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Summary: In this study, a series of the (Z)-α-chloro-α,β-unsaturated esters 3 were efficiently 
prepared in a one- pot sequence. In the presence of N-chlorosuccinimide (NCS) and manganese 
dioxide, under ultrasonication conditions, (carboethoxymethylene)triphenylphosphorane 1
underwent tandem chlorination/oxidation/Wittig olefination sequence with the activated alcohol 2, to 
afford (Z)-α-chloro-α,β-unsaturated esters in moderate to good yields. 
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Introduction

The Wittig olefination [1-5], for which 
Wittig was awarded the Nobel prize in chemistry in 
1979, is a powerful method for the formation of 
carbon-carbon double bonds by the reaction of 
aldehydes, or ketones, with phosphoranes (Wittig 
reagents). The α-chloro-α,β-unsaturated esters have 
attracted considerable interest in organic synthesis [6-
13] and have been synthesized on a commercial scale 
for their application in the polymer, food and  
cosmetic industries and in the medicinal applications 
such as antihypertensives and calcium channel 
blockers [14,15]. The α,β-unsaturated esters have 
been synthesized using several protocols [14-29], 
most of which are E-stereoselective [15]. Recently, 
we have reported the first general method for 
preparing (Z)-α-chloro-α,β-unsaturated esters by a 
one-pot chlorination/oxidation/Wittig olefination sequence 
from alcohols, using the DMSO/SO3·pyridine complex as 
the oxidant [30]; this procedure can be applied to both 
activated and non-activated primary alcohols. We 

further investigated this reaction using other selective 
oxidants, and evaluating Z-selectivity. In addition, we 
reported a one-pot halogenation/oxidation/Wittig 
olefination sequence (halogen = Br, I) using a 
selective, cost-effective, and environment-friendly 
oxidant manganese dioxide (MnO2) for the synthesis 
of α-halo-α,β-unsaturated esters (halogen = Br, I) 
from activated primary alcohols [31, 32]. In this 
study, we report the applicability of the one pot 
halogenation/oxidation/Wittig olefination sequence 
for the preparation of (Z)-α-chloro-α,β-unsaturated 
esters 3 from activated alcohols 2, using N-
chlorosuccinimide (NCS) as chlorine source and 
MnO2 as the oxidant, Scheme 1. This approach can 
prevent issues related to the handling of intermediate 
aldehydes, which are unsuitable substrates difficult to 
isolate, toxic, volatile, and show proclivity towards 
hydration, polymerization and oxidation. 
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Scheme-1: The one-pot preparation of the (Z)-α-chloro-α,β-unsaturated esters using NCS and MnO2.
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Experimental

General Notes

Infrared (IR) were recorded as KBr disc on 
Perkin Elmer 883 spectrophotometer and data are 
expressed in wave number (υ cm-1).Nuclear magnetic 
resonance (NMR) spectra for 1H and 13C were 
recorded on JEOL 400 MHz, Chemical shifts are 
expressed as δ ppm, and coupling constants (J) are 
given in Hertz. High resolution mass spectra (HRMS) 
were obtained on a QT of premier (waters) by direct 
injection of the sample (10 µg/mL) in methanol

General protocol for the one-pot preparation of (Z)-
α-chloro-α,β-unsaturated esters.

Into one-necked round-bottom flask 
containing 
(carboethoxymethylene)triphenylphosphorane 1 (1.3 
mmol), N-chlorosuccinimide (1.4 mmol) in 
dichloromethane (12 mL), alcohol 2 (1 mmol) was 
added followed by activated manganese dioxide 
(from Aldrich, 10 mmol). The mixture was sonicated
(BANDELIN SONOREX Ultrasonic 33KHz) for 10 
h.  After that the mixture was filtered through celite 
to remove the manganese dioxide and washed with 
dichloromethane. The organic solution concentrated 
in vacuo and purified via short column 
chromatography on silica gel to give the product 3.

