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Abstract: The synthesis of a series of substituted pyrroBglquinoline is described, starting from 2-
nitrophenylacetic acid. Their structures have bestablished on the basis of spectral data. All @mgds were
evaluated for antibacterial activities agaistherichia coli and Staphyloccus aureus strains and antifungal
activity againstCandida albicans andAspergillus niger strains by using serial dilution method.
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1. Introduction

The design of new compounds to dead with residtacteria and fungi has become one of the most itaipor
areas of antibacterial and antifungal researchytosiace resistance of pathogenic bacteria andi fiovgard
available antimicrobial drug is rapidly becomingnajor problem worldwide. So the discovery of noaed
potent antibacterial as well as antifungal agemdse demanding. Despite great effort from the jpizaeutical
industry to manage the resistance problem, theodisy and development of new mechanistic classes of
antibiotics has found with very little succésdhe difficulty of this task is demonstrated by ttact that only
two ar;tzisbiotics of new classes, linezolid and daptoin, have been successfully developed in the thase
decad

A large number of heterocyclic compounds are aasediwith diverse pharmacological properties, sash
antiviral, anti-inflammatory, fungicidal and antienobial activity’. Quinazoline derivatives represent one of the
most active classes of compounds possessing aspitgrum of biological activify They are widely used in
pharmaceuticals and agrochemiGaler example, fluguinconazole fungicide for thentrol of agriculture
diseases Several reports have been published on the baabgctivity of quinazoline derivatives, including
their bactiricidal, herbal and anti-tumor activity

Quinoline and isoquinoline alkaloids have been ixdicg great attention because of their wide ran@e o
medicinal and pharmacological applicatibr®n the other hand, pyrrolo[1&quinolines are reported as tumor
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inhibitors’ and pyrrolo[2,1a]isoquinolines have also been found to exhibit @adr spectrum of biological
activities®.

The syntheses of pyrrolo[1,2-a]quinoline and itsv@gives were reviewed in 2003 by El-Sayed anb&yed

' After this date, new methods or the improvementhe earlier methods for preparation of pyrrolafi,
aJquinoline were described in the literatufe Among these methods the 1,3-dipolar cycloadditbrthe
quinolinium ylides in presence of suitable dipofarides is one of the most conveniéfit given that the
heteroaromatic N-ylides proved to be valuable ntsiates towards various N-bridgehead heterocytl@he
interest in pyrrolo[1,2-a]quinolines is due to thpotential biological activity and attractive pigechemical
properties™. Also the skeleton of pyrrolo[1,2-a]quinoline igepent in gephyrotoxin, a natural alkaloid which
was the subject of many investigatidfis

In an endeavor to find a new class of antimicrolbigénts, we have designed and synthesized some new
pyrrolo[1,2-a]quinoline derivatives as potentiatiaricrobial and antifungal agents. The resultshid study are
discussed in this paper.

2. Material and Methods

2.1. Chemistry

Melting points were determined on a Boétius hoteplaicroscope and are uncorrected. The IR speara w
recorded on a Nicolet Impact 410 spectrometer, Bn pellets. The NMR spectra were recorded on aavari
Gemini 300 BB instrument, operating at 300 MHz fdeNMR and 75 MHz for*C-NMR, the multiplicities
were determined through DEPT. Mass spectra wemded on a Varian MAT 311 spectrometer.

2.1.1. Preparation of 2-aminophenylacetic acid derivatives 2(a-c)

Substituted ortho-nitrophenylacetic acid 1 (a-hp25mmol) was added to a solution of Pd/C (20 %) an
excess of ammonium formate in 20 ml of EtOH. Theture was stirred and refluxed for 2 hours, théerid
and concentrateth vacuo. The reaction mixture was poured into H20 andaetéd with EXO. The organic
solution was dried over MgS@nd evaporated. The residue was recrystallized fretroleum ether.

