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Abstract—Reactions of 4-amino-4-azatricyclo[5.2.1.0%%“"*|dec-8-ene-3,5-dione (hydrazinolysis product of
endic anhydride) with succinic, maleic, cis-cyclohexane-1,2-dicarboxylic, endic, phthalic, and 1,8-naphthalic
anhydrides were studied. Procedures for the preparation of the corresponding hydrazido acids and bis-imides
were proposed. Their reactions with peroxyformic acid, depending on the substrate nature, led to the formation
of both epoxy hydrazido acids and epoxy imides. The unsaturated adducts reacted with p-nitrophenyl azide to

give the corresponding triazole derivatives.
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Organic hydrazine derivatives have found wide
application in medicine as compounds exhibiting anti-
tuberculous, anticancer, psychotherapeutic, and other
kinds of biological activity [1]. Some dicarboxylic acid
hydrazides, in particular those derived from succinic,
maleic, and phthalic acids, were found to possess
bacteriostatic, antiphlogistic, analgetic, anticonvulsant,
antiarrhythmic, hypertensive, and antiviral activity [2].
Compounds of this group are also characterized by
pronounced antiaggregation effect [3] and hepatopro-
tective properties [4], and they induce liver cyto-
chrome P-450 system [5].

Products of hydrazine reactions with alicyclic acids,
specifically with bicyclo[2.2.1]hept-5-ene-endo-2,-
endo-3-dicarboxylic (endic) acid, have been studied to
a lesser extent. We previously [6] demonstrated that
hydrazide II obtained by condensation of endic anhy-
dride (I) with hydrazine hydrate can be converted into
various organic compounds via reactions with a num-
ber of electrophilic reagents, such as arenesulfonyl
chlorides, benzoyl chlorides, aromatic isocyanates, iso-
thiocyanates, and oxiranes. The structure of hydrazide
II was proved by the X-ray diffraction data [6], which
ruled out alternative structure Ila. Reactions of com-
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pound IT with dicarboxylic acid anhydrides were
almost not studied previously; therefore, the goal of
the present study was to fill up this gap.

As reagents we used succinic, maleic, cis-cyclo-
hexane-1,2-dicarboxylic, endic, phthalic, and 1,8-naph-
thalic anhydrides ITIa—IIIf.
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Reactions of hydrazide II with dicarboxylic acid
anhydrides were carried out in anhydrous benzene,
ethyl acetate, and chloroform. Following one of the
procedures proposed for reactions of endic anhydride
with various amines [7], we succeeded in obtaining
hydrazido acids IVd and IVe in 80 and 76% yield,
respectively (Scheme 1). The second procedure [8]
implies reaction of equimolar amounts of hydrazide II
and the corresponding anhydride on heating for a short
time in ethyl acetate; here, the yields of I'Va, IVb, and
I'Ve were 53, 88, and 78%, respectively. The maximal
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Scheme 1.
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yields of IVa-IVe were obtained in the reactions of
equimolar amounts of hydrazide II and anhydrides ITI
in anhydrous chloroform. The reactions in benzene
required the longest time (TLC), while the products
formed in ethyl acetate required additional purifica-
tion. The use of chloroform as solvent ensured con-
siderably shorter reaction time and easier isolation
procedure (unreacted initial compounds are removed
by washing the product with the solvent).

However, none of the above procedures turned out
to be suitable for the synthesis of acid IVf from
1,8-naphthalic anhydride (IIIf). A probable reason is
poor solubility of the reagent in the solvents used.
Therefore, the reaction of IIIf with hydrazide II was
carried out in acetonitrile, but the yield of target prod-
uct IVf was only 12% (Scheme 2).
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The IR spectra of acids IVa—IVf contained absorp-
tion bands due to imide carbonyl groups in the regions
1807-1760 and 1755-1735 cm™'. The amide groups
gave rise to absorption bands at 3320-3210, 1685-1625
(amide 1), 1550-1525 (amide II), and 1270-1215 cm™
(amide III), respectively [9]. The '"H NMR spectra of
compounds I'Vb and IVe were more informative from
the viewpoint of structure assignment. Due to molec-
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IVa-IVe
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ular symmetry, protons on C*/C°, C'/C’, and C*C® in
the bicycloheptane skeleton resonated at & 6.06/6.07,
3.44/3.46, and 3.28/3.35 ppm, respectively; the syn-
and anti-10-H protons of the methylene bridge gave
a single signal at ¢ 1.55 (IVb) and 1.56 ppm (IVe).
Signals from protons in the exocyclic olefinic fragment
in molecule I'Vb appeared at 6 6.48 and 6.14 ppm.
The OH and NH signals were located at 10.79 and
10.90 ppm (IVb) and 6.25 and 7.72 ppm (IVe),
respectively.

The '"H NMR spectrum of compound IVd is more
complex. Apart from signals belonging to the carboxy
(OH, 6 11.52 ppm) and amide groups (NH, 6.10 ppm),
the spectrum contained signals from protons in both
bicycloheptene fragments, which appeared separately
due to asymmetric structure of one of these fragments
(amido acid). The 1-H and 7-H protons (6 3.56 and
3.59 ppm), as well as protons of the methylene bridge
(syn-10-H and anti-10-H; 6 1.58 and 1.53 ppm, respec-
tively, 2J = 8.7 Hz) in the imide fragment were non-
equivalent. The other bicycloheptene fragment in mol-
ecule IVd was characterized by the following signals,
o, ppm: 6.22 (5’-H), 5.82 (6'-H), 3.29 (1'-H), 3.06
(4'-H), 3.10 (2'-H), 2.92 (3'-H), 1.31 and 1.22 (7-H,

2J = 8.1 Hz).
m/ >\“'
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Using thin-layer chromatography, we compared on
a qualitative level the reactivity of anhydrides ITIa—
IIe toward 4-amino-4-azatricyclo[5.2.1.0>%*"*|dec-8-
ene-3,5-dione (II) in chloroform. Samples of the reac-
tion mixtures were withdrawn in increasing intervals
(2, 5, 10, 30, and 60 min), and the plates were eluted
with propan-2-ol—diethyl ether (1:10). The reaction
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Scheme 3.
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time increased in the series: IVb < IVd = IVe < I'Ve <
I'Va; it was 10 h, 20 min, and 6 h in the synthesis of
compounds IVa, IVb, and IVd, respectively.

Amido acids IVa-IVf were then converted into the
corresponding bis-imides Va—Vf by heating in boiling
glacial acetic acid (Scheme 3). Compounds Va-Vf
were also synthesized directly from hydrazide IT and
the corresponding anhydride under analogous condi-
tions. Bis-imides Va and Vb were obtained previously
[10] just following the latter procedure. Hedaya and
Hinmann [11] reported on successful preparation of
imide Vd by heating 2 equiv of endic anhydride with
hydrazine hydrate in alcohol. Bis-imides V¢ and Vd
were also isolated on attempted recrystallization of
compounds IVe and IVd from propan-2-ol. Sample of
bis-imides prepared by different procedures had iden-
tical melting points and IR spectra which contained
absorption bands corresponding to the strained norbor-
nene fragment at 3090-3075 (v—c_y) and 745-715 cm™
(0-c_n) [12], as well as imide carbonyl absorption
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bands in the region 1820-1710 cm ' [9]. Unlike amido
acids IV, the '"H NMR spectra of bis-imides Vb—Ve
lacked signals assignable to carboxy and amide groups
(OH, NH); in addition, the 1-H and 7-H signals ap-
peared in a weaker field (Ao = 0.22-0.28 ppm).

