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1-Pyrazolines, obtained by 1,3-dipolar cycloaddition of diazocyclopropane to N-phenyl-
and N-cyclohexylmaleimides, undergo complete dediazoniation at 175 °C for 10—16 h with
the formation of spiro[3-azabicyclo[3.1.0]hexane-6,1 -cyclopropane]-2,4-diones 3 (80—89%)
and isomeric 3-cyclopropyl-1H-pyrrole-2,5-diones 4. On the example of 3-cyclopropyl-
1-phenyl-1H-pyrrole-2,5-dione, it was shown that compounds 4 are able again to enter into
1,3-dipolar cycloaddition with diazomethane or diazocyclopropane with the reaction in the
case of diazocyclopropane being nonselective and leading to two regioisomeric pyrazolines
in the ratio ~1.7 : 1, thermolysis of which, conversely, proceeds with high selectivity and
exclusively affords a spiropentane derivative. An action of the aqueous methanol solution
of sodium hydroxide on the spiropentanes fused with succinimide fragment and subsequent
acidification of the salts obtained lead to stable cis-amidoacids of spiropentane series.

Key words: spiro[ 1-pyrazoline-3,1"-cyclopropanes], spiropentanosuccinimides, spiropentane-
1,2-dicarboxylic acid monoamides, diazo compounds, 1,3-dipolar cycloaddition, thermolysis.

Earlier, it was shown that 1,3-dipolar cycloaddition of
the in situ generated diazocyclopropane to unsaturated
compounds!—3 is a convenient general method for the
preparation of 1- or 2-pyrazolines containing spiro-jointed
cyclopropane fragment. This process occurs the most
readily for sterically unhindered C=C bonds, which con-
tain electron-withdrawing substituents or which are a part
of strained fragments. In its turn, thermal dediazoniation
of spirocyclopropane-containing 1-pyrazolines allows
one to obtain spiropentane derivatives,3% though,
desired selectivity is not always achievable in such pro-
cesses. In a number of cases, the formation of spiro-
pentanes is accompanied by side reactions, which lead
to isomeric unsaturated compounds.3-6

In the present work, a synthesis of spirocyclopropane-
containing pyrazolines fused with a succinimide fragment
has been accomplished and their thermal dediazonia-
tion has been studied in order to prepare spiropentane-
1,2-dicarboxylic acid derivatives. The latter, similarly to
the cyclopropanedicarboxylic acid derivatives, can be of
interest as synthons for the synthesis of new biologycally
active compounds. Thus, for example, a modification of
4-benzyl-2 H-phthalazin-1-one, which is a powerful
inhibitor of poly(adenazindiphosphateribose)polymerase,
by introduction of 2-amidocyclopropanecarboxylic acid

 Deceased.

fragment and cyclization into imide leads to an increase
in metabolic activity of enzyme PARP-1 (see Ref. 7). The
fragment of 2-amidocyclopropanecarboxylic acid was used
in the development of pseudo-tri- and pentapeptides to
make their conformational mobility limited,®? as well as
in the synthesis of bicyclic monothioimides, which are of
interest as chiral synthons.1?

Results and Discussion

Earlier, we have shown? that N-(4-methyl)- or
N-(4-bromophenyl)maleimides are suitable substrates
for the synthesis of spirocyclopropane-containing pyrazo-
lines fused with a succinimide fragment. Similar process
also occurs on 1,3-dipolar cycloaddition of the in situ
generated diazocyclopropane to N-phenyl- and N-cyclo-
hexylmaleimides (1a,b). The use of 1.5-fold molar excess
of N-cyclopropyl-N-nitrosourea as the source diazo-
cyclopropane and potassium or cesium carbonates as the
bases leads to spirocyclopropane-containing heterocycles
2a,b in 70 and 62% yield, respectively (Scheme 1). In this
case, the use of Cs,CO, instead of K,CO, decreases the
reaction time by 5—6 times, having virtually no effect on
the yields of the corresponding heterocycles 2a,b. In our
view, the somewhat lower yield of adduct 2b has a reason:
the presence of the cyclohexyl substituent instead of the
aryl one, apparently, decreases polarizability of the
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molecule in the transition state and makes the reaction of
1,3-dipolar cycloaddition less efficient.

Thermolysis of spiro[pyrazolinecyclopropanes] 2a,b
obtained was carried out by reflux of their solutions in
o-dichlorobenzene for 10—16 h until evolution of nitro-
gen was stopped. According to the TLC and 'H NMR
spectral data, the complete conversion of starting pyrazo-
lines and the formation in every case of two isomeric
compounds, viz., fused spiropentanes 3a,b and 3-cyclo-
propyl-1H-pyrrole-2,5-diones 4a,b, are observed. The
nature of substituent in the succinimide ring has con-
siderable influence on the ratio of the compounds formed:
thus, in the case of cyclohexyl substituent the selectivity
of the process with respect to the forming spiropentane 3b
is somewhat higher than in the case of phenyl substituent
(Scheme 1).

