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A series of modifications of the CCK; analogue (des-NH,)Tyr(SO;7)-Nle-Gly-Trp-Nle-Asp-Phe-NH, was prepared
and tested for binding to guinea pig CCK-A and CCK-B receptors and in CCK-A-mediated functional assays. Selected
analogues also were tested for appetite suppressant activity in rats. Several conformationally restricted residues
in the C-terminal tetrapeptide region, including AZ-Phe®, (N-Me)Phe?, (N-Me)Asp®, (N-Me)Leu®, and 3PP3! (3PP
= trans-3-n-propyl-L-proline) were found to be acceptable modifications at one or both receptor subtypes. The
(N-Me)Asp® and (N-Me)Leu®! modifications afforded potent and selective CCK-A and CCK-B ligands, respectively.
SAR studies in the N-terminal acyldipeptide region examined structural requirements for the side chain at position
28, where Gly and Pro replacements were found to possess high affinity at both receptor subtypes. Other con-
formationally restrictive modifications were less active. All of the analogues that showed high affinity (<10 nM)
for the CCK-A receptor also were full agonists in amylase release and most were full or nearly full agonists in the
phosphoinositide (PI) turnover assay, the most notable exception being the AZ-Phe® analogue, which showed 69%
of the maximal response in the PI assay. Potent activity in suppression of food intake in rats was found for selected

analogues.

Cholecystokinin (CCK) is a 33-amino acid peptide that
functions as a digestive hormone in the periphery and as
a neurotransmitter in the central nervous system (CNS).12
Two subtypes of CCK receptor have been identified.?
CCK-A receptors, found in the periphery and in discrete
regions of the CNS, mediate gall bladder contraction and
pancreatic enzyme release,* and appear to be principally
responsible for the satiety actions of peripherally admin-
istered CCK.6 CCK-B receptors are widely distributed
in the brain and show a pharmacological profile similar to
that of gastrin receptors.”® CCK-B agonists have been
shown to cause panic attack in man® and CCK-B antago-
nists possess anxiolytic properties in animal models.!°

The C-terminal octapeptide CCK, (CCK-27-33, H-Asp-
Tyr(SO57)-Met-Gly-Trp-Met-Asp-Phe-NH,)!! is the min-
imum naturally occurring fragment that retains the full
potency and complete spectrum of CCK activities, and also
is the predominant form found in the brain.»? Numerous
structure—activity studies starting with conservatively
altered derivatives of CCKj, e.g. Boc-[N1e%2!]-CCK, have
examined the effects of side chain and backbone modifi-

* Address correspondence to Mark W. Holladay, Dept. 47U,
AP-10-3, Abbott Park, IL 60064.

*The results of this work were communicated in preliminary
form at the 22nd National Medicinal Chemistry Symposium
(Austin, TX, July 29-Aug 2, 1990) and at the 12th American
Peptide Symposium (Boston, MA, June 16-21, 1991).

cations on binding to CCK-A and CCK-B receptors.113
Although studies in sulfated series have yielded mostly
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Table I. Binding Affinities and Functional Activities in Vitro for Analogues of Compound 1
(des-NH3)Tyr(804")2"-Nie®*-Qly**-Trp*"-Nie®'. Asp*:-Phe™-NH, (1)

receptor binding, ICy (nM)* amylase PI hydrolysis
pancreas/ release: % maximal
compound pancreas cortex cortex ECy (nM)? response®#
1 0.77 £ 0.05 (3) 0.5 % 0.1 (3) 1.53 0.99 % 0.17 (3) 100 + 6.9 (3)
(2) [NMePhe®] 0.99 £ 0.28 (4) 10.0 = 7.6 (3) 0.10 0.32 £ 0.09 (3) 94 %4 (3)
(3) [A%-Phe®] 53 £ 0.7 (3) 87£01(3) 0.62 2.5 £ 0.38 (6) 69 (2)
(4) [NMeAsp™] 0.50 & 0.04 (9) 570 £ 90 (10) 0.0009 0.10 £ 0.04 (4) 100 + 4.7 (3)
(5) [Hyp(SO;)% 16.0 £ 44 (3) 140 + 27 (3) 0.03 6.9 £ 0.5 (3) 82 + 2.8 (3)
(6) [Leu®] 47 £ 1.0 (3) 14 % 0.2 (3) 33 3.7£0.17 (3) 100 £ 4.7 (3)
(7) [NMeLeu®] 140 % 15 (3) 0.24 £ 0.09 (4) 625 15.0 = 5.8 (4) 80 £ 2.5 (3)
(8) [Pro®,NMePhe®] 81 %17 (5) 16 £ 5.2 (3) 5.1 98% (3 uM)* 64 £ 11 (3)
(9) [3PP3], NMePhe3]® 4.2 %09 (5) 0.30 £ 0.04 (7) 14.3 1.3 £ 0.18 (3) 83 £ 3.9 (3)
(10) [D-Ala%] 81 £ 10 (3) 24 + 6.8 (3) 33 50 (1) 68 (1)
(11) [NH-(CH,),-CO%%, Leu®] 150 = 57 (3) 11£01(3) 143 140 (1) 64 (1)
(12) [Gly®] 5.8 = 0.7 (3) 3409 (3 0.6 3.7 +£0.39 (3) 100 £ 8.1 (3)
(13) [Leu?] 0.67 £ 0.22 (3) 0.59 £ 0.15 (3) 11 0.64 % 0.06 (3) 120 = 6.0 (3)
(14) [D-Nle®] 150 £ 18 (3) 79+11(@3) 185 ND 52 (1)
[ A 829 130 £ 8.0 (3) 15 % 6.2 (3) 9.0 71 Q1) 86 (1)
HN ,\vaco
o]
(16) [Pro*®] 2.1 +£ 0.7 (3) 31x09(3) 1.5 0.7 £ 0.11 (3) 100 £ 4.5 (3)
(17) [Pro®, 3PP, NMePhe®)? 73150 09 £ 0.3 (3) 8.3 83% (5 nM)* 82 % 6.2 (3)
[ 2 | 23 £ 6 (3) 7.7+3.2(3) 0.33 105% (20 nM)° 98 % 3.1 (3)
'oso,—O—/\co-
( 27 | 900 £ 70 (3) 32 % 5.6 (3) 0.04 44% (10 pM)* 16 £ 6.9 (3)
Seoa
050,
L o

3No. of experiments indicated in parentheses; ND, not determined. ®3PP = trans-3-n-propyl-L-proline. °ECy, not determined; data show
% stimulation relative to CCK; at indicated dose. ¢Indicates % maximal response of peptide (10 M) relative to maximal response elicited

by CCKE.

nonselective analogues, certain cyclic structures!#!® and
acyclic derivatives containing N-methylation at position
311617 pecently have been disclosed as highly potent and
selective CCK-B ligands. Analogues with high affinity and
selectivity for CCK-B receptors also have been identified
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Pept. Protein Res. 1990, 35, 441-451.

(16) Charpentier, B.; Durieux, C.; Dor, A.; Pelaprat, D.; Roy, P.;
Reibaud, M.; Blanchard, J. C.; Roques, B. P. CCK Analogues
Highly Selective for Central Receptors. In Gastrin and Cho-
lecystokinin. Chemistry, Physiology and Pharmacology; Bali,
J.-P., Martinez, J.; Eds.; 1987, Elsevier: New York; pp 33-36.

(17) Lin, C. W.; Holladay, M. W.; Witte, D. G.; Miller, T. R.;
Wolfram, C. A. W,; Bianchi, B. R.; Bennett, M. J.; Nadzan, A.
M. A71378: A CCK Agonist with High Potency and Selectivity
for CCK-A Receptors. Am. J. Physiol. 1990, 258, G648—-G651.

from structure-activity relationship (SAR) studies on
nonsulfated derivatives, e.g. CCK, and desulfated CCK-8,
that already show moderate nanomolar affinity and modest
selectivity for CCK-B receptors.’®? Meanwhile, im-
pressive progress has been made in the development of
potent and selective antagonists at both receptor sub-
types.1020

In relation to our ongoing studies on CCK, and specif-
ically as part of our program directed toward CCK ana-
logues as anorectic agents, we undertook structure-activity
studies on a series of sulfated CCK, analogues. Our studies
followed those of Rosamond et al.,?! who had demonstrated

(18) Hruby, V. J.; Fang, S.; Knapp, R.; Kazmierski, W.; Lui, G. K.;
Yamamura, H. L. Cholecystokinin Analogues with High Affin-
ity and Selectivity for Brain Membrane Receptors. Int. J.
Pept. Protein Res. 1990, 35, 566-573.

(19) Nadzan, A. M.; Garvey, D. S.; Holladay, M. W.; Shiosaki, K.;
Tufano, M. D.; Shue, Y. K.; Chung, J. Y. L.; May, P. D.; May,
C. S.; Lin, C. W,; Miller, T. R.; Witte, D. G.; Bianchi, B. R.;
Wolfram, C. A. W.; Burt, S.; Hutchins, C. W. Design of Cho-
lecystokinin Analogs with High Affinity and Selectivity for
Brain CCK Receptors. In Smith, J. A.; Rivier, J. (Eds.) Pep-
tides: Chemistry and Biology. Proceedings of the 12th Am-
erican Peptide Symposium; Smith, J. A., Rivier, J., Eds.; Es-
com: Leiden, 1992; pp 100-102.

(20) Freidinger, R. M. Cholecystokinin and gastrin antagonists.
Med. Res. Rev. 1989, 9, 271-290.

