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Abstract: A new series of 4H-chromene derivatives 4a—p bearing the 5-phe-
noxypyrazole nucleus were synthesized under microwave irradiation by the
reaction of 5-phenoxypyrazole-4-carbaldehydes 1a—h, malononitrile 2 and
compounds 1,3-cyclohexanedione and dimedone (3a and 3b, respectively) in
presence of NaOH as a basic catalyst. All the compounds were screened
against three Gram-positive bacteria (Streptococcus pneumoniae, Clostridium
tetani and Bacillus subtilis), three Gram-negative bacteria (Salmonella typhi,
Vibrio cholerae and Escherichia coli) and two fungi (Aspergillus fumigatus
and Candida albicans) using the broth microdilution minimum inhibitory con-
centration (MIC) method. The antimicrobial screening showed that the majo-
rity of the compounds were active against C. fetani and B subtilis as well as
against C. albicans when compared with standard drugs.

Keywords: phenoxypyrazole; 4H-chromene; multi-component reaction; micro-
wave irradiation; antimicrobial activity.

INTRODUCTION

The steadily increasing microbial resistance to existing first line drugs is a
serious problem in antimicrobial cure and necessitates continuing research into
new classes of antimicrobials.! Moreover, the progression of drug-resistant strains
has contributed to the inefficiency of the straight antimicrobial therapy. This is-
sue has provoked enormous interest in antimicrobial research and it is strongly
believed that there is an urgent call for the development of new drugs with di-
vergent and unique structures and probably with an unusual mechanism of action
differing from that of existing first line drugs.

The chromene ring system is considered one of the most imperative hete-
rocycles in nature as it has the distinction of being the parent ring in countless
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derivatives of biological relevance. The current interest in 4H- and 2H-chromene
derivatives arises from their potential application as antimicrobial,? anti-HIV,3
antitubercular,* antioxidant,> anticancer,® antitumor,’ cytotoxic agents,8 antidys-
lipidemic agent,” antileishmanial,!0 anti-inflammatory,!! anti-Helicobacter pylori
agent!2 and TNF-a inhibitor.13 On the other hand, pyrazole derivatives are also
well-known for their biological properties, including antimicrobial,!4-16 anti-in-
flammatory (COX-2 inhibitor and ulcerogenic activity),!> antitubercular,!¢ anti-
tumor,!7 anti-angiogenesis,!8 antiparasitic,!® antiviral,20 analgesic and anxiolytic
activity.2!

Moreover, the most suitable protocol for the synthesis of functionalized or-
ganic compounds could be a multicomponent reaction (MCR) because the syn-
thesis could be performed without the isolation of the intermediates, without dis-
charging any functional groups and within short reaction time.22. In addition, the
conventional procedures are not found to be satisfactory with regard to opera-
tional simplicity, effectiveness and yield. An alternative synthetic approach is
microwave irradiation.23 In recent years, microwave irradiation has been de-
monstrated not only to dramatically accelerate many organic reactions, but also
to improve yields and selectivity.

Thus, in view of biological significance of 4H-chromene, a modification on
the 4-position on pyrane by 5-phenoxypyrazole was undertaken to check whether
it may bring significant changes in the bioactivities of 4H-chromene derivatives.
As a part of current studies in developing new antimicrobial agents via combi-
nation of two therapeutically active moieties,? the synthesis of 4H-chromene
derivatives 4a—p by MCR are reported herein.

All the compounds were characterized using elemental analysis, FT-IR, !H-
-NMR and !3C-NMR spectroscopy, and the molecular weights of some selected
compounds were confirmed by mass spectroscopy. All compounds were screened
for in vitro antimicrobial activity against eight human pathogens, i.e., three
Gram-positive bacteria (Streptococcus pneumoniae, Clostridium tetani and Ba-
cillus subtilis), three Gram-negative bacteria (Salmonella typhi, Vibrio cholera
and Escherichia coli) and two fungal pathogens (Aspergillus fumigates and
Candida albicans) using the broth microdilution minimum inhibitory concen-
tration (MIC) method.25

