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ABSTRACT Sodium borohydride reduction of 3-chloro-1-(2-thienyl)-1-propanone
gave the corresponding racemic alcohol which was kinetically resolved with lipase B
from Candida antarctica as catalyst to yield the chiral building blocks (S)-3-chloro-1-(2-
thienyl)-1-propanol and the corresponding (R)-butanoate. The enantiopure chiral build-
ing blocks were converted into Duloxetine and its enantiomer. Chirality 12:26–29,
2000. © 2000 Wiley-Liss, Inc.
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Duloxetine, (S)-N-methyl-3-(1-naphthalenyloxy)-3-(2-
thienyl)-1-propanamine (1), which is under development
as an antidepressant drug, acts by inhibiting the uptake of
norepinephrine and serotonin.1 The drug contains one ste-
reocenter, and retrosynthetic strategy reveals that enantio-
pure (S)-3-chloro-1-(2-thienyl)-1-propanol (2) should be an
excellent building block for production of Duloxetine (see
Fig. 1). The usefulness of enantioselective synthesis vs.
resolution has been thoroughly evaluated.2 The key step in
asymmetric synthesis was enantioselective reduction of
3-dimethylamino-1-(2-thienyl)-1-propanone using various
catalysts such as yeast,3 chiral amine ligands4,5 borane in
the presence of oxazaborolidine catalyst6 and BINAP-
LAH.7 Resolution of the corresponding alcohol by crystal-
lization of the (S)-mandelic acid salt has been shown to be
particularly useful. The major drawback of resolution is
that the process will give maximum 50% yield. In the pres-
ent case, the unwanted (R)-enantiomer was easily racem-
ized by mineral acid and recycled in the process. Due to
the simplicity of the resolution process it was shown to be
more efficient and cost-effective than enantioselective syn-
thesis.

We developed an alternative strategy for the introduc-
tion of chirality by kinetic resolution using lipase catalyzed
transesterification in organic medium. Although, as men-
tioned above, kinetic resolutions only gave a maximum
yield of 50%, lipase catalysis has several advantages. En-
zymes are mild catalysts, they are easily recovered after
termination of the process, and can be reused several
times. Moreover, high enantiomeric excess (ee) may be
obtained even in cases when the important kinetic param-
eter, the enantiomeric ratio E, is moderate. Both enantio-
mers may be obtained by the same process, which could
be important for the pharmacological evaluation of drugs.

MATERIALS AND METHODS
General

Immobilized CALB (Novozyme 435, Novo-Nordisk A/S)
had an activity of 7,000 PLU/g and a water content of 1–2%

w/w. Dried Saccharomyces cerevisiae from Idun Industri,
Oslo, had batch nr. 102, of 1. 4. 98. Solvents were dried
over molecular sieves. Column chromatography was per-
formed using silica gel 60 from Fluka (Buchs, Switzer-
land).

Analyses

Optical rotations were determined using an Optical Ac-
tivity Ltd. AA-10 automatic polarimeter, concentrations are
given in g/100 mL. Chiral analyses were performed using
Varian 3300 and 3400 gas chromatographs equipped with
CP-Chirasil-Dex CB columns from Chrompack (25 m, 0.25
mm, 0.25, or 0.25 µm film density) at 10 psi, split ratio 60
mL/min, with an outlet pressure of 3 bar. The alcohol 2
was analyzed as its acetate using temp. prog.: 120–136,
1°C/min, t1(S): 14.24, t2(R): 14.79, Rs: 2.3, 4: 120–145,
1°C/min, t1(S): 23.11, t2: 23.47, Rs: 1.7. NMR spectroscopy
was performed in CDCl3 solutions, using Bruker DPX 300
and 400 instruments, operating at 300 and 400 MHz for 1H
and 75 and 100 MHz for 13C, respectively. Chemical shifts
are in ppm relative to TMS and coupling constants in Hz.
Enantiomeric ratios, E and equilibrium constants, Keq
were calculated using the computer program E and K cal-
culator version 2.03.8,9

Enzymatic and Nonenzymatic Synthesis

Small-scale transesterifications. Substrate (1.31 ? 10−4

mol) was dissolved in n-hexane (3 mL) and vinyl butanoate
(5 equivalents) added. The reaction was started by adding
immobilized CALB (20 mg) to the reaction mixture in a
shaker incubator (New Brunswick, Edison, NJ) at 30°C.
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Chiral GLC analysis gave ee of substrate (ees) and product
(eep), values from which conversion, c, was calculated, c =
ees / (ees + eep). In control experiments without enzyme, no
acylation was observed using vinyl butanoate as the acyl
donor. Baker’s yeast reduction was performed as de-
scribed previously.10

