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Abstract: The solid-phase synthesis of a novel thioether cyclized peptidomimetic scaffold, displaying
functionality at the ito 7+ 3 positions, is reported. The thioether bridge is formed on-bead by an intramolecular
reaction between a chloroacetylated reduced peptide bond and the free thiol from a cysteine. The crude
products were obtained in moderate to very high purity. A series of 19 compounds were prepared and
tested for agonist activity at the mouse melanocortin receptors 1, 3, 4, and 5 (mMC1-5R). From these
results, several compounds were identified as having low micromolar agonist activity at the mMC1R and
mMC4R. The former is involved in skin pigmentation and animal coat coloration. The latter is involved in
the regulation of appetite and food intake and is currently a drug target for potential treatment of obesity.
The most potent compound 1n with the pharmacophore motif “His-DPhe-Arg-Trp” was identified as having
an ECs value of 165 nM at mMC1R, 7600 nM at mMC3R, 650 nM at mMC4R, and 335 nM at mMC5R.
In addition, some of the compounds showed moderate selectivity for the mMC1R.

Introduction cortin receptord’~14 The melanocortin peptides, the natural
. ) ) o . ligands to the melanocortin receptors, incluge -, y-mel-
In recent years, the design of cyclic peptidomimetics, which eyt stimulating hormones (MSH) and adrenocorticotropin

are conformationally constrained to mimic peptide and protein (AcTH). They are a class of neuropeptides that are involved in
surface structures, has been pursued with significant effotts. skin pigmentatiort:15 animal coat coloratiodt obesity syn-

Such peptidomimetic scaffolds can be used to constrain phar-gromel6.17energy homeostasté9and adrenocortial steroido-
macophore elements in space, which can minimize entropy lossyenesid! and they are known to act via G-protein coupled
upon interaction with the receptor, presumably leading to higher myelanocortin receptofd- 1317 All of these hormones possess a
binding affinity than that observed for the linear peptide. This central His-Phe-Arg-Trp motif, which constitutes the receptor
can pr0V|de pOtentIa| dl’ug |eadS, as We” as a better Understandtontact res|dues and |S referred to as the "message" se-

ing of molecular recognition. One of the pharmaceutically quence%2021jt was hypothesized in the 1980s that the bioactive
interesting biological targets to which the peptidomimetic

approach has been applied receltig the family of melano- (10) Haskell-Luevano, C.; Rosenquist, A.; Souers, A.; Khong, K. C.; Ellman,
PP PP ¥ y J. A.; Cone, R. DJ. Med. Chem1999 42, 4380-4387.
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Reagents and conditions: (a) Fmoc-AA-H, Nafl, AcOH, DMF;
(b) 20% piperidine in DMF; (c) Fmoc-Cys(SBtOH, TBTU, NEM, DMF;
(d) (CICH,CO),0, NEM, DCM or PhCHCICOCI, DIPEA, DCM; (e) B/
HO/THF; (f) NEM, DMF, A; (g) 2-acetyldimedone, DMF; (h) DBU, DMF;
(i) 3% hydrazine in DMF; (j) RsCHO, NaBHCN, AcOH, DMF or
Ri+3COH, TBTU, NEM, DMF; (k) TFA:TIPS 95:5; i) Alloc-Cl, DIPEA,
DCM; (ii) Fmoc-Cys(Mmt)-OH, HATU, NEM, DMF; i{i) (PhsP)Pd,
CHCI/NEM/ACOH; (iv) DCM:TFA:TIPS 90:3:7.

conformation involves &-turn containing this message se-
guence®22which has been supported by recent studies with a
small moleculgs-turn mimicl? Because the melanocortin-3 and
-4 receptors are involved in the regulation of appetite and
feeding behaviot®17.19.23.24hey presently constitute an impor-

Table 1. Synthesis of Scaffold 12

purity®

entry R Ris® Ris® Riss (crude)  method
la H Nap D-Lys(Boc) Nap 58 B
1b H Nap Lys(Boc) Nap 64 B
1c H Nap Arg(Bocy Nap 55 B
1d H Phe D-Lys(Boc) Nap 66 B
le H Phe Lys(Boc) Nap 75 B
1fde H Trp(Boc) Pro Nap 55 B
1g°¢ H Phe Pro Nap 54 B
1lh H Tyr(Boc) b-Lys(Boc) Nap 73 B
Li H Tyr(Boc) Lys(Boc) Nap 83 B
1jf H Trp(Boc) b-Lys(Boc) Nap 71 B
1k H Trp(Boc) Lys(Boc) NapCO 88 B
1l Ph Trp(Boc) Lys(Boc) Nap 51 B
Im¢ H Tyr(Boc) Leu Nap 85 B
1n H Trp(Boc) Arg(Bocy AcHis(Trt)DPhe 70 B
lo H Arg(Pmc) Phe Nap 57 A
1p H Trp(Boc) Lys(Boc) Nap 75 A

aNap= 1-naphthyl-CH; Nag-CO = 2-naphthoyl? The three letter code
refers to the side chain of the amino acid. Thamino acid derivatives
were used unless otherwise noted. The temporary, acid labile protecting
groups used during synthesis are shown is parenthe€esnbined isomeric
purity, determined by RP-HPLC at 215 nfiThe reduced bond was
temporarily protected with Alloct Fmoc-Cys(Mmt)-OH used instead of
Fmoc-Cys(SB)-OH. f Contains a-Cys. 9 Reductive alkylation performed
for 5.5 h." Purity determined prior to introduction of, R.

structure displays functionality at theo i + 3 positions, and

all side chains are introduced via commercial Fmoc amino acid
derivatives and easily accessible precursors. The synthetic
scheme combines diversity with accessibility and speed which
makes this scaffold suitable for automated parallel synthesis and
combinatorial chemistry. A series of these compounds were
prepared and tested for agonist activity at the mouse melano-
cortin receptors to explore the biological potential of scaffold
1

Results and Discussion

Synthesis of Scaffold 1. Method A.The chemistry was
developed on PEGA-resi#y;?6 using the Rink amide linker.
Introduction of the first side chain was done by coupling of an
Fmoc-protected amino acid, using standard peptide chemistry
to give 2 (Scheme 1). The second side chain was incorporated
via a reductive alkylation, using NaBBN together with the

tant drug target for design of selective therapeutics for potential Fmoc-protected amino aldehyde, prepared either by LIAIH

treatment of eating disorders (i.e., obesity and anorexia).

reduction of the corresponding Weinreb amide?® by DIBAL

The present report describes a solid-phase approach to théeduction of the ester, or by DesMartin periodinan&-=2

peptidomimetic scaffold (Scheme 1, Table 1), which is based

oxidation of the amino alcohol (Scheme?32)35

on standard Fmoc peptide chemistry. A key feature in the design  The reductive alkylation proceeds smoothly to the mono-

is the use of mildbn-bead cyclizatiorconditions, which leaves
the compound attached to the resin for further synthetic
manipulation or for use ion-beadscreening. The heterocyclic

(20) Hruby, V. J.; Wilkes, B. C.; Hadley, M. E.; Al-Obeidi, F.; Sawyer, T. K,;
Staples, D. J.; deVaux, A. E.; Dym, O.; de Castrucci, A. M. L.; Hintz, M.
F.; Riehm, J. P.; Rao, K. Rl. Med. Chem1987, 30, 2126-2130.

(21) Yang, Y.-k.; Fong, T. M.; Dickinson, C. J.; Mao, C.; Li, J.-Y.; Tota, M.
R.; Mosley, R.; Van der Ploeg, L. H. T.; Gantz Biochemistry200Q 39,
14900-14911.

(22) Haskell-Luevano, C.; Sawyer, T. K.; Trumpp-Kallmeyer, S.; Bikker, J. A,;
Humblet, C.; Gantz, |.; Hruby, J. \Drug Des. Disceery 1996 14, 197—
211.

(23) Chen, A. S.; Marsh, D. J.; Trumbauer, M. E.; Frazier, E. G.; Guan, X.-M.;
Yu, H.; Rosenblum, C. I.; Vongs, A.; Feng, Y.; Cao, L.; Metzger, J. M.;
Strack, A. M.; Camacho, R. E.; Mellin, T. N.; Nunes, C. N.; Min, W.;
Fisher, J.; Gopal-Truter, S.; Macintyre, D. E.; Chen, H. Y.; Van der Ploeg,
L. H. T. Nat. Genet200Q 26, 97—102.

