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7) ABSTRACT

Compounds, compositions and methods that are useful in
the treatment of inflammatory and immune conditions and

" diseases are provided herein. In particular, the invention

provides compounds which modulate the expression and/or
function of a chemokine receptor. The subject methods are
useful for the treatment of inflammatory and immunoregu-

latory disorders and diseases, such as multiple sclerosis,

rheumatoid arthritis and type I diabetes.
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Synthesis of Compound 10.04

[0509]
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[0510] Compound 10.04 was prepared following the syn-
thetic procedure for compound 10.02, described above. MS
(ESI*) 564.2 [MH]*.

Synthesis of Compound 10.05.
[0511)

10.08

[0512] Compound 10.05 was prepared following the syn-
thetic procedure of compound 10.01, described above., *H
NMR (d4;-DMSO, T=140° C.)  8.11 (d, J=8.0 Hz, 1H), 7.82
(1, J=8.1 Hz, 111), 7.68 (d, J=8.1 Hz, 1H), 7.60-7.40 (m, 6H),
7.38-7.15 (m, SH), 5.33 (bs, 1H), 5.02 (dd, J=11.4 Hz, 2H),
3.60 (bm, 2H), 1.45 (d, J=7.0 Hz, 3H). m.p. 173-174° C. MS
(ESI*) 567.2 [MH]". Anal. Caled. for C,oH,,F,N,O.S: C,
61.48; H, 3.91; N, 9.89. Found: C, 61.36; H, 4.08; N, 9.75.
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Example 11
: Preparation of Compound 11.01
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[0514] The synthesis of compound 11.01 is shown in FIG.
14. 'H NMR (d,-DMSO, T=120° C.) & 8.8-7.0 (m, 17H),
6.35 (s, 1H), 5.00 (m, 1H), 4.35 (m, 1H), 4.25-4.00 (m, 4H),
3.65 (m, 1H), 1.40 (t, 3H). MS (ESI*) 619.1 [MH]*.

Preparation of Compound 11.02

[0515]
11.02
OEt

Q
N

N =4 |

N N \ N
</ ﬂ
0
FC N

[0516] The synthesis of compound 11.02 is shown in FIG.
17. 'H NMR (d,-DMSO, T=150° C.) 8 8.38 (m, 2H), 8.09
(m, 1H), 7.84 (m, 2H), 7.68 (m, 1H), 7.54 (m, 2H), 7.40-
7.00 (m, 6H), 5.25 (m, 1H), 4.74 (m, 2H), 4.25 (m, 1H), 4.14
(m, 3H), 3.62 (m, 1H), 3.31 (m, 1H), 2.78 (m, 2H), 1.37 (m,
6H). MS (EST*) 605.3 [MH]".
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Preparation of Compound 11.03
[0517]
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[0518] The synthesis of compound 11.03 is shown in FIG.
18. 'H NMR (dg-DMSO, T=150° C.) 8 9.02 (s, 1H), 8.85 (s,
1H), 8.40 (s, 1H), 8.38 (m, 1H), 7.57 (m, 1H), 7.41 (m, 3H),
7.33-7.15 (m, SH), 5.30 (q, 111), 4.80 (dd, 2H), 4.13 (q, 2H),
3.64 (d, 111), 3.21 (bs, 1H), 1.46 (d, 3H), 1.37 (t, 3H). MS
(ESI*) 607.2 [MHT".

Preparation of Compound 11.04

[0519]

11.04

[0520] ‘T'he synthesis of compound 11.04 is shown in FIG.
18. *H NMR (d,-DMSO, T=150° C.) 3 8.81 (d, 1H), 8.38 (s,
1H), 8.35 (m, 111), 8.03 (m, 1H), 7.81 (m, 1H), 7.54 (m, 1H),
7.40 (m, 3H), 7.33-7.05 (m, SH), 5.28 (q, 1H), 4.75 (dd,
2H), 4.13 (q, 2H), 3.60 (d, 1H), 3.19 (bs, 1H), 1.44 (d, 3H),
1.37 (1, 3H). MS (ESI*) 606.2 [MH]"
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Preparation of Compound 11.05
[0521]

11.05

[0522] The synthesis of compound 11.05 is shown in FIG.
11. 'H NMR (dg-DMSO, T=150° C.) § 8.47 (s, 1H), 8.37 (¢,
1H), 8.13 (d, 1H), 7.66-7.25 (m, 7H), 7.25-7.10 (m, 6H),
6.59 (d, 1H), 5.25 (g, 1H), 4.86 (dd, 2H), 4.18 (g, 2H), 3.70
(d, 1H), 3.31 (bd, 1H), 1.41 (m, 6H). MS (ESI*) 605.2
[MHT".

