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Abstract—By the reaction of syn-isomers of 5-substituted 2-(4-chlorobutyryl)aminobenzophenones oximes with
NaOH syn-isomers of 5-substituted 2-(2-oxopyrrolidin-1-yl)benzophenones oximes were obtained. Similarly the
anti-isomers of 5-substituted 2-(4-chlorobutyryl)aminobenzophenones oximes treated with NaOH underwent
cyclization into anti-isomers of 5-substituted 2-(2-oxopyrrolidin-1-yl)benzophenones oximes. Crystal and molecular
structures were investigated of the syn-isomer of 5-methyl-2-(2-oxopyrrolidin-1-yl)benzophenone oxime, the
anti-isomer of 5-bromo-2-(2-oxopyrrolidin-1-yl)benzophenone oxime, and the syn-isomer of 5-methyl-2-(4-
chlorobutyryl)aminobenzo-phenone oxime. The fragmentation features under the electron impact of syn- and
anti-isomers of 5-substituted 2-(2-oxopyrrolidin-1-yl)benzophenones oximes are discussed.

DOI: 10.1134/S1070428008070075

The chemistry of nitrogen dibenzodioxatetraaza-
macroheterocycles is extensively developed nowadays
[1]. We formerly demonstrated [2, 3] that cyclization of
acyl derivatives of syn- and anti-isomers of 5-substituted
2-aminobenzophenones oximes led to the formation of
the corresponding 16- and 18-membered dibenzo-dioxa-
tetraazamacroheterocycles A.
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Aiming at the synthesis of 20-membered dibenzo-
dioxatetraazamacroheterocycles we investigated the
reaction of syn- (Ia—Id) and anti- (Ila and IIb) isomers
of 5-substituted 2-(4-chlorobutyryl)aminobenzophenones
oximes with NaOH. We established that under the
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conditions we had previously described [2, 3] both syn-
(Ia-Id) and anti- (Ila and IIb) isomers underwent
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intramolecular N-alkylation resulting in the formation
of syn- (Illa—Ille) and anti- (IVa and IVb) isomers of
5-substituted 2-(2-oxopyrrolidin-1-yl)benzophenone
oximes. We failed to detect in the reaction mixture pro-
ducts of intermolecular o-alkylation (20-membered
dibenzodioxatetraazamacroheterocycles) presumably
because the activation energy of the formation of the
stable five-membered pyrrolidine ring was lower that that
of the 20-membered macrocycle, and the reaction
proceeded to give 2-(2-oxopyrrolidin-1-yl)benzo-
phenones oximes.

Compounds Ia-Id were obtained from the cor-
responding 5-substituted 2-aminobenzophenones oxines
and 4-chlorobutyryl chloride in the presence of NaOH.
Compounds Ila and IIb were prepared by hydrolysis of
the corresponding anti-isomers of 5-substituted 2-(4-
chlorobutyryl)aminobenzophenones o-(4-chlorobutyryl)-
oximes (Vaand Vb). Compound Vb can be synthesized
by acylation of the syn-isomer of 5-bromo-2-amino-
benzophenone oxime with 4-chlorobutyryl chloride in
the absence of a base. In this reaction a mixture formed
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of'isomeric oxime diacylderivatives, compounds Vb and
VI. The synthesis of compound Va we reported
previously [4]. All compounds synthesized were
characterized by elemental analysis, IR, UV, IH NMR,
and mass spectra (considering the presumable fragmenta-
tion paths), and compounds Ia, IIla, and IV were also
subjected to XRD analysis.

We formerly dicussed the fragmentation under the
electron impact of 5-substituted 2-aminobenzophenones
oximes (syn- and anti-isomers) [5]. The stability of
molecular ions of compounds Illa—IlIle, IVa, and IVb
is considerably lower. The intensity of the corresponding
peaks varied in the range from 0.5 (IVb) to 4.6% (I11b).
This fact is presumably due to the interaction between
the lone electron pair of the carbonyl oxygen with the
charged imide nitrogen facilitating the hydroxy group
elimination and the stabilization of the arising fragments.
This assumption is well consistent with the higher
intensity of molecular ion peaks from syn-isomers Illa
and Illc (2.8 and 2.6%) than those of anti-isomers IVa,
and IVb (1.8 and 0.5% respectively). As an example we
present the possible fragmentation scheme of oxime I'Va.
In the syn-isomers the hydroxy group sterically hampers
the suggested interaction.
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Further fragmentation of the formed ions involves the
elimination of the fragments of the pyrrolidine ring.
A small part of the molecular ions suffered decomposition
by a successive elimination of two hydroxy radicals or
by NOH ejection.

