6298 J. Med. Chem2006,49, 6298-6307

Identification of Selective, Nonpeptidic Nitrile Inhibitors of Cathepsin S Using the Substrate
Activity Screening Method
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The substrate activity screening method, a substrate-based fragment identification and optimization method
for the development of enzyme inhibitors, was previously applied to cathepsin S to obtain low nanomolar
1,4-disubstituted-1,2,3-triazole-based aldehyde inhibitors (Wood, W. J. L.; Patterson, A. W.; Tsuruoka, H.;
Jain, R. K.; Ellman, J. AJ. Am. Chem. So005 127, 15521+ 15527). Replacement of the metabolically
labile aldehyde pharmacophore with the nitrile pharmacophore provided inhibitors with moderate potency
for cathepsin S. The inhibitors showed good selectivity over cathepsins B and L but no selectivity over
cathepsin K. X-ray structures of two crystal forms (1.5 and 1.9 A) of a complex between cathepsin S and
a triazole inhibitor incorporating a chloromethyl ketone pharmacophore guided the design of triazole substrates
with increased cleavage efficiency and selectivity for cathepsin S over cathepsins B, L, and K. Conversion
of select substrates to nitrile inhibitors yielded a low molecular weight (414 Da) and potent (15 nM) cathepsin
S inhibitor that showed-1000-fold selectivity over cathepsins B, L, and K.

Introduction Scheme 1.Outline of the Substrate Activity Screening Method
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ous fluorescence-based assay. False positives due to aggregationg , oH  Swep3

i | | | , || | | V ————) R_.s-Pharmacophore
protein precipitation, or nonspecific binding are not observed =——— 0 \ i

because active enzyme and productive active site binding are Ropima™ "N 0o °

required for the protease-catalyzed amide bond hydrolysis that

releases the ﬂUOfeSCGnt COUmarin grdlllpstep 2 the aCtiVity Potent substrates identified Potent inhibitors identified

of the substrates is rapidly optimized by the synthesis and — o 4 4 gisnstituted-1,2,3-triazole-based aldehyde inhibitors
subsequent assay of focused libraries of substrate analogues1 and 2 (Figure 1) were the most potent compounds to be
Step 3 then builds upon a key attribute of this mechanism-basedidentified tc?ward cathepsin S usin% the SASp method and
substrat_e screen, ”am.e'y' that m_rencyl_ammocoumarln must_ represent promising inhibitor structures as a result of their
be precisely oriented in the active site to.enable prpductlve novelty and nonpeptidic character. However, in our initial
substrate cleavage, and therefore, the aminocoumarin can bepublication, we did not address whether selective triazole-based

replaced with mechanism-based pharmacophores to direCtIyinhibitors could be obtained. Moreover, the aldehyde pharma-
provide protease inhibitors. The choice and versatility of ) ’

. X ST cophore is not desirable because it is a very reactive electrophile
pharmacophores allows reversible or irreversible inhibitors to

; ; s . - that may lack selectivity in vivo and is rapidly metabolized.
be rapidly obtained once efficient substrates are identified. Here we report on the development of triazole-based inhibitors

We applied the SAS method to the cysteine protease cathepsinitp greater than 1000-fold selectivity for cathepsin S over the

S, Which is in.volved in the final stfep of the degra}dation of the highly homologous papain family human cathepsins B, K, and
invariant chain necessary for antigen presentation and subsey 7 50 that incorporate the more desirable, clinically validated

quent immune_ response and is conse_quently_ 'implicated_ iN nitrile® rather than the aldehyde pharmacophore.
autoimmune diseases such as rheumatoid arthritis and multiple

sclerosis, as well as tumor development and growikultiple Chemistry

distinct classes of nonpeptidic substrates to cathepsin S were 14 gynthesis of 1,4-disubstituted-1,2,3-triazole substrates and
identified upon screeningfd-acyl aminocoumarin library. Select jopipjiorg required the preparation of enantiomerically pure

substrates were optimized and then directly converted to highly ;.o propargylamine intermediates, which was accomplished

novel, low molecular weight, nonpeptidic aldehyde inhibitors 5 1 5 aqdition of lithiated (trimethylsilyl)acetyleneNstert

with nanomolar affinity to cathepsin S. butanesulfinyl ketimines3 (Scheme 2§:1° The additions
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Figure 1. Lead 1,2,3-triazole aldehyde inhibitors identified for
cathepsin S.

Scheme 2 Synthesis of Chiral Propargylamines
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nyllithium, —78 °C to rt; (c) TBAF, THF, rt; (d) HCI, CHOH, rt.

Scheme 3 Synthesis of 1,2,3-Triazole Substrates
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Scheme 4 Synthesis of 1,2,3-Triazole Nitrile Inhibitors

o
a,b,c
Na\:)L”/\Sieber resin e
r-7-Bu
9
[¢] (0]
Rz)L’i_‘H N=n O RZ)LI;IH New o
NN A 4 o 7_<\\,N\///
] Y NH, %, H
n-Bu n-Bu

10 1

aConditions: (a)6, Cul, i-PrEtN, THF, rt; (b) RCO:H, triphosgene,
THF, rt; (c) CRCO,H, CHCly, rt; (d) 2,4,6-trichlorotriazine, DMF, rt.
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Scheme 8 Synthesis of Chloromethyl Ketone Inhibita8
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aConditions: (a) isobutyl chloroformati;methylmorpholine, THF-25
°C; (b) diazomethane, THF; 25 °C; (c) HCI, CHCO;H, THF, rt.

Table 1. Inhibition of Cathepsins B, K, L, and S by 1,2,3-Triazole

Nitrile Inhibitors
0o
)Ll\_lH N=
ﬂ“\///N

;7-Bu

R

compd R Ki (M)
CatB CatK CatL CatS
11a ©—$ >10° 0.88+0.07 >10° 1.2+02
11b Q—é >10° 0.43+0.07 >10° 0.42+0.09

a|Cso of inhibitor with enzyme was>10 uM.

produced the desired 1,2,3-triazole nitrile inhibitddsas single
diastereomers.

The synthesis of chloromethyl ketone inhibitd8 was
accomplished by forming the mixed anhydride of 1,2,3-triazole
carboxylic acid12 and isobutyl chloroformate. Addition of
diazomethane to form a diazomethyl ketone, followed by the
addition of HCI, yielded chloromethyl ketor8 as a mixture
of diastereomers due to epimerization at the carbon alpha to
the ketone during the reaction (Scheme 5).

Results and Discussion

To begin probing the activity of nitrile inhibitors, the nitrile
analogued laand11b of the most potent aldehyde inhibitors
1 and2 were assayed against cathepsin S, as well as the related
cathepsins B, K, and L (Table 1). Replacing the aldehyde with
the nitrile pharmacophore resulted in-d5-fold drop in potency
for compoundslla and 11b. Moreover, compound$la and
11b selectively inhibited cathepsin S over cathepsins B and L,
but no selectivity over cathepsin K was observed. Therefore,
the goal of inhibitor optimization was to improve potency and
increase selectivity for cathepsin S over cathepsin K.

