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Tricyclic benzothiazepinium salts (5) were prepared by [2* +4] polar cycloaddition of thionium intermediates
(4A), generated from corresponding a-chloro sulfides (4) and dienes in the presence of silver perchlorate. X-Ray
analysis of 5a revealed that the configuration of the thiazepinone skeleton and the dihydrothiopyran ring is cis-fused.
Reactions of benzothiazepinium salts (5) with NaBH, or NaH afforded 3,6-epithiobenzazocinone derivatives (9) in
high yields by [2,3]-sigmatropic rearrangement of an ylide intermediate (11). The stereochemistry of epithio-
benzazocinone (9a) was determined by the nuclear Overhauser enhancement (NOE) technique and finally by X-ray
analysis of the sulfoxide (10) derived from epithiobenzazocinone (9a) by m-chloroperbenzoic acid (MCPBA) oxidation.
Alkylation of epithiobenzazocinone (9a) afforded 3-alkyl-3,6-epithiobenzazocinones (12) with retention of the
configuration at C-3. Dihydrothiopyran derivatives (13) were obtained in good yields by Sml, reduction of

benzothiazepinium salts (5).
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samarium diiodide reduction

We previously synthesized medium-sized lactam sulfides
by reduction of bicyclic lactam sulfonium salts with a
sulfonio bridgehead by the cleavage of the cross-piece C-S
bond.” It has recently been reported that bicyclic
sulfonium salts were generated by the reactions of a-
chloro sulfides or thionium ions with 1,3-dienes and that
treatment of the salts with a base furnished vinylcyclopro-
panes.>> We applied this method to the synthesis of
tricyclic benzothiazinium salts fused with a 2H-5.6-
dihydrothiopyran skeleton and prepared new lactam
sulfides with unusual skeletons by the ring transformation
of the salts with a reducing agent or a base,® because
some benzothiazinone derivatives such as semotiadil, a
Ca’" antagonist® and SPR-210, an aldose reductase in-
hibitor,® are pharmacologically active. Since various
benzothiazepinone derivatives, represented by diltiazem”
and tiazesim,® possess potent pharmacological activity,”
we recently reported the preparation of tricyclic benzo-
thiazepinium salts and their transformation into new
lactam sulfides with both a benzothiazepinone skeleton
and a tetrahydrobenzazocine framework.!® It is known
that some tetrahydrobenzazocine derivatives possess
potent pharmacological activity.!” In this paper we
describe our study on the transformation of benzothiaze-
pinium salts with a sulfonio bridgehead and on the C-3
modification of 3,6-epithiobenzazocinone.

Synthesis of Lactam Sulfonium Salts by [2* +4] Polar
Cycloaddition A benzothiazepinone 3 was synthesized by
a modification of Hill’s procedure.’? We attempted the
Beckmann rearrangement of isothiochromanone oxime
(1) with p-tosyl chloride in pyridine, and obtained 3,5-
dihydro-4,1-benzothiazepin-2(1 H)-one (2) in low yield.
Thus, we examined the Beckmann rearrangement under
nearly neutral conditions. The rearrangement of 1 took
place smoothly on treatment with PPSE (polyphosphoric
acid trimethylsilyl ester)!® in 1,2-dichloroethane under

* To whom correspondence should be addressed.

reflux and the resultant crude benzothiazepinone 2 was
methylated with Mel to furnish 3 in 40% overall yield.
The benzothiazepinone 3 was treated with N-chloro-
succinimide (NCS) and the resultant crude o-chloro
sulfides 4 reacted with 1,3-dienes such as 1,3-butadiene,
isoprene and 2,3-dimethyl-1,3-butadiene in the presence
of silver perchlorate to give benzothiazepinium salts 5 in
moderate to good yield (Chart 1).

Chlorination of 3 would occur at the 3-position rather
than at the 5-position because the 3-position is situated
between the sulfur atom and the carbonyl group, and
sulfonium salts 5 would be formed (Chart 2). Since an
intermediate a-chloro sulfide, 4 or 4, could not be isolated
because of its instability, we examined whether the adduct
was 5 or 5’ on the basis of the 'H-NMR spectrum. If the
product obtained from the chloro sulfide and 2,3-dimethyl-
1,3-butadiene is the sulfonium salt 5a’, the doublets at ¢
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Fig. 1. ORTEP Drawing of the Benzothiazepinium Salt 5a

3.53 and 4.01 (J=12Hz) in the "H-NMR can be assigned
to the 11-CH, group. However, a-CH, signals of sul-
fonium salts usually appear at lower field than those of
the corresponding sulfides. Therefore, the 11-CH, signals
of 5a’ should be observed at lower field than the § 3.42
and 4.09 signals due to the benzyl protons of the sulfide
3. This can be resolved by assignment of the doublets to
the 5-CH, signals of the other sulfonium salt 5a, whose
chemical shifts are lower than those of the 3-CH, group
of 3 at ¢ 2.89 and 3.14. The structure and the stereo-
chemistry of the salt 5a were finally determined by X-ray
crystallographic analysis (Fig. 1). The X-ray structure
analysis revealed that the thiazepinone ring and the
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dihydrothiopyran one are cis-fused. The cis-configuration
of 5a was stable under reflux in acetone or acetonitrile
and no pyramidal inversion to the frans isomer was
observed.

The reaction of 3 with NCS was followed by 'H-NMR
spectroscopy to determine the pathway from 3 to 4. The
'"H-NMR spectrum initially showed peaks due to 4’ [§
3.49 (s, N-Me), 3.63,4.42 (d, J=13 Hz, 5-H), 5.65 (s, 3-H)]
at —30°C and gradually changed to the spectrum of 4
[0 3.15, 3.39 (d, /=13 Hz, 3-H), 3.41 (s, N-Me) and 6.26
(s, 5-H)] with increase of the temperature to 30 °C. This
spectral evidence indicates that the 3-chloro compound 4’
is formed first and then transformed into the thermo-
dynamically more stable 5-chloro derivative 4.

