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ABSTRACT

The novel bridged bicyclic morpholine derivativéshenzyloctahydropyrrolo-[3,4-b][1,4]oxazine dertires Ga-j)
have been synthesized in six steps. The targetawordp 6a-j) were obtained by reacting active intermediate 4-
benzyloctahydropyrrolo-[3,4-b][1,4]oxaziné) with various alkyl or aryl halide substituents ihe presence of
potassium carbonate. Thesebridged bicyclic morpleslivhich were fused to an additional hetero ring,
pyrrolidinewere screened for their antibacterial carantifungal potency. These derivatives,N-substitutvith
cyclohexomethyl, isopropyl, p-methylbenzyl and pleginylexhibited promising antimicrobial activitgpmpounds
6a-c were effective against the tested bacterial ssacompound$a, 6¢, 6g were effective against antifungal
strains; and compound&l and6e were not active for these studies.
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INTRODUCTION

Bridged bicyclic morpholines are important buildildpcks in medicinal chemistry research. Morphdlirere
utilized extensively in drug discovery researchnighet al. reported synthesis of a novel morpleliased building
block, 3-Oxa-6-azabicyclo[3.1.1]heptane hydrotosyl§l] and (+)-6-oxa-3-azabicyclo[3.1.1]heptan-Btie, a
potential synthon for the preparation of novel heteyl-annulated bicyclic morpholines [2]. Numerodgigs
possessing a directly linked morpholine have bggraved by the FDA and other regulatory agenciemapshot
of recently marketed drugs is shownFigure 1, including linezolid (Zyvox®)[3],gifitinib (Iress®)[3],reboxetine
(Vestra®) [5] and timolol (Betimol®) [6,7].Analogicorporating a fused morpholine ring have alsowsho
potential for treating various human diseases; smvent preclinical and clinical candidates arenshn Figure 2,

including BLI-489[8,9,10],finafloxacin[11], and AGNL.93080 [12].In addition, a number of reports detgi

analogs incorporating a bridged bicyclic morpholireve been reported in the medicinal chemistryditee [13].
In some instances, the bicyclic analog showed eagthrbiological activity compared to the correspogdi
morpholineanalog[13-18].
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Figure 1 Marketed drugs possessing a directly linked mor pholinering
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Figure 2 Clinical (BL1-489 and finafloxacin) and preclinical (AGN 193080) candidates possessing a fused morpholinering

Given the promising biological profiles of analqusssessing a fused morpholine ring and the emepgitential of
bridged bicyclic morpholineanalogs, we became &#td in preparing bridged bicyclic morpholinest there
fused to an additional hetero ring [19], many cégl hetero-annulated analogs have shown interdsithagical
properties [20,21].Considering the scope and requént of these compounds for the drug developmedtia
continuation to our previous findings on synthesisl pharmacological activities of heterocyclic conpds [22],
we have designed and synthesized, 4-benzyloctapydmdo[3,4b][1,4]oxazine derivative®a-j. The structure of
these compounds was confirmed Hy-NMR, *C-NMR and mass spectral studies. The newly syrthdsi
compounds were screened for their antimicrobialiyt

MATERIALSAND METHODS

1.1. Chemistry

'H and**C NMR spectra were recorded with a Brucker Avan&XB00 spectrometer operating at 400 MHz, with
Me,Si as internal standard. The chemical shifts aqgressed a9 values in parts per million (ppm), and the
coupling constantsJf are given in hertz (Hz). Mass spectra were ddtexdhby the EPSRC Mass Spectrometry
Centre (Swansea, UK). Flash column chromatograpiy performed with silica gel 60 (Merck), and TLCri=d
out on precoated silica plates (kiesel gel 66, BDH). Melting points were determined on an eledtnermal
instrument and are uncorrected. All reagents irlin the experiments were commercially availalid ased
without further purification. The yields were offfied compounds and were not optimized.