In collaboration with the Genomics Institute of the Novartis
Research Foundation, a crystal structure of the chloromethyl
ketone analogue df (compoundL3) in complex with cathepsin

For the synthesis of 1,4-disubstituted-1,2,3-triazole-based S was obtained to guide inhibitor optimization (Figure 2).
substrates, the support-bound aminocoumarin acylated withCrystallographic statistics are summarized in Table 2. Cathepsin

L-norleucine azido acid7j was reacted with chiral propargy-
lamines 6 via a regioselective Cu(l)-catalyzed 1,3-dipolar
cycloadditiont! Acylation of the resulting support-bounndamino-

S shows a high degree of sequence and structure homology with
other cathepsins, including cathepsins B, K, and L. As the
functional differences between many of the cathepsins can

1,2,3-triazoles, followed by cleavage from the solid support, largely be attributed to tissue distribution, achieving specificity

yielded the 1,2,3-triazole substrat®ss single diastereomers
(Scheme 3).

can be challenging. To investigate the binding mode and
structural differences between the molecules, the X-ray crystal

For the synthesis of 1,4-disubstituted-1,2,3-triazole-based structure of a complex between cathepsin S and compt@nd

nitrile inhibitors, the chiral propargylaminéswere reacted with
L-norleucine azido acid derivatized Sieber Amide ré&sio give

was solved in two different crystal forms at 1.5 and 1.9 A,
respectivelyt213 The structure of cathepsin S conforms to the

support-bound 1,2,3-triazole amides (Scheme 4). Acylation of canonical papain-like fold consisting of two equal-sized do-

the resulting support-bound-amino-1,2,3-triazoles, followed

mains, denoted left (L) and right (R), connected by an extensive

by cleavage from the solid support, yielded the 1,2,3-triazole valley-like cleft containing the catalytic triad, Cys 25, His 164,

primary amided 0. Dehydration with 2,4,6-trichlorotriazine then

and Asn 184# The butyl, isopropyl, and benzamide groups of
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Figure 2. Crystal structure of chloromethyl ketone inhibitb8 with i
cathepsin S. The cathepsin S structure is shown as a stick representation
above which the semitransparent solvent excluded surface is placed. gmi
The atoms are shaded according to element, with the protein carbons c#wix
colored yellow, the inhibitor carbons are shaded green, nitrogens are CAmiL s
blue, and oxygens are red. The figure was produced using Pymol  camicu=
(www.pymol.org).

Table 2. Crystallographic Data for Cathepsin S in Complex with :‘::
ATHE dwss
cathepsin S crystal form 1 crystal form 2 o=
space group P4,22 P6522
unit cell dimensions (A) i
a=b 85.2 165.9 GATHK
c 150.8 142.1 S a=
wavelength (A) 1.0 1.0 =
resolution (A) 15 1.9 Figure 3. Structural alignment of the cathepsin S structure with
outer shell A 1.531.48 1.97-1.90 cathepsins B, K, and L (PDB entries 1CSB, 1ICF, and 1TUS,
s‘gfffe(%")(éﬁtgrersﬁx)") 2'701?62(02')642) 20{;088?2(%75) respectively). Numbering is according to the cathepsin S structure.
unigue refs 92 453 ' 90 365 : _Residues colored green are conserved across all cathepsins, while those
(obsd) (422 837) (526 303) in yellow are positively consgrved. Regions that are boxed are
completeness (%) (outer shell) 99.3 (95.3) 99.7 (100.0) structurally conserved. Alpha hell_ces are represented as _blue tubes, while
Rractor (Riree ) (%) 0.19 (0.20) 0.23 (0.25) beta sheets are magenta. The figure was produced using STAMP and
. 15
no. protein atoms 3906 5182 ALSCRIPT:
no. water atoms 350 369
no. hetero atoms 76 89
rmsd bonds (A) 0.008 0.014
rmsd bond angles 1.12 1.366
meanB-factor (A2) 12.13 25.78

the triazole inhibitor occupy the;SS,, and § enzyme pockets,
respectively, and Cys 25 has displaced the chlorine atoh3 of
to form a covalent sulfurcarbon bond characteristic of mech- _g
anism-based chloromethyl inhibitors of cysteine proteases
(Figure 2). The aliphatic Pmoiety (butyl group) projects into
the solvent and does not form close hydrophobic contacts with |
the surrounding protein. The, ®inding site is a large pocket
lined with hydrophobic residues, while the Binding site is a
shallow pocket. The structures of cathepsins K, L, and S are
extremely structurally homologous with root-mean-squared
deviations (rmsds) of 0.64 and 0.55 A on 209 and 211 aligned
Co atoms, respectively. Cathepsin B is a more distant homo- o
logue but is still very similar, with an rmsd of 1.23 A on 187  Figure 4. Comparison of specificity pockets with the structure of
aligned @x atoms (Figure 3). In general, specificity determinants cathepsin K (PDB ID: 1TU6). Coloring conventions are the same as
of the cathepsins are largely confined to thg, &, and $ in Figure 2a, with the exception that the carbons of cathepsin K are
pockets, with lesser contributions from the @cket. shaded cyan.

Despite the very high homology across the cathepsin family substitution of negatively charged aspartates and glutamates in
members, this structure provided valuable insight from which structurally identical positions in cathepsins K and L may
to attain selectivity. The $pocket, occupied by the benzamide provide some differential specificity (Figure 4). Thef®cket,
moiety, is a small pocket that should not accommodate however, provides the greatest opportunity for achieving
substitution on the aromatic ring. The flexible nature of Lys 64 selectivity. This pocket is rather large and left unfilled by the
(as indicated by the temperature factor for the residue), may isopropyl group. Therefore, replacement of the isopropyl group
allow some movement to accommodate small moieties. Our with larger, extended hydrophobic substituents should result in
prior inhibitor SAR verifies this conclusiohln addition, the increased potency as well as selectivity over cathepsin K, which
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Table 3. Cleavage Efficiencies of 1,2,3-Triazole Substrates with Table 4. . Steady State Kinetic Constants for Cathepsin S Acting on
Cathepsins B, K, L, and S 1,2,3-Triazole Substrates

o o]

RZ)L'!H NsN o m\(w Rz/lL’:‘H N=N 0 N oH
7_§R \,N\-_)LN 060 7_<\\,N\:)LN 00 ©
1 = H R, = H
n-Bu n-Bu
. H : a kcat/Km kcat Km
compd R4 R> relative cleavage efficiencies compd R, R, (M'1s'1) (3’1) LM

CatB CatK CatL CatS

e 1100 0.45 410
8a _< <>$ +100 004 +40

'\/L
8a _< @—é 088 0016 1.2 1.0
Ve = 2600 077 300
v = 8b :
s [)= 22 0040 o040 24 ~ D 5w w0 i
e 8 /t @_é 3500 020 57
8c <:§ @—é 030 0.0039 1.0 32 £300 +001 %5
e 8 % Mg 1700 02 13
8d d % 12 o019 082 15 7 £800  £0.004 0.6
\, n
= 27000 046 17
— 8e Y é
8e §j 3% 049 00° 0097 25 Sj - +3000 £0.01 22
n
= b ull enzymatic assay analysis of 1,2,3-triazole substr
8f ) $ 0.79 0.0 0.13 6.3 Full t | f1,2,3-t | bstrates
3 s 8e) with cathepsin S is shown in Table 4. It is interesting that,

a Relative cleavage efficiency values are giverkagkm relative to the for. t.h's SL.'bStr,ate .Se”es’ the .'ncr,ease in SUbSFra,te'C.leavage
activity of substrate8a with cathepsin S, which is assigned a value of 1.  €fficiency is primarily due to gains iKm. In the optimization
b No activity detected when assayed with [substrat&0xM and [enzyme] of peptide-based mechanism-based inhibitors, increasieg;in
= 50 nM. often contribute considerably to increases in substrate-cleavage

efficiency, even when modifications are made at sites distant

has a slightly smaller Spocket relative to cathepsin S created from the mechanism-based pharmacopHdrimdeed, in our
by the substitution of larger hydrophobic residues at positions previously reported optimization of the triazole-based substrates,
162 (a leucine instead of a valine) and 137 (an alanine insteadcontributions from bottK,, and k.o were observed.
of a glycine)!® Nitrile inhibitor analogues of compounds, 8d, and8ewere

