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Abstract—Butyl, ethyl and methyl esters of 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid were hydrolyzed stereoselectively
under very mild conditions to give the corresponding (S)-acid and the unreacted (R)-ester using readily available animal liver
(chicken, mouse, rat and rabbit) acetone powders. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

1,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid 2, is a
non-natural �-amino acid, that has attracted the atten-
tion since the 1930s as a synthon for biologically active
compounds. It is used in the synthesis of semi-synthetic
peptides and peptide analogs, like bradykinines antago-
nists,1–3 ACE inhibitors2–8 and hypotensive drugs.9,10

Furthermore, it is also a valuable starting material for
the synthesis of several tetrahydroisoquinolines11 used
recently as pseudomimetic HIV-protease inhibitors,12–14

a novel class of antifungal agents,15 and �-, �-, and
�-opioid analgesics.16–23 The synthesis of (S)-2,24 from
L-phenylalanine, under Pictet–Spengler conditions,
occurs with 32% racemization.12,13,18–23

In recent years the use of lipases, esterases and
proteases for the resolution of esters has been continu-
ously growing,25,26 because this methodology provides
an easy access to optically active esters, carboxylic
acids, amines and alcohols. Because an enzymatic pro-
cedure for the resolution of 2 is not available, we
decided to study this type of resolution. Taking into
consideration the scarcity of enzymatic transformations
using the readily available liver acetone powders
(LAPs),27 we report the biocatalyzed resolution of
butyl, ethyl and methyl esters of 2 using the crude liver
enzymes.†

The (±)-1,2,3,4-tetrahydroisoquiniline-3-carboxylic acid
2 and the corresponding esters 3a–c were prepared by a
Pictet–Spengler reaction5,10 from DL-phenylalanine 1
and formaldehyde (in 87% yield), followed by esterifica-
tion using thionyl chloride and methanol,10 ethanol or
butanol. The esters were isolated in 90, 80 and 90%
yields respectively, Scheme 1).

Our investigation began with a biocatalyst screening
using the racemic methyl ester (±)-3a as a model sub-
strate. The sources of enzymes tested were porcine
pancreas lipase (PPL), Candida cylindracea lipase
(CCL), chicken liver acetone powder (CLAP), and in-
lab prepared chicken, rat, mouse, pig, and rabbit liver
acetone powders (LAPs).14 These experiments showed
that, with the exception of rat and mouse LAPs, all
were able to hydrolyze the ester 3a with (S)-configura-
tion with different degrees of enantioselectivity. The
best results were obtained using chicken LAP.

Due to the fact that we were using crude enzyme
preparations with uknown amounts of lipase, it was
necessary to determine the minimum amount of biocat-
alyst needed for the resolution reaction. It was found
that for PPL 100% (w/w) was needed; 30% was required
when CCL or rabbit-LAP were the biocatalysts and
10% for the commercial CLAP and the in-lab LAPs.

The enzymatic resolution via ester hydrolysis of (±)-3a
was also studied at different pHs (6.0, 7.0, 7.5, 8.0,
10.0) with all LAPs, it was found that pH 7.5 was the
optimum. It was also observed that the addition of
methanol, to help dissolve the ester, led to a decrease in
enantioselectivity at ratios higher than 10% (v/v).

* Corresponding author. E-mail: lchm1964@cueyatl.uam.mx
† Chicken, pig and rabbit livers were purchased from a local grocery

store; rat and mouse livers were provided by the university animal
facility. The acetone powders were prepared as reported (Ref. 27)
and stored at 4°C in tightly closed bottles.
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Scheme 1.

Our result demonstrated that mouse and rat LAPs
showed no enantioselectivity, even at shorter reaction
times. On the other hand either commercial lipase or
animal LAPs were equally efficient to resolve the ester
3 with excellent enantioselectivity, toward the (S)-enan-
tiomer. The chicken LAP and commercial CLAP
showed the best enantioselectivity, after only 2 h of
reaction. It is worth mentioning that even after longer
reaction times the enantioselectivity remained
unchanged. Moreover, when purified (R)-3a was sub-
jected to biotransformation with fresh biocatalyst there
was no reaction, even after stirring the mixture for 144
h, clearly demonstrating that the enzymes in the crude
biocatalyst were unable to react with this enantiomer.

We also observed no significant differences related to
the type of ester, methyl, ethyl or butyl and all three
were well resolved in excellent yield with chicken LAP.

In conclusion, the three esters of 1,2,3,4-tetra-
hydroisoquinoline-3-carboxylic acid tested were suc-
cessfully resolved via enzymatic hydrolysis using
chicken liver acetone powder. These bioresolutions
showed enantioselectivity towards the (S)-isomer.
Additionally, this procedure is remarkable in its sim-
plicity and low cost, because the biocatalyst is both
readily available and easy to prepare.
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