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The kinetic enzymatic resolution of azo acetates via aminoly-
sis with Candida antarctica lipase B has been investigated
using benzylamine as amine component. The products
obtained from this biotransformation in high enantiomeric
purity can serve as valuable precursors for various amino
alcohols, as exemplified by the synthesis of the serotonin
reuptake inhibitor (S)-(+)-cericlamine.

While lipase-catalyzed reactions of tertiary alcohols are usually
slow, enzymatic transformations remain fast when primary alco-
hols with more remote quaternary stereocenters are employed as
starting materials." Most primary alcohols that have so far been
studied belong to the group of diols 1,% or derivatives in which
the unreactive tertiary alcohol is part of an ether,® epoxide* or
lactone.” Remarkable results have also been achieved in desym-
metrizations of diols 2.® Only very few studies have so far been
reported for enzymatic resolutions of primary alcohols 3 bearing
a nitrogen-substituted quaternary stereocenter in B-position. An
early example is the enantiomeric enrichment of racemic benza-
mide 4 through lipase AK-20 in the presence of vinyl acetate.” A
comparable lipase-catalyzed transesterification has very recently
been used for the resolution of nitro compound 5 (Fig. 1).%

Our interest is focused on azo compounds 6, which are easily
accessible and can also be further converted to manifold pro-
ducts including amino alcohols, amino acids, indolines and iso-
quinolines.”'® The broad substrate scope and substitution pattern
of 6 and O-acylated derivatives thereof makes an enantio-
selective approach to such molecules an attractive alternative to
currently developed desymmetrization strategies.® So far, unfa-
vorably, the access to azo compounds 6 in enantiomerically
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enriched form has been extremely limited due to the narrow sub-
strate scope, long reaction times and high enzyme loading
required for lipase-catalyzed kinetic resolutions.'' In this com-
munication, we now report recent advances leading to an
efficient access to enantiomerically enriched azo acetates through
lipase-catalyzed kinetic resolution.

Due to the low conversions observed for azo acetates in the
previously employed aqueous biphasic mixtures of methyl zert-
butyl ether (MTBE) and water,'" we first examined the hydroly-
sis of acetate 7a in a variety of non-dried organic solvents
including acetonitrile, MTBE, methanol, n-hexane, dimethylform-
amide (DMF), acetone and tetrahydrofuran (THF) (Table 1,
entries 1-8).

The only solvent leading to a basically useful conversion com-
bined with a moderate enantiomeric excess was found to be
acetonitrile (entry 1). In a second optimization step benzylamine
was added, which turns the overall reaction from a hydrolysis to
an aminolysis of the acetate.'” By this modification, the results
for THE, and especially acetonitrile (entries 12, 13), could be
further improved with regard to conversion and enantioselectiv-
ity. One reason for the positive effect of benzylamine might be
the decreased activity of CAL-B otherwise caused by liberated
acetic acid.'® Furthermore, advantages are likely to arise from
the ability of benzylamine to act as a better nucleophile than
water. Instead of acetic acid, N-benzylacetamide is now formed
in amounts equivalent to alcohol 8a.'* While fewer equivalents
of benzylamine (3 equiv) did not influence the overall outcome
(entry 14), larger quantities of benzylamine (>5 equiv) as well as
the addition of water led to remarkably lower conversions

Diols Amino alcohols
H R, .R*
OH © N
i~ OH i OH R1 1~ OH
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Fig. 1 Substrates for kinetic enzymatic resolution.
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Table 1 Effects of non-polar solvents and benzylamine

Table 2 Variation of substrates

OMe OMe

© RO caLp © AcOH
+ oor > + or

. (solvent) B
MeO. NN BaNH, MeO NN BnNHAC
OAc 4 OH

7a (R)iSa

Entry*  Solvent Base (equiv)  Conversion” % ee (8a)” E°
1 CH;CN — 32 41 2.9
2 CH,CNY  — <2 nd* nd*
3 MTBE  — 67 4 1.1
4 MeOH — <1 nd® nd®
5 n-Hexane — 21 0 1.0
6 DMF — <1 nd® nd®
7 Acetone — 13 45 2.8
8 THF — 13 35 2.2
9 MTBE BnNH; (5) 45 18 1.6
10 DMF BnNH, (5) <l nd* nd*
11 Acetone BnNH; (5) 16 42 2.6
12 THF BnNH, (5) 28 43 2.9
13 CH;CN  BnNH,(5) 45 62 7.0
14 CH,CN  BnNH,(3) 46 62 7.1
15 CH;CN BnNH; (7) 35 64 6.3
16 CH;CN  BnNH, (10) 21 51 3.5
17 CH,CN®  BnNH, (5) <2 nd® nd®
18 CH;CN n-BuNH, (5) 31 76 10.2
19 CH;CN Et;N (5) 32 46 33
20 CH;CN Et,NH (5) 19 68 6.1

“Reaction conditions: rac-7a (0.05 mmol), organic solvent (2 mL),
CAL-B (20 mg), rt, 3 days. ® Conversion and enantiomeric excess of 8a
determined by chiral HPLC. © E-value calculated from the conversion
and the ee data of the alcohol 8a.  Water was added to the reaction
mixture: CH;CN-H,O 3:1(v/v). “nd = not determined. 7(S)-
enantiomer. € 5% water were added to the reaction mixture.

