Molecules 2011, 16, 5194-5206; doi:10.3390/molecules 16065194

molecules

ISSN 1420-3049
www.mdpi.com/journal/molecules

Article

Microwave-Assisted Solution-Phase Synthesis and DART-Mass
Spectrometric Monitoring of a Combinatorial Library of
Indolin-2,3-dione Schiff Bases with Potential Antimycobacterial Activity

Tarek Aboul-Fadl *, Hatem A. Abdel-Aziz, Adnan Kadi, Pervez Ahmad, Tilal Elsaman,
Mohamed W. Attwa and Ibrahim A. Darwish

Department of Pharmaceutical Chemistry, College of Pharmacy, King Saud University,
P.O. Box 2457, Riyadh 11451, Saudi Arabia

* Author to whom correspondence should be addressed; E-Mail: fadl@ksu.edu.sa;
Tel.: +966-1-467-7341; Fax: +966-1-467-6220.

Received: 9 May 2011; in revised form: 12 June 2011 / Accepted: 21 June 2011 /
Published: 22 June 2011

Abstract: A combinatorial library composed of eleven hydrazides A-K and eleven
indolin-1,2-dione derivatives 1-11 has been designed to formally generate sublibraries of
22 mixtures, My-My; comprising of 121 Schiff bases, A-K(1-11). The designed library has
been synthesized by the solution-phase method and microwave-assisted synthetic
techniques. The formation of individual compounds of each mixture was confirmed by
Direct Analysis in Real Time (DART) as ionization technique connected to an Ion Trap as
a mass detector. The synthesized mixtures were evaluated for their antimycobacterial
activity against four Mycobacterium strains; M. intercellulari, M. xenopi, M. cheleneoi
and M. smegmatis. Variable antimycobacterial activity was revealed with the investigated
mixtures and maximum activity was shown by Mg, My9, My1, and Mys with MIC values of
1.5, 3.1, 6.2 and 0.09 pg/mL, respectively. Application of the indexed method of analysis
on these active mixtures revealed that compounds Dg, D19 and Dy; may contribute to the
activity of the tested mixtures.
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1. Introduction

Tuberculosis (TB) is again becoming a serious problem worldwide, and is responsible for at least
three million deaths annually, as a life is lost to TB every 15 seconds [1,2]. Factors involved in the
resurgence of TB [3] include the AIDS epidemic, which emerged in the mid-1980s, and the rapid
spread of the multidrug-resistant (MDR) TB strain which is unaffected by the major anti-tuberculosis
drugs currently on the market [4]. Particularly worrisome is the super bacterium XDR-TB (extensively
drug-resistant tuberculosis), which is resistant to all first and second line anti-TB drugs [5]. Thus there
is an urgency to develop new drugs and strategies to fight against tuberculosis or a tragedy may occur.

Due to their synthetic and biological versatility, hydrazones are attractive target compounds for
new drug development. In literature, many pharmacological properties involving antitubercular
activity have been associated with hydrazones [6-11]. Furthermore, there are significant reasons for
investigating Schiff base derivatives of indolin-2,3-dione (isatin); one of these reasons is the recent
reports of their remarkable anti-TB activity [12-15]. Other reasons that can be mentioned are their
significant lipophilicities, which could facilitate their entry into the intracellular environment and the
carbohydrate nature of the cell wall of Mycobacterium tuberculosis [16].

