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PYRIMIBINE COMPOUNDS CONTAINING ACIDIC GROUPS
Cross Reference to Related Applications

{0001} This application claims the benefit of U S. Provisional Application No.
62/430,183, filed December 5, 2016, and U.S. Provisional Application No. 62/532,230, filed
July 13, 2017, the contents of which are incorporated herein by reference in their entireties.

Field of the Invention

{6002] The present disclosure relates to a class of pyrimidine derivatives having
immunomodulating properties that act via TLR7 which are useful in the treatment of viral or
allergic diseases and cancers.

Background of the Invention

{¢003] The present disclosure relates to pyrimidine derivatives, processes for their
preparation, pharmaceutical compositions containing them and their use in therapy.

{0004] The immune system is comprised of innate and acquired immunity, both of
which work cooperatively to protect the host from microbial infections. It has been shown
that innate mmunity can recognize conserved pathogen-associated molecular patterns
through toll- like receptors (TLRs) expressed on the cell surface of immune cells.
Recognition of invading pathogens then triggers cytokine production (including mterferon
alpha(IFNa})) and upregulation of co-stimulatory molecules on phagocytes, leading to
modulation of T cell function. Thus, tnnate immunity is closely linked to acquired immunity
and can influence the developroent and regulation of an acquired response.

{6005] TLRs are a tamily of type I transmembrane receptors characterized by an
NHz-terminal extracellular leucine-rich repeat domain (LRR) and a COOH-terrinal
mtracetiular tail containing a conserved region called the Toll/IL-1 receptor {(TIR) homology
domain. The extracellular domain contains a varving number of LRR, which are thought to
be tnvolved in ligand binding. Eleven TLRs have been described to date in humans and mice.
They differ trom each other in ligand specificities, expression patterns, and in the target genes
they can induce.

10006] Ligands which act via TLRs (also known as immune response modifiers
{IRMS}) bave been developed, for example, the imidazoquinoline derivatives described in
US Patent No. 4689338 which include the product Imiquimod for treating genital warts, and

the adenine derivaiives described in WO 98/01448 and W 99/28321.
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{6007] Compounds with liver targeting property are desirable. Certain moieties that
awd 10 liver targeting that have been disclosed in references include acidic moteties. (Tu et
al., Current Topics in Medicinal Chemistry, 2013, 13, 857-8006; Oballa et al., J. Med. Chem,,
2011, 54, 5082-5096; Plefferkorn et al | J. Med. Chem., 2012, 55, 1318-1333, the contents of
which are incorporated herein by reference in their entireties)

Summary of the Invention

{6008} The present disclosure provides a compound having the structure of Formula

(1), and pharmaceutically acceptable salts thereof,
NH,

N)M\a R1a
K | L N/J\Rﬂ)
L H
v (H
wherein
R is selected from the group consisting of H, C1-Cs alkyl, -NH,, -NHAc,

p=N

Ny

NH
_COOH, -SO,CH: -SCH:, -OCH;, & N and A
wherein the alkyl is optionally substituted with -OH, -NH,, -NHAc, -COCOH, -
SO,CHs,
=N

o

_ NH
SCHs, -0CHs, & N ora;
R is 5-Cs alkyl;
X 13 selected from the group consisting of H and Cy-Cs alkyl, wherein the alkyl is

optionally substituted with A, -OH, or -C{CH3»OH;

L’ is selected from the group consisting of a bond, -CHa-, -CFy-, 3><'é \ }Zi , ~0-, -
S-, -80;-, -NH-, and ~CH;CHa-;

Y is selected from the group consisting of C1-Cs alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are

independently selected from A, C1-Cs alkyl, and C1-C; alkoxy;
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O O OH o0

Lo 30X /
. _ L0 L2770 3027
A 1s selected from the group consisting of %— , % OH % - OH

n-N,

N

? 27~~N

N=M, NN por FE OH OH
/LM MNH i AN - \ i

§-1? N .§...L2”b:’\f i and ~§~L’2’B“OH,

L? is selected from the group consisting of a bond, ~(CHa ju-, ~C{OWH{CHa ), : ; ; ,

% -gm-{CHz)%(CHZ)“'%

2

, , A O(CHCH Y e, -[O(C1-Cy alkylene}]-,
~IO(CHCHL) 1n-OCH CHLCFo -, -C{OYNHCH CHu-[O(CHLCH 3 e and
~C{OYNHCH CH-[O(CH CH ) -OCH CHL CF o -,
m 18 an integer from zero to four; and
1 i3 an integer from one to four; and
wherein the compound is substituted with at least one A
{600Y] The present disclosure provides a compound having the structure of Formula

{1), and pharmaceutically acceptable salts thereof]
NH,

S

N)\*N R1a
L N
L H
v M
wherein
R'% ig selected from the group consisting of H, C;-Cas alkyl, -NH;, -NHAc,

=N
_NH
-COOH, -S0,CHs, -SCHs, -OCH;, and 5N
wherein the alkyl! is optionally substituted with -OH, -NH;, -NHAc, -COOH, -
SOLCH;,

N,
N NH

SCHy, -OCH:, or ¥ N
R is Cr-Cs alkyi;
X is selected from the group consisting of H and C;-Cq alkyl, wherein the alkyl is

optionally substituted with A, -OH, or -C{(CH;3}):0OH;

w3
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L' is selected from the group consisting of a bond, -CH;-, -CFs-, % , 3§Z‘{ , 0=, -
8-, -8Oh-, -NH-, and -CH)CH;-;

Y 15 selected from the group consisting of C1~-Cs alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and hetercaryl are optionally substituted with 1-5 substituents that are
independently selected from A, C1-Cs alkyl, and Ci-Cs alkoxy;

¢ OH o0

0
%LZ’KOH x§...L2/¥5<QH %LZ”\“‘Q{:’QH?

A 1s selected from the group consisting of
N1
o Ak
_N on 2N

_N
lo N RJOH OH
SO NN TS i t-15°0H

, , and

N

L’ is selected from the group consisting of a bond, -(CH; -, -C{O)NH(CH)u-, j; ;f ,

NAETHD-S
>><£ , i-(cr) (CH@'“J?, {O(CHCH) -, {O(C1-Cy alkylene)]-,
-TO(CH:CHL ) 1o- OCH, CH: CFo -, -C{OYNHCHCH-[O(CH2CH ) - and
-C{ONHCH CH3~-{ O(CHCH )} in-OCH, CHLCFs -,

m is an integer from zero to four; and

n is an integer from one to four; and

wherein the compound 1s substituted with at least one A
{6010} The present disclosure provides a compound having the structure of Formula

(1), and pharmaceutically acceptable salts thereof,

NH,
NTRN R
Lo

L, H

L
¥ (D)

wherein

R'?is selected from the group consisting of H, C;-Cs alkyl, -NH,, -COOH,
and -SO,;CHs wherein the alkyl is optionally substituted with —OH, -NH,, -COOH, or -
SORCHG;

R is C2-Cs alkyl;
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X is selected from the group consisting of H and Ci-Cy alkyl, wherein the alkyl is

% o

Y is selected from the group consisting of Cy-Cs alkyl, aryl, and heteroaryl, wherein

optionally substituted with A;

s
L’ is selected from the group consisting of a bond, -CHa-, -CFy-, 5><’\
S-, -80O;-, -NH-, and -CH,CH»-;

2

the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are
independently selected from A, C1-Cs alkyl, and C-Cs alkoxy;
O G OH O 0

: . - . %-LTU\(:}H %___Lz—j{ %_Lz/gf
A is selected from the group consisting of ® ) OH = OH

NN

Q M
N OH 2N

J; ‘NH N’N‘N} + L OH
%_n;_z “=pf _%_LZ’IQN’ j{ |

, and

N

L* is selected from the group consisting of a bond, -(CH -, ~-C{(OINH{CH o, %
ol
%’ HCH) @Hz)”“%, O(CHCH Y-, -[O(C1-Cy alkylene)]-, and
S O(CHCH) - OCH CHL CFo-,;
m is an integer from zero to four; and
n is an integer from one to four; and
wherein the compound 1s substituted with at least one A
{001 1] In certain embodiments, the compound having the structure of Formula (1) can
have any one or more of the following features,
{a) when X is -CHs; L' is -CHy-; Y is aryl substituted with A; and L? is -CHp-; then A
is not -L2-COOH;
{b) when X is -CHj; L' is -CHz-; Y is aryl substituted with A; and L? is -CHy-; then A
is not -L%-COOH, except when R'* comprises -COOH;
{c) when L' is -CH;-; Y is aryl substituted with A; and A is -L*-COOH; and L7 is -
CHy-; then X is not ~CHs;
{d) when L! is -CHy-; Y is aryl substituted with A; and A is -L?>-COQOH; and L is -
CH>-; then X is not -CHs, except when R comprises -COOH,
{e) when X is -CHs; L' is -CHp-; Y is aryl substituted with A; and A is -L*-COOH;

then L2 is not -CHa-~:
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{(f) when X is -CHs; L' is -CHo-; Y is aryl substituted with A; and A is -L>-COOH;
then L2 is not -CH,-, except when R comprises -COOH;
{2) when X is -CHs; Y is aryl substituted with A; and A is -L*-COOH; and L? is -
CHo-; then L! is not -CHz-;
(h) when X is -CHs; Y is aryl substituted with A; and A is -L2-COOH; and L is -
CH;-; then L' is not -CH;-, except when R*® comprises -COOH;
(1) when X is -CHjs; L' is -CHa-; Y is aryl substituted with A; and A is -L2-COOH:
and L? is -CHp-; then R'® comprises COOH;
(i) when X is -CHs; L' is -CHz-; Y is aryl substituted A and ~OCH3; and L7 is -CHa-;
then A is not -L*-COOH;
(k) when X is -CHs; L' is -CHa-; Y is aryl substituted A and ~OCH;; and L? is -CHy-;
then A is not -L*-COOH, except when R'® comprises -COOH;
(1) when X is -CHs; L' is -CHz-; Y is aryl substituted A and ~OCH3; and L7 is -CHa-;
and R'? does not comprise COOH; then A is not -L>-COCH.
10012} In certain embodiments, the compound having the structure of Formula (1) can
have any one or more of the following features,
(m)when X is -CHs; L' is -CH;~; Y is aryl substituted with A; and L is -CH;-; then A
is not -L2-COOH;
{(n) when X is -CHj; L' is -CHs-; Y is aryl substituted with A; and L? is -CHp-; then A
is not -L>-COOH, except when R? comprises <COOH or —-SO,CHz;
{0} when L' is -CH;-; Y is aryl substituted with A; and A is -L*-COOH; and L is -
CHs-; then X 18 not ~-CHj;
{p) when L' is -CHy-; Y is aryl substituted with A; and A is -L*-COOH; and L is -
CH;-; then X is not -CHs, except when R'? comprises -COOH or —SO,CH3;
{q) when X is -CHs; L1 is -CHy~: Y is aryl substituted with A; and A is -L2-COOH;
then L? is not -CHa-;
{r) when X is -CHs; L' is -CHo-; Y is aryl substituted with A; and A is -L*-COOH;
then L? is not -CH;-, except when R comprises -COOH or —-S0,CHs;
{5} when X is -CHj; Y is aryl substituted with A; and A is -L>-COOH; and L? is -
CHo-; then L! is not -CHz-;
{(t} when X is -CHs; Y is aryl substituted with A; and A is -L2-COOH; and L* is -
CH;-; then L' is not -CHs-, except when R' comprises ~COOH or ~SO,CH;;
{u) when X is -CHj; L' is -CHz-; Y is aryl substituted with A; and A is -L2-COOH;
and L? is -CHp-; then R'? comprises COOH or -SO,CH;;

6
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{(v) when X is -CHs; L' is -CHs-; Y is aryl substituted A and ~OCH;; and L? is -CHo-;
then A is not -L2-COOH;
{w)when X is -CHs; L' is -CHa-; Y is aryl substituted A and ~OCH;; and L? is -CH-;
then A is not -L>-COOH, except when R comprises -COOH or —-SO,CHs;
{(x) when X is -CHs; L' is -CHz~; Y is aryl substituted A and ~OCH;: and L7 is -CHo-;
and R'? does not comprise COOH or —SO:CHs; then A is not -L>-COOH;
{yy when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and A is -L2-COOH:
and L? is -CHp-; then R'* is not H or alkyl substituted with ~OH.
{0013] In certain emnbodiments, the compound having the structure of Formula (1) can
have any one or more of the following features:
{aa) when X is -CHs; L' is -CHy~; Y is aryl substituted with A; L? is -CHp-, —O-
C: OH
(CE-O(CH - 0r ~O-(CH2)p-O(CHob(CEx)- and Ads T "OH. then A and
L! are not in a para position with respect to each other;
(bb)  when X is -CHj; L' is -CHy-; Y is aryl substituted with A; L is -CHp-; and A
O COH

RETEE | o
is % OH then A and L! are not in a para position with respect to each other;

{ce) when Xis-CH;s; L' is -CHs-; Y is aryl substituted with A and ~-OCH3; L% is
&) /OH
~CHs-; and Ais %_sz \OH; then A and L' are not in a para position with respect
1o each other;
{dd) when X is -CHs; L' is -CHy-; Y is aryl substituted with A; L? is ~O-(CHa -
O OH

O(CHu)-; and Ais %Lg/ \OH; then A and L. are not in a para position with
respect to each other;
{eey  when X is -CHs; L' is -CHa-; Y is aryl substituted with A; L* is ~O-(CHy)s-
¢ OH

. L2770 . ..
O(CH:32(CFy)-; and A 13 + OH . then A and L} are not in a para position

with respect to each other;
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(ff)  when X is -CHs; R"is H; R' is Cyalkyl; L' is -CHo-; Y is aryl substituted
with A; and 1.2 is -CHp-, ~O-(CH2 o-O(CHz -, or ~O-{CH,)2-O(CH2 )( CF2)-; then
O OH

: L2
A 18 not %; OH.

{gg) when Xis -CHs: R1%is H; RI" is Cualkyl; L is -CHy-; Y is aryl substituted
O O

.

with A; and L7 is -CHy~; then A is not + 4/3;{0“ ;

(hh)  when X is -CHs; R is H; R'® is Cealkyl; L is -CHy-; Y is aryl substituted
O O

2 ‘\

OH .

with A and ~OCH;; and L? is -CHa-; then A is not }L ;
(i)  when Xis -CHs: R1%is H; R1" is Cualkyl; L is -CHy-; Y is aryl substituted
O OH

= oM.

2

with A; and L? is ~O-(CH2)-O(CHz)z-; then A is not %_
(i} when X is -CHs; R is F; R™ is Cyalkyl; L' is -CHy-; Y is aryl substituted
Cé/ OH
with A; and L? is ~O-(CHa )-O(CH, )o{ CF2)-; then A is not 57 o ;
(kk) when Xis -CHs: R1%is H; R1" is Cualkyl; L is -CHy-; Y is aryl substituted
with A; L is _CHQ—,---Om(CHQ)QnQ(CHQ)Q_, or '"‘O"(‘CHZ)Z"O((iHZ)Z((:FQ:}”; and A
O OH

2 LZ/\;:’/

and L' are para position with respect to each other; then A is not * “oH ;
()  when X is -CH;s; R’ is H; R is Cualkyl; L' is -CHs-; Y is aryl substituted
with A; L? is -CH;-; and A and L' are para position with respect to each other;
C‘;/ OH
then A is not %L{/ \OH;
{rmm) when X is -CHs; R is H; R is Cealkyl; L is -CHy-; Y is aryl substituted
with A and ~OCH;; L is -CHs-; and A and L' are para position with respect to

O OH

)
. L2,
each other; then A 1s not ¢ OH;
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(nn)  when X is -CHs; R%is H; R' is Cualkyl; L' is -CHo-; Y is aryl substituted
with A; L? is —0-(CH,)o-O(CHy)o-; and A and L' are para position with respect to
O OH

: L2\
each other; then A is not % OH ;

{00} when Xis -CHs: R1%is H; R1" is Cualkyl; L is -CHy-; Y is aryl substituted
with A; L2 is ~O-(CHo-O(CH 2(CFy)-; and A and L' are para position with
O OH

5“5—2/%:@}4 |

{001 4] The present disclosure provides the compound of Formula (1} that is a

respect to each other; then A is not

compound of Formula (1a),

wherein

Xi1s H or CH;s;

-, -O-, -8 -{:1}72~,3><‘{,

L!is selected from the group consisting of a bond, ~-CHp-, L =S~

t z ;5 , and -CH,CHa-;

Q C OH 0 0

/4
%;3—’“‘05-{ %.Lz”\}{{@;..; %—LZ”?{OH

A is selected from the group consisting of ¢

_N
NN

Q J
N
fN\N)MOH = OH QH
PR a B.
N he Cang FLEOH.

1.2 is selected from the group consisting of a bond, -CH,-, -CH2CH;-, g 2'7
-C{OWH(CH2 o, -[O(CHCHD ) o, -[O(C1-Cs alkylene}]-, and -[O(CHCH) ) o
OCH, CHCFo-;

-C(OWHCH,CH:-[O(CHCH ) -, and C(OYNHCH; CHy-[O(CHCH) w-OCH: CHL CFo-;

“ WH
Ay

ta

2

o

and

9
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R’ is H, C;-Cs alkyl, or Ci-C5 alkoxy.
{6015} The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1a),
NH.,

A

NN Ria

E !
X/l\f\ﬁ/j\ﬂ.!b

wherein

XisHorCHs;

§ LY
L' is selected from the group consisting of a bond, -CH;-, -CFs-, 3><‘{ ’ ; ;E, and
“CHZCHQ";

O OH O 0

L4

O
. _y LQ’U\OH L2770 k2",
A 1s selected from the group consisting of %— , é— OH % OH

3

O
_N N }LQH L2
it NH 7N % O
%__LZ NE\( %_LVL“?N' K

. and

L? is selected from the group consisting of a bond, -CH;-, -CH,CH;-, % é’, E‘yj,
~C{ONH(CH Jo-, -[O{CHCH2 )i, -[O(C1-Cy alkylene}]-, and -[O{CH:CHz} -
OCHCH:CFy-; and

RYis H, C;-Cs alkyl, or C1-Cs atkoxy.

{06016} The present disclosure provides the compound of Formula (1) that is a
compound of Formula (1a),
NH,

A

N™SN  Ris

wherein
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Xis -CHQ-—AM, ~CHQCH2_AM, -CHQCHQCHQHAM, or uCHQC(CH})QuAm;

o O OH o 0 ="

NH
Eye:)ir-i L"‘f’ ‘OH “"{LN

; e
A s selected from the group consisting of "% OH

N"N
\"N
O j‘zl)i\;\g’
n=N, }OH ) kg/oa—a OH
B
%/J\N ?md%i OH

k)

4

L' is selected from the group consisting of a bond, -CHa-, -O-, -S-, -CF»-,

i; ; , and -CHyCHy-;

o OP/OH o 0

. i e J\OH L2 2

A s selected from the group consisting of % % OH %L
N

N Nz }OH ‘%—U OH OH
Jamyy ,LNf i; B.
L . + , I and —E—LE OH ;

L? is selected from the group consisting of a bond, -CHz-, -CH2CH;-, % § Xé
SCONH(CH2pp-,  -[O(CHCH) o,  -[O(C-Cy alkylene)ll-,  and  -JO(CHCHo)e-
OCH,CH,CFy-;
~C{OWNHCH, CH-[O(CH:CH Y, and C{OYNHCH,CH-[O(CH CH)Y w-OCH, CHCF-;
and

R?is H, Ci-Cs alkyl, or C;-Cs alkoxy.

{0017} The present disclosure provides the compound of Fornwla (1} thatis a

compound of Formula (1a),

wherein

Xis ~CHQ,—A13? —CHQCHQ-AM, —CE‘EQCHQCHQ-AM, or —CHzC(CHg)z—A,Ia;

i1
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o O OH o@

\ “NH
A/%OH ‘%{*‘ ‘QH LE?{/LT:NI

A" ig selected from the group consisting of % TOH ,

n-N

o

N« X }C’H kgOH
L and

N

ﬁ»"z

3

e
L! is selected from the group consisting of a bond, -CHs-, -CFa-, 3 ¢ x ,
and “CHZCHQ";

G OH 00
: - L 2J"\<:>H %LZ”' OH %L//g/\QH
A 18 selected from the group consisting of
NN
JL;\{

N="N, J‘{

OH $-1.2
/LNNH N /LN’

OH
%"LA , , and \g/ :

>

<

L2 is selected from the group cousisting of a bond, -CHy-, -CH2CHy-, % é", 32;5
-CIONH(CH ), -[OCHCHR) -, -[O(C-Cy  alkylene}}-, and -[JO(CH:CH)ls-
OCH,CHRCEFy-; and

R is H, Ci-Cs alkyl, or C1-Cs alkoxy.

[0018] The present disclosure provides the compound of Formula (1) that is a

compound of Fornwla (1b),

e L
AL
(1b)
wheretn
X is H or CH3;
L’ is selected from the group consisting of a bond, -CHs-, -O-, -S-, -CFa-, % § ,

e
,and ~-CHCHa-;

3
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G O OH Q0
/2
. . %—szfi)H -E---LZ"?{QH %’Lg/\é/\OH
A s selected from the group consisting of , , ,
N-N

O
2
Nf—NKNH NsN‘N}OH +t L OH OH
i
S T R QL
2 , and . and 2 :

k)

L? is selected from the group consisting of a bond, -CHa-, -CH2CHo-, g % 3§Z£
~C{OWNH{CH)o-, -[O{CHCH ), [ O(C1-Cy alkylene}}-, and -[O(CHCH ) o-
OCH,CH,CF»-,
~C{ONHCHCH2~-{O(CHCH2 M-, and C(OMNHCH CH-[O{CHCH Y i-OCHL CHCFa-;
and

R is H, C;-Cs alkyl, or C1-Cs alkoxy.

{6019] The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1b},

-
3
(=)

o

wherein
X is H or CHs;
L! is selected from the group consisting of a bond, -CHo-, —(IE:?,-,%M%, }Zé
and -CH>CH;-;
O C}\ O o 0

| % %
. ___LZ’l\\ 2 320N D
A is selected from the group consisting of % OH, § L OH | %Ll \OH?
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P4

L.? is selected from the group consisting of a bond, -CHy-~, -CHCHy-, ,

FO(C1-Cy

{O(CHCH o,

alkylene)}-,

and  -[O(CHCH) o~

CCH,CHCEF- and

E

RYis H, Ci-Cs alkyl, or C1-Cs alkoxy.

[0020] The present disclosure provides the compound of Formula (1) that is a
compound of Formula (1b},
NH.
N’L\\N Rt
Lo A
[ ¥
ANFRS
{1
wherein
X is —CszAla, ~C}‘IQC}‘{2—A,13? MC},{EC}{QCE{Q"A}.,IR? or ~CH§C(CH§)3-AM;
O O OH Og’ O N N
/4
.. - B Pon A on SN
Al is selected from the group consisting of % OH | E OH OH %
N
N7
i N
o) ?{U\N'
Nﬁme}OH E/ OH OH
E\T i 8 /B\
3N , and % Lz OH ;

L.} is selected from the group consisting of a bond, -CHa-, -O-, -8-, -CFa-,

: ; ;5? and ~-CH,CHz-;

O

EN

O OH

. .. L2
Ais selected from the group consisting of %_

N
,L: ‘NH OH OH
N Mj? ¥ Bon.
, and ;

$u

OH '§'"L2/?{OH %—Lz/\é{m ﬁ

PG

3 0
/

L’ is selected from the group consisting of a bond, -CHs-, -CH;CHo-, g % t ; ;E,

C{OINH(CH -, -[O(CHCH e, [O(C1-Ca alkylene)]-, and -[O(CHCH Yo

14
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OCH,CH,CFs-;
-C{ONHCH CH3~-{O(CHCH ) -, and C(OYNHCH CH,-{O(CHCH Y i-OCHL CHLCF -,
and
R is H, Ci-Cs alkyl, or C1-Cs alkoxy.
{0021] The present disclosure provides the compound of Formula (1) that is a

compound of Fornula (1b),

i ~
AR
(1b)
wherein
X is -CHy-A" -CHCHz-AR, -CHCHLCHR-AR, or -CHC(CH: )-A,
ooH oo N
O %’/ \33// N WH
la; : : RIS o N T e T
A'? ig selected from the group consisting of , , , ® ,
NJ\E‘N
Q ?{B\N
N,’,N\N}OH i Ok
b
. ¥
%N , and ;

L' is selected from the group consisting of a bond, -CHy-, -CF-, § g‘, %,
and -CH>CHi-;
L v
A is selected from the group consisting of i OH, L7 “OH 157 on

3

0
_N N >¥0H 12
z‘tN:NH j; N é_ '\gOH
%_;_2 , %LZ ¥ , and ;

L.? is selected from the group consisting of a bond, -CHy-, -CHCHy-, é E‘, ; ;s
SC{OINH(CH ),  -[O(CHCH2)w-, -[O(C-Cy  alkylene)}-, and -[O(CH:CH)n-
OCH,CH,CEy~; and

E

R?is H, Ci-Cs alkyl, or Ci-Cs alkoxy.
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{6022] The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1¢),

NH,
N7~N Ria
|
X)\%kﬁ Rﬂ)
. R
R4R3

wherein
X is -CHr-A? -CHCH-AR -CHCHLCH-AR, or -CHRC(CH -A,

o %, OH C\}g o N,
/ ]
S Non o “’%{j\ N

NH

A" is selected from the group consisting of % ~0H ,

N’;\LN
o st
neN poR kEOH OH
. x“%l)ﬁ\\N, , and %SNOH

2

3

L!is selected from the group consisting of a bond, -CHs-, -O-, -8-, -CFo-,

: z ;f , and -CH,CHa-;

R?is H, C-C; alkyl, or Ci-Cs alkoxy; and
R*is H or C-C; alkoxy.
[0023] The present disclosure provides the compound of Formula (1) that is a

compound of Formula (Ic),

wherein

Xis "CHQ"AM, “CHQCHE'Aia, "CHQCHQCHE"Aia, or nCHzC(CHﬂz-Am;

16
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o OO0H oo N,
S A
s PN T =
A" ig selected from the group consisting of &! OH | OH \QH, %
N
N7
i N
0N

O

NaN\N}OH kg@i-—i
, 5 N , and ;

L! is selected from the group consisting of a bound, -CHy-, -CF2-, N
and -CH>CHo~;

R*is H, Ci-(s alkyl, or C;-Cs alkoxy; and

R*is H or C1-C5 alkoxy.
{0024] The present disclosure provides the compound of Formula (1) that is a

compound of Formula (1d),

NH;
NA\«N R a
LH
L
v
(1d)
Xis —CHQ,-AM? —CHQCHQ-AM, —CE‘EQCHQCHQ-AM, or —CHzC(CHg)z—A,Ia;
O OH oo N
I, % ‘e,
AN SN AWt
Al s selected from the group consisting of % OH OH e OH =
N
N~
YN
_N }QH L ou OH
i R
N , cand GH;
L' is selected from the group consisting of a bond, -CH;-, -CFs-, , ,
-0, -CHoCH, and -5~ and
Y 18 H or C1-Cs alkyl.
{0025] The present disclosure provides the compound of Formula (1) that is a

compound of Formula (1d),
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NH;

N/L*“N R

b
X W\ N/L\RT b

oA

Y/

(1d)

Xis -CHQ-—AM, ~CHQCH2_AM, -CHQCHQCHQHAM, or uCHQC(CH})QuAm;

o O OH 0 0O
W

‘&L/
A' is selected from the group consisting of * OH

n-N,
{
o] ;,1 —~nN
N OH i

= \N TC}H
BN , and :

N

L!is selected from the group consisting of a bond, -CHa-, ~CFp-, g

and -CHoCH,-; and
Y is H or C1-Cs alkyl.

10026] The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1e),
NH,

Ay
(1e)

wherein

R?is H, Ci-Cs alkyl, or C1-Cs alkoxy.

{6027} The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (11,

P
SoH % OH

RN

NTSN R

E
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{6028] The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1g},

wherein
R is H, C;-Cs alkyl, or C1-Cs alkoxy.
{6029] The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1h),

wherein
R*is H or C-Cs alkoxy.
{0036} The present disclosure provides the compound of Formula (1} that is a

compound of Formula (11),
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NH,
N/!%N R1a
HO = " N/E\Rib
. h
Y/
(1H)

wherein

L!is selected from the group consisting of a bond, -CHz-, -CFs-, g g BEZ’?
-C-~, -CHoCHs-, and -S-; and
Y 18 H or C1-Cs alkyl.

{0031] The present disclosure provides the compound of Formula (1) that is a
compound of Formula (11),

NH,

NN R
HO | L N/L\R"b
L H

Y/

(1)
wherein

X o

> 2 >

L! is selected from the group consisting of a bond, -CHs-, -CFa-, E g
and -CHyCH:-; and
Y is H or C1-Cs alkyl.
{6032] The present disclosure provides the compound of Formula (1) thatis a
compound of Formula (13),
N+,

N”J\\\N R'a

{6033} The present disclosure provides the compound of Formula (1) that is a

compound of Formula (1k),

20
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NH, OH

N‘/J{\N I‘EO
x’%’/’*N R
H

M (1%,
{0034] The present disclosure provides pharmaceutical compositions comprising a
compound of the present disclosure, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.
10035} The present disclosure provides a method of treating a condition associated
with TLR7 modulation in a subject in need thereof, comprising administering to the subject
an effective amount of a compound of the present disclosure, or a pharmaceutically
acceptable salt thereof. In certain embodiments, the condition is viral infection or cancer.
10036] The present disclosure provides a compound of the present disclosure, or a
pharmaceutically acceptable salt thereot, for use tn treating a condition associated with TLR7
modulation. In certain embodiments, the condition is viral infection or cancer.
{6037} The present disclosure provides use of a compound of the present disclosure,
or a pharmaceutically acceptable salt thereof] in the manutacture of a medicament for treating
a condition associated with TLR7 modulation. In certain embodiments, the condition is viral
infection or cancer.

Detailed Description

{6038} Although specific embodiments of the present disclosure are herein tllustrated
and described in detai], the invention is not limited thereto. The detailed descriptions are
provided as exemplary of the present invention and should not be construed as constituting
any limitation of the tnvention. Maodifications will be obvious to those skilled in the art, and
all modifications that do not depart from the spirit of the invention are intended to be
included with the scope of the appended claims,

Definitions

{6039} The following definitions are meant to clarify, but not limit, the terms defined.
If a particular term used herein is not specifically detined, such term should not be considered
indefinite. Rather, terms are used within their accepted meanings.

{0040] The term “alkyl” as used herein refers to a straight or branched saturated
hydrocarbon. For example, an alkyl group can have 1 to 8 carbon atoms (i.e., (Ci-Cglalkyl) or

I to 6 carbon atoms (1.e., {(C1-Cs alkyl} or 1 to 4 carbon atoms.

21



WO 2018/106606 PCT/US2017/064541

{0041] The term “alkylene” as used herein refers to a straight or branched saturated
hydrocarbon radical having two monovalent radical centers derived by the removal of two
hydrogen atoms from the same or two different carbon atoms of a parent alkane. For
example, an alkylene group can have | to 8 carbon atoms, 1 to 6 carbon atoms, or 1 to 4
carbon atoms.

{0042} The term “alkoxy” as used herein refers to an alkyl group attached to the
parent molecular motety through an oxygen atom.

18043} The term “halo” or “halogen” as used herein refers to fluoro, chlore, bromo
and iodo.

{0044] The term “aryl” as used herein refers to a single all carbon aromatic ring or a
multiple condensed all carbon ring system wherein at least one of the rings is aromatic. For
example, an aryl group can have 6 to 20 carbon atoms, 6 to 14 carbon atoms, or 610 12
carbon atoms. Aryl includes a pheoyl radical. Aryl also includes multiple condensed ring
systems {e.g., ring systems comprising 2, 3 or 4 rings) having about 9 to 20 carbon atoms in
which at least one ring is aromatic and wherein the other rings may be aromatic or not
aromatic {i.e., carbocycle). Such multiple condensed ring systems may be optionally
substituted with one or more (e.g., 1, 2 or 3} oxo groups on any carbocycle portion of the
multiple condensed ring system. The rings of the multiple condensed ring system can be
connected to each other via fused, spiro and bridged bonds when allowed by valency
requirements. It is to be understood that the point of attachment of a multiple condensed ring
systemn, as defined above, can be at any position of the ring system including an aromatic or a
carbocycle portion of the ring,

{0045] The term “heteroaryl” as used herein refers to a single aromatic ring that has at
feast one atom other than carbon in the ring, wherein the atom is selected from the group
consisting of oxygen, nitrogen and sulfur; the term also includes multiple condensed ring
systems that have at least one such aromatic ring, which multiple condensed ring systems are
further described below. Thus, the term includes single aromatic rings of from about 1 t0 6
carbon atoms and about 1-4 heteroatoms selected from the group consisting of oxygen,
nitrogen and sulfur in the rings. The sulfur and nitrogen atoms may also be present in an
oxidized form provided the ring 1s aromatic. The term also includes multiple condensed ring
systeras {g.g., ring systems comprising 2, 3 or 4 rings) wherein a hetercaryl group, as defined
above, can be condensed with one or more rings selected from heteroaryls (to form for
example a naphthyridinyl such as 1,8-naphthyridinyl), heterocycles, (to form for example a 1,

2, 3, 4-tetrahydronaphthyridinyl such as 1, 2, 3, 4-tetrahydro-1,8-naphthyridinyl), carbocycles
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{to form for example 5,6,7, 8-tetrahydroquinolyl) and aryls (to form for example indazolyl) to
form the multiple condensed ring system. Thus, a heteroaryl (a single aromatic ring or
nultiple condensed ring system} has about 1-20 carbon atoms and about 1-6 hetercatoms
within the heteroaryl ring. Such multiple condensed ring systems may be optionally
substituted with one or more {e.g., 1, 2, 3 or 4} oxo groups on the carbocycle or heterocycle
portions of the condensed ring. The rings of the multiple condensed ring system can be
connected to each other via fused, spiro and bridged bonds when allowed by valency
requirements. It is to be understood that the individual rings of the multiple condensed ring
systern may be connected in any order relative to one another. It i3 also to be understood that
the point of attachment of a multiple condensed ring system (as defined above for a
heteroaryl) can be at any position of the multiple condensed ring system inchuding a
hetercaryl, heterocycle, aryl or carbocycle portion of the multiple condensed ring system and
at any suitable atom of the multiple condensed ring system including a carbon atom and
heteroatom (e.g., a nitrogen).

[0046] As used herein, the term “pharmaceutically acceptable” refers to carrier(s),
dituent(s}, excipient(s) or salt forms that are compatible with the other ingredients of the
formulation and not deleterious to the recipient of the pharmaceutical composition.

{0047] As used herein, the term “pharmaceutical composition” refers to a compound
of the present disclosure optionally admixed with one or more pharmaceutically acceptable
carriers, diluents, excipients, or adjuvants. Pharmaceutical compositions preferably exhibit a
degree of stability to environmental conditions so as to make them suitable for manufacturing
and commercialization purposes.

"on

{0048] As used herein, the terms "effective amount,” "therapeutic amount," or
“effective dose" refer to an amount of active ingredient sutticient to elicit the desired
pharmacological or therapeutic effects, thus resulting in effective prevention or treatment of a
disorder. Prevention of a disorder may be manifested by delaying or preventing the
progression of the disorder, as well as delaying or preventing the onset of the symptoms
associated with the disorder. Treatment of the disorder may be manifested by a decrease or
elimination of symptoms, inhibition or reversal of the progression of the disorder, as well as
any other contribution to the well-being of the patient.

{¢049] The effective dose can vary, depending upon factors such as the condition of
the patient, the severity of the symptoms of the disorder, and the manner in which the
pharmaceutical composition 15 administered. Typically, to be adnunistered in an effective

dose, compounds are required to be administered in an amount of less than 30 mg/kg of
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patient weight. Often, the compounds may be administered in an amount from less than
about 1 mg/kg patient weight to less than about 100 yg/kg of patient weight, and occasionally
between about 10 pg/kg to less than 100 ug/ke of patient weight. The foregoing eftective
doses typically represent that amount administered as a single dose, or as one or more doses
administered over a 24 hours period. For human patients, the effective dose of the
compounds may require administering the compound in an amount of at least about 1mg/2
hr/patient, but not more than about 2400 mg/24 hr/patient, and often not more than about 500
mg/ 24 hr/ patient.
Compounds
1805¢] The present disclosure provides a compound having the structure of Formula
(1), and pharmaceutically acceptable salts thereof,
NH,
N)%N R
X 7 NARW
L H
v M
wherein

R is selected from the group consisting of H, C1-Cs alkyl, -NH., -NHAc,

-CO0H, -8GCH; ~-SCH;, ~OCH;, XN ;and A
wherein the alkyl is optionally substituted with -OH, -NH,, -NHAc, -COOH, -
SOCH;3,

n=N

Ky

~NH
SCHs, -OCHs, % N o A

R is C5-Cs atkyl;
X is selected from the group consisting of H and C1-Cs alkyl, wherein the alkyl is

optionally substituted with A, ~OH, or -C(CH;3 »OH,

L!is selected from the group consisting of a bond, -CHy-, -CFs-, Qé{ , % O B
8-, -80s-, -NH-, and -CH2CH;~;

Y is selected from the group consisting of C1-Cs alkyl, arvl, and heteroaryl, wherein
the alkyl, aryl, and hetercaryl are optionally substituted with 1-5 substituents that are

independently selected from A, Ci-Cs alkyl, and C1-Cs alkoxy;
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O O OH o0

Lo 30X /
. _ L0 L2770 3027
A 1s selected from the group consisting of %— , % OH % - OH

n-N,

N

? 27~~N

N=M, NN por FE OH OH
/LM MNH i AN - \ i

§-1? N .§...L2”b:’\f i and ~§~L’2’B“OH,

L? is selected from the group consisting of a bond, ~(CHa ju-, ~C{OWH{CHa ), : ; ; ,

% -gm-{CHz)%(CHZ)“'%

2

, , A O(CHCH Y e, -[O(C1-Cy alkylene}]-,
~IO(CHCHL) 1n-OCH CHLCFo -, -C{OYNHCH CHu-[O(CHLCH 3 e and
~C{OYNHCH CH-[O(CH CH ) -OCH CHL CF o -,
m 18 an integer from zero to four; and
1 i3 an integer from one to four; and
wherein the compound is substituted with at least one A
{0051 ] The present disclosure provides a compound having the structure of Formula

{1), and pharmaceutically acceptable salts thereof]
NH,

S

N)\*N R1a
L N
L H
v M
wherein
R'% ig selected from the group consisting of H, C;-Cas alkyl, -NH;, -NHAc,

=N
_NH
-COOH, -S0,CHs, -SCHs, -OCH;, and 5N
wherein the alkyl! is optionally substituted with -OH, -NH;, -NHAc, -COOH, -
SOLCH;,

N,
N NH

SCHy, -OCH:, or ¥ N
R is Cr-Cs alkyi;
X is selected from the group consisting of H and C;-Cq alkyl, wherein the alkyl is

optionally substituted with A, -OH, or -C{(CH;3}):0OH;
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L' is selected from the group consisting of a bond, -CH;-, -CFs-, % , 3§Z‘{ , 0=, -
8-, -8Oh-, -NH-, and -CH)CH;-;

Y 15 selected from the group consisting of C1~-Cs alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and hetercaryl are optionally substituted with 1-5 substituents that are
independently selected from A, C1-Cs alkyl, and Ci-Cs alkoxy;

¢ OH o0

0
%LZ’KOH x§...L2/¥5<QH %LZ”%{,QH

A 1s selected from the group consisting of
N1

o Ak
_N on 2N

_N
lo N RJOH OH
SO NN TS i t-15°0H

, and

N

L’ is selected from the group consisting of a bond, -(CH; -, -C{O)NH(CH)u-, j; ;f ,

NAETHD-S
>><£ , i-(cr) (CH@'“J?, {O(CHCH) -, {O(C1-Cy alkylene)]-,
-TO(CH:CHL ) 1o- OCH, CH: CFo -, -C{OYNHCHCH-[O(CH2CH ) - and
-C{ONHCH CH3~-{ O(CHCH )} in-OCH, CHLCFs -,

m is an integer from zero to four; and

n is an integer from one to four; and

wherein the compound 1s substituted with at least one A
{6052] As disclosed above, R'? is selected from the group consisting of H, C1-Cy
alkyl,

N=N,

-NH;, -NHA¢, -COOH, -S0,CH; -SCH;, -OCH;3, and HON , wherein the alkyl is
optionally substituted with -OH, -NH;, -NHAc, -COOH, -SCCH;, -SCHs, -OCH;, or

=N,
N NH

. In certain embodiments, R'? is -COOH, which is a selection among the

7

%N

L NH
substituents of A. In certain embodiments, R* is XN , which is a selection among the

substituents of A. In certain embodiments, R'® is C1-C; alkyl, wherein the alkyl is substituted

with -COOH, which is a selection among the substituents of A. In certain embodiments, R
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=N
N” N
_ NH
is C1-C4 alkyl, wherein the alkyl is substituted with BN , which is a selection among
the substituents of A
18053] The present disclosure provides a compound having the structure of Formula

(1), and pharmaceutically acceptable salts thereof,

NH,£
\, R1a
)\A Lo

(1)
wherein
R is selected from the group consisting of H, Ci-Cy alkyl, -NH., -COOH,
and -SO,CH: wherein the alkyl s optionally substituted with ~OH, -NH;, ~-COOH,
or -80,CH3;
RY i (-Cs alkyi;
X 18 selected trom the group consisting of H and C1-Cs alkyl, wherein the alkyl is

optionally substituted with A

L!is selected from the group consisting of a bond, -CH;-, -CFs-, %, BEZJE -0-
-8-, -80-, -NH-, and -CH,CH-~;

Y is selected from the group consisting of C1-Cs alkyl, arvl, and hetercaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-S substituents that are
independently selected from A, C)-Cs alkyl, and C1-Cs alkoxy;

O O OH O O
A ts selected from the group consisting of %— ZL\OH %Léf %LQ/

N
Nl N

Ay

212

; "NH i‘i" y ‘} o : kgo;»-i
25N = |

“gmi" , %_Lz and :

L? is selected from the group consisting of a bond, -(CH; Ju-, -C(OINH{CHa )i, ; : .

AT S
%, iCH?) @HZ}"%, {O(CH,CH) Jae, [O(C1-Cs alkylene)]-, and
O(CHCH) - OCHCHCF)-;
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m is an integer from zero to four; and

u is an integer from one to four; and

wherein the compound is substituted with at least one A
10054] In certain embodiments, R is Cs alkyl, Cq alkyl, or Cs alkyl. In certain
embodiments, R is (CH.»CHs. In certain embodiments, R™ is —(CHa ) CHs.
[0055] In certain embodiments, R'*is H. In certain embodiments, R'* is C1-Cs alkyl,
optionally substituted with -OH. In certain embodiments, R'® is )-Cs alkyl, optionally

substituted with -OH. In certain embodiments, R'* is -CH,C{CH:OH. In certain

OH
Rﬂea :/OH -—/) R1a
i n . : M ) ) o b )
embodiments, {LR is BN or . In certain embodiments, %R is
N-NH
5 NN
OH S/ Q/ Q-;S/ 2

10056} In certain embodiments, the stereocenter of the carbon bearing R'4 and R*® is

an (S)-configuration. In certain embodiments, the stereocenter of the carbon bearing R'* and

R'® is an (R)-configuration.

{6057} In certain embodiments, R' is C1-Cy alkyl, optionally substituted with —

COOH. In certain embodiments, R is C-C; alkyl, optionally substituted with -COOH. In
CH

Re Ao

certain embodiments, z{}\Rm is M

{0058] In certain embodiments, R'is C1-Cs alkyl, wherein the alkyl is optionally

substituted with ~OH, -NH), -COOH, or -S0CHs. In certain embodiments, R'? is -NH».

-COOH, or -SO,CH;. In certain embodiments, R is C-Cs alkyl, optionally substituted with

-OH, -OCH;, -SCH;3, or -S0,CH;.

{6059} In certain embodiments, X is Cy~Cy alkyl, wherein the alkyl is substituted with
©

A. In certain embodiments, X is C-Cy alkyl, wherein the alkyl is substituted with %_LzL\OH \

wherein L? is a bond. In certain embodiments, X is CHs,

{6060] In certain embodiments, X is H. In certain embodiments, X is Ci-Cy alkeyl.
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{0061] In certain embodiments, L' is -CHa-, -CH2CH)-, or ~0O-. In certain
embodiments, L' is -CHz-. In certain embodiments, L! is ~-CHz-, -CH2CHs-, -O-, or -S-.
10062} in certain embodiments, L is a bond, -CF3-, % , B§Z§ , =S5, =85C0h-, or -
NH-.

16063} In certain embodiments, Y is C1-Cs alkyl or aryl. In certain embodiments, Y

is aryl, wherein the aryl is substituted with Ci-Cs alkoxy. In certain embodiments, Y is arvl,
wherein the aryl is substituted with A In certain embodiments, Y is aryl, wherein the aryl is
substituted with C;-Cs alkoxy and A

{0064] In certain embodiments, Y 1s heteroaryl, wherein the heteroaryl is optionally
substituted with 1-5 substituents that are independently selected from A, C1-Cs alkyl, and Ci-
Cs alkoxy. In certain embodiments, Y 1s Cy-C; alkyl, wherein the alkyl ts optionally
substituted with 1-5 substituents that are independently selected from A, Ci-Cs alkyl, and Ci-
(s alkoxy. In certain embodiments, Y 1s aryl, wherein the aryl is optionally substituted with

1-5 substituents that are independently selected trom A, C1-Cs alkyl, and C1-Cs alkoxy.

o
g._i}kor-i

18065] {n certain embodiments, A is . In certain embodiments, A is
O OH C}/O
s e,
OH  1n certain embodiments, A is M 1n certain embodiments, A is

“ NH
2'1“17\{

L . . . . .
§- . In certain embodiments, A is % . In certain embodiments, A
n-N
J.E N
_%_4__2 ~N
Y
is .
[6066] In certain embodiments, L? is -(CH: ). Tn certain embodiments, L is % :

In certain embodiments, L is t; ;S. In certain embodiments, L? is -C{OYNH(CH)o-.

ng_«(c:Hz)%(CHz)nw%

10067} In certain embodiments, L* is a bond,

~[Q(CJ-C4 aikyiene}]-a or ~{O(CHQC}‘iz)}ii—(}(;}iz@}‘izCF2~.

, TO(CHCH ) o,
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{0068] In certain embodiments, n is one or two. In certain embodiments, n is one. In
certain embodiments, n 18 two. In certain embodiments, n is three. In certain embodiments, n
is four.
{0069 In certain embodiments, m 18 zero. In certain embodiments, m is one. In
certain embodiments, m is two. In certain embodiments, m is three. In certain embodiments,
m is four.
{6076} The present disclosure provides a compound of Formula (1), having the
structure of Formula (1a), and pharmaceutically acceptable salts thereof,

NH,

N/KN Ria

i
X/L\%ﬁ*ﬁm

{(1a)
{6071} In certain embodiment of Formula {(1a),

X1s H or CH;s;

L!is selected from the group consisting of a bond, -CHy-, -O-, -8-, -CFo-, Qé{

: ; ;§ , and -CH,CHa-;

1
L2 is selected from the group consisting of a bond, ~-CHy-, ~-CH,CH;-, ?(%7 EXi
-C{OWH(CH2 o, -[O(CHCHD ) o, -[O(C1-Cs alkylene}]-, and -[O(CHCH) ) o
OCH;CHCFa-,
-C(OWHCH,CH:-[O(CHCH ) -, and C(OYNHCH; CHy-[O(CHCH) w-OCH: CHL CFo-;
and
R’ is H, C1-Cs alkyl, or Ci-Cs alkoxy.

{6072} In another embodiment of Formula (1a),
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X is H or CHjs;

L' is selected from the group consisting of a bond, -CH;-, -CFs-, %? : ; ;5? and
-CH2CHo-;

NS
| /4
& LE 2 N kS 2~
A is selected from the group consisting of OH, "%«L OH § - \QHa
N,
i N
_N N j -OH -§---L2’L
-~ \NH f’ N OH
_§ML2/L‘:\N’ %_LZ"L‘E\{ E/
and

L? is selected from the group consisting of a bond, -CHz-, -CH2CHs-, g g', 22{
~CLOYWNH(CH Yom, ~[O(CHCH2 o, -[O(C1-Cs alkylene)]-, and -JO(CH2CH) Y o-
OCH,CH,CF;-; and

R?is H, Ci-Cs alkyl, or C;-Cs alkoxy.

{0073} As disclosed above, in certain embodiments, X may be -CHz-A", -CHyCHp-
Al CHCHRCHL-A"?, or -CHRC(CH:)-A; wherein A' is selected from the group
NN
o :;?/ﬁ\~N
o c;/ OH D pe N, N }QH - OH
\N -----
Jl\ ”' N\ /’L‘N, ) /Lir
consisting of ~ 't OH 2 \OH * OH % LK N i ,
OH o %/ OH 00
B L
and ¥ on or A' is selected from the group consisting of % OH | S OH = \OH
NJ%‘N
O }{ﬂ\;\j’
N‘;N\ N

o ety OH S;OH

‘?Z‘/\N , EL)QN’ , and I . In the above, X comprises A'® whichis a
selection among the substituents of A

{6074] Accordingly, in certain embodiments, X may be -CHa-A"? -CH;CH;-A® -

CH2CHRCH-AR, or -CHC(CH: 12-AM wherein A s A
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O OH

o

W
, . - . Lzﬂ\GH L2770
wherein A is selected from the group consisting of é— , éﬁ OH

N

N7
IV
N

_N N >~OH L2
O 0 "’ "NH N= \N _____ ~§_ ggOH (?H
, and _g_

}LLV%{;H } %LZJ&N’ 7 .§..a_2)““““f\f ’ 22 om and
L2 is a bond.
{6075] Accordingly, in certain embodiments, X may be -CHy-A'? -CH,CH;-A'Y -
CHoCH:CHR-AR, or -CHLC(CHR )-AM; wherein Al is A
O G OH

. . . . -E-LZJLOH %‘LZ/%{OH
wherein A is selected from the group consisting of , \

O

_N Mo O g2 N
o e e e
§.L2/ \QH?%__”LQ N ,%_Lz N ; - and

, and
L?is a bond.
{0076} In another embodiment of Formula (1a),

X is -CHQ-AM, ~CHQCHQ-—A13, mCHgCHzCHz-—Am, or ~CH2C{CH3);~AM;

o ooH oo =N,
o G Svi
g » Lo P el e =N
Al i selected from the group consisting of £ OH OH & "OH ¥
NN,

Nf:-N\ }QH j/OH ?H
N B
; , and ¥ oH ;

L' is selected from the group consisting of a bond, ~-CHs-, -O-, -S-, -CF»-, g é

: ; ;f , and -CH,CHa-;

2
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QOH QQ

o
L/U\OH §a_2/ OH_ g_g;/ N

s
A s selected from the group consisting of %_ ,

N’N

/L\zNH JN:N' }OH %L jg/oz»e gi“
%”L{ ’ % 7 ' _and "%"Lfé OH :
L? is selected from the group consisting of a bond, -CHa-, -CH2CHo-, g % 3§Z£
~C{OWH(CH o, -[O(CH,CHy ) -, [ O(C1-Cs alkylene)l-, and -[O{CHCHo) -
OCH,CH,CF»-;
~C{ONHCH ) CHL-[O(CHCH) -, and C(OWNHCH CH-[O(CHCH ) - OCH CHLCF -,

and
R is H, C;-Cs alkyl, or C1-Cs alkoxy.
{6077} In another embodiment of Formula (1a),
Xis —CHQ,-AM? —CHQCHQ-AM, —CE‘EQCHQCHQ-AM, or —CHzC(CHg)z—A,Ia;
N
O C;J/OH Og’Q /L: NH
- =N
Al s selected from the group consisting of * * OH, e OH | = OH i
N
N
"N
O 3()3-\;\;’
N }OH kﬂ/oa-a
VN , and oo

DOV

L} is selected from the group consisting of a bond, -CHj-, -CFs-, \ ,

and ~-CH,CHz-;

{3 OH OO
-%—‘LZJ\OH %_LZ/ _3_;“2/%(
A 18 selected from the group consisting of OH = OH
NNy
g

-;Nx N"N }OH e KgoH
é_ 2 , and i

>
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L? is selected from the group consisting of a bond, -CH-, -CH;CHo-, % % 3§Z£
SCIONH(CH2)p-,  -[O(CHCH) e,  -[O(C-Cy alkylene))-, and  -[O(CHCHu)e-
OCH,CHRCEFy-; and

R is H, Ci-Cs alkyl, or C1-Cs alkoxy.

{¢0738] The present disclosure provides a compound of Formula (1}, having the
structure of Formula (1b), and pharmaceutically acceptable salts thereof]
NH-

fe8d

(1b)
{6079} In certain embodiment of Formula (1b),

X is Hor CHs;

L’ is selected from the group consisting of a bond, -CHs-, -O-, -S-, -CFa-, g é

; ;, and ~-CHLCH-;

3

O OC}H C}O

'JLQH é—i..?/ _§_Lz/ N

. - L?
Ais selected from the group consisting of %_

N
N~
i \N
RV
N N }OH 2t
j\i‘— \NH N %— H DH EH
L2 :.:N; 2 K IR I P it
+ % t , and and iz OH

L? is selected from the group consisting of a bond, -CHz-, -CH2CHs-, % % %,
~C{OYNH{CH o, ~[O(CH2CH2 ) i, -[O(C1-Cy alkylene}l~, and -JO(CH2CH ) o-
OCHCHCFo-;
~CONHCH ) CH~-{O(CHCHn Y-, and C(OYNHCH CH-{O(CHLYCHL Y - OCH CHLCEo-,
and

R is H, C;-Cs alkyl, or C1-Cs alkoxy.

{6080] In another embodiment of Formula (1b),

X1s H or CH;s;
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L’ is selected from the group consisting of a bond, -CHa-, -CFy-, g % Fs ;S
and -CHCHu-;
o Q OH 0 0

L i\OH gmg}/ §_L2/"’

2
Ais selected from the group consisting of +

dsy
2
%—L % L# . and

L’ is selected from the group consisting of a bond, -CH;-, -CH,CH;-, § % BX{"
-C{OWH(CH2 o, -[O(CHCHD ) o, -[O(C1-Cs alkylene}]-, and -[O(CHCH) ) o
OCHCH>CEy-; and

R?is H, Ci-Cs alkyl, or C1-Cs alkoxy.

{¢081] As disclosed above, in certain embodiments, X may be -CH,-A'" -CH,CH,-
AR CH,CH,CH,-AY, or -CHLC(CHs p-A'?; wherein A is selected from the group
N’N\

o OOH 0o =N, _N OH OH
Yy NH N
I G SR SRR VA

! -
consisting of 7 % OH. e \QH % "OH

(?H O G OH C\?é//
and ?{B\QH or A'? is selected from the group consisting of % OH , e QH o
?“J\N
o ?{ﬁ\i\f
E»E@i H i\f’”N‘N _____ }OH %OH
%‘/\N’ , ?1‘5}::” , and . Inthe above, X comprises A'% whichisa
selection among the substituents of A
{0082} Accordingly, in certain embodiments, X may be -CH;-A®, -CH2CH,-A", -

CH,CHCH,-AM, or -CHC(CH: po-A'; wherein A is A,
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DC}H

g—LZﬂ\@H é—L"”

wherein A is selected from the group consisting of

YR
N N 3 oH 12 ; NN
P T e
OH 2 , U N , , and oM ; and
L2 is a bond.
{0083] Accordingly, in certain embodiments, X may be -CHy-A'? -CH,CH;-A'Y -
CHoCH:CHR-AR, or -CHLC(CHR )-AM; wherein Al is A
O G OH

ZJLOH %‘LZ/%{OH

. . . . L
wherein A is selected from the group consisting of _g-

\ 5 2N

Q0 N’N‘NH N’ y J o et OH
L’)/ / _%__”LL. 2)\*;\{ i

%‘ %— , and s and

2

L? is a bond.

