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We report the discovery of novel 5-HA receptor agonists and describe the process that led to the
antidepressant candida@gF 15599).9 has nanomolar affinity for 5-Hik binding sites and is over 1000-

fold selective with respect to the other 5-HEceptor subtypes, 5-HT; receptor families, and also numerous
GPCRs, transporters, ion channels, and enzymes. In a cellular model of signal transd@uetitimates
h5-HT, receptors with an efficacy superior to that of the prototypical 5AHdgonist {)-8-OH-DPAT

and comparators undergoing clinical trials. After acute oral administration irbriatiglly reverses immobility

in the forced swimming test and produces behaviors characteristic of s+iddeptor activation. However,
these effects occurred at widely separated doses, suggesti®@gliatiminates between distinct populations

of 5-HT,a receptors. While the clinical relevance of these observations is still unknown, this opens new
perspectives for the treatment of depressive disorders.

Introduction X H F

|
. . . . N
Previous reports from this laboratédnjescribed a novel series N MN*@CI
1

of 5-HT;42 agonists exhibiting unprecedented selectivity and
efficacy at the 5-HTa receptor subtype. This research effort
culminated in the discovery df (F 13640, Figure 1), whichis  Figure 1. Structure of F 13640.
currently undergoing phase 1l clinical trials for the treatment
of severe, chronic pairfsin preclinical models, the analgesia
produced byl excels that of available therapies in many
respects: (1) the magnitude of the analgesic effect equals tha
of opioids with nociceptive pain and surpasses that of opioids,
antiepileptic, NMDA-antagonist, and antidepressant agents with
neuropathic paif;(2) its spectrum of activity is much broader,
encompassing acute and chronic, central and peripheral pain
of different origins? and (3) the time-course of the effect is
exceptional; the analgesia grows rather than decays upon chroni
administration (inverse-toleranceind pain relief persisted for
up to 2 months after discontinuation of the treatment (curative-
like action)® Clearly, compound opens novel therapeutic and
research avenues in the field of analgésia.

Despite a compelling pharmacological rationale gained over
more than two decades of intense reseditbinly two poorly
selective, 5-HTa partial agonists are marketed as anxiolytics,
that is, buspiron¥ and tandospiron&. Still, the results ac-
cumulated onl suggested that 5-HE agonists have indeed
therapeutic potential in domains other than anxiety. The enticing
prospect that the story dfin pain states might repeat itself in
other CNS disorders in which 5-H{ transmission has been
implicated, such as depresstéand neuroprotectiof, prompted
usto the search for novel high-efficacy 5-tARgonists. Given that

compoundl survived the evermore-demanding toxicity and
tolerance requirements, we focused our medicinal chemistry
teffort on close structural analoguesXfin practice, therefore,
we sought after compounds endowed with similar pharmaco-
dynamics but having altered pharmacokinetics relativé.tb
Here, we describe the process through which we discovered
é:ompounoB (F 15599) and highlight some of the pharmacologi-
cal features that distinguishfrom the parent moleculgé. We
ﬁlso touch upon the early experimental cues that nurtured the
ypothesis thad interacts preferentially with certain populations
of 5-HT;a receptors rather than others. Such a profile, we
believe, render8 particularly adapted for exploring its antide-
pressant potential in human, a domain in which there is a
significant unmet neetp.

Chemistry

Target compound®2—21 were all prepared by reductive
amination either between an arylmethylamine of the ti{be
or XllI and the cyanohydrinXIVa (Scheme 2), or between
an arylcarboxaldehyde of the typ@/111 or XIX and the amine
XIVb (Scheme 3). The synthesis of intermediaxd¥a and
XIVb has been described previousfy.

Scheme 1 summarized the routes used to access the pyrim-
idylmethylamines of the typeXll . From the commercially

* Corresponding author. Telephone:-33) 56371 4222. Fax: 433) available 2,4-dichloro-5-methylpyrimidinie successive intro-
56371 4299. E-mail: bernard.vacher@pierre-fabre.com. duction of a cyano groupll(), then of a methylamino group,

1&iﬁgﬁ;ﬁg&ﬁﬁgf“{Division led tolll in which R, = CHz and R= NHCHs. On the other

s Neurobiology 2 Diviysion. ' hand, displacement of the 2-methylsulfonyl group in the known

I Toulouse ISTMT 2. substratdV 17 by cyanide aniot? yielded lll in which R =

a Abbreviations: HT, hydroxytryptamine; GPCRs, G-protein coupled CO,CHz and R= H. Alternatively, the 2-chlorine on the Boc-

receptors; NMDAN-methyl-p-aspartic acid; D, dopamin&may, maximum - 19 . . _
effect; FPT, forepaw treading; FBP, flat body posture; FST, forced carbamate derived frora™® was first converted into a meth

swimming test; RGS, regulator of G-protein signaling; SSRIs, selective Ylsulfonyl group, and then the cyano group was installed as
serotonin reuptake inhibitors; SNRIs, serotonin and noradrenaline reuptakeabove to providdll in which Ry = H and R= NBocCH.

inhibitors; TCAs, tricyclic antidepressants; MAOIs, monoamine oxidase i ; ; _
inhibitors; pEGo, negative logarithm of the dose that is effective in 50% Reducm.)nhOf thhe cyano funCt!on i .by cata;:ytlc hyd.rOgena
of test subject; MSD, minimum significant dose; Beert-butoxycarbonyl; tion furnished the corresponding amiré$ . This reaction was,

DAST, (diethylamino)sulfur trifluoride. however, more conveniently carried out in two steps: trapping
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Scheme 1.Synthesis of Pyrimidine Intermediates of the Tyyk 2
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aReagents and conditions: (i) NaCNx® (CHg)3N; (ii) CH3NH2, EtOH; (iii) NaCN, DMSO; (iv) (Boc)O, DMAP, THF; (v) CHSNa, DMF; (vi)
mCPBA, CHCly; (vii) H2 Pd/C, (Boc)O, EtOAc; (viii) CHsOH, CH;ONa; 1,3-di-CO equivalent; (ix) NaBHEtOH; (x) DAST, CHCly; (xi) DPPA, NEE,
tBUOH; (xii) NaH, (CH)>SO; (xiii) H2 Pd/C, CHOH; (xiv) HCI, iPrOH, EtOAc.

Scheme 2.Preparation of Ligand$—18, 20, and21?

F o)
Y
= HO cl i
xior 3 /]\/NH2 + N —— 7-18,20-21
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aReagents and conditions: (i) NaBEN, CH;OH, DABCO.

Scheme 3.Synthesis of Pyridine Intermediate¥/IIl 2
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aReagents and conditions: (i) MaQCHCU; (ii)) NaH, MOMCI, THF;
(iii) LIAIH 4, THF; (iv) DAST, CHCE; (v) HCI, EtOH.
first the primary amine as a Boc-carbama¥); which can be
purified if needed, then releasing the amine just before the
reductive amination step. The synthesis of the intermedate
was achieved from the known 5-chloro-2-(methylsulfonyl)-4-
pyrimidinecarboxylic acidX .2° Thus, a Curtius rearrangemént
from IX afforded the corresponding Boc-protected amine, which
was thenN-methylated under basic conditions to giXe The

cyano function was incorporated by applying the same method

as that used for the conversionldf into Il . Some intermedi-
ates of the typ&/I (R =H and R = CHs, CH,CHs, and CHO)

were more conveniently accessed by constructing the pyrimidine

ring. To this end, the amidin&Il 22 was reacted with the
appropriate 1,3-dicarbonyl equivaléhto deliver eitheVI (R
=Hand R = CHz or CH,CHg) or VI (R=H and R =
CHO). The latter YIIl ) served also as precursor for the
5-difluoro derivativeVI in which R=H and R = CHF.
Cleavage of the Boc-protecting group\ih produced the amines
XIl', which were engaged in the reductive amination step to
give 9—18, 20, and21 (Scheme 2).

Scheme 4. Preparation of Ligand2—6 1R

a Reagents and conditions: (i) NaBH(AqQNEtg, CoH4Cl.

The diazine-type intermediategll were obtained from the
known 2-cyano-5-methylpyrazifeand 3-cyano-6-methylpy-
ridazine?®> Thus, hydrogenation of 2-cyano-5-methylpyrazine
and 3-cyano-6-methylpyridazine on deactivated Patalyst
provided the 5-aminomethyl-2-methylpyrazifand the 6-ami-
nomethyl-3-methylpyridazinXlIl , respectively (see Supporting
Information). Reductive amination betwe¥hl andXIVa then
supplied compounds and8 (Scheme 2).

