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ABSTRACT

Some imines were synthesized by the reaction of 5-amino 1-naphthol with substituted aromatic aldehydes in ethanol under re-
flux conditions. Dialkyl phosphites underwent addition with aromatic imines to give novel a-amino phosphonates. All the title
compounds were characterized by elemental analysis, IR, 'H, ®*C, **P NMR and mass spectral data. All the newly-synthesized

compounds (4a-j) exhibited moderate antibacterial and antifungal activity.
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1. Introduction

a-Amino phosphonates are an important class of compounds
since they are structural analogues of naturally-occurring
aminoacids as building blocks of peptides in biological systems.
In addition to this the structural similarity with naturally-occurring
a-aminoacids gave momentum to the synthesis of @-amino
phosphonic acids and their derivatives for applications in
biological systems. ¢-Amino phosphonates possess an array of
potential binding sites for both ammonium (phosphoryl group,
nitrogen lone pair) and carboxylate (N-H bond) moieties.! The
a-amino phosphonate derivatives are gaining much importance
in medicinal chemistry®and their applications as enzyme inhibi-
tors,” pharmacological agents,* herbicides,” antibiotics® and
inhibitors of excitatory post-synaptic potential (EPSP) synthase’
and HIV protease.® a-Amino phosphonic acids seem to be even
closer analogues of their a-amino phosphonic counterparts due
to their monobasic/acidic character and higher stability of the
P-C bond of phosphonic acids compared with the P-O bond.’
There are now numerous reviews to guide the reader into this
fascinating aspect of phosphorus chemistry. Moreover, exten-
sive coverage of the role of phosphonates in living systems has
been provided in books by Hildebrand and Henderson'. The
Pudovik reaction is one of the most convenient methods for the
formation of P-C bonds and involves the addition of compounds
containing a labile P-H bond with imines.""* The reaction usually
needs a Lewis acid catalyst such as indium (III) chloride,” rare
earth triflates,* SmL,” or LiClO,."* However, many of these
catalysts are expensive and have to be used in stoichiometric
amounts. Reports on catalyst-free synthesis of a¢-amino
phosphonates are rather limited.” Keeping this in view, we have
developed a new protocol of catalyst-free synthesis of a-amino
phosphonates and evaluated their antimicrobial activity.

2. Results and Discussion

A series of new a@-amino phosphonates was synthesized in a
two-step process. The synthetic route involves the condensation
of 5-amino-1-naphthol (1) with different substituted aromatic
aldehydes (2a-j) in dry ethanol under reflux conditions to form
different substituted imines (3a—j) (Scheme 1). In the second

* To whom correspondence should be addressed. E-mail: naga_raju04 @yahoo.co.in

step, the imines were reacted with the respective dialkyl phos-
phites in dry ethanol at reflux temperature to obtain the a-amino
phosphonates (4a—j) in high yields (75-84 %). The second step of
the reaction was completed at reflux temperature of ethanol with
stirring for 3—4 h. The progress of the reaction was monitored by
TLC analysis using ethyl acetate:n-hexane(4:6) as mobile phase.
The crude products were obtained after removing the solvent
under reduced pressure. The crude products were purified by
column chromatography on silica gel using ethyl acetate:n-hexane
(2:8) solvent mixture as eluent. The synthetic and analytical data
of a-amino phosphonates (4a—j) are given in the experimental
part.