The presence of a strained double C=C bond in
molecules of compounds IV and V makes them prom-
ising as subjects for studying their further transforma-
tions with participation of the unsaturated fragment. In
particular, it was interesting to examine their reactions
with peroxy acids and azides. It is known that many
epoxy derivatives exhibit a broad spectrum of bio-
logical activity [13], and development of optimal
procedures for their preparation is related to estimation
of structural specificity of substrates and oxidant
properties [14].

Bis-imides Va-Vc¢, Ve, and Vf were subjected to
oxidation with peroxyformic acid which was previ-
ously shown to act as an effective epoxidizing agent
toward cage-like imides [15]. Peroxyformic acid was

Scheme 4.

LR
QL

Va-Vc, Ve, Vf

VI, X = CH,CH; (a), cis-CH=CH (b), O

HCOzH
_80-35C_

ALY
QO

A3
Deae(he

Vif vd

SRS

Via-Vle

(©, E)i (d), ' (e)
////

4HCO3H " /< >\m
QD0

30 35°C
Vig

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 43 No. 7 2007



REACTIONS OF 4-AMINO-4-AZATRICYCLO[5.2.1.0**“"*|DEC-8-ENE-3,5-DIONE

1017

Calculated and experimental chemical shifts of protons in the bicyclic fragments of compounds Vd and VIf
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Calculated chemical shifts 6, ppm Experimental chemical shifts 8, ppm

proten vd VIf vd VIf
1-H 3.36 2.98 3.56 3.57
2-H 3.14 3.00 3.27 2.95
6-H 3.11 2.97 3.27 2.95
7-H 3.34 2.96 3.55 3.52
8-H 6.96 3.35 6.04 3.16
9-H (10-H) 6.99 3.32 6.04 3.10
syn-10-H (syn-11-H) 1.86 1.94 1.56 1.38
anti-10-H (anti-11-H) 1.45 0.93 1.51 1.06
g 3.36 3.38 3.56 3.57
2! 3.14 3.17 3.27 3.29
6 3.11 3.20 3.27 3.29
7 3.34 3.40 3.55 3.52
8 6.96 7.03 6.04 6.08
9 6.99 7.02 6.04 6.08
syn-10"-H 1.86 1.89 1.56 1.55
anti-10"-H 1.45 1.49 1.51 1.51

generated in situ from 98% formic acid and 50%
hydrogen peroxide; no other solvent was added, and
the reactions were carried out at 30-35°C under TLC
control. In most cases, the reaction was complete in 2—
4 h, and the only products were the corresponding ep-
oxy bis-imides VIa—VIe (Scheme 4). Using different
oxidant-to-substrate molar ratios in the reaction with
bis-imide Vd having two equivalent strained double
bonds we succeeded in isolating both mono- and di-
epoxy derivatives VIf and VIg.

The oxidation of bis-imide Vb in which the double
bonds are nonequivalent gave the corresponding mono
epoxy derivative VIb only at the strained double bond
in the bicycloheptene fragment, while the double bond
in the maleimide moiety remained intact. The latter
failed to undergo epoxidation with hydrogen peroxide
in alkaline medium [16]. In the reaction of bis-imide
Vb with equimolar amounts of potassium hydroxide
and 50% hydrogen peroxide in alcohol, only hydrol-
ysis products of imide Vb were isolated instead of
oxidation products.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 43

The structure of epoxy derivatives was confirmed
by IR and 'H NMR spectroscopy. Compounds VIa—
VlIg displayed in the IR spectra absorption bands typ-
ical of the imide fragments and bands at 865-855 cm™"
due to stretching vibrations of oxirane C-O bonds
[13]. The 'H NMR spectra of epoxides VIb, VId, VI{,
and VIg, in contrast to their unsaturated precursors,
contained signals at 8 3.12-3.20 ppm from protons in
the three-membered ring, and the anti-11-H signal was
displaced upfield (6 1.01-1.12 ppm) due to magnet-
ically anisotropic effect of the oxirane ring.

We calculated the chemical shifts of protons in
molecules Vd and VIf for the gas phase in terms of
the Hartree—Fock theory using the continuous set of
gauge transformations method and standard 6-311++G
(3d,2p) basis set [HF/CSGT/6-311++G(3d,2p)] [17].
The structures were optimized by the MP2/6-311G*
method. The calculated values together with the ex-
perimental chemical shifts are given in table. The re-
sults of calculations strongly facilitated signal assign-
ment in the '"H NMR spectra and showed equivalence

No. 7 2007
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Scheme 5.
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of protons in both cage-like fragments in molecule Vd.
The chemical shifts of protons in molecule Vd de-
crease in the following series: 8-H, 9-H > 1-H, 7-H >
2-H, 6-H > syn-10-H > anti-10-H. The same series is
retained for the unsaturated bicycloheptene fragment in
monoepoxide VIf, while resonance of protons in the
epoxy fragment is characterized by the series 8-H,
10-H > 1-H, 7-H = 2-H, 6-H > syn-11-H > anti-11-H.
As follows from the '"H NMR data, molecule of bis-
epoxide VIg is symmetric (like initial bis-imide Vd).
We also tried to oxidize hydrazido acids I'Va and
I'Ve with peroxyformic acid. From compound IVa we
obtained epoxide VII (Scheme 5) whose structure was
confirmed by the IR and '"H NMR data. The oxidation
of IVe with 2 equiv of peroxyformic acid (reaction
time 24 h) gave imide Ve and its epoxy derivative VId;
also, the initial compound was partially recovered from
the reaction mixture, the ratio I'Ve: Ve: VId being
1.0:2.2:8.0 according to the '"H NMR data. Under
analogous conditions, the reaction with hydrazido acid
IVd resulted in the formation of bis-imide Vd, its
monoepoxy derivative VIf, and bis-epoxide VIg at
a ratio of 1:10:40 ("H NMR data). Using compound
IVd as an example, we examined the effect of the

Vig

reactant ratio on the composition of oxidation prod-
ucts. At an equimolar reactant ratio, the products were
compounds Vd, VIf, and VIg at a ratio of 1.0:4.0:
0.25. In the reaction of IVd with 4 equiv of HCOsH
we obtained bis-epoxy derivative VIg as the major
product (72%), and the yields of compounds Vd and
VIf were 2 and 8%, respectively (‘"H NMR data).

We presumed that formic acid acts as dehydrating
agent facilitating closure of imide ring and that the
imides thus formed are oxidized with peroxyformic
acid to the corresponding epoxy derivatives. In fact,
when a mixture of acid I'Ve and 98% formic acid was
stirred for 2 days in the absence of hydrogen peroxide,
23.2% of bis-imide Ve was formed. Heating of that
mixture at 70-80°C resulted in almost complete trans-
formation of I'Ve into bis-imide Ve.

The oxidation of hydrazide II with peroxyformic
acid was accompanied by tarring, presumably due to
the presence in molecule II of a primary amino group
which is known to readily undergo oxidation and sub-
sequent decomposition. Our attempt to effect epoxida-
tion of compound II in the presence of p-toluenesul-
fonic acid (i.e., of the corresponding ammonium salt)
was also unsuccessful. Therefore, we synthesized

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 43 No. 7 2007
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epoxy derivative of II by an indirect method. For
this purpose, epoxy bis-imide VId was treated with
1.5 equiv of 80% aqueous hydrazine hydrate in boiling
isopropyl alcohol. The yield of epoxy hydrazide VIII
was 43% (Scheme 6). Better results were obtained
using symmetric bis-epoxide VIg as initial compound;
in this case, the yield of VIII was 67%, and the prod-
uct was purer. Compound VIII showed in the IR spec-
trum absorption bands due to stretching vibrations of
the imide carbonyl groups (1780-1690 cm™), N-H
bonds in the primary amino group (3335 and 3280 cm™
[9]), and oxirane C—O bonds (a strong band at 865 cm™!
[12]). Protons on C® and C'° appeared in the '"H NMR
spectrum of VIII at 6 2.98 ppm, i.e., in the region
typical of most epoxynorbornanes [18], and the amino
group gave rise to a signal at & 4.91 ppm.

