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We report the practical synthesis of new cyclic amidines from thiolactams and the preparation of
fused{a]triazolo, tetrazolo and oxadiazolo derivatives via hydrazidines and oximes, in the pyrrolo[2,1-c]-

[1,4]benzodiazepine series.
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The pyrrolo[2,1-c][1,4]benzodiazepines such as
anthramycin [1], tomaymycin [2], sibiromycin {3] and
DC-81 belong to a class of antitumor antibiotics which
are biosynthetically derived from Streptomyces species.
They are thought to exert their antitumor activity through
covalent binding via a linkage of an amine moiety from
the electrophilic carbinolamine-bearing C-11 position to
an N-2 of guanine within the minor groove of DNA [4].
In view of the importance of the carbinolamine function-
ality, we recently prepared new pyrrolo(2,1-c][1,4]benzo-
diazepine derivatives [5,6] which were evaluated for in
vitro DNA binding through thermal denaturation studies
[7]. Some of these compounds caused a significant
increase in melting for calf thymus DNA (eg, 0.7° for 11),
possibly due to non-covalent interaction with bases posi-
tioned at the bottom of the minor groove in the DNA dou-
ble helix. In order to extend our study, we present in this
paper the preparation of new tricyclic and tetracyclic
pyrrolo[2,1-c][1,4]benzodiazepine derivatives, analogous
to compound 11. We recently described the preparation of
monothiolactams of type 1, 2 and dithiolactams of type 3,
4 [8,9]. These thiolactams were synthesized to supple-
ment the lack of reactivity of the corresponding dilactams.
Treatment of 1, 2, 3 and 4 with 5 equivalents of a primary
or secondary amine (dimethylamine) in refluxing
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tetrahydrofuran, in the presence of 1,3 equivalents of mer-
curic chloride led in high yields to the cyclic amidines Sa-
¢, 6b, 7a,b,d and 8e respectively (Scheme 1).

The cyclic hydroxyamidine 7b treated with 1.5 equiva-
lents of p-toluenesulfonic acid chloride gave the tetra-
cyclic compound 9. This reaction was conducted at room
temperature in pyridine (Scheme 2). The structure of 9
was supported by the following analysis of the ir and nmr
spectra. The ir spectrum of 9 exhibited no NH and OH
absorptions. The 'H nmr spectrum showed no exchange-
able signal in deuterium oxide. This structure was also
confirmed by a mass spectrum and an elemental analysis.
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The thiolactams 1, 3, and 4 were converted in good
yields to the 11-hydrazinopyrrolo(2,1-c}{1,4]benzo-
diazepines 140, 12, and 13 by the action of hydrazine
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hydrate in ethanol at room temperature. During this reac-
tion, the acetoxy group of compound 4 was hydrolized,
affording the cyclic 2-hydroxy-hydrazidine 13 (Scheme
3). Treatment of the monothiolactam 1 and the dithiolac-
tam 3 with iodomethane in tetrahydrofuran at room tem-
perature, in the presence of potassium carbonate gave the
corresponding methylthioimino ethers 14 and 16.

The cyclic hydrazidines 10-13 treated with triethyl ortho-
formate in refluxing 1-butanol gave the triazoles 18a, 19a,
20a and 21a respectively. In the same manner, compounds
10 and 11 [5], by the action of triethy] orthobenzoate led to
the corresponding substituted triazoles 18b and 19b. The
tetrazolo[1,5-alpyrrolo[2,1-c]{1,4]benzodiazepines 22-25
were easily obtained from the cyclic hydrazidines 10-13 by
the action of 1.5 equivalents of sodium nitrite in 10% acetic
acid. This reaction was accomplished during 1 hour at
room temperature (Scheme 4).
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By the action of phosgene in refluxing toluene followed
by treatment in alkaline medium, the cyclic hydrazidine
12 afforded the triazolone 26 (Scheme 5). The ir spectrum
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of compound 26 exhibited a strong carbonyl absorption at
1680 cm-! and a NH absorption at 3300 cm-!. The 'H nmr
spectrum showed an exchangeable proton signal upon
deuteration at 11.2 ppm.

The methylthioimino ether 15 [8] reacted with 3 equiv-
alents of hydroxylamine hydrochloride [10] to give the
11-hydroxyimino-5H-pyrrolo[2,1-c][1,4]benzodiazepine
27 in good yield. This reaction was accomplished in
refluxing ethanol in the presence of 1 equivalent of tri-
ethylamine. Application of this pathway to the methyl-
thioimino ethers 16 and 17 [8] gave the corresponding
Cl1-oximes 28 and 29. Compounds 27-29 afforded the
pyrrolo[2,1-c][1,2,4)oxadiazolo[4,3-a][1,4]benzo-
diazepine-1,8-diones 30-32 by treatment with phosgene
[11] in refluxing toluene (Scheme 6).
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The 5-acetoxypyrrolobenzodiazepines 30 and 32 were
easily converted to the 5-hydroxy compounds 33 and 34
by the action of 1.2 equivalents of potassium carbonate in
refluxing methanol. No isomerization occured during this
reaction (Scheme 7).
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The antitumor activity of compounds S5a, 6b, 8¢, 12,
18a, 21a, 24 and 30 was evaluated by the National Cancer
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Institute, Bethesda, Maryland. However, none of these
compounds showed any satisfactory activity. Other prod-
ucts in this series are under investigation in continuation
of our structure-activity studies.

EXPERIMENTAL

General Methods.

Melting points were taken on a Kéfler plate and are uncor-
rected. Infrared spectra were recorded on a Philips PU 9716
apparatus and only noteworthy absorptions (reciprocal centime-
ters) are listed. The nmr spectra were recorded on a Jeol FX 200
using TMS as an internal standard. Chemical shifts are reported
in ppm downfield (8) from TMS. Experimental protocols for the
synthesis of compounds 11, 15 and 17 are described in refer-
ences [5] and [8].

1,2,3,11a-Tetrahydro-11-alkylamino-5H-pyrrolo[2,1-c][1,4]-
benzodiazepin-5-ones 5a-d.

General Procedure.

