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mexicanaCysteine Protease

Christian W. Torngé,Sanya J. Sandersérleremy C. Mottran,
Graham H. Coomb%sand Morten Meldal®

Center for Solid-Phase Organic Combinatorial Chemistry, Department of Chemistry, Carlsberg
Laboratory, Gamle Carlsberg Vej 10, DK-2500 Valby, Denmark;i&on of Infection and Immunity,
Joseph Black Building, Unersity of Glasgow, Glasgow G12 8QQ, U.K., and Wellcome Centre for
Molecular Parasitology, Anderson College, Warsity of Glasgow, Glasgow G11 6NU, U.K.

Receied September 20, 2002

A library consisting of about half of 800 000 possible peptidotriazoles on 450 000 beads was prepared by
solid-phase peptide synthesis combined with a regiospecific copper(l)-catalyzed 1,3-dipolar cycloaddition
between a resin-bound alkyne and a protected amino azide. The central [1,2,3]-triazole was flanked on each
side by two randomized amino acids introduced in a combinatorial approach. Importantly, the formation of
the triazole could be performed quantitatively in a randomized fashion. The library was screened on solid
phase for inhibitory effect against a recombinant cysteine protéasghmania mexican€PB2.8ACTE

and sorted by a high-throughput instrument, COPAS beadsorter (up to 200 000 beads/h). Forty-eight hits
were analyzed by MALDI-TOF MS providing structural information about the protease specificity, and 23
peptidotriazoles were resynthesized and evaluated in solution, with the best inhibitor displ&yinglae

of 76 nM. A one-pot procedure was used to convert Fmoc-amino azides into their corresponding Boc
derivatives. The crucial influence of weak interactions with a spacer used for detection by MALDI-TOF
MS on screening results was observed.

Introduction specificity studies both in solutidrand on solid phase.

Many cysteine proteases are essential in regulation of phys_Protease inhibitors for this enzyme have also been identified

iological processes and disease propagation, and the proteas%g'th mtrar.nolec}uIarlybquef[nc'hle(;.fluc)lr O?(e?lc pept(;%les(ljd d
play important roles in treatment of cardiovascular diseases, y screening ot combinatonal bicyclic ketone and reduce

oncology, osteoporosis and arthriti€ontrol of dysfunctional peptide bond inhibitor libraries on solid supp&tt!

protease activity is one way of controlling diseases, and many Successful protease inhibitors must have a good binding

protease inhibitors have been developed in the past. affinity but also display high selectivity among the numerous
More than 12 million people worldwide are infected with proteases present in biolc_)gical systems tq avoid serious s_ide

leishmaniasis, caused by the protozoal parasiehmania effects. This can be achieved by screening many putative

and many more are exposed with the risk of infection. The inhibitors to find a potent yet selective compound. Combi-

parasite causes cutaneous or visceral lesions, many of whicHatorial libraries offer a large number of compounds that

are difficult to treatt A tandem array of 19 genes express a May or may not display biological activity; however,
cysteine protease, CPB, which has been identified as anScreening of a library and selecting the best hits can provide

important virulence factor i.eishmania mexicanaThus new lead structures. Several reviews of combinatorial librar-
CPB is a good target for inhibition in order to prevent i€S With biological effect have recently been presentet.
diseasé. The protease, designatdceishmania mexicana The strategy for discovery and development of protease

CPB2.8\CTE, has been cloned and isolated in a recombinant inhibitors can be based on prior knowledge of the protease,
form lacking the C-terminal extensiband used for substrate ~ such as X-ray crystal structure, substrate specificity, SAR
studies, and natural inhibitors. If little information is available
* Corresponding author. Phonet45 3327 5301. Fax-45 3327 4708. or new drug leads are desired, then combinatorial libraries
E-mail: mpm@crc.dk. can be very valuable because they contain a large number
Carlsberg Laboratory. . L. .
of putative inhibitors. With the development of one-bead-

* Division of Infection and Immunity, University of Glasgow. - ) ] )
§ Wellcome Centre for Molecular Parasitology, University of Glasgow. two-compounds librarie¥, it became possible to screen

10.1021/cc020085v CCC: $27.50 © 2004 American Chemical Society
Published on Web 04/02/2004



Leishmania mexican€ysteine Protease Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 313

Scheme 1.Basic Construct of the Peptidotriazole Library Scheme 2.Synthesis of a Model Peptidotriazole,
H-Met-Pro-RTr-Val-Leu-NH?2
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quenched substrate for binding to the protease. Since the N

synthetic strategy (the split-and-mix metR®dinitially N

produce a unique structure on each bead to which a common

fluorescence quenched substrate is then attached, the library H u i, i

can be viewed as a large collection of microreactors (the H“YN

volume of each bead is’50 nL) that will illuminate upon o HN OWL o ITH\)CJJ\

cleavage of the substrate when containing poor inhibitors. ,%))L N

Potent inhibitors, in turn, can be identified by selecting the ’ \)\Q_/)\H N\NgN N o : H_:._O

darkest beads where the substrate is intact due to high [~ \\/

protease affinity for the inhibitor. This strategy has previously S

been used to identify potent inhibitors of Subtilisin Carls-  2() Fmoc-Arg(Pmc)y[CHaNg], Cul; (i) 20% piperidine/DMF; (iii)

berg, Cruzipain, Cathepsin B, Cathepsin IL, mexicana  SPPS and deprotection.

CPB2.&ACTE, and MMP-1201517.18 Scheme 3.Preparation of Bog@-amino Azides by
Peptidomimetics prepared by solid-phase peptide synthesisProtecting Group Exchange or Mitsunobu Reaction

combined with various organic reactions can provide com- ) " H

pounds that bind to proteases as a natural peptide substratgnocHN\;AN3 — HZNE/\M — XOEVN%/\m

but is more resistant to hydrolysis because of a structural i

mimetic within the peptide backbone. [1,2,3]-Triazoles have 1: R = (CH)sNHC(=NPm)NH,
previously been used as anti-HIV agetht} selectivefs ><o\n/ﬂ o ig:gﬁzg::s
adrenergic receptor agonidisand antiinflammatory agerifs o) 4 R =CHyPh

and have shown antimicrobial activityIn a recent report 5:R=H

the regiospecific copper(l)-catalyzed synthesist#f[1,2,3]- 2 (i) 20% piperidine/DMF; (i) BogO, E&N; (iii) PPhs, DIAD, HNa.

triazoles on solid support has been descritfethe small, ] ) ] ] )
rigid, and aromatic structure of triazoles combined with its CCUPling propargylic acid to an N-terminal amino group and

hydrogen-bonding capabilities and resistance to enzymaticSUbsequent copper(l)-catalyzed cycloaddition with a Fmoc-

hydrolysis renders it as a candidate for incorporation into Protected-amino azide, the peptide synthesis can be
peptidomimetics. Here, the synthesis and screening of gcontinued after the triazole formation, as seen in Scheme 2.
combinatorial library of peptidotriazoles is reported (Scheme ~ Previous communications have described the solid phase
1), and novel peptides containing A-]1,2,3]-triazole moiety ~ synthesis of [1,2,3]-triazoles by diazotransfer using tosyl

in the backbone inhibitet. mexicanaCPB2.8\CTE. azide and thermal cycloaddition of alkynes and azides;
however, only few examples were given, and the scope of

Results and Discussion the reactions and yields were very limit&d’ Superpositions
1,3-Dipolar Cycloadditions on Solid PhaseAn efficient of more than 250 protease-inhibitor crystal structures have

copper(l)-catalyzed 1,3-dipolar cycloaddition between a shown that substrates and inhibitors generally bind in an
terminal alkyne and an azide was investigated on solid extendedf-strand conformation, and preorganization of
support, because of the mild reaction conditions, compat- inhibitors can lead to increased bindiffgThus, the 1,4-
ibility with solid-phase peptide chemistry and quantitative Substituted [1,2,3]-triazole has a favorable geometry for
conversior? Terminal alkynes react with copper(l) to form  inducing an extended peptide conformation when incorpo-
polarized copper acetylides, generally catalyzing the cy- rated into the peptide backbone (see Scheme 2). Further-
cloaddition to azides, including primary, secondary, and more, it is small, aromatic, and cannot be hydrolyzed by
tertiary alkyl azides, aryl azides, and azido sugars. The proteases.

reaction is very versatile and works with most azides in a  Preparation of Bocf-amino Azides.As a result of the
wide range of solvents with high conversion and purity. The synthetic strategy (vide infra), both Fmoc- and Bbemino
guantitative nature of the reaction is essential for solid-phaseazides were required for the cycloaddition reaction. Five
reactions and particularly for library synthesis. The reaction Fmoc-protected amino azides derived from Fmoc-amino
conditions for the cycloaddition (0.1 equiv Cul in pyridine alcohols were prepared by the Mitsunobu reaction, as
at 25°C) are compatible with both Fmoc and Boc chemistry previously describeét These Fmoc-protected azide ana-
and, therefore, suitable for incorporation into a one-bead- logues of Pmc-protected arginingert-butyl-protected as-
two-compounds library encoded by lad®esynthesis. By partic acid, glycine, methionine, and phenylalanine were



314 Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 3 Tornge et al.

