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evaporated. The residue was partitioned between EtOAc and
water, and the organic layer was washed with water, dried over
Na,S0,, and evaporated. The residue was purified by chroma-
tography on SiO, using CH,Cl; plus 0-5% MeOH as eluant.
Appropriate fractions were combined and evaporated, and the
residue was crystallized from Et,0 to give title compound 29: yield
0.17 g (41%); mp 87-88 °C. Anal. (Cy;H3CIN;O;) C, H, N.

N-(2-Aminoethyl)-2-[[2-[[4-(2-chloropheny])-3-(ethoxy-
carbonyl)-5-(methoxycarbonyl)-6-methyl-1,4-dihydropyrid-
2-ylJmethoxyJethyl]amino]acetamide (30). A solution of 24
(0.58 g, 1.2 mmol) and 1,2-diaminoethane (5 mL) in MeOH (10
mL) was stirred at room temperature for 18 h and evaporated.
The residue was partitioned between EtOAc and water, and the
organic layer was washed with water, dried over Na,S0,, and
evaporated. The residue was purified by chromatography on SiO,
using CH,Cl, plus 10-30% MeOH as eluant. Appropriate fractions
were combined and evaporated, and the residue was crystallized
from EtOAc to give title compound 30: yield 0.16 g (40%); mp
93-99 °C. Anal. (CyH3;CIN,Og)C: caled, 56.63; found, 56.00;
H, N.

Ethyl 2-[[2-[[4-(2-Chlorophenyl)-3-(ethoxycarbonyl)-5-
(methoxycarbonyl)-6-methyl-1,4-dihydropyrid-2-ylJmeth-
oxylethyl]amino]propionate (31). A mixture of 1 (4.08 g, 10
mmol), ethyl 2-bromopropionate (2.00 g, 11 mmol), and K,CO;
(2.8 g, 20 mmol) in acetonitrile (120 mL) was heated under reflux
for 24 h, filtered, and evaporated. The residue was partitioned
between EtOAc and water, and the organic layer washed with
water, dried over Na,SO,, and evaporated. The residue was
purified by chromatography on SiO, using CH,Cl, plus 0-2%
MeOH as eluant. Appropriate fractions were combined and
evaporated, and the residue was crystallized from Et,0 to give
title compound 31: yield 1.40 g (28%); mp 89-90 °C. Anal.
(C45H43CIN,O7) C, H, N.

2-[[2-[[4-(2-Chlorophenyl)-3-(ethoxycarbonyl)-5-(meth-
oxycarbonyl)-6-methyl-1,4-dihydropyrid-2-yljmethoxy]-
ethylJamino]propionamide (32). A solution of 31 (1.02 g, 2.0
mmol) and concentrated aqueous ammonia (25 mL) in EtOH (30
mL) was stirred at room temperature for 14 days and evaporated.
The residue was partitioned between EtOAc and water, and the
organic layer was washed with water, dried over Na,SO,, and
evaporated. The residue was purified by chromatography on SiO,

using CH,Cl, plus 0-5% MeOH as eluant. Appropriate fractions
were combined and evaporated, and the residue was crystallized
from EtOAc to give title compound 32: yield 0.56 g (59%); mp
124-126 °C. Anal. (CzaHsoClNaOs) C, H, N.
2-[[2-[[4-(2-Chlorophenyl)-3- (ethoxycarbonyl)-5-(meth-
oxycarbonyl)-6-methyl-1,4-dihydropyrid-2-ylJmethoxy]-
ethylJamino]-2-methylpropionamide (33). A mixture of 1 (4.08
g, 10 mmol), 2-bromo-2-methylpropionamide (1.66 g, 10 mmol),
and K,COj4 (2.07 g, 15 mmol) in CHzCN (50 mL) was heated under
reflux for 18 h, filtered, and evaporated. The residue was par-
titioned between EtOAc and water, and the organic layer was
washed with water, dried over Na,SO,, and evaporated. The
residue was purified by chromatography on 8iO, using CH,Cl,
plus 0-5% MeOH as eluant. Appropriate fractions were combined
and evaporated, and the residue was crystallized from MeOH to
give title compound 33: yield 0.45 g (9%); mp 79-81 °C. Anal.
(CyH33CINgOgH,0)C:  caled, 56.30; found, 56.89; H, N.
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Novel Glutamic Acid Derived Cholecystokinin Receptor Ligands
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Novel aryl amide analogues of glutamic acid dialkylamide have been synthesized to test for a possible structural
analogy between glutamic acid and benzodiazepine CCK antagonists such as compounds 2 and 24 (lorglumide and
MK-329, respectively). In support of the structural model, certain of these hybrid compounds are more potent in
pancreas CCK radioligand binding assays than corresponding lorglumide-type reference compounds. Medifications
previously found in the benzodiazepine antagonists to result in brain CCK/gastrin receptor selectivity were also
incorporated to produce an aryl urea series of glutamic acid analogues. None of these compounds were brain
CCK/gastrin selective; however, one was potent and selective in the pancreas binding assay. The model appears
to be most useful in the design of selective ligands for the pancreas type CCK receptor.

