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Abstract 2.4-Disubstituted benzo[b][1,5]thiazepines rep-
resent nonfluorescent intense yellow chromophores and are
readily synthesized from acid chlorides, terminal alkynes,
and ortho-amino thiophenols by a consecutive one-pot three-
component Sonogashira coupling—Michael addition—cyclo-
condensation sequence under mild conditions in good yields.

Keywords Benzothiazepines - C—C coupling -
Cyclocondensation - Microwave reaction - MCR

Introduction

The 1,5-benzothiazepine framework has been identified as
a pluripotent pharmacophore with derivatives encompass-
ing CNS-acting agents, anti-HIV and anticancer drugs,
angiotensin converting enzyme inhibitors, antimicrobial and
antifungal compounds, calmodulin antagonists, bradyki-
nin receptor agonists, as well as Ca>" blockers (Fig. 1)
[1]. In addition, dihydro 1,5-benzothiazepines have become
increasingly interesting since many derivatives exhibit anti-
fungal, anti-bacterial [2—4], anti-feedant [5], anti-inflamma-
tory, analgesic [6], and anti-convulsant [ 7] activity. Likewise,
the related 1,5-benzothiazepines display a comparable spec-
trum of biological activity [8,9].

Syntheses of 1,5-benzothiazepines can be achieved
through various routes starting from 2-aminothiophenol
and 1,3-difunctional three-carbon building blocks [10,11].
Among them, «, B-unsaturated carbonyl compounds such
as enones [12-18] and ynones [19-24] are suited best for
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Michael addition and subsequent cyclocondensation. Albeit
benzothiazepines possess highly interesting pharmaceuti-
cal properties, a diversity-oriented synthesis [25-28,30,31]
approach using the advantages of multi-component reactions
[32-42] has remained unexplored to date. As part of our
program directed to the design of new multi-component syn-
theses of pharmaceutically and electronically interesting het-
erocycles [25,26] initiated via Sonogashira cross coupling
[43—46], we have focused on a cross coupling—cycloconden-
sation approach. Here, we report on a concise, consecutive
one-pot three-component synthesis of benzo[b][1,5]thiaze-
pines with a flexible substitution pattern and their UV/vis
absorption properties as a consequence of the extended
m-electron conjugation.

Results and discussion

Alkynones are easily accessible via the Sonogashira cou-
pling [47-53] of acid chlorides with terminal alkynes [54]. In
contrast to the literature-known syntheses, we have reported
a variation in THF as a solvent where only one equivalent
of triethylamine as a base is needed to achieve an efficient
alkynone synthesis [55,56]. The alkynone formation is
sufficiently mild and complete conversion at ambient tem-
perature within less than an hour was established as a cata-
lytic entry to ynones for consecutive heterocycle synthesis.
The resulting alkynones are reactive toward cycloconden-
sation with binucleophiles, such as hydrazines furnishing
pyrazoles [57], amidines furnishing pyrimidines [55,58-60],
and ortho-phenylene diamines furnishing benzodiazepines
[61] in a one-pot fashion. This concept should also be trans-
posable to the MCR synthesis of benzothiazepines. Hence,
the final Michael addition—cyclocondensation step had to be
optimized.
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Fig. 1 The 1,5-benzothiazepine
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Table 1 Optimization of the cyclocondensation step in the
coupling—addition—cyclocondensation synthesis of 2.4-disubstituted
benzo[b][1,5]thiazepine 4b starting from acid chloride 1a, alkyne 2a,
and ortho-amino thiophenol (3a)*

Entry Temperature (°C) Time (min) Yield (%)
1 90 60 79
2 120 60 75
3 60 60 81
4 60 30 80
5 60 10 80
6° 60 60 37

4 Reaction conditions 1.00 equiv. of acid chloride 1a, 1.00 equiv. of
alkyne 2a (0.25 M in THF), 1.05 equiv. of NEt3, 0.02 equiv. of

PdCl, (PPh3);, 0.04 equiv. of Cul, were successively reacted for 1 h at
rt. and then 1.10 equiv. of ortho-amino thiophenol (3a) and 20 equiv.
of acetic acid were added and the reaction mixture was heated in the
microwave cavity under conditions indicated

b The cyclocondensation step was performed under conductive heating
in an oil bath

As model reaction p-chlorobenzoyl chloride (1b) and
phenyl acetylene (2a) were first reacted under Sonogash-
ira conditions for 1 h at room temperature to furnish the
expected alkynone, and after the subsequent addition of
2-aminothiophenol (3a) and acetic acid upon varying reac-
tion temperature upon irradiation with microwaves and time
led to the formation of benzothiazepine 4b (Scheme 1;
Table 1).

Scheme 2 One-pot

[2 % PdACly(PPhg),, 4
1.05 equiv NEtz, THF, 1 h, RT

|

HoN =N
Then: 1.10 equiv :@ 3a \

HS
CH3COOH, microwave heating or oil bath 4b

The optimization of the concluding heterocyclization
clearly showed that dielectric heating is superior over con-
ductive heating (entries 3 and 6). In comparison to the MCR
synthesis of benzo[b][1,5]diazepines [60] this result is just
converse. Although the Michael addition and cycloconden-
sation are essentially completed after 10 min at 60°C in the
microwave cavity (entries 3—5) for electronically diverse sub-
stitution, a reaction time of 30 min at 60 °C was chosen as the
optimal condition (entry 4). With these optimization in hand a
series of acid chlorides 1, alkynes 2, and the ortho-aminothio-
phenols 3a and 3b were submitted to the coupling—addition—
cyclocondensation sequence to give various 2,4-disubstituted
benzo[b][1,5]thiazepines 4 as yellow to brown or red solids
or resins in moderate to good yields (Scheme 2; Table 2).

