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A highly stereospecific synthesis of (E)-a,b-unsaturated esters
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Abstract—CrCl2-induced olefination of aldehydes using methyl dichloroacetate exclusively generates (E)-a,b-unsaturated esters in
excellent yields. The intermediate a-chloro-b-hydroxy adducts could also be isolated in good yields under conditions of limited
reagent.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

a,b-Unsaturated esters, also known as acrylates, are
common structural elements in numerous compounds of
interest1 as well as key intermediates in the preparation
of other functionality.2 Despite their prominence, how-
ever, procedures for the preparation of a,b-unsaturated
esters often suffer from poor stereoselectivities, unsatis-
factory yields, harsh reaction conditions, costly re-
agents, and/or lengthy protocols.3–10 As part of our
continuing investigations into the utility of organo-
chromium reagents, 11 we report herein a convenient,
high yield synthesis of a,b-unsaturated esters 4 with
exceptional (E)-stereoselectivity (>99%) via CrCl2-
mediated olefination of aldehydes 2 using commercial
methyl dichloroacetate 1 (Eq. 1).12

The results from the (E)-olefination of a panel of rep-
resentative aldehydes are summarized in Table 1. For
aliphatic aldehyde 5 or branched aldehyde 7, stirring
with a heterogeneous mixture of commercial13 anhy-
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drous CrCl2, and methyl dichloroacetate at either room
temperature for 12 h or under reflux for 2 h, gave rise to
(E)-a,b-unsaturated ester 614 (entry 1) and 815 (entry 2),
respectively, in excellent yields. None of the (Z)-isomers
could be detected by NMR analysis of the crude reac-
tion mixtures, indicating >99% stereochemical purity.16

Aryl and conjugated aldehydes, represented by benzal-
dehyde (9) and cinnamaldehyde (11), behaved analo-
gously and evolved methyl (E)-cinnamate 1017 (entry 3)
and E,E-diene 1218 (entry 4) as the sole products. Nei-
ther electron-withdrawing (entry 5) nor electron-donat-
ing (entry 6) substituents significantly influenced the
reaction rate or yields as illustrated in the conversion of
p-trifluoromethylbenzaldehyde (13) to 1419 and p-meth-
oxybenzaldehyde (15) to 16.20 The compatibility of the
reaction conditions with a variety of functional groups
was demonstrated by the smooth condensations of
benzyloxy/methoxy 17 (entry 7), bromide 19 (entry 8),
methylenedioxy 21 (entry 9), dimethylaniline 23 (entry
10), and indole 25 (entry 11) furnishing (E)-a,b-unsat-
urated esters 18,21 20,22 22,23 24,24 and 26,25 accordingly.
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Table 1. Synthesis of (E)-a,b-unsaturated esters

Entry Aldehyde Acrylate Yield (%)

1

CHO

5

CO2Me

6

98

2 CHO

7

CO2Me

8

98

3

CHO

9

CO2Me

10

97

4

CHO

11

CO2Me

12

99

5

CHO

F3C 13

CO2Me

F3C 14

98

6

CHO

H3CO 15

CO2Me

H3CO 16
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7
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H3CO
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CO2MeH3CO
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CHOBr
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CO2MeBr
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In analogy with our earlier studies,12 the olefinations
most likely involve initial metalation of 2 and addition
of the nascent chromate anion to the aldehyde carbonyl.
Subsequent b-elimination of the resultant Reformatsky-
type adduct 3 (Eq. 1) affords a,b-unsaturated ester 4.
Consistent with this proposal, the anticipated chloro-
hydrins 27,26 28,27 and 29–3126 could be isolated in good
yield using limited CrCl2 (Table 2). In contrast with
most Reformatsky protocols,28 the anti-isomer pre-
dominated (�2.5–3:1) in all cases.29 Exposure of 27–31
to the original reaction conditions led to only (E)-a,b-
unsaturated esters in yields comparable to those in
Table 1.10
2. General procedure

2.1. Preparation of (E)-a,b-unsaturated ester 4

Aldehyde 1 (1mmol) and methyl dichloroacetate (2)
(1.2mmol) in THF (2mL) were added to a stirring
suspension of anhydrous13 CrCl2 (7.0mmol) in THF
(8mL) at ambient temperature under an argon atmo-
sphere. After 12 h at ambient temperature or 2 h under
reflux, the resultant reddish reaction mixture was
quenched with water, extracted thrice with ether, and
the combined ethereal extracts were evaporated. Chro-
matographic purification of the residue on SiO2 fur-



Table 2. Synthesis of chlorohydrin adducts

Entry Aldehyde Chlorohydrin Yield (%)

1 5
CO2Me

Cl

OH

27

85

2 9
CO2Me
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Cl
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nished methyl (E)-a,b-unsaturated ester 4 in the indi-
cated yields (Table 1).
2.2. Preparation of chlorohydrin 3