The isoprene adduct Sc was obtained as a single isomer
from the benzothiazepinone 3. We previously reported
that the benzothiazinone 6 afforded a 2:1 mixture of
regioisomeric isoprene adducts.*) This difference may be
explained as follows (Fig. 2): the a-thiocarbocation 4A,
generated from 4, is relatively stable because the thionium
ion of 4A resonates with the aromatic ring. Instability of
6A lowers the regioselectivity in the reaction of 6A with
isoprene, whereas the reaction of the more stable thio-
carbocation 4A selectively proceeds via the carbocation
intermediate 7, which is stabilized by the methyl group of
isoprene, but not via intermediate 8. However, the precise
reason for the stereoselectivity is not clear at present.

Ring Transformation of Benzothiazepinium Salts We
planned to prepare new compounds bearing both
thiazepinone and azocinone skeletons by [2,3]-sigma-
tropic rearrangement of benzothiazepinium ylides gen-
erated from the corresponding benzothiazepinium salts §
with a base,'® since some tetrahydrobenzazocines pos-
sess potent pharmacological activity.'” Treatment of
the benzothiazepinium salts Sa—e¢ with NaH in dimethyl-
formamide (DMF) at 0°C provided 4-vinyltetrahydro-
3,6-epithiobenzazocinone derivatives 9a—c in high yield
(Chart 3, Table 1, entries 1,3 and 5). These compounds
(9) were also afforded by the reactions of the salts § with
NaBH, in EtOH in good yield (entries 2,4 and 6).
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Table 1. Ring Transformation of Benzothiazepinium Salts §

Entry Suli;(;r]?um Reagent Time (h) (l;io;]i:;;)
1 5a NaH 0.5 9a (86)
2 Sa NaBH, 12 9a (61)
3 5b NaH 0.5 9b (82)
4 5b NaBH, 20 9b (58)
5 5¢ NaH 0.5 9c (83)
6 Sc¢ NaBH, 18 9c (64)

~\s.z% NOE
H 4)

10.7% NOE

Fig. 3. Stereoscopic View of the Epithiobenzazocinone 9a

The structure of 9a was determined by analysis of the
'H- and !'3C-NMR spectra. 'H-NMR signals were
assigned by the H-H decoupling technique. A singlet at
4 4.10 was assigned to a methine proton a to a carbonyl
group. A benzylic methine proton was observed at § 4.42
as a double doublet (J=3, 9 Hz), which was coupled with
a pair of double doublets (5 1.91, /=3, 14 Hz and § 2.95,
J=9, 14Hz) assignable to methylene protons. The '*C-
NMR spectrum exhibited two methine carbons at § S1.1
and 60.4, a methylene carbon at § 43.8 and a terminal
methylene carbon at § 112.2. The stereochemistry of the
vinyl group and the bridging sulfur of 9a was determined
by nuclear Overhauser enhancement (NOE) measurement.
NOE was observed between 3-H and the methyl protons
on the vinyl group and between 6-H and 7-H (8.2%,
10.7%, respectively; Fig. 3). The relative configuration of
the epithiobenzazocinone skeleton was finally determined
by the X-ray crystallographic analysis of the sulfoxide 10
derived from 9a by m-chloroperbenzoic acid (MCPBA)
oxidation (Fig. 4). The stereochemistry of 9a was
consistent with the structure proposed on the basis of
[2,3]-sigmatropic rearrangement of a sulfonium ylide
intermediate (Chart 4). The carbanion of an ylide 11,
generated by abstraction of a methylene proton « to the
carbonyl group of 5a, underwent [2,3]-sigmatropic re-
arrangement by back side attack at olefinic carbon to
give the epithiobenzazocinone 9a with the configuration
shown in Chart 4.

We examined modification at the C-3 position of
tetrahydro-3,6-epithiobenzazocinone derivative 9a. De-
protonation at C-3 with n-BuLi in tetrahydrofuran (THF)
at —78°C gave the carbanion, which was treated with
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Fig. 5. Stereoscopic View of the 3-Methylepithiobenzaiocinone 12a

iodomethane to give 3-methyl-3,6-epithiobenzazocinone
12a in 78% yield (Chart 5). Methylation took place with
retention of the relative configuration due to the rigid
3,6-epithiobenzazocinone framework. The stereochemis-
try of 12a was confirmed by NOE measurement (Fig. 5).
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NOE of 9% was observed between the C-3 and the vinylic
methyl groups and relatively weak NOE (4%) was de-
tected between the C-3 and C-4 methy! groups. The 3-
ethyl derivative 12b was obtained in 63% yield by treat-
ment with bromoethane instead of iodomethane. Further
modification at C-3 is under investigation.

We recently reported that single electron transfer re-
duction of sulfonium salts with Mg, Grignard reagents'*
or SmI,' gave sulfides and that medium-sized lactam
sulfides were obtained by reduction of bicyclic lactam
sulfonium salts with a sulfonio bridgehead.!* Therefore,
we applied Sml, reduction to benzothiazepinium salts 5
(Chart 6). Treatment of 5a with 3.0eq of SmlI, in THF at
room temperature under a nitrogen atmosphere provided
the (2H)-5,6-dihydrothiopyran derivative 13a in 79% yield
as a mixture of two geometrical isomers (1:1) caused by
restricted rotation of the N-C =0 moiety, instead of an
11-membered lactam sulfide. Other benzothiazepinium
salts 5 also gave exclusively dihydrothiopyrans in high
yields.

In summary, benzothiazepinium salts bearing a di-
hydrothiopyran skeleton with a sulfonio bridgehead were
synthesized from a-chloro sulfides with dienes in the
presence of silver perchlorate by [2* + 4] polar cycloaddi-
tion. 4-Vinyltetrahydro-3,6-epithiobenzazocinone deriva-
tives with both a thiazepinone framework and an
azocinone skeleton were obtained by ring transforma-
tion of benzothiazepinium salts with NaH or NaBH,.
Alkylation of 3,6-epithiobenzazocinone derivatives gave
3-alkyl-3,6-epithiobenzazocinones with retention of the
configuration. Dihydrothiopyran derivatives were gen-
erated by Sml, reduction of the salts.

