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The antitumor activity of pyrrolo[2,1-c][1,4]benzo-
diazepines (PBD) such as anthramycin, tomaymycin,
neothramycins A and B [1] is thought to be exerted
through a covalent binding via an aminal linkage from the
electrophilic carbinolamine-bearing C-11 position to an
N-2 of guanine within the minor grove of DNA [2]. In
view of the importance of the carbinolamine functionality,
we recently prepared new PBD derivatives [3] [4] among
which some showed a good DNA binding [5] [6]. In order
to extend our study to the thiazolo[4,3-c][1,4]benzo-
diazepine series, we described in a preceding paper [7] the
synthesis of some amidines prepared via the monothiolac-
tams and dithiolactams 2a-e, obtained from thiazolo-
[4,3-c][1,4]benzodiazepine-5,11-diones 1la-e by treatment
with Lawesson's reagent (Scheme 1).
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We present in this paper the preparation of new tricyclic
and tetracyclic diazepine derivatives from these thiolac-
tams. These were converted to the 11-hydrazino-thiazolo-
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[4,3-c]{1,4]benzodiazepines 3a-e in good yields, by the
action of hydrazine hydrate in ethanol at room tempera-
ture (Scheme 2).

Treatment of thiolactams 2a,b and dithiolactams 2c-e
with iodomethane in tetrahydrofuran at room temperature,
in presence of potassium carbonate gave the 11-methylthio-
5H-thiazolo[4,3-c][1,4]benzodiazepines 4a-e (Scheme 3).
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The hydrazines 3a-e treated with triethyl orthoformate
[8] in refluxing n-butanol gave the triazoles Sa-c, f-g,
while 3¢ by the action of triethyl orthoacetate and tricthyl
orthobenzoate led to the corresponding substituted tria-
zoles 5d and Se (Scheme 4).
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The action of 1.5 equivalents of sodium nitrite on the
hydrazines 3a,c in 10% acetic acid gave at room tempera-
ture in good yields the new thiazolo[4,3-c][1,2,3,4]tetra-
zolo[1,5-a][1,4]benzodiazepines 6a,c (Scheme 5).
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Scheme 5 apparatus and only noteworthy absorptions (reciprocal centime-
N" . ters) are listed. Nmr spectra were recorded on a Jeol FX 200
NH_NH2 using TMS as an internal standard. Chemical shifts are reported

_NaNo, \34\ in ppm downficld () from TMS.
CH3C00H 1,2,3,11a-Tetrahydro-11-hydrazino-5H-thiazolo[4,3-c][1,4]-

benzodiazepin-5-one (3a).

3a,c 6a,c A solution of 1,2,3,10,11,11a-hexahydro-5H-thiazolo[4,3-c]-
3a,6a, X=0 [1,4]benzodiazepin-5-one-11-thione (2a) (1 g, 0.0040 mole) and
3c,6c, X=8S hydrazine monohydrate (1.55 ml, 0.0320 mole) in ethanol 30

The methyliminothioethers 4a-e treated with 3 equivalents
of hydroxylamine hydrochloride in the presence of triethyl-
amine in refluxing ethanol [9] gave the corresponding 11-
hydroxyimino-5H-thiazolo[4,3-c][1,4]benzodiazepines Ta-¢
in good yields (Scheme 6). Compound 7b led to the original
10-chlorothiazolo[4,3-c](1,2,4)oxadiazolo[4,3-a]-
[1,4]benzodiazepine-1,8-dione (8b) by treatment with phos-
gene in refluxing toluene. This structure was supported by
the following analysis of the ir and nmr spectra. The ir spec-
trum of 8b exhibited effectively a strong carbonyl absorption
at 1765 cm-! and no absorption between 2900 and 3500
cm-t. The 'H-nmr spectrum exhibited no exchangeable pro-
ton signal upon deuteration. Application of this pathway to
the 11-hydroxyimino-5H-thiazolo [4,3-c][1,4]benzodiaze-
pines 7c-e gave the 1-oxothiazolo[4,3-¢c][1,2,4]oxadiazolo-
[4,3-a]{1,4]benzodiazepines 8c-e.
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The antitumor activity of compouds 5b, 5c, 5d, 5g, 6a,
7¢, 7d, 8b, 8c and 8d is currently evaluated by the
National Cancer Institute, Bethesda, Maryland.

EXPERIMENTAL

General Methods.

