1,4-BENZODIAZEPINES AND THEIR CYCLIC
HOMOLOGS AND ANALOGS

XI1V.* IR AND PMR SPECTRA OF SOME
1,2-DIHYDRO-3H-1,4-BENZODIAZEPINES
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The dependence of the IR and PMR spectral characteristics of 12 compounds of the 1,2-di-
hydro-3H-1,4-benzodiazepine series on structural and sterochemical factors was studied.
Information in favor of concepts regarding the pseudoboat conformation as the primary one
for this type of 1,4-benzodiazepine derivative was obtained.

The literature contains only episodic and nonsystematized information on the IR spectra of 1,2-di-
hydro-3H-1,4-benzo-2-diazepinones [2-4] and only a few papers devoted to the PMR spectra of these sub-
stances. We have investigated the IR and PMR spectra of 1,4-benzodiazepines of the A type and their
N,-oxides.

*See [1] for communication XIIL,
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Fig. 1. PMR spectrum of 7-bromo-5-
phenyl-1,2-dihydro-3H-1,4-benzo-2-
diazepinone.
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TABLE 1. Absorption Bands of Some Structural Fragments in the IR Spectra of 1,2-Dihydro-3H-1,4-benzodiazepine Derivatives

pound

Com-~
No.
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A
R=lN02, Bl’, Cl, H, CHg; R1=H, CHa; R2=H, CH;;, Cz'H5, l'-CgHT; X=O, S, Hz.

The synthesis and physical, chemical, and pharmacological prop-
erties of these substances were described in [2-4]. 7-Chloro-1-methyl-
5-phenyl-1,2-dihydro-3H-1,4-benzodiazepine (compound No. 4, medaz-
apam) was obtained by the action of urotropin on 5-chloro-2-(2-bromo-
ethyl methyl)aminobenzophenone in absolute ethanol -[5].

The presence of absorption bands of a C;=N, double bond at 1590-
1610 cm~! in their IR spectra (Table 1) is characteristic for 1,2-dihydro-
3H-1,4-benzodiazepines. The assignment of this band is confirmed by its
absence in the spectrum of 7-chloro-5-phenyl-1,2,3,4~tetrahydro-5H~
1,4-benzo-2-diazepinone. The IR spectra of 1,2-dihydro-3H,-1,4-benzo-
2-diazepinones, as already noted in [2-4], contain the absorption bands
of a carbonyl group and free and associated NH groups. The most intense
(at 3180 cm'i) of the bands that are related to the vibrations of the NH
group corresponds tothevibrations ofthe N—H bond of an amide group with
a cis configuration [6]. The integral intensity of this band remains prac-
tically the same on dilution [4], which may attest to the presence of an
intramolecular hydrogen bond between the NH group and the carbonyl
group or to the formation of dimeric associates due to hydrogen bonds of
the amide groups. In addition, the cis configuration of the amide group
is evidence in favor of the boat confor mation of the 1,2-dihydro-3H-1,4-

benzo-2-diazepinone molecules.
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Bands of the stretching vibrations of the carbon—carbon sesqui-
bonds of benzene rings are presented at 1450-1550 em-!in the IR spec-
tra of 1,2-dihydro-3H-1,4-benzodiazepines. The C—H stretching vibra-
tions of the benzene rings of compounds A lead to the appearance of ab-
sorption bands at 3030-3100 cm~!, The C—H stretching vibration of the
methylene group in the 3 position of the benzodiazepine system in the ab-
sence of aliphatic substituents give two bands of asymmetrical and sym-
metrical vibrations at 2850-2940 cm~!. When aliphatic groups are pres-
ent in the 1, 3, or 7 positions, the corresponding additional bands appear
in the spectra. In addition to this, a shift in the absorption bands of the
methylene group is noted (in the case of 3-unsubstituted compounds).

The PMR spectra contain a multiplet signal of aromatic protons at
7.45-8.00 ppm (for solutions in d,-dimethyl sulfoxide). The intense peak
of this multiplet in the spectrum of 7-bromo-5-phenyl-1,2-dihydro-3H-
1,4-benzo-2-diazepinone (compound No. 9, Fig. 1) at 7.70 ppm belongs
to the protons of the 5-phenyl substitutent, judging from its chemical
shift and integral intensity. The signal of the indicated protons are sim-
ilarly displayed in the spectra of the other compounds (A).
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TABLE 2. Chemical Shifts of the Methyl, Methylene, and Methylidyne
Protons of 1,2-Dihydro~3H-1,4-benzodiazepines