Scheme 4. Preparation of the One-Bead-Two-Compounds Library Cons6tct
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Scheme 5. Library Synthesis Using the Split-and-Mix Protocol and Coupling of a Fluorescence-Quenched Substrate To Give
the Fully Deprotected Librarf(?
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aF, fluorophore; Q, quencher; [Mis], mass/ionization spacer; [Pll], photolabile linker. (i) Propargylic acid, EEDQ); (ii) Fmoc/Bgi&MaNs], Cul; (iii)
Pd(PPhk)s, NEM, HOAC; (iv) Protected’substrat®, TBTU, NEM; (v) deprotection with TFA and scavengers.

deprotected with 20% piperidine in DMF and then repro- attached for easy and mild UV-release of the inhibitor
tected in situ with BogO, affording Boc-amino azides—4 followed by assembly of the mass/ionization spacer (Mis).
in 61—74% yield. The glycine derivativesf however, had  The [Mis]-sequence was selected not to be a substrate for
to be prepared directly fronN-Boc-ethanolamine under the enzyme, the molecular weight of the peptichéz(> 600
Mitsunobu conditions (DIAD, P#P and HN, 76% yield) Da) was outside the peaks of the matrix-region, and the
because deprotection of Fmoc-GHECH:N3] gave the residues selected increased the desorption and flight proper-
volatile 2-azido-ethylamine, and excess piperidine could not ties in MALDI-TOF MS, as described by Valero et3l.
be removed selectively by concentration in vacuo. Implementing ladder synthesis, first described by Young-
Library Design and Synthesis. The synthesis of the quist et ak®>and later modified by St. Hilaire et &t.a small
peptidotriazole library is outlined in Schemes 4 and 5. The amount of compound was capped in each reaction cycle by
resin was orthogonally derivatized to give Fmoc- and Alloc- using a 9:1 mixture of, for example, Fmoc- and Boc-amino
protected amines in a 2:1 ratio, thus facilitating inhibitor acids, allowing deprotection of only the Fmoc protected
synthesis on one amine and coupling of substrate on theamines for continued synthesis and leaving truncated frag-
other. The combinatorial inhibitor library was generated by ments as well as affording the full sequence. These fragments
the split-and-mix method by coupling to the amines released served as a record of the synthetic history because the mass
upon Fmoc cleavage. A photolabile linker(Pll) was difference of adjacent peaks in the MALDI spectrum
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Figure 1. MALDI-TOF mass spectrum of one single bead. The mass difference between two major peaks corresponds to one amino acid,
and by calculating all the differences, the full sequence was assigned to Met-Pro-RTr-Val-Leu.

corresponded to the molecular weight of a specific amino acid, affording resiry that was reacted with five Fmoc/Boc-
acid. Upon photolytic cleavage and extraction from the bead protecteds-amino azides at 28C catalyzed by copper(l)
on target, a MALDI-TOF spectrum was recorded, and massesiodide to give 1,4-substituted triazoles. Upon removal of
were assigned to significant peaks. A sequence assignmenEmoc groups, two more randomized amino acid positions
program (Bruker) was used to calculate mass differences andvere coupled to resi®, affording the complete inhibitor
unambiguously assign the structure on the bead (e.g., Met-library 9. The library was analyzed before attachment of
Pro-RTr-Val-Leu in Figure 1). The triazole moiety was substrate by selecting 24 beads, cleaving all the protecting
identified because a 9:1 mixture of Fmoc- and Boc+a-  groups, releasing the peptides from the resin under UV-light,
[CH2N3] was used in the cycloaddition reaction to afford a and analyzing the products by MALDI-TOF MS. From the
small amount of capped triazole. mass spectra, it appeared that the library synthesis had
The ultimate [Mis]-amino acid was coupled as a 9:1 performed well without any deletion inhibitor sequences or
mixture of Fmoc/Boc-ThiBu)-OH to provide a terminated  side reactions. Five triazoles, DTr, FTr, GTr, MTr, and RTr,
sequence corresponding to the mass/ionization spacer. Resiwere identified among the selected beads as were all 20
6 was transferred to a multiple-column peptide synthe&izer amino acids (data not shown).
(MCPS) and distributed evenly in the 20 wells. Eighteen A substrate fol.. mexicanaCPB2.8\CTE was coupled
genetically encoded amino acids, 3-pyridylalanine, and by TBTU activation after the Alloc group had been removed
p-chlorophenylalanine were used in the library and coupled by Pd(PPk), to yield the fully protected one-bead-two-
using a 9:1 mixture of Fmoc- and Boc-amino acids activated compounds libraryX0). Cleavage of all side-chain protecting
by TBTU to generate the ladder. Isoleucine and glutamine groups was achieved using a cocktail consisting of TFA and
were omitted because of their isobaric molecular weight with scavengers affording the deprotected library ready for
leucine and lysine, respectively. From previous studidés,  screening with enzyme. Since the enzyme-specific substrate
was known that sensitive amino acids, such as cysteine,was coupled after inhibitor assembly, small portions of the
methionine and tryptophan were not affected by the copper-library could alternatively be screened against other types
(I)-catalyzed cycloaddition, so these amino acids were also of proteases by attachment of different fluorogenic quenched
included in the library. To gain maximum diversity, the substrates specific for these other proteases, thereby increas-
B-amino azides used for the cycloaddition were selected in ing the versatility of the library.
order to vary in size, polarity, aromaticity, and hydrophobic-  After completion of the library synthesis, each bead thus
ity. So the glycine, methionine, phenylalanine, aspartic acid, displayed both a unique putative inhibitor and a fluorescence
and arginine analogues represented small, hydrophobic,quenched substrate Y(NJEKFR—RGKK(Abz)G (Keafku =
aromatic, anionic, and cationic residues, respectively. 4298 mM! s — indicates cleavage site) for the recom-
Between each coupling step, the synthesis block (MCPS) binant cysteine protease CPBABTE from L. mexicana
was closed and mixed thoroughly upside down, and thenIn theory, two situations can occur: (i) a weak inhibitor
the resin was redistributed evenly. After the first two cannot compete with the substrate, which then is hydrolyzed,
couplings, the liberated amine was acylated with propargylic and due to release and removal of the quencher, the bead is
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time used for a large library from weeks to hours; thus, it
was feasible to analyze more than a million beads a day.
The outline of the instrument was previously descriffed.
All the 450 000 beads of the library were sorted initially at
high speed (40 beads/s) and after each sorting all the fluor-
escent beads were resorted for complete collection of dark
beads. The sorting process was repeated on the sorted
beads at a lower rate {8.0 beads/s) for improved accuracy
until only 48 very dark beads remained (0.11%. of the
library).

Analysis of Hits. The dark beads from the sorting pro-
cedure were washed with water before being transferred to
steel MALDI targets and irradiated under a Hg UV-lamp.
The peptides released from the photolabile linker were
extracted onto the target and analyzed by MALDI-TOF MS.
In most cases, full sequence assignment was possible (36
out of 48 beads, 75% readability); however, 12 spectra did
not give any meaningful sequence. No incomplete sequences
were detected due to the efficiency of the peptide couplings
and, particularly, the cycloaddition. The 36 full sequences
are available in the Supporting Information, and the results
are illustrated in Figures 3 and 4.

A preference for the arginine-derived triazole (RTr, 44%)
was observed with a contribution from the hydrophobic
methionine- and phenylalanine-triazoles (MTr, 25% and FTr,
17%). The last two triazoles (DTr, 8%, and GTr, 6%) were
present but not well-tolerated by the enzyme. The selectivity
in Aat and A& was low, whereas the Aand Ad positions
Figure 2. (a) Only few beads remained dark after 24 h of showed strong preferences for arginine (24%) and leucine
incubation withL. mexicanaCPB2.8\CTE. (b) Bright beads are (49%), respectively. Hydrophobic residues were present in
separated from dark ones after automated sorting with the COPAS . .
beadsorter. 58% of the sequences in Aaand tryptophan was slightly

favored. Alanine was found in Aan 11% of all sequences,
illuminated by Abz-fluorescence under a UV-microscope; and hydrophobic residues predominated. Cationic (arginine,
and (i) the inhibitor binds the enzyme, tightly prohibiting 24%) as well as hydrophobic amino acids were tolerated in
substrate hydrolysis, and the bead remains dark. The oneA&% and an unusually high selectivity for leucine in‘Aeas
bead-two-compounds construct gives a direct visualization €vident from Figure 3, where Leu was present in half of all
of the ongoing inhibition assay and is a powerful technique the sequences. In conclusion, Arg and Leu were preferred

A

N

for identifying novel inhibitors.
Finally, upon UV irradiation of individual beads with a
Hg lamp, both the full-length inhibitor and truncated

on the C-terminal side of the triazole, whereas no significant
selectivity was found on the N-terminal side.

Evaluation of Hits. Excellent agreement between solution-

sequences (arising from ladder synthesis) were released fromand solid-phase screening for inhibitors have been re-
the photolabile linker and extraction with a 1:1 mixture of ported!®3> but it is always important to evaluate selected
acetonitrile/water, enabling full sequence assignment from hits in solution. Ten consensus sequenceEs—@0) were
the acquirement of a single MALDI-TOF mass spectrum. derived from statistical considerations of the hits, 10
Screening of Library. After complete deprotection of both  sequences2(l—30) were selected out of the 36 analyzed,
the substrate and inhibitor, a portion of the library (750 and31—33contained part of the mass/ionization spacer. The
mg, ~450 000 beads) was incubated with mexicana 23 peptides were prepared by solid-phase peptide synthesis
CPB2.8\CTE at 37°C. The fluorescence intensity was moni- combined with the copper(l)-catalyzed 1,3-dipolar cycload-
tored frequently, and after 24 h, only a few beads remained dition, purified by RP-HPLC, isolated in 3€89% yield, and
dark (Figure 2a), so the enzyme was quenched by additionanalyzed byH NMR (both 1D and 2D), MALDI-TOF MS
of 2% TFA. The long exposure to enzyme ensured that only and high-resolution MS. All inhibitors were synthesized as
the most potent inhibitors were selected by the sorting C-terminal carboxamides with a free N terminus to mimic
procedure. The library was carefully washed and resuspendedhe inhibitors present in the solid-phase library. The selected
in neutral detergent sheath fluid that prevented beads fromsequences were presumed to be responsible for the inhibition,
aggregation and allowed individual analysis. They were even though the truncated fragments from the ladder
sorted on a custom-made high-throughput COPAS beadsortesynthesis or the mass/ionization spacer could in theory have

developed in collaboration with Union Biometrica by modi-
fication of a nematode sortét.The instrument facilitated
sorting of large combinatorial libraries and has reduced the

an effect. Stock solutions in DMF were prepared, and the
peptides were evaluated for inhibitory effect agaihst
mexicanaCPB2.8\CTE (results shown in Table 1). Five
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Figure 4. Distribution of triazoles found on the 36 darkest beads.
DTr (Asp-triazole), FTr (Phe-triazole), GTr (Gly-triazole), MTr
(Met-triazole), RTr (Arg-triazole).

sequencesl@—22 and29) displayed low micromolar inhibi-
tion, wherea81—33 hadK; values between 76 and 240 nM.
The rest showed either poor or no inhibition of the cysteine
protease.

