
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

DRY REACTION OF DIETHYL CYANOMETHYLPHOSPHONATE AND
TETRAETHYL METHYLENEDIPHOSPHONATE WITH BENZALDEHYDE
ON SOLID BASES
Messaoud Hachemia; Monika Puciova-sebovab; Stefan Tomab; Didier Villemina

a Ecole Nationale Supérieure d'Ingénieurs de Caen, I.S.M.R.A., Caen Cedex, France b Department of
Organic Chemistry, Faculty of Natural Sciences, Comenius University, Bratislava, Slovakia

To cite this Article Hachemi, Messaoud , Puciova-sebova, Monika , Toma, Stefan and Villemin, Didier(1996) 'DRY
REACTION OF DIETHYL CYANOMETHYLPHOSPHONATE AND TETRAETHYL METHYLENEDIPHOSPHONATE
WITH BENZALDEHYDE ON SOLID BASES', Phosphorus, Sulfur, and Silicon and the Related Elements, 113: 1, 131 —
136
To link to this Article: DOI: 10.1080/10426509608046384
URL: http://dx.doi.org/10.1080/10426509608046384

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509608046384
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. Suljiuz and Silicon. 1996, Vol. 113, pp. 131-136 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Oversem Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science 
Publishers SA 

Printed in Malaysia 

DRY REACTION OF DIETHYL 
CYANOMETHYLPHOSPHONATE AND TETRAETHYL 

METHYLENEDIPHOSPHONATE WITH 
BENZALDEHYDE ON SOLID BASES 

MESSAOUD HACHEMI,? MONIKA PUCIOVA-SEBOVA,$ STEFAN TOMAS 
and DIDJER VILLEMIN*’t 

tEcole Nationale Supe’rieure d’lnge‘nieurs de Caen. I.S.M.R.A., URA 480, F-14050 
Caen Cedex France: $Department of Organic Chemistry, Faculty of Natural 

Sciences, Comenius UniversiQ, SK 842- I5 Bratislava, Slovakia 
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Competitive Homer and Knoevenagel reactions of benzaldehyde with diethyl cyanomethylphosphonate 
and tetraethyl methylenediphosphonate successively on different solid bases (oxide, fluoride and 
mixtures) without the use of solvent were investigated. Tetraethyl rnethylenediphosphonate with benz- 
aldehyde with similar conditions gave only the product of Homer’s reaction. Basicity of the solid and 
nature of the cation (mono or divalent) of the base seemed important to explain the ratio of products 
formed in the Homer/Knoevenagel reactions. 

Key words: Phosphonate, Homer, Knoevenagel, solid bases, basicity. 

Reactions under heterogeneous conditions are generally more selective and easier to 
perform than in homogeneous solution. Homer’s reactions are reported under het- 
erogeneous conditions with different inorganic bases such as potassium carbonates,‘ 
potassium hydroxyde,2 potassium fluoride? alumina? potassium fluoride on alumina,’ 
barium oxide,6 cesium carbonate: magnesium and zinc oxides.’ 

The reaction of diethyl cyanomethylphosphonate (2) with benzaldehyde (1) leads 
to competitive reaction?: the product of Homer’s reaction’ (cyanoolefins) (3) or the 
product of Knoevenagel’s reaction (cyanophosphono-olefin (4) was obtained accord- 
ing to the solid base used and the presence or the absence of a protic solvent, or 
Lewis acids (Scheme I). The stereochemistry of (3) in solution depends on the nature 
of the cation of the base.” 

The dry reaction of tetraethyl methylenediphosphonate (5) with benzaldehyde in 
presence of solid bases and the competition between the Homer’s and Knoevenagel’s 
reactions was not studied until now. Homer’s reaction of (5) was canied out under 
solid-liquid phase transfer conditions with potassium carbonate’ whereas the product 
of the Knoevenagel’s reaction was formed by condensation in the presence of tita- 
nium tetrachloride and N-methylmorpholine.” 

The reaction of tetraethyl methylenediphosphonate (5) with poorly basic solids is 
of great interest because the compound possesses a methylene group (pKa/H20 es- 
timated = 17)’’ less acidic than that of diethyl cyanomethylphosphonate (2) (pKd 
H,O 5 and phosphono-olefins are materials of interest in synthesis. 

We report herein successively the study of the reaction of diethyl cyanometh- 
131 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
2
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



132 M. HACHEMI er al. 

SCHEME I Competition between Homer's and Knoevenagel's reactions. 