| | 6
oncn, , PP (£0.1)
&8 R R R R; x | Solvent 570) |
3 ég ’ | ci | cm | cH
dg-DMSO
1 |l H H —lo 6 o ] — aar| —
2 |¢& |H H 0 |0 |9%DMSO "\ 5 1 _ | 487| —
3 |cl CH; |H — |lo d;-DMSO 10 | 355 4411 —
4 | CH; |H — | H, |4%-DMSO 6 | 295| 380 | —
5 [Cl H CH;, —Jo dg-DMSO | 10 | 1,56 — | 376,
6 |Cl H CoHs — 10 dg-DMSO 10 { 1,95 227 362
7 {Cl H H — S dg-DMSO 5 — | 483 —
8 |H H H — 10 ds-DMSO 10 — | 434 —
9 gi) H H — 10 é-gmgg 10 — 1 440 —
10 3 H H — (o] - 10 — 4,47 —
11 {cCl H i-CsH; — 10 dg-DMSO 10 {1221 — |37
12 |CH; | H H — {0 dg-DMSO 10 | — | 431 —
2 |cCl H H 0O |0 CsDsN 10 | — | 4651 —
2 | Cl H H o |0 CD,COOD | 10 | ~ | 4651 —
4 | Cl CHs | H — | Hy, | CDN 6 | 217 ] 308 —
4 1l CH; | H — | Hy | CD;COOD 6 | 303 397 —
9 | Br H H — j0 CsDsN 10 | — | 405 —
7 |Cl H H — 15 CsDsN 5 | — a5 —
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Fig. 2. PMR spectra of 3-methyl- (a), 3-ethyl- (b), and 3-isopropyl-
7-chloro-5-phenyl-1,2-dihydro-3H-1,4-benzo-2-diazepinones (c).

Fig. 3. PMR spectra of medazepam at: a) 60 MHz; b) 100 MHz.

The singlet (1H) at 6 10.80 ppm in this spectrum is the signal of the proton of an amide group. We
note that the intensity of this signal is considerably less when the spectrum of a solution of the compound in
d;~-DMSO is recorded than when the spectrum is recorded with undeuterated DMSO as the solvent.* This
can be explained by deuterium exchange, i.e., by deuteration of compound No. 9 at the N, atom.

The chemical shifts of the protons attached to the C; atom and the protons of the substituents attached
to the Ny and C; atoms are presented in Table 2. It is seen from Table 2 that the chemical shifts of the
methylene protons of compounds A differ appreciably when the spectra are recorded in different solvents
(d-DMSO, C;D;N, and CD;COOD). As in the case of other properties of compounds A, the character of sub-
stituent R has a regular effect on the chemical shifts of the protons of the methylene group. An increase in
its electronegativity shifts the signal of the methylene protons to lower field; this is apparently associated
with a decrease in the electron density on the C =N bond under the influence of the substituent.

The usual signals of alkyl protons are observed in the PMR spectra of 3-alkyl-substituted derivatives
of the A type (Fig. 2), and diastereotopicity of the methyl groups is distinctly observed in the case of the
resonance band of the isopropyl group. )

*The d,~DMSO contains up to 1% deuterium oxide, according to the manufacturer's label.
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Substitution of the C3 atom or of adjacent atoms of the heteroring has the greatest effect on the char-
acter of the resonance of the protons attached to C;. Thus replacement of the oxygen atom attached to Cy by
sulfur and introduction of a semipolar oxygen atom in the N, position lead to an increase of ~ 0.40 ppm in the
chemical shift.

Substitution at the N; atom by a methyl group leads to splitting of the signal of the C3 methylene group
into a quartet; this can be explained by the retarded character of ring inversion.

The resonance signal of the protons of the ring methylene groups at 2.80-3.30 ppm generates the
greatest interest in the PMR spectrum of compound No. 4 (Fig. 3). As seen from the spectrum, these pro-
tons form an AA'BB! spin system and resonate as two multiplets, of which the signal of the 2-CH, protons
evidently appear at high field, and the protons of the 3-CH, group appear at low field. This is apparently in
good agreement with the concept of the higher basicity of the N, ring atom as compared with Ny. The char-
acter of the spectrum also attests that the cyclic system under consideration is quite rigid, and ring inver-
sion is hindered at room temperature.

EXPERIMENTAL

The IR spectra of solutions of the compounds (Nos, 1-7) in CCl, or CHCl; were recorded with an
IKS-14A spectrometer. The solution concentration was 0.01 mole and the layer thickness was 5.006 mm.
The PMR spectra were recorded with a Tesla S9 487B NMR spectrometer at 80 MHz with hexamethyldisil-
oxane as the external standard for 5-10% solutions of compounds A in d,-dimethyl sulfoxide, per deutercpy-
ridine, and per deuteroacetic acid. The spectrum of compound No. 4 was also recorded with a Varian HA-
100D spectrometer at 100 MHz.

1-Methyl-5-phenyl -7-chloro-1,2-dihydro-3H-1,4-benzodiazepine. A 2.8-g (8 mmole) sample of
5-chloro-2- (2-bromoethyl) methylaminobenzophenone and 2.8 g (20 mmole) of urotropin were refluxed in 50
ml of absolute ethanol for 10 h, after which the reaction mixture was vacuum evaporated, and the residue
was treated with methylene chloride and water. The organic layer was separated, and the aqueous layer
was made alkaline and extracted with methylene chloride. The extracts were combined and dried with cal-
cined sodium sulfate, the methylene chloride was removed by distillation, and the residue was crystallized
from ether, The yield of product with mp 100-103° (mp 102-103° [5]) was 1.8 g (83%).
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