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ABSTRACT

The present investigation, represents the synthesis of new derivativescontaining2-((4-acetyl phenyl
amino)methyl )i soindoline-1,3-dione moiety incorporated with different heterocycles such as pyrazoline, isoxazoline,
pyrimidine, pyridones and iminopyridine. Spectral techniques of IR, *H NMR, Mass spectroscopy and elemental
analyses were used to characterize the synthesized compounds.Most of the synthesized compounds were tested for
their antimicrobial activity against a variety of gram positive and gram negative bacteria as well as fungal isolates
using Ciprofloxacin and Ketoconazole as reference drugs. Some of the tested compounds showed potent activity and
could be considered as promising antibacterial and antifungal agents.
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INTRODUCTION

Infectious and parasitic diseases are responsibl23% of percentage of worldwide deaths and tleers# ranking
cause of death according to the World Health Omgitun. The other issue related to infectious dieeare their
emerging resistance to the used antimicrobial agft Therefore, the need to the discovery of meimicrobial
agents is a necessity. Phthalimides are a classnpounds well known for a long time and they hatteacted the
scientists’ attention in the past decades, mainky t their variety of applications in differenglfis particularly as
organic synthesis [2-5] and pharmaceuticals [6-8¥nyreports showed that compounds containing fihifde
subunitl (scheme 1) have been described as a scaffoldsigrdeew prototypes of drug-candidates with différe
biological activities and are used in differentedises as infectious diseases [6-10], tuberculb%id 2], AIDS [13-
15], tumors [16-19], multiple myeloma [21-23], iafhmatory diseases [24-26], asthma [27], hyperlipide[28-
30], diabetes [31], convulsion [32,33], depresdi®fi] and anxiety [35]. Also some phthalimide datives have
inhibitory activity against Rho kinase [36] and Btecholinesterase [37]. Based on the previous @ugs, we
synthesized a series of phthalimide derivativeachttd to various heterocyclic rings that have heeved to
possess antibacterial and antifungal activity sastpyrazoline [38], oxazoline [39], pyrimidine [40horpholine
[41], piperazine [42], pyridine [43,44] and pyrdd&] as well as chalcones [46] and carboximde fdittionalities
aiming to synergize the antimicrobial activity,. elmewly synthesized derivatives were then evalu&iedheir
antimicrobial activity against different gram negat gram positive bacteria, yeasts and fungi.
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MATERIALSAND METHODS

Chemistry

Melting points were determined using an electroftted capillary melting point apparatus and remained
uncorrected. Microanalyses were carried out atMloeo Analytical Center, Cairo University. Infraregpectra were
acquired with a Jasco FT/IR-6100 using KBr di$¢sNMR spectra were acquired with Jeol EX 500 MHz
spectrometers, using TMS as internal standard. Masstra were acquired with a Jeol JIMS-AX 500.rAdctions
were followed and checked by TLC (aluminium-backbdets, Merck plates) with chloroform-methanol @/¢) as

a mobile phase, the spots were detected by exptsud®’ analysis lamp. 254/366 nm for few seconds. lodine
vapour was used for detection the plates.

2-{[ (4-acetyl phenyl yami no] methyl }-1H-isoindole-1,3(2H)-dione (2)
This compound was prepared according to the reghontthod [48]

General procedure for preparation of compounds3,.e

A mixture of compoun®(1g, 3.4mmol) and the appropriate aldehydes, nawaiillinaldehyde, veratraldehyde,
3,4,5-trimethoxybenzaldehyde, N,N-dimethylaminotzdehyde and 4-chlorobenzaldehyde (3.4mmol) in 5%
ethanolic sodium hydroxide (15 mL) was heated umefux and stirring for 10h. The reaction mixtwras poured
onto ice/water and neutralized with diluted hydiocie acid. The formed solid was filtered off,wadhsith water,

air dried and recrystallized from the proper sotwergive the title compound .

2-[ ({4-[ 3-(4-hydroxy-3-methoxyphenyl) pr op- 2-enoyl] phenyl }amino)methyl] -1H-isoindol e-1,3(2H)-di one(3,)
Crystallized from methanol, red crystals, m.p.134%@eld 70%. Analysis: for &H>N,Os, M.Wt.428.14,
calculated: C, 70.08; H, 4.71; N, 6.54. Found: G.1Z; H, 4.59; N, 6.50. IR (KBgm™): 3474 (OH), 3343 (NH),
3061 (CH aromatic), 2954 (CH aliphatic), 1774, 171860 (3C=0)!H NMR (DMSO-d;, é ppm): 3.91 (3H, s,
OCHg), 5.10 (2H, s, Ch), 6.52-6.60 (2H, dd, HC=CH), 7.15-7.92 (11H, m,ckk:d. 8-65 (1H, s, NH exchangeable
with D,0), 9.96 (1H, s, OH exchangeable withd@). MS: (WVz) ~ [M+1]*429 (37.5%).

2-[ ({4-[ 3-(3,4-dimethoxyphenyl ) prop-2-enoyl] phenyl }amino)methyl] -1H-isoindole-1,3(2H)- dione (3y)

Crystallized from methanol, dark yellow crystals,pm95°C, yield 60%. Analysis: for,gH,,N,Os, M.Wt.442.15,
calculated: C, 70.58; H, 5.01; N, 6.33. Found: G,7Z; H, 5.20; N, 6.15. IR (KBgm?): 3357 (NH), 3059 (CH
aromatic), 2939 (CH aliphatic), 1770, 1711, 1660%®).'H NMR (DMSO-d;, 6 ppm): 3.95 (3H, s, OCH), 3.97
(3H, s, OCH), 5.28 (2H, s, ChH), 6.89-7.00 (2H, dd, HC=CH), 7.16-8.18 (11H, myckkid, 9.86 (1H, s, NH
exchangeable with fD). MS: (Wz) ~[M-CH3]" 427 (10.5%).

