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PYRIMIDINE COMPOUNDS CONTAINING ACIBIC 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
imnwnomodulating properties that act via TLR7 which are useful in the treatment of viral or
allergic diseases and cancers.

Background of the Invention

[6003] 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 immunity 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 interferon
alpha(IFNa)} and upregulation of co-stimulatory molecules on phagocytes, leading to
modulation of T cell function. Thus, innate immunity is closely linked to acquired immunity
and can influence the development and regulation of an acquired response.

[6005] TLRs are a family of type I transmembrane receptors characterized by an
NH-terminal extracellular leucine-rich repeat domain (ERR) and a COOH-terminal
intracetlular 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 from each other in ligand specificities, expression patterns, and in the target genes
they can induce.

{6006] Ligands which act via TLRs {also known as immune response modifiers
{IRMS)) have 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 derivatives described in WO 98/01448 and WO 99/28321.
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{6007} Compounds with liver targeting property are desirable. Certain moieties that
aid in liver targeting that have been disclosed in references include acidic moteties. (Tu et
al., Current Topics in Medicinal Chemistry, 2013, 13, 857-866; Oballa et al., . 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/l\\N Rz
X | /)\N)\Rm
L H
v (D
wherein
R is selected from the group consisting of H, C,-Cs alkyl, -NH,, -NHAg,

N“N

=R

NH
.COOH, -SO,CH: -SCH;, -OCHs, ¥ N and A
wherein the alkyl is optionally substituted with -GH, -NH,, -NHAc¢, -COOH, -
SO CH3,
N

SCHy, -OCHs, X N or A;
R is C-Cs alkyl;
X 1s selected froro the group consisting of H and C1-Cs alkyl, wherein the alkyl s

optionally substituted with A, -OH, or -C{CH3),OH,

L' is selected from the group consisting of a bond, -CHa-, -CFa-, 3><’§ , }g{ , =0-, -
S-, -8~ ~-NH-, and -CH,CH;-;

Y is selected from the group consisting of C1-C3 alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are

mdependently selected from A, Ci-Cs alkyl, and C1-Cs alkoxy;
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O O OH O 0

iy ¥ Y
. _ LFNOH $-12770N $o12—
A is selected from the group consisting of %— , % OH % HT oH

El

N
NN,
NN
9 Ay
N _N }OH 412
i‘d‘”N:NH g v KJOH g“
B A ] -
2 g127N 8 g HE O

L’ is selected from the group consisting of a bond, (CHy)u-, -C(ONF{(CH2 )u-, ; ;f ,

% gm{CHz)%((CHZ)"_%

, _ A OCHCH Yo, -[O(C5-Cy alkylene}}-,
AO(CHCH) - OCH, CHLCF - -C{ONHCHL CH: - [O{CHL CHa) o and
-C{OYNHCHCH:-[O{CHCH) |u-OCH2 CH2 CFop-;

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
[6009] The present disclosure provides a compound having the structure of Formula

(1), and pharmaceutically acceptable salts thereot]
NH,

NN R
!

A A e

1

v M

wherein

R'% ig selected from the group consisting of H, Ci-Cs alkyl, -NH,, -NHAc,

=N

=

NH
-COOH, -SO,CHs -SCH;, -OCH;, and -% N

wherein the alkyl is optionally substituted with -OH, -NH;, -NHAc¢, -COOH, -
SOLCH;,
n=N,

-

SCHy,-OCH;, or X N
R {5 0-Cs alkyl;
X is selected from the group consisting of H and C-Cy alkyl, wherein the alkyl is

optionally substituted with A, -OH, or -C(CHj3):0H;

(5
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L!is selected from the group consisting of a bond, -CH,-, -CF»-, % , ‘;Z'i , O -
8-, =80, -NH-, and ~-CHCH;3~;

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

O G OH 00

4
o 12 /?{OH $-12 /\g‘C}H

. . L2
A is selected from the group consisting of 'E_

N~y
0 "
2 ~N
N,’N‘NH N*sN\ >‘OH %—L OH OH
n/l:N’ ,J,L::MN-_I gg 8\
é_Lé , L , I , and —E—LE OH ;

L* is selected from the group consisting of a bond, -(CH:}u-, ~-C{OYNH{(CH2)u-, ; ; ; ,

?éi gwgcﬂz)%«:ﬁz)n—%

. , {O(CHCH )b, -[O(C1-Cy alkylene)]-,
-{O(CH:CH2) o OCH2CH: CFo-; -C(OYNHCH2CH2-[O(CH2CH Y - and
-COYWNHCH CH:-[O(CHCHL) |in-OCH, CHLCF -,

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.
{0010} The present disclosure provides a compound having the structure of Formula

(1), and pharmaceutically acceptable salts thereof,

NH,
i
NN R
i !
X/\\,F‘%N/\Rw
foH
L
Y ()

wherein

R'?is selected from the group consisting of H, C;-Cs alkyl, -NH,, -COOH,
and -SOCHs, wherein the alkyl is optionally substituted with -OH, -NHa, -COOH, or -
SO.CH;s;

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

optionally substituted with A;

L' is selected from the group consisting of a bond, -CHa-, -CF-, }><¥‘, , =0~ -
S-, -SOs-, -NH-, and -CH,CH;-;

Y is selected from the group consisting of C1-C5 alkyl, aryl, and hetercaryl, wherein
the alkyl, aryl, and hetercaryl are optionally substituted with 1-5 substituents that are
independently selected from A, Ci-Cs alkyl, and Cy-Cs alkoxy;

O ¢ OH o0
%—LTU\OH .§...5_2/?{ ,g_Lz«fg/
A is selected from the group consisting of * ) OH = OH

>

ps S o
L7 is selected from the group consisting of a bond, (CHy)u-, -C(OINH(CH)o-, &
ol
2\/\4{ HCHa)S <CH2)““%, O{CHCH) e, -[O(C1-Cy alkylene)]- and
S O(CHCH:) o-OCH CHLCF -,
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
(6011} In certain embodiments, the compound having the struciure of Formula (1) can
have any one or more of the following features,
(a) when X is -CHjs; L' is -CHa-; Y is aryl substituted with A; and L? is -CHp-; then A
is not -LA-COOH;
{b) when X is -CHa; L' is -CHa-; 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 -CHs-; Y is aryl substituted with A; and A is -L>-COOH; and L? is -
CHy-; then X is not -CHj;
{d) 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;
(e) when X is -CHjs; L' is -CHy-; Y is aryl substituted with A; and A is -L*-COOH;

then L? is not -CHs-;
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{(f) when X is -CHjs; L' is -CHa-; Y is aryl substituted with A; and A is -L*-COOH;
then 1.2 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 1.7 is -
CH;-; then L! is not -CHs-, except when R!* comprises -COOH;

(i) when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and A is -L*-COOH;
and L? is -CHp-; then R'? comprises COOH;

(i) when Xis-CHs; L' is -CHu-; Y is aryl substituted A and ~OCH;3; and L7 is -CHo-;
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*-COQOH, except when R' comprises -COOH;

(1) when X is -CHs; L1 is -CHu-; Y is aryl substituted A and —OCH;3; and L7 is -CHa-;
and R'* does not comprise COOH; then A is not -L*-COCH.

j0012] In certain embodiments, the compound having the structure of Formula (1) can
have any one or more of the following features,

(nywhen X is -CH;s; L' is -CH-; Y is aryl substituted with A; and L? is -CHp-; then A
is not -L>-COOH:;

(n) when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and L? is -CHo-; then A
is not -L2-COOH, except when R'* comprises -COOH or —-SO,CHs;

(o) when L' is -CHs-; Y is aryl substituted with A; and A is -L>-COOH; and L? is -
CHj-; then X is 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 —SOCHz;

{q) when X is -CHs; L' is -CHu-; Y is aryl substituted with A; and A is -L*-COOH,
then L? is not -CHa-;

(r) when X is -CHjs; L' is -CHa-; Y is aryl substituted with A; and A is -L*-COOH;
then L? is not -CH;-, except when R* comprises -COOH or —S0,CHz;

(s} when X is -CHs: 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 -
CHy-; then L' is not -CHp-, except when R* comprises ~COOH or ~SCrCH3;

{uy when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and A is -L>-COOH;
and L? is -CHp-; then R'* comprises COOH or -SO,CHs;

6
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{(v) when X is -CHjs; L' is -CHp-; 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 -CHp-;
then A is not -L’-COOH, except when R comprises -COOH or —-SO,CHs;
(x) when X is -CHs; L' is ~-CHs-; Y is aryl substituted A and ~OCH;; and L7 is -CHa-:
and R'® does not comprise COOH or —SO:CHj3; then A is not -L*-COOH;
(v when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and A is -L*-COOH;
and L? is -CHp-; then R'* is not H or alkyl substituted with ~OH.
[0013] In certain erubodiments, 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 -CHa-; Y is aryl substituted with A: L? is -CHp-, ~0-
O OH
/
(CE)-O(CH -, 0r ~O-(CH2)p-O(CH n(CE2)- and A fs T O then A and
L! are not in a para position with respect to each other;

(bb)  when X is -CHs; L' is -CHo-; Y is aryl substituted with A; L* is -CHp-; and A

O OH
. %LZI%OH 1 . . .
is ; then A and L are not in a para position with respect to each other;
(ce)  when X is -CH;; L' is -CHp-; Y is aryl substituted with A and ~OCH;; L% is
O OH
/

. L2777\ . . .
~CHs-; and A is % OH; then A and L! are not in a para position with respect
o each other;
{dd) when X is -CHs; L' is -CHo-; Y is aryl substituted with A; L? is ~O-(CHy -
O OH

. . L2770 ; . i .
O(CHyp-; and A is %‘ OH . then A and L are notin a para position with
respect to each other;
(eey when X is-CHs; L' is -CHo-; Y is aryl substituted with A; L* is ~O-(CHa)o-
O OH
S . »
O(CH2){CF2)~; and A is %_ OH . then A and L are not in a para position

with respect to each other;



WO 2018/106606 PCT/US2017/064541

(f)  when X is -CHs; R"is H; R™ is Caalkyl; L' is -CHo-; Y is aryl substituted
with A; and L? is -CHy-, ~O-(CH p-O(CH2)2-, or —O~(CHy )o-O(CH2 )o( CF2)-; then
O OH

¥

. L2
A is not é; CH.

2

(gg) when Xis -CHs; R is H; R is Caalkyl; L! is -CHy-; Y is aryl substituted

O OH
i
. . ) . ~§~ 2/\P<QH
with A; and L% is -CHa~; then A is not :
(hh)  when X is -CHs; R is H; R™ is Cyalkyl; L! is -CHa-; Y is aryl substituted

O OH

. . 5. . \ . L2
with A and ~OCH;; and L? is -CHy-; then A is not §~ “OH ;
(i) when X is -CHs; R'is H; R™ is Caalkyl; L1 is -CHy-; Y is aryl substituted

O OH
p . 20
with A; and L? is ~O-(CH; )-O(CHz )-; then A is not % OH.
4 when X is -CHs; R is F; R™ is Caalkyl;, L' is -CHo-; Y is aryl substituted
O OH

1
OH .
with A; and L* is ~O-(CHa )z-O(CH2)2(CF,)-; then A is not ;
(kk)  when X is -CHs; R is H; R™ is Caalkyl; L! is -CHy-; Y is aryl substituted
with A; L?is -CHj-,~0-(CH3):-O(CHa )2-, or ~O-{CHz »-O{CH)(CF2)-; and A
O OH

\}5/

b3
L2 “OH,

and L' are para position with respect to each other; then A is not %
(I} when X is -CHs; R'is H; R is Cyalkyl; L' is -CHy-; Y is aryl substituted
with A; L? is -CH;-; and A and L are para position with respect to each other;
G OH
then A is not %L{/ \OH;
(rom) when X is -CHs; R1¥is H; R™ is Caalkyl; L is -CHo-: Y is aryl substituted
with A and ~OCH;; L is -CHa-; and A and L' are para position with respect to
O OH

ENERGS
each other; then A is not 2 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; L2 is ~O-(CHy)>-O(CHa)o-; and A and L' are para position with respect to
O OH

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

(oo)  when X is -CHs; R is H; R is Caalkyl; L' is -CHy-; Y is aryl substituted
with A: L% is ~O-(CHa-O(CH: 2(CF,)-; and A and L' are para position with

O OH
respect to each other; then A is not *® L o .
{6014} The present disclosure provides the compound of Formula (1} thatisa
compound of Formula (1a),
NH,
NN R

|
X)\r/‘)\N/i\Rm
¢
Ra
{1a)

wherein

Xis Hor CH;s;

AN
- -8, -CFy-, 2’45

L' is selected from the group consisting of a bond, -CHy-, -O-, -8-,

}X{ , and -CH,CHa-;

C COH 00

o)
/4
%—LZ’U\OH q %-LQ/‘EE{OH %-LZ’%/\OH

A is selected from the group consisting of ¢

N
BN
N
]
N K —OH %-LZ’LN
= = OH
NH N) i OH
,JqN' ; ,.,l\QN’ a B
412 R ' and -$-15 "OH .

3

1.7 is selected from the group consisting of a bond, -CH-, -CH2CHi-, é E', }Z{
-C{ONH(CH: )y, -[O(CHCH) o, -[O(C3-Cs alkylene)]-, and -[O(CHCH) -
OCH,CHCFo-;

-C{ONHCHCH:-[O{CHCH2) -, and C(ONHCH:CH-[O(CHCH,) |- OCH:CHL CF -

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

A

N™ N Ri2

f
XJ\\%\Q}\HW

wherein

Xis Hor CHs;

3 L%y
L!is selected from the group consisting of a bond, -CH,-, -CF»-, %, ’; ;f, and
“CHZCHZ";
O (‘;/ OH C‘)é/ o]
d /4
. . L?-JJ\OH 2077, 22—
A is selected from the group consisting of —§— , %L OH % L \OH,

N
N. N

Q M

joon it

EN‘NH EN‘N---- OH 4 L on
T e T

, and

L? is selected from the group consisting of a bond, -CH;-, -CHyCHg-, g % B;EZ;{
~C{ONH(CH -, -[O(CH2CHR) o, -[O(C1-Cy alkylene}]-, and -[O{CH:CHz ) o-
OCH:CHaCFo-; and

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

{6016} The present disclosure provides the compound of Formula (1) thatis a
compound of Formula (1a),
NH,

A

N \N R?a

J\‘,/\/L

wherein
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X is -CHy-A" -CH,CH,-A" -CH,CHRCHL-A'Y, or -CHoC(CH: )-A '™,

') O OH o0 =N,

NH
X H. }L/\}){OH’ j‘z’gfbﬁ’ E){”N’

A s selected from the group consisting of o
N-N,
8] :z%,ltp‘(

sN‘N}OH OH OH
P 5B
&N . and §ooH,

2 > 2

L' is selected from the group consisting of a bond, -CHa-, -O-, -S-, -CFs-, % §

‘j; ;i, and -CHyCHz-;

o Q?D/QH ?5/ o
Lo poon /

. . . 31270 20N, 27N,
A is selected from the group consisting of % . L OH i OH

N
N N

Ay
NN NsN\N}OH T OH OH
I e =
%Lz ¥ ) + ) , E/ and _E_LE \OH;

L? is selected from the group consisting of a bond, -CHs-, -CHoCH;-, g § % ,
SCONH(CH2 ),  ~-[O(CH:CH)w-,  -[O(Ci-Cs alkylene)}-, and  -[O(CH2CHo) s
OCH,CH:CFy-;

SCONHCH,CH-[O(CHLCH Yoy, and  COWNHCHLCH-[O(CH CH Y - OCHLCHRCFo-;
and

R3is H, C1-Cs alkyl, or Ci-Cs alkoxy.

0017} The present disclosure provides the compound of Formula (1) thatisa

compound of Formula (1a),

wherein

Xis -CH-A™, -CH,CH,-AY, -CH,CHLCH-AY, or -CHRC(CHz p-A ™

i1
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o o oH oo nN=N,

NH
A H)E‘K?{OH zi" ‘OH E/LCNJ

A is selected from the group consisting of o

NN
o ‘z{iLN

N OH ’ OH
J\Nf
, and :

bl

N

ny

g

N Y,
L' is selected from the group consisting of a bond, -CHp-, -CFa-, g‘, -,
and “CHQ_CHQ—;
/L\ G OH O%/O
. " L270H 2/ 2
A is selected from the group consisting of B EAL OH é—i‘ \OH
NN,

BN
N, M. }OH forz N
Janf

b
2 Z
é_i" , T , and :

b

1.7 is selected from the group cousisting of a bond, -CHy-, -CHCHy-, % % }Xf
-C{ONH(CH2)w-, -[O{CHCH)w, ~[O(C1-Cy  alkylene)}-, and ~[O{CHCH)]v-
OCHCHoCFo-; and

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

{6018} The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1b},

N,
N/’L\\N R'ia
A A A
oA
ARS

(1b)
wherein
X is H or CHj;
L' is selected from the group consisting of a bond, -CHa-, -0-, -8-, -CFs-, § é

- < and ~CHLRCH-
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G O OH 30

174 4
: . LZJKOH Sf 2N 2
A is selected from the group consisting of tn , § - OH +t \OHa

n-N,

O
NN N:—N\N}OH F OH OH
§—L2/LENI -§---'—2LN'NI K 415 OH
, F , and yand ¥ 2 ;
L% is selected from the group consisting of a bond, -CHa-, -CH;CHa-, g § &
~CIOWH(CH o, -[O{CHLCHY b, -[O(C1-Cy alkylene)]-, and -[O(CHL,CH) v
OCH,CHCFo-;
~CIONHCHCH-[O(CHCH) -, and C(OINHCHL CH-[O(CHR CH Y im-OCH, CHL CFo-;
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),

.
b
A3

wherein
Xis Hor CHs:
L' is selected from the group consisting of a bond, -CHo-, —CEJQ—-,%M%, ;Zé
and -CH>CHy-;
O OH ‘o le]

O
% W
. - R ----LZJ\OH 227N 2
A is selected from the group consisting of £ . é_i" OH | %L OH

N’i\{\N

o )
N >—---OH $ML‘""L‘?r
Nz N e |

N
“ NH OH
pN g b

, and ;
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1.2 is selected from the group consisting of a bond, -CHy-, -CHCH:-, §><§ 32:5
SCONH(CHY) -,  -[O(CH:CHD -,  -[O{C1-Cs  alkylene)]-, and  -[O{CHCH)lo-
OCHCHLCFy-; and

RYis H, Ci-Cs alkyl, or €-Cs alkoxy.

{6020} The present disclosure provides the compound of Formula (1) thatis a
compound of Formula (1b},
NH,

N/E*«\N Rt

X’M\(J\N”L‘R“’
PR o

Lt
AN
(1)
wherein
X is -CHp-A", -CH,CH-AR -CH,CH,CH-A™, or -CH,C(CH: )2-A',

o %’,OH O 0 NzN\N}
.. . % Y )\a\r
Al* is selected from the group consisting of % OH S OH % ,
N’ N
o )\Nf
NﬁN%Nw}«OH E/QH OH
\ ' and "E“L

1
2SN 570H |

b

! is selected from the group consisting of a bond, -CH-, -O-, -S-, -CFs-, % %

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

O OH QQ

o
JJ\OH §...L2/}y §—Li’ \

. r L2
A is selected from the group consisting of tn

L2
N=N, N=M, }OH T OH

NH
%ﬁLa’L‘“Nl % LZ“LENI

L’ is selected from the group consisting of a bond, -CHa-, -CHCHa-, g % &,
~CIONH(CH Jor, -[O(CHCH ) o, -[O(C1-Cy alkylene) |-, and -[O(CH2CH2 Y o-

14
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OCH,CH,CF -
-C{ONHCHCH-[O(CHCHD -, and C(O)NHCH, CHy-[ O(CH,CH ) }in-OCHLCH, CF)-;

and
RYis H, Ci-Cs alkyl, or C1-Cs alkoxy.
je021] The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1b},

N
A - R3
(1)
wherein
X is -CH2-A" -CHyCHR-A"R, -CHCHCHR-A™, or -CHC(CH »-A'Y,

‘SN
. o 4 N Y “‘.N"
Al is selected from the group consisting of % OH | ‘ZL“ OH = OH K

>

- Y
BN L and '

L' is selected from the group consisting of a bond, -CHp-, -CFa-, § g, ; : ,
and -CHCHy-;
) O OH O O
%

. . o ¢ szl"\OH Lz/-?’:: 2 g2
A is selected from the group consisting of b , % OH % L OH

s

2
n=N, nN=N, >\“OH T
NH N OH
_%__L?J::TN _g___LZ’i::(\{ E’
<

, and

1.2 is selected from the group consisting of a bond, -CHy-, -CHCH:-, % § %
-C{ONH(CH)w-, -[O(CHCHD e,  -[O(C1-Cy  alkylene)}-, and  -[O{CHCH)u-
OCHCHLCFy-; and

R*is H, Ci-Cs alkyl, or C4-Cs alkoxy.
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[6022] The present disclosure provides the compound of Formula (1) thatis a

compound of Fornula (I¢),

wherein
X is -CHa-A"% -CHCH2-AR, -CHCHRCHR-AR, or -CHC(CH: )-A Y,
OOCH oo Nz,
y %// L NH
:Z?{f' \OH :;?{,. OH "/J\NI

A is selected from the group consisting of &t OH L1
NN
O ?z”U\‘NI
2N OH * kEOH OH
N
k ,,j"\\ ,’B\
VN : cang £ OH,

2

>

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

: Z ;5 , and -CH,CHa-;

R?is H, C1-Cs alkyl, or Ci-Cs alkoxy; and
R*is H or C1-C; alkoxy.
[6023] The present disclosure provides the compound of Formula (1) that is a

compound of Formula (1¢),

wherein

X is -CHp-A" -CH,CH-A® -CH,CHLCHL-A®, or -CH,C(CH: )p-A'™,

16
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o OOH oo NN

NH
fﬁgkOH’A(#%Hjﬁfg;H’%A&N

A is selected from the group consisting o

NN
il
o] E/\N
=N OH tIgOH
N
2 /L\\
, N , and ;
| o VAR
L! is selected from the group consisting of a bond, -CHp-, -CFa-, 3 % % &

and -CHoCHy-;
R*is H, Ci-Cs alkyl, or C;-Cs alkoxy; and
R*is H or C1-C; alkoxy.
j0024] The present disclosure provides the compound of Formula (1) that is a

compound of Formula {14},

NH,
N)\}N R a
X/LE\Y/;)\\N/J;\R’E b
L
Yx“'
{(1d)
X is -CHz-AR -CHyCHz-A' -CHLCHoCH2-A'Y, or -CHC(CHz p-A™:

7 %%QH i{o NNy
s\ A :
. . .. . /”\ BTSN 2 n AN
Al s selected from the group consisting of % OHﬁ e OH, * “OH ,

N~ N
i
_N OH L om OH
S0 R
BN s cand OH ;
. g #4
L!is selected from the group consisting of a bond, -CH;-, -CFs-, - ,
-G-, -CHoCH,, and -S-; and
Y is H or C1-Cz alkyl
[0025) The present disclosure provides the compound of Formula (1) thatis a

compound of Fornmula (14},
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i
N/i“i‘N Ria
XAy R
Lo
v’
(1d)
¥is -CHa-A" -CHyCHz-AM -CHyCHCH-AM, or -CHC{CH3 p-A',
o U QL Ny
A is selected from the group consisting of O oH , E/%OH, }Z"/‘SEOH, E)}M ;
NN

N
(e) ‘},/lLN’

B "()"s

A
-

L!is selected from the group consisting of a bond, -CHa-, -CF-, %
and -CH,CHy-; and

Y is H or {-Cs alkyl.
[6026] The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1e),

A
(1e)
wherein
RYis H, Ci-Cs alkyl, or C1-C; alkoxy.
{6027} The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (15,
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{6028] The present disclosure provides the compound of Formula (1) thatis a
compound of Formula (1g},
NH,

N)%N Rt

. N/J'\R’ib

SR (g
wherein
R is H, Ci-Cs alkyl, or C1-C; atkoxy.
[0029] The present disclosure provides the compound of Formula (1) that is a

compound of Formula (1h),

wherein
R*is H or C-C; alkoxy.
{6030} The present disclosure provides the compound of Formula (1} thatisa

compound of Formula (11},
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NH,
N)%N R
HO L N)\ij
L
Y/
(1))

wherein

L!is selected from the group consisting of a bond, -CHy-, -CFs-, §><§ B;Zé
-0-, -CHoCH-, and -S-; and
Y is H or C1-Cz alkyl.
[0031] The present disclosure provides the compound of Formula (1) thatisa
compound of Formula (11},
NH,
NN R
HO P N
Lt H

Y/

(1

wherein

L! is sefected from the group consisting of a bond, ~CHy-, -CFs-, g § }Xg, ~(-,
and ~-CH,CH:~; and

Y is H or C1-Cs alkyl.
{0032} The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1j),

NH,
N”L\\N R'a
i P N)\Rm
H
HNT S
N=N
OCH; ().
[0033] The present disclosure provides the compound of Formula (1) thatis a

compound of Formula (1k),
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NH, OH
N/&N I‘Ke
X 7 N~ RIP
H
Y (1K),

{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.

[0035] 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.
[06036] The present disclosure provides a compound of the present disclosure, or a
pharmaceutically acceptable salt thereof, for use in 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 manufacture 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 illustrated
and described in detatl, 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
inchided with the scope of the appended claims.

Definitions

{0039] The following definitions are meant to clarify, but not limit, the terms defined.
If a particular term used herein is not specifically defined, such term should not be considered
indefinite. Rather, terms are used within their accepted meanings.

{6040} The term “alky!l” as used herein refers to a straight or branched saturated
hydrocarbon. For example, an alkyl group can have 1 to § carbon atoms (i.e., (Ci1~-Cglalkyl) or

1 to 6 carbon atoms (i.e., (C1-Cs alkyl) or 1 to 4 carbon atoms.
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[6041] The term “alkylene” as used herein refers to a straight or branched saturated
hydrocarbon radical having two monovaleuot radical centers derived by the remnoval of two
hydrogen atoms from the same or two different carbon atoms of a parent alkane. For
example, an alkylene group can have 1 to 8 carbon atoms, 1 to & carbon atoms, or 1 to 4
carbon atoms.

{6042} The term “alkoxy” as used herein refers to an alkyl group attached to the
parent molecular moiety through an oxygen atom.

{6043} The term “halo” or “halogen” as used herein refers to fluoro, chlorg, bromo
and iodo.

{0044} The term “aryl” as used herein refers to a single all carbon aromatic ring or a
muliiple condensed all carbon ring system wherein at feast one of the rings is aromatic. For
example, an aryl group can have 6 to 20 carbon atoms, 6 to 14 carbon atoms, or 6 to 12
carbon atoms. Aryl includes a phenyl 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. Tt is to be understood that the point of attachment of a multiple condensed ring
system, 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 to 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 is aromatic. The term also includes multiple condensed ring
systems {e.g., ring systems comprising 2, 3 or 4 rings) wherein a heteroary! group, as defined
above, can be condensed with one or more rings selected from heteroaryls (to form for
example a naphthyridiny] such as 1,8-naphthyridinyi}, 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-tetrahydroquinclyl) and aryls (to form for example indazolyl) to
form the multiple condensed ring system. Thus, a heteroaryl (a single aromatic ring or
mulktiple 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
system may be connected in any order relative to one another. Tt is also to be understood that
the point of attachment of a multiple condensed ring system (as defined above for a
hetercaryl} can be at any position of the multiple condensed ring system including a
heteroaryl, 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).

6046} As used herein, the term “pharmaceutically acceptable” refers to carrier(s),
diluent(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.

10047] 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

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 symptomns, inhibition or reversal of the progression of the disorder, as well as
any other contribution to the well-being of the patient.

j0049] 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 is administered. Typically, to be administered 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 | mg/kg patient weight to less than about 100 pug/kg of patient weight, and occasionally
between about 10 pg/kg to less than 100 pg/ke of patient weight. The foregoing effective
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 Tmg/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
0050} The present disclosure provides a compound having the structure of Formula
(1), and pharmaceutically acceptable salts thereof,

NH,

N)QQN R1a
X I /L\N/LRH;
L H

v (1)
wherein

R is selected from the group consisting of H, C:-Cs alkyl, -NH,, -NHAc,

-COCH, -SCCH; -SCH3, -OCH;3, XN ;and A
wherein the alkyl is optionally substituted with -OH, -NH,, -NHAc, -COOH, -
SO,CH;,

N«N

-

NH
SCH:, -0CHs, % N or A

R 5 C5-Cs alkyl;
X is selected from the group consisting of H and C1-Cy alkyl, wherein the alkyl is
optionally substituted with A, ~OH, or -C(CH3,OH;

8-, -8y, -NH-, and -CH,CH;-;
Y is selected from the group consisting of C1-Cs alkyl, arvl, and heteroaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are

independently selected from A, Ci-C5 alkyl, and C1-Cs alkoxy;
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O O OH O 0

iy ¥ Y
. _ LFNOH $-12770N $o12—
A is selected from the group consisting of %— , % OH % HT oH

El

N
NN,
NN
9 Ay
N _N }OH 412
i‘d‘”N:NH g v KJOH g“
B A ] -
2 g127N 8 g HE O

L’ is selected from the group consisting of a bond, (CHy)u-, -C(ONF{(CH2 )u-, ; ;f ,

% gm{CHz)%((CHZ)"_%

, _ A OCHCH Yo, -[O(C5-Cy alkylene}}-,
AO(CHCH) - OCH, CHLCF - -C{ONHCHL CH: - [O{CHL CHa) o and
-C{OYNHCHCH:-[O{CHCH) |u-OCH2 CH2 CFop-;

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
[0051] The present disclosure provides a compound having the structure of Formula

(1), and pharmaceutically acceptable salts thereot]
NH,

NN R
!

A A e

1

v M

wherein

R'% ig selected from the group consisting of H, Ci-Cs alkyl, -NH,, -NHAc,

=N

=

NH
-COOH, -SO,CHs -SCH;, -OCH;, and -% N

wherein the alkyl is optionally substituted with -OH, -NH;, -NHAc¢, -COOH, -
SOLCH;,
n=N,

-

SCHy,-OCH;, or X N
R {5 0-Cs alkyl;
X is selected from the group consisting of H and C-Cy alkyl, wherein the alkyl is

optionally substituted with A, -OH, or -C(CHj3):0H;
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L!is selected from the group consisting of a bond, -CH,-, -CF»-, % , ‘;Z'i , O -
8-, =80, -NH-, and ~-CHCH;3~;

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

O G OH 00

4
o 12 /?{OH $-12 /\g‘C}H

. . L2
A is selected from the group consisting of 'E_

O
2N

Z’l:‘N, ’J’L\‘TM E é\
é_L %“L‘_ I , and —E—LE OH ;

L* is selected from the group consisting of a bond, -(CH:}u-, ~-C{OYNH{(CH2)u-, ; ; ; ,

?éi gwgcﬂz)%«:ﬁz)n—%

. , O(CHCHy ke, [O(C1-Cy alkylene)]-,
-{O(CH:CH2) o OCH2CH: CFo-; -C(OYNHCH2CH2-[O(CH2CH Y - and
-COYWNHCH CH:-[O(CHCHL) |in-OCH, CHLCF -,

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
[6652] As disclosed above, R'? is selected from the group consisting of H, C1-C4
alkyl,

LN

NH
-NH;, -NHAc, -COOH, -80,CH; -SCHs, -OCH;s, and HON , wherein the alkyl is

optionally substituted with -OH, -NH;, -NHAc¢, -COOH, -80,CH;, -SCH;, -OCHs, or

Y

N
N

@ . ) . C .
AN 1 certain embodiments, R'? is -COOH, which is a selection among the

.

n=N

substituents of A. In certain embodiments, R*? is XN , which is a selection among the
substituents of A, In certain embodiments, R™ is C1-Cy alkyl, wherein the alkyl is substituted

with -COQOH, which is a selection among the substituents of A. In certain embodiments, R
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is C1-Cy alkyl, wherein the alkyl is substituted with BN , which is a selection among
the substituents of A,
j0053] The present disclosure provides a compound having the structure of Formula

(1), and pharmaceutically acceptable salts thereof,

NHQ
\N R12
/\/\ /l\R1K)

(H
wherein
R is selected from the group consisting of H, C;-Cs alkyl, -NH;, -COOH,
and -S0O,CHa wherein the alkvl ts optionally substituted with ~OH, -NH;, ~-COOH,
or -80,CH;;
R is C-Cs alkyl:
X is selected from the group consisting of H and C1-Cy alkyl, wherein the alkyl is

optionally substituted with A;

L!is selected from the group consisting of a bond, -CHy-, -CFs-, 3><i ’;Zﬁ -O-
-8, -8(-, -NH-, and -CHCHz-;

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

,l\ O OH o} fo

A is selected from the group consisting of 177 oH %LJ/ A %—LQ/ OH

NN,
]

L7 is selected from the group consisting of a bond, -(CHa -, ~C{OINH{(CHa ), ; ; ,

%, gm{ ? (Cra) "—%, JO(CHCH Y o, -[O(C1-Cy alkvlene) -, and
SO(CHCH) - OCHL CH CF -,
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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
[0054] In certain embodiments, R'® is Cs alkyl, Cs alkyl, or Cs alkyl. In certain
embodiments, R'® is «(CH:»CHs. In certain embodiments, R is «(CHy ) CHs.
[0055] In certain embodiments, R'? is H. In certain embodiments, R is C;-C; alkyl,
optionally substituted with -OH. In certain embodiments, R' is C1-Cz alkyl, optionally
substituted with -OH. In certain embodiments, R'? is ~-CHyC{CH;»OH. In certain

OH
R’!a /OH ) R1a

. b, 3{”\/"\ M . . oAb .
embodiments, Z{LR is or . In certain embodiments, %R it

o A
Y hY
OH a” o QQé/

EONN NN BN SN NN BN

10056] In certain embodiments, the stereocenter of the carbon bearing R'® and R*® is
an (8)-configuration. In certain embodiments, the stereccenter of the carbon bearing R'* and
R'® is an (R)-configuration.

[0057] In certain embodiments, R' is C1-Cy alkyl, optionally substituted with —

COOH. In certain embodiments, R'® is C1-C; alkyl, optionally substituted with -COOH. In

CH
o
certain embodiments, KJ\RW is W\‘/
{0058} In certain embodiments, R' is C-Cs alkyl, wherein the alkyl is optionally
substituted with ~OH, -NH», -COOH, or -S0,CH;. In certain embodiments, R'? is -NH,.
-COOH, or -SOCHs. In certain embodiments, R is C1-Cs alkyl, optionally substituted with
-OH, -OCH;, -SCH;, or -80,CH;.

{0059 In certain embodiments, X is Ci-Cyq alkyl, wherein the alkyl is substituted with

e
" . N e . . . . %—Lz'h\OH
A, In certain embodiments, X is Ci-Cy alkyl, wherein the alkyl is substituted with .
wherein L2 is a bond. In certain embodiments, X is CHs,

[0060] In certain embodiments, X is H. In certain embodiments, X is C-Cs alkyl.
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j6061] In certain embodiments, L is -CHs-, -CH2CHs-, or ~O-. In certain
embodiments, L' is -CHz-. In certain embodiments, L! is -CHs-, -CH2CHz-, -O-, o1 -S-.
10062] In certain embodiments, L is a bond, -CF;-, %, : ; , =N, =800, or -
NH-.

{06063] In certain embodiments, Y is C1-Cs alkyl or aryl. In certain embodiments, Y

is aryl, wherein the aryl is substituted with C:-Cs alkoxy. In certain embodiments, Y is aryl,
wherein the aryl is substituted with A. In certain embodiments, Y is aryl, wherein the aryl is
substituted with C1-Cs alkoxy and A

16064] In certatn ernbodiments, Y is 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 is C-Cs alkyl, wherein the alkyl is optionally
substituted with 1-5 substituents that are independently selected from A, C1-Cs alkyl, and Cy-
Cs alkoxy. In certain embodiments, Y is aryl, whereio the aryl is optionally substituted with

1-5 substituents that are independently selected from A, C1-C; alkyl, and Ci-Cs alkoxy.

e
%-Lg'lLOH

j0065] In certain embodiments, A is . In certain embodiments, A is
O OH Q0
%/;,
L2 i . . . 2 . . . .
%‘ “OH . In certain embodiments, A is "%—L OH  1n certain embodiments, A is
O
- _N >AOH
e ‘NH E’\’ N
$12 N . . N . .
. In certain embodiments, A is . In certain embodiments, A
NN
N
B
%L2 ~N
OH
is
60466} In certain embodiments, L7 is -{CHz)-. In certain embodiments, L is % :

In certain embodiments, L is f : ; In certain embodiments, L? is -C{OYNH(CH: -,

_g_ﬂ(cm)!ﬂ}((fsﬂz)n—%

{0067] In certain embodiments, L? is a bond,
AO(C-Cy alkylene) -, or -[C{CHCH)|o-OCHCHLCFy-.

, TO(CHCH ) o,
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[6068] In certain embodiments, n is one or two. In certain embodiments, n is one. In
certain embodiments, n is two. In certain embodiments, n is three. In certain embodiments, n
is four.
10069] In certain embodiments, m is zero. In certain embodiments, m is one. In
certain embodiments, m is two. In certain embodiments, m is three. In certain embodiments,
i is four.
{6070 The present disclosure provides a compound of Formula (1), having the
structure of Fornula (1a}, and pharmaceutically acceptable salts thereof]
NH,
NTSN Rta

i
X/L\///kN/[\Rm
poa
Ha
{1a}

{6671} In certain embodiment of Formula (1a),

Xis Hor CHs;

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

}X{ , and -CH,CHa-;

OOH [oJe]

NE S G

A is selected trom the group consisting of ¢

N»?‘{\N
LZ
e N=" }QH ¥ OH OH
Z”J‘\'NNI 2 4’1\5\{ \g /é\
e g Hi50n

L7 is selected from the group consisting of a bond, -CHy-, -CH2CHi-, § é‘, }XE
-C{OYNH(CHy -, -[O(CHCH) |-, -[O(C1-Ca alkylene)]-, and -[O(CHCHR ) -
OCH,CHCFo-;
~-C{ONHCHCH:-[O{CHCH2) i, and C(ONHCH:CH-[O(CHCH,) |- OCH:CHL CF -
and

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

6672} In another embodiment of Formula (1a),
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X is H or CHs;

L!is selected from the group consisting of a bond, -CH;-, -CFa-, % 2‘; ;f , and
-CHLCHa-;

o %, OH o0
! 74
%‘LEJ\OH 127 on -§---L2"’¥‘0Ha

A is selected from the group consisting of

N~
o { N
L neN —}----OH -§---L2’L"f
NH TN CH
, and

>

L? is selected from the group consisting of a bond, -CHa-, -CH2CHo-, él g', B‘SQ
~CONH{CH o, ~[C{CHCH 1, -[O(C1-C4 alkylene}}-, and -[O(CH2CH) e
OCHYCH,CFy-; and

R? is H, C:1-Cs alkyl, or Ci-Cs alkoxy.

10073] As disclosed above, in certain embodiments, X may be -CH;-A' -CH,CHo-
AR LCHCH,CH:-A"M, or -CH2C(CHa)-A; wherein A™ is selected from the group
N
i
O N

o OOH 0o NN, N oH * on
-4 4 o TN
A H o Non 3’-«’"\{0:-: E/L‘ N “?%;JQN’ Q

consisting of "o

C?H O (‘})_53/ O C)/O
B — ¥
and ¥on or Al*is selected from the group consisting of % OH | % “OH = OH
N"N\‘N
o] ‘z{i}\[\;’
N -
Nzt N
NH =

E " OH OH
AN ,j:-': i
% , BN , and . In the above, X comprises A'® whichis a

selection among the substituents of A.
{0074] Accordingly, in certain embodiments, X may be -CHz-A'"? -CHCH-A™ -
CHCHLCHR-A™, or -CHLC(CH: )2-A%; wherein Al s A;
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O OH

o
%
: . . . LZ’U\OH L2
wherein A is selected from the group consisting of %— , éw OH

@]
N
N >~OH L2

...... ;
%“Lz/‘é{/OH , '%_Lz}:\\Nl , '%"LZ).:: , , and —g"LQB\QH ; and
L% is a bond.
{06075] Accordingly, in certain embodiments, X may be -CHy-A'? -CH,CH;-A", -
CHoCHCHR-AR, or -CH2C(CH3)2-A%; wherein A s A
G G OH

Lo 1%,

wherein A is selected from the group consisting of '§—

L’ is a bond.
{6076} In another embodiment of Forowla {(1a),
X is -CHz-A® -CH,CHz-A" -CH2CHoCH2-A™ or -CH2C(CH; )-Al%
') Q COH o0 =N,

14 ¥ AL
oH o N

A is selected from the group consisting of % OH | *
N oH OH OH
S i’é*OH
t] .}Z& E 2 and a

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

;- ;f? and ~-CH,CHa-;
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G O OH 30

174 4
: . LZJLQH 227N 2/\‘23/
A is selected from the group consisting of tn , § - OH +t \OHa

? N
N”N‘MH N”N‘N}OH e L oH OH
9,L:':N’ ‘JQ:N’ \\g \
-§—L _g___LZ A ’ and ‘%"L/é OH .

» 7

L% is selected from the group consisting of a bond, -CHa-, -CH;CHa-, g § &
~CIOWH(CH o, -[O{CHLCHY b, -[O(C1-Cy alkylene)]-, and -[O(CHL,CH) v
OCH,CH,(CF2-;
~CIONHCHCH-[O(CHCH) -, and C(OINHCHL CH-[O(CHR CH Y im-OCH, CHL CFo-;

and
R*is H, C;-Cs alkyl, or C1-Cs alkoxy.
{6077} In another embodiment of Formula (1a),
X is -CHz-AR -CHyCH2-A", -CHL,CH,CH2-A", or -CHLC(CHap-A';
N
O OH AN
9 oW ?g,Q o
TN K TN =
A s selected from the group consisting of % OH | OH | & OH | k1
N
i
2 s N
N o kﬂ/OH
VN , and O

L' is selected from the group comsisting of a bond, -CHj-, -CFy-, % § z ;E,

and ~CH;CHz-;
O OH OO0

o
Z
%“LEL\OHﬂ %Lz/%{“OH’ %&Lz/\g‘o&-{

A is selected from the group consisting of
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VNS
L? is selected from the group consisting of a bond, -CHy-, -CHCHo-, % é oy

C(ONH(CH2)p-,  -[O(CH2CH) e,  -[O(Ci-Cs  alkylene)})-, and  -[O(CHCH) -
OCHL,CHCFo-; and
RYis H, Ci-Cs alkyl, or C1-Cs alkoxy.
[6078] The present disclosure provides a compound of Formula (1), having the
structure of Formula (1b), and pharmaceutically acceptable salts thereof,
NHN

\N R']a
)\(K\ /L\Rﬂ
A/©ia3

(10)
{0879} In certain embodiment of Formula (1b),

Xis H or CH;j;

L' is selected from the group consisting of a bond, -CHa-, -0-, -S-, -CFs-, g %

; ;’ and ~-CHCHz-;

. L. Lzﬂ\DH L2 Ny 2
A is selected from the group consisting of + , éﬁ OH %L

O OQH {:}O

O
2
N Nz, }OH §.L L oM
Sy N J\N'N j{ B
L;' \ 212 = __g_ N
ta L , and ,and ¢ b2 OH;

B

L? is selected from the group consisting of a bond, -CHa-, -CH2CHa-, % § &,
~C{OWH(CH o, -[O(CHCHY T, -[O(C1-Cy alkylene)]-, and -[O(CHCH ) -
OCH,CH,CFo-;
~C{ONHCHCH-[O(CHCH) - and C(OYNHCH CHa-[O(CHCH - OCH CHRCFo-;
and

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

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

XisH or CH;s;
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L' is selected from the group consisting of a bond, -CHa-, ~CF3—,'g § 5 ; ,
and ~-CH,CHu-;
O OH Q Q

ZJ\QH Lz/ \ 2.
A is selected from the group consisting of it %m OH | %4"

o
g_2

N ’N‘N _____ }OH % . OH

s .