We showed formerly [3] that in the IR spectra of the
syn-isomers of 2-aminobenzophenones oximes contain-
ing an amide moiety the characteristic band was that in
the region 3390-3400 cm! corresponding to the absorp-
tion of a free NH group, whereas this band was lacking
in the IR spectra of the corresponding anti-isomers. The
presence of this band in the region 3385-3400 cm~! in
the spectra of compounds Ia—Id suggests that these
compounds belong to the series of syn-isomers. This
assumption was proved by the XRD analysis data of
compound Ia.

Fig. 1. General view of molecule Ia, and numeration of the
atoms.

The general view of molecules Ia, IIla, and IVb is
shown on Figs. 1, 2, and 3 respectively. All bond distances
have values common for the corresponding atoms, the
double bonds are localized. Compounds Ia and Illa are
syn-isomers, compound IVb is anti-isomer. The isomer

Fig. 2. General view of molecule IIla, and numeration of the
atoms.

Fig. 3. General view of molecule I'Vb, and numeration of the
atoms.
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Fig. 4. A fragment of packing of molecules Ia in the crystal.

a

Fig. 5. A fragment of packing of molecules IIla in the crystal.

type can be characterized by the torsion angle C/C’N/O!
that is equal in compounds Ia, Illa, and IVb to 1.2, 2.5,
and 173.4 deg respectively. The amide group in
compound Ia is of E-configuration.

In oximes Ia, IIla, and IVb the dihedral angel
between the benzene rings equals 104.7, 102.0, and
105.4 deg respectively. In compound IIla the five-
memebered ring formed with the six-membered rings
CI/—C6 and C8-C/3 angles 117.4 and 24.6° respectively.
The corresponding angles in compound IVb are 123.4

Fig. 6. A fragment of packing of molecules I'Vb in the crystal.

and 30.0°. In both compounds IIla, and IVb the 2-oxo-
pyrrolidine ring exists in the envelope conformation with
the apical C/5 atom. The latter deviated from the plane
of the other four atoms by 0.337 and 0.309 A respectively.

Compounds Ia, IlIla, and IVb differ in the packing
of molecules in the crystal. The oxime hydroxy group of
compound Ia is involved in hydrogen bonds of two kinds:
an intramolecular bond with the hydrogen of the amide
group [forming a 7-membered pseudoring, N°—H24---O!
(N2-H24 0.86, H>4---0O7 2.05, N2---0O7 2.735(5) A, angle
N?ZH2407 136°], and an intermolecular bond with the
carbonyl oxygen of the neighboring molecule [O/—
H/4-+-:02 (x + 0.5, -y + 1.5, z + 0.5) (O/-H?4 0.82,
H/4---021.85,07--:022.671(4) A, angle O/H/4102 178°],
joining the molecules in the crystal into chains in the
aOc plane (Fig. 4).