2-[ ({4-[3-(3,4,5-trimethoxyphenyl ) prop-2-enoyl] phenyl }amino)methyl] -1H-isoindole-1,3(2H)-dione(3;)

Crystallized from methanol, dark red crystals, mlp7°C, yield 63%. Analysis: for £H,,N,Os, M.W1t.472.16,
calculated: C, 68.63; H, 5.12; N, 5.93. Found: 8,768; H, 5.03; N, 6.11. IR (KBgm?): 3362 (NH), 3058 (CH
aromatic), 2945 (CH aliphatic), 1771, 1713, 1656%®)H NMR (DMSO-d;, 6 ppm): 3.87 (3H, s, OCH), 3.94
(6H, s, 20CH), 5.21 (2H, s, Ch), 6.51-6.62 (2H, dd, HC=CH), 6.82-7.96 (10H, Myokhid, 9.65 (1H, s, NH
exchangeable with ). MS: (Wz) ~[M+3]" 475 (4.8%),.

2-[ ({4-[ 3-(4-{ dimethylamino} phenyl ) pr op-2-enoyl] phenyl } amino) methyl] - 1H-isoindol e-1,3(2H)-dione (3;)
Crystallized from isopropanol, brick red crystatsp. 112°C, yield 75%. Analysis: for,§H,3Ns03, M.Wt.425.17,
calculated: C, 73.39; H, 5.45; N, 9.88. Found: 8,52; H, 5.29; N, 9.65. IR (KBmn™): 3352 (NH), 3065 (CH
aromatic), 2952 (CH aliphatic), 1770, 1709, 1658%®).'H NMR (DMSO-d;, 6 ppm): 3.08 (6H, s, 2CH), 5.10
(2H, s, CH), 6.50-6.61 (2H, dd, HC=CH), 6.67-7.86 (12H, myokkid, 9.74 (1H, s, NH exchangeable with@).
MS: (mV2) ~[M]" 425 (5.1%).

2-[ ({4-[ 3-(4-chl orophenyl) pr op-2-enoyl] phenyl }amino)methyl] -1H-isoindole-1,3(2H)-dione (3)

Crystallized from methanol, yellow crystals, m.[6°@, yield 65%. Analysis: for £H;;CIN,O3;, M.Wt.416.09,
calculated: C, 69.15; H, 4.11; N, 6.72. Found: 8.96; H, 4.23; N, 6.84. IR (KBgm?): 3367 (NH), 3060 (CH
aromatic), 2934 (CH aliphatic), 1772, 1711, 1658%®). *H NMR (DMSO-d,, é ppm): 5.02 (2H, s, Ch), 6.49-
6.60 (2H, dd, HC=CH), 7.16-7.91 (12H, Muddaid, 9.73 (1H, s, NH exchangeable with@. MS: (z) ~[M]*

416 (5%), 418 (1.5%).
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General procedure for preparation of compounds4,.q

A mixture of the chalcone derivatives¢(1mmol) and hydrazine hydrate 99% (0.25 mL, 5Smmodjiacial acetic
acid (15 mL) was refluxed for 4 h. Upon reactiomgdetion, the reaction mixture waspoured onto ie¢érvand the
formed precipitate was filtered off and recrystadtl from the proper solvents to obtain the dediexivatives4, p,
respectively.The derivativ8was treated with hydrazine hydrate inabsolute ethét0 mL) and heated under
reflux for 8h. Then the reaction mixture was cooéediconcentrated, the formed precipitate was dittesff, dried
and crystallized from isopropanol to give compodad

2-[({4-[5-(3,4,5-trimethoxyphenyl)-1-acetyl-4,5-dihydr o-1H-pyrazol-3-yl] phenyl}amino)methyl] -1H-isoindole-
1,3(2H)-dione (4,)

Crystallized from methanol, buff crystals, m.p. 1@8 yield 70%. Analysis: for §H.gN4sOs, M.Wt. 528.20,
calculated: C, 65.90; H, 5.34; N, 10.60. FoundB€.21; H, 5.25; N, 10.92. IR (KBgm™): 3339 (NH), 3039 (CH
aromatic), 2934 (CH aliphatic), 1772, 1714, 1658%®), 1593 (C=N)!H NMR (DMSO-d;, J ppm): 2.05-2.08,
2.16-2.21 (2H, dd, dd, £H, of pyrazoline), 2.32 (3H, s, GH 3.76 (3H, s, OC}}, 3.84 (6H, s, 20C¥), 3.92 (1H,
t, Gs-H of pyrazoline), 5.43 (2H, s, GH 6.45 (1H, s, NH exchangeable with@), 6.97-8.16 (10H, m, A matid-

2-[ ({4-[ 5-(4-chl orophenyl)-1-acetyl-4,5-dihydr o-1H-pyrazol -3-yl] phenyl} amino)methyl]-1H-isoindole-1,3(2H)-
dione (4y)

Crystallized from methanol, buff crystals, m.p. 223 yield 60%. Analysis: for £H,:CIN4,O;, M.Wt.472.13,
calculated: C, 66.03; H, 4.48; N, 11.85. Found68.86; H, 4.75; N, 11.98.IR (KBgm™): 3255 (NH), 3097 (CH
aromatic), 2924 (CH aliphatic), 1771, 1713, 169€%®), 1593 (C=N)'H NMR (DMSO-d,, é ppm): 1.80 (3H, s,
CHs), 1.94-2.03, 2.17-2.25 (2H, dd,dd;8,0f pyrazoline), 3.84 (1H, t, &Hof pyrazoline), 5.47 (2H, s, G 7.17-
8.14 (12H, m, Komaid, 9-65 (1H, s, NH exchangeable with@). MS: (Wz) ~[M-CH3]" 457 (9.8%), 459 (3.3%).

2-{[ (4-{5-[ 4-(dimethylamino)phenyl] - 1-phenyl -4,5-di hydr o-1H-pyrazol - 3-yl } phenyl )amino] methyl } - 1H-i soi ndol e-
1,3(2H)-dione (4.)

