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The one-step synthesis of new bis[1,2,4-triazolo][4,3-a:3',4'-d][1,5] benzodiazepines by way of completely regio-
and diastereoselective 1,3-dipolar cycloaddition of nitrilimines to 2,4-dimethyl-3H-1,5-benzodiazepines is
reported and a tentative rationalization for the observed diastereoselectivity, which underline the key effect

of the C4-dipolarophile substituent, is proposed.

Introduction

Owing to their remarkable Central Nervous System (CNS)
depressant activity, benzodiazepines'* have been the object
of intense investigation in medicinal chemistry and are now
one of the most widely prescribed class of psychotropics.’
More recently, the area of biological interest of 1,5-benzodi-
azepines® has been extended to various diseases such as
cancer,’ viral infection (HIV)® and cardiovascular disorders.’
The 1,5-benzodiazepine core is indeed a “privileged scaf-
fold ! found in compounds active against a variety of target
types including peptide hormones (such as CCK),!! interleukin
converting enzymes (ICE)'?> and potassium blockers (Iy)”
(examples are given Fig. 1).

Results and discussion

In addition, readily available 2,4-disubstituted-3H-1,5-benzo-
diazepines 1'* are useful synthons for the rapid construction
of polyheterocyclic systems due to the presence of two possible

o

Cholecystokinin A (CCK A) Antagonist'’ IK Blockers®

Cholecystokinin B (CCK B) Antagonist'”

dipolarophile sites. This structural feature could allow the
diversity-oriented synthesis'* of small libraries of benzo-
diazepine-based compounds for pharmacological testing on a
wide range of biological targets.'> To achieve this aim and as
part of our continuing studies on 1,3-dipolar cycloaddition to
diazepines,'® we decided to explore the reactivity of 2,4-
dimethyl-3H-1,5-benzodiazepines la-b toward nitrilimines
(Fig. 2)."7 It is noteworthy that according to the substituent
in C7, the two dipolarophile sites are chemically equivalent
(Ry = H) or different (R; = Me).

To study the influence of nitrilimine substituents, we first
turned our attention to N-aryl-C-ethoxycarbonylnitrilimines
prepared in situ from ethylarylhydrazono-o-bromoglyoxylate
2 by base-induced dechlorination.'® Reaction with 1,5-benzo-
diazepines 1 in benzene at room temperature provided the tetra-
heterocycles 3 in reasonable to very good yields (Table 1).
These bis-adducts resulted from a double regiospecific 1,3-
dipolar cycloaddition of the nitrilimines to the two dipolar-
ophile sites C=N.

The structure of 3 was determined on the basis of mass,
NMR spectral data (‘H and '*C) and X-ray crystallographic
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Fig. 1 Examples of 1,5-benzodiazepine-based compounds of biological interest.
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Fig. 2 2.,4-Dimethyl-3H-1,5-benzodiazepine 1a-b.

analysis. In particular, the chemical shift observed for the qua-
ternary carbons C3a and C4a around 6 88 unambiguously
rules out the formation of the alternative regioisomer, for
which chemical shifts of about 6 50 would be expected.'”
The regiochemistry of the cycloaddition was that expected
from frontier molecular orbital theory, considering dipole
LUMO-dipolarophile HOMO interactions.”® Contrary to
what was found previously for benzodiazepine lc¢
(R, = Ph),'®? the formation of the mono-adduct was never
observed even though equimolecular amounts or a large excess
of dipolarophile were used. The reaction was found to be com-
pletely diastereoselective and the obtained bis-adducts 3a—f
were characterized by the anti relationship of the two triazolo
rings fused to the benzodiazepine framework on the basis of
'H and 2D NOESY NMR experiments.?! In the case of the tet-
racycles 3a—c, the trans isomers obtained have a C, symmetry
axis, so that the methylene protons in C4 are equivalent and
resonate as an only singlet. In addition, the structure of the
cycloadduct 3b was unambiguously determined on the basis
of X-ray crystallographic analysis of a single crystal
(Fig. 3).”” The X-ray data indicate that the central 7-membered
ring is quasi-planar; C4, the two aromatic carbons and endo-
cyclic nitrogen atoms are in the same plan.

