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ABSTRACT
The unique reactivity of cyclopropanes due to the high level of strain offers considerable utility in organic synthesis. Many imaginative applications
of cyclopropanes as useful building blocks have been predicated on regio- and stereo- controlled ring-opening reactions of substituted
cyclopropanes. Cyclopropane analogs have known to exhibit diverse pharmacological applications that created enormous interest in Bioorganic,
Medicinal and Pharmaceutical chemistry. This review article depicts the up to date information about the conventional to modified methods of
synthesis of cyclopropane analogs and their biological activities. The structure activity relationship was also discussed.
Keywords: Maleimides, Cyclopropane, Antimicobacterial, Antimicrobial, Anti HIV, Antioxidant.

INTRODUCTION
In recent years cyclopropane derivatives have been attracted more
interest because of their biological and pharmaceutical applications.
Cyclopropane ring systems are ubiquitous in nature and are
contained in a large number of natural products, insecticides, and
pharmaceutical drug candidates. Designing small molecules that
bind to therapeutically important biological targets with high
affinity and selectivity is a major goal in contemporary bioorganic
and medicinal chemistry. The reactivity of cyclopropanes allows
them as versatile intermediates in the synthesis of complex
molecules, and is frequently employed as versatile building blocks in
organic syntheses. In this regard, activation of the strained threemembered ring is essential for this purpose. Generally, electrondonating or accepting substituents are involved in their reactions to
make polar processes more favorable, such activated cyclopropanes
represent an important class of synthons acting as electrophiles.
Ring cleavage or ring enlargement is the most common which may
occur under relatively mild conditions.
The synthesis and application of multi-substituted cyclopropanes
has been a subject of great interest due to their roles as the basic
structural elements in a wide range of biologically active compounds
and important intermediates in organic synthesis diverse
applications in synthetic, agricultural, and medicinal chemistry as
well as in material science [1]. Cyclopropane analogues have been
found to exhibit diverse biological applications such as antibacterial,
antifungal,
antiviral,
anti-HIV,
anticancer,
antitumor,
antimicobacterial, antiestrogenic, agonist, COX-II inhibitor
properties. In this context, this review presents the up to date
methods, techniques involved in the synthesis of cyclopropane
analogues, their reactions and biological application associated with
them.
SYNTHESIS OF CYCLOPROPANE ANALOGUES
The usual synthesis of cyclopropyl esters involves the
cyclopropanation of olefins and/or α,β-unsaturated ketones with
various cyclopropylating agents. The most commonly employed
cyclopropanating agents being sulfonium methylide (1a-b) [2,3] and
reactive methylide (1c) [4].

Kuppers and et al [5] reported that 1-chloro-(phenylseleno)methane
reacts with isobutene in presence of potassium ter-butoxide to
afford cyclopropane derivative (Scheme-1). Cyclopropanation was

also achieved by treating haloesters with sodium in presence of
dimethyl silylchloride (Scheme-2) and enol ether with
diiodomethane in presence of diethylzinc in ether (Scheme-3) [5].3Chloro-1,1-bis(phenylseleno)hexane produces the corresponding
selenoacetols of cyclopropane on reaction with LDA in
tetrahydrofuran, however 3-chloro-1,1-bis(methylseleno)hexane
does not react under similar conditions [6].
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Phenacylmethyl(dimethyl)selenonium bromide reacts with aqueous
potassium hydroxide in chloroform to form the corresponding
selenium ylide, which on irradiation or heating decomposes to 1,2,3triphenacyl cyclopropane. When selenium ylide reacts with
benzalcetophenone to afford 1-phenyl-2,3-phenacyl cyclopropane [7].
Rai and Co-workers [8] successfully developed ethyl cyanoacetate as
new reagent for the cyclopropanation of α,β-unsaturated ketones.
They carried the cyclopropanation of α,β-unsaturated ketones with
ethyl cyanoacetate in aprotic solvents and obtained the products in
excellent yield. Later, they have used this method for the construction
of lignan skeleton during the synthesis of podophyllotoxin derivative
[9]. Recently Ajay Kumar and co-workers [10] demonstrated the
synthesis of maleimido-cyclopropyl esters using ethyl cyanoacetate as
cyclopropylating agent, they reported that ethyl cyanoacetate reacts
with N-aryl maleimides in the presence of dry sodium metal in dry
benzene at room temperature to afford a mixture of ethyl N-aryl-2,4dioxo-3-azabicyclo [3.1.0]hexane-6-carboxylates and N-aryl-2,4-dioxo3-azabicyclo [3.1.0]hexane-6-carboxylic acids. The products ethyl Naryl-2,4-dioxo-3-azabicyclo [3.1.0]hexane-6-carboxylates have showed
promising antimicrobial and antioxidant activities (Scheme-4).
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The
oxymercuration-reductive
demercuration
of
several
cyclopropane alkanol or their derivatives bearing adjacent
stereocenters has been investigated in order to synthesize
polypropionate subunits. The crucial importance of the ester
protecting group for the remote oxygenated moieties on the
mechanism and the stereochemical outcome of these reactions has
been rationalized [14]. Several substituted cyclopropyl alkyl ketones
have been effectively transformed in to substituted cyclopropane
acetic acid ethyl esters via a lead (IV) acetate-perchloric acid
assisted 1,2-carbonyl transposition of the corresponding
cyclopropyl alkyl ketones in triethylorthoformate (Scheme-7) [15].