(24) Benoit, S. C.; Schwartz, M. W.; Lachey, J. L.; Hagan, M. M.; Rushing, P.
A.; Blake, K. A.; Yagaloff, K. A.; Kurylko, G.; Franco, L.; Danhoo, W.;
Seeley, R. JJ. Neurosci200Q 20, 3442-3448.

alkylated producB at room temperature in 3 h, as indicated by
a negative Kaiser tegt. Racemization of thé + 2 a-carbon
was observed. It is not clear whether this is due to racemization
during preparation of the aldehyde or during formation of the

(25) Meldal, M. Tetrahedron Lett1992 33, 3077-3080.

(26) Auzanneau, F.-l.; Meldal, M.; Bock, K. Pept. Sci1995 1, 31-44.

(27) Nahm, S.; Weinreb, M. Setrahedron Lett1981 22, 3815-3818.

(28) Wen, J. J.; Crews, C. Metrahedron: Asymmetr§998 9, 1855-1858.

(29) Ede, N. J.; Eagle, S. N.; Wickham, G.; Bray, A. M.; Warne, B.; Shoemaker,
K.; Rosenberg, SJ. Pept. Sci200Q 6, 11-18.

(30) Meyer, S. D.; Schreiber, S. . Org. Chem1994 59, 7549-7552.

(31) Ireland, R. E.; Liu, LJ. Org. Chem1993 58, 2899-2899.

(32) Dess, D. B.; Martin, J. Cl. Org. Chem1983 48, 4155-4156.

(33) Steurer, S.; Podlech, Bur. J. Org. Chem1999 1551, 1-1560.

(34) Myers, A. G.; Zhong, B.; Movassaghi, M.; Kung, D. W.; Lanman, B. A.;

Kwon, S.Tetrahedron Lett200Q 41, 1359-1362.

(35) Soucek, M.; Urban, Xollect. Czech. Chem. Commutf95 60, 693—
696.

(36) Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, FRAral. Biochem.
197Q 34, 596-598.
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H, DCM, —78°C; (f) Rochelle’s salt (saturated aqueous potassium sodium & 3
tartrate); (g) BIOCOCI, NEM, THF; (h) NaBH, THF/H,0O; (i) Dess- 07
Martin periodinane, DCM. 200 =
01 | S
C—N bond; however, it is well-known that amino aldehydes o 2 4 1 20 22 24
are configurationally labile, and, in particular, they are reported Reteation Time (min)

to racemize upon silica chromatography and during stotagfe. gigurqe é. 3Rr|1:-HP|§4C r?f l;:ruclzl(e}\p_ after _treatmefr:tzwith_ 95% CTFA for (Ia)
Dialkylation was qnly (_)bserved in significant amqun&(’/o) a;‘nid’eé, )whe}e(g)s peai<s (-IBBa andlsCaerl?tlaXttl:lrt:3 ::)orre:ppc:?c?iggz tta(:)rimg]r?c
upon longer reaction times-6 h) or when performing double i erminal acids.

couplings. However, attempts to use Gly at the 1 and/ori

+ 2 positions resulted in the dialkylation product being the major ayoided by using Arg(Bog)instead. Theert-butylthio cysteine
product. The tendency for Gly to give dialkylation has been protection group was removed with Buto give the cyclization
reported earlier, both in soluti$hand on solid suppoff. precursoi5.43 Following the deprotection of cysteine, quantita-
Following reductive alkylation, the primary amine was liberated tive cyclization to form the thioether bridge was achieved by
and then selectively acylated with Fmoc-Cys(§BH using gentle heating (5560 °C) with N-ethylmorpholine in DMF for
TBTU activation to give4. The sterically hindered secondary 7 h, yielding7. No dimers or oligomers were detected by HPLC
amine was not acylated to any extent detectable by HPLC or or \MS. After cyclization, the Fmoc group was removed, and
MS analysis under these conditions (3 equiv of acid, 4 h). the primary amine was then reductively alkylated with 1-naph-
However, when it was subsequently reacted with the much lessthaldehyde. The product and1p were cleaved from the resin
bulky chloroacetic anhydride in dichloromethane, quantitative py a 2 htreatment with a 95% TFA/triisopropylsilane 95:5
acylation was achieved within 30 min, as indicated by a negative mixture, and analyzed by HPLC and MS.

chloranil test for secondary amin€swhen using Arg(Pmc) in Crude1p was obtained in 68% yield as a mixture of three
the sequence in connection with a large excess of acylating components 4p-A, 1p-B, 1p-C) in a 12:1:6 ratio, with a
agent, byproducts with a mass corresponding to dichloroacetyl- compined purity of 75%, as determined by HPLC with detection
ation were detected in significant amounts20%). This IS at 215 nm (Figure 1). The combined overall yield of the three
presumably due to acylation of the unprotected nitrogen in the gnalytically pure components after preparative HPLC purifica-
guanidino group, as reported eartféiThe problem could be  tion was 28% on the basis of resin loading. MALDI-TOF MS
analysis of the individual components revealed that the™MH

(37) Lubell, D. W.; Rapoport, HJ. Am. Chem. S0d.987, 109, 236—239.
(38) Ito, A.; Takahashi, R.; Baba, YChem. Pharm. Bull1975 23, 3081-

3087. (43) When bromoacetic anhydride was used instead of chloroacetic anhydride
(39) Salvi, J.-P.; Walchshofer, N.; Paris,Tetrahedron Lett1994 35, 1181~ for acylation of the reduced bond, significant amounts of unidentified higher

1184. mass byproducts were detected by HPLC and MALDI-TOF MS analysis.
(40) Oh, J. E.; Lee, K. HBioorg. Med. Chem. Letfl999 7, 2985-2990. This is presumably due to nucleophilic substitution of the more labile
(41) Vojkovsky, V.Pept. Res1995 8, 236-237. bromine atom by BsP, followed by subsequent side reactions of the formed
(42) Miller, C. S.; Scanlan, S. §. Am. Chem. Sod.997, 119, 2301-2302. adduct.

11048 J. AM. CHEM. SOC. = VOL. 124, NO. 37, 2002



Mouse Melanocortin Receptor Agonists

ARTICLES

Scheme 3. Proposed Mechanism for Hydrolysis of the C-Terminal
Amide
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species of botip-B and 1p-C were 1 mass unit heavier than
the MH" of 1p-A, as determined with an accuracy £0.05

by calibrating against bradykinin as an internal standard. It was
observed that thiép-A:1p-B:1p-C ratio changed to 3:1:6 upon
prolonged cleavage with TFA mixture for 24 h, and at the same
time 1p-A appeared as two isobaric, slightly overlapping peaks.
Therefore, it was assumed thap-B and 1p-C arei + 2
epimericC-terminal acids, formed by postcleavage hydrolysis
of the twoi + 2 epimeric C-terminal amides presumably
contained inlp-A. This was supported by the absence of the
C-terminal amide protons in the 1D proton spectrumpfC.
N-Alkylated peptide bonds are known to be more labile toward
TFA cleavage than their unalkylated counterparts, due to the
increased inductive effect of the alkyl substitu&ithe evidence

presented herein indicated that hydrolysis proceeds via aNgisplayed in as-turn conformation.

equilibrium involving an oxazolone-like intermediate. The
mechanism for the accelerated hydrolysis of @erminal
amide in scaffoldl is proposed in Scheme 3.

The instability of theC-terminal amide was general for
compoundsla—p; however, all of the different components
present in the crude mixtures could usually only be detected

the cyclization precurso which were cyclized quantitatively
with DBU in DMF in less tha 2 h atroom temperature, as
indicated by a negative Ellman test for free thiishe Dde
group was removed again with 3% hydrazine in DMF to give
7. The productsla—n were obtained upon alkylation or
acylation and cleaved as in method A. The overall crude purity
was moderate to very high. When using Fmoc-Pro-H as the
+ 2 component in the synthesis, it was necessary to use the
more powerful activating agent HATU to obtain complete
acylation (from3 to 4). However, under these forcing conditions,
the reduced bond i had to be temporarily protected with the
Alloc group to avoid partial¥ 10%) acylation in the subsequent
step?® The Alloc group was introduced i prior to removal
of Fmoc. The highly acid-labile Mmt group was used as
S-protection instead of théert-butylthio, due to observed
cleavage of the disulfide bond during Alloc deprotection with
(PhsPuPd. Thus, coupling of Fmoc-Cys(Mmt)-OH after depro-
tection of 3 with piperidine and subsequent removal of Alloc
with (PhsP),Pd gaved. Treatment with piperidine and acylation
of the primary amine with 2-acetyldimedone were performed
as above. The reduced bond was then acylated as above, and
the Mmt group was removed with dilute TFA, although this
required a slightly higher concentration than that reported
earlier®® presumably due to the polar and proton accepting
nature of the PEGA resin. The precurddmwas cyclized as
described above to give

Design of Melanocortin Agonists. A series of putative
melanocortin agonists were designed on the basis of the
knowledge gained from prior studi&s>1-52These results further
supported a hypothesis dating back to the 1980s, which suggests
that the minimal sequence required to elicit measurable biologi-
cal response is the tripeptide “Phe-Arg-Trp”, presumably
In a recent report from
Haskell-Luevano and co-worke¥sa library of small molecule
B-turn mimics was screened for agonist activity at the melano-
cortin receptors. It was found th@tturn mimics containing
naphthylalanine, Phe, or Trp in thet 1 andi + 3 positions,
andp-Lys, p-Arg, or b-Pro in thei + 2 position, gave the best
agonists with values in the micromolar range at the mMC1R.

during preparative HPLC, because they did not always separaterpege results were consistent with a previous model obtained

well in the analytical HPLC. It was later realized that the
hydrolysis could be reduced to less than 5% by usiegtTFA
for short periods of time (30 min), preferably using lyophilized
resin.

