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SURFACE-MEDIATED SOLID PHASE REACTIONS:
PREPARATION OF DIETHYL
I-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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1-Hydroxyalkanephosphonic esters are compounds of significant biological
and pharmaceutical interest’”. It is a useful reagent for the synthesis of enol ethers*
and 1-chloroalkanephosphonates® that are reagents for the preparation of a-chloro-
oB-unsaturated acids®, diethyl 1,2-epoxyalkylphosphonates’'°, and 1-(methylthio)-
methylphosphonate'' as well as derivatives of alkylidenediphosphonates and

13-15 and

vinylphosphonates'>. They are prepared by thermal non-catalyzed addition
base or acid catalyzed addition'®?* of dialkyl hydrogen phosphite to aldehydes®*.
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-

25.26

hydroxyalkanephosphonic esters*>*°. 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] (6] (@)
I ] MgO i
Ar-CH + HP(OEt), ———p Ar-CH-P(OEl),
|
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 excelient 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 o,B-unsaturated aldehyde and
furfural (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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Table 1. Preparation of Diethyl 1-Hydroxyarylmethylphosphonates(2).

AT Time  Yield% Ar Time Yield%
(hr) (hr)
22 CH;- 025 95 2 0-ONCH, 0.03 90
% pCHCH,- 05 9 2j mONCH- 017 90
% pCHOCH- 1 95 2k p-(CH)NCH, 1 90
2d mCHOCH, 1 90 21 24CLCH,- 017 100
% mHOCH,- 3 8 2m @_ 4 95
o*  p-CICH, 033 9% 2n CHCH=CH- 15 80
28 o-CICH,- 05 9 2 oCH- 083 85
2h pONCH,- 017 100 2q p-CyHy- 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; ¢)
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 *'P-NMR spectra were recorded by a varian XL-400 MHz instrument.
Mass spectra are obtained on a GC-MS Shimadzu GP1000 spectrometer. All

melting points were determined by a Buchi 510.



SARDARIAN AND KABOUDIN

546

'BE*)-Hy'w
‘SQ)t°S

8'LTL MESH d-FD-'HI'P)SS S (HO-'HI (0-0-Doro1
8LT $9°81 ("HO'HDO-‘Hr' W6 ¢ ("HO'HDO-‘H912)ST'1 (O=d)0121'(H-0)S1Z¢ 89-L9 T
(HO-‘H1 elﬁoﬁd HY
‘gL @HI="1"d-H) "HI'P)8 ¥ (HO- ' HI Sy (D-0-D0S01
092 €261 Amufuo HY w0 v CHIHO0-‘H912)S 1T (O=01Z1°(H-0)00T1£-00£€ $'86°L6 o€
amuo-«mwo-.mv.émc.%mmHmu,ah.m-a..E.33
(HO-'HI'SQ)S8'y mEoT&o Hy'w)6'¢ (2-0-d)0v01
vLT €161 CHDO-‘HES)L ¢ CHO'HDO-“H912)0T' 1 (O=d0ETT (H-0)09ZE K12 S 74
(*HDO-"H’D-‘HY urL ‘ZHZ1=" 'd-HD-HI'P)S8'Y
(HO-'HI'S)81¥ Ammuﬁluo ‘Hy'w)8'¢ (2-0-d)SE01
vLT 910z (*HDO-‘HE ‘OL'¢ ‘CHO'HI0-‘H910)T'1 O=d)sgT1 ‘(H-0)0STE .,S121-081 3¢
qmu-ﬂwu-.mvévﬁ ‘ZHZI="[ ‘¢-HD-‘HI‘P)6'V
(HO-'HI'S9)8'% mmoTuo Hy'w)6'¢ (2-0-D0go!1
86T YL 61 ("HD-‘HE'9)¢ T ‘("HOHOO-‘H9' )T 1 “(O=dorTI ‘(H-0) 09T¢ S676 QT
o CEO-HS WL
,,,.AN@Q ‘d-HD-‘HI" %mwv ‘(HO-‘HI'SQ) T't (O-0-d)0S01
¥t el (*HO'HDO mv ‘w)ee ‘(CHD'HD-O'HI 12)ST'1 O=d)0€TT ‘(H-0)09ZE  «LLSL ®
(wdd)e
(Wea (Cod'B/ 1Dad) (wddye (Luo)™ Do)
S WWN-d (SWL/ TOAD)INN-H, aoazva I 19npoig

() sareuoydsoydiAyowKIeAXCIPAL-T TAQIRI(T JO SONSLIORIEYD [eo1sAyd oyl g 9qeL

€102 1snBnV 0T 27:8T e [A1slAlun uosieAy] Ag papeojumoq



547

DIETHYL 1-HYDROXYARYLMETHYLPHOSPHONATES

(panunuod)