Cholecystokinin (CCK) was originally discovered as a
gastrointestinal peptide,! and more recently it has been
implicated as a neurotransmitter or neuromodulator.2 The
effects of CCK on pancreatic secretions, gut motility, and
satiety have been studied intensively.>* These and other
actions are mediated by at least two CCK receptor sub-
types termed CCK-A and CCK-B.5 The former receptor

(1) Mutt, V.; Jorpes, J. E. Biochem. J. 1971, 125, 57.

(2) Morley, J. E. Life Sci. 1982, 20, 479.

(3) Mutt, V. In Gastrointestinal Hormones; Glass, G. B. J., Ed.;
Raven: New York, 1980; pp 169-221.

(4) Stacher, G. Psychoneuroendocrinology 1986, 13, 39.

is found primarily in tissue types such as pancreas, gall
bladder, and colon, although isolated regions have been
localized in the central nervous system (CNS).5¢ The
CCK-A receptors in the pancreas have been shown to be
linked to phosphatidylinositol turnover.” The primary
CCK receptor subtype in the CNS is CCK-B,? which has

(5) Moran, T. H.; Robinson, P.; Goldrich, M. S.; McHugh, P.
Brain Res. 1986, 362, 175.

(6) Hill, D. R.; Campbell, J. N.; Shaw, T. M.; Woodruff, G. N. J.
Neurosci. 1987, 7, 2967.

(7) Schnefel, S.; Banfic, H.; Eckhardt, L.; Schultz, G.; Schulz, I.
FEBS Lett. 1988, 230, 125.
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Figure 1. Computer superposition of the X-ray structure of 24 and a low-energy conformation of 6.

similar ligand specificities to the gastrin receptor found
in the stomach.*!! Recent evidence is consistent with
coupling of a population of CCK-B receptors to nucleotide
regulatory proteins, although a specific second messenger
system is not yet established.!?

Investigations of the role of CCK in normal physiology
and disease states have been facilitated by the recent de-
velopment of potent, orally active nonpeptide antagonists
of CCK. A 3-[(2-indolylcarbonyl)amino]-1,4-benzo-
diazepine 24 (MK-329, formerly L-364,718) from Merck

MK-329, 24, R = 2-Indolyl, Stereo = S
1-365,260, 25, R = m-Me-Phenylamino, Stereo = R

is the most potent known CCK-A selective antagonist with
receptor affinity comparable to that of the native pep-
tide.}¥!* This compound is over 1000-fold less potent at
the CCK-B type receptor. Compound 2 (lorglumide,

COCH

H H
N_ _Rs
. Y
R/N ©
:
o

Proglumide 1, Ry = Ph, R; = n-Pr
Lorglumide 2, R; = 3,4-di-Ci-Ph, R,=n-Pentyl

Rotta)!€ is a derivative of DL-glutamic acid, and it also

(8) Steigerwalt, R. W.; Williams, J. A. Regul. Pept. 1984, 8, 51.
(9) Beinfeld, M. C. Neuropeptides 1983, 3, 411.

(10) Bock, M. G.; DiPardo, R. M.; Evans, B. E.; Rittle, K. E.;
Whitter, W. L.; Veber, D. F.; Anderson, P. S.; Freidinger, R.
M. J. Med. Chem. 1989, 32, 13.

(11) Lotti, V. J.; Chang, R. S. L. Eur. J. Pharmacol. 1989, 162, 273.

(12) Wennogle, L.; Wysowskyj, H.; Steel, D. J.; Petrack, B. J.
Neurochem. 1988, 50, 954.

