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COMPOSITIONS AND METHODS FOR TREATING INFECTIONS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 62/291,900,
filed on February 5, 2016, and U.S. Provisional Application No. 62/375,712, filed on August

16, 2016, the entire teachings of cach of which are incorporated herein by reference.
BACKGROUND OF THE INVENTION

Parasitic protozoan infections are a major concern for human health, Toxoplasmosis
is a parasitic infection caused by Toxopiasmea gondii (T. gondii). Although toxoplasmosis is
most often asymptomatic, persons mfected with toxoplasmosis can experience severe
symptoms, including seizures, poor coordination, lung damage, eve damage, and brain
damage; and the infection in immunocompromised patients 1s often fatal if not treated.
Other parasitic protozoan infections mclude leishmaniasis {also known as leishmaniosis),
caused by protozoans of genus Leishmania, mcluding Leishmania major (1. major)
Leishmania tropica (L. tropica), Leishmania brasifiensis (L. brasiliensis}, and Leishmania
donovani {{.. donovaniy, Chagas discase, caused by the protozoan {rypanosoma cruzi (7.
cruziy, Huaman African Trypanosomiasis {also known as HAT and African sleeping
sickness), caused by the protozoan Trypanosoma brucei (1. brucei}; and Malaria, caused by
protozoans of genus Plasmodium, inchuding Plasmodium falciparum (P. Jalciparum).

Fxasting treatment for toxoplasmosis include administration of pyrimethamine,
usually i combmation with a DHPS sulfonamide inhibitor (e.g., sulfadiazine) to improve
efficacy and leucovorin to improve tolerability. Allergic reactions to sulfonamide drugs are
common and therefore some patients are not able to receive the combination therapy.
Pynimethamine treatment may cause severe side-cftects and toxicity, mcluding nausca,
vomiting, leukopenia, bone marrow toxicity, teratogenieity and central nervous system
toxicity. Mechanism-based toxicity of DHFR mhibition in mammalian, ncloding human,
cells can be partially alleviated by administration of feucovorin to selectively replace
tetrabvdrofolate in mammalian cells.

Pyrimethamine acts by mhibiting the enzyme dihvdrofolate reductase (DHFR). The
1Cso for pyrimethamine against 7. gondii DHFR {tgDHFR) is 0.76 uM, while that against
human DHFR (BDHFR) 15 5.8 uM. {(Aliegra et al., . Clin. fnvestigation. 1987, 79, 478-482 )
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Thus, although pyrimethamine inhibits tgBHER more potently than hDHFR, the sclectivity
ratio for tgDHFR-—[ess than 10— is relatively low. Therefore, chinically relevant doses of
pyrimethamine resuft in plasma concentrations that cffectively inhibit hRDHFR, leading to

many of the observed mechanism-based side effects of pyrimethamine. Furthermore, the

(]

relatively high ICse for pyrimethamine against tgDHFR requires greater concentrations in
plasma for efficacy. which may cause additional, off-target induced side effects.

Thus, there 1s a need for compounds that are both more potent mhibitors of 1gDHFR
and more selective inhibitors of tgDPHFR over hDHFR. Likewise, there s also a need for
potent and selective DHFR nhibitors against Leishmania, 7. cruzi, T. brucei and Plasmodium
10 for the treatment of leishmaniasis, Chagas discase, African Trypanosomiasis, and Malaria,

respectively.
SUMMARY OF THE INVENTION

in certain embodiments, the present invention relates to compounds having the

structure of formula ()

@

wherein:
20 RbUis H, Crs alkyl, Css cyeloalkyl, Cag cycloalkvlalkyl, or halogen;
Wis Nor CR™®and Z is N or CRY, provided that at least one of W and Z is N;
R% BRI RY R R®, RV, R® R RY and R!® are independently selected from H, Cis alkyl, Cs6
cycloalkyl, hydroxyl or fluoring; provided that at least four of R2, R, R* R’ R®, R,
R® and R” are H; if W is N, then none of R?, R’ R®, and R is hydroxyl; and if Z is N,
then none of R*, R, R®, and R® is hydroxyl;
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RV is substituted or unsubstituted Co-10 arvl or 3- to 10-membered heteroaryl;
or a pharmaceutically acceptable salt and/or prodrug thereof.

The invention further relates to pharmaceutical compositions of such compounds, as
well as methods of using such compounds to treat infections {e.g., parasitic infections, such

as toxoplasmosis).
DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the present mvention relates to compounds having the structure of

foromula (I}

In formula ()

RYis H, Crs alkyl, Cie cveloalkyl, Cas cyeloalkylalkyl, or halogen;

Wis N or CR™and Z is N or CRY, provided that at least one of W and Z is N;

R? R RY R RS RV R® R® RY, and R'™ are independently selected from H, Cie alkyl, Ci-s
cycloalkyvl, hydroxyl or fluorine; provided that at least four of R?2, RY, R* R7, R® R,
R® and R® are H; if W is N, then none of R?, R°, R®, and R7 is hydroxyl; and if Z is N,
then none of R*, B3, R®, and R® is hydroxyl;

R is substituted or unsubstituted Cs-10 aryl or 5- to 10-membered heteroaryl:

or a pharmaceutically acceptable salt and/or prodrug thereof.

In certain embodiments, W is N and Z is CRY. In certain such emboediments, R, R,
R, and R are independently selected from H, Cis alkyl, Cas cveloalkyl, or fluorine; and RY,
R>, R R® and R are independently selected from H, Cis alkyl, Ci6 cyeloalkyl, hvdroxyl or
fluoring,

In certain embodiments, W is CR¥ and 7 is N. In certain such embodiments, R?, R,

RS R, and R™ arc independently selected from H, Cis alkyl, Cas cveloalkyl, hvdroxyl, or

3
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fluorine; and R*, R°, R® and R? are independently selected from H, Crs alkyl, Cie

cveloatkyl, or fluorine.

In certain preferred embodiments, W is N and Z 13 N. In certam such embodiments,
RZ R RY R’ RO R’ R® and R are independently selected from H, Cis alkyvl, Cis

cycloalkyl, or fluorine.

In certain embodiments, the compound has the structare of formula (Ia):

HoN N NH,

&Y%

(fa)

wherein:

Rlis H, Cioalkyl, Cse cvcloalkyl, or halogen;

R? R, RY B2, R, R7, RE, and R are independently selected from H, Cis alkyl, Cs6
cycloalkyl, or fluorine, provided that at least four of R?, R°, R*, R R® R7, R® and R®
are H;

R is substituted or unsubstituted Cs-10 aryl or 5~ to 10-membered beteroaryl;

or g pharmaceutically acceptable salt and/or prodrug thereof.

In certain embodiments, substituents on R are selected from alkyl, cycloalkyl,
halogen {e.g., fluoro), hydroxyl, alkoxy, cyclealkvloxy, cveloalkylalkyl eyeloalkylatkoxy,
phosphoryl, phosphate, phosphonate, phosphinate, anino, amidine, imine, cyano, azido,
sulfhvdryl, or alkvlthio, heterocyelvl, aralkyl, or an aromatic or heteroaromatic moiety. In
certain embodiments, substituents on R are selected from alkyvl, cycloalkyl, halogen (e.g.,
fluoro), hydroxvi, alkoxy, cycloalkvioxy, cveloalkylalkyl, cveloalkyialkoxv, amino, amidine,
mming, cyano, azido, sulfhvdryi, or alkyithio, heterocyclyl, aralkyl, or an aromatic or
heteroaromatic moiety. In certain preferred embodiments, R is not substituted with

carbonyl. In certain preferred embodiments, R is not substitated with ethenyvl, acyl, amide,
3 P > 3 3
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ester, carboxvlic acid, sulfonamide, sulfate, sulfone, sulfonate, sulfoxide, nitro, oxime,

hydrazide, or hvdrazone.

In certain embodiments, R'C is substituted with at least one substituent selected from
atkvl, cycloalkyl, halogen {c.g., fluoro), hvdroxyl, altkoxv, cycloalkyloxy, cycloalkylalkyl,
cycloalkvialkoxy, phosphoryl, phosphate, phosphonate, phosphinate, amino, amidine, imine,
cvano, azido, sulfhvdryl, or alkvlthio, heterocyelyl, aralkyl, or an aromatic or heteroaromatic
moiety. In certain embodiments, R is substituted with at least one substituent sclected from
alkvl, cycloalkyl, balogen {¢.g.. fluoro}, hydroxvi, alkoxy, cycloaltkvioxy, cvcloalkvialkyl,
cycloatkylalkoxy, amino, amidine, imine, cyano, azido, sulthydryl, or alkyithio, heterocycelyl,
aralkyl, or an aromatic or heteroaromatic moiety. In certain preferred embodiments, R*? is
substituted with at least one substituent selected from alkvl, eycloalkyl, halogen (e.g.. flucro),
hyvdroxyl, alkoxy, cvcloalkyloxv, cycloalkylalkyl, cyeloalkylalkoxy, beterocycelvl, aralkyl, or
an aromatic or heteroaromatic moicty. In certain preferred embodiments, R is not
substituted with carbonyl. In certain preferred embodiments, R is not substituted with
cthenyl, acyl, amide, ester, carboxylic acid, sulfonamide, sulfate, sulfone, sulfonate,

sulfoxide, nitro, oxime, hydrazide, or hydrazone.

In certain embodiments, R is substituted or unsubstituted Cs-10 aryl or 5- to 10-
membered heteroaryl, and is further substituted with R or X-R%;
cach instance of R is independently selected from substituted or unsubstituted phenyl, 5~ or

6-membered heteroaryl, or 4 to 7T-membered heterocyclyl;
cach mnstance of X is independently sclected from carbonyl, Y, -CH2Y -, or -Y CHa-;
each mnstance of Y is independently selected from -CHz-, -0~ 8-, or -N{R}-; and
each instance of R is independently H or Cis alkyl.

In certain embodiments, R is Co.10 arvl or 5~ to [0-membered heteroarvl, optionally
substituted with one or more substituents independently selected from R R or X-R'%;
cach instance of R!! is independently selected from Crs alkyl, Crs alkoxy, Cas alkoxyalkyl,

36 cycloalkyl, a6 cycloalkyloxy, Cag oyeloalkylalkyl, Cas cvcloalkylalkoxy,

cyano, or halogen;
cach mstance of R'? is independently selected from substituted or unsubstituted phenyl, 5- or

6-membered heteroaryl, or 4 to 7-membered heterocyelyl;
cach instance of X is independently selected from carbonyl, Y, -CH2Y -, o1 -Y CHz-;
cach instance of Y is independently selected from -CHa-~, -0, -8-, or -NRP-; and
5
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cach instance of RY is independently H or Cis alkyl

fn certain embodiments, R is substituted by no more than one R or X-R¥ In
certain embodiments, R'? is substituted by one R? In certain embodiments, R'%is

substituted by one X-R!2.

In certain embodiments, R is Cs.10 aryl or 5- to 10-membered heteroaryl, and is
opticnally substituted with a substituent sclected from alkyl, cycloalkyl, halogen (e g.,
fluoro}, hvdroxyl, alkoxy, cycloalkyloxy, cveloalkylalkyl, cveloalkyialkoxy, phosphoryl,
phosphate, phosphonate, phosphinate, anino, anudine, imine, cyano, azido, sulfhydrvi, or
alkylithio, heterocyelyl, aralkyi, or an aromatic or heteroaromatic moiety. In certain preferred
embodiments, R'? is Co.10 aryl or 3- to 10-membered heteroaryl, and is optionally substituted
with a substituent selected fromy alkyl, cveloalkyl, halogen (e g, fluoro), hydroxyl, alkoxy,
cycloalkvloxy, cycloalkylalkyl, cyeloalkylalkoxy, amine, amidine, cyano, sulthvdryl, or

atkvithio, heterocvelyl, aralkyi, or an aromatic or heteroaromatic moiety.

In certain cmbodiments, the substituents on RY2 are selected from hydroxy, Cre alkyl,
Cie alkoxy, Ca7 alkoxyalkoxy, Cie haloalkyl, Cis haloalkvioxy, Car haloalkoxyalkoxy, Cas
cycloalkyl, Uss cycloalkyloxy, Cag cycloalkyvlatkyloxy, Cae cycloalkvialkyl, 4 to 7-
membered heterocyclyl, 4 to 7-membered heterocyelyloxy, halo, cvano, oxo, or aming
optionally substituted with up to 2 Cie alkyl or Cas cycloalkyl. To certain embodiments, the
substituents on R'? are selected from hyvdroxy, Cis alkyl, Cis alkoxy, Cis haloalkyl, Cis
haloaltkyioxy, Css cveloalkvl, Css cveloalkyioxy, Cas cycloalkylatkvioxy, Cas
cveloalkyialkyl, 4 to 7-membered heterocyelyl, halo, cvano, oxo, or ammo optionally
substituted with up to 2 Cie alkvl or Cas cycloalkyl. In certain embodiments, the
substituents on R are selected from Cios alkyl, Cswe cveloalkyl, halo, cyano, oroxo. In

certain embodiments, the substituents on R are selected from Ci.6 alkoxy.

In certain preferred embodiments, R is phenyl. Tn certain such embodiments, R
has at least one substituent at a meta- or ortho-position, preferably at a meta position. In

certain such embodiments, the phenyl ring bears at least two substituents.

In certain preferred embodiments, RY is a 5- to 10-membered hetercaryl, such as

pyridinyl, pyrimidinyl, pyrazinyi, pyrazolyl, imidazolvl, or thiazolvl

6
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In certain preferred embodiments, R is a 5- to 10-membered heteroarvl, such as
pyridinyl, pyvrinidinyl, pyrazinyl, pyridazinyl, pyrazolyl, imidazolvl, or thiazolvl. In certain

such embodiments, R is pyridiny!, pyrimidinyl, or pyrazinyl.

In certain preferred embodiments, R is phenyl, pyvridinyl, pyrimidinyl, pyrazinyl,
pyrazolyl, imidazolyl, or thiazolyl. In certaim such embodiments, R'? is pyridinyl,

pyrimudinyl, or pyrazinvl.

in certain embodiments, at feast one of R?, R’ R R> RO, R7, R® and R is Cig alkyl,
Cs.6 cycloalkyl, or halogen; R! is Cus alkyl, Ca.s cycloalkyl, or fluoro; R is substituted or
unsubstituted 5- to 10-membered heteroaryl or Cio aryl; RY is pheny! substituted at the meta
or ortho position with at least one substituent selected from halogen {¢.g., fluoro or chloro),
hydroxyl, alkoxy, phosphoryl, phosphate, phosphonate, phosphinate, amino, anudine, imine,
cyano, azido, sulthydryl. or alkyithio, beterocyelyl, aralkyl, arvl, or heteroaryl; RY is phenyl
substituted with Ci6 alkvl optionally sabstituted with Cis alkyl, Css cycloalkyl, halogen,
carbonyvl, cvano, or hydroxyl; or R' is phenyl sabstituted with R'? or X-R1?, preferably X-

Rz

In certain embodiments, Z is CR7 or W is CR'S; at least one of R2, R, R*, R°, R% R’
RS and R is Cis atkyl, Cies cycloalkyl, or halogen; RY is Cas alkyl, Cas cvcloatkyl, Cas
cycloalkylalkyl, or fluoro; R is substituted or unsubstituted 5- to 10-membered heteroaryl or
Cio arvl; R™ is phenvl substituted at the meta or ortho position with at least one substituent
selected from halogen {e.g., fluoro or chlore), hydroxyl, altkoxy, phosphoryl, phosphate,
phosphonate, phosphinate, amino, amidine, tmine, cyano, azido, sulthydryl, or alkyithio,
heterocyelyl, aralkvl, aryl, or heteroaryl; RY is phenyl substituted with Ci¢ alky! optionally
substituted with Ci alkyl, Cas cycloalkyl, halogen, carbonvl, cyane, or hydroxyl; R is
phenyl substituted with R1? or X-R'2, preferably X-R12; R is phenyl substituted with fluoro;
or RYis Cs alkyl and RY is phenyl! optionally substituted with halogen (¢.g., fluoro or
chloro), hyvdroxyl, alkoxy, phosphoryl, phosphate, phosphonate, phosphinate, amino,
amidine, imine, azido, sulfhydryl, or alkylthio. In certain embodiments, R! is Ca alkyl, Cse

cyveloalkyl, or fluoro.
In certain embodiments, Z is CR7 or W is CRS.
In certain embodiments, Z is CRY.

In certain embodiments, Z and W are N and R'C is phenyl substituted at the meta or
ortho position with at least one substituent selected from chloro, alkoxy, phosphoryl,

7
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phosphate, phosphonate, phosphinate, amino, amidine, imine, cyvane, azido, sulthydevl, or

alkylthio, heterocycelyl, aralkyi, arvl, or heteroaryl.

In certain embodiments, Z and W are N, R! is H and R'? is phenyl substituted with at
least one substituent selected from halogen (.., fluoro or chiore), alkyl triflucromethyl,

5 cycloalkyl, alkoxy, triflucromethoxy, or cvana.

In certain embodiments, at feast one of R?, R¥, RY R°, R R, R¥ and R is Cis alkyl,

Ca.5 cycloalkyl, or halogen.
In certain embodiments, R is Cas alkyl, Cas cycloalkyl, or fluoro.

In certain embodiments. R is Cas alkyl, Cs cycloalkyl, Cas cycloalicylalkyl, or

10 fluoro.

in certain embodiments, R! is Cs.e alkyl and RY is phenyl optionally substituted with
halogen {e.g., fluoro or chloro), hydroxyl, alkoxy, phosphoryi, phosphate, phosphonate,

phosphinate, amino, amidine, wne, azido, sulthvdryl, or alkvithio.

In certain embodiments, R is methyl and R is phenyl substituted in the meta or
15 ortho position with halogen (e.g., fluoro or chloro), alkyl, trifluoromethyvl, alkoxy,

trifluoromethoxy or eycloalkyl.

in certain embodiments, R! is ethyl and R!? is pheny! optionally substituted with
halogen {¢.g., fluoro or chloro), hydroxvl, alkoxy, tnifluoromethoxy, amino, alkyl,

trifluoromethyl or cveloalkyl.

20 In certain embodiments, R! is propy! and R'” is unsubstituted pheny! or phenyl
optionally substituted with halogen (¢.g., fluoro or chloro), hvdroxyi, atkoxy,

tnfluoromethoxy, amine, alkyl, trifluoromethyi or cveloalkyl.

In certain embodiments, R is substituted or unsubstituted 3- to 10-membered

heteroaryl or Cio aryl.
23 In certain embodiments, R is phenyl substituted with R or X-RY2, preferably X-R1
In certain embodiments, RV is phenvl substituted at the meta or ortho position with at
least one substituent selected from halogen {(g.g.. fluoro or chioro), hydroxyl, alkoxy,

phosphoryl, phosphate, phosphonate, phosphinate, amino, amidine, imine, cvano, azido,

sulthvdryl, or alkvlthio, heterocvelyl, aralkyi, arvl, or heteroaryl.
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In certain embodiments, R is phenvl substituted with Ci.s alkyl optionally

substituted with Ci alkyl, Cs6 cycloalkyl, halogen, carbonyl, cvano, or hydroxyl.

In certain embodiments, R is phenyl substituted with fluoro. In certain

embodiments, R* is fluorophenyl, and is not further substituted.

5 In certain embodiments, R’ is phenvl substituted with fluoro.

in certain embodiments, if R! is H, methyl, ethyl, or chloro and R, R°, R, R3 R8 R7,
R® and R® are H, then R is not unsubstituted phenyl. In certain embodiments, if R is
methyl and R2, B3, R* R R® R, R¥, and R? are H, then R is not 4-chlorophenyl, 4-
trifluoromethylphenyl, or 4-cyanophenyl. In certain embodiments, if R! is ethyl or n-propyl
10 and R2 RS, RY R, R®, R7R® and R are H, then R is not 4-cyanophenyl. In certain
embodiments, compounds of the present mvention do not imelude compounds represented by
the following structures:

HZN\{,N\
N

Ntz HoN N NH, HaN N NH,

| T TX
O Q. SO

In certain embodiments, R is H, Ci2 alkyl, Css cycloalkyl, Cas cycloalkylalkyl, or

15 halogen. In certain embodiments, R! is Cas cycloatkylalkyl,

In certain embodiments, R is H, Cis alkyl, Cas eycloalkyl, or halogen.
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In certain embodiments, the substituents on each instance of RY are selected from Cis
alkyl, Cs.6 cycloalkyl, halo, cvano, or oxo. In further embodiments, the sobstituents on each

instance of R arc limited to methyl, ethyl, cyvclopropyl, halo, cyano, or oxo.
In certain embodiments, R is H, and R'% is phenyl.

In certain embodiments, R’ is substituted with R*? and R is optionally further
substituted; and R'? is selected from substituted or unsubstituted phenyl, 5- or 6-membered
heteroaryl, or 4 to 7-membered heterocyelyl In certain such embodiments, R is substituted
with R*2, and R is optionally further substituted with one or more substituents
independently selected from R and R™ is substituted or unsubstituted phenyl, 5- or 6~
membered hetercaryl, or 4 to 7-membered heterocyelyl. In certain preferred embodiments,
R is phenyl, pyridinyl, pyrimidinyl, pyrazinyl, pyrazolyl, imidazolyl, thiazolyl, or
tetrahvdropyranyl. In certain such embodiments, R is phenvl, pyridinyl, pyrimidinyi,
pyrazinyl, or tetrahydropyranyl. In certain embodiments, R'? is phenyl, pyridinyl,
pyrimidinyl, pyrazinyl, pyvrazolvl, imidazolyl, or thiazolyl. In certain embodiments, each
instance of R is independently selected from Cue alkyl, Cio alkoxy, Cas alkoxyalkyl,
cyano, or halogen. Tn cerfain preferred embodiments, the substituents on R are selected
from hydroxy, Cis alkvl, Cie alkoxy, Cis haloatkyl, Cios haloalkyloxy, Cae cycloalkyvl, Cis
cycloalkyloxy, Cas cycloatkyvlalkyl 4 to 7-membered heterocyelyl, halo, cvano, oxo, or
amino optionally substituted with up to 2 Cis alkyl or Cre cycloalkyl. In certain prefermred
embodiments, the substituents on R'? are selected from Cie alkyl, Cas cycloalkyl, halo,
cvano, or oxo. In further embodiments, the substituents on R'? are limited to methoxy,
cthoxy, hydroxy, methvi, ethyl, cvclopropyl, cyclobutylamine, dimethylamine, methylamine,
triftuoromethyl, halo, cyano, or oxo. In further embodiments, the substituents on R are

Iimited to methvl, ethyl, cyvclopropyl, halo, cvano, or oxo.

In certain embodiments, R is substituted or unsubstituted phenyl, 3- or 6-membered
heteroaryl, or 4- to 7-membered heterocvelvl. In certain such embodiments, R*? is substituted
with methyl, ethyl, methoxy, ethoxy or trifluoromethyl. In certain preferred embodiments, R
is H. In certain embodiments, R'? is phenyl, pyrimidin-3-v1, or pyridin-3-vl. In certain
embodiments, R* is pyrimidin-5-yl or pyridin-3-yi. In certain preferred embodiments, R is
Z-methoxy-pyrimidin-S-vl, 3-methoxyphenyl, 2-methoxy-pyridin-3-yl, 2-methyl-pyrimidin-
5-vi, or tetrahydropyran-4-vl. In certain preferred embodiments, R'? is 2-methoxy-pyrimidin-

5-vi, 3-methoxyvphenyl, 2-methoxy-pyridin-3-vi, or 2-methyl-pvrinudin-3-vi.

10
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In certain preferred embodiments, the present invention relates to a compound having

one of the following structures:

or a pharmaceutically acceptable salt or prodrug thereof.

In certain embodiments, R? is substituted or unsubstituted phenyl. In further

embodiments, the substituents on R'? are selected from Cis alkyl, Cisalkyvloxy, Cis

i
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cveloalkyl, halo, cyano, or oxo. In further embodiments, the substituents on R1? are selected
from Ci6 alkyl, Css cvcloalkyl, halo, cvano, or oxo. In certain preferred crabodiments, the
substituents on R' are limited to hydroxyl, methyl, trifluoromethyl, trifluoromethoxy, ethyl,
cvelopropyl, methoxy, ethoxy, halo, cvano, or oxo. In certain preferred embodiments, the

substituents on RY are limited to methyl, ethyl, cyelopropyl, halo, cvano, or oxo.

In certain preferred embodiments, the present invention relates to a compound having

the following structure:

or g pharmaceutically acceptable salt or prodrug thereof.

In certain embodiments, R is Crs alkyl, Cs6 cycloalkyl, or Cas cycloalkylalkyl; and
R is optionally substituted with one or more substituents independently selected from R
in certain preferred embodiments, each instance of R is independently selected from Cre
atkvl, Cis alkoxy, Cas atkoxvalkyl, cyano, or halo. In certain preferred embodiments, R! is

U6 cyveloalkyl, Ca-s cycloalkylalkyl, or Ci-s alkyl.

In certain embodiments, R! is Cr6 alkyl or Cs.6 cycloalkyl; and R'Y is optionally
substituted with one or more substituents independently selected from R, In certain
preferred embodiments, each instance of R!'! is independently selected from Cis alkyl, Ci-s
alkoxy, Cos alkoxyalkyl, cyano, or halo. In certain preferred embodiments, RY is Cs-s

cycloalkvl or Cia alkyl

In certain preferred embodiments, the present invention relates to a compound having

one of the following structures:

12
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* L or

or g pharmaceutically acceptable salt or prodrug thereof.

In certain embodiments of the above, 7 is CRY and W is N. In certain such
embodiments, R' is Ci6 alky! or Cis cyeloalkyl; and R is optionally substituted with one or
more substituents independently selected from R In certain preferred embodiments, each
instance of R!! is independently selected from Crs alkyl, Cis alkoxy, Cz-6 alkoxyalkyl,

cvano, ot halo.

in certain embodimenis of the above, Z is CRY7. In certain embodiments, 7 is CR7;
Ris Croalkyl, Cas cveloalkyl, Cas cveloalkylalkyl; and R is optionally substituted with
one or more substituents independently selected from R, In certain preferred embodiments,
each mstance of R'! is independently selected from Crs alkyl, Cros alkoxy, Cre alkoxyalkyl,

¢yano, or halo,

In certain preferred embodiments, the present invention relates to a compound having

one of the following structures:

13
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or a pharmaceutically acceptable salt or prodrug thereof
In certain embodiments, R' is substituted with R* and R'® and is optionally
substituted with one or more substituents independently selected from R'!; and R!% and R
5 arc mdependently sclected from halo, such as chloro. In certain preferred embodiments, cach
instance of R is independently selected from Cre alkyl, Cis alkoxy, Cr6 alkoxyalkyl,
cyano, or halo.
In certain preferred cntbodiments, the present invention relates to a compound having
the following structure:
HoN Y/N NH,
Nao I
@

N

10 Cl
or a pharmaceutically acceptable salt or prodrug thereof.

In certain embodiments, R is substituted with R' and is optionally substituted with
one or more substituents independently selected from R and R is independently selected

from halo (such as chloro) or haloalkyl {such as trifluoromethyl). In certain preferred

[
(v

embodiments, each instance of R'! is independently selected from Cig alkyl, Cis alkoxy, Co

alkoxvalkyvl, cyano, or halo.

In certain preferred embodiments, the present invention relates to a compound having

the following structure:

14
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HaN._ Ny NH,

Q |

Cl
ot a pharmaceutically acceptable salt or prodrug thereof.

In another aspect, the present invention relates to a pharmaceutical composition

comprising a compound as disclosed heroin.

