RAPAMYCIN ANALOGS AS MTOR INHIBITORS

Cross reference to related applications

[0001] This application claims the benefit of U.S. Provisional Application No.
62/500,410, filed May 2, 2017, the contents of which are incorporated herein by reference in

its entirety.

Field of the Disclosure

[0002] The present disclosure relates to mTOR inhibitors. Specifically, the embodiments
are directed to compounds and compositions inhibiting mTOR, methods of treating diseases

mediated by mTOR, and methods of synthesizing these compounds.

Backeground of the Disclosure

[0003] The mammalian target of rapamycin (mTOR) is a serine-threonine kinase related
to the lipid kinases of the phosphoinositide 3-kinase (PI3K) family. mTOR exists in two
complexes, mMTORC1 and mTORC?2, which are differentially regulated, have distinct
substrate specificities, and are differentially sensitive to rapamycin. mTORCI1 integrates
signals from growth factor receptors with cellular nutritional status and controls the level of
cap-dependent mRNA translation by modulating the activity of key translational components

such as the cap-binding protein and oncogene elF4E.

[0004] mTOR signaling has been deciphered in increasing detail. The differing
pharmacology of inhibitors of mTOR has been particularly informative. The first reported
inhibitor of mTOR, Rapamycin is now understood to be an incomplete inhibitor of mTORCI.
Rapamycin, is a selective mTORC] inhibitor through the binding to the FK506 Rapamycin
Binding (FRB) domain of mTOR kinase with the aid of FK506 binding protein 12 (FKBP12).
The FRB domain of mTOR is accessible in the mTORC1 complex, but less so in the
mTORC2 complex. Interestingly, the potency of inhibitory activities against downstream
substrates of mMTORC1 by the treatment of Rapamycin is known to be diverse among the
mTORCI1 substrates. For example, Rapamycin strongly inhibits phosphorylation of the
mTORCI1 substrate S6K and, indirectly, phosphorylation of the downstream ribosomal
protein S6 which control ribosomal biogenesis. On the other hand, Rapamycin shows only
partial inhibitory activity against phosphorylation of 4E-BP1, a major regulator of elF4E
which controls the initiation of CAP-dependent translation. As a result, more complete

inhibitors of mMTORCI1 signaling are of interest.



[0005] A second class of “ATP-site” inhibitors of mTOR kinase, were reported. This
class of mTOR inhibitor will be referred to as asTORi (ATP site TOR inhibitor). The
molecules compete with ATP, the substrate for the kinase reaction, in the active site of the
mTOR kinase (and are therefore also mTOR active site inhibitors). As a result, these

molecules inhibit downstream phosphorylation of a broader range of substrates.

[0006] Although as mTOR inhibition may have the effect of blocking 4E-BP1
phosphorylation, these agents may also inhibit mMTORC2, which leads to a block of Akt
activation due to inhibition of phosphorylation of Akt S473.

[0007] Disclosed herein, inter alia, are mTORCI inhibitors.

Summary of the Disclosure

[0008] The present disclosure relates to compounds capable of inhibiting the activity of
mTOR. The present disclosure further provides a process for the preparation of compounds of
the present disclosure, pharmaceutical preparations comprising such compounds and methods
of using such compounds and compositions in the management of diseases or disorders

mediated by mTOR.

[0009] The present disclosure provides compounds of Formula I-X:

(I-X)

and pharmaceutically acceptable salts and tautomers thereof, wherein:
R!®is selected from R!, R2, H, (Ci-Ce)alkyl, -OR® -SR? =0, -NR’C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7
O
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membered heteroaryl, and © , wherein the aryl and heteroaryl is optionally



substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R?%is selected from =N-R!, =N-R2?, =0, -OR?, and =N-OR?;

R?% is selected from R!, R?,~OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R3?is selected from =N-R!, =N-R?, H, =0, -OR*, =N-OR? =N-NHR’, and N(R?);

R* is selected from R!, R2 -OR?, -SR3, -N3, -N(R%)2, -NR?*C(O)OR,
-NR’C(O)N(R?)2, -NR*S(0)20R?, -NR?*S(0)2N(R?)2, -NR’S(0)2R?, -OP(0)(ORY)z,

LN AN

-OP(0O)(R?)2, -NR?*C(O)R?, -S(O)R?, -S(0)2R3, -OS(0)NHC(O)R?, N=/ , ‘=N
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wherein the compound comprises one R! or one R?;

Rlis —A-L'-B;

R? is ~A-C=CH, -A-N3, -A-COOH, or -A-NHR?; and

wherein

A is absent or is selected from -(C(R*)2)n-, -O(C(R?*)2)a-, -NR3*(C(R¥)2)n-,
_O(C(R*))n-[O(CR)2)alo-O(C(R)2)pe.~C(O)CR ) ~C(OINR>-=, -NR3C(O)(C(R ),
NR*C(0)O(CR)2)a-, -OC(O)NR}(C(R?)2)a-, -NHSO:NH(C(R)2)u-,
-OC(O)NHSO:NH(C(R*)2)u-,

-O(C(R*))u-(Cs-Cro)arylene-,

-O(C(R¥)2)u-heteroarylene-,

-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,

-O-(Cs-Cro)arylene-,

-O-heteroarylene-,

-heteroarylene-(Cs-Cio)arylene-,

-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,

-O(C(R¥)2)u-heteroarylene-heteroarylene-,

-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-(C(R¥)2)n-,

-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-O(C(R¥)2)o-,

-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-NR*(C(R¥)2)o-,

-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)u-,

-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,



-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R?)2)s-heteroarylene-heteroarylene-NR3-(Cs-C1o)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R)2)uo-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-SO2(C(R)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)u-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR3-(Cs-C10)arylene-,

wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms selected from

O, N, and S; heterocyclylene is 5-12 membered and contains 1-4 heteroatoms selected from

O, N, and S;

wherein the arylene, heteroarylene, and heterocyclylene are optionally substituted

with one or more substituents each independently selected from alkyl, hydroxyalkyl,
haloalkyl, alkoxy, halogen, hydroxyl, -C(O)OR?, —-C(O)N(R?)2,
-N(R¥), and alkyl substituted with -N(R*)2;

L'is selected from
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wherein the bond with variable position in the triazole is in the 4-position or 5-
position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from
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Bl is selected from ¥ NR3-(C(R*)2)u-, ¥~ NR3-(C(R*)2)a~(Cs-Cr0)arylene-(C(R>)2)o-,
3TNR3(C(R*)2)n-heteroarylene-, 3~ (Co-Cioarylene-, 5 NR*-(C(R*)2)e-NR*C(O)-,
-$

3 NR3-(C(R?)2)n-heteroarylene-heterocyclylene-(Cs-Cro)arylene-, ° heteroarylene-

heterocyclylene-(Cs-Cio)arylene-,

0
-53—(0(R3)2)p- —5—3—(0(R3)2)p-heteroary|ene-
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N N—heteroarylene— /)\
_/ N heterocyclylene—arylene— 5,4

3TNR-(C(R*)2)n-S(O)2-arylene-C(O) —, wherein the >~ bond on the left side of B!, as
drawn, is bound to L'; and wherein the heteroaryl, heterocyclyl, and arylene are optionally
substituted with alkyl, hydroxyalkyl, haloalkyl, alkoxy, halogen, or hydroxyl;

each R*is independently H, (C1-Ce)alkyl, —C(O)(C1-Cs)alkyl, -C(O)NH-aryl, or
—C(S)NH-aryl, wherein the alkyl is unsubstituted or substituted with -COOH, (Cs-Cio)aryl or
-OH;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R*)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, -C(O)NR>-heteroaryl, or -C(O)NR3-heterocyclyl;

each Q is independently C(R%)2 or O;

each Y is independently C(R¥) or a bond;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 30; and

each r is independently 1, 2, 3, or 4;



provided that when R* is R!, wherein R is ~A-L'-B; L' is

N=N Vs
—E_Q\/[{j o) NJY\R
é/\oaq\/ \/ﬁr”{ P 3 N
O :Bis N "NR%2:and B'is 3 NR3(C(R):)-; then A

is not -O(CH2)2-O(CHa)-.

[0010] The present disclosure provides compounds of Formula [-Xa:

Me OMe Me Me
~ X

"Me (I-Xa)

and pharmaceutically acceptable salts and tautomers thereof, wherein:
R is selected from RY, R2, H, (C1-Ce)alkyl, -OR3, -SR? =0, -NR*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7

O
membered heteroaryl, and © Ir , wherein the aryl and heteroaryl is optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R?%is selected from =N-R!, =N-R2?, =0, -OR?, and =N-OR?;

R?% is selected from R!, R?,~OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R3?is selected from =N-R!, =N-R?, H, =0, -OR*, =N-OR? =N-NHR’, and N(R?);

R* is selected from R!, R2 -OR?, -SR3, -N3, -N(R%)2, -NR?*C(O)OR,
-NR’C(O)N(R?)2, -NR*S(0)20R?, -NR?*S(0)2N(R?)2, -NR’S(0)2R?, -OP(0)(ORY)z,
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wherein the compound comprises one R! or one R;

Rlis —A-L'-B;

R? is ~A-C=CH, -A-N3, -A-COOH, or -A-NHR?; and

wherein

A is absent or is selected from -(C(R*)2)n-, -O(C(R?*)2)a-, -NR3*(C(R¥)2)n-,
_O(CR))a-[O(CR)2)ulo-O(C(R3)2)p-,-C(OYC (R ) -C(OYNR-, -NRC(O)(C(R )2 ),
NR*C(0)O(C(R)2)u-, -OC(O)NR¥(C(R?)2)u-, -NHSO:NH(C(R ),
_OC(O)NHSO2NH(C(R*))u-,
-O(C(R*))u-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-(C(R¥)2)n-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R?)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)n-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
-O(C(R?)2)a-(Cs-C10)arylene-heteroarylene-heterocyclylene-SO2(C(R?)2)u-,



-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-Co)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)n-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, hydroxyl, ~C(O)OR?, ~C(O)N(R?)z,
-N(R?)2, and alkyl substituted with -N(R>)2;
L' is selected from
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wherein the bond with variable position in the triazole is in the 4-position or 5-
position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from
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Bl is selected from ¥ NR3-(C(R*)2)u-, ¥~ NR3~(C(R*)2)u-(Co-Ci0)arylene-(C(R*)2)u-,
3T NR3(C(R*)2)n-heteroarylene-, 3~ (Co-Cioarylene-, 5 NR*-(C(R*)2)e-NR*C(O)-,

3 NR*-(C(R?)2)n-heteroarylene-heterocyclylene-(Cs-Cio)arylene-, 3 heteroarylene-

heterocyclylene-(Cs-C1o)arylene-, 3¢~ ';'C_ CRYz)pr heteroarylene-
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N N—heteroarylene— /)\
./ N heterocyclylene—arylene— 5,4

3TNR3-(C(R>)2)n-S(O)r—arylene-C(O) —, wherein the ¥~ bond on the left side of B, as
drawn, is bound to L!; and wherein the heteroaryl, heterocyclyl, and arylene are optionally
substituted with alkyl, hydroxyalkyl, haloalkyl, alkoxy, halogen, or hydroxyl;

each R*is independently H, (C1-Ce)alkyl, —C(O)(C1-Cs)alkyl, -C(O)NH-aryl, or
—C(S)NH-aryl, wherein the alkyl is unsubstituted or substituted with -COOH, (Cs-Cio)aryl or
-OH;

each R is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12

membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R*)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, -C(O)NR?3-heteroaryl, or -C(O)NR*-heterocyclyl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 30; and

each r is independently 1, 2, 3, or 4;

provided that when R* is R, wherein R! is ~A-L!-B; L' is

8L N

jLQI\\Ij,\II /%6\ R4
N O N
ooy N
O ;Bis N NRY2: and Blis * NR3-(C(R*)2)u-; then A
is not -O(CH2)2-O(CHz)-

[0011] The present disclosure provides compounds of Formula I:
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and pharmaceutically acceptable salts and tautomers thereof, wherein:
R is selected from RY, R2, H, (C1-Ce)alkyl, -OR3, -SR? =0, -NR*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7

O
membered heteroaryl, and O Ir , Wherein the aryl and heteroaryl is optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R?%is selected from =N-R!, =N-R2?, =0, -OR?, and =N-OR?;

R?%is selected from R!, R2-OR? -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R*? is selected from =N-R!, =N-R?, H, =0, -OR?, and =N-OR”;

R*is selected from R!, R?, -OR? -SR?, -N3, -N(R?)2, -NR’C(O)OR?,
-NR3*C(O)N(R?),, -NR?S(0)20R?, -NR¥S(0)2N(R?)2, -NR*S(0)2R?, -OP(O)(OR?),

LM, AN

-OP(0O)(RY)2, -NR*C(O)R?, -S(O)R?, -S(0)2R?, -OS(0)NHC(O)R?, N=/ , \=N
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R® and R®
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wherein the compound comprises one R! or one R?;
Rlis —A-L!-B;
R? is ~A-C=CH, -A-N3, -A-COOH, or -A-NHR?; and

wherein

14



A is absent or is selected from -(C(R*)2)u-, -O(C(R¥)2)a-, -NR*(C(R*)2)u-,
-O(C(R*)2)n-[O(CRH2)u]o-O(C(R?)2)p-,-C(O)(C(R?)2)n-,-C(O)NR?-, -NR*C(O)(C(R?)2)u-,
-NR?*C(0)O(C(R*)2)u-, -OC(O)NR*(C(R¥)2)u-, -NHSO2NH(C(R?)2)n-,
-OC(O)NHSO2NH(C(R¥)2)u-,

-O(C(R*)2)n-(Cs-Cr0)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R?)2)a-(Cs-C10)arylene-(Cs-Cio)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-NR3 (C(R?)2)u-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R?)2)s-heteroarylene-heteroarylene-NR3-(Cs-C1o)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-Co)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)n-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4

heteroatoms selected from O, N, and S;

15



wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from

SN

’ﬁ%“éﬂoﬁq\/ %\/Neﬂ ?\/O\/\NJE‘
N=N

Q%%Néﬂoﬁq”"ww‘\é’s R S

NN 0 o)
»Lf/\\s/Né/\oaqu\/\N)L(vnyg{
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E\HJ\/Y\O(/\/O)&Y/\H}L giHJ\/Y\ O(/\/O)\/\N )Sﬂ
O . and a AT

wherein the bond with variable position in the triazole is in the 4-position or 5-

position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

R* and

B! is selected from 3" NR3-(C(R*)2)n-, ¥ NR*-(C(R?)2)a-(Cs-Cio)arylene-(C(R3)2)n-,
3TNR3(C(R?)2)n-heteroarylene-, 7 (Cs-Cio)arylene-, 5 NR3-(C(R%)2)s-NR3C(O)-,

3TNR3-(C(R%)2)n-heteroarylene-heterocyclylene-(Cs-Cio)arylene-,

3~ heteroarylene-heterocyclylene-(Cs-Cio)arylene-, 3C- ';C C(R%)p)p-heteroarylene- ,

& ¥
U e X *‘fN@
(C(R?))p— (CR)Y)p— (C(R%)2)p—

2

%n(j\ PN ?{O\(C(R%z)p

N
(C(Rs)z)p_’ \(Ce-Cm)afWe”e', and , wherein the 3=
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bond on the left side of B!, as drawn, is bound to L'; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R¥)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each ris independently 1, 2, 3

2 2 2

provided that when R* is R!, wherein R is ~A-L'-B; L' is

or 4,

Ns -
om0
q o -

~
Bis N N(R%%2; and Bl is $TNR3-(C(R%)2)u-; then A

is not -O(CH2)2-O(CHa)-.

