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The physicochemical and pharmacological properties of compounds of eight series of deriv-
atives of 1,2-dihydro-3H-1,4-benzodiazepine have been considered. A marked relationship
between the half-neutralization potentials, half-wave potentials of polarographic reduction,
and the dipole moments of the compounds with Hammett's ¢ constants of the substituents

in position 7 has been found. In all the series studied, a tendency is observed to an increase
in the physiological activity of the compounds with an increase in the electron-accepting na-
ture of the substituents in position 7.

1,2-Dihydro-3H-1,4-benzodiazepines are the most interesting derivatives of benzodiazepine from the
practical point of view in view of the wide use of some of them in medicine as minor tranquilizers [2, 3].
In investigations that we performed previously [4-7] it was established that in a series of 1,2-dihydro-3H-
1,4-benzodiazepin-2-ones (A),the nature of the substituent in position 7 has a fundamental importance in
the determination of the antispasmodic activity: a tendency was observed for the appearance of a corre-
lation between the activity of compounds of series A and the values of the Hammett ¢ constants of these
substituents. Although too much significance must not be attached to such correlations, it was of interest
to determine the range of this law or, more correctly, tendency. In view of this, we performed the present
investigation, setting ourselves the aim of determining the role of the effects of electronic displacements in
the cyclic system of 1,4-benzodiazepine on the appearance of the pharmacological activity of these sub-
stances.

With this aim, in homologous series of eight different types of 1,4-benzodiazepine derivatives (A-H)
we have compared, on the one hand, the tabular values of the Hammett ¢ constants of the substituents in
position 7 of the ring and the experimental values of a number of magnitudes characterizing the effects of
electronic displacements (dipole moments, half-neutralization potentials, half-wave potentials of polaro-
graphic reduction) with, on the other hand, the indices for individual types of psychopharmacological ac-
tivity.

*For Communication XI, see [1].
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TABLE 1. Basicities of Some 1,2-Dihydro-3H-1,4-benzodiazepin-2-
ones and the Corresponding Thiones

R —
N\z
Cetty

i . 1
Compound | R ! X 1 By, mV } AEy,, mV pKggt
| | | | |

o e o —17 —364 395

¢ H L0 ~130 —a77 3,73

m Cl o} -173 —420 3,00

v ] Br [0} -175 . —422 2,97

4 i NO, O -215 —462 2,29

VI CH;s S —140 —387 3,56

VI H S —153 —400 3,34

VI Cl S —195 —442 2,63

IX | Br S —190 —437 2,72

TABLE 2. Dipole Moments of Compounds of Series A, B, and F

CGHS
Compound 1 R \ z ‘ X l o w D
1 CH - 0 45| 5,44
1 H . — ! 0O 42,02 1 5,50
111 PCl : — | ¢} 31,68 i 4,78
v - Br ; — ; o) 26,22 i 4,36
v . NO, ! - ! 0 12,31 ] 3,30
Vi i CHs - S 53,14 | 6,35
Vil . H : — S 45,05 1 5.85
Vil Cl i — i S 38,20 ‘ 5,36
X ' Br ; — _: S 32.21 | 495
XXII © CHs { 0 0 59,12 ; 6,70
XXIII H 0 0 * 31,89 : 191
XXV Cl 0O O 28,18 : 4,62
XXv Br o} ) (o} 38,69 | 5,40
1 0
X o
qJoiNceINceIIew
J +
S R xR F=NH | pCH,CH, 507
Celty CeH: CeHls ety
A,B C-E EH G

o,
A X=0; B Xx=s: C X=CH; D X=CH,€0: E X= D>~CHZCH2; F X=0; H X=Sif,

¢n,

The synthesis and properties of the substances of series A-D, H have been described previously {5, 7].
The compounds of series E were obtained by the reaction of the sodium salts of the lactams A with 2- (8-
bromoethyl)-4-methyl-1,3-dioxane in DMFA [8]. The 4-oxides F weresynthesized by known methods em-
ploying the action of alkali on 2-halogenomethyl-4-phenylquinazoline 3-oxides [9] or by the oxidation of sub-
stances A with hydrogen peroxide [10]. The tosylates of the substances of series A — compounds G — were
formed quantitatively when solutions of substances of series A in benzene (or toluene) were boiled with p-
toluenesulfonic acid previously carefully dehydrated by the azeotropic distillation of water.