Technological advances have provided a driving force for the rapid evolution of the drug discovery
process [17]. Combinatorial chemistry has been one of the most rapidly developing fields in the
pharmaceutical industry in recent years. It is now an essential tool, both in the discovery and the
development of new drugs. The advent of this chemistry techniques, have altered the face of medicinal
chemistry forever and a very substantial literatures has been developed in a short time. Thus, the
generation and use of combinatorial chemical libraries for the identification of novel chemical leads or
for the optimization of a promising lead candidate has emerged as a potentially powerful method for
the acceleration of the drug discovery process [18,19]. However, there are a few reports on solution
phase combinatorial synthesis and combinatorial antibacterial screening, despite the simplicity, time
and material saving factors involved in the process [20-22]. Additionally, microwave synthesis
represents a major breakthrough in synthetic chemistry methodology, dramatic changes in the way
chemical synthesis is preformed and in the way it is perceived in the scientific community. Over the
last few years, there has been growing interest in the synthesis of organic compounds under green
chemistry such as microwave irradiation because of increasing environmental consciousness. The
feasibility of microwave assisted synthesis has been demonstrated in various transformations. The
features of these transformations are: enhanced reaction rate, greater selectivity and experimental ease
of manipulation leading to an efficient, environmental friendly beside cost effective synthesis pathway
of several compounds [23-26]. Moreover, the use of microwave irradiation in this regard is now a
well-established procedure in MORE (microwave induced organic reaction enhancement) chemistry [27].
Additionally, direct analysis in real time (DART) is a novel ionization technique that provides for the
rapid ionization of small molecules under ambient conditions. DART is based on the reactions of
electronic or vibronic excited-state species with reagent molecules and polar or non-polar analytes.
Although DART has been applied to the analysis of gases, liquids, and solids, a unique application is
the direct detection of chemicals on surfaces without requiring sample preparation, such as wiping or
solvent extraction. DART has demonstrated success in sampling hundreds of chemicals, including
chemical agents and their signatures, pharmaceutics, metabolites, peptides and oligosaccharides,
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synthetic organics, organometallics, drugs abuse, explosives, and toxic industrial chemicals. These
species were detected on various surfaces, such as concrete, asphalt, human skin, currency, airline
boarding passes, business cards, fruits, vegetables, spices, beverages, body fluids, horticultural leaves,
cocktail glasses, and clothing. DART employs no radioactive components and is more versatile than
devices using radioisotope-based ionization. Because its response is instantaneous, DART provides
real-time information, a critical requirement for screening or high throughput. It can be used as a
means to quickly monitor synthetic organic reactions and to obtain nearly instantaneous molecular
weight confirmations of final products in drug discovery [28,29].

Accordingly, as a contribution to the anti-TB drug development using combinatorial chemistry and
microwave assisted synthesis technologies utilizing the advantages of DART technology for mixtures
components monitoring, the current work describes design, solution- phase combinatorial synthesis of
a mixture-based Schiff base library. The combinatorial screening will lead to expeditious identification
of structures which could be novel leads for antimycobacterial activity optimization [30].

2. Results and Discussion
2.1. Chemistry

Combinatorial libraries have been rapidly accessed using a variety of methodologies and techniques
that have been developed for use in solid-phase, as well as solution-phase synthesis. Although solid-
phase has been at forefront of combinatorial chemistry, parallel solution-phase synthesis is an
interesting alternative approach. The advantages that characterize solution-phase synthesis include
validation time, facility of manipulations and the diversity of reactions that can be performed [31]. A
solution-phase library approach is an attractive choice if reactions provided high yield production and
removable byproducts [32]. The current mixture-based combinatorial library was designed in accordance
with literatures survey for antimycobacterial activity of Schiff bases of isatin derivatives [12,15]. A
two-component coupling reaction for library synthesis was selected. This is the simplest reaction type
upon which combinatorial libraries have been based and it has been applied widely [33]. Hydrazone
formation was also used as the base of library synthesis as it generates only water as a by-product. The
current library is composed of eleven isatins 1-11 and eleven hydrazides A-K to generate 121
hydrazones as shown in the matrix displayed in Table 1.

Cells in the library displayed by the 11 x 11 matrix serve as visual aids in determining contents of
each mixture and in deconvoluting them. The first column and row represents the starting materials,
and the rest represents the synthesized compounds. The matrix describes also 22 mixtures produced
while the last column and row represent mixtures M;-Mj; and My;-M»,, respectively.

As depicted in Scheme 1, each of the mixtures M;-Mjy; of set 1 was prepared by reacting each of
isatins 1-11, in an ethanolic solution containing a catalytic amount of glacial acetic acid, with the 11
hydrazides A-K in equimolar amounts under microwave irradiation (200 W, 110 °C) for 10 min. Each
mixture M;-Mj; thus produced consists of eleven Schiff bases, 1(A-K), 2(A-K), 3(A-K), 4(A-K),
5(A-K), 6(A-K), 7(A-K), 8(A-K), 9(A-K), 10(A-K) and 11(A-K). It is worthy to mention that each
mixture M;-Mj; has the reaction products of the fixed isatin 1-11 and all 11 hydrazides A-K. In the
same way, the second set of the sub-library M;,-M,, was prepared, however, under the same previous
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conditions for mixtures M;-Mj; by reacting each of hydrazides A-K, with the all 11 isatins 1-11 in
equimolar amounts. Each M;,-M,, mixture produced consists of eleven Schiff bases, A(1-11),
B(1-11), C(1-11), D(1-11), E(1-11), F(1-11), G(1-11), H(1-11), I(1-11), J(1-11) and K(1-11).
Combining information coming from the biological screening of the mixtures by orthogonal
intersection of the two sets of sub-library, the best individual compound can be identified.