5 In vet another aspect, the present mvention relates to a method of preventing or

imhibiting the growth or proliferation of a microorganism using a compound of formula (1}
In certain embodiments, the microorganism 18 a protozoan. In certain embodiments, the
protozoan 15 of genus Toxoplasma, Leishmania, Trypanosoma, or Plasmodium. In certain
embodiments, the microorganism is 71 gondii, T cruzi, T brucei, or is of genus Leishmania

10 or Plasmodium. In certain preferred embodiments, the microorganism is 7. gondii, T cruzi,
P fidciparum, T. brucei, or L. major. In certain embodiments inhibiting the growth or
proliferation of a microorganism comprises applying a compound having the structure of
formula (1) to a location. The compound may be applied in the form of a spray {c.g., from a
spray bottle} or by wiping {e.g.. with a pre-soaked wipe, a mop, or a sponge). In certain

I35 embodiments, the tocation 1s one where the microorgamism is known or suspected to be
present. In certain embodiments, the location is one that is at risk for the presence of the
microorganism. In certain embodiments, the compound of formmula (1) 1s applied
prophylactically. In certain embodiments, the compound of formula (I} is applied after
suspected contamination by the protozoan. In certain embodiments, the location may be a

20 surface, such as a cocking surface or a surface that has contact with material suspecied of
containing the microorganism, such as a surface that has had contact with raw meat or animal
{such as cat) feces. In certain embodiments, the cooking surface is a cutting board, a counter,
or a utensil, such as a kmife or fork. In certain embodiments, the location may be the sarface

or interior of a food, such as a meat or a vegetable. In certain embodiments, the location may

[
L

be a liquid, such as water, for instance drinking water. In certain embodiments, the location
may be soil. In certain embodiments, the location may be a place where a cat has defecated
or will defecate, or an area where cat feces or cat litter 1s likely to spread or to have been
spread. In further embodiments, the location is a litterbox or the arca around a litterbox. In
certain embodiments, the location 1s a body surface, such as a hand.
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In certain embodiments, the compound of formula (1} 1s used to prevent transmission
of the microorganism between people and/or animals. In forther embodiments, the
transmission is congenital transmission. fn further embodiments, the compound of formula
(I} 18 admunistered to a mother, admunistered to an nfant, apphed to the skin of the mother, or
applied to the skin of the infant. In cortain embodiments, the compound of formula (1) s
applied to blood, such as blood intended for transfusion. In certain embodiments, the
compound of fornmula (1} is applicd to an organ, such as an organ ntended for transplant. In
certain embodiments, the compound of formula (1} is administered to an organ donor prior to
transplant. In certain embodiments, the compound of formula (B) 1s administered to an

animal, such as a cat or a mouse.

In yet another aspect, the present invention relates to a method of treating an
mfection, comprising administering a compound having the structure of formuda (I}, a
phammaceutically acceptable salt or prodrug thereof, or a pharmaceutical composition
comprising such a compound, salt, or prodrug. In certain embodiments, the infection is
caused by a protozoan. In certain embodiments, the protozoan is of genus Toxoplasma,
Leishmania, Trypanosoma, or Plasmodium. In certain embodiments, the microorganisia is 7.
gondii, T. cruzi, T. brucei, or 18 of genus Leishmania or Plasmodium. In certain preferred
embodiments, the infection 1s caused by 7% gondii, T cruzi, P. falciparum, 1. brucei, or L.

major.

In vet another aspect, the present invention relates to one of the compounds or
compositions disclosed herein, a pharmaceutically acceptable salt or prodrug thereof, ora
pharmaceutical composition comprising such a compound, salt, or prodrug, for use in the
treatment of an infection. In certain embodiments, the nfection is caused by a protozoan,
such as an Apicomplesan protozoan. In certain embodiments, the protozoan is of genus
Toxoplasma, Leishmania, Trypancsoma, or Plasmodium. I certamn embodiments, the
microorganism 1s 7. gondii, T. cruzi, T, brucei, or is of genus Leishmania or Plasmodium. In
certain preferred embodiments, the infection is caused by 7. gondii, T cruzi, P. falciparum,
7. brucei, or L. major.

In still another aspect, the present mvention relates to a compound having the
structure of formula (1), a pharmaceutically acceptable salt or prodrug thereof, ora
pharmaceutical composition comprising such a compound, salt, or prodrug for use in the

treatment of an infection.
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The compounds disclosed herein inhibit DHFR, and can prevent or ameliorate
mfections, including toxoplasmosis. In certain embodiments, the compounds herein
preferentially inhibit protozoan DHFER relative to human DHFR. In certain such
embodiments, the protozoan is of genus Toxoplasma, Leistumania, Trvpanosoma, or
Plasmodium. In certain embodiments, the microorganism is T2 gondii, T cruzi, T brucei, or
1s of genus Leishmania or Plasmodium. In certain preferred embodiments, the
microorganism is 7. gondii, T cruzi, P. jalciparum, T brucei, or .. major. In certain such
embodiments, the selectivity of the compounds herein for protozoan DHFR (such as 7
gondii, T cruzi, P. falciparum, T brucei. or L. majory versus human DHFR (as determined
by the ratio of the compound’s 1Cse against cach enzyme) is greater than 3-fold, greater than
10-fold, greater than 30-fold, greater than 30-fold, greater than 73-fold, greater than 100-fold,
or greater than 300-fold. In certain embodiments, the compounds kerein have an 1Cso for
protozoan DHER (such as 77 gondii, T\ cruzi, P. falciparum, T brucei, or L. major) less than
1000 nM or less than 100 aM, preferably less than 10 nM. In certain embodiments, the
selectivity of the compounds herein for 77 gondii, T cruzi, P. fidciparum, T. brucei, or L.,
major versus human DHFR {as determined by the ratio of the compound’s ICso against each
receptor) is greater than 3-fold, greater than 10-fold, greater than 30-fold, greater than 50-
fold, greater than 75-fold, greater than 100-fold, or greater than 300-fold. In certain
embodiments, the compounds herein have an 1Cse for 77 gondii, 7. cruzi, P. falciparum, T.
brucei, or L. major DHFR of less than 1000 nM or less than 100 oM, preferably legs than 10
nM.

In certain embodiments, compounds of the invention may be prodrugs of the
compounds disclosed herein, ¢.g., wherein a hvdroxy! in the parent compound is presented as
an ester or a carbonate, or carboxylic acid present in the parent compound is presented as an
ester. In certain such embodiments, the prodrug is metabolized to the active parent
compound i vive {e.g., the ester is hvdrolvzed to the corresponding hydroxyl, or carboxylic
acid).

In certain embodiments, compounds of the invention may be raccmic. In certain
embodiments, compounds of the mvention may be enrniched in one enantiomer. For example,
a compound of the imvention may have greater than 30% ce, 40% ce, 50% ce, 60% ge, 70%
ce, 80% oo, 90% ce, or even 93% or greater ee. In certain embodiments, compounds of the
mvention may have more than one stereocenter. In certain such embodiments, compounds of

the mvention may be enriched in one or more diastereomers. For example, a compound of
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the wvention may have greater than 309 de, 40% de, 50% de, 60% de, 70% de, 80% de, 90%
de, or even 95% or greater de.

In certain embodiments, the present invention relates to methods of treatment with a
compound disclosed herein, or a pharmaceutically acceptable salt thereof In certain
embodiments, the therapeutic preparation may be enriched to provide predominantly one
enantiomer of a compound. An enantiomerically enriched mixture may comprise, for
example, at least 60 mol percent of one cnantiomer, or more preferably at least 753, 90, 95, or
even 99 mol percent. In certamn embodiments, the compound enriched in one enantiomer is

substantially free of the other enantiomer, wheremn substantially free means that the substance

743

m question makes up less than 10%, or less than 5%, or less than 4%, or less than 3%, or les
than 2%, or less than 1% as compared to the amount of the other enantiomer, e.g., in the
composition or compound mixture. For example, if a composition or compound mixture
contains 98 grams of a first enantiomer and 2 grams of a second enantiomer, & would be said
1o contain 98 mol percent of the first enantiomer and only 2% of the second enantiomer.

In certain embodiments, the therapeutic preparation may be enriched to provide
predominantly one diastercomer of a compound. A diastercomerically ennched mixture may
corapnse, for example, at least 60 mol pereent of one diastereomer, or more preferably at

cast 75, 90, 95, or even 99 mol percent.

In certain embodiments, the present invention relates to methods of treatment with a
compound disclosed herein, or a pharmaceutically acceptable salt thercof In certain
embodiments, the therapeutic preparation may be enriched to provide predominantly one
enantiomer of such a compound. An enantiomerically enriched mixture may comprise, for
example, at least 60 mol percent of one enantiomer, or more preforably at least 75, 90, 95, or
cven 99 mol percent. In certamn cmbodiments, the compound enriched in one enantiomer is
substantially free of the other enantiomer, wherein substantially free means that the substance
i question makes up less than 109, or less than 5%, or less than 496, or less than 3%, or less
than 2%, or less than 1% as compared to the amount of the other enantiomer, e.g | in the
composition or compound mixture. For exaraple, if a composition or compound mixture
contains 98 grams of a first enantiomer and 2 grams of a second enantiomer, it would be said
to contain 98 mol percent of the first cnantiomer and only 2% of the second enantiomer.

In certain embodiments, the therapeutic preparation may be enriched to provide
predominantly one diastereomer of a compound disclosed herein. A diastercomerically
enriched mixtare may comprise, for example, at least 60 mol percent of one diastereomer, or
more preferably at least 75, 90, 95, or even 99 mol percent.
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In certain embodiments, the present invention provides a pharmaceutical preparation
suitable for use in a human patient, comprising any of the compounds shown above {e.g., a
corpound of the invention), and onc or more pharmaccutically acceptable excipients. In
certain embodiments, the pharmaceutical preparations may be for use in treating or
preventing a condition or disease as described herem. In certam embodiments, the
pharmaceutical preparations have a low enough pyrogen activity to be suttable foruse ina
human patient.

Compounds of any of the above structures may be used in the manufactare of

medicaments for the treatment of any diseases or conditions disclosed herein.

Definitions

The term “acyl” 18 art~-recognized and refers to a group represented by the general
formula hydrocarbylC(0O)-, preferably alkvIC(O)-.

The term “acviaming” is art-recognized and refers to an amino group substituted with
an acyl group and may be represented, for example, by the foromda hydrocarbyvIC(O)NH-.

The term “acvloxy” is art-recogaized and refers to a group represented by the general
formula hydrocarbylC{O)0-, preferably alkyiC{(O)Y0-.

¢ term “alkoxy” refers to an alkyl group, preferably a lower alkvl group, having an
oxygen attached thereto. Representative alkoxy groups include methoxy, trifluoromethoxy,
ethoxy, propoxy, tert-butoxy and the like.

The term “alkoxyalkyl” refers to an alkyl group substituted with an alkoxyv group and
may be represented by the general formula alkvi-O-alkyl.

The term “alkeny!”, as used herein, refers to an aliphatic group containing at least one
double bond and is intended to include both "unsubstituted alkenyls" and "substituted
alkenyls”, the latter of which refers to alkeny! moieties having substituents replacing a
hydrogen on one or more carbons of the alkenyl group. Such substituents may occur on ong
or more carbons that are included or not incladed in one or more double bonds. Moreover,
such substituents include all those contemplated for alkyl groups, as discussed below, except
where stability is prohibitive. For example, substitution of alkenvl groups by one or more
alkyl, carbocyelvl, aryl, heterocyelvl, or heteroaryl groups 1s contemplated.

An “alkyl” group or “alkane” is a straight chained or branched non-aromatic
hydrocarbon which is completely saturated. Typically, a straight chained or branched alkyi
group has from 1 to about 20 carbon atoms, preferably from 1 to about 10 unless otherwise

defined. Examples of straight chained and branched alkyl groups include methvl, ethyl, p-
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propyl, 1so-propyl, n-butyl, sec-butyl, tert-butvl, pentyl, hexyl, pentyl and octyl. A C1-Cs
straight chained or branched alkyl group is also referred to as a "lower alkyl” group.

Moreover, the term "alkyl" {or "lower alkyl") as used throughout the specification,
examples, and claims is intended to include both "unsubstituted alkyis" and "substituted
atkyls", the latter of which refers to alkyl moieties having substituents replacing a hyvdrogen
on one or more carbons of the hydrocarbon backbone. Such substituents, if not otherwise
specified, can mclude, for example, a halogen (e.z., fluoro). a hydroxyi, a carbonvl (such asa
carboxyl, an alkoxyearbonyl, a formyl, or an acyl), a thiocarbonyl (such as a thicester, a
thicacetate, or a thicformate), an alkoxy, a phosphoryl, a phosphate, a phosphonate, a
phosphiate, an amino, an anudo, an amiding, an imine, a cyano, a nitro, an azido, a
sulthydryl, an ailkylthio, a sulfate, a sulfonate, a sulfamoyvl, a sulfonanudo, a sulfonvl, a
heterocvelyl, an aralkyl, or an aromatic or heteroaromatic motety. In preforred embodiments,
the substituents on substituted alkyls are selected from Cis alkyl, (s cycloalkyl, halogen,
carbonyl, cvano, or hvdroxyl. Tn more preferred embodiments, the substituents on substituted
atkvls are selected from fluoro, carbonyl, cvano, or hvdroxyl. It will be understood by those
skilled in the art that the moieties substituted on the hydrocarbon chain can themselves be
substituted, if appropriate. For instance, the substituents of a substituted alkvl may inchide
substituted and unsubstituted forms of amino, azido, 1imino, amido, phosphoryl (including
phosphonate and phosphinate), sulfonyl (inchuding sulfate, sulfonamido, sulfamoy! and
sulfonate), and silyl groups. as well as ethers, alkyithios, carbonyls {including ketones,
aldehvdes, carboxylates, and esters), -CFs, -CN and the like. Exemplary substituted alkyls
are described below. Cycloalkyls can be further substituted with alkyls, atkenyls, alkoxys,
alkvlthios, aminoalkyls, carbonyl-substituted alkyls, -CFs, -CN, and the like.

The term “Cxy” when used in conjunction with a chemical moiety, such as, acyl,
acvloxy, alkyl, alkenvl, alkynvi, or alkoxy 1s meant to include groups that contain from x to y
carbons in the chain. For example, the term “Cuy alky]™ refers to substituted or unsubstituted
saturated hvdrocarbon groups, mclading straight-chain alkvi and branched-chain alkvi groups
that contain from x to v carbons in the chain, mcluding haloalky! groups. Preferred haloalkvl
groups melude trifluoromethyl, diftuoromethyl, 2,2, 2-trifluoroethyl, and pentafluorocthyl. Co
alkyl mdicates a hydrogen where the group is in a terminal position, a bond if internal. The
terms “Cuy atkeny!l” and “Coy alkynyl” refer to substitiied or unsubstituted unsaturated
aliphatic groups analogous in length and possible substitution to the alkvis deseribed above,

but that contain at least ong double or triple bond respectively.
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The term “alkylamine”, as used herem, refers to an amino group substituted with at
least one alkyl group.

The term “alkvithio”, as used herein, refers to a thiol group substituted with an alkyl
group and may be represented by the general formula alkyiS-.

The term “alkvnyl”, as used herein, refers to an aliphatic group containing at least one
triple bond and 1s intended to include both "ansubstituted alkynyls” and "substituted
altkvnyls", the latter of which refers to alkyvnyl moieties having substituents replacing a
hydrogen on one or more carbons of the alkyayi group. Such substituents mayv occur on oneg
or more carbons that are incliuded or not included in one or more tniple bonds. Moreover,
such substituents include all those contemplated for alkyl groups, as discussed above, except
where stability is prohibitive. For example, substitution of alkyny! groups by one or more
atkyl, carbocyelvl, aryl, heterocyclyl, or hetercaryl groups is contemplated.

The term “amide”, as used herein, refers to a group

O
R
2
\R/_\
wherein each R* independently represent a hydrogen or hydrocarbyl group, or two RA are
taken together with the N atom to which they are attached complete a heterocvele having
from 4 to 8 atoms i the ring structure.
The terms “amine” and “aminc” are art-recognized and refer to both unsubstituied and

substituted anunes and salts thereof, ¢.g., a moicty that can be represented by

A RA
R /
E“N, or g,_N+_,RA
AN
RA RA

wherein each R independently represents a hydrogen or a hydrocarbyl group, or two R% are
taken together with the N atom to which they are attached complete a heterocvele having
from 4 to 8 atoms in the ring structure.

The term “amimoealkyl”, as used herein, refers to an atkyl group substituted with an
AMING group.

The term “aralkyl”, as used herein, refers to an alkyi group substituted with an ary!
group.

The term “aryl” as used herein include substituted or unsubstituted single-ring

aromatic groups in which cach atom of the ring is carbon. Preferably the ring is a 6~ or 10-
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membered ring, more preferably a 6-membered ring. The term “aryl” also includes
polyeyclic ring systems having two or more cycelic rings in which two or more carbons are
cormon to two adjoining rings wherein at least one of the rings 1s aromatic, ¢.g., the other
cvelic rings can be cyvcloatkyls, cycloalkenyls, cyvcloalkynyls, aryls, heteroarvis, and/or
heterocvelyls. Aryl groups mchide benzene, naphthalene, phenanthrene, phenol, aniline, and
the like.

The term “carbamate” is art-recognized and refers to a group

O O
~ RA Or - RA
. O)E\ N:’ ) R N I?E /i'L\ o
) A

R
R

wherein each R independently represent hydrogen or a hydrocarby! group, such as an alkyl
group, or both R” taken together with the intervening atom(s) complete a heterocyele having
from 4 to & atoms in the ring structure.

The terms “carbocvele”, and “carbocyclic”, as used herein, refers to a saturated or
unsaturated ring in which each atom ot the ring 1s carbon. The term carbocycle includes both
aromatic carbocycles and non-aromatic carbocycles. Non-aromatic carbocycles include both
cveloatkane rings, in which all carbon atoms are saturated, and cycloalkene rings, which
contain at least one double bond. “Carbocvyele” includes 5-7 membered monocyclic and §-12
membered bicyclic rings. Each ning of a bicyclic carboceycle may be sclected from saturated,
unsaturated and aromatic rings. Carbocycle includes bicychc molecules in which one, two or
three or more atoms are shared between the two rings. The term “fused carbocyck™ refers to
a hicyvclic carbocycele in which cach of the rings shares two adjacent atoms with the other
ring. Each ring of a fused carbocycle may be selected from saturated, unsaturated and
aromatic rings. In an exemplary embodiment, an aromatic ring, ¢.g., phenyl, may be fused to
a saturated or unsaturated ring, ¢.g., cvclohexane, cycloperntane, or cyclohexene. Any
combination of saturated, unsaturated and aromatic bicyclic nngs, as valence permuts, 13
mcluded in the definition of carbocyclic. Exemplary “carbocveles™ inchude cyclopentane,
cyclohexane, bicvelo]2.2 1iheptane, 1,5-cyclooctadiene, 1,2,3 4-tetrahvdronaphthalene,
bicvclo{4.2 Oloct-3-cne, naphthalene and adamantane. Exemplary fused carbocyeles include
decalin, naphthalene, 1,2.3 4-tetrabvdronaphthalene, bicvelo]4 .2 Ojoctane, 4,5,6,7-tetrahydro-
1H-indene and bicyclol4.1 OThept-3-ene. “Carbocyeles” may be susbstituted at any one or
more positions capable of bearing a hydrogen atom.

A “cycloalkyl” group is a cyelic hvdrocarbon which is completely satrated.

“Cycloalkyl” mchudes monocyclic and bicvelic rings. Typically, a monocyclic eycloalkyl
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group has from 3 to about 10 carbon atoms, more typically 3 to & carbon atoms unless
otherwise defined. The second ring of a bicyelic oyeloalkyl may be selected from saturated,
vosaturated and aromatic rings. Cyeloatky! includes bicyelic molecules in which one, two or
three or more atoms are shared between the two rings. The term “fused cycloalky!” refers to a
bicyelic cyeloalkyl in which each of the rings shares two adjacent atoms with the other ring.
The second ring of a fused bicyclic cycloalkyl may be selected from saturated, unsaturated
and aromatic rings. A “cycloalkenyl” group is a cyclic hvdrocarbon containing one or more
double bonds.

The term “carbocyclvialkyl”, as used herein, refers to an alkyl group substituted with
a carbocycle group.

¢ term “carbonate” is art-recognized and refers to a group ~-0C02-R%, wherein RA
represents a hydrocarbyl group.

The term “carboxv”, as used herein, refers to a group represented by the formula
~COnH.

The term “ester”, as used herein, refers to a group -C(O)YORA wherein R represents a
hydrocarbyl group.

The term “ether”, as used herein, refers to a hydrocarby! group linked through an
oxygen o another hvdrocarbyl group. Accordmgly, an ether substituent of a hyvdrocarbyl
group may be hydrocarbyl-O-. Ethers may be either symmetrical or unsymmetrical.
Examples of ethers include, but are not limited to, heterooycle-O-heterocycle and aryi-0O-
heterocycle. Ethers include “alkoxyalkyl” groups, which may be represented by the general
formuola alkyl-0O-alkyl.

The terms “halo™ and “halogen” as used herein means halogen and includes chioro,
fluoro, bromo, and iodo.

The terms “hetaralkvl” and “heteroaralkvl™, as used herein, refers to an alkyl group
substituted with a hetaryl group.

The term "heteroalkyl", as used herein, refers to a saturated or unsatarated chain of
carbon atoms and at least ong heteroatom, whercin no two beteroatoms are adjacent.

The terms “heteroaryl” and “hetaryl” include substituted or unsubstituted aromatic
single ring structures, preferably 5~ to 7-membered rings, more preferably 5- to 6~-membered
rings, whose ring structures inchude at least one heteroatom, preferably one to four
heteroatoms, more preferably one or two heteroatoms. The terms “heteroaryl” and “hetaryl”

also mchide polyevclic ring systems having two or more cyclic rings in which two or more
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carbons are common to two adjoining rings wheremn at least one of the rings is
heteroaromatic, ¢.g., the other cvclic rings can be cyeloalkyls, cyvcloalkenyls, eyveloatkynyls,
aryls, heteroaryls, and/or heterocyclyls, Heteroaryl groups include, for example, pyrmole,
furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pyndine, pyrazine, pyndazine, and
pyvrimidine, and the like.

The term “hetoroatom”™ as used herein means an atom of any element other than
carbon or hydrogen. Preferred heteroatoms are nitrogen, oxvgen, and sulfur.

The terms “heteroeyclyl”, “heterocyele™, and “heterocyclic” refer to substituted or
pasubstituted non-aromatic ring structures, preferably 3- to 10-membered rings, more
preferably 3- to 7-membered rings, whose ring structures include at least one heteroatom,
preferably one to four heteroatoms, more preferably one or two heteroatoms. The terms
“heterocyclyl” and “heterocvelic” also mehude polyevclic ring systems having two or more
cyclic rings in which two or more carbons are comimon to two adjoining rings wherein at
least one of the rings 1s heterocvelic, ¢.g., the other cvclic rings can be cyvcloalkyls,
cyeloalkenyls, cycloalkynvls, arvls, heteroaryls, and/or hetercoyclyls. Heterocvelyl groups
melude, for example, pipendine, piperazine, pyrroliding, tetrahydropyran, tetrahydrofuran,
morpholine, lactones, lactams, and the like.

The term “heterocyclvialkyl”, as used herem, refers to an alkyl group substituted with
a heterocycle group.

The term “hydrocarbyl”, as used hercin, refers to a group that 1s bonded through a
carbon atom that does not have a =0 or =5 substituent, and typically has at least one carbon-
hydrogen bond and a primarily carbon backbone, but may optionally include heteroatoms.
Thus, groups like methyi, ethoxvethyl, 2-pyvridyl, and trifluoromethyl are considered to be
bydrocarbyl for the purposes of this application, but substituents such as acetyl {(which has a
=0 substituent on the hnking carbon) and ethoxy {(which is linked through oxvgen, not
carbon} are not. Hydrocarbyl groups include, but are not limited to arvl, heteroarvl,
carbocycle, heterooyelyvl, alkyl, alkenyl, alkynyl, and combinations thereof.

The term “hydroxvalkyl”, as used herein, refers to an alkvl group substituted with a
hydroxy group.

The term “lower” when used in conjpunction with a chemical motety, such as, acyl,
acyloxy, atkyl, alkenyl, alkynyl, or alkoxy is meant to include groups where there are ten or
fewer non-hydrogen atoms in the substituent, preferably six or fewer. A “lower alkyl”, for
example, refers to an alkyl group that contaims ten or fewer carbon atoms, preferably six or

fewer. In certain embodiments. acyl, acyloxy, atkyl, alkenyl, alkynvl, or alkoxy substituents
24
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defined herein are respectively lower acvl, lower acvloxy, lower atkyl, lower alkenyl, lower
atkyvayl or lower alkoxy, whether they appear alone or in combination with other
substituents, such as in the recitations hydroxyalkyl and aralky! (in which case, for example,
the atoms within the arvl group are not counted when counting the carbon atoms in the alkyl
substituent).

The terms “polyveyelyl”, “polvevele™, and “polycyclic” refer to two or more rings
{c.g., cvcloalkyls, cyvcloalkenyls, cycloalkyayls, aryls, heteroarvls, and/or heterocyelyls) in
which two or more atoms are common to two adjoining rings, .2, the rings are “fused
rings”. Each of the rings of the polyeycle can be substituted or unsubstituted. In certain
cmbodiments, each ring of the polyevele contains from 3 to 10 atoms in the ring, preferably
from 5to 7.

The term “silyl” refers to a silicon motety with three hydrocarbyl moieties attached
thereto.

The term “substituted” refers to moictics having substituents replacing a hvdrogen on
one or more carbons of the backbone. It will be anderstood that “substitution” or “substituted
with” inchides the implicit proviso that sach substitution is in accordance with permitted
valence of the substituted atom and the substituent, and that the substitution resulis i a stable
compound, ¢.g., which does not spontancously undergo transformation such as by
rearrangement, cyclization, elimination, ete. As used herein, the torm “substituted™ is
contemplated to include all permissible substituents of organic compounds. In a broad
aspect, the permissible substituents include acvelic and cyclic, branched and unbranched,
carbocyclic and heterocyelic, aromatic and non-aromatic substituents of organic compounds.
The permissible substituents can be one or more and the same or different for appropriate
organic compounds. For purposes of this invention, the heteroators such as nitrogen may
have hydrogen substituents and/or any pernussible substituents of organic compounds
described herein which satisty the valences of the hetercatoms. Substituents can include any
substituents described herein, for example, a halogen, a hvdroxyl, a carbonyl (suchasa
carboxyl, an alkoxycarbonyi, a formyl, or an acyl), a thiocarbonvi (such as a thioester, a
thicacetate, or a thioformate), an alkoxy, a phosphoryl, a phosphate, a phosphonate, a
phosphinate, an amino, an amido, an amidine, an iming, a cyano, a nitro, an azido, a
sulthvdryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamide, a sulfonyl, a
heterocvelyl, an aralkyl, or an aromatic or heteroaromatic moiety. In preferred embodiments,
the substituents on substituted alkyis are selected from Cie alkyl, Ui cvcloalkyl, halogen,

carbonyl, cvano, or hydroxyl, In more preferred embodiments, the substituents on substituied
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alkvls are selected from fluoro, carbonyl, cvano, or hydroxyl It will be understood by those
skilled in the art that substituents can themselves be sobstituted, if appropriate. Unless
specifically stated as “unsubstituted.” references to chemical moicties hercin are understood

to include substituted vanants. For example, reference to an “arvi” group or moiety

5 implicitly includes both substituted and unsubstituted variants.

The term “sulfate” is art-recognized and refers to the group -OSOsH, or a
phamaceutically acceptable salt thereof.

The term “sulfonamide” is art-recognized and refers to the group represented by the
general formulae

(E:i) &RA c\ (E? & A
SN v RS S—Ng
10 o R 0

wherein each R independently represents hydrogen or hydrocarbyl, such as alkyl, or both R
taken together with the mtervening atom(s) complete a heterocycle having from 4 to 8 atoms
in the ring structure,
The term “sulfoxide” is ari-recognized and refers to the group -S(0)-R4, wherein RA
15 represcunts a hydrocarbyl.
The term “sulfonate™ is art~-recognized and refers to the group SOsH, ora
pharmaceutically acceptable salt thereof
The term “sulfone™ is art-recognized and refers to the group -S(0)2-R*, wherein R
represents a hvdrocarbyl.
20 The term “thigalkyv]”, as used herein, refers to an alkyl group substituted with a thiol
roup.
The term “thicester”, as used herein, refers to a group ~-C{OISRA or -SC(O)RA
wherein R represents a hydrocarbyl.