1.1.1.Synthesis of 2,5-dihydro-1H-pyrrol-1-yl(phenyl)methanone (1)

To a stirred solution of benzamide (2.5g, 0.02 nMogq) in dry toluene (250 ml) was added potasdiydroxide
(1.15g, 0.02 mol, 1 eq). Then added TBAB (1.28808mol, 0.2 eq) and the contents were heated tG.4D%4-
dichloro-2-butene (5.0g, 0.04mol, 2eq) was addeg-avise. The reaction mixture was stirred at 508C5h, then
poured into ice-water (20ml) and the organic layes separated, dried over anhydrougsS@a and concentrated
under reduced pressure to obtain 2,5-dihydro-1Hebyir-yl(phenyl)methanonéf which was taken as such to the
next step. Light yellow liquid (79%), b.p: 205-288°C; H-NMR (400 MHz, DMSO-¢, & / ppm):3.83-
3.87(ddJ,=4.2HzJ,=7.6Hz,4H), 5.76(d=5.6Hz,1H), 5.88(d=7.2Hz,1H),  7.43(m,2H), 7.80(m,3H).
MF=Cy;H;;NO, MW=173.21, [m/Z]=174.34.

1.1.2.Synthesis [3-br omo-4-(2-hydr oxyethoxy)pyr r olidin-1-yl] (phenyl)methanone (2)

To 2,5-dihydro-1H-pyrrol-1-yl(phenyl)methanon®) (3.0g, 0.0173mol, 1eq) was added ethyleneglyt@in(), N-
bromsuccinimide (3.39g, 0.019mol, 1.1 eq) and tirdure was stirred under inert atmosphere for Xgided water
(25ml) to the reaction mass and the product wasebed to dichloromethane (20ml*2). The organicetawas
washed with brine solution, dried over anhydrousS@ and concentrated under reduced pressure. The crude
compound obtained was purified by column chromatplyy using 60-120 mesh silicagel and chloroform and
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methanol as eluent. The product got eluted aboutoi%hethanol. The pure fractions were concentrateder
reduced pressure to obtain 3-bromo-4-(2-hydroxyetfpyrrolidin-1-yl](phenyl)methanone?2). Yellow liquid

(89%), b.p: 215-218.5 °CH-NMR (400 MHz, DMSO-¢, & / ppm):3.65(ql,=6.4HzJ,=1.6Hz,2H), 3.72(s,2H),
3.8(tJ=5.6Hz,2H), 4.16(8=1.6Hz,2H), 4.36(m,1H), 4.48(m,1H), 5.2(bs,1H), 6{B)=7.6Hz,2H), 7.8(m,3H).
MF=Cy3H;6BrNO; MW=314.17, [m/Z]=316.34.

1.1.3.Synthesis of 2-[(1-benzoyl-4-bromopyrr olidin-3-yl)oxy]ethyl-4-methylbenzenesulfonate (3)

To a stirred solution of [3-bromo-4-(2-hydroxyetiydyrrolidin-1-yl](phenyl)methanonej (3.7g, 0.0117mol, 1eq)
in tolunene (40ml), was added triethylamine (1.319153mol, 1.3eq) and 4-N,N’-dimethylaminopyridi{3¥g). p-
toluenesulfonylchloride (2.9g, 0.015mol, 1.3eq) vedsled drop-wise into the reaction mixture. Thectiea mass
was stirred under inert atmosphere ambient temprerdor 12h. Added water (25ml), separated the rmiogkayer,
dried over anhydrous N8O, and concentrated under reduced pressure. The pradact obtained was purified by
column chromatography using 60-120 mesh silicagel ethylacetate and petroleum ether as eluent.pfd@uct
got eluted at about 30% of ethylacetate. The praetibns were concentrated under reduced pressurbtain 2-
[(1-benzoyl-4-bromopyrrolidin-3-yl)oxy]ethyl-4-megtbenzenesulfonate3). Yellow solid (65%), m.p: 195-198.5
°C; 'H-NMR (400 MHz, DMSO-¢, & / ppm):2.65(s,3H), 3.63(@=6.4Hz),=5.6Hz,2H), 3.67(s,2H),
3.8(tJ=6.0Hz,2H), 4.36(0~1.6Hz,2H), 4.39(m,1H), 4.4(m,1H), 7.38d7.6Hz,2H), 7.87(m,3H),
7.92(d,J=6.8Hz,2H), 8.02(dd;=8.0Hz),=1.6Hz,2H).MF=GoH,,BrNOsS, MW=468.36; [m/Z]=470.87.

