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a-Hydroxyphosphonates are an attractive class of biologically
active compounds as well as useful synthetic intermediates of a-
substituted phosphonyl compounds.1 The synthesis of a-hydrox-
yphosphonates has received an increasing amount of attention
due to significant biological interests. They are widely used in
pharmaceutical applications, for example, as enzyme inhibitors of
renin, EPSP synthase, and HIV protease.2 They also showed poten-
tial biological activities, such as antiviral, antibacterial, and anti-
cancer activities.3 They have been used in the preparation of
a-ketophosphonates, a-aminophosponates,4 and 1,2-diketones
from acid chlorides. Substituted oxindoles are useful as antibacte-
rial, anti-inflammatory, laxative agents, growth hormones, and
new targets for cancer chemotherapy.5

The most frequently used methods for the synthesis of a-hydrox-
yphosphonates involve the reaction of aldehydes or ketones with
dialkyl or trialkyl phosphites in the presence of acidic or basic cata-
lysts. Reactions with dialkyl phosphites involve usage of alumina,
potassium fluoride on alumina, cesium fluorides, quaternary ammo-
nium hydroxide ion exchange resin, and titanium alkoxides.6 Reac-
tions with trialkyl phosphites involve usage of lithium perchlorate,
guanidine hydrochloride, hydrogen chloride, and Amberlyst-15 as
catalysts.7 Tris(trimethylsilyl) phosphite was also used to synthesize
a-hydroxyphosphonates but it requires elevated temperature under
anhydrous reaction conditions.8 However, these methodologies also
have limited scope due to the use of metal catalysts, acidic condi-
tions, and hazardous solvents. As a consequence, the development
of environmentally benign practical synthetic routes under neutral
conditions for accessing these a-hydroxyphosphonates still remains
a major goal. Organic reactions in aqueous media have recently be-
come the focus in organic synthesis since they overcome the harmful
effects of organic solvents and are environmentally benign. These
aqueous reactions can be made more sophisticated if they can be
performed under supramolecular catalysis.
ll rights reserved.
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In view of different biological activities associated with various
oxindole derivatives and a-hydroxyphosphonates and in continua-
tion of our interest in the use of cyclodextrins as mild and efficient
biomimetic catalysts in promoting various transformations,9 we
have attempted the novel aqueous phase synthesis of a1-oxin-
dole-a-hydroxyphosphonates by the reaction of isatin derivatives
with dialkyl or trialkyl phosphites under neutral conditions involv-
ing supramolecular catalysis using b-cyclodextrin.

Cyclodextrins (CDs) are cyclic oligosaccharides possessing
hydrophobic cavities, which bind substrates selectively and cata-
lyze chemical reactions with high selectivity. They catalyze reac-
tions by supramolecular catalysis involving reversible formation
of host-guest complexes by non-covalent bonding as seen in en-
zymes. We describe, herein, the first aqueous phase synthesis of
a1-oxindole-a-hydroxyphosphonates demonstrating the remark-
able catalytic activity of b-cyclodextrin (Scheme 1).

In general, the reaction was carried out by the in situ formation
of the b-CD complex of the isatin in water followed by the addition
of dialkyl or trialkyl phosphite and stirring at rt to give the corre-
sponding a1-oxindole-a-hydroxyphosphonates in high yields
(86–94%).10 These reactions proceed efficiently without the need
of any metal or acid catalyst. The reaction goes to completion in
a short time (0.5–4 h). This methodology is also compatible with
various substituted isatins and indoles. The reactions also take
place with a-CD and c-CD, with lesser yields, however, b-CD has
been chosen as the mediator since it is inexpensive and easily
accessible. Several examples illustrating this simple and practical
methodology are summarized in Table 2. No byproduct formation
was observed. b-Cyclodextrin can be easily recovered and reused.
All the compounds were characterized by 1H NMR, IR, and mass
spectrometry.

The catalytic activity of cyclodextrins for these reactions is
established by the fact that no reaction was observed in the ab-
sence of cyclodextrin. Evidence for complexation between the
amine and cyclodextrin is supported by 1H NMR spectroscopy. A
comparison of the 1H NMR spectra (D2O) of b-CD, b-CD: isatin com-

http://dx.doi.org/10.1016/j.tetlet.2010.05.096
mailto:dryvdnageswar@gmail.com
http://dx.doi.org/10.1016/j.tetlet.2010.05.096
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


N ON O

O

+
β −CD / H2O

rt
R1

R R

R1

P
OR2

OR2
R2O

P

O

OR2
OR2

OH

or P
OR2

H OR2
O

R=H, NO2, Br, Cl, F, CH3, OCH3
R1=H, CH3, Ph, PhCH2
R2=Et, Me

Scheme 1.