The structures of 2,4-disubstituted benzo[b][1,5]thiaze-
pines 4 were unambiguously supported by spectroscopic (' H,
13C and DEPT NMR experiments, IR, UV-vis, mass spec-
trometry), and elemental analyses. Most characteristically
for the successful heterocyclization is the appearance of the
central methine proton singlets between § 6.9 and 7.4 in the
proton NMR spectra.

Interestingly, the molecular mass of the benzothiazepines
could only be detected by MALDI-TOF spectrometry with
dithranol (DIT) and 2-[(2E)-3-(4-'butylphenyl)-2-methyl-
prop-2-enyliden]malononitrile (DCTB) as a matrix. In the
EI experiments the signals could always be assigned to quin-
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Table 2 One-pot Entry Acid chloride 1 Alkyne 2 ortho-Amino  Benzothiazepine 4
three-component coupling— thiophenol 3
addition—cyclocondensation 1 la: R' =4-CN-C;H, 2a: R>= C.H, 3a: X =H NC
synthesis of 2,4-disubstituted O
benzo[b][1,5]thiazepines 4 _N
O
S
O 4a (68 %)
2 1b:R' =4-CI-CiH, 2a 3a c O
_N
0
S
O 4b (73 %)
3 1e:R'= 2a 3a Meo
4-OMe-CeH, )
_N
O
S
O 4c¢ (65 %)
4 1d: R' = 3-Me-C¢H, 2b:R’= 3a y O
4-OMe-CeH, ¢ N
L0
o3
MeO 4d (77 %)
5 le: R' = 2-furyl 2a 3a @
o N
O
S
4e (60 %)
6 1f: R' = 2-thienyl ~ 2c: R? = SiMe; 3a @
s —N :
\ S
Me,Si 4f (45 %)
7 1b 2d: R*= 3a o
4-NO,-CgH, )
_N
0
ON 4g (65 %)
8 1b 2e: R*=3-pyridyl  3a

Cl
/N :
\ S
;’: 4h (57 %)

In the UV/Vis spectra of 2,4-disubstituted benzo[b][1,5]
thiazepines 4 three distinct absorption maxima are found at
254-276 nm, 280-329 nm, and 341-390 nm (Table 3). In
the case of the ferrocenyl-substituted derivative 4j an addi-
tional longest wavelength absorption band is found at 486
nm arising from a metal-to-ligand charge transfer. Interest-
ingly and in contrast to the related benzo[b][1,5]diazepines

[61], all chromophores 4 are nonfluorescent upon excitation
at 280-380 nm.

The donor—acceptor or push—pull substituted derivative
4k was chosen as a model of this class of extended
m-electron systems for the assignment of the absorption
bands in the electronic spectra. First, the geometry opti-
mization was computed on the AMI1 level of theory [62].
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Table 2 continued

Entry Acid chloride 1 Alkyne 2 ortho-Amino  Benzothiazepine 4
thiophenol 3
9 1c 2f:R°=4-F-CH, 3a
—N
\ D
4i (68 %)
10 1b 2g: R” = ferrocenyl  3a
_N
O
Q S
Fe.
4j (57 %)
11 1c 2h: R*=4-CN-C¢H, 3a O
—N
(O
(ol
4k (59 %)
12 1c 2¢ 3a Mec’%
MesSi 41 (48 %)
13 1f 2a 3b: X=Cl Z E
4m (61 %)
14 1b 2a 3b

ke, .
954
O 4n (61 %)

Based on the AM1 structure optimization of 4K single-point
ZINDO-CI calculations [63—67] were performed to assign
the electronic structure of the longest wavelength absorp-
tion bands [68]. The three longest wavelength bands of 4k
at 274, 299, and 380 nm are reproduced by the calcula-
tions with absorption bands at 269, 295, and 341 nm. The
lowest energy band at 341 nm, i.e. the S; state, displays
considerable oscillator strength and consists to 47% of a
HOMO-LUMO transition, wherein the sense of a w—m*
transition electron density is transferred from the central
seven-membered benzothiazepine core (HOMO) to the
p-cyanophenyl substituent and the benzothiazepine (LUMO)
(Fig. 2). Besides FMO transitions from HOMO to LUMO+1
(16%) and HOMO-2 to LUMO (5%), transitions from
HOMO-7 to LUMO (9%) and HOMO-7 to LUMO+1 (8%)
can also contribute to the S; state. The band at 295 nm
has a similar oscillator strength and is based on the S; sin-

@ Springer

glet state, where substantial contributions of HOMO-LUMO
(23%), HOMO-1-LUMO (22%), HOMO-2-LUMO (7%),
HOMO-7-LUMO (12%), and HOMO-7-LUMO+1 (10%)
are found. The S¢ singlet state displays the highest oscilla-
tor strength and arises from the absorption band at 269 nm.
It consists of HOMO-LUMO+1 (56%), HOMO-1-LUMO
(12%), HOMO-2-LUMO (5%), and HOMO-2-LUMO+1
(7%) transitions. The intensity of all three bands can be
rationalized qualitatively by consulting the orbital coeffi-
cients of the three highest occupied frontier molecular orbi-
tals (FMOs) (Fig. 2).

