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ABSTRACT:
This study describes the integrated application of parallel synthesis and computational chemistry to the design

of notent ﬂanupudC d‘ﬂtngHlSt& for the neurnppphﬂp Y-1 (T\TPV‘I ) receptor, A lead molecule was modeled in

the active site of the NPY1 receptor, and a potentially fruitful region for analog construction was identified.
Synthesis of suitable scaffolds followed by solution phase generation of a small library of analogs produced a
compound with 5-fold improvement in binding over the already potent lead. This new compound was shown to
be an unanticipated side product of the parallel synthesis reaction. © 1999 Elsevier Science Ltd. All rights reserved.

During the past fifteen years, a multidisciplinary effort has been initiated to understand the
chemistry, pharmacology, and potential clinical applications of agonists and antagonists of
neuropeptide Y (NPY), the sequence of which was first reported in 1982." NPY is synthesized
in both the peripheral and central nervous systems, and has been implicated in the regulation of
feeding, energy metabolism, vascular tone, learning and memory, and release of pituitary
hormones .>* Two relatcd pepmdes PYY and pancreatic polypeptide, are produced in the gut
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binds this fr agmcnt with reasonably high

affinity for [Pro**|NPY. Although the Y-1 and Y-2 rcueptors bind NP
affinity, a Y-3 receptor that recognizes NPY but not PYY has

pharmacologically.”’ A pancreatic polypeptide receptor, denoted Y-
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cloned.® A Y-5 receptor has been cloned which has peptide pharmacology closer to that of a
feeding receptor.”® Finally, a Y-6 receptor has been cloned from several species, but is not
functionally expressed in the human or rat.*®

Recently, there have been several reports of the synthesis of non-peptide Y-1 receptor
antagonists (Figure 1).'*'® These non-peptide antagonists should be important tools for
revealing the roles of the Y-1 receptor. One such series, developed at Lilly, derives from a

benzimidazole nlatform 16,17 Amembe of this benzimidazole series, II, had a K, of 6 nM in the
Y-1 binding assay. Compound Il was itself the result of extensive chemical modl-lcati,n of an
mmitial screenino lead unf an affinitv of 3 n 18 he nurnoce of the nrecent ctndv wae ta
AALEVLALAA UVAVVALLLLb AWwWisws YY ALAL 441 4L K221 J A - r\« A F ¥ A Aiw P\JLY\IUV AV N viiw PI\IUV&JL UI-““J Y LA AV 4
further optimize the sidechain pharmacophore of this series by integrating computational
mathnde anAd narallal cvnthacic
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Figure 1. Nonpeptide neuropeptide Y-1 antagonists.

Results
As a first step toward optimizing II, computer modeling studies were catried out to identify
positions that warranted further optimization. A tbureewdlmensmnal model of NPY was
constructed based on the published crystal structure' of a related peptide, avian pancreatic
v‘r\lxrv\onf r‘a /'F:n'llvn ")rx\ T o I’\’II\AD] {'\I"lIC‘DA faVsal ?'CIG1AIIDG V1 VQR D'Z'l anl D'Z c;nr‘p 01qn|np
lJUl_le\.»PL UC (1igulC fa).  1UC HIUUDL TULUOLTU UL I0BIUULS 1 1, 1 JU, INJJ, alil INJ U, SHUVL dlaliiiie
““““““““ 20 L conctad that thaoa aidanhaing vramra jmmartant Far racantar antivity
sualuuug DUBECDLCU Lildl LLITOHCT DIUCTLIIALIID WRILC L] 1FU1 Ltalii 1u1 lc\aCl)LUl auvuivily.
Vg YU U VR I S VA vx xxslhatlhhae $4lhn qivatinl ﬂumr\v\.nﬂmr\n‘- ~AF tlha thhaca NIDV
UuUr 1Iiitidi Suratlc _y wdd O UCLCIIIHIIC WIICLLIICT LIIC bpd.le.l dlldllgCl ICIIL Ul LIL LIITSCT INI I

sidechains could be overlaid on BIBP3226 (I, Figure 1), a small-molecule NPY-1 receptor
antagonist with functional groups that resemble the side-chains from one arginine and two
tyrosines of NPY. The differential affinities of the two enantiomers of I (R-isomer, 4 nM; S-
isomer, > 1 uM) were used to test the validity of the superimposition. In agreement with
binding data, when the benzhydryl moiety of I was aligned with Y1 and Y36 of NPY, the
guanidinium group of the R-enantiomer of compound I aligned with a very positively charged
region defined by R25, H26, and R35 of the NPY pharmacophore, while the S-isomer aligned
its guanidinium group in the opposite direction, toward a hydrophobic region (figure 2b, see
experimental section for details). Free energy calculations confirm this conclusion (Table 1).
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Figure 2. Computational Models of the NPY Pharmacophore and Small Molecule Mimetics
BIBP3226 and LY344090

a. Model of the NPY Pharmacophore b. BIBP3226 (I) Superimposed on the NPY
Pharmacophore (R-enantiomer: light; S-
enantiomer: dark)

. 2 .,
Y27 e

c. LY344090 Superimposed on the
NPY Pharmacophore

Table 1. Comparison of enantiomers of II to the NPY pharmacophore model

isomer RMS AE, 42 Y-1 binding
deviation (A) (kcal/mol) K, (nM)
R 1.0 49 4

S 2.1 >10* >1,000



Benzimidazole compounds such as 1l have demonstrated equal binding affinity to I. As
with I, the benzimidazole structure-activity relationships have emphasized the importance of
aromatic moieties at the binding site, as well as cationic groups such as the two piperidine
moieties in II. Because of these gross structural similarities, we superimposed II on the NPY
model. In the best-fitting model, two of the phenyl rings of II projected into the space
occupied by tyrosines 1 and 36 of NPY, while the two piperidine groups projected into the
cationic region bounded by histidine 26 and arginines 25 and 35. We were intrigued with the
idea that the distal piperidine group may not have been interacting with the receptor optimally
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Scheme 2
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With these starting materials in hand, a small library of 84 secondary and tertiary amines of

general structure IIT was synthesized and analyzed for affinity at the NPY-1 receptor. Either
aldehyde IV was reacted with a 1.5 equivalents of primary amine, or 1.5 equivalents of amine

V1 was reacted with an aldehyde to form the corresponding Schiff base (Scheme 3).
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The Schiff base thus formed was then reduced with resin-bound borohydride to yield a
mixture of product secondary amine and starting primary amine. The undesired starting
material was then removed via scavenging with a resin bound aldehyde.”!

