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Abstract: Chitosan catalyzed synthetic procedure has beerelafmd for the synthesis ad-hydroxy
phosphonates from different aromatic aldehydes diethyl phosphite at 60 °C. The title compounds are
characterized by IRH, °C, *'P NMR and mass spectral data. All the title compisi@a-j were tested for their
invitro antioxidant activities by DPPH, Nitric Oxédand HO, scavenging methods.
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1. Introduction

Organophosphorus compounds have found a wide rahggpplications in the areas of
industrial, agricultural and medicinal chemistryingvto their biological and physical properties as
well as their utility as synthetic intermediatésParticularly Phosphorus-carbon bond formation has
attracted growing attention due to the applicabR-C compounds in several areas$:unctionalized
phosphonic acids are valuable intermediates fopthparation of medicinal compounds and synthetic
intermediates® Among o-functionalized phosphonic acids-hydroxy phosphonates emerged as
important class of compounds because of their éstarg and useful properties. Recently, it was
reported thata-hydroxy phosphonates have enzyme inhibitory agtitbwards rennir, farnesyl
protein transferasthuman immunodeficiency virus protease and polyserdhey also have anti-
virus and anti-cancer activity.

Reported methods for the synthesisadfiydroxy phosphonates involves the addition of H-
Phosphonates to different carbonyl compounds inpilesence of various catalysts such as ethyl
magnesium bromid¥, potassium fluoride on alumirta, quinine’® LDA, TMSCI,® guanidine
hydrochloride'® NH,VO5,'" KHSO,.*® However, all of them have drawbacks such as l@agtion
time, requirement of drastic reaction conditionffjalilt work ups and low yields. Therefore thesea
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great demand for the development of more converégik practically efficient methods for the
synthesis of such significant scaffolds.

In continuation of our interest to develop effidiesynthetic routes for biologically potent
organophosphorus compounds using green chemicnitees for organic synthesis® we
successfully used Chitosan as a catalyst for th&thegis of a-hydroxy phosphonates. Being
hydrophilic and possessing basic moiefigd, chitosan has been utilized as heterogeneous eco-
friendly basic catalyst for reactions carried auprotic medi&> This catalyst is inexpensive, easy to
handle, non-toxic and does not require the maimemaf anhydrous conditions. There have been no
reports on the synthesis @hydroxy phosphonates using Chitosan as catalyst.

0 0 Q
Chitosan(10% wt) R 5
S+ p—pOE ., YP\\OEt
R” "H OFEt EtOH, 60 °C OH OEt
(1a'j) (2) (33_])

Scheme 1. Chitosan catalyzed synthesisosfiydroxy phosphonates
2. Resultsand discussion

In an initial endeavour, we carried out the reactb o-benzyloxy benzaldehyde and diethyl
phosphite in the presence of Chitosan (10% wt) Gat°G to give the correspondinghydroxy
phosphonate in 92% vyield (Table 1, entry 2).

Table 1. Synthesis oéi-hydroxyphosphonates

Product R Time (min) Yield (%)?
3a — 30 85
OCH,Ph
3b <© 25 92
3¢ —)No, 30 94
3 —)F 25 89
3e —)c 30 86
3f OBr 35 87
3 —)Me 40 84
3h — )-OMe 30 82
3i — )-OH 25 85

OMe

%solated yield

Excellent results were obtained, when the reactiag performed with 10% wt of Chitosan in
EtOH. It was found that the amount of Chitosancfféhe yield of the product. Several structurally
diverse carbonyl compounds and diethyl phosphiteesebjected to this novel procedure to give the
correspondingi-hydroxy phosphonates in high to moderate yieldie fesults are summarized in Table
1. The presence of -NCelectron withdrawing group on aldehydgc)( increases the reactivity of
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aldehydes to the H-phosphonates and gave the pondiaga-hydroxy phosphonates in higher yields
while the -OMe electron donating group in the aldiEh@h) decreases the reactivity of aldehyde and
resulted lower yields of the products. The chemstalictures of 3a-j were confirmed by elemental
analysis, IR™H, °C, *'P- NMR and mass spectral data.

For the product8a-j the IR absorptions for hydroxyl group appearedm@ad signal in the
region 3220-3320 cihand for the P=0 group absorption appeared inetijen 1210-1240 cih In 'H-
NMR the P-C-H group exhibited doublet &t4.70-5.45 due to its coupling with phosphdtu3he
carbon chemical shifts in the title compounds warserved in their expected regiénheir P NMR
chemical shifts were observed @®0.24-22.71. ESI-MS spectra gave molecular iorts dgiagnostic
daughter ion peaks at their respective m/z values.