Optically active chiral Schiff base-copper complexes were proved to
be effective catalysts for cyclopropanation of alkenes. For instance,
reaction of ethyl diazoacetate with a styrene catalyzed by a chiral
copper complex (2) gives a mixture of optically active ethyl
cyclopropane carboxylate in very good yield (Scheme-5) [11].

A general method to access phenyliodonium ylide of dimethyl
malonate in excellent yield was developed, and these ylides provide
easy access to a variety of useful 1,1-cyclopropane diesters using
rhodium or copper catalysis. This ylide was shown to be a safer and
convenient alternative to the corresponding diazo compound and a
very efficient way to 1,1-cyclopropane diesters when used with a
catalytic amount of Rh2(esp)2 (Scheme-8) [16].

The addition of dichlorocarbene generated under phase transfer
catalysis conditions to the double bond of betulonic acid occurs
stereoselectively and is accompanied by transformation of the carboxy
group leading to the dichloromethyl ester and chloride of 3-oxo-20,29(dichloromethano)lupan-28-oic acid. The reaction of dichlorocarbene
with methyl betulonate leads to the corresponding cyclopropane
adduct in a quantitative yield. The dichlorocarbene generated from
CHCl3 on treatment with NaOH in the presence of
triethylbenzylammonium chloride (TEBAC) at room temperature reacts
with an acid to form a mixture of cyclopropanated dichloromethyl ester
and chloride derivative. The reaction was proceeded as [1+2]cycloaddition at the double bond but was accompanied by the attack of
dichlorocarbene on the carboxy group [12].

Manganese dioxide-mediated tandem oxidation processes facilitate
the direct conversion of allylic alcohols and α-hydroxyketones into
poly-substituted functionalised cyclopropanes. In the simplest
version, the oxidation of an allylic alcohol is carried out in the
presence of a stabilised sulfurane, and the intermediate α,βunsaturated
carbonyl
compound
undergoes
in
situ
cyclopropanation. By using a combination of stabilised phosphorane
and sulfurane, the direct conversion of allylic alcohols or αhydroxyketones into functionalised cyclopropanes is achieved, with
in situ cyclopropanation being followed by Wittig olefination, or vice
versa. The method is successfully employed to a formal synthesis of
the lignan (±)-picropodophyllone, and novel analogues of the
insecticide allethrin II [17].

The galvanostatic electrolysis of methyl esters of trichloroacetic acid
on mercury cathodes in the presence of acrylonitrile affords a mixture
of two stereoisomers of methyl ester of 1-chloro-2cyanocyclopropanecarboxylic acid. The process involves a stage of
dehalogenation of the original methyl ester followed by the reaction of
the formed anion with acrylonitrile and proceeds more efficiently on a
mercury cathode in the dimethylformamide medium with the current
efficiency of 94% and the substance yield of 25% (Scheme-6) [13].

The diastereoselective synthesis of spiro [cyclopropane-1,30oxindole]-2-carboxylic acid, including novel 3-(2- and 3-pyridyl)substituted analogues and the novel cyclopropa [c]quinoline-7bcarboxylic acid and their ester and amide derivatives involve the
cyclopropanation reactions of methyl 2-(2-nitrophenyl)acrylate and
(3E)-(pyridin-2-ylmethylene)- and (3E)-(pyridin-3-ylmethylene)1,3-dihydro-2H-indol-2-one with ethyl (dimethylsulfuranylidene)
acetate (Scheme-9) [18].