Preparation of Compound 11.06
[0523]

11.06

[0524] The synthesis of compound 11.06 is shown in FIG.
3.*H NMR (d,-DMSO, T=150° C.) 8 8.30 (m, 1H), 8.22 (s,
1H), 7.95 (m, 2H), 7.83 (m, 1H), 7.57 (m, 1H), 7.48 (m, 111),
7.36 (m, 2H), 7.24 (m, 2H), 7.15-6.95 (m, 6H), 5.45 (q, 1H),
4.50(dd, 2H), 4.14 (g, 2H), 3.57 (d, 1H), 3.05 (bd, 1H), 1.54
(d, 3H), 1.38 (1, 3H). MS (ESI*) 587.3 [MH]".
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Preparation of Compound 11.07
[0525]

11.07
OFt

[0526] ‘I'he synthesis of compound 11.07 is shown in FIG.
1.}l NMR (CDCL,)  8.30 (m, 3H), 7.85 (m, 2H), 7.52 (m,
31, 7.23 (m, 11), 7.11 (m, 1H), 7.03 (m, 2H), 6.82 (d, 1H),
6.75 (4, 1H), 6.54 (m, 1H), 5.07 (g,1H), 4.60 (dd, 2H), 4.05
(m, 3H), 3.82 (m, 2H), 1.85 (d, 1H), 1.45 (1, 3H), 1.17 (s,
OH). MS (ESI*) 677.3 [MH]".

Example 12

[0527] This example illustrates 2 CXCR3 binding assay
that can be uscd for evaluating the compounds of the present
nvention.

[0528] Unless otherwise noted, all reagents used are avail-
able from commercial sources (e.g., Sigma). Test com-
pounds are diluted in DMSO to a concentration that is 40-
times the intended final assay concentration; 5 uL are
transferred to each well of a 96-well flat-bottomed polypro-
pvlene plate (e.g., from Greiner, Inc.). CXCR3-expressing
cells obtained from ChemoCentryx were used in the assays
to generate the data set forth in the Table provided in FIG.
12. The cells were resuspended in assay buffer (25 mM
Hepes, 80 mM NaCl, 1 mM CaCl,, 5 mM MgCl,, 0.2%
bovine serum albumin, pH 7.1, stored at 4 ° C.) at 5 million
cells per mL; 100 uL of this cell suspension is then trans-
ferred to each well of a 96-well plate containing the diluted
test compounds. *?*[-labelled chemokine (purchased from
commercial sources, e.g., Amersham, PE Life Sciences) is
diluted in assay buffer to a concentration of approximately
60 pM; 100 uL of this chemokine solution is transferred to
each well of a 96-well plate containing compounds and cell
suspension. The plates are sealed with commercially avail-
able foil plate seals (e.g., from E&K Scientific), and stored
at 4 ° C. for 2 to 4 h, shaking gently. At the end of this
incubation period, the contents of the assay plates are
transferred to GF/B filter plates (Packard) that have been
pre-coated by dipping into a solution containing 0.3% poly-
ethyleneimine (Sigma), using a cell harvester (Packard), and
washing twice with wash buffer (25 mM Hepes, 500 mM
NaCl, 1 mM CaCl,, 5 mM MgCl,, pH 7.1, stored at room
temperature). The filter plates are sealed on the bottom with
plate seals (Packard), 50 4L of Microscint-20 scintillation
fluid (Packard) is added to each well, and the top of the
plates are sealed with clear plastic (TopSeal A, Packard).
The plates are counted on a scintillation counter, such as a

81
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Packard TopCount. To measure non-specific binding, 4 wells
containing unlabelled “cold” chemokine were included on
cach 96-well plate. To measure maximum binding, 4 wells
containing 5 uL. of DMSO, 100 uL of cell suspension and
100 uL of 1?5I-labelled chemokine solution were included on
each 96-well plate. Data were analyzed using commercially
available software (e.g., Excel from Microsoft, Prism from
GraphPad Software Inc.).

[0529] Other assays may be used to identify compounds
that modulate CXCR3 chemokine receptor activity, for
example, binding assays (see, e.g., Weng et al. (1998) J.
Biol. Chem. 273:18288-18291, Campbell et al. (1998) J.
Cell Biol. 141:1053-1059, Endres et al. (1999) J. Exp. Med.
189:1993-1998 and Ng et al. (1999)J. Med. Chem. 42:4680-
4694), calcium flux assays (see, e.g., Wang et al. (2000) Mol.
Pharm.. 57:1190-1198 and Rabin et al. (1999) J. Immunol.
162:3840-3850) and chemotaxis assays (see, €.g., Albanesi
et al. (2000)J. Immunol. 165:1395-1402 and Loctscher et al.
(1998) Eur. J. Immunol. 28:3696-3705).

[0530] All publications and patent applications cited in
this specification are herein incorporated by reference as if
each individual publication or patent application were spe-
cifically and individually indicated to be incorporated by
reference. Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be readily
apparent to those of ordinary skill in the art in light of the
teachings of this invention that certain changes and modi-
fications may be made thereto without departing from the
spirit or scope of the appended claims.

