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The (R)- and (S)-N-Boc-morpholine-2-carboxylic acids 9 and 10 were prepared using an enantioselective
synthesis employing a highly selective enzyme-catalyzed kinetic resolution of racemic n-butyl 4-ben-
zylmorpholine-2-carboxylate (11) as the key step. Acids 9 and 10 were then converted efficiently and ste-
reoselectively to reboxetine analogs 3 and 4.
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(±)-Reboxetine is an orally active, selective noradrenaline reup-
take inhibitor (NRI) developed and launched for the treatment of
depression.1,2 The (+)-(S,S)-enantiomer of reboxetine (1) is cur-
rently undergoing advanced clinical evaluation as a potential treat-
ment of fibromyalgia and neuropathic pain.3 Esreboxetine (1) is
more potent than the reboxetine racemate with respect to inhibit-
ing the uptake of noradrenaline and much weaker at inhibiting up-
take of serotonin; the combination of these two pharmacologies
makes esreboxetine highly selective.2

Further investigation of the reboxetine template identified (±)-2
as a lead with potential biological activity for dual noradrenaline
and serotonin reuptake inhibition.4,5 Evaluation of the single enan-
tiomers 3 and 4 in pre-clinical disease models required the synthe-
sis of multigram quantities of suitably functionalized, homochiral
morpholine synthons. In this Letter, we disclose a new and highly
efficient synthesis of homochiral (R)- and (S)-N-Boc-morpholine-2-
carboxylic acids 9 and 10, and describe their conversion to reboxe-
tine analogs 3 and 4.

The challenge of creating the molecular architecture of esre-
boxetine (1) has led to a number of noteworthy syntheses in recent
years (Fig. 1). Henegar and Cebula reported a process development
for the synthesis of esreboxetine succinate employing a Sharpless
asymmetric epoxidation of cinnamyl alcohol to epoxy alcohol 5.6

Esreboxetine has also been prepared enantioselectively from cin-
namyl bromide using a Sharpless asymmetric dihydroxylation as
the key step to furnish diol 6.7 In a conceptually different approach,
esreboxetine has been prepared from commercially available chiral
ll rights reserved.
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pool reagents, (1R,2R)-2-amino-1-phenyl-1,3-propanediol (7)8 and
(S)-3-amino-1,2-propanediol (8).9

Our approach to the reboxetine template, as exemplified by
compounds 3 and 4, employed a new enantioselective synthesis
NH2
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Figure 1. Chiral synthons employed for the synthesis of esreboxetine 1.
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where the key (R)- and (S)-morpholine acids 9 and 10 were pre-
pared by an enzyme-catalyzed kinetic resolution of racemic ester
11 (Scheme 1).10,11 This route was attractive to us as it allowed
for the late-stage installation of both the aryl and aryloxy rings
providing flexibility in the synthesis of additional analogs. Further-
more, the resolution proved to be highly selective and operation-
ally simple to perform on large scale.

Racemic ester 11 was prepared in two steps and in high yield
from readily available starting materials. Condensation of N-ben-
zylethanolamine (12) with 2-chloroacrylonitrile followed by t-
BuOK-promoted cyclization gave morpholine nitrile 13,12 which
then underwent alcoholysis with n-BuOH (or other alcohols, e.g.,
EtOH) in the presence of concd H2SO4 to give 11.

