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A New Heterocyclic System: Imidazo[2,1-d]{1,5]benzothiazepine.
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Its Synthesis from 4-Amino-2,3-dihydro-1,5-benzothiazepine
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The synthesis of 4-amino-2,3-dihydro-1,5-benzothiazepine and its transformation to the new heterocycle

Imidazo[2,1-d][1,5]benzothiazepine is described.

J. Heterocyclic Chem., 22, 1117 (1985).

The discovery of Thiazesim, a 1,5-benzothiazepine deri-
vative, as an antidepressant agent by Krapcho and Turk
{1] has led to the synthesis of many related compounds.
The antianginal drug Diltiazem is the result of such ef-
forts. The 1,5-benzothiazepines are known to possess cor-
onary vasodilating and antihypertensive effects [2-4].

Our work in this area has provided a new convenient
synthesis of 4-amino-2,3-dihydro-1,5-benzothiazepine (2).
We also describe here the easy transformation of 2 to a
novel heterocyclic system, imidazo[2,1-d][1,5]benzothiaz-
epine (6).

We have previously reported [5,6] a convenient one step
synthesis of 3-(2-aminophenylthio)propanenitrile (1). An
intramolecular nucleophilic attack by the amino group on-
to the nitrile function in 1 would be expected to afford
4-amino-2,3-dihydro-1,5-benzothiazepine (2). The cyclisa-
tion of aminonitrile 1 to benzothiazepine 2 was achieved
in 76% yield with trifluoroacetic acid in refluxing toluene
[7). The structure of benzothiazepine 2 has been estab-
lished by elemental analysis, H-nmr, ir and ms data as
well as by its hydrolysis to the known lactam 3. The identi-
ty of the lactam 3 was confirmed by comparison of its spec-
tral data with that of the sample prepared by an indepen-
dent synthesis [8].

Treatment of 2 with phenyacyl bromide in 95% ethanol
solution containing sodium bicarbonate gave in 57% yield
phenyl substituted imidazo[2,1-d][1,5]benzothiazepine
(6a).

The mode of formation of 6a is delineated in Scheme-I.
The initial displacement of the bromine atom in phenacyl-
bromide by the ring nitrogen atom of 2 (Path-A) would
lead to the resonance stabilized amidinium ion intermedi-
ate 4. Further loss of elements of hydrogen bromide and
water from 4 would furnish the heterocycle 6a. The forma-
tion of the isomeric structure 7 would not be favoured

since it requires the intermediacy of ammonium ion 3

(Path-B), which is devoid of charge stabilization [9a,b].
The recent studies on the 2-aminopyridines by the time
dependent H'-nmr [9a] and the molecular orbital calcula-
tions [10] reveal that the ring nitrogen atom is involved in
the initial attack during these reactions. It is well known
[11-14] that the reaction of 2-aminopyridine with phenac-

ylbromide gives 2-phenylimidazo[l,2-g]pyridine. No for-
mation of isomeric products has been observed especially
in the case of alkylation reactions with a-haloaromatic ket-
ones. Analogous reaction pattern is recorded during the
reactions of 2-aminothiazoles with «-bromoketones
[15,16].

The structure of 6a was fully characterized by a high re-
solution (400 MHz) H*-nmr [17,18] and C'3-nmr spectra.
The detailed analyses of the H'-nmr and C'*-nmr are sum-
marized in Tables I and II, respectively.

Table I
H!-NMR (400 MHz) of 13-Phenylimidazo[2,1-d][1,5]benzothiazepine (6a)

Proton Chemical Splitting  Coupling constant
Number Shift Pattern J, Hz
ppm
2 3.08 t 8.0
3 3.50 t 8.0
7 7.14 dd 1.4, 8.0
8 [a] 7.32 ddd 1.4, 8.0, 8.0
9 [a] 7.48 ddd 1.4, 8.0, 8.0
10 7.41 dd 1.4, 8.0
14 7.42 s
16,20 7.82 dd 1.4, 8.0
17,19 7.38 ddd 1.4, 8.0, 8.0
18 7.35 dddd 1.4, 1.4, 8.0, 8.0

[a] Chemical shift values may be interchanged.

