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Abstract - Alkenes are prepared by Wittig, Knoevenagel and Wittig-Horner
reactions in solid-liquid systems, with magnesium oxide or zinc oxide as catalyst.
When Wittig~-Hormer reaction is competitive with Knoevenagel reaction, the
catalyst can be modified to give a highly selective reaction : the addition of
dimethylsulfoxide on MgO or hexainethylphosphoric triamide on ZnO gives more
efficient catalysts for the Wittig~Horner reaction. The addition of a small
amount of HgCl, or CdCl2 on ZnO gives more efficient catalysts for the Knoe-
venagel reaction.

Reactions in heterogeneous media are known to be often morc selective than in homoge-
neous solutions, with an easier 1solation of the products. Knoevenagel reactions I. Wittig 28 4nd Wittig-
Hotner 23 reactions have been performed with a sohid catalyst such as alumina, potassium hydroxide,
potassium carbonate, alumina supported potassium  fluoride or bariuin hydioxide. QOrganic reactions

. . . . 7-9 . . 10,H
involving magnesium oxide or zinc oxide

have attracted thc attention of orgamic chemists
in the last few years. In an effort to develop selective netal oxide reagents, we have studied the abili-
ties of magnesium oxide and zinc oxide o promote the synthesis of olefins from aldehydes. We have
also examined the relationship between the addition of a small amouut of protic or aprotic solvent
or metal salts to the metal oxides on the selectivity of the reaction of benzaldehyde with diethyl cya-

nomethylphosphonate.

Results

The Wittig reaction. The reaction of aldehydes with phosphonium salts was carried out

in the presence of MgO or ZnO (equation (1)).

+ ~
R'cHo RZCHZPPhB, cr ha rRlcH=cHr? . OPPh, (1)

1 2 3(Z+E)

When MgO was used, the addition of a litnited amount of water was necessary to Increase
the reaction yield (table 1). The yield of 3 was greatest with 4 g of water for 5 g of MgO. The addition
of water to ZnO had no significant effect.

The Knoevenagel reaction. The Knoevenagel reaction of 1 with 4a~c (reaction 2) was perfor-
med in the presence of MgO or ZnO, at room temperature (tables il and Il).
537



538 H. MoIsoN et al.

RIZcHo + NC-CH~X — RI~cH=C(X)CN + H,0 @)

1 4a, X = CN Sa-c (E)
4b, X = COZMe
4¢c, X = CONH2

The addition of a small amount of water on MgQ decreased the yield of alkene. Poor yields
were obtained when dry ZnO (Zn + O ) was used as catalyst. ZnO (Zn + O ) has a low surface area
(5m /g) and contains very small amounts of water (see experimental sectlon) The addition of a limited
amount of water or polar organic solvent to ZnO (Zn + 02) increased the yield (table 1H1). ZnO prepared
by drying Zn(OH)2 gave 100 % yield of 5b under the same conditions as table lll. This zinc oxide has

a surface area of 18 mz/g and contains 1.5 9% of water by weight.

Table I - Wittig rcaction in the presence of MgO or ZnO

Aldehyde 1 Phosphonium sait 2 Solid Time Temp.  Yield of 3®  Product molar ratio Mplot] or
1 2

Ref

R R base h oC % 3z / 3¢t BpleCY/ Torr
Ph CN Mgo® 2 = 87 ¢ 40/60 90/0.03 15
iPr cN Mgo® 24 20 32 20/80 156/756 19
pCIC H, CN mMgo® & e0C 65 35/65 78 18
Ph CO,Et Mgo® 20 79 10/90 100/0.03 15
pCICH, CO,Et mgo® 60° 60 12/38 110/0.03 16
Ph Ph mgo® 2 20 30 60/u0 9 124 17
Ph CN o w20 80 30/70 90/0.05 15
Ph Ph z0 2 20 25 s0/50 ¢ 124 17

31solated product. b 4 g of water were added to MgO (5 g). € The aldehyde 1s liquid at this tempe-
rature. 9 Calculated by g.l.c. analysis.® 2 g of water/5 g MgO : 67 % of 3 ; 6 g of water/5 g MgO :
74 % of 3.

