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Abstract - Alkenes are prepared by Wittig, Knorwnagel and Wlftig-Uomer 
reactions in solid-liquid systems, with magnesium oxide or zinc oxide as catalyst. 
When Wittlg-ffomer reaction is competitive with Knoevenagel reaction, the 
catalyst can be modffied to give a highly selective reaction : the addition of 
dimethylsulfaride on MgO or hexamethylphosphoric triamide on ZnO gives more 
efficient catalysts for the Wittig-Homer reaction. 7he addition of a small 
amount of HgCIZ or CdC12 on ZnO gives more efficient catalysts for the Knoe- 
venagel reaction. 

Reactions in heterogeneous media are known to be often morr selective than in honjoge- 
1 

neous solutions, with an easier Isolation oI the products. Knoevetlagcl re.lrtlclls , Rlttlg 296 and Ulttlg- 

Homer 2-5 reactions have been performed with a solld catalyst such as alumina, potassium hydroxide, 

potassium carbonate, alumma supported potasslunl fluoride or bariutll hydloxlde. organic reactlolls 

involving magnesium oxide 
7-9 

or zinc oxide 
IO,1 1 

have attracted the ‘lttcntion of orgamc: chrmlsts 

in the last few years. In an effort to devcslop selectlbr metal oxide rragrllts, we have studled tl,e abIll- 

ties of magnesium oxide and zinc oxide :o promote the synthesis of olcfrns from aldehydes. be have 

also examined the relationship between the addition of a small amoutlt of protic or aprotlc solvent 

or metal salts to the metal oxldes on the selectivity of the reaction of benraldehyde H’IIII dletll!l c-ya- 

nomethylphosphonate. 

Results 

The Wittig reaction. The reaction of aldehydcs wit11 phospllonium salts was carried out 

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

R’CHO + R2CH2;Ph3, Cl- ___c 
-HCI 

K’CH=CHR’ + 0PPh3 (1) 

I 2 3 (Z + E) 

When MgO was used, the addition of a limited amount of water was necessary to increase 

the reaction yield (table I). The yield 01 3 was greatest with 4 g of water for 5 g of MgO. The addltlon 

of water to ZnO had no significant effect. 

The Knoevenagel reaction. The Knoevenagel reaction of I with 4a-c (reaction 2) was perfor- 

med in the presence of MgO or ZnO, at room temperature (tables 11 and 111). 
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R’LCHO 4 NC-CH2-X - RI-CH=C(X)CN a H20 (2) 

I la, X = CN la-c (E) 

Ub, X = C02hle 

4c, X = CONH2 

The addition of a small amount of water on MgO decreased the yield of alkene. Poor yields 

were obtained when dry ZnO (Zn + 02) was used as catalyst. ZnO (Zn + 02) has a low surface area 

(5 m*/g) and contains very small amounts of water (see experimental section). The addition of a limited 

amount of water or polar organic solvent to ZnO (Zn + 02) increased the yield (table 111). ZnO prepared 

by drying Zn(OH)* gave 100 % yield of 5b under the same conditions as table Ill. This zinc oxide has 

a surface area of I8 m2/g and contains 1.5 96 of water by weight. 

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

Akkhyde 1 

R’ 

Rl CN 
iPr CN 

pClC6H4 CN 

Ph C02Et 

pClC6H4 C02Et 

Ph Ph 

Ph CN 

Ph Ph 

Phmphonkrm selt 2 Solid 
^ 

R‘ base 

MgOb 

MgOb 

MgOb 

MgOb 

MgOb 

MgOb 

ZllO 

ZnO 

1 Ime Temp. Yield of 3’ Plcdlkcl mvJkr rntlo 
I1 OC L 12 / 3L 

2 20 87 e 40160 

24 20 32 20/80 

4 60’ 65 35165 

4 20 79 IO/90 

4 60’ 60 l2/88 

24 20 30 60140 d 

24 20 80 30/70 

24 20 25 50150 d 

llrl 

YO/O.O3 15 

l54/754 19 

78 I8 

I00/0.03 I5 

I lU/O.O3 I6 

I24 I7 

YO/O.OS I5 

124 I7 

alsolated product. b 4 g of water were added to MgO (5 g). ’ The aldehyde IS liquid at this tempe- 

rature. d Calculated by g.1.c. analysis. e 2 g of water/5 g MgO : 67 % of 3 ; 6 g of v+ater/5 g MgO : 
74 % of 3. 