Crystallized frommethanol, buff crystals, m.p.117°¢eld 88%. Analysis: for GHyNsO,, M.Wt.515.23,
calculated: C, 74.54; H, 5.67; N, 13.58. Found7&73; H, 5.95; N, 13.40. IR (KBem): 3286 (NH), 3091, 3029
(CH aromatic), 2937 (CH aliphatic), 1787, 1712 (8)=1597 (C=N)H NMR (DMSO-d, 5 ppm): 1.85-1.89, 2.24-
2.28 (2H, dd, dd, &H,of pyrazoline), 3.13 (6H, s, 2GH 3.66 (1H, t, G-Hof pyrazoline), 5.06 (2H, s, G} 6.66-
7.93 (17H, m, Bomaid, 9.56 (1H, s, NH exchangeable with@). MS: (W2) ~[M-2]" 513 (50%).

2-{[ (4-{5-[ 4-(dimethylamino) phenyl] -4,5-dihydr o- 1H-pyr azol -3-yl } phenyl) amino] methyl}-1H-isoindole-1,3(2H)-
dione (4q)

Crystallized from isopropanol, light brown crystais.p.222°C, yield 65%. Analysis: fonbg,5Ns0,, M.Wt.439.20,
calculated: C, 71.05; H, 5.73; N, 15.93. Found7@.83; H, 5.49; N, 16.26. IR (KBcm): 3359 (NH), 3092 (CH
aromatic), 2936 (CH aliphatic), 1770, 1712 (2C=0596 (C=N).*H NMR (DMSO-d;, 6 ppm): 2.72-2.79, 2.83-2.90
(2H, dd, dd, G-H.of pyrazoline), 2.99 (6H, s, 2GH 3.46 (1H, t, GHof pyrazoline), 5.23 (2H, s, G 6.76-8.12
(12H, M, Hyomatd, 7-39, 8.53 (2H, 2s, 2NH exchangeable witiop

General procedure for preparation of compoundss, j,

A mixture of compounds3,e (Immol) and hydroxylamine hydrochloride (0.07g, mat) in ethanol (15mL)
containing sodium hydroxide (0.1g) was heated umefux for 8h. The reaction mixture was then cdoplpoured
onto ice water, filtered off and dried under vacuatmoom temperature to give compoubgs respectively.

2-[ ({4-[ 5-(4-hydr oxy-3-methoxyphenyl)-4,5-dihydr o-1,2-oxazol - 3-yl] phenyl} amino)methyl] -1H-isoindole-1,3(2H)-
dione (5,)

Crystallized frommethanol, light brown crystals,pm221°C, yield 65%. Analysis: for,gH,:NsOs, M.W1t.443.15,
calculated: C, 67.71; H, 4.77; N, 9.48. Found: T48; H, 4.91; N, 9.74. IR (KBgm'):3441 (OH), 3380 (NH),
3059 (CH aromatic), 2928 (CH alphatic),1779, 17a€%0), 1595 (C=N)*H NMR (DMSO- @&, J ppm): 3.65-3.82
(2H, dd, dd, G-Hof isoxazoline), 3.85 (3H, s, OGH 4.25 (1H, t, G-Hof isoxazoline), 5.20 (2H, s, GH 6.07 (1H,
s, NH exchangeable with,D), 6.55-7.92 (11H, m, {maid,» 9.-85 (1H, s, OH exchangeable with@). MS:
(MV2)~[M-1]" 442 (7.8).
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2-[ ({4-[ 5-(4-chl orophenyl)-4,5-dihydr o- 1,2-oxazol -3-yl] phenyl }amino) methyl] -1H-isoindole-1,3(2H)-dione (5y)
Crystallized frommethanol, orange brown crystals,p.m165°C, yield 60%. Analysis: for ,§H:sCIN3O3,
M.Wt.431.10, calculated: C, 66.75; H, 4.20; N, 9.F8und: C, 66.85; H, 4.42; N, 9.51. IR (KBm™):3362 (NH),
3061 (CH aromatic), 2924 (CH alphatic), 1771, 1{®8=0), 1593 (C=NjH NMR (DMSO-d;, 6 ppm): 2.34-2.59
(2H, dd, dd, GH.of isoxazoline), 3.82 (1H, t, «Hof isoxazoline), 5.18 (2H, s, GH 6.04 (1H, s, NH
exchangeable with fD), 6.51-8.12 (12H, m, Hmaid- MS: (W2) ~[M]" 431 (24.1%), 433 (7.3%).

General procedure for preparation of compounds6,.q

A mixture of the chalcone derivative, (1mmol) and urea or thiourea (Lmmol) in ethandinf®) containing
sodium hydroxide (0.1g) was refluxed for 10h. Thaation mixture was concentrated under vacuum,ecoahd
neutralized with dilute HCI. The formed product wakered off and washed with water to affordcompdsb,.q,
respectively.

2-((4-(6-(4-hydr oxy-3-methoxyphenyl)-2-oxo-1,2-dihydropyrimidin-4-yl) phenylamino)methyl)isoindoline-1,3-dione

(62)

Crystallized frommethanol, brown crystals, m.p. 2D0yield 60%. Analysis: for £H,oN4Os, M.Wt. 468.14,
calculated: C, 66.66; H, 4.30; N, 11.96. Found66.52; H, 4.65; N, 11.63. IR (KBcm'):3449 (OH), 3382, 3220
(2NH), 3068 (CH aromatic), 2928 (CH aliphatic), 171712, 1659 (3C=0), 1595 (C=f). NMR (DMSO-d;, 6
ppm): 3.86 (3H, s, Ck), 5.43 (2H, s, Ch), 6.57-7.88 (12H, m, Fhmaid, 6.27, 8.56 (2H, 2s, 2NH exchangeable with
D,0), 9.63 (1H, s, OH exchangeable withQD).