RESULTS AND DISCUSSION

Chemistry

The key intermediates, 3-methyl-5-aryloxy-1-aryl-1H-pyrazole-4-carbalde-
hydes 1a—h were prepared by refluxing 1-aryl-5-chloro-3-methyl-1H-pyrazole-4-
carbaldehyde and various phenols in the presence of anhydrous potassium car-
bonate in dry dimethylformamide (DMF) for 3.5 h.242 The required 1-aryl-5-
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-chloro-3-methyl-1H-pyrazole-4-carbaldehyde was prepared by the Vilsmeier—
—Haack reaction according to a literature procedure.26
In the present study, 4H-chromene derivatives 4a—p were synthesized in
moderate to good yield, i.e., 68-90 %, by reaction of 1a—h, malononitrile 2 and
compounds 3a-b under microwave irradiation in the presence of NaOH as a
basic catalyst (Scheme 1).
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All yields are isolated yields

Scheme 1. Synthetic pathway for the synthesis of 4H-chromene derivatives
bearing the phenoxypyrazole core 4a—p.

In convenient electrochemical processes, organic basic catalysts, such as
piperidine and triethylamine, were used in the synthesis of many 4H-chromene
derivatives?’ but in the present study, NaOH was used as the basic catalyst to
avoid the employment of hazardous organic bases. Furthermore, during attempts
to synthesize the title compounds by the conventional method, some shortco-
mings in this method were observed, such as longer reaction time, drastic reac-
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tion conditions and poor yield. Consequently, to overcome these drawbacks, the
microwave irradiation method was used in the present study for the synthesis of
title compounds. In accordance with the mechanism suggested in literature,28 the
first step of this process may involve Knoevenagel condensation of the aldehyde
and malononitrile to gives heterylidenenitrile derivatives, which was followed by
Michael addition of 3a—b to the heterylidenenitrile to afford the title compounds
4a—p (Scheme 2).

O
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Pyz-CHO = 3-Methyl-5-aryloxy-1-aryl-1H -pyrazole-4-carbaldehyde

R3 = H, CH3

Scheme 2. Plausible mechanistic pathway of the synthesis of 4H-chromene derivatives 4a—p.

The structures of all the newly synthesized compounds were confirmed by
FTIR, H-NMR, 13C-NMR and mass spectroscopy, and elemental analysis. The
physical, analytical and spectral data of all the synthesized compounds 4a—p are
given in the Supplementary material to this paper. The IR spectrum of title com-
pounds 4a—p revealed the presence of amino, cyano, carbonyl and ether groups
through the appearance of absorption bands at around 3370-3430, 3170-3350,
21902220, 1630-1710 and 1190-1230 cm™!, respectively. Their [H-NMR spec-
tra indicated the presence of a singlet in the range ¢ 4.12—4.38 ppm of the CH
proton and the disappearance of a singlet at ¢ 9.57-9.63 ppm of —CHO, which
clearly confirmed the cyclization of the Knoevenagel intermediates. Moreover,
multiplets in the range ¢ 6.59-7.55 ppm appeared for aromatic protons. In the
I3C-NMR spectral data of the title compounds 4a—p, most characteristic signal
around J 24.50-25.25 ppm indicate the formation of the pyrane ring. The signal
at around J 56.20—60.64 ppm is assigned to carbon attached to carbonitrile, while
signals around ¢ 110.20-164.50 and 196.10-196.35 ppm are attributed to all the
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aromatic and carbonyl carbons, respectively, of compounds 4a—p. The obtained
elemental analysis values are in good agreement with theoretical data. Further-
more, the molecular weight of selected compounds, i.e., 4¢, 4i and 40, were con-
firmed by mass spectral studies. The mass spectra of these compounds showed a
molecular ion peak [M+1]* corresponding to the exact theoretical mass.

Biological evaluation

All the compounds were screened for their antibacterial and antifungal ac-
tivity and the results are presented in Table I, expressed in the form of MIC in pg
mL-1.