Table II - MgO catalyzed Knoevenagel reaction, at 2O’C 

AIdehyde 1 

I?’ 

NCCHZX 4 

X 

Tlrnm 

(mln) 

Ykld of 5 a 

r 

Ph CN 5 94 82 20 

Ph C02Me 30 94 90 21 

Ph CONH2 200 60 I23 22 

PClC6H4 CN IO 91 162 25 

IPr CN IO 93 20/0.03 26 

iPr CO2Me 30 Y3 50/0.03 27 

Acetone CN 10 40 so/o.03 28 

CN 5 96 72 23 

C02Me 5 96 95 24 

a Isolated pure product 5. 
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Table 111 - Solvent effect (25 mnol of solvent) on 4 g of ZnO (Zn + 02) 
for the reaction of PhCHO with 4b at 20°C (5 h). 

SOlVUlt wlthcut CH 
5 12 

MSCN Ttif DW Dh450 H2Db hiai 

Ybld of 5b we 15c 20 20 30 100 100 40= 94 

a Estimated by NMR. b the highest yield of 5 (60 %) was obtained with 125 mmol of water on 4 g 
of Zn0.c When the reaction time was lengthened, the yield of 5b was increased. 

Competftfon between Wittig-llomer reactfon and Knoevenogel reactfcn. The reaction of diethyl 

cyanomefhylphosphonate Qd with PtCHO gave cinnamonitrite 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 aprotjc solvents or metal salts (tables IV and V). 

Ph-CHO + NC- CH2- PQOEI 12 

Id 

a 

< 

2 
6 

(3) 

CN 

r-( H 
7 

Table IV - Effect of added solvent or metal salts on the selectivity of 
the reaction of PhCHO with 4d catalyzed by MgOa. 

Reagent 

bwnoI Ior 4 CJ of t.!qOl 

Product distrlbutlon ’ 

6 (5) 7 ($1 b 

Overall yield (?‘.I = 

none 30 70 95 

H20 (10) IO 90 97 

DMF (5) I5 a5 93 

DMSO (I 0) 5 95 95 

H&I2 (IO) 80 20 93 

CdC12 (IO) 90 IO 90 

a Reactlon condltrons : ZO’C, 24 h. b E/Z = 40/60. ’ Estimated by NMH. 

Table V - Effect of added solvent or metal salts on the selectivity of the reac- 
tton of PhCHO with 4d catalyzed by ZnO (Zn + 02)a. 

Producl dialrlbutlon = 

6 (%I 1 (Mb 

Dveroll yield (5) ’ 

none 84 I6 97 

H20 (IO) 85 I5 89 

MeOH (IO) 80 20 93 

MeCN (IO) 80 20 95 

DMF (IO) 50 50 95 

DMSO (IO) 30 70 95 

HMPA (IO) 0 100 95 

KCI (5) 60 40 98 

A12(S04)3 80 20 90 

MgC12 (5) 90 IO 97 

MnSO4 (2) 93 7 94 

H&l2 (5) > 96 < 4 96 

CdC12 (5) > 96 < 4 92 

a Reactron condlttons : 5O”C, 24 h. b E/Z - 30/70. ’ Estimated by NMll. 
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Discus&m 

Both acidic and basic sites on the surface of the catalyst are considered to 

tically on substrates to protnote the reactions. 

