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SYNTHESIS OF o-HYDROXY
PHOSPHONATES USING A SOLID
SUPPORTED BASE

CHRISTOPHER W. ALEXANDER”, PHILIP A. ALBINIAK and
LISA R. GIBSON

Department of Chemistry and Biochemistry, College of Charleston, Charleston,
SC 29424-0001, USA

(Received July 31, 2000; In final form August 16, 2000)

A mild. efficient synthesis of a-hydroxy phosphonates is described where a quaternary
ammonium hydroxide ion exchange resin is used as a base to promote the addition of diethyl
phosphite to aryl aldehydes for a Pudikov type reaction.

Keywords: a-hydroxy phosphonate; ion exchange resin; quaternary ammonium hydroxide:
diethyl phosphite

INTRODUCTION

a-Hydroxy phosphonales"'3 are of synthetic interest because they are pre-
cursors to a-hydroxy phosphonic acids which have demonstrated biologi-
cal activity. In particular, a-hydroxy phosphonic acids and derivatives are
inhibitors of enzymes such as HIV protease®, renin’, EPSP synthase®, a
tyrosine-specific protein kinase’, insulin receptor tyrosine kinase®, and
other proleasesg. The use of reagents supported on solid surfaces, such as
alumina'®, alumina/potassium fluoride'!, and polymer-supported 1,5,7-tri-
azabicyclo-[4.4.0]dec-5-ene (TBD)'? for the synthesis of the a-hydroxy
phosphonates has been reported as effective procedures for the synthesis
of a-hydroxy phosphonates”. We report here a new, easy and effective
method for the synthesis of a-hydroxy phosphonates (1, Scheme) in good

* Author to whom correspondence should be addressed.
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yields using diethyl phosphite, an aryl aldehyde and a solid supported base
without the use of solvent.

ArCHO, resin 9 h"
(CH3CH20);—P—H (CH3CHR0)—P—C—Ar (1)
room temperature, OH
ovemight
SCHEME
RESULTS AND DISCUSSION

In our efforts to develop new methods for preparing a-hydroxy phospho-
nates, we examined the use of solid potassium carbonate as a base under
microwave oven conditions: however, this method gave capricious resuits.
In searching for milder reaction conditions and an alternate base, we
employed a polystyrene tetraalkylammonium hydroxide ion exchange
resin [Rexyn® 201(OH)] as a solid supported base for this reaction. The
reaction setup was straightforward and required only that the resin, phos-
phite, and aldehyde be stirred together overnight at room temperature fol-
lowed by simple purification to give good yields of products (Table I). No
solvent was used in the reaction setup, and the reaction outcome was not
adversely affected. The phosphite, aided by sufficient stirring, appeared to
adequately dissolve the solid aldehydes (entries 8, 10) for complete reac-
tion. In some cases (entries 1, 2, 4-6), the reaction product solidified after
a period of time without loss in yield as compared to ones that did not
solidify. After stirring for approximately 24 hours, the reaction mixture
was diluted with methylene chloride, followed by simple filtration to
remove the resin, and then concentrated under vacuum. NMR ('H and 31P)
analysis of unpurified material indicated relatively clean products, show-
ing product and trace amounts of starting materials with no discernible
by-products. Purification of the a-hydroxy phosphonate products was
straightforward. The compounds solidified after concentration or by a
cooling the sample in pentane with a dry ice/acetone bath. The solid prod-
uct could be recrystallized or simply washed with pentane to remove resid-
ual starting materials and filtered by vacuum to give pure product. In the
case of an oil (entry 7). it was purified by Kugelrohr distillation. Currently
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this method has been performed on 1 and 5 mmol scales (entries 1 vs. 2
and 5 vs. 6) to prepare a-hydroxy phosphonates. All compounds were
characterized by 'H, 13¢C and 3'P NMR, and melting point and compared
to available literature data.

The use of a basic ion exchange resin to promote the phosphite addition
1o a variety of aryl aldehydes (Pudikov reaction) appears to be an effective
means for the synthesis of a-hydroxy phosphonates that is comparable to
existing methods. Advantages to this method include: 1) simple reaction
setup, work-up and purification, 2) no reaction solvent employed (greener
chemistry). 3) technical grade phosphite used, 4) mild reaction conditions
(reaction run at ambient temperature), S) good yields (64—89%) without
by-products, and 6) potential application in combinatorial synthesis.