Scheme 1. Synthesis of the sub-library sets 1 and 2.

Set 1: MI-MII Yi
X=K X=K
> X-CONHNH, + 11Y;=0 — 2 X-CONHN i=1-11
X=A A
Set 2: MIZ'MZZ Y
Y=11 Y=11 //
11X;-CONHNH, + X Y=0 —> 12 X;-CONHN -,
y=1 =
v
R
X = Hetrocyclic or Alicyclic moities v — 0]
given in Table 1. N
Rq

R= H, CH}, Cl, F, NOz, OCF3

R, =H, Ph, Bz

Assignments of the structures of the synthesized combinatorial library were done on basis of the
data obtained by IR and DART mass spectrometric techniques. The expected carbonyl group
absorption bands were observed at 1650—1690 cm . The various substituent groups on the isatins and
hydrazides used for the synthesis of the respective sub-libraries exhibited bands at 745-755 (C-Cl),
1050-1055 (C-0O), 1610-1620 (NO,), 2800-2900 (CH, aliphatic), 3000-3050 (CH, aliphatic) and
3200-3350 (NH) cm .

The synthesized combinatorial mixtures were also studied for molecular ion peaks for compounds
employing DART as ionization technique connected to an Ion Trap as a mass detector. The DART
spectroscopic method is fast, simple, and can detect trace chemicals in complex matrices, using
minimal or no sample preparation. The samples usually states their original chemical/physical/
biological without external interference before ionization. Recently, the DART technique has been
used for chemical profiling of the different landraces of Piper betle leaves [34], quality and authenticity
assessment of olive oil [35], the detection of breast cancer [36], screening for pesticides [37], serum
metabolomic fingerprinting [38], identification of multiple mycotoxins in cereals [39], etc. To the
best of our knowledge, DART has not been used to scan organic small molecules in combinatorial
mixtures yet.
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Table 1. Building blocks and the designed Schiff bases combinatorial library.
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Figure 1. DART-MS of M.
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The DART-Mass spectrometric technique was used to establish that the expected compounds were
indeed produced and present in the synthesized sub-library. The molecular ion peaks obtained from
these measurements are a set of data directly correlated to the diversity of a given molecular library.
Since fragmentation was not a factor, we were able to compare the molecular ion peaks in the mass
spectra with the molecular weights expected for each sub-library, and come to a conclusion regarding
which compounds had been formed and which had not. The spectra of the tested mixtures M;-Mp;
showed molecular ion peaks corresponding to the individual compounds of each mixture. This
provides strong evidence that all components might be present in sufficient amounts. Representative
spectra of the DART-MS analysis of M7 and M4 are given in Figures 1 and 2.

2.2. Antimycobacterial Activity

The 22 mixtures, M;-Mj,, of the synthesized library were tested for their antimycobacterial activity
against four Mycobacterium strains: M. intercellulari, M.xenopi, M. cheleneoi and M. smegmatis
according to the protocol mentioned in the Experimental section. Control experiments were done using
a growth medium free of the investigated compounds and results are shown in Table 2.

Variable antimycobacterial activity was revealed with the investigated mixtures and maximum
activity was shown by Mg, Mjy, My, and M;s, with MIC values of 1.5, 3.1, 6.2 and 0.09 pg/mL
respectively. Surprisingly, other mixtures did not show activity on the tested strains up to
concentration of 100 pg/mL.

The indexed method of analysis of the prepared library was applied to elucidate the active
components in mixtures. Intersection of the active rows Mg, Mj9 and My, and column M;js in Table 2
allowed the location of the active compound in these mixtures. Accordingly, compounds Dg, D19 and
D;1 may contribute to the activity of the tested mixtures (Table 2). In order to confirm the reliability of
the predictions from the crossing procedure, the synthesis of the individual compounds and their
investigation against Mycobacterium strains are currently in progress. It is as yet too early to predict
the contribution of the various building blocks to the biological activity. However, the resulting
activity deduced from the orthogonal method revealed the main contribution of the 5-nitrofuran,
1-benzylisatin and 1-benzyl-5-substitued isatin building blocks on the antimycobacterial activities.
This observation is consistent with previously reported data [12,13,15].