Compound IIla like oxime Ia has a chain structure
(Fig. 5). But in this substance in contrast to compound
Ia the molecules in the chain do not interact directly but
through a solvate water molecule involved into the crystal
packing of compound IlIa. In the hydrogen bond with the
hydroxy oxygen O/ of the oxime fragment O/-H!---O,,
(—x+1,y—0.5,—=z + 1) the water molecule is a proton
acceptor [O/~H/ 1.02, H!---O,, 1.72, 0/---0,, 2.712(4) A,
angle O/H/O,, 163°]. In the hydrogen bond with the
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Crystallographic data and parameters of the experiment for compounds Ia, IIla, and IVb
Parameter Ia Illa IVb
Empirical formula C,sH9CIN,O, C,sHyN,O5 C,7H,sBrN,0,
M 330.80 312.36 359.22
Crystal system Monoclinic Monoclinic Triclinic
Space group Ce P2, P1
Unit cell parameters:
a, A 11.0400(18) 8.5869(13) 8.808(3)
b, A 15.0349(15) 8.1642(2) 9.485(3)
¢, A 11.2140(13) 11.525(3) 10.551(3)
o, deg 90 90 63.61(3)
B, deg 112.836 (9) 93.070(16) 82.46(3)
Yy, deg 90 90 88.40(3)
v, A 1715.5(4) 806.8(2) 782.3(4)4
Z 4 2 2
Peale, g/Cm’ 1.281 1.286 1.525
Heg mm'! 2.058 0.716 3.654
F(000) 696 332 364
Crystal size, mm 0.46x0.32x0.91 0.25%x0.31x0.81 0.13x0.09%0.35
Range of angles 6, deg 5.61-69.88 3.84-69.91 4.72-69.91
Indices range 2=h=13,-1=k=18, | 2=h=10,-1=k=9, -1=h=10,-11=k=11,
-13=1[=13 -14=1=14 -12=1=12
Overall number of reflexions 2218 2397 3392
Number of independent reflexions | 2063 (R, 0.0178) 1835 (R;,, 0.0318) 2781 (R;,; 0.0820)
Number of reflexions with /> 2c 1835 1778 2343
) 209 204 204
Number of refined parameters 1.030 1.045 1.053
GOOF by F 0.0533, 0.1555 0.0553, 0.1500 0.0595, 0.1684
Ry, WR, [I>2c(])] 0.0588, 0.1625 0.0567, 0.1520 0.0690, 0.1803
Ry, WR, (for all reflexions) .02(4) -0.2(5) -
Absolute structural parameter 0.0072(7) 0.025(4) 0.0016(10)
Extinction factor 0.516/-0.355 0.645/-0.462 0.909/-1.173
Apmax/ APumin, € A

carbonyl oxygen of 2-oxo-pyrrolidine O,—H/ -+-O? (x —
1, y, z) water is a proton donor [O,—H/, 1.15, H/---O?
1.66, 0,,---022.77(5) A, angle O, ,H/ ,0% 161°].

Molecules of compound I'Vb form centrosymmetrical
pseudodimers through an intermolecular hydrogen bond
O/—H1---O? between the H! atom of the hydroxy group
in the fragment C=N—-OH and the O2 atom of the
contiguous 2-oxopyrrolidine molecule [O/-H! 1.01(8),
H/---02 1.72(8), O!---02 2.659(4) A, angle O/H/0?
153(7)°]. These pseudodimers are bound with each other
in the crystal only by the van der Waals forces (Fig. 6).
Thus the replacement of a methyl substituent in the
position 5 of compound IIla by a bromine atom in
compound IVb resulted in the change in the packing of
molecules in the crystal.

The study of the applicability of the given synthetic
approach to the synthesis of 20-membered dibenzo-
dioxatetraazamacroheterocycles (cyclization of mono-
acyl derivatives of 2-aminobenzophenone oximes effect-
ed by bases) requires further investigation (variation of
the base power, dilution, etc.). This problem will be
discussed in later publications.

EXPERIMENTAL

IR spectra were recorded on a spectrophotometer
Specord 75IR from solutions in CHCl;. UV spectra were
taken on a spectrophotometer SF-56 from ethanol
solutions of concentration 3 x 10-5 mol 1!, layer thick-
ness 10 mm. Mass spectra were registered on a mass
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spectrometer MKh-1321 (direct sample admission into
the ion source, ionizing electrons energy 70 eV, ionization
chamber temperature 150°C). IH NMR spectra were
measured on a spectrometer Varian VXR-300 at operating
frequency 300 MHz, solvent DMSO-d,, internal refer-
ence TMS.

X-ray diffraction study. Main crystallographic data
on the crystals of compounds Ia, IIla, and IVb are
compiled in the table. The set of experimental reflexions
was obtained at room temperature on a four-circle auto-
matic diffractometer Enraf-Nonius CAD-4 (Cu-radiation,
A 1.54178 A, graphite monochromator, m-scanning). In
the processing of experimental data Lorentz factors and
polarization were taken into account. The correction for
extinction for compound Ia was introduced by method
[6]. Structures of molecules Ia, ITla, and IVb were solved
by the direct method (SHELXS-97 [7]) and refined by
the least-squares procedure by F2 (SHELXL-97 [8]) in
the full-matrix anisotropic approximation for all non-
hydrogen atoms. For structures Ia, Illa, and IVb the
positions of hydrogen atoms were calculated from the
geometrical considerations and were refined along the
rider model. In compound I1la the positions of hydrogen
atoms of water molecule and hydroxy group were found
experimentally and were not refined. In compounds IVb
The position of the hydrogen of the hydroxy group was
found experimentally and refined isotropically. The
complete set of experimental data is deposited into the
Cambrige Structural Database [registered nos. CCDC
643878 (Ia), CCDC 643879 (Illa), CCDC 643880
(IVb)].

