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Highly enantioselective synthesis of nitrocyclopropanes was achieved via the organocatalytic conjugate addition of dimethyl bromomalonate
to nitroalkenes and the consequent intramolecular cyclopropanation. 6’-Demethyl quinine was found to be the efficient catalyst. Excellent
enantioselectivities, diastereoselectivities, and good yields were obtained for a variety of aryl or heteroaryl nitroethylenes.

Chiral cyclopropanes are important structural motifs in a
great number of drugs and natural products.' In addition,
chiral cyclopropanes are useful synthetic intermediates in
organic synthesis.” The high strain of the cyclopropane ring
makes them susceptible to ring opening reaction with many
nucleophilic reagents. Great efforts have been made to
develop efficient synthetic methods of chiral cyclopropanes.”
Nitrocyclopropanes are a class of special cyclopropane
compounds, which are presented in some natural products
such as the peptidolactone hormaomycin® and are also used
as the precursor of the broad-spectrum antibiotic Trova-
floxacin.” Furthermore, nitrocyclopropanes can be converted
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into a wide range of useful compounds.® The asymmetric
synthesis of nitrocyclopropanes had been developed via the
reaction of nitroalkyl carbenes with alkenes.” Asymmetric
conjugate addition and consequent intramolecular alkylation
are extremely powerful and general methods for the synthesis
of chiral cyclopropanes.®® In recent years, asymmetric
organocatalysis has emerged as a powerful tool for the
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synthesis of valuable chiral compounds.” Conjugate addition
of 1-bromonitroalkanes to unsaturated aldehydes'® and
ketones'! catalyzed by chiral amines was developed by us
and other research groups. The corresponding nitrocyclo-
propanes were obtained in good yields and with excellent
enantioselectivities. On the other hand, the asymmetric
synthesis of nitrocyclopropanes via the addition of chloro-
malonates to nitroalkenes was also reported by Connon and
co-workers in 2006.' The reaction provided the nitrocyclo-
propanes in moderate yield and with low enantioselectivity
using cinchona alkaloid derived thioureas as the catalysts.
Very recently, Fan and co-workers reported the asymmetric
synthesis of nitrocyclopropanes via oxidative cyclization of
the Michael adducts of nitroalkenes with malonates.'*> Good
enantioselectivities were achieved using a chiral thiourea
catalyst derived from cyclohexanediamine. Cinchona alkaoids
are highly useful organocatalysts for a large number of
asymmetric transformations.'* Among the various derivatives
of cinchona alkaoids, 6'-demethyl cinchona alkaoids (cu-
preines and cupreidines) showed great advantages in a variety
of reactions. These catalysts feature simultaneous activation
of both nucleophile and electrophile.'® Deng and co-workers
reported a highly enantioselective addition of malonates to
nitroalkenes catalyzed by 6'-demethyl cinchona alkaoids.®
The reaction was also catalyzed by cinchona alkaloid based
urea and thiourea organocatalysts with excellent enantiose-
lectivities.!” Herein we report a highly enantioselective
conjugate addition of dimethyl bromomalonate to nitroalk-
enes catalyzed by 6'-demethyl quinine. The consequent
intramolecular cyclopropanation provided nitrocyclopropanes
in good yields and with excellent enantioselectivities.
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The reaction of dimethyl bromomalonate and [-nitrosty-
rene was studied using cinchona alkaloids and its derivatives
as the catalysts (Scheme 1). Natural cinchona alkaloids

Scheme 1. Catalytic Addition of Dimethyl Bromomalonate to
[-Nitrostyrene
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3a—3d were inefficient, and no reaction occurred after 48 h
at room temperature. Chiral amino alcohol 3e also did not
show any catalytic activity. In contrast, 6'-demethyl quinine
3f afforded the adduct in good yield and with excellent
enantioselectivity. The product 2a was deposited from the
reaction solution and easily separated by the centrifuge. The
result confirms the importance of free phenolic hydroxyl
group for the catalytic activity of cinchona alkaloids. The
similar phenomenon was also observed by Deng and co-
workers.'°

Encouraged by the preliminary result, further optimization
of reaction conditions was carried out and the results are
summarized in Table 1. Lower reaction temperature signifi-

Table 1. Optimization of Reaction Conditions”

entry t (°C) 3f (mol %) yield (%)° ee (%)
1 rt 5 81 98
2 0 5 90 98
3 —20 5 95 >99
4 -20 2 88 99
5 -20 1 80 99

“ Reactions were carried out for 24 h with 1a (0.5 mmol), dimethyl
bromomalonate (0.55 mmol), 3f (0.025 mmol) in THF (0.5 mL). ® Isolated
yield. < Enantiomeric excess values were determined by chiral HPLC after
transformation to 4a.

cantly improved the yield, probably due to reduced side
reactions. In addition, the enantioselectivity could be im-
proved furthermore. Over 99% ee and excellent chemical
yield were achieved at —20 °C (Table 1, entry 3). The
decrease of catalyst loading resulted in lower chemical yield,
but the enantioselectivity of the reaction was not influenced
(Table 1, entries 3—5).

