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ABSTRACT: A structural investigation on the isoxazole scaffold led to the discovery of 3,4-
isoxazolediamide compounds endowed with potent Hsp90 inhibitory properties. We have found that

z
(]

compounds possessing a nitrogen atom directly attached to the C-4 heterocycle ring possess in vitro
Hsp90 inhibitory properties at least comparable to those of the structurally related 4,5-diarylisoxazole

derivatives. A group of compounds from this series of diamides combine potent binding affinity and cell
growth inhibitory activity in both series of alkyl- and aryl- or heteroarylamides, with IC, in the low

NHEt

nanomolar range. The 3,4-isoxazolediamides were also very effective in causing dramatic depletion of
the examined client proteins and, as expected for the Hsp90 inhibitors, always induced a very strong
increase in the expression levels of the chaperone Hsp70. In vivo studies against human epidermoid
carcinoma A431 showed an antitumor effect of morpholine derivative 73 comparable to that induced by

the reference compound 10.

B INTRODUCTION

Heat shock proteins (Hsp’s) play a key role in cell protection
against various cell stress factors (e.g, toxic xenobiotic,
chemotherapy, radiation), acting as a protective factor against
the misfolding of essential proteins involved in maintaining
cell functionality. Hsp90 proteins, members of these molecular
chaperones, are proteins that play a key role in the conforma-
tional maturation, stability, and function of so-called “client”
proteins. > The inhibition of Hsp90 triggers the disruption
of the Hsp90—client protein complex, and subsequently its
proteasome-mediated degradation causes loss of function and
inhibition of cell growth. Many Hsp90 client proteins are
overexpressed in cancer, often in mutated forms, and are
responsible for unrestricted cancer cell proliferation and survival.
Interestingly, heat shock protem 90 has emerged as an important
target in several diseases.*™” In particular, the role played by
Hsp90 in regulating and maintaining the transformed phenotype
in cancers and neurodegenerative diseases has been recently
identified, as well as its roles in fungal and viral infections.'*™12

Inhibition of the ATPase activity of Hsp90 disrupts an
ongoing “folding” cycle, involving multiple cochaperone
proteins, and in turn leads to destabilization, ubiquitination,
and ultimately proteasomal degradation of client proteins.">~"
Hsp90 is normally expressed in normal cells, representing 1—2%
of the total intracellular protein, from which about 3% is found
in the nucleus with effects on the regulation of several nuclear
events.'® Under stress conditions, such as in tumors, its levels
increase to 4—6% of the whole proteomic load of the cell.'” "
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Hsp90 derived from tumor cells has particularly high ATPase
activity with higher binding affinity to Hsp90 inhibitors than
the latent form in normal cells, allowing selective targeting of
Hsp90 inhibitors to tumor cells with little inhibition of Hsp90
function in normal cells.” In addition, Hsp90 has also been
recently identified as an important extracellular mediator for
tumor invasion.”’ > Thus, Hsp90 is considered a major thera-
peutic target for anticancer drug development because inhi-
bition of a single target represents attack on all of the hallmark
traits of cancer. Since the discovery that two natural com-
pounds, geldanamycin (1a) and radicicol (2) (Figure 1), were
able to inhibit Hsp90 function through binding to the ATP
binding pocket in its N-terminal domain, the interest for Hsp90
inhibitors has grown. The natural antibiotic geldanamycin was
shown to exhibit potent antitumor activity against human
cancer cells,”® but significant toxicities prevented its clinical
development.**

The first-in-class Hsp90 inhibitor to enter clinical trials was
the geldanamycin analogue 17-allylaminogeldanamycin (17-
AAG, 1b, Figure 1). Even though high in vitro activity char-
acterizes this geldanamycin derivative, its interest is shadowed
by poor solubility coupled to hepatotoxicity properties. Some
of these problems have been partially solved by the discovery
of 17-dimethylaminoethylamino-17-demethoxygeldanamycin
(17-DMAG, I¢, Figure 1). Infinity is developing two drug
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Figure 1. Hsp90 inhibitors: natural compounds and some drugs currently in clinical trials.

candidates in its Hsp90 chaperone inhibitor program:
retaspimycin hydrochloride (IPI-504, 1d, Figure 1), an intrave-
nously administered small molecule, and IPI-493 (1e, Figure 1),
which is administered orally.”® Radicicol (2, Figure 1), a natural
macrocyclic antifungal antibiotic, was found to inhibit Hsp90
protein by interacting at the same site of action of
geldanamycin.”® However, because of its intrinsic chemical
instability, it is deprived of in vivo activity. After pioneering
studies with natural products geldanamycin and radicicol, many
selective Hsp90 inhibitors from various institutions have been
*72% The purine scaffold
is another important class of Hsp90 inhibitors.””*° This class of
derivatives was devised by structural homology with ATP.
Among the many inhibitors developed within this family,
BIIB021 (3), investigated by Chiosis and co-workers,®® and
CUDC-305 (4), developed by Curis Inc. (Figure 1), have
entered into clinical trials.>" The o-aminobenzoic acid derivative
SNX-2112 (5a) and its prodrug SNX-5422 (PF-04929113)
(Sb) (Figure 1), proposed by Serenex Inc., are also under
clinical investigation.”> High-throughput screening campaigns
permitted the discovery of benzoisoxazole derivative 6, having a
resorcinol moiety in position 3, that has also been disclosed as a
potent Hsp90 inhibitor.>> Other resorcinols, AT13387 (7) by
Astex and ganetespib by Synta Pharmaceuticals Corp. (chemical

structure not yet disclosed), entered recently into clinical
34-36

disclosed and entered into clinical trials.

trials.

Myrexis has reported MPC-3100 (8) (Figure 1), an orally
bioavailable small-molecule Hsp90 inhibitor, as well as its more
water-soluble prodrug MPC-0767.7** Among the different
classes of Hsp90 inhibitors, researchers from Vernalis Ltd. and
Institute of Cancer Research (U.K.) have disclosed the 4,5-
diarylpyrazoles,® 3-aryl-4-carboxamide pyrazoles,** 4,5-diary-
lisoxazoles,*' 3,4-diarylpyrazole derivatives,**** and thieno[2,3-
d]pyrimidines.***>*** Investigations on 4,5-diarylisoxazoles 9a
(VER-50589, Figure 2) generated Hsp90 inhibitors that proved

)
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N

O
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9a VER-50589 X =0
9b VER-49009 X =NH

Figure 2. Hsp90 inhibitors with a 4,5-diarylisoxazole/pyrazole scaffold.

to be from S to 50 times more active at inhibiting cancer cell
proliferation compared to the previously reported 4,5-diaryl-
pyrazoles 9b (VER-49009, Figure 2). Thus, the 4,5-diarylisoxazole
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scaffold bearing a resorcinol at position S was considered a
prerequisite for the activity on Hsp90, and compound 10 (VER-
52296/NVP-AUY922, Figure 2), currently in phase II clinical
trials, belongs to this class of compounds. However, to date,
no Hsp90 inhibitors in clinical trials fully satisfy the requisites
of safety and stability. Some of the drugs under clinical investi-
gation have showed toxicity toward liver, eyes, stomach—intestine,
and heart.*>*® Therefore, the need for potent and selective Hsp90
inhibitors still remains an interesting and promising goal.
In continuation of our antitumor drug-discovery project
have recently undertaken a detailed structural investigation on a
new class of 3,4-isoxazolediamides 11 (Figure 3). We mainly

