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The crystal structure of racemate R,S-7-bromo-3-(2-methoxy)ethoxy-5-phenyl-1,2-dihydro-3H-
1,4-benzodiazepine-2-one (1) has been compared to the structure of R-enantiomer. It has been
determined that crystals of R-enantiomer and R,S-racemate are formed by the similar H-bonded
chains. In the crystal of racemate there are two types of chains each built up exclusively from
the molecules of the same configuration whereas the crystal of R-enantiomer is formed by
identical parallel chains. All the compounds studied have been found to possess a high analgesic
activity, which exceeds the activity of the reference medicine.

CPABHUTEJIbHbIA AHAJIN3 KPUCTAJIJTNHECKOU CTPYKTYPbI R,S-PALLEMATA U R-OHAHTUOME-
PA 7-BPOM-5-(2-METOKCU)3TOKCU-5-PEHNJI-1,2-ANTNAPO-3H-1,4-BEH3AUNA3ENMNH-2-0OHA,
NMPOSIBJISIOLLUNX BbICOKYIO AHAJIbI'ETUYECKYKO AKTUBHOCTb

10.CumoHoB, I.Boypouw, B.KpaBsyoB, M.FgaHey, E.CemeHunwmnna, B.lMaBnosckwnii, T.KabaHoBa,
E.XanumoBa, C.AHApOHaTn

lMpoBeaeHO cpaBHeHNe KPUCTaIIN4eCcKou cTpykTypbl R,S-7-6pomM-5-(2-meTokcn)aTokcun-5-ge-
Hun-1,2-gurngpo-3 H-1,4-6eH3gna3ennH-2-oHa co CTPYKTypoli R-aHaHTUOMepa. YcTaHOBJIEHO,
470 Kpuctasibl R-aHaHTMOMepa u R,S-pauemata cpopMupoBaHsbl LENsiMU, CBSI3aHHbIMU 3a CHET
BOA4OPOAHbIX CBsI3el. B Kkpuctanne pauemara o6pa3yroTcs Lenu, CoOCTosLMNe N3 MOJIEKYJ1 TOJIbKO
R- nin6o S-aHaHTMOMepOoB, KOTOPblie GOPMUPYIOT NMPOTUBOMOJIOKHO HarnpaBseHHble cnupanu, a
kpuctann R-aHaHTUOMepa o06pa3oBaH UAEHTUYHbIMU NnapannesibHbiMu yensmu. O6HapyXeHo,
4TO BCe muccriegyemble COeauHeHns1 061a[al0T BbICOKONM aHaslbreTU4eckoii akTUBHOCTbIO, rNpe-
BOCxoasiLyei akTUBHOCTb npenapara CpaBHEeHUS.

NOPIBHSIJIbHUA AHAJNI3 KPUCTAJIIYMHOI CTPYKTYPU R,S-PALLEMATY TA R-EHAHTIOMEPA
7-BPOM-5-(2-METOKCU)ETOKCU-5-DPEHIJT-1,2-AUT4PO-3H-1,4-BEH34IA3EIIH-2-0OHY, SIKI
MAKOTb BUCOKY AHAJIFTETUYHY AKTUBHICTb

10.CumoHosB, MN.Bboypowi, B.Kpasuos, M.FgaHeub, K.CemeHiwmnHa, B.MasnoBcbknii, T.KabaHoBa,
O.XanimoBa, C.AHAgpoHaTi

lMpoBeaeHO MOPIBHAHHA KpuUcTanidyHOi cTpykTypu R,S-7-6pom-5-(2-meTokcu)eTtokcu-5-geHin-
1,2-pgurigpo-3H-1,4-6eH3aia3eniH-2-0Hy 3i CTPYKTYpoIo R-eHaHTioMmepa. BcTaHOB/IEHO, L0 KpU-
ctanun R-eHaHTiomepa i R,S-payematy cpopmoBaHi naHuloramm, 38°’s3aHUMu 3a paxyHOK BogHe-
BUX 3B’A3KiB. Y KpUCTaJli pauemMaTty yTBOPIOIOTbCS JIAHLIOIN!, WO CK1a[aloTbCsl 3 MOJIEeKY Tislbkn
R- abo S-eHaHTiOMepa, siKi pOpMYIOTb NMPOTUIEXXHO CNPSMOBaHIi cnipani, a kpyuctan R-eHaH-
TioMepa yTBOPEeHui ifeHTUYHUMMU napasesibHUMu naHuroramu. BusseneHo, o Bci gocnigxeHi
CIOJIYKN MaloTb BUCOKY aHaJireTUYHy akKTUBHICTb, sIka nepeBepLUYE aKTUBHICTb Nnpenaparty NnopiBHsIHHS.

