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AbstractÐAnalogues of BIBP 3226, (R)-Na-diphenylacetyl-N-(4-hydroxybenzyl)argininamide, were synthesized and investigated
for Y1 antagonism (Ca2+-assay, HEL cells) and binding on Y1, Y2 and Y5 receptors. Replacing the benzylamino by a tetra-
hydrobenzazepinyl group preserves most of the Y1 activity. Combination with a NG-phenylpropyl arginine and a Na-p-biphenyly-
lacetyl moiety shifted the NPY receptor selectivity towards Y5. # 2000 Elsevier Science Ltd. All rights reserved.

Previously, o-guanidino- and o-aminoalkanamides,1

structurally derived from arpromidine-like histamine H2

receptor agonists, were reported as novel neuropeptide
Y (NPY) Y1 antagonists. Except for the backbone, these
compounds resemble BIBP 3226 (1),2 an argininamide
with both high NPY Y1 receptor a�nity and selectivity,
with respect to the nature and arrangement of the `term-
inal' diaryl, guanidine, and hydroxyphenyl groups. Hybrid
compounds were synthesized combining the argininamide
backbone of BIBP 3226 or partial structures derived from
the C-terminal dipeptide of NPY with structural elements
of arpromidine- and amide-type NPY antagonists.3 Based
on these investigations and supported by molecular
modeling studies we have suggested that the binding
sites of NPYY1 antagonists with one or two basic groups
are not identical. In order to get more information about
the interaction of argininamides with the human Y1

receptor we further varied the N- and the C-terminus as
well as the terminal basic group of argininamides.
Additional to the functional assay for Y1 antagonism
(inhibition of the NPY-stimulated increase in [Ca2+]i in
HEL cells), radioligand binding studies with Y1, Y2, and
Y5 receptors were performed for selected compounds.

Chemistry

The argininamides were synthesized according to a pre-
viously described procedure3 either from (R)-Na-Boc-

NG-nitroarginine and (R)-Na-Z-Nd-Boc-ornithine or via
batchwise solid-phase synthesis using Rinke amide resin
and (R)-Na-Fmoc-NG-Pmc-Arg-OH as arginine build-
ing block. (R)-Na-Boc-NG-nitroarginine was activated
with N,N0-carbonyldiimidazole (CDI) and coupled with
the pertinent primary and secondary amines (Scheme 1).
After cleavage of the Na-Boc protecting group with tri-
¯uoroacetic acid (TFA), the substituted (R)-NG-nitro-
argininamides were acylated with arylalkanoic acid N-
hydroxysuccinimidyl esters. The title compounds (Table
1) were obtained after hydrogenation using Pd-C (10%)
as catalyst in acetic acid.4 The phenylpropyl substituted
argininamides 31, 32 (Table 1) were prepared using (R)-
Na-Z-Nd-Boc-ornithine as building block. After amidation
with a secondary amine, the Z group was cleaved by
hydrogenation over Pd-C (10%) catalyst and the obtained
Nd-Boc-ornithinamides wereNa-acylated with p-biphenyl-
ylacetic acidN-hydroxysuccinimidyl ester. The Boc group
was cleaved with TFA and the ornithinamides were gua-
nylated with S-methyl-N-(3-phenylpropyl)isothiourea
according to standard procedures.5 Argininamides with
a C-terminal carboxamide group (14±16) were prepared
by batchwise solid-phase synthesis starting from Na-
Fmoc-protected phenylglycine or p-hydroxyphenyl-
glycine anchored to Rinke amide resin. The Fmoc group
was removed with 30% piperidine in anhydrous DMF.
For the amide preparation (R)-Na-Fmoc-NG-Pmc-
arginine and diphenylacetic acid were allowed to react
with the solid-phase bound amine component using 2-
[(1H)-benzotriazol-1-yl]-1,1,3,3-tetramethyluronium-tetra-
¯uoroborate (TBTU) and diisopropylethylamine (DIPEA)
for the coupling process. Deprotection of Arg(Pmc) and
cleavage of the products from the polymeric support
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was carried out with 95% TFA. The arginylphenyl-
glycinamides 14, 15 and the arginyl-p-hydroxy-
phenylglycinamide 16 were puri®ed by preparative
reversed-phase HPLC.

Pharmacology

The compounds were screened for their Y1-antagonistic
activity in human erythroleukemia (HEL) cells by mea-
suring the inhibition of porcine NPY (10 nM) stimulated
increase in the intracellular Ca2+ concentration in a
FURA-assay1 (for structures and biological data see

No. R2 R4 R2 con®g. Y1-antag.
a

IC50 [mM]

1b OH Ð 0.017
2c,d H Ð 0.11

3c H Ð 2.20
4c OH Ð 0.28

5c H R 21
6c H S 1.4
7 OH RS 1.0

8 H R 0.20
9 H S 2.5
10 OH RS 0.06

11 R 22.3
12 S 0.9

13 1R, 3S inact.

