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Abstract: The reaction of 2-(4-bromo phenyl) methyl cyanide (1a) with ethylchloroformate in the
presence of n-butyl lithium gave ethyl-2-(4-bromo phenyl)-2-cyano acetate (2a). 2a on reduction with
sodium borohydride yields 3-amino-2-(4-bromo phenyl) propan-1-ol (3a). Compound 3a on further
reaction with tert butyloxy anhydride in presence of triethylamine afford tert-butyl-2-(4-bromo phenyl)-3-
hydroxy propyl carbamate (4a). 4a on treatment with tosyl chloride gave 2-(4-bromo phenyl)-3-
(tertiarybutyloxy carbonyl amino)-propan-1-ol-(4-toluene sulphonate) (5a). Compound S5a on
cyclization followed by hydrolysis gave 3-(4-bromo phenyl) azetidine (7a). Compounds 2b-2e, 3b-3e,
4b-4e, S5b-5e, 6b-6e and 7b-e were synthesized by a similar method. The compounds are characterized
by elemental analysis, IR, "H NMR and Mass spectral analysis and screened for antimicrobial activity.
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Introduction

The chemistry of heterocyclic compounds is an interesting area in medicinal chemistry as it
offers challenging tasks in development of novel synthetic strategies'. Azetidines are
fascinating synthetic targets because of their remarkable chemical and biological properties™"".
The azetidine ring system prominently features in many medicinally important molecules
some of which are markedly active against influenza A H2N2 virus'* and have anti-HIV-1,
anti-HSV-1 and HSV-2 potential®. Although the inherent strain associated with the azetidine
ring leads to difficulties in its construction, functionalization and modifications, it is
advantageous for its synthetic applications involving ring-opening reactions. For example,
several functionalized azetidines have been used as masked 1,4-dipoles for the synthesis of
five and six membered aza-heterocycles'*"”. 3-Substituted azetidines are the most important
constituent of various potential therapeutic moieties’”"'. Among various methods available
for synthesis of tri substituted azetidines, the most general involves the cyclisation of
y- amino alcohols or their derivatives'*??. The development of drug resistance to existing
anti-microbial treatment has lent to research for novel more effective antimicrobial and
antifungel agents. In view of these data, we aimed the synthesis of new substituted phenyl
azetidines as novel antimicrobial agents. Purity of all the synthesized compounds was
checked by TLC and characterized by elemental analysis, IR, '"H NMR and Mass.
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Experimental

All the chemicals were purchased from Merck, Qualigens, Sd Fine & Loba Chemi. The
reagents and solvents were of analytical grade and as when needed purified by the standard
procedures. Purity of the compounds was checked by TLC on silica gel G plates. The spots
were located by keeping the plates under the UV light, in a solutions of ninhydrin and
KMnO,, All the melting points were taken in open capillaries on electro thermal apparatus
and are uncorrected. IR spectra were recorded as KBr on a Perkin Elmer - FTIR specrum-
100. "H-NMR spectra were recorded on Bruker spectrophotometer (400 MHz) using CDCl;
as solvent and TMS as internal standard. Chemical shifts were reported in 6 ppm units.
Elemental analysis was performed on a Heracus CHN analyzer. Analysis indicated by the
symbols of the elements of functions were within +0.4% of the theoretical values.

General procedure for the synthesis

Synthesis of ehyl-2-(4-bromo phenyl) 2- cyano acetate (2a-e)

2-(4-Bromo phenyl) methyl cyanide (1a) / 2-substituted methyl cyanide was dissolved in
tetrahydrofuran and then cooled to -78 °C, n-butyl lithium was then slowly added and kept at
the same temperature for half an hour. Ethylchloroformate was then added. After the
completion of addition the temperature was maintained at -78 °C for two hours. Progress of
the reaction was monitored by TLC plates by using ethyl acetate and petroleum ether (3:7)
as an elutent and observed under UV light. After completion of the reaction, the resulting
mixer was quenched with dil. hydrochloric acid and then extracted with ethyl acetate twice.
Ethyl acetate layer was collected, dried over anhydrous sodium sulphate and evaporated to
get ehyl-2-(4-bromo phenyl) 2- cyano acetate (2a). Yield: 82%, m. p. 125 °C. Compounds
2b-e were prepared similarly. The melting points of the compounds 2b-e are 106 °C, 183 °C,
113 °C and 141 °C respectively.

FTIR (KBr) em™: 3060 (C-H stretch in phenyl ring), 2920 (aliphatic C-H stretch),
2252(CN stretch nitrile), 1746 (C=0 stretch in ester), 1180 (C-O-C stretch), 1590 (C=C
stretch in aromatic ring).