(Z)-Ethyl-2-chloro-3-phenylpropenoate [33]

(3a). Yield: 77%. Yellow oil. IR (KBr) υ = 3028, 
2983, 1725, 1638, 1617, 1493, 1447, 1367, 1263, 
1199 cm-1. 1H-NMR (CDCl3, 400 MHz): δ = 7.90 (s, 
1H), 7.35–7.85 (m, 5H aromatic), 4.36 (q, J = 7.32, 
2H), 1.38 (t, J = 7.32, 3H) ppm. 13C-NMR (CDCl3, 
100 MHz): δ = 163.4, 136.9, 133, 130.7, 128.6, 
122.2, 62.6, 14.4, 1.1 ppm. MS (m/z) (%): 235 [M + 
Na+ + 2] (54), 233 [M + Na+] (100), 207 (36), 199 
(25), 183 (19), 165 (27). 

(2Z,4E)-Ethyl-2-chloro-5-phenylpenta-2,4-
dienoate [34] (3b). Yield: 52%. Yellow oil. IR (KBr) υ 
= 2958, 2924, 1707, 1616, 1261, 1047 cm-1. 1H-NMR 
(CDCl3, 400 MHz): δ = 7.30–7.53 (m, 5H aromatic), 
6.88–7.02–7.20 (m, 2H), 4.32 (q, J = 7.32, 2H), 1.33 
(t, J = 7.36, 3H) ppm. 13C-NMR (CDCl3, 100 MHz): 
δ = 167.1, 163.0, 144.6, 142.0, 140.4, 137.2, 136.1, 
129.1, 128.9, 127.6, 126.3, 123, 122.7, 121.4, 62.3, 
60.4, 14.4, 1.1 ppm. MS (m/z) (%): 239 [M + H+ + 2] 
(38), 237 [M + H+] (100), 209 (98), 173 (53). 

(Z)-Ethyl-3-(furan-2-yl)-2-chloro-2-
propenoate [35] (3c). Yield: 59%. Yellow oil. IR 
(KBr) υ = 2926, 1726, 1620, 1471, 1259, 1045 cm-1. 
1H-NMR (CDCl3, 400 MHz): δ = 7.82 (s, 1H), 7.47 

(d, J = 4.40 Hz, 1H), 7.28 (d, J = 2.92 Hz, 1H), 6.57 
(m, 1H), 4.31 (q, J = 6.60, 2H), 1.36 (t, J = 6.60, 3H) 
ppm. 13C-NMR (CDCl3, 100 MHz): δ = 163.1, 149.3, 
144.7, 125.4, 119, 116.8, 112.5, , 62.5, 14.3 ppm. MS 
(m/z) (%): 225 [M + Na+ + 2] (46), 223 [M + Na+] 
(100), 203 (12), 201 [M+] (30), 175. (28), 173 (56), 
157 (30), 155 (81). 

(2Z,4E)-Ethyl-2-chlorohepta-2,4-dienoate 
[30] (3d). Yield: 64%. Yellow oil. IR (KBr) υ = 2964, 
1729, 1635, 1262.07, 1098, 1029 cm-1. 1H-NMR 
(CDCl3, 400 MHz): δ = 7.40 (d, J = 10.28, 1H), 6.28–
6.50  (m, 2H), 4.29 (q, J = 7.32, 2H), 2.25 (q, J = 
7.32, 2H), 1.35 (t, J = 6.6, 3H), 1.07 (t, J = 7.32, 3H) 
ppm. 13C-NMR (CDCl3, 100 MHz): δ = 148.3, 138.1, 
124.5, 62.1, 29.7, 26.6, 14.3, 12.8, 1.1, ppm. MS 
(m/z) (%): 213 [M + Na+ + 2] (38), 211 [M + Na+] 
(21), 189 [M + H+] (100), 177 (56), 148 (51). 

