Russian Chemical Bulletin, International Edition, Vol. 60, No. 11, pp. 2279—2285, November, 2011

2279

Synthesis of nitrocyclopropanedicarboxylic acid derivatives
by addition of a-bromonitroalkanes to methylidene malonic,
methylidene cyanoacetic or maleic acid derivatives®

G. V. Kryshtal, G. M. Zhdankina, A. S. Shashkov, and S. G. Zlotin*

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 119991 Moscow, Russian Federation.
Fax: +7(499) 135 5328. E-mail: zlotin@ioc.ac.ru

A potassium carbonate promoted addition of 2-bromonitroalkanes to methylidenemalonic and
methylidenecyanoacetic acid derivatives and N-benzylmaleimide leads to the functionalized
nitrocyclopropanes. In the case of less active olefins, it is reasonable to use the phase-transfer
catalyst BuyNPFg (10 mol.%), whereas in the case of N-benzylmaleimide, to carry out the

process in the ionic liquid [bmim]BF,.

Key words: Michael reaction, tandem reactions, a-bromonitroalkanes, nitro compounds,
cyclopropanes, phase-transfer catalysis, ionic liquids.

Cyclopropanes containing nitro- and carboxy(cyano)
groups are intermediate products in the preparation of
amino acids, whose structural fragments are included into
composition of natural compounds (peptides,la—¢
coronatin, 2P carnosadin, 12 erc.). 3-(4-Chlorophenyl)-2-
nitrocyclopropanecarboxaldehyde was used for obtaining
the drug baclofen? for treatment of the central nervous
system (CNS) malfunctions; this compound is a deriva-
tive of very important neuromediator, y-aminobutanoic
acid. Functionally substituted nitrocyclopropanes are syn-
thesized by addition of nitroalkanes to a-halo-substituted
cycloalkenones,32—¢ by cyclopropanation of nitro
olefins,38:4 by reactions of nitro-iodonium ylides and
nitro-diazo compounds with alkenes, 2325 and by reactions
of a-halonitroalkanes with o, -unsaturated aldehydes and
ketones.2:% The latter, the most practical and efficient re-
action, is a tandem process including a sequence of the
Michael reaction and intramolecular alkylation.

We found that available alkylidene(arylidene)malonic
or cyanoacetic esters and maleimides can play the role of
Michael acceptors in this reaction. Thus, activated alk-
enes la—g add a-bromonitroalkanes 2a,b upon the action
of K,COj in toluene at room temperature giving rise to
esters and nitriles of 3-alkyl(aryl)-2-nitrocyclopropane-
1,1-dicarboxylic acid 3a—k in one experimental step. The
yields of products 3a—k depend on the nature of substitu-
ents R! and R2in compounds 1. In the absence of a phase-
transfer catalyst (PTC), they are very high in the addition
reactions to the trisubstituted alkenes 1c—e bearing alkyl

* Dedicated to Academician of the Russian Academy of Sciences
0. M. Nefedov on the occasion of his 80th birthday.

or aryl groups on the B-carbon atom, however, they are
considerably lower in the case of compounds 1f,g, in which
this atom is bound to the alkenyl group and, especially, in
the case of compounds 1a,b containing a tetrasubstituted
double bond (Scheme 1, Table 1).

Scheme 1
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Reagents and conditions: K,CO; (1.5 equiv.), Bu"yNPF (10 mol.%),
PhMe, 20 °C, 1—5 h.

We managed to considerably increase the yields of
nitrocyclopropanes based on these "problematic" com-
pounds by carrying out the reaction in the presence of
tetrabutylammonium hexafluorophosphate Buy;NPFq
(10 mol.%), which plays apparently the role of PTC. The
fluorine-containing PTC, being poorly soluble in organic
and aqueous phases, can be easily separated from the
reaction mixture and reused no less that three times with-
out decrease in the reaction rate and the yield of the prod-
uct (see Table 1, entry 2).

Bromonitromethane 2a does not react with maleimide 4
in toluene in the presence of K,CO5 and BuyNPFg, appar-
ently, because of insufficient polarization of the double
bond in compound 4. However, the adduct 5, which is
used for the preparation of antibacterial drug Trovafloxa-
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Table 1. Yields and isomeric composition of the functionally substituted nitrocyclopropanes 3a—k

Entry Alkene Bromo- R! R2 R3 R* R? Cyclo- t/h  Yield of compound 3 (%)
nitro- propane

in the presence  without

alkane of Bu,;NPF PTC

1 1a 2a Me Me CO,Et CN H 3a 5.0 66 16

2 1a 2b Me Me  CO,Et CN  Me 3b 3.0 88?

3 1b 2a —(CH,)s— CO,Et CN H 3¢ 1.5 88 43

4 1b 2b —(CHy)5— CO,Et CN  Me 3d 3.0 73 15

5 Ic 2a Me H  CO,Et CN H 3e 4.0 75 85

6 Ic 2b Me H  CO,Et CN  Me 3f 3.0 84 93

7 1d 2a Ph H  CO,Et CN H 3g 2.0 77 61[44<]
8 1d 2b Ph H  CO,Et CN  Me 3h 3.0 98 98

9 le 2a d H COMe COMe H 3i 5.0 91 82
10 1f 2b Me,C=CH H  CO,Et CN  Me 3 5.0 89 60
11 Ig 2b e H  CO,Et CN  Me 3k 6.0 92 45

4 The ratios of isomers are given in Experimental.

590% each in the second and third cycles.