Scheme 1
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R = Ph (a), CGH11 (b).3a:4a~4:1;3b:4b~8: 1.
Reagents and conditions: K2003 (Cszcos), CH2C12, 5—7°C.

The observed dediazoniation of pyrazolines 2a,b,
despite the side formation of cyclopropyl-1H-pyrrole-
2,5-diones 4, turned out to be more selective in compari-
son, for example, with the earlier described!! thermolysis
of 1-pyrazoline, obtained by addition of diazomethane to
N-phenylmaleimide, which resulted, along with cyclo-
propane derivative, in isomeric unsaturated compounds,
viz., 3-methyl-1-phenyl-3-pyrroline-2,5-dione and
3-methylene-1-phenylpyrrolidine-2,5-dione, as well as
2-pyrazoline, the product of isomerization of starting
1-pyrazoline, in the ratio 5: 6 : 1.5 : 1, respectively.

The spiropentane derivative of succinimide 3a was
successfully isolated in the individual state by partial crys-
tallization of the reaction mixture from benzene—light
petroleum (1 : 2) with the yield of the target product be-
ing 52%. According to the '"H NMR spectrum, the filtrate
was a mixture of compounds 3a and 4a in the ratio 1.4 : 1.
Similarly, from the ethereal solution of the reaction

mixture obtained on the thermolysis of pyrazoline 2b,
spiropentane 3b was isolated in 44 % yield by cooling down
to —20 °C, whereas the mother liquor was a mixture of
compounds 3b and 4b in the ratio ~4 : 1. The structures
of the compounds obtained were established on the basis of
the 'H and 13C NMR spectra of individual spiropentanes
3a and 3b and their mixtures with the corresponding
cyclopropyl-1H-pyrrole-2,5-diones 4a and 4b. Spiro-
pentanes 3a and 3b are characterized by the presence of
two muliplets in the region 0.9—1.2 ppm and a singlet
at 2.89 or 2.66 ppm, whereas cyclopropyl-1H-pyrrole-
2,5-diones 4a and 4b, by the presence of the signals
of equal intensities at 2.0 (CH) and 6.1 ppm (=CH).

Further, we studied the reactivity of 1-phenyl-
1 H-pyrrole-2,5-dione 4a in the reaction of 1,3-dipolar
cycloaddition with diazomethane and diazocyclopropane.
The action of ethereal solution of diazomethane (15 °C,
3 days) on the mixture of compounds 3a and 4a obtained
(ratio 1.4 :1) leads to a complete transformation of
1 H-pyrrole-2,5-dione 4a into 2,3,7-triazabicyclo[3.3.0]-
octene-6,8-dione 5 (Scheme 2). In this case, the succin-
imide fused with the spiropentane fragment remains
intact. The addition of CH,N, to the double bond of
1 H-pyrrole-2,5-dione 4a proceeds with high selectivity
with the cyclopropyl substituent being placed in position
1 of the bicyclic system, which is indicated by the pres-
ence of the three-spin system CH,CH in the 'H NMR
spectrum and by position of the quaternary C atom at
103.2 ppm in the *C NMR spectrum.

Scheme 2
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In contrast to diazomethane, 1,3-dipolar cycloaddi-
tion of diazocyclopropane to the double bond of 1H-pyr-
role-2,5-dione 4a proceeds unselectively and leads
to a mixture of spiro{2,3,7-triazabicyclo[3.3.0]octene-
4,1"-cyclopropanes} 6 and 7 containing the cyclopropyl
substituent in positions 1 or 5 of the bicyclic system
(Scheme 3). The lack of selectivity of the addition of
diazocyclopropane to the unsymmetrically substituted
cyclic double bond was observed earlier, for example,
during its interaction with 1-methylcyclopropene-3-car-
boxylate.12 We used approximately three-fold molar
excess of N-cyclopropyl- N-nitrosourea for the generation
of diazocyclopropane and complete conversion of
1 H-pyrrole-2,5-dione 4a into adducts 6 and 7.

Isomer 6 was isolated from the reaction mixture by
crystallization from ether, whereas isomer 7 by prepara-
tive TLC of the residue left after evaporation of ether.
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According to the 'H and '3C NMR spectra, the signals of
the angular fragment H—C in isomer 6 have chemical
shifts of 8, 2.48 and 5 72.9, whereas in isomer 7, §,; 5.40
and & 94.0, that indicates the bonding of this fragment
with the C or N atoms of the pyrazoline ring.

In contrast to pyrazoline 2a, thermal dediazoniation
of pyrazoline 6 proceeds with high selectivity and leads to
spiropentane 8 (Scheme 3), that is indicated by the only
set of signals in the 'H and 3C NMR spectra.

