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Abstract

a-Hydroxyphosphonates 2a-g derived from 2-chloroquinolin-3-carbaldehyde 1a-g by modified
Abramov reaction using chloro(trimethyl)silane (TMSCI) and subsequent a-hydroxyphosphonate
produced were acetylated using acetic anhydride in the presence of 1,8-Diazabicyclo-undec-7-
ene (DBU) to afford the a-acetyloxyphosphonate 3a-g in high yields. The synthesized a-
hydroxyphosphonate and a-acetyloxyphosphonate compounds were screened for antibacterial
activities. The compound no. 2d, 2e and 3e, 3f has shown comparative activity against their
standard Streptomycin.

Keywords: 2-Chloroquinoline-3-carbaldehyde, Abramov reaction, a-hydroxyphosphonate, o-
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Introduction

Quinolines'™ are an important class of heterocyclic compounds. Several compounds of this class
have been screened for biological activities such as bactericidal,” antitumor,’ anti-inﬂamma‘cory,6
antimalerial’ etc. Among quinolines, 2-choloroquinolin-3-carbaldehydes occupy a prominent
position, as the latter are key intermediates for further annelation of a wide variety of ring and for
various functional group interconversions.*”

Phosphates are a class of important organic compounds. Similar to pesticides, they have
potent insecticidal activities having wide field of application.'"’ Recently, some new vinyl
phosphates have been reported as potent mechanism based inhibitors of phosphatase''™"® or

phosphodiesterase.'*'> There are only few reports about synthesis and bioactivity of their
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analogues with C-P bond, which have been found to have insecticidal'® and antifungal'’

activities.

Phosphonates,'® a-substituted phosphonate and a-hydroxyphosphonates'” in particular are
the quinquavalent organophosphorus compounds of wide applicability in terms of biological
activities. a-acetyloxyphosphonates are considered as an important and valuable phosphorus
compounds for the synthesis of optically active a-hydroxyphosphonates. Enzymatic systems
have been introduced for the enantioselective hydrolysis of racemic a-hydroxyphosphonates.”!
Chiral and non-racemic o-hydroxyphosphonates are useful precursors for a variety of a-
substituted phosphonate especially for o-aminophosphonic acids, which have received
considerable attention in medical, bioorganic and organic chemistry owing to their potential
activities as analogues of a-amino acids.”*

We have studied combination of highly bioactive quinoline compounds with phosphonate
for antibacterial activities so as to find new antibacterial bioactive compounds and enrich the
quinoline and phosphorus chemistry.

Results and Discussion

The original work of Abramov reaction involved the heating of an aldehyde or a ketone with
trialkylphosphite at 70-100°C for several hours in sealed tube**. Under these stringent conditions
dialky-a-alkoxyalkylphosphonates could be isolated in various yields.

To overcome these difficulties in attempting Abramov reaction silyl halide can be used
along with the carbonyl compounds and the phosphorous reagent’’. Removal of the residual silyl
ester linkages at the phosphonate centre is accomplished with water or alcohol under mild
conditions®™. Hence the Abramov reaction with such modification is referred as “Modified
Abramov Reaction”.

a-hydroxyphosphonates may serve as precursors for the synthesis of alpha amino
phosphonates which are analogs of alpha amino acid®’. Hence a search for new biological active
compound has stimulated recent studies on the synthesis of a-substituted phosphonates.

In continuation of our work on phosphorus chemistry, > *' herein several examples of
modified Abramov reaction on 2-chloroquinolin-3-carbaldehydes (1a-g) are presented to afford
a-hydroxyphosphonates (2a-g) compounds. The a-acetyloxyphosphonate (3a-g) compounds
were obtained on further treatment on a-hydroxyphosphonates compounds with acetic anhydride
in the presence of DBU catalyst. a-hydroxy as well as a-acetyloxy phosphonate compounds are
screened for antibacterial (Gram positive: Staphylococai, Bacillus megtesium-I and Gram
negative: Escherichia coli, Salmonella typhi, Proteus vulgaris) activities. Almost all tested
compounds exhibited moderate activities against all species of bacteria used in this study. Table-
2 indicates that the a-hydroxyphosphonates (2a-g) showed more prominent results than the
Table-1 parent quinolines (1a-g) and Table-3 a-acetyloxyphosphonates (3a-g).

