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A library of 422 1-(2-thiazolyl)-5-(trifluoromethyl)pyrazole-4-carboxamides was prepared in five steps using
solution-phase chemistry. The first step in the synthesis was the reaction of ethyl 2-ethoxymethylene-3-
oxo0-4,4,4-trifluorobutanoate with thiosemicarbazide, which is reported in the literature to afford a 1:1 mixture
of ethyl 1-thiocarbamoyl-5-(trifluoromethyl)pyrazole-4-carboxylate and ethyl 1-thiocarbamoyl-3-(trifluoro-
methyl)pyrazole-4-carboxylate. We reassigned the structure of the product to be a single compound, ethyl
5-hydroxy-1-thiocarbamoyl-5-(trifluoromethyl)-4,5-dihydrétdpyrazole-4-carboxylate. This common in-
termediate was diversified by reaction with d7bromoketones affording, in two steps, 17 1-(2-thiazolyl)-
5-(trifluoromethyl)pyrazole-4-carboxylic acids. Scavenger resins were used to facilitate formation and
purification of up to 27 amides from each of these acids in the last step. In addition, the Curtius reaction
was applied to 12 of the acids followed by quenching with alcohols to afford a 108-member carbamate
library. Certain compounds in the two libraries were toxictoelegans

Introduction o o0 o o

Fluorinated compounds in general, and fluorinated het- FsC OBt RC T OFt
erocycles in particular, continue to play an increasingly
. : . 1 2
important role as agrochemichind pharmaceuticatsEthyl
3-0x0-4,4,4-trifluorobutanoatel( Figure 1) and its deriva- o O NH, O
tives ethyl 2-chloro-3-oxo0-4,4,4-trifluorobutanoaf, (ethyl Foc™ Y ot F.C7 X ORt
2-ethoxymethylene-3-oxo0-4,4,4-trifluorobutanoa®y, @nd OFt
ethyl 3-amino-4,4,4-trifluorocrotonatd)(have proved to be 3 4

versatile building blocks for the construction of a wide Figure 1. Ethyl 3-oxo-4,4,4-trifluorobutanoate and its derivatives.
variety of trifluoromethyl-substituted heterocycfed? These
include pyrazole$; ® isoxazoled;? thiazoles’ pyridinesi®-14 H) synthesized as inhibitors of fibrinogen-mediated platelet
pyrimidines!>~1° and pyrone§®2! The resulting compounds ~ aggregation. There appeared to be significant scope to
have been reported to possess biological activity as herbi-produce a library of compounds based on this chemistry but
cides!®2223fungicides?* inhibitors of platelet aggregatich, ~ With greater diversity than those reported to date by using a
androgen receptor agonists and antagoffitd°and hypo- more diverse set ofi-bromoketone¢ in the second step,
glycemics® leading to additional variations in'Rand R, and a more
Our attention was drawn to building blocks-4 as diverse set of aminek)in the final step, leading to additional

attractive starting points for the production of a number of Vvariations in R and R? Furthermore, we anticipated that

small libraries (106-500 members each), based on various the previously unreported Curtius rearrangement of a@ids

trifluoromethyl-substituted heterocyclic scaffolds, for agro- Would afford new aminopyrazole scaffolds that would form

chemical lead discovery. In this context we became interestedthe basis of a second library. This article describes the design,

in a literature repofton certain amides of general structure Solution-phase synthesis, and screening agdingilegans

11 (Scheme 1, R= aryl, R = H, R® = aminoalkyl, R = of Itwo libraries of 1-(2-thiazolyl)-5-(trifluoromethyl)pyra-
zoles.
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Scheme 1. Literature Route to 1-(2-Thiazolyl)-5-(trifluoromethyl)pyrazole-4-carboxanfides

S CF3 o)
N
HNT N T Mokt R
O O N CE
a b, ¢ IN 8 0
5 : /8
OEt OFs o N=
3 NG 8 R=Et
\_/ oEt 9 R=H
S=<
NH, ©

ReR*

R1
e (TS AR
2 N
GRS '@/‘(N

11

a(a) HLbNC(=S)NHNH,, EtOH, —15 °C to room temperature; (b)*R(=0O)CHRZBr (7), EtOH, reflux; (c) KOH, EtOH, reflux; (d) carbonyl diimidazole,
DMF; (e) RRR*NH; (10).
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7 and price. Preference was given to building blocks containing

Figure 2. a-Bromoketones used for library production. polar functional groups that would provide additional phar-
macophoric elements beyond those present in the scaffold.
R-R* to be <236, if the molecular weight limit of  The a-bromoketone set is heavily dominated by phenacyl
Lipinski’s rule of 5 (<500) is to be met. On the other hand bromides 10, R! = substituted-Ph, R= H). The amine set
the scaffold is rich in nitrogen and oxygen atoms, which contains both primary and secondary amines and includes
allows R—R* to be hydrophobic substituents while still anilines as well as alkylamines and benzylamines.
meeting the Lipinski rule clogP limit for the molecule. The 2D diversity of the virtual libraries built from these
Hydrophobico-bromoketone {) and amine 10) building building blocks was unimpressive because of the large size
blocks are readily available. A total of 17 commercially of the scaffold; however, as stated in the Introduction, our
availableo-bromoketone3{1—17} (Figure 2) and 27 amines  ultimate intent was to achieve diversity by preparing several
10{1-27} (Figure 3) were selected on the basis of diversity modest-sized (1066500-member) libraries with different
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heterocyclic scaffolds, all prepared from ethyl 3-0x0-4,4,4- (a)1s0-

trifluorobutanoatel and its derivative—4 rather than from 160 -
a single very large library. Thus, the overall diversity of the 140 1
entire collection of compounds ultimately produced would ;']
depend significantly on the use of several different scaffolds, 3%

as well as on the substituents appended to the scaffolds. The £ 3
two libraries described in this paper are the first phase of 0
this larger design. 20 |