[0012] The present disclosure provides compounds of Formula (Ia):

(Ia)

and pharmaceutically acceptable salts and tautomers thereof, wherein:

18



R¥%isR! or R%;

R is selected from =0, -OR?, and =N-OR’;

R?%is selected from —OR?, -OC(O)O(C(R*)2)n, -OC(O)N(R*)2, -OS(0)2N(R3)z,
and -N(R3)S(0)20R3;

R*? is selected from H, =0, -OR?, and =N-OR?;

R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
_NR*S(0)20R?, -NRS(0)2N(R?)z, -NR*S(O)2R?, -OP(O)(OR?)z, -OP(O)(R%)2, -NR')C(O)R?,

’iN’N“N aiN’N‘\N gi'\j\i\(’\j ’\QJN

_S(O)R?, -S(O)R?, -OS(O)NHC(O)R}, N=/ ‘=N R® and RS

wherein R! is —~A-L!-B;

R? is A-C=CH, -A-N3, -A-COOH, or -A-NHR?;

wherein

A is absent or is selected from -(C(R*)2)u-, -O(C(R¥)2)a-, -NR*(C(R*)2)u-,
_O(CR))a-[O(CRY)2)ulo-O(C(R?))p-,-C(OY(CR ) -C(OYNR-, -NRAC(O)(C(R )2 )u-,
NR*C(0)O(C(R)2)u-, -OC(O)NR¥(C(R?)2)u-, -NHSO:NH(C(R ),
_OC(O)NHSO:NH(C(R*))u-,
-O(C(R*))u-(Cs-Cr0)arylene-,
-O(C(R?)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-O(C(R?)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-(C(R*)2)n2-O(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,

19



-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-Co)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)n-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from
43 N 0
S Neﬂoi\/o\/jf{ %%Ne/\oﬁq\/o\/\m&
mf{v "o ﬁvowN“é’f ﬁr o s
. (\N=r\|1 0 0
%/*;Néﬂoﬁyo\/\m)%\f\)&

N~y

m+~ I

’ >

.N

N" § 0

4 5 //\\
:L'l O aq O /

v ooy \O “eﬂoaquwf
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wherein the bond with variable position in the triazole is in the 4-position or 5-
position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;
B is selected from
-§—B1 0 9£|31
1
ZB N )QN

-N
()
4 /B1
& Eaesh m
N(R®) N
'2—81 O R4 R4
N ’ 4 R4
R Nf{N—R3 NN N NH
OOy A o, IO
Nig , N= N=/  FBTNT N RS

R* and
NH2 R4
N7 =
k\N,N\/<N
Bt;

2
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B! is selected from 3 NR*-(C(R*)2)a-, ¥ NR3-(C(R%)2)u-(Cs-C10)arylene-(C(R*)2)u-,
$TNR-(C(R*)2)o-heteroarylene-, 3~ (Cs-Cio)arylene-, 3~ NR*-(C(R*)2)a-NR*C(O)-,

_E_NR3-(C(R3)z)n-heteroarylene-heterocyclylene-(Ce-C1o)arylene-, _g_heteroarylene-

30 , _3_9 .
heterocyclylene-(Co-Cro)arylene-, — C{C(R%)2)p FC—(C(RT))p-heteroarylene-

2

S ¥
. Dl 0N
(C(R?)2)p— (CR)Y)p— (C(R%)2)p—

2

1 M iO\(C(R%)p

CR)p— "N(Co-Crolarylene- gng wherein the &
bond on the left side of B!, as drawn, is bound to L'; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R*)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R%)2 or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each ris independently 1, 2, 3, or 4.

2 2 2

[0013] The present disclosure provides compounds of Formula (Ib):
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(Ib)
and pharmaceutically acceptable salts and tautomers thereof, wherein:
R!®is selected from H, (C1-Cs)alkyl, -OR?, -SR? =0, -NR’C(O)OR?, -
NR’C(O)N(R?),,
-NR3S(0)20R?, -NR?*S(0)2N(R?)2, -NR3S(0)2R?, (Cs-C10)aryl, and 5-7 membered heteroaryl,
O

%)r
and O Ir

substituents each independently selected from alkyl, hydroxyalkyl, haloalkyl, alkoxy,

, wherein the aryl and heteroaryl is optionally substituted with one or more

halogen, and hydroxyl;

R?%is =N-R! or =N-R%;

R?% is selected from —OR?, -OC(O)O(C(R*)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R*? is selected from H, =0, -OR?, and =N-OR?;

R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
_NR*S(0)20R?, -NRS(0)2N(R?)z, -NR*S(O)2R?, -OP(O)(OR)z, -OP(O)(R3)2, -NR)C(O)R?,
-S(O)R’,

N
ﬁ ,N\ ﬁ ,N\ iN’ \\N (’iN/N\\N
NTNCTNTN V)
-S(0)2R?, -OS(O)NHC(O)R}, N=/ =~ =N R® and R®

wherein R! is —~A-L!-B;

R?is A-C=CH, -A-N3, -A-COOH, or -A-NHR’;

wherein

A is absent or is selected from -(C(R*)2)n-, -O(C(R?*)2)a-, -NR3*(C(R¥)2)n-,
_O(CR))a-[O(CR)2)ulo-O(C(R3)2)p-,-C(OYC (R ) -C(OYNR-, -NRC(O)(C(R )2 ),
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-NR*C(0)O(C(R?)2)n-, -OC(O)NR*(C(R?)2)n-, -NHSO2NH(C(R*)2)u-,
-OC(O)NHSO2NH(C(R¥)2)u-,
-O(C(R*))u-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-(C(R¥)2)n-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R?)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-heterocyclylene-(C(R*)2)u-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from
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wherein the bond with variable position in the triazole is in the 4-position or 5-

position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

B! is selected from 3 NR3-(C(R*)2)u-, ¥ NR3-(C(R?)2)a-(Cs-Cio0)arylene-(C(R3)2)n-,
3TNR3(C(R?)2)n-heteroarylene-, ¥~ (Cs-Cio)arylene-, 5 NR3-(C(R%)2)s-NR3C(O)-,

3TNR3-(C(R%)2)n-heteroarylene-heterocyclylene-(Cs-Cio)arylene-,

0
-;3—(0(R3)2)p- -3-3—(0(R3)2)p-heteroary|ene-

2

3 heteroarylene-heterocyclylene-(Cs-Cio)arylene-,

S S
O o o O
(C(R7)2)p— (C(R%)2)p— (C(R%)2)p—
N KO\
%NG\ ) (CR )

(C(R®)p— K/’\l\(Ce,-Cm)arylene- ’

2

and , wherein the 3

26



bond on the left side of B!, as drawn, is bound to L'; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R¥)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each ris independently 1, 2, 3, or 4.

2 2 2

[0014] The present disclosure provides compounds of Formula (I¢):

(Ic)

and pharmaceutically acceptable salts and tautomers thereof, wherein:

R!®is selected from H, (C1-Cs)alkyl, -OR?, -SR? =0, -NR*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7

o
j\)})r
e

membered heteroaryl, and O , Wherein the aryl and heteroaryl is optionally
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substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R?% is selected from =0, -OR?, and =N-OR?;

R2isR! or R%;

R*? is selected from H, =0, -OR?, and =N-OR?;

R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
-NR?S(0)20R?, -NR3IS(0)2N(R?)2, -NR?*S(0)2R?, -OP(0)(OR?)2, -OP(0)(R¥)2, -NR3C(O)R?,
-S(O)R’,

?{N’N“N ?{N'N“N ’iN’E‘N "iN’E‘N

_S(O)R’, -OS(ORNHC(OR?, N=/ ‘=N | R and R -

wherein the compound comprises one R! or one R?;

wherein R! is —~A-L!-B;

R? is A-C=CH, -A-N3, -A-COOH, or -A-NHR?;

wherein

A is absent or is selected from -(C(R*)2)u-, -O(C(R¥)2)a-, -NR*(C(R*)2)u-,
_O(CR))a-[O(CR)2)ulo-O(C(R3)2)p-,-C(OYC (R ) -C(OYNR-, -NRC(O)(C(R )2 ),
NRC(0)O(C(R*)2)a-, “OC(O)NRY(C(R?)2)u-, -NHSO2NH(C(R)2)u-,
_OC(O)NHSO:NH(C(R*))u-,
-O(C(R*)2)n-(Cs-Cr0)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,
-O(C(R?)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
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-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R?)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-heterocyclylene-(C(R*)2)u-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from
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wherein the bond with variable position in the triazole is in the 4-position or 5-

position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

N
) R4 R4 N B‘l
. el

N R3),
$-B! O R* R*
: N4 N N R
. N_R3 NH, NH,
7 N\ 7\ | Iy
~ ~
Nig , N= N=/  FBTNT N RS
NH2 R4
N =

30
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B! is selected from 3 NR*-(C(R*)2)a-, ¥ NR3-(C(R%)2)u-(Cs-C10)arylene-(C(R*)2)u-,
3TNR?-(C(R*)2)n-heteroarylene-, 3~ (Cs-Cio)arylene-, 3" NR*-(C(R*)2)a-NR?C(O)-,

_E_NR3-(C(R3)z)n-heteroarylene-heterocyclylene-(Ce-C1o)arylene-, _g_heteroarylene-

_S-" 3 _;_9 3
heterocyclylene-(Cs-Cro)arylene-, O (C(R o FC—(CR))p-heteroarylene-

E ¥
L U, PON
(C(R)2)p— (CR)p— (C(R%2)p—

2

%NG\ :ﬁN/\ ><()\(C(R%z)p

(C(R3)2)p_’ N\(Ce-Cm)arerne-’ and _ wherein the &~
bond on the left side of B!, as drawn, is bound to L!; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R*)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R%)2 or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each ris independently 1, 2, 3, or 4.

2 2 2

[0015] The present disclosure provides compounds of Formula (Id):
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(Id)

and pharmaceutically acceptable salts and tautomers thereof, wherein:

R!®is selected from H, (C1-Cs)alkyl, -OR?, -SR? =0, -NR*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7

@)
membered heteroaryl, and O Ir , Wherein the aryl and heteroaryl is optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R is selected from =0, -OR?, and =N-OR’;

R?% is selected from—OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R is =N-R! or R%;

R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
-NR*S(0)20R’, -NR*S(0)2N(R?)2, -NR’S(0)2R?, -OP(O)(ORY)2, -OP(O)(R?)2, -NR’C(O)R”,
-S(O)R’,

LN KN, JiN’N“N ?iN'N“N
NONCONLN = S/
-S(O)R%, -OS(ONHC(O)R}, N=/ = =N R® and R®

wherein R! is —~A-L!-B;

R?is A-C=CH, -A-N3, -A-COOH, or -A-NHR?;

wherein

A is absent or is selected from -(C(R*)2)u-, -O(C(R¥)2)a-, -NR*(C(R*)2)u-,
~O(C(R*))n-[O(CR))alo-O(CR)2)p--C(ONC(R )2 -C(OINRE-, -NR*C(O)(C(R)2)u-
NR}C(0)O(C(R*)2)u-, -OC(OINR(C(R*)2)u-, -NHSO:NH(C(R*)2)a-,
_OC(O)NHSONH(C(R®))u-,

2
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-O(C(R*)2)n-(Cs-Cr0)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R?)2)a-(Cs-C10)arylene-(Cs-Cio)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-NR3 (C(R?)2)u-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-(C(R*)2)n2-O(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-Co)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)n-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L'is selected from
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wherein the bond with variable position in the triazole is in the 4-position or 5-

IZ

position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

R* and

B! is selected from 3" NR3-(C(R*)2)n-, ¥ NR*-(C(R?)2)a-(Cs-Cio)arylene-(C(R3)2)n-,
3TNR3(C(R?)2)n-heteroarylene-, 7 (Cs-Cio)arylene-, 5 NR3-(C(R%)2)s-NR3C(O)-,

_E_NR3-(C(R3)z)n-heteroarylene-heterocyclylene-(Ce-C1o)arylene-, _g_heteroarylene-

heterocyclylene-(Cs-C1o)arylene-, 3C- _;C_ CR2)- heteroarylene-

E *
L “CL LN
(C(R)2)p— (CR)p— (C(R%))p—

2

-§—N<:|\ PN n(C(R3>z)p

N
(C(R3)2)p_’ \(Ce-Cm)aW'e”e', and , wherein the %=
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bond on the left side of B!, as drawn, is bound to L'; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R¥)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each ris independently 1, 2, 3, or 4.

