, the oxygen atoms of 2 and 4 exist
on the syn side to the pentathiepin ring (syn isomers), and the
oxygen atoms of 3 and 5 orient to the anti side to the pentathi-
epin ring (anti isomers). The structural data with respect to the
crystal data, partial bond lengths, and bond angles are summa-
rized in Tables 1, 2 and 3.

Consequently, benzopentathiepin monoxide was not ob-
tained at all by the mCPBA oxidation of 1. However, as minor
products, benzobistrithiole 1-oxide and 2-oxide were obtained
in low yields, instead of the corresponding benzopentathiepin
monoxide.®® Furthermore, in our preliminary experiment,
when 6,9-diethylbenzopentathiepin (6) was oxidized by mCP-
BA, a ring contraction reaction of the pentathiepin ring pro-
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Fig. 1. The ORTEP Drawings of 2 and 3.

ceeded under the reaction conditions to produce not 6,9-dieth-
ylbenzopentathiepin monoxide (7) but 4,7-diethylbenzotrithi-
ole monoxides (8) and (9) in low yields (Scheme 2). These re-
sults suggest that 7 is unstable under the mCPBA oxidation
condition, and decomposes immediately to produce 8 and 9 to-
gether with generation of S,0 or S,.> However, we could not
trap these species, in spite of the addition of 2,3-dimethyl-1,3-
butadiene to the solution; hence the concentration of S,0 or S,
is predicted to be very low under the reaction conditions.
Conformational Analysis of 2,3,4,and 5. As shown in
Fig. 1, compounds 2 and 3 are the conformational isomer with
respect to the pentathiepin ring. On the other hand, since un-
symmetrically substituted benzopentathiepin is a chiral mole-
cule, 4 and 5 are diastereomers with respect to the conforma-
tion of the pentathiepin ring and the configuration of the sulfi-
nyl sulfur atom, respectively. Interestingly, 2 and 3, and 4 and
5 were found to isomerize into each other in the chloroform so-
lution, although those compounds were stable in the crystalline
forms (Scheme 3). For example, purified 2 and 3 each isomer-
ized slowly in chloroform at room temperature to produce
about 1:1 mixtures of 2 and 3 under the equilibrium state.
Similar isomerization was observed in the case of 4 and 5 at
room temperature. The equilibrium ratio of these compounds
was determined by 'H NMR spectroscopy in deuterated chlo-
roform: the ratio of 2 and 3 was 55:45, while that of 4 and 5
was 45:55. Under the equilibrium state, the syn isomer 2 is
predominant compared with the anti isomer 3 in the case of
trithiole 2-oxides, while for trithiole 1-oxide the anti isomer 5
is dominant compared with the syn isomer 4. It is well known
that the pyramidal inversion of the sulfinyl group does not pro-
ceed at room temperature.!” These results suggest that the
isomerization of 2, 3, 4, and 5 should proceed by way of the in-
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Table 1. Crystallographic Data of Compounds 2, 3, 4, 5, 4a, and Sa
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2 3 4 5 4a 5a
Cryst syst monoclinic  monoclinic  monoclinic  orthorhombic  monoclinic  orthorhombic
Space group P2, P2,/c P2,/n Pbca P2, P2,2,2,
Cryst color yellow yellow yellow yellow yellow yellow
alA 7.192(1) 18.077(3) 11.260(5) 18.827(4) 8.832(2) 18.793(2)