ISSN 1424-6376 Page 197 ®ARKAT



General Papers ARKIVOC 2006 (xi) 196-204

OH OCOCH;
Ry CHO R OC,H R LOCHs
X 1 X Y278 (CHZCO),0 X Z
[ P(OCoHs), TMSGE E\OCsz (CH,CO)C E') OC,Hs
— /
Ry N~ ¢ Toluene, Reflux R; N~ >al DBU,RT. Ry N
Rs R3 Rs
1a-g 2ag 3ag

Scheme 1

Table 1. Antibacterial activities of 2-chloroquinolin-3-carbaldehyde

Entry Antibacterial (zone of inhibition in cm)
Gram positive Gram negative
Staphylococci | B. megtesium-I Escherichia Salmonella Proteus
Coli Typhi vulgaris

Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL)
40 |80 | 160 |40 |80 |[160 |40 |80 | 160 |40 |80 |[160 [40 |80 | 160

la. 1416 |16 |09 10|12 |12 |16 |17 |13 |13 |14 |12 |14 ]14

1b. 13 /14|16 |16 |18 |18 |12 |13 |15 |14 |15 |15 |12 ]12 |16

Ic. 12 |14 |15 |10 |13 (15 |13 |15 |15 |15 |15 (16 (10 |13 |13

1d. 10 1.2 |12 |13 |16 |16 [15 |16 |16 |12 |14 |14 |1.1 |14 |15

le. 1.5 16 |17 |15 16 |18 |14 |14 |16 |10 |12 |13 |13 |15 |15

1f. 1.3 /14 |15 | 1.1 |13 |18 |14 |17 |17 |15 |15 |15 |14 |16 |17

lg. 12 |14 |14 |13 |15 (16 [1.6 |18 |18 |14 |16 |16 |13 |15 |18

Strep. [ 1.8 1.8 120 |12 |12 |12 |15 (16 |18 |1.7 18 20 |14 ]1.6 2.0

Antibacterial activity

All the compounds were screened for antibacterial activities. Antibacterial activities were
screened against Gram positive Staphylococai, Bacillus megtesium-I and Gram negative
Escherichia coli, Salmonella typhi, and Proteus vulgaris. While screening antibacterial activities,
Streptomycin (Strep.) was used as a standard.

Petri dishes and necessary glasswares were autoclaved (121°, 15 Ib, 30 min). The nutrient
agar plates were prepared by pour plate method. The sensitivity of the compounds was tested by
disc diffusion method (paper disc method). All the bacterial cells were cultured in nutrient agar
plates and the compounds to be tested were dissolved in N,N-Dimethylformamide and were
soaked on paper disc. The discs were placed into the plates and incubated at 37 °C for 24 hrs.
The diameter (cm) of the zone of inhibition around each disc was measured and results were
recorded.
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Table 2. Antibacterial activities of diethyl (2-chloro-quinolin-3-yl) hydroxymethylphosphonate:

Entry Antibacterial (zone of inhibition in cm)
Gram positive Gram negative
Staphylococci | B. megtesium-I Escherichia Salmonella Proteus
Coli Typhi vulgaris

Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL)

40 [80 | 160 |40 |80 | 160 |40 |80 |160 |40 |80 |160 |40 |80 | 160

2a. 13114114 (12|12 |13 |12 |13 |14 |12 ]13 |13 |1.1 |12 [1.2

2b. 1.5 |16 1.6 {20 (2020 |13 |15 |17 |10 |12 |16 |10 |1.0 1.7

2c. 1.1 | 1.2 120 |12 |13 (20 |14 |15 |17 |10 |13 |13 |09 [10 |12

2d. 16 1.6 | 1.7 |13 |15 |15 |16 |16 |18 |15 1.6 1.6 |15 |18 |18

2e. 14 (1518 |12 12|16 |16 |19 |19 |20 21 |21 |16 2.0 ]2.0

2f. 1.5 11717 |16 |18 |18 |15 |16 |16 |15 |15 |16 |14 |15 |18

2g. 1.2 |13 |15 |16 |18 |18 |16 |16 |18 |1.0 1.0 13 [20 20 |20

Strep. [ 1.8 1.8 120 |12 |12 |12 |15 (16 |18 |17 18 20 |14 [1.6 2.0

Table 3. Antibacterial activities of diethyl acetoxy (2-chloro-quinolin-3-yl) methylphosphonate

Entry Antibacterial (zone of inhibition in cm)
Gram + ve Gram — ve
Staphylococci | B. megtesium-I Escherichia Salmonella Proteus
Coli Typhi vulgaris

Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL) | Conc. (mg/mL)

40 [80 | 160 |40 |80 | 160 |40 |80 |160 |40 |80 |160 |40 |80 | 160

3a. 09 1012 |15 |15 )16 1.0 (1.2 (12 |12 13 |13 |10 |12 |12

3b. 1.1 |12 |12 |12 (12|14 |10 |12 |12 |11 |12 |13 |1.0 1.0 |13

3c. 10 1.1 |12 |10 |12 (12 |1.0 1.0 1.1 |10 |13 |16 |12 |12 |12

3d. 1.2 12|15 |12 1212 |15 15|18 |1.0]1.0 1.0 [13 |13 |14

3e. 08 08 1.0 |12 |12 |15 |16 |16 |16 |10 1.0 |12 |12 |12 1.6

3f. 0913 ]13 |1.0]10 |10 |14 |14 |14 |10 1.0 |12 |20 |2.0]2.0

3g. 10 1.2 (1.2 J1.1 |12 (1.5 |1.1 1.1 )12 |08 |I.1 |12 |16 1.7 |17

Strep. [ 1.8 [ 1.8 120 |12 |12 |12 |15 |16 |18 [1.7 18 20 |14 1.6 |18

Conclusions
We have developed a convenient procedure for the preparation of a-hydroxyphosphonates 2a-g

derived from 2-chloroquinolin-3-carbaldehyde 1la-g by modified Abramov reaction using
TMSCI. The a-hydroxyphosphonate 2a-g was acetylated using acetic anhydride in the presence

ISSN 1424-6376 Page 199 ®ARKAT




General Papers ARKIVOC 2006 (xi) 196-204

of DBU to afford the a-acetyloxyphosphonate 3a-g in high yields. Standard preparative
procedures with simple purification techniques were used. All the reactions were performed in
mild reaction conditions. The procedures developed may be suitable for combinatorial use.
Synthesized a-hydroxyphosphonate and a-acetyloxyphosphonate compounds were screened for
antibacterial activities. The compound no.2d, 2e and 3e, 3f showed comparative activity against
their standard Streptomycin. Alpha hydroxy phosphonates are more active than parent aldehyde
see table-1 &2 for comparison.

Experimental section

General Procedures. 2-Chloroquinoline-3-carbaldehydes were prepared in the laboratory by the
reported method. ™ 1, 8-Diazabicyclo-undec-7-ene (DBU), triethylphosphite,
chloro(trimethyl)silane were procured from Lancaster. Toluene, dichloromethane, methanol and
hexane were procured from S. D. Fine-chem.

All melting points were determined in open capillaries on Kumar’s melting point
apparatus. The products were characterized by their spectral data. 'H NMR spectra were
recorded on Varian Gemini 2000 in CDCl; at 200 MHz using TMS as an internal standard. IR
spectra were recorded on a Perkin-Elmer FTIR using KBr discs. Mass spectra were recorded on
Micromass Quatrro-II using electrospray lonisation technique, showing (m+1) peak as a base
peak. The test for the purity of products and the progress of the reactions were accomplished by
TLC on Merck silica gel plates.

General procedure. Diethyl (2 —chloro-quinolin-3-yl) (hydroxy) methylphosphonate (2a). A
mixture of 2-chloroquinoline-3-carbaldehyde (0.95 gm, 5 mmol) and triethylphosphite (1.66 gm,
10 mmol) in 10 ml toluene was refluxed in an oil-bath and chloro(trimethyl)silane (1.08 gm, 10
mmol) was added to the refluxing solution. Progress of reaction was monitored on TLC. After
completion of reaction (20 min.), the mixture was concentrated on rotary-evaporator under
reduced pressure, to obtain an oily residue. The oily residue was dissolved in methanol for the
removal of excess TMSCI. This methanolic solution was concentrated, dissolved in
dichloromethane and reprecipitated with hexane. Thus obtained solid was filtered, washed with
hexane and dried in oven at 40 °C (1.38 gm, yield 76.4 %, m.p. 124-126 °C).