Experimental

Melting points were obtained with a Yanagimoto micro melting point
apparatus and are uncorrected. IR spectra of solids (KBr) and liquids
(NaCl) were recorded on a JASCO IRA-100 spectrophotometer.
'H-NMR spectra were recorded on a JEOL GX-270 (270 MHz) or a
JEOL EX-400 (400 MHz) spectrometer with tetramethylsilane as an
internal standard. **C-NMR spectra and NOE were obtained on a JEOL
EX-400 spectrometer. The J values are given in Hz. Mass spectra were
recorded on a JEOL JMS-D 300 spectrometer with a direct-insertion
probe at 70eV. Elemental analyses of new compounds were performed
by a Yanaco CHN Corder MT-5. All chromatographic isolations were
accomplished with either Kieselgel 60 (70—230mesh) for column
chromatography or Kieselgel 60 PF,s, containing gypsum for pre-
parative TLC.

Synthesis of 1-Methyl-3,5-dihydre-4,1-benzothiazepin-2(1H)-one (3)
PPSE'® was prepared from P,O; (10 g, 70 mmol) and hexamethyldisil-
oxane (21 ml, 100 mmol) in 60 ml of 1,2-dichloroethane under reflux for
2h under a nitrogen atmosphere. Isothiochromanone oxime (1)'?
(3.58 g, 20 mmol) was added at once to the stirred solution of PPSE at
room temperature. The mixture was refluxed for 1 h under a nitrogen
atmosphere. The cooled reaction mixture was poured into 80 ml of water
and extracted with chloroform. The organic layer was dried (MgSO,)
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and evaporated under reduced pressure to give a crude amide 2. The
amide 2 was dissolved in 60 m] of DMF and NaH (839 mg, 21 mmol)
was added to this solution at 0°C. The mixture was stirred for 1h at
room temperature, then methyl iodide (3.123 g, 22 mmol) was added at
0°C and the whole was stirred for 3 h at room temperature. The reaction
mixture was poured into water and extracted with ethyl acetate. The
extract was washed with water, dried (MgSO,) and concentrated under
reduced pressure. The residue was purified by column chromatography
on silica gel with ethyl acetate: hexane (1: 10) to give 1.55g (40%) of 3
as colorless prisms. mp: 135—137°C. '"H-NMR (CDCl,) §: 2.85 (1H,
brs, 3-H), 3.15 (1H, brs, 3-H), 3.35 (3H, s, NMe), 3.40 (1H, brs, 5-H),
4.10 (1H, brs, 5-H), 7.20—7.41 (4H, m, ArH). 3*C-NMR (CDCl,) ¢:
30.5 (1), 31.1 (1), 35.4 (q), 123.7 (d), 127.9 (d), 128.9 (d), 129.5 (d), 131.7
(s), 142.9 (s), 168.5 (s). IR (KBr) cm™': 1650 (C=0). MS m/z (rel. int.
%): 193 (M*, 66), 121 (100). Anal. Caled for C;oH,,NOS: C, 62.15; H,
5.74; N, 7.25. Found: C, 61.98; H, 5.72; N, 7.36.

Synthesis of 7-Methyl-1,1a,4,5,6-pentahydro-6-oxo-2H -thiopyrano[ 1,6-
d]-4,1-benzothiazepinium Perchlorates (5) General Procedure: A stirred
solution of benzothiazepinone 3 (5mmol) in dry CH,CN (25ml) was
treated with NCS (668 mg, 5mmol) at 0°C. After 30min at room
temperature, a diene (10mmol) and AgClO, (90% npurity, 1.150g,
Smmol) were added successively to the reaction mixture at 0°C. The
whole was stirred for 30 min at room temperature, then the precipitate
of AgCl was filtered off and washed with CH,CN. The filtrate and
washing were evaporated and the resultant benzothiazepinium salt 5 was
purified by recrystallization from CH;CN-ether.

2,3,7-Trimethyl-1,1a,4,5,6-pentahydro-6-oxo-2H-thiopyrano[ 1,6-d]-
4,1-benzothiazepinium Perchlorate (5a): Yield 50%. Colorless prisms
(CH;CN-ether). mp: 219—221°C (dec.). '"H-NMR (CD;CN) §: 1.90,
2.23 (each 3H, s, Me x 2), 2.87 (1H, brd, J=20Hz, 1-H), 3.08 (1H, brd,
J=17Hz, 4-H) 3.14 (1H, brd, J=20Hz, 1-H), 3.35 (3H, s, NMe), 3.36
(I1H, d, J=12Hz, 5-H), 3.81 (1H, d, J=17Hz, 4-H), 3.88 (IH, d,
J=12Hz, 5-H), 5.30 (IH, brd, J=5Hz, 1a-H), 7.30 (1H, d, /=8 Hz,
ArH), 7.45—7.51 2H, m, ArH), 7.66 (1H, t, J=8 Hz, ArH). !3C-NMR
(CD;CN) 6: 18.8 (q), 19.4 (q), 31.4 (1), 35.9 (q), 36.7 (1), 40.1 (1), 43.6
(d), 118.3 (s), 125.5 (d), 126.2 (s), 128.4 (d), 128.5 (d), 129.7 (5), 131.6
(d), 142.7 (s), 159.9 (s). IR (KBr) cm™: 1660 (C=0), 1100 (CIO;).
Anal. Caled for C,¢H,,CINO,S: C, 51.40; H, 5.39; N, 3.75. Found: C,
51.88; H, 5.30; N, 3.80.