,1\ NH
N }L L2 , and

L7 is selected from the group consisting of a bond, -CH;-, -CH,CH;-, % % x,
-C{OINH(CH o, -[O(CHCH Y o, -[O(C1-Cs alkylene)]-, and -[O(CHLCH,  o-
OCH,CH,CFy-; and

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

jonsi] As disclosed above, in certain embodiments, X may be -CHx-A"? -CHCHz-
AR LCHCH,CHz-A, or -CHyC(CHs p-A'%; wherein A'? is selected from the group
N
\\N
O })L.N
o CE;/OH o 0 NN e OH ¢ oH
9 N
M o - N SV
consisting of % OH “OH % ‘OH kY X N , ’
QH o) OOH 0O 0
5. I _
and i on or A" is selected from the group consisting of % OH, 2 \OH e \QH
?T‘Wa\i‘N
) a{JLNf
=, N .
NH o N=

I " OH OH
AN s i
* , BN , and . Inthe above, X comprises A'% whichisa
selection among the substituents of A
j0082] Accordingly, in certain embodiments, X may be -CHz-A", -CH,CH,-A'? -

CHyCH,CH-A™, or -CH2C(CHz p-A'"; wherein Al is A;
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O OH

o
%
: . . . LZ’U\OH L2
wherein A is selected from the group consisting of %— , éw OH

@]
N
N >~OH L2

______ ;
%Lz/‘é?OH i %‘Lz}:\\N’ ) '%“Lz):: , , and —guﬁ"gB\QH ; and
L% is a bond.
{0083} Accordingly, in certain embodiments, X may be -CHy-A'? -CH,CH;-A", -
CHoCHCHR-AR, or -CH2C(CH3)2-A%; wherein A s A
G G OH

Lo 1%,

wherein A is selected from the group consisting of '§—

L?is a bond.

j0084] In another embodiment of Formula (1b),
Xis mCHz-Am, ~CH2CH2-AIH, mCHgCHQCHQnAm, or ~CH3C{CH3);-AM;
o G OH c o n=N

%f/ N ’NH
\OH’ ‘Z’,_L/i\N

RN By
A" is selected from the group consisting of % OH . OH %

E

N‘;N‘ >’OH { OH "
b N \1])/ /5\
. and é e OH.

> b

L1 is selected from the group consisting of a bond, -CHz-, -O-, -8-, -CF-, g <,

ZXf , and -CH,CHy-;
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G O OH 30

174 4
: . LZJLQH 227N 2/\‘23/
A is selected from the group consisting of tn , § - OH +t \OHa

N ;
NH N ¢ O
_§_Lx_ M _g___LZ N’ i and ?{ \OH‘

B 7 >

L% is selected from the group consisting of a bond, -CHa-, -CH;CHa-, g § &
~CIOWH(CH o, -[O{CHLCHY b, -[O(C1-Cy alkylene)]-, and -[O(CHL,CH) v
OCH,CHCFo-;
~CIONHCHCH-[O(CHCH) -, and C(OINHCHL CH-[O(CHR CH Y im-OCH, CHL CFo-;
and

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

[6085] In another embodiment of Formula (1b),
Xis -CHz-A® -CHoCH:-A", -CH,CH CH-A', or -CHC(CHap-A™;

O O OH o0 N

(?l{. E o 4 /L NH
. - - N " il o AN
Al s selected from the group consisting of . 0H , \OH, % oH , 2 ,

, and
P4 %
L!is selected from the group consisting of a bond, ~-CHa-, -CFa-, 3-’ ,
and -CHQCHQ—;
O OH o0

o
i Y74
t LzJ\OH’ é’“‘-zjﬁiow %‘Lz’"g‘oa—i,

A is selected from the group consisting of =

N
N~
o) }
_N N OH %LQ’L‘M
Nz N=t,
il NNH . LI/OH
2= & g2
T , = , and ;

% ; S
L7 is selected from the group consisting of a bond, -CHa-, -CH,CHy-, % g ,
~CIOWH(CH u, -[O{CHCH) Ju-, -[O{C1-Cy alkylene)]-, and -[O(CHCHz) o~
OCH2CH:CFa-; and
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R’ is H, C;-Cs alkyl, or C-Cs alkoxy.
{6086} The present disclosure provides a compound of Formula (1), having the
structure of Fornula {1c}, and pharmaceutically acceptable salts thereof]
NH.-

N’J\\N R1e
X i /}\N*R”’
g M

R4‘@[ =3

{1c)
j6B87] As disclosed above, in certain embodiments, X may be -CHx-A!, -CHCHz-
AN LCHCHaCHz-A, or -CHyC(CH:h-A'?; wherein A'? is selected from the group
N-N,

N
vJ\N‘

O %

o ooH oo NN NN om0 KngH
N

: D NH
}lf/&:OH’ }‘l/%/\(}!'-i’ E)" =N ’ ?a{L*N’

consisting of % OH |
OH O O OH 'sile}

> El

: 4
and B{B\OH or A'?is selected from the group consisting of }{lLOH , 22 \QH, =4 \QH,
?“J\N
N < s
= “NH N';N"N__ OH k | OH
‘z{/"‘*?\f , ?'“{L::N , and E/ . Inthe above, X comprises A'? whichis a

selection among the substituents of A.
[0088] Accordingly, in certain embodiments, X may be -CHp-A™, -CH,CH:-A -
CHYCH,CH-A'™, or -CH,C(CH3 A, wherein A' is A;

o C;/ OH
)
. . . . -----LZJJ\OH L2770
wherein A is selected from the group consisting of § , % OH
N
N W

0 I
AN
_N N )—QH 412
Vo, o Iy ™ Yy
- 2 \i\{ 27 B.
127 "on , L ) L N , , and 15 oK ; and
L?is a bond.

[6089] Accordingly, in certain embodiments, X may be -CHz-A" -CH,CHz-A™, -
CH,CH.CHo-A"® or -CH2C(CH: -A'; wherein A s A;
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j)J\ C;j/ OH
i)
: : - L2 OH L2
wherein A is selected from the group consisting of %— , % O
N
.
_N N > oH 4 12N
8] ’L: WNH N OH
5 2O, (27N g (27 =N
3L oH . and ; and
L% is a bond.
[6099] In certain ermbodiment of Formula (i¢),
¥is -CH2-A" -CHyCHz-AM -CHyCHCH2-AM, or -CHC(CH p-A',
o COH oo N,
% L Y
BTN B 9,
Al s selected from the group consisting of kS OH OH - "OH ¥
N/r\{‘;\g
Q R/B-\N’
e Fo Lo g
s B
2 ‘}’1‘ .N 7 2 and é. OH 7

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

; ; , and -CHCHp-;

RYis H, Ci-Cs alkyl, or C1-Cs alkoxy; and
R* is H or C1-Cs alkoxy.
[6091] In another embodiment of Formula (1¢),

Xis -CH-A™, -CH,CH,-AY, -CH,CHLCH-AY, or -CHRC(CHz p-A

o COH 0o n=N,
"QQZ‘ %“/ E %{/ /):;:N‘NH
o N K -
Al s selected from the group consisting of 3 OH . OH "OH , %
NNy
=N o ; oH
N
W
VN , and ;

L' is selected from the group consisting of a bond, -CHa-, -CFa-, g % t Z ; i)
and ~-CH,CHu-;
R is H, C-Cs alkyl, or Ci-Cs alkoxy; and
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R*is H or C1-Cs alkoxy.
6092} The present disclosure provides a compound of Formula (1), having the

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

NH,
N’L\%N Rte
[
v

(d)
[6093] As disclosed above, in certain embodiments, X may be -CHz-A! -CH,CH,-
A" -CHyCH2CH2-AY, or -CHaC(CHi )a-A', wherein A™ is selected from the group

NN
N O j{H\N’
O OH 00 Nz _N }----OH -
IS AL o
2N Yo = =S
consisting of X OH OH & OH ks , BN ,
OH O ¢ OH 00
5 . %
T 1a s ~ o e TN ST
and 2 OH or A** s selected from the group consisting of %o , OH OH
NNy
it
N

O
N N OH
E}‘E\ NH ! = xN_/%—
CORL I Yo

%OH
, , and : . Inthe above, X comprises A'® whichis a
selection among the substituents of A
[0094] Accordingly, in certain embodiments, X may be -CHp-A™, -CHCH,-A -
CHYCH,CH-A'™, or -CHC(CH3 o-A'; wherein A'%is A;

O O OH
----LZJJ\OH }LLV&{OH

wherein A is selected from the group consisting of ;

N
N \\N

0 I
_N N J\fQH 2N
Y e T e g
o P £ B\
%___LZ/ “OH _§__L2 Nj _E__L;: N §__L.«2’ OH
L?is a bond.
{0095] Accordingly, in certain embodiments, X may be -CHz-A" -CHCHz-A™, -

CHCH.CHo-A'", or -CH2C(CH:)2-A™; wherein A s A;

, and ;and
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JOJ\ %”OH
i)
: : - L2 OH L2
wherein A is selected from the group consisting of %— , % O
N
.

, and

L% is a bond.

[6096] In certain erbodiment of Formula (1d),

¥is -CH2-A" -CHyCHz-AM -CHyCHCH2-AM, or -CHC(CH p-A',

N
" , . go OH iiji: 3;?%,{0 V:i;; N
A" is selected from the group consisting of . , OH <
N-N
o :zz)LN’N
N"N‘N OH % _oH OH

E)::-w , E/ . and %‘,B\OH;

L!is selected from the group consisting of a bond, ~-CHa-, -CF-, % g E’Xi,
-0-, -CH,CH,, and -S-; and

Y is H or C1-Cs alkyl.
0097} In another embodiment of Formula {(1d},

X is -CHa-A" -CHoCHy-A", -CH2CHLCHo-AR, or -CHoC(CH: -A'%,

e} O OH ()%// O ,\? ‘J'N‘NH
Al is selected from the group consisting of % OH A \QH, * o , E/\\.NI ,
N
SR
??saN\N OH L or
?*f):\\N‘ , and E/ ;

L!is selected from the group consisting of a bond, ~-CHa-, -CFs-, % é : 2 ;’ -(-,

and -CH,CHy-; and
Y is H or C1-Cs alkyl.
10098] The present disclosure provides a compound of Formula (1), having the

structure of Formula {1e), and pharmaceutically acceptable salts thereof]

41



WO 2018/106606

(ie)

wherein R is H, C1-Cs alkyl, or C1-C; alkoxy.
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10099] The present disclosure provides a compound of Formula (1), having the

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

NH,

N)%N Rte

[60100] The present disclosure provides a compound of Formula (1), having the

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

NH,

N_)%N R

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

N)‘\R’Eb
H

[00101] The present disclosure provides a compound of Formula (1), having the

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

NH,
N_)‘\“N R12

N
H

(1)

wherein R* is H or C-Cs alkoxy.

|
/\R‘!b
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[66102] The present disclosure provides a compound of Formula (1), having the
structure of Formula (11), and pharmaceutically acceptable salts thereof,
NH,

Howg\)\()\ /j\R1h

N)‘\\\N R
P
KIS
Y/

(1)

wherein

L' is selected from the group consisting of a bond, -CHa-, -CFa-, g % : Z ;E
-3, ~-CHyCHy-, and -8-; and
Y is H or Ci-Cs alkyl.

>

{60103} In another embodiment of Formula (11),

L!is selected from the group consisting of a bond, -CHs-, -CFs-, § § éé{ , =0,
and ~-CH;CHy-; and
Y is H or C1-Cs alkyl.
[00104] The present disclosure provides a corapound of Formula (1), having the
structure of Formula (1§), and pharmaceutically acceptable salts thereof,
NH,

N’J‘\\‘N R1a
E L N‘/I\RT{)
H

ot (1.
{60105] In certain embodiment of Formula (13, X is H or CHs.
100106] In certain embodiment of Formula (1j), R'? is selected from the group

consisting of H and C1-Cy alkyl, wherein the alkyl is optionally substituted with -OH, -NH,, -
=N

=

NHAc, -COOH, -S0,CHs, -SCHs, -OCHs, or % N

80107} In certain embodiment of Formula (1j}, R'® is selected from the group
consisting of H and Ci-Cy alkyl, wherein the alky! is optionally substituted with -COOH.
[60108] The present disclosure provides a compound of Formula (1), having the

structure of Formula (1k), and pharmaceutically acceptable salts thereof)
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NH, OH

/Lw

J\]/& i

(1K),
100109} In certain embodiment of Formula (1k), X is H or CHs.
j00110] In certain embodiment of Formula (1k), R™ is C4 alkyl,
[60111] In certain embodiment of Formula (1k),

Y is aryl or heteroaryl, wherein the aryl and heteroary! are optionally substituted with
1-5 substituents that are independently selected from A, Ci-Cs alkyl, and C1-Cs alkoxy;
O O OH O O

: Lz'U\Oi--i 412 f\F{ «}L?

A s selected from the group consisting of 1

N“ \\

N n=N )\ OH -§---L2’L”
/L}MNH LM TOH
'§EL& , é‘ L2 , and ) ; and

5

L2 is selected from the group consisting of a bond, (CHy)e-, -C(O)NH(CH,)y-, }—SZ;\' ,

ol
%7 FHCHIT S CHt {O(CHCH2)Jom, -[O(C1-Cy alkylene)]-, and
SJO{CH:CH Y - OCH CHRCFo.
[00112] In certain embodiment of Formula (1k),
Y is aryl, wherein the aryl is optionally substituted with 1-5 substituents that are

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

o]
N f_N‘ _N OH
j\ NH ,L. N
. . . 12N g 2SN
A is selected from the group consisting of , , and
N
e
N
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L2 is selected from the group consisting of a bond, -(CHaJu-, -C{ONH(CHa -, t ; ; ,

% -gm-{cﬁg)%(cm)n =1

>

, -[TO(CHLCH) o, -[O(C1-Cy alkylene)}-, and
-JO(CHCHL) Jo- OCH, CHRCFo.
80113} In certain embodiment of Formula (1k),

Y is aryl, wherein the aryl is optionally substituted with 1-S substituents that are

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

= NH
) _%__LZ’EMNI
Als ;and

L2 is selected from the group consisting of a bond, -(CHa)u-, & T and

~§»{CHz)m><(CHz)n“%

{60114] In one variation of Formula (1), R'? is (CH;»CH; and R**is H. Inone
variation of Formula (1), R' is «(CH,):CH; and R is C;-Cq alkyl, optionally substituted
with -OH. In one variation of Formula (1), R' is ~(CH,CHz and R* is ~CH,C{CH; ), 0H.
OH
i _oH _ )
in one variation of Formula (1), ¥ OR® is S or M
[00115] In one variation of Formula (1), Y is aryl, wherein the aryl is substituted with
C1-Cs alkoxy and A. In one variation of Formula (1), Y is aryl, wherein the arvl is
substituted with —OCH; and A
[00116] In one variation of Formula (1), R'* is -(CH>)3CHs and R is C1-Cs alkyl,
optionally substituted with -COOH. In one variation of Formula (1), R is (CH:),CH; and
R'*is ~-CH,COOH.
606117} The present disclosure provides a compound of formula (1),
NH.,

N/L*%N R'a
|

X/L\W///L\Q/I\Rm

1

Y'L 1
( >3

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

a) R'®is (CH,)»pCHs;
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by R'%is H;
¢} Xis—CHs;
d) L'is~CHy-; and
e} Y is aryl, optionally substituted with 1-5 substituents that are independently selected
from A, C;-Cs alkyl, and C1-Cs alkoxy.
[60118] The present disclosure provides a compound of formula (1),
NH.

N/L\\N R1a
|

XN N*R"b
Lo A
v (1,
having one, two, or three of the following features:
a) RYis (CH)CHs or «{CH2»CH:;
b) RM¥isH;and
¢} Xis Ci-Cyalkyl, wherein the alkyl is substituted with A

[00119] The present disclosure provides a compound of formula (1),

having one, two, or three of the following features:
a) R®is «(CH2nCH; or (CH2»CH3;
by R'%is Cy-Cy alkyl, substituted with —OH, -NH,, -COOH, or -SO:CH; and
¢} Xis C-Cy alkyl, wherein the alkyl is substituted with A,
1001201 The present disclosure provides a compound of formula (1),
NH,

NN R
X 7 N/L\R”}
1 H
v .
having one, two, three, or more of the following features:

a} R'"is —(CH:)CH;s or «(CH:2)CHs;
by R'%is C;-Cy alkyl, optionally substituted with ~-COOH;
¢y Xis—CHjs;
d) L!is —CHa-; and
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e} Y is aryl, optionally substituted with 1-5 substituents that are independently selected
from A, Ci-Cs alkyl, and Ci-Cs alkoxy.
100121} The present disclosure provides a compound of formula (1},
NH,

N/L\\N R1a
|

e M

v (M,

having one, two, three, or more of the following features:
a) R is ~(CH2»nCH; or «(CH2):CH3;
by R*is H or Ci-Cs alkyl, optionally substituted with ~-COOH;
c) Xis-—CHjs;
d) L'is —CHa-; and

e} Yisaryl, optionally substituted with 1-5 substituents that are independently selected

_N
. NH
%__LZ’L::N
from and C;-Cs alkoxy.
[60122] The present disclosure provides a compound having the structure of Formula

{1}, and pharmaceutically acceptable salts thereof]

NH,
N“XN R
o
X/\\;,Q"’\N/J\Rm
‘. H
L
Y (H

wherein

R'? ig 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 -
SCCH3,

R is C,-Cs alkyl;

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

optionally substituted with A or halogen;

L.} is selected from the group consisting of a bond, -CHa-, -CF-, %, i Z ; , =, -
S—, —S()g—) -NHw, and —CHQCHQ—;
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Y is selected from the group consisting of C;-Cs alkyl, aryl, and heteroaryl, wherein
the alkyl, aryl, and heteroaryl are optionally substituted with 1-5 substituents that are
independently selected from A, Ci-Cs alkyl, and C1-Cs alkoxy;

© O OH o0
¢ o

. N _ LZ’LOH L2, 2.2
A is selected from the group consisting of & . + OH : OH

5

N
N
N

9 L

. neN S%----OH $-12 N
’ > W k\gOH

L2
é_ , and

>

L? is selected from the group consisting of a bond, (CH:)u-, -C{OYNH{(CH:)u-, BXQ,

X
Qég, $HORIT S CHIE ) b, OBy, ~[O(Co-Ca alkylene)]-. and -[O(CHACH) ]
OCH)CHLCFy-;
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,
with any one or more of the following features,
(a)  when Xis -CHs; L' is -CH-; Y is aryl substituted with A; and L” is -CHs-; then A
is not -L2-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,
{c)  when L'is -CHy-; Y is aryl substituted with A; and A is -L2-COOH; and L? is -
CHg-; then X is not -CHj;
(dy  when L' is -CHy-1 Y is aryl substituted with A; and A is -L-COOH; and 1.7 is -
CHy-; then X is not -CH;, except when R comprises -COOH;
(e} when X is -CHa; L is -CHy~; Y is ary] substituted with A; and A is -L*-COOH;
then L? is not -CH;-;
& when X is -CHs; L' is -CHa-; Y is aryl substituted with A; and A is -L*-COOH;
then L? is not -CH:-, except when R'? comprises -COOH,
(g when X is -CHs; Y is aryl substituted with A; and A is -L2-COOH; and L° is -
CH;-; then L' is not -CHp-;
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(b)

®

&)

()

0

[60123]

when X is -CHs; Y is aryl substituted with A; and A is -L>-COOH; and L? is -
CHy-; then L is not -CHp-, except when R'? comprises -COOH;

when X is -CHjs; L' is -CH-; Y is aryl substituted with A; and A is -L%-COOH;
and L? is -CHp-; then R'® comprises COOH;

when X is -CHs; LY is -CHy-; Y is aryl substituted A and ~OCH;5; and L2 is -CHo-;
then A is not -L>-COOH;

when X is -CHs; L} is -CHo-; Y is ary] substituted A and ~OCH;; and L? is -CHo-;
then A is not -L*-COOH, except when R'® comprises -COOH;

when X is -CHs; L' is -CHy-; Y is aryl substituted A and ~OCHs; and L2 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,

(1)

)

(0)

(p})

(@

)

{(s)

)

C

(v}

(W)

when X is -CHjs; L' is -CHa-; Y is aryl substituted with A; and L? is -CHa-; then A
is not -L>-COOH;

when X is -CHz; L is -CHa-; Y is aryl substituted with A; and L? is -CHa-; then A
is not -L.2-COOH, except when R!? comprises ~COOH or —-SO,CHy;

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

when L! is -CHs-; Y is arvl substituted with A; and A is -L2-COOH; and L? is -
CH;-; then X is not -CHs, except when R'® comprises ~COOH or ~8O»CH3;

when X is -CHs; L is -CHa-; Y is aryl substituted with A; and A is -L%-COOH;
then L? is not ~-CHo-;

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

when X is -CHa; Y is aryl substituted with A; and A is -L-COOQOH, 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 —SC,CHs;
when X is -CHjs; L' is -CHp-; Y is aryl substituted with A; and A is -L2-COOH;
and L? is -CHp-; then R'* comprises COOH or —SO:CHs;

when X is -CHs: Lt is -CHo-; Y is aryl substituted A and ~OCH;; and L? is -CHa-;
then A is not -L*-COOH;

when X is -CHs; L' is -CHa-; Y is aryl substituted A and ~OCH;; and L2 is -CHy-;
then A is not -L*-COOH, except when R'® comprises -COOH or -SO,CH;;
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x)

v)

[00124]

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

when X is -CHjs; L' is -CH-; Y is aryl substituted with A; and A is -L%-COOH;
and L? is -CHp-; 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)

(0

when X is -CHs; L' is -CHa-, Y is aryl substituted with A; 1.7 is -CHa-, ~O-(CH2 )o-
O OH

P ) g - . —§—L2/ “oH P
O(CHy -, or ~O-(CHz)p-O(CH2 )o{(CFa)-; and Ais ;then A and L' are
not in a para position with respect to each other;
when X is -CH;; L' is -CHz-; Y is aryl substituted with A; L? is -CHp-; and A is

¢ OH

%-"Li/ “OH ; then A and L! are not in a para position with respect to each other;
when X is -CHs; LT is -CHa-; Y is aryl substituted with A and -OCH;; L is
0] /OH
~CHp- and A is %___sz \OH; then A and 1! are not in a para position with respect
o each other;
when X is -CHs; LY is ~-CHa-; Y is aryl substituted with A; L? is ~O-(CHy -
O OH

O(CHo )~ and A is é_t?/ "o ; then A and L’ are not in a para position with
respect to each other,
when X is -CHj; L' is -CHz-; Y is aryl substituted with A; L? is ~O-(CH)-

O OH

O(CH2 A CFo)~; and A is %_sz \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:z-, ~O-(CH:2 2-O(CHa -, o1 —O-{CH2)2-O(CH:2)2{CF»)-; then A is not
C OH

%—LQ”V\OH :
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(22)

(hh)

(D

(ki)

{mm)

(nn)

when X is -CHjz; R is H; R is Cualkyl; L' is -CHy-; Y is aryl substituted with A;
O OH

and L s -CHo- then A is not +5 OH.

when X is -CHs; R"is H; R'® is Cualkeyl; L' is -CHa-; Y is aryl substituted with A
O OH

, e o T2 T f " %Lz/%cH.

and —OCH;; and L? is -CHy-; then A is not ;

when X is -CHjz; R*is H; R is Cualkyl; L' is -CHy-; Y is aryl substituted with A;

O OH

2
and L7 is ~O~(CH, )2-O(CHa ), then A is not %—L “oH ;
when X is -CHs; R' is H; R'® is Caalkyl; Lt is -CHa-; Y is aryl substituted with A;
O OH

and L? is ~O-(CH, -O(CH:)2(CF2)-; then A is not 2 \QH;
when X is -CHjz; R is H; R is Cualkyl; LY is -CHy-; Y is aryl substituted with A;
L? is ~-CHy~,~O-(CH2)2-O(CHy o, or —O-{CH2)-O(CH 3{CF2)-; and A and L! are
O OH
LN

para position with respect to each other; then A is not é— CH.

when X is -CHs; R™®is H; R!® is Caalkyl; LY is -CHa-; Y is aryl substituted with A;
L% is -CHs-; and A and L' are para position with respect to each other; then A is

O OH
not %LZ/ \OH;
when X is -CHs; R"is H; R' is Cualkeyl; L' is -CHa-; Y is aryl substituted with A
and ~OCH3; L? is -CH;-; and A and L! are para position with respect to each

O OH

other; then A is not %LZ/ \OH;
when X is -CHs; R'is H; R is Caalkyl; L' is -CHa-; Y is ary] substituted with A;
L? is ~O-(CH2»-O(CH, )-; and A and L' are para position with respect to each

O OH
4 -
127 o,

other; then A is not *

B
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(00) when X is -CHs; RM® is H; R is Caalkyl; L is -CHp-; Y is aryl substituted with A;
L% is ~O-(CH2»-O(CH2)(CF2)-; and A and L' are para position with respect to
O OH

cach other; then A is not §L2/%iOH .

{60125] In certain ernbodiments, 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 2012/031146 (PCT/US2011/050231).

[00126] In certain embodiments, the present disclosure provides a compound of

Q & ey
] H

|

# 3 A .
P P -~
. i N g

formula (1) that is not o

Ny
$
N" >
x’i o
J
o fg R
i H
{NO}EP.\J.*\,«’ ’ or
g
(ROY P e D
{ )e”\}& Py
FF
{60127] The present disclosure provides for the following compounds and

pharmaceutically acceptable salts thereof

N,
N)\\N Rt
(A A g

H
K
2

U
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Com- | -X LY Rz Compound
pound ’I\R ®
10 -CH; -{(CH2)sCHs
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12 | -CH; {(CH,):CHs
13 -CH; N . -(CHy)sCH;
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M
20C | -CH; OH
G

21 HOW -OCH;
60128 The present disclosure provides for the following compounds and

pharmaceutically acceptable salts thereof.
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46 Ho\g\k
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47 HO A~ + ~{(CH:z):CHs

48
49
50
51 -CH; e
HO l N
O 2 o
{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
example, 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 70 or'®0
are within the scope of the present disclosure. Such isotopically labeled compounds are
useful as research or diagnostic tools.

General Synthetic Methods

[00130] 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, including well-known standard synthetic
methods. Ilustrative general synthetic methods are set out below and then specific
compounds of the present disclosure are prepared in the working Exaraples.

j00131] 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 synthesis (T. W. Green and P. G. M. Wuts, Profecting Groups in Organic Synthesis,
3" FEdition, 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.

1001321 A representative synthesis for subject compounds is shown in Scheme 1.

Scheme 1

(E) ) @)
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{00133} In Scheme 1, compound of formula (G} is an embodiment wherein L' is ~CHj-
and Y is arvl, which is appropriately substituted. Also in Scheme 1, LG is a leaving group;
and R is H or alkyl. Compounds of fornwla (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-dimethyHormamide 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.

j00135] Compounds of formuia (B) may be prepared by reacting a cornpound of
formula (C) with guanidine or guanidine carbonate in a suitable solvent such as methano! or
ethanol at a ternperature, for example, in the range from S0°C to 150°C.

j00136] Compounds of formuia (F) 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 formuia (F) may be prepared by reacting a compound of
formula (E) with excess of an amine of formula R1*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.

{60138} 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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[00140] In Scheme 2, compound of formula (G) is an embodiment wherein L' is ~CHa-
and Y is aryl, which is appropriately substituted. Also in Scheme 2, R is H or alkyl.
je0141] 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, in 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 (1) may be prepared by reacting a compound of
formula (H) via a Wittig reaction with RO-C(03)-CH=PPhs;. The reaction may be carried out
in a suitable solvent, such as tetrahydrofuran, at a temperature, for example, from 50°C to
150C.

[00143] Compounds of formula (J) may be prepared by the reduction of a compound
of formula (1) under hydrogenation conditions. The reaction may 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.

00144 A representative synthesis for subject compounds is shown in Scheme 3.
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Scheme 3
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[80145] In Scheme 3, compound of formula (G) is an embodiment wherein L' is ~CHs-
and Y is arvl, which is appropriately substituted.
je0146] 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 1n 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
formula (K) with a cyanide salt, such as potassium cyanide, in a suitable solvent such as
dimethylsulfoxide or N, N-dimethylformamide (or 2 mixture of both solvents) at a
temperature, for example, from room temperature to 50°C.

[60148] Compounds of formuia (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
formula (M) with an alkylating 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 arvl, which is appropriately substituted. Preparation of compounds of formula (K)
and (1.) are described above.

[00151] With continued reference to Scheme 4, compounds of fornwla (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.

1001521 A representative synthesis for subject compounds is shown in Scheme 5.

Scheme 5

NH, NH, NH;
N”L?N Ria N)%N Rla

! | |

X'J\ - N/L\R&'b — L N/\Rm
H H
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(E) (K
NH,

NN Rie
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H

~
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[60133] 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 formula (K) is

described above.
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[60154] 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 formuia (Q) 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.

100156} A representative synthesis for subject compounds is shown in Scheme 6.

Scheme 6

) {F}

j00157] In Scheme 6, compound of formula (F’) is an embodiment wherein L' is —
CHa- and Y is aryl, which is appropriately substituted. Also in Scheme 6, LG' and LG are
leaving groups. Compounds of formula (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.

j60158] With continued reference to Scheme 6, compounds of formula (C7) may be
prepared by reacting a compound of formula (A’ with a base, such as sodium hydride, ina
suitable solvent such as tetrahydrofiran 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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[60159] Compounds of fornula (") may be prepared by reacting a compound of
formula (C”) with guanidine or guanidine carbouate in a suitable solvent such as methanol or
ethanol at a temperature, for example, in the range from 50°C to 150°C.

[60160] Compounds of formula (E’) may be prepared by reacting a compound of
formula (D7) with phosphorous oxychloride, at a temperature, for example, from 50°C to
110°C.

60161} Compounds of formula (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 to 150°C.
Alternatively, the reaction can be performed in a microwave at a temperature, for example,
from 50°C to 200°C.

j00162] A representative synthesis for subject compounds is shown in Scheme 7.

Scheme 7

j00163] 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.
j00164] 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 trimethylsilyl
azide, in an azide-nitrile cycloaddition. The reaction can be run iv a suitable solvent such a3
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 dibutyliin oxide.

[e0165] A representative synthesis for subject compounds is shown in Scheme 8.

Scheme

O H
Ho-ﬁ“ii/\ﬁ/
N O™
) o)
{00166} In Scheme 8, compound of formula (F’) is an embodiment wherein L' is -CHj-

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 (') 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.

[60168] Compounds of formuia (') may be prepared by reacting a compound of

formwula (17} with reagents to remove the ethyl groups, such as bromotrimethylsilane, ina

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 in the treatment of’
1. respiratery tract: obstructive diseases of the airways including: asthma, including
bronchial, allergic, intrinsic, exirinsic, 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 atrway hyper-responsiveness;
chronic obstructive pulmonary disease (COPD); bronchitis, including infectious and
cosinophilic bronchitis; emphysema; bronchiectasis; cystic fibrosis; sarcoidosis;
farmer's lung and related diseases; hypersensitivity pneumonitis; lung fibrosis,
including cryptogenic fibrosing alveolitis, idiopathic interstitial pneumonias, fibrosis
complicating anti-neoplastic therapy and chronic infection, including tuberculosis and
aspergillosis and other fungal infections; complications of lung transplantatior;
vasculitic and thrombotic disorders of the lung vasculature, and pulmonary
hypertension; antitussive activity including treatment of chronic cough associated
with inflammatory and secretory conditions of the airways, and iatrogenic 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 conumon 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 gangrenosum, skin sarceoid, discoid lupus erythematosus,
pemphigus, pemphigoid, epidermolysis bullosa, usticaria, angioedema, vasculitides,

toxic erythemas, cutaneous eosinophilias, alopecia areata, male-pattern baldness,
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Sweet's syndrome, Weber-Christian syndrome, erythema multitorme; cellulitis, both
infective and non-infective; panniculitis; cutaneous lymphomas, nov-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; cystitis inchuding acute and chronic (interstitial) 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, liver, lung, bone marrow, skin or cornea or following blood transfusion;
or chronic graft versus host disease;

6. other auto-immune and allergic disorders including rheumatoid arthritis, irritable
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, comumon warts, plantar
warts, hepatitis B, hepatitis C, herpes simplex virus, molluscum contagiosum, variola,
human immunodeficiency 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,
chlarmydia, Candida, aspergillus, cryptococcal meningitis, Pneumocystis carnii,
cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection and
leishmaniasis.
[e0170] The present disclosure provides the use of a compound of formula (Fjora
pharmaceutically acceptable salt thereof as a vaccine adjuvant, used together with one or
more antigens against the following diseases: HBY, HPV, meningitis, TDaP, flu, rabies,
tuberculosis, malaria, Staphylococcus aureus infection, and cancers (tumor-associated antigen
ot neo-antigen).
{60171} Thus, the present disclosure provides a compound of formula (1) ora
pharmaceuticaliy-acceptable salt thereof as hereinbefore defined for use in therapy.
80172} 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.
[60173] 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. 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.
[60174] 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.
[60175] 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.
[66176] 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.

1001771 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
effective amount of a compound of formula (1) or a pharmaceutically acceptable salt thereof
as hereinbefore defined.

100178} 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 thereof a therapeutically effective amount of a compound
of formula (1) or a pharmaceutically acceptable salt thereof as hereinbefore defined.

80179} For the above-mentioned therapeutic uses the dosage administered will, of
course, vary with the compound employed, the mode of administration, the treatment 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 (pg/kg) to about 100 micrograms per kilogram body weight (ug/kg). 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

[60180] The compounds of formula (1} and pharmaceutically acceptable salts thereof
may be used on their own but will generally be administered in 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 Pesigns”, M. E. Aulton, Churchill
Livingstone, 1988,

60181} In certain embodiments, the administration can be oral, intravenous,
subcutaneous, intramuscular, intratumoral, intradermal, intranasal, inhaled, intravesicle,
topical, sublingual, bucchal, intrarectal, intrathecal, intracranial, or other forms of'local
delivery.

1001821 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 %w, still more particularly from about 0.10 to about 70 %ow, 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 composition.

100183} 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.
[60184] 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 carrier.

[60185] The pharmaceutical compositions may be administered topically (e.g. to the
skin or to the hung and/or airways) in the form, e.g., of creams, solutions, suspensions,
heptafivorocalkane {(HF A) 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.

[¢0186] Dry powder formulations and pressurized HF A 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 roixture with the assistance of a dispersant, such as a
Cs-Cao fatty acid or salt thereof, (for example, oleic acid), a bile salt, a phospholipid, an alkyl
saccharide, a perfluorinated or polyethoxvlated 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 (e 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, raffinose,
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 dese of the active
compound.

100189} Another possibility is 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 Turbuhaler” 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.

100190} 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 polyvinylpyrrolidone; 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.

60191} For the preparation of soft gelatin capsules, the compound of the present
disclosure may be admixed with, for example, a vegetable oil 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.

[80192] Liquid preparations for oral application may be in 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 propvlene glyeol.
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

[e0193] The compounds of the present disclosure (that is, compounds of fornwla (1)
and pharmaceutically acceptable salts thereof) may also be administered in conjunction with
other compounds used for the treatment of the above conditiouns.

160194) 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 another therapeutic agent or agents, for the

treatment of one or more of the conditions listed.

100195] 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:
(i) 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 nitrosocureas); antimetabolites (for example gemcitabine
and antifolates such as fluoropyrimidines like S-fluorcuract and tegafur, raltitrexed,
methotrexate, cytosine arabinoside, and hydroxyurea); antitumour antibiotics (for
example anthracyclines like adriamycin, bleomyein, doxorubicin, daunomycin,
epirubicin, idarubicin, mitomycin-C, dactinomycin and mithramycin); antimitotic
agents (for example vinca alkaloids like vincristine, vinbiastine, vindesine and
vinorelbine and taxoids like taxol and taxotere and polokinase inhibitors); and
topotsomerase inhibitors (for example epipodophyllotoxins like etoposide and
teniposide, amsacrine, fopotecan and camptothecin);
(i1} cytostatic agents such as antioestrogens (for exarmple tamoxifen, fulvestrant,
toremifene, 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;
2,3-methylenedioxyanilino)-7- [2-(4-methylpiperazin- 1 -yDethoxy} -5 -
tetrahydropyran-4-yloxyquinazoline (AZ0530; International Patent Application WO
01/94341) and N-(2-chloro-6-methylphenyl}-2- {6-[4-(2-hydroxyethyl)piperazin- 1 -
yl}-2-methylpyrimidin-4-ylamino jthiazole-5-carboxamide {dasatinib, BMS-354825;
J. Med. Chem.. 2004, 47, 6658-6661), and metalioproteinase inhibitors like
marimastat, inhibitors of urokinase 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 antiboedy 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 inhibitors, 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-morpholinopropoxyjquinazolin-4-amine (gefitinib, ZD 1839}, N-(3-
ethynylphenyl}-6,7-bis(2-methoxyethoxyquinazolin-4-amine {erlotinib, OSI-774)
and 6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3~-morpholinopropoxy)-quinazolin-
4-amine (C1 1033), erbB2 tyrosine 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 inhibitors such as farnesyl transferase inhibitors, for example sorafenib
(BAY 43-9006)), inhibitors of cell signalling through MEK and/or AKT kinases,
inhibitors of the hepatocyte growth factor family, ¢-kit inhibitors, abl kinase
inhibitors, IGF receptor (insulin-like growth factor) kinase inhibitors; aurora kinase
inhibitors (for example AZD] 152, PH739358, VX-680, MLN8054, R763, MP235,
MP529, VX-528 AND AX39459) and cyclin dependent kinase inhibitors such as
CDK2 and/or CDK4 inhibitors;

{v) antiangiogenic agents such as those which inhibit the etfects of vascular
endothelial growth factor, [for example the anti-vascular endothelial cell growth
factor antibody bevacizumab (Avastin™) and VEGF receptor tyrosine kinase
inhibitors such as 4-(4-bromo-2-fluorcaniling }-6-methoxy-7-(l-methylpiperidin-4-
yimethoxyigquinazoline {ZD6474; Example 2 within WO 01/32651), 4-(4-fluoro-2-
methylindol-5-yloxy}-6- methoxy-7-(3-pyrrolidin-l-ylpropoxylquinazoline
(AZD23¥71; Example 240 within WO 00/47212), vatalanib (PTK787; WO 98/35985)
and SUI 1248 (sunitinib; WO 01/60814}, compounds such as those disclosed in
International Patent Applications W(97/22596, WO 97/30035, WO 97/32856 and
WO 98/13354 and compounds that work by other mechanisms (for example linomide,
inhibitors of integrin «vB3 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 BRCAZ, 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 in-vivo

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

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

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

approaches using transfected immune celis 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, 0X-40, GITR, VISTA, 4-1BB, CD40, TIGIT, BTLA;

{xi} Kinase inhibitors, including but not limited to small molecule or monocional

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

FGFR, BCR-ABL, PI3K:

{xii) Inhibitors of cancer/immune metabolism, including but not limited to inhibitors

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

(xii1) 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 including but not limited to PD-1 antibody and PD-L1 antibody.
[00196] Furthermore, for the treatment of the inflammatory diseases, COPD, asthma
and allergic rhinitis the compounds of the present disclosure may be combined with ageunts
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

75



WO 2018/106606 PCT/US2017/064541

inhibitors whether applied topically or systemically {(such as piroxicam, diclofenac, propionic
acids such as naproxen, flubiprofen, fenoprofen, ketoprofen and ibuprofen, fevamates such as
mefenamic acid, indomethacin, sulindac, azapropazone, pyrazolones such as phenylbutazone,
salicylates such as aspirin), COX-2 inhibitors (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.

[60197] 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; siRNA 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.

j00199] The present disclosure still further relates to other innate immung 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).

[602006] 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-{5S-substituted}-thiophene-2-
alkylsulfonamide; 2,6-di-tert-butylphenolhydrazones; a methoxytetrahydropyrans such as
Zeneca Z1-2138; the compound SB-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 quineoline 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 (1LTB4, 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 BIfL 284/260; and compounds such as zafirlukast,
ablukast, montelukast, praslukast, verlukast (MK-679), RG-12525, Ro-245913, iralukast
(CGP 45715A), and BAY x 7195
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[60202] The present disclosure still further relates to the combination of a compound
of the present disclosure and a phosphodiesterase (PDE) inhibitor such as a methylxanthanine
including theophylline and aminophylline; a selective PDE iscenzyme inhibttor including a
PDE4 inhibitor an inhibitor of the isoform PDE4D, or an inhibitor of PDES.

60203} 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, levocabasiine,
chlorpheniramine, promethazine, cyclizine, or mizolastine; applied orally, topically or
parenterally.

{60204} The present disclosure still further relates to the combination of a compound
of the present disclosure and a gastroprotective histamine type 2 receptor antagonist.

j00205] The present disclosure further relates to the combination of a compound of the
present disclosure and an antagonist of the histamine type 4 recepior.

{60206} The present disclosure still further relates to the combination of a compound
of the present disclosure and an alpha-l/alpha-2 adrenoceptor agonist vasoconstrictor
sympathomimetic agent, such as propylhexedrine, phenylephrine, phenylpropanolamine,
ephedrine, pseudoephedrine, naphazoline hydrochlornide, oxymetazoline hydrochloride,
tetrahydrozoline hydrochloride, xylometazoline hydrochloride, tramazoline hydrochloride or
ethylnorepinephrine hydrochloride.

[60207] The present disclosure further relates to the combination of a compound of the
present disclosure and an anticholinergic agent including muscarinic receptor (Mi, M2, and
M3) antagonists such as atropive, 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.
[002106] The present disclosure still further relates to the combination of a compound
of the present disclosure together with an insulin-like growth factor type | (IGF-1) mimetic.
{60211} The present disclosure still further relates to the combination of a compound

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

160212) The present disclosure still further relates to the combination of a2 compound
of the present disclosure together with an inhibitor of matrix metalioproteases (MMPs), 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-1
(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, CCR6, CCR7, CCRS,
CCRY, CCRIQ and CCRI 1 (for the C-C fanuly); CXCRI, CXCRZ, CXCR3, CXCR4 and
CXCRS {(for the C-X-C family) and CX3CR1 for the C-X3-C family.