Magnesium oxide and zinc oxide are basic enough to yield the phosphoniuot 

work syncrgis- 

ylidc (reaction 

(1)). The addition of the ylide to the carbonyl compound gives a phosphoniutn betaine intermediate 

contplexed with the metal cation. We have assumed that the tendency of the cation to coordinate wit11 

oxygen of the betaine is stronger for Zn 
2r 

than for Mg 
2t , and the displacement of the bctnine by water 

is easier for Mg 
2+ 

than for Zn 
2* 

- These assertions are in agreement with the relative stabilities of 

magnesium and zinc salts of carboxylic acids and with the stabilities of LlgOH’ and ZnOti’ species. 
12 

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 In0 (scheme 1). 

I R2 “* t-4 

y V’Phj 

t R1f+ Ii? 

H 

0-u 3 + PPh 
-----93 

Scheme I 

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 

with the cation of the metal oxide (scheme 11). 

oxyanion A- which is complexed 

--t-i E._._ +?r__ 

x: POlOEI)2 

lb) 

Scheme II 

(2)or(la) 
ZI 596 

Zinc oxide is less basic than magnesiutn oxide. Thus, the formation of A- in the presence 

of ZnO is slow at room temperature. The selective solvation of tn 
2+ 

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 Unoevena- 

gel reaction by addition of DMF or DMSO on ZnO (table III). 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 oi the catalyst than the aprotic 

solvents. 

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

complex A-/M2’ and cleavage of the carbon-oxygen bond (scheme II, path (2)). This cleavage 
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is assisted by the complexation with the metal cation. The complex A-/Mg2+ which IS less stable 

than A-/Zn2+ , can be easily destroyed by water. So, addition of water on MgO disfavours the Knoe- 

venagel reaction. 

With Qd, Wittlg-Horner reaction (3, path (b)) competes with Knoevenagel reactlon (3, 

path (a)). The values listed in tables 111 and IV show that (b) is more favoured with MgO than with 

ZnO. The tendency of Mg 
2+ 

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) IS added to ZnO, the solvation of the metal cation displaces 

the intermediate compound A- and promotes the Wittig Horner reactlon. 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 oxides. 
9 

Partl- 

cularly, the added metal ions form additional acidic sites whrch are able to give relatively stable 

complexes with the oxyanion A-. This is the case with Mn 2+, Cd2’ and Hg2+ (tables IV, V). Then, 

Wittig-Horner reaction is inhibited and Knoevenagel reaction predominates. 

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 uncorrected. IR spectra were recorded as suspensions in nujol with 
a Perkin Elmer 225 spectrometer. 
ment. 

H NMR were recorded in CDCI3 on a Bruker WP 80 CW instru- 

Solid catalysts. Zinc oxide (tn + 0 ) is the commercially available product. Zmc oxide 
can also be prepared by drying Zn(OH)2., Zing dihydroxide was obtamed by addition of NaOH (4Og 
in 200 ml of water) to a solution of zinc rutrate (130 g in 2 1 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 + 0 1 : 0.3 % of water by weight 
ZnO (from Z&OH) ) : 1.5 + 0.1 % of waterby weight 
h;gO : 5 s Jf wa, g r by weigl . . 

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

Wittfg reaction (1). Solid catalyst (4 g) was added in ~~11 portiTs t9 the stlrred equlmo- 
Jar mixtyte of aldehyde 1 and phosphonium salt 2 (10 mmol) (R = CN 

The heterogeneous mixture was allowed to stand, at room ;,“,,pe~a~~~,Et~u~~~5;he 
time (table I). After addition of Et 0, the mineral sohd was elimrnated by filtration. 

Ph PO was precipitated by addition of pentane 
ed 

t a the etheral fraction. Evaporation of solvent under 
r uced pressure afforded olefin 3, which was purified by short path dlstlllatlon or recrystallisation. 

Knoevenagel or Wittig-Homer reactions 12) and (3). Solid catalyst (4 g) was added to 
the equimolar mixture of 10 mmol of aldehyde I and compound 4a-d. After appropriate reaction 
time (tables III, IV, VI, the olefins 5, 6 or 7 were extracted with CH2C12 (2 x 25 ml). Evaporation 
of CH2C12 afforded 5 with good purity. 
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