2-((4-(6-(4-hydr oxy-3-methoxyphenyl )-2-thio-1,2-di hydropyrimidin-4-yl) phenylamino)methyl)isoindoline-1,3-dione

(6p)

Crystallized fromethanol, brown crystals, m.p. 208%ield 58%. Analysis: for £H,0N4O,S, M.Wt. 484.12,
calculated: C, 64.45; H, 4.16; N, 11.56; S, 6.6aurid: C, 64.09; H, 4.59; N, 11.67; S, 6.81. IR (K&n):3336
(OH), 3421, 3365 (2NH), 3065 (CH aromatic), 2924H(@liphatic), 1773, 1715 (2C=0), 1596 (C=N), 1225
(C=S)H NMR (DMSO-d;, 6 ppm): 3.84 (3H, s, OCH), 5.41 (2H, s, Ch), 2.07, 6.09 (2H, 2s, 2NH exchangeable
with D,0), 6.65-8.31 (12H, m, maid, 9.65 (1H, s, OH exchangeable with@). MS: (Wz) ~ [M+1]" 485
(23.8%).

2-((4-(6-(3,4-dimethoxyphenyl)-2-oxo- 1,2-dihydropyrimidin-4-yl) phenyl amino)methyl)isoindoline-1,3-dione (6.)
Crystallized from ethanol, brown crystals, m.p. a23vyield 65%. Analysis: for £H,,N;Os, M.Wt. 482.16,
calculated: C, 67.21; H, 4.60; N, 11.61. Found6T.53; H, 5.03; N, 11.38. IR (KBem™®): 3420, 3358 (2NH), 3059
(CH aromatic), 2948 (CH aliphatic), 1771, 1714, a68C=0), 1596 (C=NjH NMR (DMSO-d;, 6 ppm): 3.86 (3H,
s, OCH), 3.92 (3H, s, OCh, 5.41 (2H, s, Ch, 6.55-8.12 (12H, M, Komaid, 6.09, 7.78 (2H, 2s, 2NH
exchangeable with D).

2-((4-(6-(3,4-dimethoxyphenyl)-2-thio-1,2-dihydr opyrimidin-4-yl ) phenyl amino)methyl)isoindoline-1,3-dione(64)
Crystallized fromethanol, red crystals, m.p. 154/i€ld 65%. Analysis: for &H»,N40,S, M.Wt.498.14, calculated:
C, 65.05; H, 4.45; N, 11.24; S, 6.43. Found: CO&5H, 4.75; N, 11.02; S, 6.57. IR (KBmn"):3443, 3323 (2NH),
3013 (CH aromatic), 2914 (CH aliphatic), 1712, 1§38=0), 1606 (C=N), 1221 (C=%}i NMR (DMSO-d;, &
ppm): 3.82 (3H, s, OCEkJ, 3.89 (3H, s, OCH}, 5.28 (2H, s, CH), 6.72-8.05 (12H, m, Lhmaid, 6.20, 9.63 (2H, 2s,
2NH exchangeable with £).MS: (m/z) ~ [M+1] 498 (16.7%).

General procedure for preparation of compounds7,,

A mixture of the acetyl compourzi(1g, 3.4mmol) and semicarbazide HCI and/or thiagsarbazide (3.4mmol) in
absolute ethanol (15 mL) was heated under reflm8fo The formed compoundswere filtered off, waskederal
times with water and dried. Crystallization wasfpened from the appropriate solvents to give denes 7, ,.

2-[1-(4-{[ (1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl )methyl ] amino} phenyl) ethylidene] hydraznecarboxamide (7,)
Crystallized from glacial acetic acid, orange calst m.p. 187°C, yield 70%. Analysis: for;g8i/N505,
M.Wt.351.13, calculated: C,61.53; H, 4.88; N, 19.88und: C, 61.58; H, 4.65; N, 20.21. IR (KBm™):3384,
3317, 3210 (NK, 2NH), 3037 (CH aromatic), 2942 (CH aliphatic)5171721, 1671 (3C=0), 1595 (C=NJ.NMR
(DMSO-d;, ¢ ppm): 2.14 (3H, s, Ch), 5.06 (2H, s, Ch), 6.57-7.96 (8H, m, Komaid, 8-78, 9.56 (2H, 2s, 2NH
exchangeable with @), 9.36 (2H, s, NkKlexchangeable with D).
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2-[ 1-(4-{[ (1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl )methyl ] amino} phenyl) ethylidene] hydraz necar bothi camide (7,)
Crystallized from glacial acetic acid, yellow c@st, m.p. 205°C, yield 70%. Analysis: for;g8i,N50,S,
M.Wt.367.11, calculated: C, 58.84; H, 4.66; N, 3.8, 8.73. Found: C, 59.17; H, 4.85; N, 19.3238.56. IR (KBr,
cm'):3474, 3355, 3318 (N 2NH), 3062 (CH aromatic), 2934 (CH aliphatic) 7271716 (2C=0), 1267(C=3%}
NMR (DMSO-d;, 5 ppm): 1.28 (3H, s, Ch), 5.39 (2H, s, CH), 7.28-8.06 (8H, m, Kbmaid, 8.82, 9.98 (2H, 2s, 2NH
exchangeable with ), 9.65 (2H, s, NKlexchangeable with D). MS: (Wz) ~ [M+3]" 370 (11.8%).

General procedure for preparation of compounds8,,

A mixture ofthe acetyl compoud1g, 3.4mmol), sulphur (0.11g, 3.4mmol) and thprapriate secondary amine,
namely morpholine or N-methylpiprazine (3.4mmol)dioxane (10 mL)was refluxed gently till the evadut of
H,S subsided and then refluxed vigorously for 12te fdaction mixture was filtered off, poured ontamvathanol
(10mL). Then theformed solid product was filterétlamd air dried to give the title compounglg,.