We also examined the behavior of unsaturated
cage-like imides in dipolar [3+2]-cycloaddition to

p-nitrophenyl azide. Both hydrazido acid I'Ve and bis-
imides Va, V¢, Ve, and Vf were brought into reaction
with p-nitrophenyl azide in boiling chloroform. As a re-
sult, the corresponding dihydro-1,2,3-triazole deriva-
tives IX and Xa—-Xd were isolated (Scheme 7).
Insofar as bis-imide Vd is poorly soluble in chloro-
form, its reaction with p-nitrophenyl azide was carried
out in boiling isopropyl alcohol. Depending on the
reactant ratio, mono- and bis-triazolo derivatives Xe
and Xf were obtained (Scheme 8).

The double C=C bonds in molecule Vb are non-
equivalent. It is known [19] that the double bond in
maleimide derivatives is also capable of reacting with
aromatic azides according to the [3+2]-cycloaddition
pattern. In the reaction of equimolar amounts of p-ni-
trophenylazide and bis-imide Vb in chloroform we
isolated dihydrotriazole derivative Xg as the only
product (Scheme 9); these data indicate higher reac-
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Scheme 8.

i-PrOH, reflux

AL B
Voo

vd

tivity of the strained C=C bond in the norbronene frag-
ment. In the presence of 3 equiv of p-nitrophenylazide,
the product was bis-triazole Xh resulting from azide
addition at both unsaturated fragments in molecle Vb.
Davis and Rondestvedt [20] showed that addition of
azides to maleimides could produce both dihydrotri-
azole and aziridine derivatives, depending on the sol-
vent. However, in the reaction of epoxy bis-imide VIb
with p-nitrophenyl azide in boiling isopropyl alcohol
we isolated only triazole derivative XI (Scheme 10).

A3
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LR
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In the IR spectra of compounds IX-XI we ob-
served absorption bands arising from vibrations of
the skeletal bonds, nitro group (1530-1515, 1350-
1325 cm™), and N=N and aromatic C=C bonds (1610
1600 cm™) [9, 21]. Insofar as compounds IX, Xe,
Xe—Xh, and XI contain unsymmetrically substituted
dihydrotriazole fragments, their '"H NMR spectra
differ from the spectra of the corresponding epoxy
derivatives and show considerable nonequivalence of
protons in the tetracyclic skeleton (2-H/6-H, 1-H/7-H,

Scheme 9.
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8-H/12-H). The largest difference in chemical shifts is
observed for the 2-H and 6-H protons which resonate
at 8 4.76-4.99 and 3.88—4.12 ppm, respectively (*J =
8.7-9.4 Hz) [21, 22]. In the spectra of IX, X¢, and
Xe—Xh, signal from one proton of the methylene
bridge (syn-13-H) is slightly displaced downfield
(0 1.66—1.76 ppm) relative to the corresponding signal
in the spectra of initial imides (6 1.56—1.63 ppm),
while the anti-13-H proton resonates in a stronger field
(6 1.14-1.34 ppm).

EXPERIMENTAL

The IR spectra were measured in KBr on UR-20
and Paragon 500 FT-IR spectrometers. The '"H NMR
spectra were recorded on Varian VXR-300 (300 MHz)
and Varian Unity (200 MHz) spectrometers from solu-
tions in DMSO-ds using HMDS or TMS as internal
reference. The progress of reactions and the purity of
products were monitored by TLC on Silufol UV-254
plates (eluent isopropyl alcohol; development with
iodine vapor). The elemental compositions were deter-
mined on a Carlo Erba analyzer.

4-Amino-4-azatricyclo[5.2.1.0* *“"*]dec-8-ene-3,5-
dione (II) was prepared by reaction of 10.3 g
(0.062 mol) of endic anhydride (I) with 6.1 ml
(0.062 mol) of 80% aqueous hydrazine hydrate accord-
ing to the procedure described in [23]. Yield 91.4%,
mp 146-147°C; published data [23]: mp 145-146°C.

Imidocarbamoylcarboxylic acids IVa-IVe (gen-
eral procedure). a. A mixture of 3.56 g (20 mmol) of
compound II and 20 mmol of the corresponding dicar-
boxylic acid anhydride in 10 ml of benzene was stirred
until the reaction was complete (TLC). The precipitate
was filtered off, washed with benzene on a filter,
dried in air, and subjected to additional treatment.
This procedure was used to synthesize compounds
IVd and I'Ve.

b. A mixture of 3.56 g (20 mmol) of compound II
and 20 mmol of the corresponding dicarboxylic acid

"\<

NO,
XI

anhydride in 10 ml of ethyl acetate was heated until it
became homogeneous. The mixture was left to stand
until the reaction was complete (TLC), the solvent was
removed under reduced pressure, and the residue was
purified by recrystallization. In such a way, com-
pounds I'Va and I'Ve were obtained.

c. Compound II, 3.56 g (20 mmol), was dissolved
in 10 ml of chloroform, 20 mmol of the corresponding
dicarboxylic acid anhydride was added under stirring,
and the mixture was stirred until the reaction was com-
plete (TLC). The precipitate was filtered off, washed
with chloroform on a filter, dried in air, and subjected
to additional treatment. Following this procedure, com-
pounds I'Va-IVe were obtained.

4-[(1R,2R,6S,7R)-(3,5-Dioxo-4-azatricyclo-
[5.2.1.02’6]dec-8-en-4-ylamin0]-4-0xobutan0ic acid
(IVa). Yield 53 (b), 74% (c), mp 185-186°C (from
propan-2-ol), R 0.58. IR spectrum, v, cm™: 3250,
3215, 1790, 1740, 1720, 1625, 1530, 1250, 745. Found,
%: N 10.10. C3H14N>0s. Calculated, %: N 10.07.

(Z)-4-[(1R,2R,6S,7R)-(3,5-Dioxo-4-azatricyclo-
[5.2.1.02’6]dec-8-en-4-ylamin0]-4-0xobut-2-enoic
(IVb). Yield 88 (b) (oily substance), 76% (c), mp 128—
130°C, R; 0.69. IR spectrum, v, cm b 3515, 3320,
3080, 1807, 1755, 1715, 1665, 1530, 1255, 740, 725.
'"H NMR spectrum, &, ppm: 10.79 s (1H, COOH),
6.48 d (1H, HC=, °J = 12.2 Hz), 6.25 s (1H, NH),
6.14 d (HC=), 6.06 m (2H, 8-H, 9-H), 3.44 m (2H,
1-H, 7-H), 3.28 m (2H, 2-H, 6-H), 1.55 d (2H, syn-
10-H, anti-10-H). Found, %: H 10.25. C3H;,N,0:s.
Calculated, %: N 10.14.

(18,2R)-2-[(1R,2R,6S,7R)-(3,5-Dioxo-4-azatricy-
clo[5.2.1.02’6]dec-8-en-4-ylcarbam0yl]cyclohexane-
carboxylic acid (IVc¢). Yield 69% (c), mp 159-160°C,
R; 0.82. IR spectrum, v, cm™: 3340, 3220, 3085, 1760,
1740, 1715, 1660, 1535, 1270, 740. Found, %: N 8.27.
C17H20N205. Calculated, %: N 8.43.