Table 2
b-CD-catalyzed synthesis of a1-oxindole-a-hydroxyphosphonates

Entry R R1 R2 Time (h) Yield (%)

1 H H Et 3 92
2 5-CH3 H Et 3.2 91
3 5-NO2 H Et 1 93
4 5-Br H Et 0.5 94
5 5-Cl H Et 1 91
6 5-F H Et 1.2 90
7 5-OMe H Et 4 87
8 H CH3 Et 1.2 92
9 H Ph Et 1 90

10 H CH2Ph Et 1.5 89
11 H H Me 3 90
12 5-CH3 H Me 3.5 89

Table 1
Recyclability of b-CD

Cycles Yield (%) Catalyst recovered (%)

Native 92 91
1 88 89
2 85 85
3 81 83
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plex was studied. There is an upfield shift of H3 (0.02 ppm) and H5

(0.02 ppm) protons of cyclodextrin in the b-CD: isatin complex as
compared to b-CD, indicating the formation of an inclusion com-
plex of isatin with b-CD.9a The complexation with b-CD increases
the reactivity of keto group of isatin due to intermolecular hydro-
gen bonding with the CD-hydroxyl groups facilitating the addition
of phosphite. Here, b-CD not only forms the inclusion complex
with isatin but is also involved in the intermolecular hydrogen
bonding with the guest to promote the reaction.

b-CD was recovered and reused. After the reaction, the reaction
mass was cooled to room temperature and b-CD was filtered and
washed with ice-cold water and dried. The recovered b-CD was fur-
ther used with the same substrates as a catalyst and checked for the
yields and catalytic activity of recovered catalyst (b-CD). As shown in
Table 1, the yields of a1-oxindole-a-hydroxyphosphonates (entry 1)
after two to three recycles were almost same (Table 1).

In summary, we have developed a neutral aqueous phase syn-
thesis of various a1-oxindole-a-hydroxyphosphonates by the reac-
tion of the corresponding isatin with dialkyl or trialkyl phosphites
under biomimetic conditions in the presence of b-cyclodextrin.
These cyclodextrin-mediated aqueous phase reactions are very
useful both from economical and environmental points of view.
b-Cyclodextrin, apart from being nontoxic, is also considered as
metabolically safe. This straightforward and environmentally be-
nign methodology may find widespread application in organic
and medicinal chemistry.

Acknowledgment

We thank CSIR, New Delhi, India, for awarding fellowships to
J.S., K.K., and B.S.
Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2010.05.096.
References and notes

1. Maryanoff, B. E.; Reitz, A. B. Chem. Rev. 1989, 89, 863.
2. (a) Hirschmann, R.; Smith, A. B., III; Taylor, C. M.; Benkovic, P. A.; Taylor, S. D.;

Yager, K. M.; Sprengeler, P. A.; Benkovic, S. J. Science 1994, 265, 234; (b) Patel, D.
V.; Rielly-Gauvin, K.; Ryono, D. E.; Free, C. A.; Rogers, W. L.; Smith, S. A.;
DeForrest, J. M.; Oehl, R. S.; Petrillo, E. W. J. Med. Chem. 1995, 38, 4557.

3. (a) Stowasser, B.; Budt, K.-H.; Jian-Qi, L.; Peyman, A.; Ruppert, D. Tetrahedron
Lett. 1992, 33, 6625; For a review about the biological activity of amino
phosphonic acids, see: (b) Kafarski, P.; Lejczak, B. Phosphorus, Sulfur, Silicon
1991, 63, 193.

4. (a) Kaboudin, B. Tetrahedron Lett. 2003, 44, 1051; (b) Firouzabadi, H.; Iranpoor,
N.; Sobhani, S. Synth. Commun. 2004, 34, 1463; (c) Iorga, B.; Eymery, F.;
Savignac, P. Tetrahedron 1999, 55, 2671; (d) Firouzabadi, H.; Iranpoor, N.;
Sobhani, S.; Amoozgar, Z. Synthesis 2004, 1771.

5. (a) Popp, F. D. J. Heterocycl. Chem. 1984, 21, 1367; (b) Pajouhesh, H.; Parsons, R.;
Popp, F. D. J. Pharm. Sci. 1983, 72, 318; (c) Garrido, F.; Ibanez, J.; Gonalons, E.;
Giraldez, A. Eur. J. Med. Chem. 1975, 10, 143; (d) Tokunaga, T.; Hume, W. E.;
Nagamine, J.; Kawamura, T.; Taiji, M.; Nagata, R. Bioorg. Med. Chem. Lett. 2005,
15, 1789; (e) Yong, S. R.; Ung, A. T.; Pyne, S. G.; Skelton, B. W.; White, A. H.
Tetrahedron 2007, 63, 5579.