{0084] In another embodiment of Formula (1b),
X is -CHQ-AM, ~CHQCHQ-—A13, mCHgCHzCHz-—Am, or ~CH2C{CH3);~AM;
O O OH O N

f“‘{jﬁ\OH B \FS/OH e %(/ E)\N

3

A’ is selected from the group consisting o

Y

anae
-

L1 is selected from the group consisting of a bond, -CHa-, -0-, -8-, -CFo-,

3; ;f? and ~-CH,CHz-;
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QOH QQ

o
L/MOH §L2f’“ OH g_g;/ N

s
A s selected from the group consisting of %_ ,

N’N

=N N=N }OH %L{ OH

NH OH x
%—"LJ’L‘NI % J"*Nl T and ’%B OH

k) 2

L? is selected from the group consisting of a bond, -CHa-, -CH2CHo-, g % 3§Z£
~C{OWNH{CH)o-, -[O{CHCH ), [ O(C1-Cy alkylene}}-, and -[O(CHCH ) o-
OCH,CH,CF»-;
~C{ONHCHCH2~-{O(CHCH2 M-, and C(OMNHCH CH-[O{CHCH Y i-OCHL CHCFa-;

and
R is H, C;-Cs alkyl, or C1-Cs alkoxy.
{6085] In another embodiment of Formula (1b),
Xis -CHrAR -CHLCH-A", -CH,CHLCH-A, or -CH,C(CH: jp-Al:
o OOH 0O =N,

\F\/
. -~ - N Jj\ 3{/ N\ _? NN o AN
Al s selected from the group consisting of & OH OH B OH %

£4 3%

L!is selected from the group consisting of a bond, -CHs-, -CFs-, s ,
and -CH>CH;-;
O OH O O

2L\QH ém[_z"' %_sz N

A 13 selected from the group consisting of ﬁ

N
\"N

i
N O L4
N=" N’N } é_ EOH
, and :

Nr’

MNH
%LZ/L:TI\{ % LZ

2

2 )
L is selected from the group consisting of a bond, -CH,-, -CH,CH-, § % ,
~C{OWH(CH2 Jo-, -[O{CHCH) o, -[O(C1-Cy alkylene)]-, and -[O{CHCH ) o~
OCHCH:CFy-; and
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R’ is H, C;-Cs alkyl, or Ci-C5 alkoxy.
{0086] The present disclosure provides a compound of Formula (1), having the

structure of Formwula (1¢}, and pharmaceutically acceptable salts thereof,
NH2

R']a
/%/J\ /L\R1 b
R4/©:R3

(1c)
{G087] As disclosed above, in certain embodiments, X may be -CH,-AY -CH,CH,-
AR LCHCHLCH-AY, or -CHLC(CHs3)-A'; wherein A™ is selected from the group
NN

‘?/LN‘

N %,
o | %/OH o 0 )N: W NN j\ -OH oH
ot OH ‘HL =N %{LN’

consisting of * OH , ,
OH 0O O OH ole

B. —
and 2 “OH or A'?is selected from the group consisting of % OH | L QH, B OH
N
o N
N
N _N >~OH %
NH AV %OH
/‘\N' PES 5
% , BN , and . Inthe above, X comprises A'% whichisa

selection among the substituents of A
{0088} Accordingly, in certain embodiments, X may be ~-CH,-A, -CH,CH:-A -
CHyCH,CH,-AR, or -CHC(CHR)»-A'; wherein A is A

O o OH

JL\OH %LW&{UH

. . . L
wherein A is selected from the group consisting of %

,N OH L2
0 P ~NH N’N )L - kg o

2,/ L’*’ N’ /B\
L %‘ %_L ) and g oK ; and
L% is a bond.
{6089 Accordingly, in certain embodiments, X may be -CHy-A" -CHCH,-A™, -

CH:CH.CHL-AR or -CHLC(CH:)-AM; wherein A s A
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O OH

o
i
'?Qﬂwmﬁ'?E/KgH

wherein A i1s selected from the group consisting of

N-N,
v
o _N N ~OH & L2
R NTH “ N CH
2 sz‘gf _%___LZJ';“N’ _%_L:Zi::N, %
L OH \ ,and ;and
L*is a bond.
16090} In certain embodiment of Formula (1¢),

Xis -CHQ-—AM, ~CHQCH2_AM, -CHQCHQCHQHAM, or uCHQC(CH})QuAm;

o COH oo N,
% N
TN P TN =
Al s selected from the group consisting of S OH | OH "t OH, *
N,/N\‘N
o kj\w
N’,N\N}OH ) KngH {?H
s =
; BN , , and é QH;

L' is selected from the group consisting of a bond, -CH;z-, -O-, -8-, -CFa-, § %

t; ; , and ~-CHCHy~;

R?is H, C;i-Cs alkyl, or C1-Cs alkoxy; and
R*is H or C1-C;5 alkoxy.
{6091} In ancther embodiment of Formula (1¢),
Xis -CHo-AR CHLCH-A -CH,CHLCHa-AM or -CH,C(CHap-A:

o OOH 00 =N,

NH
M HQET’%;»ﬁ-3f%<SH?%{LQN

Al s selected from the group consisting of %o

N
C vz./LN’

N OH - k@TOH

" |
??{L: N ,and ;

L' is selected from the group consisting of a bond, -CHs-, -CFa-, § % ; :
and ~-CH,CHy~;

2

E

R is H, C;-Cs alkyl, or Ci-Cs alkoxy; and
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R*is H or C;-C; alkoxy.
{6092} The present disclosure provides a compound of Formula (1), having the

structure of Formula (1d), and pharmaceutically acceptable salts thereof,

NH2
i
[+ H
v
{1d}
{0093} As disclosed above, in certain embodiments, X may be -CHz-A!? -CH,CH,-
Al -CHyCHYCH2-AY, or -CH2C(CHs A", wherein A™ is selected from the group
N’E\i\
o C?J/OH o 0 =N H _N —OH oH
. ‘N
. ,EJ\ k / )\N’ P
consisting of % OH e “OH ¢ OH % % N ’ ,
OH o COH 00

B 4
and ¥ on or A'?is selected from the group consisting of * OH | % OH = OH |

|

(:) H
N ?‘z’i\’\f
Nz N
NH =

E " B %OH
§ 1
k1 , BN , and . Inthe above, X comprises A'% whichisa

selection among the substituents of A

{0094} Accordingly, in certain embodiments, X may be -CHp-A", -CH,CH;-A -
CHyCH,CH,-AR, or -CHC(CHR)»-A'; wherein A is A
O o OH
. . . . --§----L2JL\OH é—Lz’jﬁi@H
wherein A is selected from the group consisting of ,
NNy,
9 S
_N _N oH {12 %
Yo LM oy e 5
2 g2~ L2 =N 27N m,_/B\
Tt OH + ) e , , and iz OH ;and
L% is a bond.
{0095] Accordingly, in certain embodiments, X may be -CHy-A" -CHCH,-A™, -

CH:CH.CHL-AR or -CHLC(CH:)-AM; wherein A s A
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O OH

o
1
%LA\OH ﬁ ?LLE/};{OH

wherein A i1s selected from the group consisting of

i
o0 -,;N\NH ’;N\N oW L* OH
. 2/‘*3{2’ Pt oz %
T oH L ? L . and ; and
L% is a bond.
[6096] In certain embodiment of Formula (1d),
X is -CH-A" -CH,CH-AR, -CHLCHLCHo-AR, or -CH,C(CHa)-A'
0 ?E/OH W N
A s selected from the group consisting of % OH 22 \OH, =4 OH N
N~
o) ﬁ)L.N’N
NaN\N}OH ©o _OH OH
‘3%."{&: N , E , and B‘,B\GH ;
L!is selected from the group consisting of a bond, -CHs-, -CFs-, EME &,
-0-, -CH;CH;, and -5-; and
Y is H or C;-Cs alkyl.
18097} In another embodiment of Formula (14},
X is -CHy-Al? -CH,CHp-AR -CH,CHLCH-AR or -CHRO(CH: )2-Al%,
O O OH G0 Nz,

-4 e O
oM E oM E/\N’

2

B
Al is selected from the group consisting of * OH |

N~
N
O }L)E\Nj
N, OH L _oH
0 ¥
5N , and ;

PGl

L!is selected from the group consisting of a bond, -CHs-, -CFa-, . ,
and -CH>CHy-; and

Y is H or C;-Cs alkyl.
16098] The present disclosure provides a compound of Formula (1), having the

structure of Formula {1e}, and pharmaceutically acceptable salts thereof,
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(1e)
wherein R™ is H, C;-Cs alkyl, or C1-C5 alkoxy.
10099} The present disclosure provides a compound of Formula (1), having the
structure of Formula (1), and pharmaceutically acceptable salts thereof,
NH,
N/l%N R

X " N/L\R”j
H

(15

160100] The present disclosure provides a compound of Formula (1), having the

structure of Formula (1g), and pharmaceutically acceptable salts thereof]

N)*\\N R12

wherein R7 is H, C1-Cs alkyl, or Ci-Cs alkoxy,
{00101} The present disclosure provides a compound of Formula (1}, having the

structure of Formula (1h), and pharmaceutically acceptable salts thereof]

N_)*\N R1a

wherein R* is H or C1-Cs alkoxy.
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{60102} The present disclosure provides a compound of Formula (1), having the

structure of Formula (11), and pharmaceutically acceptable salts thereof,
NH,
N)%N R1a

i L 4

Y/

(1)

wherein

L' is selected from the group consisting of a bond, -CHa-, -CF»-, % % ; ;f
~(3-, -CHyCHz-, and -8-; and
Y 1s H or C1-Cs alkyl.

2

{00103 In another embodiment of Formula (11),

L!is selected from the group consisting of a bond, -CH;-, -CFs-, % § 3‘% -0-,
and ~-CHCHy-; and

Y is H or C1-Cs alkyl.
[00104] The present disclosure provides a compound of Formula (1), having the

structure of Formula (1}), and pharmaceutically acceptable salts thereof,

NH,
N)%N R12
N H
HNT

NN
OCH, 1),
{00105 In certain embodiment of Formula (1j), X is H or CHs.
100106] In certain embodiment of Formula (1), R'? is selected from the group

consisting of H and C;-Cy alkyl, wherein the alkyl is optionally substituted with -OH, -NH>, -

NHAe, -COOH, -S0:CH;, -SCH,, -OCH;, or £ N

180107] In certain embodiment of Fornmula (1), R'? is selected from the group
consisting of H and C:-Cy alkyl, wherein the alkyl is optionally substituted with -COOH.
{00103] The present disclosure provides a compound of Formula (1}, having the

structure of Formula (1k), and pharmaceutically acceptable salts thereof]
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v (1K),
100109] In certain embodiment of Formula (1k), X is H or CHz.
{60110} In certain embodiment of Formula (1k), R is Cq alkyl,
{00111} In certain embodiment of Formula (1k),

Y 1s aryl or heteroaryl, wherein the aryl and heteroaryl are optionally substituted with
1-5 substituents that are independently selected from A, Ci-Cs alkyl, and C1-Cs alkoxy;
O O ()g{ O
A is selected from the group consisting of e 2Jj\OH %Lgf OH éﬁLz OH
NN
N —OH -§---L2’L”
e MNH ’ ”LENN 'EE/OH
%Lz é—LZ , and ' ; and

>

L2 is selected from the group consisting of a bond, {(CHz)a-, -C(ONH(CH)o-, Z;Z(,é’

el
%, FOHIT SCHINE L CH e, JO(C1-Ca alkylene)]-, and
- O(CHCH2 ) - OCH, CH:CFo.
{00112] In certain embodiment of Formula (1k),
Y is arvl, wherein the aryl is optionally substituted with 1-5 substituents that are

independently selected from A, Ci-Cs alkyl, and Ci-Cs alkoxy;

O
_N NN }OH
N TN
A is selected from the group consisting of , , and
N”N\‘N
Ay
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L7 is selected from the group consisting of a bond, ~(CHy)u-, ~-C{OINH(CHa)o-, }x
NS4
%, -(CHa) @‘Hz)"‘“%, [O(CH,CH) o, -[O(C1-Cy alkylene)]-, and
S O(CH:CH) | OCHL CHR CFo.
{80113} In certain embodiment of Formula (1k),

Y 15 aryl, wherein the aryl is optionally substituted with 1-5 substituents that are
independently selected from A, C1-Cs alkyl, and C1-C; alkoxy;

N

= NH
Als ; and

L2 is selected from the group consisting of a bond, -(CHz)e-, o, 7 and

~§»«{CH2}ﬁ><(CH2)n“%

{00114] In one variation of Formula (1), R'? is {CH;)»CHs and R*is H. Inone
variation of Formula (1), R is «(CH2)CH; and R is C;-Ca alkyl, optionally substituted
with -OH. In one variation of Formula (1), R'® is ~(CH2»CH: and R is ~CHLC(CH3 ) OH.
Ol
e M
In one variation of Formula (1}, ¥R is L or W
[00115] In one variation of Formula (1), Y 1s aryl, wherein the aryl 1s substituted with
C1-Cs alkoxy and A. In one variation of Formula (1), Y is aryl, wherein the aryl is
substituted with —OCH; and A.
100116] In one variation of Fornwla (1}, R'® is «(CH: ) CH; and R is C1-Cy alkyl,
optionally substituted with -COOH. In one variation of Formula (1), R is (CH:)»CHs and
R is ~-CH,COOH.
{00117} The present disclosure provides a compound of formula (1),
NH,
N/l%N R
X 7 N”L\Rm
L H

i ),

having one, two, three, or more of the following features:

a) R is «(CH2RCH;;
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by R¥isH;
¢y Xis—CHs;
d) L'is-CH-; and
e} Y is aryl, optionally substituted with 1-5 substituents that are independently selected
from A, Ci-Cs alkyl, and C-Cs alkoxy.
{00118} The present disclosure provides a compound of formula (1),
NH.

N/L\\ R
!

N
o H

Y (1,

having one, two, or three of the following features:

a) R is (CHoRCH; or ~(CH)CHs:

by R¥isH; and

cy X is C1-Cs alkyl, wherein the alkyl is substituted with A
{60119} The present disclosure provides a compound of formula (1),

NH,
N/J%N R1a
L

M (1),
having one, two, ot three of the following features:

a) R'®is (CH2»CHs or (CH2)CH3;
by R'%is Cy-Cq alkyl, substituted with —-OH, -NH:, -COOH, or -SO.CH; and
¢} Xis C-Cs alkyl, wherein the alkyl is substituted with A
100120} The present disclosure provides a compound of formula (13,
NH,

D
Lt H
v (1,
having one, two, three, or more of the following features:
a} R"is —(CH:):CHs or (CH:»CHs;
by R!?is C;-Cs alkyl, optionally substituted with -COOH,;
¢y Xis—CHs;

) L'is —CHy-,

E

and

46



WO 2018/106606 PCT/US2017/064541

e} Y is aryl, optionally substituted with 1-5 substituents that are independently selected
troma A, Ci-Cs alkyl, and C-Cs alkoxy.
100121} The present disclosure provides a compound of formula (1},
NH,

B

v (1),

having one, two, three, or more of the following features:
2) R is —(CHanCHs or —(CHa)sCH:,
by R¥is H or Ci-Cs alkyl, optionally substituted with ~-COOH;
¢y Xis-CHa;
&) L!is -CH:-; and

N/RN R'a
|

2NN
g H

e} Y is arvl, optionally substituted with 1-5 substituents that are independently selected

_N
. NH
_%__LZ’LT:Y\{
from and C:-Cs alkoxy.
{00122 The present disclosure provides a compound having the structure of Formula

(1), and pharmaceutically acceptable salts thereof]

NH,
N“XRN R
o
X/A\Y/'//\N)\Rm
f, H
L
Y (H

wherein

R'% is selected from the group consisting of H, Ci-Cs alkyl, -NH;, -COOH,
and -SO,CH; wherein the alkyl is optionally substituted with —-OH, -NH,, -COOH, or -
SORCHG;

R¥is (-Cs alkyl;

X 1s selected from the group consisting of H and C1-C; alkyl, wherein the alkyl is

optionally substituted with A or halogen;

L.} is selected from the group consisting of a bond, -CH-, -CFy-, %’ %\? ;Ef, -(3-, -
Sn, -S()g-—, _NHW, and -CHQCHQn;
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Y is selected from the group consisting of C1-Cs alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are
independently selected from A, C1-Cs alkyl, and C1-C; alkoxy;

8] O/OH OO0
= v
. ~ .o szi\OH L2 N, G2
A s selected from the group consisting of tn , % OH % L OH

k)

N
N
o { N
_N N —OH -§---L2’L‘NJ
,l; NH N=" OH
S p ,l?q i
L2 f\{ 2 E\{ 1
éu , é—L , and ;

L? is selected from the group consisting of a bond, <(CHz)u-, -C(O)NH(CH ), t ; ;f

e
Qé{ ) (CH”"’%’ {O(CHCH) -, -[O(C1-Cs alicylene)l-, and -[O(CHCH:) |-
OCHCHCFo-;
m 1s an integer from zero to four; and
1 i3 an integer from one to four; and
wherein the compound is substituted with at least one A,
with any one or more of the following features,
(a)  when X is -CHs; L' is -CH;-; Y is aryl substituted with A; and L? is -CH;-; then A
is not -L-COOH;
(b)  when X is -CHs; L' is -CHp-; Y is aryl substituted with A; and L? is -CHp-; then A
is not -L2-COOH, except when R'® comprises -COOH,
(¢}  when Lis -CHy-; Y is aryl substituted with A; and A is -L2-COOH; and L? is -
CHy-; then X is not -CHj;
(dy  when L!is -CHs-1 Y is aryl substituted with A; and A is -L2-COOH; and L7 is -
CH»-; then X is not -CHjs, except when R comprises -COOH;
{(e) when X is -CHs; L' is -CHy-; Y is aryl substituted with A; and A is -L*-COOH;
then L? is not -CHz-;
{H when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and A is -L2-COOH;
then L? is not -CHa-, except when R'? comprises -COOH;
(g} when X is -CHs; Y is aryl substituted with A; and A is -L*-COOH; and L? is -
CH;-; then L' is not -CHy-;
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(b)

(1)

(0

(k)

0

166123

when X is -CHs; Y is aryl substituted with A; and A is -L*-COOH; and L° is -
CH;-; then L! is not -CH;-, except when R comprises -COOH;

when X is -CHj; L' is -CH,-; Y is aryl substituted with A; and A is -L*-COOH;
and L? is -CH;-; then R'? comprises COOH;

when X is -CHs; L' is -CHy-; Y is aryl substituted A and ~OCH5; and L7 is -CHo-;
then A is not -L*-COOH;

when X is -CHs; L is -CHo-; Y is aryl substituted A and ~OCH;; and L* is -CHp-;
then A is not -L*-COOH, except when R*® comprises -COOH;

when X is -CHs: L' is -CHp-; Y is aryl substituted A and -OCH;s; and 12 is -CHo-;
and R'* does not comprise COOH,; then A is not -L*-COCH.

In certain embodiments, the compound having the structure of Formula (1) can

have any one or more of the following features,

()

(n)

(o)

(p)

(@)

(r)

(s)

(t)

()

(v)

(w)

when X is -CHs; LY is -CHp-; Y is aryl substituted with A; and L? is -CHy-; then A
is not -L*-COOH;

when X is -CHa; L is -CHu-; Y is aryl substituted with A; and L? is -CHs-; then A
is not -L.-COOH, except when R'? comprises ~COOH or ~SO,CHa;

when L! is -CHp-; Y is aryl substituted with A; and A is -L>-COOH; and L? is -
CHy-; then X is not ~CHs;

when L' is -CH:z-; Y is aryl substituted with A; and A is -L>-COOH; and L’ is -
CH;-; then X is not -CHs, except when R comprises -COOH or —SO.CHj;

when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and A is -L*-COOH;
then L7 is not -CHz-;

when X is -CHs; L' is -CHy-; Y is aryl substituted with A; and A is -L*-COOH;
then L? is not -CH;-, except when R comprises -COOH or —-S0,CHs;

when X is -CHs; Y is aryl substituted with A; and A is -L>-COOH; and L? is -
CHo-; then L! is not -CHz-;

when X is -CHs; Y is aryl substituted with A; and A is -L*-COOH; and L° is -
CH;-; then L' is not -CHs-, except when R comprises -COOH or —-SO,CH;;
when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and A is -L2-COOH;
and L? is -CHy-; then R'? comprises COOH or —SO2CHs;

when X is -CHs; L' is -CHy-; Y is aryl substituted A and ~OCH5; and L7 is -CHo-;
then A is not -L*-COOH;

when X is -CHs; L is -CHy-; Y is aryl substituted A and ~OCH;; and L? is -CHp-;
then A is not -L*-COOH, except when R'? comprises -COOH or -SO,CH;;
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(x)

(¥}

[00124]

when X is -CHs; L' is -CHy-; Y is aryl substituted A and ~OCH;; and L? is -CHp-;
and R'? does not comprise COOH or —SO:CHs; then A is not -L2-COOH,

when X is -CHj; L' is -CH,-; Y is aryl substituted with A; and A is -L*-COOH;
and L? is -CHy-; then R'? is not H or alkyl substituted with ~OH.

In certain embodiments, the compound having the structure of Formula (1} can

have any one or more of the following features:

(aa)

(bb)

(cc)

(dd)

(ee)

(tH

when X is -CHj: L' is -CHy-; Y is aryl substituted with A; L7 is -CHo-, ~O-(CHa )~
0 OH

e ) vt , —%—Lg/ oM R
O(CHz)o-, or ~O-(CH:)p-O(CH2 {(CF2)-; and A 1s ;then A and L are
not in a para posttion with respect to each other;
when X is -CHz; L is -CH;-; Y is aryl substituted with A; L is -CH;-; and A is

¢ OH

% L2 /‘}-Si

OH. then A and L' are not in a para position with respect to each other;

when X is -CHs; L' is -CH;-; Y is aryl substituted with A and ~OCH;; L% is
¢ OH

-CHy-; and A s L \OH; then A and L' are not in a para position with respect
1o each other;
when X is -CHs: L' is -CHa-; Y is aryl substituted with A; L7 is ~O-(CHz)2-

O OH

T 7 o, - - o
O(CHz -, and A is ; then A and L’ are not in a para position with
respect to each other;
when X is -CH;s; L is -CHy-; Y is aryl substituted with A; L? is ~O-(CHa )o-

G OH

O(CH:ACFy)-  and A s 7 oH : then A and L' are not in a para position

with respect to each other;

when X is -CHs; R is H; R is Cualkyl; LY is -CHy-; Y is aryl substituted with A;

and L is -CH;-, —O-(CH2)2-O(CHa -, or —O-(CH2)2-O(CH, )2(CF2)-; then A is not
¢ OH

£127 ol |
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(22)

{hh}

(i)

(ki)

{mm}

{nn)

when X is -CH;s; R¥*is H; R is Caalkyl; L' is -CHy-; Y is aryl substituted with A;
O OH
‘?{:@

H.

E

5. . L2

and L” 18 -CHz-; then A is not %

when X is -CHj; R'is H; R' is Caalkyl; L' is -CHa-; Y is aryl substituted with A
O OH

. . L2770

and —OCH;: and L? is -CH;-; then A is not % OH ;

when X is -CH;s; R¥*is H; R is Caalkyl; L' is -CHy-; Y is aryl substituted with A;
¢ OH

and L7 i3 ~O-(CHo)2-O(CHy)o-; then A is not 27 \OH;
when X is -CHs; R is H; R is Caalkyl; LY is -CHa-; Y is aryl substituted with A;
C\)é/ OH
and L2 is —O-(CH2 »-O{CH: 2(CF2)-; then A is not 2 \QH;
when X is -CH;s; R¥*is H; R is Caalkyl; L' is -CHy-; Y is aryl substituted with A;
1.2 s ~CHy- ~O-(CH, 1o-O(CHa p-, or —O-(CH2 o-O(CHL 1{CF2)-; and A and L! are
¢ OH

L3 NoH.

2

para position with respect to each other; then A is not %
when X is -CHs; R is H; R is Caalkyl; LY is -CHa-; Y is aryl substituted with A
L% is -CH;-; and A and L' are para position with respect to each other; then A is
(%1/ OH

not %LZ/ \OH;
when X is -CHj; R'is H; R' is Caalkyl; L is -CHa-; Y is aryl substituted with A
and “OCH;; L? is -CHs-; and A and L' are para position with respect to each

({E}/ OH
other; then A is not %Lg/ \OH;
when X is -CHa; R is H; R1%is Caalkyl; L is -CHa-; Y s aryl substituted with A;
L is ~O-(CH2»2-O(CH;z -, and A and L' are para position with respect to each

O OH

L2

OH.

&
g

e

<

other; then A is not
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{00} when X is -CHs; R*is H; RY is Caalkyl; L' is -CHy-; Y is aryl substituted with A;
1.2 18 ~O-(CH2)-O(CH:)2(CF2)-; and A and L' are para position with respect to
O OH

each other; then A is not % 2/ \QH‘

[00125] In certain embodiments, the present disclosure provides a compound of
formula (1} that is not disclosed in WO 2009/067081 (PCT/SE2008/051334). In certain
embodiments, the present disclosure provides a compound of formula (1) that is not disclosed
in WO 2012/031140 (PCT/US2011/050231).

100126] In certain embodiments, the present disclosure provides a compound of

NN s.s”;\"sr.'
I ,
T Mdﬁ\\\*""’ e «) * 'EE\W"A\»"“\/’
j " ~
{:} o = e l\‘
HORP ' : E , o1
I\t
w N
J"’“\;:= f"‘\ Nx"\v,r\";'
iH
(:2- ’A“'ﬁvf
s.mw\,( S
!-' F
{00127] The present disclosure provides for the following compounds and

pharmaceutically acceptable salts thereof
NH2

\ R'Ea

% Ao
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{00128} The present disclosure provides for the following compounds and

pharmaceutically acceptable salts thereof.

L

(o]




WO 2018/106606 PCT/US2017/064541
NH,
NN R
{
i

Y’L
Com- |-X LY R1a Compound
pound ;{j\Rm
22 -CH; g ¥
23| -CH; Q 2.

@j )
M
24 -CH; OH o ~{(CHz s CHs
o
25 -CHs ~(CH2 ) CHs
26 -CH; N 'j'” -{(CH:4CHz
=N F~e”
27 ;—«101?.\/;!l OH
M
28 -CH; N\I/’ . 9 A -{(CH 3CH3
HNT ST TN N
‘N::N H/\E:://L\O/, o
-




WO 2018/106606 PCT/US2017/064541
29 HO jw OH
i Ry
—/&3
Fo” Py
30 -{Hs i ~e | -{CH2CH;3
HQMP\/“\/’\N
HO D H P
G
31 -CH; Y -{CH2):CH;5 e
N - & ; 33
HN: Y Y ‘
32 ~-CH;s
33 -CH;
34 -_Hz
35 "CHS e} ,«M S/ N, g
HO\R \/\//\ E ﬂ\(\ '
HO © P \Q/‘
36 -CH;s 3
| X
PN




WO 2018/106606 PCT/US2017/064541
37 PR “ {CHyCH;
NN (\ B N
A e,
39 -CH3
40 HO N e -{CH3:CH;
i HNT
N=N o
41 -_Hs -
B
Py
42 (/1{5 HO I I % /j
N
43 HO ~(CH2 ) CHs
44 -CH; Q . OH NH,  OH
: HO\P\,»\//\NJL\(‘Q\ / /& P?i‘/kji %/gc
HQ" \‘O |\ A - - O {? /:*:r” E/\\/A\ Pl
o B HG”‘P\/ NN
M Mo o LI PN
oM




WO 2018/106606 PCT/US2017/064541
45 HOT}/\){
46 HO\J;.\;E
47 HO. o~ % Y jv" ~{CH: 3 CH;
| oy .
4 HOC
18 f\){ N
= HN Sy O
=N o
49 HO
\1)/’\){ AN O
N':N o e o~
HO ey
6] o
51 -{Hs
{60129] Unless otherwise stated, structures depicted herein are also meant to include

compounds which differ only in the presence of one or more isotopically enriched atoms. For

exarmple, compounds having the present structure except for the replacement of a hydrogen

atom by deuterium or tritium, or the replacement of a carbon atom by C or 1*C, or the
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replacement of a nitrogen atom by "N, or the replacement of an oxygen atom with 'O or'®0
are within the scope of the present disclosure. Such 1sotopically labeled compounds are
useful as research or diagnostic tools.

General Synthetic Methods

100130 As noted herein, the present disclosure includes specific representative
compounds, which are identified herein with particularity. The compounds of the present
disclosure may be made by a variety of methods, imcluding well-known standard synthetic
methods. IHustrative general synthetic methods are set out below and then specific
compounds of the present disclosure are prepared in the working Exaroples.

180131} in all of the examples described below, protecting groups for sensitive or
reactive groups are employed where necessary in accordance with general principles of
synthetic chemistry. Protecting groups are manipulated according to standard methods of
organic syunthesis {T. W. Green and P. G. M. Wuts, Profecting Groups in Organic Synthesis,
3 Edition, John Wiley & Sons, New York (1999}). These groups are removed at a
convenient stage of the compound synthesis using methods that are readily apparent to those
skilled in the art. The selection of processes as well as the reaction conditions and order of
their execution shall be consistent with the preparation of compounds of the present
disclosure.

180132} A representative synthesis for subject compounds is shown in Scheme 1.

Scheme 1
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{60133] In Scheme 1, compound of formula (G) is an embodiment wherein L' is ~CH;-
and Y is aryl, which is appropriately substituted. Also in Scheme 1, LG 1s a leaving group;
and R is H or alkyl. Compounds of fornwmla (A) and (B} are commercially available starting
materials. Alternatively, compounds of formula (A) and (B) can be synthesized via a variety
of different synthetic routes using commercially available starting materials and/or starting
materials prepared by conventional synthetic methods.

{00134 With continued reference to Scheme 1, compounds of formula (C) may be
prepared by reacting a compound of formula (A) with a base, such as sodium hydride, ina
suitable solvent such as tetrahydrofuran or N, N-dimethylformamide at a temperature, for
example, from 0°C to room temperature (20°C), followed by addition of a compound of
formula (B). The reaction is then preferably heated at a temperature, for example, from 50°C
to 100°C, optionally in the presence of an additive such as potassium iodide.

{00135] Compounds of formula () may be prepared by reacting a compound of
fornla (C) with guanidine or guanidine carbonate in a suitable solvent such as methanol or
ethanol at a temperature, for example, in the range from S0°C to 150°C.

{00136} Compounds of formula (E) may be prepared by reacting a compound of
formula (D) with phosphorous oxychloride, at a temperature, for example, from 50°C to
110°C.

{60137] Compounds of formula (F) may be prepared by reacting a compound of
formula () with excess of an amine of formula R'*R*NH, in a suitable solvent such as
NMP, butanol or 1,2-dioxane at a temperature, for example, from 50°C to 150°C.
Alternatively, the reaction can be performed in a microwave at a temperature, for example,
from 50°C to 200°C.

{00138} Compounds of formula (G) may be prepared by reacting a compound of
formula (F) with a reducing agent, such as lithium aluminum hydride, in a suitable solvent
such as tetrahydrofuran at a temperature, for example, from 0°C to 60°C.

{60139 A representative synthesis for subject compounds is shown in Scheme 2.

Scheme 2
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NH,

A

SN

R1a

N

{6014¢] In Scheme 2, compound of formula (G) is an embodiment wherein L is ~CHo-
and Y 1s aryl, which is appropriately substituted. Also in Scheme 2, R 1s H or alkyl.
{00141} With continued reference to Scheme 2, compounds of formula (H) may be

prepared by reacting a compound of formula (G) with an oxidizing agent, such as manganese
oxide, 10 a suitable solvent such as tetrahydrofuran or N,N-dimethylformamide at a
temperature, for example, from 40°C to 100°C.

[60142] Compounds of formula (I) may be prepared by reacting a compound of
fornula (H) via a Wittig reaction with RO-C(0)-CH=PPh;. The reaction may be carried out
in a suitable solvent, such as tetrahydrofuran, at a temperature, for example, from 50°C to
150°C.

100143] Compounds of formula (J) may be prepared by the reduction of a compound
of formula (1) under hydrogenation conditions. The reaction mayv be carried out with a
catalyst such as palladium on carbon under a hydrogen atmosphere in a suitable solvent such
as ethyl acetate at a temperature, for example, from 20°C to 100°C.

100144] A representative synthesis for subject compounds is shown in Scheme 3.



WO 2018/106606 PCT/US2017/064541

Scheme 3
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[00145] In Scheme 3, compound of formula (G) is an embodiment wherein L is ~CHo-

and Y is aryl, which is appropriately substituted.

{00146] With continued reference to Scheme 3, compounds of formula (K) may be
prepared by reacting a compound of formula (G) with a chlorinating reagent, such as thionyl
chloride in a suitable solvent such as methylene chloride at a temperature, for example, from
room temperature to 50°C.

[60147] Compounds of formula (L) may be prepared by reacting a compound of
fornla (K) with a cyanide salt, such as potassium cyanide, in a suitable solvent such as
dimethylsulfoxide or N, N-dimethylformamide (or a mixture of both solvents) at a
temperature, for example, from room temperature to 50°C.

100148] Compounds of formula (M) may be prepared by reacting a compound of
formula (L) with an azido reagent, such as trimethylsilyl azide, in an azide-nitrile
cycloaddition. The reaction can be run in a suitable solvent such as NMP or dioxane at a
temperature, for example, from 50°C to 150°C. The reaction may be done in the presence of
catalyst, such as dibutyitin oxide.

{60149 Compounds of formula (N} may be prepared by reacting a compound of
fornla (M) with an alkvlating agent, such as 2-bromoacetate, in a suitable solvent such as
acetone at a temperature, for example, from 0°C to 60°C.

Scheme 4
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{60150 In Scheme 4, compound of formula (G) is an embodiment wherein L' is ~CH;-
and Y is aryl, which is appropriately substituted. Preparation of compounds of formula (K)
and (1.} are described above.

{00151] With continued reference to Scheme 4, compounds of formula (O) may be
prepared by hydrolyzing a compound of formula (L), such as with use of a base, such as
potassium hydroxide, in a suitable solvent such as ethane-1,2-diol and water {or mixtures
thereof) at a temperature, for example, from 50°C to 200°C.

180152] A representative synthesis for subject compounds is shown in Scheme 5.

Scheme 5

(@) (K

=
HO < 1
N /"-r' EI
HO"% P
Q)
{00153} In Scheme 5, compound of formula (G) is an embodiment wherein L' is —CH;-
and Y is aryl, which is appropriately substituted. Preparation of compound of fornula (K) is

described above.
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{00154] With continued reference to Scheme 5, compounds of formula (P} may be
prepared by reacting a compound of formula (K) with triethylphosphite, in a suitable solvent
or neatly at a temperature, for example, from 50°C to 150°C.

{00155] Compounds of formula () may be prepared by reacting a compound of
formula (P) with reagents to remove the ethyl groups, such as bromotrimethylsilane, in a
suitable solvent such as methylene chloride at a temperature, for example, from room
temperature to 60°C.

60156] A representative synthesis for subject compounds is shown in Scheme 6.

Scheme 6

E) {F)

{00157] In Scheme 6, compound of formula (F’) is an embodiment wherein L is -
CHy- and Y is aryl, which is appropriately substituted. Also in Scheme 6, LG' and LG? are
jeaving groups. Compounds of formula (A7) and (B} are commercially available starting
materials, Alternatively, compounds of formula (A’) and (B} can be synthesized via a
variety of different synthetic routes using commercially available starting materials and/or
starting materials prepared by conventional synthetic methods.

{60158] With continued reference to Scheme 6, compounds of formula {C) may be
prepared by reacting a compound of formula (A”) with a base, such as sodium hydride, ina
suitable solvent such as tetrahydrofuran or N N-dimethyiformamide at a temperature, for
example, from 0°C to room temperature (20°C), followed by addition of a compound of
formula (B). The reaction is then preferably heated at a temperature, for example, from 50°C

to 100°C, optionally in the presence of an additive such as potassium iodide.
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{00159] Compeounds of formula (') may be prepared by reacting a compound of
formula (C7) with guamdine or guanidine carbonate in a suitable solveunt such as methanol or
ethanol at a temperature, for example, in the range from 50°C to 150°C.

100160] Compounds of formula (E’) may be prepared by reacting a compound of
formula (I3") with phosphorous oxychloride, at a temperature, for example, from 50°C to
110°C.

{00161} Compounds of formuia (F) may be prepared by reacting a compound of
formula (E’) with excess of an amine of formula R¥*R'NH, in a suitable solvent such as
NMP, butanol or 1,2-dioxane at a temperature, for example, from 50°C 10 150°C.
Alternatively, the reaction can be performed in a microwave at a temperature, tor example,
from 50°C to 200°C.

180162} A representative synthesis for subject compounds is shown in Scheme 7.

Scheme 7

{60163} In Scheme 7, compound of formula (F’) is an embodiment wherein L' is -CHo-
and Y is aryl, which is appropriately substituted. Also in Scheme 7, LG’ is a leaving group.
[60164] With continued reference to Scheme 7, compounds of formula (G7) may be
prepared by reacting a compound of formula (F') with an azido reagent, such as trimethylsiiyl
azide, in an azide-nitrile cycloaddition. The reaction can be run in a suitable solvent such as
NMP or dioxane at a temperature, for example, from 50°C to 150°C. The reaction may be
done in the presence of catalyst, such as dibutyltin oxide.
{00165] A representative synthesis for subject compounds is shown in Scheme 8.
Scheme 8
NH, NH, =":5H2
NTEN R

AN

HO-

&
{60166} In Scheme 8, compound of formula (F’) is an embodiment wherein L' is -CH;-

and Y is aryl, which is appropriately substituted. Also in Scheme 8, LG’ is a leaving group.
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{60167} With continued reference to Scheme 8, compounds of formula (I') may be

prepared by reacting a compound of formula (F7) with triethylphosphite, in a suitable solvent

or neatly at a temperature, for example, from 50°C to 150°C.

{001638] Compounds of formula (J7) may be prepared by reacting a compound of

formula (I} with reagents to remove the ethyl groups, such as bromotrimethylsilane, in a

suitable solvent such as methylene chloride at a temperature, for example, from room

temperature to 60°C.

Method of Treatment

{00169] The compounds of formula (1) and their pharmaceutically acceptable salts

have activity as pharmaceuticals, in particular as modulators of toll-like receptor {especially

TLR7) activity, and thus may be used 1n the treatment of’
1. respiratory tract: obstructive diseases of the airways including: asthma, including
bronchial, allergic, intrinsic, extrinsic, exercise-induced, drug-induced (including
aspirinn and NSAID-induced) and dust- induced asthma, both intermittent and
persistent and of all severities, and other causes of airway hyper-responsiveness;
chronic obstructive pulmonary disease (COPD); bronchitis, including infectious and
eosinophilic bronchitis; emphysema; bronchiectasis; cystic fibrosis; sarcoidosis;
farmer's lung and related diseases; hypersensitivity pneumonitis; lung fibrosis,
inchading cryptogenic fibrosing alveolitis, idiopathic interstitial pneumonias, fibrosis
complicating anti-neoplastic therapy and chrouic infection, including tuberculosis and
aspergillosis and other fungal infections; complications of lung transplantation;
vasculitic and thrombotic disorders of the lung vasculature, and pulmonary
hypertenston; antitussive activity including treatment of chronic cough associated
with inflammatory and secretory conditions of the airways, and 1atrogenic cough;
acute and chronic rhinitis including rhinitis medicamentosa, and vasomotor rhinitis;
perennial and seasonal allergic rhinitis including rhinitis nervosa (hay fever); nasal
polyposis; acute viral infection including the common cold, and infection due to
respiratory syncytial virus, influenza, coronavirus (including SARS) and adenovirus;
2. skin: psoriasis, atopic dermatitis, contact dermatitis or other eczematous
dermatoses, and delayed-type hypersensitivity reactions; phyto- and photodermatitis;
seborrhoeic dermatitis, dermatitis herpetiformis, lichen planus, lichen sclerosus et
atrophica, pyoderma gangrencsum, skin sarcoid, discoid lupus erythematosus,
pemphigus, pemphigoid, epidermolysis bullosa, urticaria, angioedema, vasculitides,

toxic erythemas, cutaneous eosinophilias, alopecia areata, male-pattern baldness,
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Sweet's syndrome, Weber-Christian syndrome, erythema multiforme; cellulitis, both
infective and non-infective; panniculitis; cutaneous lyrphomas, non-melanoma skin
cancer and other dysplastic lesions, non-malignant skin cancer, basal cell carcinoma;
actinic keratosis; drug-induced disorders including fixed drug eruptions;

3. eves: blepharitis; conjunctivitis, including perennial and vernal allergic
conjunctivitis; iritis; anterior and posterior uveitis; choroiditis; autoimmune,
degenerative or inflammatory disorders affecting the retina; ophthalmitis including
sympathetic ophthalmitis; sarcoidosis; infections including viral | fungal, and
bacterial;

4. genitourinary: nephritis including interstitial and glomerulonephritis; nephrotic
syndrome; cvstitis inchuding acute and chronic (interstitialy cystitis and Hunner's
ulcer; acute and chronic urethritis, prostatitis, epididymitis, oophoritis and salpingitis;
vulvovaginitis; Peyronie's disease; erectile dysfunction (both male and female);

5. allograft rejection: acute and chronic following, for example, transplantation of
kidney, heart, hiver, lung, bone marrow, skin or cornea or following blood transtusion;
or chronic graft versus host disease;

6. other auto-immune and allergic disorders including rheumatoid arthritis, rritable
bowel syndrome, inflammatory bowel syndrome, colitis, Crohn’s disease, systemic
lupus erythematosus, multiple sclerosis, Hashimoto's thyroiditis, Graves' disease,
Addison's disease, diabetes mellitus, idiopathic thrombocytopaenic purpura,
eosinophilic fasciitis, hyper-IgE syndrome, antiphospholipid syndrome and Sazary
syndrome;

7. oncology: treatment of common cancers including liver, lung, bladder,
gastrointestinal {including gastric, colorectal, esophageal, and rectal), head and neck,
prostate, breast, lung, ovarian, pancreatic, bowel and colon, stomach, skin, and brain
tumors and malignancies affecting the bone marrow (including the leukaemias) and
lymphoproliferative systems, such as Hodgkin's and non-Hodgkin's lymphoma;
including the prevention and treatment of metastatic disease and tumour recurrences,
and paraneoplastic syndromes; and

8. infectious diseases: virus diseases such as genital warts, common warts, plantar
warts, hepatitis B, hepatitis C, herpes simplex virus, molluscum contagiosum, variola,
human immunedeficiency virus (HIV), human papilloma virus (HPV),
cytomegalovirus (CMV), varicella zoster virus (VZV), rhinovirus, adenovirus,

coronavirus, influenza, parainfluenza; bacterial diseases such as tuberculosis and
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mycobacterium avium, leprosy; other infectious diseases, such as fungal diseases,
chlarydia, Candida, aspergillus, cryptococcal meningitis, Pneumocystis carnti,
cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection and
leishmaniasis.
{60170} The present disclosure provides the use of a compound of formula (Tyora
pharmaceutically acceptable salt thereof as a vaccine adjuvant, used together with one or
more antigens against the following diseases: HBV, HPV, meningitis, TDaP, flu, rabtes,
tuberculosis, malaria, Staphylococcus aureus infection, and cancers {(tumor-associated antigen
or neo-antigen).
{00171} Thus, the present disclosure provides a compound of formula (1) or a
pharmaceutically-acceptable salt thereof as hereinbefore defined for use in therapy.
180172} in a further aspect, the present disclosure provides the use of a compound of
formula (1) or a pharmaceutically acceptable salt thereof as hereinbefore defined in the
manufacture of a medicament for use in therapy.
{00173] The present disclosure provides a method of treating a condition associated
with TLR7 modulation in a subject in need thereof, comprising administering to the subject
an etfective amount of a compound of the present disclosure, or a pharmaceutically
acceptable salt thereof. The present disclosure also provides a compound of the present
disclosure, or a pharmaceutically acceptable salt thereof, for use in treating a condition
associated with TLR7 modulation. The present disclosure provides use of a compound of the
present disclosure, or a pharmaceutically acceptable salt thereof, in the manufacture of' a
medicament for treating a condition associated with TLR7 modulation. In certain
embodiments, the condition is viral infection or cancer.
{00174] In the context of the present specification, the term "therapy" also includes
"prophylaxis” unless there are specific indications to the contrary. The terms "therapeutic”
and "therapeutically” should be construed accordingly.
160175] Prophylaxis is expected to be particularly relevant to the treatment of persons
who have suffered a previous episode of, or are otherwise considered to be at increased risk
of, the disease or condition in question. Persons at risk of developing a particular disease or
condition generally include those having a family history of the disease or condition, or those
who have been identified by genetic testing or screening to be particularly susceptible to
developing the disease or condition.
{00176] In particular, the compounds of the present disclosure (including

pharmaceutically acceptable salts) may be used in the treatment of asthma, COPD, allergic
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rhinitis, allergic conjunctivitis, atopic dermatitis, cancer, hepatitis B, hepatitis C, HIV, HPV,
bacterial infections and dermatosis,

180177} The present disclosure still further provides a method of treating, or reducing
the risk of, a disease or condition comprising or arising from abnormal cell growth (e.g a
cancer ), which method comprises administering to a patient in need thereof a therapeutically
etfective amount of a compound of formula (1) or a pharmaceutically acceptable salt thereof
as hereinbefore defined.

{60178] The present disclosure also provides a method of treating, or reducing the risk
of, an obstructive airways disease or condition {e.g. asthma or COPD) which comprises
administering to a patient in need thereot a therapeutically effective amount of a compound
of formula (1) or a pharmaceutically acceptable salt thereof as hereinbefore defined.

180179} For the above-mentioned therapeutic uses the dosage administered will, of
course, vary with the compound employed, the mode of adnunistration, the treatroent desired
and the disorder indicated. For example, the daily dosage of the compound of the present
disclosure, if inhaled, may be in the range from about 0.05 micrograms per kilogram body
weight (ug/kg) to about 100 micrograms per kilogram body weight (ug/keg). Alternatively, if
the compound is administered orally, then the daily dosage of the compound of the present
disclosure may be in the range from about 0.01 micrograms per kilogram body weight
{ug/kg) to about 100 milligrams per kilogram body weight (mg/kg).

Pharmaceutical Compositions

{00180} The compounds of formula (1} and pharmaceutically acceptable salts thereof
may be used on their own but will generally be administered n the form of a pharmaceutical
composition in which the formula (1) compound/salt (active ingredient} is in association with
a pharmaceutically acceptable adjuvant, diluent or carrier. Conventional procedures for the
selection and preparation of suitable pharmaceutical formulations are described in, for
example, "Pharmaceuticals - The Science of Dosage Form Designs", M. E. Aulton, Churchill
Livingstone, 1988

{00181} In certain embodiments, the administration can be oral, intravenous,
subcutaneous, intramuscular, intratumoral, intradermal, intranasal, inhaled, intravesicle,
topical, sublingual, bucchal, intrarectal, intrathecal, intracramal, or other forms of local
delivery.

{00182} Depending on the mode of administration, the pharmaceutical composition
will comprise from about 0.05 to about 99 %w (per cent by weight), more particularly from

about 0.05 to about 80 Y%w, still more particularly from about 0.10 to about 70 %ew, and even
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more particularly from about 0.10 to about 50 %w, of active ingredient, all percentages by
weight being based on total coraposition.

{00183} The present disclosure also provides a pharmaceutical composition comprising
a compound of formula (1} or a pharmaceutically acceptable salt thereof as hereinbefore
defined, in association with a pharmaceutically acceptable adjuvant, diluent or carrier.
{00184] The present disclosure further provides a process for the preparation of'a
pharmaceutical composition of the present disclosure which comprises mixing a compound
of formula (1) or a pharmaceutically acceptable salt thereof as hereinbefore defined with a
pharmaceutically acceptable adjuvant, diluent or carner.

{00185 The pharmaceutical compositions may be administered topically (e.g. to the
skin or to the lung and/or atrways) in the form, e.g., of creams, solutions, suspensions,
heptafivorcalkane (HFA) aerosols and dry powder formulations, for example, formulations in
the inhaler device known as the Turbuhaler®; or systemically, e.g. by oral administration in
the form of tablets, capsules, syrups, powders or granules; or by parenteral administration in
the form of a sterile solution, suspension or emulsion for injection (including intravenous,
subcutaneous, intramuscular, intravascular or infusion); or by rectal administration in the
form of suppositories.

160136] Dry powder formulations and pressurized HFA aerosols of the compounds of
the present disclosure (including pharmaceutically acceptable salts) may be administered by
oral or nasal inhalation. For inhalation, the compound is desirably finely divided. The finely
divided compound preferably has a mass median diameter of less than 10 micrometres {(um),
and may be suspended in a propellant mixture with the assistance of a dispersant, such as a
Cs-Cyo fatty acid or salt thereof, (for example, oleic acid), a bile salt, a phospholipid, an alkyl
saccharide, a perfluorinated or polyethoxylated surfactant, or other pharmaceutically
acceptable dispersant.

[00187] The compounds of the present disclosure may also be administered by means
of a dry powder inhaler. The inhaler may be a single or a multi dose inhaler, and may be a
breath actuated dry powder inhaler.

{00188} {One possibility is to mix the finely divided compound of the present disclosure
with a carrier substance, for example, a mono-, di- or polysaccharide, a sugar alcohol, or
another polyol. Suitable carriers are sugars, for example, lactose, glucose, raftinose,
melezitose, lactitol, maltitol, trehalose, sucrose, mannitol; and starch. Alternatively the finely

divided compound may be coated by another substance. The powder mixture may also be
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dispensed into hard gelatin capsules, each containing the desired dose of the active
compound.

{00189} Another possibility s to process the finely divided powder into spheres which
break up during the inhalation procedure. This spheronized powder may be filled into the
drug reservoir of a multidose inhaler, for example, that known as the Turbubaler” in which a
dosing unit meters the desired dose which is then inhaled by the patient. With this system the
active ingredient, with or without a carrier substance, is delivered to the patient.

160196] For oral administration the compound of the present disclosure may be
admixed with an adjuvant or a carrier, for example, lactose, saccharose, sorbitol, mannitol; a
starch, for example, potato starch, corn starch or amylopectin; a cellulose derivative; a binder,
for example, gelatin or polyvinvipyrrolidone; and/or a lubricant, for example, magnesium
stearate, calcium stearate, polyethylene glycol, a wax, paraffin, and the like, and then
compressed into tablets. If coated tablets are required, the cores, prepared as described above,
may be coated with a concentrated sugar solution which may contain, for example, gum
arabic, gelatin, talcum and titanium dioxide. Alternatively, the tablet may be coated with a
suitable polymer dissolved in a readily volatile organic solvent.

100191} For the preparation of sott gelatin capsules, the compound of the present
disclosure may be admixed with, for example, a vegetable o1l or polyethylene glycol. Hard
gelatin capsules may contain granules of the compound using either the above-mentioned
excipients for tablets. Also liquid or semisolid formulations of the compound of the present
disclosure may be filled into hard gelatin capsules.

[60192] Liguid preparations for oral application may be n the form of syrups or
suspensions, for example, solutions containing the compound of the present disclosure, the
balance being sugar and a mixture of ethanol, water, glycerol and propyvlene glycol.
Optionally such liquid preparations may contain colouring agents, flavouring agents,
saccharine and/or carboxymethylcellulose as a thickening agent or other excipients known to
those skilled in art.

Combination Therapy

{60193} The compounds of the present disclosure (that is, compounds of formula (1)
and pharmaceutically acceptable salts thereof) may also be administered in conjunction with
other compounds used for the treatment of the above conditions.

180194} The present disclosure therefore further relates to combination therapies
wherein a compound of the present disclosure or a pharmaceutical composition or

formulation comprising a compound of the present disclosure is administered concurrently or
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sequentially or as a combined preparation with ancther therapeutic agent or agents, for the

treatment of one or more of the conditions listed.