2 2 2

[0016] The present disclosure provides compounds of Formula (Ie):

(Ie)

and pharmaceutically acceptable salts and tautomers thereof, wherein:

R!®is selected from H, (C1-Cs)alkyl, -OR?, -SR? =0, -NR*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7

o
j\)})r
e

membered heteroaryl, and O , Wherein the aryl and heteroaryl is optionally
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substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R?% is selected from =0, -OR?, and =N-OR?;

R?% is selected from —OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R?)z,
and -N(R*S(0).0R?;

R*? is selected from H, =0, -OR?, and =N-OR?;

R* is Rlor R

wherein R! is —~A-L!-B;

R? is A-C=CH, -A-N3, -A-COOH, or -A-NHR?;

wherein

A is absent or is selected from -(C(R*)2)n-, -O(C(R?*)2)a-, -NR3*(C(R¥)2)n-,
_O(CR))a-[O(CR)2)ulo-O(C(R3)2)p-,-C(OYC (R ) -C(OYNR-, -NRC(O)(C(R )2 ),
NR*C(0)O(C(R)2)u-, -OC(O)NR¥(C(R?)2)u-, -NHSO:NH(C(R ),
_OC(O)NHSO:NH(C(R*))u-,
-O(C(R*))u-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-O(C(R?)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-O(C(R?)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R?)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
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-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from
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wherein the bond with variable position in the triazole is in the 4-position or 5-

position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

N
) R4 R4 N B‘l
. el

N R3),
$-B! O R* R*
: N4 N N R
. N_R3 NH, NH,
7 N\ 7\ | Iy
~ ~
Nig , N= N=/  FBTONT N RS
NH2 R4
N =
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B! is selected from 3 NR*-(C(R*)2)a-, ¥ NR3-(C(R%)2)u-(Cs-C10)arylene-(C(R*)2)u-,
3TNR?-(C(R*)2)n-heteroarylene-, 3~ (Cs-Cio)arylene-, 3" NR*-(C(R*)2)a-NR?C(O)-,

_E_NR3-(C(R3)z)n-heteroarylene-heterocyclylene-(Ce-C1o)arylene-, _g_heteroarylene-
heterocyclylene-(Cs-Cio)arylene-,

0
-3-3—(0(R3)2)p- -3-3—(0(R3)2)p-heteroary|ene-
O ey D, O
(CR%))p— (CR)p— (C(R%))p—

%NG\ :ﬁN/\ ><()\(C(R%z)p

N
(C(R%))p— ~(Cg-Cqp)arylene-

p

and , wherein the N
bond on the left side of B!, as drawn, is bound to L!; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R%is independently H or (C1-Cs)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R*)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R%)2 or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each r is independently 1, 2, 3

2 2 2

provided that when R* is R!, wherein R is ~A-L'-B; L' is

or 4,

8L\

N= \ 4
Folopoy (X

~
O :Bis N "NR%%:and Blis 3 NR3-(C(R*)2)u-; then
A is not -O(CH2)2-O(CHa)-.
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[0017] The present disclosure provides a method of treating a disease or disorder
mediated by mTOR comprising administering to the subject suffering from or susceptible to
developing a disease or disorder mediated by mTOR a therapeutically effective amount of
one or more disclosed compounds. The present disclosure provides a method of preventing a
disease or disorder mediated by mTOR comprising administering to the subject suffering
from or susceptible to developing a disease or disorder mediated by mTOR a therapeutically
effective amount of one or more disclosed compounds. The present disclosure provides a
method of reducing the risk of a disease or disorder mediated by mTOR comprising
administering to the subject suffering from or susceptible to developing a disease or disorder

mediated by mTOR a therapeutically effective amount of one or more disclosed compounds.

[0018] Another aspect of the present disclosure is directed to pharmaceutical
compositions comprising a compound of Formula I (including compounds of Formulae Ia, Ib,
Ic, Id, Ie, or If) or Formula I-X (including compounds of Formula I-Xa) or Formula [a-X, Ib-
X, Ic-X, Id-X, or Ie-X, or pharmaceutically acceptable salts and tautomers of any of the
foregoing, and a pharmaceutically acceptable carrier. The pharmaceutically acceptable
carrier can further comprise an excipient, diluent, or surfactant. The pharmaceutical
composition can be effective for treating, preventing, or reducing the risk of a disease or

disorder mediated by mTOR a disease mediated by mTOR in a subject in need thereof.

[0019] Another aspect of the present disclosure relates to a compound of Formula I
(including compounds of Formulae Ia, Ib, Ic, Id, Ie, or If) or Formula I-X (including
compounds of Formula I-Xa) or Formula Ia-X, Ib-X, Ic-X, Id-X, or Ie-X, or pharmaceutically
acceptable salts and tautomers of any of the foregoing, for use in treating, preventing, or
reducing the risk of a disease or disorder mediated by mTOR a disease mediated by mTOR in

a subject in need thereof.

[0020] Another aspect of the present disclosure relates to the use of a compound of
Formula I (including compounds of Formulae Ia, Ib, Ic, Id, Ie, or If) or Formula I-X
(including compounds of Formula I-Xa) or Formula I[a-X, Ib-X, Ic-X, 1d-X, or Ie-X, or
pharmaceutically acceptable salts and tautomers of any of the foregoing, in the manufacture
of a medicament for in treating, preventing, or reducing the risk of a disease or disorder

mediated by mTOR a disease mediated by mTOR in a subject in need thereof.

[0021] The present disclosure also provides compounds that are useful in inhibiting

mTOR.
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Detailed Description of the Disclosure

[0022] The present disclosure relates to mTOR inhibitors. Specifically, the embodiments
are directed to compounds and compositions inhibiting mTOR, methods of treating diseases

mediated by mTOR, and methods of synthesizing these compounds

[0023] The details of the disclosure are set forth in the accompanying description below.
Although methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present disclosure, illustrative methods and materials are now
described. Other features, objects, and advantages of the disclosure will be apparent from the
description and from the claims. In the specification and the appended claims, the singular
forms also may include the plural unless the context clearly dictates otherwise. Unless
defined otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure belongs. All
patents and publications cited in this specification are incorporated herein by reference in

their entireties.
Terms

[0024] The articles “a” and “an” are used in this disclosure and may refer to one or more
than one (i.e., to at least one) of the grammatical object of the article. By way of example, “an

element” may mean one element or more than one element.

[0025] The term “and/or” is used in this disclosure and may mean either “and” or “or”

unless indicated otherwise.

[0026] The term “alkyl,” by itself or as part of another substituent, may mean, unless
otherwise stated, a straight (i.e., unbranched) or branched non-cyclic carbon chain (or
carbon), or combination thereof, which may be fully saturated, mono- or polyunsaturated and
can include di-and multivalent radicals, having the number of carbon atoms designated (i.e.,
C1-C10 means one to ten carbons). Examples of saturated hydrocarbon radicals may include,
but are not limited to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl, sec -butyl, (cyclohexyl)methyl, homologs and isomers of, for example, n-pentyl, n-
hexyl, n-heptyl, n-octyl, and the like. An unsaturated alkyl group is one having one or more
double bonds or triple bonds. Examples of unsaturated alkyl groups may include, but are not
limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-
pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers.
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[0027] The term “alkylene,” by itself or as part of another substituent, may mean, unless
otherwise stated, a divalent radical derived from an alkyl. Typically, an alkyl (or alkylene)
group will have from 1 to 24 carbon atoms, such as those groups having 10 or fewer carbon

atoms.

[0028] The term “alkenyl” may mean an aliphatic hydrocarbon group containing a
carbon— carbon double bond and which may be straight or branched having about 2 to about
6 carbon atoms in the chain. Certain alkenyl groups have 2 to about 4 carbon atoms in the
chain. Branched may mean that one or more lower alkyl groups such as methyl, ethyl, or
propyl are attached to a linear alkenyl chain. Exemplary alkenyl groups may include ethenyl,
propenyl, n-butenyl, and i-butenyl. A C2-Cs alkenyl group is an alkenyl group containing

between 2 and 6 carbon atoms.

[0029] The term “alkenylene,” by itself or as part of another substituent, may mean,

unless otherwise stated, a divalent radical derived from an alkene.

[0030] The term “alkynyl” may mean an aliphatic hydrocarbon group containing a
carbon— carbon triple bond and which may be straight or branched having about 2 to about 6
carbon atoms in the chain. Certain alkynyl groups have 2 to about 4 carbon atoms in the
chain. Branched may mean that one or more lower alkyl groups such as methyl, ethyl, or
propyl are attached to a linear alkynyl chain. Exemplary alkynyl groups may include ethynyl,
propynyl, n-butynyl, 2-butynyl, 3-methylbutynyl, and n-pentynyl. A C2-Cs alkynyl group is

an alkynyl group containing between 2 and 6 carbon atoms.

[0031] The term “alkynylene,” by itself or as part of another substituent, may mean,

unless otherwise stated, a divalent radical derived from an alkyne.

[0032] The term “cycloalkyl” may mean monocyclic or polycyclic saturated carbon rings
containing 3-18 carbon atoms. Examples of cycloalkyl groups may include, without
limitations, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptanyl, cyclooctanyl,
norboranyl, norborenyl, bicyclo[2.2.2]octanyl, or bicyclo[2.2.2]octenyl. A C3-Cs cycloalkyl
is a cycloalkyl group containing between 3 and 8 carbon atoms. A cycloalkyl group can be

fused (e.g., decalin) or bridged (e.g., norbornane).

[0033] A “cycloalkylene," alone or as part of another substituent, may mean a divalent

radical derived from a cycloalkyl.

[0034] The terms “heterocyclyl” or “heterocycloalkyl” or “heterocycle” may refer to

monocyclic or polycyclic 3 to 24-membered rings containing carbon and heteroatoms taken
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from oxygen, phosphorous nitrogen, or sulfur and wherein there is not delocalized = electrons
(aromaticity) shared among the ring carbon or heteroatoms. Heterocyclyl rings may include,
but are not limited to, oxetanyl, azetadinyl, tetrahydrofuranyl, pyrrolidinyl, oxazolinyl,
oxazolidinyl, thiazolinyl, thiazolidinyl, pyranyl, thiopyranyl, tetrahydropyranyl, dioxalinyl,
piperidinyl, morpholinyl, thiomorpholinyl, thiomorpholinyl S-oxide, thiomorpholinyl S-
dioxide, piperazinyl, azepinyl, oxepinyl, diazepinyl, tropanyl, and homotropanyl. A
heteroycyclyl or heterocycloalkyl ring can also be fused or bridged, e.g., can be a bicyclic

ring.

[0035] A “heterocyclylene” or “heterocycloalkylene,” alone or as part of another
substituent, may mean a divalent radical derived from a “heterocyclyl” or “heterocycloalkyl”

or “heterocycle.”

[0036] The term “aryl” may mean, unless otherwise stated, a polyunsaturated, aromatic,
hydrocarbon substituent, which can be a single ring or multiple rings (preferably from 1 to 3
rings) that are fused together (i.e., a fused ring aryl) or linked covalently. A fused ring aryl
may refer to multiple rings fused together wherein at least one of the fused rings is an aryl

ring.

[0037] An “arylene,” alone or as part of another substituent, may mean a divalent radical

derived from an aryl.

[0038] The term “heteroaryl” may refer to aryl groups (or rings) that contain at least one
heteroatom such as N, O, or S, wherein the nitrogen and sulfur atoms are optionally oxidized,
and the nitrogen atom(s) are optionally quaternized. Thus, the term “heteroaryl” may include
fused ring heteroaryl groups (i.e., multiple rings fused together wherein at least one of the
fused rings is a heteroaromatic ring). A 5,6-fused ring heteroarylene may refer to two rings
fused together, wherein one ring has 5 members and the other ring has 6 members, and
wherein at least one ring is a heteroaryl ring. Likewise, a 6,6-fused ring heteroarylene may
refer to two rings fused together, wherein one ring has 6 members and the other ring has 6
members, and wherein at least one ring is a heteroaryl ring. And a 6,5-fused ring
heteroarylene may refer to two rings fused together, wherein one ring has 6 members and the
other ring has 5 members, and wherein at least one ring is a heteroaryl ring. A heteroaryl
group can be attached to the remainder of the molecule through a carbon or heteroatom. Non-
limiting examples of aryl and heteroaryl groups may include phenyl, 1-naphthyl, 2-naphthyl,
4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl,
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pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-
isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-
thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl,
2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-
quinolyl, and 6-quinolyl. Substituents for each of the above noted aryl and heteroaryl ring

systems are selected from the group of acceptable substituents described herein.

[0039] The term may also include multiple condensed ring systems that have at least one
such aromatic ring, which multiple condensed ring systems are further described below. The
term may also include multiple condensed ring systems (e.g., ring systems comprising 2, 3 or
4 rings) wherein a heteroaryl group, as defined above, can be condensed with one or more
rings selected from heteroaryls (to form for example a naphthyridinyl such as 1,8-
naphthyridinyl), heterocycles, (to form for example a 1, 2, 3, 4-tetrahydronaphthyridinyl such
as 1, 2, 3, 4-tetrahydro-1,8-naphthyridinyl), carbocycles (to form for example 5,6,7, 8-
tetrahydroquinolyl) and aryls (to form for example indazolyl) to form the multiple condensed
ring system. The rings of the multiple condensed ring system can be connected to each other
via fused, spiro and bridged bonds when allowed by valency requirements. It is to be
understood that the individual rings of the multiple condensed ring system may be connected
in any order relative to one another. It is also to be understood that the point of attachment of
a multiple condensed ring system (as defined above for a heteroaryl) can be at any position of
the multiple condensed ring system 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).

[0040] A “heteroarylene,” alone or as part of another substituent, may mean a divalent

radical derived from a heteroaryl.

[0041] Non-limiting examples of aryl and heteroaryl groups may include pyridinyl,
pyrimidinyl, thiophenyl, thienyl, furanyl, indolyl, benzoxadiazolyl, benzodioxolyl,
benzodioxanyl, thianaphthanyl, pyrrolopyridinyl, indazolyl, quinolinyl, quinoxalinyl,
pyridopyrazinyl, quinazolinonyl, benzoisoxazolyl, imidazopyridinyl, benzofuranyl,
benzothienyl, benzothiophenyl, phenyl, naphthyl, biphenyl, pyrrolyl, pyrazolyl, imidazolyl,
pyrazinyl, oxazolyl, isoxazolyl, thiazolyl, furylthienyl, pyridyl, pyrimidyl, benzothiazolyl,
purinyl, benzimidazolyl, isoquinolyl, thiadiazolyl, oxadiazolyl, pyrrolyl, diazolyl, triazolyl,
tetrazolyl, benzothiadiazolyl, isothiazolyl, pyrazolopyrimidinyl, pyrrolopyrimidinyl,

benzotriazolyl, benzoxazolyl, or quinolyl. The examples above may be substituted or
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unsubstituted and divalent radicals of each heteroaryl example above are non-limiting
examples of heteroarylene. A heteroaryl moiety may include one ring heteroatom (e.g., O, N,
or S). A heteroaryl moiety may include two optionally different ring heteroatoms (e.g., O, N,
or S). A heteroaryl moiety may include three optionally different ring heteroatoms (e.g., O,
N, or S). A heteroaryl moiety may include four optionally different ring heteroatoms (e.g., O,
N, or S). A heteroaryl moiety may include five optionally different ring heteroatoms (e.g., O,
N, or S). An aryl moiety may have a single ring. An aryl moiety may have two optionally
different rings. An aryl moiety may have three optionally different rings. An aryl moiety may
have four optionally different rings. A heteroaryl moiety may have one ring. A heteroaryl
moiety may have two optionally different rings. A heteroaryl moiety may have three
optionally different rings. A heteroaryl moiety may have four optionally different rings. A

heteroaryl moiety may have five optionally different rings.