(15,25,3R,45)-3-[(1R,2R,6S,7R)-(3,5-Dioxo-4-aza-
tricyclo[5.2.1.0%]dec-8-en-4-ylcarbamoyl]bicyclo-

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 43 No. 7 2007
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[2.2.1]hept-5-ene-2-carboxylic acid (IVd). Yield 80
(a), 94% (c), mp 179-180°C (decomp.), Rs 0.46. IR
spectrum, v, cm™': 3510, 3210, 3085, 1800, 1745,
1725, 1650, 1550, 1215, 730. '"H NMR spectrum, 3,
ppm: 11.52 s (1H, COOH), 6.22 d.d (1H, 5-H, *Js.¢ =
5.1, *Js.4 = 2.5 Hz), 6.10 s (1H, NH), 6.06 m (2H, 8-H,
9-H), 5.82 d.d (1H, 6'-H, *Jg- = 2.5), 3.59 d.d (1H,
1-H), 3.56 d.d (1H, 7-H), 3.38 m (2H, 2-H, 6-H),
3.29 d.d (1H, 1'-H), 3.10 m (1H, 2'-H), 3.06 d.d (1H,
4'-H), 2.92 m (1H, 3’-H), 1.58 d (1H, syn-10-H, *J =
8.7 Hz), 1.53 d (1H, anti-10-H), 1.31 d (1H, syn-7'-H,
*J = 8.1 Hz), 1.22 d (1H, anti-7'-H). Found, %: N 8.13.
C]gH]gNzOs. Calculated, %: N 8.18.

2-[(1R,2R,6S,7R)-(3,5-Dioxo-4-azatricyclo-
[5.2.1.02’6]dec-8-en-4-ylcarbam0yl]benzoic acid
(IVe). Yield 76 (a), 78 (b), 84% (c), mp 160-161°C
(from propan-2-ol), Ry 0.62. IR spectrum, v, cm ™
3360, 3250, 3080, 1780, 1735, 1715, 1655, 1605,
1525, 1225, 735. '"H NMR spectrum, o, ppm: 10.90 s
(1H, COOH), 7.50-7.76 m (4H, H,om), 7.72 s (1H,
NH), 6.07 m (2H, 8-H, 9-H), 3.46 m (2H, 1-H, 7-H),
3.35 m (2H, 2-H, 6-H), 1.56 d (2H, syn-10-H, anti-
IO-H) FOUl’ld, %: N 8.61. C17H14N205. Calculated, %:
N 8.59.

8-[(1R,2R,6S,7R)-(3,5-Dioxo-4-azatricyclo-
[5.2.1.0*%]dec-8-en-4-ylcarbamoyl|naphthalene-1-
carboxylic acid (IVf) was synthesized by stirring
a mixture of 0.50 g (0.28 mmol) of compound II and
0.56 g (0.28 mmol) of 1,8-naphthalic anhydride in
15 ml of acetonitrile for 5 days. Yield 12%, mp 177-
179°C, R; 0.53. IR spectrum, v, cm™': 3350, 3240,
3080, 1780, 1755, 1725, 1685, 1620, 1595, 1530,
1235, 735. Found, %: N 7.53. C,;H;sN,Os. Calculated,
%: N 7.44.

Bis-imides Va-Vf (general procedure). a. A mix-
ture of 20 mmol of compound IV was heated in 15 ml
of glacial acetic acid under reflux until the reaction
was complete (TLC). The solvent was removed under
reduced pressure, the residue was treated with 5—7 ml
of cold water, and the precipitate was filtered off,
washed on a filter with a small amount of water, dried,
and subjected to further treatment.

b. A mixture of 1.78 g (10 mmol) of compound IT
and 10 mmol of dicarboxylic acid anhydride ITla—IIIf
in 20 ml of glacial acetic acid was heated under reflux
until the reaction was complete (TLC). The solvent
was removed under reduced pressure, the residue was
treated with 8—10 ml of cold water, and the precipitate
was filtered off, washed on a filter with a small amount
of water, dried, and subjected to further treatment.

KAS’YAN et al.

c. A solution of 20 mmol of compound IVe or IVd
in 15-20 ml of ethanol was heated for 5-7 min under
reflux and was then allowed to slowly cool down. The
precipitate of bis-imide Ve or Vd was filtered off,
washed on a filter with 3—5 ml of ethanol, and dried in
air. Compounds V¢ or Vd obtained in such a way
required no additional purification.

(1R,2R,6S,7R)-4-(2,5-Dioxopyrrolidin-1-yl)-4-
azatricyclo[5.2.1.02’6]dec-8-ene-3,5-di0ne (Va). Yield
80 (a), 77% (b), mp 205-206°C (from propan-2-ol),
R; 0.68; published data [10]: yield 72%, mp 227—-
229°C. IR spectrum, v, cm™: 3080, 1815, 1755, 1735,
1270, 718. Found, %: N 10.62. C;3H2N,O,. Calculat-
ed, %: N 10.76.

(1R,2R,6S,7R)-4-(2,5-Dioxo-2,5-dihydro-1H-pyr-
rol-1-yl)-4-azatricyclo[5.2.1.02’6]dec-8-ene-3,5-di0ne
(Vb). Yield 82 (a), 78% (b), mp 202-203°C (from
propan-2-ol), R 0.77; published data [10]: yield 78%,
mp 217-219°C. IR spectrum, v, cm™': 3075, 1805,
1790, 1745, 1715, 1280, 720. '"H NMR spectrum, §,
ppm: 7.35 d (1H, HC=, °J = 6.8 Hz), 7.32 d (HC=),
6.13 m (2H, 8-H, 9-H), 3.66 m (1H, 1-H), 3.65 m (1H,
7-H), 3.37 m (1H, 2-H), 3.36 m (1H, 6-H), 1.62 d (1H,
syn-10-H, *J = 8.7 Hz), 1.57 d (1H, anti-10-H). Found,
%: N 10.90. C;3HoN,O,. Calculated, %: N 10.85.

(1R,2R,6S,7R)-4-[(3aR,7aS)-1,3-Dioxooctahydro-
2H-isoindol-2-yl]-4-azatricyclo[5.2.1.02’6]dec-8-ene-
3,5-dione (Vc). Yield 78 (a), 65 (b), 83% (c), mp 168—
171°C (from ethanol), Ry 0.70. IR spectrum, v, cm
3090, 1805, 1760, 1730, 1270, 735. '"H NMR spec-
trum, 5, ppm: 6.12 m (2H, 8-H, 9-H), 3.65 m (1H,
1-H), 3.63 m (1H, 7-H), 3.31 m (2H, 2-H, 6-H), 1.61 d
(1H, syn-10-H, *J = 8.7 Hz), 1.57 d (1H, anti-10-H).
Found, %: N 9.03. C;7HsN,O,. Calculated, %: N 8.91.

(15,2R,68,75)-4-[(1R,2R,6S,7R)-3,5-Dioxo-4-aza-
tricyclo[5.2.1.0>%]dec-8-en-4-yl]-4-azatricyclo-
[5.2.1.0*%]dec-8-ene-3,5-dione (Vd). Yield 95 (a), 83
(D), 78% (c), mp 298-299°C (from ethanol), Ry 0.11;
published data [11]: yield 68%, mp 283-285°C. IR
spectrum, v, cm™": 3080, 1805, 1745, 1715, 1255, 740,
720. '"H NMR spectrum, 3, ppm: 6.04 m (4H, 8-H,
9-H, 8'-H, 9'-H), 3.56 m (2H, 1-H, 1’-H), 3.55 m (2H,
7-H, 7-H), 3.27 m (4H, 2-H, 6-H, 2'-H, 6’-H), 1.56 d
(2H, syn-10-H, syn-10'-H, 2J=94 Hz), 1.51 d (2H,
anti-10-H, anti-10'-H). Found, %: N 8.72. C;3HsN,O,.
Calculated, %: N 8.64.