syn-5-Methyl-2-(4-chlorobutyryl)aminobenzo-
phenone oxime (Ia). To a solution of 8.6 g (38.1 mmol)
of syn-5-methyl-2-aminobenzophenone oxime in 50 ml
of dioxane was added dropwise at stirring a solution of
4.5 ml (39.8 mmol) of 4-chlorobutyryl chloride and
a solution of 1.59 g (39.8 mmol) of NaOH in 20 ml of
water. After stirring for 4 h the reaction mixture was
poured into water, the separated precipitate was filtered
off, washed with water on the filter, dried, and recrystal-
lized from benzene. Yield 8.7 g (69%), mp 68—70°C. IR
spectrum, v, cm-1: 1585 (C=N), 1675 (C=0), 3395 (N-
H), 3545 (O-H). UV spectrum, A,,,,., nm (log €): 240 (4.38).
TH NMR spectrum, , ppm: 11.49 s (1H, OH), 8.87 s
(1H, NH), 7.52-6.92 m (8H,,), 3.46 t 2H, CH,Cl, J 6.7
Hz), 2.28 s (3H, CH;), 2.20 t (2H, CH,CO, J 7.2 Hz),
1.76 q (2H, CH,CH,CH,, J 6.9 Hz). Mass spectrum, m/z
(Lo, %0): 330 (19.6) [M]*, 277 (25.9), 247 (10.6), 246
(36.5), 245 (31.2), 235 (8.2), 234 (10.2), 232 (8.3), 231
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(43.6), 226 (21.3), 210 (59.6), 208 (100.0), 207 (47.9),
206 (9.6), 106 (9.5). Found, %: C 65.25; H 5.83; N 8.24.
C,gH;9CIN,0,. Calculated, %: C 65.35; H5.79; N 8.47.
Compounds Ib-Id were similarly obtained.
syn-5-Chloro-2-(4-chlorobutyryl)aminobenzo-
phenone oxime (Ib) was obtained from syn-5-chloro-2-
aminobenzophenone oxime and 4-chlorobutyryl chloride.
Yield 64%, mp 60-65°C. IR spectrum, v, cm~L: 1590
(C=N), 1680 (C=0), 3395 (N-H), 3540 (O-H). UV
spectrum, A,.,., nm (log €): 239 (4.43). 'H NMR spectrum,
S, ppm: 11.61 s (1H, OH), 8.97 s (1H, NH), 7.76-7.12 m
(8H,,), 3.42t(2H, CH,Cl1,J 6.7 Hz),2.20 t (2H, CH,CO,
J 7.2 Hz), 1.76 q (2H, CH,CH,CH,, J 7.0 Hz). Mass
spectrum, m/z (1., %): 352 (9.2) [M]*, 350 (15.0), 297
(18.6), 254 (8.50), 246 (14.0), 231 (20.7), 230 (42.1),
229 (48.7), 228 (100.0), 227 (9.4). Found, %: C 58.33;
H4.64; N 7.82. C;;H,Cl,N,0,. Calculated, %: C 58.13;
H4.59; N 7.98.
syn-5-Bromo-2-(4-chlorobutyryl)aminobenzo-
phenone oxime (Ic) was obtained from syn-5-bromo-2-
aminobenzophenone oxime and 4-chlorobutyryl
chloride. Yield 59%, mp 63—-67°C. IR spectrum, v, cm~!:
1595 (C=N), 1680 (C=0), 3400 (N-H), 3550 (O-H).
UV spectrum, A, nm (log €): 245 (4.41). 'H NMR
spectrum, o, ppm: 11.67 s (1H, OH), 9.14 s (1H, NH),
7.65-7.31 m (8H,,), 3.45t(2H, CH,CL J 6.5 Hz), 2.20 t
(2H, CH,CO, J 7.3 Hz), 1.74 q (2H, CH,CH,CH,,
J 6.9 Hz). Mass spectrum, m/z (1., %): 396 (8.8) [M]",
344 (21.4),343(100.0), 342 (13.8), 341 (99.8), 329 (6.6),
327 (11.2). Found, %: C 51.54; H 4.12; N 7.16.
C,7H,¢BrCIN,0,. Calculated, %: C 51.60; H 4.08; N 7.08.
syn-5-Bromo-2'-chloro-2-(4-chlorobutyryl)amino-
benzophenoneoxime (Id) was obtained from syn-5-
bromo-2'-chloro-2-aminobenzophenone oxime and
4-chlorobutyryl chloride. Yield 65%, mp 133—-135°C. IR
spectrum, v, cm-1: 1600 (C=N), 1690 (C=0), 3385 (N-
H), 3550 (O-H). UV spectrum, A,,,, nm (log €): 248
(4.29). '"H NMR spectrum, o, ppm: 12.24 s (1H, OH),
8.71 s (1H,NH), 7.67-7.16 m (7H,,), 3.59 t (2H, CH,Cl,
J 6.5 Hz), 2.34 t (2H, CH,CO, J 7.3 Hz), 1.94 q (2H,
CH,CH,CH,, J 6.9 Hz). Mass spectrum, m/z (I, %):
430 (30.72) [M]", 428 (14.1), 377 (21.9), 375 (16.5),
359 (7.4), 351 (8.3), 335 (8.9), 334 (21.9), 332 (17.9),
326 (19.4), 324 (17.9). Found, %: C 47.54; H 3.44;
N 6.50. C;7H,5sBrC,N,0,. Calculated, %: C 47.47; H3.52;
N6.51.
N-{2-[(E)-(Hydroxyimino)(phenyl)methyl]-4-
methylphenyl}-4-chlorobutanamide (Ila). To a solu-
tion of 5 g (11.5 mmol) of anti-O-(4-chlorobutyryl)-5-
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methyl-2-(4-chlorobutyryl)aminobenzophenone oxime
(Va) in 50 ml of dioxane was added dropwise at room
temperature while stirring 5 ml of aqueous ammonia.
After stirring for 1 h the reaction mixture was poured
into water, the separated precipitate was filtered off,
washed with water on the filter, dried, and recrystallized
from benzene. Yield 3.49 g (92%), mp 110-112°C. IR
spectrum, v, cm-1: 1590 (C=N), 1675 (C=0), 3265 (N—
H), 3545 (O-H). UV spectrum, A,,,, nm (log €): 247
(4.38), 315 (3.50). '"H NMR spectrum, o, ppm: 11.51 s
(1H, OH), 9.87 s (1H, NH), 7.60-6.96 m (8H,,), 3.56 t
(2H, CH,Cl, J 6.5 Hz), 2.37 s (3H, CH;), 2.22 t
(2H, CH,CO, J 7.2 Hz), 1.85 q (2H, CH,CH,CH,,
J 6.9 Hz). Mass spectrum, m/z (1., %): 330 (23.6) [M]",
277 (40.3), 235 (7.4), 226 (11.9), 209 (80.8), 208 (100),
207 (40.6). Found, %: C 65.27; H 5.84; N 8.34.
C,3H,4CIN,0,. Calculated, %: C 65.35; H5.79; N 8.47.