{80195] The anti-cancer treatment defined hereinbefore may be applied as a sole

therapy or may involve, in addition to the compound of the present disclosure, conventional

surgery or radiotherapy or chemotherapy. Such chemotherapy may include one or more of the

following categories of anti-tumour agents:
(1) other antiproliferative/antineoplastic drugs and combinations thereof, as used in
medical oncology, such as alkylating agents {for example cis-platin, oxaliplatin,
carboplatin, cyclophosphamide, nitrogen mustard, melphalan, chlorambucil,
busulphan, temozolamide and nitrosoureas); antimetabolites (for example gemcitabine
and antifolates such as fluoropyrimidines like S-fluorouracil and tegafur, raltitrexed,
methotrexate, cytosine arabinoside, and hydroxyurea); antitumour antibiotics (for
example anthracyclines like adriamycin, bleomycin, doxorubicin, daunomycin,
epirubicin, idarubicin, mitomycin-C, dactinomycin and mithramycin); antimitotic
agents (for example vinca alkaloids like vincristine, vinblastine, vindesine and
vinoreltbine and taxoids like taxol and taxotere and polokinase inhibitors); and
topoisomerase inhibitors (for example epipodophyliotoxins like etoposide and
teniposide, amsacrine, fopotecan and camptothecin};
(1) cytostatic agents such as antioestrogens (for example tamoxifen, fulvestrant,
torenufene, raloxifene, droloxifene and iodoxyfene), antiandrogens (for example
bicalutamide, flutamide, nilutamide and cyproterone acetate), LHRH antagonists or
LHRH agonists (for example goserelin, leuprorelin and buserelin}, progestogens (for
example megestrol acetate), aromatase inhibitors (for example as anastrozole,

letrozole, vorazole and exemestane) and inhibitors of Sa-reductase such as finasteride;

(111} anti-invasion agents (for example ¢-Src kinase family inhibitors like 4-(6-chloro-
2,3-methylenedioxyanilino}-7- [2-(4-methylpiperazin- 1 -yljethoxy] -5 -
tetrahydropyran-4-yvloxyquinazoline (AZD0530; International Patent Application WO
01/94341) and N-(2-chloro-6-methylphenyl)-2- {6-[4-(2-hydroxvethyDpiperazin- 1 -
yli-Z-methylpyrimidin-4-ylamino jthiazole-5-carboxamide (dasatinib, BMS-354825;
F. Med. Chem.. 2004, 47, 6658-6661), and metalloproteinase inhibitors like
marimastat, inhibitors of urckinase plasminogen activator receptor function or
antibodies to Heparanase);

(iv) inhibitors of growth factor function: for example such inhibitors include growth

factor antibodies and growth factor receptor antibodies (for example the anti-erbB2
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antibody trastuzumab [Herceptin™] the anti-EGFR antibody panitumumab, the anti-
erbBl antibody cetuximab [Erbitux, C225] and any growth factor or growth factor
receptor antibodies disclosed by Stern et al. Critical reviews in
oncology/haematology, 2005, Vol. 54, ppl 1-29); such inhibitors also include tyrosine
kinase whibitors, for example inhibitors of the epidermal growth factor family {(for
example EGFR family tyrosine kinase inhibitors such as N-(3-chloro-4-fluorophenyl}-
7-methoxy-6-(3-morpholinopropoxy)quinazolin-4-amine (gefitinib, 2D 1839), N-(3-
ethynylphenyl}-6,7-bis{2-methoxyethoxy)quinazolin-4-amine {erlotinib, OSI-774)
and 6-acrylamido-N-(3-chloro-4-fluorophenyl}-7-(3-morpholinopropoxy}-quinazolin-
4-amine (CI 1033}, erbB2 tvrosine kinase inhibitors such as lapatinib, inhibitors of the
hepatocyte growth factor family, inhibitors of the platelet-derived growth factor
family such as imatinib, inhibitors of serine/threonine kinases (for example Ras/Raf
signalling ihibitors such as farnesyl transferase inhibitors, for example soratentb
{(BAY 43-9006)}, inhibitors of cell signalling through MEK and/or AKT kinases,
inhibitors of the hepatocyte growth factor family, c-kit inhibitors, abl kinase
inhibitors, IGF receptor {insulin-like growth factor) kinase inhibitors; aurcra kinase
inhibitors (for example AZDI 152, PH739358, VX-680, MLN8054, R763, MP235,
MP529, VX-528 AND AX39459) and cyclin dependent kinase inhibitors such as
CDXK2 and/or CDK4 inhibitors;

{(v) antiangiogenic agents such as those which inhibit the etfects of vascular
endothelial growth tactor, [for example the anti-vascular endothelial cell growth
factor antibody bevacizumab (Avastin™) and VEGF receptor tyrosine kinase
inhibitors such as 4-(4-bromo-2-fluorcanilino}-6-methoxy-7-(I-methyipiperidin-4-
ylmethoxyjquinazoline (ZD6474; Example 2 within WO 01/32651), 4-(4-fluoro-2-
methylindol-5-yloxy}-6- methoxy-7-(3-pyrrolidin-l-ylpropoxy)quinazoline
(AZD2171; Example 240 within WO 00/47212), vatalanib (PTK787, WO 98/35985)
and SUI 1248 (sunitinib; WO 01/60814), compounds such as those disclosed n
International Patent Applications W(O97/22596, WO 97/30035, WO 97/32856 and
WO 98/13354 and compounds that work by other mechanisms (for example Hinomide,
inhibitors of integrin avP3 function and angiostatin}];

{vi} vascular damaging agents such as Combretastatin A4 and compounds disclosed in
International Patent Applications WO 99/02166, WO 00/40529, WO 00/41669,

WO 01/92224, WO 02/04434 and WO 02/08213;
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(vii} antisense therapies, for example those which are directed to the targets listed

above, such as ISIS 2503, an anti-ras antisense;

(viii} gene therapy approaches, including for example approaches to replace aberrant

genes such as aberrant pS3 or aberrant BRCAI or BRCAZ2, GDEPT (gene-directed

enzyme pro~-drug therapy) approaches such as those using cytosine deaminase,

thymidine kinase or a bacterial nitroreductase enzyme and approaches to increase

patient tolerance to chemotherapy or radiotherapy such as multi-drug resistance gene

therapy,

(ix) immunotherapy approaches, including for example ex-vivo and 1n-vivo

approaches to increase the immunogenicity of patient tumour cells, such as

transtection with cytokines such as interleukin 2, interleukin 4 or granulocyte-

macrophage colony stimulating factor, approaches to decrease T-cell anergy,

approaches using transfected wnmune cells such as cytokine ~transfected dendritic

cells, approaches using cytokine -transfected tumour cell lines and approaches using

anti-idiotypic antibodies;

{x) Checkpoint inhibitors, including but not limited to antibodies to PD-1/PD-L1,

CTLA-4, TIM-3, LAG-3, OX-40, GITR, VISTA, 4-1BB, CD40, TIGIT, BTLA;

(xi} Kinase inhibitors, including but not limited to small molecule or monoclonal

antibody inhibitors of BRAF, EGFR, ALK, RAS, RAF, VEGF, HER, ¢-MET, MEK,

FGFR, BCR-ABL, PI3K:

(xi1) Inhibitors of cancer/immune metabolism, including but not limited to inhibitors

of IDO, TDO, GLS, IDH, arginase, adenosine receptor, CD73, CD39,;

(xiit) Epigenetic modulators, including but not limited to inhibitors of HDAC,

bromodomain, methyl transferase;

{xiv} Developmental pathway modulator, including but not limited to Smo, Wnt,

YAP;

{(xv) Other anti-cancer or immune-~oncology biologics including but not limited to

oncolytic virus, BCG, CART, cytokines; and

{xv} Antibodies mcluding but not limited to PD-1 anttbody and PD-L1 antibody.
100196] Furthermore, for the treatment of the inflammatory diseases, COPD, asthma
and allergic rhinitis the compounds of the present disclosure may be combined with agents
such as tumour necrosis factor alpha (TNF-alpha) inhibitors such as anti-TNF monoclonal
antibodies (for example Remicade, CDP-870 and adalimumab) and TNF receptor

immunoglobulin molecules (such as Enbrel); non-selective cyclo-oxygenase COX-VCOX-2
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inhibitors whether applied topically or systemically {such as piroxicam, diclofenac, propionic
acids such as naproxen, flubiprofen, fenoprofen, ketoprofen and ibuprofen, fenamates such as
mefenamic acid, indomethacin, sulindac, azapropazone, pyrazolones such as phenylbutazone,
salicylates such as aspirin}, COX-2 mnhibitors (such as meloxicam, celecoxib, rofecoxib,
valdecoxib, lumarocoxib, parecoxib and etoricoxib}; corticosteroids; ghucocorticosteroids
{whether administered by topical, oral, intramuscular, intravenous, or intra-articular routes),
beta agonists; anti-histamines; methotrexate, lefunomide; hydroxychloroquine, d-
penicillamine, auranofin or other parenteral or oral gold preparations.

[00197] For the treatment of the infectious diseases, the compounds of the present
disclosure may be combined with agents such as nucleoside antivirals; non-nucleoside
antivirals, including but not limited inhibitors of entry, polymerase, reverse transcriptase,
protease, integrase, monoclonal antibodies against specific viruses; siRINA therapies;
antibiotics; and antifungals.

{60198} For the treatment of HBV, the compounds of the present disclosure may be
combined with agents such as antiviral nucleosides.

{00199 The present disclosure still further relates to other innate immune agonists
targeting the following classes of receptors, including, but not limited to, TLRs (Toll-like
receptor), NLRs (Nod-like receptor}; CLRs {C-type lectin receptor), RERs (RIG-I like
receptor); and STING (stimulator of interferon gene).

{60200] The present disclosure still further relates to the combination of a compound
of the present disclosure and a leukotriene biosynthesis inhibitor, 5 -lipoxygenase (5-LO}
inhibitor or 5-lipoxygenase activating protein {(FLAP) antagonist such as; zileuton, ABT-761;
fenleuton; tepoxalin; Abbott-79175; Abbott-85761; an N-{5-substituted)-thiophene-2-
alkylsulfonamide; 2,6-di-tert-butylphenclhydrazones; a methoxytetrahydropyrans such as
Zeneca £1-2138; the compound 8B-210661, a pyridinyl-substituted 2-cyanonaphthalene
compound such as 1.-739,010; a 2-cyanoquinoline compound such as L-746,530; or an indole
or quinoline compound such as MK-591, MK-886, and BAY x 1005,

{60201} The present disclosure further relates to the combination of a compound of the
present disclosure and a receptor antagonist for leukotrienes (LTB4, LTC4, LTD4, and
LTE4) selected from the group consisting of the phenothiazin-3-ones such as L-651,392;
amidino compounds such as CGS-25019¢; benzoxalamines such as ontazolast;
benzenecarboximidamides such as BIIL 284/260; and compounds such as zatirlukast,
ablukast, montelukast, pranlukast, verlukast (MK-679), RG-12525, Ro-245913, wralukast
(CGP 45715A), and BAY x 7195
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{00202 The present disclosure still further relates to the combination of a compound
of the present disclosure and a phosphodiesterase (PDE) inhibitor such as a methyixanthanine
including theophylline and aminophyliine; a selective PDE isoenzyme inhibitor including a
PDE4 inhibttor an inhibitor of the isoform PDE4D, or an inhibitor of PDES.

{00203} The present disclosure further relates to the combination of a compound of the
present disclosure and a histamine type | receptor antagonist such as cetirizine, loratadine,
desloratadine, fexofenadine, acrivastine, terfenadine, astemizole, azelastine, levocabastine,
chlorpheniramine, promethazine, cyclizine, or mizolastine; applied orally, topically or
parenterally.

{00204] The present disclosure still further relates to the combination of a compound
of the present disclosure and a gastroprotective histamine type 2 receptor antagonist.

180205] The present disclosure further relates to the combination of a compound of the
present disclosure and an antagounist of the histamine type 4 receptor.

{00206} The present disclosure still further relates to the combination of a compound
of the present disclosure and av alpha-l/alpha-2 adrenoceptor agonist vasoconstrictor
sympathomimetic agent, such as propylhexedrine, phenylephrine, phenylpropanolamine,
ephedrine, pseudoephedrine, naphazoline hydrochloride, oxymetazoline hydrochloride,
tetrahydrozoline hydrochloride, xylometazoline hydrochloride, tramazoline hvdrochloride or
ethylnorepinephrine hydrochloride.

{060207] The present disclosure further relates to the combination of a corpound of the
present disclosure and an anticholinergic agent including muscarinic receptor (Ml, M2, and
M3} antagonists such as atropine, hyoscine, glycopyrrrolate, ipratropium bromide, tiotropium
bromide, oxitropium bromide, pirenzepine or telenzepine.

{60208] The present disclosure still further relates to the combination of a compound
of the present disclosure together with a beta-adrenoceptor agonist (including beta receptor
subtypes 1-4) such as isoprenaline, salbutamol, formoterol, salmeterol, terbutaline,
orciprenaline, bitolterol mesylate, and pirbutercl.

{60209] The present disclosure further relates to the combination of a compound of the
present disclosure and a chromone, such as sodium cromoglycate or nedocromil sodium.
{00210} The present disclosure still further relates to the combination of a compound
of the present disclosure together with an insulin-like growth factor type I (1GF-I} mimetic.
{00211} The present disclosure still further relates to the combination of a compound

of the present disclosure and a glhucocorticoid, such as flunisolide, triamcinolone acetonide,
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beclomethasone dipropionate, budesonide, fluticasone propionate, ciclesonide or mometasone
furoate.

180212} The present disclosure still further relates to the combination of a compound
of the present disclosure together with an inhibitor of matrix metalloproteases (MMPs), i.e,
the stromelysins, the collagenases, and the gelatinases, as well as aggrecanase; especially
collagenase-1 (MMP-I), collagenase-2 (MMP-8}, collagenase-3 (MMP- 13}, stromelysin-|
(MMP-3}, stromelysin-2 (MMP-10), and stromelysin-3 (MMP-11) and MMP-9 and MMP-
12,

[60213] The present disclosure still further relates to the combination of a compound
of the present disclosure together with modulators of chemokine receptor function such as
antagonists of CCRI, CCR2, CCR2A, CCR2B, CCR3, CCR4, CCRS, CCRo, CCR7, CCRS,
CCRO, CCRIO and CCRI 1 (for the C-C family); CXCRI, CXCRZ, CXCR3, CXCR4 and
CXCRS (for the C-X-C family) and CX3CR]1 for the C-X3-C family.

{00214} The present disclosure still further relates to the combination of a compound
of the present disclosure together with a cytokine or modulator of cytokine function,
including alpha-, beta-, and gamma- interferon; interleukins (IL) including .1 to 15, and
interfeukin antagonists or inhibitors, including agents which act on cytokine signalling
pathways.

{60215} The present disclosure still further relates to the combination of a compound
of the present disclosure together with an immunoglobulin (Ig) or Ig preparation or an
antagonist or antibody modulating Ig function such as anti-IgE {omalizumab).

[60216] The present disclosure further relates to the combination of a compound of the
present disclosure and another systemic or topically-applied anti-inflammatory agent, such as
thalidomide or a derivative thereot, a retinoid, dithranol or calcipotriol.

{60217} The present disclosure further relates to the combination of a compound of the
present disclosure together with an antibacterial agent such as a penicillin derivative, a
tetracycline, a macrolide, a beta-lactam, a tluoroquineclone, metronidazole, an inhaled
aminoglycoside; an antiviral agent including acyclovir, famciclovir, valaciclovir, ganciclovir,
cidofovir, amantadine, nmantadine, ribavirin, zanamavir and oseltamavir; a protease inhibitor
such as indinavir, nelfinavir, ritonavir, and saquinavir; a nucleoside reverse transcriptase
inhibitor such as didanosine, lamivudine, stavuding, zalcitabine or zidovudine; or a non-
nucleoside reverse transcriptase inhibitor such as nevirapine or efavirenz.

{00218] In a further aspect the present disclosure provides a combination (for example

for the treatment of COPD, asthma or allergic rhinitis) of a compound of formula (1) ora
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pharmaceutically acceptable salt thereof as hereinbefore defined and one or more agents
mndependently selected from:

» 3 non-steroidal glucocorticoid receptor (GR-receptor) agonist;

» a selective B2 adrenoceptor agonist (such as metaproterenol, isoproterenol,
isoprenaline, albuterol, salbutamol, formoterol, salmeterol, terbutaline,

orciprenaline, bitolterol mesylate, pirbuterol or indacaterol);

» 3 phosphodiesterase inhibitor {such as a PDE4 inhibitor);

» 3 protease inhibitor {such as a neutrophil elastase or matrix metalloprotease MMP- 12
inhibitor);

« a glucocorticoid;

» an anticholinergic agent;

» a modulator of chemokine receptor function (such as a CCRI receptor antagonist); and
* an inhibitor of kinase function (such as the kinases p38 or IKK).

{60219} The present disclosure also provides a pharmaceutical product comprising, in
combination, a preparation of a first active ingredient which is a compound of formula (1) or
a pharmaceutically acceptable salt thereof as hereinbefore defined, and a preparation of a
second active ingredient which is

« a non-steroidal glucocorticoid receptor {GR-receptor) agonist;

« a selective P2 adrenoceptor agonist;

» a phosphodiesterase inhibitor;

» g protease inhibitor;

* a glucocorticoid;

« an anticholinergic agent;

« a modulator of chemokine receptor function; or

» an inhibitor of kinase function,

for simultaneous, sequential or separate use in therapy.

{00220} In another aspect, the present disclosure provides a kit comprising a
preparation of a first active ingredient which is a compound of formula (1) ora
pharmaceutically acceptable salt thereof as hereinbefore defined, and a preparation of a
second active ingredient which is

« a non-steroidal glucocorticoid receptor {GR-receptor) agonist;

« a selective B2 adrenoceptor agonist;

» a phosphodiesterase inhibitor;

» g protease inhibitor;

79



WO 2018/106606 PCT/US2017/064541

« a glucocorticoid;

» an anticholinergic agent;

» a modulator of chemokine receptor function; or

» an inhibitor of kinase function;

and instructions for the simultaneous, sequential or separate administration of the
preparations to a patient in need thereof.

Exemplary Embodiments

160221] Embodiment I-1. A compound having the structure of Formula (1}, ora

pharmaceutically acceptable salt thereof]

wherein

R'% is selected from the group consisting of H, Ci-Cs alkyl, -NH;, -COOH,
and -SO,CH; wherein the alkyl is optionally substituted with —-OH, -NH,, -COOH, or -
SORCHG;

R¥is (-Cs alkyl;

X 13 selected from the group consisting of H and Cy-Cs alkyl, wherein the alkyl is

optionally substituted with A;

L' is selected from the group consisting of a bond, -CH;-, -CFs-, %{, % -0-, -
8-, -8Oh-, -NH-, and -CH)CH;-;

Y 18 selected from the group consisting of C1-Cs alkyl, aryl and heteroaryl, wherein
the alkyl, aryl, and hetercaryl are optionally substituted with 1-5 substituents that are
independently selected from A, C1-Cs alkyl, and Ci-Cs alkoxy;

S S

. . . . $-L%" ~OH 2N L2
A 1s selected from the group consisting of % , %L OH % - \QH,

@)
_N _N >\----0H L2
N -, o \N % %OH

MNH A N
%_LEJ:::NI %L?.’LlTNI
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L7 is selected from the group consisting of a bond, ~(CHy)u-, ~-C{OINH(CHa)o-, % ;f

Qég gn-(cs-iz>m><

- CHI™E O CHACH) e, -[O(CL-Cs alkylene)]-. and
S O(CHCH ) o OCH CHR CFo-;

E

m is an integer from zero to four; and

n is an integer from one to four; and

wherein the compound is substituted with at least one A; and

when X is -CHj; L1 is -CH;-; Y is aryl substituted with A; and L? is -CH;-; then A is
not -L2-COOH, except when R!? comprises ~COOH.
100222] Embodiment I-2. The compound of Embodiment I-1, ora
pharmaceutically acceptable salt thereof, wherein R is —(CH, ) CHs.
{60223} Embodiment I-3. The compound of Embodiment I-1, or a
pharmaceutically acceptable salt thereof, wherein R' is —(CHy ) CH,
180224} Embodiment 1-4. The compound of any one of Embodiments I-1 to I-3, or
a pharmaceutically acceptable salt thereof, wherein R'? is C;-Cy alkyl, optionally substituted
with -OH.
{00225] Embodiment [-5. The compound of any one of Embodiments I-1 to I-4, or
a pharmaceutically acceptable salt thereof, wherein R'? is ~-CHC(CH;3)»0H.
100226] Embodiment 1-6. The compound of any one of Embodiments I-1 to I-4, or

O
s _oH ,)

a pharmaceutically acceptable salt thereof, wherein 5 ORE is B or Wv

100227] Embodiment I-7. The compound of any one of Emwbodiments I-1 to I-3, or
a pharmaceutically acceptable salt thereof, wherein R'? is C;-Cy alkyl, optionally substituted
with -COOH.

100228] Embodiment I-8. The compound of any one of Embodiments 1-1 to -3

OH

e Ao

] . 1o, M
and 1-7, or a pharmaceutically acceptable salt thereof, wherein E/L\R is :
100229] Embodiment 1-9. The compound of any one of Embodiments I-1 to I-3, or

a pharmaceutically acceptable salt thereof, wherein R'is H.
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{60230] Embodiment I-10.  The compound of any one of Embodiments I-1 t0 [-9, or
a pharmaceutically acceptable salt thereof, wherein X is C1-Cy alkyl, wherein the alkyl is
substituted with A
{00231} Embodiment I-11.  The compound of any one of Embodiments I-1 to I-10,
or a pharmaceutically acceptable salt thereof, wherein X ts C;-Cy alkyl, wherein the allkyl is

O

L

substituted with L7 on , wherein L? is a bond.

{60232] Embodiment [-12.  The compound of any one of Embodiments I-1 to -9, or
a pharmaceutically acceptable salt thereof, wherein X 13 CHs.

160233] Embodiment 113, The compound of any one of Embodiments I-1 to I-9, or
a pharmaceutically acceptable salt thereof, wherein X is H.

{00234 Embodiment [-14.  The compound of any one of Embodiments I-1 to |-13,
or a pharmaceutically acceptable salt thereof, wherein L' is -CH;-, -CHCH;-, or —~O-.

{00235] Embodiment I-15.  The compound of any one of Embodiments I-1 to I-14,
or a pharmaceutically acceptable salt thereof, wherein L' is -CHo-.

{00236] Embodiment [-16.  The compound of any one of Embodiments I-1 to I-15,
or a pharmaceutically acceptable salt thereof, wherein Y is C1-Cs alkyl or aryl.

{00237] Embodiment I-17.  The compound of any one of Embodiments I-1 to I-16,
or a pharmaceutically acceptable salt thereot, wherein Y s aryl, wherein the aryl is
substituted with C1-C3 alkoxy.

{00238} Embodiment [-18.  The compound of any one of Embodiments I-1 to |-17,
or a pharmaceutically acceptable salt thereof, wherein Y is aryl, wherein the aryl is
substituted with A.

{60239] Embodiment I-19.  The compound of any one of Embodiments I-1 to [-18,
O

szl\OH

or a pharmaceutically acceptable salt thereof, wherein A 13 %
100240} Embodiment I-20.  The compound of any one of Embodiments I-1 to I-18,
O OH

4

. , : e 2T ey
or a pharmaceutically acceptable salt thereof, wherein A is .

{00241} Embodiment [-21.  The compound of any one of Embodiments I-1 to }-18

O 0
4

k)

2 -
or a pharmaceutically acceptable salt thereof, wherein A is %L OH



WO 2018/106606 PCT/US2017/064541

{60242} Embodiment I-22.  The compound of any one of Embodiments I-1 to [-18,

_N

NH
%MLE’L:?:N
or a pharmaceutically acceptable salt thereof, wherein A is
100243] Embodiment I-23.  The compound of any one of Embodiments I-1 to I-18,
O
_N OH

N
_%_LZ”LT:E\{

or a pharmaceutically acceptable salt thereof, wherein A is

100244] Embodiment I-24.  The compound of any one of Embodiments 1-1 to I-18,
N
hf; "N
%_LZAN’
¥
or a pharmaceutically acceptable salt thereof, wherein A is I ,
{00245] Embodiment [-25.  The compound of any one of Embodiments -1 to |-24,

or a pharmaceutically acceptable salt thereof, wherein L? is -(CHy)u-.
100246] Embodiment I-26.  The compound of any one of Embodiments 1-1 to 1-25,
or a pharmaceutically acceptable salt thereot, wherein n is one or two.

{00247] Embodiment [-27.  The compound of any one of Embodiments I-1 to |-24,

or a pharmaceutically acceptable salt thereof, wherein L7 is 3}4{‘

100248] Embodiment I-28.  The compound of any one of Embodiments 1-ito [-24,

or a pharmaceutically acceptable salt thereof, wherein 1.7 is }‘Zé .

{00249} Embodiment I-29.  The compound of any one of Embodiments -1 to |-24,
or a pharmaceutically acceptable salt thereof, wherein L? is ~-C(OYNH{CH) )o-.

180250] Embodiment I-30. A compound of Embodiment 1-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(1a),

wherein

&3
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NisHorCH;

)
L! is selected from the group consisting of a bond, -CHp-, -CFz—y% , ; ;f, and
-CHCHa~;

o) O OH 0 o

i 4
= isting of %‘LZJ\QH %‘LZMKOH ----- Lg/g‘o&ﬂ
A 18 selected from the group consisting of \ , ,

o

_N N >\«OH L2

’i’ W N e o
%__L’Z = vg_LZ’/L":"NJ j?

. and

L is selected from the group consisting of a bond, -CH;-, -CH,CHz-, % E Xi,
SC{ONH(CHa e, -[O(CHCHMo-,  -[O(Ci-Cy alkylene)}-,  and  -[O(CH:CHa)e-
OCHCH:CFy-; and

R’ is H, C;-Cs alkyl, or Ci-C5 alkoxy.

{60251} Embodiment [-31. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(1a),

wherein
Xis ~CH2—A}a, “CHQCHE'Aia, "CHQCHQCHE"Aia, or nCHzC(CHﬂz-Am;

N

O OH N
O Q0 NH
N

ié‘f’j}?“iczsme ’ %/ngH ) “{L&

A'tis selected from the group consisting of oM ,
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P4 b

2

W

L! is selected from the group consisting of a bond, -CHj-, -CFa-,

and -CH>CHo~;

G OH s e
2J\ 2 54
. . L= "OH L / ™, 277N,
A is selected from the group consisting of i % OH U OH |
NN
/L;\g

N OH 512
~ ONH N” . } % O
T Y

, and

L2 is selected from the group cousisting of a bond, -CHy-, -CH2CHy-, % g", }x
-C{ONH(CH)w, -[O{CHCHDo-, -[O(C1-Cy  alkvlene)l-, and -[O(CHCH) -
OCH,CHRCEFy-; and

R is H, Ci-Cs alkyl, or C1-Cs alkoxy.

160252] Embodiment 1-32. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1} is a compound of Formula

(1b),

wherein
XisHorCHs;
L' is selected from the group consisting of a bond, -CHo-, ~CF2~,'§ 3', };%é
and ~-CHCHa-,
O O OH o0

AR ¥ %

. .. . OH 20N 27"\
A i3 selected from the group consisting of % éﬁi’ OH %_L OH

Nx‘\i

=N n=N }OH %LP

OH
,LwE\rNH e \g/
2 2 N/
%4" . §L , and ;
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3 %
L.? is selected from the group consisting of a bond, -CHy-, -CH,CHy-, 3 § ,

CCH,CHCEF- and

E

RYis H, Ci-Cs alkyl, or C1-Cs alkoxy.

{00253] Embodiment I-33. A compound of Embodiment I-1, or a pharmaceutically

2

COWNH(CH ), -[O(CHCH) -, -[O(C-Cy  alkylenel]-, and  -JO(CHCH)) o

acceptable salt thereof, wherein the compound of Formula (1} 1s a compound of Formula

(1),

R
A ii FZR3
(10}
wherein
¥is -CHy-A" -CHCH;-A" -CH,CHCH-A'? or -CHC(CH =AY,

o O OH DO

Al ig selected from the group consisting of % OH | 22 QH ‘2}1 OH

Nf"‘i\

o] 31/1\ N’

yeN_ P-OH OH
- T

G, A

B N , and ;

gz)\ N'NH

N

3

| 4 2w
L' is selected from the group consisting of a bond, -CHy-, -CFz-, * g ,

and -CH>CHo~;
O O OH

. .. Le
A 1s selected from the group consisting of %—
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L.? is selected from the group consisting of a bond, -CHy-, -CHCHy-, EME’ %Zé
-C{ONH(CHy)o-, -[OCHCHD -, -[O(Ci-Cs alkylene)]-, and  -[O(CHCH) ]
OCH,CHCF»-; and

R is H, Ci-C5 alkyl, or C1-Cs alkoxy.

100254] Embodiment I-34. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) 1s a compound of Formula
(1c),
NH,
N}%N R'a
X E = | N)\R“’
oA

R4R3

(ic)
wherein
X is -CHz-A"®, -CHLCH-AY ) -CHCHoCH2-A", or -CHLC(CH3 p-A'Y
o ODOH 0O N,

% % N
7 S “OH A O E/LN

Al is selected from the group consisting of A OH

O -
=N, }OH kgOH
; N
cand

5OSN

L} is selected from the group consisting of a bond, -CHy-, -CF-, § § ; :
and ~-CH,CHy~;

3

R is H, C;-Cs alkyl, or Ci-Cs alkoxy; and

R*is H or C-Cs alkoxy.
180255] Embodiment I-35. A compound of Embodiment 1-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

{1d),
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NH;
N/%‘z“N Ria
b
RIS
v’
{1d)
Xis -CHQ-—AM, ~CHQCH2_AM, -CHQCHQCHQHAM, or uCHQC(CH})QuAm;
O OH O 0 N
Lo ¥y
. . .. R TN I TN 9,
A' is selected from the group consisting of % OH OH | & OH % ,
NN
'i N
) :a,/\\N’

N }* E\E/OH
%N , and :

L!is selected from the group consisting of a bond, -CHy-, -CFs-, gyé 32(‘, -0~
and -CH>CHy-; and

Y is H or C1-Cs alkyl.
100256] Embodiment I-36. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(1e),
NH,
NSN R
N
(1e)
wherein
R’ is H, C;-Cs alkyl, or Ci-C5 alkoxy.
{80237] Embodiment [-37. A compound of Embodiment I-1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula {11),

&8
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{60258] Embodiment I-38. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) 1s a coropound of Formula

(tg),

wherein

R?is H, Ci-Cs alkyl, or C;-Cs alkoxy.
{00259] Embodiment -39, A compound of Embodiment 1-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

{1h),

wherein
R*is H or C-C; alkoxy.
{60260} Embodiment [-40. A compound of Embodiment I-1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1) 1s a coropound of Formula (11},
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NH,
N/!%N R
HO = L N"J\Rm
. f
Y/
(1)

wherein

L! is selected from the group consisting of a bond, -CHa-, -CFs-, gxg B;Z;, -0,
and ~-CH,CHy-; and
Y 18 H or C1-Cs alkyl.
{00261} Embodiment 1-41. A compound, or a pharmaceutically acceptable salt,
selected from the group consisting of’
NH,

N)% R'2
|

N
X 4 N/l\p\m
(v H

Y»"
Compound | -X LY Ria

1 -CHs f -{CH;):CH;
N
HOI(\VJ\’/ o
2 -CHs o -{CH2 )3CH;

HNKN/\ & o
3 -CHs N ~{CH2):CH;
HIN =

=N Q/
4 -CH; o -{CH,):CHs
O/

5 -CH; 4o _{O N ~{CH2):CH3
N ‘\L i \\i
=N Py
6 -CH;s H% -({CHo 3CH;s
N
NN Fy
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WO 2018/106606
Compound | -X LY Ria
Ag\Rm
7 -CH3 HoL, - e ~(CH):CHs
N
8 -CH; “+ Ot
N=N e W\
9 -CH; HOW -(CH2 ) CH;
Q/
10 ~CHs N -{CH)}:CH;
HNT
N::N o
-CH NN AOH N0
11 CH: i, f‘m‘\j (CH2)sCHs
N »
O o
. CH- o - y .
12 CH; o P”\\ ; (CH:CH
S
o
13 -CH; " \X 3 -(CH):CH;
HNS S l s
14 "(CHQ}}CHS
15 -{(CH;):CH;
16 -CHs o f 3 + -{(CH;):CH;
HO TSN Ny
206
17 -CH;s O\@p s ~{CH:):CH;
HO” Xy
m‘/
I8 ~CHs OH
N
N=N L N =
M
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Compound | -X LY Ria

‘Q\Rm

-

~{(CH, s CH;

19 ng

20 ~CH;

71 HOW -OCH; OH

100262] Embodiment 1-42. A pharmaceutical composition comprising a compound
of any one of Embodiments I-1 to I-41, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

{00263} Embodiment [-43. A method of treating a condition associated with TLR7
modulation in a subject in need thereof, comprising administering to the subject an effective
amount of a compound of any one of Embodiments [-1 to [-41, or a pharmaceutically
acceptable salt thereof.

{00264] Embodiment I-44.  The method of Embodiment 1-43, wherein the condition
is viral infection or cancer.

180265] Embodiment 1-45. A compound of any one of Embodiments -1 to I-41, or
a pharmaceutically acceptable salt thereof, for use in treating a condition associated with
TLR7 modulation.

{00266} Embodiment 1-46.  The compound of Embodiment 1-45, wherein the
condition is viral infection or cancer.

{00267} Embodiment I-47.  Use of a compound of any one of Erabodiments I-1 to I-
41, or a pharmaceutically acceptable salt thereof] in the manufacture of a medicament for
treating a condition associated with TER7 meodulation.

100268] Embodiment 1-48.  The use of Embodiment {-47, wherein the condition 1s

viral infection or cancer.
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{00269} Embodiment -1, A compound having the structure of Fornwla (1}, ora

pharmaceutically acceptable salt thereof]

wherein
R!%is selected from the group consisting of H, C1-Cs alkyl, -NH,, -NHAc,
=N

e

NH
_COOH, -SO,CHs -SCH;, -OCH;, and % N
wherein the alkyl 1s optionally substituted with -OH, ~-NH;, -NHAc¢, -COOH, -
SOLCHs,
N=N

Ay

 NH
-SCHs, -OCHs, or 5N

RY i (-Cs alkyi;
X 18 selected trom the group consisting of H and C1-Cs alkyl, wherein the alkyl is

optionally substituted with A, -OH, or ~-C{CH;)0H;

8-, -8Oh-, -NH-, and -CH)CH;-;

Y 15 selected from the group consisting of C1~-Cs alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and hetercaryl are optionally substituted with 1-5 substituents that are
independently selected from A, C1-Cs alkyl, and Cy-Cs alkoxy;

o OH o)

O
/4
%—Lzﬂ\OH %_L?/%{DH %_._.LZ"'%/\OH

A ts selected from the group consisting of

n-N
O A
N N oH +t2 N

| NH NN L\CE/QH OH
2 = Q/a'::': i Bx

2 2

N

L? is selected from the group consisting of a bond, <(CHz)u-, -C(O)NH(CH ), E; ;f ,

% »gnagca-ag)%(ca-az)n—%

2

, [O(CHCH o, [O(C1-Cy alkylene)]-,
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S O{(CHCHL ) - OCH CH CFo -, -CIONHCHCH-[O(CHCH: 3 o-; and
-C{ONHCH CH3~-{ O(CHCH )} in-OCH, CHLCFs -,

m is an integer from zero to four; and

n is an integer from one to four; and

wherein the compound is substituted with at least one A; and

when X is -CHj; L1 is -CH;-; Y is aryl substituted with A; and L? is -CH;-; then A is
not -L*-COO0OH, except when R!? comprises ~COOH.
180276] Embodiment [1-2. The compound of Embodiment {1, or a
pharmaceutically acceptable salt thereof, wherein R'® is ~(CH, ). CH.
{00271} Embodiment 11-3. The compound of Embodiment 11-1, or a
pharmaceutically acceptable salt thereof, wherein R' is —(CHy ) CH,
{00272} Embodiment -4 The compound of any one of Embodiments 11-1 to 11-3,
or a pharmaceutically acceptable salt thereof, wherein R™ is C1-Cs alkyl, optionally
substituted with -OH, -OCH;, -SCHs, -SO;CHs
{60273] Embodiment [I-5. The compound of any one of Embodiments [1-1 to -4,

or a pharmaceutically acceptable salt thereof, wherein R is ~CH,C{CH: ) OH.

100274} Embodiment -6 The compound of any one of Embodiments I1-1 to 11-4,
QH
R'® 7 OH /
16 : :

or a pharmaceutically acceptable salt thereof, wherein X{I\R is BTN , L
o NN
N N M

DS s B
N S NN B
{60275] Embodiment -7 The compound of any one of Embodiments I1-1 to [1-3,

or a pharmaceutically acceptable salt thereof, wherein R'? is C1-Cy alkyl, optionally

substituted with ~COOH.

{60276} Embodiment 11-8. The compound of any one of Embodiments [{-1to [ 3
OH

pta _/&Q

, . . I N N
and II-7, or a pharmaceutically acceptable salt thereof, wherein %\R s .
{60277] Embodiment 11-9. The compound of any one of Embodiments [1-1 to [1-3,

or a pharmaceutically acceptable salt thereof, wherein R™ is H.
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{60278] Embodiment 11-10.  The compound of any one of Embodiments Ii-1 to [I-9,
or a pharmaceutically acceptable salt thereof, wherein X 15 C1-Cy alkyl, wherein the alkyl is
substituted with A.

{00279] Embodiment [I-11.  The compound of any one of Emnbodiments U-1 to H-

10, or a pharmaceutically accepiable salt thereof, wherein X is C1-Cy alkyl, wherein the alkyi

O
%szOH

is substituted with , wherein L? is a bond.

{00280 Embodiment [1-12.  The compound of any one of Embodiments 11-1 to [1-9,

or a pharmaceutically acceptable salt thereof, wherein X i1s CHs.

160281] Embodiment 11-13.  The compound of any one of Embodiments 1i-1 to [I-9,

or a pharmaceutically acceptable salt thereof, wherein X is H.

{00282 Embodiment [I-14.  The compound of any one of Embodiments 11-1 to -

13, or a pharmaceutically acceptable salt thereof, wherein L! is -CHy-, -CH,CHp-, -O-, or -8-.

{00283] Embodiment I1-15.  The compound of any one of Embodiments 1I-1 to Hi-

14, or a pharmaceutically acceptable salt thereof, wherein L' is -CH;-.

[00284] Embodiment [I-16.  The compound of any one of Embodiments 1I-1 to HI-

15, or a pharmaceutically acceptable salt thereof, wherein Y 1s C1-Cs alkyl or aryl.

{00285] Embodiment [I-17.  The compound of any one of Ermnbodiments -1 to H-

16, or a pharmaceutically acceptable salt thereof, wherein Y is aryl, wherein the aryl is

substituted with C1-C3 alkoxy.

{00286} Embodiment [I-18.  The compound of any one of Embodiments 11-1 to -

17, or a pharmaceutically acceptable salt thereof, wherein Y is aryl, wherein the aryl is

substituted with A.

{60287] Embodiment 11-19.  The compound of any one of Embodiments {{-1 to -
0]

JJ\QH ”

. ~ . . Bl?
18, or a pharmaceutically acceptable salt thereof, wherein A is %

{00288] Embodiment [1-20.  The compound of any one of Ermnbodiments -1 to H-

O OH
i ot 2/‘?{03-1

18, or a pharmaceutically acceptable salt thereof, wherein A is .

{00289} Embodiment [1-21.  The compound of any one of Embodiments H-1 to [I-
o0

-4
18, or a pharmaceutically acceptable salt thereof, wherein A is %L_ O
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{60290] Embodiment 11-22.  The compound of any one of Embodiments {i-1 to -
© N
_%___L?j;-:Nl
18, or a pharmaceutically acceptable salt thereof, wherein A is
{60291} Embodiment [I-23.  The compound of any one of Embodiments 11-1 to -
O\
N —OH
g ‘Nj
, o %—LZ}:\" N
18, or a pharmaceutically acceptable salt thereof, wherein A 1s
{00292] Embodiment [1-24.  The compound of any one of Embodiments 11-1 to II-
N-N

N

%_szn\i\{

¥

18, or a pharmaceutically acceptable salt thereof, wherein A is

{00293 Embodiment [I-25.  The compound of any one of Embodiments 11-1 to -
OH
: b PoH
I8, or a pharmaceutically acceptable salt thereof, wherein A is 2 :
160294] Embodiment 11-26.  The compound of any one of Embodiments 11-1 to -

25, or a pharmaceutically acceptable salt thereof, wherein L7 is -(CHa)o-.
{00295] Embodiment [I-27.  The compound of any one of Embodiments TI-1 to HI-
26, or a pharmaceutically acceptable salt thereof, wherein n is one or two.

100296] Embodiment 11-28.  The compound of any one of Embodiments 1I-1 to Hi-

25, or a pharmaceutically acceptable salt thereof, wherein L? is % :

{60297} Embodiment [I-29.  The compound of any one of Embodiments 1-1 to -

25, or a pharmaceutically acceptable salt thereof, wherein L? is i ; ; f ‘
{00298] Embodiment [I-30.  The compound of any one of Embodiments TI-1 to HI-
25, or a pharmaceutically acceptable salt thereof, wherein L? is -C(O)YNH{(CH2)u-.

{00299] Embodiment [I-31. A compound of Embodiment II-1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1} 1s a compound of Formula

(1a),
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wherein

XisHor CH;

L!is selected from the group consisting of a bond, -CHy-, -O-, -8-, -CFo-, %

t; ;f, and -CHCHs-;

¢ OH OO

o
7
Ao ‘%"‘Lz/%OH %—Lz"’%ioﬁ

A i3 selected from the group consisting of %

Q AL
27 —~N
N NN, PoH FLETT OH

OH i
; B.
i:,/ and -$-13 “OH ;

L2 is selected from the group consisting of a bond, ~-CHy-, ~-CH,CH;-, % %'7 Bygg
-C{OWH(CH2 o, -[O(CHCHD ) o, -[O(C1-Cs alkylene}]-, and -[O(CHCH) ) o
OCH; CHaCFo-, -C{OINHCHCH-[O(CH:CHa Yo, C{ONHCH CHy-[O(CHCH ) -
OCH,CHCEy-; and

RYis H, C;-Cs alkyl, or C1-Cs atkoxy.
{60300} Embodiment [1-32. A compound of Embodiment -1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(1a),

wherein

Xis ~CH2—A}a, “CHQCHE'Aia, "CHQCHQCHE"Aia, or nCHzC(CHﬂz-Am;
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OOH oo Nz,
Lo ¥ LW NH
a; - TS o NP S OH%{' /L‘N'
A'? 15 selected from the group consisting of ~ , OH
NN
O ‘QZ/U\»N’
%
NﬁN\NA}vOH kEOH K?H
8.
12//‘\::
, € N and‘??Z OH

>

s

L!is selected from the group consisting of a bond, -CHs-, -O-, 8-, -CFa-, ,

: ; ;f , and -CH,CHa-;

C OH OO

pibon 1o, 1o,

A 18 selected from the group consisting of

N OH L2
N= } * OH oH

4/\-\. NH % ,l.\ \g 5
%‘"L =N } =N I , and § 2 OH ;

L2 is selected from the group consisting of a bond, ~-CHy-, ~-CH,CH;-, é §'7 &
-C{O)NH(CH)u-, -[O(CH:CHo Yo, -[O(C1-Cy alkylene)}-, and -[O(CH2CHa) o~
OCHCHLCFo-, ~-COMNHCH CH-[O(CH CHa e, COOYNHCH CHy-[O(CHCH Y e
OCHCHCFy-; and

R is H, C;-Cs alkyl, or C1-Cs alkoxy.

{00301 Embodiment 11-33. A compound of Embodiment 111, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) 18 a compound of Formula

(1b),

L1
/.\ R3
(16}

wherein

X is H or CHjs;
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L!is selected from the group consisting of a bond, -CHs-, -O-, -S-, -CFy-, % %

}Xé , and ~-CH;CHy-;

J(L ¢ OH o0
. N . . N L2 OH Z N\ 2 N
A is selected from the group consisting of %— %L OH é_{' OH
NN
0 A

NN N OH §-1.2 N

EEN N‘;: N ! OH
I - ’

-§-an =N %__LZ i T %L/B\QH
. , and , and e ;

L2 is selected from the group consisting of a bond, ~-CHy-, ~-CH,CH;-, § §'7 %y;,g
-C{O)NH(CH)u-, -[O(CH:CHo Yo, -[O(C1-Cy alkylene)}-, and -[O(CH2CHa) o~
OCH; CHCFo~, ~-CIOMNHCH CH - [O(CHCH e, CIONHCH CHy-[O(CHCH Y e
OCH,CHCEy-; and

R is H, C;-Cs alkyl, or C1-Cs alkoxy.
100302] Embodiment 11-34. A compound of Embodiment 1I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) 18 a compound of Formula

(1b),

<R
. P y
(1b)
wherein
Xis -CH-AR -CHLCH-A", -CH,CHLCH-A, or -CH,C(CH: )p-Al:

O %/OH @g/c‘ NTLN\N‘
¥ =N
o A oH SN

{

-
A" s selected from the group consisting of % OH , &
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2

L!is selected from the group consisting of a bond, -CHs-, -O-, -8-, -CFo-, ,

}Xé , and ~-CH;CHy-;

OOH o@

%_LZ’H\OH %_sz \OH -%—Lz/ N

A 1s selected from the group consisting of

212
=N N or 1 OH

i OH
e . B.

2

L2 is selected from the group consisting of a bond, ~-CHy-, ~-CH,CH;-, § §'7 %y;,g
-C{OYNH(CHy )y, -[O(CH:CH Y o, -[O(C1-Cy alkylene}}-, and -[O(CH>CH2) -
OCHCHLCFo-, ~-COMNHCH CH-[O(CH CHa e, COOYNHCH CHy-[O(CHCH Y e
OCHCHCFy-; and

R is H, C;-Cs alkyl, or C1-Cs alkoxy.

{00303] Embodiment 11-35. A compound of Embodiment 1I-1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1) 18 a compound of Formula

(1o},
NH,
NN R'a
i
RS
RdrRS
{(1c)
wherein
Xis -CHQ-—AM, ~CHQCH2_AN, -CHQCHQCHQHAN, or uCHQC(CH})QuAm;
o OOH 00 =N,
% LN Vi
\ P o
A" s selected from the group consisting of % OH OH e \DH? ks
NN
o *}%)LNf
_N }OH * kg/OH OH
N
Pray 8.
, ?"z. N s s and .zi QH
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2

L!is selected from the group consisting of a bond, -CHs-, -O-, -8-, -CFo-, ,

}Xé , and -CH,CHa-;

R?is H, C-C; alkyl, or Ci-Cs alkoxy; and

R*is H or C-C; alkoxy.
00304] Embodiment 11-36. A compound of Embodiment 1I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1} 1s a compound of Formula

{1d),

NH,
NN R
i
XN N)\Rm
(o H
Y/
(1d)

X is ~CHQ~A1&, —CHQCHQ-AM, wCHQCHzCHz-Am, or “CH}C(CH}}Q%A\ja;
o OOH 00 N

SNy
TN e =
A'tis selected from the group consisting of % OH OH s \OH, i

2

O gL)E\;\{N

ﬁN\m;>“OH T o OH
7Y
, , and

=N ¥ on.

L' is selected from the group consisting of a bond, -CH;-, -CFs-, EME, }X’{? ~O-,
and ~-CHCHs, -8-; and

Y i3 H or C1-Cs alkyl.
{00305] Embodiment 11-37. A compound of Embodiment 1I-1, or a pharmaceutically

acceptable salt thereot, wherein the compound of Formula (1) is a compound of Formula

(1e),

NH,

N/&N R13
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wherein R? is H, C-C;5 alkyl, or C;-Cs alkoxy.

{00306] Embodiment [I-38. A compound of Embodiment 1I-1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula (11},

N)*\*N R1a

{60307} Embodiment [1-39. A compound of Embodiment -1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(tg),

wherein R7 is H, C1-Cs alkyl, or Ci-Cs alkoxy,
{60303] Embodiment 11-40. A compound of Embodiment 1I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1} 1s a compound of Formula
(1h),

NH,

N)%N R1a

wherein R* is H or C1-Cs alkoxy.
{60309] Embodiment [I-41. A compound of Embodiment -1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula (11),
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wherein

HO

NH,
N/L*N Ria
= N/E\Rm
L! H
Y/
(1)

PCT/US2017/064541

L!is selected from the group consisting of a bond, -CHz-, -CFs-, g g 3; ;é
-G-, -CHoCHy-, and -S-; and

Y 18 H or C1-Cs alkyl.

Embodiment 11-42.

selected from the group consisting of’

2 3

A compound, or a pharmaceutically acceptable salt,

Y/’
Compound | -X LAY Rta
1 -CHs + -(CH:):CHz
\I
HO., i\;;?i\o/
5
2 -CH; -{(CH;):CHs
NN =
HN-%N/' P »
3 -CH; N 1 -{CHz);CHs
e
=N o
4 -CH; 9 Yo -{CHz);CHs
HQ’)J\\/\ I
o
5 -CH; HO_%O N e ~{CH:2;3CH;
e R R
6 -CH; H;N . -(CH,);CH;
N7 ;\ I
L
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WO 2018/106606
Compound | -X LY Rt
7 -CH; {(CH,):CH;
8 -CH oM
":{’?\/\\
9 ~CHs HO “ - -(CH:):CHz
| P o
10 -CH N «{CHz):CHs
HNY \I
N=N O o
11 -CHs N=N o -(CH,3:CH:
N =
N i X
S
' -CH;s Q -{CHy ;3 CH»
2 CH3 Ho-# - (CH);CH;3
OH ]
13 ~CHs ; ~ ~(CH:):CHs
HN’NY E \j
N s
14 -CH; HO -(CH2):CHs
»
g
15 HO\g/\/yL -(CH:):CH;
O/
16 -CH; 0 o -(CH2»CH;
aaro)
\0/’
17 -CHs O -{CH:}:CHs
HO X
L o
I8 ~CH; OH
N
HNT S )
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WO 2018/106606
Compound | -X LY Rie
19 HOw jw -(CH2);CHs
SCH,
20 -CH; N OH
HN S S /J*c)
N=N 2N z
M
21 HOW ~OCH; jH
M
22 -CH; N s
HNT S
‘N:E\{i O o :/J
23 -CH; N 3 Q
HIN' Y\C( 0=3
=N Nl o )
}{W
24 -CHz (?H s ~(CH2)3 CH:
L
o
25 -CH; "o 9 ~we | =(CH233CH;
N
T]/\\ E
O o
26 ~CHs N -(CH2 1 CH;
=N o
27 HG W ” OH
e
P )
o S
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Compound | -X LY Rt
28 -CH: e o CH,);CH
3 HN’N\W”/\’ANJ’L\,’E/\\\ H ( ) 3
NN H 8z o
79 HO : o OH
W o __./J%o
N :
M
30 -CHs o o -(CH:)33CHs
EO\P/’\//’\N M X d
HO O Ho o
31 -CH 'y -{(CHL)3CH;
N~ 3
HN\' X \,i/’&
N=N Ns ~o~
32 -CH; N A o~
HIN' Y
N” (\:jf()/ :)
33 “(JH¥ HO, y /\jm S/
1//\0 ._./J
34 -CH; NN j"’ 57
; HN
‘N7 N
@ -
N N
35 -CH; D 57
- ? HOw oy gy
% Ho /l
HG O L 0/ E
36 -CH - ;’}imi\fH
f = N, N
S " j
37 HN” NY»\},{ ;f” —(CH?,)g CHs
NN @
L O’/
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WO 2018/106606
Compound | -X LY Rrie
39 -CHs N o i\/\
HN S | = n
=i e
40 HO ) -({CH2);CHs
AN \' i RN
=N PN
41 ~-CHa e OH
T ™
1 __/&0
L O/ z
M
472 -CHs HO \ OH
B /&O
/"\O/ ‘:‘
W
;-13 HQW HO wd “(CHZ)SCHS
> O Q/
44 -CHs o ?\ Ao OH
\E/"\V/‘\Nz‘ R
HO' B H Q\o/ :/g()
45 HOW HO v OH
06 /’%@
W
46 HGW N OH
HNT S
Nz i ;/‘\\o
M
y H . E _":-/., :-/r
47 Q\v/\\/ﬁ;ﬁ /’\ij (CHy»CH;s
i“i\/ \D/
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Compound | -X LY Ria

48 HO

49 HO

50 HO

R

51 -CHz o,
o=5"
M
{00311} Embodiment 11-43. A pharmaceutical composition comprising a compound

of any one of Embodiments I-1 to H1-42, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

180312} Embodiment [1-44. A method of treating a condition associated with TLR7
modulation in a subject in need thereot, corprising admirustering to the subject an effective
amount of a compound of any one of Embodiments -1 to H-42, or a pharmaceutically
acceptable salt thereof.

{00313] Embodiment [1-45.  The method of Embodiment 11-44, wherein the
condition 1s viral infection or cancer.

[00314] Embodiment 11-46.  The method of Embodiment 11-45, wherein the
administration is oral, intravenous, subcutaneous, intramuscular, intratumoral, intradermal,
mntranasal, inhaled, intravesicle, topical, sublingual, bucchal, intrarectal, intrathecal,
intracranial, or other forms of local delivery.

{60315] Embodiment 11-47. A compound of any one of Embodiments [I-1 to 11-42,

or a pharmaceutically acceptable salt thereof, for use as a medicament,
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{60316} Embodiment 11-48. A compound of any one of Embodiments -1 to 11-42,
or a pharmaceutically acceptable salt thereof, for use in treating a condition associated with
TLR7 modulation.

100317] Embodiment 11-49.  The compound of Embodiments 11-48, wherein the
condition is viral infection or cancer.

{00318} Embodiment I1-50.  Use of a compound of any one of Embodiments II-1 to
1I-42, or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for
treating a condition associated with TER7 modulation.

{00319] Embodiment I-51.  The use of Embodiment H-50, wherein the condition is
viral infection or cancer.

100328} Embodiment [I-52. A pharmaceutical composition of Embodiment 1-43,
further comprising at least one or more additional therapeutic agents.

{00321} Embodiment 11-53.  The pharmaceutical coraposition of Embodiment I1-52,
wherein the at least one or more additional therapeutic agent is antiviral nucleoside.

{60322] Embodiment [I-54.  The pharmaceutical composition of Embodiment 11-52,
wherein the at least one or more additional therapeutic agent is PDB-1 antibody or PD-L1
antibody.

{60323} Embodiment H-55. A method of treating HBV in a subject in need thereof,
comprising administering a compound of any one of Embodiments II-1 to I-42, or a
pharmaceutically acceptable salt thereof, in combination with an antiviral nucleoside.
180324} Embodiment [I-56. A method of treating cancer in a subject in need thereof,
comprising adrinistering a compound of any one of Ernbodiments [1-1 to H-42, or a
pharmaceutically acceptable salt thereof, in combination with a PD-1 antibody or PD-L1
antibody.

{00325] Embodiment [II-1. A compound having the structure of Formula (1), ora

pharmaceutically acceptable salt thereof,

wherein
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R'? is selected from the group consisting of H, C;-Cs alkyl, -NH;, -NHAc,
’N

-

MNH
-COOH, -SO,CH -SCH;, -OCHs, % N - and A
wherein the alkyl! is optionally substituted with -OH, -NH;, -NHAc, -COOH, -
SO CHs,
=N

-

_ NH
-SCH;, -OCH;, 2N or A
R is C;-Cs alkyt;

X is selected from the group consisting of H and C;-Cq alkyl, wherein the alkyl is

optionally substituted with A, -OH, or -C(CH;).0H;

L' is selected from the group consisting of a bond, -CH;-, -CFs-, 3‘}45 , }Xé , 0=, -
8-, -8Oh-, -NH-, and -CH)CH;-;

Y 18 selected from the group consisting of C1-Cs alkyl, aryl and heteroaryl, wherein
the alkyl, aryl, and hetercaryl are optionally substituted with 1-5 substituents that are
independently selected from A, C1-Cs alkyl, and Ci-Cs alkoxy;

O ¢ OH 00
EN ¥ Y
A is selected from the group consisting of tas DH, e \OH, L7 OH

N
N N

0 I

N e, }QH %LE N on
Il s Kf“ :
“%“Lz ? _%_LQ ;\{ ? i 7 and ”%"LE \GH (y

L is selected from the group consisting of a bond, -(CHy ), ~C{OINH(CH, )u-, 2; ;f

% -g-{CHz)%(aHz)ﬂ—?

, , O(CH,CHy ), -[O(C1-Cy alkylene)]-,
S O{(CHCHL ) - OCH CH CFo -, -CIONHCHCH-[O(CHCH: 3 o-; and
-CONHCH, CH-[O(CHCH ) |in-OCH, CHLCFy -,

2

m is an integer from zero to four;

n is an integer from one to four,;

wherein the compound is substituted with at least one A; and

when X is -CHj; L1 is -CH;-; Y is aryl substituted with A; and L? is -CH;-; then A is
not -L°-COO0H, except when R!? comprises ~COOH or —-SO,CH. and

H1o
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when X is -CHs; L' is -CH;-; Y is aryl substituted with A; L? is -CHa-, ~O-(CHa ho-
O OH

20 N

, AL :
O(CHy)o-, ot —“O-(CH2)p-O(CH p(CFo)~ and A s # OH. then A and L' are not in a
para position with respect to each other.
{00326] Embodiment HI-2. A compound having the structure of Formula (1), ora

pharmaceutically acceptable salt thereof,

wherein

R'% ig selected from the group consisting of H, C;-Cas alkyl, -NH;, -NHAc,

-COCH, -80,CH; -SCH;, -OCH:, and % N
wherein the alkyl is optionally substituted with ~-OH, -NH,, -NHAc, -COOH, -
SO:CH;,

“SCH;, -OCH;, or % N
R is C5-Cs alkyl

3

X is selected from the group consisting of H and C;-Cq alkyl, wherein the alkyl is

optionally substituted with A, -OH, or -C{(CH3}:0OH;

L!is selected from the group consisting of a bond, -CH;-, -CFs-, % , % , = -
8-, -80;-, -NH-, and -CHCH,-;

Y is selected from the group consisting of C1-Cs alkyl, arvl, and hetercaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are

independently selected from A, C1-Cs alkyl, and C1-Cs alkoxy;

11
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O O OH o0

Lo gt /
. - L0 L2770 Sop2—
A 1s selected from the group consisting of %— , % OH % LT o

n-N,

N

2 2N

N”’N‘NH N”N‘N boH $-L kgcﬁ OH
/L“: /ei:: ----- i B

LN $127N ‘ and 315 TOM

L? is selected from the group consisting of a bond, ~(CHa ju-, ~C{OWH{CHa ), : ; ;

% -gm-{CHz)%(CHZ)“'%

,, . JO(CHCH ) o, -[O(C1-Cy alkylene))-,
- {Q(CH?,CHQ}} 11"0(;}‘12,61‘{2CF2~; —C(O)NE‘ECHzCHz- {O(C}‘h CHz)}mﬂ and
-C{OWHCH,CH:-[O(CHCH) L OCH CHRCF -

2

m 18 an integer from zero to four; and
1 i3 an integer from one to four; and
wherein the compound s substituted with at least one A; and
when X is -CHs; L is -CHy-; Y is aryl substituted with A; and L? is -CHy-; then A is
not -L*-COOH, except when R comprises ~-COOH or ~SCCH;; and
when X is -CHs; L is -CHo-; Y s aryl substituted with A; L? is -CHy-, —“O~(CHa -
o OH

O{CHz)s-, or ~O-(CH)-O{CHo »(CF3)-; and A is %Lg/ "OH cthen Aand L' arenctina
para position with respect to each other.

