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activity,19,20 it seemed promising to use this method for the preparation of dextrorotatory 
enantiomers of 1,4-benzodioxane 6- or 7 carbaldehyde derivatives (3, 4), which may serve as 
suitable building blocks for the synthesis of hepatoprotective (2S,2’R,3’R)-silandrin (1) and 
(2S,2’R,3’R)-isosilandrin (2), respectively, isolated from the white-flowered variant of Silybum 
marianum.21,22 (Scheme 1). The synthesis of these natural products in racemic form [(±)-1, -2] 
had already been reported19,22 starting from the readily available racemic aldehydes 3 and 4,23 

respectively. 
 

 
 
Scheme 1 
 
 
Results and Discussion 
 
According to our earlier results,13 the lipase-catalyzed transesterification of (±)-3 and -4 using 
vinyl acetate (VA) as an irreversible acyl donor has been carried out in dry dioxane at room 
temperature in the presence of Pseudomonas fluorescens (PsfL) (Scheme 2). The progress of the 
reaction was monitored by TLC, which surprisingly showed that no transformation occurred 
even after 168 hours (Table 1, entries 1 and 2). The use of different solvents of various dielectric 
constants and dipole moments (entries 3-6) did not help the situation either. Similarly, the 1,4-
benzodioxane derivative 5, possessing no formyl group on the aromatic ring, did not show 
transformation at all (entry 7). Moreover, it should be also noted that the lipase from 
Pseudomonas cepacia (PCL) did not catalyze the transesterification of these compounds [(±)-3-
5, entries 8 and 10] either, although this enzyme could be used successfully for the kinetic 
resolution of hindered 3-hydroxymethyl-2-aryl-2,3-dihydrobenzo[b]furans.24 Since 2-
hydroxymethyl-1,4-benzodioxane [(±)-6] could be resolved efficiently by PsfL (entry 11),13 the 
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above results clearly indicate that it is the presence of the bulky C-3 aryl group that hinders the 
binding of the substrates (±)-3-5 to the active site of the enzyme.  

 

 
 
Scheme 2 
 
 The role of this steric hindrance inflicted by the C-3 substituent was also proved by 
transesterification of (±)-7 possessing a readily accessible C-7 hydroxymethyl group besides the 
sterically hindered C-2 one. In accordance with our expectation, its enzyme-catalyzed 
transesterification took place exclusively at the C-7 hydroxymethyl group and after 154 h, it 
afforded the monoacetate derivative (±)-8 with 100% conversion which could also be obtained 
by a simple acetolysis of (±)-7 carried out at the boiling point of acetic acid. This result also 
clearly indicated that the presence of a bulky group at C-3, such as an aryl one, makes the C-2 
hydroxymethyl group unable to fit the active site of the enzyme, and thus the readily available C-
7 hydroxymethyl group is acylated preferably, which process is certainly not enantioselective. 
When the C-3 aryl group was replaced by a smaller one such as a methyl group [(±)-9], the 
transesterification took place sluggishly with low enantioselectivity (entry 12; 168 h, 25% 
conversion and 23% ee), as the C-2 hydroxymethyl group became more available for the active 
site of the enzyme.  
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Table 1. Enzymatic resolution of 2-hydroxymethyl-1,4-benzodioxanes 

Entry Lipasea 
(amount)b Substr. Solventc 

(Dk, µ)d 
Time 

h 
Conv.e 

% 
(-)-Alcohol 
%eef,conf.g 

(+)-Acetate 
%ee, conf. Eh 

1 PsfL 
(523) 3 dioxane 

(2.2; 0.4) 168 -    

2 PsfL 
(523) 4 dioxane 168 -    

3 PsfL 
(1046) 3 DCM 

(8.9; 1.5) 168 -    

4 PsfL 
(1046) 4 DCM 168 -    

5 PsfL 
(1046) 3 THF 

(7.4; 1.1) 168 -    

6 PsfL 
(1046) 4 THF 168 -    

7 PsfL 
(523) 5 dioxane 168 -    

8 PCL 
(523) 3 dioxane 168 -    

9 PCL 
(523) 4 dioxane 168 -    

10 PCL 
(523) 5 dioxane 168 -    

11 PsfL 
(523) 6 dioxane 13.5 62 99.5 S -R 22.6

12 PsfL 
(523) 9 dioxane 168 25 23 S 12 R 1.5 

13 PsfL 
(523) 10 dioxane 97 48 73 S 57 R 7.7 

14 PsfL 
(523) 11 dioxane 97 45 65 S 75 R 14 

15 PsfL 
(523) 12 dioxane 18 45 98 S -R - 

16 PsfL 
 13 

DCM 
sat. with 

H2O 
144 50 >98 S 78 R 18.9

17 PsfL 
(1046) 14 dioxane 214 45 71 S 79 R 14 

18 PsfL 
(523) 15 dioxane 214 52 52 S 75 R 11 

aEnzymes were commercially available (Fluka). bIn units of enzyme per mmol of substrate. cAll 
the solvents were anhydrous and contained 44 mmol vinyl acetate/mmol substrate. DCM: 
dichloromethane. dDielectric constant and dipole moment (Debye) values were taken from Ref. 
25. eConversion degrees were calculated from the yields of the isolated products obtained by 
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