(2Z)-Ethyl-2-chloro-5-phenylpent-2-ene-4-
ynoate [35] (3e). Yield: 68%. Yellow oil. IR (KBr) υ = 
2981, 2927, 2196, 1728, 1602, 1273, 1053 cm-1. 1H-
NMR (CDCl3, 400 MHz): δ = 7.35–7.53 (m, 5H 
aromatic), 7.19 (s, 1H), 4.30 (q, J = 6.60, 2H), 1.37 
(t, J = 7.32, 3H) ppm. 13C-NMR (CDCl3, 100 MHz): 
δ = 162.1, 132.1, 129.7, 129.4, 128.5, 122.1, 120.1, 
119.9, 105.1, 84.5, 77.1, 78.8, 62.7, 60.8, 14.2 ppm. 
MS (m/z) (%): 237 [M + H+ + 2] (15), 235 [M + H+] 
(40), 207 (100), 173 (22), 149 (62). 

(Z)-Ethyl-2-chlorohept-2-en-4-ynoate [30]

(3f). Yield: 75%. Yellow oil. IR (KBr) υ = 2963, 
2218, 1733, 1597, 1261, 1095 cm-1. 1H-NMR 
(CDCl3, 400 MHz): δ = 7.25  (s, 1H), 4.28 (q, J = 
7.32, 2H), 2.45 (qd, J = 7.32 ;  2.2, 2H), 1.31 (t, J = 
7.32, 3H), 1.21 (t, J = 7.32, 3H) ppm. 13C-NMR 
(CDCl3, 100 MHz): δ = 162.2, 131.4, 129.3, 126.1, 
120.9, 109.2, 75.4, 62.6, 60.6, 14.18, 13.9, 13.4, 1.1 
ppm. MS (m/z) (%): 211 [M + Na+ + 2] (26), 209 [M 
+ Na+] (61), 183 (100), 175 (32), 157 (30), 159 (30). 

Results and discussion

As a part of our ongoing interest in one-pot 
procedures [31,32,36,37], which involve the design 
of the environmentally and economically favored 
one-pot reactions, our group has recently reported 
efficient one-pot preparation of (Z)-α-chloro-α,β-
unsaturated esters through chlorination/ oxidation/
Wittig olefinaation cascade.NCS and the 
DMSO/SO3·pyridine complex were used as the 
chlorinating agent and oxidant, respectively, sand 
activated alcohols, such as allylic alcohol, 
propargylic alcohol, and aromatic alcohols, were 
used as starting compounds as well as alkanols [30]. 
For further evaluating the one-pot chlorination
/oxidation/Wittig olefination sequence, we decided to 
conduct the one-pot sequential chlorination/
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oxidation/Wittig olefination reaction under 
ultrasound conditions, using MnO2 as a selective, 
cost-effective, and environment-friendly oxidant 
agent for activated alcohols 1, such as allylic alcohol, 
propargylic alcoho, and benzylic alcohols, to give 
(Z)-α-chloro-α,β-unsaturated esters 3, Scheme 1. The 
yields in these reactions were moderate to good, and 
the table 1 present the degree of geometrical 
selectivity of α-chloro-α,β-unsaturated esters thus 
obtained.. It is noteworthy to mention that the presece 
of an aromatic ring in the substrate enhances the Z-
stereoselectivity.

The main advantages of using MnO2 as the 
selective oxidant are mild conditions and easy work-
up. The product is isolated by simple filtration 
through Celite®, followed by passing the solution 
through a short silica-gel column. The Z and E
isomers were not separated in all reactions; however, 
the Z/E ratio was obtained from the integration of the 
vinylic proton signal: the vinylic proton signal of the 
isomer Z appeared downfield from that of the isomer
E. The α, β-unsaturated esters were converted to the 
corresponding alcohols using diisobutylaluminium 
hydride (DIBAL) in order to determine the 
stereochemistry of the carbon-carbon double bonds 
(C=C) in α, β-unsaturated esters. The nuclear 
Overhauser Effect spectroscopy (NOESY) was 
performed with the allylic alcohol obtained by the 
reduction of the corresponding ester. Nuclear 
Overhauser Effects (NOEs) were observed between 
the methylic hydrogens and olefinic proton of the 
alcohol.