(13) Evans, B. E.; Bock, M. G.; Rittle, K. E.; DiPardo, R. M.;
Whitter, W. L.; Veber, D. F.; Anderson, P. S.; Freidinger, R.
M. Proc. Natl. Acad. Sci. U.S.A. 1986, 83, 4918.

(14) Chang, R. S. L.; Lotti, V. J. Proc. Natl. Acad. Sci. U.S.A. 1986,
83, 4923.

(15) Evans, B. E.; Rittle, K. E.; Bock, M. G.; DiPardo, R. M,;
Freidinger, R. M.; Whitter, W. L.; Lundell, G. F.; Veber, D. F;
Anderson, P. S.; Chang, R. S. L.; Lotti, V. J.; Cerino, D. J,;
Chen, T. B,; Kling, P. J.; Kunkel, K. A.; Springer, J. P,;
Hirshfield, J. J. Med. Chem. 1988, 31, 2235.

(16) Makovec, F.; Bani, M.; Cereda, R.; Chiste, R.; Pacini, M. A.;
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Scheme I. Methods of Synthesis of Compounds of Table I
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exhibits good CCK-A selectivity although potency is sig-
nificantly lower than that for 24. Compound 2 was de-
veloped from the weak, nonselective CCK/gastrin antag-
onist 1 (proglumide).}” Very recently, a second 3-sub-
stituted benzodiazepine from Merck (25, L-365,260) with
high potency and selectivity for the CCK-B and gastrin
receptor types has been introduced.10!

As part of our investigations of CCK antagonists of
various structural types, it was of interest to determine if
a relationship could be established between structural
features of the benzodiazepine-type antagonists and the
glutamic acid derivatives. Qur initial working hypothesis
was that the indolecarboxamide and 3,4-dichlorobenzamide
groups of 24 and 2, respectively, bind to the same receptor
site. Furthermore, the two benzene rings of the former

(17) Makovec, F.; Chiste, R.; Bani, M.; Revel, L.; Setnikar, L.; Ro-
vati, L. A. Eur. J. Med. Chem. 1986, 21, 9.
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Table I. Receptor Binding Data for Glutamic Acid Analogues
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Rz
R o}
~
N
H1/ N)kRa
H
o)
ICso, LI.M
(1] CCK [1251] gastrin:

no. R, R, R, stereo. pancreas brain gastric glands

1 n-Pr OH Ph RS 250 800 900

2 n-Pentyl OH 3,4-Cly-Ph RS 0.018 2.2 1.9

3 n-Pr OH 2-indolyl S 3.7 88 17

4 n-Pr OH 2-indolyl R 1.1 27 39

5 n-Pr OCH,Ph 2-indolyl R 0.81 46 7.0

6 n-Pentyl OH 2-indolyl R 0.0076 0.23 0.17

7 cyclohexyl OH 2-indolyl R 0.059 34 4.1

8 cyclohexyl OCH,Ph 2-indolyl R 0.2 30 100

9 n-Pentyl OH p-Cl-Ph-NH RS 0.14 0.63 0.7
10 n-Pentyl OCH,Ph p-Cl-Ph-NH RS 9.3 16 44
11 n-Pentyl OEt p-Cl-Ph-NH RS 1.2 1 45
12 n-Pentyl pyrrolidinyl p-Cl-Ph-NH RS 0.68 0.25 0.43
13 n-Pentyl OH m-OMe-Ph-NH S 0.54 9.7 13
14 n-Pentyl OH m-OMe-Ph-NH R 0.0045 0.71 0.31
15 n-Pentyl pyrrolidinyl m-OMe-Ph-NH S 0.17 0.48 0.86
16 n-Pentyl pyrrolidinyl m-OMe-Ph-NH R 0.12 0.063 0.19
24 0.00008 0.27 0.17
25 0.28 0.002 0.0011

antagonist and the two n-pentyl chains of the latter cor-
respond in the model. As an experimental test of this
hypothesis, a series of glutamic acid analogues which are
hybrids of 24 and 1 or 2 were synthesized and tested in
three radioreceptor assays. On the basis of structure—ac-
tivity relationships in the benzodiazepine series,!? it was
anticipated that substitution of indol-2-ylcarbonyl for the
benzoyl substituents in the glutamic acid series would
produce more potent analogues. Molecular modeling
comparisons such as 24 matched with the indol-2-yl-
carbonyl analogue of 2 (6, Figure 1) support the plausibility
of the proposed structural analogies. In addition, a similar
group of analogues incorporating features which led to the
reversal of receptor subtype specificity found with 25 was
prepared. A preliminary account of part of this work has
been reported,!® and this paper provides additional results
and full experimental details. A related study was recently
reported by the Abbott group.!®