Conclusion

In conclusion, we have established a versatile one-pot
three-component synthesis of 2,4-disubstituted benzo[b]
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Table 3 UV/Vis data of 2,4-disubstituted benzo[b][1,5]thiazepines 4
(recorded in CH»Cly, cg = 10*M, T = 293K)

Compound Amax (&) (nm) (mol~'Lem™)

4a 274 (39200), 320 (10000), 390 (2200)

4b 270 (32900), 308 (12800), 329 (9700), 359 (3000)
4c 276 (26800), 308 (19000), 380 (3000)

4d 264 (33000), 280 (22800), 320 (12500), 341 (8000)
de 273 (27700), 310 (18500), 381 (4600)

af 262 (13200), 309 (9700), 386 (1900)

4g 254 (19700), 285 (22300), 370 (4600)

4h 270 (26700), 380 (2400)

4i 273 (21900), 305 (17200), 370 (4000)

4j 262 (24600), 281 (26800), 380 (3500), 486 (1500)
4k 274 (30200), 299 (22500), 380 (3200)

41 260 (8000), 297 (10300), 380 (2000)

4m 274 (23600), 310 (15000), 390 (2900)

4n 270 (28600), 308 (13900), 329 (11100), 348 (4200)

[1,5]thiazepines via a consecutive coupling—addition—cyclo-
condensation sequence assisted by microwave irradiation for
the final addition—cyclocondensation step. The electronic
spectra of these yellow chromophores can be interpreted
by ZINDO-CI calculations. In contrast to 2,4-disubstituted
benzo[b][1,5]diazepines [61] the title compounds are essen-
tially nonfluorescent. Studies expanding this novel modular
approach to enhance molecular diversity in targets which are
of special interest to pharmaceutical applications are
currently underway.

Experimental section
General considerations

All reactions involving water-sensitive compounds were car-
ried out in flame-dried glassware under argon atmosphere.
Reagents and catalysts were purchased reagent grade and
used without further purification. Solvents were dried by a
solvent purification system. Flash column chromatography:
silica gel 60, mesh 230—400. TLC: silica gel plates (60F254).
'H—, 3C—, DEPT-, NOESY-, COSY-, HMQC-, and HMBC
spectra were recorded on a 500-MHz NMR spectrom-
eter (Bruker Avance Dex 500) using CDCl3 as solvent
(tetramethylsilane as an internal standard). The assignments
of quaternary Cgua, CH, CH3, and CH; were made on
the basis of DEPT spectra. Mass spectra were recorded
on a quadruple spectrometer (Bruker Ultraflex TOF). The
melting points are uncorrected (Reichert Thermovar). Ele-
mental analyses were carried out in the microanalytical
laboratory of the Pharmaceutical Institute of the Hein-
rich-Heine-Universitdt Diisseldorf. Dielectric heating was
performed in a single-mode microwave cavity (Discover

-0.66500 eV (LUMO+1)

-1.11092 eV (LUMO)

-8.33832 eV (HOMO)

-9.12750 eV (HOMO-1)

-10.91639 eV (HOMO-7)

Fig. 2 Selected frontier molecular orbitals (FMOs) and orbital
energies of 4k

Labmate, CEM) producing continuous irradiation at

2,450 MHz.

General procedure for the one-pot three-component
syntheses of 2,4-disubstituted benzo[b][1,5]thiazepines 4

In a 10-mL microwave vessel, PdCIl, (PPh3), (15 mg, 0.02
mmol) and Cul (8 mg, 0.04 mmol) were dissolved in
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degassed THF (4 mL). Acyl chloride 1 (1.00 mmol), alkyne
2 (1.00 mmol), and triethylamine (1.05 mmol) were then
added to this orange solution. The reaction mixture was
stirred at room temperature for 1 h. Finally, the 2-ami-
nothiophenol 3 (1.10 mmol), followed by glacial acetic
acid (1 mL), were added to this suspension, and the reac-
tion mixture was irradiated with microwaves at 60°C in
the microwave reaction chamber for 30 min. After the
system cooled to room temperature, the solvent was removed
under reduced pressure, and the crude residue was puri-
fied by flash chromatography on (silica gel, hexane/ethyl
acetate) to afford the analytically pure benzo[b][1,5]thia-
zepines 4.

4-(2-Phenylbenzo[b][ 1,5 Jthiazepin-4-yl)benzonitrile (4a)

Following the general-procedure 4a was obtained as a yel-
low oil (for details see Table 4). 'H-NMR (500 MHz, ace-
tone-dg): § 7.20 (s, 1H), 7.30-7.33 (m, 1H), 7.42-7.50 (m,
5H), 7.59 (dd, 3J = 7.8 Hz, *J = 1.2 Hz, 1H), 7.93 (d,
3] = 8.7 Hz, 2H), 7.98-8.00 (m, 2H), 8.31 (d, *J = 8.7 Hz,
2H). 13C-NMR (125 MHz, acetone-dg): § 115.9 (Cquar),
120.1 (CH), 125.9 (CH), 128.3 (CH), 129.3 (Cguar), 129.5
(2CH), 130.4 (2CH), 130.6 (2CH), 131.6 (CH), 131.8 (CH),
134.2 (2CH), 134.4 (Cquar), 134.6 (CH), 139.9 (Cquat), 144.8
(Cquat)> 151.8 (Cguar), 152.4 (Cguar), 166.0 (Cquar). MALDI-
TOF (DIT, CHCl3, m/z): 339 (M + H]1), 307 (M - S]™).
IR (KBr): 9 = 2224 cm™! (s), 1590 (s), 1560 (s), 1543 (s),
1509 (w), 1491 (s), 1459 (m), 1317 (m), 1205 (m), 1090 (m),
1036 (m), 848 (s), 762 (s), 730 (w), 694 (m), 557 (m), 535
(w). Anal. calcd. for CyoH 14N, S (338.4): C 78.08, H 4.17,
N 8.28; Found: C 78.57, H4.14, N 7.74.

