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Abstract
An efficient synthesis of a,3-unsaturated esters is achieved via a-one-pot reaction in the
presence of a Cs-symmetric arsine. The key advantages are the short reaction time, simple

workup, mild reaction conditions and highyields.
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KEYWORDS: ‘solvent-free, one-pot, Cs-symmetric arsine, wittig-type olefination

INTRODUCTION
The Wittig reaction is a well-known classical reaction and has been acknowledged as
powerful and versatile tool in organic synthesis for the formation of carbon-carbon
double bond.* Conventionally, this reaction requires three steps, i.e., preparation of salts,

ylide formation, and subsequent reaction with carbonyl compounds to give olefinic
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products. The time-consuming and tedious steps make it difficult to handle and generate a
large volume of solvent waste. From the standpoint of environmental sustainability and
minimising pollution, the one-pot process of the Wittig reaction has been receiving
increasing attention.” Until now, a number of variations on the reaction conditions have
been reported and the most impressive variant is the replacement of the three step-process
with a one-pot synthesis.® Typical simplified methods that have been used.include the
reaction of an aldehyde with ethyl bromoacetate using n-BusP/Zn* or catalytic amounts of
tributylarsine in the presence of triphenyl phosphite in stoichiometric amounts.”
Choudary et al. reported the one-pot Wittig reaction catalyzed by using nanocrystalline
magnesium oxide (NAP-MgO) in the above protocol.® Other advances also include the
use of ethyl diazoacetate (EDA) instead of a-bromo esters by catalytic amounts of iron,
ruthenium, or cobalt porphyrin complexes.” Although great progress has been achieved,
the use of an excess of organicsolvent, an inert atmosphere, expensive metal catalysts
and long reaction times all' limit the applications of these methods. Therefore, a search for

a better method for carbon-carbon double bond formation is being continued.

Recently, great strides have been made in solvent-free reactions because of their high
efficiency, operational simplicity, low cost, and environmentally benign processes. A
limited number of reports have also appeared on Wittig olefination reactions in a
solventless system.? For the most part, however, these have been limited to reactions for

which ylide salts have been employed.
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Recently, we have reported a Cz-symmetric tertiary arsine 1, which could be synthesized
from readily available and low-toxicity p-arsanilic acid in a 3-step reduction - Grignard
reaction - amidation sequence in 54% overall yield (Figure 1). By using this catalyst,
stereoselective cyclopropanation of electron-deficient olefins take place to give
cyclopropane derivatives in one-pot synthesis.” During the course of this stldy, we
observed that the solid arsine 1 was reactive enough to react with ethyl bromoacetate and
form the corresponding ylide in the presence of weak bases. The ylide reacted
exothermally when mixed with aldehydes and these reactions could be performed with
short reaction times in solventless system. Herein, we report our recent studies on
preparing o,f-unsaturated esters with excellent yields and good stereoselectivity in the
presence of the arsine 1 under solvent-free conditions. As compared with reported
methods, the experimental procedure for this reaction is remarkably simple and does not

require the use of organic solvents or inert atmospheres.

RESULTS AND DISCUSSION
We first examined the reaction of benzaldehyde with ethyl bromoacetate in the presence
of arsine. 1 with a variety of bases (Table 1). In the initial model experiment, a mixture of
arsine 1 (0.36 equiv), ethyl bromoacetate (1.2 equiv), benzaldehyde (1.0 equiv) and
K>CO3 (3.0 equiv) were taken in a flask, mixed thoroughly at room temperature. The
problem in the grinding reaction is that the starting materials soon become a tough waxy

substance that is hard to be ground. To overcome this, we add water to the mixture until
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the substrates form a paste-like product that is easily ground. The process of the reaction
was detected by TLC, after 360 min, the desired product 3a was obtained in 57% yield,
but the olefination reaction was not completed and the starting material was observed on
the TLC analysis (Table 1, entry 1). Further experiments showed that the yield of the
reaction increased and the time of the reaction decreased when the temperature was
raised from room temperature to 80 °C, while the yield decreased when reaction was
carried out at 100 °C (entries 2-4). When NaOH was used as the base, the'color of the
reaction mixture became deep brown and only 13% of the desired product was formed
(entry 5). The results also showed that NaHCO3 was less effective (entry 6). We have
also tested Et3N as the base for the deprotonation of the in situ formed arsonium salt, the
results show that the yield of the reaction increased and the time of the reaction decreased
when the temperature was raised from room temperature to 60 °C, but the yield decreased
when reaction was carried-out at 80 °C (Table 1, entries 7 - 9). This was deemed to be an
effect of the volatility of EtsN in the reaction conditions, meanwhile, some deep color
by-products were produced when EtsN was used, thus reducing the yield and increasing
the difficulty of the separation and purification. In order to make this olefination practical
and environmentally friendly, we decided to use K,COg as base in the reactions. It is
worth noting that the reaction was very easy to carry out, and the work-up was
straightforward, which considerably reduce the risk of toxicity of arsines in practical
terms. Further, the arsine 1 proved to be more reactive for the Wittig olefination reaction

of the benzaldehyde 2a when compared to triphenylarsine under identical reaction
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conditions ( 92% vs. 86% yield ), and higher stereoselectivity was also observed (> 99 :
1).