"H NMR (CDClL;) & ppm: 1.33 (t, 3H, -CH,-CH3); 6 4.22 (q, 2H, -CH,-CHj3); 8 4.52 (s,
1H, methine); 6 6.87 (d, 2H, C, & Cq Ar-H); 6 7.24 (d, 2H, C; & Cs Ar-H).

Synthesis of 3-amino-2-(4-bromo phenyl) propan-1-ol (3a-e)

Sodiumborohydride was dissolved in the tetrahydrofuran and then borontrifluoroetherate
was added slowly and cooled to -10 °C and kept at this temperature for 30 min. Ethyl-2-(4-
bromo phenyl)-2-cyano acetate (2a) dissolved in small amount of THF was then added and
kept at -10 °C for 4 hours. Reaction progress was monitored by TLC plates by using
methanol and chloroform (1:9) as an eluent and observed under UV light and ninhydrin
solution. The reaction mixer was quenched with dil. hydrochloric acid and the temperature
raised to 50 °C in order to break the boron complex and then extracted with ethylacetate
twice. The organic layer was collected and dried over anhydrous sodium sulphate and
evaporated to get 3-amino-2-(4-bromo phenyl) propan-1-ol (3a). Yield: 76%, m. p: 141 °C.
Compounds 3b-e were prepared similarly and the melting points of the compounds 3b-e are
119 °C, 198 °C, 126 °C and 158 °C respectively.

FTIR (KBr) em™: 3625 (O-H stretch in alcohol), 3496 (N-H stretch in amine), 3060
(C-H stretch in phenyl ring), 2920 (C-H stretch in aliphatic compounds), 1630 (N-H bend in
amine), 1595 (C=C stretch in aromatic ring).
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'"H NMR (CDCL,) & ppm : 1.89 (s, 2H, -NH,), 2.32 (s, 1H, OH), 2.82, 3.7 (d, 2H, -
CH,-NH,), 3.94, 3.69 (d, 2H, -CH,-OH), 3.15 (m, 1H, methine proton), 7.05 (d, 2H, C, &
Csof Ar-H), 7.26 (d, 2H, C; & Cs of Ar-H).

Synthesis of Tert-butyl-2-(4-bromo phenyl)-3-hydroxypropylcarbamate (4a-e)
3-Amino-2-(4-bromo phenyl) propan-1-ol was dissolved in chloroform and cooled to 0 °C.
Then tri ethyl amine and BOC anhydride were slowly added. The resulting solution was
stirred for two hour at room temperature. Reaction progress was monitored by TLC plates
by using ethyl acetate and petroleum ether (3:7) as an elutent and observed under UV light
and ninhydrin solution. The reaction mixer was washed several times with 0.1 M
hydrochloric acid. Organic layer was separated, washed with chloroform, dried over
anhydrous sodium sulphate and evaporated to get tert-butyl-2-(4-bromo phenyl)-3-
hydroxypropylcarbamate (4a). Yield: 63%, m. p: 208 °C. Remaining members of series
4b-e were similarly prepared and melting points of the compounds 4b-e are 190 °C, 268 °C,
200 °C and 223 °C respectively.

FTIR (KBr) em™: 3630 (O-H stretch in alcohol), 3420 (N-H stretch in carbamate),
3065 (C-H stretch in phenyl ring), 2925 (C-H stretch of methyl), 1764 (C=O stretch in
carbamates), 1605 (C=C stretch in aromatic ring).

'H NMR (CDCL,) & ppm : 1.43 (s, 9H, tert butyl), 2.30 (s, 1H, -O-H), 3.13, 3.38,
(d, -CH,-NH,), 3.69, 3.94 (d, 2H, -CH,-OH), 3.75 (m, 1H, methine proton), 7.05 (d, 2H, C,
& Cgof Ar-H), 7.28 (d, 2H, C; & Cs of Ar-H); 8.62 (s, 1H, -NH- carbamate).