b/A 6.119(1) 36.560(5) 8.090(8) 18.504(5) 7.727(2) 20.675(2)
c/A 18.233(1) 4.717(7) 17.241(5) 8.984(4) 11.685(2) 8.091(2)
B/deg 99.89(1) 91.17(4) 96.94(3) 90.00 99.40(1) 90.00
V/IA3 790.5(2) 3116(4) 1559(1) 3129(1) 786.7(3) 3143.8(7)
Z 2 8 4 8 2 8
D /g cm™? 1.692 1.716 1.715 1.709 1.700 1.701
u/em™! 103.59 105.10V 105.05 11.27% 104.09 104.19
obs/param ratio  11.73 6.92 6.34 6.83 15.67 16.52
R 0.037 0.067 0.046 0.032 0.065 0.051
R, 0.051 0.075 0.052 0.032 0.085 0.069
GOF 1.66 1.41 1.24 2.06 1.18 1.21
a) CuKa, b) MoK .
Table 2. Partial Bond Lengths/;% of Compounds 2, 3, 4, and 5 Et Et
2 3 4 S S 'y ___mCPBA S\f'g' °
Cl-C2 1.392(6) 1.40(2) 1.37(1) 1.393(7) g CH,Cl, g
C1-S1 1.765(4) 1.75(1) 1.810(9) 1.797(5) Et S Et S
C2-S3 1.759(4) 1.76(1) 1.74(1) 1.756(5)
S1-S2 2.104(2) 2.115(5) 2.103(4) 2.105(2) 6 7
S2-S3 2.108(2) 2.104(5) 2.051(4) 2.057(2)
C4-C5 1.407(6) 1.42(2) 1.40(1) 1.409(7) Et /o Et
C4-S4 1.781(4) 1.79(1) 1.783(9) 1.783(5) -8,00rS, S S,
C5-S8 1.785(4) 1.77(1) 1.780(10)  1.791(5) _ S + S0
S4-S5 2.040(2) 2.043(5) 2.032(4) 2.035(2) S S
S5-S6 2.056(2) 2.051(6) 2.056(4) 2.058(2) Et Et
S6-S7 2.052(2) 2.049(5) 2.036(4) 2.051(2) 8: 7% 9: 8%
S7-S8 2.045(2) 2.035(5) 2.043(4) 2.040(2) Scheme 2.
S1-01 — — 1.456(8) 1.483(5)
S2-01 1.472(4) 1.47(1) — —
Table 3. Partial Bond Angles/deg of Compounds 2, 3, 4, and 5§ \ Et S,S §,S e \ Et s
S : S
7 Weos el
SI-C1-C2 117.5(3) 118(1) 119.8(8) 118.7(4) S Et CHCls S Et S
2 3
S2-S1-C1  100.3(1) 99.0(5) 91.73)  92.3(2)
S1-S2-S3  92.36(6) 92.8(2) 98.5(2)  96.59(9)
S2-S3-C2  100.3(1) 98.9(4) 95.4(3)  96.2(2) o Et ,SE,S 4555 0 Et
S3-C2-C1  1183(3)  1182(9)  119.98) 118.6(4) \e—528 : \S Ss
S4-C4-C5  121.1(3) 120.3(10) 121.5(8) 122.1(4) S/’S Et CHCl3 S/’S ESt'\g-s
S5-S4-C4  104.3(1) 104.3(4) 102.8(3) 104.0(2) 4
S4-S5-S6  103.91(7) 104.1(2) 104.9(2) 103.8(1) Scheme 3.
S5-S6-S7  103.66(7) 103.2(2) 104.0(2) 103.08(10)
S6-S7-S8  105.46(8) 104.1(2) 105.2(2) 104.64(9)
S7-S8-C5  103.8(3) 104.5(5) 102.7(3)  102.8(2) molecules, the isomerizations of 2, 3, 4, and 5 were monitored
S8-C5-C4  120.2(3) 121.009) 121.1(7)  120.0(4) by '"H NMR spectroscopy at 303 K, 308 K, 313 K, 318 K, and
01-S1-C1 — _ 106.9(4) 104.4(3) 323 K.! Typically, the results of the isomerization of 5 are
S2-S1-01 — — 112.6(4) 113.2(2) shown in Fig. 2-A. The kinetic parameters of all compounds
S1-S2-01 110.4(2) 106.7(5) — — calculated are shown in Table 4. The isomerization of these
S3-S2-01 110.1(2) 109.5(5) — — compounds was the first order with respect to the increase and

version of their pentathiepin rings. Therefore, in order to veri-
fy the inversion energy of the pentathiepin ring experimentally,
and to accumulate data on the activation parameters of the

decrease of the integral ratio of the methyl protons of 2 and 3,

and the methylene protons of 4 and 5, in their "H NMR spectra.
Furthermore, as shown in Fig. 2-B, the Eyring treatment of the
rate constants of 5, obtained at those temperatures, enabled us
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Fig. 2. A: The Representative Kinetic Data for Inversion of
the Pentathiepin Ring of §; [Xe]: Equilibrium Concentra-
tion; [Xe-X]: Concentration as a Function of Time; B: Ey-
ring Treatment with Standard Deviation for the Inversion
of the Pentathiepin Ring of 5.