The aldehydes of the typéVIIl were synthesized according
to Scheme 3. Among compound¥/Ill , a few were known
(Ry = ClI, CH,OH, and CHF) 27 and the others were prepared
from the esterXV.?8 Thus, the alcohol function XV was
protected as a MOM-ether, and then the C-5 ester function was
reduced to the alcohdfVI. Adjusting the oxidation state in
XVI to the aldehyde level followed bgemdifluoration with
an excess of DAST led to the derivatid/Il .2° Cleavage of
the MOM-protecting group and then oxidation of the resulting
alcohols with Mn(lV) oxide completed the synthesis of alde-
hydesXVIIl . The pyrimidine carboxaldehydd X was prepared
in three steps and modest overall yield from the known
compound 4-(fur-2-yl)-2-methyl-pyrimidirié (see Supporting
Information).

Reductive amination between aldehyd@élll or XIX and
amine XIVb led to the final products3—6. Compound?2
required an extra step (i.e., hydrolysis of the 5-ester group) to
secure the corresponding 5-carboxylic acid (Scheme 4).

Results and Discussion

In humans and animals (rat and dog), the carboxylic acid
(Figure 2) constitutes the major metabolite of compod:d
Following the research direction defined above, we set out to
disrupt the metabolism ofi by acting on the pathway(s)
responsible for the oxidation at the 5-methyl grééor this
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Table 1. Activities of Compounds—9 and Reference at 5-HT Receptors in Vitro

R1 TY\\ A HoF o
F

5-HT;a efficacy

5'HT1A afflnlty

compd X Y A Ry pK;2 PEGse° Emax
1 CH CH CH Ch 9.07+ 0.05 7.63+0.13 747t 1.5
2 CH CH CH CQH <5
3 CH CH CH CHOH 8.13+ 0.01 5.69+ 0.03 80.0+ 5.7
4 CH CH CH CHF 8.92+ 0.01 6.644+ 0.09 61.0+£ 5.2
5 CH CH CH CHR, 8.42+ 0.05 6.62+ 0.02 96.4+ 4.6
6 CH CH CH Cl 9.16+ 0.06 7.16+0.18 80.4+ 10.1
7 N CH CH ChHs 8.25+ 0.07 5.10+0.34 89.7+ 0.7
8 CH N CH CHs 7.184+0.01
9 CH CH N ChHs 8.65+0.11 6.41+ 0.06 70.3£ 1.3
8-OH-DPAT 8.85+ 0.07 7.49+ 0.02 35.9+ 0.7
PRX-00023 7.52+0.13 7.031+0.26 6.6+ 1.6
flibanserin 7.93+0.02 6.20+ 0.03 72.0£ 2
5-HT 8.73+ 0.04 6.64+ 0.14

aBinding affinity values are expressed as meanSEM of separate experiments, each performed in tripli®aBancentration of agonist for 50% of
[33S]GTPYS binding in C6-glial cells expressing human 544 Teceptorsi—log EGso (PEGso) values were estimated using the mean values of three separate
experiments® Emax refers to maximal agonist effect; results expressed as % relative to 5-HT (10@@tipity reported in ref 35b: 17 nM.

Figure 2. The major metabolite of F 13640.

purpose, we relied on two strategies: (1) the oxidation potential g
at the 5-methyl group was altered either by substituting hydrogen s-oH-DPAT

atom(s) for fluorine (cf.4 and5, Table 1) or by lowering the
electron density in the aromatic ring (cf., diazires9); or (2)

the 5-methyl group was replaced by a non-oxidizable, isosteric

Table 2. Induction of Elements of the Behavioral 5-HT Syndrome in
Rats by Selected Ligands

FPT2 FBP ratio
compd EDso" EDso" FBP/FPT
1 0.38(0.16-0.88)  1.40 (0.59-3.20) 3.7
4 6.10 (3.46-11.00)  16.00 (9.0828.00) 2.6
5 2.50 (0.75-8.50) 4.20 (1.86:9.90) 1.7
3.80 (2.0-7.3) 4.90 (2.86-8.60) 1.3
1.50 (0.81-2.90)  8.30 (2.08-34.00) 5.5
40 >40
PRX-00023 >40 >40
flibanserind >40 20 (10-40)

aForepaw treading induction scored at 60 min after treatment ptat

group (e.g.p).33 Each one of these approaches provided ligands body posture scored at 60 min after treatment D5, effective dose

that exhibited a varying degree of agonism at the 5HT
receptor (e.g4, 5, 6, and9). Of these, however, the pyrimidine

motif proved interesting enough to be investigated further.

values are mg/kg (95% confidence limit)Observed 60 min after ip
administration.

5-HT), whereas flibanserin had a modest affinity but achieved

Throughout this work, three compounds are used as refer-marked efficacy at the 5-HE receptor. Compound4, 5, 6,

ences: £)-8-OH-DPAT, as it is the prototypic 5-HEk ago-
nist3* N-{ 3-(4-(4-cyclohexylmethanesulfonylaminobutyl)piperazin-
1-yl)pheny} acetamide (PRX-00023), which is claimed to be a
potent, full 5-HT 4 agonist®® and flibanserin, which is reported
as a preferential postsynaptic 5-FATagonist® although it
interacts also with 5-HF and dopaminergic Preceptors.

All of the ligands examined in Table 1 had nanomolar affinity
for 5-HT1a binding sites, with the exception, however, of
compound® and8. Of interest,2, the major metabolite of,
does not recognize the 5-Hreceptor (nor any other monoam-
ine receptors) and, therefore, cannot contribute to the 5HT
profile of 1. In C6-glial cells transfected with h5-HA receptors,

and9, which displayed in vitro characteristics similar to that of
1, were examined in vivo.

Direct and indirect 5-HT receptor agonists produce postural
movements in nae rats such as forepaw treading (FPT) and
flat body posture (FBP3 These paradigms were used [#éte
as the first-line screen for a central 5-pATagonistic activity.
Thus, upon acute, oral administration in rats, compounds-6,
and 9 (Table 2) produced dose-dependent FPT and FBP,
indicating that they exerted 5-HA agonist action in vivo. There
was no simple correlation between affinity, functional activity,
and occurrence of these behavioral signs in rats. The results
shown in Table 2 revealed that the potency order of the ligands

all of the derivatives listed in Table 1 exerted partial agonist was the same for both signs, except for compo@ithe latter

activities as evidenced by stimulation 88$]GTPyS binding.
The magnitude of the responsdsyfy in this recombinant
system was similar for compoun@s 5—7, and9 and in the
range of that ofl.. Because the potency 8fand7 was weak as
compared to that of, they were not investigated further. In

caused FPT in all animals from 10 mg/kg upward; in contrast,
FBP occurred in less than 60% of the animals, and the-tlose

response curve was markedly shifted rightward. Thus, even
though9 induces both stereotypic behaviors (FPT and FBP),
the responses were sign-dependent and the separation between

fact, the experimental conditions used in this cell-based those was larger witl® than with the other substrate4<6).
functional assay have been optimized to discriminate betweenln comparison, 8-OH-DPAT and flibanserin (even given ip)

ligands with high intrinsic activity? Hence, 8-OH-DPAT was

performed poorly on these markers; flibanserin was also the

found to act in this system as a weak agonist with a maximal only agent for which FBP preceded FPT. Further, PRX-00023

effect of only 35% of that of 5-HT. In these conditions, PRX-
00023 hardly stimulated the 5-HA receptor (6% relative to

evoked none of the elements of the 5-HT syndrome in rats
despite its alleged oral bioavailabili#?
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Table 3. Activities of Compoundsl0—21 at 5-HT;a Receptors in Vitro

R1rN 'ﬂ E o
R2 N/)\/NMNJKGECI
F

5-HT:4 efficacy

5-HT:4 affinity

compd R Rz pK;@ PEG® Emas
10 H H 7.02+ 0.03
11 CO,CHj H 6.66+ 0.03
12 CH,0OH H 6.93+ 0.16
13 CH,CHj H 7.25+0.02
14 CHR, H 7.60+ 0.10 5.44+ 0.45 82.5+ 4.4
15 Cl H 8.47+ 0.06 6.81+ 0.04 76.0+ 2.7
16 H CHs0 8.19+ 0.01 6.35+ 0.01 75.5+ 2.5
17 H CHsNH 8.32+ 0.01 6.51+ 0.03 58.8+ 2.6
18 H (CHa)N 8.64+ 0.03 7.05+ 0.05 63.4+ 3.3
19 H 2-furyl 9.37+0.12 8.00+ 0.03 79.0+ 0.1
20 CHs CHsNH 8.76+0.10 7.07+ 0.02 64.1+ 4.1
21 cl CHsNH 9.13+ 0.08 7.37£0.03 71.8£2.2

aBinding affinity values are expressed as meanSEM of separate experiments, each performed in tripli®aBancentration of agonist for 50% of
[33S]GTPyS binding in C6-glial cells expressing human 544 TFeceptors—log EGso (0EGso) values were estimated using the mean values of three separate
experiments® Emax refers to maximal agonist effect; results expressed as % relative to 5-HT (100%).

