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A Convenient Synthesis of Novel [1,2,4]Triazolo[4,3-
a][1,5]benzodiazepine Derivatives

M.C. Aversa*, A. FErLAZZO, P. GIANNETTO, F.H. KOHBNKE

Dipal.rtimenito di Chimica organica e biologica, Universita di
Messina, Piazza S. Pugliatti, [-98100 Messina, Italy

A synthetic approach to the previously unknown 3a.4,5,6-tetrahydro-3H-
[1,2.4]triazolo[4,3-a][1,5]benzodiazepine system via [3 + 2]-cycloaddition
of nitrile imines to 2,3-dihydro-1H-1,5-benzodiazepines is described. In an
analogous way, the 3a,4,4a,5-tetrahydro-3H-bis[1,2,4]triazolo[4,3-a: 3'.4'-
d)[1,5]benzodiazepine system is prepared from 3 H-1,5-benzodiazepines.

Several benzodiazepine derivatives containing additional
rings are compounds of pharmacological interest!. In
connection with our investigations on possible approaches to
novel benzodiazepine derivatives with an additional fused
heterocyclic ring?, we have tested the C=N bond of 1,5-
benzodiazepine systems as a dipolarophile in 1,3-dipolar
cycloadditions of nitrile imines. The reactions of 2,3-
dihydro-1H-1,5-benzodiazepines® ~ 7 (1) with benzonitrile N-
phenylimine® and with benzonitrile N-ethoxycarbonyl-
imine® (generated in siru from the hydrazonic chlorides
2a, b) in boiling tetrahydrofuran afforded the 3a4,5,6-
tetrahydro-3H-[1,2,4]triazolo[4,3-a][1,5]benzodiazepines

3aa, 3ab, 3ba, and 3ca in satisfactory yields. However, the
reaction of 1,5-benzodiazepine derivative 1b with nitrile
imine precursor 2b under the same conditions failed to give
the expected cycloadduct 3bb in practically useful yields.
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We extended the investigation to the 2,4-disubstituted 3H-
1,5-benzodiazepines 4a,b'**:1* and found that these com-
pounds react with benzonitrile N-phenylimine (from 2a) in
an analogous manner to give the cycloadducts 5a, b.

To our knowledge, cycloadducts of the types 3 and 5 have
previously not been reported. Up to now, only few public-
ations have appeared on the synthesis and biological activity
of raore highly unsaturated [1,2,4]triazolo[4,3-a][1,5]ben-
zodiazepines derivatives'®.
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The structures of products 3 and 5, which were assigned on
the basis of element analyses, mass spectrometry, and ‘H-
and '3C-N.M.R. spectrometry. The structures suggest a 1,3-
dipolar cycloaddition mechanism in the formation of com-
pounds 3 and 5.

The N.M.R. spectra of adducts 3 and 5 were compared with those of
the starting 1,5-benzodiazepine derivatives 1 and 4*~ 71213, The
signals of the H- and C-atoms in the spectra of compounds 1 and 4
are all found in the spectra of products 3 and 5, respectively. In
addition, the proton resonances of the moiety —N=C(CH;)— in
products 1 and 4 were shifted to higher field for the saturated
moieties N—C(CH,) in products 3 and 5; an analogous shift of the
C-4 resonance in 1 upon conversion into 3 (C-3a in 3) was observed
due to saturation of the C==N double bond. These results provide
further evidence for the suggested cycloaddition. The signals of the
methylene protons appear as a singlet in the spectra of the bicyclic
compounds 1 and 4 whereas they appear as AB systems in the spectra
of the cycloadducts 3and Sband as a broad singlet (0 = 2.94 ppm)in
the case of 5a. The 'H-N.M.R. spectra in deuteriochloroform of 1a
and le show a single sharp peak at & =1.34 and 1.33 ppm,
respectively, for the geminal methyl groups 2-CH , which resonate as
two distinct singlets (5-CH3) at § = 1.46 and 1.21 ppm in 3aa, 1.48
and 1.20 ppm in 3ab, and 1.38 and 1.13 ppm in 3ca. These data are
indicative of a fixed conformation of the cycloadducts in solution:
when the 'H-N.M.R. spectrum of 3aa was recorded over a range of
temperatures between — 88 and -+ 150°C, no positive evidence for a
change in the conformation of the 7-membered ring was observed,
apart from some line broadening which occurred at higher tempera-
tures. Single-crystal X-ray analysis of 3aa’® shows chair conform-
ation of the 7-membered ring, as suggested for 2,24-trimethyl-
2,3,4,5-tetrahydro-1H-1,5-benzodiazepine®. The regioselectivity ob-
tained in the reaction under investigation is that predicted from
perturbation theory'®.