to calculate the activation parameters of this molecule. The ac-
tivation parameters AGayg”*, AH”, and AS* of 2, 3, 4, and 5 are
listed in Table 4. The values of AG,9s™ of these compounds are
about 100.4 kJ/mol, suggesting that the inversion of the pen-
tathiepin ring of these compounds proceeds very slowly at
room temperature. Furthermore, the values of AS* support the
finding that the isomerization of 2, 3, 4, and § is the conforma-
tion change of the pentathiepin ring, not the pyramidal inver-
sion of the sulfinyl group.’

Preparation and Oxidation of [1,3]Dithiolo[4,5-k]benzo-
pentathiepin. It was reported that the racemization of chiral
dithiiran oxides proceeded via homolytic S—S bond cleavage. '
To demonstrate that the isomerization of 2, 3, 4, and 5 did not
proceed by way of the cleavage of the trithiole S-S bonds,
6,10-diethyl[1,3]dithiolo[4,5-#]benzopentathiepin monoxides
(11) and (12) were prepared by the oxidation of 6,10-dieth-
yl[1,3]dithiolo[4,5-h]benzopentathiepin (10), and the isomer-
ization was examined similarly (Scheme 4). The treatment of

Chiral Benzopentathiepin Derivatives

10 with mCPBA in dichloromethane gave 11 and 12 together
with 4,8-diethyl[1,3]dithiolo[4,5-f]benzotrithiole monoxide
(13), which was produced by way of a desulfurization reaction
from the pentathiepin ring. In the "H NMR spectra of 11, two
double quartet signals of the methylene proton were observed
at 6 = 3.18 and 3.25 (/ = 14.7, 7.5 Hz) and at § = 3.44 and
3.46 (J = 9.6, 7.5 Hz). Meanwhile, the methylene protons of
12 were observed as one quartet signal (6 = 3.18;J = 7.5 Hz)
and one double quartet signal (6 = 3.18, 3.25; dq, J = 14.7,
7.5 Hz). These spectra show that 11 and 12 are an unsymmet-
ric structure. In the IR spectra, the sulfinyl group of these
compounds is observed at 1034 cm ™! for 11 and at 1032 cm ™!
for 12, as the wave number of the absorption. The structure of
these compounds was determined by the spectroscopic and el-
emental analysis as C;;H;,0S;. As we expected, each purified
dithiole monoxide 11 and 12 was also found to isomerize in
the chloroform solution at room temperature to produce about
1:1 mixtures of 11 and 12. These results support the conclu-
sion that the isomerizations of 2, 3, 4, and 5 proceed by the in-
version of their pentathiepin rings, not by S-S bond cleavage
of the trithiole ring.

Asymmetric Oxidation of Compound 1. Unsymmetri-
cally substituted benzopentathiepins, Varacin and Lissoclino-
toxin A, are chiral molecules because of the slow inversion of
the pentathiepin ring. There are two diastereomers of benzo-
pentathiepin prepared by treatment of Varacin with chiral aux-
iliaries. In these molecules, however, only one compound was
isolated and detected by 'H NMR spectroscopy, and hence
there is no report with respect to the optical properties of ben-
zopentathiepins such as specific rotation and circular dichro-
ism.! In order to prepare a chiral molecule from benzopen-
tathiepin derivatives and to examine the optical properties aris-
ing from the conformation of the pentathiepin ring, asymmet-
ric oxidation of 1 was performed by a Sharpless reagent."