What is claimed is:
1. A compound having the formula (I):

I |, ®

Yi_ /Y3\'/ R?
z

AN

R‘*—Q L—R3

wherein

X is a member selected from the group consisting of a

bond, —C(0)—, —CRHRN—, —CR)=,
—S(0),— and —N==;

Z is a member selected from the group consisting of a
bond, —N=, —O0—, —S—, —N(R')— and
—C(R7)=, with the proviso that X and Z are not both
.a bond;

L is a member selected from the group consisting of a
bond, C(0)—(C,-Cg)alkylene, (C,-Cg)alkylene and
(C,-Cy)heteroalkylene;

Q is a member selected from the group consisting of a

+ sbond, . - (C,-Cg)alkylene, (C,-Cy)heteroalkylene,

—C0)—,  —0CO)—,  —NRC(0)—,
—CH,CO0—, —CH,SO0— and —CH,SO,—;
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W X\ ment of inflammatory and immune conditions and diseases are provided herein. In
particular, the invention provides compounds which modulate the expression and/or
l r R1 function of a chemokine receptor. The subject methods are useful for the treatment
Y2 Y3 Rz of inflammatory and immunoregulatory disorders and diseases, such as multiple
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The highly selective expression of CXCR3 makes it an ideal target for
intervention to interrupt inappropriate T cell trafficking. The clinical indications for such
intervention are in T-cell mediated autoimmune diseases such as multiple sclerosis,
rheumatoid arthritis, and type I diabetes. Inappropriate T-cell infiltration also occurs in
psoriasis and other pathogenic skin inflammation conditions, although the diseases may
not be true autoimmune disorders. In this regé.rd, up-regulation.of [P-10 expression in
keratinocytes is a common feature in cutaneous immunopathologies. Inhibition of
CXCR3 can be beneficial in reducing rejectivon in organ transplantation. Ectopic
expression of CXCR3 in certain tumors, especially subsets of B cell malignancies
indicate that selective inhibitors of CXCR3 will have value in tumor immunotherapy,
particularly attenuation of metastasis. '

In view of the clinical importance of CXCR3, the identification of
compounds that modulate CXCR3 function represents an attractive avenue mto the

development of new therapeutic agents. Such compounds are provided herein.

SUMMARY OF THE INVENTION

The present invention provides compounds which are useful in the
treatment or prevention of certain inflammatory and immunoregulatory disorders and
diseases, including asthma and allergic diseases, as well as autoimmune pathologies such
as rtheumatoid arthritis and atherosclerosis. The compounds provided herein have the

general formula (I):

wherein X represents a bond, -C(O)-, -C(R*}(R®)-, -C(R%)=, -S(0)-, -S(0),- or -N=; Z
represents a bond, -N=, -O-, -S-, -N(R'")- or —C(R7)#, with the proviso that X and Z are
not both a bond; L represents va boﬁ&, C(O)v'-(ClviLC.g)alkylene, (Cl-Cg)alkylenc or (C,-
Cs)heteroalkylene; Q represents a bond, (C;-Cg)alkylene, (C;-Cs)heteroalkylene, -C(O)-,

3
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Synthesis of Compound 3.42+HC]

N-{1-{3-(4-Ethoxy-phenyl)-4-oxo-3 4-dihydro-quinazoli
n-2-yl}-ethyl}-2-(4-fluoro-3-trifluoromethyl-
phenyl)-N-(3-pyrrolidin-1-yl-propyl)-acetamide

5 3.42

Compound 3.42 was prepared following the synthesis of compound 3.02.
White solid. 'H NMR (DMSO, T=120°C) 1.35 (t, 3H, J = 6.93 Hz), 1.52 (m, 3H), 1.9
(m, 6H), 2.85-3.05 (m, 3H), 3.36-3.57 (m, 4H), 3.95 (m, 3H), 4.08 (q, 2H, /= 6.93 Hz),
10 5.17 (m, 1H), 7.02-7.10 (m, 2H), 7.24-7.46 (m, SH), 7.58 (t, 1H, /= 7.6 Hz), 7.75 (d, 1H,
J=17.73 Hz). 7.88 (t, 1H,J=7.73 Hz), 8.15 (d, 1H, J = 8 Hz). MS(EST") 625..3 (MH").
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Synthesis of Compound 3.43

o o) O~
NHBoc
o
NJY Na(OAC)sBH N
NH, CICH,CHJCI HN
20°C. OHBOC

é@f\( @ijj\'/ CF3;COOH
Toluene, pyridine
60°C NHBoc

T0913409
5 3.43
4-{1-[3-(4-Ethoxy-phenyl)-4-0x0-3,4-dihydro-quinazolin-2-yl]-
ethylamino}-piperidine-1-carboxylic acid fert-butyl ester (I). 4-Oxo-Piperidine-1-
carboxylic acid tert-butyl ester (0.468 g, 2.35 mmol) was added to a solution of amine
(0.6g, 1.96mmol) in dichloroethane (10ml) at —10°C, followed by Na(OAC);BH (0.602 g,
10 2.84 mmol). The mixture was kept at that temperature for 1.5 h, then warmed slowly to
room temperature and stirred overnight. The solution was diluted with DCM, washed by
sat. NaHCQ;, water, brine and dried over Na;SOy4. The solvent was evaporated and a white
solid (1.1g) was obtained, which was used in the next step. MS(EST") 493.3 (MH").
4-{{1-[3-(4-Ethoxy-phenyl)-4-o0x0-3,4-dihydro-quinazolin-2-yl]-ethyl}-
15  [(4-fluoro-3-trifluoromethyl-phenyl)-acetyl]-amino}-piperidine-1-carboxylic acid
ester (IT). Pyridine (0.289 g, 3.66 mmol) was added to a mixture of I (0.6 g, 1.22 mmol)

