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ABSTRACT KEYWORDS
The present communication reveals the synthesis of novel (3aS)-2-substi- L-prolinal;
tuted perhydro-2A3-pyrrol o[ 1,2-c][1,3,2] oxazaphosphole-2-thiones, (6a-n). Thiophosphoryldichlorides;
The synthetic pathway comprises two steps i.e., the synthesis of various 1,3,2-oxazaphosphole-2-

(thio)phosphorodichlorides (5a-n) from thiophosphoryl chloride (3) and
amino compounds (4a-1) and two drugs zidovudine (4m) and lamivudine
(4n). They were further cyclized with (S)-(+)-prolinol (2) to yield thetitle
compounds (6a-n). Here (S)-(+)-pralinol (2) issynthesized by the asymmet-
ric reduction of S)-(+)-proline (1) with lithium borohydride in the presence
of trimethylsilyl chloride. All the newly synthesized compounds were char-
acterized by spectral data, microanalyses and screened for their antioxidant
and antimicrobial activity. A few of them were found to possess significant
antioxidant and antimicrobial activities.
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thione derivatives;
Antioxidant activity;
Antimicrobial activiy.

INTRODUCTION

Theinceasinginterestinthefield of organophosph-
orus heterocyclic chemistry is due to their unique
physico chemical properties and potentia biological
activities?3., Variousdassesof phogphorusheterocydes
containing P-O, P-N moi eti es such as cyclophosph-
amideand itsderivativesare a so antitumor agents®.
Inview of the potential bioactivity of thesemoieties,
their phosphorusstructural analogues®, which area
class of heterocycles have been synthesized. The
synthesisof multi-ring phosphorus heterocycleswere

attracted muchimportance asthey find applicationsin
medicineand industry®®. Thisclass of compoundsare
bi oactive and the proline based oxazaborolidines had
been used as catalysts by Corey for the borane-
mediated enantiosd ectivereduction of prochird ketones,
aplethoraof oxazaborolidines and related catalysts
based on various chiral pool sources have been
developed and their applications have been well
studied™9, Simillarly proline-based phosphorylated
derivativeswere used for borane mediated reduction
of prochiral a-halo ketonesto a-halo alcoholsY. Itis
noted that phosphorus compounds with N-P=0O
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gructura framework containing different bulky amino
and phenoalic groupson phosphorusas substituentswere
used in borane-mediated asymmetric reduction of
prochira ketoneswith high enantiomeric purity, where
the basic cyclic moiety controls the stereochemical
course of the reaction, while the groups on the
phosphorushavelittle significant roleindirecting the
stereochemica courseof thereaction™. Theseaspects
aredrivento design and synthesisof title compounds
asphosphorylated derivativesof (S)-(+)-prolinol asa
part of our research and eva uated their antioxidant and
antimicrobid activity.

EXPERIMENTAL

Chemistry

Thechemicaswereprocured from Sigma-Aldrich,
Merck and Lancaster and used as such without further
purification. All sol ventsused for the spectroscopic and
other physical studieswerereagent grade and further
purified by literature methodg*3. Mdting points(m.p.)
weredetermined in open capillary tubesusingacali-
brated thermometer by GunaDigital Melting Point ap-
paratus, expressed in degrees centigrade (°C) and are
uncorrected. Specific rotations (in degrees,®) were re-
cordedin methanol on aPerkin-EImer Model 241 po-
larimeter at the sodium D line. Infrared spectra(IR)
were obtained on aPerkin-Elmer Model 281-B spec-
trophotometer. Sampleswere analyzed aspotassium
bromide (KBr) disks. Absorptionswere reported in
wave numbers (cm?). *H, 3C and *'P NMR spectra
wererecorded as solutionsin DM SO-d, onaBruker
AMX 500 MHz spectrometer operating at 500 MHz
for*H, 125 MHz for *C and 202 MHz for 3lPNMR.
The!H and *C chemica shiftswere expressedin parts
per million (ppm) with referenceto tetramethylsilane
(TMS) and *'P chemical shiftsto 85%H,PO,. LCMS
mass spectra were recorded on a Jeol SX 102 DA/
600 Mass spectrometer. Elemental analysiswas per-
formed on Thermo Finnigan Insurment a University of
Hyderabad, Hyderabad.

Phar macology

Antioxidant activity wasperformed with two meth-
ods DPPH scavenging and Super Oxide Dismutase
scavenging activities. Scavenging capacity was mea-
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sured spectrophotometrically by monitoring the de-
creasein absorbanceat 517 nm.

Thecompoundswereassayed for antimicrobid ac-
tivity against bacteria and fungd cultures. Thebacteria
includes Gram positive (Saphyloccus aureus, Bacil-
lus subtilis) and Gram negative bacteria(Escherichia
coli, Klebsiella pneumoniae) and fungal cultures (As-
pergillusniger and Candida albicans). The bacteria
culturesweregrownin nutrient agar mediaand sub cul-
tured and fungd cultures have been grown on the Po-
tato Dextrose Agar mediafor the better growth and
sub cultured onto the petri platesfor the experiments.
Thebacterial and funga culture containing discswere
placed on the media. The Petri plates with bacterial
cultureswereincubated at 37°Cfor 24 hrsand fungal
cultureswereincubated for 3-4 daysfor better obser-
vation. Thezoneof inhibition wasmeasured wherethe
plaqueswereformed. All the experimentswerecarried
out intriplicatesand theresultswereexpressed asMIC
vauesinmm.