a. 2-aminophenylacetic acid 2a

Yield=72%; mp =124 °C*H NMR (CDCk , 300 MHz): 6.46 (dd, 1H, H3); 6.94 (t, 1H, H4)6B (t, 1H, H5);
6.93 (dd, 1H, H6); 3.62 (s, 2H, G}14,3 (br s, 2H, NB); 5.0 (br s, 1H, OH)*C.NMR (CDC} , 75 MHz);
121.9 (C1); 148.4 (C2); 115.8 (C3); 128.4 (C4); .B1E5); 130.9 (C6); 32.6 (G 178,5 (CO). IR (KBr) :
3200 (OH), 1685 (C=0), 3300 (NH 3400 (NH). HRMS, m/z: 151(M), calcd. for &NO, : 151.060, found:
251.093.

b. (2-Amino-5-methyl-phenyl)-acetic acid 2b

Yield=72%; mp =146°C'H NMR (CDCk , 300 MHz): 6.33 (d, 1H, H3); 6.74 (d, 1H, H4)74.(s, 1H, H6);
2.47 (s, 3H, Ch); 3.60 (s, 2H, CH); 4,27 (br s, 2H, Nb); 5.2 (br s, 1H, OH)**C.NMR (CDC} , 75 MHz);
122.4 (C1); 146.0 (C2); 116.3 (C3); 129.2 (C4); .B2&5); 132.5 (C6); 23.1 (G 33.5 (CH); 178,1 (CO).
IR (KBr) : 3200 (OH), 1685 (C=0), 3300 (NH 3400 (NH). HRMS, m/z: 165(M), calcd. for §&i;;NO, :
165.070, found: 165.079.

¢. (2-Amino-5-chloro-phenyl)-acetic acid 2c

Yield=72%; mp =153 °C'H NMR (CDC} , 300 MHz): 6.19 (d, 1H, H3); 6.79 (d, 1H, H4)88.(s, 1H, H6);
3.45 (s, 2H, CH); 4,27 (br s, 2H, Nb); 5.1 (br s, 1H, OH)}*C.NMR (CDC}k , 75 MHz); 123.5 (C1); 146.7
(C2); 117.3 (C3); 128.2 (C4); 124.5 (C5); 131.2 XCHL.5 (CH); 177,9 (CO). IR (KBr) : 3200 (OH), 1685
(C=0), 3300 (NH), 3400 (NH). HRMS, m/z: 185(M), calcd. forElsCINO, : 185.020, found: 185.024.
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2.1.2. Preparation of 2-(1-pyrrolyl)phenylacetic acid derivatives 3(a-C)

2-aminophenylacetic acid derivatives 2(a-c) (1.98haf) was stared and refluxed for 3 hours with 4-
chloropyridinium chlorohydrate (7.9 mmole), and -@iethoxytetrahydrofurane (15 mmol) in 20 ml of
dioxane. Having removed the solventvacuo, The reaction mixture was poured into H20 andaetéd with
Et,O. The organic solution was dried over MgSand evaporated. The residue was recrystallizech fro
petroleum ether.

a. 2-(1-pyrrolyl)phenylacetic acid 3a

Yield=65%; mp= 40°C*H NMR (CDCl , 300 MHz): 6.76 (dd, 1H, H3); 7.24 (t, 1H, H4)98 (t, 1H, H5);
7.23 (dd, 1H, H6); 3.42 (s, 2H, G}16,85 (d, 2H, H2'H5'); 6.26 (t, 2H, H3'H4'); 4.@r s, 1H, OH).”C.NMR
(CDCl;, 75 MHz); 126.6 (C1); 142.4 (C2); 120.4 (C3); B{C4); 125.5 (C5); 130.6 (C6); 34.1 (§H179,0
(CO); 119.5 (C2"); 110.6 (C3'); 110.6 (C4); 119(65)). IR (KBr) : 3500 (OH), 1720 (C=0). HRMS, m/z:
201(M), calcd. for GH;:NO,: 201.070, found: 201.079.

b. 5-Methyl-2-(1-pyrrolyl)phenyl acetic acid 3b

Yield=47%; mp= 86°C'H NMR (CDCk , 300 MHz): 6.93 (d, 1H, H3); 7.34 (d, 1H, H4)34.(s, 1H, H6);
2.67 (s, 3H, CH):; 3.80 (s, 2H, CH); 6,94 (d, 2H, H2'H5'); 6.39 (t, 2H, H3'H4"); 5.fbr s, 1H, OH)*C.NMR
(CDCl; , 75 MHz); 126.8 (C1); 138.2 (C2); 120.7 (C3); 128C4); 134.6 (C5); 131.6 (C6); 34.1 (QH22.1
(CH,); 178,4 (CO); 119.2 (C2’); 110.4 (C3"); 110.4 ($4119,2 (C5'). IR (KBr) : 3350 (OH), 1720 (C=0).
HRMS, m/z: 215(M), calcd. for GH1:NO,: 215.090, found: 215.091.