To explore the generality of this reaction, a variety of substrates were submitted to this
reaction condition. As shown in Table 2, a variety of substrates 2, both electron-donating
and electron-withdrawing substituents on the aromatic ring were well tolerated and all
gave the desired products in high yields (Table 2, entries 2-14). Aromatic.aldehydes with
electronwithdrawing groups afforded «,-unsaturated esters stereoselectively in excellent
yields (entries 2 - 9). The results also showed that the presence of an electron-donating
group on the benzene ring decreased the reactivity and required longer reaction times
(entries 10-14). Moreover, while substitution at the ortho position of the phenyl ring of a
substrate led to a slightly lower yield, probably due to steric effects (entry 7). Aliphatic
aldehydes were also favorable substrates affording the corresponding unsaturated esters

in high yields (entry 15-17).

On the basis of experimental observation and the literature,® the mechanism of this
reaction is likely to proceed via a reaction pathway involving the formation of arsonium
salt from arsine 1 and bromide followed by the production of ylide in the presence of
K>CO3, and the ylide and aldehydes generating the observed olefin products. This process

is depicted in Scheme 1.
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It should be noted that this condensation occurs with high stereoselectivities. In most
cases described above, the stereoselectivity was excellent and the E/Z ratio was > 99/1, as
established by *H NMR analysis of the crude reaction mixtures. The E-isomer structures
of compounds 3 are confirmed by the coupling constants of alkenyl protons and
compared with literatures. It has been reported that the alkenyl protons with-an
E-configuration have a larger coupling constant (12 - 18 Hz), whereas those with a
Z-configuration have a smaller coupling constant (7 - 11 Hz). The coupling constants of

acrylates 3 are 15.0 - 16.0 Hz.*

CONCLUSION
In summary, we have achieved a one-step procedure for the preparation of
a,f-unsaturated esters from ethyl bromoacetate, aldehyde and K,COj in the presence of
arsine 1. Our approach greatly simplifies the traditional three steps of a Wittig reaction
into a one-pot solvent-free synthesis. Its advantages are the short reaction time, simple

workup, mild reaction conditions, high stereoselectivities and yields.

EXPERIMENTAL
All'reagents and solvents were purified according to standard methods unless otherwise
noted. Melting points are uncorrected. Melting points were determined on WRS-1 digital
melting-point apparatus made by Shanghai Physical Instrument Factory (SPOIF), NMR

spectra were recorded on a Bruker AM-400 spectrometer, using CDCI3 as solvent. The
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chemical shifts were reported in ppm downfield from tetramethylsilane (TMS) with the
solvent resonance as the internal standard. Coupling constants (J) are reported in Hz and
refer to apparent peak multiplications. Flash chromatography was performed on columns

of silica gel (20-30 um).

General Procedure For Preparing A,B-Unsaturated Esters 3

The general process for synthesis of a,-unsaturated esters 3a — 3q was asfollows: A
mixture of 1 (0.402 g, 0.36 mmol), ethyl bromoacetate (0.200 g, 1.2 mmol), aldehyde 2
(2 mmol) and K;CO3 (0.414 g, 3 mmol) and three drops of water was mixed thoroughly
in a flask and then heated at 80 °C. The progress of reaction was monitored by TLC. After
completion, water was added and the product was extracted with CH,Cl,. The organic
layer was separated, dried over anhydrous sodium sulphate and the solvent evaporated
under reduced pressure to afford the crude product. The crude product was subjected to
column chromatography over silica gel using hexane/ethyl acetate as eluent to obtain

pure product.
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SUPPORTING INFORMATION
Full experimental detail, *H and *C NMR spectra. This material can be found via the

“Supplemental materials” section of this article’s webpage.

