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Abstract—A study of structure—activity relationships of a series of ‘dipeptoid’ CCK-B receptor antagonists was performed in
which variations of the phenyl ring were examined while the [(2-adamantyloxy)carbonyl]-a-methyl-R)-tryptophan moiety of the
potent antagonist CI-988 was kept constant. Since the main focus of this study was phenyl substituent variation, series design
techniques were employed to insure an adequate spread of physicochemical properties (lipophilic, steric, electronic), as well as
positional substitution.-A QSAR analysis on sets of 26 and 16 analogues revealed that CCK-B affinity was related to a combina-
tion of the overall size and, marginally, lipophilicity of the phenyl ring substituents (i.e., smaller groups were associated with
increased potency with an optimum n near zero, respectively). Further exploration revealed that the dimensions and electronics
of the para-phenyl substituent could be related to CCK-B affinity. Increased affinity was seen with short, bulky (branched)
electron withdrawing groups. Analogs with small para-substituents appeared to be about 1000-fold CCK-B selective, indicating
that selectivity for CCK-B binding is sensitive to phenyl ring substitution. The 4-F-phenyl dipeptoid, derived from this study, has
extraordinary high affinity at the CCK-B receptor (IC;,=0.08 nM) and was also very selective (940-fold CCK-B selective).
Consistent with previous reports, (S)-configuration at the substituted phenethylamide center, a carboxylic acid and the presence
of a phenyl ring were found to be associated with increased affinity at both CCK-A and CCK-B receptors. Copyright © 1996
Elsevier Science Ltd

Introduction .
Cholecystokinin (CCK), a 33 residue polypeptide @
originally isolated from porcine intestine,' is known to )T\
stimulate gal}bladdqr contraction and  pancreatic 0P T cont H oy
enzyme secretion. It is widely distributed in the central Me /Y
nervous system, where it acts as a neurotransmitter. ANy ~-coH
Two receptor subtypes for CCK are presently known.? o
CCK-A receptors are distributed mainly in peripheral cLoss
tissue such as gallbladder and pancreas, while CCK-B
receptors are located mainly in the central nervous . ) .
system. The role of CCK in anxiety/panic disorders, Previous work in our laboratories® led to the develop-
acting via interactions with the CCK-B receptors, has ment of dipeptoid CCK-B receptor antagonist, CI-988,
been explored. Some selective antagonists of this which exhibits potent and selective antagonism at the

receptor are known to produce anxiolytic-like effects in CCK-B receptor” (CCK-B, ICs,=1.7 nM; CCK-A,
both animal models® and humans.* Thus, it has been 1C5,=4300 nM, A/B ratio=2500) as well as marked

postulated that CCK-B receptor antagonists could apxiolytic activity.. Continueq SAR efforts led to the
represent a novel treatment for CNS disorders such as discovery of a higher affinity (1, Table 1, CCK-B,
anxiety and panic attacks. Recently, the pharmaco- IC5,=0.15 nM; CCK-A, 1G5 =225 nM), but less
logical profiles of a number of diverse antagonists have SClCCth? (A/B ratio=170) dipeptoid analogue of
been described.’ CI-988.” Due to the encouraging biological results

found with both CI-988 and 1, we felt that further
'Presented in part at the 206th National Meeting, American exploration of the phenyl ring (R,) of 1 might expand
Chemical Society, Chicago, Tllinois, 1993; MEDI 194, our understanding of the structural requirements for
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CCK-B receptor affinity and selectivity. Therefore, a identification of a number of dipeptoids with high
series of compounds was synthesized in which the affinity and increased selectivity for binding to the
[(2-adamantyloxy)carbonyl]-o- methyl- (R)-tryptophan CCK-B receptor. The effect on affinity at CCK-B
moiety of CI-988 was kept constant and the phenyl ring receptors was quantified by the use of a QSAR
(R,) of 1 was varied. These modifications led to the analysis.

Table 1. CCK receptor affinities of C-terminal analogues of CI-988

H
\
[ CORy
O/U\Nﬂﬂ\CONHL/ fe
Me
I
Example R, R, A Method of 1Cso(nM)? A/B ratio Formula”
Preparation
CCK-A  CCK-B
1 H Ph S ref 7a 225 0.15 150 Cy:HyN;05-0.1 H,0
2 H Ph-2-Cl RS (1.3:1y B 68 0.40 170 C3:H;:CIN;O5-0.61 EtOAC
3 Et Ph-2-Cl RS (1:1y B 796 43 19 C;sH,,CIN,O;-0.84 EtOAc
4 H Ph-2,6-Cl, RS (18:1) B 38 0.22 173 C,:H:,CILN,0.d
5 Et Ph-2,6-Cl, RS (1:1) B 3080 62 50 C:sH,, CLLN,Ose
6 H  Ph-3-1,4-NH, S A 158 0.523 302 C;:H,IN,O;- 0.5 H,0O
7 H Ph-3-1, 4-N, S A 392 0.882 444 C;H:,IN,O;-0.5 H,0
8 H  Ph-3-1, 4-OH S A 182 1.68 108 C:HkIN;O,-0.5 Et,0O
9 H Ph-3,4-Cl, S A 87 0.53 164 C,;H:,CLILN,O5-0.25 H,O
10 H Ph-3,4-Cl, R A 327 19.3 17 C,:H;,CLN,05-0.25 H,O
11 H  Ph-35(CF,), S A 683 359 19 CisH FN;Os
12 H  Ph-35-(CF,), R A 1379 153 9 C:sH3,F.N:O5-0.25 H,0O
13 H Ph-3,5-1,, 4-NH, S A 188 5.45 34 C,:H.ILN,O;
14 H Ph-3,5-I,, 4-OH S A 189 5.22 36 C.:H3/ILN,O,- 0.5 EtOAc
15 H Ph-4-CF, S A 367 0.91 403 C,H,F:N,0,-0.25 H,0O
16 H Ph-4-CF, R A 843 40.6 21 C:,H.,FiN,O;-0.5 H,0O
17 Et Ph-4-Ph RS (1.1:1¥ B 37% @10uM 800 f C,H,N.Og
18 H Ph-4-Ph RS (2.6:1) B 849 41 21 C,H:N;Ozh
19 H Ph-4-F § A 75 0.08 938 C,:HFN, O
20 Me Ph-4-F S A 613 323 189 C;H, FN,Os
21 H Ph-4-1 S A 250 0.27 926 C:HiIN,O;
22 H Ph-4-NHCOCH, S A 576 54.7 11 C:sHuN,O, - 0.5 EtOAc-0.5 H,O
23 H Ph-4-NH, S A 354 0.24 1475 C;:H,\N,O,-H,O
24 H Ph-4-NO, S A 225 0.19 1184 C:HxN,O;-0.5 H,O
25 H Ph-4-OCH(CH,), S A 744 241 31 CyHisN;O,-0.5 EtOAc
26 H Ph-4-OH N A 334 0.55 607  C,HyN3;,0,-0.5 EtOAc-0.5 H,O
27 Et Me RS C 3219 151 21 C,H,N;O;-0.75 EtOAc
28 H Me RS (1:2.3) C 1670 154 11 CuH3:N,O4

“ICy, represents the concentration (nM) producing half-maximal inhibition of specific binding of ['**I] Bolton-Hunter-labeled CCK-8 to CCK
receptors in the mouse cerebral cortex (CCK-B) or the rat pancreas (CCK-A). Assays were carried out in duplicate using 10 concentrations of
each test compound. Values shown represent geometric means of ICs, values obtained from three separate experiments. Complete protocol of
both assays is described by Boden et al.®

"Analytical results are within +0.4% of theoretical values unless otherwise noted. Some difficulty was found in obtaining combustion analysis on
the indicated compounds due to the propensity of these compounds to retain solvents.

‘HPLC conditions: [Hypersil BDS, 250 x 4.6 mm, 5 pm column; 55:45 CH;CN:buffer (0.05 M NH,H,PO,, 0.5% TEA), pH 3.0].