The IR spectra of the title compounds (4a—j) show absorption
bands at 3520-3340 cm™ for O-H stretching vibrations. The N-H
and P=0 stretching vibrations' are observed in the regions
3310-3100 cm™ and 1290-1210 cm™, respectively. The aromatic
O-H proton signal appears as a singlet in the range of o
10.31-9.69 ppm. The aromatic protons of 4a—j resonate as
multiplets in the region 6 7.89-6.51 ppm. The N-H proton signal
appeared asa tripletin the range of  6.3-5.68 ppm (t, ] 7.6-12Hz)
due toits coupling with neighbouring proton and phosphorus.The
P-C-H protons resonated as a pair of doublets in the region
0 5.47-5.02 ppm (dd, ] 8-12 Hz, 10-18 Hz), due to its coupling
with phosphorus and a neighbouring N-H proton.”” The methy-
lene oxy protons resonate as a multiplet in the region
0 4.28-3.89 ppm. The P-O-CH,-CH,-CH,-CH, proton signal ap-
pears as a multiplet in the region ¢ 1.71-1.25 ppm. The methyl
protons appear as a triplet in the region ¢ 1.27-0.75 ppm (t,
J 6-11 Hz). The "C NMR spectral data for 4a, b, ¢, d and e are
given in the experimental part. The *P NMR signals appeared as
singlets in the range 6 23.16-18.59 ppm. The LCMS data of 4a, c,
d, f, h and j are given in the experimental section.

2.1. Biological Activity

The antibacterial and antifungal activities of the test compounds
were evaluated by the disc diffusion method® and their effect
was compared with the standard antibiotic Ampicillin and
antifungal agent Nystatin. The antibacterial role of all the title
compounds (4a—j) was assayed against the growth of Escherichia
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coli and Pseudomonas aeuroinosa at two different concentrations,
100 ug disc™ and 250 ug disc™ (Table 1). The majority of the
compounds exhibited moderate activity against both bacteria.
Ampicillin was used as a standard reference compound to com-
pare the activities of these compounds. The compounds (4a—j)
(Table 1) were screened for their antifungal activities against
Aspergillus niger and Fusarium moniliforme along with the
standard fungicide Nystatin. It is gratifying to observe that all
the compounds (4a—j) exhibited moderate antifungal activity
compared with that of the reference compound.

3. Experimental

Melting points were determined in open capillary tubes on a
Mel-temp apparatus (Tempo Instruments and Equip (Pvt.) Ltd.,
Mumbeai, India) and were uncorrected. IR spectra were recorded
in KBr pellets using a Perkin-Elmer 240-c FT-IR spectrometer
(Waltham, MA, USA). 'H, ®C and *'P NMR spectra were recorded
on a Bruker AMX 400 MHz spectrometer (Ettlingen, Germany)
operating at 400 MHz for 'H, 100 MHz for "C and 161.9 MHz for
P Some compounds were recorded in DMSO-d, and a few
compounds were recorded in CDCl, and the chemical shifts
were referenced to TMS ("H and *C) and 85 % H,PO, (*'P). Micro-

analytical data were obtained from the University of Hyderbad,
Hyderbad, India.

3.1. Synthesis of Different Substituted Imines (3)

To a stirred solution of 5-amino 1-naphthol (0.002 mol) in
30 mL of dry ethanol, different substituted aromatic aldehydes
(0.002 mol) in 10 mL of dry ethanol were added at 20 °C. After
stirring for 2 h at reflux temperature, formation of the intermedi-
ates, substituted imines 3a—j was ascertained by TLC analysis,
using ethyl acetate:n-hexane (4:6) as eluent. The imines 3a—j
were used for the next reaction step without further purification
and isolation.

3.2. Typical Procedure for the Synthesis of 4a—j

A solution of diethyl/dibutyl phosphite in 15 mL of dry ethanol
was added dropwise to a stirred solution of substituted imines
3a—j at 20 °C. After completion of the addition the temperature of
the reaction was raised to reflux and the reaction mixture was
stirred for 3—4 h. Completion of the reaction was ascertained by
TLC analysis using ethyl acetate:n-hexane (4:6) mixture. The
solvent was removed in a rotary evaporator to isolate the crude
product. It was purified by column chromatography onsilica gel
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Table 1 Antimicrobial activity of compounds 4a—j.