(1R,2R,6S,7R))-4-(1,3-Dioxo-2,3-dihydro-1H-iso-
indol-2-yl)-4-azatricyclo[5.2.1.0*]dec-8-ene-3,5-di-
one (Ve). Yield 85 (a), 77% (b), mp 191-192°C (from
propan-2-ol), Ry 0.71. IR spectrum, v, cm ™ 3080,
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1820, 1790, 1775, 1750, 1620, 1240, 715. '"H NMR
spectrum, 8, ppm: 7.95-8.06 m (4H, Hyom), 6.17 m
(2H, 8-H, 9-H), 3.72 m (1H, 1-H), 3.71 m (1H, 7-H),
3.37 m (2H, 2-H, 6-H), 1.63 d (1H, syn-10-H, 2] =
9.8 Hz), 1.58 d (1H, anti-10-H). Found, %: N 9.14.
C17H12N204. Calculated, %: N 9.09.

2-[(1R,2R,6S,7R)-3,5-Dioxo-4-azatricyclo-
[5.2.1.0*%]dec-8-en-4-yl}-2,3-dihydro-1H-benzo[de]-
isoquinoline-1,3-dione (Vf). Yield 82 (a), 82% (b),
mp 225-227°C (from acetic acid), Ry 0.27. IR spec-
trum, v, cm': 3085, 1805, 1785, 1745, 1710, 1595,
1240, 745. Found, %: N 7.78. C,;H4N,0,. Calculated,
%: N 7.82.

Epoxy bis-imides VIa-VIg (general procedure).
A mixture of 5 mmol of bis-imide Va—Ve and 0.58 ml
(10 mmol) of 50% aqueous hydrogen peroxide in
10 ml of 98% formic acid was stirred at room tempera-
ture until the reaction was complete (TLC). Volatile
products were removed under reduced pressure, the
residue was treated with 1-2 ml of cold water, and the
precipitate was off, washed on a filter with a small
amount of cold water, dried in air, and subjected to
additional purification.
(1S5,2R,65,75,85,10R)-4-(2,5-Dioxopyrrolidin-1-
yl)-9-0xa-4-azatetracyclo[5.3.1.02’6.08’1°]undecane-
3,5-dione (VIa). Yield 77%, mp 225-228°C (sublimes;
from ethyl acetate), Ry 0.76. IR spectrum, v, cm
3030, 1760, 1750, 1730, 1260, 862. Found, %: N 10.05.
C3H1,N,0s5. Calculated, %: N 10.14.
(18,2R,65,75,85,10R)-4-(2,5-Diox0-2,5-dihydro-
1H-pyrrol-1-yl)-9-oxa-4-azatetracyclo[5.3.1.0*%.0*'"]-
undecane-3,5-dione (VIb). Yield 95%, mp 270-
272°C (from propan-2-ol), Ry 0.54. IR spectrum, v,
cm™': 3035, 1810, 1755, 1740, 1275, 860. 'H NMR
spectrum, o, ppm: 7.38 m (2H, HC=), 3.61 m (1H,
2-H), 3.60 m (1H, 6-H), 3.13 m (2H, 8-H, 10-H),
3.01 m (2H, 1-H, 7-H), 1.42 d (1H, syn-11-H, *J =
10.0 Hz), 1.11 d (1H, anti-11-H). Found, %: N 10.15.
C13H10N205. Calculated, %: N 10.22.
(1S,2R,65,75,85,10R)-4-[(3aR,7aS)-1,3-Dioxo-
octahydro-2H-isoindol-2-yl]-9-oxa-4-azatetracyclo-
[5.3.1.0%%.0*" Jundecane-3,5-dione (VIc). Yield 77%,
mp 211-212°C (from ethanol), R; 0.87. IR spectrum, v,
cm™: 3030, 1810, 1755, 1720, 1280, 860. Found, %:
N 8.54. C;7H3sN,Os. Calculated, %: N 8.48.
(15,2R,65,75,85,10R)-4-(1,3-Dioxo-2,3-dihydro-
1H-isoindol-2-yl)-9-oxa-4-azatetracyclo-
[5.3.1.0%%.0*'*lundecane-3,5-dione (VId). Yield 83%,
mp 214-215°C (from propan-2-ol), Ry 0.84. IR spec-
trum, v, cm™: 1805, 1785, 1755, 1610, 1270, 865.
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'"H NMR spectrum, 3, ppm: 7.97-8.10 m (4H, Hyom),
3.67 m (1H, 2-H), 3.65 m (1H, 6-H), 3.20 m (2H, 8-H,
10-H), 3.03 m (2H, 1-H, 7-H), 1.43 d (1H, syn-11-H,
2J=10.4 Hz), 1.12 d (1H, anti-11-H). Found, %:
N 8.72. C;7H,N,0s. Calculated, %: N 8.64.

2-{(1S,2R,6S,7S5,85,10R)-4-(1,3-Dioxo0-2,3-dihy-
dro-1H-benzo[delisoquinolin-2-yl)}-9-oxa-4-aza-
tetracyclo[5.3.1.02’6.08’1°]undecane-3,5-dione (Vle).
Yield 76%, mp 279-281°C (from methanol). IR spec-
trum, v, cm™': 3030, 1745, 1715, 1600, 1240, 860.
Found, %: N 7.45. C,;H14N,Os. Calculated, %: N 7.48.

(1S,2R,6S,75,85,10R)-4-{(1S,2R,6S,75)-3,5-Di-
oxo-4-azatricyclo[5.2.1.0*]dec-8-en-4-yl}-9-oxa-4-
azatetracyclo[5.3.1.02’6.Os’lo]undecane-S,S-dione
(VIf) was synthesized according to the general proce-
dure from 0.50 g (0.15 mmol) of bis-imide Vd and
0.13 g (0.19 mmol) of 50% aqueous hydrogen per-
oxide. Yield 74%, mp 278-279°C (sublimes; from
ethanol), R 0.49. IR spectrum, v, cm™': 3080, 3030,
1780, 1755, 1280, 858, 720. 'H NMR spectrum, 9,
ppm: 6.11 m (2H, 8'-H, 9'-H), 3.55 m (4H, 2-H, 6-H,
2'-H, 6'-H), 3.12 m (1H, 8-H, °J = 3.4 Hz), 3.07 m
(2H, 1-H, 7’-H), 3.05 m (1H, 10-H), 2.95 m (2H, 1’-H,
7-H), 1.58 d (1H, syn-10"-H, *J = 8.7 Hz), 1.52 d (1H,
anti-10’-H), 1.38 d (1H, syn-11-H, *J = 8.1 Hz), 1.06 d
(1H, anti-11-H). Found, %: N 8.25. CgH¢N,0Os. Cal-
culated, %: N 8.23.

