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Abstract  
In this paper, trans-alkenes were selectively synthesized in micellar media in high yields under 
very mild and effective reaction conditions. The cationic as well as the crown ether micellar 
systems have similar catalytic effect on the olefination, and the catalytic systems formed by the 
cationic and crown ether surfactants are far-forth superior to the anionic micellar system. 
 
Keywords: Trans-Alkenes, synthesis, micelles, olefination 

 
 
 
Introduction 
 
Reactions in micellar solutions have received a great deal of interest in the last decades.1-2 
Micelles, just like enzymes, form microdomains in water. These microdomains may bind apolar 
molecules and may promote the conversion of these molecules into products. As a simple model 
of enzyme, micelle can catalyze many complex organic reactions. A number of micellar 
reactions were reported to mimic the biochemical process, such as hydrolysis of esters3 and 
oxidation of alkenes or alkanes.4 However, the examples of investigations of carbanionic 
reactions in micellar system are rare. Several reports were focused on an experimental procedure 
for the preparation of olefins employing strong bases (sodium hydride, butyllithium) under 
anhydrous conditions.5 The phase-transfer methods were also effectively used for the generation 
of alkenes via Wittig-Horner reaction. These works have demonstrated that the reaction in a two-
phase system catalyzed by quaternary ammonium salts and crown ethers affords a mixture of 
(E)- and (Z)-isomers.6-9 The present paper reports a highly selective synthesis of trans-alkenes 
via the Wittig-Horner reaction in a micellar solution formed by various surfactants, such as Brij 
35 and lauryl trimethylammonium bromide. By using this reaction system (Scheme 1), we can 
conveniently obtain the trans-alkenes in high yields. 
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Scheme 1. The description of Wittig-Horner reaction. 
 
 
Results and Discussion 
 
As well known, Wittig-Horner reaction can be used for the preparation of alkenes in good yield 
and with trans-selectivity only in the presence of strong bases, such as sodium alkoxides and 
sodium hydride.5,6,13-15 We have found that trans-alkenes can be obtained in good yields in the 
presence of 50% aqueous sodium hydroxide by addition of surfactant to form micellar system. 
This is a mild, effective synthetic method for the selective preparation of trans-alkenes. 

As outlined in Table 1, the yields of trans-alkenes are in relation to the structures of aromatic 
aldehydes. Almost all of the aromatic aldehydes afforded trans-alkenes in excellent yields (up to 
99 %, entries 1, 3, 4 and 6-9) except p-chlorobenzaldehyde, which reacted with diethyl benzyl 
phosphonate to produce the corresponding trans-alkene in a relatively low yield (82%, entry 5). 
According to general micellar structure described in literature, the surfactant hydrophobic group 
forms the core of micelle, and the reaction takes place in the Stern layer of micellar structures. 
The quaternary ammonium head-groups of the surfactant molecules can form ion pairs with the 
hydroxide ions. The result enables hydroxide ions to aggregate at the interface of micellar 
structures and enhances the formation of carbanion. This also facilitates the attack of carbanion 
on the CO moiety. 
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Table 1. Synthesis of trans-alkenes in lauryl trimethylammonium bromide micellar mediaa 

Entry X ArCHO Product 

Yield 
of (E)-
isomer 
(%)b 

Mp(oC)c 

 
(Z):(E) 
ratiod 

1 H CHO
  

99 
125.5~126 
(126~127) 

<1/99 

2 H O
CHO

 
O

 
86 

52~53 
(54~55) 

5/95 

3 H 
CHO

 
 

99e 
150~152 

(152.5~153.5) 
<1/99 

4 H CHOCH3
 CH3  

96 
117.5~118 

(120) 
<2/98 

5 H CHOCl
 Cl

 
82 

127-128 
(127-128) 

<1/99 

6 CH3 CHO
 CH3  

98 
117.5~118 

(120) 
<1/99 

7 Cl CHO
 Cl

 
87 

127~128 
(127~128) 

<1/99 

8 CH3 CHOCH3
 CH3

CH3

 
95 

181~182 
(182~184) 

<1/99 

9 CH3 
CHO

CH3  

CH3

CH3  

91e 
199~200 

(198~200) 
<1/99 

a Reaction time: 24h; reaction temperature: 25oC. b All yields reported in this table are those of 
the crystallized pure products. c Values in parentheses are from literature6,14. d Z/E ratio was 
determinated by 1HNMR spectra of trans-, cis-H located at carbon-carbon double bond. e The 
product is E-E isomer. 
 