To a solution of 1,2,3,10,11,11a-hexahydro-5H-pyrrolo-
[2,1-c][1,4]benzodiazepin-5-one-11-thione (1) (1 g, 0.0043
mole) and the appropriate amine (5 equivalents) in boiling
tetrahydrofuran (50 ml), was added mercuric chloride (1.5 g,
0.0056 mole). The reaction mixture was stirred for 1 hour, fil-
tered and evaporated to dryness under reduced pressure. The
oily residue was taken up in ethyl acetate (100 ml) and washed
with an aqueous solution of sodium thiosulfate (2 x 80 ml). The
organic layer was dried (magnesium sulfate) and evaporated in
vacuo. The solid residue was recrystallized to give Sa-d.

1,2,3,11a-Tetrahydro-11-methylamino-5H-pyrrolo(2,1-c][1,4]-
benzodiazepin-5-one (5a).

When monomethylamine was used, white crystals (69%)
were obtained, mp 174° (ethanol); ir (potassium bromide): v
3280 (NH), 1635 (C=0), 1600 (C=N) cm1; 'H-nmr (dimethyl
SU]fOXide—d6)Z 5 7.78 (d, JH6H7 = 8.1 HZ, HG), 7.45 (l, JH8H9 =
JH8H7 =72 HZ, Hs), 7.12 (m, H7 and Hg), 6.94 (S, NH), 393
(m, Hy,), 3.45 (m, Hy,), 3.04 (m, Hy), 2.76 (s, CH,), 2.45 (m,
Hy,), 2.12 (m, Hyy), 1.72 (m, Hy, and Hy); ms: m/z, 229 (46),
200 (28), 154 (16), 138 (20).

Anal. Calcd. for Cy3HsN3O: C, 68.10; H, 6.59; N, 18.33.
Found: C, 67.90; H, 6.70; N, 18.15.

1,2,3,11a-Tetrahydro-11-(2-hydroxyethylamino)-SH-pyrrolo-
[2,1-c][1,4]benzodiazepin-5-one (5b).

With 2-aminoethanol, white crystals (74%) were obtained, mp
181° (ether); ir (potassium bromide): v 3300 (NH), 1640 (C=0),
1610 (C=N) cm’l; 'H-nmr (dimethyl sulfoxide-dg): & 7.71 (d,
JH6H7 =78 HZ, H6)’ 735 ([, JH8H9 = JH8H7 =77 lIZ, Hs), 7.02
(m, H; and Hyg), 6.92 (m, NH), 4.51 (m, OH), 3.64 (m, Hy;,),
3.34 (m, H3, and OCH,), 3.05 (d, J,ory = 11.2 Hz, Hyy), 2.99 (m,
NCH,), 2.48 (m, Hy,), 2.11 (m, l-f“,), 1.75 (m, H,, and H,p):
ms: m/z 259 (32), 241 (18), 206 (24).

Anal. Caled. for C{4H;7N30,: C, 64.85; H, 6.61; N, 16.20.
Found: C, 65.02; H, 6.45; N, 16.39.

1,2,3,11a-Tetrahydro-11-dimethylamino-SH-pyrrolo[ 2,1-c][1,4]-
benzodiazepin-5-one (5c).
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When dimethylamine was used, white crystals (70%) were

obtained, mp 184° (2-propanol); ir (potassium bromide): v 1630 -

(C=0), 1620 (C=N) cm-!; TH-nmr (dimethyl sulfoxide-dg): -8
771 (d, JH6H7 =17.8 HZ, H6)’ 7.38 (t, JHSHQ = JH8H7 =78 HZ,
Hs), 7.14 (t, JH7H8 = JH7H6 =78 HZ, H-,), 7.04 (d, JH9H8 =178
Hz, Hy), 3.88 (m, Hy;,), 3.39 (d, J,er, = 11.5 Hz, Hj,), 3.08 (d,
Joem = 11.4 Hz, Hy,), 295 (s, 2 CHj), 2.55 (m, Hy,), 2.14 (m,

lb)y 1.88 (m, HZI and H2b)’

Anal. Calcd. for Ci4H;7N;0: C, 69.11; H, 7.04; N, 17.27.
Found: C, 69.19; H, 6.96; N, 17.26.

1,2,3,11a-Tetrahydro-2-acetoxy-11-(2-hydroxyethylamino)-5H-
pymrolo[2,1-c][1,4]benzodiazepin-5-one (6b).

To a solution of 1,2,3,10,11,11a-hexahydro-2-acetoxy-5H-
pyrrolo{2,1-c][1,4]benzodiazepin-5-one-11-thione (2) (1.5 g,
0.0052 mole) and 2-aminoethanol (1.6 ml, 0.026 mole) in boil-
ing tetrahydrofuran (50 ml), was added mercuric chloride (1.8 g,
0.0067 mole). The reaction mixture was stirred for 1 hour, then
filtered and tetrahydrofuran was removed under reduced pres-
sure. The solid residue was taken up in chloroform (120 ml) and
washed with an aqueous solution of sodium thiosulfate. The
organic layer was dried (calcium chloride) and evaporated in
vacuo. The white solid was recrystallized from ether to give
1.20 g (72%) of 6b, mp 182°; ir (potassium bromide): v 3350
(OH), 3290 (NH), 1750 (C=0), 1635 (C=0), 1610 (C=N) cm-!;
1H-nmr (dimethyl sulfoxide-dg): & 7.81 (d, Jye7 = 7.7 Hz, Hg),
7.45 (l, JH8H9 = JH8H7 =78 HZ, Hg), 7.21 (m, NH), 7.18 (m, H7
and Hy), 6.02 (s, OH), 5.27 (m, Hyy), 4.22 (m, Hyy,), 3.68 (m,
Hi, and OCHy), 3.34 (m, Hjyp), 2.78 (m, I, and NCIl,), 2.19
(m, Hyp), 2.03 (s, CH,); ms: m/z 317 (28), 273 (42), 198 (16),
164 (21).

Anal. Calcd. for CygH gN3O4: C, 60.56; H, 6.03; N, 13.24.
Found: C, 60.42; H, 5.86; N, 13.08.

1,2,3,11a-Tetrahydro-11-alkylamino-5H-pyrrolo{2,1-c}[1,4]-
benzodiazepine-S-thiones 7a,b,d.

General Procedure.

A solution of 1,2,3,10,11,11a-hexahydro-5H-pyrrolo{2,1-c}-
[1,4]benzodiazepine-5,11-dithione (3) (1 g, 0.004 mole) and the
appropriate amine (5 equivalents) in tetrahydrofuran (40 ml)
was heated at reflux. Mercuric chloride (1.4 g, 0,0052 mole)
was added to the reaction mixture and it was allowed to stir at
reflux for 1 hour. Then, the mixture was filtered and the
tetrahydrofuran evaporated to dryness under reduced pressure.
The oily residue was taken up in ethyl acetate (100 ml) and
washed with an aqueous solution of sodium thiosulfate (2 x 80
ml). The organic layer was dried (magnesium sulfate) and evap-
orated in vacuo. The solid residue was recrystallized to give
7a,b,d.

