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A scheme combining the preparation of building blocks in solution followed by solid-phase combinatorial
chemistry has been developed to side-chain diversify 5-(hydroxymethyl)oxazole scaffioith @ryl ethers,
thioethers, sulfones, sulfonamides, and carboxamides. Protected heterocyclic s@affetédinked to the

solid phase and N-terminal derivatized using active ester chemistry, providing chériset,1-4}. The

free side-chain hydroxyl o4 was smoothly converted to aryl ethésinder Mitsunobu conditions, with a
broad range of substituted phenols. Alternatively, quantitative conversion of hydroxyl to bromide followed
by displacement with alkyl and aryl thiols gave thioeth&r§hioethers were optionally oxidized to sulfones

9. Bromide displacement by azide, followed by reduction to amine and acylation with a range of carboxylic
acids and sulfonyl chlorides gave carboxamitiband sulfonamide$3, respectively. Crude purity at typically
>90% was observed for each of the five modifications detailed. A series of 20 compounds, exemplifying
each modification, was reprepared, purified, and fully characterized.

Introduction parallel developments in compound and data management.

The conceptually simple idea of modifying a molecule 'I_'he logistics of _integrating synthesis, purification, registra-
which is anchored to a polymeric support was first presented tion, and screening results for many thousand; of compounds
by R. B. Merrifield in 1962t He outlined basic theoretical have esse_ntlally been taqkled. Now, the major hold.-up 0
and experimental principles that were originally directed fully gxplomng th-e potential offered by SPOC,: technques
toward the specialized field of solid-phase peptide synthesis, €S in the relatively low number of reactions readily

but later evolved to include oligonucleotide and more recently Performed in solution that have been adequately transferred

oligosaccharide syntheses. During the last 10 years, thel© the solid phase. The progress made to date has been

fundamental concepts that emerged from “oligo’type solid- cqllated in a number of concise review artlcfeé,together_
phase research have been increasingly applied and adapteiith the most recent contributions at numerous Internet ites.
toward a much more diverse range of chemistries. This AS part of an in-house medicinal chemistry program, a
interest has fuelled the rapidly expanding field of general diverse range of molecules based upon the substituted

solid-phase organic chemistry (SPOC), an area which has®*@Z0le unit {) was sought. In particular, we aimed to
emerged to become a major part of modern medicinal develop a synthetic scheme that provided flexible derivati-

chemistry research® Currently, there is enormous interest 2ation of @), primarily though N-terminal extension and the
in generating synthetic protocols that exploit the versatility introduction of multlple functionality at. oxazole ring position
of chemistry that can be performed in solution, combined 2 Although the solid-phase synthesis of numerous hetero-
with the sheer power of parallel solid phase synthesis. The ¢Yclic cores has been described previodstur preferred
potential for such a scheme is clearly seen: A sequence ofSUategy involved the preparation in solution of an ap-
chemical reactions that have been successfully transferred?rOPriately functionalized and protected core, followed by
to the solid phase can routinely generate 1000 analogues a§olld-pha§e attachme.nt, assemply, qnd derivitization. Here,
single compounds. Arrays of this size are not only redirecting W& describe a combined solutiesolid-phase scheme in
the initial stages of drug discovery toward molecules with Wh'(,:h a solu-t|.0n;generated hc_—:‘terocycllc.scaffpld IS s_|de-
good biological potency and selectivity, but are also offering cain diversified” on the solid phase into five distinct
researchers an expanding appreciation of preliminary phar-c0mpound series.
macokinetic properties. Thus, the screening of compound Results and Discussion
arrays should identify early lead molecules that exhibit a . . .
broad range of attractive properties which can be subse- SUCCPTSSM SPOC s puﬂt aro”?‘d the smooth conversion
guently exploited to generate more robust drug leads ando_f a sc.)I|d—_phase bqund |nterme_d|ate, through a number of
more successful clinical candidates. h|gh—y|eld|ng chemical conversions, to an easily released
The trend toward large analogue arrays has necessitate(]jInal .product. Of the numerous factors that n eeded tc_) be
considered toward the development of a flexible combina-
*To whom correspondence should be addressed (E-mail: torial synthesis based around oxazole udj; the global
martin.quibell@peptide.co.uk). protecting group strategy and choice of linkage chemistry
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Figure 1. Oxazole core for combinatorial elaboration.
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tion under Mitsunobu conditions with triphenylphosphine/
iodine/diisopropylethylamine (DIEA) followed by flash
chromatography yielded the benzyl-protected oxazole inter-
mediates as foams in 85%-§erine), 87% f-serine), 56%
(L-threonine), and 73%bfthreonine) yields$? In each case,

the benzyl urethane, ether, and ester protecting groups were
removed in a clean single hydrogenation step. Finally,
intermediates were &dFmoc protected providing reagent
chemse®{1—4} isolated, following flash chromatography,

were crucial. Our preferred design strategy was based uporgs fully characterized compounds B{1} (43%), 2{2}

high-fidelity N-o-fluorenylmethoxy carbonyl (Fmoc) chem-
istry® for N-terminal elaboration, protection compatible with

an acid labile linkage. A key element of oxazol@ (Figure

(48%),2{ 3} (20%), and2{4} (50%) yields.
The solid-phase research was divided into two phases, the
first of which was the efficient assembly of the N-terminal

1) was the primary carboxamide at ring position 4, which derivatized solid-phase bound chem#git—4,1—-4}. Reagent

enabled the use of acid labile Rink amide linkeas a

chemset2{1-4} was loaded onto Rink amide derivatized

convenient site for attachment to the solid phase. Thesemultipin gears or crowns (1.zmole/gear or 5umole/
chemical considerations were used to design a series ofcrown)!* through BOP/1-hydroxy benzotriazole hydrate

heterocyclic scaffolds, reagent chemgt—4} derived from
2{1} L-serine,2{2} p-serine,2{3} L-threonine, and{ 4}

(HOBLt)/N-methylmorpholine (NMM) carboxyl activation in
dimethylformamide (DMF). Three equivalent reagent excess

p-threonine which were prepared in solution (Scheme 1). for 16 h gave high-yield loading (as judged by quantitative
Chemset2{1—4} provided the core templates for the Fmoc reading) with excellent purity at98% (as judged by

subsequent solid phase assembly of oxazoles (1).
The solution preparation of reagent chemg&éfi—4}

HPLC analysis of a trifluoroacetic acid (TFA)4SiH cleaved
product). Following removal of M-Fmoc protection, gears/

commenced from N-(diphenyl methylene)glycine benzyl crowns were coupled with a series of Fmamino acid
ester!2 The anion generated by treatment with lithium pentafluorophenyl esters, reagent chengfgt—4} which
hexamethyldisilazane was acylated by benzyloxyacetyl chlo- consisted o8{ 1} L-homotert-butylglycine,3{2} L-leucine,

ride. The resultant product was hydrolyzed in situ to the more 3{3} L-homoleucine, an@{4} L-norleucine. The first stage
stable hydrochloride salt, isolated in essentially quantitative of solid-phase research was completed by subsequent
yield, and used without further purification. The salt was removal of Nx-Fmoc protection and capping with 3-car-
divided into four batches, each separately coupled to the boxyfuran pentafluorophenyl ester, providing chendgdt-

appropriate N-benzyloxycarbonyamino acid, using mixed
anhydride activation via isobutylchloroformate. The precy-

4,1-4} (Scheme 2).
The simple high-fidelity methods illustrated in Scheme 2

clized building blocks were purified by flash chromatography stemmed from a detailed investigation. Because solid-phase

and isolated as foams in 32%gerine), 32%g-serine), 21%

(L-threonine), and 30%bfthreonine) yields. Cyclodehydra-

chemistry traditionally involves forcing conditions in order
to drive reactions to completion, a prudent starting point in

Scheme 1. Solution Preparation of Key Reagent Chemiet—4}2
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aReagents: (i) LIHMDS, THF;-78 °C, 2 h. (ii) Benzyloxyacetyl chloride. (iii) HCI/ED. (iv) Cbz-amino acid, isobutylchloroformate, THF20 °C,
NMM. (v) PhgP, I, EtsN, THF, =78 °C, 2—16 h. (vi) Hy/Pd/C. (vii) Fmoc-Cl (1.05 equiv), N&€Os (2.1 equiv), dioxan/kD.
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Scheme 2.Solid-Phase Assembly of Core Reagent Chem§gt-4,1-4}2
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aReagents: (i) 3 equiv reagent chem&gt—4}/3 equiv BOP/3 equiv HOBt/6 equiv NMM in DMF o/iH-RINK—GIly—GEAR. (ii) 20% Piperidine/
DMF, 30 min. (iii) 5 equiv Fmoc-AA-Opfp, reagent chem&§t—4},/5 equiv HOBt, DMF, o/n. (iv) 5 equiv 3-carboxyfuranpentafluorophenyl ester/5 equiv

HOBt, DMF, o/n.
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Figure 2. Analytical HPLC of crude product from Mitsunobu
reaction. Conditions: Vydac gsystem 1) 16-90% B in A, 2-27
min, 1.5 mL/min, 215 nm UV, where solvent # 0.1% aq TFA
and solvent B= acetonitrile/10% A. (a) Chemset memig#,2},
R = 7.94 min. (b) Aryl ether membei{4,2,19, R, = 13.97 min.

any scheme is the design of a building block containing
maximal protection of potentially reactive functionalities.
Thus, a large proportion of our initial investigation centered
on protected analogues of reagent cher@sét particular,
analogues containing O-allyl ether protection of the hydroxyl

T 1 T 1
0 20 40

Rt (mins)

Figure 3. Analytical HPLC of crude intermediates to sulfide and
sulfone analogues. Conditions: Vydag Bystem 1) 16-90% B

in A, 2—27 min, 1.5 mL/min, 215 nm UV, where solvent A&
0.1% aq TFA and solvent B= acetonitrile/10% A. (a) Chemset
member4{1,1}, R, = 8.56 min. (b) Bromide analogue d{1,1},

R = 11.84 min. (c) Alkyl sulfide membe8{1,1,4, R = 15.04
min. (d) Alkyl sulfone membe®{1,1,4, R = 13.68 min.

chemse® containing the free hydroxyl group. However, the
use of2 on solid phase provided an alternative problem. Use
of the free acids of reagent chem&:and capping group

group. These were prepared by a simple variation of Scheme(conditions under which the earlier O-allyl-protected ana-

1, through the addition of allyloxyacetyl chloride to the
glycine anion equivalent. The hydroxyl-protected analogues
of 2 were used to generate O-allyl-protected analoguds of
Suprisingly, the seemingly simple removal of O-allyl protec-
tion to generate chemsétvas never satisfactorily achieved,
despite a wealth of existing literature supporting the clean
and easy removal of allyl protection on solid ph&s€These

logues of2 gave excellent crude O-allyl-protected analogues
of chemsetl) gave significant branching at the free hydroxyl
during the acylation cycles, in some instanees0%. The
branching problem was, however, virtually eliminated through
the use of pentafluorophenyl active ester chemistry for the
acylation cycles. Under these milder conditions, the crude
quality of chemset{1—4,1-4} was excellent at typically

findings prompted our design and synthesis of reagent >90% (as judged by HPLC, e.g., Figure 2a and Figure 3a,
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Scheme 3.Combinatorial Diversification of Chemsd{1—4,1—-4}2
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aReagents: (i) DEAD, Pj®, triethylamine, phenol reagent chemsgt—75}, 37 °C, o/n. (ii) 95% TFA/5% E4SiH, 90 min. (iii) CBi, PPh, DCM, RT,
1 h. (iv) NMP/thiol reagent chems&{1—8},/DIEA (93:5:2, v/viv), RT, o/n. (v) 3-chloroperoxybenzoic acid, DCM, RF3ldays. (vi) NMP/HO (9:1),
NaNs (50 equiv), DIEA (10 equiv), RT, o/n. (Wii2 M DTT/1 M DIEA in DMF, 50 °C, 2 x 1 h. (viii) 10 equiv Carboxylic acid reagent chem&e{1—
8},/10 equiv HBTU/10 equiv HOBt/20 equiv NMM in DMF o/n. (ix) 50 equiv Sulfonyl chloride reagent chetr#ét-7},/50 equiv DMAP, DMF, RT, o/n.

the later eluting minor impurity corresponded to trifluoro- utilizing a phenol and primary alcohol to prepare alkyl aryl
acetylated hydroxyl at M- 96, generated upon cleavage). etherst®2° Most existing reaction schemes describe the
The second phase of the solid-phase research involved thephenol as the solid-phase bound species, although Rano and
optimization of a series of reactions that converted the free Chapman have described high purity products commencing
hydroxyl group of the oxazole core chemggtl—4,1—4} from both solid-phase bound phenol and primary alcéhol.
into a multitude of functionalities. To date, five conversions The multicomponent nature of the Mitsunobu reaction
have been optimized, which are summarized in Scheme 3provides a wide range of potential experimental variation
and discussed in detail individually. such as reagent concentrations, order of addition, solvent,
Synthesis of Alkyl Aryl Ethers: 4 — 6. The Mitsunobu temperature, and reaction time. In addition, because different

reaction, an intermolecular dehydration between an alcoholtypes of solid-phase support with various loadings have been
and an acidic component upon treatment with diethyl used, it is not surprising that virtually all of the solid-phase
azodicarboxylate (DEAD) and triphenylphosphinefPhis experimental protocols described to date advocate different
one of the most extensively used transformations in syntheticoptimal reaction conditions.

