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Abstract—High throughput screening led to the discovery of a novel series of 1,3-diaminopropan-2-ol sulfonamides as selective
GlyT-1 inhibitors. Structure—activity relationships of this novel series and optimisation of the initial hit that led to the identification

of (2), a potent and selective GlyT-1 inhibitor, are also presented.

© 2007 Elsevier Ltd. All rights reserved.

Molecular cloning has revealed the existence in mamma-
lian brains of two classes of glycine transporters, termed
GlyT-1 and GlyT-2. GlyT-1 is found predominantly in
the forebrain and its distribution corresponds to that
of glutaminergic pathways and NMDA receptors.!
Molecular cloning has further revealed the existence of
three variants of GlyT-1, termed GlyT-la, GlyT-1b
and GlyT-1c,? each of which displays a unique distribu-
tion in the brain and peripheral tissues. GlyT-2, in con-
trast, is found predominantly in the brain stem and
spinal cord, and its distribution corresponds closely to
that of strychnine-sensitive glycine receptors.> Another
distinguishing feature of glycine transport mediated by
GlyT-2 is that it is not inhibited by sarcosine, as is the
case for glycine transport mediated by GlyT-1. These
data are consistent with the view that, by regulating
the synaptic levels of glycine, GlyT-1 and GlyT-2 selec-
tively influence the activity of NMDA receptors and
strychnine-sensitive glycine receptors, respectively.

NMDA receptors are critically involved in memory and
learning* and, furthermore, decreased function of
NMDA-mediated neurotransmission appears to under-
lie, or contribute to, the symptoms of schizophrenia.’
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Thus, agents that inhibit GlyT-1 and thereby increase
glycine activation of NMDA receptors may be useful
as novel anti-psychotics and anti-dementia agents, and
to treat other diseases in which cognitive processes are
impaired, such as attention deficit disorders and organic
brain syndromes.

High throughput screening of our in-house compound
collection (measuring inhibition of [H]glycine uptake
in HEK293 cells stably transfected with hGlyT-1¢)®’
identified the 2,4-dimethylpyrrolidine derivative (1)
(Fig. 1), a mixture of four diastereoisomers.® Compound
(1) has good inhibitory activity against hGlyT-1c (pICsg
6.1) and good selectivity over hGlyT-2 (pICsy < 5.0). In
this communication, we describe the optimisation of the
1,3-diaminopropan-2-ol derivative (1) leading to the
identification of the substituted piperidine (2). Com-
pound (2) is a potent and selective GlyT-1c inhibitor
and a valuable tool compound for investigating the
scientific rationale for the use of GlyT-1 inhibitors in

%P 1) ® PRI
P /\/\ -
N H N
N W10
OH H

Me

o) V)]
pICs 6.1 (hGlyT-1c), pICs; 7.0 (hGlyT-1c),
<5.0 (hGlyT-2) <5.0 (hGlyT-2)

Figure 1. Structures of HTS hit (1) and optimised analogue (2).
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the treatment of schizophrenia. Structure-activity rela-
tionships of this novel series of Gly-1 inhibitors are also
presented.

1,3-Diaminopropan-2-ols (6) were prepared by the pre-
viously reported procedure® (Scheme 1). Both (S) and
(R) glycidyl nosylates (3a) and (3b) were reacted with
substituted secondary amines'? affording chiral epoxides
(4a and 4b). Epoxide ring-opening was achieved using
lithium azide (20% aq soln) to give the hydroxyazides
(5a and 5b), which were hydrogenated at atmospheric
pressure in the presence of Pearlmans catalyst to afford
the 1,3-diaminopropan-2-ols (6a and 6b). The sulfona-
mides (7) were prepared by reaction of (6) with sulfonyl
chlorides in the presence of Amberlyst IRA 93 resin.

The optimal stereochemistry around the hydroxyl group
was first investigated by preparing the two possible 2-hy-
droxy isomers of 2,4-dimethylpyrrolidine (1a and 1b)
and 2-methylpyrrolidine (8a and 8b) from the commer-
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Scheme 1. Reagents and conditions: (a) Amine R'H,'° KH/THF, rt,

argon; (b) 20% aq LiN;, THF, 75°C; (c) H,/Pd(OH),, MeOH,
atmospheric pressure, rt; (d) R2-S0,-Cl, DCM, Amberlyst IRA 93.