Table II
C'>NMR of 13-Phenylimidazo[2,1-d]1,5]benzothiazepine (6a)

Carbon Chemical Carbon Chemical Shift
Shift Atom (ppm)
ppm

2 26.52 11 127.18

3 38.27 13 140.84 [a]
4 141.18 [a] 14 123.52

6 147.29 15 133.56

7 114.89 16,20 124.70

8 135.79 17,19 128.32

9 127.72 18 126.67
10 129.72

[a] The chemical shift values may be interchanged.
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The aromatic proton in 6a at position 7 is observed at §
7.74 as a doublet of a doublet (J's = 1.4 and 8.0 Hz). In-
spection of molecular models show that in the isomeric
structure 7a the phenyl ring at C-14 will be forced out of
plane of the imidazole ring, because of sever steric interac-
tion with the fused benzene ring. In that situation, the pro-
ton at C-7 should experience a pronounced anisotropic
shielding effect. No such effect is observed.

In the C'3*-nmr, as expected for an unencumbered phen-
yl substituted imidazole 6a, the ortho carbon atoms (16,
20) and meta carbon atoms (17, 19) appear as singlets at
124.70 and 128.32 ppm respectively. The relatively pro-
nounced chemical shift difference (6 ortho - 6 meta = 3.62
ppm) is attributed to the shielding of the ortho carbons
caused by interannular conjugation effect of the imidazole
ring nitrogen [19].
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The para-bromo and para-phenyl substituted imidazo-
[2,1-d][1,5]benzothiazepines 6b and 6¢ respectively were
likewise obtained from the reaction of aminoimine 2 with
o,p-dibromoacetophenone and a-bromo-p-phenylaceto-
phenone.

The present studies provide a convenient method for
the synthesis of a 1,5-benzothiazepine incorporating cyclic
amidine functionality, and its further transformation to
the new heterocyclic imidazo[2,1-d][1,5]benzothiazepines.
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Spectra were determined as follows: ir, Perkin Elmer 337; pmr, Jeol
GX400 and Varian A-60A or Em-360 with tetramethylsilane as an inter-
nal standard; mass spectra, Hitashi-Perkin Elmer RMU-6A operating at
70 eV. Elemental analyses were performed by Chemalytics, Inc., Tempe,
Arizona. Melting points were measured on a Thomas-Hoover apparatus
and are uncorrected. Analysis by thin layer chromatography (tlc) involved
the use of Eastman Kodak precoated silica gel sheets, with fluorescent in-
dicator as the adsorbent, development with chloroform, and visualization
with iodine vapor and/or ultraviolet light. “*Vaseline’’ is a high viscosity
petroleum jelly, which has an ir spectrum very much like Nujol.

4-Amino-2,3-dihydro-1,5-benzothiazepine (2).

To a solution of 3{2-aminophenylthio)propanenitrile (1) [5,6] (20.0 g,
0.112 mole) in 1.5 liters of refluxing thiophene-free toluene was added 20
ml of trifluoroacetic acid. The course of the reaction was monitored by
tle and refluxing was discontinued after three days when the starting
material was no longer present in the reaction mixture. The solution was
allowed to cool to room temperature after which it was neutralized with
saturated sodium bicarbonate solution. The resulting precipitate was col-
lected and air-dried to give 15.3 g (77% yield) of crude 2. Recrystalliza-
tion from toluene gave analytically pure 2, mp 175-177°; ir (KBr) 3410 m,
3290 m (NH,), 1645 s (C=N), 755 s cm™! (1,2-disubstituted aromatic
ring); pmr (deuteriochloroform): 6 2.23 (2H, t, J = 7.0 Hz, CH,S-), 3.28
(2H, t,J] = 7.0 Hz, -CH,C=N), 3.55 (2H, br s, NH,), 7.10-6.53 (3H, m,
aromatic), 7.25 (1H, dd, J = 7.0 Hz, J = 1.5 Hz, aromatic); ms: m/e M*
178.

Anal. Caled. for C;H,(N,S: C, 60.64; H, 5.61. Found: C, 60.98; H, 5.68.

Reactions of 4-Amino-2,3-dihydro-1,5-benzothiazepine (2).
(a) With Phenacyl bromide.

A solution of 4-amino-2,3-dihydro-1,5-benzothiazepine (2) (1.79 g, 0.01
mole), phenacyl bromide (2.07 g, 0.01 mol), and 3.0 g of sodium bicarbon-
ate in 50 ml of 95% ethanol was stirred for 0.75 hour at ambient tempe-
rature (23-24°) and then refluxed for an additional 1.5 hours. The ethanol
was evaporated and the residue dissolved in acetone. The inorganic salts
were filtered and the acetone was concentrated to about 50-75 ml. Pen-
tane was added until the solution became cloudy after which it was refri-
gerated (5°). The crystals which were formed were collected and dried,
affording 1.57 g (57% yield) of 6a, mp 116-117.5°. Recrystallization from
acetone afforded pure 6a, mp 119-120°; ir (Vaseline mull): 1601 m, 1530
m, 1268 m, 1170 m, 988 m, 850 w-m, 782 m, 768 m-s, 755 m, 690 m-s cm™*
(monosubstituted and 1,2-disubstituted aromatic ring); ms: m/e M* 278.