Of the 84 compound synthesized, 65 compounds were synthesized by reductive alkylation
of aldehyde IV with commercially available amines, and 19 compounds were synthesized via
the reductive alkylation of amine VI with commercially available aldehydes. The commercial
amine and aldehyde reactants were selected using molecular dissimilarity methods as described
in Materials and Methods.

Several representative library members are included in Table 2. From this first library
set, some interesting trends can be noted. Certain substitutions on the distal piperidine ring
proved to have a dramatic effect on the activity of the molecule. Substitution at the piperidine
4-position was generally unfavorable, with a 3-fold loss in activity on substitution of a simple
methyl substituent (entry 12), and a 4-fold loss in activity for the 4-benzyl compound (entry

10). Substitution at the piperidine 3-positions, however, gave molecules of widely varying
activity (see entry 14 vs. entry 3). When the distal piperidine was replaced by piperazine, an
examination of various 4-alkyl substituents very large, inflexible R-groups or R-groups with
attenuated basicity at the 4-position were generally less active (entries 2, 4, 6, and 8).

Although twenty three of the library members displayed Ki values less than 20 nM (ten of
these are listed in Table 2), including seven amines with binding affinities below 10 nM, only

one compound exceeded the potency of the lead structure: the compound derived from reaction
of IV and N-methyi-2-aminoethylpyrroie, with a K; at the Y-I receptor of about 1 nM. This
compound was selected for resynthesis for the purposes of further characterization and testing.

In the course of these studies, however, it became clear that the spectroscopic data were
not consistent with structure VII, the anticipated product of reductive amination. This
structure was unambiguously ruled out when it was found that aldehyde IV and N-methyl-2-
aminoethylpyrrole yielded the same adduct with 1:1 acetic acid/methanol as solvent ir the
absence of any reducing agent. A reasonable alternative structure that was consistent with all
the spectroscopic data is VIII (Scheme 4), resulting from a Pictet-Spengler cyclization®
between the aldehyde and amine components.
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Structure VIII was confirmed by an alternate synthetic route outlined in Scheme 5: N-
methyl-2-aminoethylpyrrole was condensed with 2-ethoxytetrahydrofuran to give alcohol IX
after BOC-protection of the amine nitrogen. This alcohol was converted to the corresponding
bromide. Alkylation of piperidine V with this bromide followed by deprotection in neat TFA
gave material that was spectroscopically identical to that obtained by direct condensation of
aldehyde IV with N-methyl-2-aminoethylpyrrole. Receptor binding affinity was essentially the
same as for VIII prepared by parallel synthesis.

Scheme 5
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The onginal intended product VII was synthesized by an unambiguous route and found to
have a K in Y-1 binding of 10 nM, about 10-fold weaker than VIII.

Functionally, VIII was an antagonist at the human Y-1 receptor, blocking the NPY-
mediated inhibition of cyclic AMP accumulation in SK-N-MC cells with a K, of 13 nM. For
comparison, Il had a K value of 45 nM in the same model.

Conclusion

A surprising finding of the present study was the observation that the only lead that
surpassed the starting compound II in affinity was the result of an unanticipated side-reaction.
Unanm:mated cyclizations and other serendipitous reactions have led to affinity hrgakthm ghs
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uable use th n move a chemi ut of an unproductive local minimum an
into a different region that is more amenable to improvement. Computational chemistry
assisted in the current study by suggesting a region of the molecule whose modification might
provide for a boost in potency. Even when the chemistry goes as planned, the number and
diversity of ‘roducts from ‘par"H“l syn tuems mcrcases the likelihood of totally unanticipated

cnemlstry can stack the deck in favor of unexpectea gOOCl fortune.

Experimental
Molecular Modeling
A three-dimensional model of NPY was constructed based on its high degree of sequence
homology with a structurally determined and related peptide, avian pancreatic polypeptide,
AAAAA A ne Yamm im the Dantale Natahanl 19 Afan wacidin alignment and ciheennant
urpumtcu ad lupp 111 tllC LIOUWCL 1 Jc th' 1A AALCD 1TTSIUUC augu 11C lt HHu > UD‘L{UC 1L

coordinate transfer, the NPY model was first energy minimized, and then subjected to 100 psec
of Langevin molecular dynamics simuiation at 300 °K in order to relieve backbone strain and
optimize sidechain packing. QUANTA/CHARMm, Version 4.1 was used for sequence
homology construction, energy minimization, and molecular dynamics simulations. Setup

parameters used in these calculations were a 12 A non-bonded cutoff distance, a RMS force of

0.01 kcal mole-1 A and 0.001 energy tolerance for determining minimization convergence, and
a dielectric constant of 1.0, since the peptide was solvated with a 6.0 A shell of TIP3 water
molecules. The Cartesian forcing algorithm within the QUANTA molecular similarity module
was used to calculate the best-fit free energy values. For the calculation of values in Table 1,
the positions of each of the pharmacophore elements were defined as the guanidyl carbon for
the arginines and the mid-points of the aromatic systems for the tyrosines. The NPY molecule

h Id rigid, and the similar functional elements from each of the BIBP3226 isomers were
constrained to the same space. As a result, each isomer was forced to adapt to the NPY

be sult, som

(A3 L2 5 G )
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pharmacophore model. As a measure of similarity, relaxation energy (AE..x) and root-mean-
square (RMS) deviation of fit to the NPY model were calculated and compared with K, vaiues
in Y-1 binding. The relaxation energy is defined as the difference in free energy between the
best-fit and the fully minimized structures. The RMS deviation of fit is defined as the RMS
difference between equivalent functional groups of NPY and each of the BIBP3226 isomers.