(21) Rosamond, J. D.; Comstock, J. M.; Thomas, N. J.; Clark, A. M.,;
Blosser, J. C.; Simmons, R. D.; Gawlak, D. L.; Loss, M. E;
Augello-Vaisey, S. J.; Spatola, A. F.; Benovitz, D. E. Structural
Requirements for the Satiety Effect of CCK,. In Peptides:
Chemistry and Biology. Proceedings of the 10th American
Peptide Symposium, Marshall, G. R., Ed.; Escom, Leiden,
1988; pp 610-612.
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Table I1. Physical Properties of Sulfated Peptides
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amino acid analysis MSe HPLC?
compd Nle Gly Trp Asp Phe other mje adduct tg (min)

1 2.1 0.9 1.0 1.0 1.0 - 1021° M + Na)* 11.8

2 2.0 1.0 0.8 1.0 - (N-Me)Phe, 0.9 989 (M- H) 12.1

1011 M+ Na-2H)

3 1.9 1.0 0.7 1.0 - - 973 (M -H) 12.2

4 21 1.0 d - 1.0 - 989 M-H) 11.8

5 2.2 1.0 0.7 - 1.0 Hyp, 0.9 1075 M + Na -2 H) 9.3

6 11 09 1.0 0.9 1.0 Leu, 1.1 975 - (M -H)- 11.7

7 11 1.0 0.7 1.0 1.0 - 989 M -H)- 12.1

8 1.0 1.0 0.6 1.0 - (N-Me)Phe, 0.9 973 (M -H) 10.0

Pro, 10 995 (M + Na-2H)

9 1.0 1.0 0.8 1.0 - (N-Me)Phe, 0.9 1015 M-H) 12.2
10 2.0 - d 1.0 0.9 Ala, 1.1 989 (M-H) 12.1
11 - - 0.8 1.0 1.0 Leu, 1.0 906° M + H)* 10.1
12 1.0 2.2 0.9 0.9 1.0 - 919 M-H)- 9.6

941 M+ Na-2H)

13. 1.0 09 0.7 11 0.9 Leu, 1.0 1021° M+ 2Na-H)"* 11.7
14 2.2 09 0.7 11 1.0 - 1021° M+ 2Na-H?* 11.8
15 1.0 - 11 1.0 1.0 lactam, 1.0 947¢ M+ H)* 9.5
16 1.0 1.0 0.8 1.0 1.0 Pro, 0.9 961° M + H)* 10.1
17 - 1.0 11 1.0 - Pro, 1.0 1001°¢ M + H)* 10.8

(N-Me)Phe, 0.8

3PP, 1.1
18 2.1 1.0 d 1.0 1.0 - 973 (M -H) 12.1
19 21 1.0 d 0.9 1.0 - 997 M-H) 12.7

3FAB- unless otherwise specified. ®Vydac Cyg, 0.5 X 24 cm; flow rate 1 mL/min; 20% to 60% CHyCN/0.1% aqueous TFA over 15 min.

¢FAB*. 4Trp present, but recovery low.

that (des-NH,)Tyr(SO;7)-Met-Gly-Trp-Met-Asp-(N-Me)-
Phe-NH,, a relatively nonselective analogue, was potent
in the suppression of food intake in rats. We chose the
closely related bis-Nle analogue, (des-NH,)Tyr(SO;)-
Nle-Gly-Trp-Nle-Asp-Phe-NH, (1) as the starting point
for our studies. Important objectives were to explore
certain side chain and backbone modifications for effects
on receptor affinity and subtype selectivity, and secon-
darily to determine whether any relationships existed
between the SAR of Boc-CCK, analogues and their sul-
fated heptapeptide analogue counterparts. Also, SAR
studies on the N-terminal acyldipeptide region were carried
out in order to explore the possibility of eventually de-
signing nonpeptide mimics for this portion of the molecule.
These studies have resulted in the preparation of a series
of analogues (Table I), including the potent and selective
CCK-A agonist, A-71378 (compound 4) and the potent and
selective CCK-B agonist A-72962 (compound 7). A pre-
liminary account of these studies,?? as well as the results
of detailed pharmacological evaluations of 4 and 7'7 have
been reported. Here we provide experimental details and
additional in vitro and in vivo data related to these studies.

Chemistry

Compounds 1-19 (Table I) were assembled from ap-
propriately protected forms of the constituent amino acids
and 3-(4-hydroxyphenyl)propionic acid using conventional
peptide synthesis techniques. Most of the syntheses were
carried out in the solution phase, although standard sol-
id-phase techniques were applied in a few cases. Fmoc-
(N-Me)Asp(OBn)-OH was synthesized from the un-
methylated precursor using the procedure developed by
Freidinger?® and either used as such or converted to the

(22) Holladay, M. W.; Bennett, M. J.; Tufano, M. D.; Lin, C. W;
Witte, D. G.; Miller, T. R.; Bianchi, B. R.; Nadzan, A. M. CCK
Heptapeptide Analogs: Effects of Conformational Restrictions
and Standard Modifications on Selectivity and Activity at
CCK-A and CCK-B Receptors. In Peptides: Chemistry and
Biology. Proceedings of the 12th American Peptide Sympo-
sium; Smith, J. A,, Rivier, J., Eds.; Escom: Leiden, 1992; pp
443-445.

corresponding Boc derivative. Protected derivatives of the
nonstandard amino acids found in analogues 3,% 9,2 and
15% were prepared by published procedures. For prepa-
ration of compounds 18 and 19, commercially available
p-hydroxycinnamic acid and 6-hydroxynaphthylene-2-
carbozxylic acid were converted to the corresponding N-
hydroxysuccinimide esters prior to coupling to the C-ter-
minal hexapeptide fragment. The assignment of E-geom-
etry about the double bond of the cinnamoyl moiety of 18
rests on the coupling constant for the olefinic protons (15
Hz) in the 'H-NMR of both the precursor active ester and
the final product. Sulfations of assembled acylhexa-
peptides were accomplished using either pyridine—sulfur
trioxide complex? or pyridinium acetyl sulfate? according

(23) Freidinger, R. M.; Hinkle, J. S.; Perlow, D. S.; Arison, B. H.
Synthesis of 9-Fluorenylmethyloxycarbonyl-Protected N-Alkyl
Amino Acids by Reduction of Oxazolidinones J. Org. Chem.
1983, 48, 77-81. .

(24) Konno, S.; Stammer, C. H. The Synthesis of N-Benzyloxy-
carbonyl-L-Prolyl-Dehydrophenylalanyl-L-Histidyl-L-Leucine.
Int. J. Pept. Protein Res. 1978, 12, 222-231.

(25) Holladay, M. W.; Lin, C. W.; May, C. S.; Garvey, D. S.; Witte,
D. G.; Miller, T. R.; Nadzan, A. M. trans-3-n-Propyl-L-proline
is a Highly Favorable, Conformationally Restricted Replace-
ment for Methionine in the C-Terminal Tetrapeptide of Cho-
lecystokinin. Stereoselective Synthesis of 3-Allyl and 3-n-
Propyl-L-proline Derivatives from 4-Hydrozy-L-proline. J.
Med. Chem. 1991, 34, 455-457.

(26) Chung, J. Y. L.; Wasicak, J. T.; Arnold, W. A;; May, C. S.;
Nadzan, A. M.; Holladay, M. W. Conformationally Con-
strained Amino Acids. Synthesis and Optical Resolution of
3-Substituted Proline Derivatives. J. Org. Chem. 1990, 55,
270-275. :

(27) Freidinger, R. F.; Perlow, D. S.; Veber, D. F. Protected Lac-
tam-Bridged Dipeptides for Use as Conformational Con-
straints in Peptides. J. Org. Chem. 1982, 47, 104-109.

(28) Ruiz-Gayo, M.; Dauge, V.; Menant, 1.; Begue, D.; Gacel, G.;
Roques, B. P. Synthesis and Biological Activity of Boc-
[N1e?,N1e®|CCK .55, a Highly Potent CCK,y Analog. Peptides
1985, 6, 415-420.

(29) Penke, B.; Hajnal, H.; Lonovics, J.; Holzinger, G.; Kadar, T.;
Telegdy, G.; Rivier, J. Synthesis of Potent Heptapeptide
Analogues of Cholecystokinin. J. Med. Chem. 1984, 27,
845-849.
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to established procedures. Physical data for 1-19 are
collected in Table II.

Results and Discussion

Table I shows biological data for compounds 1-19, which
include binding affinities at both receptor subtypes and
two types of functional data at CCK-A receptors. Func-
tional activity at CCK-B/gastrin receptors for selected
compounds in this group and a comparison of these ana-
logues with Boc-CCK; and CCK; in standard assays for
CCK activity have been reported elsewhere.!” In this re-
port, SAR with respect to binding to both receptor sub-
types will be discussed first, followed by a discussion of
the CCK-A functional data.

Compounds 2-9 incorporate modifications of the C-
terminal tetrapeptide region of the molecule. Among these,
6 represents the conservative change of Nle to Leu at
position 31, and is included to simplify interpretation of
the results for 7 and 11, which also contain the i-Bu side
chain at position 31. The other analogues in this group
contain conformationally restricted residues in the C-
terminal region, including N-methyl modifications at
positions 31-33.

Although (N-Me)Phe had been shown to be a favorable
modification in the related [Met?%3!] geries with respect
both to stability against enzymatic degradation and to
potency in gall bladder contraction and appetite sup-
pression,?! the effect of this modification on binding to
CCK receptors was not reported. Our results (cf. 2 vs 1)
indicate that whereas CCK-A binding is unaffected by
N-methylation at Phe®, CCK-B binding affinity is di-
minished by a factor of 20, so that modest selectivity for
CCK-A receptors results. It is noted, however, that in a
related bis-sulfated octapeptide series, the corresponding
(N-Me)Ph? analogue possessed equal affinity for CCK-A
vs CCK-B receptors.®

Compound 3 was prepared as an extension of a corre-
sponding Boc-CCK, analogue, for which it was found that
replacement of Phe with A%Phe in position 33 had af-
forded an analogue with undiminished affinity for the
CCK-B receptor.’® Analogue 3 possesses ca. 10-fold weaker
affinity than 1 for both receptor subtypes; nevertheless,
the affinity for both receptor subtypes is still in the low
nanomolar range, and this result is viewed as providing
potentially valuable information for modeling studies.

In the course of our earlier work on analogues of CCK,,
Boc-Trp-Nle-(N-Me)Asp-Phe-NH, was synthesized and
found to have weak affinity for both CCK-A (1600 nM)
and CCK-B (>10000 nM) receptors.®® Comparison of
these data with those of the parent unmethylated analogue
revealed that while N-methylation on the Asp residue
caused a drastic decrease in affinity for CCK-B receptors,
CCK-A binding was improved by 2 to 3-fold. This ob-
servation led us to prepare the sulfated analogue 4. After
detailed pharmacological evaluation,!” 4 (A-71378) appears
to be the most potent CCK-A selective agonist reported
to date. It is clear that the effect of the N-methyl group
is to disfavor interaction with the CCK-B receptor while
allowing high affinity interaction with the CCK-A receptor
to be preserved. Possible rationales for the observed se-
lectivity have been discussed.}? In further work that will
be described in subsequent reports, incorporation of the

(30) Sugg, E. E.; Serra, M.; Shook, J.; Yamamura, H. I.; Burks, T.
F.; Korc, M.; Hruby, V. J. Cholecystokinic activity of N-
hydroxysulfonyl-[Nle28,31]CCK26-33 analogues modified at
the C-terminal residue. Int. J. Pept. Protein Res. 1988, 31,
514-519.