IR (KBr), cm™: 3246 (- OH); 1218 (- P=0); 1033 (-P-O-C). '"H NMR (CDCls), & ppm: 1.2 (t, 3H,
O-CH,-CHj3); 1.3 (t, 3H, O-CH»-CHj3); 2.0 (s, 1H, -CH-OH); 4.0 (m, 4H, O-CH»-CH; and O-
CH»-CH3); 5.6 (d, 1H, -CH-P=0); 7.5 (t, 1H, Ar-H, Cs); 7.7 (t, 1H, Ar-H, C;); 7.8 (d,1H, Ar-H,
Cs); 8.0 (d, 1H, Ar-H, Cy); 8.6 (s, 1H, Ar-H, C4). ES-MS: m/z 330 (m+1) base peak and 331.9
(m+3).

Elemental analysis: C14H;7CINO4P Calcd.: C: 51.00 %, H: 5.20 %, N: 4.25 %; Found: C: 51.027
%, H: 5.393 %, N: 4.353 %.

Diethyl (2-chloro-6-methylquinolin-3-yl)(hydroxy)methylphosphonate (2b). Yield 80.8 %,
m.p. 145-147 °C. IR (KBr), cm™: 3278 (-OH); 1218 (-P=0); 1037 (-P-O-C). "H NMR (CDCls), &
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ppm: 1.2 (t, 3H, O-CH»-CHs ); 1.3 (t, 3H , O-CH,-CH3 ); 2.4 (s, 1H, -CH-OH ); 2.5 (s, 3H , Ar-
CH; ); 4.1 (q, 2H, O-CH,-CHs ); 4.2 (q, 2H , O-CH,-CH3 ); 5.6 (d, 1H, CH-P=0); 7.5 (s, 1H ,
Ar-H, Cs); 7.6 (d, IH, Ar-H, C;7); 7.9 (d, 1H, Ar-H, Cg); 8.5 (s, 1H, Ar-H, C4). ES-MS: m/z
344 (m+1) base peak and 345.9 (m+3). Elemental analysis: C;sH;9CINO4P Calcd.: C: 52.41 %,
H: 5.57 %, N: 4.07 %; Found: C: 52.50 %, H: 5.67 %, N: 4.17 %.

Diethyl (2-chloro-8-methylquinolin-3-yl)(hydroxy)methylphosphonate (2¢). Yield 80.8 %,
m.p. 141-143 °C. IR (KBr) cm™": 3240 (-OH); 1215 (-P=0); 1037 (-P-O-C). '"H NMR (CDCls), &
ppm: 1.2 (t, 3H, O-CH,-CH,); 1.3 (t, 3H, O-CH,-CH3); 2.4 (s,1H, -CH-OH); 2.7 (s, 3H, Ar-
CHs); 4.2 (q, 2H, O-CH»-CHs); 4.3 (q, 2H, O-CH,-CHs); 5.6 (d,1H, CH-P=0); 7.4 (t, 1H, Ar-H,
Ce); 7.6 (d, 1H, Ar-H, Cs); 7.7 (d, 1H, Ar-H, C,); 8.5 (s, 1H, Ar-H, C4). ES-MS: m/z 344 (m+1)
base peak and 346 (m+3). Elemental analysis: C;sH;9CINO4P Calcd.: C: 52.41 %, H: 5.57 %, N:
4.07 %; Found: C: 52.61 %, H: 5.63 %, N: 4.18 %.

Diethyl (2-chloro-6-methoxyquinolin-3-yl)(hydroxy)methylphosphonate (2d). Yield 83.3 %,
m.p. 170-172 °C. IR (KBr) cm™: 3269 (-OH); 1218 (-P=0); 1033 (-P-O-C).), 8 ppm'H NMR
(CDCl;: 1.2 (t, 3H, O-CH,-CH3); 1.3 (t, 3H, O-CH,-CHs); 2.6 (s, 1H, -CH-OH); 3.8 (s, 3H, Ar-
O-CHs); 4.1 (q, 2H, O-CH,-CHs); 4.2 (q, 2H, O-CH,-CHs); 5.6 (d, 1H, CH-P=0); 7.0 (s, 1H, Ar-
H, Cs); 7.4 (d, 1H, Ar-H, C7); 7.9 (d, 1H, Ar-H, Cy); 8.5 (s, 1H, Ar-H, C4). ES-MS: m/z 360
(m+1) base peak and 362 (m+3).

Elemental analysis: C;sH;9CINOsP Caled.: C: 50.08 %, H: 5.32 %, N: 3.89 %; Found: C: 50.20
%, H: 5.39 %, N: 3.93 %.