The compound 1 was oxidized by a reagent which consisted
of Ti(O'Pr)4/R,R-DET/t-BuOOH in dichloromethane at —20
°C under an argon atmosphere for 24 h (Scheme 5). The reac-
tants, 1/Ti(O'Pr)/R,R-DET/+-BuOOH were in the ratio of
1:2:4:4, which gave the best result in the asymmetric oxida-
tion. In spite of a large amount of an oxidizing reagent, the
corresponding bissulfoxide and sulfone were not detected at
all; the oxidation reaction of 1 appears to proceed very slowly
under the reaction conditions. After the usual work-up and
separation of the Ti complex and R,R-DET by filtration, the
products were purified by column chromatography. By this re-
action, four monoxides 2, 3, 4a, and S5a were obtained, similar-
ly to the case of the mCPBA oxidation. In these monooxides,
2 and 3 are not chiral, while 4a and 5a are optically active mol-
ecules with respect to the conformation of the pentathiepin
ring and the configuration of the sulfinyl sulfur atom. Com-
pounds 4a and 5a could be separated easily by column chro-
matography in 18% and 23% yields, respectively. Meanwhile,
2 and 3 were obtained as a mixture in 29% yield.

After column chromatography, the specific rotation [¢]p of
4a and 5a was measured by radiation with a sodium lamp in
chloroform: [o]y=—613° (¢ = 0.130) for 4a and [a]f) =
—971° (¢ = 0.282) for 5a. However, compound 4a and 5a
each contained its enantiomer 4b and 5b bearing a reversed
configuration of the sulfinyl group. The compounds 4b and Sb
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2 3 4 5
kaoa/s ! (471 = 1.17)X107°  (3.89 = 0.18)X107° — —
kags/s ™! (7.79 = 0.95)X107°  (8.53 + 0.31)X107°  (6.38 = 0.35)X107°  (6.42 = 0.13)X107°
kaafs ™! (1.62 £ 0.24)X107*  (1.84 = 0.36)X10™*  (1.24 = 0.06)x10™*  (1.32 £ 0.03)X107*
kaigfs ™! (3.15 £ 0.54)X107*  (3.81 £ 0.50)X10°* (2.33 £0.05)X107* (2.65 = 0.09)xX107*
kapafs ™! (6.09 = 0.23)X107*  (6.41 £ 0.94)X107* (4.64 =0.20)x10™* (523 = 0.10)X107*
AG 257/ mol ™! 99.6 = 0.4 100.0 + 0.4 100.4 + 0.4 100.8 * 0.0
AH?/kJ mol ™! 105.0 £ 42 113.0 £ 7.5 106.3 £2.9 113.4 £ 04
AS*/eu 18.4 + 13.0 43.1 =247 19.7 £92 414 *13
1) NaBH
Et S 4 Et s
“ S 2) CHgBrg LS
s-S’i? \—S S‘§§‘___
N B pnemh, s CES g
1 4) SS
THF/EtOH 10: 45%
$—s B s
mCPBA Et S
CHaCly \S‘Q’é + \SQ/?\—S
Ls Et Ls Et
1 12
60% (11:12=1:1)
Scheme 4.
Et_ s Ti(O'Pr)4/R,R-DET/
LS
S@’Q/'s—\ _g _+BUOOH
§” ECY "0 oah, 2 +3
1 CH,Cl,
o $—S
\ Et s S Et S
+ xS S 4+ xS \‘S§\’ s Fig. 3. The ORTEP Drawings of 4a and Sa.
S &S g S
4a 5a In order to determine the correct configuration of the sulfinyl

1:Ti(OPr)y : R,R-DET : tBUOOH =1:2:4:4
2+3: 29%; 4a: 18%; 5a: 23%.

Scheme 5.

could be observed as enantiomers of 4a and 5a, respectively, in
the '"H NMR spectra measured by using [Eu(hfc);]. In order to
purify 4a and Sa, these compounds were recrystallized from
hexane:dichloromethane = 1:1 at —20 °C. By the repeated
recrystallization, 4a and Sa were obtained as optically pure
yellow crystals, respectively. Then the specific rotation [o]p of
4a and 5a was measured in chloroform and established as [a]
= —775° (¢ = 0.204) for 4a and [a]y = —1364° (c = 0.161)
for Sa. On the other hand, the diastereomeric excess of these
compounds was determined by measurement of 'H NMR us-
ing [Eu(hfc);] as de = 100% for 4a and de = 98% for Sa.