2-((4-(2-mor pholino-2-thioxoethyl ) phenyl ami no)methyl )isoi ndoline-1,3-dione(8,)

Crystallized frombenzene/petroleum ether(1:1), phtewn crystals, m.p. 276°C, yield 65%. Analysisr f
C,1H,1N305S, M.Wt.395.13, calculated: C, 63.78; H, 5.35; N,6B; S, 8.11. Found: C, 63.85; H, 5.41; N, 1084;
8.35. IR (KBr, cm%):3348 (NH), 3063 (CH aromatic), 2937 (CH aliphptid711, 1665 (2C=0), 1220
(C=S)HNMR(DMSO-d;, 6 ppm): 3.01 (2H, s, Ch), 3.66 (4H, t, N-(Ch),0f morpholine), 3.82 (4H, t, O-(Ghpof
morpholine), 5.12 (2H, s, G 6.72-8.31 (8H, M, kKomaid, 7-67 (1H, s, NH exchangeable with@. MS: (/z) ~
[M]* 395 (19.4%).

2-((4-(2-(4-methyl piperazin- 1-yl) - 2-thi oxoethyl ) phenyl ami no) methyl )i soindoline-1,3-dione(8,,)

Crystallized frombenzene/petroleum ether (1:1),ephlown crystals, m.p. 188°C, yield 70%. Analysisr
C,,H-4NL0O,S, M.Wt.408.16, calculated: C, 64.68; H, 5.92; R,71; S, 7.85. Found: C, 64.55; H, 5.78; N, 13%3;
7.91. IR (KBr,cm™): 3366 (NH), 3059 (CH aromatic), 2923 (CH alipbjti1769, 1713 (2C=0), 1220 (C=%).
NMR (DMSO- d, 6 ppm): 1.91 (3H, s, CH), 2.22 (4H, t, N-(CH),of piperazine), 2.93 (2H, s, GH 3.08 (4H, t, N-
(CHy)0f piperazine), 5.17 (2H, s, G} 7.36-8.01 (8H, M, komaiid, 8.63 (1H, s, NH exchangeable with@).

General procedure for preparation of compounds9, ,

A mixture of compoun@ (1gm, 3.4mmol), malononitrile (0.23g, 3.4mmol) &hd appropriate aldehydes, namely:
4-dimethylaminobenzaldehyde or 3,4-dimethoxybereyalé (3.4mmol) in n-butanol (15 mL) containing fdvops

of piperidine was heated under reflux for 5h. Tapagated solid was filtered off, washed with colatev then with
cold ethanol and air dried to give compouBgls respectively.

2-amino-6-(4-{[ (1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl )methyl] amino} phenyl)-4-[ 4-(dimethylamino)phenyl]-4H-
pyran-3-carbonitrile (9,)

Crystallized fromacetic acid, dark orange crystalg. 175°C, yield 60%. Analysis: fonL&1,5N50;, M.Wt. 491.20,
calculated: C, 70.86; H, 5.13; N, 14.25. Found7@g5; H, 5.47; N, 14.39. IR (KBcm™'):3364, 3201 (Nk, NH),
3058 (CH aromatic), 2921 (CH aliphatic), 220780, 1771, 1716 (2C=0% NMR (DMSO- &, 6 ppm): 3.11 (6H,
s, 2CH), 4.35 (1H, d, CHof pyrane), 5.27 (2H, s, §H6.85-8.05 (13H, m, fbmaicand CH of pyrane), 6.1 (2H, s,
NH, exchangeable with J@), 11.3 (1H, s, NH exchangeable with®).

2-amino-6-(4-{[ (1,3-dioxo-1,3-dihydro-2H-isoindol -2-yl Ymethyl] amino} phenyl)-4-(3,4-dimethoxyphenyl)-4H-pyran

-3-carbonitrile (9y)

Crystallized fromethanol, brown crystals, m.p. 2D0%ield 60%. Analysis: for £H.,N,Os, M.Wt. 508.17,
calculated: C, 68.49; H, 4.76; N, 11.02. Found6&72; H, 5.00; N, 11.24. IR (KBgm'):3455, 3365 (Nk, NH),
3062 (CH aromatic), 2935 (CH aliphatic), 219K, 1773, 1725 (2C=0% NMR (DMSO- &, 6 ppm): 3.79 (3H,
s, OCH), 3.83 (3H, s, OCH}, 4.10 (1H, d, CHof pyrane), 5.00 (2H, s, £H6.52-7.88 (11H, m, fbmaid, 9-80 (1H,
s, NH exchangeable with,D), 11.3 (2H, s, Nklexchangeable with D).

General procedure for preparation of compounds10,y,

A mixture of compound (1g, 3.4mmol), malononitrile (0.23g, 3.4mmol), gdilous ammonium acetate (1.5g,
20mmol) and the appropriate aldehydes, namely:n#etliylaminobenzaldehyde or 3,4-dimethoxybenzaldeyde
(3.4mmoal) in n-butanol (15 mL) was heated undelusefor 6h. The separated solid was filtered ofgshed with
cold water then with cold ethanol, dried to give ttorresponding compoun8, y,.
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6-(4-{[ (1,3-dioxo-1,3-dihydr o-2H-isoindol-2-yl)methyl ] amino} phenyl )-4-[ 4-(dimethyl amino) phenyl] -2-imino-1,2-
dihydropyridine-3-carbonitrile (10,)

Crystallized fromacetic acid, brown crystals, m2d5°C, yield 60%. Analysis: for gH,sNsO,, M.Wt. 488.20,
calculated: C, 71.30; H, 4.95; N, 17.20. Found7C51; H, 5.20; N, 17.47. IR (KBem*):3438, 3354, 3203 (3NH),
3060 (CH aromatic), 2926 (CH aliphatic), 219200, 1773, 1720 (2C=0), 1601 (C=Rj. NMR (DMSO- @&, 6
ppm): 3.01 (6H, s, 2Ch), 5.17 (2H, s, Ch), 6.82-8.05 (13H, m, Hnaicand CH of pyridine), 4.52, 6.00, 9.89 (3H,
3s, 3NH exchangeable with,0). MS: (W2) ~ [M]* 488 (11.5%).