REFERENCES
1. (a) Wittig G.; Geissler G. Course of reactions of pentaphenylphosphorus and certain
derivatives. Justus Liebigs Ann. Chem., 1953, 580, 44-57; (b) Hoffmann, R.'W. Wittig
and his accomplishments: still relevant beyond his 100th birthday. Angew. Chem., Int.
Ed., 2001, 40, 1411-1416; (c) Maryanoff, B. E.; Reitz, A. B. The Wittig olefination
reaction and modifications involving phosphoryl-stabilized carbanions. Stereochemistry,
mechanism, and selected synthetic aspects. Chem. Rev. 1989, 89, 863-927; (d) Cristau,
H.-J. Synthetic applications of metalated phosphonium ylides. Chem. Rev. 1994, 94,
1299-1313; (e) Kolodiazhnyi, ©. I.'Phosphorus Ylides: Chemistry and Applications in
Organic Chemistry, Wiley-VCH, New York, 1999.
2. (a) Werner, T.; Hoffmann, M.; Deshmukh, S. Euro. J. Org. Chem., 2015, 15,
3286-3295; (b).Coyle, E. E.; Doonan, B. J.; Holohan, A. J.; Walsh, K. A.; Lavigne, F;
Krenske, E. H.; O'Brien, C. J. Angew. Chem., 2014, 126, 13121-13125; (c) Abed, H. B,;
Mammoliti, O.; Bande, O.; Lommen, G. V.; Herdewijn, P. Org. Biomol. Chem., 2014, 12,
7159-7166.
3.  (a) Leung, P. S.-W.; Teng, Y.; Toy, P. H. Chromatography-Free Wittig Reactions

Using a Bifunctional Polymeric Reagent. Org. Lett. 2010, 12, 4996-4999; (b) Liu, D.-N.;

8



Downloaded by ["University at Buffalo Libraries'] at 03:26 09 June 2016

Tian, S.-K. Stereoselective Synthesis of Polysubstituted Alkenes through a
Phosphine-Mediated Three-Component System of Aldehydes, a-Halo Carbonyl
Compounds, and Terminal Alkenes. Chem.-Eur. J. 2009, 15, 4538-4542; (c) El-Batta, A.;
Jiang, C.; Zhao, W.; Anness, R.; Cooksy, A. L.; Bergdahl, M. Wittig Reactions in \Water
Media Employing Stabilized Ylides with Aldehydes. Synthesis of o,-Unsaturated Esters
from Mixing Aldehydes, a-Bromoesters, and PhsP in Aqueous NaHCOgz:J. Org. Chem,
2007, 72, 5244-5259; (d) Wu, J.; Yue, C. One-Pot Wittig Reactions in Aqueous Media: A
Rapid and Environmentally Benign Synthesis of a,3-Unsaturated Carboxylic Esters and
Nitriles. Synth. Commun. 2006, 36, 2939-2947, and references cited therein;

4. Shen,Y.; Xin,Y.; Zhao, J. A new method for carbon-carbon double bond formation
promoted by tri-n-butylphosphine and zinc. Tetrahedron Lett. 1988, 29, 6119-6120.

5. Shi, L.; Wang, W.; Wang, Y.; Huang, Y.-Z. The first example of a catalytic Wittig-type
reaction. Tri-n-butylarsine-catalyzed olefination in the presence of triphenyl phosphite. J.
Org. Chem. 1989, 54, 2027-2028.

6. Choudary, B. M.; Mahendar, K.; Kantam, M. L.; Ranganath, K. V. S.; Athar, T. The
One-Pot Wittig Reaction: A Facile Synthesis of a,B-Unsaturated Esters and Nitriles by
Using Nanocrystalline Magnesium Oxide. Adv. Synth. Catal. 2006, 348, 1977-1985.

7. (a) Cao, P; Li, C.-Y.; Kang, Y.-B.; Xie, Z.; Sun, X.-L. and Tang, Y. PhsAs-Catalyzed
Wittig-Type Olefination of Aldehydes with Diazoacetate in the Presence of Na,S,04. J.
Org. Chem., 2007, 72, 6628-6630; (b) Chen, Y.; Huang, L.; Ranade, M. A.; Zhang, X. P.

Iron(I11) and Ruthenium(Il) Porphyrin Complex-Catalyzed Selective Olefination of

9



Downloaded by ["University at Buffalo Libraries'] at 03:26 09 June 2016

Aldehydes with Ethyl Diazoacetate. J. Org. Chem. 2003, 68, 3714-3717; (c) Lebel, H.;
Paquet, V.; Proulx, C. Methylenation of Aldehydes: Transition Metal Catalyzed
Formation of Salt-Free Phosphorus Ylides. Angew. Chem. 2001, 113, 2971-2974.

