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The synthesis of two new derivatives of 3H[1,2]diazepino[5,6-blindole, 5 and 11, and one new derivative of
3H[1,2ldiazepino[4,5-blindole, 16, are described. Compound 5 was obtained by the reaction of methyl 2<3-
methoxycarbonyl-1-methylindole)acetate 2, with hydrazine. Compound 11 was obtained in two ways from
ethyl 2(1-methylindole)acetate (8) by formylation and reaction with hydrazine. Compound 16 was obtained
treating 3-(2-ethoxycarbonylindole)acetonitrile (14) with hydrazine.
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The benzodiazepines are a broad group of psycho-
pharmacologic agents with particular interest in the treat-
ment of anxiety and sleeping disorders [1]. During the last
few years special attention has been drawn to the synthesis
and study of the psychopharmacological properties of new
diazepines with fused heterocyclic systems, such as pyrrole
[2], thiophene [3], imidazole [4], pyrazole [5], isoxazole [6],
quinoline [7], pyridine [8], and also indocle [9], isoindole
[10] and carbazole [11].

The chemistry of 1,2-diazepines has been recently re-
veiwed [12] and, to our knowledge, only two papers on
[1,2]diazepinoindoles have been published [13,14], with re-
ference to 1H[1,2]diazepino[4,5-blindoles [13] and [1,2]di-
azepino[6,5,4-cd}indoles [14]. As a continuation to our pre-
vious work [13], this paper [15] describes the synthesis of
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three new compounds: two derivatives of 3H[1,2]diazep-
ino[5,6-bJindole (compounds 5 and 11) and one derivative
of 3H[1,2]diazepinof4,5-b]indole (compound 16).
Compound 5 was synthesized according to the Scheme
1, starting with the previously reported [16] compound 1.
Boiling this compound for 2 hours with 40% hydrazine
hydrate in 2-propanol gave the monchydrazide 2 (53 %)
and the attempted cyclization of this compound in boiling
toluene was not fruitful. On the other hand, boiling the
previously reported [16] compound 3 for 4 hours with 40%
hydrazine hydrate in ethyl alcohol gave the hydrazide 4
(78%), which similarly does not cyclize to 5. When both
compounds 1 or 3 were boiled with hydrazine hydrate at
concentrations higher than 40%, without any solvent, the
bis-hydrazide was obtained. Finally, boiling compound 1
for 36 hours with 40% hydrazine hydrate, without any sol-
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vent, compound 5 (58%) was obtained. The structure of
the above mentioned compounds was determined by ele-
mental and spectro-analytical data; in particular, the ir
spectra of 2 shows the 1690 ¢m™ band for the carbonyl
group of an aliphatic ester, but not the 1740 cm™ band for
the carbonyl group of an aromatic ester, both of them ob-
served with compound 2.

Compound 11 (Scheme 2) was synthesized from the pre-
viously reported [15] compound 6 in two ways. Boiling this
last compound with ethanol/hydrochloric acid for 20 min-
utes gave the mono ester 7 (70%), which was thermally de-
carboxylated to 8 (70%) and then the hydrazide 10 was
prepared (80%). Formylation of 8 and 10 by the Vilsmeier-
Haack reaction gave the compounds 9 (80%) and 11
(90%), respectively. Alternatively, boiling compound 9 for
1 hour with hydrazine hydrate in ethyl alcohol also gave
11 (90%). The structure of compounds 6-11 was determin-
ed by elemental and spectro-analytical data; in particular,
the 'H-nmr spectra of 11 did not show any signal for a
-CH,-C(=0)- group, and so the structure of 11 was suppor-
ted by this and other spectral data. Compound 16 was syn-
thesized as illustrated in Scheme 3. Compound 12 under
Mannich reaction conditions gave 13 (90%) which in qua-
ternization with methyl iodide and treatment with sodium
cyanide in a one-pot synthesis gave 14 (40%). When this
last compound was boiled with hydrazine hydrate in eth-
anol, 16 (70 %) was cbtained. Scheme 3 also shows the pro-
bable course of this last reaction.