{60214} 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 L1 to 15, and
interleukin 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 immunogiobulin (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 topicalty-applied anti-inflammatory agent, such as
thalidomide or a derivative thereof, 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, @ macrolide, a beta-lactam, a fluoroquinolone, metronidazole, an inhaled
aminoglycoside; an antiviral agent including acyclovir, famciclovir, valaciclovir, ganciclovir,
cidofovir, amantadine, rimantadine, ribavirin, zanamavir and oseltamavis; 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-
siucleoside reverse transcriptase inhibitor such as nevirapine or efavirenz.

[60218] 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) or a
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pharmaceutically acceptable salt thereof as hereinbefore defined and one or more agents
independently selected from:

» a non-steroidal glucocerticoid receptor (GR-receptor) agonist;

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

orciprenaline, bitolterol mesylate, pirbuterol or indacaterol};

» a phosphodiesterase inhibitor (such as a PDE4 inhibitor);

» a protease inhibitor (such as a neutrophii elastase or matrix metalloprotease MMP- 12
inhibitor);

« a glucocorticoid;

» an anticholinergic agent;

» 3 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 giucocorticoid receptor { GR-receptor) agonist;

« a selective B2 adrenoceptor agonist;

» a phosphodiesterase inhibitor;

» a 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) 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 B2 adrenoceptor agonist;

» a phosphodiesterase inhibitor;

» g protease inhibitor;
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« a glucocorticoid;
» an anticholinergic agent;
» a modulator of chemcekine 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.
Esemplary Embodiments
{00221} Embodiment [-1. A compound having the structure of Formula (1), or a
pharmaceutically acceptable salt thereof,
NH,

NN R
|

N

A A
o ©

wherein

R!% is selected from the group consisting of H, C;-Cs alkyl, -NH,, -COOH,
and -SO,CH:z wherein the alkyl is optionally substituted with ~OH, -NH,, -COOH, or -
SChCH3;

R is C5-Cs alkyl;

X is selected froro the group consisting of H and C1-Cy alkyl, wherein the alkyl is

optionally substituted with A;

L!is selected from the group consisting of a bond, -CHa-, ~CFa-, % B’SZQ -O-, -
8-, -80s-, -NH-, and -CHyCH;-;

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, Ci-Cs alkyl, and C1-Cs alkoxy;

0 O OH 00

Y4
ﬂ\OH }LLZ/’KOH %"'Lz”\gitaﬁ

. - . L -l
A is selected from the group consisting of %

N
n-N,
O p N
uN N Yor g
~ UNH b N OH
Jaopy -
FN g Y
, , and

>

&0
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L* is selected from the group consisting of a bond, -{CHa)a-, ~-C{ONH(CH2 ), BXQ,

oS
)>§ (G “(CH O({CHCH o, -[O(C1-Cy alkylene)]-, and
JO(CHCH) | OCH, CH CF)-;

m is an integer from zero to four; and

1 is an integer from one to four; and

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

when X is -CHs; L! is -CHa-; Y is aryl substituted with A; and L? is -CHy-; then A is
not -L*-COOH, except when R'? comprises ~-COOH.
[00222] Embodiment I-2. The compound of Emnbodiment I-1, ora
pharmaceutically acceptable salt thereof, wherein R*® is —~(CH, ) CHs.
[60223] Embeodiment I-3. The compound of Embodiment I-1, or a
pharmaceutically acceptable salt thereof, wherein R is —(CHy 1 CHs,
j00224] Embodiment 1-4. The compound of any one of Embodiments 1-1 to I-3, or
a pharmaceutically acceptable salt thereof, wherein R' is C1-Cy alkyl, optionally substituted
with ~-CH.
[60225] Embodiment [-5. The compound of any one of Embodiments I-1 to -4, or
a pharmaceutically acceptable salt thereof, wherein R' is ~CH,C(CH3»OH.
[60226] Embodiment {-6. The compound of any one of Embodiments I-1 to I-4, or

OH
s _OH ,)

a pharmaceutically acceptable salt thereof, wherein R is NS or W\/

160227] Embodiment I-7. The compound of any oue of Embodiments I-1 to I-3, or

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

with -COOH.

00228 Embodiment I-8. The compound of any one of Embodiments 1-1 to I-3
OH

Re Ao

16
and 1-7, or a pharmaceutically acceptable salt thereof, wherein EA\R is BT
[00229] Embodiment -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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{00230] Embodiment [-10.  The compound of any one of Embodiments 1-1 t0 -9, or
a pharmaceutically acceptable salt thereof, wherein X is Ci-Cy alkyl, wherein the alkyl is
substituted with A.
[60231] Embodiment I-11.  The compound of any one of Embodiments I-1 to I-10,
or a pharmaceutically acceptable salt thereot, wherein X ts Ci-Cs alkyl, wherein the alloyl is

O

substituted with %—LZl\OH , wherein L? is a bond.

{00232} Embodiment I-12.  The compound of any one of Embodiments i-1 to [-9, or
a pharmaceutically acceptable salt thereof, wherein X is CH;.

j00233] Embodiment 1-13. The compound of any one of Embodiments 11 t0 19, or
a pharmaceutically acceptable salt thereof, wherein X is H.

{60234 Embodiment [-14.  The compound of any one of Embodiments I-1 to [-13,
or a pharmaceutically acceptable salt thereof, wherein L! is -CHz-, -CHCH:-, or —O-.

[60235] 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-.

{60236} Embodiment [-16.  The compound of any one of Embodiments I-1 to [-15,
or a pharmaceutically acceptable salt thereof, wherein Y is Ci-Cs alkyl or aryl.

1002371 Embodiment I-17.  The compound of any one of Embodiments I-1 to I-16,
or a pharmaceutically acceptable salt thereof, wherein Y is aryl, wherein the aryl is
substituted with C1-C3 alkoxy.

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

substituted with A.

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

or a pharmaceutically acceptable salt thereof, wherein A is '<-"'L2,LOH .

[60240] Embodiment I-20.  The compound of any one of Embodiments I-1 to I-18,
O OH

or a pharmaceutically acceptable salt thereot, wherein A is %—LZ/ “OH .

{60241} Embodiment [-2}.  The compound of any one of Embodiments I-1 to [-18,
OO

/“

, A T on
or a pharmaceutically acceptable salt thereof, wherein A is .
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[00242] Embodiment 1-22.  The compound of any one of Embodiments {-1 to 1-18,

“ NH
%_LZJL\N
or a pharmaceutically acceptable salt thereof, wherein A is
[00243] Embodiment I-23.  The compound of any one of Embodiments I-1 o0 I-18,

O
_N }C}H
N
Q'LEN

or a pharmaceutically acceptable salt thereof, wherein A is é_

160244] Embodiment I-24.  The compound of any one of Emwbodiments I-1 to 1-18,
N
%LZ"L“N
g
or a pharmaceutically acceptable salt thereof, wherein A is : .
j00245] Embodiment 1-25.  The compound of any one of Embodiments -1 to [-24,

or a pharmaceutically acceptable salt thereof, wherein L? is -(CHz)u-.
{60246 Embodiment I-26.  The compound of any one of Embodiments I-1 to 1-25,
or a pharmaceutically acceptable salt thereot, wherein n is one or two.

[60247] Embodiment [-27.  The compound of any one of Embodiments I-1 to [-24,

or a pharmaceutically acceptable salt thereof, wherein L? is %
[60248] Embodiment I-28.  The compound of any one of Embodiments I-1to 1-24,

or a pharmaceutically acceptable salt thereof, wherein 1.7 is % .

[00249] Embeodiment 1-29.  The compound of any one of Embodiments I-1 to 1-24,
or a pharmaceutically acceptable salt thereof, wherein L2 is -C{ONH(CH )o-.

j00250] Embodiment 1-30. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) 1s a compound of Formula

(1a),

wherein

&3
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XisHorCH;

)
L! is selected from the group consisting of a bond, -CH-, —CFQ,-,%, ; ;, and
-CHLCHa-;

i Y Y
oM 22 Non L2 o

A i3 selected from the group consisting of +

©
_N N )Loa-i L2
o R A
2 2=
%L , %L . and

L7 is selected from the group consisting of a bond, -CHz-, ~-CH,CH;-, § § EZ{ ,
SCIOINH(CH -,  -[O(CH:CHMw-,  -fO(C1-Cq alkylene}}-, and  -[O(CH:CHo)o-
OCHCHLCFy-; and

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

[80251] 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 -CHy-A"™ -CHCH:-A"Y, -CHCHoCHz-AM) or -CHC(CHap-A',

o OOH oo  NeN

NH
K H %”%?OH’ “{liw

RN
A s selected from the group consisting of oM , & OH

&4
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5

>

wnhae

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

and -CH>CH,-;
O OH o0
W

o
LZ}\OH_ %‘Lz'/%::OH’ 7 o

A 1s selected from the group consisting of %
0 JL;\}N

NH N (_OH
dsy s D¢
2 5 2N
"§"’L , & , and ;

L7 is selected from the group cousisting of a bond, -CHy-, -CHCHy-, % g', & ,
-C{ONH(CH2)w, -~[O{CH2CH)]w, -[O(C1-Cy  alkylene)]-, and -[O(CHCH2) v
OCH,CH,CFy-; and

RYis H, Ci-Cs alkyl, or C1-C; alkoxy.
jo0252] 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),

P
A/gi\vff’i\gﬁ
{10}
wherein
X is H or CHs;

3’
L! is selected from the group consisting of a bond, -CHo-, nCFr,% %’, % ’ 5
and ~-CH,CHg-;
o o oH ?s’ o
A 12 -4
. . . L4 OH 2N 2
A is selected from the group consisting of % \ %L OH s OH
N

0 M
_N OH 2N
1o NH iNN} o
27N 5 2=y \E/
%‘L R % - , and
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1.2 is selected from the group consisting of a bond, -CHy-, -CHCH:-, §><§ 32:5
SCONH(CHY) -,  -[O(CH:CHD -,  -[O{C1-Cs  alkylene)]-, and  -[O{CHCH)lo-
OCHCHLCFy-; and

RYis H, Ci-Cs alkyl, or €-Cs alkoxy.

[60253] Embodiment I-33. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(1b),

<R
A éE Z g3
(10)
wherein
Xis -CHa-A" -CHCH-AR -CH,CHyCH-AM, or -CHC{CH =AY,

f'e) O OH 00 i N

Nz .,

2 /J\N)NH
TN, el =

Al ig selected from the group consisting of % Ok ~%  OH, = \OHﬁ %

>

Nz > (_ _OH
PR hS
‘2‘ e
2 , and ;

8 % Q s
L! is selected from the group consisting of a bond, -CHi-, -CFa-, 3 % ,
and “CHQCHQ";

f\ %/OH C‘;{,O

v

. . L2 0H L2 312

A is selected from the group consisting of + , + OH L OH
NN,
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1.2 is selected from the group consisting of a bond, -CHy-, -CHCH:-, §><§ 32:5
SCONH(CHY) -,  -[O(CH:CHD -,  -[O{C1-Cs  alkylene)]-, and  -[O{CHCH)lo-
OCHCHLCFy-; and

RYis H, Ci-Cs alkyl, or €-Cs alkoxy.

160254] Embodiment I-34. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula
(1c),

NH,

N/E\‘\*N Rte

X/“\\T%E\N)\R“b
LA

R4R3

(1cy
wherein

X is ~CH2~AM, —CHQCHTAM, ~CH2CH2CH2—AM, or —CHQC(CH})Q-AM;

N
0O O OH OO Nz
W /L\ NH
4 Jj\ P K 2 \N
A is selected from the group consisting of B OH * \OH, = or %
N
N
@] ‘}{*\Nl
NgN\N}OH OH
PES
, BN , and ;

L' is selected from the group consisting of a bond, -CHo-, -CFp-, é g 323 ,
and -CH,CHu-;

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

R*is H or C-C; alkoxy.
j80255] Embodiment [-35. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

{1d),

&7
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NH,

NTRN RIS

X/i\//?\' /kRm

N
K
N
(1d)
¥is -CHa-A" -CHyCHz-AM -CHyCHCH-AM, or -CHC{CH3 p-A',
O OH O O =N
S L e
. : NS o L e
A'? is selected from the group consisting of , , , ,
N

N
o ;)L;\{
, and

L!is selected from the group consisting of a bond, -CHy-, -CFs-, % % }Xi, -(-,
and -CH,CHy-; and

Y is H or {-Cs alkyl.
180256] Embodiment [-36. A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Forrula

(le),

(1e)
wherein
R’ is H, C;-Cs alkyl, or Ci-Cs alkoxy.
[60257] Embodiment I-37. A compound of Embodiment I-1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1) is 2 compound of Formula (11),

38
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{60238] Embodiment [-38. A compound of Embodiment 1-1, or a pharmaceutically
acceptable sait thereof, wherein the compound of Formula (1) is a compound of Formula

(tg),

wherein

R¥is H, C1-Cs alkyl, or Ci-Cs alkoxy.
j80259] Embodiment -39, A compound of Embodiment I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(Th),

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

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

&9
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HO

wherein

L' is selected from the group consisting of a bond, -CH»-, -CF-, g

and ~-CH;CHa-; and
Y is H or C1-Cz alkyl.

100261]

Embodiment 1-41.

PCT/US2017/064541

3

M o,

A compound, or a pharmaceutically acceptable salt,

selected from the group consisting of’

NH,

R‘la

S

)
Y
A

Y
Compound | -X LY
1 -CHs -{(CH2):CH3
UOI (\/'\\/ o
2 -CH: A “{CH21:CH;
NN | S
HNW)\/O;/
3 -CH:s N ~-{(CH2):CH;
HN™
E\J:N o
4 -CH:s O ~-{(CH2):CH;
HOM@&A
O/
5 -CH; 0w {(CH):CH;
Ff‘{ /E\O/
6 -CH;3 HO ~-(CH):CH;
N
N-N e
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WO 2018/106606
Compound | -X ALY
7 -CHs ~{CH,)3CH;
3 ~-CHs -/OH
LN
9 ~CH; HO \<©8’ -(CHz):CH;
T
10 -CHs N ~{CH2):CH;
HNT Y
=N -0~
11 -CHs NN:N y ~{CHz)CH;
H \N//\dk
N o
12 -CHs o F{’O e -(CH2):CHs
S
o
13 -CH; N \;( g -(CH2):CH;
HNS = R
: L
14 ~-{CH2}:CH;
15 -{(CH2):CHs
16 -CH: SN =T g -(CH,):CH;
anc\/’\{j E X
Z o
17 -CHs O\\Sf’ s -{CHz)3:CH;
HO” Ny
TL
13 ~CH; OH

J
NN
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Compound | -X ALY

19 ~(CHy)sCH;

3

20 -CH; N OH
HN ST ™ /& o

N=N \?/}\O o H

21 HOW -OCH:; jH

[60262] Embodiment I-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 I-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 anv one of Embodiments I-1 to I-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.

100265] Embediment 1-45. A compound of any one of Embodiments [-1 to 141, or
a pharmaceutically acceptable salt thereof, for use in treating a condition associated with
TLR7 modulation.

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

[60267] Embodiment 1-47.  Use of a compound of any one of Embodiments I-1 to |-
41, or a pharmaceutically acceptable salt thereof] in the manufacture of a medicament for
treating a condition associated with TLR7 modulation.

{60268] Embodiment [-48.  The use of Embodiment {-47, wherein the condition is

viral infection or cancer.
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[60269] Embodiment -1, A compound having the structure of Formula (1), or a

pharmaceutically acceptable salt thereof,

wherein
R'%is selected from the group consisting of H, C;-Cs alkyl, -NH;, -NHAc,
=N
 NH
_COOH, -S0,CH: -SCHs, -OCHs, and - N
wherein the alkyl is optionally substituted with -OH, -NH;, -NHAc, -COOH, -
SOCH;,

n=N

-

- ,NH
-SCH;, -OCH;, or £ N

R is C2-Cs alkyl;
X is selected from the group consisting of H and C1-Cs alkyl, wherein the alkyl is

optionalty substituted with A, -OH, or ~-C{(CH;3)0H;

8-, -80s-, -NH-, and -CHyCH;-;
Y is 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, Ci-Cs alkyl, and C1-Cs alkoxy;
o
e

O OH 00

4 4
: . OH L2770 KA
A is selected from the group consisting of , % OH % - \QH,

NN
C A
2N
NN, N, OH $L

NH N OH OH
Jaspy e L\g B
Lz 2. 2 \i\{ i e ~
5 3-§L ’ and 17 OH
L? is selected from the group consisting of a bond, -(CHz)u-, -C(O)NH(CH2)u-, "; ; ,

% »§_(CHz)m><(CHz)n~%

>

N

, -[O(CHCHY Y e, -[O(C1-Cy alkylene)]-,
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S O{CHCH - OCH CH CFa-; ~CIONHCH ) CH-[O{CH CHa  r; and
-C{ONHCHCH-[ O(CHCH ) |- OCHLCHLCF) -,

m is an integer from zero to four; and

1 is an integer from one to four; and

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

when X is -CHs; L is -CHa-; Y is aryl substituted with A; and L? is -CHa-; then A is
not -L.>-COOH, except when R'* comprises ~-COOH.
{60276] Embodiment [{-2. The compound of Embodiment HI-1, ora
pharmaceutically acceptable salt thereof, wherein R is ~(CH, . CHs.
(00271} Embodiment H-3. The compound of Embodiment H-1, ora
pharmaceutically acceptable salt thereof, wherein R is —(CH2):CHs,
j06272] Embodiment 11-4. The compound of any one of Embodiments 11-1 to -3,
or a pharmaceutically acceptable salt thereof, wherein R*® is C1-Cs alkyl, optionally
substituted with -OH, -OCH;, -SCHs, -SO;CH;

[60273] Embodiment [I-5. The compound of any one of Embodiments I1-1 to [I-4,
or a pharmaceutically acceptable salt thereof, wherein R'* is ~«CH,C{CH3),0H.
180274] Embodiment [I-6. The compound of any one of Embodiments 11-1 to [I-4,
OH
R'& 7 o /
1b - :
or a pharmaceutically acceptable salt thereof, wherein t{(\R is BTN , NN
N—NH
~ -~ Q‘ ~ 9\3’ ,/E\'j
S O 0=S j
/ / -/
[60275] Embodiment H-7. The compound of any one of Embodiments -1 to H-3,

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

substituted with ~-COOH.

{00276] Embodiment 11-8. The compound of any one of Embodiments {{-1to [1 3
OH

R’:a w/&o

1b
and II-7, or a pharmaceutically acceptable salt thereof, wherein Z(J\R is W\//
{00277} Embodiment 11-9. The compound of any one of Embodiments 1I-1 to H-3,

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

180279} Embodiment [I-11.  The compound of any one of Embodiments II-1 to II-

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

%—Lzﬂ\OH

is substituted with , wherein L? is a bond.

j00280] Embodiment HH-12.  The compound of any one of Embodiments ii-1 to II-9,
or a pharmaceutically acceptable salt thereof, wherein X is CH;.

[e0281] Embodiment 11-13. The compound of any one of Embodiments 11-1 to [1-9,
or a pharmaceutically acceptable salt thereof, wherein X is H.

[60282] Embodiment [I-14.  The compound of any one of Embodiments Ii-1 to II-
13, or a pharmaceutically acceptable salt thereof, wherein L' is -CHa-, -CHyCHs-, -O-, or -S-.
160283] Embodiment 11-15.  The compound of any one of Embodiments II-1 to 1~
14, or a pharmaceutically acceptable salt thereof, wherein L' is -CHa-.

{00284} Embodiment [I-16.  The compound of any one of Embodiments II-1 to II-
15, or a pharmaceutically acceptable salt thereof, wherein Y is C1-Cs alkyl or aryl.

[00285] Embodiment H1-17.  The compound of any one of Embodiments I1-1 to I~
16, or a pharmaceutically acceptable salt thereof, wherein Y is aryl, wherein the aryl is
substituted with C1-C3 alkoxy.

{00286} Embodiment 11-18.  The compound of any one of Embodiments 1I-1 to H-
17, or a pharmaceutically acceptable salt thereof, wherein Y is aryl, wherein the aryl is

substituted with A.

[60287] Embodiment 1-19.  The compound of any one of Embodiments I1-1 to -
O
, R N Lz‘u\OH
18, or a pharmaceutically acceptable salt thereof, wherein A is .
80288] Embodiment [I-20.  The compound of any one of Embodiments II-1 to II-
O OH
; o EET o
18, or a pharmaceutically acceptable salt thereof, wherein A is .
[00289] Embodiment H-21.  The compound of any one of Embodiments {I-1 to H-
Q0

Y

. . . . L
18, or a pharmaceutically acceptable salt thereof, wherein A is §‘ O
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{60290} Embodiment H-22.  The compound of any one of Embodiments -1 to [i-
“ ONH
18, or a pharmaceutically acceptable salt thereof, wherein A 15
{60291} Embodiment [I-23.  The compound of any one of Embodiments Ii-1 to II-
Q\
N —OH
N \N—>
u o %LZ’E:N’
18, or a pharmaceutically acceptable salt thereof, wherein A is
{06292] Embodiment 1I-24.  The compound of any one of Embodiments 11-1 to H-
N
iy
%_L2 ~N
e
18, or a pharmaceutically acceptable salt thereof, wherein A is .
j00293] Embodiment 1-25.  The compound of any one of Embodiments ii-1 to II-
OH
4175 0H

18, or a pharmaceutically acceptable salt thereof, wherein A is
[60294] Embodiment [1-26.  The compound of any one of Embodiments 11-1 to [i-
25, or a pharmaceutically acceptable salt thereof, wherein L? is -(CHz)u-.

[00295] Embodirent .27, The compound of any one of Embodiments 1I-1 to H-
26, or a pharmaceutically acceptable salt thereof, wherein 1 is one or two.

100296] Embodiment 1I-28.  The compound of any one of Embodiments II-1 to Ii-

25, or a pharmaceutically acceptable salt thereof, wherein 17 is % .

{80297} Embodiment [1-29.  The compound of any one of Embodiments Ii-1 to II-

25, or a pharmaceutically acceptable salt thereof, wherein L2 is BXi .

{00298} Embodiment [I-30.  The compound of any one of Embodiments II-1 to II-
25, or a pharmaceutically acceptable salt thereof, wherein L* is -C(ONH{CH2)q-.

[00299] Embodiment 11-31. A compound of Embodiment 1I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(la),
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NH,
N /i\\ N Ria
f
X - N R'ib
R,
(1a)
wherein
XisHor CH;

L' is selected from the group consisting of a bond, -CHs-, -O-, -8-, -CF»-, %

?; ;f, and -CHyCHa-;

¢ OH o e

o
Hon ‘%‘"5—2/%0&; %—Lz"%io;«i

A is selected from the group consisting of %

OH

_N j
o OH
I REL L N jg B.
12N R N ) g L OH

L7 is selected from the group consisting of a bond, -CHy-, -CH2CHi-, % g‘, }X{(
-C{ONH(CH: )y, -[O(CHCH) o, -[O(C3-Cs alkylene)]-, and -[O(CHCH, -
OCHCHCFo-; -C{ONHCH CHz-[O{(CHCHn Yo, CIOYNHCHCHR-[O(CH2CH ) o
OCHCH:CFs-; and

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

[60300] Embodiment [I-32. A compound of Embodiment II-1, or a pharmaceutically

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

(1a},
NH,
N/L‘\N Fia
f
XJ\'//\ﬁ/i\ﬁjb
Ra
{ia}
wherein

Xis -CHp-A" -CH,CH-A® -CH,CHLCHL-A®, or -CH,C(CH: )p-A'™,
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o QOoH oo NN
/ &
/U\ :i;/ AN T ‘-z’/j‘:“;\r
A is selected from the group consisting of % oH F OH 7 oH ,

N
O '3{11\5{
=N OH OH OH
N
& )t» K f8'\
,35 N , and OH.

>

5
L!is selected from the group consisting of a bond, -CHa-, -O-, -8-, -CF»-, E %

& , and -CH;CH:-;

ch\ %’ OH (\)é/ o
/4
. . . L L2 H 277N 2
A is selected from the group consisting of + . %L OH + OH
N»?‘{N
0 S
_N N Yon N
*WH * N L__OH QH
”L‘:N' ; l::N' \g B
L& 2 Z i A Pt
T , Tt , , and é Lz OH ;

L2 is selected from the group consisting of a bond, -CHs-, -CH2CHy-, § é', }Xé
-C{OYNH(CH)w-, -[O{(CHCH ) o, -[O(C1-C4 alkylene)]-, and -[O(CHLCH )} w-
OCH, CHLCFo-; -CONHCH CH-[O(CHRCH ) he; COINHCHCH-[O(CHCH Y e
OCH.CH:CFy-; and

R*is H, C;-Cs alkyl, or C1-Cs alkoxy.
{60301} Embodiment 1-33. A compound of Embodiment lI-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(1),

wherein

Xis H or CHs;
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L!is selected from the group consisting of a bond, ~-CHs-, -O-, -8-, -CFs-, % §

}XE , and "CHZCHQ-;

O OH o0

Q
14 4
. . Lo . Lzﬂ\OH L2770\ 2
A is selected trom the group consisting of %— , é‘ OH %L OH

2

N
N~
" ‘N
0 i
_N _N OH g2 N
NN N, L on OH
J-.. ,L__ hY i
_EMLZ =p _%__LZ ==p ,,%,,,L/B\GH
,and , and @ :

1.7 is selected from the group consisting of a bond, -CHy-, -CH2CHi-, § §', %Zé
-C(OYNH(CH)u-, -[O(CH:CH) o, -[O(C1-C4 alkylene)]-, and -[O(CHCH2)Ju-
OCH,CHCFo-; -CIONHCH, CH- [ O(CH CHY oy CIOINHCHCH-[O(CHCH) o
OCHCH:CFs-; and

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

[60302] Embodiment 11-34. A compound of Embodiment 1I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a corapound of Formula

(1b),

L
E =
p R
(io)
wherein
X is -CHz-AR -CHyCHz-A'Y -CHL,CH,CH2-A, or -CHC(CHz p-A™;
O O OH O 0 N”«N\
74 ; NH

. . o S Non B o SN
Al s selected from the group consisting of S OH E OH * OH %

>

N-N,
v N
o] *}(h\[\(
n=N oM i\gOH QH
i B
. o~ i IR Do
B =N and 17 OH
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L!is selected from the group consisting of a bond, -CHs-, -O-, -8-, -CFs-, é %

}XE , and "CHZCHQ-;

O OH o0

Q
14 4
. . Lo . Lzﬂ\OH L2770\ 2
A is selected trom the group consisting of %— , é‘ OH %L OH

N
N N

9 3
_N N }OH g1z N
N" N, N %‘ i OH ?H
hs ¥ om
, and ;

1.7 is selected from the group consisting of a bond, -CHy-, -CH2CHi-, § §', %Zé
-C(OYNH(CH)u-, -[O(CH:CH) o, -[O(C1-C4 alkylene)]-, and -[O(CHCH2)Ju-
OCH, CHCFo-; -CIMNHCH CH-[O{CHCH) ey COINHCHCH-[G(CHCH Y e
OCH,CH,CF-; and

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

{60303} Embodiment [1-35. A compound of Embodiment 1I-1, or a pharmaceutically

2

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

(ic},

wherein

X is -CHp-A", -CH,CH-A" -CH,CHLCH,-A, or -CHyC(CH )-A,

N
o OOH 0o N,
G WV
TN B =
A% is selected from the group consisting of kS OH OH - OH %
N-N
o E’)LM
_N OoH - OH
N, OH :
ey B.
% =N g £ OH
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L!is selected from the group consisting of a bond, -CHs-, -O-, -8-, -CFs-, é %

}XE , and "CHZCHQ-;

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

R*is H or C1-C; alkoxy.
160304] Embodiment 11-36. A compound of Embodiment II-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula

(1d),

NH,
NIN ORI
i
A
f,oH
L
v
(1d)
Xis ~CH2~AM, —CH;CHQ—AM, ~CH2CH3CH2—AM, or -CH}C(CH})Q-AM;
OOH oo N
< 3 s 7 N M:NH
SN e "QI
A% s selected from the group consisting of % OH OH o , i ,
N
N~
¢ N
O ‘z{ll\[\j’
=N OH O OH
i T
o e i -t
b N , , and OH :
#4 w
L!is selected from the group consisting of a bond, -CH,-, -CF»-, 3 , , ~O-,
and -CH,CH;, -S-; and
Y is H or C1-Cs alkyl.
[60305] Embodiment I1-37. A compound of Embodiment lI-1, or a pharmaceutically

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

(Le),
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wherein R* is H, Ci-Cs alkyl, or C;-Cs alkoxy.

[60306] Embodiment [I-38. A compound of Embodiment II-1, or a pharmaceutically

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

N’J‘N\l Rt

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

(tg),

wherein R® is H, €1-Cs alkyl, or C:-C; alkoxy.
j003038] Embodiment 11-40. A compound of Embodiment 1I-1, or a pharmaceutically
acceptable salt thereof, wherein the compound of Formula (1} is a compound of Formula

(1h),

R4
wherein R* is H or C1-Cs alkoxy.
{60309} Embodiment [I-41. A compound of Embodiment II-1, or a pharmaceutically

acceptable salt thereof, wherein the compound of Formula (1) is a compound of Formula (11),
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2
NN R
HO > N/E\Rm
I H
Y/
(1)

wherein

L!is selected from the group consisting of a bond, -CHy-, -CFs-, EM? 35@
-G-, -CHoCHy-, and -S-; and

Y is H or C1-Cz alkyl.
{60310} Embodiment 11-42. A compound, or a pharmaceutically acceptable salt,

selected from the group consisting of’

X
Compound | -X Ly
1 -CHs 4 -{CH»)3CH:
\I
HO._ |\,//J'\O .
él)
2 -CHs v ~{CH:z)3CH;
N=i =
HNSN? | Ay
3 -CH;3 N 1 -(CHz);CH;
HN
N:N O C‘/
4 -CHs o e -(CH;);CH;
X
O/
5 -CHs o -(CH2):CHs
HO_{/\MN'NE/AT,\\\/(ITN (
N= I\:’{’ ol
6 -CHs H;N . ~-(CH2):CH;
N7 i
*00E
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Compound | -X LY
7 -CH;s HO ~{(CH3:CH;
e Ry
oo ]
ZZ o
3 ~-CHs ; OH
HNENQ}[/\I Xy jN -_f/
=N P ‘é{’"\/\
9 -CHz 4o “ s -{(CH2:CHs
| P o
10 ~CH;s N ~«(CH2)»CH;
HNT Sy
N=N O o
11 -CH; N=N o -(CH:)5CH;
H \N//“\ii/zx\ g
Lz o
12 -CHs rj[ -(CHz);CHs
fbH | o
8
I3 ~-CHs %ﬁ ~(CHz):CH;
\j\g/
14 -CHzs -{CH:2);CHs
HOW LHy)
> o
15 HC’W -(CH2):CH;
o~
16 -CHs o0 o -(CH:2}:CHs
Ho,owﬁ)i\j“ (CHy)
\O/
17 -CHs Coe® o} {CH2}sCHs
HO T,
O ol
13 ~CH; CH
HN‘N\ )
N=N o =1
M
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Compound | -X LY

19 H OW j“‘ -(CH,);CH:

OCH,
20 -CH;s N ~ OH
HN S S /l%o
N=N P =
W\//
21 HOW ~OCH; /j?H
M
22 -CH; N + 57
HN Sy //J
N=N o H
BN
23 -CH;s e O,
ey e 0=58"
= I /J
M
24 CHs -(CH2);CH;

oH
O

o

25 -CH;z o ww | -(CH:13CH3

Hﬂ\ﬂ/\\’/\ﬁ/
(8] O \O/

26 -CHz N ‘ -{(CH2)4CHs
HN™ =
N: d Q’/
27 HO 1 " OH
W > )

L o :
t’:{’\/\/
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Compound | -X LY Ria
30 -CHs 2 s | (CH2):CH;s
uo\ R PN
31 -CHs _ ey -{CH2):CHs
N=N e
32 ~CHs \ :‘f"’ o~
S
oL |
BN
33 -CHs o M s~
L S
BN
34 -CHs Na + s~
HN
\N/ BN
l i o ;)
RN
v ~NEY o] Al ~
35 "(/Hg HO. /\\/\~N,ﬁ\ﬁ, \\/J S
MO O L o /J
36 -CH j‘” E}i-—-i\%H
® NTN
O/
e
37 N ST /\Tj” ~(CHy);CH;
NN i
Lg"\ox‘
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Compound | -X

39 -CH» N "~ /L/\
MY D EI = 1771
N=N Qs o
40 HQ\{\/K -{CH,);CH3
Ry
! Py
43 -CHs g OH
Ao
W\/
472 -CHas ’ OH
HO
Ry
W/ o
’»M
43 HOW v -(CHz):CHs
O/
44 -CHs f\ o OH
N
i P o E/’gc)
W\/
45 HO W -4 OH
O > Ao
M
46 HOW ) @4 OH
- Ao
o B
YW
47 HQ\/\VQ ~{CH2):CHs
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Compound | -X LY Ria

je0311] Embodiment 11-43. A pharmaceutical composition comprising a compound
of any one of Embodiments -1 to [1-42, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

80312} Embodiment 1I-44. A methed 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 11-1 to [1-42, or a pharmaceutically
acceptable salt thereof.

j06313] Embodiment H1-45.  The method of Embodiment 11-44, wherein the
condition is viral infection or cancer.

[¢0314] Embodiment 11-46.  The method of Embodiment 11-45, 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.

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

or a pharmaceutically acceptable salt thereof, for use as a medicament.
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{00316} Embodiment [1-48. A compound of any one of Embodiments II-1 to 11-42,
or a pharmaceutically acceptable salt thereof, for use in treating a condition associated with
TLR7 modulation.

[60317] Embodiment 11-49.  The compound of Embodiments 11-48, wherein the
condition is viral infection or cancer.

[60318] Embodiment II-50.  Use of a compound of any one of Embodiments II-1 to
11-42, or a pharmaceutically acceptable salt thereot, in the manufacture of a medicament for
treating a condition associated with TLR7 medulation.

[00319] Embodiment II-51. The use of Embodiment I1-50, wherein the condition is
viral infection or cancer.

i6032¢) Embodiment H1-52. A pbarmaceutical composition of Embodiment 1-43,
further comprising at least one or more additional therapeutic agents.

j00321] Embodiment [1-53.  The pharmaceutical composition of Embodirment H-52,
wherein the at least one or more additional therapeutic agent is antiviral nucleoside.

[60322] Embodirment [I-54.  The pharmaceutical composition of Embodiment 182,
wherein the at least one or more additional therapeutic agent is PD-1 antibody or PD-L1
antibody.

1003231 Embodiment 11-55. A method of treating HBY in a subject in need thereof,
comprising administering a corapound of anv one of Embodiments H-1 to [I-42, or a
pharmaceutically acceptable salt thereof, in cormbination with an antiviral nucleoside.
100324} Embodiment 1I-56. A method of treating cancer in a subject in need thereof,
comprising administering a compound of any one of Embodiments -1 to [I-42, or a
pharmaceutically acceptable salt thereof, in combination with a PD-1 antibody or PD-L1
antibody.

[60325] Embodiment [1I-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

P

NH
-COOH, -SO:CHs -SCHs, -OCH:, % N and A,
wherein the atkyl is optionally substituted with -OH, -NH;, -NHAe, -COOH, -
SO CH;,

=N
NN
-SCH;, -OCH;, 2N L or A
R is C;-Cs alkyl;

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

optionally substituted with A, ~-OH, or ~C(CH;3)0H;

L!is selected from the group consisting of a bond, -CH,-, -CF»-, % , % , =0, -
8-, =80, -NH-, and ~-CHCH;z~;

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

O ¢ OH OO0

14 4
, - LZJ!\OH L2 2~
A is selected from the group consisting of t , t OH +57 o

2

N’P‘E\N
o A
NN N }OH LN o
J\ \NH /jI“: \N LZOH EH
\N/ b =z i 8\
L S Q ang $1%OH.

L7 is selected from the group consisting of a bond, -(CHz e, ~-C{ONH(CH )o-, }525 ,
N, oS
ﬁ>§ , - (CHQ)T’%, O(CHCHy) e, -[O(C1-Ca alkeylene)]-
-JO(CHCH) - OCHCH: CFo-; -C(ONHCHCH-[O(CH,CH) Yo and
-C(OYNHCH, CH-{ O(CH,CHy) - OCH, CH,CF-

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 -CHs; L! is -CHa-; Y is aryl substituted with A; and L? is -CHa-; then A is
not -L.>-COOH, except when R'* comprises ~-COOH or ~SO,CHa. and
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when X is -CHs; L' is -CHz-; Y is aryl substituted with A; L? is -CHo-, ~O-(CH -
G OH

. R S .
O(CHa )z, or —O-(CH )p-O(CH (CF2)-; and A is * OH. then A and L' are notin a
para position with respect to each other.
100326] Embodiment II-2. A compound having the structure of Formula (1), or a

pharmaceutically acceptable salt thereof,

wherein

R'% ig selected from the group consisting of H, C1-Cs alkyl, -NH,, -NHAc,

-COOH, -S0,CH;, -8CH;, -OCH;, and % N
wherein the alkyl is optionally substituted with -OH, -NH,, -NHAg, -COOH, -
SO.CH;,

=N
M=
NH

SCHy, -OCHs, or X N
R is Co-Cs alkyl;
X is selected from the group consisting of H and C-Cy alkyl, wherein the alkyl is

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

L!is selected from the group consisting of a bond, -CHy-, -CFs-, % , & , =0, -
S-, =80~ -NH-, and -CH2CHs-;

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

independently selected from A, C1-Cs alkyl, and C1-Cs alkoxy;
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O O OH O 0

iy ¥ Y
. _ LFNOH $-12770N $o12—
A is selected from the group consisting of %— , % OH % HT oH

El

N
NN,
NN
9 Ay
N _N }OH 412
i‘d‘”N:NH g v KJOH g“
B A ] -
2 g127N 8 g HE O

L’ is selected from the group consisting of a bond, (CHy)u-, -C(ONF{(CH2 )u-, % ,
e ﬁ fr(CHaT (ot O(CHCH Y, -[O(C1-Cs alkylene)]-
AO(CHCH) - OCH, CHLCF - -C{ONHCHL CH: - [O{CHL CHa) o and
-C{OYNHCHCH:-[O{CHCH) |u-OCH2 CH2 CFop-;

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 -CHa; L' is -CHp-; Y is aryl substituted with A; and L7 is -CHs-; then A is
not -LA-COQOH, except when R comprises ~COOH or ~SG,CH;; and

when X is -CHs; L1 is -CHa-; Y is aryl substituted with A, L? is -CHy-, ~O-(CHy -

O OH

O(CH - or -O-(CH)-O(CHW(CE)-: and Ais T "OH. then A and L are not in a
para position with respect to each other.

[66327] Embodiment I11-3.  The compound of Embodiment -1 or 112, or a
pharmaceutically acceptable salt thereof, wherein R™® is ~(CH,),CH;.

{06328] Embodiment -4,  The compound of Embodiment Hi-1 or {I-2, or a
pharmaceutically acceptable salt thereof, wherein R'® is ~(CH, :CHs.

[00329] Embodiment HI-5.  The compound of any one of Embodiments {i-1 to HI-
4, or a pharmaceutically acceptable salt thereof, wherein R'? is C1-Cy alkyl, optionally
substituted with -OH, ~OCH;3, -SCH;, or -SGCH;

1003301 Embodiment HI-6.  The compound of any one of Embodiments 111 to II-

5, or a pharmaceutically acceptable salt thereof, wherein R'* is ~CH,C{CH;3 ), OH.

12
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{60331} Embodiment HI-7.  The compound of any one of Embodiments -1 to Hl-

R _ :/QH
6, or a pharmaceutically acceptable salt thereof, wherein R is S ,
~NH

7 3

0, :
OH g~ ~ - NN

J 7 92 )

W\/?{\W ‘a{\\/\vx ,g*\/\/ or ‘ZLLW

BN

[60332] Embodiment HI-8.  The compound of any one of Embodiments I1-1 to II-

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

substituted with -COOH.

{00333} Embodiment [I1-9.  The compound of any one of Embodiments 11i-1 to [11-4

OH

o

and -8, or a pharmaceutically acceptable salt thereof, wherein W OR™ is M

100334] Embodiment 111-10.  The compound of any one of Embodiments -1 to II-

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

[00335] Embodiment I11-11.  The compound of any one of Embodiments [{i-1 to I~

10, or a pharmaceutically acceptable salt thereof, wherein X 13 C-Cy alkyl, wherein the alkyl

is substituted with A

[¢0336] Embodiment 111-12.  The compound of any one of Embodiments Hi-1 to 11~

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

o]
. . . %Lzﬂ\o ..
is substituted with , wherein L* is a bond.
j06337] Embodiment 1{i-13. The compound of any one of Embodiments 11-1 to 1~

10, or a pharmaceutically acceptable salt thereof, wherein X is CHa.

{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.

{60339] Embediment H{I-15.  The compound of any one of Embodiments 11}-1 to {Ii-
14, or a pharmaceutically acceptable salt thereof, wherein L' is -CHy-, -CH,CHy-, -O-, or -8-.
{00340] Embodiment [11-16.  The compound of any one of Embodiments 1I-1 to 1~

15, or a pharmaceutically acceptable salt thereof, wherein L is -CH;-.
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{60341} Embodiment HI-17.  The compound of any one of Embodiments -1 to Hi-
16, or a pharmaceutically acceptable salt thereof, wherein Y is C1-Cs alkyl or aryl.

160342) Embediment 1{1-18.  The compound of any one of Embodiments 11}-1 to I{l-
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 [1I-1 to IIl-
18, or a pharmaceutically acceptable salt thereot, wherein Y is aryl, wherein the aryl is
substituted with A.

160344] Embodiment HI-20. The compound of any one of Embodiments Il-1 to I1I-
o

. o g-LZJi\OH
19, or a pharmaceutically acceptable salt thereof, wherein A is .
[60345] Embodiment [11-21.  The compound of any one of Embodiments 11}-1 to 1II-
O OH

14

; . . . L2
19, or a pharmaceutically acceptable salt thereof, wherein A is % OH.

[¢0346] Embodiment 111-22.  The compound of any one of Embodiments Hi-1 to 11i-

a0
W

2
19, or a pharmaceutically acceptable salt thereof, wherein A is FL7 on .

j00347] Embodiment 1-23.  The compound of any one of Embodiments 1i}-1 to -
N
NH
_§_L2J¢:N,
19, or a pharmaceutically acceptable salt thereof, wherein A is
1603438] Embodiment H1I-24.  The compound of any one of Embodiments Il-1 to II-
o
N >~OH
¢ N
. ) ] § 2=\
19, or a pharmaceutically acceptable salt thereof, wherein Ais *
[00349] Embodiment H1-25. The compound of any one of Embodiments {i-1 to HI-
N
N’ W
VA
o
e
19, or a pharmaceutically acceptable salt thereof, wherein A is .
100350] Embodiment 111-26.  The compound of any one of Embodiments -1 to 1iI-
OH
515 Bon ‘

19, or a pharmaceutically acceptable salt thereof wherein A is
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{60351} Embodiment HI-27.  The compound of any one of Embodiments -1 to Hi-
26, or a pharmaceutically acceptable salt thereof, wherein L? is -(CHa)u-.