Melting points were taken on a Kofler block and are uncor-
rected. Infrared spectra were recorded on a Philips PU 9716

ml) was stirred for 2 hours at room temperature. The solvent was
removed under reduced pressure and the oily residue was taken
up in water. The precipitate was collected, dried and recrystal-
lized from water to yield 0.75 g (76%) of 3a (white solid), mp
194°; ir (potassium bromide): v 3400 and 3320 (NH), 1645
(C=0), 1605 (C=N) cm-1; !H-nmr (dimethy] sulfoxide-d¢): &
774 (d, JH6H7 = 781 HZ, H6)9 745 (t, JH8H9 = JH8H7 = 766 }‘IZ,
Hg), 7.28 (d, Jyyoug = 7-89 Hz. Hg), 7.12 (t, Jy7u8 = JH7H = 7.78
Hz, Hy), 6.41 (m, NH and NH,), 4.92 (4, Jger = 10.26 Hz, H3,),
4.64 (m, Hyp, and Hyy,), 3.94 (d, Jge = 10.27 Hz, Hj,), 3.41 (m,
H;y,); ms: m/z 248 (26), 215 (18), 154 (42).

Anal. Calcd. for C{;H,,N,OS: C, 53.18; H, 4.83; N, 22.56.
Found: C, 53.05; H, 5.02; N, 22.43.

1,2,3,11a-Tetrahydro-7-chloro-11-hydrazino-5H-thiazolo[4,3-c]-
[1,4]benzodiazepin-5-one (3b).

The thiolactam 2b (1.2 g, 0.0042 mole) was converted to 3b
using the procedure for the preparation of 3a. This gave 0.85 g
(71%) of 3b (white crystals), mp 206° (ethanol); ir (potassium
bromide): v 3340, 3310 and 3285 (NH), 1640 (C=0), 1610
(C=N) cm-1; 1H-nmr (dimethy! sulfoxide-dg): & 7.64 (d, Jyzen1s =
1.92 Hz, Hg), 7.41 (dd, Jggpo = 7.91 Hz, Jyjgye = 1.96 Hz, Hy),
7.25 (d, Jyons = 7.97 Hz, Hg), 6.51 (m, NH and NH,), 4.72 (d,
Jgem =10.03 HZ, H3a), 4.49 (m, H3b and Hlla)’ 3.66 (m, Hla and
Hyp).

Anal. Caled. for C;H{;N4OSCL: C, 46.73; H, 3.92; N, 19.82.
Found: C, 46.72; H,3.81; N, 19.71.

1,2,3,11a-Tetrahydro-11-hydrazino-5H-thiazolo[4,3-
zodiazepine-5-thione (3¢).

c][1,4]ben-

The dithiolactam 2¢ was converted to 3c using the procedure
for the preparation of 3a. This gave 1.95 g (79%) of 3¢ (yellow
crystals), mp 215° (water); ir (potassium bromide): v 3420 and
3300 (NH), 1630 (C=N) cm~1; !H-nmr (dimethyl sulfoxide-de):
5 808 (d, JH6H7 = 815 HZ, }16)? 741 (t, Jngllg = JHBH'] = 789
HZ, Hg), 720 (d, JH9"8 == 791 HZ, Hg), 707 ([, JH7HS = ']}17[16 =
8.03 Hz, H5), 6.64 (m, NH and NH,), 5.12 (d, Jgem =11.89 Hz,
Hj,), 4.87 (m, Hyy, and Hyy,), 3.81 (d, Jgen, = 11.72 Hz, Hy,),
3.39 (m, Hlb)'

Anal. Caled. for C;{H NS5t C, 49.96; H, 445; N, 21.19.
Found: C, 50.13; H, 4.39; N, 21.07.

1,2,3,11a-Tetrahydro-7-chloro-11-hydrazino-5H-thiazolo[4,3-c]-
[1,4]benzodiazepine-5-thione (3d).

The dithiolactam 2d (1.5 g, 0.0050 mole) was converted to 3d
as for the preparation of 3a. This gave 1.2 g (81%) of 3d (yellow
crystals), mp 256° (2-propanol); ir (potassium bromide): v 3350
and 3240 (NH), 1620 (C=N) cm~!; IH-nmr (dimethyl sulfoxide-
dg): 8 7.93 (s, Hg), 7.43 (d, Jygno = 8.28 Hz, Hy), 7.14 (d,
JHQHS = 8.36 I‘IZ, Hg), 6.21 (m, NH and N}Iz), 5.10 (d, ‘]gem =
11.72 Hz, Hy,), 4.89 (m, Hy, and Hy,), 3.78 (d, Jeem = 11.23
Hz, Hy,), 3.34 (m, Hyy).
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Anal. Caled. for Cy1H 1N4S,CL: C, 44.22; H, 3.71; N, 18.75.
Found: C, 44.06; H, 3.54; N, 18.94.

1,2,3,11a-Tetrahydro-7-methyl-11-hydrazino-5H-thiazolo-
[4,3-c][1,4]benzodiazepine-5-thione (3e).