(31) Garvey, D. S.; May, P. D.; Nadzan, A. M. Unpublished data.
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(N-Me)Asp® modification into the novel series of lysine-
based tetrapeptide CCK-A agonists recently discovered at
Abbott® affords analogues with favorable properties as
CCK-A agonists.®®

Hyp(SO;") had been previously described as a replace-
ment for Asp® in a series of CCK heptapeptide analogues
and noted to show selectivity for cholecystokinetic (gall
bladder contraction) vs gastrin activity,®* but no binding
data were reported. In the present series, this modification
(compound 5) resulted in a 20-fold loss of affinity for
CCK-A receptors, and a nearly 300-fold loss of affinity for
CCK-B receptors; thus, 5 exhibits moderate affinity and
ca. 30-fold selectivity for CCK-A receptors.

Analogue 7 incorporates the (N-Me)Leu®! modification,
which affords a potent and selective CCK-B ligand. Al-
though N-methylation at position 31 has been used as a
key component of other selective CCK-B ligands, 615 it
is interesting to note that simple N-methylation at position
31 of [N1e%41].CCK; affords a poorly selective analogue.1®
Thus, N-methylation in combination with some other
modification, in this case a change to the i-Bu side chain
at position 31, is necessary for high CCK-B selectivity.
Compound 7 has been shown to be an agonist in the
stimulation of calcium release in a human cancer cell line,
an event which is mediated by CCK-B/gastrin receptors.!’

trans-3-n-Propyl-L-proline (3PP), which was found to
afford a potent CCK-B selective analogue when incorpo-
rated at position 31 of the Boc-tetrapeptide series,? was
incorporated into the present series in combination with
the (N-Me)Phe?? modification to provide 9, which pos-
sesses high affinity and ca. 10-fold selectivity for the
CCK-B receptor. By comparison with compound 8, it is
seen that the n-propyl group of 3PP contributes ca. 50-fold
to affinity for CCK-B receptors and 20-fold to affinity for
CCK-A receptors. This contrasts to the ca. 400-fold con-
tribution to CCK-B binding and negligible contribution
to CCK-A binding by the n-propyl group in the Boc-
tetrapeptide series.? In DMSO solution, 8 and 9 exist as
multiple conformers corresponding to restricted rotation
about both tertiary amide bonds.

Analogues 10-19 represent changes in the N-terminal
acyldipeptide region. The results with p-Ala® (compound
10) are in accord with those reported by others,* and show
that this modification causes a ca. 100-fold loss of affinity

(32) (a) Shiosaki, K.; Lin, C. W.; Kopecka, H.; Tufano, M. D.; Bi-
anchi, B. R.; Miller, T. R.; Witte, D. G.; Nadzan, A. M. Boc-
CCK-4 Derivatives Containing Side-Chain Ureas as Potent and
Selective CCK-A Receptor Agonists. J. Med. Chem. 1991, 3¢,
2837-2842. (b) Lin, C. W.; Shiosaki, K.; Miller, T. R.; Witte,
D. G.; Bianchi, B. R.; Caroline, C. A. W.; Kopecka, H.; Craig,
R.; Wagenaar, F.; Nadzan, A. M. Characterization of Two
Novel Cholecystokinin Tetrapeptide (30-33) Analogues, A-
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Hyp refers to trans-4-hydroxy-L-proline.

(35) Hruby, V. J.; Fang, S.; Toth, G.; Jiao, D.; Matsunaga, T. O.;
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to the CCK-A receptor and a 50-fold loss of affinity to the
CCK-B receptor. Compound 11 represents the deletion
of the position 28 side chain as well as the replacement of
the 28,29 peptide bond with ethylene. This analogue
proved to be equipotent to its parent (6) in binding to the
CCK-B receptor, but possessed 30-fold lower affinity than
6 for the CCK-A receptor. Simple deletion of the position
28 side chain, as in the Gly®-Gly® analogue 12, resulted
in ca. 8-fold lower affinity relative to the parent 1 at both
receptor subtypes. Mendre et al.’” have studied a series
of isosteric peptide bond replacements at the 28,29 position
in a CCK heptapeptide series, including the Nle?®¥-
[CH,CH,]Gly?® analogue. This compound exhibited af-
finity to both receptor subtypes nearly equivalent to that
of the all-amide parent. Thus, while the CCK-B receptor
is highly tolerant even to multiple changes in this region,
the CCK-A receptor is slightly less tolerant to either
modification of the 28,29 amide bond or to deletion of the
position 28 side chain, and considerably less tolerant to
both changes simultaneously.

The binding results for the Leu® and D-Nle?® analogues
13 and 14, respectively, are similar to those found for
similar modifications in a caerulein-based series.?® Thus,
whereas binding affinity to both receptor subtypes is
unaffected by the Leu® modification, D-amino acids at this
position cause at least a 10-fold decrease in affinity to the
CCK-B receptor, and a >100-fold decrease at the CCK-A
receptor. A similar result is found for the conformationally
restricted lactam 15, which has stereochemistry corre-
sponding to a D-amino acid at position 28. In contrast, the
conformationally restricted L-Pro residue at position 28
(compound 186) is well tolerated at both receptor subtypes.
Compound 17 was prepared as a multiply constrained
analogue for which it was hoped that a single preferred
conformation would exist in solution. Although it proved
to show good activity at both receptor subtypes consistent
with the activities of the individual modifications, at least
three major conformations were present in all of a variety
of solvent conditions as evidenced by 'H NMR. Finally,
it was hoped that an appropriately constrained (des-
NH,)Tyr(80;") residue, such as that found in 18 or 19,
would lead to compounds with improved potency or se-
lectivity. However, both 18 and 19 possess considerably
lower affinity than the parent to both receptor subtypes.

In Vitro Functional Data

With the exception of compounds 14 and 19, which had
weak affinity for CCK-A receptors, the compounds in
Table I were shown to possess maximal stimulatory activity
in amylase release relative to CCK;. ECg, values (or in a
few cases, percent stimulation at an appropriate concen-
tration) for these analogues are shown in Table I. In
general, the potency of analogues in stimulating amylase
secretion agreed with their potency in pancreatic binding
assays. Table I also shows the maximal stimulation of PI
hydrolysis that can be elicited by high concentrations of
analogues 1-19. Most analogues with high affinity for
CCK-A receptors also elicited >95% of the maximal PI
response (1, 2, 4, 6, 12, 13, 16). Analogue 3, on the other

(837) Mendre, C.; Rodriguez, M.; Lignon, M. F.; Galas, M.-C.;
Guedet, C.; Worms, P.; Martinez, J. Pharmacological Activity
of Cholecystokinin Analogues Modified in the Met28-Gly29
Region. Eur. J. Pharmacol. 1990, 186, 213-222.

(38) Fujimoto, M.; Igano, K.; Watanabe, K.; Irie, I.; Inouye, K.;
Okabayashi, T. Effects of caerulein-related peptides on chole-
cystokinin receptor bindings in brain and pancreas. Biochem.
Pharmacol. 1986, 34, 1103-1107.
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Table III. Activity of Selected Analogues in Suppression of
Food Intake in Rat

360-420 min
0=-60 min % suppression
compd ED,, (nmol/kg) at 30 nmol/kg
1 3.98 £ 1.22 N8
2 2.45 = 0.73 30% %= 6%
1 0.71 % 0.29 29% % 3%
5 >1000 NS
9 8.77 £ 2.55 NS

®NS = no significant suppression.

hand, had affinity in the low nanomolar range, but elicited
only 69% of the maximal PI response, while analogues 5,
9, and 17 also possessed high affinity but still elicited
<90% of the maximal PI response. Since the probable
mechanism for elicitation of enzyme secretion involves
amplification of the signal from an earlier PI hydrolysis
event,%¥ the PI turnover assay would be expected to be
more stringent with respect to agonist efficacy. The data
in Table I are consistent with this interpretation.

Reduced amylase secretory activity at supramaximal
concentration has been observed for many sulfated CCK
analogues,* and was found in the present study for ana-
logues 1, 4, 6, 12, 13, 16. All of these compounds elicited
>80% of the maximal PI response in guinea pig tissue,
whereas compounds 3 and 7, which stimulated 69% and
80% of the maximal PI response, respectively, did not
reduce secretion at supramaximal concentration. This
behavior is consistent with the results found in other series
of CCK-A agonists.??

Appetite Suppression Studies in Vivo

Compounds 1, 2, 4, 5, and 9 were evaluated for their
ability to suppress food intake in a food-deprived rat
paradigm. The results for the period immediately follow-
ing injection of test compounds (Table III, column 1) show
that all of the above analogues except the Hyp(SOy")
analogue 5 are potent in the suppression of food intake.
The high level of activity for the CCK-A selective com-
pound 4 is consistent with the hypothesis that appetite
suppression by systemically administered CCK agents is
mediated by CCK-A receptors. Compounds 1 and 2 are
[N1e?31] analogues of corresponding [Met?+41] derivatives
studied by Rosamond et al.2! In that study, N-methylation
of Phe® was shown to provide an analogue with increased
stability to tissue homogenates and enhanced potency in
gall bladder contraction, while anorectic potency after 0.5
and 3 h was similar to the unmethylated analogue. In our
study, both [(N-Me)Phe®] analogue 2 and the [(N-Me)-
Asp?®] analogue 4, but not 1, 5, or 9, caused a statistically
significant suppression of food intake during the afternoon
feeding period. On the other hand, preliminary in vitro
metabolism studies on analogues 4 and 9 indicate that 9
is considerably more stable than 4 to both kidney and liver
homogenates. Thus, duration of action does not appear
to correlate strictly with stability in these in vitro prepa-
rations.

Compound 5 shows poor in vivo activity despite its
relatively high affinity and efficacy at CCK-A receptors.

(39) Lin, C. W.; Bianchi, B. R.; Grant, D.; Miller, T.; Danaher, E.
A.; Tufano, M. D.; Kopecka, H.; Nadzan, A. M. Cholecystok-
inin Receptors: Relationships Among Phosphoinocsitide
Breakdown, Amylase Release and Receptor Affinity in Pan-
creas. J. Pharmacol. Exp. Ther. 1986, 236, 729-734.