1,2-Dihydro-3 H-1,4-benzodiazepine-2-ones have cholecystokinin [1, 2] and bradykinin receptors [3, 4].
gained wide popularity in medical practice due to their ~ Such typical representatives of 3-substituted deriva-
characteristic types of pharmacological activity — high  tives of 3 H-1,4-benzodiazepine-2-ones as oxazepam,
anxiolytic, hypnotic and anticonvulsive actions. Some  lorazepam, lormetazepam and temazepam are widely
of representatives of given class are antagonists of applied for the therapy of CNS disorders, convulsions,

70



XypHan opr. Ta ¢papm. ximii. — 2011. — T. 9. Bun. 4 (36)

H O

6H5

1 2
(#R,S +)S
Scheme

anxiety state, various sleep disturbances [5-10]. Main
pharmacological effects of 1,4-benzodiazepine deriva-
tives mediated by GABA-receptor ensemble, strongly
depends on stereo center configuration [11-13]. To
study the intermolecular mechanism of action of
biologically active compounds, crystal structure of
compounds may be used as a convenient model.
Ligand-receptor interaction is realized owing to week
bonds such as hydrogen, m-mand C—H...1tones, which
are presented in crystal grid as well, determining
supposed routes of intermolecular association.

Herein, we compare the crystal structure of race-
mate R,S-7-bromo-3-(2-methoxy)ethoxy-5-phenyl-
1,2-dihydro-3 H-1,4-benzodiazepine-2-one (1) to the
structure of R-enantiomer (3), described earlier [14].
The separation of enantiomers has been carried out by
semi-preparative HPLC method [14]. Crystals of the
compounds 1 and 3 were grown from ethanol (Scheme).

In the crystal, molecules of R-enantiomer 3 related
by two-fold screw axis are linked into a chain by
N(1)-H- - - 0(2) = 2.958(2)A° (N—H = 0.82(2) A®,
O --+-H=221(12) A°, N—H"- - - O angle 153(2)°)
and C(9)—H...O(2) = 3.165(2) A° (C—H =0.93(2) A",
O--+-H=24712) A°, N—H"- - - O angle 132(2) A®)
intermolecular hydrogen bonds (Fig. 1).

Molecules of racemate (1) form in crystal (space
group P21) the similar to 3 infinite chains owing to the
formation of classical N-H - « - Oandweak C-H*: - + O
hydrogen bonds between amide groups of adjacent
molecules related again by two-fold screw axis, N(1)-
H---0Q12) = 2.926(2) A° (N-H = 0.82(2) A°,
O--+-H=2152)A°, N-H- - - Oangle 159(2) °) and
C@O)-H- - -0(2) = 3.171(2) A° (C-H = 0.93(2) A",
O---H = 2482) A°, C-H- - -0 angle 131(2)°)
(Fig. 2). The structure does not reveal the dimeric
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Fig. 1. Chain of R-3-(2-methoxy)ethoxy-7-bromo-5-phenyl-
1,2-dihydro-3 H-1,4-benzodiazepine-2-one (3).
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associates which may be expected in centrosymmetric
crystal of 1,4-benzodiazepine-2-ones derivatives non-
substituted at the position 1. The survey of CSD [15]
reveals 17 hits for H-bonded dimers among 29 struc-
tures of such derivatives (see for examples [16-20]).