3. Experimental

3.1. General

Building blocks A-F, and 1-7 of the designed library were obtained commercially, however, the
other building blocks of the library were synthesized according to the reported literatures [12,14,40,41].
All other chemicals used were of commercially available reagent grade and were used without further
purification. Microwave irradiations were carried out using an Explorer-48 microwave reactor (CEM,
USA). Infrared (IR) Spectra were recorded as KBr disks using a Perkin Elmer FT-IR Spectrum BX
apparatus at the research center, College of Pharmacy, King Saud University, Saudi Arabia.
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Table 2. Antimycobacterial evaluation results of the synthesized combinatorial mixtures M;-M,, and schematic representation of an

orthogonal deconvolution for prediction of the active compounds.

A B C D E F G H I J K setl MIc
pg/mL
1 M, >100
2 M, >100
3 M, >100
4 M, >100
5 M; >100
6 Mg >100
7 M, >100
8 D; ¢ My 1.5
9 M, >100
10 D, My 3.1
11 D, ¢ M, 6.2
Set 2 M, M3 My M;;s M My, Mg Mo My My, My,
MIC
_— >100 >100 >100 0.09 >100 >100 >100 >100 >100 >100 >100

“MIC of the reference drug INH is 12.5 pg/mL under the same experimental conditions.
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DART- Mass spectrometric spectra were taken at the Department of Pharmaceutical Chemistry,
College of Pharmacy, King Saud University, Saudi Arabia on an a ion trap LC/MS mass spectrometer
from Agilent Technologies equipped with an IonSense (Saugus, MA, USA) DART source
Antimycobacterial screening was carried out at the Research Center, College of Pharmacy, King Saud
University, Saudi Arabia.

3.2. Preparation of Combinatorial Mixtures
3.2.1. Synthesis of Schiff base mixtures M;-My; (set. 1)

To a mixture of ethanolic solution (25 mL) of the individual isatins 1-11 (11 mmol) and the mixed
hydrazides A-K (1 mmol for each) in a closed microwave reactor vessel, glacial acetic acid (1 mL)
was added and the reaction mixtures were irradiated under microwave irradiation at 110 °C for
10 minutes at 200 W. The reaction mixture was cooled, the separated solid was filtered, washed with
cold ethanol, and dried without further purification to afford mixtures M;-My;.

3.2.2. Synthesis of Schiff base mixtures My;-M3; (set. 2)

To a mixture of ethanolic solution (25 mL) of the individual hydrazides A-K (11 mmol) and the
mixed isatins 1-11 (1 mmol for each) in microwave reactor closed vessel, glacial acetic acid (1 mL)
was added and the reaction mixtures were irradiated under microwave irradiation at 110 °C for
10 minutes at 200 W. The reaction mixture was cooled, the separated solid was filtered, washed with
cold ethanol, and dried without further purification to afford mixtures My2-Mj;.

3.3. DART-Spectrometric Analysis

The DART source used helium gas at a flow rate of 4 L/min. The gas heater and capillary voltage of
the DART source were set to 350 °C, 4000 respectively. The distance between the outlet of the DART
gas and the inlet of the orifice of lon trap LC/MS was 1 cm. Sample introduction was accomplished by
slowly moving the closed end of a melting point capillary, which was dipped into a powdered analytes
so that the sample was carried across the helium gas stream between the DART source and the orifice
of the Ton trap LC/MS. The spectra recording interval was 0.5 s. Each spectrum shown in the figures
represents the corresponding spectrum at the maximum of a total ion current (TIC) chromatogram.

3.4. Evaluation of Antimycobacterial Activity of the Synthesized Library

The tested Mycobacterium strains are M. intercellulari (ATCC 35743), M.xenopi (ATCC 14470),
M. cheleneoi (ATCC 35751) and M. smegmatis (ATCC 35797) using Rist and Grosset proportion
method (agar dilution method) [39].