In the tetraheterocycles 3d—f obtained from non-symmetrical
benzodiazepine 1b, methylene protons in C4 appear as a broad
AB system. Irradiation of the C3a or C4a methyl groups of 3d—
f enhanced the intensity of H4A or H4B protons respectively.
A cis stereochemistry would require that the two methyl
groups could possibly produce NOE effect on only one of
the adjacent geminal methylene protons.

When the C4 substituent is a phenyl (dienophile 1c), we
observed in a previous study'®” that for one case (dipole 2c),
the diastereomeric excess of the cycloaddition reaction
dropped to 36%. This puzzling singularity prompted us to
explore the scope of the reaction with more sterically demand-
ing diarylnitrilimines which were obtained in situ by the action
of triethylamine on N-phenylarylohydrazonoyl chloride 4.

Table 1 Reaction of dipolarophiles 1a-b with 2a—¢

CO,Et EtO, C
e B )1 T
/@Ni}z N : : /CEN
R 7 N= 4 Et;N, CeHg

R,
EtO, c

1a R;=H, R,=Me
1b R, =Me, R=Me

1c R, =H, R,=Ph Sa-i

Entry Dipolarophile R; Dipole Product Yield(%)" d.e. (%)

Me
N\
@1 Me 2a 3a 45 >95
N= Ccl 2 3b 50

—

2 >95
Me
3 1a NO, 2¢ 3c 65 >95
Me
N\
4 /@1 Me 2a 3d 88 >95
5 Me NNy €I 2b 3e 60 >95
6 1b NO, 2¢ 3f 70 >95

“ Isolated yield. ” determined by "H NMR of the crude product.
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Fig. 3 Perspective ORTEP view of compound 3b.

After stirring for 2 days at room temperature in benzene,
cycloaddition reactions with 1,5-benzodiazepines la-b furn-
ished only one type of bis-cycloadducts 5 with complete regio-
selectivity and the same direction of addition to the imines as
for the formation of tetraheterocycles 3 (Table 2).

The reaction was also found to be completely diastereoselec-
tive and gave the trans stereoisomers with respect to the rela-
tive stereochemistry of their C3a- and C4a-substituents. As
for ethoxycarbonylnitrilimines, the mono-adducts were never
detected whatever the experimental conditions explored.
Comparison of these results with those observed for 2-
methyl-4-phenyl-3 H-benzodiazepine 1d (R, = Ph),'®” showed
a remarkable effect of the C4-substituent on the diastereoselec-
tivity of the 1,3-dipolar cycloaddition (entries 7 to 9). In this
case, the diastereomeric excess dramatically dropped as far
as 17%. With 1,5-benzodiazepines la-b, the intermediate
monocycloadduct may adopt a pseudo boat conformation

Table 2 Reaction of dipolarophiles 1a-b with 4a—f

Me @

R‘JJ:jiN;Z Et,N, CeHs :
R,

1a R;=H, R,=Me

1b R, =Me, R,=Me

1d R, =Me, R,=Ph

Entry Dipolarophile R; X Dipole Product Yield(%)* d.e. (%)"

;CQ

H Cl 4a 5a 60 >95

Me Cl 4b 5b 33 >95
3 = Cl  Cl 4c 5¢ 40 >95
4 /@ H Cl 4a 5d 84 >95
5 Me N we Me  CI 4b Se 56 >95
6 1b ve Cl Cl 4c sf 60 >95

N

7 /@E 2 H Br 4d 5g° 354 17
8 Me NT NO, Br d4e 5h¢ 344 62
9 1d Phocl Br 4f 5i¢ 384 46

“ Isolated yield. * Determined by 'H NMR of the crude product. ¢ See ref. 16b.
4 Inseparable mixture of ¢rans and cis cycloadducts.
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A,% in which the addition of the dipole to the less hindered
face of the imine, opposite to the first formed triazole, gave
the trans diastereoisomer (Fig. 4).