In order to determine the absolute configuration of the chiral
sulfinyl groups of 4a and Sa, X-ray crystallographic analysis
of optically pure 4a and Sa was carried out by using CuKo ra-
diation. As shown in Fig. 3, the ORTEP drawings of 4a and 5a
are R configuration on the sulfinyl sulfur atoms, respectively.

sulfur atoms, the R configuration is examined by the value of
the parameter x which was defined by Flack for determination
of the absolute configuration of the chiral molecules; 4a has
the value x = 0.03(1) for the R configuration, while 5a has the
value x = —0.009(1) for the R configuration.'* These results
reveal clearly that both 4a and Sa are R configuration on the
sulfinyl sulfur atoms.

The compounds 4a and 5a were stable in the chloroform so-
lution at —20 °C, and no isomerization was observed at this
temperature. Meanwhile, the ring inversion of the pentathiepin
ring was found to proceed slowly in the solution at room tem-
perature; however, there is no epimerization of the sulfinyl
group on the trithiole ring under the isomerization condition.

Circular Dichroism Spectra of 4a and 5a. Since there is
no report with respect to the optical property of the chiral ben-
zopentathiepin derivatives, the circular dichroism spectra of 4a
and Sa were measured in chloroform (concentration:
6.46x107° mol/L). The UV spectra of 4a and 5a show similar
absorption curves; the absorption wavelength (Amax) and mo-
lar absorptivity (€) of 4a are A = 385 nm and € = 4960,
while those of 5a are A, = 380 nm and € = 5700. Further-
more, the absorption wavelength of 1 was observed at Ay, =
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Fig. 4. The Circular Dichroism Spectra of 4a and 5a (Con-
centration; 6.46X107>/mol L™1).

362 nm (& = 2820). On the other hand, as shown in Fig. 4, the
circular dichroism spectrum of 4a shows a positive first Cotton
effect at 391 nm, while that of Sa shows a negative first Cotton
effect at 384 nm. Since the configuration of the sulfinyl sulfur
atoms of 4a and 5a are both R configuration as described
above, and the absorption curve of 1 is similar to that of 4a and
5a, the different sign of this first Cotton effect should arise
from the conformation of the pentathiepin ring. These results
reveal that the conformation of the pentathiepin ring strongly
affects the circular dichroism spectra, which is the first exam-
ple of the optical property with respect to the conformation of
the chiral benzopentathiepin derivatives.

Conclusion

Compound 1 was oxidized by mCPBA and a Sharpless re-
agent to produce four monoxides 2, 3, 4, and 5. Their structure
was determined by X-ray crystallographic analysis, and their
activation parameters AGyg”, AH”, and AS* were determined
by measurement of "H NMR spectroscopy. The isomerization
of these monoxides was demonstrated to proceed by the inver-
sion of the pentathiepin ring, not by the pyramidal inversion of
the sulfinyl group and the S—S bond cleavage of the trithiole
ring. Unsymmetrically substituted benzopentathiepins 4a and
5a have a plane of chirality, because of the slow inversion of
the pentathiepin ring. The specific rotation and the circular
dichroism spectra of 4a and 5a are strongly affected by the
conformation of the pentathiepin ring.

Experimental

General. For the asymmetric oxidation, #-butyl hydroperox-
ide (an 80% solution in di-#-butyl peroxide; Merck) was used. IR
spectra were recorded on a JASCO FT-7300 spectrometer. NMR
spectra were measured with CDCI; on a Bruker AC-400 spectrom-
eter. Mass spectra were obtained with a Hitachi M-2000 mass
spectrometer. UV spectra were measured with a JASCO Ubest-30
spectrometer. Elemental analyses were performed on a Yanako
MTS5 analyzer. The X-ray data collection were made on a Rigaku
AFC7R diffractometer CuK ¢ radiation and a 12 kW rotating an-
ode generator, and on a Enraf-Nonius CAD4 computer-controlled
kappa axis diffractometer. All calculations for structure solution
were performed using teXsan crystallographic software package.'?

Chiral Benzopentathiepin Derivatives

CD spectra were measured by JASCO J-720 spectrometer
equipped with Xenon lamp.