Previous substrate studi@have shown that arginine and
lysine were much preferred for substrates in theSg and
S’ pockets, and hydrophobic residues were found in S
These findings correlated well to the observed selectivity in
the peptidotriazole library for cationic residues (RTr as the
triazole and Arg in A8 and leucine in A4 However, since
inhibitors 11—30 did not show very potent inhibitiork{ >

The lack of selectivity for Ahand A& substantiated the
proposed binding mode where only the mass/ionization
spacer, the positions Aand Ad with high consensus and
the triazole were recognized, with the triazole moiety being
displaced two subsites to; ather than $of the protease
binding site. Furthermore, the position of the arginines and
arginine-triazole in31—33 corresponded well with the
substrate stud$.

Previously, the specific [Mis]-sequence has been used
successfully with matrix metallo proteas&affording transi-
tion-state inhibitors with low nanomol# values and [Mis]-
recognition of the enzyme was not observed. Thus, for future
reference, it is important to design a mass/ionization spacer
that does not interact even weakly with the given enzyme
by, for example, including oligo prolines or by use of
nonpeptidic spacers.

Comparing the three triazoles in sequentes13 (where
only the substitution of the triazole is different)2 (FTr)
was a stronger inhibitor thabhl (Mtr) and 13 (RTr) by a
factor of 1.2 and 2, respectively. However, none of these
sequences was potent, and much emphasis should not be
placed on this result. Isoleucine was omitted from the library
and, because of the high preference for leucine if. Aa
peptide14 was synthesized to discriminate between these
two amino acids. Th&; value of14 was decreased 3-fold
compared td 3, so leucine was accommodated better in the
binding pocket than isoleucine. Sequerfewith lysine in

1 uM), it was proposed that although the enzyme could not position Agd showed low micromolar inhibition, but com-

cleave the mass/ionization spacer (Mis) it might have
recognized the N-terminal part, including the arginine.
Compounds31—-33 contained four amino acids from the
[Mis]-sequence, Thr-lle-Ser-Arg, and the nanomolar inhibi-
tion constants 081—33 confirmed the hypothesis that the

pared with29, it was 2-fold less potent. Cationic residues in
Aa! were not well-tolerated16 and 17 had no inhibitory
effect), and substitutions in Aadid not seem to change
affinity much. Most of the sequences with Arg in Aaere
poor inhibitors K; > 150 «M), even though statistics

protease did bind to this part of the mass/ionization spacer.indicated otherwise (Figure 3). This discrepancy was ex-
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Table 1. Characterization of the Resynthesized Inhibitbis-33, Their Sequences; Values for Their Inhibition ofL.
mexicanaCPB2.8ACTE, Analytical Data, and Yield

sequence Aa Ad? triazole AZ Aa* KiluM yield (%)
11 Trp Ala MTr Arg Leu 178 57
12 Trp Ala FTr Arg Leu 151 47
13 Trp Ala RTr Arg Leu 306 88
14 Trp Ala RTr Arg lle 930 74
15 Lys Ala RTr Arg Leu >1000 79
16 Glu Ala RTr Arg Leu 458 84
17 His Thr RTr Arg Leu 739 57
18 Leu PyA RTr Arg Leu 185 89
19 Trp Ala RTr Leu Phe 3.42 49
20 Trp Ala RTr CIF Lys 1.53 65
21 Ala Thr FTr Leu Leu 1.93 59
22 Trp Thr FTr Arg Phe 33 30
23 PyA Asp FTr Arg Leu 199 82
24 Ala Glu MTr Arg Leu 240 61
25 Thr PyA MTr Arg Leu 237 82
26 Leu Ser MTr Arg Leu 254 78
27 Pro Ala RTr Arg Leu 248 49
28 Asp PyA RTr Arg Leu 296 68
29 Gly Leu RTr CIF Leu 0.87 52
30 Gly Lys RTr Met Asn 312 70
31 H-Gly-RTr-Arg-Leu-Thr-lle-Ser-Arg-Gly-NH 0.14 74
32 H-Gly-FTr-Arg-Phe-Thr-lle-Ser-Arg-Gly-NH 0.24 81
33 H-Gly-RTr-CIF-Leu-Thr-lle-Ser-Arg-Gly-NH 0.076 51

plained by sequencexl—33, in which the [Mis]-sequence  acquired usingi-cyano-4-hydroxycinnamic acid on a Bruker
was included, and then Arg in Aayave potent inhibitors  Reflex Il MALDI-TOF mass spectrometer, and sequence
(76—240 nM). assignment was automated using the Aura macro LabelDelta.
These results show the importance of evaluating selectedUV inspection of the library was performed with a Leica
sequences in solution after screening a solid-phase libraryUV fluorescence microscope with an external UV source, a
because the results obtained from screening can be misin-320-nm band-pass filter for excitation, and a 410-nm low-
terpreted (i.e., which sequences should be resynthesized). pass filter for detection attached to a Leica CCD camera.
Perspective These peptidotriazoles could be used against Beadsorting was performed on a custom-made COPAS
other enzymes, for example, Cathepsin B/L and Cruzipain, beadsorter from Union Biometrica (Massachusetts). Analyti-
because of their structural resemblanceltomexicana cal and preparative reversed-phase HPLC separations were
CPB2.8A\CTES More sequences that include amino acids performed on a Waters HPLC system using analytical Zorbax
from the mass/ionization spacer may reveal selective sub-300SB-Gs (4.5 x 50 mm) and Delta PAK (25 300 mm)
nanomolar inhibitors, which is the subject for future work. Cis columns with a flow rate of 1 cfmin™! and 10 crd
Conclusion. The copper(l)-catalyzed 1,3-dipolar cycload- min~%, respectively. Detection was at 215 nm on a multi-
dition was used to generate a library of peptidotriazoles that wavelength detector (Waters 490E) for analytical purposes,
was screened against a recombinant cysteine protease, and a photodiode array detector (Waters M991) was used
mexicanaCPB2.8\CTE, affording novel inhibitors with; for preparative separations. A solvent system consisting of
values in the low nanomolar to high micromolar range. A, 0.1% TFA in water, and B, 0.1% TFA in 90:10
Sequences$1—33, which included amino acids from the acetonitrile/water, was used. IR spectra were recorded on a
mass/ionization spacer, were the best inhibitors, with inhibi- Perkin-Elmer 1600 FTIR instrument as neat liquids or as
tion constants between 76 and 240 nM. The library was KBr pellets. Optical rotations were measured on a Perkin-
screened and sorted in a high-throughput fashion with the EImer 241 Polarimeter at 2. Solution-phase kinetics of
COPAS beadsorter, and selected beads were analyzed bynhibition was carried out on a Perkin-EImer Lambda 50
MALDI-TOF MS, allowing assignment of the full inhib-  luminescence spectrometer.
itor sequence from a single bead. Only one-half of the General ProceduresCoupling of Fmoc- and Boc-amino
possible 800 000 library members were synthesized, sinceacids to amino groups was performed with Fmoc-/Boc-AA-
it has previously been found that there is a large redundancyOH (3 equiv), mixed with NEM (4 equiv) in DMF and
in the ligand protein interaction. Resynthesis and kinetic addition of TBTU (2.88 equiv) and preactivation for 8 min.
evaluation in solution of 23 peptidotriazoles validated the Fmoc-Aa-OPfp esters (3 equiv) were coupled with Dhbt-
library and the screening/sorting process and underlinedOH (1 equiv) in DMF. Amino acid couplings were followed
the importance of selecting the proper masss/ionization by the Kaiser test Fmoc deprotection was effected with
spacer. 20% piperidine in DMF for 2+ 18 min, followed by washing
of the resin with DMF 6). The resin was washed with the
appropriate solvent{6) between each reaction step. Prepa-
H and 3C NMR spectra were recorded on a Bruker ration of the Fmogs-amino azides has previously been
DRX250 (250 MHz) spectrometer. MALDI spectra were described® All amino acids were L-amino acids. The

Experimental Section
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following commercially available chemicals were used as 50.1 CH®%), 55.1 CH:N3), 80.3 C,CHs), 155.6 (Bocc€O).

purchased without further purification: Cul, Dhbt-OH,
DIAD, DIPEA, EEDQ, Fmoc- and Boc-Aa-OH, Fmoc-Aa-
OPfp,N-ethylmorpholine, Pd(PRh, piperidine, propargylic
acid, TBTU, and triphenylphosphine.

General Procedure for Conversion of Fmoc-amino
Azides to Boc-amino Azides (14). The Fmoc-amino azide
(1 equiv, 0.2 mmol) was dissolved in 20% piperidine/DMF
and stirred at 25C for 20 min. It was concentrated in vacuo

IR: 1706, 2105 cm’. [a]p?® = —30° (c = 1.0, CHC}).
ES-MS: calcd (MN— = ClonoKN4OZS+), 299.09; found
(MK™), m/z 299.01. Found: C, 45.56%; H, 7.59%; N,
21.07%. Calculated for {gH20N4O.S: C, 46.13%; H, 7.74%;
N, 21.52%.

