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ABSTRACT The potency and selectivity of a series of 1-{(1S)-2-[amino]-1-[3-(tri-

fluoromethoxy)phenyljethyl} cyclohexanol analogues are described. These com-

pounds were prepared to improve in vitro metabolic stability and achieve brain KLNH

penetration. Compound 13 (WAY-260022, NRI-022) was found to be a potent N \)\

inhibitor of norepinephrine reuptake and demonstrated excellent selectivity over

the serotonin and dopamine transporters. Additionally, 13 exhibited oral efficacy in OH

a rat model of thermoregulatory dysfunction.

KEYWORDS WAY-260022, norepinephrine reuptake inhibitor, serotonin trans- OCF,
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asomotor symptoms (VMS) consist of hot flushes and (\N,CH3 " NH
s ) night sweats due to hormonal fluctuations associated N maior N
with menopause, peri-menopause, androgen de- OH  metabolite OH

cline," or hormone deprivation resulting from treatments —
for prostate cancer” Hot flushes are transient episodes OCF, OCF,
ranging from a warming sensation to intense heat on the 1 2
upper body and face, redness, and perspiration, often fol-
lowed by chills. Hot flushes can occur frequently and un- Figure 1. Potent and selective NRI, 1, and major metabolite, 2.
predictably throughout the day and can last up to 30 min per levels drop, 5-HT and NE levels become imbalanced and can
flush. Night sweats are hot flushes with drenching perspira- result in thermoregulatory dysfunction leading to hot flushes
tion that occur during the night, often disrupting sleep. VMS and night sweats.” These biochemical findings prompted the
in menopausal women can begin as early as age 35 and in clinical evaluation of dual 5-HT and NE reuptake inhibitors,
some cases can persist past the age of 70.” such as fluoxetine,'® venlafaxine," and paroxetine'? for the

Patients who experience VMS say these episodes disrupt treatment of thermoregulatory dysfunction. These agents have
daily life and impact functional ability. In fact, VMS is the shown modest clinical efficacy in reducing the frequency and
main complaint for which women seek medical treatment severity of hot flushes.
during menopause.* To date, the most prescribed and Because NE alone has been shown to stimulate the hypo-
effective treatments for alleviating VMS are hormone replace- thalamus, which plays an important role in temperature
ment therapies (HRTs), including estrogens and/or pro- regulation,'” efforts within our laboratories have focused on
gestins. However, hormone-based drugs are not appropriate identifying selective norepinephrine reuptake inhibitors
for all patients® and are not recommended for women or (NRIs) for the treatment of VMS. We have previously reported
men at risk for hormonally sensitive cancers.” The number that the selective NRI, 1 (Figure 1), produced oral efficacy in a
of postmenopausal women, which is expected to increase telemetric model of thermoregulatory dysfunction using
from 470 million in 1990 to 1.23 billion by 2030,° and the ovariectomized (OVX) rats.'* This model is based on the fact
decline in popularity of HRT” have intensified the need for that intact cycling female rats exhibit a diurnal rhythm in
new and improved treatments for VMS. which their tail skin temperature (TST) decreases during their

The clear unmet medical need for nonhormonal therapies to
relieve VMS has prompted significant research over the past

few years.® It is widely known that estrogens modulate sero- Received Date: January 13, 2010
tonin (5-HT) and norepinephrine (NE), two neurotransmitters Accepted Date: March 3, 2010
that play a key role in thermoregulation. As fluctuating estrogen Published on Web Date: March 25, 2010
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Table 1. Efficacy of 1 and 2 in a Telemetric Rat Model of OVX-
Induced Thermoregulatory Dysfunction at 30 mg/kg

time of mean max
compd route of onset” significance”  ATST ATST
# administration  (h) (h) (°C) (°C)
1 ip 0.5 6.5 —2.75 —4.87
1 po 1 3 —2.16 —3.15
2 ip 0 0 0 0
2 po 0 0 0 0

“The onset of an effect was defined as the first half-hour interval of two
consecutive significant (p < 0.05) half-hour interval temperature decreases.
?Significance was measured by a p value of <0.05 vs 2% Tween-80/0.5%
methylcellulose in water vehicle. The treatment effect was defined to have
ended when there were two consecutive nonsignificant (p = 0.05) half-hour
intervals. Numbers were based on n = 16 animals.