As previously reported in the development of inhibitdrs ~ subsequently synthesizetil, 11d, and11le respectively) and
and 2 (Figure 1), outstanding correlation between substrate- their inhibitory activities toward cathepsins B, K, L, and S were
cleavage efficiency and inhibitory activity for the triazole-based determined (Table 5). The plot of Idg{ versus logkm/Keay)
substrates and their corresponding mechanism-based inhibitordor cathepsin S shows excellent correlation between substrate
was observed.Due to the greater ease of synthesizing and activity and inhibitor potency (Figure 5), which is consistent
evaluating substrates relative to their corresponding inhibitors, with transition state theory and with previous correlations
substrate analogues were first prepared to evaluate the effecbetween substrates and their corresponding mechanism-based
of introducing larger Rsubstituents on binding and selectivity  inhibitors8
(Table 3). For substrates with the benzamide moiety, replace- Considerable improvements in both potency and selectivity
ment of the isopropyl group8@) with the cyclohexyl group of cathepsin S inhibitors were achieved upon introducing the
(8¢) at Ry resulted in a 3-fold increase in substrate-cleavage trans4-methylcyclohexyl substituent, as predicted by the sub-
efficiency. The same replacement at Rvith thiophene- strate assay results. Specifically, a 28-fold increase in inhibitor
containing substrates8lf—8d) resulted in a 7-fold increase in  potency against cathepsin S was observed, With having a
activity. In contrast, this substitution resulted in a modest drop K; of 420 nM and the optimized inhibitdrlehaving akK; of 15
in substrate-cleavage efficiency for cathepsins B and K and only nM. No significant inhibition of cathepsin B or L was observed
a very modest increase for cathepsin L. Further extending thewhen assayed against any of the nitrile inhibitors. Most
R; substituent by introducing 4-methyl substitution on the importantly, theK; value for11ewith cathepsin K is signifi-
cyclohexyl ring e and 8f) resulted in no detectable substrate cantly greater than 18M. Consequently, compouridieshows
cleavage by cathepsin K, with modest reductions also being >1000-fold inhibitory selectivity for cathepsin S over all of the
observed for cathepsins B and L. Moreover, thans4- closely related human cathepsins that were investigated.
methylcyclohexyl substitution, but not thes-4-methylcyclo-
hexyl substitution e and 8f, respectively), provided an
additional increase in cleavage efficiency by cathepsin S, The 1,2,3-triazole nitrile inhibitor§laand11bwere designed
resulting in an overall 10-fold improvement in cleavage ef- based upon the corresponding aldehyde inhibitoasd?2 and
ficiency relative to8b, which incorporated an isopropyl group  were determined to have moderate inhibitory activity and poor
at Ry. selectivity for cathepsin S over cathepsin K. A crystal structure

Conclusion
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Table 5. Inhibition of Cathepsins B, K, L, and S by 1,2,3-Triazole
Nitrile Inhibitors

compd R, R, Ki (uM)

CatB CatK CatL CatS

11a _<11 )2 »100 088 >10° 1.2

+0.07 +0.2

11b _<MP Q—é >10° 043 >10° 042
+0.07 +0.09

11¢c d'L ) >0 »10° >10° 020
+0.02
11d >3 >10° 17 >10°  0.018
d'L Q_ +0.1 +0.003

"\1’

11e >3 >15°  >158°  >158°  0.015
Sj Q_ +0.005

2|Csg Of inhibitor with enzyme is>10 uM. P ICsq of inhibitor with
enzyme is>15 uM.

4 -

y = 1.46x +7.51
R?=0.99

log (K,)

0 T T 1
-5 -4 -3 -2
log (K /K ¢a0)
Figure 5. Plot of log(Ki) vs logKm/kea) for 1,2,3-triazole substrates
and corresponding nitrile inhibitors with cathepsin S.

of cathepsin S, irreversibly inhibited by chloromethyl ketone
13, guided analogue design to improve potency and selectivity.
1,2,3-Triazole substrate® were first optimized for cleavage
efficiency, followed by the preparation and analysis of inhibitors
11 corresponding to select substraBJ he nitrile inhibitorlle

is a potent Ki = 15 nM) and low molecular weight (414 Da)
nonpeptidic inhibitor of cathepsin S. Additionallyy1leshowed
>1000-fold selectivity over cathepsins B, K, and L. These

Patterson et al.

none, and-PrEtN, CHCI,, pyridine, toluene, EO, and CHOH

were distilled under Mover CaH immediately prior to use.§)-
tert-Butanesulfinamide was provided by Suven Life Sciences
U.S.A., LLC (Monmouth Junction, NJ), and by AllyChem Co., Ltd
(Dalian, China). Low amine content DMF was purchased from
Acros, Wang resin and Sieber amide resin were purchased from
Novabiochem (San Diego, CA), ar@-(7-azabenzotriazol-1-yl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate (HATUas
purchased from PerSeptive Biosystems (Foster City, CA). Fmoc-
protected 7-amino-4-methyl coumarin acetic acid (Fmoc-AMCA)
was synthesized according to a method analogous to the synthesis
of 7-amino-4-carbamoylmethylcoumarin (AM&)Norleucine azide
(N3-Nle-OH) was prepared fromnorleucine, according to literature
procedureé® Compoundd, 2, 8a, 8b, 12, and Fmoc-AMCA-Wang
resin were synthesized as previously repoft&bmpound8a—d
and4a—d were synthesized according to reported procediiral.
solution-phase reactions were carried out in flame-dried glassware
under an inert N atmosphere. Normal-phase HPFC purification
was carried out on a Biotage SP1 instrument (Charlottesville, VA)
equipped with a Biotage Si flash column. Reverse-phase HPLC
analysis and purification were conducted with an Agilent 1100 series
instrument. Solid-phase reactions were conducted in polypropylene
cartridges equipped with 70 mm PE frits (Applied Separations,
Allentown, PA) and Teflon stopcocks and rocked on an orbital
shaker!H and3C NMR spectra were obtained with Bruker AV-
300 and AV-400 spectrometers. Unless otherwise specified, all
spectra were obtained in CDCAnd chemical shifts are reported

in ppm relative to internal CHGI Coupling constants are reported

in Hz. Elemental analyses and high-resolution mass spectrometry
analyses were performed by the University of California at Berkeley
Micro Analysis and Mass spectrometry Facilities.

Synthesis of Propargylamines (Scheme 2). Trimethylsilyl
Deprotection (5). To a 0.1 M solution of41% (1 equiv) in THF
cooled in an icewater bath was added tetrabutylammonium
fluoride (TBAF; 3 equiv). The solution was stirred for-2 h at
room temperature and then the solution was poured into saturated
aqg NH,Cl with rapid stirring. The resulting suspension was
transferred to a separatory funnel and extracted three times with
Et,O. The combined organic portions were dried £81@,), filtered,
and concentrated.

(Ss,5)-N-(1-Isopropyl-1-methyl-prop-2-ynyl)-2-methylpro-
panesulfinamide (5a).A mixture of 5.10 g of4a(17.7 mmol) and
16.8 g of TBAF (53.2 mmol) was reacted in 180 mL of THF. Silica
gel chromatography (hexane/EtOAe 1:1) provided5a (3.77 g,
99%) as a white solid*H NMR (400 MHz) 6 0.92 (d,J = 6.8
Hz, 3H), 0.95 (dJ = 6.8 Hz, 3H), 1.10 (s, 9H), 1.37 (s, 3H), 1.82
(septet] = 6.8 Hz, 1H), 2.37 (s, 1H), 3.18 (s, 1H}C NMR (100
MHz) 6 16.9, 17.4, 22.3, 25.0, 38.1, 55.8, 56.6, 72.8, 85.8. HRMS
(FABY) m/iz (MHY) calcd for GiH2,NOS, 216.1422; found,
216.1421.

(Ss.5)-N-(1-Cyclohexyl-1-methyl-prop-2-ynyl)-2-methylpro-
panesulfinamide (5b).A mixture of 2.73 g of4b (8.34 mmol)
and 7.89 g of TBAF (25.0 mmol) was reacted in 83 mL of THF.
HPFC purification (hexane/EtOAe 94:6 for 3 min, 94:6 to 50:

50 over 33 min) providedb (1.58 g, 74%) as a white solidtH
NMR (400 MHz)6 0.99-1.27 (m, 5H), 1.17 (s, 9H), 1.44 (s, 3H),
1.47-1.55 (m, 1H), 1.621.68 (m, 1H), 1.751.82 (m, 2H), 1.87

1.97 (m, 2H), 2.43 (s, 1H), 3.24 (s, 1HPC NMR (100 MHz)d
22.5, 25.5, 26.17, 26.24, 27.0, 27.6, 48.2, 55.9, 56.5, 73.0, 86.3.

results demonstrate that the SAS method, which entails theHRMS (FAB") m'z (MH) calcd for GsH26NOS, 256.1735; found,

identification of novel, low molecular weight nonpeptidic

fragments by substrate screening, followed by substrate opti-

mization and conversion to inhibitors, can successfully lead to
the development of inhibitors that are novel, potent, and
selective.
Experimental Section

General Synthesis Methods.Unless otherwise noted, all

256.1728.
(Ss.9)-N-[1-Methyl-1-(trans-4-methyl-cyclohexyl)-prop-2-ynyl]-
2-methylpropanesulfinamide (5c¢).A mixture of 0.69 g ofdc (2.0
mmol) and 1.6 g of TBAF (6.1 mmol) was reacted in 20 mL of
THF. HPFC purification (hexane/EtOAe 94:6 for 3 min, 94:6 to

a Abbreviation: AMC, 7-amino-4-carbamoylmethylcoumarin; AMCA,
7-amino-4-methyl coumarin acetic acid; E-64trans-epoxysuccinyl-Leu-
4-guanidinobutylamide; E-64¢;trans-epoxysuccinyl-Leu-3-methylbutyl-

reagents were obtained from commercial suppliers and used withoutamide; HATU, O-(7-azabenzotriazol-1-yly;N,N',N'-tetra-methyluronium

purification. THF was distilled under Nrom sodium/benzophe-

hexafluorophosphate; HPFC, high-performance flash chromatography.