N-{4-Bromo-2-[(E)-(hydroxyimino)(phenyl)-
methyl|phenyl}-4-chlorobutanamide (IIb) was obtain-
ed from anti-o-(4-chlorobutyryl)-5-bromo-2-(4-chloro-
butyryl)aminobenzophenone oxime (Vb) similarly to
compound Ila. Yield 1.25 g (98%), mp 115-117°C. IR spec-
trum, v, cm-1: 1600 (C=N), 1675 (C=0), 3255 (N-H),
3540 (O-H). UV spectrum, A, nm (log €): 245 (4.36),
313 (3.54). 'H NMR spectrum, o, ppm: 11.74 s (1H, OH),
10.19s (1H,NH), 7.87-7.23 m (8H,,), 3.56 t 2H, CH,Cl,
J 6.5 Hz), 2.21 t (2H, CH,CO, J 7.2 Hz), 1.83 q (2H,
CH,CH,CH,, J 7.0 Hz). Mass spectrum, m/z (1., %):
396 (19.6) [M]*, 394 (14.2), 343 (9.3), 341 (8.9), 292
(13.8), 290 (13.7), 275 (49.4), 274 (100), 273 (54.6).
Found, %: C 51.45; H 4.12; N 7.09. C,;H,(BrCIN,0.,.
Calculated, %: C 51.60; H 4.08; N 7.08.

