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Abstract
An asymmetric Baylis–Hillman reaction protocol has been developed using a chiral pyrrolidine based organocatalyst. 
The catalytic loading works well with a wide range of aromatic aldehydes to afford the corresponding β-hydroxy acrylate 
with high enantioselectivity up to 100% with excellent yields. The organocatalyst shows excellent enantioselectivity with 
10 mol% of catalytic loading at room temperature condition.
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1 Introduction

The Baylis–Hillman reaction is an important carbon–car-
bon bond formation process and has drawn considerable 
attention over the past few years [1–5]. The condensation 
reaction of an acrylate or otherwise activated terminal ole-
fin with an aldehyde, provides a simple and appropriate 
route to a very useful class of functionalized olefins. This 
reaction involves three components, an activated alkene, 
electrophile and nucleophilic catalyst respectively. DABCO 
[6], DMAP [7], DBU [8], phosphines [9], chalcogen species 
[10] and imidazole [11] are frequently used as Lewis bases 
in this reaction as catalysts. Besides, Lewis acid accelerated 
reactions were also reported, such as  TiCl4 [12],  Et2AlI [13] 

and  BF3 [14] Not only variations of catalysts and solvent 
[15], but also modifications such as the use of high pres-
sure [16], microwave [17] and ultrasound [18] have given 
some promising results. Conversely, the solvent also has 
a significant effect on the reaction rate [19] and even dif-
ferent salt effects [20] on the reaction rate. This prompted 
us to develop a new series of pyrrolidine based catalysts 
to replace the Lewis bases in the traditional Baylis–Hill-
man reaction. Thus in continuation of our work in enan-
tioselective organocatalytic synthesis [21–23], herein we 
report an efficient method for highly enantioselective 
Baylis–Hillman reaction using a chiral pyrrolidine based 
organocatalyst under ambient temperature via hydrogen-
bonding interaction.
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2  Results and discussion

Catalysts (3a–3c) were prepared from the N-Boc protected 
l-proline and the corresponding amines as morpholine, 
2,4-dinitro aniline and 2-amino pyridine according to the 
known synthetic routes (Scheme 1).

These organocatalysts were purified by column chro-
matography and characterized by 1H NMR, 13C NMR, mass, 
IR and Chiral HPLC. The procedures for preparing pyrro-
lidine based chiral organocatalysts 3a–3c were outlined 
in Scheme 1. First, commercially available N-Boc-l-proline 
reacted with cyanuric chloride in ethyl acetate solvent and 
triethylamine as a base, at the 0 °C. After stirring for half 
hour amine was added to it. The reaction mixture was left 
stirring for additional 60 min. The solid from the reaction 
mixture was then filtered and washed with small amount 
of ethyl acetate. The filtrate was washed with 1 × 20 ml 

of 1  M NaOH solution and separated. Then the sepa-
rated organic layer was extracted with 2 × 20 ml distilled 
water, organic layer separated and dried over  Na2SO4. The 
obtained organic phase was evaporated on vacuo. The 
resulting solid was then digested in ether to get crude 
product. After it, the N-Boc protecting group was removed 
to get pyrrolidine based chiral organocatalysts 3a–3c.

In the initial studies, set of experiments were per-
formed by the model reaction of p-nitrobenzaldehyde 4a 
with methyl acrylate 5 using various solvent in the pres-
ence of organocatalysts (3a–3c) to give product methyl 
2-(hydroxy(4-nitrophenyl)methyl)acrylate 6a. The results 
obtained are shown in Table 1. In presence of organocata-
lyst 3a, the reaction took 42 h to complete with 46% iso-
lated yield in solvent DCM (Entry 1, Table 1). The same reac-
tion with organocatalyst 3b in DCM offered a yield of 62% 
in 30 h (Entry 2, Table 1). When the reaction was carried 
out in DCM in presence of organocatalyst 3c, we obtained 
desired product in 36 h with 50% yield (Entry 3, Table 1). 
However, the affordable result was obtained when the 
reaction was carried out in ethanol using organocatalyst 
3b; good yield of 72% was obtained with 74% ee in 16 h 
(Entry 4, Table 1). So further we studied with organocata-
lyst 3b in different solvent such as toluene, DMF and water 
respectively (Entry 5–7 respectively, Table 1). From this 
study, we have decided to perform next optimization in 
solvent ethanol with organocatalyst 3b.