(40) Jensen, R. T.; Lemp, G. F.; Gardner, J. D. Interactions of
COOH-terminal Fragments of Cholecystokinin with Receptors
on Dispersed Acini from Guinea Pig Pancreas. J. Biol. Chem.
1982, 257, 5554-5559.



2924 Journal of Medicinal Chemistry, 1992, Vol. 35, No, 16

This result could in principle be attributable to one or a
combination of several factors, including failure to achieve
sufficient receptor activation as a result of the slightly
lower affinity and intrinsic activity; pharmacokinetic/
pharmacodynamic considerations; or differences between
pancreatic receptors and those responsible for suppression
of food intake. Presently, the extent to which any of these
factors is operative remains to be established.

In summary, we have prepared a series of sulfated
acylhexapeptide analogues of CCK that contain both
standard amino acid as well as conformationally restricting
residues. Analogues that are potent and selective for either
the CCK-A or CCK-B receptor were found, and additional
data on structure-activity relationships for the acyldi-
peptide region have been presented. Also, the relationship
of in vivo activity to several in vitro parameters has been
discussed.

Experimental Section

Methylene chloride, DMF, and pyridine were stored over 4A
molecular sieves prior to use; other solvents and reagents were
reagent grade and used as purchased unless otherwise indicated.
Standard workup of solution-phase reactions involved dilution
of the reaction mixture with EtOAc and successive washings with
saturated aqueous KHSO,, H,0, saturated aqueous NaHCQ;, and
brine, followed by drying of the organic phase over Na,SO, or
MgSO0,, filtration, and evaporation of the volatile components
on a rotary evaporator. Thin-layer chromatography, flash column
chromatography, NMR, MS, and elemental analyses were carried
out under conditions previously specified.? Analytical HPLC
was carried out on a Beckman instrument with effluent monitored
at 254 and 280 nm and other conditions as specified subsequently.
Preparative reverse-phase HPLC was carried out on either a
Beckman or Gilson instrument using either a Vydac C,g (22 X
250 mm) or a Dynamax C,g (21.4 X 250 mm, plus 50-mm guard
column) using mixtures of CH;CN and 50 mM NH,OAc, pH 4.5,
as the mobile phase at a flow rate of 15 mL/min, with effluent
monitored at 280 nm. Amino acid analyses (AAA) were carried
out by hydrolysis (6 N HC], 150 °C, 2 h), followed by analysis
on a Beckman Model 6300 amino acid analyzer; in some cases,
5% mercaptoacetic acid was included during the hydrolysis step
to improve recovery of tryptophan. Combustion analyses for
selected intermediates are in agreement with theoretical values
£0.4% for the elements shown unless otherwise indicated. Final
products were purified to >95% homogeneity as determined by
analytical HPLC. The following procedures for synthesis of
selected analogues are representative of the methods used for the
synthesis of the remaining compounds.

General Synthetic Procedures. A. Mixed Anhydride
Couplings. A solution of the acid component (1 mmol) and
N-methylmorpholine (NMM) (1 mmol) in THF or other specified
solvent (2-4 mL) is cooled in a dry ice/CCl, bath and treated with
dropwise addition of isobutyl chloroformate (0.98 mmol). After
3-6 min, a chilled (-10 to 0 °C) solution of amine salt (1 mmol)
in DMF (2-4 mL) is added, followed by tertiary amine base
[NMM, NEt; or N,N-diisopropylethylamine (DIEA), 1-1.5 mmol].
The mixture is allowed to warm to ambient temperature and stir
overnight, or until complete by TLC (if necessary, additional base
is added), and then worked up as specified.

B. Carbodiimide-Mediated Couplings. A solution of the
acid component (1 mmol), the amine (1 mmol) [or amine salt (1
mmol) plus tertiary amine base (1 mmol)], and 1-hydroxy-
benzotriazole hydrate (1 mmol) in DMF (2-4 mL) at 0 °C is
treated with 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
(EDC) (1.1 mmol), and the solution is allowed to warm slowly
to ambient temperature and stir overnight or until complete by
TLC, and then worked up as specified.

C. Formation of Symmetrical Anhydrides. A solution of
the acid component (2 mmol) in CH,Cl, (10-20 mL) at 0 °C is
treated with EDC (1 mmol). After stirring for 0.5-1 h, the solution
is used directly in the coupling step.

Boc-Trp-Nle-Asp-Phe-NH, (20). A stirred solution of the
trifluoroacetate salt of H-Nle-Asp-Phe-NH,? (5.8 g, 11.4 mmol)
in DMF at 0 °C was treated with DIEA (4.0 mL, 22.8 mmol) and
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Boc-Trp-OSuccinimidyl (4.6 g, 11.4 mmol), and the mixture was
allowed to warm to ambient temperature overnight. Addition
of H,0 and HOAc precipitated the crude product (8.8 g), which
was recrystallized from EtOH/H,0 to afford 5.4 g (70%) of the
title compound as colorless needles; mp 210-211 °C (lit. 217-218
°C); MS (FAB*) m/e 679 (M + H)*; NMR (300 MHz, DMSOQ-d,)
5 0.80 (m, 3 H), 1.05-1.23 (m, 4 H), 1.29 (s, 9 H), 1.35-1.61 (m,
2 H), 2.45 (1 H, obscured), 2.65 (dd, J = 7, 17 Hz, 1 H), 2.78-2.94
(m, 2 H), 2.95-3.10 (m, 2 H), 4.20 (m, 2 H), 4.32 (m, 1 H), 4.50
(m, 1 H), 6.32 (m, 1 H),6.86 (d, J = 8 Hz, 1 H), 6.93 (t,J = 8
Hz, 1 H), 7.03 (t, J = 8 Hz, 1 H), 7.09-7.31 (m, 8 H), 7.56 (d, J
=8 Hz,1H), 781 (d,J =8 Hz, 1 H), 7.88 (d, J = 8 Hz, 1 H),
8.24 (d, J = 8 Hz, 1 H), 10.75 (s, 1 H).

H-Trp-Nle-Asp-Phe-NH, Trifluoroacetate (21). Compound
20 (5.0 g, 7.4 mmol) was treated with a solution comprised of
CH,C]; (100 mL), TFA (100 mL), dimethy] phosphite (4 mL), and
anisole (5 mL). After standing for 1 h at ambient temperature,
the mixture was concentrated and the residue treated with an-
hydrous Et,O to precipitate the product, which was collected and
washed with fresh Et,0O to afford the title compound (5.1 g, 100%)
as a light tan solid: MS (CI/NH,) m/e 579 (M + H)*; NMR (300
MHz, DMSO-dg) 6 0.81 (t, J = 6 Hz, 3 H), 1.12-1.30 (m, 4 H),
1.40-1.60 (m, 2 H), 2.45 (1 H, obscured), 2.68 (dd, J = 6, 17 Hz,
1 H), 2.81 (dd, J = 9, 14 Hz, 1 H), 2.99 (m, 2 H), 3.19 (dd, J =
5,15 Hz, 1 H), 4.11 (m, 1 H), 4.25-4.40 (m, 2 H), 4.53 (m, 1 H),
6.99 (t,J =7 Hz, 1 H), 7.08 (t, J = 7T Hz, 1 H), 7.10-7.25 (m, 7
H),7.29 (s, 1 H), 7.35(d, J = 8 Hz, 1 H), 7.69 (d, J = 8 Hz, 1 H),
7.88 (d,J =8 Hz,1H), 836 (d,J=8Hz,1H),871(d,J=8
Hz, 1 H), 10.96 (s, 1 H).

Boc-Nle-Gly-OBn (22). Boc-Nle-OH (3.34 g, 14.4 mmol) was
coupled to TsOH-H-Gly-OBn (4.86 g, 14.4 mmol) using general
procedure A with NMM as base. After 46 min, TLC analysis
indicated consumption of starting materials. The mixture was
diluted with EtOAc, subjected to acid-base workup, dried
(Na,S0,), and concentrated to give an oil that was crystallized
from Et,0/hexane to afford 3.50 g (64%) as a white solid: mp
86-87 °C; MS (FAB*) m/e 379 (M + H)*; NMR (300 MHz,
DMSO0-d,) 6 0.81 (t, J = 7 Hz, 3 H), 1.24 (m, 4 H), 1.38 (s, 9 H),
1.46 (m, 1 H), 1.59 (m, 1 H), 3.79-4.00 (m, 3 H), 5.11 (s, 2 H), 6.86
(d, J = 8 Hz, 1 H), 7.36 (m, 5 H), 8.28 (t, J = 6 Hz, 1 H).

(Des-NH,)Tyr-Nle-Gly-OH (23). Compound 22 (11.38 g, 30
mmol) was treated with 1.4 N HC1/HOAc¢ (31 mL) for 3 h, then
anhydrous ether was added, and the precipitate was collected by
filtration to afford the 9.22 g of the dipeptide hydrochloride, which
was coupled to 3-(4-hydroxyphenyl)propionic acid (5.0 g, 30 mmol)
according to general procedure A with NMM as base. The reaction
mixture was diluted with EtOAc, washed successively with dilute
aqueous acid and H,0, then dried (MgSO,), and concentrated.
Chromatography over silica gel (CHCl;/hexane/MeQH/
concentrated NH,OH, 50:50:10:0.1) afforded 8.92 g (70%) of the
product as a white solid, which was dissolved in MeOH and shaken
in a Parr apparatus under 4 atm H, in the presence of 10% Pd/C.
When H, uptake ceased, the mixture was filtered through Celite
and concentrated to afford 6.91 g (95%) of the title compound
as white foam: MS (CI/NH;) m/e 337 (M + H)*, 354 (M +
NH,)*; NMR (300 MHz, DMSO-d,) é 0.80 (m, 3 H), 1.09-1.29
(m, 4 H), 1.40 (m, 1 H), 1.58 (m, 1 H), 2.32 (m, 2 H), 2.65 (m, 2
H), 3.70 (m, 2 H), 4.22 (m, 1 H), 6.61 (d, J = 7.5 Hz, 2 H), 6.95
(d, J = 7.5 Hz, 2 H), 7.90 (d, J = 9 Hz, 1 H), 8.11 (t, J = 5 Hz,
1 H), 9.10 (bl‘ 8, 1 H). Anal. (C"HuN205-0.25HgO) C, H, N.