160352) Embediment H{1-28. The compound of any one of Embodiments 111-1 to I{l-
27, or a pharmaceutically acceptable salt thereof, wherein n s one or two.

60353 Embodiment 111-29.  The compound of any one of Embodiments H-1 to 11i-

26, or a pharmaceutically acceptable salt thereof, wherein 1.7 is % (
1003541 Embodiment H11-30.  The compound of any one of Embodiments 1H-1 to 111~

26, or a pharmaceutically acceptable salt thereof, wherein L is ELSZ‘i .

j00355] Embodiment HI-31.  The compound of any one of Embodiments 111-1 to 1H-
26, or a pharmaceutically acceptable salt thereof, wherein L? is -C{O)NH{(CH))u-.

j60356] Embodiment 111-32. A compound of Embodiment 1111 or [H-2, or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) is a

compound of Formula {(1a),

wherein

XisHor CHs

3

L' is selected from the group consisting of a bond, -CHa-, -0-, -8-, -CFs-, %

& 5 and "CHQCH2";

G O OH a0
: . -§----L2’u\OH %sz’%oH 312 /%’/f
A is selected from the group consisting of , , OH |

N

N-Y

N

o) a

_N N —OH -§---L2/L‘}f
N*’ sNH N—' , OH QH
/L“:N’ AJ:::N’N E/ é

L 12 ) g LB OH

ISR
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1.2 is selected from the group consisting of a bond, -CHy-, -CH2CHy-, § % }Xé
~C{ONH{CH o, -[O(CH:CH 3 o, -[O(Cs-Cy alkylene)]-, and -[O(CH2CH2 ) o-
OCHCHoCF2-; -C(ONHCHCHz-[O(CHCH) Jar; C(OINHCHCH-[O(CHCH Y o
OCH,CH,CFy-; and

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

[68357] Embodiment 1{1-33. A compound of Embodiment 1111 or H-2, or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) is a

compound of Formula (1a),

wherein
Xis -CH-A" -CHyCHz-AM -CH,CHCH-A', or -CHC{CH p-A';

OH =N,
O O Q0 NH

A H. E/%OHa E‘c’\é/fcm? ‘%);: N

A i selected from the group consisting of o

N
N~
N
8] :-c?’,lj\q\{
:N\N}OH i OH QH
)’E ¥ A "B\
, 5N s - . and %‘ OH;

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

?; ;i, and -CHyCHz-;

>

O OH o0

o
‘ o LZJJ\OH L?/% 2 2-"'0\
A is selected from the group consisting of éh , %" OH Tt OH

N~
N
o |
N=N, N=N j\”OH %LZJ\’}‘ OH
e NH I N L. OH
—§>~L2 N \ -§—L2 N, ‘ \E and “%‘L‘E\OH ‘
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1.2 is selected from the group consisting of a bond, -CHy-, -CH2CHy-, § % }Xé
~C{ONH{CH o, -[O(CH:CH 3 o, -[O(Cs-Cy alkylene)]-, and -[O(CH2CH2 ) o-
OCHCHoCF2-; -C(ONHCHCHz-[O(CHCH) Jar; C(OINHCHCH-[O(CHCH Y o
OCH,CH,CFy-; and

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

[60358] Embodiment 1i1-34. A compound of Embodiment 11I-1 or H-2, or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) is a

compound of Formula (1b},

wherein

X is H or CHjs;

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

?; ;f, and -CH2CHg-;

O OH o0

X

4
oH 127 oH

o
.g...Li%JJ\OH .§...L2

A is selected from the group consisting of

N

N7
L YN

Q BN

2

_N
e L. OH
e s Y B.
%—-L N R %Li N and "éw 7 OH

, and , ;

L7 is selected from the group consisting of a bond, -CHy-, -CH,CH;-, § g', 326
-COWNH{CH o, -[O{CHCHL) Jo-, -[O(C1-Cs alkylene)]-, and -[O(CHLCHL ) o
OCHCHCE-, -C{ONHCH, CH;-[O(CH:CH) o, C{OINHCH CH-[CG{CHCH ) -
OCH:CHaCFo-; and

R’ is H, C;-Cs alkyl, or C-Cs alkoxy.

7
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{00359 Embodiment [11-35. A compound of Embodiment U1-1 or Ill-2, or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a

compound of Formula (1b),

AN L
A - R3
(1p)
wherein
X is -CHz-A"R -CHRCH-AY -CH,CHyCH-AY, or -CH,C(CH: A,

o OOH 0o

K OH ‘Q%"gio;-i “‘z{’l Q"‘(

Al s selected from the group consisting of S OH 23
N” N
o /LN#

n=N }OH s\j;OH OH
,and "§"

%{J\N Lz B on ,

L!is selected from the group consisting of a bond, -CHy-, -0-, -8-, -CF,-, § g',

}Xé , and -CH,CH-;

O OH O O
4
LZJ‘L‘QH % LQ/ \ %_LZ/%/;OH

A is selected froro the group uonsastmg of * ,

2 “N’

L

P ko“ a
=N 27 =N i 3

"gmi; §_L , andé

-CH,CH;- §><§ %

L7 is selected from the group consisting of a bond, -CH;-, -CHCH;-, ,
~CIONH(CH o, -[OCHCHa Y o, [O{C1-Cy alkylene)]-, and -[O{CHCHa} o
OCHCHCF)-, -C(ONHCHCH;-[O(CHCH ) -, C{OWNHCH CH-[G{CHCH) -
OCHCHaCFa-; and

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

H1g

>
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{00360} Embodiment [11-36. A compound of Embodiment U1-1 or Ill-2, or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a

compound of Formula {(1¢),

wherein

Xis -CHy-A" -CHCH:-AR -CHCHRCH2-A™ or -CHC(CH3 =A%,

OH =N,
o . < ?é//o o
AN\ 2N g,
AR s selected from the group consisting of kS OH | OH OH %
N
N~
N
O %)LN
NN O OH PH
= 3B
) N , cand %‘ OH;
L!is selected from the group consisting of a bond, -CH;-, -O-, -8-, -CF;-, E g',
e
, and -CHCHo-;
R is H, Ci-Cs alkyl, or C-Cs alkoxy; and
R*is H or C1-Cs alkoxy.
{00361} Embodiment I11-37. A compound of Embodiment U1-1 or Ill-2, or a

pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a
compound of Formula (1d},
NH,

N/i*\EN R1a
)(/E\E\E/)\NJ\\RW
[ A

Y/

(id)

Xis -CHa-A" -CHyCHz-AM -CHyCHCH-A', or -CHC{CH3 p-A';
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O G OH G0 NN,
Yy e
LY SalN BV =
Al is selected from the group consisting of % OH OH o , ks

N-N,
o,
N f’N‘N _____ OH \\g OH ;Z:H

BN , I and ¢ OH

L!is selected from the group consisting of a bond, -CHa-, ~CFa-, § % X{ L~
and -CH>CHp, -S-; and

Y is H or C1-Cs alkyl.
j06362] Embodiment HI-38. A compound of Embodiment HI-1 or HI-2, ¢ra

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

compound of Formula (1e),

{1e)
wherein R is H, C;-Cs alkyl, or C1-C; alkoxy.
j00363] Embodiment 1{1-39. A compound of Embodiment I[i-1 or HI-22, or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) is a

compound of Formula (1),
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{00364} Embodiment [11-40. A compound of Embodiment 111-1 or [1i-22 ora
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a
compound of Formula (1g),

N+,

N/L\\N R'a

HOMN/i\R1b
i H
R3 (ty)

wherein R’ is H, C;-Cs alkyl, or C:-C; alkoxy.
j60365] Embodiment 111-41. A compound of Embodiment 1111 or [H-2, or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a

compound of Formula (1h)},

NH,
Ria
\N//E\R'ib
H
{(1h)
Rd’
wherein R* is H or C-Cs alkoxy.

{00366] Embodiment [11-42. A compound of Embodiment Ul-1 or Ill-2, or a

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

compound of Formula (11,

NH,
N"l%N Ra
HOMNJ\W
i L1 H
Y/
(1h

wherein

L!is selected from the group consisting of a bond, ~-CHa-, -CFa-, % % Z :
-0-, -CH;CH;-, and -S-; and
Y is H or C-Cs alkyl.

>
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{00367} Embodiment [11-43. A compound of Embodiment U1-1 or Ill-2, or a
pharmaceutically acceptable salt thereof, wherein the compound of Formula (1) s a

compound of Formula (17},

(1.
[00368] Embodiment Hi-44. A compound of Embodiment HI-1 or III-2, or a

pharmaceutically acceptable salt thereof, wherein the compound of Fornla {1} is a

compound of Formula {1k},

NH, OH
Oy
X s N7RIB
H
Y (1K),
[00369] Embodiment 111-45. A compound, or a pharmaceutically acceptable salt,
selected from the group consisting of’
NH,
N)%N Rte
X)l\f//L\N)\Rm
s H
LI
v
Com- | -X LY Rz Compound
poun ,?z{L\Rm

d

] -CHs P «(CHy;:CH;
X )
2 -CHs o ~(CH2):CHs

3| -cH " - (CH2):CH;
HN" ~
=N o
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Com- | -X LAY Rie Compound
goun %J\R”-’

4 -CH; © “ ~(CH2):CHs ‘f
HO/W\
P
5 -CH;s . ? -(CH2;3CHs
{O‘((—N’N%,/\,{’\fjw CHy)
=R \4’/\0/
6 -CH; HO -(CH2):CH:
)
N
7 -CH; Ho, “ 1 -(CH2):CH;
SN
8 -CH;s O
HNT I = H
=N A LN
9 -CHs HOW ~(CH2)»CH;
H o/
10 | -CH; N w -(CH2)3CH:
RN
E\!‘SN O/
11 -CH; H\A,N:N . ~{(CH2):CH;
No? |
e O/
2 -CH G b {CH;);CH;
12 CH; O {CH2)»CHs

Wy o 7
H vy

e

()
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Com- | -X LAY Rie Compound
goun f?z:L‘R”-’

13 -CH; NS ~(CH2):CHs
HNS R I R
N=i S o
14 -CH;s HO \z[:\j;m -(CH2):CHs
K i P \O/
15 ~{(CH2):CHs
16 -CH; o, j A ~(CH2)3CH;
HO T EN
Rl o
17 ~-CHs &y ,O “\‘W m(_ CETE,);CH}
HO~ R
18 "CH3 N\T/ - ATN OH
HN © S ;
= P '
M
19 HOK\){ ww ~{CH;):CH;
CH Oy
20 -CHj
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Com- | -X LAY Rie Compound
poun 'y .
d R
21 HO ~OCH; OH

i -

W\\/
22 -CHj s We ¥
23 -CH; Q
>
M
24 -CH; ~{CH2»CH;
25 -CHs o o | «(CH2)3CH3
HO\F/\J/\N/]\C‘\(
i i |
O P o
26 | -CHs N (CH):CH;
HN =
h=N o

27

e
(¥
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Com- | -X LAY Rie Compound
goun %J\R”-’

-(CHy);CHs
b
29 HOQ \g/\){ ﬂfv OH
o X
o A;
N
30 -CH; /UO wo -(CH2)CHs
HO\P/\V/\N T e
woi'o M \[;LO/ -
31 -CH; N “ 'y -{(CH2):CH;
LER b
N=N o o
32 | -CH; N
LN
N Sy
=N 5
33 -CH;
34 -CH;
35 -CHjs
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Com- | -X LAY Rie Compound
36 -CH; e N~NH S
»
PN
37 HN:N‘*]/A\}‘:- o ~(CH2):CHs
N::N
0~
38 Ho\g/\)ﬁ.
39 -CH;
40 HO N + ~(CH2);CH;
N:N P O/ N
41 -CH;
42 -CH;
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Com- | -X LAY Rie Compound
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g ,?Z:L\ Rib

43 (CHy;:CHs
~CHs o ks OH Ny on
a4 CH; HO\P/‘\/\NJJ\ N /& NN o
Ho' B H F e 7 O o NN

45 HOW

46 HOW

47 | HO A~y

-(CH2)sCH;

48 HOW

49 HOW

R
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Com- | -X LAY Rie Compound
goun }Z:L\R .

[¢0370] Embodiment 111-46, A pharmaceutical composition comprising a compound
of any one of Embodiments 111-1 to I1-45, or a pharmaceutically acceptable salt thereof, and
a pharmaceutically acceptable carrier.

100371] Embodiment 111-47. A method of treating a condition associated with TLR7
modulation in a subject in need thereof, corprising administering to the subject an effective
amount of a compound of any one of Embodiments 111-1 to 111-45, or a2 pharmaceutically
acceptable salt thereof.

j06372] Embodiment 1{{-48. The method of Embodiment HI-47, wherein the
condition is viral infection or cancer.

j00373] 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,
mtrathecal, intracranial, or other forms of local delivery.

[00374] Embodiment [11-50. A compound of any one of Embodiments II-1 to HI-45,
or a pharmaceutically acceptable salt thereof, for use as a medicament.

{60375 Embodiment [11-51. A compound of any one of Embodiments 1i1-1 to [JI-45,
or a pharmaceutically acceptable salt thereof, for use in treating a condition associated with
TLR7 modulation.

{00376} Embodiment 111-52.  The compound of Embodiment 1H-51, wherein the

condition is viral infection or cancer.
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[60377) Embodiment 11-53.  Use of a compound of any one of Embodiments -1 to
1H-45, or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for
treating a condition associated with TLR7 medulation.

[60378] Embodiment HI-54. The use of Embodiment HI-53, wherein the condition is
viral infection or cancer.

[00379] Embodiment [11-55. A pharmaceutical compeosition of Embodiment HI-46,
further comprising at least one or more additional therapeutic agents.

1003801 Embediment 1{1-56. The pharmaceutical composition of Embodiment HE-55,
wherein the at least one or more additional therapeutic agent is antiviral nucleoside.

{00381} Embodiment HI-57.  The pharmaceutical composition of Embodiment HI-55,
wherein the at least one or more additional therapeutic agent is PD-1 antibody or PD-L1
antibody.

{66382] Embodiment [11-58. A method of treating HBV in a subject in need thereof,
comprising administering a compound of any one of Embodiments Hi-1 to Hi-45 ora
pharmaceutically acceptable salt thereof, in cornbination with an antiviral nucleoside.
j00383] Embodiment HI-59. A method of treating cancer in a subject in need thereof,
comprising administering a compound of any one of Embodiments HI-1to HI-45 ora
pharmaceutically acceptable salt thereof, in combination with a PD-1 antibody or PD-L1
antibody.

Examples

j00384] The following examples are provided to illustrate the present disclosure, and
should not be construed as limiting 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-dimethvlaminopyridine

HA ethy! acetate

eq equivalent

h hour
(1-[Bis(dimethylamino)methylene]-1H-
1,2,3-triazolo[4,5-blpyridinium 3-oxid

HATU hexafluorophosphate)

HPLC high performance liquid chromatography

LLC-MS liquid chromatography mass spectrometry

min minutes

NBS N-bromosuccinimide
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NMP N-methylpyrrolidine

NMR nuclear magnetic resonance
PE petroleum ether

rtorrt room temperature

sat. saturated

TBAF tetrabutylammonium flouride
TBDPS tert-butyl diphenylsilyl

TEA tricthylamine

THF tetrahydrofuran

TLC thin layer chromatography

Example 12 3-(4-((2-amino-4-(butylamino}-6-methylpyrimidin-S-yiymethyi}-3-
methoxyphenyhpropanoic acid (Compound 1)

athyl 3-oxcbutanoate

guaniding NH;
o 0 o o H
N 1 NH g
i i "W N N
N R /j\)\. <N ,/LL\)\ SN ::N |
e a © N7 N /L\%\OH POCH,
/0~ 7 o7 T ] D i i —_—
f Nati o M et
o] A P i
2] Pre) P o
: Y
methyl 4-(bromomethyi}-3- methy! 4-{2-{sthoxycarbonyl}-3- mathvi 4-({2-amino-4-hydroxy-8-methvlpyrimidin-
maethoxybsnzoats oxobutyl)-3-methoxybanzoats S-vi)methyi}-3-methoxybenzoate
NH
NN

o]
methyl 4-{{2-amino-4-chioro-&-methyipyrimidin- mgthyl 4-{{S-aminc-4-{butylamine)-6- {4-{{2-amino-4-{outylaming)-8-methylpyrimidin-
S-yhimethyl)-3-methoxybenzoate methylpyrimidin-S-ymethyl}-3-methoxybenzoate S-yiimethyl)-3-methoxyphenyl)methanc!
N, ethyl 2-{iriphenyi-AS- NH, NH,
phosphanylidene}acetale /L
P NN /'lL\%PPi:f /J‘ //\ﬂ/\/\ My, PAIC /:j,;lxﬁf\\//\\ NaOH
N = o H R, P
i‘/ A R ﬁ/:\_
!f '\;ﬁ'\c . Eto\n/% Py Sie Ny T/\//\,gz\ o
Ie) Q O
4-{{Z-aming-4-(butylaming}-E-methyipyrimidin- ethyt {£)-3-{4-{{2-amino-4-{butylaming)-8~ ethyt 3-(4-({2-amino-4-(butylaming)-8-methyipyrimidin-&-
S-yhimethyi)-3-methoxyt idehyde hyipyrimidin-S-yiimethyli-3-methoxyphenyllacrylate viymethyil-3-methoxyphenylipropanoste
INHz
N/:‘*N
A
06
H : .
0\{{/\ P2 o

O

3-{4-{{2-amino-4-(butylaminc)-8-methyipyrimidin-
S-yiimethyi-3-methoxyphenylipropanoic acid
Chamical Formuia: CoghipgN Oy
Exact Mass: 372.22

Step 1: methyl 4-(2-(ethoxycarbonyl)-3-oxobutyl)-3-methoxybenzoate
[00385] Sodium hydride {(60% in 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-(bromomethy!)-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 b. 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
tayer dried over NapSOy, filtered, concentrated and purified by flash chromatography on
stlica (eluent PE/EA = 100/1 to 5/1) to give the titie compound.

Step 2: methyl 4-((2-amino-4-hydroxy-6-methylpyrimidin-S-yhimethyl}-3-

methoxybenzoate

00386} A mixture of methyl 4-(2-(ethoxycarbonyl)-3-oxobutyl}-3-methoxybenzoate
(1.0 eq) and guarnidine 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: methy! 4-((2-amino-4-chloro-6-methylpyrimidin-S-yijmethyi)}-3-

methoxybenzoate

[60387] Methyl 4-{(2-amino-4-hydroxy-6-methylpyrimidin-5-ymethyl}-3-
methoxybenzoate (1.0 eq) in POCI; (0.5M) was stirred overnight at 100 °C under Na. The
mixture was cooled to rt and the solvent was removed. To the residue was added water and
the pH of the mixture was adjusted to 7 with solid NaHCOs. The resulting mixture was
heated at 50 °C for 1h and then allowed to cool to rt. The solid was collected, washed with
water, HA and dried under vacuum to give the title compound.

Step 4: methyl 4-((2-amino-4-(butylamine)-6-methylpyrimidin-S-yhmethyl)-3-

methoxybenzoate

100388} To a suspension of methyl 4-((2-amino-4-chloro-6-methylpyrimidin-S-
ylmethyl)-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 NaxSOq,
concentrated and purified by flash chromatography on silica (eluent PE/EA =201 to 1:5)to
give the title compound.

Step S: (4-{(2-amino-4-(butylamino)-6-methylpyrimidin-5-ymethyl)-3-

methoxyphenyi)methanol

j00389] To a stirred solution of methyl 4-({(Z-amino-4-(butylamino}-6-

methyipyrimidin-S-ylmethyl)-3-methoxybenzoate (1.0 eq) in THF (0.1M) was added LiAlH;
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{1M 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-(butylamine}-6-methyvlpyrimidin-S-yhmethyl}-3-
methoxybenzaldehyde

[60350] To a stirred solution of (4-((2-amino-4-(butylamino)-6-methylpyrimidin-5-

vhmethyl}-3-methoxyphenvi)methano! (1.0 eq) in THF (0.06M) was added Mn(; {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-amino-4-(butylamino}-6-methylpyrimidin-5-ylymethyl)-3-

methoxyphenyhacrylate

100391} A mixture of 4-((2-amino-4-(butvlamino}-6-methylpyrimidin-5-yymethyl}-3-
methoxybenzaldehyde (1.0 eq) and ethyl 2-(triphenyl-A*-phosphanylidenejacetate (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 DCM) to give the title compound as a white
solid.

Step §: ethyl 3-(4-({Z-amino-4-(butylamine}-6-methylpyrimidin-S-ylymethyl}-3-

methosyphenyDpropanoate

[¢0392] To a stired solution of ethyl (£)-3-(4-{{Z-amino-4-(butylamino}-6-
methylpyrinidin-5S-yDmethyl-3-methoxyphenyhacrylate {1.0 eq) in EA {0.02M) was added
Pd/C (20% weight). The resulting mixture was stirred overnight at 50 °C under H». The
mixture was filtered. The filtrate was concentrated and purified by flash chromatography on
silica (eluent 0-5% MeUOH in DCM) to give the title compound.

Step %: 3-(4-((Z-amino-4-(butylamino }-6-methylpyrimidin-S-yDmethyl}-3-

methoxyphenyhpropanoic acid

j00393] To a stirred solution of ethyl 3-(4-((2-amino-4-(butylamino}-6-
methylpyrimidin-S-ylDmethyl)-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 HCI 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 (HCl salt).
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{60394] LC-MS: [M+H] =373 4

[60395] "H NMR (400 MHz, DMSO-de) 4 12.32 (brs, 1H), 12.11 (br s, 1H), 7.83 (br s,
1H), 7.41 (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 (5, 3H), 1.50-1.43 (i, 2H), 1.23-1.15 (m, 2H),
0.85(t,./=7.2 Hz, 3H).

Example 2: 5-(4-{(2H-tetrazel-3-yhimethyl}-2-methoxybenzyl}-N4-butyl-6-

methylpyrimidine-2,4-diamine (Compound 2)

NH, /NkH; NH,

)QN N
PR 800, Nf\/\ NaCN ;:j/\N,n\AmsN?, Bu,Sn0

...................... . N
,/\/f /\ _I/ R
HO\//\\/'\Q Ci \(/\é,\ N(‘\/A\/\ P
{4-{{Z-amino-4-{butylaminoc)-8-methylpyrimidin-5- AN*-butyl-8-(4-(chloromethyl}-2-methoxybenayl)- 2-{4-{{2-amino-4-{butylamino)-8-methyipyrimidin-
ylimethyi}-3-methoxyphenylimethanol S-methylpyrimidine-2,4-diamine S-yiimethyl)-3-methoxyphenyiacetonitriie
N,
A

N

N
/J" A e
N H
- '
HN N
N7 \/‘\/ vl

S-{4-{(2H-tetrazoi-5-yl)methyl)-2-methoxybenazyl)-N4-butyi-
S-mathylpyrimidine-2,4-diamine
Chemical Formuia: GygHpgNgT
Exact Mass: 382.22

Step 1: N4-butyl-S-{4-(chloromethyl)-2-methoxybenzyl}-6-methylpyrimidine-2,4-
diamine

[060396] To a stirred solution of (4-((2-amino-4-(butylamino)-6-methylpyrimidin-5-
ylymethyi)-3-methoxyphenyl)methanol (1.0 eq, Example 1 — Step 5) in DCM (0.14M} was
added SOCI (1.8 eq) at rt under Ny, The mixture was stirred at 1t for 1 h. The mixture was
partitioned between DCM/sat. aq. NaHC(s. The organic layer was dried over NapSOq,
filtered and concentrated to give the title compound.

Step 2: 2-{4-((2-amino-4-(butylamine)-6-methylpyrimidin-S-vljmethyl}-3-

methoxyphenyljacetonitrile

[66397] A mixture of N-butyl-5-(4-(chloromethyl}-2-methoxybenzyi)-6-
methylpyrimidine-2 4-diamine (1.0 eq) in 1:1 DMSO/DME (0.14M) and NaCN (2.8 eq) was
stirred overnight at rt. The mixture was partitioned between EA/water. The organic layer was
dried over Na; SOy, filtered, concentrated and purified by flash chromatography on silica

(eluent 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-(butylaminc }-6~-methylpyrimidin-5-
ylymethyi)-3-methoxyphenyl)acetonitrile (1.0 eq), BuzSnO (2.0 eq) in NMP (0.06M) was
added TMSNs (10.0 eq). The resulting mixture was stirred overnight at 125 °C under Na. The

mixture was cooled to rt. The mixture was filtered to give the title compound as a white

powder.
{00399 LC-MS8: [M+H]= 3835
[60400] "H NMR (400 MHz, DMSO-ds) ¢ 12.19 (s, 1H), 7.85 (brs, 1H), 7.34 (br s,

2H), 7.01 (s, 1H), 6.74 (5, 2H}, 4.24 (s, 2H), 3.84 (s, 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 (, /= 7.2 Hz, 3H).
Example 3A: 5-(5-((2ZH-tetrazol-3-ymethyl)-2-methoxybenzyl}-N4-butyl-6-

methyipyrimidine-2,4-diamine {(Compound 3}

NHs
o] o] r\{'J%N
\o/u\(\\/ MBS . o E 2B e - PN
il | P 2o H
i | »
S ~o ) HO” l =
mathyl 4-methoxy-3-methylbenzoate methyt 3-{bromomethyl)-4-methoxybenzoate Z7 ~o~

{3-{{2-amino-4-{butylamino}-8-methylpyrimidin-
S-yiimethyi)-4-methoxyphenyiimethano!

NH,
NTSN
"""""""""""" — /Ji\ A
H
N R
HN, l I
N \5/ O,/
B-(B-{{2H-tetrazol-B-ylimathyl)-2-methoxybenzyl-
N+-butyi-B-methyipyrimidine-2 4-diamine

Chemical Formula: CyghageC
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;8O4, 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-{({2-amino-4-(butylamine}-6-methylpyrimidin-5-yhmethyl}-4-

methoxyphenyi)methanol

j00402] Preparation of (3-{(2-amino-4-(butylamino)-6-methylpyrimidin-5-yhymethyi)-
4-methoxyphenylimethanol followed Example 1 — Step 1 to 5, but using methyl 3-
{(bromomethyl}-4~-methoxybenzoate instead of methyl 4-(bromomethyl)-3-methoxybenzoate
im Step 1.

Preparation of 5-(5-((2ZH-tetrazol-5-yhmethyl}-2-methoxybenzyl)-N4-butyl-6-

methylpyrimidine-2,4-diamine

[80403] Preparation of 5-(5-((2H-tetrazol-5-yl)methyl}-2-methoxybenzyl)-N*-butyl-6-
methylpyrimidine-2,4-diamine followed Example 2 — Steps 1 to 3, but using (3-((2-amino-4-
(butylamino)}-6-methylpyrimidin-3-yDmethyl}-4-methoxyphenylmethanol instead of 4-((2-
amino-~-4-(butylamino)-6-methylpyriridin-53-yDmethyl)-3-methoxyphenylymethavol in Step
1. The title compound was purified by prep-HPLC using acetonitrile/water as the eluent to
give a white solid.

[00404] LC-MS: [M+H] = 3833

{60405] "H NMR (400 MHz, DMSO-d5) 8 7.03 (d, J=7.6 Hz, 1H), 6.90(d, /=84
Hz, 1H), 6.73 (s, 1H), 6.60 (br s, 1H), 6.31 (s, 2H), 3.97 (s, 2H), 3.80 (s, 3H), 3.60 (s, ZH),
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).



WO 2018/106606 PCT/US2017/064541

Example 3B: 5-(5-((2H-tetrazol-5-ylymethyl}-2-methoxybenzyl}-N4-butyl-6-
methylpyrimidine-2,4-diamine (Compound 3}

ethyl 3-oxobutanoete

o 0 NH
i NES i A AHor HaN™ N,
\0)‘ \E‘%/ ----------------------- 2o \O/E‘\E(\ g T D T 20
F P o NaH
methyt 4-rsthoxy- mathyl 3-(bromomethyl)- methy! 3-(2-{sthoxycarhonyl}-3-
F-methylbenzoate 4-methoxybenzoate axobutyl)-4-methoxybenzoate
R, MMz itan-1-amine
~ ~
j‘i\ j:d POCIy BN NS LifiH,
o - JV&-()H — O QVJ\(:; ------------------------ . N
\OJ\E/’\\J \o"ﬂ\ﬁ Ry
N ~o” Sy
methyl 3-{{Z-aming-d-hydroxy- methyl 3-{(2-aming-4-chlorg-6- methy! 3-{{2-aminc-4-{butyiamino)-5-
&-mathylpyrimidin-5-yl)methyl)- mathylpyrimidin-&-ylimethyl)-4- mathylpyrimidin-5-yl)methyl)-4-
4-methoxybenzoate methoxybenzoate methoxybenzoate

X
Nl N TMSN,, Bu,SnQ
o & N/\/\ —_— f/\N/\\,/\ ------------------------ o
#H
VS
Lp> o
(3-{{2-aminc-4-{butylamine)-6- #-butyl-8-(5-(chioromethy)-2- 2-(3-{{2-aming-4-{outylamina}-
methylpyrimidin-5-yiimethy!}-4- methoxybenzyl)-6- &-methylpyrimidin-S-yimethyl)-
methoxyphenylimethanal methyipyrimidine-2,4-diamine 4-methoxyphenyfiacatonitriie

§-{5-{(2H-tetrazol-5-ylimethyl)-2-methoxybenzyl)-
A-putyl-6-methyipyrimidine-2 4-diaming
Chemical Formuia: GigHgNz0
Exact Mass: 382.22

Step 1: methyl 3-(bromomethyl}-4-methoxybenzoate

100406] 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:804, concentrated and purified by flash
chromatography on silica (eluent PE/EA = 100:1 t0 20:1) to give the title compound as a

white solid.
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Step Z: methyl 3-(2-(ethoxyearbonyl}-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 N». The resulting suspension was stirred at 0 °C
for 10 min, then a sclution 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;SO4, concentrated and
purified by flash chromatography on silica (eluent PE/EA = 50:1-5:1) to give the title
compound as a yellow oil.

Step 3: methyl 3-((Z-amino-4-hydroxy-6-methylpyrimidin-S-yhmethyl}-4-

methoxybenzoate

[60408] To a solution of methy] 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: methy! 3-((2-amino-4-chloro-6-methylpyrimidin-S-yijmethyi)-4-

methoxybenzoate

[¢0409] To a suspension of methyl 3-((2-amino-4-hydroxy-6-methylpyrimidin-5-
ylmethyl)-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 POC! was evaporated to dryness under
reduced pressure. The residue was diluted with water and adjusted pH to 7 with saturated
NaHCOs. Then the mixture was heated at S0 °C for 1 b, cooled down to rt. 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-({2-amino-4-(butylamino}-6-methylpyrimidin-S-yl)methyl}-4-

methoxybenzoate

[60418] A mixture of butan-1-amine (4.5 eq) and methyl 3-((Z-amino-4-chloro-6-
methyipyrimidin-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 diethy! ether, and the solid was collected by filtration to give the
title compound as a solid.
Step 6: (3-«{{2-amino-4-(butylamino}-6-methylpyrimidin-S-ymethyl}-4-methoxyphenyi)-

methanol

{60411 To a stured solution of methyl 3-{(2-amino-4-{butylamino}-6-
methylpyrimidin-5-ylmethyli-4-methoxybenzoate (1.0 eq) in THF (0.3M) was added 2.5M
LiAIH (2.0 eq) in THF at 0 °C under N atmoosphere. The resulting mixture was stured at O
°C for 30 min and then at r.1. 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 Nax80y, filtered and concentrated to give the title
compound as a white solid.

Step 7: N-butyl-3-(S-(chloromethyl)-2-methoxybenzyl}-6-methylpyrimidine-2,4-

diamine

160412] To a stirred solution of (3-((2-amino-4-(butylamino)-6-methylpyrimidin-S-
vhmethyl}-4-methoxyphenyljmethanol (1.0 eq) in DCM (0.34M) was added SOCL (1.3 eqg)
at rt under Nz. The mixture was stirred at rt for 1 h. The mixture was partitioned between
DCM and saturated aqueous NaHCO:. The organic layer was dried over Na; SO, filtered and
concentrated to give the title compound.

Step 8: 2-(3-((2-amino-4-(butylamine)-6-methylpyrimidin-3-ymethyl)-4-

methoxyphenyi)-acetonitrile

[00413] A mixture of N-butyl-5-(5-(chloromethyl}-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 Na S04, filtered, concentrated and purified by flash chromatography on silica
{eluent 0-5% MeOH in DCM} to give the title compound.

Step 9: S-(53-((2H-tetrazol-S-ylmethyl)-2-methexybenzyl)-N-butyl-6-methylpyrimidine-

2. 4-diamine

100414} To a stirred mixture of 2-(3-((2-amino-4-(butylamine}-6-methylpyrimidin-5-

yDmethyl)-4-methoxyphenyljacetonitrile (1.0 eq) in NMP (0.06M) and BuySnG (2.0 eq) was
added TMSN3 {10.0 eq). The resulting mixture was stirred overnight at 125 °C under N;. 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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{60415] LC-MS: [M+H] = 3833

[00416] "H NMR. (400 MHz, DMSO-de) 8 7.03 (d, J= 7.6 Hz, 1H), 6.90 (d, /= 8.4
Hz, 1H}, 6.73 (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, ZH), 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-amins-4-(butylamine)-6-methylpyrimidin-5-yhmethyl)-4-

methoxyphenyhpropaneic acid (Compound 4)

\OJJ\@\ Br - .
B
\O/
methy! 3-(bromomethyl}-4-methoxybanzoate 3-{3-{{2-amino-4-(butylamino}-8-methylpyrimidin-5-
yhimethyl)-4-meathoyphenypropancic acid
Chernical Formula: CogHaghsOs
Exact Mass: 372.22
[60417] The title compound was prepared according to the protocols described for

Example 1 — Steps 1 to 9, but using methyl 3-(bromomethyl}-4-methoxybenzoate instead of
methyl 4-(bromorethyl)-3-methoxybenzoate in Step 1.

{00418] LC-MS: [M+H}=373.2

{60419} "H NMR. (400 MHz, DMSO-do) 8 12.47 (s, 1H), 7.81 {1, /= 4.8 Hz, 1H), 7.46
(brs, 2H), 7.06 (d, J=84 Hz, 1H), 691 (d,./=84 Hz, 1H), 672 (s, 1H}, 3.81 {5, 3H), 3.76
(s, ZH), 3.40-3.36 (m, 2H}, 2.68 (t, /=72 Hz, ZH), 241 (t, /=72 Hz, 2H), 2.13 (s, 3H},
1.50-1.44 (m, 2H), 1.24-1.18 {m, 2H), 0.85 (¢, /= 7.2 Hz, 3H).

Example §: 2-(3-(3-((Z-amino-4-(butylamino)}-6-methylpyrimidin-S-ylimethyl}-4-

methoxybenzyl}-2H-tetrazol-2-yhacetic acid (Compound §)

Esample 6: 2-(5-3+((Z-amino-4-(butylamino)-6-methylpyrimidin-S-yhimethyil)-4-
methoxybenzyl}-1H-tetrazol-1-vhacetic acid (Compound 6)

ethyl 2-bromoacetate

Ry NHy MM
i e i
A + S A oy
NTEN i NN NN
PN Et()’i\/sr P HO i
NN e P N e U NN
N N 2) NaOH 0_49 Pos ¢ N "
A 7R : Ht Ns. New, e
w T TS LT
NN NP g el g WM NN
§-{5-{{2H-tetrazol-S-yiimethyl)-2-mett - 2-{5-{3-{{2-aminc-4-{tutylamino}-8-methyloyrimidin-5- 2-{5-(3-{{2-amino-4-(butylamina}-6-methyipyrimidin-&-
Abutyl-8-methylpyrimiding-2, -clami yhimethyh-4-methoxybenzyl)-2iH-tetrazal-2-yiacetic acid vhimethyt) Benzyl}-1H-tetrazol-1-vhacetic acid
Chemical Formula: CaqHaegNgGs Chemical Fanmita: CoiHagNaOg
Exact Mass: 440.23 Exact Mass: 440.23
[60428] To a stirred solution of 5-(5-((2H-tetrazol-5-yl)methyl)-2-methoxybenzyl)-N*-

butyl-6-methylpyrimidine-2 4-diamine (1.0 eq, Example 3) in acetone (0.05M) was added
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KoCOs3 (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. NHsCl. The mixture was partitioned
between DCM/water. The organic phase was dried over Nap80u, 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 b. The reaction was monitored by TLC and LC-MS. The mixture was

neutralized with 1N HCI and purified to give the title compounds.

160421} Isomer 1: 2~(5-(3-((Z-amino-4-(butylamino)-6-methylpyrimidin-S-yhmethyl)-
4-methoxybenzyl)-2H-tetrazol-2-yljacetic acid

{00422} LC-MS: [M+H]= 4415

j80423] "H NMR (400 MHz, DMSO-ds) § 12.62 (brs, 1H), 7.82 (br s, 1H), 7.50 (br s,

2H), 7.11(d, J = 7.6 Hz, 1H), 6.95(d, /= 8.8 Hz, 1H), 6.79 (s, 1H)}, 531 (s, 2F), 4.16 (s,
7H), 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 (i, J = 7.2 Hz, 3H).

100424] Isomer 2: 2-(5-(3-({Z-amino-4-(butylaminoc }-6-methylpyrimidin-5-yhmethyl}-
4-methoxybenzyl}-1H-tetrazol-1-yhacetic acid

[60425] LC-MS: [M+H]=4415

{60426} "H NMR (400 MHz, DMSO-ds) 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, J = 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, J = 7.2 Hz, 3H),.
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Example 7: (3-((2-amino-4-(butylamine}-6-methylpyrimidin-S-yljmethyl}-4-
methoxybenzyliphosphonic acid (Compound 7}

NH NH, NH,
¢ L tristhyi phosphite L
S NN s

] |
A 5% A g~ PO, A g
H H Ei0 ~ A
HO” Y L/rj ,\’R\‘ [ )

Py ~F BO O Aoher

)

{3-{{2-amino-4-{butylamino}-6-methyipyrimidin-  Né-butyl-5-(5-{chioromethyl}-2-methoxybenzyl)- diethyt (3-({2-amina-4-(butylaminoc)-8-methylpyrimidin-

&-ylimethyh)-4-methoxyphenylimsthanol 6-methylpyrimidine-2,4-diamine Buyimethyl)-4-methoxybenzyiiphosphonate

NH;

bromotrimathylsifane P

NN
TMSEr i
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{3-{{Z-aming-4-{butylamino)-8-methyipyrimidin-
S-ylimethyl}-4-methoxybenzy)shosphonic acid
Chemical Formula: CygHaN4OP
Exact Mass: 394.18

Step 1: Nd-butyl-3-(8-(chloromethyi})-2-methoxybenzyl}-6-methylpyrimidine-2,4-

diamine

[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-ylymethyl)-
4-methoxyphenylymethanol instead of (4-({(2-amino-4-(butylarino}-6-methylpyrimidin-5-
ylymethyi)-3-methoxyphenyi)methanol.

Step 2: diethyl (3-((2-amino-4-(butylamine)}-6-methylpyrimidin-S-yhmethyl)-4-

methoxybenzyl)phosphonate

[00428] N*-butyl-5-(5-(chloromethyl}-2-methoxybenzyi)-6-methylpyrimidine-2,4-
diamine (1.0 eg) in neat triethyl phosphite (0. 1M) was stirred at 140 °C for 2 b. The mixture
was concentrated to give the title compound.

Step 3: (3-({2-amino-4-(butylamino)-6-methylpyrimidin-5S-yljmethyl)-4-

methoxybenzyhiphosphonic acid

[60429] To a stirred solution of diethyl (3-((2-amino-4-(butylamino}-6-
methylpyrimidin-5S-yDmethyl)-4-methoxybenzyl)phosphonate (1.0 eg) in DCM (0.04M) was
added bromotrimethylsilane (4.0 eq). The resulting mixture was stirred for 2 b at 1t and then
partitioned between DCM/water. The organic laver was dried over NaxSQOq, concentrated.

The crude product was purified by prep-HPLC (mobile phase CH;CIN/H;O/INH;3) and freeze-
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dried to give a white powder, which was re-dissolved in MeCN/H:O/1N HCl (4:2:1) and
freeze-dried to give the title compound as a white solid (HCI salt),

{00430} LC-MS: [M+H}= 3951

180431} "H NMR (400 MHz, DMSO-ds) § 12.64 (br s, 2H), 7.82 (t, /= 5.6 Hz, 1H),
7.48 (brs, 2H), 7.08 (d,./= 8.0 Hz, 1H}), 6.91 (d, /= 8.4 Hz, TH), 6.74 (s, 1H), 3.81 (s, 3H),
3.66 (s, ZH), 3.37-3.34 (m, 2H), 2.80 (d, /=209 Hz, 2H), 2.12 (5, 3H), 1.50-1.45 (m, 2H},
1.27-1.22 (m, 2H), 0.86 (t, /= 7.2 Hz, 3H).

Example 8: (8)-2-({5-(5-{(2H-tetrazol-S-vlimethyl)-2-methoxybenzyl)-2-amino-6-
methyipyrimidin-4-vl}amino)pentan-1-ol (Compound 8)

{8)-1-(Qer-butyidiphenylsitviloxy)pentan-2-aming

Wi, OTBDPS iy NH
A : A AOTBOPS )\ _OTBDPS
NN NN b M S 'y
L Hal PP LiAM :
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masthyt 3-{(2-amino-4-chluro-B-methylipyrimidin- methyl {8)-3-{{2-amino-4-{{1-({feri- {8)-(3-((2-amino-4-{(1-({ferd-
S-yijmethyi)-4-mathoxybenzoaie butyldiphenyisilyljoxyipentan-2-yijaming}-8- butyldiphenylsilyljoxy)pentan-2-yljaming}-8-

methylpyrimidin-S-yiimethyl}-4-methoxybenzoale methyipyrimidin-8-yiymethyi)-4-methoxyphenylimethanc!
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{8)-5~(5-({2H-tetrazol-E-yhmethyl)-2-methoxybenizyl)- {8}-2-{{6-(8-{{2Htetrazol-S-yimethyl-2~-methuxybanayl)-

NE-{-{{tert-butyidiphenyisiyoxy)pentan-2-yi)-6~ 2-amine-8-mathylpyrimidin-4-yllaminojpentan-1-ol

methyipyrimidine-2 4-diamine Chermical Formula: CogHagNaGs

Exact Mass: 412,22
Step A: (8)-1-<{(tert-butyldiphenylsilyl}oxy}pentan-2-amine

[60432] A mixture of (§)-2-aminopentan-1-ol (1.0 eg) 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 t for 3 h. The mixture was diluted with water and DCM, separated, and the aqueous layer
was back-extracted with BCM twice. The combined organic layers were dried over Na;SOs,
concentrated under reduced pressure. The residue was puritied by flash column
chromatography {eluent: BCM/MeOH = 200:1 to 80:1) to give the title compound as a brown
oil.