1.1.4.Synthesis of (4-benzylhexahydropyrrolo[3,4-b][1,4]oxazin-6(2H)-yl)(phenyl)methanone (4)

To a stirred solution of 2-[(1-benzoyl-4-bromopyidi-3-yl)oxy]ethyl-4-methylbenzenesulfonate3) ( (4.0g,
0.0085mol, 1 eq) in xylene (40ml) was added bemziiea (2.75g, 0.0256mol, 3eq). The contents wereelet
reflux under inert atmosphere for 12h. The produas filtered and purified by column chromatograpising 60-
120 mesh silicagel and ethylacetate and petrolethmar eas eluent. The product got eluted at about 3%
ethylacetate. The pure fractions were concentnabei@r reduced pressure to obtain (4-benzylhexapydmlo[3,4-
b][1,4]oxazin-6(2H)-yl)(phenyl)methanond)( Pale yellow solid (75%), m.p: 175-178.3 “&-NMR (400 MHz,
DMSO-d;, 6 / ppm):2.42(t)=5.6Hz,2H), 3.35(t,7.2Hz,2H), 3.5800.8Hz,2H), 3.86(d=12Hz,2H), 4.1(m,1H),
4.23(ddJ;=9.6HzJ,=1.6Hz,1H), 4.43(s,2H), 7.38@7.6Hz,2H), 7.87-7.90(m,4H), 7.920d7.6Hz,2H),
805(de1=80HZ,J2=20HZ,2H)MF=Q0H22N202, MW=322.40; [m/2]=32347

1.1.5.Synthesis of 4-benzyloctahydropyrrolo[3,4-b][1,4]oxazine (5)

To a stirred solution of (4-benzylhexahydropyrr8ldfb][1,4]oxazin-6(2H)-yl)(phenyl)methanonet) ( (3.0g,
0.0093mol, 1eq) in con.HCI (20ml), added water (5emd the contents were refluxed for 10h. The ldpct
benzoic acid formed was filtered and the filtra@swvashed with ethyl acetate. The aqueous layetreated with
charcoal, filtered and basified with sodium hyddeito pH about 11 using 5% sodium hydroxide satutibhe
product was extracted to dichloromethane, dried 8&S0O, and concentrated under reduced pressure to residue
obtain 4-benzyloctahydropyrrolo[3,4-b][1,4]oxazif®. Pale yellow solid (75%), m.p: 175-178.3 Y6:NMR (400
MHz, DMSO-d, & / ppm):2.42(8=5.6Hz,2H), 3.35(t,7.2Hz,2H), 3.580¢0.8Hz,2H), 3.86(d=12Hz,2H),
4.1(m,1H), 4.23(dd;=9.6HzJ,=1.6Hz,1H), 4.43(s,2H), 4.72(bs,1H), 7.38&¥.6Hz,2H), 7.87-7.90(m,3H).
MF=C;3H1gN,O,MW=218.29; [m/Z]=21945

1.1.6.Synthesis of 4-benzyloctahydropyrrolo[3,4-b][1,4]oxazine derivatives (6a-j)

To a stirred solution of 4-benzyloctahydropyrroldi®][1,4]oxazine §) (500mg, 0.0022mol, 1eq) in ACN (5ml),
was added alkyl or aryl halide (1eq) and potassianbonate (0.94g, 0.0068mol, 3eq). The contente wtired at
50°C for 8h. Added water (15ml) and the product weisacted to ethyl acetate, washed with brinetgwiyudried
over NaSQ, and concentrated under reduced pressure. The @uathict obtained was purified by column
chromatography using 60-120 mesh silicagel andathjate and petroleum ether as eluent. The pacddns were
concentrated under reduced pressure to obtairtineampounds.