{60327] Embodiment HI-3.  The compound of Embodiment HI-1 or HI-2 or a
pharmaceutically acceptable salt thereof, wherein R is (CH2),CHs.

{00328] Embodiment [1I-4.  The compound of Embodiment {i-1 or I{I-2, or a
pharmaceutically acceptable salt thereof, wherein R'® is {(CH,):CHs.

{60329] Embodiment 111-5.  The compound of any one of Embodiments [{l-1 to 11l
4, or a pharmaceutically acceptable salt thereof, wherein R'? is C1-Cy alkyl, optionally
substituted with -OH, ~OCH;, -SCHs, or -SO,CH;3,

{60336] Embodiment [11-6.  The compound of any one of Embodiments 0I-1 to -

5, or a pharmaceutically acceptable salt thereof, wherein R'? is ~CH,C(CH;),OH.
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{60331} Embodiment 111-7.  The compound of any one of Embodiments [{l-1 to 11l
R _ :/OH
b i i a
6, or a pharmaceutically acceptable salt thereof, wherein R is S .
~NH

i

0 i !
OH g7 d 57 NN

J 7 2 J

NN BN SN NN NS

BN

160332] Embodiment HI-8.  The compound of any one of Embodiments 1il-1 to Hil-

4, or a pharmaceutically acceptable salt thereof, wherein R'? is '1-Cy alkyl, optionally

substituted with ~-COOH.

100333} Embodiment [{1-9.  The compound of any one of Ermnbodiments HI-1 to -4

OH

o

and H1-8, or a pharmaceutically acceptable salt thereof, wherein %\Rﬂ!b is M

100334] Embodiment 1I-10.  The compound of any one of Embodiments II-1 to IT-

4, or a pharmaceutically acceptable salt thereof, wherein R'? is H.

{00335] Embodiment [II-11.  The compound of any one of Embodiments 11I-1 to I~

10, or a pharmaceutically acceptable salt thereof, wherein X is Cy~-Cy alkyl, wherein the alkyl

is substituted with A.

160336] Embodiment HI-12.  The compound of any one of Embodiments 1i-1 to -

11, or a pharmaceutically acceptable salt thereof, wherein X is C1-Cy alkyl, wherein the alkyl

0
: . : %—Lzﬂ\OH o
is substituted with , wherein L7 15 a bond.
{00337] Embodiment [{I-13. The compound of any one of Embodiments 11I-1 to {ii-

10, or a pharroaceutically acceptable salt thereof, wherein X is CHs.

{00338} Embodiment [11-14.  The compound of any one of Embodiments 11I-1 to I~
10, or a pharmaceutically acceptable salt thereof, wherein X is H.

{00339] Embodiment I{I-15. The compound of any one of Embodiments 1I-1 to [{i-
14, or a pharmaceutically acceptable salt thereof, wherein L} is -CH-, -CHoCHy-, -O-, or -5-,
{00340} Embodiment 111-16. The compound of any one of Embodiments [{l-1 to 1il-

15, or a pharmaceutically acceptable salt thereof, wherein L' is -CH;-.
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{60341} Embodiment 11I-17.  The compound of any one of Embodiments [{l-1 to 1ii-
16, or a pharmaceutically acceptable salt thereof, wherein Y is Ci-Cs alkyl or aryl.

{00342] Embodiment [{I-18. The compound of any one of Embodiments 11I-1 to {ii-
17, or a pharmaceutically acceptable salt thereof, wherein Y is aryl, wherein the aryl is
substituted with C1-C3 alkoxy.

{00343} Embodiment [11-19.  The compound of any one of Embodiments 11I-1 to I~
I8, or a pharmaceutically acceptable salt thereof, wherein Y is aryl, wherein the aryl is
substituted with A.

100344] Embodiment H11-20.  The compound of any one of Embodiments HI-1 to III-
0]

ﬂ\OH '

. . . L2
19, or a pharmaceutically acceptable salt thereof, wherein A is —2—

{00345] Embodiment [Ii-21.  The compound of any one of Embodiments 11I-1 to -
QO OH
20N
19, or a pharmaceutically acceptable salt thereof, wherein A is %L OH.
160346] Embodiment H1-22.  The compound of any one of Embodiments 1il-1 to HiI-
a0
\é{;‘
2 ,
19, or a pharmaceutically acceptable salt thereof, wherein A is 177 oH ,
80347 Embodiment [11-23.  The compound of any one of Embodiments 11I-1 to -
F 3
N
NH
%uLQ’L::N/
19, or a pharmaceutically acceptable salt thereof, wherein A is
30348 Embodiment HI-24.  The compound of any one of Emnbodiments {11 to II1-
| P 3
o
N >~OH
0 N
s 27 =N
19, or a pharmaceutically acceptable salt thereof, wherein A is §
mbodiment [11-25.  The compound of any one of Embodiments 1fI-1 to IH-
{8349 Embod: 25 Th pound of any f Embod {ii-1 1o II
N
i
L i
e
19, or a pharmaceutically acceptable salt thereof, wherein A is .
5 Embodiment HI-26.  The compound of any one of Embodiments 11I-1 to -
00350 Embodi [i-26. Tt p i of any { Embodi -1 to 1iE
OH
B
S
19, or a pharmaceutically acceptable salt thereof, wherein A is % Lz OH ‘
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{60351} Embodiment 111-27.  The compound of any one of Embodiments [{l-1 to 1il-
26, or a pharmaceutically acceptable salt thereof, wherein L7 is -(CHz)u-.

{00352] Embodiment [{I-28. The compound of any one of Embodiments 11I-1 to {ii-
27, or a pharmaceutically acceptable salt thereof, wherein n is one or two.

160353] Embodiment H1-29.  The compound of any one of Embodiments 1i-1 to HI-

26, or a pharmaceutically acceptable salt thereof, wherein L7 is % :
{00354] Embodiment [11-30.  The compound of any one of Embodiments 0I-1 to [H-

26, or a pharmaceutically acceptable salt thereof, wherein L* is BXE .

{00355] Embodiment [1I-31.  The compound of any one of Embodiments 11I-1 to -
26, or a pharmaceutically acceptable salt thereof, wherein L? is -C(O)NH{CH; .

{00356] Embodiment HI-32. A compound of Embodiment 111-1 or HE-2, ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) is a

compound of Formula (1a),

wherein

Xis Hor CHs

L.} is selected from the group consisting of a bond, -CHy-, -O-, -8-, -CFo-, %,

; : 5 and ~CH2CH2—;

O O OH 3 0

4
Hon ’ "E“‘LZ/%:OH , %Lz/\g‘o;—-ﬁ ?
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L2 is selected from the group consisting of a bond, -CHs-, -CH:CHy-, % § &
-C{OYNH{CH o, -[O(CHCH2 Y o, -[O{(C1-Cs alkylene)]-, and -[O(CH2CH2 ) o-
OCH,CH,CFo-; -C{ONHCHCHu-{O(CHCHu -, COINHCH CHo-[O(CHCH -
OCH;CHCFs-; and

R is H, C;-Cs alkyl, or C1-Cs alkoxy.

{00357] Embodiment HI-33. A compound of Embodiment 111-1 or HI-2, ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) 5 a
compound of Formula (1a)},

NH,

{1a)
wherein
Xis —CHQ-AM, ~CHQCH2_AM, -CHQCHQCHQHAM, or uCHQC(CH})QuAm;

O OH N
O a0 NiH

4 N
Jy - N

A" s selected from the group consisting of % OH , & OH & \CH i

N

o )\Nf

neN o )OH " kg/cH OH
8.

%/J\N ’ ’md% OH.

£4

E

L!is selected from the group consisting of a bond, -CH;-, -O-, -8-, -CF2-,

i; ; , and -CHyCHy-;

Jl\ O OH o‘gg
W

. . L2 MOH L?/ o L2

A is selected from the group consisting of % %_ i OH

N

NN =N }OH ~§—L‘

OH
SRV j; 3.
-%4..? =N ’ % =N ) i and _%_L‘E OH ;
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L7 is selected from the group consisting of a bond, -CHs-, -CHCH;-, % § &
-C{OYNH{CH o, -[O(CHCH2 Y o, -[O{(C1-Cs alkylene)]-, and -[O(CH2CH2 ) o-
OCH,CH,CFo-; -C{ONHCHCHu-{O(CHCHu -, COINHCH CHo-[O(CHCH -
OCHCH>CEy-; and

R is H, C;-Cs alkyl, or C1-Cs alkoxy.

{00358] Embodiment HI-34. A compound of Embodiment 111-1 or HE-2, ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) isa

compound of Formula (1b),

wherein

X is H or CHs;

L!is selected from the group consisting of a bond, -CHy-, -O-, -8-, ~CFa-,

t; ;f, and -CHCHs-;

¢ OH OO

o
/4
'%‘“‘"zl!\C’H %‘"Lz"'h{o&-ﬁ_ %‘Lz/%iOH

A 18 selected from the group consisting of

OH

y L oH
VAL W \g 5.
12N ’g_@_é N and 415 OH

, and

L’ is selected from the group consisting of a bond, -CH;-, -CH,CH;-, é g', 3,25
~C{ONH(CH o, -[O{CHCHY ) o, -[O(C1-Cs alkylene}}-, and -[O{CH,CHy ) o
OCHCHXCFo-; -C{ONHCHCH-[O(CH:CH Yoo, CIOINHCH CH-[O(CHCH Y i
OCHCH:CFy-; and

R’ is H, C;-Cs alkyl, or Ci-C5 alkoxy.
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{60359] Embodiment HI-35. A compound of Embodiment 111-1 or HI-2 ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a

compound of Formula (1b),

i R
. L "
(1b)
wherein
Xis -CHrAR -CHLCH-A", -CH,CHLCH-A, or -CH,C(CH: jp-Al:

O O OH OO r\'J\i

3yc:as—-i B \S/OH “z:’l Q’\(

Al s selected from the group consisting of % oH , 22
N
iy

N,N }OH ’ T;OH OH
, and _§

B.
-l OH

2

B

k)

L!is selected from the group consisting of a bond, -CHy-, -O-, -8-, -CFo-, § %

t; ;f, and -CHCHs-;

,u\ O OH ogc)
/4

§-L27 0OH L’)“' 2

A is selected from the group consisting of * % LL "OH

N
NN

¢ v
L2
N"’N‘NH N OH 4 -

OH ,
%MLZ/L::N %LA\N , Tj’/ , and EB QH

L’ is selected from the group consisting of a bond, -CH;-, -CH,CH;-, § g', };@5
~C{OWNH(CHa by, -[O(CHCH ) o, -[O(C1-Cy alkylene}}-, and -[fO{CH,CHa ) e
OCHCHXCFo-; -C{ONHCHCH-[O(CH:CH Yoo, CIOINHCH CH-[O(CHCH Y i
OCHCH:CFy-; and

R’ is H, C;-Cs alkyl, or Ci-C5 alkoxy.

t1g



WO 2018/106606 PCT/US2017/064541

{60360] Embodiment HI-36. A compound of Embodiment 111-1 or HI-2 ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a

compound of Formula {1c),

wherein

Xis -CHQ-—AM, ~CHQCH2_AM, -CHQCHQCHQHAM, or uCHQC(CH})QuAm;

" \ » e NH
e Ny 2N
A s selected from the group consisting of.}i OH OH * \OH? kS
NN
o ?qjiub;
N 7OH T on OH
P i ?{3\
B =N and OH.

E

L!is selected from the group consisting of a bond, -CH;-, -O-, -8-, -CF2-, é §

j; ; , and ~-CHCH-;

RYis H, Ci-C;s alkyl, or C1-Cs alkoxy; and
R*is H or C1-C;5 alkoxy.
{60361] Embodiment HI-37. A compound of Embodiment 111-1 or HI-2 ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a
compound of Formula (1d),
NH
S

NTSN
X : - N’i\R”j
K

\{/

(1d)

Xis -CHQ-—AM, ~CHQCH2_AM, -CHQCHQCHQHAM, or uCHQC(CH})QuAm;
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O

B
A is selected from the group consisting of % OH

\ T—N\N _____ >‘OH %OH gH
. _,/LL“ ; i o o
AN , g ©OOH
L' is selected from the group consisting of a bond, -CH;-, -CFs-, g g', ; ;E?

and -CH>CH,, -S-; and
Y 18 H or C1-Cs alkyl.

{00362] Embodiment 111-38.

PCT/US2017/064541

(%/OH O%/Q N=,
4 |
oM T ToH N

A compound of Embodiment I1i-1 or -2, or a

pharmaceutically acceptable salt thereof, wherein the compound of Formula {1} 1s a

compound of Formula (1e),

(1e)
wherein R™ is H, C;-Cs alkyl, or C1-C5 alkoxy.

[00363] Embodiment 1{{-39.

A compound of Embodiment -1 or II-22, or a

pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) 1s a

compound of Formula (11},
NH,

NS

R?a

124
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{60364] Embodiment HI-40. A compound of Embodiment U1-1 or HI-22 or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a
compound of Formula (1g),

NH,

NJ%N R'a

N/’J\\Rﬂ.b

RS (1)

wherein R” is H, C;-Cs alkyl, or Ci-Cs alkoxy.
{00365] Embodiment HI-41. A compound of Embodiment 111-1 or HI-2, ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a

compound of Formula (1h),

wherein R* is H or C1-Cs alkoxy.
{60366] Embodiment H1-42. A compound of Embodiment 111-1 or HI-2 ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a
compound of Formula (11},

NH,

N/l%s\z R1a

wherein

L!is selected from the group consisting of a bond, -CHs-, -CFs-, % % : ; ;
-0-, -CH;CH;-, and -S-; and
Y is H or C1-Cs alkyl.

2
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{60367] Embodiment HI-43. A compound of Embodiment 111-1 or HI-2 ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a

compound of Formula (1),

NH,
N/I%N Rla
S
N H
HN’
. oot g
{00368] Embodiment II-44. A compound of Embodiment III-1 or [H-2, or a

pharmaceutically acceptable salt thereof, wherein the compound of Formula (1} is a
compound of Formula (1k),
NH, OH

SOy
|

H
Y

{00369 Embodiment HI-45. A compound, or a%iirmaceuﬁcaiiy acceptable salt,
selected from the group consisting of’
NH,
N)%N R'a
x)!\f”/ka\a R1P
vt "
Com- | -X Ly Rt Compound

poun 5‘{[\?2 "

1 -CHs “]W -{CH);CHs ) e

I

-CH; o4 ~{(CH2):CH;

3 -CH; N v ~{(CH2):CHs
HN Xy
NN o
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Com- | -X LY R1e Compound
goun Ez,“’[\R "

4 -CH; O ~{(CH2):CHs
HO S
P
5 -CHs L o -({CH,)»:CH:»
.{O{N’Nﬁ/\,{/\)‘“ ; )
=it \,,//\O/
6 -CH; (CH;3CH;
= N ‘“’é‘{v - 77'7 1)
7 CH; HO., < (CH>):CH;
N
8 -CH; N M
HNT S i = H
N=N e BN
9 -CH; (CH)sCH;
10 ~CHs N -{CH);CHs
HN S
=N o
11 -CH; ~{(CH2):CHs
12 -CH; ~{CH):CH;

(7S]
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Com- | -X LY R1e Compound
Qun

Z u ,?{pr\m
13 -CH; ~{(CH2):CHs
14 -CH; -{CH3 ):CH3
IS ~(CH2):CH;
16 -CH; NpS /(E - ~{(CH2):CHs

o \/\{f ! N

NP

17 -CH; O\\S/,D “W ~( CEIQ}gCEI}

HO~ \@f

o
HN Sy = |
N=N i A ://
W\//
1% HOI)/\;{ NW -{CHz):CH;
IS
20 | -CH; OH v L
:/%O B
W\/
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Com- | -X LY R1e Compound
poun Ao
d R
20C -CHj OH
O
21 How -OCH; ot
22 -CHs N
HNS X
N::i O/ SN
23| -CHy Q,
O-:S/
2{.\\/\\/
24 -CH; QH e ~(CH2)3CH3
HO Y
> o
25| -CH; Q| «(CHa)CH
HQ\F/\\J/\N Xy
o H L -
o
26 | -CH;s N (CH23:CH;
HN X
W=N o
27
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Com- | -X LY R1e Compound
oun
Z u ,?{pr\m
28 -CH; j\ e ~{(CH2):CHs
M ST Y
[ H E//I\O/
29 HO d OH
/‘L\\Q
ol H
B
30 -CH; /UG w | -(CH33CH3
HO\E\MN \[’\/(/J
HO O Ho N
31 -CH; Iy “ 'y ~(CH2):CH
X
N=N Fg
32 | -CHs .
N ST
N= o~y
33 "(‘HS’ HO e
T Y1
S
34 | -CH; - NaN
H!N"N/ ”/,{\\;V &
g N
35 ~-CH;
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Com- | -X LY R1e Compound
oun
Z u ,?{pr\m
36 | -CH; e
»
g
37 HN’N‘YA\’}{ i ~{(CH2):CHs
‘N::N
».O/
sd
39 -CH; N o
HN S
40 HO N o ~(CH2):CH
HN S E X
N=N P
41 -CH;
42 -CH; HO,
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Com- | -X LY R1e Compound
poun Ao
d SR
43 HQ\S/\){ \/"f’“ ~{(CH2):CHs

HO 2)3
xy
T 1)
44 -CH; 9
) H(}\R\/\/\N‘J\
HO' O H
45 HOW o
Ny
P
46 HO N
HNT S o
N=N P
47 HQW{Z‘; ~{CH):CH;
s
Py
48 HG
W HN O
=N o
49 HO o
P
N=N e
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Com- | -X LY R1e Compound
goun 3{[\ it

g -CH s
51 CH; o | Q.
WA@\/ 0=9
O o .
M m}\ﬁ
{G0370] Embodiment 11-46. A pharmaceutical composition comprising a compound

of any one of Embodiments ITI-1 to 11-45, or a pharmaceutically acceptable salt thereof, and
a pharmaceutically acceptable carrier.

100371} Embodiment I11-47. A method of treating a condition associated with TLR7
modulation in a subject in need thereot, corprising adminustering to the subject an effective
amount of a compound of any one of Embodiments [11-1 to [11-45, or a pharmaceutically
acceptable salt thereof.

{00372} Embodiment [{I-48. The method of Embodiment HI-47, wherein the
condition is viral infection or cancer.

{00373] Embodiment 111-49.  The method of Embodiment 111-47 or 111-48, wherein
the administration is oral, intravenous, subcutaneous, intramuscular, intratumoral,
intradermal, intranasal, inhaled, intravesicle, topical, sublingual, bucchal, intrarectal,
intrathecal, intracranial, or other forms of local delivery.

[60374] Embodiment H11-50. A compound of any one of Embodiments [H-1 to TH-45,
or a pharmaceutically acceptable salt thereof, for use as a medicament.

{60375] Embodiment I-51. A compound of any one of Embodiments HI-1 to [1-45,
or a pharmaceutically acceptable salt thereof, for use in treating a condition associated with
TLR7 modulation.

{60376] Embodiment H1-52.  The compound of Embodiment HI-51, wherein the

condition 1s viral infection or cancer.
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{60377] Embodiment HI-53.  Use of a compound of any one of Embodiments {I-1 to
HI-45, or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for
treating a condition associated with TER7 modulation.

{00378] Embodiment [II-54.  The use of Embodiment 153, wherein the condition is
viral infection or cancer.

{60379} Embodiment I11-55. A pharmaceutical composition of Embodiment [H-46,
further comprising at least one or more additional therapeutic agents.

160380} Embodiment [11-56. The pharmaceutical composition of Embodiment [F{-55,
wherein the at least one or more additional therapeutic agent is antiviral nucieoside.

{00381} Embodiment [11-57.  The pharmaceutical composition of Embodiment II-55,
wherein the at least one or more additional therapeutic agent is PI3-1 antibody or PD-L1
antibody.

{00382} Embodiment H1I-58. A method of treating HBV in a subject in need thereof,
comprising administering a compound of any one of Embodiments Ii-1 to 111-45, or a
pharmaceutically acceptable salt thereof, in combination with an antiviral nucleoside.
{00383} Embodiment [11-59. A method of treating cancer in a subject in need thereof,
comprising administering a compound of any one of Ermnbodiments II-1 to 1I-45, or a
pharmaceutically acceptable salt thereot, in combination with a PD-1 antibody or PD-L1
antibody.

Examples

{00384} The following examples are provided to illustrate the present disclosure, and
should not be construed as hmiting thereof. In these examples, all parts and percentages are

by weight, unless otherwise noted. Abbreviations in the examples are noted below.

Abbreviations

AIBN azobisisobutyronitrile

aq. aqueous

DCM dichloromethane

DMAP 4-dimethylaminopyridine

EA ethyl acetate

eq equivalent

h hour
{(1-{Bis(dimethvlamino)methylene]-1H-
1,2,3-triazolof4,S-bipyridinium 3-oxid

HATU hexafluorophosphate)

HPLC high performance liquid chromatography

LC-MS liquid chromatography mass spectrometry

min MINULES

NBS N-bromosuccinimide
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NMP N-methylpyrrolidine

NMR nuclear magnetic resonance
PE petroleum ether

torrt room temperature

saf. saturated

TBAF tetrabutylammonium flouride
TBDPS tert-butyl diphenylsilvl

TEA tricthylamine

THF tetrahydrofuran

TLC thin layer chromatography

Example 1: 3-(4-{((Z-amino-4-(butylamine}-6-methylpyrimidin-S-yhmethyi}-3-
methoxyphenylpropanoic acid (Compound 1)

gthyi 3-oxcbutancate

guanidine NH;
o 0 o o i
{ 1 NH A
i H W NN
g g //u\\)\. P ,/U\\/J\ N ::\ | )
[T e e HMaN” N, /L\f’L\QH POCH
/0 7 O/ ---------------------- 2o X S ——— Per i ——
i 5 s
& Mak s P P i =
o O LN
o b o
Q
methyl 4-{bromomethyl}-3- methy! 4-(2-{ethoxycarbonyi)-3- mathyl 4-{{2-amino-4-hydroxy-8-methyipyrimidin-
mathoxybsnzoats oxobutyl)-3-methoxybsnzoate S-ylimethyl}-3-methoxybenzoate
NH, NH; N,
N/E:QN butan-1-amine NTRYN
LA LiAlH, /L Z "\N"\//\ MnOs
---------------------- e H B
»
HOC L o
methyl 4-{{2-amine-4-chiore-G-methyipyrimidin- mgthyl 4-{{2-amino-4-{butylaming)-6- {4-{{2-amino-4-{outylaming}-8-methylpyrimidin-
S-yhimethyl)-3-methoxybenzoate methylpyrimidin-S-yl)methyl}-3-methoxybenzosate S-yiimethyl)-3-methoxyphenylmethano!
NiH, ethyl 2-{iriphenyi-AS- NH, N,
phosphanylideng)acetate ,L L
NTEN o) NTEN “} SN
PN NN MPPhg J /’\M’\/'\ H,, PAIC P /L* NN NaOH
ﬁ E-KQ --------------- Do H —_— H ---------------------- Do
l'/ SN / ey
Lo =) EQ. - ,\
7 g WT/% o \T/ ~A
v}
4-{{Z-amino~-4-(butylaming}-G-methyipyrimidin- sthyl {£)-3-{4-{{2-amina-4-{butylamino}-8~ ethyl 3-{4-{{2-amino-4-{butylaming)-8-meathyipyrimidin-&-
S-yhmethyl)-3-mathoxybenzaldehyde methyipyrirmidin-S-yimethyl)-3-methoxyphenyilacrylate viimethyli-3-methoxyphenylipropanosts
NH,
/‘\
L\/l N/\/\
ﬁ/\ J
HOL, R o
&}
3-{4-{{2-amino-4-(bulylaming)-6-methyisyrimidin-
S-yhimethyi}-S-methoxyphenylpropanolc acid
Chemical Formula: CagHogN 4Oy
Exact Mass: 372.22
Step 1: methyl 4-(2-(ethexyearbonyl})-3-oxobutyl)-3-methoxybenzoate
100385 Sodium hydride (60% 1o mineral oil, 1.25 eq) was added in portions over 10

min to a solution of ethyl 3-oxobutanoate (1.2 eq) in THF (0.8M) at 0 °C. The resulting

suspension was stirred at 0 °C for 10 min and a solution of methyl 4-(bromomethyi}-3-
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methoxybenzoate (1.0 eq) in THF (0.5M) was added dropwise over 10 min. The mixture was
warmed to 70 °C and stirred for 3 h. The mixture was allowed to cool and then poured into
ice water and stirred for 30 min. The mixture was partitioned between EA/water. The organic
layer dried over NaySQy, filtered, concentrated and purified by flash chromatography on
silica (eluent PE/EA = 100/1 to 5/1) to give the title compound.

Step 2: methyl 4-((2-amino-4-hydroxy-6-methylpyrimidin-S-yhimethyl}-3-

methoxybenzoate

{60386] A mixture of methyl 4-(2-(ethoxycarbonyl)-3-oxobutvi}-3-methoxybenzoate
(1.0 eq) and guanidine carbonate (1.0 eq) in MeOH (0.2M) was stirred overnight at 65 °C and
then allowed to cool to rt. The precipitate was collected by filtration and suspended in water.
The solid was collected by filiration and washed with MeOH and EA to give the title
compound as a white solid.

Step 3: methyl 4-({Z-amino-4-chloro-6-methylpyrimidin-S-ylmethyl)-3-

methoxybenzoate

{60387] Methyl 4-((2-amino-4-hydroxy-6-methylpyrimidin-5-vlymethyi}-3-
methoxybenzoate (1.0 eq) in POCE (0.5M) was stirred overnight at 100 °C under Ny, The
mixture was cooled to tt and the solvent was removed. To the residue was added water and
the pH of the mixture was adjusted to 7 with solid NaHCO3. The resulting mixture was
heated at 50 °C for 1h and then allowed to cool to rt. The solid was collected, washed with
water, EA and dried under vacuum to give the title compound.

Step 4: methyl 4-{(2-amino-4-(butylamino)-6-methylpyrimidin-S-yDhmethyi}-3-

methoxybenzoate

{00388} To a suspension of methyl 4-((2-amino-4-chloro-6-methylpyrimidin-S-
yhmethyl)-3-methoxybenzoate (1.0 eq) in NMP (0.3M) was added butan-1-amine (4.5 eq).
The resulting mixture was stirred overnight at 125 °C and the mixture was cooled to rt. The
mixture was partitioned between EA/water. The organic layer was dried over Na:SOq,
concentrated and purified by flash chromatography on silica (eluent PE/EA =20:1to 1:5) to
give the title compound.

Step 8: (4-((Z-amino-4-(butylamine}-6-methyipyrimidin-S-yhmethyl)-3-

methoxyphenyhmethanel

{60389] To a stirred solution of methyl 4-({2Z~-amino-4-(butylamino }-6-

methylpyrimidin-5-ylymethyl)-3-methoxybenzoate (1.0 eq) in THF (0. 1M) was added LiAlH,
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{IM in THF, 2.0 eq) dropwise. The resulting mixture was stirred at 0 °C for 10 min and at 1t
for 1 h. The mixture was diluted with EA and quenched with 2N NaOH. The mixture was
partitioned between EA/water. The organic layer was dried over Na;SQy, filtered and
concentrated to give the title compound as white solid.

Step 6: 4-((Z-amino-4-(butylamino)-6-methylpyrimidin-S-yhmethyl)-3-
methoxybenzaldehyde

{60390 To a stirred solution of (4-{{Z-amino-4-(butylamino}-6-methylpyrimidin-5-

yhmethvl}-3-methoxyphenyiymethano! (1.0 eq) in THF (0.06M) was added Mn(3: (5.0 eq).
The resulting mixture was stirred overnight at 50 °C. The mixture was filtered. The filtrate
was concentrated to give the title compound.

Step 7: ethyl (E}-3-(4-({Z-aminc-4-(butylamino}-6-methylpyrimidin-S-ylmethyl}-3-

methoxyphenyhacryiate

100391} A mixture of 4-({(2-amino-4-(butvlamino)-6-methylpyrimidin-5-ylymethyl}-3-
methoxybenzaldehyde (1.0 eq) and ethyl 2-(triphenyl-A’-phosphanylidene)acetate (1.2eq) in
THF (0.1M) was stirred at 70 °C for 5 h. The mixture was concentrated and purified by flash
chromatography on silica (eluent 0-5% MeOH in PCM) to give the title compound as a white
solid.

Step §: ethyl 3-(4-{(Z-amino-4-{butylamino}-6-methylpyrimidin-S-yimethyl}-3-

methoxyphenylpropanocate

160392] To a stirred solution of ethyl (£)-3-(4-((Z-amino-4-(butylamino }-6-
methylpyrimidin-5-yhmethyl)-3-methoxyphenyhacrylate (1.0 eq) in EA (0.02M) was added
PA/C (20°% weight). The resulting mixture was stirred overnight at 50 °C under H». The
mixture was filtered. The filtrate was concentrated and puritied by tlash chromatography on
silica {eluent 0-5% MeOH 1n DCM) to give the title compound.

Step 9: 3-(4-((2-amino-4-(butylamine}-6-methylpyrimidin-3-yhmethyl}-3-
methoxyphenylpropaneic acid

100393) To a stirred solution of ethy! 3-{4-((2-amino-4-(butylamino}-6-
methylpyrimidin-S-ylimethyD-3-methoxyphenyhpropancate (1.0 eq) in MeOH (0.03M) was
added 1 N NaOH (5.0 eq). The resulting mixture was stirred overnight at 45 °C. Solvent was
removed. The residue was neutralized with 2 N HCl to pH 7. The suspension was filtered.
The solid was collected and dissolved in HCl/dioxane. The solution was concentrated to give

the title compound as a white solid {(HCI salt).



WO 2018/106606 PCT/US2017/064541

100394] LC-MS: [M+H] =373 4

{00395] "H NMR (400 MHz, DMSO-de) 6 12.32 (brs, 1H), 12.11 {(br s, 1H), 7.83 (br s,
IH}), 741 (br s, 2H), 6.90 (s,1H), 6.70 (s, 2H}, 3.83 (s, 3H), 3.64 (s, 2H), 3.36-3.30 {m, 2H),
2.82-2.77 (m, 2H), 2.54-2.50 (m, 2H), 2.11 (s, 3H), 1.50-1.43 (1, 2H), 1.23-1.15 (m, 2H),
0.85(t,./="72 Hz, 3H).

Example 2: 5-(4-{(2H-tetrazel-5-yh)methyl}-2-methoxybenzyl}-N4-butyi-6-

methylpyrimidine-2,4-diamine {Compound 2}

NH, Wi, N,
o oy ey
A g 800, /’i\jyl\m"\/’\ NaGN NN TMEN; BuzSn0
H I o > H
E \.J Sy Ny
"‘0\/1\(//”\&/ C!\/A\f’)\o/ Nc\/'\,;'\gf
{4-{{2-amino-4-{Butylamino}-8-rmethyipyrimidin-5- N4-butyl-6-(4-{chloromethyl}-2-methoxybenzyl)- 2-{4-{{Z-amino-4~-{butylaimino)-8-methyipyrimidin-
yiimathyl-3-methoxyphenyhmsthanol G-methylpyrimidine-2,4-diamine S-yiimethyl)-3-methoxyphenyaceionitiite
NH,

NN

/J‘I 3 NN
N H
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5-{4-{(2H-ietrazol-5-yiimethyl-2-meathoxybenzyl)-A4-buty-
G-mathylpyrimidins-2,4-diamins
Chemical Formuig: GygHpgNgl
Exact Mass: 382.22

Step 1: N4-butyl-5-(4-(chloromethyl)-2-methoxybenzyl}-6-methyipyrimidine-2,4-

diamine

{00396} To a stirred solution of (4-{{Z-amino-4-(butylamino}-6-methylpyrimidin-5-
yhmethvl}-3-methoxyphenyl)methanol (1.0 eq, Example 1 — Step 5} in DCM (0. 14M} was
added SOCL (1.8 eq) at rt under Nz, The mixture was stirred at rt for 1 h. The mixture was
partitioned between DCM/sat. ag. NaHC(s. The organic layer was dried over Na;SOs,
filtered and concentrated to give the title compound.

step 2: 2-(4-((Z-amino-4-(butylamine}-6-methylpyrimidin-S-ylimethyi}-3-
methexyphenyljacetonitrile

{060397] A mixture of N'-butyl-5-(4-{chloromethyl)-2-methoxybenzyi)-6-
methylpyrimidine-2 4-diamine (1.0 eq) in 1:1 DMSGO/DMEF (0. 14M) and NaCN (2.8 eq) was
stitred overnight at rt. The muxture was partitioned between EA/water. The organic layer was
dried over Na;SQy, filtered, concentrated and purified by flash chromatography on silica

{ehuent 0-5% MeOH in DCM) to give the title compound.
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Step 3: 5-(4-((2H-tetrazol-S-yhmethyl}-2-methoxybenzyl}-N4-butyl-6-methylpyrimidine-

2.4-diamine

{00398} To a stirred mixture of 2-(4-((2~-amino-4-(butvlamino }-6~-methylpyrimidin-5-
ylymethvl)-3-methoxyphenyljacetonitrile (1.0 eq), BuzSnQ (2.0 eq) in NMP (0.06M} was
added TMSN: (10.0 eq). The resulting mixture was stirred overnight at 125 °C under Ny, The

mixture was cooled to rt. The mixture was filtered to give the title compound as a white

powder.
{60399} LC-MS: [M+H}=383.5
{004006] "H NMR (400 MHz, DMSO-ds) 6 12.19 (s, 1H), 7.85 (br s, 1H), 7.34 (br s,

ZH), 7.01 (s, 1H), 6.74 (s, 2H}, 4.24 (s, 2ZH), 3.84 (5, 3H), 3.65 (s, 2H), 3.37-3.34 (m, ZH),
2.09 (s, 3H), 1.48-1.41 (m, 2H), 1.23-1.16 (m, 2H), 0.83 (1, /= 7.2 Hz, 3H).
Example 3A: 5-(3-((2H-tetrazob-3-ylymethyl)-2-methosybenzyl}-N4-butyl-6-~

methylpyrimidine-2,4-diamine (Compound 3}

NHy
0 oy
\G)lx/\\\/ _Nes e | "8 - ZPN N
ii | D td H
i { = -~
SN~ O/ [e] HO/ i RN
mathyl 4-methoxy-3-methylbenzoate methyt 3-(bromomethyl)-4-methoxybenzoate 2% ~o
{3-({2-amino-4-{butylamino}-8-methylpyrimidin-
S-ylimethyi)-4-methoxyphenyiimethanol
NH,
N’&'N
-------------------------- = /Ji\ A e
H
Ns
WL
N *N 2P O/

B-{8-{{2H-tetrazol-B-ylmethyl-2-methoybenzyh-
N-butyl-B-methylpyrimidine-2, 4-diamine
Chemical Formuia: CygHagMgO
Exact Mass: 382.22

Step A: methyl 3-(bromomethyl}-4-methoxybenzoate

{00401} To a mixture of methyl 4-methoxy-3-methylbenzoate (1.0 eq) in CCly
(0.37M), NBS (1.1 eq) and AIBN (0.2 eq) was stirred overnight at 95 °C under nitrogen
atmosphere. The resulting mixture was concentrated and partitioned between DCM and
water, the organic layer was dried over Na:SOs, concentrated and purified by flash
chromatography on silica {eluent PE/EA = 100:1 to 20:1) to give the title compound as a

white solid.
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Preparation of (3-{((Z-amino-4-(butylamine}-6-methylpyrimidin-S-yhmethyl}-4-

methoxyphenyhmethanel

{60402] Preparation of (3-((2-amino-4-(butylamino)}-6-methylpyrimidin-5-yhmethyl)-
4-methoxyphenylymethanol followed Example 1 — Step 1 to 5, but using methyl 3-
{(bromomethyl)-4-methoxybenzoate 1nstead of methyl 4-(bromomethyl)-3-methoxybenzoate
in Step 1.

Preparation of 3-(5-{(2H-tetrazel-5-yhimethyl}-2-methoxybenzyi}-N4-butyl-6-

methylpyrimidine-2,4-diamine

100403} Preparation of 5-(5-((2H-tetrazol-5-ylymethyl}-2-methoxybenzyl}-N*-butyl-6-
methylpyrimidine-2,4-diamine followed Example 2 — Steps 1 to 3, but using (3-((2-aminoc-4-
{(butylamino}-6-methylpyrimidin-3-ymethyl}-4-methoxyphenylymethanol instead of 4-((2-
amino~4-(butylamine)-6-methylpyriroidin-3-yhmethyl}-3-methoxyphenylymethanol in Step
1. The title compound was purified by prep-HPLC using acetonitrile/water as the eluent to
give a white solid.

{60404] LC-MS: [M+H]= 3833

{60405} "H NMR (400 MHz, DMSO-de) 8 7.03 (d, /= 7.6 Hz, 1H), 6.90(d, /=84
Hz, 1H}, 6.73 (5, 1H}, 6.60 (br s, 1H), 6.31 (s, 2H), 3.97 (s, 2H), 3.80 (s, 3H), 3.60 (s, 2H),
3.29-3.24 (m, 2H), 2.02 (s, 3H), 1.43-1.37 (m, 2H), 1.22-1.17 (m, 2H}, 0.84 {t, /=72 Hz,
3H).
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Example 3B: 5-(5-((2H-tetrazol-3-yhimethyl}-2-methoxybenzyl)-N4-butyl-6-
methylpyrimidine-2,4-diamine {Compound 3}

ethyl 3-oxobutancate

G 0 NH
o o ’MOEt HaN" N
P NEBS M E 2
~o \(\T/ ----------------------- = gy \@L’\Br ----------------------- L ¢ SN =
4/\0/ s o NaH
methyl 4-methoxy- methyl 3-(bromomethyl)- methy! 3-{2-{athoxycarbonyl}-3-
Z-methylbenzoate 4-maethoxybenzoate axobutyll-4-methoxybenzoate
j‘i’iz jiHa butan-f-amine
~
/T]\ B FOCH, N HAN LAl
o - J’/\(}H ———— ?L /Q/ku ----------------------- o R
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methyl 3~{(2-aming-4-hydroxy- methyl 3-{(2-aming-4-chloro-6- methy! 3-{{2-aminc-4-{butylaming)-§-
&-muthylpyrimidin-5-yl)methyl}- methylpyrimidin-8-yljmethyl}-4- methylpyrimidin-5-ymethyl)-4-
4-methoxybenzoate methoxybenzoate methoxybenzoats

X
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{3-{{2-amino-4-{butyiamino)-6- M*-butyl-6-(8-(chioromethy)-2- 2-(3-{{2-aming-4-fbutylamin)-
methylpyrimidin-5-yiimethy})-4- methoxybenzyl}-&- &-methylpyrimidin-5-ylimethyl)-
methoxyphenylimethanal methyipyrimidine-2 4-diamine 4-methoxyphenylacetoniiriie

5-(5-{{ZH-1etrazol-5-ylmethyl)-2-methexybenzyl)-
A-putyl-6-mathyipyrimidine-2 4-gdigming
Chemical Formula: GgH N0
Exact Mass: 382.22

Step 1: methyl 3-(bromomethyl}-4-methoxybenzoate

{60406} To a mixture of methyl 4-methoxy-3-methylbenzoate (1.0 eq) in CCly
(0.37M), NBS (1.1 eq) and AIBN (0.2 eq) was stirred overnight at 95 °C under nitrogen
atmosphere. The resulting mixture was concentrated and partitioned between DCM and
water, the organic laver was dried over Na:SO4, concentrated and purified by flash
chromatography on silica {eluent PE/EA = 100:1 to 20:1) to give the title compound as a

white solid.
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Step 2: methyl 3-(2-(ethoxycarbonyl}-3-oxobutyl)-4-methoxybenzoate

{60407 To a solution of ethyl 3-oxobutanoate (1.2 eq) in THF (0.35M) at 0 °C was
added in portions 60% NaH {1.25 eq) under Ny, The resulting suspension was stirred at 0 °C
for 10 min, then a solution of methyl 3-(bromomethyl)-4-methoxybenzoate (1.0 eq) in THF
(2M} was added dropwise over 10 min. The resulting mixture was stirred overnight at 70 °C.
The mixture was cooled down to 1t and ice water was added. The mixture was extracted with
ethyl acetate. The organic layer was separated and dried over Na;SOq, concentrated and
purified by flash chromatography on silica (eluent PE/EA = 50:1-5:1) to give the title
compound as a yelow oil.

Step 3: methyl 3-({Z-amino-4-hydroxy-6-methylpyrimidin-S-yhmethyl}-4-

methoxybenzoate

{00408} To a solution of methyl 3-(2-(ethoxycarbonyl)-3-oxobutyl)-4-
methoxybenzoate (1.0 eq) in MeOH (0.2M) was added guanidine carbonate (1.0 eq). The
resulting mixture was stirred at 65 °C for 16 h and then cooled down to t.t. The precipitate
was collected by filtration, and the solid was triturated with water and filtered. The filter cake
was washed with MeOH and EtOAc, dried under vacuum to give the title compound as a
white solid.

Step 4: methyl 3-({Z-amino-4-chloro-6-methylpyrimidin-S-yljmethyl)-4-

methoxybenzoate

160409] To a suspension of methy! 3-{(Z-amino-4-hydroxy-6-methylpyrimidin-5-
yhmethyl)-4-methoxybenzoate (1.0 eq) in POC (0.55M) was stirred at 100 °C for 1S h. The
reaction mixture was allowed to cool to rt, and POCH was evaporated to dryness under
reduced pressure. The residue was diluted with water and adjusted pH to 7 with saturated
NaHCO;. Then the mixture was heated at S0 °C for 1 h, cooled down to 1t. The precipitate
was collected by filtration, and the filter cake was washed with water and EtOAc, dried over
vacuum to give the title compound.

Step 5: methyl 3-({Z-amino-4-(butvlamino}-6-methylpyrimidin-S-yhmethyl}-4-
methoxybenzoate

160410] A mixture of butan-1-amine (4.5 eq) and methyl 3-((2-amino-4-chloro-6-
methylpyrimidin-S-yhmethyl}-4-methoxybenzoate (1.0 eq) in NMP (0.3M) was stirred
overnight at 150 °C. The reaction was allowed to cool, diluted with EtOAc¢, washed with

water and brine. The organic phase was dried and evaporated under reduced pressure. The
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residue was suspended in diethyl ether, and the solid was collected by filtration to give the
title compound as a solid.
step 6: (3-{{Z-amino-4-(butylamine}-6-methylpyrimidin-S-yhmethyl}-4-methoxyphenyl)-

methanol

{00411} To a stirred solution of methyl 3-((2-amino-4-(butylamino)-6-
methylpyrimidin-5-ylmethyl}-4-methoxybenzoate (1.0 eq) in THF (0.3M) was added 2.5M
LiAIH. (2.0 eq) in THF at 0 °C under N atmosphere. The resulting mixture was stured at O
°C for 30 min and then at r.t. for 2 h. The mixture was diluted with EtOAc and quenched with
2N NaOH. The suspension was filtered, and the filtrate was partitioned between EA/water.
The organic layer was dried over NaoSQy, filtered and concentrated to give the title
compound as a white solid.

Step 7: N-butyl-5-(5-(chloromethyl}-2-methoxybenzyl)-6-methylpyrimidine-2.4-

diamine

100412] To a stirred solution of (3-((2-amino-4-(butylamino }-o~-methylpyrimidin-5-
ylmethyl)-4-methoxyphenylymethanol (1.0 eq) in DCM (0.34M) was added SOCL (1.3 eq)
at rt under Ny, The mixture was stirred at rt for 1 h. The mixture was partitioned between
DM and saturated aqueous NaHC(:. The organic layer was dried over Na;SOs, filtered and
concentrated to give the title compound.

Step 8: 2-(3-((Z-amino-4-(butylamine)-6-methylpyrimidin-3-ylhmethyl)-4-

methoxyphenyl}-acetonitrile

{00413} A mixture of M-butyl-5-(5-(chloromethy!}-2-methoxybenzyl)-6-
methylpyrimidine-2,4-diamine (1.0 eq) in 1:1 DMSO/DMF (0.34M) and NaCN (2.8 eq) was
stirred overnight at rt. The mixture was partitioned between EA/water. The organic layer was
dried over NaxS04, filtered, concentrated and purified by flash chromatography ouv silica
{eluent 0-5% MeOH in DCM) to give the title compound.

Step 9: 5-{5-((2H-tetrazol-5-ylimethyl)-2-methoxybenzy -V -butyl-6-methylpyrimidine-

2.4-diamine

100414} To a stirred mupxture of 2-(3-((2-amino-4-(butylamino}-6-methylpyrimidin-5-

yhimethyl)-4-methoxyphenyljacetonitrile (1.0 eq) in NMP (0.06M) and BuzSuO (2.0 eq) was
added TMSN; (10.0 eq). The resulting mixture was stirred overnight at 125 °C under Nz. The
mixture was cooled down to rt, and the mixture was concentrated and purified by prep-HPLC

to give the title compound as a solid.
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{00415] LC-MS: [M+H] = 3833

{00416} "H NMR (400 MHz, DMSO-di) 8 7.03 (d, /= 7.6 Hz, 1H), 6.90 (d, /= 8.4
Hz, 1H}, 0.73 (s, 1H), 6.60 (br s, 1H}), 6.31 (s, 2H}), 3.97 (s, 2H), 3.80 (s, 3H), 3.60 (s, 2H),
3.29-3.24 (m, 2H), 2.02 (s, 3H), 1.43-1.37 (m, 2H), 1.22-1.17 (m, 2H), 0.84 {t, /=72 Hz,
3H).

Example 4: 3-(3-{(2-amino-4-(butvlamine}-6-methylpyrimidin-5-yhmethyl)-4-

methoxyphenylpropaneic acid (Compound 4)

O
\Q/LJ\@\ Br — e
B ——
o
methy! 3-{bromomethyl}-4-methoxybenzoate 3-(3-({2-amino-4-(bulylamino)-G-methylpyrimidin-5-
yiimethyh-4-methoyphenviipropancic acid
Chemical Formula: CogHagMNsOg
Exact Mass: 372.22
{00417} The title compound was prepared according to the protocols described for

Example 1 — Steps 1 to 9, but using methy] 3-(bromomethyl}-4-methoxybenzoate instead of
methyl 4-(bromomethyl)-3~-methoxybenzoate in Step 1.

{60418} LC-MS: [M+H]=373.2

{00419} "H NMR (400 MHz, DMSO-di) & 12.47 (s, 1H), 7.81 (1, J= 4.8 Hz, 1H), 7.46
{brs, 2H), 706 (d, /=84 Hz, 1H), 691 (d, /=84 Hz, 1H), 6.72 (s, 1H), 3.81 (5, 3H),3.76
(s, 2H), 3.40-3.36 (m, 2H), 2.68 (t, /=72 Hz, 2H), 2.41 (t, /=72 Hz, 2H), 2.13 (5, 3H),
1.50-1.44 (m, 2H), 1.24-1.18 {m, 2H}, 0.85 (1, J=7.2 Hz, 3H).

Example &: 2-(5-(3-((Z-amino-4-(butylamino}-6-methylpyrimidin-5-ylimethyl}-4-

methoxybenzyl}-2H-tetrazol-2-viacetic acid (Compound §)

Example 6: 2-(53-((Z-amino-4-(butylamino)}-6-methylpyrimidin-S-yhimethyi)-4-
methoxybenzyl})-1H-tetrazol-1-yi)acetic acid (Compound 6)

ethyl 2-bromoacetate

NHy NH, NHp
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2) NaOH & H
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G-{5-{(2H-tetrazol-S-yiimethyi-2-methoxybenezyl)- 2-{8-(3-{{2-aminc-4-{butylaming)-8- me’rhyip)nmidinnsn 2-{5-(3~{{2~-amino-4-(butylamina}-6-methyipyrimidin-&-
Abutyl-8-methyipyrimidine-2,4-diamine yhmethyl-4-methoxybenzyl)-2/H-teirazol-2-yiacetic acid yhimethyt}-4-methoxybenzyl)-1H-tetrazal-1-yiiacetic acid
Chemical Formula: CaqHagNs0s Chemical Formuta: GpiHgNaQp
Exact Mass: 440.23 Exact Mass: 440.23
160420] To a stirred solution of 5-(5-((2H-tetrazol-5-ylmethy1)-2-methoxybenzyl}-V*-

butyl-6-methylpyrimidine-2,4-diamine (1.0 eq, Example 3) in acetone (0.05M) was added
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KaoCOs (1.5 eq) at 0 °C under Na. The resulting mixture was stirred at 0 °C for 30 min and
ethyl 2-bromoacetate (1.5 eq) was added dropwise. The mixture was slowly warmed to rt and
stirred for 5 h. The mixture was quenched with sat. NH:ClL The mixture was partitioned
between DCM/water. The organic phase was dried over Na;SQOy, concentrated and purified
by prep-HPLC to give two regioisomers in 3:2 ratio as white powders. To a stirred solution of
each isomer (1.0 eq) in MeOH (0.02M}) was added 1N NaOH (5.0 eq). The resulting mixture
was stirred at rt for 16 h. The reaction was monitored by TLC and LC-MS. The mixture was

neutralized with 1N HC! and purified to give the title compounds.

100421} Isomer 1: 2-(5-(3-{(2-amino-4-(butylamino)-6-methylpyrimidin-S-yhmethyl)-
4-methoxybenzyl}-2H-tetrazol-2-yljacetic acid

{60422} LC-MS: [M+H]= 4415

160423} "H NMR (400 MHz, DMSO-ds) § 12.62 (br s, 1H), 7.82 (br s, 1H), 7.50 (br s,

2H), 7.11(d, J = 7.6 Hz, 1H), 6.95 (d, J = 8.8 Hz, 1H), 6.79 (s, 1H), 5.31 (s, 2H), 4.16 (s,
2H), 3.82 (s, 3H), 3.66 (s, 2H), 3.39-3.30 {m, 2H), 2.10 (s, 3H), 1.45-1.38 (m, 2H), 1.3-1.2
(m, 2H), 0.85 {t, J = 7.2 Hz, 3H).

{00424] Isomer 2: 2-(5-(3~{{2-amino-4-(butylamino)-6~-methylpyrimidin-5-yhmethyl)-
4-methoxybenzyl)-1H-tetrazol-1-yhacetic acid

{30425] LC-MS: [M+H]=4415

{60426} "H NMR (400 MHz, DMSO-de) 8 12.69 (s, 1H), 7.85 (br s, 1H), 7.51 (br s,

2H), 7.10 (d, J = 8.0 Hz, 1H), 6.95 (d, /= 8.4 Hz, 1H), 6.82 (s, 1H), 5.58 (s, 2H), 4.11 (5,
2H), 3.81 (s, 3H), 3.67 (s, 2H), 3.38-3.35 (m, 2H), 2.11 (s, 3H), 1.49-1.42 (m, 2H), 1.24-1.18
(m, 2H), 0.85 (t, /= 7.2 Hz, 3H).
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Example 7: 3-((2-amino-4-(butylamino}-6-methylpyrimidin-S-yljmethyi}-4-
methoxybenzyliphosphonic acid (Compound 7}

NH, NH;
)\ tristhy phosphite
R

s
Ay~ 0 A g PO
H H
HO” Y ca/ﬁi"\\
ffj\(y/ P o

{3-{{2-aminc-4-{butylamino}-8-methylpyrimigin-  N-butyl-5-(5-(chicromethyl)-2-methaxybenzyl)- diethyl {3-({2-aming-4-{butylamine)-&-methylpyrimidin-

S-ylimethyl}-4-methoxyphenylimethanol §-methvipyrimidine-2 4-diamine Suylimethyl)-4-methoxybenzyiiphosphonate
NH.
bromotrimethylsilane L\
N 2
TMSBr i

{3-{{2-amino-4-{bulylamino}-8-methyipyrimidin-
S-ylimathyl}-4-methoxybenzylishosphonic acid
Chemical Formula: CygHNOP
Exact Mass: 394.18

step 1: N4-butyl-5-(8-{chloromethyl}-2-methoxybenzyl}-6-methylpyrimidine-2,4-

dizmine

{00427] The title compound was prepared according to the protocols described in
Example 2 — Step 1, but using (3-((2-amino-4-(butylamino}-6-methylpyrimidin-S-vhmethyl}-
4-methoxyphenyhmethanol instead of (4-((2~amino-4~(butylarino)-6-methylpyrimidin-5-
ylmethyl)-3-methoxyphenyl)methanocl.

Step 2: diethyl (3-{(2-amine-4-(butylamine}-6-methyipyrimidin-S-ylmethyl}-4-

methoxybenzyliphosphonate

{60428] N*-butyl-5-(5-(chloromethy!}-2-methoxybenzyl }-6-methylpyrimidine-2,4-
diamine (1.0 eq) in neat triethy! phosphite (0. 1M) was stirred at 140 °C for 2 b, The muxture
was concentrated to give the title compound.

Step 3: (3-({2-amine-4-(butylamine)-6-methylpyrimidin-S-yhmethyl}-4-

methoxybenzyliphosphonic acid

[00429] To a stirred solution of diethyl (3-((2-amino-4-(butylamino)-6-
methylpyrimidin-S-yhmethyl-4-methoxybenzyljphosphonate (1.0 eq) in BCM (0.04M) was
added bromotrimethylsilane (4.0 eq). The resulting nuxture was stirred for 2 h at rt and then
partitioned between DCM/water. The orgaunic layer was dried over NaxSQO4, concentrated.

The crude product was puritied by prep-HPLC (mobile phase CH:CUN/H;O/NH;) and freeze-
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dried to give a white powder, which was re-dissolved in MeCN/HxO/1N HCI (4:2:1) and
freeze-dried to give the title compound as a white solid (HCl salt).
180430} LC-MS: [M+H}= 3951

{60431} "H NMR (400 MHz, DMSO-ds) § 12.64 (br s, 2H), 7.82 (t, J = 5.6 Hz, 1H),
748 (brs, 2H), 708 (d, /=80 Hz, 1H}, 691 (d, /=84 Hz, 1H), 6.74 (s, 1H), 3.81 (s, 3H),
3.66 (s, 2H), 3.37-3.34 (m, 2H), 2.80 (d, /=209 Hz, 2H), 2.12 (s, 3H), 1.50-1.45 (m, 2H),
1.27-1.22 (m, 2H), 0.86 (t, /= 7.2 Hz, 3H).

Example 8: {(5}-2-((5-(5-{(2H-tetrazol-S-ylimethyl}-2-methoxybenzyl}-2-amino-6-
methyipyrimidin-4-yl}Jamino)pentan-1-ol (Compeound 8}

{S¥-1-{{fer-butyldiphenylsiiviloxyipentan-2-amine

NHy OT8DPS NH, NHp
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mathyt 3-{{2-amino~4~chioro-B-methylpyrimidin- methyl {83-3-{{2-amino-4-{{1-({fort- {8)-{3-({2-amino-4-{{1-({fart-
S-yiimethyi}-4-mathoxybenzoats butyldiphenylsilvjoxyipentan-2-yljaming}-6- butyldiphenylsilyljoxyipentan-2-yllaming}-6-

methyipyrimidin-5-yiimethyl)-4-methoxybenzoate methylpyrimidin-g-yiimethyi-4-methoxyphenyl)methano!

NH; NH2
why  OTEDRS Wy oM
| : i ! :
---------------------- - ANFIN TN TBAF NN TN
---------------------- = 1] B T H
Meeee”™ s Ny R
HM, il MY
NE 3] MNF o ~ N M P 6 -
{8)-5-(5-((2H-tetrazol-B-yhimethyl)-2-mathoxybenzylj- {8)-2-{{8-{8-{{2H-tetrazol-S-yiimethyl}-2~methaxybonzyl)-
NA(1-({fer-butyidiphenvisiyDoxy)pentan-2-y1)-6- 2-amine-8-methyipyrimidin-4-yliaminojpenian-1-ol
methylpyrimidine-2,4-diaming Chermnical Formula: CopHagNaOyp

Exact Mass: 412.23

Step A: (8)-1-{(tert-butyldiphenylsilyljoxy)pentan-2-amine

{60432} A mixture of (§)-2-anminopentan-1-0l (1.0 eq) in DCM (0.2M), TEA (5.0 eq),
and DMAP (0.3 eq) at 0 °C was added TBDPSCI (1.5 eq). The resulting mixture was stirred
at rt for 3 h. The mixture was diluted with water and DCM, separated, and the aqueous layer
was back-extracted with DCM twice. The combined organic layers were dried over Na;SOs,
concentrated under reduced pressure. The residue was puritied by tlash column
chromatography {(eluent: DCM/MeOH = 200:1 to 80:1) to give the title compound as a brown
oil.