1,2,3,11a-Tetrahydro-11-methylamino-5H-pyrrolo[2,1-c]-
[1,4]benzodiazepine-5-thione (7a).

With monomethylamine, yellow crystals (71%) were
obtained, mp 212° (ethanol); ir (potassium bromide): v 3310
(NH), 1610 (C=N) cm-!; 'H-nmr (dimethyl sulfoxide-dg): 8 8.10
(d, JH6H7 =77 }IZ, l‘l(,), 7.41 (t, JHSHQ = ‘IHSIU =177 IIZ, ”x).
7.24 (m, NH), 7.14 (m, H; and Hg), 4.12 (m, Hy,), 3.38 (m,
H3,), 3.19 (m, H3y), 2.79 (d, JcHsNH = 4.4 Hz, CH;), 2.51 (i,
Hya) 2.39 (m, Hyp), 1.64 (m, Hy, and Hyy).

Anal. Calcd. for Cy3H sN3S: C, 63.64; H, 6.16; N, 17.13.
Found: C, 63.81; H, 6.08; N, 17.19.
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1,2,3,11a-Tetrahydro-11 -(2-hydroxyethylamino)-5H-pyrrolo-
[2,1-c][1,4]benzodiazepine-5-thione (7b).

When 2-aminoethanol was used, yellow crystals were
obtained (68%), mp 216° (acetonitrile); ir (potassium bromide):
v 3310 (NH), 1610 (C=N) cm'!; H-nmr (dimethyl sulfoxide-
d6): 8 8.22 (d, JH6H7 =78 HZ, H6), 7.63 (t, JH8H9 = JH8H7 =77
Hz, Hg), 7.41 (m, NH), 7.30 (m, H, and Hy), 5.34 (s, OH), 4.20
(m, Hyjp), 3.62 (m, Hs,), 3.56 (m, OCHy), 3.39 (m, Hj;, and
NCHz), 2.53 (m, Hla)' 1.96 (m, Hlb)’ 1.79 (m, Hza and HZb);
ms: m/z 275 (10), 229 (42), 187 (24).

Anal. Calcd. for C4H,4N;08: C, 61.07; H, 6.22; N, 15.26.
Found C, 61.02; H, 6.13; N, 15.16.

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

With cyclopentylamine, yellow crystals were obtained (71%),
mp 220° (ether); ir (potassium bromide): v 3290 (NH), 1615
(C=N) cm’!; 1H-nmr (dimethyl sulfoxide-de): 8 8.07 (d, Jgen7 =
7.8 HZ, H6)’ 134 (l, JH8H9 = JH8H7 =717 HZ, Hg), 7.14 (m, H7
and Hy), 6.74 (d, JNuch = 5-5 Hz, NH), 4.07 (m, Hyja), 395 (m,
CH), 3.78 (m, Ha,), 3.44 (m, Hyy,), 2.59-2.37 (m, Hy, and Hyy),
2.32-1.56 (m, Hy,, Hyp, and 4 CH3).

Anal. Caled. for Cy7HyN3S: C, 68.19; H, 7.07; N, 14.03.
Found: C, 68.28; H, 6.99; N, 14.02.

1,2,3,11a-Tetrahydro-2-acetoxy-11-(ethylcarbethoxymethyl-
amino)-5H-pyrrolo[2, 1-c][1,4]benzodiazepine-5-thione (8e).

To a solution of 1,2,3,10,11,11a-hexahydro-2-acetoxy-5H-
pyrro]o[2,1-c][1,4]benzodiazepine-5,11-dithione (4) (2 g, 0.0065
mole) and glycine ethyl ester (3.35 g, 0.0327 mole) in refluxing
tetrahydrofuran (60 ml) mercuric chloride (2.30 g, 0.0085 mole)
was added. The reaction mixture was stirred for 2 hours, filtered
and tetrahydrofuran was removed under reduced pressure. The
oily residue was taken up in ethyl acetate (120 ml) and washed
with an aqueous solution of sodium thiosulfate (2 x 100 ml). The
organic layer was dried (magnesium sulfate) and evaporated in
vacuo. The solid residue was recrystallized from ethanol to
afford 1.70 g (70%) of 8e as yellow crystals, mp 230%; ir (potas-
sium bromide): v 3180 (NH), 1740 (C=0), 1720 (C=0), 1605
(C=N) cm!; 1H-nmr (dimethyl sulfoxide-de): & 8.04 (d, Jyen7 =
7.8 HZ, H6)’ 732 (t, JH8H9 = JH8H7 =177 HZ, Hs), 7.21 (m, NH),
7.07 (m, H; and Hyg), 5.24 (m, Hypp), 4.33 (m, Hyy,), 4.10 (q,
Jcn,chy = 6.8 Hz, OCHy), 4.04 (m, Hs,), 3.91 (m, Hjp), 2.80 (s,
NCH,), 2.45 (m, Hy, and Hy), 2.06 (s, CH3), 1.20 (¢, JcHsCH, =
6.8 Hz, CH3); ms: m/z 375 (24), 303 (14), 243 (42).

Anal. Calced. for C18H21N3O4S: C. 5760, H, 561, N, 11.20.
Found: C, 57.34; H,5.79; N, 11.05.

1,2,3b,4,5,6-Hexahydro-8H—pyrrolo[2,1-c][1,3]imidazo[l,2-a]-
[1,4]benzodiazepine-8-thione (9).

To a solution of 1,2,3,11a-tetrahydro-11-(2-hydroxyethyl-
amino)-SH-pyrrolo[Z,1-c][1,4]benzodiazepine-S-lhione (7b)
(0.8 g, 0.0029 mole) in pyridine (25 ml), was added over a
period of 10 minutes at 0°, p-toluenesulfonyl chloride (0.90 g,
0.0046 mole). After the addition was complete, the solution was
stirred at 0° for 30 minutes and allowed to warm to room tem-
perature overnight. The mixture was poured into water and
extracted with ethyl acetate (2 x 100 mi). The organic layer was
dried (magnesium sulfate) and evaporated to yield 0.45 g (64%)
of 9 (yellow crystals), mp 228° (ethanol); ir (potassium bro-
mide): v 1620 (C=N) cm"!; IH-nmr (dimethyl sulfoxide-d): 8
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792 (d, JH9H10 =78 HZ, Hg), 7.70-742 (m, HlO' Hll and }112),
4.58 (m, Hyp), 3.48 (m, Hg,, Hgp, and CHy), 2.92 (m, H,, and
CH,), 2.41 (m, Hyp), 2.03 (m, Hs, and Hsp); ms: m/z 257 (9),
215 (21), 192 (14).