Table 4. Antidepressant-like Activity and Elements of the 5-HT Syndrome in Rats of Selected Ligands

forced swimming test

potency efficacy
FPTP

compd ER¢ (mg/kg) MSD! MED® max effet EDso (Mmg/kg)
1 0.06 (0.02-0.10) 0.08 5 100 0.38
4 0.17 (0.08-0.36) 0.31 10 95 6.20
9 0.05 (0.02-0.09) 0.08 5 100 1.50
15 0.03 (0.01-0.11) 0.04 40 99 2.8 (0.7211)
19 >2.5 5.0 (2.5-10.0)
21 0.32 (0.16-0.61) 0.63 2.5 100 5.0 (2-510.0)
8-OH-DPAT 0.75 (0.08-6.8) 2.5 10 80
PRX-00023 >40
flibanserin >320 NG 160 32

a All of the compounds were administered po 60 min before feSarepaw treading induction scored at 60 min after treatment Pased on the number
of animals affected? Minimum significant dose (mg/kg). The first dose at which the effects are maxinid@ercentage of animals affectédSee Table 2.
PNS: not significant.

It is clear that the ability to trigger FPT and FBP differs 2-furyl (19) was optimal. Combining a 5-methyl or -chlorine
substantially between 5-HI agonists, even between close with a group at C-6 improved affinity20 and 21 vs 17).
structural analogues. This aspect will be revisited in the context Subsequently, however, such combinations were shown to have

of the forced swimming test (vide infra). a negative impact in the forced swimming test (vide infra). We
Compoundd displayed marked binding affinity, high selec- assumed that the contribution of the 6-substituent was mostly
tivity,3° and functional activity at 5-Hix receptor subtype. It  lipophilic and, therefore, not productive in a drug-like sense.

behaves as an agonist in vivo and was orally bioavailable in  Overall, the 5-HTa receptor appeared to be less permissive
rats?® To gain further insight into the pharmacological conse- toward ligands containing a pyrimidine than toward those having
quences of the change from a pyridine to a pyrimidine motif, a pyridine pharmacophore.

we initiated a limited SAR program arour@] guided by the With a set of promising compounds in hand, we probed their
knowledge garnered in previous studi€Bhe results obtained  antidepressant potential by means of the forced swimming test
are summarized in Table 3. (FST). The latter is the most widely used and the best-established

No doubt, the presence of a methyl group at C-5 on the model of antidepressant-like effica¢yFurther, activity in this
pyrimidine ring is beneficial § vs 10). In addition, any procedure is not restricted to a particular pharmacological
substituent larger than a methyl (e .g).,or a chlorine (e.g.15) mechanisnt? FST data obtained on selected ligands are
at the 5-position ruined the binding at the 5-4ATsites (e.qg., summarized in Table 4. For comparative purposes, FPT data
12—14). Such a trend, although reminiscent of that seen in the are also included as it is the most sensitive component of the
pyridine series, was even clear-cut in the case of a ligand 5-HT syndrome in rats.
containing a pyrimidine pharmacophore (e3j.5, Table 1 and Upon single, oral administration, compourig<, 9, 15, and
12, 14, Table 3), possibly underlying subtle differences in the 21dose-dependently (0.640 mg/kg) and completely decrease
way both types of molecules dock in the active site of the immobility time relative to vehiclé® Remarkably, the activity
receptor. In contrast to the tight constraints imposed at C-5 on of 9 and15in the FST was superimposable to thatlafespite
the pyrimidine, the 6-position was quite tolerant to chemical their significant affinity and potency differences in vitro (Tables
modulations, and groups of various sizes and electronic proper-1 and 3) and in vivo as regards syndrome-induction (Tables 2
ties were all accommodated (e.@6—19 vs 10). Of these, the and 4). Thus9 and 15 significantly shortened the latency to
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swim at doses as low as 0.05 and 0.03 mg/kg, respectively, marked affinity, specificity, and high efficacy for the 5-Ihl
whereas locomotor activation (FPT) only appeared at doses 30-receptor subtype. In vivo profiling 09 revealed pronounced

to 70-fold higher. Incidentally, it can be appreciated that, under differences in the 5-Hix-mediated responses. Thu,was

the experimental conditions usé&, motor effects did not extremely potent in the FST, whereas its ability to produce
interfere with the response measured in the FST. What beganstereotypic behaviors (FPT and FBP) was much weaker. The
as a “routine” effort, merely directed toward finding a back-up molecular mechanism(s) at the origin of this “FST-selectivity”
for compoundl, took an unforeseen and exciting turn. has not been elucidated yet, but it would appearistimulates

Obviously, processes beyond G-protein signaling take part Preferentially certain (postsynaptic) populations of 5:kiT
in the control of in vivo outcomes. For instance, antidepressant- €Ceptors.
like activity was favored over other behavioral effects with ~ Conceptually, all anti-depressant medication that has been
compound® and15 but not with relatives (e.g19). Also, the (at least partly) successful addressed multiple targets, generally
EDsoin FPT test increases withand15, whereas that in FST through increased levels of endogenous neurotransmitters (e.g.,
does not (Table 4). This undermines any pharmacokinetic SSRIS, SNRIs, TCAs, MAOIS)? In sharp contrast, the present
contribution to this “in vivo selectivity” because it is unlikely ~Work reinforces our previous findigthat, at least in animals,
that these compounds distributed differently into the brain so 5-HT1a activation can produce maximally effective antidepres-
as to activate neural pathways unevenly. In contrast, the erosionsant-like activity, provided the intrinsic activity of the agonist
of all in vivo responses seen withwould fit in with a decline is sufficient. In addition, we disclose preliminary evidence that
in brain exposure as compared to thatlof 5-HTia activation can be channeled toward the receptor
In agreement with published data, flibanserin (even given ip) population(s) controlling the desired pharmacological effects,

was found inactive in the FS Likewise, PRX-00023 exhibited ~ Promoting thus the idea that 5-hifagonist-directed trafficking

no antidepressant-like activity in that procedure, a result may be exptlrc:_ltef. _Further research is clearly needed to
consistent with the in vitro data we generated (cf., Table 1). It prcI)g(;esZ on 'ﬁ Op'i'h t the benefit . imal ith
thus would seem that the agonist properties of PRX-00023 at ndeed, we hope that the benenis seen in animais wi

) . compoundd will translate into clinical advantages. From FST
the 5 H-,rlA r eceptor subtypg have been Ialrgely overestiméfted. data, it is expected th& will be more effectivé!2 and faster
The finding that the profiles d® and 15 in the FST do not

. . ctind*? than available antidepressant drugs. From syndrome
match those observed in other behavioral tests has severa@l Y P 9 y