The term “thioether”, as used herein, is equivalent to an cther, wherein the oxvgen is

25 replaced with a sulfur.
The term “urea” is art-recognized and may be represented by the general formula
O
AR
T N
L
RA RA

wherein each R® independently represents hydrogen or a hydrocarbyl, such as alkyl, or any
occurrence of R™ taken together with another and the intervening atom({s) complete a

30 heterocycle having from 4 1o 8 atoms n the ring structure.
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“Protecting group” refers to a group of atoms that, when attached to a reactive
functional group 18 a molecule, mask, reduce or prevent the reactivity of the functional group.
Typically, a protecting group may be selectively removed as desired during the course of a

synthesis. Examples of protecting groups can be tound in Greene and Wuts, Profective

(]

Groups in Organic Chemistry, 3 Ed., 1999, John Wiley & Sons, NY and Harrison et al,
Compendium of Synthetic Organic Methods, Vols. 1-8, 1971-1996, John Wiley & Sons, NY.
Representative nitrogen protecting groups include, but are not himited to, formyl, acetyl,
tnfluorcacetyl, benzyl, benzyloxyearbonyi ("CBZ”), tert-butoxycarbonyl ("Boc™),
trimethvisityl ("TMS”), 2-trimethylsilyi-cthanesulfonyvl ("TES™), trityl and substituted trityl
10 groups, allvloxvcarbonyl, 9-fluorenylmethyloxycarbonyi (“FMOC™), nitro-
veratryloxyearbonvl ("NVOC™) and the hike. Representative hydroxy! protecting groups
mclude, but are not limited to, those where the hvdroxyl group is etther acylated (esterified)
or alkyiated such as benzyl and trityl cthers, as well as alkyl ethers, tetrahydropyranyl ethers,
tratkvisilyl ethers (c.g., TMS or TIPS groups), glveol ethers, such as ethviene glycol and
15 propvlene glycol derivatives and allyl ethers.

As used herein, a therapeutic that “provents” a disorder or condition refers to a
compound that, in a statistical sample, reduces the occurrence of the disorder or condition 1n
the treated sample relative to an untreated control sample, or defays the onset or reduces the
severity of one or more symptoms of the disorder or condition relative to the untreated

20 control sample.

The term “treating” includes prophylactic and/or therapeutic treatments. The term
“prophylactic or therapeutic” treatment 1s arf-recognized and mclades administration to the
host of one or more of the subject compositions. i1t is admimistered prior to clinical
manifestation of the unwanted condition {¢.g., discase or other unwanted state of the host

25 animal) then the treatment is prophylactic (i.¢., it protects the host against developing the
unwanted condition}, whereas if it 18 administered after manifestation of the unwanted
condition, the treatment is therapeutic, {i.e., it is intended to dinunish, ameliorate, or stabilize
the existing unwanted condition or side cffects thereof).

The phrases “conjoint adnunistration” and “administered conjomtly” refer to any form

30 of admiistration of two or more different therapeutic compounds such that the second

compound 1s administered while the previously administered therapeutic compound is still

effective m the body {e.g., the two compounds are simultaneously effective in the patient,

which may inchide svnergistic effects of the two compounds). For example, the different

therapeutic compounds can be administered either in the same formulation or in a separate
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formulation, cither concomitantly or sequentially. In certain embodiments, the different
therapeutic compounds can be administered within one hour, 12 hours, 24 hours, 36 hours, 48
hours, 72 hours, or a week of one another. Thus, an individual who receives such treatment
can benefit from a combined effect of different therapeutic compounds.

The term “prodrug” 1s intended to encompass compounds which, under physiologie
conditions, are converted 1nto the therapeutically active agents of the present invention. A
common method for making a prodrug s to include one or more selected moieties which are
hydrolyzed under physiologic conditions to reveal the desired molecule. In other
embodiments, the prodrug is converted by an enzymatic activity of the host animal. For
example, esters or carbonates (¢.g., esters or carbonates of alcohols or carboxvlic acids) are
preferred prodrugs of the present invention. In certain embodiments, some or all of the
compounds of the invention in a formulation represented above can be replaced with the
corrgsponding suitable prodrug, e.g., wherein a hydroxyl in the parent compound is presented
as an ester or a carbonate or carboxylic acid present in the parent compound 15 presented as

an ester.

Use of DHFR Inhibitors

Another embodiment of the invention is the use of the compounds described herein
for the treatment of infections (¢.g., parasitic infections, such as toxoplasmosis). In certain
embodiments, the compounds described herein may be used conjointly with other compounds
usetul for that purpose, such as sulfadiazene, sultamethoxazole, clindamyein, spiramaycin,
atovaquone, CDPK1 inhubitors, or cytochrome BC: mhibitors. Compounds of the present

mvention may also be used conjointly with leucovorin to improve tolerability.

Pharmaceutical Compositions

The compositions and methods of the present invention may be utilized to treat an
mdividual in nced thereof. In certain embodiments, the mndividual 1s a mammal such as a
human, or a non-human mammal. When adnunistered to an animal, such as a human, the
composition or the compound is preferably adnunistered as a pharmaceutical composition
comprising, for example, a compound of the mvention and a pharmaceutically acceptable
carrier. Pharmaceutically acceptable carriers are well known in the art and inchude, for
example, agueous solations such as water or physiologically buffered saline or other solvents

or vehicles such as glvcols, glycerol, oils such as olive oil, or injectable organic esters. Ina
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preferred embodiment, when such pharmaceutical compositions are for human
administration, particularly for invasive routes of administration (i.¢., routes, such as injection
ot implantation, that circuravent transport or diffusion through an cpithelial barrier), the
agueous solution is pyvrogen-free, or substantially pvrogen-tree. The excipients can be
chosen, for example, to effect delaved release of an agent or to selectively target one or more
cells, tissues or organs. The pharmaceutical composition can be in dosage anit form such as
tablet, capsule (including sprinkle capsule and gelatin capsule), granule, Ivophile for
reconstitution, powder, solution, syrup, suppository, injection or the Iike. The composition
can also be present in a transdermal delivery system, ¢.g., a skin patch. The composition can
also be present in a solution suitable for topical adnunistration, such as an eve drop.

A pharmaceutically acceptable carmner can contam physiologicaily acceptable agents
that act, for example, to stabibize, increase solubility or to increase the absorption of a
compound such as a compound of the mvention. Such physiologically acceptable agents
mclude, for example, carbohydrates, such as glucose, sucrose or dextrans, antioxidants, such
as ascorbic acid or glutathione, chelating agents, low molecular weight proteins or other
stabilizers or excipients. The choice of a pharmaceutically acceptable carrier, including a
physiologically acceptable agent, depends, for example, on the route of administration of the
composition. The preparation or pharmaceutical composition can be a selfemulsitving drug
debivery system or a selfmicroemulsifying drug delivery system. The pharmaceutical
composition {preparation) also can be a liposome or other polymer matrix, which can have
meorporated therein, for example, a compound of the invention. Liposomes, for example,
which comprise phospholipids or other lipids, are nontoxic, physiologically acceptable and
metabolizable carriers that are relatively simple to make and administer.

The phrase "pharmaceutically acceptable” is emploved herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical pudgment, suitable for use i contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic respouse, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

The phrase "pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a hquid or solid filler,
diluent, excipient, solvent or encapsulating matenial. Each carrier must be "acceptable” in the
sense of being compatible with the other ingredients of the formulation and not imjurious to
the patient. Some examples of materials which can serve as pharmaceutically acceptable

carriers inchade: {1} sugars, such as lactose, ghucose and sucrose; (2} starches, such as com
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starch and potato starch; (3} cellulose, and #ts derivatives, sach as sodium carboxymethyl
cellulose, ethyl cellulose and celludose acetate; {4) powdered tragacanth; {5} malt; (6) gelatin;
{7} talc; (8) excipients, such as cocoa butter and supposiiory waxes; (9) oils, such as peanut
oil, cottonseed oil, safflower o1l, sesame oil, olive o1l, corn oil and sovbean oil; {10} glveols,
such as propylene glveol; (11} polyols, such as glveerin, sorbitol, mamitol and polyethyvlene
glvcol; {12} esters, such as ethyl cleate and ethy! laurate; {13} agar; (14) buffening agents,
such as magnesiwm hydroxide and alonunum hydroxide; (15) alginic acid; {16} pyrogen-free
water; (17} 1sotomie saline; (18) Ringer's solution; (19} ethyl alcohol; (20) phosphate buffer
solutions; and (21} other non-toxic compatible substances employed in pharmaceutical
formulations.

A pharmaceutical composition (preparation) can be admunistered to a subject by any
of a number of routes of administration includimg, for example, orally (for example, drenches
as in agueous or non-agueous solutions or suspensions, tablets, capsules (including sprninkle
capsules and gelatin capsules), boluses, powders, granules, pastes for application to the
tongue); absorption through the oral mucosa {e.g., sublingually); anally, rectally or vaginally
{for example, as a pessary, cream or foam); parenterally (including mtramuscularly,
mtravenously, subcutancously or intrathecally as, for example, a stertle solution or
suspension); nasally; mtrapentoneally; subcutancously; transdermaily (for example as a patch
applied to the skiny; and topically (for example, as a cream, cintment or spray apphed to the
skin, or as an eve drop}. The compound may also be formulated for inhalation. In certain
embodiments, a compound may be simply dissolved or suspended in sterile water. Details of
appropriate routes of adminstration and compositions suitable for same can be found n, for
example, U.S. Pat. Nos. 6,110,973, 5763 493, 5,731,000, 3,541,231, 5.427.798. 5,358,970
and 4,172,896, as well as in patents cited therein.

¢ formulations may conveniently be presented in unit dosage form and may be
prepared by any methods well known in the art of pharmacy. The amount of active ingredient
which can be combined with a carrier material to produce a single dosage form will vary
depending upon the host being treated, the particular mode of administration. The amount of
active ingredient that can be combmed with a carnier material to produce a single dosage
form will generally be that amount of the compound which produces a therapeutic effect.
Generally, out of one hundred percent, this amount will range from about 1 percent to about
ninety-nine percent of active ingredient, preferably from about 3 percent to about 70 percent,

most preferably from about 10 percent to about 30 percent.
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Methods of preparing these formulations or compositions include the step of bringing
mto association an active compound, such as a compound of the invention, with the carnier
and, optionally, one or more aceessory ingredients. In general, the formulations are prepared
by uniformly and mumately bringing into association a compound of the present invention
with liguid carriers, or finely divided solid carriers, or both, and then, if necessary, shaping
the product.

Formulations of the invention suitable for oral administration may be in the form of
capsules (including sprinkle capsules and gelatin capsules), cachets, pills, tablets, lozenges
{using a flavored basis, usually sucrose and acacia or tragacanth), lyophile, powders,
granules, or as a solution or a suspension in an aqueous or non-agueous liquid, or as an otl-n-
water or water-in-o1l Hiquid emulsion, or as an elixar or syrup, or as pastilles (using an inert
base, such as gelatin and glycenn, or sucrose and acacia) and/or as mouth washes and the
like, cach containing a predetermined amount of a compound of the present invention as an
active ingredient. Compositions or compounds may also be administered as a bolus, electuary
or paste.

To prepare solid dosage forms for oral administration {capsules (including sprnkie
capsules and gelatin capsules), tablets, pills, dragees, powders, granules and the like), the
active ingredient is mixed with one or more pharmaceutically acceptable carriers, such as
sodiam citrate or dicalcium phosphate, and/or any of the following: (1} fillers or extenders,
such as starches, lactose, sucrose. glocose, mannitol, and/or silicic acid; {2) binders, such ag,
for example, carboxymethyicetlulose, alginates, gelatin, polyviny! pyrrolidone, sucrose
and/or acacia; (3} humectants, such as glycerol; (4} disintegrating agents, such as agar-agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate; (5) solution retarding agents, such as paratfing (6) absorption accelerators, such as
quaternary ammonium compounds; (7} wetting agents, such as, for example, cety] alcohol
and glycerol monostearate; (8) absorbents, such as kaolin and bentonite clay; (93 lubricants,
such afalc, calcium stearate, magnesium stearate, solid polyvethyvlene glveols, sodium laury]
sulfate, and mixtures thereof, (10) complexing agents, such as, modified and uvomodificd
cvelodextrins; and {11} coloring agents. In the case of capsules (including sprinkle capsuies
and gelatin capsules), tablets and pills, the pharmaceutical compositions may also comprise
buffering agents. Solid compositions of a simifar type may also be cmploved as fillers in soft
and hard-tilled gelatin capsules using such excipients as lactose or milk sugars, as well as

high molecalar weight polyethviene glycols and the like.
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A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example,
gelatin or hyvdroxypropyimethyl cellulose), lubricant, inert diluent, preservative, disintegrant
(for example, sodium starch glycolate or cross-linked sodivm carboxymethyl cellulose),
surface-active or dispersing agent. Molded tablets may be made by molding in a suitable
machine a mixture of the powdered compound moistened with an inert liquid diluent.

The tablets, and other solid dosage forms of the pharmaceutical compositions, such as
dragees, capsules (inchuding sprinkle capsules and gelatin capsulesy, pills and gramules, may
optionally be scored or prepared with coatings and shells, such as enteric coatings and other
coatings well known in the pharmaceutical-formulating art. They may also be formulated so
as to provide slow or controlied release of the active mgredient therein using, for example,
hydroxypropylmethy! cellalose in varying proportions to provide the desired release profile,
other polymer matrices, liposomes and/or nuicrospheres. They may be sterilized by, for
example, filtration through a bacteria-retaining filter, or by incorporating sterilizing ageuts in
the form of sterile solid compositions that can be dissolved in sterile water, or some other
sterile injectable medium immediately before use. These compositions may also optionally
contain opacitving agents and may be of a composition that they reease the active
mgredient(s) only, or preferentially, in a certain portion of the gastrointestinal tract,
optionally, in a delayed manner. Examples of embedding compositions that can be used
mchude polymeric substances and waxes. The active ingredient can also be in micro-
encapsulated form, if appropriate, with one or more of the above-described cxcipients.

Liguid dosage forms useful for oral administration include pharmaceutically
acceptable emulsions, Ivophiles for reconstitution, microemulsions, solutions, suspensions,
syrups and clixirs. In addition to the active ingredicnt, the liguid dosage forms may contain
mert diluents commonly used in the art, such as, for example, water or other solvents,
cyclodextrings and derivatives thereof, solubilizing agents and emulsifiers, such as ethyl
alcohol, isopropyi alcohol, ethyl carbonate, ethyl acetate. benzyl aleohol, benzvi benzoate,
propvlene glyeol, 1,3-butylene glveol, oils (in particular, cottonseed, groundout, com, germ,
olive, castor and sesame oils), glveerol, tetrahvdrofuryl alcohol, polvethviene glycols and
fatty acid esters of sorbitan, and mixtures thereof.

Besides mert diluents, the oral compositions can alse include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, colornng,

perfinming and preservative agents.
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Suspensions, in addition to the active compounds, may contain suspending agents as,
for example, ethoxylated isostearyl alcohols, polvoxyethylene sorbitol and sorbitan esters,
microcrystaliime celinlose, alumunuwm metahvdroxide, bentonite, agar-agar and tragacanth,
and muxtures thereof.

Formulations of the pharmaceutical compositions for rectal, vaginal, or urethral
administration may be presented as a suppository, which may be prepared by mixing one or
more active compounds with one or more suitable nonirritating excipients or carriers
comprising, for example, cocoa butter, polyethylene glyeol, a suppository wax or a salicylate,
and which is solid at room temperature, but liquid at body temperature and, therefore, will
melt in the rectum or vaginal cavity and release the active compound.

Formulations of the pharmaceutical compositions for administration to the mouth may
be presented as a mouthwash, or an oral spray, or an oral cintment.

Alternatively or additionally, compositions can be formulated for delivery via a
catheter, stent, wire, or other intraluminal device. Delivery via such devices may be
cspecially useful for delivery to the bladder, urethra, ureter, rectum, or intestine.

Formulations which are suitable for vaginal administration also include pessarigs,
tampons, creams, gels, pastes, foams or spray formulations containing such carricrs as are
known in the art to be appropriate.

Dosage forms for the topical or transdermal administration include powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches and mhalants. The active
compound may be mixed under stenle conditions with a pharmaceutically acceptable carnier,
and with any preservatives, buffers, or propeliants that may be required.

The ointments, pastes, creams and gels may contain, 10 addition to an active
compound, excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, celiulose denivatives, polvethviene glycols, silicones, bentomites, silicic acid, talc
and zinc oxide, or muxtures thereof.

Powders and sprays can contain, in addition to an active compound, excipients such
as lactose, tale, silicic acid, aluminum hvdroxide, calcium silicates and polyamide powder, or
mixtures of these substances. Sprays can additionally contain customary propetlants, such as
chlorofluorchydrocarbons and volatile unsubstitoted hydrocarbons, such as butane and
propane.

Transdermal paiches have the added advantage of providing controlled delivery of a
compound of the present invention to the body. Such dosage forms can be made by

dissolving or digpersing the active compound in the proper medium. Absorption enhancers

33



(]

10

20

WO 2017/136556 PCT/US2017/016224

can also be used to increase the fhix of the compound across the skin. The rate of such flux
can be controlled by erther providing a rate controlling membrane or dispersing the
corapound 1 a polymer matrix or gel.

Ophthalmic formulations, eye ointments, powders, solutions and the like, are also
contemplated as being within the scope of this invention. Exemplary ophthalmic
formulations are described in U.S. Publication Nos. 2005/0080036, 2005/0059744,
2005/0031697 and 2005/004074 and U.S. Patent No. 6,583,124, the contents of which are
meorporated herein by reference. If desired, liguid ophthalmic formulations have propertics
similar to that of lacrimal fluids, aqueous humor or vitreous humor or are compatible with
such fluids. A preferred route of adnunistration 1s local administration {e.g., topical
administration, such as eve drops, or administration via an implant).

The phrases "parenteral admimistration” and "administered parenterally” as used
herein means modes of administration other than enteral and topical administration, usually
by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
mtrathecal, mtracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutanccus, subcuticular, intraarticelar, subcapsular, subarachnoid, intraspinal and
mtrasternal iniection and mfusion. Pharmaceutical compositions suitable for parenteral
administration comprise one or more active compounds in combination with one or more
pharmaceutically aceeptable sterile isotonic aguecus or nonagueous solutions, dispersions,
suspensions or emulsions, or sterile powders which may be reconstituted into sterife
mjectable solutions or dispersions just prior to use, which may contain antioxidants, butfers,
bacteriostats, solutes which render the formulation isotonic with the blood of the intended
recipient or suspending or thickening agents.

Examples of suitable agucous and nonaqueous carriers that may be emploved in the
pharmaceutical compositions of the invention include water, ethanol, polvols (such as
glycerol, propylene glycol, polyethylene glycol, and the like}, and suitable mixtures thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as ethyi cleate. Proper
fluidity can be maintamed, for example, by the use of coating matenals, such as lecithin, by
the maintenance of the required particle size 1n the case of dispersions, and by the use of
surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,
emulsifying agents and dispersing agents. Prevention of the action of microorganisms may be
ensured by the inclusion of various antibacterial and antifungal agents, for example, paraben,

chlorobutanocl, phenol sorbic acid, and the bike. It may also be desirable o inchude isotonic
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agents, such as sugars, sodium chioride, and the hike mto the compositions. In addition,
prolonged absorption of the injectable pharmaceutical form may be brought about by the
mclusion of agents that delay absorption such as alummunm monostearate and gelatin,

In some cases, in order to prolong the effect of a drug, it 1s desirable to slow the
absorption of the drug from subcutaneous or intramuscolar tnjection. This may be
accomplished by the use of a hiquid suspension of crystalline or amorphous material having
poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution, which, in turn, may depend upon crystal size and crystalling form. Alternatively,
delaved absorption of a parenterally administered drug form is accomplished by dissolving or
suspending the drug o an oil vebicle.

Injectable depot forms are made by forming microencapsulated matrices of the
subject compounds in biodegradable polymers such as polylactide-polyglyveolide. Depending
on the ratio of drag to polymer, and the natare of the particular polymer emploved, the rate of
drug release can be controlled. Examples of other biodegradable polymers include
polv{orthoesters) and poly(anhvdrides). Depot injectable formulations are alse prepared by
entrapping the drug in Hiposomes or microemulsions that are compatible with body tissuc.

For use in the methods of this invention, active compounds can be given perscoras a
pharmaceutical composition contaiming, for example, 0.1 to 99.5% (more preferably, 0.5 to
509} of active mgredient in combination with a pharmaceutically acceptable carrier,

Methods of introduction may also be provided by rechargeable or bicdegradable
devices. Various slow release polvmeric devices have been developed and tested in vivo in
recent vears for the controlled delivery of drugs, mcluding proteinaceous bigpharmaceuticals.
A variety of biscompatible pelymers {including hydrogels), inchuding both biodegradable and
non-degradable polymers, can be used to form an implant for the sustained releasc of a
compound at a paricular target site.

Actual dosage levels of the active imgredients i the pharmaceutical compositions may
be varied so as to cbtain an amount of the active ingredient that is effective to achieve the
desired therapeutic response for a particular patient, composition, and mode of
administration, without being toxic to the patient.

The selected dosage level will depend upon a vanety of factors including the activity
of the particular compound or combination of compounds emploved, or the gster, salt or
amde thereof, the route of adnunistration, the time of adnumistration, the rate of excretion of
the particular compound(s) being emploved, the duration of the treatment, other drugs,

compounds and/or materials used in combination with the particular compound{s) employed,
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the age, sex, weight, condition, general health and prior medical history of the patient being
treated, and like factors well known in the medical arts.

A physician or veterinarian having ordinary skill in the art can readily determine and
prescribe the therapeutically effective amount of the pharmaceutical composition required.
For example, the physician or veterinarian could start doses of the pharmacentical
composition or compound at levels lower than that required in order to achieve the desired
therapeutic cffect and gradually increase the dosage until the desived effect is achieved. By
“therapeutically effective amount” 1s meant the concentration of a compound that is sufficient
to elicit the desired therapeutic effect. It is generally understood that the effective amount of
the compound will vary according to the weight, sex, age, and medical bistory of the subject.
Other factors which influence the effective amount may mclude, but are not limited to, the
severtty of the patient's condition, the disorder being treated, the stability of the compound,
and, if desired, another type of therapeutic agent being administered with the compound of
the vention. A larger total dose can be delivered by multiple administrations of the agent.
Methods to determine efficacy and dosage are known to those skilled i the art (Issclbacher ef
af. {1996) Harrison’s Principles of Internal Medicine 13 ed., 1814-1882, herein incorporated
by reforence).

In general, a suitable daily dose of an active compound used in the compositions and
methods of the mvention will be that amount of the compound that is the lowest dose
effective to produce a therapeutic effect. Such an effective dose will generally depend upon
the factors deseribed above.

I desired, the effective daily dose of the active compound may be admunistered as
ong, two, three, four, five, six or more sub-doses administered separately at appropriate
mtervals throughout the day, optionally, in unit dosage forms. In certain embodiments of the
present invention, the active compound may be admimstered two or three times daily. In
preferred embodiments, the active compound will be administered once daily.

The paticnt receiving this treatment is any animal in need, including primates, in
particular humans; and other mammals such as cquines, cattle, swine, sheep, cats, and dogs;
pouliry; and pets in general.

In certain embodiments, compounds of the 1vention may be used alone or conjointly
administered with another type of therapeutic agent.

This invention includes the use of pharmaceutically acceptable salts of compounds of
the mvention m the compositions and methods of the present mvention. In certain

embodiments, contemplated salts of the invention include, but are not limited to, alkyl,
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diatkyl, trialkyl or tetra-alkyl ammonnum salts. In certain embodiments, contemplated salis
of the mvention include, but are not Hmited to, L-argining, benenthamineg, benzathine,
betaine, calcium hydroxide, choline, deanol, dicthanolamineg, dicthylamine, 2-
{dicthyviamino)ethanol, ethanolamine, ethylenediamine, N-methyiglucamine, hydrabamine,
1H-imidazole, lithium, L-lysine, magnesivm, 4-(2-hydroxyethyDmorpholine, piperazine,
potassium, 1-(2-hydroxyethyDpyreclidine, sodium, triethanolaming, tromethamine, and zine
salts. In certain embodiments, contemplated salts of the mvention mclude, but are not limited
to, Na, Ca, K, Mg, Zn or other metal salts. In certain embodiments, contemplated salts of the
mvention inchide, but are not limited to, 1-hydroxy-Z-naphthoic acid, 2,2-dichlorcacetic acid,
2-hvdroxvethancsulfonic acid, 2-oxoglutare acid, 4-acetamidobenzoic acid, 4-anunosalicylic
acid, acetic acid, adipic acid, L-ascorbic acid, L-aspartic acid, benzenesulfomic acid, benzoic
acid, (+)-camphoric acid, (+}-camphor-10-sulfonic acid, capric acid (decanoic acid}, caproic
acid (hexanoie acid), caprylic acid {octanoic acid), carbonic acid, cinnamie acid, citric acid,
cyclamic acid, dodecvisulturic acid, cthane-1,2-disulfonic acid, cthanesulfonic acid, formic
acid, fumaric acid, galactaric acid, gentisic acid, D-glucoheptonic acid, D~gluconic acid,
p-ghicarome acid, glutamic acid, ghutaric acid, glycerophosphoric acid, glveolic acid,
bippuric acid, hydrobromic acid, hydrochloric acid, isobutyric acid, lactic acid, lactobionic
acid, Tauric acid, maleic acid, L-malic acid, malonic acid, mandelic acid, methanesulfore
acid , naphthalene-1,5-disulfonic acid, naphthalene-2-selfonic acid, nicotinic acid, nitric acid,
oleic acid, oxalic acid, palmitic acid, pamaoic acid, phosphoric acid, propricnic acid, L-
pyvroglutamic acid, salicylic acid, sehacic acid, stearic acid, succinic acid, sulfuric acid,
L-tartaric acid, thiocvanic acid, p-toluenesulfonic acid, tnifluoroacetic acid, and undecylenic

acid acid salts.

The pharmaceutically acceptable acid addition salts can also exist as various solvates,
such as with water, methanol, cthanol, dimethylformamide, and the hke. Mixtures of such
solvates can alsc be prepared. The scurce of such solvate can be from the solvent of
crystallization, inherent in the solvent of preparation or crystallization, or adventitious to such
solvent.

Wetting agents, emulsifiers and hibricants, such as sodiam laury! sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents, swectening,
flavoring and perfuming agents, preservatives and antioxidants can also be present m the

compositions.
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Examples of pharmaceutically acceptable antioxidants mchsde: (1) water-scluble
antioxidants, such as ascorbic acid, cysteine hydrochlornide, sodium bisulfate, sodinum
metabisulfite, sodium sulfite and the like; (2) oil-socluble antioxadants, such as ascorbyl

palmitate, butylated hydroxyanisole (BHA), butyvlated hydroxytoluene (BHT), lecithin,

(]

propyl gallate, alpha-tocopherol, and the like; and (3} metal-chelating agents, such as citric
acid, cthylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and
the like.

In certain embodiments, the invention relates to a method for conducting a
pharmaceutical business, by manufacturing a formulation of a compound of the invention, or
10 akit as described herein, and marketing to healtheare providers the benefits of using the
formulation or kit for treating or preventing any of the diseases or conditions as described

herein.

