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Abstract

Reaction of benzaldehyde with diethyl phosphite and acetic anhydride successively on different
solid bases (oxides and carbonates) without the use of solvent were investigated. A simple,
efficient, and new method has been developed for the synthesis of a-acetoxyphosphonates from
aldehydes through a one-pot reaction of aldehydes with diethyl phosphite in the presence of
acetic anhydride under solvent-free conditions using potassium or sodium carbonate. This
method is easy, rapid, and high yielding for the one-pot synthesis of a-acetoxyphosphonates
from aldehydes.
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Introduction

Reactions under heterogeneous conditions are of growing interest,' because of their advantages
of ease of set up, mild conditions, rapid reactions, selectivity, increased yields of the products,
and low cost compared with their homogeneous counterparts. Organophosphorus compounds
have found wide application in the areas of industrial, agricultural, and medicinal chemistry
owing to their biological and physical properties, as well as their utility as synthetic
intermediates.” o-Functionalized phosphonic acids are valuable intermediates for the preparation
of medicinal compounds and synthetic intermediates.” Among o-functional phosphonic acids, o-
acetoxyphosphonates and a-hydroxyphosphonates are important classes of compounds that
exhibit a variety of interesting and useful properties. In recent years, the preparation of o-
acetoxy- and o-hydroxyphosphonates has attracted significant attention, due to their potential
biological activities with broad applications such as enzyme inhibitors or as dinucleotide
analogues having antiviral properties.” In addition, they are useful intermediates in the synthesis
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of other phosphorus compounds.” These compounds may also be used as precursors for the
synthesis of optically active a-hydroxyphosphonates.® Indeed, a-acetoxyphosphonates are also
used as precursors for the synthesis of a variety of a-substituted phosphonates.

In contrast to the widely studied o-hydroxyphosphonic acid derivatives,” relatively few
papers have reported on the chemistry of a-acetoxyphosphonates. Many effective methods for
the preparation of a-hydroxyphosphonates have been developed, but, to the best of our
knowledge, few synthetic routes to o-acetoxyphosphonates have been reported. These methods
involve prolonged heating of acyl phosphates with a carbonyl compound at 120 °C, ® direct
acetylation of a-hydroxyphosphonates with ketenes catalyzed by BF;.0Et ° or H,SO4,'" and
acetylation of a-hydroxyphosphonates with Ac,O or AcCl in the presence of Et;N or pyridine as
base.'' Recently, a new method has been reported, using copper triflate as a catalyst for the
preparation of a-acetoxyphosphonates from reaction of o-hydroxyphosphonates with Ac,0."
However, these methods have problems, including harsh reaction conditions, low yields, long
reaction times, using of Lewis acids, and side reactions. As part of our efforts to explore the
utility of solid phase reactions for the synthesis of organophosphorus compounds,'® we report a
new method for the one-pot synthesis of a-acetoxyphosphonates from the reaction of diethyl
phosphite with aldehydes in the presence of Ac,O under solvent-free conditions, using K,COj3 or
Na,CO;s as a solid base, producing high yields of a-acetoxyphosphonates.

Results and Discussion

The reaction of diethyl phosphite with benzaldehyde, as a model compound, in the presence of
acetic anhydride under dry conditions was examined (Table 1). The results showed that the
reaction yield and time seem to depend on the basicity of the solid.

The reaction with basic solids such as MgO, CaO and BaO gave the desired product with
moderate to good yields. MgO gave a better yield than the other metal oxides.'* The best result
was obtained with an alkali- carbonate (potassium- or sodium-). With alumina and SiO, the yield
increased when the reaction was performed under microwave irradiation.

