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SYNTHETIC COMMUNICATIONS, 27(4), 543-551 (1997) 

SURFACE-MEDIATED SOLID PHASE REACTIONS: 

PREPARATION OF DIETHYL 

1-HYDROXYARYLMETHYLPHOSPHONATES ON THE 

SURFACE OF MAGNESIA 

A.R. Sardarian* and B. Kaboudin 

Department of Chemistry, Faculty of Science, 

Shiraz University, Shiraz 71454, Iran 

Abstract: Magnesia is found to be an effective catalyst for synthesis of diethyl 

1 -hydroxyarylmethylphosphonates from aromatic aldehydes and diethyl hydrogen 

phosphite. 

Surface-mediated solid phase reactions are of growing interest’ because of 

their ease of set-up and work-up, mild reaction conditions, rate of the reaction, 

selectivity, high yields, lack of solvent and the low cost of the reactions in comparison 

with their homogeneous counterparts. As a part of our efforts to explore the novel 

utilities of surface-mediated reactions in this report a new method for the preparation 

of diethyl 1-hydroxyarylmethylphosphonates is described. 

* To whom correspondence should be addressed. 
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544 SARDARIAN AND KABOUDIN 

1-Hydroxyalkanephosphonic esters are compounds of significant biological 

and pharmaceutical intemtZv3. It is a useful reagent for the synthesis of enol ethers' 

and 1-chloroalkanephosphonam' that are reagents for the preparation of a-chloro- 

a$-unsaturated acids6, diethyl 1 ,2-epoxyalkylphosphonates7~10, and 1-(methylthi0)- 

methylphosphonate' as well as derivatives of alkylidenediphosphonates and 

vinylphosphonates". They are prepared by thermal non-catalyzed and 

base or acid catalyzed addi t i~n '~. '~  of dialkyl hydrogen phosphite to aldehydesz4. 

All these methods often suffer from one of the following drawbacks: a) low yields 

and b) side reactions. Alumina is used also as catalyst for preparation of 1- 

hydroxyalkanephosphonic e ~ t e r s ~ ~ ~ ~ ~ .  we describe here a new and easy method for 

synthesis of diethyl 1-hydroxyarylmethylphosphonates from aldehydes and diethyl 

hydrogen phosphite on magnesia surface without solvent (Scheme 1): 

0 0 0 
I 1  II MgO II  

Ar-CH + HP(OEt), L Ar-CH-P(OEt), 
I 

OH 
1 2 

Scheme 1 

As it is shown in Table 1, o,m,p-substituted benzaldehydes (2b-21) with 

diethyl hydrogen phosphite in the presence of magnesia afford the desired products 

in excellent yields. These results clearly show that the reactions seem to be faster 

with higher yields when the aromatic part of the aldehyde molecules carry electron- 

withdrawing groups. Cinnamaldehyde (2n) as a a$-unsaturated aldehyde and 

furfurai (2m) as a heterocyclic aldehyde also reacted with diethyl hydrogen phosphite 

in the presence of magnesia at room temperature to produce the desired compounds 

in high yields. The reaction also proceeded with high yields in polynuclear 

aromatic aldehydes (2p, 2q). The physical characteristics of the compounds are 

shown in Table 2. 
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DIETHYL 1 -HYDROXYARYLMETHYLPHOSPHONATES 545 

Table 1. Preparation of Diethyl l-Hydroxyarylmethylphosphonates(2). 

