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Abstract—A seriesof 6,11-disubstituted 1,9-dinitro-5-oxa-11- azatricycl0[6.4.0.0*°]dodecan-2-ones were prepared
from anionic adducts of 2,4-dinitrophenol with propanone and 2-phenylethanone carbanions by successive
selective reduction with sodium borohydride and aminomethylation with formal dehyde and primary amines. By
spectral methods and by quantum-chemical calculations following PM3 method the structure of the molecules
synthesized was shown to contain all the three rings in a chair form with equatorial substituents in positions 6

and 11.

Nitroarenes arefairly often involved in the synthesis
of polyfunctional N,O-heterocyclic compounds
possessing quite a number of useful properties [1]. In
continuation of investigations[2—8] on applying anionic
c-adducts of dinitroarenes | to preparation of
polyfunctional derivativesof 3-azabicyclo[3.3.1]nonane,
an important class of compounds possessing versatile
biological activity [9], inthe present study syntheseswere
performed of aseriesof 6-R-11-R'-1,9-dinitro-5-oxa-11-
azatricyclo[6.4.0.049]dodecan-2-ones I la—l1j. The
preparation of compound Ila at reduction of Janovsky
c-adduct of 2,4-dinitrophenol and acetone (la) with
sodium borohydridewasfirst reported [10], but no reliable
proofs of tricyclic compound formation were given.
Therefore we carried out a more detailed investigation
of themolecular structure of compounds synthesized by
means of NMR spectroscopy.

The reduction of carbonyl group in oxopropy! and
2-phenyloxoethyl substituentsin the Janovsky adducts|a
and b was performed with the use of NaBH,. Thisre-
agent of high chemoselectivity is commonly used for
selective reduction of an isolated carbonyl group of
a saturated ketone in the presence of a conjugated C=0
bond [11]. The forming intermediate secondary al cohols
A without separation from the reaction mixture were
brought into the Mannich condensation with primary
amines and formaldehyde. As a result we obtained in
50-70% yields N,O-containing tricyclic compounds| 1 a—

I1j. Themaximum yield of the compounds was obtained
in a mixture MeCN-water at 20°C and the solution
pH 6.0.

Thestructure of 6-R-11-R'-1,9-dinitro-5-oxa-11-azatri-
cyclo[6.4.0.049 dodecan-2-ones| 1 a—l1j isconfirmed by
the presenceintheir IR spectraof strong absorption bands
intheregion 1545-1550 and 1340-1365 cm1 correspond-
ing to the stretching vibrations of nitro groups. The
vibrations of the C=0 bond of the endocyclic keto group
giverisetoabsorptionintheregion 1725-1755cm-1. The
absorption band at lower frequencies (1085-1145 cm-1)
belongs to the stretching vibrations of the ether group
COC in pyranring.

The assignment of the signalsin the NMR spectra of
compounds synthesized was done with the help of two-
dimensional homo- (COSY, NOESY) and heteronucl ear
(HSQC, HMBC) spectroscopy ensuring thereliable proof
of the structure and conformation of the compounds. For
instance, in the IH NMR spectrum of compound |la
appear 11 signals of chemically or magnetically non-
equivalent protons, and inthe 13C NMR spectrum signals
from 10 carbon atomsintheringsare present. Thesignals
having no correlation peaks in the 2D HSQC spectrum
at 8 197.14, 93.19, and 86.39 ppm belong to the carbon
of C=0 group and to atoms C* and C° respectively. The
signals of the quaternary carbon atoms are reveaed by
the appearance of the corresponding cross-peaksthrough
two bonds H4/C®, H10¢/C9, H10a/C9, and H12¢/C1, H128/C1
in the spectrum HMBC (Table 1).
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Table 1. Correlation peaksinthe HMBC spectrum of 6,11-dimethyl-1,9-dinitro-5-oxa-11-azatricyclo[ 6.4.0.049 dodecan-2-one (1 1 a)