The distributions of molecular weight, clogP, hydrogen 0+——r - - B —
bond acceptors, and rotatable bonds for the planned synthesis <300 300350 350400 400450 450-500 S00-550 550600 >600
library derived from7{1—-17} and10{1—27} are shown in MW Range
Figure 4. About a quarter of the library exceeds the Lipinski (b) 10
molecular weight limit of 500, but none of the library 160
members exceed 600. Three-quarters of the library members ,,,
have clogP values below 5. None of the library members 120
have more than 10 hydrogen bond acceptors, and the ]
maximum number of rotatable bonds is also 10. The 340 ¢
library members derived from primary amine¥ 1—14,17— i 0
22} possess one hydrogen bond donor, while the 119 0+
members derived from secondary amines possess no hydro- |
gen bond donors. ol

Chemistry

Initially we contemplated solid-phase synthesis of the
library of amidesll The synthetic sequence in Scheme 1 (c)reo7-
might be adapted to solid phase by replacing the ethyl ester 120
in 3 with an analogous resin-bound ester (Scheme 2), and 100 |
in fact the preparation of solid-supported analogues of
compound3 has been reported in the literatidfé? The ester
linkage to the resin would need to withstand thiosemicar-
bazide but react with amint0 to afford the desired amides 40
11. These constraints could probably be met with an ester 20
safety catch linker (Scheme 2, reactio®l)r by susbsti- |
tuting the ester with an acylsulfonamide linker (Scheme 2, 4 5 6 7 8 9 10 1
reaction 2! Alternatively, 3 might be attached as a more H acceptors
stable amide to an N-alkylated Rink resin and cleaved at (dywor -
the end of the sequence by acid treatnfémn. this case R
would necessarily be H and®Rvould be limited to groups
that could be alkylated onto Rink resin. Of greater concern
for a solid-phase approach was the literature report that
condensation of3 with thiosemicarbazide afforded a 1:1
mixture of5 and its regioisomes (Scheme 1) and, somewhat
surprisingly, that isomes did not react withoi-bromoketones
7.5 While it was possible that this reaction would lead to a
different, and perhaps more favorable, ratio of the resin
bound analogues &and6 when implemented on a polymer

support, the pollution of the final products by undesired o )
Figure 4. Property distributions of library members: (a) molecular

roducts derived from unreacté&dlwas seen as a serious :
Broblem with the sequence because each product Wouldwelght; (b) clogP; (c) hydrogen bond acceptors; (d) rotatable bonds.

require purification. Finally, it was unclear to us whether  As a first step, we set out to reproduce the literature
the effort to develop a multistep solid-phase synthetic preparation of ethyl 1-thiocarbamoyl-5-trifluoromethyt-L
sequence was warranted given that, at least initially, we pyrazole-4-carboxylaté (Scheme 1§.Ethyl 2-ethoxymeth-
intended to prepare a library of only a few hundred ylene-3-oxo-4,4,4-trifluorobutanoat8)wvas condensed with
compounds based on this heterocyclic core. The lack of thiosemicarbazide, using the reported conditib@antrary
regioselectivity in the preparation &fis much less prob-  to the literature, we obtained only a single product and its
lematic in a solution-phase approach because it occurs prior'H NMR, 3C NMR, and IR spectra were consistent with
to the introduction of diversity. In principle, only a single one of the diastereomers corresponding to structie
large-scale separation 6from 6 would be required to allow  (Scheme 3) rather than with a mixture ®&nd6 (Scheme
library production. Thus, we embarked upon a solution-phase 1). Thus, the'®C NMR spectrum of the product has only
approach. eight peaks as expected for a single compound. If the product

80 4

No. Cpds.

60 -

Rotatable Bonds
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Scheme 2.Possible Solid-Phase Approaches to 1-(2-ThiazoIyI)-5-(trifIuoromethyl)pyrazole-4-carboxamides

Scheme 3. Solution-Phase 1-(2-Thiazolyl)-5-(trifluoromethyl)pyrazole-4-carboxamide Library Production Route
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a(a) H_NC(=S)NHNH,, EtOH, —15 °C to room temperature; (b)'R(=0)CHREBr (7), EtOH, reflux; (c) KOH, EtOH, reflux; (d) (COC}) DMF,
CH,Cly; (e) (i) R’BR*NH (10), PS-morpholine, CkCly, (ii) PS-isocyanate.

were a mixture ob and6, up to 16 peaks would be expected. to afford an 82% yield oB (R = 3-CR—Ph, R =H). In
Furthermore, the presence of the resonances at 92.95, whictour hands several attempts to conviE2tto 5 using thermal
we assigned to be the quaternary carbon bearing the OH andand acidic conditions afforded either recovered starting
CFs groups in12, and at 60.98, which we assigned to be the material or unidentified decomposition products that did not
carbon bearing the ethoxycarbonyl group, is difficult to have spectroscopic features consistent with stru&ufdne
rationalize on the basis of structuteor 6. The 'H NMR stereochemistry 012 was not determined.

spectrum shows a singlet at 8.9 ppm and two broad peaks at Notwithstanding our reassignment of the structure of the
8.2 and 8.3 ppm, all of which exchange with consistent ~ adduct of thiosemicarbazide ar3] we proceeded to react
with the OH and NH protons in structuré2. A 2D HMQC 12 with bromomethy! ethyl keton&{ 6} in refluxing ethanol
NMR spectrum confirmed that none of these three protons and obtained the desired prod@&€6} in 59% yield (Scheme
was attached to a carbon atom. The remaining four peaks in3). Water was eliminated from the hydroxypyrazole ring
the 'TH NMR spectrum consisted of two singlets at 7.4 and under the conditions of this reaction, presumably after
4.5 ppm, integrating for 1 hydrogen each, which we assignedreaction of12 with 7. Following the literature procedure,
to be G—H and G—H, respectively, and the characteristic ester8{6} was saponified with KOH in ethanol at reflux to
ethyl ester quartet, integrating for two hydrogens at 4.25 ppm, afford acid9{ 6} in quantitative yield. To make the chemistry
and the corresponding triplet at 1.30 ppm, integrating for more amenable to automation, we chose to acti9g as
three hydrogens. Furthermore, the elemental analysis of theits acid chloride by treatment with oxalyl chloride rather than
product was consistent with the formula . A literature as its acyl imidazole derivative as reported in the literature.
search uncovered a number of precedents for strutfi%* The acid chloride 0®{6} reacted smoothly with benzylamine
Closer examination of the paper describing the preparation10{ 7} to give the desired produdt{ 6,7} in good yield and