Synthesis of 4-Benzyl-6-(cyclohexylmethyl)octahyghrolo[3,4-b][1,4]oxazine(6a)

Pale brown solid (69%), m.p: 185-188.5 “€&-NMR (400 MHz, DMSO-g, & / ppm): 1.15 (gJ = 5.2 Hz, 2H),
1.19-1.27 (m, 4H), 1.58-1.76 (m, 5H), 2.39)(& 11.2 Hz, 1H), 2.63 (1] = 7.5 Hz, 1H), 2.88 (s, 2H), 3.16-3.39 (m,
4H), 3.49-3.62 (M, 4H), 3.78 (ddJ,= 0.8 Hz,J,= 11.4 Hz, 1H), 4.04 (s, 1H), 7.24-7.33 (m, 5HE-NMR (400
MHz, DMSO-d, 6 / ppm):135.5, 128.8, 128.5, 127.3, 82.9, 64.57,689.6, 58.4, 58.2, 54.9, 51.0, 36.2, 31.3, 28.3,
25.5; Anal. calcd. for &H3N,O: C, 76.39; H, 9.62; N, 8.91%; found: C, 76.37; H61; N, 8.91%. MF =
CaoH3oN,0; MW = 314.46; [m/Z]= 314.2.

Synthesis of 4-Benzyl-6-isopropyloctahydropyrro}é{B][1,4]oxazine6b)
Brown solid (71%), m.p: 125-129 °&H-NMR (400 MHz, DMSO-g, § / ppm): 0.94 (d,) = 6.4 Hz, 6H), 2.29-2.37
(m, 2H), 2.47-2.52 (m, 1H), 2.62 = 7.2 Hz, 1H), 2.75 () = 8.4 Hz, 1H), 2.95-3.0 (m, 2H), 3.51-3.55 (m, 3H)
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3.63-3.68 (m, 1H), 3.84 (8 = 4.0 Hz, 1H), 7.22-7.25 (m, 1H), 7.30-7.35 (m)5KC-NMR (400 MHz, DMSO-g|
&/ ppm): 135.5, 128.8, 128.5, 127.3, 83.2, 64.59588.2, 57.6, 51.8, 51.6, 51.0, 21.5; Anal. calod CigH,aN.O:
C, 73.81; H, 9.29; N, 10.76%; found: C, 73.80; K29 N, 10.76%. MF = GH,».N,O; MW = 260.37; [m/Z[
260.2.

Synthesis of 4-Benzyl-6-(4-methylbenzyl) octahydrof[3,4-b][1,4]oxazinec)

Pale brown solid (63%), m.p: 229-235 “E-NMR (400 MHz, DMSO-g, & / ppm): 2.26 (s, 3H), 2.31 (d,= 11.6
Hz, 1H), 2.39-2.42 (m, 1H), 2.51-2.57 (m, 1H), 2(67d = 5.2 Hz, 1H), 2.86 (d] = 2.8 Hz, 1H), 3.01 (dd};= 4.4
Hz,J,=11 Hz, 1H), 3.20 (d] =5.6 Hz, 1H), 3.45-3.70 (m, 6H), 3.89{t= 4 Hz, 1H), 7.09-7.15 (m, 4H), 7.17-7.23
(m, 1H), 7.29-7.32 (m, 4H)-*C-NMR (400 MHz, DMSO-¢, & / ppm): 136.9, 135.5, 132.5, 128.8, 128.5, 127.3,
82.9, 64.5, 60.4, 60.0, 59.6, 58.2, 54.2, 51.03;24nal. calcd. for GH»N,O: C, 78.22; H, 8.13; N, 8.69%; found:
C, 78.20; H, 8.13; N, 8.68%. MF = 1,N,0; MW = 322.44; [m/Z]= 322.2.

Synthesis of 4-Benzyl-6-(1,3-dioxolan-2-ylmethgtabydropyrrolo[3,4-b][1,4]oxazinegd)

Yellow solid (74%), m.p: 214-218.5 °@4-NMR (400 MHz, DMSO-g,  / ppm): 2.31-2.34 (m, 1H), 2.41-2.43 (m,
1H), 2.54-2.57 (m, 1H), 2.62 (dd, = 4.4 Hz,J,= 10.8 Hz, 2H), 2.71 (i = 7.2 Hz, 1H), 2.85 (m, 2H), 3.32-3.42
(m, 2H), 3.45-3.47 (m, 2H), 3.59-3.66 (m, 4H),B(9 J = 2.4 Hz, 1H), 4.78 () = 4.8 Hz, 1H), 5.08 (tJ = 4 Hz,
1H), 7.22-7.25 (m, 1H), 7.30-7.33 (m, 1HJC-NMR (400 MHz, DMSO-¢ & / ppm): 135.5, 128.8, 128.5, 127.3,
100.6, 82.9, 66.2, 64.5, 61.1, 60.7, 59.6, 58.2,931.0; Anal. calcd. for £H,4N,0s: C, 67.08; H, 7.95; N, 9.20%;
found: C, 67.07; H, 7.95; N, 9.20%. MF 5/8,/N,05; MW = 304.38; [m/z]= 304.2.