chemistry*” A number of studies have described the suc- The present study sought to optimize the formation of
cessful use of Mitsunobu chemistry on the solid phase, ethers from multipin bound primary alcohol chemdgt—
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Chart 1
A ) Df & ﬁj @ Q OO
o o
CcooBu!
5{1} 5{2} 5{3} 5{4} 5(8)
““@/MQEj oo @r‘&‘#
5(9} 5{(10} 5{11} 5{12} 5{(13) 5{14} 5{(15) 5{16)
OH OH
CE o
OCHjz
i-Pr OCH3 OCHs ©/ F
5{17} 5{(18 5{19} 5{20} 5(21) 5{22} 5{23} 5{(24) 5{25}
F
sadent O Q. Q. L
OCH,CH3 Cl
526} 5{27} 5(28} 5{29) 5{30} 5(31} 5(32} 5(33) 5(34}
OH OH OH OH OH OH OH OH
Qo 0 O @ CO L} o QL
F F Q '
OCH,CHj L I [ ;
5{35} 5{36} 5{37} 5{(38} 5(39) 5{40} 5(41} 5(42) 5(43)
OH
OH OH OH OH OH OH
f cl H3CO\“/EIOH OH i ©/BUt
OCF; OCFs  Cs > Bu'
5{44} 5{45} 5{46} 5{47} 5{48) 5{49) 5{50} 5{57} 5{52)
OH OH OH
cl oH OH OH OH OH
SN sQ oo
cl
cl cl
5{53} 5{(54} 5{55} 5{56} 5(57} 5(58} 5{59} 5{60} 5{61}
OH
OH OH OH OH OH OH OH Q
cl HoCHs F OCH3
(Oon
Cl c [
cl
5{62} 5{63) 564} 5{65) 5{66} 5(67} 5{68) 5{69} 5{70}
OH OH OH
a soalool®
o ¢
5{71} 5{72} 5(73) 5{74) 5{75}
4,1-4} and solution phase phenol chemsgt—75}. Many investigation concerning the order of addition and concentra-

of our early experimental investigations gave poor quality tion of reagents. The optimal protocol for the test reaction,
crude products that were consistently contaminated by a side-betweend{ 4,2} and5{19}, involved the dropwise addition
product corresponding to addition of the DEAD reagent to of DEAD (0.15 M in tetrahydrofuran (THF)) to BR (0.15
the solid-phase primary alcohol (&158 Da). However, this M in THF) followed by triethylamine (to give 0.225 M) and
undesired reaction was eliminated following a thorough 5{19} (0.15 M in THF). This reagent solution was then added
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Chart 2

; Q
Chon o Oon Sy O
SH

{1} 7{2} (3} "4

Cl
O O o o
Cl
7{5} "7 7{8}

7{6}

to solid-phase bound{4,2} and heated at 37C for 16 h.
Under these conditions, the crude quality of member
6{4,2,1% was excellent at-90% purity by analytical HPLC
(Figure 2b). Reagent chemdgtl—75} (Chart 1) contained
phenols with a wide variety of electronic and stereochemical ! ' - ' ‘
properties. Thus we were encouraged to find that the use of Rt (mins)
the optimal test conditions between an analogu{ 84} 2> Figure 4. Analytical HPLC of crude intermediates to carboxamide
and the full phenol chems&{1—75} gave excellent crude  and sulfonamide analogues. Conditions: Vyda¢sgstem 1) 16-

; - 90% B in A, 2-27 min, 1.5 mL/min, 215 nm UV, where solvent
productst in the majority of cases (each crude product was A = 0.1% aqg TFA and solvent B acetonitrile/10% A. (a) Bromide

analyzed by analytical HELC and. electros.pray mass spectraanalogue of{ 1,1}, R = 11.84 min. (b) Azide analogue @{1,1},
(ESMS) and gave essentially a single main peak 20%). R = 11.48 min. (c) Amine analogue d{1,1}, R, = 8.41 min. (d)
The main exceptions in general contained a bulky alkyl group Carboxamide memberl{1,1,3, R = 12.25 min. (e) Sulfonamide
ortho to the hydroxyl6{3,4,3 (<20%),6{3,4,34 (<25%), memberl3{1,1,%}, R = 13.93 min.
6{3,4,4% (<20%),6{3,4,48 (<20%),6{3,4,5% (<10%),
and6{3,4,63 (<30%). A number of other products were  Synthesis of Sulfones: 8— 9. Many reagents are
of a medium quality with the desired material present at described in the literature for the oxidation of a sulfide to
approximately 50%6{3,4,13, 6{3,4,28, 6{3,4,7%, and sulfone. In the present studies, we found that oxidation of
6{3.4,74. multipin bound sulfide${1,1,1-8} proceeded in high yield
Synthesis of Thioethers: 4— 8. The conversion of  and purity, by simple treatment with a solution of 5 equiv
alcohol to thioether under Mitsunobu conditions has been of m-chloroperbenzoic acid (NCPBA) in DCM for 16 h (e.g.,
previously described in soluti&hbut not on solid phase.  Figure 3d). The only exceptions were the oxidation of solid-
Despite a wide-ranging investigation of reaction parameters, phase bound 2-chlorophenylsulfides and 2,5-dichlorophen-
we never satisfactorily achieved Mitsunobu reaction betweeny|sulfides 8{1,1,1 and 8{1,1,7 which required extended
chemset4 and reagent chems@t (Chart 2). Poor quality  reaction times for 48 and 72 h, respectively, for full
crude products that were consistently contaminated by theoxidation.
addition of the DEAD reagent to the solid-phase primary  Synthesis of Carboxamides: 4— 11. The bromide
alcohol were observed, under all variations of reaction analogues of chemset described previously, provided
conditions investigated. Thus, an alternative strategy wasversatile intermediates for the preparation of carboxamides.
employed for the synthesis of thioethers. The bromides were readily converted to the corresponding
Recently, Mayer et &t described the conversion of serinyl azide analogues by treatment with a solution of sodium azide
side chain hydroxyl to bromide, followed by intramolecular (50 equiv)/DIEA (10 equiv) ilN-methyl pyrrolidine (NMP)/
displacement of bromide with cysteinyl thiol, while inves- H,O (9:1, v/v) at room temperature (RT) for 16 h (e.g.,
tigating the solid-phase preparation of lanthionines. A Figure 4b, azide analogue @K1,1}). The azides were
modification of the general experimental procedures de- subsequently reduced to the corresponding amines by repeat
scribed proved very successful in the current studies. treatment with a solutionf@ M dithiothreitol (DTT)/1 M
Controlled addition of a solution of CBr(0.05 M in DIEA in DMF at 50°C for 45 min (e.g., Figure 4&. The
dichloromethane (DCM)) to RR (0.1 M in DCM) provided amine analogues of chemsktvere acylated by a range of
a reaction mixture that quantitatively converted chendset alkyl and aryl carboxylic acids and anhydrides, reagent
to the corresponding bromides L h (Scheme 3). In each chemsetlO (Chart 3), to yield high-quality crude carboxa-
case, the quality of crude bromide was excellent as judgedmides in all of the examples examined (e.g., Figure 4d,
by HPLC (Figure 3b) and ESMS analysThe bromide 11{1,1,3).
analogues of chemsétprovided versatile intermediates for Synthesis of Sulfonamides: 4— 13.We previously found
the preparation of thioethers. Overnight treatment with a that the general preparation of sulfonamides by N-acylation
solution ofN-methylpyrrolidone/thiol reagent chems#tL— of multipin bound amines requires forcing reaction condi-
8}/DIEA (93:5:2, v/v/v) smoothly converted bromides to a tions?’ Typically 50 equiv of sulfonyl chloride with 50 equiv
range of alkyl and aryl thioetheB§1,1,1-8}, with excellent of N,N-dimethylaminopyridine in DMF for 16 h are required
crude quality (e.g., Figure 3c). to effect quantitative acylation. Using these general condi-
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Chart 3 Table 1. Synthetic Scale-Up and Purification of Compounds
1-20
o, N
o] o} O o) %N o X
OH OH OH OH X ’
10{7} 10{2} 10{3} 10{4} X -O-R -S-R —SOZRO -NHCOR -NHSO;R
Pl
OH 6{114} 8{1,1,4} 9{1,14} 11{/,1,4} 13{1,1,4}
r 19.85,567.1 | 19.78, 543.1 | 18.47,575.1 | 16.80, 526.1 | 17.92,612.2

o) o} o O
\ f’ O Q o 1033.5) | 17705 | 7.4(73) 9.6(3.4) | 21.9(19)
o _OH 6(2.1,3) 8{2.1,3} | 9(2.1.3)* | 11{2.1.3] | 13{2,4.3}
OH Q OH Q OH H 19.95, 567.2 | 20.06, 565.2 16.29, 532.2 | 17.06, 562.1

[e]

4'{2,,; 18.2(6.0) | 16.9(6.7) 18.0(3.0) | 12.1(1.4)

OH | 6(3.1.1)* | 8311y | 9341 | 11{311) | 13(3.0.1
10{5} 10{6} 10{7} 10{8} \r 19.62, 563.2 | 17.75,595.2 | 17.16, 554.2 | 18.90, 626.2
445,03 65(3.2) | s6@l) | 191(18) | 10.1(6.9)
Chart 4 W _OH | {412} | 8(#12] | 9412} | {452} | 13(4.7,2}
: 20.53, 563.1 | 18.81,559.1 | 17.69, 591.1 | 19.09, 604.1 | 17.09, 582.1

4{:4.” 192(68) | 22.7(65) | 199(46) | 16.0(1.4) | 182(25)

S0,CI

/ &
QO SOLl @3020' QSO?C' O Analytical data for compounds—20: member, HPLC (system
2) R, (min), observed ESMS [M- H]*, yield (mg) crude (purified).
12{1} 12{2} 12{3} 12{4} Recovery yields are variable primarily due to low solubility in
aqueous acetonitrile. * Materials were lost during automated analy-

Q sis and purification.
SOLI LSOzCI MeOOSOZCI products and high fidelity of the modification chemistry
12{5) 12(6} 12{7} described. Placed into perspective, when screening large

crude libraries such a variation enables compound groups

tions, the amine analogues of cheméeescribed previously  differing by approximately 1 log unit activity(50 nM from
were acylated by a range of alkyl and aryl sulfonyl ~500 nM from~5uM from ~50 uM, etc.) to clearly be
chlorides: reagent chemsE2 (Chart 4). The general quality ~ distinguished with confidence.

of crude aryl sulfonamide$3 was excellent at-90% (e.g., )

Figure 4e13{1,1,1). However, the alkyl sulfonamides were Conclusions

of a poorer quality crude as judged by HPLC1¥(1,1,3 Synthetic strategies for the diversification of a 5-(hy-

(51.1%) and_lS{_l,l,Q (39.2%). ) _ droxymethyl)oxazole scaffold into aryl ethers, thioethers,
Characterization of Compounds +-20.The relationship  gyfones, sulfonamides, and carboxamides on the solid phase

between structure and activity (SAR) for a compound series \yere developed. A comparison of 20 fully characterized

in a given biological assay represents a cornerstone of druQresynthesized compounds, with their crude counterparts,

development. Therefore, when screening a large array ofpjghlighted the excellent qualitative and quantitative nature
molecules, confidence in both thealitative andquantitatve  f the crude materials produced. The modifications described
aspects of the combinatorial synthesis are required. In many,se readily synthesized core scaffolds and commonly avail-
instances, here being a typical example, arrays of molecules, e reagents such as alcohols, thiols, carboxylic acids, and
are initially prepared on a sub-milligram scale. This small gyifony| chiorides. Given the enormous availability of these
synthetic scale often provides ample material for many ¢5mmon reagents, the combinatorial chemistry described here
biological assays at an economical cost, but has the disad-,q conceivably be used for the preparation of millions of

vantage that parallel purification and accurate quantification 5, 5-qje analogues and probably adapted for use with many
are problematié® Thus, an important aspect of the current other heterocyclic scaffolds.