7-Methyl-1,1a,4,5,6-pentahydro-6-oxo-2 H-thiopyrano[1,6-d]-4,1-
benzothiazepinium Perchlorate (5b): Yield 57%. Colorless prisms
(CH;CN-ether). mp: 213—214°C (dec.). '"H-NMR (CD,CN) 4:
3.10—3.30 (3H, brm, 4-H (1H), 1-H (2H)), 3.46 (3H, s, NMe), 3.52 (1H,
d, /=12Hz, 5-H), 3.99 (IH, d, J=12Hz, 5-H), 4.15 (1H, dd, J=7,
15Hz, 4-H), 546 (1H, brd, J=4Hz, 1a-H), 6.08 (1H, brdd, J=7, 11 Hz,
2-H), 6.43 (1H, brdd, /=8, 11Hz, 3-H), 7.53—7.75 (3H, m, ArH), 7.80
(1H, t, J=8Hz, ArH). '3C-NMR (CD,CN) §: 26.0 (1), 33.0 (1), 36.2
(q), 40.4 (1), 44.2 (d), 117.7 (d), 126.0 (d), 126.5 (s), 128.5 (d), 128.8 (d),
130.1 (d), 132.3 (d), 143.2 (s), 160.2 (s). IR (KBr) cm™!: 1650 (C=0),
1100 (CIOy). Anal. Caled for C,,H,(CINO,S: C, 48.63; H, 4.66; N,
4.05. Found: C, 48.72; H, 4.54; N, 4.11.

2,7-Dimethyl-1,1a,4,5,6-pentahydro-6-oxo-2H-thiopyrano[1,6-d -
4,1-benzothiazepinium Perchlorate (5¢): Yield 61%. Colorless prisms
(CH,CN). mp: 196—210°C (dec). 'H-NMR (CD,CN) §: 1.97 (3H, s,
Me), 2.87 (1H, brd, J=19Hz, 1-H), 3.07—3.12 2H, m, 1-H, 4-H), 3.35
(3H, s, NMe), 3.37 (IH, d, J=12Hz, 5-H), 3.87 (1H, d, J=12Hz, 5-H),
4.01 (1H, dd, J=7, 15Hz, 4-H), 5.35 (1H, brd, J=6Hz, 1a-H), 5.71
(1H, d, J=7Hz, 3-H), 7.32 (1H, d, J=8Hz, ArH), 7.45—7.52 (2H, m,
ArH), 7.67 (1H, t, J=8 Hz, ArH). "*C-NMR (CD,CN) &: 23.5 (q), 30.5
(1), 33.5 (1), 36.3 (q), 40.2 (), 44.6 (d), 112.3 (d), 126.0 (d), 126.5 (s),
128.6 (d), 128.9 (d), 132.4 (d), 139.1 (s), 143.1 (s), 160.3 (s). IR (KBr)
em™ ' 1660 (C=0), 1090 (ClO;). Anal. Caled for C;5H,,CINO.S: C,
50.07; H, 5.04; N, 3.89. Found: C, 50.06; H, 5.01; N, 3.90.

Reactions of Benzothiazepinium Salts 5 with Sodium Hydride General
Procedure: A suspension of NaH (60% in paraffin oil, 44 mg, 1.1 mmol)
in dry DMF (2 ml) was stirred, and a benzothiazepinium salt 5 (I mmol)
was added to it at 0°C. After 30 min at room temperature, water was
added to the reaction mixture and the whole was extracted with ethyl
acetate. The extracts were washed with water, dried (MgSO,) and
evaporated under reduced pressure. The residue was purified by
preparative TLC with ethyl acetate: hexane (1:5). The reaction con-
ditions and the results are summarized in Table 1.

4-Isopropenyl-1,4-dimethyl-3,4,5,6-tetrahydro-3,6-epithiobenzazocin-
2(1H)-one (9a): Colorless prisms (AcOEt-hexane). mp: 121—122°C.
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1H-NMR (CDCl,) é: 1.23 (3H, s, 4-Me), 1.85 (3H, d, J=1Hz, vinylic
Me), 191 (1H, dd, J=3, 14Hz, 5-H), 2.95 (1H, dd, /=9, 14Hz, 5-H),
3.49 (3H, s, NMe), 4.10 (1H, s, 3-H), 4.42 (1H, dd, /=3, 9Hz, 6-H),
4.90 (1H, s, C=CH,), 5.00 (1H, g, J=1Hz, C=CH,), 6.98—7.07 (2H,
m, ArH), 7.12—7.26 (2H, m, ArH). 3C-NMR (CDCl;) é: 19.7 (q), 23.9
(q), 40.9 (q), 43.8 (1), 51.1 (d), 59.6 (s), 60.4 (d), 112.2 (1), 122.0 (d), 123.8
(d), 127.0 (d), 127.1 (d), 139.3 (s), 139.9 (s), 148.4 (s), 171.3 (s). MS m/z
(rel. int. %): 273 (M*, 25), 113 (100). IR (KBr) cm~*: 1630 (C=0).
Anal. Caled for C;H,,NOS: C, 70.29; H, 7.00; N, 5.12. Found: C,
70.25; H, 7.12; N, 5.19.

{-Methyl-4-vinyl-3,4,5,6-tetrahydro-3,6-epithiobenzazocin-2(1 H)-one
(9b): Colorless prisms (AcOEt-hexane). mp: 112—113°C. "H-NMR
(CDCly) 8: 2.18 (1H, ddd, /=5, 9, 13Hz, 5-H), 2.34 (1H, ddd, /=1, 7,
13Hz, 5-H), 2.85—-2.95 (1H, brm, 4-H), 3.46 (3H, s, NMe), 4.11 (I1H,
d, J=3Hz, 3-H), 4.60 (1H, dd, J=1, 5Hz, 6-H), 5.02 (1H, dd, J=1,
10Hz, CH=CH,), 5.05 (1H, dd, J=1, 17Hz, CH=CH,), 5.83 (1H,
ddd, J=8, 10, 17Hz, CH=CH,), 7.04—7.31 (4H, m, ArH). 13C-NMR
(CDCly) §: 40.4 (q), 45.8 (d), 50.6 (t), 54.4 (d), 57.8 (d), 115.6 (1), 123.0
(d), 124.1 (d), 127.6 (d), 129.7 (d), 133.4 (s), 138.9 (d), 140.6 (s), 174.8
(s). MS mjz (rel. int. %): 245 (M, 36), 150 (100). IR (KBr) cm™': 1640
(C=0). Anal. Calcd for C,,H,sNOS: C, 68.54; H, 6.16; N, 5.71. Found:
C, 68.61; H, 6.06; N, 5.75.