Selection of parallel synthesis reactants

1awvroe Tha AT Antnlhaca ~AF

inac far tha wadrints s7ama calantad oo il . n
L WELO DUICLICU add 1ULIUWD. 11U AU L UatdauastT Ui

Pﬁmar'y aimines ior uie€ reauc
commercially available chemicals was searched for primary amines using the MACCS
software package (MDL, San Leandro, CA). The 6,642 matches were reduced to 1,636 by
eliminating compounds with carboxylic acids and those with with m.w. > 250. The list was
further reduced to 577 by similarity clustering using the “leader” aigorithm. Eliminating
compounds with two primary amines (or other undesired features) reduced the list to 386,
which was then reduced to < 100 by hand-selection. Secondary amines and aldehydes were

selected in a similar manner.

Preparation of an NPY antagonist library

amination of an ¢ and a primary amine: To a 4 ml
screw cap glass vial is adde 0 pl methanol, 30 pumol of a primary aliphatic amine, and 20
umol of aldehyde IV as the dihydrochloride sait. The vial is sealed with a teflon backed cap
and the solution then shaken for 2-3 hours to allow for imine formation, then treated with
approximately 30 mg (2.5 mmol BH4-/g resin, 75 pmol) of Amberlite IRA-400 borohydride
resin (Aldrich Chemicals). The slurry is then shaken an additional 24 hours to effect reduction
to the secondary amine, then 150 ul methylene chloride and approximately 40 mg (1 mmol/g
resin, 40 umol) polystyrene-linked benzaldehyde resin is added to the vial and the mixture
shaken overnight, then filtered through a cotton plug, and the residual solids rinsed with
methanol. Evaporation under a flow of air or nitrogen, followed by drying for several hours at

VLI i S LAt al 1142 Ji a2l 2RI 2 s ial 11U

a vacuum oven, yields a product of typically 80-95% purity in yields

i
— g:.
)

i":E

Reaction of IV with (-)- a-methylbenzylamine (Table 2, entry 7): '"H NMR (CDCl,): 6.9-7.4 (m,



Reaction of IV with 4-methylcyclohexylamine (Table 2, entry 12): '"H NMR (CDCL,): 6.9-7.2
(m. 7H): § 5( 7H\ 40(m, 2H): 2930 (m, 1H):2.7(m.2H
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0.7-1.7 (m, 29H). lon spray MS: 565.2 (M+H).

Reaction of IV with 2-aminopentane (Table 2, entry 19): 'H NMR (CDCl,): 6.9-7.2 (m, 7H);
5.28 (s, 2H); 4.2 (m, 2H); 2.75-2.9 (m, 2H); 2.62 (s, 3H); 2.5 (m, 1H); 2.2-2.4 (m, 4H); 1.1-1.9
(m, 19H); 0.8 (m, 6H). ion spray MS: 539.5 (M+H)

General procedure for reductive amination of an aldehyde and a secondary amine: To a 4 ml
screw cap glass vial is added 30 pmol secondary amine, 20 umol aldehyde IV as the
dihydrochloride salt, and 120 ul 10% acetic acid in dichloroethane. The vial is sealed with a
teflon-backed cap and shaken at room temperature for 1 hour, and 30 mg (3.3 mmol CNBH,/g

resin, 0.1 mmol) of cyanoborohydride resin is added. After shaking overnight, 20 mg (2.5

mmol Cl/g resin) of acid chloride resin and 150 pl of 10% acetic acid in dichloroethane are
added and the vial is shaken for 5 hours. The reaction mixture is filtered through cotton and
the solvent evaporated to provide the desired tertiary amine product. Traces of reduced
aldehyde and boron salts which formed can be readily removed by solid phase extraction.
Reaction of IV with dibenzylamine (Table 2, entry 1): 'H NMR (CDCly): 7.0-7.4 (m, 17H);
5.35 (s, 2H); 4.21 (m, 2H); 3.55 (s, 4H); 2.8 (m, 1H); 2.69 (s, 3H); 2.4-2.5 (m, 1H); 2.2 (m,
1H); 1.1-1.9 (m, 18H). Ion spray MS: 649.2 (M+H)

Reaction of IV with 4-trifluoromethylphenylpiperazine (Table 2, entry 2):

):
7.0-7.4 (m, 11H); 5.35 (s, 2H); 4.2 (m, 2H); 3.2-3.3 (m, 4H); 2.9 (m, 2H); 2.70 (s, 3H); 2.6 (m,
4H); 2.3-2.5 (m, 4H); 1.1-2.0 (m, 15H). Ion spray MS: 682.2 (M+H).

Reaction of IV with N, N-diethylnipecotamide (Table 2, entry 3): 'H NMR (CDCL): 7.0-7.4
(m, 7H); 5.36 (s, 2H); 4.2 (m, 2H); 3.3-3.4 (m, 4H); 2.9-3.0 (m, 4H); 2.7 (s 3H); 2.1-2.4 (m,
5H); 1.1-2.0 (m, 28H). Ion spray MS: 636.4 (M+H).



Reaction of IV with 1-(diphenylmethyl)piperazine (Table 2, entry 4): 'H NMR (CDCl,): 7.0-
7.4 (m, 17H); 5.32 (s, 2H); 4.2 (m, 2H); 2.9 (m, 2H); 2.7 (s, 3H); 2.2-2.5 (m, 10H); 1.8-2.0 (m,
4H); 1.4-1.7 (m, 8H); 1.1-1.35 (m, 6H). Ion spray MS: 703.9 (M+H).

