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Abstract—Single enantiomer (SS) and (RR) 2-[(phenoxy)(phenyl)methyljmorpholine derivatives 5, 8-23 are inhibitors of mono-
amine reuptake. Target compounds were prepared using an enantioselective synthesis employing a highly specific enzyme-catalysed
resolution of racemic n-butyl 4-benzylmorpholine-2-carboxylate (26) as the key step. Structure—activity relationships established
that serotonin and noradrenaline reuptake inhibition are functions of stereochemistry and aryl/aryloxy ring substitution. Conse-
quently, selective SRI, selective NRI and dual SNRIs were all identified. One of these compounds, a potent and selective dual SNRI,
(SS)-5a was selected as a candidate for further pre-clinical evaluation.

© 2008 Elsevier Ltd. All rights reserved.

Selective inhibition of serotonin (5-HT) and noradrena-
line (NA) reuptake (SNRI) has been shown to be an
attractive dual pharmacology approach for the treat-
ment of a number of diseases.!'”> For example, dual 5-
HT/NA reuptake inhibitor duloxetine (1) has shown
clinical efficacy in the treatment of depression, pain,
and urinary incontinence.>*
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1: duloxetine 2: (x)-reboxetine

As part of our research efforts to identify potential drug
candidates, we have recently reported SNRIs derived
from piperazine,’ 3-amino-pyrrolidine,® and benzyl-
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amine’ templates. In this letter, we disclose some factors
that modulate 5-HT and NA reuptake inhibition in a
morpholine scaffold as a surrogate for the biogenic
amine.

Reboxetine (2), a selective NA reuptake inhibitor used
clinically in the treatment of depression,® was selected
as a suitable chemical starting point. As an initial ven-
ture, we elected to introduce a 3-Cl and a 4-Cl substitu-
ent onto the aryloxy ring of reboxetine to explore the
effect upon SRI and NRI activity.®’ In addition, the
influence of the two vicinal chiral centres on monoamine
reuptake inhibition was explored by the preparation of
these targets as racemic, single diastereoisomers 3-5.°

The combination of the 2-OEt-4-Cl with the syn diaste-
reoisomer 4ab furnished a promising lead as SRI activity
had been introduced and NRI activity retained giving a
dual SNRI with 25-fold selectivity over dopamine (DA)
reuptake inhibition (DRI) (Table 1). The 2-OEt-3-Cl,
syn diastereoisomer 3ab was also a balanced SNRI but
with weaker affinity at both transporters. The SRI and
NRI profiles of the corresponding 2-OMe-4-Cl ana-
logues Sab and Scd were similar to those of 4ab and
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Table 1. In vitro inhibition of monoamine reuptake for racemic diasteroisomers (3-5) and single enantiomers (5, 8-23)

0,

a,b,c

oY
A _NH

6 0
X, O
R® R®

R
3-5,8-23 3-5,8-23 3-5,8-23 3-5,8-23
(SS)-syn-a (RR)-syn-b (RS)-anti-c (SR)-anti-d
Compound R R? R? R? Stereochemistry 5-HT K; (nM) NA K; (nM) DA K; (nM) clogP
duloxetine N 5 45 435 4.26
reboxetine H 2-OEt SS/RR 1400 5 >10,000 3.26
3ab H 2-OFEt, 3-Cl SS/RR 240 275 >10,000 3.82
3cd H 2-OEt, 3-Cl RSISR 340 1490 >10,000 3.82
4ab H 2-OFEt, 4-Cl SS/RR 60 15 1540 4.05
4cd H 2-OEt, 4-Cl RSISR 220 390 1670 4.05
5ab H 2-OMe, 4-Cl SS/RR 28 36 5050 3.52
Scd H 2-OMe, 4-Cl RSISR 85 320 2200 3.52
5a H 2-OMe, 4-Cl SS 110 8 1570 3.52
5b H 2-OMe, 4-Cl RR 11 420 1790 3.52
8a H 2-OMe, 4-F SS 740 6.0 3080 2.95
8b H 2-OMe, 4-F RR 22 610 NT 2.95
9a H 2-Cl, 4-F SS 260 12 1170 3.81
9b H 2-Cl, 4-F RR 20 830 760 3.81
10a H 2-Me, 4-F SS 185 18 1250 3.78
10b H 2-Me, 4-F RR 34 860 950 3.78
11a H 2-F, 3-F SS 3390 10 2600 3.20
11b H 2-F, 3-F RR 12 130 380 3.20
12a H 2,3-OCH,CH>- SS 1800 12 NT 3.22
12b H 2,3-OCH,CH>- RR 20 350 5750 3.22
13a H 2-Cl, 3-Cl SS 100 17 420 4.26
14a H 2-OMe, 4-CN SS 110 210 NT 2.48
15a H 2-OMe, 4-Br SS 30 12 NT 3.67
16a H 2-OMe, 4-CF; SS 41 160 NT 3.82
17a H 2-Cl, 4-OMe SS 96 28 1090 3.64
18a 2-F 2-OMe, 4-Cl SS 70 22 NT 3.66
19a 3-F 2-OMe, 4-Cl SS 58 9 10,800 3.66
20a 4-F 2-OMe, 4-Cl SS 62 29 NT 3.66
2la 2-Me 2-OMe, 4-Cl SS 70 84 NT 3.97
22a 3-Me 2-OMe, 4-Cl SS 69 16 NT 4.02
23a 4-Me 2-OMe, 4-Cl SS 88 180 1650 4.02

