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Abstract Histidine and arginine were applied to the

synthesis of trisubstituted alkenes through a condensation

of an aldehyde with an activated CH-acid such as ethyl

cyanoacetate, malononitrile, acetyl acetone or ethyl ace-

toacetate during 5–12 h in water at room temperature.
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Introduction

One of the important objectives in organic synthesis,

especially in the synthesis of fine chemical products such

as pharmaceuticals, is the facile synthesis of new carbon–

carbon bonds. Many different types of carbon–carbon

bond-forming reactions are known. One of them is Knoe-

venagel reaction. It is a cross-aldol condensation reaction

between a carbonyl and a methylene-activated substrate for

synthesis of a,b-unsaturated compounds (Carey and

Sundberg 2007). The catalysts traditionally used for this

reaction are ammonia, or primary or secondary amines

(Jones 1967). In recent years, a wide range of catalysts and

promoters such as ZnCl2 (Shanthan Rao and Venkatarat-

nam 1991), TiCl4 (Lehnert 1974; Green et al. 1985), NbCl5
(Yadav et al. 2009), HClO4–SiO2 (Kantevari et al. 2007),

CeCl3�7H2O/NaI (Bartoli et al. 2006), clays (Bigi et al.

1999), hydrotalcites (Lakshmi Kantam et al. 2006), zeoli-

ties (Saravanamurugan et al. 2006), mesoporous materials

(Wang 2003; Kubota et al. 2004; Martins et al. 2006),

Na-SBA-1 (Gracia et al. 2009), TMSCl (Ryabukhin et al.

2007), Ni–SiO2 (Pullabhotla et al. 2009) and ionic liquids

(Hangarge et al. 2002; Harjani et al. 2002; Wang et al.

2006; Ranu and Jana 2006; Forbes et al. 2006) have been

employed in this reaction. These catalysts were used in

solution or under solvent-free conditions. In spite of the

potential utility of aforementioned routes for the synthesis

of a,b-unsaturated compounds, many of these methods

involve expensive reagents, strong acidic/basic conditions,

long reaction times, low yields and use of toxic organic

solvents, reagents or catalysts. Therefore, to avoid these

limitations, the discovery of a new and efficient promoter

or catalyst with high catalytic activity, short reaction time,

recyclability and simple workup for the preparation of

trisubstituted alkenes under neutral, mild and practical

conditions is of prime interest.

During recent years, water has attracted interest as an

inexpensive and environmentally benign solvent due to its

specific properties. When organic compounds are sus-

pended in water, their relative insolubility causes them to

associate, diminishing the water–hydrocarbon interfacial

area (Li and Chan 1997; Grieco 1998; Lubineau and Auge

1999; Venkatraman and Li 2001). In other words, the

hydrophobic effect of water generates internal pressure and

promotes the association of the reactants in the solvent

cavity during the activation process and accelerates the

reaction. Any factor that increases the hydrophobic effect

will increase the reaction rate (Von Hippel and Schleich

1969; Lubineau 1986; Breslow 1991; Pirrung and Sarma

2004; Kleiner and Schreiner 2006).

a-Amino acids are readily available organic molecules,

which have so far been utilized as chiral auxiliaries, chiral

ligands and chiral synthons for natural products and drugs.

In addition, these compounds have received much attention

because of their advantages from an environmental as well
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as a resource standpoint (Ma 2003; Maruoka and Ooi 2003;

Plaquevent et al. 2008). More recently, a-amino acids such

as proline were employed as organocatalysts in a wide

range of organic reactions (Dalko and Moisan 2001; Jarvo

and Miller 2002; Erkkila et al. 2007). Therefore, the use of

efficient organocatalysts or promoters to catalyze organic

reactions in water remains a challenging objective.

In connection with our previous work to develop green

chemistry by one-pot synthesis of target molecules in water

as the reaction medium (Shaabani and Rahmati 2006;

Shaabani et al. 2007), we report here the suitability of

employing two a-amino acids, L-histidine and L-arginine, in

promoting the Knoevenagel condensation of aldehydes

with active methylene compounds in water at room tem-

perature. To the best our knowledge, Knoevenagel con-

densation by these a-amino acids in aqueous media has not

been yet reported (Scheme 1).

Results and discussion

Initially, in a model experiment, a mixture of aldehyde

(1 mmol), ethyl cyanoacetate (1 mmol) and L-histidine

(0.02 mmol) in water (5 mL) was stirred for 24 h in a vial

under room temperature conditions. After completion of

the reaction, the mixture was filtered and solid materials

were washed with water to separate the catalyst. Then,

solid materials were recrystallized with ethanol to obtain

pure products. This product was characterized as a trisub-

stituted alkene.

In the next step, to obtain the best organocatalyst, dif-

ferent a-amino acids were applied in a condensation reac-

tion. The employed catalysts are listed in Fig. 1. The

experiments showed that the highest yields were obtained

from histidine and arginine. In addition, when D,L-histidine

and D,L-arginine were used instead of L-histidine and

L-arginine, the same results were obtained.