c. 5-Chloro-2-(1-pyrrolyl)phenyl acetic acid 3c

Yield=57%; mp= 106°C*H NMR (CDClk , 300 MHz): 6.39 (d, 1H, H3); 7.01 (d, 1H, H4)1%.(s, 1H, H6);
3.75 (s, 2H, Ch); 6,75 (d, 2H, H2’'H5); 6.36 (t, 2H, H3'H4"); 4.@r s, 1H, OH)**C.NMR (CDC} , 75 MHz);
128.3 (C1); 139.8 (C2); 122.1 (C3); 128.3 (C4); .03(C5); 131.1 (C6); 32.4 (GH 178,2 (CO); 119.2 (C2);
110.3 (C3"); 110.3 (C4’); 119,2 (C5"). IR (KBr): 86 (OH), 1720 (C=0). HRMS, m/z: 235(M), calcd. for
C12H1oCINO,: 235.038, found: 235.04.

2.1.3. Preparation of pyrrolo[1,2-alquinoline derivatives 4(a-c)

2-(1-pyrrolyl)phenylacetic acid derivativ@ga-c) (0.5 mmole) was stired and refluxed for 4 hourswvtml of
acetic anhydride. Having removed the sohientacuo, the reaction mixture was stirred with 4 ml ofusated
NaHCG; solution for 1 hour. After the mixture was dilutadth H,O and the agueous mixture was extracted
twice with ether, the ether fraction were combingdshed with water, and dried over MgS@nd the solvent
was removed irvacuo. The residue was recrystallized from petroleunereth

a. 4-Acetoxy pyrrolo[1,2-alquinoline 4a

Yield=47%.'H NMR (CDCk , 300 MHz): 8.29 (d, 1H, H1); 6.89 (t, 1H, H2)58.(d, 1H, H3); 7.12 (s, 1H,
H5): 7,97 (d, 1H, H6); 7.8 (t, 2H, H7H8); 8.37 (tH, H9); 3.05 (s, 3H, C¥. *C.NMR (CDCk , 75 MHz);
113.2 (C1); 114.3 (C2); 99.6 (C3); 145.4 (C4); BAES5); 126.2 (C6); 128.1 (C7); 127,4 (C8); 126CBY;
128.9 (C10); 129.0 (C11); 146,1 (C12); 168.4 (COJ;1 (CH). IR (KBr): 1750 (CO); 1650; 1540; 1460.
HRMS, m/z: 225(M), calcd. for GH1;NO,: 225.070, found: 225.079.

b. 4-Acetoxy-7-methyl pyrrolo[1,2-a]quinoline 4b

Yield=56%; mp= 78°C*H NMR (CDCk , 300 MHz): 7.23 (d, 1H, H1); 6.73 (t, 1H, H2)38.(d, 1H, H3);
7.72 (s, 1H, H5); 7,57 (s, 1H, H6); 7.46 (d, 1H,)HB37 (d, 1H, H9); 3.15 (s, 3H, GH 3.24 (s, 3H, Ch).
¥C.NMR (CDCE: 75 MHz); 113.3(C1); 114.2 (C2); 99.5 (C3); 144C#); 143.7 (C5); 125.2 (C6); 128.4 (C7);
125,8 (C8); 136.3 (C9); 129.9 (C10); 128.1 (C14B,7 (C12); 168.1 (CO); 17.3 (GH21.5 (CH).

