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ABSTRACT

The purpose of study was to synthesize the foclilsedy of new malononitrile derivative of substiéd N-

phenylpyrrolidine-2, 5-dione as potential new hghaintifungal molecules. These hybrid molecules \wgn¢hesized
in a coupling reaction of substituted N-phenylpjidime-2, 5-dione with dicyanomethane using solvéee

ecofriendly microwave assisted method. The 2, Baediavere prepared by the reaction of succinic aritlgdwith

substituted aryl amines in presence of benzeneaatyl chloride. All the synthesized molecules vpemsisted and
vetted for antimicrobial activities. Most of the leules showed potential antifungal activity agai@andida

albicans and Aspergillusniger.
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INTRODUCTION

Malononitrile plays a very important role in thevdpment of heterocyclic synthesis. The malondaitfl]
derivatives were synthesized by Knoevenagel coradiemsreaction by using active methylene groupé different
substituted ketone, aldehydes [2], hetero-aronatiehydes or ketones and indole derivatives. Theserepared
by several methods for instance of aqueous mediadBemo-selective heterogeneous catalyst by sblirer
method [4], eco-friendly single pot aqueous syrithdS], catalytic agent of potassium hydroxide adisim
hydroxide [6], zinc oxide promoter [7] and silicapported ammonium acetate catalyst [8], ionic ligoiedia [9]
and tamarind juice catalyst [10]. The L-proline atgted malononitrile derivatives exhibited the sligant
biological activities [11], riot-control moiety ofhloro-benzylidenemalononitrile [12], antimicrobiedoiety of
chromene [13], aryl alkene malononitrile [14], attbercular inhibitory activity of methoxynicotinitrile analogs
[15] and urease inhibitory activities of pyrano-pyidine dione derivatives [16]. Along with these lowonitrile
derivatives correspondingly possesses a beneéaiproliferative [17],Mollucicidal [18], anti-inlmmatory [19],
anticancer [20], anti-oxidant and antitumor [21}idties so on.Knoevenagel condensation is thedstedhreaction
between carbon-carbon bonds formation occur inicketones, aldehydes by using active methylenemnaatitrile
group in the solvent free or catalytic or orgaratvent synthesis. Due to higher acidity of activetihylene groups
will converts to nitrile derivatives. Certain matmmitrile derivatives for example cyanomethyl gro{g?],
cyanoacetanilides [23], benzopyranones [24], cyarglidenemalononitrile [25], benzopyranes [26],bzanitriles
[27] from glycine [28] are easily synthesized wétttive methylene group by using Knoevenagel coratenms[29]
in conventional, grindstone [30] method, solversislesingle or multicomponent systems and microwapaisted
[31] neat or solvent free eco-friendly methods.
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MATERIALS AND METHODS

Melting points of all the synthesized compoundsenecorded in an open glass capillaries and wesertected. IR
spectra in (KBr pallets) were chronicled on ShimadeTIR-8400S and ATR Brucker alpha FT-IR
spectrophotometerHNMR spectra were recorded on 400 MHz and 500.13zN8ii Brucker spectrophotometer.
The reaction was monitored by TLC which was accishpd by using pre-coated silica gel aluminiumgdawith
the mixture of diethyl ether and ethyl acetate pr@portion or benzene. Commercially purchased sigcci
anhydride, substituted anilines, acetyl chloridenzene, dicyanomethane, neutral alumina@@land ethanol were
used for the preparation.

Preparation of substituted bis-heterocyclic chalcoes:

The N-substituted Phenylpyrrolidine-2, 5-diones Niphenyl succinimides are conventionally synthesbsizey
succinic anhydride and substituted anilines. THésrded succinimides were employed for the prepanadf bis-
chalcone derivatives by microwave synthesis. Theeamental method of conventional to microwave bgats is
schematically represented in figure 1;

Figure 1 Experimental design of conventional to miowave method

General Procedure for the Synthesis of N-phenyl-pyolidine-2, 5-dione or N-Phenyl Succinimides:

To accomplish the work succinic anhydride (0.1 rapleenzene was added and heated under reflux wtstant
stirring for 15 to 20 min till the solution becomesar. Into this solution the primary aromatic aes (0.2 moles) in
5 ml benzene was slowly poured with constant stirfor 15- 20 min till the solution becomes homdged. On the
vaporization of benzene amorphous powder of 3-(BRpH propanoic acid was obtained. Further the unecof 3-
(N-phenyl) propanoic acid and acetyl chloride (@8les) was reflux for 15-20 min by thoroughly evtau of HCI
fumes. The reaction mixture was cooled at room témepsolid product was obtained and recrystallizg@thanol
as shown in thecheme 1

o) NH, NHCOCI—ECHZCOOH
Acetyl
X Benzene Chlonde
O + ‘
_ Reflux Reflux
/\ 90-110°C 90-110 °C
1 0 2a-

4a-j
®,a= -H,b= -4Br,c=-4Cl,d = -4CH;, e = -40CH;,
f=-4F,g = -4NO,, h = -phenyl,i = -3Cl,-4F,j = -2,4,5CI

Scheme -I:Synthesis of N-phenylpyrrolidine-2, 5-dione

Phenylpyrrolidine-2, 5-dione (4a)White Crystals; M. F.: gHgNO,; Yield: 79.91%; M. W.: 175.06; M. P. (°C):
154-156 °C; FTIR: 1708, 1774, 2937, 1291, 1450214nd 1595 cih

276



R. S. Dhivareet al Der Pharma Chemica, 2016, 8 (1):275-281

(4-bromophenyl) pyrrolidine-2, 5-dione (4b)Whitish Brown Crystals; M. F.: gHsBrNO,; Yield: 89.78%; M.
W.: 254.08; M. P. (°C): 174-176 °C; FTIR: 1707, 678998, 1295, 1455, 1488, 1588 and 1070 cm

1-(4-chlorophenyl) pyrrolidine-2, 5-dione (4c)Whitish Crystals; M. F.: gHgCINO,; Yield: 76.60%; M. W.:
209.63; M. P. (°C): 159-161 °C; FTIR: 1711, 177332, 1302, 1495, 1527, 1589 and 1093'cm

1-p-tolylpyrrolidine-2, 5-dione (4d):Cream White Crystals; M. F.:;¢H;;NO,; Yield: 62.73%; M. W.: 189.21; M.
P. (°C): 150-152 °C; FTIR: 1710, 1774, 2995, 12880, 1519 and 1589 ¢m

1-(4-methoxyphenyl) pyrrolidine-2, 5-dione (4elVhitish Crystals; M. F.: GH;:NOs; Yield: 78.91%; M. W.:
205.21; M. P. (°C): 160-162 °C; FTIR: 1708, 1778962, 1302, 1476, 1512, 1606 and 1178'cm

1-(4-fluorophenyl) pyrrolidine-2, 5-dione (4f)\White Crystals; M. F.: GHgFNO,; Yield: 62.90%; M. W.: 193.17;
M. P. (°C): 176-178 °C; FTIR: 1712, 1767, 3000,0,29456, 1513, 1604 and 1178 tnklemental Anal: C, 62.38;
H, 4.09; N, 6.87:H NMR (300 MHz, CDC}, § ppm): 7.16-7.36 (m, 4H, Ar-H), 2.94 (s, 4H, imide)

1-(4-nitrophenyl) pyrrolidine-2, 5-dione (4g)Pale Yellow Solid; M. F.: gHgN,O,4; Yield: 88.86%; M. W.:
220.18; M. P. (°C): 219-221 °C; FTIR: 1617, 167882, 1300, 1501, 1564, 1596 and 1501'cm

1-(naphthalen-4-yl) pyrrolidine-2, 5-dione (4h)Whitish Solid; M. F.: G4H13NO,; Yield: 99.11%; M. W.: 225.24;
M. P. (°C): 148-150 °C; FTIR:1700, 1776, 2939, 121463, 1509and 1595 ¢inElemental Anal: C, 75.04; H,
3.89; N, 6.26'H NMR (300 MHz, CDC}, § ppm): 7.30-8.03 (m, 7H, napthyl), 3.06 (s, 4H,de)i