6-(4-{[ (1,3-di oxo-1,3-dihydr o-2H-i soi ndol-2-yl)methyl] amino} phenyl )-4-(3,4-di methoxyphenyl )-2-imino- 1,2-
dihydropyridine-3-carbonitrile (10,)

Crystallized frommethanol, orange crystals, m.p9°Cy yield 65%. Analysis: for £gH,3NsO;, M.Wt. 505.18,
calculated: C, 68.90; H, 4.59; N, 13.85. Found6@.23; H, 4.50; N, 14.16. IR (KBem*):3453, 3358, 3212 (3NH),
3062 (CH aromatic), 2957 (CH aliphatic), 1772, 1728=0), 2204 (EN), 1598 (C=N)*H NMR (DMSO- &, &
ppm): 3.81 (3H, s, OCH), 3.86 (3H, s, OCH}, 5.40 (2H, s, Ch), 6.54-7.91 (12H, m, Fmaicand CH of pyridine),
2.37,7.23, 11.34 (3H, 3s, 3NH exchangeable wi®)DMS: (Wz) ~[M+3]" 508 (28%).

General procedure for preparation of compoundsll,..

A mixture of compoun® (0.59g, 2mmol), ethyl cyanoacetate (0.23 mL, 2mmahhydrous ammonium acetate
(1.24g, 16mmol) and appropriate aldehydes namelghldrobenzaldeyde, vanillinaldehyde or 3,4-dime&tho
benzaldeyde (2 mmol) in n-butanol (10 mL) was hetateder reflux for 7h. The reaction mixture was aantrated
to half its volume. After cooling the separatedstajline solid was isolated by filtration and restaflized to give
compounddl,..

4-(4-chlorophenyl)-6-(4-{[ (1,3-dioxo-1,3-dihydr o-2H-isoindol -2-yl )methyl ] ami no} phenyl)-2-oxo-1,2-
dihydropyridine-3-carbonitrile (11,)

Crystallized fromethanol, orange crystals, m.p. °€l 7yield 55%. Analysis: for £H;;CIN,O;, M.Wt. 480.10,
calculated: C, 67.43; H, 3.56; N, 11.65. Found6T56; H, 3.76; N, 11.74. IR (KBgm™):3368, 3349 (2NH), 3065
(CH aromatic), 2925 (CH aliphatic), 2215=(€), 1771, 1728, 1660 (3C=G) NMR (DMSO- &, J ppm): 5.10
(2H, s, CH), 6.87-8.14 (13H, m, kbmaic and CH of pyridine), 7.25, 9.65 (2H, 2s, 2NH exufeable with RO).
MS: (MV2) ~[M+1]"481 (14.6%), 483(5.2%).

4-(4-hydr oxy-3-methoxyphenyl )-6-(4-{[ (1,3-dioxo-1,3-di hydr o-2H-isoindol -2-yl ) methyl ] amino} phenyl )-2-oxo- 1,2-
dihydropyridine-3-carbonitrile (11;)

Crystallized fromacetic acid, light brown crystais.p.>300°C, yield 65%. Analysis: fonbg,0N4Os, M.Wt. 492.14,
calculated: C, 68.29; H, 4.09; N, 11.38. Found6&50; H, 4.35; N, 11.22. IR (KBgm!):3384 (OH), 3367, 3205
(2NH), 3061 (CH aromatic), 2932 (CH aliphatic), 22(C=N), 1773 1728, 1664 (3C=0H NMR (DMSO- &, &
ppm): 3.83 (3H, s, OCEJ, 5.26 (2H, s, CH), 6.53-8.20 (12H, m, thmaicand CH of pyridine), 7.25, 9.65 (2H, 2s,
2NH exchangeable with £), 11.32 (1H, s, OH exchangeable witfCIp. MS: (Vz) ~[M-2]* 490 (4.1%).

4-(3,4-dimethoxyphenyl)-6-(4-{[ (1,3-dioxo-1,3-dihydr o-2H-isoindol -2-yl ) methyl] ami no} phenyl)-2-oxo-1,2-
dihydropyridine-3-carbonitrile (11;)

Crystallized fromethanol, yellow crystals, m.p. 186 yield 60%. Analysis: for £H,,N,Os, M.Wt. 506.16,
calculated: C, 68.77; H, 4.38; N, 11.06. Found6&64; H, 4.54; N, 11.43. IR (KBegm?):3373, 3204 (2NH), 2219
(C=N), 3061 (CH aromatic), 2936 (CH aliphatic), 177429, 1660 (3C=0% NMR (DMSO- @, § ppm): 3.75
(3H, s, OCH), 3.78 (3H, s, OC}H}, 5.19 (2H, s, Ch), 7.14-8.27 (12H, m, fmaicand CH of pyridine), 8.66, 11.31
(2H, 2s, 2NH exchangeable with®).

Antimicrobial evaluation

The newly synthesized chemical compounds were idgially tested against highly pathogenic strainsgm
positive &aphylococcus aureus (ATCC 9213),Bacillus subtilis (ATCC 6633),Bacillus megaterium (ATCC 9885))
and gram negativeK(ebsiella pneumonia (ATCC 13883),Pseudomonas aeruginosa (ATCC 27953),Escherichia
coli (ATCC 25922)) bacterial pathogens, two yeaStccharomyces cerevisiae, Candida albicans (NRRLY-477)
and fungus Aspergillus niger (local isolate)). The using 1Q@. of suspension containing 1x108 colony-forming
unit/mL (CFU/mL) of pathological tested bacteriax1l06 CFU/mL of yeast and 1 x106 CFU/mL of fungiesgm on
nutrient agar (NA), Sabourand dextrose agar (SDW) Rotato dextrose agar medium (PDA) respectively .
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Determination of antimicrobial activity by Agar-diffusion method

Antimicrobial tests were carried out by the agal d#fusion method ofPerez et al. [49]. After the preparation of
agar media, they were left to cool and solidify;llev¢10 mm in diameter) were made in the solidifeghr and
loaded with 10QuL of the tested compound solution prepared by ¢igsp 100 mg of the chemical compound in
1mL of dimethyl sulfoxide (DMSO). The inculcatecaf#s were then incubated for 24 h at 37°C for biactnd
48h at 28°C for fungi. Negative controls were preplausing DMSO employed for dissolving the testehpgounds.
Ciprofloxacin (50mg/mL) and Ketoconazole (50mg/migre used as standard drugs for antibacterial atifdiagal
activity, respectively. After incubation time, anicrobial activity was evaluated by measuring ttenez of
inhibition (1Z) against the test organisms and cameg with that of the standard. Antimicrobial aitiés were
expressed as inhibition diameter zones in millime{enm). The experiment was carried out in tripgkcand the
average zone of inhibition was calculated.