dark (active) phase and remains elevated during their light
(inactive) phase. Removal of the ovarian hormones through
an ovariectomy causes the TST to remain elevated in both the
dark and the light phases. Estrogen treatment of OVX rats has
been reported to restore the normal temperature pattern as
seen in an intact rat.” If drug administration to OVX rats, like
estrogen, can lower TST, the desired outcome would be
achieved, as it is hypothesized that restoration of the diurnal
temperature pattern in rats correlates to the alleviation of VMS
in patients.'>'®

In vitro evaluation of 1 in rat liver microsomes (RLM)
showed that it is rapidly metabolized to the des-methyl
analogue, 2, with a half-life of 3.7 min (Figure 1). Com-
pounds 1 and 2 were examined in the model of thermo-
regulatory dysfunction that was described above. As shown
in Table 1, 1 [human norepinephrine transporter (hNET),
IC50 = 82 nM] was found to be efficacious when dosed
intraperitoneally (ip) and orally (po) at 30 mg/kg (% F for
1 = 8% in female rats). Despite the in vitro activity of the
des-methyl analogue 2 (hNET IC5, = 140 nM), this com-
pound showed no in vivo efficacy at 30 mg/kg via either
mode of administration.

Because of the poor metabolic stability of our lead com-
pound, 1, our laboratory undertook a systematic optimiza-
tion of this class to improve the stability of the analogues.
Our drug discovery efforts also focused on increasing lipo-
philicity to enhance brain penetration'” and oral bioavail-
ability, while maintaining potency against hNET and
selectivity versus human serotonin transporter (hSERT)
and human dopamine transporter (hDAT).

Toward this end, compounds were prepared, in an analo-
gous fashion to the previously reported synthesis,'* in an
attempt to prevent the formation of nonefficacious com-
pound 2. N-substituted piperazines, C-substituted pipera-
zines, and 4-aminopiperidines, along with other analogues,
were synthesized in this effort. Their structures and biologi-
cal data are shown in Table 2.

The 4-aminopiperidine derivatives 3—5, acting as piper-
azine mimetics, maintained hNET potency and selectivity
over hDAT. The compounds with increased steric bulk on the
piperazine nitrogen (as compared to 1), such as analogues 6
and 7, sustained potency at hNET and selectivity over both
hSERTand hDAT. Several analogues that had substituents on
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Table 2. Characterization of 1-{(1S)-2-[amino]-1-[3-(trifluoromethoxy)-
phenyljethyl} cyclohexanol Analogues at the hDAT, hNET, and hSERT*

R
OH
OCF,
hNET hSERT  hDAT
uptake uptake  bind.
ICsob inhib.c  inhib.d
compd (StDv) %l@ %l@
# R nM 1uM 1uM  AlogPf
~CH;
1 }i,@‘ 82(21) 3% 6% 3.6
2 %Q" 140 (82) 3 %e 13% 3.3
3 'O 126 (76) 56 % 37 % 4.6
}iN
4 ’D 78 (2) 2% 30% 4.9
N
g
5 Cr"\cu, 116 (70)  -13% 2% 3.7
N
6 %NQ":) 67(35) 6% 1% 45
CHy
N
7 X,Q)\Q 345 (142) 11 % 3% 5.5
NH
8 11567 17% 1% 8.7
%
'CH3
(\N/Cﬂa
9 351(219) 5% 9% 3.9
JEN\)\CH;,
NH
10 S 143 (129) 21 % 05% 4.7
?{N\)”"wc": ( ) 0 0
n [ 232 (60) 6 % 5 % 3.9
:‘QN\) e, ° ° :
ghs
12 [ w 44 %e - - 4.1
i%;"\)\c"a
gHs
13 e 140 31) 17% 4% 4.1

}iN\)""”’cu,

“ICs data are the average of at least three independent experiments,
each run in triplicate. ” Inhibition of NE uptake in Madin—Darby canine
kidney cells (MDCK)-Net6 cells stably tranfected with hNET. Desipra-
mine (IC5o = 3.4 & 1.6 nM) was used as a standard. ¢ Inhibition of 5-HT
uptake in human choriocarcinoma cell line (JAR) cells natively expres-
sing human SERT. Fluoxetine (IC5o = 9.4 & 3.1 nM) was used as a
standard. 9 Inhibition of radioligand [’H]WIN-35428 to membranes of
Chinese hamster ovary (CHO) cells expressing recombinant hDAT.
Mazindol (K; = 22.1 £+ 6.5 nM) was used as a standard. ©Percent
inhibition measured at a concentration of 1000 nM.” AlogP = calculated
octanol/water partition coefficient.

