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Enantiomeric 6-hydroxy-1,2,3,4-tetrahydroisoquinoline-1-carboxylic acid (ee >99%), useful in the syn-
thesis of modulators of nuclear receptors, including liver X receptor and its analogue 6-methoxy-
1,2,3,4-tetrahydroisoquinoline-1-carboxylic acid (ee >99%), a source of the above enantiomer was synthe-
sized through Candida antarctica lipase B-catalysed dynamic kinetic hydrolysis of the corresponding
1,2,3,4-tetrahydroisoquinoline-1-carboxylic esters (±)-4�HCl and (±)-5. (R)-Selective hydrolysis in both
organic solvents and an aqueous NH4OAc buffer at pH 8.5 was observed and the amino acids were
obtained in good chemical yields (>87%).

� 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Isoquinolines are an important class of compounds from both
biological1 and chemical2 aspects. Some of them, for example
1-tetrahydroisoquinoline carboxylic acid can be used in the
synthesis of promising matrix metalloproteinase inhibitors,3

while 6,7-dimethoxy-1-tetrahydroisoquinoline carboxylic acid
has been successfully applied in the synthesis of b-site amyloid
precursor protein-cleaving enzyme inhibitors, which are useful
for Alzheimer’s disease.4 Significant antitumor activity was
reported for 8-methoxy-4,5-dihydropirrolo[2,1-a]isoquinolines
with 6-hydroxy-1,2,3,4-tetrahydroisoquinoline-1-carboxylic acid
as a key intermediate in its synthesis.5 (R)-2-tert-Butyl-1-methyl-
6-(3-chloro-2,6-difluorobenzyloxy)-3,4-dihydroisoquinoline-1,2
(1H)-dicarboxylate, prepared from (R)-2-tert-butyl-1-methyl-6-
hydroxy-3,4-dihydroisoquinoline-1,2(1H)-dicarboxylate, is useful
as a modulator of nuclear receptors, including liver X receptor.6

Only a few enzymatic methods have been developed for the
synthesis of valuable enantiopure isoquinolines,7–10 such as
chemoenzymatic kinetic resolution for the preparation of Crispine
A,7a calicotomine7b and homocalicotomine7c enantiomers, the
kinetic resolution for the preparation of enantiomeric
1-tetrahydroisoquinoline carboxylic acid,8 the directed (R)- or
(S)-selective dynamic kinetic enzymatic hydrolysis of 1,2,3,4-
tetrahydroisoquinoline-1-carboxylic esters,9 and the Seaprose
S-catalysed hydrolysis of methyl (±)-N-tert-Boc-6-hydroxy-3,4-
dihydro-1H-isoquinoline-1-carboxylate.10

Over last few years, a large number of dynamic kinetic resolu-
tion methods for the preparation of enantiomeric compounds,
important in terms of both biological and chemical aspects have
been published and most of them reviewed.11

Herein our aim was to develop a dynamic kinetic resolution
strategy for the synthesis of enantiopure 6-hydroxy-1,2,3,4-
tetrahydroisoquinoline-1-carboxylic acid, with the appropriate
(1R)-absolute configuration, essential for the biological activity of
the above-mentioned (R)-2-tert-butyl-1-methyl-6-(3-chloro-2,
6-difluorobenzyloxy)-3,4-dihydroisoquinoline-1,2(1H)-dicarboxy-
late. Our earlier extensive investigations of the CAL-B-catalysed
dynamic kinetic resolution of 1-tetrahydroisoquinoline car-
boxylic acid8 and 6,7-dimethoxy-1-tetrahydroisoquinoline car-
boxylic acid9 prompted us to explore the possibility of the
dynamic kinetic hydrolysis of (±)-4 and (±)-5 catalyzed by CAL-B.

2. Results and discussion

Racemic 6-methoxy-1-tetrahydroisoquinoline carboxylic acid
ethyl ester (±)-4 was synthesized via Bischler–Napieralski cyclisa-
tion of 3-methoxyphenethylamine hemioxalamide ethyl ester 2
(formed by heating 3-methoxyphenethylamine 1 and diethyl oxa-
late at reflux) and subsequent hydrogenation of compound 3
(Scheme 1).12 Demethylation13 of (±)-4 followed by esterification
furnished (±)-5.
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Scheme 1. Synthesis of (±)-4 and (±)-5.
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The resolution of (±)-5 (Scheme 2) was first attempted in the
presence of CAL-B (20 mg mL�1) with H2O (1 equiv) in toluene/
MeCN (4:1) at 25 �C (Table 1, entry 1).
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Scheme 2. Enzymatic dynamic kinetic resolution of (±)-5.
In an attempt to increase the reaction rate, preliminary experi-
ments were performedwith higher amounts of added H2O (Table 1,
entries 2 and 3). As the amount of H2O was increased, only slightly
faster reactions were observed, without a drop in eep (entries 2 and
3 vs entry 1).