1-{2-[(Z)-(Hydroxyimino)(phenyl)methyl]|-4-
methylphenyl}pyrrolidin-2-one (IIla). To a solution of
7 g (21.2 mmol) of compound Ia in 50 ml of dioxane
was added dropwise while stirring a solution of 0.93 g
(23.3 mmol) of NaOH in 20 ml of water. After stirring
for 8 h the reaction mixture was poured into water, the
separated precipitate was filtered off, washed with water
on the filter, dried, and recrystallized from benzene. Yield
2.81 g(45%), mp 165-170°C. IR spectrum, v, cm-1: 1600
(C=N), 1685 (C=0), 3550 (O—H). UV spectrum, A,
nm (log €): 227 (4.28). 'H NMR spectrum, 9, ppm:
11.36 s (1H, OH), 7.40-7.03 m (8H,,), 3.50 t (2H, CH,N,
J 6.9 Hz), 2.32 s (3H, CH;3), 2.06 t (2H, CH,CO,
J 7.9 Hz), 1.73 q (2H, CH,CH,CH,, J 7.3 Hz). Mass
spectrum, m/z (1., %): 294 (2.8) [M]*, 277 (100), 276
(10.0), 263 (17.8), 260 (19.2), 235 (16.5). Found, %:
C 73.40; H 6.24; N 9.48. C,¢H¢N,O,. Calculated, %:
C 73.45;H6.16; N 9.52.

Compounds IITb—IIId, I'Va, and IVb were obtained
in the same way.
1-{2-[(Z)-(Hydroxyimino)(phenyl)methyl]-4-
chlorophenyl}pyrrolidin-2-one (IIIb) was obtained by
treating with NaOH compound Ib. Yield 65%, mp 162—
165°C. IR spectrum, v, cm-1: 1580 (C=N), 1680 (C=0),
3540 (O-H). UV spectrum, A,,,,, nm (log €): 247 (4.32).
'H NMR spectrum, 8, ppm: 11.48 s (1H, OH), 7.51—
7.24 m (8H,,), 3.50 t (2H, CH,N, J 6.7 Hz), 2.06 t (2H,
CH,CO, J 7.8 Hz), 1.74 q (2H, CH,CH,CH,, J 7.3 Hz).
Mass spectrum, m/z (1., %): 314 (4.6) [M]F, 300 (19.8),
299 (100.0), 298 (62.8), 285 (9.1), 283 (30.8), 282 (9.7).
Found, %: C 64.78; H 4.83; N 8.91. C,;H,5sCIN,O,.
Calculated, %: C 64.87; H 4.80; N 8.90.
1-{4-Bromo-2-[(Z)-(hydroxyimino)(phenyl)-
methyl]phenyl}pyrrolidin-2-one (IIl¢) was obtained by
treating with NaOH compound Ie¢. Yield 68%, mp 189—
191°C. IR spectrum, v, cm~1: 1585 (C=N), 1680 (C=0),
3545 (O-H). UV spectrum, A,,,,, nm (log €): 225 (4.44).
'H NMR spectrum, 8, ppm: 11.58 s (1H, OH), 7.70-
7.33 m (8H,,), 3.49 t (2H, CH,N, J 6.9 Hz), 2.06 t (2H,
CH,CO, J 7.9 Hz), 1.71 q (2H, CH,CH,CH,, J 7.3 Hz).
Mass spectrum, m/z (I, %): 360 (2.6) [M]*, 344 (17.5),
343 (85.0), 342 (21.9), 341 (100), 327 (7.5). Found, %:
C56.83; H4.18; N 7.85. C;;H,5BrN,0,. Calculated, %:
C 56.84; H4.21; N 7.80.
1-{4-Bromo-2-[(E)-(hydroxyimino)(2-chloro-
phenyl)methyl]phenyl}pyrrolidin-2-one (II1d) was
obtained by treating with NaOH compound Id. Yield
70%, mp 210-214°C. IR spectrum, v, cm-1: 1600 (C=N),
1690 (C=0), 3555 (O-H). UV spectrum, A, nm (log €):
230 (4.41). 'THNMR spectrum, 8, ppm: 11.79 s (1H, OH),
7.73-7.20 m (7H,,), 3.33 t (2H, CH,N, J 6.9 Hz), 2.06 t
(2H, CH,CO, J 7.9 Hz), 1.58 q (2H, CH,CH,CH,, J 7.5
Hz). Mass spectrum, m/z (I, %): 394 (3.8) [M]", 379
(27.8), 378 (21.7), 377 (100), 376 (19.3), 375 (93.7).
Found, %: C 51.83; H 3.62; N 7.08. C,,H,,BrCIN,0.,.
Calculated, %: C 51.87; H 3.58; N 7.12.
1-{2-[(Z)-(Hydroxyimino)(phenyl)methyl]-
phenyl}pyrrolidin-2-one (IIle) was obtained by treating
with 4-chlorobutyryl chloride syn-2-amino-
benzophenone oxime in the presence of excess NaOH
(2.5 equiv) by the procedure analogous to the preparation
of compound Ia. In this case the synthesis of pyrrolidine
oxime IIle was carried out directly from 2-aminobenzo-
phenone oxime without isolation of its unstable monoacyl
derivative. Yield 32%, mp 165-167°C. IR spectrum, v,
cm1: 1595 (C=N), 1680 (C=0), 3555 (O-H). UV spec-
trum, A, nm, (log €): 247 (4.21). 'H NMR spectrum,
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o, ppm: 11.26 s (1H, OH), 7.47-7.21 m (9H,,), 3.54 t
(2H, CH,N, J 6.9 Hz), 2.07 t (2H, CH,CO, J 7.9 Hz),
1.77 q (2H, CH,CH,CH,, J 7.5 Hz). Mass spectrum,
m/z (1o, %0): 280 (3.5) [M]*, 264 (18.9), 263 (100), 249
(8.7), 246 (6.1), 235 (5.6). Found, %: C 72.80; H 5.63;
N 9.89. C;;H(N,O,. Calculated, %: C 72.84; H 5.75;
N 9.99.