Next, we studied optimization of reaction using etha-
nol as solvent and varying the organocatalyst amount. 
When the catalyst loading was raised from 12 mol% and 
15 mol%, there was no significant enhancement in the 
results (Entry 8–9, Table 1). In absence of catalyst, the 
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Scheme1  Reagent and conditions: (i) Cyanuric chloride, Ethyl ace-
tate,  Et3N,  R1-NH2, r.t.; (ii) TFA, DCM, 0 °C

Table 1  Effect of catalyst and 
solvent on Baylis–Hillman 
reaction

Conditions: p-Nitrobenzaldehyde (1.0 mmol), methyl acrylate (1.2 mmol), solvent (10 ml) and organo-
catalyst (mol%) at RT

Bold indicates selected reaction conditions
a Isolated yields
b Determined by chiral HPLC

Entry Catalyst Solvent mol% Time (h) Yielda (%) eeb

1 3a DCM 10 42 46 44
2 3b DCM 10 30 62 59
3 3c DCM 10 36 50 52
4 3b EtOH 10 16 72 74
5 3b Toluene 10 28 54 46
6 3b DMF 10 30 48 52
7 3b Water 10 48 42 38
8 3b EtOH 12 18 72 64
9 3b EtOH 15 17 68 64
10 3b EtOH – 48 40 –
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reaction affording low product yield with extended reac-
tion time (Entry 10, Table 1).

Further we studied the effect of organic bases on the 
reaction as shown in Table 2. The use of base, such as pyri-
dine (5 mol%) as an additive gave the corresponding prod-
uct 6a in 66% yield in 24 h with 56% ee (Entry 1, Table 2). 
With base triethylamine, the reaction affords 70% yield in 

a 22 h and 78% ee (Entry 2, Table 2). The piperidine as the 
base offers 48% product yield in 26 h with 52% ee (Entry 
3, Table 2). DMAP appears to be suitable base for the Bay-
lis–Hillman reaction as the best results were obtained with 
this (75% yield and 80% ee), (Entry 4, Table 2). Using mor-
pholine as a base, the reaction offered low yield with low 
enantioselectivity (Entry 5, Table 2). Thus, DMAP has cho-
sen the best base for Baylis–Hillman reaction. In order to 
study the effect of base amount for the better productivity, 
we carried out there action at different mol% of DMAP. 
At 10 mol% of DMAP, the superior result was observed in 
order to yield and enantioselectivity. The reaction com-
pleted in 14 h with higher 89% yield and 98% enantiose-
lectivity (Entry 6, Table 2). Further increase in base amount 
up to 12 mol%, no improvement was observed with cor-
respond to yield and enantioselectivity (Entry 7, Table 2).

On exploring present method, the other aromatic alde-
hydes reacted with methyl acrylate smoothly in the pres-
ence of DMAP under the optimized conditions to give the 
corresponding Baylis–Hillman adducts in good to mod-
erate yields (Scheme 2). The results are summarized in 
Table 3. The nature of the substituent on the phenyl ring 
has a profound effect. When substituent with fluoro, nitro 
functional group were used as the substrate, the Bay-
lis–Hillman reaction was finished within 14–15 h, which 

Table 2  The optimization of base on Baylis–Hillman reaction

Conditions: p-Nitrobenzaldehyde (1.0  mmol), methyl acrylate 
(1.2 mmol), ethanol (10 ml), organocatalyst 3b (10 mol%) and base 
(mol%) at RT

Bold indicates selected reaction conditions
a Isolated yields
b Determined by chiral HPLC

Entry Base mol% Time (h) Yielda (%) eeb

1 Pyridine 5 24 66 56
2 Triethylamine 5 22 70 78
3 Piperidine 5 26 48 52
4 DMAP 5 18 75 80
5 Morpholine 5 36 42 54
6 DMAP 10 14 89 98
7 DMAP 12 14 85 88

Scheme 2  Baylis-Hillman Reac-
tion Catalyzed by Organocata-
lyst Organocatalyst 3b
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Table 3  Synthesis of Baylis–
Hillman adducts

Conditions: Aromatic aldehyde (1.0 mmol), methyl acrylate (1.2 mmol), ethanol (10 ml), organocatalyst 
3b (10 mol%) and DMAP (10 mol%) at RT
a Isolated yields
b Determined by chiral HPLC

Entry R Time (h) Product Yielda (%) eeb (a)D
c

1 4-  NO2 14 6a 89 98 − 15.8
2 4-OH 15 6b 80 100 − 11.3
3 1-Naphthaldehyde 16 6c 76 88 − 51.5
4 4-Cl 14.5 6d 82 86 − 10.1
5 4-F 14 6e 90 96 − 56.7
6 4-OCH3 17 6f 84 87 − 13.7
7 3,4-OCH3 19 6 g 84 85 − 26.2
8 3-OH 15 6 h 80 97 − 49.2
9 H 18 6i 75 86 − 50.4
10 3-NO2 15 6j 87 90 − 61.3
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should be attributed to the strong electron-withdrawing 
ability of functional group on phenyl ring, whereas an 
electron-donating substituent lowered the yield and 
increased the reaction time. 

