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Abstract: We recently described the synthesis and characterization of MDL 105,212, a non peptide tachykinin
antagonist with high affinity for NK; and NK; receptors.! Here we report the synthesis and structure—-activity
relationships for a series of analogs of MDL 105,212 with regards to: NK,; and NK; receptor binding affinity,
physical-chemical characterization; in vitro absorption potential; in vitro metabolic stability; and efficacy in a
capsaicin-challenge conscious guinea pig model after oral administration. © 1997 Elsevier Science Ltd.

Substance P (SP) and neurokinin A (NKA) are peptide neurotransmitters that regulate vascular and bronchial tone,
vascular permeability, mucus secretlon cell proliferation, and immune responses through action at their preferred
receptors, NK, and NK;, respectively. 23 Recognition of the similarities between tachykinin-mediated effects and
asthmatic symptoms has led to the postulation that SP and NKA participate in neuro-inflammatory processes in the
airways of asthmatics.* Based on the complementary nature of the airway effects of SP and NKA, and since both are
released upon sensory nerve stimulation, we have designed, synthesized, and characterized a series of 1-[2-(pyrrolidin-
3-yl)-ethyl]piperidines as part of our program directed toward development of dual NK,/NK; receptor antagonists as
potential therapeutic agents for the treatment of asthma.

Initially, we synthesized a series of racemic analogs to investigate the structure—activity relationships for this series
with respect to receptor binding affinity. The information from these studies led us to synthesize a series of chiral
analogs which were further characterized. The compounds were evaluated in terms of physical-chemical
characteristics, then ranked according to absorption potential and metabolic stability relative to MDL 105,212. The
compounds were then evaluated for their ability to inhibit the respiratory effects induced by capsaicin aerosol in
conscious guinea pigs after oral administration.’
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Scheme 1. (a) 2 equiv NaHMDS, 2 equiv ethyl brorpoacetate; (b) Raney Ni, H,, EtOH/NH,OH; (c) NaBH,,
CoCl,e6H,0, CH;OH: (d) LiAlH4, THF 50 °C; (e) AlH;, THF, 50 °C; (f) 3,4,5-trimethoxybenzoyl chloride, NaHCO;3,
acetone/H,O; (g) methanesulfonyl chiloride, DIEA, CH,Cl,; (h) K,CO;, THF/H,0; HX.

The synthesis of the racemic analogs 7a-m is outlined in Scheme 1. Aryl acetonitriles la-g were treated with
sodium bistrimethylsilylamide (2 equiv), and the resulting solutions were added to ethyl bromoacetate (2 equiv) in THF
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to afford, after purification by crystallization or chromatography, 2a-g in 58-95% yield. Nitriles 2a-g were
hydrogenated over Raney nickel (70-99% yield) or reduced with CoCly/NaBH, in methanol® to give lactam esters 3a~g
(32-85%yield). The Raney nickel method was more convenient in terms of work up. The lactam esters contammg a
halogenated Ar, moiety (3a—e) were reduced to the corresponding amino alcohols using AlH; (28-90% yleld) When
Ar) was not substituted with halogen (3f-g) LiAlH,; was used for the reduction (47-70% yield). The amino alcohols
4a-g were acylated with 3,4,5-trimethoxybenzoyl chloride using Schotten—-Baumann conditions (46-98% yield) and
the resulting amide alcohols were converted to the methanesulfonates Sa~g (95-99% yield). Nucleophilic
displacement of the mesylates with the requisite substituted 4-arylpiperidine carboxamide hydrochloride 6a—e provided
after purification by chromatography and conversion to the salt (hydrochlorides 7a-l, n and o or oxalate 7m) the
desired 1-[2-(pyrrolidin-3-yl)-ethyllpiperidines in 26-90% yield.