Preparation of methyl (3)-3-((Z-amino-4-{{1-((tert-butyldiphenylsilyljoxy)pentan-2-

vijamino}-6-methylpyrimidin-S-ylimethyl}-4-methoxybenzoate

[00433] Preparation of methy] (8)-3-((2-amino-4-({1-{{rert-

butyldiphenylsilyljoxy)pentan-2-ylamino}-6-methylpyrimidin-5-ylymethyi)-4-
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methoxybenzoate tollowed Example 1 —~ Step 4, but using methyl 3-{(2-amino-4-chloro-6-
methylpyrimidin-S-ylmethyl)}-4-methoxybenzoate instead of methyl 4~{(2-amino-4-chloro-6-
methylpyrimidin-5-ylmethyl}-3-methoxybenzoate, and (S)-1-({ters-
butyldiphenylsilylyoxy)pentan-2-amine instead of butan-1-amine.

Preparation of (8}-(3-(Z-amino-4-{(1-({teri-butyldiphenyisilyoxy)pentan-2-yhamine)-

6-methylpyrimidin-S-yl)methyl}-4-methoxyphenylimethanol

[60434] Preparation of (3)-(3~((2-amino-4-{(1-((tert-butyldiphenylsilyDoxy)pentan-2-
yvilamino)-6-methylpyrimidin-5-yi)methyl}-4-methoxyphenylymethanol followed Exampie 1
— Step S, but using methyl (8)-3-{(2-amino-4-({ I-{{(fer-butyldiphenylsilyljoxy)pentan-2-
yvlamino}-6-methylpyrimidin-5-yl)methyl}-4-methoxybenzoate instead of methyl 4-({2-

amino-~-4-(butyiamino)-6-methylpyrimidin-3-yhmethyl}-3-methoxybenzoate.

Preparation of (S}-5-(5-((ZH-tetrazol-5-yl)methyl)-2-methoxybenzyl}-N4-(1-({tert-
butyldiphenylsilyDoxy)pentan-2-yi}-6-methyipyrimidine-2,4-diamine

[80435] Preparation of ($)-5-(5-((2H-tetrazol-5-ylymethyl)-2-methoxybenzyl)-N*-(1-
({rert-butyldiphenylsilyloxy)pentan-2-v1)-6-methylpyrimidine-2,4-diamine followed
Hxample 2 — Steps 1 to 3, but using {(S3-(G-{{2-amino-4-{{1-{{ter?-
butyldiphenylsilylyoxy)pentan-2-ylamino)-6-methylpyriroidin-5-ylymethyi)-4-
methoxypheny!ymethanol instead of (4-((2-amino-4-(butylamino)-6-methylpyrimidin-5-
yhmethyl)-3-methoxyphenyi)methanol.

Preparation of (83 2-((5-(5-((ZH-tetrazol-S-yhimethyi)-2-methoxybenzyl)-2-amino-6-

methylpyrimidin-4-yl)amino)pentan-1-ol

[00436] To a solution of ()-5-(5-((2H-tetrazol-5-ylymethyl)-2-methoxybenzyl)-N*-(1-
{(rerr-butyldiphenylsilvDyoxy)pentan-2-yi)}-6-methvipyrimidine-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 rt 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;CN/HG/HCOOH), freeze-dried to give the title compound as a white solid (formic acid

salt)
160437] LC-MS: [M+H]=413.2
{00438] 'H NMR (400 MHz, DMSO) 6 8.19 (s, 1H), 7.05(d, J=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 (1, 1H), 4.23-4.20 (m, 1H), 3.99
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{s, 2H), 3.81 (5, 3H), 3.69-3.60 (s, 2H), 3.41-3.33 (m, 2H}, 2.1 {5, 3H}, 1.48-1.45 (m, 1H),
1.35-1.28 (m, 1H), 1.13-1.09 (o, 2H), 0.79 (¢, ./ = 7.2 Hz, 3H).
ixample %: 2-(3-{{2-amino-4-(butylamins}-6-methylpyrimidin-S-yijmethyl}-4-

methoxyphenyl)-2-methyipropansic acid (Compeund 9}

O
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sthyt 2-(5-(2-cyanopropan-2-yij-2- 2-(3-{{2-amino-4-hydroxy-8-methylpyrimidin-&- 2.{3-{{2-amino-d-chioro-6-methvioyrimidin-S-
methoxybenzyh-3-oxchitanoate yiymethyl}-4-methoxyphenyl}-Z-methyipropanenitrile yt,m§hy‘é_4nmeemxyphenyn_aneg,g?;mpmenmﬁ
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2-{3-{{2-amino-4-{bubylamino}-G-methylpyrimidin-8-  2-(3-{{2-amino-4-{bubylamino}-é-methylpyrimidin--
viymethyt)-4-mathoxyphenyt}-2-methyipropanenitrite  ylimathyl)-4-methoxyphanyl)-2-methyipropanaic acid
Chemical Formula: CpiMagN4Os
Exact Mass: 386.23
Step 1: (d-methoxy-3-methylphenymethansl
[60439] 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 eq) under Ny, 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 NaxSQOy,
concentrated under reduced pressure to give the title compound, which was used directly to
next step without further purification.

Step 2: 4-{chloromethyl}-1-methoxy-Z-methylbenzene

[00440] To a solution of (4-methoxy-3-methylphenylmethanol (1.0 eq) in BCM

(0.3M) at 0 °C was added SOCL (2.0 eq). The resuliing mixture was stirred at r.t. for 2 h
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Then the mixture was quenched with NaHCO; solution and extracted with DCM. The organic
fayer was dried over Na:SQq, 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}- 1-methoxy-2-methylbenzene (1.0 ey in 1:1
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;SQOs, concentrated under reduced pressure. The
residue was purified by flash column chromatography (eluent: PE/EA = 100:1 t0 30: 1) to
give the title compound as a yellowish oil.

Step 4: 2-(4-methoxy-3-methylphenyl)-2-methyipropanenitrile

[00442] A mixture of 2-(4-methoxy-3-methylphenyljacetonitrile (1.0 eq) in DMSO
(0.4M) at 0 °C was added iodomethane (10 eq) and 50% NaOH sclution (6.0 eq). The
resulting mixture was stirred at t.t. for 3 h. Then the mixture was diluted with water and
EtOAc, the aqueous layer was back-extracted with EtOAc twice. The organic layer was
combined, dried over NaxSO,, 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

j00443] 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 concentirated
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-(2-cyanopropan-2-yi)-2-methoxybenzyl}-3-oxobutanoate

00444} 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}-2-methylpropanenitrile (1.0 eq} in THF
{0.3M) was added dropwise into the above mixture over 10 min. The resulting mixture was
stirred at 70 °C for 16 h, quenched with water and the mixture was exiracted with EtOAc,

dried over Na;8Qs, 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 oil.
Step 7: 2-{3-((2-amino-4-hydroxy-6-methyipyrimidin-5-yDmethyl}-4-methoxyphenyi)-2-

methylprepaneniirile

100445] A mixture of ethyl 2-(5-(2-cyanopropan-2-y1)-2-methoxybenzyi)-3-
oxobutanoate (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 filiration. The solid was washed with water
and dried in vacuum to give the title compound as a white solid.

Step 8: 2-(3-((2-aminec-4-chiore-6-methylpyrimidin-5-yl)ymethyl)-4-methoxyphenyl}-2-

methylpropanenitrile

{00446} To a solution of 2-(3-{((2-amino-4-hydroxy-G-methylpyrimidin-3-yDmethyl)-4-
methoxypheny-2-methylpropanenitrile (1.0 eq) in POCL (0.3M) was stirred at 100°C for 2
h. The reaction mixture was allowed to cool to rt. and POCl; was evaporated to dryness
under reduced pressure. The residue was diluted with water and adjusted pH to 8 with solid
NaHCO;. 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 in vacuum to
give the title compound as a white solid.

Step 9: 2-(3-((2-aminoc-4-{butylamino)}-6-methylpyrimidin-S-yl}methyl)-4-

methosyphenyl)-2-methylpropanenitrile

j00447] A mixture of 2-(3-{(2-amino-4-chloro-6-methylpyrimidin-5-yhmethyl}-4-
methoxyphenyl)-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 NaxS0y, 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-yljmethyi)-4-

methoxyphenyl}-2-methylpropansic acid

100448} A mixture of 2-(3-({2-amino-4-(butylamino)-o-methylpyrimidin-S-ylmethyl)-
4-methoxyphenyl}-2-methvylpropanenitrile (1.0 eq) in 1:1 ethane-1,2-diol/H;0 (0.075M) was
added KOH (10 eq) and stirred at 150 °C for 2 h. Then the mixture was allowed to coolto rt.
and adjusted pH to 8 with 1 M HCI solution. The precipitated solid was filiered and washed

with water for three times. The filter cake was dissolved in MeCN, HzO and 4M HClin
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dioxane solution, then the solution was freeze-dried to give the title compound as a white

solid (HCI salt).

{80449] LC-MS: [M+H}=3872

[00450] 'H NMR (400 MHz, DMSO) § 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, 3H), 3.70 (s, 2H), 3.5~

3.4 (m, 2H), 2.13 (s, 3H), 1.51-1.45 (m, 2HD), 1.36 (s, 6H), 1.27-1.18 (m, 2H), 0.86 (1, /= 7.2

Hz, 3H).

Example 10: 5-(8-(2-(2H-tetrazo}-S-yhprepan-2-yi}-2-methoxybenzyl-N4-butyl-6-

methyipyrimidine-2,4-diamine (Compound 10)

5~{B-(2-{2H-tetrazol-E-yijpropan-2-yi-2-methoxybenzyl)-
A-butyl-8-methylpyrimidine-2 4-diamine
Chermicet Formula: CaHaghgD
Exact Mass: 410.25

00451} A mixture of 2-(3-{(2-amino-4-(butylamino)-6-methylpyrimidin-S-ylimethyl)-
4-methoxyphenyl)-2-methylpropanenitrile (1.0 eq, Example 9 — Step 9) in dioxane (0.06M),
TMSN: (10 eq) and BuxSnO (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;CN/HO/HCOOH), freeze-dried to give the title compound as a white solid (formic acid

salt}
[00452] 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, ZH), 3.79 (s, 3H), 3.58 (s, 2H), 3.27-3.25 (m,
2H), 1.98 (3, 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-butyh-5-(2-methoxy-5-(2H-tetrazol-5-yl}benzyl-6-methylpyrimidine-
2,4-diamine (Compound 11)

sthyl 3-oxobutancate
g g o 0 N
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3-{(2-amino-4-{butylamina)-8-methylpyrimidin- MA-butyi-5-(2-mathoxy-5-{2H-tetrazol-5-
S-yiimethyl)-4-methoxybenzenitrile yhibenzyi-6-methylpyrimidine-2 4-diamine

Chemical Formula: CigH N0
Exact Mass: 368.21

Step 1: 4-bromo-2-{bromomethyi}-i-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 filiration 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-(S-bromo-2-methoxybenzyl)-3-oxobutanoate

[e0455] To a stirred 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 min, a
solution of 4-bromo-2-(bromomethyi}-1-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 Na; S04, 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

yeliow oil.
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Step 3: 2-amine-5-(S-brome-2-methoxybenzyl}-6-methylpyrimidin-4-ol

{60456} 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 in vacuum to give the title
compound as a white solid.

Step 4: 5-(5-brome-2-methoxybenzyl}-4-chlore-6-methylpyrimidin-2-amine

1004371 To a solution of 2-amino-~-5-(5-bromo-2Z-methoxybenzyl)-o-methyipyrimidin-4-
ol (1.0 egq} in POCH; (0.5M) was stirred at 100°C for 16 h. The reaction mixture was allowed
to cool to r.1. and POCl was evaporated to dryness under reduced pressure. The residue 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 MeQOH, dried in vacuum to give the title compound as a
white solid.

Step 5: 3-(S-bromo-2-methoxybenzyl}-N4-butyl-6-methylpyrimidine-2,4-diamine

[60458]) A mixture of 5-(5-bromo-2-methoxybenzyi}-4-chliorg-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 EtQOAc, the organic layer was washed with brine and
dried over Na 804, concentrated under reduced pressure. The residue was purified by flash
column chromatography (eluent: DCM/MeOH = 500:1 to 50:1} to give the title compound as
a white sehid.

Step 6: 3-({Z-amino-4-(butylamine }-6-methylpyrimidin-3-yhmethyl)-4-

methoxybenzonitrile

[00459] A mixture of 5-(5-bromo-2-methoxybenzyl)-N*-butyl-6-methylpyrimidine-
2,4-diamine (1.0 eq) in DMF {0.1M3}, Zn(CN); (1.5 eq}, Pdx{dba)s (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
Na504, concentrated under reduced pressure. The residue was purified by flash column
chromatography (eluent: BCM/MeOH = 100:1 10 10:1} to give the title compound as a white

solid.
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Step 7: N4-buiyl-5-(2-methoxy-5-(2H-tetrazol-3-yhibenzyl)-6-methylpyrimidine-2,4-

diamine

j00460] A mixture of 3-{{Z-amino-4-(butylamino}-6~-methylpyrimidin-5-ylymethyl}-4-
methoxybenzonitrile (1.0 eq) in dioxane (0.07M), TMSN; (10 eq) and BuzSn0 (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/H,G/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) 6 7.84 (d, /= 8.4 Hz, 1H}, 7.56 (br s, 1H), 7.44

(s, 1H), 7.09(d, /=84 Hz, 1H), 7.05 (br s, 2H), 3.90 (s, 3H), 3.73 (s, 2H), 3.4-3.3 (m, 2H),
2.13 (s, 3H), 1.49-1.41 (m, 28, 1.19-1.12 (m, 2H), 0.76 (t, J = 7.6 Hz, 3H).
Example 12: (3-{(Z-amino-4-(butylamino}-G-methylpyrimidin-S-ylmethyi}-4-

methoxyphenyliphosphonic acid ({Compound 12)
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Né-butyl-6-(5-iode-2-methoxybenzyl)-6- diethy! (3-{{2-arnino-4-(butylamino)-6-methyipyrimidin5-  (3-{(2-amino-4-(butylamino)-G-methyipyrimidin-5-
methyipyrimidine-2, 4-diamine yiimethyl}-4-methoxyphenyliphosphonate viymeathyll-4-methoxyphenyiiphesphonic ackd

Chemical Formuia: GyyHsNOF
Exact Mass: 380.16

Preparation of N4-butyl-5-(S-iodo-2-methoxybenzyl)-6-methyipyrimidine-2,4-diamine
160463] Preparation of N'-butyl-5-(5-iodo-2-methoxybenzyl)-6-methylpyrimidine-2,4-
diamine followed the protocols described for Example 11 ~ Step 1 to 3, but using 4-iodo-1-
methoxy-2-methylbenzene instead of 4-bromo-1-methoxy-2-methylbenzene in Step 1.

Step 1: diethyl 3~{((2~amino-4-(butylamino}-6~-methylpyrimidin-3-yhHmethyl)-4-

methoxyphenyl)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{dpphHHCl: {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 flash column chromatography (eluent:

DCM/MeOH = 50:1 to 10:1) to give the title compound.
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Step 2: (3-{(2-amino-4-(butylamino)-6-methylpyrimidin-5-ymethyl)-4-methoxyphenyl}-
phosphonic acid

j00465] To a solution of diethy! (3-({2-amino-4-(butylamino}-6-methylpyrimidin-5-
ylymethyi)-4-methoxyphenyl)phosphonate (1.0 eq) in DCM (0.08M) was added dropwise
TMSBr (20 eq). The mixture was stirred at 1t for 2 h . The reaction mixture was diloted with
water and DCM, the organic layer was washed with brine and dried over Na:SOu,
concentrated under reduced pressure. The residue was purified by prep-HPLC (mobile phase

CH;ON/HhO/HCOOH), freeze-dried to give the title compound as a white solid {formic acid

salt}.
[00466] LC-MS: [M+H] = 3813
{00467} 'H NMR (400 MHz, DMSO-ds) 6 12.00 (s, 1H), 7.99 (t, J = 4.8 Hz, 1H), 7.59-

7.53 (m, 1H), 7.47 (br s, 2H), 7.10-7.06 (m, 2H), 3.89 (s, 3H), 3.72 (s, 2H), 3.40-3.35 {(m,
24}, 2.10 (s, 3H), 1.53-1.45 (wm, 2H), 1.25-1.19 (m, 2H), 0.87 (1, /=72 Hz, 3H).
Example 13: 5-(5-(1-(2H-tetrazol-S-yheyclopropyl-2-methoxybenzyi)-N4-butyi-6-
methyipyrimidine-2,4-diamine (Compound 13}
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5-(5-{1-{2H-tetrazol-S-yloycicpropyl}-2-methoxybenzyij-
Nt-butyl-6-methyipyrimidine-2.4-diaming
Chermnical Formula: CpyHpeNyO
Exact Mass: 408.24

Step 1: 1-(4-methoxy-3-methylphenyljcyclepropane-i-carbonitrile:

[00468] To a flask containing 2-{4-methoxy-3-methyiphenyilacetonitrile (1.0 eq,
Example 9 — Step 3), 1-bromo-2-chloroethane (1.5 eq), EzNBnCl (0.02 eq) was added
0.77g/mL NaOH solution (6.0 eq). The resulting mixture was stirred overnight at 50 °C. The
mixture was partitioned between EA/water. The organic layer was dried over Nax8QOq,
concentrated and purified by flash chromatography on silica (eluent PE/EA = 100:1~20: 1) 1o

give the title compound.
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Preparation of 1-(3-{(2-amine-4-(butylamino}-6-methylpyrimidin-S-yhmethyi}-4-

methoxyphenylieyelopropane-1-carbenitrile

j00469] Preparation of 1-(3-((2-amino-4-(butvlamino}-6-methylpyrimidin-5-
ylymethyl)-4-methoxyphenyi)cyclopropane-1-carbonitrile following protocols described in
Example 9: Step 5 to 9, but using 1-(4-methoxy-3-methylphenybeyclopropane-1-carbonitrile
instead of 2-(4-methoxy-3-methyiphenyi)-2-methylpropanenitrile in Step 5.

Preparation of 5-(5-(1-(2ZH-tetrazol-5-yhcyclopropyl)-2-methoxybenzyl)-N4-butyl-6-

methylpyrimidine-2,4-diamine:

06470} A mixture of 1-(3-((2-amino-4-(butylamino)-6-methylpyrimidin-5-yl)methyl)-
4-methoxyphenyljcyclopropane-1-carbonitrile (1.0 eq) in dioxane {0.1M), TMSN; (10.0 eq),
BuxSnO (2.0 eq) was stirred overnight at 120 °C. The reaction was monitored by LC-MS. The
mixture was concentrated and purified by prep-HPLC (mobile phase CH;CN/HO/HCOOH),

freeze-dried to give the title compound as a white powder (formic acid salt).

[00471] LC-MS: [M+H] =409 .2
[00472] 'H NMR (400 MHz, DMSO-ds) 6 8.19 (s, 1H), 7.16 (d, J = 8.8 Hz, 1H), 6.92

(d, /=84Hz IH),677 (s, 1H), 6.69(brs, 1H), 6.42 (brs, 2H), 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, J="7.2 Hz,
3H).

Example 14: 1-(3-((2-amino-4-{butylamino)-e-methylpyrimidin-3-ylmethyi)-4-

methoxyphenyljeyclopropane-1-carboxylic acid (Compound 14)

NH; in
NTEN NTY

| KOH | /L
/J\\%\N/‘\/\ ......................... o )T/ "N/\//\\
H

my ' HO
\q ) 0 )
N Ny Q

1-{3-{{2-aminc-4-{putylamine)}-8-methyipyrimidin-5- 1-(3-({2-amino-4-(butylamino)-6-methylpyrimidin-S-ylimethyl)-4-
yhmethyl)-4-methoxyphenylicyciopropane-1-carbonitrile methoxyphenylieyclopropane-1-carboxylic acid
Chemical Formula: CaqHog 05
Exact Mass: 384.22

[00473] A mixture of 1-(3-((2-amino-4-(butylamino)-6-methylpyrimidin-5-ylymethyl)-
4-methoxyphenyheyclopropane-1-carbonitrile (1.0 eg) in 1:1 ethylene glycol/H,O (0.1M)
and KOH (10 eq) was stirred for 3 h at 150 °C. The reaction was monitored by LC-MS until
completion. The mixture was neutralized with 1 N HCl to pH = 7. The resulting suspeunsion

was filtered. The filter cake was washed with water. To the solid was added MeCN, H;( and
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4N HCVdioxane. The solution was freeze-dried to give the title compound as a white solid
{(HCI salt),

180474} LC-MS: [M+H}=385.2

[80475] "H NMR (400 MHz, DMSO-ds) 6 12.21 (s, 1H), 12.16 (s, 1H), 790 (t, ] =5.2
He, TH), 7.41 (brs, 2H), 7.16 (d, /= 6.0 Hz, 1H), 6.92(d, /= 8.4 Hz, 1H), 6.81 (5, 1H), 3.81
{s, 3H), 3.68 (s, 2H), 3.4-3.3 {m, 2H), 2.12 {5, 3H), 1 51-1.43 (m, 2H), 1.38 (s, 2H), 1.26-1.17
{m, 2H), 0.99 (s, 2H), 0.86 (, /= 7.2 Hz, 3H).

Example 15: 3-(2-amino-6-(butylamino}-5-(2-methoxybenzylpyrimidin-4-yl}propanocic

acid (Compound 15)

dimethy! malonaie Qo o
\O)'\fJLQ/ NH
.y H
@( nes Sy e B e e
o N//v'\o e /'»"\0/
1-methoxy-2-methylberzens 1-{bromomethyl)-2-methoxybenzene dimethyl 2-(2-methoxybenzyhmaionate

ethy! (£)-3-(4,4,5,5-tetramethyl-
1,3, 2-dioxaborcian-2-yliacrylate

e
A B0y B- A
A NTEN N TR R0 NTTN
| /|\ POCIH; { //g\ i B i /l\ HZN/\\,/\\
HOOY oM - ¢l Cl Lo 5 I -
e | \\j PdidpphiCl, (o] i Ry
il\\/ O'/ ,//\O/ /" “O/
2-amino-5-{2~ 4,8-gichloro-5-(2- sthyi (£)-3-{2-aming-G-chiore-5-(2-
methoxyhenzyl)pyrimidine-4,8-diol methoxybenzyhpyrimidin-2-amine methaxybenzvi)pyrimidin-4-yhacrylate
NH, /r\ﬁ‘!; NH;
NTSN

NN NN
Lo NaOH

- 1 Hy, PAIC . i
E0, X j,;i\ ﬁ PNy 2 EUA EEOYA\/J\ ZZ ﬁ/\/f\ HG}‘ /\‘/%ﬁ A
© f N ERPEEN o ’\/
: = 0./ N 0/ ;

Ey"\ﬁ/

ethyl (£)-3-{2-amino-8-(butyiaming)-5-{2- ethyl 3-{2-amina--(butylamino-5-{2- 3-{2-amino-8-(butylaming)-5-(2-
methoxybenzyl)pyrimidin-4-yiacrylate methoxybenzyl)pyrimidin-4-yiipropancate methoxybenzylpyrimidin-4-ylipropaneic acid
Chemical Formula: CigHegN Oy
Exact Mass: 358.20

2N

step 1: I-(bromomethyl}-2-methoxybenzene

[60476] To a solution of 1-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
Nap 804, and concentrated to give the title compound as a light vellow oil.

Step 1: dimethy! 2-(2-methoxybenzyi)malonate

[60477] 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 agueous 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 yellow oil,

Step 3: 2-amine-5-(2-methoxybenzyl}pyrimidine-4,6-diol

[60478] To a solution of dimethyl 2~(2-rethoxybevzylymalonate (1.0 eq) in 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-dichlore-5-(2-methoxybenzyl)pyrimidin-2-amine

[60479] To a suspension of 2-amino-5-(2-methoxybenzylpyrimidine-4,6-diol (1.0 eq)
in POCE (0.4M) was added 2 drops of DMF. The reaction was heated at 100°C for 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 35: ethyl (£)-3-(2-amino-6-chloro-5-(2-methoxybenzyl)pyrimidin-4-yhacrylate

[00480] To a solution of 4,6-dichloro-53-(2-ruethoxybenzyDpyrimidin-2-amive (1.0 eq)
in 3:1 dioxane/H:0O (0.14M) was added ethyl (£}-3-(4,4,5, 5-tetramethyl-1,3 2-dioxaborolan-
2-yhacrylate (1.2 eq), KaCO3 (2.0 eq), and Pd(dppHHCh (0.1 eq). The mixture was stirred at
106 °C for 3 b under nitrogen. The reaction was difuted with water, and the aqueous phase
was extracted with EA. Combined organic layers were washed with water, then brine, dried
over NazSO4, 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-methoxybenzyl)pyrimidin-4-
yiacrylate

[00481] To a sofution of ethyl (£}-3-(2-amino-6-chloro-5-(2-
methoxybenzyDpyrimidin-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 aqueous phase was extracted with
EA. Combined organic layers were washed with water, then brine, dried over NaySGO4, 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-amineo-6-(butylamino}-3-(Z-methoxybenzylpyrimidin-4-yljpropanocate

[00482] To a solution of ethyl (£)-3-{2-amino-6-(butvlamino)-5-(2-
methoxybenzypyrimidin-4-yacrylate (1.0 eq) in MeOH (0.04M) was added Pd/C (173
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 yellow oil.

Step 8: 3-(2-amino-6-(butylamine}-5-(2-methoxybenzyl)pyrimidin-4-yhpropaneic acid

1004831 To a solution of ethyl 3-(Z-amino-6-(butylamino)}-5-(2-
methoxybenzyDpyrimidin-4-yljpropancate {1eq) in 1:1 MeOH/H:0 (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:0/MeCN/H,0) to give the title compound as a
white solid (ammonium salt).

[804384] LC-MS: [M+H] =3594

{60485] 'H NMR(400 MHz, MeOD) § 7.23 (t, /= 6.8 Hz, 1H), 6.99(d, /=80 Hz,
1H), 6.91-6.88 (m, 2H), 3.90 (5, 3H), 3.80 (s, 2H), 344 (t, /=68 Hz, 2H), 285 {1, /=60
Hz, 2H), 2.42 (t, J= 6.0 Hz 2H), 1.51-1.46 (m, 2H), 1.25-1.19 (m, 2H}, 0.88 (1, /= 6.8 Hz,
343,

Example 16: 2-(3-((2-amino-4-{butylamino)-e-methylpyrimidin-3-ylmethyi)-4-
methoxybenzamido)ethane-1-sulfonic acid (Compound 16)

2-aminosthane-1-sutionic asid

NH, NH, NH,
NN NJ*‘N % N’J'*N
P NaOH H HO™ N, P
o Z \E‘j:/’\\/’\ A [ ‘E/’\\/\ a0 o /\ﬁ/\\/\
i i — — B i
\O)I\ HOJT,\\ HATU HO,S\/\ﬁJ\T/\L
NP o Fg N o
methyl 3-4{2-aminc-4-{butylaming}-8- 3-{{2-amino-4- ine} wipyrimidin-5 2-{3-{{2-amino-4-{butylamino}-6-methylpyrimidin-S-
methylpyrmidin-S-ylimethyi}-4 hoxyt i yiymathyi}-4-methoxybenzoic acid vimethyi)-4-maethoxybenzamidojelhane-1-sulfonic scid
Chernical Formula: CpgHpglNsUsS
Exact Mass: 481.19
{60486} Preparation of methyl 3-((2-amino-4-(butylaminc }-6-methylpyrimidin-5-

yhmethyl)-4-methoxybenzoate followed Example 1 — Steps 1 to 4, but using methyl 3-
{(bromo-methyl)-4-methoxybenzoate as the starting material in Step 1.
Step 1: 3-({2-amine-4-(butylamino}-6-methylpyrimidin-S-yhmethyl}-4-methoxybenzoic

acid

[60487] To a suspension of methyl 3-{{2-amino-4-(butylamino)-6-methylpyrinidin-5-
ylmethyl-4-methoxybenzoate (1.0 eq) in MeOH (0.3M) was added 1N NaOH (5.0 eq). The

156



WO 2018/106606 PCT/US2017/064541

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-{butylamino)}-6-methylpyrimidin-S-vljmethyi}-4-methoxybenz-

amido)ethane-1-sulfonic acid

[00488] To a solution of 3-{(2-amino-4-{butylamino}-6-methylpyrimidin-5-yhmethyl}-
4-methoxy-benzoic acid (1.0 eg) in DMF (0.6M) was added HATU (1.0 eq), 2-aminoethane-
t-sulfonic acid (1.1 eq} and DIEA (3.0 eq). The resuiting mixture was stirred at rt for 3 h. The
mixture was filtered and the filtrate was purified by prep-HPLC (mobile phase
CH;CN/HO/HCOOH), then freeze-dried to give the title compound as a white solid.

[060489] LC-MS: [M+H}] =452.2

[60490] "H NMR._ (400 MHz, DMSO) 8 11.89 (s, 1H), 8.35 (t, /= 3.2 Hz, 1H), 7.90 (s,
IH), 7.68 (d, /=84 Hz, 1H), 7.40 (br s, ZH), 7.26 (s, 1H), 7.09 (d, /=84 Hz, 1H),3.90 (s,
3H), 3.71 (5, 2H), 3.48-3.42 (m, 2H), 3.39-3.33 (m, 2H), 2.62 (t, J = 6.8 Hz, 2H), 2.12 (s,
3H), 1.49-1.41 (m, 2H), 1.23-1.15 (m, 2H), 0.82 (t, J = 7.2 Hz, 3H).

Example 17: 3-{((2-amino-4-(butylamine }-6-methylpyrimidin-S-ylymethyl}-4-

methoxybenzenesulfonic acid (Compound 17}

NHs NH, N
?ﬁ/\'N N} %?‘@ ‘\g \\!?E
/j; S~ He PAC AN CISOgH oo /L PN
H —— H — W A H
‘\‘{V\O/ P \O/ £ 0/’
5-{5-bromo-2-methoxybenzyl)-N-butyl-6- N-butyl-5-{2-methoxybenzyli-8- 3-{{2-amino-4-{butylamino}-E-methylpyrimidin-5-
methylpyrimidine-2,4-diamine mathyipyrimidine-2,4-diamine yhmethyl)-4-methoxybenzenesulfonyl chicride
NH,
NN
i |
KOy, HO s
_____ 2005 ?* Q\S;P gj/\,/”\
HO” ; \E
\\,//\o/
3-{{2-aminc-4-(butylamino}-8-methylpyrimidin-5-
yiimethyl)-4-methoxybenzenesulionic acid
Chemical Formula: $7HpaN 0,8
Exact Mass: 380.15
{60491} Preparation of 5-(5-bromo-2-methoxybenzy!)-N*-butyl-6-methylpyrimidine-

2,4-diamine followed Example 1 — Steps 1 to 4, but 4-brome-2-{(bromomethyl)-1-

methoxybenzene as the starting material in Step 1.
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Step 1: N4-buiyl-5-(2-methoxybenzyl)-6-methylpyrimidine-2,4-diamine

[00492] To a stirred solution of 5-(5-bromo-2-methoxybenzyl)-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-yhmethyl)-4-methoxybenzene-

sutfonyl chloride

1004931 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 layer was dried over Na)8Qy, filtered,
concentrated to give the title compound.

Step 3: 3-((2-amine-4-(butylamine)-6-methylpyrimidin-S-yDmethyl}-4-

methoxybenzenesulfonic acid

[00494] To a stirred solution of 3-((Z-amino-4-(butvlamino}-6-methylpyrimidin-5-
yhmethyl)}-4-methoxybenzene-sulfonyl chloride (1.0 eq) in 1:1 MeCN/H20O (0.025M) was
added KoCO3 (2.0 eq). The resulting mixture was stirred overnight at rt and then
concentrated. The residue was purified by prep-HPLC (mobile phase
CH;CN/HO/HCOOH), freeze-dried to give the title compound.

[60495] LC-MS: [M-Hl=379.2

[00496] U NMR (400 MHz, DMSO-ds) 6 11.92 (br s, 1H), 7.79 (br s, 1H), 7.46 (d, J
= 6.8 Hz, 1H), 7.22 (br s, 2H), 7.04 (s, 1H), 6.95 (d, J = 8.4 Hz, 1H), 3.85 (s, 3H), 3.68 (s,
2H), 3.37-3.34 (m, 2H), 2.08 (s, 3H), 1.54-1.44 (m, 2H), 1.26-1.23 {m, 2H}, 0.86 (t, J= 7.2
Hz, 3H).

Example 18: (5)-3-((5-(5-((2H-tetrazel-5-yimethyl)-2-methoxybenzyl)-2-amino-6-

methylpyrimidin-4-yliaminojhepian-1-of (Compound 18}

{ 8}-3-({B-(5-({2H-tatrazol-5-ylimethyl}-2-methoxybenzyi)-2-
amino-&-methylpyrimidin-4-yilaminoiheptan-1-of
Chemical Formula: CopHaaNgO,

Exact Mass: 440,28

{00497} The title compound is prepared following the protocols described in Example

8, but using (8)-3-amincheptan-1-ol (from J. Med. Chem. 2016, 539, 7936—7949) instead of
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{S)-2-aminopentan-1-ol in Step A. In the final step, the crude product was purified by prep-
HPLC (mobile phase CH:CN/HO/HCOOH), then freeze-dried to give the title compound as
a white selid {formic acid salt).

100498 LC-MS: [M+H] = 4413

[00499] I NMR (400 MHz, DMSO) 6 8.22 (s, 1H), 7.03 (d, J = 8.8 Hz, 1 H), 6.90 (d,
J=84Hz 1H), 6.78 (s, 1H), 6.52 (s, 2H), 6.35 (d, /= 8.0 Hz, 1 H), 4.27-4.21 (m, 1H),
3.99-3.91 (m, 2H), 3.80 (5, 3H), 3.62 (5, 2ZH), 3.39-3.26 (m, 3H), 2.07 (s, 3H), 1.64-1.50 (m,
24}, 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-methoxyphenethyl)pyrimidin-4-yl)pro-
paneic acid {Compound 19}
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ethyl (£)-3-{2-amino-5~

{butylamino)pyrimidin-d-yhacrylate

sthyl 3-{2-aminc-6-
{putylaminojpyrimidin-4-yiipropancate

ethyl 3~(2-amino-8-{butylamino}-5-
iodopyrimidin-4-yhipropancate

| —_—

EHZ N NH,
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ethyl 3-{2-amine-6-(hutylamino}-5-{4-
methoxyphenethyljpyrimidin-4-yl}propanoate

F-{3-amino-8-{Butyiamine)-5-(4-
methoxyphenethylipyrimidin-d-yhipropancic acid
Chemical Formuta: CogHoeNyOs
Exact Masgs: 372.22

sthyi 3-(2-amino-8-{butylamino}-5-({4-
mathoxyphenylyethynyhpyrimidin-4-yl)propanoate

Step 1: 4,6-dichloropyrimidin-2-amine

100500} To a solution of Z-aminopyrimidine-4,6-diol (1.0 eq) in POCL (IM) was
stirred at 100 °C for 4 h. The reaction mixture was allowed to cool to 1t 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.
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Step 2: ethyl (£)-3-(2-amino-6-chloropyrimidin-4-yijacrylate

{00501} To a solution of 4,6-dichloropyrimidin-2-amine (1.0 eq) in 3:1 dioxane/H,0
{0.3M) was added ethyl (£)-3-(4,4,5,5-tetramethyi-1,3,2~-dioxaborolan-2-ylacrylate (1.1 eqg),
Ko€CO5 (2.0 eq), and Pd(dppHClz (0.1 eq). The mixture was stirred at 100 °C for 2 h under
nitrogen. The reaction was diluted with water, and the aqueous layer was extracted with EA.
The combined organic layers were washed with water, brine, dried over Nax804, and
concentrated. The crude product was purified by column chromatography (PE/EA=10:1} to
give the title compound as a yellow solid.

Step 3: ethyl (E}-3-(2-amine-6-(butylamino)pyrimidin-4-yliacrylate

[00502] To a solution of ethyl (£)-3-(Z-amino-6-chloropyrimidin-4-ylacrylate (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 agueous phase was
extracted with EA. The combined organic layers were washed with water, brine, dried over
Nay 804, and concentrated. The crude product was purified by column chromatography
{PE/EA=1:1) to give the title compound as a vellow solid.

Step 4: ethyl 3-(2-amine-6-(butylamino)pyrimidin-4-yi)propansate

[60503] To a solution of ethyl (£)-3-(2-amino-6-(butylamino)pyrimidin-4-yDacrylate
(1.0 eq) in MeOH (0.2M) was added Pd/C (20% wt eq). The mixture was stirred at 25 °C for
2 hunder H; and then filtered. The filirate was concentrated to give the title compound as a
colored solid.

Step 35: ethyl 3-(2-amine-6-(butylamino)-5-iodopyrimidin-4-yl}propanoate

[00504] To a solution of ethyl 3-(Z-amino-6-(butylamino)pyrimidin-4-yl)propanocate
(1.0 eq) in 2:1 DCM/HZO (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, bring,
dried over Na:SQOs, and concentrated. The crude product was purified by column
chromatography (PE/EA=4:3) to give the title compound as a vellow solid.

Step 6: ethyl 3-(2-amino-6-(butylamine )-3-{{4-methoxyphenyijethynylpyrimidin-4-

vhpropancate

[060505] To a solution of ethyl 3-(2-amino-6-(butylamino}-5-iodopyrimidin-4-
yvipropanoate (1.0 eq) in DMF (0.1M) was added 1-ethynyl-4-methoxybenzene (1.2 eqg),
TEA (1/5% reaction volume), Cul (0.2 eq), and PA(PPh:),Ch (0.1 eq). The mixture was stirred
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at 50 °C for 16 hunder nitrogen. The reaction was diluted with water, and the aqueous phase
was extracted with EA. The cormbined organic layers were washed with water, brine, dried
over NazSO4, 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-(2Z-amino-6-(butylamino)-3-(4-methexyphenethyDpyrimidin-4-

yipropancate

[60506] To a solution of ethyl 3-(2-anino-6-(butylamino)}-5-((4-
methoxyphenyilethynyhpyrimidin-4-ylpropancate (1.0 eq) in MeOH (0.08M) was added
PA/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-amino-6-(butylamine}-S-(4-methoxyphenethyhpyrimidin-4-yl)propanoic
acid

1065071 To a solution of ethyl 3~(2-amino-6-(butylamino)-5-(4-
methoxyphenethylpyrimidin-4-yhpropanoate (1.0 eq) in 111 MeOH/HO (0.2M) was added
NaOH (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: NHiOH/MeCN/H: (O} to give the title compound as a white solid (ammonium salt).
[00508] LC-MS: [M+H]"=373.4

[60509] 'H NMR (400 MHz, CD;0D) 4 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 (t, J = 6.0 Hz, 2H), 2.18
(/= 6.4 Hz, 2H), 1.60-1.54 (m, 2H), 1.40-1.35 (m, 2H), 0.97 ¢, J = 6.8 Hz, 3H)
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Example 204A: (8}-3-((5-(5-((2H-tetrazol-S5-ylimethyl}-2-methoxybenzyi)-2-amino-6-
methylpyrimidin-4-yljamine)heptansic acid {Compound 20)

tert-butyl {5)-3-amincheptanoate

.>\Q
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mathyl 3-{{2-amino-4-chioro-G-methylpyrimidineg-  {3-{{2-amino-4-chioro-8-methylpyrimidin-5- fort-butyl {8)-3-{{2-amino-5-(8-{hydroxymethyl)-2~

yhmethyi}-4-methoxybenzoate yvimethyll-4-methoxyphenyiimethanol mathoxybsnzyl)-6-mathyipyrimidin-4-yliamino}heptanoats
1} SOCH, NH, ?/<
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N F ey
fert-puty! { S)-3-((5-(5-{(2H-tetrazel-5-ylmethyi)-2-methoxybenzyi}- {8)-3~{{5-{B-{{2MHtetrazoi-B-viymethyi}-2-methoxybenzyi}-2~
2-amine-6-methyipyrimidin-4-yilamino)heptancate amino-g-mathylpyrimidin-d~yjaminolheptanoic acid
Chemical Formusta: CooHayNgOs
Exact Mass: 454.24
[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-
(bromomethvl)-4-methoxybenzoate as the staring material instead of methyl 4-
{bromormethyl)-3-methoxybenzoate.

Step 1: (3-{(C-amino-4-chloro-6-methylpyrimidin-3-ymethyl}-4-methoxyphenyi)-

methanol

(60511} To a stirred solution of methyl 3-((2-amino-4-chloro-6-methylpyrimidin-5-
ylimethyl)}-4-methoxybenzoate (1.0 eq) in THF (0.2M) at 0 °C was added dropwise 2.5M
LiAlH (2.5 eq). 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 Jayer was dried over NaxSQOy, 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 (8)-3-(C-amino-5-(5-(hydroxymethyl}-2-methoxybenzyl)-6-methyl-

pyrimidin-4-yljamino}heptancate

[00512] A mixture of teri-butyl (5)-3-aminoheptanoate (4.0 eq; prepared following
procedures reported in J. Med. Chem. 2016, 59, 7936-7949) and (3-((2-amino-4-chloro-6-
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methylpyrimidin-5-ylmethyli-4-methoxyphenyl}-methanct (1.0 eq) in WNMP (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 Na»SCy, concentrated under reduced pressure. The
residue was purified by flash column chromatography (eluent: DCM/MeGH = 100:1 to 20:1)
to give the title compound as a yellow oil.

Step 3 to 3: tert-butyl (5)-3-((5-(5-{(2H-tetrazel-S-ylimethyl}-2-methoxybenzyl}-2-

amino-6-methylpyrimidin-4-yhaminoYheptanoate

j00513] The titie compound was prepared following Example 2 — Steps 110 3, but
using ferf-butyl (53-3-((2-amino-5-(5-(hydroxymethyl)-2-methoxybenzyl)-6-methyl-
pyrimidin-4-ylaminojheptanoate as the starting material. The crude product was purified by
prep-HPLC (mobile phase CH;CN/HO/HCOOH), and freeze-dried to give the title
compound as a white solid (formic acid salt).

[80514] LC-MS: [M+HI"=511.4

j60515] 'H NMR (400 MHz, DMSO) 6 8.20 (s, 1 H), 7.04(dd, J= 8.4, 2.0 Hz, 1H),
6.93 (d, /= 8.0 Hz, 1H), 6.77 (s, LH), 6.60 (br 5, ZH), 6.39 (br s, 1H), 4.55-4.52 (m, 1H), 4.02
(s, 2H), 3.83 (s, 3H), 3.67-3.57 (m, 2H), 2.37 (d, J= 6.8 Hz, 2H), 2.07 (s, 3H), 1.46-1.38 (m,
2H), 1.32 (s, OH), 1.26-1.13 (m, 2H), 1.09-1.01 (m, 2H), 0.77 (t, J = 7.2 Hz, 3H).

Step 6: (S3-3-((5-(5-((2H-tetrazol-3-ylmethyl}-2-methoxybenzyl)-2-amino-6-

methylpyrimidin-4-yhamino)heptanoic acid

[00516] Tert-butyl {8)-3-((5-(5-((QH-tetrazol-5-ylymethyl}-2-methoxybenzyl}-2-amino-
6-methylpyrimidin-4-yljamino)heptanoate (1 eq) was added 3.0 M HCV/dioxane (20 eq) at 0
°C, and warmed to rt. Afier 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.