Crystallographic data have been deposited at the CCDC, 12
Union Road, Cambridge CB2 1EZ, UK and copies can be ob-
tained on request, free of charge, by quoting the publication cita-
tion and the deposition numbers 179646—-179651). The complete
data are deposited as Document No. 75015 at the Office of the Ed-
itor of Bull. Chem. Soc. Jpn

Oxidation of 6,10-Diethyl[1,2,3]trithiolo[4,5-h]benzopenta-
thiepin (1). To a solution of 1 (773 mg, 2.0 mmol, in 100 mL of
CH,Cl,) was added mCPBA (assay > 95%, 363 mg, 2.0 mmol, in
100 mL of CH,Cl,) and the mixture was stirred at room tempera-
ture for 6 h. Then the solvent was evaporated off and the residue
was purified by column chromatography (silica gel, CHCl;:hexane
= 1:1 and 1:2) to produce one mixture of 2 and 3 (231 mg) and
the other mixture of 4 and 5 (468 mg), respectively. The ratios of
compounds 2 and 3, and 4 and 5 were determined by the integral
ratio of "H NMR as follows: 2:3 = 55 :45; 4:5 = 45:55, and the
yields were calculated on the basis of these ratios: 2, 16%; 3, 13%;
4, 26%; 5, 32%. These four compounds were purified by repeated
recrystallization (hexane:CH,Cl, = 1:1); 2:mp 125.0-127.5 °C
(decomp); '"H NMR (400 MHz) & 1.25 (t, J = 7.6 Hz, 6H, CH3),
3.12 (dq,J = 15.1, 7.6 Hz, 2H, CH,), 3.21 (dq, / = 15.1, 7.6 Hz,
2H, CH,); IR (KBr) 1119 cm™! (SO); MS m/z 402 (M™"); Anal.
Found: C, 29.85; H, 2.48%. Calcd for C,oH;,0Ss: C, 29.82; H,
2.50%; 3: mp 134.0-135.5 °C (decomp); '"H NMR (400 MHz) &
1.27 (t, J = 7.6 Hz, 6H, CH,), 3.09 (dq, J = 14.9, 7.6 Hz, 2H,
CH,), 3.18 (dq, J = 14.9, 7.6 Hz, 2H. CH,); IR (KBr) 1118 cm™"
(SO); MS m/z 402 (M*); Anal. Found: C, 30.21; H, 2.60%. Calcd
for CoH;00Sg: C, 29.82; H, 2.50%; 4: mp 107.5-109.5 °C (de-
comp); 'H NMR (400 MHz) § 1.34 (t,J = 7.5 Hz, 3H, CH3), 1.37
(t,J = 7.5 Hz, 3H, CH3), 3.18 (dq, J = 14.7, 7.5 Hz, 1H, CH,),
3.25 (dq, J = 14.7, 7.5 Hz, 1H, CH,), 3.44 (dq, J = 9.6, 7.5 Hz,
1H, CH,), 3.46 (dq, J = 9.6, 7.5 Hz, 1H, CH,); IR (KBr) 1098
cm™! (SO); MS m/z 402 (M*); Anal. Found: C, 29.90; H, 2.15%.
Calcd for CoH;00Ss: C, 29.82; H, 2.50%; 5:mp 133.0-134.5 °C
(decomp); '"H NMR (400 MHz) § 1.32 (t, J = 7.5 Hz, 3H, CHj3),
1.36 (t, J = 7.5 Hz, 3H, CH,), 3.19 (dq, J = 13.9, 7.5 Hz, 1H,
CH,), 3.25 (dq, J = 13.9, 7.5 Hz, 1H, CH,), 3.36 (dq, J = 9.6, 7.5
Hz, 1H, CH,), 3.53 (dq, J = 9.6, 7.5 Hz, 1H, CH,); IR (KBr) 1088
cm™! (SO); MS m/z 402 (M*); Anal. Found: C, 29.87; H, 2.45%.
Calcd for C;oH;(0Ss: C, 29.82; H, 2.50%.