Chemistry. Scheme I summarizes the syntheses of the
analogues contained in Table I. The starting material was
either N*-(tert-butyloxycarbonyl(Boc))-e-benzyl-L, D- or
-pL-glutamic acid (17). Coupling with the appropriate
dialkylamine using 1-[3-(dimethylamino)propyl]-3-ethyl-
carbodiimide hydrochloride (EDC) in methylene chloride
provided amides 18 in good yields. The Boc protecting
group was then efficiently removed with HCl in ethyl
acetate. The resultant amines 19 were then converted to
a series of amides (3—8) and a series of ureas (9-16). Side
chain protected amides 20 (represented by 5 and 8 in Table
I) were obtained by treatment of 19 with aryl acid chlorides
in the presence of triethylamine. Treatment of amines 19
with aryl isocyanates and triethylamine produced the side

(18) Freidinger, R. M.; Bock, M. G.; Chang, R. 8. L.; DiPardo, R.
M.; Evans, B. E.; Garsky, V. M,; Lotti, V. J.; Rittle, K. E,;
Veber, D. F.; Whitter, W. L. In Topics in Medicinal Chemis-
try; Leeming, P. R., Ed.; Royal Society of Chemistry: London,
1988; pp 10-21.

(19) Kerwin, J. F.; Nadzan, A. M.; Kopecka, H.; Lin, C. W.; Miller,
T.; Witte, D.; Burt, S. J. Med. Chem. 1989, 32, 739.

chain protected ureas 21 (represented by 10 in Table I).
Free carboxylic acid derivatives 22 in either the amide
(Table I, 3, 4, 6, and 7) or the urea (Table I, 9, 13, and 14)
series were obtained by hydrogenolysis or saponification.
In certain cases, these acids were then converted to the
pyrrolidine amide (Table I, 12, 15, and 16) or ethyl ester
(Table I, 11) analogues 23.

These methods of synthesis differ from those reported
for 2 and related structures,!” but they have the distinct
advantage of allowing the preparation of the analogues as
either enantiomer or in racemic form as desired.

Biology. The methods employed for determination of
[*#I)CCK-33 binding to rat pancreas and guinea pig cortex
and ['®])gastrin binding to guinea pig gastric glands were
as described previously.’* Values shown are the means of
triplicate determinations.

Molecular Modeling., Two hundred conformations of
6 were generated with a distance geometry algorithm?2?
which was incorporated into the Merck molecular modeling
system MOLEDIT.2 All amide bonds were restricted to 180°
+ 20° and aromatic rings were defined as rigid groups. One
hundred forty-one conformers of 6 met the distance
criteria. These were minimized within MOLEDIT using a
modified MM2 force field.22 A dielectric constant of 50
was employed in order to preclude intramolecular hydro-
gen bonding. All conformers within 5 kcal/mol of the
minimum energy conformer were rigidly superposed on the

(20) (a) The program DGEOM was written by J. D. Andose and is
based on the subroutine EMBEDD, written by G. M. Crippen.
(b) Crippen, G. M.; Havel, T. F. Acta Crystallogr. A 1987, 34,
282. (c) Crippen, G. M. Distance Geometry and Conforma-
tional Calculations; Research Studies Press, John Wiley &
Sons Ltd.: New York, 1981.

(21) (a) Gund, P.; Andose, J. D.; Rhodes, J. B.; Smith, G. M. Sci-
ence 1980, 208, 1425. (b) Smith, G. M.; Hangauer, D. G.;
Andose, J. D.; Bush, B. L.; Fluder, E. M.; Gund, P.; McIntyre,
E. F. Drug Inf. J. 1984, 18, 167.

(22) (a) Halgren, T. A. Unpublished work on the development of
the force field program opTIMOL. (b) Allinger, N. L. J. Am.
Chem. Soc. 1977, 99, 8127.
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X-ray structure of 24. These were examined visually for
overlap of key structural features.