Synthesis of 4-Benzyl-6-propyl) octahydropyrrold{B][1,4]oxazine 6€)

Pale yellow solid (67%), m.p: 139-142 “&{-NMR (400 MHz, DMSO-¢, 5 / ppm):5 0.84-0.92 (m, 3H), 1.69-1.73
(m, 4H), 2.45 (d, J = 12.4 Hz, 1H), 2.71-2.73 (d),13.15-3.27 (m, 4H)3.48-3.66 (m, 2H), 3.75-3.8Q 2H), 3.82-
3.91 (m,1H), 4.14 (s, 1H), 7.27-7.36 (m, S5EAC-NMR (400 MHz, DMSO-¢ & / ppm): 135.5, 128.8, 128.5, 127.3,
82.9, 64.5, 60.4, 59.6, 58.2, 56.6, 54.6, 51.04,2111.8; Anal. calcd. for gH.4N,O: C, 73.81; H, 9.29; N, 10.76%;
found: C, 73.80; H, 9.29; N, 10.75%. MF $8,/N,0; MW = 260.37; [m/Z]= 260.2.

Synthesis of 4,6-dibenzyl octahydropyrrolo[3,4-bibxazine 6f)

Pale brown solid (64%), m.p: 209-215 “€-NMR (400 MHz, DMSO-g, & / ppm):5 1.83 (s, 2H), 2.04 (d = 2.4
Hz, 1H), 2.45-2.52 (m, 2H), 3.52 (d~= 9.6 Hz, 2H), 3.83-3.89 (m, 2H), 4.05t> 7.2 Hz, 1H), 4.33 (d] = 10.8
Hz, 1H), 5.04 (dJ = 10.8 Hz, 1H), 5.59 (d] = 12.4 Hz, 1H), 5.72 (d] = 12.4 Hz, 1H), 7.13-7.29 (m, 6H), 7.42-
7.47 (m, 3H), 7.67 (d] = 5.2 Hz, 1H);*C-NMR (400 MHz, DMSO-¢ & / ppm): 135.5, 128.8, 128.5, 127.3, 82.9,
64.5, 60.4, 60.0, 59.6, 58.2, 54.2, 51.0; Analcaalor GgH,4N,O: C, 77.89; H, 7.84; N, 9.08%; found: C, 77.88; H,
7.84; N, 9.08%. MF = gH,,N,O; MW = 308.42; [m/Z]= 308.2.

Synthesis of 4-Benzyl-6-(2-phenylethyl) octahydmoiy(3,4-b][1,4]oxazine@g)

Brown solid (81%), m.p: 215-220.5 °@4-NMR (400 MHz, DMSO-g, & / ppm):5 2.39 (dd,J, = 1.6 Hz,J,= 12
Hz, 1H), 2.55 (tJ = 10 Hz, 1H), 2.77 (d] = 10 Hz, 1H), 3.01-3.13 (m, 5H), 3.42-3.55 (m, 4B169-3.77 (m, 2H),
4.02 (t,J = 3.2 Hz, 1H), 7.15-7.28 (m, 11H)|C-NMR (400 MHz, DMSO-¢ & / ppm): 139.4, 135.5, 128.8, 128.7,
128.5, 127.7, 127.3, 126.0, 82.9, 64.5, 60.4, 58667, 54.6, 51.0, 33.9; Anal. calcd. fos@,N,O: C, 78.22; H,
8.13; N, 8.69%; found: C, 78.21; H, 8.13; N, 8.69 = C»H,cN,O; MW = 322.44; [m/Z]= 322.2.

