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The reaction of an o-bromolactam with a thioamide was found to give a cyclic 4-aminothiazole deriva-
tive. Novel heterocyclic compounds such as 4,5,6,7-tetrahydrothiazolo[4,5-b]pyridines 10, 5,6,7,8-tetrahy-
dro-4H-thiazolo[4,5-blazepines 11, 4,5,6,7,8,9-hexahydrothiazolo[4,5-b]azocine 12 and 9,10-dihydro-4H-
thiazolo[4,5-b][1]benzazepines 18 were thus prepared and the utility of this method in the construction of
4-aminothiazole-containing compounds was suggested.

J. Heterocyclic Chem., 31, 1545 (1994).

In a previous paper [1], we reported a convenient pro-
cedure for the preparation of 5-aminothiazoles and their
cyclic derivatives of the type A (Figure 1), from a-acy-
laminoamides and phosphorus pentasulfide or Lawesson's
reagent. Among the compounds prepared therein, 4,5,6,7-
tetrahydrothiazolo[5,4-b]pyridines, 5,6,7,8-tetrahydro-
4H-thiazolo[5,4-blazepines, 4,5,6,7,8,9-hexahydrothiazo-
lo[5,4-blazocine and 9,10-dihydro-4H-thiazolo[5,4-b]-
[1]benzazepines have exhibited interesting biological
activities, supposed to arise from their antioxidative activ-
ities [2]. These results led us to synthesize derivatives
(type B) (Figure 1) of 4-aminothiazole and to test their
biological activities.
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Figure 1

For the preparation of 4-aminothiazole derivatives, the
Curtius rearrangement of thiazole-4-carbonyl azides [3],
the reaction of 1,3-oxathiolium salts with cyanamides
[4-6], the ring cyclization reaction of halogeno com-
pounds with cyanamides [7-11] and the reaction of -
halonitriles and thioamides [12] have been reported.
However, these methods are not adequate for the synthe-
sis of cyclic derivatives (type B) of 4-aminothiazole.
Judging from the structural arrangement, the reaction of
o-halogenated lactams with thioamides seemed to pro-
vide a short way for our purpose, although the reaction
between a-chloroacetamide and thiourea has been report-
ed to give 2-aminothiazolidin-4-one after cleavage of the
C-N bond [13]. We thus retested the reaction between o
halogenated amides and thioamides. In this paper, we will
describe a simple method to prepare cyclic derivatives
(type B) of 4-aminothiazoles such as 4,5,6,7-tetra-

hydrothiazolo[4,5-b]pyridines 10, 5,6,7,8-tetrahydro-4 H-
thiazolo[4,5-b]azepines 11, 4,5,6,7,8,9-hexahydrothiaz-
olo[4,5-blazocine 12 and 9,10-dihydro-4H-thiazolo-
{4,5-b][1]benzazepines 18.

Chemistry.

The starting compound, a-bromo-ge-caprolactam (8),
was prepared according to the route shown in Scheme 1
[14]. e-Caprolactam (2) was at first brominated to a,o-
dibromo-e-caprolactam (5) using phosphorus pentachlo-
ride and two equivalents of bromine with a small amount
of zinc chloride as catalyst, and then 5 was reduced to o-
bromo-g-caprolactam (8) by catalytic hydrogenation over
palladium on carbon in acetic acid at room temperature.
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H H
N. () N. o N. o]
|/ j PCl;, Br, H; I
(CHy)y 5 ZnCl, / CHCly (CHz)ns A—Br Pd/C (CHy, 3 >
Br
1, n=6 4, n=6 7, n=6
2, n=7 5, n=7 8 n=7
3, n=8 6, n=8 9 n=8
H Ra
N.
Ry - CSNH; N Ry-X N N
meows NN mx M
EtOH (CHohns g (CHng Mg
10, n=6 13, n=7
11, n=7
12, n=8

o-Bromo-e-caprolactam (8) thus obtained was then
reacted with thiobenzamide in ethanol under reflux and
after column chromatography on silica gel, 2-phenyl-
5,6,7,8-tetrahydro-4H-thiazolo[4,5-b]azepine (11c) was
obtained as pale yellow crystals in 29% yield. The struc-
tural elucidations of 11c¢ were accomplished on the basis
of the elemental analysis, infrared (ir), mass and proton
nuclear magnetic resonance (!H nmr) spectra. The ir
spectrum showed no absorption due to an amide carbonyl
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Table 1
Bicyclic 4- Amino-2-substituted Thiazole Derivatives 10-12

H
N

r |N\>—-R
CHIs g’

Compound n Ry Yield Mp, °C Molecular Mass Analysis, %
No. % Recrystallization Formula MY Calcd./Found
solvent C H N S