Michael initiated ring closure (MIRC) play an important role in
organic chemistry and many synthetic applications. A simple and
efficient route to synthesis of 3-aryl-1,1,2,2-substituted
tetracyanocyclopropanes from benzylidenemalononitriles and

468

Kumar et al.
Int J Pharm Pharm Sci, Vol 5, Issue 1, 467-472
malononitrile has been reported. The method involves the action of
free halogen or active halogen containing compounds on the equal
amounts of benzylidenemalononitriles and malononitrile in basic
alcohol solutions. The well-known method of MIRC synthesis of
substituted cyclopropanes involves addition of halogenosubstituted
C-H acid anions (A), generated by the action of a base on the
corresponding C-H acid (AH), and to the conjugated activated olefins
followed by cyclization with elimination of halogen anion (Scheme10) [19].

This method was used for the syntheses of tetracyanosubstituted
cyclopropanes from alkylidene- or benzylidenemalononitriles and
bromomalononitrile with one exception the base was omitted
because bromomalononitrile is a reasonably strong acid, which can
furnish a sufficient concentration of bromodicyanocarbanion for the
reaction (Scheme-11) [19].

The reaction between α-pyridinium acetamide bearing an 8phenylmenthyl group as the chiral auxiliary and β-substituted
methylidenemalononitriles gave rise to trans-cyclopropanes with
diastereomers in 98:2 ratio. It was reported that in most of the
reactions, the absolute stereochemistry of the major product was
found to be opposite of that of the major products of the reaction of
the corresponding ester series, which also utilized the 8phenylmenthyl group [20].
Chanjuan Xi and co-workers [21] reported that the conjugated
addition of methoxide, thiolates, oxime anions, hydrazones and
EtZnCl to methyl α-bromoacrylate generates an ester enolate that
undergoes conjugated addition to another molecule of the
bromoacrylate, followed by displacement of bromide to
stereospecifically form tetrasubstituted cyclopropane rings
(Scheme-12). They also documented the use of Grignord reagents in
the formation of cyclic compounds, for instance, 2-halogenoacrylates
react with Grignard reagents to form cyclopropanedicarboxylates in
excellent yields (Scheme-13).

with CH2I2–Et3Al. The terminal propargylic alcohols such as
propargylic alcohol, 3-methyl-1-pentyn-3-ol, 1-ethynylcyclohexanol
and 1-hexyn-3-ol and their esters such as 2-propyn-1-yl acetate and
2-propyn-1-yl propionate did not afford expected bis-cyclopropanes
(3k-n) (Scheme-14) [22].

An efficient methodology for the oxidative addition reaction of
various aldehydes with 5,5-dimethylcyclohexane-1,3-dione and 1,3indandione to selectively afford spirodihydrofuran and
cyclopropane derivatives, promoted by molecular iodine and
dimethylaminopyridine under mechanical milling conditions, has
been demonstrated. The products were obtained in good to excellent
yields (Scheme-15) [23].

Cu(I)-bis(oxazoline) complex is proved to be highly efficient in the
catalytic asymmetric cyclopropanation of phenyliodonium ylides.
The reaction was initiated by styrene, PhIdO, and molecular sieves
to scavenge water. Readily available isopropylidene bis(4-phenyl-2oxazoline) (4) and Cu(MeCN)4PF6 were used as catalyst precursors
(Scheme-16) [24]..

1, No. 11
REACTIONS OF CYCLOPROPANE ANALOGUES
Three membered rings have a great deal of angle strain due to
greater departure from the tetrahedral angles. Ring opening, of
course, relieves the strain. Although the cyclopropane is more
strained than ethylene oxide, it is cleaved more easily expected to
form alkene. Here, the four hybrid orbitals are far from equivalent.
The two orbitals directed to the outside bonds have more scharacter than normal sp3 orbitals. While, the two orbitals involved
in ring bonding have less, because they resemble p-orbitals, whose
preferred bond angle is 90° rather than 109°.5’. Since the smallangle strain in cyclopropanes is the difference between the
preferred angle and real angle of 60°, this additional p-character
relieves some of the strain.