Minimal inhibitory concentration (MIC) measurement

The bacteriostatic activity of the active compou(ttsving inhibition zones (1Zx 16 mm) was then evaluated using
the two fold serial dilution technique 8tott et al. [50]. Two fold serial dilutions of the tested coouymds solutions
were prepared using the proper nutrient broth. firked concentrations of the solutions were 200,,18® mg/mL.
Each 5 mL received 0.1 mL of the appropriate inoguland incubated at 37°C for 24h. The lowest comagon
showing no growth was taken as the minimum inhilgitioncentration (MIC).

RESULTSAND DISCUSSION

Chemistry

In this study, we synthesized a series of phthaémilerivatives attached to different five and signmbered
heterocyclic compounds based on 2-{[(4-acetylphemgino]methyl}-1H-isoindole-1,3(#)-dione 2, that was used
as a key starting material. The reactior2afith different aromatic aldehydes resulted in ftvenation of a variety
of chalcones3,., which were then cyclized into 4,5-dihydro-pyrazalerivatived,.q, through their reaction with
hydrazine hydrate or phenyl hydrazine in eithercigllaacetic acid or absolute ethanol, respectivé#en the
derivatives 3, were treated with hydroxylamine they yielded ismiae derivatives5,,. Compounds3,,also

reacted with both urea and thiourea to give 2-thio}-1,2-dihydropyrimidine derivativégg.

0 0
J
HCHO
NH N o]
P-aminoacetophenone jNH@—<
o

1° 2
B
=0
o R R R
? o aOCH OH H

b OCH, OCH, H

N—\ N\N/R Hydrazine hydrate
N 0
©<§ NH O 4 or phenyl hydrazine N ¢ OCH, OCH OCt
X s,
o

o 4 d H NCH), H
a-d /e H c H

R R R R
a COCH OCH, OCH OCH, Rs Q R,
bcocH H cl H
c Phenyl H N(CH, H Rs R
d H H NCh, H
7 X R R X
@QNj /Nj// aoOH OCH O
NH O __NH b oH ocH s
° 5 O Ry » ¢ OCH, OCH, O
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aOH OCH R,
b H Cl Ry R,
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Upon the treatment of the acetyl compoun2l with semicarbazide HCI or thiosemicarbazide,
hydrazinecarbox(thio)amide derivativggwere obtained. Derivative8,,were also obtained as a product of the
reaction of compoun@ with cyclic secondary amines, morpholine or 4-rgkethiperazine, in the presence of

sulphur. Depending on the reaction conditions atetyl compoun@ reacted withdifferent aromatic aldehydes and
malononitrile in the presence of piperidine to gitie pyrane derivative8,,. While in the presence of anhydrous
ammonium acetate, 2-imino-1,2-dihydropyridine-3ecanitrile derivativeslO,, were obtained. Finally, the reaction

of compound with different aldehydes and ethyl cyanoacetateedhe pyridone derivativeld, ..

R R
a H Cl

b OH OCH a H NCH),
¢ OCH, OCH, NH a H N(CH), b OCH, OCH,
b OCH, OCH,

Biological activity

Antimicrobial activity

Most of the newly synthesized compounds were etadLor theirin vitroantibacterial activity against three strains
of gram positive bacteriaS(aureus, B. subtilis, B. megaterium), and three strains of gram negative bactefia (
pneumonia, P. aeruginosa, E. coli) using ciprofloxacin as a standard drug (&@mL). They were also evaluated for
theirin vitro antifungal activity against three mycotic strafBscerevisiae, C. albicans, A. niger) using fluconazole
as a standard antifungal drug (p@/mL). Agar-diffusion method [49] was used in thisvestigation for
determination of the preliminary antibacterial amatifungal activity. The results were recorded éarch tested
compound as the average diameter of inhibition gqii®) of bacterial or fungal growth around theadisn mm.
The minimum inhibitory concentration (MIC) measuearh was determined for the compounds that showed
significant growth inhibition zones>(16 mm) using the two-fold serial dilution methdsD]and the results were
recorded for each tested compound as the averageethr of inhibition zones (1Z) of bacterial or §ah growth
around the discs in mihable 1.
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Table 1: Antimicrobial activity against the pathological strains expressed as1Z (mm) based on well diffusion assay of chemical

compounds

M.O. Gram positive bacteria Gram negative bacteria Yeast Fungi
Compd.” S. aureus| B.subtilis| B. megaterium| K. pneumoniae | P.aeruginosa| E. coli S. cerevisiae| C. albicang A. niger
3a 18 15 18 24 28 21 22 24 -ve

3d 17 -ve -ve 24 26 17 17 14 -ve

3e 15 15 13 24 23 16 23 26 -ve

4a -ve 18 13 26 18 18 22 24 14

4b -ve -ve 15 22 18 20 30 18 -ve

4c -ve -ve 12 28 14 20 26 24 -ve

4d 19 22 20 29 30 31 20 21 -ve

5a -ve -ve 17 20 19 18 18 16 -ve

6a 36 34 37 37 38 38 35 33 27

6C 18 N.A. 15 21 17 18 24 15 -ve

6d 37 37 35 39 38 39 30 32 25

7b 15 16 14 26 28 16 22 20 -ve

8b -ve 19 16 25 18 16 28 28 15

9a -ve 18 12 24 16 16 30 24 -ve

9b -ve N.A. -ve 28 15 19 18 16 -ve
10a -ve 16 -ve -ve 19 13 18 18 -ve
10b 15 17 16 16 19 -ve 15 24 -ve
1la 15 15 15 24 22 22 19 30 -ve
11b -ve 27 -ve 22 21 -ve 14 13 -ve

Ciprofloxacin 20 22 24 25 24 23 - - -
K etoconazole - - - - - - 23 22 24
* M.O.: microorganism ** Compd: compound N.A.: no activity

The minimum inhibitory concentrations (MIC) werecoeded for compounds that showed promising growth
inhibition using the two-fold serial dilution metthoThe MIC (ng/mL) values against the tested b&dtand fungal
isolates were recorded Table 2.