(1-Azidomethyl-(S)-2-phenyl-ethyl)-carbamic Acidtert-
Butyl Ester, Boc-Phe[CH N3] (4). Fmoc-Phey[CH,N3]
(0.23 mmol) affordedt (47 mg, 73%) after flash chroma-

and twice with toluene. The residue was redissolved in dry tography (PE/EA 13:1}H NMR (250 MHz, CDC}): 6 1.44

DMF (4 mL) under argon, and Bt (2.5 equiv, 0.5 mmol)

(s, 9H,tert-butyl CH3), 2.84 (m, 2 H, ®i:N3), 3.37 (m, 2H,

and BogO (1.25 equiv, 0.25 mmol) were added and stirred CH/?), 3.96 (m, 1 H, €1%), 4.65 (m, 1 H, NH), 7.20-7.33
at 25°C overnight. The reaction mixture was concentrated (5 H, aromatic protons):*C NMR (62.5 MHz, CDCY): o
in vacuo and once with toluene. The product was purified 28.7 tert-butyl CHs), 38.6 CH2N3), 51.8 CH®), 53.6 CH),

by flash chromatography.
(4-[(Amino-(2,2,5,6,8-pentamethyl-chroman-7-sulfo-
nylimino)-methyl)-amino]-(S)-1-azidomethyl-butyl)-car-
bamic Acid tert-Butyl Ester, Boc-Arg(Pmc)-[CH 2N3] (1).
Fmoc-Arg(Pmc)y[CH.N3] (0.077 mmol) afforded. (26 mg,
61%) after flash chromatography (PE/EA 12).NMR (250
MHz, CDCk): 6 1.30 (s, 6H, G(CHs),), 1.42 (s, 9H, Boc
group), 1.51 (m, 4H, 8 and H,"), 1.80 (t,J = 7 Hz,
2H, Ar—CH,CH,), 2.11, 2.55 and 2.57 (s, 9H, X
Ar—CHgs), 2.63 (t,J = 7 Hz, 2H, Ar—CHy), 3.20 (m, 2H,
CH?), 3.29 (m, 2H, Gi;N3), 3.67 (m, 1H, &%), 4.86 (d,J
=8 Hz, 1H, NH%), 6.19 (br s, 3H, NH and Nkof guanidino
group).B*C NMR (62.5 MHz, CDC}): 6 10.5, 15.8 and 16.9
(3 x Ar—CHj), 19.8 (Ar-CHy), 23.9 CHy), 25.1
(Cy(CHa)2), 26.7 tert-butyl CH3), 28.2 (Ar—CH,CH,), 31.2
(CHY), 39.3 CH,%), 48.1 CH%), 53.4 (CH)N3), 72.0
(Ar—0Cy), 78.3 CCHj3), 116.3-152.0 (aromatic carbons),
154.3, and 154.5@ = N and Boe-CO). IR: 1701, 2104
cm [0]® = —16° (c = 1.0, CHC}). HR-MS: calcd
(MNa+ = C25H41N7058Na*), 574.2782; found (MN@), m/'z
574.2780.
4-Azido-(S)-34ert-butoxycarbonylamino-butyric Acid
tert-Butyl Ester, Boc-Asp(Bu)-1[CH 2N3] (2). Fmoc-Asp-
(‘Bu)-[CH2N3] (0.12 mmol) afforde® (27 mg, 74%) after
flash chromatography (PE/EA 11:1 NMR (250 MHz,
CDCly): 6 1.44 and 1.45 (s, 18Hert-butyl and Boc group),
2.48 (d, 2HJ = 6 Hz, CH,CO), 3.46 (m, 2H, El:N3), 4.05
(m, 1H, CH®), 5.11 (m, 1H, NH). 13C NMR (62.5 MHz,
CDCly): 6 28.4 and 28.7tért-butyl CH3), 37.9 (CH.CO),
47.9 CH®), 54.2 CH2N3), 80.2 and 81.9G,CHs), 155.3
(Boc-CO), 170.6 (Asp-CO). IR: 1711, 2106 cmt. [a]p®
= —10° (c = 1.0, CHC}k). HR-MS: calcd (MNa =
Ci13H24N,O4Nat), 323.1690; found (MN&), m/z 323.1696.
(9)-(1-Azidomethyl-3-methylsulfanyl-propyl)-carbam-
ic Acid tert-Butyl Ester, Boc-Met-y[CH N3] (3). Note:

80.2 (C,CHs3), 120.6-137.5 (aromatic carbons), 155.5 (Bec
CO). [a]p® = —9° (c = 1.0, CHC}). IR: 1706 and 2105
cm 1. HR-MS: calcd (MNa = Cy4H20N4O:Na’), 299.1478;
found (MNa'), mVz299.1481. The data are in agreement with
literature values§’

(1-Azido-ethyl)-carbamic Acid tert-Butyl Ester, Boc-
Gly-p[CH N3] (5). N-Boc-ethanolamine (1 equiv, 0.96
mmol), PRP (1.5 equiv), and HBlin toluené&® (5 equiv, 1.5
M) were dissolved in dry THF (7 mL) under argon and
cooled to 0°C. DIAD (1.6 equiv) was added dropwise, and
the reaction stirred at 28C for 0.5 h. The mixture was
concentrated in vacuo and purified by flash chromatography
(PE/EA 5:1) affordings (136 mg, 76%)*H NMR (250 MHz,
CDCl): 6 1.41 (s, 9Htert-butyl CH3), 3.24 (m, 2H, &%),
3.37 (m, 2H, ®1:N3), 4.94 (m, 1H, MH). 3C NMR (62.5
MHz, CDCk): ¢ 28.7 tert-butyl CH3), 40.4 CH%), 51.6
(CH:N3), 80.1 (C,CHs), 156.1 (Bocc€O). IR: 1708, 2104
cm L. The data are in agreement with literature valffes.

Triazole Library Synthesis. PEGAgooresin (1.50 g) was
prewashed with methanol and DMF. Fmoc-Gly-OH (3
equiv)/NEM (4 equiv)/TBTU (2.88 equiv) was coupled
overnight, and the resin was treated with,®c(10 equiv)
for 10 min (x2) in DMF. The loading was measured to 0.133
mmol/g, and Fmoc groups were removed. Fmoc-Gly-OH (2.0
equiv)/Alloc-Gly-OH (1.0 equiv)/NEM (4 equiv)/TBTU
(2.88 equiv) was coupled overnigh, and the loading was
measured to 0.080 mmol/g (Fmoc) and 0.041 mmol/g
(Alloc). Fmoc groups were removed, and Fmoc-PII-OH (1.5
equiv toward Fmoc-group)/NEM (2.3 equiv)/TBTU (1.4
equiv) was coupled overnight. The following amino acids
were coupled (3 equiv Fmoc-Aa-OH, 4 equiv NEM, 2.88
equiv TBTU) successively, followed by Fmoc-removal: lle,
Thr(Bu), Arg(Pmc), SefBu), and lle. Fmoc-ThiBu)-OH
(2.7 equiv)/Boc-ThiBu)-OH (0.3 equiv)/NEM (4 equiv)/
TBTU (2.88 equiv) coupling overnight gave redin The

After Fmoc-removal, the mixture was not concentrated with resin was transferred to a MCPS and distributed evenly in
toluene, but only excess piperidine was removed in vacuo the 20 wells, and the Fmoc groups were removed.

(to avoid loss of the volatile H-Meg:[CH,N3]), and excess
Boc,O (10 equiv) was used. Fmoc-MefCH,N3] (0.08
mmol) afforded3 (13 mg, 62%) after flash chromatography
(PE/EA 13:1)1H NMR (250 MHz, CDC}): 6 1.45 (s, 9H,
tert-butyl CHz), 1.79 (m, 2H, &i.f), 2.11 (s, 3H, SE5),
2.50 (m, 2H, G1y), 3.44 (m, 2H, E1:N3), 3.83 (m, 1H,
CH®%), 4.60 (m, 1H, NH). *3C NMR (62.5 MHz, CDCJ): ¢
16.0 (XCH3), 28.7 tert-butyl CHs), 31.0 CHY"), 32.3 CHY),

Twenty different amino acids were used in the following
couplings:

First randomized position: Fmoc-Aa-OH (2.7 equiv)/Boc-
Aa-OH (0.3 equiv)/NEM (4 equiv)/TBTU (2.88 equiv) was
coupled (with 8 min preactivation) for 5 h, the resin washed
with DMF (x2), and the coupling was repeated overnight.
The resin was washed with DMFxg), and excess DMF
was added to the MCPS, which was closed and shaken
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thoroughly upside down for 1 h, followed by removal of (x3), MeOH (x3), and HO (x10). Treatment with 0.1 M

Fmoc-groups. NaOH (aq) fo 1 h and then washing with J@ (x10) gave
Second randomized position: The procedure for the first resin 10.
randomized position was repeated. Incubation of Library with L. mexicanaCPB2.8ACTE