investigation was a confirmation that the screening results
obtained for crude molecules enabled the most active
molecules to be identified with confidence. Because each
crude molecule was obtained from the closely related Unless otherwise specified, all solvents and reagents were
analogues, chemset, through a common linker, any obtained from commercial suppliers and used without further
variation in crude/purified activity data could be attributed purification. DMF and acetonitrile were super purity grade
to a facet of the modification chemistry. Thus, a series of solvents from ROMIL Ltd., Waterbeach, Cambridge, U.K.
20 compounds, exemplifying each of the five modifications Polystyrene and polypropylene 96-well plates were obtained
described, were reprepared on a—P0D mg crude scale, from Beckman Instruments, Fullerton, CA. Two milliliter
purified, and fully characterized (Table 1). Biological assay screw-cap vials were obtained from CamLab Ltd., Nuffield
(detailed results to be presented elsewhere) showed thaRoad, Cambridge, U.K. Gears and crowns were obtained
nonside chain functionalized chemddtl—4,1} (ICso 100~ from Chiron UK Ltd., Salamander Quay West, Harefield,
150uM), when converted to compounds-20, gave protease  U.K. General peptide synthesis reagents were obtained from
inhibitors with 1G 1.6—70.3uM. These values representa Calbiochem-Novabiochem, U.K. Analytical HPLCs were
maximum of 2-fold variation in potency between the crude obtained using an automated Gilson 215/233XL. A gradient
and purified materials, highlighting the quality of crude of 10-90% B in A, 2-27 min, 1.5 mL/min, where solvent

Experimental Section
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A was 0.1% aqg TFA and solvent B was acetonitrile/10% A, at—20 °C, was treated with NMM (1.45 g, 1.57 mL, 0.014
with UV detection at 215 nm, was used unless otherwise mol), followed by the dropwise addition of isobutylchloro-
stated. HPLC samples were run on a Vydac260 x 4.6 formate (1.95 g, 1.86 mL, 0.014 mol). The reaction mixture
mm (system 1) or Phenomenex Jupitar(&u«) 250 x 4.6 was stirred at—20 °C for 1 h, then the cooling bath was
mm (system 2) analytical columns. Samples were purified removed, and 2-amino-4-benzyloxy-3-oxobutyric acid benzyl
on an automated Gilson 215/233XL, using Vydac260 x ester hydrochloride salt (5.00 g, 0.014 mol) in DMF (50 mL)
10 mm semiprep column. HPLC-ESMS analysis was con- was added. NMM (1.56 g, 1.69 mL, 0.015 mol) was then
ducted through Hewlett-Packard HP1050 auto-injection onto added dropwise via syringe pump to the reaction mixture
a Phenomenex Columbuss G «, 50 x 2.0 mm column, for 1 h. Once the addition was complete, the reaction was
employing a gradient of 20100% B in A over 10 min, 250  stirred at RT for an additional hour and then the solvents
uL/min, where solvent A was 0.1% aq TFA and solvent B were removed in vacuo. The residue was dissolved in EtOAc
was acetonitrile/10% A, with UV detection at 215 nm. (150 mL) and washed with saturated NaH{C$lution (50
Sample flow from the column was diverted to a SEDEX 55 mL), 0.5 M citric acid (50 mL), and brine (50 mL), and then
residue analyzer and a Fisons/VG platform mass spectrometedried (NaSQ;) and concentrated in vacuo. Purification by
(m/z) (electrospray positive, ESP The University of flash column chromatography [heptane/EtOAc 75:25 to 50:
Cambridge Spectrometry Service recorded high-resolution 25, gradient] gave a foam (2.70 g, 32%), TLR 0.13
mass spectroscopy (HRMS) mass spectva)(ESP") using (heptane/EtOAc 70:30), ESMS 591 [M H] ™.
a Q-TOF Micromass spectrometer. The University of Cam-  Analogous methodology afforded 4-benzyloxi-g2-
bridge NMR Department recorded nuclear magnetic reso- benzyloxycarbonylamino-8rt-butoxy-propionylamino)-3-
nance (NMR) spectra at the field strength in the solvents oxo-butyric acid benzyl ester (32%), TLR; 0.10 (heptane/
indicated, using standard pulse sequences on a DRX-500EtOAc 75:25), ESMS 591 [Mt H]*; 4-benzyloxy-5-(2-
machine. Chemical shifts are expressed in parts per million benzyloxycarbonylaminof-tertbutoxy-butyrylamino)-3-
(0) and are referenced to residual signals of the solvent. oxo-butyric acid benzyl ester (21%), TLR; 0.14 (heptane/
Coupling constantsJf are expressed in Hz. Thin-layer EtOAc 75:25), ESMS 605 [Mt H]*; 4-benzyloxy-R-(2-
chromatography (TLC) was performed on precoated plates benzyloxycarbonylamin@S-tertbutoxy-butyrylamino)-3-
(Merck aluminum sheets silica 60 F254, art. no. 5554). oxo-butyric acid benzyl ester (30%), TL& 0.14 (heptane/
Visualization of compounds was achieved by illumination EtOAc 70:30), ESMS 605 [M+ H]*.
under ultraviolet light (254 nm) or using an appropriate  (c) 2-(1S-Benzyloxycarbonylamino-2tert-butoxyethyl)-
dyeing reagent. Flash column chromatography was per-5-penzyloxymethyloxazole-4-carboxylic Acid Benzyl Es-
formed on silica gel 60 (Merck 9385). ter. To a solution of triphenylphosphine (2.88 g, 0.011 mol),
1. General Synthesis of Building Blocks. (a) 2-Amino- iodine (2.32 g, 0.009 mol), and triethylamine (1.76 g, 2.42
4-benzyloxy-3-oxobutyric Acid Benzyl Ester Hydrochlo- mL, 0.017 mol) in THF (50 mL) at-78 °C was added
ride. N-(Diphenylmethylene)glycine benzyl ester (20.00 g) 4-benzyloxy-5-(2-benzyloxycarbonylamino-&rt-butoxy-
was prepared from glycine benzyl ester (20.00 g, 0.059 mol) propionylamino)-3-oxobutyric acid benzyl ester (2.70 g,
dissolved in dichloromethane (600 mL) to which benzophe- 0.0046 mol) in THF (30 mL) dropwise. The reaction was
none imine (11.82 g, 10.94 mL, 0.065 mol) was added and complete afte2 h at—60 °C, by HPLC. Water (10 mL)
stirred at RT for 18 h. The suspension was washed with waterwas added, and the reaction was allowed to warm to RT
(3 x 500 mL), dried (NaSQy), and concentrated in vacuo, and concentrated in vacuo. The residue was dissolved in
and the residue (19.70 g) was used without further purifica- DCM (100 mL) and washed with saturated NaH0lution
tion. To a solution ofN-(diphenylmethylene)glycine benzyl (30 mL), 0.5 M citric acid (30 mL), and brine (30 mL), and
ester (19.70 g, 0.059 mol) in THF (200 mL)-a¥8°C, was then dried (NaSQOy) and concentrated in vacuo. Purification
added Li-hexamethyldisilane (HMDS) (10.02 g, 59.9 mL by flash column chromatography [heptane/EtOAc 70:30]
of 1 M solution in THF, 0.059 mol) and stirred at78 °C gave a foam (2.22 g, 85%), TL& 0.21 (heptane/EtOAC
for 1 h. The solution was transferred via cannula to a solution 75:25), ESMS 573 [M+ H]*.
of phenylmethoxyacetyl chloride (11.05 g, 0.059 mol) in  Analogous methodology afforded foams R{thenzyloxy-
THF (200 mL) at—78 °C. Once the addition was complete, carbonylamino-2ert-butoxyethyl)-5-benzyloxymethyl-oxazole-
the reaction mixture was allowed to warm to RT for 2 h. 4-carboxylic acid benzyl ester (87%), TLR 0.21 (heptane/
The reaction mixture was then quenchedwdtM HCI (500 EtOAc 70:30), ESMS 573 [M- H]™; 2-(1Sbenzyloxycarbonyl-
mL) and allowed to stir at RT for 1 h. The THF was removed amino-R-tertbutoxypropyl)-5-benzyloxymethyl-oxazole-4-car-
in vacuo and the resultant aqueous phase extracted withboxylic acid benzyl ester (56%), TL& 0.21 (heptane/
EtOAc (2 x 20 mL). The organic phase was re-extracted EtOAc 75:25), ESMS 587 [Mr H]™; 2-(1R-benzyloxycar-
with 2 M HCI (2 x 20 mL) then discarded, the combined bonylamino-2S-tert-butoxypropyl)-5-benzyloxymethyl-oxazole-
aqueous phases were concentrated in vacuo, and the hydro4-carboxylic acid benzyl ester (73%), TL® 0.19 (heptane/
chloride salt was used directly without further purification. EtOAc 75:25), ESMS 587 [M H]™.

Analytical HPLC (system 2R = 16.0 min (95%), ESMS (d) Chemset 21}, 2-[2-tert-Butoxy-1S-(9H-fluoren-9-

314 [M + H]*. ylmethoxycarbonylamino)ethyl]-5-hydroxymethyl-oxazole-
(b) 4-Benzyloxy-2-(2-benzyloxycarbonylamino-3tert- 4-carboxylic Acid. Benzyl-protected oxazole (0.520 g, 0.91
butoxy-propionylamino)-3-oxo-butyric Acid Benzyl Ester. mmol) was dissolved in ethanol (50 mL) and 10% palladium

Cbz+i-Ser(tBu)-OH (4.22 g, 0.014 mol) in THF (500 mL) on carbon (0.200 g) was added; the system was then
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evacuated and hydrogen was introduced. After vigorous and 3, 2x H-2 Fmoc), 7.81 (1H, dJ 7.5, NHCHCH,OC-
stirring at RT overnight, deprotection was complete by HPLC (CHs)s), and 7.85 (2H, br m, Z H-5 Fmoc).

and ESMS analysis. The reaction mixture was filtered and Chemset2{4}, 2-[2S-tert-butoxy-1R-(9H-fluoren-9-yl-
the catalyst washed with ethanol (500 mL). The combined methoxycarbonylamino)propyl]-5-hydroxymethyl-oxazole-4-
washings were concentrated in vacuo and the residue wascarboxylic acid (50%), analytical HPLC (system R) =
used without purification. The fully deprotected residue 16.01 min &99%), TLCR: 0.18 (chloroform/methanol 95:
(0.230 g, 0.89 mmol) was dissolved in dioxane (7 mL);Na 5), HRMS G7H307/N.Na requiresM, 517.1951, found:
COs (0.208 g, 1.96 mmol, 10 mL in D) was added, and MNa*, 517.1957 § + 1.2 ppm),on (500 MHz; DMSO#s
the reaction mixture was cooled to @ with stirring. at 373 K) 1.06 (9H, s, NHCHCHDC(CH3)3), 1.10 (3H, dJ
9-Fluorenylmethyl chloroformate (0.254 g, 0.98 mmol) was 5, NHCHCH(CH3)OC(CHb)s), 4.06 (1H, br m, NHCHEi-
added dropwise over 45 min and stirring continued until the (CH3)OC(CH)s), 4.23 (1H, t,J 7, CHCH,OC(O)NH), 4.32
reaction was complete by HPLC+2 h). Diethyl ether (100 (1H, dd,J 10.5 and 7, CHEI,AOC(O)NH), 4.37 (1H, ddJ
mL) was added and the mixture was acidified to pH 3 with 10.5 and 7, CHE,60C(O)NH), 4.67 (2H, s, 8,0H), 4.73
0.1 M HCI. The diethyl ether was removed and the aqueous (1H, br m, NHGHCH(CHs).OC(CH)s), 7.31 (2H, br m, 2
layer was extracted with ether 2 20 mL). The combined ~ * H-3 Fmoc), 7.40 (2H, br m, Z H-4 Fmoc), 7.67 (2H,
organic extracts were washed with brine (20 mL), dried, dd, J 7.5 and 3, 2x H-2 Fmoc), 7.81 (1H, dJ 7.5,
(MgSQy), and concentrated in vacuo. Purification by flash NHCHCHOC(Chy)s), and 7.85 (2H, br m, & H-5 Fmoc).
column chromatography [chloroform/methanol 100:0 to 95: 2. Synthesis of Pentafluorophenyl Esters. (a) Chemset
5, gradient] gave a white foam (0.42 g, 43%). Analytical 3{1}, Fmoc+-f-tert-butylalanine Pentafluorophenyl Es-

HPLC (system 1)R = 15.14 min £98%), TLC R 0.10
(chloroform/methanol 90:10), HRMS,£H,50;N;Na requires
M, 503.1794, found: MNBg 503.1789 ¢ — 1.1 ppm),dn

(500 MHz; DMSO4ds at 373 K) 1.12 (9H, s, NHCHCH

OC(CH3)3), 3.66 (1H, br m, NHCHEI;0OC(CHy)s), 3.73
(1H, br m, NHCHGH2,50C(CH)3), 4.24 (1H, br m, GICH,-

OC(O)NH), 4.33 (2H, br m, CHB,OC(O)NH), 4.67 (2H,
br s, H,0H), 4.81 (1H, br m, NHEICH,OC(CH)s), 7.33
(2H, br m, 2x H-3 Fmoc), 7.40 (2H, br m, % H-4 Fmoc),
7.67 (2H, br m, 2x H-2 Fmoc), 7.81 (1H, d) 7, NHCHCH,-

OC(CHg)s), and 7.85 (2H, br m, % H-5 Fmoc).