Preparation of methyl (5)-3-((Z-amino-4-((1-({teri-butyldiphenylsilyloxy)pentan-2~

yhamino}-6-methylpyrimidin-S-yiimethyl}-4-methoxybenzoate

{60433} Preparation of methyl (5)-3-((Z-amino-4-((1-({tert-

butyldiphenylsilvljoxy)pentan-2-yDamino}-6-methylpyrimidin-5-yhmethyi)-4-
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methoxybenzoate followed Example 1 ~ Step 4, but using methy! 3-{(2-amino-4-chloro-6-
methylpyrimidin-S-yhoethyl)-4-methoxybenzoate instead of methy! 4-({2-amino-4-chloro-6-
methylpyrimidin-S-ylymethyl)-3-methoxybenzoate, and (5)-1-({terr-
butyidiphenvisilyhoxypentan-2-amine instead of butan-1-amine.

Preparation of (5}-(3-((Z-amino-4-{(1-({teri-butyldiphenylsilyloxy)pentan-2-yhamino)-

¢-methylpyrimidin-3-yhmethyl}-4-methoxyphenylimethanel

[00434] Preparation of (3)-(3-((Z~-amino-4-((1-({tert-butyldiphenylsilyhoxy)pentan-2-
yhamino)-6-methylpyrimidin-S-yhymethyi}-4-methoxyphenylmethanol followed Example 1
— Step S, but using methyl (8)-3-((2-anmuno-4-((1 -((rerr-butyldiphenylsilyhoxy)pentan-2-
vlyamino}-6-methylpyrimidin-5-ylmethyi}-4-methoxybenzoate instead of methyl 4-((2-

amino~4-(butylamine}-6-methylpyriroidin-3-ymethyl}-3-methoxybenzoate.

Preparation of (5)-5-(5-((ZH-tetrazol-S-vi)methyl)-2-methoxybenzyl}-N4-(1-{{tert-
butyldiphenybilyhoxy}pentan-2-yi}-6-methyipyrimidine-2,4-diamine

100435 Preparation of (8)-5-(5-((2H-tetrazol-5-ylymethyl)-2-methoxybenzyl)}-N*-(1-
{(rert-butyldiphenylsilyDoxypentan-2-y1)-6~-methylpyrimidine-2,4-diamine followed
Example 2 — Steps 1 to 3, but using (5)-(3-({Z-amino-4-({1-((rert-
butyldiphenylsilyDoxy)pentan-2-yhamino)}-6-methylpyriroidin-5-yhmethyl)-4-
methoxyphenylimethanol instead of (4-((2-amino-4-(butylamino)}-6-methylpyrimidin-5-
yhmethyl)-3-methoxyphenylmethanol.

Preparation of (5)2-((&-(5-((ZH-tetrazol-5-yhmethyl)-2-methoxybenzyl}-2-amino-6-

methylpyrimidin-4-yl}amino)pentan-1-o}

{00436} To a solution of (5)-5-(5-({(2H-tetrazol-5-ylymethyl)-2-methoxybenzyl}-N*-(1-
((tert-butyldiphenylsilyDoxy)pentan-2-y)-6-methyipyrimidine-2 4-diamine (1.0 eq) in
anhydrous THF (0.05M) at 0 °C was added TBAF (10 eq}. The resulting mixture was stirred
at 1t for 16 h. LCMS showed the reaction was completed. Then the mixture was concentrated
under reduced pressure. The residue was purified by prep-HPLC (mobile phase

CHCN/H2O/HCOOH), freeze-dried to give the title compound as a white solid (formic acid

salt}
[00437] LC-MS: [M+H]= 4132
[00438] 'H NMR (400 MHz, DMSO) 6 8.19 (s, 1H), 7.05 (d, /= 8.4 Hz, 1H), 6.91 (d,

J =84 Hz, 1H), 6.85 (s, 1H), 6.68-6.60 (m, 2H), 6.39-6.34 (m, 1), 4.23-4.20 (m, 1H), 3.99
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{s, 2H}, 3.81 (s, 3H}, 3.69-3.60 (s, 2H), 3.41-3.33 {m, 2H), 2.11 (s, 3H}, 1.48-1.45 (m, 1H),
F.35-1.28 ¢m, TH), 1.13-1.09 (m, 2H), 0.79 (1, /= 7.2 Hz, 3H).
Example 9: 2-(3-((Z-amino-4-(butylamine}-6-methylpyrimidin-S-yhmethyi}-4-

methoxyphenyl)-2-methyipropansic acid (Compound 9}

o]
| Lidit, HO Ny 5OCk o = NaGN
\\O RN e Sl | s Lt I ---------------------- e
| i s o i o
S
Y]
methyt 4-methoxy-3-methyibenzoate {4-methoxy-3-methyiphenyiimethanol 4~{chioromethyi)-1-methoxy-2-methylbenzene

ethyl 3-oxobutanoate

o o
N N Met, NaOH S NBS, ABN o
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2-{4-mathoxy-3-methylphenyilacatonitrile 2-t4-methoxy-2-methyiphenyl)-2- 2-(3-{bromomathyl)-4-methoxyphenyly-2-
methylpropanenttriie methvipropanenitile
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sthyl 2-(5-(2-cyanopropan-2-yij-2- 2-{3-{{2-amino-4-hydroxy-S-methylpyrimidin-g- 2-(3-{{2-amino-d-chloro-6-methyipyrimidin5-
methoxybenzyl)-3-oxchutanoate yhmethyl}-4-methoxyphenyl)-2-methyipropanenitile  yhmethyl}-4-methoxyphenyl)-2-methyipropanenitvile
THZ NHQ
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2-(3-{{2-amino-4-{butylamino}-6-methylpyrimidin-8-  2-(3-{{2-aminc-4-{butylamino}-6-methylpyrimidin-5-
viimethyi}-4-mathoxyphenyt)-2-methyloropanenitrite  ylimethyl}-4-methoxyphenyl)-2-methyipropansic acid
Chemical Formula: CpyMapNeOs
Exact Mass: 386.23
step 1: (4-methoxy-3-methyiphenyijmethanol
100439] To a solution of methyl 4-methoxy-3-methylbenzoate (1.0 eq) in anhydrous

THF (0.3M) at 0 °C was added dropwise LiAlH: (2.5 M, 2.5 eqg} under N;. The resulting
mixture was stirred at r.t. for 2 h, then the mixture was quenched with 1.25 M NaOH solution
at 0 °C and extracted with EtOAc for three times. The organic layer was dried over NaxSQs,
concentrated under reduced pressure to give the title compound, which was used directly to
next step without further purification.

Step 2: 4-(chloromethyl}-i-methoxy-2-methylbenzene

{00440} To a solution of (4-methoxy-3-methylphenylymethanol (1.0 eq) in DCM

{0.3M) at 6 °C was added SOCL, (2.0 eq). The resulting mixture was stirred at r.f. for 2 h
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Then the mixture was quenched with NaHCG; solution and extracted with DCM. The organic
fayer was dried over Na:SOs, concentrated under reduced pressure to give the title compound
as a yellow oil.

Step 3: 2-{4-methoxy-3-methylphenyljacetonitrile

100441] To a solution of 4-{chloromethyl}- T-methoxy-2-methylbenzene (1.0 eg) in 111
DMSO/DMF (0.5M} was added NaCN (3.0 eq). The resulting mixture was stirred at r.t. for
16 h, then water was added and the mixture was extracted with EtOAc. The organic layer was
washed with brine twice, dried over Na;SOs, concentrated under reduced pressure. The
residue was purified by flash column chromatography (eluent: PE/EA = 100:1 t0 30:1) 1o
give the title compound as a yvellowish oil.

Step 4: 2-(4-methoxy-3-methyiphenyl)-2-methylpropanenitrile

{00442} A mixture of 2-(4~-methoxy-3-methyiphenyhacetonitrile (1.0 eq) in DMSO
(0.4M) at 0 °C was added iodomethane (10 eq} and 50% NaOH solution (6.0 eq). The
resulting mixture was stirred at t.t. for 3 h. Then the mixture was diluted with water and
EtOCAc, the aqueous layer was back-extracted with EtOAc twice. The organic layer was
combined, dried over Nay504, concentrated under reduced pressure. The residue was purified
by flash column chromatography (eluent: PE/EA = 100:1 to 30:1) to give the title compound
as a slightly yellow oil.

Step 5: 2-(3-(bromomethyl)-4-methoxyphenyl)-2-methylpropanenitrile

{60443] To a solution of 2-{4-methoxy-3-methylphenyl}-2-methylpropanenitrile (1.0
eq) in CCly (0.2M) were added NBS (1.1 eq) and AIBN (0.2 eq). The resulting mixture was
stirred at 95 °C for 16 h. Then the mixture was filtered and the filtration was concentrated
under reduced pressure to give the crude product, which was purified by column
chromatography on silica (eluent: PE/EA = 100:1 to 30:1) to give the title compound as a
vellow oil.

step 6: ethyl 2-(8-{Z-cyanopropan-2-yh-2-methoxybenzyl}-3-oxobutancate

100444} To a solution of ethyl 3-oxobutancate (1.2 eq) in anhydrous THF (0.17M) at O
°C was added portion-wise NaH (60% in mineral oil, 1.3 eq). After stirring for 10 min, a
solution of 2-(3-{(bromomethyl)-4-methoxyphenyl}-2Z-methylpropanenitrile (1.0 eqg) in THF
{0.3M) was added dropwise into the above mixture over 10 min. The resulting mixture was
stitred at 70 °C for 16 h, quenched with water and the mixture was extracted with EtQAc,

dried over NaxSQO4, concentrated under reduced pressure. The residue was purified by column
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chromatography on silica {eluent: PE/EA = 50:1 to 10:1) to give the title compound as a
yellow otl.
step 7: 2-(3-((2-amino-4-hydroxy-6-methyipyrimidin-3-yhmethyl}-4-methoxyphenyl)-2-

methyipropanenitrile

100445] A mixture of ethyl 2-(5-(2-cyanopropan-2-y1)-2-methoxybenzyl}-3-
oxobutanocate (1.0 eq) and guanidine carbonate (1.0 eq) in MeOH (0.3M) was stirred at 65 °C
for 16 h. The precipitated solid was collected by filtration. The solid was washed with water
and dried tn vacuum to give the title compound as a white solid.

Step 8: 2-(3-((2-amino-4-chloro-6-methyipyrimidin-5-yhmethyl}-4-methoxyphenyl}-2-

methyipropanenitrile

[00446] To a solution of 2-(3-((2-amino-4-hydroxy-6-methylpyrimidin-5-ylymethyl)-4-
methoxyphenyl)-2-methylpropanenitrile (1.0 eq) 10 POCE (0.3M) was stirred at 100°C for 2
h. The reaction mixture was allowed to cool to rt. and POCI; was evaporated to dryness
under reduced pressure. The residue was diluted with water and adjusted pH to 8 with solid
WNaHCO:. Then the mixture was stirred at 50 °C for 1 h, cooled to r.t. and the precipitated
solid was collected by filtration. The filter cake was washed with water, dried 1in vacuum to
give the title compound as a white solid.

Step ¥: 2-(3-((2-amino-4-(butylamine}-6-methylpyrimidin-S-yl}methyi}-4-

methosyphenyl)-2-methylpropanenitrile

{60447] A mixture of 2-(3-((Z-amino-4-chloro-6-methylpyrimidin-S-yhmethyl}-4-
methoxyphenyi)-2-methylpropanenitrile (1.0 eq) in NMP (0.2M) was added butan-1-amine
(4.5 eq) and stirred at 110 °C for 16 h. Then water and EtOAc were added into the above
mixture, the organic layer was dried over NapSOu, concentrated under reduced pressure. The
residue was purified by flash column chromatography (eluent: DCM/MeOH = 100:1 to 10:1)
to give the title compound as a white solid.

step 10: 2-(3-((Z-amino-4-(butylamino)}-6-methylpyrimidin-S-ylymethyi}-4-

methoxyphenyl)-2-methylpropansic acid

100448] A mixture of 2-(3-((2-anuno-4-(butylamino)-6-methylpyrimidin-5-ylimethyl)-
4-methoxyphenyl)-2-methvipropanenitrile (1.0 eq) in 1.1 ethane-1,2-dicl/HxO (0.075M) was
added KOH (10 eq) and stirred at 150 °C for 2 h. Then the mixture was allowed to cool tor.t.
and adjusted pH to 8 with 1 M HCI solution. The precipitated solid was filtered and washed

with water for three times. The filter cake was dissolved in MeCN, H:O and 4M HCl in
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dioxane solution, then the solution was freeze-dried to give the title compound as a white
solid (HCI salt).

|00449] LO-MS: [M+H]=387.2

160450] 'H NMR (400 MHz, DMSO) 6 12.34 (s, 1H), 7.92 (s, 1H), 7.45 (br s, 2H),

20 (d, J= 8.4 Hz, 1H), 6.96 (d, /= 8.4 Hz, 1H), 6.85 (s, 1H), 3.82 (s, 3HD), 3.70 (s, 2H), 3.5-
3.4 (m, 2H), 2.13 (s, 3H), 1.51-1.45 (m, 2H), 1.36 (s, 6H), 1.27-1.18 (m, 2H), 0.86 (¢, J=7.
Hz, 3H).

Example 18: 5-(5-(2-(2H-tetrazol-5-yhpropan-2-vl}-2-methoxybenzyl}-N4-butyl-6-

methylpyrimidine-2,4-diamine (Compound 18}

5-{8-(2-(2H-tetrazol-5-ylipropan-2-yi)-2-methoxybenzyl}-
A-butyl-8-methyinyrimiding-2 4-diamine
Chemical Formula: CaHgghgD
Exact Mass: 410.25

[60451] A mixture of 2-(3-((2-amino-4-(butylamino)-6-methylpyrimidin-5-yymethyi}-
4-methoxyphenyl)-Z-methylpropanenitrile (1.0 eq, Exarmple 9 — Step 9) in dioxane (0.06M),
TMSEN: (10 eq) and BuSn( (2.0 eq) was sealed into a tube reactor. The mixture was stirred
at 125 °C for 16 h. LCMS showed the reaction was completed. Then the mixture was
concentrated under reduced pressure. The residue was purified by prep-HPLC {(mobile phase

CH;CON/H,O/HCOOHR), freeze-dried to give the title compound as a white solid (formic acid

salt}
[60452] LC-MS: [M+H] = 4112
{00453 H NMR (400 MHz, DMSO) 6 6.97 (d, J= 6.4 Hz, 1H), 6.88(d, /= 8.4 Hz,

1H), 6.72 (s, 1H), 6.44 (br s, 1H), 6.16 (br s, 2H), 3.79 (s, 3H), 3.58 (s, 2ZH), 3.27-3.25 (m,
2H), 1.98 (s, 3H), 1.61 (s, 6H), 1.44-1.40 (m, 2H), 1.24-1.18 (m, 2H), 0.85 (¢, J= 7.2 Hz,
3H).
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Example 11: N4-butyl-5-(2-methoxy-3-(ZH-tetrazol-5-yhbenzyl)-6-methyipyrimidine-
2,4-diamine (Compound 11)

athyl 3-oxcbutancate
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3-{{2-amino-4-{butylamino)-6-methylpyrimidin- NButyl-5-(2-mathoxy-5-(2H-tatrazol-5-
S-ylimethyl)-4-methoxybenzonitrile yhbenayl-6-methyipyrimidine-2,4-diamine
Chemical Formula: CighaN:0
Exact Mass: 368.21
step 1: 4-bromo-2-(bromomethyl}-1-methoxvbenzene
{00454 A mixture of 4-bromo-1-methoxy-2-methylbenzene (1.0 eq) in CCly {0.3M),

NBS (1.1 eq), and AIBN (0.2 eq) was stirred at 95 °C for 3 h. Then the mixture was filtered
and the filtration was concentrated under reduced pressure to give the crude product, which
was purified by column chromatography on a silica gel (eluent: PE) to give the title
compound as a white solid.

Step 2: ethyl 2-(5-bromo-2-methoxybenzyi)-3-oxobutanoate

{00455] To a stured solution of ethyl 3-oxobutanoate (1.2 eq) in anhydrous THF
{0.5M) at 0 °C was added portion-wise 60% NaH (1.3 eq}. After stirring for 10 mun, a
solution of 4-bromo-2-(bromomethyl)- I -methoxybenzene (1.0 eq) in THF (0.8M) was added
dropwise into the above mixture over 10 min. Then the resulting mixture was stirred at 70 °C
for 16 h, water was added and extracted with EtOAc. The combined organic phase was dried
over Nax8QO4, concentrated under reduced pressure. The residue was purified by column
chromatography on a silica gel (eluent: PE/EA = 100:1 to 10:1) to give the title compound as

yellow oil.
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Step 3: 2-amine-5-(5-brome-2-methoxybenzyl}-6-methyipyrimidin-4-of

{00436} A mixture of ethyl 2-(5-bromo-2-methoxybenzyl)-3-oxobutanoate (1.0 eq) and
guanidine carbonate (1.0 eq) in MeOH (0.3M) was stirred at 65 °C for 16 h. After the reaction
was completed, the mixture was cooled to r.t. The precipitated solid was collected by
filtration and the filter cake was washed with water, dried 1n vacuum to give the title
compound as a white solid.

Step 4: 5-(5-bromeo-2-methexybenzyl}-4-chloro-6-methylpyrimidin-2-amine

{00437] To a solution of 2Z-amino-5-(5-bromo-2-methoxybenzyl)-6-methylpyrimidin-4-
ol (1.0 eq) in POCl; (0.5M) was stirred at 100 °C for 16 h. The reaction mixture was allowed
to cool to r.1. and POCE was evaporated to dryness under reduced pressure. The residug was
dituted with water and adjusted pH to 8 with NaHCO3 solid, and then the mixture was stirred
at S0 °C for 1 h, cooled to r.t. The precipitated solid was collected by filtration. The filter
cake was washed with water and MeOH, dried in vacuum to give the title compound as a
white solid.

Step 5: 3-(5-bromo-2-methoxybenzyl}-N4-butyl-6-methyipyrimidine-2,4-diamine

{60458] A mixture of 5-{5-bromo-2-methoxybenzyl}-4-chioro-6-methylpyrimidin-2-
amine (1.0 eq) in NMP (0.4M) and butan-1-amine (4.5 eq) was stirred at 130 °C for 16 h. The
mixture was diluted with water and EtOAc, the organic layer was washed with brine and
dried over NaxS04, concentrated under reduced pressure. The residue was purified by tlash
column chromatography (eluent: DCM/MeOH = 500:1 to 50:1) to give the title compound as
a white solid.

Step 6: 3-((2-amino-4-(butylamino}-6~-methylpyrimidin-5-yhmethyl)-4-

methoxybenzonitrile

100459} A mixture of 5-(5-bromo-2-methoxybenzyl)-V'-butyl-6-methylpyrimidine-
2,4-diamine (1.0 eq) in DMF (0.1M}, Zn(CN}); (1.5 eg), Pda(dbay; (0.08 eq), and X-Phos (0.2
eq) was stirred at 110 °C for 1 b under Argon atmosphere. The resulting mixture was allowed
to cool to r.t. and diluted with water and EtOAc. The organic layer was separated, dried over
Naz504, concentrated under reduced pressure. The residue was purified by flash column
chromatography (eluent: DCM/MeOH = 100:1 to 10:1) to give the title compound as a white

solid.
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Step 7: N4-butyl-5-(2-methoxy-5-(2H-tetrazol-3-ylibenzyl)-6-methylpyrimidine-2,4-

diamine

{00460} A mixture of 3-({2-amino-4-(butylamino}-6-methylpyrimidin-5-yDmethyl}-4-
methoxybenzonitrile (1.0 eq) in dioxane (0.07M), TMSN; (10 eq) and BuzSnQO (2.0 eq) was
stirred at 120 °C for 4 h. LCMS showed the reaction was completed. Then the mixture was

concentrated under reduced pressure. The residue was purified by prep-HPLC (mobile phase

CHCN/H2O/HCOOH), freeze-dried to give the title compound as a white solid (formic acid

salt).
[00461] LC-MS: [M+H]=369.1
[00462] 'H NMR (400 MHz, DMSO) & 7.84 (d, J = 8.4 Hz, 1H), 7.56 (br s, 1H), 7.4

(s, 1H), 709 (d, /= 8.4 Hz, 1H), 7.05 (br s, 2H), 3.90 (s, 3H), 3.73 (s, 2H), 3.4-3.3 (m, 2H),
213 (s, 3H), 1.49-1.41 {m, 2H), 1.19-1.12 (m, ZH), 0.76 (1, /= 7.6 Hz, 3H}.
Example 12: (3-((2-amine-4-(butylamino}-6-methyipyrimidin-S-yhmethyi}-4-

methoxyphenylhphosphonic acid (Compound 12)
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N*-butyl-6-(5-iodo-2-methoxybenzyl)-6- diethy! (3-{(2-amino-4-{butylamine)-G-methyipyrimidin-5-  (3-{((2-amino-4-(butylaming)-G-methyipyrimidin-5-
methyipyrimidine-2,4-diamine yiimethyl}-4-methoxyphenyiphosphonate yiimethyl)-4-methoxyphenyiiphosphonic acid

Chemical Formuia: Gy sHsN,QOF
Exact Mass: 380.18

Preparation of N4-butyl-5-(5-iedo-2-methoxybenzyl}-6-methylpyrimidine-2,4-diamine
100463] Preparation of ¥-butyl-5-(5-iodo-2-methoxybenzy)-6-methylpyrimidine-2,4-
diamine followed the protocols described for Example 11 — Step 1 to 5, but using 4-iodo-1-
methoxy-2-methylbenzene instead of 4-bromo-1-methoxy-2-methytbenzene in Step 1.

step 1: diethyl 3-{(2-amino-4-(butylamino}-6-methyipyrimidin-5-yDmethyl)-4-

methexyphenyl)phosphonate

{00464} To a solution of N*-butyl-5-(5-iodo-2-methoxybenzy!)-6-methylpyrimidine-
2,4-diamine (1.0 eq) in toluene (0.06M), diethylphosphite (3.5 eq) and triethylamine (6.0 eq)
was added Pd(dppH)Clh (0.05 eq). The mixture was stirred at 110°C for 16 h. The reaction
mixture was allowed to cool to r.t. and was evaporated to dryness under reduced pressure to
afford the crude product which was purified by tlash column chromatography (eluent:

DCM/MeQOH = 50:1 t0 10:1) to give the title compound.
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Step 2: (3-{(2-amino-4-(butylamine}-6-methyipyrimidin-S-yDmethyl)-4-methoxyphenyl)-
phesphonic acid

{60465] To a solution of diethy] (3-((Z-amino-4-(butylamino}-6-methylpyrimidin-5-
ylymethvl}-4-methoxyphenyl)phosphonate (1.0 eq} in DCM (0.08M) was added dropwise
TMSBr (20 eq). The muixture was stured at rt for 2 h . The reaction mixture was diluted with
water and DCM, the organic layer was washed with brine and dried over NaxS0y,
concentrated under reduced pressure. The residue was puritied by prep-HPLC (mobile phase

CH;CN/HO/HCOOH), freeze-dried to give the title compound as a white solid (formic acid

salt}.
[00466] LC-MS: [M+H]= 3813
[60467] TH NMR. (400 MHz, DMSO-de) 6 12.00 (s, 1H), 7.99 (1, J = 4.8 Hz, 1H), 7.59-

7.53 (o, 1H), 7.47 (br s, 2H), 7.10-7.06 {m, ZH)}, 3.89 (s, 3H), 3.72 (s, 2H), 3.40-3.35 (m,
2H), 2.10 (s, 3H), 1.53-1.45 (m, 2H}), 1.25-1.19 (m, 2H), 0.87(t, /=72 Hz, 3H).
Example 13: 5-(5-(1-CH-tetrazol-S-yhcyelopropyl)-2-methoxybenzyl)-Né-butyl-6-
methylpyrimidine-2,4-diamine {Compound 13}

1-bromo-2-chloroethane
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2-{4-methoxy-3-methyiphenylacetonitrile 1-{4~-methoxy-3- 1-{S-{(2-aminc-4-{butylamino)-6-mathyipyrimidin-g-
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B-(B-{1-{2H-tetrazol-S-yhovclicpropyl}-2-methoxybenzyi)-
N-bubyl-8-methyipyrimidine-2, 4-diamine
Chernical Formula: CoyHpeNg0
Exact Mass: 408.24

Step 1: 1-{4-methoxy-3-methylphenyljcyclepropane-1-carbenitrile:

[0604638] To a flask containing 2-(4-methoxy-3-methylphenyDacetonttrile (1.0 eq,
Example 9 - Step 3), 1-bromo-2-chloroethane (1.5 eq), EtzNBnCl {0.02 eq) was added
0.77¢g/ml NaOH selution (6.0 eq). The resulting mixture was stitred overnight at 50 °C. The
mixture was partitioned between EA/water. The organic layer was dried over NaxSQOy,
concentrated and purified by flash chromatography on silica {(eluent PE/EA = 100:1~20:1) to

give the title compound.
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Preparation of 1-(3-{(Z-amino-4-(butylaminoe}-6-methylpyrimidin-S-yljmethyi}-4-

methoxyphenylleyclopropane-1-carbenitrile

{00469] Preparation of 1-(3-((2-aminc-4-(butylamino}-6-methylpyrimidin-5-
ylimethyl)-4-methoxyphenvyl)cyclopropane-1-carbonitrile following protocols described in
Example 9: Step 5 to 9, but using 1-(4-methoxy-3-methylphenyheyclopropane- I -carbonitrile
instead of 2-(4-methoxy-3-methylphenvyl)-2-methylpropanenitrile in Step 5.

Preparation of 3-(5-(1-(2H-tetrazol-5-yljcyclopropyl)-2-methoxybenzyl)-N4-butyl-6-

methylpyrimidine-2,4-diamine:

[60470] A mixture of 1-(3-((2-amino-4-(butylamineo)-6-methylpyrimidin-5-ylymethyi}-
4-methoxyphenyleyclopropane-1-carbonitrile (1.0 eq) in dioxane (0. 1M}, TMSN; (10.0 eq),
BuxSnG (2.0 eq) was stirred overnight at 120 °C. The reaction was montitored by LC-MS. The
mixture was concentrated and purified by prep-HPLC (mobile phase CH;CN/H:O/HCOOH),

freeze-dried to give the title compound as a white powder (formic acid salt).

[00471] LO-MS: [M+H] =409.2
[00472] '"H NMR (400 MHz, DMSO-ds) 6 8.19 (s, 1H), 7.16 (d, /= 8.8 Hz, 1H), 6.92

(d, /=84 Hz 1H), 677 (s, IH), 6.69 (brs, 1H), 6.42 (br s, 2ZH), 3.82 (s, 3H}, 3.61 (s, 2H)},
3.30-3.25(m, 2H), 2.03 (5, 3H}, 1.43-1.35 (m, 4H), 1.21-1.11 {m, 4H}, 0.83 (t, /= 7.2 Hz,
3H).

Example 14: 1-3-((2-amino-4-(butylamine)-6-methylpyrimidin-3-yhmethyi)-4-

methoxyphenylcyclopropane-1-carboxylic acid (Compound 14}

NH, iHa
NN N
KOH | /L
/K//’k NN e . 2 I
i(] H HO H
NC \(‘j\/ ]
\\/ O/ O ~ O/’
1-{3-{{2-amino-4-{putylaming)-8-methyipyrimidin-5- 1-{3-((2-amino-4-{butylamino)-6-methylpyrimidin-S-ylimethyl)-4-
yhmethyl)-4-methoxyphenylicyclopropane-1-carbonitrile methoxyphenylhcyclopropane-1-carboxylic acid

Chemical Formula: $aqHgN L5
Exact Mass: 384.22

[60473] A mixture of 1-(3-((2-amino-4-(butylamino)-6-methylpyrimidin-5-ylymethyl)-
4-methoxyphenyleyclopropane-1-carbonitrile (1.0 eq) in 1:1 ethylene glycol/H,0 (0.1M)
and KOH (10 eq) was stirred for 3 h at 150 °C. The reaction was monitored by LC-MS until
completion. The nuxture was neutralized with 1 N HCl to pH = 7. The resulting suspension

was filtered. The filter cake was washed with water. To the solid was added MeCN, H,O and
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4N HCVdioxane. The solution was freeze-dried to give the title compound as a white solid
{(HCl salt).
100474] LC-MS: [M+H}=3852

100475] "H NMR (400 MHz, DMSO-ds) 6 12.21 (s, 1H), 12.16 (s, 1H), 790(t, J =52
Hz, 1H), 741 (brs, 2H), 7.16 (d, /=60 Hz, 1H),6.92(d, /=84 Hz, 1H}, 6.81 (5, 1H}, 3.81
(s, 3H}, 3.68 (5, 2H), 3.4-33 (m, 2H), 2.12 (s, 3H), 1 .51-1.43 (m, 2H), 1.38 (s, ZH), 1.26-1.17
{m, 2H), 0.99 (s, 2H), 0.86 (t, /= 7.2 Hz, 3H).

Example 15: 3-(2-amino-6-{butylamino }-5-(2-methoxybenzyl)pyrimidin-4-ylpropanoic

acid (Compound 15)

dimethy! malonate Qo O
O s} \quj/ o NH
o~ NBS SN ~otn Ao o HEN)LNHQ
R —d P e o i ----------------------- pon
=~ 0/ fﬁ%\a/’ //\\0/
1-methoxy-2-methylbenzens 1-{bromomethyl}-2-methoxybenzene dimethy! 2-{2-methoxybenzyhmaionate
ethy! (£)-3-(4,4,5,5-tetramethyl-
1,3,2-dioxeborolan-2-yljacrylate
NH NH - NH
2 2 {? o /}\ 2
R POCH NN i N \i HNTTTN
. Az 1 £ - i o
HO "f’[\QH ----------------------- - c;/lj/’\ca L - E‘Q}r"\ g v
N @, PdidppiiCl, 9} ; SN
~F 5 S ~a _4’/\0/
2-amino-5-(2~ 4,8-gichloro-5-{2- ethyi (£}-3~{2-aminc-G-chioro-5-(2-
methoxybenzylpyrimidine-4,8-diol methoxybenzylipyrimidin-2-amine methoxybenzyhipyrimidin-4-yiacrylate
NH, NH,
R N/I‘\“N
- b Hay, PAIC i NaOH ; Ii
EKO‘N %N’\v/\ 2 ~ RGN N HQW%NAW
6 j H H 3 | H
SF N ey
athyl {£)-3-{2-aminc-8-{butylamine)-5-{2- ethyl 3-{Z-amino-G-{butylamino)}-5-(2- 3-(2-amino-8-{butylaming)-5-{2-
methoxybenzyllpyrimidin-4-yijacrylate methoxybenzy)pyrimidin-4-yi}propancate methoxybenzylipyrimidin-4-ylpropancic acid
Chemical Formula: CigHpgN 4Oy
Exact Mass: 358.20
step 1: I-{bromomethyl}-2-methoxybenzene
[60476] To a solution of I-methoxy-2-methylbenzene (1 eq) in CCly (0.9M) was added

AIBN (0.2 eq) and NBS (1.1 eq). The reaction was heated at reflux for 2 h. After the reaction
was completed, the reaction was concentrated and diluted with water. The aqueous phase was
extracted with DCM. Combined organic layers were washed with water then brine, dried over
Naz504, and concentrated to give the title compound as a hight yellow oil.

Step 2: dimethyl 2-(2-methoxybenzyl)malonate

160477} To a solution of dimethyl malonate (1.2 eq) in THF (0.4M) was added NaH

{1.25eq) at 0°C in portions under nitrogen. The solution was stirred at 0°C for 15 min, and 1-
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{bromomethyl}-2-methoxybenzene {1.0 eq} was added. The reaction was stirred for 2 h at
room temperature. After the reaction was completed, the reaction was quenched by addition
of water. The aqueous phase was extracted with EA. Combined organic layers were washed
with water, then brine, dried over Na; S04, and concentrated. The crude product was purified
by column chromatography (PE/EA=40:1} to give the title compound as light vellow oil.

Step 3: 2-amine-5-(2-methoxybenzyl}pyrimidine-4,6-diol

{00478] To a solution of dimethyl 2-(Z-methoxybenzylymalonate (1.0 eq) 10 MeOH
(0.4M) was added guanidine carbonate (1.0 eq). The reaction was heated at 75 °C for 16 h
under nitrogen. After cooling, the solid particles were filtered and collected from the solution
to give the title compound as a white solid.

Step 4: 4,6-dichloro-5-(2-methoxybenzypyrimidin-2-amine

{00479} To a suspension of 2-amino-5-(2-methoxybenzyhpyrimidine-4,6-diol (1.0 eg)
in POCHE (0.4M) was added 2 drops of DMF. The reaction was heated at 100°C tor 15 h
under nitrogen. After cooling, the solution was poured into ice~water. The solid particles were
filtered and collected from the solution to give the title compound as a white solid.

Step 5: ethyl (E)-3-(Z-amino-6-chloro-5-{2-methexybenzyl)pyrimidin-4-yljacrylate

{00480] To a solution of 4,6-dichloro-5-(2-ruethoxybenzyDpyrimidin-2~amine (1.0 eq)
in 3:1 dioxane/H:0 (0.14M) was added ethyl (£}-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yhacrylate (1.2 eq), KoCO3 (2.0 eq), and Pd(dpphHCh (0.1 eq). The mixture was stirred at
100 °C for 3 h under nitrogen. The reaction was diluted with water, and the aqueous phase
was extracted with EA. Combined organic layers were washed with water, then brine, dried
over Na;S{, and concentrated. The crude product was purified by column chromatography
(PE/EA=40:3) to give the title compound as light yellow solid.

Step 6: ethyl (E)-3-(2-amino-6-(butylamino}-5-(2-methoxybenzylipyrimidin-4-
yhacrylate

{00481} To a solution of ethyl (£)-3-(2-amino-6-chloro-5-(2-
methoxybenzyl)pyrimidin-4-yhacrylate (1.0 eq) in NMP (0.2M) was added butan-1-amine
(3.0 eq) and DIEA (3.0 eq), and the mixture was stirred at 150 °C for 2 h. After the reaction
was completed, the reaction was diluted with water. The aquecus phase was extracted with
EA. Combined organic layers were washed with water, then brine, dried over NapSOy4, and
concentrated. The crude product was purified by column chromatography

(DCM/MeCH=10:1} to give the title compound as a yellow oil.
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Step 7: ethyl 3-(2-amine-6-(butylamine}-5-(2-methoxybenzyl}pyrimidin-4-vljpropancate

{00482} To a solution of ethyl (/2}-3-(2-amino-6-(butylamino)}-5-(2-
methoxybenzylpyrimidin-4-vlacrylate (1.0 eq) in MeOH (0.04M) was added Pd/C (1/3
weight eq). The mixture was stirred at room temperature for 1 b under hydrogen. After the
reaction was completed, the solid particles were filtered off and the filtrate was concentrated
to give the title compound as a vellow oil.

Step 8: 3-(2-amine-6-(butylamine}-5-2-methoxybenzypyrimidin-4-ypropansic acid

{00483} To a solution of ethyl 3-(2-arino-6-(butylamino}-5-(2-
methoxybenzyDpyrimidin-4-ylpropancate (1eg) in 1:1 MeOH/H:O (0.04M) was added
NaOH (5.0 eq). The solution was stirred at room temperature for 1 h. After the reaction was
completed, the pH was adjusted to 7 using acetic acid, and the solution was concentrated and
purified by prep-HPLC (mobile phase: NHs H:O/MeCN/H20) to give the title compound as a
white solid (ammonium salt}.

[00484] LC-MS: [M+H] =359 4

[00485] 'H NMR(400 MHz, MeOD)} § 7.23 (t, /= 6.8 Hz, 1H), 6.99(d, J = 8.0 Hz,
1H), 6.91-6.88 (m, 2H), 3.90 (s, 3H), 3.80 (s, 2H), 3.44 (t, J=6.8 Hz, 2H), 285 (1, /= 6.0
Hz, 2H), 2.42 (1, J= 6.0 Hz 2H), 1.51-1.46 (m, 2H), 1.25-1.19 (m, 2H), 0.88 (t, J= 6.8 Hz,
3H).

Example 16: 2-(3-((Z-amino-4-(butylamine)-6-methylpyrimidin-3-yhmethyi)-4-
methoxybenzamido)ethane-1-sulfonic acid (Compound 16)

2-aminosthane-1-sulfonic acid

NH, NH,, Nt
J\ ,J\ q‘ ’P 2
NN NTEN P NTON
i | J\ HO NHy ]
o /J PN NN NaGH J\] NN oo o /J AT N
i B > o j H
\OJ\L/\ HO f\J: HATU HO” S \H/L\E/NL
NP o - N o
methyl 3-{{2-aminc-4-{butylaming)-8- 3-{{2-amino-4-{butylaming}-&-methylpyrimidin-5- 2-{3-{{2-aminc-4-{butylamino}-8-methylpyrimidin-5-
methylpyrimidin-S-ylimethyi-4-methcxybenzoats yiymathyl}-4-methoxybenzaic acid yhimethyh-4-methoxybenzamido)ethane-1-suifonic acld
Chemical Formuta: CagHasNgUsS
Exact Mass: 451.18
{60486} Preparation of methyl 3-((2-amino-4-(butylamine }-6-methylpyrimidin-5-

yhmethyl}-4-methoxybenzoate followed Example 1 — Steps 1 to 4, but using methyl 3-
{bromo-methyl)-4-methoxvbenzoate as the starting material in Step 1.

Step 1: 3-((Z-amino-4-(butylamino}-6-methylpyrimidin-S-ylimethyl}-4-methoxybenzeoic
acid

{60487] To a suspension of methyl 3-{(Z-amino-4-(butylamino}-6-methylpyrimidin-5-
yhmethyl}-4-methoxybenzoate (1.0 eq) 1n MeOH (0.3M) was added 1N NaOH (5.0 eq). The
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resulting mixture was stirred at 60 °C for 2 h. The reaction was monitored by TLC. The
mixture was cooled to rt. The mixture was neutralized with 2N HCI and purified to give the
title compound.

Step 2: 2-(3-((2-amino-4-(butylamine)-6-methylpyrimidin-S-yl}methyi}-4-methoxybenz-

amidojethane-1-sulfonic acid

{60488] To a solution of 3-({Z-amino-4-(butylamino}-6-methylpyrimidin-5-yhmethyl}-
4-methoxy-benzoic acid (1.0 eq) in DMF (0.6M) was added HATU (1.0 eq), 2-amivoethane-
t-sulfonic acid (1.1 eq) and DIEA (3.0 eq). The resulting mixture was stirred at rt for 3 h. The
mixture was filtered and the filtrate was puritied by prep-HPLC {mobile phase
CH;CN/H,O/HCOOH), then freeze-dried to give the title compound as a white solid.

{60489] LC-MS: [M+H] = 452.2

{6049¢] TH NMR (400 MHz, DMSO) 8 11.89 (s, 1H), 8.35(,./= 3.2 Hz, 1H), 7.90 (s,
IH), 768 (d, /=84 Hz, 1H), 740 (brs, ZH), 7.26 (s, 1H), 7.09 (d, /=84 Hz, 1H)}, 3.90 (s,
3H), 3.71 (s, 2H), 3.48-3.42 (m, 2H), 3.39-3.33 (m, 2H}, 2.62(t, /= 6.8 Hz, 2H), 2.12 (s,
3H), 1.49-1.41 (m, 2H), 1.23-1.15 (m, 2H), 0.82 (t, /=72 Hz, 3H).

Example 17: 3-((2-aminc-4-(butylamine}-6-methylpyrimidin-S-yl}methyl}-4-

methoxybenzenesulfonic acid {Compound 17}

X X
PN N Hy, PAIC P /;"\N/\\/‘\\ CISOgH a6 //[ //I\N/\/\
H — e H —— e A\ H
'\\5;?\0/ =~ \O/ o 0/
5-(5-broma-2-methoxybenzyl)-Né-butyl-6- A-butyl-5-{2-methoxybenzyl}-8- 3-{{2-amino-4~{butylamino)-8-methylpyrimidin-5-
methylpyrimiding-2,4-diaming methylpyrimidine-2,4-diamine yhimethyl}-4-methoxybenzenesulionyl chioride
NH.,
NN
B HO  qp TN
! Si/ H
HO” i Xy
%Q/
3-{{2-aminoc-4-{butylamino)-8-methylpyrimidin-5-
yhimethyl}-4-methoxybenzenesulionic acid
Chemical Formula: CHpNO,8
Exact Mass: 380.15
[00491] Preparation of 5-(5-bromo-2-methoxybenzy!)-N*-butyl-6-methylpyrimidine-

2,4-diamine followed Example 1 — Steps | to 4, but 4-bromo-2Z-(bromomethyl)-1-

methoxybenzene as the starting material 1o Step 1.
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Step 1: N4-butyl-5-(2-methoxybenzyl)-6-methylpyrimidine-2,4-diamine

{60492} To a stirred solution of 5-(5-bromo-2-methoxybenzy!)-N*-butyl-6-
methylpyrimidine-2,4-diaming (1.0 eq) in MeOH (0.1M) was added Pd/C (10% wt eq). The
resulting mixture was stirred at rt for 1 h under H; atmosphere, and then filtered. The filtrate
was concentrated to give the title compound.

Step 2: 3-((Z-amino-4-(butylamino}-6-methyipyrimidin-S-yljmethyl}-4-methoxybenzene-

suifonyl chloride

{00493] N-butyl-5-(2-methoxybenzyl)-6-methylpyrimidine-2, 4-diamine (1.0 eq) in
CISO:H (0.7M) was stirred at rt for 2 h, and then poured into ice water. The mixture was
partitioned between DCM/water. The organic laver was dried over Na)SQOq, filtered,
concentrated to give the title compound.

Step 3: 3-((2-amino-4-(butylamino}-6-methylpyrimidin-S-ylmethyl}-4-

methoxybenzenesulfonic acid

100494} To a stirred solution of 3-((2-amino-4-(butylamino)-6-methylpyrimidin-S-
yhmethyl)-4-methoxybenzene-sulfony] chloride (1.0 eq) in 1:1 MeCN/H (3 (0.025M) was
added K;C0O; (2.0 eq). The resulting mixture was stirred overnight at it and then
concentrated. The residue was purified by prep-HPLC (mobile phase
CH;CN/HYO/HCOOH), freeze-dried to give the title compound.

{60495] LC-MS: [M-H]'=3792

{30496] "H NMR (400 MHz, DMSO-ds) 6 11.92 (brs, 1H}, 7.79 (br s, 1H), 7.46 (d, J
=6.8 Hz, 1H), 7.22 (brs, 2H), 7.04 (s, 1H), 6.95(d, /=84 Hz, 1H), 3.85(s, 3H), 3.68 (s,
2H), 3.37-3.34 (m, 2H}, 2.08 (8, 3H), 1.54-1.44 (m, 2H), 1.26-1.23 (m, 2H), 086 (t, /=72
Hz, 3H).

Example 18: (53-3-((5-(5-((2H-tetrazol-5-yhimethyl}-2-methoxybenzyi)-2-amino-6-
methyipyrimidin-4-yhiaminojheptan-1-ol (Compound 18)

{ 8}-3-{{B-{5-{{2H-tetrazol-5-ylimethyl}-2-methoxybenzyl)-2-
amino-§-methyipyrimidin-4~vilaminotheptan-1-of
Chemical Formula: CoaoHaoNgO5
Exact Mass: 440.26

{00497} The title compound is prepared following the protocols described in Example

8, but using (5)-3-amincheptan-1-ol (from J. Med. Chem. 2016, 59, 7936—7949) instead of
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{§)-2-aminopentan-1-ol in Step A. Inthe final step, the crude product was purified by prep-
HPLC (mobile phase CH:CN/H)O/HCOOH), then freeze-dried to give the title compound as
a white solid (formic acid salt).

{60498] LC-MS: [M+H] = 4413

{30499] "H NMR (400 MHz, DMS0) 6 8.22 (s, 1H), 7.03 (d, /= 8.8 Hz, 1 H), 6.90 (d,
J=84Hz 1H) 678 (s, IH), 6.52 (s, 2H), 6.35(d, /=8.0Hz, 1 H), 427-4.21 (m, 1H),
3.99-3.91 (m, 2H), 3.80 (s, 3H), 3.62 (5, 2H)}, 3.39-3.26 (m, 3H), 2.07 (s, 3H), 1.64-1.50 (m,
2H), 1.48-1.37 {m, 2H), 1.24-1 14 (m, 2H), 1.12-1.04 (m, 2H), 0.76 (t, /=72 Hz, 3 H}).
Example 19: 3-(Z-amino-6-{ butylamino}-5-(4-methexyphenethyl)pyrimidin-4-yijpro-
paneic acid (Compound 19}

athyl (£)-3-(4,4.5,5-tetramethyi-
1,3,2-disxaborolan-2-vljacryiate

[=e) : B- butan-1-ami
W G N, butan-1-amine

Ry Mg o o~
POGl = A AT
NTENG » !s.;‘“N ----------------------- co N\ R -
L 2 =i A
Ho~ o N Pd(dppiCle N !
O
; - : ethyl {£)-3-(2-aming-6-
2-aminopyrimidine-4,8-dicl 4.g-dichisropyrimidin-2-aming ch;am};’)ér?nm;g“4ny;)ac,y;ate

1-athynyl-d-methoxybenzens

.
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K, KH NHs i /L
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Em\r.//\’)\\\’/h\;'\i/\’/\ EiO\IT/\\,/'\\//’E\N/\/A\ EtO\T(/\V/LE /[\N/\/’\* PA{PPR),Cly, Cul
o H & H o i B
ethyl (£)-3-(2-amino-5~ sthyl 3-(2-aminc-6- ethyl 3-(2-amino-6-{butylamino}-5-
{butylaminopyrimidin-4-yhacylate {putylamino}pyrimidin-4-yiipropancate iodopyrimidin-d-yhpropancate
NH, N
/\,if:ﬁa g
B S NI HO i\\ A
Hy, PAC \g’ TN NaQH \(/\/j/\ N
—_—— B ] O
Ny \/\H
1 i
Obe Ohe
sthyt 3-(2-amino-6-(butylamino)-5-({4- ethyl 3-{2-amino-8-(butylamino)-5-{4- 2-{2-aming-5-{Butyiamino}-5-(4-
mathoxyphenyethynyDpyrimidin-4-y)propanoate methoxyphenethyijpyrimidin-4-ylipropancate mathoxyphenethyl)pyrimidin-4-yhipropancic acid
Chemisal Formuta: GagHeMN,Os
Exact Mass: 372.22
Step 1: 4,6-dichloropyrimidin-2Z-amine
100500] To a solution of Z-aminopyrimidine-4,6-diol (1.0 eg) in POCh (1M} was

stirred at 100 °C for 4 h. The reaction mixture was allowed to cool to rt and the mixture was
poured into ice-water. The precipitated solid was collected by filtration. The solid was

washed with water and dried in vacuum to give the title compound as a yellow solid.

159



WO 2018/106606 PCT/US2017/064541

Step 2: ethyl (E)-3-(C-amino-6-chloropyrimidin-4-yljacrylate

{00501} To a solution of 4,6-dichloropyrimidin-2-amine (1.0 eq) in 3:1 dioxane/H,O
{0.3M) was added ethyl (#)-3-(4,4,5,5-tetramethyi-1,3 2-dioxaborolan-2-yhacrylate (1.1 eq)
K2C0:5 (2.0 eq), and Pd(dpph)Ch (0.1 eq). The mixture was stirred at 100 °C for 2 h under

2

nitrogen. The reaction was diuted with water, and the aqueous layer was extracted with EA.
The combined organic layers were washed with water, brine, dried over NaxSOq, and
concentrated. The crude product was puritied by column chromatography (PE/EA=10:1) to
give the title compound as a vellow solid.

Step 3: ethyl (E}-3-(2-amino-6-(butylamino}pyrimidin-4-vhacrylate

{60502] To a solution of ethyl (/}-3-(2-amino-6~-chloropyrimidin-4-vijacrylate (1.0 eq)
in NMP (0.4M) was added butan-1-amine (3.0 eq) and DIEA (3.0 eq). The mixture was
stirred at 150 °C for 3 h. The reaction was diluted with water, and the aqueous phase was
extracted with EA. The combined organic layers were washed with water, brine, dried over
Na; S04, and concentrated. The crude product was purified by column chromatography
{PE/EA=1:1) to give the title compound as a yellow solid.

Step 4: ethyl 3-(2-amine-6-(butylamino)pyrimidin-4-yl)propanoate

{00503 To a solution of ethyl (£)-3-(2-amino-6-(butylamino)pyrimidin-4-yhacrylate
(1.0 eq) in MeOH (0.2M) was added Pd/C (20% wt eq). The mixture was stirred at 25 °C for
2 h under Hy and then filtered. The filtrate was concentrated to give the title compound as a

colored solid.

Step 5: ethyl 3-(2-amine-6-(butylamine}-S-iodopyrimidin-4-yljpropancate

{00504] To a solution of ethyl 3-(2-arino-6-(butylaminoypyrimidin-4-yljpropanoate
(1.0 eq) in 2:1 DCM/H,0 (0.05M) was added NaOH (2.0 eq), followed by 12(1.0 eq). The
mixture was stirred at 25 °C for 16 h. The reaction was diluted with water, and the aqueous
phase was extracted with EA. The combined organic layers were washed with water, brine,
dried over Na;SOs, and concentrated. The crude product was purified by column
chromatography (PE/EA=4:3) to give the title compound as a yellow solid.

Step 6: ethyl 3-(2-amino-6-(butylamine)-5-{{4-methoxyphenyljethynylipyrimidin-4-

vhipropaneate

{60505] To a solution of ethyl 3-(Z-amino-6-(butylamino}-5-iodopyrimidin-4-
yhpropanoate (1.0 eq) 1o DMF (0.1M) was added 1-ethynyl-4~-methoxybenzene (1.2 eg),
TEA (1/5% reaction volume), Cul (0.2 eq), and Pd(PPh:),Ch (0.1 eq). The mixture was stirred
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at 50 °C for 16 h under nitrogen. The reaction was diluted with water, and the aqueous phase
was extracted with EA. The combined organic layers were washed with water, brine, dried
over NazS(Oy, and concentrated. The crude product was purified by column chromatography
(PE/EA=1:1) to give the title compound as a brown oil.

Step 7: ethyl 3-(2-amino-6-(butylamine)}-5-(4-methoxyphenethylpyrimidin-4-

yiprepanoate

{00506} To a solution of ethyl 3-(2-arino-6-(butylamino}-5-({4-
methoxyphenyhethynyhpyrimidin-4-ylpropanocate (1.0 eq) in Me(OH (0.08M) was added
Pd/C (30% wt eq). The mixture was stirred at 50 °C for 2 h under H; and then filtered. The
filtrate was concentrated to give the title compound as a yellow oil.

Step 8: 3-(2-amine-6-(butylamine}-5-(4-methoxyphenethyl)pyrimidin-4-yl)prepanoic

acid

180507] To a sclution of ethyl 3-(2-amino-6-(butylamino)-5-(4-
methoxyphenethyhpyrimidin-4-yhpropanoate (1.0 eq) 1n 1:1 MeOH/H0 (0.2M) was added
NaQOH (5.0 eq). The resulting mixture was stirred at 25 °C for 1 h. The pH was adjusted to 7
using acetic acid, and the solution was concentrated and purified by prep-HPLC (mobile
phase: NH:OH/MeCN/H:() to give the title compound as a white solid (ammonium salt).
[00568] LC-MS: [M+H] =373 .4

{60509 'H NMR (400 MHz, CD;0D) § 7.00(d, J= 8.4 Hz, 2H), 681 (d, /= 8.8 Hz,
2H), 3.75 (s, 3H), 3.48 {1, J = 7.6 Hz, 2H), 2.75-2.71 (m, 4H), 2.43 (1, J = 6.0 Hz, 2H), 2.18
(t, ./ = 6.4 Hz, 2H), 1.60-1.54 (m, 2H), 1.40-1.35 (m, 2F), 0.97 (t, ./ = 6.8 Hz, 3H)
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Example 204A: (833-3-((5-(5-((2H-tetrazol-5-ylimethyl}-2-methoxybenzyl}-2-amino-6-
methylpyrimidin-4-yljamino)heptansic acid (Compound 20)

tert-butyl {8)-3-aminchaptanoate

mathyl 3-{{2-amino-4-chioro-G-mathylpyrimidin-&-  (3-{{2-amino-4-chicro-8-methylpyrimidin-S- fert-butyl {8}-3-{{2-amino-5-(8-{hydroxymethyl)-2~
yhmethyl}-4-methoxybenzoate yhimethyll-4-methoxyphenylimethanol mathoxybsnzyl)-8-msthvipyrimidin-4-yiiamino)haptanoate

1) SOCK, N .
2) NaCN : ; o
SITMBN,, BugSn0 NN o HE, dioxane

3 ' z - .
----------------------- S /L\/L AN
| NP NN A
HND E
N:N & -

tert bmyi {S)-3-{(5-{5-{{2H-tetrazol-5-yDimethyi}-2-mathoxybenzyi}- {S}-3-{{5-(6-{{2H-tetrazol-B-viimethyl)-2-methoxybenzyi)-2-
2-amino-§-methyipyrimidin-4-yllamino)heptanoate aming-G-mathylpyrimidin-4-yhaminolheptanoic acid
Chamical Formula: CpoHagNgOs
Exact Mass: 464.24

{00510} Methyl 3-{(2-amino-4-chloro-6-methylpyrimidin-5-ylymethyl)-4-

methoxybenzoate was prepared following Example 1 — Steps 1 to 3, but using methyl 3-
{bromomethyl)-4-methoxybenzoate as the staring material instead of methyl 4-
{(bromomethyl)-3~-methoxybenzoate.

Step 1: (3-((2-amino-4-chloro-6-methylpyrimidin-S-yhmethyl}-4-methoxyphenyl)-

methanol

{00511} To a stirred solution of methyl 3-((Z-amino-4-chloro-6-methylpyrimidin-5S-
ylimethyl}-4-methoxybenzoate (1.0 eq) in THF (0.2M) at O °C was added dropwise 2.5M
LiAIH4 (2.5 eq). The resulting mixture was stirred at rt for 1 h. Then the mixture was
quenched with 1 M NaOH solution and filtered. The filtration was extracted with EtOAc. The
organic layer was dried over Na 804, filtered, concentrated under reduced pressure. The
residue was purified by flash column chromatography (eluent DCM/MeOH = 100:1 to 10:1)
to give the title compound as a yellow solid.

Step 2: tert-butyl (5)-3-((2-amino-5-(&-(hydroxymethyl}-2-methoxybenzyi}-6-methyl-

pyrimidin-4-v)amino}heptancate

{00512} A mixture of fert-butyl {5)-3-aminoheptanoate (4.0 eq; prepared following
procedures reported in J. Med. Chem. 2016, 59, 7936—-7949) and (3-((2-aminc-4-chioro-6-
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methylpyrimidin-5-yDmethyl)-4-methoxyphenyl}-methanoct (1.0 eq) in NMP (0.8M) was
stitred at 120 °C for 16 h. Then water and EtOAc were added into the reaction mixture. The
organic layer was separated, dried over NaoSQ4, concentrated under reduced pressure. The
residue was purified by flash column chromatography (eluent: DCM/MeOGH = 100:1 to 20:1)
to give the title compound as a yellow oil.