EXPERIMENTAL

Melting points were determined with a Kofler melting point apparatus
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and are uncorrected. Elemental analyses were obtained from vacuum-
dried samples (over phosphorus pentoxide at 3-4 mm Hg, 2-3 hours, at
about 60-70°). The ir spectra were recorded on a Perkin-Elmer 681 appa-
ratus using potassium bromide pellets for solid products and placing the
products between sodium chloride plates for liquid products. The fre-
quencies are expressed in cm™'. The 'H-nmr spectra were obtained on a
Perkin-Elmer R-32 (90 MHz) instrument, with TMS as the internal refe-
rence, at a concentration of about 0.1 g/ml and with solvents as indicated.
The chemical shifts are reported in ppm from TMS as an internal stan-
dard and are given in § units.

The thin-layer chromatography (tlc) was carried out on silica-gel
(DSF-5 Cammag, 0.3 mm thickness) with benzene:dioxane:acetic acid,
90:25:4 (v/v) as the solvent and the plates were scanned under ultraviolet
light, A = 254 and 366 nm.

The following starting materials were prepared by previously reported
methods: methyl 243-methoxycarbonyl-1-methylindole)acetate (1), mp
100° [16], 2-(3-carboxy-1-methylindole)acetic acid (6), mp 261° [17], 243-
carboxy-1-methylindole)acetic anhydride (3), mp 252° [17].

2-(3-Methoxycarbonyl-1-methylindole)acetohydrazide (2).

Compound 1 (5.2 g, 20 mmoles) in 2-propanol (50 ml) and 40% hydr-
azine hydrate (20 ml), were refluxed for 22 hours. The reaction mixture
was cooled. Hydrazine and 2-propanol were removed in vacuo. The resi-
dual material was collected by filtration and crystallized from 2-propanol
to give 2 (2.6 g, 53%), as white-yellow needles, mp 212-213°; ir: 3300,
1690, 1640; *H-nmr (DMSO-d): 8 3.75 (s, N-CH,, 3H), 3.85 (s, 0-CH,, 3H),
4.21 (s, CH,, 2H), 7.15-7.7 (m, Hs .5, 3H),,7.9-8.1 (m, H,, 1H), 9.15 (bs,
NH, 1H).

Anal. Caled. for C,H,\N,0,: C, 59.76; H, 5.79; N, 16.08. Found: C,
59.33; H, 5.45; N, 15.97.

2{3-Carbethoxy-1-methylindole)acetohydrazide (4).
Compound 3 (1.1 g, 5 mmoles), dissolved in ethanol (10 mi) and 40%

hydrazine hydrate (10 ml) were refluxed for 4 hours. The reaction mix-
ture was cooled and the ethanol removed in vacuo. The residual material
was collected by filtration, washed with water and crystallized from eth-
anol/DMF to give 4 (0.9 g, 78%) as white needles, mp 124-125°; ir:
3300-3050, 1710, 1670; ‘H-nmr (DMSO0-d,):. 3.75 (s, CH,, 3H), 4.21 (s, CH,,
2H), 7.1-7.65 (m, Hs ¢ 5, 3H), 7.9-8.1 (m, H,, 1H).

Anal. Caled. for C,,H,;N,0,: C, 58.29; H, 5.30; N, 16.99. Found: C,
58.77; H, 5.42; N, 17.13. ’

1,2,4,5-Tetrahydro-1,4-dioxo-3H]1,2]diazepino[5,6-b}indole (5).

Compound 1 (2.1 g, 8 mmoles) and 40% hydrazine hydrate (20 ml) was
refluxed for 36 hours. Most of the hydrazine was removed in vacuo. The
residual material was collected by filtration, washed with water and the
solid crystallized from methanol to give 5 (1.1 g, 58%) as yellow needles,
mp 239-240°; ir: 3320, 1705, 1650; ‘H-nmr (DMSO-d,): 3.75 (s, CH,, 3H),
4.35 (s, CH,, 2H), 7.2-7.8 (m, H; 5 5, 3H), 8.0-8.15 (m, H,, 1H), 4.3-5.3 (bs,
NH, 2H).

Anal. Caled. for C,,H; N,0,: C, 62.87; H, 4.84; N, 18.33. Found; C,
62.98; H, 4.71; N, 18.74.