Melting points were determined on a Kofler hot-stage apparatus and
are uncorrecied. Element analyses were performed on a Perkin-
Elmer 240 analyzer. Mass spectra were obtained on a Hitachi RMU
6 spectrometer. 1. R. spectra were recorded on a Perkin-Elmer 225
spectrometer. "H-N.M.R. spectra were recorded on a Varian EM
360 A 60MHz and 13C-N.M.R. spectra on a Varian FT 80 20MHz
instrument. The C-assignments given with the **C-N.M.R. data are
based on off-resonance and gated decoupling experiments.

3a,5,5-Trimethyl-1-phenyl-3a,4,5,6-tetrahydro-3 H-[1,2,4]triazolo-
[4,3-a][1,5]benzodiazepines 3aa, 3ab, and 3ca and 3a-Methyl-5-
oxo-1,3-diphenyl-32a,4,5,6-tetrahydro-3H-{1,2,4]triazolo{4,3-a-
Tbenzodiazepine (3ba); General Procedure:

To a stirred solution of the 1,5-benzodiazepine derivative 1 (6 mmol)
and the benzenecarbohydrazonic chloride 2 (6 mmol) in anhydrous
tetrahydrofuran (50 mi) [anhydrous benzene can also be used in the
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present reactions], a solution of triethylamine (607.2 mg, 6 mmol) in
anhydrous tetrahydrofuran (5ml) is added dropwise over a few
minutes. The mixture is then refluxed for 10-20 h, the optimum
reaction time being determined by T.L.C. monitoring (silica gel).
Tetrahydrofuran is then evaporated at reduced pressure, and ether
(100 ml) is added to the residue. Triethylamine hydrochloride is
filtered off, the solvent is evaporated at reduced pressure, and the
residue is chromatographed on a silica gel column [type 60 (70-230
mesh, 0.063--0.200 mm), petroleum ether with varying amounts of
ether as cluent] to afford the product 3.

3a,5.5-Trimethyl-1,3-diphenyl-3 a,4,5,6-tetrahydro-3 H-
[1,24]}triazolo[4,3-al[ 1,5 |benzodiazepine (3aa); yield: 70%; m.p.
148-150°C.

C,sH6Ny cale. C7850 H 6.85 N 14.65

(382.5) found  78.60 6.84 14.55

M.S.(70eV): m/e = 382(M*, 20 %), 368 (18), 367 (60), 326 (22), 195
(18), 194(100), 133 (12),132(10), 118 (13), 92.(18), 91 (96). 77 (40), 65
(10), 64 (12), 41 (10).

LR. (Nujol): v = 3320 (NH); 1595 (C=N); 1460, 1377 cm ™.
"H-N.M.R. (CDCL/TMS, ): 6 = 1.21, 1.46 (2s, 3H each, 2x 5-
CH;); 1.67 (s, 3H, 3a-CHj;); 2.13, 2.52 (24, 1 H each, AB quartet,
J=-—142Hz, CH,); 434 (br. s, 1H, NH); 6.5-7.8 ppm (m,
14 H,

.;rom)'

PC-N.M.R. (CDCI,/TMS,,): § = 26.1 (3a-CH,); 3.18 (2 x 5-CH,);
48.9 (C-4); 52.3 (C-5); 85.1 (C-3a); 120.2 (C-10); 120.5 (C-8); 125.6
(C-6a); 127.2-130.0 (C-7, C-9, and phenyl CH); 130.9 (C-I'); 143.2
(C-102); 144.0 (C-1 of N-phenyl ring); 147.6 ppm (C-1).

3a-Methyl-5-oxo0-1,3-diphenyl-3a,4,5 6-tetrahydro-3 H-
[1.24])triazolo[4,3-a][ 1,5benzodiazepine (3ba); yield: 60 %: . p.
170-172°C.

Cy3H30N,O cale. C7498 H 547 N 15.21

(368.4) found  74.85 5.50 15.30

L.R. {(Nujol): v = 3200 (NH); 1680 (C=0); 1600 (C=N)cm !,
"H-N.M.R. (CDC1;/TMS,,): 6 = 1.73 (s, 3 H, CHj;); 2.58,2.91 (24,
1'H cach, AB quartet, J = — 13.7 Hz, CH,); 6.8-8.0 (m, 14 H, om):
8.69 ppm (br. s, 1 H, NH).

PC-N.M.R. (CDCI,/TMS,,): 6 = 25.2 (3a-CH;); 42.1 (C-4); 93.5
(C-34);120.3(C-10); 121.3(C-6a); 122.9 (C-8); 125.8--129.9 (C-7, C-
9. and phenyl CH); 133.2 (C-1'); 136.0 (C-1 of N-phenyl ring); 143.7
(C-10a); 150.3 (C-1); 171.4 ppm (C-5).