Table2: Antimicrobial activity against the pathological strainsexpressed asMIC (ng/mL) based on two fold serial dilution technique of
chemical compounds

M.O. Gram positive bacteria Gram negative bacteria Yeast Fungi
Compd.” S. aureus| B.subtilig B. megaterium K. pneumoniag P. aeruginosg E.coli | S.cerevisiag C.albicand A. niger
3a 200 - 200 50 50 200 100 50 -
3d 200 - - 100 50 200 200 - -
3e - - - 50 10C 20C 10C 5C -
4a - - - 50 - 20C 10C 10C -
4b 200 100 200 50 50 25 200 100 -
4c - 200 - 50 200 200 100 100 -
4d - - - 22 200 200 50 200 -
5a - - 200 200 200 200 200 200 -
6a 25 25 25 25 25 25 25 25 25
6¢ 20C - - 21 20C 20C 10C - -
6d 25 25 25 25 25 25 25 25 50
7b - 200 - 50 50 200 100 200 -
8b - 200 - 50 200 200 50 50 -
9a - 200 - 50 200 200 50 100 -
9% - - - 50 - 200 200 200 -
10a - 200 - - 200 - 200 200 -
10b - 200 200 200 200 - - 50 -
1la - - - 50 100 200 200 50 -
11b - 50 - 100 200 - - - -
Ciprofloxacin| 25 25 25 25 25 25 - - -
K etoconazole| - - - 25 25 25

* M.O.: microorganism ** Compd: compound

Based on the data obtained from Tabland Table2, it is obvious that most of the tested compoundsevhighly
active against gram negative bacteKagneumonia, P. aeruginosa, E. coli) and yeastsS cerevisiae, C. albicans)
while having moderate or low activity against graositive bacteriagaureus,B.subtilis, B. megaterium). All the
tested compounds exhibited no activity againsttdsted fungusA. niger) except the derivative6,, 64 which
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showed potent antifungal activity (1Z = 27, 25mmspectively) and the derivativdg 8,which were weakly active
(I1Z = 14, 15mm, respectively).The chalcone deriegi3,, 34, 3. possessed moderate to good activity against the
tested gram negative bacteapneumoniae, P. aeruginosa, E. coli, and yeastS. cerevisiae, C. albicanswith MIC
ranging from 50-200g/mL, while S. aureus, B. subtilis, B. megaterium were less susceptible to these compounds
especially derivative8swhich showed a very weak antibacterial activity ingathe gram positive bacteria.The
pyrazoline derivativé, possessed moderate antibacterial and antifungalitpctUnlike its parent compound,
derivativedy was highly active against most of the tested naiganisms(1Z = 22-31 mm) and was inactive against
A. niger, whilst the other dihydropyrazole derivativégwere inactive against gram positive bacteria, xerrted
moderate to good activity against gram negativedvec(lZ = 14-28 mm) and potent antifungal actitibwards the
tested yeasts (IZ = 18-30 mm) in comparison tosla@dard drugs.The isoxazoline derivatbyeshowed weak to
moderate antimicrobial activity. In contrast to tfiee membered derivatives of chalcones, the simimered
dihydropyrimidone derivative8,, 64, with the exception ., they exerted a significant increase in the antidréal

and antifungal activity towards all the tested mdrganisms even the resist@ntniger,and they were more potent
than the standards (Ciprofloxacin, Ketoconazole)ttiney can be considered as promising antimicr@gahts. As
for the compound,, it was highly active against two gram negativetbaaK. pneumoniae, P. aeruginosa(lZ = 26,

28 mm) but less active da coli andS. cerevisiae, C. albicans. In contrast with the previous derivative, compadun
8, was more potant as antifungal agent agaénstrevisiae, C. albicans, and also towardK. pneumoniae(lZ = 28,

25 mm) whileP. aeruginosa andE. coli were less susceptible to its action. The pyramakdves9, possessed high
antimicrobial activity orK. pneumoniae, S. cerevisiae and C. albicans, but moderate activity againBt subtilisP.
aeruginosa andE. coli, while the dimethoxy derivativ8, showed high activity towards. pneumoniae but lesser
activity againstE. coli and the yeasts. The imino dihydropyridine derixedgdid not have any significant activity,
except for compound0, which was highly active again€L albicans(IZ = 24 mm). While the dihydropyridone
derivative 11,n0 or moderate antimicrobial activity. However thieco-analogugl, showed significant activity
againstB. subtilis, a gram positive bacterium, and moderate actagignistk. pneumoniae andP. aeruginosa, gram
negative bacteria.

CONCLUSION

In the summary,we synthesized 26 novel phthalintidlempounds and tested their antimicrobial activijpiast a
variety of gram positive and gram negative bactasiavell as fungal isolates using Ciprofloxacin &sdoconazole
as reference drugs. Only compourgs6y were active against all of the tested microorgasisind showed potent
antibacterial and antifungal activity (MIC = 28/mL), even more potent than the used standardde\Wbmpound

4, possessed moderate to potent antimicrobial agtigivards all microorganism (MIC = 25-2(@/mL) exceptA.
niger. Most of the tested derivatives (at least 16 @f tbsted derivatives) were active agaiksipneumonia, P.
aeruginosa, E. cali, S. Cerevisiae and C. albicans.While B. subtilis was the most susceptible gram positive
bacterium (10 compounds showed antibacterial agtagainst it), whereak. pneumonia was the most sensitive
microorganism (10 derivatives exerted MIC ofl§nL and 2 derivatives possessed MIC ofi@®L).
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