Atom number S, ppm dc, ppm HMBC? Jun, Hz
1 - 93.19 H32 Hi% Ha -
2 - 197.14 H32 H® H* R -
3 3.35d.d,2.99d 44.62 H12e 19.03, 5.09
4 5.02m 71.95 H3a Hi% Hia -
6 3.79m 61.64 H* 6-Me -
7 1.98d., 1.80 d.d.d 29.60 6-Me 15.09, 12.20, 4.27, 2.44
8 3.55d.d,2.99d 41.18 H1 19.03, 5.90
9 - 86.39 H®, H?, H'® H% H% -
10 3.36d,2.89d 60.30 H* HE H*® NMe 11.20
12 3.27d,257d 59.55 H?, HE H'® NMe 11.20
6-CHs 1.14d 21.05 - 5.01
NCH; 2.33s 43.87 - -

aAtoms are numbered according to the carbon atom notation.
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A quantum-chemical calculation of some conforma-
tions of 6,11-dimethyl-1,9-dinitro-5-oxa-11-azatricyclo-
[6.4.0.049dodecan-2-one (I1a) by PM3 procedure [12]
showed that all threeringsin the molecule existed inthe
chair form (Table 2). The results of geometrical param-
eters optimization also indicated that although the values
of enthal pies of formation werefairly close (thedifference
did not exceed 5%) the conformer 1S4R,6R,8R,9R,11R
with a diequatorial position of 6,11-methyl groups was
somewhat more stable (the torsion angles C13C86C7C8 and
CO9CI0N11C14 gre equal respectively to —164.21 and
—173.15°).

In the IH NMR spectrum of compound Ila the
o-protons of pyran ring H4 and H6 give rise to multiplet
signals in the weakest field at 6 5.02 and 3.79 ppm
respectively, and have cross-peaks through one bond in
the HSQC spectrum with the signals of atoms C4 and C8
(8¢ 71.95 and 61.64 ppm). The signal of the axial proton
H7a at & 1.80 ppm appears as a doublet of doublets of
doublets due to couplings with the neighboring protons
(23 15.09, 3J 12.20, and 4.27 Hz). One of the vicina
constants observed in the spectrum (12.20 Hz) has the
value characteristic of the coupling constant of trans-
diaxial protons 3J,, in cyclohexane systems of chair
conformation [13]. Because of rigid junction of the
oxygen-containing and nitrogen-containing rings proton
H8isin equatorial position with respect to the pyranring
(in axia position in the piperidine ring). Therefore the
axial positionisoccupied by proton Hé. The value of the
vicinal constant for the dihedral angle of —163.79°
between the protons Hé and H7 in the optimized structure
of molecule | la calculated by the Karplus—Buthner-By
equation [14] equaled to 11.76 Hz in good agreement
with the experimental value. Thereforethe methyl group
in position 6 of the compound under study takes an
equatorial position. Thisconclusion onthe stereochemistry
of the substitient at the atom C¢ is confirmed by the
1H NMR spectraof compounds | 1f—I1j where the signal
from the Hé proton appears as adoubl et of doubletswith
vicinal constants3J11.5-12.5 and 2.5-3.0 Hz.

Diastereotopic protons H10 and H12 of the piperidine
ring give rise to a group of four well resolved doublets
(2J~11Hz) at 6 3.36 (H1%), 3.27 (H12), 2.89 (H124), and
2.57 (H103) ppm. Inthe HSQC spectrum appear the cross-
peaks HlOe/ClO’ HlOa/ClO, H1l2e/C12 gnd H12a/C12
corresponding to these protons and atoms C10 and C12 at
d¢ 60.30 and 59.55 ppm, and in the HMBC spectrum
(Table 1) apart of the above mentioned constants 2]
from the coupling with atoms C° and C! are reveaed
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coupling constants 3], H10a/C4, H10e/C4, H10e/C8, H10¢/
C12 and HlZa/CZ, HlZe/ClO, HlZe/CB, H12a/C8. The
assignement of signals from the methylene protons of
the piperidine fragment given aboveisin agreement with
the known fact that the signals of the axial protons of the
six-membered rings are located upfield with respect to
those of the equatorial protons in keeping with the
diamagnetic anisotropy of the C—C bonds [15]. The
signals belonging to protons of the methylene group at
atom C8 are observed in the IH NMR spectrum of
compound | la asadoublet (2] 19.03 Hz) and doublet of
doublets (2] 19.03, 3] 5.90 Hz) at 6 2.99 and 3.55 ppm
respectively as proved by the presence in the
homonuclear correlation spectrum COSY of cross-peaks
H3e/H4and H3a/H4 due to coupling with a constant 3Jy.