3-Ethoxycarbonyl-3a,5,5-trimethyl-1-phenyl-3a,4,5 6-tetrahydro-
3H-[1,24]triazolo[4,3-a][1,5]benzodiazepine (3 ab); vyield: 50%;
low-melting solid.

Co2HpgNLO, cale. C69.82 H 693 N 14.80

(378.5) found 69.81 7.00 14.79

LR. (CHCly): v = 3350 (NH); 1680 (C=0); 1592 (C=N); 1373,
1340 ¢cm ™!,

‘H-N.M.R. (CDCI,/TMS,,): 6 = 1.20, 1.48 (2s, 3H each, 2x5-
CH3): 1.36 (t, 3H, J = 6.8 Hz, CH,—CH,); 1.76 (s, 3 H, 3a—CH,);
2.15,2.69 (2d, 1 H each, AB quartet, J = — 14.5 Hz, 4-CH,); 3.59
(br. s, 1 H, NH); 4.31 (q, 2H, 0—CH,); 6.5-7.6 ppm (m, 9H,, ).
BC-N.M.R. (CDCL/TMS;,): 6 =148 (—CH,—CH,); 25.8
(3a—CHy); 30.6, 32.2 (2% 5-CH,); 46.1 (C-4); 52.5 (C-5); 61.6
(O—CH,); 82.5 (C-3a); 120.7 (C-10): 120.9 (C-8); 126.6 (C-6a);
127.8 -130.9 (C-7, C-9, and phenyl CH); 131.8(C-1"); 144.2 (C-10a),
151.6 (C-1); 152.0 ppm (CO—O0)

8 9-Dichloro-3a.5 5-trimethyl-1,3-diphenyl-3 a 4,5 ,6-tetrahvdro-3H-
1,2,4-triazolo4,3-a][ 1,5)benzodiazepine (3ca); yield: 80%; m.p.
186-188°C.

CysHyyCLN, cale. C 6652 H 536 N 12.41

(451.4) found 66.81 5.38 12.15

LR.(CHCly): v = 3360 (NH); 1595 (C=N); 1485, 1400, 1385cm ™!,
'H-N.M.R. (CDCI3/TMS,,): 6 = 1.13, 1.38 (25, 3 H each, 2 x 5-
CH3): 1.67 (5, 3H, 3a-CH,); 2.12, 2.52 (2d, 1 H each, AB quartet,

J= ~145Hz, CH,); 3.67 (br. s, 1H, NH); 6.7-8.2 ppm (m,
12Hﬂ"0m)'
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3a-Methyl-1,3,5,7-tetraphenyl-3a,4,4 a,5-tetrahydro-3H-bis[ 1,2,4-
triazolo][4,3-a: 3',4'-d][1,5]benzodiazepines Sa, b: .
Following the above general procedure, the 34-1,5-benzodiazepines
4a, b are subjected to the reaction with 2 molecular equivalents of N-
phenylbenzenecarbohydrazonic chloride (2a).
3a4a-Dimethyl-1,3,5,7-tetraphenyl-3 a,4 4 a,5-tetrahydro-3H-
bis[1,2,4-triazolo)[4,3-a: 3 4'-d)[1,5])benzodiazepine  (5a); yield:
65%; m.p. 140--142°C.

C3,H N, cale. € 79.26 H5.75 N 14.99

(560.7) found 79.48 5.83 14.69

L.R. (CHCl,): v = 1595 (C==N); 1490, 1405, (375cm"*,
"H-N.M.R. (CDCly/TMS;,.): 6 = 1.61 (s, 6 H, 3a-CH;, 4a-CH,);
294 (br. s, 2H, CH,); 6.9-7.8 ppm (m, 24 H,,..).
3a-Methyl-1,3,4a,5,7-pentaphenyl-3a.4.4 a,5-tetrahydro-3H-

bis[ 1 ,2.4:Iriazolo][4,3-a:3’,4’-d][1,5]benzodiazepine (5b). yield:
70%; m.p. 250-252"C.

CaHyuNg cale. C81.00 H5.50 N 13.49

(622.8) found 81.20 5.58 13.22

[.R. (CHCl,): v = 1593 (C=N); 1490, 1400. 1380 cm ™!,
'H-N.M.R. (CDCl;/TMS,,,): 6 = 1.72(s, 3H, CH,); 3.28, 3.55 (24,
1H cach, AB quartet, J= —14.7 Hz, CH,); 6.3-7.8 ppm (m,
29H
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