The dithiolactam 2e (1 g, 0.0036 mole) was converted to 3e
using the procedure for the preparation of 3a. This gave 0.65 g
(66%) of 3e (yellow crystals), mp 226° (ethyl acetate); ir
(potassium bromide): v 3365, 3280 and 3245 (NH), 1610
(C=N) cm~!; 'H-nmr (dimethyl sulfoxide-d¢): 8 7.79 (s, Hg),
732 (m, Hg and Hy), 6.44 (m, NH and NH3), 5.02 (d, Jgem =
11.43 Hz, Hj,), 4.83 (m, H3, and Hyy,), 3.84 (d, Jgep, = 11.34
Hz, Hy,). 3 39 (m, Hy), 2.38 (s, CH3); ms: m/z 278 (46), 245
(24), 180 (19).

Anal. Caled. for C1;H4N4S,: C, 51.77; H, 5.07; N, 20.13.
Found: C, 51.64; H, 5.26; N, 20.30.

1,2,3,11a-Tetrahydro-11-methylthio-SH-thiazolo[4,3-c][1,4]-
benzodiazepin-5-one (4a).

To a solution of 1,2,3,10,11,11a-hexahydro-5H-thiazolo-
[4,3-c][1,4]benzodiazepin-5-one-11-thione (2a) (4.5 g, 0.0180
mole) in tetrahydrofuran (90 ml), we added 2 equivalents of
methyl iodide (2.2 ml, 0.359 mole) and 3 equivalents of potas-
sium carbonate (7.45 g, 0.0539 mole). The mixture was stirred
at room temperature for 15 hours, then filtered and the filtrate
was concentrated to dryness. The oily residue was taken up in
petroleum ether. The white solid was collected, dried to give 3.7
g (78%) of da, mp 136° (ether); ir (potassium bromide): v 1635
(C=0), 1605 (C=N) cm~1; 1H-nmr (dimethy! sulfoxide-dg): &
7.80 (d, JH6H7 =7.83 l'IZ, H6)~ 7.56 ([, JH8H9 = JH8H7 =779 HZ,
Hg), 7.29 (t, Jy7as = Ju7me = 7-80 Hz, Hy), 7.23 (d, Jyoug =
7.80 Hz, Hy), 5.02 (m, H3, and Hyy,), 4.52 (d, Jgep, = 11.32 Hz,
Hay), 3.52 (m, Hy, and Hyy), 2.42 (s, CH3); ms: m/z 264 (56),
215 (22), 169 (35), 137 (40).

Anal. Caled. for C),H;,N,0S,: C, 54.52; H, 4.58; N, 10.60.
Found: C, 54.31; H, 4.64; N, 10.65.

1,2,3,11a-Tetrahydro-7-chloro-11-methylthio-5H-thiazolo-
[4.3-c][1,4]benzodiazepin-5-one (4b).

The thiolactam 2b (4 g, 0.0140 mole) was converted to 4b as
for the preparation of 4a. This gave 2.85 g (68%) of 4b (white
crystals), mp 134° (ether); ir (potassium bromide): v 1610
(C=0) cm~!; H-nmr (dimethyl sulfoxide-dg): 8 7.78 (d, Jyepg =
2.03 }IZ, I‘IG), 7.62 (dd, JH8H9 =8.75 HZ, JHBHG =201 HZ, HS)’
7.28 (d, Jyopg = 8.68 Hz, Hy), 4.62 (d, Jyer, = 11.27 Hz, Hy,),
4.24 (m, Hg3p, and Hyy,), 3.54 (d, Jgep, = 11.42 Hz, H,,). 3.28
(m, Hyp,), 2.46 (s, CH3).

Anal. Caled. for Cy,H N,OS,CL: C, 48.24; H, 3.71; N, 9.38.
Found: C, 48.03; H, 3.51; N, 9.19.

1,2,3,11a-Tetrahydro-11-methylthio-5H-thiazolo[4,3-c][1,4]-
benzodiazepine-5-thione (4¢).

The dithiolactam 2¢ (3 g, 0.113 mole) was converted to 4c
using the procedure for the preparation of 4a. This gave 2.2 g
(70%) of 4c (yellow crystals), mp 142° (ethanol); ir (potassium
bromide): v 1605 (C=N) ecm~!; 1I-nmr (dimethyl sulfoxide-dg):
8 7.96 (d, Jygu7 = 8.03 Hz, Hg), 7.42 (t, Jyguo = Jusu7 = 7.97
Hz, Hg), 7.23 (m, Hy and Hy), 4.64 (d, Jgey, = 11.32 Hz, Hy,),
4.27 (m, Hyy, and H;y,), 3.34 (m, Hy, and Hyy), 2.41 (s, CH,);
ms: m/z 280 (34), 230 (62), 184 (18), 136 (28).

Anal. Caled. for Cy,H 3N5S5: C, 51.40; H, 4.31; N, 9.99.
Found: C, 51.59; H, 4.42; N, 9.78.
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1,2,3,11a-Tetrahydro-7-chloro-11-methylthio-5H-thiazolo-
[4,3-c][1,4)benzodiazepine-5-thione (4d).