Reaction of IV with I-hydroxyethylethoxypiperazine (Table 2, entry 5): 'H NMR (CDCl,):
6.9-7.3 (m, 7H); 5.35 (s, 2H); 42. (m, 2H); 3.5-3.7 (m, 6H); 2.9 (m, 2H); 2.7 (s, 3H); 2.2-2.6
(m, 10H); 1.75-1.9 (m, 8H); 1.1-1.7 (m, 11H). Ion spray MS: 626.3 (M+H).

Reaction of IV with 1-styrylpiperazine (Table 2, entry 6): 'H NMR (CDCl,): 6.9-7.4 (m, 12H);
6.5 (m, 1H); 6.2-6.3 (m, 1H); 5.35 (s, 2H); 4.2 (m, 2H); 3.2 (m, 2H); 2.9-3.0 (m, 2H); 2.7 (s,
3H); 2.3-2.7 (m, 10H); 1.8-2.0 (m, 5H); 1.1-1.7 (m, 10H). Ion spray MS: 654.5 (M+H).

<227 SOTLU (IR, OB )5 12T vik) id)y ¥io

Reaction of IV with 1-(t-butoxycarbonyl)piperazine (Table 2, entry 8): 'H NMR (CDCl,): 6.9-
7.4 (m, 7TH); 5.35 (s, 2H); 4.2 (m, 2H); 3.4 (m, 4H);2.9 (m, 2H); 2.7 (s, 3H); 2.3-2.4 (m, 8H);
1.8-1.9 (m, 6H); 1.55-1.7 (im, 4H); 1.48 (s, 9H); 1.1-1.4 (m, SH). Ion spray MS: 639.5 (M+H)
Reaction of IV with [-hydroxyethylpiperazine (Table 2, entry 9): 'H NMR (CDCly): 6.9-7.3
(m, 7H); 5.35 (s, 2H); 4.2 (m, 2H); 3.6 (m, 2H); 2 (m 2H); 2.7 (s, 3H); 2.4-2.6 (m, 8H); 2.3
(m, 4H); 1.8-2.0 (m, 4H); 1.4-1.7 (m, 7H); 1.1- 14(m 6H). Ion spray MS: 582.1 (M+H).

Reaction of IV with 4-benzylpiperidine (Table 2, entry 10): 'H NMR (CDCL;): 6.9-7.3 (m,
12H): 5.36 (s, 2H); 4.2 (m, 2H); 3.54 (m, 1H); 2.8-3.0 (m, 4H); 2.7 (s, 3H); 2.55 (m, 1H); 2.2-
2.4 (m, 4H); 1.8-2.0 (m, 6H); 1.4-2.2 (m, 8H); 1.1-1.3 (m, 8H). Ion spray MS: 627.4 (M+H).

Reaction of IV with 1-phenethylpiperazine (Table 2, entry 13: '"H NMR (CDCl;): 6.9-7.3 (m,
12H); 5.35 (s, 2H); 4.2 (m, 2H); 2.75-3.0 (m, 4H); 2.7 (s, 3H); 2.4-2.6 (m, 8H); 2.2-2.35 (m,
4H); 1.8-2.0 (m, 6H); 1.4-1.7 (m, 6H); 1.1-1.4 (m, SH). Ion spray MS: 642.5 (M+H).

Reaction of IV with ethylnipecotate (Table 2, entry 14): 'H NMR (CDCl;): 6.9-7.3 (m, 7H);

5.36 (s, 2H); 4.05-4.25 (m, 4H); 2.75-3.05 (m, 4H); 2.7 (s, 3H); 2.55 (m, 1H); 2.2-2.4 (m, 4H);
2.1 (m, 1H); 1.5-2.0 (m, 16H); 1.1-1.4 (m, 7H). Ton spray MS: 609.5 (M+H).

Reaction of IV with I1-piperonylpiperazine (Table 2, entry 15): '"H NMR (CDCl;): 6.9-7.3 (m,
7H); 6.82 (s, 1H); 6.7 (s, 2H); 5.92 (s, 2H); 5.34 (s, 2H); 4.2 (m, 2H); 3.4 (s, 2H); 2.9 (m, 2H),
2.68 (s, 3H); 2.2-2.5 (m, 8H); 1.8-2.0 (m, 6H); 1.4-1.7 (m, 8H); 1.1-1.4 (m, 5H). Ion spray MS:
672.3 (M+H)

Reaction of IV with 1-(1-morpholinoethyl)piperazine (Table 2, entry 16): "H NMR (CDCl,)
6.9-7.3 (m, 7H); 5.34 (s, 2H); 4.2 (m, 2H); 3.7 (m, 4H); 2.9 (m, 2H); 2.68 (s, 3H); 2.2-2.6 (m,
10H); 1.7-2.0 (m, 8H); 1.4-1.6 (m,8H); 1.1-1.3 (m, 7H). Ion spray MS: 651.5 (M+H).



Reaction of IV with 1-isopropylpiperazine (Table 2, entry 17): 'H NMR (CDCl,): 6.9-7.3 (m,
7H); 5.34 (s, 2H); 4.2 (m, 2H); 2.9 (m, 2H); 2.7 (s, 3H); 2.5-2.6 (m, 8H); 2.2-2.4 (m, 4H); 1.8-
2.2 (m, 5H); 1.5-1.7 (m, 6H); 1.1-1.4 (m, 5H); 1.05 (d, 6H). Ion spray MS: 580.2 (M+H).

Reaction of IV with 1-cyclohexylpiperazine (Table 2, entry 18): 'H NMR (CDCl,): 6.9-7.3 (m,
7H); 5.34 (s, 2H); 4.2 (m, 2H); 2.9 (m, 2H); 2.7 (s, 3H); 2.4-2.6 (m, 6H); 2.2-2.4 (m, 4H); 1.5-
1.9 (m, 18H); 1.1-1.4 (9H). Ion spray MS: 620.3 (M+H).