Synthesis of 1-(4-benzylhexahydropyrrolo[3,4-b][&yézin-6(2H)-yl)acetonesh)

Yellow solid (73%), m.p: 185-188 °CH-NMR (400 MHz, DMSO-g, & / ppm):& 0.83 (d,J = 6.8 Hz, 1H), 1.21-

1.28 (m, 6H), 2.54 () = 7.6 Hz, 1H), 2.78 (d] = 9.6 Hz, 1H), 3.09-3.14 (m, 4H), 3.41-3.59 (m))4H23-7.33 (m,

5H); °C-NMR (400 MHz, DMSO-¢, & / ppm): 200.8, 135.5, 128.8, 128.5, 127.3, 82465659.9,59.3, 58.2, 54.1,
51.0, 28.6; Anal. calcd. for,gH,,N,O,: C, 70.04; H, 8.08; N, 10.21%; found: C, 70.03;8:08; N, 10.20%. MF =
C16H22N202; MW = 27436, [m/Z]: 274.2.

Synthesis of 2-(4-benzylhexahydropyrrolo[3,4-b][hy&zin-6(2H)-yI)-1-(4-bromophenyl)ethano6g(

Brown solid (82%), m.p: 255-258.5 °@4-NMR (400 MHz, DMSO-g, & / ppm):& 2.40 (dd,J;= 1.9 Hz,J,= 12.1
Hz, 1H), 2.53 (tJ) = 9.6 Hz, 1H), 2.76 (d] = 9.8 Hz, 1H), 3.01-3.09 (m, 3H), 3.41-3.59 (m,)48169-3.76 (M, 2H),
4.09 (t,J = 3.19 Hz, 1H), 7.14-7.27 (m, 10HJC-NMR (400 MHz, DMSO-¢, & / ppm): 195.3, 135.7, 135.5, 131.5,
131.0, 128.8, 128.5, 127.3, 82.6, 67.8, 64.5, T0RB, 58.2, 54.1, 51.0; Anal. calcd. fos;8,3BrN,O,: C, 60.73; H,
5.58; N, 6.74%; found: C, 60.72; H, 5.58; N, 6.74%6 = C;1H,3BrN,O,; MW = 415.32; [m/z]= 414.09.

Synthesis of 4-benzyl-6-(4-chlorobenzyl)octahydmmby{3,4-b][1,4]oxazinej)
Pale brown solid (79%), m.p: 245-250 “G&-NMR (400 MHz, DMSO-¢, & / ppm):3 2.30-2.35 (m, 2H), 2.51-2.64
(m, 2H), 2.82 (tJ = 4 Hz, 1H), 2.99 (dd}; = 4.8 Hz, J= 10.8 Hz, 1H), 3.10 (d} = 3.2 Hz, 1H), 3.41-3.51 (m, 2H),
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3.58-3.62 (m, 2H), 3.68-3.71 (m, 2H), 3.89)(& 4 Hz, 1H), 7.23-7.35 (m, 9H)*C-NMR (400 MHz, DMSO-¢, & /
ppm): 135.5, 133.6, 132.8, 130.2, 128.8, 128.5,3,282.9, 64.5, 60.4, 60.0, 59.6, 58.2, 54.2, SAr@l. calcd. for
CoH2:CIN,O: C, 70.06; H, 6.76; N, 8.17%; found: C, 70.05:8:76; N, 8.17%. MF = GH,:CIN,O: MW = 342.86;
[m/z]'= 342.1.

1.2. Phar macology
The newly synthesized compounds were screeneché&ir antimicrobial and antioxidant properties tadst the
effect of substitution at pyrrolidine ring on thesgtivities.

1.2.1. Antimicrobial activity

The following bacteria and fungi were used for theeriment. Bacteria: t§phylococcus aureuATCC 25923,
Escherichia coliATCC 25922,Pseudomonas aeruginogel CC 27853. All bacterial strains were maintaireed
nutrient agar medium at +37°C. Fundispergillusflavus Chrysosporiumkeratinophilunand Candida albicans
MTCC 227 is used in this study. All fungi strainen& maintained on potato dextrose agar (PDA) at°€25These
cultures are obtained from the Department of Miwlalyy, Kuvempu University.