The dithiolactam 2d (2 g, 0.0067 mole) was converted to 4d
using the procedure for the synthesis of 4a. This gave 1.3 g
(62%) of 4d (yellow crystals), mp 142° (acetone); ir (potassium
bromide): v 1600 (C=N) cm-!; 1H-nmr (dimethyl sulfoxide-dg):
5 8.10 (S‘ HG)’ 7.60 (d, Jﬂgﬂg =8.79 l{Z, HS)’ 7.22 (d, JHQH8 =
8.55 Hz, Hy), 5.11 (4, Jgery = 12.04 Hz, Hj,), 4.81 (m, Hj;, and
H”a), 3.64 (m, Hla and Hlb)‘ 2.47 (S‘ CH3)

Anal. Calcd. for C,H{N,8;CI: C, 45.78; H, 3.52; N, 8.90.
Found: C, 45.65; H, 3.31; N, 8.78.

1,2,3,11a-Tetrahydro-7-methyl-11-methylthio-5H-thiazolo-
[4,3-c](1,4]benzodiazepine-5-thione (4e).

The dithiolactam 2e (3 g, 0.0107 mole) was converted to 4¢
using the method of preparation of 4a. This gave 2.1 g (67%) of
4e (yellow crystals), mp 140° (ether); ir (potassium bromide): v
1610 (C=N) cm-!; !H-nmr (dimethyl sulfoxide-dg): & 7.78
(s, Hg), 7.22 (d, Jyygpo = 8.74 Hz, Hyg), 7.06 (d, Jzgyg = 8.80 Hz,
Hg), 5.12 (d, Jge = 11.88 Hz, Hg,), 4.82 (d, Jgery = 11.79, Hyp),
4.75 (m, Hyy,), 3.51 (d, Jgen, = 11.92, Hyy,), 3.28 (m, Hyy,), 2.52
(s, CH3), 2.45 (s, SCH,3).

Anal. Caled. for C;3H4N,S3: C, 53.03; H, 4.79; N, 9.51.
Found: C, 53.14; H, 4.71; N, 9.32.

3b,4,5,6-Tetrahydro-8H-thiazolo[4,3-c][1,2,4]triazolo[4,3-a]-
[1,4]benzodiazepin-8-one (5a).

A solution of 11-hydrazino-1,2,3,11a-tetrahydro-5H-thia-
zolo[4,3-c][1,4]benzodiazepin-5-one (3a) (0.8 g, 0.0032 mole)
and triethyl orthoformate (0.7 ml, 0.0042 mole) in n-butanol (30
ml) was heated at reflux. A precipitate was observed after
1 hour. After 2 hours, the mixture was cooled and the white
solid was collected, dried and recrystallized from ethanol to
yield 0.6 g (72%) of 5a, mp >260°; ir (potassium bromide): v
1625 (C=0), 1605 (C=N) cm-!; 'H-nmr (dimethyl sulfoxide-
dg): & 8.96 (s, CH), 7.72 (d, Jyom10 = 7.81 Hz, Hy), 7.46 (t,
Janniz = Jnimno = 7.92 Hz, Hyy), 7.27 (d, Jygopny =7 87 Hz,
Hy), 7.14 (4, Jgrorn = Jurong = 7 87 Hz, Hy), 4.88 (d, Jgery =
10.25 Hz, Hg,), 4.66 (m, Hyy), 4.55 (d, Joor = 10.55 Hz, Hgy),
391 (d, Jgery = 10.68 Hz, Hy,). 3.34 (m, Hyp).

Anal. Caled. for C;,H;N4OS: C, 55.80; H, 3.90; N, 21.69.
Found: C, 55.98; H, 4.01; N, 21.92.

3b,4,5,6-Tetrahydro-10-chloro-8 H-thiazolo[4,3-c][1,2,4]tri-
azolo[4,3-alf1,4]benzodiazepin-8-one (Sb).

The hydrazine 3c (0.7 g, 0.0025 mole) was converted to 5b
using the procedure for the preparation of 5a. This gave 0.6 g
(83%) of 5b (white solid), mp > 260° (ether); ir (potassium bro-
mide): v 1620 (C=0) cm~}; !H-nmr (dimethyl sulfoxide-dg): &
9.24 (s, CH), 7.93 (s, Hg), 7.82 (m, Hy; and Hy5), 5.21 (m, Hg,),
4.83 (m, Hgp, and Hyy,), 4.01 (d, Jge, = 11.03 Hz, Hy,), 3.74 (m,
Hyy); ms: m/z 292 (18), 249 (46), 187 (26).

Anal. Calcd. for C1,HoN4OSCI: C, 49.24; H, 3.10; N, 19.14.
Found: C, 49.31; H, 3.24; N, 18.99.
3b,4,5,6-Tetrahydro-8H-thiazolo[4,3-c][1,2,4]triazolo[4,3-a]-
[1,4]benzodiazepine-8-thione (5c).