[0042] The terms “halo” or “halogen,” by themselves or as part of another substituent,
may mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom.
Additionally, terms such as “haloalkyl” may include monohaloalkyl and polyhaloalkyl. For
example, the term “halo(C1-Cs)alkyl” may include, but is not limited to, fluoromethy],
difluoromethyl, trifluoromethyl, 2,2 2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the
like.

[0043] The term “hydroxyl,” as used herein, means -OH.

[0044] The term “hydroxyalkyl” as used herein, may mean an alkyl moiety as defined
herein, substituted with one or more, such as one, two or three, hydroxy groups. In certain
instances, the same carbon atom does not carry more than one hydroxy group.

Representative examples may include, but are not limited to, hydroxymethyl, 2-hydroxyethyl,
2-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 3-
hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 2-hydroxy-1-hydroxymethylethyl, 2,3-
dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxymethyl)-3-hydroxypropyl.

[0045] The term “oxo0,” as used herein, means an oxygen that is double bonded to a

carbon atom.

[0046] A substituent group, as used herein, may be a group selected from the following

moieties:

(A) oxo, halogen, -CFs, -CN, -OH, -NH,, -COOH, -CONHa, -NO», -SH, -SOsH, -SO:H,
- SO;NH,, -NHNH>, -ONHz, -NHC=(0)NHNH:, -NHC=(0) NHz, -NHSO:H, -NHC=(0)H,
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-NHC(O)-OH, -NHOH, -OCF3, -OCHF2, unsubstituted alkyl, unsubstituted cycloalkyl,

unsubstituted heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, and

(B) alkyl, cycloalkyl, heterocyclyl, aryl, heteroaryl, substituted with at least one substituent

selected from:

(1) oxo, halogen, -CF3, -CN, -OH, -NHz, -COOH, -CONH2, -NO, -SH, -SOsH, -
SOsH,
-SO2NHz, -NHNH», -ONH2, -NHC=(O)NHNH>, -NHC=(0) NH2, -NHSO:H, -NHC=(O)H,
-NHC(0O)-OH, -NHOH, -OCFs3, -OCHF», unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl, and

(11) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, substituted with

at least one substituent selected from:

(a) oxo, halogen, -CF3, -CN, -OH, -NH3, -COOH, -CONHa, -NO3, -SH, -
SOsH,
- SO4H, -SO2NH2, -NHNHz, -ONH2, -NHC=(O)NHNH2, -NHC=(O)NH2, - NHSO:H,
-NHC=(O)H, -NHC(0)-OH, -NHOH, -OCF3, -OCHF2, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

unsubstituted aryl, unsubstituted heteroaryl, and

(b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
substituted with at least one substituent selected from: oxo, halogen, -CF3, -CN, -OH,
-NH:z, -COOH, -CONHz, -NO3, -SH, -SOsH, -SO4H, -SO2NH3?, -NHNH2, -ONH2, -
NHC=(O)NHNH_,

-NHC=(0) NHa, -NHSO:zH, - NHC=(0O)H, -NHC(O)-OH, -NHOH, -OCF3, -OCHF>,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl.

[0047] An “effective amount” when used in connection with a compound is an amount

effective for treating or preventing a disease in a subject as described herein.

[0048] The term “carrier”, as used in this disclosure, encompasses carriers, excipients,
and diluents and may mean a material, composition or vehicle, such as a liquid or solid filler,

diluent, excipient, solvent or encapsulating material, involved in carrying or transporting a
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pharmaceutical agent from one organ, or portion of the body, to another organ, or portion of

the body of a subject.

[0049] The term “treating” with regard to a subject, may refer to improving at least one
symptom of the subject’s disorder. Treating may include curing, improving, or at least

partially ameliorating the disorder.

[0050] The term “prevent” or “preventing” with regard to a subject may refer to keeping
a disease or disorder from afflicting the subject. Preventing may include prophylactic
treatment. For instance, preventing can include administering to the subject a compound
disclosed herein before a subject is afflicted with a disease and the administration will keep

the subject from being afflicted with the disease.

[0051] The term “disorder” is used in this disclosure and may mean, and is used

interchangeably with, the terms disease, condition, or illness, unless otherwise indicated.

[0052] The term “administer”, “administering”, or “administration” as used in this
disclosure may refer to either directly administering a disclosed compound or
pharmaceutically acceptable salt or tautomer of the disclosed compound or a composition to a
subject, or administering a prodrug derivative or analog of the compound or pharmaceutically
acceptable salt or tautomer of the compound or composition to the subject, which can form an

equivalent amount of active compound within the subject’s body.

[0053] A “patient” or “subject” is a mammal, e.g., a human, mouse, rat, guinea pig, dog,
cat, horse, cow, pig, or non-human primate, such as a monkey, chimpanzee, baboon or

rhesus.
Compounds

[0054] The present disclosure provides compounds having the structure of Formula (I),
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“OMe

ey
and pharmaceutically acceptable salts and tautomers thereof, wherein R'®, R?® R?®, R¥, and

R* are described as above.

[0055] In some embodiments, the compounds of Formula I are compounds of Formulae

Ia, Ib, Ic, 1d, Ie, or If, or pharmaceutically acceptable salts or tautomers thereof.

[0056] The present disclosure provides compounds having the structure of Formula (Ia),

(la)
and pharmaceutically acceptable salts and tautomers thereof, wherein R1®, R?, R?® R¥ and

R* are described as above.

[0057] The present disclosure provides compounds having the structure of Formula (Ib),
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“OMe

(Ib)
and pharmaceutically acceptable salts and tautomers thereof, wherein R'®, R?® R?®, R¥, and

R* are described as above.

[0058] The present disclosure provides compounds having the structure of Formula (Ic),

(o)
and pharmaceutically acceptable salts and tautomers thereof, wherein R'®, R?® R?®, R¥, and

R* are described as above.

[0059] The present disclosure provides compounds having the structure of Formula (Id),
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“OMe

(Id)
and pharmaceutically acceptable salts and tautomers thereof, wherein R'®, R?® R?®, R¥, and

R* are described as above.

[0060] The present disclosure provides compounds having the structure of Formula (Ie),

(le)
and pharmaceutically acceptable salts and tautomers thereof, wherein R'®, R?® R?®, R¥, and

R* are described as above.

[0061] The present disclosure provides compounds having the structure of Formula (If),
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(If)
and pharmaceutically acceptable salts and tautomers thereof, wherein:
R!®is selected from H, (C1-Cs)alkyl, -OR?, -SR? =0, -NR’C(O)OR?, -
NR’*C(O)N(RY)2, -NR*S(0)20R?, -NR*S(0)2N(R%)2, -NR*S(0)2R?, (Cs-Cro)aryl, and 5-7
@)

\%)r
)r

membered heteroaryl, and O , Wherein the aryl and heteroaryl is optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R is selected from =0, -OR?, and =N-OR’;

R?% is selected from—OR?, -OC(0)O(C(R?)2)n, -OC(O)N(R?)2, and -OS(0)2N(R3)z,
and -N(R3)S(0)20R3;

R* is selected from H, =0, -OR?, and =N-OR’; and

R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
-NR’*S(0)20R?, -NR*S(0)2N(R?)2, -NR*S(0)2R?, -OP(0)(OR?)2, -OP(O)(R¥)2, -NR*C(O)R’,
-S(O)R’,

LN KN, JiN’N“N ?iN'N“N
NONCONLN = S/
-S(O)R%, -OS(ONHC(O)R}, N=/ = =N R® and R®

provided that compound does not comprise the combination of R'¢ is -OCH3s; R?® is

=0; R?® is —OH; R*? is =0O; and R*’ is -OH.

[0062] The present disclosure provides compounds having the structure of Formula [-X:
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(I-X)

and pharmaceutically acceptable salts and tautomers thereof, wherein R'®, R% R?®

R*2, and R*" are described as above.

[0063] In some embodiments, the compounds of Formula I-X are represented by the

structure of Formula I-Xa:

(I-Xa)

and pharmaceutically acceptable salts and tautomers thereof, wherein R'®, R% R?®

R32, and R* are described as above.

[0064] In some embodiments, the compounds of Formulae I, I-X, and I-Xa are

represented by the structure of Formula (Ia-X):
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(Ia-X)
and pharmaceutically acceptable salts and tautomers thereof, wherein R'®is R! or R,

[0065] In some embodiments, the compounds of Formulae I, I-X, and I-Xa are

represented by the structure of Formula (Ib-X):

(Ib-X)
and pharmaceutically acceptable salts and tautomers thereof, wherein R?® is =N-R! or =N-R?.

[0066] In some embodiments, the compounds of Formulae I, I-X, and I-Xa are represented

by the structure of Formula (Ic-X):
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(Ie-X)
or a pharmaceutically acceptable salt or tautomer thereof, wherein R?® is R! or R%.

[0067] In some embodiments, the compounds of Formulae I, I-X, and I-Xa are represented

by the structure of Formula (Id-X):

(Id-X)
or a pharmaceutically acceptable salt or tautomer thereof, wherein R* is =N-R! or R%.

[0068] In some embodiments, the compounds of Formulae I, I-X, and I-Xa are represented

by the structure of Formula (Ie-X):
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(Ie-X)
or a pharmaceutically acceptable salt or tautomer thereof, wherein R*’ is Rlor R?.

[0069] In certain embodiments, the present disclosure provides compounds of Formulae
Ia, Ib, Ic, Id, Ie, or If, or Formula I-X (including compounds of Formula I-Xa), where the

stereochemistry is not determined, as shown below.

Me OMe Me Me

and pharmaceutically acceptable salts and tautomers thereof, wherein R'®, R?® R?®, R¥, and

R*.

[0070]  In certain embodiments, R!®is Rl. In certain embodiments, R'¢ is R2. In certain

embodiments, R1¢ is H, (C1-Cs)alkyl, -OR? -SR?, =0, -NR*C(0O)OR?, -NR*C(O)N(R?)2,

-NR3S(0)20R?, -NR?*S(0)2N(R?)2, -NR3S(0)2R?, (Cs-C10)aryl, and 5-7 membered heteroaryl,
O

\%)r
)r

or O , wherein the aryl and heteroaryl is optionally substituted with one or more
substituents each independently selected from alkyl, hydroxyalkyl, haloalkyl, alkoxy,

halogen, and hydroxyl.
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[0071]  In certain embodiments, R*® is =N-R!. In certain embodiments, R?® is =N-R?. In

certain embodiments, R?® is =0, -OR?, or =N-OR?.

[0072]  In certain embodiments, R?® is Rl. In certain embodiments, R?® is R2. In certain
embodiments, R*® is —OR?, -OC(0)O(C(R*)2)n, -OC(O)N(R?)2, and -OS(0)2N(R3)z,
or -N(R3)S(0)20Rs.

[0073]  In certain embodiments, R3? is =N-R!. In certain embodiments, R* is =N-R2. In
certain embodiments, R*? is H, =0, -OR?, or =N-OR?. In certain embodiments, R*? is , =N-

NHR?, and N(R?)..

[0074]  In certain embodiments, R** is R!. In certain embodiments, R*’ is R%. In certain
embodiments, R* is -OR? -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR*C(O)N(R?)z, -
NR3S(0),0R?, -NR3S(0):N(R?)2, -NR3S(O):R?, -OP(O)(OR?)z, -OP(O)(R?)z, -NR’C(O)R?,
_S(O)R, -S(0)R’,

£ N LN, Eyr Ny NN
N °N N\_\,N “-<_ ):/
OS(ORNHC(O)R}, N=/ = =N R® or R

[0075] In certain embodiments, the compound comprises R!. In certain embodiments, the

compound comprises R?.

[0076] In certain embodiments, R? is ~A-C=CH. In certain embodiments, R? is —~A-Ns.
In certain embodiments, R? is -A-COOH. In certain embodiments, R? is -A-NHR?.

[0077] In certain embodiments, A is absent. In certain embodiments, A is -(C(R*)2)a-,
_O(CR*)i-, NRI(CR ), -O(CR*)2)n-[O(CR?)2)alo-O(CR?)2)p-,-CONC(R® )2~
C(O)NR’-, NRPC(O)(C(R))u-, -NR*C(O)YO(C(R)2)u, ~OC(ONRY(CR ), -
NHSO2NH(C(R¥)2)u-, or -OC(O)NHSO2NH(C(R¥)2)u-. In certain embodiments, A is -
O(C(R*)2)n-. In certain embodiments, A is -O(C(R*)2)a-[O(C(R?*)2)n]o-O(C(R?)2)p-.

[0078]  In certain embodiments, A is -O(C(R?)2)a~(Cs-C10)arylene-, -O(C(R¥)2)o-
heteroarylene-, or -OC(O)NH(C(R?)2)n-(Cs-C10)arylene-. In certain embodiments, A is-O-
(Cs-Cro)arylene- or -O-heteroarylene-.