112
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and phenylacetyl chloride (0.44 g, 1.83 mmol) in toluene (15 ml). The solution was
heated to 60°C for 3 h, and then poured into IN HCI. The aqueous layer was extracted
with EtOAc three times, the combined organic layer was then washed by sat. NaHCO;,
water, brine and dried over Na;SO4. The solvent was evaporated and the crude oil was
5  subjected by flash column to afford a yellow solid (540 mg). MS(ESI") 697.3 (MH™).
{1-[3-(4-Ethoxy-phenyl)-4-oxo-3,4-dihydro-quinazolin-2-yl|-ethyl}-2-
(4-fluoro-3-trifluoromethyl-phenyl)-piperidin-4-yl-acetamide (3.43). Trifluoroacetic
acid (1.77 g, 15.5 mmol) was added to a solution of IT (0.54 g, 0.77 mmol) in
dichloromethane. The mixture was stirred at room temperature for 3 h. The solvent was
10  evaporated, the residue was dissolved in EtOAc and washed with sat. NaHCOs, water,
brine and dried over Na;SO4. The solvent was evaporated and the crude oil was
subjected by flash column to afford a white solid (440 mg). "H NMR (DMSO, T=120°C)
1.21 (m, 1H), 1.34 (m, 4H), 1.48 (d, 3H, J = 6.8 Hz), 2.16 (m, 3H), 2.70-2.97 (m, 4H),
3.28(d, 1H,/J=16 Hz ), 3.64 (m, 1H), 4.09 (q, 2H, /= 6.8 Hz ), 5.04 (m, 1H), 7.07-7.20
15 (m, 3H), 7.30-7.44 (m, 4H), 7.58 (t, 1H, J=7.33 Hz), 7.76 (d, 1H, /= 8 Hz), 7.88 (d,
1H, J=7.07 Hz), 8.14 (d, 1H, J = 7.73 Hz), MS(ESI") 597..3 (MH").

Synthesis of Compound 3.44

N-{1-[3-(4-Ethoxy-phenyl)-4-ox0-3,4-dihydro-quinazolin-2-yl]
-ethyl}-2-(4-fluoro-3-trifluoromethyl-
20 phenyl)-N-(1-methy!-piperidin-4-yl)-acetamide

Formaldehyde (37% in water) (0.016g, 0.20 mmol) was added to a
solution of T0913409 (0.06 g, 0.1mmol) in dichloroethane (5 ml), followed by
25 Na(OAC);BH (0.127 g, 0.60 mmol) at room temperature. The mixture was stirred
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overnight. The solution was diluted witthCM_,".'Was.hed by sat.NaHCOs, water, brine and
dried over Na,SO,. The solvent was evaporated and the residue was purified by flash
column to afford a white solid (58 mg). 'H NMR (DMSO, T=120°C) 1.18 (m, 1H), 1.33
t, 3H, J= 6.8 Hz), 1.48 (d, 3H, /= 6.67 Hz), 1.61 (m, 1H), 1.95 (m, 1H), 2.10 (s, 3H ),
2.38 (m, 2H), 2.64 (m, 1H), 2.76 (m, 1H), 2.88 (s, 2H), 3.26 (d, 1H,/=16Hz), 3.58
(m, 1H), 4.09 (d, 2H, J = 6.8 Hz), 5.04 (m, 1H), 7.08-7.45 (m, 7H), 7.58 (m, 1H), 7.76
(d, 1H,J=8 Hz), 7.89 (m, 1H), 8.14 (d, 1H, J=7.73 Hz). MS(ESI") 611..3 (MH").

Synthesis of Compound 3.45

' O
NHy NP 33 % KOH O
CL., O
HO 95% EtOH N?

3-(4-Eth0xyphenyi)-2-ethyl:Quin6Iine. 33% Potassium hydroxide (1.3
ml) was added to a mixture of o-amino aldehyde (0;31 g, 2.6 mmol) and ketone (0.5 g,
2.6 mmol) in 95% EtOH. The solution was heated to reflux for 2 h and then poured into
water. The aqueous layer was extracted with EtOAc three times, the combined organic
layer was then washed by water, brine and dried over Na;SO4. The solvent was
evaporated and the crude oil was subjected by flash column to afford a white solid (170
mg). 'H NMR (CDCls) 1.23 (¢, 3H, J= 7.5 Hz), 1.47 (t, 3H, /= 6.93 Hz ), 2.98 (q, 2H, J
=7.47 Hz), 4.11 (q, 2H, J = 6.93 Hz), 6.98 (m, 2H, /= 6.8 Hz), 7.31 (m, 2H ), 7.49 (m,
1H), 7.68 (m, 1H), 7.77 (d, 1H, J = 8 Hz), 7.92 (s, 1H), 8.08 (d, 1H,J= 8 Hz). MS(ESI")
278.3 (MH"). |

N-{1-[3-(4-Ethoxy-phenyl)-quinolin-2-yi}-ethyl}-2-(4-fl
uoro-3-trifluoromethyl-phenyl)-N-pyridin-
3-ylmethyl-acetamide

114
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Starting from 3-(4-ethoxy-phenyl)-2-ethyl-quinoline, compound 3.45 was
prepared following the synthesis of compound 1.01 (IV - 1.01). yellow solid. 'H NMR |
(DMSO, T=120°C) 1.35 (t, 3H, J = 6.80 Hz), 1.57 (m, 3H), 2.94 (br,, 1H), 3.63 (d, 1H, J
=16Hz),4.11 (q, 2H, J=6.80 Hz ), 4.63 (m, 2H ), 5.88 (m, 1H), 7.07 (i, SH ), 7.22-
7.33 (m, 3H), 7.58 (m, 2H), 7.76 (t, 1H,J=7.6 Hz), 7.90 (d, 1H, /=8 Hz ), 7.80-8.12
(m, 3H), 8.24 (m, 1H). MS(ESI") 588..3 (MH").

