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Abstract: Synthesis of a new series of (5-bromo-5-nitro-2-oxido-1,3,2-dioxa-
phosphinan-2-yl)amino acid esters (3a-) was accomplished via a two step
process, which involves the prior preparation of the monochloride intermediate
(2) and its subsequent reaction with the amino acid esters in dry tetrahyd-
rofuran in the presence of triethylamine at reflux temperature. The title com-
pounds (3a-) structures were established by analytical, IR, H-, 13C- and
31p-NMR, and mass spectral data. They exhibited significant antibacterial and

antifungal activity.

Keywords. dioxaphosphinane; 2-bromo-2-nitropropane-1,3-diol; amino acid
ester hydrochlorides; antibacterial activity; antifungal activity.

INTRODUCTION

1,3,2-Dioxaphosphinanes are an important class of organophosphorus he-
terocycles, which continue to attract considerable interest due to their unique
stereochemical features and diverse potential biological applications. 14 Com-
pounds bearing an esterified amino acid group on the phosphorus atom have been
found to display useful anti-neoplastic properties.> The phosphate moiety when
attached to an amino acid group is expected to increase their cellular uptake and
thus enhance their chemotherapeutic properties. In view of this, the synthesis of a
new class of heterocyclic compounds was accomplished and their activity on
bacteria and fungi was tested.
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694 SANTHIPRIYA et al.

RESULTS AND DISCUSSION

Synthesis of (5-bromo-5-nitro-2-oxido-1,3,2-dioxaphosphinan-2-yl)amino
acid esters (3a-1) was accomplished in a two-step process. The synthetic route
(Scheme 1) involves the cyclization of equimolar quantities of 2-bromo-2-nitro-
propane-1,3-diol (1) with phosphorus oxychloride in the presence of triethyl-
amine in tetrahydrofuran (THF) to afford the corresponding monochloride (2). In
the second step, the subsequent reaction of 2 with different amino acid ester
hydrochlorides was realized at room temperature under stirring for 8-10 h to af-
ford 3a-.
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Scheme 1. Reaction route to the title compounds.
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Product yields and elemental analysis, and IR, 1H-, 13C- and 31P-NMR data
of 3a- are given in Supplementary material. The spectral data agree with the
proposed chemical structures for compounds 3a-l. Characteristic absorption
bands in IR spectra for the title compounds were observed in the regions 3418—
—3441, 1739-1748, 15541564, 1249-1258 and 552-563 cm1 for N-H, C=0,
NOy, P=0 and C-Br, respectively.®

In the TH-NMR spectra,10 the aromatic protons of 3a— gave a multiplet at &
6.1-8.4 ppm. The N—H protons appeared as a broad singlet signal at 6 8.02-8.75
ppm. The methoxy protons and methylene protons directly attached to the oxy-
gen of ester moiety in compounds 3a— resonated in the range of ¢ 3.42-3.62 and
4.10-4.14 ppm, respectively. Similarly, the methyl functions in 3a— resonated in
the region of §1.12-1.45 ppm. The 13C-NMR spectrafor 3a, b, ¢, ¢, f, j, k and |
showed carbon chemical shifts in the expected region.10 The 31P chemical shifts!!
were observed at ¢ 7.24-13.2 ppm for 3a- as a singlet. The mass spectra of
compounds 3a, b, f, h, j and k showed their respective molecular ion peak at the
expected m/z mass value.

Antimicrobial activity

The compounds 3a-1 showed moderate activity against Staphylococcus
aureus and Escherichia coli. The highlight is that the three compounds 3g, 3h
and 3] were more effective (Tablel).

TABLE |. Antibacterial activity of compounds 3a— (zone of inhibition, mm)
Concentration, ppm

Compound 100 50 100 50
E. coli S aureus
3a 8 6 8 5
3b 8 6 9 8
3c 9 7 9 7
3d 10 8 9 8
3e 10 8 9 7
3f 10 7 9 8
39 11 8 10 7
3h 12 8 6 6
3i 10 7 9 6
3 12 8 10 7
3k 10 8 9 7
3l 10 7 9 6
Penicillin 12 8 10 7

The results of the antifungal screening against Aspergillus niger and Helmin-
thosporium oryzae are presented in Table Il. It is gratifying to observe that the
majority of the compounds (3a—) exhibited higher antifungal activity against
both tested fungal strains when compared with that of griseofulvin. The signi-
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ficant results are that 3g and 3h exhibited higher activities than the standard
griseofulvin against both the fungi.

Thus, a new group of compounds with very high antibacterial and fungicidal
activity, higher than the presently used commercial bactericides and fungicides,
have been discovered.