Ethyl 24(3-Carboxy-1-methylindole)acetate (7).
A solution of 6 (4.66 g, 20 mmoles) in dry ethanol/hydrochloric acid
(100 ml, 0.5%) was heated under reflux for 20 minutes upon cooling, a

precipitate separated which was collected and dried to give 7 (3.65 g,
70%}) as white crystals, mp 202-203° (lit {17] mp 202-203°).

Ethyl 2{1-Methylindole)acetate (8).

Compound 7 (2.6 g, 10 mmoles) was heated under nitrogen at
190-210°, until gas evolution ceased. The residue was distilled to give 8
(1.5 g, 70%) as a colorless oil, bp 85-90° (0.025 mm Hg) lit [17] bp
195-250° (0.2 mm Hg). Upon cooling, a white solid, mp 46-48° was ob-
tained.

Ethyl 2{3-Formyl-1-methylindole)acetate (9).

In a 500 ml three necked round bottom flask, with mechanical stirring
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and protected with a tube of anhydrous calcium chloride, freshly distilled
N,N-dimethylformamide (DMF, 45 ml) was cooled (20-30 minutes) in an
ice-bath. From a dropping funnel, freshly distilled phosphorus oxychlor-
ide (15 ml) was dropped into the reaction flask during about 30 minutes.
The cooling bath was removed and the reaction mixture was then stirred
for 30 minutes at room temperature. The mixture was cooled in an ice-
bath and a solution of the compound 8 (26 g, 0.12 moles) in DMF (40 mi)
was dropped into the reaction flask during a 34 hour period so that the
temperature of the reaction mixture was maintained in the range 8-10°.
Then the mixture was warmed in a water bath for 2 hours at 37-38°. The
opalescent yellow-red coloured solution obtained was poured over 150 g
of crushed ice. The solution was neutralized (pH 8) under stirring by
careful addition of a solution of sodium hydroxide (187 g) in water (500
ml) and then just warmed to boiling and finally cooled for 10 hours in a
refrigerator. The crystallized product was collected by filtration and tho-
roughly washed, first with cold water (5 x 100 ml) and then with warm
water (5 X 100 ml). About 25 g (85%) of pure (yellow) product was ob-
tained, mp 111-112° (ethanol); ir: 1730, 1660; 'H-nmr (DMSO-d,): 1.20 (t,
C-CH,, 3H), 3.75 (s, N-CH,, 3H), 4.18 (q, O-CH,, 2H), 4.45 (s, CH,, 2H),
7.2-7.68 (m, Hs 6.5, 3H), 7.9-8.1 (m, H,, 1H), 10.20 (s, CHO, 1H).

Anal. Caled. for C,,H ;NO,: C, 68.56; H, 6.16; N, 5.71. Found: C, 68.75;
H, 6.18; N, 5.52.

2{1-Methylindole)acetohydrazide (10).
Compound 8 (4.3 g, 20 mmoles), in ethanol (50 ml) and 40% hydrazine

hydrate (50 ml) was refluxed for 2 hours. The reaction mixture was cool-
ed. Hydrazine and ethanol were removed in vacuo. The white residual
material was collected by filtration and crystallized from ethanol to give
10 (3.25 g, 80%) as white needles, mp 126-128°; ir: 3300, 1650; 'H-nmr
(DMSO-d,): 3.68 (s, N-CH,, 3H), 4.21 (s, CH,, 2H), 6.25 (s, NH,, 2H),
6.9-7.2 (m, Hs 6.5, 3H), 7.1-7.5 (m, H, 4, 2H), 9.15-9.35 (bs, NH, 1H).

Anal. Caled. for C,,H,,N,0: C, 65.01; H, 6.45; N, 20.67. Found: C,
65.31; H, 6.37; N, 20.60.

4-Hydroxy-3H[1,2]diazepino{5,6-blindole (11).
Method A.

To a solution of 9 (1 g, 4 mmoles) in ethanol (50 ml), 90% hydrazine
hydrate (15 g) was added. The yellow mixture was boiled for 1 hour. On
cooling, white yellow needles crystallized. The material was collected by
filtration, washed with water (5 x 100), and crystallized from 2-propanol
to give 11 (0.78 g, 90%) of yellow-white needles, with mp 167-168°.

Method B.