1-(2-Thienyl)-3-chloropropan-1-one (3). A mixture of
thiophene (8.4 g, 0.1 mol), 3-chloropropanoyl chloride (1
equivalent) in benzene (85 mL) was cooled to 0°C, and
fuming SnCl4 (1 equivalent) was added dropwise. After
addition of SnCl4, the reaction mixture was left stirring at
room temperature for 2 h. The reaction was stopped by
addition of concentrated HCl (6 mL) and ice water (45 mL).
The organic layer was separated and the aqueous layer
extracted with benzene (2 × 20 mL). The combined organic
fraction was washed with water, dried over CaCl2, and con-
centrated in vacuo. The product was purified with flash
chromatography (pentane:Et2O, 3:1) to yield 39% (6.73 g,
36 mmol) of 3 as a brown oil. 1H-NMR d 3.38 (2H, t, J = 6.7,
COCH2), 3.89 (2H, t, J = 6.7, CH2Cl), 7.14 (1H, dd, J3,4 = 3.8,
J4,5 = 5.0, thienyl H-4), 7.67 (1H, d, J = 3.8, thienyl H-3), 7.74
(1H, dd, J3,5 = 1.1 and J4,5 = 5.0, thienyl H-5). 13C-NMR d
39.1, 42.2, 128.7, 132.9, 134.7, 144.0, 189.8. TLC
(pentane:Et2O, 3:1), Rf = 0.37.

3-Chloro-1-(2-thienyl)-1-propanol (2). Ketone 3
(4.36 g, 0.025 mol) was dissolved in EtOH (30 mL), cooled
to 0°C and NaBH4 (1 equivalent) added. The reaction mix-
ture was stirred for 2 h. The reaction was stopped by slow
addition of aqueous NH4Cl (50 mL), and stirred for an
additional 30 min at room temperature. The reaction mix-
ture was extracted with CH2Cl2 (3 × 30 mL), dried over
MgSO4, and concentrated in vacuo. The residue was puri-
fied by flash chromatography (silica gel, pentane:Et2O, 4:1
v/v) to yield 91% of 2 (4.0 g, 0.023 mol). 1H-NMR d 2.2 (2
H, m, -CH2-), 2.88 (1 H, s, OH), 3.56 and 3.73 (1 H each, m,
CH2Cl), 5.17 (1H, dd, CH, J = 4.9 and 8.1), 7.00 (2H, m,
thienyl H-3 and H-4), 7.28 (1H, dd, J3,5 = 1.7 and J4,5 = 4.7,
thienyl H-5). 13C-NMR d 41.5, 50.6, 67.0, 124.0, 124.6, 126.7
and 147.6. TLC (pentane:Et2O 4:1), Rf = 0.39.

(S)-3-Chloro-1-(2-thienyl)-1-propanol((S)-2). Race-
mic 2 (1.13 g, 6.4 mmol) and vinyl butanoate (3.68 g, 32
mmol) were dissolved in n-hexane. Immobilized CALB
(150 mg) was added and the reaction mixture was shaken
at 30°C for 33 h until 50% conversion was reached. The
enzyme was filtered off and the reaction mixture concen-
trated in vacuo. The alcohol and the ester were separated

by column chromatography (n-hexane:acetone, 4:1) to af-
ford (S)-2, yield 35%, (0.40 g, 2.26 mmol), ee = 97%, [a]D

25 =
−5.68 (MeOH, c = 4.4), 1H--NMR corresponded with race-
mic 2.

Butanoate of (R)-3-Chloro-1-(2-thienyl)-1-propanol((R)-
4). The butanoate (R)-4 was isolated from the reaction
above in a yield of 45% (0.71 g. 2.88 mmol), ee = 96 %, [a]D

22

= +87.0 (MeOH, c = 1.1). 1H-NMR: d 0.92 (3H, t, J = 7.4,
-CH3), 1.65 (2H, sextet, -CH2-), 2.30 (2 H, t, -CH2-), 2.33 and
2.48 (1 H each, m, -CH2-), 3.49 and 3.52 (1 H each, m,
CH2Cl), 6.26 (1H, dd, J = 5.9 and 8.0, CH), 6,96 (1H, dd, J3,4
= 3.5, J4,5 = 5.1, thienyl H-4), 7.08 (1H, m, thienyl H-3), 7.28
(1H, dd, J3,5 = 1.2, J4,5 = 5.1, thienyl H-5). 13C-NMR d 13.6,
18.4, 36.3, 39.0, 40.5, 68.2, 125.6, 126.2, 126.7, 142.3 and
172.5. TLC (n-hexane: acetone, 4: 1), Rf = 0.62.