Selectie Nitrile Inhibitors of Cathepsin S by SAS

50:50 over 33 min) provide&c (0.53 g, 97%) as a white solid:
1H NMR (400 MHz) ¢ 0.85 (d,J = 6.4 Hz, 3H), 0.870.96 (m,
2H), 1.06-1.34 (m, 3H), 1.18 (s, 9H), 1.44 (s, 3H), 144.52
(m, 1H), 1.76-1.77 (m, 2H), 1.86:1.96 (m, 2H), 2.43 (s, 1H),
3.25 (s, 1H);13C NMR (100 MHz)6 22.3, 22.5, 25.7, 26.8, 27.5,
32.5, 34.8, 47.9, 55.9, 56.4, 73.0, 86.33. HRMS (FABz
(MH™) calcd for GsHpgNOS, 270.1892; found, 270.1890.

(Ss.9)-N-[1-Methyl-1-(cis-4-methyl-cyclohexyl)-prop-2-ynyl]-
2-methylpropanesulfinamide (5d).A mixture of 1.0 g of4d (2.9
mmol) and 2.3 g of TBAF (8.8 mmol) was reacted in 29 mL of
THF. HPFC purification (hexane/EtO/Ae 94:6 for 3 min, 94:6 to
50:50 over 33 min) provide&d (0.78 g, 99%) as a white solid:
1H NMR (400 MHz) 6 0.94 (d,J = 7.6 Hz, 3H), 1.20 (s, 9H),
1.31-1.44 (m, 2H), 1.46:1.60 (m, 8H), 1.62-1.72 (m, 2H), 1.96
1.98 (m, 1H), 2.46 (s, 1H), 3.27 (s, 1HFC NMR (100 MHz)d
17.3, 20.9, 21.5, 22.5, 25.7, 26.6, 31.50, 31.53, 48.4, 56.0, 56.6,
73.0, 86.3. HRMS (FAB) m/z  (MH™) calcd for GsHzgNOS,
270.1892; found, 270.1893.

Sulfinyl Cleavage (6).To a 0.15 M solution o6 (1 equiv) in
CH3;0H was added HCI (3 equiv)sa 4 Msolution in 1,4-dioxane.
The solution was stirred for-12 h and concentrated to yie&] the
propargylamine hydrochloride salts.

(9)-1-1sopropyl-1-methyl-prop-2-ynylamine Hydrochloride
(6a). A mixture of 3.77 g of5a (17.5 mmol) and 13.0 mL of 4 M
HCI in dioxane (52.5 mmol) was reacted in 120 mL of £CHH to
afford propargylaminéa (2.55 g, 99%) as a white solidH NMR
(CDsOD, 400 MHz)6 0.93 (d,J = 6.8 Hz, 3H), 0.97 (dJ = 6.8
Hz, 3H), 1.60 (s, 3H), 2.10 (septet= 6.8 Hz, 1H), 3.30 (s, 1H);
13C NMR (CD;0D, 100 MHz)d 17.8, 17.9, 24.5, 37.7, 56.9, 78.1,
81.5. HRMS (FAB) m/z. (MH™") calcd for GH14N, 112.1126;
found, 112.1125.

(9)-1-Cyclohexyl-1-methyl-prop-2-ynylamine Hydrochloride
(6b). A mixture of 1.58 g of5b (6.19 mmol) and 4.75 mL of 4 M
HCI in dioxane (19.0 mmol) was reacted in 41 mL of §&M to
afford propargylaminéb (1.15 g, 99%) as a white solidH NMR
(CDs0OD, 400 MHz)6 1.15-1.40 (m, 5H), 1.61 (s, 3H), 1.65
1.78 (m, 2H), 1.82-1.96 (m, 4H), 3.32 (s, 1H):3C NMR (CDs-
OD, 100 MHz)6 24.6, 26.97, 27.01, 27.1, 28.3, 28.5, 47.1, 56.3,
78.0, 82.0. HRMS (FAB) miz. (MH™) calcd for GoHigN,
152.1439; found, 152.1443.

(9)-1-Methyl-1-(trans-4-methyl-cyclohexyl)-prop-2-ynyl-
amine Hydrochloride (6c). A mixture of 0.37 g of5c (1.4 mmol)
and 1.0 mL of 4 M HCI in dioxane (4.1 mmol) was reacted in 9
mL of CH;OH to afford propargylaminéc (0.27 g, 96%) as a
white solid: *H NMR (CDs;OD, 400 MHz)6 0.92 (d,J = 6.4 Hz,
3H), 0.94-1.06 (m, 2H), 1.23-1.41 (m, 3H), 1.59 (s, 3H), 1.60
1.69 (m, 1H), 1.86-1.95 (m, 4H), 3.29 (s, 1H):3C NMR (CDs-
OD, 100 MHz)6 22.8, 24.7, 28.2, 28.4, 33.5, 35.58, 35.64, 46.8,
56.2, 78.1, 82.0. HRMS (FAB m/z (MH™) calcd for GiHzoN,
166.1596; found, 166.1590.

(9-1-Methyl-1-(cis-4-methyl-cyclohexyl)-prop-2-ynylamine Hy-
drochloride (6d). A mixture of 0.75 g of5d (2.8 mmol) and 2.1
mL of 4 M HCI in dioxane (8.3 mmol) was reacted in 19 mL of
CH3;0H to afford propargylaminéd (0.55 g, 97%) as a white
solid: *H NMR (CD;OD, 400 MHz)¢ 0.89 (d,J = 7.6 Hz, 3H),
1.31-1.59 (m, 12H), 1.831.92 (m, 1H), 3.20 (s, 1H}:3C NMR
(CDsOD, 100 MHz)0 17.6, 22.3, 22.4, 24.7, 27.8, 32.2, 32.3, 47.3,
56.3, 78.0, 81.9. HRMS (FAB m/z. (MH™) calcd for G HzoN,
166.1596; found, 166.1593.

Synthesis of 1,4-Disubstituted-1,2,3-triazole AMCA Sub-
strates (Scheme 3). Synthesis ofMNle-AMCA-Wang Resin (7).
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CH,ClI,, and the solvent was removed in vacuo. R&sivas stored
at —20 °C until further use.

General Synthesis of Substrates (8)To resin7 (0.60-0.66
mmol/g, 1 equiv), preswollen in THF, was added a 0.02 M solution
of propargylaminé (1—2 equiv) in THF, withi-PREtN (100 equiv)
and Cul (3 equiv). The mixture was shaken for-2B h. After
removal of the solution, the resin was washed with three portions
(20 mL) each of THF, CEDH, CH;CN, and THF. After solvent
removal,i-PrEtN (8 equiv) was added to the derivatized resin. To
a 0.1 M solution of carboxylic acid (3.5 equiv) in THF with
triphosgene (1.1 equiv) was added 2,4,6-collidine (10 equiv). The
resulting slurry was stirred for about 1 min and then added to the
cartridge containing the derivatized resin. The resulting mixture
was shaken for 412 h. After removal of the solution, the resin
was washed with THF (20 mL) and the coupling was repeated two
more times. After removal of the solution, the resin was washed
with three portions (20 mL) each of THF, GBH, THF, and CH-

Cl,, and then the product was cleaved from the solid support [see
general procedure for cleavage]. The crude product mixture was
purified by HPLC [preparatory reverse-phase C18 column (24.1
x 250 mm), CHCN/H,0—0.1% CRCO,H = 5:95 over 50 min;

10 mL/min; 254 nm detection for 60 min], extracted into EtOAc,
dried (NaSQy), filtered, and concentrated. Due to the presence of
CRCO,H in the purification solvents, AMCA substrate®, were
isolated with 6-1 equiv of CRCO,H (by 'H NMR). Purity of all
substrate products was determined tot@5%, analyzed by HPLC.