of 5 revealed a discrepancy between the description of the >95% purity based on evaporative light scattering.
chemistry in the text and the experimental secfion.the For library production batches of aci&1—17} were
text of the article3 and thiosemicarbazide are reported to prepared by standard solution chemistry. TheodGromo-
afford a 1:1 mixture ob and6 and it is stated thaé does ketones7{1—17} all reacted sufficiently well with12 to

not react with phenacyl bromides. However, in the afford useable quantities of este8s However,a-bromo-
experimental section an unseparated 1:1 mixturg afid6 ketonesr{ 14,17} that have a secondary bromide at{®, 7}

is reported to react with 3-(trifluoromethyl)phenacyl bromide with aliphatic R groups generally gave poorer yields than
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o-Bromoketone (7)

I 2 3 4 5 6 7 8 9 10 |11 12 13 114 |15 16 | 17
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1 ++ |+ |+ |+ + ++ |+ + ++ |+ [+ | [ [+ +
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3 ++ f++ |+ [ [ A A | A [ | | A A A [ |
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Figure 5. Purity and biological activity of library of amidekl. The purity was determined on the basis of evaporative light-scattering
detection and is indicated as follows: -8000%= ++, 40—80%= +, 0—40% = — (compound not tested). Blank cells represent reagent
combinations that were not attempted. Compounds active adairedegansare indicated with a gray background.

those with primary bromides and aromati¢ gtoups. The thus less reactive both with acid chlorides and with the
very hindered adamantyl bromomethyl ketone failed to give isocyanate scavenger resin.

any of the desired product. To increase throughput in the A small sublibrary of 18 diamides4 (Scheme 4) deserves
final amide-forming step, the reactions were run in arrays comment. Use of ethyl bromopyruvaf§¢18} afforded the

of polypropylene cartridges using a slight excess of amine expected dieste8{ 18}. Saponification gave the diacitB,
10in the presence of morpholinomethylpolystyrene as base.which was converted to diamiddg} by applying the same

At the end of the reactions excess amine was scavenged usingonditions used to conveft to 11 except that double the
polymer-bound isocyanat&3® The entire library of amides  amounts of oxalyl chloride, amine, and the scavenger
11 was characterized by L&MS with combined UV and  resins were used. This procedure afforded the 17 diamides
evaporative light-scattering detection (ELSD). Purities were 14{1-11,14-16,19,23,2Y in >80% purity. The diamide
assigned on the basis of ELSD. In addition, a random samplel14{17}derived from glycine methyl estek0{ 17} was the

of compounds representing 5% of the library was character-only compound of low purity £45%). As noted above
ized by'H NMR. A total of 422 of the 459 possible library  10{17} often afforded products of low purity.

members were produced, and over 90% of them were formed We next attempted the Curtius reaction of a®d&In an

in >80% purity (Figure 5). Thirty-six library members were initial experimen®{5} was refluxed with diphenylphosphor-
40-80% pure, and in six cases either the desired arbide y| azide in benzene in the presence of triethylamine and
was not formed or the purity was40% and the product  quenched by addition of ethanol to afford not only the desired
was discarded. Because of limitations on the quantities of ethyl carbamaté6{5,1} but also the symmetrical urda{ 5}
acids9{ 14,17}, these acids were reacted only with certain (Scheme 5). Running the reaction in the presence of ethanol,
members of the panel of amin&6. Overall, amined.0{1,- rather than adding it at the end of the reaction, substantially
13,17,18 gave the poorest results in terms of product purity. decreased the amountb#{ 5} formed and afforded6{5,1}

The volatility of methylaminel0{1} may have led to some in acceptable purity. On the basis of this chemistry, a library
loss from the reaction mixture, while aminoesté{17,- of 108 carbamate&6 was prepared using aci@§1—5,7—

18} are less nucleophilic than typical primary amines and 13} and the alcohol45{1—10} depicted in Figure 6. The
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Scheme 4.Diamide Sublibrary
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a(a) 12, EtOH, reflux; (b) KOH, EtOH, reflux; (c) (COC)) DMF, CH,Cly; (d) (i) R3R*NH (10), PS-morpholine, CECly, (ii) PS-isocyanate.

Scheme 5. Curtius Reaction of Acid9?

R1
IN CF,4
R2 S»\N/§/NHCOQR5
b N= 16
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AXLL, e
N

D OH
— 1
R N CF3
A
\ 1
N s
\N,N‘< I
17 S R2
a(a) (PhOYP(E=O)Ns, EtsN, CgHe, reflux; (b) RPOH (15).

~_-OH 10{ 27} occurred four timeslO{ 20} three times, and0{ 14}
, R OH \/a\/\o” ©A40 twice. Notably, however, the library members formed by
combining the most frequently occurring building blocks
oH o 7{8,9} and 10{27} were not active, suggesting that more
(jA ©\:,;H \©AOH /©/\OH than one island of activity may be present in the library. A
5 6 7 ON 8 number of strategies could be adopted to design followup
o . libraries. For example, the activity df{ 7,20, 11{8,19%,
4 D/\OH U\/OH 11{8,2¢, and 11{9,20 suggests that a followup library
© . 010 based on additional para-substituted phenacyl brontidesl
anilines10 might be of interest. Interestingly, although the
majority of the active compounds were within the Lipinski's
rule of %° limits for molecular weight, hydrogen bond
donors, and hydrogen bond acceptors, over half had clogP
above 5. In the library of carbamatds, activity was
Screening Results confined to carbamates derived from the aliphatic alcohols
15{1} and15{3}, suggesting that a followup library incor-
| porating additional alcohols of this type would be desirable.
In the event, none of the hits in ti& elegandioassay were
active in subsequent testing against an agriculturally impor-
tant nematode or against any insect species tested, and no
followup synthesis was performed.