“High mass; calcd 626.2188; found 626.2194.

*High mass: calcd 654.2501; found 654.2496.

‘Not determined.

eHigh mass: calcd 662.3594; found 662.3609.

"High mass: calcd 634.3281; found 634.3315.

'‘No HPLC separation detected.

High mass: calcd 496.2811; found 496.2807.
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Chemistry

Examples 9-12, 15, 16, 21, 24, and 26 were synthesized
from readily available racemic B-amino acids via the
Arndt-Eistert based synthesis illustrated in Scheme 1
(Method A). Thus, the substituted phenylalanines® (II)
were protected with BOC-anhydride, followed by the
formation of the corresponding mixed anhydride with
isobutyryl chloride which was reacted with diazome-
thane to give diazoketone III. Treatment of III with
silver benzoate and 2-(trimethylsilyl)ethanol induced
the diazoketone to undergo a Wolff rearrangement to
give I'V. Removal of the BOC-group with para-toluene-
sulfonic acid (p-TSOH), followed by coupling of the
primary amine to [(2-adamantyloxy)carbonyl]-a-methyl-
(R)-tryptophan’ using 1-hydroxybenzotriazole (HOBt)
and 1,3-dicyclohexylcarbodiimide (DCC), and subse-
quent hydrolysis with tetrabutylammonium fluoride
(TBAF) yielded the desired phenyl-substituted
analogues (I).

Examples 6, 7, and 13 were prepared from the p-nitro-
(S)-trimethylsilyl BOC-protected IVa (Scheme 2).
Intermediate IVa is obtained from diazoketone III
(Scheme 1). As mentioned above, treatment of ITI with
silver benzoate and 2-(trimethylsilyl)ethano! induced
the diazoketone to undergo a Wolff rearrangement to
give BOC-protected amine IVa. Reduction of the
p-nitro group with Pearlman’s catalyst [Pd(OH),/C]
yielded IVb. Intermediate IVd was obtained by treating
first IVb, then IVe, with Nal and Chloramine T.
Following the general synthetic route outlined in
Scheme 1 (i.e. conversion of IV—I), intermediates IVe
and d yielded 6 and 13, respectively. Diazotization of 6
followed by treatment with NaN, yielded 7.

Examples 8, 14, and 25 were synthesized by the
synthetic route outlined in Scheme 3. Treatment of the
trimethylsilylethyl protected acid (I) with sodium
iodide and Chloramine T yielded Ia, a mixture of the
3-1, 4-OH, and 3,5-1, analogues that were separated by
chromatography. Removal of the trimethylsilylethyl
group with TBAF gave 8 and 14. Treatment of I with
isopropyl iodide gave Ib that was then deprotected with
TBATF to yield 25. Example 23 was obtained by treating
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Scheme 1. Method A. (a) (BOC),0, NaHCO;, aq dioxane; (b) i.
i-BuOCOCI, N-Me-morpholine, THF; ii. CH.N,, Et,O; (c) PhCO,Ag,
NEt,, TMSCH,CH,OH; (d) p-TSOH; (e) 2-Adoc-R-a-Me-Trp-OH,
DCC, HOBE; (f) TBAF, THF.
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Scheme 2. (a) PA(OH2)/C; (b) Chloramine T. Nal, HOAc.

24 with Pearlman’s catalyst (Pd(OH),/C, EtOH).
Acetylation of 23 (AcCLNEL,) gave 22. Example 19 was
synthesized via intermediate III using silver benzoate,
methanol, and triethylamine to give the corresponding
methyl ester of IV (Scheme 1). Removal of the BOC
group with trifluoroacetic acid, followed by coupling
and hydrolysis yielded 19.

Examples 2-5, 17, and 18 were prepared by the
synthetic route shown in Scheme 4 (Method B). Treat-
ment of the appropriate carboxylic acid (V) with
v -carbonyldiimidazole, followed by the addition of
the magnesium salt of mono-ethyl malonate (R, =Et)
yielded the required B-ketoester (VI)."° Reductive
amination'' of VI yielded amine VII. Amide formation
with 2-Adoc-a-Me-(R)-Trp-OH,’ followed by hydrolysis
with lithium hydroxide provided 1.

In Scheme 5 (Method C), the synthesis of 27 and 28 is
outlined. The required o,B-unsaturated ester (IX,
R,=Me) was synthesized via a Wittig reaction using
(carbethoxymethylene)triphenylphosphorane and pro-
pionaldehyde (VIII, R,=Me). The Michael
addition'*"” of (§)-a-methyl-benzylamine to IX,

H
N.

0y
CO2CHoCHTMS
goj\m{/je\corm/s(/@/ .
1
RN

1
TMSCH;CH202C OH TMSCH,CH,0:C- mocﬂ(cﬂah
2-Adoc-a-Me-Trp-NH'§ R Z-Adoc-a-Me-Trp-N
Ia, R=H,1
(Scparated by chromatography)

, c
m Nmocmmgn
2-Adoc-a-Me-Trp-NI R 2-Adoc-a-Me-Trp-|

R=
R=

Scheme 3. (a) Chloramine T, Nal, MeCN; (b) ICH(CH,).,
2-butanone, K,CO;; (c) TBAF, THF.
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Scheme 4. Method B. (a) CDI, 0°C; (b) (R,OCOCH,CO5) Mg+,
CH,CN, 25°C; (c) NH,OAc/MeOH, NaBH,CN, 3 A sieves; (d)
2-Adoc-R-a-Me-Trp-OH, DCC, HOBY; (e) LiOH, H.O/dioxane.

followed by hydrogenation (10% Pd/C, H,), gave X, a
mixture of diastereomeric amines. Coupling of X to
2-Adoc-o-Me-(R)-Trp-OH’ and subsequent hydrolysis
yielded targeted analogues L.

Results and Discussion

Comprehensive  structure—activity  studies  have
examined the effects of structural changes in both
CI-988° and 1.” The present study extends this work by
varying the phenyl group (R,) of 1 while keeping the
[(2-adamantyloxy)carbonyl}-o-methyl- (R)-tryptophan
moiety constant. It has previously been shown that the
N-terminal carbamate alkyl moiety required a
cycloalkyl or bulky substituent rather than a straight
chain or aromatic hydrocarbon to achieve micromolar
CCK-B receptor affinity."* A study of bulky, fused C-10
cyclic systems led to the 2-adamantyl group which has
been proven to be the optimal N-terminus necessary
for potent CCK-B receptor binding. Also, the
[(2-adamantyloxy)carbonyl]-a-methyl-(R)-tryptophan-
configured derivative has shown a higher affinity than
the corresponding a-methyl-(S)-tryptophan-configured
analogue.”’ Inversion of the substituted phenethyla-
mide center from () to (R) yielded a decrease in

Step A OJ\/\/ R2
04\/ Rz — Ry =
a

i X

Steps B, C l

NH2
StepD R a

/U\ COsz -—
NH/I\CONH

SipE E
Ry=H

Scheme 5. Method C. (a) R,OCOCHPPh,, THF, 25°C; (b)
PhNH.C, EtOH, A; (c) 10% Pd/C, H,; (d) 2-Adoc-R-a-Me-Trp-OH;
DCC, HOBt, DMAP; (e) LiOH, H,O/dioxane.

CCK-B affinity.” Examples of this latter decrease in
CCK-B affinity is illustrated by 10, 12, and 16 (Table
1, IC5,=19.3, 15.3, and 40.6 nM, respectively), which
show lower affinity at the CCK-B receptor than their
corresponding enantiomers (9, 11, and 15, 1C5,=0.53,
35.9, and 0.91 nM, respectively). Also observed was at
least a twofold decrease on CCK-A receptor binding
affinity for these stereoisomeric pairs.