¢ Was synthesized earlier’ from B-bromo-p-nitrostyrene and ethyl cyanoacetate upon the action of MeONa.
4R! = Me,C=CH(CH,),CH(Me)CH,.

¢R! = Me,C=CH(CH,),C(Me)=CH.

cin,® was synthesized in 30% yield when the reaction was

carried out in the ionic liquid, viz., 1-butyl-3-methylimid- 1.3%
azolium tetrafluoroborate ([bmim]BF,) (Scheme 2).

Scheme 2

0.8%
0.8%

3a 3d

K;CO3 Fig. 1. Results of the 1D selective NOESY experiments for prod-

| N=Bn + BICHNO, [bmim]BF, ucts 3a and 3d.
2a

proton and the substituent, the same tendency in the
4 O H change of the spin-spin coupling constant 3JH’C was used

as for 3JH’H (see Refs 7b and 11): for other conditions being

— B~ H NO, equal, the cis-constants are larger than the frans-constants.
Compounds 3a—d are individual stereoisomers, which
0 H were assigned the structures with the trans-arrangement of
5(30%) the NO, and CO,Et groups based on the NOE data for
products 3a and 3d (Fig. 1).
Most of the synthesized compounds are mixtures of The rest of the compounds can theoretically exist as

stereoisomers, whose number and structures depend on four stereoisomers 3°—3""
substituents in the cyclopropane ring. The relative config-
uration of substituents in compounds 3 was established by
NMR spectroscopy using the nuclear Overhauser effect

, nevertheless, nitrocyclo-

R, H Hh, R

(NOE) and the 3-’1—1,1—1 and 3JH,C spin-spin coupling con- O N/ \ .iCO,Et OoNaw/ \..iCO,Et
stant values. In the one-dimensional differential NOE ex- :T?{5 CN %‘5 CN
periments, the values for the protons in the cis-oriented 3 3

fragments were relatively small, but reliably detectable.
The 3JH,C spin-spin coupling constant values in com- R, H
pounds containing protons in the cyclopropane ring, were /
measured in one-dimensional (13C Gated Decoupling, L
GD) and two-dimensional ('H, 13C J-HMBC, Refs 9 and 10) R® CO,Et
experiments. To determine the relative orientation of the 3

OZN\___A..M“CN
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Fig. 2. Results of the NOE experiments (solid lines) and the
spin-spin coupling constant values 3JH,C (dashed lines) for com-
pound 3f.

propanes 3f—k according to the 'H NMR spectroscopic
data consist of two diastereomers.

0.9%

1.1%
3g° 39~
Fig. 3. Results of the NOE experiments for compound 3g.

The NOE experiments and analysis of the 3JH’C spin-
spin coupling constant values for the pentasubstituted
cyclopropanes 3f, 3h, 3j, and 3k allows us to assign
them the 3”7 and 3" structural types, differing in the mu-
tual orientation of substituents R!—NO, (cis/frans) and
NO,—CO,Et (trans/cis) (Fig. 2).

Diastereomers of the nitro ester 3g, according to the
literature data for the corresponding methyl ester,” be-
long to the 3" and 3" types (the spin-spin coupling con-
stant values 3Jy; y = 6.6 and 7.0 Hz are characteristic of
the frans-arrangement of vicinal protons (see Refs 7b
and 11: 3JH’H = 3—8 Hz)). This assignment was also con-
firmed by the NOE experiments (Fig. 3) and analysis of
the 3JH,C spin-spin coupling constants (Figs 4 and 5).

The presence of isomers with frans- and cis-arrangement
of substituents (1 : 1) was also observed in cyclopropanes
3i, in this case the signal for the proton at C(2)NO, with
84.78 has 3J,,,,, = 5.9 Hz, whereas at § 4.80, J,;, = 9.2 Hz.

trans-3i

cis-3i

Unlike 3g, the related to it compound 3e according to
the 'H NMR spectral data (the signals for the protons

CN@3g™)
CO(3g™)
CO (3g")
CN 3g")
1 1 1 1 1 1 1 1 1
161.4 161.2 161.0 160.8 160.6 160.4 ) 112.55 112.50 112.45 )

Fig. 4. The parts of the 13C GD spectrum showing splitting of the signals for the CO and CN groups due to the interaction with the
protons of the cyclopropane ring (CO and CN) and the protons of the OCH, groups (CO). The 3JH,CO and 3JH’CN spin-spin coupling
constant values are given in Fig. 5.
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Fig. 5. The parts of the JJHMBC %:10-12.13 two_dimensional spectrum of compound 3g. The spin-spin coupling constant values were
obtained by the division of the distance (in Hz) between the two components of the correlation peak along the vertical axis by the
splitting factor /= 33.