Figure 6. Alcohols 15 used for carbamate library production.

purities of the members of this library are summarized in
Figure 7.

The libraries of amidesll and carbamated6 were
screened in a number of whole-organism agrochemica
bioassays, including one utilizing. elegansThe nematode
C. eleganshas been used as an indicator organism for
insecticidal activity, pharmacological activity, and environ-
mental toxicity3®° |t is an attractive organism for screening
because its genome has been sequenced and its biology is Conclusions
well understood? Application of standard solution-phase chemistry allowed

Fifteen members of the library of 1-(2-thiazolyl)-5- us to produce 17 acid® 1—17} in gram quantities. These
(trifluoromethyl)pyrazole-4-carboxamidéd were active in acids were efficiently diversified by amide formation with
the C. elegansbioassay (Figure 5). The-bromoketone up to 27 amines, using scavenger resin technology to afford
building blocks that appeared most frequently in active a library of 422 amided 1 In addition, 12 of the acid9
compounds wer&{8,9, which occurred three times, and were subjected to Curtius rearrangement and the resulting
7{13}, which appeared twice, while amine building block isocyanates were intercepted with 10 alcohols to afford a
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o-Bromoketone (7)

1 2 3 4 5 7 8 9 10 i1 12 13
Alcohol
(15)
1 B R I S A R D I Gy o T ++
2 ++ o+t | At | A e e |+ ++
3 ++ | ++ | ++ | ++ |+ ++ | ++ |+ |+ | | F
4 ++ | ++ |+ ++ | ++ |- ++ |+ |+ | | |+
5 ++ | ++ |+ ++ | ++ |+ ++ | ++ | - ++ [ ++ |+
6 ++ | - ++ |+ |+ |+ ++ |+ b+ ] | |
7 ++ | - + + + + ++ |+ |+ |+ ++ | +
8 - - + + ++ |+ ++ | ++ [ ++ | 4+ ] - -
9 ++ | - + e e I B = A ++ | ++ | ++
10 ++ |+ ++ | ++ A+ |+ |+ - ++ | - - ++

Figure 7. Purity and biological activity of library of carbamat#6. The purity was determined on the basis of evaporative light-scattering

detection and is indicated as follows: -8000%= ++, 40—80%= +,

0—40% = — (compound not tested). Blank cells represent reagent

combinations that were not attempted. Compounds active adairedegansare indicated with a gray background.

library of 108 carbamates6. Most of the library members
lie within druglike space as defined by Lipinski's rule of 5.
Certain members of these libraries were toxi€telegans
Experimental Procedures
General. Unless otherwise stated, all reagents were

4,5-dihydro-H-pyrazole-4-carboxylatel @) as a pale-yellow
solid (14.9 g, 90%), mp 113116 °C. *H NMR (acetone-
dg): 0 1.30 (m, 3H), 4.25 (m, 2H), 4.50 (s, 1H), 7.41 (s,
1H), 8.10-8.40 (broad d, 2H, exchanged with®), 8.90

(s, 1H, exchanged with f@). 13C NMR (acetoneds): o
14.75, 60.98, 63.16, 92.95 (q), 124.56 (q), 145.20, 164.80,

purchased from commercial sources and used without further179.49. IR (KBr): 3440, 3310, 2985, 1737, 1590, 1451tm

purification. Resins were purchased from Novabiochem.
Melting points were obtained on a Perkin-Elmer Pyris |
differential scanning calorimeterH NMR spectra were
acquired at 400 MHz on a Bruker DMX400 or at 300 MHz
on a Bruker DPX300%C NMR spectra were recorded at
100 MHz on a Bruker DMX400 or at 75 MHz on a Bruker
DPX300. F NMR spectra were recorded on a Bruker

Anal. Calcd for GH10F3sN3OsS: C, 33.69; H, 3.53; N, 14.73;
S, 11.24. Found: C, 33.34; H, 3.28; N, 14.89; S, 11.10.
Preparation of Ethyl 1-(4-Phenyl-2-thiazolyl)-5-(tri-
fluoromethyl)pyrazole-4-carboxylate (§ 9}). Hydroxypyra-
zole 12 (360 mg, 1.35 mmol, 1 equiv) and 2-bromoaceto-
phenone {9}, 268 mg, 1.35 mmol, 1 equiv) were dissolved
in ethanol (6 mL), and the mixture was refluxed under

DPX300 at 282 MHz. Infrared spectra were recorded on a nitrogen for 3 h. The solvent was removed under reduced

Perkin-Elmer Spectrum 1000 with Golden Gate.-Li@S

pressure, and the residue was triturated with methanol.

experiments were run on a Hewlett-Packard 1100 seriesFiltration, washing of the precipitate with cold methanol, and

liquid chromatography system equipped with diode array
detection, a SEDEX 55 evaporative light-scattering (ELS)
detector and a Micromass platform LCZ. The LC conditions
were as follows: a Waters Symmetry 8.5 um, 5 cm x

drying under vacuum vyielde8{9} (250 mg, 50%) as an
off-white solid. Purity, >95%. 'H NMR (400 MHz,
CDCl): ¢ 1.45 (t,J = 7.1 Hz, 3H), 4.40 (g) = 7.1 Hz,
2H), 7.40 (d, 1H), 7.50 (m, 2H), 7.60 (s, 1H), 7.90 (d, 2H),

0.46 cm column was used, and it was eluted with a gradient8.15 (s, 1H). MS (ESl;tve ion): 368 (M+ H)™.

made up of two solvent mixtures. Solvent A consists of water

and 0.1% formic acid. Solvent B consists of acetonitrile and
0.1% formic acid. The gradient was run as follows: 95% of
solvent A and 5% of solvent B for 0.75 min, followed by
ramping to 100% of solvent B at 4 min. Compound purities
were assigned on the basis of ELS data.