(Des-NH,)Tyr-Nle-Gly-Trp-Nle-Asp-Phe-NH, (24). Acid
23 (146 mg, 0.43 mmol) in 2 mL of THF and 0.5 mL of DMF was
coupled to tetrapeptide 21 (300 mg, 0.43 mmol) according to
general procedure A with NEt; as base. The mixture was diluted
with H,0 and acidified with HOAc to afford a solid precipitate,
which was collected by filtration and dried under reduced pressure
to yield 342 mg of the crude product. A 100-mg portion of the
crude product was purified by preparative HPLC (Dynamax
column, gradient 30 to 45% CH3CN over 40 min). Pure fractions
as judged by analytical HPLC were pooled and CHyCN was

(41) Morley, J. S., Smith, J. M. Polypeptides. Part IX. Variations
of the Methionyl Position in the C-Terminal Tetrapeptide
Amide Sequence of the Gastrins. J. Chem. Soc. C 1968,
726-733.
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evaporated under reduced pressure. The precipitate was collected,
washed with H,0, and dried under reduced pressure to afford
23 mg of the title compound: mp 218-219 °C; AAA: Phe (1.0);
Asp, 1.1; Gly, 1.0; Nle, 2.0; Trp, 1.1; MS (FAB-) m/e 895 (M -
H)-; NMR (500 MHz, DMSO-dg) § 0.81 (m, 6 H), 1.10-1.25 (m,
8 H), 1.47 (m, 2 H), 1.60 (m, 2 H), 2.35 (m, 2 H), 2.45 (m, 1 H,
partially obscured by solvent), 2.58 (m, 1 H), 2.66 (m, 2 H), 2.84
(dd, J = 5,9 Hz, 1 H), 2.97 (dd, J = 5, 9 Hz, 1 H), 3.05 (dd, J
= 3,8 Hz, 1 H), 3.16 (dd, J = 3,9 Hz, 1 H), 3.58 (dd, J = 2, 10
Hz, 1 H), 3.73 (dd, J = 3, 10 Hz, 1 H), 4.15 (m, 2 H), 4.34 (m, 1
H), 4.45 (m, 1 H), 4.55 (m, 1 H), 6.62 (d, J = 5 Hz, 2 H), 6.94 (m,
3 H), 7.04 (t, J = 4 Hz, 1 H), 7.10 (m, 2 H), 7.15-7.25 (m, 5 H),
7.28 (m, 2 H), 7.55 (d, J = 5 Hz, 1 H), 7.85 (d, J = 5 Hz, 1 H),
7.95 (d, J = 5 Hz, 1 H), 8.00 (d, J = 5 Hz, 1 H), 8.12 (br s, 1 H),
8.15 (d, J = 5 Hz, 1 H), 8.25 (br s, 1 H), 9.10 (br s, 1 H), 10.79
(s, 1 H).

(Des-NH,)Tyr(S0,)-Nle-Gly-Trp-Nle-Asp-Phe-NH, (1).
Dry, crude 24 (100 mg, ca. 85% purity, ca. 0.1 mmol) in 2 mL of
1:1 DMF/pyridine was treated with pyridine-sulfur trioxide (35
mg, 2.2 mmol). After 5 days, the reaction was quenched by
addition of H,O and then brought to neutral pH by addition of
concentrated NH,OH. Purification was accomplished by prep-
arative HPLC (Dynamax column, gradient 25% to 35% CH;CN
over 30 min). Fractions judged pure by analytical HPLC were
pooled and lyophilized twice to afford 20 mg (ca. 21% yield) of
1. NMR (500 MHz, DMSO-dg) 6 0.82 (m, 6 H), 1.10-1.30 (m, 8
H), 1.48 (m, 2 H), 1.60 (m, 2 H), 2.35-2.50 (m, 3 H), 2.61 (dd, J
= 4, 10 Hz, 1 H), 2.72 (m, 2 H), 2.85 (dd, J = 5, 8 Hz, 1 H), 2.97
(dd, J = 5,9 Hz, 1 H), 3.04 (dd, J = 2, 8 Hz, 1 H), 3.16 (dd, J
= 2,9 Hz, 1 H), 3.60 (dd, J = 3, 10 Hz, 1 H), 3.72 (dd, J = 4, 10
Hz, 1 H), 4.15 (m, 2 H), 4.35 (m, 1 H), 4.47 (m, 1 H), 4.55 (m, 1
H), 6.94 (t,J = 5 Hz, 1 H), 7.04 (m, 5 H), 7.10 (m, 2 H), 7.15-7.27
(m, 8 H), 7.30 (d, J = 5 Hz, 1 H), 7.55 (d, J = 5 Hz, 1 H), 7.81
(d,J=5Hz,1H),793(d,J=5Hz,1H),797(d,J =5Hz1
H), 8.09 (br t, 1 H), 10.76 (s, 1 H).

Boc-Asp(Ot-Bu)-(A)Phe-NH, (25). Boc-Asp(Ot-Bu)-OH
(0.34 g, 1.17 mmol) was converted to a mixed anhydride according
to general procedure A and then treated with a solution of d,1-
B-phenylserine hydrate (0.21 g, 1.17 mmol) and NMM (0.13 mL,
1.17 mmol) in 6 mL of H,0. After warming to ambient tem-
perature, the mixture was poured into 10% citric acid and ex-
tracted with EtOAc, and then the organic layer was dried (MgSO,)
and concentrated. Chromatography (silica gel, EtOAc/hexane-
/HOAc, 25:25:1 to 35:15:1, then EtOAc/HOAc, 50:1, and then
EtOAc/acetone/HOAc, 78:20:2) gave 290 mg of a foam, which
was dissolved in acetic anhydride, treated with sodium acetate
trihydrate (0.26 g, 1.91 mmole), and stirred at room temperature
for 6 h. The reaction mixture was concentrated to dryness and
then partitioned between CHC); and 10% citric acid. The aqueous
phase was extracted twice with chloroform, and then the combined
organic phases were dried (MgSQ,) and concentrated. Chro-
matography over silica gel (EtOAc/hexane, 1:6 to 1:2) gave 221
mg of the oxazalone as a foam: 'H NMR (300 MHz, DMSO-dy)
6 1.40 (s, 18 H), 2.65-3.00 (m, 2 H), 4.92 (m, 1 H), 7.36 (s, 1 H),
7.45-7.55 (m, 3 H), 7.60 (d, J = 9 Hz, 1 H), 8.20 (m, 2 H). The
oxazalone (29 mg, 0.071 mmole) was dissolved in dioxane (2.5 mL)
and treated with concentrated NH,OH (2.5 mL). After 30 min,
the reaction mixture was poured into 10% citric acid solution,
extracted with CHCl,, dried (MgSO,), and concentrated. Puri-
fication by preparative TLC (silica gel, 1 mm, EtOAc) gave 15
mg of the title compound: 'H NMR (300 MHz, DMSO-dg) § 1.39
(s, 9 H), 1.40 (s, 9 H), 2.50 (m, 1 H), 2.70 (dd, J = 6, 16 Hz, 1 H),
4.38 (Ii.ll), 1 H), 7.22 (s, 1 H), 7.26-7.40 (m, 5 H), 7.57 (m, 2 H), 9.55
(s, 1 H).

Boc-Nle-Asp-(A)Phe-NH, (26). A solution of compound 25
(780 mg, 1.81 mmole) in 1.4 N HC1/HOAc was allowed to stand
at ambient temperature for 2.5 hours, and then MeOH was added
until the solution became homogeneous. The product was pre-
cipitated by addition of anhydrous Et,0 (125 mL) and collected
by filtration to afford 550 mg of a white solid. A portion (250
mg, 0.80 mmol) was coupled to Boc-Nle-OH (190 mg, 0.80 mmole)
according to general procedure A with NMM as base. After
acid-base extractive workup, the crude product was purified by
recrystallization from EtOAc/acetone to give 200 mg of the title
compound: mp 180-182 °C dec, MS (FAB*) m/e 491 (M + H)*,
513 (M + Na)*; 'H NMR (300 MHz, DMSO-dg) § 0.82 (m, 3 H),
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1.15-1.65 (m, 15 H), 2.64 (dd, J = 7.5, 17 Hz, 1 H), 2.82 (dd, J
= 6, 17 Hz, 1 H), 3.88 (m, 1 H), 457 (m, 1 H), 7.05 (d, J = 7.5
Hz, 1 H), 7.14 (br s, 1 H), 7.25~7.40 (m, 5 H), 7.55 (m, 2 H), 8.46
(d,J = 7.5 Hz, 1 H), 9.32 (s, 1 H), 12.53 (br s, 1 H). Anal
(C44HyyN,O;) C, H, N. :

(Des-NH,)Tyr(S0;7)-Nle-Gly-Trp-Nle-Asp-(A)Phe-NH,
(3). Compound 26 (184 mg, 0.375 mmol) was treated with 5 mL
of 1.6 N HC1/HOACc for 1.5 h, and then the solution was frozen .
and lyophilized. The salt was extended to the Boc-tetrapeptide
(73% yield) by using a procedure similar to that described for
preparation of compound 20. Extension to the unsulfated
acylhexapeptide (mp 207.5-210 °C, 70% yield) proceeded similarly
as for preparation of compound 21. To a solution of the acyl-
hexapeptide (128 mg, 0.14 mmol) in 1:1 DMF/pyridine (6 mL)
was added pyridinium acetyl sulfate® (310 mg, 1.4 mmol). After
1.5 days, the mixture was concentrated under reduced pressure,
and then treated with 3 mL of H,0O containing 100 mg of NaOH.
The mixture was diluted with MeOH and filtered through Celite,
and then purified by preparative HPLC (Dynamax and Vydac
columns, gradient 25% to 50% CH3CN over 10 min). Pure
fractions were pooled and lyophilized to afford the title compound
(87 mg, 64%): 'H NMR (300 MHz, DMSO-d;, selected data) &
3.54 (dd, J = 3,18 Hz, 1 H), 3.72 (dd, J = 5, 18 Hz, 1 H); 4.14
(m, 1 H), 4.22 (m, 1 H), 4.56 (m, 2 H) (a-protons); 6.59 (s, vi-
nylic-H).