4-(4-Chlorophenyl)-2-phenylbenzo[b][ 1,5 Jthiazepine (4b)

Following the general procedure 4b was obtained as a
brown solid, mp 76°C (for details see Table 4). 'H-NMR
(500 MHz, acetone-dg): § 7.14 (s, 1H), 7.44-7.45 (m, 2H),
7.52-7.64 (m, 6H), 8.00 (s, 1H), 8.14 (d, 3J = 8.7 Hz, 2H),
8.39(d,3J = 8.7Hz,2H). 3C-NMR (125 MHz, acetone-dg):
6 120.3 (CH), 127.3 (CH), 128.6 (CH), 129.4 (CH), 130.5
(2CH), 130.0 (CH), 130.6 (2CH), 130.9 (2CH), 131.5 (2CH),
134.5 (CH), 137.0 (Cquar), 139.8 (Cguat), 139.9 (Cquar), 150.5
(Cquat), 151.2 (Cquar), 151.7 (Cguar), 166.2 (Cqua). MALDI-
TOF (DIT, CHCl3, m/z): 348 (IM + H] "), 316 (IM - S]™).
IR (KBr): 7 = 1638 cm™! (m), 1592 (s), 1561 (m), 1544
(m), 1509 (w), 1487 (s), 1443 (w), 1417 (w), 1355 (w), 1315
(w), 1204 (w), 1175 (w), 1092 (s), 1011 (m), 886 (w), 864
(w), 831 (m), 812 (m), 757 (s), 692 (s), 618 (W), 582 (W), 539
(w). Anal. calcd. for Co1Hy4 CINS (347.9): C 72.51, H 4.06,
N 4.03; Found: C 72.77, H 4.07, N 3.94.

@ Springer

4-(4-Methoxyphenyl)-2-phenylbenzo[b][ 1,5 Jthiazepine (4c¢)

Following the general procedure 4¢ was obtained as a yel-
low resin (for details see Table 4). 'H-NMR (500 MHz, ace-
tone-de): 8 3.87 (s, 3H), 7.05 (d, 3J = 8.9 Hz, 2H), 7.11 (s,
1H), 7.20-7.23 (m, 1H), 7.41-7.44 (m, 3H), 7.51-7.52 (m,
1H), 7.60-7.61 (m, 1H), 7.75-7.77 (m, 1H), 7.95-7.97 (m,
2H), 8.08-8.10 (m, 2H). 3C-NMR (125 MHz, acetone-d):
8 56.8 (CH3), 115.6 (2CH), 115.9 (CH), 126.6 (CH), 127.9
(CH), 128.0 (CH), 129.3 (2CH), 130.5 (2CH), 131.3 (2CH),
131.37 (CH), 131.41 (Cquar), 134.4 (CH), 134.7 (Cquar)s
140.2 (Cguar), 150.6 (Cquar), 152.3 (Cquar), 164.0 (Cquar),
166.5 (Cquar).- MALDI-TOF (DIT, m/z): 344 (M + HIY),
312 (IM = S11). IR (film): 9 = 2958 cm™! (s), 2885 (s),
1637 (w), 1601 (m), 1511 (w), 1459 (w), 1442 (w), 1365 (W),
1342 (w), 1318 (w), 1188 (m), 1113 (m), 1069 (s), 1036 (s),
957 (s), 850 (s), 765 (w), 700 (w), 584 (w). Anal. calcd. for
C2H7NOS - 1/5C4HgO; (343.4 + 17.6): C 75.84, H5.19,
N 3.88; Found: C 75.36, H 5.10, N 3.48.

2-(4-Methoxyphenyl)-4-m-tolylbenzo[b][ 1,5 [thiazepine
(4d)

Following the general procedure 4d was obtained as a yel-
low resin (for details see Table 4). "H-NMR (500 MHz,
acetone-dg): § 2.34 (s, 3H), 3.83 (s, 3H), 6.94 (d, 3] = 8.8Hz,
2H),7.13 (s, 1H),7.17-7.29 (m, 6H), 7.38-7.41 (m, 2H), 7.66
(s, 1H), 7.78-7.80 (m, 1H). 3C-NMR (125 MHz, acetone-
de): 6 21.3 (CH3), 55.8 (CH3), 114.2 (2CH), 120.1 (CH),
124.0 (Cquar), 126.2 (CH), 128.4 (Cquar), 128.5 (CH), 128.7
(CH), 129.1 (2 CH), 129.3 (CH), 129.4 (CH), 130.2 (CH),
130.5 (CH), 131.3 (CH), 133.0 (Cquat), 138.2 (CH), 138.5
(Cquat), 159.8 (Cquar), 162.5 (Cguar), 164.6 (Cquar)- MALDI-
TOF (DIT, CHCl3, m/z): 358 (M + H]"), 326 (M — S]™).
IR (KBr): ¥ = 3055 cm™! (w), 2930 (w), 2834 (w), 1608
(s), 1590 (s), 1546 (m), 1502 (s), 1459 (m), 1439 (m), 1401
(w), 1357 (w), 1292 (m), 1247 (s), 1173 (s), 1108 (w), 1032
(s), 881 (w), 833 (s), 813 (w), 786 (w), 764 (m), 706 (m),
656 (w), 639 (w), 627 (W), 584 (w), 560 (W), 516 (w). Anal.
calcd. for Cp3H9NOS (357.5): C 77.28, H 5.36, N 3.92;
Found: C 77.57, H5.14, N 3.74.