47
we

R =Cl, CH(CH3)2

F
Ry = NHEt, NHCH,CF; N<><
’ F

R, = Aryl, alkyl, CORj3 (R3=Aryl or alkyl residues)

1

Figure 3. General structure of new Hsp90 inhibitors used in these
study.

focused our attention on the C-4 position of the isoxazole
scaffold where we found that compounds possessing a nitrogen
atom directly attached to the heterocycle ring possess in vitro
Hsp90 inhibitory properties comparable to those of the
structurally related 4,5-diarylisoxazoles. Herein, we will give
full details on the synthesis and pharmacological character-
ization of a new class 3,4-isoxazolediamides as potent Hsp90
inhibitors. A group of compounds that combine notable
binding properties and potent cell growth inhibitory activity
will be described. Additionally, the in vivo activity of the 3,4-
isoxazolediamides 49 and 73 against human epidermoid
carcinoma A431 will be also reported.

B CHEMISTRY

The synthetic route used for the preparation of amides 15—
73 (see Tables 1, 3, and 4) is shown in Scheme 1. The 4-
nitroisoxazoles 13a—d were synthesized by chemoselective
nitration of the isoxazoles 12a—d*' using concentrated nitric
acid and acetic anhydride. Compounds 12b,c were prepared
starting from the appropriate ester derivative with the following
sequence of reactions (as in Supporting Information): (a)
hydrolysis of ester moiety, (b) activation of resulting carboxylic
acid, and (c) subsequent reaction with the proper commercially
amines. Reduction of the nitro compounds 13a—d to give 14a—
d in good yields was done using zinc powder and ammonium
chloride in a mixture of water and tetrahydrofuran as solvents.
Reaction of the amines 14a—d with the proper commercially
available acyl chloride gave the corresponding dibenzylated
amides that after deprotection of phenolic groups with boron
trichloride furnished the desired amides 15—73.

The morpholine derivatives 77a—e and 79ab and the
piperazine derivative 79c were synthesized as reported in
Scheme 2. The alcohols 74a—e were simply prepared starting
from the amine 14d by reaction with the adequate acyl
chloride. The alcohols 74a—e were then activated as the
corresponding mesylate derivatives by reaction with mesyl
chloride in methylene chloride prior to being reacted with
morpholine to give 76a—e. Removal of benzylic protecting
groups using boron trichloride furnished the final 77a—e

8594

Table 1. Data for Isoxazole-3,4-diamides: Binding on Hsp90
by a Fluorescence Polarization Assay (FP Assay) and
Cytotoxicity on NCI-H460 Non-Small-Cell Lung Carcinoma
Cells

NCI-H460  Hsp90 (FP)
Compound R Ry (ICs0; uM) (ICs0; pM)
10 - - 0.0024 0.061
15 CH;CH,-NH- -§@Br >1 0.153
16 CH;CH,-NH- —g@ocm >1 0.184
OCHs
17 CH:CH:NH- G oo, >1 0.163
OCH,4
18 CH;CH,»-NH- - OCH; >1 0.130
OCH,
S
19 CH;CH,-NH- §§\J 0.410 0.074
20 CH,CH,-NH- §-CH, >1 0.037
21 CH;CH,-NH- ‘&LJ< 0.31 0.085
22 CH;CH,-NH- -§—€H=CH2 >1 0.167
23 CH;CH,-NH- —;@ 0.750 0.250
24 CF;CH,-NH- —g«j%ow3 >1 0.160
F
25 §—Ni>< —5O00H3 >1 > 100
F
79 CH;CH,-NH ? 0.130 0.168
a 30 H- - . .
i‘Lf\/N\)

in good yields. Similarly, removal of benzylic groups from
74a—e gave the deprotected derivatives 75a—e. The derivatives
78a—c were obtained by reaction of 14a,d with acryloyl
chloride, and the resulting acryloyl amides were then reacted
through a Michael addition reaction with morpholine or
1-methylpiperazine. Removal of the benzylic protecting groups
by means of boron trichloride yielded the desired compounds
79a—c.

The synthesis of amines 8la—d is described in Scheme 3.
The amine 14a was first debenzylated using boron trichloride.
The reductive amination reaction of the resulting resorcinol
derivative 80 by means of sodium cyanoborohydride and a
proper aldehyde or ketone furnished the desired amines 81a—d
in moderate to good yields.

B RESULTS AND DISCUSSION

In our project, we systematically investigated possible
modifications on the isoxazole scaffold, focusing mainly our
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attention on the C-4 position. As reported above, among the
structural classes of compounds that have provided interesting
results as potential Hsp90 inhibitors, the 4,5-diarylisoxazoles
are of remarkable importance having recently led to 10 (VER-
52296/NVP-AUY922, Figure 2) currently in phase II clinical
trials.”” Crystal structures of Hsp90 N-terminal domain in
complex with several inhibitors have been well described in
literature: in Figure 4A the active site of Hsp90 cocrystallized
with 10 (PDB code 2VCI) is reported.*' A network of

8595

hydrogen-bonding interactions involving the resorcinol moiety
and the heterocyclic ring with Asp93, Thr184, and a cluster of
structurally conserved and highly ordered water molecules
characterize the key interactions of the compound with protein.
A bulky hydrophobic group interacts with the lipophilic pocket
created by Phel38, Met98, Val150, Leul03, Leul07, Trp162,
and Tyr139; additional hydrogen bonding interactions involve
the 3-amide group with Gly97 and LysS8. We hypothesized
that the introduction of a second amide group at C-4, as shown

dx.doi.org/10.1021/jm201155e | J. Med. Chem. 2011, 54, 8592—8604
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aromatic portion. The key interactions of the OH-resorcinol
groups and the C-3 amide still remain identical. Thus, the idea
of an additional H-bond donor interaction in the active site,
mediated by an amide moiety at position 4 of the isoxazole ring,
was considered as the basic structural motif for the construction
of a series of 3,4-isoxazolediamides®® as those reported in
Tables 1, 3, and 4. The resorcinol portion and the C-3 amide
moiety were maintained unaltered considering the privileged
role offered by these fragments in the interaction with the
Hsp90 protein in both radicicol and 4,5-diarylisoxazole series of
compounds.*!

The feasibility of the project was first investigated by
preparing a small explorative series of compounds bearing a S-
chlororesorcinol residue at the C-5 position. Meanwhile the

/ amides at C-3 and C-4 of the isoxazole ring were varied as

As93 4 / shown in Table 1. The S-chloro substitution was at the

Thrisa Giyo7 Tes6 beginning chosen for ease of synthesis; moreover, S-

unsubstituted resorcinols are known to be less active with
respect to the substituted ones.**

All the synthesized compounds were tested for their potential
Hsp90 inhibitory properties. Measurements of binding were by
a fluorescence polarization (FP) assay, and inhibition of cell
growth proliferation of the NCI-H460 tumor cell line was
determined.