1,4-Dimethyl-4-vinyl-3,4,5,6-tetrahydro-3,6-epithiobenzazocin-
2(1H)-one (9¢c): Colorless prisms (AcOEt-hexane). mp: 116—117°C.
'H-NMR (CDCl;) é: 1.23 (3H, s, 4-Me), 1.96 (1H, dd, /=2, 14Hz,
5-H), 2.69 (1H, dd, /=9, 14Hz, 5-H), 3.47 (3H, s, NMe), 3.88 (1H, s,
3-H), 4.46 (1H, dd, /=2, 9 Hz, 6-H), 5.10 (1H, d, J=17Hz, CH=CH,),
512 (1H, d, J=11Hz, CH=CH,), 6.03 (1H, dd, J=11, 17Hz,
CH=CH,), 6.97—7.06 (2H, m, ArH), 7.18—7.27 (2H, m, ArH).
13C.NMR (CDCl,) d: 23.4 (q), 40.7 (q), 45.5 (1), 51.7 (d), 56.1 (s), 63.2
(d), 112.5 (1), 121.8 (d), 123.7 (d), 127.1 (d), 127.2 (d), 138.9 (s), 139.6
(s), 145.6 (d), 170.8 (s). MS m/z (rel. int. %): 261 (M*, 65), 150 (100).
IR (KBr) cm™!: 1640 (C=0). Anal. Caled for C,sH,,NOS: C, 69.46;
H, 6.61; N, 5.40. Found: C, 69.60; H, 6.50; N, 5.51.

Reduction of Benzothiazepinium Salts 5 with Sodium Borohydride
General Procedure: A suspension of a benzothiazepinium salt 5 (1 mmol)
in EtOH (5ml) was treated with NaBH, (38—42mg, 1.0—1.1 mmol) at
0°C. The mixture was stirred at room temperature for several hours,
then water was added and the whole was extracted with CH,Cl,. The
extracts were washed with water and saturated aqueous NaCl
successively, dried (MgSO,) and evaporated under reduced pressure. The
residue was purified by preparative TLC with ethyl acetate: hexane
(1: 10). The reaction conditions and the results are summarized in Table 1.

MCPBA Oxidation of 9a to Give the Sulfoxide 10 A stirred solution
of 9a (408 mg, 1.5mmol) in AcOEt (10ml) was treated with MCPBA
(303 mg, 85% purity, 1.5 mmol) in several portions at 0 °C. After 30 min,
saturated aqueous NaHCO, was added to the reaction mixture. The
organic layer was separated, dried (MgSO,) and concentrated under
reduced pressure. The residue was purified by column chromatography
on silica gel with ethyl acetate : hexane (1:2) to give 4-isopropenyl-1,4-
dimethyl-3,4,5,6-tetrahydro-3,6-epithiobenzazocin-2(1 H)-one S-oxide
(10) in 321 mg (74%) yield together with its diastereomer 10’ at the
sulfoxide in 95mg (22%) yield.

Compound 10: Colorless prisms (CH,Cl,~hexane). mp: 218—221°C.
'H-NMR (CDCly) 6: 1.19 (3H, s, 4-Me), 1.86 (3H, s, vinylic Me), 2.41
(1H, dd, /=4, 15Hz, 5-H), 3.00 (1H, dd, /=9, 15Hz, 5-H), 3.52 (3H,
s, NMe), 4.54 (1H, s, 3-H), 4.71 (1H, dd, J=4, 9Hz, 6-H), 4.98, 5.01
(each 1H, s, C=CH,), 7.08 (1H, d, J=7Hz, ArH), 7.15 (1H, d, J=7Hz,
ArH),7.33(1H,d, J="7Hz, ArH), 7.37 (1H, d, J=7Hz, ArH). *C-NMR
(CDCl,) 6: 18.6 (q), 25.6 (q), 38.1 (t), 40.9 (q), 48.2 (s), 61.7 (d), 72.1
(d), 112.3 (1), 121.9 (d), 124.7 (d), 125.0 (s), 129.1 (d), 132.0 (d), 142.0
(s), 146.4 (s), 166.7 (s). MS m/z (rel. int. %): 289 (M, 100). IR (KBr)
cm ™ ': 1620 (C=0), 1060 (S-O). Anal. Caled for C,¢H,,NO,S: C, 66.41;
H, 6.62; N, 4.84. Found: C, 66.29; H, 6.68; N, 4.82.

Compound 10': Colorless prisms (CH,Cl,~hexane). mp: 184—188 °C.
'H-NMR (CDCl,) é: 1.10 (3H, s, 4-Me), 1.86 (3H, d, J=1.5Hz, vinylic
Me), 2.28 (1H, d, /=13 Hz, 5-H), 3.55 (3H, s, NMe), 3.72 (1H, dd, /=6,
13Hz, 5-H), 4.66 (1H, s, 3-H), 4.67 (1H, brd, J=6 Hz, 6-H), 4.88 (1H,
q, J=15Hz, C=CH,), 5.00 (1H, s, C=CH,), 7.19 (1H, d, J=8Hz,
ArH), 7.18—7.37 (3H, m, ArH). 1*C-NMR (CDCl;) é: 20.6 (q), 26.3
(9), 39.2 (q), 47.0 (1), 53.2 (s), 71.6 (d), 79.6 (d), 110.4 (1), 121.7 (d), 125.6
(d), 126.4 (s), 129.3 (d), 131.1 (d), 139.9 (s), 150.9 (s), 167.0 (5). MS m/z
(rel. int. %): 289 (M*, 83), 241 (100). IR (KBr) cm™*: 1635 (C=0),
1045 (S-0). Anal. Caled for C,;¢H,(,NO,S: C, 66.41; H, 6.62; N, 4.84.
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Found: C, 66.16; H, 6.68; N, 4.76

