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Abstract: The use of aryl acrylates in the Baylis-Hillman reaction is reported. In contrast to 
their alkyl counterparts these acrylates react very rapidly with aldehydes, often yielding cyclic 
products arising from reaction of the initial adduct with a second molecule of aldehyde• 

The DABCO-catalysed coupling of acrylates with aldehydes (Scheme 1) was first reported in a patent 

by Baylis and Hillman in 1972.1 The first study of this method to appear in the open literature was published 

in 1983. 2 Since then several applications in organic synthesis of this simple process have been reported. 3 

Other than in the original patent no mention has been made of the use of aryl acrylates. Table 1 contains the 

results from such reactions with aromatic aldehydes (Scheme 1, R = Ar, R' = Ar'). 
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Scheme 1. 

From Table 1 (entries 1-7) it is clear that these aryl acrylates 4 react much faster than, e.g. methyl 

acrylate (entry 8). 5 For example, whereas reaction of benzaldehyde with methyl acrylate takes six days at 

room temperature (entry 8), 2 the same yield may be obtained by reacting phenyl acrylate at 0oc  for only eight 

hours (entry 2). The more reactive 3-pyridylcarboxaldehyde, 2 also reacted well at 0°C, providing the adduct 

3 (R = Ph, R' = 3-pyridyl) in 54% yield with a reaction time of only ten minutes (entry 3). The use of an 
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Table 1. Results from the DABCO-catalysed Coupling of Aryl Acrylates with Aromatic Aldehydes 

(Scheme I, R = ary]), a 

Entry R b R'  Reaction time Temp. Yield c 

(°C) (%) 

1 Ph Ph 3h rt 78 

2 Ph Ph 8h 0 39 

3 Ph 3-Pyridyl 10 min 0 54 

4 Ph 2-Furyl 8h rt 21 

5 4-NP Ph 72h rt 16 d 

6 2,6-DMP Ph 72h rt 49 d 

7 4-MP Ph 24h rt I0 

8 Me Ph 6d rt 39 

a. Reaction conditions: neat, r.t.; ratio of reactants (acrylate:aldehyde:DABCO) = (1:1:0.1). b. 4-MP: 4-methoxyphenyl; 2,6-DMP 
= 2,6-dimethylphenyl: 4-NP = 4-nitrophenyl. c. Isolated yield unless indicated otherwise, d. 0.5M in CHCI3, 1.5 equiv, of 
DABCO. 

electron-deficient aromatic ester, 4-nitrophenyl, led to rapid consumption of starting materials yielding a 

complex mixture of products. By running the reaction in chloroform and using an excess of DABCO a low 

yield (16%) of the Baylis-Hillman product could be obtained (entry 5). Employing electron-donating aromatic 

esters led to a very significant rate reduction and a concomitant reduction in yields. However a reasonable 

yield (49%) was achievable with a more-hindered ester (2,6-dimethylphenyl) by again running the reaction in 

chloroform using excess DABCO (entry 6). Attempts to use the electron-rich ester (4-methoxyphenyl) gave a 

low yield of the coupled product (entry 7) as did the reaction of phenyl acrylate with 2-furaldehyde. 

The reaction of phenyl acrylate with aliphatic aldehydes was not only very fast but yielded the cyclic 

acetals 6 instead (Scheme 2). This type of reaction has been observed before for the acrylate ester of 

pantolactone. 6 Several examples of this process are collected in Table 2. The number of equivalents of either 

C. O2Ar 
9 O2Ar RCHO'2 DABCO ~#L..~OH O~ O y R  " ~  

(cat.)" + ~ 0  
R " 1 

R 
4 R = Me, i-Pr 5 6 

+ ArOH 

Scheme 2. 

reactant seemed to matter little to the final outcome (see entries 1 to 4) as the second reaction (acetal formation) 

is apparently at least as fast as the first (normal Baylis-Hillman coupling). 
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Table 2. Results from the reaction of aryl acrylates with aliphatic aldehydes (Scheme 2). 

Entry Ar R No. Equiv Time Temp. Ratio Yield 

(5 : 6) (%)a 

1 Ph Me 5 2h rt 0 : 1 57 

2 Ph Me 1 10h rt 0 : 1 52 

3 Ph i-Pr 5 24h rt 0 : 1 95 

4 Ph i-Pr 1.5 14h rt 1 : 1 25 c 

5 4-MP Me 5 8h rt 0 : 1 69 

6 2,6-DMP Me 1 14h rt 4 : 1 26 c 

7 2,6-DMP Me 1 6h 0 6 : 1 36 c 

8 2,4,6-TMP b Me 1 14h rt 7 : 1 43 c 

a. Isolated yields, b. 2,4,6-TMP= 2,4,6-trimethylphenyl. c. Isolated yield of 5, after preparative t.l.c, on silica. 

Although these cyclic acetal products are of great synthetic interest 7 we were also concerned with being 

able to control the reaction so that the Baylis-Hillman product could be isolated. Variation of the substitution 

pattern of the aromatic moiety led to the observation that the use of 2,6-dimethylphenyl acrylate or, better, 

2,4,6-trimethylphenyl acrylate gave predominantly the normal Baylis-Hillman product in reactions with one 

equivalent  of acetaldehyde (entries 6-8). 

The aryl ester-derived Baylis-Hillman products reacted well with aliphatic aldehydes yielding the 

expected cyclic acetals. For example 5 (Ar = R = Ph) or 8 (Ar = 2,4,6-TMP, R = Me) each reacted with 

acetaldehyde in the presence of DABCO in high yields (Scheme 3). (Negligible reaction occurred when the 

methyl ester corresponding to 5 in Scheme 3 was employed, again demonstrating the increased reactivity of 

aryl esters compared to alkyl esters). No reaction occurred when benzaldehyde was treated with 5 or 8 under 

similar conditions. 

CO2Ar O_. O . ~  
~L...~OH CH~CHO 

DABCO (cat.)" O 
R 

R 

S A r =  R = Ph 7 (91%)  

8 Ar = 2,4,6-TMP, R = Me 6 (80 %) 

+ ArOH 

Scheme 3. 
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These results strongly imply that the in situ process as well as the stepwise method proceed through a common 

intermediate (e.g. 9, Scheme  4). 8 

CO2Ar .CO2Ar ArO...,~O O- ~ O H  DABCO ~. . .~O- R'CHO 

R - R " J W  °'LR' 
R 

1l 
ArO. yR 

+ ArO ", ~.~t...~O 0 

R R 
10 

Scheme 4. 

In summary,  the DABCO-cata lysed reactions of  aryl acrylates with aldehydes proceeds at significantly 

greater rates than that for alkyl acrylates. By simply varying the aryl group in the acrylate, reactions with 

alkanals can be controlled to produce either the normal Baylis-Hillman product (i.e. 5) or the cyclic acetal (6). 

C a u t i o n .  One o f  the nmr  opera tors  in our Depar tmen t  has deve loped  s y m p t o m s  indica t ive  o f  

hypersensit ivity to some of  these aryl acrylates, especially the 2,6-dimethylphenyl  and 2,4,6-tr imethylphenyl 

esters, as well as products contaminated with these acrylates. 
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