3. Antioxidant activity

The title compound8a-j, a-hydroxy phosphonates exhibited antioxidant agtivithis is due to
the presence of hetero atoms bearing non bondetiagiepairs that serve as binding sites in the bio-
matrix. Hence their antioxidant activity was testgdDPPH?® nitric oxid&¢”*®and HO,” methods. The
results were interpreted in figure 1 for DPPH, fey@ for nitric oxide and figure 3 for,B, methods.

3.1. Determination of 1,1-Diphenyl-2-Picrylhydrazyl (DPPH) freeradical Scavenging Activity:

85uM of DPPH was added to a medium containing miffea-hydroxy phosphonates. The
medium was incubated for 30 min at room temperaflinen the absorbance was taken at 517 nm. A
control sample with no added title compounds wase alnalyzed and the results were expressed as
percentage of radical scavenging activity (Y%oRSA}xcorbic acid was used as standard reference. The
DPPH radical scavenging activity was calculatedgiie following equation.

[(Acont - Atest]
—_— X

DPPH Scavenged (%) = 100

(Acont)
Where, Aqn is the absorbance of control without samplgs & the absorbance in the presence of
sample.

In the title compounds$a-j, the electron withdrawing, nitro substituted comompd diethyl
hydroxyl (4-nitrophenyl) methylphosphone@e showed the highest DPPH radical scavenging agtivit
with 1Cs 29.14ug/mL when compared with others because the reaaxiygen species (ROS) produced
in cells causes the damage cells by starting clamaactions by oxidizing DNA or Proteins. Since th
nitro group (-NQ) is highly electron withdrawing, it scavenges R®S and prevents the production of
ROS. The remaining compounds exhibited radicaleuging activity in the following order in terms of
their 1G, valves. The IGg valve of ascorbic acid (kg 32.10 pg/mL) was taken as standard.
45.24 ug/mL), 3h (ICsq 45.73ug/mL), 3g (ICso 50.15ug/mL), 3j (ICso 51.18pug/mL), 3a (ICsp 52.14

pg/mL).
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(wyBr)*o

Figure 1. DPPH Radical Scavenging Activity

3.2. Determination of Nitric Oxide (NO) Scavenging Activity:

N- (1 naphtyl) ethylenediamine

dihydrochloride]. The absorbance of the nitritehasulphanilamide and subsequent coupling with N-

and 0.1%
(1-naphtyl) ethylenediamine dihydrochloride was swad at 546 nm using UV-visible

This method was based on the spontaneous geneadtld® from the sodium nitroprusside
sulphanilamide, 2.5% ;R

(SNP) buffered solution. The reaction mixture (3rebjtaining 2mL of 10 mM sodium nitroprusside,
0.5mL saline phosphate buffer and 0.5mL of ext(@& -10Qug/mL) were incubated at 25°C for

150min. After 150 min of incubation, 0.5mL of theaction mixture was mixed with 1.5mL Griess
spectrophotometer. The results were expressedascant of scavenged nitric oxide with respect to

the control without title compounds.

reagent [1.0%

(quybrl) o

Figure 2. Nitric oxide (NO) Scavenging Activity

88.65ug/mL), 3a (ICsp 89.15ug/mL), 3j (ICsq 90.22ug/mL),
3b (ICs0 92.31ug/mL) and when compared with ascorbic acid{@5.40ug/mL).

In the case ofa-hydroxy phosphonates3a-j derivatives diethyl hydroxy(4-

methoxyphenyl)methyl phosphon&alle showed the highest NO scavenging activity witk, & 54.71
ug/mL when compared with other compounds becausedimpound3h more scavenges the radicals

produced during chemical reactions. The remainmgpounds exhibited scavenging activity in the

following order:3g (ICso 58.49ug/mL), 3f (ICs0 62.29ug/mL), 3i (ICso 77.82ng/mL), 3e (ICs, 77.89

pug/mL), 3d (1Cso 88.51ug/mL), 3¢ (ICsq
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3.3. Determination of Hydrogen Peroxide (H,O,) Scavenging Activity:

In this method a solution of hydrogen peroxide 1i#@) was prepared in phosphate buffer (pH
7.4) and concentrations were determined spectroptaitically at 230 nm. Extracts (25 - 1@@mL) in
distilled water was added to a hydrogen peroxidatisa (0.6 mL , 40 mM) and the absorbance of
hydrogen peroxide at 230 nm was determined aftenibGagainst a blank solution in phosphate buffer
without hydrogen peroxide. The percentages of sufng of hydrogen peroxide of title compounds
were calculated.