Method B. Although the cyclization conditions initially
developed in method A worked satisfactorily, an alternative

from homology molecular modeling, proposing two hydrophobic
and one electrostatic pocket for binding to the mMC%R.
However, these compounds were about 200-fold less potent than
the linear tetrapeptide fragment Ac-His-DPhe-Arg-Trp-NH
identified in a recent studyto have nanomolar agonist activity

at the mMC1-5R, indicating that a fourth residue is required

room-temperature approach was desired, because this is mucl,, potency in the same vicinity as the natural ligandSH.

more convenient, in particular in connection with parallel
synthesis of a large number of compounds. However, lowering

of the reaction temperature required the use of a stronger base

to ensure quantitative cyclization, which in turn required
replacement of the base-sensitive Fmoc group. The*Dde
protection group proved highly suitable for this purpose. It was
introduced selectively onto the primary anfihef 4 after Fmoc
cleavage. Acylation with chloroacetic anhydride or racemic
a-chlorophenylacetyl chloridé and treatment with ByP gave

(44) Urban, J.; Vaisar, T.; Shen, R.; Lee, M. B.Pept. Sci1996 47, 182—
189

(45) Bydroft, B. W.; Chan, W. C.; Chhabra, S. R.; Hone, N.JDChem. Soc.,
Chem. Commurnl993 778-779.

(46) Nash, I. A.; Bycroft, B. W.; Chan, W. Qetrahedron Lett1996 37, 2625~
2628.

(47) Attempts to use 2-bromopropionyl bromide, 2-chloropropionyl chloride,
and 2-bromoisovaleroyl bromide in this step gave multiple products.
However, the purity of the desired product was increased significantly when
NEM was used instead of DBU in the subsequent cyclization of these
precursors. The multiple byproducts were not identified, but the fact that
the base strength affects the product distribution, and the problem seems
to occur for substrates havingsehydrogen, suggests that elimination might

be involved.

(48) Ellman, L. G.Arch. Biochem. Biophyd.959 82, 70-77.

(49) Fmoc amino acid Pfp esters can also be used for extended periods of time
(overnight) to obtain usually complete acylation of the proline nitrogen
with little or no side reaction on the reduced bond.

(50) Barlos, K.; Gatos, D.; Hatzi, O.; Koch, N.; Koutsogianni,Iig. J. Pept.
Protein Res1996 47, 148-153.

(51) Haskell-Luevano, C.; Hendrata, S.; North, C.; Sawyer, T. K.; Hadley, M.
E.; Hruby, V. J.; Dickinson, C.; Gantz, J. Med. Chem1997, 40, 2133~
2139.

(52) Haskell-Luevano, C.; Holder, J. R.; Monck, E. K.; Bauzo, R.JMMed.
Chem.2001, 44, 2247-2252.

J. AM. CHEM. SOC. = VOL. 124, NO. 37, 2002 11049



ARTICLES

Bondebjerg et al.

Table 2. Functional Activity of Compounds la—p at the Mouse Melanocortin Receptors?

mMCIR mMC3R mMC4R mMC5R
entry ECso (uM) ECso (uM) ECso (M) ECsp (M)
a-MSH 0.00107+ 0.00027 0.00248 0.00071 0.0034- 0.00076 0.00126- 0.00043
Ac-His-DPhe-Arg- 0.0256+ 0.0047 0.195t 0.0446 0.0102: 0.00144 0.00346: 0.00033
Trp-NH;
la 2.7+ 0.58 >100 >100 39.2+ 7.6
1b 6.8+ 1.6 slight @ 10Q:M 8.7+77 16.5£ 6.1
1c 57+25 >100 >100 slight @ 10«M
1d 6.1+ 1.5 >100 >100 >100
le 46.2+ 13 >100 >100 29.3£5.7
1f 45+ 25 slight @ 10Q:M slight @ 100uM slight @ 100uM
1g slight @ 100uM >100 >100 slight @ 10Q:M
1h 18.8+ 4.2 >100 74.9£19.3 20.0+ 2.6
1i 40.7+ 16.1 >100 >100 >100
1j 10.8+ 4.7 slight @ 10«M 12.1+33 slight @ 10«M
1k-A 32.1+6.3 >100 >100 >100
1k-B 41.6+5.7 >100 >100 >100
1l 7.14+1.9 >100 >100 slight @ 100:M
im 10.4+ 3.4 37.1£ 31 359+ 75 15.7+ 3.7
1n 0.164+ 0.022 7.6+ 1.89 0.65+ 0.126 0.335t 0.106
lo 3.48+ 1.89 slight @ 10cM >100 20.9£ 5.9
1p-A 6.4+ 0.2 29.3+55 15.2+ 6.0 16.1+ 2.1
1p-B 10.4+ 6.3 >100 >100 54.3+ 19.9
1p-C 2.35+ 0.68 254+ 7.6 14.6+ 2.6 6.0+ 0.6

aValues reflect assay results of RP-HPLC purified material. The indicated errors represent the standard error of the mean determined fronm at least fou

independent experiments. Two molecules of TFA were included in the calculations. Exceiit &md 1p all compounds were tested as a C-terminal
amide/acid mixture. In addition, all compounds exciptB and1p-C are presumably partially racemized at the 2 position. “Slight @ 10Q:M” denotes
that some agonist response was observed apM®ut not enough to determine an Ef&value. The values fo-MSH (Ac-SYSMEHFRWGKPV-NH)
were determined in parallel, and the values for Ac-His-DPhe-Arg-Trp-ieke taken from a previous repstt.

The present report based the peptidomimetic design on thein loss of activity. In fact,10 is one of the most potent and
pharmacophore motif “aromatic-Lys/Arg/Pro-aromatic”, varying selective mMC1R agonists evaluated in this report, which taken
the identity of the aromatic residues between naphthyl, phenyl, together with the results fdif and1m indicates that the aromatic
hydroxyphenyl, and indole, and thie+ 2 stereochemistry.  residues are most important for binding, as reported recéhtly.
Stereochemical modifications at thet 1 position were not Substitution of H for Phe at thieposition (entried| and1p-A)
included, because it has been shown recently in tetrapeptidesesults in an overall increased selectivity at mMMC1R while
to result in decreased poten®yln addition, the effects of maintaining approximately the same potency, indicating that this
introducing a fourth His residue in the scaffold were explored position is potentially important for receptor selectivity. How-
(entry 1n) on the basis of the knowledge from recent stufifes, ever, it must be kept in mind that a mixturgél and a pure
which identified the tetrapeptide Ac-His-DPhe-Arg-Trp-Nab amide (Lp-A) are being compared. The most potent compound
the most potent minimal sequence at the melanocortin receptorsidentified in this study isln with ECsg values at least 10-fold

Interpretation of Biological Results. Compoundsla—p lower at mMMC1R, mMC4R, and mMC5R as compared to all
were tested for agonist activity at the mouse melanocortin of the other compounds in Table 2, which clearly demonstrates
receptors, using g-galactosidase bioassay. The pharmacological the importance of the fourth His residue. Howevén, does
data are summarized in Table 2, and the structures of compoundsot display significant selectivity, and further studies are needed
la—p are shown in Figure 2. Generally, compourds-p are to determine if perhaps selectivity can be increased by substitu-
most active at the mMC1R and least active at the mMC3R. tion with, for example, conformationally constrained aromatic
The selectivity varies, but in particular enttywith Trpi + 1, residues at this position similar to a recent repért.