Synthesis of Ethyl 5-Hydroxy-1-thiocarbamoyl-5-tri-
fluoromethyl-4,5-dihydro-1H-pyrazole-4-carboxylate (12).
Thiosemicarbazide (5.63 g, 61.8 mmol, 1 equiv) was
dissolved in ethanol (80 mL), and the mixture was stirred
under nitrogen at-15 to—20 °C. Ethyl 2-ethoxymethylene-
3-0x0-4,4,4-trifluorobutanoate3( 14.85 g, 61.8 mmol, 1
equiv) was added slowly over 20 min. The reaction mixture
was stirred at-15 °C for 1 h, then allowed to warm slowly

The same experimental procedure was followed replacing
2-bromoacetophenone with other-bromoketones. The
products were purified by recrystallization or by flash
chromatography. The following analytical data are repre-
sentative.

Ethyl 1-(4-(3-Methoxyphenyl)-2-thiazolyl)-5-(trifluo-
romethyl)pyrazole-4-carboxylate § 1}. Purity, >95%.H
NMR (400 MHz, CDC}): 6 1.40 (t,J = 7.1 Hz, 3H), 3.90
(s, 3H), 4.40 (gJ = 7.1 Hz, 2H), 6.95 (m, 1H), 7.40 (m,
1H), 7.50-7.60 (m, 3H), 8.10 (s, 1H). MS (ESHve ion):
398 (M + H)™.

Ethyl 1-(4-(3-Methyl-2-benzothienyl)-2-thiazolyl)-5-(tri-
fluoromethyl)pyrazole-4-carboxylate § 2} . Purity, >95%.

H NMR (400 MHz, CDC}): ¢ 1.40 (t,J = 7.1 Hz, 3H),

to room temperature and stirred for 2 h. The solvent was 2.65 (s, 3H), 4.35 (¢ = 7.1 Hz, 2H), 7.25-7.35 (m, 2H),

removed by evaporation to give an oily solid. Hydrochloric
acid (1 M, 80 mL) was added, and the oil was triturated
until a pale-yellow solid was formed. Filtration, washing with
ice—water, and drying overnight at 40 under vacuum
yielded ethyl 5-hydroxy-1-thiocarbamoyl-5-trifluoromethyl-

7.40 (s, 1H), 7.767.80 (m, 2H), 8.10 (s, 1H). MS (ESI,
+ve ion): 438 (M+ H)*.

Ethyl 1-(4-(4-Methoxyphenyl)-2-thiazolyl)-5-(trifluo-
romethyl)pyrazole-4-carboxylate § 3}. Purity, >95%.'H
NMR (400 MHz, CDC}): 6 1.40 (t,J = 7.1 Hz, 3H), 3.90
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(s, 3H), 4.40 (qJ = 7.1 Hz, 2H), 6.95 (m, 2H), 7.40 (s,
1H), 7.85 (m, 2H), 8.10 (s, 1H). MS (ESkve ion): 398
M + H)*.

Ethyl 1-(4-(3,4-Ethylenedioxyphenyl)-2-thiazolyl)-5-(tri-
fluoromethyl)pyrazole-4-carboxylate g 4} . Purity, >95%.
IHNMR (400 MHz, CDCI3): 6 1.40 (t, 3H), 4.30 (s, 4H),
4.40 (q,d = 7.1 Hz, 2H), 6.95 (m, 1H), 7.40 (s, 1H), 740
7.50 (m, 2H), 8.10 (s, 1H). MS (ES#;ve ion): 426 (M+
H)*.

Ethyl 1-(4-(3-Fluorophenyl)-2-thiazolyl)-5-(trifluoro-
methyl)pyrazole-4-carboxylate §5}. Purity, >95%. H
NMR (400 MHz, CDC}): 6 1.40 (t,J = 7.1 Hz, 3H), 4.35
(g, 2H), 7.06-7.60 (5H), 8.05 (s, 1H). MS (ESH-ve ion):
386 (M + H)™.

Ethyl 1-(4-Ethyl-2-thiazolyl)-5-(trifluoromethyl)pyra-
zole-4-carboxylate §6}. 'H NMR (400 MHz, CDC}): 6
1.20-1.45 (m, 6H), 2.86-2.90 (m, 2H), 4.354.45 (m, 2H),
7.00 (s, 1H), 8.10 (s, 1H).

Ethyl 1-(4-(1,1-Dimethylethyl)-2-thiazolyl)-5-(trifluo-
romethyl)pyrazole-4-carboxylate §7}. 'H NMR (400
MHz, CDCk): 6 1.30 (s, 9H), 1.35 (tJ = 7.1 Hz, 3H),
4.30 (q,J = 7.1 Hz, 2H), 6.90 (s, 1H), 8.0 (s, 1H).

Ethyl 1-(4-(4-Fluorophenyl)-2-thiazolyl)-5-(trifluoro-
methyl)pyrazole-4-carboxylate §8}. Purity, >95%. H
NMR (400 MHz, CDC}): 6 1.45 (t,J = 7.1 Hz, 3H), 4.40
(q,J= 7.1 Hz, 2H), 7.20 (tJ = 8.7 Hz, 2H), 7.44 (s, 1H),
7.90 (m, 2H), 8.10 (s, 1H}?F NMR (282 MHz, CDC}): ¢
—57.1. MS (ESI,+ve ion): 386 (M+ H)".

Preparation of 1-(4-Ethyl-2-thiazolyl)-5-(trifluorometh-
yl)pyrazole-4-carboxylic Acid (X 6}). Ester8{6} (600 mg,

Donohue et al.

pressure and the resulting oil was placed under vacuum for
1 h. A 0.1 M stock solution of acid chloride was prepared
by redissolving the oil in CKCl, (3 mL).