3  Experimental

All solvents were employed as commercial anhydrous 
grade without further purification. Optical rotations were 
measured on a Polax-2L digital polarimeter. 1H and 13C 
NMR spectra were recorded on a Bruker 300 MHz spec-
trometer in  CDCl3 solvent. Mass spectra were taken on 
PE SCIEX, API-2000 Analyst (1.4.2). Enantiomeric purity is 
determined on Waters alliance 2996 separation module 
HPLC Systems.

4  General procedure for the Baylis–Hillman 
reaction

To the stirred mixture of aromatic aldehyde (1.0 mmol) and 
methyl acrylate (1.2 mmol) were added DMAP (10 mol%) 
and organocatalyst (10 mol%) in ethanol solvent. Initially 
the homogeneous reaction mixture was stirred in ice bath 
for 1 h. Then the reaction mixture was stirred at room tem-
perature for appropriate time (Table 3). The progress of 
the reaction was monitored by thin layer chromatography. 
After completion of the reaction as directed by TLC, the 
solvent was evaporated and dichloromethane was added. 
Washed with dil HCl and dried over anhydrous sodium 
bisulphate, filtrated, and then concentrated to vacuo. The 
resulting crude product was further purified by column 
chromatography using silica gel (mesh 80–100), and ethyl 
acetate and Hexane as eluent to give the pure product as 
Baylis–Hillman adduct.

4.1  Methyl 2‑(hydroxy(4‑hydroxyphenyl) methyl) 
acrylate (6b)

Optical rotation [α]D: − 11.3 (c 0.5, ethyl acetate); IR: 858, 
1112, 1598, 1667, 2924, 3168 cm−1; 1H NMR (300 MHz, 
CDCl3): δ 7.81–7.95 (m, 2H), 6.92–7.10(m, 2H), 6.35(m, 1H), 
5.90(d, 1H), 5.58 (s, 1H), 4.80 (s, 1H), 3.70 (s, 3H), 2.18 (s, 
1H, OH); 13C-NMR (75 MHz,  CDCl3): δ 58.42, 77.33, 115.91, 
124.34, 132.35, 138.26, 144.82, 161.13, 190.06; MS: m/z 208 
expected and m/z 211.20 obtained (M–); HPLC: 100% ee. 
[Determined by chiral-pack OD–H (250 × 4.6 mm) 5 µm, 
mobile phase: n-Hexane: Ethanol: Diethylamine (95:5:0.1), 
Flow rate 1.0 mL/min, ƛ = 280 nm; tR (major) = 10.48 min, 
run time = 30 min, column temperature = Ambient].

4.2  Methyl 2‑(hydroxy(3‑hydroxyphenyl) methyl) 
acrylate (6 h)

Optical rotation [α]D: − 49.2 (c 0.5, ethyl acetate); IR: 783, 
1152, 1580, 1668, 2956, 3211 cm−1; 1H NMR (300 MHz, 
 CDCl3): δ 7.20–7.75 (m, 4H), 6.43(m, 1H), 5.79(m, 1H), 5.35 
(s, 1H), 4.92 (s, 1H), 3.89 (s, 3H,  OCH3), 2.32(s, 1H, OH); 
13C-NMR (75 MHz,  CDCl3): δ 56.21, 76.70, 110.24, 114.76, 
121.89, 123.39, 130.39, 137.95, 145.28, 156.31, 192.66; 
MS: m/z 208.16 expected and m/z 209.90 obtained 
(M–); HPLC: 100% ee. [Determined by chiral-pack OD–H 
(250 × 4.6 mm) 5 µm, mobile phase: n-Hexane: Ethanol: 
Diethylamine (95:5:0.1), Flow rate 1.0 mL/min, ƛ = 280 nm; 
tR (major) = 10.48  min, run time = 30  min, column 
temperature = Ambient].

5  Conclusion

We have developed a new facile method for asymmetric 
synthesis via the Baylis–Hillman reaction. The reaction 
was studied using various organocatalysts 3a–3c. The 
organocatalyst (S)-N-(2,4-dinitrophenyl)pyrrolidine-
2-carboxamide (3b) proved to be the best organocata-
lyst in ethanol to get corresponding products with excel-
lent yield and with excellent ee. The method was studied 
for a broad range of aromatic aldehydes. The yields of 
products for aromatic aldehydes were consistently high 
regardless of the type of substituent on the aromatic 
ring. Mild reaction conditions and high yields with excel-
lent stereoselectivity with a wide range of substrates are 
some striking features of the reaction.
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