Proi + 2, and naphthyi + 3 is 15-50-fold selective for
mMCI1R as compared to the other three receptors. Interestingly,

the close analogue with Phe instead of Trp &t 1 (entry 1g) We have developed a methodology for the solid-phase
shows only slight agonist activity at all of the receptors. Also, synthesis of a novel 10-membered heterocyclic peptidomimetic
entrieslc (naphthyli + 1, Argi + 2, naphthyli + 3) and1d scaffold, displaying diversity at up to four positions. The
(Phei + 1, p-Lysi + 2, naphthyli + 3) both show at least a  synthetic scheme, which is based on readily available precursors,
15-fold selectivity for mMC1R. There seems to be a slight yje|ds crude products with moderate to very high purity and
preference at the mMCIR for theconfiguration at the + 2 enables rapid parallel synthesis of a large number of diverse
position (entriesla/1b, 1d/1e and1h/1i), which is consistent  stryctures. The compounds showed low micromolar to high
with previous results from a library of small molecifeturn nanomolar agonist activity at the mMC1-5R. Additionally, some
mimics!® When comparingla/lb, 1d/1le and1i/1i, there is  showed moderate selectivity for the mMC1R. To our knowledge,
also a slight preference at nMCIR for naphthyl 1. The fact  this study has identified the most potent small molecule

that 1f is an active compound suggests that an electrostatic peptidomimetic ligandin) to the mouse melanocortin receptors
interaction in the + 2 position is not a requirement for receptor

activation, which is further validated by the activity Irih with
Leui + 2. Inverting the pharmacophore motif “aromatic-basic-
aromatic” to “aromatic-aromatic-basic” (entty) does not result

Conclusion

(53) Danho, W.; Swistok, J.; Cheung, A.; Chu, X.-J.; Wang, J.; Chen, L.;
Bartkovitz, D.; Gore, V.; Qi, L.; Fry, D.; Greeley, D.; Sun, H.; Guenot, J.;
Franco, L.; Kurylko, G.; Runmennik, L.; Yagaloff, KRept., Proc. Am.
Pept. Symp. 17tR001
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Figure 2. Structures of compoundbka—p. The designated stereochemistry at thé 2 position is based on the configuration of the starting material;
however, partial racemization was observed. “OHgNiHdicates a mixture of amide and acid.

reported to date with an Egvalue of 165+ 22 nM at the
mMCI1R involved in skin pigmentation, 7608 1890 nM at
the mMMC3R involved in energy homeostasis, 65026 nM at

2,2,5,7,8-pentamethylchroman-6-sulfonyl; Rink amide linkd(R,9)-
o-[1-(9H-fluoren-9-yl)-methoxyformamido]-2,4-dimethoxybenzyl]-phe-
noxyacetic acid; SButert-butylthio; TBTU, N-[(1H-benzotriazol-1-

the mMMC4R involved in regulation of appetite and feeding yl)-(dimethylamino)-methyleneN-methylmethan-aminium tetrafluoro-

behavior, and 335+ 106 nM at the mMC5R involved in

exocrine gland regulation. These results should be useful in the
further design of potent and selective non-peptide ligands to
In addition, the methodology

the melanocortin receptors.

borateN-oxide; TFA, trifluoroacetic acid; THF, tetrahydrofuran; TIPS,
triilsopropylsilane.

Reagents and General MethodsAll solvents were HPLC grade.
Anhydrous solvents were obtained by storing rove A activated
molecular sieves. Degassed solutions were obtained by bubbling with

developed herein should be viewed as a general tool for Ar for 10 min. 2-Acetyldimedone was prepared according to a previous
introducing conformational constraints in a peptide or peptido- proceduré* All other starting materials were purchased from com-
mimetic attached to a solid support for the use in, for example, mercial suppliers and used without further purification. Solid-phase

ornrbeadscreening, and scaffoltican potentially be used as a
versatile tool in small molecule drug discovery.

Experimental Section

The following abbreviations were used throughout the text. Alloc
allyloxycarbonyl; Boctert-butyloxycarbonyl; DBU, 1,8-diazabicyclo-
[5.4.0Jundec-7-ene; DCQ\,N-dicyclohexylcarbodiimide; DCM, di-
chloromethane; DdeN¢-1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-
ethyl; DhbtOH, 3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine; DIBAL,
diisobutylaluminumhydrid; DIPEA, diisopropylethylamine; DMR,N-
dimethylformamide; Fmoc, 9-fluorenylmethyloxycarbonyl; HATU,
N-(9-N-[(dimethylamino)-H-1,2,3-triazolo-[4,5-b]pyridin-1-yl-meth-
ylene]-N-methylmethanaminium hexafluorophosphbt@xide; Mmt,
4-methoxytrityl; NEM, N-ethylmorpholine; Pfp, pentafluorophenyl;
PEGA, poly(ethylene glycol)-poly(acryl amide) copolymer; Pmc,

reactions run at room temperature were performed in flat-bottom
polyethylene syringes equipped with sintered Teflon filters 450
pores), Teflon tubing, Teflon valves for flow control, and suction to
drain the syringes from below. Fmoc deprotection was performed with
20% piperidine in DMF (2+ 10 min). TBTU-couplings were performed

by dissolving the acid (3 equiv) in DMF with NEM (4 equiv), followed
by addition of TBTU (2.88 equiv). The resulting solution was
preactivated for 10 min before use (reaction time 2 h). HATU couplings
were done likewise; however, preactivation was only 2 min. Pfp esters
were coupled with DhbtOH (1 equiv) present. The disappearance of
the bright yellow color indicated complete capping of the resin-bound
amino groups. Solid-phase reactions were generally run in an amount
of solvent that was enough to cover the resin {@115 M). Resin
loadings were determined by Fmoc cleavage and optical density

(54) Pyrko, A. N.J. Org. Chem. USSR991, 27, 1981-1981.
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measurements at 290 nm, using a calibration curve. Reactions at

(R)-N-o-(Fluorenylmethyloxycarbonyl)-N-e-(tert-butyloxycar-

elavated temperatures were conducted in a sealed Nunc tube, or in glasbonyl)-lysine N-Methoxy-N-methylamide (8b). Cromatographed on

Reacti Vials. Routine NMR data were aquired on a Bruker Avance
DRX 250. Chemical shifts are reported in ppm downfield, relative to
internal solvent peaks (2.49 for DMS@; 7.25 for CDCH}). Coupling
constantsJ are reported in Hz. For 2D NMR experiments, ap-
proximately 8 mg of the sample was dissolved in @200f DMSO-ds
(new Aldrich ampule). All 2D spectra were recorded on a Bruker DRX-
600 MHz spectrometer. The TOCSY experiment was performed with

silica as above. White solid. Yield: 40%. This compound was pure by
TLC. The NMR and MS data were identical to those8af

(S)-N-o-(Fluorenylmethyloxycarbonyl)-proline N-Methoxy-N-
methylamide (8c).Chromatographed on silica, using petroleum ether/
ethyl acetate 1:3. White solidRk = 0.45. Yield: 71%.!H NMR (250
MHz, CDCL): ¢ (two rotamers in a 1:2 ratio; rotameric signals given
in parentheses) 1.7#2.19 (m, 4H), 3.11(3.00) (s, 3H), 3.38.65 (m,

a spinlock of 80 ms. Unless otherwise noted, the MS data reported 2H), 3.68(3.36) (s, 3H), 4.064.52 (m, 3H), 4.66:4.71 (m, 1H), 7.15
were obtained on low-resolution instruments. ES-MS spectra were 7.31 (m, 4H), 7.4%7.66 (m, 4H).*C NMR (62.9 MHz, CDC}):

obtained on a Fisons VG Quattro 5098 MS in the positive mode, unless 6 (rotameric signals given in parentheses) 23.5(24.7), 30.0(31.0),
otherwise noted. LC-MS spectra were obtained in the positive mode 47.2(47.7), 57.2(57.4), 61.5(61.7), 67.2(67.8), 120.2, 125.4(125.5),
on a Hewlett-Packard MSD1100 apparatus. MALDI-TOF spectra were 127.4, 127.9(128.0), 141.7, 144.6(144.7), 154.9(155.3), 173.2. ES-

recorded on a Bruker Reflex Il MALDI-TOF MS, using-cyano-4-
hydroxycinnamic acid as matrix. High-resolution MALDI-TOF MS