[00517] LC-MS: [M+H] = 4552

{80518] TH NMR (400 MHz, DMSQO) 6 7.35 (brs, 1H), 7.07 (brs, 2H), 6.96(d, /=76
Hz, 1H), 6.88 (d, J= 8.4 Hz, 1H), 6.76 (s, 1H), 4.56-4.54 (m, 1F), 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 (t, /= 6.8 Hz, 3H).
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Example 20B: (8)-3-((5-(5-{(2H-tetrazol-5-ymethyl)-2-methoxybenzyl}-2-amins-6-

methylpyrimidin-4-yljamine)heptansic acid (Compound 20)

tert-putyl Z-{triphenyl-A5-
phosphanylidenejacetate

{S)-N-benzyl-1-phenylethan-1-amine
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{8)-3-({5-(5-{{2H-tetrazol-5-yl)methyi}-2-
methoxybenzyl}-Z-amino-6-

methyipyrimidin-4-vijamino)heptanoic acid

Chemical Formuia: CppMggNaOs
Exact Mass: 454.24

teri-butyl (8)-3-{{2-amino-5-{8-
{cyanomethyl)-2-methoxybsnzyi}-G-
mathylpyrimidin-4-yllaminojheptanoate

Step 1: fert-butyl (E)-hept-2-enoate

[00519]

A mixture of pentanal (1.0 eq) and feré-butyl 2-{triphenyl-A’-

teri-butyl {8)-3-{(5-(5-{{2H-tetrazol-5-
yhimethyh-2-methoxybenzyl)-2-aming-6-
methyipyrimidin-d-ylamincthepiancate

phosphanylidene)acetate (1.05 eq) was stirred at 50 °C for 16 h. Then the mixture 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 2: tert-butyl ($)-3-(benzyl({8)-1-phenylethyl}aminojheptanoate

{00520 To a solution of {5)-N-benzyl-1-phenylethan-1-amine (1.3 eq) in THF (0.9M)
at -78 °C was added dropwise 2.5M n-Buli (1.2 eq) over 20 min. The mixture was stirred at -
78 °C for 10 min, then rerr-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 EtOAc. 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 in PE) to give the title compound as a
yellow oil.

Step 3: fert-butyl (§)-3-aminoheptanocate

(00521} To a solution of rert-butyl (8)-3-(benzyl{{§}-1-phenylethyl}amino)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 hunder 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-{(2-amino-4-chlors-6-methylpyrimidin-S-yl)methyl}-4-methoxyphenyl)-

methanol

1065221 To a stirred solution of methyl 3-({2-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 eq). 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 BtOAc. The organic iayer was dried over NaxSQu, 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 5: fert-butyl (8)-3-{(Z-amino-5-(5-(hydroxymethyl)-2-methoxybenzyi)-6-methyl-

pyrimidin-d-yhamino}heptanocate

j00523] A mixture of fert-butyl (8)-3-aminoheptancate (4.0 eq) and (3-((2-amino-4-
chloro-6-methylpyrimidin-5-yhmethylj-4-methoxyphenyl)-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 Na;504, concentrated under reduced pressure.
The residue was purified by flash column chromatography (eluent: DCM/MeOH = 100:1 1o

20:1) to give the title compound as a yellow oil.
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Step 6: tert-butyl ($)-3-((2-amine-5-(5-(chloromethyl)-2-methoxybenzyl}-6-

methylpyrimidin-4-yljamino)heptanoate

j00524] To a stirred solution of rerr-butyl ($)-3-((2-amino-5-(5-(hydroxymethyl -2~
methoxybenzyl)-0-methyl-pyrimidin-4-ylaminojheptancate (1.0 eq) in DCM (0.05M) at 0 °C
was added SOCL (2.0 eq). The resulting mixture was stirred at 0 °C for 1 h. Then the mixture
was quenched with NaHCO; solution and extracted with DCM. The organic layer was dried
over NapSOs, concentrated under reduced pressure to give the title compound as a yellow oil.
Step 7: tert-butyl {(8)-3-{(2-amine-5-(5-(cyanomethyl}-2-methoxybenzyl}-6-

methylpyrimidin-4-vl}aminojheptanoate

j00525] A mixture of ferf-butyl (8§)-3-((2-amino-5-(5-(chioromethyl)-2-
methoxybenzyl)-6-methylpyrimidin-4-yhaminotheptanoate (1.0 eq) in 1.1 DMSG/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 layer was washed with brine, dried over Na:SOy,
concentrated under reduced pressure. The residue was purified by flash column
chromatography (eluent: BCM/MeOH = 100:1 to 20:1} to give the title compound as a
yellow oil.

Step 8: fert-butyl (3)-3-((5-(5-(QH-tetrazol-3-ylimethyl)-2-methoxybenzyl)-2-amino-6-

methylpyrimidin-4-vl}Jamino)heptanoate

[00526] A mixture of fert-butyl (8)-3-({2-amino-5-(5-(cyanomethyi)-2-
methoxybenzyl}-6-methyl-pyrimidin-4-ylamino}heptanocate (1.0 eq} in dioxane (1.2M]},
TMSN: (10 eq) and BuSnO (2.0 eq) 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 9: (8)-3-((5-(5-((2H-tetrazel-5-ymethyl)-2-methoxybenzyl)-2-aminoe-6-

methylpyrimidin-4-yhaminojhepianoic acid

[00527] Tert-butyl (§)-3-((S-(5-{(2H~tetrazol-S-vlymethyi)-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 (mobilg phase CH3CN/HO/HCOCH),
freeze-dried to give the title compound as a white solid (formic acid salt).

{00528] LC-MS: [M+H] =455.2
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{00529 'H NMR (400 MHz, DMSO} 6 7.35 (brs, 1H), 7.07 (br s, 2H), 6.96 (d, J=7.6
Hz, 1H), 6.88(d, /=84 Hz, 1H), 6.76 (s, 1H), 4.56-4.54 (m, 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 (t, /= 6.8 Hz, 3H).

Example 200C: (R}-3-((5-(53-((ZH-tetrazol-8-yhimethyi)-2-methoxybenzyl)-2-amino-6-

methylpyrimidin-4-yllaminojheptanoic acid {Compound 20C)

NH. OH

OMe
[60536] The title compound was prepared by following the procedure described in

Example 208, but using (R)-N-benzyl-1-phenylethan-1-amine instead of (8)}-N-benzyl-1-
phenylethan-1-amine in Step 2. The title compound showed identical H NMR and LCMS
data as Exampie 20A/208.

{60531} To demonstrate the chirality, samples of Example 20A/20B (e.g., (8)-
enantiomer) and Example 20C (e.g, (R)-enantiomer) were injected on a Superchiral 8-0Z
column (0.46cm 1.D. x 25 cm L) and eluted with Hexane/EtOH/MeOH/diethylamine (v/viviv
= 8§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: (8)-3-(2-amino-6-{{1-hydroxyheptan-3-yhamine}-S-methoxypyrimidin-4-

vhpropanoic acid (Compound 21)

N
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O HO OH cl cl
) o o,
dimethyl 2-methoxymalonate 2-amino-5-methaxypyrimidine-4,6-diol 4,6-dichloro-5-methoxypyrimidin-2-amine
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PddpphiCl, Y YN
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gthyl {F3-3-(2-amino-6-chioro-5- othyl (8, £)-3-(2-amino-6-({1-{{ferf-bulyldimethylsilyljoxy} heptan-
methoxypyrimidin-4-yljacrylate B~ylyamino)-S-methoxypyrimidin-4-yhacrylate
NH, 0TBS 1) TBAF NHg OH
PAIC, Hy NTRN 2)NaGH N!/‘\‘N s
........................ " H - H
EiO\n/\V /\Y//l\N/\/\v/ H('J\ﬁ/\/J\r//kN/\ N
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ethyl (8)-3-(2-amino-6-{{1-{(ten- {8})-3-(2-amino-8-((1-hydroxyheptan-3-yl)amino)-5-
butyidimethyisilyloxyyheptan-3-ylamino)-5- methoxypyrimidin-4-yhpropaneic acid
methoxypyrimidin-4-ylipropancate
{60532) The title compound can be prepared according to the steps of Example 15

168



WO 2018/106606 PCT/US2017/064541

Example 22: (S)-5-(3-((2H-tetrazol-5-y)methyl)-2-methoxybenzyl)-6-methyl-N*-(1-
{methylthio)heptan-3-yl)pyrimidine-2,4-diamine (Compound 22)

{8} 1-{mathylthio)heptan-3-amine
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migthylpyrimidin-S-yimethyl)- {mathyithio)heptan-3-yilamino)pyrimidin- {mathyithiojhaptan-3-vi)aminojpyrimidin-g-
4-methoxybenzoate S-ylimethylj-4-mathoxybenzoate yhmethyl)-4-methoxyphenyhmethanof
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(8)-5-(5-{chloromethyl}-2-methoxybenzyl)- (S1-2-(3-{(2-aming-2-methyl-E-{{1- (S)-5-(5-{{2H-tetrazol-5-ymethyl)-2-
S-methyl-N4-(1-{methylthio)heptan-- {methylihio)heptan-3-yljamins)pyrimidin- methosybenzyl)-6-methyi-N4-(1-

AN B 5ol 4o N
yipyrimidine-2,4-ciamine 5-yimethyl}-4-methoxyphenyljacetonitrie {methyithic)heptan-3-yiipyrimidine-2,4-diamine

Chemical Formula: CogMaNOS8
Exact Mass: 470.26

Step 1: methyl (5)-3-((2-amino-4-methyl-6-{{1-(methylithie}heptan-3-

yhamino)pyrimidin-3-yDmethyl-4-methoxybenzoate

{80533 A mixture of methyl 3-({(Z-amino-4-chloro-6-methylpyrimidin-5-yhmethyl)-4-
methoxybenzoate (1.0 eq, from Example 3B — Step 4) in NMP (0.8M), (5)-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
No atmosphere. The reaction was ailowed to cool, diluted with EtGAc, washed with water
and brine. The organic layer was dried over NapSOy, concentrated and purified by column
chromatography on silica gel {eluent 0-5% MeOH in DCM} to give the title compound.

Step 2: (8)-(3-((2-amine-4-methyl-6-({1-(methyithio}heptan-3-y)amino)pyrimidin-5-
yhmethyl-4-methoxyphenyljmethanol

{00534} To a stirred solution of methyl (5)-3-((2-amino-4-methyl-6-{(1-
(methylthioYheptan-3-yhamino)-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 r.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 layer was dried over NaxSQq,
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concentrated and purified by column chromatography on silica gel (eluent 0-5% MeOH in
DCM) to give the title corpound.
Step 3: (8)-5-(5-(chloromethyl)-2-methoxybenzyl}-6-methyl-N*-(1-(methylthio}heptan-3-

yhpyrimidine-2,4-diamine

{60535] To a stirred solution of (5)-(3-{(2-amino-4-methyl-6-((1 -(methylthioheptan-3-
yvlamino-pyrimidin-5-yiymethyi}-4-methoxyphenylymethanol (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. NaHCO;. The mixture was partitioned between DCM/water. The organic
layer was dried over NaySGO4 and concentrated to give the title compound.

Step 4: ($)-2-(3-((2-amino-4-methyl-6-({1-(methylthiojheptan-3-yhamine}pyrimidin-5-

yhmethyl)-4-methoxyphenyljacetonitrile

[00536] To a stirred solution of (§)-5-(S~(chloromethyl)-2-methoxybenzyl)-6-methyl-
N*-{1-{methylthio)-heptan-3-yl)pyrimidine-2,4-diamine (1.0 eq) in 1:1 DMSO/DMF (0.1M)
was added NaCN (3.0 eq). The mixture was stirred at 1t for 16 h before it was quenched with
sat. NaHCO;. The mixture was partitioned between EA/water. The organic laver was dried
over Nay504, concentrated and purified to give the title compound.

Step 5: (8)-5-(5-{(2H-tetrazol-S-ymethyl)-2-methoxybenzylj-6-methyl-N*-(1-

{methyithio}-heptan-3-yi)pyrimidine-2,4-diamine

[60537] A moixture of (5)-2-(3-((2-amino-4-methyl-6-((1-(rethyithioheptan-3-
yvllamino jpyrimidin-5-ymethyl}-4-methoxyphenylacetonitrile (1.0 eq) in dioxane (0.15M)
was added TMSN; {(10.0 eq), BuSn0 (2.0 eq), and stirred overnight at 120 °C. The mixture
was concentrated and purified by prep-HPLC (mobile phase CHsCWN/H:(/ HCOOH), freeze-
dried to give the title compound as a white powder (formic acid salt).

[00338] LOMS: [M+H] =471.3

{00539] 'H NMR (400 MHz, DMSO) 6 7.03 (d, /= 8.4 Hz, 1H), 6.92(d, /= 8.4 Hz,
TH), 6.79 (s, 1H), 6.44 (s, 2H), 6.24 (d, /= 8.8 Hz, 1H), 425-4 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 (t, ./ = 7.2 Hz, 3H).
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Example 23 (5)-5-(3-((2H-tetrazol-5-y)methyl)-2-methoxybenzyl)-6-methyl-N*-(1-
{(methylsulfonylheptan-3-ylipyrimidine-2,4-diamine (Compound 23}

~ 0\9/
NH, £ NH, ~8
Py Ay
! 5 )H,/‘\NW
H
N~ ,N'\. i N
HN, HN,
N n*N Z > Onte
{8)-5-(5-{{2H-tetrazol-5-yiimethyl)-2-methoxybenzyl)-6-methyl-N4-{1- {8}-5-{5-{{2H-lotrazol-5-yimathyi)-2-
{methyithiclheptan-3-yiipyrimidine-2,4-diamine methoxybenzyl}-6-methyl-N4&(1-
{methylsulfonyiiheptan-3-yilpyrimidine-2 4-diamine
Chemical Formula: CagHaMNg03S
Exact Mass: 502.25
[60548] To a stirred solution of (8)-5-(5-((2H-tetrazol-5-ylymethyl)-2-methoxybenzyl)-

6-methyl-N-(1-(methylthio)heptan-3-yD)pyrimidine-2 4-diamine (1.0 eq, Example 22) in
acetone {0.02M) was added oxone (2.0 eq) at r.t. The resulting mixture was stirred at r1. for 3
h before it was filtered 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).

[60541] LCMS: [M+H]" =503 .3

[60542] 'H NMR (400 MHz, DMSO)§ 7.05 (d, /=84 Hz, 1H), 6.93(d, /= 8.4 Hz,
THDY, 6.76 (s, 1H), 6.47 (s, 2H), 6.38 (d, /= 6.4 Hz, 1H), 425-4.23 (m, TH), 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), L.18-1.15 (m, 2H), 1.11-0.99 (m, 2H), 06.77 (¢, /= 7.2 Hz, 3H}.

Example 24: (3-((2-amino-4-(butylamine}-6-methylpyrimidin-S-ylimethyl-4-
methoxyphenybhborenic acid (Compound 24)

4,4,4'4.5,5,5 8- octamethyl-
2,2-bi{1,3,2-dioxaborolane}

By ; M, :ﬂi“?
A B B /E A
NN NN Bu{OH),

i i
P ‘,/ E/"\/"\\ ..................... ‘O /\/'\ﬁ/k\,/h‘\ [—— OH f\ NN
Er\//\\ / Pd{dpphiCh, - r% / HOL MeDH HO’ e
\V/\OMe OMe \/\LQME
5-{5-bromo-2-methoxyhenzyl)-A NA-butyl-5-(2-methoxy-5-(4,4,5,5- {3-{(2-amino-4-{butylaminc)-8-methylpyrimidin-
butyl-g-methylpyrimidine-2,4-diaming tetramethyl-1,3,2-dioraborolan-2- S-yhimethyl)-4-methoxyphenyliboronic acid
yijbenzyh-8-mathylpyrimidine-2,4-diamine Chernical Formuta: C7HasBN 4O

Exact Mass: 344.20
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Step 1: N-butyl-5-(2-methoxy-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl}-6-

methylpyrimidine-2,4-diamine

j00543] A mixture of 5-(5-bromo-2-methoxybenzyl)-N*-butyl-6-methyipyrimidine-
2, 4-diamine (1.0 eg, from Example 11 — Step 5} in dioxane (0.03M}, 4,4,4',4'

55,55\
octamethyl-2,2-bi(1,3,2-dioxaborolane) (1.2 eq), KCAc (3.0 eq), and Pd{(dppDHClz (0.1 eqg)
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 colurmn
chromatography on silica gel (eluent: 0-5% MeQOH in DCM) to give the title compound as a
white solid.

Step Z: (3-(C-amino-4-(butylamino}-6-methyipyrimidin-S-yijmethyl}-4-methoxyphenyl)-

boronic acid

[00544] To a mixture of N*-butyl-5-(2-methoxy-5-(4,4,5, S-tetramethyl-1,3,2-
dioxaborolan-2-vibenzyl}-6-methylpyrimidine-2 4-diamine (1.0 eq) in MeOH (0.05M) was
added BuB(OH), (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:CNj} to give the title
compound as a solid {formic acid salt).

[00545] LCMS: [M+H] =3453

[00546] 'H NMR (400 MHz, DMSO-ds) 8 7.76 (5, 2H), 7.66 (d, J = 7.6 Hz, 1H), 7.25
(s, TH), 6.96 (d, .J= 8.0 Hz, 1H), 6.76 (br s, 1H), 6.56 (br s, 2H), 3.86 (s, 3H), 3.63 (s, 2H),
3.30-3.28 (m, 2H), 2.06 (s, 3H), 1.44-1.41 (m, 2H), 1.18-1.15 (m, 2H), 0.82 (t, /= 7.2 Hz,
Example 25: 4-(3-((2-amino-4-(butylamino)}-G-methylpyrimidin-S-yijmethyi)-4-
methoxybenzamido)butanoic acid (Compound 23)

methyt 4-amincbutanoate

Nk
? HANTN"NC0Me NH.
NH; NH
Y A 2
i HATU, DIEA NN NaOH N/L\N
o N’A\/’\\ ..................... - l:\ ) PR |
,Jj\ H o P Vi e o ‘/L P NN
O Ny Sy MeC Bl " Ho A "
i | T i &
L one \(I;/\ ﬁ : \f/\‘/\ﬂ \E/\[

Oide o ~ ome
3-({2-amino-4-{butylaming)-6- methyl 4-(3-({2~amino-4-{butylamino)-6- 4-(3-{{2-amino-4-(butylaminc}-8-methylpyrimidin-
methylpyrimidin-S-yi)methyl)- mathyipyrimidin-G-yiimothyl)-4- S-yhimethyl)-4-methoxybenzamidoibutancic acid

4-methoxybenzoic acid meathoxybenzamidojbutanoate Chemical Formuta: CagHaNgl,

Exact Mass: 425.24
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Step 1: methyl 4-(3-((2-amino-4-(butylamino }-6-methylpyrimidin-5-yDmethyl)-4-

methoxy-benzamido )butaneate

{00547 A mixture of 3-{{Z-amino-4-(butylamino}-6~-methylpyrimidin-5-yymethyl}-4-
methoxvbenzoic 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 stirred 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 puritied by column chromatography on silica gel {eluent:
DCM/MeGH = 100:1 to 10:1) to give the title compound as a brown solid.

Step Z: 4-(3-((Z-amino-4-(butylamino }-6-methylpyrimidin-5-yhimethyl}-4-methoxy-

benzamideobutanoie acid

[60548] To a stirred solution of methyl 4-(3-((2-amino-4-(butylamino)-6-
methylpyrimidin-3-yhmethyl)-4-methoxybenzamido)butancate (1.0 eq) in MeOH (0.025M)
was added 1N NaOH (6 eq). The resulting mixture was stirred at 50 °C for 2 h. The mixture
was cooled to rt and adjusted to pH 7 using IN HCL The precipitated solids were collected by

filtration and triturated with water, dried under vacuum to give the title compound as a white

solid.
[00549] LCMS: [M+H] "= 430.3
j00550] T NMR {400 MHz, DMSO) 0828 (brs, 1H), 7.70 (d, J= 9.2 Hz, 1H), 7.29

{s, 1H), 7.02 (d, /=88 Hz, 1H), 599 (br s, 1H), 5.81-5.79 (m, 2H)}, 3.89 (s, 3H}, 3.62 (s,
2H), 2.36-3.16 (m, 4H), 2.21 (t, J= 7.2 Hz, 2H), 1.98 (s, 3H), 1.72-1.67 (m, 2H), 1.42-1.38
(m, 2H), 1.20-1.14 (m, 2H), 0.81 (t, /="7.6 Hz, 3H).

Example 26: 5-(5-((2H-tetrazol-5-yl)methyl}-2-methoxybenzyl)-6-methyl-NV-

pentylpyrimidine-2.4-diamine (Compound 26)

NH,
N’j%}z
AI//‘\N/\/\/
Ney ™y "
HN‘N‘.N ¢ L O
e

§-{5-{{2H-tetrazol-B-y)methyi)-Z-methoxybenayl)-6-
methyl-A-pentylpyrimidine-2,4-diamine
Chemical Formula: CpgHpaMNgO
Exact Mass: 386.24

j00551] The title compound was prepared according to the procedures described in

Example 3, but using pentan-1-amine instead of butan-1-amine in Step 5. The final product
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was purified by prep-HPLC (mobile phase CH:CN/H,G/HCOOH), freeze-dried to give the
title compound as a white solid (formic acid salt).

180552] LC-MS: [M+H] =3972

[00553] 'H NMR (400 MHz, DMSO) 6 7.03 (d, /= 8.8 Hz, 1H), 6.91 (d, J=8.0 Hz,
1H), 6.74 (s, 1H), 6.64 (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 (¢, /=68 Hz, 3H).

Esample 27: (§)-3-(2-amino-6-({1-hydrexyheptan-3-yhamino}-5-(2-methoxybenzyl)-
pyrimidin-4-yDpropaneic acid (Compound 27)

1-{bromomethyl)-2-methoxybenzens

o
BO, (\/L\ o @’\Br o o NH
Q o o & i ]

o0, MgCl, Ohle HN “NH,
4-sthoxy-4-oxobutancic achd . o B0 W/\/U\/Lk oF - T
+ o Nat
i
KO~ L\/i “OE
potassiurm 3-ethoxy-3-oxopropanoate diethyi 3-oxohexanedioate diethyt 2-(2-methoxybenzyl)-S-oxohexanadicate
{&}-3-aminoheptan-1-of
OH
NH, NH; 2 NHa oH
?EE/NN POCH ﬂ HNT S NN s
7 i :
HOZC/\‘/\]/LOH T HOET Y Y o HO.L 'ﬁ”\/\/
L L, C
N 0ne Z“Ome ~F e
3-(2-amino-6-hydroxy-5-2- 3-{2-amino-8-chioro-5-{2- {&)-8-(2-amino-8-((1-hydroxyheptan-3-yliamino)-
methoxybenzyl)pyrimidin-4-yipropansic acid methoxybenzylpyrimidin-4- 5.(2-methoxybenzylpyrimidin-4-vi)propansic acid
vijpropansic acid Chemical Formuia: $osMaolN Oy
Exact Mass: 416.24

Step 1: diethyl 3-oxohexanedioate
{60534 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 T h, then MgCl (1.0eq) and potassium 3-ethoxy-3-oxopropancate (1.0 eq}
were added into the above solution at r.t. 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 column chromatography on silica (eluent: PE/EA = 100:1 10 3:1) to give the

title compound as a vellow 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% Nal (1.3 eq) in portions at 0 °C. After stirring for 10 min, a solution of -
{(bromomethyl}-2-methoxybenzene (1.0 eq; from Example 15 — Step 1) in THF (1M) was
added dropwise into 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 NapSOs, 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 3: 3-(2-amino-6-hydroxy-5-{Z-methoxybenzylpyrimidin-4-yhpropaneic acid

[00556] A mixture of diethyl 2-{2-methoxybenzyl}-3-oxochexanedioate (1.0 eq) and
guanidine carbonate (1.0 eq) in MeOH (0.3M) was stirred at 90 °C for 16 b. 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-(Z-methoxybenzyDpyrimidin-4-yhpropanoic 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 rt and POCL: was evaporated under reduced pressure. The residue was
dituted with water and the pH was adjusted to 7 by adding solid NaHCQCs. The mixiure was
stirred at 50 °C for 1 h, then cooled to 1t, 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-hydroxyheptan-3-yl)amino}-5-(Z-methoxybenzyl )pyrimidin-

4-yl}propaneic acid

[e0558] A solution of 3-(2-amino-6~chlore-5-(2-methoxybenzyDpyrimidin-4-
vipropanoic acid (1.0 eq) in neat {S)-3-arminoheptan-1-of (1.6M; prepared from /. 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;SO4, and concentrated. The crude was purified by
prep-HPLC (mobile phase: NH4OH/MeCN/HO) to give the title compound white solid.
[80559] LOMS: [MAH]T=417.3
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{60568 "H NMR (400 MHz, CD;0D) § 7.24 (t, J = 8.0 Hz, 1H), 7.02-6.96 (m, 2H),
6.89 (t, /= 7.2 Hz, 1H), 4.42-4.40 (ru, 1H), 3.92 (s, 3H), 3.82 (s, 2H), 3.46-3.38 (m, 2H),
295290 (m, 2H), 248 (t, /=72 Hz, 2H), 1.8 -1.0 (m, 8H), 0.80(t,./= 7.2 Hz, 3H).
Example 28: N-(3-CH-tetrazol-5-yl)propyl}-3-((2-amine-4-(butylamino}-6-methyl-
pyrimidin-S-yhmethyl-4-methoxybenzamide (Compound 28)

1,3-dioxoisoindolin-2-ide

O
F = -
: - K
T o o
0 N ,/——/ HoNNH,
NG NN - ﬂ P N NG N,
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O
4-bromobutanenitriie 4-(1 3-dioxcisoindalin-2-ybutanenitrite 4-smincbutanenitrile
NHy NN
NC NH
. 2 N N,
LA~ PATUDIER NS TMENy, Bu,SnO Ny
9 ’ E --------------------- g /L\ »./J\ N N - //J-l l\
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OMe N* #Nome
3-{{2-amina-4-{putylamino)-6- 3-{(2-aminc-4-{butylami imidin-5- N-{3-{2H-tetrazol-5-yipropyl}-8-{{2-amino-4-(butylaming)-
mathyipyrimidin-S-ylimethyl)- ylimethyl} N—{@cyanopropy!; -4~ mathoxybe':zamids g-methyipyrimidin-S-yhmethyl}-4-methoxybenzamide
A-msthoxybenzole acid Chemical Formuia: CzoHigiNgOs

Exact Mass: 463,26
Step 1: 4-(1,3-disxoiscindelin-2-yhbutanenitrile
j00561] A mixture of 4-bromocbutanenitrile (1.5 eq) and 1,3-dioxoisoindoiin-2~tde (1.0
ey in DMF (0.3M) was stirred at 100 °C for 8 h. The mixture was filtered and the filtrate 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

j00562] A solution of 4-(1,3-dioxoisoindolin-2-ylbutanenitrile (1.0 eq) in EtOH
(0.26M) was added NH:NH;-H>O (2.0 eq) and stirred at rt for 16 h. The mixture was
concentrated, then diluted with water. The aqueous phase was extracted with DCM. The
combined organic phase was dried over NaxS04, concentrated under reduced pressure to give
the title compound as a brown oil.

Step 3: 3-{{Z-amino-4-(butylamino}-6-methylpyrimidin-5-yhmethyl}-N-(3-cyanopropyi)-

4-methoxybenzamide

j00563] A mixture of 3-((2-amino-4-(butvlamino}-6-methylpyrimidin-S-yDimethyh-4-
methoxybenzoic acid (1.0 eq; from Example 16 - Step 1) in DMF (0.09M), 4-
aminobutanenitrile (2.0 eg), HATU (2.0 eq) DIEA (3.0 eq) was stirred at 50°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:SQOs, coucentrated under reduced
pressure. The residue was purified by flash chromatography on silica (PE/EA=50:1t0 1.2} t0
give the title compound as a brown solid.

Step 4: N-(3-(2H-tetrazok-5-yDpropyl)-3-((2-amine-4-(butylamine}-6-methylpyrimidin-

5-yiymethyl}-4-methoxybenzamide

[60564] To a stirred solution of 3-((2-amino-4-(butylamino }-6-methylpyrimidin-5-
vhmethyl)-N-(3-cyanopropyli-4-methoxybenzamide (1.0 eq) in NMP {0.08M} was added
Buz8n0 (2.0 eq) and TMSN;: (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: CH;CN/HLO/ 0.1%NH4OH) to give the title corapound as a solid.

[60565] LC-MS: [M+H] = 454.5
100566] 'H NMR (400 MHz, DMSO) 6 8.45 (s, 1H), 7.74 (d, J= 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 (5, 3H}, 3.65 (s, 2H)},
330-3.26 (m, 4H), 2.82 (t, J=7.2 Hz, ZH), 2.03 (5, 3H), 1.90 (t, /= 6.8 Hz, 2H), 1.46-1.38
{m, ZH), 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-methoxybenzyljpyrimidin-4-
vhiamineojheptanoic acid ({Compound 29}

tert-butyt {8)-3-aminoheptanoaie
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iyl (£)-3-(2-amino-G-chioro-5-(2-  fer-butyl (8, £)-3-({2-amino-6-(3-othoxy-3-oxoprop-1-en-1-  tert-butyl {5)-3-(({2-amino-6-(3-ethoxy-3-uxopropyi)-5-(2-

methoxybenzyhipyrimidin-s-yacrylate  yi)-8-{2-methoxybenzy)pyrimidin-d-ylJamincheptancate mathoxybenzyl)pyrimidin-4-yhamino)heptanoate
NH, OH
KOH NTEN 0

{8}-3-{{2-aming-8-{2-carboxyethyl)-5-{2-
methoxybenzypyrimidin-4-yl}aminoheptanoic acid
Chemicat Formuia: CagHaoN,Og
Exact Mass: 430.22
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Step 1: tert-butyl (8,£)-3-((2-amino-6-(3-ethoxy-3-oxoprop-1-en-f-yi)-5-(2-

methoxybenzyl)-pyrimidin-4-yljamino}heptanoate

{00567] A solution of ethyl (£)-3-(2-amino-6-chloro-5-(2-methoxybenzylpyrimidin-4-
yhacrylate (1.0 eq, from Example 15 — Step 5) in neat fert-butyl {§)-3-amincheptanocate
{0.6M, from Example 20B — Step 3) was stirred at 120 °C for 2 h. The reaction solution was
diluted with water, and the aquecus layer was extracted with EA. Combined organic layers
were washed with water, brine, dried over Nap8Qs, and concentrated. The crude was purified
by column chromatography (DCM/MeOH=10:1) to give the title compound as a yvellow solid.
Step 2: tert-butyl (8)-3-((2-amino-6-(3-ethoxy-3-oxopropyl)-5-(2-

methoxybenzylipyrimidin-4-vl}amino}heptanoate

[00568] To a solution of rert-butyl (S, £)-3-((2-amino-6-(3-ethoxy-3-oxoprop-1-en-1-
y1}-5-(2~-methoxy-benzy)-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: (8)-3-{(2-amino-6-{2-carboxyethyl}-5-(2-methoxybenzylpyrimidin-4-vi)amine}-
heptanoic acid

1005691 To a solution of fert-butyl {83-3-({2-amino-6-(3-ethoxy-3-oxopropyl }-5-(2-
methoxybenzyly-pyrimidin-4-yDamino)heptanoate (1.0eq) in 4:1 EtOH/H,0 (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: NHiOH/MeCN/ H20) to give the title compound as a white solid.

j00570] LC-MS: [M+H] " =431 4
{00571} "H NMR (400 MHz, CD;0D) ¢ 7.23 (t, /= 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, 2H), 1.6-0.9 (m, 8H), 0.80 (1, J = 7.2 Hz, 3H).
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Example 3¢: (3-(3-((2-amino-4-{buiylamine}-6-methylpyrimidin-S-ymethyl}-4-
methoxybenzamide)propyliphesphenic acid (Compound 30)

1,3-dicxpiscindolin-2-ide
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3-{{2-amins-4-(butylamineg)-8- diethyl {s_»(3—((2~amino—4—(buiyla;nino)-svmemylpyrimidin— {3~(3-{{2-amino-4-{putylaminoc}-6-methylpyrimidin-5-
methyipyrimidin-5-yimethyl- Sytimethyl)-4-methoxybenzamidojpropylishosphonale  yhimethyl)-4-mathoxybenzamidolpropyiichosphonic acid
4-methoxyhenzoic acld Chemical Formula: CagHaaNs0sP

Exact Mass: 465.21
Step 1: diethyl (3-(1.3-dioxoisoindeolin-2-yhpropyhphosphonate
1005721 A mixture of diethy! (3-bromopropyliphosphonate (1.2 eq) and 1,3-
dioxoisoindolin-2-1de (1.0 eq) in DMF (0.2M) was stirred at 100 °C for 8 h. The reaction was
filtered, and the filirate was concentrated under reduced pressure to give the title compound
as a white solid.

Step 2: diethyl (3-aminopropyliphesphonate

{00573 A mixture of diethyl (3-(1,3-dioxoisoindoiin-2-yi}propyliphosphonate (1.0 eq)
in EtOH (0.25M) and NHoNH; HyO (2.0 eq) was stirred at 1t 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 NazaSO4, concentrated under reduced pressure to give the
title corapound as a brown oil.

Step 3: diethyl (3-{3-((2-amino-4-(butylamine)}-é¢-methylpyrimidin-S-yljmethyl)-4-

methoxy-benzamido)propyhphosphonate

[00574] A mixture of 3-{(2-aminc-4-(butylamino)-6-methylpyrimidin-5-ylymethyl}-4-
methoxybenzoic acid (1.0 eq; from Example 16 — Step 1) in DMF (0.1M), diethyl (3-
aminopropyljphosphonate (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 Nay SOy, concentrated under

reduced pressure to give the title compound as a brown solid.
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Step 4: (3-3-((2-amino-4-(butylamino}-6-methylpyrimidin-S-yDmethyl}-4-methoxy-

benzamide)propyhiphosphonic acid

j00575] A solution of diethyl (3-(3-{({Z-amino-4-(butylamino}-6-methylpyrimidin-5-
ylmethyi)-4-methoxybenzamidojpropyliphosphonate (1.0 eq} in DCM (G.08M) and TMSBr
{10.0 eq) was stirred overnight at rt under nitrogen. The mixture was concentrated, purified
by prep-HPLC (mobile phase CHyCN/HG/0.1%NHLOH) to give the title compound as a
solid.

100576] LC-MS: [M+H] "= 466.4

100577] 'H NMR (400 MHz, DMSO) 6 8.59 (s, 1H), 7.76 (d, J= 8.0 Hz, 1H), 7.27 (s,
1H), 7.20 (br s, 1H), 7.03 (d, /= 8.4 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 (1, J= 7.2 Hz, 3H).

Example 31: 5-{{5-((2H-tetrazol-5-yl)methyl)-2-methoxyphenyl}thic}-N*-butyl-6-
methyipyrimidine-2,4-diamine (Compound 31)

dimethylcarbamothioic chioride
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N-butyi-5-({5-{chloromethyl)-2-methaxyphenyijthin)-  2-(3-{(2-amino-4-(butylamine)-6-methylpyrimidin-5-  5-((5-{{2H-tstrazol-5-yi)methyl)-2-methoxyphenyijthio)-
s-msthyipyrimidine-2,4-diamine yijiHo)-4-methoxyphenyljacetonitriie A-butyi-6-methyipyrimidine-2,4-diamine
Chemical Formuia: CigHa M08
Exact Mass: 400.18
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Step 1: methyl 3-((dimethylcarbamothiovijoxy)-4-methoxybenzoate

{00578} To a stirred solution of methyl 3-hydroxy-4-methoxybenzoate (1.0 eq) in
DMF (6.55M) was added NaH (1.1 eq) at 0°C. The mixture was warmed 1o 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

1005791 Methyl 3-({dimethylcarbamothioyloxy)-4-methoxybenzoate (1.0 eg) in
PhOPh (1M) was stirred for 16 h at 260 °C. The mixture was coocled to rt and the mixture was
purified by flash chromatography on silica (eluent PE/EA = 100:1-2:1} to give the title
compound.

Step 3: methyl 3-mercapto-4-methoxybenzoate

{00580 To a stirred sohution of methyl 3-({dimethylcarbamoyljthio}-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 it and quenched with
1IN HCL The mixture was partitioned between EA/water. The organic phase was dried over
NaySOs and concentrated and purified by flash chromatography on silica (eluent PE/EA =
100:1~5:1) to give the title compound.

Step 4: methyl 3-((Z-amino-4-(butylamine}-6-methylpyrimidin-5-yljthio)-4-methoxy-

benzoate

{60581} A mixture of methyl 3-mercapto-4-methoxybenzoate (1.0 eq) in dioxane
(0.3M), N'-butyi-5-iodo-6-methylpyrimidine-2,4-diamine (1.5 eq), Cs,CO3 (2.0 eq), Cul (2.0
eq) was stirred overnight at 100 °C. The mixture was partitioned between EA/NH,OH. The
organic layer was washed with brine, dried over Na»xSOy, concentrated and purified by flash
chromatography on silica {eluent PE/EA = 100:1~1.:1} to give the title compound.

Step 3: (3~(2-amino-4-(butylamino)-6-methylpyrimidin-5-yijthio}-4-methoxyphenyl}-
methanol

1005821 To a stirred solution of methy! 3-({(Z-amino-4-(butylamino}-6-
methylpyrimidin-5-yDthio)-4-methoxybenzoate (1.0 eq) in THF (0.2M) was added 1M
LiAlH¢ (2.0 eq) dropwise at 0 °C. The resulting mixture was stirred at 0 °C for 10 min and at

rt for 1 b 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 NaxSQOyqy, filtered and
concentrated to give the title compound.
Step 6: N-butyl-5-((S-(chloromethyl)-2-methoxyphenyljthie)-6-methylpyrimidine-2,4-

diamine

100583] To a stired solution of (3-({(2-amino-4-(butylamino)-6-methylpyrimidin-5-
vijthio)}-4-methoxyphenylymethanc! (1.0 eq} in DCM (0.2M) was added SOCL (2.0 eq) at 1t
under Nz, The mixture was stirred at 1t for 1 h. The mixture was partitioned between DCM
and saturated aqueous NaHCOs. The organic layver was dried over NaxSQq, filtered and
concentrated to give the title compound.

Step 7: 2-(3-((2-amino-4-(butylamino )-6-methylpyrimidin-S-yiithio}-4-

methoxyphenyl)acetonitrile

[00584] A mixture of N*-butyl-5-((5-(chioromethyl}-2-methoxyphenyl)thio)-6-
methylpyrimidine-2 4-diamine (1.0 eq) in 1.1 BMSO/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 Na:SQy, filtered, concentrated and puritied by flash chromatography on silica
{eluent 0-5% MeOH in DCM) to give the title compound.

Step 8: S-{(3-((2H-tetrazol-5-ylmethyl)-2-methoxyphenyljthio)-N"-butyl-6-

methyipyrimidine-2,4-diamine

[60585] A mixture of 2-(3-((2-amino-4-(butylamino}-6-methylpyrimidin-S-yDthio)-4-
methoxyphenylacetonitrile (1.0 eq) in NMP {0.1M), BuSnO (2.0 eq), and TMSNz (10.0 eq)
was stirred for 3 h at 120 °C under N,. The mixture was cooled down to 1t and the mixture
was concentrated and purified by prep-HPLC (mobile phase CHsCIN/H(WNHOH), freeze-
dried to give the title compound as a white powder.

[00586] LCMS: [M+H] = 401 4

[00587] '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, 2H), 2.14 (5, 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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Fxample 32; (S)-5-(5-((2H-tetrazol-S5-yDmethyl)-2-methoxybenzyl)-N*-(1-

methoxyheptan-3-yl)-6-methylpyrimidine-2,4-diamine (Compound 32)
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mathoxybenzyl)-A-(1-methoxyheptan-G-
yi-6-methyipyrimidine-2.4-diamine

Chemical Formula: CogHaNgTs
Exact Mass: 454.28
Step 1: (3<((2-amino-4-chloro-6-methylpyrimidin-3-yhmethyl)-4-

methoxyphenylmethanol

[00588] To a solution of methyl 3-({Z-amino-4-chloro-G-methylpyrimidin-5-
yhymethyl)}-4-methoxybenzoate (1.0 eq, from Example 3B — Step 4) in THF (1.6M) was
added LiAIH, (3.0 eq) at r.t. The reaction was stirred at 1.t. for 2 h. The reaction solution was
diluted with water. The aqueous layer was extracted with DCM. The organic laver was
washed with water, brine, separated, dried over Na;SO4, and concentrated to give the title
compound as a pale solid.

Step 2: (83-(3-((2-amino-4-{{1-methoxyheptan-3-yljamino)-6-methylpy rimidin-5-
yhmethyl}-4-methoxy-phenylmethanol

j00539] A mixture of (3-((2-amino-4-chloro-6-methylpyrimidin-5-yhmethyl}-4-
methoxyphenyDmethanol (1.0 eq) in NMP (0.4M) and (S)-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 agueous phase was extracted with EA. The organic layer was washed with water, brine,
dried over Na; S04, and concentrated. The crude was purified by column chromatography

(DCM/MeOH=50:1) to give the title compound as a vellow solid.

183



WO 2018/106606 PCT/US2017/064541

Step 3: ($)-5-(5-(chloromethyl}-2-methoxybenzyl)-N'-(1-methexyheptan-3-y1)-6-

methylpyrimidine-2,4-diamine

{00590 To a stirred solution of (5)-(3-((2-amino-4-{{1-methoxyheptan-3-yamino)-6-
methyipyrimidin-S-ylmethyl)-4-methoxy-phenylymethanol (1.0 eg) in DCM {0.3M) was
added SOCL (2.0 eq) dropwise. The resulting mixture was stirred at 20 °C for 1 b, then
quenched with H,O. The mixture was partitioned between DCM/water. The organic fayer
was separated, dried over NapSOq, filtered, and concentrated to give the title compound as a
brown oil.