According to the structure of compound |la calcu-
lated by PM 3 method anuclear Overhauser effect should
exist for axial protons H12a and H0awith the proton H8
that was confirmed by the NOESY experiment (see the
figure). No NOE for ptotons H3,,4, and H12e, H10e evi-
dence aconsiderabl eflattening of the cyclohexanonefrag-
ment of the molecule.

The structure of compounds synthesized is addition-
ally proved by their dissociative decomposition under the
electron impact For instance, in the mass spectrum of
compound I 1j alongside the molecular ion peak [M]*+ m/z
437 are present also fragment ions peaks [M —NOJ+, [M
—NO — OH]*, [M =1 — 2NO,J*, [M = CgHs]*, m/z re-
spectively 407, 390, 344, 360.

Thus the analysis of spectral data permits a conclu-
sionthat under conditionsof the experiment s multaneoudy
with aminomethylation of adduct A and formation of pip-
eridinering occursintramol ecul ar nucleophilic addition of
the oxygen from the hydroxy group to the 3-carbon of
the endocyclic fragment of the unsaturated ketone af-
fording an additional pyran ring. The presence in the
molecul e of the intermediately formed alcohol A of sev-
eral reactive sites capabl e of attack either by nucleophilic
mode (carbon atom of the C=0O bond and B-carbon of
the double bond) or by electrophilic mechanism (carbon
atoms attached to aci-nitro groups and o-carbon of the
C=C) makes it possible to form isomeric structures B—
D. However in the IH NMR spectra of compounds syn-
thesized the proton signal from CHNO, fragment in the
region 6.0-6.5 ppm characteristic of nitroketone C islack-
ing. Theformation of hemiacetalsB and D isalso hardly
probablefor inthe IR spectra of thetricyclic compounds
no band of stretching vibrationsv(OH) isobservedinthe
region 3500-3600 cm-1 and a strong band appearsin the
region of C=0 bond C=0 (1725-1755 cm-1).
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Table 2. Results of quantum-chemical cal culationsby PM 3 procedure of some conformations of 6,11-dimethyl-1,9-dinitro-5-oxa-

11-azatricycl0[6.4.0.04%] dodecan-2-one (11 a)

R,S-configuration of acymmetrical atoms | AH;, kdmol™ | R S-configuration of acymmetrical atoms | AH;, kd mol™
-339 -329
1S4R,6R,8R9R,11R 1S4R,6S8R9R,11R
-331 -322
1S4R6R,8R9R,11S 1S4R,6S8R9R,11S

EXPERIMENTAL

IR spectra were recorded on a spectrophotometer
Specord 75IR from films prepared from solutions in ac-
etone or acetonitrile or samples pelletized with KBr. 1H
NMR spectra were registered on spectrometer Bruker
DRX-500 (500.13 MHz) in DM SO-dg, internal reference
HMDS. Mass spectra were obtained on a Varian MAT-
311 instrument at the energy of ionizing electrons 70 eV.
Retention factors R; were evaluated on Silufol UV-254
plates, eluent toluene—acetone—hexane, 4:1:1, spots vi-
sudized under UV irradiation. Melting pointsof compounds
were measured on a Bo,tius heating block at a heating
rate 1 deg/min. Quantum-chemical calculations were
carried out on PC (550 MHz) using software package
HyperChem 6.02.

Disodium salts of 3-oxopropyl-2,4-bis(aci-nitro)-
cyclohex-5-en-1-one (la) and 3-(2-phenyl-2-oxoethyl)-
2,4-bis(aci-nitro)cyclohex-5-en-1-one (1 b) were obtained
by previously described procedures|[4, 8].

6-R-11-R’-1,9-Dinitro-5-oxa-11-azatricyclo-
[6.4.0.049]dodecan-2-ones lla—l1j. Into a solution of
0.61 g (0.015 mol) of NaBH,in 8 ml of water cooled with
ice water was added by portions 1.52 g (0.005 mol) of
disodium salt of 3-oxopropyl-2,4-bis(aci-nitro)cyclohex-

5-en-1-one(la) or 1.81 g (0.005 mol) of disodium salt of
3-(2-phenyl-2-oxoethyl)-2,4-bis(aci-nitro)cyclohex-5-en-
1-one (1 b). The reaction mixture was stirred for 20 min
at 15°C. Then 3 ml (0.035 mol) of a cooled solution of
32% formal dehyde and 0.015 mol of an appropriate amine
hydrochloride (hydrobromide) or freeaminein 8 ml of
amixture water—acetonitrile ( 1:1 by volume) was added.
Thetemperature during aminomethylation waskept within
15-20°C. By adding 20% sol ution of orthophosphoric acid
the pH of the reaction mixture was adjusted at 6.0. The
reaction product was extracted into toluene, the organic
layer was washed with water, dried with anhydrous cal-
cium chloride, and the solvent wasdistilled off inavacuum.
The residue was subjected to column chromatography
on silicagel (ASKG), eluent toluene. Compounds |l a—
Ilc and Il1e-1j were precipitated from toluene by add-
ing hexane.