From Table 2 we can see that the micellar structures have significant effect on the olefin 
yields, and the results demonstrate that the catalytic effect of micelles formed by cationic 
surfactants (entries 3, 4 and 5, alkene yields are up to 99%) is superior to anionic micelle (entry 
9, alkene yield is only 22%). That is to say, cationic micelles catalyze the olefination between 
phosphonate and substituted aldehydes, and anionic micelles retard this reaction. This is because 
the anionic micelle cannot form ion pairs with hydroxide ions at the interface of micelles and 
therefore the formation of carbanionic intermediates in the reaction media is not easy. Ion-pair 
formation also explains the effect of the surfactant head-group size on the hydroxide ion 
promoted olefination. The tendency of the quaternary ammonium head-groups to form ion pairs 
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with OH- ions will decrease when the size of the head-group increase. This results in a reduction 
in OH- concentration in the micellar pseudophase where the substrates reside. The reduction in 
OH- concentration would lead to the lower product yields (entries 3 and 5). We have observed 
the same catalytic effect on Wittig-Horner reaction catalyzed by the micelles formed by a crown 
ether-like surfactant, which was synthesized according to our previous method11 (entry 2). This 
result confirms that the crown ether micelle has better effect on the olefination than open chain 
polyethylene glycols. Because the micellar structure formed by crown ether surfactant can 
coordinate with sodium ion at the interface of micelle, the result is similar to the 
microenvironment formed by the cationic micelle. So the olefin yield is similar to that catalyzed 
by the cationic micellar systems. When nonionic micelles were chosen as the reaction media for 
the olefination, the results indicated that the nonionic micelles have moderate activities on the 
olefination (entries 6, 7 and 8 in Table 2). All above-mentioned micellar catalytic systems 
produced excellent trans-olefination selectivities (up to 99 %).  

 
Table 2. Effect of different miceller media on Wittig-Horner reaction  
 

+
surfactant
50%NaOH

+ (EtO)2PO2
-CH2P

O
OEt

OEt
CHO

 
 

Entry Surfactant Yield of (E)-
isomer (%)a 

(Z):(E) 
ratiob 

1 -- 14 <1/99 
2 Decyloxymethyl-15-C-5 97 <1/99 
3 Lauryl trimethylammonium bromide 99 <1/99 
4 Decyl trimethylammonium bromide 98 <1/99 
5 Lauryl benzyldimethylammonium chloride 93 <1/99 
6 Polyglycol octylphenylate 69 4/96 
7 Brij 35 67 <1/99 
8 Brij 58 63 <1/99 
9 Sodium dodecyl sulfonate 22 <1/99 

a All yields reported in this table are those of the crystallized pure products. b Z/E ratio was 
determinated by 1HNMR spectra of trans-, cis-H located at carbon-carbon double bond (δcis= 
6.60 ppm, δtrans = 7.11 ppm). 

 
In conclusion, trans-alkenes were selectively synthesized in micellar media in high yields 

under very mild and effective reaction conditions. Cationic as well as crown ether micellar 
systems have the similar catalytic effect on the olefination. With these systems we can obtain 
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alkenes in high yields and with high trans-selectivities. The catalytic systems formed by cationic 
and crown ether surfactants are far-forth superior to the anionic micelles.  
 
 
Experimental Section 
 
General Procedures. ESI-MS spectra data were recorded on Finnigan LCQDECA mass 
spectrometer. 1H NMR spectra were measured on a Varian INOVA-400 spectrometer and 
chemical shifts in ppm are reported relative to internal Me4Si (CDCl3). Elemental analyses were 
performed by using a Carlo-Erba 1106 elemental analytical instrument. Melting points were 
determined by using a micro-melting point apparatus without any corrections. All surfactants and 
reagents were obtained commercially and used without further purification. Diethyl substituted 
benzyl phosphonates were synthesized according to previous report.10 Decyloxy methyl-15-
crown-5 was synthesized by previous method11. The CMC of decyloxy methyl-15-crown-5 was 
determined by Du Nouy interface Tensiomter (CMC = 35.0 × 10-2 mg/mL). The CMCs of lauryl 
trimethylammonium bromide, polyglycol octyl phenylate, Brig 35, Brij58 and sodium dodecyl 
sulfonate were obtained from literature.12  
 
General procedure for the synthesis of trans-alkenes via Wittig-Horner reaction in micellar 
media  
Surfactant was added to a 80 mL aqueous sodium hydroxide (50 %) (the concentration of 
surfactant is 10-fold mol of CMC), and the mixture was stirred about 15 min at 25 oC, then 4 
mmol diethyl substituted benzyl phosphonate and 4 mmol aldehyde were added. After the 
mixture was stirred about 24 h at 25 oC, 50mL water and 25mL ether were added. The solution 
was extracted four times by ether, and ether layer were combined and dried by anhydrous 
MgSO4. Solvent was removed under reduced pressure to give a white solid. The selectivity was 
determined by the 1H NMR spectra of reaction mixture. The products were recrystallized from 
ethanol to form pure trans-alkenes as lamellar crystals, and the resulting substituted 1,2-
diphenylethylenes were identified by melting point, 1H NMR and elemental analysis. 
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