Zone of inhibition/mm

Antibacterial activity Antifungal activity
Compound Escherichia coli Pseudomonas aeuroinosa Aspergillus niger Fusarium moniliforme
100 ug disc™ 100 ug disc™ 100 ug disc™ 100 ug disc™

4a 8 11 11 12

4b 9 10 12 13

4c 11 7 13 13

4d 9 9 14 13

4e 9 9 19 20

af 8 5 14 16

4g 7 7 18 19

4h 8 7 21 15

4i 7 6 11 12

4 8 8 10 12
Ampicillin 20 21 - -
Nystatin - - 25 23

100-200 mesh using ethyl acetate:n-hexane (2:8) mixture as
eluent to obtain the pure compounds. The compounds were
characterized by 'H, ®C, *P NMR, IR and mass spectral data.

3.3. Spectral Data

3.3.1. Diethyl (5-bromo-2-hydroxyphenyl)(5-hydroxynaphthalen-
1-ylamino) methylphosphonate (4a)

Yield 82 %; solid, m.p. 129-130 °C. R, 0.5. d,; (400 MHz,
DMSO-d,):10.31 (1H, s,-OH), 9.92 (1H, s,-OH), 7.55-6.57 (9H, m,
Ar-H), 6.01 (1H, t,] 7.8 Hz, -NH), 5.30 (1H, dd, 12,16 Hz, -P-CH),
4.05-3.98 (4H, m, -OCH,), and 1.11 ppm (6H, t, ] 10 Hz, -CH,);
dc (100 MHz, DMSO-d,): 154.7 (C-1), 153.4 (C-2'), 141.8 (C-5),
131.3 (C-6"), 130.9 (C-4"), 125.6 (C-3), 125.4 (C-1"), 125.2 (C-9),
125.1 (C-7), 124.9 (C-10), 117.2 (C-3"), 112.15 (C-5"), 111.9 (C-2),
110.5 (C-6), 108.4 (C-4), 105.6 (C-8), 62.8 (d, ] 10.8 Hz,
P-O-CH,-CH,), 50.6 (-P-CH) and 16.2 ppm (d, ] 6 Hz,
P-O-CH,-CH,); 6, (DMSO-d,): 22.37 ppm; v, (KBr): 3450 (-OH),
3395 (-OH), 3275 (-NH), 1223 (P=0) and 768 cm™ (P-C,;.4);
Calc. for C, H,,NPO.Br: C, 52.47; H, 4.78; N, 2.91 %; found: C,
52.51; H, 4.69; N, 2.95 %.

3.3.2. Dibutyl (5-bromo-2-hydroxyphenyl)(5-hydroxynaphthalen-
1-ylaminomethyl phosphonate (4b)

Yield 84 %; solid, m.p. 135-137 °C. R; 0.55. oy (400 MHz,
DMSO-d,): 10.27 (1H, s,-OH), 9.88 (1H, s,-OH), 7.73-6.51 (9H, m,
Ar-H), 5.99 (1H, t, ] 10.2 Hz, -NH), 5.32 (1H, dd, ] 9.6,15.6 Hz,
-P-CH), 4.08-3.89 (4H, m, -O-CH,), 1.55-1.43 (8H, m, -CH,-) and
0.78 ppm (6H, t, ] 8.8 Hz, -CH,); 6. (100 MHz, DMSO-d,): 154.7
(C-1), 153.7 (C-2"), 141.0 (C-5), 131.5 (C-6'), 130.6 (C-4"), 125.6
(C-7), 125.5 (C-9), 125.2 (C-10), 124.8 (C-3), 117.8 (C-1"), 112.9
(C-3"), 111.7 (C-5"), 110.9 (C-4), 108.7 (C-6), 106.3 (C-2), 66.9 (d,
J 8.49 Hz, P-O-CH,-CH,-), 51.1 (-P-CH), 32.4 (d, ] 12.2 Hz,
P-O-CH,-CH,-CH,-CH,), 18.5 (d, ] 9.7 Hz, P-O-CH,-CH,-CH,-
CH,) and 13.7 ppm (d, | 7.5 Hz, P-O-CH,-CH,-CH,-CH.,);
0, (DMSO-d)): 22.93 ppm; v, (KBr): 3495 (-OH), 3345 (-OH),
3185 (-NH), 1250 (P=0) and 725 cm™ (P-C,;,..¢.); m/z (LCMS): 535
(M*, 100 %), 537 (M+2, 98 %); Calc. for C,;H, NPO,Br: C, 56.03;
H, 5.79; N, 2.61 %; found: C, 56.08; H, 5.81; N, 2.69 %.