NS . . ; ata, it is expected th&@ will be better tolerated insofar as
implications: (1) t_he separation betv_veen antlde_pressant-hke andSymlotoms mediated by 5-HZ receptors not implicated in the
other 5-H.-mediated effects may (in theory) still be erlhance_d; antidepressant action might be spared at antidepressant doses.
(2) the 5-HT syndrome can no longer be taken as a “quantita-
tive” index of 5-HT;4 agonist activity in rats; and (3) further  Experimental Section

mechanistic stu_die.s on cpmpouﬁdre warranted. In any case, Chemistry. Melting points were determined on a’@hi 530

the heterogepelty in the in vivo responses must reflect hetero-memng point apparatus and were not correcttNMR spectra
geneous activation of the 5-HiA receptors regulating these  were recorded on a Bruker Avance 400 spectrometer operating at
processe$: It should be taken into account that, for each 400 MHz for'H and 100 MHz for3C. Chemical shifts are reported
compound, the data were all compared at 60 min after po dosingin ¢ value (ppm) relative to an internal standard of tetramethylsilane.
to minimize pharmacokinetic influences. Hence, the picture that Infrared (IR) spectra were obtained on a Nicolet FT 510 P spectra
begins to emerge is that FPT, FBP, and FST patterns arephotometer. Microanalyses were obtaineq on a Fison EA 1108/
controlled by distinct population(s) of 5-HZ receptors, which, CHN analyzer. Mass spectra (TSQ 7000 Finnigan, Thermoelectron

themselv re differentiallv requlat th liogands. Corp.) were determined by electron spay ionization (ESI); only
emselves, are differentially regulated by these ligands 100% relative intensity peaks are given. Analytical thin-layer

_ Although we do not understand the molecular mechanism(s) chromatography was carried out on pre-coated plates (silicagel, 60
involved in the discrepancies highlighted above, this cannot be £ 254 Merck).
explained by the conventional partition between pre- and General Method for the Reductive Amination between
postsynaptic 5-Hia receptors inasmuch as FPT, FBP, and anti- Amines (XII, Xlll) and XlVa. Preparation of 3-Chloro-4-
immobility (FST) are predominantly linked to postsynaptic fluorophenyl-(4-fluoro-4-{[(heteroarylmethyl)-amino]-methyl} -
actions of the agoni¢f We are currently exploring features  Piperidin-1-yl)-methanone. To a solution of the chlorhydrate of
known to modulate signal transduction in GPCRs (e.g., coupling the amineXil or XIll - (1 equiv) in methanol (7 mL per mmol)
with different G-proteins, RGS accessory proteins...) and ‘évgfnzdgegqus)ce;i‘éma( 1(11% (Zgﬂli\\//))’ ];sad:ﬁé?:éﬁ¥g:0£$é6ézs]- 4
possibly involved in the orlgmal profile cg'u’fw_‘ . A. The mixture V\;as stirred at 5TC for 6 h and then the solid was

In a separate set of experiments, the anti-immobility effect filtered out and the filtrate was concentrated under vacuum. The
of 9 was blocked by pretreatment of the animals with the residue was taken up in ethyl acetate, washed with water, brine,
selective 5-HTa antagonist WAY-100635 (0.63 mg/kg sc), dried over NaSQ, filtered, and concentrated in vacuo.
confirming that the anti-immobility effect is attributable to 3-Chloro-4-fluorophenyl-(4-fluoro-4-{[(6-methylpyridazin-3-
5-HT;4 activation. Importantly, the antidepressant-like profile = Yimethyl)-amino]-methyl} -piperidin-1-yl)-methanone (7).Reduc-
of 9 was maintained upon repeated administrations, demonstrat-ivé @mination betweenllla (7.3 g, 59 mmol) an&IVa (15.5 g,

; oy : Iike 49 mmol) and then purification by flash column chromatography
Lg%;gﬁ;go tachyphilaxis developed to the antidepressant-like (silica gel, dichloromethane/methanol/ammonia, 97.5:2.25:0.25)

afforded 3.0 g (16%) of as a yellow solid. Crystallization af as
) a chlorhydrate salt gave a white powder, mp205 °C; HPLC
Conclusions purity 98.3% (eluent, acetonitritewater—KH,P Oy, 250:750:6.8 g,

. - 1
Structural modifications of compountwith the objective ng_A;)i_”;.((gB(%v 23?6’2%%3%’ 1;1%1 %M%ngl '\(/lnf (E:Y)lsg gi)

of altering its pharmacokinetic properties provided a novel series 3 g (m, 2H), 3.38 (dJ = 19.70 Hz, 2H), 4.364.45 (m, 1H),
of 5-HT1a agonists. SAR study then led us to the selection of 453 (s, 2H), 5.41 (s, 1H), 7.4%.49 (m, 1H), 7.52 (tJ = 8.60
compound as a candidate for development in depression. The Hz, 1H), 7.67 (d,J = 6.57 Hz, 1H), 8.75 (dJ = 8.59 Hz, 1H),
latter exhibited the desired in vitro 5-HZ{ characteristics: 7.92 (d,J = 8.59 Hz, 1H), 10.29 (s, 2H}3C NMR (DMSO-dg) 6
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20.3, 31.9, 32.2, 37.2, 42.7, 49.4, 52.8 Jd= 22.0 Hz), 92.5 (d,
J = 176.0 Hz), 117.2, 119.8, 127.8, 129.2, 130.8, 131.5, 133.7,
153.7, 157.7 (dJ = 249.1 Hz), 159.89, 166.19; MS (EStyz =
494 [M*].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-methylpyrazin-2-yl-
methyl)-amino]-methyl} -piperidin-1-yl)-methanone (8).Reduc-
tive amination betweeixlllb (1.0 g, 8.1 mmol) anKIVa (2.51
g, 8.0 mmol) and then purification by flash column chromatography
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none (12).Reductive amination betweefilg (0.6 g, 3.4 mmol)
andXIVa (1.18 g, 3.7 mmol) and then purification by flash column
chromatography (silica gel, dichloromethane/methanol, 97:3) af-
forded 0.44 g (31%) of2. Crystallization of12 as a fumarate salt
gave an off-white powder, mp= 166 °C; HPLC purity 99.8%
(eluent, acetonitrilewater—KH,PQO,, 200:800:6.8 g, pH 4); IR
(KBr) v 3083, 1683, 1425, 1274 cth 'H NMR (DMSO-dg) 6
1.65-1.91 (m, 4H), 2.84 (dJ = 21 Hz, 2H), 3.0#3.51 (m, 3H),

(silica gel, dichloromethane/methanol/ammonia, 95:4.5:0.5) afforded 3.99 (s, 2H), 4.25 (s, 1H), 4.54 (s, 2H), 6.62 (s, 2H), %432

0.47 g (15%) of8. Crystallization of8 as a chlorhydrate salt gave
a white powder, mp= 155 °C; HPLC purity 100% (eluent,
acetonitrile-water—-KH,PQ,, 250:750:6.8 g, pH 4); IR (KBry
3426, 1637, 1442 cnt; 'H NMR (DMSO-dg) 6 1.69-2.10 (m,
4H), 2.53 (s, 3H), 2.933.17 (m, 1H), 3.24 (dJ = 20.0 Hz, 2H),
3.32 (s, 3H), 3.323.50 (m, 1H), 4.33 (s, 2H), 7.437.49 (m, 1H),
7.52 (t,J = 8.8 Hz, 1H), 7.66 (dJ = 6.8 Hz, 1H), 8.61 (s, 1H),
8.68 (s, 1H), 10.00 (s, 2H)}:*C NMR (DMSO-ds) 6 20.9, 31.7,
32.2,37.2,42.7, 48.9, 52.6 (d,= 22.0 Hz), 92.5 (dJ = 174.9

(m, 2H), 7.67 (dJ = 6.9 Hz, 1H), 8.72 (s, 2H):3C NMR (DMSO-
ds) 0 31.7, 32.6, 37.8, 43.0, 54.5, 55.5 (= 21.8 Hz), 58.7, 94.4
(d,J =171 Hz), 117.4, 120.0, 128.1, 129.6, 133.6, 134.2, 134.4,
156.1 (2C), 157.9 (d] = 247.5 Hz), 165.6, 166.4, 167.0; MS (ESI)
m/z = 411 [MH*].