Diethyl (2-chloro-7-methoxyquinolin-3-yl)(hydroxy)methylphosphonate (2¢). Yield 80.3 %,
m.p. 154-156 °C. IR (KBr) cm™: 3269 (-OH); 1218 (-P=0); 1033 (-P-O-C). '"H NMR (CDCls), &
ppm: 1.2 (t, 3H, O-CH,-CHs); 1.3 (t, 3H, O-CH,-CH,); 2.7 (s, 1H, -CH-OH); 3.9 (s, 3H, Ar-O-
CHs); 4.1 (g, 2H, O-CH»-CH3); 4.2 (q, 2H, O-CH»-CH3); 5.6 (d, 1H, CH-P=0); 7.2 (d, 1H, Ar-H,
Ce); 7.3 (s, 1H, Ar-H, Cs), 7.7 (d, 1H, Ar-H, Cs); 8.5 (s, 1H, Ar-H, C4). ES-MS: m/z 343.9 (m+1)
base peak and 346 (m+3).

Elemental analysis: C;sH;9CINOsP Calcd.: C: 50.08 %, H: 5.32 %, N: 3.89 %; Found: C: 50.157
%, H: 5.52 %, N: 4.10 %.

Diethyl (2-chloro-6-ethoxyquinolin-3-yl)(hydroxy)methylphosphonate (2f). Yield 79.2 %,
m.p. 168-170 °C. IR (KBr) cm™: 3255 (-OH); 1234 (-P=0); 1049 (-P-O-C). '"H NMR (CDCls), &
ppm: 1.2 (t, 3H, O-CH,-CHs); 1.3 (t, 3H, O-CH,-CHs); 1.4 (t, 3H, Ar-O-CH,-CHs); 3.4 (bs, 1H,
-CH-OH); 4.1 (q, 2H, O-CH,-CHs); 4.2 (q, 2H, O-CH,-CHs); 4.3 (q, 2H,, O-CH,-CHs); 5.6 (d,
1H, CH-P=0); 7.0 (s, 1H, Ar-H,Cs); 7.4 (d, 1H, Ar-H, C5); 7.9 (d, 1H, Ar-H, Cs); 8.4 (s, 1H, Ar-
H, C4). ES-MS: m/z 374 (m+1) base peak and 376 (m+3). Elemental analysis: C;sH,;CINOsP
Calcd.: C: 51.41 %, H: 5.66 %, N: 3.75 %; Found: C: 51.527 %, H: 5.793 %, N: 3.85 %.

Diethyl (2-chloro-8-ethylquinolin-3-yl)(hydroxyl)methylphosphonate (2g). Yield 77.1 %,
m.p. 145-147 °C. IR (KBr) cm™": 3252 (-OH); 1223 (-P=0); 1041 (-P-O-C). 'H NMR (CDCl3), &
ppm: 1.2 (t, 3H, O-CH,-CHs3); 1.35 (m, 6H, O-CH,-CH3 and Ar-CH,-CHj3); 2.3 (s, 1H, -CH-
OH);3.25 (q, 2H, Ar-CH,-CH3); 4.2 (m, 4H, O-CH»-CH3 and O-CH»-CHj3); 5.6 (d, 1H, CH-
P=0); 7.5 (t, 1H, Ar-H, Cg); 7.6 (d, 1H, Ar-H, C,); 7.7 (d, 1H, Ar-H, Cs); 8.5 (s,1H, Ar-H, Cy).
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ES-MS: m/z 358 (m+1) base peak and 360 (m+3). Elemental analysis: C;sH,;CINO4P Calcd.: C:
53.71 %, H: 5.92 %, N: 3.92 %; Found: C: 53.82 %, H: 5.99 %, N: 4.05 %.