EXAMPLES

15 Example 1. General Methods

NMR spectra were recorded on a Varian 400 MHz for '"H NMR. LCMS were taken on a
quadrupole Mass Spectrometer on Shimadzu LCMS 2010 (Column: sepax ODS 50x2.0 mm,
S um) or Agtlent 1200 HPLC, 19356 MSD (Column: Shim-pack XR-0DS 30x3.0mm, 2.2
wm} operating in ES (+} ionization mode.
20
LC/MS method A: Run on a Shimadzu LC-20AB with a MS 2010 detector using a Luna-
CIL&(1} column (2.0*30mm, 3um) at 40 °C. Mobile phase A was 0.037% (v/v) aguecous TFA
and mobile phase B was 0.018% {(v/v) TFA n acetonitrile. The flow rate was 0.8 mL/min
from 0.01 to 1.51 min, then 1.2 mE/min from 1.52 t6 2.00 min. The gradient ran from 90%
25 mobile phase A to 10% mobile phase A over 1.15 min then remained at 10% mobile phase A
through 1.65 min then back to 90% mobile phase A at 1.66 min and was maintained at 90%
mobile phase A through 2.0 min. The UV detection was 220 nm and the MS was measured

in positive ion mode.

30 LO/MS method B: Run on an Agilent 1200 with a MS 6120 detector using an Xbridge
Shield RP18 colummn (2 1*50mm, Suny) at 40 °C. Mobile phase A was 10 mM agueous
NHsHCOs and mobile phase B was acetonitnile. The flow rate was 1.0 mL/min from 0.01 to0

2.48 min, then 1.2 mi/min from 2.50 to 3.00 min. The gradient ran from 90% mobile phase

(98]
o el
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A to 20% mobile phase A over 2.00 min then remained at 20% mobile phase A through 2.48
min then back to 90% mobile phase A at 2.50 min and maintained at 90% mobile phase A
through 3.0 mun. The UV detection was 220 nm and the MS was measured in positive ion

maode.

LC/MS method C: Run on an Agilent 1200 with a MS 6120 detector using an Xbridge
Shield RP 18 column (2.1%50mm, Sum) at 40 °C. Mobile phase A was 10 mM agueous
NH4HCGOs and mobile phase B was acetonitrile. The flow rate was 1.0 mL/min from 0.01 to
2.50 min, then 1.2 mL/min from 2.51 to 3.00 min. The gradient ran from 70% mobile phase
Ao 10% mobile phase A over 1.50 min then remained at 10% mobile phase A through 2.50

YO/

min then back to 70% maobile phase A at 2.51 min and maintained at 70% mobile phase A

through 3.0 min. The UV detection was 220 nm and the MS was measured in positive ion

mode.

LC/MS method D: Run on an Agilent 1200 with a MS 6120 detector using a Venusii XBP-
C18 column (2. 1¥50mm, Sum) at 40 °C. Mobile phase A was 0.0375% agueous TFA and
mobile phase B was 0.018% TFA m acetomitride. The flow rate was 0.8 mL/min from 0.01 to
4.5 min. The gradient was maintained at 99% mobile phase A from 0.00 min to 0.40 min,
then the gradient ran from 99% mobile phase A to 10% mobile phase A over 3.00 min then to
0% mobile phase A over (.45 min; then back to 99% mobile phase A over 0.01 nun and
matntained here for 0.55 min The UV detection was 220 nm and the MS was measured in

positive ion mode.

9%
O
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Example 2. Svnthetic Method A

sulfolane H
1. Pda{dba),, Ligand/t-BuNa, | 140°C, 16 h OYN\{;O

toluene, 100 °C, 16 h HNL
» V \(\E%r
. |
! ) 1004

. "Bog Rig-
Rioug, - N/\W o
1003 2. HCUEIDAC N KF, DMSQO,
15°C,5n 1001 110 °C, 12 h

POCH; NH/EtOH

¥ ! Clu_Ng_-Cl
O;Ei © 105 °C, 31 \“I/ /ﬁ 130 °C, 12 h YW;[ /\l
i N/\m""mm"% N
R1 k‘/r{LR]g k/ R 106 R‘O

1005 ' ’EOGS 1@97

Piperazine micrmediates 1001 are generally commercially available or can be
5 prepared by various literature methods (1.¢., Rong Gao and Daniel J. Cannev. A versatile and
practical microwave-assisted synthesis of sterically hindered N-arvipiperazines, J. Org.
Chem., 2080, 75(21), 7451-53). For example. anulines or amincheteroary! starting materials
1682 can be reacted with bis(2-chlorcethyvDamine with selfolane at 140 °C to give
mtermediate 1001, (Lokesh Ravilia et.al., An efficient scale up process for synthesis of N-
10 arvipiperazines Tetrahefron Letters, 2015, 56(30), 4541-44). Altematively, protected
piperazines can be reacted with a bromoary! or bromohetercaryl compounds 1683 under
Buchwald conditions to give desired mtcrmediates 1801
Nucleophilic substitution reaction of 10401 with 5-bromopyrmmidine-2 4(/H 3H)-
diongs 1004 using KF as basic catalyst and heating in DMSQO gives S-piperazinylpyrimidines
15 1005, Reaction with POCl at 105 °C gives 2 4-dichloropyrimidines 1606 and desired 2.4~
diaminopyrimidines 1807 arc generated by reaction with NHs in ethanot at 130 °C. 5-
Bromopyrimidine-2, 4(/ H, 3H }-diones 1904 are generally commercially available or can be

prepared by bromination of the corresponding 6-substituted pyrimidinedione.
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Alternatively, compounds of the mvention can be prepared by Suzuki or Sulle

coupling reactions as shown below.

HZNYN\ NH, HZN\(N% NH,
N, Y\E\//’[ ;
E\E\ ﬁ General couplings i.e., Suzuki or Stille F\‘/ﬁ
\/N I Xy k/N\E/’\
7 7
¥ = Cl, Brori i !
Y final fargets R
1008 1009

5 Synthetic Method A 1s exemplified below in the synthesis of 5-(4-([1,1-biphenyl]-3-

vhpiperazin-1-viypvrimidine-2.4-diamine (Compound 2).

Step 1. Tert-Butyl 4-(]1,1-bipheny![-3-vljpiperazine-i-carboxylate

LN

D e
&, Fuidbaly, UpaodBaONg, " E
toluens, 100 °C, B b T
[ R ~

3-Bromo-1,1-biphenyl (10.0 g, 42 9 mmol, 7.1 mL, 1.0 eg) was added to a solution of

10 sodium Z-methyipropan-2-clate (4.9 g, 514 mmol, 1.2 eg} and Pda{dba); (785 .6 mg, 8580
umol, 0.02 eg} i toluene (100.0 ml). 1,1-Bipheuyl]-2-vidicyclohexylphosphine (2.4 g, 6.8
mmol, 0.16 eg) and tert-butyl piperazine-1-carboxylate (7.9 g, 42.9 mmol, 1.0 eg) were added
to the above mixture at 25°C, the reaction vessel was degassed with Na three times and the
solution was stirred for 16 b at 100 °C under N2 atraosphere. TLC (Petroleum ether: Ethyl

15 acetate = 5:1, Rf = 0.31} showed 3-bromo-1,1'-biphenyl was consumed, and one major new
spot with increased polarity was detected. The reaction mixture was concentrated under
reduced pressure to give a brown residue which was purified by column chromatography
{Petroleum ether; Ethyl acetate = 10:1~5:1} to give tert-buty! 4-({1,1"-bipheny!}-3-
vipiperazine-1-carboxylate (7.0 g, 48.3% vield) as a white solid. LCMS Method A (ESI+):

20 Expected m/z 33%(M+1)"; found m/z 3391 (M+1)", RT: 2.19 Min.
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Step 2. I-f/1,1"-Biphenyl]-3-yl)piperazine

The mixture of tert-buty] 4-(J 1, '-biphenyl]-3-v)piperazine-1-carboxylate (3.0 g, 8.8
5  mmol 1 Ceg) 1o HOVMeOH (4 M, 30.0 mL, 13.5 eg) was stirred at 15°C for 5 hours. TLC
{Dichloromethane: Methanol = 10 1, Rf = 0.3) showed loss of starting material. The
colorless solid was filtered with suction. The filter cake was redissolved in aqueous KoCOs
solution {2M, 50 mb.}, stirred vigorously for several minutes, and extracted with ethyl acetate
{2 x 150 mL}. The combined organic layers were dried over anhydrous Naz504 and filtered
10 and concentrated under reduced pressure to give 1-(} 1, 1'-Biphenvl}-3-yhpiperazine (2.0 g,
8.3 mmol, 24.7% vield) as a vellow oil. LCMS Method B (ESI+): Expected mv/z 239 (M+1)";
Found m/z 2391 (M+1)", RT: 2.19 Min.

Step 3. 5-{4-({1, 1 -biphenyvl|-3-vi)piperazin-1-ylipyrimidine-2,4{1H 5H)-dione

H
N

R O, N O
Y ; HN .,\:;;:‘," ~ By
- N\ o

T KE, DNSO,

$10°C, 8

[
(v

To a mixture of S-bromo-1H-pyrimidine-2,4-dione (400.6 mg, 2.1 mmol, 1.0 eg)

and 1-(]1,1-biphenvi{-3-vlpiperazine (500 mg, 2.1 mmol, 1.0 eg} in DMSO (19.00 mL) was
added potasstum fluoride (182 .8 mg, 3.15 mmol, 1.5 eg). The resulting mixture was stirred at
110 °C for 8 houss, cooled to room temperature, poured into water and the gray precipitate

20 collected by suction filiration. The gray solid was washed with 106 mL of 1:1 EtOQAc:
petroleum ether to give 5-(4-({ 1. 1'-biphenyl{-3-vhipiperazin- 1-yDpvrunidine-2 4(1H,3H}-
dione (500.0 mg, 1.4 mmol, 68.3% vield) asagray sohid. LCMS Method B (ESI+):
Expected m/z 3491 (M+1)7; found m/z 3491 (M+1y, RT: 2.16 Min.
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Step 4. 3-(4-(/1,1 “biphenyl]-3-vi)piperazin-1-yij-2 4-dichloropyrimidine

{\i 3 P
o § §
SN
{
M
LI NN
” N
N
..
o
H
{
H
i
N
i\,
B

A nuxture of 5-(4-({1,1-biphenvl}j-3-yhpiperazin-1-vpyrinudine-2,4( 1 H.3H)-dione
(4000 mg, 1.1 mmol, 1.0 eg) in POCH (263 g, 171.6 numol, 159 mlL, 1494 eg) was

(]

degassed and purged with Ny 3 times, and then the mixture was stirred at 105°C for 5

hours under N2 atmosphere.  LEMS was consistent with the desired product MS (3851, RT

=2.24 Man). The reaction mixture was concentrated under reduced pressure to give a black

residue, diluted with HaO {50 ml} and extracted with ethyi acetate (2 x 30 mL). The organic
10 phase was dried over NaxSOy, filtered and concentrated under reduced pressure to give 5-(4-

{{1.1'-biphenvi|-3-vDpiperazin-1-y1}-2 4-dichloropyrimidine (250.0 mg, 649 pmol, 56.4%

vicld) as a yellow solid. LC/MS Method C (ESIH): Expected m/z 385 (M+1)"; found m/z

3851 (M+1y, RT: 2.24 Min.

Step 5. 5-(4-(/1 1" -biphenyl]-3-yijpiperazin-1-ylipyrimidine-2, 4-diamine

SN NN,
Ny

¢ § X
1 e Nkék d rk\i
3 4 .
N i E ™y
MM “%y
hd
o
ST
L
N R

15
A mixture solution of 5-(4-({1, I'-biphenyii-3-v)piperazin-1-v)-2,4-

dichloropyrimidine (100.0 mg, .26 mmol, 1.0 eq) m NHz/EtOH (10 mL) was added to a
steel bomb. The mixture was stirred at 143°C for 12 hours. The suspension was cooled to

20 room temperature and concentrated under reduced pressure to give a brown residue. The
residue was purified by Prep-HPLC (TFA condition) to give 5-(4-({1,1-biphenyl]-3-
vhpiperazin-1-yDpyrimidine-2 4-diamine {86.5 mg, 249.6 pmol, 30.0% vicld) as a white
solid. LCMS Method D (ESI+): Expected m/z (347 M+1)", found nv/z 3471 (M+1)", Rt
2.60 Min. 'H NMR (MeOD 400MHz) 3 = 7.64 (d, /= 7.4 Hz, 2H}, 7.59-7 55 (m, 2H), 7.54-
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7.49 (m, 1H), 7.46 (1, J = 7.4 Hz, 3H), 7.38 (d, J= 7.4 Hz, 1H), 7.36-7.30 (m, 1H), 3.66
(brs.. 4H), 3.18 (d. J = 4.3 Hz, 4H).

The compounds listed in Table 1 were prepared using Synthetic Method A as for

Compound 2 above by reacting S-bromouraci! with the appropnately substituted

arylpiperazines.

Table 1. Compounds Prepared Using Svnthetic Method A

JUPAC Name

LO/MS (M + 1)

Expected
MW

Observed
MW

'H NMR {400 MHz)

5-(4-(3 4-dichlorophenvl)piperazin-
I-yDpyrimidine-2 4-diamine

339

5]
(9]
O

(DMSO-d6) 3 = 8.40
(brs.. 1H), 7.62 (brs.,
1H), 7.54 (s, 1H), 7.48
(brs., 2H), 738 (4. ] =
93 Hz 1. 7.14 (4. J
= 7.6 Hz, 1H), 6.94
(dd.J=26.88 Hz,
1H), 3.45 - 3.34 (m.
4H), 2.82 (brs., 4H)

b

S5-(4-(} 1, I-biphenyli-3-yDpiperazin-
F-yvDpyvrimidine-2, 4-diamine

3471

(METHANOL-d4) 8=
7.64{d,1=74Hz,
2H), 7.59-7 55 {m,
2H), 7.54-7.49 (m,
1H), 746¢. J=74
Hz 3H), 7.38¢d, =
74 Hz, 1H), 7.36-7.30
{m, 1H), 3.66 {(brs.,
4H), 3.18(d, 1=43
Hz, 4H)

5-{(4-(3-
(trifluoromethyliphenvhipiperazin-
I-yDpyrinudine-2,4-diamine

33494

(METHANOL-d4) 8=
750 (s, 1H), 7.44 -
7.39 (m, t1H), 7.23 (br
d.J=8.8 Hz 1H) 7.20
{brs, 1H), 7.10 (brd, J
=75 Hz, 1H), 3.40 (bor
s, 4H), 3.01 (brd, J=

4 4 Hz, 4H)

5-(4-phenylpiperazin-1-
yvhpyrimidine-2 4-diamine

2711

2711

(DMSO-ds) 6 = 7.59 (s,
1H), 7.22 (br , J=7.8
Hz, 2H), 6.96 (brd, J =
82 Hz, 2H), 6.78 (1, ]
=70 Hz 1H), 6.07 (br
5. 2H). 5.61 {br s, 2H),
3.25 (brs, 4H), 2.88 (br
t J=4.5 Hz, 4H)
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5-(4-(2-chiorophenyhpiperazin-1-
vipvrimidine-2,4-dianine

305.1

305.1

(DMSO-do) 6 = 7.62 (s.
1H), 742 (brd. J=17.8
Hz, 1H), 7.35-7.28

(m, 1HD, 7.18 (br d, J =
7.8 Hz, 1H), 7.05 (brt,

J=T4 Hz, 1H}, 6.09

(brs. 2H), 5.63 (5. 2H).
311 (brs. 4H), 2.91 (br
d.J = 3.9 Hz, 4H)

5-(4-{4-chlorophenvi)piperazin-1-
vhpyrimidine-2,4-diamine

oY)
o)
Y
-

(DMSO-ds) 8 = 7.58 (s,
1H), 7.24 (brd, J=9.0
Hz, 2H). 6.97 (brd, J =
9.0 Hz, 2H), 6.08 (br s
1H), 5.61 (s, 2H), 3.26

{brs. 4H), 2.86 (brt, J

= 43 Hz, 4H)

S-{4-{m-tolv)piperazin-1-
yDpyrimidine-2,4-diamine

2851

(DMSO-ds) 5 = 7.59 (s,
1H), 7.10 (L, J = 7.8
Hz, 1H), 6.83 - 6.70
{m. 2H), 6.60 (brd.J =
74 Hz, 1H), 6.08 (brs,
2H), 5.62 (s, 2H), 3.23
(brs, 4F), 2.86 (brt, J
= 4.3 Hz, 4H), 2.25 (s,
3H)

5-{4-{p-tolyDpiperazin-1-
vhpyrimidine-2,4-diamine

285.1

)
o
h
-

(DMSO-do) 6 = 7.58 (s,
1H), 7.03(d. /=~ 8.4
Hz, 2H), 6.86 (d, J =
8.4 Hz, 2H), 6.06 (br.
s., 1FD). 5.60 (s, 2D,
3.9 (br. 5., 4H), 2.87
(d,.J=4.0Hz, 45,
2.20 (s, 3H)

5-(4-(3-methoxvphenyljpiperazin-1-
vipyrimidine-2 4-diamine

3011

3011

(DMSO-ds) 5= 7.58 (s,
1H), 7.11 (1, J= 8.4
Hz. 1H), 6.54 (brd. J =
8.0 Hz, 1H), 6.47 (s,
1H), 637 (brd, /= 8.0
Hz, 1H), 6.08 (brs,
1H), 5.61 (s, 2F), 3.72
(s, 3HD. 3.25 (br s, 4H),
2.86 (brd.J= 4.0 Hz,
4H)

10

S-(4-(2-
cyclopropyiphenyl)piperazin-1-
yhpyrimidine-2,4-diamine

31E.19

3111

(CRCI)Y 6 =781 (s,
1H), 718 - 7.12 {m,
1H). 7.08 - 699 {m,
2HY, 680 (4, J=76
Hz, 1H), 5.13 (brs,
1H), 459 (br s, 2H),
3.15 (brs, 4H), 3.07 -
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3.02 (m, 4H), 2.42 -
2.30 (m, 1H), 1.05 -
0.98 (m, 2H), 0.76 -
0.71 {m, 2H)

1i

5~(4-(3-bromophenylpiperazin-1-
vipvrimidine-2,4-dianine

349 .0
and
351.10

3490
and
3511

(DMSO-ds) 5= 7.57 (s,
1H), 7.19 - 7.12 {m,
1H), 7.09 (br s, 1H).
6.94 (brdd, J= 7.9,
15.4 Hz, 2H). 5.65 (s,
2H), 3.29 (br s, 4H),
285 (br s, 4H)

5-(4-(11,1"-biphenyli-4-vipiperazin-
I-yDpyrimidine-2 4-diamine

3472

3472

(METHANOL-d4) 6=
7.60 - 7.50 (m, 5H),
739 (brt,J="7.4Hz,
2H), 7.30 - 7.23 (m.
1H), 710 (brd, /= 8.6
Hz, 2H), 348 - 3.36
(m, 4H), 3.03 (br d, J =
4.3 Hz, 4H)

[V,
2

S5-(4-(] 1, V-biphenvi}-2-vDpiperazin-
I-yDpyrinudine-2,4-diamine

347.19

")
-
=
¥

J=172Hz, 2, 7.31

(DMSO-ds) 5 = 7.65
{brd, J=7.6 Hz, 2H),
748 (s, 1H), 7.4 {brt,

(brt, J=72 Hz, 21,
721 (ord. J=7.2 Hz.
1H), 7.12 - 7.05 {m,
2H), 5.99 (br s, 1H),
5.60 (s, 2H), 2.88 (brs,
4HT), 2.64 (br s, 4H)

14

3-{4-{o-tolyDpiperazin-1-
yDpyrimidine-2,4-diamine

285.17

(McOD) 5= 7.53 (s,
1H), 7.21 - 7.11 {m,
3H). 7.03 - 6.97 (m,
1H), 3.10 (br s, 4H),
303 (brd, J=4.0Hz,
4H), 2.34 (s. 3H)

[V,
(]

5~(4-phenyipipendin-1-
vipvrimidine-2,4-dianine

270.16

270.1

{(METHANOL-d &=
7.45{s, 1H), 7.31 -
726 (m, 4D, 7.21 -
7.18 (m, 1H), 3.16 (br
d,/=116Hz 2H), 2.7%
-2.60 (m, 3H), 2.06 -
1.93 {m, 2k, 1.93 -
1.83 (m, 2H)

5-(4-(4-
cyclopropylphenyl)piperazin-i-
vhpyrimidine-2,4-diamine

3112

3

(METHANOL-d4) § =
7.53 (s, 1H), 7.09 (s,
4FD), 3.44 (br s, 4H),
3.08 (brs, 4H), 1.88 (br
s, 1H), 0.94 (brd. J =
8.0 Hz, 2H), 0.63 (br s,
2H)
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(DMSO-de} 6 =7.59 (5.
1H}, 6.61 - 6.53 (1,
2H), 6 44-6 33 {m,
307.1 3071 1H), 5.90 (br s, 2H),
538(s, 2H}, 3334, J
=48 Hz 4H), 285 (¢,
J=428 Hz, 4H)
(METHANQOL-d4) 5=
7.46 (s, 1H), 6.39 -
3-{4-3-fluore-5- 628 {m, 2H), 6.23 -
18 methoxyphenylpiperazin-1- 3192 3191 6.08 (o, 1H), 3.74 (s,
vhpyrimidine-2,4~dianmine 3H), 335¢(brdd, J=
24, 13.8 Hz, 4H), 2.97
{brd, /= 4.6 Hz 4H)
(METHANOL-~dy) 6=
513(d,/J=31Hz
1H}, 8.42 (brs, 1H),
810 (brd, /=76 Hz,
3222 3221 IH), 806 (brd, J=84
Hz, 1H), 7.87 - 7.78
{m, 2H), 7.55 (5, 1H),
3.68 (brs, 4H), 3.09 (br
s, 4H)
(MeOD-ds) =816 (d,
J=7.6Hz 2H), 7.50
27215 2721 {s, 1H), 722(d, /=176
Hz, 2H), 3.90 (brs,
4H), 3.00 (br s, 4H)
{(McOD-ds} 3 =750 (s,
1H}, 6.93 (5, ZH), 3.84
{brs, 4H), 2.97 (brs,
4H), 2.50 (s, 6H
(DMSO-dsj 0=11.76
{br, 1H}), 843 (brs,
1H), 7.65 (brs, 1H),
7.536 (brs, 1H}, 743 (br
5-(4-(3-chlorophenvi)piperazin-1- 3051 8, 2H), 723 (brt, J=
vhpyrimidine-2,4-diamine o T 8.4 Hz, 1H), 6.98 (br s,
1H), 693 (brd, J=8.4
Hz, 1H), 6.80 (brd,.J=
7.6 Hz, 1H), 3.36 (brs.
4H), 2.86 (br s, 4H)
(METHANOL-~dy) 6=
749 (s, 1H), 731 ¢,/
5-{4-(3~ = 8.2 Hz, 1H), 6.98 (d,
23 (rifluoromethoxy yphenyDpiperazin- | 353. . J=TO9Hz 1H), 6.84
I-vhpyvrmidme-2 4-diamine (s, 1IH),6.72(d, /=79
Hz, 1H), 3.38 (5, 4H),
2.99 (s, 4H)
24 5-{4-(3-chloro-5- 3191 319.1 {(METHANQOL-ds) 6=

47

5-(4-(3,5-difluorophenyl)piperazin-

17 I-vDpvrmiding-2.4-diamine

5~(4-{quinolin-3-ypipcrazin-1-
yhpyrimidine-2,4-diamine

3-{4-{pyrdin-4-yDpiperazin-1-

O S T
2 yvipyrinuding-2,4-dianine

5-(4-(2,6-dimethylpyridin-4-
21 ylpiperazin-1-yhpyrinudine-2,4- 300.19 300.1
diamine

22
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e
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methylphenylpiperazin-1- 7.48 (s, 1H}, 6.79 (s,
vhpyrimidine-2,4~diamine 1H), 6.75 (s, 1H), 6.68

(s, 1H), 334 -331 {m,
4H), 2.99-2 98 {m,
4H), 2.28 (s, 3H)
{(METHANOL-d¢ 8=
753 (s, 1H), 730 (. J
=4 4 Hz, 1H}, 6.92-

5-{4~(3- 6.84 (m, 1H), 6.91-6.80
25 morpholinophenybpiperazin-1- 356.21 356.1 {m, 1H), 6.82-6.78 (m,
yvhpyrimidine-2 4-diamine 1H), 3.92-3 85 (m,

4FY), 3.49 (s, 4H), 331~
3.25 (m, 4H), 3.08 (s,
4H)

The compounds listed in Table 2 were prepared using Synthetic Method A as above
-~
D

by reacting S-bromouracil with 1-({1,17-biphenyl]-3-y1}-3-methyipiperazine or 1-(J1,17-

biphenyl}-3-vi)-2-methvipiperazine.

Table 2: Compounds Prepared Using Svanthetic Method A
No. TUPAC Name LOMS (M + D) 'H NMR (400 MHz)

Expected | Observed
MW MW

(METHANOL-ds) &= 7.80 (br d.
J=192Hz. 2H), 7.73 - 7.62 (m,
4H), 7.55 (brs, 1H). 750 (t.J =

S-(4-([ 1. 1"-biphonyl]-3- 7.6 Hz, 2H), 7.47 - 7.39 (m. 1H),
. yi}-3-methylpiperazim- | ,_, . . 426(ddd. J=32,64 95 Hz,
26 lyDpyrmidine-2.4- | 202 POy 400 s, 1H). 3.76 (br d.J
dianune =120 Hz, 1H), 345 - 334 (m,
2H), 328 - 3.10 (m. 1H). 3.12
(dd. J=9.6,12.8 Hz, 1H), 1.18
(d..J= 6.4 Hz, 3H)
(METHANOL-d1) 5= 7.67 (5.
1H)., 7.60 (br d, J= 7.5 Hz, 2H).
o 743 (t.J = 7.6 Hz, 2H). 7.34 (q,
27 e 3612|3611 | 715 (brd, /= 7.6 Ha. 1H). 7.05
Ly pyrnainG:2 (brd, ] = 6.4 Hz, 1H), 3.78 - 3.62
(m, 7H), 3.27 - 3.05 (m, 3H),

3.04 -2.91 (m, 1H). 2.82 (brs,
1H), 1.06 (d, /= 6.4 Hz, 3H)

43
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The compounds listed i Table 3 were prepared using Synthetic Method A as above
by reacting 5-bromo-6-ethyluracil with the appropriately substituted arvipiperazing or 4-

arylpiperidine,

Table 3. Compounds Prepared Using Svnthetic Method A {arvipiperazine or 4-
arvipiperidineg)
No. IUPAC Name LO/MS (M + 1) H NME {400 MH=2)

Expected | Observed
MW MW

(METHANQOL-dy) 3=7.36
(d, /=64 Hz 2H), 722 (d,
J=76Hz IH), 7.08(d, ./ =
6.8 Hz, 1H), 3.38(d, J =
10.4 Hz, 2H), 3.43-3.31 {m,
4H), 311 (d, /= 6.0 Hz,
I, 271{d,J=72Hz,
2H), 1.32(t, J=6.8 Hz 3H)
{(METHANQL-d4) 5= 7.61
(d,J=T72Hz 2H)}, 743 (d,
J=80Hz 4H), 736 (d,J=
64 Hz, 1H), 7.30(d,.J=72
Hz, 1H), 716 (d,./=7.2 Hz,
I1H), 3.65(d, /=92 Hz,
2H), 3.44-3.31 (m, 4H), 3.12
(d, /= 8.8 Hz, 2H), 2.73 (4,
J=T76Hz 2H), 133 J=
6.8 Hz, 3H)
(METHANQOL-d4} =725 -
717 {m, 1H), 6.99 (br s,
IH), 693 (brd, J=T79 Hz,
tH), 683 (brd, J=79 Hz,
3331 3331 IH), 356(brd. J=11.0Hz,
IH), 3.28 -3.20 {(m, ZH),
3.16-2.99 (m, 4H), 2.76 (br
d,J/=75Hz 2H), 1.32 {(br
t,J/=6.8 Hz, 3H)
(METHANOL-ds) =734 -
7.27 {m, 1H}. 7.18 (s, 1H),
7.14¢brd, J=82 Hz, 1H),
6-cthyl-5-(4-(m- 703(d,J=735Hz 1H),

31 tolvlipiperazin-1- 313.2 3131 3.65~3.53(m, 2H}, 3.32 -
vipvrimidine-2 4-diamie 341 (m, 4H), 3.20-3.10
(m, 2H), 2.72(q,./ = 7.7 Hz,
2Hy, 238 (3, 3H), 1.33 (1, J
=76 Hz 3H)
(METHANOL-d4} =727 -

6-ethyl-5-(4-
28 phenvlpiperazin-1- 2992 299 1
vhpyrinudine-2,4-diamine

5-{4-({1,V-biphenyl]-3-
29 yDpiperazin-1-v1)-6- 3752 3751
cthyipyrimidine-2 4-diamme

5-(4-(3-
chlorophenyDpiperazin-1-
y-6-ethylpyrimidine-2,4-
dianune

30

L3
Nt
~3
NS
Lok
mmi

~I
[ ]

32 H-gthvl-5-(4-(3-
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fluorophenyi)piperazin-1-
vhpvrimidine-2 4-diaming

719 (m. 1H). 6.82 (dd. J=
2.2,8.4 Hz, 1H), 6.74 (td, J
=723, 12.3 Hz, 1H). 6.56
(dt,J = 2.4, 83 Hz, 1H),
357 (brd,J=12.1 Hz, 2H),
3.30-3.23 (m, 2H), 3.17 -
3.08 (m, 7H), 3.04 (brd, J=
115 Hz, 7H), 270 (q. /=
75 Hz 2H), 131 (/=76
Hz, 3H)

5-cthyl-5-(4-(3-
methoxyphenyUpiperazin-1-
vijpyvrimidine-2 4-diamine

32972

(METHANOL-ds) 5=7.27 -
722 (m, 1H), 6.77(d, .J=
8.0 Hz, 1H), 6.74 - 672 (m,
1H), 6.62 (brd. J= 8.4 Hz,
1H), 3.79 (5. 3H), 3.56 (br d.
J=11.6Hz 2H), 341 -333
(m, 2H), 3.29-3.24 (m, 2H),
3.08 (brd. J= 116 Hz, 2H),
2.71 {q. J="7.6 Hz, 2H),
1.32 (¢, = 7.6 Hz. 3H)

6-ethyl-5-{(d-(pyridin-2-
vijpiperazin-1-
vhpyrimidine-2,4-diamine

300.19

300.1

(METHANOL-ds) 5= §.02-
798 (m, 2H), 7.36 (d, . =
10.0 Hz, 1H), 6.98 (. J= 6.6
He, 1H), 407 (d,J= 124
Hz, 2H). 3.61 (/=102
Hz. 2H), 3.27 -3.22 {m,
2H), 312 (d, J= 120 Hz,
TH), 2.69 - 2.63 (m, 2H),
129 (¢ J=78 Hz, 3H).