In the case ofa-hydroxy phosphonates 3a-j derivatives diethyl bysi(4nitrophenyl)
methylphosphonate 3c showed the highegd,4cavenging activity with 16 of 32.02ug/mL when
compared with others because it contains ~§@up. The remaining compounds exhibited reducing
power activity in the following order3f (ICsq 35.55pug/mL), 3j (ICso 35.80ug/mL), 3g (ICso 38.02
ug/mL), 3e (ICso 38.65ug/mL), 3i (ICso 45.38pug/mL), 3b (ICso 45.78ug/mL), 3a (ICsy 46.55ug/mL),
3h (ICs0 46.73ug/mL), 3d (ICso 47.88ug/mL), when compared with ascorbic acidsg62.23ug/mL).

IC,,(Hg/mL)

Compounds

Figure 3. H,O, Scavenging Activity
4. Conclusion

In conclusion, Chitosan was found to be an efficgatalyst for the one-pot reaction of aldehyde
and diethyl phosphite to afford the correspondidgydroxy phosphonates in good to moderate yields.
All the title compoundsSa-j were tested for their antioxidant activity by tanmethods namely DPPH,
NO and HO, scavenging methods and they showed the activitygih to moderate. The compou8c
shows high antioxidant activity in both DPPH angDklscavenging methods becatBeecontains high
electron withdrawing —-N©group. The main advantages of the present megnedmild reaction
conditions, eco-friendly catalyst and easy reactiork-up procedure.

5. Experimental

Melting points were recorded on Buchi R-535 apparand are uncorrected. IR spectra were
recorded on a Perkin-Elmer 683 spectrophotometeg i&Br optics.*H, **C and®'P NMR spectra were
recorded on Bruker avance 500 MHz NMR spectronterating at 300 MHz foH NMR, 125 MHz
for °C and 202 MHz fof'P NMR. NMR data recorded in CDGkere referenced to TMSH and**C)
and 85% HPQ, (*'P). Mass spectra were recorded on a JEOL GCMATEQMS spectrometer at
SAIF, IIT, Chennai. Elemental analyses were peréatrasing Perkin-Elmer 2400 instrument at the
Central Drug Research Institute (CDRI), Lucknowdign All chemicals were purchased from Sigma
Aldrich and were used without further purification.
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General procedure for the preparation of diethyl (2(benzyloxy) phenyl) (hydroxy)
methylphosphonate (3b): A mixture of ortho-benzyloxy benzaldehyde (1 mmalypd diethyl
phosphite (1.5 mmol) was dissolved in 30 mL absokthanol containing a catalytical amount of
chitosan (10% wt). The mixture was heated at 686I°€mpletion of the reaction as indicated bynthi
layer chromatography (TLC). Undissolved chitosanswamoved by filtration and the residue
obtained by concentration of the filtrate was pedfby column chromatography using silica gel (60-
120 mesh) and EtOAc/n-hexan8)(as eluent to afford the pure prod8btin 92%
yield. This procedure was applied successfullytifigr preparation o8a and3c-j. All the compounds
were characterized by IR, 1*C, *'P-NMR, mass spectral and elemental analytical data.

Diethyl hydroxy(phenyl)methylphosphonate (3a): Semi solid, yield: 85%'H-NMR (CDCL): &

1.21 (3H, tJ4.n = 6.0 Hz, POCKLCH3), 1.27 (3H, t3J.4 = 6.0 Hz, POCKCH;), 3.91-4.06 (4H, m,
P-OCHCH), 5.02 (1H, d2Jp. = 9.0 Hz, P-C-H), 7.24-7.48 (5Ar-H, mC NMR (CDC}) &: 16.4,

63.2, 71.7, 125.4, 126.5, 127.2, 1363%P NMR (DMSO-@) &: 22.25. IR (KBr)max cm'); 3220
(OH), 1210 (P=0), 1010 (P-O-C). ESI-M31/f) 244 (M+e). Anal.Calcd for GH,:04P: C, 54.10; H,
7.02. Found: C, 54.00; H, 6.99.