TABLE 1. Antimicrobial activity of compounds 4a—p (minimum inhibitory concentration
(MIC), pg mLYY; Bs.: B. subtilis; Ct.: C. tetani; Sp.: S. pneumoniae; Ec.: E. coli; St.: S. typhi;
Vc.: V. cholerae; Af.: A. fumigatus; Ca.: C. albicans; MTCC: microbial type culture collec-
tion; A: ampicillin; B: ciprofloxacin; C: norfloxacin; D: chloramphenicol; E: nystatin; F:

griseofulvin. “—* represents “not tested”
Gram-positive bacteria Gram-negative bacteria Fungal species
Compound Bs. Ct. Sp. Ec. St. Ve. Af. Ca.
MTCC MTCC MTCC MTCC MTCC MTCC MTCC MTCC
441 449 1936 443 98 3906 3008 227
4a 500 500 500 250 500 500 >1000 >1000
4b 250 500 250 500 500 100 500 500
4c 500 500 500 200 500 500 250 250
4d 1000 100 500 250 500 200 250 100
4e 250 200 250 500 250 200 500 250
4f 500 200 500 250 250 200 500 500
4g 500 250 500 250 500 100 500 200
4h 500 200 500 100 500 250 250 250
4i 250 500 250 100 100 250 1000 500
4j 500 100 500 250 62.5 250 1000 1000
4k 500 250 500 500 500 200 500 250
41 250 200 250 250 250 200 500 250
4m 500 500 50 250 500 500 1000 500
4n 62.5 100 250 100 62.5 200 >1000  >1000
40 500 100 500 200 500 200 500 500
4p 250 250 500 100 62.5 250 250 250
A 250 250 100 100 100 100 - -
B 50 100 50 25 25 25 - -
C 100 50 10 10 10 10 - -
D 50 50 50 50 50 50 - -
E - - - - - - 100 100
F — — — — — — 100 500

An examination of the data prescribed in Table I revealed that many of the
compounds were more potent or equipotent to the standard drugs against the
Gram-positive bacteria C. tetani and a few against S. pneumoniae and B. subtilis.
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Against the Gram-positive bacteria B. subtilis, compound 4n (MIC = 62.5 ng
mL-1) was found to be more potent, whereas 4b, 4e, 4i, 41, and 4p (MIC = 250
nug mL-1) shows comparable activity to ampicillin (MIC = 250 pg mL-1).
Moreover, compound 4n (MIC = 62.5 pg mL-1) was found to more active as
compared to norfloxacin (MIC = 100 pg mL-1). Against C. tetani, compounds
4d, 4j, 4n and 40 (MIC = 100 pg/mL), and 4e, 4f, 4h and 41 (MIC = 200 pg mL-1)
were found to be more potent, whereas 4g, 4k and 4p (MIC = 250 pg mL-1)
showed comparable activity to ampicillin (MIC = 250 ug mL-!), while com-
pounds 4d, 4j, 4n and 40 (MIC = 100 png mL-1) were equally potent as compared
to ciprofloxacin (MIC = 100 pg mL-1). Against S. pneumoniae, compound 4m
(MIC = 50 ug mL-!) showed comparable activity to chlormphenicol and cip-
rofloxacin (MIC = 50 pg mL-1).

Towards the Gram-negative strain E. coli, compounds 4h, 4i, 4n and 4p
(MIC =100 pg mL-1) showed comparable activity to ampicillin (MIC = 100 pg
mL-1). Compounds 4j, 4n and 4p (MIC = 62.5 ug mL-!) were more potent,
whereas 4i (MIC = 100 pg mL-!) showed comparable activity to ampicillin (MIC
= 100 pg mL-1) towards S. typhi. Also the compounds 4b and 4g (MIC = 100
ug/mL) show comparable activity, to ampicillin (MIC=100 pg/mL) towards V.
cholerae.