6,11-Dimethyl-1,9-dinitr o-5-oxa-11-azatricyclo-
[6.4.0.049]dodecan-2-one (I1a). Yield 72%, mp 158—
159°C[10], R 0.53. IR spectrum (acetonitrile), cm2: 1550
[v.(NO,)], 1342 [v(NO,)], 1364, 1756 (C=0), 1090,
1129, 1146 (C-0), 2805, 2887, 2925, 2968 (CHy ), 1474,
1483 [8(CHyjipn)] - Found, %: C 48.59; H 5.76; N 13.88.
C,,H17N30,. Calculated, %: C 48.16; H 5.73; N 14.05.
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Two-dimensional *H-1H correlation spectrum NOESY of 6,11-dimethyl-1,9-dinitro-5-oxa-11-azatricycl o[ 6.4.0.0*°| dodecan-2-one (11 a).

6-Methyl-1,9-dinitro-11-ethyl-5-oxa-11-azatri-
cyclo[6.4.0.049]dodecan-2-one (I1b). Yield 63%,
mp 121-122°C, R; 0.60. IR spectrum (acetonitrile), cm-1:
1543[v,(NOy)], 1333, 1364 [v{(NO,)], 1726 (C=0), 1084,
1126, 1145 (C-0), 2836, 2877, 2940, 2978 (CH 4;pn), 1445,
1469 [8(CHgjipn)]. *H NMR spectrum (500.13 MHz,
DMSO-dg), 9, ppm: 5.01 br.d (1H, H4, 3J 5.49 Hz),
3.69 m (1H, H¥), 3.46 m (1H, H8), 3.36 d (1H, H12e,
2J 10.37 Hz), 3.45 d (1H, H0e, 23 10.98 Hz), 3.42 d.d
(1H, H3e, 23 19.53, 3] 6.72 Hz), 3.03 d (1H, H12a
2J10.37 Hz), 2.66 d (1H, H1%, 23 10.98 HZ), 2.93 d (1H,
H3a, 23 19.53 Hz), 1.94 d.t (1H, H7e, 2J 15.26,
3J 2.44 Hz), 1.65 d.d.d (1H, H7a, 23 15.26, 3] 12.21,
3J 4.27 Hz), 1.07 d (3H, CHj, 3J 6.11 Hz), 2.52 q (2H,
CH,CH, 23 7.32 Hz), 0.98 t (2H, CH,CHg, 23 7.32 Hz).
Found, %: C 50.38; H 6.13; N 12.73. C;3H;gN3O. Cal-
culated, %: C 49.83; H 6.07; N 13.41.

11-Butyl-6-methyl-1,9-dinitro-5-oxa-11-
azatricyclo[6.4.0.049dodecan-2-one (l1¢). Yield 52%,
mp 110-111°C, R; 0.81. IR spectrum (acetonitrile), cm-1:
1543 [v,(NO,)], 1339, 1356, 1371 [v{(NO,)], 1726 (C=0),
1092, 1127, 1149, 1169 (C-0), 2830, 2871, 2928, 2957
(CHgipn), 1452, 1456 [3(CHyipn)]- *H NMR spectrum

(500.13 MHz, DM SO-dg), 6, ppm: 5.04 br.d (1H, H4,
3] 3.66 Hz), 3.68 m (1H, H¢), 3.50 m (1H, H8), 3.36 d
(1H, H2e, 23 10.38 Hz), 3.46 d (1H, H1%, 2] 10.99 Hz),
3.38d.d (1H, H3e,2319.53,316.70 Hz), 3.01d (1H, H12a,
2J 10.38 Hz), 2.65 d (1H, H1%a 2] 10.99 Hz), 2.97 d
(1H, H3a, 23 19.53 Hz), 1.92 d.t (1H, H7e, 2J 15.25,
3J 2.44 Hz), 1.62 d.d.d (1H, H7a, 2J 15.25, 3] 12.21,
3J4.28Hz),1.05d (3H, CH3,3J5.5Hz), 2.43t (2H, He,
2] 7.02 Hz), 1.37 m (2H, HB), 1.17 m (2H, HY), 0.85 t
(3H, H3,237.02 Hz). Found, %: C 52.83; H 6.85; N 12.49.
Cy5H,3N30g. Calculated, %: C 52.78; H 6.74; N 12.31.