14 H R 4.6
15 H S 7.5
16 OH R 8.1

17 RS inact.

18 3.75

19 11.5

No. R2 R4 R2 con®g. Y1-antag.
a

IC50 [mM]

20 Ð 21.8

21 Ð 76

22 S inact.

23 Ð inact.

24 Ð 51

25 Ð 0.081

26 Ð 1.1

27 S 3.0

28 Ð 0.17

29 S >10e

30 Ð 1.1

31 H Ð inact.
32 OH Ð 11.9

Table 1. Structures and NPY Y1 antagonistic activities of argininamides in HEL cells (calcium assay)a,1

aInhibition of NPY (10 nM) induced increase in [Ca2+]i; antagonist concentrations used: 0.01, 0.025, 0.1, 0.5, 1, 10, 50 and 100 mM depending on
activity; compounds designated inactive produced less than 20% inhibition at 100 mM.
bBIBP 3226.
cCompounds 2±6 cf. ref 3.
dSee also ref 7.
e28.7% Inhibition at 10 mM; the compound could not be tested in higher concentrations due to induction of cytolysis.

Scheme 1. (i) CDI, primary or secondary amines, THF, rt; (ii) TFA,
rt; (iii) arylalkanoyl-N-hydroxysuccinimidyl ester (acyl group cf.
compds 1±30, R1=Ph2CH-, Ph-C6H4-CH2-, Ph3C-, p-Cl-C6H4-CH-
Ph, (p-Cl-C6H4)2CH-), DIPEA, THF, 40 �C; (iv) H2/Pd-C (10%), 5
bar, HOAc, rt.
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Table 1). Experiments were performed in triplicate at
antagonist concentrations between 0.01 and 100 mM, and
IC50 values were calculated.

1 The SEM of the percentual
inhibition at a single concentration was always less than
10%, resulting in an error of pIC50 (-log IC50) of less
than 0.35 log units. Additionally, selected substances
were investigated in radioligand binding studies on Y1-
(SK-N-MC cells),3 Y2- (SMS-KAN cell membranes)1 and
Y5-receptors (Y5-transfected HEC-1B cells)6 by displace-
ment of [3H]propionyl-NPY (1 nM) according to the
procedures described elsewehere1,3,6 in detail (Table 2).
The assays were run in triplicate.

Structure±Activity Relationships

In order to investigate in which spatial position a certain
bulk is tolerated by the Y1-receptor, argininamides 3±7
with conformationally constrained benzylamide groups
were synthesized (2±6: ref. 3, 2 and other analogues of 1
see also ref. 7. Among these bicyclic compounds3 the 7-
hydroxybenzazepine derivative 4 is the most active one.
Introduction of a `para-equivalent' OH group in the
indane moiety slightly increases Y1-antagonistic activity
(7 versus 6; note that 7 is a mixture of diastereomers).
Among the diastereomers 8 and 9, the (R,R)-con®gurated
N-[1-phenylethyl]argininamide 8 is 13 times more active
than 9 (R,S). Introduction of an OH group in the phenyl-
ethylamide moiety further increases Y1-receptor a�nity,
but 10 (mixture of diastereomers)8 is 4 times less potent
than 1 (BIBP3226).Representative concentration response
curves for NPY in the presence of 10 are shown in Fig. 1.

A hydroxymethyl group (11±13) results in decreased Y1

antagonistic activity compared to the parent compounds
2 and 6. The absolute con®guration of R2 in the more
active indane diastereomer 6 (S) does not correspond to
the eutomers of the methyl and the hydroxymethyl
derivatives 9 (R) and 12 (S), respectively. Thus, overlap
of the `additional' bulk of 6 with that of 9 and 12 on
binding is unlikely.

Compounds containing the C-terminal dipeptide Arg35-
Tyr36-NH2 of NPY were nearly inactive.3 The phenyl-
glycinamide derivatives 14±16 are moderate Y1 antago-
nists. In contrast to 2, 6 and 8, introduction of an OH
group decreases Y1-receptor a�nity (16 versus 14). It is

suggested that the dipeptide Arg-Phg-NH2 interacts with
the Y1 receptor in a di�erent way than the C-terminus of
NPY. Among the pyridylalkyl substituted arginina-
mides 18 and 19, the shorter homolog is the more active
one, whereas the piperidine derivative 17 shows no Y1

antagonism.Comparing the benzylamide 2 and its pyridine
analogue 18, the reduced activity of the latter may be
due to the basicity or an unfavorable charge distribution
of the pyridine ring.