(entries 15-17). Attempts with other bases instead of benzyl-
amine revealed that n-butylamine as an additive is able to give
even higher E-values, but at remarkably lower conversions
(entry 18). The reaction with triethylamine proceeded as if no
base had been added (entry 19, ¢f. entry 1), and diethylamine
led to an improved ee-value, but with insufficient conversion
(entry 20).

The newly found conditions (Table 1, entry 13) were then
applied to the fluorinated azo acetate 7b, a compound which had
shown the worst results in previous investigations.'' To get a
better insight in the conversion of each enantiomer, the reaction
course was followed by chiral HPLC over several days (see
ESIT).">! In this way, nearly total conversion of one enantiomer
was reached after 72 hours, leaving the remaining acetate (29%
of 50% theoretical yield) with necessarily high enantiomeric
excess.

Results from reactions with a broader spectrum of substrates
are summarized in Table 2. After 3 days, high ee-values were
observed for the remaining acetates 7 starting from racemic lipo-
philic halogenated azo acetates 7b—d (entries 2—4). While a
longer reaction time of 6 days was necessary to achieve an
acceptable enantiomeric excess for 7a (entry 1), the conversion
of unsubstituted azo acetate 7e proceeded rapidly, but with only
low selectivity (entry 5). In general, electron-donating substitu-
ents such as the methoxy group led to the lowest conversions

R R
| N caus | b
2 BnNH, 7
R\\ N (5.0 equiv) R\\ N
l_ oAc (CHLCN) - OAc
rac-Ta-j (S)-7a
+
(R)-8arj
Acetate (S)-7%¢ Alcohol (R)-8°
Entry” R (%, ee) (ee) E°
1 4-OMe 7a (84, 73% ec) 8a (53% ee) 6.8
2 4-F 7b (58, 93% ce) 8b (40% ee) 7.1
3 3,4-Cl, 7¢(52,>99%ee) 8¢ (37% ce) 9.6%
4 4-Br 7d (58, 96% ce) 8d (35% ee) 7.0¢
5 H 7e (24, 84% ce) 8e (13% ee) 2.7
6 2-OMe 7f (n.d.)’ 8f (18% ce)” 1.5°
7 3-OMe 7g (82, 56% ee) 8g (32% ee) 32
8 3,4-OMe,  7h (n.d.)! 8h (71% ece)” 7.3
9 4-CN 7i (74, 83% ee) 8i (43% ee) 6.0
10/ 4-NO, 7j (48, 90% ee) 8j (29% ce) 438

“Reaction conditions: rac-7 (0.30 mmol), CH;CN (12 mL), CAL-B
(120 mg), benzylamine (161 mg, 5 equiv), 1t, 3 days. ” This reaction was
performed on a 0.05 mmol scale for 6 days. “Enantiomeric excess
determined by chiral HPLC, yields are calculated based on the single
enantiomers. ¢ Acetates were converted to their corresponding alcohols
for HPLC-measurement except in the case of 7j, which could be
measured directly. ¢ E-value calculated from the ee data of the alcohol
and the acetate. 7 Enantiomeric excess calculated from conversion and
enantiomeric excess of the alcohol. ¢ E-values are lower than those
reported in Table 3 due to continuation of the reaction beyond the
optimal conversion. ” Enantiomeric excess of 7f and 7h not determined
due to low conversions (30% for 7f and 24% for 7h, each after 3 days).
" E-values calculated from the conversion and the ee data of the alcohol.
7 This reaction was performed on a 0.06 mmol scale.

when situated in 2- or 4-position of the aromatic core (entries 1,
6, 8). A higher conversion, although at lower selectivity, was
reached with the 3-methoxy derivative 7g (entry 7). Electron-
withdrawing substituents like nitro or cyano were better tolerated
in the 4-position than the methoxy group, as shown by the
reactions of 7i and 7j (entries 9, 10). The fact that the desired
products (5)-7i and (S5)-7j were still obtained with lower enantio-
meric excess than the halogenated derivatives demonstrated that
the latter group of substrates (entries 2—4) represents the most
suitable for this type of enzymatic resolution.'”

The results obtained from the investigation of the substrate
scope (Table 2) raised the question whether high ee-values
(>95%) can especially be reached with halogenated azo acetates
at relatively low conversions. A survey within this group of com-
pounds is presented in Table 3. Interestingly, the conversion of
some azo acetates 7 required much shorter reaction times than
three days to yield the desired products with acceptably high
enantiomeric excess.

When gradually increasing the steric demand of the halogen
atom in the 4-position from fluorine to chlorine and bromine to
iodine, a constant decrease in reaction time was observed (entries
1-7). To reach roughly 90% ee with a nearly similar yield, the
4-fluoro derivative 7b required 48 hours, the 4-chloro derivative
7Kk 44 hours, the 4-bromo derivative 7d 33.5 hours and 4-iodo
derivative 71 only 24.5 hours (entries 1, 3, 5, 6).

