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A sequential one-pot two-step tandem reaction for efficient synthesis of polysubstituted cyclopropanes has
been developed. The three-component reaction of o-halogenated methylene compounds, aromatic aldehydes,
and acetonitrile derivatives produced first the intermediates pyridinium salts and electron-deficient olefins,
followed by cyclopropanation of pyridinium ylide with electron-deficient olefins in situ to afford
polysubstituted cyclopropanes. Target compounds were obtained in high yields and were diastereomerically

pure after recrystallization.

Introduction

The cyclopropane subunit plays a prominent role in
organic chemistry. Its strained structure, interesting bonding
characteristics, and value as an internal mechanistic probe
have attracted the attention of the organic community.'* It
is also found as a basic structural unit in a wide variety of
naturally occurring compounds and rationally designed
pharmaceutical agents for its biological activity.” As a result,
the development of efficient methods for the synthesis of
cyclopropanes has attracted intensive research interest.*> The
most important and useful methods for the preparation of
cyclopropanes include Simmons—Smith cyclopropanation,®
transition-metal-mediated carbene transfer from aliphatic
diazo compounds to carbon—carbon double bonds,” Michael-
initiated ring closure of ylides with electron-deficient olefins,®
and base-catalyzed cyclopropanation reaction between o.-
halogenated compounds with electron-deficient olefins.’

The combination of ylides and electron-deficient olefins
with the Michael-initiated ring closure (MIRC) strategy is
the most useful methodology for preparing highly substituted
or functionalized cyclopropanes. Various ylides, including
sulfonium,'° telluronium,'" arsonium,'? and even ammonium
ylides,'® have been successfully applied in the enantiose-
lective cyclopropanation of electron-deficient olefins. As one
of special ammonium ylides, pyridinium ylides also can react
with alkenes substituted with electron-withdrawing groups
to give the corresponding cyclopropanes in good yields.'*
The synthetic significance of cyclopropanes has prompted
investigations into better methods of synthesis by using
simple and feasible approaches. In recent years, most of the
synthetic efforts involving cyclopropanes have focused on
the enantioselective synthesis of these compounds. The one-
pot multicomponent approach or domino procedure for the
preparation of the cyclopropane core is nearly neglected or
not explored thoroughly.'® As a part of our ongoing efforts
in developing multicomponent syntheses to access potentially
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bioactive scaffolds,'® we envisaged a novel one-pot two-
step tandem reaction for the synthesis of cyclopropanes from
suitable o-halomethyl compounds, aromatic aldehydes, and
acetonitrile derivatives (Scheme 1). This method should be
applicable to synthesis of cyclopropane libraries with high
diversity. We expect this method to find extensive application
in the fields of combinatorial chemistry and drug discovery.

Scheme 1. One-Pot Two-Step Tandem Synthesis of
Polysubstituted Cyclopropanes”

CN i: pyridine, acetonitrile NC R
RCH,X + ArCHO + & —— , A
R’ ii: triethylamine Ar R
1 2 3 4

“R = PhCO, CO,Et, p-NO,C¢H,, CONE,, etc.; X = Cl, Br; R” = CN,
CO,Et, CONH,.

Results and Discussion

The first substrate we examined was phenacyl bromide.
The Knoevenagel condensation of aromatic aldehydes and
malononitrile can easily produce arylidenemalononitrile 6
(R” = CN), and the reaction of pyridine with phenacyl
bromide in refluxing toluene for about one hour afforded
corresponding N-phenacylpyridinium bromide S in nearly
quantitative yield. After decanting toluene, arylidenema-
lononitrile 6 (R” = CN), triethylamine and acetonitrile as
solvent were added and the mixture was stirred at room
temperature for about six hours affording cyclopropanes
4{la—1d} in high yields (72—91%) (Scheme 2). N-Phena-
cylpyridinium bromide 5 can also be prepared more conve-
niently by reaction of pyridine with phenacyl bromide 1 in
acetonitrile at room temperature for about 2—3 h. Then ethyl
arylidenecyanoacetate 6 (R” = COOEt) and triethylamine

Scheme 2. Two-Step Synthesis of Polysubstituted
Cyclopropanes
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Scheme 3. One-Pot Synthesis of Polysubstituted
Cyclopropanes

o COPh
| CN  CH4CN, NEt,

N” + ACHO + & ———— oN
CH,COPhBI™ ft, 12h ™
5 2 3 4

were added to give cyclopropanes 4{2a—2c} in excellent
yields (75—82%). This process is advantageous as no heating
or solvent change is necessary.