Formation of triazoles: The resin was washed with DCM and Sorting of the Active Hits. The deprotected libraryi()
(x6). Propargylic acid (3.0 equiv) and EEDQ (3.1 equiv) was washed with PBS bufferx@0, 100 mM PBS, 2 mM
were added to each reaction vessel and allowed to react foEDTA, 200 mM NaCl, 10 mM DTT, pH= 6.0) and
5 h and washed with DCMx2), and the coupling was incubated with 200 nM of the recombinant protedse
repeated overnight, affording The resin was washed with mexicanaCPB2.8\CTE for 24 h at 37°C. The resin was
DCM (x6) and THF 6). Five different3-amino azides  washed with HO (x3), 2% aqueous TFAX3), H,O (x3),
(1-5, derived from arginine, aspartic acid, glycine, methion- 2% aqueous NaHC{x3), and BO (x6).
ine, and phenylalanine) were used (each in four wells) in  Sorting and Analysis. The beads were diluted to a
the cycloaddition: Fmoc-Ag{CH.N3] (1.7 equiv)/Boc-Aa- concentration of~200 beads/mL with sheath fluid and
Y[CH2N3] (0.3 equiv)/Cul (0.1 equiv, 0.1 M in pyridine)/ initially sorted at~40 beads/s and later resorted at a lower
DIPEA (10 equiv) were added and reacted in THF for 5 h rate (5-10 beads/s) to ensure isolation of the persistent dark
and washed with THFX2), and the coupling was repeated beads (48 in total, 0.11%. of the screened beads). The beads
overnight. The resin was washed with THE]), DMF (x 3), were washed with kD (x3), 0.1% aqueous TFAX3), H,O
0.5% EtNCSSNa/0.5% DIPEA in DMF %3), and DMF (x10); placed on MALDI targets; and irradiated for 1.5 h
(x6). Excess DMF was added to the MCPS, which was under a Hg UV lamp. The inhibitor sequences were extracted
closed and shaken thoroughly upside down for 1 h. Removalonto the target with 1:1 $0/CH;CN (0.2 uL) and matrix

of Fmoc-groups afforded res solution (0.1uL), and MALDI spectra were acquired in the
Third randomized position: The procedure for the first positive ion mode for each bead on a Bruker Reflex Il high-
randomized position was repeated. resolution MALDI-TOF mass spectrometer. Spectra were

Fourth randomized position: Boc-Aa-OH (3.0 equiv)/ oObtained using the lowest power required to facilitate
NEM (4 equiv)/TBTU (2.88 equiv) was coupled (with 8 min  desorption and ionization. Each significant peak was assigned
preactivation) for 5 h, the resin washed with DMKZ), a mass, and a program calculated all the mass differences
and the coupling was repeated overnight. The resin wasand compared these with given values for each amino acid.
washed with DMF &6), and excess DMF was added to the In this way, each peak corresponding to a ladder fragment
MCPS, which was closed and shaken thoroughly upside could be assigned and the whole sequence elucidated. Minor
down for 1 h. The resin was transferred to a syringe, washedpeaks were present in many spectra, but when included in

with DCM (x10), and lyophilized to give resif. the automatic assignment procedure, they did not give rise
Analysis of library: A small aliquot of resin was depro- 10 any megnlngful. sgquence. .
tected with TFA/DCM/HO/PhSCH/(CH,SH)/ TIPS (66.5: Synthesis of Inhibitor Sequences 1130. PEGAgoresin

20:5:5:2.5:1) for 2.5 h and washed with 95% HOAc3), (1.51 g, 0.344 mmol/g) was derivatized with the Rink amide
DCM (x3), DMF (x3), 5% DIPEA in DMF (x3), DMF linker (3 equiv) activated by TBTU and NEM. The resin
(x3), DCM (x3), THF (x3), MeOH (x3), and HO (x 10). was then distributed equally in the 20 wells of a MCPS, and
It was treated with 0.1 M NaOH (aq)1fd h and then washed ~ Fmoc groups were removed. The peptides were synthesized
with H,O (x3), 0.1% aqueous TFAX3), and HO (x10). using Fmoc-Aa-OPfp (3 equiv)/Dhbt-OH (1 equiv), or Fmoc-
Twenty-four beads were randomly selected, placed on aAa-OH (only CIF and PyA, 3 equiv) with TBTU activation.
MALDI target, irradiated for 2 h, and analyzed by MALDI-  Coupling of propargylic acid (3 equiv) was effected with
TOF MS (full sequence could be assigned for 83% of the EEDQ (3.1 equiv) and for the cycloaddition Cul (0.1 equiv,
beads). 0.1 M in pyridine) and 2 equiv of Fmoc-Arg(Pmg)-
Coupling of substrate: A 750-mg portion of resin was [CH2Ns], Fmoc-Met#[CH,Ns] or Fmoc-Phep[CH2N;] were
transferred to a new syringe and purged with argon. The resinused. At the end of the synthesis, Fmoc groups were
was treated with Pd(PB)a (3 equiv) in a degassed solution removed, and cleavage from the resin and side-chain
of CHCI/HOAC/NEM (92.5:5:2.5) fo 2 h and then washed ~ Protecting groups was effected with a mixture of TFADH
with CHCl; (x2). The Alloc deprotection was repeated, and TIPS (92.5:5:2.5) for 0.5 hx(5). The peptides were purified
the resulting resin was washed with CHCk3), DMF (x3), by RP-HPLC, affording peptides1—30 in 30—89% yield.
0.5% EtNCSSNa/0.5% DIPEA in DMF %3), and DMF  They were analyzed by MALDI-TOF MS, HR-MS, arnH
(x6). Boc-Y(NOy)-E(Bu)-K(Boc)-F-R(Pmc)-R(Pmc)-G- NMR (1D and COSY).
K(Boc)-K(Abz-Boc)-G-OH (substrate foil.. mexicana Inhibitors 31-33 were synthesized in a similar fashion,
CPB2.8\CTE, 1.5 equiv)/NEM (2 equiv)/TBTU (1.4 equiv) but amino acids from the mass/ionization spacer were
was coupled (with 5 min preactivation)rf6 h and washed  included in the sequences.
with DMF (x2), and the coupling was repeated overnight.  H-Trp-Ala-MTr-Arg-Leu-NH ; (11).Purification by RP-
It was washed with DMF %x3) and DCM (x6) and HPLC afforded 11.1 mg ot1 (57% vyield).'H NMR (250
lyophilized. The library was deprotected with TFA/DCM/ MHz, D,O/CD;CN): 6 0.79 and 0.83 (d, 6H) = 6 Hz,
H,O/PhSCH/(CH,SH)/TIPS (66.5:20:5:5:2.5:1) for 25 h  Leu CH?! and CH?%?), 1.07 (d, 3H,J = 7 Hz, Ala CH),
and washed with 95% HOAc3), DCM (x3), DMF (x3), 1.53 (m, 7H, Arg CH, Leu CH#, Leu CH and MTr CHY),
5% DIPEA in DMF (x3), DMF (x3), DCM (x3), THF  1.81 (m, 2H, Arg CHf), 2.00 (s, 3H, MTr CH), 2.45 (m,
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2H, MTr CHy"), 3.10 (t, 2H,J = 7 Hz, Arg CH°), 3.16 and
3.31 (dd, 2H,J = 6 Hz,J = 8 Hz, Trp CHf), 4.06 (m, 1H,
Ala CH®), 4.12 (t, 1H,J = 8 Hz, Trp CHY), 4.24 (m, 1H,
Leu CHY), 4.26 (m, 1H, MTr CH), 4.27 (m, 2H, MTr CH-
triazole), 4.45 (m, 1H, Arg CH, 7.03-7.53 (5H, Trp
aromatic protons), 8.24 (s, 1H, triazol€)HMALDI-TOF
MS: calcd (,\/lHJr = C34H54N13058+), 756.41; found (MH),
n/z 756.64. HR-MS: calcd (MH), 756.4086; found (MH),
m/z 756.4084.

H-Trp-Ala-FTr-Arg-Leu-NH ; (12). Purification by RP-
HPLC afforded 9.4 mg ofl2 (47% vyield).'H NMR (250
MHz, D,O/CD;CN): 6 0.78 and 0.83 (d, 6H) = 6 Hz,
Leu CH?! and CH??), 0.95 (d, 3H,J = 7 Hz, Ala CHY),
1.52 (m, 5H, Arg CH’, Leu CH# and Leu CHl), 1.76 (m,
2H, Arg CH/), 2.67 and 2.86 (d, 2Hl = 6 Hz, J = 14 Hz,
FTr CH/), 3.09 (t, 2H,J = 7 Hz, Arg CH®), 3.16 (m, 2H,
Trp CHY), 3.25 (m, 2H, FTr Chttriazole), 4.01 (q, 1H,)
= 7 Hz, Ala CHY), 4.08 (m, 1H, Trp CH), 4.21 (m, 1H,
Leu CHY), 4.38 (1H, FTr CH), 4.43 (m, 1H, Arg CH),

7.13-7.69 (10H, Phe and Trp aromatic protons), 8.17

(s, 1H, triazole-¥). MALDI-TOF MS: calcd (MH' =
C38H54N1305+), 77244, found (MH), m/z772.64. HR-MS:
calcd (MH"), 772.4365; found (MH), m/z 772.4362.

H-Trp-Ala-RTr-Arg-Leu-NH ; (13). Purification by RP-
HPLC afforded 17.8 mg ot3 (88% yield).'H NMR (250
MHz, D,O/CD;CN): 6 0.77 and 0.82 (d, 6H) = 6 Hz,
Leu CH! and CH??), 1.07 (d, 3H,J = 7 Hz, Ala CHY),
1.54 (m, 9H, Arg CH’, Arg CH,", Leu CH/, Leu CH', RTr
CH# and RTr CH), 3.07 (m, 4H, Arg CH’ and RTr CH?),
3.16 and 3.33 (d, 2HJ) = 6 Hz, J = 15 Hz, Trp CH}),
4.05(q, 1HJ =7 Hz, AlaCH), 4.11 (t, 1HJ =6 Hz, Trp
CH®), 4.22 (m, 1H, Leu CH), 4.27 (m, 1H, RTr CH), 4.44
(m, 1H, Arg CH¥), 4.46 (m, 2H, RTr Chttriazole), 7.00-
7.56 (5H, Trp aromatic protons), 8.24 (s, 1H, triazol®-H
MALDI-TOF MS: calcd ('\/lH+ = C35H57N1605+), 781.47;
found (MH"), m'z781.64. HR-MS: calcd (MH), 781.4692;
found (MH"), m/z 781.4715.