Aldehyde 1 (1mmol) and methyl dichloroacetate (2)
(1mmol) in THF (2mL) were added to a stirring, room
temperature suspension of anhydrous13 CrCl2 (2.5
mmol) in THF (8mL) under an argon atmosphere.
After 12 h, the reaction was quenched and the products
isolated as described above to give chlorohydrins 3 in
the indicated yields (Table 2).
Acknowledgements

Financial support provided by the Robert A. Welch
Foundation, CNRS, and NIH (GM31278, DK38226).
References and notes

1. Recent examples include (a) Roxaticin: Evans, D. A.;
Connell, B. T. J. Am. Chem. Soc. 2003, 125, 10899–10905;
(b) Bryostatin: Wender, P. A.; Baryza, J. L.; Bennett, C.
E.; Bi, F. C.; Brenner, S. E.; Clarke, M. O.; Horan, J. C.;
Kan, C.; Lacote, E.; Lippa, B.; Nell, P. G.; Turner, T. M.
J. Am. Chem. Soc. 2002, 124, 13648–13649; (c) Macro-
sphelides: Sharma, G. V. M.; Mouli, C. C. Tetrahedron
Lett. 2003, 44, 8161–8163; (d) Swinholide Yeung, K.-S.;
Paterson, I. Angew. Chem., Int. Ed. 2002, 41, 4632–4653.

2. Representative functionality include (a) Michael adducts:
Azizi, N.; Saidi, M. R. Tetrahedron 2004, 60, 383–387; (b)
vic-Diols: Jonsson, S. Y.; Adolfsson, H.; Baeckvall, J.-E.
Chem. Eur. J. 2003, 9, 2783–2788; (c) Carbocycles:
Shinohara, I.; Okue, M.; Yamada, Y.; Nagaoka, H.
Tetrahedron Lett. 2003, 44, 4649–4652; (d) Cyclopropanes:
Charette, A. B.; Janes, M. K.; Lebel, H. Tetrahedron:
Asymmetry 2003, 14, 867–872; (e) Allylic alcohols: Zhu,
H.-J.; Pittman, C. U. Synth. Commun. 2003, 33, 1733–
1750.

3. Wittig/Horner–Wadsworth–Emmons/Peterson olefina-
tions: (a) Chan, T. H.; Moreland, M. Tetrahedron Lett.
1978, 6, 515–518; (b) Karrenbrock, F.; Schaefer, H. J.
Tetrahedron Lett. 1979, 31, 2913–2914; (c) Villieras, J.;
Perriot, P.; Normant, J. F. Synthesis 1978, 1, 31–33; (d)
Braun, N. A.; Buerkle, U.; Feth, M. P.; Klein, I.; Spitzner,
D. Eur. J. Org. Chem. 1998, 8, 1569–1576; (e) Huang,
Z.-Z.; Wu, L.-L.; Zhu, L.-S.; Huang, X. Synth. Commun.
1996, 26, 677–682; (f) Zapata, A.; Ferrer, G. F. Synth.
Commun. 1986, 16, 1611–1615; (g) Tago, K.; Kogen, H.
Tetrahedron Lett. 2000, 56, 8825–8831; (h) Sano, S.; Ando,
T.; Yokoyama, K.; Nagao, Y. Synlett 1998, 777–779; (i)
Suzuki, K.; Matsukura, H.; Matsuo, G.; Koshino, H.;
Nakata, T. Tetrahedron Lett. 2002, 43, 8653–8655.

4. Reduction of acetylenes: (a) Lambert, T. H.; MacMillan,
D. W. J. Am. Chem. Soc. 2002, 124, 13646–13647; (b)
Liao, B.; Negishi, E. Heterocycles 2000, 52, 1241–1249.

5. Dehalogenation: Forti, L.; Ghelfi, F.; Pagnoni, U. M.
Tetrahedron Lett. 1995, 36, 3023–3026.

6. Rearrangement: Kruper, W. J.; Emmons, A. H. J. Org.
Chem. 1991, 56, 3323–3329.

7. Alkoxycarbonylation: Alami, M.; Crousse, B.; Linstrum-
elle, G. Tetrahedron Lett. 1995, 36, 3687–3690.

8. Deoxygenation of glycidic ester: Buschmann, E.; Schafer,
B. Tetrahedron 1994, 50, 2433–2438.

9. Thermal eliminations: (a) Satoh, T.; Itoh, N.; Onda, K.;
Kitoh, Y.; Yamakawa, K. Bull. Chem. Soc. Jpn. 1992, 65,
2800–2806; (b) Ishihara, T.; Shintani, A.; Yamanaka, H.
Tetrahedron Lett. 1998, 39, 4865–4868.