The effect of basic inorganic catalysts such as NaOH,

NH4OH and Na2CO3 on reaction progress was investi-

gated. The results showed that even after 24 h, the yield of

reactions was less than 10%.

As indicated in Table 1, the efficiency of histidine and

arginine amino acids was investigated by studying the

reaction with different amounts of amino acids and sol-

vents at a variety of temperatures. The best results were

obtained in the presence of 0.8 mmol of histidine or argi-

nine at room temperature in water. Also, results indicated

the effects of the promoter for the studied amino acids. It is

interesting to note that the yield of the reaction was not

significantly affected by increasing the amount of pro-

moter. Also, in the absence of a promoter, the yield of

reaction was 0% even at 125�C after 24 h.

After optimizing the reaction conditions, the efficiency

and versatility of promoters for different substituted alde-

hydes, ethyl cyanoacetate, malononitrile, acethylacetone

and/or ethyl acetoacetate, were investigated. The result

showed that aromatic aldehydes with electron-withdrawing

group afforded higher yields compared to aromatic alde-

hydes bearing electron-releasing group. Also, the reaction

proceeded very efficiently in all cases when ethyl cya-

noacetate and malononitrile were employed. But, when

acetylacetone and ethyl acetoacetate were used, the reac-

tions proceeded only with electron-withdrawing aldehydes.

When the reaction was performed using aliphatic alde-

hydes such as butyraldehyde and formaldehyde, the yields

of reactions at this condition were 15 and 0%, respectively.

The successful results of histidine and arginine-catalyzed

synthesis of trisubstituted alkenes at room temperature

in aqueous media are given in Table 2. All the products

were isolated and characterized by 1H-NMR, 13C-NMR

and mass spectroscopy analysis.

Amino acids such as proline and its derivatives have

been used frequently as an organocatalyst in organic syn-

thesis (Guillena et al. 2007). Synthesis of some organic

compounds, e.g., coumarins and cis-decahydroquinolines

have been reported using proline as catalyst via Knoeve-

nagel condensation (Chizhov et al. 2008; Huang and

Bergmeier 2008). With the Exact search we found that there

were few reports on using amino acids as catalyst in tri-

substituted alkenes synthesis. Knoevenagel condensation in

ionic liquids was catalyzed by amino acids such as glycine

and proline in three studies (Wang et al. 2006; Forbes et al.

2006; Santamarta et al. 2008). In another study, proline was

used in DMSO as solvent (Cardillo et al. 2003). Most ofScheme 1 Synthesis of trisubstituted alkenes

Fig. 1 Yields of ethyl 2-cyano-3-p-tolylacrylate by different amino

acids (2 mol%) in water (5 mL) at room temperature for 24 h
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these studies were time consuming, performed under high

temperatures and used high amount of toxic solvent or ionic

liquids. This is the first time that amino acids-catalyzed

synthesis of alkylidene compound in water as a green sol-

vent has been reported. The results of our study are not

comparable with those reported previously.

One of the advantages of the arginine and histidine

amino acids is their ability to be a recyclable reaction

medium and be reused for ten subsequent reactions, similar

to an organocatalyst. It was found that the yields of prod-

ucts were maintained at 93–95% in all cases.

Berslow found that some compounds such as LiCl and

NaCl increased the hydrophobic effect and some others,

such as LiClO4, guanidinium hydrochloride and alcohols,

increased the anti-hydrophobic effects of water (Breslow

1991, 2004). We used LiCl, NaCl, LiClO4 and some

alcohols in this reaction to investigate the mentioned effect

of water in the presence of catalytic amount of histidine.

Also, it was necessary to explain the role of excess amino

acids in the present reactions. When LiCl and NaCl were

applied, the yield of reaction decreased, but the yield of

reaction with LiClO4, guanidinium hydrochloride and

alcohols increased. Besides the basic effect of amino acids,

possibly they act as an anti-hydrophobic compound during

the reaction. To confirm the above results, the following

experiments have been proposed. The modal reaction

showed that the presence of catalytic amount of histidine

accelerates the reaction. In a separate experiment, the

addition of isopropanol to the reaction mixture was

examined to confirm the promotive effect of excess amino

acid. We observed that the yield of reaction by the addition

of isopropanol and catalytic amount of amino acid was

increased. Therefore, the role of excess amount of amino

acid and isopropyl alcohol are the same. A close look at the

arginine and guanidine structure suggests that the tail-end

part of arginine has the same anti-hydrophobic effect. It

may be concluded that the amino acid functional group has

no effect on reaction promotion. When we used guanidine

(0.02 mmol), the reaction yield was 74% in 24 h. Addition

of 0.02 mmol of a neutral amino acid such as alanine to

this system increased the yield to 86% at the same condi-

tion. This simply confirms the anti-hydrophobic effect of

the amino acid functional group.

Amino acids can exist as zwitterions in solid form and in

polar solutions such as water (Remko and Rode 2006).

Figure 2 represents the structures of three amino acids in

the zwitterionic form. It is obvious from these structures

that alanine and other similar amino acids in zwitterionic

form could not be considered as a base and therefore did

not participate in this reaction.