3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-ethylpyrimidin-2-yl-
methyl)-amino]-methyl} -piperidin-1-yl)-methanone (13).Reduc-
tive amination betweeixllf (0.59 g, 3.4 mmol) anKIVa (1.18
g, 3.7 mmol) and then purification by flash column chromatography

Hz), 117.2,119.8, 127.8, 129.2, 133.7, 143.5, 144.4, 144.5, 153.6,(silica gel, dichloromethane/methanol, 97:3) afforded 0.88 g (63%)

157.7 (d,J = 249.2 Hz), 166.7; MS (ESly/z = 394 [M'].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-methylpyrimidin-2-

ylmethyl)-amino]-methyl} -piperidin-1-yl)-methanone (9).Reduc-

tive amination betweeKlle (8.21 g, 42.4 mmol) andIVa (13.29

g, 43.2 mmol) and then purification by flash column chromatog-

of 13. Crystallization ofLl3 as a fumarate salt gave a white powder,
mp = 172 °C; HPLC purity 99.7% (eluent, acetonitritevater—
KH,PO,, 300:700:6.8 g, pH 4); IR (KBry 2961, 2927, 1629, 1444,
1402 cnt!; 'H NMR (DMSO-dg) 6 1.20 (t,J = 7.6 Hz, 3H), 1.65
1.92 (m, 4H), 2.61 (q) = 7.6 Hz, 2H), 2.83 (dJ = 21 Hz, 2H),

raphy (silica gel, dichloromethane/methanol/ammonia, 95:4.5:0.5) 3.01—3.41 (m, 3H), 3.95 (s, 2H), 4.25 (s, 1H), 6.62 (s, 2H), %43

afforded 11.9 g (71%) 09. Crystallization of9 as a tosylate salt
gave a white powder, mg 195°C; HPLC purity 99.8% (eluent,
acetonitrile-water—-KH,PO,, 300:700:6.8 g, pH 5.5); IR (KBry
3500-3300, 1622 cm?; 'H NMR (CD3;0OD) 6 1.75-2.25 (m, 4H),
2.33 (s, 3H), 2.34 (s, 3H), 3.238.35 (m, 2H), 3.66-4.52 (m, 2H),
3.52 (d,J = 19.50 Hz, 2H), 4.51 (s, 2H), 4.84 (s, 2H), 7.19 {d,
= 7.95 Hz, 2H), 7.34 (ddj = 8.60 Hz, 1H), 7.43 (ddd] = 8.60,
4.60, 2.05 Hz, 1H), 7.61 (dd,= 7.02, 2.05 Hz, 2H), 7.64 (d =
7.95 Hz, 2H), 8.65 (s, 2H)*C NMR (CD;0D) ¢ 15.4, 21.3, 33.3,
33.5, 38.9, 44.3, 52.4, 55.3 & 20.8 Hz), 93 § = 175.8 Hz),
118.3 0 = 21.8 Hz), 122.4J = 18.2 Hz), 127, 128.8)(= 7.9
Hz), 129.8, 130.9, 132.3, 134.2€ 4.2 Hz), 141.7, 143.6, 159.0,
159.4, 160.1J = 251 Hz), 170.0; MS (ESljn/z = 395 [MH*].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(pyrimidin-2-ylmethyl)-
amino]-methyl} -piperidin-1-yl)-methanone (10).Reductive ami-
nation betweeiXllk 52(0.77 g, 5.29 mmol) anXIVa (1.82 g, 5.79
mmol) and then purification by flash column chromatography (silica
gel, dichloromethane/methanol, 98:2) afforded 0.88 g (44%)of
Crystallization of10 as a fumarate salt gave an off-white powder,
mp = 157 °C; HPLC purity 99.8% (eluent, acetonitritavater—
KH,PO,, 200:800:6.8 g, pH 4); IR (KBry 3500, 1702, 1625, 1287
cm 1 'H NMR (DMSO-dg) 0 1.64-1.93 (m, 4H), 2.85 (dJ = 21
Hz, 2H), 3.01-3.41 (m, 3H), 3.99 (s, 2H), 4.25 (s, 1H), 6.62 (s,
2H), 7.41 (tJ = 4.8 Hz, 1H), 7.45-7.51 (m, 2H), 7.68 (d) = 6.4
Hz, 1H), 8.78 (dJ = 4.8 Hz, 2H);*3C NMR (DMSO-) 6 31.8,
32.2,38.8,43.1,55.1, 55.5 (@= 21.6 Hz), 94.5 (dJ = 170 Hz),

7.51 (m, 2H), 7.67 (dJ = 6.6 Hz, 1H), 8.66 (s, 2H)!}3C NMR
(DMSO-dg) 6 14.8, 22.4, 31.9, 32.6, 37.5, 43.0, 54.7, 55.6](¢;
21.5Hz),94.9 (dJ=170.3 Hz), 116.9, 119.6, 127.7, 129.1, 133.8,
134.0, 134.3, 156.3 (2C), 157.5 (@ = 247.5 Hz), 165.4, 166.1,
166.6; MS (ESI)m/z = 409 [MH*].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{[(5-difluoromethylpy-
rimidin-2-ylmethyl)-amino]-methyl } -piperidin-1-yl)-metha-
none (14).Reductive amination betweefilh (0.38 g, 1.6 mmol)
andXIVa (0.54 g, 1.7 mmol) and then purification by flash column
chromatography (silica gel, dichloromethane/methanol, 98:2) af-
forded 0.26 g (37%) of4. Crystallization ofl4 as a fumarate salt
gave a pale yellow powder, mg 142 °C; HPLC purity 98.8%
(eluent, acetonitrilewater—KH,PQ,, 250:750:6.8 g, pH 4); IR
(KBr) v 2964, 1620, 1438, 1405 crfh 'H NMR (DMSO-dg) 6
1.65-1.91 (m, 4H), 2.78 (dJ = 21 Hz, 2H), 2.99-3.51 (m, 6H),
4.03 (s, 2H), 4.25 (s, 1H), 6.62 (s, 2H), 7.20Jt= 55 Hz, 1H),
7.44-7.51 (m, 2H), 7.67 (dJ = 7 Hz, 1H), 9.01 (s, 2H)}3C NMR
(DMSO-dg) 6 32.0, 32.4, 37.7, 43.3, 55.1, 55.5 (= 21.8 Hz),
95.1 (d,J = 170 Hz), 112.9 (tJ = 235 Hz), 116.9, 119.6, 125.7,
127.7 (2C), 129.1, 133.8, 133.9, 155Jt= 6 Hz), 157.5 (dJ =
247.7 Hz), 166.0, 166.6, 170.5; MS (ESHjz = 431 [MH1].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-chloropyrimidin-2-
ylmethyl)-amino]-methyl} -piperidin-1-yl)-methanone (15).Re-
ductive amination betweeXlim 53 (1.62 g, 8.0 mmol) an&KIVa
(2.65 g, 8.4 mmol) and then purification by flash column chroma-
tography (silica gel, dichloromethane/methanol, 98:2) afforded 1.8

116.9, 119.6, 119.7, 127.6, 129.1, 133.7, 133.8, 157.1 (2C), 157.5g (54%) of 15. Crystallization of15 as a fumarate salt gave an

(d,J =247 Hz), 166.1, 166.6, 167.8; MS (EShvz= 381 [MH'].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-carbomethoxypyri-
midin-2-ylmethyl)-amino]-methyl } -piperidin-1-yl)-methanone (11).
Reductive amination betweetllb (1.12 g, 5.5 mmol) an&IVa
(1.74 g, 5.51 mmol) and then purification by flash column
chromatography (silica gel, dichloromethane/methanol, 97:3) af-
forded 0.24 g (10%) o1l Crystallization ofl1 as a fumarate salt
gave an off-white powder, mp= 134 °C; HPLC purity 86.8%
(eluent, acetonitrilewater—KH,PQ,, 300:700:6.8 g, pH 4); IR
(KBr) v 2987, 1716, 1685, 1436, 1277 cin'H NMR (DMSO-
dg) 6 1.67—1.90 (m, 4H), 2.79 (dJ = 22 Hz, 2H), 3.16-3.58 (m,
3H), 3.91 (s, 3H), 4.08 (s, 2H), 4.25 (s, 1H), 6.62 (s, 2H), %31
7.49 (m, 2H), 7.6%7.67 (m, 1H), 9.21 (s, 1H}C NMR (DMSO-
ds) 0 30.6, 32.4, 37.5, 42.4, 52.5, 55.2, 55.5J& 21.6 Hz), 95.1
(d, J =167 Hz), 116.9, 119.6, 121.9, 127.6, 129.0, 133.8, 134.0,
157.5 (2C), 157.5 (d) = 247.4 Hz), 163.8, 166.0, 166.6, 171.8;
MS (ESI)m/z = 439 [MH].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-hydroxymethylpy-
rimidin-2-ylmethyl)-amino]-methyl } -piperidin-1-yl)-metha-

