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Abstract — A series of 1,5-benzothiazepines were synthesized using disulfides
and o,f-unsaturated carbonyl or nitrile compounds as reaction substrates. After
reductive cleavage of the S-S bond of disulfides, the resulting thiols were reacted
with a,f-unsaturated carbonyl or nitrile compounds to generated seven-membered
heterocyclic compounds. In the presence of ammonium thioglycolate, the Michael
reaction occurred between disulfides (1) and 4-methyl-3-penten-2-one to give
2,2,4-trymethyl-3H-1,5-benzothiazepine derivatives in good yields. When ethyl
acrylate or acrylonitrile was used as the Michael acceptor, 90-99% of
(2-amino-phenylsulfanyl)propionitriles (3) and/or 92-99% of
(2-amino-phenylsulfanyl)propionic acid ethyl esters (4) were produced.
Subsequently, the 1,5-benzothiazepine compounds 5 and 6 were obtained due to

the cyclization reaction.

1,5-Benzothiazepines are heterocyclic compounds that have widespread physiological and
pharmacological activities, such as anti-coagulants,™ elastase inhibitors,* ACE inhibitors,>® and
antiarrythmic” activities, and are often used as sedatives and for treatment of cardiovascular disease.?
Because most of the 1,5-benzothiazepine compounds have high efficacy and low toxicity, this ring system
has received much attention from many chemists and pharmacologists over the past decade.>! It has been
extensively studied by a number of research groups, who have reported that the reaction between
a,B-unsaturated carbonyl compounds and 2-aminobenzenethiols occurs in two steps involving the
formation of the Michael adduct as an intermediate that readily undergoes dehydrative cyclization to give
12-18

1,5-benzothiazole.~== These methods use thiol, which have a peculiar odor and easily form disulfides in

the reaction and most of these methods are impractical due to the low reaction efficiency and
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environmental toxicity.222% Although there are many reports of the synthesis of benzothiazole derivatives,
no seven-membered heterocylic compounds were obtained.2*#* In addition, Katritzky reported synthesis
of a 2,4-diary-2,3-dihydro-1,5-benzothiazepines,® but it required at least 4 steps and became a
seven-membered heterocylic compound with a closed ring via only when the methyl or methoxy groups
were attached at the 6-position of the benzene ring.

In this study, we developed of a new method to synthesize 1,5-benzothiazepines in one-pot based on
reductive cleavage of the S-S bond of disulfides using ammonium thioglycolate (ATG) as a catalyst, and
the subsequent Michael reaction with the addition of «,f-unsaturated ketone. The reaction yields,

mechanisms, and structures of the products are described.

The disulfides used in this study as the starting materials were synthesized from 2-aminobenzothiazoles,
because these disulfides are not commercially available. The reaction process is described in the
experimental section. After purification by column chromatography on silica gel, the pure compound 1
was obtained as shown in Scheme 1.
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Scheme 1. Preparation of compound 1
After the pure disulfides were obtained, the Michael addition reaction was carried out, as shown in
Scheme 2. The compounds 2, 3, and 4 were obtained in good yields after purification by column

chromatography on silica gel.
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Scheme 2. Proposed reaction routes for the formation of compounds 2, 5, and 6
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The results for compound 2 are summarized in Table 1. It can be observed from Table 1 that when the
disulfide has an electron withdrawing group, only about 30% yield was obtained even after a prolonged
reaction of 360 minutes. However, when triethylamine was used instead of ammonium hydroxide in the
presence ammonium thioglycolate, and the concentration of the Michael acceptor was up to 5 equivalents,

over 60% yields were obtained in the reaction time of 30 min (Entries 6-9).

Table 1. Synthesis of 1,5-benzothizepines (2) from disulfides (1)
Entry  Disulfides Benzothiazepines Time (min)  Yield (%)?

1 la 2a 60 86
2 1b 2b 120 88
3 1c 2C 30 94
4 1d 2d 30 66
5 le 2e 30 72
6 1f 2f 360 (30°) 27 (62°)
7 19 29 360 (30°) - (64°)
8 1h 2h 360 (30°) 31 (64°)
9 1i 2i 360 (30°) 35 (61°)

“Isolated yield based on disulfides.
°NEts, Michael accepter is 5 eq.