General Procedure for Support Cleavage.The resin was
swollen in CHCI,. To the swollen resin was added a solution of
9:1 CH,CI,/(95% CRCOH, 2.5% HO, 2.5% triisopropylsilane),
and the mixture was shaken for-2 h. Upon removal of the
solution, the resin was washed with one portion of the cleavage
solution and three portions of GBI,. The combined washes were
concentrated under reduced pressure.

Substrate 8c.A mixture of 75 mg of propargylaminéb (0.40
mmol), 0.19 g of Cul (1.0 mmol), and 6.0 mL ®fPr,EtN (33
mmol) in 34 mL of THF was added to 0.50 g of resin(0.33
mmol). The support-bound amine intermediate was then acylated
using 0.15 g of benzoic acid (1.2 mmol), 0.11 g of triphosgene
(0.36 mmol), 0.44 mL of 2,4,6-collidine (3.3 mmol), and 0.45 mL
of i-PRLEtN (2.6 mmol) in 12 mL of THF. Preparative HPLC
purification gave 30 mg o8c (14%) as a sticky yellow solid*H
NMR (DMSO-ds, 400 MHz) ¢ 0.76-1.36 (m, 12H), 1.421.50
(m, 1H), 1.54-1.66 (m, 2H), 1.68-1.75 (m, 1H), 1.76 (s, 3H),
1.82-1.89 (m, 1H), 2.122.24 (m, 2H), 2.26:2.33 (m, 1H), 2.34
(s, 3H), 3.52 (s, 2H), 5.52 (dd,= 7.0, 9.2 Hz, 1H), 7.4%7.46
(m, 2H), 7.477.53 (m, 2H), 7.737.79 (m, 4H), 8.05 (s, 1H),
8.13 (s, 1H), 11.28 (s, 1H)}C NMR (DMSO-ds, 100 MHz) &
13.7,14.9, 20.8, 21.5, 26.1, 26.2, 27.0, 27.2, 27.4, 31.6, 33.7, 45.0,
57.4,63.4, 106.0, 115.7, 116.1, 119.3, 121.7, 126.1, 127.3, 128.1,
130.9, 135.7, 140.9, 148.0, 150.9, 152.2, 160.9, 166.1, 167.5, 171.9.
HRMS (FABY) m/z (MHT) calcd for GsH4oNsOs, 628.3135;
found, 628.3145.

Substrate 8d.A mixture of 56 mg of propargylaminéb (0.30
mmol), 0.11 g of Cul (0.58 mmol), and 5.2 mL oPrEtN (30
mmol) in 15 mL of THF was added to 0.34 g of resin(0.20
mmol). The support-bound amine intermediate was then acylated
using 90 mg of thiophene-3-carboxylic acid (0.70 mmol), 65 mg
of triphosgene (0.22 mmol), 0.26 mL of 2,4,6-collidine (2.0 mmol),
and 0.28 mL of-PrEtN (1.6 mmol) in 7 mL of THF. Preparative

A 20% solution of piperidine in DMF (30 mL) was added to a HPLC purification gave 66 mg o8d (52%) as a sticky yellow
cartridge containing Fmoc-AMCA-Wang resin (4.3 g, 0.49 mmol/ solid: *H NMR (DMSO-ds, 400 MHz) 6 0.78-1.36 (m, 12H),

g). The mixture was shaken for 5 min, the solution was removed, 1.38-1.44 (m, 1H), 1.551.66 (m, 2H), 1.68-1.74 (m, 4H), 1.86-

and the resin was washed with DMF (30 mL). The process was 1.87 (m, 1H), 2.1+2.24 (m, 2H), 2.252.34 (m, 1H), 2.37 (s,
repeated once, and the resin was washed with three portions of3H), 3.59 (s, 2H), 5.47 (dd] = 6.6, 9.0 Hz, 1H), 7.44 (dd] =

DMF (30 mL). A 0.4 M solution of HATU (4.0 g, 11 mmol) in 26 1.2, 5.2 Hz, 1H), 7.497.55 (m, 2H), 7.75 (dJ = 2.0 Hz, 1H),

mL of DMF with collidine (1.4 mL, 11 mmol) and NNle-OH 7.79-7.83 (m, 2H), 8.10 (s, 1H), 8.16 (dd= 1.2, 2.8 Hz), 11.12
(1.7 g, 11 mmol) was added to the resin, and the mixture was shaken(s, 1H), 12.55 (br s, 1H}:3C NMR (DMSO-ds, 100 MHz)¢é 13.7,

for 48 h. After removal of the solution, the resin was washed with 14.9, 20.7, 21.5, 26.1, 26.2, 26.9, 27.2, 27.5, 31.6, 32.9, 45.0, 57.3,
three portions (30 mL) each of DMF, THF, GBIH, THF, and 63.4,106.0, 115.7, 115.9, 118.3, 118.8, 121.7, 126.3, 127.2, 128.5,
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138.6, 141.0, 148.6, 151.0, 152.2, 160.8, 161.7, 167.5, 171.4. HRMSCI,, and then the product was cleaved from the solid support [see

(FABT) miz (MH™) calcd for G3HioNsOsS, 634.2699; found,
634.2682.

Substrate 8e.A mixture of 61 mg of propargylaminéc (0.30
mmol), 0.11 g of Cul (0.58 mmol), and 5.2 mL &fPr,EtN (30
mmol) in 15 mL of THF was added to 0.34 g of resin(0.20

general procedure for cleavage]. Primary amid@sywere purified
by silica gel chromatography (hexane/EtO#cl:7) or by HPFC
(hexane/EtOAG= 88:12 for 2 min, 88:12 to 0:100 over 19 min).
Amide 10a. A mixture of 0.11 g of propargylaminéa (0.75
mmol), 0.29 g of Cul (1.5 mmol), and 8.7 mL ®PrLEIN (50

mmol). The support-bound amine intermediate was then acylated mmol) in 38 mL of THF was added to 0.42 g of re€in(0.50

using 90 mg of thiophene-3-carboxylic acid (0.70 mmol), 65 mg
of triphosgene (0.22 mmol), 0.26 mL of 2,4,6-collidine (2.0 mmol),
and 0.28 mL ofi-PrEtN (1.6 mmol) in 7 mL of THF. Preparative
HPLC purification gave 48 mg o8e (37%) as a sticky yellow
solid: 'H NMR (DMSO-ds, 400 MHz)6 0.74-0.85 (m, 7H), 0.85
1.34 (m, 8H), 1.36-1.44 (m, 1H), 1.551.63 (m, 1H), 1.651.71
(m, 1H), 1.73 (s, 3H), 1.781.84 (m, 1H), 2.09-2.28 (m, 3H),
2.31 (s, 3H), 3.41 (s, 2H), 5.45.54 (m, 1H), 7.44 (ddJ = 1.2,
5.2 Hz, 1H), 7.48 (ddJ = 2.0, 8.8 Hz, 1H), 7.54 (dd] = 2.8, 5.2
Hz, 1H), 7.68-7.72 (m, 2H), 7.82 (s, 1H), 8.11 (s, 1H), 8.17 (dd,
J= 1.2, 2.8 Hz, 1H), 11.34 (s, 1H}3C NMR (DMSO-ds, 100

MHz) 6 14.2, 15.3, 21.2, 21.9, 22.9, 27.1, 27.4, 27.9, 32.0, 32.7,

mmol). The support-bound amine intermediate was then acylated
using 0.21 g of benzoic acid (1.8 mmol), 0.16 g of triphosgene
(0.55 mmol), 0.66 mL of 2,4,6-collidine (5.0 mmol), and 0.70 mL
of i-PREtN (4.0 mmol) in 18 mL of THF. HPFC purification
provided10a(62 mg, 33%) as a yellow solid®H NMR (400 MHz)

0 0.79-0.88 (m, 6H), 0.97 (dJ = 6.8 Hz, 3H), 1.06-1.16 (m,

1H), 1.20-1.38 (m, 3H), 1.88 (s, 3H), 2.12.28 (m, 2H), 2.85
(septetd = 6.8 Hz, 1H), 5.09 (ddJ = 6.0, 9.6 Hz, 1H), 6.12 (br

s, 1H), 6.63 (br s, 1H), 7.19 (s, 1H), 7:38.42 (m, 2H), 7.47 (t,
J=7.2 Hz, 1H), 7.74 (dJ = 7.6 Hz, 1H), 7.78 (s, 1H}:3C NMR

(100 MHz) 6 13.7, 17.3, 17.6, 21.4, 21.9, 27.9, 32.4, 34.9, 58.3,
64.4,122.3,126.8, 128.6, 131.4, 135.2, 150.7, 166.9, 170.8. HRMS

35.3,35.7, 45.1, 57.7, 63.7, 106.4, 116.0, 116.8, 121.4, 122.2, 126.2(FAB*) miz (MH*) calcd for GoHaoNsO,, 372.2400; found,
126.8, 127.7, 129.0, 139.0, 140.9, 147.3, 151.4, 152.5, 161.5, 162.1372.2393.