Step 3 to 5: tert-butyl (S)-3-{((5-(5-((2H-tetrazeol-5-ylimethyl}-2-methoxybenzyl}-2-

amino-6-methylpyrimidin-4-yhamino)heptanoate

{00513} The title compound was prepared following Example 2 — Steps 1to 3, but
using ferf-butyl (8)-3-((2-anmuino-5-(5-(hydroxymethyl)-2-methoxybenzyl)-6-methyl-
pyrimidin-4-yhaminotheptanoate as the starting material. The crude product was purified by
prep-HPLC (mobile phase CH;CN/H,O/HCOOH), and freeze-~dried to give the title
compound as a white solid (formic acid salt).

{60514] LC-MS: [M+H] =511.4

{B0515] "H NMR (400 MHz, DMS0) 6 8.20 (s, 1 H), 7.04(dd, J= 8.4, 2.0 Hz, 1H),
6.93(d, /=80Hz 1H), 6.77 (s, 1H), 6.60 {(br s, 2H}, 6.39 (br s, 1H), 4.55-4.52 (m, 1H), 4.02
(s, 2H), 3.83 (5, 3H), 3.67-3.57 (m, 2H), 2.37(d, /= 6.8 Hz, 2H), 2.07 (s, 3H), 1 46-1 38 (1,
2H), 1.32 (s, OH), 1.26-1.13 (m, 2H), 1.09-1.01 (m, 2H), 0.77 (t, /= 7.2 Hz, 3H}.

Step 6: (5)3-3-((5-(5-((2H-tetrazol-S5-ymethyl}-2-methoxybenzyl)-2-amino-6-

methyipyrimidin-4-yhamino)heptanoic acid

{60516} Tert-butyl (§3-3-({5-(5-((2Htetrazol-5-yimethyl}-2-methoxybenzyl}-2-aminc-
6-methylpyrimidin-4-yhaminoheptanoate (1 eq) was added 3.0 M HCVdioxane (20 eq) at 0
°C, and warmed to rt. After stirring at 1 h, the mixture was concentrated under reduced
pressure. The residue was purified by prep-HPLC {(mobile phase CH:CN/H2O/HCOOH),
freeze~dried to give the title compound as a white solid.

[60517] LC-MS: [M+H}" = 4552

106518] TH NMR. (400 MHz, DMSO) 6 7.35 (br s, 1H), 7.07 (br s, 2H), 6.96 (d, /= 7.6
Hz, 1H), 6.88 (d, /= 8.4 Hz, 1H), 6.76 (s, 1H), 4.56-4.54 (o, 1H), 4.07-3.97 (m, 2H), 3.79 (s,
3H), 3.68-3.66 (m, 2H), 2.46-2.38 (m, 2H), 2.05 (s, 3H), 1.53-1.50 (m, 2H), 1.27-1.16 (m,
4H), 0.82 (1, /= 0.8 Hz, 3H).
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Example 20B: (8)-3-({5-(5-((ZH-tetrazol-5-yhmethyi}-2-methoxybenzyl}-2-amino-6-
methylpyrimidin-4-yl}amino)heptanosic acid {Compound 20}

teri-butvl 2-{triphenyl-33- ) .
phosphanylidens)acetate {8)-N-benzyl-1-phenylethan-1-amine

: SHs
}\’Qkﬁpph:s X \{ \’/\/'

P
H i Hz- PdiC o /i
>Lo/”\«LNHE

Ph

tort-butyl {5)-3-benzyi((5)-1-
pentanal tert-hutyl (E)-hept-2-ancate phanylethy!}amincheptancate feri-butyl (S)-3-aminoheptanoate

tart-butyl {§)-3-aminoheptancais

S

NH NH ’ E
P L 2 g NHp 0/<
NN Y PPN i Aﬂ
PN LiAlH, b Ho TN NN o] SOCH,
o o N PP —_—
j i \;’ﬁ N/\"/\’/
\O/K@/ HO/\’KF/%’/ HO
P o '\\{/1\0/ O
methyl 3-{{2-aming-4-chioro-8- (3-({2-amino-4-chioro-6- fert-butyl (S)-S-((Zamings-s-(s—
methylpyrimidin-S-yiimethyl)-4- methylpyimidin-S-ymethyl)- (hydruxy{ne_th:y:)--2~-met!’_‘.oxynenzy!)-6-
methoxybenzoate 4-methoxyphenylimethanol methylpyrimidin-4-yllaminciheptanoate
1% e
EG\HZ [l MMy o"k» Ny o7
N"\N 5)%0 NaCN ?\E/gN :’/gﬁ TMEN,, Bu,Sn0 ﬂ/gb! ' /gﬁ HCH, disxane
_/J\ F E\F\./\/\/ """""""""""" - : /f'\N/\ s T /’\j///'\N/’\ N >
1 H H
o !/tj[ Ng S N, \! =
| HN
~F g g N o
 fert-butyl {S)-3-({2-amino-5-(5- teri-butyl {8)-3-{{2-amino-5-{5- teri-butyt {8)-3-{(8-(5-{{2H-tetrazol-5-
{chioromathyl}-2-methoxybenzyl}-6- {cyanomethyl)-2-methoxybenzyi}-g- yhmethyi-2-methoxybenzyl)-2-aming-8-
methyipyrimidin-4-yf}amino}heptancate methylpyrimidin-4-yllamineiheptanoate mathyipyrimidin-4-yljaminoiheptanoate
Nk, OH
A ;
NN 0
/J S /\/\,f
HA ‘W/\O\
(S)-3-({8-{8-{{2H-tetrazol-B-yimathyi)-2-
methoxybenzyl}-Z-aming-6-
methylpyrimidin-d-yl}aminoiheptanocic acid
Chemical Formula: Gt NaOs
Exact Mass: 484.24
Step 1: fert-butyl (£)-hept-2-enoate
. . N . p . 85
{60519 A mixture of pentanal (1.0 eq) and rerr-butyl 2-(triphenyl-A’-

phosphanyhidenejacetate (1.05 eq) was stured at 50 °C for 16 h. Then the muxture was
concentrated under reduced pressure, and petroleum ether (PE) was added. The solids were
filtered off, and the filtrate was evaporated to dryness, which was purified by flash column

chromatography (eluent: 0-1% EA in PE) to give the title compound as a yellow oil.
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Step Z: fert-butyl (8)-3-(benzyi{((8)-1-phenylethyhaminoheptanoate

160520] To a solution of ($)-N-benzyl-1-phenviethan-1-amine (1.3 eq) in THF (0.9M)
at -78 °C was added dropwise 2.5M n-BulLi (1.2 eq) over 20 min. The mixture was stirred at -
78 °C for 10 min, then fers-butyl (£)-hept-2-encate (1.0 eq) in THF (0.7M) was added
dropwise into the above mixture. The resulting mixture was stirred at -78 °C for 30 min. Then
the mixture was quenched with ag. NHyCl and extracted with EtOQAc. The organic layer was
dried over Na; SO, filtered, concentrated under reduced pressure. The residue was purified
by flash column chromatography (eluent: 0-1% EA tn PE) to give the title compound as a
yellow oil.

Step 3: fert-butyl (5)-3-aminocheptanoate

{00521} To a solution of ferf-butyl (§)-3-(benzyl{({§)-1-phenylethylamino)heptanoate
(1.0 eq) in MeOH (0.5M) was added 10%wt Pd/C (1/10% weight equivalent). The resulting
mixture was stirred at 50 °C for 16 h under Hz. The solid was filtered off and the filtrate was
concentrated under reduced pressure to give the title compound as a brown oil, which was
used directly to next step without further purification.

Step 4: (3-((Z-amino-4-chloro-6-methylpyrimidin-3-yhmethyl}-4-methoxyphenyl}-

methanol

100522 To a stirred solution of methyl 3-({Z-amino-4-chloro-6-methylpyrimidin-5-
yhmethyl)-4-methoxybenzoate (1.0 eq; from Example 3B — Step 4) in THF (0.2M) at 0 °C
was added dropwise 2.5M LiAlH4 (2.5 eg). The resulting mixture was stirred at 1t for 1 h.
Then the mixture was quenched with 1 M NaOH solution and filtered. The filtration was
extracted with EtOAc. The organic layer was dried over Na)S0q, filtered, concentrated under
reduced pressure. The residue was puritied by flash column chromatography (eluent
DCM/MeOH = 100:1 to 10:1) to give the title compound as a yellow solid.

Step 5: fert-butyl (5)-3-((2-amino-5-(S-(hydroxymethyl)-2-methoxybenzyl)-6-methyl-

pyrimidin-4-yhamino)heptanoate

180523} A mixture of fert-butyl {(5)-3-aminoheptancate (4.0 eq) and (3-((2-amino-4-
chloro-6-methylpyrimidin-5-ylmethyl)-4-methoxyphenyly-methanol (1.0 eq) in NMP (0.8M)
was stirred at 120 °C for 16 h. Then water and EtOAc were added into the reaction mixture.
The organic layer was separated, dried over Nax50s, concentrated under reduced pressure.
The residue was purified by flash column chromatography (eluent: DCM/Me(OH = 100:1 to

20:1) to give the title compound as a yellow oil.
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Step 6: fert-butyl (8}-3-((2-amino-5-(5-{chloromethyl}-2-methoxybenzyl}-6-

methylpyrimidin-4-yljamino)heptanoate

{60524] To a stirred solution of rere-butyl (8)-3-{(Z-amino-5-(5-(hydroxymethyl)-2-
methoxybenzyl)-6-methyl-pyrimidin-4-ylaminojheptanocate (1.0 eq) in DCM {0.05M) at 0 °C
was added SOCL (2.0 eq). The resulting muxture was stirred at 0 °C for 1 h. Then the muxture
was quenched with NaHCO; solution and extracted with DCM. The organic layer was dried
over NaxS04, concentrated under reduced pressure to give the title compound as a yellow oil.
Step 7: fert-butyl (3)-3-((2-amino-5-(5-(cyanomethyl)-2-methoxybenzyl}-6-

methylpyrimidin-4-vi}Jaminojheptanoate

160525] A mixture of ferf-butyl (S)-3-((2-amino-5-(5-(chloromethyi)-2-
methoxybenzyl)-6-methylpyrimidin-4-yDaminotheptanoate (1.0 eq) in 1.1 DMSO/DMF
{0.12M) and NaCN (3.0 eq) was stirred at rt for 16 h. The resulting mixture was partitioned
between EtOAc and water. The organic laver was washed with brine, dried over NaxSQu,
concentrated under reduced pressure. The residue was purified by flash column
chromatography (eluent: DCM/MeOH = 100:1 to 20:1} to give the title compound as a
yellow oil.

Step 8: fert-butyl (3)-3-((8-(5-((ZH-tetrazol-B-ylimethyl)-2-methosybenzyl}-2-amino-~6-

methylpyrimidin-4-vi}Jaminojheptanoate

[00526] A mixture of ferf-butyl (S3-3-((2-amino-5-(5-(cyanomethyl}-2-
methoxybenzyl-6-methyl-pyrimidin-4-ylamino}heptanocate (1.0 eq) in dioxane (1.2M)},
TMSN: {10 eq) and BuxSnO (2.0 eqg) was stirred at 120 °C for 2 h. Then the mixture was
concentrated under reduced pressure to give crude product as brown oil, which was used
directly to next step without further purification.

Step 90 (8)3-3-((5-(5-{(2H-tetrazol-5-ymethyl}-2-methoxybenzyl)-2-amino-6-

methyipyrimidin-4-yhamino)heptanoic acid

{60527} Tert-butyl (8)-3-((5-(5-{(2H-tetrazol-S-yDmethyh-2-methoxybenzyl}-2-amino-
6-methylpyrimidin-4-yhaminojheptancate (1 eq) was added 3.0 M HCl/dioxane (20 eq) at 0
°C, and warmed to rt. After stirring at 1 h, the mixture was concentrated under reduced
pressure. The residue was purified by prep-HPLC {(mobile phase CH;CN/HO/HCOOH),
freeze-dried to give the title compound as a white solid (formic acid salt).

{00528] LC-MS: [M+H] = 4552
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{60529] 'H NMR (400 MHz, DMSO) & 7.35 (brs, 1H), 7.07 (br s, 2H), 6.96 (d, J=7.6
Hz, 1H), 6.88(d, /=8 4 Hz, 1H), 6.76 (s, 1H), 4.56-4.54 (m, 1H), 407-3.97 (m, 2H)}, 3.79 (s,
3H), 3.68-3.66 (m, 2H}, 2.46-2.38 (m, ZH), 2.05 (s, 3H), 1.53-1.50 (m, 2H}, 1.27-1.16 {m,
4H), 0.82 (t, /= 6.8 Hz, 3H}.

Example 200 (R}-3-((&-(5-((ZH-tetrazol-5-yhmethyl)-2-methoxybenzyi}-2-amino-6-

methylpyrimidin-4-yi}aminojheptansic acid (Compound 20}

o
: N
H
N
HN,
N" OMe
{60530 The title corapound was prepared by following the procedure described in

Example 20B, but using (R}-N-benzyl-1-phenylethan-1-amine instead of {(5}-N-benzyl-1-
phenylethan-1-amine in Step 2. The title compound showed 1dentical H NMR and LCMS
data as Example 20A/208.

{00531} To demonstrate the chirality, samples of Example 20A/20B (e g, (S)-
enantiomer} and Example 20C (e.g, (R)-enantiomer) were injected on a Superchiral §-02Z
column (0.46cm 1.D. x 25 cm L} and eluted with Hexane/EtOH/MeOH/diethylamine (v/v/viv
= §0/6.6/13.4/0.05) at 0.8mL/min. The (R)-enantiomer showed a retention time of 12.2 min,

whereas Example 20A/20B (e g., (S§)-enantiomer) showed a retention time of 13.2 min.
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Example 21: ($}-3-(Z-amino-6-({I-hyvdroxyheptan-3-yhamino}-S-methoxypyrimidin-4-
vhpropanoeic acid {Compound 21)

NH

NH, Hp
g ©
- ,JJ /[\ _ HoNT "NH, NN POCH; NN
o \V G i - — i
(')\ HO OH & Ci
) G O
dimethyl 2-methoxymalonate 2-amino-S-methoxypyrimiding-4,8-diol 4 6-dichlora-5-methoxypyrimidin-2-amine
oTes
N
Etﬁ\g/\\\ By NH, i NHg oTES
i A i
O @\i HoN N /T!\"J%N :,/
-------------------------- 3 —_—— - 1 R
EtQ. NN EG N NN N
Pd{dpphiCl, YT o e N
o O o O.
athyl {£)-3-{2-amino-6-chioro-5- sthyl (8, £)-3-(2-amino-6-{{1-{{far-putyidimethylsiiyljoxylheptan-
methoxypyrimidin-4-ylacryiate 3~yllamino)-5-methoxypyrimidin-d-yhacrylaie
PUIC, Hy NTRN 2) NaOH i\?’/{“i\i -
........................ " H —— H
EEQRYN/\T/;J\NW HQW I/’ N
i H " ! H
(] O Q O
ethyl (8)-3-(2-amino-6-{{1-{(fer}- {8)-3-(2-aminc-8-((1-hydroxyheptan-3~vi}amino}-5-
butyidimethyisitylloxyiheptan-3-yilamino)-3- mathoxypyrimidin-d-yhpropancic acid
meathoxypyrimidin-4-yhipropancale
[60532] The title compound can be prepared according to the steps of Example 15.
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Example 22: (8)-5-(3-((2H-tetrazol-5-ymethyi)-2-methoxybenzyl)-6-methyl-N'-(1-
{methylthio)heptan-3-vl)pyrimidine-2,4-diamine (Compound 22)

{8}-1-{mathylthiojheptan-3-aming

%/
NHz < W 87
= : . A
Ff,/“N HANT N NN 7 S0CH,
5 - I\.///L\C! o /fo/l\ﬁ/\/’\/ ...................... -
Mea”li\;,/"\j:" DIEA, NMP Meafﬂ\ﬁ’
N OMe 7 OMe
methyt 3-((2-amine-4-chioro-6- methyl (5)-3-({2-amino-4-methyl-5-({(1- {S}{3~{{2-aming-4-methyl-8-{{1-
methylpyrimidin-S-yi)methyl)- {mathylthiojheptan-3-yhamino)pyrimidin- {methyithio}heptan-3-yijaminoipyrimidin-g-
4~-methoxybenzoaia B-ylimethyli-4-methoxybenzoate yiimethyi}-4-methoxyphenyiimethancl
NHg $‘/ NH, j/' /;ﬁag g
A A P
PaCH N;/QN £ THSN, "E L
i \\/’\v/ ! \f’ ﬁ/\/’\// B N/\\/’\ﬂ./
(A/‘ NC/\T:/\\\ g N,-/ \L
Ohe N ome “Some
{8)-5-(5-{chloromethyi-2-methoxybenzvi}- (Sr2-(3-{{2-amino-4-methyl-8-{{1- {8)-5-(5-{(2H-tetrazol-5-ymethyi)-2-
G-methyl-N4-(1-(methyithio)heptan-3- {methylthio}heptan-3-yllaminc)pyrimidin- methoxybenzyl)-6-methyi-Né-(-

AR o 5yt 1y ¥
yipyrimidine-2,4-diamine Sylimethyl)-4-methoxyphenyljacetonitrie {methyithiojheptan-3-yijpyrimidine-2 4-diamine

Chemical Formula: CagMagNOS
Exact Mass: 470.28

Step 1: methyl (53-3-{(2-amino-4-methyl-6-{{1-(methylthietheptan-3-

yhamino)pyrimidin-3-ylmethyl)-4-methoxybenzoate

180533} A mixture of methyl 3-((2Z-amino-4-chloro-6-methylpyrimidin-S-ylymethyl)-4-
methoxybenzoate (1.0 eq, from Example 3B — Step 4) 10 NMP (0.8M), (8)-1-
{methylthio}heptan-3-amine (1.0 eq, prepared by following procedures reported in
WO2014/128189, pg 8, compound D) and DIEA (3.0 eq) was stirred for 48 h at 120 °C under
N> atmosphere. The reaction was allowed to cool, diluted with EtOAc, washed with water
and brine. The organic layer was dried over NapSO4, concentrated and purified by column
chromatography on silica gel (eluent 0-5% MeOH in DCM) to give the title compound.

Step 2: ($)-(3-{(2-amino-4-methyl-6-({1-(methylthio)heptan-3-yl)amino)pyrimidin-S-
yhmethyl}-4-methoxyphenylmethanol

100534} To a stirred solution of methyl (5)-3-((2-amino-4-methyl-6-((1-
{methylthio)heptan-3-ylanuno)-pyrimidin-S-yhmethyl)-4-methoxybenzoate (1.0 eq) in THF
{0.18M) was added dropwise of 2.5M LiAlH4 (2.0 eq) at 0°C. The reaction was stirred at 1.t
for 1 h before it was quenched with EA and IN NaOH. The mixture was filtered, and the

filtrate was partitioned between EA/water. The organic laver was dried over Na>50q4,
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concentrated and purified by column chromatography on silica gel (eluent 0-5% MeOH in
DCM) to give the title compound.
Step 3: (8)-5-(5-(chloromethyi)}-2-methexybenzyl})-6-methyl-N'-(1-(methyithioheptan-3-

yi)pyrimidine-2,4-diamine

{00535] To a stirred solution of (8)-(3~{((Z-amino-4-methyl-6-((1-{(methylthio)heptan-3-
vhamino}-pyrimidin-5-ylimethyl)-4-methoxyphenyhmethanol (1.0 eq} in DCM (0. 1M} was
added SOCL; (5.0 eq) at rt. The resulting mixture was stirred at 1t for 2 h before it was
quenched with sat. NaHCG;. The mixture was partitioned between DCM/water. The organic
layer was dried over NaySO4 and concentrated to give the title compound.

Step 4: (53-2-(3-{{Z-amino-4-methyl-6-({1-(methylthiojheptan-3-yDamino}pyrimidin-5-

vhmethyl}-4-methoxyphenyljacetonitrile

{00536} To a stirred solution of (8§)-3-(S-(chioromethyl)-2-methoxybenzyl)-6-methyl-
N*-(1-(methylthio)-heptan-3-yl)pyrimidine-2,4-diamine (1.0 eq) in 1:1 DMSO/DMEF (0. 1M)
was added NaCN (3.0 eg). The mixture was stirred at rt for 16 h before it was quenched with
sat. NaHCO;. The mixture was partitioned between EA/water. The organic layer was dried
over Nax804, concentrated and purified to give the title compound.

Step 5: (8)-5-(5-{(2H-tetrazol-5-ymethyl)-2-methexybenzyl)-6-methyl-N*-(1-

{methylthio)-heptan-3-yvijpyrimidine-2,4-diamine

{00537} A mixture of (8)-2-(3~({2-amino~-4-methyl-6-(( 1 -(ruethylthio theptan-3-
yhamino jpyrimidin-5-yhmethyl}-4-methoxyphenylacetouniirile (1.0 eq) in dioxane (0.15M)
was added TMSN; (10.0 eg), BuxSnO (2.0 eq), and stirred overnight at 120 °C. The mixture
was concentrated and purified by prep-HPLC (mobile phase CH:CN/H (O HCOOH), freeze-

dried to give the title compound as a white powder (formic acid salt).

[00538] LOMS: [M+H] =471 .3
[00539] 'H NMR (400 MHz, DMSO) 8 7.03 (d, /= 8.4 Hz, 1H), 6.92(d, J=8.4 Hz,

1H), 6.79 (s, TH), 6.44 (s, 2H), 6.24 (d, J = 8.8 Hz, 1H), 4.25-4.22 (m, 1H), 4.00 (s, 2H), 3.82
(s, 3H), 3.64 (s, 2H), 2.29-2.27 {m, 2H), 2.08 (s, 3H), 1.95 (s, 3H), 1.68-1.64 (m, 2H), 1.44-
1.34 (m, 2H), 1.19-1.16 (m, 2H), 1.12-1.02 (m, 2H), 0.78 (¢, ./ = 7.2 Hz, 3H).
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Example 23: (8)-5-(3-((2H-tetrazol-5-ymethyi)-2-methoxybenzyl)-6-methyl-N*-(1-
{methylsulfonylheptan-3-yipyrimidine-2,4-diamine (Compound 23)

OXoNe f . H

;N\-
HN
n=N "Ohde
{8)-5-(5-{{2H-tetrazol-5-vi)methyl)-2-methoxybenzyl)-6-methyl-N4-{1~ (8)-5-(5-{{2H-tatrazol-B-yiimathy))-2-
{methylthiclheptan-3-yiipyrimidine-2, 4-diamine methoxybenzyl}-8-methyl-N*-(1-

{methyisulfonyheptan-3-ylipyrimidine-2 4-diamine
Charmnical Formula: CaghaaNg0sS
Exact Mass: 502.25

160540] To a stirred solution of (8)-5-(5-((2H-tetrazol-5-ylymethyl)-2-methoxybenzyl)-
6-methyl-N*-{1-(methylthio}heptan-3-yl)pyrimidine-2 4-diamine (1.0 eq, Example 22) in
acetone (0.02M) was added oxone (2.0 eq) at rt. The resulting mixture was stirred at 1. for 3
h before it was filtered and purified by prep-HPLC {mobile phase CH;CN/HO/HCOCGH),
freeze~-dried to give the title compound as a white powder (formic acid salt).

{60541} LCMS: [M+H]" =503 3

{60542} "H NMR (400 MHz, DMSO}$ 7.05(d, /=84 Hz, 1H), 6.93(d, /=84 Hz,
TH), 6.76 (s, 1H), 6.47 (s, 2H), 638 (d, /= 6.4 Hz, 1H), 425-4 23 (m, 1H), 4.04 (s, 2H), 3.82
(s, 3H), 3.66 (s, 2H), 3.01-2.85 (m, SH), 2.05 (s, 3H), 1.92-1.90 (m, 1H), 1.81-1.80 (m, 1H),
1.49-1.34 (m, 2H), 1L18-1.15 (m, 2H), 1.11-0.99 (m, 2H), 0.77 (, /= 7.2 Hz, 3H).

Example 24: (3-((2-amino-4-(butylamine}-6-methylpyrimidin-S-yhmethyi)-4-
methoxyphenyliborenic acid (Compeound 24)

44,44 555 5 -ootamethyl-
2,2-bi{1,3,2-dioxaborolang)}

i?ng NHg /Ti.;?
A ;f BB /E A
N NN Bu(OH);

i i
D T g 'O /\/’\N/’\/’\\ _— = OH /J\/
i H
By, PR PadophiCly B A P HOLMeOH B
S ome A onte /L
5-(B-bromo-2-mathoxyhenzyl-- NA-butyh-5-(2-methoxy-5-(4,4,5,5- {3-{(2-amino-4-(butylaming)-8-methyipyrimidin.
buiyh-g-methyipyrimidine-2,4-digmine tetramethyl-1,3,2-dioxaborolan-2- Syimsthyl)-4-methoxyphenylinoronic acid
yibenzyh-8-methylpyrimidine-2,4-diamine Charmical Formula: Ci7HaBNO,

Exact Mass: 344.20
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Step 1: N-butyl-5-(2-methoxy-5-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-yl)benzyl}-6-

methylpyrimidine-2,4-diamine

{00543] A mixture of 5-(5-bromo-2-methoxybenzy}-N*-butyl-6-methylpyrimidine-
2,4-diamine {1.0 eq, from Example 11 — Step 5) in dioxane (0.03M), 4,4,4' 4,5 5,5 5'-
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.2 eq), KOAc (3.0 eq), and Pd{dpphHClhy (0.1 eq)
was stirred at 90 °C for 4 h. Then the mixture was filtered and the filtrate was concentrated
under reduced pressure to give the crude product, which was purified by column
chromatography on silica gel (eluent: 0-5% MeOH in BCM) to give the title compound as a
white solid.

Step 2: (3-{(2-amino-4-(butylamine}-6-methyipyrimidin-S-yDmethyl)-4-methoxyphenyl)-

boronic acid

{00544] To a mixture of N*-butyl-5~(2-methoxy-5-(4,4,5,5-tetramethyi-1,3,2-
dioxaborolan-2-ylbenzyl}-6-methylpyrimidine-2, 4-diamine (1.0 eq) in MeOH (0.05M) was
added 'BuB(OH)2 (2.0 eq) and 6N HCI (1/10% of total reaction volume). The mixture was
stirred at rt for 16 h under nitrogen atmosphere. The mixture was concentrated under reduced
pressure and purified by prep-HPLC (mobile phase: FA/H,O/CH:CN) to give the title
compound as a solid (formic acid salt).

[B0545] LCMS: [M+H]"=3453

{30546] "H NMR (400 MHz, DMSO-ds) 6 7.76 (s, 2H), 7.66 (d, .J = 7.6 Hz, 1H), 7.25
{s, IH}, 696 (d, /=80 Hz 1H), 6.76 (brs, 1H), 6.56 (br s, 2H)}, 3.86 (5, 3H}, 3.63 (5, 2H),
3.30-3.28(m, 2H), 2.06 (5, 3H), 1.44-1.41 (m, 2H), 1L18-1.15 (m, 2H), 0.82(t, J=7.2 He,
Example 25: 4-(3-{(2-amino-4-(butylamine)-6-methylpyrimidin-S-ylimethyi)-4-
methoxybenzamido)butanoic acid (Compound 25)

methyt 4-amincbutanoate
NH,

PN .
. HN COMe fz N,
i HATU, DIEA NN NaOH N
o TN "\N/\v’\\ ______________________ - ! N‘
J\ J/ H o ANGF N [N o ,./L =7 N7 NN
O Ny Y MeC AR H HO Pis H
I { e i
Lo TN YT
O o ~7 ome
3-{{2-amino-4-{buiylamino}-6- migthyl 4-(3-({2-amino-4-{outylamino)-6- 4-(3-{{2-amino-4~{butylaminc}-§-methylpyrimidin-
methylpyrimidin-S-yhmsthyl)- methylpyrimidin-5-yiimethyli-4- S-yhimethyli-4-methoxybenzamidoibutancic acid
4-methoxybenazoic acid methoxybenzamido)outanoate Chemical Formuia: Copa Ny,

Exact Mass: 429.24
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Step 1: methyl 4-(3-((2-amino-4-(butylamino}-6-methyipyrimidin-S-ymethyl)-4-

methoxy-benzamidobuianoate

{00547 A mixture of 3-({2-amino-4-(butylamino}-6-methylpyrimidin-5-yDmethyl}-4-
methoxybenzoic acid (1.0 eq, from Example 16 — Step 1} in DMF (0.06M)}, methyl 4-
aminobutanoate (1.0 eq), HATU (1.5 eq) and DIEA (4.0 eq) was stured at 50°C for 5 h. The
mixture was cooled to rt and water was added. The aqueous layer was extracted with DCM.
The combined organic layers were dried over Na;SO4 and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel {eluent:
DCM/MeCOH = 100:1 to 10:1) to give the title compound as a brown solid.

Step 2: 4-(3-((2-amino-4-(butylamino)-6-methylpyrimidin-3-ylimethyl}-4-methoxy-

benzamidoebutanoic acid

{00548] To a stirred solution of methyl 4-(3-((2-amino-~4-(butylamino)-6-
methylpyrimidin-S-ylymethyl)-4-methoxybenzamido)butanoate (1.0 eq) in MeOH (0.025M)
was added 1N NaOH (6 eq). The resulting muxture was stirred at 50 °C for 2 h. The mixture
was cooled to it and adjusted to pH 7 using IN HCI The precipitated solids were collected by

filtration and triturated with water, dried under vacuum to give the title compound as a white

solid.
[60549] LCMS: {M+H] "= 4303
{B0556] U NMR (400 MHz, DMS0O}3 0 828 (brs, IH), 770 (d, /=92 Hz, 1H), 7.29

{s, 1H), 7.02(d, /= 8.8 Hz, 1H}, 599 (brs, 1H), 5.81-5.79 (m, 2H), 3.89 (s, 3H}, 3.62 (s,
2H), 2.36-3.16 (m, 4H), 221 (t, J=T7.2 Hz, 2H), 198 (s, 3H), 1.72-1.67 (m, 2H), 1.42-1.38
{m, 2H}, 1.20-1.14 {m, 2ZH), 0.81 {t, /= 7.6 Hz, 3H).

Example 26: 5-(5-((2H-tetrazol-3-yl}methyl}-2-methoxybenzyl)-6-methyl-NV-

peniyipyrimidine-2.4-diamine (Compound 26)

§-{5-{{2H-tetrazol-B-ymethyl}-Z-methoxybenzyl)-&-
methyi-A-pentylpyrimidine-2,4-diamine
Chemical Formula: Coghl N
Exact Mass: 386.24

[00551] The title compound was prepared according to the procedures described in

Example 3, but using pentan-1-amine instead of butan-1-amine tn Step 5. The final product
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was purified by prep-HPLC {(mobile phase CH:CN/H:O/HCOOH), freeze-dried to give the
title compound as a white solid (formic acid salt).

1803521 LC-MS: [M+H]'=397.2

{B0553] "H NMR (400 MHz, DMS0)d 7.03 (d, /=88 Hz, 1H), 6.91 (d, J=8.0 Hz,
1H), 6.74 (s, 1H), 0.64 (br s, 1H), 6.48 {(br s, 2H), 3.97 (s, 2H), 3.81 (s, 3H), 3.61 (s, 2H),
3.30-3.24 (m, 2H)}, 2.04 (s, 3H), 1.46-1 40 (m, 2H), 1.29-1.21 (m, 2H), 1.20-1.39 (m, 2H),
0.83 (1, /= 6.8 Hz, 3H).

Example 27: (§)-3-(2-amino-6-({1-hydroxyheptan-3-yijaming}-5-(2-methoxybenzyi)-
pyrimidin-4-yhpropaneic acid (Compound 27}

1-{bromomethyl)-2-methoxybenzens

o
EO ~ : S
N Ao ; Br o o NH

P i i
! o i e

4-athoxy-4-oxcbutansic ackd w B0 ppmy | —mmemememe e o [
OEt fe} PN
" o NaH it
N
? QL Obde
KGO~ L\/) “OR
potassiurm 3-ethoxy-8-oxopropanoate diethyl 3-oxohexanedioate diethyl 2-{2-methoxybenzyi}-3-oxohexanadicate
{8)-3-aminoheptan-1-of
OH
?\Hz NH; E ko OH
NN POCH @ HN= NN
o . il o
HDZC/\‘/\]/LOH T HOLT TN e HO,C™ ™ ﬁ/\/\/
D o~ T
\‘%OMS Z Ohde \’/;}\QMG
3-{2-amino-8-hydroxy-5-(2- 3-{2-amino-6-chioro-8-(2- {&}-3~(2-amino-8-{{1-hydroxyheptan-3-yhamino)-
methoxybenzyllpyrimidin-4-yiipropanoic acid methoxybenzyl}pyrimidin-4- 5.(2-methoxybenzyl)pyrimidin-4-yi)propansic acid
viipropansic acid Chemical Formuia: CaaMaol O,
Exact Mass: 416.24

Step 1: diethyl 3-oxohexanedioate
[00554] To a solution of 4-ethoxy-4-oxobutanoic acid (1.0 eq) in anhydrous THF

(0.5M) at r.t. was added carbonyl di-imidazole (1.2 eq) under N;. The resulting mixture was
stirred at r.t. for I h, then MgCl (1.0eq) and potassium 3-ethoxy-3-oxopropancate (1.0 eg)
were added mnto the above solution at rt. and heated at 60°C for 2h. The mixture was filtered
and the filtration was concentrated under reduced pressure to give the crude product, which
was purified by columin chromatography on silica (eluent: PE/EA = 100:1 to 3:1) to give the

title compound as a yvellow oil.
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Step 2: diethyl 2-(2-methoxybenzyl}-3-oxohexanedioate

{60555) To a solution of diethyl 3-oxchexanedioate (1.2 eq) in anhydrous THF (1.2M)
was added 60% NaH (1.3 eq) in portions at 0 °C. After stirring for 10 min, a solution of 1-
{bromomethyi}-2-methoxybenzene (1.0 eq; from Example 15 — Step 1) in THF (1M) was
added dropwise imto above mixture. The resulting mixture was stirred at 60 °C for 16 h and
quenched with water. The mixture was extracted with EA, and the combined organic layers
were dried over NaySOs, concentrated under reduced pressure. The residue was purified by
flash chromatography on silica (eluent: PE/EA = 50:1 to 10:1) to gtve the title compound as a
yellow oil.

Step 3: 3-(2-amino-6-hydroxy-5-(2-methoxybenzyhpyrimidin-4-yhpropanoic acid

[60556] A mixture of diethyl 2-(2-methoxvbenzyl)-3-oxchexanedioate (1.0 eq) and
guanidine carbonate (1.0 eq) in MeOH (0.3M) was stired at 90 °C for 16 h. The precipitate
was collected by filtration, washed with water, and dried in vacuum to give the title
compound as a white solid.

Step 4: 3-(2-amino-6-chloro-5-(2-methoxybenzyhpyrimidin-4-yhpropaneic acid

{60557] A solution of 3-(2-amino-0-hydroxy-5-(2-methoxybenzylpyrimidin-4-
yhpropanoic acid (1.0 eq) in POCl; (0.26M) was stirred at 100 °C for 2 h under nitrogen. The
reaction was cooled to 1t and POCL was evaporated under reduced pressure. The residue was
diluted with water and the pH was adjusted to 7 by adding solid NaHCGO;. The muxture was
stirred at 50 °C for 1 h, then cooled to 1, and the precipitate was collected by filiration. The
filter cake was washed with water, dried in vacuum to give the title compound as a white
solid.

Step 5: (8)-3-(2-amino-6-{{1-hydrexvheptan-3-viaming}-5-(Z-methoxybenzyl )pyrimidin-

4-yipropanoic acid

{60558] A solution of 3~(2-amino-6-chloro-5-(2-methoxybenzy Dpyrimidin-4-
yhpropanoic acid (1.0 eq) in neat (S)-3-aminoheptan-1-ol (1.6M; prepared from J. Med.
Chem. 2016, 59, 7936—7949) was stirred at 120 °C for 2 h. The mixture was diluted with
water, and the aqueous phase was extracted with EA. The combined organic layers were
washed with 1N HCI, brine, dried over Na;SQs, and concentrated. The crude was purified by
prep-HPLC (mobile phase: NH,;OH/MeCN/H,O) to give the title compound white solid.
[60559] LOMS: {M+H] " =417.3
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{00560] 'H NMR (400 MHz, CD;0D) § 7.24 (t, J = 8.0 Hz, 1H), 7.02-6.96 {m, ZH),
6.89(t, /=72 Hz, 1H), 442-440 (m, 1H), 3.92 (s, 3H), 3.82 (s, 2H), 3.46-3.38 (m, 2H),
2.95-290(m, 2H), 248 (1, /=72 Hz, 2H}, 1.8 -1.0 (m, 8H), 0.80(t,./=7.2 Hz, 3H).
Example 28: N-(3-QCH-tetrazol-5-yhpropyl}-3-((2-amine-4-(butylamino)-6-methyl-
pyrimidin-S-yhmethyl)-4-methoxybenzamide (Compound 23)

1,3-dioxgisoindolin-2-ide

o}
F RS -
ALK
Y o] CN
o} S f HolNNH,
N7y - ﬂ P N NC7 "N,
\Y
s}
A-bromobutanenttriie 4-{1,3-dioxocisoindolin-2-yhbitanenitrile 4-amincbutanenitriie
NCT TN
2 Nz NHp
HATU, DIEA Ny TMBNg, BupSnO N/'%N
--------------------- =S | —_—
o /’L\%N"\/\ o /U\;ﬁl\N/\/\
| H 1 | H
ch/‘\//\N/u RSN IN.:#N\N,«
Ho N H
. OMa N~ OMe
3-{{2-amino-4-{butylamino}-6- 3-{(2-amino-4-(butylaming)-6-methylpyrimidin-5- N-(G-(2H-telrazol-8-yDpropyi}-3-{{2-amino-4-{butylamine)-
methyipyrimidin-&-ylimethyl}- yiimethyl}-N-{3-cvanopropyl}-4-methoxybenzamide g-methyipyrimidin-S-ymethyl}-4-methoxybenzamide
4-msthoxybenzoic acid Chemical Formula: CpolgiNgOs

Exact Mass: 453.26
Step 1: 4-(1,3-dioxociseindelin-2-yi)butanenitrile
{60561 ] A mixture of 4-bromobutanenitrile (1.5 eq) and 1,3-dioxoisoindolin-2-tde (1.0
eq) in DMF (0.3M) was stirred at 100 °C for 8 h. The mixture was filtered and the filirate was
concentrated under reduced pressure. The residue was purified by flash chromatography on
silica (eluent: PE/EA = 100:1 to 1:1) to give the title compound as a white solid.

Step 2: 4-aminobutanenitrile

{00562] A solution of 4-(1,3-dioxeisoindolin-2-ybutanenitrile (1.0 eq) in EtOH
(0.26M) was added NH:NHz-H20 (2.0 eq) and stirred at 1t for 16 h. The mixture was
concentrated, then diluted with water. The agueous phase was extracted with DCM. The
combined organic phase was dried over NapSQs, concentrated under reduced pressure to give
the title compound as a brown oil.

step 3: 3-((2-amino-4-{butylamino}-6-methylpyrimidin-S-yhmethyl}-N-3-cyvanopropyl)-

4-methoxybenzamide

{60563] A mixture of 3-((2-amino-4-(butylamino)}-6-methylpyrimidin-S-ylymethyh)-4-
methoxybenzoic acid (1.0 eq; from Example 16 — Step 1) in DMF (0.09M), 4-
aminobutanenitrile (2.0 eq), HATU (2.0 eq) DIEA (3.0 eq) was stirred at 30°C for 5 h. The
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mixture was cooled to rt, then water was added and the aqueous phase was extracted with
DCM. The combined organic phase was dried over Na:SO4, concentrated under reduced
pressure. The residue was purified by flash chromatography on silica (PE/EA=50:1to 1.2} to
give the title compound as a brown solid.

Step 4: N-(3-(2H-tetrazok-5-yljpropy)-3-{{Z-amino-4-(butylamino}-6-methylpyrimidin-

S-yhmethyl)-4-methoxybenzamide

[00564] To a stirred solution of 3-((Z-amino-4~(butylamino}-6~-methylpyrimidin-5-
yhmethvl}-N-(3-cyanopropyl)-4-methoxybenzamide (1.0 eq) in NMP {0.08M} was added
BuzSn0 (2.0 eq) and TMSN3 (10.0 eq). The resulting mixture was stirred overnight at 125 °C
under N». The mixture was cooled to rt, concentrated and purified by prep-HPLC (mobile
phase: CH3ON/H, O/ 0.1%NH4OH) to give the title compound as a solid.
160565] LC-MS: [M+H]" = 454.5
[00566] 'H NMR (400 MHz, DMSO) 6 8.45 (s, 1H), 7.74 (d, /= 8.0 Hz, 1H), 7.32 (s,
1H), 7.04 (d, ./ = 8.8 Hz, 1H), 6.57 (br s, 1H), 6.30-6.20 (m, 2H), 3.90 (s, 3H), 3.65 (s, 2H),
3.30-3.26 (m, 4H), 2.82(t, /= 7.2 Hz, 2H), 2.03 (s, 3H), 1.90 (t, /= 6.8 Hz, 2H), 1.46-1.38
{m, 2ZH), 1.23-1.12 (m, 2H}, 0.80 {t, J= 7.2 Hz, 3H).
Example 29: (8)-3-((2-amino-6-2-carboxyethyl)-5-(2-methoxybenzylipyrimidin-4-
vhiamino)heptanoic acid (Compound 29)

tert-butyl {5)-3-aminoheptanoate

L

o
,V J<
NHQ 0‘ ~ NH, G

\ N Hy, PAC Y /“0
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ethyl {E)3-{-aming-G-chioro-5-{2  fert-buiyl (8, E}-3-{(2-amino-6-(3-ethoxy-3-oxoprop-1-en-1-  tert-butyl {8)-3-{({2-amino-6-{3-ethoxy-3-oxopropyi-5-(2-

methoxybenzypyrimidin-d-ylacrylate  yI-8-{2-methoxybenzyl)pyrimidin-4-yllaminotheptanaate rethoxybenzylpyrimidin-4-yijaminc)heptanoats
X
KOH NTSH 70

{8)-3-{{2-amino-6-{2-carboxyethyl)-§-(2-
methoxybenzylpyrimidin-4-yl}amino}heplancic acid
Chemical Farmuia: CagHaoN40g
Exact Mass: 430.22
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Step 1: fert-butyl (8,£}3-3-{((2-amino-6-(3-ethoxy-3-osoprop-1-en-1-yi}-5-(2-

methoxybenzyl}-pyrimidin-4-yljamino)heptanocate

{00567 A solution of ethyl (£3-3-(2-amino-6-chloro-5-{2Z-methoxybenzylpyrimidin-4-
yliacrylate (1.0 eq, from Example 15 — Step 5) in neat fert-butyl {(§)-3-amincheptanocate
(0.6M, from Example 208 — Step 3) was stirred at 120 °C for 2 h. The reaction solution was
diluted with water, and the aqueous layer was extracted with EA. Combined organic layers
were washed with water, brine, dried over NapS(0s, and concentrated. The crude was purified
by column chromatography (DCM/MeOH=10:1) to give the title compound as a vellow solid.
Step 2: tert-butyl (8)-3-((2-amino-6-(3-ethoxy-3-oxopropyl}-5-(2-

methoxybenzylpyrimidin-4-vl)aminojheptanoate

{00568] To a solution of terf-butyl (S, £3-3-((2-amino-6-(3-ethoxy-3-oxoprop-1-en-1-
y1}-5-(2~-methoxy-benzyl)-pyrimidin-4-yhaminoyheptanoate (1.0 eq) in MeOH (0.04M) was
added Pd/C (1/3 weight equivalent). The mixture was stirred under H; atmosphere at room
ternperature for 2 h. The Pd/C was filtered off, and the filtrate was concentrated to give the
title compound as a vellow solid.

Step 3: (3)-3-{(2-amino-6-{2-carboxyethyl}-5-(2-methoxybenzyl)pyrimidin-4-yl)amino}-

heptanoic acid

100569} To a sclution of fert-butyl {5}-3-((2-amino-6-(3-ethoxy-3-oxopropyl}-5-(2-
methoxybenzyD-pyrimidin-4-ylaminojheptanoate (1.0eq) in 4:1 EtOH/H O (0.06M) was
added KOH (5.0 eq). The solution was stirred at 100°C for 3 h. pH was adjusted to 7 using
acetic acid, and the solution was concentrated and then purified by prep-HPLC {(mobile

phase: NHy;OH/MeCN/ H:0) to give the title compound as a white sohid.

[00570] LC-MS: [M+H] " =431.4
[00571] 'H NMR. (400 MHz, CD;0D) 6 7.23 (t, J= 7.2 Hz, 1H), 7.01-6.97 (m, 2H),

6.89 (1, J= 7.2 Hz, 1H), 4.61 (m, 1H), 3.91 (s, 3H), 3.82 (s, 2F), 2.94-2.92 (m, 2H), 2.47-
2.41 (m, 2FD), 1.6-0.9 (m, 8H), 0.80 (t, /= 7.2 Hz, 3H).
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Example 30: (3-(3-((2-amino-4-(butylamino}-6-methyipyrimidin-3-yhmethyl}-4-
methoxybenzamide)propyliphospheonic acid (Compound 30)

1,3-dicxoiscindolin-2-ide
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3n((2-amin_c-_dr-'(butylamina)-ﬁ- digthyl (Sl—(&((2—amina--rs-(butyiamim)--ﬁ-methy!pyrimidin— {3-{3-{{2-amino-4-(butylamino}-8-methylpyrimidin-5-
methyipyrimidin-5-yiimethyl)- S-yhimethyl)-4-methoxybenzamidojpropyliphosphonate  yhmethyl)-4-methoxybenzamido)propyfiphosphonic acid
4-methoxybenzolc acid Chemical Formula: CaqHaNgOsP

Exact Mass: 465.21
step 1: diethyl (3-(1.3-dioxoisoindolin-2-ypropyliphosphonate
180572} A mixture of diethy! (3-bromopropyliphosphonate (1.2 eq) and 1,3-
dioxoisoindolin-2-ide (1.0 eq) in DMF (0.2M) was stirred at 100 °C for 8 h. The reaction was
filtered, and the filtrate was concentrated under reduced pressure to give the title compound
as a white sohid.

step 2: diethyl (3-aminopropylphosphonate

{00573] A mixture of diethyl (3-(1,3-dioxoiscindolin-2-yhpropyliphosphonate (1.0 eq)
in EtOH (0.25M) and NH:NH; HaO (2.0 eq) was stirred at it for 16 h. The reaction was
filtered, the filtrate was poured in water, and the aqueous phase was extracted with DCM.
The organic phase was dried over Na; S04, concentrated under reduced pressure to give the
title compound as a brown oil.

Step 3: diethyl (3-(3-{(2-aminec-4-(butylamine}-6-methylpyrimidin-S-ylimethyl)-4-

methoxy-benzamido)propyliphosphonate

{60574] A mixture of 3-{(2-amino-4-(butylamino)}-6-methylpyrimidin-5-ylymethyi)-4-
methoxybenzoic acid (1.0 eq; from Example 16 — Step 1) in DMF (0.1M), diethyl (3-
aminopropylphosphonate (2.0 eq), HATU (2.0 eq) and DIEA (3.0 eq) was stirred at 50°C for
5 h under nitrogen. The mixture was cooled to tt, diluted with water, and the aqueous phase
was extracted with DCM. The organic phase was dried over Na; SOy, concentrated under

reduced pressure to give the title compound as a brown solid.
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Step 4: (3-(3-((Z-amino-4-(butylamino}-6-methylpyrimidin-3-yhmethyl}-4-methoxy-

benzamidopropyl)phoesphonic acid

{80575} A solution of diethyl (3-(3-{{Z-amino-4-(butylamino)-0-methylpyrimidin-5-
ylmethvl}-4-methoxybenzamidopropylphosphonate (1.0 eq} in DCM (0.08M) and TMSBr
(10.0 eq) was stitred overnight at rt under nitrogen. The mixture was concentrated, purified
by prep-HPLC {(mobile phase CHxCIN/H2(0/0. 1% NH4OH) to give the title compound as a
solid.

{60576} LC-MS: [M+H] =466 .4

{60577} "H NMR (400 MHz, DMSO) 6 8.59 (s, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.27 (s,
1H), 7.20 (brs, 1H}, 7.03 (d, /=84 Hz, 1H), 3.88 (s, 3H), 3.64 (s, 2H), 3.35-3 28 (m, 2H),
3.25-3.16¢(m, 2H), 2.07 (5, 3H), 1.74-1.62 (m, 2H), 1.48-1.33 (m, 4H), 1.22-1.11 (m, 2H),
0.81 ¢, J=72Hz 3H)

Example 31: 5-((5-((2H-tetrazol-5-ylymethyl}-2-methoxyphenyljthio}-N*-butyl-6-
methyipyrimidine-2,4-diamine (Compound 31}

dimethylcarbamothioic chioride
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N-butyi-5-iodo-6-
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methyt 3-((2-aminc-4-{butylamino}-6- {3-{{2-aminu-4-(butylamino)-8-methytoyrimidin-
methylpyrimidin-5-yljthic)-4-methoxybenzoate S-yhithio)-4-methoxyphenyiymethanol
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A-butyl-5-((5-{ehloromaetihyl)-2-methoxyphenyiithio)-  2-(3-{(2-amino-4-(butylamine}-E-methyipyrimidin-5-  5-{{5-{{2H-tetrazol-5-yljmethyi}-2-methoxyphenyljthic)-
B-msthyipyrimidine-2, 4-diamine yijihic)-4-methaxyphanyljacetonitriie A-butyi-6-methyipyrimidine-2,4-diamine
Chemical Formula: GigHa N8
Exact Mass: 400.18
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Step 1: methyl 3-({(dimethylcarbamothioyljoxy)-4-methoxybenzoate

{60578] To a stirred solution of methyl 3-hydroxy-4-methoxybenzoate (1.0 eq) in
DMF (0.55M) was added NaH (1.1 eq) at 0°C. The muxture was warmed to 1t and stirred for
30 min before treated with dimethylcarbamothioic chioride (1.1 eq). The mixture was stirred
overnight and partitioned between ether/water. The resulting suspension was filtered. The
solid was collected and dried under vacuum to give the title compound as a white solid.

Step 2: methyl 3-((dimethyicarbamoyljthio)-4-methoxybenzoate

{00579] Methyl 3-((dimethylcarbarnothioyboxy)-4-methoxybenzoate (1.0 eq) in
PhOPh (1M) was stirred for 16 h at 260 °C. The mixture was cocled to rt and the mixture was
purified by flash chromatography on stlica (eluent PE/EA = 100:1-2:1) to give the title
compound.

Step 3: methyl 3-mercapto-4-methoxybenzoate

{6058¢] To a stirred solution of methyl 3-({dimethylcarbamoyljthic}-4-
methoxybenzoate (1.0 eq) in THF (0.3M) was added MeONa (2.0 eq) at rt. The resulting
mixture was stirred at 60 °C for 2 h. The mixture was cooled down to 1t and quenched with
1IN HCL The mixture was partitioned between EA/water. The organic phase was dried over
NazS0O4 and concentrated and purified by flash chromatography on silica (eluent PE/EA =
100:1~5:1} to give the title compound.

Step 4: methyi 3-({Z-amino-4-(butylamins}-6-methyipyrimidin-5-yljthio)-4-methoxy-

benzoate

{00581} A mixture of methyl 3-mercapto-4-methoxybenzoate (1.0 eq) in dioxane
(0.3M), N-butyl-5-iodo-6-methylpyrimidine-2,4-diamine (1.5 eq), C2COs (2.0 eq), Cul (2.0
eq) was stirred overnight at 100 °C. The mixture was partitioned between EA/NH4OH. The
organic layer was washed with brine, dried over NaxSOy, concentrated and purified by flash
chromatography on silica {eluent PE/EA = 100:1~1:1} to give the title compound.

Step 5: (3-((Z-amino-4-(butylamine)-6-methylpyrimidin-5-yi)thio)-4-methoxyphenyl}-
methanol

{00582} To a stirred solution of methy! 3-({2Z-amino-4-(butylamino}-6-
methylpyrimidin-5-yhithio)-4-methoxybenzoate (1.0 eq) in THF (0.2M) was added 1M
LiAlH4 (2.0 eq) dropwise at 0 °C. The resulting mixture was stirred at O °C for 10 min and at

rt for 1 h. The mixture was diluted with EA and quenched with 2N NaOH. The mixture was
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partitioned between EA/water. The organic layer was dried over NaxS0Oyq, filtered and
concentrated to give the title compound.
Step 6: N-butyl-5-((5-{chioromethyl)-2-methoxyphenyljthio)-6-methylpyrimidine-2,4-

diamine

{00583] To a stirred solution of (3-((2-amino-4-(butylamino }-o~-methylpyrimidin-5-
vhthio}-4-methoxyphenyhmethanc! (1.0 eq) in DCM (0.2M) was added SOCL: (2.0 eq) at 1t
under Nz, The mixture was stitred at 1t for 1 h. The mixture was partitioned between DCM
and saturated aqueous NaHCO;. The organic layer was dried over Na>SQOq, filtered and
concentrated to give the title compound.

Step 7: 2-(3-((2-amino-4-(butylamine}-6-methylpyrimidin-3-yiithio}-4-

methoxyphenyl)acetonitrile

{00584] A mixture of N*-butyl-5-({5-(chloromethyl}-2-methoxyphenyl)thio)-6-
methylpyrimidine-2 4-diamine (1.0 eq) in 1.1 DMSO/DMF (0. 1M) and NaCN (3.0 eq) was
stirred overnight at rt. The mixture was partitioned between EA/water. The organic layer was
dried over NaxSQy, filtered, concentrated and purified by flash chromatography on silica
{eluent 0-5% MeOH in DCM) to give the title compound.

Step 8: 5-{(3-((2H-tetrazol-S-ymethyl)-2-methoxyphenyljthio)}-N'-butyl-6-

methylpyrimidine-2,4-diamine

{00585] A mixture of 2-(3-((Z-amino-4-(butylamino }-o~-methylpyrimidin-5-ythio)-4-
methoxyphenylacetonitrile (1.0 eq) in NMP {¢. 1M}, BuSnO (2.0 eq), and TMSN;3 (10.0 eq)
was stirred for 3 h at 120 °C under Na. The mixture was cooled down to tt and the mixture
was concentrated and purified by prep-HPLC (mobile phase CH:CN/HO/NH4OH), freeze-
dried to give the title compound as a white powder.

[00586] LCMS: [M+H]" = 401 4

{G0587] H NMR (400 MHz, DMSO) & 7.03-6.92 (m, 2H), 6.46-6.42 (m, 2H), 6.39 (s,
2H), 4.06 (s, 2H), 3.83 (s, 3H), 3.26-3.21 (m, 28D, 2.14 (s, 3H), 1.39-1.32 (m, 2H), 1.17-
1.1.10 (m, 2H), 0.81 (t, /= 7.2 Hz, 3H).
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Example 32: ($)-5-(5-((2H-tetrazol-5-ymethyl)-2-methoxybenzyl)-N-(1-
methoxyheptan-3-yh)-6-methylpyrimidine-2.4-diamine (Compound 32)

{S)-1-meathoxyheptan-3-amine

O/
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methyl 3~{{2-amino-4-chioro-6- {3-((2-amino-4-chioro-6- {S){3-{{2~amino-4-{{1~methoxyhepan-
mathylpyrimidin-S-yiimethyi)-4- methylpyrimidin-G-yiymethyi)~ 3-yhamino}-8-methyipyrimidin-S-
methoxybenzoale 4-methoxyphenyiimethanol yiimethyl-4-methoxyphenylimethanol
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8)-5-(5-{chioromethyl}-2-methoxybenzyl)- (S)2-(3-({2-amino-4-{{1-methoxyheptan-3- {8)-5-{5-{{2F-tetrazol-5-yi)methyl}-2-
l Y XYENZy:

NA-{ 1-mothoxyheptan-3-yi)-6- yi)aminog;gg—&igg;gﬁ?gg?{-;3{;!35:@1hy!) 4 mathoxybenzyl)-N4-(1-methoxyheptan-3-
methylpyrimidine-2,4-diamine ’ yhi-8-methyipyrimidine-2.4-diaming

Chemical Formular CogHaaNgOs
Exact Mass: 454.28

Step 1: (3-{(Z-amino-4-chloro-6-methylpyrimidin-S-yhmethyl)-4-

methoxyphenyhmethaneol

{00588] To a solution of methyl 3-((Z-amino-4-chloro-6-methylpyrimidin-5S-
yhmethvl}-4-methoxybenzoate (1.0 eq, from Example 3B — Step 4) in THF (1.6M) was
added LiAlH; (3.0 eqg) at r.t. The reaction was stirred at rt. for 2 h. The reaction solution was
diluted with water. The aqueous layer was extracted with DCM. The organic layer was
washed with water, brine, separated, dried over Na;SQs, and concentrated to give the title
compound as a pale solid.