The hydrazine 3¢ (1.7 g, 0.0064 mole) was converted to Sc
using the method of preparation of 5a. This gave 1.4 g (80%) of
Sc (yellow solid), mp >260° (2-propanol); ir (potassium bromide):
v 1615 (C =N) em!; 'H-nmr (dimethy! sulfoxide-dg): & 9.26 (s,
CH), 8.19 (d, JHQH]O =781 HZ, Hg), 7.56 (m, HIO! H“ and le),
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5.43 (m, Hyp), 5.21 (d, Jgem = 12.06 Hz, He,), 5.01 (d, Jgem =
12.11 Hz, Hgp), 4.07 (d, Jgen = 11.23 Hz, Hy,), 3.83 (m, Hyy)-

Anal. Caled. for C1oH gNgSy: C, 52.53; H, 3.67; N, 20.43.
Found: C, 52.34; H, 3.80; N, 20.19.

3b,4,5,6-Tetrahydro-1-methyl-8 H-thiazolo[4,3-c}{1,2,4]tri-
azolo[4,3-a][1,4]benzodiazepine-8-thione (5d).

A solution of 1,2,3,11a-tetrahydro-11-hydrazino-5H-thia-
zolo[4,3-c][1,4]benzodiazepine-5-thione (3c) (0.8 g, 0.0030
mole) and triethyl orthoacetate (0.7 ml, 0.0039 mole) in
n-butanol (30 ml) was heated at reflux for 3 hours. After cool-
ing, the precipitate was filtered, dried and recrystallized from
2-propanol to give 0.65 g (75%) of 5d (yellow solid), mp >260°;
ir (potassium bromide): v 1605 (C=N) cm~1; 1H-nmr (dimethyl
sulfoxide-dg): 8 8.12 (d, Jyguio = 7.80 Hz, Hyg), 7.58 (m, Hyq,
Hy; and Hyp), 5.27 (m, Hjp), 5.04 (d, Jgerm = 10.75 Hz, Hg,),
4.96 (d, Jge, = 10.82 Hz, Hgy), 4.05 (d, Jger, = 11.13 Hz, Hy,),
3.77 (m, Hyp), 2.49 (s, CHy).

Anal. Calcd. for C;3H|3N4So: C, 54.14; H, 4.19; N, 19.43.
Found: C, 54.35; H, 4.26; N, 19.25.

3b,4,5,6-Tetrahydro-1-phenyl-8 H-thiazolo[4,3-c](1,2,4]tri-
azolo[4,3-a][1,4]benzodiazepine-8-thione (Se).

A solution of 1,2,3,11a-tetrahydro-11-hydrazino-5H-thia-
zolo[4,3-¢][1,4]benzodiazepine-5-thione (3¢) (1 g, 0.0038 mole)
and triethyl orthobenzoate (1.2 ml, 0.0053 mole) in n-butanol
(35 ml) was heated at reflux for 3 hours. After cooling, the
orange precipitate was collected, dried and recrystallized from
ether to give 0.85 g (64%) of 5¢, mp 255°; ir (potassium bro-
mide): v 1610 (C=N) cm-1; IH-nmr (dimethyl sulfoxide-dg): &
8.17-7.01 (m, 9 H), 5.25 (d, Jger, = 10.01 Hz, Hg,), 5.08 (m, Hgy,
and Hap), 4.06 (d, Jgery = 10.28 Hz, Hy,), 3.76 (m, Hyp).

Anal. Caled. for C gH 4N4S,: C, 61.69; H, 4.03; N, 15.99.
Found: C, 61.48; H, 4.12; N, 16.15.

3b,4,5,6-Tetrahydro-10-chloro-8H-thiazolo[4,3-c][1,2,4]tri-
azolo[4,3-a][1,4]benzodiazepine-&-thione (5f).

The hydrazidine 3d (1 g, 0.0033 mole) was converted to 5f
using the procedure for the preparation of 5a. This gave 0.7 g
(68%) of 5f (yellow solid), mp >260° (acetone); ir (potassium
bromide): v 1610 (C=N) cm~!; IH-nmr (dimethyl sulfoxide-dg):
§9.27 (s, CH), 8.17 (s, Hy), 7.73 (m, Hyj, Hy), 5.48 (m, Hj,),
5.20 (d, Jgey = 12.01 Hz, Hg,), 498 (d, Jger = 11.85 Hz, Hg),
4.08 (d, Jger, = 11.71 Hz, Hy,), 3.68 (m, Hyp).

Anal. Caled. for CoHgN,S,Cl: C, 46.67; H, 2.94; N, 18.14.
Found: C, 46.47; H, 3.10; N, 18.13.