Analogous methodology afforded chem2g2}, 2-[2-tert-

butoxy-1R-(9H-fluoren-9-ylmethoxycarbonylamino)ethyl]-5-
hydroxymethyl-oxazole-4-carboxylic acid (48%), analytical

HPLC (system 1)R = 15.16 min ¢97%), TLC R 0.10
(chloroform/methanol 90:10), HRMS,6H,50;N;Na requires
M, 503.1794, found: MNg 503.1815 § + 4.4 ppm),on
(500 MHz; DMSO¢s at 373 K) 1.12 (9H, s, NHCHCH
OC(CH)3), 3.66 (1H, dd,J 9.5 and 6.5, NHCH#,,0C-
(CHa)3), 3.73 (1H, ddJ 9.5 and 6, NHCHE,s0C(CHy)3),
4.24 (1H, t,J 7, CHCH,OC(O)NH), 4.31 (1H, ddJ 10.5
and 7, CH®,0OC(O)NH), 4.35 (1H, ddJ 10.5 and 7,
CHCH2sOC(O)NH), 4.67 (2H, s, 6,0H), 4.81 (1H, ddd,
J7,6.5 and 6, NHEICH,OC(CH)s), 7.33 (2H, br m, 2x
H-3 Fmoc), 7.40 (2H, br m, % H-4 Fmoc), 7.67 (2H, dd,
J7.5 and 3, 2x H-2 Fmoc), 7.81 (1H, dJ 7, NHCHCH,-
OC(CHg)3), and 7.85 (2H, br m, Z H-5 Fmoc).

Chemset 2{3}, 2-[2R-tertbutoxy-1S-(9H-fluoren-9-yl-

methoxycarbonylamino)propyl]-5-hydroxymethyl-oxazole-4-

carboxylic acid (20%), analytical HPLC (system R) =
15.79 min £99%), TLCR: 0.15 (chloroform/methanol 95:
5), HRMS G7H30/N2Na requiresM, 517.1951, found:
MNat, 517.1974 ¢ + 4.6 ppm),dx (500 MHz; DMSO#ds
at 373 K) 1.07 (12H, m, NHCHC¥DC(CH3); and NHCHCH-
(CH3)OC(CH)s), 4.04 (1H, br m, NHCHE(CHs)OC-
(CHa)3), 4.23 (1H, br m, GICH,OC(O)NH), 4.35 (2H, br
m, CHCH,OC(O)NH), 4.67 (2H, s, 6,0H), 4.73 (1H, br
m, NHCHCH(CH).:OC(CHb)s), 7.31 (2H, br m, 2x H-3
Fmoc), 7.40 (2H, br m, % H-4 Fmoc), 7.67 (2H, dd] 7.5

ter. Fmoc+-p-tert-butylalanine (5.0 g, 13.6 mmol) and
pentafluorophenol (2.76 g, 15.0 mmol, 1.1 equiv) were
dissolved in dry THF (100 mL), ice-cooled, and stirred.
Dicyclohexylcarbodiimide (2.95 g, 14.3 mmol, 1.05 equiv)
in dry THF (25 mL) was added dropwise over 10 min and
the solution was left stirring overnight. The precipitated urea
was filtered, washed with THF (3 20 mL), and the
combined THF was concentrated in vacuo to give a pale
yellow oily solid. The solid was purified by flash chroma-
tography (loading and eluting with chloroform) to yield a
white solid (6.4 g, 88.2%), HPLC (system R) = 23.55
min (97%).

(b) Chemset 33}, Fmoc+-homdeucine Pentafluo-
rophenyl Ester. Prepared from Fmoc-homdeucine on the
scale and method described above to give a white solid (6.9
g, 95.1%), HPLC (system 1} = 23.78 min (98%).

(c) Chemset 32}, Fmoc- -leucine pentafluorophenyl
ester and chemset 84}, Fmoc-.-norleucine pentafluo-
rophenyl ester were commercially available.

(d) 3-Carboxyfuran Pentafluorophenyl Ester. Prepared
from furan-3-carboxylic acid on the scale employing the
method described above to give a clear gel that solidified
upon storage (3.25 g, 85.5%), HPLC (systenRly 17.29
min (98%).

3. General Solid-Phase TechniquesAll solid-phase
syntheses were performed using the Chiron Technologies
multipin kit. This consisted of a standardx812 pin holder
containing 96 pin stems to which gears or crowns are
reversibly attached, providing a reactive polymer surface
upon which the growing molecule is anchored during solid-
phase synthesis. Each gear/crown (the equivalent of the
peptide-resin in standard solid-phase synthesis) can be
considered to be an independent reactor because synthesis
is performed in the 1 mL wells of a standard 96-well plate.
Each well, and thus each gear/crown, may be charged with
a unique set of reagents providing spatially addressed unique
sequences. Common steps such as washing or removal of
Na protecting groups can be performed concomitantly.

(a) Preparation of Multipin Assembly. The appropriately
derivitized gears/crowns are assembled (simply clipped) onto
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stems and slotted into the>8 12 stem holder in the desired
pattern for synthesis.
(b) Removal of Na-Fmoc Protection.A 250 mL solvent-

Grabowska et al.

from above) was added to a mixture of HPLC solvents A
and B (1:1, 5QuL) and 40uL was analyzed by analytical
HPLC (system 1 or 2). Appropriate fractions were taken for

resistant bath was charged with 200 mL of a 20% piperidine/ ESMS. Alternatively, the lyophilized plate was dissolved in
DMF solution. The multipin assembly was added and dimethyl sulfoxide (DMSO) (12@L per gear, providing an
deprotection left for 30 min. The assembly was then removed approximately 10 mM DMSO stock solution) and 2D was
and excess solvent was removed by brief shaking. Theadded to a mixture of HPLC solvents A and B (1:1,.80,
assembly was washed consecutively with (200 mL each) then the mixture was analyzed by ESMS.

DMF (3 x 3 min) and CHCN (3 x 3 min), and then briefly
dried in vacuo.

(c) Quantitative UV Measurement of Fmoc Cho-
mophore ReleaseA 1 cm path length UV cell was charged
with 1.2 mL of a 20% piperidine/DMF solution and used to

(g) Cleavage and Analysis of Individual Test Sequences.
A test gear was placed into a 15 mL Falcon tube and treated
with TFA/Et:SIH (95:5, v/v, 50QuL) for 90 min. The gear
was removed, washed with neat TFA (500, and the TFA
solution was sparged to dryness in a stream of nitrogen. The

zero the absorbance of the UV spectrometer at a wavelengthresidue was dissolved in a mixture of HPLC solvents A and
of 290 nm. A UV standard was then prepared consisting of B (1:1, 500xL) and analyzed by HPLC (36L injection).

3.2 mg Fmoe-Asp(OBut)-Pepsyn KA (0.08 mmol/g) in 2.0
mL of a 20% piperidine/DMF solution. This standard gave
Absy0 = 0.55-0.65 (at RT). An aliquot of the multipin

Fractions were then analyzed by ESMS.
4. Preparation of Chemset 41—4,1-4}. (a) Derivati-
zation of Gears/Crowns with Rink Linker. Chiron gears

deprotection solution was then diluted as appropriate to give (GEXXOGAP, 500x 1.2 umole) were Nv-Fmoc depro-

a theoretical Abgo = 0.6. This value, compared with the

tected, washed, and dried in vacue(R,9-o-[1-(9H-

experimental value, provided a calculation of the loading of Fluoren-9-yl)methoxyformamido]-2,4-dimethoxybenzyl]-

Fmoc per gear/crown.
(d) Coupling Reactions.The appropriate pentafluorophen-

phenoxyacetic acid (5 equiv, 1.62 g), 2-(1H-benzotriazole-
1-y)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU,

yl esters (5 equiv calculated from the loading of each gear/ 4.95 equiv, 1.13 g), HOBt (5 equiv, 460 mg) and NMM (9.95
crown to be coupled) and HOBt (5 equiv) were dissolved in equiv, 660uL) were preactivated in DMF (100 mL) for 5

the appropriate volume of DMF (2Q4L for each gear and
500 uL for each crown) and left for 5 min. The coupling
solution(s) were then pipetted into the individual wells of

min. Gears were added and the reaction was left for 6 h.
The spent solution was filtered, coupled gears were washed
with DMF (4 x 200 mL x 3 min), then Nt-Fmoc

the 96-well plate, in the required pattern for a particular round deprotected, washed and dried in vacuo. In a similar manner,
of coupling. The mounted gear/crown assembly was then Chiron crowns (SPMDINOF, 200x 5.0 umole) were
added and the reaction was left overnight. If the removal of derivatized.

Na-Fmoc protection was the next step, the assembly was (b) Loading of Chemset Z1—4}. Reagen®{1}, 2-[1S

washed with DMF (2x 3 min). Alternatively, if synthesis

(9H-Fluoren-9-ylmethoxycarbonylamino)-2-tertbutoxyethyl]-

had concluded and the next stage was cleavage, the assembly-hydroxymethyl oxazole-4-carboxylic acid (3 equiv, 245

was washed consecutively with (200 mL each) DMF(3

min) and CHCN (3 x 3 min) and then briefly dried in vacuo.
(e) Acidolytic Mediated Cleavage of Multipin As-

sembly.Appropriate wells of a polystyrene 96-well plate (1

mL/well) were charged with a trifluoroacetic acidi&iH (95:

5, viv, 250uL per gear or 50QuL per crown) cleavage

solution, in a pattern corresponding to that of the multipin

mg), benzotriazole-1-yloxy-tris-(dimethylamino)phosphoni-
um hexafluorophosphate (BOP, 3 equiv, 227 mg), HOBt (3
equiv, 79 mg), and NMM (6 equiv, 113L) were preacti-
vated in DMF (5 mL) for 5 min. Gears (4% 1.2 umole)
and crowns (25« 5 umole) were added plus additional DMF
(15 mL) to just cover the reagents; the mixture was then
left overnight. The spent solution was filtered, and coupled

assembly to be cleaved. The assembly was added, then thgears/crowns were washed with DMF ¢4 200 mL x 3

entire construct was covered in tin foil and left for 2 h. The

min) then Nu-Fmoc deprotected, washed, and dried in vacuo.

assembly was removed, then added to a second polystyrenQuantitative Fmoc measurement gave loadings of 1.2 and

96-well plate (1 mL/well) containing trifluoroacetic acid/

Et;SiH (as above) for 5 min. The primary cleavage plate (2 2{2},

4.85 umole, respectively. In an identical manner, reagent
2-[1R-(9H-fluoren-9-ylmethoxycarbonylamino)-2-

h cleavage) and the secondary plate (5 min wash) were thertertbutoxyethyl]-5-hydroxymethyl oxazole-4-carboxylic acid,
placed in a GeneVac drier for 90 min. The contents of the reagen®{3}, 2-[1S(9H-fluoren-9-ylmethoxycarbonylamino)-
secondary polystyrene plate were transferred to their corre-2R-tertbutoxypropyl]-5-hydroxymethyl oxazole-4-carboxylic
sponding wells on the primary plate using an acetonitrile/ acid and reageri?{ 4}, 2-[1R-(9H-fluoren-9-ylmethoxycar-

water/acetic acid (50:45:5, v/v/v) solution £1300uL) and

bonylamino)-&-tertbutoxypropyl]-5-hydroxymethyl oxazole-

the spent secondary plate was discarded. An aliquot was4-carboxylic acid were quantitatively loaded, respectively.
removed for analytical analysis and the plate was covered (c) N-Terminal Elaboration to Chemset 41—4,1—4}.

with tin foil, firmly held in place with an elastic band. A
pin prick was made in the foil directly above each well and
the plate was placed at80 °C for 60 min. The plate was
then lyophilized overnight.

(f) Analysis of Cleaved Libraries. An aliquot of the
prelyophilized solution (2L per gear or 5L per crown,

Following the general coupling methods described, gears/
crowns were mounted onto multipin holder and acylated with
the appropriate Fmoc-amino acid pentafluorophenyl ester of
tert-butyl-L-alanine (1),L-leucine (2),L-homoleucine (3),
L-norleucine (4) (5 equiv), and HOBt (5 equiv) in DMF
overnight. The spent solution was removed, the assembly
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was briefly shaken, and coupled gears were washed with(>75%), 613.1;6{3,4,3¢, 20.63 ¢85%), 615.1/617.1;
DMF (2 x 3 min) then Nx-Fmoc deprotected, washed, and 6{3,4,3%, 21.28 ¢&85%), 605.2/607.2/609.26{3,4,32,
dried in vacuo. The procedure was then repeated but all gear22.41 (75%), 593.2;6{3,4,33, 20.00 ¢75%), 573.2;
were coupled with 3-carboxyfuranpentafluorophenyl ester (5 6{3,4,34, 21.98 (<25%), 605.26{3,4,35, 21.02 (85%),
equiv), HOBt (5 equiv) in DMF overnight. The spent solution 581.1;6{3,4,3¢, 19.96 ¢75%), 573.2;6{3,4,3%, 20.35
was removed, the assembly was briefly shaken, and coupled>85%), 573.26{3,4,3§, 21.83 ¢ 85%), 625.16{3,4,3%,

gears were washed with DMF (2 3 min) and then treated

with 20% piperidine/DMF for 30 min (to effect removal of
any minor acylation of the free oxazole hydroxyl). Finally,

the gears were washed with DMF {33 min) and CHCN
(3 x 3 min), and then dried in vacuo.