H-Trp-Ala-RTr-Arg-lle-NH , (14). Purification by RP-
HPLC afforded 14.9 mg ot4 (74% yield).'H NMR (250
MHz, D,O/CDsCN): 6 0.77 (t, 3H,J = 7 Hz, lle CH?),
0.81 (d, 3H,J = 7 Hz, lle CHy?), 1.06 (d, 3H,J = 7 Hz,
Ala CH5%), 1.52 (m, 9H, lle CH, lle CHy'%, Arg CH,”, RTr
CH, and RTr CH), 1.77 (m, 2H, Arg CH’), 3.07 (m,
4H, Arg CH?, and RTr CH?%), 3.15 and 3.32 (d, 2H1 =6
Hz, J = 15 Hz, Trp CHf), 4.06 (g, 1H,J = 7 Hz, Ala
CH%), 4.11 (m, 1H, Trp CH), 4.17 (m, 1H, lle CH), 4.27
(m, 2H, RTr CH-triazole), 4.48 (m, 1H, Arg CH, 4.51
(m, 1H, RTr CH), 7.00-7.56 (5H, Trp aromatic protons),
8.23 (s, 1H, triazole-#). MALDI-TOF MS: calcd (MH' =
C35H57N1505+), 781.47, found (MH), m/z 781.49. HR-MS:
calcd (MH"), 781.4692; found (MH), mv/z 781.4722.

H-Lys-Ala-RTr-Arg-Leu-NH ; (15). Purification by RP-
HPLC afforded 14.8 mg ot5 (79% yield).'H NMR (250
MHz, D,O/CD;CN): ¢ 0.79 and 0.83 (d, 6HJ) = 6 Hz,
Leu CH?! and CH??), 1.06 (d, 3H,J = 7 Hz, Ala CHY),
1.32 (m, 2H, Lys CH), 1.57 (m, 11H, Arg CH, Leu CH/,
Leu CH, Lys CHY?, RTr CH#, and RTr CH), 1.77 (m,
4H, Arg CH#, and Lys CH), 2.86 (t, 2H,J = 8 Hz, Lys
CHy), 3.08 (m, 4H, Arg CH’, and RTr CH?), 3.81 (t, 1H,

Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 321

J =7 Hz, Lys CH), 4.07 (g, 1H,J = 7 Hz, Ala CHY),

4.25 (m, 1H, Leu CH), 4.45 (m, 1H, Arg CH), 4.48 (m,
1H, RTr CHY), 4.52 (m, 2H, RTr Chttriazole), 8.29 (s,
1H, triazole-H). MALDI-TOF MS: caled (MH"F =

C30H59N1605+), 723.49; found (MH), m/z 723.45. HR-MS:
calcd (MH"), 723.4849; found (MN&), m/z 723.4872.

H-Glu-Ala-RTr-Arg-Leu-NH , (16). Purification by RP-
HPLC afforded 15.6 mg 016 (84% vyield).*H NMR (250
MHz, D,O/CDsCN): ¢ 0.78 and 0.86 (d, 6HJ = 6 Hz,
Leu CH' and CH??), 1.07 (d, 3H,J = 7 Hz, Ala CH),
1.54 (m, 9H, Arg CH’, Leu CH#, Leu CH, RTr CH and
RTr CHy), 1.80 (m, 2H, Arg CH’), 2.02 (m, 2H, Glu CH),
2.41 (t, 2H,J = 8 Hz, Glu CH), 3.08 (m, 4H, Arg CH’
and RTr CH?), 3.88 (t, 1H,J = 7 Hz, Glu CHY), 4.08 (q,
1H,J =7 Hz, Ala CH"), 4.26 (m, 1H, Leu CH), 4.43 (m,
1H, RTr CH), 4.44 (m, 1H, Arg CH), 4.53 (m, 2H, RTr
CHoy-triazole), 8.29 (s, 1H, triazole}i MALDI-TOF MS:
calcd (MH+ = C29H54N1507+), 724.43; found (MH), m'z
724.46. HR-MS: calcd (MH), 724.4325; found (MH), m/z
724.4350.

H-His-Thr-RTr-Arg-Leu-NH , (17). Purification by RP-
HPLC afforded 11.2 mg 017 (57% vyield).*H NMR (250
MHz, D,O/CDsCN): ¢ 0.80 and 0.83 (d, 6HJ = 6 Hz,
Leu CH?Y, and CH?%?), 0.93 (d, 3H,J = 6 Hz, Thr CHy),
1.57 (m, 9H, Arg CH, Leu CH?, Leu CH, RTr CH, and
RTr CHy), 1.80 (m, 2H, Arg CH’), 3.10 (m, 4H, Arg CH,
and RTr CH?), 3.27 (d, 2H,J = 7 Hz, His CH/), 3.90 (m,
1H, Thr CH), 4.10 (d, 1H,J = 5 Hz, Thr CH), 4.24 (m,
1H, His CH), 4.26 (m, 1H, Leu CH), 4.42 (m, 1H, RTr
CH%), 4.44 (m, 1H, Arg CH), 4.50 (m, 2H, RTr CH
triazole), 7.33 (s, 1H, His CH), 8.34 (s, 1H, triazole-H,
8.57 (s, 1H, His CH). MALDI-TOF MS: calcd (MH" =
CsiHseN17061), 762.46; found (MH), m/z762.61. HR-MS:
calcd (MH"), 762.4594; found (MH), m/z 762.4620.

H-Leu-PyA-RTr-Arg-Leu-NH ; (18). Purification by RP-
HPLC afforded 18.1 mg ofl8 (89% vyield). 'H NMR
(250 MHz, D,O/CD;CN): ¢ 0.78 and 0.83 (d, 12H] = 6
Hz, Leu/Let CH! and CH??), 1.52 (m, 12H, Arg CH,
Leu/Leu CHZ?, Leu/Led CH”, RTr CH#, and RTr CH"),
1.81 (m, 2H, Arg CHP), 3.00 (m, 2H, PyA CH), 3.10
(m, 4H, Arg CH?, and RTr CH?°), 3.77 and 4.25 (m, 2H,
Leu/Leu CH®), 4.28 (m, 1H, RTr CH), 4.43 (m, 2H, RTr
CHg-triazole), 4.45 (t, 1HJ = 6 Hz, Arg CH¥), 4.58 (m,
1H, PyA CHY), 7.89-8.62 (4H, PyA aromatic protons), 8.31
(s, 1H, triazole-H). MALDI-TOF MS: calcd (MH" =
CssHesiN160s1), 785.50; found (MH), m/z 785.69. HR-MS:
calcd (MH"), 785.5005; found (MF), m/z 785.5028.

H-Trp-Ala-RTr-Leu-Phe-NH ; (19). Purification by RP-
HPLC afforded 9.7 mg ofl9 (49% vyield).*H NMR (250
MHz, D,O/CDsCN): ¢ 0.75 and 0.80 (d, 6HJ = 6 Hz,
Leu CH?L, and CH?®?), 1.05 (d, 3H,J = 7 Hz, Ala CH),
1.51 (m, 7H, Leu Ckf, Leu CH, RTr CH#, and RTr CH"),
2.96 (m, 2H, Phe CH), 3.08 (m, 2H, RTr CH), 3.15 and
3.33(d, 2HJ =6 Hz,J = 15 Hz, Trp CH’), 4.06 (g, 1H,
J =7 Hz, Ala CHY), 4.11 (m, 1H, Trp CH), 4.35 (m, 1H,
Leu CHY), 4.37 (m, 2H, RTr Chtriazole), 4.49 (m, 1H,
Phe CH), 4.50 (m, 1H, RTr CH), 6.99-7.56 (10H, Phe
and Trp aromatic protons), 8.23 (s, 1H, triazol§-MALDI-
TOF MS: calcd (MH = CsgHs4N130s"), 772.44; found
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(MH™"), m/z 772.67. HR-MS: calcd (MNg, 794.4185;
found (MNa'), m/z 794.4189.

H-Trp-Ala-RTr-CIF-Lys-NH  (20). Purification by RP-
HPLC afforded 13.8 mg o020 (65% yield).*H NMR (250
MHz, D,O/CDsCN): ¢ 1.02 (d, 3H,J = 7 Hz, Ala CH),
1.27 (m, 2H, Lys CH), 1.54 (m, 6H, Lys Ck, RTr CH/,
and RTr CH), 1.70 (m, 2H, Lys CH), 2.83 (t,2H,J=8
Hz, Lys CH¥), 3.04 (m, 2H, CIF CH), 3.07 (t, 2HJ =6
Hz, RTr CH?), 3.17 and 3.33 (d, 2Hl = 6 Hz,J = 15 Hz,
Trp CHY), 4.04 (q, 1H,J = 7 Hz, Ala CHY), 4.12 (m, 1H,
Trp CH®), 4.18 (m, 1H, Lys CH), 4.29 (d, 2H,J = 9 Hz,
RTr CH,-triazole), 4.49 (m, 1H, RTr CH, 4.69 (dd, 1HJ
= 6 Hz, CIF CHY), 7.00-7.57 (9H, CIF and Trp aromatic
protons), 8.19 (s, 1H, triazole*H MALDI-TOF MS: calcd
(MH+ = C38H54C|N1405+), 821.41; found (MH), m'z
821.57. HR-MS: calcd (MH), 821.4085; found (MH), m/z
821.4092.

H-Ala-Thr-FTr-Leu-Leu-NH ; (21). Purification by RP-
HPLC afforded 9.8 mg oR1 (59% vyield).'H NMR (250
MHz, D,O/CDsCN): 6 0.76 (d, 3H,J = 6 Hz, Thr CHY),
0.85 (m, 12H, Leu/LeuCHs®, and CH??), 1.33 (d, 3H,J
=7 Hz, Ala CHf), 1.58 (m, 6H, Leu/LeUCH,*, and CH),
2.73 and 2.90 (dd, 2H] = 4 Hz,J = 13 Hz, FTr CH/),
3.72 (m, 1H, Thr CH), 3.93 (q, 1H,J = 7 Hz, Ala CH),
4.00 (d, 1H,J = 6 Hz, Thr CH"), 4.23 and 4.47 (m, 2H,
Leu/Led CH%), 4.45 (m, 2H, FTr Chttriazole), 4.52 (m,
1H, FTr CHY), 7.15-7.28 (5H, FTr aromatic protons), 8.28
(s, 1H, triazole-H). MALDI-TOF MS: calcd (MH" =
C31H50N905+), 664.39; found (MH), m/z 644.50. HR-MS:
calcd (MNa), 666.3698; found (MN8), m/z 666.3685.