According to our previous work on 2-methyl-4-phenyl-3 H-
1,5-benzodiazepines 1d, we assumed that the first intermediate
of the process is the monocycloadduct which results from the
dipole reaction with the most reactive imine function
N1=C2.""4 The loss in stereofacial discrimination may be
rationalized by partial destabilization of the pseudo boat con-
formation A due to peri nonbonded interaction between the
C4a- and N3-phenyl groups. The monocycloadduct may adopt
a pseudo chair conformation B, in equilibrium with A, in
which attack of the dipole on the less hindered face, opposite
to the pseudo axial C3a-Me group, led to the cis diastereo-
isomer.

Conclusion

In conclusion, we have achieved an efficient one-step synthesis
of new bis[1,2,4-triazolo][4,3-a:3',4'-d|[1,5]benzodiazepines by
way of completely regio- and diastereoselective 1,3-dipolar
cycloaddition of nitrilimines to 2,4-dimethyl-3H-1,5-benzo-
diazepines. The steric course of this reaction was found to be
dependent on the conformations of the benzodiazepine ring
in the intermediate monocycloadduct. These conformations
are controlled by peri nonbonded interaction according to the
nature of the C4-substituent. This strategy is currently being
extended to other dipoles and to various C4-substituents with
the goal of generating a small library of new tetraheterocycles®
of biological interests with a controlled stereochemistry.

Experimental

General

Melting points were taken in an open capillary tube on a Buchi
510 apparatus and are uncorrected. Spectra were recorded
with the following instruments: 'H NMR spectra: Briicker
AC-250, 3C NMR spectra: Briicker WP-200, Mass spectra:
Jeol JMS DX 300. TMS was used as an internal reference. Col-
umn chromatography was carried out using E-Merck silica gel
60F,s, . Reagents and solvents were purified in the usual way.

General procedure for preparation of products 3, 5

To a solution of 1,5-benzodiazepine 1a-b"® (2.9 mmol) and
ethylhydrazono-a-bromoglyoxylate 2'® or N-phenylarylo-
hydrazonoyl chloride 4*” (4.6 mmol) in dry benzene (30 mL),
triethylamine (0.8 mL, 6 mmol) dissolved in dry benzene (10
mL) was added dropwise. After stirring for 48 hours at room
temperature, the mixture was washed several times with water
(25 mL) and dried over anhydrous sodium sulfate. The organic
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Fig. 4 Postulated conformations of intermediate monocycloadducts.
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layers were concentrated and the residue was chromato-
graphed on a silica gel column (eluent: hexane/ethyl acetate),
the isolated products were then recrystallized from ethanol.

1,7-Diethoxycarbonyl-3a,4a-dimethyl-3,5-diparatolyl-3a,4a,8,
13-tetrahydro-4 H-bis[1,2,4-triazolo][4,3-a:3',4'-d|[1,5]benzo-
diazepine 3a. 3a is isolated from 2a (R; = CH3) and 1,5-ben-
zodiazepine 1a (R; = H). Yield 45%; m.p.: 148-150°C (etha-
nol); '"H NMR (CDCly): é 1.26 (t, 6H, 2CH5-CH,»-0), 1.74
(s, 6H, CH;-C-3a, CH;3-C-4a), 2.29 (s, 6H, 2CH3-Ar), 2.88
(s, 2H, CH»-4), 431 (m, 4H, 2CH3-CH,-0O), 6.87-7.25 (m,
12H, H-Ar); 'C NMR (CDCl;): é 14.05 (2CH;-CH,-0),
20.72 (2CH;3-Ar), 24.14 (CH5-C-3a, CH3-C-4a), 44.01 (CH»-
4), 61.92 (2CH;-CH»-0), 88.50 (C-3a, C-4a), 118.79, 125.13,
125.32, 129.61, 132.43, 138.29, 139.23 (C=), 158.52 (2CO,Et);
MS(IS): m/z 580 (IM]*, 100%).