The synthesis of the substituted 4-arylpiperidine carboxamide hydrochlorides 6a—j are outlined in Scheme 2. The
primary carboxamide of 4-phenylpiperidine (6a) was prepared from commercially available N-benzyl-4-cyano-4-
phenyl-piperidine hydrochloride (9a). The hydrochloride salt was neutralized, the free base was crystallized from
heptane, and the nitrile was hydrolyzed with basic peroxide to afford the carboxamide N-oxide 10a (x = 1) in 81%
yield. Alternatively, the nitrile 9a was hydrolyzed under acidic conditions to afford the primary carboxamide 10a
(x=0) in quantitative yield.® The N-oxide 10a (x = 1) was reduced and the benzyl group was removed by catalytic
hydrogenation over 5% Pd/C in acetic acid. The residue was treated with HCl in ethyl acetate to give the hydrochloride
salt 6a in 72% yield.
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Scheme 2. (1) Ar,CH,CN, 50%NaOH, hexadecyltrlbutylphosphonium bromide, A; HCI, EtOAc; (j) 50% NaOH, H,0,,
EtOH, 50°C; (k) H.S04, H,0, 100°C; (1) Ha, 10%Pd/C; HCI, EtOAc; (m) HSO4NO/H,0; (n) R,R;NH, EDC, HOB,
DIEA, CH,Cly; (0) [Boc]20, DIEA, DMF; (p) 4N HCI, dioxane.

The 4-arylpiperidine carboxamides that are not commercially available were synthesized from the aryl acetonitriles
and N-benzyl-bis(2-chloroethyl)amine 8 to give 9b—e in 33-93% yield using phase-transfer conditions.'® The nitrile
was hydrolyzed with basic hydrogen peroxide and the benzyl group was removed by hydrogenation over 5% Pd/C in
ethanol or methanol.

The carboxamide analogs of the 4-phenylpiperidines were synthesized from 4-phenylpiperidine carboxylic acid p-
toluenesuifonate salt 12. The piperidine nitrogen was protected as the fert-butylcarbamate (84% yield) and the
carboxylic acid 13 was coupled with the desired primary or secondary amine in the presence of EDC and HOBT.
Chromatography and treatment with 4N HCl in dioxane gave the substituted 4-arylpiperidine carboxamide
hydrochlorides 6g-j in 55-85% yield.
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4-(Pyrid-3-yl)-piperidine 10d (x = 0) was treated with nitrosyl sulfuric acid'' (75% yield) to give the carboxylic
acid 11 which was coupled with N-methylpiperazine using EDC/HOBT to afford the N-methylpiperazine carboxarnide
analog in 79% yield. The benzyl group was removed by catalytic hydrogenation over 5% Pd/C in methanol to give the

piperidine 6f (85% yield).

The NK/NK; receptor binding affinity data for the racemic analogs are summarized in Table 1. Previously, we
described the design rationale that led to the 3,4,5-trimethoxyphenyl benzamide as the best benzamide in terms of dual
NK/NK; receptor binding affinity for this series.! Several aryl-3-yl-substituted pyrrolidine analogs (7a—f) had good
affinity for the NK, receptor; however, the 3,4-dichlorophenyl substituent Ar, of the pyrrolidine (7d) was found to be
optimal in terms of dual receptor affinity. A secondary or tertiary carboxamide moiety at the 4-position of the
piperidine was found to improve NK; receptor binding affinity compared to the primary carboxamide (7h-k compared
to 7d). Modifications of Arz (71-0) had less of an effect in terms of receptor binding affinity; however, incorporation
of the pyridyl moiety (7n-o) at this position was found to effect other properties, vide infra.

Table 1. NK, and NK; receptor binding affinity for racemic analogs of MDL 105,212'2

RiR;N

O

Arf

(o]

OCH;

Lo A
An CH;
Ta-o

Compound RiR;N Ary Ar, NK, NK,
ICs ICso
(nM) (nM)
7a HoN 3-chlorophenyl phenyl 10.7 190
7b HoN 4-chlorophenyl phenyl 8.62 57.9
Tc HzN 4-fluorophenyl phenyl 233 235
7d H;N 3,4-dichlorophenyl phenyl 5.88 21.0
Te HoN 3,4-difluoropheny! phenyl 9.76 74.5
7t H;N 34- phenyl 36.7 2,770
dimethoxyphenyl
7g H;N 3-pyridyl phenyl 567 >10,000
d N~ H
7h — XN#’ 3 4-dichlorophenyl phenyl 7.53 11.8
71 O‘-“ 3,4-dichlorophenyl phenyl 23.2 9.39
o™ 3,4-dichlorophenyl phenyl
7i Sy 8.72 3.64
CHiy~ 4.51 3.13
7k LNy 3 4-dichlorophenyl phenyl