CHNO,) consists of three stereoisomers, which according obtained from the commercially available mixture of
to the NOE experimental data and the 3JH,H and 3JH,C E- and Z-isomers of citral, 2 : 1).
spin-spin coupling constant values belong to the structur- In conclusion, we developed efficient methods for the

al types 3e”, 3e”, and 3e”” (Fig. 6).* In the 'H NMR synthesis of functionally substituted nitrocyclopropane-
spectrum of compound 3k, two signals for the proton of carboxylic acid derivatives 3a—Kk (including the earlier un-
the cyclopropane ring (8 3.04 and 3.08) are observed, that known ones) and studied their spatial structures. These
is apparently due to the isomerism of the double bond in compounds can serve as precursors of f-aminodicarboxy-
the isoprenoid group R! (the starting compound 1g was lic acids of cyclopropane series, the intermediate products

0.8% -

0.4% /\ v . N
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> X 4 !
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Fig. 6. Results of the NOE experiments (solid lines) and the 3JH,H and 3JH’C spin-spin coupling constant values (dashed lines) for
compound 3e.

* Appearance of the isomer 3e” having the spin-spin coupling constant 3J,;, = 8.8 Hz is apparently due to the lower effects of the methyl
substituent as compared to the phenyl one.
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for the preparation of synthetic peptides and pyrethroid
analogs.12P Examples of the reduction of nitrocyclopro-
panes to the corresponding aminocyclopropanes are de-
scribed in the literature.le.4d..14

Experimental

ID 'H and '3C NMR spectra were recorded on a Bruker
AM-300 spectrometer (300.13 MHz ('H), 75.47 MHz (}3C)) for
solutions in CDCl;. 1D selective NOE spectra were recorded on
a Bruker AVANCE 600 spectrometer using the Selnogp standard
impulse program with the Gauss 1.1000 shaped pulse for excita-
tion. The spectra were acquired with 2 s duration of relaxation
time. 2D J-HMBC spectra (see Ref. 9) were recorded on an
AVANCE 600 spectrometer; the experimental conditions and
procedure for the measurement of the spin-spin coupling con-
stant value have been in details described earlier (see Refs 12
and 13). IR spectra were recorded on a Specord M-82 spectrom-
eter for neat samples. Elemental analysis was performed on
a Perkin-Elmer 2400 microanalyzer. Reaction progress was mon-
itored by TLC on Silufol plates (eluent: n-hexane—EtOAc (8 : 2),
visualization by the UV light and I, vapors). Purification of syn-
thesized compounds was accomplished by column chromatog-
raphy on silica gel from Acros (0.060—0.200 mm). Bromoni-
tromethane (2a), K,CO;, [bmim][BF,], N-benzylmaleimide (4),
and citral (as a mixture of E/Z-isomers 2 : 1) were purchased
from Acros and used without additional purification. The cata-
lyst BuyNPFg,15 activated alkenes 1a—d, ¢ 1e,17 1f18, 1g,19 and
a-bromonitroethane?? were synthesized according to the known
methods.

Reaction of olefins 1a—g with bromonitroalkanes 2a,b (gen-
eral procedure). A mixture of 1 (1 mmol), 2 (1.1—1.5 mmol),
K,CO; (0.207 g, 1.5 mmol) and, if indicated, BuyNPF (0.04 g,
10 mol.%) in toluene (0.5 mL) was vigorously stirred using a
magnetic stirrer at 20 °C for several hours (see Table 1) until
compound 1 disappeared, monitoring the reaction progress by
TLC and adding, if necessary, compound 2 (to 1.5 mmol). The
reaction mixture was diluted with water (in the case when
Bu,NPFy was used, the catalyst was filtered off) and extracted
with Et,O (2x5 mL). The combined organic extract was washed
with water (20 mL), dried with MgSO,, the solvent was evapo-
rated at reduced pressure (40 °C, 40 Torr). Products were puri-
fied on a column with SiO,, sequentially eluting with n-hexane
and the n-hexane—EtOAc solvent mixture. Physicochemical
properties, the IR, 'H and '3C NMR spectroscopic data, as well
as results of elemental analysis of the newly synthesized com-
pounds 3 are given below.

Ethyl 1-cyano-3,3-dimethyl-2-nitrocyclopropanecarboxylate
(3a). Colorless oil, nD2° 1.4725. Found (%): C, 50.82; H, 5.80;
N, 13.25. CyH{,N,04. Calculated (%): C, 50.94; H, 5.70;
N, 13.20. IR, v/cm~!: 1368, 1556 (NO,); 1740 (C=0); 2248
(CN). 'H NMR, &: 1.35 (t, 3 H, MeCH,, J = 7.0 Hz); 1.42
(s, 3 H, C(3)Me); 1.65 (s, 3 H, C(3)Me); 4.32 (q, 2 H, OCH,,
J=7.0Hz);4.90 (s, 1 H, CH—NO,). BCNMR, &: 13.9 (MeCH,),
18.1 (MeC(3)), 19.2 (MeC(3)), 32.6 (C(1)), 38.3 (C(3)), 64.1
(OCH,), 71.3 (C(2)), 112.2 (CN), 162.6 (C=0).