N-BOC-3-bromopropylamine: 3-Bromopropylamine hydrobromide, 43.8 g (0.200 mole), and
di -(tert- butyl) carbonate 48 g (0.220 mole), were slurried in THF, 1L and chilled with ice /

ded IN NaOH, 220 ml, over ;mnrnmmn I 30 minutes, dnrmo

reaction was stm‘ed nVmebt and allowed to warm to

(".v(

The combined organics were washed wi
evaporated to a slowly crystallizing oil, 42 g (90%), m;
mw = 238.

resultmg layers were separated and the aqueous layer was again
I \N,;

3-(4-Piperidyl)-1-propanol: 3-(4-Pyridyl)-1-propanol, 500 g (3.65 mole) and 125 g 5% Rh/C
in 3.4 L ethanol was treated with and hydrogen at 60 °C under 60 psi for 24 hrs. The catalyst
was removed by filtration and the filtrate evaporated to form a slush of crystalline solid in
liquid. The product, 3-(4-piperidyl)-1-propanol, was collected on a filter as an off-white
crystalline solid, mp 65 °C, 447 g (85%). FDMS, M+ = 143, calculated mw = 143.

3-(4-(N-Boc-piperidyl))-1 -propanol - 3-(4-Piperidyl)- l-propanol 71.5 g (0.50 mole) was
dissolved in 1.25 L THF and mixed with a solution of potassium carbonate, 82.5 g (0.60 mole)
in 1.25 L water. To this solution at 5 °C was added di-(tert-butyl) carbonate, 131 g (0.60 mole)

and the resulting mixture was stirred and aliowed to come to RT over night. The reaction
mixture was diluted with ethyl acetate and the layers were separated. The aqueous layer was
again extracted with ethyl acetate and the combined organics were washed with brine, dried
with sodium sulfate, filtered and evaporated to a thick oil. The crude product was purified over
silica gel eluting with a gradient of 100% hexane to 1:1 hexane / ethyl acetate. The BOC
protected product weighed 70 g (57%). FDMS, M+ = 243.1, calculated mw = 243.35.
Elemental analysis, C13 H25 N O3, CHN.

3-(4-(N-Boc-piperidyl))-1-bromopropane: ~ Triphenylphosphine, 75 g (0.280 mole) was
dissolved in 600 ml fresh dichloromethane and chilled to 5 °C. To this solution was added
bromine, 15 mi (0.290 mole) over approximately 20 minutes keeping the temperature below 10
°C. Near the end of the addition, the color of the reaction mixture retained a yellow/orange



color. Small portions of triphenylphosphine were added to the reaction mixture so as to cause
dissipation of the color and yield a nearly white mixture. The 3-(4-(N-BOC-piperidyl))-1-
propanol, 48.6 g (0.200 mole), was dissolved in 200 ml dichloromethane and to it was added
pyridine, 22.6 ml (0.280 mole). The resulting solution was added to the bromine reagent over
10 minutes. The reaction was stirred overnight and the temperature was allowed to reach RT.
The reaction was evaporated to a slush and mobilized by adding hexane and diethyl ether. The
solids (triphenylphosphine oxide and pyridine hydrobromide) were removed by filtration and
washed well with ether and hexane. The combined filtrate and washes were evaporated and the
resulting oil was purified by silica chromatography eluting with a gradient of 100% hexane to
1:1 hexane / ethyl acetate. The product yield was 55.4 g (90%) of oil, which solidified on
chilling. FDMS, M = 305.0, calculated mw 306.25. elemental analysis, C13 H24 Br N O2,

CHN 300 mHz nmr, CDC13, (m, 2H, 1.05 ppm), (m, 2H, 1.30 ppm), (s, 10H, 1.40 ppm), (d
AS 3 3 rr FASIAN 2 2 rr J2 73 2 rr A3 N\
2H, 1.60 ppm), (m, 2H, 1.83 ppm), (t, 2H, 2.65 ppm), (t, 2H, 3.36 ppm), (m, 2H, 4.08 ppm )
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1-(3-{4-(1-(N-BOC-3-aminopropyl)piperidyl))propyl)-2-(4-chlorophenoxymethyl)-4-
methylbenzimidazole: 1-(3-(4-Piperidyl)propyl)-2-{(4-chiorophenoxymethyl)-4-methyl

benzimidazole 1.0 g (2.5 mMol), sodium bicarbonate, 295 mg (3.5 mMol), and DMF, 100 ml,
were combined and heated to 40 °C for 30 minutes. To this was added N-BOC-3-
bromopropylamine, 715 mg (3.0 mMol), and the reaction mixture was heated to 120 °C for 4
hours and then allowed to cool to RT. The majority of the DMF was removed by evaporation
and the residue was dissoved in ethyl acetate and saturated sodium bicarbonate solution, 25 ml
each. The layers were separated and the aqueous layer was extracted twice more with fresh
ethyl acetate, 25 ml each. The combined organics were washed with brine, dried with sodium
sulfate, filtered and evaporated to yield an oil. The crude oil was chromatographed on silica
and eluted with a gradient of 100% hexane to 1:1 hexane / ethyl acetate to yield 893 mg oil
(64%) as product. FDMS m+ = 554, calculated mw 554. 300 mHz nmr, CDCI3, (s, 2H, 1.14

ppm), (m, 3H, 1.20 ppm), (s, 9H, 1.36 ppm), (m, 4H, 1.55 ppm), (m, 4H, 1.78 ppm), (T, 2H,

2.30 ppm), (s, 3H, 2.60 ppm), (d, 2H, 2.83 ppm), (m, 2H, 3.10 ppm), (t, 2H, 4.10 ppm), (s, 2H,
5.24 nopm) (m 1PI Qﬁﬁnnm\ (d. 2H. 6.91 nnm\ (m. 1H. 7.00 pom). (m_. 4H_7.12 rmm\

MPliiify \1i1y 431y SOV i)y \my &L212, VT2 PAidjy \A23y 133, FLUN PIPIRILS, (A3 LN