4-(Furan-2-yl)-2-phenylbenzo[b][ 1,5 Jthiazepine (4e)

Following the general procedure 4e was obtained as a yel-
low solid, mp 120°C (for details see Table 4). 'H-NMR
(500 MHz, acetone-de): 6 7.18-7.21 (m, 1H), 7.28-7.30 (m,
3H), 7.44-7.46 (m, 3H), 7.67 (d, 3J = 8.1 Hz, 1H), 7.78—
7.79 (m, 2H), 7.81-7.83 (m, 1H), 8.10-8.13 (m, 2H). 13C-
NMR (125 MHz, acetone-de): § 124.8 (CH), 126.5 (CH),
127.4 (CH), 128.7 (2 CH»), 129.0 (CH), 129.1 (CH), 129.7
(2CH), 131.0 (CH), 131.2 (CH), 131.5 (CH), 133.3 (Cguat),
134.9 (CH), 135.8 (Cquar), 138.9 (Cquar), 146.5 (Cquar), 151.0
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Table 4 Details of the synthesis of 2,4-disubstituted benzo[b][1,5]thiazepines 4

Entry Acid chloride 1 Alkyne 2 ortho-Amino thiophenol 3 Benzothiazepine 4
1 165 mg (1.00 mmol) of 1a 103 mg (1.00 mmol) of 2a 138 mg (1.10 mmol) of 3a 229 mg (68%) of 4a
2 176 mg (1.00 mmol) of 1b 103 mg (1.00 mmol) of 2a 138 mg (1.10 mmol) of 3a 248 mg (73%) of 4b
3 171 mg (1.00 mmol) of 1c 103 mg (1.00 mmol) of 2a 138 mg (1.10 mmol) of 3a 226 mg (65%) of 4¢
4 155 mg (1.00 mmol) of 1d 133 mg (1.00 mmol) of 2b 138 mg (1.10 mmol) of 3a 274 mg (77%) of 4d
131 mg (1.00 mmol) of 1e 103 mg (1.00 mmol) of 2a 138 mg (1.10 mmol) of 3a 181 mg (60%) of 4e
5 147 mg (1.00 mmol) of 1f 99 mg (1.00 mmol) of 2¢ 138 mg (1.10 mmol) of 3a 143 mg (45%) of 4f
6 176 mg (1.00 mmol) of 1b 148 mg (1.00 mmol) of 2d 138 mg (1.10 mmol) of 3a 212 mg (65%) of 4g
7 176 mg (1.00 mmol) of 1b 104 mg (1.00 mmol) of 2e 138 mg (1.10 mmol) of 3a 199 mg (57%) of 4h
8 171 mg (1.00 mmol) of 1c 121 mg (1.00 mmol) of 2f 138 mg (1.10 mmol) of 3a 246 mg (68%) of 4i
9 176 mg (1.00 mmol) of 1b 211 mg (1.00 mmol) of 2g 138 mg (1.10 mmol) of 3a 262 mg (57%) of 4j
10 171 mg (1.00 mmol) of 1c 128 mg (1.00 mmol) of 2h 138 mg (1.10 mmol) of 3a 210 mg (59%) of 4k
11 171 mg (1.00 mmol) of 1c 99 mg (1.00 mmol) of 2¢ 138 mg (1.10 mmol) of 3a 152 mg (48%) of 41
12 147 mg (1.00 mmol) of 1b 103 mg (1.00 mmol) of 2a 175 mg (1.10 mmol) of 3b 221 mg (61%) of 4m
13 176 mg (1.00 mmol) of 1f 103 mg (1.00 mmol) of 2a 175 mg (1.10 mmol) of 3b 233 mg (61%) of 4n

(Cquat)» 164.3 (Cqua)- MALDI-TOF (DIT, CHCl3, m/z): 304
(IM +H]T), 272 (IM-S]7).IR (KBr): ¥ = 3050 cm™" (w),
1603 (s), 1574 (m), 1551 (s), 1491 (w), 1470 (s), 1456 (s),
1317 (m), 1252 (w), 1236 (w), 1202 (w), 1155 (w), 1091 (w),
1068 (w), 1049 (w), 1019 (m), 956 (w), 908 (w), 883 (W),
856 (w), 830 (w), 800 (w), 755 (s), 689 (m), 594 (m), 555
(w). Anal. calcd. for C19H3 NOS (303.4): C 75.22, H 4.32,
N 4.62; Found: C 75.12, H 4.34, N 4.54.