167.9, 173.0. HRMS (FAB) m/zz (MH™) calcd for GaH4sNs06S,
648.2856; found, 648.2855.

Substrate 8f. A mixture of 61 mg of propargylaminéd (0.30
mmol), 0.11 g of Cul (0.58 mmol), and 5.2 mL &frLEtN (30
mmol) in 15 mL of THF was added to 0.34 g of resin(0.20

Amide 10b. A mixture of 0.30 g of propargylaminéa (2.0
mmol), 0.57 g of Cul (3.0 mmol), and 17 mL &fPLEIN (100
mmol) in 100 mL of THF was added to 0.90 g of re€(0.50
mmol). The support-bound amine intermediate was then acylated
using 0.64 g of thiophene-3-carboxylic acid (5.0 mmol), 0.33 g of

mmol). The support-bound amine intermediate was then acylatedtriphosgene (1.1 mmol), 1.3 mL of 2,4,6-collidine (10 mmol), and

using 90 mg of thiophene-3-carboxylic acid (0.70 mmol), 65 mg
of triphosgene (0.22 mmol), 0.26 mL of 2,4,6-collidine (2.0 mmol),
and 0.28 mL ofi-Pr,EtN (1.6 mmol) in 7 mL of THF. Preparative
HPLC purification gave 72 mg o8f (56%) as a sticky yellow
solid: 'H NMR (DMSO-dg, 400 MHz)6 0.77 (d,J = 7.2 Hz, 3H),
0.81 (t,J = 7.2 Hz, 3H), 0.93-1.62 (m, 12H), 1.76 (s, 3H), 1.80
1.88 (m, 1H), 2.13-2.30 (m, 3H), 2.32 (s, 3H), 3.47 (s, 2H), 548
5.54 (m, 1H), 7.44 (d) = 1.2, 5.2 Hz, 1H), 7.49 (dd]= 1.8, 8.4
Hz, 1H), 7.54 (ddJ = 2.8, 5.2 Hz, 1H), 7.747.76 (m, 2H), 7.83
(s, 1H), 8.12 (s, 1H), 8.16 (dd,= 1.2, 2.8 Hz, 1H), 11.27 (s, 1H);
13C NMR (DMSOds, 100 MHz) 6 14.2, 15.3, 17.5, 21.1, 21.3,

1.4 mL ofi-Pr,EtN (8.0 mmol) in 50 mL of THF. Chromatography
provided 10b (144 mg, 38%) as a yellow solid*H NMR (400
MHz) 6 0.77 (d,J = 6.8 Hz, 3H), 0.81 (tJ = 7.0 Hz, 3H), 0.93
(d,J=6.8 Hz, 3H), 1.03-1.15 (m, 1H), 1.16:1.35 (m, 3H), 1.84
(s, 3H), 2.02-2.25 (m, 2H), 2.79 (septef, = 6.8 Hz, 1H), 5.19
(dd,J = 6.2, 9.4 Hz, 1H), 6.45 (br s, 1H), 7.00 (br s, 1H), 724
7.28 (m, 2H), 7.37 (ddJ = 1.2, 5.2 Hz, 1H), 7.78 (s, 1H), 7.85
(dd,J=1.2, 3.0 Hz, 1H)*C NMR (100 MHz)¢ 13.6, 17.2, 17.5,
21.3,21.8,27.7,32.4,34.9,58.2, 64.0, 121.7, 126.1, 126.3, 128.0,
138.2, 150.6, 162.4, 170.7; HRMS (FABm/z. (MH™) calcd for
CigH28Ns0,S, 378.1964; found, 378.1961.

21.5, 21.9, 26.7, 27.9, 31.9, 34.8, 45.6, 57.9, 63.8, 106.4, 116.0, Amide 10c. A mixture of 0.38 g of propargylaminéb (2.0
116.6,120.4, 122.2, 126.4, 126.8, 127.6, 129.0, 139.1, 141.2, 148.0mmol), 0.57 g of Cul (3.0 mmol), and 17 mL &fPrLEtN (100

151.1, 152.5, 161.4, 162.1, 167.9, 172.7. HRMS (FABvVZ

(MH™) calcd for G4H4:NsO6S, 648.2856; found, 648.2849.
Synthesis of 1,4-Disubstituted-1,2,3-triazole Inhibitors (Scheme

4). Synthesis of N-Nle-Sieber Amide Resin (9)A 20% solution

of piperidine in DMF (30 mL) was added to a cartridge containing

Sieber Amide resin (1.9 g, 16200 mesh, 0.52 mmol/g). The

mmol) in 100 mL of THF was added to 0.83 g of re€in(1.0
mmol). The support-bound amine intermediate was then acylated
using 0.43 g of benzoic acid (3.5 mmol), 0.33 g of triphosgene
(2.1 mmol), 1.3 mL of 2,4,6-collidine (10 mmol), and 1.4 mL of
i-PrLEtN (8.0 mmol) in 35 mL of THF. Chromatography provided
10c(147 mg, 37%) as a yellow solidH NMR (400 MHz)6 0.76—

mixture was shaken for 5 min, the solution was removed, and the 1.39 (m, 12H), 1.561.84 (m, 5H), 1.87 (s, 3H), 2.652.25 (m,
resin was washed with DMF (30 mL). The process was repeated 2H), 2.33-2.42 (m, 1H), 5.13 (app ] = 7.6 Hz, 1H), 6.39 (br s,
once, and the resin was washed with three portions of DMF (30 1H), 6.93 (br s, 1H), 7.31 (s, 1H), 7.38 (applt= 7.4 Hz, 2H),

mL). A 0.4 M solution of HATU (1.9 g, 5.0 mmol) in 13 mL of
DMF with collidine (0.66 mL, 5.0 mmol) and NNle-OH (0.79 g,

7.45 (t,J = 7.4 Hz, 1H), 7.74 (dJ) = 7.6 Hz, 2H), 7.76 (s, 1H);
13C NMR (100 MHz) 6 13.7, 21.7, 21.9, 26.2, 26.3, 27.5, 27.8,

5.0 mmol) was added to the resin, and the mixture was shaken for32.4, 45.3, 58.0, 64.1, 122.1, 126.8, 128.5, 131.4, 135.2, 151.0,

48 h. After removal of the solution, the resin was washed with
three portions (30 mL) each of DMF, THF, GBIH, THF, and
CH,ClI,, and the solvent was removed in vacuo. Ré&sivas stored

at —20 °C until further use.

General Synthesis of Primary Amides (10)To resin9 (0.83
mmol/g, 1 equiv), preswollen in THF, was added a 0.02 M solution
of propargylaminé (1—2 equiv) in THF, withi-Pr,EtN (100 equiv)
and Cul (3 equiv). The mixture was shaken for—28 h. After

166.9, 171.0. HRMS (FAB) m/zz (MH™) calcd for GaHsuNsOo,
412.2713; found, 412.2703.