It was apparent from the results shown in Table 1 that the
s Qu - d\ 20N 9 S strategy of the C-4 amide moiety could lead to compounds
) useful as Hsp90 inhibitors. All the synthesized compounds,
apart from the fluorinated derivative 25, showed binding
affinity in the range of 37—250 nM. Compounds 19, 21, 23,
and 79a also showed cytotoxic activity in the submicromolar
range (130—750 nM). The fluorinated compound 24,

Phel38

Leud8

Ser52

Phel38

Ser52 0

> 4 \ synthesized to further reinforce the H-bond with LysS8,
contrary to our expectation, showed equivalent binding and
GIy97 / 096 cellular activity, thus demonstrating no advantage compared

with the related ethylamide residue 16. The other fluorinated
derivative 25, where the hydrogen on the C-3 amide was
missing, was inactive, reinforcing the importance of the
presence of a hydrogen in this position for its H-bond

Figure 4. (A) VER-52296/NVP-AUY922 (compound 10) cocrystal-
lized in Hsp90 active site (PDB code 2VCI). Color scheme is by atom
type: gray, VER-52296/NVP-AUY922; cyan, protein residues involved
in nonpolar interactions; green, protein residues involved in polar

interactions. H-Bonds are shown as dotted lines. (B) Docking pose of capabilities and minimal steric hindrance. The C-4-aminoalkyl
compound 49 in Hsp90 active site. Color scheme is by atom type: derivatives 81a—d (Table 2) were synthesized and screened to
gray, 49; cyan, protein residues involved in nonpolar interactions; better substantiate our structure—activity investigation. Amine
green, protein residues involved in polar interactions. H-Bonds are compounds 81ab (Table 2) showed a drop in binding affin-
shown as dotted lines. ity when compared with the parent amides 19 and 16.

Furthermore, the observed drop with regard to affinity was
for compound 49 (Figure 4B), could play an additional role in corroborated by the absence of cytotoxicity. A loss of a putative
the interaction with the protein, producing an extra interaction interaction of C-4 amide carbonyl with Lys58 as shown in the
with LysS8, as well as a concomitant reorientation of the Figure S1 of compound 81b could explain in some way the

8596 dx.doi.org/10.1021/jm201155e | J. Med. Chem. 2011, 54, 8592—8604
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Table 2. Data for the 4-Aminoisoxazoles: Binding on Hsp90
(FP Assay) and Cytotoxicity on NCI-H460 Non-Small-Cell
Lung Carcinoma Cells

!
-N NHEt
cl I '\
o
HO OH
NCI-H460  Hsp90 (FP)
Compound R (ICs; M) (ICs0; pM)
10 - 0.0024 0.061
S
81a %/_§\J >1 0.230
81b Q ocH, >1 0.430
P,
8lc gO >1 0.620
81d >1 1.600

decrease of binding affinity. Anyway, the loss of cytotoxic
activity shown by all the C-4 amines 81a—d allowed us to view
this type of substitution with little interest.

The interesting activity shown by some chlororesorcinol
diamides gave confirmation of the idea that manipulation
around the C-4 region of the isoxazole scaffold may
significantly alter the binding of the compounds, providing an
interesting opportunity for the construction of novel series of
Hsp90 inhibitors. We further explored the potential of the new
scaffold, investigating a series of additional substitutions at the
C-4 amide portion. Given that substitution of the chlorine atom
on the resorcinol moiety with an isopropyl group had proved to
improve cytotoxicity,*" isopropyl analogues have been synthe-
sized. We carried out virtual docking experiments, using the
Hsp90—10 X-ray complex structure and a virtual library of 3,4
isoxazolediamides bearing diverse C-4 substituents. Such a
library was prepared by “reacting” the debenzylated inter-
mediate 14d with 350 commercially available acyl chlorides or
carboxylic acids having molecular weights between 100 and
350. The resulting 3,4-isoxazolediamides were filtered accord-
ing to the rule of S < 2 (except 35—37 with two violations),
subjected to a conformational analysis, and then docked in the
active site of the enzyme. Compounds with scoring value higher
than that of the simplest analogue (acetamide derivative 26)
were selected for synthesis. Scoring values for synthesized
compounds are reported in Table S1. Biological evaluation of a
library of 60 isopropyl derivatives (Tables 3 and 4) showed
binding affinity in the range of 1—260 nM. Several compounds
combined notable binding properties with potent cell growth
inhibitory activity, i.e., ICy, values in the low nanomolar range:
26, 27, 31, 43 (Table 3) in the class of alkyl and cycloalkyl
derivatives; 46, 47, 49 in the class of phenyl derivatives; 55—58,
68, 71, and 72 in the class of heterocyclic derivatives (Table 4).
The antiproliferative effects of compounds 28 and 30 were also
noteworthy (16 and 42 nM, respectively) notwithstanding a
decrease of their binding activity.

8597

Interestingly, the morpholine water solubilizing group in
compounds 49, 73, 77a,de and 79b was well tolerated as
demonstrated by the binding and cell growth inhibiting
properties of such compounds. Unfortunately, a group of
compounds (ie, 32—42, 44, 45, 48, 50—54, 60—63, 65—67,
69, 70, 73, 75a—e, and 77b,c) despite possessing an excellent
binding profile showed only poor cell proliferation inhibitory
properties. Such behavior can be accountable to permeability
issues across cell membranes. Indeed, some compounds
presented a large polar surface (ie, 35—39, 44, 54, 60—62,
and 73; Table S1) or positively charged appendages at pH 7.4
(ie, 33, 34, 40, and 41) as demonstrated by the LogD’*
parameter disclosed in Table S1. Instead, a lipophilicity index of
3.2 + 0.7 (ie, log P parameter in Table S1), calculated using
ACD/Labs software, does correlate to a high cytotoxicity
profile (ie., 27, 28, 31, 43, 46, 47, 55, 57, and S58).

To validate that the antiproliferative activity of these
compounds was indeed related to the inhibition of Hsp90, a
few selected compounds (27, 28, 31, 49, 55, and 57) were
further tested for their effects on the expression of some typical
Hsp90 client proteins in the A431 (human epidermoid
carcinoma) cell line. The examined client proteins (Akt,
Cdk4, and EGFR) and Hsp70 were evaluated by means of
the classical Western blotting analysis on total protein extracts
of A431 cells, following a 24 h exposure to various concen-
trations of the test compounds. All tested compounds were very
effective, causing dramatic depletion of the examined client
proteins and, as expected for the Hsp90 inhibitors, always
inducing a very strong increase in the expression levels of the
chaperone Hsp70 (Figure S and Figures S2—S4). The depletion
was always dose dependent and was achieved with potency
similar to that of the reference compound (17-DMAG). The
only partial exception was represented by compound 55, which
caused a marked depletion of EGFR and CDK# client proteins
but, at the same time, showed only a marginal effect on the
expression of Hsp70. These results therefore support the prem-
ise that the effects on cell growth of the 3,4-isoxazolediamides
were a consequence of their Hsp90 chaperone inhibitory
properties.