Fmoc-(N-Me)Asp(OBn)-OH (27). Following the general
procedure of Freidinger,? a solution of Fmoc-Asp(OBn)-OH (15
g, 33.6 mmol), paraformaldehyde (7 g), and p-TsOH-H,0 in
toluene (500 mL) was heated at reflux with azeotropic removal
of water for 2 h, at which time TLC indicated consumption of
starting material was complete. The solution was washed with
saturated aqueous NaHCO;, then dried (Na,SO,), and concen-
trated. The residue was dissolved in CHC]; (150 mL) and treated
with TFA (26 mL) and triethylsilane (16 mL). Additional
quantities of TFA and triethylsilane were added over several days
until TLC indicated that the reaction was complete. The solution
was concentrated and fresh CHC); was added and evaporated,
and then the residue was treated with Et,0/hexane (1:9) to afford
a light tan solid (9.3 g, 60%): mp 123-126 °C; [a]¥p = -41.4°
(c 1.16, CHCly); MS (FAB*) m/e 460 (M + H)*, 482 (M + Na)*;
IH NMR (300 MHz, CDC];) (two conformers, ca. 1:1) § 2.35 (dd,
J =1.5,17 Hz, 0.5 H), 2.72 (dd, J = 6, 16 Hz, 0.5 H), 2.90 (s, 1.5
H, N-Me), 2.95 (m, 0.5 H), 3.0 (s, 1.5 H, N-Me), 3.18 (dd, J = 6,
17 Hz, 0.5 H), 4.15 (t, J = 5 Hz, 0.5 H), 4.25 (t, J = 7.5 Hz, 0.5
H), 4.42 (m, 1.5 H, Fmoc CH,), 4.50 (dd, J = 5, 10.5 Hz, 0.5 H,
Fmoc CHy), 4.62 (m, 0.5 H, a-H), 4.8 (dd, J = 6, 8 Hz, 0.5 H, a-H),
5.15-5.20 (m, 2 H), 7.20-7.45 (m, 9 H), 7.52 (m, 2 H), 7.68 (d, J
= 7.5 Hz, 0.5 H), 7.75 (d, J = 7.5 Hz, 1.5 H). A second crop of
1.6 g (10%) of small, colorless needles was obtained from the
mother liquors: mp 133-134 °C; [a]®p = -47.1° (¢ 1.1, CHCl,).

Boc-(N-Me)Asp(OBn)-OH (28). Compound 27 (83 g, 180
mmol) in CH,Cl, (300 mL) was treated with piperidine (100 mL),
followed by isopropyl ether (1000 mL). After ca. 2 h, additional
isopropyl ether was added to precipitate the product which was
collected by filtration to afford 31.3 g of material. A suspension
of this intermediate in CH,Cl, (200 mL) was added to a stirred
mixture of di-tert-butyl dicarbonate (42.33 g), CH,Cl, (200 mL),
H,0 (100 mL), and DIEA (to maintain pH 8-8.3). After stirring
at 35 °C for 1 h, the acidic product was isolated by standard
extractive procedures, followed by crystallization from EtOAc/
heptane to afford 32.6 g (54%) of the title compound: mp 102-103
°C; [a]#p = -59.3° (¢ 1.2, CHCl,); MS (CI/NH;) m/e 338 (M +
H)*, 355 (M + NH)*; 'H NMR (300 MHz, CDCl;) (two con-
formers, ca 1:1) ¢ 1.41 (s, 4.5 H) and 1.43 (s, 4.5 H) (Boc); 2.83
(m, 1 H); 2.89 (s, 1.5 H) and 2.95 (s, 1.5 H) (N-Me); 3.15 (dd, J
= 6, 16 Hz, 1 H); 4.60 (m, 0.5 H) and 4.75 (m, 0.5 H) (a-proton);
5.15 (8, 2 H), 7.35 (m, 5 H).

H-(N-Me)Asp(OBn)-Phe-NH, Hydrochloride (29).
Boc-(N-Me)Asp(OBn)-OH (12.0 g, 35.6 mmol) and H-Phe-NH,
(6.08 g, 37.0 mmol) in DMF (75 mL) were coupled according to
general procedure B. After 30 min at 0 °C and 2 h at ambient
temperature, TLC indicated that the reaction was complete. The
mixture was partitioned between EtOAc (100 mL) and 5%
aqueous NaHCOQ;. The separated aqueous phase was back-ex-
tracted with EtOAc (100 mL), and then the combined organic
layers were washed with successive portions of 5% aqueous
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NaHCO;, 5% aqueous citric acid (2X), 5% aqueous NaHCO;, and
H;0 (2X), then dried (MgS0O,), and concentrated to a syrup. The
crude dipeptide was dissolved in EtOAc (100 mL), heptane was
added to cloudiness, and then 1.2 N HCl/EtOAc (250 mL) was
added. After 2 h, the reaction was incomplete according to TL.C
and additional HCI (g) was introduced. After an additional 0.5
h, more heptane was added, the mixture was slowly concentrated
under reduced pressure, and the precipitated solid was collected,
washed with hexane, and dried at 45 °C under reduced pressure
to afford 14.5 g (97%) of the title compound: MS (CI/NH,) m/e
384 (free base (M + H)*); NMR (300 MHz, DMSO-d) 5 2.01 (s,
3H), 272 (dd, J = 11, 14 Hz, 1 H), 2.90 (d, J = 6 Hz, 2 H), 3.10
(dd, J = 4, 14 Hz, 1 H), 3.99 (t, J = 6 Hz, 1 H), 4.60 (m, 1 H),
5.10 (s, 2 H), 7.11-7.30 (m, 6 H), 7.31-7.40 (m, 5 H), 7.55 (br s,
1 H), 897 (d, J = 9 Hz, 1 H).

Boe-Trp-Nle-(N-Me)Asp(OBn)-Phe-NH, (30). The sym-
metrical anhydride of Boc-Nle-OH (2.47 g, 10.6 mmol) was formed
in 10 mL of CH,Cl, according to general procedure C. Subse-
quently, 29 (2.1 g, 5.0 mmol) was added followed by DIEA (1.78
mL, 10.2 mmol). After several days, the mixture was concentrated
and subjected to standard workup, followed by crystallization from
Et,0/hexane to afford 2.5 g (84%) of the protected tripeptide
as a solid. The tripeptide (2.3 g, 3.9 mmol) in CH,Cl, (25 mL)
was treated with trifluoroacetic acid (TFA, 25 mL), and the
solution was allowed to stand at ambient temperature for 1 h and
then concentrated. Addition of anhydrous Et,O precipitated a
solid, which was collected and washed with Et,O to afford 1.7 g
(72%) of the tripeptide salt. To the mixed carbonic anhydride
prepared from Boc-Trp-OH (1.06 g, 3.47 mmol) according to
general procedure A were added the tripeptide salt (1.63 g, 2.67
mmol) in CH,Cl,, followed by DIEA (0.47 mL, 2.70 mmol).
Further treatment according to the general procedure afforded
a crude product (2.04 g), which was crystallized from CH,Cl,/Et,0O
to afford 1.36 g (65%) of the title compound as a colorless solid:
MS (FAB*) m/e 783 (M + H)*; '"H NMR (300 MHz, CDCl;,
selected data) (two conformers, ca. 1.5:1) § 2.20 (N-Me, major
conformer) and 2.74 (N-Me, minor conformer); 4.39, 4.40, 4.80,
4.98 (a-protons, major conformer); 4.80, 5.12, 5.85, 5.92 («-protons,
minor conformer).

H-Trp-Nle-(N-Me)Asp-Phe-NH, Trifluoroacetate (31).
Compound 30 (600 mg, 0.77 mmol) in HOAc (100 mL) was shaken
for several hours in the presence of 10% Pd/C (60 mg) under an
atmosphere of H, (4 atm). The solution was filtered and con-
centrated, and then the residue was dissolved in CH,Cl, (20 mL)
containing anisole (0.8 mL) and dimethyl phosphite (0.8 mL) and
treated with TFA (20 mL). After standing at ambient temperature
for 1 h, the solution was concentrated and the residue treated with
anhydrous Et,O0 to precipitate a solid, which was collected and
dried to afford 485 mg (30%) of the title compound as a light violet
powder: MS (CI/NH,) 593 (M + H)*, 575 (M + H - H,0)*; 'H
NMR (300 MHz, DMSO-dg, selected data) (two conformers, ca.
4:1) § 2.21 (N-Me, minor conformer), 2.38 (N-Me, major con-
former); 4.02, 4.48, 4.55, 5.14 (a-protons, major conformer).

(Des-NH,)Tyr(S0;)-Nle-Gly-Trp-Nle-(N-Me)Asp-Phe-
NH, (4). Compound 31 (485 mg, 0.69 mmol) was converted to
the title compound in a manner similar to that described for
conversion of 21 to 1. Purification by preparative HPLC (Dy-
namax C18, gradient from 25 to 40% CH;CN over 30 min) af-
forded 180 mg (28%) of the title compound: 'H NMR (500 MHz,
DMSO-dg, selected data) (two conformers, ca. 2:1) & 2.10 (N-Me,
minor conformer), 2.30 (N-Me, major conformer); 3.55-3.75, 4.11,
4.35, 4.45, 4.52, 4.62,4.77, 5.12, 5.23 (a-protons, both conformers).