Alkylation of the 3,6-Epithiobenzazocinone Derivative 9a General
Procedure: A stirred solution of 9a (136 mg, 0.5mmol) in THF (3ml)
was treated with n-BuLi (1.6 M in n-hexane, 0.5ml, 0.8 mmol) at —78°C
under a nitrogen atmosphere. After 15min at —78°C, an alkyl halide
(1.5mmol) was added to the solution and the whole was stirred for
1—3h. Saturated aqueous NH,Cl was added to the reaction mixture
and the organic layer was separated. The water layer was extracted with
ethyl acetate. The organic layer and the extracts were combined, washed
with saturated aqueous NaCl, dried (MgSO,) and evaporated under
reduced pressure. The residue was purified by preparative TLC with
ethyl acetate : hexane (1:10). The results are summarized in Chart 5.

4-Tsopropenyl-1,3,4-trimethyl-3,4,5,6-tetrahydro-3,6-epithiobenzazo-
cin-2(1H)-one (12a): Colorless prisms (AcOEt-hexane). mp: 120—
123°C. 'H-NMR (CDCl,) é: 1.17 (3H, s, 4-Me), 1.42 (3H, s, 3-Me), 1.92
(3H, d, J=1Hz, vinylic Me), 2.24 (1H, dd, J=3.5, 14Hz, 5-H), 2.91
(1H, dd, J=10, 14Hz, 5-H), 3.46 (3H, s, NMe), 4.23 (1H, dd, J=
3.5, 10Hz, 6-H), 4.85, 5.14 (each 1H, s, C=CH,), 6.96—7.19 (4H,
m, ArH). 13 C-NMR (CDCl;) d: 19.6 (q), 22.4 (q), 23.4 (q), 42.0 (q),
48.4 (1), 48.7 (d), 60.2 (s), 66.2 (s), 115.8 (t), 121.8 (d), 123.3 (d), 125.6
(d), 126.5 (d), 140.5 (s), 141.1 (s), 147.3 (s), 172.7 (3). MS m/z (rel. int.
%): 287 (M *, 32), 177 (100). IR (KBr) cm~*: 1610 (C=0). 4nal. Caled
for C,,H,,;NOS: C, 71.04; H, 7.36; N, 4.87. Found: C, 71.06; H, 7.37;
N, 4.90.

3-Ethyl-4-isopropenyl-1,4-dimethyl-3,4,5,6-tetrahydro-3,6-epithio-
benzazocin-2(1 H)-one (12b): Colorless prisms (AcOEt-hexane). mp:
162—164°C. 'H-NMR (CDCl;) 6: 0.91 (3H, t, /=7Hz, CH,CH,), .17
(3H, s, 4-Me), 1.30 (1H, dq, J=14, 7Hz, CH,CH,), 1.90 (3H, s, vinylic
Me), 2.23 (1H, dd, J=3.5, 14Hz, 5-H), 2.45 (1H, dq, J=14, 7Hz,
CH,CHj,), 2.91 (1H, dd, /=10, 14Hz, 5-H), 3.51 (3H, s, NMe), 4.21
(1H,dd,/=3.5,10Hz, 6-H),4.84 (1H,s, C=CH,), 5.15(1H,s,C=CH,),
6.98—7.19 (4H, m, ArH). 13C-NMR (CDCl,) é: 13.6 (q), 22.9 (q), 23.7
(q), 27.6 (1), 42.3 (q), 48.1 (d), 48.9 (1), 61.1 (s), 73.7 (s), 116.0 (1), 122.5
(d), 123.5 (d), 125.6 (d), 126.5 (d), 141.2 (s), 141.4 (s), 147.8 (s), 171.1
(s). MS mjz (rel. int. %): 301 (M*, 35), 188 (100). IR (KBr) cm™": 1620
(C=0). Anal. Caled for C,gH,3NOS: C, 71.72; H, 7.69; N, 4.65. Found:
C, 71.91; H, 7.80; N, 4.64.

Reduction of Benzothiazepinium Salts 5 with Samarium Diiodide
General Procedure: A suspension of a benzothiazepinium salt 5 (I mmol)
in THF (5ml) containing 0.6 ml of MeOH was treated with 0.1 M SmlI,
solution in THF'® (30 ml, 3 mmol) at 0 °C under a nitrogen atmosphere.
After 2h at room temperature, concenrated HCl was added to the
reaction mixture and the whole was extracted with ether. The extracts
were washed with saturated aqueous NaHCO;, 10% aqueous Na,S,0,
and water successively, dried (MgSO,) and evaporated under reduced
pressure. The residue was purified by preparative TLC with ethyl
acetate : hexane (1 : 10). The results are summarized in Chart 6.

6-[ 0-(N-Acetyl-N-methylamino)phenyl]-3,4-dimethyl-5,6-dihydro-
2H-thiopyran (13a): Light yellow prisms as a 1: 1 mixture of geometrical
isomers (AcOEt). mp: 180—181°C. *H-NMR (CDCl;) 6: 1.70, 1.79 (each
6H, s, Me x 4), 1.77, 1.89 (each 3H, s, Me x 2), 2.18, 2.25 (each 1H, brd,
J=17Hz, 5-H x2), 2.52—2.67 (total 2H, m, 5-H x 2), 2.89 (total 2H,
brd, J=17Hz, 2-H x2), 3.19, 3.29 (each 3H, s, NMe x 2), 3.41, 3.43
(each 1H, d, J=17Hz, 2-H x2), 4.01, 4.02 (each 1H, dd, /=4, 8Hz,
6-Hx2), 7.16 (total 2H, d, J=8Hz, ArH), 7.27—7.54 (total 6H, m,
ArH). 13C-NMR (CDCl,) é: 19.3 (q), 19.4 (q), 20.3 (9x2), 22.3 (@),
22.5 (q), 33.4 (1), 33.4 (1), 36.8 (q), 37.0 (d), 37.2 (q), 37.3 (d), 39.5 (V),
40.7 (1), 123.4 (s), 123.5 (s), 127.2 (s x2), 128.0 (d), 128.2 (d), 128.6
(d x 3), 128.8 (d), 129.1 (d), 129.2 (d), 139.7 (s), 140.0 (s), 141.9 (5), 142.0
(s), 170.7 (s), 171.6 (s). MS m/z (rel. int. %): 275 (M*, 43), 150 (100).
IR (KBr) cm™!: 1660 (C=0). Anal. Caled for C,;cH,;NOS: C, 69.78;
H, 7.69; N, 5.09. Found: C, 69.91; H, 7.63; N, 5.12.