Ethyl 1-cyano-2,3,3-trimethyl-2-nitrocyclopropanecarb-
oxylate (3b). Colorless oil, n?0 1.4670. Found (%): C, 53.23;
H, 6.28; N, 12.45. CyH4N,0,. Calculated (%): C, 53.09; H, 6.24;
N, 12.38. IR, v/cm~!: 1352, 1548 (NO,); 1740 (C=0); 2244

(CN). 'HNMR, 8: 1.35(t, 3H, MeCH,, J=7.0 Hz); 1.42 (s, 3 H,
C(3)Me); 1.55 (s, 3 H, C(3)Me); 2.05 (s, 3 H, C(NO,)Me); 4.30
(q, 2 H, OCH,, J = 7.0 Hz). 3C NMR, &: 14.0 (MeCH,), 15.4
(MeC(3)), 16.0 (MeC(3)), 22.1 (MeC(2)), 32.3 (C(1)), 37.9
(C(3)), 63.4 (OCH,»), 80.5 (C(2)), 114.1 (CN), 162.6 (C=0).

Ethyl 1-cyano-2-nitrospiro[2.5]octane-1-carboxylate (3c).
Colorless oil, nD20 1.4910. Found (%): C, 57.27; H, 6.47; N, 11.20.
C,H4N,04. Calculated (%): C, 57.13; H, 6.39; N, 11.10. IR,
v/em~!: 1368, 1560 (NO,); 1740 (C=0); 2252 (CN). 'H NMR,
& 1.32 (t, 3 H, MeCH,, J = 7.0 Hz); 1.43—2.10 (m, 10 H,
5 CH,); 4.28 (q, 2 H, OCH,, J = 7.0 Hz); 4.86 (s, 1 H,
CH—NO,). 3C NMR, &: 14.1 (MeCH,), 24.4 (CH,), 25.7
(CH,), 28.1 (CHy), 29.1 (C(1)), 44.8 (C(3)), 64.1 (OCH,Me),
71.2 (C(2)), 112.2 (CN), 162.7 (C=0).

Ethyl 1-cyano-2-methyl-2-nitrospiro[2.5]octane-1-carb-
oxylate (3d). Colorless oil, np2° 1.4937. Found (%): C, 58.74;
H, 6.85; N, 10.55. C;3HgN,0,. Calculated (%): C, 58.63;
H, 6.81 N, 10.52. IR, v/em~!: 1356, 1560 (NO,); 1748 (C=0);
2248 (CN). 'H NMR, &: 1.36 (t, 3 H, MeCH,, J = 7.0 Hz);
1.40—2.15 (m, 10 H, 5 CH,); 2.02 (s, 3 H, C(NO,)Me); 4.28
(q, 2 H, OCH,, J = 7.0 Hz). 3C NMR, &: 13.9 (MeCH,), 17.5
(MeC(2)), 24.3 (CH,), 25.1 (CH,), 26.5 (CH,), 30.8 (C(1)),
44.2 (C(3)), 63.4 (OCH,), 78.2 (C(2)), 114.2 (CN), 162.1 (C=0).

Ethyl 1-cyano-3-methyl-2-nitrocyclopropanecarboxylate,
a mixture of isomers3e” : 3e”:3e”""=16: 37 : 47. Colorless oil,
np201.4720. Found (%): C, 48.60; H, 5.17; N, 14.23. CgH (N, 0,.
Calculated (%): C, 48.48; H, 5.09; N, 14.14. IR, v/cm~!: 1372,
1560 (NO,); 1740 (C=0); 2256 (CN).

Isomer 3e”. '"H NMR, &: 1.39 (t, 3 H, MeCH,, J =7.0 Hz);
1.55(d, 3 H, Me, J= 6.6 Hz); 3.05 (dq, | H, MeCH, J, =/, =
=6.6 Hz); 4.23—4.35 (m, 2 H, OCH,); 4.88 (d, 1 H, CH—NO,,
J=6.6 Hz). BCNMR, 8:9.2 (Me), 13.9 (MeCH,), 27.9 (C(3)),
33.7(C(1)), 64.8 (OCH,), 67.9 (C(2)), 112.6 (CN), 161.7 (C=0).

Isomer 3e”. '"H NMR, &: 1.32 (t, 3 H, MeCH,, J = 7.0 Hz);
1.62 (d,3H, Me, J=6.6 Hz); 2.47 (dq, 1 H, MeCH, J, = 8.8 Hz,
J, = 6.6 Hz); 4.23—4.35 (m, 2 H, OCH,); 4.86 (d, 1 H,
CH—NO,, J = 8.8 Hz). 13C NMR, &: 8.5 (Me), 13.8 (MeCH,),
28.8 (C(3)), 32.7 (C(1)), 64.3 (OCH,), 67.0 (C(2)), 111.0 (CN),
164.1 (C=0).

Isomer3e”””. 'H NMR, §: 1.37 (t, 3 H, MeCH,, /= 7.0 Hz);
1.49 (d, 3 H, Me, /= 6.6 Hz); 2.99 (dq, | H, MeCH, J, = J, =
=6.6 Hz); 4.23—4.35 (m, 2 H, OCH,); 4.53 (d, 1 H, CH—NO,,
J=6.6 Hz). BC NMR, &: 12.4 (Me), 13.7 (MeCH,), 28.5 (C(3)),
30.2 (C(1)), 64.2 (OCH,), 69.4 (C(2)), 113.1 (CN), 161.5 (C=0).