(HRMS) spectra were recorded at University of Odense, Denmark on

MS: mass calcd for §H2sN,04 381.17 (MH'). Found 381.33. HPLC
purity > 90%, R (B) = 15.32.
General Procedure for Reduction of Weinreb Amides (5-10

a 4.7 T lonspec FT-ICR mass spectrometer, using 2,5-dihydroxybenzoic mmol Scale)?® The Weinreb amide was dissolved in dry THF (20 mL)
acid as matrix and internal reference. TLC plates used were Merck and added dropwise to a suspension of LiA{E equiv) in THF (30

silica gel 60ks4 on aluminum. Visualization was achieved with UV
light when applicable, or developed by Mo-staining. Column chroma-
tography was performed on silica 60H (23®00 mesh). Analytical

mL) at —78 °C. The suspension was stirred-af8 °C for 1-2 h, or
when judged complete by TLC, and then quenchee-a8 °C with
water (3 mL). MgSQ was added, and the solution was filtered. The

HPLC was performed on (A) a Waters system (490E detector at 215 solvent was removed in vacuo to give an oil or a sticky solid. Trituration

and 280 nm, two 510 pumps with gradient controller and a Zorbax
RP-18 column, 300 A, 0.4% 50 mm) or (B) a Merck-Kitachi D7000
system (L-4250 UV-vis detector 215 nm, L-6250 Intelligent pump,).
Eluents A (0.1% TFA in water) and B (0.1% TFA in acetonitrile/water
9:1) were used in a linear gradient (0%-B 100% B in 25 min).

with diethyl ether usually gave a white solid, which was essentially
pure and could be used directly or purified by column chromatog-
raphy.

(S)-N-a-(Fluorenylmethyloxycarbonyl)-N-e-(tert-butyloxycar-
bonyl)-lysinal (9a)5” Chromatographed on silica using petroleum ether/

Retention times refer to the designated system. Semipreparative andethyl acetate 1:1. White solid. Yield: 32%.= 0.48.1H NMR (CDCl,
preparative HPLC were performed on a Waters 600E system (Waters250 MHz): ¢ 1.43 (s, 9H), 1.482.04 (m, 6H), 3.11 (m, 2H), 4.20

991 photodiode array detector at 215 and 280 nm, FOXY fraction
collector) connected to a Millipore Delta Pak RP-18 column (5
200 mm, or 47x 300 mm), using eluents A (0.1% TFA in water) and
B (0.1% TFA in MeCN/HO 9:1) in a linear gradient, starting with
85% A and 15% B, with a slope of 0.5%/min and a flow of 20 mL/
min.

General Procedure for Preparation of Weinreb Amides (5-10
mmol Scale).Modifications were made of a previous procedure for
the Z-protected glycine derivative® The Fmoc-protected amino acid
was dissolved in dry THF (100 mL) and cooled t6@in an ice bath.
DCC (1 equiv), DhbtOH (1 equiv), and,O-dimethylhydroxylamine
hydrochloride (1 equiv) were added, followed by DIPEA (1 equiv).
The resulting bright yellow solution was stirred overnight, filtered, and

4.56 (m, 4H), 5.46 (br, 1H), 7.267.43 (m, 4H), 7.59-7.67 (d,J =
7.22,2H), 7.757.78 (d,J = 7.25, 2H), 9.58 (s, 1H}3C NMR (CDCl,
62.9 MHz): 6 22.51, 28.82, 30.22, 40.20, 47.60, 60.50, 67.41, 79.5,
120.41, 125.46, 127.50, 128.15, 141.74, 144.18, 156.60, 199.81. ES-
MS: mass calcd for g&H33N,0s 453.23 (MH"). Found 453.31.
(R)-N-a-(Fluorenylmethyloxycarbonyl)-N-e-(tert-butyloxycar-
bonyl)-lysinal (9b). The crude product was triturated with diethyl ether
and used without further purification. Yield: 46%. TLC (petroleum
ether/ethyl acetate 1:1) showed only minor amounts of dibenzofulvene
as the only impurity. NMR and MS data were identical to thos@af
(S)-N-o-(Fluorenylmethyloxycarbonyl)-prolinal (9¢). The crude
product was purified by column chromatography (petroleum ether/ethyl
acetate 1:3) to give a clear oil, which could not be crystallized. Yield:

taken to dryness in vacuo. The residue was redissolved in ethyl acetate,71%. Ry = 0.45.'H NMR (CDCls, 250 MHz): ¢ (two rotamers in a

washed with saturated aqueous NaHG®4), 1 M HCI (x2), and
brine, and dried (MgS§). Evaporation usually gave an oil, which was
coevaporated with diethyl ether and dried to give a white solid. The
crude products were purified by column chromatography.
(S)-N-o-(Fluorenylmethyloxycarbonyl)-N-e-(tert-butyloxycar-
bonyl)-lysine N-Methoxy-N-methylamide (8a). This compound is
described previousl$ however, only HPLC analysis was provided.

1:1 ratio; rotameric signals given in parentheses) £&92 (m, 4H),
3.33-3.44 (m, 2H), 3.61(3.85) (m, 1H), 4.64.46 (m, 4H), 7.15
7.67 (m, 8H), 9.12(9.44) (s, 1H}*C NMR (CDCk, 250 MHz): 6
(rotameric signals in parentheses) 24.0, 24.9, 27.0, 28.2, 47.1(47.3),
49.4, 65.2(65.7), 67.7(67.9), 120.4, 125.1(125.2), 127.1, 128.1, 141.8,
144.1(144.3), 155.0(155.7), 200.1(200.3). ES-MS: mass calcd for
CooH20NO5 322.14 (MH'). Found 322.23. HPLC purity 95%,R; (B)

Chromatographed on silica, using petroleum ether/ethyl acetate 1:2.= 15.40.

White solid. Yield: 65%R = 0.54.'H NMR (250 MHz, CDC}): 6
1.46 (s, 9H), 1.291.87 (m, 6H), 3.143.15 (br, 2H), 3.25 (s, 3H),
3.80 (s, 3H), 4.224.27 (t,J = 6.85, 1H), 4.39-4.41 (d,J = 7.08,
2H), 4.60 (br, 1H), 4.76 (br, 1H), 5.5%.57 (d,J = 8.93, 1H), 7.36-
7.46 (M, 4H), 7.617.65 (m, 2H), 7.77#7.80 (d,J = 7.38, 2H).*3C
NMR (62.9 MHz, CDC}, rotameric signals given in parentheses):

(S)-N-a-(Fluorenylmethyloxycarbonyl)-N-e-(tert-butyloxycar-
bonyl)-N-y-(tert-butyloxycarbonyl)-arginol (10). Minor modifications
were made of a previous procedure for the preparation of Fmoc amino
alcohols?® (§)-N-a-(FluorenylmethyloxycarbonylIN-¢-(tert-butyloxy-
carbonyl)N-y-(tert-butyloxycarbonyl)-arginine (1 g, 1.68 mmol) was
dissolved in THF (15 mL) and cooled in an ice bath. NEM (242

22.9, 28.8, 29.9, 32.5(32.8), 40.6, 47.6, 51.1, 62.0, 66.6(67.4), 79.4, 1 equiv) was added, followed by isobutylchloro formate (240 1.1
119.8(120.3), 125.1(125.6), 126.7, 127.5, 128.1, 141.7, 144.2(144.4),equiv). After 10 min, the precipitatetl-ethylmorpholinium hydro-

156.4(156.6), 157.3, 173.1. LC-MS: mass calcd fegHz/N3:OsNa
534.6 (MN&). Found 534.2. HPLC purity 99%, R (B, no TFA)=
17.79.

chloride was filtered off and washed with THF. The combined filtrate
and washings were recooled to°G, and a solution of NaBH(100
mg, 1.5 equiv) in water (1 mL) was added dropwise, carefully. The