This journal is © The Royal Society of Chemistry 2012
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Table 3 Variation of substrates and reaction times

R
| VA | 7R
CAL-B
Z BnNH, 7
R i R
I\\ N"N (5.0 equiv) I\\ N"N
~ onc (CHCN) ~ OAc
rac-7b-d, k-p (S)-7bd, k-p
+

(R)-8b-d, k-p

Time  Acetate (S)-7°¢  Alcohol (R)-8°

Entry’ R (h) (%, ee) (ee) E!
1 4-F 48 7b (70, 88% ce)®  8b (48% ee) 7.7
2 4-F 71 7b (58, 96% ee)°  8b (39% ee) 7.8
3 4-Cl 44 7k (70, 90% ee) 8k (50% ee) 8.6
4 4-Cl 59 7k (64, 94% ee) 8k (43% ee) 8.0
5 4-Br 335 7d(72,91%ee)  8d (51% ee) 9.1
6 4-1 245 T1(76,90% ee) 81 (52% ee) 9.1
7 4-1 465  T1(66,>97% ee) 8l (48% ee) 10.8
8 2-Br 149 7m (66, 60% ee)  8m (32% ee) 34
9 3-Br 16 Tn (60, 82% ee) 8n (37% ee) 5.0
10 3-Br 45 n (22,96% ee)  8n (12% ee) 3.5
11 2,4-Cl, 39 70 (66, 80% ece) 8o (nd)¥ 52"
12 3,5-Cl, 125  7p(74,89%cee)  8p (51% ee) 8.6
13 34-Cl, 15 7¢ (80,97% ce)  8c (64% ce) 18.1
14 34-Cl, 19 7¢ (74,>99% ee) 8¢ (59% ee) 18.8

“Reaction conditions: rac-7 (0.20 mmol), CH;CN (8 mL), CAL-B
(80 mg), benzylamine (107 mg, 5 equiv), rt. ” Enantiomeric excess
determined by chiral HPLC, yields are calculated based on the single
enantiomers. “ Unless otherwise stated, acetates were converted to their
corresponding alcohols for HPLC-measurement. ¢ E-value calculated
from the ee data of the alcohol and the acetate. © Enantiomeric excess
calculated from conversion and enantiomeric excess of the alcohol.

/Determination of enantiomeric excess after conversion to phthalate

derivative. ¥nd = not determined. " E-value calculated from the
conversion and the ee data of the alcohol. ‘Determination of
enantiomeric excess after conversion to amino alcohol.

Shifting the rather large bromo substituent into the 2- or 3-
position led to a sharp decrease (entry 8) or increase (entries 9,
10) in reaction rate, respectively. Both compounds 7m and 7n
were however converted with comparably lowered E-values. The
substituent effects observed for the three different dichloro
derivatives 7¢, 70 and 7p are largely in agreement with the
observations made before. While a 2-substituent such as in 7o
(entry 11) is not well tolerated even at small size, 3-substitution
as in 7p (entry 12) allows for better results. As evidenced by the
experiments with 7c¢ (entries 13, 14), two small and lipophilic
substituents in 3- and 4-position are likely to be one of the most
suitable patterns for the enzymatic reaction described herein.'®

One possible application for azo acetates obtained from the
kinetic resolution is the synthesis of pharmaceutically relevant
amino alcohols. (S)-(+)-Cericlamine [(S)-10], an antidepress-
ant,'>?° is readily accessible from acetate (S)-7¢ through two
simple synthetic steps (Scheme 1).

Reduction of azo acetate 7¢ to amino alcohol 9 by zinc in
hydrochloric acid was followed by reductive methylation.>' In
addition to the experiments reported in Table 3 (entries 13, 14),
the enzymatic resolution of 7¢ was carried out on a larger scale
to provide 0.84 g (76% yield based on single enantiomer, 97%
ee) of azo compound (S)-7c.

In summary, azo acetates have been shown to be valuable
starting materials for the enantioselective preparation of diverse

Cl
Cl

Cl
_znHol NH,

MeOH OH
OAc ( ) Cl

Cl -N

Cl

rac-7c rac-9 (78%)
(S)-7c (>99% ee) (8)-9 (51%, >99% ee)

CH,0, HCOOH cl SN
_—

OH
Cl

rac-10 (71%)
(5)-10 (75%, >99% ee)

Scheme 1 Synthesis of (S)-(+)-cericlamine [(S)-10].

(S)-2-amino-3-phenylpropanols. The results obtained by enzy-
matic kinetic resolution compare well to existing synthetic
strategies leading to structurally related amino alcohols.””®
The tolerance of lipophilic substrates enabled an effective syn-
thesis of (S)-(+)-cericlamine, and E-values up to 18 were
observed in the enzymatic transformation leading to the required
(S)-(+)-cericlamine intermediate. Ongoing research is directed
towards dynamic kinetic resolutions** as well as further process
optimization.
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