Table 1. Optimal stereochemistry of C-2 hydroxyl group

cially available (S)- and (R)-glycidyl nosylates, respec-
tively. In both cases activity resided mainly with the
(2R)-isomer (Table 1). In subsequent optimisation only
the preferred (2R)-hydroxyl isomer was used.

We next turned our attention to substitution in the pyr-
rolidine ring (Table 2). All compounds were prepared as
a mixture of isomers and separated by HPLC.!! Substi-
tution at the ortho position of the heterocycle is required
for good affinity. Compounds with isopropyl (9) or tert
butyl (10) groups are optimal with potency decreasing
for the cyclopropyl (11), ethyl (12), methyl (8), or the
unsubstituted (13) analogues. Compounds substituted
with 2-(methyl)-propyl (14) or cyclohexyl (15) substitu-
tions are detrimental suggesting that larger groups are
not preferred.

We then investigated ring size by replacing the pyrroli-
dine ring with a piperidine (Table 3). Whilst most com-
parable analogues were equipotent, trends are not
mirrored. Ethyl substitution (2) was identified as the
best group for activity in the piperidine series. The 2-al-
kyl diastereoisomers of pyrrolidine (Table 2) and piper-
idine analogues (2), (8-12), (14), (15) and (21) were
separated by HPLC.!! Both isomers have affinity for
GlyT-1c but the (25)-alkyl-(2R)-hydroxy stercoisomer
was shown to be the favoured!? isomer. Small alkyl sub-
stitution at the 3 position of the piperidine does not offer
any advantage. The most potent isomers of the dimethyl
and monomethyl pyrrolidine derivatives (1) and (8),
respectively, are equipotent. Alicyclic analogues (16)
and (17) are active but potency decreases a little with re-
spect to similar cyclic analogues.

We then examined the SAR of the aromatic sulfon-
amide fragment. A diverse set of 50 monocyclic, bicy-
clic, aryl and heteroaryl sulfonamides (7) (keeping the
2,4-dimethyl pyrrolidine group as constant) were pre-
pared by parallel synthesis.”!> SAR around this posi-
tion (Table 4) is tight with 1l-naphthyl substituent,
present in the original HTS hit (1), being optimal.
2-Naphthyl analogue (24) and isosteric replacements
of naphthyl ring such as dichlorophenyl (25) are active

OH

Compound R Isomer GlyT-1c¢ (pICsp)*
la 28 5.1

~\
1b 2R 6.1
8a 28 4.9

~-
8b N 2R 6.0

#Mean of at least three determinations with standard deviation of <%0.3.
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Table 2. Inhibitory activity of 1-pyrrolidine analogues (9-17)

R’ H
H (e}
on M O
Compound R! GlyT-1c (pICs)* Isomer A Isomer B retention time
Isomer Mixture retention time (run time in min)® (run time in min)®
A B A+B
9 iPr 6.0 6.7 — 9.71 (16) 12.78 (16)
* ~— N
tBu
10 " 5.1 6.7 — 24.59 (35) 27.32 (35)
~— N
11 . 5.8 6.3 — 20.76 (32) 26.05 (32)
~—
N
12 Et 5.9 5.8 - 19.53 (35) 29.66 (35)
* ~— N
13 T~y — — 5.5
14 5.2 5.6 — 12.70 (18) 14.25 (18)
* ~— N
15 5.2 5.2 — 19.75 (30) 24.44 (30)
* \N
16 " o " Jv — — 5.9
Pr
tB
17 f— '\!/ ! — — 6.0
Pr
#Mean of at least three determinations with standard deviation of <+0.3.
®HPLC retention time using the analytical protocol described in the notes.!!
but less potent. Similarly, substituted aryl or heteroaryl bioavailability after subcutanecous administration
p y y y y

sulfonamide analogues with ortho substitution, such as
compounds (26), (27) and (28), show reduced inhibitory
activity.

Optimisation of the HTS hit (1) culminated in the
identification of the (2S)-ethylpiperidine derivative
(2) GlyT-1c (pICsg 7.0). This compound demonstrated
high intrinsic clearance in both rat and human micro-
somes (CLi 8.0 mg/ml/g for both species) and
significant affinity for CYP2D6 (1.2 uM). After oral
administration of 5mg/kg (free base) in rats, (2)
showed poor oral bioavailability (4%).'* However,

(5 mg/kg in rats) was very high (95%), with a moderate
half-life (¢, =0.9h) and brain to plasma AUC
ratio of 0.4:1 (Cpax 564 ng/ml, AUCy_;,¢ 1731 hng/
ml, brain level 1h postdose 564 ng/ml). With this
PK profile, diaminopropan-2-ol (2) represents a
valuable tool compound for validating the rationale
for the use of GlyT-1 inhibitors in the treatment of
schizophrenia.