(18,2R,68,75,85,10R)-4-{(1R,2R,6S,7R ,85,10R)-
3,5-Di0x0-9-0xa-4-azatetracyclo[5.3.1.02’6.08’10]un-
dec-4-yl}-9-oxa-4-azatetracyclo[5.3.1.0%%.0%'*Jun-
decane-3,5-dione (VIg) was synthesized from 1.64 g
(5 mmol) of bis-imide Vd and 1.16 ml (20 mmol) of
50% aqueous hydrogen peroxide according to the gen-
eral procedure. Yield 66%, mp 312-315°C (sublimes),
R; 0.60. IR spectrum, v, cm™': 3025, 1805, 1775, 1745,
1715, 1280, 860, 855. 'H NMR spectrum, o, ppm: 3.57
m (4H, 2-H, 6-H, 2'-H, 6'-H), 3.16 m (4H, 8-H, *J5 o =
3.4 Hz, 8'-H, *Jg.1¢ = 3.4 Hz), 3.10 m (2H, 10-H,
10'-H), 2.96 m (4H, 1-H, 7-H, 1’-H, 7'-H), 1.38 d (2H,
syn-11-H, 2J = 10.2 Hz, syn-11"-H, *J = 10.1 Hz),
1.07 d (2H, anti-11-H, anti-11'-H). Found, %: N 7.74.
Ci3HN»Og. Calculated, %: N 7.86.

4-{(1S,2R,6S,7S,85,10R)-(3,5-Diox0-9-0xa-4-aza-
tetracyclo[5.3.1.0>%.0*'"lundec-4-ylamino}-4-oxo-
butanoic acid (VII). Yield 72%, mp 218-220°C (from
ethanol), R 0.89. IR spectrum, v, cm™': 3350, 3240,
3020, 1790, 1740, 1710, 1690, 1620, 1440, 1280, 860.
'"H NMR spectrum, 8, ppm: 12.20 s (1H, COOH),
10.45 s (1H, NH), 3.35 m (2H, 2-H, 6-H), 3.06 m (2H,
8-H, 10-H), 2.91 m (2H, 1-H, 7-H), 1.38 d (1H, syn-
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11-H, *J = 10.0 Hz), 1.05 d (1H, anti-11-H). Found, %:
N 9.50. C13H14N206. Calculated, %: N 9.52.

(1S8,2R,6S5,75,85,10R)-4-Amino-9-o0xa-4-aza-
tetracyclo[5.3.1.02’6.Os’lo]undecane-3,5-di0ne (VIID).
a. A mixture of 1.20 g (3.9 mmol) of epoxy bis-imide
VId and 0.37 g (5.9 mmol) of 80% aqueous hydrazine
hydrate in 10 ml of propan-2-ol was heated for 12 h
under reflux. The mixture was cooled, and the precip-
itate was filtered off, dried in air, and recrystallized
from propan-2-ol.

b. A mixture of 0.80 g (2.5 mmol) of epoxy bis-
imide VIg and 0.24 g (3.8 mmol) of 80% aqueous
hydrazine hydrate in 7 ml of propan-2-ol was heated
for 12 h under reflux. The mixture was cooled, and the
precipitate was filtered off, dried in air, and recrystal-
lized from propan-2-ol. Yield 43 (a), 67% (b),
mp 213-215°C, R; 0.71. IR spectrum, v, cm 3335,
3275, 3020, 1780, 1725, 1685, 1270, 865. '"H NMR
spectrum, o, ppm: 4.91 s (2H, NH,), 3.16 m (2H, 2-H,
6-H), 2.98 m (2H, 8-H, 10-H), 2.84 m (2H, 1-H, 7-H),
1.32 d (1H, syn-11-H, *J = 10.0 Hz), 1.01 d (1H, anti-
11-H). Found, %: N 14.39. CoH;(N,Os. Calculated, %:
N 14.43.

2-{(15,2R,65,7S,85,12R)-11-(4-Nitrophenyl)-3,5-
dioxo-4,9,10,11-tetraazatetracyclo[5.5.1.0%°.0*'%]-
tridec-9-en-4-ylcarbamoyl}benzoic acid (IX). A mix-
ture of 0.50 g (1.5 mmol) of acid VIe and 0.37 g
(2.3 mmol) of p-nitrophenyl azide in 10 ml of chloro-
form was heated under reflux until the reaction was
complete (TLC). The solvent was removed under re-
duced pressure, and the residue was recrystallized from
propan-2-ol. Yield 79%, mp 171-172°C (decomp.;
from propan-2-ol). IR spectrum, v, cm™': 3530, 3400,
1790, 1755, 1720, 1605, 1520, 1345, 1270, 860.
'"H NMR spectrum, 8, ppm: 13.50 s (1H, COOH),
8.32 s (1H, NH), 8.12 d (2H, Huom), 7.98-8.06 m (4H,
Hirom), 7.25 d (2H, Hyom), 4.89 d (1H, 2-H, *J,6 =
9.4 Hz), 4.05 d (1H, 6-H), 3.70 m (2H, 8-H, 12-H),
3.27 m (1H, 1-H), 3.21 m (1H, 7-H), 1.76 d (1H, syn-
13-H, %J = 10.0 Hz), 1.34 d (1H, anti-13-H). Found, %:
N 17.18. C23H;sN¢O;. Calculated, %: N 17.14.

Dihydrotriazole derivatives Xa-Xd (general
procedure). A mixture of 5 mmol of bis-imide Va, Ve,
Vd, and Vf and 1.23 g (7.5 mmol) of p-nitrophenyl
azide in 10 ml of chloroform was heated under reflux
until the reaction was complete (TLC). The mixture
was cooled, and the precipitate was filtered off,
thoroughly washed with chloroform on a filter dried in
air, and recrystallized from ethanol.