one or more carbons of the piperazine moiety, 8—13, were
prepared. Except for the trans-2,6-dimethylpiperazine
analogue, 12, these C-substituted analogues had compara-
ble hNET potency to 1 and were selective over hSERT
and hDAT.
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Figure 2. Total exposures of compound 13 in the plasma, brain,
and hypothalamus of OVX Sprague—Dawley rats, after a single
oral dose of 13 at 10 mg/kg. Data are represented as ng/mL for
plasma and ng/g for brain and hypothalamic tissue (mean 4= SEM);
n = 3 rats/data point.

From this work, it is clear that the hNET amine binding
region is quite promiscuous and tolerates various amine
moieties and substitutions at this position. Additionally, all
analogues maintained excellent selectivity over hDAT and,
in most cases, complete selectivity over hSERT as well.

Our initial goal was to increase the metabolic stability of
the analogues, relative to 1, when exposed to RLM. There-
fore, the amine analogues were examined in an in vitro RLM
stability assay, and their ¢, , values were calculated. Unfortu-
nately, most of the compounds did not show significantly
increased microsomal stability over 1. However, there was
one derivative, 13, that had notably improved microsomal
stability (13, t;, = 11.7 min versus 1, t;, = 3.7 min).

Because compound 13 showed a modest increase in in
vitro stability and tested positively in our in vitro brain
penetration studies,'® we sought to determine whether 13
had sufficient in vivo brain exposure. As shown in Table 2, all
of the analogues prepared were more lipophilic than either
the initial lead 1 or the metabolite 2, as indicated by their
calculated octanol/water partition coefficient (AlogP).18 We
hoped that the increased lipophilicity of the analogues would
correlate with adequate brain penetration. Monitoring 13 in
rat brain would determine if the compound is able to
penetrate the blood—brain barrier, and furthermore, evalu-
ating its concentration in the hypothalamus would indicate
whether this compound reaches the key region of the brain
implicated in temperature regulation.”’ When dosed orally
at 10 mg/kg, 13 does indeed have good exposure in both the
brain and the hypothalamus, as shown in Figure 2. This in
vivo study established that 13 has a brain to plasma ratio of 4
and also has excellent distribution into the hypothalamus.
Detailed study protocols, in addition to compound concen-
trations in plasma, brain, and hypothalamus for each animal
at each time point are included in the Supporting Informa-
tion (527—S29).

Having verified the acceptable exposure of 13 into the
hypothalamus, this compound was then examined in a
microdialysis experiment to determine its action in this
region of the brain. When 13 was administered orally at 30
mg/kg to an OVX rat, the NE levels in the hypothalamus were
significantly increased as compared with that of the control
animals. In contrast, the levels of 5-HT and dopamine in the
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Table 3. Characterization of S-(—)-13 (13), R-(+)-13 (13R), and
Racemic-13 (13Rac) Analogues at hNET, hSERT, and hDAT*

hSERT function hDAT binding
compd  stereo- hNET uptake inhibition % inhibition %
# chemistry ICsq (SD) (nM) lat 1 uM lat 1 uM
13 S(—)- 140 (31) 17.5 —4
13R R-(+)-  22% lat1uM 8.3 0
13Rac Rac® 203 (105) -85 3.6

“See Table 2, footnotes a—d. YRac = racemate.

Figure 3. ORTEP view of 13, 1-{(15)-2-[(cis)-3,5-dimethylpipera-
zin-1-yl]-1-[3-(trifluoromethoxy)phenyl]ethyl} cyclohexanol dihydro-
chloride.

hypothalamus remained the same in both the compound-
treated and the control rats. These data confirm that 13 is
a potent and selective NRI in vivo; see the Supporting
Information for microdialysis details. Compound 13 was
further profiled in a broad panel of receptors and enzymes
and showed 25—200-fold selectivity for hNET over these
targets.