19.72 & 75%), 581.26(3,4,4Q , 22.24 (85%), 621.2/623.2;
6{3,4,41, 21.74 (<20%), 579.26{3,4,42 , 20.46 (- 85%),
569.2; 6{3,4,43, 20.39 ¢75%), 569.2;6{3,4,44, 21.61
(>85%), 621.16{3,4,45 , 21.60 (85%), 621.16({3,4,4G
21.81 (85%), 639.1/641.2(3,4,4%, 20.81 (85%), 617.2;

Acidolytic cleavage and analysis of a single gear of each 6{3,4,48, 21.45 (<20%), 565.26{3,4,4%, 22.63 (- 75%),

sequence gave member, HPLC (systemRLl)Ymin) (%),

ESMS [M + H]*: 4{1,1}, 8.56 (89%) (Figure 2a), 423.3;
41,2, 7.18 (91%), 409.2;4{1,3}, 8.89 (90%), 423.2;
M1,4, 7.34 (91%), 409.2:4{2,1}, 8.57 (90%), 423.2;
42,2, 7.19 (88%), 409.24{2,3}, 9.01 (92%), 423.2;
M2,4, 7.38 (90%), 409.24{3,1}, 9.06 (92%), 437.2;
43,2, 7.70 (89%), 423.24{3,3}, 9.36 (91%), 437.2;
43,4, 7.90 (92%), 423.24{4,1}, 9.26 (92%), 437.2;
H4,2, 7.94 (89%) (Figure 2a), 423.2{4,3}, 9.80 (89%),

437.2;4{4,4, 8.24 (90%), 423.2.

5. Mitsunobu Derivatization of Chemset 4— 6. (a) Test
Coupling of 4{4,2 and 5{19} — 6{4,2,1%3. DEAD (0.15
M in THF, 0.5 mL) was added dropwise over 3 min to;Ph
(0.15 M in THF, 0.5 mL), followed by triethylamine (32
giving 0.225 M). Reagens{19}, 2-chlorophenol (0.15 M

in THF, 0.5 mL) was added and the reaction mixture was

dispensed to solid-phase boudf{i4,2} (1.2 umole gear),
sealed m a 2 mL screw cap vial, and heated at 3T

665.2/667.16{3,4,4Q, 21.38 & 75%), 615.2/617.26{3,4,53,
21.98 (<10%), 593.2;6{3,4,52, 22.89 (75%), 593.2;
6{3,4,53, 21.91 ¢85%), 599.2/601.26{3,4,54, 22.53
(>85%), 599.2/601.26{3,4,53, 21.75 ¢85%), 585.1/
587.1;6{3,4,5¢, 20.98 ¢+85%), 571.1/573.26{3,4,5%,
20.69 ¢75%), 551.2;6{3,4,58, 19.55 (85%), 597.2;
6{3,4,5%, 21.35 ¢ 75%), 565.26{3,4,6Q, 21.49 ¢ 75%),
565.2;6{3,4,6%, 21.05 ¢75%), 565.2;6{3,4,62, 21.24
(>75%), 565.2;6{3,4,63, 21.45 ¢85%), 605.2/607.2/
609.2;6{3,4,64, 21.58 ¢85%), 605.2/607.2/609.8{3,4,63,
21.66 (<30%), 565.1;6{3,4,66§, 19.97 (85%), 555.2;
6{3,4,67%, 20.71 ¢85%), 555.26{3,4,68, 20.28 ¢85%),
567.2;6{3,4,6%, 21.53 ¢85%), 663.1;6{3,4,7Q, 22.75
(>85%), 627.2;6{3,4,7%, 21.62 (50%), 577.26{3,4,72%,
21.41 ¢85%), 587.1;6{3,4,73, 19.53 (85%), 583.2;
6{3,4,74, 22.34 (50%), 591.26{3,4,73, 19.97 ¢&85%),
537.2.

6. Conversion of Chemset 4 Hydroxyt— Bromide. CBr,

(0.05 M in DCM, 1 mL) was added dropwise over 3 min to
PhP (0.1 M, in DCM, 1 mL) and mixed thoroughly.
Chemsetl gears were placed into individual screw cap vials
and 1.4 mL of reaction solution was added to each vial. After
1 h reaction at RT, each gear was washed with DMF and
replaced onto the multipin holder at the correct spatial
address. The array of gears was washed with MeOH (200

overnight. The gear was washed with DMF 35 min)
and DCM (2 x 5 min), and dried in vacuo. Acidolytic
cleavage and analysis of the gear g&{/4¢,2,1%, Figure 2b
(HPLC system 1R 13.97 min (92%), ESMS [M+ H]*
533.1/535.1.

(b) Coupling of 4{3,4 Analogue and §1-75 —
6{3,4,1-75}. Following the methods described above, an
analogue of{ 3,422 (75 x 1.2umole) was coupled to each ML, 5 min), DMF (200 mL, 2x 5 min), and DCM (200
member of reagent chemsgt1—75}. The coupled gears mL, 2 x 5 min), and dried in vacuo. Acidolytic cleavage
were loaded onto a multipin holder at the correct spatial and analysis gave the following bromide analogues. Member,
address, washed, and then dried in vacuo. Acidolytic cleavageHiPLC (system 1R (%), ESMS [M+ H]™: 4{1,1}, 11.84
and analysis gave member, HPLC (systerRap6), ESMS  (88.3%) (Figure 3b, 4a), 485.0/4874(1,2, 10.48 (86.7%),

[M + H]*™: 6{(3.4,1, 18.49 75%), 585.26{3,4,3,21.31  471.1/473.24{1,3, 12.13 (90.1%), 485.1/487.15{1,4,
(>85%), 587.26{3,4,3, 21.58 (85%), 605.2/607.2/609.2;  10.78 (91.3%), 471.1/473.%{2,1}, 11.86 (89.2%), 485.1/
6{3,4,4, 20.94 ¢85%), 605.1,6{3,4,3, 21.78 <20%), 487.1;4{2,3}, 12.11 (91.3%), 485.1/487.%{3,1}, 12.31
579.1:6{3,4,§, 20.28 &85%), 615.1/617.16(3,4,3, 19.57  (90.6%), 499.0/501.14{4,1}, 12.54 (91.2%), 499.0/501.1.
(>75%), 597.1,6{3,4,8, 21.79 ¢85%), 613.2;6{3,4,9, 7. Conversion of Chemset 4 Bromides— Alkyl and

19.06 85%), 585.2;6{3,4,1Q, 22.38 &75%), 627.2;
6{3,4,1%, 20.80 85%), 565.26{3,4,12, 21.24 -85%),
605.2; 6{3,4,13, 21.83 (50%), 643.26{3,4,14, 20.79

Aryl Sulfides 8. A solution of N-methylpyrrolidine/thiol
reagent chemse?/DIEA (93:5:2 v/viv or viwlv) was
prepared. Bromide analogues of chengsgears were placed

(>85%), 585.2/587.16(3,4,13, 21.14 (85%), 601.2;
6{3,4,16, 21.15 £85%), 617.26{3,4,1%, 21.83 85%),
579.1;6{3,4,18, 21.82 (75%), 591.2;6{3,4,1¢, 20.35
(>85%), 571.2/573.26{3,4,2¢, 20.51 (85%), 571.2/
573.2;6{3,4,2}, 18.22 85%), 597.2;6{3,4,23, 20.36
(>85%), 573.26{3,4,23 , 18.62 (85%), 597.26({3,4,24,
21.87 (85%), 629.1;6{3,4,23, 19.87 (75%), 573.2;
6{3,4,26, 21.68 85%), 613.26{3,4,2%, 22.98 & 75%),
605.2; 6{3,4,28, 19.90 (50%), 581.26{3,4,2¢, 21.92

into individual screw cap vials and 1 mL of reaction solution
was added to each vial; vials were then capped and left at
RT for 20 h. Gears were washed with DMF and replaced
onto the multipin holder at the correct spatial address. The
array of gears was washed with MeOH (200 mL, 5 min),
DMF (200 mL, 2x 5 min), and DCM (200 mL, Z 5 min),

and dried in vacuo. Acidolytic cleavage and analysis gave
the following sulfides8. Member, HPLC (system &; (%),
ESMS [M + H]™: 8{1,1,1, 19.27 (89.3%), 549.1/551.1;
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8{1,1,2, 19.02 (86.9%), 544.18{1,1,3, 20.09 (91.3%),
565.1;8{1,1,4, 19.78 (91.4%) (Figure 3c (HPLC system
1, R = 15.04 min)), 543.18{1,1,3, 18.53 (93.1%), 515.1;
8{1,1,6, 18.88 (89.7%), 529.18{1,1,7%, 20.05 (87.7%),
583.2/585.2/587.28{1,1,8, 19.96 (92.2%), 543.1.
8. Conversion of Alkyl and Aryl Sulfides 8 — Alkyl

and Aryl Sulfones 9. Sulfide chemse8 gears were placed
into individual screw cap vials and 1 mL of mCPBA (5 equiv

Grabowska et al.

washed with DMF (200 mL, 3« 5 min) and CHCN (200
mL, 3 x 5 min), and dried in vacuo. Acidolytic cleavage
and analysis gave the following carboxamidds Member,
HPLC (system 1R (%), ESMS [M+ H]*: 11{1,1,3, 12.25
(93.3%) (Figure 4d), 540.2;1{1,1,2, 14.32 (89.8%), 590.1,
11{1,1,3, 11.99 (90.2%), 532.111{1,1,4, 12.01 (92.9%)
526.2;11{1,1,3, 9.71 (87.6%), 478.111{1,1,¢, 13.95
(94.2%), 576.211{1,1,%, 13.99 (91.6%), 576.111{1,1,8,

in DCM) was added to each vial; vials were then capped 12.63 (86.1%), 570.1.

and left at RT for 20 h. Gears were washed with DMF and
replaced onto the multipin holder at the correct spatial

12. Conversion of Chemset 4 Amines> Sulfonamides
13. A solution of sulfonyl chloride reagent chemst (50

address. The array of gears was washed with MeOH (200equiv) and (dimethylamino)pyridine (50 equiv) were pre-

mL, 5 min), DMF (200 mL, 2x 5 min), and DCM (200
mL, 2 x 5 min), and dried in vacuo. Acidolytic cleavage
and analysis gave the following sulfon@sMember, HPLC
(system 2)R (%), ESMS [M + H]*: 9{1,1,1, 17.96
(86.2%), 581.1/583.19{1,1,2, 17.76 (87.1%), 576.1;
9{1,1,3, 18.81 (90.0%), 597.19{1,1,4, 18.37 (94.1%)
(Figure 3d (HPLC system 1R = 13.68 min)), 575.1;
91,1,3, 17.18 (91.1%), 547.19{1,1,8, 17.53 (84.7%),
5651.1;9{1,1,%, 18.77 (85.4%), 615.2/617.2/619%1,1,8,
18.57 (91.1%), 575.1.

9. Conversion of Chemset 4 Bromides>~ Chemset 4
Azides. Sodium azide (50 equiv per gear) was dissolved in
N-methylpyrrolidine/water (9:1, v/v) with shaking. Bromide
analogues of chemsétgears were placed onto the multipin
holder and 50@L of reagent was dispensed to the appropri-
ate wells of a polypropylene 96-well plate. The array was
added and left at RT for 16 h, then washed with DMF/water
(200 mL, 9:1, v/v, 2x 5 min), CHCN (200 mL, 2x 5
min), and DCM (200 mL, 2x 5 min), and dried in vacuo.
Acidolytic cleavage (effected with 95% TFA/5%,8) and

mixed in DMF (250uL). Amine analogues of chemsét
gears were placed onto the multipin holder, reagents were
dispensed to the appropriate wells, and the reaction was left
at RT for 16 h. The array of gears was washed with DMF
(200 mL, 3x 5 min) and CHCN (200 mL, 3x 5 min),

and dried in vacuo. Acidolytic cleavage and analysis gave
the following sulfonamide43. Member, HPLC (system 1)

R (%), ESMS [M+ H]™: 13{1,1,1}, 13.93 (91.9%) (Figure
4e), 612.013(1,1,2, 12.01 (88.3%), 568.243{1,1,3, 12.22
(92.6%), 562.113{1,1,4, 14.36 (88.6%) 612.2t3{1,1,3,
13.73 (51.1%), 576.213{(1,1,6, 9.62 (39.2%), 514.1;
13(1,1,7, 12.81 (92.1%), 592.2.