10a 6 (CH,4),CH 18 oil CgH4N,5+0.5H,0 182 56.51 7.90 14.64 16.76
56.89 7.87 14.73 16.36
10b 6 4-MeO-CgHy 23 105-107 C3H4N,08 246 63.39 5.73 11.37 13.02
(AcOEt-hexane) 63.21 5.79 11.38 12.75

11a 7 (CH5),CH 26 44-46 CyoH16N2S 196 61.18 8.21 14.27

60.85 8.14 14.07
11b 7 C¢HsCH=CH 8 oil CysHgN2S _ 70.28 6.29 10.93 12.51
70.18 6.10 10.95 12.63
11c 7 CgHs 29 88-90 Ci3H14N,S 230 67.79 6.13 12.16 13.92
(hexane) 67.56 6.09 12.09 13.92
11d 7 4-MeO-CcH, 35 103-104 C,4HgN,OS 260 64.59 6.19 10.76 12.32
(AcOEt-hexane) 64.66 6.13 10.53 12.29
ile 7 4-Cl-C¢H, 30 113-115 C,3H3CIN,S 264 58.97 495 10.58 12.11
(AcOEt-hexane) 59.01 493 10.64 12.19
12 8 4-MeO-CgHy 3 80-83 C;sH13N,08 274 65.66 6.61 10.21 11.68
65.48 6.31 10.28 11.57

Table II
2,4-Disubstituted 5,6,7,8-Tetrahydro-4H-thiazolo[4,5-b]azepines 13
Ry
NN
O
S
Compound R R, Yield Mp, °C Molecular MS Analysis, %
No. % Recrystallization Formula M) Calcd./Found
solvent C H N N

13a Ph C,Hs 72 oil Cy5HgN;S _ 69.73 7.02 10.84 12.41
70.13 6.98 11.13 12.39
13b Ph CH,CO 73 87-88 C,5HgN,08 272 66.15 592 10.29 11.77
(AcOEt-hexane) 66.10 5.92 10.28 11.81
13¢ Ph CH;S0, 72 167-169 Cy4H gN70,5, 308 54.52 5.23 9.08 20.79
(AcOEY) 54.56 5.23 9.08 20.98

group. The electron-impact mass spectrum exhibited the
molecular ion peak at m/z 230 corresponding to the mole-
cular weight of 11c. In order to get more information on
the structure of 1lc, it was ethylated with triethyl phos-
phate, acetylated and sulfonated to afford 13a-c in 72-
73% yields. All the spectral data (Tables II and IV) of

Scheme 2
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these three products were well consistent with the pro-
posed structure 13 illustrated in Scheme 1. The structure
of 11c was finally substantiated by the X-ray structural
analysis of compound 18c obtained using the same
methodology as shown later. Then other thioamides were
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Compound
No.
18a
18b [a]
18¢
18d
18e
18f
18¢g

18h

CH,
(CHy),CH
C¢HsCH,
C¢H;CH=CH
Cells
4-MeO-CeH,
4-CL-CGH,

4-Py

[a] Hydrochloride.

reacted with a-bromo-g-caprolactam (8) to afford 5,6,7,8-
tetrahydro-4H-thiazolo[4,5-b]azepines 11a,b,d,e in 8-35%
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Yield
%

58

69

48

45

Mp, °C
Recrystallization
solvent

115-117
(AcOEt-hexane)
119-122
(Et,O-EtOH)
130-132
(AcOEt-hexane)
202-204
(AcOEt-MeOH)
129-130
(AcOEt-hexane)
173-176
(AcOEt)
165-167
(AcOEt-hexane)
182-184
(AcOEt-hexane)

Table III

2-Substituted 9,10-Dihydro-4H-thiazolo[4,5-b]{1]benzazepines 18

H N R
-

Molecular Mass
Formula MY
CioH;,N,S 216
C4H,CIN,S 244
CigHgN2S 292
Cy9H;6N,5°0.5H,0 304
Cy7H14N,S 278
Cy3H16N,0S 308
C,7H3CIN,S 312
CyH3N3S 279
Scheme 4
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Figure 2. Stereoscopic Molecular View of 18c.