It is known!3 that the fused succinimide ring can be
easily opened by the action of bases. Earlier, we have
shown? that the action of even catalytic amount of NaOH
in ethanol on the fused succinimidopyrazolines leads to
the succinimide ring opening with the formation of
N-aryl-6-ethoxycarbonyl-4,5-diazaspiro[2.4]hept-5-ene-
7-carboxamides. However, in contrast to succinimido-
pyrazolines, succinimides with the fused spiropentane
fragment turned out to be rather resistant to the action of
bases. Thus, the action of sodium methoxide (~2 mol. %)
in methanol on compounds 3a and 3b at room tempera-
ture for 120 h leads to amidoesters of spiropentane-
1,2-dicarboxylic acid 9 with conversion of 50% in the
case of compound 3a and ~10% in the case of compound
3b. Moreover, a reflux of the mixture of compounds 3a
and 9a formed with evaporation of ethanol leads to a
reverse cyclization of amidoester 9a formed back into the
starting spiropentanosuccinimide 3a. However, the
action of NaOH in aq. methanol on succinimides 3
affords the corresponding salts of spiropentanecarboxylic
acids 10, which on acidification with 2% aq. hydrochloric
acid are converted into stable amidoacids 11 in 84—87%
yield (Scheme 4). The latter upon treatment with ethereal
solution of diazomethane are converted into methyl
esters 9a and 9b, which can partially cyclize into the
corresponding succinimides 3a or 3b. According to the
'"H NMR spectra of the reaction mixtures, the ratio of
amidoesters to the corresponding succinimides was ~4 : 1

in the case of phenyl substituent and ~3.3 : 1 in the case of
cyclohexyl one.

Scheme 4
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R =Ph (a), cyclo-CBH11 (b).

Interestingly, the hydrolysis of unsymmetrical spiro-
pentanosuccinimide 8 upon action of NaOH in MeOH—
H,O (~2: 1) proceeds strictly selectively and after acidifi-
cation with 2% aq. HCI gives only one regioisomer of
amidoacid 12 (Scheme 5). This assignment was made
based on the literature data,!4 according to which the
C-substituted succinimide ring opening with bases always
proceeds by the nucleophilic attack at the sterically less
hindered C=0 group.

Scheme 5
Nu /\‘//O CO,H
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o]
8 12 (87%)

Thus, the methodology suggested by us for the synthe-
sis of spirocyclopropane-containing pyrazolines fused with
a succinimide fragment and their thermal dediazoniation
into the corresponding spiropentanes is rather simple
and convenient method for the preparation of new
polycyclopropane compounds, in particular, N-substituted
monoamides of cis-spiropentane-1,2-dicarboxylic acid as
new synthons for the modification of biologically active
compounds.

Experimental

'H and 13C NMR spectra were recorded on a Bruker AC-200
(200 and 50.3 MHz) and Bruker AM-300 spectrometers (300
and 75.5 MHz, respectively) for solutions in CDCI, or (CD,),SO
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containing 0.05% Me,Si as the internal standard. Mass spectra
were recorded on a Finnigan MAT INCOS-50 instrument (EI,
70 eV, direct inlet). N—Cyclopropyl-N—nitrosourea,15 N-phenyl-
(12)'® and N-cyclohexylmaleimides (1b)!” were obtained according
to the described procedures. Thin-layer chromatography was
performed on Silica gel 60 plates (Merck) with visualization
by iodine vapors. Chromatographic plates (silica gel 60,
0.040—0.063 mm, Merck) with 1.8 mm layer were used for
preparative isolations. Solvents of chemically pure grade (>99.6%)
were used without additional purification.

Synthesis of 7-arylspiro[2,3,7-triazabicyclo[3.3.0]oct-2-ene-
4,1 -cyclopropane]-6,8-diones (2a,b) (general procedure). Potas-
sium carbonate (4.61 g, ~26 mmol) containing ~20% H,0, or
Cs,CO, (8.47 g, ~26 mmol) was added to a mixture of maleimide
1a(1.91g, 11 mmol) or 1b (1.97 g, 11 mmol) and N-cyclopropyl-
N-nitrosourea (2.16 g, 16 mmol) in CH,Cl, (30 mL) at 5—7 °C
and this was vigorously stirred at this temperature for 160—180
or 30 min, respectively. Then the reaction mixture was filtered
and washed with CHZCIZ, the solvent was evaporated in vacuo
and pyrazolines 2a,b were obtained by recrystallization of the
residue from benzene.