Synthesis of Compound 3.46
o

N .

JY ~
oY
F4C ©

3.46

(R)-Z-((N-3-Picolyl)—N-(4-friﬂuoromethylphenylacetyl)-l-aminoethyl)-
3-(4-trifluoroethyl)-3H-quinazoline-4-one (3.46). Compound 1 was synthesized using
the method described in Figure 4, except that 4-trifluoromethylaniline was used in place
of p-phenetidine. 'H NMR (DMSO-dg, T=120°C)  1.40 (m, 3H), 2.89 (m, 1H), 3.58
(m, 1H), 4.78 (m, 2H), 5.24 (m, 1H), 7.21'(d, ] _="4.0: Hz, 1H), 7.26 (m, 2H), 7.55 (m, 5H),
7.71 (m, 1H), 7.80 (br s, 1H), 7.90 (m, 3H), 8.;1'2 (d, J=7.8 Hz, 1H), 8.38 (t, J =5.1 Hz,
2H) ppm. MS (ESI") m/z 611.3 [M+H]".

Synthesis of Compound 3.47
Me




. n | ‘
. e

WO 02/083143 ' : PCT/US01/47850

(R)-2-((N-3-Picolyl)-N-(4-trifluoromethylphenylacetyl)-1-aminoethyl)-
3-(4-(1-propynyl))-3H-quinazoline-4-one (3.47). Compound 3.47 was synthesized
using the method described for the synthesis of compound 3.07, except that excess

5 amount of propyne gas was used in place of trimethylsilylacetylene. '"H NMR (DMSO-
ds, T=120°C)  1.41 (m, 3H), 2.09 (s, 3H), 2.89 (m, 1H), 3.55 (m, 1H), 4.72 (m, 2H),
5.23 (m, 1H), 7.18 (m, 1H), 7.28 (m, 2H), 7.55 (m, 8H), 7.71 (m, 1H), 7.87 (m, 1H),
8.11(d, J = 7.8 Hz, 1H), 8.37 (m, 2H) ppm. MS (EST) m/z 581.2 [M+H]".

10 Synthesis of Compound 3.48

3.48
(R)-2-((N-3-Picolyl)-N-(4-trifluoromethylphenylacetyl)-1-aminoethyl)-
15 3-(4-carboethoxymethoxy)-3H-quinazoline-4-one (3.48). Compound 3.48 was
synthesized using the method described in Figure 4, except that 4-
(carboethoxymethoxy)aniline was used in place of p-phenetidine. "H NMR (DMSO-dj,
T=120°C) 1.24(1,J=17.1 Hz, 3H), 1.39 (d, ] = 5.4 Hz, 3H), 3.51 (brs, 1H), 4.21(q,J
=7.1 Hz, 2H), 4.72 (br s, ZH),. 4.78 (s, 2H), 5.22 )(m, 2H), 7.16 (m, 3H), 7.29(d, 1 =7.7
20  Hz, 2H), 7.44 (m, 1H), 7.54 (m, 4H), 7.68 (m, 2H), 7.86 (t, ] = 7.0 Hz, 1H), 8.10 (d, J =
7.0 Hz, 1H), 8.36 (br s, 2H) ppm. MS (ESI") m/z 645.2 [M+H]".

Synthesis of Compound 3.49

/©/0H CF3CHal, K,CO; OCHCF3 H,, Pa/C /©,OCH2CF3
° CH,ClI
ON DMF,100°C QN 2C N

25
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4-(2,2,2-trifluoroethoxy)aniline. To a mixture of 4-nitrophenol (1.39 g,
10 mmol, 1.0 equiv), and K,CO; (1.8 g, 13 mmol, 1.3 equiv) in 10 mL of dry DMF was
added 1-iodo-2,2,2-trifluoroethane (2.31 g, 11 mmol, 1.1 equiv). The mixture was heated
in an oil bath at 100 °C for 24 h. Half of the initial amount of K;COs; and 1-i0odo-2,2,2-

5 trifluoroethane were added. The mixture was stirred for another 24 h at 100 °C. This was
repeated once more on the third day. At the end of this 72 h reaction, the mixture was
cooled to room temperature and poured into 40 mL of water. The mixture was extracted
twice with 20 mL of diethy! ether. The combined ether extract was washed once with 40
mL of brine, dried over anhydrous Na2SO4, filtered to remove drying agent, and

10 evaporated in vacuo to yield 1.6 g of a crude product as light yellow solid. 'HNMR
(DMSO-ds) 4.98 (q,J = 8.8 Hz, 2H), 7.30 (d, ] = 9.2 Hz, 2H), 8.26 ((d, ] = 9.2 Hz, 2H)
ppm.