71 HoN 3,4-dichlorophenyl 3-methoxyphenyl 8.49 17.1
7m H;N 3,4-dichlorophenyl 4-fluorophenyl 13.5 12.0
n HuN 3,4-dichlorophenyl 3-pyridyl 8.14 16.2
70 H,N 3,4-dichlorophenyl 4-pyridyl 4.88 16.4
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Based on the receptor binding affinity for the racemic analogs, several compounds were selected for synthesis in
optically pure form. The piperidines 6a, gj were allowed to react with the previously reported mesylate 14" to afford
the enantiomerically pure products (15a-g) after purification and salt formation in 41-90% yield (Scheme 3).
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Scheme 3. Synthesis of enantiomerically pure analogs of MDL 105,212.

The compounds in Table 2 (15a~f) have high binding affinity for NK; and NK; receptors. The compounds that
contain a second or third basic nitrogen (15b,c,e,f) were found to have increased solubility (6 to 17-fold) in pH 7.4
phosphate buffer compared to MDL 105,212A (15a). The absorption potential with Caco-2 cells correlated with the
clogP for this series of analogs (r2=0.74). The in vitro metabolic stability with rat liver (10S) fraction was slightly
improved for analogs 15b—f compared to MDL 105,212A (15a). While improvements in in vitro absorption and
metabolic stability were made, these effects did not translate to improved in vivo efficacy and duration of action (results
not shown) in the capsaicin challenge guinea pig model. For example, 15d and 15e were predicted to be absorbed
better than 15a (3.7 and 2.1, respectively); however, they inhibited the capsaicin-induced respiratory effects by 39%
and 31%, respectively, compared to 60% for 15a.'®

In summary, a versatile synthetic route for the preparation of substituted 1-[2-(pyrrolidin-3-yl)-ethyl]piperidines
has been developed. Analysis of the NK/NK, receptor binding affinity for a series of racemic analogs of MDL
105,212 revealed that the 3,4-dichlorophenylpyrrolidine moiety was optimal for dual affinity. Incorporation of other
piperidines containing different carboxamide and 4-aryl substitutents were found to have increased aqueous solubility,
and improved metabolic stability. The absorption potential as predicted from in vitro studies with Caco-2 cells did not
correlate with the in vivo activity after oral administration using HPBCD as vehicle."*
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Table 2. Characterization of MDL 105,212 and analogs.
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NK, NKz pKal 5
MDL R,R;N Ar ICsp ICS() pKaz;
@M | (M) | pKas;
clogP;
logD"?

solubility
(ng/mL)"®

Relative
Permeability'’

Relative
Metabolic
Stability'®

%
inhibitio
n
at 10
mg/kg,
p.o.”

105,212 H,N phenyl 3.11 8.40 7.64;
(A) NA;
15a NA;

34,

3.02

70

60%

HoN 3-pyridyl | 4.01 777 | 7.60;
15b 3.97;
NA;
1.9;
2.59

548

0.1

0.72

38%

H,N 4-pyridyl | 2.49 10.2 7.53;
15¢ 4.14;
NA;
1.9;
2.64

408

0.1

0.78

20%

o™ phenyl | 434 | 205 | 7.51;
15d N NA;
NA;
4.3;
3.02

25

3.7

0.77

39%

CH. phenyl 3.94 2.19 7.92;
15¢ (}qg 6.86;

NA;
4.7;
3.71

4

426

2.1

0.43

31%

o Tpyridyl | 246 | 451 | 1141,
15¢ M 7.6
N 6.71:
3.2;
2.41

Z

1200

1.2

ND

13%

NA = not applicable, ND = not determined
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