Other previous studies have focused on the terminal
carboxylic acid group of I (R, =H). It has been shown
that the full tetrapeptide (Trp-Met-Asp-Phe-NH,;
CCK 30-33) necessary for nanomolar affinity" exists
as a folded structure'® in which the Asp residue is
readily available to serve as an accessory binding
group, and the terminal COOH group is free to
explore a large volume of space.”"” SAR studies of
mobile chains on the C-terminus that terminate in the
COOH group led to the discovery of CI-988° and 1
(Table 1).” SAR studies of the terminal COOH group
have shown that there is a clear specificity of inter-
action involving this group, which appears to be essen-
tial for enhancing affinity and selectivity for the
CCK-B receptor."™ Several ester precursors of the
final acid analogues illustrated in Table 1 showed
reduced binding affinity for the CCK-B receptor
relative to their corresponding acids (3 vs 2, 5 vs 4, 20
vs 19, and 17 vs 18, respectively). These results are
additional evidence for the importance of a COOH
group necessary for enhanced affinity for the CCK-B
receptor.

The majority of the modifications in this study
involved variations of the phenyl group (R,) of 1. It
appeared that selectivity toward the CCK-B receptor
was sensitive to the pattern of phenyl substitution.
Most substitution patterns on the phenyl ring (2, 4,
6-10) were tolerated, with the exception of 3,5-disub-
stitution (11). However, this is the only 3,5-disub-
stituted analogue that lacks a 4-substituent. The
greatest improvement in selectivity was found with
4-substitution (15, 19, 21, 23, 24, and 26), which
resulted in compounds with five- to tenfold greater
selectivity than the parent analogue (1). Larger groups
in the 4-position (18, 22, and 25) led to compounds
with reduced CCK-B binding affinity (IC,,=41, 54.7,
and 24.1 nM, respectively), indicating that the size of
the 4-substituent appeared to influence the degree of
CCK-B affinity. Also, replacement of the phenyl
group of 1 with a methyl group (28, R,=Me,
IC;,=154 nM) resulted in at least a 1000-fold
decrease in CCK-B affinity.

Quantitative structure—activity relationships

Since the focus of the present study was the explora-
tion of modifications of the phenyl ring of 1, it was of
interest to examine the effect of phenyl substituent
modification on potency at CCK receptors. A set of
substituents was selected that incorporated systematic
variation in lipophilic, electronic, steric, and hydrogen
bonding properties.” The effect of altering positional
substitution on the ring was also tested via the prepara-
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tion of analogues incorporating substitution at multiple
ring positions. To determine which of these properties
might be influencing the affinity and selectivity for the
CCK-B receptor, the set of substituted phenyl deriva-
tives (i.e. 1-26) was analysed using QSAR techniques.”

In addition to substituent variation on the phenyl ring,
the set of 26 analogues selected for analysis included
carboxylic acids and esters at R,, and enantiomeric
mixtures at the substituted phenethylamide center (a,
Table 2). The logarithm of 1/K; at CCK-B receptors
was used as the measure of affinity; values ranged from
6.1 to 10.1 with a standard error of replicate analyses
of +0.11. Analyses using affinity at CCK-A receptors

1737

positional-dependent F and R values of Norrington.”
Indicator variables were included to denote acid versus
ester at R, (ESTER), (R)- vs (§)-stercoisomer (a,
ISOMER), and a single isomer versus an isomeric
mixture at this position (MIXTURE). Also, correla-
tions that examined the addition of parameters specific
to the para-phenyl substituent (n_4, [n_4]°, MR_4, and
the Sterimol® parameters L_4, B1_4, and B5_4) were
studied. MR was multiplied by 0.1 to place it on a scale
similar to that of the other parameters. Pairwise corre-
lations between all the parameters for the full
26-compound set and a 16-compound subset containing
only acids at R, and (S)-isomers are given in Tables 3
and 4, respectively. Values for those parameters
included in egs (1)—(4) can be found in Table 2.

was not possible due to insufficient variation in the
affinity (1.2 log units) among substituted phenyl deriva-
tives. Parameters used in the initial correlations
included n, n2, o, and MR as published by Hansch,”
summed for the pheny! ring substituents, and the

Multiple regression analysis using the initial set of nine
parameters on the 26 compound set produced eqgs (1)
and (2).

Table 2. Data used to formulate the QSAR

Example X R, Stereo Isomer Ester n° F MR MR 4 L 4 Bl 4 K Log Calcd Residual
(nM) (1/K}) (eq3)
1 H H S 0 0 000 0.00 010 0.0 206 1.00 0.15 981 924 0.57
2 2-Cl H R,S 0 ¢ 050 086 060 010 206 1.00 0.40 940 9.08 0.32
3 2-Cl CH,CH, R.,S 0 1 050 086 060 010 206 1.00 43.00 737 742 —0.05
4 2,6-Cl, H RS 0 0 202 172 121 010 206 1.00 0.22 9.66 8.88 0.78
5 2,6-Cl, CH,CH, R.,S 0 1 202 172 121 010 206 1.00 6200 721 7.22 —0.01
6 3-1,4-NH, H S 0 0 001 070 194 054 278 1.35 0.52 9.28 887 0.41
7 3-1,4-N, H S 0 0 250 065 241 1.02 4.62 1.50 0.88 9.05 8.03 1.02
8 3-14-OH H S 0 0 020 1.15 168 029 274 1.35 1.70 877 898 -0.21
9 3.4-Cl, H S 0 0 202 1.37 1.21 060 352 1.80 053 9.27 9.5l —0.24
10 3,4-Cl, H R 1 0 202 137 121 0.60 352 180 19.00 7.71 750 0.21
11 3,5-(CF5), H S 0 0 310 124 1.00 0.10 206 1.00 36.00 744 894 —1.50
12 3.5-(CF;), H R 1 0 310 124 1.00 010 206 1.00 150.00 6.82 6.93 —0.11
13 3,5-1,,4-NH, H S 0 0 102 136 333 054 278 135 550 826 841 —0.15
14 3,5-1,,4-OH H S 0 0 246 181 307 029 274 135 520 828 851 —-0.23
15 4-CF, H S 0 0 077 063 050 050 330 1.60 091 9.04 951 —0.47
16 4-CF, H R 1 0 077 063 050 050 330 1.60 41.00 7.39 750 —0.11
17 4-C.Hs CH,CH, R.,S 0 1 384 0.14 254 254 6.28 1.71 800.00 6.10 5.85 0.25
18 4-C.Hs H R, 0 0 384 014 254 254 628 1.71 41.00 739 751 —-0.12
19 4-F H S 0 0 002 071 009 0.09 265 135 0.08 10.08 9.55 0.53
20 4-F CH, S 0 1 002 071 009 009 265 135 2000 7.70 7.89 —0.19
21 4-1 H S 0 0 125 067 139 139 423 215 0.28 956 9.69 —-0.13
22 4-NHCOCH, H S 0 0 094 047 149 149 509 135 5500 7.26 7.84 —0.58
23 4-NH, H S 0 0 151 004 054 054 278 135 0.24 9.62 9.33 0.29
24 4-NO, H S 0 0 008 1.11 074 074 344 1.70 0.19 9.71 9.54 0.17
25 4-OCH{(CH;), H S 0 0 081 049 1.71 171 480 135 2400 7.62 792 -0.30
26 4-OH H S 0 0 045 049 029 029 274 1.35 055 926 944 —0.18
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Table 3. Correlation matrix on the full 26-compound set