Comparison of the data for compounds 4a—d with those for 4e—h showed
that on replacement of H with CHj3, the poorly active compounds 4a, 4b and 4c¢
(MIC = 500 ug mL-! against C. tetani) were converted to the highly potent 4e, 4f
and 4g, respectively, while the potency of compound 4d, where R, = Cl, against
C. tetani decreased on introduction of CH3 at Ry. Against B. subtilis, comparing
compound 4f with 4n, it was observed that the poorly active compound 4f (MIC
= 500 ug mL!) led to the excellent activity of 4n (MIC = 62.5 pg mL-1), com-
pared to the activity of ampicillin and norfloxacin. Similarly, against the Gram-
negative bacteria S. fyphi, it was observed by comparing compound 4b with 4j
and 4f with 4n, that poorly active compounds were converted to highly active
ones (MIC = 62.5 ug mL-1) as compared with ampicillin (MIC = 100 ug mL-1),
i.e., the compound having a gem dimethyl group on the benzopyran ring showed
increased antibacterial activity.

Against fungal pathogen C. albicans, compounds 4d (MIC = 100 pg mL-1),
4g (MIC =200 ug mL-1) 4¢, 4e, 4h, 4k, 41 and 4p (MIC = 250 pg mL-!) showed
good to excellent activity, whereas 4b, 4f, 4i, 4m and 40 (MIC = 500 pg mL1)
were equipotent to griseofulvin (MIC = 500 ug mL-1). Compound 4d (MIC =100
ng mL-1) was found equipotent to nystatin towards C. albicans.

The remaining compounds showed moderate to good activity in the inhibi-
tion of the growth of bacterial pathogens and were all less effective than the
standard drugs. From the antimicrobial study of the title derivatives, it is inte-
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resting to note that a minor alteration in the molecular structure of the inves-
tigated compounds may have a pronounced effect on antimicrobial activity.

EXPERIMENTAL
Materials, instruments and methods

The required chemicals were obtained from S. D. Fine Chem Ltd., Vadodara, Gujarat,
India. 1,3-Cyclohexanedione and dimedone were obtained from Sigma-Aldrich. The solvents
were purified and dried before use. The microwave assisted reactions were conducted in a
“RAGA modified electromagnetic microwave system”, whereby the microwaves were gene-
rated by a magnetron at a frequency of 2450 MHz having adjustable output power levels, i.e.,
10 levels from 140 to 700 W and with an individual sensor for temperature control (fiber optic
was used as an individual sensor for temperature control). A reflux condenser was attached to
the reaction flask and the reactions were performed under constant stirring (thus avoiding the
risk of high pressure development). All melting points were taken in open capillaries and are
uncorrected. Thin-layer chromatography (TLC, on aluminium plates pre-coated with silica
gel, 60 F254, 0.25 mm thickness) (Merck, Darmstadt, Germany) was used for monitoring the
progress of all reactions, and the purity and homogeneity of the synthesized compounds. UV
radiation and/or iodine were used as the visualizing agents. Elemental analysis (% C, H, N)
was realized using a Perkin-Elmer 2400 Series-II elemental analyzer (Perkin-Elmer, USA)
and the results for all compounds were within 0.4 % of the theoretical values. The IR spectra
were recorded in KBr on a Perkin-Elmer Spectrum GX FT-IR spectrophotometer (Perkin-
Elmer, USA) and only the characteristic peaks are reported in cm!. The 'H-NMR and !3C-
-NMR spectra were recorded at 400 and 100 MHz, respectively, in DMSO-dg on a Bruker
Avance 400F spectrometer (Bruker Scientific Corporation Ltd., Switzerland) using the solvent
peak as internal standard. Chemical shifts are reported in parts per million (ppm). Mass
spectra were scanned on a Shimadzu LCMS 2010 spectrometer.

Conventional synthesis of compounds 4a—p

Phenoxypyrazole-4-carbaldehyde 1a—h (10 mmol), malononitrile 2 (10 mmol) and 1,3-
-cyclohexanedione/dimedone 3a—b (10 mmol) were thoroughly mixed in ethanolic NaOH (5
mmol, 10 mL) and charged into a round bottom flask. Then the reaction mixture was refluxed
for 3-3.5 h. Completion of the reaction was monitored by TLC. The solid product 4a—p that
separated was filtered off, washed well with ethanol (10 mL), dried and crystallized from
chloroform to obtain the pure solid sample 4a—p.