1-(3-(4-(1-(3-Aminopropyl)piperidyl))propyi)-2-(4-chlorophenoxymethyl)-4-

methylbenzzmzdazol e (VD). The BOC protected amine, 800 mg (1.4 mmol), was treated with
anhydrous TFA, 20 ml, at RT for 60 minutes. The TFA was removed in vacuo and the residue
was dissolved in water and extracted with diethyl ether and dichloromethane. The aqueous

layer was treated with saturated potassium carbonate solution and extracted with
dichioromethane and ethyl acetate. The combined extracts from the basic layer were washed
with brine, dried with anhydrous potassium carbonate, fiitered, and evaporated to an oii, 600

mg, (94%). FDMS, M+ = 455, calculated mw = 455. 300 mHz nmr, CDCi3, (m, 4H, 1.i4
ppm), (m, 2H, 1.26 ppm), (m, 1H, 1.35 ppm), (m, 4H, 1.56 ppm), (m, 4H, 1.80 ppm), (t, 2H,



2.30 ppm), (s, 3H, 2.66 ppm), (t, 2H, 2.68 ppm), (d, 2H, 2.85 ppm), (t, 2H, 4. 16 ppm), (s, 2H,
5.30 ppm), (d, 2H, 6.95 ppm), (m, 1H, 7.05 ppm), (m, 4H, 7.20 ppm).

2-(4-Chlorophenoxymethyl)-4-methylbenzimidazole: 2,3-Diaminotoluene, 25 g (0.205 mole)
was dissolved in 700 ml methanol and to it was added cautiously a solution of anhydrous HCI,
38 g, in methanol, 700 ml. After the mixture cooled, the precipitated solid was collected on a
filter and vacuum dried, 28 g. A second crop of 5 g was collected. The first crop material was
used in the next step without further treatment.

4-Chlorophenoxy acetonitrile, 25 g (0.15 mole) was d1ssolV-d in methanol, 1.5 L, and the
resulting solution was stirred at RT. To this was added in one portion, sodium methoxide,8.1 g
(0185 mnla) which recniltad in a clondv mivtre Thic wace ctirrad at T ymder a nitrnoen
\\l- ey IIIUIU} ¥V RELIN/RD A Wwidlkivwil i1 \IIUUUJ RiEiNLUL v, A 1110 Yvvao Dliltivwvi Gl 1Zn 1 CLINAVE «Qa lllllus\lll
atmnonhara far A8 minntac and than traated vt tha Aiarminntnliiana AithuvAdeacsrhlAamdsa 7Q o
auuuoyupu., 1UL v HLLILIULO Allu LIl uvalvua vwilll ulv UI4dliliiiviviygviie Ulll'ywu\illlulluc, O 5
(N 1A smanla) A fine ctireima Avrarmiaglt tha vanatimam matvdiira sxrao Ailirdad it wxratane 2T 4 Al n
\U.l"’ llUlC}. ALICL DLIELE 15 uvoe llléllL, LIICT ICALLIUIL TTHALUICT Wdd U11UiCd wilil alCl, 2 La, w BIVC
a tacky solid precipitate. The supernatant was removed by decantation and replaced with
dichloromethane so as to dissolve most of the precipitate. The dark solution was filtered to

remove talc-like insolubles and dried with sodium suifate. A 30 g mass of reddish crystailine
solid remained after the above solution was filtered and evaporated, mp = 145 °C. FDMS, M+
= 272, calculated mw =272, 300 mHz nmr, CDCI3, (s, 3H, 2.63 ppm), (s, 2H, 5.33 ppm), (d,
2H, 6.83 ppm), (d, 1H, 7.10 ppm), (m, 3H, 7.20 ppm), (d, 1H, 7.40 ppm), (bs, 1H, 9.30 ppm).

1-(3-(4-(N-BOC-piperidyl))propyl)-2-(4-chlorophenoxymethyl)-4-methylbenzimidazole: =~ 2-(4-
Chlorophenoxymethyl)-4-methylbenzimidazole, 9.55 g (0.035 mole), sodium hydride (60% in
oil) 1.61 g (0.040 mole), and DMF, 200 ml, were combined and heated at 50 °C for 30 minutes.
3-(4-(N-Boc-piperidyl))-1-bromopropane 12.4 g (0.041 mole) in 40 ml DMF was added over
10 minutes to the benzimidazole / hydride mixture and then heated at 60 °C for 6 hours. Silica
TLC, 1:1 hexane / ethyl acetate shows no remaining starting benzimidazole and two product

ots: the leqqer at R; 0.40 and the greater { desired) at R 0.50. The reaction was evanm'ated

S T T
isomers: the 7-methyl and the 4-methyl with respect to the BOC- plpendmoprop 1 moiety, was

m o al

bdeIdLCU lIllU the two com
dichloromethane to 10% ethyl acetate in dichioromethane. The major compone
desired product) eluted first, and 13 g (74%) of crystalline product were collected. FDMS, M+

o T A

=497, calculated mw = 497. Elemental analys1s for C28 H36 N3 O3 CI, CHN.
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1-(3-(4-Piperidyl)propyl)-2-(4-chlorophenoxymethyl)-4-methylbenzimidazole (V): 1-(3-(4-
(N-BOC-piperidyl))propyl)-2-(4-chlorophenoxymethyl)-4-methylbenzimidazole, 8.0 g (0.016
mole), was added in portions to anhydrous trifluoroacetic acid, 100 ml, at RT. The resulting



solution was stirred at RT for 50 minutes and then evaporated to dryness. The residue was
dissolved in water and ether. The layers were separated and the aqueous was extracted again
with 30 ml ether. The aqueous was basified with 1 N NaOH to pH 11 and extracted with
dichloromethane, 3x100 ml. The combined dichloromethane extracts were dried with
anhydrous potassium carbonate, filtered and evaporated to yield a solid, 5.66 g (89%). FDMS,
M+ = 397, calculated mw = 397. Elemental analysis for C23 H28 N3 O CI, CHN. 300 MHZ
MNR, CDCL3, (m, 2H, 1.10 ppm), (m, 3H, 1.25 ppm), (d, 2H, 1.60 ppm), (m, 2H, 1.82 ppm),
(t, 2H, 2.52 ppm), (s, 3H, 2.65ppm), (d, 2H, 3.04 ppm), (s, 1H, 3.80 ppm), (t, 2H, 4.16 ppm), (s,
2H, 5.30 ppm), (d, 2H, 6.96 ppm), (m, 1H, 7.08 ppm), (m, 4H, 7.20 ppm).