IR (KBr): 1750 (CO); 1490; 1420; 1360. HRMS, m/392ZM), calcd. for GsH13NO,: 239.090, found: 239.095.
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c. 4-Acetoxy-7-chloro pyrrolo[1,2-a]quinoline 4¢c

Yield=66%; mp= 40°C. mp =108 °¢H NMR (CDC} , 300 MHz): 7.19 (d, 1H, H1); 6.69 (t, 1H, H2)28.(d,
1H, H3); 7.82 (s, 1H, H5); 7,78 (s, 1H, H6); 7.57 {H, H8); 8.11 (d, 1H, H9); 2.24 (s, 3H, QH’C.NMR
(CDClz , 75 MHz): 113.2 (C1); 114.4 (C2); 99.4 (C3); 1315C4); 144.3 (C5); 125.7 (C6); 128.9 (C7); 126,1
(C8); 132.8 (C9); 129.9 (C10); 139.1 (C11); 144717%); 168.2 (CO); 17.0 (CH IR (KBr): 1750 (CO); 1490;
1430; 1360; 1250; 1200. HRMS, m/z: 259(M), caled.®sH1sNO,: 259.038, found: 259.040.

2.2. Determination of thein vitro antimicrobial activity

All the synthesized compounds were tested for timeiritro antimicrobial activity against a panel stndard
strains of the Gram-positive bactert&aphylococcus aureus ATCC 19433 (SA) and Bacillus subtilis ATCC
6633 (BS), the Gram-negative bactetizcherichia coli ATCC 25922 (EC) andPseudomonas aeruginosa
ATCC 27853 (PA), and the yeast-like pathogenic fi;mGandida albicans ATCC 753 (CA). The primary
screening was carried out using the agar-disk slffu method using Muller-Hinton agar medidm Sterile
filter paper disks (8 mm diameter) were moisteneth the test compound solution in dimethylsulfoxiofe
specific concentration (200ug/disk). The disks aomnihg the compounds under test, the antimicraiéibiotic
ampicillin trihydrate (100 pg/disk) and antifungiilig clotrimazole (100 pg/disk), were carefullygad on the
agar culture plates that had been previously iradedl separately with the microorganisms susperatid)6
Colony Forming Unit/mL (CFU/mL) concentration. Thites were incubated at 37 °C, and the diamettreof
growth inhibition zones was measured after 24 ltare of bacteria and 48 h in caseCofalbicans. The
minimal inhibitory concentration (MIC) for the moattive compounds against the same microorganises u
in the primary screening was carried out usingrntherodilution susceptibility method in Muller-Hirmobroth
and Sabouraud liquid medium. The compounds, arfipidiihydrate, and clotrimazole were dissolved in
dimethylsufoxide at concentration 800 pg/mL. Thefedd dilutions of the solution were prepared (4200,
100, ... 6.25 pg/mL). The microorganism suspensidrns0& CFU/mL concentrations were inoculated to the
corresponding wells. The plates were incubated7at@ for 24 and 48 h for the bacteria a@dalbicans,
respectively. The MIC values were determined asldlgst concentration that completely inhibitedilis
growth of the microorganisms as detected by unagyed

3. Results and Discussion
3.1. Chemistry

The preparation of the target compounds is outlime&chema 1. The reduction of 2-nitrophenylacatd
derivativesl(a-c) to the corresponding amirga-c) using classical reducing reagents such as Iraacidic
media’®, Sodium hydrosulfité, Samariunt’, Sodium sulfid& and Zinc metal in aqueous ammonium chloride
2 gave the oxyindol with intramolecular cyclisatiorThis problem was overcome, with a good yield PoyC
catalysed hydrogenolysis using ammonium formata asurce of hydrogefi. With a Clauson-Kaas reaction
24 2-aminophenylacetic acid derivatives 2(a-c) waent heated to reflux with stirring in dioxane, imet
presence of 4-chloropyridinium chlorohydrate an8-dimethoxytetrahydrofurane to obtain 2-(1-pyrrdlyl
phenylacetic acid derivative3(a-c) whose cyclisation was accomplished by heatingeflux in acetic
anhydride®, finally leading to the target compound pyrrol@h]quinoline derivatived(a-c)