35

6-cthyl-5-(4-(4-
fluorophenyi)piperazin-1-
vhpyrinudine-2,4-diamine

317.18

3174

(METHANOL-ds) 8= 7.14-
711 (m. 2H), 7.04 (. J= 8.8
Hz, 2H), 3.46 (d, /=116
Hz 2H). 334(d.J=116
Hz, 2H), 3.16 (L J=11.2
Hz, 2H). 3.06 (4, J= 116
Hz. 2H), 2.76-2.68 (m, 2H),
132 ¢, J=7.6 Hz, 3t

36

6-cthyl-5-(4-(pyridin-4-
vipiperazin-1-
vhpvrimidine-2 4-diaming

300.1

300.1

(METHANOL-d4) 6= 8.13
(d,J=7.6Hz, 2H), 7.19 (d,
J=17.6Hz, 2H), 4.15 (br d,
J=12.4 Hz, 2H). 3.62 (brt.J
= 9.6 Hz, 2H), 3.23 - 3.06
(m, 4F), 2.68 - 2.56 (m.
2HY, 127 (6, J = 7.6 Hz, 3H)

37

6-cthyl-5-{4-(pyridin-3-
vipiperazin-1-
vhpvrimidine-2 4-diaming

300.1

300.1

(METHANOL-ds) 6= 8.4
(s, 1D, 8.16 - 8.08 {m, ZH),
7.86-7.81 (m, 1H), 3.83 (br
d,J=11.8 Hz, 2H), 3.42 -
3.36 (m, 3H), 3.29 - 3 21
(m, 1H),3.11 (br d, J= 12.0
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Hz. 2H), 2.74 - 2.62 (m.
OH), 1.31 (6,7 =7.6 Hz, 3H)

38

H-cthyl-5-{4-
phenylpiperidin-1-
yvijpyrimidime-2 4-diamine

298.2

29872

(METHANOL-ds) 8= 732 -
727 (m, 4H), 721 - 7.15
(m. TH). 3.19(dt,.J = 2.4,
11.6 Hz, 2H), 3.01 (brd, J =
11.2 Hz, 2H), 2.75 - 2.67
(m. 2H), 2.67 - 2.60 (m,

1), 197 (dq. J=4.0,12.4
Hz, 2H), 1.89 - 1.53 (m,
TH), 1.33 (6. J=7.6 Hz. 3H)

39

6-cthyl-5-(4-(p-
tolvlipiperazin-1-
vhpvrimidine-2 4-diaming

L3
pn
W
L3

3133

(METHANOL-ds) 5= 7.27
(s. 4H), 3.61 - 3.43 {m. 6H),
3.19-3.13 (m, 2H), 2.72 (q,
J=7.6Hz, 7H), 2.34 .
3H), 133 (t.J = 7.6 Hz, 3H)

40

6-cthyl-5-(4-(4-
methoxyphenyl)piperazin-1-
vhpvrimidine-2 4-diaming

32932

3293

(METHANOL-d1) 5=746
(brd.J=92Hz 7H), 7.06
{d. /=88 Hz, 2H), 383 (s,
3H}, 3.74 - 3.63 (m, 2H),
3.62 -3.50 (m, 4H), 3.20 {br
d,J=120Hz 2H), 2.72 (g,
J=76Hz, 2H}, 138~ 1.30
{m, 3H)

4

5-{(4-(5-chloropyridin-2-
vijpiperazin-1-v1}-6-
cthylpyrinudine-2 4-diamme

3342

(METHANOL-d4) 6 = 8.07
(d, J=24Hz 1H) 765
{dd.J=2.4,92 Hz, 1H),
659(d, J=96Hz, 1H),
408 (brd, J=128Hz, 2H).
341 -333{(m, 2H),323-
313 (m, 2H} 3.07 -3.00
(m, 2H}, 2.65{q, =72,
116Hz 2H), 131-124
{m, 3H)

42

Grethyl-S-(d-(3-

morpholinophenylpiperazin-

t-vhpynmidine-2,4-diamine

384.24

384.1

(METHANQOL-d) § =731 -
727 {m, 1H}, 3.89 {5, 1H)},
6.83 ~6.81 (m, 1H}, 6.78 (s,
IH}, 3.86 - 3.88 {m, 4H),
3.57-3.60(m, 2H), 3.37 -
340{(m,4H),323-325
{m, 4H), 3.12 - 3.10 {m,
IH, 276-272(g, /=76
Hz 2Hy, 131 -135¢, J=
7.6 Hz, 3H)

43

6-gthyl-5-(4-(3-(tetrahydro-
IH-pyran-4-
viyphenylpiperazin-1-
vhpyrinudine-2,4-diamine

383.

4
(8]

(METHANOL-d4) 5 = 7.39
(t,J= 7.6 Hz, 1), 7.29 (s,
1), 7.22 (dd. J= 1.6, 8.0
Hz, 1FD, 7.14 (4, 7= 8.0 Hz,
1H), 4.08 - 4.02 (m, 2H),
365 - 3.45 (m, §H), 3 21 -
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313 (m. 2H). 2.85 (1t, J =
52,104 Hz, 1H), 2.72(q. J
=76 Hz 2H). 187-1.75
(m, 4F), 1.34 (4, J= 7.6 Hz,
3H)

(METHANOL-d4) & = 8.03
(d,.7=32Hz, 1H), 7.55
(ddd, J=3.2,8.0,96Hz,
1), 7.01 (dd. J=32,96
Hz, 1D, 4.02 (brd, J=12.4
Hz, 2H), 3.37 - 3.32 (m.
2H), 3.25 - 3.16 (m. 2H),
3.04 (brd, J= 116 Hz, 2H),
267 (q.J= 7.6 Hz, 2H),
1.30 (1, J = 7.6 Hz, 3H)
(METHANOL-d¢) 6 = 7.92
(dd, J=2.0,96Hz, 1H).
781 (s, 1H), 7.34(d, J= 9.6
Hz, 1H), 4.03 (brd. /=132
3132 3134 Hz, 2HD, 3.64 - 3.56 (m,
TH), 3.29 - 3.20 (m, 2H),
317 -3.00 (m, 2H), 2.70 -
2.62 (m, 2H). 2.30 (s, 3H),
1.30 ¢t J = 7.6 Hz, 3H)

6-cthyl-5-¢4-(5-
44 fluoropyridin-2-yDpiperazin- | 3172 3174
F-yDpyvrimidine-2,4-diamine

6-cthyl-5-(4-(3-
methvipyridin-2-
yhpiperazin-1-
yvijpyrimidime-2 4-diamine

45

The compounds listed in Table 4 were prepared using Synthetic Method A as above

by reacting S-bromo-6-methyluract] with the appropriately substituted arylpiperazine.

Table 4: Compounds Prepared Using Svnthetic Method A

Compd | FUPAC Name LO/MS (M -+ 1) 'H NMR (400 MHz)
# Expected | Obscrved

MW MW

(DMSO-de) & = 11.85 (brs, LH).
828 (brs, 1H), 7.55 (brs. 1H),

5-(4-(3-
;h(iirg;henyl)pipea‘aﬂm 7.33 (brs, 1H), 7.22{brt. /=
46 1-y1)-6- T30 |men | BOHz IH)6.97 (brs, IH),
méthvipvrimidinenz 4 T R 693 (brd, J=8.0Hz, 'iH;)ﬁ 6.79
diamine ’ (br d,.J=72Hz, iH)’,?"bg {brs,
2H), 3.18 - 3.08 (m, 4H). 2.89
(brs, 2H), 2.25 (s, 3H)
(METHANOL-ds) 6=725 (brt,
o-methyl-5-(4- J=80Hz 2H), 7.02 (brd,J=
phenvlpiperazin-1- e §0Hz 2H), 6.86 (1, /=72 Hz,
47 yipyrimidine-2 4- 2851 2851 IH), 354 (brd, /=112 Hz,
diamineg ZH), 338 -332 (m, 2H), 2.9%

(brt.J= 112 Hz, 2H), 2.90 (br
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d.J= 113 Hz, 2H). 2 24 (s, 3H)

48

5-{4~([1,1'~-biphenyi}]-3-
vpiperazin-1-yl}-6-
methylpyrimidine-2 4-
diaming

361.21

361.1

{(METHANQL-d4) d =7.64 -
757 (m, 2H), 7.51 - 7.28 {m,
SH), 7.20(brd,. /=75 Hz, 1H),
7.09¢brd, J=79Hz 1H), 3.66
(brd, J=115Hz 2H) 345 -
335(m, 2H}, 326 -3.16 {m,
2H 303 (brd, J=11.5Hz,
2Hj}, 2.38 (s, 3H)

The compounds listed in Table 5 were prepared using Synthetic Method A as above

by reacting S-bromo-~6-n-propyiuracil with the approprately substituted arvipiperazine.

Table 3. Compounds Prepared Using Svnthetic Method A

Compd | IUPAC Name LOMS (M + 1) H NMR (400 MHz)
# Expecte | Observed
d MW MW
{(METHANGL-ds) 6=734-7.24
{m, 2H), 7.09 (brd, /=79 Hz,
S-{4-phenvipiperazin-1- %H) , 6.94 (izr > i.Hq)i 3'3 2 Ebr d.J
49 yl-6-propylpyrimidine- | 3132 | 313.1 | o PO Hz 2H). 323 -3.13 m,
3 4_;1iamir;e g ’ ‘ 4H), 307 d, J= H0.1 Hz, 2H).
’ 265¢brd, J=T79Hz, 2H), 1.74
(brd, /=62 Hz 2H) 1.10(brt, .J
=68 Hz, 3H)
(METHANOL~-ds) 6=821{(d. J=
28 Hz 1H),802(dd,/=28,92
3-(4-(6-methyipyndin- Hz, 1H), 7.65(d, /=92 Hz, 1H}
50 3-yDipiperazin-1-yH-6- 378 7 198 7 371 brd, J=11.6Hz 2H), 3.30 -
i propylpyrimnding-2 4- o T 3.20 {m, 4H), 3.15 - 3.07 {m, ZH),
diamme 2.66-2.59 (m, SH), 1.73 {gd. J =
7.6,156Hz 2H), 107 . /=76
Hz, 3H)
{(METHANQL-ds) 6=733-725
(m, 4H), 7.21 - 7.15 (m, 1H), 3.18
< . (dt,/=2.4,11.6 Hz, 2H), 3.01 (br
) 5 dediamine T T (m, 1H), 2.66 - 2.59 (m, 2H), 2.04
’ ' - 1.91 {m, 2H), 1.90 - 1.81 {m,
2Hy, 1.74{q,J =176, 15.6 Hz,
2H), 1.14 - 1.04 (m, 3H)
S-{4-{4- (METHANQOL-dg} =713 -7.09
fluorophenyhpiperazin- {m, 2H}, 7.06 - 7.01 (mn, 2H), 3.44
52 1-yl)-6- 3312 3311 (brd, /=120 Hz 2H), 3.28 (5,

B L LI N
propylpyrimidine-2,4-
diamine

TH), 3.27 (s, 1H), 3.17-3.13 {m,
OH), 3.08-3.05 (m, 2H). 2.67 -
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2.63 (m, 2H). 1 78-1.68 {m, 2FD),
1.09 (t..J= 7.4 Hz, 31

6-propyl-5-{4-{pvridin-
4-yDpiperazin-1-

(METHANOL-d¢) 6=8.14 (d, /=
7.6 Hz, 7H), 7.20(d, J= 7.6 Hz.
OH), 4.13 (brd. J= 13.6 Hz, 7H),
3.69-3.63 (m, 2H). 3.18 - 3.14 (m,

propylpyrimidine-2 4~
diamine

>3 vhpynmdine-2 4~ 4.2 S14.2 4H3, 2.60-2.56 (m, 2H), 1.75-
dianine 1.66 (m, 2H), 1.04 (¢, /= 7.2 Hz,
3H)
(METHANQGL-d4) 6 =839 (d,J=
24Hz 1H), 812¢d,./=536Hz
S-propyi-5-(4-(pyridin- IH}, 8.06-8.04 (m, 1H), 7.81-7.77
, 3-yhpiperazin-- P ~ (m, 1H), 378 (brd, J= 120 Hz,
34 yhpyrimidine-2 4~ 4.2 3142 2H). 3.39-334 (m, 2H), 3.26 -
diamine 3.21 (m, 2H}, 3.13 - 3.10 (m, 2H),
2.64 - 260 {m, 2H), 1.77-1.67 {m,
2HY, 1.06 (¢, J= 7.6 Hz, 3H)
(METHANQOL-d}6 =8.02{d, J =
- . L To6Hz HH), 707, J=44Hz,
3(4{) (z“ﬁfg?”ﬁig " 2H), 4.10 (brd. J = 13.2 Hz, 2H),
53 M Eflpﬁ o 32‘ L 32822 3282 3.66-3.59 (m, 2H), 3.16 - 3.10 (m.
Sf;’i;{g“mm Heme,a 4H). 2.59 - 2.55 (m, 2H). 2.53 (s,
3H), 1L.75-1.65(m, 2H), 1.04 1, J
=7.2 Hz, 3H)
(METHANGL-d4) =802 -7.99
R A it (m, 2H), 7.37(d, /=96 Hz, 1H).
;:Ii}fypiyi:;é;;(??ﬂdlm T01-697(m, 1H), 406 (brd, /=
56 yié"m}‘;in e 3142 | 314.2 12.8 Hz, 2H), 3.67 - 3.61 (m, 2H),
diaﬁlinc o 320 -3.14 (r'n, 4H), 2.64 - 2.60
(m, 2H), 1.75 - 1.69 (m, 2H), 1.07
{t, J=7.6Hz, 3H)
(METHANGL-ds} 6 =836{d. J=
6-propyi-5-{4- 48Hz 2H), 663 {t, /=52 Hz,
{pyrimidin-2~ TS, 447 (brd, J=12.8 Hz, 2H),
57 vhpiperazin-1- 3152 3152 347 (bri, J=9.6Hz 2H), 3.14 -
vhpyrimidine-2.4- 3.00 tm, 4H), 2.61 - 2.57 {m, 2H),
diamme 174 - 168 (m, 2HD), 1.05 (1, J=
7.2 Hz, 3H)
5-(4-(5~ (METHANOL-d1) 6=8.29 (s,
chloropyrinudin-2- 2H), 4.46-4.36 (m,2H), 3.49-3.88
58 yhpiperazin-1-y1}-6- 34916 3491 {m, ZH}, 3.07 - 2.93 (m, 4H), 2.58
propylpyrimnding-2 4- - 248 (m, ZH3, 1.75-1.58 (m, 2H),
diamine LO1(, J= 72 Hz, 3H)
S (4o (5- (CDCL) &= 8‘_26 (s, 2 H), 6.84 -
;n,éth;lpyrimidin—?.~ 6.53 (m, i/H;\} ’ 3,‘91 § 3'63,,(mf 1 )
59 ylpiperazin-1-yD-6- | 32921 | 329.1 H), 4.81 - 4.54 (m. 2 H). 3.16 (br

ad, J= 8.8, 2.4 Hz, 4 H), 3.01-2.87
(m, 2 H), 2.68 - 2.49 (m, 2 F),
219 (s, 3H), 1 80 - 1.60 (m, 2 H),
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1.03(.,.J=72Hz 3 H)
(METHANOL-ds) 5 = 7.80 {dd. J
545 =238, 10.0 Hz, 1H), 7.58 (d..J =
;nethoxypvridim} 2.8 H;Z’. 1), 739 (d. ,{ N ,mﬂ H?
60 yi}piperaz‘mi &yi)%& 34421 344 4 éi{i ;SL);E%)I,S 5;;,’_—3 1517 ?n}izié?) ’
propylpyrimidine-2.4- 323-3.11 (m, 4H), 2.61 - 2.57
diamine (m, 2F), 1.74 - 1.65 (m, 2H), 1.04
(. J=7.6Hz 3
5-(4-(5- (METHANOL-d4) 5 = 8.30 (s,
fluoropyrimidin-2- 2H}, 4.45 - 431 (m, 2H), 3.46 -
61 yhpiperazin-1-y1)-6- 333.19 | 333.1 3.37 (m, 2FD), 3.10 - 2.97 (m, 4H),
propyipvrimidme-2.4- 2.61-253{m, 2H}, 1.76-1.62
diamine (m,2H), 1.04 (t, /=72 Hz, 3H)
(METHANOL-ds) 6= 8.02 (d, J =
3.2 Hz, 1H), 7.45 (ddd, J=3 .2,
Q0 F V. 601 ¢ =
S-(4-(5-fluoropyridin-2- 02 s, 15} 398 ord T = 124
62 vhpiperazin-1-y1)-6- 3312|3314 Hz, 2H).327(dd, J=3.2, 124
p.mp-‘?’ip?'“m1d‘“€“2*4‘ Hz, 2H), 3.23 - 3.11 (m, 2H), 3.08
diaming -3.00 {m, 2H), 2.65 - 2.57 (m,
2H), 1.78 - 1.66 (m, 2H), 1.06 (1. J
= 7.6 Hz, 3H)
R (CDCI3) 6= 7.6 (s, 1H). 7.59 -
> Xi‘;{;%}‘:’;’ Z iffa?m_ 7.56 (m, 2F), 7.42 - 741 (m, 2H),
109 f 1) i d&iiﬁ . 3372 13372 741 - 734 (m, 2H), 7.18 (s, 1),
diszﬁq ° 510 ¢s, 1H), 4.70 (s, 21), 3.12 -
amine 3.00 (m, 4H), 2.98-2.95 {m, 4H)
(DMSO-d6) = 12.04 (s, 1H),
ki et 8.86 (d, T = 6.0 Hz, 2H), 8.47 (s,
:’/ ;ﬁ“’f‘{zﬁdj ,“b_”ff“dmj'“@" 1H), 8.37(d, =72 Hz, 1H). 7.96
110 yhpiperazin- - 3492 | 3492 (d, J = 6.0 Hz, 2H), 7.84 (s, 1H),
yDpyrimiding-2.4- 7.63 (s, 1H), 7.59 - 7.56 (m, 2H),
diamine 7.32 - 7.30 (m. 1H), 3.96 (s, 4H),
2.90 (s, 4H)
(METHANOL-d4) 3 = 7.47 (s,
S 3. 1H), 7.34 - 7.29 (m, 2H), 7.23 -
éhénéxvpbf*nvl)pipf*ra?i 720 (m, 1H), 7.12 - 7.05 (m. 1H),
111 r i-vi)éyn;ﬁlﬁih 3634 | 3640 6.97 - 6.94 (m, 2H), 6,81 (d. J =
o 1.2 Hz, 1H), 6.67 (s, 1H), 6.49-
6.4% (m, 1H), 333 (s, 4H), 2.97
(m, 4H)
5-{d-(6- (DMSO-d6) 6= 8.48(d, J = 1.6
{trifluoromethypyridin Hz, 1H), 844 (s, 1H), 7.70 - 7.66
112 -3-ylipiperazin-1- 340.1 | 340.1 (m, 2H), 7.58 (s, 1H), 749 (d, I =
vhpyrimidine-2,4- 5.6 Hz, 3H), 3.56 (s, 4H), 2.89 (s,
diamine 4H)
5-{4~{4~chloro-3- {(BMS0-d6) =839 (brs, 1H),
113 fluorophenyh)piperazin- | 3231 3231 7.62 (brs, 1H), 7.57 (s, 1H), 7.55
-vhpynmidine-2,4- (s, 2H), 734 (1. J= 18 Hz, 1H),

LA
(o
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diamine 6.85 (dd, 1= 2.8, 13.2 Hz, 1H),
6.80(dd. J=2.4,9.6 Hz, 1H).334
(s, 4H), 2.84 (s, 4H)
5-{4-(4- (DMSO-d6) & =7.59 (s, 1H), 6.90
114 methoxyphenyiipiperazi 3012 301 2 - 6.83 (n, 4H), 6.07 (s, 2H), 5.62
n-i-yhpyrnimidine-2 4~ ‘ - (s, 2ZH), 3.69 (s, 3H}, 3.13 (5, 4H),
diamine 2.87 (s, 4H)
5-(4-(4- I <
{(trifluoromethyl)phenyl (DMS0O-d6) &= 7.57 (s, 1H), 7.52
115 Ypiperazin-1- P 3392 3391 (d, =838 Hz 2H), 7.09(d, ] = 8.4
7 pyrimidine-2.4- i 7 Hz. 2H), 6.84 (s, 2H), 6.32 (s, 2H).
fﬁeﬁme HHne=s, 343 (s, 4H), 2.86 (s, 4H)
;ji;éi“}mm)pipemmn (DMSO-d6) & =738 (s, 1H), 7.03
116 CRYDPIPEL: 7897 | 280.1 - 6.97 (m, 4H), 6.22 (s, 2H), 5.75
T-yDpyrmidine-2,4- o fe
domn ’ (s, 2H), 3.20 (s, 4H), 2.87 (s, 4H)
: S
S(4(3.4- (DMSO-d6) &= 8.42 (s, 1H), 7.63 -
T 7.57 (m, 2H), 7.49 (s, 2H). 7.28 -
117 difluorophenyljpiperazi | 4.5 4 307.2 7.23 (m, 1H), 7.05 - 7.00 (m, 1H),
n-1-yhpyrnmidine-2.4- .
o 6.76 (d, J =92 Hz, 1H), 3.31 (s,
HHanmine 4H). 2.87 (s, 4H)

Example 3: Svnthetic Method B

Suzuki or Stille coupling reactions as shown below.

N ‘,NQ‘ LNH,

N

General couplings i.e., Suzuki or Stille F\['\N]
~

According to Synthetic Method B, compounds of the mvention can be prepared by

N
k/.'\] '\
»
Y=Cf Brort
v
1608

final fargets R

1609

The bromopheny! derivative 1018 can also be converted to the boronate 1811 as

shown below, which can then undergo reaction with a variety of ary! or heteroary! halides

voder Suzuki reaction conditions, as exemplified below for reaction with 4-chloro-2-

10 methylpynmidine fo give final targets such as 1912,
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HoMo N, NH
HoN._Ng_NH, 2 \i’/ xR 2
| T No_z
NP # N
L ﬁ BPD, AcOK, Pd(dppfiCla DOM (\/;{; -
o o eean |
| ! dioxane, 100°C 12 h .
b
1010 1041 Soin
By
HaNo_ Ny NH,
D
{ PEJ
i '
SN, N
NaHCOs, Pd(PPhy),, MeGN, H,0, 50°C, 4 h
FN
1012 f
Y
N

Syathetic Method B 1s exemplified i the synthesis of 5-(4-(3-(Z-methylpyrimidim-5-

vhphenyDpiperazin-1-yhpvrimidine-2 4-diamine (Compound 69):

HoNL_N, U NF

HOL OH A
HoN . Ng o NH, 1 '
2 \]i/ \j/ 4 F”AF N._z” .N./\\I
N\;,/,-’\N/\ Nt E\/N\/\
N =y : 1 i
e i
~ ‘H/\\ C&,C04, PA(PPhsY,, dioxane/H,0, 100°C Sy,
P
i Y
Br Nj R

5 A mixture of 5-(4-(3-bromophenvlpiperazin-1-vjpyrimidine-2,4-dianuine (Compound 1)
(1.0 g, 2.8 mmol, 1.0 eg), (2-methylpyrimidin-3-yl)boronic acid (394.9 mg, 2.8 mmol, 1.0
eq}, CazC0x (1.4 g, 4.3 mmol, 1.5 eg}, PA(PPha)s (165.4 mg, 143.2 umol, 0.05 eg} in dioxane
(32.0 mL) and HoO (2.0 mb} was degassed and purged with N» for 3 times, and then stirred at
100 °C for 12 h under N2 atmosphere. Then o was stirred with silica S thiol Met at 20 °C,

10 filiered and concentrated to give a residue. The residue was purtfied by prep-HPLC (TFA

condition) to give 5-{(4-(3-(Z-methylpyrimidin-3-yDphenyDpiperazin-1-yDpyrimidine-2,4-

diamine (1.2 g, 2.5 mmol, 88.0% vield) as a white solid. 'H NMR, 400MHz, METHANOL-
dgyd=893(s, 2H), 751 (s, 1H), 741 (1, /=78 Hz, 1H), 7.26 - 7.24 (m, 1H). 7.16 - 7.09 {(m,

JHY, 3.44 (brs, 4H), 3.02 (brt, J =48 Hz, 4H), 2.73 (s, 3H}.