Ny o H,0,
R “No
C,H;
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Fig. 1. Comparison of the effective doses in the test of antagonism to the spasmodic action
of a maximum electric shock for the compounds of series A (1), G (2), and F (3) with the
Hammett o, constants of the substituents R.

Fig. 2. Comparison of the effective doses in the test for antagonism to the spasmodic ac-
tion of a maximum electric shock with the dipole moments (1), the relative half-neutraliza-
tion potentials (2), and the half-wave potentials of polarographic reduction (3) of the com-
pounds of series A.

TABLE 3. Half-Wave Poten- A comparison of the basicities of the individual compounds in
tials of the Polarographic Re- series A-C shows that an increase in basicity is observed with a de-
duction of the Compounds of crease in the electron-accepting nature of the substituent R. Since in
Series E the titration of the compounds of series A with acid the nitrogen atom
Compound - A in position 4 is protonated, this fact agrees well with the observed law
| e describing the connection between the nature of the substituent R and
XIX | CH, 1 112 the ease of polarographic reduction of individual compounds of the

X | a 1.05 series [7]. Consequently, both the basicity and the ease of polaro-

XXt | Br ; 1,06 graphic reduction obviously depend on the electron density in the re-
gion of the C =N bond. The half-neutralization potentials of the sub-
stances of series A and B are given in Table 1.

In series A, B, and F we determined the values of the dipole moments (DMs) on the basis of the cor-
responding values of the dielectric permeabilities by means of Higashi's formula [11]. In all these series,
a regular decrease in the values of the DMs is observed with an increase in the electron-accepting proper-
ties of the substituent R (Table 2), which can be explained from the point of view of general ideas on the in-
fluence of donor and acceptor substituents. In actual fact, electron-accepting substituents, by drawing off
electrons from the heterocyclic ring of the condensed system,leadto a more uniform distribution of the
electron density over the whole system. Electron-donating substituents, conversely, increase the electron
density in the region of the azomethine and carbonyl groups. These displacements of the electron density
can be traced fairly clearly by spectral methods [4], by polarography [7], and also by determining pKpyp,
values [12].

We may also note that in the polarographic reduction of the substances of series E an increase in
the half-wave potential of polarographic reduction of approximately 100 mV is observed in comparison with
the substances of series A (see Table 3). This fact can be explained by the electron-donating influence of
the B8 -(1,3-dioxanyl)ethyl residue in the cyclic system, and also the shielding of the azomethine group by
the voluminous substituent on the N, atom of the ring, which is well observed in Stuart—Briegleb models.
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TABLE 4. Pharmacological Properties of Some Derivatives of 1,2-Dihydro-3H-1,4-benzodiazepine
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TABLE 5. Tosylates of the 1,2-Dihydro-3H-1,4-benzodiazepin-2-

ones G '
Com- | o e | Empical | Found,% | Cale,% | vield,
pound | R P ' formula } -,
| ! Pn s x| s
i
XxXvul| H 240241 | CoHoN:OS | 70 | 77 | 69 | 738 e
XXVII | CH, 233—235 | Ca2sHaN:0,S 67 | 75| 68 | 76 | 98
XXIX | Cl 280—281 | CpHWCIN,O,S | 685 | 73 | 63 | 7.2 | 99
XXX | Br 268—269 | CyHiBrN,0,S | 58 | 64 | 57 . 66 | 98
XXXI | NO, 250—251 | CoH;sN3OgS 63 70 ! 82 1 70 | 95
i t PO : i

The study of the pharmacological activity of the compounds of series A-H was performed in experi-
ments on mice (weight 18-22 g) making use of the procedure generally employed for evaluationg substances
with a similar type of action [13]: a test with the subcutaneous administration of corazole to evaluate the
anticorazole action; the maximum-electric-shock test to evaluate the antispasmodic activity; the "rotating
rod" method for characterizing disturbances of motor coordination; the "grid-climbing™ method for evalu-
ating disturbances in orientation reactions; and the test of the potentiation of the soporific action of hexenal
for judging the hypnosedative effect. The activity of the compounds studied was expressed in terms of the
doses in which the substance caused an effect in 50% of the animals (ED;g (Table 4).