A suspension of morpholinomethylpolystyrene resiT(
mg, ~0.2 mmol) in CHCIl, (1 mL) was placed in a
polypropylene solid-phase extraction cartridge, and 3-ami-
nomethylpyridine £0{ 10}, 14 «L, 0.13 mmol) was added,
followed by the acid chloride stock solution (1 mL, 0.11
mmol). The reaction mixture was shaken overnight at room
temperature. Methyl isocyanate polystyrene resih@0 mg,
1.22 mmol/g, 1.2 mmol) was added, and the reaction was
shaken for 1 h. The reaction mixture was filtered, and the
filtrate was concentrated in a Genevac HT8 evaporator to
yield 11{6,1G¢ . Purity, 96%.'H NMR (300 MHz, CDC}):

0 1.30 (t,J = 7.5 Hz, 3H), 2.78 (qJ = 7.5 Hz, 2H), 4.65
(d, 2H,J = 5.9 Hz, 2H), 6.38 (br s, 1H), 6.90 (s, 1H), 7.33
(m, 1H), 7.72 (d, 1HJ) = 7.7 Hz), 7.93 (s, 1H), 8.59 (m,
2H).%F NMR (282 MHz, CDC}): 6 —57.0. MS (ESI+ve
ion): 382 (M+ H)".

The procedure above was followed using benzylamine (15
uL, 0.14 mmol) to affordl1{6,7}. Purity, >95%. MS (ESI,
—+ve ion): 381 (M+ H)*. The procedure above was followed
using 3-methoxybenzylamine (1&., 0.14 mmol) to afford
11{6,8 . Purity, >95%.*H NMR (300 MHz, CDC}): 6 1.30
(t, J=7.5Hz, 3H), 2.78 (9) = 7.5 Hz, 2H), 3.88 (s, 3H),
4.61 (d,J = 5.9 Hz, 2H), 6.40 (br s, 1H), 6.88 (s, 1H), 6.95
(m, 2H), 7.34 (m, 2H), 7.91 (s, 1H). MS (ESkve ion):
411 (M + H)*.

O-Pentyl-N-(4-(4-fluorophenyl)-2-thiazolyl)-5-(trifluo-
romethyl)-4-pyrazolyl)carbamate (16 8,3}). Acid {8} (30

1.88 mmol, 1 equiv) was dissolved in ethanol (9 mL), solid Mg: 0-085 mmol, 1 equiv) was dissolved in toluene (1 mL).

KOH (158 mg, 28.2 mmol, 1.5 equiv) was added to the flask, | "ethylamine (14uL, 0.094 mmol, 1.1 equiv) and pentanol
and the reaction mixture was refluxed for 3 h. The solvent (18.54L, 0.17 mmol, 2 equiv) were added to the reaction

was removed under vacuum, and the resulting oil was
dissolved in water. A 12 N HCI solution was added to adjus

followed by diphenylphosphoryl azide (24, 0.094 mmol,

¢ 1.1 equiv). The reaction was heated at“&for 3 h. The

the pH to 1, and the resulting precipitate was filtered, washed S0lvent was removed by evaporation, and the residue was

with ice-cold water, and dried under vacuum at°@for 2
days to yield9{ 6} (550 mg, 100%) as an off-white solid.
Purity, >95%.H NMR (400 MHz, MeOHel,): 6 1.30 (t,J
= 7.5 Hz, 3H), 2.80 (gJ = 7.5 Hz, 2H), 7.30 (s, 1H), 8.20
(s, 1H).®F NMR (282 MHz, CDC}): 6 —56.9,—113.7.
13C NMR (75 MHz, CDC}): 6 112.4, 115.8 (d), 118.9 (q),

loaded onto a prepacies g FlashSi column (Isolute) and
purified using a FlashMaster Il (Jones Chromatography). The
column was eluted with a gradient of-000% ethyl acetate
in hexanes over 15 min to yield6{8,3} (26 mg, 70%).
Purity, >95%. MS (ESI,+ve ion): 443 (M+ H)™.

C. elegansBioassay.Compounds were assayed in 48-well

119.7,127.9 (d), 129.7, 132.1 (q), 143.6, 151.9, 157.9, 162.3 plates under sterile conditions. Each well of the plate was

162.5 (d). MS (ESl;—ve ion): 290 (M— H)~.

1-(4-(3-Fluorophenyl)-2-thiazolyl)-5-(trifluoromethyl)-
pyrazolecarboxylic Acid 95} . Purity, >95%.'H NMR (300
MHz, CDCL): 6 7.07 (m, 1H), 7.43 (m, 1H), 7.56 (s, 1H),
7.63 (m, 2H), 8.22 (s, 1H}°F NMR (282 MHz, CDC}): ¢
—56.8,—112.8. MS (ESI,—ve ion): 358 (M— H)".

1-(4-Phenyl-2-thiazolyl)-5-(trifluoromethyl)pyrazolecar-
boxylic Acid 9{9}. Purity, >95%. *H NMR (400 MHz,
MeOH-dy): 6 7.30-7.45 (m, 3H), 7.96-8.0 (m, 3H), 8.20
(s, 1H). MS (ESI,—ve ion): 338 (M— H)".

Production of Library Amides 11{x,y}. The following
procedure is illustrative. Aci®{6} (100 mg, 0.34 mmol)
was dissolved in CKCl, (3 mL) and placed under nitrogen.
Oxalyl chloride (45uL, 0.52 mmol) was added followed by
DMF (~20 uL). After the mixture was stirred fo3 h at

room temperature, the solvent was removed under reduced

charged withE. coli nematode diet (65@L), C. elegans
culture (30uL), and test compound (10.Bg) in mixed
solvent (57:24:14:5 acetone/2-propanol/water/DMSO, 20
uL). The plates were maintained in the dark at room
temperature for 6 days. Compounds applied to wells in which
all nematodes were dead after 6 days were considered active.

Supporting Information Available. NMR and LC-MS
spectra for some members of librari@s9, 11, 12, 14, and
16. This material is available free of charge via the Internet
at http://pubs.acs.org.

References and Notes

(1) Lang, R. W. Fluorinated AgrochemicalsCS Monogr1995
187, 1143-1147 (Chemistry of Organic Fluorine Compounds
).