RESULTSAND DISCUSSION

Chemistry

Differently substituted novel (3aS)-2-substituted
perhydro-2)>-pyrrolo[1,2-c] [1,3,2] oxazaphosphole-
2-thioneswere obtained by thetwo step reaction, com-
prising the preparation of the substituted (thio)
phosphorodichlorides by thereaction of variousamines
with thiophosphoryl chloride at 5-10°C in THF and
TEA for 1 hour, next they were used for cyclization of
the(S)-(+)-Prolinal a 30- 40°C in the presence of TEA
toyield thetitlecompounds. Theresulted reaction mix-
turewasfiltered to removethetriethylammonium chlo-
ride. Thesolvent wasremoved in arota-evaporator to
get the crude products. They werefurther purified by
column chromatography. Thetitle compoundswere
obtained with moderate to high yields (60-80%)
(Schemel).

Synthesisof L-prolinol

Thepureopticaly activeL-prolineisconverted to
L-prolinal by thefollowing the reported procedure. 2 A
solution of Me, SICl (8.64 g, 80 mmol) wasadded under
Nitrogen atmosphereto asolution of LiBH, (0.87 g,
40 mmol) in THF (20 mL) over thecourseof 5min. A
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precipitate of LiCl and aborane-THF complex was
formed. Thisborane-THF complex with the ass stance
of excessMe,SiCl, actsasthereducing agent to reduce
theL-proline. To the samereaction mixture, L-proline
(2.34 g, 20 mmol) was added portion wise to the
mixturewithin 5 min. After stirring for 24 h at room
temperature, 30 mL of MeOH was cautiously added
and the volatiles were removed by distillation. The
residue was treated with 20% KOH solution and
extracted threetimeswith 50 mL portionsof CH,CL,,.
Theorganic phaseswerecombined, dried over Na,SO,,
and the solvent was evaporated to afford L-Prolinol

(Scheme 2) which was spectroscopically pure (*H
NMR). Yidd after distillationwas 1.87 g (86 %),

[0]7 =+14.7 (neat), Here, theaddition of Me,SiC1 makes
possi blethereduction of optically purea-amino acids
with LiBH, in THF to optically pure 3-amino alcohols
because of itsgood solubility in THF and the milder
reaction conditions.

Thechemica structuresof al thetitle compounds
(6a-n) were characterized by IR, *H, ¥*C, 3P NMR,
mass spectra dataand e ementa andysesandther data
are presented in experimental section. Characteristic
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IR stretching absorptionswere observed intheregions
3304-3334 (N-H), 1688-1724 (C=0), 1658-1679
(C=N), 1323-1325 (O=C-0O) 1092-1105 (P-O-
Substltut o) 1012-1041 (P-O-C_ ), 1010-1035 (P-
Cosinen)? 343-973 (P-N-C_ . ) and 763-791 cmr
! (P-S) “InHNMR, the3aproton resonated inthe
region 2.99-3.20 asamultiplet.™ Inthe *CNMR, C_
has resonated as asinglet in theregion & 45.1-48.1.
The*PNMR chemicd shiftswereobservedintherange
of 19.23 to 21.4201617,

Synthesisof (3aS)-1-[(5-methoxy-1,3-benzithiazol-
2-yh)amino] per hydro-1A°- pyrrolo[1,2-c] [1,3,2]
oxazaphosphole-2-thione (6g)

5-Methoxybenzo[ d]thiazol-2-yl phosphoramido-
thioic dichloride (5g) was prepared by the reaction of
5-methoxybenzo[d]thiazol-2-amine (4g) with
thiophosphoryl chloride (3) (1.0 g, 5.95 mmol) at O-
5°CinTHFand TEA (0.60 g, 5.95 mmoal) for 1 hour.
Inthe next step, (59) wastreated with L-prolinol (2)
(0.609g,5.95mmol) and TEA (1.20g, 11.90 mmol) at
20°C and stirred at 35°C for 8 hourstoyield (3aS)-1-
[ (5-methoxy-1,3-benzothiazol-2-yl)amino] perhydro-
1\5-pyrrolo[1,2-c] [1,3,2] oxazaphosphole-2- thione.
The reaction mixture was filtered to remove the
triethylammonium chloride. Thesolvent fromthefiltrate
wasremoved in arota-evaporator and the crude prod-
uct was collected and it was purified by column chro-
matography. Thefinal product is obtained with 80%
yield, m.p.274-276°C.