Step 2: (8)-3-(Q-amino-4-{{1-methoxyheptan-3-yljamino}-6-methylpyrimidin-5-
yimethyl})-4-methoxy-phenylimethanol

{60589] A mixture of (3-((2-amino-4-chloro-6-methylpyrimidin-5-yimethyl}-4-
methoxyphenylmethanol (1.0 eq) in NMP (0.4M) and (5)-1-methoxyheptan-3-amine (2.0 eg)
was stirred at 120 °C for 16 h under nitrogen. The reaction solution was diluted with water.
The aqueous phase was extracted with EA. The organic layer was washed with water, brine,
dried over Nax504, and concentrated. The crude was puritied by column chromatography

{DCM/MeQOH=50:1) to give the title compound as a vellow solid.
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Step 3: (8)-5-(5-(chioromethyl}-2-methoxybenzyD)-N'-(1-methoxyheptan-3-y1})-6-

methylpyrimidine-2,4-diamine

{6059¢] To a stirred solution of (§)-(3-((Z-amino-4-({1-methoxyheptan-3-ylamino)-6-
methylpyrimidin-S-ylimethyl)-4-methoxy-phenyiymethanol (1.0 eq) in DCM (0.3M) was
added SOCHL (2.0 eq) dropwise. The resulting mixture was stirred at 20 °C for 1 b, then
quenched with H;0. The mixture was partitioned between DCM/water. The organic layer
was separated, dried over NapSQOy, filtered, and concentrated to give the title compound as a
brown oil.

Step 4: ()-2-(3-({2-amino-4-({1-methoxyheptan-3-yijamino}-6-methylpyrimidin-5-
yhmethyl}-4-methoxyphenyljacetonitrile

{60591} A mixture of (8)-5-(5-(chloromethyl}-2-methoxybenzyl}-A*-(1-
methoxyheptan-3~-yh-6-roethylpyrimidine-2,4~diamine (1.0 eq) in DMSO (0.4M) and KCN
(3.0 eq) was stirred at 80 °C for 4 h, then cooled to rt. Water was added, and the sclution was
extracted with DCM. The organic phase was dried over Na; S04, concentrated, and purified
by column chromatography (DCM/MeOH=40:1} to give the title compound as a white solid.
Step 5: ()-5-(5-((2H-tetrazol-5-ymethyl}-2-methoxybenzyl)-N'-{1-methoxyheptan-3-
yh-6-methylpyrimidine-2,4-diamine

YLD

100592] To a stirred mixture of (8)-2-(3-{(Z-amino-4-{( 1-methoxvheptan-3-vhamino)-
6-methylpyrimidin-3-yhmethyl)-4-methoxyphenyhacetounttrile (1.0 eq) in dioxane (0.2M)
and Bu;SnQ (2.0 eq) was added TMSN; (10.0 eq). The resulting mixture was stirred at 110
°C for 4 h under Na, then cooled down to r.t. The mixture was concentrated and purified by
prep-HPLC (mobile phase 0.1%NHyH,O/CH;CN) to give the title compound as a solid.
100593] LC-MS: [M+H] = 4554

[80594] 1 NMR (400 MHz, CDCL) 6 6.86 (s, 1H), 6.84 (d, J = 8.4 Hz, 1H), 6.50(d, ./
=84 Hz, 1H), 4.28-4.23 (m, 3H), 3.90 (s, 3H), 3.58 (s, 2H), 3.19-3.16 (m, 2H), 314 (s, 3H),
2.50 (s, 3H), 1.83-1.81 {m, 1H)}, 1.59-1.06 (m, TH), 0.83 {t, /= 7.2 Hz, 3H}.

184



WO 2018/106606 PCT/US2017/064541

Example 33: (5)-2-(3«((C-amino-4-methyl-6-((1 -(methylthio}heptan-3-
vhamino}pyrimidin-S-ylimethyi)-4-methexyphenyl}-2-methylpropansic acid

{(Compound 33}

{8}-1-{methyithio}haptan-3-aming
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2u{Bef{2-aming-4-chioro-8- {S)-2-{3-{(2-aming-4-methyl-8-({1- {8)-2-{3~{{2-amino-d-methyl6-({1-{mathyithic}heptan-
methylpyrimidin-S-ylmethyh-4- (methyithiojheptan-3-yhaminojpyrimidin-5- 3-yiyamino)pyrimidin-S-yimethyl-4-methoxyphenyl}-2-
methoxyphenyl)-2-methyloropanenitrile yiimethyl}-4-methaxyphenyl)-2-methyipropanenitrile methylpropanoic acid

Chemical Formuia: Coghash 0.8
Exact Mass: 474.27

Step 1t (8)-2-(3-({Z-amino-4-methyl-6-({1-(methylthiotheptan-3-yllamine )pyrimidin-5-
yhmethyi}-4-methoxyphenyi)-2-methylpropanenitrile

{60595] A mixture of 2-{3-({Z-amino-4-chloro-¢-methylpyrimidin-5-ylymethyl}-4-
methoxyphenyl)-2-methylpropanenitrile (1.0 eq, from Example 9 — Step 8) in NMP (0.6M),
(8)-1-{methylthio}heptan-3-amine (1.5 eq; prepared by following procedures reported in
WQO2014/128189, pg §, compound D) and DIEA (3.0 eq) was stirred at 120 °C for 48 h.
Water was added to the mixture, and it was extracted with EtOAc. The organic layer was
dried over Na:SOq and concentrated under reduced pressure. The residue was purified by
flash chromatography on silica (eluent: DCM/MeOH = 100:1~20:1) to give the title
compound as a brown oil.

Step 2: (85)-2-3-((Z-amino-4-methyl-6-({1-(methylthiojheptan-3-vllamino)pyrimidin-5-
yhmethyl)-4-methoxyphenyl)-2-methyipropanocic acid

{60596] To a stirred solution of (8)-2-(3-((2-amino-4-methyl-6-({ 1 -(methyithictheptan-
3-yhamino)pynimidin-5-ylmethyl}-4-methoxyphenyl)-2-methylpropanentride (1.0 eqy in 1.1
ethane-1,2-diol/H, O (0.1M) was added KOH (10eq) and heated in a sealed tube at 150 °C for
16 h. The mixture was acidified by TN HCI solution to pH = 2-3 and filtered. The filtrate was
purified by prep-HPLC (mobile phase CH3;CN/HO/NH3H20), then freeze-dried to give the
title compound as a white sohid.

1605971 LC-MS: [M+H] =4753

{60598] "1 NMR (400 MHz, DMSO-ds) 6 7.14 (dd, J= 8.4, 2.0 Hz, 1H), 6.91(d, /=
&8 Hz, 1H}, 6.86 (s, 1H}, 591 (brs, 2H), 572 (d, /=92 Hz, 1H), 425-4.15 (m, 1H), 3.82
(s, 3H}, 3.62 (5, 2H), 2.31-2.25 (m, 2H), 2.02 (s, 3H), 1.95 (5, 3H), 1.70-1.52 (m, 2H), 1.44-
1.34 (m, 2H), 1.31 (5, 6H), 1.25-1.05 (m, 4H), 0.78 (, /= 6.8 Hz, 3H).
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Example 34: ($)-5-(2-methoxy-5-(2H-tetrazol-5-vi)benzyl)-6-methyl-N*-(1-
{methylthio)heptan-3-vi)pyrimidine-2,4-diamine (Compound 34)
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{8)-5-{2-methoxy-B-2MH-istrazol-5-yiibenzyl}-6-methyl-
A1 -(methylthiojheptan-3-ylipyrimiding-2 4-diamine
Chemical Formula: CeptaN,08
Exact Mass: 458.24
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Step 1: 4-methoxy-3-methylbenzonitrile

{00599] A mixture of 4-bromo- l-methoxy-2-methylbenzene (1.0 eq) in DMF (1M),
Zo{CNY (1.5 eq), Pda(dba): (0.02 eq) and S-phos (0.05 eq) was stirred at 80 °C for 16 h. The
resulting mixture was concentrated and purified by column chromatography on silica gel
{eluent PE/EA = 100:1~20:1} to give the title compound.

Step 2: 3-(bromomethyl}-4-methoxybenzonitrile

{60600] A mixture of 4-methoxy-3-methylbenzonitrile (1.0 eq) in CCly (0.7M), NBS
(1.1 eq) and AIBN (0.1 eq) was stirred at 95 °C for 16 h under nitrogen. The resulting
mixture was concentrated and partitioned between DCM and water. The organic layer was
dried over Na:S0, concentrated, and purified by column chromatography on a silica gel
{eluent PE/EA = 100:1-20:1) to give the title compound as a white solid.

step 3: ethyl 2-(S-cyano-2-methoexybenzyl}-3-oxobutancate

100601} To a solution of 3-(bromomethyl)-4-methoxybenzonitrile (1.5 eq) in THF
{0.6M) at 0 °C was added portion-wise 60% NaH (1.5 eq) under N2, The resulting suspension
was stirred at 0 °C for 10 min, then a solution of ethy! 3-oxobutanocate (1.0 eq) in THF (1M)

was added drop-wise over 10 min at 0 °C. The resulting mixture was stirred at 70 °C for 15 h
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The reaction was cooled to rt., and ice water was added. The mixture was extracted with
ethyl acetate. The organic layer was dried over NaxSO4, concentrated and purified by column
chromatography on silica gel (eluent PE/EA = 50:1~5:1) to give the title compound as yeliow
oil.

Step 4: 3-((Z-amino-4-hydroxy-6-methyipyrimidin-5-yhmethyl)-4-methoxybenzoniirile

{00602] To a solution of ethyl 2-(5-cyano-2-methoxybenzyl)-3-oxobutancate (1.0 eq)
in MeOH (0.7M) was added guanidine carbonate (1.0 eq). The resulting mixture was sturred
at 70 °C for 16 h. The mixture was concentrated, and the residue was suspended in EtOAc
and then filtered. The filter cake was washed with water and EtOAc. The resulting solid was
coliected and dried under vacuum to give the title compound as a white solid.

Step 5: 3-((2-amino-4-chloro-6-methylpyrimidin-S-ylmethyl}-4-methoxybenzonitrile

{00603 The suspension of 3~-({2-amino-~-4-hydroxy-6-methylpyrimidio-S-yhmethyl)-4-
methoxybenzonitrile (1.0 eq) in POCLh (0.3M) was stirred at 100 °C for 16 h. The reaction
mixture was cooled to rt., and solvent was evaporated under reduced pressure. The residue
was diluted with water, and pH was adjusted to 7 using solid NaHCOs. The precipitate was
coliected by filtration, and the filter cake was washed with water and EtQAc, dried under
vacuum to give the title compound.

Step 6: (9)-3-((Z-amino-4-methyl-6-((1-(methylthio}heptan-3-yliamine)pyrimidin-5-

yvhmethyi}-4-methexybenzonitrile

{60604] A mixture of 3-((2-amino-4-chloro-0-methylpyrimidin-5-ymethyl -4~
methoxybenzonitrile (1.0 eq) in NMP (0.3M) and (8)-1-{methylthioyheptan-3-amine (1.5 eq,
prepared by following procedures reported in W(2014/128189, pg 8, compound D) was
stirred at 150 °C for 4 h under nitrogen. The reaction solution was diluted with water, and the
aqueous phase was extracted with EA. The organic layer was washed with water, brine, dried
over Nax8QO4, and concentrated. The crude was purified by column chromatography
(DCM/MeOH=50:1) to give the title compound as a yellow solid.

Step 7: (8)-5-(2-methoxy-5-(2H-tetrazol-5-ylybenzyl)-6-methyl-N*-(1-
{methyithio)heptan-3-yhpyrimidine-2.4-diamine

{60605] To a stirred mixture of (§)-3-((2-amino-~-4-methyl-6-{{1-(methvlthicjheptan-3-
yhaminopyrimidin-S-yhmethyh)-4-methoxybenzonitrile (1.0 eq) in dioxane (0.4M}, BuxSnO
(2.0 eq) was added TMSN; (10.0 eq). The resulting mixture was stirred at 110°Cfor4 h

187



WO 2018/106606 PCT/US2017/064541

under No. The mixture was cooled to r.t., and the mixture was concentrated and purified by
prep-HPLC (mobile phase 0. 1% NH:H,O/CH;5CN) to give the title compound.

|00606] LO-MS: [M+H=457.3

160607] 'H NMR (400 MHz, DMSO-ds) 6 7.82 (d, /= 8.8 Hz, 1H), 7.50 (s, 1H), 7.07
(d, J=8.4 Hz, 1H), 6.55 (br, 3H), 4.28-4.26 (m, 1H), 3.89 (s, 3H), 3.73 (s, 2H), 2.27 (1, J =
7.6 Hz, 2H), 2.14 (s, 3H), 1.88 (s, 3H), 1.67-1.65 (m, 2H), 1.41-1.39 (m, 2H), 1.12-1.04 (m,
4H}y, 0.69 (t, /= 6.8 Hz, 3H}.

Example 35: (83-(3-(3«{(2-amino-4d-methyl-6-{{1-(methyithio}heptan-3-
vhamino)pyrimidin-5-yhmethyl}-4-methoxybenzamido)propyl)phosphenic acid
{Compound 358}

{8)-1-(methyithio}heptan-3-aming

Z0Me

methyl 3-{{2-aming-4-chioro-6- methyl (5)-3-{(2-amino-4-methyl-6-{{1- {S)-3-{(2-aming-4-mathyh§-{(1~
methyipyrimidin-8-ylimethyi}-4- {methyithiojhepian-3-yljamino)pyrimidin-&- {methyithis)heptan-3-yi}amino)pyrimidin-
methoxybenzoate yiimethyl)-d-methoxybenzoate S-yhimethyl-4-methoxybenzoic acid

diethy! (3-
amingpropyliphosphonats - -
=0 NH; 8 NHp ?
(SO SN P i
R NHa NI /I N)‘\'N I
EtG © i i\ : TMSBY ! :
— . o /'\I?'// ﬁ/\\/’\\// _— 0 P = g/\v/\\/’
EtO._ o~y ' HO.. 4
HATU, DIEA EO’F%}:) ~ ﬁw ,E,\\/\\/’\m)\/:j\/
2t L i HO O ¢
SN ome S oMe
disthy! {S)-(3-{3-{(2-aminc-4-methyl-8-({1- {8)-(3-{3-{(2-aminc-4-methyl-&-({(1-{methyithin}hepian-
{methyithio)heptan-3-yllamincjpyrimidin-S-ylimethyl)- 3-yhaminopyrimidin-S-yhimethyl)-4-
4-methoxybenzamidolpropyllphesphonate methoxybenzamido)propyl)phosphonic acid

Chemical Formuia: CggHagN:O5PS
Exact Mass: 553.25
Step 1: methyl (5)-3-((2-amino-4-methyl-6-((1-(methylthiotheptan-3-

yviamino}pyrimidin-S-ylimethyl}-4-methoxybenzoate

{00608] A mixture of methyl 3-((2-amino-4-chloro-6-methylpyrimidin-S-yhmethyl)-4-
methoxybenzoate (1.0 eg, from Example 3B — Step 4} in NMP (0.16M) and (5)-1-
{methyithio)heptan-3-amune (1.5 eq, prepared by following procedures reported in
WO2014/128189, pg 8, compound D) was stirred at 150 °C for 4 h under nitrogen. The

mixture was diluted with water. The aqueous phase was extracted with EA. The organic layer
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was washed with water, brine, dried over Na:SO4, and concentrated. The residue was puritied
by column chromatography (DCM/MeOH=50:1) to give the title compound as a yellow solid.
Step 2: (8)3-3-((2-amino-4-methyl-6-((1-(methylthio}heptan-3-yhamine)pyrimidin-5-

yiymethyl}-4-methoxybenzoic acid

100609] A mixture of methyl (8)-3~((2-amino-4-methyl-6-((1-(methylthio)heptan-3-
vhamino pyrimidin-S-yhmethyl)-4-methoxybenzoate (1.0 eq) in 1:1 EtOH/H20 (0.02M} and
NaOH (10.0 eq) was stirred at 70°C for 16 h. The mixture was neutralized using 1N HClL and
the resulting suspension was filtered. The filter cake was washed with water to give a solid
which was dissolved in MeCN/HLO. 4N HCldioxane was added, and the resulting solution
was freeze-dried to give the title compound as a white solid.

Step 3: diethyl ($)3-(3-(3-{(2-amino-4-methyl-6-{{(1-(methylthio}heptan-3-

yhamino)pyrimidin-3-yDhmethyl-4-methoxybenzamido)}propyl)phosphonate

100610 A mixture of (8)-3-{(2-amino-4-methyl-6-({1-(methylthio}heptan-3-
yhaminopyrimidin-3-yhmethyl)-4~-methoxybenzoic acid (1.0 eq) in DMF (0.1M), diethyl (3-
aminopropylyphosphonate (1.1eq, from Example 30 — Step 2), HATU (1.5 eq) and DIEA (2.0
eq) was stirred at 30°C for 16 h. The mixture was cooled to rt., and water was added. The
mixture was extracted with DCM. The organic phase was dried over Nax5QOy4, concentrated
under reduced pressure to give the title compound as a colorless oil.

Step 4: (5-(3-(3-<(2-amino-4-methyl-6-((1-(methylthiotheptan-3-yhamino)pyrimidin-S-
yhmethyl)}-4-methoxyvbenzamido)propyljphosphonic acid

{00611} A mixture of diethyl {§)}-(3-(3-{(2-amino-4-methyl-6-({1-(methylthioYheptan-
3-yhamino)pyrimidin-5-ylymethyl)}-4-methoxybenzamido)propyl jphosphonate {1.0 eq) in
DCM (0.05M) and TSMBr (10.0 eq) was stirred at 35 °C for 5 h under Nz, The mixture was
cooled and concentrated. The residue was purified by prep-HPLC (mobile phase
CH;CN/H2O/NH; H20) to give the title compound.

160612] LO-MS: [M+H] ™= 554.3

160613] 'H NMR (400 MHz, CDCh) 6 13.93 (s, 1H), 10.36 (s, 1H), 10.12 (s, 1H), 7.94
(d, J=8.0Hz, 1H), 7.80 (s, IH), 6.96 (d, /= 8.8 Hz, 1H), 5.94 (d, J= 8.4 Hz, 1H), 4.23-4 21
{m, 1H), 3.98 (s, 3H), 3.73-3.30 (m, 4H), 2.76 (s, 3H), 2.43-2.41 {m, 1H}, 2.05-1.80 (m, 7H),
1.70 (s, 3H), 1.55-1.20 (m, 6H), 0.86 (t, J = 4.0 Hz, 3H).

Example 36: (8)-N*-(1-(2H-tetrazol-5-yDheptan-3-y1}-5-(2-methoxybenzyl)-6-

methylpyrimidine-2,4-diamine (Compound 36)
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OH Obds N
. MsCH, Bt . KCN o TMSN,, Bup8n0
- —— 3o i — N —
SR N P NN Ph NN
Ph Ph Ph
{8)-3-(benzyl{{8}-1- {8)-3-{benzyl{{S)-1- {S)-4-(benzyli{S)-1-
ghenylathyllaminolheptan-1-of phenyisthyllaminojheptyl methanesulfonate phenylethybaminojoctanenitrile
4-chioro-&-(2-meathoxybenzyl)-
&-methyipyrimidin-2-amine
NH,
Ng /N N--RH
N—NH . non
A - i LN
Lot e o8 we Y
Y v ® oy o
S : i F i1 i
2 s Ha, PaiC e F0OMe NI
AN N N = : ]/ H
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(S)-N-banzyh-N-{{S)-1-phenylethyl)-1- (8)-1-(2H-tetrazol-5- {8)-N4-(1-(2H-tetrazol-6-yl)heplan-3-yi)-5-(2-
{2H-tetrazol-5-yiYheplan-3-amine viiheptan-3-amine mathoxybenzyl}-8-methyipyrimidine-2,4-diamine

Chemical Formula: CaqHgphD
Exact Mass: 410.25

Step 1: (8)-3-(benzyl{{$)-1-phenylethyllamino)heptyl methanesulfonate

{60614} To a stirred solution of (§)-3-(benzyl{{5)-1-phenylethyyamino}heptan-1-ol
(1.0 eq, prepared from J. Med. Chem. 2016, 59, 7936-7949) and DIEA (1.1 eq) in DCM
{0.5M) was added MsCI1(1.1 eq) at 0 °C. The resulting mixture was warmed to rt. over 3 h.
Solvent was removed, and the residue was diluted with EA. The organic layer was washed
with 1N HCl, 1IN NaQH, brine, dried and concentrated to give the title compound.

Step 20 {(8)-d-(benzyl{{5})-1-phenylethyl}amino)octanenitrile

{00615] A mixture of (5)-3-(benzyl{({S)-1-phenylethyhaminoyheptyl methanesulfonate
{1.0 eg) in DMSO (0.3M) and KCN (7.5 eq) was stirred at 30 °C for 16 h. The reaction was
diluted with water. The aqueous layer was extracted with EA. The organic layer was
separated, dried and concentrated to give the title compound as a light vellow oil.

Step 3: (8)-N-benzyl-N-{{5}-1-phenylethyl}-1-(2H-tetrazel-5-yhheptan-3-amine

{00616] A mixture of (S)-4-(benzyl((§)-1-phenylethyhaminojoctanenitrile (1.0 eq) n
dioxane (0.2M), TMSN: (2.5 eq) and BusSo0 (2.0 eq) was stirred at 120 °C in a seal tube for
18 h. The nuxture was diluted with EA and then washed with water. The organic layer was
dried and concentrated. The crude was purified by column chromatography (eluent PE:
EA=10:1} to give the title compound as a light brown otl.

Step 4: (8)-1-(2H-tetrazol-S-ylheptan-3-amine

160617] To a solution of (§)-N-benzyl-N-{{5)-1-phenylethyl-1-(2H-tetrazol-5-
yhheptan-3-amine (1.0 eq) in MeOH (0.2M} was added 50% Pd/C (0.3 wt eq) under nitrogen.
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The reaction was stirred at 40 °C under H; atmosphere for 16 h. Pd/C was filtered off] and the
filtrate was concentrated to give the title compound as a light yellow sohid.
Step 5: (8)-N'-(1-(2H-tetrazol-S-yheptian-3-y1}-5-(2-methoxybenzyl)-6-

methylpyrimidine-2,4-diamine

{006138] A solution of 4-chloro-5-(2-methoxybenzyl)-6-methylpyrimidin-2-amine (1.0
eq, from Example 41 — Step 3) in NMP (0.4M} and (8)-1-(2H-tetrazol-5-yi}heptan-3-amine
(2.0 eq) was stirred at 150 °C for 3 h under nitrogen. The reaction was diluted with water, and
the aqueous was extracted with EA. The organic layers were combined and washed with
water, brine, dried, and concentrated. The crude was purified by prep-HPLC (mobile phase
0. 1% NH:;H:O/CH3CN) to give the title compound.

{60619] LC-MS: [M+H = 4114

{60620} "H NMR (400 MHz, MeOD)Y S 7.17 (t, /= 7.2 Hz, 1), 6.96 (d, ./ = 8.8 Hz,
2H), 6.85 (t, J=7.2 Hz, 1H), 4.24-4.20 (m, 1H), 3.91 (s, 3H), 3.78-3.63 (m, 2H}, 3.19-3.16
{m, 1H), 2.72 (t, /= 8.0 Hz, 2H), 2.28 (s, 3H), 2.28-0.80 {m, 8H}, 0.77 (1, J= 7.2 Hz, 3H).
Example 37: 6-(2-(2H-tetrazol-5-yl)ethyl}-N'-butyl-5-(2-methoxybenzyl)pyrimidine-2,4-

diamine (Compound 37}

o 1-{bromomethyi}-2-methoxybenzene
NC;’/\/U“OH o~ NH
. ; \ Br NH 2
3-cyanopropancic acid ¢} ji ) -
. CDI, MgCl,, THF c o \/\ow Etﬂwk( ~agt HMNT CRHj L
e~y T 0 S T - NG OH
o o N @/\ P
KO /\OE‘r sthyl S-evano-3-oxopentanoats Ome N OMe
potassium J-ethoxy- disthyl 2-{2-methoxybenzyl) 3-{2-amino-G-hydroxy-5-(2-
3-uxopropancate 3-oxohexanedicate methoxybenzylipyrimidin-
A-yhipropaneniirile
Nk, butan-1-amine /F‘ﬁiz Ny
POCH NTSN HNTTTS NN TMSN;, BuzSn0 NTH
JE— Np/v CF o NC/A 7 ﬁ"’\w/\ ---------------------- . HN Y\\‘/'j/\h/\/’\
C spe
7~ OMe S oMe N owme
3-{2-aminc-8-chior-5-(2- 3-(2-amino-&-{butylaming)-8-{2~ B8-(2-(2H-tetrazol-5-yiethy)-N4-butyl-5-(2-
methoxybenzylipyrimidin-d-yipropanenitrila methoxybenzypyrimidin-4-vilpropanenitrile methoxybenzylipyrimiding.2, d-diamine

Chemical Formula: CyghogNaO
Exact Mass: 382.22

Step 1: ethyl 5-cyano-3-oxepentanoate

{00621} To a solution of 3-cyanopropanoic acid (1.0 eq) in THF (0.5M) was added
CDI (1.2 eq). The reaction solution was stirred at 25 °C for 1 h. MgCl (1.0 eq) and potassium

3-ethoxy-3-oxopropancate (1.0 eq) were added to the above solution and stirred at 60 °C for 2
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h. The solution was cooled to room temperature and quenched by H;O. The aqueous phase
was extracted with EA. The combined organic layer was washed with water then brine. The
organic layer was separated and dried over NaxSOy4, concentrated and purified by column
chromatography (PE/EA=31) to give the title compound as a yellow oil.

Step 2: diethyl 2-(Z-methoxybenzyl}-3-oxohexanedioate

{00622] To a selution of ethyl 5-cyano-3-oxopentancate (1.2 eq) in THF (0.3M) was
added NaH (1.3 eq) at 0°C in portions under mitrogen. The solution was stirred at 0°C for 15
min, then T-(bromomethyl}-2-methoxybenzene (1.0 eq) was added. The reaction was stirred
at 40 °C for 16 h. The reaction mixture was quenched by water. The aqueous layer was
extracted with EA. The combined organic layer was washed with water, brine, dried over
NazS04, and concentrated. The crude was purified by columu chromatography (PE/EA=5:1)
to give the title compound as a light yellow oil.

Step 3: 3-(Z-amino-6-hydroxy-5-(2-methoxybenzylpyrimidin-4-yhpropanenitrile

[00623] To a solution of diethyl 2-(2~-methoxybenzyl)-3-oxohexanedioate (1.0 eq) in
MeQOH (0.6M) was added guanidine carbonate (1.0 eq). The reaction was heated at 70 °C for
16 h under nitrogen. After cooling, the reaction solution was concentrated under reduce
pressure and added 1:1 HoW/EA. The precipitates were filtered and collected to give the title
compound as an oft-white solid.

Step 4: 3-(2-amino~-6-chloro-5-(2-methoxybenzyDpyrimidin-4d-yhpropaneniirile

{60624] A mixture of 3-(2-amino-6-hydroxy-5-(2-methoxybenzylipyrimidin-4-
yhpropanenitrile (1.0 eq) and POCI; (0.3M) was stirred at 100 °C for 2 h under nitrogen. The
reaction was cooled to room temperature and poured onto ice-water. The pH was adjusted to
7 using NaHCO; solution. The aqueous solution was extracted with EA. The organic layer
was washed with water, brine, dried over NapS8(0s, and concentrated to give the title
compound as a grey solid.

step 5: 3-(2-amino-6-{butylamine}-5-2-methoxybenzyhpyrimidin-4-yhpropanenitrile

100625 To a sclution of 3+(2-amino-G-chloro-5-(2-methoxybenzylipyrimidin-4-
ylpropanenitrile (1.0 eq) in NMP (0.16M) was added butan-1-amine (3.0 eq) and DIEA (3.0
eq). The mixture was stirred at 100 °C for 16 h under nitrogen. The reaction solution was
diluted with water and extracted with EA. The organic layer was washed with water, brine,
dried over Na;SQs, and concentrated. The crude product was purified by column

chromatography (DCM/MeOH=50:1) to give the title compound as a yellow solid.
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Step 6: 6-(2-(2H-tetrazel-3-yhethyl)-N'-butyl-5-(2-methoxybenzyl)py rimidine-2,4-
diamine

100626} To a solution of 3+(2-amino-G-(butylamino}-5-(2-methoxybenzyipyrimidin-4-
ylpropanenitrile (1.0 eq) in dioxane (0.06M} was added TMSN; (2.0eq) and BuSn0 (2.0
eq). The mixture was stirred at 120 °C for 3 h. The solution was concentrated and purified by

prep-HPLC (mobile phase: NHyHCO:/MeCN/H:0) to give the title compound as a white

solid.
160627] LC-MS: [M+H]"=383.4
[00628] 'H NMR (400 MHz, DMS8O-ds) & 7.18 (t, J = 8.4 Hz, 1H), 6.98 (d, J= 8.0 Hz,

1H), 6.81(t,/=72Hz 1H), 673(d, /=76 Hz 1H), 6.59(, J=56Hz 1H) 627 (brs,
2H), 3.84 (s, 3H), 3.65 (s, ZH), 3.30-325 (m, 2H), 3.02(t, J=7.6 Hz, 2H), 276 (1,./ =76
Hz, 2H), 1.49-1.37 (m, 2H), 1 .23-1.16 (m, 2H}, 0.83 {t, /=7.6 Hz, 3H).

Example 38: (85)-3-(2-amino-3-(2-methoxybenzyl)-6-((1-(methylthic)heptan-3-
yhaminopyrimidin-4-yipropaneic acid {Compound 38}

{(S)-1-{methylthic}heptan-3-amine

S/
NH; -
N&N HQNW

: OMe

3-(2-amino-6-chioro-8-(2- {5)-3-{2-amino-5-(2-methoxybenzyi)-6-({(1-
msthoxybenzylipyrimidin-4-yl}propanoic acid {methylihio}heptan-3-yljamino}pyrimidin-4-yhpropanoic acid
Chemical Formulda: C23H34N4038
Exact Mass: 446.24

Step 1t (83-3-(2-amino-3-(2-methoxybenzyl)-6-({(1-(methylthio)heptan-3-

yiamino}pyrimidin-4-yijpropaneic acid

{00629] A mixture of 3~(2-amino-6-chloro-5-(2-methoxybenzylpyrimidin-4-
yljpropanoic actd (1.0 eq, from Example 27 — Step 4) and neat (5)-1-(methylthio}heptan-3-
amive (4.0 eq, prepared by following procedures reported 1n W0O2014/128189, pg 8,
compound D) was stirred at 120 °C for 24 h. The reaction was diluted with water, and the
aqueous solution was extracted with EA. The organic layers were combined and washed with
IN HCL brine, dried over NaxSOy, concentrated and purified by prep-HPLC (mobile phase:
0.1% NH3 H:0/MeCN/H;0) to give the title compound as a white solid.

[00630] LC-MS: [M+H] = 4473
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{60631} "H NMR (400 MHz, Me0OD) 6 7.23 (t, /= 8.0 Hz, 1H), 7.02(d, /= 8.0 Hz,
TH), 6.97(d, J=8.0Hz, 1H), 692, /=80 Hz 1H), 441-434 (m, 1H), 3.92 (s, 3H), 3.83
(s, 2H), 293 (t,/=72Hz 2H), 249 (t, /=68 Hz, ZH), 2.25 (t,./= 7.2 Hz, 2H}, 1.96 (s,
3H), 1.76-0.90 (m, 8H), 0.81 (t, /= 7.6 Hz, 3H).

Example 39: 3-(5-((2H-tetrazol-3-ylymethyl}-2-methoxybenzyl)-6-methyl-N*-{pentan-2-

yhpyrimidine-2,4-diamine (Compound 39)

HN
OMe
5-{8-{{2H-tetrazol-5-yhmsthyl}-2-methaybenzyi}-6-
methyl-N*-(pentan-2-ylipyrimidine-2,4-diamins
Chemical Formula: CaghloagNgO
Exact Mass: 396.24

{60632 The title compound was prepared following the procedures described for

Example 3, but using pentan-2-amine instead of butan-1-amine in Step 5.

[00633] LC-MS: [M+H]'=397.4
[00634] 'H NMR (400 MHz, CDCl) 6 7.26 (d, J = 8.4 Hz, 1H), 6.92 (s, 1H), 6.85 (d, J

= 8.4 Hz, 1H), 6.49 (d,.J=6.8 Hz, 1H), 4.26 (s, 2H), 4.20-4.18 (m, 1), 3.92 (s, 3H), 3.58 (s,
2H), 2.59 (s, 3H), 1.48-1.46 (m, 2H), 1.40-1.38 (m, 2F), 1.08 (d, J= 6.4 Hz, 3H), 0.85 (t, J =
7.2 Hz, 3H).

194



WO 2018/106606 PCT/US2017/064541

Example 40: 3-(5-(8-((ZH-tetrazol-5-ylymethyl)-2-methoxybenzyl}-2-amino-6-
{butylamino)pyrimidin-4-yl}propaneic acid (Compound 40)

a
/ LiAIH, p % SOCH; e - NaCM e
R Z N NG R
WS PN oY % LS O (=
P P P

/
Ohis Obe Ohie
OMe
methy! 4-methoxy-3- {4-methoxy-3- 4-{chicromethyl)-1- 2-{4-methoxy-3-
methylbenzoats methylphenylmethanol methoxy-2-methytbenzene methylphenyf)acetonitrile

diethyt 3-oxchexanedicate

o 9 NH NHz
i ! O [e] U\ {
. . A
E0,07 OFt A NS
NES NC/\YA\\T’/\B.' E‘IQQ_CA“’/U\,/U\OE‘I HoN NiHg /\//“ ,;,k
---------------------- - LA EEE——— o j e HO,0 Y oH
oM NaH NCT S ’
2 NC
Chis
"Ohde
2~(3-(bmm0n::ethyi)-4-_ diethyl 2-(5-{cyanomethyt}-2- 3-{2-amino-5-(5-{cyanamethyl)-2-
methaxyphenyljacstonitrile mathoxybenzyl)-3-oxohexanedioate methoxybenzyi)-8-hydroxypyrimidin-4-
yhpropanoic acid
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3-(2-aming-E-chiore-8-(S-{cyanomethyi}-2- 3-(2-amino-8-(butylamino}-5-(5-{cyanomethyl}-2- 3-{5-{5-({2Htetrazol-5-yiimethyi)-2-
methoxybenzylpyrimidin-4-yi}propancic acid methoxybenzylipyrimidin-4-yl)propancic acid methoxybenzyl)-2-aming-6-

{butylaminojpyrimidin-4-yipropanocic aoid
Chemical Formuta: GpqHpaNgOy
Exact Mass: 440.23

Step 1: (4-methoxy-3-methylphenylmethanel

{00635] To a stirred solution of methyl 4-methoxy-3-methylbenzoate (1.0 eq) 1n THF
(0.6M) was added LiAlH (1.2 eq) in portions at 4°C under nitrogen. The resulting mixture
was warmed to r.t over 2 h. The mixture was quenched with aqueous Na:S0s solution. The
solution was filtered, and the filtrate was concentrated to give the title compound as a
colorless otl.

Step 2: 4-(chloromethyl}-i-methoxy-2-methylbenzene

{00636} To a stirred solution of (4-methoxy-3~-methylphenylymethanol (1.0 eq) in
DCM (1. 4M) was added SOClL (1.5 eq) at r1. under N>, The mixture was stirred at vt for b h
and then concentrated. The residue was partitioned between DCM and saturated aguecus
NaHCO;z solution. The organic laver was dried over NaySQOq, filtered and concentrated to give
the title compound.

step 3: 2-{(4-methoxy-I-methylphenyljacetonitrile

{00637} A mixture of 4-(chloromethyl)-1-methoxy-2-methylbenzene (1 O eq)in 1:1
DMSO/DMF (0.9M) and NaCN (2.0 eq) was stired for 16 h at r.t. The mixture was
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partitioned between EA and water. The organic layer was dried over Na; SOy, filtered,
concentrated and purified by flash chromatography on silica {eluent PE/EA = 100:1~20:1) to
give the title compound.

Step 4: 2-(3-(bromomethyi)-4-methoxyphenyljacetonitrile

100638] To a solution of 2-(4~-methoxy-3-methylphenyhacetonitrite (1.0 eq) in CCly
{0.35M) was added NBS (1.2 eq) and AIBN (2.0 g, 13 mmol, 0.1 eq). The resulting mixture
was heated at reflux for 1 h. Then the mixture was filtered, and the filtration was concentrated
under reduced pressure to give the crude product, which was purified by flash
chromatography on silica (eluent: PE/EA = 40:1 to 4:1) to give the title compound as a
vellow solid.

Step 5: diethyl 2-(S-(cyanomethyl})-2-methoxybenzyl}-3-oxehexanedioate

{00639 To a solution of 2-(3-(bromomethyl)}-4-methoxyphenyhacetonitrile (1.0 eqg) in
anhydrous THF (0.73ML) at 0 °C was added portion-wise of 60% NaH (1.2 eq). After stirring
for 10 min, a solution of diethyl 3-oxohexanedioate (1.1 eq, from Example 27 — Step 1) in
THF (2.4M) was added drop-wise into the above mixture over 10 min. The resuiting mixture
was warmed to r.t. and stirred for 20 h. The reaction was quenched with water. The mixture
was extracted with EtOAc, dried over Nay SO, concentrated under reduced pressure. The
residue was purified by flash chromatography on silica (eluent: PE/EA = 50:1 to 10:1) to give
the title compound as a yellow oil.

Step 6: 3-(2-amino-5-(S-{cyanomethyi}-2-methoxybenzyi)-6-hydroxypyrimidin-4-
yhpropanoic acid

{00640 A mixture of diethyl Z2-(5-(cyanomethyl)-2-methoxybenzyi)-3-
oxohexanedioate (1.0 eq) in MeOH (0.3M) and guanidine carbonate (1.5 eq) was stirred at 70
°C for 16 h. Solvent was removed, and the residue was diluted with water and acidified by
adding 1 N HCl to pH 5. The resulting precipitate was filtered and dried to give the title
compound as a white solid.

Step 7: 3-(Z-amino-6-chioro-5-(5-(cyanomethyl}-2-methoxybenzylipyrimidin-4-
viipropanocic acid

[00641] A mixture of 3-(Z-amino-5-(5-{cyanomethyl)-2-methoxybenzyl)-6-
hydroxypyrimidin-4-ylypropancic acid (1.0 eq) in POCEH (1.9M) was stirred at 100°C for 3 b
The reaction mixture was cooled to r.t., and POCl; was evaporated under reduced pressure.

The residue was diluted with water. The pH was adjusted to 7 with solid NaHCO3. The
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precipitate was collected by filtration, washed with water, and dried under vacuum to give the
title compound as a greenish solid.
step &: 3-(2-amino-6-(butylamino}-5-(8-{cvanomethyl)-2-methoxybenzypy rimidin-4-

yi)propanoic acid

100642] A mixture of 3-(2-amino-6-chloro-5-(5~{cyanomethyl)-2-
methoxybenzylpyrimidin-4-yhpropancic acid (1.0 eq) in EtOH (0.3M), butan-1-amine (4
eq), and DIEA (5 eq) was stured at 85 °C for 48 h. Solvent was removed, and the residue was
purified by flash column chromatography {(eluent: DCM/MeOH = 40:1) to give the title
compound as a pale solid.

Step 9: 3-(5-(8-{(2H-tetrazol-5-yvljmethyi}-2-methoxybenzyl}-2-amino-6-

{butylamino)pyrimidin-4-yi)prepaneic acid

{00643 A mixture of 3-(2Z~amino-0-(butylamino}-5~(5-(cyanomethyl)-2-
methoxybenzyDpyrimidin-4-ylpropancic acid (1.0 eq) in dioxane (0. 1M}, TMSN; (5 eg) and
BuySn0 (2.0 eq) was heated in a seal tube at 70 °C for 3 h. The mixture was concentrated
under reduced pressure, and the crude was purified by prep-HPLC (mobile phase: 0.1%

NH; H20 in CH3CN) to give the title compound as an off-with sohid.

[60644] LO-MS: [M+H] = 4412

[00645] 'H NMR (400 MHz, CDCh) 6 7.46 (s, 1H), 7.24 (d, J= 8.4 Hz, 1H), 6.84 (d, J
= 8.4 Hz, 1H), 5.78 (br s, 1H), 4.17 (s, 2H), 3.90 (s, 3H), 3.70 (s, 2H), 3.36-3.31 (m, 2H),
3.17 (¢, J=6.0 Hz, 2H), 2.77 (t, J = 6.0 Hz, 2H), 1.41-1.38 (m, 2H), 1.18-1.13 (m, 2H), 0.84
(t, /= 6.8 Hz, 3H).

2
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Example 41: (5)-3-{(2-amino-5-2-methoxybenzyl}-6-methyipyrimidin-4-

vhamino}heptanoic acid (Compound 41)

athyl 3-oxobutanoate
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1-{bromomathyl}-2- sthy! 2-{2-methoxybenzyl}- 2-amino-5-(2-methoxybenzyf)- 4-ghloro-5-(2-methoxybenzyi}-
methoxybenzens 3-oxcbutancate &-methylpyrimidin-4-of S-methylpyrimidin-2-amine
tort-butyi (S)-3-amincheptanoate
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fert-butyl {5)-8-{{Z-amino-5~{2-methoxybenzyl)-6- {S)-3~{{2-amino-5-(2-methoxybenzyl}-6-
methyipyrimidin-4-yliamino}heptancate methylipyrimidin-4-yhaminopheptanoic acid

Chemical Formula: OpHogh 0y
Exact Mass: 372.22

Step 1: ethyl 2-(2-methoxybenzyl)-3-oxobutanoate

160646] To a solution of T-{bromomethyl}-2-methoxybenzene (1.2 eq) in THF (0.6M)
at 0 °C was added 60% NaH (1.25 eq) in portions under Nz, The resulting suspension was
stirred at © °C for 10 min, then a solution of ethyl 3-oxobutanoate (1.0 eq) in THF (5M) was
added drop-wise over 10 min. The resulting mixture was stirred for 15 h at 70 °C. The
mixture was cooled to rt. and ice water was added. The mixture was extracted with ethyl
acetate. The organic layer was dried over Na; S04, concentrated, and purified by colunmn
chromatography on silica gel (eluent PE/EA = 50:1-5:1) to give the title compound as a
yellow oil.

Step 2: 2-amino-S-(Z-methoxybenzyl}-6-methyipyrimidin-4-ol

160647] To a solution of ethyl 2-(2-methoxybenzyl}-3-oxobutanocate (1.0 eq) in MeOH
{0.9M) was added guanidine carbonate (1.0 eq}. The resulting mixture was stirred overnight
at 65 °C. The mixture was concentrated to dryness. The residue was suspended in EtOAc and
then filtered. The filter cake was washed with water and EtOAc, and then dried under
vacuum to give the title compound as a white solid.

Step 3: 4-chlore-5-(Z-methoxybenzyi}-6-methylpyrimidin-2-amine

{00648} A suspension of 2-amino-5-(2-methoxvbenzyl)-6-methylpyrimidin-4-ol (1.0

eq) in POCH (1M) was stirred at 100 °C for 24 h. The mixture was cooled to 1.t. and POCls
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was evaporated to dryness under reduced pressure. The residue was diluted with water, and
pH was adjusted to 7 using solid NaHCO;. The precipitate was collected by filtration, washed
with water and EtOAc, and dried under vacuum to give the title compound.

Step 4: tert-butyl (8)-3-((2-amino-5-(2-methoxybenzyl}-6-methylpyrimidin-4-

vhaminojheptanoate

{00649 A mixture of 4-chloro-5-(2-methoxybenzyl}-6-methylpyrimidin-2-amine (1.0
eq) in NMP (1.3M) and reri-butyl (5)-3-amincheptanoate (4.5 eq, from Example 20B — Step
3} was stirred at 120 °C for 3 h. The mixture was partitioned between water and EtOAc. The
organic layer was washed with brine, dried over NaxSOy, and concentrated under reduced
pressure. The residue was purified by flash column chromatography (eluent: DCM/MeQOH =
100:1 to 30:1) to give the title corapound as a yellow sohd.

Step 3: (8)3-3-((2-amino-5-{2~-methoxybenzyl-6-methylpyrimidin-4-yhaminojheptanoic

acid

100650] A mixture of ferf-butyl (S)-3-((2-amino-5-(2-ruethoxybenzyl)-6-
methylpyrimidin-4-yhamino)heptanoate (1.0 eq) in 1:1 EtOH/H>O (0.1M) and NaOH (10.0
eq) was heated at 100 °C for 2 h. The reaction was cooled to rt., and the solvent was
removed. The residue was diluted with H;O and acidified using IN HCl to pH 2. The
resulting suspension was extracted with DCM. The combined organic layers were dried and
concentrated. The crude was purified by prep-TLC (CHCly: MeOH=10:1) to give an oil,
which was dissolved in 1:1 CH:CN/HO and added 4N HCVdioxane. The solution was

freeze-dried to give the title compound as a white solid.

[00651] LC-MS: [M+H]"=373.2
[00652] H NMR (400 MHz, DMSO-ds) 6 12.20 (br, 1H), 7.20-7.17 {m, 1H), 6.99 (d, J

= 8.4 Hz, 1H), 6.82-6.79(m, 2H), 6.68 (br, 2F), 4.53-4.50 (m, 1H), 3.85 (s, 3H), 3.66 (s, 2F),
2.50-2.37 (m, 2FD), 2.07 (s, 3H), 1.51-1.38 (m, 2FL), 1.24-0.98 {m, 4H), 0.77 (¢, J= 6.8 Hz,
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Example 42: (5}-3-((2-amino-3-(5-(2-carboxypropan-2-yi}-2-methoxybenzyl)-6-

methylpyrimidin-4-yljamino)heptansic acid (Compound 42)

tert-butyl {S)-3-amincheptancate
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2-(3{{2-aming-d-chiore-6- tart-utyl (G)-3-{(2-amine-5-{5-(2- {8)-8-{(2-amino-5-(8-(2-carboxypropan-2-yi-2-
methylpyriridin-S-yimethyl)-4- cyancpropan-2-yi)-2-methoxybenzyl)-6- methoxybenzyll-8-methyipyrimicin-4-
methoxyphenyl}-2-methyipropansnitrile mathylpyrimidin-d-yijaminojheptancate yilaminolheptancic acid

Chemical Formula: CagHaNOs
Exact Mass: 458.25

Step 1: fert-butyl (8)-3-((2-amino-5-(5-2-cyanopropan-2-yi}-2-methoxybenzyl)-6-

methylpyrimidin-4-yljamino)heptanoate

{00653] A mixture of 2-(3-({2-amino-4-chloro-6-methylpyrimidin-S-yhmethyl)-4-
methoxyphenyl)-2-methyl-propanenitrile (1.0 eq, from Example 9 — Step &) in NMP {0.9M}
and fert-butyl {§)-3-amincheptancate (1.3 eq, from Example 20B — Step 3) was stirred at 120
°C for 10 h under nitrogen. The reaction mixture was diluted with water. The aqueous phase
was extracted with EA. The combined organic layer was washed with water, then brine. The
organic layer was separated and dried over Na; SOy, concentrated and puritied by flash
chromatography on silica (eluent DCM/MeOH=50:1} to give the title compound as a yellow
solid.

Step 2: (83-3-((Z-amino~-3-(5-(2~carboxypropan-2-yh)-2-methoxybenzyl)-6-

methylpyrimidin-4-yhamino)heptanoic acid

{00634 A mixture of fert-butyl {(5)-3-((2-amino-5-(5~(2-cyanopropan-2~yl)-2-
methoxybenzyl)-6-methyl-pyrimidin-4-ylaminotheptanocate (1.0 eq) in 1:1 ethylene
glycol/HaO (0.1M) was added NaOH (10.0 eq) and stirred at 150 °C for 16 h. The mixture
was neutralized by adding 1 N HCIL The resulting suspenston was filtered. The filter cake
was washed with water and purified by prep-HPLC (mobile phase:
0.1%HCOCH/MeCN/H;O) to give the title compound as a white solid.

{00655] LC-MS: [M+H] =459.3

{30656] "H NMR (400 MHz, DMSO-ds) 6 7.19 (br, 1H), 7.18 (dd, ./ = 8.4, 2.4 Hz, 1H),
6.96(d, /=84 Hz 1H), 6.84 (d, J=2.0Hz, 1H), 458-4.56 (m, 1H), 3.83 (s, 3H), 3.79 (5,
2H), 2.48-2.42 (m, 2H} 2.13 (s, 3H), 1.52-1.50 (m, 2H), 1.38 (s, 3H}, 1.35 (s, 3H}, 1.25-1.18
{m, 2H}), 1.24-1.07 (m, 2H}, 0.91 {1, /=72 Hz, 3H).
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Example 43: 2-(3-((Z-amino-4-(butylamino}-6-2-carbexyethylipyrimidin-5-yhmethyl}-

4-methoxy-phenyl)-2-methylprepanocic acid (Compound 43)

disthyl 3-oxohexanedicate
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3-{2-aming-G-chloro-5-{5-(2-cyanopropan- 3-{2-amino-8-{butyiamine)-5-{5-(2~ 2-{3-{{2-amino-4-{(hutyiaming-8-(2-
2-yl)-2-methoxybenzylpyrimidin-4- cyanﬁp_mpa'm-z-yll)-z- o carboxyethyjpyrimidin-5-ylmethyi)-4-
yhipropanoic acid methoxybenzylipyrimidin-4-yiipropansic acid methoxyphenyl)-2-methylpropanoic acid

Chemical Formula: Caghia N, Og
Exact Mass: 444.24

Step 1: diethyl 2-(5-(Z-cyanopropan-2-yi}-2-methoxybenzyl)-3-oxchexanedioate

{80657] To a solution of 2-(3-(bromomethyl}-4-methoxyphenyl)-2-
methylpropanenitrile (1.1 eq, from Example 9 — Step 5) in THF (0.3M) was added NaH
{1.2eq) at 0 °C in portions under nitrogen. The mixture was stirred at 0 °C for 10 min. A
solution of diethyl 3-oxchexanedioate (1.0 eq, from Example 27 — Step 1) in THF (0.75M)
was added to the above solution, and the reaction was stirred at 60 °C for 16 h. The reaction
was quenched by water. The aqueous solution was extracted with EA. The combined organic
fayers were washed with water, brine, dried over Nax8Q, and concentrated. The crude
product was purified by column chromatography (PE/EA=10:1) to give the title compound as
a yellow oil.

Step 2: 3-(2-amino-5-(5-(2-cyanopropan-2-yi}-2-methoxybenzyl-6-hydroxypyrimidin-4-

yipropanoic acid

{00658] To a solution of diethyl 2-(5-(2-cyanopropan-2-yi}-2-methoxybenzyl}-3-
oxohexanedicate (1.0 eq) in MeOH (0.7M) was added guanidine carbonate (1.0 eq). The
reaction was heated at 65 °C for 16 h under nitrogen. After cooling, the reaction solution was
concentrated under reduced pressure. The residue was puritied by column chromatography

{DCM/MeQOH=5:1) to give the title compound as a white solid.
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Step 3: 3-(2-amino-6-chloro-5-(5-(2-cyanopropan-2-yi}-2-methoxybenzylpyrimidin-4-

yhpropanoic acid

{00659] A solution of 3-(2-amino-5-(5-(2-cyanopropan-2-yi}-2-methoxvbenzyl}-6-
hydroxypyrimidin-4-y)propanoic acid (1.0 eq) in POCL (0.3M) was stirred at 100 °C for 16
h under mitrogen. After cooling, the mixture was concentrated and poured into water. The pH
value was adjusted to 8 by adding NaHC(O;. The aqueous phase was extracted with EA.
Combined organte layers were dried over Na;SO4, concentrated, and purified by coluron
chromatography (DCM/MeOH=10:1) to give the title compound as a brown solid.

Step 4: 3-(Z-amino-6-(butylamino}-5-(5-(Z-cyanepropan-2-yi}-2-

methoxybenzyhipyrimidin-4-vi)propanecic acid

{00660} A solution of 3-(2-amino-6-chloro-5-(5-(2-cyanopropan-2-yl}-2-
methoxybenzylpyrimidin-4-yhpropanoie acid (1.0 eq) in neat butan-1-amine (0. 15M) was
stirred at 120 °C for 3 h under nitrogen. The reaction was purified by column chromatography
(DCM/MeOH=10:1) to give the title compound as a brown oil.

Step 5: 2-(3-((2-amino-4-(butylamine}-6-(2-carboxyethylpyrimidin-S-yhmethyl}-4-

methoxyphenyl)-2-methylpropaneic acid

{00661} To a solution of 3-(2-amino-6-(butylamino)}-5-(5-(2~cyanopropan-2-y1)-2-
methoxybenzyDpyrimidin-4-ylpropancic acid (1.0 eq) in 1:1 ethylene glycol/H: O (0.07M)
was added KOH (20 eg). The mixture was stirred at 150 °C for 16 h. After cooling, pH was
adjusted to 6 by adding 4N HCl The mixture was extracted with EA. The organic layer was
washed with brine, dried over NaySOqy, concentrated. The crude product was puritied by

prep-HPLC (mobile phase: NHyHCO:/MeCN/H2 () to give the title compound as a white

solid.
[00662] LC-MS: [MHH] " = 4453
{60663] H NMR (400 MHz, CB:0D) 4 7.27 (dd, J=8.4, 2.4Hz, 1H}, 6.95(d,

J=8.4Hz, 1H), 6.93(s, 1H), 3.89 (s, 3H), 3.78 (s, 2H), 3.45 (t, /= 7.0 Hz, 2H), 2.84 (1, J = 6.0
Hz, 2H), 2.42 (t, /= 6.4 Hz, 2H), 1.54-1.47 (m, 2H), 1.45 (s, 6H), 1.26-1.21 (m, 2H), 0.88 (t,
J=7.2 He, 3H).
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Example 44: (5)-3-{(2-amino-5-2-methoxy-5-((3-phosphonopropyljcarbamoyijbenzyl)-
o-methyl-pyrimidin-4-yijamineheptanoic acid (Compound 44)

feri-buty! {S)-3-aminshseptanoate
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methylpyrimidin-5-ylimethyi)-4- oxcheptan-3-yijaminc)-&-methyipyrimidin-&- oxoheptan-3-yiiamino}-6-methyipyrimidin-
mathoxyhenzoale yiimethyl)-4-methoxybenzosle S-yhimethyl)-4-methoxyhenzoit acid
disthyl (3-aminopropyijphosphonate
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fert-butyl (5)-3-({2-amino-8-(5~((3~ {8)-3~{{2-amino-5-(2-methoxy-5-{{3-
{diethoxyphosphoryhipropylicarbamoyl)-2-methoxybenzyl)- phosphonopropyljcarbamoylibenzyl)-8-
&-methyipyrimidin-4-yhamino)heptanoaie methylpyrimidin-d-yljaming)heptanoic acid

Chemical Formula: CpghagNzC-#F
Exact Mass: 537.24

Step 1: methyl (8)-3-((Z-amino-4-({(1-(fert-butoxy})-1-oxcheptan-3-yljamine }-6-

methylpyrimidin-5-yhmethyl}-4-methoxybenzoate

{00664] A mixture of methyl 3-((2-amino-4-chloro-6-methyipyrimidin-5-ylymethyl}-4-
methoxybenzoate (1.0 eq, from Example 3B — Step 4) in NMP (2M) and fert-butyl (8)-3-
aminoheptanoate (2.0 eq, from Example 20B — Step 3) was stirred at 120 °C for 16 h under
nitrogen. The reaction solution was diluted with water and extracted with EA. The organic
layer was washed with water, brine, dried over NaySOy4, and concentrated. The residue was
purified by column chromatography (BCM/MeOH=50:1) to give the title as a vellow solid.
Step 2: (8)-3-((2-amino-4-{{1-(fert-butoxy)-1-oxoheptan-3-yl)amine)-6-methylpyrimidin-

S-ypmethyi)-4-methoxybenzoic acid

100665] A mixture of methyl (5)-3-((2-amino-4-({ 1 -(fer-butoxy)-1-oxcheptan-3-
yhamino }-6-methylpyrimidin-5-ylmethyl}-4-methoxybenzoate (1.0 eq) in 1:1 ethanol/H: 0
{0. 1M} and NaOH (10.0 eq) was stirred at 30 °C for 4 h. The mixture was neutralized by
adding 1 N HClto pH 7. The resulting suspension was filtered. The filter cake was washed

with water to give the title compound.
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Step 3: fert-butyl (8)-3-((2-amino-5-(5-{(3-(diethoxyphosphorylpropyijcarbamoyi)-2-

methoxybenzyl}-6-methylpyrimidin-4-vhamino}heptancate

{00666} A mixture of (§)-3-((Z-amino-4-((1-(fert-butoxy)-1-oxoheptan-3-yljamino)-6-
methylpyrimidin-S-ylimethyl)-4-methoxybenzoic acid (1.0 eq) in DMF (0.1M}, diethyl (3~
aminopropylphosphonate (2.0 eq, from Example 30 — Step 2), HATU (2.0 eq) and DIEA
{3.0 eq} was stirred at 50°C for 16 h. The mixture was cooled to r.t. and added water. The
mixture was extracted with DCM. The combined organic phase was dried over NapS04, and
concentrated under reduced pressure to give the title compound as a colorless oil.