Compound 2a, the yield was 70%, m.p. 155—156 °C. Found
(%): C, 64.98;, H, 4.79; N, 17.21; C ;H,;N;0,. Calculated (%):
C, 64.72; H, 4.60; N, 17.42. Partial MS, m/z (1, (%)): 241 (1)
[M]*, 213 (7) [M — N2]+, 185 (11), 184 (14), 94 (32), 66 (100).
'"H NMR (CDCly), &: 1.4, 1.92 (both m, 1+3 H, CH,CH,);
3.16 (d, 1 H, H(5), 3J=8.4 Hz); 6.04 (d, 1 H, H(1), °J = 8.4 Hz);
7.23, 7.45 (both m, 2+3 H, Ph). 3C NMR (CDCly), &: 11.3,
16.8 (CH,CH,); 41.6 (C(5)); 73.7 (C(4)); 91.7 (C(1)); 126.3
(0-C); 128.4 (ipso-C); 129.1 (p-C); 129.3 (m-C); 168.7 and
173.6 (2 CO).

Compound 2b, the yield was 62%, m.p. 161—163 °C. Found
(%): C, 63.43; H, 7.11; N, 16.70. C ;H ,N,0,. Calculated (%):
C,63.14; H, 6.93; N, 16.99. Partial MS, m/z (1 (%)): 137 (52)
M- N, — C6H10]+, 109 (31), 94 (35), 66 (100). 'H NMR
(CDCly), &: 1.15—2.20 (m, 14 H, 7 CH,); 2.91 (d, 1 H, H(5),
3J=8.4Hz);3.89 (tt, | H, N(7)—CH, /= 3.7 Hz, 3J = 12.0 Hz);
5.83(d, 1 H, H(1), %/ = 8.4 Hz). >°C NMR (CDCl,), 8: 10.9,
16.5(C(27), C(37)); 24.9,25.7,28.6, 28.7 (1+2+1+1 CH,); 41.1
(C(5)); 52.1 (N(7)—CH); 73.2 (C(4)); 91.4 (C(1)); 169.8, 174.5
(2 CO).

Thermolysis of bicyclic pyrazoline 2a. A solution of pyrazoline
2a (0.96 g, 4 mmol) in o-dichlorobenzene (5 mL) was heated at
180 °C until the gas evolution was stopped (~10 h). Then, the
solvent was evaporated in vacuo at 0.2 Torr. According to the 'H
and 13C NMR spectra, the residue contained two compounds:
3-phenylspiro[3-azabicyclo[3.1.0]hexane-6,1 -cyclopropane]-
2.4-dione (3a) and 3-cyclopropyl-1-phenyl-1H-pyrrole-
2,5-dione (4a) in the ratio ~4: 1. Individual compound 3a
(0.44 g, 52%) was isolated as yellow crystals by recrystallization
from benzene—light petroleum (1 : 2), m.p. 111—112 °C. Found
(%): C, 73.49; H, 5.35; N, 6.50. C;;H, ,NO,. Calculated (%):
C, 73.23; H, 5.20; N, 6.57. Partial MS (EI), m/z (1 (%)): 213
(78) [M]™, 184 (32), 156 (33), 94 (66), 66 (100). '"H NMR
(CDCly), &: 1.12, 1.21 (both m, 2 H each, CH,CH,); 2.89 (s,
2 H, CHCH); 7.21, 7.38, 7.46 (all m, 2+1+2 H, Ph). 3C NMR
(CDCLy), &:2.6, 6.9 (CH,CH,); 26.1 (2 CH); 30.2 (C(6)); 126.8
(0-C); 128.5 (p-C); 129.2 (m-C); 131.8 (ipso-C); 174.1 (2 CO).
According to the 'H NMR spectrum, the filtrate left after
evaporation of the solvent contained a mixture of compounds 3a
and 4a in the ratio 1.4: 1. '"H NMR (CDCl,), &: compound 4a:

1.08 (m, 4 H, CH,CH,); 1.96 (m, 1 H, CH); 6.14 (s, 1 H,
=CH); 7.20—7.50 (m, Ph). '3C NMR (CDCly), &: 8.4 (CH);
12.0 (CH,CH,); 120.7 (C(4)); 126.0 (0-C); 127.6 (p-C); 128.6
(m-C); 131.6 (ipso-C); 153.5 C(3); 169.2, 169.7 (2 CO).