Ethyl 1-cyano-2,3-dimethyl-2-nitrocyclopropanecarboxylate,
a mixture of isomers 3f”:3f”" = 66 : 34. Colorless oil, np?
1.4647. Found (%): C, 50.75; H, 5.76; N, 13.31. CgH,N,0,.
Calculated (%): C, 50.94; H, 5.70; N, 13.20. IR, v/cm~!: 1352,
1548 (NO,); 1740 (C=0); 2248 (CN).

Isomer 3f”. '"H NMR, &: 1.37 (t, 3 H, MeCH,, J = 7.0 Hz);
1.51(d, 3 H, Me—CH, J = 6.6 Hz); 1.92 (s, 3 H, C(NO,)Me);
2.35(q, | H, MeCH, J = 6.6 Hz); 4.20—4.35 (m, 2 H, OCH,).
13C NMR, &: 10.6 (MeC(3)), 14.0 (MeCH,), 17.5 (MeC(2)),
32.0 (C(3)), 32.7 (C(1)), 64.1 (OCH,), 76.3 (C(2)), 112.7 (CN),
163.4 (C=0).

Isomer 3f”". 'TH NMR, &: 1.32 (t, 3 H, MeCH,, /= 7.0 Hz);
1.40 (d, 3 H, Me—CH, J = 6.6 Hz); 1.95 (s, 3 H, C(NO,)Me);
3.04 (q, 1 H, MeCH, J = 6.6 Hz); 4.20—4.35 (m, 2 H, OCH,).
3C NMR, &: 9.4 (MeC(3)), 13.7 (MeCH,), 15.0 (MeC(2)),
31.2(C(3)), 32.6 (C(1)), 63.7 (OCH,), 76.3 (C(2)), 112.8 (CN),
162.8 (C=0).
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Ethyl 1-cyano-2-nitro-3-phenylcyclopropanecarboxylate, a
mixture of isomers 3g” : 3g” =26 : 72. Colorless oil, np20 1.5350.
IR, v/em~!: 1368, 1564 (NO,); 1740 (C=0); 2252 (CN) (the
literature data for similar mixture of the methyl ester isomers:’
1366, 1567 (NO,); 1747 (C=0); 2250 (CN)).

Isomer3g”. '"H NMR, &: 1.07 (t, 3 H, MeCH,, /= 7.0 Hz); 4.08
(q,2H, OCH,,/=7.0Hz);4.32(d, | H, Ph—CH, J=6.6 Hz); 5.53
(d, 1H, CH—NO,,J=6.6 Hz); 7.25—7.55 (m, 5 H, Ph). 3CNMR,
8: 13.6 (MeCH,); 31.9 (C(1)); 40.5 (C(3)); 64.1 (OCH,); 76.7
(C(2)); 112.4(CN); 128.6, 129.0, 129.3, 129.7 (Ph); 160.3 (C=0).

Isomer 3g”. '"H NMR, &: 1.35 (t, 3 H, MeCH,, J = 7.0 Hz);
4.38(q,2H, OCH,,/=7.0 Hz); 421 (d, | H, Ph—CH, /=7.0 Hz);
5.13(d, I H, CH—NO,, J = 7.0 Hz); 7.25—7.55 (m, 5 H, Ph).
3C NMR, &: 13.8 (MeCH,); 39.6 (C(1)); 37.5 (C(3)); 64.6
(OCH,); 76.7 (C(2)); 112.5 (CN); 128.2, 128.4, 128.9, 129.1
(Ph); 161.4 (C=0). Signals of low intensities were also observed
in the '"H NMR spectrum at 8 = 3.68 (d, Ph—CH, J = 8.8 Hz)
and 8 = 5.16 (d, CH—NO,, J = 8.8 Hz), which indicate the
presence of a minor isomer (~2—3%) with the cis-arrangement
of vicinal protons.

Ethyl 1-cyano-2-methyl-2-nitro-3-phenylcyclopropanecar-
boxylate, a mixture of isomers 3h”: 3h™" =42 : 58. Light yellow
viscous oil, 720 1.5180. Found (%): C, 61.44; H, 5.20; N, 10.29.
Cy4H 4N,0,. Calculated (%): C, 61.31; H, 5.14; N, 10.21. IR,
v/em~!: 1364, 1552 (NO,); 1744 (C=0); 2248 (CN). Individual
isomers were isolated by chromatography on SiO, (eluent:
hexane—PhH (1 : 1) and PhH).

Isomer 3h”. 'H NMR, &: 1.38 (t, 3 H, MeCH,, J = 7.0 Hz);
1.92 (s, 3 H, C(NO;,)Me); 4.28 (s, | H, Ph—CH); 4.37 (q, 2 H,
OCH,, J = 7.0 Hz); 7.30—7.50 (m, 5 H, Ph). BC NMR, &: 13.9
(MeCH,); 16.9 (MeC(2)); 32.8 (C(1)); 40.3 (C(3)); 64.5 (OCH,);
75.7 (C(2)); 112.6 (CN); 128.2, 128.8, 129.1, 129.3 (Ph);
162.8 (C=0).