#Nomenclature used throughout: a = SS; b= RR; ¢ = RS; d = SR; ab is the racemic SS/RR syn-diastereoisomer.
®See Ref. 25 for details of assay conditions. Monoamine reuptake K; values are geometric means of at least three experiments. Differences of <2-fold

should not be considered significant.
°NT, not tested.

4cd, with again a preference for the syn diastereoisomer
5ab. This modification of the aryloxy ring (ie.,
4ab — Sab) brought a 2-fold increase in SRI activity
resulting in a potent, balanced SNRI with >100-fold
selectivity over DRI. The SAR within these compounds
3-5 showed the anti diastereoisomers to be inferior in
both SRI and NRI activity compared to the syn and
were discontinued.

Compound 5ab has physicochemical properties consis-
tent with CNS target space!® (m. wt. 333; clogP 3.52;
logD;4 1.9; pK, 7.7, HBD 1; HBA 4; PSA 40 A%)!!
and was selected as a lead for our drug discovery
programme.

Caution must be exercised when evaluating SAR
from the biological activities of racemic com-

pounds as the contribution to the observed effects
may not be equal for each enantiomer; this is
further complicated when seeking dual activities
at two biological targets.'> Hence, compound 5ab
was then prepared as the two single enantiomers
(SS)-5a and (RR)-5b so as to determine the influ-
ence of absolute stereochemistry on the SRI and
NRI activity.

Target compounds 5, 823 (Table 1) were prepared
using a new enantioselective synthesis starting from
the racemic morpholine ester 7 (Fig. 1).'* This route
was attractive to us as it allowed for the late stage instal-
lation of both the aryl and aryloxy rings. The key (R)
and (S) morpholine acids 6 were efficiently prepared
on large scale by an enzyme-catalysed resolution of race-
mic ester 7.
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5, 8-23: Proposed targets = 6:(R) & (S) acids (X = OH)

7: (RS) ester (X = O-n-Bu)
Figure 1. Target compounds, retrosynthesis and homochiral synthons.

Racemic ester 26, prepared in two steps from N-benzy-
lethanolamine (24) and chloroacrylonitrile,'* was
screened against a panel of lipases (Scheme 1). Lipase
Candida rugosa'> was completely stereospecific, catalyz-
ing the hydrolysis of the (S)-ester to give (S)-acid 28
whilst leaving the (R)-ester 27 untouched.'®!” The N-
benzyl protecting group of 27 was then exchanged for
the N-BOC amine 29 as it had a beneficial effect on
the yields of subsequent reactions and simplified depro-
tection at the final step. Base hydrolysis of the n-butyl
ester 29 gave the acid as the Li salt 30, and activation
of 30 with 1-propanephosphonic anhydride (T3P)
followed by the reaction with HN(Me)OMe gave Wein-
reb amide 31. Treatment of 31 with Grignard reagents
ArMgX gave the aryl ketones 32 with no detectable loss
in e.e. (Scheme 2). Reduction of 32 with Zn(BHy), cre-
ated the second stereocentre giving alcohol 33 with good
diastereoselectivity (RS:RR 16:1), and then the reaction
of 33 with MeSO,Cl gave mesylate 34. The displacement
of the MsO group of 34 with phenols ArOH gave the
corresponding (RR)-aryloxy ethers 35 in good yield
and with complete inversion of the benzylic stereocentre,
and finally deprotection of the N-BOC amine with HCI
afforded the (RR)-target compounds 5,8-23. The (SS)-
enantiomers were prepared by an identical sequence
but starting with the (S)-acid 28.