Finally, 12 compounds (see Tables 3 and 4) were selected
for in vivo study against human epidermoid carcinoma A431
tumor xenografts (Table S3 show the results of cytotoxicity
assay of the compounds tested in vivo on A431 cell lines). All
compounds were administered intraperitoneally once daily at
their maximum tolerated doses (i.e, doses that produced a body
weight loss of 7—8%) without any sign of toxicity. Compound
73 showed an antitumor effect (tumor volume inhibition
of 48%) comparable to that of the reference compound 10
(Table 5 and Figure 6).* In contrast, compound 49, struc-
turally related to the reference compound 10 (NVP-AUY922),
showed a reduced in vivo activity. The ability of 73 to affect in
vivo the expression of typical Hsp90 client proteins was
assessed in A431 tumor xenografts 2 h after the last treatment.
As shown in Figure 7, 73 induced a strong degradation of three
typical “client” proteins (EGFR, Akt, and CDK-4) and signif-
icantly increased the expression levels of Hsp70, with a potency
comparable to that of the reference inhibitor 10 (NVP-
AUY922). Thus, although in vitro activity of 73 is somehow
moderate, the compound still shows a very good in vivo activity
profile among those tested.

dx.doi.org/10.1021/jm201155e | J. Med. Chem. 2011, 54, 8592—8604
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Table 3. Data for Isoxazole-4-alkyl- and Cycloalkylamides: Binding on Hsp90 (FP Assay) and Cytotoxicity on NCI-H460

Non-Small-Cell Lung Carcinoma Cells?

NCI-H460  Hsp90 (FP) NCI-H460  Hsp90 (FP)
Compound R (ICs: uM)  (ICap: M) Compound R (I 1M)  (ICp: M)
10 - 0.0024 0.061 ) E—Q '""\H/TFA >1 0.0086
COOCH;
26* —%—CH3 0.081 0.055 43* %:O' 0.022 <0.005°
COOH
27% :LLLJ< 0.024 0.041 44 E'O/ >1 0.039
28+ §{> 0.016 0.190 45 -§<}0H 0.920 0.014
OH
29 EO‘\/\/ > 0.260 75a _Q_Oﬁ 0.260 0.0126
30 -EOCFa 0.042 0.240 75b —3—<:>w0H >1 <0.005*
31 'EOOCW 0.013 0.024 75¢ -:—<:>—0H 0.500 <0.005°
OH
32 %m 0.200 0.030 75d —:@—J 0.870 0.015
OH
33 § <:>—NH2 Hel >1 0.028 75¢ ;—O / 0600  <0.005°
X
(0]
34 % N, He >1 0.040 77a OV N(\ 0.170 0.012
(0]
N — ‘
35 'E'O HN—g@F 0.640 0.0054 77b §—<:>N 0 Hel 0.680 <0.005°
6 \ /
anl O
36 Z’O ﬁN—&@ >1 <0.005° 77c :—<:>—N 0 Hel 0.610 0.0074
1 /
[¢]
S
37 E'O O 1 0.005 ) ?
v > <0.005%
c?/\NHz A 77d N 0.140 0.0196
HCI
S
38 §-<:> “uCONH, >1 <0.005° S o
77e N 0.130 0.0088
HCI
39 -§—<:>—CONH2 0.990 <0.005" o
79b N 0.110 0.214
40 —§CNH TFA >1 <0.005° (\N/
79¢ e N >1 0.120
41 EC — TFA > 1 0.024

“For the detection limits of the assay, see Chiosis et al.% The asterisk () indicates that the compound was submitted to in vivo studies.

B CONCLUSION

We postulated that the introduction of a second amide group at
the C-4 position of the 4,5-diarylisoxazoles scaffold could
represent an interesting opportunity for the construction of a
novel class of Hsp90 inhibitors. We have performed a detailed
investigation and elaboration of the isoxazole scaffold, leading
to the discovery of a novel class of 3,4-isoxazolediamides
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endowed with potent Hsp90 inhibitory activity. The C-4 amide
appendage could be either an alkyl or aryl moiety. A group of
amides showed affinity for the target comparable to that shown
by 4,5-diaryl products 9a,b and 10. Compounds of interest that
combine potent binding and cell growth activity were obtained
in a series of alkyl- and cycloalkyldiamides (26, 27, 31, and 43),
as well as in a series of the aryl and heteroaryl derivatives
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Table 4. Data for Isoxazole-4-aryl- and Heteroarylamides: Binding on Hsp90 (FP Assay) and Cytotoxicity on NCI-H460

Non-Small-Cell Lung Carcinoma Cells?

NCI-H460  Hsp90 (FP) NCI-H460  Hsp90 (FP)
Compound R (ICs;; uM)  (ICs0; kM) Compound R (ICs0; uM)  (ICs; pM)
10 - 0.0024 0.061 N
-\
61 g >1 0.040
46* -§©~o<:H3 0.017 0.026 .
$_8
4 OCH, 62 Y 0.560 0.010
47 0.055 0.034 N
F S
/ 63 N 0.490 0.036
48 4 N 0.240 0.034 e
. RS
: o 64 j\_@ >1 0.260
49* @\/N\) 0.095 0.071
\‘;‘ \O
50 4 NN >1 0.024 65 j—-@ 0.750 0.048
OCHj
51 4 N NH >1 0.032 ’
_/ :j N
66 % 0.360 0.062
52 §@N<j >1 0.032
R NH
67 @ 0.170 0.033
53 §@N® 0.810 0.022 y )
68 N 0.087 0.034
o-N Y
54 A conHe >1 0.024 g .
69 @:) 0.180 0.020
* "3 0.022 0.020 4
55 . .
N o
N-O 70 @:N/> 0.110 0.015
56 —z{’\)\(o 0.082 0.019
O
s 1% = 0.022 <0.005
57+ j\_] 0.017 0.084
o]
72 = 0.016 <0.005°
58% \;@/Bf 0.019 0.022
N’O; N
N-0 73% \ (o 0.200 0.040
/ Y,
59 ‘EJ\V\Q >1 0.250
N
by
60 =g N >1 0.027
| N

“For the detection limits of the assay, see Chiosis et al.>*® ®The asterisk (x)

indicates that the compound was submitted to in vivo studies.

(46, 47, 49, 55—58, 68, 71, and 72). The antiproliferative
effects of compounds 28 and 30 (16 and 42 nM, respectively)
were notable notwithstanding the compounds having rather
moderate binding affinities.

Analysis of the degradation of the client proteins in A431
cells proved that the antiproliferative effects of the diamides
were indeed related to the inhibition of Hsp90. As expected for
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Hsp90 inhibitors, the tested diamides induced a very strong
increase in the expression levels of the chaperone Hsp70.