3h,4,5,6-Tetrahydr0—10-methyl-8H-thiazolo[4,3-c] [1,2,4]tri-
azolo[4,3-a][1,4]benzodiazepine-8-thione (5g).

The hydrazine 3e (1.3 g, 0.0047 mole) was converted to 5g as
for the preparation of 5a. This gave 0.95 g (70%) of 5g (yellow
solid), mp >260° (2-propanol); ir (potassium bromide): v 1625
(C=N) cm-1; 1H-nmr (dimethyl sulfoxide-dg): 6 9.19 (s, CH),
7.98 (s, Hg), 7.51 (m, Hy; and Hy,), 5.19 (m, Hjp, and Hg,), 4.94
(d, Jgem = 11.81 Hz, Hep), 3.91 (m, Hy, and Hyy), 2.38 (s, CH3).

Anal. Caled. for Cy3HN4S,: C, 54.14; H, 4.19; N, 19.43.
Found: C, 53.93; H, 4.09; N, 19.56.

3b.4,5,6-Tetrahydro-8H-thiazolo[4,3-c][1 2,3 4]tetrazolo[1,5-a]-
[1,4]benzodiazepin-8-one (6a).

To a solution of 1,2,3,11a-tetrahydro-11-hydrazino-5H-thia-
zolo[4,3-c][1,4]benzodiazepin-5-one (3a) (1 g, 0.0040 mole) in
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10% acetic acid (40 ml) we added sodium nitrite (0.4 g, 0.0060
mole). The resultant solution was stirred to room temperature for
1 bour. The white precipitate was filtered, dried and recrystal-
lized from 2-propanol to give 0.7 g (67%) of 6a, mp 246°; ir
(potassium bromide): v 1630 (C=0), 1605 (C=N) cm-1; 1H-nmr
(dimethyl sulfoxide-dg): 8 7.98 (d, Jzo10 = 7-81 Hz, Hy), 7.72
(m, HIO’ Hll and H12)’ 5.41 (m, HSb), 4.74 (m, H6a and H6b)‘
401(d, Jgey = 10.25 Hz, Hy,), 3.78 (mn, Hy,); ms: m/z 259 (70),
229 (29), 169 (36).

Anal. Caled. for C;{HgNsOS: C, 50.96; H, 3.50; N, 27.01.
Found: C, 51.09; H, 3.34; N, 26 91.

3b,4,5,6-Tetrahydro-8H-thiazolo[4,3-c][1,2,3,4]tetrazolo[ 1,5-a]-
[1,4]benzodiazepine-8-thione (6c).

The hydrazine 3¢ (0.9 g, 0.0034 mole) was converted to 6¢
using the procedure for the preparation of 6a. This gave 0.7 g
(74%) of 6c (yellow needles), mp 240° (ethanol); ir (potassium
bromide): v 1600 (C=N) cm~!; IH-nmr (dimethyl] sulfoxide-d¢):
5 8.21 (d, Jygmo = 8.18 Hz, Hy), 7.67 (m, Hyq, Hyy and Hyp),
5.62 (m, Hjp), 5.24 (d, Jger, = 11.90 Hz, Hg,); 4.91 (d, Yoem =
11.81 Hz, Hgp), 3.95 (in, Hy, and Hyy,).

Anal. Caled. for C;{HgNsS,: C, 47.98; H, 3.29; N, 25.43.
Found: C; 48.10; H, 3.14; N, 25.23.

1,2,3,10,11,11a-Hexahydro-11 -hydroxyimino-5H-thiazolo-
[4,3-c][1,4]benzodiazepin-5-one (7a).

To a solution of 1,2,3,11a-tetrahydro-11-methylthio-5H-thia-
zolo[4,3-c][1,4]benzodiazepin-5-one (4a) (0.8 g, 0.0030 mole)
in ethanol (30 ml) we added hydroxylamine hydrochloride (0.6
g, 0.0091 mole) and triethylamine (1.7 ml, 0.0121 mole). The
mixture was heated to reflux for 4 hours. After cooling to room
temperature, the white precipitate was collected, dried and
recrystallized from 2-propanol to give 0.45 g (60%) of 7a, mp
192°; ir (potassium bromide): v 3360 (OH), 3210 (NII), 1650
(C=N), 1610 (C=0) cm~!; !H-nmr (dimethyl sulfoxide-dg): 8
10.23 (s, NH), 8.83 (s, OH), 7.66 (d, Jyerp7 = 7-81 Hz, Ig), 7.35
(t, Jysr = Tusie = 7.71 Hz, Hg), 7.24 (d, Jopg = 7.81 Hz, ),
7.02 (t, JH7“8 = JH-/H() =752 I'IZ, ]‘17), 4.87 (d, chm =10.74 l'IZ,
Ha,), 4.55 (m, Hy, and Hyy,), 3.70 (d, Jgep, = 11.18 Hz, Hyy),
3.25 (m, Hyp,); ms: m/z 249 (10), 217 (28), 170 (15).