Table Il - MgO catalyzed Knoevenagel reaction, at 20°C

Aldehyde 1 NCCH X & Tirne Yield of 5 ° MploC] or ot
1 e
R X (min.) % Bpl®L]/ Tore

Ph CN 5 94 82 20
Ph C02Me 30 94 90 21
Ph CONH, 200 60 123 22
Q— CN 5 9% 72 23
Q—- co,Me 5 96 95 24
PCICH, CN 10 9l 162 25
1Pr CN 10 93 20/0.03 26
iPr CO,Me 30 93 50/0.03 27
Acetone CN 10 40 50/0.03 28

3 jsolated pure product 5.
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Table Il - Solvent effect (25 mmol of solvent) on & g of ZnO (Zn + O,)

for the reaction of PhCHO with 4b at 20°C (5 h).

Solvent without CH MeCN THF DMF OMSO0 H20

9 12

Yield ot 5b (%5)*

3 Estimated by NMR.

20 20 30 100 100 40

of ZnO.C When the reaction time was lengthened, the yield of 5b was increased.

9%

b the highest yield of 5 (60 %) was obtained with 125 mmol of water on 4 g
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Competition between Wittig-Hormer reaction and Knoevenagel reaction. The reaction of diethyl

cyanomethylphosphonate 8d with PhCHO gave cinnamonitrile 7 (Wittig-Horner reaction (3b)) and alke-
ne 6 (Knoevenagel reaction (3a)). The 7/6 ratio was dependant on the catalyst (MgO or ZnO) and the

addition of protic or dipolar aprotic solvents or metal salts (tables IV and V).

Ph-CHO +  NC—CHy- POIOEL),

Ph CN
H PO(OEHz
a 6
4d Ph CN

H :H
7

Table IV - Effect of added solvent or metal  salts on the selectivity of

the reaction of PhCHO with &4d catalyzed by MgQ3.

(3)

Reagent Product distributlon € Overall yleld (%) ¢
(mmol for & g of MgO) 6 (%) 7(%) b
none 30 70 95
HZO (10) 10 90 97
DMF (5) 15 85 93
DMSO (10) 5 95 95
HgCl, (10) 20 20 93
CdCI2 (10) 90 10 90
b

a Reaction conditions : 20°C, 24 h.

Table V - Effect of added solvent or metal

E/Z = 40/60. © Estimated by NMR.

tion of PhCHO with &d catalyzed by ZnO (Zn + O,

salts on the selectivity of the reac-

2
Reagent Product distribution © Overall yield (%) ©
(mmol for & g of ZnO) 6 (%) 7 %°
none 84 16 97
Hzo (10) 85 15 89
MeOH (10) 80 20 93
MeCN (10) 80 20 95
DMF (10) 50 50 95
DMSO (10) 30 70 95
HMPA (10) 0 100 95
KCI (5) 60 40 98
AIZ(SO“)3 80 20 90
MgCl, (5) 90 10 97
MnSO“ (2) 93 7 9
HgCl2 (5) > 96 < 4 96
CdCI2 (5) > 96 < 4 92

a
Reaction condittons :

50°C, 24 h. ® E/Z - 30/70. € Estimated by NMR.
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Discussion

Both acidic and basic sites on the surface of the catalyst are considered to work synergis-
tically on substrates to promote the reactions.

Magnesium oxide and zinc oxide are basic enough to yield the phosphonium ylide (reaction
(1)). The addition of the ylide to the carbonyl compound gives a phosphonium betaine intermediate
complexed with the metal cation. We have assumed that the tendency of the cation to coordinate with
oxygen of the betaine is stronger for an' than for Mgz', and the displacement of the betaine by water
is easier for Mg2+ than for an‘- These assertions are in agreement with the rclative stabilities of
magnesium and zinc salts of carboxylic acids and with the stabilities of MgOH* and ZnOH* spe’:(:ies.IZ
Consequently, the betaine intermediate could be more easily desorbed from one MgO surface than from
the ZnO surface by addition of water. As a result, the addition of a small amount of water on MgO
accelerates the Wittig reaction, but has less effect with ZnO {scheme 1)

R1 '? RZ Rt ‘? k-
’ 1
~— H
. - .
EO F’Ph5 HZO [0 24 PPl’\3 3
H H, O
: 2
t - -
M2t oz \Mz+ o2
Scheme 1

The first step of reactions (2} and (3) is proton abstraction from compounds 4a-d and addi-
tion of the carbanion to the carbonyl group, to give the intermediate oxyanion A~ which is complexed
with the cation of the metal oxide {scheme 1)

3
Ve S
CH
) Sx K A\ ™M x
o H -, (2)or(3a)
_— -0 ‘;4 Ay 5,6
B H
M2 A2 — M T
X = POIOEH;
l {b})
H
P cN
H {3b)

- _—_ 7
< (o 2N POtOEN),

——}Mai... 02 gy —
Scheme I

Zinc oxide is less basic than magnesium oxide. Thus, the formation of A~ in the presence

of ZnO is slow at room temperature. The selective solvation of Zn2+

by addition of a small amount
of a dipolar aprotic solvent could induce the localization of electrons on oxygen atoms. This would
result in an increased basicity of the solid base.9 This would explain the acceleration of the Knoevena-
gel reaction by addition of DMF or DMSO on ZrO (table Hll). Addition of a protic solvent causes solva-
tion of the cation and also the oxygen anion, especially in the case of water which is more acidic than
methanol. Consequently, water is less able to increase the basic strength of the catalyst than the aprotic
solvents.