1-(3-chloro-4-fluorophenyl) pyrrolidine-2, 5-dione (4i): White Solid; M. F.: GH;CIFNGO,; Yield: 79.91%; M.
W.: 227.62; M. P. (°C): 158-160 °C; FTIR: 1698, 672937, 1294, 1490, 1502, 1595, 1070, 1173and t659
Elemental Anal: C, 53.01; H, 3.32; N, 6.2Bt NMR (500.13 MHz, CDGl, 6 ppm): 7.25-7.44 (m, 3H, Ar-H), 2.92
(s, 4H, imide)

1-(2, 4, 5-trichlorophenyl) pyrrolidine-2, 5-dione (4j): White Solid; M. F.: GgHsCIsNO,; Yield: 75.56%; M. W.:
278.52; M. P. (°C): 196-198 °C; FTIR: 1660, 170892, 1356, 1454, 1508, 1570 and 1072'cElemental Anal:
C, 43.04; H, 3.01; N, 5.27H NMR (500.13 MHz, CDG] & ppm): 7.28-7.57 (m, 2H, Ar-H), 2.27 (s, 4H, imide)

General Procedure for the Synthesis of Malononitrié Derivatives from N-Phenyl Succinimides:

To achieve the target molecule malononiffikej) derivatives were synthesized by the mixture of &ale of
afforded N-phenyl succinimidé&a-j) and 10 mmole of dicyanomethane in 2 gm of neutdaD; under the
microwave assisted solvent free conditions on 640Wer for 4-7 minutes. The afforded brownish anffezo
coloured compounds were recovered and recrystdlbgesthanoBcheme — Il

N
NC CN
PO Ly B e

N N
Neutral ALO
v 2 1l b 3: NC CN
640W
C\\\ 4-7 min
| 5 N AN
2 a-j ® 6 a—j ®

®,a= -H,b= -4Br,c=-4Cl,d = -4CH;, e = -40CH,,
f=-4F,g = -4NO,, h = -phenyl,i = -3Cl,-4F,j = -2,4,5CI
Scheme -II: 2-(5-dicyanomethylene-N-phenyl-pyrrolidin-2-ylidene)-madaitrile (6a-j)

2-(5-dicyanomethylene-1-phenyl-pyrrolidin-2-ylideng-malononitrile  (6a):Coffee Coloured Solid;M. F.:
CieHgNs; Yield: 55.55%; M. W.: 271.28; M. P. (°C): 138-190; Elemental Anal:C, 71.34; H, 3.68; N, 25.98]JRT
(ATR): 2194, 2918, 1379, 1499, 1550 and 1683“cthl NMR (300.06 MHz, DMSO-Y & ppm): 2.76 (s, 4H,
imide), 7.27-7.47 (m, 5H, Ar-H)

277



R. S. Dhivareet al Der Pharma Chemica, 2016, 8 (1):275-281

2-(5-dicyanomethylene-4-bromophenyl-pyrrolidin-2-yldene)-malononitrile  (6b):.Dark Brown Solid; M. F.
C16HgBrNs; M. W.: 350.17; Yield: 45.71%; M. P. (°C): 130-13@; Elemental Anal:C, 54.98; H, 2.86; N, 21.16;
FTIR (KBr) 2207, 2931, 1296, 1458, 1488, 1594 46d@0 cnt; *H NMR (500.13 MHz, DMSO-Y & ppm): 2.78
(s, 4H, imide), 7.24 (dd, 2H, Ar-H), 7.71 (dd, 2&-H), HRMS (300 MHz, CDGJ, 5 ppm): M 348.14 (100)

2-(5-dicyanomethylene-4-chlorophenyl-pyrrolidin-2-yidene)-malononitrile  (6¢):Blackish  Solid; M. F.:
C1eHsCINg; M. W.: 305.72; Yield: 65.57%; M. P. (°C): 105-10C; Elemental Anal:C, 62.99; H, 2.79; N, 23.26;
FTIR (KBr): 2338, 2882, 1317, 1495, 1542, 1653 4665 cr