Thermolysis of bicyclic pyrazoline 2b. A solution of pyrazoline
2b (0.99 g, 4 mmol) in o-dichlorobenzene (5 mL) was heated at
180 °C until the gas evolution was stopped (~16 h). Then, the
solvent was evaporated in vacuo at 0.2 Torr. According to the 'H
and 13C NMR spectra, the residue contained two compounds:
3-cyclohexylspiro[3-azabicyclo[3.1.0]hexane-6,1 -cyclopropane]-
2.4-dione (3b) and 1-cyclohexyl-3-cyclopropyl-1H-pyrrole-
2,5-dione (4b) in the ratio ~8: 1. Individual compound 3b
(0.39 g, 44%) was isolated as yellow crystals by recrystallization
from ether upon cooling to —20 °C, m.p. 107—109 °C. Found
(%): C, 71.51; H, 8.00; N, 6.31. C,3H,;NO,. Calculated (%):
C, 71.21; H, 7.81; N, 6.39. Partial MS (EI), m/z (I (%)): 219
(12) [M]", 138 (100), 120 (3). '"H NMR (CDCL,), 6:0.94, 1.14
(both m, 2 H each, CH,CH,); 1.2—2.1 (m, 10 H, 5 CH,);
2.66 (s, 2 H, CHCH); 3.81 (tt, 1 H, N—CH, 3/ = 3.7 Hz,
3J=11.8 Hz). 3C NMR (CDCl,), 8: 2.3, 7.0 (CH,CH,); 25.0,
25.6,25.9 (1+2+2 CH,); 29.1 (2 CH); 30.4 (C(6)); 51.3 (NCH);
175.3 (2 CO). According to the TH N'MR spectrum, the filtrate
left after evaporation of the solvent contained a mixture of
compounds 3b and 4b in the ratio ~4 : 1. 'H NMR (CDCLY), &:
compound 4b: 5.89 (s, =CH), other signals are overlapped with
the signals of compound 3b.

1-Cyclopropyl-7-phenyl-2,3,7-triazabicyclo[3.3.0]oct-
2-ene-6,8-dione (5). An ethereal solution of diazomethane
(0.5 M, 3 mL) was added to a mixture of isomers 3a and 4a
(0.092 g, the ratio was ~1.4:1, which corresponded to
~0.18 mmol of 4a) in CH,Cl, (5 mL) and this was kept for
3 days at 15 °C. The solvent was evaporated in vacuo and the
residue was first crystallized from benzene to remove the greater
portion of compound 3a and then it was purified by preparative
TLC onssilica gel (eluent, ether) to obtain pyrazoline 5 (0.039 g,
85 %). Partial MS (EI), m/z (1, (%)): 255 (2) [M]*, 227 (5),
199 (6), 91 (20), 79 (100). '"H NMR (CDCly), &: 0.46, 0.76
(both m, 2 H each, CH,CH,); 1.90 (m, 1 H, CH); 2.78 (dd, 1 H,
J=29Hz,J=9.9 Hz, H(5)); 4.83 (dd, 1 H, H,(4),/=9.9 Hz,
2J=19.0 Hz); 5.13 (dd, 1 H, H, (4), J=2.9 Hz, J, = 19.0 Hz);
7.23, 7.44 (both m, 2+3 H, Ph). 3C NMR (CDCly), &: 1.4, 1.5
(CH,CH,); 13.0 (CH); 40.1 (C(5)); 80.9 (C(4)); 103.2 (C(1));
126.3 (0-C); 129.0 (p-C); 129.1 (m-C); 130.9 (ipso-C); 170.9,
174.2 (2 CO).