Table-1: The one-pot preparation of (Z)-α-chloro-α,β-
unsaturated esters using NCS and MnO2.

Entry R Product Yield (%)a Z/Eb

1 3a 77 100:0

2 3b 52 100:0

3 3c 59 89:11

4 3d 64 82:18

5 3e 68 90:10

6 3f 75 77:22
aYield was based on alcohols. bThe Z/E ratio was determined from 
1H-NMR.

Conclusion

In summary, starting from activated alcohols 
2, a series of (Z)-α-chloro-α,β-unsaturated esters 3
was successfully prepared by an efficient one-pot 
sequential chlorination/oxidation/Wittig olefination r 
under ultrasonication conditions.

Acknowledgments

The authors extend their appreciation to the 
Deanship of Scientific Research at King Saud
University, for funding the work through the research 
group project No. RGP-128.

References

1. G. Wittig and U. Schöllkopf, Über triphenyl-
phosphin-methylene als olefinbildende 
reagenzien (i. Mitteil, Chem. Ber., 87, 1318 
(1954).

2. P. A. Byrneand and D. G. Gilheany, The Modern 
Interpretation of the Wittig Reaction 
Mechanism,Chem. Soc. Rev., 42, 6670 (2013).

3. Y. Al Jasem, R. El-Esawi and T. Thiemann,
Wittig-and Horner–Wadsworth–Emmons-
Olefination Reactions with Stabilised and Semi-
Stabilised Phosphoranes and Phosphonates 
Under Non-Classical Conditions, J. Chem. Res.,
38, 453 (2014).

4. E. Vedejs and C. F. Marth, Mechanism of Wittig 
Reaction: Evidence Against Betaine 
Intermediates, J. Am. Chem.Soc., 112, 3905 
(1990).

5. A. Maercker, The Wittig Reaction, Organic 
Reactions, John Wiley & Sons, Inc. (2004).

6. K. Takai, M. Tezuka and K. Utimoto, 
Stereoselective Synthesis of Trisubstituted. 
Alpha., Beta.-Unsaturated Esters and Amides 
Via Reactions of Tantalum-Alkyne Complexes 
Derived from Acetylenic Esters and Amides with 
Carbonyl Compounds, J. Org. Chem., 56, 5980 
(1991).

7. L. Crombie, A. Krasinski and M. Manzoor-i-
Khuda, Amides of Vegetable Origin. Part X. The 
Stereochemistry and Synthesis of Affinin, J. 
Chem. Soc., 4970 (1963).

8. O. Masayuki, K. Yaeko, H. Kiyoizumi and O. 
Satoshi, The Alkaloid am-6201 from 
Streptomyces Xanthochromogenus, Chem. 
Pharm. Bull., 30, 1210 (1982).

9. H. Cho, J. M. Beale, C. Graff, U. Mocek, A. 
Nakagawa, S. Omura and H. G. Floss, Studies on 
the Biosynthesis of the Antibiotic 
Reductiomycin in Streptomyces 



Mujeeb Abdullah Sultan et al.,    J.Chem.Soc.Pak., Vol. 39, No. 01, 2017 95

Xanthochromogenus, J. Am. Chem. Soc., 115,
12296 (1993).

10. M. Ojika, H. Niwa, Y. Shizuri and K. Yamada, 
Total Synthesis of an Antitumour Antibiotic,(±)-
Reductionmycin., J. Chem. Soc., Chem. 
Commun. 628 (1982).