(15,25,6R,7S,8R,125)-10-(2,5-Dioxopyrrolidin-1-
yl)-5-(4-nitrophenyl)-3,4,5,10-tetraazatetracyclo-
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[5.5.1.0%%.0%"]tridec-3-ene-9,11-dione (Xa). Yield
68%, mp 249-251°C (decomp.). IR spectrum, v, cm
1798, 1755, 1610, 1528, 1342, 1260, 858. Found, %:
N 19.91. C;9H;6N¢Os. Calculated, %: N 19.80.
(1S5,25,6R,7S,8R,125)-10-[(3aR,7aS5)-1,3-Dioxo-
octahydro-2H-isoindol-2-yl]-5-(4-nitrophenyl)-
3,4,5,1O-tetraazatetracyclo[5.5.1.02’6.08’12]tridec-3-
ene-9,11-dione (Xb). Yield 77%, mp 189-190°C
(decomp.). IR spectrum, v, cm™': 1774, 1752, 1744,
1732, 1598, 1518, 1334, 1276, 848. Found, %: N 17.61.
C23H22N6O6. Calculated, %: N 17.56.
(15,28,6R,7S5,8R,125)-10-(1,3-Dioxo-2,3-dihydro-
1H-isoindol-2-yl)-5-(4-nitrophenyl)-3,4,5,10-tetra-
azatetracyclo[S.S.1.02’6.08’12]tridec-3-ene-9,11-di0ne
(Xc). Yield 90%, mp 222-224°C. IR spectrum, v,
cm™: 1810, 1785, 1755, 1730, 1605, 1515, 1340, 1235,
856. 'H NMR spectrum, o, ppm: 8.29 d (2H, Hyom),
8.01-8.11 m (4H, H,.om), 7.32 d (2H, Huom), 4.86 d
(1H, 2-H, *J,4 = 8.5 Hz), 4.02 d (1H, 6-H), 3.80 m
(2H, 8-H, 12-H), 3.21 m (2H, 1-H, 7-H), 1.68 d (1H,
syn-13-H, *J = 11.6 Hz), 1.17 d (1H, anti-13-H).
Found, %: N 17.72. C23H16N606. Calculated, %:
N 17.79.
(15,25,6R,7S,8R,125)-10-(1,3-Dioxo-2,3-dihydro-
1H-benzo[delisoquinolin-2-yl)-5-(4-nitrophenyl)-
3,4,5,10-tetraazatetracyclo[5.5.1.02’6.08’12]tridec-3-
ene-9,11-dione (Xd). Yield 75%, mp 247-248°C
(decomp.). IR spectrum, v, cm™': 1790, 1750, 1710,
1605, 1600, 1530, 1340, 1240, 855. Found, %: N 16.12.
C»7H3§NgOg. Calculated, %: N 16.08.
(18,28,6R,7S,8R,125)-10-{(1R,2R,6S,7R)-3,5-Di-
oxo-4-azatricyclo[5.2.1.0*%]dec-8-en-4-yl}-5-(4-nitro-
phenyl)-3,4,5,10-tetraazatetracyclo[5.5.1.0%%.0%'%]-
tridec-3-ene-9,11-dione (Xe). A mixture of 1.62 g
(5.0 mmol) of bis-imide Vd and 0.82 g (5 mmol) of
p-nitrophenyl azide in 20 ml of propan-2-ol was heated
under reflux until the reaction was complete (TLC).
The precipitate was filtered off, washed on a filter with
a large amount of propan-2-ol, dried in air, and recrys-
tallized from ethanol. Yield 74%, mp 264-266°C
(decomp.). IR spectrum, v, cm™': 3090, 1770, 1750,
1740, 1610, 1525, 1342, 1270, 855, 760. '"H NMR
spectrum, &, ppm: 8.33 d (2H, Hyom), 7.30 d (2H,
H.om), 6.15 m (2H, 8'-H, 9'-H), 4.76 d (1H, 2-H,
*J,6 = 8.7 Hz), 3.88 d (1H, 6-H), 3.78 m (2H, 8-H,
12-H), 3.69 m (2H, 1'-H, 7’-H), 3.32 m (2H, 2'-H,
6'-H), 3.25 m (1H, 1-H), 3.16 m (1H, 7-H), 1.66 d (1H,
syn-13-H, 2J = 11.2 Hz), 1.61 d (1H, syn-10"-H, *J =
8.7 Hz), 1.57 d (1H, anti-10'-H), 1.14 d (1H, anti-
13-H). Found, %: N 17.29. C,4HoN¢Og. Calculated,
%: N 17.21.
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(1R,2R,6S,7R,85,12R)-10-{(15,2R,6S5,7S,8S,12R)-
11-(4-Nitrophenyl)-3,5-diox0-4,9,10,11-tetraaza-
tetracyclo[5.5.1.02’6.08’12]tridec-9-ene-4-yl}-5-(4-
nitrophenyl)-3,4,5,10-tetraazatetracyclo-
[5.5.1.0>%.0%"]tridec-3-ene-9,11-dione (Xf) was
synthesized in a similar way from 1.62 g (5 mmol) of
bis-imide Vd and 1.46 g (15 mmol) of p-nitrophenyl
azide. Yield 31%, mp 259-260°C (decomp.). IR spec-
trum, v, cm: 1780, 1754, 1735, 1610, 1520, 1345,
1285, 860, 855. 'H NMR spectrum, &, ppm: 8.32 d
(2H, Harom), 8.09 d (2H, Harom), 7.34 d (2H, Harom),
7.24 d (2H, Hyom), 4.99 d (1H, 2-H, *J».¢ = 9.3 Hz),
4.88 d (1H, 2-H, °J,5 = 8.7 Hz), 4.12 d (1H, 6-H),
3.92 d (1H, 6-H), 3.78 m (4H, 8-H, 12-H, 8'-H, 12'-H),
3.31 m (2H, 1-H, 1'-H), 3.29 m (2H, 7-H, 7"-H), 1.66 d
(2H, syn-13-H, *J = 11.2 Hz, syn-13'-H, *J = 11.2 Hz),
1.16 d (2H, anti-13-H, anti-13'-H). Found, %: N 21.52.
C30H,4N1oOg. Calculated, %: N 21.46.

(15,28,6R,7S5,8R,125)-10-(2,5-Dioxo-2,5-dihydro-
1H-pyrrol-1-yl)-5-(4-nitrophenyl)-3,4,5,10-tetraaza-
tetracyclo[S.S.l.02’6.08’12]tridec-3-ene-9,11-dione
(Xg). A mixture of 0.40 g (1.6 mmol) of bis-imide Vb
and 0.25 g (1.6 mmol) of p-nitrophenyl azide in
10 ml of chloroform was heated under reflux until the
reaction was complete (TLC). The mixture was cooled,
and the precipitate was filtered off, thoroughly washed
with chloroform on a filter, dried in air, and recrystal-
lized from chloroform. Yield 73%, mp 216-218°C. IR
spectrum, v, cm™: 1805, 1760, 1610, 1520, 1345,
1270, 860, 760. '"H NMR spectrum, 6, ppm: 8.32d
(2H, H.rom), 7.43 m (2H, HC=), 7.33 d (2H, H,om),
4.78 d (1H, 2-H, 3J2,6 = 8.7 Hz), 3.94 d (1H, 6-H),
3.77 m (2H, 8-H, 12-H), 3.30 m (1H, 1-H), 3.20 m
(1H, 7-H), 1.67 d (1H, syn-13-H, 2 = 11.2 Hz), 1.17 d
(IH, anti—13—H). FOHHd, %: N 19.78. C19H14N6O6. Cal-
culated, %: N 19.90.

(18,28,6R,7S,8R,125)-10-{(3aS,6aR)-1-(4-Nitro-
phenyl)-4,6-dioxo-1,3a,4,5,6,6a-hexahydropyrrolo-
[3,4-d][1,2,3]triazol-5-yl}-5-(4-nitrophenyl)-3,4,5,10-
tetraazatetracyclo[S.S.1.02’6.Os’lz]tridec-3-ene-9,11-
dione (Xh) was synthesized in a similar way by
heating a mixture of 0.40 g (1.6 mmol) of bis-imide
Vb and 0.75 g (4.8 mmol) of p-nitrophenyl azide in
15 ml of chloroform under reflux. Yield 43%, mp 195-
198°C. IR spectrum, v, cm™: 1810, 1795, 1760, 1605,
1525, 1345, 870, 860. 'H NMR spectrum, o, ppm:
8.26 d (2H, Huom), 7.37 d (2H, H,om), 6.31 d (1H,
1"-H, *Ji.s = 10.6 Hz), 5.71 d (1H, 5-H), 3.62 m (2H,
2-H, 6-H), 3.14 m (2H, 8-H, 9-H), 3.02 m (2H, 1-H,
7-H), 1.42 d (1H, syn-10-H, %J = 10.0 Hz), 1.11 d
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(1H, anti-10-H). Found, %: N 23.90. C,5H 3N (Os.
Calculated, %: N 23.88.

(15,2R,65,75,85,10R)-4-{(3aS, 6aR)-1-(4-Nitro-
phenyl)-4,6-dioxo-1,3a,4,5,6,6a-hexahydropyrrolo-
[3,4-d][1,2,3]triazol-5-yl}-9-0xa-4-azatetracyclo-
[5.3.1.02’6.08’10]undecane-3,5-dione (XI) was syn-
thesized in a similar way by heating a mixture of
0.50 g (1.8 mmol) of epoxy bis-imide VIb and 0.30 g
(1.8 mmol) of p-nitrophenyl azide in 15 ml of propan-
2-ol under reflux. Yield 24%, mp 196-199°C
(decomp.). IR spectrum, v cm™: 1785, 1760, 1610,
1530, 1350, 1325, 870, 860. '"H NMR spectrum, §,
ppm: 8.32 d (2H, Huom), 8.09 d (2H, Hyuom), 7.34 d
(2H, Huom), 7.23 d (2H, Hguom), 6.28 d (1H, 1'-H,
*Ji.s = 10.6 Hz), 5.58 d (1H, 5'-H), 4.77 d (1H, 2-H,
*J,6 = 8.7 Hz), 3.93 d (1H, 6-H), 3.78 m (1H, 8-H),
3.66 m (1H, 12-H), 3.14 m (1H, 1-H), 2.59 m (1H,
7-H), 1.69 d (1H, syn-13-H, 2J = 11.2 Hz), 1.18 d
(1H, anti-13-H). Found, %: N 19.21. C;9H4N¢O;. Cal-
culated, %: N 19.17.