Amide 10d. A mixture of 0.38 g of propargylaminéb (2.0
mmol), 0.57 g of Cul (3.0 mmol), and 17 mL &fPLEIN (100
mmol) in 100 mL of THF was added to 0.90 g of re€n(0.50
mmol). The support-bound amine intermediate was then acylated
using 0.64 g of thiophene-3-carboxylic acid (5.0 mmol), 0.33 g of
triphosgene (1.1 mmol), 1.3 mL of 2,4,6-collidine (10 mmol), and

removal of the solution, the resin was washed with three portions 1.4 mL ofi-PrLEtN (8.0 mmol) in 50 mL of THF. Chromatography

(20 mL) each of THF, ChDH, CH;CN, and THF. After solvent
removal,i-PrEtN (8 equiv) was added to the derivatized resin. To
a 0.1 M solution of carboxylic acid (35 equiv) in THF with

provided10d (72 mg, 17%) as a yellow solictH NMR (400 MHz)
0 0.72-1.03 (m, 6H), 1.08-1.40 (m, 6H), 1.58-1.85 (m, 5H), 1.88
(s, 3H), 2.12-2.20 (m, 1H), 2.232.34 (m, 1H), 2.382.47 (m,

triphosgene (1.1 equiv) was added 2,4,6-collidine (10 equiv). The 1H), 5.09 (dd,J = 6.0, 9.2 Hz, 1H), 5.86 (br s, 1H), 6.49 (br s,
resulting slurry was stirred for about 1 min and then added to the 1H), 7.14 (s, 1H), 7.287.34 (m, 1H), 7.38 (dJ = 5.2 Hz, 1H),
cartridge containing the derivatized resin. The resulting mixture 7.66 (s, 1H), 7.85 (dJ = 2.0 Hz, 1H);**C NMR (100 MHz)

was shaken for 412 h. After removal of the solution, the resin

13.7,21.9, 22.3, 26.29, 26.32, 26.4, 27.68, 27.71, 27.9, 32.5, 45.1,

was washed once with THF (20 mL), and the coupling was repeated58.2, 64.6, 121.9, 126.1, 126.4, 127.9, 138.5, 151.2, 162.2, 170.4.
two more times. After removal of the solution, the resin was washed HRMS (FAB") m/zz (MH™) calcd for GiH3:Ns0,S, 418.2276;

with three portions (20 mL) each of THF, GBH, THF, and CH-

found, 418.2275.
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Amide 10e. A mixture of 0.15 g of propargylaminéc (0.75
mmol), 0.29 g of Cul (1.5 mmol), and 8.7 mL &fPr,EtN (50
mmol) in 38 mL of THF was added to 0.42 g of re€9n(0.50
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1H); 13C NMR (100 MHz) 6 13.6, 21.6, 22.2, 26.3, 26.4, 27.3,
27.6,27.7,29.7, 34.2, 45.1, 51.2, 58.2, 115.5, 120.3, 126.1, 126.4,
127.9, 138.4, 152.2, 162.2. HRMS (FABmWz (MH™*) calcd for

mmol). The support-bound amine intermediate was then acylated C,;H,9NsOS, 400.2171; found, 400.2170.

using 0.22 g of thiophene-3-carboxylic acid (1.8 mmol), 0.16 g of
triphosgene (0.55 mmol), 0.66 mL of 2,4,6-collidine (5.0 mmol),
and 0.70 mL ofi-PrLEtN (4.0 mmol) in 18 mL of THF. HPFC
purification providedLOe(70 mg, 32%) as a yellow solidtH NMR
(400 MHz) 6 0.77—-0.85 (m, 6H), 0.86-1.05 (m, 4H), 1.06'1.36

(m, 5H), 1.54-1.76 (m, 3H), 1.79-1.87 (m, 4H), 2.12-2.27 (m,
2H), 2.28-2.37 (m, 1H), 5.045.13 (m, 1H), 6.40 (br s, 1H), 6.80
(br s, 1H), 7.04 (s, 1H), 7.277.33 (m, 2H), 7.7#7.84 (m, 2H);
13C NMR (100 MHz) ¢ 13.7, 21.6, 21.9, 22.3, 27.3, 27.5, 27.9,

Inhibitor 11e. A mixture of 52 mg of amidelOe (0.12 mmol)
and 22 mg of 2,4,6-trichlorotriazine (0.12 mmol) was reacted in
0.8 mL of DMF. HPFC purification providetile(20 mg, 40%) as
a yellow solid: 'H NMR (400 MHz) 6 0.83 (d,J = 6.4 Hz, 3H),
0.86-1.05 (m, 7H), 1.12-1.24 (m, 1H), 1.341.50 (m, 4H), 1.55
1.85 (m, 4H), 1.88 (s, 3H), 2.1&8.33 (m, 2H), 2.372.46 (m,
1H), 5.52 (app tJ = 7.6 Hz, 1H), 7.01 (s, 1H), 7.31 (dd,= 2.8,

5.2 Hz, 1H), 7.38 (dd) = 1.2, 5.2 Hz, 1H), 7.71 (s, 1H), 7.84 (dd,
J = 1.2, 2.8 Hz, 1H);33C NMR (100 MHz)¢ 13.6, 21.6, 22.2,

32.3,32.6,34.8, 34.9, 45.0, 57.9, 64.3, 122.7, 125.9, 126.5, 128.5,22.3, 27.2, 27.4, 32.6, 34.2, 34.8, 34.9, 44.7, 51.1, 58.0, 115.5,

137.9, 151.0, 162.6, 171.8. HRMS (FABm/z. (MH™) calcd for
C22H34N5023, 4322433, found, 432.2428.

General Synthesis of Nitrile Inhibitors (11).A 0.15 M solution
of amide10 (1 equiv) in DMF was cooled in an ieevater bath

120.4, 126.0, 126.4, 127.9, 138.4, 152.1, 162.2. HRMS (PAB
m/zz (MH™) calcd for G,H3:NsOS, 414.2328; found, 414.2335.
Anal. (C2H3:NsOS) C, H, N.

Synthesis of Chloromethyl Ketone Inhibitor (13). According

and 2,4,6-trichlorotriazine (1 equiv) was added. The solution was to literature procedur& a 0.2 M solution of 1,2,3-triazole car-

stirred fa 2 h atroom temperature before being added to 25 mL

boxylic acid12 (90 mg, 0.24 mmol) in 1.2 mL of THF was stirred

of EtOAc. The solution was transferred to a separatory funnel and at —25 °C. To this solution were added 38 of N-methylmor-

washed three times with J@, dried (NaSQ,), filtered, and
concentrated. The inhibitord]1, were purified by HPLC [prepara-
tory reverse-phase C18 column (24<1250 mm), CHCN/H,O—
0.1% CRCO,H = 5:95 over 50 min; 10 mL/min; 254 nm detection
for 60 min] or by HPFC (hexane/EtOAe 94:6 for 1 min, 94:6 to
0:100 over 10 min).

Inhibitor 11a. A mixture of 45 mg of amidel0a (0.12 mmol)
and 22 mg of 2,4,6-trichlorotriazine (0.12 mmol) was reacted in
0.8 mL of DMF. HPFC purification providedla (27 mg, 64%)
as a yellow solid:'H NMR (400 MHz) 6 0.81 (d,J = 6.8 Hz,
3H), 0.91 (tJ = 7.0 Hz, 3H), 0.97 (dJ = 6.8 Hz, 3H), 1.33-1.49
(m, 4H), 1.89 (s, 3H), 2.192.33 (m, 2H), 2.90 (septed, = 6.8
Hz, 1H), 5.52 (app t) = 7.6 Hz, 1H), 7.11 (s, 1H), 7.387.44 (m,
2H), 7.45-7.51 (m, 1H), 7.747.79 (m, 3H);13C NMR (100 MHz)

pholine (0.34 mmol) and then 44_ of isobutyl chloroformate (0.31
mmol). After addition of the chloroformate, a white solid formed.
After 1 h, the reaction mixture was filtered and the solid was rinsed
with 4 mL of ice-cold THF. The reaction mixture was again stirred
at —25 °C until filtration resulted in a clear, colorless solution.
Excess diazomethane, prepared frpaioluenesulfonylmethyinit-
rosamide (Diazald), was introduced in situ, according to literature
procedure? while the flask was maintained at25 °C. After the
addition of diazomethane, the solution was stirred-a6 °C for

0.5 h and then at room temperature for 0.5 h. In an-izater bath,

a 1:1 solution of concentrated hydrochloric acid and glacial acetic
acid was then added dropwise to the solution until the evolution of
N> was no longer observed. The solution was diluted with EtOAc
(15 mL) and transferred to a separatory funnel where it was washed

0 13.6, 17.3, 17.5, 21.4, 21.6, 27.2, 34.1, 34.8, 51.1, 58.3, 115.5, with water (5 mL), satd NaHCO(5 mL), and water (5 mL) until

120.5, 126.8, 128.5, 131.4, 135.3, 151.7, 166.6. HRMS (PAB
m/z. (MH™) calcd for GoH2eNsO, 354.2294; found, 354.2294. Anal.
(CaoH27NsO) C, H, N.