£1e

L8C

LST

LST

LST

8LT

961

Le1e

581

681

eV 8l

19°81

e CIO'HO'HE WT'L
‘ZHOT="1‘d-HD-‘H1'P)8 S (HO-‘H1‘S®)8 ¥
‘CHO'HDO-‘HY* W 1 +*(*HO'HOO-‘H92)ST 1

CCHON'H’D-HY'WT'L'(ZH 11="1'd-HD"HI'P)S8'Y
(HO-HI's0)6°¢ ‘CHO'HO-"Hy'W)0'v

‘CHDIN-H9'S)6 ¢ ("HD'HDO-‘H91D)ST' 1

CON'H’Q-HYy'W)8-Z'L
. (HO-HI'SQL S (e]="1"d-HD-"HI'D)T’S
(HO*HOO-‘Hy* W1+ ("HO'HOO-'H910)ST'1

CON'H’O-‘HY'm8'L
‘(HO-HI'SAL S (€1="1"d-HI"HI'P)TS
(CHO*HOO-‘HY W) 1+*("HD ' HOO-H912)ST T

CON-"H’O-‘Hy'W)8-T"L

(HO-‘H1'sQ)6'S‘ZHY 1="1'd-HD-"HI‘P)T'S
(‘HO'HDO-‘HY'W) T +*("HD'HDO-HI LT |
- (O'HD-‘Hy'w)

" L'(HO-‘HI‘SQ)9" S (ZHE1="['d-HO-‘HI‘P)SS’S
CHO'EDO-‘HY W 1'+*("HD*HDO-‘H92)SE T

(O-0-d)S¥01
(O=d)0121'(H-0)0TTE

(D-0-d)S01
(0=d)0TT1'(H-0)0TTE

(O-0-D001
(0=0zT1'(H-0)0zTTE

(2-0-d)0501
(O=dove1(H-0)0TTE

(0-0-d)S€01
(O=d)s0T1'(H-0)0OVTE

(O-0-d$E01
(0O=d)SETT(H-0)0TTE

€102 1snBnV 0T 27:8T e [A1slAlun uosieAy] Ag papeojumoq

16-06

18-08

78718

IT-¥IT

88-L8

SLvL

(4

fz

|4

L4

3z



SARDARIAN AND KABOUDIN

548

‘siutod urpog “q

", gy AIMIRION] UF S7uod unjow popodar oy Y jusursaide ur are sjutod Sunjo e

(‘B'D-HL WL L-T'L

. HTI'd-HD-HI'P)8 v (HO-'HI'SQS v (O-0-d)0g01
0LC £5°61 ‘(‘HO'HDO-THY* W0 v "HO'HOO-HI1T)S ' (O=d)0TTI'(H-0)S 1T 6888 bt
(A O-“HLW)L'L-T'L
(HZ1="1"d-HD-"HI'P)8 v (HO-'HI 'SQ)v'y (O-0-D0LO1
0LT 95°61 ‘("HO"HDO-"HY W0+ ("HO'HOO-H91O)S '] (0=d07Z1‘(H-0)01TE 8L-LL 4z
(‘HOHOO-‘Hy W'y (HOHOO; 'HYI)S T 1
‘HI'PR)P'9 “(ZHOT “ZH9=""1'HI=HOUd HI'PP)809
(ZH9=""1 “81="1"d-HD'HI'PP)y ¥ (HO-'HI'SQ)E v (O-O-DSHo1
6T 6v°61 ‘(‘HO'HDO-*Hy W0+ ("HO'HOO-HI1T)S T (O=d0ETI'(H-0)0STE  901-SOT  UT
QHO'HI'Wy L(OH D' HT WLY'9
“ZHy1="1'd-HD-'HL P : ﬁl O-HL'SDT'S (0-0-4)0S01
474 65°61 ‘(*HO*HOO-‘HY* HOO-‘H910)SE'1 (0O=d)0ETT (H-0)08TE JLI  wWg
(wdd)g
(s (COdHY F1DAD) (wdd)e ()™ o)
SH VAN (SN IOAD)MNN-H, :%_zg dIN  1o1poid

"panunuo)) 7 9[GeL

€102 1snBnV 0T 27:8T e [A1slAlun uosieAy] Ag papeojumoq



Downloaded by [Ryerson University] at 18:42 10 August 2013

DIETHYL 1-HYDROXYARYLMETHYLPHOSPHONATES 549

neral pr re for i f Dj - r Imethyl-

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-4hr (Table ). 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 dichloromethane/hexane.

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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