13. Synthesis of Compounds 420. Following the
procedures detailed in section 4 {4¥), each of the four
members of chemsdf 1—4,1} were reprepared commencing
from 25 x 5.0umole crowns SPMDINOF. Then, following
the procedures detailed in sections®®, 5x 5.0 umole of
each member was converted into functionalized oxazole
compoundsl—20. For modifications detailed in sections
5—10, the 5.Qumole crown simply replaced the Li2nole

analysis gave the following azide analogues. Member, HPLC gear retaining the same reaction volumes, times, and

(system 1R (%), ESMS [M+ H]: 4{1,1}, 11.48 (87.3%)
(Figure 4b), 448.24{2,1}, 11.49 (90.2%), 448.24{3,1},
12.22 (88.2%), 462.24{4,1}, 12.38 (91.3%), 462.2.

10. Conversion of Chemset 4 Azides~ Chemset 4
Amines. A solution of dithiothreitol (2 M) and DIEA (1 M)
in DMF was prepared. Azide analogues of chendsgéars
were placed into individual screw cap vials and 0.7 mL of

concentrations. For acylations detailed in sections 11 and
12, with carboxamided0 and sulfonyl chloridesl?, the
reaction volumes increased to 500 per crown.
Chemset4{1,1} was converted t6{1,1,4, 8{1,1,4,
oA1,1,4, 12{1,1,4, 13(1,1,4; Chemsetd{2,1} was con-

verted t06{2,1,3, 8(2,1,3,92,1,3,1%2,1,3, 132,1,3;
Chemset4{3,1} was converted to6{3,1,%, 8{3,1,1,

reaction solution was added to each vial; vials were then 9{3,1,1, 11{3,1,1}, 13{3,1,; and Chemset{4,1} was

capped and heated at 8G for 1 h. An additional 0.7 mL

converted to6{4,1,2, 8{4,1,2, 9{4,1,23, 11{4,1,2,

aliquot of reagent was added and again capped and heated3{4,1,2. Full analytical data were summarized in Table

at 50°C for 1 h. Gears were washed with DMF and replaced

1.

onto the multipin holder at the correct spatial address. The  Compound 1; §1,1,4 . 2-(1S{ 2S{(Furan-3-carbonyl)-

array of gears was washed with DMF (200 mLx2 min),
CH3CN (200 mL, 2x 5 min), and DCM (200 mL, 2x 5
min), and dried in vacuo. Acidolytic cleavage and analysis

amino]-4,4-dimethyl-pentanoylaming -2-hydroxyethyl)-
5-(2-trifluoromethyl-phenoxymethyl)-oxazole-4-carbox-
amide. Crude compound (10.3 mg) was dissolved with

gave the following amine analogues. Member, HPLC (system sonication in 0.1% aq TFA/acetonitrile (1:1, v/v, 2 mL) and

1) R (%), ESMS [M+ H]*: 4{1,1}, 8.41 (90.2%) (Figure
4c), 422.2;4{2,1}, 8.44 (87.3%), 422.24{3,1}, 9.00
(91.0%), 436.24{4,1}, 9.16 (91.4%), 436.1.

11. Conversion of Chemset 4 Amines> Carboxamides
11. A solution of carboxylic acid reagent chemsH (5
equiv), HBTU (4.95 equiv), HOBt (5 equiv), and NMM (9.95
equiv) were preactivated in DMF (25Q.) for 5 min. Amine
analogues of chemsétgears were placed onto the multipin

purified by semipreparative HPLC, eluting with a-380%
gradient of solvent B in solvent A over 35 min. The desired
fractions were lyophilized to give a white solid (3.5 mg,
26%). Analytical HPLC (system 2R 19.85 min &99%),
HRMS GeH200;N4NaF; requiresM, 589.1886, found MNj,
589.1910 ¢ +4.0 ppm).ou (500 MHz; CDC}) 0.92 (9H, s,
NHCHCH,C(CHz)3), 1.60 (1H, dd,J 14 and 8, NHCHEI,,C-
(CHa)3), 1.92 (1H, dd)) 14 and 4, NHCHEI1,5C(CHg)3), 3.87

holder, reagents were dispensed to the appropriate wells, and1H, dd,J 12 and 3.5, NHCHE&,,OH), 3.95 (1H, dd, 12
the reaction was left at RT for 16 h. The array of gears was and 4, NHCHG1,30H), 4.60 (1H, dddJ 8.5, 8, and 4,
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NHCHCH,C(CHs)3), 5.15 (1H, ddd,J 8, 4, and 3.5,
NHCHCH,0OH), 5.50 (1H, dJ 13.5, tH,40-phenyl), 5.55
(1H, d,J 13.5, H2g0-phenyl), 6.69 (1H, s, H-4 furan), 7.02
(1H, t, J 7.5, H-4 phenyl), 7.27 (2H, m, H-6 phenyl and
NHCHCH,C(CH)s), 7.40 (1H, s, H-5 furan), 7.44 (1H, 4,
7.5, H-5 phenyl), 7.52 (1H, d 7.5, H-3 phenyl), 7.79 (1H,
d, J 8, NHCHCH,0OH), and 7.98 (1H, s, H-2 furan).

Compound 2; §1,1,4. 2-(1S-{ 2S-[(Furan-3-carbonyl)-
amino]-4,4-dimethylpentanoylaming -2-hydroxyethyl)-5-
(phenethylsulfanylmethyl)-oxazole-4-carboxamideCrude
compound?2 (17.7 mg) was dissolved in 0.1% aq TFA/
acetonitrile (1:1, v/v, 2 mL) and purified by semipreparative
HPLC, eluting with a 36-90% gradient of solvent B in
solvent A over 35 min. The desired fractions were lyophilized
to give a white solid (1.5 mg, 12%). Analytical HPLC
(SyStem Z)Rt 19.78 min 999%), HRMS G7H3s05NsNaS
requiresM, 565.2097, found MNj 565.2098 § +0.2 ppm).
ou (500 MHz; CDC}) 0.99 (9H, s, NHCHCHC(CH3)3), 1.60
(1H, dd,J 14.5 and 7.5, NHCHEB,4C(CHg)s), 2.02 (1H,
dd,J14.5 and 5, NHCHE,5C(CHg)s), 2.78 (2H, m, SEi,-
CHzPh), 2.90 (2H, m, SCKCH,Ph), 3.90 (1H, dd)J 11.5
and 4, NHCHG,,OH), 4.02 (1H, dd,J 11.5 and 4,
NHCHCH250H), 4.10 (1H, dJ 15, CH,aS(CH,)2 phenyl),
4.20 (1H, d,J 15, CH28S(CHy)zphenyl), 4.61 (1H, dddJ
7.5,7.5, and 5, NHECH,C(CH)3), 5.19 (1H, d,J 8 and 4,
NHCHCH,OH), 5.55 (1H, br s, CONL}), 6.16 (1H, d,J
7.5, \HCHCH,C(CHg),), 6.59 (1H, br s, H-4 furan), 6.77
(1H, br s, CONHp), 7.13 (1H, dJ 8, NHCHCH,OH), 7.18
(3H, m, H-2, H-4, and H-6 phenyl), 7.28 (2H, m, H-3 and
H-5 phenyl), 7.44 (1H, s, H-5 furan), and 7.94 (1H, s, H-2
furan).

Compound 3; 91,1,4. 2-(1S{ 2S[(Furan-3-carbonyl)-
aminol-4,4-dimethylpentanoylaming -2-hydroxyethyl)-5-
(phenethylsulfonylmethyl)-oxazole-4-carboxamideCrude
compound3 (7.4 mg) was dissolved in 0.1% aq TFA/
acetonitrile (1:1, v/iv, 2 mL) and purified by semipreparative
HPLC, eluting with a 36-90% gradient of solvent B in
solvent A over 35 min. The desired fractions were lyophilized
to give a white solid (7.3 mg, 53%). Analytical HPLC
(system 2)R; 18.47 min £99%), HRMS G/H3/0OsNsNaS
requiresM, 597.1995, found MNj§ 597.2014 ¢ +3.3 ppm).
on (500 MHz; CDC}) 0.99 (9H, s, NHCHCHEC(CHs)s), 1.60
(1H, dd,J 14.5 and 8, NHCHE,,C(CH)s), 2.00 (1H, dd,

J 145 and 5, NHCHE3C(CHs)s), 3.16 (2H, m, S@
CH,CH,Ph), 3.32 (2H, m, SECH,CH,Ph), 4.03 (1H, ddJ
11.5 and 4, NHCHE;,OH), 4.08 (1H, ddJ 11.5 and 4.5,
NHCHCH250H), 4.61 (1H, d,J 15, CH2aS(CH,).-phenyl),
4.67 (1H, ddd) 8, 8 and 5, NHEICH,C(CHs)s), 4.93 (1H,
d, J 15, CHzsS(CH),-phenyl), 5.11 (1H, ddd] 8.5, 4.5, and
4, NHCHCH,0H), 5.64 (1H, br s, CONK), 6.49 (1H, dJ
8, NHCHCH,C(CHy),), 6.65 (1H, br s, H-4 furan), 6.89 (1H,
br s, CONHg), 7.23 (3H, m, H-2, H-4, and H-6 phenyl),
7.29 (2H, m, H-3 and H-5 of Ph), 7.44 (1H, br s, H-5 furan),
7.47 (1H, d,J 8.5, NHCHCH,OH), and 7.94 (1H, s, H-2
furan).

Compound 4; 1¥1,1,4. 5-(Benzoylaminomethyl)-2-
(1S{2S-[(furan-3-carbonyl)amino]-4,4-dimethylpentan-
oylamino} -2-hydroxyethyl)-oxazole-4-carboxamideCrude
compound4 (9.6 mg) was dissolved in 0.1% aq TFA/
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acetonitrile (1:1, v/v, 2 mL) and purified by semipreparative
HPLC, eluting with a 36-90% gradient of solvent B in
solvent A over 35 min. The desired fractions were lyophilized
to give a white solid (3.4 mg, 27%). Analytical HPLC
(system 2)R; 16.80 min &99%), HRMS GgH3:07/NsNa
requiresM, 548.2121, found MN§ 548.2127 § +1.0 ppm).
Ou (500 MHz; CDCE) 0.98 (9H, s, NHCHCHC(CHg)3, 1.59
(1H, dd,J 14.5 and 8, NHCHE,,C(CHs)s), 1.95 (1H, dd,

J 14.5 and 4, NHCHEI,5C(CHg)s), 3.99 (1H, dd,J 8 and

4, NHCHCH,,OH), 4.01 (1H, ddJ 8 and 4, NHCH® -
OH), 4.67 (1H, br ddJ 8 and 4, NHEHCH,C(CH;)3), 4.84
(2H, m, CH,NHCOPh), 5.13 (1H, br m, NHBCH,OH),
5.92 (1H, br s, CONbKh), 6.65 (1H, s, H-4 furan), 6.73 (1H,
br s, NHCHCH,C(CHy)s), 7.17 (1H, br s, CONEk), 7.41
(1H, s, H-5 furan), 7.43 (2H, m, H-3 and H-5 phenyl), 7.49
(1H, t, J 7, H-4 phenyl), 7.57 (1H, br s, NCHCH,OH),
7.84 (2H, d,J 7.5, H-2 and H-6 phenyl), 7.98 (1H, s, H-2
furan), and 8.58 (1H, br s, GNHCOPh).

Compound 5; 131,1,4. 2-(1S{2S-[(Furan-3-carbo-
nyl)amino]-4,4-dimethylpentanoylaming -2-hydroxyethyl)-
5-[(naphthalene-1-sulfonylamino)methyl]-oxazole-4-car-
boxamide. Crude compoun® (21.9 mg) was dissolved in
0.1% aq TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 300% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (1.9 mg, 13%).
Analytical HPLC (system 2R 17.92 min ¢&99%), HRMS
CooH330sN:sNaS required, 634.1948, found MN3 634.1941
(6 —1.1 ppm). og (500 MHz; CDCk) 0.99 (9H, s,
NHCHCH,C(CH3)3), 1.63 (1H, dd,J 14.5 and 8, NHCH-
CH,AC(CHa)s), 2.02 (1H, ddJ 14.5 and 5, NHCHE!55C-
(CHs)s), 3.82 (2H, d,J 3.5, NHCH,0OH), 4.35 (2H, dJ
6.5, (H,NHSO,-naphthalene), 4.60 (1H, ddd g, 7, and 5,
NHCHCH,C(CHs)3), 4.89 (1H, dtJ 7 and 3.5, NHEICH,-
OH), 5.70 (1H, br s, CONHK), 6.35 (1H, dJ 7, NHCHCH.C-
(CHs),), 6.48 (1H, br s, CONk), 6.63 (1H, br dJ 1, H-4
furan), 7.01 (1H, tJ 6.5, CHNHSO,-naphthalene), 7.14 (1H,
d,J7, NHCHCH,OH), 7.44 (1H, s, H-5 furan), 7.52 (1H, t,
J 8, H-3 naphthalene), 7.57 (1H, ,8, H-6 naphthalene),
7.62 (1H, t,J 8, H-7 naphthalene), 7.86 (1H, d,8, H-5
naphthalene), 7.94 (1H, s, H-2 furan), 8.02 (1H) &, H-2
or H-4 naphthalene), 8.23 (1H, d] 8, H-2 or H-4
naphthalene), and 8.56 (1H, @8, H-8 naphthalene).