The mixtures M;-Mj; and INH were solubilized in DMSO at a concentration of 1 mg/mL. An
appropriate aliquot of each solution was diluted with 10% molten agar to give concentrations of
100 pg/mL. The agar and the compound solution were mixed thoroughly and the mixture was poured
into Petri-dishes on a level surface to result in an agar depth of 3 to 4 mm and allowed to harden. The
incula were prepared by growing overnight culture in Muller-Hinton broth. The cultures were diluted
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1:100. Tested organisms were streaked in a radial pattern and plates were incubated at 35 °C for 48 hr
to check the growth of the tested strains at this single concentration. Active mixtures were further
diluted and tested by the same way to determine the minimum inhibitory concentration (MIC) of these
mixtures. Experiment using the tested strains in a medium free of investigated compounds was also
carried out and the results are given in Table 2.

4. Conclusions

A combinatorial library composed of 22 mixtures, M;-Mj; comprising of 121 Schiff bases,
A-K (1-11) has been synthesized by solution-phase methods and microwave-assisted synthetic
techniques. Formation of individual compounds of each mixture was confirmed by the DART mass
spectrometric technique. The antimycobacterial evaluation results have provided three lead compounds
(Ds, Dyp and Dyq) with 5-nitrofuran, 1-benzylisatin and 1-benzyl-5-substitued isatin building blocks,
however, further exploration of the contribution of the building blocks to obtain potent
antimycobacterial agents are currently in progress.

Acknowledgement

This research project is supported by “NPST program by King Saud University”, Project Number
MED598-02-08.

References

1. World Health Organization. WHO: “Tuberculosis” Fact sheet No. 104, November 2010,
Available online: http://www.who.int/mediacentre/factsheets/fs104/en/index.html (accessed on 4
May 2011).

2. Dye, C.; Williams, B.G. The Population Dynamics and Control of Tuberculosis. Science 2010,
328, 856-861.

3. WHO Progress Report 201 1. Available online: http://www.who.int/tb/en/ (accessed on 4 May 2011).
De Souza, M.V.N. Promising drugs against tuberculosis. Recent Pat. Anti-Infect. Drug Discov.
2006, 1, 33-44.

5. De Souza, M.V.N. Current status and future prospects for new therapies for pulmonary
tuberculosis. Curr. Opin. Pulm. Med. 2006, 12, 167-171.

6. Junior, LN.; Lourengo, M.C.S.; Henriques, M.G.M.O.; Ferreira, B.; Vasconcelos, T.R.A.;
Peralta, M.A.; De Oliveira, P.S.M.; Wardell, SM.S.V.; De Souza, M.V.N. Synthesis and
anti-Mycobacterial activity of N'-[(E)-(Disubstituted-Phenyl)methylidene]isoni-cotino-hydrazide
derivatives. Lett. Drug Des. Dis. 2005, 2, 563-566.

7. Ferreira, M.L.; Vasconcelos, T.R.A.; de Carvalho, E.M.; Lourengo, M.C.S.; Wardell, SM.S.V;
Wardell, J.L.; Ferreira, V.F.; de Souza, M.V.N. Synthesis and antitubercular activity of novel
Schiff bases derived from D-mannitol. Carbohyd. Res. 2009, 344, 2042-2047.

8. Carvalho, S.A.; da Silva, E.F.; de Souza, M.V.N.; Lourenco, M.C.S.; Vicente, F.R. Synthesis and
antimycobacterial evaluation of new trans-cinnamic acid hydrazide derivatives. Bioorg. Med.
Chem. Lett. 2008, 18, 538-541.



Molecules 2011, 16 5204

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

Lourenco, M.C.S.; Ferreira, M.L.; De Souza, M.V.N.; Peralta, M.A.; Vasconcelos, T.R.A.;
Henriques, M.G.M.O. Synthesis and anti-mycobacterial activity of (E)-N'-(monosubstituted-
benzylidene)isonicotinohydrazide derivatives. Eur. J. Med. Chem. 2008, 43, 1344-1347.

Hearn, M.J.; Cynamon, M.H.; Chen, M.F.; Coppins, R.; Davis, J.; Joo-On Kang, H.; Noble, A.;
Tu-Sekine, B.; Terrot, M.S.; Trombino, D.; et al. Preparation and antitubercular activities in vitro
and in vivo of novel Schiff bases of isoniazid. Eur. J. Med. Chem. 2009, 44, 4169-4178.