Analysis, %

Calcd./Found
C H N S
66.63 5.59 12.95 14.82
66.30 5.44 12.70 14.91
59.88 6.10 9.98 11.42
59.80 6.08 9.97 11.37
73.94 5.52 9.58 10.97
74.02 5.62 9.57 10.95
72.81 5.47 8.94 10.23
73.21 5.32 8.78 10.19
73.35 5.07 10.06 11.52
73.23 4.88 9.92 11.74
70.10 5.23 9.08 10.40
70.13 5.18 8.38 10.37
65.27 4.19 8.96 10.25
65.15 4.26 8.89 10.44
68.79 4.69 15.04 11.48
68.65 447 15.00 11.59
ik Ri—N N
S e
N S
30

EtOH  HoN BO__N

. | N
-H,0 131 IS>-_R3

RS Rz

31

yields (Scheme 1, Table I). Thus, the novel 5,6,7,8-
tetrahydro-4H-thiazolo[4,5-b]azepine skeleton was con-

structed by a simple method, although optimization of the
reaction conditions was not examined. We then extended
the reaction to other lactams having different ring sizes.
Following the procedure for 11¢, 2-piperidone (1) and
hexahydro-2(1H)-azocinone (3) were converted to mono-
bromo derivatives 7 [15] and 9 [16], respectively, which
were then reacted with thioamides in ethanol to give the
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Table IV

1H NMR Spectral Data for the Compounds 10, 11, 12, 13 and 18

Compound

10a

10b

11a

11b

11c

11d

1le

12

13a

13b

13c

18a

18b

18¢

18d

18e

18f

18g

18h

[a]

[a]

fa]

[a]

[a]

[a]

[a]

[al

[a]

[a]

[a]

[a]

fal

Chemical Shifts (8, ppm)

1.33 (64, d, ] = 6.9 Hz), 1.96 (2H, m),

2.70 (2H, t, J = 6.4 Hz), 3.15 (1H, m), 3.31
(2H,t, J=5.4Hz)

2.01 (2H, m), 2.76 (2H, t, ] = 6.3 Ha),

3.35 2H, 1, T = 5.4 Hz), 3.84 (3H, 5), 6.91

(2H, d, J = 8.5 Hz), 7.77 2H, d, I = 8.5 Hz)

1.31 (6H, d, ] = 6.8 Hz), 1.60-1.85 (4H, m),
2.64 2H, t,J =5.7 Hz), 3.0-3.20 (3H, m),

4.52 (1H, broad s)

1.60-1.90 (4H, m), 2.71 2H, t, J = 5.7 Hz),

3.10 (2H, t, ] = 5.1 Hz), 4.60 (1H, broad s), 7.02
(1H, d, J = 16.2 Hz), 7.15-7.52 (6H, m)
1.60-1.90 (4H, m), 2.73 (2H, 1, J = 5.7 Hz),

3.12 (2H, t, ] = 4.5 Hz), 4.67 (1H, broad s),
7.30-7.43, (3H, m), 7.73-7.83 (2H, m)

1.65-1.90 (4H, m), 2.71 2H, t, J = 5.6 Hz),

3.12 @H, 1,7 =5.1 Hz), 3.84 3H, s), 4.63 (1H,
broad s), 6.90 2H, 4, ] =9.0 Hz), 7.74 2H, d,
J=9.0Hz)

1.66-1.90 (4H, m), 2.73 (2H, t,J = 5.7 Hz),

3.12 2H,t,J =5.1 Hz), 7.34 (2H, d, J = 8.6 Ha),
7.72 2H,d, J=8.6 Hz))

1.62-1.90 (6H, m), 2.97 2H, , J = 6.5 Hz), 3.44
(2H,1,) = 5.8 Hz), 3.83 (3H, 5), 6.89 2H, d,
1=9.0Hz), 7.74 2H, d, } =9.0 Hz)

1.24 3H, t,J = 7.0 Hz), 1.62-1.77 (2H, m),
1.78-1.91 2H, m), 2.75 (2H, t, ] = 5.8 Hz), 3.10
(2H, 1, J =5.4 Hz), 3.56 2H, q, ] = 7.0 Hz),
7.30-7.43 (3H, m), 7.80-7.90 (2H, m)

1.69-1.83 (2H, m), 1.85-2.00 (2H, m), 2.13

(3H, 5), 2.84 (2H, t, ] = 5.7 Hz), 3.73 (2H, broad s),
7.38-7.47 (3H, m), 7.80-7.91 (2H, m)

1.70-1.82 2H, m), 1.99-2.10 (2H, m), 2.92
(2H,1,J =5.7Hz), 3.41 3H, 5), 3.62 2H, , J=53
Hz), 7.36-7.45 (3H, m), 7.99-7.90 (2H, m)

2.55 (3H, s), 2.95-3.10 (4H, m), 6.61 (1H,

broad s), 6.76-6.93 (2H, m), 7.05-7.17 (2H, m)
1.27 3H, s), 1.31 (3H, 5), 2.94 (4H, s),

3.12 (1H, m), 5.76 (1H, broad s), 6.77 (1H, m),
7.00-7.14 (3H, m)