Compound 6; §2,1,3. 5-(2,5-Dichlorophenoxymethyl)-
2-(1R-{2S{(furan-3-carbonyl)amino]-4,4-dimethylpen-
tanoylamino}-2-hydroxyethyl)-oxazole-4-carboxamide
Crude compouné (18.2 mg) was dissolved in 0.1% aq TFA/
acetonitrile (1:1, v/v, 2 mL) and purified by semipreparative
HPLC, eluting with a 36-90% gradient of solvent B in
solvent A over 35 min. The desired fractions were lyophilized
to give a white solid (6.0 mg, 44%). Analytical HPLC
(system 2)R; 19.95 min &99%), HRMS GsH250;NsNaCh
requiresM, 589.1233, found MNj 589.1229 ¢ —0.7 ppm).
ou (500 MHz; CDC}) 1.00 (9H, s, NHCHCHC(CH3)3), 1.60
(1H, dd,J 14.5 and 8.5, NHCHH8,,C(CH;)3), 2.04 (1H,
dd, J 14.5 and 4.5, NHCH#8,:C(CHs)s), 4.01 (1H, dd,J
11.5 and 4, NHCHE,,OH), 4.14 (1H, ddJ 11.5 and 3.5,
NHCHCH,sOH), 4.75 (1H, dddJ 8.5, 8, and 4.5, NH8-
CH,C(CHa)3), 5.23 (1H, ddd,J 6, 4, and 3.5, NHEICH,-
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OH), 5.34 (1H, dJ 13, CH,aO-phenyl), 5.45 (1H, dJ 13,
CHgO-phenyl), 6.00 (1H, br s, CONH), 6.35 (1H, dJ 8,
NHCHCH,C(CH),), 6.60 (1H, br d,J 1, H-4 furan), 6.89
(1H, br s, CONHg), 6.91 (1H, ddJ 8.5 and 2, H-4 phenyl),
7.17 (1H, dJ 2, H-6 phenyl), 7.25 (1H, d 8.5, H-3 phenyl),
7.40 (1H, br d,J 1, H-5 furan), 7.54 (1H, br dJ 6,
NHCHCH,OH), and 7.94 (1H, s, H-2 furan).

Compound 7; §2,1,3. 2-(1R-{ 25-[(Furan-3-carbonyl)-
amino]-4,4-dimethylpentanoylaming -2-hydroxyethyl)-5-
(naphthalene-2-ylsulfanylmethyl)-oxazole-4-carbox-
amide. Crude compound (16.9 mg) was dissolved in 0.1%
ag TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 390% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (6.7 mg, 49%).
Analytical HPLC (system 2[R, 20.06 min &99%), HRMS
CooH306N4NaS required, 587.1940, found MNg 587.1929
(0 —2.0 ppm). o (500 MHz; CDCk) 0.99 (9H, s,
NHCHCH,C(CHs)3), 1.58 (1H, dd,J 14.5 and 8, NHCH-
CH2AC(CHg)3), 2.02 (1H, ddJ 14.5 and 5, NHCHE@,5C-
(CHa)3), 3.78 (1H, ddJ 11 and 3.5, NHCHE,,0OH), 3.91
(1H, dd,J 11 and 4, NHCHEIi,z0OH), 4.45 (1H, d,J 15,
CHaS naphthalene), 4.55 (1H, @15, CH,sS naphthalene),
4.70 (1H, dddJ 8.5, 8, and 5, NHEICH,C(CH)3), 5.10
(1H, ddd,J 9, 4, and 3.5, NHEICH,OH), 5.75 (1H, br s,
CONH;a), 6.13 (1H, d,J 8.5, NHCHCH,C(CH)s), 6.54 (1H,
br s, H-4 furan), 6.64 (1H, br s, CONk), 7.35 (1H, br d,

J 9, NHCHCH,OH), 7.40 (1H, d,J 1, H-5 furan), 7.42
7.49 (3H, m, H-3, H-6, and H-7 naphthalene), #7077
(4H, H-1, H-4, H-5, and H-8 naphthalene), and 7.89 (1H, br
s, H-2 furan).

Compound 9; 1¥2,1,3. 2-(1R-{ 2S-[Furan-3-carbonyl)-
aminol-4,4-dimethylpentanoylaming -2-hydroxyethyl)-5-
{[(thiophene-2-carbonyl)amino]methy} -oxazole-4-car-
boxamide. Crude compoun® (18.0 mg) was dissolved in
0.1% aq TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 390% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (3.0 mg, 24%).
Analytical HPLC (system 2[R 16.29 min £&99%), HRMS
CoH2g07NsNasS required/, 554.1685, found MNg 554.1664,
(6 —3.9 ppm). 6y (500 MHz; CDCk) 0.99 (9H, s,
NHCHCH,C(CHs)3), 1.63 (1H, ddJ 14.5 and 8.5, NHCH-
CH2AC(CH)s), 2.00 (1H, dd,) 14.5 and 4.5, NHCH8,5C-
(CHa)s), 3.95 (1H, ddJ 11.5 and 3.5, NHCHH,,0H), 4.12
(1H, dd,J 11.5 and 3.5, NHCHH,50H), 4.69 (1H, ddJ
16.5 and 5, E,ANHCO-thiophene), 4.77 (1H, dd, 16.5
and 6, GH,sNHCO-thiophene), 4.81 (1H, m, NHECH,C-
(CHa)3), 5.16 (1H, dt,J 6.5 and 3.5, NHEICH,OH), 5.95
(1H, br s, CONHa), 6.68 (1H, s, H-4 furan), 6.74 (1H, br
d, J 8, NHCHCH.C(CHg)s), 7.04 (1H, t, J 4.5, H-4
thiophene), 7.15 (1H, br s, CON§J, 7.40 (1H, s, H-5 furan),
7.49 (1H, d,J 4.5, H-3 thiophene), 7.59 (1H, d,4.5, H-5
thiophene), 7.69 (1H, br d,6.5, NHCHCH,OH), 8.00 (1H,
s, H-2 furan), and 8.44 (1H, br s, GNHCO-thiophene).

Compound 10; 132,1,3. 5-(Benzenesulfonylamino-
methyl)-2-(1R-{ 25-[(furan-3-carbonyl)amino]-4,4-dimethyl-
pentanoylaming}-2-hydroxyethyl)-oxazole-4-carbox-
amide. Crude compoundO0 (12.1 mg) was dissolved in 0.1%
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aq TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 300% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (1.4 mg, 14%).
Analytical HPLC (system 2R 17.06 min &99%), HRMS
CusH310sN:sNaS required, 584.1791, found MN3 584.1770
(6 —2.5 ppm). g (500 MHz; CDCk) 0.99 (9H, s,
NHCHCH,C(CH3)3), 1.66 (1H, ddJ 14.5 and 8.5, NHCH-
CH2aC(CHg)s), 1.99 (1H, ddJ 14.5 and 4.5, NHCHB8,:C-
(CHs)3), 3.95 (1H, ddJ 11.5 and 3.5, NHCHB,,0H), 4.08
(1H, dd,J 11.5 and 3, NHCHE,50H), 4.34 (2H, m, El,-
NHSO,-naphthalene), 4.74 (1H, ddd, 8.5, 7.5, and 4.5,
NHCHCH,C(CHs)s), 5.13 (1H, ddd,J 6.5, 3.5, and 3,
NHCHCH,OH), 6.11 (1H, br s, CONH), 6.49 (1H, d,J
7.5, NHCHCH,C(CH),), 6.64 (1H, s, H-4 furan), 6.82 (1H,
br s, CONHg), 6.94 (1H, br m, CENHSO,-phenyl), 7.43
(1H, br s, H-5 furan), 7.45 (2H, m, H-3 and H-5 phenyl),
7.49 (1H, m, H-4 phenyl), 7.62 (1H, d,6.5, NHCHCH,-
OH), 7.78 (2H, dJ 7.5, H-2 and H-6 phenyl), 8.00 (1H, s,
H-2 furan).

Compound 12; g3,1,%. 5-(2-Chlorophenylsulfanyl-
methyl)-2-(1S-{ 2S-[(furan-3-carbonyl)amino]-4,4-dimethyl-
pentanoylaming -2R-hydroxypropyl)-oxazole-4-carbox-
amide. Crude compound2 (6.5 mg) was dissolved in 0.1%
aq TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 300% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (3.2 mg, 24%).
Analytical HPLC (system 2[R 19.62 min &99%), HRMS
CaeH3:0sN4NaCIS requiresM, 585.1551, found MNj
585.1553 ¢ +0.4 ppm).oy (500 MHz; CDC}) 0.99 (9H, s,
NHCHCH,C(CH3)3), 1.17 (3H, d,J 6.5, NHCHCH(OH)-
CHs), 1.58 (1H, ddJ 14 and 7.5, NHCHE,,C(CH)3), 2.04
(1H, dd,J 14 and 5.5, NHCHE,5C(CHs)3), 4.30 (1H, dq,
J6.5 and 3, NHCHEI(OH)CHg), 4.54 (2H, s, E1,S-phenyl),
4.64 (1H, dddJ 8, 7.5, and 5.5, NHACH,C(CH;)3), 5.05
(1H, dd,J 9 and 3, NHG{CH(OH)CH;), 5.56 (1H, br s,
CONH,,), 6.13 (1H, d,J 8, NHCHCH,C(CH),), 6.60 (1H,
brd,J 1, H-4 furan), 6.70 (1H, br s, CONJg), 6.96 (1H, d,
J9, NHCHCH(OH)CH), 7.18 (2H, m, H-4 and H-5 phenyl),
7.36 (1H, ddJ 7.5 and 1.5, H-6 phenyl), 7.44 (1H, br d,
1, H-5 furan), 7.50 (1H, dd] 7.5 and 1.5, H-3 phenyl), and
7.95 (1H, s, H-2 furan).

Compound 13; 93,1,1}. 5-(2-Chlorobenzenesulfonyl-
methyl)-2-(1S-{ 2S-[(furan-3-carbonyl)amino]-4,4-dimeth-
ylpentanoylamino} -2R-hydroxypropyl)-oxazole-4-carbox-
amide. Crude compound3 (5.6 mg) was dissolved in 0.1%
aqg TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 300% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (2.1 mg, 15%).
Analytical HPLC (system 2R 17.75 min &99%), HRMS
CaeH310sN4NaCIS requiresM, 617.1449, found MNj
617.1477, § +4.5 ppm).ou (500 MHz; CDC}) 0.99 (9H,
s, NHCHCHC(CHa)3), 1.21 (3H, dJ 6.5, NHCHCH(OH)-
CHs), 1.63 (1H, ddJ 14.5 and 8, NHCHE,,C(CH)3), 2.08
(1H, dd,J 14.5 and 5, NHCHE,5C(CHs)3), 4.35 (1H, dq,

J 6.5 and 3, NHCHEI(OH)CHg), 4.68 (1H, dddJ 8.5, 8,
and 5, NHGICH,C(CHs)3), 5.00 (1H, dd,J 8.5 and 3,



5-(Hydroxymethyl)oxazoles

NHCHCH(OH)CHg), 5.11 (1H, dJ 14.5, (H,aSO,Ph), 5.20
(1H, d,J 14.5, H,sSO,Ph), 5.44 (1H, br s, CONH), 6.25
(1H, br d, J 8.5, NHCHCH,C(CHs)3), 6.65 (2H, br s,
CONH,g and H-4 furan), 7.12 (1H, br d, 8.5, N\HCHCH-
(OH)CHg), 7.40 (1H, m, H-5 phenyl), 7.46 (1H, br s, H-5
furan), 7.58 (2H, dJ 4, H-3 and H-4 phenyl), 7.89 (1H, d,
J 8, H-6 phenyl), and 7.96 (1H, s, H-2 furan).

Compound 14; 1%¥3,1,%. 2-(1S{2S[(Furan-3-car-
bonyl)amino]-4,4-dimethylpentanoylaming -2R-hydroxy-
propyl)-5-(phenylacetylaminomethyl)-oxazole-4-carbox-
amide. Crude compound4 (19.1 mg) was dissolved in 0.1%
aq TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 390% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (1.8 mg, 14%).
Analytical HPLC (system 2R 17.16 min &99%), HRMS
CogH3607N5 requireSM, 554.2614, found MNH 554.2614
(6 0.0 ppm).on (500 MHz; CDC¥) 0.98 (9H, s, NHCHCHLC-
(CH3)3), 1.19 (3H, d,J 6.5, NHCHCH(OH)®3), 1.62 (1H,
dd, J 14.5 and 7.5, NHCHB24C(CHs)3), 2.02 (1H, dd,J
14.5 and 4.5, NHCHB,sC(CHs)3), 3.57 (2H, s, Ch
NHCOCH,Ph), 4.35 (1H, br m, NHCHB(OH)CH), 4.62
(2H, m, CH,NHCOCH,Ph), 4.67 (1H, m, NHEICH,C-
(CHs)3), 4.99 (1H, ddJ 6 and 2.5, NHEICH(OH)CH), 5.73
(1H, br s, CONH,), 6.49 (1H, br s, MCHCH,C(CH)s3),
6.64 (1H, br s, H-4 furan), 7.01 (1H, br s, COMN} 7.25-
7.29 (7H, m, AHHCHCH(OH)CH;, CH,NHCOCH,Ph and
Ph), 7.45 (1H, br s, H-5 furan), and 7.98 (1H, s, H-2 furan).