In attempt to enhance the efficiency of this reaction, we
investigated the development of stoichiometric one-pot three-
component reaction process, in which the ethyl arylidenecy-
anoacetate 6 (R = COOE?) could be generated in situ from
corresponding aromatic aldehydes and ethyl cyanoacetate.
Addition of aromatic aldehyde and ethyl cyanoacetate to the
N-phenacylpyridinium bromide in acetonitrile, followed by
triethylamine and stirring overnight at room temperature,
afforded cyclopropane derivatives 4{2d—2e} in similar yields
(Scheme 3). On the other hand ethyl a-bromoacetate also
can react with pyridine in acetonitrile at room temperature
to yield N-ethoxycarbonylmethylpyridinium bromide. Ad-
dition of aromatic aldehyde and malononitrile to the pyri-
dinium salts in acetonitrile, followed by triethylamine and
stirring at room temperature for six hours, produced cyclo-
propane derivatives 4{3a—3c} in 65—75% yields. This
modified process offers significant advantages as it precludes
the necessity to generate and isolate arylidenemalononitrile
in a separate step.

We realized that the required starting pyridinium salt can
be formed in situ from the substitution reaction of o-halo-
methyl compounds to pyridine,'” and arylidenemalononitrile
could be formed in situ by the Knoevenagel condensation
of aromatic aldehyde with malononitrile catalyzed by pyri-
dine. Thus a three-component reaction including phenacyl
bromide, aromatic aldehyde and malononitrile in the presence
of pyridine in acetonitrile was carried out at room temper-
ature. Unfortunately the reaction mostly stopped at the step
of formation of arylidenemalononitrile and N-phenacylpy-
ridinium bromide and could not go further to finish the
formation of cyclopropane efficiently. This result indicates
that pyridine can only catalyze Knoevenagel condensation
but cannot catalyze cyclopropanation reaction because of its
weaker basicity. After adding triethylamine to the reaction
mixture, the cyclopropanation finished very quickly and
cyclopropanes 4{/e, If} can be formed in satisfied yields
(Scheme 4). This methodology is also applicable to ethyl
cyanoacetate. When a mixture of phenacyl bromide, aromatic
aldehyde, ethyl cyanoacetate, pyridine and acetonitrile as
solvent was stirred for about 4—12 h at room temperature
and then triethylamine was added to the mixture, the
substituted cyclopropanes 4{2f} can be formed. These facts
provide a great chance for us to develop a sequential one-

Scheme 4. One-Pot Two-Step Synthesis of Polysubstituted
Cyclopropanes

0o N i pyridine, CH3zCN GOPh
PhCCH,Br + ACHO + <_ Lk CN
R" i NEt,, rt, 12h  Ar R’
1 2 3 4
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Table 1. Synthesis of Substituted Cyclopropanes
CN i pyridine, acetonitrile NCR
RCH,Br + ArCHO + < e - /A
R i triethylamine Ar R
1 2 3 4
entry R Ar R®  yield%) mp(°C)"
4{la}  CeHsCO CeHs CN 88  120-121%
4{Ib}  CeHsCO p-MeCgH, CN 72 161-162%
4{lc}  C¢HsCO p-CICeH, CN 91  175-176%
4{ldy  CeHsCO p-BrCsH, CN 76 169-170%
4{le}  CeHsCO p-FCeH, CN 61 156%
4{1fy  CHsCO m-CICeH, CN 54 170-171
4{2a}  C4HsCO p-CIC¢H,  COOEt 82 91-92
4{2b}  CsHsCO p-BrCsH;,  COOEt 79 95-96
4{2c}  CeHsCO m-BrCgH; ~ COOEt 75 146-147
4{2d}  CsHsCO CeHs COOEt 64 78
4{2¢}  C¢HsCO p-FCeH, COOEt 70 99
42y  CeHsCO m-CICéH,  COOEt 58 138
4{3a}y  COOEt 0-BrCgH, CN 75 191-193'
4{3p}  COOEt 2, 4-C1,CsH; CN 62 201-203
4{3¢c}  COOEt p-t-BuCsH, CN 70 173-175
4{4a} p-NO,CsH, CeHs CN 90 169-170
4{4b} pNO,CHy;  p-MeCgHy CN 81 161-162
4{4c} p-NO,CeH, p-EtCsH, CN 79 122
4{4d} pNO,CHy  p-i-PrCeH, CN 93 122
4{4¢} p-NO,CeH; p-(CH;),NCH; CN 48 164-165
4{4f} p-NO,C¢H;  p-MeOCsH, CN 82 130-131
4{4g} p-NO,C¢H, p-FCeH, CN 90 167
4{4h} p-NO,CeH,  p-CICsH, CN 94 201
4{4i} p-NO,CeH;  p-BrCeH, CN 91 208
4{4j} p-NO,CeH,  m-MeCsH, CN 87 130
4{4k} pNO,CHs;  m-PhOCeH, CN 93 116
HsC
4{4I} p-NO,CsH, N - CN 82 161-162
N
Ph
4{5a} p-NO,CeH, CeHs COOEt 85 110
4{5p} pNO,CsH;  p-MeCsH,  COOEt 75 111
4{50} p-NOzC(,H4 p-EtC6H4 COOEt 85 103
4{5dy pNO,C¢H,  p-i-PrC¢H,;  COOEt 87 103
4{56} p-NOzC(,H4 p-MeOC6H4 COOEt 80 125
4{5f} p-NO,CsH, p-FCeH, COOEt 90 119
4{5g} pNO,C¢H,  p-CIC¢H,  COOEt 93 162
4{5h} pNO,C¢H,  p-BrC¢H,  COOEt 88 170