[0079] In certain embodiments, A is -heteroarylene-(Cs-C1o)arylene-, -O(C(R?)2)a~(Cs-
Cio)arylene-(Cs-Cio)arylene-, -O(C(R*)2)n-heteroarylene-heteroarylene-, -O(C(R*)2)u-(Cs-
Cio)arylene-heteroarylene-(C(R?)2)n-, -O(C(R*)2)u-(Cs-C1o)arylene-heteroarylene-O(C(R*)2)a-
,-O(C(R?)2)a-(Cs-Cro)arylene-heteroarylene-NR*(C(R*)2)a-, or -O(C(R?)2)n-heteroarylene-
heterocyclylene-C(O)(C(R?)2)a-.
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[0080] In certain embodiments, A is -heteroarylene-(Cs-Cio)arylene-(Cs-Cro)arylene-,
-heteroarylene-(Cs-Cio)arylene-heteroarylene-O(C(R?)2)u-, -heteroarylene-(Cs-Cio)arylene-
heteroarylene-(C(R*)2)n2-O(C(R¥)2)n-, -O(C(R?)2)s-heteroarylene-heteroarylene-NR3-(Cs-
Cio)arylene-, -O(C(R?)2)n-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-, -
O(C(R?)2)n-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-, -O(C(R?)2)n-(Cs-
Cio)arylene-heteroarylene-heterocyclylene-(C(R¥)2)a-, -O(C(R¥)2)a-(Cs-C10)arylene-
heteroarylene-heterocyclylene-C(O)(C(R?)2)u-, or -O(C(R*)2)u-(Cs-Cir0)arylene-heteroarylene-
heterocyclylene-SO2(C(R*)2)n-. In certain embodiments, A is -O(C(R*)2)a-(Cs-Cio)arylene-
heteroarylene-heterocyclylene-(C(R?)2)n-, -O(C(R*)2)a-(Cs-C1o)arylene-heteroarylene-
heterocyclylene-C(O)(C(R*)2)u-, or -O(C(R¥)2)n-(Cs-C10)arylene-heteroarylene-
heterocyclylene-SO2(C(R%)2)n-. In certain embodiments, A is -O(C(R?)2)a-heteroarylene-
heteroarylene-NR3-(Cs-C1o)arylene-, -O(C(R?)2)a-heteroarylene-heteroarylene-
heterocyclylene-(C(R?)2)u-, or -O(C(R*)2)s-heteroarylene-heteroarylene- heterocyclylene-
C(O)(C(R*)2)u-. In certain embodiments, A is -heteroarylene-(Cs-Cio)arylene-(Ces-
Cio)arylene-, -heteroarylene-(Cs-C1o)arylene-heteroarylene-O(C(R?)2)a-, or -heteroarylene-
(Cs-Cro)arylene-heteroarylene-(C(R*)2)n2-O(C(R*)2)u-.

[0081] In certain embodiments, A is -heteroarylene-(Cs-Cio)arylene-heteroarylene-
heterocyclylene-(C(R*)2)u-, -heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-
C(O)(C(R¥)2)u-, -heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)u-,
or -O(C(R?)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)2NR3-(Cs-C1o)arylene-.

[0082] In certain embodiments, in A, the heteroarylene is 5-12 membered and contains 1-
4 heteroatoms selected from O, N, and S. In certain embodiments, in A, heterocyclylene is 5-
12 membered and contains 1-4 heteroatoms selected from O, N, and S. In certain
embodiments, the heteroarylene is 5-6-membered comprising 1-4 heteroatoms that is N. In
certain embodiments, the heterocyclylene is 5-6-membered comprising 1-4 heteroatoms that

is N.

[0083] In certain embodiments, in A, the arylene, heteroarylene, and heterocyclylene are
optionally substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl. In certain embodiments, the arylene,
heteroarylene, and heterocyclylene are substituted with alkyl, hydroxyalkyl, or haloalkyl. In
certain embodiments, the arylene, heteroarylene, and heterocyclylene are substituted with
alkoxy. In certain embodiments, the arylene, heteroarylene, and heterocyclylene are

substituted with halogen or hydroxyl. In certain embodiments, the arylene, heteroarylene,
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and heterocyclylene are substituted with , -C(O)OR?, -C(O)N(R?)2, -N(R%), and alkyl
substituted with -N(R)2.

[0084]  In certain embodiments, L!is

N=n 0 0
XMooy

[0085]  In certain embodiments, L!is

4 N:,\Il 0
%Né/\oﬁ\/O\/\NJ\ ;
[0086] In certain embodiments, L! is q H . In certain
N
4(\ I\ll O\\ //O
%LQ/NQ/\Oa\/O\/\N/S\ )
5
embodiments, L' is g H .
[0087]  In certain embodiments, L' is
4 H 4 H
r\'l'\N)s Y ) \/\[O]}{ r\'l'\N>5 I é/\oa'q\/ \/\IO]}{
N
N’ i/\[(ﬂ o N2 K é/\ /)\/o
,N__'l é/\oa'\/ ‘N—IJ s” o
wo° 0 d o, * A a \/\g;{, or
N,“jz;
/N 5 Z IN
’ \N)\N/\
LN

Tj\(,)r“é/\ O,L\,ov\n;f

O . In certain embodiments, L' is
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O . In certain embodiments, L! is

0 and qis zero.

[0088]  In certain embodiments, L!is

2

QYN 1
N%NMO%O\/\([)]B{.

[0089]  In certain embodiments, L!is
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N
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[0091]  In certain embodiments, L!is
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[0092]  In certain embodiments, L!is

0 0
Aoty

[0093]  In certain embodiments, L' is
[0094]  In certain embodiments, L!is
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[0096]  In certain embodiments, L' is
Ns 0
4 A H )L
ﬁéK/N 0 N‘é/\O)\/O\YAN ;{
- 6/\oa"q\/ \/\é( ] N
N=N 0
N2 of> }qYﬁﬁ{
[0097]  In certain embodiments, L!is o .
=
TR
N N
LN
| H
NJ\(N\/\GO/\},O\YY
[0098]  In certain embodiments, L!is o ‘

[0099]  In certain embodiments, L! is

@] 0] @]
4
@] Y. S
NX\OJ\N/\’Q \/}O/ \)J\N/\’(O\/)O/Y N
N\N 5 H q H 0

[00100] In certain embodiments, L!is

0O 0O
E\NX;OJ\N/\/{OVZ\O/Y\)]\N/\(\JN\
Tl

o)
[00101] In certain embodiments, L! is

N O

. EM” /\‘QO\/Z\O/Y\)J\ H /\%O\/XO/Y\)IF{ |

[00102] In certain embodiments, L!is

65



[00103] In certain embodiments, L! is O

[00104] In certain embodiments, L! is

',N 4
N 0 0 5
‘%N r q q
certain embodiments, L' is ° O O . In certain embodiments, L' is

Py

NN
N=N /ﬂ;:Ir
\N /
4L‘:/
a5

[00105] In certain embodiments, A ring is phenylene. In certain embodiments, A ring is 1,
3-phenylene. In certain embodiments, A ring is 1, 4-phenylene. In certain embodiments, A
ring is 5-8 membered heteroarylene, such as S-membered heteroarylene, 6-membered

heteroarylene, 7-membered heteroarylene, or 8-membered heteroarylene.

8L N

2
[00106] In certain embodiments, Bis N N(R®):.

[00107] In certain embodiments, B is
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N N
R% N P .
J RNR
[00108] In certain embodiments, B is N" =N ,
R 0 R R4 4
N‘% N/ N’ R
B1 N_R4 NH2 NH2
¥ A Xr N
7\ 7\ | Iy
~ ~
Nig , N= N=/  FBIONT N R o
NH2 R4
’d
N - N R4 /B1_§
N Ny N
N
B1~§ . . .
. In certain embodiments, B is &

[00109] In certain embodiments, B! is “3~ NR3-(C(R*)2)u-.

3€N/\
N
[00110] In certain embodiments, B! is (Ce-Cro)arylene- - 1n certain embodiments,
:‘éN/ﬁ
N

Blis K/ ~(Cg-Cqo)arylene-

, wherein arylene are optionally substituted with haloalkyl.
[00111] In certain embodiments, B! is 5 NR*-(C(R*)2)u-, 5~ NR*-(C(R*)2)n-(Cs-
Cio)arylene-(C(R*)2)a-, “5~ NR*-(C(R%))u-heteroarylene-, ~3~ (Cs-Cro)arylene-, ~5~ NR°-
(C(R*)2)a-NR3*C(0)-, “8~ NR3-(C(R?*)2)n-heteroarylene-heterocyclylene-(Cs-Cio)arylene-, or

B heteroarylene-heterocyclylene-(Cs-C1o)arylene-. In certain embodiments, B! is

0 0
-;&—(C(R"’)z) —;—8—(0(R3)2)p-heteroarylene-.

P"or

%‘N N—het |
—heteroarylene——
[00112] In certain embodiments, Blis  \—/ . In certain

S N
O

3TNR-(C(R?)2)n-S(O)2-arylene-C(O) —

embodiments, B! is heterocyclylene—arylene— 1 certain embodiments, B is

[00113] In certain embodiments, in B!, the heteroaryl, heterocyclyl, and arylene are
optionally substituted with alkyl, hydroxyalkyl, haloalkyl, alkoxy, halogen, or hydroxyl.
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[00114] In certain embodiments, R*is H. In certain embodiments, R is (C1-Ce)alkyl. In
certain embodiments, R?is (C1-Cs)alkyl optionally substituted with -COOH or (Cs-C1o)aryl.
In certain embodiments, R is (C1-Cs)alkyl substituted with -COOH. In certain embodiments,
R?is (C1-Ce)alkyl substituted with (Cs-C1o)aryl. In certain embodiments, R is (C1-Cs)alkyl
substituted with OH.

[00115] In certain embodiments, R? is —C(O)(C1-Cs)alkyl. In certain embodiments, R? is —
C(O)NH-aryl. In certain embodiments, R?* is —C(S)NH-aryl.

[00116] In certain embodiments, R* is H. In certain embodiments, R* is (C1-Ce)alkyl. In
certain embodiments, R* is halogen. In certain embodiments, R* is 5-12 membered
heteroaryl, 5-12 membered heterocyclyl, or (Cs-Cio)aryl, wherein the heteroaryl,
heterocyclyl, and aryl are optionally substituted with -N(R?)2, -OR?, halogen, (C1-Cs)alkyl, -
(C1-Ce)alkylene-heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR>-heteroaryl. In certain
embodiments, R* is -C(O)NR*-heterocyclyl. In certain embodiments, R* is 5-12 membered
heteroaryl, optionally substituted with -N(R?)2 or -OR?.

[00117] In certain embodiments, Q is C(R*). In certain embodiments, Q is O.
[00118] In certain embodiments, Y is C(R*). In certain embodiments, Y is a bond.
[00119] In certain embodiments, Z is H. In certain embodiments, Z is absent.

[00120] In certain embodiments, nis 1,2, 3,4, 5,6, 7, or 8. In certain embodiments, n is
1,2, 3, or4. In certain embodiments, nis 5, 6, 7, or 8. In certain embodiments, nis 9, 10,

11, or 12.

[00121] In certain embodiments, 0is 0, 1,2, 3, 4,5, 6,7, or 8. In certain embodiments, o
is0, 1, 2, 3, or 4. In certain embodiments, o is 5, 6, 7, or 8. In certain embodiments, o is 9,

10, 11, or 12. In certain embodiments, o is one to 2.

[00122] In certain embodiments, pis 0, 1,2, 3,4, 5, or 6. In certain embodiments, p is 7,
8,9, 10, 11, or 12. In certain embodiments, pis 0, 1, 2, or 3. In certain embodiments, p is 4,

5, or 6.

[00123] In certain embodiments, q is a number from zero to 10. In certain embodiments, q
is0, 1,2, 3,4, or 5. In certain embodiments, q is 6, 7, 8, 9, or 10. In certain embodiments, q
isone to 7. In certain embodiments, q is one to 8. In certain embodiments, q is oneto 9. In

certain embodiments, q is 3 to 8.
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[00124] In certain embodiments, q is a number from zero to 30. In certain embodiments, q
is a number from zero to 26, 27, 28, 29, or 30. In certain embodiments, q is a number from
zero to 21, 22, 23, 24, or 25. In certain embodiments, q is a number from zero to 16, 17, 18,

19, or 20. In certain embodiments, q is a number from zero to 11, 12,13, 14 or 15.

[00125] In certain embodiments, ris 1, 2, 3, or 4. In certain embodiments, ris 1. In

certain embodiments, ris 2. In certain embodiments, r is 3. In certain embodiments, r is 4.

[00126] The present disclosure provides a compound of formula (1),

)

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

a) A is -O(C(R*)2)a- or ~-O(C(R>)2)a-[O(C(R?)2)a]o-O(C(R*)2)p-:

N~
S
N O
c eﬂoa'q\/ \/ﬁrﬁ{
o

b)L'is
N
\

N R

L

~
c)Bis N N(R3)2; and

EéN/\
N
d)B'is 5T NR*-(C(R%)2)n- or (Ce-Cro)arylene- yherein the arylene are
optionally substituted with alkyl, hydroxyalkyl, haloalkyl, alkoxy, halogen, or hydroxyl.

[00127] The present disclosure provides a compound of formula (1),
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“OMe

@)
having one, two, three, or four of the following features:
a) A is -O(C(R*)2)o- or -O(C(R¥)2)a-[O(C(R?)2)u]o-O(C(R?)2)p-;
N=p
|
N O
s eﬂoﬁq\/ \/ﬁ%
b)Ltis ;
_B1 O
8, <
R4 : l\ N-R
2
c)Bis N ; and
ﬁN/\
NN
d) B'is 57 NR3*-(C(R*)2)u- or (Ce-Cro)arylene- yherein the arylene are

optionally substituted with alkyl, hydroxyalkyl, haloalkyl, alkoxy, halogen, or hydroxyl.

[00128] The present disclosure provides a compound of formula (1),

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

a) A is-O(C(R?)2)n-(Cs-C10)arylene-heteroarylene-heterocyclylene-(C(R*)2)u-;
£
N @)
< é/\oa\/ \/ﬁrﬁ{
q o .

RIS O 2—R!1
4 —R3 4
~
c)Bis N N N(R3)2;and

?EN/\

1:e =~$—NR3. 3NY N\(Ce-Cm)arerne- :
d)B'is NR’-(C(R’)2)n- or , wherein the arylene are

b)L'is

optionally substituted with alkyl, hydroxyalkyl, haloalkyl, alkoxy, halogen, or hydroxyl.
[00129] The present disclosure provides a compound of formula (1),

Me OMe Me Me
~ X

‘Me M
having one, two, three, or four of the following features:

a) A is -O(C(R*)2)n-;

N”

/‘N—IJ5 Z |N

* \N)\N/\

K/NYN
| H
NJWVNMO/)\/OVV

b)L'is 0 ‘ ;
C) q is zero;
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£BL N

\ R4
N™ X
I

LA,
dBis N NR),
e) Blis 3T NR3-(C(R*)2)u-;
f) R* is heteroaryl optionally substituted with -NHz; and
g) R* is =N-R..