Anal. Calcd. for C4H;5N3S: C, 65.34; H, 5.87; N, 16.33.
Found: C, 65.12; H, 5.99; N, 16.10.

1,2,3,11a-Tetrahydro-11-hydrazino-5H-pyrrolo[2, 1-¢)[1,4)-
benzodiazepin-5-one (10).

A solution of 1,2,3,10,11,11a-hexahydro-5H-pyrrolof2,1-c]-
[1,4]benzodiazepin-5-one-11-thione (1) (3.5 g, 0.0151 mole) and
hydrazine monohydrate (5.85 ml, 0.121 mole) in ethanol (65 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 ether to yield 2.75 g (79%) of 10 (white solid), mp
178°; ir (potassium bromide): v 3370 and 3330 (NH), 1640
(C=0), 1600 (C=N) cm'1; H-nmr (dimethyl sulfoxide-dg): &
7.80 (d, JH6H7 =78 HZ, H6)’ 7.47 (t, JH8H9 = JH8H7 =77 I’IZ,
Hg), 7.31 (d, Jyoug = 7.9 Hz, Hy), 7.15 (t, Jg7us = Jummie = 7.8
Hz, H), 6.35 (m, NH and NH,), 4.64 (m, Hyy,), 3.34 (d, Jgery =
11.2 Hz, H3,), 3.02 (d, Jgey = 11.3 Hz, Hsy), 2.48 (m, Hy,), 2.16
(m, Hlb)’ 1.80 (m, Hza and sz)‘

Anal. Calcd. for C;oH 4N4O: C, 62.59; H, 6.13; N, 24.33.
Found: C, 62.44; H, 597; N, 24.15.

1,2,3,11a-Tetrahydro-11-hydrazino-5H-pyrrolo[2,1-c][1,4]-
benzodiazepine-5-thione (12).

The thiolactam 3 (3 g, 0.0121 mole) was converted to 12
using the procedure for the preparation of 10. This gave 225 ¢
(76%) of 12 (yellow crystals), mp 198° (ethanol); ir (potassium
bromide): v 3320 and 3290 (NH), 1620 (C=N) cml; 1H-nmr
(dimethyl sulfoxide-dg): & 8.08 (d, Jyze17 = 7.9 Hz, He), 7.52 (t,
JH8H9 = JH8H7 =78 HZ, Hs), 7.26 (m, H7 and Hg), 6.81 (m, NH
and NHz), 3.74 (m, Hua and Haa), 3.16 (d, Jgem =111 HZ, H3h)’
2.51 (m, Hy,), 2.21 (m, Hyp), 1.92 (m, Hy, and Hyy).

Anal. Caled. for Cy,H4N,S: C, 58.51; H, 5.73; N, 22.74.
Found: C, 58.65; H, 5.65; N, 22.92.

1,2,3,11a-Tetrahydro-11-hydrazino-2-hydroxy-5SH-pyrrolo-
[2,1-c][1,4]benzodiazepine-5-thione (13).

The dithiolactam 4 (2.5 g, 0.0082 mole) was converted to 13
using the procedure for the preparation of 10. This gave 175 ¢
(83%) of 13 (yellow crystals), mp 202° (2-propanol); ir (potas-
sium bromide): v 3410 (OH), 3300 and 3245 (NH), 1610 (C=N)
eml; IH-nmr (dimethyl sulfoxide-dg): & 8.15 (d, Jyer7 = 7.8 Hz,
Hg), 7.48 (4, Jysno = Jusu7 = 7.7 Hz, Hy), 7.36-6.90 (m, H;, H,,
NH and NH,), 4.98 (s, OH), 4.35 (m, Hy, and Hjpa), 3.60 (d,
Joem = 13.7 Hz, Ha,), 3.42 (m, Hyy), 2.76 (m, Hyp), 1.90 (m, Hy,).

Anal. Caled. for C,H 4N4OS: C, 54.94; H, 5.38; N, 21.36.
Found: C, 54.71; H, 5.45; N, 21.14.

1,2,3,11a-Tetrahydro-11-methylthio-5H-pyrrolo[2,1-c][1,4]-
benzodiazepin-5-one (14).

To a solution of 1,2,3,10,11,11a-hexahydro-5H-pyrrolo-
[2,1-c][1,4]benzodiazepin-5-one-11-thione (1) (6 g, 0.0259
mole) in tetrahydrofuran (120 ml), was added 2 equivalents of
methyl iodide (3.20 ml, 0.0517 mole) and 3 equivalents of
potassium carbonate (10.7 g, 0.0777 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 and
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recrystallized from ether to give 4.55 g (71%) of 14, mp 140°; ir
(potassium bromide): v 1640 (C=0), 1605 (C=N) cm'!; 1H-nmr
(dimethy! sulfoxide-dg): & 7.82 (d, Jyey7 = 7.8 Hz, Hg), 7.51 (¢,
Jusno = Jusy7 = 7.8 Hz, Hg), 7.32 (¢, JHHs = Jume = 7.8 Hz,
H7), 7.18 (d, JH9H3 =78 HZ, Hg), 4.30 (m. Hlll)’ 3.60 (m, H3a
and Hap,), 2.71 (m, H,,), 2.49 (s, CHjy), 2.39 (m, H;p), 2.03 (m,
HZ& and sz)

Anal. Calcd. for C33H4N,OS: C, 63.41; H, 5.68; N, 11.36.
Found: C, 63.24; H, 547; N, 11.22.

1,2,3,11a-Tetrahydro-11-methylthio-SH-pyrrolo[2,1-c][1,4]-
benzodiazepine-5-thione (16).