Compound 5 was synthesized from compound 3 by a Pinner condensation reaction. The results are

summarized in Table 2.

Table 2. Synthesis of 1,5-benzothizepines (5) from sulfides (3)

Entry Sulfides Benzothiazepines Yeild (%)
1 3a 5a 80

2 3b 5b 79

3 3c 5c 41 (74)
4 3d 5d 52 (70)

5 3e 5e 34 (68)

6 3f 5f 79

7 39 59 93

8 3h 5h 75

9 3i 5i 94

41solated yield based on sulfides.
*Determined by *H-NMR

As can be seen in Table 2 (entries 3, 4, and 5), the conversion yields seem to be a bit low based on the
amount of starting sulfides consumed, although the reason is not clear. However, *H-NMR analyses
showed that the reaction proceeded with reasonably good yields (in parentheses).

Compound 6 was synthesized from compound 4 by an intramolecular condensation reaction using

p-toluenesulfonic acid (p-TSA) as a catalyst. The results are summarized in Table 3.
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Table 3. Synthesis of 1,5-benzothizepines (6) from sulfides (4)

Entry Sulfides Benzothiazepines Yield (%)?
1 4a 6a 90
2 4b 6b 88
3 4c 6C 84
4 4d 6d 73
5 4e 6e 89
6 4f of 82
7 49 69 95
8 4h 6h 81
9 4i 6i 87

“Isolated yield based on sulfides.

It can be observed from Table 3 that the target products were obtained in high yields regardless of the
substituent in the benzene ring.

From the above results, it can be concluded that we successfully synthesized three kinds of
1,5-benzothiazepine derivatives using a stable and odorless disulfide as a raw materials in this study. In
the presence of ATG, compound 2 was obtained in a one-step reaction between disulfide and
4-methyl-3-penten-2-one in one-pot. On the other hand, compounds 5 and 6 were obtained in a two-step
reaction via the intermediates of compounds 3 and 4, respectively. Because the reaction conditions are
mild and easy to control, this reaction is a simple and efficient method for synthesis of seven-membered

heterocylic compounds.

EXPERIMENTAL

The detailed progress synthesis of compound 1 is as follows: 9.31 mmol 2-aminobenzothiazole was
added to an aqueous solution of 1680 mmol potassium hydroxide and 15 mL ethylene glycol, and then
was stirred and refluxed for several hours at 140°C. After completion of the reaction which was
monitored by thin layer chromatography (TLC), the solution was diluted with water and neutralized with
acetic acid. When the solution temperature had dropped to room temperature, CHCI; was added to the
solution, and it was stirred at room temperature for 30 min and separated. The CHCI; layer was washed
with brine 3 times and dried with anhydrous magnesium sulfate. The crude product was purified by
column chromatography on silica gel, and the pure compound 1 was obtained.

After the pure disulfides were obtained, the Michael addition reaction was carried out. The process is as
follows: 0.403 mmol compound 1 was dissolved in dry DMF and heated to 50°C with nitrogen protection.
After stirring for 10 min, the pH was adjusted to 11 with ammonia, then the appropriate ATG and 3
equivalents of the Michael acceptor were added to the solution, and it was continuously stirred until
compound 1 was completely consumed, as monitored by TLC. After the reaction was finished, Et,O was

added to the solution, and it was separated. The Et,O layer was washed with brine 3 times and dried with
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anhydrous magnesium sulfate. The crude product was purified by column chromatography on silica gel,
and purified compounds 2, 3, and 4 were obtained.

Compound 5 was synthesized from compound 3 by a Pinner condensation reaction. Compound 3 (0.561
mmol) was dissolved in 5 mL 5 wt% HCI-EtOH solution, and then was stirred and refluxed for 3 h. After
the reaction was finished, as monitored by TLC, the reaction solution was evaporated to remove EtOH.
NaHCO3; was added to neutralize the solution and it was extracted with EtOAc 3 times, to yield the crude
compound 5. The crude product was purified by column chromatography on silica gel.