3.01 (4H, m), 4.14 (2H, s), 6.62 (1H, broad s),
6.76-6.92 (2H, m), 7.05-7.16 (2H, m), 7.25-7.37
(5H, m)

3.09 (4H, m), 6.73 (1H, broad s), 6.82-6.97

(2H, m), 7.07 (1H, d, ] = 16.2 Hz), 7.10-7.20
(2H, m), 7.37-7.43 (4H, m), 7.48-7.55 (2H, m)
3.11 (4H, s), 6.76 (1H, broad s), 6.82-6.96

(2H, m), 7.10-7.20 (2H, m), 7.35-7.47 (3H, m),
7.78-7.88 (2H, m)

3.09 (4H, s), 3.84 (3H, 5), 6.72 (1H, broad s),
6.80-6.98 (4H, m), 7.12 2H, d, ] = 8.9 Hz), 7.76
(2H,d, J=8.9 Hz)

3.10 (4H, s), 6.74 (1H, broad s), 6.83-6.95

(2H, m), 7.10-7.20 (2H, m), 7.37 2H, d, I = 8.7 Hz),
7.76 2H, 4,1 = 8.7 Hz)

3.13 (4H, s), 6.82 (1H, broad s), 6.90 2H, m),
7.16 (2H, m), 7.68 (2H, dd, J = 1.6 and 4.6 H2),
8.66 (2H, dd, J = 1.6 and 4.6 Hz)

[a] In deuteriochloroform. [b] In dimethyl sulfoxide-dg.
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desired 4,5,6,7-tetrahydrothiazolo[4,5-b]pyridines 10a,b
and 4,5,6,7,8,9-hexahydrothiazolo[4,5-bJazocine 12. The
yield varied with the size of the ring with which the
thioamides condensed and decreased in the order of 7-, 6-
and 8-membered rings. The yield seemed to reflect the
stability of the bicyclic ring systems.

We next applied the procedure described above to
the synthesis of 9,10-dihydro-4H-thiazolo[4,5-b]-
[1]benzazepines (type B), because the isomeric 9,10-
dihydro-4H—thiazolo[5,4—b][1]benzazepines (type A)
exhibited prominent antioxidative activity and it was
of particular interest to compare the activity of the two
isomers.

According to the method of Wetter and coworkers [17],
the key intermediate, 3-bromo-2,3,4,5-tetrahydro-1H-[1]-
benzazepin-2-one (17), was prepared in 57% yield from
a-tetralone (14) via three steps: 1) bromination of 14, 2)
oxime formation of 15 and 3) the Beckmann rearrange-
ment of oxime 16 in polyphosphoric acid. 3-Bromo-
2,3,4,5-tetrahydr0—1H—[1]-benzazepin-2—one (17) was
then treated with thioamides in ethanol to give the desired
tricyclic 4-aminothiazole derivatives 18a-h in 37-69%
yields. All the spectral data of 18 supported the structure
shown in Scheme 2 and the structure of 18c was estab-
lished by single-crystal X-ray structural analysis as
shown in Figure 2.

Thus cyclic derivatives (type B) of 4-aminothiazole
were obtained from o-brominated lactams and thioamides,
whereas the corresponding reaction of acyclic a-halo-
genated amides and thioureas have been reported to give
thiazolin-4-one [13], as a result of C-N bond fission under
the reaction conditions. Therefore, in order to ascertain the
difference between acyclic and cyclic amides, acyclic o-
bromoamides 20a,b were reacted independently with
thiobenzamide under the conditions which converted o-
brominated lactams into cyclic derivatives of 4-aminothia-
zoles. After the usual workup followed by purification by
column chromatography on silica gel, the same oily prod-
uct was obtained from 20a and 20b in 53% and 70%
yield, respectively. The structure of the product was
assigned to 4-ethoxy-S5-methyl-2-phenylthiazole (22) on
the basis mass spectra, 1H nmr spectra and elemental
analysis. In order to confirm the structure of 22, an alter-
nate synthesis of 22 was carried out. According to the
method by Kerdesky and coworkers [18], ethyl 2-bromo-
propionate (23) and thiobenzamide were reacted on heat-
ing in a mixture of pyridine and toluene to give 4-
hydroxy-5-methyl-2-phenylthiazole (24). Compound 24
was then O-ethylated by using triethyl phosphate in the
presence of sodium hydride to provide a product 22 in
81% yield. All the spectral data of the product were com-
pletely consistent with those of 22 obtained from 20a,b.
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Compound 22 was not obtained by refluxing 24 in ethanol
in the presence and absence of diethylamine hydrobro-
mide, thus 24 could not be the precursor of 22, suggesting
that 5-methyl-2-phenylthiazolin-4-one might be the pre-
cursor. These results indicate that the C-N bond of the
acyclic amide is easily cleaved under the reaction condi-
tions.