11. R. Grote, A. Zeeck, H. Drautz and H. Zahner, 
Metabolic Products of Microorganisms. 246. 
2880-ii, a metabolite related to ferulic acid from 
streptomyces griseoflavus, J. Antibiot., 41, 1275 
(1988).

12. G. Werner, H. Hagenmaier, H. Drautz, A. 
Baumgartner and H. Zahner, Metabolic Products 
of Microorganisms. 224. Bafilomycins, a New 
Group of Macrolide Antibiotics. Production, 
Isolation, Chemical Structure and Biological 
Activity, J. Antibiot., 37, 110 (1984).

13. S. Omura, N. Imamura, K. HInotozawa, K. 
Otoguro, G. Lukacs, R. Faghih, R. Tolmann, B.
H. Arison and J. L. Smith, The Structure of 
Virustomycin a, J. Antibiot., 36, 1783 (1983).

14. I. M. Nogueira, M. Josue Filho, P. H. M. de 
Vasconcelos, G. D. Saraiva and A. C. Oliveira, 
Catalytic Activity of Nitrogen-Containing 
Molecular Sieves and Nitrogen-Containing 
Carbon for α, β-unsaturated Esters Production, 
Chem Eng. J., 172, 1054 (2011).

15. J. K. Augustine, C. Boodappa, S. Venkatachaliah
and A. Mariappan, Ticl 4-Mediated Olefination 
of Aldehydes with Acetic Acid and Alkyl 
Acetates: A Stereoselective Approach to (e)-α, β-
unsaturated Carboxylic Acids and Esters, 
Tetrahedron lett., 55, 3503 (2014).

16. D. P. Bezerra, D. C. Azevedo, L. G. Pinheiro, M. 
Josué Filho and A. C. Oliveira, Production of α, 
β-Unsaturated Esters via Knoevenagel
Condensation of Buthyraldehyde and Ethyl 
Cyanoacetate Over Amine-Containing Carbon 
Catalyst, Chem.Eng. J., 264, 565 (2015).

17. J. K. Augustine, A. Bombrun, S. Venkatachaliah
and A. Jothi, Titanium Mediated Olefination of 
Aldehydes with α-haloacetates: An 
Exceptionally Stereoselective and General 
Approach to (z)-α-Haloacrylates. Org. Biomol. 
Chem., 11, 8065 (2013).

18. L. Forti, F. Ghelfi and U. M. Pagnoni, 
Stereoselective Dehydrobromination of alkyl α-
brα-cl-carboxylates, Tetrahedron lett., 36, 3023 
(1995).

19. E. Buschmann and B. Schäfer, Eine Neue 
Methode Zur Darstellung α-Chlorsubstituierter 
Zimtsäureester, Tetrahedron., 50, 2433 (1994).

20. T. Satoh, N. Itoh, K.-I. Onda, Y. Kitoh and K. 
Yamakawa, 1-Haloalkyl Aryl Sulfoxides as 
Useful Agents in Synthesis of. Alpha.-Halo 
Ketones. A New Synthesis of. Alpha.-Halo 

Ketones,. Alpha.-Halo. Alpha.,. Beta.-
Unsaturated Ketones, and. Alpha.-Halo Cross 
Dienones from Aldehydes, Bull. Chem. Soc. 
Jpn., 65, 2800 (1992).

21. T. Ishihara, A. Shintani and H. Yamanaka, A 
Novel Reaction of β, β′-dihydroxy Acids or 
Esters with vanadium (v) trichloride oxide. New 
Entry to the Stereoselective Synthesis of α-
fluoro-α, β-Unsaturated Acids and Esters, 
Tetrahedron lett., 39, 4865 (1998).

22. D. Barma, A. Kundu, H. Zhang, C. Mioskowski
and J. Falck, (z)-α-Haloacrylates: An 
exceptionally Stereoselective Preparation via cr 
(ii)-Mediated Olefination of Aldehydes with 
Trihaloacetates, J. Am. Chem. Soc., 125, 3218 
(2003).