(55) Braun, M.; Waldmuller, DSynth. Commuri1989 856—858.
(56) Meyer, J.-P.; Davis, P.; Lee, K. B.; Porreca, F.; Yamamura, H. |.; Hruby,
V. J.J. Med. Chem1995 38, 3462-3468.
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(57) Ho, T. P.; Ngu, KJ. Org. Chem1993 58, 2313-2316.
(58) Rodriguez, M.; Llinares, M.; Doulut, S.; Heitz, A.; MartinezTétrahedron
Lett. 1991, 32, 923-926.
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mixture was stirred for 15 min after the evolution of gas had subsided, = General Procedure for DIBAL Redution of Fmoc Amino Esters

at which time the reaction was incomplete according to TLC (petroleum (5—10 mmol Scale®*°The Fmoc amino ester was dissolved inZCH
ether/ethyl acetate 1:1). Another portion of NaBHO mg in 1 mL of (50 mL) and cooled te-78 °C under Ar. Diisobutylaluminum hydride
H-0) was added, and after 30 min no starting material could be detected(1 M solution in CHCl,, 2.5 equiv) was added slowly via a syringe.
by TLC. The reaction mixture was diluted with water (100 mL), and The solution was stirred at78 °C for 2 h and then quenched a{78

the crude product was isolated by filtration. The white solid was washed °C with a saturated solution of Rochelle’s salt (5 mL). Drying over
with water and petroleum ether, and dried in vacuo. Recrystallization MgSQO, and evaporation gave a white solid. This material was purified
was achieved by dissolving the crude product in 96% EtOH, diluting by column chromatography.

with water until near saturation, and cooling in a freezer for 2 h. The  (S)-N-a-(Fluorenylmethyloxycarbonyl)-phenylalaninal (13a)5’
white solid was isolated by ﬁltration, washed with water and petroleum This Compound was flash Chromatographed on silica using petro|eum
ether, and lyophilized to give the title compound. Yield: 592 mg (61%). ether/ethyl acetate 4:1. Yield: 49%; (petroleum ether/ethyl acetate

Ri = 0.22."H NMR (CDCl, 250 MHz): 6 1.14-1.19 (app tJ = 7, 2:1) = 0.43.2H NMR (CDCls, 250 MHz): 6 2.98-3.0 (d,J = 7.5,
2H), 1.42 (br s, 18H), 1.52 (br s, 2H), 2.3 (v br, 1H), 3.3+-3.68 2H), 4.03-4.09 (t,J = 6.8, 1H), 4.22-4.46 (m, 3H), 5.22-5.25 (d,J
(m, 5H), 4.1+-4.16 (t,J= 6.5, 1H), 4.34-4.37 (d,J = 6.3, 2H), 5.4+ = 7.5, 1H), 6.97-6.99 (d,J = 7.5, 2H), 7.16-7.29 (m, 7H), 7.46-
5.44 (d,J = 7.3, 1H), 7.19-7.35 (m, 4H), 7.5%7.54 (m, 2H), 7.67 7.43 (d,J = 7.5, 2H), 7.617.64 (d,J = 7.5, 2H), 9.47 (s, 1H):*C
7.70 (d,J = 7.3, 2H), 8.30 (br s, 1H), 11.40 (s, 1HJC NMR (CDCk, NMR (CDCl, 62.9 MHz): ¢ 25.4, 34.4, 35.8, 47.6, 61.6, 67.4, 120.5,

62.9 MHz): 6 26.6, 28.5, 28.7, 40.9, 47.7, 53.5, 65.4, 66.9, 83.6, 79.8, 125.5, 127.5, 127.6, 128.2, 129.2, 129.8, 136.0, 141.8, 144.1, 156.3,
121.4, 1255, 127.5, 129.1, 141.7, 144.3, 153.7, 156.8, 157.1, 163.8.199.2. ES-MS: mass calcd for,,,NO; 372.15 (MH"). Found
ES-MS: mass calcd for 4H43N4O7 583.31 (MH"). Found 583.42. 372.33.

(S)-N-a-(Fluorenylmethyloxycarbonyl)-N-e-(tert-butyloxycar- (9-N-o-(Fluorenylmethyloxycarbonyl)-leucinal (13b)57 This com-
bonyl)-N-y-(tert-butyloxycarbonyl)-arginal (11). General guidelines  yound was flash chromatographed on silica using petroleum ether/ethyl
from previous procedures were uséd®® CompoundL0 (450 mg) was acetate 4:1. Yield: 3298 (petroleum ether/ethyl acetate 3:)0.37.
dissolved in DCM (10 mL). DessMartin periodinane (393 mg, 2 IH NMR (CDCls, 250 MHz): 6 0.87 (d,J = 4.5, 6H), 1.27-1.34 (m,
equiv) was added, and the mixture was stirred for 30 min, at which 1H), 1.56-1.67 (m, 2H), 4.09-4.15 (t,J = 6.67, 1H), 4.2+-4.27 (br,
time the reaction was incomplete according to TLC (petroleum ether/ 1H), 4.32-4.36 (d,J = 6.74, 2H), 5.08-5.11 (br d,J = 6.76, 1H),
ethyl acetate 1:1). A further 100 mg of oxidant was added, and the 7 15733 (m, 4H), 7.487.51 (d,J = 7.1, 2H), 7.647.67 (d,J =
mixture was stirred for 2 h. The reaction was quenched by addition of 7 47 2H), 9.47 (s, 1H)*C NMR (CDCk, 62.9 MHz): ¢ 21.8, 23.0,
saturated aqueous NaHg@nd 10% aqueous N&Os (5 mL of each). 24.5,38.0, 47.1, 58.7, 66.8, 119.9, 124.9, 127.0, 127.6, 141.2, 143.7,
After 15 min of vigorous stirring, the organic layer was washed with 156 1 199.6. ES-MS: mass calcd for,NOs 338.17 (MHY). Found
brine and dried with MgS© Evaporation of the solvent gave an off- 335 2g.
white solid. Yield: 219 mg (49%)R = 0.70."H NMR (CDCl, 250 Solid-Phase Synthesis of Peptidomimetic Scaffold 1. Method A.

MHz): 61.42 (br s, 18H), 1.58 (br s, 2H), 1.96 (br s, 2H), 33240 Fmoc-Rink-amide linker was coupled onto lyophilized PE&Aesin

(m, 2H), 4.1+4.17 (t,J= 6.7, 1H), 4.24-4.26 (br s, 1H), 4.314.38 . S . .

dJ=68 2H) 5915094 (dJ—= 71 1H). 7.18.7.35 4H via TBTU-activation. The resin was washed with DM¥&g) and DCM

(d J =68, 2H), 5. 94 (d,J = 7.1, 1H), 7. -35 (m, 4H), (x5), and then lyophilized overnight. The loading was measured to

7'5:47'551(?6 2H)1|:?37£:7I\T&F(2d‘(]3;gb3622H9)l\?:1 .(l(); 2415H)2$152 0.27 mmol/g. The Fmoc group was removed, and the resin was washed
! o ' : S ' SR with DMF (x5). The first amino acid was coupled either as the P
(23723)89 462(8589)659 784(823 119.0 12421)1261 126.7, 140,311 (5). The fi Ino acid pled eith he Pfp
S T T T ey e e o o - ““ester or via TBTU-activation, followed by washing with DMK §).

égi;ll?vii 125'4'(112223'13;5192945 §§m+m:505 calcd dt&N.O; The Fmoc group was removed, and the resin was washed with DMF
31 (MH). Foun T 38 ( 20). (x5). NaBHCN (6 equiv) and glacial acetic acid (18 equiv) were added

General Procedure for Preparation of Fmoc Amino Esters (10 in DMF, followed by the Fmoc amino aldehyde (3 equiv). The reaction
mmol Scale).The Fmoc amino acid was refluxed in absolute ethanol |, -< monitored, using a Kaiser test (reaction time usuaty 8). The

(50 mL) with concentrated #8Q; (0.5 mL) for 4 h. Water (200 mL) resin was then washed with 96% ethaneBj, DCM (x3), and DMF

was added, and the mixture was extracted three times with ethyl acetate(X5). The Fmoc group was removed, and the resin was washed with
The combined organic phases were washed with saturated NaHCO DMF (x5). Fmoc-Cys(SBy-OH waé then coupled via TBTU-
(aqueous) and brine and dried over MgSE&vaporation left a white activation, followed by washing with DMFx(5) and DCM (5).

solid which was dried in vacuo. This material was used directly. Chloroacetic anhydride (25 equiv) and NEM (25 equiv) were added in

Ethyl (S)-N-o-(Fluorenylmethyloxycarbonyl)-phenylalaninate (12a). DCM. After 30 min, the resin was washed with DMkZ), DCM (x5),
White solid. Yield: 86%R; (silica, petroleum ether/ethyl acetate 3:1)  gnd THE «2) and then treated with BR (100 equiv) in THF:saturated
= 0.58."H NMR (CDCl, 250 MHz): 6 1.12-1.19 (t,J = 7.1, 3H), sodium acetate (aqueous) 19:1 for 1 h. The resin was washed with
3.01-3.05 (m, 2H), 4.02:4.39 (m, 5H), 4.534.61 (q,d = 6, 1H), 96% ethanol £2), DCM (x5), and DMF 5), suspended in degassed,
5.20-5.23 (d,J =8, 1H), 7.0+-7.03 (d,J = 5.9, 2H), 7.14-7.34 (m, dry DMF with NEM (5 equiv), and then heated to-560 °C for 7 h.
7H), 7.45-7.50 (m, 2H), 7.657.69 (d,J = 7.4, 2H)."*C NMR (CDCE, The resin was washed with DM&6). The Fmoc group was removed,