The reaction of an o-halogenated amide and thioamide
may be explained by the reaction pathway shown in
Scheme 4. The a-bromoamide 25 reacts at first with the
thiolate anion to give the intermediate 26 and then the
nitrogen attacks the carbonyl carbon to give 27, from
which the reaction course might branch into path A and
B. Whether path A or B takes precedence might depend
on the structure of the intermediate 27. From our results,
the reaction of the acyclic a-bromoamide proceeds
through the course corresponding to path B to give 4-
ethoxythiazole 31 as the major product. On the other
hand, bicyclic lactam 17 and thioamide reacts through
path A resulting in the formation of 4-aminothiazole
derivatives 18. Monocyclic lactams afford bicyclic deriva-
tives of 4-aminothiazole 30 though the yields were
unsatisfactory, suggesting the possibility that some
amount of 4-ethoxythiazole derivatives 31 were formed
(path B). It seems also reasonable that the equilibrium
between 27 and 29 exists. Of course, the occurrence of
reannelation (29—»27) depends on the nucleophilicity of
the amino group of 29. The possibility that 9,10-dihydro-
4H-thiazolo[4,5-b][1]benzazepines 18 were formed via
reannelation might be low because of the poor nucleo-
philicity of aniline.

In conclusion, we have developed a facile synthetic
method for cyclic derivatives of 4-aminothiazole. This
study was not designed to isolate thiazolin-4-one
derivatives (products from path B) with the exception
of 4-ethoxy-3-methyl-2-phenylthiazole (22), so further
quantitative studies would be necessary to discuss in
more detail. The biological activity of the compounds
obtained in this study will be reported separately.

EXPERIMENTAL

Melting points were determined on a Yanagimoto micro melt-
ing point apparatus and are uncorrected. Proton nuclear magnet-
ic resonance (1H nmr) spectra were recorded on a Varian
Gemini-200 spectrometer in the solvent indicated. Chemical
shifts are given in ppm with tetramethylsilane as an internal
standard. The following abbreviations are used: s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet. Chromatographic
purifications were carried out on silica gel column (Kieselgel 60,
0.063-0.200 mm, Merck). Evaporation was carried out in vacuo
on a rotary evaporator. Elemental microanalyses gave results for
the elements stated within + 0.4% of the theoretical values.
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3,3-Dibromo-2-piperidone (4).

Phosphorus pentachloride (216.4 g, 1.04 moles) was added in
small portions to a solution of 1 (51.5 g, 0.52 mole) in chloro-
form (700 ml) over a period of 40 minutes while the temperature
was maintained between 0-10° by external cooling. To this mix-
ture was added zinc chloride (2.6 g, 19.2 mmoles) and bromine
(166 g, 1.04 moles). The mixture was allowed to reach room
temperature and stirred for 5 hours. After evaporating the sol-
vent, the residue was dissolved in chloroform and treated with
saturated aqueous sodium bisulfite solution. The organic layer
was successively washed with water and brine, and dried over
magnesium sulfate. The filtrate was concentrated and the residue
was purified by column chromatography with ethyl acetate as
eluent. The fractions containing 4 were combined and concen-
trated to yield 109.8 g (82%) of 4. An analytical sample was
obtained by recrystallization from ethyl acetate, mp 177-179°
(lit [15b] mp 172-173°); 1H nmr (deuteriochloroform); & 2.03
(2H, m), 2.99 (2H, m), 3.48 (2H, m), 6.86 (1H, broad s).

Anal. Caled. for CsH:Br,NO: C, 23.37; H, 2.75; N, 5.45; Br,
62.20. Found: C, 23.47; H, 2.83; N, 5.49; Br, 62.49.

3,3-Dibromo-2-oxohexamethyleneimine (5).

The same procedure as described for the preparation of 4 pro-
vided 106 g (78%) of 5 from 2 (56.6 g, 0.5 mole), phosphorus
pentachloride (208 g, 1.0 mole), zinc chloride (2.5 g, 18.3
mmoles) and bromine (160 g, 1.0 mole). An analytical sample
was obtained by recrystallization from ethyl acetate-hexane, mp
158-161° (lit [14] mp 162-163.5°); H nmr (deuteriochloro-
form): & 1.70 (2H, m), 1.99 (2H, m), 2.75 (2H, m), 3.38 (2H, m),
6.55 (1H, broad s).

Anal. Caled. for C¢HgBryNO: C, 26.60; H, 3.35; N, 5.17; Br,
58.98. Found: C, 26.72; H, 3.36; N, 5.22; Br, 58.68.