H-Trp-Thr-FTr-Arg-Phe-NH , (22). Purification by RP-
HPLC afforded 6.5 mg oR2 (30% vyield).*H NMR (250
MHz, D,O/CDsCN): 6 0.76 (d, 3H,J = 6 Hz, Thr CHY),
1.40 (m, 2H, Arg CH), 1.66 (m, 2H, Arg CH), 2.85 (m,
2H, FTr CH/), 3.02 (t, 2H,J = 7 Hz, Arg CH?), 3.07 (m,
2H, Phe CH’), 3.16 (m, 2H, Trp CH), 3.74 (m, 1H, Thr
CHP), 4.03 (t, 1H,J = 6 Hz, Thr CHY), 4.14 (m, 1H, Trp
CH%), 4.33 (m, 2H, FTr Chtriazole), 4.36 (t, 1IHJ =8
Hz, Arg CH"), 4.53 (m, 1H, FTr CH), 4.54 (m, 1H, Phe

CH®%), 6.94-7.53 (15H, FTr, Phe and Trp aromatic protons),

8.22 (s, 1H, triazole-#. MALDI-TOF MS: calcd (MH' =
C42H54N130s+), 836.43; found (MH), m/z 836.65. HR-MS:
calcd (MN&), 858.4134; found (MN8), m/z 858.4168.
H-PyA-Asp-FTr-Arg-Leu-NH » (23). Purification by RP-
HPLC afforded 16.5 mg o023 (82% yield).*H NMR (250
MHz, D,O/CD;CN): 6 0.81 and 0.83 (d, 6H) = 6 Hz,
Leu CH! and CH??), 1.53 (m, 2H, Arg CH’), 1.54 (m,
3H, Leu CH# and CH), 1.81 (m, 2H, Arg CH’), 2.41 (m,
2H, Asp CH/), 2.83 (m, 2H, FTr CH), 3.10 (t, 2HJ =7
Hz, Arg CH?), 3.15 (m, 2H, PyA CH’), 4.04 (m, 1H, PyA
CH®), 4.42 (m, 1H, Asp CH), 4.45 (m, 1H, Arg CH), 4.45
(m, 1H, Leu CH), 4.48 (m, 1H, FTr CH), 4.57 (m, 2H,
FTr CH,-triazole), 7.16-7.28 (5H, FTr aromatic protons),

7.75-8.60 (4H, PyA aromatic protons), 8.31 (s, 1H, triazole-

H%). MALDI-TOF MS: calcd (MH" = CggHsoN13071),
778.41; found (MH), m/z 778.37. HR-MS: calcd (MH),
778.4107; found (MH), m/z 778.4122.
H-Ala-Glu-MTr-Arg-Leu-NH ; (24). Purification by RP-
HPLC afforded 11.0 mg 024 (61% yield).'H NMR (250
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MHz, D,O/CDsCN): ¢ 0.78 and 0.86 (d, 6H) = 6 Hz,
Leu CH?L, and CH®), 1.36 (d, 3H,J = 7 Hz, Ala CH),
1.54 (m, 5H, Leu CkF, Leu CH, and MTr CH/), 1.57 (m,
2H, Arg CHY), 1.73 (m, 2H, Glu CH), 1.77 (m, 2H, Arg
CH>’), 2.00 (s, 3H, MTr CH), 2.16 (t, 2H,J = 8 Hz, Glu
CHy"), 2.46 (m, 2H, MTr CH"), 3.11 (t, 2H,J =7 Hz, Arg
CHy%), 3.92 (q, 1HJ = 7 Hz, Ala CHY), 4.14 (t, 1HJ = 6
Hz, Glu CHY), 4.26 (m, 1H, Leu CH), 4.30 (m, 1H, MTr
CH®%), 4.43 (m, 1H, Arg CH), 4.52 (m, 2H, MTr CH-
triazole), 8.31 (s, 1H, triazole“) MALDI-TOF MS: calcd
(MH+ = ngH51leo7§), 699.37; found (MH), m/z699.45.
HR-MS: calcd (MH), 699.3719; found (MH), m/z 699.3740.

H-Thr-PyA-MTr-Arg-Leu-NH , (25). Purification by RP-
HPLC afforded 15.8 mg 025 (82% yield).'H NMR (250
MHz, D,O/CDsCN): ¢ 0.78 and 0.83 (d, 6H) = 6 Hz,
Leu CH?! and CH??), 1.14 (d, 3H,J = 6 Hz, Thr CHy),
1.56 (m, 7H, Arg CH/, Leu CH’, Leu CH, and MTr
CH/), 1.80 (m, 2H, Arg CH’), 1.99 (s, 3H, MTr CH),
2.41 (m, 2H, MTr CH), 2.98 and 3.18 (d, 2HJ =
6 Hz,J = 14 Hz, PyA CHF), 3.11 (t, 2H,J = 7 Hz, Arg
CH,%), 3.70 (d, 1H,J = 6 Hz, Thr CHY), 4.00 (m, 1H, Thr
CHP), 4.27 (m, 1H, Leu CH), 4.32 (m, 1H, MTr CH),
4.39 (m, 2H, MTr CH-triazole), 4.46 (m, 1H, Arg CH),
4.60 (m, 1H, PyA CH), 7.89-8.61 (4H, PyA aromatic
protons), 8.30 (s, 1H, triazole*H MALDI-TOF MS: calcd
(MH+ = C32H54N13068+), 748.40; found (MH), m'z
748.51. HR-MS: calcd (MH), 748.4035; found (MH),
m/z 748.4058.

H-Leu-Ser-MTr-Arg-Leu-NH ; (26). Purification by RP-
HPLC afforded 14.1 mg 026 (78% yield).*H NMR (250
MHz, D,O/CD;CN): ¢ 0.81 and 0.84 (d, 12H] = 6 Hz,
Leu/Led CHs! and CH??), 1.58 (m, 10H, Arg CH,
Leu/Led CH/?, Leu/Led CH’ and MTr CH#), 1.80 (m,
2H, Arg CH), 1.99 (s, 3H, MTr CH), 2.45 (m, 2H, MTr
CHy), 3.11 (t, 2H,J = 7 Hz, Arg CH®), 3.53 (m, 2H,
Ser CH¥), 3.87 (t, 1H,J = 7 Hz, Leu CH), 4.26 (m, 1H,
Leu CH%), 4.30 (m, 1H, Ser CH, 4.33 (m, 1H, MTr CH),
4.45 (m, 1H, Arg CH), 4.53 (d, 2H, MTr CH-tri-
azole), 8.31 (s, 1H, triazoled MALDI-TOF MS: calcd
(MH+ = C29H55N12063'—), 699.41; found (MH), m'z
699.55. HR-MS: calcd (MH), 699.4083; found (MH), vz
699.4112.

H-Pro-Ala-RTr-Arg-Leu-NH , (27). Purification by RP-
HPLC afforded 8.8 mg oR7 (49% vyield).*H NMR (250
MHz, D,O/CDsCN): ¢ 0.79 and 0.84 (d, 6H) = 6 Hz,
Leu CH?! and CH??), 1.06 (d, 3H,J = 7 Hz, Ala CH/),
1.54 (m, 9H, Arg CH, Leu CH?, Leu CH, RTr CH, and
RTr CH,"), 1.82 (m, 2H, Arg CH’), 1.88 (m, 2H, Pro CH),
2.30 (m, 2H, Pro Ckf), 3.10 (m, 4H, Arg CHP, and RTr
CH,%), 3.27 (m, 2H, Pro Ckf), 4.06 (g, 1H,J = 7 Hz, Ala
CH%), 4.23 (m, 1H, Leu CH), 4.26 (m, 1H, RTr CH), 4.28
(m, 1H, Pro CH), 4.45 (m, 1H, Arg CH), 4.54 (m, 2H,
RTr CH,-triazole), 8.28 (s, 1H, triazole‘td MALDI-TOF
MS: calcd (M"F— = C29H54N15O5+), 692.44; found (MH),
m/z 692.64. HR-MS: calcd (MNg, 714.4263; found
(MNa"), m/iz 714.4266.

H-Asp-PyA-RTr-Arg-Leu-NH ; (28). Purification by RP-
HPLC afforded 13.8 mg 028 (68% yield).*H NMR (250
MHz, D,O/CDsCN): ¢ 0.79 and 0.85 (d, 6H) = 6 Hz,
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Leu CH?Y, and CH®?), 1.54 (m, 9H, Arg CH’, Leu CH/,
Leu CH, RTr CH/, and RTr CHY), 1.81 (m, 2H, Arg CH),
2.89 (d, 2H,J = 6 Hz, Asp CHf), 3.08 (m, 4H, Arg CH,
and RTr CH?), 3.09 (m, 2H, PyA CH), 4.09 (t, 1H,J =
6 Hz, Asp CHY), 4.20 (m, 1H, Leu CH), 4.25 (m, 1H, RTr
CH®), 4.41 (m, 2H, RTr Chttriazole), 4.45 (m, 1H, Arg
CH®), 4.56 (m, 1H, PyA CH), 7.89-8.61 (4H, PyA aromatic
protons), 8.29 (s, 1H, triazole4d MALDI-TOF MS: calcd
(MH™ = Cg3gHssN16071), 787.44; found (MH), m/z 787.60.
HR-MS: calcd (MN4d), 809.4236; found (MN&), m/z
809.4257.