6-[0-(N-Acetyl-N-methylamino)phenyl]-5,6-dihydro-2 H-thiopyran
(13b): Light yellow prisms as a 1:1 mixture of geometrical isomers
(AcOEt). mp: 170—171°C. '"H-NMR (CDCl,) ¢: 1.78, 1.91 (each 3H,
s, Me x 2), 2.30—2.42 (total 2H, m, 5-H x 2), 2.54—2.71 (total 2H, m,
5-H x 2), 3.04 (total 2H, brd, J=17Hz, 2-H x 2), 3.19, 3.30 (each 3H,
s, NMe x 2), 3.56, 3.61 (cach 1H, dd, J=6, 17Hz, 2-H x2), 4.04, 4.06
(each 1H, dd, J=4, 8 Hz, 6-H x 2), 5.86 (total 4H, brs, 3-H x 2, 4-H x 2),
7.15—7.18 (total 2H, m, ArH), 7.29-7.54 (total 6H, m, ArH). 13C-NMR
(CDCl,) 6: 22.2 (q), 22.5 (q), 27.5 (t), 28.1 (1), 32.6 (1), 33.8 (1), 36.0 (d),
36.3 (d), 36.7 (q), 37.2(q), 123.8 (d), 123.9 (d), 127.9 (d), 128.1 (d), 128.2
(d), 128.7 (d x 3), 128.9 (d), 129.0 (d), 129.1 (d), 129.2 (d), 139.6 (s),
140.0 (s), 141.9 (s x 2), 170.6 (s), 171.5 (s). MS m/z (rel. int. %): 247
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(M*, 92), 204 (100). IR (KBr) em™*: 1630 (C=0). Anal. Calced for
C,,H;,NOS: C, 63.13; H, 6.93; N, 5.66. Found: C, 63.25; H, 6.86; N,
5.72.

6-[0-(N-Acetyl-N-methylamino)phenyl]-4-methyl-5,6-dihydro-2 H-
thiopyran (13c): Light yellow prisms as a 1:1 mixture of geometrical
isomers (AcOEt). mp: 176—177°C. 'H-NMR (CDCl,) §: 1.76 (total
6H, s, Me x 2), 1.80, 1.91 (each 3H, s, Me x 2), 2.18, 2.22 (each 1H, brd,
J=17Hz, 5-H x2), 2.48—2.60 (total 2H, m, 5-H x 2), 3.03 (total 2H,
dd, J=4, 17Hz, 2-H x 2), 3.20, 3.30 (each 3H, s, NMe x 2), 3.50—3.56
(total 2H, m, 2-H x 2), 4.03, 4.06 (each 1H, dd, /=4, 6Hz, 6-H x2),
5.69 (total 2H, brs, 3-H x 2), 7.15—7.18 (total 2H, m, ArH), 7.27—7.54
(total 6H, m, ArH). 3C-NMR (CDCl,) §: 22.6 (q), 22.8 (q), 24.9 (q),
25.0 (q), 28.5 (tx2), 36.9 (d), 37.1 (d), 37.2 (q), 37.6 (t), 37.9 (1), 39.0
(@), 118.2 (d), 118.3 (d), 128.4 (d), 128.5 (d), 128.9 (d), 129.0 (d x 3),
129.2 (d), 129.4 (d), 129.5 (d), 135.5 (s x2), 139.9 (s), 140.3 (s), 142.2
(s x2), 171.1 (s), 171.9 (5). MS m/z (rel. int. %): 261 (M ™, 35), 150 (100).
IR (KBr) cm™*: 1660 (C=O0). Anal. Calcd for C,sH,,NOS: C, 68.93;
H, 7.33; N, 5.36. Found: C, 69.01; H, 7.30; N, 5.40.

X-Ray Study of 2,3,7-Trimethyl-1,1a,4,5,6-pentahydro-6-o0xo-2H-thio-
pyrano[1,6-d]-4,1-benzothiazepinium Perchlorate (52)!” Crystal Data:
C,6H,,CINO,S, M=373.85, monoclinic, a=9.309(2), b=10.998(2),
c=16.996(1) A, B=91.20(1)°, ¥=1739.7(4) A3, Z=4, D, =1.427 gem 3,
space group P2,/n ($14), Fyoo=784, MoK, radiation, 1=0.71069 A,
Pvox, =3.57cm ™",

Data Collection: A colorless prism of C,qH,,CINOS having
approximate dimensions of 0.300 x 0.300 x 0.300 mm was mounted on
a glass fiber. All measurements were made on a Rigaku AFCSR
diffractometer with graphite-monochromated MoK, radiation and a
12kW rotating anode generator. Cell constants and an orientation
matrix for data collection, obtained from a least-squares refinement using
the setting angles of 25 carefully centered reflections in the range of
39.62 <260 <42.85° corresponded to a monoclinic cell with dimensions:
a=9.3092) A, 5=10.9982)A, c=16.996(1)A, B=91.20(1)°, V=
1739.7(4) A3, For Z=4 and F.W.=373.85, the calculated density is
1.427 gem ™3, Based on the systematic absences of #01: A+ 1%2n, 0k0:
k+#2n, and the successful solution and refinement of the structure, the
space group was determined to be: P2,/n (#14). The data were collected
ata temperature of 23 + 1 °C using the w—26 scan technique to a maximum
26 value of 55.0 °. Omega scans of several intense reflections, made prior
to data collection, had an average width at half-height of 0.29° with a
take-off angle of 6.0°. Scans of (1.31+0.30 tan 6)° were made at a speed
of 4.0°/min (in omega). The weak reflections (/< 10.00 (I)) were rescanned
(maximum of 2 rescans) and the counts were accumulated to assure good
counting statistics. Stationary background counts were recorded on each
side of the reflection. The ratio of peak counting time to background
counting time was 2: 1. The diameter of the incident beam collimator
was 0.5mm and the crystal-to-detector distance was 40cm.