3.3.3. Diethyl (4-hydroxy-3-methoxyphenyl)(5-hydroxynaphthalen-
1-ylamino) methylphosphonate (4c)

Yield 79 %; solid, m.p. 138-140 °C. R, 0.45. o, (400 MHz,
DMSO-d,): 9.91 (1H, s, -OH), 9.72 (1H, s, -OH), 7.56-6.51 (9H, m,

Ar-H),5.74 (1H, t,] 7.6 Hz,-NH), 5.01 (1H, dd, ] 12,16 Hz, -P-CH)),
4.08-3.94 (4H, m,-OCH,), 3.73 (3H, s,-OCH,), and 1.12 ppm (6H,
t, ] 8 Hz, -CH.,); d. (100 MHz, DMSO-d,): 153.6 (C-1), 147.4 (C-3),
146.2 (C-4"), 141.6 (C-5), 126.9 (C-1'), 125.3 (C-9), 125.1 (C-7), 124.9
(C-10), 124.6 (C-3), 120.5 (C-6"), 115.2 (C-5), 112.6 (C-4), 111.8
(C-8), 111.2 (C-2"), 108.2 (C-2), 108.2 (C-6), 62.5 (d, | 9.4 Hz,
P-O-CH,CH,), 59.7 (Ar-OCH,), 53.6 (-P-CH) and 16.2 ppm (d,
J 6.5 Hz, P-O-CH,-CH.,); 6, (DMSO-d,): 21.17 ppm; v, (KBr):
3510 (-OH), 3340 (-OH), 3125 (-NH), 1270 (P=0), and 750 cm™
(P-Coipnaieys Cale. for C,H,NPO,: C, 61.21; H, 6.02; N, 3.24 %;
found: C, 61.15; H,5.98; N, 3.29 %.

3.3.4. Dibutyl (4-hydroxy-3-methoxyphenyl)(5-hydroxynaphthalen-
1-ylamino) methylphosphonate (4d)

Yield 81 %; solid, m.p. 142-144°C. R, 0.6. 0, (400 MHz,
DMSO-d,): 9.88 (1H, s, -OH), 9.69 (1H, s, -OH), 7.52-6.61 (9H, m,
Ar-H), 5.70 (1H, t, ] 8 Hz, -NH), 5.02 (1H, dd, J 12.5,18.0 Hz,
-P-CH), 4.09-3.95 (4H, m, -OCH,), 3.72 (3H, s, -OCH,), 1.54-1.28
(8H, m, -CH,-) and 0.83 ppm (6H, t, ] 9.6 Hz, -CH.,); 6. (100 MHz,
DMSO-d,): 154.6 (C-1),153.7 (C-3'), 147.7 (C-5), 147.4 (C-4"), 146.6
(C-1Y, 1329 (C-9), 132.7 (C-7), 127.2 (C-10), 126.1 (C-3), 122.9
(C-6"), 122.6 (C-5"), 115.5 (C-4), 115.3 (C-2'), 114.8 (C-6), 114.6
(C-2), 60.41 (d, J 8.5 Hz, P-O-CH,-CH,-CH,-CH,), 57.7 (-P-CH),
54.7 (Ar-OCH,) 30.2 (d, ] 14 Hz, P-O-CH,-CH,-CH,-CH,), 18.6 (d,
J 10.6 Hz, P-O-CH,-CH,-CH,-CH,) and 13.5 ppm (d, | 8 Hz,
P-O-CH,-CH,-CH,-CH,); 6, (DMSO-d,): 23.10 ppm; v, (KBr):
3503 (-OH), 3364 (-OH), 3100 (-NH), 1235 (P=0) and 727 cm™
(P-C ppase)s m/z (LCMS): 487 (M*); Calc. for C,;H, NPO,: C, 64.01;
H, 6.97; N, 2.87 %; found: C, 64.08; H, 6.89; N, 2.91 %.