10. CrCl2 induced b-elimination: Concell�on, J. M.;
Rodr�ıguez-Solla, H.; M�ejica, C. Tetrahedron Lett. 2004,
45, 2977–2979.

11. For additional examples of recent CrCl2-based methodol-
ogy see: (a) Baati, R.; Barma, D. K.; Falck, J. R.;
Mioskowski, C. J. Am. Chem. Soc. 2001, 123, 9196–9197;



5920 D. K. Barma et al. / Tetrahedron Letters 45 (2004) 5917–5920
(b) Barma, D. K.; Baati, R.; Valleix, A.; Mioskowski, C.;
Falck, J. R. Org. Lett. 2001, 3, 4237–4238; (c) Falck, J. R.;
Barma, D. K.; Baati, R.; Mioskowski, C. Angew. Chem.,
Int. Ed. 2001, 40, 1281–1283; (d) Barma, D. K.; Kundu,
A.; Baati, R.; Mioskowski, C.; Falck, J. R. Org. Lett.
2002, 4, 1387–1389; (e) Baati, R.; Barma, D. K.; Falck, J.
R.; Mioskowski, C. Tetrahedron Lett. 2002, 43, 2179–
2181; (f) Barma, D. K.; Elayadi, A.; Falck, J. R.; Corey,
D. R. Bioorg. Med. Chem. Lett. 2003, 13, 1333–1336.

12. Stereoselective synthesis of (Z)-a-chloroacrylates: Barma,
D. K.; Kundu, A.; Zhang, H.; Mioskowski, C.; Falck,
J. R. J. Am. Chem. Soc. 2003, 125, 3218–3219.

13. Available from Omm Scientific, Inc. (www.ommscientific.
com).

14. Nunez, M. T.; Martin, V. S. J. Org. Chem. 1990, 55, 1928–
1932.

15. Nagai, W.; Hirata, Y. J. Org. Chem. 1978, 43, 626–630.
16. A catalytic system utilizing Mn powder to recycle Cr(III)

to Cr(II) gave poor yields: F€urstner, A.; Shi, N. J. Am.
Chem. Soc. 1996, 118, 12349–12357.

17. Shen, Y.; Xin, Y.; Zhao, J. Tetrahedron Lett. 1988, 29,
6119–6120.

18. Lewis, F. D.; Quillen, S. L.; Hale, P. D.; Oxman, J. D.
J. Am. Chem. Soc. 1988, 110, 1261.

19. Heck, R. F.; Nolley, J. P., Jr. J. Org. Chem. 1972, 37,
2320–2322.

20. Bode, J. W.; Doyle, M. P.; Protopopova, M. N.; Zhou,
Q.-L. J. Org. Chem. 1996, 61, 9146–9155.

21. Banwell, M. G.; Cameron, J. M.; Corbett, M.; Dupuche,
J. R.; Hamel, E.; Lambert, J. N.; Lin, C. M.; Mackay, M.
F. Aust. J. Chem. 1992, 45, 1967–1982.