Spectral data of the synthesized compounds

(3aS)-1-[di(2-chlor oethyl)amino)per hydr o-2.°-
pyrrolo[1,2-c][1,3,2] oxazaphosphole-2-thione(6a)

Pdeydlow aydds Yidd: 79%. Mol.Wt.: 303. m.p.:
121-123°C. IR (KBr) v cm™ 1017 (P-N-C_, . ...):
1012 (P-O- C aio)» 943 (P-N-C cI|c) 769 (P=S). H-
NMR(DMSO d6)8 ppm: 4.17 (t 4H, H-3 & H-5),
3.34 (t, 4H, H-2 & H-4), 3.23-3.32 (m, 2H, H-7),
2.99-3.06 (m, 1H, H-34), 2.81-2.89 (m, 2H, H-4), 1.45
1.65 (m, 4H, H-5 & H-6). ®C-NMR (DMSO-d,) &
ppm: 58.7 (C-7),49.9 (C-2 & C-4),47.8(C-3q),44.8
(C-4),43.1(C-3& C-5),33.5(C-6), 27.8 (C-5). 3*P-
NMR (DMSO-d,) 6 ppm: 21.20. LCMS (m/z): 307
[M+4], 305 [M+2], 303[M+], 268, 240, 134. Andl.
Cdcd. for CH,,CILN,OPS: C, 35.65; H, 5.65; N, 9.24.
Found: C, 35.48; H, 5.56; N, 9.08%.
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LiBH, +Me3SiCl 2HGe LiCl + MesSiH + BH3.THF

QYO + BH3.THF + Me,sicl 1H 5 N
H H

OH
(1) )
Scheme 2

OH

(3aS)-2-(1-naphthylamino)per hydr o-2A>-pyrrolo
[1,2-c][1,3,2]oxazaphosphole-2-thione (6b)

Brownishred crystals. Yield: 78%. Mol .Wt.: 304.
m.p.: 150-153°C. IR (KBr) v cnrt: 3321 (N-H), 1022
(P—O Ccyclic), 1018 (P-N-C_, . .. ), 952 (P-N-

Cyuir) 783 (P=S). *H-NMR (DMSO-d,) & ppm:
7.94-8.02 (m, 1H, H-8), 7.54-7.66 (m, 1H, H-5),
7.41-7.52 (m, 2H, H-6' & C-7'), 7.11-7.19 (m, 2H,
H-3 & H-4), 7.16 (s, 1H, H-11"), 6.52-6.61 (m, 1H,
H-2'), 3.23-3.31(m, 2H, H-7), 3.01-3.14 (m, 1H, H-
3a), 2.80-2.89 (m, 2H, H-4), 1.42-1.61 (m, 4H, H-5
& H-6). ®*C-NMR (DM SO-d,) & ppm: 145.8 (C-1)),
134.2 (C-10), 128.5 (C-5Y), 126.6 (C-3), 126.2 (C-
6, 124.8 (C-7'), 124.3 (C-9), 121.1 (C-8), 119.2
(C-4Y), 109.3 (C-2), 58.3 (C-7), 47.6 (C-3a), 44.7
(C-4), 33.3 (C-6), 27.5 (C-5). IP-NMR (DM SO-
dy) & ppm: 20.63. LCMS (m/z): 304 [M+], 252, 127,
75. Anal. Calcd. for C15H17N20PS: C, 59.20; H,
5.63; N, 9.20. Found: C, 59.12; H, 5.60; N, 9.18%.

(3aS)-1-(2,4,5-trichloroanilino)per hydro-21°-
pyrrolo[1,2-c][1,3,2] oxazaphosphol e-2-thione (6¢)

Yellow crystals. Yield: 75%. Mol Wt.: 356. m.p.:
114-117°C IR (KBr) vcm: 3308 (N-H), 1041 (P-

cy C|IC) 1016 (P-N Csubstltuted) 970 (P-N Ccyclic)’
791 (P-S) 'H-NMR (DMS0O-d,) 6 ppm: 7.82 (s, 1H,
H-5), 7.13 (s, 1H, C-7"), 6.38 (s, 1H, H-2'), 3.25-
3.35(m, 2H, H-7), 3.02-3.17 (m, 1H, H-3a), 2.83-
2.94 (m, 2H, H-4), 1.45-1.62 (m, 4H, H-5 & H-6).
SP-NMR (DM SO-d6) 6 ppm: 21.42. LCMS (m/2):
362 [M+6], 360 [M+4], 358[M+2], 356 [M+:], 293,
228,190, 146.Anal. Calcd. for C H,,CI N,OPS: C,
36.94; H, 3.38; N, 7.83. Found: C, 36.80; H, 3.32;
N, 7.78%.

(3aS)-1-(4-chlor oanilino)per hydr o-2)>-pyrrolo[1,2-
c][1,3,2]oxazaphosphole-2-thione (6d)
Paleyellow crystals. Yield: 73%. Mol .Wt.: 288.
m.p.: 148-151°C. IR (KBr) v cnt: 3313 (N-H), 1038
ey, Onganic CHEMISTRY
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(P O- Cc C|IC) 1020 (P N- Csubstltuted) 965 (P N-

), 772 (P=S). "H-NMR (DMSO-d,) & ppm: 7.23
(m 2H, H-3 & H-5)), 652 (m, 2H, H-2 & H-6),
4.37 (s, 1H, H-7"), 3.27-3.36 (m, 2H, H-7), 3.00-
3.13 (m, 1H, H-3a), 2.81-2.90 (M, 2H, H-4), 1.44-
1.64 (M, 4H, H-5 & H-6). 3*P-NMR (DM SO-d6) 5
ppm: 20.35. LCMS (m/z): 290 [M+2], 288 [M+],
203, 162, 138.