The thiolactam 3 (5 g, 0.0202 mole) was converted to 16 as
described for the preparation of 14. This gave 3.80 g (72%) of
16 (yellow crystals), mp 148° (ethyl acetate); ir (potassium bro-
mide): v 1610 (C=N) cm-!; !H-nmr (dimethyl sulfoxide-dg): &
8.10 (d, JH6H7 =178 HZ, H6), 7.64 (t, JH8H9 = JH8H7 =717 HZ,
Hs), 735 (t, JH7H8 = JH7H6 = 78 HZ, H7), 723 (d, JH9H8 = 78
HZ, Hg), 4.25 (m, Hua), 349 (m, H3a and H3b)’ 2.64 (m, Hla)'
2.43 (s, CHy), 2.38 (m, Hyy,), 2.10 (m, H,, and H,p); ms: m/z
262 (42), 214 (16), 170 (26).

Anal. Caled. for C13H4N,S,: C, 59.51; H, 5.38; N, 10.68.
Found: C, 59.43; H, 5.12; N, 10.47.

3b,4,5,6-Tetrahydro-8 H-pyrrolo[2,1-c][1,2,4]triazolo[4,3-a]-
[1,4]benzodiazepin-8-one (18a).

A solution of 1,2,3,11a-tetrahydro-11-hydrazino-5H-
pyrrolo[2,1-c][1,4]benzodiazepin-5-one (10) (2.5 g, 0.0109
mole) and triethyl orthoformate (2.35 ml, 0.0141 mole) in
1-butanol (50 ml) was heated at reflux. After 2 hours, the mix-
ture was cooled and the white solid was collected, dried and
recrystallized from ether to yield 1.95 g (74%) of 18a, mp
>260°; ir (potassium bromide): v 1630 (C=0), 1610 (C=N)
cml; TH-nmr (dimethyl sulfoxide-dg): § 9.03 (s, CH), 7.81 (d,
Thomio = 7-8 Hz, Hg), 7.50 (&, Jgyyma = Jynmo = 7.9 Hz, Hyy),
725 (d, JHIZ"“ = 78 HZ, HIZ)’ 717 (t, JHIOHII = JH10H9 = 78
Hz, Hjg), 3.88 (m, Hjy), 3.41 (d, Jgem = 11.3 Hz, Hg,), 3.01 (d,
Tgem = 11.4 Hz, Hgy), 2.61 (m, Hy,), 2.20 (m, Hyy,), 1.85 (m, Hs,
and Hgy,); ms: m/z 240 (12), 197 (46), 135 (21).

Anal. Caled. for C13H(,N,O: C, 64.99; H, 5.03; N, 23.32.
Found: C, 65.06; H, 5.23; N, 23.18.

3b,4,5,6-Tetrahydro-5-hydroxy-8H-pyrrolo[2,1-c][1,2,4]tri-
azolo[4,3-a][1,4]benzodiazepin-8-one (19a).

The cyclic hydrazidine 11 (1 g, 0.0041 mole) was converted
to 19a using the procedure for the preparation of 18a. This gave
0.80 g (78%) of 19a (white solid), mp >260° (ethanol); ir (potas-
sium bromide): v 3320 (OH), 1630 (C=0), 1605 (C=N) cm-!;
YH-nmr (dimethyl sulfoxide-dg): 8 9.13 (s, CH), 7.96 (d,
JH9H10 =77 HZ, Hg), 7.75-7.62 (m, HIO’ H“ and le), 5.23 (m,
H5h) 5.17 (d, Youusy = 3.4 Hz, OH), 4.84 (m, Hs,), 3.81 (d,

gem = 12.89 Hz, H6a)v 3.50 (dd, J gem = 13.0 Hz, JHGbHSb =44
Hz, H6b)! 3.48 (m, H4a) 2.72 (m H4b)

Anal. Caled. for Cy3H,N4O,: C, 60.93; H, 4.72; N, 21.86.

Found: C, 60.81; H, 4.80; N, 21.73.

3b,4,5,6-Tetrahydro-8H-pyrrolo[2,1-c][1,2,4]triazolo[4,3-a]-
{1,4]benzodiazepine-8-thione (20a).

The hydrazidine 12 (1 g, 0.0040 mole) was converted to 20a
using the method for the preparation of-18a. This gave 0.75 g

(72%) of 20a (yellow crystals), mp >260° (ether); ir (potassium
bromide): v 1610 (C=N) cm-}; IH-nmr (dimethyl sulfoxide-dg):
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89.05 (s, CH), 8.16 (d, Jyogr10 = 7-8 Hz, Hy), 7.65-7.38 (m, H,,,
H;; and Hy,), 4.85 (m, Hy,), 3.54 (m, Hg, and Hg,), 3.11 (m,
Hy,), 2.53 (n, Hyp), 1.88 (m, Hs, and Hg,); ms: m/z 256 (20),
213 (46), 180 (12).

Anal. Calcd. for Ci3H(;N,S: C, 60.92; H, 4.72; N, 21.86.
Found: C, 61.07; H, 4.86; N, 22.05.

3b,4,5,6-Tetrahydro-5-hydroxy-8 H-pyrrolo[2,1-c][1,2,4]tri-
azolo[4,3-a][1,4]benzodiazepine-8-thione (21a).

The cyclic hydrazidine 13 (1.5 g, 0.0057 mole) was converted
to 21a using the procedure for the preparation of 18a. This gave
1.15 g (75%) of 21a (yellow crystals), mp >260° (acetone); ir
(potassium bromide): v 3320 (OH), 1610 (C=N) cm-1; 1H-nmr
(dimethyl sulfoxide-dg): 8 9.18 (s, CH), 8.17 (d, Jyon10 = 7.8
Hz, Hg) 7.68-7.49 (m HIO’ H” and le), 517 (m I{Sh) 5.06
(d JOHHSb =34 HZ OH) 4.71 (m H3b) 3.76 (d J gem = =125
Hz, Hg,), 3.61 (d, Jgem = 12.6 Hz, Hg},), 3.27 (m, H4a) 2.65 (m,
Hyp); ms: m/z 272 (24), 227 (12), 186 (43).

Anal. Calcd. for Cy3H,N4OS: C, 57.34; H, 4.44; N, 20.57.
Found: C, 57.24; H, 4.29; N, 20.37.

3b.,4,5,6-Tetrahydro-1-phenyl-8 H-pyrrolo[2,1-c][1,2,4]tri-
azolo[4,3-a][1,4]benzodiazepin-8-one (18b).