3.3.5. Diethyl (5-hydroxynaphthalen-1-ylamino) (3-nitrophenyl)
methylphosphonate (4e)

Yield 80 %; solid, m.p. 129-130 °C. R;0.57. 6, (400 MHz, CDCl,):
10.25 (1H, s, -OH), 7.68-6.92 (10H, m, Ar-H), 5.91 (1H, t, ] 12 Hz,
N-H), 5.04 (1H, dd, J 10.8,12 Hz, -P-CH), 4.25-4.09 (4H, m,
-OCH,), and 1.21 ppm (6H, t, ] 8 Hz, -CH,); . (100 MHz, CDCL,):
152.8 (C-1), 148.5 (C-5), 148.7 (C-3"), 133.6 (C-1'), 129.7 (C-6"),
125.6 (C-5'),125.3 (C-7),125.1(C-9), 123.1 (C-3), 122.8 (C-10), 113.1
(C-2Y), 112.1 (C-4"), 109.2 (C-4), 109.7 (C-6), 107.0 (C-2), 63.8 (d,
] 7 Hz, P-O-CH,-CH,), 58.5 (-P-CH) and 16.5 ppm (d, ] 5 Hz,
P-O-CH,-CH,); 6, (CDCL): 19.35 ppm; v, (KBr): 3386 (-OH),
3235 (-NH), 1261 (P=0) and 727 cm™* (P-C,;.,..¢.)- m/z (LCMS): 431
(M+H); Calc. for C,,H,,N,PO,: C, 58.55; H,5.34; N, 6.50 %; found:
C,58.46; H,5.31; N, 6.57 %.

max
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3.3.6. Dibutyl (5-hydroxynaphthalen-1-ylamino)(3-nitrophenyl)
methylphosphonate (4f)

Yield 79 %; solid, m.p. 140-142°C. R, 0.43. 8, (400 MHz, CDCL):
10.10 (1H, s, -OH), 7.89-6.90 (10H, m, Ar-H), 6.07 (1H, t, ] 8 Hz,
-NH), 5.11 (1H, dd, ] 8,12 Hz, -P-CH), 4.15-4.05 (4H, m, -OCH,),
1.71-1.39 (8H, m, -CH,-) and 0.87 ppm (6H, t, ] 7.5 Hz, -CH,);
0, (CDCL): 21.10 ppm; v, (KBr): 3380 (-OH), 3155 (-NH), 1274
(P=0)and 769 cm™ (P-C,;.,....); m/z (LCMS): 487(M +H); Calc. for
C,,H,N,PO,: C,61.72; H,6.37; N, 5.76 %; found: C, 61.60; H, 6.30;
N, 5.80 %.

max

3.3.7. Diethyl (2,4-dichlorophenyl)(5-hydroxynaphthalen-1-ylamino)
methylphosphonate (4g)

Yield 75 %; solid, m.p. 110-112 °C. R, 0.63. 0, (400 MHz, CDCl,):
9.93 (1H, s, -OH), 7.68-6.73 (9H, m, Ar-H), 5.89 (1H, t, ] 10 Hz,
-NH), 5.47 (1H, dd, J 8.0, 10.0 Hz, -P-CH), 4.28-4.09 (4H, m,
-OCH,) and 1.20 ppm (6H, t, ] 6 Hz, -CH.); 6, (CDCL,): 18.59 ppm;
Vom (KBr): 3400 (O-H), 3230 (N-H), 1272 (P=0) and 797 cm™
(P-Cphase); Cale. for C,H, NPO,Cl;: C, 55.50; H, 4.84; N, 3.08 %;
found: C, 55.45; H,4.79; N, 3.12 %.