Diethyl (2-(benzyloxy)phenyl)(hydr oxy)methylphosphonate (3b): Semi solid, yield: 92%'H-NMR
(CDCly): 8 1.21 (3H, t,*J4.n = 6.9 Hz, POCKCH,), 1.25 (3H, tJ4.n = 6.9 Hz, POCKCH,), 3.69-
4.09 (4H, m, P-OCKCHs), 5.05 (2H, s, OCH), 5.45 (1H, d2Je.4 = 10.0 Hz, P-C-H), 6.85-7.65 (9Ar-
H, m). *C NMR (CDCk) &: 16.5, 63.2, 72.5, 78.5, 112.8, 121.4, 125.5,0,2727.4, 127.5, 128.0,
128.6, 134.5, 155.5'P NMR (DMSO-@) 8: 22.50. IR (KBr)¢max cm'); 3240 (OH), 1220 (P=0),
1015 (P-O-C). ESI-MS:n{/2) 350 (M+s). Anal.Calcd for ¢H»:0sP: C, 61.71; H, 6.62. Found: C,
61.68; H, 6.58.

Diethyl hydroxy(4-nitrophenyl)methylphosphonate (3c): Semi solid, yield: 94%.'H-NMR

(CDCly): & 1.22 (3H, t,3J4.4 = 6.0 Hz, POChKCH,), 1.26 (3H, tJ4.1 = 6.0 Hz, POCKCH), 3.81-
4.04 (4H, m, P-OCHCHs), 5.12 (1H, d2Jpy = 9.0 Hz, P-C-H), 6.98-7.48 (4Ar-H, m®C NMR

(CDCL) &: 16.4, 63.4, 79.8, 129.5, 130.2, 144.2, 156'%. NMR (DMSO-¢) 3: 20.54. IR
(KBr)(vmax cm'); 3230 (OH), 1230 (P=0), 1020 (P-O-C). ESI-M&() 289 (M+¢). Anal.Calcd for
Ci11H16NOgP: C, 45.68; H, 5.58. Found: C, 45.48; H, 5.48.

Diethyl (4-fluorophenyl)(hydroxy)methylphosphonate (3d): Semi solid, yield: 89%H-NMR
(CDCL): 6 1.23 (3H, t,*J4. = 6.0 Hz, POCBLCH,), 1.26 (3H, t3J4n = 6.0 Hz, POCKCH;), 3.85-
4.13 (4H, m, P-OCKCHs), 4.99 (1H, d2Jp.y = 9.0 Hz, P-C-H), 6.98-7.37 (4Ar-H, my®C NMR
(CDCly) &: 16.5, 69.4, 71.1, 115.3, 129.8, 132.4, 163BNMR (DMSO-@) : 21.64. IR (KBr)gmax
cm?); 3255 (OH), 1235 (P=0), 1025 (P-O-C). ESI-M8{Z) 262 (M++). Anal.Calcd for GH,cFO,P:
C, 50.39; H, 6.15; Found: C, 50.20; H, 6.10.

Diethyl (4-chlorophenyl)(hydroxy)methylphosphonate (3¢): Semi solid, yield: 86%.'H-NMR
(CDCL): 6 1.21 (3H, t*Jyn = 6.0 Hz, POCBLCH,), 1.24 (3H, t3J4n = 6.0 Hz, POCKCH;), 3.65-
4.20 (4H, m, P-OChKCHs), 4.89 (1H, d2Jp.y = 9.0 Hz, P-C-H), 6.88-7.57 (4Ar-H, my*C NMR
(CDCl) 3: 16.5, 62.4, 79.8, 129.5, 130.2, 134.5, 138RNMR (DMSO-d) 5: 20.54. IR (KBr)gmax
cm?); 3320 (OH), 1225 (P=0), 1030 (P-O-C). ESI-M&() 278 (M++).Anal.calcd for GH,CIO,P:
C, 47.41; H, 5.79; Found: C, 47.20; H, 5.60.