Diethyl acetoxy(2-chloro-quinolin-3-yl)methylphosphonate (3a). To the stirring mixture of
diethyl (2-chloro-quinolin-3-yl) (hydroxy) methylphosphonate (0.49 gm, 1.5 mmol) and acetic
anhydride (0.46 gm, 4.5 mmol), DBU (0.25 gm, 1.64 mmol) catalyst was added at room
temperature. The reaction mixture was stirred at room temperature. Progress of reaction was
monitored on TLC. After completion of reaction (10 min.), reaction mixture was poured on
crushed ice and stirred to get a solid product. The obtained solid was filtered and washed with
water, dried in oven at 40 °C (0.52 gm, yield 96.2 %, m.p. 85-87 °C). IR (KBr) cm™: 1757 cm™ (-
0-CO-CH3); 1218 cm™ (-P=0); 1027 cm™'(-P-O-C). '"H NMR (CDCls), & ppm: 1.2 (t, 3H, O-
CH,-CHs»); 1.3 (t, 3H, O-CH»-CHj3); 2.2 (s, 3H, O-CO-CHs); 4.0 (q, 2H, O-CH,-CHs); 4.2 (q,
2H, O-CH,-CH»); 6.6 (d,1H, -CH-P=0); 7.6 (t, 1H, Ar-H, Ce); 7.7 (t, 1H, Ar-H, C); 7.8 (d, 1H,
Ar-H, Cs); 8.0 (d, 1H, Ar-H, Cs); 8.4 (s,1H, Ar-H, C4). ES-MS: m/z 372 (m+1) base peak and
374 (m+3). Elemental analysis: C;sH;oCINOsP Caled.: C: 51.69 %, H: 5.15 %, N: 3.77 %;
Found: C: 51.82 %, H: 5.25 %, N: 3.85 %.

Diethyl acetoxy(2-chloro-6-methylquinolin-3-yl)methylphosphonate (3b). Yield 94.6 %, m.p.
86-88 °C. IR (KBr) cm™: 1759 (-O-CO-CH3); 1217 (-P=0); 1020.3 (-P-O-C). "H NMR (CDCl;),
o ppm: 1.2 (t, 3H, O-CH,-CHs); 1.3 (t, 3H, O-CH,-CHs); 2.2 (s, 3H, O-CO-CHj3); 2.5 (s, 3H, Ar-
CHs»); 4.2 (q, 2H, O-CH,-CH3); 4.2 (q, 2H, O-CH,-CH3); 6.6 (d, 1H, -CH-P=0); 7.5 (d, 1H, Ar-
H, Cy); 7.6 (s, 1H, Ar-H, Cs); 7.9 (d, 1H, Ar-H, Cs); 8.4 (s, 1H, Ar-H, C4). ES-MS: m/z 386
(m+1) base peak and 388 (m+3). Elemental analysis: C;7H,;CINOsP Caled.: C: 52.93 %, H: 5.49
%, N: 3.63 %; Found: C: 53.027 %, H: 5.59 %, N: 3.75 %.

Diethyl acetoxy(2-chloro-8-methylquinolin-3yl)methylphosphonate (3c). Yield 92.8 %, m.p.
98-100 °C. IR (KBr) cm™: 1751.2 (-O-CO-CH3); 1218.9 (-P=0); 1041.5 (-P-O-C). '"H NMR
(CDCl3), 6 ppm: 1.2 (t, 3H, O-CH,-CHs); 1.3 (t, 3H, O-CH,-CHj3); 2.2 (s, 3H, O-CO-CHj3); 2.7
(s, 3H, Ar-CHj3); 4.0 (q, 2H, O-CH»-CH3); 4.2 (q, 2H, O-CH,-CH3); 6.6 (d, 1H, -CH-P=0); 7.4
(t, 1H, Ar-H, C¢); 7.6 (d, 1H, Ar-H, Cy); 7.7 (d, 1H, Ar-H, Cs); 8.4 (s, 1H, Ar-H, C4). ES-MS:
m/z 386 (m+1) base peak and 388.1 (m+3). Elemental analysis: C;7H,;CINOsP Calcd.: C: 52.93
%, H: 5.49 %, N: 3.63 %; Found: C: 52.98 %, H: 5.65 %, N: 3.80 %.

Diethyl acetoxy(2-chloro-6-methoxyquinolin-3-yl)methylphosphonate (3d). Yield 96.2 %,
m.p. 96-98 °C. IR (KBr) cm™: 1747.4 (-O-CO-CH3); 1224.7 (-P=0); 1047.3 (-P-O-C). "H NMR
(CDCl3), 6 ppm: 1.2 (t, 3H, O-CH,-CH3); 1.3 (t, 3H, O-CH,-CHj3); 2.2 (s, 3H, O-CO-CHj3); 3.9
(s, 3H, Ar-O-CHj3); 4.0 (q, 2H, O-CH,-CHs); 4.2 (q, 2H, O-CH,-CH3); 6.6 (d, 1H, -CH-P=0);
7.1 (s, 1H, Ar-H, Cs), 7.4 (d, 1H, Ar-H, C); 7.9 (d, 1H, Ar-H, Cy); 8.4 (s, 1H, Ar-H, C4). ES-
MS: m/z 401.9 (m+1) base peak and 404 (m+3). Elemental analysis: C;7H,;CINO¢P Calcd.: C:
50.82 %, H: 5.27 %, N: 3.49 %; Found: C: 51.00 %, H: 5.39 %, N: 3.65 %.