3,5-Di-p-chlorophenyl-1,7-diethoxycarbonyl-3a,4a-dimethyl-
3a,4a,8,13-tetrahydro-4 H-bis[1,2,4-triazolo][4,3-a:3",4'-d|[1,5]
benzodiazepine 3b. 3b is isolated from 2b (R; = Cl) and 1,5-
benzodiazepine la (R; = H). Yield 50%; m.p.: 180-181°C
(ethanol); "H NMR (CDCly): 6 1.25 (t, 6H, 2CH5-CH»-0),
1.80 (s, 6H, CH5-C-3a, CH;-C-4a), 2.80 (s, 2H, CH»-4), 4.25
(m, 4H, 2CH;5-CH»-0), 6.75-7.2 (m, 12H, H-Ar); *C NMR
(CDCly): 0 14.40 (2CH3-CH,-0), 25.07 (CH3-C-3a, CH;-C-
4a), 44.30 (CH»-4), 62.62 (2CH;3-CH»-0), 88.57 (C-3a, C-4a),
119.19, 125.35, 125.99, 127.90, 129.55, 131.72, 138.95, 140.39
(C=), 158.65 (2CO,Et); MS(IS): m/z 621 (IM]", 100%).

1,7-Diethoxycarbonyl-3a,4a-dimethyl-3,5-di-p-nitrophenyl-
3a,4a,8,13-tetrahydro-4 H-bis[1,2,4-triazolo][4,3-a:3",4'-d][1,5]
benzodiazepine 3c. 3c is isolated from 2¢ (R3; = NO,) and 1,5-
benzodiazepine la (R; = H). Yield 65%; m.p.: 288-290°C
(ethanol); 'H NMR (CDCls): d 1.30 (t, 6H, 2CH5-CH,-0),
2.15 (s, 6H, CH;-C-3a, CH3-C-4a), 3.00 (s, 2H, CH,-4), 4.30
(m, 4H, 2CH;-CH»-0), 6.75-8.00 (m, 12H, H-Ar); *C NMR
(CDCly): ¢ 14.38 (2CH3-CH,-0), 26.02 (CH3-C-3a, CH;-C-
4a), 46.67 (CH»-4), 63.36 (2CH;3-CH»-0), 88.04 (C-3a, C-4a),
114.32, 124.44, 126.11, 126.27, 129.42, 139.45, 141.17, 145.74
(C=), 158.34 (2CO,Et); MS(S): m/z 642 (IM]T, 90%), 263
(100%).

1,7-Diethoxycarbonyl-3a,4a,10-trimethyl-3,5-di-p-tolyl-3a,4a,
8,13-tetrahydro-4H-bis[1,2,4-triazolo][4,3-a:3' ,4'-d|[1,5]benzodia-
zepine 3d. 3d is isolated from 2a (R; = CHj3) and 1,5-benzodia-
zepine 1b (R; = CH3). Yield 88%; m.p.: 175-177°C (ethanol);
"H NMR (400 MHz, CDCl5): 6 1.25 (t, J = 7.1 Hz, 6H, 2CH-
CH,-0), 1.72 (s, 6H, CH3-C-3a, CH3-C-4a), 2.28 (s, 9H, 3CH5-
Ar), 2.77 (d, J = 14.8 Hz, 1H, AB, CH»-4), 295 (d, J = 14.8
Hz, 1H, AB, CH,-4), 431 (m, 4H, 2CH;-CH»-0), 6.64-7.26
(m, 11H, H-Ar); >C NMR (CDCls): § 14.16 (2CH5-CH»-0),
20.77, 20.82, 21.13 (3CHj3-Ar), 23.89, 2445 (CH;-C-3a,
CH;-C-4a,), 44.04 (CH,-4), 61.97 (2CHs-CH,-O), 88.25,
88.60 (C-3a, C-4a), 118.42, 119.27, 124.75, 125.80, 126.01,
128.65, 129.69, 132.14, 132.73, 133.25, 135.84, 138.40, 138.80,
139.35, 139.45 (C=), 158.59, 158.76 (2CO,Et); MS(IS): m/z
595 (M + HJ*, 100%).