11-(2-Bromoethyl)-6-methyl-1,9-dinitr o-5-oxa-
11-azatricyclo[6.4.0.049]dodecan-2-one (11d). Yield
54%, mp 143-144°C, R; 0.57. IR spectrum (acetone),
cm1: 1529[v,(NO,)], 1326, 1352 [v(NO,)], 1725 (C=0),
1081, 1110, 1117, 1142 (C-O), 2824, 2896, 2924, 2941,
2970 (CHyjipn), 1438, 1477 [6(CHyjgn)]- tH NMR spec-
trum (500.13 MHz, DM SO-dg), 9, ppm: 5.00 br.d (1H,
H4,334.27 Hz), 3.70m (1H, H6), 3.47 m (1H, H8), 3.44d
(1H, Hze, 23 10.99 Hz), 3.52 d (1H, H10e,
2] 10.99 Hz), 3.63 d.d (1H, H3e, 2J 19.03, 3] 6.07 Hz),
2.81 d (1H, H0a 23 10.99 Hz), 3.19 d (1H, H12a
2J10.99Hz),2.94d (1H, H32,2J 19.03 Hz), 1.95d.t (1H,
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H7e, 23 15.26, 3J 2.44 Hz), 1.65 d.d.d (1H, H7a,
2J 15.26, 3J 11.20, 3J 4.28 Hz), 1.08 d (3H, CHj,
3J 6.0 Hz), 3.57 m (2H, CH,CH,Br), 2.89 m (2H,
CH,CH,Br). Found, %: C 40.49 ; H 4.66; Br 19.99;
N 12.07. C;3H;gBrN3Og. Calculated, %: C 39.81; H 4.62;
Br 20.37; N 10.71.

11-Benzyl-6-methyl-1,9-dinitr o-5-oxa-11-azatri-
cyclo[6.4.0.04%]1dodecan-2-one (l1€). Yield 58%,
mp 134-136°C, R; 0.63. IR spectrum (acetone), cm1:
1536[v,(NO,)], 1330, 1369 [v{(NO,)], 1721 (C=0), 1092,
1112, 1152 (C-0), 2841, 2890, 2944, 2982 (CH ), 1441,
1481 [8(CHyipn)]. *H NMR spectrum (500.13 MHz,
DMSO-dg), o, ppm: 4.98 br.d (1H, H4, 3] 5.49 Hz),
3.69 m (1H, HS), 3.44 m (1H, H8), 3.49 d (1H, H20e,
2J 11.30 Hz), 3.24 d (1H, H1%, 23 10.38 Hz), 3.54 d.d
(1H, H3e, 27 19.23, 3] 6.71 Hz), 2.75 d (1H, H10a,
2J11.30Hz), 2.99d (1H, H122, 23 10.99 Hz), 2.98 d (1H,
H3a, 23 19.23 Hz), 1.93 d.t (1H, H7e, 2J 15.51,
3J 2.44 Hz), 1.66 d.d.d (1H, H7a, 23 15.51, 3] 11.85,
3J 3.66 Hz), 1.08 d (3H, CH4, 3] 5.50 Hz), 3.75d (1H,
He, 23 13.43 Hz), 3.53 d (1H, HB, 2J 13.43 Hz), 7.20d
(2H, HZ:6, 23 7.32 Hz), 7.33 t (2H, H35, 2] 7.32 Hz),
7.28 t (1H, H4, 2] 7.32 Hz). Found, %: C 58.26;
H 5.63; N 11.67. C;gH»;N3Og. Calculated, %: C 57.59;
H 5.63; N 11.19.