Compound 11 was obtained from 10 by reaction with phosphorus oxy-
chloride and N,N-dimethylformamide, in a similar manner to that de-
scribed above, yield 90%; ir: 3280, 1660, 1610; '‘H-nmr (DMSO-d,): 3.60
(s, N-CH,, 3H), 6.20-6.80 (bs, OH and NH, 2H), 6.25 (s, H;, 1H), 7.1-7.55
(m, H; 55, 3H), 7.95-8.10 (m, H,,, 1H), 8.7 (s, H,, 1H).

Anal. Caled. for C,H,\N,0: C, 67.59; H, 5.20; N, 19.71. Found: C,
67.42; H, 5.20; N, 19.61.

Ethy} 243-N,N-Diethylaminomethylindole)carboxylate (13).

To a solution at 5° of acetic acid (20 ml, 60%) and diethylamine (7.3 g,
0.1 mole), formalin (5 ml, 37%) was added. After stirring for 1 hour at 5°,
this solution was added under stirring to a cooled solution (5°) of 12 (5 g,
50 mmoles) in dioxane (20 ml). The resulting solution was heated to 64°
and kept at this temperature for 4 hours. The mixture was then poured
into cold sodium hydroxide (200 ml, 1¥) and extracted with ether (3 x
250 ml). The extracts were washed with saturated sodium chloride solu-
tion. After drying over anhydrous sodium sulfate, ether was evaporated
and the residue crystallized from ligroin as white crystals of 13 (6.2 g,
90%), mp 114-115°; ir: 3320, 1680; 'H-nmr (carbon tetrachloride): 1.1 (t,
N-C-CH,, 6H), 1.45 (t, 0-C-CH,), 2.55 (g, N-CH,, 4H), 4.1 (s, C-CH,-N, 2H),
445 (q, O-CH,, 2H), 6.95-7.4 (m, His, 3H), 7.958.05 (m, H,, 1H),
8.6-8.9 (bs, NH, 1H).
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Anal. Caled. for C  H,,N,0,: C, 70.04; H, 8.08; N, 10.21. Found: C,
69.84; H, 8.28; N, 9.82.

3-(2-Ethoxycarbonylindole)acetonitrile (14).

To a solution of 13 (1.4 g, 5 mmoles) and sodium cyanide (1.22 g, 25
mmoles) in ethanol/water/N,N-dimethylformamide (50 ml/50 ml/50 ml),
methyl iodide (3.55 g, 20 mmoles) was added dropwise, over 1 hour. Stirr-
ing was continued for 72 hours at 25° and finally water at 5° (100 ml) was
added. The solution was extracted with chloroform. The extracts were
washed with water and dried over anhydrous sodium sulfate. The solvent
was removed in vacuo, and the viscous oil residue crystallized from
2-propanol to give white-green crystals of 14 (0.5 g, 40%), mp 115-116°;
ir: 3320, 1670; 'H-nmr (deuteriochloroform): 1.4 (t, CH,, 3H), 4.21 (s, CH,,
2H), 4.45 (q, O-CH,, 2H), 7.1-7.5 (m, H;s, ;, 3H), 7.7-7.85 (m, H,, 1H),
9.1-9.4 (bs, 1H, NH).

Anal. Caled. for C,;H,,N,0,: C, 68.41; H, 5.30; N, 12.27. Found: C,
68.70; H, 5.70; N, 12.42.

4,5-Dihydro-2-hydrazino-5-ox0-3Hj1,2]diazepino[4,5-blindole (16).

A mixture of compound 14 (2.28 g, 10 mmoles), 80% hydrazine hydr-
ate (50 ml) and ethanol (50 ml) was boiled until the tlc showed that all of
compound 14 had reacted (about 6 hours). Upon cooling the reaction
mixture, white crystals of 15 (1.6 g, 70%) were obtained, mp 204° dec; ir:
3200-3370, 1660, 1630, 1600; 'H-nmr (DMSO-d,): 3.3-4.6 (bs, 2NH, 2H),
5.7 (s, NH,, 2H), 6.52 (s, CH, 1H), 7.05 (s, CONH, 1H), 6.95-7.7 (m, H, s 6,
3H), 7.95 (d, H,,, 1H), 11.2-11.6 (bs, N.-H, 1H).

Anal. Caled. for G, H;;N,0: C, 57.63; H, 4.84; N, 30.55. Found: C,
57.44; H, 4.78; N, 30.11.
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