3,3-Dibromohexahydro-2(1H)-azocinone (6).

The same procedure as described for the preparation of 4 pro-
vided 17.1 g (19%) of 6 from 3 (40 g, 0.31 mole), phosphorus
pentachloride (131 g, 0.63 mole), zinc chloride (1.6 g, 11.6
mmoles) and bromine (100.5 g, 0.63 mole). An analytical sam-
ple was obtained by recrystallization from ethyl acetate-hexane,
mp 146-148° (lit [16] mp 147-148°); 1H nmr (deuteriochloro-
form): & 1.50-1.90 (6H, m), 3.03 (2H, t, J = 5.7 Hz), 3.50-3.70
(2H, m), 6.20 (1H, broad s).

Anal. Caled. for C;Hy;Br,NO: C, 29.50; H, 3.89; N, 4.92; Br,
56.08. Found: C, 29.49; H, 4.00; N, 4.90; Br, 55.80.

3-Bromo-2-piperidone (7).

A solution of 4 (106.5 g, 0.42 mole) in acetic acid (900 ml) was
subjected to hydrogenation in the presence of 10% Pd-C (10 g)
and sodium acetate (37.4 g, 0.46 mole). After hydrogen absorp-
tion ceased, the catalyst and sodium bromide were removed by fil-
tration. The filtrate was then neutralized with saturated aqueous
sodium hydrogen carbonate solution and extracted with chloro-
form. The organic layer was successively washed with water and
brine, and dried over magnesium sulfate. The filtrate was concen-
trated and the residue was purified by column chromatography
with chloroform:methanol (95:5, v/v) as eluent. The fractions con-
taining 7 were combined and concentrated to yield 66.8 g (91%)
of 7. An analytical sample was obtained by recrystallization from
chloroform, mp 135-137° (lit {15a] mp 147°); 1H nmr (deuteri-
ochloroform): & 1.80 (1H, m), 2.10-2.36 (3H, m), 3.30-3.55 (2H,
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m), 4.52 (1H, t, J = 4.3 Hz), 6.55 (1H, broad s).
Anal. Calcd. for CsHgBrNO: C, 33.73; H, 4.53; N, 7.87; Br,
44 .88. Found: C, 33.56; H, 4.44; N, 7.89; Br, 44.78.

3-Bromo-2-oxohexamethyleneimine (8).

The same procedure as described for the preparation of 7 pro-
vided 10.7 g (88%) of 8 from 5 (106 g, 0.39 mole), Pd-C (11 g)
and sodium acetate (35.3 g, 0.43 mole). An analytical sample
was obtained by recrystallization from ethyl acetate-hexane, mp
114-116° (lit [14] mp 113-115°); H nmr (deuteriochloroform); )
1.43-2.20 (6H, m), 3.18-3.26 (1H, m), 3.50-3.70 (1H, m), 4.67
(1H, m), 6.40 (1H, broad s).

Anal. Caled. for C¢H;oBrNO: C, 37.52; H, 5.25; N, 7.29; Br,
41.60. Found: C, 37.72; H, 5.23; N, 7.34; Br, 41.23.

3-Bromohexahydro-2(1H)-azocinone (9).

The same procedure as described for the preparation of 7 pro-
vided 10.7 g (88%) of 9 from 6 (16.9 g, 59.3 mmoles), Pd-C (15
g) and sodium acetate (5.35 g, 65.2 mmoles). An analytical sam-
ple was obtained by recrystallization from ethyl acetate-hexane,
mp 169-170° (lit [16] mp 172-173°); IH nmr (deuteriochloro-
form): & 1.35-1.85 (6H, m), 2.20-2.33 (2H, m), 3.33-3.48 (2H,
m), 4.87 (1H, m), 6.18 (1H, broad s).

Anal. Caled. for C;H,,BrNO: C, 40.80; H, 5.87; N, 6.80; Br,
38.77. Found: C, 40.76; H, 5.67; N, 6.93; Br, 39.01.

Bicyclic 4-Amino-2-substituted Thiazole Derivatives 10-12
(Tables I and IV).

Typical Procedure.
5,6,7,8-Tetrahydro-2-phenyl-4H-thiazolo[4,5-b]azepine (11¢).