Ethyl (25)-1-[(3aS)-2-thioxoper hydr o-2)>-pyrrolo
[1,2-c][1,3,2]oxazaphosphol-1-yl] tetra- hydro-1H-
2-pyrrolecarboxylate (6€)

Brown crystals. Yield: 79%. Mol .Wt.: 304. m.p.:
152-154°C. IR (KBr) v cm: 1724 (C=0), 1323
(O C-0), 1035 (P-O-C_,,.), 1014 (P-N-

Copsited) 994 (P-N-C_ ), 768 (P=S). 'H-NMR
(DMSO-d,) 6 ppm: 43 (g, 2H, C-9), 3.64-3.72
(m, 1H, H-5), 3.29-3.37 (m, 2H, H-7), 3.05-3.12
(m, 1H, H-3a), 2.80-2.87 (m, 4H, H-4 & H-2),
1.80-1.04 (m, 2H, H-4'), 1.42-1.63 (m, 6H, H-5,
H-6 & H-3), 1.4 (t, 3H, C-10). 3P-NMR (DM SO-
d,) 6 ppm: 21.40.

(3a9)-1-(1,3-benzithiazol-2-ylamino)per hydr o-2).°-
pyrrolo[1,2-c][1,3,2]oxaza phosphole-2-thione (6f)

Brownishred crystals. Yield: 72%. Mol Wit.: 311.
m.p.: 135-138°C. IR (KBr) v cm: 3304 (N-H), 1658
(C=N), 1028 (P-N-C_, i\ e0)» 1024 (P-O-C_ ),
948 (P-N-C_, ), 778 (P=5). ‘H-NMR (DMSO dy)
d ppm: 8.20 (d, 1H, H-7"), 7.38(s, 1H, NH), 7.27 (d,
1H, H-6"), 7.13 (s, 1H, H-4"), 6.47 (s, 1H, H-5), 3.28-
3.36 (m, 2H, H-7), 3.03-3.16 (m, 1H, H-33a), 2.42-
2.87 (m, 2H, H-4), 1.62-1.98 (m, 4H, H-5 & H-6).
$P-NMR (DM SO-d,) 6 ppm: 19.56.

(3aS)-1-[(6-methoxy-1,3-benzithiazol-2-yl)amino
]perhydro-2i°%-pyrrolo[1,2-c][1,3,2] oxazapho-
sphole-2-thione (69)

Brown crystals. Yield: 80%. Mol .Wt.: 341. m.p.:
126-128°C. IR (KBr) v cm™: 3312 (N-H), 1668
(C=N), 1029 (P-O-C_), 1023 (P-N-C_, .. ie):
957 (P-N-C_,), 763 (P-S) 'H-NMR (DMSO-d))
d ppm: 8.35 (s, 1H, H-7"), 7.45 (s, 1H, NH), 7.28 (d,
1H, H-4'), 7.13 (d, 1H, H-5), 3.65 (s, 3H, -CH,),
3.43-3.60 (m, 2H, H-7), 3.04-3.13 (m, 1H, H-33),
2.48-2.80 (m, 2H, H-4), 1.65-2.01 (m, 4H, H-5 &
H-6). ®*C-NMR (DMSO-d,) 6 ppm: 175.7 (C-2'),
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158.1 (C-6'), 149.4 (C-8), 129.4 (C-4"), 126.7 (C-
5, 122.1 (C-9), 106.7 (C-7, 64.1 (C-7), 59.7 (C-
11"), 45.1 (C-3a), 40.1 (C-4), 26.2 (C-6), 24.3 (C-
5).**P-NMR (DM SO-d,) 6 ppm: 19.23. LCMS m/z :
341[M*], 322, 310, 293, 284, 170. Anal. Calcd. for:
C, 45.74; H, 4.72; N, 12.31. Found: C, 45.68; H,
4.69; N, 12.24%.

(3aS)-1-[(6-nitro-1,3-benzithiazol-2-yl)amino]
per hydro-2)°-pyrrolo[1,2-c][1,3,2] oxazapho-
sphole-2-thione(6h)

Yellow crystals. Yield: 68%. Mol Wt.: 356. m.p.:
170-175°C. IR (KBr) v cm: 3334 (N-H), 1032 (P-
O-Ccyclic), 1035 (P-N-C_ i o) 968 (P-N-C_ ),
790 (P=S), 1673 (C=N). 'H-NMR (DMSO-d,) 5
ppm: 8.30 (s, 1H, H-7"), 7.44 (s, 1H, NH), 7.26 (d,
1H, H-5), 7.14 (d, 1H, H-4"), 3.41-3.58 (m, 2H, H-
7), 3.04-3.18 (m, 1H, H-3a), 2.45-2.75 (m, 2H, H-
4), 1.64-1.98 (m, 4H, H-5 & H-6). ¥C-NMR
(DMSO-d,) 6 ppm: 174.3 (C-2'), 148.2(C-8'), 122.5
(C-5), 144.3 (C-6), 116.4 (C-7"), 127.8 (C-4Y),
121.6 (C-9), 64.3 (C-7), 45.3 (C-34), 40.7 (C-4),
26.1(C-6), 27.9(C-5).*'P-NMR (DMSO-d,) 5 ppm:
19.82.