62.9 MHz): 6 15.4, 39.6, 48.5, 56.1, 62.8, 68.2, 121.3, 126.4, 128.4, and the resin was washed with DME%). NaBHCN (6 equiv), glacial
128.5,128.9,129.0, 129.5, 137.1, 142.6, 145.1, 156.8, 172.8. ES-MS:gcetic acid (18 equiv), and 1-naphthaldehyde (3 equiv) were added in
mass calcd for gH2NO, 416.18 (MH'). Found 416.35. HPLC purity  pMF. After 20 h, a Kaiser test was negative. The resin was washed

> 95%,R; (B) = 18.96. with DMF (x5) and DCM 5), and the product was cleaved from
Ethyl (S)-N-a-(Fluorenylmethyloxycarbonyl)-leucinate (12b).White the resin by treatment with 95% TFA/TIPS 95:5 (a little DCM was

solid. Yield: 83%.R: (petroleum ether/ethyl acetate 3%)0.51.H added to obtain a homogeneous solution) for 2 h. The resin was washed

NMR (CDCls, 250 MHz): 6 0.84-0.86 (m, 6H), 1.141.19 (t,J = five times with 95% TFA, three times with glacial acetic acid, and

7.12, 3H), 1.33-1.69 (m, 3H), 4.054.14 (m, 3H), 4.284.35 (m, 3H), finally twice with 96% ethanol. The combined washings were concen-
5.21-5.24 (d,J = 8.7, 1H), 7.16-7.31 (M, 4H), 7.477.51 (m, 2H), trated in vacuo and then lyophilized to give an oil. Diethyl ether was
7.62-7.65 (d,J = 7.5, 2H).**C NMR (CDCk, 62.9 MHz): 6 14.6, added, and an off-white product was isolated. The crude prodicts
22.3,23.3,25.2,42.2,47.6,53.0,61.7,67.4,119.9, 120.4, 121.5, 125.5,and 1p were purified on preparative HPLC.

127.5,128.1, 141.7, 144.2, 156.4, 173.6. ES-MS: mass calcdddsL

NO, 382.19 (MH"). Found 382.42. HPLC purity 95%, R (B) = (59) Rich, D. H.; Sun, E. T.; Boparai, A. 3. Org. Chem1978 43, 3624
19.13. 3626.
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Bondebjerg et al.

Method B. After coupling of Fmoc-Cys(SBJ+OH as in method A,

11.51(73). HRMS (MALDI): exact mass calcd fors{E3gNsOsSNa

the Fmoc group was removed, and the resin was washed with DMF 584.2666 (MNd). Found 584.2644.

(x5). 2-Acetyldimedone (5 equiv) was added in DMF, and the resin
was left overnight or until a Kaiser test was negative (usually 6 h).

1f: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 2.6
mg (8%). HPLC purity> 99%.R: (A) = 13.39(13), 14.09(86). HRMS

The reduced bond was then acylated with either chloroacetic anhydride(MALDI): exact mass calcd for §HssNsOsSNa 592.2353 (MNJ).

(5 equiv) and NEM (5 equiv) in DCM for 30 min or racemic
o-chlorophenylacetyl chloride (5 equiv) and DIPEA (5 equiv, added
first) in DCM for 30 min. Deprotection of the thiol was then performed
BusP (100 equiv) in THF:HO 19:1 for 1 h. The resin was washed
with DCM (x5) and DMF (x5). Cyclization was performed in DMF
by addition of DBU (5 equiv). The reaction was monitored using the
Ellman test for free thiols (reaction time usually 2 h). The resin was
washed with DMF &5), treated with 3% hydrazine in DMF (8 3
min), and washed with DMFX5). The final reductive alkylation and
subsequent cleavage were performed as in method A.

Method B for Ri+, = Pro. After the reductive alkylation (performed
as in method A), the reduced bond was capped with Alloc-ClI (5 equiv)
and DIPEA (5 equiv) in DCM for 30 min. The Fmoc group was
removed, and the resin was washed with DM#J. Fmoc-Cys(Mmt)-
OH was then coupled via HATU-activation, followed by washing with
DMF (x5) and DCM (x5). The Alloc group was subsequently removed
by treatment with (P#P),Pd (3 equiv) under Ar in a degassed solution
of CHCI/AcOH/NEM 92.5:5:2.5 for 4 h. The resin was washed with
DCM (x5) and DMF (x5). The Fmoc group was removed, and the
resin was washed with DMFx(5). 2-Acetyldimedone (5 equiv) was
added in DMF, and the resin was left overnight or until a Kaiser test

Found 593.2218 (corresponds to acid).

1g: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 1.5
mg (5%). HPLC purity > 95%. R (A) = 14.06(96). HRMS
(MALDI): exact mass calcd for &H3sN,OsSNa 553.2244 (MNg).
Found 554.2105 (corresponds to acid).

1h: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 1.3
mg (4%). HPLC purity> 99%.R; (A) = 9.58(20), 9.78(62), 10.18(17).
HRMS (MALDI): exact mass calcd for £H4oNs04S 578.2796 (MH).
Found 578.2802.

1i: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 3.3
mg (11%). HPLC purity> 98%.R; (A) = 9.49(4), 9.74(34), 10.0(61).
HRMS (MALDI): exact mass calcd for £H3sNsO,SNa 600.2615
(MNa'). Found 601.2440 (corresponds to acid).

1j: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 6.8
mg (21%). HPLC purity > 95%. R (A) 10.95(96). HRMS
(MALDI): exact mass calcd for §H4NsOsSNa 623.2537 (MN8).
Found 623.2741.

1k-A: Prepared from 500 mg of Fmoc-Rink-PEGA resin. This
compound was prepared according to method B. After removal of the
Dde group and wash with DMFx(5), 2-naphthoic acid was coupled
via TBTU for 3 h. Wash with DMF ¥5) and DCM (x5). Cleavage

was negative (usually 6 h). The reduced bond was then acylated with was then performed as described in method A. Yield: 20 mg (24%).

chloroacetic anhydride (5 equiv) and NEM (5 equiv) in DCM for 30

HPLC purity > 95% (contains<5% B isomer).R; (A) = 13.02(95).

min. Removal of the Mmt group was then performed by four successive HRMS (MALDI): exact mass calcd for &HagNsOsSNa 637.2573

treatments (10 min each, wash with DCM between) with DCM:neat
TFA:TIPS 90:3:7. The resin was washed with DCM5) and DMF
(x5). Cyclization was performed in DMF by addition of DBU (5 equiv).

(MNa'). Found 637.2583.
1k-B: Yield: 15 mg (18%). HPLC purity> 96%. R (A) =
13.56(97). HRMS (MALDI): exact mass calcd forsfEi3oNsOsSNa

The reaction was monitored using the Ellman test (reaction time usually 638.2414 (MN4). Found 638.2387.

2 h). The resin was washed with DMk ), treated with 3% hydrazine
in DMF (3 x 3 min), and washed with DMF5). The final reductive

1I: Prepared frm 1 g of Fmoc-Rink-PEGA resin. Yield: 54 mg
(30%). HPLC purity> 95%.R: (A) = 12.33(2), 12.50(5), 12.68(10),

alkylation and subsequent cleavage were performed as in method A.13 10(4), 13.23(79). HRMS (MALDI): exact mass calcd fasGNeOs-

Characterization of Compounds la-p. Compoundsla—p were
obtained as solids after preparative HPLC. Exceptlioand 1p, all

SNa 699.3094 (MN3). Found 699.3088.
1m: Prepared from 100 mg of Fmoc-Rink-PEGA resin. Yield: 3.0

were isolated as a mixture of amide and acid isomers. Both HPLC mg (20%). HPLC purity > 99%. R (A) = 14.48(99). HRMS

purity and MS values reflect an average of the mixture. HPLC retention (MALDI): exact mass calcd for §HzgN4OsSNa 585.2506 (MNF).
times (in min) are given for each detectable component in the mixture Found 586.2320 (corresponds to acid).

with area percentages given in parenthe$psA was also characterized
by NMR, with complete assignments based on 2D DQF-COSY,
TOCSY, HSQC, and HMBC experiments. THe NMR spectrum of

1n: Prepared from 400 mg of Fmoc-Rink-PEGA resin. This
compound was prepared according to the procedure in method B. After
removal of the Dde group and wash with DMKk ), Fmoc-D-Phe-

1p-A at 303 K showed the presence of several slowly exchanging oH was coupled via TBTU. The resin was washed with DM,

distinct conformers, as evident from multiple isomeric resonances.

and Fmoc was removed. Wash with DM¥kF). Fmoc-His(Boc)-OPfp

Heating the sample slowly to 343 K resulted in a gradual coalescence yas then coupled. Wash with DM 6), and removal of Fmoc. Wash

of the isomeric resonances.

la: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 4
mg (12%). HPLC purity> 95%.R; (A) = 12.0(63), 12.35(33). HRMS
(MALDI): exact mass calcd for &H4Ns03S 612.3003 (MH). Found
612.2997.