To a solution of the crude 4-(2,2,2-trifluoroethoxy)nitrobenzene (1.6 g, 7.2
mmol, 1.0 equiv) in 40 mL of dichloromethane was added 0.4 g of a 5% palladium on

15  activated carbon (0.19 mmol, 0.026 equiv). Hydrogen gas was introduced using a balloon
while the mixture was stirred vigorously for 48 h at room temperature. After all starting
material had been consumed, the mixture was filtered through a pad of Celite to remove
the palladium catalyst. The filtrate was evaporated in vacuo to give a crude product as a
brown liquid. This crude produc’:t wds purified by distillation at reduced pressure to give

20 1.3 g of pure 4-(2,2,2-trifluoroethoxy)aniline as a colorless liquid, which solidified upon
cooling to 0 °C. b.p. 81-83 °C at 0.5 torr; . 'H NMR (DMSO-ds) 5 4.53 (q, 7 =9.1 Hz,
2H), 4.76 (br s, 2H), 6.52 (d, J = 7.6 Hz, 2H), 6.76 (d, ] = 7.6 Hz, 2H) ppm.

N

LD

Cl.
25 349

(R)-2-((N-3-Picolyl)-N-(3,4-dichlorophenylacetyl)-1-aminoethyl)-3-(4-
(2,2,2-trifluoroethoxy)phenyl)-?aﬂ-’quinazdliﬂM-one trifluoroacetate
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(3.49°CF;COOH). The trifluoroacetic acid salt of compound 3.49 was synthesized using

the method described in Figure 4, except that 4-(2,2,2-trifluoroethoxy)aniline was used in

place of p-phenetidine, and that 3,4-dichlorophenylacetic acid was used in place of 4-

trifluoromethylphenylacetic acid. 'H NMR (DMSO-ds, T=120 °C) 8'1.42 (br s, 3H), 3.50
5 (m, 1H), 4.75 (m, 5H), 5.22 (m, 1H), 7.03 (d, J = 7.9 Hz, 1H), 7.27 (m, 5H), 7.43 (d, ] =

8.2 Hz, 1H), 7.50 (m, 1H), 7.56 (t, ] = 7.4 Hz, 1H), 7.67 (t, ] = 8.4 Hz, 2H), 7.87 (t, 1H),

8.11 (d, J = 7.6 Hz, 1H), 8.42 (br s, 2H) ppm. MS (ESI") m/z 641.2 [M+H]".

Synthesis of Compound 3.50

N* CHzCFs
/JY “

10

(R)-2-((N-3-Picolyl)-N-(4-trifluoromethoxyphenylacetyl)-1-
aminoethyl)-3-(4-(2,2,2-trifluoroethoxy)phenyl)-3H-8-azaquinazoline-4-one (5).
15  Compound 3.50 was synthesized using the method described in Figure 13, except that 4-
(2,2,2-trifluoroethoxy)aniline was used in place of p-phenetidine. '"H NMR (DMSO-ds,
T=120°C) 5 1.42 (m, 3H), 3.51 (m, 1H), 4.17 (m, 1H), 4.77 (q, ] = 8.7 Hz, 2H), 4.89 (m,
2H), 5.25 (m, 1H), 7.18 (m, 4H), 7.28 (m, 3H), 7.47 (m, 1H), 7.59 (m, 2H), 7.90 (m, 1H),
8.50 (m, 3H), 9.01 (m, 1H) ppm. MS (ESI") m/z 658.2 [M+H]".

20 .
Syhthesis of Compound 3.51

H,, PAIC { ’JY
P —_— =
N? Nm MeOH NN N\/Ql
™ "
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vessel using a Beckman Biomet 2000 automated liquid dispenser. The reaction
mixture was shaken using a mechanical shaker, sonicated in an ultrasonic water bath,
and then incubated overnight at room temperature. The mixture was diluted in CHCl;
(300 uL) and washed with 5% aqueous NaHCOj; and water. The solvent was removed
5 invacuo to provide compound 6 (65%). The purity of the compound was analyzed by

TLC eluted with CH;Cl,-ethanol-concentrated aqueous NHs, 100:10:1.

Examples 2 and 3

Synthesis of compounds of General Formula 1d

H,N
imcylene

DIEA, DMF, CHC13 HN< ,
NH~—Resin ‘ alkylene

NH~~Resin

1) R3"-Br
DIEA, DCM

o) 2) 5:5:90

' P TFA:TES:DCM
[:[ "N
AR
Ry NJ\( ?

oo i N\
|/~ alkylene
R3ll
NH,

10 All anhydrous solvents were purchased from Aldrich chemical company in SureSeal®
containers. Most reagents were purchase from Aldrich Chemical Company.
Abbreviations: DCM, dichloromethane; DIEA, N,N-diisopropylethylamine; DMF,
N,N-dimethylformamide; TES, triethylsilane; TFA, trifluoroacetic acid. Array
synthesis was conducted in 15 x 75 mm glass round bottom screw-cap vials contained

15 ina4 x 6 array aluminum synthesis block, sealed with a Teflon-lined rubber
membrane. Reagents were added and aqueous extractions performed with single or

multichannel pipettors. Filtrations were performed using Whatman/Polyfiltronics 24

well, 10 mL filtration blocks. Evaporation of volatile materials from the array was

performed with a Labconco Vortex-Evaporator or by sweeping with a 4 x 6 nitrogen
20 manifold.