Log(1/K;) Ester Mixture Isomer s ™ o F R MR MR 4 n 4 [r 4] L 4 Bl 4 B5 4
Log(1/K;) 1.00
Ester —0.52 1.00
Mixture —-0.29 0.53 1.00
Isomer —-037 —-015 -0.20 1.00
T —0.45 0.14 0.37 0.24 1.00
n2 —0.53 0.08 0.34 0.18 0.73 1.00
s —-0.17 -0.02 0.03 040 056 032 1.00
F —0.04 0.00 0.05 0.16 041 014 059 1.00
R —0.19 0.08 0.18 0.35 0.30 023 071 —-0.10 1.00
MR —031 -0.08 0.11 -0.15 048 052 —-0.07 022 —-0.41 1.00
MR 4 —0.37 0.03 020 -0.13 022 046 —028 -049 0.03 052 1.00

n_4 —0.33 0.21 0.35 0.18 0:62 047 024 —-025 054 005 058 1.00

[n_4]2 —0.34 0.09 028 —0.11 0.19 047 —040 —049 —0.09 0.54 0.84 0.43 1.00

L4 —0.34 0.00 0.09 —-0.09 0.19 042 -022 —-048 0.06 048 097 059 0.77 1.00

Bl 4 007 -017 —-027 009 010 012 —-0.02 -021 006 023 059 048 0.49 0.66 1.00

B5 4 -018 —-0.19 -0.19 —-0.09 —-0.00 0.16 —025 —043 —0.10 046 077 031 049 084 053 1.00
Equation 1 To test whether inclusion of esters at R, and isomer

log(1/K;) = —0.53(+0.16)MR — 1.8( + 0.44)ISOMER
—1.9(+0.39)ESTER + 9.6

n=26 r’=0.66 F=14.0 5§=0.49

Equation 2
log (1/K;) = —0.35(+0.17)MR — 1.6( £ 0.45)ISOMER
—1.8(+0.38)ESTER —0.23( +0.14)7°+ 9.6

n=26 r*=0.70 F=120 s=10.45.

The addition of a n° term to eq (1) was statistically
marginal (partial F-test=3.49, prob >F=0.076), and
the low negative coefficient indicated a shallow
parabolic relationship centered around an optimum =«
of 0. A plot of log (1/K;) vs = illustrates this rough
correlation (Fig. 1). The 4-NHCOCH,; analogue (22)
stood out as having a n different from that of the more
potent compounds. Deleting it from the compound set
and rerunning the correlations resulted in an equation
not substantially different from eq (2) (same param-
eters, similar coefficients) with a somewhat improved
fit (n =25, r*=0.78, F=17.6, s=0.33).

mixtures was obscuring a more significant correlation
between phenyl substituent parameters and potency,
regressions were run on a l6-compound subset
containing only ($)-isomers and acids at R,. No signifi-
cant correlations were found.

The 4-NHCOCH, (22), 4-OCH(CH,), (25), and
3,5-(CF,), (11) derivatives were poorly fit by eq (2), all
being less potent than predicted (residuals >1 log
unit). In addition to these three, the 4-phenyl analogue
(18) was mispredicted by eq (1). Since three of the four
outliers contained relatively large 4-substituents, we
reasoned that there might be specific effects at this
position that were not being adequately characterized
by the composite physicochemical parameters used in
the correlations. To test this hypothesis, parameters to
describe the lipophilicity (n_4, [r_4]%), overall size
(MR_4), and specific dimensions (L_4, B1_4, B5_4) of
the 4-substituent were added and the regressions rerun
on the same compound sets as above.

Multiple regression analysis using the expanded set of
15 parameters on the 26 compound set generated eq
(3). This equation demonstrated a significant improve-

Table 4. Correlation matrix on 16-compound subset containing § isomers at a4 and acids at R,

Log(K) = e o F MR MR4 nd4 [nd4? L4 Bl4 B54
Log(1/K,) 1.00
n —0.27 1.00
2 —0.44 062  1.00
s —0.08 060 043  1.00
F —0.30 062 041 056  1.00
R 0.15 0.16 011 073 —012  1.00
MR —0.49 049 039 006 059 —052  1.00
MR_4 —036 —001 005 -016 —022 —005 027 1.00
n 4 0.12 055 018 040 —006 054 —024 032 1.00
[n_4]2 010 —024 —009 —055 —0.15 —053 037 039 —035 1.00
L4 ~032 003 010 —002 -—016 004 024 094 037 021 1.00
Bl 4 0.33 017 001 021 015 016 006 047 047 027 050 1.00
BS 4 —0.37 002 009 —010 —018 —009 034 082 022 018 090 026 1.00
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Figure 1. Potency at CCK-B receptors vs nt of phenyl substituents.

ment in fit over eq (2), and incorporated parameters
describing specific dimensions of the 4-substituent.
Addition of a n° term to eq (3) was not statistically
significant. Regression analysis on the 16-compound
subset containing (S)-isomers and acids at R, produced
eq (4). A slightly inferior correlation resulted when
MR 4 in eq (4) was replaced by L_4. Since these two
parameters are themselves highly intercorrelated within
the 16-compound set (Table 4, correlation coeffi-
cient=0.94), they are describing the same [steric]
effect.

Equation 3
log (1/K))= —0.33( £ 0.14)MR —2.0( £ 0.35)ISOMER
—1.6(+0.31)ESTER —0.51(+0.13)L_4

+1.8(+0.49)B1_4+8.6

n=26 r’=0.81 F=171 s=030

Equation 4

log (1/K;)= —1.6(+0.27)MR_4+2.7(+£0.48)B1 4
—1L1(+0.25)F+7.0

n=16 r’=0.88 F=19.5 s=0.13

Calculated affinities and residuals from eq (3) appear
in Table 2; a plot of measured versus calculated (eq 3)
potency is shown in Figure 2. With the exception of the
outlier 3,5-(CF;), analogue (11), the dipeptoids fell
into two groups — moderately potent compounds
[measured log(1/K;) less than 8.3] that were well
predicted by eq (3), and very potent compounds
[measured log(1/K;) greater than 8.75] that were gener-
ally less well fit. One reason for this may be that
affinity in the moderately potent group is dictated by
nonspecific factors (transport, overall fit to the
receptor) that are well-modeled by the substituent
parameters and indicator variables, while affinity in the
more potent group is governed by a specific fit to a
receptor pocket, a phenomenon that is less well-
modeled by the parameters used to derive eq (3).

Thus, CCK-B receptor affinity among substituted
phenyl dipeptoids is governed by overall size of the

10.5 4

8.5

8 +—— T — T T T . )
55 6 65 7 75 8 85 8 95 10
caicd (eq 3)

Figure 2. Measured vs calculated (eq 3) potency.

phenyl substituents (smaller substituents are associated
with increased affinity), and marginally, lipophilicity,
with a optimum 7 of near (. Because this series was
designed in part to break up the correlation typically
encountered between n and MR (Table 3: correlation
coefficient of (.52 between the two), it appears that
both properties may be operative in describing affinity.
Beyond this, the affinity is related to the dimensions of
the 4-phenyl substituent, such that increased affinity is
seen with short, bulky (branched, spherical) groups. It
is not surprising that the indicator variables ESTER
and ACID appeared in eqgs (1)-(3), since an inspection
of Table 2 shows that esters at R, and (R)-isomers (or
isomer mixtures) decreased affinity in every case.

Among the more potent (§)-acids, electron withdrawal
in a field sense was found to be associated with
increased affinity. The appearance of F rather than ¢
in eq (4) makes sense in that the system under study is
a phenyl group, with little resonance possible back into
the parent structure. Therefore, F, L_4, and B1_4 are
probably describing specific receptor interaction
phenomena rather than some effect on the overall
structure. The requirement of small, bulky (spherical-
shaped), electron withdrawing groups for increased
affinity suggests that large increases in affinity with
additional phenyl substituents would not be expected in
this series, beyond the potent 4-F derivative (19,
IC5,=0.08 nM), which has extraordinary high affinity.
Further insights into specific receptor interactions
would involve modeling these compounds in the active
site, an analysis that is not possible at this time due to
the lack of a three-dimensional structure of the CCK-B
receptor.