1-Cyclopropyl- (6) and 5-cyclopropyl-7-phenylspiro[2,3,7-tri-
azabicyclo[3.3.0]oct-2-ene-4,1"-cyclopropane]-6,8-dione (7).
N-Cyclopropyl- N-nitrosourea (0.13 g, 1.0 mmol) and cesium
carbonate (0.70 g, ~2 mmol) were added to a mixture of isomers
3a and 4a (0.21 g, the ratio was ~1.4: 1 which corresponded
to ~0.41 mmol of 4a) in CH,Cl, (10 mL) at 5—7 °C and the
mixture was stirred for 40 min at this temperature. The reaction
mixture was filtered and the solvent was evaporated in vacuo.
According to the TH N'MR spectrum, the residue was a mixture
of starting compound 3a and isomeric pyrazolines 6 and 7 in the
molar ratio ~3.8 : 1.7 : 1, respectively. Individual pyrazoline 6
(72 mg, 60%) was isolated as colorless crystals by recrystallization
from ether, m.p. 199—201 °C. Found (%): C, 68.11; H, 5.15;
N, 14.71. C,,H,sN;0,. Calculated (%): C, 68.31; H, 5.37; N,
14.94. Partial MS, m/z (I, (%)): 253 (2) [M — N2]+, 224 (4),
119 (30), 106 (48), 91 (100), 77 (74). 'H NMR (CDCl,), 5:0.49,
0.78 (both m, 2 H each, CH,CH,); 1.31 (m, 1 H, CH); 1.83—2.04
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(m, 4 H, CH,CH,); 2.48 (s, 1 H, H(5)); 7.23 and 7.43 (both m,
2+3 H, Ph). 3C NMR (CDCly), &: 1.3, 1.4 (CH,CH,); 11.4,
16.7 (C(2") and C(3)); 13.2 (CH); 44.2 (C(5)); 72.9 (C(4));
101.9 (C(1)); 126.3 (0-C); 129.0 (p-C); 129.3 (m-C); 131.0
(ipso-C); 171.2, 173.1 (2 CO). The filtrate left after isolation of
pyrazoline 6 was concentrated and the residue was separated by
TLC onssilica gel (eluent, ether) to obtain pyrazoline 7 (0.026 g,
22%) as yellowish fusible crystals, R;=0.74. Partial MS, m/z
(I (%)): 253 (2) [M — N2]+, 224 (12), 212 (9), 91 (100), 77
(56). 'H NMR (CDCL), & 0.16, 0.57, 0.64 (all m, 1+1+2 H,
CH,CH,); 1.09 (m, 1 H, CH); 1.67—2.01 (m, 4 H, CH,CH,);
5.40 (s, 1 H, H(1)); 7.24, 7.44 (both m, 2+3 H, Ph). 3°C NMR
(CDCly), 8: 1.0, 1.8 (CH,CH,); 12.3 (CH); 12.4, 13.3 (CH,CH,);
49.3 (C(5)); 77.3 (C(4)); 94.0 (C(1)); 126.3 (0-C); 129.1 (p-C);
129.3 (m-C); 131.0 (ipso-C); 168.0, 175.1 (2 CO).
1-Cyclopropyl-3-phenyl-3-azaspiro[bicyclo[3.1.0]hexane-
6,1 -cyclopropane]-2,4-dione (8). A solution of pyrazoline 6
(0.034 g, 0.12 mmol) in o-dichlorobenzene (5 mL) was heated at
175 °C for 10 h until the gas evolution was stopped. Then, the
solvent was evaporated in vacuo at 0.2 Torr, the residue was
treated with benzene—light petroleum (1 : 1) and filtered through
a short layer of silica gel. The filtrate was concentrated in vacuo
to obtained compound 8 (0.027 g, 88%) as beige crystals,
m.p. 127—129 °C. Found (%): C, 75.44; H, 5.54; N, 5.62.
C,¢H,sNO,. Calculated (%):C, 75.87; H, 5.97; N, 5.53. Partial
MS (E), m/z (I (%)): 253 (8) M]T, 225 (12), 133 (17), 91
(100). "H NMR (CDCLy), 8: 0.23, 0.49, 0.69 (all m, 1+1+2 H,
CH,CH,); 1.07, 1.20 (both m, 2 H each, CH,CH,); 1.45 (m,
1 H, CH); 2.41 (s, 1 H, H(5)); 7.22, 7.40 (both m, 2+3 H, Ph).
3C NMR (CDCly), &: 2.6, 2.8 (CH,CH,); 3.0, 5.9 (CH,CH,);
28.3 (C(1)); 29.7 (C(6)); 34.2 (C(5)); 126.8 (0-C); 128.4 (p-C);
129.1 (m-C); 132.0 (ipso-C); 174.0, 175.9 (2 CO).
2-(N-Phenylcarbamoyl)spiropentane- 1-carboxylic acid (11a).
A solution of NaOH (1 N, 0.9 mL) was added to a solution of
compound 3a (0.192 g, 0.9 mmol) in methanol (2 mL) and this
was stirred for 16 h at 20 °C. Then, methanol was evaporated,
the aqueous solution was acidified with 2% aq. hydrochloric
acid and extracted with chloroform (7 mL). The organic layer
was dried with anhydrous Na250 4 the solvent was evaporated
in vacuo to obtained amidoacid 11a (0.181 g, 87%) as colorless
crystals, m.p. 164—166 °C. Found (%): C, 67.77; H, 5.79; N, 6.33.
C,3H;NO;. Calculated (%):C, 67.52; H, 5.67; N, 6.06. Partial
MS (EI), m/z (I, (%)): 231 (7) [M]*, 186 (4) [M — COZH]+, 93
(100). '"H NMR (DMSO-dy), &: 0.95, 1.11 (both m, CH,CH,);
2.39, 2.56 (both d, 1 H each, H(1), H(2), 3J = 8.3 Hz); 7.03,
7.28, 7.55 (all m, 1+2+2 H, Ph); 10.05 (s, 1 H, NH); 12.25
(br.s, 1 H, OH). 13C NMR (DMSO0-dy), &: 3.6, 5.8 (CH,CH,);
20.1 (C(3)); 26.1, 27.6 (C(1) and C(2)); 118.7 (0-C); 122.7
(p-C); 127.8 (m-C); 138.5 (ipso-C); 167.2, 170.5 (2 CO).
2-(N-Cyclohexylcarbamoyl)spiropentane-1-carboxylic acid
(11b) was synthesized similarly from compound 3b (0.11 g,
0.5 mmol) and the NaOH solution (1 N, 0.5 mL). After acidifica-
tion with HCI, amidoacid 11b (0.10 g, 84%) was obtained
as beige crystals, m.p. 144—146 °C. Partial MS (EIl), m/z
(I (%)): 237 (3) [M]*, 192 (10) [M — COZH]+, 139 (15), 138
(16), 41 (100). 'H NMR (CDCly), & 1.03—1.44 (m, 10 H,
CH,CH,, 3 CH, cyclohexyl); 1.56—1.97 (m, 4 H, 2 CH, cyclo-
hexyl); 2.45, 2.49 (both d, 1 H each, H(1), H(2), 3/ = 7.8 Hz);
3.75 (m, 1 H, NCH); 7.51 (d, 1 H, NH, J = 8.0 Hz); 13.8 (br.s,
1 H, OH). 3C NMR (CDCl,), 8: 5.4, 8.6 (C(4) and C(5)); 23.9
(C(3)); 24.8 (2 CH,); 25.4 (CH,); 29.0, 30.7 (C(1) and C(2));
32.6,32.7 (2 CH,); 49.7 (NCH); 172.4, 173.5 (2 CO).