Discussion

The results presented in Table I support the proposed
structural correspondence between 24 and 1 or 2. Initially,
glutamic acid analogues 3 and 4 in which the benzoyl group
of 1 is replaced by indol-3-ylcarbonyl were synthesized.
Both of these analogues are about 100-fold more potent
than 1 and considerably more CCK-A selective. Surpris-
ingly, there is little difference in receptor binding affinity
between these two enantiomers. In contrast, the enan-
tiomer of 2 derived from D-glutamic acid showed a 50-fold
greater affinity for pancreatic acini receptors than the
L-enantiomer.!® The result with 3 and 4 suggests that the
glutamic acid side chain is not an important receptor-
binding element in analogues related to 1. Consistent with
this proposal is the observation that benzyl ester 5 has
essentially the same affinity for the CCK-A receptor as 4.
The increased CCK-B and gastrin binding affinities for
5 suggest that this side chain may be more important for
interacting with these receptor subtypes.

The analogy to 2 was next pursued by substituting the
di-n-pentylamide group into 4 to give 6. This modification
resulted in substantial potency increases in the Rotta
compounds.’® In accord with those results, 6 was 100 times
more potent than 4. Compound 6 has 2-3 times better
affinity for the CCK-A receptor than 2, although 2 is
slightly more selective versus CCK-B and gastrin receptors.
The Abbott study also produced 6 and a slightly more
potent hybrid of 24 and 2 (A-65,186) in which the indole
of 6 is replaced by a 3-substituted quinoline.!®

To test whether bis cyclic alkyl amides might be better
mimics of the benzodiazepine benzene rings and might
even more closely approach the potency of 24 in the glu-
tamic acid analogue series, dicyclohexylamide analogues
7 and 8 were prepared. However, Compound 7 is about
10-fold less potent than 6.

Compounds 9-16 illustrate attempts to design glutamic
acid analogues with increased CCK-B/gastrin receptor
selectivity. In the 3-substituted benzodiazepine CCK an-
tagonists, modification of the N'-substituent, changing the
3-position amide to a urea, and inverting the 3-position
stereochemistry of compounds in the class of 24 were im-
portant factors in converting from CCK-A to CCK-B/
gastrin receptor selectivity (e.g. 25).1° In a group of racemic
urea-containing compounds 9-12), receptor subtype spe-
cificity was largely lost as was also seen for certain ben-
zodiazepine urea analogues. Large N!-substituents were
important in the latter series for obtaining good CCK-
B/gastrin selectivity; however, a way to mimic these groups
in the glutamic acid series was not found. Side chain ethyl
ester or pyrrolidine amide, for example, did not lead to
large potency increases at CCK-B/gastrin receptors.

Based on results with 25 and its enantiomer,' resolution
of glutamic acid ureas might be expected to produce en-
antiomers with opposite CCK receptor subtype prefer-
ences. Comparing 13 and 14 or 15 and 16, however, shows
further that these compounds do not follow the struc-
ture—activity pattern of the benzodiazepine ureas. In the
case of the m-methoxyphenylureas 13 and 14, both enan-
tiomers are CCK-A selective, and 14 is actually the most
potent and selective receptor ligand in either the amide
or urea series. Contrasting 13 and 14 with 3 and 4, the
more tightly binding ligands show greater receptor ste-
reospecificity, indicating that the glutamic acid side chain
now plays a more significant role. In support of this
possibility, conversion of 13 and 14 to side chain pyrrol-
idine amides 15 and 16 leads to loss of selectivity primarily
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due to increased CCK-B/gastrin receptor affinity. Com-
pound 16 is the most potent CCK-B/gastrin receptor lig-
and in this series. While the structural correspondence
for binding to CCK and gastrin receptors between 25 and
the glutamic acid ureas appears to be poor, the results
suggest that further structure-activity studies based on
10-12 and 16 could produce CCK-B/gastrin selective
analogues in this series.

Conclusion

The results of this paper show that a model in which
CCK receptor binding elements of benzodiazepine 24 and
glutamic acid analogues 1 and 2 are matched has proven
useful in designing glutamic acid based CCK-A selective
receptor ligands of increased potency. Extension of this
structural analogy to the CCK-B/gastrin selective antag-
onist 25, however, did not lead to glutamic acid derivatives
with analogous selectivity. The model appears to be most
useful for design of navel CCK-A selective receptor ligands.