Twelve compounds with a different range of in vitro profile
were selected to be studied in vivo against human epidermoid
carcinoma A431. Compound 73 revealed an antitumor effect
(tumor volume inhibition of 48%) comparable to that of the
reference compound 10.
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Figure S. Analysis of Hsp90 client protein levels (EGFR, Akt, CDK-4) and Hsp70 in A431 tumor cells treated with compound 49. Total cellular
extracts were obtained 24 h after treatment. Actin is shown as a control for protein loading. Results of densitometry analysis were reported as

normalized (to f-actin) ratios.

Table S. Antitumor Activity of Compounds 49 and 73 in
Comparison with 10 (NVP-AUY922) against A431
Epidermoid Carcinoma

drug treatment dose/route (mg/kg) TVI + SE (%) BWL (%)
10 60/ip 48+ S 8
49 60/ip 33+4 2
73 60/ip 48 + 4 7
1800
— Vehicle i.p.
1600 —%— Compound 10 (60 mg/10 mL/kg i.p.
qdxSAvx2W)
1400 —A— Compound 73 (60 mg/10 mL/kg i.p.
qdxShvx2w)
= 1200 —@- Compound 49 (60 mg/10 mL/kg i.p.
E qdx5Avx2w)
g 1000
=
S
= 800
£
£ 600
400
200
0
0 5 10 15
DT=2 days Days from tumor injection

Figure 6. Antitumor activity of the compounds 49 and 73 in
comparison with that of compound 10 (NVP-AUY922) against A431
epidermoid carcinoma xenografted in CD1 nude mice.

B EXPERIMENTAL SECTION

Tumor Xenograft Model. Experiments were carried out at
Sigma-Tau (Rome, Italy) using female athymic nude CD-1 mice,
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Figure 7. Analysis of Hsp90 client protein levels (EGFR, Akt, CDK-4,
and Hsp70) in A431 tumor xenografts, following treatment with 73
and 10 (NVP-AUY922). Total proteins were purified 2 h after the last
treatment. Actin is shown as a control for protein loading. A repre-
sentative blot is shown.

8—11 weeks old (Harlan, Italy). Mice were maintained in laminar flow
rooms with constant temperature and humidity. Experimental
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protocols were approved by the Ethic Committee for Animal
Experimentation.

A431 epidermoid carcinoma cells (3 X 10°/mouse) were inoculated
subcutaneously (sc) in the right flank of CD1 nude mice. Drug
treatments started 3 days after tumor injection according to the
schedule qdX5/wX2w. To evaluate the antitumor activity, tumor
diameters were measured biweekly with a Vernier caliper. The formula
TV (mm?) = [length (mm) X width (mm)?]/2 was used, where the
width and the length are the shortest and the longest diameters of each
tumor, respectively. When tumors reached a volume of 1 cm?, mice
were sacrificed by cervical dislocation. Body weight was recorded every
day throughout the study. Toxicity of the molecules was determined as
follows: body weight loss percent (% BWL,,,,) = 100 — [(mean BW,/
mean BW),) X 100], where BW, is the mean BW at the day of maximal
loss during the treatment and BW, is the mean BW on the first day of
treatment. Lethal toxicity was also evaluated. Doubling time (DT) of
control tumors was also calculated.

In order to assess the effect in vivo of 73, compared to the reference
compound 10 (NVP-AUY922), on the expression of typical Hsp90
client proteins, A431 tumor xenografts (3 samples/group) were
excised 2 h after the last treatment and then total proteins were
extracted through the homogenization of tumor samples in T-PER
tissue protein extraction reagent (Pierce, Rockland, IL, U.S.),
supplemented with 10 ug/mL protease inhibitor cocktail (Sigma
Chemical Co., St. Louis, MO, U.S.). Determination of the protein
concentration and Western blotting analysis were finally performed as
described in the section Client Protein Degradation Assay.

Cellular Sensitivity to Drugs. In non-small-cell lung carcinoma
cells (NCI-H460) and in epidermoid carcinoma cells (A431), cellular
sensitivity to drugs was evaluated by growth-inhibition assay after 72 h
of drug exposure. Cells in the logarithmic phase of growth were seeded
into 96-well plates, and 24 h after seeding, the drug was added to the
medium. Cell survival was evaluated after 72 h of drug exposure by the
sulforhodamine B test. ICs, was calculated by the ALLFIT program
and was defined as the drug concentration causing a 50% reduction of
cell number compared to that of untreated control cells.

Binding on Hsp90 by a Fluorescence Polarization Assay.>°
GM-FITC, supplied by Invivogen (catalog no. 06C23-MT, CA, U.S.)
was previously dissolved in DMSO to obtain 10 mM stock solutions
and kept at —20 °C until use. Hsp90, purchased from Stressgen
(catalog no. SPP-776, Victoria, BC, Canada), was previously dissolved
in assay buffer (HFB) to form 2.2 uM stock solutions and kept at
—80 °C until use.

The compounds were previously dissolved in DMSO to obtain
stock solutions and kept at —20 °C. On the day of the experiment,
various concentration solutions were prepared by serial dilutions in
assay buffer (HFB) containing 20 mM HEPES (K), pH 7.3, S0 mM
KC], S mM MgCl,, 20 mM Na,MoO,, and 0.01% NP40. Before each
use, 0.1 mg/mL bovine y globulin and 2 mM DTT were freshly added.
Fluorescence polarization (FP) was performed in Opti-Plate-96F well
plates (Perkin-Elmer, Zaventem, Belgium) using a plate reader (Wallac
Envision 2101 multilabel reader, Perkin-Elmer, Zaventem, Belgium).
To evaluate the binding affinity of the molecules, an amount of 50 uL
of the GM-FTC solution (S nM) was added to 30 nM Hsp90 in the
presence of S uL of the test compounds at increasing concentrations.
The plates were shaken at 4 °C for 4 h, and the FP values in mP
(millipolarization units) were recorded. The ICg, values were
calculated as the inhibitor concentration that displaced 50% of the
tracer, each data point being the result of the average of triplicate wells,
and were determined from a plot using nonlinear least-squares
analysis. Curve fitting was performed using Prism GraphPad software
program (GraphPad Software, Inc., San Diego, CA, U.S.)

Client Protein Degradation Assay. Client protein degradation
was determined by Western blotting. Twenty-four hours after seeding
on Petri dishes, A431 (human epidermoid carcinoma) cells were
treated, for 24 h in complete medium, with various concentrations of
test compounds depending on their relative potency. 17-DMAG (at
0.2 M) was used as internal reference inhibitor. Following treatments,
cells were rinsed twice with ice-cold PBS and lysed in RIPA buffer
supplemented with protease and phosphatase inhibitors. After
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determination of the protein concentration by Bradford protein
assay (Thermo Scientific, Rockford, IL, U.S.), equal amounts of
cellular extracts were separated by SDS gel electrophoresis (SDS—
PAGE), transferred onto nitrocellulose membranes, and probed with
the following primary antibodies: anti-EGFR (Upstate Biotechnology,
Millipore Corporate, Billerica, MA, U.S.), anti-Cdk4 (Santa Cruz
Biotechnology Inc,, CA, U.S.), anti-Akt (Cell Signaling Technology,
Inc, MA, US.), anti-Hsp70 (BRM-22), and anti-actin (Sigma
Chemical Co., St. Louis, MO, U.S.).