(Des-NH,)Tyr(SOy")-Nle-Gly-Trp-Nle-Hyp(SO;")-Phe-NH,
(5). The unsulfated acylhexapeptide was assembled using a
Biosearch Model 9500 automated peptide synthesizer starting with
1 g (substitution level of 0.67 mmol/g) of p-methylbenzhydryl-
amine resin (Bachem, Inc. Torrance, CA). The standard Merrified
Boc/benzyl protection strategy*? was used, except the (des-
NH,)Tyr residue was incorporated with the phenolic hydroxyl
unprotected. On the basis of weight gain after incorporation of

(42) Barany, G.; Merrifield, R. B. Solid-Phase Peptide Synthesis.
In The Peptides. Analysis, Synthesis, Biology; Gross, E.,
Meienhofer, J., Eds.; Academic Press: New York, 1979; Vol.
2, pp 1-284.
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the first (Boc-Phe-) residue, the effective level of substitution was
estimated as 0.47 mmol/g. Double couplings were performed in
1:1 CH,Cl,/DMF for 2 h each using a 3.5-fold excess of protected
amino acid at a concentration of 0.3 M in the presence of 1,3-
diisopropylcarbodiimide, followed by capping with acetylimidazole.
Deblocking was carried out in 45% TFA, 2.5% anisole, 2% di-
methyl phosphite in CH,Cl, for 20 min, followed by neutralization
with 10% DIEA in CH,Cl,. The peptide was cleaved from the
resin by treatment with liquid HF (9 mL) in the presence of anisole
(0.75 mL) and dimethyl phosphite (0.25 mL) at 0 °C for 1 h. After
evaporation of the HF under reduced pressure, the residue was
triturated with MeOH, the resin was removed by filtration, and
the solvent was evaporated. The residue was subjected directly
to sulfation with pyridinium acetyl sulfate as described for the
preparation of 3. When the reaction was complete as judged by
TLC (ca. 3 h), the reaction was quenched by addition of H,0,
then brought to neutral pH by addition of concentrated NH,OH.
The solvent was removed by lyophilization, the residue was
triturated with MeOH, and the supernatant was subjected to
repeated purification by preparative HPLC (Dynamax and Vydac
columns, gradient 15% to 45% CH3CN over 40 min). Pure
fractions were combined and lyophilized to afford 25 mg (5%
yield) of the title compound as a fluffy solid: 'H NMR (500 MHz,
DMSO-d,, selected data) & 3.55-3.72 (m, 4 H) (Gly a-protons plus
Hyp é-protons), 4.15 (m, 1 H), 4.28 (m, 2 H), 4.42 (m, 1 H), 4.58
(m, 1 H), 4.76 (m, 1 H) (remaining a-protons plus CHOSOj3").
Boc-Trp-(N-Me)Leu-Asp(OBn)-Phe-NH, (32). Boc-(N-
Me)Leu-OH (152 mg, 0.62 mmol) and TFA-H-Asp(OBn)-Phe-
NH,* (300 mg, 0.62 mmol) were coupled according to general
procedure B. Standard workup after 3 days afforded a crude
product that was purified by flash chromatography (EtOAc/
hexane/HOAc, 75:26:2) to afford 319 mg (86%) of the protected
tripeptide. Treatment of the tripeptide (283 mg, 0.47 mmol) with
4 N HCl/dioxane (ca. 2 mL) for 1 h was followed by evaporation
of the volatile components and then addition and evaporation
of anhydrous EtO to form a solid, which was dried under reduced
pressure. The HC] salt was treated with a solution of the sym-
metrical anhydride prepared from Boc-Trp-OH (286 mg, 0.94
mmol) according to general procedure C, followed by addition
of NMM (0.051 mL, 0.46 mmol). The mixture was stirred at 0
°C for 3 h and allowed to warm to ambient temperature and stir
overnight. Standard workup followed by flash chromatography
(EtOAc/hexane/ HOAc, 60:40:2) afforded 220 mg (60%) of the
title compound as an off-white solid: MS (FAB*) m/e 783 (M
+ H)*; 'H NMR (300 MHz, DMSO-dg, selected data) (two con-
formers, ca. 9:1) § 0.48 (d, J = 4 Hz) and 0.52 (d, J = 4 Hz) (Leu
4, minor conformer); 0.81 (d, J = 3 Hz) and 0.85 (d, J = 3 Hz)
(Leu é, major conformer); 2.53 (s, N-Me, minor conformer), 2.83
(N-Me, major conformer); 4.40 (m), 4.52 (m), 4.64 (dd, J = 3.8
Hz), 5.10 (dd, J = 2, 7 Hz) (a-protons, major conformer).
(Des-NH,)Tyr(S0;7)-Nle-Gly-Trp-(N-Me)Leu-Asp-Phe-
NH, (7). Compound 32 (192 mg, 0.25 mmol) in CH,Cl, (1.7 mL)
was treated with anisole (0.075 mL), dimethyl phosphite (0.06
mL), and TFA (1.3 mL) and allowed to stand for 1 h. Anhydrous
Et,0 was added, the volatile components were removed under
reduced pressure, then the residue was triturated with fresh Et,0,
and the solid was collected by filtration to afford 114 mg (57%)
of the trifluoroacetate salt. The salt (111 mg, 0.14 mmol) was
coupled to acid 23 (44 mg, 0.14 mmol) via the mixed anhydride
according to general procedure A, using NMM as the base. The
reaction mixture was partitioned between EtOAc and aqueous
KHSO, and then the separated organic layer was washed suc-
cessively with saturated aqueous NaHCO; and brine, dried
(NayS0,), and concentrated to afford 139 mg of the crude pro-
tected acylhexapeptide, which was dissolved in EtOAc (5 mL)
and stirred under an atmosphere of H, in the presence of 10%
Pd/C (100 mg). Since consumption of starting material was not
complete after 2 days, DMF (2 mL) was added, and the mixture
was stirred for a further 4 h and then filtered using MeOH rinse.

(43) Martinez, J.; Bali, J.-P.; Rodriguez, M.; Castro, B.; Magous, R.;
Laur, J.; Lignon, M.-F. Synthesis and Biological Activities of
Some Pseudo-Peptide Analogues of Tetragastrin: The Im-
portance of the Peptide Backbone. J. Med. Chem. 1988, 28,
1874-1879.



CCK Heptapeptide Analogues

The filtrate was concentrated, diluted with Hy0, frozen, and
lyophilized to afford 109 mg of the deprotected acylhexapeptide:
MS (FAB*) m/e 911 (M + H)*. Sulfation of the crude product
(69 mg, 0.076 mmol) according to the procedure described for
preparation of 1, followed by purification by preparative HPLC
(Dynamax column, gradient 10 to 40% CH ;CN over 40 min)
afforded 13 mg (15% from deprotected tetrapeptide) of the title
compound: 'H NMR (500 MHz, DMSO-d, selected data) (two
conformers, ca. 3:1) § 0.43 (d, J = 4 Hz) and 0.48 (d, J = 4 Hz)
(Leu §, minor conformer); 0.83 (m) (Leu §, major conformer plus
Nle 4, both conformers), 2.56 (N-Me, minor conformer), 2.83
(N-Me, major conformer); 3.56-3.80, 4.18, 4.38, 4.52, 4.91 (a-
protons, both conformers).

H-Asp(OBn)-(N-Me)Phe-NH, Hydrochloride (33). Boc-
Asp(OBn)-OH (15.8 g, 49 mmol) and H-(N-Me)Phe-NH,* (8.71
g, 49 mmol) were allowed to react for 4 days under the conditions
of method A. The mixture was concentrated under reduced
pressure and subjected to standard workup to afford the crude
product which was flash chromatographed (Et;0/hexane, 1:1 then
7:3). A solution of the product (12.42 g) in 1.5 N HCl/HOAc (70
mL) was allowed to stand at ambient temperature for 0.75 h, and
then the hydrochloride salt was precipitated by addition of an-
hydrous Et,0, collected, and dried under reduced pressure to
afford 11.49 g (56%) of a colorless solid: MS (CI/NHj) m /e 383
(M + H)*: '"H NMR (300 MHz, DMSO-d;) (two conformers, ca.
1:1) § 1.20 (dd, J = 2, 18 Hz, 0.5 H), 2.20 (dd, J = 9, 18 Hz, 0.5
H), 2.81 (m, 0.5 H); 2.88 (s, 1.5 H, N-Me), 2.91 (s, 1.5 H, N-Me),
2.98 (m, 0.5 H), 3.15-3.35 (m, 2 H), 4.50 (m, 1 H), 4.65 (dd, J =
5, 16 Hz, 0.5 H), 4.88 (dd, J = 6, 10 Hz, 0.5 H), 5.05-5.18 (m, 2
H), 7.05-7.50 (m, 11.5 H), 7.90 (0.5 H), 8.30-8.50 (br m, 3 H). Anal.
(CyH,yCIN;O,HOAC) C, H, N.

Boc-3PP-Asp(OBn)-(N-Me)Phe-NH, (34). Boc-3PP-OH
(1.03 g, 4.00 mmole) and HCl-Asp(OBn)-(N-Me)Phe-NH, (1.68
g, 4.00 mmeole) were coupled using general procedure A with NMM
as base. The mixture was partitioned between EtOAc and dilute
aqueous HC), and the organic phase was washed successively with
H,0, 5% NaHCO,, and H,0, then dried (MgSO,), and concen-
trated in vacuo. The crude product was purified by flash chro-
matography (EtOAc/hexane, 1:1 to 7:3, then EtOAc) to give 2.01
g of the product as a foam: MS (CI/NHj) m/e 623 (M + H)*;
640 (M + NH,)*; '"H NMR (300 MHz, DMSO-d,, selected data)
(multiple conformers) é 0.82 (m, 3 H, n-Pr CHj), 1.27 (s, Boc),
1.30 (s, Boc), 1.35 (s, Boc), 2.70 (s, N-Me), 2.72 (s, N-Me), 2.89
(s, N-Me), 2.92 (s, N-Me). Anal. (C3H,N,0,-0.5H;0) C, H, N.

Boc-Trp-3PP-Asp(OBn)-(N-Me)Phe-NH, (35). Compound
34 (2.01 g, 3.23 mmol) was treated with 10 mL of 1.4 N HCl/HOAc
for 40 min, and then the product was precipitated with anhydrous
Et,0, collected by vacuum filtration, and dried in vacuo to give
1.56 g of a white solid. Anal. Calcd for (CyHgsN,05-HCI-H,0)
C, H, N. The hydrochloride salt (1.56 g, 2.79 mmol) was coupled
to Boc-Trp-OH (0.85 gm, 2.79 mole) using general procedure B
with DIEA as base. The mixture was partitioned between EtOAc
and dilute aqueous HC], and the separated organic phase was dried
(MgS0,), filtered, and concentrated in vacuo. The crude product
was purified by flash chromatography (EtOAc/hexane, 1:1 to 7:3,
then EtOAc) to give 1.59 g (70%) of the title compound: MS
(FAB*) m/e 809 (M + H)*, 831 (M + Na)*. Anal. (CH;;Ng-
0gz1.5H,0) C, H, N.