1-Methoxycarbonyl-2-(phenylcarbamoyl)spiropentane (9a).
An ethereal solution of diazomethane (0.5 M, 1 mL) was added
dropwise to a solution of amidoacid 11a (0.015 g, 0.06 mmol) in
methanol (0.5 mL) at room temperature until persistent yellow
color was present and evolution of the gas was stopped. Then,
the mixture was kept for 2 h and the solvent was evaporated
in vacuo to obtain 0.016 g of the reaction mixture, which,
according to the "H NMR spectrum, contained ~80% of methyl
spiropentanecarboxylate 9a and ~20% spiropentanosuccinimide
3a. Attempts to isolate amidoester 9a was accompanied by its
cyclization into succinimide 3a. Partial MS (EI), m/z (I, (%)):
245 (52) [M]", 213 (24) [M — MeOH]", 153 (67), 93 (100).
'H NMR (CDCl,), & (after the signals of compound 3a were
subtracted): 1.14, 1.28 (both m, 2 H each, CH,CH,); 2.50, 2.62
(both d, 1 H each, H(1) and H(2), 3J = 8.3 Hz); 3.73 (s, 3 H,
OMe); 7.08,7.29, 7.54 (allm, 1+2+2 H, Ph), 8.89 (s, 1 H, NH).
3¢ NMR (CDClL,), &: 5.2, 8.3 (CH,CH,); 22.5 (C(3)); 27.1,
32.2 (C(1), C(2)); 52.6 (OMe); 120.0 (0-C); 124.1 (p-C); 129.0
(m-C); 138.1 (ipso-C); 167.8 (COO); 172.8 (CONH).

2-(Cyclohexylcarbamoyl)-1-methoxycarbonylspiropentane
(9b) was synthesized similarly from amidoacid 11b (0.014 g,
0.06 mmol) and an ethereal solution of diazomethane. According
to the 'H NMR spectrum, the reaction mixture (0.015 g)
contained ~78% of methyl spiropentanecarboxylate 9b and ~22%
spiropentanosuccinimide 3b. Partial MS (EI), m/z (I, (%)):
251 (7) [M]*, 192 (12), 138 (100). '"H NMR (CDCly), &:
1.02—1.48 (m, 10 H, CH,CH, and 3 CH, cyclohexyl); 1.52—1.94
(m, 4 H, 2 CH, cyclohexyl); 2.41, 2.49 (both d, 1 H each, H(1)
and H(2), 3J = 8.0 Hz); 3.73 (s, 3 H, OMe); 3.75 (m, 1 H,
NCH); 6.59 (s, 1 H, NH). 3C NMR (CDCly), 6:4.9,7.9 (C(4)
and C(5)); 21.4 (C(3)); 24.6, 25.6 (CH, cyclohexyl ); 26.5, 30.9
(C(1) and C(2)); 29.1, 32.7, 33.1 (CH, cyclohexyl ); 48.0
(NCH); 52.1 (OMe); 168.1 (COO); 172.0 (CONH).

2-(Phenylcarbamoyl)-1-cyclopropylspiropentane-1-carbo-
xylic acid (12). A solution of NaOH (0.2 N, 0.3 mL) was added
to a solution of compound 8 (0.015 g, 0.06 mmol) in methanol
(0.3 mL) and this was kept for 16 h at 20 °C. Then, methanol
was evaporated in vacuo, the reaction mixture was acidified with
2% aq. hydrochloric acid and extracted with chloroform (1 mL).
The organic layer was dried with anhydrous Na250 4 the solvent
was evaporated in vacuo, the reaction mixture was treated with
ether to obtain amidoacid 12 (0.014 g, 87%) as colorless crystals,
m.p. 171—173 °C. Partial MS (EI), m/z (I, (%)): 271 (2)
[M]*, 226 (8) [M — COzH]+, 93 (100), 77 (43). '"H NMR
(CDCly), &: 0.38, 0.74, 0.89, 1.18 (all m, 1+2+1+4 H,
2 CH,CH,); 1.58 (m, 1 H, CH); 2.59 (s, 1 H, H(1)); 7.21, 7.38,
7.51 (all m, 1+2+2 H, Ph); 8.61 (s, 1 H, NH); 13.2 (br.s, 1 H,
OH). 3C NMR (CDCL), &: 2.8, 47, 5.2, 7.7 (2 CH,CH,);
14.0 (CH); 27.4 (C(3)); 29.8 (C(2)); 37.3 (C(1)); 121.0 (0-C);
126.0 (p-C); 129.3 (m-C); 136.3 (ipso-C); 167.7 (COOH); 171.8
(CONH).