A mixture of 8 (3.0 g, 15.6 mmoles) [16] and thiobenzamide
(2.36 g, 17.2 mmoles) in ethanol (30 ml) was refluxed for 4
hours. After evaporating the solvent, the residue was dissolved
in a mixture of chloroform (50 ml) and saturated aqueous sodi-
um hydrogen carbonate solution (50 ml). The organic layer was
successively washed with water and brine, and dried over mag-
nesium sulfate. The filtrate was concentrated and the residue
was purified by column chromatography with hexane:ethyl
acetate (9:1, v/v) as eluent. The fractions containing 1lc were
combined and concentrated. The residue was recrystallized from
ethyl acetate-hexane to yield 1.1 g (29%) of 1lc. Compounds
10a,b, 11a,b, 11d,e and 12 were prepared by similar procedures
to those employed for the preparation of 1lc starting from 8.
Melting points, resulting elemental analyses and spectral data of
these compounds are listed in Tables I and IV.

4-Fthyl-5,6,7,8-tetrahydro-2-phenyl-4H-thiazolo[4,5-b]azepine
(13a).

To a solution of 11c (1.5 g, 6.5 mmoles) in triethyl phosphate
(11.9 g, 65.1 mmoles) was added sodium hydride (60% in oil,
0.39 g, 9.77 mmoles) at 0° and the mixture was heated at 100°
for 4 hours. After being cooled to room temperature, water was
added to the reaction mixture, and the mixture was extracted
with chloroform. The organic layer was successively washed
with water and brine, and dried over magnesium sulfate. The fil-
trate was concentrated and the residue was purified by column
chromatography with hexane:ethyl acetate (9:1, v/v) as eluent.
The fractions containing 13a were combined and concentrated to
yield 1.21 g (72%) of 13a as an oil. Resulting elemental analysis
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and spectral data of this compound are listed in Tables I and IV.

4-Acetyl-5,6,7,8-tetrahydro-2-phenyl-4H-thiazolo[4,5-b]azepine
(13b).

A mixture of 11c (1.0 g, 4.34 mmoles) and acetic anhydride
(0.53 g, 5.21 mmoles) in pyridine (15 ml) was heated at 100° for
1 hour. After evaporating the solvent, the residue was dissolved
in a mixture of chloroform (50 ml) and brine (50 ml). The organ-
ic layer was washed with water and dried over magnesium sul-
fate. The filtrate was concentrated and the residue was purified
by column chromatography with hexane:ethyl acetate (7:3, v/v)
as eluent. The fractions containing 13b were combined and con-
centrated. The residue was recrystallized from ethyl acetate-
hexane to yield 861 mg (73%) of 13b. Melting point, resulting
elemental analysis and spectral data of this compound are listed
in Tables IT and IV.

5,6,7,8-Tetrahydro-4-methanesulfonyl-2-phenyl-4 H-thiazo-
lo[4,5-b]azepine (13c).

To a solution of 11¢ (1.0 g, 4.34 mmoles) in pyridine (10 ml}
was added dropwise methanesulfonyl chloride (1.0 g, 5.21
mmoles) at 0° and the mixture was heated at 100° for 1 hour.
After being cooled to room temperature, chloroform (50 ml) and
brine (50 ml) were added to the mixture. The organic layer was
washed with water and dried over magnesium sulfate. The fil-
trate was concentrated and the residue was purified by column
chromatography with hexane:ethyl acetate (9:1, V/V) as eluent.
The fractions containing 13¢ were combined and concentrated.
The residue was recrystallized from ethyl acetate to yield 970
mg (72%) of 13c. Melting point, resulting elemental analysis
and spectral data of this compound are listed in Tables Il and IV.

2-Substituted 9,10-Dihydro-4H-thiazolo[4,5-b][1]benzazepine
Derivatives 18a-h (Tables III and IV).

Typical Procedure.
9,10-Dihydro-2-methyl-4 H-thiazolo[4,5-b][ 1]benzazepine (18a).

A mixture of 17 (1.0 g, 4.16 mmoles) [19] and thioacetamide
(0.47 g, 6.25 mmoles) in ethanol (10 ml) was refluxed for 5
hours. After evaporating the solvent, the residue was dissolved
in a mixture of chloroform (50 ml) and saturated aqueous sodi-
um hydrogen carbonate solution (50 ml). The organic layer was
successively washed with water and brine, and dried over mag-
nesium sulfate. The filtrate was concentrated and the residue
was purified by column chromatography with hexane:ethyl
acetate (9:1, v/v) as eluent. The fractions containing 18a were
combined and concentrated. The residue was recrystallized from
ethyl acetate-hexane to yield 360 mg (40%) of 18a. Compounds
18b-h were prepared by similar procedures to those employed
for the preparation of 18a. Melting points, resulting elemental
analyses and spectral data of these compounds are listed in
Tables Il and IV.

2-Bromo-N,N-diethylpropionamide (20a).