Experimental Section

Melting points (Thomas-Hoover melting point apparatus) are
uncorrected. Spectra were obtained as follows: EI mass spectra
on a VG MM 7035 mass spectrometer; FAB mass spectra on a
VG MM/ZAB-HF spectrometer, 'H NMR spectra on a Varian
EM-390 or Nicolet NT-360 spectrometer, with Me,Si as internal
standard. HPLC was carried out on a Hewlett-Packard Model
1084B liquid chromatograph using a Waters C-18 column. Ele-
mental analyses for carbon, hydrogen, and nitrogen were deter-
mined with a Perkin-Elmer Model 240 elemental analyzer and
are within £0.4% of the theory unless noted otherwise.

Analytical TLC was carried out on 250-um, 5 X 20 c¢m silica
gel plates (E. Merck) using ultraviolet light/phosphomolybdic
acid for visualization.

Syntheses. Specific examples presented below illustrate
general synthetic methods outlined in Scheme I. Other physical
data are given in Table II. In general, samples prepared for
physical and biological studies were dried in high vacuum (5 um)
over P,0; for 18 h at temperatures ranging from ambient to 110
°C, depending on the sample melting point. Despite these
measures, some of the compounds remained solvated (Table II).
Where analytical data have been presented for such solvates, the
presence of all indicated solvents has been verified by NMR.

Ne2-Boc-e-benzyl-p-glutamic Acid Dipropylamide (18, R,
= n-Pr). N*-Boc-¢-benzyl-D-glutamic acid (17, 3.37 g, 10.0 mmol)
was dissolved in methylene chloride and 1.11 g (11.0 mmol) of
di-n-propylamine and 2.11 g (11.0 mmol) of EDC were added to
it. The solution was stirred until no further reaction was observed
by TLC with the pH remaining 28.5. The reaction solution was
then extracted with 0.5 M citric acid, 1 N sodium bicarbonate
and water, dried over anhydrous sodium sulfate, and evaporated.
The residue was purified by silica gel flash chromatography,
eluting with 97/3 CH,Cl,/MeOH. A colorless oil (2.14 g, 51%),
which crystallized on standing, was obtained.

«Benzyl-D-glutamic Acid Dipropylamide Hydrochloride
(19, R, = n-Pr). The purified N-Boc-¢-Bzl-D-glutamic acid
dipropylamide (18, 2.6 g, 6.2 mmol) was dissolved in 40 mL of
ethyl acetate and cooled to -25 °C in a dry ice/2-propanol bath.
Nitrogen was bubbled into the solution until a nitrogen atmo-
sphere was achieved, and hydrogen chloride gas was then bubbled
into the solution until the saturation point was reached. After
stirring for 20 min -25 °C, nitrogen was flushed through the
solution, and the solution was then concentrated in vacuo. The
resultant oil solidified after standing in the refrigerator overnight
to yield 1.96 g (89%).

(R)-5-(Dipropylamino)-4-[(1H -indol-2-ylcarbonyl)-
amino]-5-0xo0-1-(phenylmethoxy)pentanoic Acid (5). Com-
pound 19 (R, = n-Pr) (1.8 g, 5.0 mmol) was dissolved in 20 mL
of CH,Cls, and the solution was cooled to 0 °C, after which 0.99
g (5.5 mmol) of indole-2-carbonyl chloride in 10 mL of CH,Cl,
was added. Triethylamine (1.11 mL, 1.1 mmol) in 5 mL of CH,Cly
was added to adjust the pH to between 9 and 10, and the reaction
mixture was stirred overnight. The reaction mixture was chro-
matographed on a silica gel flash chromatography column eluting
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Table II. Physical Data for Compounds of Table I
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% purity MS
no. formula® mp, °C (HPLC) molecular ion anal.
3 CyoHzN40,0.25H;0 110-115 98 374 (M + H) CHN
4 CyoHyN30,0.4CsH,O 133-136 98 373 C,H\N
5 CyHgeN30, 88 99.9 464 (M + H) C.HN
6 C,HysN;0,0.51K 115-123 100 468 M + K) CHN
7 CyeHg:N;0,1.10H,0 298-230 100 454 (M + H) CHN
8 CasH N3O, b 100 545 (M + H) C,HN
9 CyeH,,CIN,0,0.85CH,0 168-171 99 440 (M + H) CHN
10 CaeHCIN,O, b 98 530 (M + H) CHN
11 CyHgsCIN;0,0.1CHCl, b 98 468 (M + H) C,HN
12 CyeH,,CIN,O, b >99 493 M + H) C,H,N¢
13 Cy3HzN3Op b 99 436 M + H) C,H\N
14 CBH37N305'0.53H20 b >99 436 (M + H) C,H,N
15 CyHN,0,1.17TH,0 b 97 489 (M + H) C,HN
16 CyHyN,O,1.5H,0 b 97 489 (M + H) CHN