Isomer 3h”". 'H NMR, &: 1.43 (t, 3 H, MeCH,, J= 7.0 Hz);
2.05 (s, 3 H, C(NO,)Me); 3.67 (s, 1 H, Ph—CH); 4.43 (q, 2 H,
OCH,, J = 7.0 Hz); 7.30—7.45 (m, 5 H, Ph). 3C NMR, &: 14.1
(MeCH,); 17.0 (MeC(2)); 32.3 (C(1)); 40.5 (C(3)); 64.7 (OCH,); 74.3
(C(2)); 112.3(CN); 128.2,128.4,128.9, 129.1 (Ph); 163.3 (C=0).

Dimethyl 3-(2,6-dimethylhept-5-enyl)-2-nitrocyclopropane-
dicarboxylate (3i), a mixture of trans- and cis-isomers 45 : 55.
Colorless oil, np20 1.4750. Found (%): C, 58.92; H, 7.75; N, 4.35.
Cy¢H,5NOg. Calculated (%): C, 58.70; H, 7.70; N, 4.28. IR,
v/em~1: 1368, 1556 (NO,); 1744 (C=0).

trans-Isomer 3i. 'TH NMR, &:0.92 (d, 3 H, MeCH, J=6.0 Hz);
1.15—1.55 (m, 5 H, 2 CH,, CH;CH); 1.68 (s, 6 H, Me,C=);
1.88—2.07 (m, 2 H, CH,); 2.85—2.95 (m, 1 H, CH); 3.79 (s, 3 H,
OMe); 4.78 (d, 1 H, CH-NO,, J = 5.9 Hz); 5.0—5.12 (m, 1 H,
Me,C=CH). 3C NMR, &: 17.7 (Me), 19.1 (Me), 25.5 (CH,),
25.7 (Me), 31.5 (CH,), 32.2 (CH,), 33.7 (CH), 36.7 (C(3)), 44.3
(C(1)), 53.5 (OMe), 67.3 (C(2)), 124.2 (CH=), 131.7 (Me,C=),
165.0 (C=0).

cis-Isomer 3i. 'H NMR, &: 0.98 (d, 3 H, MeCH, /= 6.0 Hz);
1.15—1.55 (m, 5 H, 2 CH,, CH;CH); 1.60 (s, 6 H, Me,C=);
1.88—2.07 (m, 2 H, CH,); 2.85—2.95(m, 1 H, CH); 3.77 (s, 3H,
OMe); 4.80 (d, 1H, CH—NO,, /=9.2 Hz); 5.0—5.12 (m, | H,
Me,C=CH). 3C NMR, &: 17.7 (Me), 19.0 (Me), 25.3 (CH,),
25.5 (Me), 31.7 (CH,), 32.0 (CH,), 33.4 (CH), 36.8 (C(3)), 44.5
(C(1)), 53.9 (OMe), 67.7 (C(2)), 123.5 (CH=), 129.8 (Me,C=),
164.3 (C=0).

Ethyl 1-cyano-2-methyl-3-(2-methylpropenyl)-2-nitrocyclo-
propanecarboxylate, a mixture of isomers 3j”:3j”" = 50 : 50.

Colorless oil, np2° 1.4865. Found (%): C, 57.02; H, 6.27;
N, 11.16. C;H(N,0,. Calculated (%): C, 57.13; H 6.39;
N, 11.10. IR, v/cm~': 1348, 1556 (NO,); 1744 (C=0); 2248 (CN).
Individual isomers were isolated by chromatography on SiO,
(eluent: hexane—PhH (1 : 1)).

Isomer 3j”. 'H NMR, &: 1.35 (t, 3 H, MeCH,, J = 7.0 Hz);
1.78 and 1.83 (both s, 3 H, Me,C=); 1.93 (s, 3 H, C(NO,)Me);
3.03(d, 1 H,H(3),/=7.7Hz);4.32(q, 2 H, OCH,, /= 7.0 Hz);
5.11 (dt, 1 H, Me,C=CH, J, = 7.7 Hz, J, = 1.5 Hz). 3C NMR,
3: 14.1 (MeCH,); 17.2 (MeC(2)); 19.3 and 26.0 (Me,C=); 32.3
(C(1)); 37.6 (C(3)); 64.3 (OCH,); 75.4 (C(2)); 111.9 (CN); 128.4
(CH=); 144.1 (Me,C=); 163.4 (C=0).

Isomer3j””. '"H NMR, &: 1.30 (t, 3 H, MeCH,, / = 7.0 Hz);
1.76 and 1.83 (both s, 3 H, Me,C=); 1.91 (s, 3 H, C(NO,)Me);
3.63(d, 1 H, H(3),/=7.0 Hz); 4.25(q, 2 H, OCH,, /= 7.0 Hz);
4.90 (dt, 1 H, Me,C=CH, J, = 7.0 Hz, J, = 1.5 Hz). 13C NMR,
8:14.0 (MeCH,); 17.1 (MeC(2)); 19.1 and 25.9 (Me,C=); 32.3
(C(1)); 37.0 (C(3)); 63.1 (OCH,); 76.6 (C(2)); 112.6 (CN); 128.6
(CH=); 144.2 (Me,C=); 162.9 (C=0).