off-white powder, mp= 152 °C; HPLC purity 99.4% (eluent,
acetonitrile-water—KH,PQ,, 250:750:6.8 g, pH 4); IR (KBry
3123, 1696, 1623, 1430 crhi 'H NMR (DMSO-dg) 6 1.64-1.91
(m, 4H), 2.65 (dJ = 20.8 Hz, 2H), 3.09-3.50 (m, 3H), 4.01 (s,
2H), 4.25 (s, 1H), 6.63 (s, 2H), 7.4Z.52 (m, 2H), 7.67 (dJ =
7.2 Hz, 1H), 8.92 (s, 2H), 9.20 (s, 2HPC NMR (DMSO-g) ¢
31.8, 32.4, 39.3, 43.0, 54.4, 55.4 @= 21.6 Hz), 94.4 (dJ =
170.3 Hz), 116.9, 119.6, 127.6, 127.7, 128.8, 129.1, 133.8, 156.2
(2C), 157.5 (dJ = 247.3 Hz), 165.9, 166.2, 166.6; MS (E3hz
= 415 [M*].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{[(4-methoxypyrimidin-
2-ylmethyl)-amino]-methyl} -piperidin-1-yl)-methanone (16).Re-
ductive amination betweexlIn 54 (0.73 g, 5.21 mmol) anXIVa
(2.0 g, 6.3 mmol) and then purification by flash column chroma-
tography (silica gel, dichloromethane/methanol, 95:5) afforded 1.1
g (51%) of16. Crystallization oflL6 as a fumarate salt gave a white
powder, mp= 149°C; HPLC purity 98.6% (eluent, acetonitrite
water—-KH,PO,, 250:750:6.8 g, pH 4); IR (KBry 3054, 2077,
1710, 1629, 1583 cnt; *H NMR (DMSO-dg) 6 1.68-1.99 (m,
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5H), 2.87 (d,J = 20.8 Hz, 2H), 3.083.91 (m, 3H), 3.88 (s, 2H),
3.92 (s, 3H), 4.27 (s, 1H), 6.62 (s, 2H), 6.82 Jd= 5.6 Hz, 1H),
7.45-7.52 (m, 2H), 7.67 (d) = 6.7 Hz, 1H), 8.48 (dJ = 5.6 Hz,
1H), 9.30 (s, 2H)C NMR (DMSO-g) 6 32.4, 32.9, 38.0, 43.5,
53.9, 55.1, 56.0 (dJ = 21.6 Hz), 94.8 (dJ = 170.4 Hz), 106.4,
117.4,120.0, 128.1, 129.6, 134.2, 134.5, 157.9(,247.5 Hz),
157.9, 166.6, 167.0, 168.2, 169.4; MS (E8lgz = 411 [MH*].

3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(4-methylaminopyri-
midin-2-ylmethyl)-amino]-methyl} -piperidin-1-yl)-methanone (17).
Reductive amination betweefiic (0.55 g, 3.98 mmol) anXIVa
(1.5 g, 4.8 mmol) and then purification by flash column chroma-
tography (silica gel, dichloromethane/methanol/ammonia, 90:9:1)
afforded 0.16 g (10%) ol7. Crystallization ofl7 as an oxalate
salt gave a white powder, mg 180 °C; HPLC purity 98.8%
(eluent, acetonitrilewater-KH,PQ,, 150:850:6.8 g, pH 2.5); IR
(KBr) v 3023, 1653, 1603, 1464 crfi 'H NMR (DMSO-dg) 6
1.52-2.03 (m, 4H), 2.85 (s, 3H), 2.983.45 (m, 3H), 3.28 (dJ =
20 Hz, 2H), 4.11 (s, 2H), 4.30 (s, 1H), 6.45 @= 6 Hz, 1H),
7.32-7.54 (m, 2H), 7.68 (dJ = 7 Hz, 1H), 7.82 (s, 1H), 8.02 (s,
1H), 9.70 (s, 2H)XC NMR (DMSOg) 6 31.3, 32.0, 36.1, 38.8,
42.7, 51.3, 53.6 (dJ = 21.5 Hz), 92.7 (dJ = 175 Hz), 103.6,
117.1, 119.6, 127.7, 129.1, 133.6, 156.3, 159.0](e; 249 Hz),
162.9, 163.6, 166.6; MS (ESiVz = 410 [MH"].

3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(4-dimethylaminopy-
rimidin-2-ylmethyl)-amino]-methyl } -piperidin-1-yl)-metha-
none (18).Reductive amination betweefild (0.74 g, 4.8 mmol)
andXIVa (1.8 g, 5.7 mmol) and then purification by flash column
chromatography (silica gel, dichloromethane/methanol, 90:10)
afforded 0.66 g (33%) o18. Crystallization of18 as a fumarate
salt gave a white powder, mg 160 °C; HPLC purity 99.4%
(eluent, acetonitrilewater—KH,PQ,, 250:750:6.8 g, pH 4); IR
(KBr) v 3013, 1623, 1599, 1259 crj *H NMR (DMSO-dg)
1.71-1.94 (m, 4H), 2.87 (d) = 20.8 Hz, 2H), 3.06 (s, 6H), 3.60
3.42 (m, 3H), 3.77 (s, 2H), 4.26 (s, 1H), 6.54 §d= 5.2 Hz, 1H),
6.60 (s, 2H), 7.46:7.50 (m, 3H), 7.67, (dJ = 5.6 Hz, 1H), 8.13
(d, J = 5.2 Hz, 1H), 8.96 (s, 2H)}3C NMR (DMSO-ds) ¢ 32.3,
33.0, 36.8 (2C), 37.9, 43.4, 55.0, 55.9 Jd 21.6 Hz), 94.7 (dJ
=170.6 Hz), 101.4, 117.4,120.1, 128.1, 129.6, 134.2, 134.6, 155.1,
157.9 (d,J = 247.6 Hz), 159.2, 161.8, 166.2, 166.7, 167.0; MS
(ESI) m/z = 424 [MH'].

3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(4-methylamino-5-me-
thylpyrimidin-2-ylmethyl)-amino]-methyl }-piperidin-1-yl)-meth-
anone (20).Reductive amination betweetila (0.63 g, 4.1 mmol)
andXIVa (1.45 g, 4.6 mmol) and then purification by flash column
chromatography (silica gel, dichloromethane/methanol, 90:10)
afforded 1.15 g (63%) 0R0. Crystallization of20 as a fumarate
salt gave a white powder, mg 157 °C; HPLC purity 99.1%
(eluent, acetonitrilewater-KH,PQ,, 250:750:6.8 g, pH 4)H
NMR (DMSO-dg) 6 1.53-1.81 (m, 4H), 1.98 (s, 3H), 2.85 (d=
20.5 Hz, 2H), 2.86 (dJ = 4.4 Hz, 3H), 3.02-3.41 (m, 4H), 3.73
(s, 2H), 4.25 (s, 1H), 6.61 (s, 4H), 6.87 (m, 1H), 74251 (m,
2H), 7.67 (dJ = 6.6 Hz, 1H), 7.84 (s, 1H):3C NMR (DMSO-ds)
013.3,27.3,32.0, 33.0, 37.2,42.9, 54.5, 55.7J(¢, 21 Hz), 94.1
(d,J=171 Hz), 111.7, 116.9, 117.1, 127.7, 129.1, 133.8, 134.1,
151.8, 156.3, 158.8, 162.5 (@= 270 Hz), 166.1, 166.6; MS (ESI)
m/z = 424 [MH*].

3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(4-methylamino-5-chlo-
ropyrimidin-2-ylmethyl)-amino]-methyl } -piperidin-1-yl)-metha-
none (21).Reductive amination betweexilj (0.8 g, 4.6 mmol)
andXIVa (1.54 g, 4.9 mmol) and then purification by flash column
chromatography (silica gel, dichloromethane/methanol, 95:5) af-
forded 0.30 g (15%) oR1. Crystallization of21 as a di-fumarate
salt gave a white powder, mp 92 °C; HPLC purity 90.0% (eluent,
acetonitrile-water—KH,PQ,, 300:700:6.8 g, pH 4); IR (KBry
3084, 1600, 1430, 1277 crhh *H NMR (DMSO-dg) 0 1.67-1.91
(m, 4H), 2.90 (d,J = 20 Hz, 2H), 2.91 (s, 3H), 3.673.41 (m,
3H), 3.81 (s, 2H), 4.26 (s, 1H), 6.61 (s, 4H), 7-4B51 (m, 3H),
7.67 (d,J =7 Hz 1H), 8.15 (s, 1H)}C NMR (DMSO-dg) 0 27.4,
32.4, 32.5, 38.6, 42.9, 53.9, 55.2 @= 21.3 Hz), 94.2 (dJ =
170.5 Hz), 111.9, 117.0, 119.6, 127.6, 129.1, 133.8, 134.0, 151.6,
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157.8 (d,J = 248 Hz), 157.9, 164.5, 166.1, 166.6; MS (E8ir
= 444 [M — H'].