Conclusions

Variation of the phenyl ring (R,) of the CCK antago-
nist 1 has led to a series of substituted-phenyl deriva-
tives with variable affinity and selectivity toward the
CCK-B receptor, culminating in extraordinary high
affinity (19, IC;,=0.08 nM) and CCK-B-selective
(900-fold) agents. The use of series design techniques
to preselect phenyl substituent variation has allowed
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the identification and quantification, via QSAR
techniques, of specific substituent properties related to
CCK-B receptor affinity. The lack of sufficient varia-
tion in CCK-A affinity among the analogues tested
precluded a QSAR analysis in this area. This suggests
that this receptor subtype may have a more open
binding site, lacking an interaction between the substi-
tuted phenyl ring and a specific pocket within the
CCK-B receptor. The requirement for (S)-stereochem-
istry at the substituted phenethylamide center (a)
apparently is directing the phenyl ring to a specificity
pocket within the CCK-B receptor. The flanking CO,H
group probably anchors the molecule in the active
conformation by forming hydrogen bonds or electro-
static interactions in the binding site. The reduced
affinity of the 3,5-substituted analogue 11 supports the
possibility that a specific CCK-B receptor interaction
exists near the 4-position of the phenyl ring. Support
for this observation was the fact that the QSAR fit the
analogues with moderate affinity better than the high
affinity analogues, since the general nature of the
substituent parameters employed did not lend
themselves to describing specific receptor interactions.
Incorporation of small para-phenyl substituents on 1
resulted in increased CCK-B selectivity with no loss in
CCK-B affinity. This observation may argue for
receptor subtype differences in this area. Based on the
above findings, selective and high affinity ligands, such
as 19, should provide useful probes for CCK receptor
pharmacology.

Experimental

High-field NMR spectra were recorded in deutero-
chloroform (CDCI;) as a solvent on a Varian XL-200
or a Bruker 250 MHz spectrometer. All chemical shifts
are reported in ppm downfield from internal tetra-
methylsilane. IR spectra were determined on a Nicolet
MX-1 FT-IR spectrophotometer. Elemental analyses
for carbon, hydrogen, and nitrogen were determined
on a Perkin-Elmer Model 240C elemental analyzer
and are within 0.4% of theory unless noted otherwise.
Mass spectra were obtained by using a VG Masslab
Trio-2A, Finnigan TSQ-70, or VG Analytical
7070E/HF mass spectrometer. Melting points were
determined on a Thomas—Hoover melting point
apparatus and are uncorrected. All chemicals and
reagents used were of commercial purity unless other-
wise specified.

Biological assays

Complete protocols for the two biological assays used
to evaluate the compounds prepared in this study are
described by Boden et al” The ability of each
compound to inhibit specific binding of [**’I]Bolton—
Hunter-labeled CCK-8 to CCK receptors in the mouse
cerebral cortex (CCK-B) and the rat pancreas
(CCK-A) was evaluated. Activity (Table 1) is expressed
as the nanomolar concentration of compound required
to inhibit enzyme activity by 50% (1Cs,).

Chemistry
Method A

3- [2-(Adamantan-2-yloxycarbonylamino) -3- (1H-indol-3-
yl)- 2 -methyl-propionylamino]- 4 -(3, 4-dichlorophenyl)
butyric acid, [R,S]-(9) and [R,R]-(10). Step A:
Preparation of 2-rert-butyloxycarbonylamino-3-(3,4-
dichlorophenyl)propionic acid. To a soln of 2-amino-
3-(3.,4-dichloro-phenyl)propionic acid (8.91 g, 38 mmol)
in 50 mL dioxane, NaOH soln (3.04 g in 50 mL H,0)
and NaHCO, (3.83 g, 1.3 equiv) was added. This
mixture was cooled to 0°C and di-ferr-butyl dicarbo-
nate (8.71 g, 1.03 equiv) in 50 mL dioxane was added
dropwise. The reaction mixture was then allowed to
gradually warm to room temperature and stir for at
least 16 h. The reaction mixture was concd in vacuo to
give a residue, which was acidified with citric acid
solution to pH 3 and then extracted with ethyl acetate.
The organic layer was dried (MgSO,) and concd in
vacuo to yield a foam. Purification by column chroma-
tography (silica gel, 3-6% MeOH:CHCI;, 2.63 g, 21%)
followed by crystallization from cyclohexane yielded
2.03 g of the desired product.

Step B: Preparation of 3-diazo-1-(3,4-dichlorobenzyl)-
2-oxo-propyl)carbamic  acid fert-butyl ester (III,
Scheme 1). To a cooled (-5 °C) soln of 2-tert-butylox-
ycarbonylamino-3-(3,4-dichlorophenyl)-propionic  acid
(2.0 g, 6.0 mmol) in 75 mL THF, N-methyl morpholine
(0.60 g, 6.0 mmol) was added, followed by isobutyl
chloroformate (0.82 g, 6.0 mmol). After stirring for 15
min, this mixture was filtered using non-quickfit glass-
ware, and the urea was then suspended in 15 mL ether
and cooled to —5°C. Aq KOH soln (40%, 4.5 mL) was
then added and the cooling both removed. Stirring was
continued until the solid was dissolved. The ether was
decanted two times each onto 3 KOH pellets and then
added to the cooled (0°C) mixed anhydride. This
mixture was allowed to gradually warm to room
temperature and stir for at least 16 h. The reaction
mixture was concd in vacuo with HOAc in a Buchi
trap. The residue was dissolved in ethyl acctate,
washed with 10% citric acid solution, H,O, satd
NaHCO; soln and H,O again, dried (MgSO,), filtered
and coned in vacuo to give crude product. Recrystalli-
zation from ethyl acetate yielded 1.87 g of desired
product. Analysis (C,sH,,C,N;0,) C,H,CIN.

Step C: Preparation of 3-fert-butoxycarbonylamino-
4(3,4-dichlorophenyl)butyric acid  2-trimethylsilanyl
ethyl ester. To a suspension of 3-diazo-1-(3,4-dichlor-
obenzyl)-2-oxo-propyl)carbamic acid (1.80 g, 5.0 mmol)
in trimethylsilyl ethanol (5 mL), 0.5 mL of silver
benzoate (0.10 g) in triethylamine (1.0 mL) was added.
After nitrogen evolution had ceased, the remaining
silver benzoate/triethylamine solution was added and
the resulting mixture was stirred for 15 min at room
temperature. The mixture was then diluted with ethyl
acetate and treated with charcoal. After filtration, the
ethyl acetate solution was washed two times with 10%
citric acid solution, two times with NaHCO, solution
and water, dried (Na,SO,), filtered and concd in vacuo.
The product was then dried under high vacuum to
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yield 1.90 g of the required compound. Analysis
(C,H;,CLNO,Si) C,H,CLN.

Step D: Preparation of 3-amino-4-(3,4-dichlorophenyl)
butyric acid 2-trimethylsilanyl ethyl ester (IV, Scheme
1). To a solution of 3-tert-butoxycarbonylamino-
4-(3,4-dichlorophenyl)butyric acid 2-trimethylsilanyl
ethyl ester (1.90 g, 4.24 mmol) in dichloromethane
(150 mL) p-totuenesulfonic acid (1.45 g, 7.0 mmol) was
added and the mixture was stirred at room tempera-
ture for at least 48 h. The reaction mixture was washed
two times with satd NaHCO,, water, dried (MgSO,),
filtered, and concd in vacuo to give crude product.
Purification by flash chromatography (silica gel, 10%
MeOH:EtOAc) yielded 091 g (62%) of the desired
product. Analysis (C,sH,,CI,NO,Si) C.H,N.