A solution of 1,2,3,11a-tetrahydro-11-hydrazino-5H-pyrrolo-
[2,1-c][1,4]benzodiazepin-5-one (10) (2 g, 0.0087 mole) and tri-
ethyl orthobenzoate (2.55 ml, 0.0113 mole) in 1-butanol (40 ml)
was heated at reflux for 3 hours. After cooling, the white precip-
itate was collected, dried and recrystallized from 2-propanol to
give 1.90 g (70%) of 18b, mp >260°; ir (potassium bromide): v
1640 (C=0), 1605 (C=N) cm!; 'H-nmr (dimethyl sulfoxide-d):
87.92-7.27 (m, 9 H), 4.73 (m, Hy,), 3.62 (m, Hg,), 3.45 (m,
H6b)' 2.62-2.44 (m, H4a and H4b)7 1.95 (m, Hsa and HSb)~

Anal. Caled. for C1gH4N4O: C, 72.14; H, 5.10; N, 17.71.
Found: C, 72.31; H, 4.96; N, 17.53.

3b,4,5,6-Tetrahydro-5-hydroxy-1-phenyl-8 H-pyrrolo{2,1-c]-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepin-8-one (19b).

The cyclic hydrazidine 11 (1 g, 0.0041 mole) was converted
to 19b using the procedure for the preparation of 18b. This gave
1.05 g (78%) of 19b (white crystals), mp >260° (ether); ir
(potassium bromide): v 3280 (OH), 1635 (C=0), 1610 (C=N)
cm1; IH-nmr (dimethyl sulfoxide-dg): 8 7.93-7.25 (m, 9H), 5.31
(m, H5b) 4.98 (m, OH), 4.76 (m, Hyp,), 3.74 (d, Jger,, = 13.0 I1z,
Hg,), 3.58 (m, Hgy,), 3.32 (m, Hy,), 2.76 (m, H4b) ms: m/z 332
(24), 274 (8), 186 (31).

Anal. Calcd. for CygHgN4O5: C, 68.66; H, 4.85; N, 16.86.
Found: C, 68.50; H, 4.99; N, 17.04.

3b,4,5,6-Tetrahydro-8 H-pyrrolo[2,1-c]tetrazolo{1,5-a][1,4]-
benzodiazepin-8-one (22).

To a solution of 1,2,3,11a-tetrahydro-11-hydrazino-SH-pyrrolo-
[2,1-c][1,4]benzodiazepin-5-one (10) (1 g, 0.0043 mole) in 10%
acetic acid (40 ml), was added sodium nitrite (0.45 g, 0.0065 mole).
The resultant solution was stirred to room temperature for 1 hour.
The white precipitate was filtered, dried and recrystallized from
ether to give 0.75 g (72%) of 22, mp 240°; ir (potassium bromide):
v 1620 (C=0), 1600 (C=N) cmr!; H-nmr (dimethyl sulfoxide-d):
8 8.02 (d, Jyyopy10 = 7.8 Hz, Hg), 7 75 (m, Hyg, Hy; and H5), 5.18
(m, Hap), 3.66 (m, Hg, and Hep), 2.75 (m, Hy,), 2.48 (m, Hy), 2.06
(m, Hs, and Hs},); ms: m/z 241 (20), 211 (8), 156 (19).

Anal. Calcd. for C|,H;{NsO: C, 59.74; H, 4.60; N, 29.03.
Found: C, 59.86; H, 4.75; N, 28.86.
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3b,4,5,6-Tetrahydro-5-hydroxy-8 H-pyrrolo[2,1-c]tetrazolo-
[1,5-a][1,4]benzodiazepin-8-one (23).

The cyclic hydrazidine 11 (1.2 g, 0.0049 mole) was converted
to 23 using the procedure for the preparation of 22. This gave
0.85 g (69%) of 23 (white crystals), mp 248° (acetone); ir
(potassium bromide): v 3340 (OH), 1640 (C=0), 1610 (C=N)
cm-l; YH-nmr (dimethyl sulfoxide-dg): 8 7.93 (d, Jyos1o = 7.7
Hz, Hg), 7.76-7.58 (m, Hyo, Hy; and H;), 5.12 (m, Hsp), 4.95
(d, Jounsy = 3-8 Hz, OH), 4.89 (m, H3p), 3.77 (d, Jger, = 12.2
Hz, Hg,), 3.61 (m, Hgy,), 3.42 (m, Hy,), 2.85 (m, Hyp).

Anal. Caled. for Cj,H N5Oy: C, 56.03; H, 4.31; N, 27.22.
Found: C, 56.24; H, 4.47; N, 27.40.

3b,4,5,6-Tetrahydro-8 H-pyrrolo[2,1-c]tetrazolo[1,5-a][1,4]-
benzodiazepine-8-thione (24).

The cyclic hydrazidine 12 (1.5 g, 0.0061 mole) was converted
to 24 as for the preparation of 22. This gave 1 g (65%) of 24
(yellow crystals), mp 253° (ethanol); ir (potassium bromide): v
1610 (C=N) cml; 'H-nmr (dimethyl sulfoxide-dg): 8 8.28 (d,
"H9HIO = 7.8 Hz, Hg), 7.82 (m, Hu and le), 7.68 ((, JHIOHII =
JHIOH9 =77 HZ, HIO), 5.10 (m, H;b), 493 (m, H6a); 4.71 (m,
Hgp), 3.82 (m, Hy, and Hyp), 2.03 (m, Hs, and Hgp); ms: m/z
257 (16), 228 (46), 184 (22).

Anal. Calcd. for CjoH NsS: C, 56.01; H, 4.31; N, 27.22.
Found: C, 55.87; H, 4.43; N, 27.39.

3b,4,5,6-Tetrahydro-5-hydroxy-8H-pyrrolo[2,1-c]tetrazolo-
[1,5-a][1,4]benzodiazepine-8-thione (25).

The cyclic hydrazidine 13 (1 g, 0.0038 mole) was converted
to 25 using the procedure for the preparation of 22. This gave
0.75 g (72%) of 25 (yellow crystals), mp >260° (ethyl acetate);
ir (potassium bromide): v 3310 (OH), 1620 (C=N) cm!; IH-nmr
(dimethyl sulfoxide-dg): & 8.19 (d, Jgomjo = 7-8 Hz, Hy), 7.69-
7.54 (m, Hyg, Hy; and Hyy), 5.16 (m, Hsp), 4.92 (m, Hap), 4.87
(d, Jomnss = 3.7 Hz, OH), 3.78 (m, Hg,), 3.59 (m, Hgp), 3.48
(m, Hy,), 2.82 (m, Hy,).