Increasing the proportion of MeCN in the reaction medium, led
to only slight differences in the reaction rates (entries 1 and 4–6).
Next, iPr2O/MeCN was used instead of toluene/MeCN (3:2) afford-
ing a marginally faster reaction (entry 7 vs 5). Nevertheless,
because of toxicity reasons, iPr2O/MeCN (3:2) was selected for fur-
ther reactions.

When the CAL-B-catalysed hydrolysis of (±)-5 was performed
with 2 equiv of H2O together with Pr2NH (0.25 equiv) as a basic
additive (base-catalysed racemisation of the unreacted amino ester
enantiomer), a considerable enhancement in the reaction rate was
observed (entry 8 vs entry 7) in accordance with our earlier
observation.9

Hoping to further enhance the reaction rate and, at the same
time, preserve the (R)-selectivity, the hydrolysis of (±)-5 was per-
formed in an aqueous NH4OAc buffer at pH 8.5, at 25 �C. Much fas-
ter (R)-selective reactions, but lower ee values for the amino acid
Table 1
Conversion and enantiomeric excess values (ee) of the hydrolysis of (±)-5 in organic solve

Entry Solvent mixtures (V:V) H2O (equiv) Reactio

1 Toluene:MeCN (4:1) 1 2
7

2 Toluene:MeCN (4:1) 2 2
7

3 Toluene:MeCN (4:1) 4 2
7

4 Toluene:MeCN (7:3) 1 2
7

5 Toluene:MeCN (3:2) 1 2
7

6 Toluene:MeCN (1:1) 1 2
7

7 iPr2O:MeCN (3:2) 1 2
7

8 iPr2O:MeCN (3:2) 2 2
Pr2NH (0.25 equiv)

a 20 mg mL�1 CAL-B, at 25 �C.
b According to HPLC on a Chiralpak IA chiral column, (a 3,5-dimethylphenylcarbamate

(0.1%), flow: 1 mL min�1, 25 �C, 232 nm {retention times [min], (R)-5: 7.62 and (S)-5: 23
c According to HPLC by using a Chiralpak IA column (for N-Boc-protected derivative),

times [min], (R)-6: 25.52 and (S)-6: 28.26}.
were observed, when using either CAL-B or a-chymotrypsine as
the enzyme (Table 2, entries 1 and 6).

In order to improve the eep, the reaction was carried out at 3 �C
(Table 2, entry 2) without much success (the eep did not change,
the reaction became slower). An increase in reaction temperature
to 45 �C resulted in a significant increase in reaction rate with
the concomitant drop of the ee value (entry 3). A slight increase
in the reaction rate was observed when using an increased amount
of enzyme (Table 2, entries 4 and 5 vs entry 1).

As an alternative strategy to prepare (R)-6 (Scheme 3), (±)-4was
subjected to enzymatic resolution. When the CAL-B-catalysed
hydrolysis of (±)-4 was performed under the above optimized con-
ditions for (±)-5 [2 equiv of H2O, 0.25 equiv of Pr2NH, iPr2O/MeCN
(3:2), 25 �C], only traces of enantiomeric 7 were formed (ee of 91%,
conversion of 35%, 2 days).

Hydrolysis of (±)-4 in aqueous NH4OAc buffer at pH 8.5, at 25 �C
gave amino acid 7 (only traces) with an ee of 66% (90% conversion,
2 days). The major part of the starting amino ester underwent
degradation (Table 2, entry 7).

In order to overcome the above-mentioned degradation, (±)-
4�HCl rather than (±)-4 was subjected to CAL-B-catalysed hydroly-
sis (Table 2, entry 8). Compound (R)-7 was obtained as the sole
product with an excellent ee value of >99%. This may be due to
the relatively slow in situ liberation of basic amino ester from its
hydrochloric salt followed by a relatively fast enzymatic
hydrolysis.

The preparative-scale dynamic kinetic resolution of (±)-4�HCl14

and (±)-515 was performed under the optimised conditions (foot-
notes of Table 3), and the results are summarized in Table 3.
Demethylation of (R)-7 with 48% aqueous HBr16 resulted in the
desired (R)-6�HBr with a significant decrease in ee (80%).