TABLE I 
Dry reaction of diethyl cyanomethylphosphonate (2) with 

benzaldehyde (method A) 

Solid catalyst yield (3)/(4) E/Z of (4) 

CS2C0, 

CsF 
CsF-AI203 

MgF2 

caF2 

B*2 

CaO 

Ca(OHI2 

KF-MgO 

KF-CaO 

KF-BaO 

CsF-MgO 

CsF-CaO 

CsF-BaO 
CsF-CaF2 

CsF-CaF2* 

10010 

9515 
1 oo/o 
0 

0 

0 

6913 1 
1 oo/o 
100/0 

1 00/0 

1 oo/o 
82/18 

1 oo/o 
1 0010 

33/66 

0 

1 0010 

9515 
60140 

0 

0 

0 

66/33 
18/22 

85/15 

81/19 

18/22 

8911 1 

13/21 

62/38 
9511 5 

0 

* Heated at 250°C for 10h before reaction 

ylphosphonate (2) and tetraethyl methylenediphosphonate (5) with benzaldehyde (1) 
in the presence of different metal oxides and fluorides without solvent at room tem- 
perature or under microwave irradiati~n.'~ In the case of diethyl cyanomethylphos- 
phonate (2) we have studied the reaction only with a limited number of cases which 
had not been described previously in the literature; the results are reported in Table 
I. Concerning the reaction of tetraethyl methylenediphosphonate (5) with benzalde- 
hyde (l), the results are reported in Table 11. 
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HORNER AND KNOEVENAGEL REACTIONS 133 

TABLE I1 
Dry reaction of tetraethylmethylene diphosphonate (2b) 

with benzaldehyde 

Solid catalyst Method yield of (6)% % of(5) recovered 

KF-AI203 
CaO 
Ca(OW2 
BaO 
CsF-AI203 
cs2co3 

cs2co3 
CsF-Al203 

ZnO 
K10 
silicalite 
ZnC12 
Al(OiPr)3 

A 
A 
A 
A 
A 
A 
B 
B 
A 
A 
A 
A 
A 

92 
89 
90 
71 
57 
70 
14 
1 2  
0 
0 
0 
0 
3 3  

2 
0 
0 
0 
40 
2s 
0 
0 
91 
90 * 
92 
90 
60 

A = Dry conditions, 24h, 20°C; B = Microwave, 4 rnn 
*PhCOOH was isolated also in quantitative yield 

DISCUSSION OF THE RESULTS 

Diethyl Cyanomethylphosphonate (2)  (Scheme I )  

From the results reported in the literature and the results obtained (Table I), we can 
deduct that the ratio of products (3)/(4) of Homer’sKnoevenagel’s reactions seems to 
depend on the basicity of solid. With an alkali oxide or fluoride the ratio (3)/(4) increases 
with basicity and decreases in the presence of a Lewis acid or a proton donor. Fluorides 
of metal group II (MgF,, CaF2, BaF,), contrary to the alkali metal (group I) gave no 
Homer’s or Knoevenagel’s product. This result is in relation to the fact that metal 
fluorides of group II metals seems to have no acidobasic sites. The corresponding oxides 
(MgO, CaO, BaO) gave predominantly Homer’s reaction and the calcium hydroxide 
appears more selective than calcium oxide. The mixtures of one alkali fluoride and one 
oxide gave Homer’s reaction and the stereochemistry depend on the nature of the oxide 
for the same fluoride (KF or CsF). Magnesium oxide gave a better yield of the E-isomer. 
Recently Clark and Andol5 have reported that the reactivity of the alkali metal fluorides 
KF and CsF as sources of nucleophilic fluorine is appreciably enhanced by the presence 
of calcium fluoride and in particular by the supported reagents KF-CaF, and CsF€aF2. 
CsF-CaF, gave principally Knoevenagel’s reaction but when the solid is absolutely dry 
(previously preheated at 250°C for 10 h) no reaction takes place. The acidobasity of 
CsF-CaF2 depends on the presence of water. 

Tetraethyl Methylenediphosphonate (5)  (Scheme / I )  

With tetraethyl methylenediphosphonate (5 )  no Knoevenagel’s reaction was observed 
with acidic solids (ZnO, silicalite, ZnCI,, montmorillonite K10) contrary to the results 
observed with diethyl cyanomethylphosphonate (2). 
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0 

Homer / 
--k Knoevenagel 

SCHEME I1 Reaction of tetraethyl methylenediphosphonate with benzaldehyde. 

SCHEME III Complex of (5) with ferric ion. 

With truly basic solids the product of Homer's reaction was formed; the best yield 
was obtained with KF on alumina and with calcium hydroxide. With cesium fluoride 
on alumina the yield increased when the reaction was performed under microwave 
irradiation or when the solid was preheated (1 lo", 16 h) before use. These results 
can be explained by the hygroscopicity of the cesium salts: water is able to shift the 
equilibrium in the deprotonation step to the left. 

In the case of the reaction of tetraethyl methylenediphosphonate (5) with benzal- 
dehyde (1) in presence of montmorillonite K10, we obtained benzoic acid when the 
reaction was performed in air atmosphere. Under an argon atmosphere, the yield of 
benzoic acid was poor. We think that ferric ions are always present in K10 and form 
a complex of type (8) in the presence of (5) which is the main catalyst. Ferric chloride 
with (5) catalysed the oxidation of benzaldehyde into benzoic acid in the presence 
of air. 

We have recently reported the semi-quantitative determination of the relative ba- 
sicity of oxides, fluorides and supported oxide-fluoride by a colourimetric method 
with organometallic complexes as indicators.I6 The fluorides of group LI metals con- 
trary to the fluorides of group I metals have no basic site. We observed a parallel 
between the basicity (strength, number of basic site) determined semi-quantitatively 
by the coloration of solids in the presence of the solution of Cu(tmen)(acac)NO, in 
nitrobenzene or propylene carbonate, and the Homer product formed in the reaction 
with (2) or better with (5). 