3-(6-Methyl-1,9-dinitr o-2-oxo0-5-oxa-11-azatri-
cyclo[6.4.0.049]dodec-11-yl)propanoic acid (I1f).
Yield 60%, mp 173-174°C, R; 0.62. TH NMR spectrum
(500.13 MHz, DM SO-dg), 8, ppm: 4.96 d.d (1H, H4,
3J 5.5, 2.44 Hz), 3.72 m (1H, HS), 3.45 m (1H, H8),
3.50d (1H, H1%, 23 10.99 Hz), 3.35d (1H, H1ze,
2J 10.99 Hz), 3.40 d.d (1H, H3e, 23 19.53, 3] 6.01 Hz),
2.69 d (1H, H0a 23 10.99 Hz), 3.1 d (1H, H12a,
2J10.99 Hz), 2.9d (1H, H32,2J 19.53 Hz), 1.96 d.t (1H,
H7e 23 15.87,3) 2.44 Hz), 1.72 d.d.d (1H, H7a, 23 15.87,
33 12.21, 3J 4.27 Hz), 1.12 d (3H, CH3, J 5.49 Hz),
11.9 br.s(COOH), 2.68 m (2H, CH,CH,COOH), 2.36 m
(2H, CH,CH,COOH). Found, %: C 47.53; H 5.60;
N 11.82. C,4H;gN;Og. Calculated, %: C 47.05; H 5.35;
N 11.76.

11-Methyl-1,9-dinitro-6-phenyl-5-oxa-11-aza-
tricyclo[6.4.0.049dodecan-2-one (11g). Yield 69%,
mp 178-179°C, R; 0.66. IR spectrum (acetonitrile), cm-:
1536[v,(NO,)], 1330, 1369 [v{(NOy)], 1721 (C=0), 1092,
1112, 1152 (C-0), 2841, 2890, 2944, 2982 (CH ), 1441,
1481 [3(CHgjpn)], 3017 (CHyom)- tH NMR spectrum
(500.13 MHz, DM SO-dg), 6, ppm: 5.22 br.d (1H, H4,
3J 5.60 Hz), 4.64 d.d (1H, HS, 3J 2.67, 2J 12.59 Hz),
3.59 m (1H, H8), 3.51 d (1H, H1%, 23 11.14 Hz), 3.37 d