TABLE II. Antifunal activity of compounds 3a— (Zone of inhibition, mm)
Concentration, ppm

Compound 100 50 100 50
A. niger H. oryzae
3a 8 6 8 7
3b 9 7 9 7
3c 9 8 8 7
3d 11 8 10 8
3e 10 8 10 7
3f 10 6 11 8
3g 13 7 9 5
3h 13 7 12 10
3i 9 8 10 8
3 12 7 12 9
3k 10 8 10 7
3l 10 8 10 8
Griseofulvin 12 7 12 9

EXPERIMENTAL

The melting points were determined in open capillary tubes on a Mel-Temp apparatus
and are uncorrected. The IR spectra (Vg / cml) were recorded as KBr pellets on a Perkin
Elmer 1000 instrument. The 1H-, 13C- and 31P-NMR spectra were recorded on a Varian AMX
400 MHz NMR spectrometer operating at 400 MHz for 1H, 100.57 MHz for 13C and 161.7
MHz for 3IP-NMR. All the compounds were dissolved in DMSO-dg and the chemical shifts
were referenced to TMS (*H and 13C) and 85 % H3PO, (3!P). The microanalyses data were
obtained from the Central Drug Research Institute (CDRI), Lucknow, India.

General procedure for the synthesis of (5-bromo-5-nitro-2-oxido-1,3,2-di oxaphosphinan-2-
-yl)amino acid esters (3a-)

Cyclization of equimolar quantities of 2-bromo-2-nitropropane-1,3-diol (1) with phos-
phorus oxychloride in the presence of triethylamine in THF afforded the corresponding
monochloride (2). In the second step, reaction of 2 with different amino acid ester hydrochlo-
rides at room temperature under stirring for 8-10 h afforded 3a—. Progress of the reaction was
monitored by TLC analysis. The crude products obtained as residues after remova of the
solvent on a rotary evaporator were purified by repeated washing with water to remove any
residual triethylamine hydrochloride and then with cold methanol to remove the unreacted
starting materials and other impurities. The crude title compounds (3a—-) were further purified
by flash chromatography on silica gel, using hexane—ethyl acetate (8:2) as eluent. All of them
were obtained in high yields (68—75 %).
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Antimicrobial activity

The antimicrobial activities'? of 3a- were tested against the growth of S. aureus (ATCC
25923) (gram +ve) and E. coli (ATCC 25922) (gram —ve) by the disc diffusion method at two
concentrations (100 and 50 ppm) on 6 mm diameter discs.

They were also screened for antifungal activity against A. niger (ATCC 16404) and H.
oryzae (ATCC 11000) species along with the standard fungicide griseofulvin by the disc
diffusion method at two different concentrations (100 and 50 ppm) on the same disc size.

SUPPLEMENTARY MATERIAL

The analytical and spectral data of the title compounds are available electronically at
http://www.shd.org.rs/JSCS/, or from the corresponding author on request.

Acknowledgements. The authors thank Prof. C. Devendranath Reddy, Department of
Chemistry, S.V. University, Tirupati for his valuable advice and the UGC (34-306/2008, SR)
for providing financial assistance.
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CHUHTE3A, KAPAKTEPU3ALIMIA U AHTUMUKPOBHA AKTHUBHOCT ECTAPA
(5-BPOM-5-HUTPO-2-OKCU10-1,3,2- ATNOKCADPOCONHAH-2-1JT)-AMNHO-KNCEJINHA
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OctBapena je cunTe3a ecrapa (5-6pom-5-HUTpO-2-0kcHmo-1,3,2-mrokcadocduHan-2-1i)-aMu-
HO-KHCEJIMHA y JIBa PEaKLIHOHA Kopaka. Y HPBOM je M3BpIICHA CHHTE3a MOHOXJIOPUIHOT MHTEp-
menjepa (2), a y cienehem peakija nHTEpMeEMjepa ca eCTpUMa aMUHO-KUCEJINHA, Y CYBOM TET-
paxuzapodypaHy y HPHCYCTBY TpUETHJIaMHHA Ha TeMOepaTypu Kibydama. CTpyKTypa AepHBaTa
(3a-) je yrephena anamuTuukum u cnexrpanaum meronama (IC, NMR (PH, 13C u 31P) u macena
cnekrpoMerpuja). McnurrBameM aHTUMUKPOOHE aKTHBHOCTH HOOHjEHHX JepuBaTa yTBphEHo je aa
MoKa3yjy 3HayajHO 100py aHTHOAKTEPHjCKY M aHTH(YHIaIHY aKTHBHOCT.

(IIpumiseno 20. maja, pesuaupano 13. neuembpa 2010)
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