Immunoreactive bands were revealed by horseradish peroxidase
conjugated secondary antibodies, using an enhanced chemilumines-
cence detection reagent (ECL Plus, GE Healthcare Bio-Sciences,
Uppsala, Sweden) and a specific image system (STORM 860;
Molecular Dynamics, Sunnyvale, CA, U.S.). Protein loading
equivalence was corrected in relation to the expression of f-actin.
For quantification of signals, blots were subjected to densitometry
analysis.

Chemistry. Reagents were purchased from commercial suppliers
and used without further purification. "H NMR spectra were recorded,
unless otherwise indicated, in DMSO solution at 200 MHz on a
Bruker AC-200, 300 MHz on a Varian Gemini-300, 400 MHz on a
Varian Mercury Plus 400 and S00 MHz on a Varian Gemini-500
spectrometer, and peak positions are given in parts per million
downfield from tetramethylsilane as the internal standard. J values are
expressed in hertz. Electrospray mass spectra were recorded on a
Waters Micromass ZQ-2000 instrument or a double-focusing Finnigan
MAT 95 instrument with BE geometry.

Thin layer chromatography (TLC) was carried out using Merck
precoated silica gel F-254 plates. Flash chromatography was done
using Merck silica gel 60 (0.063—0.200 mm). Solvents were dried
according to standard procedures, and reactions requiring anhydrous
conditions were performed under argon. Solutions containing the final
products were dried with Na,SO,, filtered, and concentrated under
reduced pressure using a rotatory evaporator. All the final products
undergoing biological testing were analyzed in a Jasco HPLC system
consisting of two PU-2080 pumps and an MD-2010 detector. A purity
threshold of 98% was set up. Microanalysis of all new synthesized
compounds indicated values were within +0.4% of the calculated
value.

General Procedure for the Synthesis of Nitroisoxazoles
13a—d. A suspension of adequate isoxazole derivative 12a—d (2.2
mmol) in Ac,O (20 mL) was cooled to 0 °C, and concentrated HNO;
(026 mL, 43 mmol) was added dropwise under stirring, the
temperature being maintained between 0 and 5 °C. After the addition
was complete, the mixture was stirred for 70 h at 5—10 °C and then
poured into ice and extracted with DCM (3 X 40 mL). The extract
was dried and concentrated under vacuo. The yellow solid obtained
was triturated with Et,0O and filtered to give the desired nitro
compound 13a—d.

5-[2,4-Bis(benzyloxy)-5-chlorophenyl]-4-nitroisoxazole-3-
carboxylic Acid Ethylamide (13a). Yield 73%. Yellow solid. 'H
NMR (200 MHz CDCly) §: 1.26 (t, ] = 7.4 Hz, 3H), 3.46—3.55 (m,
2H), 5.0 (s, 2H), 5.10 (s, 2H), 6.57 (m, 2H), 7.23=7.29 (m, 2H),
7.32—7.37 (m, 8H), 7.66 (s, 1H). m/z 508.5/510.4 [M + H]".

5-[2,4-Bis(benzyloxy)-5-chlorophenyl]-N-(2,2,2-trifluoroeth-
yl)-4-nitroisoxazole-3-carboxamide (13b). Yellow solid. 'H
NMR (400 MHz CDCl;) &: 4.07—4.15 (m, 2H), 5.01 (s, 2H), 5.10
(s, 2H), 6.59, (s, 1H), 6.93, (br, 1H), 7.22—7.27 (m, 2H), 7.32—7.40
(m, 8H), 7.68 (s, 1H). m/z 562.5/564.4 [M + H]".

5-[2,4-Bis(benzyloxy)-5-chlorophenyl]-4-nitroisoxazol-3-yl)-
(3,3-difluoroazetidin-1-yl)methanone (13c). Yellow solid. 'H
NMR (400 MHz CDCl;) §: 4.52—4.58 (m, 4H), 4.99 (s, 2H), 5.14
(s, 2H), 6.62, (s, 1H), 7.25—7.27, (m, 2H), 7.35—7.41 (m, 8H), 7.66
(s, 1H). m/z 556.5/558.4 [M + H]".

5-[2,4-Bis(benzyloxy)-5-isopropylphenyl]-4-nitroisoxazole-
3-carboxylic Acid Ethylamide (13d). Yellow solid. "H NMR (200
MHz CDCl;) 6: 1.22—1.26 (m, 9H), 3.24—3.38 (m, 1H), 3.43-3.57
(m, 2H), 5.02 (s, 4H), 6.54 (s, 1H), 6.59 (br, 1H), 7.30—7.39 (m,
10H), 7.46 (s, IH). m/z 516.5 [M + H]".
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General Procedure To Obtain the 4-Aminoisoxazoles 14a—
d. A solution of the appropriate nitro derivative 13a—d (1.97 mmol)
in THF (7 mL) was added to a solution of NH,CI (2.7 g, SO mmol) in
water (15 mL). Zinc dust (4 g, 61 mmol) was then added portionwise
over 15 min with stirring at 0 °C. After 30 min at 0 °C, the mixture
was filtered and the resulting cake was rinsed with MeOH. The
combined filtrate was evaporated in vacuo to give the desired amino
compounds 14a—d.

4-Amino-5-[2,4-bis(benzyloxy)-5-chlorophenyllisoxazole-3-
carboxylic Acid Ethylamide (14a). Yield 82%. Yellow solid. 'H
NMR (200 MHz CDCL,) 6: 1.24 (t, ] = 7.2 Hz, 3H), 3.38—3.53 (m,
2H), 5.02 (s, 2H), 5.15 (s, 2H), 6.64 (s, 1H), 6.79 (br, 1H), 7.35—7.42
(m, 10H), 7.64 (s, 1H). m/z 478.3/480.4 [M + H]".

5-[2,4-Bis(benzyloxy)-5-chlorophenyl)-4-amino-N-(2,2,2-
trifluoroethyl)isoxazole-3-carboxamide (14b). Yield 77%. Yel-
low solid. 'H NMR (200 MHz CDCl,) &: 3.97—4.14 (m, 2H), 4.35
(br, 2H), 5.04 (s, 2H), S5.16 (s, 2H), 6.6S, (s, 1H), 7.08, (br, 1H),
7.31-7.44 (m, 10H), 7.65 (s, 1H). m/z 532.3/534.3 [M + H]".