4{5i} p-NO,C¢H;  m-MeCell; COOEt 81 114-115

4{5;} p-NO,CgH, m-PhOCsH, COOEt 85  145-146
4{5k} pNOCeH; mNOCell; COOEt 85 105
4{6a} pNO,CeH, CoHs CONH, 66 175
4{6b} p-NOCsH;  p-MeCgH; CONH, 52 198-199
4{6c} pNOCH,  pEtCéH,  CONH, 50  153-154
4{6dy p-NOCeH,  p-i-PrC,; CONH, 52 159
4{6e} pNO,CHs,  pFCH,  CONH, 55 190
4{6f} pNO,CeH,  p-CICH, CONH, 75 206
4{6g} pNOCsl,  p-BrCH, CONH, 68  202-203
4{6h} p-NOCeH;  m-MeCeH; CONH, 55 174
4{6i} p-NO,CgH, m-PhOCsH, CONH, 69  166-167
4{6/} pNO,C¢H;  m-NO,Ph  CONH, 53 156
HsC.

4{6k} p-NOLCoHy W] CONH; 62 223224

N

1

Ph

pot two-step tandem reaction for the efficient preparation of
cyclopropanes.

To examine the substrate scope and limitation of this novel
tandem reaction, a number of reactive o-halogenated meth-
ylene compounds were tested under the above-mentioned
one-pot two-step reaction condition. A mixture of p-
nitrobenzyl bromide, benzaldehyde, malononitrile, and py-
ridine was stirred at room temperature for 4—12 h; then
triethylamine was added to the mixture, and the mixture was
stirred for additional six hours. The reaction was completed
by TLC analysis, and cyclopropane 4{4a} was synthesized
in high yield (90%) (Table 1). To achieve greater diversity,
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Table 2. Two-Step Synthesis of Cyclopropane Derivatives
X NC_ CN

CN |, ] ©  EtN
+ + Z —_—

ArCHO <CN N Q CH,Cl,  Ar NR;

CH,CNR; o)

2 3 7 4

entry R, Ar yield (%) mp (°C)
4{7a} (CH,CH,),0 C¢Hs 80 199—-200
4{7b} (CH,CH,),0 p-MeCgH,4 58 160
4{7c} (CH,CH,),0 p-EtCeHy 51 170
4{7d} (CH,CH,),0 p-i-PrCeHy 74 159
4{7e} (CH,CH,),0 p-MeOC¢Hy 55 194—195
4{7f} (CH,CH,),0 p-FCeHy 64 246—248
4{7g} (CH,CH,),0 p-CIC¢H, 79 239-240
4{7h} (CH,CH,),0 p-BrC¢H, 86 227-228
4{ 71} (CH2CH2)20 m—MeC(,H4 64 157
4{8a} (CH,)s C¢Hs 66 138—139
4{8b} (CH,)s p-MeCeH, 58 153
4{8c} (CH,)s p-EtCeHy 51 128—130
4{8d} (CHy)s p-i-PrC¢Hy 57 160—161
4{8e} (CHy)s p-MeOC¢H, 60 116
4{8f} (CHy)s p-FCgHy 84 172
4{8g} (CH,)s p-CIC¢H, 88 178—180
4{8h} (CHZ)S p-BrC6H4 62 190
4{9a} (Et), C¢Hs 96 123—124
4{9b} (Et), p-MeCgHy 89 122—123
4{9c} (Et), p-MeOC¢H, 84 125—126
4{9d} (Et), p-CIC¢Hy 91 144—145
4{9e} (Et), p-BrCqHy 76 172—173
4{9f} (Et), m-BrCqHy 87 128—129

18 aldehydes and 3 acetonitrile derivatives such as malono-
nitrile, ethyl cyanoacetate, and cyanoacetoamide were in-
vestigated for synthesis of cyclopropane derivatives under
this condition. The protocol could be applied to the aromatic
aldehydes with either electron-withdrawing groups or electron-
donating groups. In the cases where cyanoacetamide was
used to replace malononitrile as substrate, the yields of
cyclopropanes were relatively lower. The results including
yields and melting points of cyclopropane derivatives 4 were
given in Table 1.