The alkyl- and phenyl-substituted propargylic alcohols RC≡CCH2OH
(R = n-Bu, n-Am, Ph) reacted in the same way to give the products
(3b-d). 2-Alkyl-substituted 2-alkyn-1-ols (3-octyn-2-ol, 5-decyn-4ol) gave mixtures of regioisomeric biscyclopropanes (3e) and (3f) in
1:1 ratios. On the other hand, 2-methyl-3-octyn-2-ol did not react

Ring cleavage or ring enlargement may occur under relatively mild
conditions. Only pericyclic reactions such as vinylcyclopropanecyclopentene
or
divinylcyclopropane-cycloheptadiene
rearrangements in principle proceed without additional activating
substituents. Nevertheless, synthetically useful versions of these
reactions most frequently involve cyclopropanes containing
functional groups that facilitate the rearrangement and allow further
transformations of the products. Donor-acceptor (D-A)
cyclopropanes have been frequently used in many synthetic
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transformations, owing to the unique reactivity of the cyclopropane
moiety.
The palladium-mediated ring opening of substituted cyclopropanols
has been found to take place predominantly at the less substituted
C-C bond. Thus, sequential application of the titanium mediated
cyclopropanation of esters and the palladium-mediated ring opening
of the resulting cyclopropanols provides a convenient method for
functionalizing monosubstituted olefins (Scheme-17) [25].

Cyclopropane ring undergo ring opening reaction. For instance,
methyl esters of cyclopropane carboxylic acids when subjected to
hydrolysis with 3N hydrochloric acid gives a mixture of 2oxoglutaric acid (60%) and cyclopropyl carboxylic acids (Scheme18) [26].

Recently, Ajay Kumar and co-workers [10] reported the thermal ring
expansion reaction of ethyl N-aryl-2,4-dioxo-3-azabicyclo
[3.1.0]hexane-6-carboxylates in acetonitrile medium in the presence
of K2CO3 and they obtained ethyl N-aryl-2,6-dioxo-piperid-3-ene-4carboxylates in good yield. The products have been evaluated in
vitro for their antimicrobial and antioxidant activity. The results of
their study revealed that these compounds exhibit remarkable
antimicrobial activity and relatively less antioxidant activity
(Scheme-19). They also reported the ring expansion reaction of
ethyl N-aryl-2,4-dioxo-3-azabicyclo [3.1.0]hexane-6-carboxylates to
ethyl N-aryl-2,6-dioxo-piperid-3-ene-4-carboxylates in non-aqueous
conditions and obtained the products in excellent yields [27].

The highly diastereoselective, stereospecific one-step synthesis of
cis-2,5-disubstituted tetrahydrofurans via the Lewis acid-catalyzed
[3+2] cycloaddition of D-A cyclopropanes and aldehydes was
reported. The scope and limitations with respect to both reaction
partners, a detailed mechanism including stereochemical analysis
and electronic profiling of both reactants involved in the reaction
was discussed. Experimental evidence supported an unusual
stereospecific intimate ion pair mechanism wherein the aldehyde
functions as a nucleophile and malonate acts as the nucleofuge. The
reaction proceeds with inversion at the cyclopropane donor site and
allows absolute stereochemical information to be transferred to the
products with high fidelity. The mechanism facilitates the
stereospecific synthesis of a range of optically active
tetrahydrofuran derivatives from enantio enriched D-A
cyclopropanes (Scheme-20) [28].

The controlled Cu(SbF6)2-catalyzed cycloaddition reaction of 2substituted cyclopropane-1,1-dicarboxylates with enolsilylethers

produces substituted cyclopentane derivatives in excellent yields
with high diastereoselectivities in the presence of ligand-Cu(II)
complex; however, the same substrates afford acyclic 1,6-dicarbonyl
products via a cycloaddition-ring-opening reaction in up to 92%
yield in the absence of ligand-Cu(II) complex (Scheme-21) [29].

Total synthesis of natural product (±)-bruguierol-A was
accomplished in 10-steps and with an overall 16.8% yield. The
embedded unique 8-oxabicyclo [3.2.1]octane core skeleton in this
natural product was constructed via a novel Sc(OTf)3-catalyzed
intramolecular [3+2] cycloaddition of cyclopropane (Scheme-22)
[30]. This general synthetic strategy can be potentially applied to the
synthesis of a broad range of structurally related natural products.