Then potassium carbonate was selected as a convenient solid base for the synthesis of 1-
acetoxyphosphonates. This process was successfully applied to other aldehydes (1), as
summarized in Table 2. As shown in Scheme 2 and Table 2, the reaction of a mixture of diethyl
phosphite and aromatic aldehydes (1a—1k) with Ac,O under solvent-free condition using K,COs
afforded the desired products in high yields (2a-2k). Naphthalene carboxaldehydes as
polynuclear aldehydes also reacted with diethyl phosphite in the presence of Ac,0 using K,COs3,
to give the desired compounds in high yields (21 and 2m). Cinnamaldehyde (1n) also reacted to
give the desired compound 2n in good yield.
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Scheme 1

Table 1. Synthesis of 1-acetoxyphosphonates from the reaction of aldehydes with diethyl
phosphite in the presence of acetic anhydride under solvent-free conditions using solid bases

Entry Solid Catalyst Method Yield of 2a %°
1 CaO A 56
2 BaO A 60
3 MgO A 70
4 SiO; A <5
5 A1203(a) A 20
6 ALOs(b) A 45
7 K,COs A 87
8 Na,COs; A 86
9 Si0, B 32
10 ALOx(a) B 56
11 ALO;(b) B 75
*Isolated yields

b A= dry conditions, 1 h, RT; B= microwave, 4 min.

In all the reactions we report in this paper, cleavage of the C—P bond of the phosphonates was
not detected and the conversion of the substrates to their corresponding acetoxy compounds was
clean. Work-up of the reaction mixture is very easy and gives highly pure products, which do not
need further purification.

In summary, in this paper we describe a simple procedure for the high-yielding synthesis of a
variety of diethyl a-acetoxyphosphonates by one-pot reaction of aldehydes with diethyl
phosphite in the presence of acetic anhydride using magnesia. Simple work-up, solvent-free
condition, fast reaction rates, mild reaction conditions, good to high yields, and the clean
reactions with no tar formation make this method an attractive and a useful contribution to
present methodologies.

Experimental Section
General Procedures. All chemicals were commercial products and distilled or recrystallized

before use. NMR spectra were taken with a 250 Bruker Avance instrument with the chemical
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shifts being reported as d ppm and couplings expressed in Hertz. The chemical shift data for each
signal in "H NMR are given in units of d relative to CHCl; (6=7.26) for CDCl; solution. For Bc
NMR spectra, the chemical shifts in CDCl; and DMSO are recorded relative to the CDCl;
resonance (8=77.0). The chemical shifts of *'P are recorded relative to external 85% H3PO,
(8=0) with broad-band 'H decoupling. A kitchen-type Samsung microwave oven, model number
CE290DN, was used in experiments for method B. Silica gel column chromatography was
carried out with Silica gel 100 (Merck No. 10184). Merck Silica-gel 60 F254 plates (No. 5744)
were used for the preparative TLC.

0
) ) K,CO4 H Tl
R—C—H + H— +Ac,0-23 . R—C—P(OEt
C H—P(OB), * AC0 L 6o mn ¢ T (OE2

OAc
2

Scheme 2

Table 2. Synthesis of 1-acetoxyphosphonates from the reaction of aldehydes with diethyl
phosphite in the presence of acetic anhydride under solvent-free conditions using solid potassium
carbonate as base

2 R Reaction time (min) Yield %" ’'P NMR
5 (ppm)

A Ph- 30 87 17.82

B p-MeOC¢Hs- 60 80 18.22

C p-MeCeHy- 45 70 18.09

D p-CIC¢H4- 30 85 17.20

E p-BrC¢Hs- 30 75 17.15

F m-CIC¢Hy- 30 80 16.92

G m-MeOC¢Hs- 30 90 17.76

H m-BrC6H4- 45 75 17.03

I m-MeCgHy- 45 71 18.00

J 0-CICeHs- 60 78 17.24

K 0-MeC¢Ha- 60 74 18.58

L o-Naphthyl 60 75 18.13

M B-Naphthyl 45 70 17.82

N Ph-CH=CH- 30 70 6.72

*Isolated yields
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Synthesis of 1-acetoxyphosphonates from the reaction of aldehydes with diethyl phosphite
in the presence of acetic anhydride under solvent-free conditions using solid potassium
carbonate as base

This solvent-free reaction is operationally simple. Potassium carbonate (3 g) was added to a
stirred mixture of diethyl phosphite (0.01 mol) and aldehyde (0.01 mol) at room temperature and
stirred for 10 min. Acetic anhydride (0.03 mol) was added to this mixture which was then stirred
for 30-60 min at room temperature. The mixture was washed with ethyl acetate (4x50 mL), dried
with CaCl,, and the solvent evaporated to give crude product. Chromatography on silica gel with
EtOAc/n-hexane (1:9 to 4:6) and evaporation of the solvent under reduced pressure gave the pure
products in 70-90% yields. All the products gave satisfactory spectral data in accordance with
the assigned structures and literature reports.