(2) Sandford, G. Organofluorine Chemistihilos. Trans. R.
Soc. London £200Q 358 455-471.



Library of Carboxamides

(3) Lee, L. F.; Schleppnik, F. M.; Schneider, R. W.; Campbell,
D. H. Synthesis an&C NMR of (Trifluoromethyl)hydroxy-
pyrazoles.J. Heterocycl. Cheml99Q 27, 243-245.

(4) Pilgram, K. H.; Skiles, R. D. Selective Instability of
Trifluoromethyl Linked to Carbon. A Prerequisite for New
Heterocyclizations with Ethyl 4,4,4-Trifluoroacetoacetate
ArylhydrazonesJ. Heterocycl. Cheml988 25, 139-143.

(5) Beck, J. R.; Wright, F. L. Synthesis of 1-Aryl-5-(trifluo-
romethyl)-1H-pyrazole-4-carboxylic acids and esteds.
Heterocycl. Chem1987, 24, 739-740.

(6) Sanfilippo, P. J.; Urbanski, M. J.; Beers, K. N.; Ecardt, A.;
Falotico, R.; Ginsberg, M. H.; Offord, S.; Press, J. B.; Tighe,
J.; Tomko, K.; Andrade-Gordon, P. Novel Thiazole-Based
Heterocycles as Selective Inhibitors of Fibronogen-Mediated
Platelet Aggregation). Med. Chem1995 38, 34—41.

(7) Bravo, P.; Diliddo, D.; Resnati, G. An Efficient Entry to
Perfluoroalkyl Substituted Azoles Starting frgpaPerfluo-
roalkyl-3-dicarbonyl CompoundsTetrahedron1994 50,
8827-8836.

(8) Bonnet-Delpon, D.; Begue, J.-P.; Lequeux, T.; Ourevitch,
M. Trifluoromethylalkenes in Cycloaddition Reactions.
Tetrahedron1996 52, 59-70.

(9) Lee, L. F.; Schleppnik, F. M.; Howe, R. K. Syntheses and

Reactions of 2-Halo-5-thiazolecarboxylatds.Heterocycl.

Chem 1985 22, 1621-1630.

Lee, L. F.; Stikes, G. L.; Molyneaux, J. M.; Sing, Y. L;

Chupp, J. P.; Woodard, S. S. A Novel Dehydrofluorination

of 2-(Trifluoromethyl)dihydro-3,5-pyridinecarboxylates to

2-(Difluoromethyl)-3,5-pyridinedicarboxylate$. Org. Chem

199Q 55, 2872-2877.

Jiang, J.; van Rhee, A. M.; Chang, L.; Patchornik, A.; Ji,

X.; Evans, P.; Melman, N.; Jacobson, K. A. Structdre

Activity Relationships of 4-(Phenylethynyl)-6-phenyl-1,4-

dihydropyridines as Highly Selective;Adenosine Receptor

Antagonists.J. Med. Chem1997, 40, 2596-2608.

Mogilaiah, K.; Rao, R. B.; Reddy, K. N. Synthesis of

4-thiazolidinone and 2-azetidinone derivatives of 2-trifluo-

romethyl-1,8-naphthyridine as antibacterial ageimdian J.

Chem., Sect. B999 38, 818-822.

Zhi, L.; Tegley, C, M.; Marschke, K. B.; Jones, T. K.

Switching Androgen Receptor Antagonists to Agonists by

Modifying C-Ring Substituents on Piperidino[3,2-g]quino-

linone. Bioorg. Med. Chem. Lett1999 9, 1008-1012.

(10)

(11

(12)

(13)

(14)
B.; Farmer, L. J.; Jones, T. K. New Nonsteroidal Androgen
Receptor Modulators Based on 4-(Trifluoromethyl)-2(1H)-
pyrrolidino[3,2-g]quinolinone.Bioorg. Med. Chem. Lett
1998 8, 745-750.

(15) Gershon, H.; Clarke, D. D.; Grefig, A. T.; Anderson, T. E.
Some Diazinon Analogs Containing the 4-Trifluoromethyl
Group.Monatsh. Chem199Q 121, 289-292.

(16) Tice, C. M.; Bryman, L. M. Regiocontrolled Synthesis of
3-Substituted-6-trifluoromethyl-4(3H)-pyrimidinon&setra-
hedron2001, 57, 2689-2700.

(17) Dorigo, P.; Fraccarollo, D.; Santostasi, G.; Maragno, I.;

Floreani, M.; Borea, P. A.; Mosti, L.; Sansebastiano, L.;

Fossa, P.; Orsini, F.; Benetollo, F.; Bombieri, G. Synthesis

and Cardiotonic Activity of Novel Pyrimidine Derivatives:

Crystallographic and Quantum Chemical StudigésMed.

Chem 1996 39, 3671-3683.

Kappe, C. O.; Falsone, S. F.; Fabian, W. M. F.; Belaj, F.

Isolation, Conformational Analysis and X-ray Structure

Determination of a Trifluoromethyl-Stabilized Hexahydro-

pyrimidinone—An Intermediate in the Biginelli Reaction.

Heterocyclesl999 51, 77—84.

Saloutin, V. I.; Burgart, Y. V.; Kuzueva, O. G.; Kappe, C.

O.; Chupakhin, O. N. Biginelli Condensations of Fluorinated

3-Oxo Esters and 1,3-Diketones. Fluorine Chem200Q

103 17—-24.

(18)

(19)

Edwards, J. P.; West, S. J.; Pooley, C. L. F.; Marschke, K.

Journal of Combinatorial Chemistry, 2002, Vol. 4, No. 31

(20) Edwards, J. P.; Higuchi, R. I.; Winn, D. T.; Pooley, C. L.
F.; Caferro, T. R.; Hamann, L. G.; Zhi, L.; Marschke, K.
B.; Goldman, M. E.; Jones, T. K. Nonsteroidal Androgen
Receptor Agonists Based on 4-(Trifluoromethyl)-2H-pyrano-
[3,2-g]quinolin-2-one.Bioorg. Med. Chem. Lettl999 9,
1003-1008.