The second step of the Knoevenagel reaction is the abstraction of the proton from the

complex A'/Mz‘ and cleavage of the carbon-oxygen bond  (scheme I[f, path (2)). This cleavage
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is assisted by the complexation with the metal cation. The complex A-/Mgz* which 1s less stable
than A'/an", can be easily destroyed by water. So, addition of water on MgO disfavours the Knoe-
venagel reaction.

With &d, Wittig-Horner reaction (3, path (b)) competes with Knoevenagel reaction (3,
path (a)). The values listed in tables 1ll and IV show that (b) is more favoured with MgO than with
ZnO. The tendency of Mg2+ to coordinate the oxyanion being low, the attack of the oxygen on the
phosphorus atom to give 7 is easy. The effect of the added solvent is low (table IV). When an apro-
tic solvent (DMF, DMSO or HMPT) 1s added to ZnO, the solvation of the metal cation displaces
the intermediate compound A~ and promotes the Wittig Horner reaction. When a protic solvent
is added, the anion A” is again solvated, which does not favour the Wittig-Horner reaction (table V).

The addition of a metal salt can modify the surface properties of the oxndes.9 Parti-
cularly, the added metal ions form additional acidic sites which are able to give relatively stable
2+ and ng" (tables IV, V). Then,

Wittig-Horner reaction is inhibited and Knoevenagel reaction predominates.

complexes with the oxyanion A”. This is the case with an*. Cd

Our investigations indicate the importance of the presence of a small amount of a polar

solvent or a metal  salt on the reactivity of MgO or ZnO.

Experimental section

Melting points are unco[rected. IR spectra were recorded as suspensions in nujol with
a Perkin Elmer 225 spectrometer. H NMR were recorded in CDCl3 on a Bruker WP 80 CW instru-
ment.

Solid catalysts. Zinc oxide (Zn + O,) is the commercially available product. Zinc oxide
can also be prepared by drying Zn(OH).,. Zin% dihydroxide was obtained by addition of NaOH (40g
in 200 ml of water) to a solution of zinc“nitrate (130 g in 2 | of water). The precipitate was filtered
and dried under reduced pressure (0.02 torr) at 50°C during 12 h.

Magnesium oxide is the commercial product.

The amounts of water contained in the solid catalysts were measured by a thermogra-
vimetric method.

ZnO (Zn + O,) : 0.3 % of waterby weight
ZnO (from ZA(OH) ) : 1.5 + 0.1 % of waterby weight
Mgl 5 % Jf wa.gr by weig! ..

Solid catalysts doped with metallic salts. A suspension of the salt (tables IV and V) and
the solid catalyst (4 g) in ethano! (40 ml) was stirred during 5 min. The solvent was then evaporated
under reduced pressure at 50°C. The residue was dried at 150°C under 0.02 torr during 12 h. The
hydration of the catalysts was measured by a thermogravimetric method.

Wittig reaction (1). Solid catalyst (4 g) was added in smatl portilops tg the stirred equimo-
lar mixttﬁe of aldehyde 1 and phosphonium salt 2 (10 mmol) (R® = CN'7, = CO,Et, C HS‘
pCIC_H ). The heterogeneous mixture was allowed to stand, at room temperaturé, durigg the
appro%n‘ﬁte time (table 1). After addition of Et,O, the mineral solid was eliminated by filtration.
Ph,PO was precipitated by addition of pentane t% the etheral fraction. Evaporation of solvent under
reduced pressure afforded olefin 3, which was purified by short path distillation or recrystallisation.

Knoevenagel or Wittig-Horner reactions (2) and (3). Solid catalyst (4 g) was added to
the equimolar mixture of 10 mmol of aldehyde 1 and compound &a-d. After appropriate reaction
time (tables III, IV, V), the olefins 5, 6 or 7 were extracted with CHZCI2 (2 x 25 ml). Evaporation
of CH2C12 afforded 5 with good purity.
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