Diethyl acetoxy(2-chloro-7-methoxyquinolin-3-yl)methylphosphonate (3e). Yield 94.6 %,
m.p. 98-100 °C. IR (KBr) cm™: 1751.2 (-O-CO-CH3); 1211.2 (-P=0); 1031.8 (-P-O-C). '"H NMR
(CDCl3), 6 ppm: 1.2 (t, 3H, O-CH,-CHs); 1.3 (t, 3H, O-CH,-CHj3); 2.2 (s, 3H, O-CO-CHj3); 3.9
(s, 3H, Ar-O-CHj3); 4.0 (q, 2H, O-CH,-CHs); 4.2 (q, 2H, O-CH»-CH3); 6.6 (d, 1H, -CH-P=0);
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7.2 (d, 1H, Ar-H, C¢); 7.4 (s, 1H, Ar-H, Cy); 7.7 (d,1H, Ar-H, Cs); 8.4 (s, 1H, Ar-H, C4). ES-MS:
m/z 402 (m+1) base peak and 403.9 (m+3). Elemental analysis: C;7H,;CINOgP Calcd.: C: 50.82
%, H: 5.27 %, N: 3.49 %; Found: C: 50.927 %, H: 5.46 %, N: 3.59 %.

Diethyl acetoxy(2-chloro-6-ethoxyquinolin-3-yl)methylphosphonate (3f). Yield 94.6 %, m.p.
113-115 °C. IR (KBr) cm™: 1763 (-O-CO-CH3); 1223 (-P=0); 1029 (-P-O-C). 'H NMR
(CDCl3), 6 ppm: 1.2 (t, 3H, O-CH,-CH3); 1.3 (m, 6H, O-CH,-CH3 and Ar-O-CH,- CH3); 2.2 (s,
3H, O-CO-CHs); 3.2 (q, 2H, Ar-O-CH»-CH3); 4.0 (q, 2H, O-CH»-CH3); 4.2 (q, 2H, O-CH»-CH3);
6.6 (d, 1H, -CH-P=0); 7.4 (t, IH, Ar-H, C¢); 7.6 (d, 1H, Ar-H, C); 7.7 (d, 1H, Ar-H, Cs); 8.4 (s,
1H, Ar-H,Cs). ES-MS: m/z 416 (m+1) base peak and 418.1 (m+3). Elemental analysis:
CisH3CINOgP Caled.: C: 51.99 %, H: 5.58 %, N: 3.37 %; Found: C: 52.12 %, H: 5.69 %, N:
3.45 %.

Diethyl acetoxy (2-chloro-8-ethylquinolin-3-yl) methylphosphonate (3g). Yield 96.4 %, m.p.
85-87 °C. IR (KBr) em™: 17512 (-O-CO-CH3); 1234.4 (-P=0); 1041.5 (-P-O-C). 'H NMR
(CDCly), 6 ppm: 1.2 (t, 3H, O-CH,-CHs); 1.3 (m, 6H, O-CH,-CH3 and Ar-CH,- CHs); 2.2 (s, 3H,
O-CO-CH»); 3.2 (q, 2H, Ar-CH,-CH3); 4.0 (q, 2H, O-CH»-CHs); 4.2 (q, 2H, O-CH,-CHs); 6.6
(d, 1H, -CH-P=0); 7.4 (t, 1H, Ar-H, Cs); 7.6 (d, 1H, Ar-H, C;); 7.7 (d, 1H, Ar-H, Cs); 8.4 (s, 1H,
Ar-H, C;). ES-MS: m/z 400.1 (m+1) base peak and 402 (m+3). Elemental analysis:
Ci3H23CINOsP Caled.: C: 54.07 %, H: 5.80 %, N: 3.50 %; Found: C: 54.12 %, H: 5.95 %, N:
3.60 %.

Acknowledgements

Authors are thankful to the head, department of chemistry, Dr. B. A. M. University, Aurangabad
and also thankful to Shree Bhagwan college of Pharmacy for providing facility for screening
antibacterial activities.