5-[2,4-Bis(benzyloxy)-5-chlorophenyl]-4-aminoisoxazol-3-
yl)-(3,3-difluoroazetidin-1-yl)methanone (14c). Yield 65%. Yel-
low solid. 'H NMR (200 MHz CDCL,) 8: 4.43—4.55 (m, 4H), 4.83—
4.95 (m, 2H), 5.03 (s, 2H), 5.15 (s, 2H), 6.64, (s, 1H), 7.29—7.43 (m,
10H), 7.64 (s, IH). m/z 526.4/528.5 [M + H]*.

4-Amino-5-[2,4-bis(benzyloxy)-5-isopropylphenyll-
isoxazole-3-carboxylic Acid Ethylamide (14d). Yield 72%.
Yellow solid. '"H NMR (200 MHz CDCl;), 6: 1.21-1.28 (m, 9H),
328-3.38 (m, 1H), 3.39-3.53 (m, 2H), 4.38 (br, 2H), 5.05 (s, 2H),
5.08 (s, 2H), 6.61 (s, 1H), 6.83 (br, 1H), 7.33—7.42 (m, 10H), 7.45 (s,
1H). m/z 486.6 [M + H]*.

General Procedure for Preparation of 4-lIsoxazole Amides
15—73. A solution of the appropriate amine 14a—d (1.45 mmol) and
TEA (1.74 mmol, 0.24 mL) in DCM was added dropwise to a solution
of the corresponding acyl chloride (1.45 mmol). The mixture was
stirred for S h, diluted with DCM, and washed with 1 N HCIL The
organic extract was dried and filtered. Solvents were removed in vacuo
to give the crude residue that was used without further purification.
The amide thus obtained (0.35 mmol) was dissolved in DCM
(10 mL) and was cooled under an inert atmosphere at 0 °C, and BCl;
in 1 M DCM (1.05 mmol, 1.05 mL) was added dropwise. The mixture
was stirred at 0 °C for 20 min. The cooling bath was then removed
and the mixture left for a further S0 min at room temperature. The
mixture was cooled again and then quenched by cautious addition of
saturated aqueous NaHCO; solution (20 mL). The DCM was
removed in vacuo, and water (20 mL) was added. The mixture was
then extracted with EtOAc (200 mL). The organic layers were washed
with water (2 X 30 mL), saturated aqueous NaCl solution (50 mL)
and then dried over Na,SO,. Crude products were purified by flash
chromatography on silica gel (yield, 35—60%).

5-(5-Chloro-2,4-dihydroxyphenyl)-4-[(3-methylthiophene-2-
carbonyl)aminolisoxazole-3-carboxylic Acid Ethylamide
(19). Light-yellow solid. '"H NMR (400 MHz) &: 1.09 (t, ] = 6.8
Hz, 3H), 2.43 (s, 3H), 3.20—3.25 (m, 2H), 6.65 (s, 1H), 7.01 (d, J =
5.2 Hz, 1H), 7.44 (s, 1H), 7.66 (d, ] = 5.2 Hz, 1H), 8.58 (t, ] = 5.6 Hz,
1H), 9.29 (br, 1H), 10.70 (s, 2H). m/z 422.1/424.1 [M + H]*. Anal.
(C1sH,CIN;08) C, H, C|, N, S.

5-(5-Chloro-2,4-dihydroxyphenyl)-4-(2,2-
dimethylpropionylamino)isoxazole-3-carboxylic Acid Ethyla-
mide (21). White solid. 'H NMR (400 MHz) &: 1.06 (t, ] = 7.2 Hz,
3H), 1.14 (s, 9H), 3.19—3.24 (m, 2H), 6.66 (s, 1H), 7.34 (s, 1H), 8.58
(t, ] = 5.6 Hz, 1H), 8.83 (s, 1H), 10.50 (br, 1H), 10.70 (s, 1H). m/z
382.2/384.2 [M + H]". Anal. (C,,H,,CIN;0,) C, H, Cl, N.

4-[(Adamantane-1-carbonyl)amino]-5-(5-chloro-2,4-
dihydroxyphenyl)isoxazole-3-carboxylic Acid Ethylamide
(23). White solid. '"H NMR (400 MHz) &: 1.09 (t, J] = 7.2 Hz,
3H), 1.65—1.69 (m, 6H), 1.81—1.82 (m, 6H), 1.99 (s, 3H), 3.18—3.24
(m, 2H), 6.67 (s, 1H), 7.34 (s, 1H), 8.74 (t, ] = 5.6 Hz, 1H), 10.55 (br,
2H). m/z 460.2/462.3 [M + H]*. Anal. (C,3H,(CIN;O;) C, H, Cl, N.