Thus, crystals of R-enantiomer and R,S-racemate
are built up from the similar H-bonded chains. In the
structure of R-enantiomer these chains are parallel. In
the crystal of racemate there are two types of chains
each built up exclusively from the molecules of the
same configuration. The chains with opposite configu -
ration of the molecules alternate in the structure and
run in anti-parallel directions, Figs. 3 and 4. The unit
cell parameter b along two-fold screw axis are compa-
rable in 1 (b = 8.1926(2)), and 3 (b = 8.2524(3)A°)
due to affinity of chains.

The seven membered heterocycle in 1 and 3 have
the same pseudo boat conformation. The deviation of
atoms N(1), C(2), N(4) and C(5) from the common
mean plane is less than 0.012A° in 1, and 0.001A° in
3, while atoms C(3), C(10) and C(11) are displaced
from this plane in the same direction on 0.781, 0.702
and 0.703A° in 1 and 0.782, 0.664 and 0.693A° in 3.
The bond length and angles as well as torsion angles
are very similar in 1 and 3 (Table). Dihedral angle
between aromatic cycles equals 41.1 and 37.1° in 1 and
3, respectively.

Bioassays in vivo for testing of analgesic activity of
7-bromo-3-(2-methoxy)ethoxy-5-phenyl-1,2-dihydro-
3H-1,4-benzodizepine-2-one as racemic mixture, as
well as its R- and S-enantiomers, revealed their
potency to increase the resistance to pain stimulus. All
the tested compounds after intraperitoneal administra -
tion exhibited analgesic activity in a bioassay with
abdominal irritation by 0.75% solution of acetic acid.
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Fig. 2. Chain of R,S-7-bromo-3-(2-methoxy)ethoxy-5-
phenyl-1,2-dihydro-3 H-1,4-benzodiazepine-2-one (1).
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-
Fig. 3. Packing of chains in the structure of
R-3-(2-methoxy)ethoxy-7-bromo-5-phenyl-
1,2-dihydro-3H-1,4-benzodiazepine-2-one (3).

Fig. 4. Packing of chains in the structure R,S-7-bromo-
3-(2-methoxy)ethoxy-5-phenyl-1,2-dihydro-
3H-1,4-benzodiazepine-2-one (1).
This standard test was realized in mice with body
weight of 22-24 g, namely the protection against acetic
acid-induced abdominal constrictions according to
[21] in comparison to Diclofenac as reference drug.
The results obtained in mentioned test revealed that
the studied compounds posses a remarkable analgesic
activity exceeding the activity or reference drug. Ac-
cording to the obtained data, 7-bromo-3-(2-methoxy)
ethoxy-5-phenyl-1,2-dihydro-3 H-1,4-benzodiazepine-
2-one racemate, R-enantiomer, and S-enantiomer
have demonstrated analgesic activity with values ED 50
0f 0.100£0.013; 1.600+0.160; 0.060+0.007 mg/kg, cor-
respondingly (EDso for standard analgesic agent Di-
clofenac is of 10£0.9 mg/kg).

Crystal structure determination of compound 1

X-ray diffraction data for 1 (colorless, 0.4x0.3x0.3 mm)
was collected at 293K with a KM4 CCD diffractome -
ter using graphite-monochromated Mo- Ka radiation.
Intensity data was corrected for the Lorentz and
polarization effects and for absorption. Crystal 1 is
monoclinic, space group P2i/c, a = 9.7462(2), b =
8.1926(2), ¢ .= 21.5606(6)A°, B = 96. 160(2)
1711. 60(7)A Z=4, pcalc = 1.511 gecm” 3 The struc—
ture was solved by dlrect methods (2755 reflections
with F(hkl)>20 (F), R (int) = 0.0218, final Rl =
0.0246, wR2 = 0.0563) and was refined by full-matrix
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Table

Bond lengths (A°), valence and torsion
angles (deg) in 7-membered heterocycles
of compounds 1 and 3