H-Gly-Leu-RTr-CIF-Leu-NH ; (29). Purification by RP-
HPLC afforded 9.6 mg oR9 (52% vyield).'H NMR (250
MHz, D,O/CD;CN): 6 0.64 and 0.68 (d, 6H) = 6 Hz,
Leu CH??, and CH?%), 0.76 and 0.81 (d, 6H) = 6 Hz,
Leu CHz’ and CH??), 1.12 (m, 3H, Leu CH, and Leu
CH"), 1.45 (m, 3H, LeUCH?, and LetlCH), 1.46 (m, 4H,
RTr CH, and RTr CH), 3.09 (m, 4H, CIF CH, and RTr
CH,?), 3.66 (s, 2H, Gly Ch"), 4.01 (t, 1H,J = 6 Hz, Leu
CH%), 4.18 (m, 1H, LeUCH®), 4.28 (m, 1H, RTr CH), 4.47
(m, 2H, RTr CH-triazole), 4.71 (m, 1H, CIF Ct§, 7.19-
7.27 (4H, CIF aromatic protons), 8.21 (s, 1H, triazol®:H
MALDI-TOF MS: calcd (MH" = C3:Hs3CIN1,051), 719.39;
found (MH"), /z719.66. HR-MS: calcd (MH), 719.3867;
found (MH"), m/z 719.3853.

H-Gly-Lys-RTr-Met-Asn-NH ; (30). Purification by RP-
HPLC afforded 12.3 mg 080 (70% yield).*H NMR (250
MHz, D,O/CDsCN): ¢ 1.08 (m, 2H, Lys CH), 1.41 (m,
2H, Met CH#), 1.48 (m, 2H, Lys CH), 1.54 (m, 2H, RTr
CHy"), 1.59 (m, 2H, RTr CH), 2.03 (s, 3H, Met CHf),
2.08 (m, 2H, Lys CHP), 2.55 (m, 2H, Met CH), 2.64 (m,
2H, Asn CH/), 2.83 (t, 2H,J = 7 Hz, Lys CH), 3.08 (t,
2H, J = 6 Hz, RTr CH?), 3.68 (s, 2H, Gly CH"), 4.02
(m, 1H, Met CHY), 4.21 (m, 1H, RTr CH), 4.41 (m, 2H,
RTr CH,-triazole), 4.58 (m, 1H, Asn CH, 4.59 (m, 1H,
Lys CHY), 8.31 (s, 1H, triazole-BJ. MALDI-TOF MS:
calcd (MH" = CyeH1oN1406S), 685.37; found (MH), mvz
685.49. HR-MS: calcd (MH), 685.3680; found (MH), m/z
685.3684.

H-Gly-RTr-Arg-Leu-Thr-lle-Ser-Arg-Gly-NH  , (31). Pu-
rification by RP-HPLC afforded 26.4 mg 8fL (74% yield).
IH NMR (250 MHz, D:O/CDsCN): 6 0.76-0.86 (m, 12H,
lle CHZ?, lle CHg?, Leu CH?Y, and CH??), 1.06 (d, 3H,J
= 6 Hz, Thr CH), 1.56 (m, 14H, Arg/Ar§CH,", lle CH’,
lle CHy%, Leu CHYP, Leu CH, RTr CH/, RTr CHy), 1.79
(m, 4H, Arg/Arg CHY’), 3.08 (m, 6H, Arg/Arg CH°, RTr
CH?), 3.61 (m, 2H, Ser CK), 3.71 (m, 1H, Thr CH), 3.77
and 3.78 (s, 4H, Gly/GlCHy%), 4.12 and 4.46 (m, 2H, Arg/
Arg' CH%), 4.16 (m, 1H, lle CH), 4.19 (m, 1H, Ser CH),
4.26 (m, 1H, Leu CH), 4.34 (m, 1H, RTr CH), 4.35 (m,
1H, Thr CH), 4.52 (m, 2H, RTr Chttriazole), 8.32 (s, 1H,
triazole-H). MALDI-TOF MS: calcd (M + 2Ht =
C44H34N22011+), 10966690, found (M+ 2H+), 2m/z
1096.6832.

H-Gly-FTr-Arg-Phe-Thr-lle-Ser-Arg-Gly-NH ; (32). Pu-
rification by RP-HPLC afforded 29.5 mg 82 (81% vyield).
H NMR (250 MHz, D,O/CD;CN): 6 0.81 (m, 6H, lle CH,
lle CH3"?), 1.05 (d, 3H,J = 6 Hz, Thr CHy), 1.44-1.80
(m, 11H, Arg/Ard CHy, lle CH, lle CHy*, Arg/Arg’

Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 323

CHY), 2.74 (m, 2H, FTr CH), 2.90 (m, 2H, Phe CH),
3.06 (m, 4H, Arg/Arg CH,%), 3.72 (m, 2H, Ser CH), 3.76
and 3.77 (s, 4H, Gly/GlyCH,%), 4.05 (m, 1H, Thr CH),
4.12 and 4.37 (m, 2H, Arg/AtgCH®), 4.25 (m, 1H, lle CH),
4.26 (m, 1H, Thr CH), 4.35 (m, 1H, Ser CH, 4.54 (m,
1H, FTr CHY), 4.60 (m, 2H, FTr CHtriazole), 4.63 (m, 1H,
Phe CHY), 7.21—7.31 (m, 10H, FTr and Phe aromatic
protons), 8.29 (s, 1H, triazole*H MALDI-TOF MS: calcd
(MH+ = C50H73N19011+), 1120.61; found (MH), m'z
1120.75. HR-MS: calcd (MH), 1120.6128; found (MH),
m/z 1120.6137.
H-Gly-RTr-CIF-Leu-Thr-lle-Ser-Arg-Gly-NH , (33). Pu-
rification by RP-HPLC afforded 18.6 mg 813 (51% vyield).
H NMR (250 MHz, D,O/CD;CN): 6 0.75-0.83 (m, 12H,
lle CHZ, lle CHy2, Leu CH?Y, and CH?®?), 1.07 (d, 3H,J
=6 Hz, Thr CH), 1.37-1.67 (m, 12H, Arg CH, lle CH,
lle CHy't, Leu CH#, Leu CH, RTr CH?, RTr CHy), 1.79
(m, 2H, Arg CH#), 3.07 (m, 4H, Arg CH’, RTr CH,Y), 3.12
(m, 2H, CIF CH#), 3.60 (m, 2H, Ser CH), 3.71 (m, 1H,
Thr CH’), 3.76 and 3.78 (s, 4H, Gly/GIYCH,%), 4.11 (m,
1H, Arg CH¥), 4.19 (m, 1H, RTr CH), 4.22 (m, 1H, Ser
CH%), 4.26 (m, 1H, lle CH), 4.33 (m, 1H, Leu CH), 4.34
(m, 1H, Thr CH), 4.45 (m, 2H, RTr Chttriazole), 4.73 (m,
1H, CIF CHY), 7.23 (4H, CIF aromatic protons), 8.26 (s, 1H,
triazole-H). MALDI-TOF MS: calcd (MH" = Cy7H7o-
CIN1¢0117), 1120.58; found (MH), m/z 1120.71. HR-MS:
calcd (MH"), 1120.5888; found (MH), m/z 1120.5885.

Kinetic Evaluation of Inhibitor Sequences 11-33.
Equilibrium constantsK;) were determined from 12 experi-
ments for each inhibitor (six different concentrations with
double determination that varied by5%) at 37°C in PBS
buffer (pH 6) augmented with 10 mM DTT as described by
Nicklin and Barretf® Enzyme concentration was 20 nMg[S
= 0.5uM, and Cbz-Phe-Arg-AMCKy = 0.7 uM) was used
as the substrate.

Abbreviations. Abz, 2-aminobenzoyl; Alloc, allyloxycar-
bonyl; Boc,tert-butyloxycarbonyl; CIFp-chlorophenylala-
nine; CPB, cysteine protease B; CTE, C-terminal extension;
DCM, dichloromethane; Dhbt-OH, 3-hydroxy-3,4-dihydro-
4-oxo-1,2,3-benzotriazine; DIAD, diisopropyl azodicarboxy-
late; DIPEA,N,N-diisopropylethylamine; DMHAN,N-dimeth-
ylformamide; DTr, Asp-triazole; DTT, dithiothreitol; EEDQ,
2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline; F, fluoro-
phore; Fmoc, 9-fluorenylmethoxycarbonyl; FRET, fluores-
cence resonance energy transfer; FTr, Phe-triazole; GTr, Gly
triazole; MALDI-TOF MS, matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry; MCPS, multiple
column peptide synthesizer; MeOH, methanol; Mis, mass/
ionization spacer; MTr, Met-triazole; NENN-ethylmorpho-
line; PBS, phosphate buffered saline; PEGA, poly(ethylene
glycol)-polydimethyl acrylamide resin; Pfp, pentafluorophen-
yl; PII, photolabile linker; Pmc, 2,2,4,6,7-pentamethyldihy-
drobenzofuran-5-sulfonyl; PyA, 3-pyridylalanine; Q, quench-
er; RP-HPLC, reverse-phase high-pressure liquid chromatog-
raphy; RTr, Arg-triazole; SPPS, solid-phase peptide synthe-
sis; TBTU, N-[(1H-benzotriazol-1-yl)-(dimethylamino)-
methylene]N-methylmethan-aminium tetrafluoroboralté
oxide;'Bu, tert-butyl; TFA, trifluoroacetic acid; THF, tetra-
hydrofuran; TIPS, triisopropylsilane; Y (N 3-nitrotyrosine.
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One- and three-letter codes are used for the amino acids (19) Alvarez, R.; Velazquez, S.; San, F.; Aquaro, S.; De, C.;

according to IUPAC.
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