(Des-NH,)Tyr(S0;7)-Nle-Gly-Trp-3PP-Asp-(N-Me)Phe-
NH, (9). Compound 35 (1.58 g, 1.96 mmol) was treated with 1.4
N HCl/HOAc (12 mL) for 1 h under N, then anhydrous Et,0
was added to precipitate a solid which was collected by filtration
to afford 1.36 g of hydrochloride salt. The salt (1.36 g) was coupled
to acid 23 (0.62 g, 1.85 mmol) according to general procedure B
using DIEA as base. The reaction mixture was partitioned be-
tween EtOAc and dilute aqueous NaHCQj,, and then the separated
organic layer was washed successively with 5% NaHCOj;, H,0,
10% HC), and H,0, then dried (MgSO,), and concentrated. Flash
chromatography (EtOAc/HOAc, 50:1, then EtOAc/acetone/
HOAC, 80:20:1) afforded 1.14 g of a tan foam, which was dissolved

(44) Gregory, H.; Jones, D. S.; Morley, J. S. Polypeptides. Part VII.
Varlations in the Phenylalanyl Position in the C-Terminal
Tetrapeptide Amide Sequence of the Gastrins. J. Chem. Soc.
C 1968, 531-540.
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in MeOH (150 mL) and shaken in the presence of 10% Pd/C (0.21
g) under 4 atm of H,. After confirming consumption of starting
material by TLC, the solution was filtered through Celite and
concentrated. A portion of the residue (0.049 g, 0.053 mmol) was
sulfated as described above for preparation of 3, except that
concentrated NH,OH was used to quench the reaction. The crude
product was purified by preparative HPLC (Dynamax column,
gradient 10 to 40% CHCN over 40 min) to afford the title
compound in 30% yield from 35: 'H NMR (300 MHz, DMSO-d;,
selected data) (multiple conformers) 6 0.82 (m, 6 H, n-Pr and Nle
methyls); 2.72 (s, N-Me), 2.95 (s, N-Me); 4.19 (m), 4.66 (m),
4.72-5.15 (m) (a-protons).

Boc-[ (R )-3-amino-2-0xo-1-pyrrolidineacetyl]-Trp-Nle-
Asp-Phe-NH, (36). (R)-3-[(tert-Butyloxycarbonyl)amino]-2-
oxo-1-pyrrolidineacetic acid was prepared from Boc-D-Met-Gly-OH
according to the method of Freidinger,?” [a]®, = +28.0° (¢ 0.94,
MeOH) (lit.? for the S isomer: [a]%*p = -31.2° (c 1.0, MeOH)).
This acid (42 mg, 0.16 mmol) was coupled to tetrapeptide 21 (124
mg, 0.18 mmol) according to general procedure A, with the mixed
anhydride formed in 1:1 CH,Cl,:THF, and using NEt; as base
during the coupling step. The product was isolated by concen-
tration of the reaction mixture followed by addition of H,O and
HOACc to precipitate a solid, which was collected by filtration,
washed with H,0, and dried in vacuo to afford 111 mg (85%) of
the title compound: MS (FAB*) m/e 841 (M + Na)*, 719 (M +
H - Boc)*; 'H NMR (300 MHz, DMSO-d,, selected data) 5 1.38
(s, Boc), 3.05 (m, lactam C-5 protons); 3.67 (d, J = 17 Hz, 1 H),
3.88 (d,J = 17 Hz, 1 H), 4.09 (dd, J = 9, 18 Hz, 1 H), 4.21 (m,
1 H), 4.35 (m, 1 H), 4.51 (m, 1 H), 4.57 (m, 1 H) (a-protons).

(Des-NH,)Tyr(S0;7)-[(R)-3-amino-2-0x0-1-pyrrolidine-
acetyl]-Trp-Nle-Asp-Phe-NH, (15). A solution of 36 (98 mg,
0.12 mmol) in CH,Cl, (1 mL) containing anisole (0.050 mL) and
dimethyl phosphite (0.040 mL) was treated with TFA (1 mL),
and the solution was kept at ambient temperature for 1 h. The
volatile components were evaporated, the residue was treated with
anhydrous Et,0, and the precipitate was collected by filtration
to afford the TFA salt (96 mg). To a solution of the salt (95 mg,
0.11 mmol) in DMF (1 mL) at 0 °C were added NMM (0.015 mL,
0.14 mmol) and 3-(4-hydroxyphenyl)propionic acid succinimide
ester (Hpp-OSu) (34 mg, 0.13 mmol). The mixture was allowed
to warm to ambient temperature and stir overnight and then was
treated with additional Hpp-OSu (5 mg, 0.02 mmol). After an
additional 24 h, the mixture was treated with H,O and HOAc to
precipitate a gum, which solidified after addition of a small
quantity of MeOH to the aqueous mixture followed by trituration.
The solid was collected by filtration and dried under reduced
pressure to afford 87 mg of crude acylhexapeptide. The crude
acylhexapeptide (53 mg) was sulfated in a manner analogous to
that described for the preparation of 1, and purified by preparative
HPLC (Dynamax column, gradient 20 to 35% CH3;CN over 30
min.) to afford 29 mg (42% from 36) of the title compound: 'H
NMR (360 MHz, DMSO-dg, selected data) 3.79 (m, 2 H), 4.20 (m,
1 H), 4.32 (m, 2 H), 4.50 (m, 1 H), 4.57 (m, 1 H) (a-protons); 7.82
(d,J=7Hz 1H),805(d,J=7Hz,1H),812(d,J=7Hz,1
H),821(d,J =17 Hz, 1 H), 831 (d, J = 7 Hz, 1 H).

In Vitro Assays. Binding, amylase release and PI turnover
studies were carried out in guinea pig tissues as described pre-
viously.?

Feeding Assays. Adult male Sprague-Dawley rats (Sasco,
Madison, WI) were housed and tested in individual hanging wire
mesh cages, and they weighed between 260 and 450 g at the time
of testing. Animals were allowed at least 3 days to become ac-
climated to the colony room after arrival from the supplier. Water
was freely available, but food was restricted to a liquid diet of
Ensure available for 60 min in the morning and for 30 min ap-
proximately 6 h later. Prior to testing, animals were maintained
on this feeding schedule for at least 10 days, by which time intakes
had stabilized. Drug solutions were prepared in a distilled water
vehicle, and doses ranging from 0-30 nmol/kg were administered
ip in volumes of ca. 1 mL/kg. In general, eight animals per
experimental group were used. On test days, treatment groups
were matched according to 60-min intakes on the previous day,
and the animals were weighed and injected (ip) 7-10 min prior
to the morning feeding period. Intake volumes of Ensure, which
was presented in graduated feeding tubes, were measured after
both the morning and afternoon feeding periods. Data for the
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morning period are expressed as mean (=SEM) dose required to
suppress intakes approximately 50% compared to vehicle, as
determined by least squares regression analysis.
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28, 141408-45-9; 29, 142003-28-9; 30, 141982-67-4; 31, 141982-69-6;
32, 141982-70-9; 33, 131450-72-1; 34, 134676-15-6; 35, 134675-58-4;
36, 141982-71-0; H-Nle-Asp-Phe-NH,, 15373-76-9; Boc-Trp-OSu,
3392-11-8; Boc-Nle-OH, 6404-28-0; TSOH-H-Gly-OBn, 1738-76-7;
Fmoc-Asp(OBn)-OH, 86060-84-6; H-Phe-NH,, 5241-58-T;
TFA-H-Asp=0Bn)-Phe-NH,, 60058-91-5; HC1:Asp(OBn)-(N-
Me)Phe-NH,, 131450-72-1; H-(NMe)Phe-NH,, 17193-30-5; Boc-
3PP-OH, 123724-22-1; d,l-8-phenylserine, 69-96-5; di-t-butyl
dicarbonate, 24424-99-5; amylase, 9000-92-4; 3-(4-hydroxy-
phenyl)propionic acid, 501-97-3; (R)-3-[(tert-butyloxycarbonyl)-
amino]-2-oxo-1-pyrrolidineacetic acid, 78444-90-3.

Analogs of the § Opioid Receptor Selective Cyclic Peptide
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Gly3-Phe* Amide Bond Isostere Substitutions
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In order to develop systemically-active opioid peptides, the é-selective, opioid pentapeptide [D-Pen?,D-Pen®]-enkephalin
(DPDPE) was modified by esterification and by substitution of 2',6’-dimethyltyrosine for tyrosine to yield 4. Compound
4 was on the order of 8- and 800-fold more active than DPDPE in both § and x opioid radioligand binding assays,
respectively, in rat neural membrane suspensions. Compound 4 was considerably more potent than DPDPE at
inhibiting contractions of electrically-stimulated mouse vas deferens in vitro, and this effect was very sensitive to
naltrindole, a é-selective opioid antagonist. These observations can be taken as indication that 4 exerts its effects
through 6 opioid receptors. This interpretation is supported by the finding that the ECy, value of 4 derived in the
smooth muscle assay is very similar to that derived in NG108-15 neuroblastoma cells, a preparation devoid of u
receptors. Unlike DPDPE, 4 exhibited significant, naloxone-sensitive, antinociceptive activity when administered
systemically, as measured by inhibition of phenylbenzquinone-induced stretching in mice (EDg, = 2.1 mg/kg).
Compound 4 also displayed significant antinociceptive activity following systemic administration as measured by
its action in mice to increase latencies for tail withdrawal from radiant heat (EDyy = 50 mg/kg). Compound 4 did
not produce morphine-like discriminative stimulus effects in rats trained to discriminate 3.0 mg/kg morphine from
vehicle at doses ranging from 30 to 120 mg/kg. This observation can be interpreted as indication that within this
dosage range there is an absence of morphine-like subjective effects. Physical dependence, however, could be induced
in mice at higher doses of 4 under a progressively-graded, 4-day dose regimen. Congeners of 4 with amide bond
surrogates for the Gly-Phe amide bond (oxymethylene, trans-double bond, and bismethylene isosteres) in the cyclic
core of DPDPE were prepared in an attempt to increase the antinociceptive activity of 4. While some of the congeners
were active in the in vitro assays, they did not display significant antinociceptive activity following systemic
administration. The preparation of all the compounds was accomplished by solution-phase methods. The mechanisms

which might underlie the biological and systemic activity of 4 are discussed.

Introduction

The discovery of endogenous pentapeptide brain opioids,
the enkephalins,! led to much excitement in the arena of
the medicinal chemistry of pain.2® The activity was fueled
by the possibility that analogs of these relatively simple
linear peptides might yield safer analgesics than narcotic
alkaloids typified by morphine. While many enkephalin
congeners have been described, only a handful have un-
dergone clinical trials. None of these has yet advanced into
the clinician’s armamentarium against pain.#® An im-
portant result of this work was the recognition that a &
opioid receptor type, along with the u and « opioid receptor
types, could mediate analgesia in mammals.”1° Evidence
is emerging that analgesia elicited through & opioid re-
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ceptors is associated with a more benign side effect profile
than analgesia elicited through other opioid receptors.!!
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