Anal. Calcd. for Cj,H;NsOS: C, 52.74; H, 4.06; N, 25.62.
Found: C, 52.60; H, 3.92; N, 25.39.

1,2,3b,4,5,6-Hexahydro-8 H-pyrrolo[2, 1-c][1,2,4]triazolo[4,3-al-
[1,4]benzodiazepin-1-one-8-thione (26).

To 1,2,3,11a-tetrahydro-11-hydrazino-5H-pyrrolo[2,1-c][1,4]-
benzodiazepine-5-thione (12) (1.2 g, 0.0049 mole) was added
phosgene (25 ml, 0.0487 mole) in toluene solution (20%). This
mixture was heated to reflux for 1 hour. After evaporation of the
solvent, the solid residue was taken up in an aqueous solution of
ammonium hydroxide (20 ml). The yellow precipitate was col-
lected, washed with water, dried and recrystallized from ethanol to
give 0.90 g (67%) of 26 (yellow crystals), mp 254°; ir (potassium
bromide): v 3300 (NH), 1680 (C=0), 1620 (C=N) cml; 'H-nmr
(dimethyl sulfoxide-dg): 8 11.20 (s, NH), 8.21 (d, Jyon10 = 7.8 Hz,
Hg), 7.88 (d, JHlZHll =77 HZ, le), 7.62 (m, HIO and Hu), 5.01
(m, H3b)v 483 (m, H6a)v 4.68 (m, H6b)? 3.68 (m, H4a and H4h)’
2.01 (m, Hg, and Hgp); ms: m/z 272 (38), 230 (21), 169 (62).

Anal. Caled. for Cy3H,N4OS: C, 57.34; H, 4.43; N, 20.57.
Found: C, 57.18; H, 4.62; N, 20.74.

1,2,3,10,11,11a-Hexahydro-2-acetoxy-11-hydroxyimino-5 H-
pyrrolo{2,1-c][1,4]benzodiazepin-5-one (27).

To a solution of 1,2,3,11a-tetrahydro-2-acetoxy-11-methyl-
thio-5H-pyrrolo[2,1-c][1,4]benzodiazepin-5-one (15) (1 g,
0.0033 mole) in ethanol (40 ml), was added hydroxylamine
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hydrochloride (0.65 g, 0.0099 mole) and triethylamine (1.85 ml,
0.0132 mole). The mixture was heated to reflux for 4 hours.
After cooling to room temperature, the white precipitate was
collected, dried and recrystallized from ethanol to give 0.60 g
(65%) of 27, mp 228°; ir (potassium bromide): v 3350 (OH),
3230 (NH), 1740 (C=0), 1640 (C=0), 1610 (C=N) cm1;
IH-nmr (dimethyl sulfoxide-dg): & 10.34 (s, NH), 9.13 (s, OH),
7.85 (d, JH6H7 =717 HZ, H6), 757 (t, JH8H9 = JH8H7 =178 HZ,
Hg), 7.29 (t, Ju7us = Ja7He = 7.8 Hz, Hy), 7.19 (d, Jyong = 7-8
Hz, Hy), 5.28 (m, Hy,), 4.32 (m, Hyy,), 3.75 (m, H3, and Hyy),
2.78 (m, Hy,), 2.69 (m, Hyy,), 2.03 (s, CHy).

Anal. Caled. for Ci4H sN3Oy4: C, 58.13; H, 5.23; N, 14.53.
Found: C, 58.32; H, 5.03; N, 14.69.

1,2,3,10,11,11a-Hexahydro-11-hydroxyimino-5H-pyrrolo-
[2,1-c][1,4]benzodiazepine-5-thione (28).

The methyliminothioether 16 (1.5 g, 0.0057 mole) was con-
verted to 28 using the procedure for the preparation of 27. This
gave 1 g (70%) of 28 (yellow solid), mp 242° (2-propanol); ir
(potassium bromide): v 3310 (OH), 3230 (NH), 1615 (C=N)
cm}; 'H-nmr (dimethyl sulfoxide-dg): & 10.47 (s, NH), 9.02 (s,
OH), 8.06 (d, Jyepr7 = 7.8 Hz, Hg), 7.48 (t, Jygpo = Tyg7 = 7.8
HZ, Hg), 730 (t, JH7H8 = JH7H6 =738 HZ, H7), 7.23 (d, JHQHX =
7.8 Hz, Hg), 4.27 (m, Hyy,), 3.62 (m, Hj, and Hay,), 2.73 (m,
H,,), 2.44 (m, Hyy), 2.06 (m, Hy, and Hyy,); ms: m/z 247 (54),
215 (14), 139 (30).

Anal. Caled. for CoH3N30S: C, 58.28; H, 5.30; N, 16.99.
Found: C, 58.41; H, 5.43; N, 16.86.

1,2,3,10,11,11a-Hexahydro-2-acetoxy-11-hydroxyimino-5H-
pyrrolo[2,1-c][1,4]benzodiazepine-5-thione (29).

The methyliminothio ether 17 (0.8 g, 0.0025 mole) was con-
verted to 29 using the procedure for the preparation of 27. This
gave 0.50 g (63%) of 29 (yellow solid), mp 246° (ether); ir
(potassium bromide): v 3350 (OH), 3220 (NH), 1735 (C=0),
1615 (C=N) cm-!; 1H-nmr (dimethyl sulfoxide-dg): & 10.13 (s,
NH), 8.97 (s, OH), 8.09 (d, Jysu7 = 7.7 Hz, Hg), 7.65 (t,
JH8H9 = JH8H7 =77 HZ, HS)’ 732 (t, JH7H8 = JH7HG =177 I”IZ,
H;), 7.24 (d, Jyoug = 7.8 Hz, Hy), 5.21 (m, Hy,), 4.41 (m,
H,;.), 3.78 (m, Hs, and Hjy), 2.80 (m, H,,), 2.68 (m, Hyp), 2.05
(S, CH3)

Anal. Calcd. for C4H,sN305S: C, 55.08; H, 4.92; N, 13.77.
Found: C, 54.91; H, 5.03; N, 13.58.

1,2,3b,4,5,6-Hexahydro-5-acetoxy-8H-pyrrolo[2,1-c][1,2,4]oxa-
diazolo[4,3-a][1,4]benzodiazepine-1,8-dione (30).