TABLE I a-Hydroxy phosphonates (1) synthesized according to the Scheme!?

Yield?

Entrv ArCHO (Ar) (%) p NMRY Melting Point (°C ¢
I CeHs- 76 22.0 81-82 (78-80)
2 82! 220 81-82 (78-80)
3 08
4 p-MeCgH,- 89 22.1 99-101 (98-100)
5 p-MeOCH,- 73 222 121~122 (118-120)
6 74 21.9 121-122 (118-120)
7 m-MeOCgH,- 64 21.9 oith
8 p-CICgH,- 78! 214 69-72 (70-72)
9 0-CICeH,- 87 216 75.5-77 (76-78)
10 p-NO,CeH,- 69 20.2 88-90 (82-84)

a. Based on purified material using pentane wash method unless otherwise noted: reaction
conditions are not necessarily optimized.

b. | mmol reaction scale uniess otherwise noted.

85% H3PO, external reference: at 121.4 Hz (300 MHz NMR) in CDCl;.
Uncorrected.

Literature MP data (in parentheses) taken from Reference 2b.

5 mmol reaction scale.

Control, no resin used.

Kugelrohr distillation at 107-158°C at 0.68-0.70 mm Hg.
Recrystallized from cyclohexane.

Recrystallized from cyclohexane and ethyl acetate.

T rmmome a0



13: 02 28 January 2011

Downl oaded At:

208

CHRISTOPHER W. ALEXANDER ¢t al.

Acknowledgements

This work was supported in part by the Petroleum Research Fund
(30987-BG1), and the National Science Foundation (DUE-975072, for the
purchase of a 300 MHz NMR).

References

(1
(2l

3

{41

(51

(6]

(7]
(8]
191

[10]
(1

(2]

R. Engel, Synthesis of Carbon-Phosphorus Bonds; CRC Press, [nc.: Boca Raton, 1988:
pp 101-136.

Selected references:

(a) V. J. Blazis, K. J. Koeller, and C. D. Spilling, J. Org. Chem. 60, 931 (1995), and ref-
erences cited therein.

(b) G. Consiglio, S. Failla, and P. Finocchiaro, Phosphorus, Sulfur, und Silicon 117, 37
(1996), and references cited therein.

(c) A. Y. Platonov, A. A. Sivakov, V. N. Chistokletov, and E. D. Maiorova, Russ. Chem.
Bull. 48, 367 (1999).

(d) T. Yokamatsu, T. Yamgishi, and S. Shibuya. J. Chem. Soc. Perkin, Trans. [ 1527
(1997).

(e) H. Sasai, M. Bougauchi. T. Arai. and M. Shibassaki. Terrahedron Len. 38, 2217
(1997).

(H X. Cao. A. M. M. Mjalli. Tetrahedron Lent. 37, 6073 (1996). (g) T. Gajda. Tetrahe-
dron: Asymmetry 5, 1965 (1994), and references cited therein.

(a) T. Yokomatsu, Y. Yoshida, and S. Shibuya, J. Org. Chem. 59, 7930 (1994).

(b) T. Yokomatsu, T. Yamagishi, and S. Shibuya, Tetrahedron:Asymmerry 4, 1401
(1993).

(c) A. Bongini. M. Panunzio, E. Bandini, G. Martelli, and G. Spunta, Synlerr 461
(1995).

(d) A. A. Thomas. and K. B. Sharpless. J. Org. Chem. 64, 8379 (1999).

(e) G. Cravotto, G. B. Giovenzana, R. Pagliarin, G. Palmisano, and M. Sisti, Tetrahe-
dron:Asymmetry 9 745 (1998).

() A. Barco. S. Benetti, P. Bergamini. C. De Risi, P. Marchetti, G. P. Pollini, and V.
Zanirato, Tetrahedron Len. 40, 7705 (1999).

{g) P. B. Wyatt and P. Blakskjer, /bid. 40. 6481 (1999).