Microwave-induced synthesis of compounds 4a—p

Phenoxypyrazole-4-carbaldehyde 1a—h (10 mmol), malononitrile 2 (10 mmol) and 1,3-
-cyclohexanedione/dimedone 3a—b (10 mmol) were thoroughly mixed in ethanolic NaOH (5
mmol, 10 mL) and irradiated in microwave oven at 350 W (50 % of the maximum output
power) for 140—170 s. After completion of the reaction (checked by TLC), the solution was
cooled to room temperature, the separated solid was filtered, washed well with ethanol (10
mL), dried and crystallized from chloroform to obtain the pure solid samples 4a—p.

CONCLUSIONS

A series of some new 4H-chromene derivatives 4a—p bearing the phenolxy-
pyrazole nuclei were synthesized through a facile one-pot multicomponent re-
action under microwave irradiation. This synthetic strategy allowed the construc-
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tion of a relatively complicated nitrogen- and oxygen-containing heterocyclic
system, as well as the introduction of various aromatic and heteroaromatic sub-
stituents at the 4-position of pyrane. From the studied compounds, it was noticed
that the most effective antibacterial members had a methyl group on the N-phenyl
ring of the pyrazole moiety as well as a gem dimethyl group on the benzopyrane
ring with either Cl or methyl substituent on the O-phenyl ring of the pyrazole
moiety. The antifungal activity of the compounds shows that most of the com-
pounds were more potent against C. albicans than against A. fumigatus. It is
worth mentioning that minor changes in the molecular configuration of these
compounds profoundly influenced the activity. The present study throws light on
the identification of this new structural class as antimicrobials, which could be of
interest for further detailed preclinical investigations.

SUPPLEMENTARY MATERIAL

Analytical, physical and spectroscopic data of the synthesized compounds are available
electronically from http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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H3BOI

CHUHTE3A HOBUX JEPUBATA ®EHOKCHITMPASHHUII-4H-XPOMEHA T10[]
YCJIIOBUMA 3PAYEILA MUKPOTAJTIACUMA U OJPEHFHUBAIGE (hbUXOBE
AHTUMHUKPOBHE AKTUBHOCTHU

CHETAN B. SANGANI, NIMESH M. SHAH, MANISH P. PATEL u RANJAN G. PATEL
Department of Chemistry, Sardar Patel University, Vallabh Vidyanagar-388120, Gujarat, India

HoBa cepuja nepuata 4H-xpomeHa 4a—p Kkoju cazpxke 5-HEHOKCHIIHPA30Jl CHHTETH-
CaHH Cy 10j] yC/IOBMMa 03payMBamba MUKpOTalacuma, peakujomM 5-(peHoKCUNHpason-4-kapo-
anpexuga 1a—h, manoHoHuTpuna 2 W jenumwema (1,3-IUKIOXeKCAaHAWOH, TUMenoH) 3a-b y
npucyctsy NaOH wnu Oa3Hux katanusatopa. CBUM jeovmemHMa HCIUTaHA je aKTHBHOCT
mpemMa 3 BpCTe rpaM-TIO3UTHBHUX OaktepHja (Streptococcus pneumoniae, Clostridium tetani
Bacillus subtilis), 3 Bpcte rpam-HeraTuBHUX (Salmonella typhi, Vibrio cholerae u Escherichia
coli) u mBe BpcTe mbMBaA (Aspergillus fumigatus w Candida albicans) xopucrehu mocrtymke
ompehrnBara MUK (MHHHManHa UHXUOUTOpPHA KOHLIEHTpalWja pa3dbnaxkewmem). TOKOM HCIU-
THBa®ka aHTUMHUKPOOHE aKTUBHOCTH YTBPHEHO je a Cy jenumema akTUBHa npema C. tetani u B.
subtilis, xao u npema C. albicans y nopehemwy ca BpeAHOCTMA CTaHAAPLHUX JIEKOBA.