Lourenco, M.C.; De Souza, M.V.N.; Pinheiro, A.C.; Ferreira, M.L.; Gongalves, R.S.B.;
Nogueira, T.C.M.; Peralta, M.A. Evaluation of anti-tubercular activity of nicotinic and isoniazid
analogues. ARKIVOC 2007, XV, 181-191.

Aboul-Fadl, T.; Bin-Jubair, F.A.S.; Aboul-Wafa, O. Schiff bases of indoline-2,3-dione (isatin)
derivatives and nalidixic acid carbohydrazide, synthesis, antitubercular activity and pharmacophoric
model building. Eur. J. Med. Chem. 2010, 45, 4578-4586.

Abdel-Aal, W.S.; Hassan, H.Y.; Aboul-Fadl, T.; Youssef, A.F. Pharmacophoric model building
for antitubercular activity of the individual Schiff bases of small combinatorial library. Eur. J.
Med. Chem. 2010, 45, 1098-1106.

Aboul-Fadl, T.; Mohammed, F.A.; Hassan, E.A. Synthesis, antitubercular activity and
pharmacokinetic studies of some Schiff bases derived from I-alkylisatin and isonicotinic acid
hydrazide (INH). Arch. Pharm. Res. 2003, 26, 778-784.

Aboul-Fadl, T.; Bin-Jubair, F.A.S. Anti-tubercular activity of isatin derivatives. Int. J. Res.
Pharm. Sci. 2010, 1,113-126.

Pathak, R.; Pant, C.S.; Shaw, A.K.; Bhaduri, A.P.; Gaikwad, A.N.; Sinha, S.; Srivastava, A.;
Srivastava, K.K.; Chaturvedi, V.; Srivastavac, R.; Srivastava, B.S. Baylis—Hillman reaction:
Convenient ascending syntheses and biological evaluation of acyclic deoxy monosaccharides as
potential antimycobacterial agents. Bioorg. Med. Chem. 2002, 10, 3187-3196.

Drews, J. Drug discovery: A historical perspective. Science 2000, 287, 1960-1964.

Baudry, J.; Hergenrother, P.J. Structure-based design and in silico virtual screening of
combinatorial libraries. A combined chemical computational project. J. Chem. Educ. 2005, 82,
890-894.

Dolle, R.E.; Le Bourdonnec, B.; Goodman, A.J.; Morales, G.A.; Salvino, J.M.; Zhang, W.
Comprehensive survey of combinatorial libraries for drug discovery and chemical biology.
J. Comb. Chem. 2007, 9, 855-902.

Cheng, S.; Comer, D.D.; Williams, J.P.; Myers, P.L.; Boger, D. Novel solution phase strategy for
the synthesis of chemical libraries containing small organic molecules. J. Am. Chem. Soc. 1996,
118,2567-2573.

Bhatia, N.M.; Mahadik, K. Solution phase combinatorial synthesis and screening of mini libraries
of arylchalcones for antibacterial activity. Sci. Pharm. 2008, 76, 259-267.

Abdel-Aal, W.S.; Hassan, H.Y.; Aboul-Fadl, T.; Youssef, A.F. Solution-phase synthesis of small
Schiff bases combinatorial library with potential antitubercular activity. Der Pharma Chemica
2009, 7, 1-13.

Kappe, C.O.; Dallinger, D. The impact of microwave synthesis on drug discovery. Nat. Rev.
Drug. Discov. 2006, 5, 51-63.



Molecules 2011, 16 5205

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kappe, C.O.; Dallinger, D. Controlled microwave heating in modern organic synthesis: Highlights
from the 2004-2008 literature. Mol. Divers. 2009, 13, 71-193.

Kappe, C.O. Microwave dielectric heating in synthetic organic chemistry. Chem. Soc. Rev. 2008,
37,1127-1139.

Moseley, J.D.; Kappe, C.O.A. Critical assessment of the greenness and energy efficiency of
microwave-assisted organic synthesis. Green Chem. 2011, 13, 794-806.

Bose, A.K.; Manhas, M.S.; Banik, B.K.; Robb, E.W. Microwave-induced organic reaction
enhancement (more) chemistry: Techniques for rapid, safe and inexpensive synthesis. Res. Chem.
Intermed. 1994, 20, 1-11.

Cody, R.B.; Laramée, J.A.; Durst, H.D. Versatile new ion source for the analysis of materials in
open air under ambient conditions. Anal. Chem. 2005, 77, 2297-2302.