A5
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Example 2 (solid phase synthesis of a single compound)

STEP 1: 1,3-Diaminopropane trityl resin (Novabiochem, 1.2 mmol/g) (0.20 g, 0.24

mmol) was weighed into a screw-cap vial and 3 mL of a 1:1 mixture of DMF and
chloroform was added. DIEA (0.130 mL, 0.72 mmol) and 2-(1°-bromopropyl)-3-
benzylquinazolin-4-one (from Example 1) (0.188 g, 0.48 mmol) were added. The vial
was sealed, heated to 70 °C and shaken overriight. The resin was filtered and washed
(3 x DCM, 2 x MeOH, 1 x DCM, 2 x ether) and dried under vacuum. A 27 mg
aliquot of resin was treated with 5:5:90 TFA:TES:DCM for 15 min and the mixture
was filtered and evaporated, resulting in 8 mg (64% yield) of the quinazolinone-
diamine intermediate. LCMS analysis éhoWed >80 % purity.

STEP 2: The resin from Step 1 was swelled in 3 mL of DCM. DIEA (0.130 mL, 0.72
mmol) and 4-bromobenzy! bromide (0.12 g, 0.48 mmol) were added. The vial was
sealed and shaken overnight. LCMS analysis of a cleaved aliquot revealed an
approximate 1:1 mixture of starting material and product. Another 0.130 mL of DIEA
and 0.12 g of 4-bromobenzyl bromide were added and the mixture was shaken at 70
°C for 8 h. The resin was filtered, washed (as above), and dried under vacuum.
STEP 3: The resin from Step 2 was twice shaken for 30 min with 5:5:90
TFA:TES:DCM and filtered. The filtrates were combined and evaporated, yielding
140 mg of an orange oil. This material was purified by reverse phase preparative
HPLC (acetonitrile-water gradient) to provide 27 mg (17% for 3 steps) of the mono-
TFA salt.

Example 3 (combinatorial synthesis of multiple compounds)

STEP 1: 1,2-Diaminoethane trityl resin (Nox@biochem, 0.95 mmol/g) (200 g, 1.9
mmol) and 1,3-Diaminopropane trifyl resiﬁ 'O\fovabiochem, 1.14 mmol/g) (2.0 g, 2.28
mmol) were each placed in different 10 mL polypropylene fritted tubes (Bio-Rad). To
each were added 4 mL of DMF, 4 mL of chloroform, 3 eq. of DIEA (1.0 mL and 1.2
mL, respectively) and 2 eq. of 2-(1’-bromopropyl)-3-benzylquinazolin-4-one (from
Example 1) (1.5 g and 1.8 g, respectively). The mixtures were shaken at 70 °C
overnight. Each mixture was washed (3 x DCM, 2 x MeOH, 1 x DCM, 2 x ether) and
dried under vacuum. Analysis of a cleaved aliquot revealed the presence of the

appropriate quinazolindne-diamine for each in >90 % purity.

42 .
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STEP 2. The quinazolinone ethyl-diamine resin (105 mg, 0.10 mmol) was placed into
each of the vials in the first 2 rows of the arfay, and the quinazolinone propyl-diamine
resin (88 mg, 0.10 mmol) was placed into éach vial of the last 2 rows of the array. To
each vial was added DIEA (0.131 mL, 0.75 inmol). Into each vial of the first 2 rows
of the array was added a different amine, and the additions were repeated for the last
two rows of the array. The reaction block was shaken at 70 °C overnight. Liquid was
removed from each vial by multichannel pipette using fine-pointed gel-well tips, and
the resins were washed (2 x DCM, 1 x MeOH, | x DCM) and dried under vacyum.
STEP 3. To each vial of the array was added 2 mL of a 10:5:85 TFA:TES:DCM
solution. The reaction block was shaken for 45 min and the mixtures were transferred
to a filter block, filtered, and washed twice with 0.75 mL DCM. The solutions were
evaporated to yield yellow-to-red oils. These thick oils were triturated twice with
ether, dissolved in DCM and treated with 4 M HC] in dioxane to provide the HCl salts
(unknown number of salts per compound) as tan-to-white powdery or amorphous

solids. Analysis by LCMS showed all to be >75 % pure.

Examples 4-6

Six racemic quinazolinones were separated into their enantiomers by chiral
chromatography. The chiral chromatography of three of these compounds is

described below:

Example 4

Column - Chiralpak AD, 250 x 4.6 mm (Di'aéél Inc.). Sample — 0.5 mg/mL in EtOH.

-43 -
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Conditions — 15 min at 60% EtOH in Hexane, enantiomer 1 elutes at 4.5 min,

enantiomer 2 elutes at 4.9 min.

Example 5

Column - Chiralcel OJ, 250 x 4.6 mm (Diacel Inc.). Sample — 0.5 mg/mL in EtOH.
Conditions - 15 min at 10% EtOH in Hexane, (R)-enantiomer elutes at 8.4 min, (S)- -

10 enantiomer elutes at 9.6 min.