Step E: Preparation of 3-[2-(adamantan-2-yloxycarbon-
ylamino)-3-(1H-indol-3-yl)-2-methylpropionylamino]-
4-(3,4-dichlorophenyl)butyric acid 2-trimethylsilanyl
ethyl ester. To a soln of [(2-adamantyloxy)carbonyl}-
a-methyl-(R)-tryptophan’ (1.02 g, 2.58 mmol) in ethyl
acetate (40 mL), 1-hydroxybenzotriazole (0.40 g, 2.61
mmol) was added, followed by 1,3-dicyclohexylcarbodi-
imide (0.53 g, 2.57 mmol). This reaction mixture was
stirred for 2 h at room temperature. The solid was
filtered and to the filtrate, a soln of 3-amino-
4-(3,4-dichlorophenyl)butyric acid 2-trimethylsilanyl
ethyl ester (0.90 g, 2.58 mmol) in ethyl acetate was
added and stirred at room temperature for at least 48
h. The reaction mixture was concd in vacuo to afford
crude product. Purification by flash chromatography
(silica gel, 10% EtOAc:CH,Cl,) gave 1.61 g of the
desired product (86%). Analysis (CyH,CLN;O4Si)
C,H,CIN.

Step F: Preparation of 3-[2-(adamantan-2-yloxycarbon-
ylamino)-3-(1H-indol-3-yl)-2-methylpropionylamino]-
4-(3,4-dichloro-phenyl)butyric  acid, [R,S]-(9) and
[R.R]-(10). To a soln of 3-[2-(adamantan-2-yloxycarbo
nylamino)-3-(1H-indol-3-yl)-2-methylpropionylamino]-
4-(3,4-dichlorophenyl)butyric acid 2-trimethylsilanyl
ethyl ester (1.20 g, 1.60 mmol) in dry THF (120 mL),
tetrabutylammonium fluoride (1.0 M solution in THF,
2 mL, 2.0 mmol) was added and the reaction mixture
stirred at room temperature for 4 h. The mixture was
then diluted with ethyl acetate, and the organic layer
washed with 10% citric acid soln, two times with water,
dried (MgSO,), filtered, and concd in vacuo to give 1.2
g of a colorless foam. Purification two times by reverse
phase chromatography yielded 0.22 g (22%) of 9
[98.0%, mp 113-116 °C, Analysis Cy3H;,CLN,04-0.25
H,0) CH,CLN, [a], + 7.0° (¢ 1; MeOH) and 0.20 g
(20%) of 10 [99.4%, mp 140-145°C, Analysis
(C3H3CLN05-0.25 H,0) CH,CLN, [o], + 44.6° (c 1,
MeOH).

3-[2-(Adamantan-2-yloxycarbonylamino)-3-(1H-indol-
3-yl)-2-methylpropronyl-amino] -4- (4-aminophenyl) bu-
tyric acid, [R,S]-(23). To a soln of 24 (0.90 g) in
ethanol (150 mL), Pearlman’s catalyst [Pd(OH),, 0.094
g] was added and the mixture shaken under 40 psi H,
for at least 16 h. The reaction mixture was filtered

through Celite and the filtrate concd in vacuo to afford
a residue. The residue was diluted with EtOAc, washed
with H,O, dried (MgS0O,), filtered, and concd in vacuo
to give crude product 23. Purification by reverse phase
chromatography (10% H,O:MeOH) yielded the
desired product. Analysis (C,;H,N,Os-H,O) CH,N.
[o]p + 11.2° (¢ 1; MeOH).

4-(4-Acetylaminophenyl)-3- [2-adamantan-2-yloxycarbon-
ylamino)-3-(1H-indol-3-yl)-2-methylpropronylamino] -
butyric acid, [R,S]-(22). To a cooled (0 °C) soln of 23
(0.16 g, 0.28 mmol) in 10 mL THF, triethylamine (0.06
g, 0.59 mmol) in 1 mL THF was added, followed by
acetyl chloride (0.024 g, 0.31 mmol) in 1 mL THF.
After stirring at 0°C for 1 h, the mixture was then
stirred at room temperature for 1 h. The mixture was
then filtered and the filtrate was diluted with EtOAc,
washed two times with 10% aqucous citric acid
solution, six times with H,O, dried (MgS0,), filtered,
and concd in vacuo to give crude product. Purification
by reverse phase chromatography (10% H.O/MeOH)
yielded 0.085 g (49%) of 22. Analysis [C;:H,N,O,-0.5
(C:H,0,)-0.5 H,0] CHN. [9],20+72° (¢ 0.5
MeOH).

3-[2-(Adamantan-2-vloxycarbonylamino)-3-(1H-indol-
3-yl)-2-methylpropionylamino] -4- (4-amino-3-iodophe-
nyl)butyric acid, [R,S]-(6) and 3-[2-(adamantan-2-
yloxycarbonyl-amino)-3-(1H-indol-3-yl)-2-methylpro-
pronylamino]-4-(4-amino-3,5-diiodopheyl) butyric acid,
[R,S]-(13). To a soln of (S)-3-tert-butoxycarbonyl-
amino-4-(4-nitrophenyl)butyric acid 2-trimethylsilanyl-
ethyl ester (1.14 g, 2.7 mmol) in 150 mL ethanol,
Pearlman’s catalyst [Pd(OH),, 0.105 g] was added and
the mixture shaken under 50 psi H, for at least 16 h.
The reaction mixture was filtered through Celite and
the filtrate concd in vacuo to give crude product.
Purification by column chromatography two times
(silica gel, 20% EtOAc:hexane and Et,O, respectively)
yielded 0.65 g (61%, 1.65 mmol) of (§)-4-(4-amino-
phenyl)-3-tert-butoxycarbonylamino butyric acid
2-trimethylsilanyl ethyl ester. [ao],” —17.8° (¢ I;
MeOH). MS: 395(MH™). To a soln of this amine (3.57
g, 9.06 mmol) in 100 mL acetic acid, sodium iodide
(2.04 g, 10.87 mmol) was added followed by portion-
wise addition of Chloramine T (3.06 g, 10.86 mmol).
After stirring this reaction mixture at room tempera-
ture for 45 min, 10% aq sodium thiosulfate solution
was added followed by addition of satd sodium
bicarbonate soln. This mixture was extracted with ethyl
acetate and the organic layers were washed with water,
dried (MgSQ,), filtered, and concd in vacuo to give
crude product. Purification by column chromatography
(silica gel, 25% EtOAc:hexane) yielded 3.50 g (74%) of
(5)-4-(4-amino-3-iodophenyl)-3-tert-butoxy-carbonyl-
aminobutyric acid 2-trimethylsilanyl ethyl ester (IVb,
Scheme 2). Analysis (C,H:IN,OSi) CH,N. [a],*
—7.8° (¢ 1; MeoH). Treatment of this mono-iodinated
amine (0.340 g, 0.65 mmol) with sodium iodide (0.105
g, 0.70 mmol) and chloramine T (0.197 g, (.70 mmol)
in acetic acid (10 mL) vyielded (S5)-4-(4-amino-
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3,5-diiodophenyl)-3-tert-butoxy-carbonylaminobutyric
acid 2-trimethylsilanyl ethyl ester (IVb, Scheme 2).
Analysis (C,H3,ILN,0,Si) CHN. [¢],” —10.3° (¢ 1,
MeOH). Both the mono- and di-iodinated amines were
carried through the general synthetic route outlined in
Scheme 1, Method A, to give 6 and 13, respectively.

3-[2-(Adamantan-2-yloxycarbonylamino)-3-(1H-indol-3-
yl) -2-methylpropionylamino] - 4 - (4-azido- 3 -iodophenyl)
butyric acid, [R,S]-(7). To a cooled (water bath) soln
of 6 (0.350 g, 0.05 mmol) in 90% aq acetic acid (20
mL), sodium azide (0.200 g, 3.08 mmol) was added
followed by sodium nitrite (0.150 g, 2.17 mmol). After
stirring the reaction mixture at room temperature for
30 min, satd aq NaHCO, was added, and then
extracted with ethyl acetate. The organic layers were
combined and washed with H,O, dried (MgSO,),
filtered, and concd in vacuo to give crude product.
Purification by reverse phase chromatography
(MeOH:H,0) yielded 0.1 g (0.13 mmol, 40%) of 7. Mp
111-116 °C. Analysis (C,;H;,IN,O;-0.5 H,O) C,H,N.

