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THE WITTIG REACTION OF STABLE YLIDE WITH 
ALDEHYDE UNDER MICROWAVE IRRADIATION: 

SYNTHESIS OF ETHYL CINNAMATES 

Caiding Xu, Guoying Chen, Chong Fu and Xian Huang * 

Department of Chemistry, Hangzhou University 

Zhejiang 310028, People's Republic of China 

ABSTRACT: The Wittig reaction of stable ylide , triphenyl- 

carbethoxymethylene phosphorane , with aldehydes was per- 

formed within 5 - 6 minutes under microwave irradiation. Re- 

markable rate enhancements and dramatic reductions of reaction 

times have been observed. Thus,  the Wittig reaction of stable 

ylide with aldehyde is optimized. 

Microwave heating had been used in chemical laboratories 

for a variety of purposes such as moisture analysis', the wet ash- 

ing procedures of biological and geological materials', regenera- 

tion of activated carbon3, and the preparation of activated carbon 

from carbonaceous materials4. But the start of the explosion of 

activity in the application of microwave heating in organic synthe- 
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sis was ignited in 1986 by the pioneering papers by Gedye‘ and by 
Majetich6 and their co-workers. 

Recent research has demonstrated that organic reactions can 

be conducted safely in commercial microwave ovens with remark- 
able rate enhancements and dramatic reductions of reaction times 
than by conventional heating, and this new technique had been 
used to promote the Diels-Alder , Claisen , Ene  reaction^^'^, and 

also dehydration and nucleophilic substitute reactions5’*. But 
there is no report on the application of microwave irradiation for 

the Wittig reactions. As well known, the Wittig reaction of sta- 

ble ylide can only proceed in a slow rate by the conventional 
m e t h ~ d ~ ” ~ ,  for example, two days’ stirring of triphenyl- 

carbethoxymethylene phosphorane and benzaldehyde in ethanol 
gave 77% yield of ethyl cinnamate. Our interest in taking advan- 
tage of this time-saving microwave heating led us to reinvestigate 

the Wittig reaction of stable ylide , triphenylcarbethoxymethylene 
phosphorane , with aldehydes. The experiment results show 

that,  using microwave heating for five to six minutes, this Wittig 

reaction can be completed in 82 - 96% yields , and only trans- 
form products are obtained. 

Microwave, 5 - Gmin. 

Silica gel 
* ArCH =CHCOOCH,CH, ArCHO + Ph3P=CHCOOCH2CH3 

1 2 3 

3a: Ar=C,H,, 3b: Ar=3-CH,C,H4, 
3c: Ar=4-No2C6H,, 3d: Ar=3-BrCbHl, 
3e: Ar=3-NOBC,H,, 3f :  Ar=4-BrCsH,, 
3g : Ar = 4 - ClC,H, 
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ETHYL CINNAMATES 223 1 

Table 1. The Wittig Reaction of Triphenylcarbethoxymethylene 
Phosphorane With Aldehydes. 

Aldehyde Time (min. Producta Yieldb, % 

CsH5CH0 5 CGH~CH=CHCOOC~HS 85 

3-CH,C,H,CHO 6 3-CH3CrjH,CH=CHCOOCZHS 95 
4-NO&H,CHO 5 ~-NO~C~H~CH=CHCOOCZH~ 89 
3-BrC6H4CH0 6 3-BrC6H4CH = CHCOOC2H5 96 

3-NOZCGH4CHO 6 3-NO&,H,CH=CHCOOC,H5 82 
4-BrC6H,CH0 6 4-BrCGH,CH = CHCOOC2H5 9 1  

4-CICsH4CHO 6 4-ClC,H4CH=CHCOOCzHs 82 

a. Only trans-form products were observed, which were identi- 
fied spectroscopically and also by comparison with known 
compounds. 

b. Yield of isolated product. 

Typical Procedure : A mixture of triphenylcarbethoxymethy- 
lenephosphorane (lmmol) , benzaldehyde (lmmol) , and silica gel 
200 - 300mesh ( 2 g )  was introduced into the domestic microwave 
oven in an open container, microwave irradiation was carried out 
at an output of about 400w for 5 minutes. Then 30ml of methy- 
lene dichloride was added into the cooled mixture, the extract 
was concentrated and chromatographed to give an almost color- 
less oily liquid, ethyl cinnamate (150mg, 85% yield). 

C11H,,02, 'H NMR(CDC1,) G(ppm): 1 . 3 0 0 ,  J=7Hz,3H,CH3) , 
4. 18(q,  J=7Hz,2H,CHz) ,  6. 33(d,J=15.  6Hz, l H ) ,  7. 35(m, 
5H,ArH),  7. 73(d,J=15. GHz,lH). 

3b, m-Methyl ethyl cinnamate, oil, ClzHI4O2,  'H NMR 
(CDC1,) G(ppm): 1. 2 7 ( t , J = 6 .  4Hz,3H,CH3),  2. 28 ( s ,3H,  

3a, Ethyl cinnamate, oil(1it. '' b. p. 271°C m. p. 6-10%) 
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CH,), 4.21(q,J=6.4H~,ZH,CHz)t 6.37(d,J=lGHz,lH),  7. 30 
(m,4H,ArH) ,  7.63(d,J=16Hz,lH). 

142 C ) ,  C,,H,,NO,, 'H NMR(CDC1,) G(ppm): 1.33(t ,  J=7. 6 

l H ) ,  7. 70(d,  J = l 6 .  OHz,lH),  7. 66,8. 25(dd,J=8.  6Hz,4H, 
ArH). 

3d, m-Bromo ethyl cinnamate, oil, Cl1Hl1BrO2, 'H NMR 

3c, p-Nitro ethyl cinnamate, m. p. 140--141"C(lit. l2 141- 

Hz,3H,CHS), 4.25(q,J=7.6Hz,ZH,CHz), 6.50(d,J=16. OHZ, 

(CDC1,) G(ppm): 1.30(t,J=7. OHz,3H,CH3), 4.25(q,J=7.0 
Hz,2H,CH2),  6.36(d,J=16.OHz,lH), 7.53(m,4H,ArH), J =  
7. 82(d,J=16.OHz,lH). 

3e, m-Nitro ethyl cinnamate, m. p. 77 - 79"C(lit. l3 78 - 
79 C ) ,  Cl lHllN04,  'H NMR(CDC1,) G(ppm): 1. 33(t,J=6.4Hz, 

l H ) ,  7.72(d,J=16.OHz,lH),7. 60-8.40(m. 4H,ArH). 
3f, p-Bromo ethyl cinnamate, oil(1it. l4  b. p. 15150"C) , CllHll 

BrOz, 'H NMR(CDC1,) G(ppm1: 1.27(t,J=6. 4Hz,3H,CH3), 
4.21(q,J=6.4Hz,2H,CH2),  6 .33(d ,J=16.4Hz, lH) ,  7.33(s,  
4H,ArH),  7. 58(d,J=16.4Hz,lH). 

3g, p-Chloro ethyl cinnamate, oil(1it. l5 b. p. 16166'C), CllHll 
C102 , l  H NMR(CDC1,) G(ppm) : 1.28(t ,  J=  6.8Hz, 3H ,CH,), 

7. 48(dd9J=8Hz,4H,ArH), 7. 58(d,J=16. OHz,lH). 

3H,CH3), 4. 3 0 ( q ,  J = 6 .  4Hz,ZH,CHz), 6. 23(d ,J=16.  OHZ, 

4.22(q,J=6.8Hz,2H, CHZ), 6.35(d,J=16.OHz,lH), 7. 30, 
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