REFERENCES

1. Overberger, C.G., Anselme, J.-P., and Lombardino, J.G,
Organic Compounds with Nitrogen—Nitrogen Bonds, New
York: Ronald, 1966; Shvaika, O., Osnovi sintezu likars’-
kikh rechovin (Principles of Synthesis of Medicines),
Donets’k: Skhidnii Vidavnichii Dim, 2002.

2. Kolotova, N.V., Koz’minykh, E.N., Kolla, V.E., Syropya-
tov, B.Ya., Voronina, E.V., and Koz’minykh, V.O., Khim.-
Farm. Zh., 1999, no. 5, p. 22; Kolotova, N.V., Dolzhen-
ko, A.V., Koz’minykh, V.O., Kotegov, V.P., and Godi-
na, A.T., Khim.-Farm. Zh., 1999, no. 9, 9; Dolzhen-
ko. A.V., Kolotova, N.V.; Koz’minykh, V.O., Syropya-
tov, B.Ya., Kotegov, V.P,, Godina, A.T., and Rudako-
va, GV., Khim.-Farm. Zh., 2003, no. 4, p. 24; Dolzhen-
ko, A.V., Kolotova, N.V., Koz’minykh, V.O., Syropya-
tov, B.Ya., Kotegov, V.P., Godina, A.T., and Rudako-
va, GV., Khim.-Farm. Zh., 2003, no. 1, p. 21; Dolzhen-
ko, A.V., Koz’minykh, V.O., Kolotova, N.V., Burdi, N.E.,
Novoselova, GN., and Syropyatov, B.Ya., Khim.-Farm.
Zh., 2003, no. 7, p. 7; Dolzhenko, A.V., Koz’minykh, V.O.,
Kolotova, N.V., Syropyatov, B.Ya., and Novoselova, GN.,
Khim.-Farm. Zh., 2003, no. 5, p. 10; Dolzhenko, A.V.,
Kolotova, N.V., Koz’minykh, V.O., and Syropyatov, B.Ya.,
Khim.-Farm. Zh., 2002, no. 3, p. 17; Dolzhenko, A.V.,
Kolotova, N.V., Koz’minykh, V.O., Syropyatov, B.Ya.,
Kotegov, V.P., and Godina, A.T., Khim.-Farm. Zh., 2002,
no. 2, p. 6; Dolzhenko, A.V., Kolotova, N.V., Koz mi-
nykh, V.O., Syropyatov, B.Ya., and Novoselova, GN.,
Khim.-Farm. Zh., 2002, no. 4, p. 11.

3. Krys’ko, A.A., Yatsyuk, D.I., Kabanov, V.M., Kabano-
va, T.A., Karaseva, T.L., and Andronati, S.A., Khim.-
Farm. Zh., 2003, no. 3, p. 38.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 43 No. 7 2007



1026

4.

10.

11.

12.

13.

Sal’nikova, S.I., II'ina, T.V., Zhuravlev, N.S., and
Verdyan, A.L., Khim.-Farm. Zh., 1990, no. 5, p. 25.

. Burdulene, D., Stumbryavichute, Z., Talaikite, Z., Ly-

senkova, E.M., and Drozdova, V.I., Khim.-Farm. Zh.,
1995, no. 4, p. 11.

. Kas’yan, L.I., Tarabara, I.N., Bondarenko, Ya.S., Shish-

kina, S.V., Shishkin, O.V., and Musatov, V.I., Russ. J.
Org. Chem., 2005, vol. 41, p. 1122.

. Kas’yan, A.O., Krishchik, O.V., Krasnovskaya, O.Yu.,

and Kas’yan, L.I., Russ. J. Org. Chem., 1998, vol. 34,
p- 1731; Kas’yan, L.I., Krishchik, O.V., Krasov-
skii, V.A., Okovityi, S.I., Tarabara, I.N., and Pal’-
chikov, V.A., Vopr. Khim. Khim. Tekhnol., 2004,
no. 2, p. 35.

. Kolotova, N.V., Dolzhenko, A.V., Kuz’minykh, V.O.,

Kotegov, V.P., and Godina, A.T., Khim.-Farm. Zh.,
1999, no. 12, p. 9.

. Nakanishi, K., Infrared Absorption Spectroscopy. Prac-

tical, San Francisco: Holden-Day, 1962; Bellamy, L.J.,
The Infra-red Spectra of Complex Molecules, London:
Methuen, 1958.

Augustin, M. and Reinemann, R., Z. Chem., 1973,
vol. 13, p. 61.

Nedaya, E. and Ninmann, R.L., J. Org. Chem., 1966,
vol. 31, p. 1317.

Zefirov, N.S. and Sokolov, V.I., Usp. Khim., 1967,
vol. 36, p. 243.

Dryuk, V.G, Kartsev, V.G, and Voitsekhovskaya, M.A.,
Oksirany — sintez i biologicheskaya aktivnost’ (Oxiranes:

Synthesis and Biological Activity), Moscow: Bogorod-
skii Pechatnik, 1999.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

KAS’YAN et al.

Prilezhaeva, E.N., Reaktsiya Prilezhaeva. Elektrofil’noe
okislenie (Prilezhaev Reaction. Electrophilic Oxidation),
Moscow: Nauka, 1974.

Kas’yan, L.I., Krishchik, O.V., Umrykhina, L.K., and
Kas’yan, A.O., Visn. Dnipropetr. Univ., Khim., 1998,
no. 3, p. 87.

Haines, A.H., Methods for the Oxidation of Organic
Compounds. Akanes, Alkenes, Alkynes, and Arenes,
London: Academic, 1985.

Mgller, C. and Plesset, M.S., Phys. Rev., 1934, vol. 46,
p.- 618; Helgaker, T., Jaszunski, M., and Ruud, K.,
Chem. Rev., 1999, vol. 99, p. 293; Keith, T.A. and
Bader, R.EW., Chem. Phys. Lett., 1993, vol. 210, no. 1,
p- 223; Hehre, WJ., Ditchfield, R., and Pople, J.A.,
J. Chem. Phys., 1972, vol. 56, p. 2257.

Kas’yan, L.I., Russ. J. Org. Chem., 1999, vol. 35,
p. 635.

L’abbe, G., Chem. Rev., 1969, vol. 69, p. 345.

Davis, S.J. and Rondestvedt, C.S., Chem. Ind., 1956,
vol. 18, p. 845.

Kas’yan, L.I., Tarabara, I.N., Kas’yan, A.O., and Yaro-
voi, M.Yu., Russ. J. Org. Chem., 2003, vol. 39, p. 1629;
Tarabara, I.LN., Kas’yan, A.O., Yarovoi, M.Yu., Shish-
kina, S.V., Shishkin, O.V., and Kas’yan, L.I., Russ. J.
Org. Chem., 2004, vol. 40, p. 992.

Baraclough, D., Oakland, J.S., and Scheinmann, F,
J. Chem. Soc., Perkin Trans. 1, 1972, p. 1500; Oak-
land, J.S. and Scheinmann, F., J. Chem. Soc., Perkin
Trans. 1, 1973, p. 800.

Augustin, M. and Reinemann, R., Z. Chem., 1972,
vol. 12, p. 101.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 43 No. 7 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