Racemic ester 11, along with other esters (e.g., Et), were
screened against a panel of 19 broadly specific lipases. The combi-
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Scheme 1. Reagents and conditions: (a) CH2@C(Cl)CN, Et2O, 40 �C, quant.; (b) t-
BuOK, DME, reflux 65%; (c) n-BuOH, concd H2SO4, reflux, 85%; (d) lipase Candida
rugosa, t-BuOMe–H2O, rt, 24–30 h; (e) 2,5-dihydrotoluene, 10%-Pd/C, Boc2O, EtOH,
reflux, quant.; (f) LiOH (0.95 equiv), THF–H2O, 0 �C, 90%.
nation of the n-Bu ester with lipase Candida rugosa13 was com-
pletely stereoselective, with the enzyme catalyzing the
hydrolysis of the (S)-ester to give (S)-acid 15 whilst leaving the
(R)-ester 14 untouched.14,15 On scale-up, resolution of 11 (10 g)
gave ester 14 (4.7 g, 94%; >99% ee) and acid 15 (3.9 g, 97%; >99%
ee). The isolation of the ester 14 was straightforward as the organic
layer was simply separated, dried, and concentrated in vacuo. In
these early experiments, the reaction was buffered to pH 7.2, and
so isolation of acid 15 from the aqueous phase required the use
of ion exchange chromatography (Dowex 50W8X200 eluting with
aqueous ammonia). The resolution was subsequently performed in
water to give 14 and 15 in identical yields as before and with no
loss in selectivity. The isolation of both ester 14 and acid 15 could
now be achieved simply by separating the two layers and evapo-
rating the solvent. This resolution has been performed on >100 g
scale.16

The N-benzyl-protecting group of 14 and 15 was then ex-
changed to the corresponding N-Boc amines,17 and base hydrolysis
of the n-butyl ester gave the acid 9 which was isolated as the lith-
ium salt 9a for convenience. Hence, (R)- and (S)-morpholine acids 9
and 10 were prepared efficiently in just five and four steps with
overall yields of 46% and 53%, respectively; both acids were ob-
tained with very high chiral purity (>99% ee).

The conversion of acid 9 to 3 is outlined in Scheme 2, where
the second stereocenter was introduced by a diastereoselective
reduction of ketone 17. Activation of 9 with 1-propanephos-
phonic anhydride (T3P) followed by reaction with HN(Me)OMe
gave Weinreb amide 16 in good yield (>97% ee), and then treat-
ment of 16 with the Grignard reagent PhMgBr gave the phenyl
ketone 17 with no detectable loss in ee. Reduction of 17 was
achieved most selectively with zinc borohydride18 to give
(S,R)-alcohol 18 with creation of the second stereocenter with
good diastereoselectivity (S,R:R,R 16:1). The high diastereoselec-
tivity was attributed to a Zn-chelated transition state (I); this
outcome is entirely consistent with the model of Frein and
Rovis.19
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The introduction of the aryl ether was most efficiently achieved
from 18 with a two-step process of mesylation and displacement.
Reaction of 18 with MeSO2Cl gave mesylate 19, and displacement
of the MsO group of 19 with 4-chloro-2-methoxyphenol furnished
the corresponding (R,R)-aryloxy ether 20 in good yield, with com-
plete inversion of the benzylic stereocenter and no detectable loss
of ee. This two-step process proved to be superior to Mitsunobu
reactions with alcohol 18 as reaction rates were faster, yields were
higher, and product isolation was straightforward. Finally, depro-
tection of the N-Boc amine of 20 with HCl afforded the (R,R)-amine
3. The (S,S)-enantiomer 420 was prepared by an identical sequence,
but starting with the (S)-acid 10.

In summary, (R)- and (S)-N-Boc-morpholine-2-carboxylic
acids 9 and 10 were prepared using an enantioselective syn-
thesis employing a highly specific enzyme-catalyzed kinetic
resolution of racemic n-butyl 4-benzylmorpholine-2-carboxyl-
ate (11) as the key step. Acids 9 and 10 were then con-
verted efficiently and stereoselectively to reboxetine analogs
3 and 4.
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Scheme 2. Reagents and conditions: (a) T3P, HN(Me)OMe, NEt3, CH2Cl2, then aq K2CO3, 85%; (b) PhMgBr, THF, rt, 98%; (c) Zn(BH4)2, Et2O, rt, 87%, ratio (S,R):(R,R) 16:1; (d)
MeSO2Cl, NEt3, CH2Cl2, 0 �C, quant.; (e) 2-MeO–4-ClC6H3OH, Cs2CO3, microwave in THF or reflux in dioxane, 95%; (f) HCl in dioxane, CH2Cl2, 95%.
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