Step 4: (8)-2-(3-((2-amine-4-((I-methoxyheptan-3-yhamino}-6-methylpyrimidin-S-
yhmethyh-4-methexyphenyhacetonitrile

{00591} A mixture of (§)-5-(5-{chioromethyl}-2-methoxybenzyl)-N*-(1-
methoxyheptan-3-yi)-6-methylpyrimidine-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 r.t. Water was added, and the solution was
extracted with DCM. The organic phase was dried over NaySGQu, concentrated, and purified
by column chromatography (DCM/MeCOH=40:1} to give the title compound as a white solid.
Step 5: (8)-5-(5-((2H-tetrazol-5-yl)methyl)-2-methoxybenzyl)-N*-(1-methoxyheptan-3-
yh-6-methylpyrimidine-2,4-diamine

W)

{06592 To a stirred mixture of (8§)-2-(3-({2-amino-4-{(1-methoxyheptan-3-yl)amino)-
6-methylpyrimidin-5-yhmethyl}-4-methoxyphenyiacetonitrile (1.0 eq) in dioxane (0.2M)
and BuzSnO (2.0 eq) was added TMSN; {10.0 eq). The resulting mixture was stirred at 110
°C for 4 h under N, then cooled down to r.t. The mixture was concentrated and purified by
prep-HPLC (mobile phase 0.1%NHsH,O/CH3CN) to give the title compound as a solid.
100593] LC-MS: [M+H] = 455.4

[00594] TH NMR (400 MHz, CDCL) 6 6.86 (s, 1H), 6.84 (d, /= 8.4 Hz, 1H), 6.50(d, J
=84 Hz, 1H), 4.28-4.23 (m, 3H), 3.90 (s, 3H), 3.58 (s, 2FL), 3.19-3.16 (m, 2H), 3.14 (s, 3H),
2.50 (s, 3H), 1.83-1.81 {(m, 1H), 1.59-1.06 (m, 7H), 0.83 (t, /= 7.2 Hz, 3H).
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Example 33: (5}-2-(3-((2-amino-4-methyl-6-({(1 -(methylthio)heptan-3-
yhamino}pyrimidin-S-ylmethyl)-4-methoxyphenyl)-2-methylpropansic acid
{Compound 33)

{S)-1-{methyithin)haptan-3-amine
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2e{3ud{2-aming-4-chicro-5- (S}-2-(3-{(2-amino-4-mathyl-8-((1- {&)-2-{8-{{2-aming-4-methy!-6-{{1-(methyithio}heptan-
methylpyrimidin-S-ymethyf)-4- (mathyithic)heptan-3-yhaminojpyrimidin-5- 3-yilamino)pyrimidin-S-yiimethyl-4-methoxyphenyl-2-
methoxyphenyi)-2-methylpropanenitile yiimethyi)-d-methexyphenyl)-2-methyipropanenitrile methyipropanoic acid

Chemical Formula: Taghaph 0,8
Exact Mass: 474.27

Step 1: (8)-2-(3-({2-amino-4-methyl-6-((1-(methylthio}heptan-3-yl}amine)pyrimidin-5-
vhmethyi-4-methoxyphenyi)-2-methyipropaneniirile

[060595] A mixture of 2-(3-((2-amino-4-chloro-6-methylpyrimidin-5-yymethyi)-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
WO2014/128189, pg 8, 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:SOqs and concentrated under reduced pressure. The residue was purified by
flash chromatography on silica {eluent: DCM/MeGH = 100:1~20:1) to give the title
compound as a brown oil.

Step 2: (5)-2-(3-({Z-amino-4-methyi-6-((1-(methyithio}heptan-3-yvl}amino)pyrimidin-S-
vhmethyl)-4-methoxyphenyl)-2-methylpropansic acid

{00596 To a stirred solution of (§)-2-(3-({2-amino-4-methyl-6-({ 1 -(methylthicheptan-
3-yhamnojpyrimidin-5-yUmethyl)-4-methoxyphenyl)-2-methylpropanenitrile (1.0 eg) in 1:1
ethane-1,2-diol/H,0 (0.1M) was added KOH (10eq) and heated in a sealed tube at 150 °C for
16 h. The mixture was acidified by 1N HCI solution to pH = 2-3 and filtered. The filtrate was
purtfied by prep-HPLC (mobile phase CH;CN/HO/NHyHLO), then freeze-dried to give the
title compound as a white solid.

166597] LC-MS: [M+H] = 4753

[00398] TH NMR (400 MHz, DMSO-ds) ¢ 7.14 (dd, J = 8.4, 2.0 Hz, 1H), 6.91 (d, J =
8.8 Hz, 1H), 6.86 (s, 1H), 5.91 (br s, 2H), 5.72 (d, J = 9.2 Hz, 1H), 4.25-4.15 (m, 1H), 3.82
(s, 3H), 3.62 (s, 2H}), 2.31-2.25 (m, 2H), 2.02 (s, 3H), 1.95 (s, 3H), 1.70-1.52 (m, 2H), 1.44-
1.34 (m, 2H), 1.31 (s, 6H), 1.25-1.05 (m, 4H), 0.78 (1, ./ = 6.8 Hz, 3H).
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Fxample 34; ($)-5-(2-methoxy-5-(2H-tetrazol-5-yhbenzyl)-6-methyl-N*-(1-
{methylthio)heptan-3-yl)pyrimidine-2,4-diamine (Compound 34)
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viymethyl)-4-methoiybsnzonitrile
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{8})-5-{2-methoxy-5-(2H-tetrazol-5-ylibenzyl)-6-methyl-
A4-(1-(methylthio)hepian-3-ylipyrimidine-2, 4-diamine
Chemical Formula: CpptaN,08
Exact Mass: 458.24
Step 1: 4-methexy-3-methyibenzonitrile
[00599] A mixture of 4-bromo- L-methoxy-2-methylbenzene (1.0 eq) in DMF (1M),

Za{CNY (1.5 eq), Pdo(dba): (0.02 eq) and S-phos (.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-methoxybenzenitrile

{00600} A nmuxture 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 BCM and water. The organic layer was
dried over Na:50, 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-(8-cyano-2-methoxybenzyl}-3-oxobutanoate

80601 ] To a solution of 3-(bromomethy!}-4-methoxybenzonitrile (1.5 eq) in THF
{0.6M) at 0 °C was added portion-wise 60% NaH (1.5 eq) under MN;. The resulting suspension
was stirred at 0 °C for 10 min, then a solution of ethyl 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 r.t., and ice water was added. The mixture was extracted with
ethyl acetate. The organic layer was dried over Na; 804, concentrated and purified by column
chromatography on silica gel {eluent PE/EA = 50:1~5:1) to give the title compound as yellow
oil.

Step 4: 3-({Z-amino-4-hydroxy-6-methylpyrimidin-S-yhmethyl)-4-methoxybenzonitrile

[60602] To a solution of ethyl 2-(5-cyano-2-methoxybenzyl})-3-oxobutanocate (1.0 eq)
in Me(GH (0.7M) was added guanidine carbonate (1.0 eq). The resulting mixture was stirred
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
collected and dried under vacuum to give the title compound as a white solid.

Step 3: 3-({2-amino-4-chloro-6-methylpyrimidin-5-ylymethyl}-4-methoxybenzonitrile

[60603] The suspension of 3-({(2-amino-4-hydroxy-6-methylpyrimidin-S-ylymethyl)-4-
methoxybenzonitrile (1.0 eq) in POCL: (0.3M) was stirred at 100 °C for 16 h. The reaction
mixture was cooled to 11, and solvent was evaporated under reduced pressure. The residue
was diluted with water, and pH was adjusted to 7 using solid NaHCO;. The precipitate was
collected by filtration, and the filter cake was washed with water and EtOAc, dried under
vacuum to give the title compound.

Step 6: (8)-3-((2-amino-4-methyl-6-((1-(methylthic}heptan-3-yl)amine ) pyrimidin-5-

yhmethyi-4-methoxybenzonitrile

j00604] A mixture of 3-((2-amino-4-chloro-0-methylpyrimidin-5-yHmethyl -4~
methoxybenzonitrile (1.0 eq) in NMP (0.3M) and (8)-1-(inethylthioYheptan-3-amine (1.5 eq,
prepared by following procedures reported in W02014/128189, 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 Na; 804, and concentrated. The crude was purified by column chromatography
{(BCM/MeGH=50:1) to give the title compound as a yellow solid.

Step 7: (8)-5-(2-methoxy-3-{2H-tetrazol-5-ylybenzyl)-6-methyl-N*-(1-
(methyithio)heptan-3-yDpyrimidine-2,4-diamine

[60605] To a stirred mixture of (8§)-3-((2-amino-4-methyl-6-{{ 1 -(methylthicheptan-3-
yhaminoypyrimidin-5S-yDhmethyl)-4-methoxybenzonitrile (1.0 eq) in dioxane {(0.4M}, BuaSnG
(2.0 eq) was added TMSN; (10.0 eq). The resulting mixture was stirred at 110°C for4d b
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under Na. The mixture was cooled to r.t., and the mixture was concentrated and purified by
prep-HPLC (mobile phase 0. 1%NH;H,0/CH;CN) to give the title compound.

{00606] LC-MS: [M+H]'=4573

[00607] I'H NMR (400 MHz, DMSO-ds) § 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 (t, J =
7.6 Hz, 2H), 2.14 (s, 3H), 1.88 (5, 3H), 1.67-1.65 (m, 2H), 1.41-1.39 (m, 2H), 1.12-1.04 (m
4H}, 0.69 (t, /= 6.8 Hz, 3H}.

Esample 35: (8§)}-(3-(3-({Z-amino-4-methyl-6-{{1-(methylthie}heptan-3-
yhamino)pyrimidin-S-yl)methyl}-4-methoxybenzamido)propyl)phosphonic acid
{Compound 35)

{S)-1-{methyithio}heptan-3-aming

?_v!H 2 N, js/
N N NN
o )\%/\01 ,/'J\{//*\N/\/\\,/
] | H
J\Ql/ /L\E/W
“OMe P ome
methyl 3-{{2-amino-4-chioro-6- methyl {53-3-{(2-amino-4-methyl-6-{{1- {8)-3-{{2-aminc-4-methyl-&-{(1-
methylpyrimidin-8-yimethyl}-4- {methyithiciheplan-3-yljamino)pyrimidin-g- {methyithio}heptan-3-yljamino}pyrimidin-
methoxybenzoate yiimethyl)-4-methoxybenzoate S-yiymethyi}-4-methoxybenzoic acid
diethy! (2-
aminopropyl}phosphonate
0. NH, 57 NH, ?/
£ ~ i
RN NQN ,) )\\M -
[SisaRe} i\ H THMSBr
J—— s /A\/ N A\/\’v/ )j/[\ /\\/\\/
EtO. BN /L\ /\\/ H HO.. ,f\/\
HATUY, DIEA el \b N R
2t HO O
P ome wa
disthyl {S)-(3-(3-{(2-amino-4-methyi-6-({1- {8)-(3-{3-{{2-amino-4-methyl-8-({ 1 -{methylthin}heptan-
(methy:thxs)hep'.an—@-yl)‘ammo‘,\pyrrmldin-s—yi Jmethyl)- F-yhamino)pyrimidin-5-yiimethyl)-4-
4-methoxybenzamidolpropyllphosphonate methoxybenzamido)propyliphosphonic acid

Chemical Formuia: OpgHNO5PS
Exact Masgs: 553.25

Step 1: methyl (5)-3-{(Z-amino-d-methyl-6-((1-(methylthio}heptan-3-
yhaminopyrimidin-S-ymethyl}-4-methoxybenzoate

[00608] A mixture of methyl 3-({(2-amino-4-chloro-6-mwethylpyrimidin-S-yhmethy)-4-
methoxybenzoate (1.0 eq, from Example 3B — Step 4) in NMP (0.16M) and (8)-1-
{methylthio)heptan-3-amine (1.5 eq, prepared by following procedures reported in
WQO2014/128189, 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 Nax80u, and concentrated. The residue was purified
by column chromatography (DCM/MeOH=50:1) to give the title compound as a yvellow solid.
Step 2: (8)3-3-((2-amino-4-methyl-6-((1-(methylthis}heptan-3-yhamine)pyrimidin-5-

yhimethyl}-4-methoxybenzoic acid

100609] A mixture of methyl (3)-3-((2-amino-4-methy-6-((1-{methylthio}heptan-3-
yvlaminojpyrimidin-5-ylymethyl}-4-methoxybenzoate (1.0 eq) in 1:1 ExOH/H0 (0.02M) and
NaOH (10.0 eq) was stirred at 70°C for 16 h. The mixture was neutralized using 1N HCI, and
the resulting suspension was filtered. The filter cake was washed with water o give a solid
which was dissolved in MeCN/H,O. 4N HCVdioxane was added, and the resulting solution
was freeze-dried to give the title compound as a white solid.

Step 3: diethyl ($)-(3-(3-{{2-amino-4-methyl-6-({(1-(methylthioheptan-3-

yhamino)pyrimidin-3-yDmethyl)-4-methoxybenzamido)propyljphosphonate

{06610} A mixture of (8)-3-((2-amino-4-methyl-6-((1-(methylthio)heptan-3-
yhamino)pyrimidin-3-ymethyl)-4-methoxybenzoic acid (1.0 eq) in DMF (0.1M), diethy! (3-
aminopropyl)phosphonate (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
mixiure was extracted with DCM. The organic phase was dried over Nax8QOq4, concentrated
under reduced pressure to give the title compound as a colorless oil.

Step 4: (53-(3-(3-((Z-amino-4-methyl-6-{(1-(methylthiojheptan-3-yDamine)pyrimidin-5-

yviimethyl}-4-methoxybenzamidojpropyijphosphonic acid

(00611} A mixture of diethyl (8)-(3-(3-((2-amino-4-methyl-6-{{(1-(methyithio)heptan-
3-yhamino)pyrimidin-5-ylmethyl)-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 N2, The mixture was
cooled and concentrated. The residue was purified by prep-HPLC (mobile phase
CH;CN/H0O/NH; H20) to give the title compound.

[80612] LC-MS: [M+H]} 7= 5543

[00613] 'H NMR (400 MHz, CDCls) § 13.93 (s, 1H), 10.36 (s, 1H), 10.12 (s, 1H), 7.94
(d, J=8.0 Hz, 1H), 7.80 (s, 1F), 6.96 (¢, /= 8.8 Hz, 1F), 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)-NV*-{1-(2H-tetrazol-S-yl}heptan-3-y1)-5-(2-methoxybenzyl)-6-

methyipyrimidine-2,4-diamine {(Compound 36)
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{&)-3-(benzyl((8)-1- {8)-3-{penzyl{{S)-1- {8)-4-(benzyl{{S)-1-
phenylsthylamino}heptan-1-of phenylethyllamino}hepty! methanesulfonate phenylethylaminejoctanenitrils
4-chioro-6-(2-methoxybenzyl}-
g-methyipyrimidin-2-amine
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{8)-N-benzyl-N-{(S)-1-phenyiethyl)-1- (S)-1-(2H-tetrazoh5- (8)-N4-(1-(2H-telrazol-5-yl) heptan-B-yi)-5-(2-
{2H-1gtrazol-8-yvihepian-3-amine yhheptan-3-amine mathoxybenzylj-6-methyipyrimidine-2 4-diamine

Chemical Formula: CaqHaNgO
Exact Mass: 410.25

Step 1: (8)-3-{benzyK{3)-1-phenylethyl}aminojheptyl methanesulfonate

{0061 4] To a stirred solution of (§)-3-(benzyl({5)- I -phenylethyl}amino}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 MsCI{1.1 eq) at 0 °C. The resulting mixture was warmed to r.t. over 3 h.
Solvent was removed, and the residue was diluted with EA. The organic layer was washed
with 1N HCL, 1IN NaOH, brine, dried and concentrated to give the title compound.

Step 2: (S)y-4-(benzyl{{S)-1-phenyiethyamine)octaneniirile

[00615] A mixture of (5)-3-(benzyl({§)-1-phenylethylyaminoheptyl methanesulfonate
{1.0 eq) in BMSO (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 yellow oil.

Step 3: (8)-N-benzyl-N-({5)-1-phenylethyl}-1-(2H-tetrazol-5-ylheptan-3-amine

100616] A mixture of (8)-4-(benzyl{((8)-1-phenylethyDaminojoctanenitrile (1.0 eq) in
dioxane (0.2M), TMSN: (2.5 eq) and Bu;SnO (2.0 eq) was stirred at 120 °C in a seal tube for
18 h. The mixture 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 oil.

Step 4: (8)-1-(2H-tetrazol-5-yljheptan-3-amine

[60617] To a solution of (8)-N-benzyl-N-((S)-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 solid.
Step 5: (8)-N-(1-(2H-tetrazol-5-yDheptan-3-y1}-5-(2-methoxybenzyi)-6-

methyipyrimidine-2,4-diamine

100618] 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 (5)-1-(2H-tetrazol-5-yhheptan-3-amine
(2.0 eq) was stirred at 150 °C for 3 h under nitrogen. The reaction was diluted with water, and
the agueous 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] =411 4

{00628] "H NMR (400 MHz, MeOD) 6 7.17 (1, J= 7.2 Hz, 1H), 6.96 (d, ./ = 8 8 Hz,
2H), 6.85 (t, /=72 Hz 1H), 4.24-4.20 {(m, 1H), 3.91 (5, 3H), 3.78-3.63 (m, 2H), 3.19-3.16
(m, 1H), 2.72 (t, J = 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)

0 1-{bromomethyij-2-methoxybenzene
Nc::f”\/u\cH

3-gyanopropancic acid
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potassium J-ethoxy- disthyl 2-(2-methoxybenzyty 3-{2-amino-8-hydroxny-5-(2-
3-oxopropanoate 3-oxohexanedivate methaxybenaylpyrimidin-
A-yhpropaneniirile
NH, butan-1-amine /NCEZ hH,
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3-(2-amino-g-chiorg-5-(2- 3-{2-amino-S-(bulylamino}-6-(2- 8-(2-{2H-tetrazol-5-yijethyl)-A4-butyl-5-(2-
methaxybenzyljpyrimidin-d-yiipropananitrita methoxybenzyl)pyrimidin-4-vijoropanenitrile methoxybenzylpyrimidine-2.4-diamine

Chemical Formula: CigHagN,C
Exact Mass: 382.22

Step 1: ethyl 5-cyano-3-oxopentanoate

{80621} 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. MgCh (1.0 eq) and potassium

3-ethoxy-3-oxopropanocate { 1.0 eq} were added to the above solution and stirred at 60 °C for 2
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fi. The solution was cooled to room temperature and quenched by H;O. The agqueous phase
was extracted with EA. The cornbined organic layer was washed with water then brine. The
organic layer was separated and dried over NaxSCy, concentrated and purified by column
chromatography (PE/EA=3:1) to give the title compound as a yellow oil.

Step 2: diethyl 2-(2-methoxybenzyl}-3-oxchexanedioate

[60622] To a solution of ethyl 5-cyane-3-oxopentancate (1.2 eq) in THF (0.3M) was
added NaH (1.3 eq) at 0°C in portions under nitrogen. The solution was stirred at 0°C for 15
min, then 1-{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
Na;SO4, and concentrated. The crude was purified by column chromatography (PE/EA=51)
to give the title compound as a light yellow oil.

Step 3: 3-(Z-amino-G-hydroxy-5-{2-methoxybenzyl}pyrimidin-4-ypropanenitrile

[80623] To a solution of diethyl 2-(2-methoxybenzyl)-3-oxchexanedioate (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 Ho(/EA. The precipitates were filtered and collected to give the title
compound as an off-white solid.

Step 4: 3-(Z-amino-6-chlore-5-(2-methoxybenzyhpyrimidin-d-yhpropaneniirile

j00624] A mixture of 3-(2-amino-6-hydroxy-5-(2-methoxybenzylpyrimidin-4-
ylpropanenitrile (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 Nax804, and concentrated to give the title
compound as a grey solid.

Step 5: 3-(2-amino-6-(butylamine}-5-(2-methoxybenzyDpyrimidin-4-yhpropanenitrile

[80625] To a solution of 3-(2-amino-6-chloro-5-(2-methoxybenzypyrimidin-4-
yipropanenitrile (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
dituted with water and extracted with EA. The organic layer was washed with water, brine,
dried over Na;S0s, 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-ylethy)}-N*-butyl-5-(2-methoxybenzyl)py rimidine-2,4-
diamine

100626} To a solution of 3-(2-amino-6-(butylamino}-5-(2-methoxybenzylpyrimidin-4-
ylypropanenitrile (1.0 eq) in dioxane (0.06M) was added TMSN; (2.0eq) and BuaSn0 (2.0
eq). The mixture was stirred at 120 °C for 3 h. The solution was concentrated and purified by
prep-HPLC (mobile phase: NH4HCO:/MeCN/H:O) to give the title compound as a white

solid.
100627 LC-MS: [M+H] " =383.4
[00628] IH NMR (400 MHz, DMSO-ds) 6 7.18 (t, J= 8.4 Hz, 1H), 6.98 (d, J= 8.0 Hz,

1H), 6.81 (1, /=72 Hz, 1H), 6.73(d, /=76 Hz 1H), 6.59(, J=5.6 Hz, 1H) 627 (brs,
2H), 3.84 (s, 3H), 3.65 (s, 2H), 3.30-325 (m, 2H), 3.02(t, J=76 Hz, 2H), 276 (1,./=7.6
Hz, 2H), 1.49-1.37 {m, 2H), 1.23-1.16 (m, 2H)}, 0.83 {t, /=7.6 Hz, 3H).

Example 38: (8)-3-(2-amino-5-(2-methoxybenzyl)-6-((1-{methylthio)heptan-3-
yiaminojpyrimidin-4-yljpropanoeic acid {Compound 38}

(S)-1-{methyithic)heptan-3-amine

S/
NH, -
NTSN HQNW

M

OMe
3-(2-amino-6-chioro-5-(2- {8)-3-(2-amino-5-{2-methoxybenzyl}-6-({1-
meathoxybenzyl)pyrimidin-4-yl}propanocic acid {methylthio}heptan-3-yljaminojpyrimidin-4-yijpropanocic acid

Chamical Formula: CogHaN4Os8
Exact Mass: 446.24

Step 1: (83-3-(2-amino-3-(2-methoxybenayl-6-((1-(methylthioheptan-3-

viaminopyrimidin-4-ylpropancic acid

[00629] A mixture of 3-(2-amino-6-chloro-5-(2-methoxybenzyDpyrimidin-4-
yljpropancic acid (1.0 eq, from Example 27 — Step 4) and neat (5}-1-(inethylthio}heptan-3-
amine (4.0 eq, prepared by following procedures reported in 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 Na;SQu, concentrated and purified by prep-HPLC (mobile phase:
0.1% NH;3 H,0/MeCN/H20) to give the title compound as a white solid.

{60630} LOC-MS: [M+H]" = 4473
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{00631} 'H NMR (400 MHz, MeCD) 6 7.23 (1, /= 8.0 Hz, 1H), 7.02(d, /= 8.0 Hz,
1H), 6.97(d, /=80Hz 1H), 692 (t,/=80Hz 1H}, 441-434 {(m, 1H), 392 (s, 3H), 383
(s, 2H), 2,93 (t,./J=72Hz 2H), 249 (t, /=68 Hz ZH), 225 (1, /=72 Hz 2H)}, 1.96 (s,
3H), 1.76-0.90 (m, 8H), 0.81 (1, /= 7.6 Hz, 3H).

Example 39: 5-(5-((2H-tetrazol-5-yDmethyl}-2-methosybenzyl)-6-methyl-NV-(pentan-2-

yhpyrimidine-2,4-diamine (Compound 39)

NH;
S BN
N
N H
HN, “N
N~ OMe

5-{5-{{2H-tetrazol-5-yiymethyl}-2-methoxybenzyl)-6-
methyl-N4-{pentan-2-yl)pyrimidine-2,4-diamine
Chemical Formula: CagHgNgO
Exact Mass: 386.24

(00632} 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, CDCls) 6 7.26 (d, J = 8.4 Hz, 1H), 6.92 (s, 1H), 6.85 (d, J
= 8.4 Hz, 1H), 6.49 (d, /=6.8 Hz, 1H), 4.26 (s, 2H), 4.20-4.18 (m, 1H), 3.92 (s, 3H), 3.58 (s,
2H), 2.59 (s, 3H), 1.48-1.46 (m, 2H), 1.40-1.38 (m, 2H), 1.08 (d, /= 6.4 Hz, 3H), 0.85 (t, /=
7.2 Hz, 3H).
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Example 48: 3-(5-(5-({2H-tetrazol-5-ylimethyi}-2-methoxybenzyl}-2-amino-6-

{(butylamino)pyrimidin-4-yl}propaneic acid (Compound 40}

8 i 5
'JL P LiAlH, HO” Y SQCI, o N NaCN NCTNTTR
MeQ T = S T 2 | ———— !
i ZP NN =~
oM

Ohs Oide Ohe

methy! 4~-methoxy-3- {4-methoxy-3- 4-{chioromethyi}-1- 2-{d-methoxy-3-
methylbenzoate methylphenyiimethano! methoxy-2-methylbenzene methyiphenyl}acetonitrile

diethyt 3-oxchexanedioate
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2-(3-(bromomethyl)-4- diethyl 2-{5-(cvanomethyl}-2- 3-{2-amino-5-(5-{cyanomethyl)-2-
maethoxyghenylacsionitrile methoxybenzyi)-3-oxchexanedioate mathoxybenayl)-8-hydroxypyrimidin-g-
yipropansic acid
Wk, NH,
TV N -
POCI HN NOON TMSMNy, BuySnO )Ni\ oN
HOQC/\/ F \ﬁ/\\/ﬁ\ . HOZC/\ T;-\ﬁ/\,/\
Nc”\q = HN"N\\K B -
VA‘CMe N=N " Omis
3-{2-aming-S-chiore-8-(5-(cyanomethyl}-2-  3-(2-amino-8-(hutylamino}-5-(5-(cyancmethyi}-2- 3-{B-{5-({2H-tetrazol-5-ylimethyl-2-
methoxybenzyl)pyrimidin-4-yi}propancic acid mathoxybenzyi}pyrimidin-4-yt}propancic acid methoxybenzyi}-2-aming-6-

{butylamino)pyrimidin-4-yl)propanoic acid
Chemical Formitla: CpqHogNgOy
Exact Mass: 440.23

Step 1: (4-methoxy-3-methylphenylimethanol

[00635] To a stirred solution of methyl 4-methoxy-3-methylbenzoate (1.0 eq) in THF
(0.6M) was added LiAlH4 (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:SOs solution. The
solution was filtered, and the filtrate was concentrated to give the title compound as a
colorless oil.

Step 2: 4-(chloromethyl}-1-methoxy-2-methylbenzene

100636} To a stirred solution of (4-methoxy-3-methylpheny!ymethanol (1.0 eq) in
DCM (1.4M) was added SOChL (1.5 eq) at r.t. under Nz The mixture was stirred atrt. for 1 h
and then concentrated. The residue was partitioned between DCM and saturated agueous
WNaHCO; solution. The organic layer was dried over Nay SOy, filtered and concentrated to give
the title compound.

Step 3: 2-{4-methoxy-3-methylphenyljacetoniirile

1006371 A mixture of 4-(chloromethyi)-1-methoxy-2-methylbenzene (1.0 eq)in 1:1
DMSO/DME (0.9M) and NaCN (2.0 eq) was stirred for 16 h at r.t. The mixture was
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partitioned between EA and water. The organic layer was dried over NaySQq, 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-(bromomethyl}-4-methexyphenyl)acetonitrile

{60638 To a solution of 2-(4~-methoxy-3~methylphenyhacetonitrile (1.0 eq) in CCl
{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 fo 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-(5-(cyanomethyl)-2-methoxybenzyl}-3-oxohexanedioate

[60639] To a solution of 2-(3-(bromomethyl}-4-methoxyphenylacetonitrile (1.0 eq) 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 diethy! 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 resulting 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 Na; S04, concentrated under reduced pressure. The
residue was purified by flash chromatography on silica (eluent: PE/EA = 50:1 1o 10:1) to give
the title compound as a yellow oil.

Step 6: 3-(2-amino-5-(S-{cyanomethyl)-2-methoxybenzyl)-6-hydroxypyrimidin-4-

yhproepanoic acid

00640 A mixture of diethyl 2-(5-(cyanomethy!)-2-methoxybenzyl)-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 HC1to pH 3. The resulting precipitate was filtered and dried to give the title
compound as a white solid.

Step 7: 3-(2-amino-6-chlere-5-(5-(cyanomethyl}-2-methoxybenzyl)pyrimidin-4-
vhipropaneic acid

{60641} A mixture of 3-(2-amino-5-(5-{cyanomethyl)-2-methoxybenzyl)-6-
hydroxypyrimidin-4-yDypropanoic acid (1.0 eq) in POCLh (1.9M) was stirred at 100°C for 3 b
The reaction mixture was cooled to t.t., and POC; was evaporated under reduced pressure.

The residue was diluted with water. The pH was adjusted to 7 with solid NaHCO;. 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-(butylamine}-5-(5-(cyanomethyl}-2-methoxybenzyhpyrimidin-4-

yhipropaneic acid

1006421 A mixture of 3-(2-amino-6-chioro-5-(5-{cyanomethyl)-2-
methoxybenzyl)pyrimidin-4-yl)propanocic acid (1.0 eq) in EtOH (0.3M), butan-1-amine (4
e}, and DIEA (5 eq) was stirred at 85 °C for 48 h. Solvent was removed, and the residue was
puritied by flash column chromatography (eluent: DCM/Me(OH = 40:1) to give the title
compound as a pale solid.

Step ¥: 3-(5-(5~<{((ZH-tetrazol-5-yijmethyi}-2-methoxybenzyl}-2-amino-6-

{butylamino)pyrimidin-4-yi)propanoic acid

[00643] A mixture of 3-(2-amino-6-(butylamino)-5-(5-{cyanomethyl}-2-
methoxybenzyl)pyrimidin-4-yhpropanoic acid (1.0 eq) in dioxane (0.1M}, TMSN; (5 eq) and
BuzSnQ (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%

WNH; H20 in CH3CN) to give the title compound as an off-with solid.

[60644] LC-MS: [M+H] "= 441.2

[80645] "H NMR (400 MHz, CDCl3) 8 7.46 (s, 1H), 7.24(d, /= 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),
317, J=6.0Hz 2H), 2.77 (t, /= 6.0 Hz, 2H), 1.41-1.38 (m, 2H), 1.18-1.13 (m, 2H), 0.84
(t,.J= 68 Hz, 3H).
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Example 41: (5}-3-{((2-amino-53-(2-methoxybenzyl)-6-methylpyrimidin-4-

vhaminoheptaneic acid (Compound 41)

ethyl 3-cxobutancate
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1-{bromomethyl}-2- ethyl 2-(2-methoxybenzyi}- 2-amino-5-(2-methoxybsnzyl)- 4-chloro-5-(2-methoxybenzyi)-
methoxybenzene J-oxchutanoate g-methyipyrimidin-4-of S-methylpyrimidin-2-aming

tert-butyl {5)-3-amincheptanoate
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feri-butyl { 8)-8-{{2-amino-5-{2-methoxybenzyl)-6- {S}-8~{{2-amino-5-(2-methoxybenzyl}-6-
methyipyrimidin-4-yfiamino}heptanoate methyipyrimidin-4-yiamino)heptanocic acid

Chemical Formula: SpgHogNaOy
Exact Mass: 372.22

Step 1: ethyl 2-(2-methoxybenzyi)-3-oxobutanoate

[60646] To a solution of 1-{(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 0 °C for 10 min, then a solution of ethyl 3-oxebutanoate (1.0 eq) in THF (SM) was
added drop-wise over 10 min. The resulting mixture was stirred for 15 hat 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 Naz S04, concentrated, and purified by column
chromatography on silica gel (eluent PE/EA = 50:1~5:1) to give the title compound as a
yellow ail.

Step 2: 2-amino-5-(Z-methexybenzyl}-6-methylpyrimidin-4-of

[060647] To a solution of ethyl 2-(2-methoxybenzyl}-3-oxobutancate (1.0 eq) in MeOH
(0.98) 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-chloro-5-(Z-methoxybenzyl)-6-methylpyrimidin-2-amine

[00648] A suspension of 2-amino-5-(2-methoxybenzyl)-6-methylpyrimidin-4-ol (1.0

eqy in POCHE (1M) was stirred at 100 °C for 24 h. The mixture was cooled to rt. 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 {(85)-3-((2-amino-5-(2-methoxybenzyi}-6-methyipyrimidin-4-

vhaminojheptaneate

[00649] A mixture of 4-chloro-5-(2-methoxybenzyl-6-methyipyrimidin-2-amine (1.0
eqy in NMP (1.3M) and fert-butyl (S)-3-aminoheptanoate (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/MeOH =
100:1 to 30:1) to give the title compound as a yellow sohd.

Step 5: (8)3-3-((2-amino-5-2~-methosybenzyl}-6-methylpyrimidin-4-yhaminojheptanoic

acid

1606506] A moixture of rert-butyl (8)-3-((2-amino-5-(2-methoxybenzyl)-6-
methyipyrimidin-4-ylamino}heptanoate (1.0 eq) in 1:1 EtOH/HO (0.1M) and NaQOH (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 1IN 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 (CHCl;: MeOH=10:1} to give an oil,
which was dissolved in 1:1 CH:CN/H;O and added 4N HCVdioxane. The solution was

freeze-dried to give the title compound as a white solid.

100651] LC-MS: [M+H]"=373.2
[00652] IH NMR (400 MHz, DMSO-ds) d 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, 2H), 4.53-4.50 (m, 1H), 3.85 (s, 3H), 3.66 (s, 2H),
2.50-2.37 (m, 2H), 2.07 (5, 3H), 1.51-1.38 (m, 2H), 1.24-0.98 {m, 4H), 0.77(t, J = 6.8 Hz,
3H).
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Example 42: (5}-3-((2-amineo-3-(5-(2-carboxypropan-2-yi)-2-methoxybenzyi)-6-

methylpyrimidin-4-yljamine)heptansic acid {Compound 42)

tert-butyl {8)-3-aminochepiancats
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2-(3-{{2-amino-4-chioro-6- tert-butyl (8)-3-{((2-amine-5-{5-(2- (5)-3-((2-amine-5-(5-(2-carboxypropan-2-yi)-2-
methylpyrimidin-S-yhimethyl)-4- cyanopropan-g-yi)-2-methoxybenzy)-6- methoxybenzyl)-6-methyipyrimidin-4-
methoxyphenyt}-2-methyipropanenitriie methylpyrimidin-d-yijaminojheptanoate yijamino}heptancic acid

Chemicat Formuia: CpgHaN,Os
Exact Mass: 458.25

Step 1: fert-butyl (8)-3-{(Z-amino-5-(8-(2-cyanopropan-2-yi}-2-methoxybenzyl}-6-

methylpyrimidin-4-yllamino)heptanoate

{00633 A mixture of 2-(3-{(2-amino-4-chloro-6-methylpyrimidin-S-yhmethyl)-4-
methoxypheny!}-2-methyl-propanenitrile (1.0 eq, from Example 9 — Step 8) in NMP {0.9M)
and tert-butyl {§)-3-amincheptancate (1.3 eq, from Example 20B - Step 3) was stirred at 120
°C for 16 h under nitrogen. The reaction mixture was diluted with water. The agueous phase
was extracted with EA. The combined organic layer was washed with water, then brine. The
organic layer was separated and dried over Na;8Q4, concenirated and purified by flash
chromatography on silica (eluent DCM/MeGH=50:1} to give the title compound as a yellow
solid.

Step 2: (5)-3-((Z-amino-3-(5-2-carboxypropan-2-yi)-2-methoxybenzyi)-6-

methylpyrimidin-4-yl)amino)heptanoic acid

[60654] A mixture of feri-butyl (8)-3-(2~amino-5-(5-(2-cyanopropan-2-y1)-2-
methoxybenzyl)-6-methyl-pyrimidin-4-yliaminoheptancate (1.0 eq) in 1:1 ethylene
glveol/HaO (0.1M) was added NaGOH (10.0 eq) and stirred at 150 °C for 16 h. The mixture
was neutralized by adding 1 N HCL The resulting suspension was filtered. The filter cake
was washed with water and purified by prep-HPLC (mobile phase:
0.1%HCOOH/MeCN/H;O) to give the title compound as a white solid.

100655] LC-MS: [M+H] =459 3

[60656] 'H NMR (400 MHz, DMSO-di) 6 7.19 (br, 1H), 7.18 (dd, /= 8.4, 2.4 Hz, 1H),
6.96 (d, /= 8.4 Hz, 1H), 6.84 (d, J= 2.0 Hz, 1H), 4.58-4.56 (m, 1H), 3.83 (s, 3H), 3.79 (s,
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, J = 7.2 Hz, 3H).
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Example 43: 2-(3-{(2-amino-4-(butylamine}-6-(2-carbexyethyDpyrimidin-S-yhmethyi}-

4-methoxy-phenyl)-2-methylpropansic acid {Compound 43)

diethyl 3-oxohexanedicate
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2-(3-{promomeathyl)-4- diethyl 2-(8-(2-cyanopropan-2- 3-(2-aming-5-(5-{2-cyanopropan-2-
mathaxyphenyl)-2- yiy-2-methoxybenzyiy-3- yii2~methoxybenzyi-5~
methylpropanenitrile axohexanadicate hydroxypyrindin-4-yi}propancic acid
NH, butan-1-amine NH,
HOL NN HNT> HOG NN KOH
N L ! T{)\Ci ...................... - l\/"" /f'L»N/\\/\
\/ | H
P o o 0/
3-{2-aming-§-chlorg-5-{8-(2-cyanopropan- 3-{2-amino-8-{butyliamino}-8-{5-(2- 2-{8-{{2-smino-4-(hutyiamina)-6-{2-
2-yi-2-methoxybenzylpyrimidin.-4- cyanopropan-2-yl)-2- o carboxyethylpyrimidin-5-ylmethyi)-4-
yhipropanole acld methoxybenzyipyrimidin-d-yiypropancic acid rmsthoxyphenyl)-2-methylpropancic acid

Chemical Formula: CaghaMaOg
£xact Mass: 444.24

Step 1: diethyl 2-(5-(2-cyanopropan-2-yl}-2-methoxybenzyl}-3-oxohexanedioate

[00657] To a solution of 2-(3-(bromomethyl)-4~-methoxyphenyl)-2-
methylpropanenitrile (1.1 eq, from Example © — 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 diethy! 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 NaxSQy, 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-(Z-amino-5-(5-(2-cyanopropan-2-yh-2-methoxybenzyl)-6-hydroxypyrimidin-4-

vi}prepanosic acid

{60658} To a solution of diethyl 2-(5-(2-cvanopropan-2-y)-2-methoxybenzyl}-3-
oxohexanedioate (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 purified by column chromatography

{DCM/MeOH=5:1) to give the title compound as a white solid.
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Step 3: 3-(2-amino-6-chloro-5-(3-(2-cyanepropan-2-yij-2-methoxybenzyDpyrimidin-4-

yhprepanoic acid

{00659] A solution of 3-(2-amino-5-(5-(2-cyanopropan-2-yi}-2-methoxybenzyi)-6-
hydroxypyrimidin-4-yDpropanoic acid (1.0 eq) in POCl; {0.3M) was stirred at 100 °C for 16
h under nitrogen. After cooling, the mixture was concentrated and poured into water. The pH
value was adjusted to 8 by adding NaHCO:. The aqueous phase was extracted with EA.
Combined organic layers were dried over Na;SO4, concentrated, and purified by column
chromatography (DCM/MeOH=10:1) to give the title compound as a brown solid.

Step 4: 3-(2-amino-6-(butylamino}-5-(5-(2-cyanepropan-2-yi}-2-

methoxybenzylipyrimidin-4-vl}propansic acid

[00660] A solution of 3-(2-amino-6-chloro-5-(5-(2-cyanopropan-2-yl}-2-
methoxybenzyDpyrimidin-4-ylpropanoic 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-((Z-amino-4-(butylamino }-6-(2-carboxyethylpyrimidin-S-yiymethyi}-4-

methoxyphenyl)-2-methylpropanoic acid

[00661] To a solution of 3-(2-amino-6-(butylamino)-3-(5-(2-cyanopropan-2-y1)-2-
methoxybenzylpyrimidin-4-yhpropanoic acid (1.0 eq) in 1:1 ethylene glvcol/H,O (0.07M)
was added KGH (20 eq). The mixture was stirred at 150 °C for 16 h. After cooling, pH was
adjusted to ¢ by adding 4N HCl. The mixture was extracted with EA. The organic layer was
washed with brine, dried over NapSO4, concentrated. The crude product was purified by

prep-HPLC (mobile phase: NHyHCO:/MeCIN/HL () to give the title compound as a white

solid.
[00662] LC-MS: [M+H] " = 4453
{00663 '"H NMR (400 MHz, CD3;0D) § 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 (t, J = 6.0
Hz, 2H), 2.42 (t, J= 6.4 Hz, 2H), 1.54-1.47 (m, 2H), 1.45 (s, 6H), 1.26-1.21 (m, 2H), 0.88 ¢,
J=7.2Hz, 3H).
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Example 44: (5}3-3-{((2-amino-5-(2-methoxy-5-((3-phosphonopropyljcarbamoyl)benzyi)-
6-methyl-pyrimidin-4-yhaminejheptanoic acid (Compound 44)

feri-butyl (S)-3-aminchaptancate
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methy! 3-{(2-aminc-4-chlora-6- mathyi {5)-3-((2~amino-4-{{1~{tert-butoxy}~1~ {S)-8-{{2-amino-4-{{1-{fart-butoxy)-1-
methylpynmidin-S-yiimethyl}-4- axoheptan-3-yllaming}-&-methyipyrimidin-&- exoheptan-3-yilamino}-6-methyipyrimidin-
methoxybenzoate yhimethyl)-4-methoxybenzoate S-yiimsthyl)-4-methoxyhenzocic acid
disthyi {3-aminopropyliphosphonate
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tort-buty! (S)-3-({2-amino-§-(5-{(3~ {5)-3-{{2-amino-5-(2-methoxy-5-((3-
(dxemoxyphosphoryl)pmpyi‘camamoy) -2-methoxybenzyl)- phosphonoprepyljcarbameytibenzyl)-6-
&-methyipyrimidin-4-yiamino)heptanoate methylpyrimidin-4-yllaminc}heptancic acid

Cherical Formula: CpyHaNzG,P
Exact Mass: 537.24

Step 1: methyl (8)-3-((2-amino-4-({1-(fert-butoxy)-1-oxcheptan-3-yljamine)-6-

methylpyrimidin-S-yhmethyl}-4-methoxybenzeoate

[60664] A mixture of methyl 3-((2-amino-4-chloro-6-methylpyrimidin-5-ylmethyi)-4-
methoxybenzoate (1.0 eq, from Example 3B — Step 4) in NMP (2M) and fers-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
fayer was washed with water, brine, dried over NaySOs, and concentrated. The residue was
purified by column chromatography (DCM/MeQH=50:1) to give the title as a vellow solid.
Step 2: (8)-3-({2-amino-4-{{1-(fert-butoxy)-1-oxoheptan-3-yhamine}-6-methylpyrimidin-

S-ylpmethyij-4-methoxybenzoic acid

[00665] A mixture of methyl (5)-3-{((2-amino-4-((1-{ters-butoxy)-1-oxcheptan-3-
yhamino)-6-methylpyrimidin-5-ylmethy!}-4-methoxybenzoate (1.0 eq) in 1:1 ethanol/H,(O
{0.1M) and NaOH (10.0 eq) was stirred at 30 °C for 4 h. The mixture was neutralized by
adding 1 N HCl to 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: tert-butyl (8)-3-((2-amine-5-(5-{{3-(diethoxyphosphorylipropyljcarbamoyi)-2-

methoxybenzyl)-6-methyipyrimidin-4-ylamino}heptanoate

j00666] A mixture of (§)-3-((2-amino-4-((1 -{ferr-butoxy)-1-oxoheptan-3-yyamino)-6-
methyipyrimidin-S-ylmethyl)-4-methoxybenzoic acid (1.0 eg) in DMF (0.1M), diethyl (3~
aminopropyl)phosphonate (2.0 eq, from Example 30 — Step 23, 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
mixiure was extracied with DCM. The combined organic phase was dried over Nay80s, 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-phosphenoprepyljcarbamoylbenzyl)-6-

methyl-pyrimidin-4-yhamino)heptianoic acid

{00667} A solution of fert-butyl (§)-3-((2-amino-5-(5-((3-
{diethoxyphosphoryhpropylicarbamoyl}-2-methoxy-benzy}-6-methylpyrimidin-4-
yvlyamino)heptanocate (1.0 eq) in DCM (0.08M) was added TSMBr (10.0 eq) and stirred at 35
°C for 16 h under Ny The mixture was concentrated, and the residue was purified by
trituration and prep-HPLC (mobile phase CH;CN/H2O/NH;H»O0) to give the title compound.
[00668] LC-MS: [M+H] "= 538 3

[00669] H NMR (400 MHz, DMSO) 6 8.69 (br, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.50 (s,
1H), 7.01(d, /=84 Hz, 1H), 6.63(br, 1H), 447-4.45 (m, 1H), 3.85(s, 3H), 3.27-3.25 (m,
4H), 2.4 (d, 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 48: (8}-3-((2-amino-6-(2-carboxyethyl)-5-(5-(2-carboxypropan-2-yl}-2-

methoxy-benzyhpyrimidin-4-yljaminojheptanoic acid (Compound 45)

teri-nutyl {S)-3-aminoheptancate
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3-{2-amino-8-chioro-5-{8-(2-cyanopropan- {8)-3-(2-aminc-8-{{ -(fart-butoxy)-1-oxoheptan-3- {8)-3-({2-amino-6-(2-carboxyethy)-5-(5-(2-
2-yi}-2-methoxybenzyijpyrimidin-4- yhamino)-5-(5-(2-cyanopropan-2-yi-2- carboxypropan-2-yl)-2-methoxybenzylpyrimidin-4-
yiipropanaic acid methoxybenzylipyrimidin-4-ytjpropancic acid yiiamincheptanoic acid

Chemical Formuia: CagHasN,Or
Exact Mass: 516.28

Step 1: (8)-3-(2-amino-6-{{1-(feri-butoxy)-1-oxoheptan-3-yljaming)-5-(5-(2-

cyanopropan-2-yl)-Z-methoxybenzylipyrimidin-4-ylipropansic acid
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{60670 To a solution of 3-(2-amino-6-chloro-5-(5-(2-cyanopropan-2-yi}-2-
methoxybenzyDpyrimidin-4-yhpropanoic acid (1.0 eq, from Example 43 — Step 3) in NMP
(0.15M) was added zert-butyl (5)-3-aminoheptanoate (5.0 eq, from Example 20B — Step 3)
and K:COs3 (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-yi}-2-

methoxybenzyl)-pyrimidin-4-yljamine)heptanoic acid

j00671] To a solution of (5)-3-(2-amino-6-({1 -{(Zeri-butoxy - 1-oxcheptan-3-yhamino)-
5-{58-{2-cyanopropan-2-yi)-2-methoxybenzylypyrimidin-4-yljpropancic acid {crude) in 1:1
ethylene glycol/H;O was added excess KOH and stirred at 150 °C for 16 h. After cooling, the
reaction nuxture 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;80;, and concentrated. The crude product was purified by prep-HPLC (mobile

phase: NHiOH/MeCN/H:O) to give the title compound as a white solid.