3,5-Di-p-chlorophenyl-1,7-diethoxycarbonyl-3a,4a,10-trimethyl-
3a,4a,8,13-tetrahydro-4 H-bis[1,2,4-triazolo][4,3-a:3",4'-d][1,5]
benzodiazepine 3e. 3e is isolated from 2b (R; = Cl) and
1,5-benzodiazepine 1b (R; = CHj). Yield 60%; m.p.: 187—
189°C (ethanol); 'H NMR (CDCl5): § 1.31 (t, 6H, 2CH;-
CH,-0), 1.83 (s, 6H, CH3-C-3a, CH;-C-4a), 2.29 (s, 3H,
CH3-Ar), 2.77 (br d, 1H, AB, CH»-4), 2.91 (br d, 1H, AB,
CH,-4), 4.31 (m, 4H, 2CH;-CH,-0), 6.62-7.26 (m, 11H, H-
Ar); 3C NMR (CDCl;): § 14.08 (2CH;-CH,-0), 21.06
(CH3-Ar), 24.40, 2495 (CH;-C-3a, CH3-C-4a,), 4391
(CH,-4), 62.21 (2CH;3-CH»-0), 87.92, 88.23 (C-3a, C-4a),
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118.36, 119.13, 124.65, 125.59, 126.11, 127.13, 127.66,
127.97, 129.18, 132.06, 136.03, 138.64, 138.99, 140.13 (C=),
158.30, 158.43 (2CO,Et); MS(IS): m/z 635 (IM]", 100%).

1,7-Diethoxycarbonyl-3a,4a,10-trimethyl-3,5-di-p-nitrophe-
nyl-3a,4a,8,13-tetrahydro-4 H-bis[1,2,4-triazolo][4,3-a:3' ,4'-d|[1,5]
benzodiazepine 3f. 3f is isolated from 2¢ (R; = NO,) and 1,5-
benzodiazepine 1b (R; = CHs3). Yield 70%; m.p.: 282-283°C
(ethanol); "H NMR (CDCls): é 1.37 (t, 6H, 2CH5-CH,-0),
2.20 (s, 6H, CH;5-C-3a, CH;-C-4a), 2.30 (s, 3H, CH;-Ar),
3.08 (br d, 1H, AB, CH,-4), 3.16 (br d, 1H, AB, CH,-4),
3.70 (m, 4H, 2CH;-CH>-0), 6.70-8.13 (m, 11H, H-Ar); 1*C
NMR (CDClL): 6 14.12 (2CH;-CH,-O), 21.05 (CHs-Ar),
25.60, 25.67 (CH3-C-3a, CH3-C-4a,), 46.38 (CH,-4), 63.02
(2CH3-CH,-0), 87.58, 87.66 (C-3a, C-4a), 113.91, 114.10,
124.30, 125.06, 125.83, 126.33, 126.65, 129.21, 136.29, 139.28,
139.41, 140.75, 140.86, 145.54 (C=), 158.15, 158.16 (2CO,Et);
MS(IS): m/z 657 (M +H]T, 28%), 210 (100%).