5 Table 6; Compounds Prepared Using Svnthetic Method B
No. FUPAC Name LCMS M+ 1) "H NMR. (400 MHz)
Expected Observed
MW MW
3-{4-(2' & -difluoro-f1.1'- (METHANQL-ds} &=
63 biphenyl]-3-vl}piperazin-1- 383.17 3831 7.55 - 7.45 {m, 2H), 7.37
viypvrimidine-2 4-diaming {t, /= 8.0 Hz, iH}, 7.09
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(brs, 1H). 7.11-696
(m, 45}, 3.42 (br s, 4H),
304 (brd, /=4 0Hz,
4H)

64

5-(4-(3'-fluoro-{1,1'-
bipheovil-3-vlpiperazin-1-
yDpyrimidine-2,4-diamine

36318

3651

(METHANQL-dy) 6=
751 (s, IH), 7.43 (br d,
J=28 Hz 2H), 739 -
7.31 {m, 2H), 7.23 {(br s,
I, 7.4 (brd, /=76
Hz, I1H), 706 (brd, /=
6.0 Hz, 2H), 3.43 {brs,
4H), 3.04 (br s, 4H)

65

5-(4-(3" 4" -difluoro-f1,1'-
biphenyl]-3-yDpiperazin-1-
vlpyrimidine-2,4-diamine

383.17

(ad
]
3
-

(METHANOL-d4) 5 =
755 - 7.48 (m, 7H), 7.45
- 728 (m, 3H), 7.21 (br
s, 1H). 7.15 - 7.03 (m,
2H), 3.4 (br s, 4H),
3.04 (br s, 4H)

66

3-{4-(3-
cyclopropylphenylpiperazin-
Fyhpyrimidine-2,4-diamine

31119

3

(METHANOL-d4) 6 =
7.52 (brs, 1H). 7.20 (br
d,J= 7.2 Hz. 1H), 6.97 -
6.83 (m, 2H), 6.73 (brs,
1H), 3.43 (brs, 4H),
3.06 (brs, 4H), 1.91 (br
s, 1H), 0.96 (brd, J =
6.0 Hz, 2H). 0.68 (brs,
7H)

3'{4~(2 d4-diaminopyrimidin-
S-vhpiperazin-1-y1)-{1,1'-
biphenyli-3-carbonitrile

372.19

3721

(METHANOL-ds) 5 =
7.97 (s, 1H), 7.93 (br d,
J=84 Hz 1H), 774 -
7.68 (m, 1H), 7.66 - 7.57
(m, 1FD), 7.51 (s, 1HD,
742 -7.35 (m, 1H), 7.24
(s, IH), 7.15 (brd, J=
7.6 Hz, 1H), 7.09 (brd, J
= 8.0 Hz, 1H), 3.44 (brs,
4H), 3.03 (br s, 4H)

68

5-(4-(3-{pyndin-4-
viphenyDpiperazin-1-
yDpyrimidine-2,4-diamine

348.19

348.1

(METHANOL-ds) 5 =
8.56 (brs, 2H), 7.73 -
7.62 (m, 3H). 7.39 (br d,
J =88 Hz 1H), 7.33 (br
s, 1H), 722 (brd, J =

72 Hz, 1H), 713 (brd, J
= 7.6 Hz, 1H), 3.50 -
3.35 (m, 4H). 3.03 (br s,
4H)

69

5-(4-3-(2-methylpyrimidin-
S-yhphenvhpiperazin-1-
yDpyrimidine-2,4-diamine

363.2

4l
@2
3
-

(METHANOL-d4) 6 =
8.97 (s, 2H), 7.52 (s.
1H), 7.48 - 7.40 (m, 1H).
7.32 (s, 1H). 7.19 (br dd.




WO 2017/136556 PCT/US2017/016224

J=92 172 Hez, ZH),
3.48 (brs,4H), 3.05 (br
s, 4H), 2.75 {5, 3H)
(METHANOL-dg) &=
7.66 - 7.57 (m, ZH}, 7.52
(s, 1H}, 736 {brt, J=
7.2 Hz, 1H), 7.24 (brs,
IH), 7.20 -7.11 (m, 3H},
706 {brd, J=72Hz,
1H}, 3.45 (brs, 4H),
3.05 (brs, 4H)
{(METHANQL-d4) & =
7.54 (brs, 1H), 747 -
732 {(m,3H),731-723
(m, 1H), 7.22 - 7.09 {m,

S-{4-(4'-fluoro-{ 1.1
70 biphenvi}-3-vlipiperazin-1- 36518 3632
vipyrinudine-2,4-diamine

5-(4-(3"-methoxy-{1,1"-

71 b’}iph?;}yili%3~§i71)2pi§3?'zaziﬁui~ 377.2 3772 3H), 6.93 (br d, J= 8.0
vhpyrimudine-2,4~diamine Hz, 1H). 3.85 (br s, 3H),
353 (brs, 4H), 3.10 (br
s, 4H)
(METHANOQOL-d4} 6 =
7.53 (s, 1H), 744 - 734
So(d-(3-methyl-{ 11" (ﬂm,\ 3?%1,37.;;3 _)‘7./43 gm,\
72| viphenyl}-3-vDpiperazin-1- | 36121 | 3612 2M, 7,22 - 7.13 (m, 28),
yDpyrimiding-2 4-diamine "”},‘% (brd, f}_ 7f6 Hz.
- 1H), 3.47 (br s, 4H),
3.06 (brs, 4H), 2.40 (s,
3H)
(METHANOL~ds} 5=
939 (s, 1H), 9.25(d, J=
53 Hz 1H), 8.10 (dd, J
5-(4-(3-{pyndazin-4- =24, 55Hz, 1H), 7.55
73 viphenyDpiperazin-1- 349.18 349.1 - 74 {m, 3H), 7.34 (br
yDpyrimidine-2,4-diamine d,J=79Hz 1H}, 7.22

(brd, /=84 Hz 1H},
348 (brs, 4H), 3.04 (br
d,J=44Hz 4H)
(METHANQL-d9} &=
914 (brs, 1H), 9.07 (br
s, 2H), 752 (s, 1H), 7.49
- 742 (m, 1H), 7.34 (br
s, 1H), 721 {brdd, J=
7.7, 187 He, 2H), 3.48
{brs, 4H), 3.05 ¢(brs,
4H)

(BMSO-ds) 6= 7.90{d,
J =12 Hz, 4H), 7.60 (s,
FH), 7.40 -7.33 (m, 1H),
7.264s, IH), 7.14 (4, 5=
T6Hz 1H), 707(d,J=
2.0Hz, 1H}, 5.66(s,

S5-(4-(3-(pyrimidin-53-
74 yhphenyDpiperazin-i- 349.1 3491
vlpyrimidine-2,4-diamine

3'-{(4-(2 4-diaminopyrimidio-
75 S-vhpiperazin-1-y1)-{1,1'- 372.19 3721
biphenylj-4-carbonitrile
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2H), 3.44 - 3.35 (m, 4H),
2.95 - 2.84 (m, 4H)

5-{4-(5-bromo-{1,1'-

(METHANOL-d4) 5 =
757(d, J= 6.8 Hz, 2H),
7.50 (br. 5., 1H), 7.44
(br.s., 2H). 7.37(d. J =

" v b R i nera -1 “ ; AN E )
A e el Rl R L A
7 ’ 1H3, 7.14 (br. 5., 2H),
343 (br. s, 4H), 3.01
(br. s., 4H)
(METHANOL-d4)} & =
9.08 (brs, 1H), 8.79 -
8.69 (m, 2H), 8.01 (brs,
5-(4-(3-{pyridin-3- IH), 7.52 (s, 1H), 749 -
77 viipheuvpiperazin-1- 348.2 3482 7.44 (m, 1H), 736 (s,
yDpyrimidine-2,4-diamine IH). 7.24{d. J= 7.6 Hz,
IH), 7.19 (dd, /= 2.0,
8.4 Hz 1H), 348 (brs,
4H), 3.04 (brs, 4H)
(METHANOQOL-d4) 6 =
W iy 8.81 (s, 2H), 7.51 (s,
S-{4-(342- 1H), 7.39 (brt, /= 7.6
75 | methoxypyrimidin-3- 379.2 3791 Hz, 1H), 7.22 (brs, 1H),
yi»’ph"’?y.”?‘peﬁazmT1“ . 714 -7.07 (m, 2H), 4.06
yDpyrimiding-2 4-diamine (s, 3H), 3.44 (br s, 4H),
3.03 (brs, 4H)
(METHANQGL-ds} 8=
8.37 (s, 1H}, 7.96 (d,
J=8.4 Hz, 1H), 752 (s,
5-(4-(3-(6-methoxypyndin-3- iﬁi’ ,;,i; g’ ‘gﬁ\f;} ?f
79 }V’E)phepy.i)piperazin(—l— . 374.2 3781 d J7“2 sz ”_i)’ 7 (;6
yvhpvrimidine-2 4-diamine (d. =8 4 Hz, 1H), 6.91
(d, =88 Hz, 1H},3.96
(s, 3H), 3.44 (brs, 4H),
3.04 (s, 4H)
(METHANQGL-ds} 8=
8.12(d, J=32Hz, I,
S-{4-{3-{2-methoxypvridin-3- ,:,2? f’ ;P;) 6;; E,S;i“‘ ,; E;? ’
&0 yi)pbepy?)pipcrazinii~ ‘ 3782 3782 (m EH) . 2"’0' (s IH)”
vlpyrimidine-2,4-diamine 7.07 - 7.03 (m, 3H), 3.93
(s, 3H}, 3.40 {brs, 4H),
3.03 (s, 4H)
(METHANOQOL-d4) 6 =
5~(4-(3~(2-fluoropyridin-3- gég ;S ’ ]J: ; 00}25;,}1;;),
81 yhphenylpiperazin-i- 366.2 366.2 DO

vhpvrimidine-2, 4-diamine

751 (s, $H), 746 -736
(m, 2H), 7.22 (br. 5.,
1H), 711 ¢t, /= 9.6 Hz,

60
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2H), 3.43 (br. 5., 4H).
3.03 (br. 5., 4H)

5-{4-(3-(5~chloropvridin-3-

(METHANOL-d4) 5 =
8.75 (brs, 1H), 8.56 (br
s, 1H), 8.16 (brs. 1H),
7.51 (s, 1H), 7.46 - 7.39

82 }j}ph@py})pi}))@fﬁZiﬂTE_ . 3821 3824 (. 1), 7.29 (br s, 1H),
yvhpvrimidine-2 4-diamine 717 (br dd, J= 7.6, 16.4
Hz, 2H), 3.47 {(br s, 4H),
3.04 (brg, 4H)
(METHANOL-ds} d =
§.96-8.92 (m, 2H}, 7.46
=738 (m, 1HY, 7.28 (br
6-methyl-5-(4-(3~(2- s, iH), 716 {(brdd, J=
methylpyrimidin-5- - ay 84, 155Hz ZH), 3.70
83 ylphenyl)piperazin-1- 3772 377.2 (brd,J=11.2 Hz, 2H),
vhpvrimidine-2, 4-diamine 3.42-3.33 (m, 2H), 3.23
=310 (m, 2H}, 3.02 (br
d,J=11.2Hz 2H), 2.74
(s, 3H), 2.37 (s, 3t}
{(METHANOL-ds} &
895 (s, 1H}, 8.6%9 (br d,
J=84Hz, 1H), 793 (br
d, J=84Hz tH), 7.51
5-{4~(3-{6-methylpyndin-3- (s, 1H), 749 -742 (m,
34 ylphenyl)piperazin-1- 362.2 3622 IH}. 7.35 {br s, 1H),
vhpvrimidine-2, 4-diamine 723{brd. J=76Hz
IHy, 718 (brd, J=84
Hz, 1H}, 3.61 - 3.37 (m,
4H), 3.04 (br s, 4H),
2.81 (s, 3H)
{(METHANQL-d4) & =
843 (s, 1H),821-8.14
5-{4-(3-(6-fluoropyndin-3~ {m, 1M}, 751 (5, 1H,
83 viipheuvpiperazin-1- 366.1 3661 7.43-7.36(m, 1H), 7.22
yvhpvrimidine-2 4-diamine (brs, 1H}, 7.18 - 7.06
(m, 3H), 3.44 (br s, 4H),
3.03 (brs, 4H)
(METHANOL-ds) 8=
8.89 (s, 2H}, 7.52 (5,
5-(4-(3-(2~ IH}. 743 - 7.41 {m, 1H),
cyclopropyipyrimidin-3- o 7.28 (s, 1H), 7.19-7 .13
86 y?)phz;ny%pigperazimE— 389.21 3892 (m, 2H}, 3.46 (br s, 4H),
yhpyrimidme-2 4-diamine 3.04 (brs, 4H), 2.30 -
225¢m, 1H), 1L17-1.15
{m, 4H)
5-(4-(3-(2~ (METHANQOL-d4) 6=
Q7 (trifluoromethyhpvrimidm-5- 41717 4171 923 (s, 2H), 7.51 (s,

vyphenyipiperazin-1-
vhpyrinudine-2 4~-diaming

1H), 7.46 - 7.44 (m, 1H).
7.36 (s, 1H). 7.25 (d.J =

61
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$0Hz 1H). 718 (d. J =
6.4 Hz, 1H), 3.47 (brs,
4H). 3.03 (brs, 4H)

S-{4-(3-{6-
(triflucromethybypyridin-3-

(METHANOL-ds} &=

9.06 (s, 1H), 838 (br d,
J=8.0Hz, 1H), 8.06 (s,
I1H), 7.96 (d, /= 8.4 Hz,

35| Uiyphons Dpiperasim. |- 416.2 416.1 1H), 7.86 (brd, J=7.6
ypyrimidine-2 4-diamine Hz, 1H), 7.77 (brd. /=
JUPS EresArdlamibe 7.6 Hz, 2H), 7.70 (s,
1H). 3.92 (br s, 4H),
3.36 (brs, 4H)
(METHANOL-ds) 5 =
8.96 (s, 2H), 7.45 (t.J =
7.6 Hz, 1H), 7.38 - 7.30
. - o~ m, 1H), 727 - 7.13 {m,
("6?5’;“37‘(4“@7(‘; ;H), 3.)57 (brd.J=12.0
89 n‘g‘f;‘ p?ﬁ“?“fjm“t" 1 3912 391.1 Hz, 2H), 3.38 - 3.32 (m,
f’;i» p;?;“f“.zi?‘%c?g‘zi L 2H), 3.27 - 3.18 {m. 2H),
yDpyrimiding-2,4-diaming 3.13 -3.02 (m, 2H), 2.75
(s. 3H). 2.74 - 2.69 (m,
7H), 1.33 1,/ =8.0 Hz,
IH)
(METHANOL-d4) 6 =
823 (d, J=5.6 Hz, 1H),
760 (d, /= 1.2 Hz. 1H),
5-(4-(3-(2~tluoropyridin-4~ 132 (s, E,H) y !'47,:,,7'?9
90 | yiphenyl)piporazin-i- 3661 366.1 (m, IH), 737-7.33 (m,
Dpyrimidine-2 4-diamine 2H),7.25(d, J= 7.6 H,
YUPS - © 1H), 7.17 (dd, J=2.0,
8.2 Hz, 1H). 354 -333
(m, 4H), 3.07 - 3.00 (i,
4H)
(METHANOL-d4) 6 =
872 (brs, 1H), 8.50 (br
s, IH)Y, 7.99(d.J=95
5-(4-(3-(5-Buoropyridin-3- Hz, 1), 7.3 (s, 1H),
o1 | yiphenyl)piporazin-i- 3661 366.1 744(L =79 He, 1H),
Dpvrimidine-2.4-diamine T3 19 Hz, 1H),
yOpE ¢ 726 -7.22 (m, 1H), 7.21
-7.17 (m, 1H), 3.59 -
3.38 (m, 4H), 3.06 (br t.
J =46 Hz, 4H)
(McOD-d1) & = 8.96 (s,
S-(4-{3-chloro-5-(2- 7H), 7.50 (s, 1H), 7.17
o methylpyrimidin-3- e - (d, /=108 Hz, 2H),
92 vliphenyDpiperazin-1i- 397.16 397.1 7.09 (s, 1H)., 3.46 {(brs,
yhpyrimiding-2 4-diamine 4H3, 3.01 {brs, 4H),
2.75 (s, 3H).
93 S-(4-(3-(S-methylpyndin-3- | 362.2 3622 (METHANOL-d4) & =

62
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vyphenyipiperazin-1-
vipyrinudine-2,4-diamine

8.97 (brs, 1H), 8.74 (s,
1H), 8.67 (brs, 1H),
7.52 (s, 1H), 7.47 (&, J =
$.0 Hz, 1F), 7.40 (s,
1H), 7.27(d, J=7.2 He,
iH), 721 (d. J=1.6Hz,
1H), 3.51 -3.34 (m, 4H),
3.04 (brs, 4H), 2.64 (s,
3H)

94

5-(4-3-(2-methylpyrimidin-
S-yhphenvhpiperidin-1-
yDpyrimidine-2,4-diamine

362.2

362.1

(BMSO-ds) 6 =9.02 (s,
2H), 7.68 (s, 1H). 761 -
7.56 (m, 2H), 746 (t, J=
8O0Hz 1H}, 738{(d, J=
g0 Hz 1H), 606 (brs,
2H}, 5.58 (s, 2H}, 3.03-
2.85 (m, 2H), 2.74 - 2.64
{(m, 61}, 2.03-1 .88 (m,
2H), 1.88 - 1.78 (m, 2H)

5-(4-(3~(2-cthylpyrimidm-5-
ylphenyl)piperazin-1-
vipyrimidine-2 4-diamine

377.2

L2
~J
~3
N2

J=24 104 Hz, 1H),

(METHANGL-d¢) & =
8.97 (s, 2H), 7.52 (s,
1H), 7.47 - 7.40 (m, 1H),
729 (s, 1H), 7.19(d, J
= 8.0 Hz, 1H), 7.14 (dd,

347 (brs, 4F), 3.07 -
2.95 (m, 6H), 1.39(t, J=
7.6 Hz, 3H)

96

S-{4~(3-(2-
{(dimethviamino)pyrimidin-5-
viipheuvpiperazin-1-
yDpyrimidine-2,4-diamine

(METHANOL-ds) & =
8.66 (s, 2HD, 7.50 (s,
1H), 7.39 - 7.35 (m, 1H),
722(d, J=2.0 Hz, 1H),
7.21 - 7.11 (m, 2H), 3.44
(brd.J= 4.0 Hz, 4H),
3.26 (s, 6H). 3.03 (brt, J
= 4 4 Hz, 4H)

S-{4-(3-(2~
{methyvlaminopyrimidin-5-
vlphenypiperazin-1-
yhpyrimidme-2 4-diamine

378.2%

3782

(METHANOL-ds) 6 =
877 - 8.54 (m, 2 H),
7.38 - 7.46 {m, 1 H),
742 -7.27 (m, 1 H),
724 -713 (m, 1 ),
7.12-7.01 (m, 2H), 3.50
336 (m, 4 H), 3.07 -
2.97 (m, 7 H)

98

3-{4-{3-(2-{azctidin-1-
yDpyrimidin-5-
yhphenyDpiperazin-i-
vipyrinudine-2,4-diamine

4043

~
L

4043

(CDCL) 6= 5.65 (s, 2
H), 7.55 - 741 (m, 1 HD),
738 -7.27 (m, 1 H),
7.02 -6.85 (m, 3 H),
637 -6.20 {(m, 1 H),
584 -5.64 (m, 1 H),
4.42 - 4.30 (m, 4 HD,
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343 -3.17 (m, 4 H),
2.96(t,J=44Hz 4 H),
2,61 -2.35 (m, 2 Hy

5~(4-(3-cyclopropyl-3-

(METHANOL-ds) 6 =
751 (s, 1H). 6.43 (4, J=
6.8 Hz, 2H). 6.27 (s,
1H), 3.76 (5. 3H), 3.38

99 n;etho.?;y};heny’l)pipga'az:m~1— 340.2 3404 (br s, 4H), 3.02 (br £, J =
vipyrinudine-2,4-diamine 18 Hz 410, 192 - 1.83
{m, 1H}, 0.97 - 0.90 {1,
2H). 0.70 - 0.65 (m, 2H)
{(METHANQL-d4) & =
3-{4-(3~(2-chloropyrimidin- ?}?}; {;’/_,Ei}f),} ’i; ?n(:’ )
100 S-vDphenyhpiperazin-1- 383.1 3831 o iay  ae

vipyrimidine-2 4-diamine

728 (s, 1H), 7.19-7.11
(m, 2H), 345 (br s, 4H),
3.03 {(brs, 4H)

5-(4-{4-phenylthiazol-2-yDpiperazin-1-yDpyrimidine-2, 4-diamine was prepared by

Suzoki coupling of 5-(4-{4-bromothiazol-2-yDpiperazin-1-yDpyrimidine-2 4-diamine

{prepared by Synthetic Method A) with phenylboronic acid according to synthetic Method B.

The compounds listed in Table 7 were prepared analogously.

Table 7. Compounds Prepared Using Svnthetic Method B

Nog. TUPAC Name LC/MS (M + 1) H NMR (400 MHz)
Expected | Observed
MW MW
{(DMSO-ds} 8= 12.00 (brs,
1H), 8.46 (s, 1H), 7.88-7.86
5-{4-(4-phenylthiazol-2-~ {m, 2ZH}, 7.73 (s, 1H)}, 7.61 (s,
101 vpiperazin-1- 354.14 354 1H), 741(. 2H), 739, J=
yhpyrimidine-2 4-diamine 8.0 Hz, 2H), 7.32-7.28 (a,
2H}, 367 (brs, 4H), 290 (brs,
4H)
(METHANOL-ds) 6 =7 48 (s,
1H), 6.56 (s, 1H), 6.51 - 6.47
5-(4-(3-cyclopropyi-3- (m, 1H), 624 (d, J =100 Hz,
118 Hugcrophenviipiperazin-1- | 329.1 3284 1H), 3.35 (s, 4H), 2.99-2.97
yDpyrimiding-2 4-diamine (m, 4H), 1.839 - 1.84 (m, 1H},
0.97 - 0.93 {m, 2H), 0.69 -
{365 {m, 2H)
5-(4-(3-(2-(methoxy- {(DMSO-de) 5= 8.92 (s, 2H},
119 d3pyrimidin-5- 3872 387 3 7.60 (s, 1H), 7.47 (s, 2H), 7.35

vhphenvlpiperazin-1-
yvhpyrimidine-2 4-diamine

(t, 3= 16 Hz, 1H), 7.25 (s,
1H), 7.11 (d, I = 7.6 Hz. 1H),
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702(d, J =82 Hz, 1H), 410
(s, 2H), 3.41 (s. 3H), 3.16 (s,
4H), 2.89 (s, 4H)

5-(4~(3-bromo-3-(2-
methoxypyrimidio-S-

(METHANOL-d4) 5 = 8.80 (s,
2H), 7.50 (s, 1H), 7.24 (s, 1H),
719 (. § =20 Hz, 1H), 7.16

viphenyDpiperazin-1-
yDpyrimiding-2 4-diamine

120 yhphenviipiperazin-1- 47 436.9 (d, J=16Hz 1H), 405 (s,
viypyrimidine-2 4-diaming 3H), 349 -345 (m, 4H), 3.00
{s. 4H)
(DMSQO-ds) 3= 8.91 (s, 2H),
7.60 (s, 1H}, 7.36 - 7.30 (m,
5-(4-(3-(2~ IH), 725 (5, 1), 7.10(d, I =
121 | ctboxypyrimidin-3- 3032 3032 | SOHz ). 701(d.1=80
vhpheuypiperazin-1- Hz, 1H}, 6.10 (s, ZH}, 5.63 (s,
yhpyrimidine-2 4-diamine 2H), 442 - 437 (m, 2H), 3.37
(s,4H), 289 (s, 4H), 136 (1. §
=70 Hz, 3H)
(METHANOL-ds) 6= 8.80 (s,
. a , 2H), 751 (s, 1H), 7.39-7.37
5{4-(3-(2-2- .
;néihgxx(’eztécz)\:v)pvrimidin~ (m, 1H), 722 (s, 1H). 7.10 -
122 SNSRI 4232 423 4 7.09 (m, 2H), 4.59 - 4.56 (m,
2-vhphenyljpiperazin-1 2H), 3.81 -3.77 (m, 2F), 3.42
yhpyrimidine-2 4-dianine (s 7}13 103 .(t. 12’4 p Hz '
4H)
{(DMSO-de) 5= 8.93 (s, 2H},
7.60 (s, 1H}, 7.36 - 731 (m,
S5-(4-(3-(2-{oxectan-3~ IH). 726 (s, 1F), 7.10(d. I =
123 yvioxyypyrimidin-3- 4712 4212 8O0 Hz, 1H), 701(d,J=80
- viphenylipiperazin-1- o ' Hz, 1H), 6.11 (s, 2H}), 5.63 -
yhpyrimiding-2 4-diamine 559(m, 3H), 492 F=6%
Hz, 2H}, 4.65 - 4,60 (m, 2H),
3.37 (s, 4H), 2.89 {s, 4H)
(DMSO-ds) 6= 8.39 (s, 1H),
. a = y 759 (s, IH), 732(1, J=8.0
> "ﬁf};(;;“(?fln?éhcfﬁy_"4“ Hz, 1H), 7.01 (d, J = 8.4 Hz,
124 FRCHhylpy THnIain- 393.2 393.1 1H), 6.95 (s, 1H), 6.80 (d, I =
yhphenylpiperazin-1- 7.6 Hz, 1H). 6.09 (s, 2H), 5.62
yvhpyrimidine-2 4-diamine (g 7t 1)’ 3 gh; (g 3H¥ j’E 8(; T
2.86 (m, 4H), 2.40 (s, 3H)
(DMS0O-de) 5=8.36(s, 1H),
S (de{3-(2.4- 7.59 (s IH), 7128 (t, =738
éimethm;;pyﬁmidinu% Hz, HH) ’,7'06 (s. 1H), 6.97(d,
125 NG ) 4092 4091 J=86Hz IH).693(d, J=
yhphenyljpiperazin-i- 7.6 Hz, 1H), 6.10 (s, 2H), 5.63
ylpyrimidme-2 4-diamine (S‘ ZH)’ 3 94 (S' 6H)’ 33 0 (q
4H), 2.88 (s, 4H)
3-{4-(3-(1-methyl-1H- {(DMSO-ds} &= 7.67 (s, 1H),
e imidazol-5- heq A o 759 (s, 1H). 730{(t, J=38.0
126 351.2 3511

He, 1H), 7.02 (d, ] = 0.8 Hz,
1H), 6.99 - 6.96 (m, 2H), 6.88
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(d.J=72Hz, 1H). 608 (s,
2H), 5.62 (s, 2H), 3.67 (s. 3H),
3.20 (s, 4H), 2.89 - 2 .88 (m,
45)

5-(4-(3-(2-methoxy-5-
methylthiazol-4-

(DMSO-ds) & = 7.59 (s, 1H).
728 (. §=8.0Hz, 1H), 7.14
(s, 1H), 7.01 (d, ] = 7.2 Hz,

127 PN 3982 | 398.1 1H), 6.96 (d, J = 9.2 Hz, 1H),
yhphonyhpiperazin-1-- 6.11 (s, 2H), 5.63 (s, 2H), 4.01
yvhpyrimidine-2 4-diamine (§ BHK)ﬂ - 2’(; (g ;/iH.)ﬂ - 89’ (s

4H). 2 41 (s, 3H) '
(METHANOL-ds) 6 = 7.62 (s,
AP 1H), 732 (1, ] = 7.8 Hz, 1H),
3 "ﬁ“f“ﬁf‘”ﬁ?@f; 7.03 - 7.00 (m, 2H), 6.88 (d, §

128 etiyRs LAIIdazot-- 381.2 3812 = 7.6 Hz, 1H), 6.62 (s, 1H),
yDphenylipiperazin-1- 4.03 (s, 3H), 3.42 (5, 3H), 3.35
yhpynimidme-2 4-diamine (S‘ 4H)’ 3 ﬂf (t. f 4 2 ng -

AH) ‘
(DMSO-de) § = 7.59 (s. 1H),
o 748 -7.43 (m, 1H), 733 (s,
SO et 1H), 723 (d J = 8.0 Hz, 1H),

129 vagiar 353.2 353.4 7.19(d. J = 7.6 Hz, 1H), 6.13
ylyphenylpiperazin-1- (s, 2H). 5.65 (s, 2H), 4.15 (s,
yhpyrimiding-2 4-diamine 35& 357 (s z\ﬁi{) 2%9 @3 _

4.8 Hz, 4H)

(METHANOL-d+) & = 8.80 (s,
NI 2H). 763 (s, 1HD). 738 (6, § =
Sﬁégﬁé;rfm dins. 8.0 Hz, 1H), 7.19 (s, 1H), 7.08

130 | yhphenyl)-3- 3932|3934 ?H; :47;;2 ?gg}fﬁ_ (5*3;
methylpiperazin-1- (m. 2H), 3.15 - 3.09 (1, 2H)
yhpyrimidine-2 4-diamine 2‘838 . 2,386 (m, 2H) 120 . DJ