3-[2(Adamantan-2-yloxycarbonylamino)-3-(1H-indol-3-
yD)-2-methyl propionylamino]-4-(4-hydroxy-3-iodo-phe-
nyl)butyric acid, [R,S]-(8) and 3-[2(adamantan-2-
yloxylcarbonyl-amino)-3-(1H-indol-3-yl)-2-methyl pro-
pionylamino]-4-(4-hydroxy-3,5-diiodophenyl)  butyric
acid, [RS]-(14). To a cooled (0°C) soln of
3-[2-(adamantan-2-yloxycarbonylamino)-3-(1H-indol-3-
yl)-2-methyl-priopionylamino]-4-(4-hydroxyphenyl)bu-
tyric acid 2-trimethylsilanyl ethyl ester, [R,S] (0.585 g,
0.87 mmol) in acetonitrile (20 mL, sodium iodide
(0.149 g, 0.99 mmol) was added dropwise followed by
the addition of a solution of chloramine T (0.281 g, 1.0
mmol) in 20 mL acetonitrile. After stirring the mixture
for 2 h at 0°C, EtOAc was added and then washed
with 10% aq Na,S,0; soln and water. The organic layer
was then dried (MgSQ,), filtered, and concd to give a
crude mixture of the monoiodo and diiodo trimethyl-
silyl ethyl esters. Purification by flash chromatography
(silica gel, 20% Et,O/CH,Cl,) yielded pure monoiodo-
(0.11 g, 16%) [Analysis (C:HsIN,O,Si) C,H,N] trime-
thylsilyl ethyl esters.

To a cooled (0 °C) soln of diiodo-TMS ethyl ester (0.11
g, 0.12 mmol) in 10 mL THF, tetrabutylammonium
fluoride (1.0 M in THF, 0.38 mL) was added dropwise
and the mixture was allowed to warm to room
temperature and stir at least 8 h. The mixture was dild
with ethyl acetate and 10% citric acid aq solution. The
layers were separated and the organic layer was washed
with citric acid solution and water, dried (MgSQO,),
filtered, and concd in vacuo to give crude diiodo
product. Purification by reverse phase chromatography
yielded 0.045 g (0.05 mmol, 45%) of pure 14. Analysis
(C:;Hy,ILN;O,- 0.5 EtOAc) CHN. o], + 8.2° (¢ 0.5,
MeOH). Compound 8 was obtained in the same
manner from its corresponding monoiodo trimethylsilyl
ethyl ester as described for the diiodo-analogue.
Analysis (Cy;HxIN,O,-0.5 Et,0) CHN. [0, +12.4°
(c 0.5; MeOH).

3-[2-(Adamantan-2-yloxycarbonylamino)-3-(1H-indol-3-
yl)-2-methylpropionylamino]-4-(4-isopropoxyphenyl)
butyric acid, [R,S]-(25). To a soln of 3-[2-(ada-
mantan-2-yloxycarbonylamino)-3-(1H-indol-3-yl)-2-
methylpropionylamino]-4-(hydroxy-phenyl)butyric  acid
2-trimethylsilanyl ethyl ester, [R,S] (0.20 g, 0.30 mmol)
in 10 mL methyl ethyl ketone, a soln of 2-iodopropane
(0.51 mmol) in 2 mL methyl ethyl ketone was added
followed by potassium carbonate (0.041 g, 0.30 mmol),
and heated at 80 °C for 7 days. The mixture was cooled
to room temperature and diluted with ethyl acetate.
The organic layer was washed with aq citric acid soln
and water, dried (MgS0,), filtered, and concd in vacuo
to give crude product. Purification by flash chroma-
tography (silica gel, 80% Et,O:hexane) yielded (.11 g
(50%) of 25. Analysis (C,HsN,O,-0.5 H,0) CH,N.
[a]p™ + 11.0° (¢ 1; MeOH).

Method B

3-[2-(Adamantan-2-yloxycarbonylamino)-3-(1H-indol-3-
y1) -2-methylpropionylamino] -4- (2-chlorophenyl) butyric
acid, [R-(R,S)]-(2). Step A: Preparation of 4-(2-chlor-
ophenyl)butyric acid ethyl ester. To a cooled (0°C)
solution of 2-chlorophenyl acetic acid (8.0 g, 47 mmol)
in 100 mL THF, 1,1'-carbonyldiimidazole (9.2 g, 57
mmol) was added in one portion and the reaction
mixture was allowed to gradually warm to room
temperature and stir for 16 h under a nitrogen
atmosphere. In a separate flask, to a cooled (0 °C) soln
of ethy! potassium malonate (12.8 g, 75 mmol) in 100
mL acetonitrile, magnesium chloride (8.5 g, 90 mmol)
was added followed by triethylamine (10.5 g, 104
mmol). This mixture was stirred for 2 h at 0°C and
then allowed to warm to room temperature over a 30
min period. The activated ester mixture was then
added dropwise to the stirring magnesium salt and the
resulting mixture was then stirred for 16 h at room
temperature. A solution of NaHSO, (40.6 g) in H,O
(130 mL) was then added to the reaction mixture and
stirred for 5 min. An additional 300 mL of H,O was
added, the layers were sepd, and the aq layer was
extracted two times each with 300 mL EtOAc. The
combined organic layers were washed with 300 mL 5%
NaOH soln, 300 mL brine, dried (MgSO.,), filtered, and
concd in vacuo to afford 14.9 g of crude product.
Purification by flash chromatography (silica gel,
EtOAc:hexane) yielded 84 g (79%) of 2. 250 MHz
NMR (CDCl;) 1.28 (t, 3H, J=7.3 Hz), 3.52 (s, 2H),
3.99 (s, 2H), 4.20 (q, 2H, J=7.1 Hz), 7.23-7.28 (m,
3H), 7.37-7.42 (m, 1H).

Step B: Preparation of 3-amino-4-(2-chlorophenyl)bu-
tyric acid ethyl ester. To a soln of 4-(2-chloropheny)bu-
tyric acid ethyl ester (0.40 g, 1.66 mmol) in anhydrous
methanol (17 mL), ammonium acetate (1.33 g, 17.3
mmol) was added followed by molecular sieves (3 A).
The reaction mixture was stirred at room temperature
under a nitrogen atmosphere for one week. The
mixture was then acidified to pH 2 with anhydrous 5 N
methanolic hydrogen chloride, treated with sodium
cyanoborohydride (0.14 g, 2.19 mmol), and acidified
again with 5 N methanolic HCl. This mixture was
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stirred for 16 h at room temperature under nitrogen.
After concentrating the reaction mixture in vacuo, the
residue was diluted with ethyl acetate, basified to pH
11 with 2 N NaOH soln, diluted with H,O, and the
layers sepd. The aq layer was washed 3 times with ethyl
acetate, combined, dried (Na,SO,), filtered, and concd
in vacuo to give 210 mg (53%) of the desired product.
250 MHz NMR (CDCl,): 6 1.26 (t, 3H, J=7.1 Hz),
2.36-2.58 (m, 4H), 2.79-2.98 (m, 2H), 3.52-3.65 (m,
1H), 4.15 (q, 2H, J=7.1 Hz), 7.14-7.39 (m, 4H).

Step C: Preparation of 3-[2-(adamantan-2-yl-oxycarbon-
ylamino)-3-(1H-indol-3-yl)- 2-methylpropionylamino]-
4-(2-chlorophenyl)butyric acid ethyl ester, [R,(R,S)]-(3).
A mixture of [(2-adamantyloxy)carbonyl]-a-methyl-
(R)-tryptophan’ (0.23 g, 0.59 mmol), 1-hydroxybenzo-
triazole (0.088 g, 0.65 mmol), and 13-
dicyclohexylcarbodiimide (0.146 g, 0.71 mmol) in 20
mL EtOAc was stirred for 1.5 h at room temperature
under a nitrogen atmosphere. After ridding the
reaction mixture of dicyclohexyl urea by filtration and
rinsing the filter cake 2 times each with 10 mL EtOAc,
3-amino-4-(2-chlorophenyl)butyric acid ethyl ester
(0.59 mmol) in EtOAc (20 mL) was added to the
filtrate and the mixture was stirred for at least 16 h at
room temperature under a nitrogen atmosphere. The
reaction mixture was concd in vacuo to give crude
product. Purification by flash chromatography (silica
gel, acetone:hexane) yielded 0.301 g (82%) of 3.
Analysis (C:sH,CIN;O5-0.85 EtOAc) C,H,N.