22. Xu, C.; Liu, G.; Zhang, Z. Synth. Commun. 1987, 17,
1839–1843.

23. Zebovitz, T. C.; Heck, R. F. J. Org. Chem. 1977, 42, 3907–
3909.

24. Jia, C.; Lu, W.; Kitamura, T.; Fujiwara, Y. Org. Lett.
1999, 1, 2097–2100.

25. Villieras, J.; Disnar, J. R.; Masure, D.; Normant, J. F. J.
Organomet. Chem. 1973, 57, C95–C98.

26. Compound 27 (anti-isomer, 75%): 1H NMR (400MHz,
CDCl3) d 7.31–7.18 (m, 5H), 4.21 (d, J ¼ 6:8Hz, 1H),
4.04–3.98 (m, 1H), 3.80 (s, 3H), 2.92–2.82 (m, 1H), 2.76–
2.68 (m, 1H), 2.48 (d, J ¼ 6:0Hz, 1H), 2.10–2.02 (m, 1H),
1.88–1.87 (m, 1H); 13C NMR (100MHz, CDCl3) d 169.36,
141.36, 128.65, 128.61, 126.28, 126.23, 71.18, 59.60, 53.26,
34.71, 34.71, 31.60. Compound 27 (syn-isomer, 25%): 1H
NMR (400MHz, CDCl3) d 7.31–7.18 (m, 5H), 4.32 (d,
J ¼ 4:0Hz, 1H), 4.12–4.05 (m, 1H), 3.80 (s, 3H), 2.92–2.82
(m, 1H), 2.76–2.68 (m, 1H), 2.48 (d, J ¼ 6:0Hz, 1H), 2.10–
2.02 (m, 1H), 1.88–1.87 (m, 1H); 13C NMR (100MHz,
CDCl3) d 169.19, 141.20, 128.65, 128.61, 126.28, 126.23,
71.29, 62.06, 53.39, 35.48, 34.71, 31.80. Compound 29
(anti-isomer, 71%): 1H NMR (300MHz, CDCl3) d 7.41–
7.25 (m, 5H), 6.76 (d, J ¼ 15:0Hz, 1H), 6.28 (dd, J ¼ 15:0,
6.6Hz, 1H), 4.80–4.70 (m, 1 H), 4.34 (d, J ¼ 6:6Hz, 1H),
3.83 (s, 3H), 2.67 (d, J ¼ 5:4Hz, 1H); 13C NMR (75MHz,
CDCl3) d 169.05, 136.07, 134.06, 134.06, 128.75, 128.35,
126.88, 125.94, 73.69, 59.49, 53.30. Compound 29 (syn-
isomer, 29%): 1H NMR (300MHz, CDCl3) d 7.41–7.25
(m, 5H), 6.74 (d, J ¼ 15:0Hz, 1H), 6.20 (dd, J ¼ 15:0,
6.6Hz, 1H), 4.80–4.70 (m, 1H), 4.43 (d, J ¼ 5:4Hz, 1H),
3.81 (s, 3H), 2.67 (d, J ¼ 5:4Hz, 1H); 13C NMR (75MHz,
CDCl3) d 169.61, 136.00, 133.94, 133.94, 128.75, 128.41,
126.88, 125.89, 73.40, 61.77, 53.36. Compound 30 (anti-
isomer, 75%): 1H NMR (400MHz, CDCl3) d 7.65–7.63
(m, 2H), 7.54–7.51(m, 2H), 5.12 (dd, J ¼ 7:6, 4.8Hz, 1H),
4.36 (d, J ¼ 7:6Hz, 1H), 3.81 (s, 3H), 3.13 (d, J ¼ 4:8Hz,
1H); 13C NMR (75MHz, CDCl3) d 169.36, 142.79, 127.62,
127.62, 125.61, 74.81, 58.92, 53.44. Compound 30 (syn-
isomer, 25%): 1H NMR (400MHz, CDCl3) d 7.65–7.63
(m, 2H), 7.54–7.51(m, 2H), 5.26 (dd, J ¼ 5:6, 4.4Hz, 1H),
4.46 (d, J ¼ 5:6Hz, 1H), 3.74 (s, 3H), 3.11 (d, J ¼ 4:4Hz,
1H); 13C NMR (75MHz, CDCl3) d 168.64, 142.43, 127.15,
127.15, 125.92, 73.77, 62.41, 53.44. Compound 31 (syn-
isomer, 34%): 1H NMR (400MHz, CDCl3) d 7.46–7.31
(m, 5H), 6.96 (s, 1H), 6.88–6.82 (m, 2H), 5.16 (s, 2H), 5.07
(d, J ¼ 6:4Hz, 1H), 4.43 (d, J ¼ 6:4Hz, 1H), 3.91 (s, 3H),
3.67 (s, 3H), 2.88 (br s, 1H); 13C NMR (100MHz, CDCl3)
d 168.60, 149.82, 148.53, 137.04, 131.24, 128.70, 128.70,
128.04, 127.41, 127.41, 119.18, 113.78, 110.26, 75.00,
71.06, 62.89, 56.17, 53.13. Compound 31 (anti-isomer,
66%): 1H NMR (400MHz, CDCl3) d 7.46–7.31 (m, 5H),
6.96 (s, 1H), 6.88–6.82 (m, 2H), 5.17 (s, 2H), 5.00 (d,
J ¼ 8:0Hz, 1H), 4.37 (d, J ¼ 8:0Hz, 1H), 3.91 (s, 3H),
3.67 (s, 3H), 2.88 (br s, 1H); 13C NMR (100MHz, CDCl3)
d 169.57, 149.79, 148.62, 137.08, 131.94, 128.70, 128.70,
128.04, 127.41, 127.41, 119.64, 113.64, 110.37, 75.32,
71.06, 59.26, 56.17, 53.26.

27. Roux-Schmitt, M.-C.; Seyden-Penne, J.; Wolfe, S. Tetra-
hedron 1972, 28, 4965–4979.

28. Reformatsky review: F€urstner, A. Synthesis 1989, 571–
590.

29. Review of chromium-mediated Reformatsky reactions:
F€urstner, A. Chem. Rev. 1999, 99, 991–1045.

ftp://www.ommscientific.com
ftp://www.ommscientific.com

	A highly stereospecific synthesis of (E)-alpha,beta-unsaturated esters
	Introduction
	General procedure
	Preparation of (E)-alpha,beta-unsaturated ester 4
	Preparation of chlorohydrin 3

	Acknowledgements
	References