A comparison of the activities of the compounds of series A-H by means of the maximum-electric-
shock test, the depression of orienting reactions, the potentiation of hexenal sleep, and the disturbances of
motor coordination with their structures showed a definite tendency to an increase in the activity of the
preparations with the introduction of electron-accepting substituents (NO, > Br > Cl) into position 7 and to a
lowering of activity when the hydrogen atom in position 7 was replaced by the electron-donating substituent
CH;. It is characteristic that this tendency appears in all the series of 1,4-benzodiazepine derivatives that
have heen studied.

It is extremely interesting that this qualitative pattern is found in agreement with quantitative corre-
lations. In actual fact, Fig. 1 shows the relationship between the values of ED found experimentally and tab-
ular values of the Hammett o, constants. A gradual decrease in the activity of the preparations is ob-
served with a decrease in the positive values of the constant from +0.71 to 0.0 and a further decrease down
to the negative value of —0,07. The relationship found has a stable nature throughout series A-H and is con-
sequently retained for all compounds including substituents in position 1. A similar relationship is ob-
served on comparing the Hammett constants with the values of ED for the tests of the disturbance of orient-
ing reactions, the disturbance of motor coordination, and of the potentiation of hexenal sleep. In the case of
antagonism to corazole, this relationship is less pronounced and no clear correlations exist, The latter
confirms the hypothesis put forward previously [13] of two possible mechanisms of the action of minor
tranquilizers,

The substantial role of the magnitude of the electron density on the azomethine nitrogen atom as a
nucleophilic center for the appearance of psychopharmacological activity is shown by the similar correla-
tions of the ED values (Fig. 2) with the experimentally found values of the DM, the half-neutralization po-
tentials, and the half-wave potentials of polarographic reduction. Naturally, all these magnitudes correlate
satisfactorily with the Hammett ¢ constants. The approach to this type of correlation with ED values must
be extremely circumspect. However, the information discussed is interesting, since it relates to eight
groups of compounds and shows a definite tendency in the characteristics of the influence of the structure
of substances of types A-H on their psychopharmacological activity.

EXPERIMENTAL

The polarographic reduction of substances (XD'(—XXI) was performed with the aid of a PE-312 polaro-
graph in the cell described elsewhere [15] with a dropping mercury electrode using a saturated calomel
electrode as the reference electrode. The characteristics of the capillary were 7 2.45 sec, m 2.1 mg/sec.
The concentration of depolarizer was (3~5)-10-5 M.

The dielectric constants of solutions of substances (I-IX, XXH-XXV) in 1,4-dioxane were determined
in a "Tangens" dielcometer.

The half-neutralization potentials were determined with the aid of anLPM-60M pH meter at a tem~
perature of 25°C. The measuring electrode was anSL-411-05 and the comparison electrode a silver chlo-
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ride electrode with a saturated solution of KC1. The error in the determination of the half-neutralization
potentials was 2-5 mV.

7-Chloro-5-phenyl-1,2-dihydro-3H-1,4-benzodiazepin-2-one Tosylate. A mixture of 0.2 g (0.0012

mole) of p-toluenesulfonic acid and 25 ml of benzene was boiled with a Dean-Stark trap until the evolution
of water ceased. Then a solution of 0.2 g (0.7 mmoles) of 7-chloro-5-phenyl-1,2-dihydro-3H-1,4-benzodi-
azepin-2-one in 10 ml of benzene was added and the mixture was boiled for 3 h, After this, the benzene was
poured off from the colorless crystalline precipitate, and the latter was washed with absolute benzene

(3 x 10 ml) to eliminate the excess of p-toluenesulfonic acid. Yield 0.32 g (99%); mp 280-281°C,

O‘ln‘ﬂhml\')b—l

[=2}

10.
11.
12.
13.

14.
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Substances (XXVII, XXVIII, XXX, and XXXTI) were obtained similarly (Table 5).
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