2-(5-dicyanomethylene-1-p-tolyl-pyrrolidin-2-ylidene)-malononitrile (6d):Brown Solid; M. F.: GHi:Ns; M.
W.: 285.3; Yield: 59.29%; M. P. (°C): 113-115 °Cefental Anal:C, 71.84; H, 4.17; N, 24.77; FTIR (§&2206,
2940, 1289, 1516, 1561 and 1607tm

2-(5-dicyanomethylene-4-4-methoxyphenyl-pyrrolidin2-ylidene)-malononitrile  (6e)Brownish Solid;M. F.:
C7H1iNsO; M. W.: 301.3; Yield: 26.91%; M. P. (°C): 118-12Q; Elemental Anal:C, 67.81; H, 3.88; N, 23.77;
FTIR (KBr): 2205, 2924, 1305, 1512, 1559, 1617 and9 cn

2-(5-dicyanomethylene-4-fluorophenyl-pyrrolidin-2-ylidene)-malononitrile  (6f):Brownish ~ Solid; M. F.:
CieHgFNs; M. W.: 289.27; Yield: 47.05%; M. P. (°C): 129-18C; Elemental Anal:C, 66.71; H, 2.94; N, 24.46;
FTIR (KBr): 2338, 2953, 1314, 1458, 1514, 1653 4hd7 cr

2-(5-dicyanomethylene-4-nitrophenyl-pyrrolidin-2-ylidene)-malononitrile (6g)Brownish Yellow Solid;M. F.:
C16HgNgO5; Yield: 28.48%; M. W.: 316.27; M. P. (°C): 160-18@2; Elemental Anal:C, 61.26; H, 2.95; N, 26.87;
FTIR (KBr): 2338, 2955, 1341, 1559, 1597, 1619 4605 cnt; 'H NMR (500.13 MHz, DMSO-Y 6 ppm): 2.82
(s, 4H, imide), 7.81 (dd, 2H, Ar-H), 8.21 (dd, 24d;H)

2-(5-dicyanomethylene-naphthalen-4-yl-pyrrolidin-2ylidene)-malononitrile (6h):Purple Solid; M. F.: gH1;Ns;
Yield: 72.89%, M. W.: 321.33; M. P. (°C): 80-82 °Elemental Anal:C, 74.97; H, 3.68; N, 21.86; FTIRB():
2214, 2940, 1343, 1463, 1513, 1543, 1654 amd 1707 ci

2-(5-dicyanomethylene-3-chloro-4-fluorophenyl-pyrrdidin-2-ylidene)-malononitrile (6i): Dark Brown Solid; M.
F.: CgH/CIFNs; Yield: 63.46%, M. W.: 323.71, M. P. (°C): 143-1468; Elemental Anal:C, 59.55; H, 2.78; N,
21.77; FTIR (KBr): 2214, 2954, 1397, 1504, 15435161181 and 1063 ¢

2-(5-dicyanomethylene-2,4,5-trichlorophenyl-pyrroldin-2-ylidene)-malononitrile  (6j):Saw Dust Coloured
Solid; M. F.: GeHeClaNs; Yield: 53.47%; M. W.: 374.61; M. P. (°C): 175-19C; Elemental Anal:C, 51.49; H, 1.98;
N, 18.86; FTIR (KBr): 2213, 2923, 1364, 1513, 157876 and 1078 cin

RESULTS AND DISCUSSION

Chemistry:

The starting compounds N-phenyl-pyrrolidine-2, br#id4a-j were prepared by the reaction of substituted raesli
and succinic anhydride using benzene and acetybridel The series of 2-(5-dicyanomethylene-1-phenyl
pyrrolidin-2-ylidene)-malononitrilea-j were synthesized in reasonable yields by the miave irradiation of
cyclic imides4a-j with dicyanomethane in presence of neutral alunminsolvent free condition. The structure of
phenyl succinimide and malononitrile was confirnbgdR, *HNMR, **CNMR, HRMS and elemental analysis.