General Method for the Reductive Amination between
Aldehydes (XVIII, XIX) and XIVb. To a solution ofXIVb (1
equiv) andXVIIl or XIX (1 equiv) in dichloroethane (14 mL per
mmol of XIVb) was added sodium triacetoxyborohydride (1.5
equiv), and the mixture was stirred at room temperature. Water
was added, the aqueous was extracted with dichloromethane, and
the combined organic layer was washed with brine, dried over Na
SO, filtered, and concentrated in vacuo.

3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(4-fur-2-yl-pyrimidin-
2-ylmethyl)-amino]-methyl} -piperidin-1-yl)-methanone (19).Re-
ductive amination betweeXiX (0.8 g, 4.6 mmol) an&XIVb (1.33
g, 4.6 mmol) and then purification by flash column chromatography
(silica gel, dichloromethane/methanol, 95:5) afforded 1.98 g (96%)
of 19. Crystallization of19 as a hemi-fumarate salt gave a white
powder, mp= 122 °C; HPLC purity 98.9% (eluent, acetonitrite
water-KH,PQy, 300:700:6.8 g, pH 4); IR (KBry 1631, 1445 cm;

IH NMR (DMSO-dg) ¢ 1.70-1.93 (m, 4H), 2.85 (dJ = 21.2 Hz,
2H), 3.08-3.51 (m, 3H), 3.97 (s, 2H), 4.25 (s, 1H), 6.61 (s, 1H),
6.75 (m, 1H), 7.42-7.51 (m, 3H), 7.62 (dJ = 5.2 Hz, 1H), 7.67
(dd,J = 7.2 Hz, 1H), 7.99 (s, 1H), 8.79 (d,= 5.3 Hz, 1H);13C
NMR (DMSO-ds) 6 32.4, 32.9, 39.2; 45.0, 55.5, 56.0 (= 21.5
Hz), 95.4 (dJ=170.1), 113.0, 113.4, 117.3, 117.5, 120.2, 128.0,
129.6, 134.2, 134.5, 146.7, 151.3, 154.8, 157.9)(e; 248 Hz),
158.4, 166.6, 167.0, 168.6; MS (EStyz = 447 [MH'].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{[(5-carboxy-pyridin-2-
ylmethyl)-amino]-methyl} -piperidin-1-yl)-methanone (2).Reduc-
tive amination betweeKVllla (0.9 g, 5.0 mmol) anKIVb (1.45
g, 5.0 mmol) and then purification by flash column chromatography
(silica gel, dichloromethane/methanol, 95:5) afforded 2.1 g (95%)
of the adduct, mp= 177 °C. The ester was dissolved in a solution
of lithium hydroxide in water (25 mL) and ethanol (30 mL) and
stirred fa 3 h atroom temperature. Compour2dwas purified by
flash column chromatography (silica gel, dichloromethane/methanol,
75:25) to afford 0.5 g (24%) as a white powder, mpl84 °C;
HPLC purity 100% (eluent, acetonitritevater—KH,P0O,, 300:700:
6.8 g, pH 4); IR (KBr)v 3665, 3350, 3201, 1616 crfj *H NMR
(DMSO-dg) 0 1.65-1.91 (m, 4H), 2.74 (d) = 21.2 Hz, 2H), 3.06
3.51 (m, 5H), 3.92 (s, 2H), 4.25 (s, 1H), 740.51 (m, 2H), 7.58
(dd,J = 8 Hz, 1H), 7.66 (ddJ = 6.4 Hz, 1H), 8.23 (dJ = 6 Hz,
1H), 8.98 (s, 1H)1C NMR (DMSOg) 6 32.1, 32.5, 37.6, 43.1,
54.7,55.8 (dJ = 21.8 Hz), 94.5 (dJ = 170.1 Hz), 116.9, 119.7,
120.9, 127.7,128.7,129.2, 133.8, 137.0, 149.7, 157 84d247.5
Hz), 162.6, 166.7, 167.2; MS (EShVz = 424 [MH"].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-hydroxymethylpy-
ridin-2-ylmethyl)-amino]-methyl } -piperidin-1-yl)-methanone (3).
Reductive amination betweetVllic (0.28 g, 2.0 mmol) anXIVb
(0.59 g, 2.0 mmol) and then purification by flash column chroma-
tography (silica gel, dichloromethane/methanol, 95:5) afforded 0.47
g (57%) of3. Crystallization of3 as a fumarate salt gave a white
powder, mp= 167 °C; HPLC purity 99.7% (eluent, acetonitrite
water-KH,PO,, 200:800:6.8 g, pH 4); IR (KBry 3350, 1697,
1616, 1263 cmt; 1H NMR (DMSO-ds) 6 1.66—1.99 (m, 4H), 2.79
(d, J = 20.8 Hz, 2H), 3.06:3.47 (m, 3H), 3.91 (s, 2H), 4.27 (s,
1H), 4.52 (s, 1H), 6.61 (s, 2H), 7.40.51 (m, 3H), 7.67 (dJ =
7 Hz, 1H), 7.70 (dJ = 8 Hz, 1H), 8.46 (s, 1H%*C NMR (DMSO-
ds) 0 32.4, 32.8, 39.2, 44.0, 54.4, 55.7 ®= 22 Hz), 60.8, 95.1
(d,J=170.6 Hz), 117.3, 120.1, 121.9, 128.1, 129.6, 134.2, 134.3,
135.4, 136.3, 147.7, 157.7, 157.9 {d= 247.5 Hz), 166.7, 167.0;
MS (ESI)m/z = 410 [MH1].

3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-fluoromethylpyridin-
2-ylmethyl)-amino]-methyl} -piperidin-1-yl)-methanone (4).Re-
ductive amination betweexVlild (0.39 g, 2.8 mmol) an&XIVb
(0.82 g, 2.8 mmol) and then purification by flash column chroma-
tography (silica gel, dichloromethane/methanol, 95:5) afforded 0.82
g (71%) of4. Crystallization of4 as a fumarate salt gave a white
powder, mp= 160°C; HPLC purity 99.9% (eluent, acetonitrite
water—KH,POy, 300:700:6.8 g, pH 4); IR (KBry 2964, 1622, 1432
cm ' *H NMR (DMSO-dg) 6 1.56-2.04 (m, 4H), 2.75 (dJ =
20.8 Hz, 2H), 3.06-3.26 (m, 3H), 3.90 (s, 2H), 4.26 (s, 1H), 5.46
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(d, J= 48 Hz, 2H), 6.62, (s, 2H), 7.427.52 (m, 3H), 7.66 (ddJ] an additional period of 30 min. The reactions were stopped by
= 8.8 Hz, 1H), 7.85 (dJ = 8 Hz, 1H), 8.57 (s, 1H)#3C NMR adding 3 mL of ice-cold 20 mM HEPES containing 3 mM MgCl
(DMSO-dg) 6 32.3, 32.9, 37.9, 43.5, 54.6, 55.5 (M= 21.7 Hz), and rapid filtration over Whatman GF/B glass fiber filters using a
81.9 0 = 160 Hz), 94.8 (dJ = 170.4 Hz), 116.9, 119.6, 121.6, Brandel harvester. The filters were rinsed three additional times
127.7, 129.7, 133.7, 133.8, 136.5, 148.4, 157.5)(e; 247 Hz), with 3 mL of HEPES buffer, placed in scintillation vials, and the

160.1, 166.1, 166.6; MS (EStjvz = 411 [M*]. radioactivity was extracted in 4 mL of Emulsifier-Safe. Nonspecific
3-Chloro-4-fluorophenyl-(4-fluoro-4-{[(5-difluoromethylpy- binding was determined in the presence ofiMunlabeled GTRS.

ridin-2-ylmethyl)-amino]-methyl } -piperidin-1-yl)-methanone (5). Maximal stimulation of $*S]JGTPyS binding was defined in the

Reductive amination betweeVIllb (0.69 g, 4.4 mmol) anXIVb presence of 1M 5-HT. Bovine serum albumin was used as a