Diethyl 1-acetoxyphenylmethylphosphonate (2a).'* Colorless oil; '"H NMR (CDCly/TMS—
250 MHz): 1.13-1.32 (6H, m), 2.09 (3H, d, /=2 Hz), 3.75-4.10 (4H, m), 6.06 (1H, d, /=13.5 Hz),
7.21-7.43 (5H, m). >'P NMR (CDCl3/H5PO4, 101.2 MHz):17.82 ppm; *C NMR (CDCly/TMS,
62.9 MHz):16.2 (d, Jpc=6.3 Hz), 16.3 (d, Jpc=6.3 Hz), 20.8, 63.1-63.3, 67.6 (d, Jpc=169.8
Hz),127.8 (d, Jpc=5.7 Hz), 128.4 (d, Jpc=2.5 Hz), 128.6 (d, Jpc=2.5 Hz), 133.4 (d, Jpc=1.9 Hz),
169.3 (d, Jpc=9.0 Hz).

Diethyl 1-acetoxy(4-methoxyphenyl)methylphosphonate (2b).'> Colorless oil; 'H NMR
(CDCl3/ TMS—250 MHz): 1.13-1.22 (6H, m), 2.09 (3H, d, J=1.2 Hz), 3.77 (3H, d, J=1.5 Hz),
3.85-4.15 (4H, m), 6.05 (1H, d, J/=13.0 Hz), 6.86 (2H, d, J=7.7 Hz), 7.41 (2H, d, J=7.7 Hz). *'P
NMR (CDCl:y/HsPO4, 101.2 MHz):18.22 ppm; “C NMR (CDCl/TMS, 62.9 MHz):16.2 (d,
Jpc=5.8 Hz), 16.4 (d, Jpc=5.7 Hz), 20.9, 55.2, 63.1-63.3, 70.0 (d, Jpc=172.7 Hz), 113.9 (d,
Jrc=1.8 Hz), 125.4 (d, Jpc=1.8 Hz), 129.5 (d, Jpc=6.1 Hz), 159.9 (d, Jpc=2.5 Hz), 169.3 (d,
Jpc=9.1 Hz).

Diethyl 1-acetoxy-(4-methylphenyl)methylphosphonate (2c).'> Colorless oil; 'H NMR
(CDCl3/ TMS—250 MHz): 1.15-1.30 (6H, m), 2.14 (3H, s), 2.32 (3H, s), 3.85-4.15 (4H, m),
6.09 (1H, d, J=13.2 Hz), 7.16 (2H, d, J=8.0 Hz), 7.38 (2H, d, J=8.0 Hz). *'P NMR (CDCls/
H;PO,, 101.2 MHz):18.09 ppm; °C NMR (CDCl/TMS, 62.9 MHz):16.2 (d, Jpc=5.8 Hz), 16.4
(d, Jpc=5.7 Hz), 20.9, 21.2, 63.2 (d, Jpc=6.8 Hz), 70.3 (d, Jpc=171.0 Hz), 127.9 (d, Jpc=6.0 Hz),
129.1 (d, Jpc=2.1 Hz), 130.4 (d, Jpc=2.0 Hz), 138.6 (d, Jpc=3.0 Hz), 169.3 (d, Jpc=9.0 Hz).
Diethyl 1-acetoxy (4-chlorophenyl)methylphosphonate (2d).'” Colorless oil; 'H NMR
(CDCI3/TMS, 250 MHz): 1.13-1.30 (6 H, m), 2.13 (3H, s), 3.85-4.18 (4H, m), 6.05 (1H, d,
J=13.7 Hz), 7.30 (2H, d, J=8.5 Hz), 7.39 (2H, d, J=8.5 Hz). *'P NMR (CDCls/ H3PO,, 101.2
MHz):17.20 ppm; >C NMR (CDCI3/TMS, 62.9 MHz):16.2 (d, Jpc=6.3 Hz), 16.3 (d, Jpc=6.3 Hz),
20.6, 63.2-63.3, 69.8 (d, Jpc=171.1 Hz), 128.6 (d, Jpc=1.9 Hz), 129.2 (d, Jpc=5.7 Hz), 132.2 (d,
Jrc=1.9 Hz), 134.6 (d, Jpc=3.1 Hz), 168.9 (d, Jpc=8.8 Hz).