The presence of the cyclopropane fragment as a reaction site in
spiro [cyclopropane-3-(1-pyrazoline)] molecules creates certain
difficulties for the selective reduction of the heterocyclic N=N
bond. However, under certain conditions, it is possible to direct
the reduction toward the predominant formation of
pyrazolidines or 1,3-diamines, which retain the cyclopropane
fragment in the molecule. For instance; under the conditions
(pH2 = 80-90 bar, 70°C, 4h) in an ethanol solution, the Raney
nickel catalysed reduction of 5-substituted spiro [cyclopropane3-(1-pyrazoline)]-5-carboxylates proceeded most efficiently
with N-N bond cleavage with simultaneous cyclocondensation to
give 3-aminopyrrolidin-2-ones containing a spirocyclopropane
fragment. Upon complete reduction of pyrazoline (5) to diamino
ester (7), which then undergo intramolecular condensation to
produce (6). Unlike catalytic hydrogenation, the reduction of
pyrazoline (5) with zinc in aqueous THF in the presence of NH4Cl
yields mainly a mixture of two structural isomers, spiro
[cyclopropane-3-pyrazolidine] (8) and ethylpyrazoline (9)
(Scheme-23) [31].

Pharmacological Applications
Natural and synthetic cyclopropanes bearing simple
functionalities are endowed with a large spectrum of biological
properties ranging from enzyme inhibitions to insecticidal,
antifungal, herbicidal, antimicrobial, antibiotic, antibacterial,
antitumor and antiviral activities. For instance; Pyrethrums (10)
extracted from the ground flowers of Chrysanthemum
cinerariafolium and C. coccineum plants mostly in achenes have
been known to exhibit insecticidal activities and are mainly used
as a flea and louse powder [32].
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The triphenylethylene-type antiestrogens, such as tamoxifen, are
known to be useful in the treatment of estrogen-dependent tumors.
However,
these
compounds
display
mixed
estrogen
agonist/antagonist activity which may limit their therapeutic
effectiveness. This problem of mixed activity led to the synthesis of
cyclopropyl derivative of cis-stilbene which showed estrogenic and
antiestrogenic activity in the rat using the standard 3-d uterotropic
assay and the uterine cytoplasmic estrogen receptor assay [40].
Several derivatives of combretastatin bearing a cyclopropyl unit
prepared were evaluated for their cytotoxic properties in two
human cancer cell lines. Despite the lower in vitro activity of
cyclopropanes in comparison to the natural product, cyclopropanes
lack the ability to undergo cis/trans isomerization and therefore
represent highly interesting lead compounds for in vivo studies [41].
Compounds containing three membered rings exhibited remarkable
antimicrobial activities [33]. Nucleoside analogues containing
substituted cyclopropyledene groups in place of sugar moiety
display broad spectrum of antiviral activities. The synthesis of such
nucleoside
analogue
(z)-1[(z-guanidino-carbomoyl
cyclopropyledene)methyl]-4,5,7,8-tetrahydro-6H-6-iminoimidazo
(4,5-e) [1,3]diazipine-4,6-dione (11) starting from methyl
imidazole-4,5-dicarboxylate by sequential condensations with 2bromo-2-ethyl cyclopropane-1-carboxylate and guanidine. These
analogues exhibited antiviral activities [34].

A series of cyclopropyl analogs of all-trans- and 13-cis-retinoic acid
has been evaluated in the vaginal smear assay carried out in vitamin
A-deficient rats. These analogs were designed to probe the role of
the 13-cis isomer in the actions of the parent all-trans-retinoic acid
by blocking the interconversion of these two compounds. Although
relatively less active, the potency of some of the cyclopropyl analogs
suggests that 13-cis-retinoic acid is a fully active metabolite of alltrans-retinoic acid [42]. Phenyl cyclopropyl methanones synthesized
were evaluated for their antitubercular activities against M.
tuberculosis H37 Rv in vitro displayed MICs ranging from 25-3.125
μg/ml. The most active compounds showed activity against MDR
strains and one of them showed marginal enhancement MST in mice
[43].
CONCLUSIONS
In summary, the review presents conventional to advanced
methodology for the synthesis of biologically potent cyclopropane
analogs. Structure-activity relationship of cyclopropane derivatives
associated with diverse pharmacological activity. It may become
very useful source for the researchers to device new novel molecules
bearing cyclopropane moiety that possess greater biological
properties.