4-(Thien-2-yl)-2-(trimethylsilyl)benzo[b][1,5]
thiazepine (4f)

Following the general procedure 4f was obtained as a yel-
low solid, mp 123°C (for details see Table 4). 'H-NMR
(500 MHz, acetone-dg): § 0.26 (s, 9H), 7.04 (s, 1H), 7.15
(dd,3J=5.1Hz, 3J = 3.7 Hz, 1H), 7.19 (dt, 3J = 7.5 Hz,
4] = 14 Hz, 1H), 7.24 (dd, 3J = 7.9 Hz, *J = 1.4 Hz,
1H), 7.31 (dd, 3J = 7.8 Hz, *J = 1.4 Hz, 1H), 7.36-7.40
(m, 1H), 7.54 (dd, 3J = 3.7 Hz, *J = 1.0 Hz, 1H), 7.69
(dd,3J = 5.1 Hz, *J = 1.0 Hz, 1H). *C-NMR (125 MHz,
acetone-dg): 8 —2.15 (3CH3), 127.2 (CH), 127.7 (CH), 128.9
(CH), 130.1 (Cquat), 130.2 (2CH), 131.7 (CH), 133.0 (CH),
136.5 (CH), 146.7 (Cquat), 151.1 (Cquar), 160.0 (Cquar), 162.4
(Cquat)- MALDI-TOF (DIT, CHCl3, m/z): 316 (IM + H]*).
IR (KBr): 9 = 3104 cm! (w), 2954 (m), 1625 (w), 1586
(s), 1560 (s), 1454 (m), 1421 (s), 1354 (w), 1421 (s), 1354
(w), 1297 (m), 1238 (s), 1202 (m), 1154 (w), 1297 (m), 1238
(s), 1202 (m), 1154 (w), 1084 (w), 1056 (m), 980 (w), 952
(s), 857 (s), 834 (s), 786 (m), 752 (s), 718 (s), 627 (W), 573
(W), 521 (w). Anal. calcd. for C;gH17NS,Si (315.5): C 60.90,
H 5.43, N 4.44; Found: C 60.81, H 5.42, N 4.16.

4-(4-Chlorophenyl)-2-(4-nitrophenyl)benzo[b][1,5]
thiazepine (4g)

Following the general procedure 4g was obtained as a yel-
low solid, mp 159 °C (for details see Table 4). '"H-NMR
(500 MHz, CDCl3): § 7.31-7.34 (m, 1H), 7.40 (s, 1H), 7.43—
7.45 (m, 1H), 7.49-7.52 (m, 1H), 7.56-7.61 (m, 3H), 8.18
(d, 3J = 8.8 Hz, 2H), 8.27 (d, 3J = 9.1 Hz, 2H), 8.31
(d, 3J = 9.1 Hz, 2H). 3C-NMR (125 MHz, acetone-dg): 8
125.6 (2CH), 128.3 (CH), 128.8 (Cquat), 129.2 (CH), 129.6
(CH), 130.6 (2CH), 130.7 (2CH), 131.4 (2CH), 131.8 (CH),
132.2 (Cquar), 134.6 (CH), 139.9 (Cguar), 146.1 (Cguar), 148.9
(Cquat)» 151.7 (Cquar), 158.0 (Cquat), 158.3 (Cquar)- MALDI-
TOF (DIT, CHCl3, m/7): 393 (IM + H]"), 361 (IM - S]™).
IR (KBr): o = 1593 cm™ (s), 1557 (w), 1510 (s), 1486
(W), 1456 (w), 1434 (w), 1399 (w), 1352 (s), 1324 (s), 1249
(w), 1206 (w), 1177 (w), 1010 (w), 1091 (m), 1009 (m),
946 (w), 858 (m), 833 (m), 822 (m), 808 (m), 765 (m), 752
(m), 735 (w), 709 (w), 690 (w), 599 (w). Anal. calcd. for
C>1H3CIN7 O, S (392.9): C 64.20, H 3.34, N 7.13; Found:
C64.07,H3.29, N 6.97.

4-(4-Chlorophenyl)-2-(pyrid-3-yl)benzo[b][1,5]
thiazepine (4h)

Following the general procedure 4h was obtained as a yel-
low solid, mp 131 °C (for details see Table 4). TH-NMR (500
MHz, acetone-dg): § 7.27-7.32 (m, 2H), 7.40-7.50 (m, 3H),
7.55-7.60 (m, 3H), 8.18 (d, 3J = 8.7 Hz, 2H), 8.32-8.33 (mm,
1H), 8.61 (d, 3J = 4.7 Hz, 2H). 3C-NMR (125 MHz, ace-
tone-de): 6 124.3 (CH), 126.8 (CH), 127.3 (CH), 128.1 (CH),
128.2 (Cquar), 129.6 (2CH), 130.5 (2CH), 130.7 (CH), 133.7
(CH), 135.0 (Cguat), 135.8 (CH), 137.6 (Cguat), 138.5 (Cquar),
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147.7 (Cquar), 149.5 (CH), 150.9 (Cquar), 151.4 (CH), 165.9
(Cquat)- MALDI-TOF (DIT, CHCl3, m/z): 349 (IM + H]™).
IR (KBr): ¥ = 3052 cm™! (m), 1607 (m), 1592 (m), 1560
(s), 1476 (m), 1398 (s), 1210 (m), 1190 (m), 1170 (w), 1126
(w), 1089 (s), 1024 (w), 1009 (m), 959 (w), 939 (m), 843
(s), 806 (s), 753 (s), 729 (m), 708 (s), 655 (W), 621 (W),
593 (w), 564 (w), 546 (w). Anal. calcd. for CooH3CIN,S
(348.9): C 68.86, H 3.76, N 8.03; Found: C 68.64, H 3.67,
N 7.99.