Anal. Caled. for C;H|;N;O,S: C, 53.01; H, 4.45; N, 16.86.
Found: C, 53.04; H, 4.25; N, 16.78.

1,2,3,10,11,11a-Hexahydro-7-chloro-11 -hydroxyimino-5H-thi-
azolo[4,3-c][1,4]benzodiazepin-5-one (7b).

The methyliminothioether 4b (1 g, 0.0033 mole) was con-
verted to 7b using the procedure for the preparation of 7a. This
gave 0.65 g (68%) of 7b (white solid), mp 255° (water); ir
(potassium bromide): v 3350 (OH), 3250 (NH), 1655 (C=N),
1610 (C=0) cm~!; 'H-nmr (dimethyl sulfoxide-dg): & 10.34 (s,
NH), 9.07 (s, OH), 7.63 (s, H6), 7.49 (d, Jy;gge = 8.79 Hz, Hy),
7.33 (d, Jyopg = 8.79 Hz, Hy), 4.88 (d, Jgey = 10.70 Hz, Hy,),
4.57 (m, Hay, and Hyy,), 3.68 (d, Jgem, = 11.02 Hz, Hy,), 3.37 (m,
Hjp)-

Anal. Caled. for CH,;(N;0,SCL: C, 46.57; 11, 3.55; N,
14.81. Found: C, 46.43; H, 3.32; N, 14.71.

1,2,3,10,11,11a-Hexahydro-11-hydroxyimino-5H-thiazolo-
[4,3-c}[1,4]benzodiazepine-5-thione (7c).
The methyliminothioether 4¢ (1 g, 0.0036 mole) was con-

verted to 7c¢ using the procedure for the preparation of 7a. This
gave 0.7 g (74%) of Tc (yellow crystals), mp 250° (cthanol); ir
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(potassium bromide): v 3320 (NH and OH), 1655 (C=N) cml;
IH-nmr (dimethyl sulfoxide-dg): & 10.33 (s, NH), 8.96 (s, OH),
7.96 (d, Juen7 = 7-82 Hz, Hg), 7.39 (4, Jugno = Jusu7 = 7.63 Hz,
Hg), 722 (d, JH9H8 = 771 HZ, Hg), 705 (t, Jng = JH7H6 = 772
Hz, Hy), 499 (m, H3, and H;y,), 4.89 (d, Jgem =10.06 Hz, Hy,),
3.51 (m, H;, and Hy},); ms: m/z 265 (18), 235 (42), 198 (10).

Anal. Calcd. for Cq H;3N3OS,: C, 49.79; H, 4.18; N, 15.84.
Found: C, 49.92; H, 4.07; N, 15.68.

1,2,3,10,11,11a-Hexahydro-7-chloro-11-hydroxyimino-5H-thi-
azolo[4,3-c][1,4]benzodiazepine-5-thione (7d).

The methyliminothioether 4d (1.2 g, 0.0038 mole) was con-
verted to 7d using the procedure for the preparation of 7a. This
gave 0.7 g (61%) of 7d (yellow needles), mp >260° (2-propanol);
ir (potassium bromide): v 3440 (OH), 3200 (NH), 1650 (C=N)
em-1; IH-nmr (dimethyl sulfoxide-dg): & 10.40 (s, NH), 9.13 (s,
OH), 7.95 (d, Jyens = 2-44 Hz, Hg), 7.49 (dd, Jygyo = 8.34 Hz,
Tusne = 2-21 Hz, Hg), 7.28 (d, Jyong = 8.19 Hz, Hy), 5.04 (m,
Hj,, Hyp, and Hyy,), 3.79 (d, Jgep, = 10.25 Hz, H;,). 3.46 (m, H,}).

Anal. Calcd. for C1;H (N3OS,Cl: C, 44.07; H, 3.36; N,
14.02. Found: C, 44.28; H, 3.21; N, 13.91.

1,2.3,10,11,11a-Hexahydro-7-methyl-11-hydroxyimino-5H-thi-
azolo[4,3-c][1,4]benzodiazepine-S-thione (7e).

The methyliminothioether 4e (1 g, 0.0034 mole) was converted
to 7e using the procedure for the preparation of 7a. This gave 0.6 g
(63%) of 7e (orange crystals), mp >260° (acetone); ir (potassium
bromide): v 3380 (OH), 3220 (NH), 1660 (C=N) cm~1; H-nmr
(dimethyl sulfoxide-dg): 6 10.22 (s, NH), 8.81 (s, OH), 7.82 (s,
H), 7.21 (m, Hg and Hg), 5.06 (m, Hz, and Hzp), 4.87 (m, Hyy,),
3.69 (d, Jgen = 10.72 Hz, H,,), 3.36 (m, Hy), 2.26 (s, CHy).