(R)-3-Chloro-1-(2-thienyl)-1-propanol((R)-2). The
butanoate (R)-4 (0.58 g, 2.35 mmol, ee 96%) was suspended
in phosphate buffer (80 mL, pH 7.0, 0.1 M) and CALB (50
mg) was added. The mixture was shaken at 30°C for 27 h
and extracted with Et2O (4 × 100 mL). The product was
purified by column chromatography (hexane:acetone, 4:1)
to yield 74% (0.31 g, 1.75 mmol) of R-4, ee = 95%, [a]D

22 =
+5.45 (MeOH, c = 4.4). 1H-NMR corresponded with race-
mic 2.

(S)- and (R)-3-Iodo-1-(2-thienyl)-1-propanol ((S)-5
and (R)-5). A mixture of (S)-2 (0.35 g, 2.15 mmol) and
NaI in saturated acetone solution (20 mL), protected from
light, was refluxed overnight. The reaction mixture was
filtered to remove the precipitated NaCl and concentrated
in vacuo. The residue was dissolved in water (30 mL) and
extracted with Et2O (3 × 20 mL). The combined extracts
was washed with NaCl, sat, dried with MgSO4 to yield 93%
of (S)-5 (0.54 g, 2.0 mmol) as a yellow oil. GC purity was
100%, hence (S)-5 was used without further purification.
The (R)-enantiomer was made in similar manner from
(R)-2 (0.26 g, 1.50 mmol) to yield (R)-5 (0.39 g, 1.45
mmol).

(S)- and (R)-3-Methylamino-1-(2-thienyl)-1-propanol
((S) -6 and (R)-6). (S ) - 3 - I o d o - 1 - ( 2 - t h i e n y l ) - 1 -
propanol(S)-5 (0.54 g, 2.0 mmol) in THF (5 mL) was mixed
with methylamine (40% aqueous, 2.5 mL, 28.9 mmol). The
mixture was stirred at room temperature under N2 atmo-
sphere overnight. The reaction mixture was treated with
5N NaOH (1 mL), concentrated in vacuo, water added (10
mL), and the mixture extracted with Et2O (3 × 20 mL). The

Fig. 1. Retrosynthesis of Duloxetine.
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combined extracts were washed with sat NaCl, dried over
Na2SO4, and concentrated in vacuo. The residue was puri-
fied by flash chromatography (CH2Cl2:MeOH:NH4OH, 40:
10:1) to yield (S)-6 in 73% yield (0.25 g, 1.46 mmol). 1H-
NMR d 2.1 (2 H, m, -CH2-), 2.50 (3 H, s, NCH3), 2.9 (2H, m,
CH2N), 4.3 (2H, br s, OH, NH), 5.21 (1H, dd, J = 3.5 and
8.0, CH), 6.94 and 6.96 (1 H each, m, thienyl H-3 and H-4),
7.22 (1H, dd, J3,5 = 1.1, J4,5 = 4.9, thienyl H-5). 13C-NMR: d
35.4, 36.3, 49.7, 71.4, 122.5, 123.8, 126.6, 149.3. [a]D

22 =
−12.50 (MeOH, c = 4.4). TLC (CH2Cl2: MeOH: NH4OH, 40:
10: 1), Rf = 0.36.(R)-6 was prepared in the same manner
from (R)-5 (0.39 g, 1.45 mmol), yield 76% (0.19 g, 1.1
mmol). [a]D

22 = +9.74 (MeOH, c = 3.8).
Duloxetine ((S)-1) and the enantiomer of Duloxetine

((R)-1). To NaH (0.38 g, 7.9 mmol) suspended in pentane
(3 mL) and dimethylacetamide (4 mL), was added (S)-6
(0.22 g, 1.28 mmol) in dimethylacetamide (6 mL), and the
mixture heated to 60–70°C for 1 h. When the solution
became clear, 1-fluoronaphthalene (0.36 g, 2.50 mmol) was
added. The temperature was raised to 90°C, and the reac-
tion stirred for an additional 48 h. The mixture was poured
into water (50 mL), and extracted with Et2O (3 × 30 mL).
The extract was washed with sat NaCl, dried with Na2SO4,
and concentrated. The residue was purified by flash chro-
matography (CH2Cl2:MeOH:NH4OH, 100:10:1) to yield
31% of Duloxetine (S)-1 (0.12 g, 0.40 mmol) [a]D