(3aS)-1-(1H-indolyl)per hydr o-2)3-pyrrolo[1,2-
c][1,3,2]oxazaphosphole-2-thione (6i)

Brown crystals. Yield: 73%. Mol .\Wt.: 278. m.p.:
133-136°C. IR (KBr) vcm™: 1679 (C=N), 1022 (P-
N Csubstltuted) 1018 (P O Cc C|IC) 964 (P-N-Ccyclic)’
782 (P=S). '"H-NMR (DMSO d,) & ppm: 7.73 (d,
1H, H-4Y), 7.57 (d, 1H, H-7"), 7.49 (d, 1H, H-2),
7.13 (m, 1H, H-6'), 6.85 (m, 1H, H-5'), 6.64 (d, 1H,
H-3), 3.35-3.42(m, 2H, H-7), 3.12-3.21 (m, 1H, H-
3a), 2.86-2.97 (m, 2H, H-4), 1.49-1.68 (m, 4H, H-5
& H-6). LCMSm/z (%): 278 [M++], 226, 146, 132.
Anal. Cdcd. for C H,N,OPS: C,56.10; H, 5.43; N,
10.07. Found: C, 55.92; H, 5.35; N, 9.81%.
(3a9)-1-(1H-1,3-benzodiazol-1-yl)per hydr o-2).°-
pyrrolo[1,2-c][1,3,2] oxazaphosphole-2-thione(6))

Brown crystals. Yield: 81%. Mol .Wt.: 279. m.p.:
149-152°C. IR (KBr) v cm™: 1665 (C=N), 1021 (P-
N Csubstltuted) 1016 (P O Cc C|IC) 958 (P-N-Ccyclic)’
787 (P=S). H- NMR(DMSO dy) 8 ppm: 8.16 (s, 1H,
H-2), 7.75 (d, 1H, H-7"), 7.73 (d, 1H, H-4'), 7.28
(m, 1H, H-6), 7.24 (m, 1H, H-5'), 3.33-3.41 (m, 2H,
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H-7), 3.10-3.20 (m, 1H, H-3a), 2.84-2.93 (m, 2H,
H-4), 1.45-1.65 (m, 4H, H-5 & H-6). *P-NMR
(DMSO-d,) 6 ppm: 19.78. Anal. Calcd. for
C,H,N,OPS: C, 51.60; H, 5.05; N, 15.04. Found:
C, 51.38; H, 4.98; N, 14.97%.

(3a9)-1-(1H-1,2,3-benzotriazol-1-yl)per hydr o-23.5-
pyrrolo[1,2-c|[1,3,2]oxaza phosphole-2-thione (6k)

Brown crystals. Yield: 76%. Mol .Wt.: 280. m.p.:
140-143°C. IR (KBr) vcm™®: 1676 (C=N), 1023 (P-
O- Cc C|IC) 1013 (P-N-Csubstituted)’ 963 (P-N-Ccyclic)’
774 (P-S) 'H-NMR (DMSO-d,) & ppm: 7.88 (d,
1H, H-7"), 7.84 (d, 1H, H-4"), 7.52 (m, 1H, H-6"),
7.45 (m, 1H, H-5), 3.34-3.43 (m, 2H, H-7), 3.12-
3.21 (m, 1H, H-3a), 2.83-2.95 (m, 2H, H-4), 1.43-
1.65 (m, 4H, H-5 & H-6). ®*C-NMR (DMSO-d,) &
ppm: 145.3 (C-4Y), 131.9(C-9), 127.7 (C-7), 127.4
(C-6Y, 1189 (C-8), 118.7 (C-5Y), 58.0 (C-7), 47.5
(C-3a), 44.3 (C-4), 33.4 (C-6), 27.3 (C-5). And.
Calcd. for C H ,N,OPS: C, 47.14;H,4.68; N, 19.99.
Found: C, 46.96; H, 4.57; N, 19.78%.
(3aS)-1-(1H-1,2,4-triazol-1-yl)per hydr 0-21>-
pyrrolo[1,2-c][1,3,2]oxazaphosphole-2-thione (6l)

Brown crystals. Yield: 77%. Mol .\Wt.: 246. m.p.:
156-158°C. IR (KBr) vcm™: 1658 (C=N), 1032 (P-
O- Cc C|IC) 1010 (P-N-Csubstituted)' 969 (P-N-Ccyclic)'
785 (P-S) 'H-NMR (DMSO-d,) 5 ppm: 8.35(s, 1H,
H-3), 8.22 (s, 1H, H-5), 3.24-3.35 (m, 2H, H-7),
3.03-3.16 (m, 1H, H-34), 2.82-2.95 (m, 2H, H-4),
1.44-1.64 (m, 4H, H-5 & H-6). ®*C-NMR (DM SO-
d): 6 ppm 151.4 (C-3)), 148.6 (C-5), 58.5 (C-7),
47.7 (C-39), 44.3(C-4), 33.1 (C-6), 27.8 (C-5). 3P-
NMR (DMSO-d)) & ppm: 19.89. Anal. Cdlcd. for
C,H,,N,O,PS: C, 34.15; H, 4.50; N, 22.75. Found:
C, 3397, H,4.42; N, 22.57%.