4-Acetylamino-5-(2,4-dihydroxy-5-isopropylphenyl)-
isoxazole-3-carboxylic Acid Ethylamide (26). White solid. 'H
NMR (400 MHz) : 1.07—1.12 (m, 9H), 3.06—3.13 (m, 1H), 3.21—
3.26 (m, 2H), 6.49 (s, 1H), 7.11 (s, 1H), 8.55 (t, J = 6.0 Hz, 1H), 9.15
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(br, 1H), 9.81 (s, 1H), 9.90 (br, 1H). m/z 348.5 [M + H]*. Anal.
(C;HyN;05) C, H, N.
5-(2,4-Dihydroxy-5-isopropylphenyl)-4-(2,2-
dimethylpropionylamino)isoxazole-3-carboxylic Acid Ethyl-
amide (27). White solid. "H NMR (400 MHz CD,0D) §: 1.18—
1.24 (m, 18H), 3.17—3.24 (m, 1H), 3.48 (q, ] = 6.8 Hz, 2H), 6.47 (s,
1H), 7.27 (s, 1H). m/z 390.5 [M + H]". Anal. (C,,H,,N;0;) C, H, N.
4-(Cyclohexanecarbonylamino)-5-(2,4-dihydroxy-5-
isopropylphenyl)isoxazole-3-carboxylic Acid Ethylamide
(28). '"H NMR (300 MHz) &: 1.06 (t, J = 5.1 Hz, 3H), 1.08 (d, J =
7.2 Hz, 6H), 1.10—1.36 (m, SH), 1.57—1.77 (m, SH), 2.23 (m, 1H),
3.06 (m, 1H), 3.19 (m, 2H), 6.47 (s, 1H), 7.09 (s, 1H), 8.46 (t, ] = 6.3
Hz, NH), 8.97 (s, OH), 9.77 (s, NH), 9.89 (s, OH). m/z 438.0 [M +
Na]*. Anal. (C,,H,4N;0;) C, H, N.
5-(2,4-Dihydroxy-5-isopropylphenyl)-4-[(cis-4-
methoxycyclohexanecarbonyl)aminolisoxazole-3-carboxylic
Acid Ethylamide (31). '"H NMR (300 MHz) &: 1.07 (t, ] = 5.2 Hz,
3H), 1.09 (d, ] = 7.3 Hz, 6H), 1.37 (m, 2H), 1.49 (m, 2H), 1.61 (m,
2H), 1.80 (m, 2H), 2.26 (m, 1H), 3.06 (m, 1H), 3.14 (s, 3H), 3.16 (m,
2H), 3.29 (bs, 1H), 6.47 (s, 1H), 7.09 (s, 1H), 8.47 (t, ] = 6.2 Hz, 1H),
8.9 (s, 1H), 9.76 (s, 1H), 9.85 (s, 1H). m/z 468.3 [M + Na]*. Anal.
(Cy3HyN306) C, H, N.
(1S,3R)-3-[5-(2,4-Dihydroxy-5-isopropylphenyl)-3-ethylcar-
bamoylisoxazol-4-ylcarbamoyl]cyclopentanecarboxylic Acid
Methyl Ester (43). 'H NMR (300 MHz) &: 1.06 (t, ] = 7.0 Hz,
3H), 1.08 (d, J] = 6.7 Hz, 6H), 1.76—1.90 (m, 4H), 2.03—2.12 (m,
2H), 2.75—2.79 (m, 2H), 3.06 (hept, ] = 7.0 Hz, 1H), 3.19 (q, ] = 7.0
Hz, 2H), 3.56 (s, 3H), 6.48 (s, 1H), 7.08 (s, 1H), 8.49 (t, ] = 5.5 Hz,
1H), 9.12 (bs, 1H), 9.78 (bs, 2H). m/z 459.9 [M + H]'. Anal
(C23H29N3O7) C; H) N.
5-(2,4-Dihydroxy-5-isopropylphenyl)-4-(4-
methoxybenzoylamino)isoxazole-3-carboxylic Acid Ethyl-
amide (46). White solid. 'H NMR (400 MHz) §: 1.04—1.28
(m, 9H), 3.03—3.08 (m, 1H), 3.19-3.23 (m, 2H), 3.82 (s, 3H), 6.47
(s, 1H), 7.02 (d, J = 8.8 Hz, 2H), 7.23 (s, 1H), 7.87 (d, ] = 8.8 Hz,
2H), 8.61 (t, ] = 5.6 Hz, 1H), 9.56 (br, 1H), 9.82 (s, 1H), 10.08 (br,
1H). m/z 440.4 [M + H]". Anal. (C,3H,sN;04) C, H, N.
5-(2,4-Dihydroxy-5-isopropylphenyl)-4-(4-morpholin-4-
ylmethylbenzoylamino)isoxazole-3-carboxylic Acid Ethyl-
amide (49). 'H NMR (300 MHz) &: 1.04 (d, ] = 7.2 Hz, 6H),
1.07 (t, ] = 7.0 Hz, 3H), 3.18—3.22 (m, 4H), 3.02—3.09 (m, 3H), 3.78
(m, 2H), 3.89 (m, 2H), 4.38 (bs, 2H), 6.52 (s, 1H), 7.21 (s, 1H), 7.73
(d, ] = 7.3 Hz, 2H), 7.96 (d, ] = 7.3 Hz, 2H), 8.64 (t, ] = 5.8 Hz, 1H),
9.76 (s, 1H), 9.86 (s, 1H), 10.13 (s, 1H), 11.2 (s, 1H). m/z 530.8 [M +
Na]*. Anal. (C,,H;,N,O¢ HCI) C, H, N.
5-(2,4-Dihydroxy-5-isopropylphenyl)-4-(5-ethylisoxazole-
3-carbonyl)aminoisoxazole-3-carboxylic Acid Ethylamide
(55). White solid. '"H NMR (400 MHz CD,0D) §: 1.18—1.31 (m,
12H), 2.80—2.86 (m, 2H), 3.16—3.22 (m, 1H), 3.39 (q, ] = 7.2 Hz,
2H), 6.47 (s, 1H), 6.48 (s, 1H), 7.33 (s, 1H). m/z 429.0 [M + H]".
Anal. (C,;H,,N,O¢) C, H, N.
5-(2,4-Dihydroxy-5-isopropylphenyl)-4-[(3-methylthio-
phene-2-carbonyl)aminolisoxazole-3-carboxylic Acid Ethyl-
amide (57). White solid. '"H NMR (400 MHz) &: 1.07—1.11 (m,
9H), 2.44 (s, 3H), 3.05—3.11 (m, 1H), 3.19-3.25 (m, 2H), 6.52 (s,
1H), 7.01 (d, J = 5.2 Hz, 1H), 7.22 (s, 1H), 7.66 (d, ] = 5.2 Hz, 1H),
8.66 (t, ] = 5.6 Hz, 1H), 9.12 (s, 1H), 9.89 (s, 1H), 10.22 (br, 1H). m/
z 430.6 [M + H]*. Anal. (C,;H,;N;0S) C, H, N, S.
4-[(5-Bromofuran-2-carbonyl)amino]-5-(2,4-dihydroxy-5-
isopropylphenyl)isoxazole-3-carboxylic Acid Ethylamide
(58). '"H NMR (300 MHz) &: 1.05 (d, J = 7.0 Hz, 6H), 1.07 (t, ] =
7.6 Hz, 3H), 3.0S (hept, ] = 6.7 Hz, 1H), 3.21 (quint, ] = 7.6 Hz, 2H),
6.47 (s, 1H), 6.78 (d, ] = 3.7 Hz, 1H), 7.17 (s, 1H), 7.24 (d, ] = 3.7
Hz, 1H), 8.62 (t, ] = 5.7 Hz, 1H), 9.75 (bs, 1H), 9.81 (s, 1H), 10.08
(bs, 1H). m/z 477.3/479.3 [M — H]". Anal. (C,,H,,BrN,;0;) C,
H, N.
5-(2,4-Dihydroxy-5-isopropylphenyl)-4-[(furan-2-carbonyl)-
aminolisoxazole-3-carboxylic Acid Ethylamide (71). '"H NMR
(300 MHz) 8: 1.06 (d, J = 7.0 Hz, 6H), 1.08 (t, ] = 7.5 Hz, 3H), 3.06
(m, 1H), 3.21 (m, 2H), 6.49 (s, H), 6.65 (dd, ] = 1.6 Hz, ] = 3.5 Hz,
1H), 7.19 (s, 1H), 7.2 (d, ] = 3.5 Hz, 1H), 7.88 (d, ] = 1.6 Hz, 1H),
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8.62 (t, ] = 54 Hz, 1H), 9.5 (s, 1H), 9.83 (s, 1H), 10.2 (s, 1H). m/z
400.3 [M + H]*. Anal. (C,H,,N;0¢) C, H, N.

5-(2,4-Dihydroxy-5-isopropylphenyl)-4-(5-
(morpholinomethyl)isoxazole-3-carbonylamino)isoxazole-3-
carboxylic Acid Ethylamide (73). '"H NMR (400 MHz CD,0D),
5: 1.18—1.26 (m, 9H), 2.52—2.54 (m, 4H), 3.17—3.25 (m, 1H), 3.39
(q, ] = 7.2 Hz, 2H), 3.68—3.70 (m, 4H), 3.78 (s, 1H), 6.47 (s, 1H),
6.72 (s, 1H), 7.34 (s, 1H). m/z 499.9 [M + H]*. Anal. (C,,H,,N;O-)
C, H,N.
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