Compound 15; 133,1,3. 2-(1S{2S-[(Furan-3-carbo-
nyl)amino]-4,4-dimethylpentanoylaming -2R-hydroxypro-
pyl)-5-[(naphthalene-2-sulfonylamino)methyl]-oxazole-4-
carboxamide.Crude compound5 (10.1 mg) was dissolved
in 0.1% aqg TFA/acetonitrile (1:1, v/v, 2 mL) and purified
by semipreparative HPLC, eluting with a-300% gradient
of solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (6.9 mg, 46%).
Analytical HPLC (system 2[R 18.90 min &99%), HRMS
CsH3:05NsNaS required/, 648.2104, found MNg 648.2099
(6 —0.8 ppm). ou (500 MHz; CDCE) 0.99 (9H, s,
NHCHCH,C(CHs)3), 1.08 (3H, dJ 6, NHCHCH(OH)H3),
1.60 (1H, ddJ 14.5 and 8, NHCHE&,4C(CHz)3), 2.04 (1H,
dd, J 14.5 and 4, NHCHE,5C(CHs)3), 3.99 (1H, br m,
NHCHCH(OH)CH), 4.45 (2H, d,J 6, CH,NHSOs-naph-
thalene), 4.61 (1H, br m, NHECH,C(CHy)s), 4.74 (1H, br
d, J9, NHCHCH(OH)CH;), 5.54 (1H, br s, CONbLh), 6.11
(A1H, m, NHCHCH,C(CHg)3), 6.53 (1H, br s, CONEb), 6.61
(IH, br s, H-4 furan), 6.92 (2H, br m, GNHSO,-
naphthalene and NCHCH(OH)CH), 7.45 (1H, s, H-5
furan), 7.62 (2H, m, H-6 and H-7 of naphthalene), 7.73 (1H,
d, J 8.5, H-3 of naphthalene), 7.88 (2H, @38.5, H-4 and
H-5 or H-8 of naphthalene), 7.96 (1H, d8.5, H-5 or H-8
of naphthalene), 7.98 (1H, s, H-2 furan), and 8.36 (1H, s,
H-1 naphthalene).

Compound 16; §4,1,2. 2-(1R{2S{(Furan-3-carbo-
nyl)amino]-4,4-dimethylpentanoylaming -2S-hydroxypro-
pyl)-5-(naphthalene-2-yloxymethyl)-oxazole-4-carboxa-
mide. Crude compound6 (19.2 mg) was dissolved in 0.1%
ag TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 390% gradient of
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solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (6.8 mg, 50%).
Analytical HPLC (system 2R 20.53 min ¢&99%), HRMS
CsoH340;N4Na requiresvl, 585.2325, found MNj 585.2313

(6 —2.1 ppm). ou (500 MHz; CDC}) 1.00 (9H, s,
NHCHCH,C(CH3)3), 1.26 (3H, d,J 6.5, NHCHCH(OH)-
CHg), 1.54 (1H, dd,) 14.5 and 8, NHCHE,,C(CH)s), 2.06
(1H, dd,J 14.5 and 5, NHCHE,5C(CHy)s), 4.41 (1H, dq,
J6.5 and 2.5, NHCHE(OH)CH), 4.74 (1H, ddd, 8.5, 8,
and 5, NHGICH,C(CHy)3), 5.10 (1H, dd,J 9 and 2.5,
NHCHCH(OH)CH), 5.43 (1H, dJ 13, CH,4O-naphthalene),
5.53 (1H, d,J 13, CH50-naphthalene), 6.00 (1H, d38.5),
6.55 (1H, d,J 1, H-4 furan), 6.80 (1H, br m, NCHCH,C-
(CHg)3), 7.12 (2H, ddJ 9 and 2.5, MHCHCH(OH)CH; and
H-3 naphthalene), 7.20 (1H, d1, H-5 furan), 7.31 (1H, d,

J 2.5, H-1 naphthalene), 7.34 (1H, m, H-6 naphthalene), 7.50
(1H, dt,J 8 and 1, H-7 naphthalene), 7.71 (1H,Jd3, H-8
naphthalene), 7.73 (1H, d,8, H-5 naphthalene), 7.75 (1H,
d, J 9, H-4 naphthalene), and 7.90 (1H, s, H-2 furan).

Compound 17; §4,1,2. 2-(1R-{2S-[(Furan-3-carbo-
nyl)amino]-4,4-dimethylpentanoylaming -2S-hydroxypro-
pyl)-5-(4-methoxyphenylsulfanylmethyl)-oxazole-4-car-
boxamide.Crude compound7 (22.7 mg) was dissolved in
0.1% aq TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 300% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (6.5 mg, 49%).
Analytical HPLC (system 2[R 18.81 min, &99%), HRMS
CoH340:;N4NaS required/, 581.2046, found MN3 581.2051
(6 +0.8 ppm). ou (500 MHz; CDC}E) 1.00 (9H, s,
NHCHCH,C(CH3)3), 1.24 (3H, d,J 6.5, NHCHCH(OH)-
CHg), 1.57 (1H, dd,J 14.5 and 8, NHCHE;4C(CH)3), 2.06
(1H, dd,J 14.5 and 4.5, NHCH#8,5C(CH)3), 3.79 (1H, s,
OCH;), 4.18 (1H, dJ 14.5, (HaS-phenyl), 4.30 (1H, dq]
6.5 and 2.5, NHCHE(OH)CHs), 4.36 (1H, d,J 14.5,
CHzsS-phenyl), 4.75 (1H, ddd, 8.5, 8, and 4.5, NHBCH.C-
(CHa)3), 5.00 (1H, ddJ 9 and 2.5, NHEICH(OH)CH), 5.59
(1H, br s, CONH,), 6.13 (1H, dJ 8.5, \NHCHCH,C(CHz)»),
6.59 (1H, br s, H-4 furan), 6.60 (1H, br s, COM} 6.77
(2H, d, J 8.5, H-3 and H-5 phenyl), 7.15 (1H, br 4,9,
NHCHCH(OH)CH), 7.27 (2H, d,J 8.5, H-2 and H-6
phenyl), 7.43 (1H, br s, H-5 furan), and 7.92 (1H, s, H-2
furan).

Compound 18; 94,1,2%. 2-(1R-{2S-[(Furan-3-carbo-
nyl)amino]-4,4-dimethylpentanoylaming -2S-hydroxypro-
pyl)-5-(4-methoxybenzenesulfonylmethyl)-oxazole-4-car-
boxamide.Crude compound8(19.9 mg) was dissolved in
0.1% aq TFA/acetonitrile (1:1, v/v, 2 mL) and purified by
semipreparative HPLC, eluting with a 300% gradient of
solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (4.6 mg, 32%).
Analytical HPLC (system 2[R 17.69 min, &99%), HRMS
CoH3400N4NaS required/, 613.1944, found MNg 613.1967
(6 +3.7 ppm). ou (500 MHz; CDCE) 0.99 (9H, s,
NHCHCH,C(CHs)3, 1.31 (3H, d,J 6, NHCHCH(OH)CH3),
1.62 (1H, ddJ 14.5 and 8.5, NHCHB,,C(CHg)3), 2.10 (1H,
dd,J 14.5 and 3, NHCHE,:C(CHg)3), 3.84 (3H, s OCH),
4.35 (2H, m, NHCHEI(OH)CH; and H,aSO,Ph), 4.84
(1H, ddd,J 8.5, 3.5, and 3, NHECH,C(CHs)3), 4.96 (2H,
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m, CH2SO,Ph and NHEGICH(OH)CH), 5.49 (1H, br s,
CONH,a), 6.60 (1H, br s, CONk), 6.74 (2H, br s, H-4
furan and NHHCHCH,C(CHg)z), 6.93 (2H, d,J 8.5, 2 x
0-CH;0OPh), 7.45 (1H, s, H-5 furan), 7.58 (1H, br s,
NHCHCH(OH)CH), 7.63 (2H, d,J 8.5, 2 x m-CH;OPh),
and 8.02 (1H, s, H-2 furan).

Compound 19; 1%4,1,2. 2-(1R-{2S-[(Furan-3-carbo-
nyl)amino]-4,4-dimethylpentanoylaming -2S-hydroxypro-
pyl)-5-[(2-naphthalene-2-yl-acetylamino)methyl]-oxazole-
4-carboxamide.Crude compound?9 (16.0 mg) was dissolved
in 0.1% aqg TFA/acetonitrile (1:1, v/v, 2 mL) and purified
by semipreparative HPLC, eluting with a-300% gradient
of solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (1.4 mg, 10%).
Analytical HPLC (system 2[R 19.09 min &99%), HRMS
C3:H3707NsNa requiresvl, 626.2591, found MNg 626.2606
(6 +2.4 ppm). oy (500 MHz; CDCE) 0.99 (9H, s,
NHCHCH,C(CHs)3), 1.26 (3H, dJ 6, NHCHCH(OH)H3),
1.65 (1H, ddJ 14.5 and 8, NHCHE&,4C(CHz)3), 2.00 (1H,
dd, J 14.5 and 3, NHCHE,5C(CHy)s), 3.72 (2H, s, CH-
NHCOCH,-naphthalene), 4.35 (1H, m, NHCH{{OH)CH;),
4.50 (1H, ddJ 16 and 4.5, El,uNHCOCH,-naphthalene),
4.59 (1H, ddJ 16 and 6, Gl,sNHCOCH,-naphthalene), 4.83
(1H, br m, NHGHCH,C(CHg)3), 4.99 (1H, br d,J 9,
NHCHCH(OH)CH;), 5.86 (1H, br s, CONEh), 6.64 (1H,
s, H-4 furan), 6.75 (1H, br d1 8, NHCHCH,C(CHk),), 7.04
(1H, br s, CONHg), 7.13 (1H, br s, CENHCOCH--
naphthalene), 7.34 (1H, d8.5, H-3 naphthalene), 7.38 (1H,
s, H-5 furan), 7.48 (3H, m, NCHCH(OH)CH;, H-6 and
H-7 naphthalene), 7.69 (1H, s, H-1 naphthalene), 7.80 (3H,
m, H-4, H-5, and H-8 naphthalene), and 7.95 (1H, s, H-2
furan).

Compound 20; 134,1,2. 2-(1R-{2S-[(Furan-3-carbo-
nyl)amino]-4,4-dimethylpentanoylaming -2S-hydroxypro-
pyl)-5-[(thiophene-2-sulfonylamino)methyl]-oxazole-4-
carboxamide.Crude compoun@0 (18.2 mg) was dissolved
in 0.1% aqg TFA/acetonitrile (1:1, v/v, 2 mL) and purified
by semipreparative HPLC, eluting with a-300% gradient
of solvent B in solvent A over 35 min. The desired fractions
were lyophilized to give a white solid (2.5 mg, 18%).
Analytical HPLC (system 2[R 17.09 min £&99%), HRMS
CosH3108NsNaS required, 604.1512, found MNg 604.1509
(6 —0.5 ppm). 6y (500 MHz; CDCk) 0.99 (9H, s,
NHCHCH,C(CHj3)3), 1.30 (3H, d,J 6.5, NHCHCH(OH)-
CHg), 1.65 (1H, ddJ 14.5 and 8.5, NHCHB,,C(CHg)3),
1.99 (1H, ddJ 14.5 and 4.5, NHCHB,5C(CHg)3), 4.41 (3H,
m, CH,NHSO,-thiophene and NHCHB(OH)CH;), 4.77
(1H, ddd,J 8.5, 7.5, and 4.5, NHBCH,C(CHs)3), 5.02 (1H,
dd, J 9 and 2, NHGICH(OH)CH;), 6.04 (1H, br s,
CONH,p), 6.40 (1H, d.J 7.5, NHCHCH,C(CHs)3), 6.64 (1H,
br s, H-4 furan), 6.83 (1H, br s, CONk), 6.97 (1H, t,J 5,
H-4 thiophene), 7.06 (1H, br §,4, CHbNHSO,-thiophene),
7.41 (1H, d,J 9, NHCHCH(OH)CH), 7.43 (1H, s, H-5
furan), 7.49 (1H, ddJ 5 and 1, H-3 thiophene), 7.52 (1H,
dd,J 5 and 1, H-5 thiophene), and 7.99 (1H, s, H-2 furan).

Supporting Information Available. Full proton and
correlation spectra for compounds-20. This material is
available free of charge via the Internet at http://pubs.acs.org.
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