EXPERIMENTAL 

Proton spectra (PMR) and I3C (CMR) recorded in ppm down-field from internal Me,Si were recorded 
on a Brucker AC 250 instrument from a solution in (CDCM of the product. Phosphorus NMR spectra 
("P NMR) in ppm down-field from external H3P0,, 85% were recorded on a Brucker W P  90 instrument. 
Microwave irradiations were carried out with a commercial microwave oven Toshiba ER 7620 at 2450 
MHz. 
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HORNER AND KNOEVENAGEL REACTIONS 135 

An authentic sample of diethyl styrylphosphonate was prepared according to the literature." Tetra- 
ethylstyryldiphosphonate was obtained by reaction of methylenediphosphonate with benzaldehyde in the 
presence of N-methylmorpholine and titanium tetrachloride." 

Cinnamonitrile (3): Pale yellow liquid, Bp 125 (0.1); 'H NMR: E isomer 5.80 (d, J = 17 Hz, 1H) 7.30 
(d, J = 17 Hz, 1H) 7.40 (m, 5H, H arom); Z isomer 5.40 (d, J = 12 Hz, 1H) 7.08 (d, J = 12 Hz, IH) 
7.40 (m, 5H, H arom); IR (film) 2210 cm-' (v CN). 

E-Diethyl phosphonocinnanonitrile (4): Liquid, Bp 158 (0.4); 'H NMR: 1.45 (t, 6H, CH,) 4.25 (m, 
4H, OCH2) 7.50 (m, 5H, H arom) 8.05 (d, IH, CHPh, JPH = 20 Hz (P and H cis)); IR (film) 2210 cm-' 
(v CN). 

Dierhyl sfyrylphosphonare (6): Liquid, Bp 140 (0.4); 'H NMR: 1.3 (t, 6H, J = 7 Hz, CH,) 4.0 (2 dq, 
J = 7 Hz, JpH = 8 Hz, CH20) 6.1 (dd, IH, Jm Htrans = 17 Hz) 7.2 (m, 5H. H arom) 7.3 (dd, IH, JpH 
Htrans = 17 Hz); "P (NMR): 19.15; '% (NMR): 16.42, 61.77, 114.44, 127.70, 128.89, 130.21, 135.03, 
148.53. 

Terruerhylsfyryldiphosphonure (7): Liquid, 'H NMR: 1.2 (2t, 12H, J = 7 Hz, CH,) 4.0 (2 dq, J = 7 Hz, 
JpH = 8 Hz, CH,O) 7.5 (m. 5H, H arom) 8.1 (dd, 1H. JpH isomer Z = 30 Hz, JPH isomer E = 48 Hz); 
"P NMR: 11.74 (d, Jw = 50 Hz) 17.16 (d, Jw = 50 Hz); "C NMR: 16.43, 62.63, 128.15, 130.48, 161.36. 

Merhod A 

0.53 g of benzaldehyde (5 mmol), 0.815 g of diethylcyanophosphonate (5  mmol) or 1.44 g of tetraethyl 
methylenediphosphonate (5 mmol) were dissolved in 10 ml of dry dichloromethane and 3 g of solid 
catalyst was added. The solvent was evaporated under reduced pressure and the reaction mixture was 
allowed to stand at room temperature for 24 h. After addition of dichloromethane, the mineral salt was 
filtered off. The solvent was evaporated and product was purified by distillation using a Kugelrohr 
apparatus. 

Merhod B 

0.742 g of benzaldehyde (7 mmol) and 2.02 g tetraethyl methylenediphosphonate (5  rnmol) were dis- 
solved in dry dichloromethane (10 ml) and solid base was subsequently added. The solvent was evap- 
orated under reduced pressure and the reaction mixture was irradiated in a microwave oven for 4 mn 
(250 W). The same work-up as in method A was used. The stereochemistry of the isomer of (3) was 
assigned by PMR analysis, the E isomer with a coupling constant of 17 Hz and Z isomer with a coupling 
constant of 12 Hz. 

Prepururion of Supporred Fluorides 

The support (oxide or fluoride) (240 mmol) was added to a solution of alkali fluoride (60 rnmol) in 
distilled water. The mixture was evaporated with a rotary evaporator under vacuum and ethanol was 
added for terminating the elimination of water. The resultant solid was heated under vacuum at 120" for 
24 h before use. 

CONCLUSION 

The results previously obtained with diethyl cyanomethylphosphonate (2) have been 
generalised. The competitive reactions under dry conditions allow the determination 
of the acidobasicity of the solids. We have noticed that the ratio of products of 
Horner's versus Knoevenagel's reactions increases with the basicity of the solid. 
Tetraethylmethylenediphosphonate (5) which is less acidic than (2)  also allows a 
distinction between basic solids. The scale of basicity of oxides, fluorides and sup- 
ported oxide-fluoride is similar to those obtained by the colourimetric method using 
organometallic complexes. 
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