Dioxolane derivative of IV: The benzimidazole from the previous paragraph, 2.98 g (7.5
mMol), sodium bicarbonate, 655 mg (7.8 mMol) and dimethylformamide, 100 ml, and 2-(3-
chloropropyl)-1,3-dioxolane, 2.26 g, 1.98 m! (15 mMol), were combined at RT and heated to
90 °C under nitrogen for 8 hours. An additional equivalent of the dioxolane material was
added and the heating was continued for 4 hours. The DMF was removed by slow evaporation
at RT and the residue was dissolved in ethyl acetate and saturated sodium bicarbonate solution.
™ 1 ~ dom ok PR 1 . — L.

The layers were separated and the aqueous was extracted with ethyl acet:
combined extracts were dried with sodium sulfate, filtered, and evaporated to give 3 g of thick
oil. This material was chromatographed on silica gel using a gradient of 100% ethyl acetate to
10% methanol in ethyl acetate to give 2.4 g (62%) of slowly crystallizing oil. FDMS, M+ =
511, calculated mw = 512. Mp = 82 °C. 300 mHz nmr, CDCI3, (m, SH, 1.25 ppm), (m, 6H,
1.63 ppm), (m, 4H, 1.90 ppm), (m, 2H, 2.38 ppm), (s, 3H, 2.68 ppm), (d, 2H, 2.95 ppm), (m,
2H, 3.85 ppm), (m, 2H 3.95 ppm), (t, 2H, 4.20 ppm), (m, 1H, 4.85 ppm), (s, 2H, 5.35 ppm), (d,
2H, 6.98 ppm), (m, 1H, 7.10 ppm ), (m, 4H, 7.24 ppm).

ethered aldehyde (IV): The benzimidazole dioxolane, 1.07 g (2.09 mMol), and 200 ml THF
were hca ed and stirred together to 60 °C. To the solution was added 6.27 ml 1 N HCI [3 eq.
q. formed the dihydrochloride salt which precipitated immediately)] and the

resulting mixture was stirred at 60 °C for 7 minutes and then allowed to slowly cool to RT
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1-Methyl-2-(2-aminoethyl)pyrrole: ~Commercially available 1-methylpyrrole-2-acetonitrile,
150 g (1.25 mole), was dissolved in absolute ethanol, 960 ml, and anhydrous ammonia, 375 ml.
After cautious addition of Raney Nickel (15 g), the reaction was pressurized with hydrogen to



500 psi and heated at 80 °C for 8 hr. The cataiyst was cautiously removed by fiitration and
carefully washed with ethanol. The combined filtrate and wash were evaporated to an oil and
distilled at 60°C/0.2 torr to give the desired product, 138 g, 89% yield. The nmr, CDCIl3,

shows expected peaks at: (s, 2H, 1.18 ppm), (t, 2H, 2.68 ppm), (t, 2H, 2.90 ppm), (s, 3H, 3.54

ppm), (m,1H, 5.94 ppm), (d, 1H, 6.08 ppm), (d, 1H, 6.56 ppm). FDMS: m* = 125, calculated
mw = 124,

Prenaration of LY353827 (VIII) bv Pictet-Snencler cvelization: The dihvdrochloride calt of
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were dissolved in 3 ml of a 1:1 mixture of acetic acid and methanol. This solution was stirred
at ranmm tammnoaratnire far & hanre than nanrad nvar a QOV ~alhiirmmn (Uarian &0 QOV wsacin) Tha
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dirinuiita 11 1Hicilianol 111IC SULVIIIL wad OV pUldl G dild UHIC 1esiduadal Oll pu 111CU Dy 11d511

chromatography (25:5:1 chloroform/methanol/ammonium hydroxide). The residual oil was
dissoived in 2 mi 1:1 methanoi/methylene chloride and treated with 200 mg (I mmol/g resin,
0.2 mmol) polystyrene-linked benzaldehyde resin overnight to remove residual starting amine.
The resin was then filtered through a cotton plug, rinsed with methanol, and the collected
organics evaporated to yield 234 mg of clean VIII (82%). 'H NMR (CDCl,): 7.2-7.3 (m, 4H);
7.1 (m, 1H); 7.0 (d, 2H); 6.48 (d, 1H); 5.85 (d, 1H); 5.39 (s, 2H); 4.21 (t, 2H); 3.85 (m, 1H); 3.5
(s, 3H); 3.4 (m, 1H); 2.9-3.0 (m, 3H); 2.7 (s, 3H); 2.3-2.45 (m, 4H); 1.2-2.0 (m, 15H). “C
NMR (CDCL,): 156.5; 147.7; 135.0; 130.2; 129.5 (CH); 126.5 (CH); 126.5; 123.2 (CH); 122.6
(CH); 119.9 (CH); 116.0 (CH); 107.3 (CH); 103.5 (CH); 63.6; 59.0; 53.7; 53.6; 53.4 (CH;);
44.6; 42.1; 35.5 (CH); 34.3; 33.7; 32.7 (CH,); 32.2; 27.2; 23.4; 22.5; 16.6 (CH).