The absolute stereochemistry of 5!7 was found to have a
significant effect on activity (Table 1): (S5)-5a was a po-
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tent NRI with SRI activity, whereas (RR)-5b was a
selective SRI. This split in SRI versus NRI activity
was also observed with five additional pairs of enantio-
mers 8-12. In some cases, selective SRI (e.g., 9b) and
selective NRI (e.g., 8a, 11a) were achieved. Overall,
there was a broad range in both SRI and NRI activities
and the ratios of activity (SRI:NRI, 350:1 to 1:40).

Both 5a and 5b were screened for off-target pharmacol-
ogy against a panel of 70 receptors, enzymes and ion
channels. Compound 5b was found to have significant
binding affinity for the histamine HI receptor'®
(K; = 26 nM), whereas 5a was inactive at H1 (<20% at
10 uM). It is of note that neither 5a or 5b had confirmed
functional activity against any other target in this panel
at <3 uM. It was subsequently determined that 8b—12b
also had affinity for the H1 receptor (K; = 10-200 nM),
whereas 8a-12a were inactive. The modest NRI activity
combined with H1 receptor affinity resulted in the dis-
continuation of the (RR)-series.

Further SAR was directed at improving SRI activity in
the (SS)-series by exploring a broader set of substituents
on the aryloxy ring 13a—17a. Increasing the size of the
group at the 4-position gave 15a (4-Br) as a potent, bal-
anced dual SNRI, although the introduction of 4-CF;
16a inverted the SNRI profile with a greater affinity
for the 5-HT transporter. Substitution on the aryl ring
was investigated by the introduction of a F or Me at
the 2-, 3-, or 4-positions of 18a-23a (see Table 1).

From these experiments, Sa emerged as having a desir-
able combination of dual NRI and SRI activity, good
selectivity over DRI, and no significant off-target phar-
macology. Furthermore, Sa was one of the least lipo-
philic structures of those presented in Table 1.
Reducing lipophilicity was an important selection crite-
ria for this programme.!® Compound lipophilicity was
initially assessed by the calculation of partion coeffi-
cients (clog P) and then confirmed for selected examples

NC)\/NvPh C n—BuO\H)\/NvPh

O/ﬁ /\
n-Bu0__A__N._ _Ph + HO N.__Ph
\H/R\/ ~N S ~
o o

27: 94 % yield

28: 97 % yield
100 % e.e.

100 % e.e.

Scheme 1. Reagents and conditions: (a) CH,=C(CI)CN, Et,0, 40 °C, quant.; (b) -BuOK, DME, reflux 65%; (c) n-BuOH, c¢. H,SOy, reflux, 85%; (d)
Candida rugosa, t-BuOMe-H,O0, rt, 42 h; (e) 2,5-dihydrotoluene, 10%-Pd/C, BOC,0, EtOH, reflux, quant.; (f) LiOH (0.95 equiv), THF-H,O0, 0 °C,

90%); (g) T3P, HN(Me)OMe, NEt3, CH2CH2, then aq KzCO}, 85%.
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Scheme 2. Reagents and conditions: (a) ArMgBr, THF, rt, 98%; (b) Zn(BHy,),, Et,0, rt, 87%; (c) MeSO,Cl, NEt;, CH,Cl,, 0 °C, quant.; (d) ArOH,
Cs,CO3, microwave in THF or reflux in dioxane, 95%; (¢) HCI in dioxane, CH,Cl,, 95%.

by the measurement of the octanol-buffer distribution
coefficient (5a: log D74 1.9).

Additional screening®® in vitro showed 5a to have good
membrane permeability (CaCO-2 18/16) with low affin-
ity for P-gp efflux transporters (MDCK-mdrl 22/35)
suggesting the potential for good oral absorption and
CNS penetration.'® Compound 5a had good metabolic
stability in human liver microsomes (¢, > 120 min)
and human hepatocytes (#;,, 186 min) consistent with
low predicted clearance. Compound Sa had no signifi-
cant inhibition of CYP450 enzymes (1A2, 2C9, 2C19,
2D6, 3A4; 1Cso > 29 uM) and modest ion channel activ-
ity as measured by binding to potassium hERG ([’HJ-
dofetilide, K; 3.3 uM), sodium (site 2, K; 1.2 uM) and
calcium (L-type diltiazem site, K; 2.0 uM) channels.

Further pharmacological evaluation in vivo, in microdi-
alysis experiments,?!?> showed 5a to increase both NA
and 5-HT levels in interstitial fluid of the prefrontal cor-
tex of conscious rats by 170% and 160%, respectively,
above pre-drug baseline levels (10 mg/kg administered
s.c., n=0).

Based on this profile, dual SNRI 5a (PF-734629)%3 was
selected as a candidate for further evaluation in pre-clin-
ical disease models. The results of these studies will be
reported in future publications.?*?
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