Ethyl 1-cyano-2-methyl-3-(2,6-dimethylhept-1,5-dienyl)-2-
nitrocyclopropanecarboxylate (3k), a mixture of Z/E-isomers
35:65. Colorless oil, np2° 1.4933. Found (%): C, 63.90; H, 7.62;
N, 8.81. C;7H,4 N,04. Calculated (%): C, 63.73; H, 7.55;
N, 8.74. IR, v/em~': 1352, 1552 (NO,); 1740 (C=0); 2248 (CN).
"H NMR, &: 1.37 and 1.38 (both t, 3 H, MeCH,, J = 7.0 Hz);
1.01—1.53 (m, 5 H, 2 CH,, MeCH); 1.59 and 1.68 (Z-isomer)
(both s, Me,C=); 1.77 and 1.84 (E-isomer) (both s, Me,C=);
1.93 and 1.95 (boths, 3 H, C(NO,)Me); 3.04 and 3.08 (bothd, 1 H,
H(3),/=6.6 Hz,J=8.0 Hz); 4.33 and 4.36 (both q, 2 H, OCH,,
J=17.0Hz);5.07 (br.s, 1 H, Me,C=CH); 5.15(d, 1 H, MeC=CH,
J = 8.0 Hz). 3C NMR, §&: 14.0 (MeCH,); 17.1 and 24.7
(Me,C=); 17.2and 23.6 (MeCH=); 17.7 (MeC(2)); 26.2 (CH,);
32.4 (Z-isomer) and 39.5 (E-isomer) (CH,); 33.3 (C(1)); 36.9
(C(3)); 63.1 (OCH,); 75.4 (C(2)); 112.5 (CN); 122.9, 123.0,
123.2, 123.3 (2 CH=); 132.3, 132.9 (Me,C=); 147.5, 147.6
(—(Me)C=); 163.4 (C=0).

(1o, 50.,600)-3-Benzyl-6-nitro-2,4-dioxo-3-azabicyclo[3.1.0] -
hexane (5). Potassium carbonate (0.207 g, 1.5 mmol) and 2a
(0.21 g, 1.5 mmol) were added to a solution of N-benzylmale-
imide (4) (0.187 g, 1 mmol), [bmim][BF,] (2.26 g, 10 mmol) and
H,O (5 drops) with stirring and cooling (ice—water bath). The
reaction mixture was stirred for 4 h at 20 °C and then sequential-
ly extracted with Et,O (2x10 mL) and EtOAc (2x10 mL). The
combined organic extract was washed with H,O (2x15 mL)
and dried with MgSO,. The solvent was evaporated at re-
duced pressure (40 °C, 40 Torr) to obtain 5 as a white crystalline
compound, m.p. 118—119 °C (see Refs : m.p. 116—118 °C,32
119—120°C8). 'TH NMR, &: 3.35 (s, 2 H); 4.47 (s, 1 H); 4.55
(s, 2 H); 7.33 (m, 5 H) agrees with that given in the literature.52
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Foundation for Basic Research (Project No. 09-03-12230
ofi_m) and the Russian Academy of Sciences (Presidium
of RAS Program for Basic Research P-7).

References

1. (a) R. P. Wurz, A. B. Charette, J. Org. Chem., 2004, 69,
1262; (b) B. Moreau, A. B. Charette, J. Am. Chem. Soc.,
2005, 127, 18014; (c) R. Beumer, C. Bubert, C. Cabrele,



2-Nitrocyclopropane-1,1-dicarboxylates

Russ.Chem.Bull., Int.Ed., Vol. 60, No. 11, November, 2011 2285

0. Vielhauer, M. Pietzsch, O. Reiser, J. Org. Chem., 2000,
65, 8960; (d) M. North, J. Pept. Sci., 2000, 6, 301; (e) S. F.
Vanier, G. Larouche, R. P. Wurz, A. B. Charette, Org. Lett.,
2010, 12, 672.

.J. Vesely, G.-L. Zhao, A. Bartoszewicz, A. Cérdova, Tetra-
hedron Lett., 2008, 49, 4209.

. (a) R. Ballini, A. Palmieri, D. Fiorini, Arkivoc, 2007, 7, 172;
(b) E. B. Averina, N. V. Yashin, T. S. Kuznetsova, N. S.
Zefirov, Usp. Khim., 2009, 78, 963 [Russ. Chem. Rev.
(Engl. Transl.), 2009, 78, 887]; (c) S. Arai, K. Nakayama,
K. Hatano, T. Shiori, J. Org. Chem., 1998, 63, 9572.