The analysed chromatograms indicated that the corresponding
enantiomers of both compounds (±)-4 and (±)-5 reacted preferen-
tially on CAL-B catalysis similar to ethyl 1,2,3,4-tetrahydroiso-
ntsa

n time (day) Conversion (%) eeS
b (%) eeP

c (%)

22 15 >99
35 27
20 15 >99
37 27
30 19 >99
37 29
16 9 >99
32 19
16 9 >99
38 17
20 6 >99
33 14
14 10 >99
32 20
87 nd >99

derivative of amylose, immobilized onto silica), eluent n-Hex/EtOH (80:20), Et2NH
.09.
eluent: n-Hex/iPA (90:10), TFA (0.1%), flow: 0.5 mL min�1, 25 �C, 232 nm {retention



Table 2
Conversion and enantiomeric excess values (ee) of the hydrolysis in aqueous NH4OAc buffer at pH 8.5

Entry Substrate Enzyme (mg mL�1) Temperature (�C) Time (h) eeS (%) eeP (%)

1a (±)-5 CAL-B (30) 25 3 8b 80c

24 (conv. >99%) — 81c

2a (±)-5 CAL-B (30) 3 3 24b —
168 (conv. >99%) — 81c

3a (±)-5 CAL-B (30) 45 3 5b —
24 (conv. >99%) — 67c

4a (±)-5 CAL-B (50) 25 3 14b 76c

18 (conv. >99%) — 82c

5a (±)-5 CAL-B (90) 25 3 19b 78c

14 (conv. >99%) — 81c

6a (±)-5 a-Chymotrypsine (10) 25 3 — —
50 (conv. >99%) — 84c

7a (±)-4 CAL-B (30) 25 48 (conv. = 90%) 27d 66e,f

8g (±)-4�HCl CAL-B (30) 25 3 (conv. = 89%) 5d >99%e

a Racemic amino ester in aqueous NH4OAc buffer at pH 8.5.
b According to HPLC (footnote of Table 1).
c According to HPLC (footnote of Table 1).
d According to HPLC on a Chiralpak IA chiral column, eluent: n-Hex/iPA (90:10), DEA (0.1%), flow: 0.5 mL min�1, 25 �C, 232 nm {retention times [min], (R)-4: 26.6 and (S)-4:

28.17}.
e According to HPLC by using a Chiralpak IA column (for N-Boc-protected derivative), eluent: n-Hex/iPA (90:10), TFA (0,1%), flow: 0.5 mL min�1, 25 �C, 232 nm {retention

times [min], (R)-7: 19.37 and (S)-7: 21.29}.
f Only trace amounts of amino acid.
g (±)-4�HCl in aqueous NH4OAc buffer at pH 8.5.

Table 3
Preparative-scale hydrolysis of (±)-4�HCla and (±)-5b

Substrate Time (h) Product amino acid

Yield (%) Isomer ee (%) [a]D25 H2O

(±)-4�HCl 3 91 (R)-7 >99c �58 (c 0.2)
(±)-5 48 87 (R)-6 >99d �51 (c 0.3)

a 100 mg (0.37 mmol) substrate, 25 mL aqueous NH4OAc buffer at pH 8.5 (NH4OH), 750 mg CAL-B (30 mg mL�1), 25 �C.
b 200 mg (0.9 mmol) substrate, 2 equiv of H2O, 0.25 equiv Pr2NH, 25 mL iPr2O/MeCN (3:2), 25 �C, 600 mg CAL-B (20 mg mL�1), 25 �C.
c According to HPLC (footnote of Table 1).
d According to HPLC (footnote of Table 2).
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quinoline carboxylate8 and ethyl 6,7-dimethoxy-1,2,3,4-tetrahy-
droisoquinoline carboxylate.9 Thus the enantiomer hydrolysing
with higher reactivity has the (R)-absolute configuration; conse-
quently, the (S)-configuration was assigned to the racemizing
enantiomer (S)-4 and (S)-5.
3. Conclusion

In conclusion, an efficient dynamic kinetic resolution technique
was carried out for the preparation of (1R)-6-hydroxy- and (1R)-6-
methoxy-subsituted 1,2,3,4-tetrahydroisoquinoline-1-carboxylic
acids (ee >99%, chemical yields >87%), which are useful in the
synthesis of modulators of nuclear receptors. The (R)-selective
hydrolysis of the corresponding 1,2,3,4-tetrahydroisoquinoline-1-
carboxylates took place with Candida antarctica lipase B as the
catalyst and the reactions were performed in either organic sol-
vents or aqueous NH4OAc buffer at pH 8.5. It is important to note
that the present dynamic kinetic resolution using the hydrochloric
salt as starting racemate might provide an extra possibility for the
resolution of such racemates, which are stable only as salts.
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