Example 6

jo8:
P
Cl N/KH\
NH,
15
Column - Chiralpak AD, 250 x 4.6 mm (Diacel Inc.). Sample ~ 0.5 mg/mL in EtOH.

Conditions - 15 min at 70% EtOH in Hexane,¢nantiomer 1 elutes at 6.5 min,

enantiomer 2 elutes at 8.8 min.

20 The table below depicts the ICsq activity of the racemate and the enantiomers of three
other compounds separated as above. In all three cases, one enantiomer was

significantly more potent than the other. By independent chiral synthesis, it appears

that the more active enantiomer is the R enantiomer.
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ICso (1M) ICs0 (nM) ICso (LM)
Racemate Enantiomer 1 | Enantiomer 2
0.06 0.28 0.03
[o]
/YK
H;C N
° N\/\N/CH° ,
LH:;
1 6.6

1.3
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Examples 7 and 8 |

The following two compounds were synthesized as single enantiomers by the
route shown in Figure 4. The data indicate that the more active enantiomer is the R

5  enantiomer.

Ki (uM) Ki (uM)

S enantiomer | R enantiomer
C
E)T 2 <04
é ~"NH,
8r
: @
joe
cl N/)\,/\
o) N\/\NH2 >0.5 <0.05
Br
Example 9

Chiral Resolution by Recrystallization with Tartaric Acid
10
Intermediate A, prepared in Example 1, can be converted to an intermediate B, which,

upon resolution, provides an alternative to the first five steps shown in Figure 4. The

process is shown in the scheme below:
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o 1. NaN3, DMF 0
——e
/@k"‘ R 2. PPhg, THF NT R
-~ v
Br NHZ
A B

The R enantiomer of B can be crystallized selectively by heating a mixture of B with
1.1 equivalents of D-tartaric acid in a mixture of isopropanol and methanol and then

letting the mixture return to room temperature.

Example 9: X=Cl,R=H

Racemic intermediate B (1.5 g), dissolved in 100 mL of boiling isopropanol, was
mixed with 0.8 g of D-tartaric acid in 100 mL of boiling methanol. The mixture was
allowed to slowly reach room temperature. After standing overnight, the solid was
removed by filtration and rinsed with ethyl acetate and hexanes, and allowed to air
dry. The dried solid (0.8 g) was then dissolved in a boiling mixture of 50 mL of
isopropanol and 50 mL of methanol and allowed to slowly cool to room temperature.
After standing overnight, the resulting solid was removed by filtration and rinsed with
ethyl acetate and hexanes, and allowed to air dry. The dried solid was then stirred
with saturated sodium bicarbonate for 30 min and extracted with ethyl acetate. The
organics were dried (MgSQy), filtered and evaporated to dryness. The resulting clear
oil weighed 345 mg. Chiral purity of >95% was determined by conversion of a
portion to the S-Mosher amide and examination of the product by 'HNMR.

The enantiomerically pure compounds below were prepared, according to the

remaining steps in Figure 4, from material resulting from the procedure described

above using both D- and L-tartaric acid.
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Racemic | R Isomer S Isomer
Csy (uM) 1Cs0 (UM) 1Cs0 (UM)

<0.05 <0.05 >0.5
d“
P
Cl N/SA

CHs \

Example 10

Induction of Mitotic Arrest in Cell Populations Treated with a Quinazolinone KSP
Inhibitor

FACS analysis to determine cell cycle stage by measuring DNA content was
performed as follows. Skov-3 cells (human ovarian cancer) were split 1:10 for plating
in 10cm dishes and grown to subconfluence with RPMI 1640 medium containing 5%
fetal bovine serum (FBS). The cells were then treated with either 10nM paclitaxel,
400nM quinazolinone 1, 200nM quinazolinone2, or 0.25% DMSO (vehicle for
compounds) for 24 hours. Cells were then rinsed off the plates with PBS containing
5mM EDTA, pelleted, washed once in PBS containing 1% FCS, and then fixed
overnight in 85% ethanol at 4°C, Before analysis, the cells were pelleted, washed
once, and stained in a solution of 10pg propidium iodide and 250ug of ribonuclease
(RNAse) A per milliliter at 37°C for half an hour. Flow cytometry analysis was
performed on a Becton-Dickinson FACScan, ar_ld data from 10,000 cells per sample
was analyzed with Modfit software.

148 -
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weight x 100% (AT/AC) was subtracted from 100% to give the tumor growth

inhibition (TGI) for each group.

Compounds 1-5 (below) were tested by the above-described method, giving

the results summarized below in Tables A - D. Other compounds of the present

invention show comparable activities when tested by this method.

Compound 1

Compound 2

Compound 3

Compound 4

Compound 5
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ethylene and Z is dimethylamino. Most preferably, nis 0, X is N, R' is a (Cs-C14)acyl
group, R? is unsubstituted (C;-Cq)alkyl, Y is ethylene, Z is dimethylamino and Ar is a
4-substituted phenyl group, more preferably, 4-fluorophenyl, 4-chlorophenyl, 4-
bromophenyl, 4-methylphenyl, and 4-methoxyphenyl.

5 In a group of most preferred embodiments, the compound has a formula

selected from the group:
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