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Abstract." .4 novel method to produce (R)-(-)-2-hydroxy-4-phenylbutanow acid ethyl ester lb has 
been developed. 2-Oxo-4-phe~lbutanoic acid ethyl ester la is reduced to lb ~, the cell cultures 
of Daucus carota in high enantiomeric excess and yield. Copyright © 1996 Elsevier Science Ltd 

Introduction: (R)-2-hydroxy-4-phenylbutanoic acid ethyl ester lb  is a versatile precursor for the 
production of a variety of Angiotensin Converting Enzyme (ACE) inhibitors ~. This key intermediate can be 
obtained by resolution of  the racemate, by chemical as well as by biochemical methods 2.~. In procedures 
which involve resolution of the raccmate, there is always 50% of the unwanted cnantiomer. Hence, it is 
important to develop methods of asymmetric sg~athesis which do not allow for the formation of the 
unwanted ¢nanfiomer (50%). Reduction of 2-oxo-4-phenylbutanoic acid ethyl ester to give a single 
enanfiomer is one solution to this problem. 

O OH 

~ ~ J ~ C ~  D. carota cells 
OEt ~ COOFt 

v (R) - ( . )  
l a  l b  

Baker's yeast did not reduce the 2-oxo-4-phenylbutanoic acid ethyl ester. Neither did Candida 
parapsilosis. In our continued attempts to produce (R)-2-hydroxy-4-pbenylbutanoic acid in high 
enantiomeric excess and high yield, we used plant ccU cultures for this asymmetric reduction. Plant cell 
cultures represent an important potential to perform biochemical reactions on organic compounds 7 . Most 
of these reactions so tar, have been confined to the biotranslbrrnation of secondary, metabolites produced 
by plant cells s .There have been a few examples of the biotransformation of syntheticalb' important foreign 
substrates 9.n. Several investigations have been carried out on the biotransformation of monotcqg~es 9,12 
and aliphatic ketones 13 by using either freely suspended or immobilised cells of Mentha and Nwotiana 
species. The biotramlormation of aromatic ketones with ceil cultures (free and immobilised) of carrot, 
tobacco and gardenia has been reported ~4. 

The reduction of 2-oxo-4-phenylbutanoic acid to the corresponding (R)-2-hydroxy compound by a 
microbial system has been reported 2. This procedure Involves slringent anaerobic conditions. The enyzme, 
alcohol dehydrogznas¢ has also been used to reduce 2-oxo-4-phenylbutanoic acid 2, but this needs expcmive 
cofactors. The chemical ¢nantimeicclivc hydrogermtiun methods are elaborate and give an ee of <96o/0 '. In 
this paper, we report the reduction of 2..oxo-4-phenylbotanoic acid ethyl ester by the cells of Daucus 
carota to the corresponding (RH-) -2-hydroxy compound in >99°/0 ee and 100% conversion. 

Results and Discu~|ons: The biotratmformafion of la  into l b  by the cells of Daucus aarota was 
measured after different incubation periods (FIB. 1). Typic, ah'y, 10 gm of  friable callus was suspended in MS 
medium in a shake flask and s~t~lcen at 27°C, 100 rpm. This suspension was sieved weekly to get uniform 
callus clmnps and maintained. To each of these flasks was added 100 mg of the keto ester (bought from 
Aldrich Chemical Co., USA). The flasks were incubated in a rotary shaker at 27°C, 100 rpm for 10 days. 
The cell free culture filtrate was extracted with di¢thyl ether, dried over sodium sulphate, concenlrated and 
analysed on GC (10% Carbowax) for % conversion, (the standard 2-bydroxy conq~und was prepared by 
the NaBI-/4 reduction of the kcto ester followed by ~ o n  using EtOH/H +) while the chiral analysis 
was done on a Chh-acei Column as reported earlier 3. It turns out that in l0 days, c, otxve1~on to the hydrox'y 

1571 



1572 A. CHADHA et al. 

compound is maximum (100%) and the ee is ~99%; (R)-(-)-2-hydroxy-4-phenylbutanoic acid ethyl ester, 
[c¢] v z_, : -9.3 ( c 1.29, EtOH )3.The isolated 3,ield is 80%. In the case of acetophenone which gets reduced 
to the (S)-0t-phenethyl alcohol in >99% ee, 100% conversion is seen in 5 days by the cells oI DaucTts 
carota ~4. 
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Figure 1. Transformation of la  into lb  using D. carota cells 

Inamobilisation Is was done with 10 gln of cells suspended in 10 ml of medium mLxed with 30 ml of 
sterile sodium alginate (2%). The homogenous suspension was dropped into a solution of CaCI2 (20 gnvl) 
by means of a Pasteur pipelle. The spherical beads were kept for gelation in CaCI2 for 12h. Immobilised 
cells in hardened beads were grown in 60 ml MS medium in flasks kept at 27~C and 100 rpm. After one 
week 100 mg of 2-oxo-4-phenylbutanoic acid ethyl ester was added and the analllysis done on the six'th. 
tenth and fifteenth days. After 10 days of incubation -90% conversion and >99% ee was seen. These cells 
were recycled. In our earlier attempt to get the (R)-2-hydrox-y-4-phenylbutanoic acid from the racemic acid 
by the lipase mediated transesterification, the corresponding (S)-2-acetoxy compound was also produced 3. 
Ideally., the product from the reduction of the ketone should obviate the problem of recycling the unwanted 
enantiomer (50% of the yield). This is what is seen. 

It is significant to note that the reduction of 2-oxo-4-phenylbutanoic acid was not carried out by the 
cells of Daucus carota, neither was that of the related compounds, 2-oxo-4-phenylbutenoic acid and its 
ethyl ester. 
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