1-Methyl-4-(3-hydroxypropyl)-5-BOC-4,5,6, 7-tetrahydro-5-aza-indole (IX): To a solution of
2-aminoethyl-1-methylpyrrole (124 mg, 1 mmol) in 5 ml 50% aqueous acetic acid was added
2-ethoxytetrahydrofuran (124 ul, 116 mg, 1 mmol). The resulting solution was stirred for
twelve hours at room temperature, then poured over a Varian BondElut SCX column (5g
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SCX/20 ml column). The column was rinsed with methanol, dried, and the product w u
with 2M anhvdrous ammnnia in mathannl  Fvanaratinn nf the enlvent oave 160 mo nf crude
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BOC-anhydride (200 mg, 0.9 mmol). The resulting solution was stirred for 30 minutes, then
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QHUICa witlil £V 11l II1IC IIYIC 1C CIIOI'Ia 14 1V 1111 wdlcl. 110 Ulg 110 1aYClL Wdbd bdeldlUU, Uuricda
over magnesium sulfate, and evaporated. —The crude residue was purified by flash
chromatography (2:1 ethyl acetate/hexane) to give 108 mg IX (56%).
1-Methyi-4-(3-bromopropyl)-5-BOC-4,5,6, 7-tetrahydro-5-aza-indole: A solution of

triphenylphosphine (10.1 g, 38.6 mmol) in 100 ml methylene chloride was cooled to 0 °C and
treated with bromine (2.05 ml, 6.40 g, 40 mmol) until a persistent orange color was achieved.
A small amount of triphenylphosphine was added to give a pale yellow solution, and a solution
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of aicohol IX (8.1 g, 27.5 mmol) and pyridine (3.12 g, 38.6 mmol) in 25 mi methylene chloride
was added at 0 °C. When addition was complete, the resulting solution was allowed to warm
to room temperature overnight. The reaction was then evaporated to a slurry, then diluted with
ether/hexane and filtered. The collected solids were washed thoroughly with ether/hexane, and
the combined filtrate was evaporated. The resulting oil was purified by HPLC (0-50% ethyl
acetate/hexane gradient) to give 8 g (81%) product bromide.

Unambiguous synthesis of VIII by alkylation of V: Amine V (2.72 g, 10 mmol) in 100 ml DMF
was treated with sodium hydride (0.44 g of 60% suspension in mineral oil, 1! mmol) and
heated at 35 °C for 30 minutes. The bromide prepared above (4.46 g, 12.5 mmol) was added,
and the rcsulung reaction mixture was heated at 60 °C for 1 hour, then stirred at room
temperature overnight. The solvent was removed under reduced pressure and i

wachad unth hrine Aried nver natacginm rarhanate and evanaratad and the recidiial ail nuarmfiad
Waoslivud vvilil Ullliv, Ulivud vl PUlaDDlulll Lval vvlialv aiiul bvayULatuu, aliul tiiv 1votuudal vil Pullll\/u
Tae, LIDY 0 4 aivrn X T (L£7T70/N A DN _saventantad ataina AVARE! A grnall nsaamaiea 4+ AF thic ;mantarial
DY MrLuw o givo 2.7 (U7 70) UL DUL-pIulcuicd auuuc Viil. A Sifidir aimouiit 01 uliS niaweiian
(25 mg, 0.04 mmol) was dissolved in 500 pl methylene chloride. To this solution was added 1

mi TFA. The resumng Garl( purple SOIUUOU was stirred for ien minutes at room [Cmperamre

then evaporated. The residue was partitioned between aqueous bicarbonate and ethyl acetate.
The layers were separated, and the aqueous layer extracted with ethyl acetate. The combined
organics were dried over sodium sulfate and evaporated to give a residue which was purified
by flash chromatography to give 3.3 mg (16%) clean VIII, which was spectroscopically
identical to previously prepared material, plus an additional 7.0 mg of slightly contaminated
material.

Y-1 receptor binding: Binding assays were performed with crude membranes isolated from a
stable cell line transfected with the human Y-1 receptor (AV12-Y1). The homogenate binding
studies were conducted as previously described.' The cell pellets were resuspended using a
Polytron (Brinkmann Instruments, Westbury, NY) in a 25 mM HEPES (pH 7.4) buffer
containing 2.5 mM CaCl,, 1 mM MgCl, and 2 g/l bacitracin (Sigma, St. Louis, MO). Cell
membranes were incuba gd in a final volume of 200 ul containing ~100 pM PZSI]DPYY (2200

Ci/mmol, DuPont-NEN, Boston, MA) for 2 hours at room temperature. Nonspecific binding

e amount of radioactivity rpmmn1n0 bound after incubatine in the presence of
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of the Cheng-Prusoff equation® based on a K, for ['“IJpPYY of 100 pM. Parallel synthesis
products were initially tested in triplicate at three concentrations: 10, 100, and 1000 nM. IC,,
values were estimated from these three-point curves by nonlinear least-squares curve-fitting

with the Hili coefficient fixed at unity. Fuil 11-point IC,, determinations were then carried out
for the more potent compounds.

Cyclic AMP Accumulation: The SK-N-MC human neuroepithelioma cell line was obtained
from the American Type Culture Collection, Rockville, MD. Three days before the
experiment, two confluent 75 cm’ flask of SK-N-MC cells were split into 17 6-well plates.
Three hours before the experiment, medium was replaced with growth medium containing 2
uCi of [*H]adenine per well. Incubations were initiated by removing the medium, washing
once with 0.9% sodium chloride, and adding the test compound in a volume of 1 ml,
Incubation buffer was Tyrode’s balanced salt solution with 50 mM glucose, 15 mM HEPES
(pH 7.4), 10 pM indolidan (from Lilly), 100 },LM rohpram (from Schering AG Berhn) 10 uM
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was subjected to alumina chromatography to i
expressed as parts-per-million (dpm per 10° dpm [*H]adenine incorporation). A curve for
inhibition by NPY of cyclic AMP accumulation in the presence of 1 pM forskolin was
constructed for each experiment; maximum inhibition was usually about 90% and the EC,, for
NPY about 150 pM. The IC,, for test compound was calculated by nonlinear least-squares
curve-fitting from the concentration-response curve for blockade of the inhibition caused by 1
nM NPY. The IC,, was converted to a K, value by application of the Cheng-Prusoff equation,”

based on the EC,, of NPY in the same experiment.
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