Table 1 Optimization of

synthesis of ethyl 2-cyano-3-p-

tolylacrylate under different

conditions in the presence of

histidine and arginine

Reaction conditions: 1 mmol

ethyl cyanoacetate, 1 mmol

p-methyl benzaldehyde in the

presence of water 5 mL
a Ethanol as a solvent
b Ionic liquid ([bmim]Br) as a

solvent
c In the absence of solvent

Entry Histidine or Arginine

catalyst (mmol)

Time (h) Temperature

(�C)

Yield (%)

of histidine

Yield (%)

of arginine

1 0.025 8 25 35 43

2 0.050 8 25 60 66

3 0.100 8 25 75 82

4 0.200 8 25 81 88

5 0.400 8 25 88 92

6 0.800 8 25 94 97

7 1.600 8 25 95 97

8 0.800 8 0 No reac. No reac.

9 0.800 8 50 27 17

10 0.800 8 75 Trace Trace

11 0.800 8 100 Trace Trace

12 0.800 8 125 Trace Trace

13 0.800 0.5 25 7 8

14 0.800 1 25 17 33

15 0.800 2 25 59 62

16 0.800 5 25 65 86

17 0.800 8 25 88 94

18 0.800 16 25 87 95

19 0.800 24 25 88 95

20 0.800a 8 25 21 27

21 0.800b 8 25 57 68

22 0.800c 8 25 Trace Trace

23 0 24 25 No reac. No reac.
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A possible mechanism for the Knoevenagel condensa-

tion by amino acid is illustrated in Fig. 3. The generation of

guanidinium salt by the intermolecular acid and base

reaction under ambient conditions would be the most

important step in the present reaction. The next step

involves the condensation reaction between the aldehyde

and amine groups to produce an imine (I). After this step,

reaction of ethyl cyanoacetate (II) with (I) leads to proton

transfer from (II) to (I), followed by a nucleophilic addi-

tion. Finally, by elimination of amino acid, the corre-

sponding tri-substituted alkenes are obtained.

Conclusion

In conclusion, we have been able to introduce an efficient

and environmentally friendly approach for the synthesis of

active trisubstituted alkenes via condensation of ethyl

cyanoacetate malononitrile, acetyl acetone and ethyl ace-

toacetate with various aromatic aldehydes using arginine

and histidine as recyclable promoters in water. The

combination of safety against corrosiveness, less waste,

ease of separation, recovery, replacement of liquid acids

and organic solvents by water are among the desirable

factors for the chemical industry, which we have consid-

ered in our green chemistry approach.

Experimental

General procedure for synthesis of trisubstituted

alkenes

A mixture of ethyl cyanoacetate, malononitrile, acetyl-

acetone or ethyl acetoacetate (1 mmol) and aldehyde

(1 mmol) in the presence of amino acid (0.800–

1.000 mmol) in water (5 mL) was stirred for the time

shown in Table 2. The progress of reaction was monitored

by TLC. On completion, the reaction mixture was filtered

and the precipitate washed with H2O. The crude products

were purified by recrystallization from ethanol in 77–97%

yields.

Data for new molecules

Ethyl 2-cyano-3-(2,4-dimethoxyphenyl)acrylate (3g)

Yellow solid, mp 209–210�C; IR (KBr): 3,200, 2,900,

2,200, 1,725, 1,590 cm-1; MS, m/z (%): 262 (M??1, 15),
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261 (M?, 100), 216 (15), 202 (15), 173 (10), 77 (15);
1H-NMR (300 MHz, DMSO-d6): d = 1.27 (t, J = 7.0 Hz,

3H), 3.87 (s, 3H), 3.89 (s, 3H), 4.26 (q, J = 7.0 Hz, 2H),

6.67 (s, 1H), 6.72 (d, J = 9.0 Hz, 1H), 8.18 (d, J = 9.0 Hz,

1H), 8.47 (s, 1H) ppm; 13C-NMR (75 MHz, DMSO-d6):

d = 14.46, 56.37, 56.72, 62.42, 97.59, 98.65, 107.68,

113.12, 116.99, 130.44, 148.07, 161.78, 163.16,

166.31 ppm.

Ethyl 2-cyano-3-(2,4-dichlorophenyl)acrylate (3h)

White solid, mp 185–186�C; IR (KBr): 3,100, 2,950, 2,250,

1,725, 1,600 cm-1; MS, m/z (%): 273 (M??4, 4), 271

(M??2, 20), 269 (M?, 30), 236 (60), 234 (80), 226 (45),

224 (70), 209 (30), 208 (85), 207 (70), 206 (100); 1H-NMR

(300 MHz, DMSO-d6): d = 1.31 (t, J = 7.1 Hz, 3H), 4.34

(q, J = 7.0 Hz, 2H), 7.67 (d, J = 8.5 Hz, 1H), 7.86 (s,

1H), 8.10 (d, J = 8.5 Hz, 1H), 8.44 (s, 1H) ppm; 13C-NMR

(75 MHz, DMSO-d6): d = 14.35, 63.26, 107.55, 114.95,

128.71, 129.01, 130.36, 131.30, 136.28, 138.49, 149.80,

161.44 ppm.
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