[00130] In certain embodiments, the present disclosure provide for the following

compounds, and pharmaceutically acceptable salts and tautomers thereof,
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[00131] The compounds of the disclosure may include pharmaceutically acceptable salts
of the compounds disclosed herein. Representative “pharmaceutically acceptable salts” may
include, e.g., water-soluble and water-insoluble salts, such as the acetate, amsonate (4,4-

diaminostilbene-2,2-disulfonate), benzenesulfonate, benzonate, bicarbonate, bisulfate,
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bitartrate, borate, bromide, butyrate, calcium, calcium edetate, camsylate, carbonate, chloride,
citrate, clavulariate, dihydrochloride, edetate, edisylate, estolate, esylate, fiunarate,
gluceptate, gluconate, glutamate, glycollylarsanilate, hexafluorophosphate, hexylresorcinate,
hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate, iodide, sethionate, lactate,
lactobionate, laurate, magnesium, malate, maleate, mandelate, mesylate, methylbromide,
methylnitrate, methylsulfate, mucate, napsylate, nitrate, N-methylglucamine ammonium salt,
3-hydroxy-2-naphthoate, oleate, oxalate, palmitate, pamoate, 1,1-methene-bis-2-hydroxy-3-
naphthoate, einbonate, pantothenate, phosphate/diphosphate, picrate, polygalacturonate,
propionate, p-toluenesulfonate, salicylate, stearate, subacetate, succinate, sulfate,

sulfosalicylate, suramate, tannate, tartrate, teoclate, tosylate, triethiodide, and valerate salts.

[00132] “Pharmaceutically acceptable salt” may also include both acid and base addition
salts. “Pharmaceutically acceptable acid addition salt” may refer to those salts which retain
the biological effectiveness and properties of the free bases, which are not biologically or
otherwise undesirable, and which may be formed with inorganic acids such as, but are not
limited to, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and
the like, and organic acids such as, but not limited to, acetic acid, 2,2-dichloroacetic acid,
adipic acid, alginic acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, 4-
acetamidobenzoic acid, camphoric acid, camphor-10-sulfonic acid, capric acid, caproic acid,
caprylic acid, carbonic acid, cinnamic acid, citric acid, cyclamic acid, dodecylsulfuric acid,
ethane-1,2-disulfonic acid, ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid,
fumaric acid, galactaric acid, gentisic acid, glucoheptonic acid, gluconic acid, glucuronic
acid, glutamic acid, glutaric acid, 2-oxo-glutaric acid, glycerophosphoric acid, glycolic acid,
hippuric acid, isobutyric acid, lactic acid, lactobionic acid, lauric acid, maleic acid, malic
acid, malonic acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-1,5-
disulfonic acid, naphthalene-2-sulfonic acid, I-hydroxy-2-naphthoic acid, nicotinic acid, oleic
acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, propionic acid, pyroglutamic acid,
pyruvic acid, salicylic acid, 4-aminosalicylic acid, sebacic acid, stearic acid, succinic acid,
tartaric acid, thiocyanic acid, p-toluenesulfonic acid, trifluoroacetic acid, undecylenic acid,

and the like.

[00133] “Pharmaceutically acceptable base addition salt” may refer to those salts that
retain the biological effectiveness and properties of the free acids, which are not biologically
or otherwise undesirable. These salts may be prepared from addition of an inorganic base or

an organic base to the free acid. Salts derived from inorganic bases may include, but are not
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limited to, the sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zing,
copper, manganese, aluminum salts and the like. For example, inorganic salts may include,
but are not limited to, ammonium, sodium, potassium, calcium, and magnesium salts. Salts
derived from organic bases may include, but are not limited to, salts of primary, secondary,
and tertiary amines, substituted amines including naturally occurring substituted amines,
cyclic amines and basic ion exchange resins, such as ammonia, isopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, diethanolamine, ethanolamine,
deanol, 2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine,
histidine, caffeine, procaine, hydrabamine, choline, betaine, benethamine, benzathine,
ethylenediamine, glucosamine, methylglucamine, theobromine, triethanolamine,
tromethamine, purines, piperazine, piperidine, N-ethylpiperidine, polyamine resins and the

like.

[00134] Unless otherwise stated, structures depicted herein may also 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 *C, or the replacement of
a nitrogen atom by °N; or the replacement of an oxygen atom with 7O or'®0 are within the
scope of the disclosure. Such isotopically labeled compounds are useful as research or

diagnostic tools.
Methods of Synthesizing Disclosed Compounds

[00135] The compounds of the present disclosure may be made by a variety of methods,
including standard chemistry. Suitable synthetic routes are depicted in the schemes given

below.

[00136] The compounds of any of the formulae described herein may be prepared by
methods known in the art of organic synthesis as set forth in part by the following synthetic
schemes and examples. In the schemes described below, it is well understood that protecting
groups for sensitive or reactive groups are employed where necessary in accordance with
general principles or chemistry. Protecting groups are manipulated according to standard
methods of organic synthesis (T. W. Greene and P. G. M. Wuts, "Protective Groups in
Organic Synthesis", Third edition, Wiley, 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 processes, as well as the reaction conditions and order of their
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execution, shall be consistent with the preparation of compounds of Formula I (including
compounds of Formulae Ia, Ib, Ic, Id, Ie, or If) or Formula I-X (including compounds of

Formula I-Xa), or pharmaceutically acceptable salts and tautomers of any of the foregoing.

[00137] Those skilled in the art will recognize if a stereocenter exists in any of the
compounds of the present disclosure. Accordingly, the present disclosure may include both
possible stereoisomers (unless specified in the synthesis) and may include not only racemic
compounds but the individual enantiomers and/or diastereomers as well. When a compound
is desired as a single enantiomer or diastereomer, it may be obtained by stereospecific
synthesis or by resolution of the final product or any convenient intermediate. Resolution of
the final product, an intermediate, or a starting material may be affected by any suitable
method known in the art. See, for example, "Stereochemistry of Organic Compounds" by E.

L. Eliel, S. H. Wilen, and L. N. Mander (Wiley-Interscience, 1994).

Preparation of Compounds

[00138] The compounds described herein may be made from commercially available

starting materials or synthesized using known organic, inorganic, and/or enzymatic processes.

[00139] The compounds of the present disclosure can be prepared in a number of ways
well known to those skilled in the art of organic synthesis. By way of example, compounds of
the disclosure can be synthesized using the methods described below, together with synthetic
methods known in the art of synthetic organic chemistry, or variations thereon as appreciated
by those skilled in the art. These methods may include but are not limited to those methods

described below.

[00140] The term “tautomers” may refer to a set of compounds that have the same number
and type of atoms, but differ in bond connectivity and are in equilibrium with one another. A
“tautomer” is a single member of this set of compounds. Typically a single tautomer is

drawn but it may be understood that this single structure may represent all possible tautomers
that might exist. Examples may include enol-ketone tautomerism. When a ketone is drawn it

may be understood that both the enol and ketone forms are part of the disclosure.

[00141] In addition to tautomers that may exist at all amide, carbonyl, and oxime groups
within compounds of Formula I (including compounds of Formulae Ia, Ib, Ic, 1d, Ie, or If) or
Formula I-X (including compounds of Formula I-Xa) or Formula Ia-X, Ib-X, Ic-X, Id-X, or
Ie-X, compounds in this family readily interconvert via a ring-opened species between two

major isomeric forms, known as the pyran and oxepane isomers (Figure 1 below). This
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interconversion can be promoted by magnesium ions, mildly acidic conditions, or alkylamine
salts, as described in the following references: 1) Hughes, P. F.; Musser, J.; Conklin, M_;
Russo, R. 1992. Tetrahedron Lett. 33(33): 4739-32. 11) Zhu, T. 2007. U.S. Patent 7,241,771,
Wyeth. 1ii) Hughes, P.F. 1994, U.S. Patent 5,344,833; American Home Products Corp. The
scheme below shows an interconversion between the pyran and oxepane isomers in
compounds of Formula I (including compounds of Formulae Ia, Ib, Ic, Id, Ie, or If) or
Formula I-X (including compounds of Formula I-Xa) or Formula Ia-X, Ib-X, Ic-X, Id-X, or
le-X.

Pyran isomer

/HoHg Oxepane isomer

/ (o]

Me

Ring-opened species
[00142]  As this interconversion occurs under mild condition, and the thermodynamic
equilibrium position may vary between different members of compounds of Formula I
(including compounds of Formulae Ia, Ib, Ic, Id, Ie, or If) or Formula I-X (including
compounds of Formula I-Xa) or Formula Ia-X, Ib-X, Ic-X, Id-X, or Ie-X, both isomers are
contemplated for the compounds of Formula I (including compounds of Formulae Ia, Ib, Ic,
Id, Ie, or If) or Formula I-X (including compounds of Formula I-Xa) or Formula Ia-X, Ib-X,
Ic-X, Id-X, or Ie-X. For the sake of brevity, the pyran isomer form of all intermediates and
compounds of Formula I (including compounds of Formulae Ia, Ib, Ic, Id, Ie, or If) or
Formula I-X (including compounds of Formula I-Xa) or Formula Ia-X, Ib-X, Ic-X, Id-X, or

Ie-X is shown.

General Assembly Approaches For Bifunctional Rapalogs

[00143] With reference to the schemes below, rapamycin is Formula I,
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(1)

where R!® is -OCH3; R?® is =0; R?® is -OH; R*? is =0; and R*’ is -OH. A “rapalog” may
refer to an analog or derivative of rapamycin. For example, with reference to the schemes
below, a rapalog can be rapamycin that is substituted at any position, such as R'®, R*6, R?®
R32 or R*. An active site inhibitor (AS inhibitor) is active site mTOR inhibitor. In certain

embodiments, AS inhibitor is depicted by B, in Formula I or Formula I-X.

Assembly of Series 1 bifunctional rapalogs

[00144] An assembly approach to Series 1 bifunctional rapalogs is shown in Scheme 1
below. For these types of bifunctional rapalogs, Linker Type A may include variations where
q=0to300r0to 10, such asq=1to 7. An alkyne moiety can be attached to the rapalog at
R* R!® R R32 or R? positions (Formula I or Formula I-X). The alkyne moiety can be
attached via a variety of linkage fragments including variations found in Table 1 in the
Examples Section. A Type 1 mTOR active site inhibitor can attach to the linker via a
primary or secondary amine, and may include variations in Table 2 in the Examples Section.
This assembly sequence starts with reaction of the linker Type A with the amino terminus of
an active site inhibitor, such as those in Table 2, to provide an intermediate A1. Then, the
intermediate is coupled to an alkyne containing rapalog, such as those from Table 1, via 3+2

cycloadditions to provide the Series 1 bifunctional rapalogs.
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Scheme 1. General assembly of Series 1 Bifunctional rapalogs.
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Series 1 Bifunctional rapalog

Assembly of Series 2 bifunctional rapalogs

[00145] An assembly approach to Series 2 bifunctional rapalogs is shown in Scheme 2
below. For these types of bifunctional rapalogs, linker type B may include variations where q
=0to300r0to 10, suchasq=1to8;0=0to0 8, suchas o =0to02; and Q is CHz or O (when
0> 0). The alkyne moiety can be attached to the rapalog at R*, R!6, R*® R3? or R*
positions (Formula I or Formula I-X). The alkyne moiety can be attached via a variety of
linkage fragments including variations in Table 1. The active site inhibitor can include
variations in Table 2. This assembly sequence starts with reaction of the linker Type B with a
cyclic anhydride to give Intermediate B1. The intermediate is then coupled to the amino
terminus of an active site inhibitor, such as those in Table 2, to provide Intermediate B2.
Then, the intermediate is coupled to an alkyne containing rapalog, such as those from Table

1, via 342 cycloadditions to provide the Series 2 bifunctional rapalogs.

Scheme 2. General assembly of Series 2 Bifunctional rapalogs.
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[00146] The general assembly of Series 2 bifunctional rapalogs can be used to prepare
combinations of the Type B linkers, the alkyne-containing rapalogs in Table 1, and the Type

1 active site inhibitors in Table 2.

Assembly of Series 3 bifunctional rapalogs

[00147] An assembly approach to Series 3 bifunctional rapalogs is shown in Scheme 3
below. For these types of bifunctional rapalogs, linker type B may include variations where q
=0to300r0to 10, such as q=1to 8. The alkyne moiety can be attached to the rapalog at
R* R1!6 R?® R32 or R? positions (Formula I or Formula I-X). The alkyne moiety can be
attached via a variety of linkage fragments including variations in Table 1. This assembly
sequence starts with reaction of the linker Type B with a carboxylic acid of an active site
inhibitor, such as those in Table 3 in the Examples Section, to provide Intermediate C1
(Scheme 3). Then, the intermediate is coupled to an alkyne containing rapalog, such as those

from Table 1, via 3+2 cycloadditions to provide Series 3 bifunctional rapalogs.

Scheme 3. General assembly of Series 3 Bifunctional rapalogs.
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Assembly of Series 4 bifunctional rapalogs

[00148] An assembly approach to Series 4 bifunctional rapalogs is shown in Scheme 4
below. For these types of bifunctional rapalogs, linker type C may include variations where q
=0to300r0to 10, such asq=1t09. The azide moiety can be attached to the rapalog at
R* R1!6 R2 R32 or R% positions (Formula I or Formula I-X). The azide moiety can be
attached via a variety of linkage fragments including variations in Table 4 in the Examples
Section. This assembly sequence starts with reaction of the linker type C with an amine-
reactive alkyne-containing pre linker, such as those in Table 5 in the Examples Section,
followed by carboxylic acid deprotection to provide Intermediate D1 (Scheme 4). The
intermediate is then coupled to a nucleophilic amine containing active site inhibitor, such as
those in Table 2, to provide Intermediate D2. Then, the intermediate is coupled to an azide
containing rapalog, such as those in Table 4, via 3+2 cycloadditions to provide Series 4
bifunctional rapalogs. Another scheme for preparation of Series 4 bifunctional rapalogs is

shown in Scheme 4A.

Scheme 4. General assembly of Series 4 bifunctional rapalogs.
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Scheme 4A. Additional General assembly of Series 4 bifunctional rapalogs.
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Assembly of Series 5 bifunctional rapalogs

[00149] An assembly approach to Series 5 bifunctional rapalogs is shown in Scheme 5
below. For these types of bifunctional rapalogs, linker type C may include variations where q
=0to30o0r0to 10, such as q=1to 8. The azide moiety can be attached to the rapalog at
R* R!® R R32 or R? positions (Formula I-X). The azide moiety can be attached via a
variety of linkage fragments including variations in Table 4. This assembly sequence starts
with reaction of the linker Type C with an amine-reactive alkyne-containing pre linker, such
as those in Table 5 in the Examples Section, followed by carboxylic acid deprotection to
provide Intermediate E1 (Scheme 5). Then, the intermediate is coupled to a Type C linker,
using standard peptide forming conditions, followed by carboxylic acid deprotection to
provide Intermediate E2. The intermediate is then coupled to an amine containing active site
inhibitor, such as those in Table 2, using standard peptide bond forming conditions to provide
Intermediate E3. Then, the intermediate is coupled to an azide containing rapalog, such as

those in Table 4, via 3+2 cycloadditions to provide Series 5 bifunctional rapalogs.