3.1.1. Preparation of 2-aminophenylacetic acid derivatives 2(a-c)

2-aminophenylacetic acid derivativ@ga-c) were prepared starting from 2-nitrophenylacetid aterivatives
1(a-c)via catalytic hydrogenation using and an excesm@honium formate in EtOH. The mixture was stirred
and refluxed for 2 hours then filtered and conadettin vacuo. After dilution of the reaction mixture with
ethyl acetate, washing with brine, and evaporatitwe, reaction mixture, was crystallized from hexane
affording 2-aminophenylacetic acid derivativ@¢a-c) in 72% vyield. The identification of the amino
phenylacetic acid derivativéXa-c) was basedn spectroscopic data. In tHéNMR spectra of these products,
we noted the appearance of the signal as the na s due to protons of amine group NH
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3.1.2. Preparation of 2-(1-pyrrolyl)phenylacetic acid derivatives 3(a-c)

For the synthesis of th2-(1-pyrrolyl)phenylacetic acid derivatives 3(a-G)we have used the Clauson-Kaas
reactiof”, the reaction between the 2-aminophenylacetic awédivatives 2(a-c) and 2,5-dimethoxy
tetrahydrofurane was heated to reflux and stirringdioxane, in the presence of 4-chloropyridinium
chlorohydrate to obtain 2-(1-pyrrolyl)phenylaceticid derivatives3(a-c). The identification of the 2-(1-
pyrrolyl)phenylacetic acid derivatives 3(a-c) wassédon spectroscopic data. In thdNMR spectra of these
productswe noted the disappearance of the massif at 3.éocdp®tons NH and the appearance of two singlets
at 9.16 and 9.91 due to protons of the pyrrolytaugt

3.1.3. Preparation of pyrrolo[1,2-alquinoline derivatives 4(a-c)

2-(1-pyrrolyl)phenylacetic acid derivatives 3(a-ahose cyclisation was accomplished by heatingfix in
acetic anhydride, finally leading to the target pomnd pyrrolo[l,2-a]Jquinoline derivatives 4(a-c)her
identification of thepyrrolo[ 1,2-a] quinoline derivatives 4(a-c) was based spectroscopic data. In tHéNMR
spectra of these productse noted the appearance of the singlet at 2.45%alpeotons of methyl of acetoxyl

group.
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Reagents: a, GNIO,/Pd/C; b, 2,5-Dimethoxy-tetrahydro-furan/Chloroyne; ¢, AGO
Scheme 1

3.2. Antimicrobial activity

The results of the preliminary antimicrobial tegtiof compound®a-4c (200 pg/disk) and the broad-spectrum
antibacterial antibiotic ampicillin trinydrate (1Q0y/disk) are shown in Table 1. The results revk#bat the
majority of the synthesized compounds showed vgrgiggrees of inhibition against the tested micranigms.
In general, the inhibitory activity against thetégk Gram-positive bacteria was higher than thahefGram-
negative one. Compound8b—3a 3b—4b and 4c displayed broad-spectrum antimicrobial activitytey
possessed excellent activity against the Gramdipesitacteria, moderate activity agaifst coli, and weak
activity againstC. albicans. The least susceptible organisms w@eaeruginosa and C. albicans. Only
compound2b, was moderately active agair@talbicans and compound8c and4c showed moderate activity
againstE. coli. However, compoundla exhibited moderate activity againgt coli and P. aeruginosa in
addition to weak activity againg. albicans. None of the tested compounds were found to bdraagsas
clotrimazole. The compourizh are completely inactive against the tested strains
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Table 1 Antimicrobial activity of compounds (200 ug/8 nalisk), the broad-spectrum antibacterial drug
ampicillin trinydrate (100 pg/8 mm disk) and theifumgal drug Clotrimazole (100 pg/8 mm disk) agai@
aureus ATCC 19433 (SA), B. subtilis ATCC 6633 (BS), E. coli ATCC 25922 (EC), P. aeruginosa ATCC 27853
(PA), and C. albicans ATCC 753 (CA).

Cpd MIC (pg/mL)

SA BS EC PA CA
2b 37 41 77 126 78
2c 50 55 125 124 123
3a 75 73 131 136 135
3b 76 125 126 133 133
3c 78 76 70 130 122
4a 39 35 72 75 124
4b 77 78 125 126 127
4c 74 74 71 125 125
Ampicillin <10 <10 <10 <10 NT
Clotrimazole NT NT NT NT 14

NT, not tested.
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