Inhibitor 11b. A mixture of 40 mg of amidelOb (0.11 mmol)
and 20 mg of 2,4,6-trichlorotriazine (0.11 mmol) was reacted in
0.8 mL of DMF. HPFC purification provided1b (32 mg, 81%)
as a yellow solid:'H NMR (DMSO-ds, 400 MHz)¢6 0.72 (d,J =
6.8 Hz, 3H), 0.82 (tJ = 7.1 Hz, 3H), 0.90 (dJ = 6.8 Hz, 3H),
1.09-1.34 (m, 4H), 1.68 (s, 3H), 2.32.27 (m, 2H), 2.66-2.70
(m, 1H), 6.08 (app tJ = 7.6 Hz, 1H), 7.44 (ddJ = 1.2, 5.0 Hz,
1H), 7.55 (dd,J = 2.9, 5.0 Hz, 1H), 7.87 (s, 1H), 8.16 (dd,=
1.3, 2.9 Hz, 1H), 8.19 (s, 1H}3C NMR (DMSO-ds, 100 MHz) ¢

the final water wash was pH neutral. The organic layer was dried

(N&SQOy), concentrated, and purified by silica gel chromatography

(Et,O/CH,CI, = 3:97 to 20:80). ThéH NMR data corresponds to

a 1:1 mixture of diastereomers, with about 5% of the methyl ester

product observedH NMR (300 MHz)6 0.78-1.02 (m, 9H), 1.16-

1.23 (m, 1H), 1.231.47 (m, 3H), 1.94 (s, 3H), 2.68.20 (m,

1H), 2.22-2.36 (m, 1H), 2.96-3.05 (m, 1H), 4.174.22 (m, 2H),

5.54 (dd,J = 5.1, 10.1 Hz, 1H), 7.297.38 (m, 1H), 7.46-7.55

(m, 3H), 7.68-7.76 (m, 1H), 7.7#7.89 (m, 2H). HRMS (FAB)

m/'z. (MH™) calcd for G1H30CIN4O,, 405.2057; found, 405.2052.
General Assay Procedure.Cathepsins B, K, L, and S were

purchased from Calbiochem (San Diego, CA). Cbz-Leu-Arg-AMC,

13.8, 17.2, 17.6, 19.8, 21.2, 26.8, 33.0, 34.8, 50.0, 57.3, 117.2, Cbz-Phe-Arg-AMC, [trans-epoxysuccinyl-Leu-4-guanidinobuty-

122.7, 126.5, 127.4, 128.8, 138.5, 151.5, 162.0. HRMS (HAB
m/z. (MH™) calcd for GgH»eNsOS, 360.1858; found, 360.1859.
Anal. (Q8H25N505) C, H, N.

Inhibitor 11c. A mixture of 100 mg of amidé.Oc (0.24 mmol)
and 44 mg of 2,4,6-trichlorotriazine (0.24 mmol) was reacted in
1.7 mL of DMF. HPLC purification provided.1c (39 mg, 41%)
as a yellow solid:*™H NMR (400 MHz) 6 0.82-1.11 (m, 6H),
1.15-1.59 (m, 7H), 1.63-1.75 (m, 2H), 1.7#1.88 (m, 2H), 1.89
(s, 3H), 2.26-2.33 (m, 2H), 2.38-2.48 (m, 1H), 5.53 (app ] =
7.4 Hz, 1H), 7.21 (s, 1H), 7.42 (appX~= 7.4 Hz, 2H), 7.50 (t)J
= 7.4 Hz, 1H), 7.74 (dJ = 7.6 Hz, 2H), 7.77 (s, 1H)3C NMR
(100 MHz) 6 13.6, 21.3, 21.6, 26.2, 26.3, 27.2, 27.5, 27.6, 34.1,

lamide (E-64), and trans-epoxysuccinyl-Leu-3-methylbutylamide
(E-64c) were purchased from Bachem (Torrance, CA). The pro-
teolytic cleavage oN-acyl aminocoumarins by cathepsins B, K,

L, and S was conducted in Dynatech Microfluor fluorescence 96-
well microtiter plates, and readings were taken on a Molecular
Devices Spectra Max Gemini XS instrument. The excitation
wavelength was 370 nm and the emission wavelength was 455 nm,
with a cutoff of 435 nm for AMCA substrates; the excitation
wavelength was 355 nm and the emission wavelength was 450 nm
for peptidyl-AMC substrates. The assay buffer consisted of a 100
mM solution of pH 6.1 sodium phosphate buffer with 100 mM of
sodium chloride, 1 mM of DTT, 1 mM of EDTA, and 0.001% of

45.3, 51.3, 58.1, 115.4, 120.9, 126.8, 128.6, 131.7, 134.7, 151.9, Tween-20.

167.5. HRMS (FAB) m/z. (MH™) calcd for G4H3NsO, 394.2607;
found, 394.2611. Anal. (£H30NsOS) C, H, N.

Inhibitor 11d. A mixture of 50 mg of amidel0d (0.12 mmol)
and 22 mg of 2,4,6-trichlorotriazine (0.12 mmol) was reacted in
0.8 mL of DMF. HPLC purification provided.1d (19 mg, 39%)
as a yellow solic®* 'H NMR (DMSO-ds, 300 MHz) 6 0.77—-1.46
(m, 13H), 1.56-1.90 (m, 7H), 2.13-2.33 (m, 3H), 6.07 (app 1]
=10.0 Hz, 1H), 7.44 (dd) = 1.2, 4.8 Hz, 1H), 7.54 (dd] = 2.8,

4.8 Hz, 1H), 7.86 (s, 1H), 8.16 (dd,= 1.2, 2.8 Hz, 1H), 8.18 (s,

Assay Procedure for 1,2,3-Triazole AMCA SubstratesAssays
were conducted at 3T in duplicate with and without the enzyme.
In each well was placed 38L of enzyme solution and 2L of a
DMSO substrate solution. Assays were performed at substrate
concentrations that were at minimum 10-times less thanKthe
for that substrate. Relative fluorescent units (RFU) were measured
at regular intervals over a period of time (maximum 15 min). A
plot of RFU versus time was made for each substrate with and
without cathepsin S. The slope of the plotted line g¥ve/Knm of
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each substrate for each cathepsin. Using the RFUubdérfor in the Protein Data Bank; PDB ID: 2H7J and 2HXZ. This material
AMCA, substrate concentration, and enzyme concentration (deter-is available free of charge via the Internet at http://pubs.acs.org.
mined by E-64 titration for cathepsins B, K, and L or&4c
titration for cathepsin S¥ kea/Km was determined. References

To determine theKy, and keo; Of substrates with cathepsin S,
assays were conducted at 37 in duplicate with and without the
enzyme at six substrate concentrations above and belo,ttoé

(1) Wood, W. J. L.; Patterson, A. W.; Tsuruoka, H.; Jain, R. K.; Ellman,
J. A. Substrate Activity Screening: A fragment-based method for
the rapid identification of nonpeptidic protease inhibitals.Am.

each substrate. In each well was placed 2D®f enzyme solution Chem. S0c2005 127, 15521 15527.

and 10uL of a DMSO substrate solution. RFU were measured at  (2) Salisbury, C. M.; Eliman, J. A. Rapid identification of potent
regular intervals over a period of time (maximum 15 min). A plot nonpeptidic serine protease inhibito@hemBioCher200§ 7, 1034

of RFU/s versus substrate concentration, analyzed using Kaleida- 1037.
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