=98 Hz, 3H)

(DMSO-ds) 6= 8.93 (s, 2H),

7.60 (s, 1H), 7.36 - 7.32 (m,
5430 1H), 7.26 (s, 1H), 7.10(d, I =
o rimidinS 7.6 Hz, 1H). 7.01 (d. ] =8.0

131 CYCIOPIOPORYPYTIIINAI=" | yns 5 1 4054 Hz, 1H), 6.11 (s, 2H), 5.63 -
yDphenylipiperazin-1- 5.62 (m. 2H). 4.35 - 4.32 (m
viypyrimidine-2 4-diaming EH) 5 37(5 ’iH) 7 89 (Q ilH)

0.83-0.79 (m, 2H), 0.78 -

0.73 (m, 2H)

(DMSO-ds) & = 8.44 (s, 1H),

7.64 (s. 1H), 7.56 (s, 1H), 7.44
5-{4-(3-{4-cyclopropyl-2- (s, 1H}, 730 (t, J =84 Hz,

130 methoxyvthiazol-5- 4245 4747 1H}, 6.99 - 697 {m, 2H), 6 .91

vhphenvlpiperazin-1-
yUpyrimidime-2 4-diamine

(d,T=8.0Hz 1H).3.96 (s,
3H), 3.36 (s, 4H), 2.89 (s, 4H),
203 -1.98 (m, 1H), 0.8% (s
2H), 0.86 (s, 2H)
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(DMSO-de) 5 = 8.92 (s. 2H),
848 (s, 1H), 7.60 -7.35 (m,
AH). 736 (. J = 7.6 Hz, 1H),

(R)-5-(4-(3-(2- A , .
mgthoivaémi s 7.23 (s, 1HD, 7.12 (s, 1H), 7.00

i o L o e == ~f " 1785 {¢

133 ylyphenyl)-3- 3934|3932 (d,J=48 Hy, 1H), 4.23 (s,

1H), 3.96 (s, 3FD), 3.52 - 3.35
(m, 2H), 3.10 (1, = 11.4 Hz,
2H), 2.81 (d. J= 108 Hz, 1H).
2.57-2.53 (m, 1H), 1.15(d, § =
6.4 Hz, 3H)

methyipiperazin-1-
yDpyrimidine-2,4-diamine

(DMSO-de) & = 9.09 (s, 3H),

S-{4~(4-(pyrmmudin-5- 7.71(d, J=8.4 Hz 2H), 7.60
134 vhphenyDpiperazin-1i- 349.1 3461 (s, 1H), 7.11 {d, J = 8.8 Hz,
yhpyrimiding-2 4-diamine 2H), 6.12 (s, 2H), 5.63 (s, Z2H),

3.38 (s, 4H), 2.90 (s, 4H)

(DMSO-ds) 6 = 8.87 (s, 2H),

3-4A-(4-(2- 761 (d. J =52 Hz, 3H). 7.08

methoxypyrimidin-5-

135 lphenylipiperazin-i- 379.2 3792 {d, ] =8.0Hz 2H), 6.10 (s,
1 o i 7_2 4_ E o 2H), 5.62 (s, 2H), 3.95 (5, 3HD,
yipyrimidine-2 4-diaming 3.35 (5. 4H), 2.90 (s. 4H)
(BMSO-ds) 8= 8.95 (s, 2H),
S-{4-(4-{2~ 765(d J=88Hz 2H} 7.59
136 methylpyrimidin-5- 3672 362 2 {s, 1H}, 7.09{(d, ] =88 Hz,

vhphenvlpiperazin-1- 2H), 6.14 (s, 2H), 5.65 (5, 2H),
yhpyrimidine-2 4-diamine 336 (s, 4H), 2.90 - 2 .89 (m,

4H). 2.63 (s, 3H)

Example 4. Svynthetic Method C

Svathetic Method C is exemplified 1n the synthesis of 5-(4-(3.3-

dimethyiphenvlipiperazin-1-yhpyrimidine-2 4-diamine {Compound 109):

Br
" |
OH :
Br N/ﬁ o N/\
\/N o 2ndgenergtion Xphos pr’ec(&:ieaiyst, K/N Ay
E Cs,C0,, dioxane, H,0,100°C I
NH, N7 NH; NH, N NHs

To a solution of 5-¢4-(3,5-dibromophenvhipiperazin-1-vhpynmidine-2 4-diamine (50.0 mg,
116.7 umol, 1.0 eq). prepared according to synthetic Method A, and methylboronic acid (13.9
mg, 233.5 pmol, 2.0 eg} in dioxane (2.0 mL) and HaG (0.5 mb) was added Cs2CO5 (1141
mg, 350.3 umol, 3.0 eg) and the Znd GENERATION XPHOS PRECATALYST (1.8 mg, 2.3
pumol, 0.02 eg}. The mixture was stirred at 100 °C for 12 hours. The mixture was
concentrated and the residue was purified by prep-HPLC {(TFA condition) to give 5-{4-(3,5-
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dimethylphenvijpiperazin-1-yDpyrimidine-2 4-diamine (4.4 mg, 14.7 amol, 12.6% yield) as

white solid.

Examuple 5. Svnthetic Method D

Synthetic Method D 1s exemplified below for the synthesis of 5-(4-(3-{tetrahydro-2H-

pyvran-4-vlphenvhpiperazin-1-yhpyrimidine-2 4-diamine (Compound 110).
Step 1. 5-(4-(3-(3,6-dihvdro-2H-pyran-4-vhphenvlpiperazin-1-yDpyrimidine-2,4-diamine

MNH,

sz\r;\z\
| =g N/\]
P2

N/\ ET7636-228-R2 K/?\ .
~ »

N o
PA(PPha)g, C5.00s,
= dioxane/H>0
X
O

515 Cpd 31A
To a mixture of 3-(4-(3-bromophenylipiperazin-1T-yhpyrmudine-2 4-diamine (30.0 mg, 143.1
umol, 1.0 eq) and 1-(3,6-dihydro-2H-pyran-4-v1}-3 3 4 4-tetramethviborolane (60.1 mg,
286.3 umol, 2.0 eg) in 1 4-dioxane (4.0 mL) and H20 (1.0 mL) was added L0053 (69.9 mg,
2147 umol, 1.5 eq) and Pd(PPh:} (8.2 mg, 7.1 umaol, 0.05 eq} in one portion at 20 °C under
Nz. The muxture was stirred at 100 °C for 12 hours. The reaction mixture was filtered and
concentrated under reduced pressure to give a residug. The residue was purified by prep-
HPLC (TFA condition) to give 5-(4-(3-{3.6-dihvdro-2H-pyran-4-yphenvhpiperazin-1-
vhpyrimidine-2,4-diamine (30.0 mg, 85.1 umol, 59.4% yicld} as a white solid. '"HNMR
(400 MHz, METHANOL-d4) 6= 7.53 (s, 1H), 7.32-7.28 (m, 1H}, 7.17 (s, 1H), 7.10-7.04 (m,
2H), 6.19 (s, 1H), 430 (d, /=24 Hz, 2H}, 3.94-391 {m, 2H), 3 45-331 {m, 4H), 3.08-3.06
(o, 4H), 2.53-2.52 (m, 2H).

Step 2. 3-(4-(3-(Tetrahvdro-2H-pyran-4-yvhiphenybpiperazin-1-yDpyvrimidine-2, 4-diamine
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Mol N NH,

Y
N\/;:NA}
LN

PHIC, Hy (15 psi)

To a solution of 5-(4-(3-(3,6-dihvdro-2H-pyran-4-vhphenyhpiperazin-1-yDpyrinudine-2,4-
diamine (30.0 mg, 85.1 umol, 1.0 eg) in CH;0H (10.0 mL} was added P/C (30 mg) under
Ar atmosphere. The suspension was degassed and purged with Ho 3 times. The mixture was
stirred under Ho (15 Psi) at 15 °C for 1 hour, filtered on celite and the filtrate was
concentrated under reduced pressure to give S-(4-(3-(Tetrahydro-2H-pyran-4-
vhphenypiperazin-1-yvhpyrimidine-2,4~-diamine (19.0 mg, 51.2 pmol, 30.0% vield, 95.53%
purity} as a white solid. LCMS (EST+): nv/z 35351 (M+1)*, Rt 2.147 Min. 'HNMR (400
MHz, METHANOL-da) 8= 752 (s, 1H), 7.25(brt, ] = 7.5 Hz, 1H), 7.02 - 6.92 (yu, 2H), 6.88
(brd,J=71Hz IH), 404 (brd, J=106Hz 2H), 356 (brt, = 11.0Hz, 2H), 340 (brs,
4H), 3.04 (brs, 4H), 2.78 (br s, IH), 1.838 - 1.71 (m, 4H}.

Example 6. Svnthetic Method E

Synthetic Method E is exemplified below for the synthesis of 5-(4-(3-{pyrinmudin-4-
vhphenypiperazin- 1-yvDpyrimidine~2, 4~-diamine {Compound 102}

™
L HoN._ N _NH,

e D
SN 2 i Nz
X &
L N/‘\l U

N

N Cosal

K/ Pda(dba);, Xphos,dioxane, 100°C
=
S

Br
N

%
prsd

N

A muixture of 5-(4-(3-bromophenyhpiperazin- 1-yDpyrimidine-2, 4-diamoine (100.0 mg, 2863
pmol, 1.0 eq), tmbutvi{pyrnmidin-4-yDstannane (105.7 mg, 286 3umol, 1 eq), Pdu{dba}: (7.8
mg, 8.6 umol, 0.03 eq), XPhos (23.2 mg, 48.6 umol, 0.17 eg) in dioxane (8.0 mL) and was
degassed and purged with N for 3 tmes, and then the mixture was stirred at 100 °C for 12
hours under N2 atmosphere. The mixture was concentrated under reduced pressure and the

residue was purified by prep-HPLC (TFA condition) to give S-(4-(3-(pyrimidin-4-
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vhphenyDpiperazin- 1-yDpyrimidine-2,4-diamine (4.5 mg, 12.9 pmol, 4 51% vieldjas a

vellow solid. Compounds prepared by method E are listed in Table 8.

Table 8 Compounds Prepared Using Svnthetic Method E

Compd | IUPAC Name LC/MS (M + 1) TH NMR (400 MHz)
# Expected | Observed
MW MW
(METHANOL-ds) 5=9.17 (s,
1H), 8.78 (d, J= 6.0 Hz, 1H),
o L 799 (dd, /=12, 5.6 Hz, 1H),
o - '2‘_ ). A > - * 4
> gﬂ% (%‘ ?“f‘f“;fi ] 784 (t.J= 2.0 Hz, 1H), 7.62
102 f’;i:)pfﬁgi difnfcfg 3492 349 1 (dd, J= 08,76 He, 1H), 7.51 (s,
Zi, pyFIaing=2, 1H), 7.44 (¢, J = 8.0 Hz, 1H),
1ane 723 (dd, J=22, 7.6 Hz, 1FD,
3.57-3.32 (m, 4H), 3.04 (brt,J
=97 Hz, 4H)
(METHANOL-ds) 3 = 8.85 (br s,
S-{4-(3~{pyrimdin-2- 2ED, 8.07 (brs, 1H), 792 (brd, J
- vyphenyiipiperazin-1- 409 . =6.6Hz, 1H), 7.52 (br s, 1H),
103 Yhpysimiding-2.4- 3492 392 540 (brd, = 13.7 Hz, 2H),
diaming 721 {brg, 1H), 346 (br s, 4H),
3.05 (br s, 4H)
(METHANOL-ds) §=9.19 (s,
5-(4-(3-{pyrazin-2- 1H), 8.73 (5, IH). 860 (brd, J=
Ninhany IR 2 0 H ¢
104 yi)ph@.ny.i)piparamn I 3497 349 9 0 Hz, “I_H), 83_0 (s, 1H), &.11
yDpyrimiding-2,4- (brd,J=T76Hz 1H),7.73 -
dianune 7.653 (m, 2H), 7.62 (s, 1H), 3.85
(br s, 4HD), 3.30 - 3.26 (m, 410
(METHANOL-d4) 6 = 8.60 (br
, » d, J=4.9Hz, 1H), 7.94 - 788
5-{4-{3-(pyridin-2- , \ - 1), ¢
SO (;%Wfdfam_i_ (m, 1H), 7.87 - 752 (m, 1H),
105 fisp /;ﬁyﬁ d?n%iz " 3482 3481 7.63 (s, 1H), 7.58 (s, 1HD), 7.42 -
gi pim e 734 (m, 3H). 7.12 (br s, 1H),
amine 339 (brd.J=11.0 Hz, 4H),
3.03 (brt, J = 4.6 Hz, 4H)

Example 7. Svnthetic Method F

Synthetic Method F 1s exemplified below for the synthesis of 5-(3-(4-(2 4-

diaminopyrimidin-5-vipiperazin-1-yDphenyDpyrimidin-2-ol (Compound 111}

e & "~ : ~
d ::/§?}I BBrj, DGM r/\ N/\(;/J\E/%N
I — e i

(‘\Nz
N. g . p N L
Ny - N -30-15°C, 12 h j,\’\/f < N7 oH
i Lo
%_MA\/\r\wz HoNT N7 NH,
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To a solution of 5-(4-(3-(2-methoxypvrimudin-S-vhphenvhpiperazin- l-vDpyrimidme-2,4-

diamine (500.0 mg, 1.3 mmol, 1.0 eg} in dichloromethane (5.0 mL) was added BB (33 ¢

13.2 mmol, 12 mL, 10.0 eg} at -30 °C. The mixture was warmed to 15 °C and stirred at 15

5 °C tor 12 hours. The mixture was quenched with CH:OH (10 mb), concentrated under

reduced pressure and the residue was purified by prep-HPLC (neutral condition} to afford 3-

{3-(4~(2 4-diaminopyrimidin-3-vijpiperazin-i-vhphenyhpyrimidin-2-0f - {(60.0 mg, 1543

umol, 11.6% vield, 93.72% purity) as a vellow sohid. LUMS (ESI+) ovz 3652 (M+1Y", R

1.906 Min. "H NMR (DMSO-ds 400 MHz) 8 = 8.60 (br s, 2H), 738 (d. /= 0.8 Hz, 1H},

P6 731-723(m, tH), 713 (s, TH), 7.03 - 6.89 (m, 2H), 333 (brs, 4H), 2.87 (brt, /= 4.6 Hz,
4H).

Example & Svnthetic Method G

According to Synthetic Method G, compounds of the present invention can be
15 prepared as described below. Halogenation of an appropriately substituted malonate, e.g.,
1813, such as with sulfiry] chloride provides the 2-chloromalonate 1814, which can undergo
reaction with an appropriately substituted piperazine to give the 2-piperazinyl malonate
mtermediate 1415, Reaction with guanidine in a polar protic solvent such as cthanol or
methanol gives the 2-amino-4-hydroxvpyrmudine 1816, Chlorination followed by reaction

20 with ammonia gives the target 2 4-diaminopyrimidines 1418,

| | oo
O O Cu O K/ \]/\' /EHHCQq
SC,Ch R o , AT NH,
Oq ——— Oy 0 m/ﬁ — r—
CHCly, 20°C ci K,CO4, acetonitrile [\/N EtOH, MW, 120°C, 5 h
Ry
ANy i
1043 1014 1045

N NH,

N. N. O H N
Ny OH Hy m\], I At
! ™ ool N _ NHgEOH N N
L 143 K

VN\,E/\\ EBAC, 500 1 Ny . 3 days PAANS E :[
b . A
o 1017 % 1018 e

Svathetic Method G 1s exemplified below for the preparation of 6-cyclopropyt-5-(4-
25 phenvipiperazin-i-vlpynmidineg-2.4-dianune (Compound 112):
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Step 1. Methy! 2-chloro-3-cyclopropyl-3oxopropanoate

Os O Ox O
SO,Cl =
o SE—————
CHCly, 20°C g

A mixture of methyl 3-cyclopropyl-3-oxo-propancate (5.00 g, 35.17 mmol, 1.00 eq), sulfuryl

chlonide (5.70 g, 42.20 mmol, 4.22 mb, 1.20 eqg) in CHCL (50,00 mbL} was degassed and

W

purged with Nz for 3 times, and then the nuxture was stitred at 20°C for 2 hours under N2
atmosphere. Removal of the solvent gave the methy] 2-chloro-3-cyclopropyl-3-ox0-
propanocate {5.00 g, crude) as a yellow oil which was used to next step without further
purification.

10
Step 2. Methyl 3-cvelopropyl-3-ox0-2-{4-phenyipiperazin- 1-yDipropanocate

| T E
O O
Oa 0 L\f \@
.
o > N
G K,COs, acetonitrile

15 Toa solution of methyl 2-chloro-3-cyclopropyl-3-oxo-propanocate (2.50 g, 14.16 mmol, 1.00
eq} and l-phenyipiperazine {230 ¢, 14 16 mmol, 2.17 mb, 1 00 eq) 10 MeCUN {60.00
mb} was added KoCO3 (2,94 g, 21 .24 mmol, 1.50 eg) at 25 °C and the mixture was stirred
for 3 h. The reaction was poured into water (130 mL) and extracted with ethvi acetate (3 x 50
mb}. The combined organic layers were dried over Nax$O4, filtered and concentrated in

20 wvacuo. The residue was purified by column chromatography (8102, Petrolcum ether/Ethyl

acetate =100/1 to 20:1} to give methyi 3-cyclopropyi-3-oxo-2-(4-phenylpiperazim-1-

vhpropanoate (1.70 g, 5.62 mmol, 39.71% vield) as a white solid.

Step 3. Z-Amino-6-cyclopropvi-3-(4-phenyipiperazin-1-yDpyrimidin-4-ol

72



10

20

WO 2017/136556 PCT/US2017/016224

| H N N, _OH

AN NH | =y
| Ha00; N |
NHy Ny ! \f///\?\./ﬁ
EtOH, MW, 120°C, 5h A

@ e
K/\©

Methvi 3-cyclopropyl-3-oxo-2-{4-phenylpiperazin-1-vihpropanocate (1060.00 mg, 330.72
pumol, 1.00 eq), EtOH (3.00 mL) and carbonic acid;guanidine {40.05 mg, 330.72 pmol, 1.00
eqg) were combined in a microwave vial. The vial was sealed and allowed to react at 120°C
with stirring for 5 hours. This was repeated 6 times and the batches were combined and
solvent was removed under reduced pressure. Water (25 mil) was added and the mixture was
brought to pH 3 via carcful addition of acetic acid. The precipitate was isolated via filtration
to afford a yellow solid. The solid was purified by Prep-HPLC (TFA condition} to give 2-
amino-6-cyclopropyi-3-{(4-phenylipiperazin- I -vlpynmidin-4-ol (300 mg, 963 umol, 48.6%

vield) as a vellow solid.

Step 4. 4-Chioro-6-cvelopropyl-3-{(4-phenyipiperazin-i-vijpvrimidin-2-amine

N N N
L N/\i POCH, L N/\1
!\/N o TEBAC, 90°C !\/'\i P

To a mixture of 2-amino-6-cvelopropyi-5-(4-phenvipiperazin-1-yhpyrimidin-4-of (150 mg.
482 umol, 1.00 eq), TEBAC (53.7 mg, 289 umol, 50.2 ul,, 6.60 ¢q} and PhlNMe: (58.4 mg,
481.7 pmol, 60.8 uL, 1.00 eq) in MeCN (10.0 mL) was added POCH (739 mg, 4.82 mmol,
448 uL, 10.00 eq} under N2 atmosphere. The mixture was stirred at 96°C for 1 hour,
guenched by addition aqueous NaHCO: (50 mL) and extracted with dichloromethane (3 x 20
mlL}. The combined organic lavers were dried over anhydrous NaxSOq, filtered and
concentrated under reduced pressure to give a residue. The residue was purified by silica gel
chromatography to provide 4-chloro-6-cyclopropvi-5-(4-phenvipiperazin-1-yHpyrimidin-2-
amine (60.0 mg, 182 pmol, 37 8% yield) was obtained as a veliow solid. LCMS (ESI+): m/z

330 (M+D)7, Rt 0.972 Min.
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Step 5. 6-Cyclopropyl-5-{4-phenvlpiperazin-1-yhpyrimidine-2,4-diamine

Nz N/\ NH/EtOH N \1/\

: 145°C, 3 days
bm ‘l “ s
Qs

To a muxture of NH; (155 mg, 9.10 mmol, 50.0 eg) m ethano! (5.0 mL} was added 4-chioro-
6-cyclopropyvl-5-(4-phenvipiperazin-1-vlpyrmidin-2-amine (60.0 mg, 181.9 ymol, 1.00
eq) under Nz atmosphere. The mixture was stirred at 145 °C for 3 davs in a sieel bomb,
cooled to 25 °C and concentrated under reduced pressure. The solids were collected by
10 filtration, washed with EtOAc (200 mL) and purified by prep-HPLC to give 6-cvelopropyl-5-
{4-phenylpiperazin-1-vijpyrimidine-2 4-diamine (3.0 mg, 6.44 umol, 9.03% vicld) as a white
solid. LCMS (EST+): mv/z 3112 (M+1)", Rt: 2.146 Min. H NMR (400MHz, METHANOL-
d4): 6=744-737(m, 2H), 733 - 725 (m, 2H), 7.18 - 7.08 (m, 1H), 3.64 (brd, /=104 Hz,
4HY, 350 -334 (m, ZH), 330-3.09 (m, 2H}, 2.34 - 2.21 (m, 1H), 132 - 1.25 {m, 2H), 1. 14 -
15 1.08 {m, 2H).

6~(Cyclopropyvimethyl}-3-(4-phenylpiperazin-I-vDpynmidine was prepared in a
similar manner as described in synthetic method G, but starting with methy] 3-
cvelopropylmethyl-3-oxo-propancate. Other compounds prepared analogously, by method

20 G, are histed in Table 9.

Table & Compounds Prepared Using Svnthetic Method G

Compd | HUPAC Name LOMS (M + 13 'H NMR (400 MHz)
# Expected | Observed
MW MW

(METHANOL-ds) 5 = 7.31 (L
J=72Hz 2H), 7.11 (brd, J
= 5.0 Hz, 2H). 6.97 (brs,
1H). 7.01 - 6.94 (m, 1H), 351
-3.49 (m, 7H), 3.27-3.23 (m.
4H). 3.12 - 3.09 {m, 2H), 2.66
-2.63 (m, 2H), 1.06 (m, 1H),
0.70 - 0.65 (m, 2H), 0.42 -

6-{cyclopropylimethyl)-5-
106 {4-phenvipiperazin-1- 32321
yDpyrimidine-2,4-diamine

(ol
[\
e
o
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038 (m, 2H)
(METHANOL-ds) & = 7.33 (1.
» o =78 Hz, 2H), 7.14(d, J =
>-{4-phenylpiperazin-1- $.0 Hz, 2H), 7.00 (1 J(: 72
137 ‘51‘3"6‘(*3’3" L 3672 367.2 Hz, 1H), 3.46-3.43 (m. 2H),
trifluoropropyipyrimidine~ 3.34 - 3.31 (m. 2H), 3.27-3.22
2,4-diamine (m, 4H), 2.99-2 95 (m, 2H),
2.66-2.59 (m, 2 H)
(METHANOL-d+) & = 8.03
- . (d.J =28 Hz 1H). 7.58-7.53
“’Sﬁ“ﬁ;i"ip‘g‘i“‘(f N (m, 1H). 7.03-7.00 (m, 1H),
138 YUPIPCIAZIn=iyioA 07 | a0 4 386.2 382 (d, § = 12.4 Hz, 2H),
tnﬂugroprupyi)pynmidme_ 354-3 51 (m, 2H), 3.16-3.10
2,4-diamine (m. 4H), 2.95-2.91 (m. 2H).
263-2.59 (m, 2 H)

Example 9. Svynthetic Method H

Svathetic Method H 1s exemplified below for the preparation of 5-(4-(3-(2-

methyvipyrnimidin-4-vphenylpiperazin-1-vhpyonmidine-2,4-diamine (Compound 113}

HoN N NH,
NYN\ NHZ P4 \ﬂ/’\;\[ 4
N\//?[N =~ Nﬂ
Q BPD, AcOK, Pd(dppfiCl, DOM I\/N
E\.\(///m\ ) - e
P dioxane, 100°C,12 h
g
Br

H 2

Bpin

1 N

NaHCO3, PA(PPh)e, MeCN, H,0, 50°C, 4 h

¥

e N

NP

Step 1. 5-(4-(3-(4.4.5,5-tctramethyl-1,3,2-dioxaborolan-2-viphenyhpiperazin-1-
vhpyrimidine-2.4-diamine
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N
l\/N BPD, AcOK, Pd(dppfiCt, DOV l\/
\© dioxane, 100°C.12 h

A miaxture of 5-(4-(3-bromophenylpiperazin--vhpynmidine-2,4-diamine (1.0 g, 2.8
mmol, 1.0 eg}, bis¢pinacolatodiboron {1.1 g, 4 2 mmol, 1.5 eg}, AcOK (842 .0 mg, 8.5 mimol,

3.0 eq), Pd{dppfilCh CHoCh: {467 .1 myg, 372 0 umol, 0.2 eg) 1n dioxane {20.0 mb) was

W

degassed and purged with Nz for 3 times, and then the mixture was stirred at 100 °C for 12
hours under Nz atmosphere. The mixture was concentrated under reduced pressure to give S-
{4-(3-(4,4,5,5-tetramethyl- 1,3 2-dioxaborolan-2-yDphenyDpiperazin- -y Dpyrimudme-2 4~
diamine (8G0.0 mg, 1.2 mmol, 44 4% yield) as a black brown oil which was used to next step

10 without further purification. LCMS (ESIH): m/z 397.1 (M+1)", Ri: 1.271 Min.

Step 2. 5-(4-(3-(2-methvipyrimidin-4-vphenvlipiperazin- 1 -vDpyrinidine-2 4-diamine

HoNo N NH,
“ N
HaNL_ N NH, . b
o ' N_ =
Till L P E%\N N/\]
N \N | H
- e Nt
Nl ™ |
§\ i NaHCOQ4, Pd(PPh3)s, MeCN, H,0, 50°C, 4 h o
N
,Lih Z7 N
o Sy N

A mixture of 5-(4-(3-(4,4.5 5-tctramethyi-1,3,2-dioxaborolan-2-vijphenypiperazin-
-yDpyrinudine-2,4-diamine (200.0 mg, 504.6 umol, 1.0 eg), 4-chloro-2-methyl-pyrimidine
(648 mg, 504.6 pmol, 1.0 g}y, NaHCO; (127 1 mg, 1.5 mmol, 3.0 eg), PA(PPha)s (116.6 mg,
100.9 wmol, 0.2 eg) in H20 (1.0 mL) and CHsCN (3.0 mL) was degassed and purged with N2
20 3times, and then the mixture was stirred at 50 °C for 4 hours under N2 atmosphere. The
mixture was concentrated under reduced pressure to give a residue. The residue was purified
by prep-HPLC (TFA condition} to give 53-{(4-(3-(2-methyvlpyrimidin-4-yphenylpiperazin-1-
vhpyrinidine-2.4-diamine {20.9 mg, 55.3 umol, 18.9% vield, 95.9% purity) as a black
brown solid. LCMS (ESI+): m/z 363.1 (M+1)", R 2.142 Min. 'HNMR (McOD 400MHz)
25 8=873(d,J=57Hz 1H),790(d, J=55Hz IH), 787 (s, 1H), 7.66 {(d, /= 7.7 Hz, 1H),
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752 (s, 1H), 7.46 (£, J = 7.9 Hz, 1H), 7.26 {dd, J = 2.2, 8.2 Hz, 1H), 3.48 (br s, 4F), 3.05 (br
t,J = 4.6 Hz, 4H), 2.79 (s, 3H).