To 1,2,3,10,11,11a-hexahydro-2-acetoxy-11-hydroxyimino-
5H-pyrrolo[2,1-c][1,4]benzodiazopin-5-one (27) (1.2 g,
0.0041 mole), was added phosgene (21 ml, 0.0415 mole) in
toluene solution (20%). The solution was heated to reflux for
2 hours. After cooling to room temperature, the white precipi-
tate was collected, dried and recrystallized from acetone to
give 0.90 g (69%) of 30, mp >260°; ir (potassium bromide): v
1765 (C=0), 1740 (C=0), 1630 (C=0), 1610 (C=N) cm1;
'H-nmr (dimethyl sulfoxide-dg): & 7.85 (d, Jyom10 = 8.0 Hz,
HQ), 7.54 (m, HIO’ Hll and le), 5.20 (m, HSb)’ 4.30 (m, l’l:;h),
372 (dd, Jgery = 11.8 Hz, Jygausy = 3.0 Hz, Hg,), 3.48 (dd,
J em — 11.7 I’IZ, JH6bH5b =45 HZ, liﬁh)’ 2.76 (d, ] em = 10.8

z, Hyp), 2.61 (m, Hyp), 2.05 (s, CH3); ms: m/z 31 (54), 264
(18), 209 (36).

Anal. Caled. for CysH 3N;3O5: C, 57.14; H, 4.16; N, 13.33.
Found: C, 57.33; H, 4.12; N, 13.41.
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1,2,3b,4,5,6-Hexahydro-8H-pyrrolo[2,1-c][1,2,4]oxa-
diazolo[4,3-a][1,4]benzodiazepin-1-one-8-thione (31).

The oxime 28 (0.80 g, 0.0032 mole) was converted to 31
using the procedure for the preparation of 30. This gave 0.55 g
(63%) of 31 (yellow crystals), mp >260° (ether); ir (potassium
bromide): v 1770 (C=0), 1620 (C=N) cm-1; 1H-nmr (dimethyl
sulfoxide-d6): 8 8.02 (d, ]H9H10 =7.9 HZ, Hg), 7.61 (m, Hlo, H“
and le), 4.27 (m, H3b)’ 3.62 (m, H6a and }{6b)? 2.71 (m, H4a),
2.43 (m, Hyp), 2.10 (m, Hg, and Hgy).

Anal. Calcd. for C;3H;{N3O,S: C, 57.13; H, 4.06; N, 15.37.
Found: C, 57.01; H, 4.20; N, 15.51.

1,2,3b,4,5,6-Hexahydro-5-acetoxy-8H-pyrrolo[2,1c][1,2,4]oxa-
diazolo[4,3-a][1,4]benzodiazepin-1-one-8-thione (32).

The oxime 29 (0.90 g, 0.0029 mole) was converted to 32 using
the procedure for the preparation of 30. This gave 0.65 g (65%) of
32 (yellow crystals), mp >260° (acetonitrile); ir (potassium bro-
mide): v 1765 (C=0), 1730 (C=0), 1615 (C=N) cm’!; 'H-nmr
(dimethyl sulfoxide-dg): & 8.04 (d, Jyyguy0 = 7.8 Hz, Hg), 7.56 (m
Hjo, Hyy and Hyy), 5.16 (m, Hgy), 4.29 (m, Hy,), 3.76 (dd, Jge
11.5 Hz, Jygauspy = 2.9 Hz, Hg,), 3.50 (dd, J gem = 12. 0 Hz
ThevHsy = 44 Hz, Hg), 2.79 (m, Hy,), 231 (m, H4») 2.08 (s, CHy).

Anal. Caled. for CjsH 3N30,S: C, 54.38; H, 3.93; N, 12.69.
Found: C, 54.19; H, 4.10; N, 12.41.

1,2,3b,4,5,6-Hexahydro-5-hydroxy-8 H-pyrrolo[2,1-¢][1,2,4]oxa-
diazolo[4,3-a][1,4]benzodiazepine-1,8-dione (33).

A solution of 1,2,3b,4,5,6-hexahydro-5-acetoxy-8H-pyrrolo-
[2.1-c][1,2,4]oxadiazolo[4,3-a]{1,4]benzodiazepine-1,8-dione
(30) (0.80 g, 0.0025 mole) and potassium carbonate (0.40 g,
0.0030 mole) in methanol (30 ml) was heated at reflux for 2
hours. After evaporation of the solvent under reduced pressure,
the solid residue was taken up in water (80 ml). The white pre-
cipitate was collected, dried and recrystallized from ethanol to
give 0.60 g (87%) of 33, mp 254°; ir (potassium bromide): v
3340 (OH), 1760 (C=0), 1650 (C=0), 1610 (C=0), 1610 (C=N)
cm-l; TH-nmr (dimethyl sulfoxide-dg): 8 7.81 (d, Jyygp10 = 7.8
Hz, Hg), 7.50 (m, Hyg, Hy; and Hy,), 5.08 (s, OH), 4.38 (m,
Hsp), 4.28 (m, Hjp), 3.67 (m, Hg,), 3.50 (dd, Jger, = 11.8 Hz,
'H()bﬂsh =4.4 Hz, H6b) 2.69 (d J gem = 109 Hz, H4a) 259 (l’n
Hyp); ms: m/z 273 (26), 228 (54), 184 (10).

Pyrrolo[2,1-c][1,4]benzodiazepines 451

Anal. Calcd. for C3H1N3O,: C, 57.14; H, 4.03; N, 15.38.
Found: C, 57.36; H, 3.88; N, 15.20.

1,2,3b,4,5,6-Hexahydro-5-hydroxy-8 H-pyrrolo[2,1-¢][1,2,4]oxa-
diazolo[4,3-a][1,4]benzodiazepin-1-one-8-thione (34).

The acetoxy compound 32 (0.50 g, 0.0015 mole) was con-
verted to 34 using the procedure for the preparation of 33. This
gave 0.35 g (84%) of 34 (yellow crystals), mp 250° (ethanol); ir
(potassium bromide): v 3350 (OH), 1755 (C=0), 1620 (C=N)
cm-l; "H-nmr (dimethyl sulfoxide-dg): 8 8.07 (d, Jaon10 = 7.8
Hz, Hg), 7.48 (m HIO’ Hu and le) 5.04 (OH), 432 (m, HSb)’
4.20 (m, H3b), 3.62 (m, Hg,), 3.51 (d, Jgem = 11.9 Hz, Hgp), 2.60

Anal Calcd for C13H11N303S C, 53.98; H, 3.81; N, 14.53.
Found: C, 54.17; H, 4.03; N, 14.29.
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