Step D: Preparation of 3-[2-(adamantan-2-yloxycarbon-
ylamino)-3-(1H-indol- 3-yl)-2-methylpropionylamino}-
4-(2-chlorophenyl)butyric acid, [R,(R,5)]-(2). To a
cooled (0°C) soln of 3 (0.29 g, 0.47 mmol) in 30 mL
THEF, lithium hydroxide (0.1 M soln, 0.78 mmol) was
added dropwise. The reaction mixture was allowed to
gradually warm to room temperature and stir for at
least 16 h under a nitrogen atmosphere. The reaction
mixture was then acidified with 0.1 M HCI soln (0.93
mmol) and coned in vacuo to remove THF. The aq
residue was then extracted with EtOAc (50 mL), and
the organic layer washed with H,O (25 mL), dried
(MgSQO,), filtered, and concd in vacuo to give crude
product. Purification by flash chromatography (silica
gel, acetone/hexane), followed by repeated concentra-
tion from ether yielded desired product. Further purifi-
cation by prep. HPLC (S8iO, column, EtOAc:hexane)
afforded 0.10 g (34%) of the desired product. Analysis
(C,:HxCIN;O5-0.61 EtOAc) C,H,N.

Method C

3-{2-(Adamantan-2-yloxycarbonylamine)-3-(1H-indol-3-
yl)-2-methylpropionylamino]-pentanoic acid, [R-(R,S)]-
(28). Step A: Preparation of pen-2-tenoic acid ethyl
ester. To a soln of (carbethoxymethylene)triphenyl-
phosphorane (20.3 g, 58 mmol) in 150 mL THF,
propionaldehyde (3.0 g, 51.6 mmol) was added and the
reaction mixture was stirred for at least 16 h at room
temperature under a nitrogen atmosphere. The
reaction mixture was dild with a satd aq soln of

ammonium chloride and then extracted two times with
diethyl ether. The combined organic layers were dried
(MgS0,), filtered, and concd in vacuo at room
temperature to give crude product. A soln of
EtOAc:hexane (30%) was added to the material and
then filtered through a pad of silica gel. After flushing
the silica gel pad with 500 mL 30% EtOAc:hexane, the
mother liquor was concd in vacuo to give 5.04 g (76%)
of the desired product. MS: 12.9 (MH™"), 128 (M ™).

Step B: Preparation of 3-(methylphenylamino)penta-
noic acid ethyl ester. A soln of pent-2-enoic acid ethyl
ester (2.50 g, 19.5 mmol) and (S)-(—)-a-methylbenzy-
lamine (2.36 g, 19.5 mmol) in 50 mL cthanol was
heated at 78 °C for at least 16 h."*"” The mixture was
cooled to room temperature and then concd in vacuo
to give crude product. Purification by flash chroma-
tography (silica gel, 20% EtOAc:hexane) yielded 1.28 g
(5 mmol, 26%) of pure product. MS: 250 (MH*), 249
(M™).

Step C: Preparation of 3-aminopentanoic acid ethyl
ester. Hydrogenation (20% Pd/C, (.20 g) of 3-(methyl-
phenylamino)pentanoic acid ethyl ester (0.32 g, 1.31
mmol) in ethanol (75 mL) under a hydrogen
atmosphere at room temperature for 18 h yielded
desired product (0.167 g, 88%). MS 146 (MH"), 145
(M*).

Step D: Preparation of 3-[2-(adamantan-2-yloxycarbon-
ylamino)-3-(1H-indol-3-yl)-2-methylpropionylamino]|
pentanoic acid ethyl ester, [R,(R,5)]-(27). To a turbid
soln of [(2-adamantyloxy)carbonyl]-a-methyl-(R)-tryp-
tophan® (0.284 g, 0.716 mmol) and 1-hydroxybenzotria-
zole (0.107 g, 0.788 mmol) in EtOAc (10 mL),
1,3-dicyclohexylcarbodiimide (0.185 g, 0.895 mmol) was
added and stirred at room temperature for 1 h.
4-Dimethylaminopyridine (0.0087 g, 0.072 mmol) was
added to the reaction mixture followed by the dropwise
addition of 3-aminopentanoic acid ethyl ester (0.130 g,
0.895 mmol) in EtOAc (3 mL). This mixture was
stirred at room temperature under a nitrogen
atmosphere for 72 h. The reaction mixture was filtered
and the ethyl acetate layer was washed two times with
5% citric acid solution, two times with satd NaHCO,
soln, 5% citric acid solution, brine, dried (MgSO,),
filtered, and concd in vacuo to give crude product.
Purification by flash chromatography (silica gel, 30%
EtOAc/hexane) yielded 0.240 g (64%) of 27. Analysis
(C3H.N;O5-0.75 EtOAc) C,H,N.

Step E: Preparation of 3-[2-(adamantan-2-yloxycarbon-
ylamino)-3-(1H-indol-3-yl)-2-methylpropionylamino]
pentanoic acid, [R-(R,5)]-(28). To a cooled (0 °C) soln
of 27 (0.20 g, 0.382 mmol) in THF (20 mL), 0.1 M
LiOH soln (1.2 mL) added dropwise via syringe over a
5 min period. The mixture was allowed to gradually
warm to room temperature and stir for at least 72 h.
The reaction mixture was then quenched with 10%
HCl soln ¢{1.37 mL) and extracted three times with
diethyl ether. The combined organic layers were dried
(MgS0,), filtered, and concd in vacuo to give 0.14 g
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(0.282 mmol, 74%) of 28. High mass: calcd, 496.2811;
found 496.2807.

Microanalysis

Compound Carbon Hydrogen Nitrogen

Caled Found Caled Found Calcd Found

1 70.84 71.12  7.06 7.45 7.51 7.13
2 6591 6601 6.69 6.70 6.51 6.38
3 66.37 6638  7.07 6.68 6.05 5.86
6 5601 5596 570 573 7.92 7.85
7 54.03 5378 5.08 5.11 11.46  11.13
8 57.07 57.02 588 591 5.70 5.49
9 62.80 6283 599 5.79 6.66 6.62

10 62.80 6271 599 5.81 6.66 6.53
11 60.60 6033 538 538 6.06 6.05
12 60.21 60.02 541 5.41 6.02 5.95
13 48.07 4794  4.65 4.67 6.80 6.85
14 48.34 4842 475 4.89 4.83 4.64
15 6434 6444  6.19 6.14 6.62 6.67
16 6434 6425 6.19 5.98 6.62 6.61
19 68.85 68.71  6.65 6.75 7.30 7.00
20 69.25 69.11 6.84 7.03 7.13 7.00
21 5798 5782 560 @ 5.76 6.15 5.89
22 66.54 66.63 7.10 7.08 8.39 8.27
23 67.09 6721 717 7.46 9.49 9.44
24 64.79 6458  6.43 6.40 9.16 8.94
25 69.17 6892 748 7.50 6.37 6.32
26 67.07 6744 708 7.33 6.70 6.64
27 67.21 6752 8.03 8.40 7.12 6.75

Data processing

Statistical analyses were run on an IBM 3090-200E
mainframe using release 6.07 of the SAS program
package.” In eqgs (1)—(4), the figures in parentheses are
the standard errors of the regression coefficients. For a
given equation, n is the number of compounds, r is the
correlation coefficient, F is a significance test, and s is
the standard error.
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