Bond d. A
1 racemate 3 R-enantiomer
0(2)-C(2) 1.217(2) 1.224(2)
0(3)-C(3) 1.402(2) 1.403(2)
N(1)-C(2) 1.356(2) 1.362(3)
N(1)-C(10) 1.417(2) 1.413(2)
N(1)-H(1) 0.82(2) 0.82(2)
N(4)-C(3) 1.439(2) 1.446(3)
N(4)-C(5) 1.284(2) 1.293(3)
C(2)-C(3) 1.531(2) 1.530(3)
C(5)-c(1) 1.487(2) 1.478(3)
€(10)-c(11) 1.399(2) 1.405(3)
Angle w. deg
1 3
0(2)-C(2)-N(1) 122.6(2) 122.2(2)
0(2)-C(2)-C(3) 123.3(2) 123.6(2)
C(2)-N(1)-C(10) 125.7(2) 126.1(2)
N(1)-C(10)-C(11) 121.9(2) 122.2(2)
N(1)-C(2)-C(3) 114.1(2) 114.3(2)
C(2)-N(1)-H(IN1) 18(2) 14(2)
C(10)-N(1)-H(IN1) 116(2) 19(2)
N(4)-C(3)-C(2) 107.0(1) 107.4(1)
N(4)-C(5)-C(11) 123.7(2) 124.4(2)
C(5)-C(11)-C(10) 122.1(2) 122.3(2)
C(5)-N(4)-C(3) 118.2(2) 117.0(2)
0(3)-C(3)-N(4) 107.0(1) 106.7(2)
0(3)-C(3)-C(2) 1.1(2) 111.0(2)
w, deg
Angle ] 3
N(1)-C(2)-C(3)-N(4) -73.7(2) -73.4(2)
N(1)-C(2)-C(3)-0(3) 169.8(2) 170.3(2)
C(5)-N(4)-C(3)-C(2) 74.9(2) 76.0(2)
C(5)-N(4)-C(3)-0(3) -165.9(2) -164.9(2)
0(2)-C(2)-C(3)-N(4) 105.3(2) 106.1(2)
0(2)-C(2)-C(3)-0(3) -11.2(2) -10.2(2)
C(3)-N(4)-C(5)-C(11) .8(2) -2.6(2)
N(4)-C(5)-C(11)-C(10) -42.8(2) -42.7(2)
N(1)-C(10)-C(11)-C(5) 7(3) 1.8(3)
C(2)-N(1)-C(10)-C(1) 42.9(3) 40.7(3)
C(10)-N(1)-C(2)-0(2) 179.6(2) 179.1(2)
C(10)-N(1)-C(2)-C(3) -1.4(3) -1.3(3)

least-squares techniques based on F with anisotropic
displacement parameters for the non-hydrogen atoms,
using the program SHELXL-97 [22]. In structure 1
hydrogen atoms linked with carbon atoms were placed
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Fig. 5. Molecular structure of 1 with numbering scheme,
R-enantiomer is shown.

in the calculated positions with the isotropic displace-
ment parameters equal to 1.2xUeq (C), the hydrogen
atom on N(1) was found from difference Fourier maps
and refined isotropically.

Supplementary material

Crystallographic data for 1 have been deposited
with the Cambridge Crystallographic Data Center,

References

CCDC 781177. Copies of this information may be
obtained from The Director, CCDC, 12 Union
Road, Cambridge, CB2 1EZ, UK(fax: +44-1233-
336033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk).

Summary

In our investigation it was found that crystals of
R-enantiomer and R,S-racemate are built up from the
similar H-bonded chains. In the structure of R-enan-
tiomer these chains are parallel and formed only by
one type of enantiomer. In the crystal of racemate
there are two types of chains each built up exclusively
from the molecules of the same configuration. The
chains with opposite configuration of the molecules
alternate in the structure and run in anti-parallel
directions. It was found that the studied compounds
posses a remarkable analgesic activity, which exceeds
the activity of reference drug. Racemate, R-enan-
tiomer, and S-enantiomer have demonstrated analge -
sic activity with the values EDs5o of 0.100+0.013;
1.600+0.160; 0.060+£0.007 mg/kg, correspondingly. The
data of this work may be used for further search of
novel analgesic compounds among 1,2-dihydro-3 H-
1,4-benzodiazepine-2-ones.
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