8. (a) Ando, K.; Yamada, K. Solvent-free Horner-Wadsworth-Emmons reaction using
DBU. Tetrahedron Lett. 2010, 51, 3297-3299. (b) Thiemann, T.; Watanabe, M.; Tanaka
Y. and Mataka S. Solvent-free Wittig olefination with stabilized phosphoranes-scopeand
limitations. New. J. Chem., 2004, 28, 578-584; (c) Balema, V. P.; Wiench,J. W.; Pruski,
M.; Pecharsky V. K. Mechanically Induced Solid-State Generation of Phosphorus Y lides
and the Solvent-Free Wittig Reaction. J. Am. Chem. Soc.; 2002, 124, 6244-6245; (d) Xu,
C.D.; Chen, G Y.; Fu, C.; Huang, X. The Wittig Reaction of Stable Ylide with Aldehyde
Under Microwave Irradiation: Synthesis of Ethyl Cinnamates. Synthetic
Communications, 1995, 25, 2229-2233.

9. (a) Wang, C. Synthesis.of a Novel C3-Symmetric Arsine and Its Application in
Stereoselective Cyclopropanation of Electron-Deficient Olefins. Tetrahedron Lett. 2012,
53, 7003-7005. (b) Wang, C. Q.; Yi Y. P,; Xiao D. A.; Zhou R.; Liang H. and Mei G. Q.
Highly Stereoselective Cyclopropanation of Olefins Catalyzed by a Novel C3 Symmetric
Arsine..Synthetic Communications, 2014, 44, 507-512.

10.'Abraham, R. J; Fisher, J.; Loftus, P. Introduction to NMR Spectroscopy, Wiley, New

York, 1988.

10



Table 1. Optimization of reaction conditions for Wittig olefination with ethyl

bromoacetate and benzaldehyde ?

(0]

arsine 1 X CO,Et
Br_ CO.Et + H _—
base, solvent free

2a

3a

Entry Base Temp. (°C) Time (min) Yield (%)°
1 K,CO3 r.t. 360 57

2 K>CO3 60 60 84

3 K,CO3 80 30 92 (86)°

4 K>CO3 100 30 87

5 NaOH 80 30 13

6 NaHCO3 80 120 69

7 EtzN rt. 360 41

8 EtsN 60 60 49

9 EtsN 80 60 33
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 The reaction'was carried out with arsine 1 (0.36 equiv), ethyl bromoacetate (1.2 equiv),
benzaldehyde (1.0 equiv) and base (3.0 equiv).
P Reaction yield resulted from arsine 1.

¢ Reaction yield resulted from triphenylarsine (1.0 equiv).
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Table 2. Wittig reaction of different aldehydes with ethyl bromoacetate in the presence of

arsine 1°
o) arsine 1 CO.Et
Br._ _CO,Et  + _— X CO,
~ R)LH K,CO3, 80 °C R
2a -2q 3a-3q

R = Ph, 4-N02C6H4; 3-NOZCGH4; 4-FCGH4; 4-BFCBH4; 4-C|CGH4, 2-C|C6H4, 3-C|CGH4, 3’4_C|206H3; 4-CH3CGH4;
3,4-(CH3)2C6H3; 4-OCH3C6H4; 3,4-(OCH3)2C6H3; 3,4-OCH2006H3; n-C6H13; n-CgH17; n-C11H23_
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Entry Product R Time (min) Yield (%)"°
1 3a Ph 30 92
2 3b 4-NO,CgHy4 30 89
3 3c 3-NO2CsH4 30 91
4 3d 4-FCeHy 30 93
5 3e 4-BrCgH,4 30 94
6 3f 4-CIC¢H,4 30 96
7 39 2-CICgH4 30 87
8 3h 3-CICgH4 30 92
9 3i 3,4-Cl,CeHs3 30 93
10 3] 4-CH3CgH4 60 95
11 3k 3,4-(CHz):CeHs 60 90
12 3l 4-CH30CgH, 60 94
13 3m 3,4-(CH:0),CeHs | 60 01
14 3n 3,4-OCH,0CsH3 60 96
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15 30 n-CegH13 60 84

16 3p n-C8H17 60 83

17 3q n-C11Hos 60 81

® The reaction was carried out with arsine 1 (0.36 equiv), ethyl bromoacetate (1.2 equiv),
aldehyde (1.0 equiv) and K,COs3 (3.0 equiv) at 80 °C.
®Yield of isolated product after silica gel chromatography.

® Determined by 400 MHz *H NMR, E/Z > 99/1.
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Scheme 1. A plausible mechanism for the process
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Figure 1. Cz-symmetric tertiary arsine 1

Ph,A: AsPh.
N N

H H AsO3H,

AsPh,

p-arsanilic acid, a widely used

C3-symmetric tertiary arsine 1 animal feed additive
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