Encouraged by this success, some chloroacetoamides, such
as N-chloroacetyldiethylamine, N-chloroacetylmorpholine, or
N-chloroacetylpiperidine, were also used as substrates.
Because of its relatively lower reactivity of chloride, they
could not react with pyridine at room temperature to form
pyridinium salts. By refluxing N,N-dialkyl chloroacetamide
with pyridine in benzene at about 80 °C under conventional
heating for about 2 h, the corresponding pyridinium salt was
produced. After removing the solvent by evaporation and
then aromatic aldehyde, malononitrile, and triethylamine
were added to the reaction system, and the whole mixture
was stirred in dichloromethane at the room temperature. By
using this procedure a series of cyclopropylamides 4{7a—7i,
8a—38h, 9a—9f} were prepared in 51—96% yields (Table 2).
Thus a one-pot two step tandem reaction was developed for
the efficient synthesis of polysubstituted cyclopropylamides.

The structures of all obtained cyclopropanes were fully
characterized by 'H and '*C NMR, MS, IR spectra and were
fully confirmed by single X-ray diffraction studies performed
for ten representative compounds (4{Ic}, 4{2a}, 4{4a},
4{51}1, 4{5g}, 4{7g}, 4{7h}, 4{Sh}, 4{9b}, and 4{9c}. As
an example the structure of compound 4{/c} was shown in
Figure 1. It should be pointed that the X-ray determination
of ten cyclopropane derivatives all clearly display the two
substituents at 2, 3-position of cyclopropanes are in anti
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Figure 1. Molecular structure of 4{/c} in the crystal.

Scheme 5. Proposed Mechanism for the Formation of
Cyclopropanes
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position. The '"H NMR data of the prepared cyclopropanes
all show that only one stereoisomer existed in the sample
by observing signs of two couplet protons at 2, 3-positon.
For examples the '"H NMR spectrum of 4{/a} shows two
doublets at 4.03 and 3.90 ppm, respectively, with a coupling
constant J = 7.8 Hz for protons at 1,2-position.'* 4{7a}
displays these two protons at 3.88 and 3.24 ppm. For
cyclopropanes 4{4a}—4{6k}, which were derived from the
reactions of p-nitrobenzyl bromide, the signs of the two
protons at 2, 3-positon appears sometimes as AB quadruplet
because of the relatively similar electronic effect of 2-p-
nitrobenzyl and 3-aryl groups (3.74(q) ppm, J = 9.0 Hz for
4{4a}). On the basis of these facts, we could conclude that
cyclopropanes prepared by this procedure were in diaste-
reomerically trans configuration, which might display that
the stereochemical outcome of this reaction is thermodynamic
control.

To explain the mechanism of this one-pot multicomponent
tandem reaction, we propose a plausible reaction mechanism,
which is illustrated in Scheme 5. The first step is the
formation of the two reaction intermediates already described
in the preceding paragraph, namely, N-p-nitrobenzylpyri-
dinium salt (A) formed from the addition of reactive
o-halogenated methylene compounds, such as p-nitrobenzyl
bromide, to pyridine and arylidenemalononitrile (B) formed
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by the Knoevenagel condensation of the respective aromatic
aldehyde with malononitrile. The second step is a Michael
addition of a pyridinium ylide (C), which is formed by
deprotonation of the pyridinium species (A) by triethylamine
to the arylidenemalononitrile (B), to afford a new carbanion
intermediate (D). The last step is the intramolecular substitu-
tion of the carbanion to replace pyridine and formation of
the cyclopropane. In the last cyclization step, The bucky aryl
and p-nitrophenyl group would prefer anti position, which
subsquently cause the formation of cycloprane with diaste-
reomerically trans-configuration.

Conclusion

In summary, we have developed an one-pot two-step
tandem reaction for the efficient synthesis of polysusbtituted
cyclopropane derivatives. By using different types of o-h-
alogenated methylene compounds, aromatic aldehydes and
acetonitrile derivatives, we could obtain novel libraries of
cyclopropane derivatives, which make this methodology
suitable for combinatorial and parallel synthesis. The pro-
posed reactions proceed in mild conditions and give the
products in good yields with high diastereoselectivity. The
separation and purification process are very simple and
convenient, only needing recrystallization. Starting materials
are inexpensive and commercially available.
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