3a,4a-Dimethyl-1,3,5,7-tetraphenyl-3a,4a,8,13-tetrahydro-4 H-
bis[1,2,4-triazolo][4,3-a:3' ,4'-d|[1,5]benzodiazepine 5a. 5a is iso-
lated from 4a (R;=H) and 1,5-benzodiazepine 1la
(R, = H). Yield 60%, mp: 176-178°C (ethanol); 'H NMR
(CDCly): 6 1.60 (s, 6H, CH;3-C-3a, CH3-C-4a), 2.93 (s, 2H,
CH»-4), 6.91-7.46 (m, 24H, H-Ar); *C NMR (CDCl;):
22.50 (CH;-C-3a, CH;-C-4a), 42.04 (CH»-4), 86.64 (C-3a,
C-4a), 118.51, 121.71, 126.41, 127.25, 128.51, 128.81, 129.03,
129.46, 143.93, 148.96 (C=); MS(S): m/z 561 (IM+H]",
80%), 197 (100%).

3a,4a-Dimethyl-3,5-diphenyl-1,7-di-p-tolyl-3a,4a,8,13-tetrahy-
dro-4H-bis[1,2,4-triazolo][4,3-a:3' ,4'-d][1,5]benzodiazepine  5b.
5b is isolated from 4b (R; = CH3) and 1,5-benzodiazepine 1a
(R, = H). Yield 33%; m.p.: 210-212°C (ethanol); '"H NMR
(CDCly): 6 1.58 (s, 6H, CH;3-C-3a, CH3-C-4a), 2.35 (s, 6H,
2CH;-Ar), 2.93 (s, 2H, CH»-4), 6.90-7.35 (m, 22H, H-Ar);
13C NMR (CDCl,): & 21.55 (CH;-C-3a, CH;-C-4a, 2CH;-
Ar), 42.16 (CH,-4), 86.51 (C-3a, C-4a), 118.50, 121.68,
126.01, 126.28, 127.26, 129.01, 129.19, 139.61, 144.07, 149.04
(C=); MS(IS): m/z 589 (IM + H]", 100%).

1,7-Di-p-chlorophenyl-3a,4a-dimethyl-3,5-diphenyl-3a,4a,8,
13-tetrahydro-4 H-bis[1,2,4-triazolo][4,3-a:3' ,.4'-d|[1,5]benzodiaze-
pine Sc. 5c¢ is isolated from 4¢ (R;3 = Cl) and 1,5-benzodiaze-
pine 1a (R, = H). Yield 40%; m.p.: 249-250°C (ethanol); 'H
NMR (CDCl): 6 1.59 (s, 6H, CH3-C-3a, CH5-C-4a), 2.95 (s,
2H, CH»>-4), 6.94-7.33 (m, 22H, H-Ar); *C NMR (CDCls):
0 21.58 (CH3-C-3a, CH;-C-4a), 41.84 (CH,-4), 86.85 (C-3a,
C-4a), 118.38, 121.95, 122.21, 127.30, 128.35, 128.81, 129.12,
135.45, 143.67, 148.11 (C=); MS(IS): m/z 629 (IM]", 100%).

3a,4a,10-Trimethyl-1,3,5,7-tetraphenyl-3a,4a,8,13-tetrahydro-
4 H-bis[1,2,4-triazolo][4,3-a:3' ,4'-d|[1,5]benzodiazepine 5d. 5d is
isolated from 4a (R; = H) and 1,5-benzodiazepine 1b
(R; = CH;). Yield 84%; m.p.: 187-188°C (ethanol); 'H
NMR (CDCly): ¢ 1.57, 1.62 (2 x s, 2 x 3H, CH3-C-3a, CH;-
C-4a), 2.14 (s, 3H, CH3-Ar), 2.84 (br d, 1H, AB, CH»-4),
2.95 (br d, 1H, AB, CH»>-4), 6.66-7.48 (m, 23H, H-Ar); 1°C
NMR (CDCls): ¢ 21.18 (CH3-C-3a, CH;-C-4a, CHj;-Ar),
41.92 (CH,-4), 86.21, 86.85 (C-3a, C-4a), 117.81, 118.93,
121.14, 121.99, 127.16, 127.37, 128.46, 128.52, 128.82, 129.01,
129.04, 129.42, 143.95, 144.04, 149.09, 149.35 (C=); MS(IS):
m/z 575 (M + H]T, 100%).