.(a) G. Kumaran, G. H. Kuikarni, Synthesis, 1995, 1545;
(b) J. Zindel, A. de Meijere, J. Org. Chem., 1995, 60, 2968;
(c) G. Galley, J. Hiibner, S. Anklam, P. G. Jones, M. Pitzel,
Tetrahedron Lett., 1996, 37, 6307; (d) J. Hiibner, J. Lieb-
scher, M. Pitzel, Tetrahedron, 2002, 58, 10485; (e) S. H.
McCooey, T. McCabe, S. J. Connon, J. Org. Chem., 2006,
71, 7494; (f) R. Fan, Y. Ye, W. Li, L. Wang, Adv. Synth.
Catal., 2008, 350, 2488; (g) Y.-N. Xuan, S.-Z. Nie, L.-T.
Dong, J.-M. Zhang, M. Yan, Org. Lett., 2009, 11, 1583.

. (a) P. E. O’Bannon, W. P. Dailey, J. Org. Chem., 1989, 54,
3096; (b) A. B. Charette, R. P. Wurz, T. Ollevier, Helv.
Chim. Acta, 2002, 85, 4468; (c) R. P. Wurz, A. B. Charette,
Org. Lett., 2003, 5, 2327.

.(a) A.-N. Alba, X. Companyo, M. Viciano, R. Rios, Curr.
Org. Chem., 2009, 13, 1432; (b) H. M. Hansen, D. A.
Longbottom, S. V. Ley, Chem. Commun., 2006, 4838;
(c) V. Wascholowski, H. M. Hansen, D. A. Longbottom,
S. V. Ley, Synthesis, 2008, 1269; (d) J. Lu, J. Zhang, Z. Lin,
Y. Wang, Chem. -A Eur. J., 2009, 15, 972; (e) Q.-S. Du,
L.-T. Dong, J.-J. Wang, R.-J. Lu, M. Yan, Arkivoc, 2009,
14, 191; (f) J.-M. Zhang, Z.-P. Hu, S.-Q. Zhao, M. Yan,
Tetrahedron, 2009, 65, 802; (g) L.-T. Dong, Q.-S. Du, C.-1.
Lou, J.-M. Zhang, R.-J. Lu, M. Yan, Synlett, 2010, 266.

.(a) A. S. Sopova, V. V. Perekalin, O. I. Yurchenko, G. M.
Arnautova, Zh. Org. Khim., 1969, 5, 858 [J. Org. Chem. USSR

9.

10.

11.

12.

13.

14.

15.

16.

17

19.

20.

(Engl. Transl.), 1969, 5]; (b) E. L. Metelkina, A. S. Sopova,
B. 1. Ionin, Zh. Org. Khim., 1972, 8, 2082 [J. Org. Chem.
USSR (Engl. Transl.), 1972, 6].

.(a) T. Norris, T. F. Braish, M. Butters, K. M. de Vries, J. M.

Hawkins, S. S. Massett, P. R. Rose, D. Santafianos,
C. Sklavounos, J. Chem. Soc., Perkin Trans. 1, 2000, 1615;
(b) R. Ballini, D. Fiorini, A. Palmieri, Synlett, 2003, 1704;
(c) H. U. Reissig, R. Zimmer, Chem. Rev., 2003, 103, 1151.
C. H. Gotfredsen, A. Meissner, J. @. Duus, O. W. Sorensen,
Magn. Reson. Chem., 2000, 38, 692.

A. Meissner, O. W. Sorensen, Magn. Reson. Chem., 2001,
39, 49.

(a) G. A. Russell, M. Makosza, J. Hershberger, J. Org. Chem.,
1979, 44, 1195; (b) F. Farina, M. C. Maestro, M. V. Martin,
M. L. Soria, Tetrahedron, 1987, 43, 4007.

M. L. Gening, D. V. Titov, A. A. Grachev, A. G. Gerbst,
O. N. Yudina, A. S. Shashkov, A. O. Chizhov, Y. E. Tsvet-
kov, N. E. Nifantiev, Eur. J. Org. Chem., 2010, 2465.

A. A. Grachev, A. G. Gerbst, A. S. Shashkov, N. E. Ni-
fant’ev, Usp. Khim., 2009, 78, 776 [Russ. Chem. Rev.
(Engl. Transl.), 2009, 78, 717].

B. D. Zlatopolskiy, M. Radzom, A. Zeeck, A. de Meijere,
Eur. J. Org. Chem., 2006, 1525.

G. V. Kryshtal, G. M. Zhdankina, S. G. Zlotin, Eur. J. Org.
Chem., 2008, 1777.

G. Jones, Org. React., 1967, 15, 204.

. C. M. Moorhoff, Synlett, 1997, 126.
18.

L. F. Tietze, U. Beifuss, M. Ruther, J. Org. Chem., 1989,
54, 3120.

G. V. Kryshtal, V. V. Kulganek, V. F. Kucherov, L. A.
Yanovskaya, Synthesis, 1979, 107.

A. S. Erickson, N. Kornblum, J. Org. Chem., 1977, 42, 3764.

Received January 28, 2011;
in revised form June 3, 2011




	Synthesis of nitrocyclopropanedicarboxylic acid derivativesby addition of α�bromonitroalkanes to methylidene malonic,methylidene cyanoacetic or maleic acid derivatives
	Abstract
	Experimental
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