1.2.1.1. Antibacterial activity

The compounds3a-i were tested against a panel of pathogenic micemosgs, includingEscherichia coli
Staphylococcus aureuand Beudomonas aeruginasdlicroorganism strains were maintained on nutriagar
medium at 37°C. The cultures were inoculated irsHfrd0 ml Nutirent Broth to yield an initial suspiems of
approximately 10-100 cfu/ml. All broths were thertubated statically at the aforementioned tempeaatior
microorganisms, for 18-24 h so that all cells wiarthe stationary phase. Susceptibility of the tegianism to the
extract was determined by employing in the weltglk@chnique. The bacterial suspensions were diligefold in
distilled water, and 0.1 ml from the appropriatéutibn was spread plated on nutrient agar in otdegive a
population of approximately 106 cfu/plate. The welNere dug in each Petri plate by sterilized cavkeh The
compounds were dissolved in DMSO, and appropridtgiahs were made (Img/ml and 0.5mg/ml). The same
procedure was repeated for different micro-orgasisEach experiment was carried out in triplicatéteAthe
inoculation and addition of organism and compouhd,Petri plates were incubated in inverted pasifar 18 h at
37°C. After the incubation, the zone of inhibitisras measured and the values for DimethylsulphofMSO)
were subtracted to get the actual values. Streptomwas used as a positive control at concentratafr0.5mg/ml
and 1mg/ml.

1.2.1.2. Antifungal activity

The fungal strains used in this study w&andida albicansAspergillusFlavusandChrysosporiumKeratinophilum
The required amounts of each fungal strain wereoweah from the stock and suspended in 5ml of distillvater

with two drops of Tween 80. This suspension wasoamily spread on Petri plates containing potatotiese agar
media using sterile swabs. After applying the sasphto the wells formed by using the same tectenfqutests on
bacteria, the plates were incubated at 25 °C faetldays. The plates were then examined for theepoe of zones
of inhibition, and the results were recorded. Fhezmle was used as a positive control at concéntsabf 0.5 and

1 mg/ml.

RESULTSAND DISCUSSION

2,5-dihydro-1H-pyrrol-1-yl(phenyl)methanond) (was obtained by cyclisation reaction of benzamidth 1,4-
dichlorobut-2-ene using KOH as base in the presericeatalytic amount of tetra-butylammonium bromide
(TBAB) in toluene. The bromo ether derivativ®) formed by treating compoundl with N-bromosuccinimide
(NBS) and ethylene glycol. The protection of broetber derivative2) as its tosylate3) followed by cyclisation
with 1-phenylmethanamine produced (4-benzylhexabyyhrolo[3,4-b][1,4]oxazin-6(2H)-yl)(phenyl)methane
(4). The active intermediate 4-benzyloctahydropyi@b][1,4]oxazine B) was obtained by deprotection of
phenyl methanone under acidic conditions. The tacgenpounds6a-j were obtained by the reaction of this
intermediate with various alkyl or aryl halide stitbgents in the presence of potassium carbonatbaas. The
synthesis methodology is described $aheme 1).
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Scheme 1Synthesis of 4-benzyloctahydropyrrolo[3,4-b][1,4]oxazine derivatives (6a-j)

Br

Br

.. @@z @, [EJ@Q M

3
R 5
6a | cyclohexylmethyl
6b | propan -2 -yl f | R-Br

6¢c | 4 - methylbenzyl

6d | (1,3-dioxolan-2-yl)methyl
6e | propyl

6f | benzyl

6g | phenethyl [N]:\N—R
6h | 1l-propan-2-one o

6i | 4-bromophenacyl
6j | 4-chlorobenzyl

6a-j

Reagents and conditions: (a) TBAB, toluene, KOMC56h; (b) NBS, rt, 16h; (c) TsCl, DMAP, TEA, whe, rt, 12h; (d) xylene, reflux, 12h; (e)
Con.HClI, reflux, 10h; (f) KCOs, ACN, 50°C, 8h

4-benzyloctahydropyrrolo[3,4-b][1,4]Joxazine derivas were synthesized and screened for their arrirbial
activity to study the effect of substitution on #@uhal pyrrolidine ring on these activities. Comyms6a, 6b and
6¢ showed pronounced antibacterial activityaple 1); compoundsa, 6¢, andég showed considerable antifungal
activity (Table 2); and compoundéd and6e were not active for these studies.