Scheme 5. General assembly of Series 5 Bifunctional rapalogs.
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Assembly of Series 6 bifunctional rapalogs

[00150] An assembly approach to Series 6 bifunctional rapalogs is shown in Scheme 6

below. For these types of bifunctional rapalogs, linker type C may include variations where q
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=0to300r0to 10, such asq=1t09. The azide moiety can be attached to the rapalog at
R* R R R32 or R? positions (Formula I-X). The azide moiety can be attached via a
variety of linkage fragments including variations in Table 4. This assembly sequence starts
with reaction of the linker type C with an amine-reactive alkyne-containing pre linker, such
as those in Table 5 in the Examples Section, followed by carboxylic acid deprotection to
give Intermediate F1 (Scheme 6). The intermediate is then coupled to an amine containing
linker, such as those found in Table 6 in the Examples Section, using standard peptide bond
forming conditions followed by deprotection of the carboxylic acid to provide Intermediate
F2. The intermediate is then coupled to an amine containing active site inhibitor, such as
those in Table 2, using standard peptide bond forming conditions to provide Intermediate F3.
Finally, the intermediate is coupled to an azide containing rapalog, such as those in Table 4,

via 3+2 cycloadditions to provide Series 6 bifunctional rapalogs.

Scheme 6. General assembly of Series 6 Bifunctional rapalogs.

o o
N3 — _ 0 Y. AS
Rapalog " __[:] x * HZN/\’( \/}O/ \)LOPG * HaN OPG * HaNTinnipitor
q ! .
Alkyne containing Linker type C amine containing Type 1 Active site
pre-linker Y = CH, or a bond linker inhibitor

PG = protecting group

Step 1: base or
EDCI/HOBt and base
Step 2: Deprotect acid
o N /\'<OV>‘0/Y\)J\0H Step 3; EDCI/HOBt and base
H q Step 4: Deprotect acid
Intermediate F1

— o o]
— S e~do Ao,
H H o Step o:
q EDCI/HOBt
Intermediate F2 \and base
Y

_ O o o
= o Y. AS
L H ot S~
Step 6: CuSOy, H q H H

sodium ascorbate

Azide-containing rapalog

Intermediate F3

N7 X /\,(Ov} A AS
Rapalog N qo N N™inhibitor

Series 6 Bifunctional rapalog

Assembly of Series 7 bifunctional rapalogs

[00151] An assembly approach to Series 7 bifunctional rapalogs is shown in Scheme 7
below. For these types of bifunctional rapalogs, linker type A may include variations where

q=0to 30 or0to 10, such as g =1 to 8, and linker type D may include variations where o =
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0 to 10, such as 0 = 1 to 8. The alkyne moiety can be attached to the rapalog at R*’, R!6, R?®
R32, or R?® positions (Formula I-X). The alkyne moiety can be attached via a variety of
linkage fragments including variations in Table 1. This assembly sequence starts with
reaction of the linker Type D with a carboxylic acid of an active site inhibitor, such as those
in Table 3 in the Examples Section, followed by N-deprotection to give Intermediate G1
(Scheme 7). Then, the intermediate is coupled to a type A linker, to provide Intermediate G2.
Finally, the intermediate is coupled to an alkyne containing rapalog, such as those in Table 1,

via 3+2 cycloadditions to provide Series 7 bifunctional rapalogs.

Scheme 7. General assembly of Series 7 Bifunctional rapalogs.
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Assembly of Series 8 bifunctional rapalogs

[00152] An assembly approach to Series 8 bifunctional rapalogs is shown in Scheme 8
below. For these types of bifunctional rapalogs, linker type C may include variations where q
=0to300r0to 10, suchas q=1t09. The alkyne moiety can be attached to the rapalog at
R* R1!6 R? R32 or R% positions (Formula I-X). The alkyne moiety can be attached via a
variety of linkage fragments including variations in Table 1. This assembly sequence starts
with reaction of the linker type C with an azide containing pre-linker, such as those in Table 7
in the Examples Section, followed by carboxylic acid deprotection to give Intermediate H1

(Scheme 8). The intermediate is then coupled to the amine containing active site inhibitor,
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such as those in Table 2, using standard peptide bond forming conditions to provide
Intermediate H2. Finally, the intermediate is coupled to an alkyne containing rapalog, such

as those in Table 1, via 3+2 cycloadditions to provide Series 8 bifunctional rapalogs.

Scheme 8. General assembly of Series 8 Bifunctional rapalogs.
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[00153] An assembly approach to Series 9 bifunctional rapalogs is shown in Scheme 9
below. For these types of bifunctional rapalogs, Linker Type E may include variations where
q=0to300r0to 10, suchasq=1to7. An azide moiety can be attached to the rapalog at
R* R!® R R32 or R? positions (Formula I-X). The azide moiety can be attached via a
variety of linkage fragments including variations found in Table 4 in the Examples Section.
A Type 1 mTOR active site inhibitor can attach to the linker via a primary or secondary
amine, and may include variations in Table 2 in the Examples Section. This assembly
sequence starts with reaction of the linker Type E with the amino terminus of an active site
inhibitor, such as those in Table 2, to provide an intermediate I1. Then, the intermediate is
coupled to an alkyne containing rapalog, such as those from Table 4, via 3+2 cycloadditions

to provide the Series 9 bifunctional rapalogs.
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Scheme 9. General assembly of Series 9 Bifunctional rapalogs.
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Assembly of Series 10 bifunctional rapalogs

[00154] An assembly approach to Series 10 bifunctional rapalogs is shown in Scheme 10
below. For these types of bifunctional rapalogs, linker type F includes variations where ¢ =0
to 30 or 0 to 10, such as q = 1 to 8, and linker type G includes variations where o = 0 to 10,
such as 0 = 1 to 8. The azide moiety can be attached to the rapalog at R*’, R16 R?® R?*?, or
R?® positions (Formula I-X). The azide moiety can be attached via a variety of linkage
fragments including variations in Table 4. This assembly sequence starts with reaction of the
linker Type F with the amine of an active site inhibitor, such as those in Table 2 in the
Examples Section. Then, the intermediate is coupled to a type G linker, to provide
Intermediate J2. Finally, the intermediate is coupled to an azide containing rapalog, such as

those in Table 4, via 3+2 cycloadditions to provide Series 10 bifunctional rapalogs.
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Scheme 10. General assembly of Series 10 Bifunctional rapalogs.

Ny o)
O OH O AS
O/\% J\é/\ a’\/ ~ N
Rapalog + ///\( q\/\[ol/ + HO QO o OH + H2N inhibitor
Linker type G Linker type F Type 1 Active site
inhibitor
azide-containing rapalog i Step 1: HBTU, or EDCI/HOB, base
H
Ho\</\ o N AS
oa'\/ \/\n/ inhibitor
° O
Step 2: EDC/ Intermediate J1
o o o N AS
& o/\%’q \/\n/ ‘(/\oa'o\/ \/\H/ inhibitor
O O
Intermediate J2
Step 4: CuSOy,
sodium ascorbate /

N=N, H

V o o o N AS

T S BRI

Rapalog a o ° 5

Series 10 Bifunctional rapalog

Assembly of Series 11 bifunctional rapalogs

[00155] An assembly approach to Series 11 bifunctional rapalogs is shown in Scheme 11
below. For these types of bifunctional rapalogs, linker type A includes variations where q =
0to30or0to 10, such as q =1 to 8, and linker type C includes variations where o = 0 to 10,
such as 0 = 1 to 8. The alkyne moiety can be attached to the rapalog at R*’, RS, R*® R3? or
R?® positions (Formula I-X). The azide moiety can be attached via a variety of linkage
fragments including variations in Table 1. This assembly sequence starts with reaction of the
linker Type A with the amine of a linker Type C, followed by deprotection of the carboxylic
acid to provide Intermediate K1. Then, the intermediate is coupled an amine containing
active site inhibitor, such as those found in Table 2, to provide Intermediate K2. Finally, the
intermediate is coupled to an alkyne containing rapalog, such as those in Table 1, via 3+2

cycloadditions to provide Series 11 bifunctional rapalogs.
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Scheme 11. General assembly of Series 11 Bifunctional rapalogs.
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Assembly of Series 12 bifunctional rapalogs

[00156] An assembly approach to Series 12 bifunctional rapalogs is shown in Scheme 12
below. For these types of bifunctional rapalogs, linker type H may include variations where q
=0to300r0to 10, suchas q=1t09. The alkyne moiety can be attached to the rapalog at
R* R1!6 R? R32 or R% positions (Formula I-X). The alkyne moiety can be attached via a
variety of linkage fragments including variations in Table 1. This assembly sequence starts
with reaction of the linker type H with a nucleophilic amine containing active site inhibitor,
such as those in Table 2, followed by carboxylic acid deprotection to provide Intermediate
L1. Then, the intermediate is coupled with an azide containing amine prelinker, which can be
composed of a primary or seconday amine, such as those in Table 8, to provide Intermediate
L2. Finally, the intermediate is coupled to an alkyne containing rapalog, such as those in

Table 1, via 3+2 cycloadditions to provide Series 12 bifunctional rapalogs.
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Scheme 12. General assembly of Series 12 Bifunctional rapalogs.
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Assembly of Series 13 bifunctional rapalogs

[00157] An assembly approach to Series 13 bifunctional rapalogs is shown in Scheme 13
below. For these types of bifunctional rapalogs, linker type I may include variations where q
=0to300r0to 10, such asq=1t09. The azide moiety can be attached to the rapalog at
R* R1!6 R2 R32 or R% positions (Formula I or Formula I-X). The azide moiety can be
attached via a variety of linkage fragments including variations in Table 4. This assembly
sequence starts with reaction of the linker type I with an alkyne containing pre-linker amine,
which can be composed of a primary or secondary amine, such as those in Table 9 in the
Examples Section, followed by N-deprotection to give Intermediate M 1. The intermediate is
then coupled to the carboxylic acid containing active site inhibitor, such as those in Table 3,
using standard peptide bond forming conditions to provide Intermediate M2. Then, the
intermediate is coupled to an azide containing rapalog, such as those in Table 4, via 3+2

cycloadditions to provide Series 13 bifunctional rapalogs.
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Scheme 13. General assembly of Series 13 Bifunctional rapalogs.
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Assembly of Series 14 bifunctional rapalogs

[00158] An assembly approach to Series 14 bifunctional rapalogs is shown in Scheme 14
below. For this type of bifunctional rapalogs, linker type I may include variations where q = 0
to30 or 0 to 10, such as q =1 to 9. The carboxylic acid moiety can be attached to the rapalog
at R* R16 R? R or R positions (Formula I or Formula I-X). The carboxylic acid moiety
can be attached via a variety of linkage fragments including variations in Table 10. This
assembly sequence starts with reaction of the linker type I with a nucleophilic amine
containing active site inhibitor, such as those in Table 2, followed by N-deprotection to
provide Intermediate N1. The intermediate is then coupled to a carboxylic acid containing
rapalog, such as those in Table 10 in the Examples Section, to provide Series 14 bifunctional

rapalogs.

136



Scheme 14. General assembly of Series 14 bifunctional rapalogs..
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Assembly of Series 15 bifunctional rapalogs

[00159] An assembly approach to Series 15 bifunctional rapalogs is shown in Scheme 15
below. For this type of bifunctional rapalogs, linker type J may include variations where q =
0 to 30 or 0 to 10, such as q =3 to 8. The amino moiety can be attached to the rapalog at R*,
R!® R R3? or R? positions (Formula I or Formula I-X). The amino moiety can be attached
via a variety of linkage fragments including variations in Table 11. This assembly sequence
starts with reaction of the linker type J with a nucleophilic amine containing active site
inhibitor, such as those in Table 2, followed by carbonxylic acid deprotection to provide
Intermediate O1. The intermediate is then coupled to an amine containing rapalog, such as

those in Table 11 in the Examples Section, to provide Series 15 bifunctional rapalogs.
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Scheme 15. General assembly of Series 15 bifunctional rapalogs.
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Assembly of Series 16 bifunctional rapalogs

[00160] An assembly approach to Series 16 bifunctional rapalogs is shown in Scheme 16
below. For these types of bifunctional rapalogs, linker Type C may include variations where
q=0to30o0r0to 10, suchas q=1t09. The amine containing rapalog monomers may
include those in Table 11. This assembly sequence starts with reaction of the linker Type C
with a carboxylic acid of an active site inhibitor, such as those in Table 3, to provide
Intermediate P1. Then, the intermediate is coupled to an amine containing rapalog, such as

those in Table 11 in the Examples Section, to provide Series 16 bifunctional rapalogs.
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Scheme 16. General assembly of Series 16 bifunctional rapalogs.
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Pharmaceutical Compositions

[00161] In another aspect is provided a pharmaceutical composition including a
pharmaceutically acceptable excipient and a compound, or pharmaceutically acceptable salt

or tautomer thereof.

[00162] In embodiments of the pharmaceutical compositions, the compound, or
pharmaceutically acceptable salt or tautomer thereof, may be included in a therapeutically

effective amount.

[00163] Administration of the disclosed compounds or compositions can be accomplished
via any mode of administration for therapeutic agents. These modes may include systemic or
local administration such as oral, nasal, parenteral, transdermal, subcutaneous, vaginal,

buccal, rectal or topical administration modes.

[00164] Depending on the intended mode of administration, the disclosed compounds or

pharmaceutical compositions can be in solid, semi-solid or liquid dosage form, such as, for

139



example, injectables, tablets, suppositories, pills, time-release capsules, elixirs, tinctures,
emulsions, syrups, powders, liquids, suspensions, or the like, sometimes in unit dosages and
consistent with conventional pharmaceutical practices. Likewise, they can also be
administered in intravenous (both bolus and infusion), intraperitoneal, subcutaneous or
intramuscular form, and all using forms well known to those skilled in the pharmaceutical

arts.