The esters of 2,2-dimethyl-3-(2,2-dihalovinyl)cyclopropane-1carboxylic acids, which are structurally similar to naturally
occurring chrysanthemates, have emerged as one of the most
important classes of agricultural insecticides in recent years.
Cyclopropane fatty acids (CPA) have been found in certain
gymnosperms, Malvales, Litchi and other Sapindales. The presence of
their unique strained ring structures confers physical and chemical
properties. While cyclopropenoid fatty acids (CPE) are well-known
inhibitors of fatty acid desaturation in animals, CPE can also inhibit
the stearoyl-CoA desaturase and interfere with the maturation and
reproduction of some insect species [35]. A 23-26-carbon chain
length range of ω-19 (1’R,2’S) cyclopropane fatty acids and esters
prepared have been bioassayed using wall extracts of
Mycobacterium smegmatis; the incorporation of [14]C-acetate was
used to measure inhibition or stimulation of mycolic acid synthesis.
Minor inhibition was shown by the 23- and 24-carbon saturated
esters; all the other compounds were stimulants [36].
Betulins and their derivative containing a cyclopropane moiety were
synthesized and were proved to be the most cytotoxic toward
human melanoma of the Colo 38 and Bro lines and human ovarian
carcinoma of the CaOv line. The 20,29-Dihydro-20,29dibromomethylenebetulinic acid inhibited the growth of the Bro
melanoma cell line and the CaOv carcinoma cell line practically by
50% at a concentration of 10 microM [37]. The structure-activity
relationship for optimal HA H3 receptor affinity and central nervous
system penetration by incorporation of a conformationally
restricted cyclopropane nucleus has been established. The ligandreceptor interactions at the HA H3 receptor with the development of
high affinity HA H3 receptor antagonists were established from in
vitro HA H3 receptor-binding affinities using [3H]Namethylhistamine and rat cortical tissue homogenates [38]. Five new
cyclopropane derivatives pestaloficiols A-E have been isolated from
cultures of the plant endophyte Pestalotiopsis fici. These
compounds displayed inhibitory effects on HIV-1 replication in
C8166 cells [39].

REFERENCES
1.

Cao W, Zhang H, Chen J, Deng H, Shao M, Lei L, Qian J, Zhu Y, A
facile preparation of trans-1,2-cyclopropanes containing
ptrifluoromethylphenyl group and its application to the
construction of pyrazole and cyclopropane ring fused
pyridazinone derivatives, Tetrahedron 2008; 64: 6670–6674.
2. For a comprehensive review see, Trost BM, Melvin LS Jr,
Sulfur Ylides, Academic Press, New York, 1975; and
references cited there in.
3. Payne GB, Cyclopropanes from reactions of ethyl
dimethylsulfuranylideneacetate
with
α,β-unsaturated
compounds, J Org Chem 1967; 32(11): 3351-3355.
4. Adams J, Hoftman C Jr, Trost BM, New and useful sulfur ylide:
thetin anions, J Org Chem 1970; 35(5): 1600-1604.
5.
Schollkopf U, Kuppers H, Phenylselen-cyclopropane aus
phenylselen-carben und olefinen, Tetrahedron Lett 1963; 4(2):
105-110.
6. Krief A in Comprehensive Organic Synthesis, Ed Trost BM,
Pergomon Press, 1991; Vol 1: 640-657.
7.
Lotz WW, Gosselck J, Darstellung und eigige umsetzungen des
dimethyl-phenacyl-selenoniumlids, Tetrahedron, 1973; 29: 917919.
8. Lokanatha Rai KM, Anjanamurthy C, Radhakrishna PM, An
improved method for the synthesis of cyclopropyl ketoesters,
Synth Commun 1990; 20(9): 1273-1277.
9. Nanjundaswamy N, Shashikanth S, Anjanamurthy C, Lokanatha
Rai KM, Tetralone esters as intermediates for the synthesis of
podophyllotoxin derivatives via cyclopropanation of chalcones,
Synth Commun 2000; 30(7): 1179-1191.
10. Ajay Kumar K, Lokanatha Rai KM, Vasanth Kumar G Mylarappa
BN, A facile route for the synthesis of ethyl N-aryl-2,6-dioxopiperid-3-ene-4-carboxylates and their biological activity, Int J
Pharm and Pharma Sci 2012; 4(Suppl 4): 564-568.
11. Tadatoshi
A,
Catalytic
asymmetric
synthesis
of
cyclopropanecarboxylic acids: an application of chiral copper
carbenoid reaction, Pure Appl Chem 1985; 57(12): 1839-1844.