Table 10: Compounds Prepared Using Synthetic Method H

Compd | JUPAC Name LOMS (M + 1) TH NMR (400 MHz)
# Expected | Observed
MW MW

(METHANOL-d4s) 8= 9.19 (dd.
J=16,52Hz, 1H), 825 (dd, J

3-{4-(3-{pyridazin-3- =16 84Hz 1H) 786{dd. J=
yvhphenylipiperazin-1- |, ) N 52,8 8Hz 1H), 7.77 {5, 1H).
107 vipyrimidine-2 4- 3491 491 7.534 7350 (m, 2H), 749 - 7.45
diamine {m, 1H}, 7.25-7.21 (m, 1H),
348 (brs, 4H), 305 (brt, /=44
Hz, 4H)
§-(4-(3-(6- {(METHANOL-ds) 6 =826 (d,J
mc thx%pi‘fi dazin-3- =88 Hz 1H), 787(d,.J=83
DA . 11 . 1] L Iy Y
108 viphenyDpiperazin-1- | 3632 363.1 Hz, 1H), 7.74 (s, 1H), 7.3 - 7.43

(m. 3H). 722 (dd, J= 1.2, 8.0
Hz, 1H), 3.48 (brs, 4H). 3.04 (br
t,J= 4.4 Hz, 4H), 2.78 (s, 3H)

yDpyrimiding-2,4-
dianune

Example 10:

Certain of the compounds prepared as described above were assaved to determine
thetr 1050 for inhibition of hDHFR, 77 gondii DHFR {gDHFR), 7 cruzi DHFR {&DHFR), 7
brucei DHFR (tbDHFR), 1. major DHFR (ImDHFR), and P. falciparum DHFR (pfDHFR).
At least three independent replicates of the assay were conducted for each compound tested.
In the assay, DHFR-catalyzed conversion of dihydrofolic acid + NADPH to tetrahvdrofolic
acid + NADP" was conducted in the presence of various concentrations of the compound
being assayed. Afier an incubation period of 60 minutes, diaphorase and resazurin were
added. That mixture was mcubated for 10 minutes, during which time diaphorase catalvzed
the reduction of resazuarin to resorufin using NADPH that had not been consumed in the first,
DHFR-catalyzed reaction. The fluorescence of resorutin indicated the amount of unreacted
NADPH. Compounds were tested at various concentrations to determime their ICso, plCso
{-logiolCso}, and selectivity for the parasite DHFR (hDHFR ICso/parasite DHFR ICso). The

results are presented in Tables 11-15 below. The BHFR sequences in protozcans of genus

Leishmania, Typonosoma, and Plasmodium are highly conserved relative to 7' gondi.

77
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Compounds described herein that are selective for tgDHFR are expected to be selective for

DHFR derived from those genuses as well

Table 11: Potency and Selectivity against 7% gondii DHFR

MNo. | Compound Name hDHFR pIC50 - | tgPDHFR pIC50 - | Average DHFR
DHEFR primary | DHFR prmary | selectivity (b/ig)
assay assay

- Methotrexate: (4-({(2,4- 837 7.1 0.06
diaminopteridin-6-
yhmethyB{methyvl}aminolbenzo
vi}-L-ghitamic acid
- Pyrimethamine: 5-(4- 5.38 6.56 14.95
chlorophenyly-6-
cthylpyrimidine-2.4-diamine
- Trimetrexate: S-methyl-6- 8.39 8.87 3.02
{(3.4.5-
trimethoxyphenyhaming ymethyl
Jquinazoline-2,4-diamine
i 5-(4-(3,4~ 7.12 7.36 3.5
dichlorophenylpiperazin-1-
yvhpyrimidine-2 4-diamine
2 5-(4-{11,1"-biphenyi}-3- 6.16 8.06 78.60
yhpiperazin-1-vljpyrimidine-
2. 4-diamine
3 5-(4-(3- 6.27 721 &.71
{trifluoromethyDphenyiipiperazi
n-1-yhpyrimidine-2 4-diamine
5~(4-phenvipiperazin-1- 4.90 6.68 582
4 T
yhpyrimidine-2,4-diamine
6 5-(4-{4-chlorophenypiperazin- | 5.96 7.34 23.71

I-vDpyrimidme-2 4-diamine
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7 S5-{4-(m-tolvlpiperazin-1- 522 7.12 7943
yhpyrimidine-2,4-diamine

11§ 5-(4-(3-bromophenvipiperazin- | 6.36 7.93 3715
1-yDpyrimiding-2, 4-diamine

12§ 5-(4-(11, U'-biphenyi]-2- 575 7.51 5799
vipiperazin-1-ylpyrinudine-
2 4~diaming

15 | 5-(4-phenylpipernidin-1- 5.39 6.79 2526
yhpyrimidine-2,4-diamine

22§ 5-(4-(3-chlorophenvljpiperazin- | 6.62 8.09 29.68
1-yD-6-methylpyrimidine-2 . 4-
diamine

47 | 6-methyl-5-(4-phenvipiperazin- | 5.65 7.58 34.63
1-ylypyrinudme-2, 4-dianine

26§ 5-(4-{]1, VU-biphenyl}-3-y1}-3- 7.52 8.70 1496
methylpiperazim-1-
vlpyrimidine-2 4-diamine

27§ 5-(4~({1,1-biphenyli-3-yi)-2- 4.52 6.86 218.78
methylpiperazimn-1-
vhpyrimidine-2,4-diamine

28§ 6-cthyl-5-(4-phenylpiperazin-1- | 5.87 824 23578
yhpyrimidine-2,4-diamine

31 | 6-cthyl-5-(4-(m-toly)piperazin- | 6.38 846 11954
I-yDpvrimidime-2 4-diamine

33 | 6-ethyl-5-(4-(3- 6.28 g.36 120.23
methoxyphenylpiperazin-1-
vhpyrimidine-2,4-diamine

34 | 6-cthyi-5-(4-{pyndin-2- 5.96 8.19 158.49
ylpiperazin-1-vljpvrimidine-
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2.4-diamine

35

o-cthyl-5-(4-(4-
fluorophenvylpiperazin-1-
vhpyrumdine-2 4-diamine

5.83

8.16

204.17

36

6-gthyi-3-{(4-(pvridin-4-
vipiperazin-1-yDpyrimidine-
2, 4~diamne

116.92

5~{4-phenylpiperazin-1-vi}-6-
propvipyrimidine-2.4-diamine

5.04

501.19

64

5-{4-(3'-fluoro-[1,1'-biphenvi]-3-
vipiperazin-1-ylpyrinidine-
2, 4~-diamine

597

7.94

93.86

60

5-(4-(3-
cvelopropyiphenvipiperazin-1-
vipyrimidine-2,4-diamine

579

N
jop
]
(V8]

3'-{4~(2 4-diaminopyrimidin-3-
viypiperazin-1-y1)-f1,1'-
biphenvlj-3-carbonitrile

652

841

77.18

5-{4-(3~(pyrmidin-2-
yhphenvlipiperazin-1-
vhpyrimidine-2.4-diamine

5.89

7.56

47.50

104

5-(4-(3-(pyrazin-2-
viphenyDpiperazin-1-
yhpyvrimidine-2,4-diamine

7.99

69

5-(4-(3-2-methvipyrimidm-5-
viyphenviipiperazin-1-
vipyrmidine-2,4-dianmine

5.99

23136

5-{4-(3-(pyridazin-4-
viphenvlpiperazin-1-
vhpyrumdine-2 4-diamine

596

184.08
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S5-{4-(3-(pyrimidin-5-
yhphenylipiperazin-1-
vhpyrumdine-2 4-diamine

5.84

302.00

74

5-{4-(3-2-methoxypvrimidin-3-
vhphenylpiperazin-1-
yhpyrimidine-2,4-diamine

849

80

5~{4-(3-(2-methoxypyridin-3-
yhphenvlipiperazin-1-
vipyrimidine-2.4-diamine

5.99

16532

5-(4-(3-2-cthylpyrimidm-5-
viphenvlpiperazin-1-
vpyrimidine-2 4-diamine

8.14

21878

1i0

5-(4-(3-(tetrahydro-2H-pyran-4-
viyphenvhpiperazin-i-
vipyrmidine-2,4-dianmine

7.46

177.83

5-{4-(3-(2-methvlpyrimidin-5-
yhphenvipiperidin-1-
vhpyrumdine-2 4-diamine

6.43

59981

96

5-(4-(3-(2~
(dimethviaminojpynmidin-5-
yhphenylipiperazin-1-
vipyrinudine-2 4-diamine

&.00

S-(4-phenvipipendin-1-yi}-6-
propyipyvrimidine-2,4-diamine

7.93

24103

(]
N

S<(4-{4-fluorophenylpiperazin-
1-y1}-6-propylpyrimidine-2 4-
dianine

5.00

7.48

97

5-(4-(3-42-
(methylamino)pyomidin-5S-
viphenvlpiperazin-1-
vipyrimidine-2,4-diamine

8.25

131.33
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58

5-(4-(3-(2-(azetidin-1-
yhpyrimidin-S-
viyphenvhpiperazin-i-
vhpyrimidine-2,4-diamine

8.14

130.84

&-propyi-3-(4-(pyridin-2-
yhpiperazin-1-vljpyrimidine-
2. 4-diamine

269.78

100

5-{4-(3-{2-chloropyrimidin-5-
viphenyDpiperazin-1-
yhpyrimidine-2,4-diamine

4
o)
oo

[—

o
~3
N2
x

39

5~(4-(5-methvipyrimidin-2-
viypiperazin-1-yi)-6-
propyipyrimidine-2,4-diamine

5.09

7.15

11881

39

6-ethyl-S-(4-(p-tolyDpiperazin-
1-ylypyrinudme-2, 4-dianine

576

7.91

144.58

60

S5-{4-{S-methoxypyridin-2-
yhpiperazin-1-y1}-6-
propvipynmidine-2,4-diamine

W
Ln
N

149.75

5-(4-(3-
morpholinophenyiipiperazin-1-
yhpyrimidine-2,4-diamine

*»
es)
(v

6.86

1051

W

6-cthyl-5-(4-{ 5-fluoropyridin-2-
viypiperazin-1-yhpyrimidine-
2, 4-diamine

6.53

8.38

7123

6-cthyl-5-(4-(S-methvlpyndin-2-

vipiperazin-1-vDpvrimidine-
2.4-diamine

6.10

823

136.15

106

6~(cyclopropvlimethyl}-5-(4-
phenylpiperazin-1-
yvihpyrimidine-2,4-diamine

i
o
3

218.96
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No. Compound Name hDHFR plCso ~ fcDHFR piCso ~ Average DHFR
DHFR primary DHFR primary selectivity (h/rc)
assay assay

~ Methotrexate: (4-({{(2,4- 827 8.96 49
diaminopteridin-6-
vimethyh{methyamino)benzo
vi}-L-ghttamic acid

- Pyrimethamine: 5-(4- 539 6.00 4
chlorophenyt)-6-
cthyipyrinudine-2.4-diamame
5-(4-phenvipiperazin-1- 4.90 7.04 133

4 N .
vhpyrumdine-2 4-diamine

112§ 5-{4-(6-{tnfluoromethyhpyndin- | 5.69 8.25 364
3-ylypiperazin-i-yhpynmidine-
2, 4-diaming

) 5~(4-(4-chlorophenvyl)piperazin- | 5.99 817 150
I-yDpvrimidme-2 4-diamine

3 5-(4-(p-tolvDpiperazin-1- 558 7.74 146
vhpyrumdine-2 4-diamine

114 | 5-(4-(4- 6.09 825 144
methoxyphenviipiperazin-1-
yhpyrimidine-2,4-diamine

15 4 5-(4-(4- 6.09 8.21 132
{trifluoromethyiiphenypiperazi
n-1-yhpyrimidine-2,4-diamine

9 5-(4-(3- 5.50 7.54 108
methoxyphenvipiperazin-1-
vipyrimidine-2,4-diamine

102 | 5-(4-(3~{pynmidin-4- 578 7.80 103

viphenvhpiperazin-i-
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vipyrimidine-2,4-diamine

116

5-{4-{4-floorophenylpiperazin-
I-yDpyrinudime-2,4-diamine

5.30

730

166

Table 13: Potency and

Selectivity against

7 brucei DHFR

No.

Compound Name

BDHFR plCs -
DHFR primary
assay

hDHFR plCso -
DHFR primary
assay

Average DHFR
selectivity (Wib)y*
-~ DHFR ICs

Methotrexate: (4-({{(2,4-
diaminopteridin-6-
vlmethvhi(methyllamino)benzo
vi}-L-ghitamic acid

8.26

8.89

4.2

Pyrimethamine: 5-{4-
chlorophenyt)-6-
ethylpyrimidine-2,4-diamme

5.39

6.39

9.8

5-{(4-phenvipiperazin-1-
vipyrinudine-2 4-diamine

490

7.50

400

S-(4-(3-(2~
(trifluoromethyDpyrimidin-5-
yhphenvlipiperazin-1-
vipyrinudine-2 4-diamine

813

734

74

S<(4-3~(pynmidin-5-
viphenvipiperazin-1-
vipyrimidine-2,4-diamine

(o
W

556

100

5-(4-(3-2-chloropyrimidin-5-
viyphenvhpiperazin-i-
yvhpyrimidine-2 4-diamine

5.83

g.60

W
N2
o

5-{4-(3-(2-methoxypyrimidin-5-
yhphenylipiperazin-1-
vhpyrumdine-2 4-diamine

6.05

8.68

426

69

5-{4-(3-2-methylpvrimidin-3-
viiphenyDpiperazin-1-

6.10

870

401
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vipyrimidine-2,4-diamine

95 | 3-(4-(3-(2-cthyvlpyrimidin-5- 5.85 842 375
viphenvlpiperazin-1-
vhpyrumdine-2 4-diamine

94 | 5-(4-(3-2-cthylpyrimidin-5- 6.49 9.05 357
viphenylpiperidin-1-
vhpyrimidine-2,4-diamine

86 | 5-(4-(3-(2- 6.08 8.60 330
cvelopropylpyrimidin-5-
vhphenylpiperazin-1-
yhpyrimidine-2,4-diamine

Table 14 Potency and Selectivity agamst . major DHER
No. Compound Name BDHFR plCsy - {mDHFR piCs - Average DHFR
DHFR primary DHFR primary selectivity
assay assay (h/lmy* - DHFR
ICs0

- Methotrexate: (4-({((2.4- 8.28 8.64 23
diaminopteridin-6-
vlmethvhi(methyllamino)benzo
vI}-L-glutamic acid

- Pyrimethamine: 5-{4- 541 525 0.7
chlorophenyt)-6-
ethylpyrimidine-2,4-diamme

4 5-{(4-phenvipiperazin-1- 490 6.30 251
vipyrimidine-2.4-diamine

6 S-(4-{4-chlorophenvl)piperazin- | 6.31 8.12 65
1-ylypyrinudme-2, 4-dianine

98 | 5-(4-(3-(2~(azetidin-1- 586 7.54 48

yhpyrimidin-S-
viyphenvhpiperazin-i-
yvhpyrimidine-2 4-diamine
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73 | 3+{(4-3-(pyridazin-4- 5.80 7.44 44
yhphenylipiperazin-1-
vhpyrumdine-2 4-diamine

19 | 5-(d-(quinolin-3-ybjpiperazin-1- | 6.89 €43 35
vhpyrimidine-2.4-diamine

110 | 5-(4-(]2 4"-bipyndin]-4- 6.57 810 34
vipiperazin-1-vDpvrimidine-
2. 4-diamine

107 | 5-(4-(3~{pyndazmn-3- 586 7.28 30
viyphenvhpiperazin-i-
yvhpyrimidine-2 4-diamine

12§ 5-(4-(J1,U-biphenyi}-4- 6.67 8.13 29
yhpiperazin-1-vljpyrimidine-
2. 4-diamine

g4 5-{4-(3-{2-fluoropyridin-4- 5.94 7.37 27
vhphenylpiperazin-1-
yhpyrimidine-2,4-diamine

Table 15: Potency and Selectivity agamst P falciparum DHER
No. Compound Name BDHFR plCsy - POHFR plCs - Average DHFR
DHFR primary DHFR primary selectivity (Wpfi*
assay assay — DHFR ICs

- Methotrexate: (4-(((2.4- 827 905 6
diaminopteridin-6-
yimethyi{methyDaminojbenzo
vi}-L-glutamic acid

- Pyrimethamine: 5-{4- 5.39 8.28 760
chiorophenyi)-6-
ethylpyrinudine-2, 4-diamine

4 5-(4-phenvipiperazin-1- 4.90 872 6660
vipyrimidine-2.4-diamine
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110

5-{4-(3-{tetrahvdro-2H-pyran-4-
yhphenylipiperazin-1-
vhpyrumdine-2 4-diamine

5.11

8.56

7,100

74

5-{4-(3-2-methoxypvrimidin-3-
vhphenylpiperazin-1-
yhpyrimidine-2,4-diamine

6.04

1,300

5~(4-phenvipiperazin-1-vi}-6-
propvipyrimidine-2.4-diamine

4.95

=
e
L

806

Incorporation bv Reference

All publications and patents mentioned herein are hereby incorporated by reference in

their entirety as if each individual publication or patent was specifically and mdividually

mdicated to be incorporated by reference. In case of conflict, the present application,

mcluding any definitions herein, will control.

Egquivalents

While specific embodiments of the subject invention have been discussed, the above

specification is itlustrative and not restrictive. Many variations of the invention will become

apparent to those skalled in the art upon review of this specification and the claims below.

The full scope of the invention should be determined by reference to the claims, along with

their full scope of equivalents, and the specification, along with such variations.
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CLAIMS

1. A compound having the structure of formula (I) or a pharmaceutically acceptable salt or

prodrug thereof:

@

wherein:

R'is H, C alkyl, Cs cycloalkyl, C45 cycloalkylalkyl, or halogen;

W is N or CR'"® and Z is N or CR", provided that at least one of W and Z is N;

Rz, R3, R4, Rs, R6, R7, RS, R9, R”, and R'® are independently selected from H, C.¢ alkyl, Cs¢
cycloalkyl, hydroxyl or fluorine; provided that at least four of R2, R® , R4, RS, R6, R7, RS,
and R’ are H; if W is N, then none of R2, R? , R6, and R’ is hydroxyl; and if Z is N, then
none of R4, RS, RS, and R’ is hydroxyl;

R'"is substituted or unsubstituted Ce.10 aryl or 5- to 10-membered heteroaryl.
2. The compound of claim 1, wherein the compound has the structure of formula (I) or a

pharmaceutically acceptable salt or prodrug thereof:

H,N N NH,

R10

wherein:
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R'is H, C alkyl, Cs cycloalkyl, C45 cycloalkylalkyl, or halogen;
W is N or CR'® and Z is N or CR”, provided that at least one of W and Z is N;
Rz, R3, R4, RS, R6, R7, RS, Rg, R”, and R'® are independently selected from H, C alkyl, Cs¢

cycloalkyl, hydroxyl or fluorine; provided that at least four of Rz, R3, R4, RS, R6, R7, RS,
and R’ are H; if W is N, then none of Rz, R3, R6, and R’ is hydroxyl; and if Z is N, then
none of R4, RS, RS, and R’ is hydroxyl;

R' is substituted or unsubstituted Ce.10 aryl or 5- to 10-membered heteroaryl;

provided that:

a. ZisCR'";

b. at least one of Rz, R3, R4, RS, R6, R7, RS, and R’ is C.6 alkyl, C; cycloalkyl, or halogen;

c. Rlis Cs.6 alkyl, Cs6 cycloalkyl, C45 cycloalkylalkyl, or fluoro;

d. R'is substituted or unsubstituted 5- to 10-membered heteroaryl or Cyg aryl;

e. Zand W are N and R'? is phenyl substituted at the meta or ortho position with at least
one substituent selected from chloro, alkoxy, phosphoryl, phosphate, phosphonate,
phosphinate, amino, amidine, imine, cyano, azido, sulfhydryl, or alkylthio, heterocyclyl,
aralkyl, aryl, or heteroaryl;

f. R'%is phenyl substituted with C;.¢ alkyl optionally substituted with Cy.¢ alkyl, Cs.
cycloalkyl, halogen, carbonyl, cyano, or hydroxyl;

g. R'%is phenyl substituted with R' or X-R'?;

h. R'is Cs¢ alkyl and R is phenyl optionally substituted with halogen (e.g., fluoro or

chloro), hydroxyl, alkoxy, phosphoryl, phosphate, phosphonate, phosphinate, amino,
amidine, imine, azido, sulthydryl, or alkylthio; or

Z and W are N, R' is H and R'? is phenyl substituted with at least one substituent selected
from halogen (e.g., fluoro or chloro), alkyl, trifluoromethyl, cycloalkyl, alkoxy,

trifluoromethoxy, or cyano; and

further wherein:

each instance of R' is independently selected from substituted or unsubstituted phenyl, 5- or 6-

membered heteroaryl, or 4 to 7-membered heterocyclyl;

each instance of X is independently selected from carbonyl, Y, -CH,Y-, or -YCHo-;

each instance of Y is independently selected from -CH,-, -O-, -S-, or —NRB—; and

each instance of R"? is independently H or C ¢ alkyl.
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3. The compound of claim 1 or 2, wherein the compound has the structure of formula (Ia):
H,N N NH,
\ R2 R3
| 3
N A R®
N
R! N
R6 \R10
R7
R® R®
(Ia)
wherein:

R'is H, Cy.6 alkyl, Cs cycloalkyl, or halogen;
Rz, R3, R4, Rs, R6, R7, RS, and R? are independently selected from H, C, alkyl, C5¢ cycloalkyl,

or fluorine, provided that at least four of Rz, R3, R4, R’ , R6, R, R8, and R’ are H; and

R'? is substituted or unsubstituted Ce. 1o aryl or 5- to 10-membered heteroaryl;

provided that:

a
b.

C.

i

4.

at least one of Rz, R3, R4, RS, R6, R7, RS, and R’ is Ci.6 alkyl, Cs, cycloalkyl, or halogen;
R'is C46 alkyl, C5.6 cycloalkyl, or fluoro;

R'"is substituted or unsubstituted 5- to 10-membered heteroaryl or Cyg aryl;

R'% is phenyl substituted at the meta or ortho position with at least one substituent
selected from chloro, alkoxy, phosphoryl, phosphate, phosphonate, phosphinate, amino,
amidine, imine, cyano, azido, sulfhydryl, or alkylthio, heterocyclyl, aralkyl, aryl, or
heteroaryl;

R is phenyl substituted with C¢ alkyl optionally substituted with C.¢ alkyl, C;¢
cycloalkyl, halogen, carbonyl, cyano, or hydroxyl; or

R"is phenyl substituted with R or X-R"

The compound of any one of claims 1-3, wherein R' is Ce.10 aryl or 5- to 10-membered

heteroaryl, and is optionally substituted with a substituent selected from alkyl, cycloalkyl,

halogen (e.g., fluoro), hydroxyl, alkoxy, cycloalkyloxy, cycloalkylalkyl, cycloalkylalkoxy,

phosphoryl, phosphate, phosphonate, phosphinate, amino, amidine, imine, cyano, azido,
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sulthydryl, or alkylthio, heterocyclyl, aralkyl, or an aromatic or heteroaromatic moiety.

5. The compound of any one of claims 1-4, wherein R' is substituted with at least one
substituent selected from alkyl, cycloalkyl, halogen (e.g., fluoro), hydroxyl, alkoxy,
cycloalkyloxy, cycloalkylalkyl, cycloalkylalkoxy, phosphoryl, phosphate, phosphonate,
phosphinate, amino, amidine, imine, cyano, azido, sulthydryl, or alkylthio, heterocyclyl, aralkyl,

or an aromatic or heteroaromatic moiety.

6. The compound of any one of claims 1-5, wherein R'is H, C,; alkyl, Cs5 cycloalkyl, C4
cycloalkylalkyl, or halogen.

7. The compound of any one of claims 1-6, wherein R' is substituted or unsubstituted Cs-10

aryl or 5- to 10-membered heteroaryl, and is further substituted with R'* or X-R'?,

8. The compound of claim 7, wherein R'is phenyl.

9. The compound of claim 8, wherein R is phenyl substituted with R' at the meta
position.

10. The compound of any one of claims 1-9, wherein the substituents on each instance of R'?

are selected from hydroxy, C;¢ alkyl, C;¢ alkoxy, Cs.7 alkoxyalkoxy, C,¢ haloalkyl, C;¢
haloalkyloxy, C3_7 haloalkoxyalkoxy, Cs. cycloalkyl, C;¢ cycloalkyloxy, Cag
cycloalkylalkyloxy, C45 cycloalkylalkyl, 4 to 7-membered heterocyclyl, 4 to 7-membered
heterocyclyloxy, halo, cyano, oxo, or amino optionally substituted with up to 2 C,_¢ alkyl or Cs¢

cycloalkyl.

11.  The compound of claim 10, wherein the substituents on each instance of R'* are selected

from C; alkyl, Cs cycloalkyl, halo, cyano, or oxo.

12.  The compound of claim 10, wherein the substituents on each instance of R'* are selected

from C;_¢ alkoxy.
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13. The compound of any one of claims 1-12, wherein R'is H, and R'" is substituted or

unsubstituted phenyl.

14. The compound of claim 8, wherein:

R'? is substituted with R'* and is optionally substituted with one or more substituents
independently selected from R'";

each instance of R'! is independently selected from C, alkyl, C. alkoxy, Cy. alkoxyalkyl,

cyano, or halogen.

15. The compound of claim 14, wherein R'? is substituted or unsubstituted phenyl, 5- or 6-
membered heteroaryl, or 4- to 7-membered heterocyclyl and is substituted with methyl, ethyl,

methoxy, or trifluoromethyl.

16. The compound of claim 14 or 15, wherein R'is H.

17. The compound of any one of claims 10-16, wherein R' is phenyl substituted with R'2.
18. The compound of any one of claims 10-17, wherein R'? is pyrimidin-5-yl or pyridin-3-yl.

19. The compound of any one of claims 10-18, wherein R'? is 2-methoxy-pyrimidin-5-yl, 3-

methoxyphenyl, 2-methoxy-pyridin-3-yl, 2-methyl-pyrimidin-5-yl, or tetrahydropyran-4-yl.

20. The compound of claim 19, wherein the compound has one of the following structures or

is a pharmaceutically acceptable salt or prodrug thereof:

92



93



10

15

21. A pharmaceutical composition comprising a compound of any one of the preceding

claims.

22. A compound having the structure of formula (I), a pharmaceutically acceptable salt or

prodrug thereof, or a pharmaceutical composition comprising the compound, salt, or prodrug:

NH,

ey

wherein:

R'isH, Ci6 alkyl, Cs cycloalkyl, C4. cycloalkylalkyl, or halogen;

W is N or CR'"® and Z is N or CR”, provided that at least one of W and Z is N;

R2, R3, R4, RS, R6, R7, RS, Rg, R”, and R'® are independently selected from H, C;. alkyl, Cs
cycloalkyl, hydroxyl or fluorine; provided that at least four of R2, R® , R4, RS, R6, R7, RS,
and R® are H; if W is N, then none of Rz, R3, R6, and R’ is hydroxyl; and if Z is N, then
none of R4, RS, RS, and R’ is hydroxyl; and

R' is substituted or unsubstituted Ce.10 aryl or 5- to 10-membered heteroaryl

for use in treating an infection.

23.  Use of a compound having the structure of formula (I), a pharmaceutically acceptable salt

or prodrug thereof, or a pharmaceutical composition comprising the compound, salt, or prodrug:
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wherein:

R R®

@

R'isH, Ci6 alkyl, Cs6 cycloalkyl, C4 cycloalkylalkyl, or halogen;

W is N or CR'"® and Z is N or CR”, provided that at least one of W and Z is N;

Rz, R3, R4, Rs, R6, R, RS, R9, R, and R'® are independently selected from H, C. alkyl, Cs¢
cycloalkyl, hydroxyl or fluorine; provided that at least four of Rz, R3, R4, RS, R6, R7, RS,
and R’ are H; if W is N, then none of Rz, R? , R6, and R’ is hydroxyl; and if Z is N, then
none of R4, RS, RS, and R’ is hydroxyl; and

R'"is substituted or unsubstituted Ce.10 aryl or 5- to 10-membered heteroaryl

in the manufacture of a medicament for the treatment of an infection.
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