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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 carbon?®, and the preparation of activated carbon
from carbonaceous materials®. 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
Majetich® 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 reactions®’, and
also dehydration and nucleophilic substitute reactions®®. 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
method®'®, 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 , § — 6min.

ArCHO + Ph;P=CHCOOCH,CH; pe— ArCH=CHCOOCH,CH;,
ilica ge
1 2 3
33: AI‘=C5H59 3b: A!'=3_CH306H49
3C: Ar=4_NOzCsH4y 3d: AI’=3‘-BICGH49
3e: Ar=3—NO,C:H,, 3f. Ar=4—BrC¢H,,

3g : Ar= 4— C1C5H4
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Table 1. The Wittig Reaction of Triphenylcarbethoxymethylene
Phosphorane With Aldehydes.

Aldehyde Time (min. ) Product® Yield®, %5
C+H;CHO 5 CsH;CH=CHCOOC;H; 85
3—CH3C5H4CHO 6 3‘CH3C6H4CH=CHCOOC2H5 95
4-NQ,C:H,CHO 5 4-NO,C.H,CH=CHCOOC;H; 89
3-BrC4H,CHO 6 3-BrCsH,CH=CHCOOCH; 96
3-NO,CH,CHO 6 3-NO,C.H,CH=CHCOOC,H; 82
4‘BI’C5H4CHO 6 4-BI’C5H4CH=CHCOOC2H5 91
4-CIC,H,CHO 6 4-CIC4H,CH=CHCOOC,H; 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 (Immol), benzaldehyde (1mmol), and silica gel
200— 300mesh (2g) 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).

3a, Ethyl cinnamate, oil(lit. ' b. p. 271°C, m.p. 6—10C)
Cy,;H,;;,0,, 'H NMR(CDCl;) 8(ppm): 1. 30(t,J=7Hz,3H,CH;),
4.18(q,J=7Hz,2H,CH;), 6. 33(d,]=15. 6Hz,1H), 7. 35(m,
5H,ArH), 7.73(d,J=15. 6Hz,1H).

3b, m —Methyl ethyl cinnamate, oil, C,;H;,O,, 'H NMR
(CDCl3) 8(ppm): 1. 27(t,]J=6. 4Hz, 3H,CH;), 2. 28 (s, 3H,
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CHs), 4.21(g,J=6.4Hz,2H,CH;), 6.37(d,J=16Hz,1H), 7. 30
(m,4H,ArH), 7.63(d,J=16Hz,1H).

3c, p—Nitro ethyl cinnamate, m. p. 140—141°C (lit. '* 141 —
142C), C,,H;\NO,, H NMR(CDCl;) 8(ppm): 1.33(t,]=7.6
Hz,3H,CH,), 4.25(q,J=7.6Hz,2H,CH,), 6.50(d,J=16. 0Hz,
1H)>, 7.70(d,J=16. OHz,1H), 7. 66.8. 25(dd,J = 8. 6Hz, 4H,
ArHD.

3d, m-Bromo ethyl cinnamate, oil, C,;H;; BrO,, 'H NMR
(CDCly) 8(ppm): 1.30(t,J=7.0Hz,3H,CHy), 4.25(q,]J=7.0
Hz,2H,CH;), 6.36(d,J=16.0Hz,1H), 7.53(m,4H,ArH), J=
7.82(d,J=16.0Hz,1H).

3e, m-Nitro ethyl cinnamate, m. p. 77 — 79°C (lit. ¥ 78 —
79C)Y, CLH,NO,, 'H NMR(CDCl;,) 8(ppm): 1.33(t,J=6. 4Hz,
3H,CH.), 4. 30(q,]J=6. 4Hz,2H,CH,), 6. 23(d,J=16. 0Hz,
1H), 7.72({d,J=16.0Hz,1H),7. 60—8. 40(m. 4H,ArH).

3f, p-Bromo ethyl cinnamate, oil(lit. * b. p. 5150°C), C;;H,,
BrO,, 'H NMR(CDCl;) 6(ppm): 1.27(t,J=6.4Hz,3H,CH;),
4.21(q,J=6.4Hz,2H,CH,), 6.33(d,J=16. 4Hz,1H), 7. 33(s,
4H,ArH), 7.58(d,J=16. 4Hz,1H).

3g, p-Chloro ethyl cinnamate, oil(lit. * b. p. ,166°C), CyHy
ClO,,' H NMR(CDCl;) d(ppm): 1.28(t,J==6.8Hz,3H,CH,),
4.22(q,J=6.8Hz,2H, CH,), 6.35(d,J=16.0Hz,1H), 7. 30,
7.48(dd,J=8Hz,4H,ArH), 7.58(d,J=16. 0Hz,1H).

Acknowledgement: This research was supported by the Natural
Science Foundation of Zhejiang Province and by the Education
Committee of Zhejiang Province.

REFERENCES
1. Hesek,J. A., Williams,R.C. , Anal. Chem., 1974, 46, 1160.
2. Abu-Samra, A., Morris, J. S., Koirtyohann, S. R., Anal.
Chem. , 1975, 47, 1475; Cooley,T.N. , Martin,D. F. , Quin-



Downloaded by [Columbia University] at 19:48 04 February 2015

ETHYL CINNAMATES 2233

cel,R.F., J. Environ. Sci. Health, 1977, A12, 15; Fischer,L.
B., Anal. Chem., 1986, 58, 261.

3. Katsuta,A. , Japan. Kokai JP 51027893(1976); Chem. Abstr. ,
1977, 87, 70374v.

4, Mukai,A. , Tanaka,M. , Ikeda,A., Japan. Kokai JP 51037890
(1976); Chem. Abstr. , 1976, 85, 35167s.

5. Gedye,R. J. » Smith,F., Westaway, K., Ali,H., Baldisera,
L., Laberge,L., Rousell,]., Tetrahedron Lett. , 1986, 27,
279.

6. Giguere,R. J. , Bray,T. L., Duncan,S. M. , Majetich,G. , Te-
tra hedron Lett. , 1986, 27, 4945.

7. Giguere,R. J. , Namen, A. M., Lopez,B., Arepally,A., Ro-
mos, D. E., Majetich, G., Defauw, J., Tetrahedron Lett. ,
1987, 28, 6553.

8. Giguere,R. J. , "Organic Synthesis: Theory and Application” ,
Vol. 1, p103, JAI Press Inc. , Greenwich, CT, 1989.

9. Wittig,G. and Haag,W., Chem. Ber. , 1955, 88, 1654.

10. Kucherov, Kovalev, Nazarova and Yanovskaya, Izv. Akad.
Nauk SSSR, Otd. Khim. Nauk, 1960,1512; Chem. Abstr. ,
1961, 55, 1420b.

11. The Merck Index, 11th Ed., Merck & Co. Inc., Rahway,
New Jersey, 1989.

12. Beilstein, 9, 607.

13. Beilstein, 9, 606.

14. Beilstein, 9, I, 397.

15. Beilstein, 9, I, 396.

(Received in the UK 18 October 1994)