1-{2-[(E)-(Hydroxyimino)(phenyl)methyl|-4-
methylphenyl}pyrrolidin-2-one (IVa) was obtained by
treating with NaOH compound Ila. Yield 57%, mp 230—
235°C. IR spectrum, v, cmL: 1600 (C=N), 1680 (C=0),
3550 (O-H). UV spectrum, A, nm (log €): 223 (4.25).
'H NMR spectrum, 8, ppm: 11.17 s (1H, OH), 7.33—
7.06 m (8H,,), 3.27 t (2H, CH,N, J 6.9 Hz), 2.35 s (3H,
CH;), 1.95 t (2H, CH,CO, J 7.9 Hz), 1.51 q (2H,
CH,CH,CH,, J 7.4 Hz). Mass spectrum, m/z (I, %):
294 (1.8) [M]*, 278 (19.6), 277 (100.0), 249 (5.6), 235
(6.3), 221 (7.8), 209 (3.5). Found, %: C 73.43; H 6.10;
N 9.48. C,3HgN,O,. Calculated, %: C 73.45; H 6.16;
N 9.52.

1-{4-Bromo-2-[(E)-(hydroxyimino)(phenyl)-
methyl|phenyl}pyrrolidin-2-one (IVb) was obtained by
treating with NaOH compound IIb. Yield 70%, mp 216—
220°C. IR spectrum, v, cmL: 1575 (C=N), 1685 (C=0),
3545 (O-H). UV spectrum, A, , nm (log €): 240 (4.24).
'H NMR spectrum, 8, ppm: 11.54 s (1H, OH), 7.68—
7.23 m (8H,,), 3.25 t (2H, CH;N, J 6.5 Hz), 1.94 t (2H,
CH,CO, J 7.9 Hz), 1.41 q (2H, CH,CH,CH,, J 7.3 Hz).
Mass spectrum, m/z (I, %): 360 (0.5) [M]*, 344 (15.2),
343 (99.6), 342 (15.6),341 (100),275 (11.3),273 (11.8).
Found, %: C 56.79; H 4.19; N 7.82. C,;H;sBrN,0,.
Calculated, %: C 56.84; H 4.21; N 7.80.