Anal. Caled. for C,,H_ N,S: C, 73.37; H, 5.07; N, 10.07; S, 11.50.
Found: C, 73.27; H, 4.92; N, 9.77; S, 11.56.

(b) With a,p-Dibromoacetophenone.

A solution of 4-amino-2,3-dihydro-1,5-benzothiazepine (2), (1.78 g, 0.01
mole) a,p-dibromoacetophenone (2.78 g, 0.01 mole) and 3.5 g of sodium
bicarbonate in 100 ml of 95% ethanol was stirred for one hour at room
temperature and then heated to reflux for an additional 3.5 hours. After
filtration and evaporation of the ethanol, the residue was leached with ac-
etone, which was concentrated. Crystallization at 5° gave 6b (59% yield),
mp 149-151°. Recrystallization from acetone provided analytically pure
6b, mp 150-151°; ir (Vaseline): 1600 w, 1555 m, 1530 m, 1460 m-s, 1272
m, 1175 m-s, 1005 m, 945 m, 828 m-s, 755 and 735 m-s; pmr (deuterio-
chloroform): é 3.05 (2H, m, -CH,-S-), 3.50 (2H, m, -CH,-C=N-), 8.15-7.00
(14H, m, aromatic protons).

Anal. Caled. for C,,H,,BrN,S: C, 57.42; H, 3.64; N, 7.84; S, 8.96; Br,
22.40. Found: C, 57.29; H, 3.62; N, 7.66; S, 9.10; Br, 22.37.

(c) With a-Bromo-4-phenylacetophenone.

A solution of 4-amino-2,3-dihydro-1,5-benzothiazepine (2) (0.89 g,
0.005 mole), a-bromo-p-phenylacetophenone (1.38 g, 0.005 mole), and 3.0
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g of sodium bicarbonate in 70 ml of 95% ethanol was stirred for one
hour at room temperature and then refluxed for an additional two hours.
The ethanol was evaporated and the residue dissolved in acetone. The in-
soluble inorganic salts were filtered and the solution, after concentrating
was cooled, yielding colorless fine crystals (64 %), mp 169-171°C. Recrys-
tallization from acetone provided pure 6¢, mp 169-170°C; ir (Vaseline):

1550 and 1525 w, 1455 m-s, 1400 m, 1260 m, 1165 m, 1075 w-m, 850 m-s,
690 m; pmr (deuteriochloroform): & 3.05 (2H, m, -CH,-S-), 3.50 (2H, m,
.CH,-C=N-), 8.0-7.0 (14H, m, aromatic protons).

Anal. Caled. for C,,H,,N,S: C, 77.95; H, 5.12; N, 7.90; S, 9.03. Found:
C, 78.18; H, 5.21; N, 7.76; S, 8.78.

2,3-Dihydro-1,5-benzothiazepine-45H)-one 3).

A solution of 4-amino-2,3-dihydro-1,5-benzothiazepine (2) 0.89 g,
0.005 mole) in 50 m} of ethanol and 3.0 g of sodium bicarbonate in 20 ml
of water was stirred for a few minutes, 100 ml of ethanol was added and
the solution was heated to reflux for 20 hours. The ethanol was evapo-
rated and acetone added. After filtration and cooling, colorless crystals
of lactam 3 separated; yield 55%, mp 208-211°. Recrystallization provid-
ed analytically pure 3, mp 211-211.5°, (Lit mp 215-216°) [8]; m/e M*179;
prar (deuteriochloroform): 6 2.6 (¢, 2H, CH,,J = 3.6 Hz), 3.45(t, 2H, CH,,
J = 3.5 Hz), 8.4-6.9 (m, 5H, 4H aromatic and 1NH proton); ir (Vaseline)
3100, 3210 (NH), 1675 s (CONH), 755 s cm™* (1,2-disubstituted aromatic
ring).

Anal. Caled. for C,H,NSO: C, 60.33; H, 5.06; N, 7.82; S, 17.87. Found:
C, 59.93, H, 4.91; N, 7.96; S, 17.22,
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