Preparation of 6,9-Diethylbenzopentathiepin (6). Com-
pound 6 was prepared from 4,7-diethyl-2,2-dimethylbenzo[d]-
[1,3,2]dithiastannole in 60% yield by the method previously re-
ported;® 6: mp 38.0-39.0 °C; 'H NMR (400 MHz, CDCl3) § 1.21
(t,J = 7.5 Hz, 6H), 2.88 (dq,J = 13.8, 7.5 Hz, 2H), 2.98 (dq, J =
13.7, 7.5 Hz, 2H), 7.19 (s, 2H); MS m/z 292 (M*); Anal. Found:
C, 41.21; H, 4.47%. Calcd for C,oH,,Ss: C, 41.06; H, 4.13%.

Oxidation of 6,9-Diethylbenzopentathiepin (6). To a solu-
tion of 6 (138 mg, 0.47 mmol, in 80 mL of CH,Cl,) was added
mCPBA (assay > 90%, 90.5 mg, 0.58 mmol, in 80 mL of CH,Cl,)
and the mixture was stirred for 12 h. Then the solvent was evapo-
rated off and the residue was purified by column chromatography
(silica gel, hexane:CHCl; = 1:2), and 8 and 9 were obtained in 7
% and 8% yields, respectively; 8: yellow oil; '"H NMR (400 MHz,
CDCl3) 6 1.34 (t,J = 7.5 Hz, 3H), 1.37 (t,J = 7.5 Hz, 3H), 2.80
(dq,J = 15.2,7.6 Hz, 1H), 2.87 (dq, J = 15.2, 7.6 Hz,.1H), 3.07
(dq,J = 15.0, 7.5 Hz,.1H), 3.15 (dq, J = 15.0, 7.5 Hz,.1H), 7.18
(ABq,J = 7.6 Hz, 1H), 7.28 (ABq, J = 7.6 Hz, 1H); MS m/z 244
(M™); Anal. Found: C, 49.47; H, 5.22%. Calcd for C,oH;,0S5: C,
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49.15; H, 4.95%; 9: mp 47.0-48.0 °C; 'H NMR (400 MHz,
CDCl;) 6 1.28 (t, J = 7.5 Hz, 3H), 2.73 (dq, J/ = 14.8, 7.5 Hz,
1H), 2.81 (dq, J = 14.8, 7.5 Hz, 1H), 7.18 (S, 2H); MS m/z 244
(M™); Anal. Found: C, 48.93; H, 4.96%. Calcd for C,oH;,08S5: C,
49.15; H, 4.95%.

Preparation of 6,10-Diethyl[1,3]dithiolo[4,5-h]benzopenta-
thiepin (10). Compound 1 (386 mg, 1 mmol) was treated with
NaBH, (46 mg, 1.2 mmol) in THF (60 mL) and ethanol (20 mL)
for 30 min. To this solution, dibromomethane (1.04 mL, 12.5
mmol) was added slowly and the mixture was stirred for 16 h. Af-
ter treatment with water, the solvent was evaporated and the aque-
ous solution was extracted with CH,Cl, (3X30 mL). The extract
was dried with MgSO, and the solvent was evaporated. Then the
residue was treated with NaBH, (38 mg, 1 mmol) in THF (40 mL)
and ethanol (15 mL) for 30 min. To this solution, elemental sulfur
(320 mg, 10 mmol) was added and the mixture was stirred for 24
h. After treatment with water, the solvent was evaporated and the
aqueous solution was extracted with CH,Cl, (3X30 mL). The ex-
tract was dried with MgSO, and the solvent was evaporated. Then
the product was purified by column chromatography (silica gel,
hexane) to give 10 in 45% yield; mp 151.5-152.5 °C; '"H NMR
(400 MHz, CDCl3) 6 1.18 (t,J = 7.5 Hz, 6H), 2.88 (dq, J = 15.0,
7.5 Hz, 2H), 2.95 (dq, J = 15.0, 7.5 Hz, 2H), 4.46 (ABq,J = 9.5
Hz, 1H), 4.52 (ABq, J = 9.5 Hz, 1H); '*C NMR (101 MHz,
CDCl3) §13.9,31.3,34.4, 140.6, 141.8, 142.2; MS m/z 368 (M™");
Anal. Found: C, 35.88; H, 3.38%. Calcd for C,1H;,S;: C, 35.83;
H, 3.28%.