(ITpumsbeHo 2. jaHyapa, peBUaupaHo 27. mapta 2012)

REFERENCES
1. N. Woodford, Expert Opin. Investig. Drugs 12 (2003) 117



10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF 4H-CHROMENE 1 1 73

a) B. S. Kuarm, Y. T. Reddy, J. V. Madhav, P. A. Crooks, B. Rajitha, Bioorg. Med.
Chem. Lett. 21 (2011) 524; b) U. S. Rai, A. M. Isloor, P. Shetty, A. M. Vijesh, N. Prabhu,
S. Isloor, M. Thiageeswaran, H. K. Fun, Eur. J. Med. Chem. 45 (2010) 2695

a) D. Bhavsar, J. Trivedi, S. Parekh, M. Savant, S. Thakrar, A. Bavishi, A. Radadiya, H.
Vala, J. Lunagariya, M. Parmar, L. Paresh, R. Loddo, A. Shah, Bioorg. Med. Chem. Lett.
21 (2011) 3443; b) J. H. Park, S. U. Lee, S. H. Kim, S. Y. Shin, J. Y. Lee, C. G. Shin, K.
H. Yoo, Y. S. Lee, Arch. Pharm. Res. 31 (2008) 1

N. R. Kamdar, D. D. Haveliwala, P. T. Mistry, S. K. Patel, Med. Chem. Res. 20 (2012)
854

0. M. Singh, N. S. Devi, D. S. Thokchom, G. J. Sharma, Eur. J. Med. Chem. 45 (2010)
2250

B. C. Raju, R. N. Rao, P. Suman, P. Yogeeswari, D. Sriram, T. B. Shaik, S. V. Kalivendi,
Bioorg. Med. Chem. Lett. 21 (2011) 2855

W. Huang, Y. Ding, Y. Miao, M. Liu, Y. Li, G. Yang, Eur. J. Med. Chem. 44 (2009)
3687

a) T. Raj, R. K. Bhatia, A. Kapur, M. Sharma, A. K. Saxena, M. P. S. Ishar, Eur. J. Med.
Chem. 45 (2010) 790; b) N. M. Sabry, H. M. Mohamed, E. Shawky, A. E. H. Khattab, S.
S. Motlaqg, A. M. El-Agrody, Eur. J. Med. Chem. 46 (2011) 765

. K. V. Sashidhara, J. N. Rosaiah, G. Bhatia, J. K. Saxena, Eur. J. Med. Chem. 43 (2008)

2592

Z. Nazarian, S. Emami, S. Heydari, S. K. Ardestani, M. Nakhjiri, F. Poorrajab, A.
Shafiee, A. Foroumadi, Eur. J. Med. Chem. 45 (2010) 1424

P. Gebhardt, K. Dornberger, F. A. Gollmick, U. Grafe, A. Hartl, H. Gorls, B. Schlegela,
C. Hertwecka, Bioorg. Med. Chem. Lett. 17 (2007) 2558

F. Chimenti, B. Bizzarri, A. Bolasco, D. Secci, P. Chimenti, S. Carradori, A. Granese, D.
Rivanera, D. Lilli, A. Zicari, M. M. Scaltrito, F. Sisto, Bioorg. Med. Chem. Lett. 17
(2007) 3065

J. Cheng, A. Ishikawa, Y. Ono, T. Arrhenius, A. Nadzan, Bioorg. Med. Chem. Lett. 13
(2003) 3647

a) I. Damljanovic, M. Colovic, M. Vukicevic, D. Manojlovic, N. Radulovic, K. Wurst, G.
Laus, Z. Ratkovic, M. D. Joksovic, R. D. Vukicevic, J. Organomet. Chem. 694 (2009)
1575; b) 1. Damljanovic, M. Vukicevic, N. Radulovic, R. Palic, E. Ellmerer, Z. Ratkovic,
M. D. Joksovic, R. D. Vukicevic, Bioorg. Med. Chem. Lett. 19 (2009) 1093; c) O.
Prakash, R. Kumar, V. Parkash, Eur. J. Med. Chem. 43 (2008) 435; d) O. Prakash, R.
Kumar, R. Sehrawat, Eur. J. Med. Chem. 44 (2009) 1763