References

1. Elderfield, R. Heterocycl. Compd. 1952, 4, 1.

2. Meth-Cohn, O.; Narine, B. Tetrahedron 1978, 19, 2045.

3. Ali, M. M.; Tasneem, Rajanna, K. C.; Saiprakash, P. K. Synlett 2001, 2, 251 and references
cited therein.

4. Patel, H. V.; Vyas, K. V.; Fernandes, P. S. Indian J. Chem. 1990, 29(B), 836.

5. Sukhova, N. M.; Lidak, M.; Zidermane, A.; Pelevina, 1. S.; Voronia, S. S. Khim farm Zh.
1989, 23, 1226.

6. Dillard, R. D.; Pavey, D. E.; Benslay, D. N. J. Med Chem. 1973, 16, 251.

7. Craig, J. C.; Person, P. E. J. Med. Chem. 1971, 14, 1221.

8. Meth-Cohn, O. Heterocycles 1993, 35, 539 and references cited therein.

ISSN 1424-6376 Page 203 ®ARKAT



General Papers ARKIVOC 2006 (xi) 196-204

10.
11.
12.
13.

14.

15.
16.

17.

18.

19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

31.
32.

Rajendran, S. P.; Manonmoni, M.; Vijaya-Lakshmi, S. Org. Prep. Proced, Int. 1994, 26,
383.

Engel, R. In Handbook of Organophosphorus Chemistry; Marcel Dekker: New York, 1992.
Hang, S.B.; Mullins, T. S.; Shim, H.; Raushal, F. M. Biochemistry 1997, 36, 9022.
Berggren, M. M.; Burns, L. A.; Abraham, R. T.; Powis, G. Cancer Res. 1993, 53, 1862.
Cao, X. D.; Moran, E, J.; Siev, D.; Lio, A.; Ohashi, C.; Mjalli, A. M. M. Bioorg. Med.
Chem. Lett. 1995, 5, 2953.

Widlanski, T. S.; Myer, J. K.; Stec, B.; Holtz, K. M.; Kantroewitz, E. R. Chem. Biol. 1997,
4, 489.

Stowell, J. K.; Widlanski, T. S. J. Org. Chem. 1995, 60, 6930.

Maurer, F.; Riebel, H. J.; Hammann, I.; Behrenz, W.; Homeyer, B. Ger. Offen.2533601,
1977.

Molodykh, Z. V.; Aleksandrova, 1. A.; Belyalov, R. U.; Gazizor, T. K., Reznik, V. S. Khim.-
Farm. Zh. 1990, 24, 136.

Drake, G. L.; Calamari, T. A.; Industrial Uses of Phosphonates, Hilderbrand, R. L., Ed,,
CRC Press: Boca Raton, Fla., 1983; Chap. 7.

Stephen, C. Fields. Tetrahedron 1999, 55, 12237 and references cited therein.

Zhang, Y.; Li, J. -F.; Yuan, C. -Y. Tetrahedron 2003, 59, 473.

Drescher, M.; Hammerschmidt, F.; Kahlig, H. Synthesis 1995, 1267.

Li, Y. -F., Hammerschmidt, F. Tetrahedron 1995, 51, 4933.

Hammerschmidt, F.; Hanbauer, M. J. Org. Chem. 2000, 65, 6121.

Kafarski, P.; Lejczak, B. Phosphorus, Sulfur, Silicon Relat. Elem. 1991, 63, 193.
Firouzabadi, H.; Iranpoor, N.; Sobhani, S.; Amoozgar, Z. Synthesis 2004, 2, 295 and
references cited therein.

Abramov, V. S.; Dokl. AQlkd. Nauk S. S. S. R. 1954, 95, 991.

Evans, D. A.; Hurst, K. M.; Truesdale, L. K.; Takacs, J. M. Tetrahedron Lett., 1977, 2495.
Sekine, M.; Yamamota, I.; Hashizume, A.; Hata, T. Chem Lett., 1977, 485.

Dhawan, B.; Redmore, D. Phosphorus and Sulfur 1987, 32, 119.

Mane, A. S.; Chavan, V. P.; Karale, B. K.; Hangarge, R. V.; Gaikwad, M. S.; Shingare, M.
S. Synthetic Commun. 2002, 32 (17), 2633.

Chavan, V. P.; Mane, A. S.; Shingare, M. S. Indian J. Chem. 2001, 40B, 339.

Meth-Cohn, O.; Narine, B.; Tarnowski, B. J. Chem. Soc. Perkin Trans-I1 1981, 1520.

ISSN 1424-6376 Page 204 ®ARKAT




<<
  /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 1.4
  /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
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