B. Stowasser, K-H. Budt. L. Jian-Qi, A. Peyman, and D. Ruppert, Terrahedron Lett. 33,
6625 (1992).

(a) D. V. Patel, K. Rielly-Gauvin, D. E. Ryono, C. A. Free, W. L. Rogers, S. A. Smith,
J. M. Deforrest, R. S. Oehl. E. W. Petrillo, Ir., J. Med. Chem. 38. 4557 (1995).

(b) D. V. Patel, K. Rielly-Gauvin, and Ryono, D. E. Tetrahedron Lern. 39, 5587 (1990).
J. A. Sikorski, M. J. Miller, D. 8. Braccolino, D. G. Cleary, S. D. Corey, J. L. Font, K.
J. Gruys, C. Y. Han, K. C. Link, P. D. Pansegrau, J. E. Ream, D. Schnur, A. Shah, and
M.C. Walker, Phosphorus, Sulfur, and Silicon 76, 375 (1993).

T. R. Burke, Ir., Z-H. Li, J. B. Bolen, and V. E. Marquez, J. Med. Chem. 34, 1577
(1991).

R. Saperstein, P. P. Vicario, H. V. Strout, E. Brady, E. E. Slater, W. ]. Greeniee, D. L.
Ondeyka. A. A. Patchett, and D. G. Hangauer, Biochemistry 28, 5694 (1989).

C. D. Carroll, R. E. Dolle, Il Y. C. Shimshock. and T. F. Herpin, US Pat. Appl. WO
9902153, (1998); Chemical Abstracts 130:125407.

F. Texier-Boullet and A. Foucaud, Synthesis 916 (1982).

(a) F. Texier-Boullet and M. Lequitte, Tetrahedron Lett. 27, 3515 (1986).

(by D. Villemin and R. Racha, Terrahedron Lent. 27, 1789 (1986).

D. Simoni, R. Rondanin. M. Morini, R. Baruchello, and F. P. Invidiata, Terrahedron
Len. 41, 1607 (2000).



13: 02 28 January 2011

Downl oaded At:

(13]

[14]

a-HYDROXY PHOSPHONATES 209

For the use of solid KF as base see:

(a) F. Texier-Boullet and A. Foucaud, Synthesis 165 (1982).

(b) S. Sebti, A. Rhihil, A. Saber, M. Laghrissi, S. Boulaajaj, Tetrahedron Lett. 37, 3999
(1996).

(c) F. Texier-Bouilet and A. Foucaud, Tetrahedron Lernt. 21, 2161 (1980).

(d) See reference 2c for the use of solid K;COj in ethanol.

A typical experiment: The resin [101 mg, Rexyn® 201 (OH), Fisher Scientific] was
added to a round bottomed flask with a stirring bar and fitted with a rubber septum.
Diethyl phosphite (0.14 mL, | mmol, 94%, technical grade) was added, followed by
tolualdehyde (0.12 mL, t mmol), by syringe. The mixture was stirred at room tempera-
ture under argon for 24 hours. The mixture was diluted with CH,Cl,, filtered through a
cotton plug, and concentrated under reduced vacuum. Upon solidification, the product
was washed with pentane, isolated by vacuum filtration and further dried under
reduced pressure to afford the phosphonate (230 mg, 89%) as a white solid: mp 99-101
°C (lit. 98-100%%); IR (neat solid/ATR) 3247, 1228, 1205, 1052, 1018, 960, 754 cm™";
'H NMR (CDCl, 300 MHz) § 7.36 (dd, 2H, /=9.0, 2.1). 7.17 (d, 2H, J = 7.2), 4.97
(d, 1H, J = 10.5), 4.12-3.90 (m, 4H), 3.02 (br s, [H), 2.35(d, 3H, J = 2.1), 1.27 (t, 3H.
J=7.0), 1.22 (t. 3H, J=6.9); '’C NMR (75.4 MHz) § 16.4 (d. Jcp=2.3), 165 (d.
Jop=2.9),21.3,63.0(d. Jcp=7.5),63.3 (d. Jcp =6.9),70.7 (d. Jcp = 159.0), 126.9 (d.
Jop=35.7). 1289 (d. Jep=29), 133.2, 137.8 (d. Jcp = 2.9); 31p NMR (121.4 MHz) §
220,