6. (a) Texier-Boullet, F.; Foucaud, A. Synthesis 1982, 916; (b) Texier-Boullet, F.;
Lequitte, M. Tetrahedron Lett. 1986, 27, 3515; (c) Alexander, C. W.; Albiniak, P.
A.; Gibson, L. R. Phosphorus, Sulfur, Silicon 2000, 167, 205; (d) Saito, B.; Egami,
H.; Katsuki, T. J. Am. Chem. Soc. 2007, 129, 1978; (e) Dodda, R.; Zhao, C.-G. Org.
Lett. 2006, 8, 4911; (f) Yokomatsu, T.; Yamagishi, T.; Shibuya, S. Tetrahedron:
Asymmetry 1993, 4, 1779.

7. (a) Azizi, N.; Saidi, M. R. Phosphorus, Sulfur, Silicon 2003, 178, 1255; (b) Heydari,
A.; Arefi, A.; Khaksar, S.; Tajbakhsh, M. Catal. Commun. 2006, 7, 982; (c)
Tajbakshi, M.; Heydari, A.; Khalizadeh, M. A.; Lakouraj, M. M.; Zamenian, B.;
Khaksar, S. Synlett 2007, 15, 2347; (d) Goldeman, W.; Soroka, M. Synthesis 2006,
3019.

8. Evans, D. A.; Hurst, K. M.; Takacs, J. M. J. Am. Chem. Soc. 1978, 100, 3467.
9. (a) Sridhar, R.; Srinivas, B.; Pavan Kumar, V.; Reddy, V. P.; Kumar, A. V.; Rao, K.

R. Adv. Synth. Catal. 2008, 350, 1489; (b) Narender, M.; Reddy, M. S.; Pavan
Kumar, V.; Reddy, V. P.; Nageswar, Y. V. D.; Rao, K. R. J. Org. Chem. 2007, 72,
1849; (c) Madhav, B.; Murthy, S. N.; Reddy, V. P.; Rao, K. R.; Nageswar, Y. V. D.
Tetrahedron Lett. 2009, 50, 6025; (d) Murthy, S. N.; Madhav, B.; Kumar, A. V.;
Nageswar, Y. V. D.; Rao, K. R. Tetrahedron 2009, 65, 5251; (e) Murthy, S. N.;
Madhav, B.; Kumar, A. V.; Rao, K. R.; Nageswar, Y. V. D. Helv. Chem. Acta 2009,
92, 2118.

10. General procedure for the synthesis of a1-oxindole-a-hydroxyphosphonates
Typical example: Synthesis of diethyl 3-hydroxy-2-oxoindolin-3-ylphosphonate
(Table 2, entry 1):
b-Cyclodextrin (1.135 g, 1 mmol) was dissolved in water (15 mL) by warming
to 60 �C until a clear solution was formed. Then, isatin (0.147 g, 1 mmol)
dissolved in methanol (0.5 mL) was added dropwise followed by triethyl
phosphate (0.199 g, 1.2 mmol) and the mixture was stirred at rt until the
reaction was complete (as monitored by TLC) (Table 2). The mixture was
extracted with ethyl acetate (3 � 10 mL) and the extract was filtered. The
organic layer was dried over anhydrous Na2SO4, the solvent was removed
under reduced pressure, and the resulting product was further purified by
column chromatography by using ethyl acetate and hexane (7:3) as eluent to
give the title compound (Table 2, entry 1) (0.262 g, 92%). The aqueous layer
was cooled to 5 �C to recover b-CD by filtration.
Pale yellow solid; Yield 92%; mp 142–144 �C; Rf (70% EtOAc/n-hexane); 1H
NMR (200 MHz, CDCl3) d 1.10–1.54 (m, 6H), 3.99–4.49 (m, 4H), 6.89–6.94 (m,
2H), 7.24–7.34 (m, 2H), 8.2 (s, 1H); 13CNMR (75 MHz, CDCl3) d 14.1, 16.07,
63.18, 64.81, 112.44, 123.92, 125.72, 130.69, 138.61, 160.95; 31P NMR, d: 21.91.
IR: 3201, 2987, 1730, 1621, 1473, 1395 cm�1; MS m/z (ESI); 309 (M+Na)+.
HRMS m/z calcd for C12H16NO5NaP: 309.1029; found: 309.1027.
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