(1.28 g, 4.4 mmol) and then purification by flash column chroma- standard. Each compound was tested at six concentrationS®&nd [
tography (silica gel, dichloromethane/acetonitrile, 70:30) afforded GTPyS binding values were expressed as a percentage of the
1.67 g (85%) of5. Crystallization of5 as a fumarate salt gave a maximal response obtained with 81 5-HT. Data were estimated
white powder, mp= 164 °C; HPLC purity 99.9% (eluent, by means of nonlinear regression (sigmoidal model with unit slope;
acetonitrile-water-KH,PQ,, 300:700:6.8 g, pH 4); IR (KBry Graphpad PrismEax value differences were analyzed statistically
3050, 2964, 1629, 1434 cth 'H NMR (DMSO-ds) 6 1.66-1.95 by a one-way analysis of variance followed by paired comparisons
(m, 4H), 2.77 (dJ = 20.8 Hz), 2.8%-3.42 (m, 3H), 3.96 (s, 2H),  py Newman-Keuls test$ values<0.05 were considered statisti-
4.28 (s, 1H), 6.62 (s, 2H), 7.14 (1, = 55.2 Hz), 7.43-7.51 (M, cally significant.
2H), 7.62 (d,J = 8 Hz, 1H), 7.67 (d,J = 7 Hz, 1H), 7.99 (dJ =
8 Hz, 1H), 8.72 (s, 1H), 9.30 (s, 2H}3C NMR (DMSO-g) &
32.4, 32.8, 37.9, 43.5, 54.7, 55.9 = 21.7 Hz), 95.2 (d,) =
170.3 Hz), 114.4 (tJ = 234.3 Hz), 117.4, 120.1, 122.2, 128.1,
128.4, 128.6, 129.6, 134.2, 134.4, 146.6, 157.9(,247.4 Hz),
163.0, 166.5, 167.0; MS (ESHVz = 430 [MH'].
3-Chloro-4-fluorophenyl-(4-fluoro-4-{ [(5-chloropyridin-2-yl-
methyl)-amino]-methyl} -piperidin-1-yl)-methanone (6).Reduc-
tive amination betweeXVllle (0.2 g, 1.4 mmol) anKIVb (0.4
g, 1.4 mmol) and then purification by flash column chromatography
(silica gel, dichloromethane/methanol, 95:5) afforded 0.30 g (51%)
of 6. Crystallization of6 as a fumarate salt gave a white powder,

Elements of the 5-HT Syndrome.The methods used were
similar to those described previoushP:>’Behavioral observations
were made at two time points, from 10 to 20 min and from 55 to
65 min post-administration po. Four animals were observed
individually during each 10 min period; the rats were successively
observed during a 10 s period (i.e., one animal every 15 s) for the
presence (1) or absence (0) of forepaw treading (FPT). The behavior
was considered present if the animal showed uninterrupted sign
for at least 3 s. This cycle was repeated 10 times during a 10 min
period; thus, the incidence of a particular behavior could vary from
0 to 10 for any observation period. Flat body posture (FBP) was
mp = 175 °C; HPLC purity 99.8% (eluent, acetonitritavater— scored_present (1) if it occurred during the entire _observation period,
KH,PQ,, 300:700:6.8 g, pH 4); IR (KBry 3052, 1621, 1431 crd;  Otherwise, the score was 0. Compounds were dissolvednaid
H NMR (DMSO-dg) & 1.65-1.92 (m, 4H), 2.60 (dJ = 21 Hz, administered in a volume of 10 mL/kg and tested in five animals

2H), 2.75-3.39 (m, 4H), 3.85 (s, 2H), 4.25 (s, 1H), 6.62 (s, 2H) per dose. Doses refer to the weight of the free base and the order
743-752 (fn 3H)’ 766 (o.lJ=7’Hz 1H) 7.89 (de’ — g4 24  oftreatmentwith doses was unsystematic. Degsponse functions

Hz, 1H), 8.54 (s, 1H), 9.58 (s, 2H)*C NMR (DMSO-ds) 0 32.1 were determined from the percentage of rats showing FBP, and
33.3 38.0.42.8 53.9 555 (ﬂj': 21.6 Hz), 94.5 (d) :6170 H.z), the percentage of rats showing FPT scores of 1 or more. These

116.9. 120.2. 123.1. 127.6. 129.0. 129.1. 133.8. 133.9. 136.2 147.lcriteria were based upon the incidence of each particular behavior
157.3’(d J =’250 H’z) 158,.7 166.0 166.6' Mé (E811,z= 41'4 observed in control animals treated with saline.sEalues and
M. ' ' ' ' ' their 95% confidence limits were calculated with the Litchfield and

Radioligand Binding at the 5-HT1, Receptor. The membrane  Vilcoxon probit analysis?
preparations (rat cortex 10 mg/mL) and binding assays were Forced Swimming Test.This was adapted from the procedure
performed as described previoudAt the end of the incubation ~ described by Porsot® A rat was placed in a Plexiglas cylinder
period (30 min at 23C, Tris-HCI buffer), the tube contents were  (height 45 cm, diameter 20 cm) containing 17 cm of water (at 25
filtered under vacuum through GF/B filters with two 5 mL washes °C) for 15 min on the first day of the experiment, and placed again
of Tris-HCI buffer (50 mM, pH 7.4 at 25C). The radioactivity 24 h later for 5 min. The duration of immobility during the 5 min
retained on the filters was measured by scintillation spectroscopy period was measured by an observer who was unaware of the
in 4 mL of scintillation fluid (Emulsifier safe, Packard). The results treatment conditions. Each animal was treated po (administration
of displacement experiments were analyzed using the nonlinearvolume: 10 mL/kg) with vehicle immediately after the first session,
regression program KELL RADLIG version 6 (Biosoft, Cambridge, and with a dose of the compouna<€ 5—12 per dose), or its vehicle
UK),%¢ and [K; values are given as means SEM of three control 1 h before the second session. Drug effects on the median
experiments, each comprising-8 concentrations differing by one  immobility time were analyzed statistically by means of a Kruskal
log unit interval. The—log of K; values (f;) were calculated from Wallis nonparametric analysis of variance, followed, where ap-
the Cheng-Prusoff equation; = ICs¢/(1 + [radioligand]Kg). The propriate, by comparisons using Dunns test. Dassponse
Ky value of 8-OH-DPAT is 3.1 nM.3H]8-OH-DPAT (0.2 nM, functions were determined from the percentage of rats with
TRK.850: 1606-240 Ci/mmol) was purchased from Amersham; immobility times less than 138 s (a criterion based on the immobility
nonspecific binding was determined with 5-HT (4®1) purchased times obtained in 1500 controls over more than 10 years), ang ED
from Sigma. values and their 95% confidence limits were calculated with the
[33S]GTPyS Binding in C6 Glial Cells. This was adapted from  Litchfield and Wilcoxon probit analysi$
the procedure described in detail by KdékC6-glial cells were
collected in phosphate-buffered-saline (pH 7.4) and centrifuged for ~ Acknowledgment. We wish to thank Drs. M. B. AsSjéA.
20 min at 48 009. The pellet was homogenized with a Polytron  ayclair, L. Bardin, C. Cosi, R. Depoortere, J. C. Martel, Ms.
::nenztﬁfuij gf';gfniﬁoqtﬁén:re‘gu&i% m'\é'”eflavgé vs/g;hgddft)wiigdin C. Piedecoq, Mr. S. Brunel, and J. Lorenzio who contributed
9 ' 9p to this project. We thank Dr. J. P. Ribet and Mr. P. Zalavari for

10 mM HEPES (pH 7.4) containing 0.1 mM EDTA. The pellet . . , - s .
was stored at-80 °C in fractions of 606-750ug of protein. The analytical support. Mr. L. Petitpas’ assistance with bibliographic

pellet was thawed, diluted 20 times in 20 mM HEPES supplemented S€arches is also very much appreciated.

with the 30uM GDP, 100 mM NaC1, 3 mM MgCj and 0.2 mM

ascorbic acid. Incubation mixtures were prepared in glass tubes Supporting Information Available: Experimental and analyti-
and consisted of 0.4 mL of membrane preparation-@®ug of cal data for intermediatei$, 11l , VI, VIII , X=XIII , and XVI —
protein) and 0.05 mL of compound. After an incubation period of XIX. This material is available free of charge via the Internet at
30 min at 25°C, 0.05 mL of P5S]GTPyS (500 pM) was added for  http://pubs.acs.org.
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