The intramolecular cyclopropanation of the product 2a was
further studied. A number of bases and solvents were
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examined. The experiment results are listed in Table 2. The
choice of the appropriate base and solvent was important

Table 2. Effect of Bases and Solvents on the Intramolecular
Cyclopropanation of 2a“

MeOOC._, COOMe MeOOC, COOMe

\§LB ; :
~ NO, base o
O/\/ solvent, rt @ NO,

2a 4a
entry solvent base time (h) yield (%)°
1 DCM EtsN 120 trace
2 DMF KoCO3 120 -
3 THF EtsN 72 trace
4 THF DABCO 38 32
5 MeOH DABCO 3 -
6 EtOAc DABCO 3 trace
7 DMF DABCO 3 82
8 DMSO DABCO 2 64
9 NMP* DABCO 3 79

“ Reactions were carried out at room temperature with 2a (0.1 mmol),
base (0.105 mmol) and solvent (I mL). ® Isolated yield. Only trans-isomer
was observed. >99% ee values were obtained in all cases. © N-Methylpyrrolidin-
2-one.

for the success of the transformation. The combination of
DABCO and DMF provided nitrocyclopropane 4a in good
yield (Table 2, entry 7). The relative configuration of 4a was
determined to be frans based on NOE analysis. No cis-isomer
was observed by NMR analysis.

The asymmetric conjugate addition of dimethyl bromo-
malonate to a number of nitroalkenes catalyzed by 3f and
consequent intramolecular cyclopropanation were studied.
The results are summarized in Table 3. Various substituted
p-phenyl nitroethylenes provided nitrocyclopropanes in good
yields and with excellent enantioselectivities (Table 3, entries
1-9). The ortho-, meta-, and para-substituents on the phenyl
ring were tolerated very well. The electronic property of the
substituent seemed to have a slight effect on the yield and
enantioselectivity. The reaction of S-naphthyl nitroethylene
required extended reaction time and provided the nitrocy-
clopropane product with moderate enantioselectivity (Table
3, entry 10). The result could be ascribed to the bigger steric
hindrance of the naphthyl group. -Heteroaryl nitroethylenes
provided nitrocyclopropanes with excellent enantioselectivi-
ties, however, in low to moderate chemical yields (Table 3,
entries 11 and 12). -Alkyl nitroethylenes were also exam-
ined, but no conjugate adducts were observed.

A single crystal of nitrocyclopropane 4h was obtained.
The absolute configuration of 4h was determined as (25,3R)-
dimethyl 2-nitro-3-(4-nitrophenyl)cyclopropane-1,1-dicar-
boxylate by X-ray diffraction analysis (Figure 1).'® Analo-
gously, the other nitrocyclopropane products were proposed
to have the same absolute configurations.

(18) CCDC 718886 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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Table 3. Synthesis of Chiral Nitrocyclopropanes from a Variety
of Nitroalkenes”

1. CHBr{(CO,Me),

¥Emol)
NO,  THF, 20°c M€ ~COOMe

/T 2. DABCO, DMF A

% jatn 3h R a2
entry R time (h)® product, yield (%) ee (%)?
1° Ph,1la 24 4a, 78 >99
2 4-Cl-CgHy, 1b 24 4b, 69 96
3 2-Cl-C¢Hy, 1c 34 4c, 70 97
4¢  3-Cl-CgHy4, 1d 24 4d, 72 >99
5 4-Br-C¢Hy, 1e 24 4e, 68 94
6" 4-Me-CgH,, 1f 66 4f, 63 97
7 4-MeO-C4Hy, 1g 72 4g, 67 94
8 4-NOy-C¢Hy, 1h 12 4h, 58 96
9 2-NOy-CeHy, 11 66 4i, 73 95
10 1-naphthyl, 1j 94 4j, 75 75
11  2-thienyl, 1k 24 4k, 69 98
12 2-furyl, 11 24 41, 47 99
13  pentyl, Im 48 - -
14  cyclohexyl, In 48 - —

“ Asymmetric conjugate additions were carried out with 1 (0.5 mmol),
dimethyl bromomalonate (0.55 mmol), 3f (0.025 mmol) in THF (0.5 mL).
Unless otherwise stated, adducts 2 were separated by flash column
chromatography. The intramolecular cyclopropanations were carried out
with 2 (0.1 mmol) and DABCO (0.105 mmol) in DMF (I mL). ® The
reaction time of the first step. < The combined yield of two steps. Only
trans-isomer was observed. ¢ Determined by chiral HPLC. ¢ Adducts of
the first reaction were separated by centrifugation. / The first step was
conducted in THF (1 mL) due to low solubility of the substrate.

Figure 1. X-ray structure of 4h.

The asymmetric conjugate addition of dimethyl chloro-
malonate to S-nitrostyrene and the consequent intramolecular
cyclopropanation were also studied (Scheme 2). The con-
jugate addition was achieved in good yield, but the intramo-
lecular cyclopropanation of adduct § was found to be more
difficult than cyclopropanation of 2a. Only a trace amount
of 4a was observed after 48 h with the DABCO/DMF
system. The DBU/HMPA system adopted by Connon and
co-workers'? provided 4a in better yield, but the enantiose-
lectivity was rather poor (39% ee).

In summary, we have developed a convenient and efficient
method for the asymmetric synthesis of nitrocyclopropanes
via the organocatalytic conjugate addition of dimethyl bro-
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Scheme 2. Asymmetric Cyclopropanation of $-Nitrostyrene with
Dimethyl Chloromomalonate

COOMe
CHCI(CO,Me), Meooc\:40|
N0, 3f (5 mol %) = “no,
@N THF, -20°C, 24 h ©/\/
1a 95% yield 5

MeOOC, .COOMe

DBU, HVPA A
rt, 24 h @ * *TNO,
54% yield, 39% ee 4a

momalonate to nitroalkenes and the consequent intramo-
lecular cyclopropanation. Excellent enantioselectivities, di-
astereoselectivities, and good chemical yields were achieved.
The readily available catalyst and the simple procedure make
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the method attractive for the practical synthesis of chiral
nitrocyclopropanes. Further applications of the nitrocyclo-
propane products in organic synthesis are currently under
investigation.
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