Step 4: {(8)-3-((2-amino-5-(Z-methoxy-5-((3-phosphonopropyljcarbameyl}benzyl)-6-

methyl-pyrimidin-4-ylamino}heptansic acid

{60667} A solution of rert-butyl (§}-3-((2-amino-5-(5-((3-
{(diethoxyphosphoryDpropylcarbamoyh)-2-methoxy-benzyh-6-methylpyrimidin-4-
yljamino}heptanoate (1.0 eq} in DCM (0.08M} was added TSMBr (10.0 eq} and stirred at 35
°C for 16 h under N The mixture was concentrated, and the residue was purified by
trituration and prep-HPLC (mobile phase CH;CN/H2O/NH:H2O) to give the title compound.
[00668] LC-MS: [M+H] "= 5383

106669] TH NMR._ (400 MHz, DMSO) 6 8.69 (br, 1H), 7.72 (d, /= 8.8 Hz, 1H), 7.50 (s,
1H), 7.01 (4, J = 8.4 Hz, 1H), 6.63(br, 1H), 4.47-4.45 (m, 1H), 3.85 (s, 3H), 3.27-3.25 (m,
4H), 2.4 (4, J = 6.0 Hz, 2H), 2.13 (s, 3H), 1.72-1.68 (m, 2H), 1.46-1.26 (m, 4H), 1.12-0.96
(m, 2H), 0.96-0.94 (m, 2H), 0.70 {t, J= 7.2 Hz, 3H).

Example 45; (8§)-3-{(2-amine-6-2-carboxyethyl}-5-(53-(2-carboxypropan-2-yl}-2-

methoxy-benzylipyrimidin-4-vljaminojheptancic acid {(Compound 45}

teri-putyl {5}-3-amincheptanoate

N
1 e
NH; AQ /:\Laﬁg o7~ NH; OH
HO.C N!’}*N HNT>TT poe TSN :/J%o KOH HOLL NN Yo
L\v f)\m _—— . N Z NN e e e N/;\\//\v/
) J Y4 A HO. JoH
X e 5
£y gy o} g
3-{2-amino-8-chior-5-{5-(2-cyanopropan- {8)-3-(2-amino-8-{{1-(fert-butoxy)-1-oxoheptan-3- {8)-3-({2-amino-8-(2-carboxyethy!)-5-{5-(2-
2-yli}-2-methoxybenzyijpyrimidin-4- yiamino}-5-{5-{Z-cyanopropan-2-yi-2- carboxypropan-2-yi}-2-methoxybenzyljpyrimidin-4-
yiipropanoic acid methoxybenzypyrimidin-4-yjpropancic acid yijamincheptanoic acid

Chemical Formula: CugHaN.Oy
Exact Mass: 516.26

Step 1t (8)-3-C-amino-6-({1-(ferf-butoxy})-1-oxoheptan-3-yljamino )-5-(5-(2~

cyanopropan-2-yij-2-methoxybenzylipyrimidin-4-ylpropanosic acid
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{60670] To a solution of 3-(2-amino-6-chloro-5-(5-(2-cyanopropan-2-yi}-2-
methoxybenzylpyrimidin-4-yhpropanoic acid (1.0 eq, from Example 43 — Step 3) in NMP
{0.15M) was added rerz-butyl {5}-3-aminoheptanocate (5.0 eq, from Example 20B — Step 3)
and K:COs (3.0 eq). The mixture was stirred at 150 °C for 16 h. The reaction solution was
diluted with water/EA and concentrated to give the title compound as a crude oil.

Step 2: (8)-3-{(2-amino-6-{2-carboxyethyl}-5-(5-{2-carboxypropan-2-yl}-2-

methoxybenzyly-pyrimidin-4-yljaminojheptanocic acid

{00671] To a solution of (8)-3-(2-amino-6-{{ 1 -{feri-butoxy }-1-oxcheptan-3-yamino -
5-(5-(2-cyanopropan-2-yl}-2-methoxybenzylypyrimidin-4-yljpropancic acid {crude) in 1:1
ethylene glycol/H:0O was added excess KOH and stirred at 150 °C for 16 h. After cooling, the
reaction mixture was diluted with water/EA. The pH was adjusted to 6 by adding 4N HCI,
then extracted with 3:1 CHCL/IPA. The combined organic layer was washed with brine,
dried over Na;SO4, and concentrated. The crude product was puritied by prep-HPLC (mobile

phase: NH:OH/MeCN/H:O) to give the title compound as a white solid.

[00672] LC-MS: [M+H] " =517.3
[00673] 'H NMR. (400 MHz, CD;0D) 6 7.27 (dd, J =8.0, 2.4Hz, 1H), 7.00-6.95 (m,

2H), 4.61-4.57 (m, 1H), 3.90 (s, 3H), 3.80 (s, 2H), 2.94-2.87 (m, 2H), 2.50-2.38 (m, 4H),
1.56-1.53 (m, 1FD), 1.48 (s, 3FD), 1.45 (s, 3F0).1.46-1.44 (m, 1H), 1.27-1.17 (m, 2H), 1.08-
1.03 (m, 2H), 0.79 (t, J = 7.4 Hz, 3H).
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Example 46: (5)3-3-{(5-(5-((QH-tetrazol-5-yhmethyl}-2-methoxybenzyl)-2-amino-6-(2-

carboxyethyl}-pyrimidin-4-yljamino}heptaneic acid (Compound 46}

tert-butyl {8)-3-amincheptanoate
ji’k g
sz : 0 f /( NHg OO A NHZ D/'Ki

}N HaN '/\//\/ i
® TMSNg, Bu,SnO Ny g

2 HiN A~ :
HOLC \/K/r\ — \n’/\)\/k M HN\H/\)‘\%N/\W\/
M
NG m /\ = O\ |
F  0Me N \7/ v/ S
OMe N =i l oM
e

3-{2-aminc-8-chloro-5-{5-(cyanomethl)- tort-butyl {S)-3-(3~(2-amino-6-{{{S)-1-(teri-butoxy)-1- tari-butyl {8)-3-(3-(5-{8-({2i-totrazo-S-yiimethyl}-2-
2-methoxybenzyiipyrimidin-4- cxahapian-3-yliaming)-5-(5-{cyanomethvi)-2- methaxybenzyh-2-aming-6-({{ S)-1 -{fen-butnky)-1-oxoheptan-
yiipropanoic acid mathoxybenzyl}pyrimidin-4-viipropanamidojheptancate 3-yilamincipyrimidin-4-ylipropanamidoiheptancate

{G)-8-{{5~{5-{(2MHtetrazol-B-ylmethyl)-2-
methoxybenzyl}-2-aming-5-(2-
carboxyethyihpyrimidin-4-yliamina}heptansic acid
Chemical Formula: CogHgNgOs
Exact Mass: 512.25

Step 1: tert-butyl (8}-3-(3-(2-amino-6-{{{5)-1-(fert-butoxy}-1-excheptan-3-vhamino}-5-(5-

{cyanomethyl}-2-methoxybenzyl)pyrimidin-4-yljpropanamidetheptanoate

{60674] A mixture of 3-(2-amino-6-chloro-5-(5-{cyanomethyl)-2-
methoxybenzylpyrimidin-4-ylpropanoic acid (1.0 eq, from Example 40 — Step 7) and fers-
butyi (8)-3-aminoheptanoate (3 eq., from Example 20B — Step 3) was stirred at 140 °C for 3
h. The crude product was used directly in next step.

Step 2: tert-butyl (8)-3-G-(5-(5-((2H-tetrazol-S-ylimethyl-2-methexybenzyl)-2-amino-6-
{({{S)-1-(fert-butoxy)-1-oxohepian-3-yhiamine)pyrimidin-4-yhpropanamide theptanoate

{00675} A mixture of fers-butyl (5)-3-(3-(2-amino-6-({(5)-1-{fert-butoxy}- 1 -oxcheptan-
-yhamino}-5-(5-(cyanomethyl)-2-ruethoxybenzyDpyrinudin-4-yljpropavamido)heptanoate
(1.0 eq) in dioxane (0.2M), TMSN;3 (3 eq) and BuSnO (2.0 eq) was heated at 110 °C in a seal
tube for 6 h. The mixture was diluted with EA and washed with water. The organic layer was

dried, concentrated, and the residue was purified by column chromatography
(DCM: MeOH=100:1~10:1) to give the title compound as a light brown solid.
Step 3 (83-3-((5-(5-((2H-tetrazol-S-ylmethyl}-2-methoxybhenzyl)-2-amino-6-(2-

carboxyethyl}-pyrimidin-4-yljamino)heptanoic acid

160676] A solution of fert-butyl {S3-3-(3-(5-(5-((2H-tetrazol-5-yhmethyl}-2-

methoxybenzyl}-2-amino-6-({({8)-1 u(Zerzubumxy}_ 1-gxoheptan-3-ylamino}pyrimidin-4-
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vDpropanamido)heptanoate (1.0 eq) in ethane-1,2-dicl (0.1M) was added 10M aqueous KOH
(44 eq) and heated at 150 °C for 5 days. The solid was filtered off, and the filtrate was
concentrated and purified by prep-HPLC (mobile phase: 0.1% NH; H2O, CH;CN) to give the

title compound as a white solid.

[00677] LC-MS: [MH+H] " =513.2
[00678] 'H NMR (400 MHz, MeOD) 6 7.09 (dd, J= 8.4, 2.0 Hz, 1H), 6.95 (s, 1H),

6.89(d, /=84 Hz, 1H), 4.51-4.49 (m, 1H), 4.04 (s, 2H}, 3.87 (5, 3H}, 3.77 (s, 2H), 2.92-2.85
{m, 2H), 2.52-2.21 {m, 4H}, 1.5-0.9 (m, 6H), 0.73 {t, /= 7.6 Hz, 3H}.

Example 47: 3-(Z-amino-6-{butylamino}-5-(2-methexybenzylipyrimidin-4-yijpropan-1-
ol (Compound 47)

butan-1-amine

g\z’“‘N LiATH, HAN T N
HO\[I/"\/J\V/l\c; ------------------------- T N e N 0 Ve T P  SNGs A TV aN
’ | H
o C( DIEA, EtOH (\
Oie Z > onte
3-{2~-amino-8-chioro-5-{2- 3-(2-arnino-G-chicra-5-{2- 3-(Z-amino-8-(hutylaming}-5-(2-
methoxybenzyipyrimidin-d-ypropanclc acld rmathoxybenzylpyrimidin-4-yipropan-1-ol methoxybenzyhpyrimidin-4-yipropan-1-of

Chamical Formula: CygH2gN4O,
Exact Mass: 344.22

step 1: 3-(2-amino-6-chioro-3-(2-methoxybenzylpyrimidin-4-ylpropan-1-ol

180679] To a solution of 3-(2-amino-6-chloro-5-(2-methoxybenzylpyrimidin-4-
yhpropanocic acid (1.0 eq, from Example 27 — Step 4} tn THF {0.16M) was added LAH (3.0
eq). The reaction solution was stirred at r.t. for 2 h, and then quenched with water. The
aqueous layer was extracted with DCM. The combined organic layers were washed with
water, brine, dried over Na;S04, and concentrated to give the title compound as a pale solid.

Step 2: 3-(Z-amino-6-{butylamino}-5-(2-methoxybenzylipyrimidin-4-ylpropan-1-ol

160630] A solution of 3~(2-amino-6-chloro-5-(2-methoxybenzylpyrimidin-4-
vhpropan-1-ol (1.0 eq} in EtOH (0.2M), butan-1-amine (4.0 eq)}, and DIEA (5 eq) was stured
at 85 °C for 3 days. The reaction solution was concentrated, diluted with TN HCI, and
extracted with DCM. The combined organic layers were washed with brine, dried over
Nax50y, concentrated, and purified by flash column chromatography (eluent: BUM/MeOH =
100:1~20:1) to give the title compound as a pale solid.

[60681] LC-MS: [M+H] "= 345 4

100682] TH NMR. (400 MHz, DMSO) 6 7.80 (br, 1H), 7.40 (br, 2H), 7.22 (t, J= 8.0
Hz, 1H), 7.01(d, J=8.4 Hz, 1H), 6.84 (t, /= 7.6 Hz, 1H), 6.78 (d, /= 8.4 Hz, 1H), 3.85 (s,
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3H), 3.72 (s, 2H), 3.38-3.34 (m, 2H), 2.50-2.44 (m, 2H)}, 1.61-1.54 {m, ZH), 1.50-1.42 (m,
2H), 1.34-1.15 (m, 4H), 0.84(t, /= 7.6 Hz, 3H).
Example 48: (8)-3-(8-(5-((2H-tetrazol-S-yljmethyl}-2-methoxybenzyl}-2-amino-6-({1-

{(methylthio}-heptan-3-yijamino)pyrimidin-4-yl}prepanecic acid (Compound 48)

{&-1-{methylthiolheptan-3-amineg

S )
NH, £ EEN S\l J/ NH, 5
NOSN T . : TMSNg, BuzSnO “r N‘/*N e
R HN\._/\/J'\/ NN HN\[I/\/)\%[\N/\/\/
: 5 = [ H
NC/\{\’ s Ny
i 1 NCTT . Xy
Ao = f HNN;m;\

“ "OMe
3-(2-amino-8-chloro-5-(5-(cyanomethyl)-2-  3-(2-amino-5-{5~(cyanomethyl)-2-methoxybenazyl)-6- 3-{5-{5-{{2H-tetrazol-5-ymethyl)-2-
methoxybenzyfpyrimidin-d-vijpropancic add  ({{85)-1-(methyithio)heptan-S-yhaminepyrmidin-4- methoxybenzyl)-2-aming-6-({({S)-1-

yh-N-{{S)-1-{methyithinjheptan-3-yi)propanamids {methylthio}heptan-3-vilamino)pyrimidin-4-yij- A

{{S}-1-(methythiolheptan-3-yijpropanamide

NHp 87
P i
KOH b A
----------------------- - HOZC/\-/L\%\N/\/\/
N, j
Sy l/ =
N=N # OMe

{S}-3-{5-(B-({(2H-tetraznl-b-yiimethyl)-2-
mathoxybenzy)-2-amino-8-{{1-(methyithicjheptan-
3-yllamino)pyrimidin-4-yiipropanaic acid
Chemical Formuta: CaghlagNpCaS
Exact Mass: 528.28

Step 1: 3-(Z-amino-5-(5-{cyanomethyl}-2-methoxybenzyl}-6-{{({(5}-1-(methylthio}hepian-
3-yhamine)}-pyrimidin-4-yl}-N-((¥)-1-(methylthio}heptan-3-yhpropanamide

[00683] A solution of 3-(2-amino-6-chloro-5~(5-(cyanomethyl)-2-
methoxybenzypyrimidin-4-ylpropancic acid (1.0 eq, from Example 40 — Step 7) in EtOH
(0.4M) and (5)-1-(methylthio)heptan-3-amine (2.3 eq) was stirred at 90 °C for 3 days. Solvent
was removed, the residue was purified by column chromatography (eluent DCM:
MeQOH=20:1) to give the title compound as a light brown oil.

Step 2: 3-{3-(5-((2H-tetrazol-3-yhmethyl)-2-methoxybenzyi}-2-amino~-6-({{3)-1-
(methyithio)heptan-3-yhamino)pyrimidin-4-y1}-N-(($)-1-{methyithio}heptan-3-

yhpropanamide

{60684] A mixture of 3-(2-amino-5-(5-{cyanomethyi}-2-methoxybenzy}-6-(((5)-1-
{methylthiojheptan-3-yDamino}-pyrimidin-4-y)-N-((8)- 1 -(methylthio)heptan-3-
ylpropanamide (1.0 eq) in dioxane (0.04M), TMSN; (3.8 eg), and BuzSn0 (2.5 eq) was
heated at 90 °C for 6 hin a seal tube. The reaction solution was cooled down and used

directly in the next step without any purification.
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Step 3: (53-3-{5-(5-((2H-tetrazol-5-yhmethyl}-2-methoxybenzyl)-2-amino-6-{{1~
{methylthio)heptan-3-viamine)pyrimidin-4-yl)propanocic acid

100685} The crude product from the previous step was dissolved in ethane-1, 2-diol
and added aqueocus KOH (excess). The reaction was heated at 150 °C for 5 days. The solid
was filtered, and the filtrate was concentrated and purified by prep-HPLC (mobile phase:

0.1% TFA/CH;CIN/H20O) to give the title compound as a white solid.

100686} LC-MS: [M+H] "= 5293
{00687} "H NMR (400 MHz, MeOD) 4 7.20(d, J= 7.6 Hz, 1H), 7.01 (d, /= 8.8 Hz,

IH}, 6.93 (s, 1H}), 4.43-4.40 (m, 1H), 4.19(s, 2H), 3.91 (s, 3H), 3.83 (5, 2H), 2.92 (1, /= 6.8
Hz, 2H), 256 {t, /=76 Hz, 2H),2.24 (t, /= 7.6 Hz, 2H), 1.93 (5, 3H}, 1.78-1.75 (m, 1H),
1.67-1.63 (m, 1H), 1.51-1.49 (m, 1H), 1L.41-1.39 (m, 1H), 1.26-1.19 (m, 2H), 1.10-1.04 (m,
2H), 0.80 (t, J=7.6 Hz, 3H).

Example 49: (8)-3-(8-(5-{(2H-tetrazol-5-ylimethyl}-2-methoxybenzyl}-2-amine-6-({1-

methosyvheptan-3-yhamino)pyrimidin-4-vhpropanocic acid (Compound 49)

NH, o}

oy

(5)-3-(5-(B-{(2H-tetrazol-5-yIimethyl}-2-
methoxybenzyl}-2-amino-8-{(1-methoxyhepian-
3-yhlaminojpyrimidin-4-ylipropanocic acid
Chemical Formula: OagHggNgOy
Exact Mass: 512.29

1006838] The title compound was prepared following the procedures described for
Example 48, but using (§)-1-methoxyheptan-3-amine instead of (8)-1-(methylthiojheptan-3-
amine in Step 1.

[60689] LOC-MS: [M+H] "= 5133

[00690] I'H NMR (400 MHz, CDCls) 8 7.21 (d, J= 8.4 Hz, 1H), 7.17 (s, 1H), 6.82(d, J
=84 Hz 1H), 6.14 (d, /=80 Hz, 1H), 426-4.05 (m, 2H), 403 {d, /=152 Hz, 1H), 3.88 (s,
3H), 3.74-3.61 (m, 2H), 3.33-3.25 (m, 2H), 3.17-3.05 (m, ZH), 3.04 (s, 3H), 2.72-2.68 (m,
TH), 2.53-2.48 (m, 1H), 1.81-1.76 (m, 1H), 1.55-1.50 (m, 1H), 1.41-1.15 (m, 4H), 1 03-0.95
(m, 2H), 0.78 (t, J = 7.6 Hz, 3H).
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Example 56: (5)-3-(2-amino-5-(5-(carboxymethyl}-2-methoxybenzyi}-6-((1-
{(methylsulfonyliheptan-3-yhamino)pyrimidin-4-ypropansic acid (Compound 50}

{8}-1-{meathyithiclheptan-3-amine

g
|
[N
NH; g) S\i rJ NHy 87 jﬂ"iz 05]“’
NN T b S 4 1) KOM
AL ™ S E 2) owne Yo F
H07 NG e - -“““\I,r’\ N N - Hooc/\/J\/ S
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3-(2-amino-g-chioro-6-{5-{cyanomethyl}-2-  3-(2-amino-5-(5-(cyanomethyii-2-methoxybanzyl)-6- {8}~3~(2-amino-5-{S-(carboxymethyl)-2-
methoxybenzylipyrimidin-4-yl)propanoic acid  (({$)-1~{methylthiolheptan-3-yllamino)pyrimidin-4- methoxybenzy!)-6-{{ 1-{methylsulforyliheptan-3-
yi-N-{{8)-1-(methytthiolheptan-3-vijpropanamide yhaminojpyrimidin-4-yi}propancic acid

Chemical Formula: CoghlaaN 078
Exact Mass: 536.23

Step 1: 3-(Z-amino-5-(5~{cyanomethyl)-2-methoxybenzy)-6-{((5)-1-(methylthio}heptan-
3-yhamino}-pyrimidin-4-yi}-N-((8)-1-(methylthio)heptan-3-yhpropanamide

{00691} The title compound was prepared following the procedures described for
Example 48 — Step 1.
Step 2: (8)-3-(2-amino-5-(5-{carboxymethyl)-2-methoxybenzyl}-6-{{1-

{methylsulfonyhheptan-3-vhamine)pyrimidin-4-yhpropaneic acid

{00692] To a solution of KOH in 10% H;O in eBuGH (10M) was added 3-(2-amino-5-
{5-(cyanomethyl}-2-methoxybenzyl}-6-({({S)-1-(methylthioYheptan-3-yhamino}-pyrimidin-4-
y-N-({5)}1-(methvithio }heptan-3-yl}propanamide (1.0 eq). The resulting mixture was heated
in a seal tube at 150 °C for 16 h. The mixture was cooled to rt. and filtered. To the filtrate
was added oxone (5.0 eq) and stirred at vt for 5 h. The reaction was concentrated under
reduced pressure to 1/3 volume. The insoluble solid was filtered off and the filtrate was
purified by prep-HPLC (mobile phase: 0. 1%HCOOH/MeCN/H:0) and freeze-dried to give
the title compound as a white solid.

[00693] LC-MS: [M+H] = 537.4

210



WO 2018/106606 PCT/US2017/064541

Example 51: (5)-2-(3«((2-amino-4-methyl-6-((1 -(methyisulfonyheptan-3-

vhamino}pyrimidin-S-ylimethyl)-4-methoxyphenyljacetic acid (Compound 51)

. 9 q
NHy S NH, 0=8 MH, O=3
NTEN 7 oxong NN :/j KOH i}li/\N <
_,/‘Q, L "’:\/\«, o T L . /-Ji P L\ AN T > AN NN
Y bl 3
NC"A\.‘E/ Y NC//I HOY\ !/\Y/
g ‘o © e
{8}-2-(3-({2-amine-4-methyh-6-{{1- {8)-2-(3-{{2-amino-4-maethyl-G-{(1- (S)-2-(3-{(2-amino-4-methyl-8-{{1-
{methyithiojheptan-3-yliaminojpyrimidin-&- {methylsulfonyltheptan-3-yllamino)pyrimidin. methvisulfonyihentan-3-vilamine)pvrimidin-5-
{mathy yilhep vl) )Py
yiimathyi)-4-methoxyphenyhacetonitrile §-yl}methy!)-4-methoxyphenyliacetonitrile yiimethyii-d-methoxyphenyliacstic acid

Cheamicat Formula: CogHagNOsS
Exact Mass: 478.22

{60694] Step 11 (8)-2-(3-((2~amino~-4-methyl-0-((1-(methylsulfonyl theptan-3-
yhaminoypyrimidin-S-yDmethyh-4-methoxyphenyljacetonitrile

To a solution of {(83-2-(3-{(2-amino-4-methyl-6-{{ 1 -(methylthic heptan-3-
yhaminopyrimidin-S-yhmethyl)-4~-methoxyphenylacetonitrile (1 eq, from Exarmple 22 -
Step 4) in 1:1:1 THF/MeOH/HO (0.2M) was added oxone (1.2eq) in portions at r.t. The
reaction was stirred at r.t. for 2 h, and then diluted with DCM. The organic layer was washed
with water and brine, dried, and concentrated to give a light vellow solid, which was used in
the next step directly.

{60695] Step 21 (8)-2-(3-((2~amino-4-methyl-0-((1-(methylsulfonyl yheptan-3-

vhamino )pyrimidin-S-yhmethyl)-4-methoxyphenyl)acetic acid

To a solution of (8)-2-(3-((Z~amino-4-methyl-6-((1 -(methylsulfonyhheptan-3-
yhamino)pyrimidin-5-ylmethyi)-4-methoxyphenyljacetonitrile (1.0 eq) in 1:1 MeOH/HO
(0.1M) was added KOH (7.5 eq). The reaction was stirred at 120 °C for 4 h. Solvent was
removed and HCl was added to achieve pH 9. The mixture was purified by prep-HPLC
{0.1%NH; H:O/CH:CN) to give the title compound as a light vellow solid.

{60696] LOMS: [M+H=479 3

{60697} "H NMR (400 MHz, CD;0D) 6 7.16 (dd, /= 8.4, 2.0 Hz, 1H), 6.98 (d, J= 2.4
Hz, 1H), 6.91(d, /=84 Hz 1H), 430-422 (m, TH), 3.89 (s, 3H), 3.77-3.68 {m, 2H}, 3.32 (s,
2H), 2.91-2.70 (m, 5H), 2.32 (5, 3H), 2.08-1.95 (m, 1H), 1.81-1.69 {m, 1H), 1.56-1.05 (m,
6H), 0.83 (t, /=72 Hz, 3H).

BIOLOGICAL EXAMPLES
Biclogical Example 1: HEK TLR7 Assay

[00698] HEK-Blue™ TLR7 cells were purchased from Invivogen (San Diego,

California). The following description was taken from the product information sheet.
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[00699]

“HEK-Blue™ hTLR7 cells are designed for studying the stimulation of human

TLR7 (hTLR7) by monitoring the activation of NF-kB. HEK-Blue™ hTLR7 cells were

obtained by co-transfection of the h'TLR7 gene and an optimized secreted embryonic alkaline

phosphatase (SEAP) reporter gene into HEK293 cells. The SEAP reporter gene 1s placed

under the control of the IFN-b minimal promoter fused to five NF-kB and AP-1-binding sites.

Stimulation with a TLR7 ligand activates NF-kB and AP-1 which induce the production of

SEAP, which is detected by the HEK-Blue™ Detection cell culture medium.”

188700}

1.

2

(%7

A typical assay protocol involved the following steps:

Cells were cultured according to the product information sheet.

10 mM compound stock in DMSO were first diluted to 3 mM and then 3-fold
serially diluted using DMSO to afford a 10-pt dilution.

3wl of the diluted DMSO were added to 57 wl HEK-Blue™ Detection media for
a further 20-fold dilution.

10 ul of the diluted compound in assay media were added into 40 pd cell culture
(in HEK-Blue™ Detection media) in 384-well plate. Final cell concentration =
8,000 cells per well.

The plates were incubated at 37 °C in 5% COZ2 for 16 h. SEAP was determined

using a spectrophotometer at 620-655 nm.
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{00701} HEK-TLR7 activity table below provides results.
Example HEK-TLR7 ECso Example HEK-TLR7 ECs
1 C 31 C
2 C 32 A
3 B 33 A
4 C 34 A
5 C 35 A
6 C 36 B
7 C 37 B
8 B 38 A
9 B 39 B
16 B 40 B
i1 B 41 B
12 B 42 B
13 B 43 C
14 C 44 B
18 B 45 C
16 B 46 B
17 A 47 B
18 A 48 A
19 C 49 B
20 - 50 B
. . B
{(S-enantiomer)
206C C 51 B
{R-enantiomer)
21 C
22 A
23 A
24 A
25 B
26 B
27 B
28 C
2% B
30 B

ECs0 category:

A =<100 nM
B = 100-1000 oM
C = 1000-10000 nM

[66702]

As discussed herein, R4 and R'E in formula (1) can create a chiral center.

o

&2

(7S]
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20

20C

As shown above, the (S)-enantiomer (e.g. Compound 20} is >10-fold more potent than the
{Ry-enantiomer (e.g. Compound 20C} in the HEK-TLR7 assay. Other examples can follow

the same trend.
Biological Example 2: Pharmacokinetics experiments

160703 BALB/c mice were dosed p.o. with 10 mg/kg compound formulated in 0.5%
carboxy methyceliulose + 0.5% Tween-80 suspension. Mice were bled retro-orbitally at
different time points post dose. Blood was processed into serum by centrifugation followed
by protein precipitation, reverse-phase gradient elution and MRM detection via ESI+ mass
spectrometry to determine compound concentration.  Animals were sacrificed after the final
blood collection (5 hour), liver removed and flash frozen in liquid nitrogen for tissue PK
analyses. The liver-to-serum concentration {(L:5) at 5 hour post dose is one pararmeter for

identifying compounds with potential enrichment in liver.

{60704] Mouse hver-to-serum concentration (L:S) table below provides results.
Example LS at Shr
3 A
9 A
10 B
i1 A
12 B
§3 B
i5 B
7 B
i8 A
20 A
22 A
23 A
24 B
29 A
30 A
32 A
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33 A
34 A
44 A
43 B
42 A
43 A
44 B
45 A
46 B

L:S category:
A =>100 represents high hiver-enrichment
B = 10-100 represents moderate liver-cnrichment
C = <10 represents low liver-enrichment

FQUIVALENTS

100705] While the present invention has been described in conjunction with the
specific embodiments set forth above, many alternatives, modifications and other variations
thereot will be apparent to those of ordinary skill in the art. All such alternatives,
modifications and variations are intended to fall within the spirit and scope of the present

invention.

o]
ot
W



We claim:
1. A compound having the structure of Formula (1), or a pharmaceutically

acceptable salt thereof,

NH,
N \N R1a
|
AL A
R
A (1)

wherein

R'% is selected from the group consisting of H, C1-Cs alkyl, -NH2, -NHAc,

sl
-COOH, -SO2CH3,-SCHs, -OCHs, - ;and A,
wherein the alkyl is optionally substituted with -OH, -NHz, -NHAc, -COOH, -

SO2CH3,
=N
- NH
SCH3,-OCHs, ¥ N orA;
R'® is C2-Cs alkyl;
X is selected from the group consisting of H and Ci-Cs alkyl, wherein the alkyl is
optionally substituted with A, -OH, or -C(CH3)20OH;

L!is selected from the group consisting of -CHa-, -CF»-, , -O-, -S-, -SO2-, -NH-
, and -CH2CH>-;

Y is selected from the group consisting of Ci-Cs alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are
independently selected from A, Ci1-Cs alkyl, and Ci-Cs alkoxy;

O C\)\ /OH c\)\ //o

J'J\OH '§_L2/P\OH '§—L2/S\OH

2
A is selected from the group consisting of é_l‘

N
NN
0 N
N=N. N=N. }OH Ll OH
J\ /NH J\ N K[(OH I
£127N 2SN 5Bs
,-§—L O . and 13 OH .

b

216



L? is selected from the group consisting of -(CH2)n-, -C(O)NH(CH2)n-, : Z ; , Qé{ ,

§—( 2) (CHy) _%’ -[O(CH2CH2)]n-, -[O(C1-C4 alkylene)]-,

-[O(CH2CH2)]2-OCH2CH2CF2-; -C(O)NHCH2CH2-[O(CH2CH2) |m-; and
-C(O)NHCH2CH2-[O(CH2CH2) Jm-OCH2CH2CF2-;

m is an integer from zero to four;

n is an integer from one to four;

wherein the compound is substituted with at least one A; and

when X is -CH3; L! is -CHz-; Y is aryl substituted with A; and L? is -CHa-; then A is
not -L2-COOH, except when R'? comprises -COOH or -SO2CH3; and

when X is -CH3; L! is -CHz-; Y is aryl substituted with A; L? is -CHz-, —O-(CH2)2-

C\)\/OH

—P.
PEEN
O(CH2)2-, or —O-(CH2)2-O(CH2)2(CF2)-; and A is 27 on ; then A and L! are not in a

para position with respect to each other.

2. A compound having the structure of Formula (1), or a pharmaceutically

acceptable salt thereof,

NH,
N \N R1a
|
X)\%\N)\R‘]b
AR
Y (1)

wherein

R'% is selected from the group consisting of H, C1-Cs alkyl, -NH>, -NHAc,
=N
N\ NH
-COOH, -SO2CH3,-SCH3, -OCH3, and XN
wherein the alkyl is optionally substituted with -OH, -NHz, -NHAc, -COOH, -
SO2CH3,

_N,

=

M
SCH3, -OCHs, or ¥ N .

R'™® is C2-Cs alkyl;
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X is selected from the group consisting of H and Ci-Cs alkyl, wherein the alkyl is
optionally substituted with A, -OH, or -C(CH3)20H;

L!is selected from the group consisting of -CHz-, -CF»-, }><£ , -O-, -S-, -SO2-, -NH-
, and -CH2CHz-;

Y is selected from the group consisting of Ci-Cs alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are
independently selected from A, Ci1-Cs alkyl, and Ci-Cs alkoxy;

O O OH OO0

JJ\ W/ \\S//

—P.
2 2 N 279N
A is selected from the group consisting of G OH 27 on , 127 oH ,

N
N7
o) N
N’/N\ NcN\ }OH é_Lz | OH
1 NH TN KWOH :
127N 2N O  und &Lz OH.

L? is selected from the group consisting of -(CH2)n-, -C(O)NH(CH2)n-, Z ; , 31><{ ,

SO NCHINE ) (HaCH) e, [O(Cr-C alkylene)]-

-[O(CH2CH2)]n-OCH2CH2CF2-; -C(O)NHCH2CH2-[O(CH2CH2) ]m-; and
-C(O)NHCH:2CH2-[O(CH2CH2)]m-OCH2CH2CF2-;

m is an integer from zero to four; and

n is an integer from one to four; and

wherein the compound is substituted with at least one A; and

when X is -CH3; L! is -CH»-; Y is aryl substituted with A; and L? is -CHz-; then A is
not -L2-COOH, except when R'* comprises -COOH or —~SO2CH3; and

when X is -CH3; L! is -CH»-; Y is aryl substituted with A; L? is -CH2-, —O-(CH2)2-

O\\/OH

PEEN
O(CH2)2-, or —O-(CH2)2-O(CH2)2(CF2)-; and A is 127 on ; then A and L' are not in a

para position with respect to each other.

3. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein R'® is -(CH2).CHs.
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4. The compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein R® is -(CH2)3CHs.

5. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt
thereof, wherein R!? is C1-C4 alkyl, optionally substituted with -OH, -OCH3, -SCH3, or -
SO2CHs.

6. The compound of any one of claims 1-5, or a pharmaceutically acceptable salt

thereof, wherein R'? is —-CH>C(CH3)20H.

7. The compound of any one of claims 1-6, or a pharmaceutically acceptable salt

OH d o~
R'2 ~OH _) _) _)
thereof, wherein ?\Rm 18 TS , NN ) 3’“/\/\/, ?{\/\/,

. N-NH
T
8. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt

thereof, wherein R!? is C1-C4 alkyl, optionally substituted with -COOH.

0. The compound of any one of claims 1-4 and 8, or a pharmaceutically

OH

R1a :/go
acceptable salt thereof, wherein %\Rw is W\/

10. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt

thereof, wherein R'? is H.

11. The compound of any one of claims 1-10, or a pharmaceutically acceptable

salt thereof, wherein X is Ci1-Cs alkyl, wherein the alkyl is substituted with A.
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12. The compound of any one of claims 1-11, or a pharmaceutically acceptable
O

’N

2
salt thereof, wherein X is Ci-Cs alkyl, wherein the alkyl is substituted with é_l' OH.

13. The compound of any one of claims 1-10, or a pharmaceutically acceptable

salt thereof, wherein X 1s CHs.

14. The compound of any one of claims 1-10, or a pharmaceutically acceptable

salt thereof, wherein X is H.

15. The compound of any one of claims 1-14, or a pharmaceutically acceptable

salt thereof, wherein L' is -CHz-, -CH2CHz-, -O-, or -S-.

16. The compound of any one of claims 1-15, or a pharmaceutically acceptable

salt thereof, wherein L' is -CHa-.

17. The compound of any one of claims 1-16, or a pharmaceutically acceptable

salt thereof, wherein Y is Ci-C3 alkyl or aryl.

18. The compound of any one of claims 1-17, or a pharmaceutically acceptable

salt thereof, wherein Y is aryl, wherein the aryl is substituted with C1-C3 alkoxy.

19. The compound of any one of claims 1-18, or a pharmaceutically acceptable

salt thereof, wherein Y is aryl, wherein the aryl is substituted with A.

20. The compound of any one of claims 1-19, or a pharmaceutically acceptable

0

N

2
salt thereof, wherein A is §_L OH )

21. The compound of any one of claims 1-19, or a pharmaceutically acceptable

O\\/OH

—P.
2—
salt thereof, wherein A is é_l‘ OH
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22. The compound of any one of claims 1-19, or a pharmaceutically acceptable

O 0
\\S//
. . 279N
salt thereof, wherein A is é_l' OH

23. The compound of any one of claims 1-19, or a pharmaceutically acceptable

N\
NH

/

=N

3

2
salt thereof, wherein A is %L

24. The compound of any one of claims 1-19, or a pharmaceutically acceptable
0]
_N, OH
I
salt thereof, wherein A is
25. The compound of any one of claims 1-19, or a pharmaceutically acceptable
-N
N7\
| N
_g_LZJ\N
kWOH
salt thereof, wherein A is o .
26. The compound of any one of claims 1-19, or a pharmaceutically acceptable
QH
- B.
salt thereof, wherein A is _§_L2 OH
217. The compound of any one of claims 1-26, or a pharmaceutically acceptable

salt thereof, wherein L? is -(CH2)x-.

28. The compound of any one of claims 1-27, or a pharmaceutically acceptable

salt thereof, wherein n is one or two.

29. The compound of any one of claims 1-26, or a pharmaceutically acceptable

salt thereof, wherein L? is %éé )
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30.  The compound of any one of claims 1-26, or a pharmaceutically acceptable

salt thereof, wherein L? is t Z ;f .

31. The compound of any one of claims 1-26, or a pharmaceutically acceptable

salt thereof, wherein L? is -C(O)NH(CH2)x-.

32. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1a),

NH,

A

NN R'a

|
A
O
Rs
(1a)

wherein

X is H or CH3

L!is selected from the group consisting of -CHz-, -O-, -S-, -CF2-, , and -
CH2CH:-;

O
JJ\ W/ [\
—P S
2 2 AN 279N
A is selected from the group consisting of é_l‘ OH, é_l‘ OH, é_l' OH,

-N
-
7/

N

N
0o L
NEAN N=N. }OH L OH
NH N OH .
J=y -§—|_2JQN/ H( —§—L/B\OH
, 0o , and 2 ;

5

s

L? is selected from the group consisting of -CH»-, -CH2CHa-, § é', }X’é ,
-C(O)NH(CH2)n-, -[O(CH2CH2)]n-, -[O(Ci1-Cs alkylene)]-, and -[O(CH2CH2)]n-
OCH2CH2CF2-; -C(O)NHCH2CH2-[O(CH2CH2) |m-; C(O)NHCH2CH2-[O(CH2CH2) Jm-
OCH:2CH:CF>-; and

R? is H, C1-C3 alkyl, or C1-C3 alkoxy.
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33. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1a),
NH»

A

NN Rra

I
Ay

wherein

X is -CH2-A'%, -CH2CH2-A'"?, -CH2CH2CH2-A'?, or -CH2C(CH3)2-A'%;

=N,
Q QPR QL N

P _S
B o on g)\N

A% is selected from the group consisting of = 0oH ,

-N
N~
N
N
e e
| , O ,and ¢ OH,
L' is selected from the group consisting of -CH»-, -O-, -S-, -CF»-, % é', and -CH2CH»-
@) o\/0H Q\//O
2 2 2/ \
A is selected from the group consisting of é_l‘ OH é_l‘ é_L
N
N
2 N
N//N\ N//N }OH -§_L OH OH
N I N B
N O .and £L% OH,

b

L? is selected from the group consisting of -CHz-, -CH2CHaz-, % E', }y;,
-C(O)NH(CH2)n-, -[O(CH2CH2)]n-, -[O(C1-Cs alkylene)]-, and -[O(CH2CH2) ]--OCH2CH2CF2-
; -C(O)NHCH2CH2-[O(CH2CH2)]m-; C(O)NHCH2CH2-[O(CH2CH2)]m-OCH2CH2CF>2-; and

R? is H, C1-C3 alkyl, or C1-C3 alkoxy.

34. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1b),
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NH,

A

N" SN R’

AN
I
APy
Lt H
A : iR3

(1b)

wherein

X 1s H or CHz3;

L! is selected from the group consisting of -CHz-, -O-, -S-, -CFz-,E % ,
and -CH2CHa-;

Q C\)IE’ /OH C\)é//O
2 27N 279N
A is selected from the group consisting of §_L OH, é_l‘ OH, é_l' OH,
NN,

N

o) JL;
N, _N }OH 127N
N" W H(OH CI)H

~ 7/

H
B.
E_Lz N , .§_|_2 N , and o) , and —%—LE OH ;

L? is selected from the group consisting of -CH»-, -CH2CHa-, g E', % ,
-C(O)NH(CH2)n-, -[O(CH2CH2)]n-, -[O(Ci1-Cs alkylene)]-, and -[O(CH2CH2)]n-
OCH2CH2CF2-; -C(O)NHCH2CH2-[O(CH2CH2)]m-; C(O)NHCH2CH2-[O(CH2CH2) Jm-
OCH:2CH:CF>-; and

R? is H, C1-C3 alkyl, or C1-C3 alkoxy.

35. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1b),

NH,

A

(1b)

wherein

X is -CH2-A'"?, -CH2CH2-A'"?, -CH2CH2CH2-A'?, or -CH2C(CH3)2-A'%;
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o Q OH o/o

\

NH
5 OHLLI’L OH”%/\\N,

A% is selected from the group consisting of X 0oH ,

N
a* h
OH
=N O .and T% OH.

2

L! is selected from the group consisting of -CHz-, -O-, -S-, -CF2-, § é',

and -CH2CHa-;
jjj\ “/ Wy
A is selected from the group consisting of %_Lz OH §_|_2 5

/N
N

2 N
N }OH -§—L H(OH o

N//N\N N=N.
JQ 1 J\ B
L2 ¥ToH,
@) , and

L? is selected from the group consisting of -CHz-, -CH2CHa-, § é', }X’é ,
-C(O)NH(CH2)n-, -[O(CH2CH2)]n-, -[O(Ci1-Cs alkylene)]-, and -[O(CH2CH2)]n-
OCH2CH2CF2-; -C(O)NHCH2CH2-[O(CH2CH2) |m-; C(O)NHCH2CH2-[O(CH2CH2) Jm-
OCH2CH:CF>-; and

R? is H, C1-C3 alkyl, or C1-C3 alkoxy.

36. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1¢),

NH,

wherein
X is -CH2-A", -CH2CH2-A"?, -CH2CH2CH»-A'"?, or -CH2C(CH3)2-A'%;
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=N,
9 QPH Q0 N4

S /P\ K /S\ =,/
A'?is selected from the group consisting of o , & OH, & OH % N

—_ 7/ /B\
L!is selected from the group consisting of -CHz-, -O-, -S-, -CF2-, % é',
and -CH2CH2-;
R3 is H, Ci-C3 alkyl, or Ci-C3 alkoxy; and
R*is H or Ci-C3 alkoxy.

37. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1e),

NH,
N\N R1a
|

X /” R1P
A
R3

(1e)
wherein R? is H, C1-C3 alkyl, or C1-C3 alkoxy.

38. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,
wherein the compound of Formula (1) is a compound of Formula (1f),
NH,
NN Rs

—

X N~ "R'®
H

(1f)

39. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1g),
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NH,
)§N R1a

=

R3 (19)
wherein R? is H, C1-C3 alkyl, or Ci-C3 alkoxy.

40. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,
wherein the compound of Formula (1) is a compound of Formula (1h),

NH2

’(\g\(m)

wherein R* is H or C1-C3 alkoxy.

41. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1j),

NH2
N \ N 13
YWCSE; .
42. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is a compound of Formula (1k),

NI >N (@]
X)j/kN -
H
Y (1k)
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43. A compound, or a pharmaceutically acceptable salt, selected from the group

consisting of:

NH,
N)§N R1a
|
AP e
L
Y
Com- | -X LY s Compound
poun
d :*zLJ\Rﬂa
: “CHs -(CH2)3CH3 e
NP
HO o At
© o ~ N,
2 -CHs -(CH2);CHs3 o
N=N o
HN\ / o/ HN\N:‘ :’:\: ) H

3 -CH3 N -(CH2)3CH3 e
HN™ Y
o g
N=N o~ a-m_,.j H

4 -CH3 0 -(CH2)3CH3 N
N’JﬁN
HO o | W
O/ HO "
o

5 -CHs 0 -(CH2)3CH3 MH
HO(N'Nﬁ/\Q\j‘v o
N=N > et o

HO [THPEp
hen L
6 -CHs HO; -(CH2)3CHs3 e
O N HE ’Tl i'h[l .
N T
NN o~ M ,LU,
7 -CHs3 HO -(CH2);CHs3 NH,
~ __.L?
10" J o TR
_ :
(@) HO. [~ /«:1,-] H
Ho' B
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H

Com- | -X LY R'a Compound
poun
d B”LJ\R“’
8 -CHs N O o
HN. : LT
9 -CHs W -(CH2)3CH3 NH,
HO o
NN
o Lo NSes e
10 | -CHs \ 7)4@\}' -(CH2)3CHs [
AN NTEN
HN Nl
N:N _ p .z \|_a H S
7 WK
N g
11 -CH:s N=N -(CH2)3CH3 NH,
HN\ / NTEN
- -"'Lx\_'.';:'-l" B
o HNIh'_'i ] N T
N \[’ e
"'\-\.;.'-"{ '*-G"'
12 -CH3 0 -(CH2);CH3 IHZ
HO—II3 h‘I .
o _ Ho_ 0 ”ATJLH o
O HO" P;\I T
'\-n‘_-;.'-'-""\--.ﬂ-'
13 -CH3 N -(CH2)3CHs3 NH,
HN NN
N=N O/ - e Hr‘."-"l"xﬁ.-' S
_N_—_.I.-" e -~
HMN_.N I g
14 | -CHs HO“X@; -(CH2):CH3 B
L2k
(0] - 2 N'A““A
0 wo M F
0 L_JLO.,
15 HOW -(CH2)3CH3 NH
N

HO. .-ﬂu._h__..-'ln,_\_._-,.-'-'-l-\. M B
T H

u] e
0
gy
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Com- | -X LY R'a Compound
oun
p %,LJ\ R1b
16 -CH3 o0 ¢ -(CH2)3CH3 s
HO SN Wy
H e
O/ Dl_gﬂ o H
i N"J‘- - '"‘*-L#'JJ
H |
g
17 -CH:s O\\S/,O -(CH2)3CH3 NHa
HO” NI’*EN
o~ o0 7Y N
HO %HT#MW.-'
\u_\_\_.;:-"-"‘u..cl.-'
18 -CH3 N OH fWH.  OH
, /\QN -
NS > SN
N::N Ve - H
O B N ™
W\/ AN N ey
19 HO\[N -(CH2)3CH3 MH,
NEH
O H.. e _,.-""\'-‘.'\:._F .-!L-\.N.-""\- o
Lo 1A
™
g
OCHs OMe
20 | -CHs OH mox
HN S W o
\ — - O T e g e
N=N O/ B Mg "
W\/ BN L g
- OH NH OH
20C CH3 N by 2
HN = o ©
=N
N O/
21 HOW -OCH3 OH TH2 oH
) Ay A
| N
O = HU‘YA‘\/&‘T{:L,N_; e
W\/ 0 o. "
22 -CH3 \ s~ NH, ?"
HNT S ) NN
0 : . roN
2N e S
% T
N* =M
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Com- | -X LY R'a Compound
poun A
d "?71 R1b
23 -CH3 N Q\ _ NH, 0¢.. P
HN" S 0=S .
N=N O/ . /l\f A P
M M= ;x\ |/R }
M ZOMe
24 -CH3 OH s -(CH2)3CH3 NH;
/B _.-'_\:\..\.
HO \@\/ T‘ T -
o~ & TN
1T
T 0Me
25 | -CHs 9 wior | <(CH2)3CH3 e
Ho N Jl i o
H f - w.]/" H o,
(0] O/ HD‘-\EJ *-».,_,.-""‘-r_‘- \[\.—-"-*a,:lz
T OMe
26 | -CH3 -(CH2)4CH3 by
. NN
HN\ D ,-J‘ ‘_,._]_1_ Ly
N=N o~ e oo
e D
N* " 0Me
27 HO OH MH; OH
P L
N
O e = a"‘u,_af"‘m "’J'H -““n_,f o
o : HOL
W\/ [[.-"‘q‘h__-
~F T OMe
28 -CH3 \ 9 «w | -(CH2)3CH3 e
HN\”\IZ\Z/\ANJ\@( /i_ A e
o~ N .2 . J ﬁ
HN -I: ST tL
W T OMa
29 HO\[(\}(L OH ’rilHﬂ oH
O O T ﬁ"N .-"‘:".‘D
O/ ? H':l-\"__- R s .N . A
NN o [.s—ﬁ ]:j i
|
= 0Me
30 -CH3 Q ~w | -(CH2)3CH3
HO\P/\/\N -
HO O H Ay
O/ HO. ,_ e T,ﬁ,
Ho 0 ™ ’J:OMB
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Com- | -X LY R'a Compound
poun )\
d :LLL R1b
A MH
31 -CHs N S -(CH2)3CH3 1L
HN" S NTEN
N=N p AP~
O H
Moy B
HN, r'; |
N T e
32 -CH3 o~
N -
™ P w3
N=N < -~
N O/ : WoEN
57?_/\/\/ i
_N:\_-\.-"'- I t\-;
HH, .
TR OMa
33 -CH3 Ho s~ ,T:b j"
) NTEN
o o - ; ,,Hfai._m,vv
T " H
HO -
:??L/\/\/ \.T,.-' | o
o .\_\_.-__i-"'\-\.D.-'
34 -CHs N=N s~ My 57
HN, L J
N ) nl' I
~ - N-N il ‘-"'JJ“'N"-"" T
° ‘?71/\/\/ HN, 2 o H
~# " oMe
35 -CH3 o 0 s S/ MH, 57
\P\\/\/\N ) NTEN -
oo o | - 8 A
z ROy o
- b H |
‘}*?_/\/\/ HO O Iv‘;:;we
36 -CH3 N-NH h-NH
1y \ N i N
N__N MH '
NTEN =
JI
Z ~ "‘x’-—jﬂ"ﬁ"“\u—-’fv
'?77‘/-\/\/ ["-""HQJ:’-
~# " oMe
37 No~x -(CH2)3CH3 e
HN =
‘N:E/y h.l N
o HN.-nqrﬂf‘“m?l‘“H-“"x e
W=H ra-,h
|
= 0Ma
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NN

Com- | -X LY R'a Compound
poun
d B”LJ\R“)
38 HO s~ NH s~
\ﬂ/\}i d ) A : ~
o) NTEN
o~ : HO,C A T
"?77_/\/\/ H
“OMe
39 -CH3 \ J\/\ e
HN S % NTSN
‘N:N - l P N/L/\
O H
,Nx
HN
N=N OMe
40 HO\[(\)Q N -(CH2)3CH3 NH
o HN S rul’*n
NN o~ Hn:lgn:-"w'lm.-:*‘ﬁﬁuf'x
s o
o | )
NN [“f’[‘oma
41 -CH3 OH NH, oM
P o NN ;’l‘*o
" W\/ S8 hihd
[H -:"""\-\.
= OMe
42 -CH3 HO OH IH, #ji:
o it
o o~ : ‘ Vi -J;-’ Hf‘x,.»-,\d.x
IW\/ HO. M =
;O
43 HOW o m><©\j~ -(CH2)3CH3 N
MO WTN
0] o) o LA ,;;L_h_,k_u,ﬂ_m
HO.._ \'_‘;{: RN H
Clr [H_._-_'."-"'\-\. -
44 -CHs3 o . OH NH, OH
HO\P\\/\/\N /& N)*N /&O
HO © H o e N
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Com- | -X Compound
poun
d
45 HOLA X NHe oM
HOLC  NTEN STEn
O (@] - L.H_,.-Jl -"-J'--. e
T | T
(0] '\-\,____"' '\-\.G.-'
46 HO W NH, OH
n’l'**N a
) z A A
H HOLC™ ™ j N et
M HN.’N""_?"H‘H" o
NEN S e
47 HO_~% -(CH2)3CHz3 NH;
NTEN
HGH\_’,-‘-“H_’,&U\J}'HN e
H
e
- O
48 HO MH g
N L,
O \ _T r\il
N e e e
o | wOOR
l?7?_/\/\/ HH 5 vl-' i
W=h e
49 HO NH; 07
N NJ“*N S
e} \ I :
N O/ - HO,C = N
: H
:?77_/\/\/ S
N=N OMe
) o,
0| HOu K g e o3
5 'l
© o~ HOoOC ™ T
: J H
3{\/\/ HOOG ™ e
- oe
51 CH ' ol 2
-Cn3 HO < NH, 0=5"
=S 'y J
Y 7
O O/ __,J-Hj;-."m-..‘u ™
? HG-\-\".-' H.[.-' o, H
3{\/\/ |
o e




44. A pharmaceutical composition comprising a compound of any one of claims 1
to 43, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier.

45. A compound of any one of claims 1 to 43, or a pharmaceutically acceptable

salt thereof, for use in therapy.

46.  Use of a compound of any one of claims 1 to 43, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for treating a condition

associated with TLR7 modulation, wherein the condition is viral infection or cancer.

47. A pharmaceutical composition of claim 44, further comprising at least one or

more additional therapeutic agents.

48. The pharmaceutical composition of claim 47, wherein the at least one or more

additional therapeutic agent is antiviral nucleoside.

49. The pharmaceutical composition of claim 47, wherein the at least one or more

additional therapeutic agent is PD-1 antibody or PD-L1 antibody.

50.  Use of a compound of any one of claims 1 to 43, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for treating HBV in a subject in
need thereof, wherein the medicament is to be co-administered in combination with an

antiviral nucleoside.

51.  Use of a compound of any one of claims 1 to 43, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for treating cancer in a subject in
need thereof, wherein the medicament is to be co-administered in combination with a PD-1

antibody or PD-L1 antibody.
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