Synthesis of 2-(4-bromo phenyl)-3-(tertiarybutyloxycarbonyl amino)-propan-1-ol-
(4-toluene sulphonate) (5a-e)

Tert-butyl-2-(4-bromo phenyl)-3-hydroxy propyl carbomate was dissolved in the absolute
alcohol and then 2 Eq. of sodium hydroxide and tosyl chloride were added in portions. The
reaction mixture was heated under reflux for 10 h. at 80 °C. The reaction was monitored by
TLC plates by using ethyl acetate and petroleum ether (5:5) as an elutent and observed under
UV light and KMnO, solution. After completion of the reaction, solvent was distilled off
completely and then water was added to the crude residue and extracted twice with
dichlromethane. The organic layer was collected, dried over anhydrous sodium sulphate and
solvent is evaporated to get 2-(4-bromo phenyl)-3-(tertiarybutyloxy carbonyl amino)-
propan-1-ol-(4-toluene sulphonate). Yield: 80%, m.p: 289 °C. Compounds 5b-e were
similarly prepared and the melting points of the compounds 5b-e are 267 °C, 345 °C, 277 °C
and 303 °C respectively.

FTIR (KBr) em™: 3420 (N-H stretch in carbamate), 3060 (C-H stretch in aromatic
ring), 2960 (C-H stretch of methyl in tert butyl), 2935 (C-H stretch in CH,-NH), 1764 (C=0
stretch in carbamates), 1605 (C=C stretch in aromatic ring), 1215 (SO; asym stretch in
tosylate), 1032 (SO; sym stretch in tosylate), 690 (S-O stretch in SO3).

'H NMR (CDCL3) o ppm : 1.44 (s, 9H, tert butyl), 2.38 (s, 3H, methyl), 3.13, 3.38
(d, 2H, -CH,-NH-BOC), 3.69, 3.94 (d, 2H, -CH,-O-tosyl), 3.74 (m, 1H, methine proton),
7.05 (d, 2H, C, & C4 of Ar-H), 7.28 (d, 2H, C; & Cs of Ar-H), 7.36 (d, 2H, C, & C¢ of
H;C-Ar-H ), 7.78 (d, 2H, C; & Cs of H;C-Ar-H), 8.62 (s, 1H, NH carbomate).

Synthesis of tert-butyl- 3-(4-bromophenyl) azetidine-1-carboxylate (6a-e)
Compound Sa was dissolved in the acetonitrile and then cesium carbonate was added. The
reaction mixture was heated under reflux for six hours at 80 °C. Progress of the reaction was
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monitored by TLC plates by using ethyl acetate and petroleum ether (5:5) as an elutent and
observed under UV light and ninhydrin solution. After completion of reaction water was
added to the reaction mixture and separated the acetonitrile layer. Then two water washings
were given to acetonitrile layer, dried over anhydrous sodium sulphate and evaporated to get
tert-butyl- 3-(4-bromophenyl) azetidine-1-carboxylate (6a). Yield: 85%, m.p: 162 °C. Other
members of the series 6b-e were similarly prepared and melting points of the compounds
6b-e are 139 °C, 220 °C, 152 °C and 175 °C respectively.

FTIR (KBr), em™: 3062 (C-H stretch in aromatic ring), 2945 (C-H stretch in methyl),
2852 (C-H stretch in azetidine), 1715 (C=0 stretch in ester), 1180 (C-O-C stretch in ester),
1615 (C=C stretch in aromatic ring).

"H NMR (CDCL) & ppm: 1.45 (s, 9H, tert butyl), 3.75 (m, 1H, methine proton), 4.15,
4.32 (d, 2H, methylene in azetidine ring), 7.05 (d, 2H, C, & C¢ of Ar C-H), & 7.30 (d, 2H, C;
& Cs of Ar-H).

Synthesis of 3-(4- bromo phenyl) azetidine (7a-e)

Tert-butyl-3-(4-bromo phenyl) azetidine-1-carboxylate was dissolved in methanolic
hydrochloric acid and stirred for 2 hours. Methanol was then distilled off and sodium
carbonate solution was added to the crude product and extracted with dichloromethane. The
organic layer was dried over anhydrous sodium sulphate and then evaporated to get 3-(4-
bromo phenyl) azetidine (7a) Yield: 76%. Compounds 7b-e were similarly prepared.

FTIR (KBr), em™: 3460 (N-H stretch in azetidine), 3065 (C-H stretch in aromatic
ring), 2850 (CH, stretch in azetidine), 1610 (C=C stretch in aromatic ring).

'H NMR 0, ppm: 2.55 (s, 1H, NH in azetidine), 3.75 (m, 1H, methine proton in
azetidine ring), 4.15, 4.30 (d, 2H, methylene in azetidine ring), 7.05 (d, 2H, C, & Csof Ar C-H),
7.28 (d, 2H, C; & Cs5 of Ar C-H).