Previous investigations regarding the N-terminus of argi-
ninamides have shown, that homologization and vicinal
arrangement of the phenyl rings reduce Y1-receptor
antagonistic activity.3 Incorporation of a p-biphenyl-yl-
acetyl (20±22) or a triphenylacetyl group (23, 24) results in
inactive or only weakly active compounds. Interestingly,
p-Cl monosubstitution in the diphenylacetyl moiety may
increase Y1-antagonistic activity (25 versus 2, 26 versus
3), indicating that hydrophobic and/or van-der-Waals
interactions might contribute to binding in this position.
The e�ect of p,p0-di-Cl substitution is varying (28±30).

Replacement of the diphenylacetyl by a p-biphenylyl-
acetyl group together with phenylpropyl substitution of
the terminal guanidine (31, 32) decreases Y1-antagonistic
activity (31 versus 21) but leads to a change in receptor-
subtype selectivity: 32 has 29 times higher a�nity to the
Y5-receptor than to the Y1-receptor (see Table 2).
Compound 32, in some respect resembling a recently
published NPY-antagonistic amidine9 (selectivity data
not given in ref. 9), shows submicromolar a�nity to the
Y5-receptor.

Radioligand binding data of selected substances on SK-N-
MC cells (Y1), SMS-KAN cell membranes (Y2) and HEC-
1B cells (Y5) show that the substituted argininamides
(except for 32, see above) preferentially bind to the Y1

receptor (see Table 2). Surprisingly, increasing hydro-
phobicity in the diphenylacetyl portion (25, 27) enhances
Y5-a�nity. For the nine compounds considered, Y1

antagonistic activity in the functional test (pIC50=-log
IC50) is very highly correlated with pIC50 values in the
binding assay:

Table 2. Radioliganda binding data (IC50�SEM [mM]) of selected

substances in SK-N-MC cells (Y1), SMS-KAN cell membranes (Y2)

and HEC-1B cells (Y5)

Compds Y1 Y2 Y5

1 0.0059 (�0.001) >100 80 (�7)
4 0.67 (�0.1) 247 (�22) 25 (�3)
8 0.15 (�0.03) 177 (�43) 48 (�2)
10 0.019 (�0.003) 575 (�105) 75 (�2)
12 0.184 (�0.009) 540 (�120) 68 (�7)
14 2.4 (�0.2) >400 163 (�36)
25 0.17 (�0.01) 97 (�11) 2.6 (�0.3)
27 5.3 (�0.4) 59 (�17) 11.9 (�0.6)
32 22 (�2) 78 (�9) 0.77 (�0.08)
aRadioligand: [3H]propionyl-NPY (1 nM); assays were run in tripli-
cate; the procedures are described elsewhere in detail.1,3,6

Figure 1. NPY-induced increase in intracellular [Ca2+] (HEL cells).
Concentration±response curves of (&) pNPY alone and in presence of
10 nM (&), 25 nM (~) and 100 nM (*) of compound 10. The right-
ward shift of the concentration±response curves for NPY in the
presence of compound 10 corresponds to a KB value of 3.01 � 0.44
nM (pKB=8.52, slope constrained to 1.0) or a pA2 value of 8.38 (slope
1.17) determined by Schild plot.
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pIC50�Ca2�� � 0:78��0:11�pIC50�bind:� � 1:31��0:70�
r � 0:94 s � 0:35 F � 53:6

Conclusions

The C-terminal 4-hydroxybenzamide moiety of BIBP
3226 (1) seems to be optimal for Y1 antagonism although
a certain bulk, which may be also part of a bicyclic struc-
ture (e.g., of a benzazepinyl group), is well tolerated. At
the N-terminus, compounds with a diphenylacetyl or
even more with a (RS)-4-chlorodiphenylacetyl group are
most active. This suggests to prepare Cl-substituted posi-
tional isomers and derivatives with other substituents.
Interestingly, a p-biphenylylacetyl moiety as N-terminus
in combination with a phenylpropyl substituent at the
guanidino group and with a C-terminal hydroxybenza-
zepine leads to Y5-receptor a�nity in the submicro-
molar range. Further work is ongoing to investigate whe-
ther this structure indeed represents a promising lead for
new Y5 receptor ligands. Possibly, compounds with com-
bined Y1 and Y5 antagonism are interesting as potential
drugs, as both NPY receptor subtypes appear to be
associated with increased food intake.
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