Ar Time Yield% Ar Time Yield% 

2a 
2b 

2c 

2d 

~~~ ~ 

0.25 95 2i o-0,NC6H,- 
0.5 90 2j mO,NC,H,- 

1 95 2k p-(CHJ,NC,H,- 

1 90 21 2,4-C12C6H3- 

0.03 90 
0.17 90 

1 90 

0.17 100 

2e 

2f 

2g 

2h 

m-HOC,H,- 3 SO 2m Q- 
0.33 90 2n C,HSCH=CH- 

0.5 90 2p a-C,&,- 

0.17 100 2 s  @C,,H,- 

4 95 

1.5 80 

0.83 85 

2 80 

To sum up, the important features of this methodology are as; a) the addition 

of external base is usually not required; b) side reactions are not observed; c) 

reactions are fast; d) reaction condition is mild; e) work-up is easy; and f) high 

yields are mostly obtained. We believe that this method is a useful addition to the 

present methodology for the preparation of 1-hydroxyarylmethylphosphonates. 

EXPERIMENTAL 

General: 

All chemicals were commercial products and distilled or crystallized before 

use. Infrared spectra were measured using a perkin Elmer 738 spectrometer. 

'H-NMR and 31P-NMR spectra were recorded by a varian XL-400 MHz instrument. 

Mass spectra are obtained on a GC-MS Shimadzu GPlO00 spectrometer. All 

melting points were determined by a Buchi 510. 

D
ow

nl
oa

de
d 

by
 [

R
ye

rs
on

 U
ni

ve
rs

ity
] 

at
 1

8:
42

 1
0 

A
ug

us
t 2

01
3 



Ta
bl

e 2
: 

Th
e p

hy
sic

al
 ch

ar
ac

te
ris

tic
s o

f D
ie

th
yl

 1
-H
yd
ro
xy
ar
yl
me
th
yl
ph
os
ph
on
at
es
 (2
). 

Pr
od

uc
t 

M
.P

 
IR

(N
uj

 01
) 

("
C)

 
vm

(c
m

-')
 

' H
-N

M
R(

CD
C1

,m
M

S)
 

N
PP

m
) 

,'P
-N

M
R

 
M

.S
 

(C
D

Cl
, /

H
,P

O
,) 

m
/e

(M
+)

 
G(

PP
m

) 

2a
 

75
-7

7a
 

2b
 

94
-9

Sa
 

2c
 

12
0-

12
1S

a 

2d
 

14
0b

 

2e
 

97
-9

8.
5 

2f
 

67
-6

8a
 

32
60

(0
-H

), 
12

30
(P

=O
), 

10
5O

(P
-O

-C
) 

4.
1 

(b
s,

lH
,-

W
),

 4
.8

5(
d,

lH
,-C

H
-P

, 
Jw

=1
2h

z)
, 

1.
15

((
2t

, 6
H

,O
-C

H
2C

H
 ), 

3.
9(

m
,4

H
,2

-m
 C

H
,) 

7.
 2(

m
,5

H
,-C

6&
) 

32
60

 (0
-H

),
 1

24
O

(P
=O

), 
1.

2(
2t

,6
H

,-O
C

H
zC

H
 ), 

2.
3(

s,
3H

,-
m

3)
 

10
3O

(P
-0

-C
) 

3.
9(

m
,4

H
,-O

€H
2C

d)
, 4

.8
(b

s,
lH

,-
W

) 
4.

9(
d,

lH
,-C

H
-P

, J
H

,=
12

H
z)

, 7
.2

(m
,4

H
,-C

6&
-C

H
,) 

32
50

(0
-H

), 
12

35
(P

=O
), 

1.
2(

2t
,6

H
,-O

C
H

2C
H

3)
, 3.

7(
~,

 3H
,-

W
A

3)
 

10
35

(P
-O

-C
) 

3.
8(

m
,4

H
,-O

C
LI

zC
H

,),
 4

.1
8(

bs
, 1

 H
,-

W
) 

4.
85

(d
, 1

 H
,-€

H
-P

,J,
= 

12
H

z)
, 7

.1
 (m

,4
H

,-C
6&

-W
H

,) 

32
60

(0
-H

), 
12

3O
(P

=O
) 

1.
20
(2
t,
6H
,-
0C
H,
CH
3)
,3
.7
(~
,3
H,
-~
,)
 

10
4O

(P
-O

-C
) 

3.
9(

m
,4

H
,-O