To a solution of diethylamine (1.69 g, 23.2 mmoles) and tri-
ethylamine (3.5 g, 34.7 mmoles) in chloroform (30 ml) was
added dropwise 2-bromopropionyl bromide (19) (5.0 g, 23.2
mmoles) at 0°. After stirring for 1 hour, the mixture was treated
with water and extracted with chloroform. The organic layer was
successively washed with water and brine, and dried over mag-
nesium sulfate. The filtrate was concentrated and the residue
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was purified by column chromatography with hexane:ethyl
acetate (85:15, v/v) as eluent. The fractions containing 20a were
combined and concentrated to yield 4.03 g (84%) of 20a as an
oil; 1H nmr (deuteriochloroform); & 1.14 (3H, ¢, J = 7.0 Hz),
1.25 (3H,t,J =73 Hz), 1.83 (3H, d, J = 6.6 Hz), 3.15-3.37 (2H,
m), 3.43-3.65 (2H, m), 4.53 (1H, q, J = 6.6 Hz).

Anal. Calcd. for C;H4BrNO: C, 40.40; H, 6.78; N, 6.73; Br,
38.40. Found: C, 40.67; H, 6.58; N, 6.77; Br, 38.59.

2-Bromo-N-phenylpropionamide (20b).

To a solution of aniline (2.16 g, 23.2 mmoles) and triethy-
lamine (3.5 g, 34.7 mmoles) in chloroform (30 ml) was added
dropwise 2-bromopropionyl bromide (19) (5.0 g, 23.2 mmoles)
at 0°. After stirring for 1 hour, the mixture was treated with
water and extracted with chloroform. The organic layer was suc-
cessively washed with water and brine, and dried over magne-
sium sulfate. The filtrate was concentrated and the residue was
purified by column chromatography with chloroform as eluent.
The fractions containing 20b were combined and concentrated.
The residue was recrystallized from ethyl acetate-hexane to
yield 4.49 g (85%) of 20b; 'H nmr (deuteriochloroform): § 1.97
(3H, 4, J = 7.0 Hz), 455 (1H, q, J = 7.0 Hz), 7.10-7.60 (5H, m),
8.09 (1H, broad s).

Anal. Calcd. for CgH,BINO: C, 47.39; H, 4.42; N, 6.14; Br,
35.03. Found: C, 47.58; H, 4.19; N, 6.13; Br, 35.26.

4-Ethoxy-3-methyl-2-phenylthiazole (22).
Procedure 1 (From 20a,b).

A mixture of 20a (3.0 g, 14.4 mmoles) and thiobenzamide
(198 g, 14.4 mmoles) in ethanol (10 ml) was refluxed for 10
hours. After evaporating the solvent, the residue was dissolved
in a mixture of chloroform (50 ml) and saturated aqueous sodi-
um hydrogen carbonate solution (50 ml). The organic layer was
successively washed with water and brine, and dried over mag-
nesium sulfate. The filtrate was concentrated and the residue
was purified by column chromatography with hexane:ethyl
acetate (95:5, v/v) as eluent. The fractions containing 22 were
combined and concentrated to yield 1.67 g (53%) of 22 as an oil.
Compound 22 was also prepared by similar procedures starting
from 20b and thiobenzamide in 70% yield; 'H nmr (deuteri-
ochloroform): 8 1.39 (3H, t, ] = 7.1 Hz), 2.30 (3H, s), 4.41 (2H,
q, J = 7.1 Hz), 7.38 (3H, m), 7.85 (2H, m); !3C nmr (deuteri-
ochloroform): 8 9.15 (methyl C-atom), 15.2 and 66.2 (ethyl C-
atoms), 106.9 (thiazole C-atom), 125.2, 128.6, 129.1 and 133.9
(Ph C-atoms), 159.3 and 159.6 ppm (thiazole C-atoms); ms: m/z
219 (MH).

Anal. Caled. for C;pH3NOS: C, 65.72; H, 597; N, 6.39; S,
14.62. Found: C, 65.79; H, 6.06; N, 6.14; S, 14.79.

Procedure 2 (From 24).
To a solution of 24 [18] (2.1 g, 11.0 mmoles) in triethyl phos-
phate (25 g, 137 mmoles) was added sodium hydride (60% in

oil, 0.66 g, 16.5 mmoles) at 0° and the mixture was heated at
100° for 2 hours. After being cooled to room temperature, water
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was added to the reaction mixture, and the mixture was extract-
ed with chloroform. The organic layer was successively washed
with water and brine, and dried over magnesium sulfate. The fil-
trate was concentrated and the residue was purified by column
chromatography with hexane:ethyl acetate (98:2, v/v) as eluent.
The fractions containing 22 were combined and concentrated to
yield 1.96 g (81%) of 22 as an oil. All the spectral data were
identical with those obtained in Procedure 1.
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