1-[5-([(3aS)-2-thioxoper hydr o-235-pyrrolo[1,2-c]
[1,3,2] oxazaphosphol-1-ylJoxymethyl)-4-azidotet-
rahydro-2-furanyl]-5-methyl-1,2,3,4-tetrahydro-
2,4-pyrimidinedione(6m)

Brown crystals. Yield: 65%. Mol .Wt.: 428. m.p.
182-185°C. IR (KBr) v cm; 3317 (N-H), 1688
(C=0), 1092 (P-O-C_, i\ e0)» 1029 (P-O-C_ ),
958 (P-N-C_,.), 774 (P=S). 'H-NMR (DMSO- d)

5 ppm: 7.60 (s, 1H, H-2), 7.45 (s, 1H, H-5), 5.85
(m, 1H, H-7), 3.83-3.92 (m, 1H, H-10), 3.78-3.91

= Fyl| Peper

(m, 2H, H-15), 3.23-3.31 (m, 2H, H-7), 3.01-3.14
(m, 1H, H-34q), 2.45 (s, 3H, H-14"), 2.35-2.48 (m,
2H, H-8), 2.80-2.89 (m, 2H, H-4), 1.92-2.05 (m,
1H, H-9), 1.42-1.61 (m, 4H, H-5& H-6). *C-NMR
(DMSO-d,) 6 ppm: 163.7 (C-3'), 150.8 (C-1'), 136.2
(C-5), 110.8 (C-4", 86.5 (C-7"), 84.3 (C-10"), 57.4
(C-7), 54.9 (C-15), 49.6 (C-9), 46.4 (C-3a), 43.9
(C-4), 38.7 (C-8)), 32.8 (C-6), 27.2 (C-5), 12.8 (C-
14'). **P-NMR (DM SO-d,)  ppm: 20.42. LCMSm/
z: 428 [M+], 376, 285, 190, 146. Anal. Calcd. for
C,H,,N.O.PS: C, 42.05; H, 4.94; N, 19.62. Found:
C, 41.89; H 4.83; N, 19.39%.

4-amino-1-[2-([(3aS)-2-thioxoper hydr 0-2)°-pyrrolo
[1,2-c][1,3,2] oxazaphosphol-1-yl]oxymethyl)-1,3-
oxathiolan-5-yl]-1,2-dihydr o-2-pyrimidinone(6n)

Brown crystals. Yield: 67%. Mol .Wt.: 390. m.p.:
170-173°C. IR (KBr) v cm®: 3325 (N-H), 1692
(C 0), 1688 (C=N), 1105 (P-O-C_, .....), 1035 (P-

O-C_.), 963 (P-N-C_,), 781 (P=S). *H-NMR
(DMSO-d,) 6 ppm: 9.16 (s, 1H, H-4'), 6.69 (s, 2H,
H-14"), 5.25 (m, 1H, H-7'), 5.20-5.29 (m, 2H, H-
11"), 4.57 (s, 1H, H-5), 3.91-4.16 (m, 1H, H-12),
3.87-3.94 (m, 2H, H-9), 3.23-3.31 (m, 2H, H-7),
3.01-3.14 (m, 1H, H-3a), 2.80-2.89 (m, 2H, H-4),
1.42-1.61 (m, 4H, H-5 & H-6). *C-NMR (DM SO-
dy) 8 ppm: 165.7 (C-6'), 155.4 (C-2), 143.8 (C-4),
94.5 (C-5), 87.9 (C-7), 80.5 (C-9), 63.7 (C-12),
57.4(C-7),46.4(C-3q),43.9(C-4),32.8(C-6), 29.7
(C-11), 27.2 (C-5). 3*P-NMR (DMSO-d,) & ppm:
20.83.LCMSm/z: 390[M+1] , 190, 146.And. Calcd.
for C_H N,O,PS,: C, 39.99; H, 4.91; N, 14.35.

13" '19

Found: C, 39 78 H 4.83; N, 14.20%.
PHARMACOLOGY

Antioxidant activity
DPPH radical-scavenging activity

The DPPH radical scavenging activity was mea
sured in areaction mixture containing 1 mv DPPH
radical solution 0.1 mL, 99% ethanol 0.8 mL, and 0.1
mL of each one of the studied component prepared
by dissolving the compound in methanol. Thesolution
wasrapidly mixed and scavenging capacity was mea-
sured spectrophotometrically by monitoring the de-
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creasein absorbance at 517 nm. The antioxidant ac-
tivity of test compoundswasexpressed as|C_, which
was defined asthe concentrations of test compounds
required for inhibition of theformation of DPPH radi-
cals by 50%.

1-absor banceof
_ sampleat 517nm 100
absor banceof

controlat 517nm

DPPH radical
scavengingactivity(%)

Theantioxidant activity evaluation withthe 1,1-
diphenyl-2-picryl-hydrazyl (DPPH), radi ca-scavenging
assay was carried out!®® and theresultsaretabulated in
TABLE 1.