3.3.8. Dibutyl (2,4-dichlorophenyl)(5-hydroxynaphthalen-
1-ylamino)methylphosphonate (4h)

Yield 77 %; solid, m.p. 135-138 °C. R, 0.65. 8, (400 MHz, CDCL):
9.89 (1H, s, -OH), 7.71-7.09 (9H, m, Ar-H), 5.68 (1H, t, ] 7.6 Hz,
-NH), 5.42 (1H, dd, J 8,12 Hz, -P-CH), 4.11-3.93 (4H, m,
0-CH,),1.69-1.41 (8H, m, -ch,-) and 0.91 ppm (6H, t,] 8 Hz, -CH,);
0p (DMSO-d,): 19.12 ppm; v, (KBr): 3433 (O-H), 3162 (N-H),
1261 (P=0) and 760 cm™ (P-C,,..); Calc. for C,;H, NPO,Cl,:
C,58.79; H, 5.87; N, 2.74 %; found: C, 58.65; H, 5.78; N, 2.80 %.

3.3.9. Diethyl (5-hydroxynaphthalen-1-ylamino)(4-hydroxyphenyl)
methylphosphonate (4i)

Yield 76 %; solid, m.p. 150-151 °C. R; 0.52. ¢, (400 MHz,
DMSO-4d,): 10.31 (1H, s, -OH), 9.79 (1H, s, -OH), 7.77-6.92 (10H,
m, Ar-H), 6.10 (1H, t, ] 10 Hz, -NH), 5.08 (1H, dd, ] 8.5,13.0 Hz,
-P-CH), 4.01-3.89 (4H, m, -OCH,) and 1.19 ppm (6H, t, ] 11 Hz,
-CH,); 6, (DMSO-d,): 19.95 ppm; v, (KBr): 3366 (-OH), 3355
(-OH), 3310 (-NH), 1216 (P=0) and 732 ecm™ (P-C,,..); Calc. for
C,H, NPO.: C, 62.80; H,5.98; N, 3.48 %, found: C, 62.79; H, 5.94;
N, 3.49 %.

3.3.10. Dibutyl (5-hydroxynaphthalen-1-ylamino)(4-hydroxy-
phenyl)methylphosphonate (4j)

Yield 78 %; solid, m.p. 148-150 °C. R; 0.47. J,, (400 MHz,
DMSO-d,): 10.21 (1H, s, -OH), 9.79 (1H, s, -OH), 7.76-6.64 (10H,
m, Ar-H), 6.21 (1H, t, | 8 Hz, -NH), 5.16 (1H, dd, J 12, 14 Hz,
-P-CH), 4.19-4.01 (4H, m, -OCH,), 1.58-1.41 (8H, m, -CH,-) and
0.90 ppm (6H, t, ] 10.5 Hz, -CH.,); 6, (DMSO-d,): 19.75 ppm; v,
(KBr): 3335 (-OH), 3261 (-OH), 3200 (-NH), 1214 (P=0) and
768 cm™ (P-C,,,4); Cale. for C,;H,,NPO,: C, 65.59; H, 6.99; N,
3.06 %; found: C, 65.51; H, 6.95; N, 3.12 %.

Acknowledgements

The authors express their thanks to Prof. C.D. Reddy, Depart-
ment of Chemistry, Sri Venkateswara University, Tirupati, for
his helpful guidance and discussion and also UGC-Delhi for
providing financial assistance.

References

1 LS. Antipin, L1. Stoikov, E.M. Pinkhassik, N.A.Fitseva, I. Stibor and
A.l. Konovalov, Tetrahedron Lett., 1997, 38, 5865-5868.

2 PA. Bartlett, ].E. Hanson and PP. Giannousis, J. Org. Chem., 1990, 55,
6268— 6274.

3 (a) M.C. Allen, W. Fuhrer, D. Tuck, R. Wade and ].M. Wood, J. Med.
Chem., 1989, 32, 1652-1661; (b) E.W. Logusch, D.M. Walker, J.E
McDonals, G.C.Leo and ].E. Grang, J. Org. Chem., 1988, 53, 4069-4074;
(c) PP. Giannousis and PA. Bartlett, |. Med. Chem., 1987, 30,1603-1609.