Diethyl (4-bromophenyl)(hydroxy)methylphosphonate (3f): Semi solid, yield: 87%H-NMR
(CDCL): 6 1.22 (3H, t,°J4.y = 6.0 Hz, POCKCH), 1.25 (3H, tJ4.n = 6.0 Hz, POCKCH), 3.55-
4.10 (4H, m, P-OChCH;), 4.84 (1H, d2Jpy = 9.0 Hz, P-C-H), 6.88-7.47 (4Ar-H, m)®C NMR
(CDCly) &: 16.2, 62.3, 79.4, 123.4, 128.5, 130.2, 13?®NMR (DMSO-d) 5: 20.34. IR (KBr)gmax
cm®); 3250 (OH), 1240 (P=0), 1015 (P-O-C). ESI-M&{Z) 322 (M+s). Anal.calcd for GH,sBrO4P:
C, 40.89; H, 4.99; Found: C, 40.49; H, 4.69.

Diethyl hydroxy(p-tolyl)methylphosphonate (3g): White solid, yield: 84%, mp: 125-127 °¢H-
NMR (CDCk): 6 1.09 (3H, t,%J,.4 = 8.8 Hz, POCKCH:), 1.20 (3H, t3J4y = 9.2 Hz, POCKCH;),
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2.24 (3H, s, Ch), 3.75-3.99 (4H, m, P-OGIBH;), 4.70 (1H, m, P-C-H), 7.55-8.05 (4Ar-H, mjC

NMR (CDCk) &: 16.3, 22.5, 62.5, 125.5, 130.2, 135.2, 146'2. NMR (DMSO-@) &: 20.40. IR
(KBr)(vmax cmt); 3240 (OH), 1220(P=0), 1025 (P-O-C). ESI-M8YZ) 258 (M++). Anal.calcd for
CioH104P: C, 55.81; H, 7.42. Found: C, 55.61; H, 7.22.

Diethyl hydroxy(4-methoxyphenyl)methylphosphonate (3h): Semi solid, yield: 82%H-NMR
(CDCL): & 1.21 (3H, t,*J4.y = 6.0 Hz, POCKCH,), 1.29 (3H, t3J.n = 6.0 Hz, POCKCH,), 3.94
(3H, s, OCH), 3.96-4.04 (4H, m, P-OGIBHs), 4.94 (1H, d?Jp.y = 9.0 Hz, P-C-H), 6.95-7.41 (4Ar-
H, m). *C NMR (CDCE) &: 16.2, 62.3, 78.9, 118.5, 130.2, 131.5, 158B.NMR (DMSO-4) &:
22.35. IR (KBr¢max cni); 3230 (OH), 1210 (P=0), 1020 (P-O-C). ESI-M8YZ) 274 (M+e).
Anal.Calcd for G,H1¢05P: C, 52.25; H, 6.98. Found: C, 52.20; H, 6.68.

Diethyl hydroxy(4-hydroxyphenyl)methylphosphonate (3i): Solid. yield: 85%, mp:110-112H-
NMR (CDCk): & 1.13(6H, t,3J4. =7.2 Hz, P(O)CHCHs), 3.65-3.84 (4H, m, P(O)GigH;), 4.80
(1H, d,%Jpy = 10.4 Hz, P-C-H), 6.56-6.94 (4Ar-H, myC NMR (CDC}) &: 16.2, 56.5, 62.5, 79.8,
114.0, 122.2, 126.4, 158.8P NMR (DMSO-@) &: 22.62. IR (KBr)¢max cni); 3240 (OH), 1240
(P=0), 1030 (P-O-C). ESI-MSIm(2) 260 (M+s). Anal.calcd for GH,-OsP: C, 50.77; H, 6.58. Found:
C, 50.57; H, 6.38.

Diethyl (3,4-dimethoxyphenyl)(hydroxy)methylphosphonate (3j): Solid. yield: 82%, mp: 101-103.
'H-NMR (CDCl): & 1.28(6H, t,*Jun =7.2 Hz, P(O)CHCH,), 3.57 (3H, s, OCH), 3.86 (3H, s,
OCH), 3.90-4.19 (m, 4H, P(O)Gi8H;), 4.87 (d.2Jp.4= 10.2 Hz, P-C-H), 6.78-7.07 (4Ar-H, mfC
NMR (CDCk) &: 16.5, 55.3, 71.4, 78.5, 113.9, 114.5, 122.4,@,2B47.5, 151.4'P-NMR (CDCL):
22.20. IR (KBr)¢max cmt); 3252 (OH), 1235 (P=0), 1040 (P-O-C). ESI-M8VZ) 304 (M+e).
Anal.Calcd for GsH»:06P: C, 51.31; H, 6.96. Found: C, 51.21; H, 6.86.
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