Diethyl 1-acetoxy-(4-bromophenyl)methylphosphonate (2e). Colorless oil; 'H NMR
(CDCI3/TMS, 250 MHz): 1.15-1.30 (6H, m), 2.15 (3H, s), 3.80—4.08 (4H, m), 6.03 (1H, d,
J=13.7 Hz), 7.33 (2H, d, J=8.2 Hz), 7.47 (2H, d, J=8.2 Hz). *'P NMR (CDCls/ H3PO,, 101.2
MHz):17.15 ppm; >C NMR (CDCI3/TMS, 62.9 MHz):16.3 (d, Jpc=6.3 Hz), 16.4 (d, Joc=6.3 Hz),
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20.8, 63.3-63.4, 69.8 (d, Jpc=170.6 Hz), 122.9 (d, Jpc=3.6 Hz), 129.5 (d, Jpc=5.8 Hz), 131.6 (d,
Jpc=2.1 HZ), 132.6 (d, Jpc=2.0 HZ), 169.2 (d, Jpc=9.0 HZ). Anal. Calcd for C13H18BI‘O5PZ C,
42.74; H, 4.93. Found: C, 42.8; H, 5.1.

Diethyl 1-acetoxy-(3-chlorophenyl)methylphosphonate (2f)."> Colorless oil; 'H NMR
(CDCI3/TMS, 250 MHz): 1.10-1.25 (6H, m), 2.10 (3H, s), 3.85-4.18 (4H, m), 6.05 (1H, d,
J=14.0 Hz), 7.15-7.45 (4H, m). >'P NMR (CDCls/ H;PO,, 101.2 MHz):16.92 ppm; *C NMR
(CDCI3/TMS, 62.9 MHz): 16.1 (d, Jpc=5.6 Hz), 16.2 (d, Jpc=5.6 Hz), 20.6, 63.2 (d, Jpc=6.3 Hz),
63.3 (d, Jpc=6.3 Hz), 69.8 (d, Jpc=169.8 Hz), 125.9 (d, Jpc=5.6 Hz), 127.7 (d, Jpc=5.7 Hz), 128.7
(d, Jpc=2.5 Hz), 129.6, 134.3,135.6, 168.9 (d, Jpc=8.2 Hz).

Diethyl 1-acetoxy-(3-methoxyphenyl)-methylphosphonate (2g).’” Colorless oil; 'H NMR
(CDCI3/TMS, 250 MHz): 1.15-1.29 (6H, m), 2.14 (3H, s), 3.78 (3H, d, J=1.5 Hz), 3.854.15
(4H, m), 6.07 (1H, d, J=13.7 Hz), 6.78-7.28 (4H, m). *'P NMR (CDCls/ H;PO4, 101.2 MHz):
17.76 ppm; >C NMR (CDCl3/TMS, 62.9 MHz): 16.2 (d, Jpc=5.8 Hz), 16.4 (d, Jpc=5.9 Hz), 20.9,
55.2,63.3 (d, Jpc=5.9 Hz), 70.3 (d, Jpc=170.1 Hz), 113.1 (d, Jpc=5.5 Hz), 114.3 (d, Jpc=2.7 Hz),
120.1 (d, Jpc=5.8 Hz), 129.5, 134.8, 159.5, 169.2 (d, Jpc=9.1 Hz).