m
2C

H
,),

4.
85

(b
s,

 lH
,-

m
 

33
00

-3
 10

0(
0-

H
),1

2 l
O

(P
=O

) 
1.

1 5
(2
t,
6H
,-
oC
H,
~,
),
4.
0(
m,
4H
,-
W-
X&
CH
3)
 

10
5O

(P
-O

-C
) 

32
 15

(0
-H

), 1
2 l

O
(P

=O
) 

4.
9(

d,
 lH

,-C
X

-P
,J,

= 
12
Hz
),
7.
O5
(m
,4
H,
-C
6&
-O
CH
3)
 

4.
1 (

bs
, 1

 H
,-

W
 ,4

.8
( d

, 1
 H

 ,-
m

-P
, J,=

 
1 1

 H
z)

,7
.2

( rn
, 

1.
1 5

 (2
 t,

6H
,-

O
C

H
z~

,)
,3

 
.9

( m
 ,4

H
,-o

C
x2

C
H

,) 

(m
,4

H
-C

6&
C1

) 

4H
,-C

6&
O

H
),8

.4
(s

, l
H

,-
B

) 

10
40

(P
-O

-C
) 

5.
4(

 bs
, 1

 H
,-O

H
),5

.5
 5 (

d ,
 1 H

,-
m

- P
, J

m
= 1

 2H
z)

,7
.2

-7
.8

 

19
.4

2 
22

4 

19
.7

4 
25

8 

20
.1

6 
27

4 

19
.1

3 
27

4 

22 
19

.2
3 

26
0 

U
 

D
ow

nl
oa

de
d 

by
 [

R
ye

rs
on

 U
ni

ve
rs

ity
] 

at
 1

8:
42

 1
0 

A
ug

us
t 2

01
3 



2g
 

74
-7

5 
32

20
(0

-H
), 1

23
5(

P=
O

) 
10

35
(P

-O
-C

) 

2h
 

87
-8

8 
32

40
(0

-H
), 1

20
5(

P=
O

) 
10

35
(P

-O
-C

) 

2i
 

11
4-

1 1
6 

32
20

(0
-H

),1
24

0(
P=

O
) 

10
5O

(P
-0

-C
) 

2j
 

81
-8

2 
32

20
(0

-H
), 1

22
0(

P=
O

) 
10

3O
(P

-0
-C

) 

2k
 

80
-8

1 
32

20
(0

-H
),1

22
0(

P=
0)

 
10

45
(P

-O
-C

) 

2l
 

90
-9

1 
32

20
(0

-H
), 1

2 l
O

(P
=O

) 
10

45
(P

-O
-C

) 

i
 z 3 

1 .
27

(2
t,6

H
,-O

C
H

2m
,),

4.
 1 (

m
,4

H
,-

O
m

zC
H

3)
 

18
.4

3 
25

7 
r
 

x 

1 .
35

(2
t,6

H
,-O

C
H

,m
3)

,4
. 1

 (m
,4

H
,-

O
B

2C
H

3)
 

18
.6

1 
27

8 

(m
,4

H
,-C

6&
C1

) 
5.

55
(d

, 1
 H

,-=
-P

, 
Jm

= 
13

H
z)

,5
.6

(b
~,

 lH
,-

M
),

7.
4 

4
 

5.
2(

d,
 1H
,-
a-
P,
Jm
=1
4H
z)
,5
.9
(b
s,
 

lH
,-O

H
) 

7.
2-

 8
( m

 ,4
H

,-C
,&

-N
O

,) 

1 .
25

(2
t,6

H
,-O

C
H

&
H

3)
,4

. 1
 (m

,4
H

,-
m

2C
H

,)
 

7.
8(

 m
,4

H
,-C

,&
N

02
) 

5.
2(

d,
 lH

,-=
-P

,J
w

= 
13

),5
.7

(b
s,

 lH
,-

W
, 

0
 

4
 >
 

18
.5

2 
25

7 
X

 

1 .
25

(2
t,6

H
,-O

C
H

2W
3)

,4
. 1 (

m
,4H

,-O
CJ

2C
H

3)
 

18
.5

2 
25

7 
m

 

7.
2-

8(
m

,4
H

,-C
&

N
O

,) 
5.
2(
d,
lH
9-
CH
-P
,J
m=
13
),
5.
7(
bs
,l
H,
-W
, 

8 5 3.
1 2 3 

1 .
25
(2
t,
6H
,-
OC
H2
CH
3)
,2
.9
(5
,6
H,
-N
a3
)2
 

2 1
.3

7 
28

7 
4.

0(
m

,4
H

,-C
H

 C
H

,),
 3

.9
(b

s,
lH

,-O
H

) 
4.

85
(d

, l
H

.-C
d-

P,
J,

=l
l 

H
z)

,~
. l(m

,4
H

,-C
,H

-,N
(C

H
3)

,) 
0
 

2
 

1 .
25

(2
t,6

H
,-O

C
H

&
H

3)
,4

. 1
 (m

,4
H

,-
m

2C
H

,)
, 

19
.6

4 
31

3 
5 

4.
8(

bs
, 1

 H
,-O

H
’),

5.
8(

d,
 1 H

,-
B

-P
, J

W
=2

O
H

z)
, 

w 
7.

2(
m

,3
H

,C
,H

3C
L,

) 
(c

on
tin

ue