1b: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 5.7
mg (17%). HPLC purity>99%.R; (A) = 12.06(95), 12.77(1), 12.94(3).
HRMS (MALDI): exact mass calcd for4gH4:NsOsS 612.3003 (MH).
Found 612.2992.

1c: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 4.1
mg (12%). HPLC purity > 95%. R (A) = 12.22(96). HRMS
(MALDI): exact mass calcd for §H4N,OsSNa 662.2844 (MN3g).
Found 662.2872.

1d: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 1.4
mg (5%). HPLC purity> 95%. R (A) = 10.97(91), 11.56(5). HRMS
(MALDI): exact mass calcd for §H3oNsOsSNa 584.2666 (MN3).
Found 584.2667.

with DMF (x5). The terminal amino group was capped with acetic

anhydride (10 equiv) in DMF for 30 min. The resin was washed with
DMF (x3) and DCM (x3), and the product was cleaved as described
in method A. Yield: 7.3 mg (8%). HPLC purity 98%. R (A) =
10.40(6), 10.69(68), 11.13(6), 11.39(19). HRMS (MALDI): exact mass
calcd for GgHsoN1,06SNa 837.3589 (MNE). Found 837.3593.

1o: Prepared from 100 mg of Fmoc-Rink-PEGA resin. Yield: 4.2
mg (26%). HPLC purity > 99%. R (A) = 12.49(99). HRMS
(MALDI): exact mass calcd for §H3gN;,OsSNa 612.2727 (MN8).
Found 612.2721.

1p-A: Prepared from 1.57 g of Fmoc-Rink-PEGA resin. Yield: 64
mg (25%). HPLC purity> 98%; R (A) = 11.13(98)."H NMR (600
MHz, DMSO-ds; the numbers given in parentheses refer to Figure 3):
01.20-1.60 (m, 6H; H16, H17, H18), 2.732.83 (m, 2H; H19), 3.16
3.12 (d,J = 13.71, 1H; H37b), 3.263.28 (dd,J = 15.19, 4.8, 1H;
H4b), 3.373.41 (dd,J = 11.31, 4.8, 1H; H36b), 3.563.58 (d,J =
15.20, 1H; H4a), 3.683.71 (dd,J = 14.10, 5.36, 1H; H14b), 3.75

le: Prepared from 200 mg of Fmoc-Rink-PEGA resin. Yield: 3.9 3.77 (d,J=11.31, 1H; H36a), 3.863.85 (dd app tJ = 14.10, 11.66,

mg (13%). HPLC purity> 95%. R, (A) = 10.84(17), 11.09(7),
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Figure 3. Structure oflp-A showing the numbering used for assignment
of IH NMR resonances.

4.38-4.41 (m, 2H; H3, H23), 4.584.64 (m, 2H; H25a, H25b), 6.94
7.01 (m, 2H; 1a, H11), 7.657.11 (m, 2H; H6, H10), 7.327.37 (m,

2H; H1b, H9), 7.55-7.68 (m, 5H; H27, H28, H29, H32, H33), 7.7#7
7.84 (m, 3H; H12, H20a, H20b), 7.867.88 (d,J = 10.2, 1H; H21),
8.00-8.03 (app t, 1H; contains two isomeric signals of H31), 8.:22
8.23 (d,J = 8.48, 0.5H; H34), 8.288.29 (d,J = 7.68, 0.5H; isomeric
signal of H34), 9.16-9.38 (br, 1H; contains two isomeric signals of
H24; not present in CEDD), 10.84 (s, 0.5H; H7; not present in
CDsOD), 10.87 (s, 0.5H; isomeric signal of HAC NMR (600 MHz,
DMSO-ds): 6 22.0 (C17at C17b), 24.2 (C36a C36b), 26.2 (C18a),
26.4 (C18hb), 29.5 (C4a C4b), 31.4 (C16a+ Cl6b), 34.0 (C37ar
C37b), 38.3 (C19& C19b), 43.2 (Cl4a C14b), 46.5 (C25& C25b),
50.0 (C15), 58.4 (C23), 59.2 (C3), 60.2 (isomeric signal of C23), 109.7
(C5), 110.8 (isomeric signal of C5), 111.1 (C9), 118.0 (C11), 118.1
(C12), 118.7 (isomeric signal of C12), 120.7 (C10), 123.0 (C6), 123.3
(isomeric signal of C6), 123.6 (C34), 125.1 (C28), 126.1 (C32), 126.6
(C33), 127.1 (C13), 127.4 (C26), 128.4 (C31), 129.7 (isomeric signal
of C31), 129.8 (C27), 129.8 (C29), 129.8 (isomeric signal of C33),
131.5(C35), 133.2 (C30), 158.1 (C38), 165.1 (C22), 171.1 (C2). HRMS
(MALDI) exact mass calcd for GHiNsOsSNa 623.2781 (MN3).
Found 623.2773.

1p-B: Yield: 2 mg (0.8%). HPLC purity> 95%.R; (A) = 11.23(96).
MALDI-TOF MS: mass calcd for @Hs:NsO4S, 602.27 (MH). Found
602.23, 624.23 (MN9).

1p-C: Yield: 6 mg (2.5%). HPLC purity> 98%.R; (A) = 11.84(98).
HRMS (MALDI): exact mass calcd for §H41NsOsSNa, 624.2615
(MNat). Found 624.2587.

Cell Culture and Transfection. Briefly, HEK-293 cells were
maintained in Dulbecco’s modified Eagle’s medium with 10% fetal
calf serum and seeded 1 day prior to transfection at 1 £01Zf cell/
100-mm dish. Melanocortin receptor DNA in the pCDNéxpression
vector (20ug) was transfected using the calcium phosphate method.

Stable receptor populations were generated using G418 selection (1
mg/mL) for subsequent bioassay analysis.

p-Galactosidase BioassayHEK-293 cells stably expressing the
melanocortin receptors were transfected witlxgl of CREf-galac-
tosidase reporter gene as previously describ&Briefly, 5000-15 000
posttransfection cells were plated into 96-well Primera plates (Falcon)
and incubated overnight. Forty-eight hours posttransfection, the cells
were stimulated with 10@L of peptide (164—1072 M) or forskolin
(104 M) control in assay medium (DMEM containing 0.1 mg/mL BSA
and 0.1 mM isobutylmethylxanthine) for 6 h. The assay media was
aspirated, and 50L of lysis buffer (250 mM Tris-HCI pH= 8.0 and
0.1% Triton X-100) was added. The plates were stored-&d °C
overnight. The plates containing the cell lysates were thawed the
following day. Aliquots of 10uL were taken from each well and
transferred to another 96-well plate for relative protein determination.
To the cell lysate plates was added40of phosphate-buffered saline
with 0.5% BSA to each well. Subsequently, 180of substrate buffer
(60 mM sodium phosphate, 1 mM Mg{l10 mM KCI, 5 mM
p-mercaptoethanol, 200 mg of ONPG) was added to each well, and
the plates were incubated at 3C. The sample absorbance, @8
was measured using a 96-well plate reader (Molecular Devices). The
relative protein was determined by adding 2000f 1:5 dilution Bio
Rad G250 protein dye:water to the 1A cell lysate sample taken
previously, and the Ofs was measured on a 96-well plate reader
(Molecular Devices). Data points were normalized to both the relative
protein content and the nonreceptor dependent forskolin stimulation.

Data Analysis. ECso values represent the mean of duplicate
experiments performed in quadruplet, or more independent experiments.
ECso estimates and their associated standard errors were determined
by fitting the data to a nonlinear least-squares analysis using the PRISM
program (v3.0, GraphPad Inc.).
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