Super oxideradical scavenging activity

Superoxide radical swere determined using spec-
trophotometric measurement of the effects of various
concentrations of test compounds on the reduction
of nitrobluetetrazolium (NBT), according to aprevi-
ously described procedure®®. Superoxide radicals
were generated in a non-enzymatic phenazine
methosulfate-nicotinamide adenine dinucleotide
(PMS/NADH) system. The non-enzymatic genera-
tion of superoxide radicalswas measured in reaction
mixtures contai ning various concentrations of test
compounds, PMS(151M), NADH (731M), and NBT
(501M) in phosphate buffer (20 mM, pH 7.4). After
incubation for 5 min at ambient temperature, the color
was read at 560 nm against blank samples. The su-
peroxide radical -scavenging activity was expressed
as the IC_, value. Superoxide dismutase enzyme
(SOD) was used as a positive control.

absorbanceof control —
supreoxideradical
scavengingactivity (%)

Reactive oxygen species(ROS), such as superox-
ideanionradical (O,"), hydroxyl radicals (OH’) and
peroxyl radicas (ROO) are produced asapart of nor-
mal metabolic processes?®. The compounds (6a-n)
showed high antioxidant activity by scavengingthefree
radicalsand superoxideradicals.

_ absor banceof sample w100
absor banceof control

Antimicrobial activity

Antimicrobial activity was determined against
bacterid and fungd pathogensby thepaper discdiffuson

TABLE 1:Antioxidant activitiesof thetitlecompounds(6a-n)

Compound DPPH scavenging (%) sciygne;i?lxgﬂ;))
6a 70.47+1.34 65.12+1.55
6b 65.02+1.45 61.07+1.73
6c 72.13+1.21 67.45+1.64
6d 65.84+1.08 60.93+1.86
6e 71.34+1.36 69.54+1.57
6f 64.87+1.15 61.64+1.09
69 74.68+1.12 72.19+1.37
6h 64.94+1.73 61.08+1.88
6i 72.48+1.84 69.97+1.73
6j 65.69+1.58 60.96+1.01
6k 65.22+1.06 61.87+1.12
6l 66.81+1.26 61.67+1.29
6m 78.04+1.89 72.57+1.91
6n 80.21+1.72 74.33+1.54

Vitamin C 83.42+1.65 78.51+ 1.43

assay. Bacteria strainsbel ong to both Gram +veand—
ve were used in this study. Gram positive bacteria
Saphylococcus aureus, Bacillus subtilis and Gram
negative bacteria Escherichia coli, Klebsiella
pneumonia were maintained on nutrient agar at 37°C
and overnight cultureswere prepared in nutrient broth.
The cultureswerediluted with sterilized salineto bring
thefinal inoculum size of approximately 10°-10°CFU/
mL. The compounds were diluted in DMSO for

biologica assays.
Antimicrobial activity assay

Thetest compoundswereintroduced onto thedisc
and then allowed to dry to completely saturate the
disc. Then the disc was introduced onto the upper
layer of themedium with the bacteria. The Petri dishes
wereincubated overnight at 37°C for 24 hr and the
fungd cultureswere prepared in potato dextrose broth
and incubated at 25°C for 5-7 days. These antimi-
crobial activitieswere assessed based on measure-
ment of thediameter of the clear zone around the pa
per disc. The experimentswere carried out intripli-
cates. Petri were examined for zone of inhibition
around each disc and average resultswere recorded.
The results were compared with the activity of the
standard antibiotic Penicillin (30 pg/mL). The antibac-
terial activity was evaluated and theresults are pre-
sentedinTABLE 2.
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TABLE 2: Antibacterial activity of title compounds

> Ful] Poper
TABLE 3: Antifungal activity of titlecompounds

MIC Zone of Inhibition(mm)

MIC Zone of Inhibition(mm)

Compound — - - Compound - -
B. subtilis S.aureus E.coli K. pneumonia A. niger C. albicans
6a 10.3 9.8 9.7 10.0 6a 9.7 9.5
6b 9.0 100 110 9.8 6b 85 8.2
6c 10.5 100 121 11.6 6c 9.8 9.5
6d 10.0 9.5 9.4 9.7 6d 83 8.6
6e 118 102 111 10.0 6e 9.4 9.2
6f 10.4 102 107 9.4 6f 8.2 8.4
69 13.7 131 128 11.9 69 10.5 9.7
6h 10.7 105 108 105 6h 8.8 9.1
6i 13.0 120 125 11.0 6i 9.1 9.3
6j 10.3 100 105 104 6j 9.0 9.1
6k 9.2 9.2 9.8 9.6 6k 8.2 7.7
6l 9.5 9.8 9.0 9.3 6l 10.3 9.8
6m 14.1 135 133 115 6m 10.7 10.2
6n 14.3 140 157 12.6 6n 10.9 10.2
Penicillin(30 pg/mL)  16.7 172 164 18.2 Amphotericin B (50 pg/mL) 13.2 125

Minimum inhibitory concentration (M1C) of com-
pounds

MIC of the samples (6a-n) was determined by the
broth dilution method using the serially diluted com-
pounds as described with plant materia?. Themedia
containing compoundswerediluted with distilled water
to give concentrationsranged from 40to 0.1mg/mL.
100 pL of the diluted fungal culture, 0.6mL of potato
dextrosebroth, and 0.6mL of thecompound weremixed
well in atest tube. Themixturewasthenincubated at
25°C for 72 h to determine the minimal concentration
at which growth of funga cellswasfullyinhibited. The
antifungal activity waseva uated and theresultsaretabu-
lated inTABLE 3.