d)

 

D
ow

nl
oa

de
d 

by
 [

R
ye

rs
on

 U
ni

ve
rs

ity
] 

at
 1

8:
42

 1
0 

A
ug

us
t 2

01
3 



Ta
bl

e 2
: 

C
on

tin
ue

d.
 

Pr
od

uc
t 

M
.P

 
IR

(N
uj

o1
) 

' H
-N

M
R(

 CD
C1

,D
"M

 S
) 

,*
P-

N
M

R
 

M
.S

 
("

C
) 

v,(
cm

-') 
G(

PP
m

) 
(C

D
C

l, 
/H

,P
O

,) 
m

/e
(M

+)
 

N
PP

m
) 

2m
 

17
4b

 
32

80
( 0
-H
),
 

12
30

(P
=O

) 
1.
35
(2
t,
6H
,-
OC
H2
CH
,)
,4
.2
(m
,4
H,
-~
C2
CH
,)
, 

19
.5

9 
23

4 
10

5O
(P

-0
-C

) 
5.
2(
bs
,l
H,
-Q
@l
,5
.1
(d
,l
H,
-~
-P
,J
m=
14
Hz
),
 

6.
47

(m
,2

H
,C

,H
30

),7
.4

(m
, l

H
,C

,H
,O

) 

2n
 

10
5-

10
6"

 
32

50
(0

-H
),1

23
0(

P=
O

) 
1.

1 5
(2
t,
6H
-O
CH
2C
H,
),
4.
0(
m,
4H
,-
W!
22
CH
3)
, 

19
.4

9 
29

4 
10

45
(P

-O
-C

) 
4.
3(
bs
,1
H,
-O
H)
,4
.4
(d
d,
1H
,-
~-
P,
JW
=1
8,
 

J,=
6H

z) 
6.
08
(d
d,
lH
,P
hC
HS
X,
Jm
=6
Hz
, 16

H
z)

, 6
.4

(d
d,

lH
, 

1.
1 5
(2
t,
6H
,-
OC
H2
~3
),
4.
0(
m,
4H
,-
O~
zC
H,
) 

2p
 

77
-7

8 
32

 10
(0

-H
), 

12
20

(P
=O

) 
1.

1 5
(2
t,
6H
-O
CH
,C
H,
),
4.
0(
m,
4H
,-
OC
~z
CH
,)
, 

19
.5

6 
27

0 
10

30
(P

-O
-C

) 
4.

4(
bs

, l
H

,-Q
@

l,4
.8

(d
, 1

 H
,-

m
-P

, J
m

=1
2H

z)
 

7.
2-

7.
7(

m
,7

H
,-

C
,a

7)
 

tl
 

2q
 

88
-8

9 
32

 15
(O

-H
),1

22
0(

P=
O

) 
1.

1 5
(2

t,
6H

-O
C

H
2C

H
,)

,4
.0

(m
,4

H
,2

-~
~&

!H
,)

, 
19

.5
3 

27
0 

$i
 

4.
5(
b~

,l
H,

-~
,4

.8
(d

,l
H,

-~
-P

,1
2H

~)
 

> z > z tY
 

10
3O

(P
-0

-C
) 

7.
2-

7.
7(

m
,7

H
,-C

1&
) 

a. 
M

el
tin

g 
po

in
ts

 ar
e 

in
 a

gr
ee

m
en

t w
ith

 th
e r

ep
or

te
d 

m
el

tin
g 

po
in

ts
 in

 li
te

ra
tu

re
 

b. 
B

oi
lin

g 
po

in
ts

. 

D
ow

nl
oa

de
d 

by
 [

R
ye

rs
on

 U
ni

ve
rs

ity
] 

at
 1

8:
42

 1
0 

A
ug

us
t 2

01
3 



DIETHYL 1-HYDROXYARYLMETHYLPHOSPHONATES 549 

General procedure for D m  * of Diethvl 1 -Hvdroxvarv - lmethyl- 

-s from Liquid Aldehydes; 

Magnesia (0.8 gr, 0.02 mol) was added to a mixture of diethyl hydrogen 

phosphite (2.76 gr, 0.02 mol) and the aldehyde (0.02 mol). This mixture was 

stirred at room temperature for 2min-4h (Table I). The solid mixture was washed 

with dichloromethane (4x25 ml) and the crude product was isolated in a pure state 

by simple filtration chromatography through a short plug of silica gel and then was 

crystallized from dichloromethanehexane. 

For solid aldehydes, prior to addition of magnesia, the mixture of diethyl 

hydrogen phosphite and the aldehyde must be stirred and heated at 60°C. 
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