4-(4-Fluorophenyl)-2-(4-methoxyphenyl)benzo[b][1,5]
thiazepine (4i)

Following the general procedure 4i was obtained as a
yellow solid, mp 81°C (for details see Table 4). 'H-NMR
(500 MHz, acetone-dg): 8 3.87 (s, 3H), 7.04 (d, 3J = 8.9 Hz,
2H), 7.07 (s, 1H), 7.18-7.23 (m, 3H), 7.34-7.36 (m, 1H),
7.40-7.43 (m, 1H), 7.49-7.51 (m, 1H), 7.99-8.02 (m, 2H),
8.08 (d, 3J = 8.9 Hz, 2H). 3C-NMR (125 MHz, acetone-
dg): § 56.8 (CH3), 115.6 (2CH), 117.2 (CH), 117.4 (CH),
126.5 (CH), 127.9 (CH), 128.1 (CH), 129.3 (Cquar), 130.7
(Cquat), 131.30(2CH), 131.32(CH), 131.5 (CH), 131.6 (CH),
134.4 (CH), 133.4 (Cquar), 136.6 (Cquar), 149.3 (Cquar), 152.2
(Cquat), 164.0 (Cguar), 166.4 (Cquar). MALDI-TOF (DIT,
CHCl3, m/7): 362 (IM + H]%), 330 (M — S]1). IR (KBr):
D = 2839 cm! (w), 1601 (s), 1561 (m), 1501 (s), 1458 (m),
1321 (m), 1259 (s), 1169 (s), 1159 (s), 1029 (s), 823 (s), 747
(m), 622 (w), 561 (w), 514 (w). Anal. calcd. for CoHcFNOS
(361.4): C 73.11, H 4.46, N 3.88; Found: C 72.83, H 4.64,
N 3.70.

4-(4-Chlorophenyl)-2-ferrocenylbenzo[b][1,5]
thiazepine (4j)

Following the general procedure 4j was obtained as red
crystals, mp 80°C (for details see Table 4). Red crystals,
mp 80°C. TH-NMR (500 MHz, acetone-de): & 4.14 (s, SH),
447 (t,3J = 1.8 Hz, 2H), 4.95 (t, °J = 1.8 Hz, 2H), 6.90
(s, 1H), 7.25 (dt,3J = 7.7 Hz,*J = 1.2 Hz, 1H), 7.36 (dd,
3] = 7.7 Hz, *J = 1.2 Hz, 1H), 7.44 (dt, 3J = 7.7 Hz,
4J = 1.2 Hz, 1H), 7.53-7.56 (m, 3H), 8.07 (d, 3J = 8.4 Hz,
2H). 3C-NMR (125 MHz, acetone-dg): 8 70.1 (2CH), 71.7
(5CH), 72.6 (2CH), 84.9 (Cquat), 121.1 (CH), 128.0 (CH),
128.3 (CH), 130.4 (2CH), 131.2 (Cqua), 131.25 (2CH),
131.28 (CH), 134.7 (CH), 138.3 (Cquar), 140.2 (Cquar), 152.2
(Cqua)s 153.2 (Cquar), 166.1 (Cquar). MALDI-TOF (DIT,
CHCl3, m/z): 456 (IM + H]1). IR (KBr): = 1638 cm™!
(m), 1604 (m), 1590 (s), 1560 (s), 1485 (m), 1458 (m), 1399
(m), 1304 (m), 1216 (m), 1171 (m), 1105 (m), 1090 (s), 1052
(m), 1029 (m), 1011 (s), 963 (w), 891 (w), 820 (s), 783 (m),
756 (s), 729 (m), 671 (w), 589 (w), 545 (w), 524 (w). Anal.
caled. for CosH gCIFeNS (455.8): C 65.88, H 3.98, N 3.07;
Found: C 65.79, H 4.24, N 2.94.
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4-(4-(4-Methoxyphenyl)benzo[b][ 1,5 Jthiazepin-2-yl)
benzonitrile (4k)

Following the general procedure 4k was obtained as a yel-
low solid, mp 126°C (for details see Table 4). 'H-NMR
(500 MHz, acetone-dg): § 3.88 (s, 3H), 7.05 (d, 31 =89 Hz,
2H), 7.23-7.26 (m, 1H), 7.27 (s, 1H), 7.36-7.38 (m, 1H),
7.42-7.46 (m, 1H), 7.53-7.55 (m, 1H), 7.84 (d, 3J = 8.7 Hz,
2H), 8.09 (d, 3J = 8.9 Hz, 2H), 8.15 (d, 3J = 8.7 Hz,
2H). 3C-NMR (125 MHz, acetone-de): § 56.8 (CH3), 114.5
(Cquat), 115.7 (2CH), 120.0 (Cquar), 128.1 (CH), 128.3 (CH),
128.9 (Cquat), 129.4 (CH), 130.1 (2CH), 131.4 (2CH), 131.5
(CH), 131.1 (Cquar), 134.3 (2 CH), 134.4 (CH), 144.5 (Cguar),
148.3 (Cquar), 152.0 (Cquar), 164.1 (Cquar), 166.0 (Cguar)-
MALDI-TOF (DIT, CHCl3, m/z): 369 ([M + H] "), 337 ([M-
S1H). IR (KBr): ¥ = 2935 cm™! (w), 2838 (w), 2222 (s),
1601 (s), 1561 (s), 1509 (m), 1498 (m), 1456 (w), 1419 (m),
1316 (s), 1249 (s), 1209 (w), 1190 (w), 1170 (s), 1111 (m),
1068 (w), 1029 (m), 938 (w), 864 (w), 847 (w), 834 (s), 817
(m), 784 (w), 759 (w), 746 (m), 685 (W), 637 (W), 624 (w),
540 (m), 523 (w), 509 (w). Anal. calcd. for Co3H{gN>OS
(368.5): C 74.98, H 4.38, N 7.60; Found: C 74.83, H 4.31,
N 7.49.