Table 1Antibacterial activity: Zone of inhibition and Minimum inhibitory concentration of 4-benzyloctahydropyrrolo[3,4-b][1,4]oxazine
derivatives (6a-j)

Compound Esche(ichia Staphylococcus Pseudqmonas
coli Aureus Aeruginosa
Con in mg/ml 1 | 05 1] 05 1 ] 0.5
Control ND ND ND
Streptomycin*| 18+0.2] 14+0.1 16+0.p 12+0[2 16+0.2 +0.2
6a 15+0.2| 13+0.1] 10+0.2 08+0/1 11+0.1 09+0.2
6b 13+0.3| 10+0.1] 09+0.2 07+0.1 10+0{2 09+0.1
6C 12+0.1 | 08+0.2 | 12+0.3 | 10+0.1 | 08+0.1 | 06+0.1
6d ND ND ND ND ND ND
6e ND ND ND ND ND ND
6f 04+0.2| 02+0.1) 05+0.] 03x0.p 03+0{2 02+0.1
69 07+0.2| 05+0.1] 08+0.2 06+0.01 08+0[2 05+0.1
6h 05+0.2| 02+0.1]] 04+0.1 020l 02+0{1 01+0.1
6i 04+0.1| 03+0.2] 05+0.1 03+0.2 06+0/1 03+Q.2
6] 05+0.1 | 03+0.2] 04+0.72 02+0.1 06+0/1 03+Q.2

ND: Not developed,* Standard
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Table 2Antifungal activity: Zone of inhibition and Minimum inhibitory concentration of 4-benzyloctahydropyrrolo[3,4-b][1,4]oxazine
derivatives (6a-j)

. Chrysosporium Candida
Compound | AspergillusFlavus Keratinophilum Albicans
Con in mg/ml 1 | 05 1] 05 1 ] 0.5
Control ND ND ND
Flucanazole* | 14+0.2 10+0.] 16+0{2 14+0.2 23x(0.2 @Q4H
6a 10+0.1| 08+0.2 10+0.1 07408 11+01 08+).2
6b 05+0.2| 03+0.1] 04+0.1 02+0p 05+0[1 02+0.2
6C 08+0.2| 06+0.1] 07+0.2 05+0.1 09+0[1 07+0.2
6d ND ND ND ND ND ND
6e ND ND ND ND ND ND
6f ND ND 05+0.2| 03+0.1] 04+0.1 02+0.p
69 07+0.2| 05+0.2] 05+0.1 02+0p 06+0]2 04+0.1
6h 04+0.2| 01+0.1] 05+0.1 03+0.p2 03+0]1 02+0.1
6i 06+0.1 | 04+0.1| 07+0.2 05+0.8 06+0]2 04+0.1
6j ND ND ND ND ND ND

ND: Not developed,* Standard

The N-substitution of pyrrolidine ring by clohexothg (6a), isopropyl 6b), p-methylbenzyl §c) and phenylethyl
(6g) enhanced the antibacterial activity. The compoadubstituted with cyclohexomethyl showed bettervitsti
compared to the benzybf), p-methylbenzyl §c) and phenylethylfg) derivative. The compounds substituted with
1,3-dioxolan-2-ylmethy(6d) and propyl 6€) were inactive against with the tested strains. fHsealts thus obtained,
reveal that the nature of substituent hetero raxgdnconsiderable impact to enhance antimicrobigigaty.

CONCLUSION

In this investigation, we have reported a convenienonomically viable and useful method of synithes 4-
benzyloctahydropyrrolo[3,4-b][1,4]Joxazine derivatsy which are biologically active molecules possgss
antimicrobial property. The preliminary biologicareening revealed that compoussdsc, 6g exhibited a potential
antimicrobial activity. The structure and biolodieativity relationship of the title compounds stexhvthat the N-
substitution of pyrrolidine ring with clohexometh{a), isopropyl 6b), p-methylbenzyl §c) and phenylethylgg)
are responsible for increased antimicrobial agtiviience, it can be concluded that, this new ctdssompounds
certainly holds a greater promise in discoverimpgent antimicrobial agent.
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