(1H, H12e, 23 10.37 Hz), 3.54 d.d (1H, H3e, 2] 19.38,
3J5.95Hz), 2.67 d (1H, H1%, 23 11.14 Hz), 3.07 d (1H,
H12a 2J10.37 Hz), 3.11d (1H, H32,2] 19.38 Hz), 2.21 d.t
(1H, H7e, 23 15.49, 3] 2.44 Hz), 1.95 d.d.d (1H, H7a,
2) 15.49, 33 12.58, 3J 3.55 Hz), 7.20d (2H, HZ.¢,
2)7.33Hz),7.34t(2H, H35,237.33Hz), 7.28t (1H, H4,
2J 7.33 Hz). Found, %: C 56.55; H 5.34; N 11.64.
C,7H1gN30g. Calculated, %: C 56.50; H 5.29; N 11.63.
1,9-Dinitro-6-phenyl-11-ethyl-5-oxa-11-aza-
tricyclo[6.4.0.049]dodecan-2-one (I1h). Yield 67%,
mp 164-165°C, R; 0.48. IR spectrum (acetonitrile), cmL:
1535[v,(NOy)], 1328, 1347, 1370 [v(NOy)], 1720 (C=0),
1116, 1139, 1154 (C-0), 2827, 2878, 2935, 2970 (CHg ),
1439, 1465, 1488 [6(CHgipn)]; 3032 (CHzqm). tH NMR
spectrum (500.13 MHz, DM SO-dg), 6, ppm: 5.23 br.d
(1H, H4, 33 4.88 Hz), 4.67 d.d (1H, HS6, 3] 2.44,
4J 11.59 Hz), 3.52 m (1H, H8), 3.06 d (1H, H1ze,
2] 10.38 Hz), 3.55 d (1H, H%, 23 11.29 Hz), 3.53 d.d
(1H, Hs3e, 23 19.53, 3] 5.49 Hz), 2.73 d (1H, H10a,
2J11.29Hz), 3.06 d (1H, H12a, 23 10.38 Hz), 3.07 d (1H,
H3a,2J19.53 Hz), 2.21 d.t (1H, H7e,2J 15.26, 3] 2.44 Hz),
1.99 d.d.d (1H, H7a, 23 15.26, 3J 11.90, 3J 3.66 Hz),
7.21d (2H, HZ.6, 23 7.63 Hz), 7.29 t (2H, H35,
2] 7.63 Hz), 7.23 t (1H, H4, 2] 7.63 Hz), 2.60 q (2H,
CH,CH3, 2] 7.33 Hz), 1.07 t (2H, CH,CH4, 2] 7.33 Hz2).
Found, %: C 56.84; H 5.71; N 11.03. C;gH»;N3O;. Cal-
culated, %: C 57.59; H 5.63; N 11.20.
11-(2-Bromoethyl)-1,9-dinitr o-6-phenyl-5-oxa-
11-azatricyclo[6.4.0.049]dodecan-2-one (l1i). Yield
59%, mp 192-193°C, R; 0.34. IR spectrum (acetonitrile),
cm1: 1534 [v,(NO,)], 1339, 1355, 1372 [v{(NO,)], 1725
(C=0), 1116, 1152 (C-0O), 2847, 2893, 2915, 2956
(CHaiiph), 1437, 1455, 1467 (CH,jpn), 3034 (CH 4om)-
IH NMR spectrum (500.13 MHz, CDCl,), 6, ppm:
5.23 br.d (1H, H4,3)5.49 Hz), 4.67 d.d (1H, H¢, 3] 2.44,
4] 12.21 Hz), 3.54 m (1H, H8), 3.61 d (1H, H10e,
2J 10.99 Hz), 3.51 d (1H, H1%, 23 10.37 Hz), 3.76 d.d
(1H, Hs3e, 23 19.31, 3] 5.80 Hz), 2.89 d (1H, H10a,
2J10.99Hz), 3.24d (1H, H12a,2J 10.37 Hz), 3.06 d (1H,
Hs3a, 23 19.23 Hz), 2.22 d.t (1H, H7e, 2J 15.87,
3J 2.44 Hz), 1.98 d.d.d (1H, H7a, 23 15.87, 3J 11.90,
3J3.97 Hz), 7.21 d (2H, H2 .6, 2] 7.32 Hz), 7.29 t (2H,
H35, 23 7.32 Hz), 7.23 t (1H, H4, 23 7.32 Hz), 3.56 m
(2H, CH,CH,Br), 2.96 m (2H, CH,CH,Br). Found, %:
C 49.32; H 4.50; N 9.12. C,gH,,BrN;Og. Calculated, %:
C 47.59; H 4.43; N 9.25.
11-Benzyl-1,9-dinitro-6-phenyl-5-oxa-11-
azatricyclo[6.4.0.049dodecan-2-one (11j). Yield 61%,
mp 176-178°C, R; 0.67. IR spectrum (acetonitrile), cm1:
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1538 [v,(NO,)], 1330, 1369, 1376, 1397 [v{(NO,)], 1720
(C=0), 1089, 1116, 1127, 1143 (C-0), 2831, 2872, 2920,
2950 (CHyjipr), 1448, 1464, 1493 [5(CHypn)], 3028, 3056
(CH4om)- tH NMR spectrum (500.13 MHz, DM SO-dy),
, ppm: 5.17 br.d (1H, H4, 33 4.88 Hz), 4.76 d.d (1H, HS,
3J 12.21, 43 3.05 Hz), 3.40 d.d (1H, H8, 3] 6.1,
4J 4.27 Hz), 3.57 d (1H, H%, 23 10.99 Hz), 3.42d (1H,
H12, 2311.3Hz), 3.51d.d (1H, H3*,2J19.53,3]J 6.1 Hz),
2.70 d (1H, H0a 23 10.99 Hz), 3.02 d (1H, H12a
2J11.3Hz),3.19d (1H, H3a, 23 19.23 Hz), 2.22 d.t (1H,
H7e, 23 15.87, 33 3.05 Hz), 2.12 d.d.d (1H, H7a, 2] 15.87,
33 12.21, 33 3.66 Hz), 7.28 m (5H, Ph), 3.68 d (He,
J 13.13 Hz), 3.62 d (H*, J 13.13 Hz), 7.28 m (Hzom)-
Found, %: C 63.05; H 5.46; N 9.94. C,3H,3N;0¢. Calcu-
lated, %: C 63.15; H 5.29; N 9.60.

The study was carried out under financial support of
the Russian Foundation for Basic Research (grant
no. 04-03-96701).
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