Sun, W.-C.; Gee, K. R.; Haugland, R. P. Synthesis of Novel

Fluorinated Coumarins: Excellent UV-Light Excitable Fluo-

rescent DyesBioorg. Med. Chem. Let1998 8, 3107-3110.

Lee, L. F.; Stikes, G. L.; Sing, L. Y. L.; Miller, M. L;

Dolson, M. G.; Normansell, J. E.; Auinbauh, S. M. Synthesis

of a new class of pyridine herbicid@estic. Sci1991, 31,

555-568.

Theodoridis, G.; Baum, J. S.; Chang, J. H.; Crawford, S.

D.; Hotzman, F. W.; Lyga, J. W.; Maravetz, L. L.; Suarez,

D. P.; Hatterman-Valenti, H. Synthesis and Herbicidal

Activity of Fused Benzoheterocyclic Ring SystenfsCS

Symp Ser 1998 686, 55-66 (Synthesis and Chemistry of

Agrochemicals V).

(24) Phillips, W. G.; Rejda-Heath, J. M. Thiazole carboxanilide
fungicides: a new structureactivity relationship for succi-
nate dehydrogenase inhibitoRestic. Sci1993 38, 1-7.

(25) Kees, K. L. Process for treating hyperglycemia using
trifluoromethyl substituted 3H-pyrazol-3-ones. U.S. Patent
5,264,451, 1993C¢hem. Abstr1994 120, 95803).

(26) Lipinski, C. A.; Lombardo, F.; Dominy, B. W.; Feeney, P.
J. Experimental and Computational Approaches To Estimate
Solubility and Permeability in Drug Discovery and Develop-
ment SettingsAdv. Drug Delivery Re. 1997, 23, 3—25.

(27) Tice, C. M. Selecting the Right Compounds for Screening:
Does Lipinski's Rule of 5 for Pharmaceuticals Apply to
AgrochemicalsPest Manage. Sck001, 57, 3—16.

(28) Cody, D. R.; DeWitt, S. H. H.; Hodges, J. C.; Roth, B. D;
Schroeder, M. C.; Stankovic, C. J.; Moos, W. H.; Pavia, M.
R.; Kiely, J. S. Apparatus and method for multiple simul-
taneous synthesis of peptides and other organic compounds.
Patent WO 9408711, 1994Chem. Abstr.1995 122
106536).

(29) Gordeev, M. F.; Patel, D. V.; Wu, J.; Gordon, E. M.
Approaches to Combinatorial Synthesis of Heterocycles:
Solid-Phase Synthesis of Pyridines and Pyrido[2,3-d]pyri-
midines.Tetrahedron Lett1996 37, 4643-4646.

(30) Marshall, D. L.; Liener, I. E. Modified support for solid-
phase peptide synthesis which permits the synthesis of
protected peptide fragmentk.Org. Chem197Q 35, 867—
868.

(31) Backes, B. J.; Virgilio, A. A.; Ellman, J. A. Activation
Method To Prepare a Highly Reactive Acylsulfonamide
“Safety-Catch” Linker for Solid-Phase Synthesdk. Am.
Chem. Soc1996 118 3055-3056.

(32) Brown, E. G.; Nuss, J. M. Alkylation of Rink’s amide linker
on polystyrene resin: a reductive amination approach to
modified amine-linkers for the solid-phase synthesis of
N-substituted amide derivativeBetrahedron Lett1997, 38,
8457-8460.

(33) Alexiev, V. V.; Zelenin, K. N.; Yakimovich, S. I. Synthesis
of derivatives of pyrazoles, 1,2,4,5-tetrazine and 1,2,4-triazole
from thiocarbonylhydrazides angtdicarbonyl compounds.
Zh. Org. Chim 1995 31, 937-943.

(34) Bonacorso, H. G.; Wastowski, A. D.; Zanatta, N.; Martins,
M. A. P.; Naue, J. A. Haloacetylated enol ethers 10.
Condensation gf-alkoxyvinyl trifluoromethyl ketones with
thiosemicarbazide. Synthesis of new trifluoromethyl 4,5-
dihydro-1H-1-pyrazolethiocarboxyamidds Fluorine Chem.
1998 92, 23—26.

(35) Flynn, D. L.; Crich, J. Z.; Devraj, R. V.; Hockerman, S. L;
Parlow, J. J.; South, M. S.; Woodard, S. Chemical library
purification strategies based on principles of complementary
molecular reactivity and molecular recognitidnAm. Chem.
Soc 1997 119 4874-4881.

(21)

(22)

(23

~



32 Journal of Combinatorial Chemistry, 2002, Vol. 4, No. 1 Donohue et al.

(36) Booth, R. J.; Hodges, J. C. Polymer-supported quenching (39) Verwaerde, P.; Platteeuw, C.; Cuvillier, G.; Bogaert, T.

reagents for parallel purificatiod. Am. Chem. S0d 997, Compound Screening Method. Patent WO 2000063427, 2000
119 4882-4886. (Chem. Abstr200Q 133 317531).

(37) Boger, D. L.; Panek, J. S. Palladium(0) medigiezhrboline (40) Williams, P. L.; Dusenberry, D. B. Aquatic toxicity testing
synthesis: Preparation of the CDE ring system of lavenda- using the nematod€aenorhabditis elegan&nviron. Toxi-
mycin. Tetrahedron Lett1984 25, 3175-3178. col. Chem 199Q 9, 1285-1290.

(38) Marroquin, L. D.; Elyassnia, D.; Griffitts, J. S.; Feitelson, J. (41) Hodgkin, J.; Horvitz, H. R.; Jasny, B. R.; Kimble, G.

S.; Aroian, R. V. Bacillus thuringiensis (Bt) toxin suscep- elegansSequence to BiologySciencel 998 282, 20112011

tibility and isolation of resistance mutants in the nematode
Caenorhabditis elegan&enetics2000155, 1693-1699. CCO010035A