Anal. Caled. for C15H;3N30S,: C, 51.59; H, 4.69; N, 15.04.
Found: C, 51.84; H, 4.74; N, 14.95.

1,2,3b,4,5,6-Hexahydro-10-chloro-8H-thiazolo[4,3-c][1,2,4]oxa-
diazolo[4,3-a][ 1,4]benzodiazepine-1,8-dione (8b).

To 1,2,3,10,11,11a-hexahydro-7-chloro-11-hydroxyimino-5H-
thiazolo{4,3-c][1,4]benzodiazepin-5-one (7b) (1 g, 0.0035 mole),
we added phosgene (20 ml, 0.04 mole) in toluene solution (20%).
The solution was heated to reflux for 2 hours. After cooling to
room temperature, the white precipitate was collected, dried and
recrystallized from ether to give 0.7 g (64%) of 8b, mp 2257 ir
(potassium bromide): v 1765 (C=0), 1630 (C=0), 1610 (C=N)
em~!; IH-nmr (dimethyl sulfoxide-dg): & 7.84 (m, Hg, Hy; and
Hy,), 5.18 (m, Hap), 4.77 (m, Hg, and Hep), 3.68 (d, Joer, = 10.28
Hz, Hy,), 3.55 (m, Hyp); ms: m/z 309 (28), 265 (12), 249 (21).

Anal. Caled. for C1,HgN3;0,SCL: C, 46.54; H, 2.60; N, 13.57.
Found: C, 46.52; H, 2.57; N, 13.46.

1,2,3b,4,5,6-Hexahydro-8 H-thiazolo[4.3-c][ 1,2,4]oxadiazolo-
[4,3-a][1,4]benzodiazepin-1-one-§-thione (8c).

The oxime 7¢ (1.2 g, 0.0045 mole) was converted to 8c using
the procedure for the preparation of 8b. This gave 0.8 g (61%)
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of 8¢ (yellow crystals), mp 232° (ether); ir (potassium bromide):
v 1770 (C=0), 1620 (C=N) cm~1; IH-nmr (dimethyl sulfoxide-
d6): b 8.06 (d, JHQHIO = 8.26 HZ, Hg), 7.59 (m, HIO’ Hll and
Hjy), 5.32 (m, H3p), 5.22 (d, Jgem = 10.92 Hz, Hg,), 4.90 (d,
Jgem = 11.15 Hz, Hgp), 3.67 (m, Hy, and Hyy).

Anal. Calcd. for C13HgN30,S,: C, 49.47; H, 3.11; N, 14.42.
Found: C, 49.48; H, 3.22; N, 14.38.

1,2,3b,4,5,6-Hexahydro-10-chloro-8 H-thiazolo [4,3-c](1,2,4]oxa-
diazolo[4,3-a][1,4]benzodiazepin-1-one-8-thione (8d).

The oxime 7d (0.8 g, 0.0027 mole) was converted to 8d as for
the preparation of 8b. This gave 0.65 g (75%) of 8d (yellow
crystals), mp 232° (ethanol); ir (potassium bromide): v 1760
(C=0), 1620 (C=N) cm-1; IH-nmr (dimethyl sulfoxide-dg): )
8.10 (d, JH9H11 =239 HZ. }'Ig), 7.75 (m, I‘Ill and le), 545 (m,
Hsp), 5.19 (d, Jgey = 11.72 Hz, Hg,), 4.92 (d, Jgep, = 12.01 Hz,
Hgp), 3.70 (m, Hy, and Hyy,).

Anal. Calcd. for C;,HgN30,8,Cl: C, 44.24; H, 2.47; N,
12.90. Found: C, 44.39; H, 2.29; N, 12.96.

1,2,3b,4,5,6—Hexahydro-10—methyl—8H-thiazolo[4,3-c] [1,2,4]-
oxadiazolo[4,3-a][1,4]benzodiazepin-1-one-8-thione (8e).

The oxime 7e (1 g, 0.0036 mole) was converted to 8¢ using
the procedure for the preparation of 8b. This gave 0.7 g (64%)
of 8e (yellow crystals), mp 234° (ether); ir (potassium bro-
mide): v 1775 (C=0), 1615 (C=N) cm~}; H-nmr (dimethyl
sulfoxide-dg): & 7.96 (s, Hg), 7.59 (m, Hy; and H;,), 5.28 (m,
Hs, and Hg,), 4.95 (d, Jgery = 11.72 Hz, Hgp), 3.73 (m, Hy,
and Hyy), 2.48 (s, CHj); ms: m/z 305 (34), 261 (8), 199 (40),
164 (21).

Anal. Caled. for C3H | N3O,8,: C, 51.13; H, 3.63; N, 13.76.
Found: C, 50.89; H, 3.49; N, 13.88.
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