The S-enantiomer of the previously reported cylcoalkanol
ethylamine analogues was determined to be the active
enantiomer (eutomer).'* Therefore, it is not surprising that
the S-configuration was also the eutomer for this structurally
related series (Table 3). The absolute stereochemistry of
eutomer 13 was confirmed unequivocally by the use of
single-crystal X-ray analysis (Figure 3).

The oral pharmacokinetic properties of 13 were explored
in Sprague—Dawley female rats, CD-1 female mice, and
female dogs. As demonstrated in Table 4, the oral bioavail-
ability of 13 was substantial, between 20 and 49 %, in all
species examined.

To determine the potential efficacy in treating VMS,
compound 13 was examined in the rat telemetry model of
thermoregulatory dysfunction. During a time-course study
of OVX rats, a dose-dependent decrease in TST within the
dark phase was observed, as shown in Table 5. Compound
13 was determined to be a potent NRI with a minimum
efficacious dose (MED) of 5 mg/kg in this in vivo model of
thermoregulation.'*

In summary, we have reduced the metabolic liability of our
earlier lead candidate 1 by replacing the methyl piperazine
moiety with the more sterically demanding (cis)-3,5-dimeth-
yl piperazine moiety to afford 13 (WAY-260022, NRI-022).
The increased microsomal stability and lipophilicity of 13

DOI: 10.1021/mI1000090 | ACS Med. Chem. Lett. 2010, 1,91-95
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Table 4. Selected Pharmacokinetic Properties of 13“

d

rats” CD mice® dog
iv (5 mpk) iv (3 mpk) iv (2 mpk)
Ty (h)° 1.6 0.72 33
VD (LIkg) 5.4 12.0 5.93
AUC (ng h/mL)? 1999 472 1249
CLy (L/h/kg)" 41 6.36 1.62
po (30 mpk) po (5 mpk) po (5 mpk)
Typ (h) 25 ND* 3.3
Crmax (ng/mL)’ 944 52.9 247
AUC (ng h/mL) 5998 153 1320
F (%) 49 19.5 43.9

“All values are mean values (n = 3). ° Sprague—Dawley female rats,
fasted. CD-1 female mice, fasted. “Female beagles, fasted. ° T, =
apparent terminal half-life.” VDg, = steady-state volume of distribution.
9AUC = area under the concentration versus time curve. " CLy = total
body clearance. 'Cray = peak concentration. ’F = bioavailability =
[(AUCé,,24(0ra1)dose(w))/(AUCo,24(iv)dose(oml)] x 100. *ND = not deter-
mined.

Table 5. Oral Doses of 13 in a Telemetric Rat Model of OVX-
Induced Thermoregulatory Dysfunction

PO time of
(mg/ onset” significance mean max
kg) N (h) (h) ATST(°C)  ATST (°C)
3 15 0 0 0 0
5 16 1.5 1 —1.2 —-1.2
10 16 1 3 —1.1 —-1.7
15 15 1 2 —=1.7 —2.2
30 16 ~ immediate 5.5 —-1.6 —2.4

2See Table 1, footnote 2. ” See Table 1, footnote °.

likely contribute to the good brain to plasma ratio of this
compound. Furthermore, 13 has significant bioavailability
and excellent efficacy in a model of thermoregulatory
dysfunction in rats. On the basis of these and other data,
13 advanced to phase I human clinical trials for the treat-
ment of VMS. The results of these studies will be reported in
due course.

SUPPORTING INFORMATION AVAILABLE Experimental
procedures, characterization data, and purity data for all com-
pounds, experimental procedures for biological assays, crystallo-
graphic information in cif format, and in vivo dialysis graphs.
This material is available free of charge via the Internet at http://
pubs.acs.org.
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ABBREVIATIONS CHO, Chinese hamster ovary; hDAT, hu-
man dopamine transporter; hNET, human norepinephrine
transporter; hSERT, human serotonin transporter; HRT, hor-
mone replacement therapy; JAR, human choriocarcinoma
cell line; MDCK, Madin—Darby canine kidney cells; MED,
minimum efficacious dose; NE, norepinephrine; NRI, nor-
epinephrine reuptake inhibitor; OVX, ovariectomized; RLM,
rat liver microsomes; TST, tail skin temperature; VMS, vaso-
motor symptoms; 5-HT, serotonin.
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