(E)- and (Z)-N-{4-Bromo-2-[(phenyl)(4-chloro-
butyryloxyimino)methyl]phenyl}-4-chlorobutan-
amides (Vb, VI). To a solution of 5 g (17.2 mmol) of
syn-5-bromo-2-aminobenzophenone oxime in 30 ml of
dioxane was added dropwise at stirring a solution of
4.1 ml (36.1 mmol) 4-chlorobutyryl chloride. After
stirring for 3 h the reaction mixture was poured into water,
the separated precipitate was filtered off, washed with
water on the filter, dried, and recrystallized from benzene.
Yield of compound VI 1.93 g (45%), mp 125-126°C. IR
spectrum, v, cm1: 1585 (C=N), 1675 (C=O,piq0)> 1745
(C=O¢gter)> 3400 (N-H). UV spectrum, A, nm (log e):
249 (4.44). 'H NMR spectrum, &, ppm: 10.34 s (1H,
NH), 8.09-8.41 m (8H,,), 4.31 t (2H, CH,, J 6.7 Hz),

987

4.18 t (2H, CH,, J 6.7 Hz), 3.22 t (2H, CH,, J 2.8 Hz),
2.89t (2H, CH,, J 6.4 Hz), 2.64 q (2H, CH,, J 6.9 Hz),
2.46 q (2H, CH,, J 6.9 Hz). Mass spectrum, m/z (1.}, %):
500 (7.4) [M], 396 (22.1), 394 (15.8), 343 (8.8), 341
(8.6), 301 (6.6), 275 (41.3), 274 (88.2), 273 (47.4), 272
(78.8), 105 (75.7). Found, %: C 50.35; H 4.32; N 5.35.
C,,H,,BrCl,N,0;. Calculated, %: C 50.42; H 4.23;
N 5.60.

The mother liquor was passed through a column
packed with silica gel using benzene as eluent. Yield of
compound Vb 1.33 g (31%), mp 85-90°C. IR spectrum,
v, em1: 1595 (C=N), 1680 (C=0,,ige)> 1755 (C=O¢gier)s
3245 (N-H). UV spectrum, A, nm (log €): 243 (4.56),
325 (3.75). 'H NMR spectrum, &, ppm: 10.80 s (1H,
NH), 8.05-8.46 m (8H,,), 4.33 t (2H, CH,, J 5.6 Hz),
4.24 t (2H, CH,, J 6.5 Hz), 3.27 t (2H, CH,, J 7.3 Hz),
2.90t (2H, CH,, J 7.2 Hz), 2.67 q (2H, CH,, J 6.2 Hz),
2.52 q (2H, CH,, J 5.9 Hz). Mass spectrum, m/z (1.}, %):
500 (10.9) [M]", 396 (25.4), 394 (18.9), 343 (4.6), 341
(6.2), 301 (4.1), 275 (41.4), 274 (96.5), 273 (52.0), 272
(85.6), 105 (77.6). Found, %: C 50.25; H 4.40; N 5.45.
C,,H,,BrCIN,0s5,. Calculated, %: C 50.42; H 4.23;
N 5.60.

Oximes of 5-substituted 2-aminobenzophenones were
obtained previously [5].

REFERENCES

1. Kulikov, O.V., Pavlovskii, V.I., and Andronati, S.A., Khim.
Geterotsikl. Soedin., 2005, p. 1763.

2. Kulikov, O.V., Andronati, S.A., Pavlovskii, V.I., Maze-
pa, O.V., and Kabanova, T.A., Vestn. ONU, Ser. Khim.,
2000, vol. 5, p. 68.

3. Andronati, S.A., Simonov, Yu.A., Pavlovskii, V.I., Kuli-
kov, O.V., Gdanets, M., and Mazepa, A.V., Zh. Obshch.
Khim., 2005, vol. 75, p. 969.

4. Kulikov, O.V. and Mazepa, A.V., Khim. Geterotsikl.
Soedin., 2007, p. 1043.

5. Pavlovskii, V.I., Kulikov, O.V., Karaseva, T.L., Kabano-
va, T.A., Mazepa, A.V., and Andronati, S.A., Ukr. Khim.
Zh., 1998, vol. 64, p. 123.

6. SHELXTL, ver.1, Madison: Bruker AXS Inc., 1998.

7. Sheldrick, GM., SHELXS-97. Program for the Solution of
Crystal Structures, Univ. Gottingen, Germany, 1997.

8. Sheldrick, GM., SHELXL-97. Program for the Refinement
of Crystal Structures, Univ. Gottingen, Germany, 1997.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 44 No. 7 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