4 (a) ER. Atherton, C.H. Hassal and R.W. Lambert, J. Med. Chem., 1986,
29, 29-40; (b) J.G.L. Allen, ER. Atherton, C.H. Hassal, R. W. Lambert,
L.J. Nisbet and PS. Ringrose, Nature, 1978, 272, 56-58; (c) ].G. Allen,
ER. Atherton, M.J. Hall, C.H. Hassal, R.W. Lambert, L.J. Nisbet and
PS. Ringrose, Antimicrob. Agents Chemother., 1979, 15, 684-695; (d) ER.
Atherton, M.J. Hall, C.H. Hassal, R.W. Lambert, WJ. Lloyd and PS.
Ringrose, Antimicrob. Agents Chemother., 1979, 15, 677-683; (e) ER.
Atherton, M.J. Hall, C.H. Hassal, R.W. Lambert, WJ. Lloyd and PS.
Ringrose, Antimicrob. Agents Chemother., 1979, 15, 696-711.

5 J.Emsley and D. Hall, The Chemistry of Phosphorus, Harper and Row,
London, UK, 1976, p. 495.

6 (a) R. Hirschmann, A.B. Smith, C.M. Taylor, R.A. Benkovic, S.D.
Taylor, KM. Yager, PA. Springler and S. Venkovic, J. Science, 1994, 265,
234; (b) A.B. Smith, C.M. Taylor, S.J. Venkovic and R. Hirschmann,
Tetrahedron Lett., 1994, 35, 6853—6856.

7 J.A. Sikoski, M.]. Miller, D.S. Barccolino, D.C. Cleary, S.D. Corey, J.E.
Ream, D. Schnur, A. Shah and M.C. Walker, Phosphorus Sulfur Silicon,
1993, 115, 76.

8 B.Stowasser, KH. Budt, L. Jain-Qi, A. Peyman and D. Ruppert, Tetra-
hedron Lett., 1989, 30, 6625-6628.

9 WJ. Moree, A.G. Marel, ].H. Boom and R.M.J. Liskamp, Tetrahedron,
1993, 47, 11055-11064.

10 R.L.Hilderbrand and T.O.Henderson, eds., The Role of Phosphonates in
Living Systems, CRC Press, Boca Raton, FL, USA, 1983.

11 AJ. Kirby and S.G. Warren, The Organic Chemistry of Phosphorus,
Elsevier Publishing Co, New York, NY, USA, 1967.

12 ANN. Pudovik and L.V. Konovalova, Synthesis, 1979, 2, 81-96.
13 B.C. Ranu, A. Hajra and U. Jana, Org. Lett., 1999, 1, 1141-1143.

14 (a)C.Qianand T. Huang, J. Org. Chem., 1998, 63,4125-4128; (b) S. Lee,
J.H. Park, ].K. Lee and J. Kang, Chem. Commun., 2001, 1698-1699.

15 F Xu, Y. Luo, M. Deng and Q. Shen, Eur. J. Org. Chem., 2003, 24,
4728-4730.

16 M.R. Saidi and N. Azizi, Synlett, 2002, 1347-1349.
17 B.C. Ranu and A. Hajra, Green Chem., 2002, 4, 551-554.

18 C.Thomas, The Interpretation of the Infrared Spectra of Organophosphorus
Compounds, Heyden and Sons, London, UK, 1974.

19 G.C.S. Reddy, B.S. Kumar, A.U.R. Sankar, M.V.N. Reddy and C.S.
Reddy, J. Korean Chem. Soc., 2008, 52, 657—-662.

20 J. Benson, Microbiological Applications, 5th edn., W.C. Brown Publica-
tions, Boston, MA, USA, 1990.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