Oxidation of 6,10-Diethyl[1,3]dithiolo[4,5-k]benzopentathi-
epin (10). Compound 10 (92 mg, 0.25 mmol, in 25 mL of
CH,Cl,) was oxidized by mCPBA (assay > 95%, 46 mg, 0.25
mmol, in 25 mL of CH,Cl,) at room temperature for 13 h. Then
the solvent was evaporated off and the residue was purified by col-
umn chromatography (silica gel, AcOEt: CHCl; = 1:10) to pro-
duce a mixture of 11 and 12 in 60% yield (11:12 = 1:1) together
with 4,8-diethyl[1,3]dithiolo[4,5-f]benzotrithiole 5-oxide (13) in
10% yield. The compounds 11 and 12 were purified by recrystal-
lization, respectively (hexane:CH,Cl, = 1:1); 11: mp 147.0-
148.0 °C; 'H NMR (400 MHz, CDCl3) § 1.26 (t,J = 7.5 Hz, 3H),
1.35 (t,J = 7.5 Hz, 3H), 2.98 (dq, J = 15.0, 7.5 Hz,1H), 3.12 (dq,
J =15.0,7.5Hz, 1H), 3.28 (dq,J = 15.0, 7.5 Hz, 1H), 3.32 (dq, J
= 15.0,7.5 Hz, 1H), 4.15 (ABq,J = 13.7 Hz, 1H), 4.35 (ABq,J =
13.7 Hz, 1H); IR (KBr) 1036 cm™' (SO); Anal. Found: C, 34.21;
H, 3.11%. Calcd for C;1H,,0S;: C, 34.34; H, 3.14%; 12: mp
141.5-143.0 °C; 'H NMR (400 MHz, CDCl3) § 1.24 (t,J = 7.5
Hz, 3H), 1.33 (t, J/ = 7.5 Hz, 3H), 3.06 (q, J = 7.5 Hz, 2H), 3.28
(dq, J = 15.0, 7.5 Hz, 1H), 3.41 (dq, J = 15.0, 7.5 Hz, 1H), 4.19
(ABq, J = 13.6 Hz, 1H), 4.32 (ABq, J = 13.6 Hz, 1H); IR (KBr)
1034 cm™! (SO); Anal. Found: C, 34.28; H, 3.20%. Calcd for
C11H,08;: C, 34.34; H, 3.14%; 13: mp 181.0-182.0 °C; 'H NMR
(400 MHz, CDCl;) 6 1.24 (t,J = 7.5 Hz, 3H), 1.31 (t,J = 7.5 Hz,
3H),2.78 (q,J = 7.5 Hz, 2H), 3.04 (dq, J = 9.9, 7.5 Hz, 1H), 3.41
(dq, J = 9.9, 7.5 Hz, 1H), 4.19 (ABq, J = 13.3 Hz, 1H), 4.32
(ABq,J = 13.3 Hz, 1H); IR (KBr) 1033 cm ™' (SO); Anal. Found:
C, 40.89; H, 3.53%. Calcd for C,;H;,0Ss: C, 41.21; H, 3.77%.

Asymmetric Oxidation of 1. Compound 1 (580 mg, 1.5
mmol) was oxidized by a reagent which consisted of Ti(O'Pr),/
R,R-DET/~-BuOOH in CH,Cl, (120 mL) at —20 °C under Ar for
24 h (1/Ti(OPr)4/R,R-DET/-BuOOH = 1:2:4:4). Then, sodium
sulfite (1.26 g) and brine (50 mL) were added to the solution, and
the solution was stirred vigorously for 1 h. After usual work-up
and separation of the Ti complex and R,R-DET by filtration, the
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products were purified by column chromatography (Wako-gel C-
400, hexane:CHCl; = 1:1). Compounds 4a and Sa could be sep-
arated easily by column chromatography in 18% (108 mg) and
23% (141 mg) yields, respectively; 4a: mp 105-106 °C; Sa: mp
128-129 °C.

This work was supported from the Special Grant from Iwate
University.
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