Diethyl 1-acetoxy-(3-bromophenyl)methylphosphonate (2h). Colorless oil; 'H NMR
(CDCl13/TMS—250 MHz): 1.10-1.25 (6H, m), 2.10 (2H, d, J=2.2 Hz), 3.85-4.18 (4H, m), 6.03
(1H, d, J=13.7 Hz), 7.10-7.58 (4H, m). *'P NMR (CDCls/ H3PO,, 101.2 MHz):17.03 ppm; "°C
NMR (CDCIL/TMS, 62.9 MHz):16.1 (d, Jpc=5.7 Hz), 16.2 (d, Jpc=5.7 Hz), 20.6, 63.2 (d, Jpc=7.0
Hz), 63.3 (d, Jpc=7.0 Hz), 69.4 (d, Jpc=169.8 Hz), 122.2 (d, Jpc=2.5 Hz), 126.3 (d, Jpc=5.0 Hz),
129.8 (d, Jpc=1.9 Hz), 130.4 (d, Jpc=5.7 Hz), 131.5 (d, Jpc=2.5 Hz), 135.6 (d, Jpc=1.9 Hz), 168.8
(d, Jpc=8.8 Hz). Anal. Calcd for C;3H,3BrOsP: C, 42.74; H, 4.93. Found: C, 42.6; H, 5.1.

Diethyl 1-acetoxy-(3-methylphenyl)methylphosphonate (2i). Colorless oil; 'H NMR
(CDCl3/TMS—250 MHz): 1.15-1.30 (6H, m), 2.16 (3H, s), 2.34 (3H, s), 3.85-4.15 (4H, m),
6.09 (1H, d, J=13.2 Hz), 7.10-7.45 (4H, m). *'P NMR (CDCls/ H;PO,, 101.2 MHz):18.00 ppm;
BC NMR (CDCI/TMS, 62.9 MHz):16.2 (d, Jpc=5.9 Hz), 16.4 (d, Jpc=5.9 Hz), 20.9, 21.4, 63.1—
63.3, 70.5 (d, Jpc=170.1 Hz), 124.9 (d, Jpc=5.8 Hz), 128.3 (d, Jpc=2.2 Hz), 128.5 (d, Jpc=5.9 Hz),
129.5 (d, Jpc=2.8 Hz), 133.3, 138.1, 169.3 (d, Jpc=8.9 Hz). Anal. Calcd for C;4H;,0sP: C, 56.00;
H, 7.00. Found: C, 56.2; H, 7.2.

Diethyl 1-acetoxy-(2-chlorophenyl)methylphosphonate (2j).'> Colorless oil; 'H NMR
(CDCl3/TMS—250 MHz): 1.15 (3H, t, J=7.0 Hz), 1.28 (3H, t, J=7.0 Hz), 2.12 (3H, s), 3.80—4.21
(4H, m), 6.58 (1H, d, J=13.8 Hz), 7.15-7.65 (4H, m). *'P NMR (CDCly/H;PO,, 101.2
MHz):17.24 ppm; *C NMR (CDCI3/TMS, 62.9 MHz):16.2 (d, Joc=5.7 Hz), 16.3 (d, Joc=5.7 Hz),
20.7, 63.2 (d, Jpc=6.6 Hz), 66.8 (d, Jpc=172.3 Hz), 127.0, 129.4, 129.6 (d, Jpc=3.8 Hz), 129.8 (d,
Jrc=2.8 Hz), 131.9, 133.6 (d, Jpc=7.9 Hz), 168.9 (d, Jpc=9.6 Hz).