Thesesolutionscontaining 10° cdl/mL wereadded
to each Whatmann No. 1 filter paper disc (6 mm diam-
eter) and DM SO was used as the control. The com-
pounds (6a-n) wastaken with the concentration of 100
ug/mL and was evaluated by disc diffusion method for
antimicrobia activity. The compounds(6g), (61), (6m)
and (6n) showed higher activity against both the Gram
positiveand negative bacteriaand fungi when compared
to the standards Penicillin and Amphotericin B re-
spectively. The compounds (6a), (6¢), (6e), (61), and
(6)) exhibited moderateactivity againgt thebacterid and
fungd cultureswhen compared to the other compounds.

Mg ority of thecompoundsexhibited promising antimi-
crobid activity.

CONCLUSION

Thepharmacol ogica activity of thecompoundswith
aminesubstituents, zidovudineand lamivudinebearing
electron-donating methoxy substituents, electron-
withdrawing nitro substituentsand chloro substituents
and ester containg groupsrel ativeto theN-H bond are
ableto establish some structure-anti oxidant-activity
relationship.

ACKNOWLEDGEMENTS

The authors express their thanks to UGC, New
Delhi, Indiafor sanctioning amajor research project
(F.No. 34-356/2008(SR)).

REFERENCES

[1] (a)L.N.He, Y.PLuo, M.W.Ding,A.H.Lu, X.PLiU,
T.Wu, F.Cai; Synth.Commun., 32, 1415, (2002); (b)
L.N.He, R.Y.Chen; Phosphorus, Sulfur and Silicon,
129, 111, (1997).

L.D.Quin; ‘The Heterocyclic Chemistry of Phos-
phorus’, John Wiley & Sons, New York, NY, USA,
81 (1981).

[2]

ey, Onganic CHEMISTRY
Au Tudian Yournal



104

Synthesis of (3aS)-2-sub.perhydro-243-pyrrolo[1,2-c][1,3,2] oxazaphosphole-2-thiones

OCAIJ, 7(2) 2011

FPull Paper ==

[3] L.N.Rao, V.K.Reddy, C.D.Reddy; Heteroatom.
Chem., 11, 323 (2000).

[4] V.Gilard, R.Martino, M.Maet-Martino, U.Niemeyer,
J.Pohl; JMed.Chem., 42, 2542 (1999).

[5] Y.Haribabu, M.A.Kumar, K.Srinivasulu, C.Suresh
Reddy, C.Naga Raju; Arkivoc, 26, 189 (2006).

[6] K.Srinivasulu, M.Anil Kumar, C.Naga Raju,
C.Suresh Reddy; Arkivoc 14, 100 (2007).

[7] H.C.Brown, PK.Jadhav, B.Singaram; ‘In Modern
Synthetic Methods’, In: R.Scheffold, Ed.; Springer-
Verlag: Heidelberg, 4, 307-356 (1986).

[8] E.J.Corey, C.J.Held; Angew.Chem.Int.Ed., 37(15),
1986 (1998).

[9] V.K.Singh; Synthesis, 7, 605 (1992).

[10] L.Deloux, M.Srebnik; Chem.Rev., 93, 763 (1993).
[11] D.Basavaiah, G.Jayapal Reddy, V.Chandrashekar;
Tetrahedron: Asymmetry, 12(4), 685 (2001).

[12] W.L.F.Armarego, D.D.Perrin; ‘Purification of
Laboratory Chemicals’, 4"Ed.,Oxford, Butterworth,
Heinemann, (1997).

[13] A.Giannis, K.Sandhoff; Angew.Chem.Int.Ed.Engl.,
28(2), 218 (1989).

[14] L.C.Thomas; ‘Interpretation of the Infrared Spec-
tra of Organophosphorus Compounds’, Hyden &
Son Ltd., (1974).

[15] D.Basavaiah, GJayapal Reddy, K.Venkateswara
Rao; Tetrahedron: Asymmetry, 15(12), 1881 (2004).

[16] A.L.Khandazhinskaya, E.A.Shirokova, Y.S.Skoblov,
L.S.Victorova, L.Ye.Goryunova, R.S.Beabeala-
shvilli, T.R.Pronyaeva, N.V.Fedyuk, V.V.Zalin,
A.G.Pokrovsky, M.K.Kukhanova; J.Med.Chem.,
45(6), 1284 (2002).

[17] R.Wang, S.Harada, H.Mitsuya, J.Zemlicka;
J.Med.Chem., 46(22), 4799 (2003).

[18] M.V.Ramirez-Mares, E.G.de Megjia; Food
Chem.Toxicol., 41(11), 1527 (2003).

[19] E.G.De Megjia, M.V.Ramirez-Mares; Toxicol.,
179(1-2), 151 (2002).

[20] R.GAllen, M.Tresini; Free Radic.Biol.Med., 28, 463
(2000).

[21] GSchmourlo, R.R.Mendonca-Filho, C.S.Alviano,
S.S.Costa; Journal of Ethnopharmacol ogy, 96, 563
(2005).

Onganic CHEMISTRY o
Au Tudian Yournal