This work was financially supported by the Presidium
of the Russian Academy of Sciences (Program for Basic
Research “Development of Methods for the Preparation
of Chemical Compounds and New Materials”, Subpro-
gram “Development of Methodology of Organic Synthe-
sis and Preparation of Compounds with Valuable Applied
Properties”) and Federal Agency for Science and
Innovations (Russian Federation President Grant
NSh-6075.2006.3).



Spiropentanes from maleimides

Russ.Chem.Bull., Int.Ed., Vol. 57, No. 8, August, 2008

1717

References

.Yu. V. Tomilov, I. V. Kostyuchenko, O. M. Nefedov, Usp.
Khim., 2000, 69, 507 [ Russ. Chem. Rev., 2000, 69, 461 (Engl.
Transl.)].

. I. V. Kostyuchenko, E. V. Shulishov, V. A. Korolev, V. A.
Dokichev, Yu. V. Tomilov, Izv. Akad. Nauk, Ser. Khim.,
2005, 2482 [Russ. Chem. Bull., 2005, 54, 2562 (Engl.
Transl.)].

. Yu. V. Tomilov, 1. V. Kostyuchenko, E. V. Shulishov, O. M.
Nefedov, Izv. Akad. Nauk, Ser. Khim., 1997, 532 | Russ. Chem.
Bull., 1997, 46, 511 (Engl. Transl.)].

.Yu. V. Tomilov, E. V. Guseva, N. V. Volchkov, E. V.
Shulishov, O. M. Nefedov, Izv. Akad. Nauk, Ser. Khim.,
2001, 2019 [Russ. Chem. Bull., Int. Ed., 2001, 50, 2113].

.Yu. V. Tomilov, E. V. Shulishov, A. B. Kostitsyn, O. M.
Nefedov, Izv. Akad. Nauk SSSR, Ser. Khim., 1994, 662 | Russ.
Chem. Bull., 1994, 43, 612 (Engl. Transl.)].

. P. Bladon, D. R. Rae, A. D. Tait, J. Chem. Soc., Perkin
Trans. 1, 1974, 1468.

.V. M. Loh, X.-L. Cockcroft, K. J. Dillon, L. Dixon,
J. Drzewiecki, P.J. Eversley, S. Gomez, J. Hoare, F. Kerrigan,
I. T. W. Matthews, K. A. Menear, N. M. B. Martin, R. F.
Newton, J. Paul, G. C. M. Smith, J. Vilec, A. J. Whittle,
Bioorg. Med. Chem. Lett., 2005, 15, 2235.

10.

11.

15.
16.

17.

.J. A. Miller, E. J. Hennessy, W. J. Marshall, M. A. Scialdone,

S. T. Nguyen, J. Org. Chem., 2003, 68, 7884.

. D. E. Hibbs, M. B. Hursthouse, 1. G. Jones, W. Jones, K. M.

A. Malik, M. North, Tetrahedron, 1997, 53, 17417.

M. J. Milewska, T. Polonski, Tetrahedron: Asymmetry, 1994,
5, 359.

W. I. Awad, S. M. Abdel, R. Omrad, M. Sobhy, J. Org.
Chem., 1961, 26, 4126.

.Yu. V. Tomilov, E. V. Shulishov, G. P. Okonnishnikova,

O. M. Nefedov, Izv. Akad. Nauk, Ser. Khim., 1995, 2199
[Russ. Chem. Bull., 1995, 44, 2105 (Engl. Transl.)].

. P. Camps, M. R. Munoz, S. Vazquez, Tetrahedron, 2006,

62, 7645.

. Yu. N. Ogibin, I. V. Brederman, A. Ya. Shtenshneider, N. A.

Aleinikov, G. I. Nikishin, Izv. Akad. Nauk SSSR, Ser. Khim.,
1980, 1839 [Bull. Acad. Sci. USSR, Div. Chem. Sci., 1980, 29
(Engl. Transl.)].

W. Kirmse, H. Schiitte, Chem. Ber., 1968, 101, 1674.

Y. Yoshitake, J. Misaka, K. Setoguchi, M. Abe, T. Kawaji,
M. Eto, K. Harano, J. Chem. Soc., Perkin Trans. 2, 2002,
1611.

B. Pal, P. K. Pradham, P. Jaisankar, V. S. Giri, Synthesis,
2003, 1549.

Received February 8, 2008





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