¢ NMR spectra are in agreement with all assigned structures. ® Compound was obtained as an oil. ¢C: caled, 63.33; found, 62.77.

with 98:2 CH,Cl,/MeOH to yield 1.52 g (66%) of crystalline 5.

(R)-5-(Dipropylamino)-4-[(1H-indol-2-ylcarbonyl)-
amino]-5-oxopentanoic Acid (4). Compound 5 (841 mg) was
dissolved in 30 mL of methanol, and a solution of 7.5 mL of 50%
aqueous acetic acid was added. This solution, in turn, was added
to 100 mg of Pd/C in a small Parr shaker flask, during flushing
with nitrogen. The mixture was shaken under H, on a Parr shaker
overnight followed by filtration of catalyst and evaporation of
solvent. The residue was dissolved in acetone and then brought
to the cloud point with hexane, with crystals beginning to form
after about 1 h at room temperature. The mixture was then stored
at 0 °C for 4 days, after which the crystals were filtered and
analyzed. Yield: 474 mg, 70%.

N<Boc-¢-benzyl-pL-glutamic Acid Dipentylamide (18, R,
= n-pentyl). With use of the method for the synthesis of 18 (R,
= n-Pr), 1.35 g (4 mmol) of N*-Boc-e-benzyl-DL-glutamic acid, 0.843
g (4.4 mmol) of EDC, and 0.692 g (0.89 mL, 4.4 mmol) of di-
pentylamine were used as reagents. The product was purified
on a silica gel column with chloroform as the elution solvent,
resulting in 0.92 g (48%) of product as an oil.

eBenzyl-DL-glutamic Acid Dipentylamide Hydrochloride
(19, R, = n-pentyl). Compound 18 from the preceding step (0.92
g, 1.93 mmol) was dissolved in 60 mL of ethyl acetate and de-
blocking was carried out as described for the synthesis of 19 (R,
= n-Pr). The solution was then flushed with nitrogen and
evaporated to an oily residue (0.6 g, 75%).

(RS)-4-[[[(4-Chlorophenyl)amino]carbonyl]amino]-5-
(dipentylamino)-5-0x0-1-(phenylmethoxy)pentanoic Acid
(10). Compound 19 from the preceding step (0.6 g, 1.60 mmol)
was dissolved in dry THF (25 mL), triethylamine was added to
neutralize the HCI salt, and 0.223 g (1.45 mmol) of p-chlorophenyl
isocyanate was added. The reaction was protected from moisture
and stirred at room temperature for 24 h, after which the reaction
mixture was placed on a silica gel column and purified by flash
chromatography. The product fractions were combined and
evaporated to yield 640 mg (84%) of 10.

(RS )-4-[[[(4-Chlorophenyl)amino]carbonyl]amino]-5-
(dipentylamino)-5-oxopentanoic Acid (9). Benzyl ester 10 (1.09
g, 2.1 mmol) was dissolved in THF (31 mL) and water (17 mL),
after which 2.5 N NaOH (1.5 mL total) was added in aliquots.
When TLC indicated the reaction was complete, it was acidified
to pH 3 with 2 N HCl and concentrated in vacuo. The product

crystallized from the more concentrated solution, and it was
filtered and dried to yield 906 mg (85%) of 9.
(RS)-4-[[[(4-Chlorophenyl)amino]carbonyl]amino]-5-
(dipentylamino)-5-0xo-1-pyrrolidinopentanoic Acid (12).
Compound 9 (100 mg, 0.23 mmol) was dissolved in 2 mL of DMF,
and EDC (50 mg, 0.26 mmol) was added. The mixture became
homogeneous after treatment with 4 drops of pyrrolidine and was
stirred at room temperature for 48 h. The reaction mixture was
concentrated and the product was purified on preparative An-
altech 2-um silica gel plates, developing twice with 95:5
CHCl3/MeOH. The yield of 12 was 41 mg (37%).
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