Diethyl 1-acetoxy-(2-methylphenyl)methylphosphonate (2k).*° Colorless oil; 'H NMR
(CDCI3/TMS—250 MHz): 1.10-1.35 (6H, m), 2.14 (3H, s), 2.48 (3H, s), 3.85-4.18 (4H, m),
6.36 (1H, d, J=13.7 Hz), 7.10-7.65 (4H, m). >'P NMR (CDClsy/ H3PO,, 101.2 MHz): 18.58 ppm;
BC NMR (CDCI3/TMS, 62.9 MHz): 16.2 (d, Jpc=5.6 Hz), 16.4 (d, Jpc=5.6 Hz), 19.6, 20.92, 63.2
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(d, Jpc=6.9 Hz), 67.0 (d, Jpc=171.7 Hz), 126.2, 128.1 (d, Jpc=4.4 Hz), 128.6, 130.3, 132.1, 136.7
(d, Jpc=7.5 Hz), 169.3 (d, Jpc=10.0 Hz).

Diethyl 1-acetoxy-(1-naphthyl)methylphosphonate (21)."> Colorless oil; 'H NMR
(CDCI3/TMS, 250 MHz): 0.95 (3H, t, J/=7.0 Hz), 1.15 (3H, t, /=7.0 Hz), 2.10 (3H, s), 3.58-4.21
(4H, m), 6.94 (1H, d, J/=14.2 Hz), 7.35-8.0 (6H, m), 8.22 (1H, d, J=8.5 Hz). *'P NMR (CDCl/
H3PO4, 101.2 MHz): 18.13 ppm; °C NMR (CDCI3/TMS, 62.9 MHz): 16.1 (d, Jpc=5.6 Hz),16.3
(d, Jpc=5.6 Hz), 20.8, 63.2 (d, Jpc=06.6 Hz), 67.1 (d, Jpc=172.0 Hz), 123.7, 125.2 (d, Jpc=3.8 Hz),
125.8,126.5, 126.7 (d, Jpc=5.9 Hz), 128.6, 129.4, 129.7, 133.6 (d, Jpc=5.5 Hz), 133.6, 169.2 (d,
Jpc=9.0 Hz).

Diethyl 1-acetoxy-(2-naphthyl)methylphosphonate (2m)."> Colorless oil; 'H NMR
(CDCI3/TMS, 250 MHz): 1.10(3H, t, J/=7.0 Hz), 1.17 (3H, t, J=7.0 Hz), 2.10 (3H, s), 3.754.15
(4H, m), 6.28 (1H, d, J=13.7 Hz), 7.30-7.95 (7H, m). 'P NMR (CDCls/H;PO,, 101.2
MHz):17.82 ppm; °C NMR (CDCL/TMS, 62.9 MHz): 16.2 (d, Joc=5.7 Hz), 16.3 (d, Jpc=5.7
Hz), 20.8, 63.2-63.3, 70.5 (d, Jpc=169.8 Hz), 125.2 (d, Jrc=4.4 Hz), 126.3,126.5, 127.3 (d,
Jrc=17.5 Hz), 127.6, 128.1, 128.2 (d, Jpc=1.9 Hz), 130.9 (d, Jpc=2.5 Hz), 132.9 (d, Jpc=2.5 Hz),
133.2 (d, Jpc=2.5 Hz), 169.2 (d, Jpc=8.8 Hz).

Diethyl 1-acetoxy-(2-phenylethenyl)methylphosphonate (2n)."? Colorless oil; 'H NMR
(CDCls/ TMS—250 MHz): 1.15-1.35 (6H, m), 2.11 (3H, s), 3.95-4.30 (4H, m), 5.80 (1H, ddd, J
=1.0, J=7.2 and J =14.0 Hz), 6.10-6.25 (1H, m), 6.58 (1H, dd, J=3.5 and J=15.7 Hz), 7.15-7.45
(5H, m). *'P NMR (CDCls/ H3PO,, 101.2 MHz): 6.72 ppm; >C NMR (CDCl3/TMS, 62.9 MHz):
16.2-16.3, 20.8, 63.1-63.4, 69.2 (d, Jpc=171.4 Hz), 120.1 (d, Jpc=4.5 Hz) 126.7 (d, Jpc=1.3 Hz),
128.6, 135.0, 135.6 (d, Jpc=2.8 Hz), 169.2 (d, Jpc=7.9 Hz).
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