4-(4-Methoxyphenyl)-
2-(trimethylsilyl)benzo[b][ 1,5 Jthiazepine (41)

Following the general procedure 41 was obtained as a yel-
low solid, mp 106°C (for details see Table 4). 'H-NMR
(500 MHz, acetone-dg): § 0.26 (s, 9H), 3.87 (s, 3H), 6.93
(s, 1H), 7.03 (d, *J = 8.9 Hz, 2H), 7.15-7.18 (m, 1H), 7.27—
7.32 (m, 2H), 7.35-7.39 (m, 1H), 7.96 (d, 3J = 8.9 Hz,
2H). 13C-NMR (125 MHz, acetone-dg): 8 —1.6 (3CH3), 56.3
(CH3), 115.2 (2CH), 127.47 (CH), 127.54 (CH), 130.5 (CH),
130.6 (2CH), 130.9 (Cquat), 132.8 (Cquar), 133.4 (CH), 138.3
(Cquat), 152.1 (Cquar), 159.2 (Cquar), 163.5 (Cquar), 166.9
(Cquat)- MALDI-TOF (DIT, CHCl3, m/z): 340 ((M + H]™").
IR (KBr): 9 = 3051 cm™! (w), 2999 (w), 2956 (m), 2835
(W), 1638 (m), 1596 (s), 1562 (m), 1510 (m), 1456 (m), 1419
(m), 1314 (m), 1292 (w), 1257 (s), 1177 (s), 1117 (w), 1067
(w), 1020 (m), 956 (w), 839 (s), 806 (m), 778 (w), 759 (s),
698 (w), 625 (w), 605 (w), 544 (w), 530 (w). Anal. calcd.
for C19HNOSSi (339.5): C 67.21, H 6.23, N 4.13; Found:
C67.24,H6.34, N 3.77.

7-Chloro-2-phenyl-4-(thien-2-yl)benzo[b][1,4]
thiazepine (4m)

Following the general procedure 4m was obtained as a yel-
low solid, mp 146°C (for details see Table 4). 'H-NMR
(500 MHz, acetone-dg): 6 7.21-7.22 (m, 1H), 7.28-7.31 (m,
3H),7.45-7.48 (m,3H),7.55(d,3J = 8.3 Hz, 1H),7.78-7.79
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(m, 1H), 7.81-7.83 (m, 1H), 7.97-7.99 (m, 2H). 13C-NMR
(125 MHz, acetone-dg): § 124.7 (CH), 126.6 (CH), 127.4
(CH), 128.7 (2CH>), 129.1 (CH), 129.7 (2 CH), 131.0 (CH),
131.3 (CH), 132.5 (CH), 133.3 (Cquat), 134.9 (CH), 135.8
(Cquat)s 138.9 (Cquar), 146.5 (Cquar), 150.9 (Cquar), 152.1
(Cquat)s 162.3 (Cqua). MALDI-TOF (DIT, CHCl3, m/z): 354
(IM + H] ™), 322 (IM - S]1). IR (KBr): 7 = 1601 cm' (m),
1562 (s), 1544 (m), 1489 (w), 1452 (m), 1422 (s), 1378 (w),
1351 (w), 1318 (w), 1240 (w), 1213 (w), 1198 (w), 1130 (w),
1091 (m), 1054 (m), 1006 (w), 935 (w), 916 (w), 885 (m),
873 (m), 857 (w), 846 (m), 873 (m), 833 (m), 801 (s), 758 (s),
716 (3), 691 (s), 667 (W), 652 (W), 564 (W), 533 (w). Anal.
caled. for C19H2CINS, (353.9): C 65.48, H 3.42, N 3.96;
Found: C 65.82, H 3.23, N 3.73.

7-Chloro-4-(4-chlorophenyl)-2-phenylbenzo[b][1,5]
thiazepine (4n)

Following the general procedure 4n was obtained as a yel-
low solid, mp 111°C (for details see Table 4). 'H-NMR
(500 MHz, acetone-dg): § 7.20 (s, 1H), 7.43-7.48 (m, 2H),
7.55-7.64 (m, 4H), 7.91 (m, 3J = 8.9 Hz, 1H), 8.05 (s, 1H),
8.15 (d,3J = 8.7 Hz, 2H), 8.40 (d, 3J = 8.9 Hz, 2H). 13C-
NMR (125 MHz, acetone-dg): § 120.8 (CH), 126.4 (CH),
129.5 (2CH), 130.4 (CH), 130.6 (2CH), 130.7 (CH), 131.0
(2CH), 131.5 (2CH), 131.6 (CH), 134.2 (CH), 135.8 (Cquat),
141.0 (Cquar), 151.4 (Cquar), 151.9 (Cquar), 153.1 (Cquar)s
158.0 (Cgquat), 165.7 (Cquar). MALDI-TOF (DIT, CHClIs3,
m/z): 382 (IM + H]1), 350 (M — S]™). IR (KBr): v =
1655 cm! (w), 1589 (s), 1560 (m), 1543 (m), 1485 (s), 1448
(m), 1417 (m), 1400 (m), 1354 (m), 1320 (m), 1200 (m),
1172 (m), 1093 (s), 1078 (s), 1012 (m), 968 (w), 909 (w),
876 (m), 836 (s), 806 (s), 758 (s), 701 (m), 685 (m), 652 (W),
616 (w), 563 (w), 525 (w). Anal. calcd. for Co;H3CILoNS
(382.3): C 65.97, H 3.43, N 3.66; Found: C 65.96, H 3.59,
N 3.61.
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