23. J. M. Concellón, M. Huerta and R. Llavona, 
Synthesis of (z)-α-chloro-α, β-Unsaturated Esters
with Complete Stereoselectivity Promoted by 
Samarium Diiodide, Tetrahedron lett., 45, 4665 
(2004).

24. T. Chan and M. Moreland, The Synthesis of 
Alkenes from Carbonyl Compounds and 
Carbanions α to Silicon Vii. A Synthesis of α-
chloro-α, β-unsaturated esters, Tetrahedron lett.,
19, 515 (1978).

25. N. A. Braun, U. Bürkle, M. P. Feth, I. Klein and 
D. Spitzner, Synthesis and Anionically Induced 
Domino Reactions of Chiral α‐bromo α, 
β‐unsaturated Esters, Eur. J. Org. Chem., 1998,
1569 (1998).

26. Z. Z. Huang, L. L. Wu, L. S. Zhu and X. Huang, 
Stereoselective Synthesis of (2z)-α-bromo-α, β-
Unsaturated Esters via Arsonium Ylide, Synth. 
Commun., 26, 677 (1996).

27. A. Zapata, New Synthesis of α-bromo-α, β-
unsaturated esters, Synth. Commun., 16, 1611 
(1986).

28. A. G. M. Barrett, D. Hamprecht and M. Ohkubo, 
Dess−Martin Periodinane Oxidation of Alcohols 
in the Presence of Stabilized Phosphorus Ylides:  
A Convenient Method for the Homologation of 
Alcohols via Unstable Aldehydes, J. Org. 
Chem., 62, 9376 (1997).

29. A. G. M. Barrett, D. Hamprecht, A. J. P. White
and D. J. Williams, Iterative Cyclopropanation:  
A Concise Strategy for the Total Synthesis of the 
Hexacyclopropane Cholesteryl Ester Transfer 
Protein Inhibitor u-106305, J. Am. Chem.Soc.,
119, 8608 (1997).

30. U. Karama, H. Alshamari, H. Abdelall and M. 
Sultan, A Facile One-Pot Synthesis of (z)-α-
chloro-α, β-Unsaturated Esters from Alcohols, 
Arab. J. Chem., in press (2013).

31. U. Karama, Z. Al-Othman, A. Al-Majid and A. 
Almansour, A Facile One-Pot Synthesis of α-



Mujeeb Abdullah Sultan et al.,    J.Chem.Soc.Pak., Vol. 39, No. 01, 2017 96

bromo-α, β-Unsaturated Esters from Alcohols, 
Molecules., 15, 3276 (2010).

32. U. Karama, One-Pot Approach to the Conversion 
of Alcohols into α-iodo-α, β-unsaturated Esters, 
Synth. Commun., 40, 3447 (2010).

33. M. M. Kayser, J. Zhuand D. L. Hooper. 
Stabilized haloylides: Synthesis and Reactivity.
Can. J. Chem. 75 1315 (1997).

34. H. W. Hoppe, B. Stammen, U. Werner, H. Stein
and P. Welzel, An Approach to Bufadienolides 
from Deoxycholic Acid. Reactions of a Steroidal 
αβ-Unsaturated Aldehyde with Some O-Silylated 
Ketene Acetals, Tetrahedron., 45, 3695 (1989).

35. B. Jiang, Y. Dou, X. Xu and M. Xu, A Novel 
and Convenient Protocol for Synthesis of α-
Haloacrylates. Org. Lett., 10, 593 (2008).

36. U. Karama, R. Mahfouz, Z. Al-Othman, I. 
Warad and A. Almansour. One-Pot Combination 
of the Wittig Olefination with Bromination and 
Oxidation Reactions,. Synth. Commun., 43, 893 
(2013).

37. U. Karama, One-Pot Synthesis of (e)-α-chloro-α, 
β-Unsaturated Esters, J. Chem. Res., 2009, 405
(2009).