A. A Bekhit, H. M. A. Ashour, Y. S. A. Ghany, A. E. A. Bekhit, A. M. Baraka, Fur. J.
Med. Chem. 43 (2008) 456

A. R. Trivedi, V. R. Bhuva, B. H. Dholariya, D. K. Dodiya, V. B. Kataria, V. H. Shah,
Bioorg. Med. Chem. Lett. 20 (2010) 6100

M. D. Joksovic, V. Markovic, Z. D. Juranic, T. Stanojkovic, L. S. Jovanovic, I. S.
Damljanovic, K. Meszaros Szecsenyi, N. Todorovic, S. Trifunovic, R. D. Vukicevic, J.
Organomet. Chem. 694 (2009) 3935

A. H. Abadi, A. A. H. Eissa, G. S. Hassan, Chem. Pharm. Bull. 51 (2003) 838

P. Rathelot, N. Azas, H. El-Kashef, F. Delmas, C. D. Giorgio, P. Timon-David, J.
Maldonado, P. Vanelle, Eur. J. Med. Chem. 37 (2002) 671



1174 SANGANI ef al.

20.

21.

22.

23.
24.

25.

26.
27.

28.

a) A. I. Hashem, A. S. A. Youssef, K. A. Kandeel, W. S. I. Abou-Elmagd, Eur. J. Med.
Chem. 42 (2007) 934; b) A. Farghaly, H. El-Kashef, ARKIVOC (2006) 76; c) A.
Farghaly, E. De Clercq, H. El-Kashef, ARKIVOC (2006) 137

S. C. Shetty, V. C. Bhagat, Asian J. Chem. 20 (2008) 5037

L. Boulard, S. BouzBouz, J. Cossy, X. Franck, B. Figadere, Tetrahedron Lett. 45 (2004)
6603.

M. A. Pasha, V. P. Jayshankara, Indian J. Chem., Sect. B 46 (2007) 1328

a) C. B. Sangani, D. C. Mungra, M. P. Patel, R. G. Patel, Cent. Eur. J. Chem. 9 (2011)
635; b) C. B. Sangani, D. C. Mungra, M. P. Patel, R. G. Patel, Chin. Chem. Lett. 23
(2012) 57; ¢) N. M. Shah, M. P. Patel, R. G. Patel, J. Heterocycl. Chem. 49 (2012) 913; d)
N. M. Shah, M. P. Patel, R. G. Patel, J. Chem. Sci., accepted; ¢) D. C. Mungra, M. P.
Patel, D. P. Rajani, R. G. Patel, Eur. J. Med. Chem. 46 (2011) 4192; () J. A. Makawana,
M. P. Patel, R. G. Patel, Med. Chem. Res. (2011), doi: 10.1007/s00044-010-9568-6; f) N.
J. Thumar, M. P. Patel, Arch. Pharm. 344 (2011) 91; g) N. K. Shah, N. M. Shah, M. P.
Patel, R. G. Patel, J. Serb. Chem. Soc. 77 (2012) 279; h) H. G. Kathrotiya, M. P. Patel, R.
G. Patel, J. Serb. Chem. Soc. 77 (2012) 983

NCCLS (National Committee for Clinical Laboratory Standards), 2002. Performance
standards for antimicrobial susceptibility testing, Twelfth informational supplement.
ISBN 1-56238-454-6, M100-S12 (M7)

R. A. Pawar, A. A. Patil, Indian J. Chem., Sect. B 33 (1994) 156

a) L. Fotouhi, M. M. Heravi, A. Fatehi, K. Bakhtiari, Tetrahedron Lett. 48 (2007) 5379;
b) S. Makarem, A. A. Mohammadi, A. R. Fakhari, Tetrahedron Lett. 49 (2008) 7194; c)
M. N. Jachak, D. B. Kendre, A. B. Avhale, R. B. Toche, V. J. Medhane, Org. Prep.
Proced. Int. 38 (2006) 313; d) A. Shaabani, R. Ghadari, S. Ghasemi, M. Pedarpour, A.
Rezayan, A. Sarvary, S. Weng Ng, J. Comb. Chem. 11 (2009) 956

J. A. Makawana, M. P. Patel, R. G. Patel, Bioorg. Med. Chem. Lett. 21 (2011) 6166.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