Compound 6 was synthesized from compound 4 by an intramolecular condensation reaction using
p-toluenesulfonic acid (p-TSA) as a catalyst. Compound 4 (0.444 mmol) was dissolved in 5 mL o-xylene,
0.2 equivalent of p-TSA was added, and then it was stirred and refluxed at 125°C overnight. After the
reaction which was monitored by TLC, was finished, NaHCO3 was added to neutralize the solution, and it
was extracted with CHCI3 3 times, to yield the crude compounds 6. The crude product was purified by
column chromatography on silica gel.

The structures of all products of compounds 2, 5, and 6 were analyzed by IR, NMR, and single-crystal
X-ray structure analysis (SMART APEX2 Ultra, Bruker). The detailed data of the typical compounds 2a,

5a, and 6a are shown below. The results agree with the published literature.2%2

3H-1,5-Benzothiazepine-2,2,4-trimethyl (Compound 2a)
10
11

6 Sa 4 12
Yield: 86%. Ry =0.25 (eluent: n-hexane-EtOAc = 3:1, v/v). Mp 50-51°C. IR (KBr, cm™): 2962.13,
1633.41, 1455.99, 1365.84, 767.53, 740.05. 'H-NMR (500 MHz CDCls): 6 = 1.48 (s, 6H, H-10, H-11),
2.23 (s, 2H, H-3), 2.39 (s, 3H, H-12), 7.04 (t, J = 6.8 Hz, 1H, H-8), 7.10(d, J= 6.5 Hz, 1H, H-6), 7.36 (t, J
= 7.5 Hz, 1H, H-7), 7.50 (d, J= 6.0 Hz, 1H, H-9). **C-NMR (500 MHz CDCls): § = 29.5 (C-12), 30.8
(C-10, C-11), 47.6 (C-3), 61.1 (C-2), 124.1 (C-6), 124.4¢5 (C-1a), 124.4,5 (C-11), 129.4 (C-7), 134.9
(C-9), 173.6 (C-4).

2,3H-1,5-Benzothiazepine-4-amine (Compound 5a)
1
9 la S 2

L

3
7 : Sa I\S]/Q

NH,
Yield: 80%. R¢= 0.125 (eluent: EtOAC-EtOH = 7:1, v/v). Mp 118-119°C. IR (KBr, cm™): 34593.67,
1656.07, 1453.58, 1033.18, and 763.191 cm™. *H-NMR (500 MHz DMSO-d6): & = 2.41 (t, J=6.9 Hz, 2H,
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H-3), 3.47 (t, J =6.9 Hz, 2H, H-2), 6.87 (m, 2H, H-6, H-8), 7.25 (m, 1H, H-7), 7.39 (dt, J =1.7, 8.0 Hz,
1H, H-8), 7.03 (br, 2H, NH,). *C-NMR (500 MHz CDCls): & = 29.6 (C-3), 38.6 (C-2), 122.1, 124.5 (C-6,
8), 123.8 (C-1a), 129.4 (C-7), 134.3 (C-9), 152.4 (C-5a), 164.2 (C-9).

2,3-H-1,5-Benzothiazepine-4 (5H)-one (Compound 6a)
1
0 la S 2
8
Ly
7 6 SaI%
n (@)
Yield: 82%. R;= 0.25 (eluent: n-hexane-EtOAc = 1:1, v/v). Mp 193-194°C. IR (KBr, cm™): 1588.57,
1491.67, 1035.59, 791.15, 755.00, 460.42. *H-NMR (500 MHz CDCls): J = 2.64 (t, 2H, H-3), 3.45 (t, J
=7.5Hz, 2H,H-2), 7.11 (d, J =5.0 Hz, 1H, H-6), 7.14 (t, J = 7.5 Hz, 1H, H-8), 7.36 (t, J =5.0 Hz, 1H, H-7),

7.61 (d, J=10.0 Hz, 1H, H-9), 8.02 (br, 1H, H-5 (NH)). *C-NMR (500 MHz CDCl3): 6 = 33.5 (C-3), 34.2
(C-2), 123.3 (C-6), 126.5 (C-8), 127.0 (C-1a), 129.8 (C-7), 135.5 (C-9), 141.4 (C-5a), 173.6 (C-4).
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