Petucci, C.; Diffendal, J.; Kaufman, D.; Mekonnen, B.; Terefenko, G.; Musselman, B. Direct
analysis in real time for reaction monitoring in drug discovery. Anal. Chem. 2007, 79, 5064-5070.
Kappe, C.O. High-speed combinatorial synthetics utilizing microwave irradiation. Curr. Opin.
Chem. Biol. 2002, 6, 314-320.

Loughlin, W.A.; Marshall, R.L.; Carriro, A.; Elson, K.E. Solution-Phase Combinatorial Synthesis
and Evaluation of Piperazine-2,5-dione Derivatives. Bioorg. Med. Chem. Lett. 2000, 10, 91-94.
Chang, J.; Zhao, K.; Pan, S. Synthesis of 2-arylbenzoxazoles via DDQ promoted oxidative
cyclization of phenolic Schiff bases a solution-phase strategy for library synthesis Tetrahydron
Lett. 2002, 43, 951-954.

Wolkenberg, S.E.; Su, A.I. Combinatorial synthesis and discovery of an antibiotic compound.
J. Chem. Educ. 2001, 78, 784-785.

Bajpai, V.; Sharma, D.; Kumar, B.; Madhusudanan, K.P. Profiling of Piper betle Linn. cultivars
by direct analysis in real time mass spectrometric technique Biomed. Chromatogr. 2010, 24,
1283-1286.

Vaclavik, L.; Cajka, T.; Hrbek, V.; Hajslova, J. Ambient mass spectrometry employing direct
analysis in real time (DART) ion source for olive oil quality and authenticity assessment. Anal.
Chim. Acta 2009, 645, 56-63.

Gu, H.; Pan, Z.; Xi, B.; Asiago, V.; Musselman, B.; Raftery, D. Principal component directed
partial least squares analysis for combining nuclear magnetic resonance and mass spectrometry
data in metabolomics: Application to the detection of breast cancer. Anal. Chim. Acta 2011, 686,
57-63.

Edison, S.E.; Lin, L.A.; Gamble, B.M.; Wong, J.; Zhang, K. Surface swabbing technique for the
rapid screening for pesticides using ambient pressure desorption ionization with high-resolution
mass spectrometry. Rapid Comm. Mass Spec. 2011, 25, 127-139.

Zhou, M.; McDonald, J.F.; Fernandez, F.M. Optimization of a direct analysis in real time/time-of-
flight mass spectrometry method for rapid serum metabolomic fingerprinting. J. Am. Soc. Mass
Spec. 2010, 21, 68-75.

Vaclavik, L.; Zachariasova, M.; Hrbek, V.; Hajslova, J. Analysis of multiple mycotoxins in
cereals under ambient conditions using direct analysis in real time (DART) ionization coupled to
high resolution mass spectrometry. Talanta 2010, 82, 1950-1957.



Molecules 2011, 16 5206

40. Aboul-Fadl, T.; Abdel-aziz, H.A.; Kadi, A.; Bari, A.; Ahmad, A.; Al-samani, T.; Weng Ng, S.
Microwave-assisted, one-step synthesis of fenamic acid hydrazides from the corresponding acids.
Molecules 2011, 16, 3544-3551.

41. El-Emam, A.A.; Moustafa, M.A.; Abdelal, A.M.; El-Ashmawy, M.B. Triazoles and Fused
Triazoles IV: Synthesis of 3-(1-adamantyl)-6-substituted-s-triazolo[3,4-b][1,3,4]thiadiazoles and
3-(1-adamantyl)-6-aryl-7H-s-triazolo[3,4-b][ 1,3,4]thia-diazines as potential chemotherapeutic
agents. Chin. Pharm. J. 1993, 45, 101-107.

42. Canetti, G.; Rist, N.; Grosset, J. Measurement of sensitivity of the tuberculous bacillus to
antibacillary drugs by the method of proportions. Methodology, resistance criteria, results and
interpretation. Rev. Tuberc. Pneumol. (Paris) 1963, 27, 217-72.

Sample Availability: Samples of the compounds are available from Prof. Tarek Aboul-Fadl,
Department of Pharmaceutical Chemistry, College of Pharmacy, King Saud University, P.O. Box
2457, Riyadh 11451, Saudi Arabia.

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