[00672] LC-MS: [M+H] " =517.3
[60673] TH NMR (400 MHz, CDs0D) 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, 3H), 1.45 (s, 3H).1.46-1.44 (m, 1F), 1.27-1.17 (m, 2H), 1.08-
1.03 (m, 2H), 0.79 (¢, J = 7.4 Hz, 3H).
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Example 46: (53-3-{((5-<(5-((QH-tetrazol-5-yhmethyl}-2-methoxybenzyl)-2-amino-6-{2-

carbexyethyl}-pyrimidin-4-yljamino}heptancic acid (Compound 46)

feri-butyt { §)-3-amincheptanoate

C"J< \l/ j \4/
P /&0 \f )/ e /< Osg0 , NH, ofj<
NTRN ; ! |

N HN o TMSNg, BU,SRO N N

HiN :

e — AN — H

HOLC \/ <l \n//‘\_’J\\r/LH ~ HNWN/\\”\//
, i roB

o /j\ C/\\./\\ |
L L
OMe

Oide ’\1 ™
3-{2-aminc-&-chloro-5-{5-(cyanomethyl)- tort-butyt {S}-3~{3-(2-amino-6-({{5}-1 -(fari-butoxy)-1- fart-butyi {5}-3-(3-{6-{5-{{2i-tetrazol-5-yiimethyl)-2-
2-methoxybenzyiipyrimidin-4- oxohaptan-3-yhaming)-5-(5-{cyanomethyi)-2- metmxyhenzy) -2-aming-6-({{8)-1 -{fer-butoxy)-1-oxcheptan-
yhipropanoic acid methoxyhenzyl)pyrimidin-4-yiipropar 3 piancate Jpyrimidin-4-yljpropa theptanoste

KOH

{SG)-3-({B-{5~{(2H-tetrazoi-B-yimethyl)-2-
methoxybenzyl}-2-aming-5-(2-
carnsoxyethyipyrimidin-4-yilamino}heptanoic acid
Chemical Formula: CpgHaNOs
Exact Mass: 512.25

Step 1: tert-butyl (8)-3-(3-(2-amine-6-({{8)-1-(fert-butoxy}-1-oxcheptan-3-ylaming )-5-({5-

(cyanomethyl})-2-methoxybenzylpyrimidin-4-yl)propanamidejheptanoate

j00674] A mixture of 3-(2-amino-6-chloro-5-(5-(cyanomethyl})-2-
methoxybenzylpyrimidin-4-yljpropanoic acid (1.0 eq, from Example 40 — Step 7) and fert-
butyl (§)-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-(3-(5-(5-((2H-tetrazol-5-yhmethyl)-2-methoxybenzyl)-2-amino-6-
{({5)-1-(fert-butoxy)-1-oxohepian-3-yljamino)pyrimidin-4-ylipropanamido theptanoate

[00675] A mixture of fert-butyl (8)-3-(3-(2-amino-6-({({5)-1-{fert-butoxy}- 1 -oxcheptan-
3-yhamino)-5-(5-(cvanomethyl)-2-methoxybenzylpyrimidin-4-ylypropanamidoheptanoate
(1.0 eq) in dioxane (0.2M), TMSN3 (3 eq} and BuxSnG (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:MeQOH=100:1~10:1) to give the title compound as a light brown solid.

Step 3: (8)-3-((5-(5-((2H-tetrazol-S-ymethyl)-2-methoxybenzyl}-2-amino-6-(2-

carboxyethyl}-pyrimidin-4-vljamine)heptanscic acid

48676 A solution of fere-butyl (83-3-(3-(5-(5-((2H-tetrazol-5-ylymethyl)-2-
o \ . AN N :y o~ 7

methoxybenzyl}-2-amino-6-(({S)-1-(ters-butoxy)-1-oxoheptan-3-yl)amino pyrimidin-4-
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vl)propanamidoheptanoate (1.0 eq) in ethane-1,2-diol (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; H;O, CH3;CN) to give the

title compound as a white solid.

{00677 LC-MS: [M+H]*=513.2
[00678] IH NMR (400 MHz, MeOD) 6 7.09 (dd, /= 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 (5, 2H}, 2.92-2.85
{(m, 2H), 2.52-2.21 (m, 4H}, 1.5-0.9 {m, 6H), 0.73 (1, /= 7.6 Hz, 3H).

Example 47: 3-(2-amino-6-(butylamino}-5-(2-methoxybenzyl)pyrimidin-4-yDpropan-1-
el {Compound 47}

buatan-1-amine

N
A P
N N LiAH, AN
HO\;‘.//\\/J\\:’/)\'CI ......................... . HO\.J’\\/J\/ e T o O o~
0 @( DIEA, EIOH
OMa OMe
3-(2-amine-8-chloro-5-{2- 3~(2-armino-g-chiora-5-{2- 3-{Z-amino-8-{butyiamine}-5-(2-
methoxybenzyhpyrimidin-4-yijpropanclc acld methoxybanzyhpyrimidin-4-vipropan-1-ol raethoxybenzyiipyrimidin-4-yiipropan-1-ol

Chemical Formla: CqgHzeN4Oy
Exact Mags: 344.32

Step 1: 3-(2-amino-6-chlore-3-(2-methoxybenzyDpyrimidin-4-yhpropan-1-of

1006791 To a solution of 3~(2-anuno-6-chloro-5-(2-methoxybenzylpyrimidin-4-
vl}propanoic acid (1.0 eq, from Example 27 — Step 4) in THF (0.16M)} was added L.AH (3.0
eq). The reaction solution was stirred at r.t. for 2 h, and then quenched with water. The
aqueous laver was extracted with DCM. The combined organic layers were washed with
water, brine, dried over Na; SOy, and concentrated to give the title compound as a pale solid.

Step 1: 3-(Z-amine-6-{butylamino}-5-(2-methoxybenzyl)pyrimidin-4-vhpropan-1-o}

{60630} A solution of 3-(Z-amino-6-chloro-5-(2-methoxybenzyhpyrimidin-4-
vlpropan-1-ol (1.0 eq} in EtOH (0.2M), butan-1-amine {4.0 eq), and DIEA (5 eq} was stirred
at 85 °C for 3 days. The reaction solution was concentrated, diluted with 1N HCI, and
extracted with DCM. The combined organic layers were washed with brine, dried over

Nax 804, concentrated, and purified by flash column chromatography (eluent: BCM/MeGH =
100:1~20:1} to give the title compound as a pale solid.

[60681] LC-MS: [M+H] "= 345.4

80682} TH NMR (400 MHz, DMSO) 6 7.80 (br, 1H), 7.40 (br, 2H), 7.22(t, /= 8.0
Hz, 1H), 701 (d, /=84 He, 1H), 684 (4, /=76 Hz, 1H), 6.78(d, /=84 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, 2H), 1.50-1 42 (m,
2H), 1.34-1.15 {m, 4H), 0.84(t, /= 7.6 Hz, 3H).
ixample 48: (8)3-3-(5-(5-{(2H-tetrazol-S-yljmethyl)-2-methoxybenzyl)-2-amino-6-({1-

{methylthio)-heptan-3-yhamino}pyrimidin-4-vl}propancic acid (Compound 48)

{&)-1-{methyithiclheptan-3-amine

s” | |
J 3. 3 J
NH, e N \] ,]/ N, 5
NSNS TMBSN;, Btz 8n0 g% i\}AN -
HOLE "N HN L~ _— BN~ A Ao
f f On
NG Ny , © |
N NG e S
Ohe N |
) Z > 0Me

3-(2-amino-8-chloro-5~(5-(cyanomethyl)-2-  3-(8-amino-5-(5-(cyanomethyl)-2-methoxybenzyl)-6- 3-{5-{5-{{2H-1atraz0l-5-ylimethyl)-2-

mathoxybenzypyrimidin-4-vijpropanelc acld  ({{ §)-1-{msthyithio}heptan-3-yi)aminc)pyrimidin-4- methoxybenzyl)-2-aming-8-({{8)-1-
yh-AN-{{S)-1-{methylihin)heptan-3-yi)propanamide {methylthio}heptan-3-vamino}pyrimidine-4-yi)-A-

{{S}1-{methylhiojheptan-3-yljpropanamide
N 87
P j
KOH NS T
...................... - Hﬂgc/\'/J\:/ \ﬁf\/\v/
N, e’
HN\’ \7//\ !/ X
N = OMe

{E1-3-{5-(5-((2Htetrazol-5-viimethyl)-2-
methoxybenzyl)-2-aminc-8-{{1-(methylthio}heptan-
3-vllamino)pyrimidin-4-yiipropansic acid
Chemical Formuta: CaghlgeNCaS
Exact Mass: 528.26

Step 1: 3-(Z-amino-5-(5-{cyanomethyl}-2-methoxybenzyl)-6-{{((5}-1-(methylthio)heptan-
3-yhamino}pyrimidin-4-vI}-N-((5)-1-(methyithio}heptan-3-yl)propanamide

[60683] A solution of 3-(2-amino-6-chloro-5-{5-(cyanomethyi)-2-
methoxybenzyDpyrimidin-4-ylpropancic acid (1.0 eq, from Example 40 — Step 7) in EtOH
(0.4M) and (8)-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:
MeOH=20:1) to give the title compound as a light brown oil.

Step 2: 3-{5-(5-((2H-tetrazol-5-yhimethyl)-2-methoxybenzyl}-2-amino-6-({{3)-1-
{methyithio)heptan-3-yhamino)pyrimidin-4-yl}-N-{($)-1-(methylthioc)heptan-3-
yi}propanamide

{00684} A mixture of 3-(2-amino-5-(5-(cyanomethyl)-2-methoxybenzy-6-((($)-1-
{methylthioyheptan-3-yhamino)-pyrimidin-4~-yh-N-({(8)-1 -(methylthioheptan-3-
ylpropanamide (1.0 eq) in dioxane (0.04M), TMSN: (3.8 eq}, and BuzSnO (2.5 eq) was
heated at 90 °C for 6 h in 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: (8}-3-(5-(5-((2H -tetrazol-5-yhmethyl}-2-methoxybenzyi)-2-amino-6-{(1-
{(methylthio)heptan-3-yl)amine)pyrimidin-4-y)propaneic acid

j00685] The crude product from the previous step was dissolved in ethane-1, 2-diol
and added aqueous 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;CN/H20) to give the title compound as a white solid.

[080686] LC-MS: [M+H] "= 5293

[00687] TH NMR (400 MHz, MeOD) 4 7.20 (d, J= 7.6 Hz, 1H), 7.01 (d, /= 8.8 Hz,
1H}, 6.93 (s, 1H), 4.43-4.40 (m, 1H), 4.19(s, 2H), 3.91 (s, 3H), 3.83 (5, 2H), 292 (1, /= 6.8
Hz, 2H}, 2.56 (t, J=7.6 Hz, 2H),2.24 (t,.J=7.6 Hz, 2H), 1.93 (s, 3H), 1.78-1.75 (m, 1H),
1.67-1.63 (m, 1H), 1.51-1.49 (m, 1H), 1.41-1.39 (m, 1H), 1.26-1.19 (m, 2H), 1.10-1.04 (m,
2H), 0.80 (1, J = 7.6 Hz, 3H).

Example 49: (8§)3-3-(8-(5-{(2H-tetrazol-5-ylimethyl}-2-methoxybenzyl}-2-amino-6-({1-
methosyheptan-3-yhamino)pyrimidin-4-yhpropanocic acid (Compound 49)

NH, ol

{(E)3-(5-(5-{(2H-tetrazol-5-ylimethyl}-2-
methoxybenzyi}-2-aming-8-{{1-methoxyhepian-
3-yhiaminojpyrimidin-4-yhpropancic acid
Chemical Formula: CagHagNgOy
Exact Mass: 512.29

100688] The title compound was prepared following the procedures described for
Example 48, but using (§)-1-methoxyheptan-3-amine instead of (5)-1-(ruethylthio)heptan-3-
amine in Step 1.

[80689] LC-MS: [M+H} "= 5133

180696] "H NMR (400 MHz, CDCl3) § 7.21 (d, /=84 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, 2H), 3.04 (s, 3H), 2.72-2.68 (m,
1H), 2.53-2.48 {m, 1H), 1.81-1.76 (m, 1H), 1.55-1.50 (m, 1H), 1.41-1.15 {m, 4H), 1.03-095
{m, 2H), 0.78 {t, /="7.6 Hz, 3H).
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Example 50: (5}-3-(2-amino-5-(5-(carbosymethyl)-2-methoxybenzyi)-6-((1-
{(methylsulfonyl}heptan-3-yliamino)pyrimidin-4-yhpropancic acid {Compound 56

{8}-1-(methylthiclheptan-3-aming

S/
|
NHa -/ 5, r/l NHy 87 T
NTEN T e Ny P N
Hozc/‘\) B o HN\f}/\ P N/\v/\/’ E— HOOC/\/J\I\/' N/:\/\,/
H H
Nc/\\f&\ Q H
i A
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~. &AOM& ~F Oie
3-(2-amino-§-chioro-5-{5~{cyanomethyl}-2-  3-(2-amino-§-(8-(cyanomsthyi)-2-methoxybenzyl)-6- {8)-8~{2~-amino-5-{S-(carboxymethyl)-2-
mathoxybenzylpyrimidin-4-yl)propanoic acid  {{({S)-1-(methylthio)heptan-3-yljamino)pyrimidin-a- methoxybenzyl)-6-((1~{methylsutfonyl)heptan-G~
yir-N-{(S}-1-(methylthicjheptan-3-yijpropanamide yijamino)pyrimidin-4-vi}propanoic acid

Chemical Formula: Coghlaal,O078
Exact Mass: 536.23

Step 1: 3-Z-amino-5-(5-{cyanomethyl)-2-methoxybenzy)-6-{({(5)-1-(methylthiojhepian-
3-yhamino}-pyrimidin-4-v}-N-((8}-1-(methylthio)heptan-3-y)propanamide

[60691] The title compound was prepared following the procedures described for
Example 48 — Step 1.
Step 2: (8)-3-(2-amino-S-(5-{carboxymethy})-2-methoxybenzyl}-6-{(1-

{methylsulfonylheptan-3-yhamino)pyrimidin-4-yhpropanoic acid

[60692] To a solution of KOH in 10% Hz0 in 0BuGH (10M) was added 3-(2Z-amino-5-
{§-{cyanomethyl)-2-methoxybenzy }-6-{(({8)-1-{methylthio)heptan-3-yhamino)-pyrimidin-4-
yH-N-({S)-1-(methvithioYheptan-3-ylpropanamide (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 filirate
was added oxone (5.0 eq) and stirred at r.t. 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.

100693] LC-MS: [M+H] = 5374
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Example 51: (53-2-(3-((Z2-amino-4-methyl-6-((1-(methyisulfonyl}heptan-3-

yhamino}pyrimidin-S-ylymethyl)-4-methoxyphenyljacetic acid {Compound 51}

NH, 87 NH, 0£57 NI\HZ 0=5"
NN f oxone N‘/‘}M :/J KOH i’}ll’\?;é '
B A T N - /J\;éL\N/'\,/\/ - NG NN
H i H H
NC/\\IE/ Ny NC/ /’ HO\E‘//\ !//:\\Y/
k\//i\c/ o (o] A o
(S)-2-(3-((2-amino-4-methyh-6-4(1- (8)-2-(3-{{2-aming-4-mathyl-6-((1- (S)-2-(3-((2-amino-4-methyl-6-((1-
{methyithiojheptan-3-yljamincjpyrimidin-&- (_mmhy!suffany|‘)hepian-3-yi)ami:-w)pyrir_ni{.iin- {methylsulfonyliheptan-3-vijamina)pyrimidin-5-
yiimethyl)-4-methoxyphenyhacetonitrile S-ylymethyl)-4-methoxyphenylacetonitrile yijmethyij-d-methoxyphenyijacetic acid
Chemicat Formula: CoghiaN0sS
Exact Mass: 478.22
[00694] Step 10 (8)-2-3-((2~-amino-4-methyl-0-({1-(methylsulfonyl jheptan-3-

ylamino)pyrimidin-S-yl)methyl)-4-methoxyphenylacetonitrile

To a solution of {§3-2-(3-{((2-amino-4-methyl-6-({1-(methylthio}heptan-3-
yhamino)pyrimidin-5-yhmethyvl}-4-methoxyphenylacetonitrile (1 eq, from Example 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 1.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.

[00635] Step 20 (8)-2-3-((2~-amino-4-methyl-0-({1-(methylsulfonyl jheptan-3-
yvlaminojpyrimidin-S-yymethyl}-4-methoxyphenylacetic acid

To a solution of (8)-2-(3-((2~-amino-4-methyl-6-((1-{methyisulfonylYheptan-3-
yljamino)pyrimidin-5-ymethyl}-4-methoxyphenyliacetonitrile {1.0 eq) in 1:1 MeOH/HO
{0.1M) was added KOH (7.5 ¢q). 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; HoO/CH:CN) to give the title compound as a light yellow solid.

[80696] LCMS: [M+H]™=479 3

[80697] "H NMR (400 MHz, CD:0D)} 4 7.16 (dd, J=8.4, 2.0 Hz, 1H), 6.98 (d, J= 2.(
Hz, 1H), 6.91(d, /= 8.4 Hz, 1H), 4.30-4.22 (m, TH), 3.89 (s, 3H), 3.77-3.68 (m, 2H), 3.32 (s,
2H), 2.91-2.70 (m, 5H), 2.32 (s, 3H), 2.08-1.95 (m, 1H), 1.81-1.69 (m, 1H), 1.56-1.05 {m,
6H), 0.83 (t, /= 7.2 Hz, 3H}.

BIGLOGICAL 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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[60699] “HEK-Blue™ hTLR7 cells are designed for studying the stimulation of human
TLR7 (hTLR7) by roonitoring the activation of NF-kB. HEK-Blue™ hTLR7 cells were
obtained by co-transfection of the hTLR7 gene and an optimized secreted embryonic alkaline
phosphatase (SEAP) reporter gene into HEK293 cells. The SEAP reporter gene is 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.”
1007001 A typical assay protocoel involved the following steps:
1. Cells were cultured according to the product information sheet.
2. 10 mM compound stock in DMSO were first diluted to 3 mM and then 3-fold
serially dituted using DMSO 1o afford a 10-pt dilution.
3. 3 pl of the diluted DMSO were added to 57 wl HEK-Blue™ Detection media for
a further 20-fold dilution.
4. 10wl of the diluted compound in assay media were added into 40 pl cell culture
{in HEK-Blue™ Detection media) in 384-well plate. Final cell concentration =
8,000 cells per well.
5. The plates were incubated at 37 °C in 5% CO2 for 16 h. SEAP was determined

using a spectrophotometer at 620-655 nm.
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{60701} HEK-TLR7 activity table below provides results.
Hxample HEK-TLR7 ECso Example HEK-TLR7 ECso
1 C 31 C
2 C 32 A
3 B 33 A
4 C 34 A
5 C 38 A
& C 36 B
7 C 37 B
8 B 38 A
9 B 39 B
18 B 40 B
it B 41 B
12 B 42 B
i3 B 43 C
14 C 44 B
i5 B 45 C
i6 B 46 B
17 A 47 B
i8 A 48 A
19 C 4% B
28 - 5@ B
. \ B
{(S-enantiomer)
26C C 51 B
{R-enantiomer)
21 C
22 A
23 A
24 A
25 B
26 B
27 B
28 C
29 B
30 B
ECs0 category:
A =<100 nM
B = 100-1000 oM
C = 1000-10000 nM
[60702] As discussed herein, R and R'® in formula (1) can create a chiral center.

Compounds 20 and 20C differ by the stereocenter of the carbon bearing R'» and R'E.

(e
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20

20C

As shown above, the (S)-enantiomer (e.g. Compound 20) is >10-fold more potent than the
{R}-enantiomer {e.g. Compound 20C) in the HEK-TLR7 assay. Other examples can follow

the same trend.
Bielogical Example 2: Pharmacokinetics experiments

{60703] BALB/c mice were dosed p.o. with 10 mg/kg compound formulated in 0.5%
carboxy methycellulose + 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
bleod collection (5 hour), liver removed and flash frozen in liquid nitrogen for tissue PK
analyses. The liver-to-serum councentration (L:8) at S hour post dose is one parameter for

identifying compounds with potential enrichment in liver.

[60704] Mouse Hver-to-serum concentration {L:S) table below provides results.
Example L:8 at Shr

3 A

9 A

10 B

1§ A

i2 B

i3 B

i5 B

7 B

18 A

20 A

b A

23 A

24 B

29 A

30 A

32 A
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33 A
34 A
40 A
41 B
42 A
43 A
44 B
43 A
46 B

LS category:
A = >100 represents high hiver-corichment
B = 10-100 represents moderate liver-cnrichment
 =<10 represents low liver-enrichment

EQUIVALENTS

[80795] 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. Al such alternatives,
modifications and variations are intended to fall within the spirit and scope of the present

invention.

(3]
o
()
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We claim:
1. A compound having the structure of Forroula (1), or a pharmaceutically

acceptable salt thereof,

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

Y

NH
-COOH, -SO,CH;_ -SCH3, -OCH;3, 5N and A,

wherein the alkyl is optionally substituted with -GH, -NH,, -NHAc¢, -COOH, -
SO CH3,
Nz

 NH
SCHy, -OCHs, X N or A;
R is Cr-Cs alkyl;
X is selected from the group consisting of H and C1-Cs alkyl, wherein the alkyl is

optionally substituted with A, -OH, or -C{CH3),0OH,

L' is selected from the group consisting of a bond, -CHa-, -CFa-, 3><’§ , % , -0-, -
S-, -SOs-, -NH-, and -CH,CH;-;

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, Ci-Cs alkyl, and Cy-Cs alkoxy;

O O?J,'OH folLs)
4
. . e --Lz'ﬂ\C}H L2 2
A is selected from the group consisting of 13 , + OH | + S
N~
0 A
Nf—N\ N,N _>\ OH § L2 N OH
S L\gOH :
L2 N 2= | B
%— , %L , , and E iz OH ;
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L7 is selected from the group consisting of a bond, (CHy)u-, -C(OINH(CH:)o-, % ; ,

%{; -Em{CHz)%(CHz)n"?

>

s LO(CHYCH o, -[O(C1-Cy alkylene)}-,
S O(CHCH) 1-OCH CHLCF - -C{ONHCH CH - [ O(CHCH ) o and
~C{OYNHCH CH:-[G(CH, CHY) |- OCH CHL CF -,

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 -CHs: L' is -CHa- Y is aryl substituted with A; and L? is -CHo-; then A is
not
-L*-COOH, except when R'® comprises ~COOH or -S0,CHs; and

when X is -CHa; L' is -CHp-; Y is aryl substituted with A; L? is -CHy-, ~O-(CHa)o-
O OH

O(CH)m, 0 ~O-(CHM-O(CH(CE)-: and A s T5 OH. 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,

wherein

R is selected from the group consisting of H, Ci-Cs alkyl, -NH:, -NHAc,

-COOH, -S0,CH; -SCHs, -OCH:, and % N
wherein the alkyl is optionally substituted with -OH, -NH,, -NHAg, -COOH, -
SO,CHs,
n=N

ey

- NH
-SCH;, -OCH;, or BN :

R is Cs-Cs alkyl

b
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X is selected from the group consisting of H and C1-C; alkyl, wherein the alkyl is
optionally substituted with A, -OH, or -C(CH3),0H,

L!is selected from the group consisting of a bond, ~-CHa-, -CFa-, Qéé , % , ~0-, -
8-, =8Q00-, ~-NH-~, and ~-CHzCHa-;

Y is selected from the group consisting of C1-Cs atkyl, 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-Cs alkoxy;

O OH OO0

124 W
~oH «E—Lz"gio&-{

%LQ'U\OH $-12

A is selected from the group consisting of

>

N
Nf K
E QLN'N
L
N‘LN\ N-;N‘ —}VDH —%— OH OH
o™ - :
L2 $127 5N ’ g L OH

L? is selected from the group consisting of a bond, -{(CH3 }e-, -C{ONH(CH:)u-, ; ;f ,

s
3><‘5 ﬁ cria (CHZ)“_%, {O(CHCH Y, -[O(C1-Cs alkylene)]-,
JO{CH,CH) J-OCH, CHCF -, ~C(OYNHCH CHy-[O(CHyCH e and
C(OYNHCH,CHy-[ O(CH:CHy Y- OCH,CHA CF-

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; L' is -CHo-; Y is aryl substituted with A; and L? is -CHa-; then A is
not -L2-COOH, except when R comprises ~COOH or ~8O»CH;. and

when X is -CHs; L' is -CHz-; Y is aryl substituted with A; L* is -CHo-, ~O-(CHa )~

G OH

y . CHyWCF . LT o j -
O(CHz)e~, ot ~O-(CH )p-O(CHo p(CFo)- and A is cthen Aand L arenotina
para position with respect to each other.

3. The compound of ¢laim | or 2, or a pharmaceutically acceptable salt thereof,

wherein R is (CH,),CHs.
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4. The compound of claim | or 2, or a pharmaceutically acceptable salt thereof,

wherein R'® is ~(CH);CHs.

5. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt
thereof, wherein R is C-Cs alkyl, optionally substituted with -OH, -OCH;, -SCHs, or -
SO,CH;.

6. The compound of any one of claims 1-5, or a pharmaceutically acceptable salt

thereof, wherein R is ~CH,C(CH3 ) OH.

7. The compound of any one of claims 1-6, or a pharmaceutically acceptable salt
e M - /
. R % E NN -
thereof, wherein R N i ,{\/\/’7 "{\\/A\/’J

N-NH

4

8. The compound of any one of claims 1-4, or a pharmaceutically acceptable salt

thereof, wherein R'® is C1-Cy alkyl, optionally substituted with -COOH.

9. The compound of any one of claims 1-4 and 8, or a pharmaceutically
OH
Ria /’J\\Q

oy b . W\/
acceptable salt thereof, wherein "L)\R is .

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 C1-Cy alkyl, wherein the alkyl is substituted with A

219
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12, The compound of any one of claims 1-11, or a pharmaceutically acceptable

O
lj\”OH

. . . . . N L2
salt thereot, wherein X is C1-Cy alkyl, wherein the alkyl is substituted with %

wherein L% is a bond.

13, The compound of any one of ¢laims 1-10, or a pharmaceutically acceptable

salt thereof, wherein X is 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 accepiable

salt thereof, wherein L' is ~-CHp-, -CH2CHa-, -O-, o1 -8-.

16. The compound of any one of claims 1-15, or a pharmaceutically acceptable

salt thereof, wherein L' is -CHo-.

17. The compound of any one of claims 1-16, or a pharmaceutically acceptable

salt thereof, wherein Y is Ci-Cs alkyl or aryl.

18. The compound of any one of ¢laims 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

o
g—s_z”u\os-% ‘

salt thereof, wherein A is

21. The compound of any one of claims 1-19, or a pharmaceutically acceptable
© OH

. . . %LE/KOH
salt thereof, wherein A is .
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22, The compound of any one of claims 1-19, or a pharmaceutically accepiable

o0
4

Lpe
salt thereof, wherein A is % . OH

23, The compound of any one of claims 1-19, or a pharmaceutically acceptable

N
T ONH

salt thereof, wherein A is

24. The compound of any one of claims 1-19, or a pharmaceutically acceptable

o
N >\—OH
N N

J=y
2
salt thereof, wherein A is %L

25, The compound of any one of claims 1-19, or a pharmaceutically acceptable

salt thereof, wherein A is

26.  The compound of any one of claims 1-19, or a pharmaceutically acceptable
(?H
B
PRI
salt thereof, wherein A is § Lz~ OH .

27 The compound of any one of claims 1-26, or a pharmaceutically acceptable

salt thereof, wherein L? is -(CHz)u-.

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 ¢laims 1-26, or a pharmaceutically acceptable

R $
salt thereof, wherein L* is % )
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30.  The compound of any one of claims 1-26, or a pharmaceutically accepiable
salt thereof, wherein L2 is ‘j; ;E .
31, The compound of any one of claims 1-26, or a pharmaceutically acceptable

salt thereof, wherein L7 is ~C(OYNH(CH:)s-.

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,

N/i\\N Ris

K
§
TLE
a
o

wherein

XisH or CH;

L!is selected from the group consisting of a bond, -CHa-, -O-, -8-, -CFa-, };4{

3;: ;f, and -CHoCHy-;

>

O OH g0

O
7
) . §-L2’U\0H §_L2/$<QH .§...L2/%<
A is selected from the group consisting of , . OH |

o)
N N BeoH 3 ~N
Nz \NH = N 1 Ok OH
SV S ¢ B,
_%4_2 ; %"L" . ' ,and "E"LE OH :

L7 is selected from the group consisting of a bond, ~-CH,-, -CH,CH;-, % é‘, BX{I
~C{OWH(CHo )o-, -[O{CHCH Yo, -[O(C:-Cy alkylene)]-, and -[O(CH,CHz)]u-
OCHCH:CFy-; -C(OINHCH CHa-[O(CHCH Y o, C(ONHCHCHz-[O(CHCH ) i
OCHYCHLCFy-; and

R® is H, C1-C;3 alkyl, or C;-Cs alkoxy.

b
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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 2 compound of Formula (1a),
NH.

A

N™ N Ri2

f
XJ\\%\NJ\HW
Ry
{ta)

wherein

Xis -CHr-A"™ -CH,CH:-AY, -CHCHLCHz-AM or -CHC(CHa po-A';

o ooH oo NN
S
2 FN By =
Al s selected from the group consisting of “% OH OH % “on %
N-N
o 1?2’)‘\“(

;N\N}OH L\gOH oH
. LBl
?"LJQN , , and ¥oH,

2

\,

L' is selected from the group consisting of a bond, -CHs-, -O-, -S-, -CFs-, g ‘;:‘.’

t; ; , and -CHyCH;-;

G O OH o ¢

G S

. - . L% OH L2 2~
A 1s selected from the group consisting of §- , éﬁ OH %_L \OH,

NN
9 A
2N
N _N OH L )
Nz Ej: \N} %. EOH (?H
- \E\{ i e \
, and % L2 OH;

L’ is selected from the group consisting of a bond, -CHz-, -CH,CH;-, § § j; ;E ,
SCIOWNH(CH2)p-,  -[O(CHCHD -, ~-[O(C-Cs alkylene)}-, and  -[O(CHCH) -
OCH,CH.CF-; -C{ONHCH>CH-[O(CHCH2) lue; C(ONHCHCH-[O(CH . CHo e
OCHCHLCFo-; and

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

[Se]
e
#¥]
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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),
NH.,

N’l\* R12
i

N
X P4 N’J\Rﬂ’
IR

(1b)

wherein
X is H or CH;s;

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

; : , and —CHz’CHg—;

o o OH o0
/4
JI\OH %‘Lz/&iOH -%--'Lz”\é/‘oﬂ

2

. - .. . -l
A 1s selected trom the group consisting of +

N
NS
. YN
9 A
NN, =M %OH e N OH
J\NNH ,lf N N OH g
2= g g2 =N I ~
%L , "’EML? , and , and _E_LE OH ;

L2 is selected from the group consisting of a bond, -CHs-, -CHCHy-, § § };éé,
-C{OYWNH{CH)u, -[O(CHCHY |-, -[O(C1-C 4 alkylene)]-, and -[O(CHCH2) o~
OCH,CHCFo-; ~-C{ONHCH CH:- [ O{(CHCH Y oy CIOINHCHCH-{O(CH:CH ) -
OCH,CH,CFy-; and

RYis H, Ci-Cs alkyl, or C1-C; 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),
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e
pNFRS
{(1b)
wherein
X is -CHz-AY -CH)CHp-A"Y, -CH,CHoCHR-A'Y, or -CH2C(CH: 1-A'Y

OOH oo N
o ) NN

v
. . oy A =y
Al is selected from the group consisting of % OH = OH | o ¥

b

N

NN
O ﬁ,{lL.N’
N, OH L__oH OH
¢ N H B
g A= ‘ \X and -1 “OH

s

L!is selected from the group consisting of a bond, -CHy-, -O-, -8-, -CF»-, §

- : 5 and "CH?_CHQ—;

O O OH O 0

4
'U\OH %LZ"‘%:QH ’ §—L2’%<OH

. .. L2
A is selected from the group consisting of %

o
_N _N “}—OH $-1.2
%4_2 N %-LZ =p T ?{B‘OHA

,and ©

El

e

L7 is selected from the group consisting of a bond, -CHy-, -CH,CHg-, % g, ,
C{OYNH(CH: o, -[O(CH,CH) Lo, [O(C1-Cy alkylene)]-, and [O(CH,CH:)u-
OCHCHyCFa-; -C(ONHCH,CHa-[O{CHCHY) o C(OYNHCHCHo-[O(CH,CH Yo
OCH,CH(CF2-; and

R*is H, Ci-Cs alkyl, or C-Cs 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 (ic),
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wherein
X is -CHz-A"®, -CHCHo-A", -CHyCH)CH2-A™, or -CHyC(CHap-A™,
_N
o G OoH oo =

174 4 ‘
B o A e W SN
A is selected from the group consisting of % OH | & OH " oH €

N }'OH ’ L OH OH

— .f’é\
‘EIL)\N , \il‘/ , and ‘2$ OH;

L' is selected from the group consisting of a bond, -CHa-, -0-, -8-, -CFs-, % <,

Xﬁ , and ~-CHCHa-;

R is H, C;-Cs alkyl, or Ci-Cs alkoxy; and
R*is H or C;-C; 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 (1d),

N
N/i%N Rt
X/MN/L\RW
L H
Y/
{(1d)

Xis -CHp-A" -CH,CH-A® -CH,CHLCHL-A®, or -CH,C(CH: )p-A',
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O OH o0 _N
9] , N WH

Y
- L TR il
A is selected from the group consisting of % OH * OH & OH %
nN-N
O :e{h\[\{

_N CH OH

- RO
BN , ' , and %‘ OH ;

L' is selected from the group consisting of a bond, -CHa-, -CFa-, % é Z i
and -CH,;CHo, -8-; and
Y is H or C1-Cs alkyl.

-0-,

)

38. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,
wherein the compound of Formula (1) is a compound of Forraula (Te),
NH,

NN R

£ N*Rib
H

R3

(1e)

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

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 (11),
NH,

N/L\‘N Rl

X Z N/L“Rm
H

(1H

40. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof,

wherein the compound of Formula (1) is 2 compound of Formula (1g),
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AN
H
R* (19
wherein R is H, C;-C; alkyl, or C;-Cs 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 (1h),
NH,

N/‘%N R1a

wherein R* is H or C-C3 alkoxy.

42. A compound of claim 1 or 2, or a pharmaceutically acceptable salt thereof]
wherein the compound of Formula (1) is a corapound of Formula (11),
NH,
N/L\\N R
HG . | a N/E\Rm
. T H

Y/

(1)

wherein

L! is selected from the group consisting of a bond, -CHa-, -CF-, § % : Z ;f ,
-3, -CHRCHy-, and -8-; and
Y is H or Ci-Cs alkyl.

43 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),
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(1)).

44, 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),
NH,

OH

N)%N /ﬁo

X s N-RID
H

Y (1K),

45, A compound, or a pharmaceutically acceptable salt, selected from the group
consisting of’
NH,

NN R

Com- | -X LY Ria Compound

poun F{L\R .

1 -CH; ~ f” ~(CH2):CH3
ﬂo@”\/’\\{// ol o~
2 -CH;s -{CH3):CHs

3 -CH; N ” -{CHz»CH;
HNT S l =
N::‘ s O/”
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Com- | -X LAY Rie Compound
goun %J\R”-’

4 -CH; © “ ~(CH2):CHs ‘f
HO/W\
P
5 -CH;s . ? -(CH2;3CHs
{O‘((—N’N%,/\,{’\fjw CHy)
=R \4’/\0/
6 -CH; HO -(CH2):CH:
)
N
7 -CH; Ho, “ 1 -(CH2):CH;
SN
8 -CH;s O
HNT I = H
=N A LN
9 -CHs HOW ~(CH2)»CH;
H o/
10 | -CH; N w -(CH2)3CH:
RN
E\!‘SN O/
11 -CH; H\A,N:N . ~{(CH2):CH;
No? |
e O/
2 -CH G b {CH;);CH;
12 CH; O {CH2)»CHs

S
i
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Com- | -X LAY Rie Compound
goun f?z:L‘R”-’

13 -CH; NS ~(CH2):CHs
HNS R I R
N=i S o
14 -CH;s HO \z[:\j;m -(CH2):CHs
K i P \O/
15 ~{(CH2):CHs
16 -CH; o, j A ~(CH2)3CH;
HO T EN
Rl o
17 ~-CHs &y ,O “\‘W m(_ CETE,);CH}
HO~ R
18 "CH3 N\T/ - ATN OH
HN © S ;
= P '
M
19 HOK\){ ww ~{CH;):CH;
CH Oy
20 -CHj
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Com- | -X LAY Rie Compound
poun %J\R .

21 | HO -OCH; o
i -
‘%:/\\/\\/
22 -CHs g7 Wy ¥
23 -CH; Q
7
M
24 -CH; ~{CH2»CH;
25 -CHs “(CH2»:CH;
HO\ﬁ/\"/\N
o
26 -CHs N (CH1CH;
HNT W
h=N

[\
-3
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Com- | -X LAY Rie Compound
goun %J\R”-’

-(CHy);CHs
b @
29 Ho\g/\/% "T‘“" OH
o4 X
o i
Ny
30 -CH; /UO wo -(CH2)CHs
HO\P\/\‘/\N T /J
HO/\O H \H\/v,:f\.o/ e
31 -CH; N “ 'y -{(CH2):CH;
U
N=N o o
32 | -CHs N
LN
N Sy
=N 5
33 -CH;
34 -CH;
35 -CHjs

[oe)

(75
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Com- | -X LAY Rie Compound
36 -CH; e N~NH S
»
PN
37 HN:N‘*]/A\}‘:- o ~(CH2):CHs
N::N
0~
38 Ho\g/\)ﬁ.
39 -CH;
40 HO N + ~(CH2);CH;
N:N P O/ N
41 -CH;
42 -CH;
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Com-~ | -X R'a Compound
oun
g ,?Z:L\ Rib

43

«(CH,);CHs

44 -CH;

45 HOW

46 HOW

47 | HO A~y

-(CH2)sCH;

48 HOW

49 HOW

R

-
()
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Com- | -X LAY Rie Compound
poun }Z:L\R .

d

R

51 -CH; HO o Q
i = Q‘;S
o F o .
: ?‘(\‘3\0
LN &
46, A pharmaceutical composition comprising a compound of any one of claims 1

to 45, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

carrier.

47. 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 claims 1 to 45, or a pharmaceutically acceptable salt thereof

48. The method of claim 47, wherein the condition is viral infection or cancer.
49, The method of claim 47 or 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.

50, A compound of any one of claims 1 to 45, or a pharmaceutically acceptable

salt thereof, for use as a medicament.

51. A compound of any one of claims 1 to 45, or a pharmaceutically acceptable

salt thereof, for use in treating a condition associated with TLR7 modulation.

52. The compound of claim 51, wherein the condition is viral infection or cancer.

236
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I

3. Useof acompound of any one of claims 1 to 45, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for treating a condition

associated with TLR7 modulation.

54. The use of claim 53, wherein the condition is viral infection or cancer.

(4

5. A pharmaceutical composition of claim 46, further comprising at least one or

more additional therapeutic agents.

56. The pharmaceutical composition of claim 55, wherein the at least one or more

additional therapeutic agent is antiviral nucleoside.

57.  The pharmaceutical composition of claim 55, wherein the at least one or more

additional therapeutic agent is PD-1 antibody or PD-L.1 antibody.

58. A method of treating HBV in a subject in need thereof, comprising
administering a compound of any one of claims 1 to 45, or a pharmaceutically acceptable salt

thereof, in combination with an antiviral nucleoside.

59. A method of treating cancer in a subject in need thereof, comprising
administering a compound of any one of claims 1 to 43, or a pharmaceutically acceptable salt

thereof, in combination with a PD-1 antibody or PD-L1 antibody.