3a,4a,10-Trimethyl-3,5-diphenyl-1,7-di-p-tolyl-3a,4a,8,13-tetra-
hydro-4H-bis[1,2,4-triazolo][4,3-a:3' ,4'-d][1,5]benzodiazepine  Se.
Se is isolated from 4b (R3; = CH3) and 1,5-benzodiazepine 1b
(R; = CH3). Yield 56%; m.p.: 258-260°C (ethanol); 'H
NMR (CDCls): o 1.55, 1.59 (2 xs, 2 x 3H, CH3-C-3a, CHs-
C-4a), 2.15 (s, 3H, CHs-Ar), 2.35 (s, 6H, 3CH3-Ar), 2.84 (br
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d, 1H, AB, CH>-4), 2.93 (br d, 1H, AB, CH»-4), 6.66-7.37
(m, 21H, H-Ar); *C NMR (CDCls): é 21.20, 21.55 (CH;5-C-
3a, CHs-C-4a, 3CHs-Ar), 41.95 (CH,-4), 86.06, 86.69 (C-3a,
C-4a), 117.86, 119.03, 120.95, 126.02, 126.23, 127.16, 127.35,
128.98, 129.12, 129.17, 139.51, 139,53, 144.08, 144.17, 149.19,
149.43 (C=); MS(IS): m/z 603 (M + H]", 100%).

1,7-Di-p-chlorophenyl-3a,4a,10-trimethyl-3,5-diphenyl-3a,4a,8,
13-tetrahydro-4 H-bis[1,2,4-triazolo][4,3-a:3' ,4'-d][1,5]benzodiaze-
pine 5f. 5f is isolated from 4¢ (R3 = Cl) and 1,5-benzodiaze-
pine 1b (R; = CHj3). Yield 60%; m.p.: 270-271°C (ethanol);
'"H NMR (CDCly): & 1.55, 1.62 (2xs, 2x3H, CHs-C-3a,
CH;-C-4a), 2.19 (s, 3H, CHs-Ar), 2.80 (br d, 1H, AB, CH>-
4), 2.93 (br d, 1H, AB, CH»-4), 6.65-7.64 (m, 21H, H-Ar);
13C NMR (CDCls): 6 21.26 (CH5-C-3a, CH3-C-4a, CH5-Ar),
41.70 (CH»-4), 86.42, 87.03 (C-3a, C-4a), 127.31, 127.52,
128.23, 128.49, 128.75, 128.82, 129.09, 129.12, 135.39, 143.68,
143.77 (C=); MS(IS): m/z 643 (IM]", 19%), 214 (100%).

Crystallographic structural determination

Data for 3b were collected, at room temperature, using a
Kappa CCD diffractometer with an Mo-K,, irradiation source.
The structure was solved by direct methods using SHELXS
97.23 Refinement, based on F°, was carried out by full matrix
least squares with SHELXL-97** software. The asymmetric
unit contains two crystallographically independent molecules.
Non hydrogen atoms were refined anisotropically. The hydro-
gen atoms were positioned geometrically and refined riding on
their carrier atom with isotropic thermal displacement para-
meters fixed at 1.2 times those of their parent atoms. Conver-
gence was reached at R; = 0.061 for 4097 reflections (/ > 25([)),
wR2 = 0.155 for all data and S = 1.06 for 775 parameters. The
residual electron density in the final difference Fourrier does
not show any feature above 0.673 ¢.A> and below —0.318 ¢. A >,

CCDC reference number 208973. See http://www.rsc.org/
suppdata/nj/b3/b303995¢c/ for crystallographic files in CIF
or other electronic format.
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