The results of these studies together with the optimisa-
tion of PK parameters of this novel series of GlyT-1
inhibitors will be the subject of a later paper.
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Table 3. Inhibitory activity of 1-piperidine analogues (18-23)

R? H
= (o)
oH M Q
Compound R! GlyT-1c (pICsp)*  Isomer A retention time (run time in min)® Isomer B retention time (run time in min)®
Isomer  Mixture
A B A+B
18 "~ — — 55
@
19 T~ — — 65
N
20 and 2 * ~ Et 51 7.0° — 27.04 (40) 30.63 (40)
N
* iPr
21 ~ 54 62 — 20.69 (40) 22.71 (40)
N
22 "~ — — 54
o
23 * — — 6.0
\N

#Mean of at least three determinations with standard deviation of <%0.3.
® This isomer was shown to correspond to the N-{(2R)-3-[(2S)-2-ethyl-1-piperidinyl]-2-hydroxypropyl}-1-naphthalenesulfonamide diastereoisomer.
°HPLC retention time using the analytical protocol described in the notes.'!

Table 4. Modifications of the arylsulfonamide group

Me
Compound® R GlyT-1c (pICsp)®
1b T 6.1
0=8=0
24 * 0 5.4
AN
S
200
* ~ 0 cl
25 S Cl 5.6
o
. Cl
~ 1
26 S~"s 55
(0] __
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Table 4 (continued)

Compound® R GlyT-1c (pICsp)®
27 * 5.5
(6]
A N
S
o
Cl
28 * o 5.5
D N2
S
o)
Br

# Compounds are diastereoisomeric mixture of 2,4-dimethylpyrrolidines.
®Mean of at least three determinations with standard deviation of <%0.3.
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following protocol: samples were dissolved in EtOH and
run isocratically on Rainin preparative HPLC equipment,
eluting with n-hexane:HiPerSolv EtOH:AnalaR TEA
(90:10:0.25 v/v pre-mixed) mobile phase, on Chiralpak
AS stationary phase (250 mm x 20 mm id). Flow rate 20
mL min~!, ambient temperature, detection was by UV
absorbance at 290 nm.

The absolute stereochemistry of (N-{(2R)-3-[(2S)-2-ethyl-
1-piperidinyl]-2-hydroxypropyl}-1-naphthalenesulfona-
mide) (2) was determined by unambiguous synthesis from
(S)-2-ethylpiperidine (Cymerman, J. C.; Pinder A. R.
J. Org. Chem., 1971, 36, 3648.) and (S)-glycidyl nosylate,
using afore-mentioned literature procedures. Optical rota-
tion: (2) [a]g) +25.70 (¢ 0.3% in MeOH) and (N-{(2R)-3-
[(2R)-2-ethyl-1 -piperidin;l]-Z-hydroxypropyl} -1-naphtha-
lenesulfonamide)(20) [o DO —9.5° (¢ 0.3% in MeOH).
General procedure for array synthesis: A solution of (S)-
1-amino-3-(2,4-dimethylpyrrolidin-1-yl)propan-2-ol  (6a,
R!=24-dimethyl pyrrolidin-1-yl) (800 mg; 4.65 mmol)
in anhydrous dichloromethane (38 ml) was prepared,
and aliquots (0.5 ml; 0.06 mmol) were added to solutions
of 50 sulfonyl chlorides (0.075 mmol each) dissolved in
anhydrous dichloromethane (1 ml each). Triethylamine
(0.021 ml; 0.15 mmol) was added to each solution, which
was shaken overnight at ambient temperature. The reac-
tion mixtures were shaken with polymer-bound tris amine
(~45 mg) for 3 h, then filtered and purified by preparative
HPLC to afford the sulfonamides (7) as the trifluoroac-
etate salts.

PK data for (2) after i.v. administration (1 mg/kg; rat),
CLp 18 ml/min/kg; 1/, = 1.0 h, plasma AUCq_j,r 952 h ng/
ml, brain AUCq_j,r 587 h ng/ml.
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