471

Kumar et al.
Int J Pharm Pharm Sci, Vol 5, Issue 1, 467-472
12. Komissarova NG, Belenkova NG, Shitikova OV, Spirikhin LV,
Yunusov MS, Cyclopropanation of betulonic acid and its methyl
ester with dichlorocarbene generated under phase transfer
catalysis conditions, Russ Chem Bull Int Ed 2005; 54(11):
2659-2663.
13. Neverov SV, Sigachevaz VL, Petrosyan VA, Electrosynthesis of
cyclopropanes at the electrolysis of solutions of methyl esters
of di and trichloroacetatic acids in aprotic media in the
presence of acrylonitrile, Russian J Electrochem 2011; 47(10):
1134-1138.
14. Magali D, Nicolas B, Meyer C, Janine C, Synthesis of
polypropionate subunits from cyclopropanes, Tetrahedron
2005; 61: 7632-7653.
15. Rishan LN, Ridaphun N, Irona N, Felix MV, Bekington M, Novel
synthesis of substituted cyclopropane acetic acid ethyl esters
from cyclopropyl alkyl ketones, Ind J Chem 2005; 44B: 10541057.
16. Goudreau SR, Marcoux D, Charette AB, General method for the
synthesis of phenyliodonium ylides from malonate esters: Easy
access to 1,1-cyclopropane diesters, J Org Chem 2009; 74: 470473.
17. McAllister GD, Oswald MF, Paxton RJ, Raw SA, Taylor RJK, The
direct preparation of functionalised cyclopropanes from allylic
alcohols or α-hydroxyketones using tandem oxidation
processes, Tetrahedron 2006; 62: 6681-6694.
18. Yong SR, Ung AT, Pyne SG, Skelton BW, White AH, Syntheses of
spiro [cyclopropane-1,3’-oxindole]-2-carboxylic acid and
cyclopropa [c]quinoline-7b-carboxylic acid and their
derivatives, Tetrahedron 2007; 63: 1191-1199.
19. Elinson MN; Sergey KF, Stepanov NO, Anatolii NV, Gennady IN,
A new strategy of the chemical route to the cyclopropane
structure: direct transformation of benzylidenemalononitriles
and malononitrile into 1,1,2,2-tetracyanocyclopropanes,
Tetrahedron 2008; 64: 708-713.
20. Satoshi K, Kyoko H, Katsuo O, Stereoselective synthesis of
activated cyclopropanes with an α-pyridinium acetamide
bearing an 8-phenylmenthyl group as the chiral auxiliary,
Tetrahedron Letters 2004; 45: 3565-3568.
21. Chen C, Xi C, Jiang Y, Hong X, Michael addition reactions of
Grignard reagents to 2-halogenoacrylates: a convenient
method for the synthesis of polysubstituted cyclopropane
compounds, Tetrahedron Letters 2004; 45: 6067-6069.
22. Ramazanov IR, Yumagulova AV, Dzhemilev UM, Nefedov OM,
The synthesis of 1,10-disubstituted bis-cyclopropanes by the
reaction of substituted propargylic alcohols with CH2I2–R3Al,
Tetrahedron Letters 2009; 50: 4233-4235.
23. Wang G-W, Gao J, Selective formation of spiro dihydrofurans
and cyclopropanes through unexpected reaction of aldehydes
with 1,3-dicarbonyl compounds, Organic Letters 2009; 11(11):
2385-2388.
24. Moreau B, Charette AB, Expedient synthesis of cyclopropane γamino acids by the catalytic asymmetric cyclopropanation of
alkenes using iodonium ylides derived from methyl
nitroacetate, J Am Chem Soc 2005; 127: 18014-18015.
25. Soon-Bong P, Jin KC, Palladium-mediated ring opening of
hydroxycyclopropanes, Organic Letters 2000; 2(2): 147-149.
26. Anisimova NA, Berkova GA, Deiko LI, Hydrolysis of
cyclopropane derivatives of aspartic and adipic acids, Russ J
Gen Chem 2002; 72(1): 86-90.
27. Ajay Kumar K, Lokanatha Rai KM, Umesha KB, Synthesis of
ethyl
N(aryl)-2,6-dioxo-piperid-3-ene-4-carboxylates
by
photolytic reaction of ethyl 2,4-dioxo-3-(aryl)-azabicyclo
[3.1.0]hexane-6-carboxylates, Indian J Heterocycl Chem 2002;
11: 341-342.