22 = +75
(MeOH, c = 0.4), [a]D

22 +110 (MeOH, c = 1.0) lit. 4 +117.
TLC (CH2Cl2:MeOH:NH4OH, 100:10:1), Rf = 0.24. 1H-NMR
d 2.23 and 2.43 (1 H each, m, -CH2-), 2.41 (3H, s, NCH3),
2.81 (2 H, m, CH2N), 5.76 (1H, m, CH), 6.84-7.48 (7H, m,
naphthalenyl, 1 H thienyl H-4), 7.76 (1H, m, thienyl H-3),
8.33 (1H, m, thienyl H-5). 13C-NMR d 36.4, 38.8, 48.2, 74.8,
107.0, 120.6, 122.1, 124.6, 124.7, 125.3, 125.7, 126.1, 126.3,
126.6, 127.5, 134.6, 145.1, 153.3. (R)-Duloxetine (R)-1 was
synthesized from (R)-6 (0.15 g, 0.88 mmol) as described
above, yield 11%(30 mg, 0.1 mmol). [a]D

22 = −77.5 (MeOH,
c = 0.4).

RESULTS AND DISCUSSION
The racemic alcohol (2) was obtained by a two-step

route. Friedel-Crafts acylation of thiophene by 3-chloropro-

panoylchloride with SnCl4 as Lewis acid gave ketone 3,
which was reduced with sodium borohydride to give the
secondary alcohol 3-chloro-1-(2-thienyl)-1-propanol (2).

Racemic 3-chloro-1-(2-thienyl)-1-propanol (2) was kineti-
cally resolved by transesterification in n-hexane using vinyl
butanoate as acyl donor, and lipase B from Candida ant-
arctica (CALB) as catalyst (Fig. 2). The resolution pro-
ceeded with an exceptionally high E-value of 299, which
implies that the enantiomers will be perfectly separable by
this method. Gram-scale resolution was performed and
comparison of optical rotation values with previous re-
ported values5 confirmed that the (R)-enantiomer was the
faster reacting enantiomer, as expected based on the ste-
reopreference of CALB.11 (R)-3-Chloro-1-(2-thienyl)-1-
propanol ((R)-2) was obtained by enzymatic hydrolysis of
the formed butanoate (R)-4 using CALB as catalyst. Lipase
catalyzed hydrolysis of (R)-4 takes place under mild con-
ditions, which is important for this relatively labile com-
pound, and in addition a second chiral discrimination step
was introduced. Since the enzyme has the same enantio-
preference both in hydrolysis and transesterification, en-
antiomeric enrichment is likely to occur during hydrolysis.
This, however, was not observed. On the contrary, a small
decrease of ee (from 96 to 95%) occurred during hydrolysis,
which may be due to racemization. We are currently inves-
tigating this observation in order to establish conditions for
dynamic resolution.

Baker’s yeast asymmetric reduction of ketone 3 was at-
tempted in order to yield enantiopure 2 (presumably the
(S)-enantiomer). However, instead of 2 reductive dehydro-
halogenation gave 1-(2-thienyl)-2-propene-1-ol as observed
by GC/MS.

After isolation of the enantiomers, both Duloxetine and
its enantiomer were synthesized by known procedures.5

The methylamino group was introduced by first displacing
the chlorine with iodine using sodium iodide, then reacting
the iodide 5 with methylamine. (Fig. 1) Compounds 2, 3,
and 6 had 1H-NMR spectra in accordance with those pre-
viously reported.6 The reactions proceeded with a yield of
70%. The naphthalenyloxy ether may be formed in several

Fig. 2. Kinetic resolution of 2 to yield (S)-2 and (R)-4. Subsequent hydrolysis of the butanoate (R)-4 gave (R)-2. Both reactions were catalyzed by
lipase B from Candida antarctica (CALB).
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ways, depending on the stereochemistry of the chiral build-
ing block and the target compound. Under Mitsunobu-
conditions (triphenylphosphine, DEAD) an inversion of
configuration would be expected to take place at the sec-
ondary center. If, on the other hand, retention of configu-
ration is wanted the alcohol may be reacted with 1-fluoro-
naphthalene using sodium hydride as base. The latter
method was selected because both enantiomers of the chi-
ral building block were available as products of the reso-
lution process.
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