Antimicrobial activity

The synthesized compounds 7a-e were screened for their in vitro antibacterial activity
against Staphylococcus aureus, Esherichia coli, Pseudomonas aureus and Salmonella typhi
and antifungal activity against Aspergillus niger, Candida albicans by measuring the zone of
inhibition in mm. The microbial activity was performed by cup plate method at
concentration 500 pg/mL and reported in Table 2. Nutrient agar was employed as culture
medium and DMSO was used as solvent control for antimicrobial activity. Penicillin and
griseofulvin were used as standard for antibacterial and antifungal activities respectively.

Results and Discussion

In the present work a series of new compounds were synthesized. The reaction of
2-(4-bromo phenyl) methyl cyanide (1a) with ethylchloroformate and n-butyl lithium used
as a base followed by reduction with borane yielded the ethyl 2-(4-bromo phenyl) -2-cyano
acetate (2a) and 3-amino -2- (4-bromo phenyl) propan-1-ol (3a) respectively. The compound
3a on further reaction with tertiary butyloxy anhydride and tri ethyl amine followed by
tosylchloride and sodium hydroxide gives 4a and 5a. The compound 5a then cyclization
with cesium carbonate and methanolic hydrochloric acid gives 3-(4- bromo phenyl)
azetidine (7a). The compounds 2b-7b, 2¢-7¢, 2d-7d and 2e-7e were synthesized in the same
method. The compounds la-7e are shown in Scheme 1. Physical constants, elemental
analysis and mass of molecular ion peak of prepared compounds 7a-e are shown in
Table 1. The structures of the various synthesized compounds were assigned on the basis of
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elemental analysis, IR and "H- NMR spectral data. The compounds are evaluated for their
antimicrobial activity and results are summarized in Table 2. From the antimicrobial
screening it was observed that all the compounds exhibited activity against all the organisms
employed. Looking from the structure activity relationship angle, marked inhibition in
bacterial growth was observed by the compounds bearings R = 4-Br, 4 C(CHj)s,
3, 4 -dichloro (7a, 7d, 7e) substituents whereas compounds R = 4-OCF;, 4-OC¢H; (7b, 7¢)
showed moderate to good activity. Fungicidal screening data also revealed that compounds
bearing R = 4-Br, 4 C(CH3);, 3, 4 Dichloro (7a, 7d, 7e) imparted maximum activity to the
compounds, whereas compounds R = 4-OCF;, 4-OC¢Hs (7b, 7¢) showed moderate to good

activity.
CN n-BuLi OH
NaBH4 | X NH,
eth lchloro formate
Y BF; Ethyl etharate R// 3
a-¢
la-e
Tri ethyl amine
BOC anhydride

NaOH
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\\ Tosyl chloride | N N\‘(O l
B
F
\{/ F{/ ©
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Scheme 1. R=(a) 4 Br, (b) 4-O-CF;, (c) 4-O-C¢Hs, (d) 4-C(CHj3); & (e) 3,4-Di chloro

Table 1. Physical constants, mass of molecular ion peak and elemental analysis of titled
compounds 7a-e

Compd R Fi\f;tla mp oc mr/rzlij[ . Eéemental e;rllalysis, ‘173
7a 4Br  CHgBIN 132 212 (283;) (j:;g) (gzgg)
b 4-0-CF, CpHgFNO 110 217 (ggég) <3223> (2232)
Je  40-CH; CyuHNO 187 225 (33133) (gigé) (gﬁ)
7d (él_{(j)g CisHiN 121 189 (gﬁiﬁg) (}8:(1); (;ng)
Te Dot CHICEN 144 202 (gﬁg) (g:gg) (2222)
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Table 2. Antibacterial and antifungal data of compounds 7a-e

Comp R Antibacterial® Antifungal®
S.a Pa E.c S.t A.n C.a

7a 4-Br 14 14 12 13 10 12

7b 4-0-CF; 09 08 07 10 07 08

Tc 4-O-C¢H; 08 09 08 09 08 09

7d 4-C (CHj); 13 12 14 11 13 14

Te 3, 4-Dichloro 12 11 13 14 14 14
Penicillin =~ -----—-- 23 22 23 21 --- ---
Griseofulvin =~ -------- --- - --- --- 21 22

¥Zone of inhibition is measured in mm. S.a = Staphylococcus aureus, E.c = Esherichia coli,
P.a = Pseudomonas aureus, S.t = Salmonella typhi, A.n = Aspergillus niger, C.a = Candida albicans

Conclusion

In the present study, a highly efficient and simple procedure for synthesis of substituted
azetidine was developed. The adopted method gave good yields. When all the results
obtained from antimicrobial and antifungal tests together are considered, it can be said with
confidence that the entire series of compounds tested are active towards bacteria and fungi.
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