28. Pohlhaus PD, Sanders SD, Parsons AT, Li W, Johnson Js, Scope
and mechanism for Lewis acid-catalyzed cycloadditions of
aldehydes and donor-acceptor cyclopropanes: Evidence for a
stereospecific intimate ion pair pathway, J Am Chem Soc 2008;
130(27): 8642-8650.
29. Jian-Ping Q, Chao D, Jian Z, Xiu-Li S, Yong T, Switchable
reactions of cyclopropanes with enol silyl ethers. Controllable
synthesis of cyclopentanes and 1,6-dicarbonyl compounds, J
Org Chem 2009; 74: 7684-7689.
30. Hu B, Xing S, Ren J, Wang Z, Total synthesis of (±)-bruguierol A
via an intramolecular [3+2] cycloaddition of cyclopropane 1,1diester, Tetrahedron 2010; 66: 5671-5674.
31. Kostyuchenko V, Shulishov EV, Korolev VA, Dokichev VA,
Tomilov YV, Reduction of substituted spiro [cyclopropane-3(1-pyrazolines)] to spiro [cyclopropane-3-pyrazolidines] and
1-(2-aminoethyl)cyclopropylamine derivatives, Rus Chem Bull
Int Ed 2005; 54(11): 2562-2570.
32. Kirk-Othmer in Encyclopedia of Chem Tech, Insecticides 1965;
Vol 2: p685.
33. Toraskar MP, Kadam VJ, Kulkarni VM, Synthesis and
antimicrobial activity of functional analogues of fluconazole, Int
J Pharm and Pharma Sci 2010; 2(2): 132-133.
34. Chen H-M, Ramachandra S, 220th ACS National Meeting,
Washington DC, American Chemical Society, 2000; Abstract No
184.
35. Yu X-H, Rawat R, Shanklin J, Characterization and analysis of
the cotton cyclopropane fatty acid synthase family and their
contribution to cyclopropane fatty acid synthesis, BMC Plant
Biology 2011; 11: 97(1-10).
36. Coxon GD, Al Dulayymi JR, Morehouse C, Brennan PJ, Besra GS,
Baird MS, Minnikin DE, Synthesis and properties of methyl 5(1’R,2’S)-(2-octadecylcycloprop-1-yl)pentanoate and other ω19 chiral cyclopropane fatty acids and esters related to
mycobacterial mycolic acids, Chem and Phy Lipids 2004; 127:
35-46.
37. Symon AV, Veselova NN, Kaplun AP, Vlasenkova NK, Fedorova
GA, Liutik AI, Gerasimova GK, Shvrts VI, Synthesis and
antitumor activity of cyclopropane derivatives of betulinic and
betulonic acids, Bioorg Khim 2005; 31(3): 320-325.
38. Clark ET, James GP, Rosilyn G, Gary PP, Leena F, Khan MA, Ali
SM, Michael KH, Stephen LY, Development of trans-2- [1HImidazol-4-yl]-cyclopropane derivatives as new high-affinity
histamine H3 receptor ligands, J Pharm Exp Therap 1999; 289:
1160-1168.
39. Liu L, Tian R, Liu S, Chen X, Guo L, Che Y, Pestaloficiols A-E,
Bioactive cyclopropane derivatives from the plant endophytic
fungus Pestalotiopsis fici, Bioorg and Med Chem 2008; 16(11):
6021-6026.
40. Pento JT, Koenig KK, Magarian RA, Kosanke SD, Gilliland DL,
Biological evaluation of novel cyclopropyl analogues of
stilbene, stilbenediol, and phenanthrene for estrogenic and
antiestrogenic activity, J Pharm Sci 1988; 77(2): 120-125.
41. Rita F, Istvan Z, Ágnes B, Gerhard FE, Rinner U, Synthesis and
antitumor evaluation of cyclopropyl-containing combretastatin
analogs, Bioorg and Med Chem Lett 2009; 19: 6948-6951.
42. Curley RW Jr, Silva DP Jr, Deluca HF, The biological activity of
cyclopropyl analogs of all-trans- and 13-cis-retinoic acid in the
rat vaginal smear assay. Arch Biochem Biophy 1985; 238(2):
484-489.
43. Namrata D, Neetu T, Tiwari VK, Vinita C, Manju YK, Srivastava
A, Giakwad A, Sinha S, Tripathi RP, An efficient synthesis of
aryloxyphenyl cyclopropyl methanone: A new class of
antimycobacterial agents, Bioorg Med Chem Lett 2005; 15,
4526-4530.

472