Antimicrobial activities (4a-j and 6a-j):

All the synthesized compoundk-j and 6a-jfrom this chapter were evaluaté@utvitro for antibacterial activity
against bacterial strains gram positBacillus subtiligMCMB-310)and gram negativEscherichia coMCMB-
301)at the concentrations of 1@fml by bore plate method using DMF as solvent muttient agar was employed
as culture media. After 48 hrs of incubation atG3the results were obtained in the form of clepdone and were
noted after the period of incubation was over. &irlyi the same compounds&-jand 6a-j were evaluateéh-vitro

for antifungal activity against fungal strai@andida albican@NCIM-3471) andAspergillusnigefNCIM- 545) at
the concentration 1Q@/ml per disc by paper disc diffusion method usiigSO as solvent. The yeaSandida
albicanscultured using a malt extract, glucose yeast ekjpaptone agar medium (MGYP medium) and for fungi
Aspergillusnigerpotato dextrose agar medium was used. After 3-% ddyincubation at 30°C. The diameters of
inhibition zones were measured and tabulated in tdie—1. Ampicillin was used as a standard drug fo
antibacterial activities and Amphotericin-B useddatifungal activities.
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Table-1: Antimicrobial activities of N-phenyl Succhimides and Malononitriles

Compd Code Zone diameter calculated in mm and tabated by (Mean#S.D.)
Bacillus subtilis | Escherichia coli | Candida albicans| Aspergillusniger
100pg/mi 100pg/mi 100ug/mi 100ug/mi
4a -- -- 9.63 £0.23 ** 12.62 £0.33 **
4b - - - -
4c 7.33+0.57 ** 7.3340.57 ** - -
4d 740 ** - - --
de - - -- -
Af 7.33+0.57 ** 7.33+0.57 ** 13.19+0.15* 16.410#42 **
49 4.66+4.04 ** 7.33+0.57 ** - -
4h - - - -
4i - - 14.68 £0.18 ** 15.56 £ 0.37 **
4 - - 7.41+0.27 * -
6a 7.33+0.57 ** 7.66+0.57 ** 13.83 £ 0.05 ** -
6b - 7.33+0.57 ** - -
6¢C 7..33+0.57 ** 7.66+1.15 ** - 16.50 £ 0.41 **
6d 9.33+0.57 ** 80 ** - 20.13 £0.19 *
6e - 7.66+0.57 ** - -
6f 91 ** 7.66+0.57 ** 12.41 £0.21 ** 18.48 £ 0.34 **
69 - 7.33+0.57 ** - -
6h - 840 ** 8.40 £ 0.22 ** 15.63 £ 1.80 **
6i - 4.66+4.04 ** 13.48 £0.17 ** 18.76 £ 0.23 *
6j 7.66+0.57 ** 70 ** - -
Ctrl 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Std 18.33+0.57 18.33+0.57 12.40 £ 0.43 10.45+0.1
Keynote: Zone of inhibition measured in mm (Mean£%) (N=3) ('--' means no zone)

Statistical Analysis:

The entire results of the synthesized compotarj and6a-j series were calculated by triplicate methods N#B w
the mean plus standard deviation stated in thehgBdpand graph -02. The statistical tests wereopedd by using
Graph Pad prism-6 trial version software. The stigfil significance was accessed by one way ANOY/gueed by
Dunnett Multiple Comparisons Test will performeddigndard drug against synthesized compounds.ue wa0.05
was considered as statistically significant remarg *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 cmpared to
standard groups.
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Graph 01: Antibacterial activities of 4a-j and 6a-j (B. S. and E.C.) Mean+SD

B 100 pug/ml (C.A)
B 100 pg/ml (AN

N
[y
1

(353
=]
1
1

Zone of inhibition in mm
> o3
L L

STTFIFTIFTFREISEF ¢S &I &3
Graph 02: Antifungal activities of 4a-j and 6a-j (C.A. and A.N.) Mean+SD

CONCLUSION

The comprehensive ecofriendly microwave centeregmgmethod of synthesis of themalononitrile denvemst6a-j

has been accumulated in the form of good yieldes&éhsynthones were found significantly active agjagmam
positive Bacillus subtilisand gram negativ&scherichia colibacterial strains. In the same way they showed the
prominent antifungal activity againg€landida albicansand Aspergillusnigerfungal strains. These synthesized
compounds might be utilized for the fabricatiornvafious heterocyclic systems.
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