Data Reduction: Of the 4449 reflections which were collected, 3354
were unique (R;,,=0.021). The intensities of three representative
reflections which were measured after every 150 reflections remained
constant throughout data collection, indicating good crystal and
electronic stability (no decay correction was applied). The linear
absorption coefficient for MoK, is 3.6cm ™ !. Azimuthal scans of several
reflections indicated no need for an absorption correction. The data were
corrected for Lorentz and polarization effects.

Structure Solution and Refinement: The structure was solved by direct
methods.'® The non-hydrogen atoms were refined anisotropically. The
final cycle of full-matrix least-squares refinement!® was based on 2510
observed reflections (I>3.006 (I)) and 278 variable parameters and
converged (largest parameter shift was 0.14 times its estimated) with un-
weighted and weighted agreement factors of: R=X||F,|—|F.||/Z|F,|=
0.081, R, =[(Zw( F,|—| F,|)?/ZwF?)]'?=0.108. The standard deviation
of an observation of unit weight>® was 3.84. The weighting scheme was
based on counting statistics and included a factor (p=0.03) to down-
weight the intense reflections. Plots of Zw(| F,|—|F,|)* versus |F,|,
reflection order in data collection, sin §/4, and various classes of indices
showed no unusual trends. The maximum and minimum peaks on the
final difference Fourier map corresponded to 1.01 and —0.66e~/A3,
respectively. Neutral atom scattering factors were taken from Cromer
and Waber.?") Anomalous dispersion effects were included in F,,,,>? the
values for Af" and 4f” were those of Cromer.?® All calculations were
performed using the TEXSAN?# crystallographic software package of
Molecular Structure Corporation.

X-Ray Study of 4-Isopropenyl-1,4-dimethyl-3,4,5,6-tetrahydro-3,6-
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epithiobenzazocin-2(1H)-one S-Oxide (10)'” Crystal Data: C,¢H,,-
NO,S, M =289.39, monoclinic, a=11.539(2), b=10.160(3), c=12.441(2)
A, B=103.54(1)°, V= 1418.1(5) A3, Z =4, D.=1.355gcm ™3, space group
P2ja (#14), Foeo=616, MoK, radiation, 1=0.71069 A, pyox,=2.18
cm” L

Data Collection: A colorless prism of C,cH;,NO,S having ap-
proximate dimensions of 0.200 x 0.300 x 0.300 mm was mounted on a
glass fiber. All measurements were made on a Rigaku AFCSR
diffractometer with graphite-monochromated MoK, radiation and a
12kW rotating anode generator. Cell constants and an orientation
matrix for data collection, obtained from a least-squares refinement using
the setting angles of 23 carefully centered reflections in the range of
48.19<20<49.90° corresponded to a monoclinic cell with dimensions:
a=11.5392) A, 6=10.1603)A, c=124412)A, B=103.54(1)°, V=
1418.1(5) A%, For Z=4 and F.W.=289.39, the calculated density is
1.355gcem ™3, Based on the systematic absences of 401 1#2n,0k0: k #2n,
and the successful solution and refinement of the structure, the space
group was determined to be: P2,/a (¥14). The data were collected at a
temperature of 23+ 1°C using the w—26 scan technique to a maximum
26 value of 55.0°. Omega scans of several intense reflections, made prior
to data collection, had an average width at half-height of 0.28° with a
take-off angle of 6.0°. Scans of (1.10+0.30 tan 6)° were made at a speed
0f2.0°/min (in omega). The weak reflections (< 10.0¢ (1)) were rescanned
(maximum of 2 rescans) and the counts were accumulated to assure good
counting statistics. Stationary background counts were recorded on each
side of the reflection. The ratio of peak counting time to background
counting time was 2: 1. The diameter of the incident beam collimator
was 0.5mm and the crystal-to-detector distance was 40 cm.

Data Reduction: Of the 3596 reflections which were collected, 3434
were unique (R;,=0.022). The intensities of three representative
reflections, which were measured after every 150 reflections, remained
constant throughout data collection, indicating good crystal and
electronic stability (no decay correction was applied). The linear
absorption coefficient for MoK, is 2.2cm ™. Azimuthal scans of several
reflections indicated no need for an absorption correction. The data were
corrected for Lorentz and polarization effects.

Structure Solution and Refinement: The structure was solved by direct
methods.'® The non-hydrogen atoms were refined anisotropically. The
final cycle of full-matrix least-squares refinement!® was based on 2637
observed reflections (/>3.000 (7)) and 257 variable parameters and
converged (largest parameter shift was 0.01 times its esd) with unweighted
and weighted agreement factors of: R=ZX||F,|—|F,}|/Z| F,{=0.036,
R,=[(Cw( F,|—|F,)?/ZwF?)]'>=0.045. The standard deviation of an
observation of unit weight®>® was 1.90. The weighting scheme was based
on counting statistics and included a factor (p=0.03) to downweight
the intense reflections. Plots of Zw(| F,|—|F.|)* versus | F,|, reflection
order in data collection, sin /A, and various classes of indices showed
no unusual trends. The maximum and minimum peaks on the final
difference  Fourier map corresponded to 0.18 and —0.37¢7/A3,
respectively. Neutral atom scattering factors were taken from Cromer
and Waber.?" Anomalous dispersion effects were included in F,,,,2?; the
values for Af” and Af" were those of Cromer.?¥ All calculations were
performed using the TEXSAN?* crystallographic software package of
Molecular Structure Corporation.
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