[00165] Tllustrative pharmaceutical compositions are tablets and gelatin capsules
comprising a compound of the disclosure and a pharmaceutically acceptable carrier, such as
a) a diluent, e.g., purified water, triglyceride oils, such as hydrogenated or partially
hydrogenated vegetable oil, or mixtures thereof, corn oil, olive oil, sunflower oil, safflower
oil, fish oils, such as EPA or DHA, or their esters or triglycerides or mixtures thereof, omega-
3 fatty acids or derivatives thereof, lactose, dextrose, sucrose, mannitol, sorbitol, cellulose,
sodium, saccharin, glucose and/or glycine; b) a lubricant, e.g., silica, talcum, stearic acid, its
magnesium or calcium salt, sodium oleate, sodium stearate, magnesium stearate, sodium
benzoate, sodium acetate, sodium chloride and/or polyethylene glycol; for tablets also; ¢) a
binder, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose,
sodium carboxymethylcellulose, magnesium carbonate, natural sugars such as glucose or
beta-lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth or
sodium alginate, waxes and/or polyvinylpyrrolidone, if desired; d) a disintegrant, e.g.,
starches, agar, methyl cellulose, bentonite, xanthan gum, algiic acid or its sodium salt, or
effervescent mixtures; e) absorbent, colorant, flavorant and sweetener; f) an emulsifier or
dispersing agent, such as Tween 80, Labrasol, HPMC, DOSS, caproyl 909, labrafac, labrafil,
peceol, transcutol, capmul MCM, capmul PG-12, captex 355, gelucire, vitamin E TGPS or
other acceptable emulsifier; and/or g) an agent that enhances absorption of the compound

such as cyclodextrin, hydroxypropyl-cyclodextrin, PEG400, PEG200.

[00166] Liquid, particularly injectable, compositions can, for example, be prepared by
dissolution, dispersion, etc. For example, the disclosed compound is dissolved in or mixed
with a pharmaceutically acceptable solvent such as, for example, water, saline, aqueous
dextrose, glycerol, ethanol, and the like, to thereby form an injectable isotonic solution or
suspension. Proteins such as albumin, chylomicron particles, or serum proteins can be used to

solubilize the disclosed compounds.
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[00167] The disclosed compounds can be also formulated as a suppository that can be
prepared from fatty emulsions or suspensions; using polyalkylene glycols such as propylene

glycol, as the carrier.

[00168] The disclosed compounds can also be administered in the form of liposome
delivery systems, such as small unilamellar vesicles, large unilamellar vesicles and
multilamellar vesicles. Liposomes can be formed from a variety of phospholipids, containing
cholesterol, stearylamine or phosphatidylcholines. In some embodiments, a film of lipid
components is hydrated with an aqueous solution of drug to a form lipid layer encapsulating
the drug, as described for instance in U.S. Pat. No. 5,262,564, the contents of which are

hereby incorporated by reference.

[00169] Disclosed compounds can also be delivered by the use of monoclonal antibodies
as individual carriers to which the disclosed compounds are coupled. The disclosed
compounds can also be coupled with soluble polymers as targetable drug carriers. Such
polymers can include polyvinylpyrrolidone, pyran copolymer,
polyhydroxypropylmethacrylamide-phenol, polyhydroxyethylaspanamidephenol, or
polyethyleneoxidepolylysine substituted with palmitoyl residues. Furthermore, the disclosed
compounds can be coupled to a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polylactic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans,
polycyanoacrylates and cross-linked or amphipathic block copolymers of hydrogels. In one
embodiment, disclosed compounds are not covalently bound to a polymer, e.g., a

polycarboxylic acid polymer, or a polyacrylate.

[00170] Parental injectable administration is generally used for subcutaneous,
intramuscular or intravenous injections and infusions. Injectables can be prepared in
conventional forms, either as liquid solutions or suspensions or solid forms suitable for

dissolving in liquid prior to injection.

[00171] Another aspect of the disclosure relates to a pharmaceutical composition
comprising a compound, or a pharmaceutically acceptable salt of tautomer thereof, of the
present disclosure and a pharmaceutically acceptable carrier. The pharmaceutically

acceptable carrier can further include an excipient, diluent, or surfactant.

[00172] Compositions can be prepared according to conventional mixing, granulating or

coating methods, respectively, and the present pharmaceutical compositions can contain from
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about 0.1% to about 99%, from about 5% to about 90%, or from about 1% to about 20% of

the disclosed compound by weight or volume.

[00173] In embodiments of the pharmaceutical compositions, the pharmaceutical
composition may include a second agent (e.g. therapeutic agent). In embodiments of the
pharmaceutical compositions, the pharmaceutical composition may include a second agent
(e.g. therapeutic agent) in a therapeutically effective amount. In embodiments, the second
agent is an anti-cancer agent. In embodiments, the second agent is an immunotherapeutic
agent. In embodiments, the second agent is an immune-oncological agent. In embodiments,
the second agent is an anti-autoimmune disease agent. In embodiments, the second agent is
an anti-inflammatory disease agent. In embodiments, the second agent is an anti-
neurodegenerative disease agent. In embodiments, the second agent is an anti-metabolic
disease agent. In embodiments, the second agent is an anti-cardiovascular disease agent. In
embodiments, the second agent is an anti-aging agent. In embodiments, the second agent is a
longevity agent. In embodiments, the second agent is an agent for treating or preventing
transplant rejection. In embodiments, the second agent is an agent for treating or preventing
fungal infection. In embodiments, the second agent is immune system repressor. In
embodiments, the second agent is an mTOR modulator. In embodiments, the second agent is
an mTOR inhibitor. In embodiments, the second agent is an active site mTOR inhibitor. In
embodiments, the second agent is a rapamycin. In embodiments, the second agent is a

rapamycin analog. In embodiments, the second agent is an mTORCI pathway inhibitor.
mTOR and Methods of Treatment

[00174] The term “mTOR” may refer to the protein “mechanistic target of rapamycin
(serine/threonine kinase)” or “mammalian target of rapamycin.” The term “mTOR” may
refer to the nucleotide sequence or protein sequence of human mTOR (e.g., Entrez 2475,
Uniprot P42345, RefSeq NM_ 004958, or RefSeq NP_004949) (SEQ ID NO: 1). The term
“mTOR” may include both the wild-type form of the nucleotide sequences or proteins as well
as any mutants thereof. In some embodiments, “mTOR” is wild-type mTOR. In some
embodiments, “mTOR” is one or more mutant forms. The term “mTOR” XYZ may refer to a
nucleotide sequence or protein of a mutant mTOR wherein the Y numbered amino acid of
mTOR that normally has an X amino acid in the wildtype, instead has a Z amino acid in the
mutant. In embodiments, an mTOR is the human mTOR. In embodiments, the mTOR has
the nucleotide sequence corresponding to reference number GL206725550 (SEQ ID NO:2).

In embodiments, the mTOR has the nucleotide sequence corresponding to RefSeq
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NM_004958.3 (SEQ ID NO:2). In embodiments, the mTOR has the protein sequence
corresponding to reference number GL4826730 (SEQ ID NO: 1). In embodiments, the
mTOR has the protein sequence corresponding to RefSeq NP_004949.1 (SEQ ID NO: 1). In

embodiments, the mTOR has the following amino acid sequence:

MLGTGPAAATTAATTSSNVSVLQQFASGLKSRNEETRAKAAKELQHY VTMELREMSQEESTRFYDQLNHHI
FELVSSSDANERK GGILAIASLIGVEGGNATRIGRFANYLRNLLPSNDPWMEMASK AIGRLAMAGDTF
TAEYVEFEVKRALEWLGADRNEGRRHAAVLVLRELAISVPTFFFQQVQPFFDNIFVAVWDPKQAIREGAV
AALRACLILTTQREPKEMQKPQWYRHTFEEAEK GFDETLAKEKGMNRDDRIHGALLILNELVRISSMEGE
RLREEMEEITQQQLVHDKY CKDLMGFGTKPRHITPFTSFQAVQPQQSNALVGLLGYSSHQGLMGFGTSPS
PAKSTLVESRCCRDLMEEKFDQVCQWVLKCRNSKNSLIQMTILNLLPRLAAFRPSAFTDTQYLQDTMNHV
LSCVKKEKERTAAFQALGLLSVAVRSEFKVYLPRVLDIIRAALPPKDFAHKRQK AMQVDATVFTCISMLA
RAMGPGIQQDIKELLEPMLAVGLSPALTAVL YDLSRQIPQLKKDIQDGLLKMLSLVLMHKPLRHPGMPK G
LAHQLASPGLTTLPEASDVGSITLALRTLGSFEFEGHSLTQFVRHCADHFLNSEHKEIRMEAARTCSRLL
TPSIHLISGHAHVVSQTAVQVVADVLSKLLWGITDPDPDIRY CVLASLDERFDAHLAQAENLQALFVAL
NDQVFEIRELAICTVGRLSSMNPAFVMPFLRKMLIQILTELEHSGIGRIKEQSARMLGHLVSNAPRLIRP
YMEPILK ALILKLKDPDPDPNPGVINNVL ATIGELAQVSGLEMRKW VDELFIIIMDMLQDSSLLAKRQVA
LWTLGQLVASTGYVVEPYRK YPTLLEVLLNFLKTEQNQGTRREAIRVLGLLGALDPYKHK VNIGMIDQSR
DASAVSLSESKSSQDSSDY STSEMLVNMGNLPLDEFYPAVSMVALMRIFRDQSLSHHHTMVVQAITFIFK
SLGLKCVQFLPQVMPTFLNVIRVCDGAIREFLFQQLGML VSFVKSHIRPYMDEIVTLMREFWVMNTSIQS
TILLIEQIVVALGGEFKLYLPQLIPHMLR VFMHDNSPGRIVSIKLLA AIQLFGANLDDYLHLLLPPIVK
LFDAPEAPLPSRKAALETVDRLTESLDFTDY ASRITHPIVRTLDQSPELRSTAMDTLSSL VFQLGKK YQI
FIPMVNK VLVRHRINHQRYDVLICRIVKGYTLADEEEDPLIYQHRMLRSGQGDALASGPVETGPMKKLHV
STINLQKAWGAARRVSKDDWLEWLRRLSLELLKDSSSPSLRSCWALAQAYNPMARDLFNAAFVSCWSELN
EDQQDELIRSIELALTSQDIAEVTQTLLNLAEFMEHSDKGPLPLRDDNGIVLLGERAAKCRAYAKALHYK
ELEFQK GPTPAILESLISINNKLQQPEAAAGVLEY AMKHFGELEIQATWYEKLHEWEDALVAYDKKMDTN
KDDPELMLGRMRCLEALGEWGQLHQQCCEKWTLVNDETQAKMARMAAAAAWGLGQWDSMEEYTCMIP
RDTHDGAFYRAVLALHQDLFSLAQQCIDK ARDLLDAELTAMAGESYSRAYGAMVSCHMLSELEEVIQYKL
VPERREIIRQIWWERLQGCQRIVEDWQKILMVRSL VVSPHEDMRTWLKY ASLCGKSGRLALAHKTLVLLLG
VDPSRQLDHPLPTVHPQVTYAYMKNMWKSARKIDAFQHMQHFVQTMQQQAQHAIATEDQQHK QELHKL
MARCFLKLGEWQLNLQGINESTIPK VLQYYSAATEHDRSWYKAWHAWAVMNFEAVLHYKHQNQARDEK
KKLRHASGANITNATTAATTAATATTTASTEGSNSESEAESTENSPTPSPLQKK VTEDLSKTLLMYTVPAVQG
FFR SISLSRGNNLQDTLRVLTLWFDYGHWPDVNEAL VEGVKAIQIDTWLQVIPQLIARIDTPRPLVGRLIHQL
LTDIGRYHPQALIYPLTVASKSTTTARHNAANKILKNMCEHSNTLVQQAMMVSEELIR VAILWHEMWHEG
LEEASRLYFGERNVKGMFEVLEPLHAMMERGPQTLKETSFNQAYGRDLMEAQEWCRK YMKSGNVKDLTQ
A WDLYYHVFRRISKQLPQLTSLELQYVSPKLLMCRDLELAVPGTYDPNQPIIRIQSIAPSLQVITSKQRPR
KLTLMGSNGHEFVFLLK GHEDLRQDERVMQLFGLVNTLLANDPTSLRKNLSIQRYAVIPLSTNSGLIGWV
PHCDTLHALIRDYREKKKILLNIEHRIMLRMAPD YDHLTLMQK VEVFEHAVNNTAGDDLAKLLWLKSPSS
EVWFDRRTNYTRSLAVMSMVGYILGLGDRHPSNLMLDRLSGKILHIDFGDCFEVAMTREKFPEKIPFRLT
RMLTNAMEVTGLDGNYRITCHTVMEVLREHKDSVMAVLEAFVYDPLLNWRLMDTNTKGNKRSRTRTDSY
S AGQSVEILDGVELGEPAHKKTGTTVPESIHSFIGDGLVKPEALNKK AIQIINR VRDKLTGRDFSHDDTLD
VPTQVELLIKQATSHENLCQCYIGWCPFW
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(SEQ ID NO: 1)

[00175] In embodiments, the mTOR is a mutant mMTOR. In embodiments, the mutant
mTOR is associated with a disease that is not associated with wildtype mTOR. In
embodiments, the mTOR may include at least one amino acid mutation (e.g., 1, 2, 3,4, 5, 6,
7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30

mutations) compared to the sequence above.

[00176] The term “mTORC1” may refer to the protein complex including mTOR and
Raptor (regulatory-associated protein of mTOR). mTORC1 may also include MLST8
(mammalian lethal with SEC 13 protein 8), PRAS40, and/or DEPTOR. mTORC1 may
function as a nutrient/energy/redox sensor and regulator of protein synthesis. The term
“mTORCI1 pathway” or “mTORCI1 signal transduction pathway” may refer to a cellular
pathway including mTORC1. An mTORC1 pathway includes the pathway components
upstream and downstream from mTORC1. An mTORC]1 pathway is a signaling pathway that
is modulated by modulation of mMTORCI1 activity. In embodiments, an mTORCI1 pathway is a
signaling pathway that is modulated by modulation of mMTORC1 activity but not by
modulation of mTORC?2 activity. In embodiments, an mMTORC1 pathway is a signaling
pathway that is modulated to a greater extent by modulation of mTORCI1 activity than by
modulation of mTORC?2 activity.

[00177] The term “mTORC2” may refer to the protein complex including mTOR and
RICTOR (rapamycin-insensitive companion of mTOR). mTORC2 may also include GBL,
mSINT (mammalian stress-activated protein kinase interacting protein 1), Protor 1/2,
DEPTOR, TTI1, and/or TEL2. mTORC2 may regulate cellular metabolism and the
cytoskeleton. The term “mTORC2 pathway” or “mTORC2 signal transduction pathway” may
refer to a cellular pathway including mTORC2. An mTORC2 pathway includes the pathway
components upstream and downstream from mTORC2. An mTORC?2 pathway is a signaling
pathway that is modulated by modulation of mMTORC2 activity. In embodiments, an
mTORC2 pathway is a signaling pathway that is modulated by modulation of mTORC2
activity but not by modulation of mTORCI1 activity. In embodiments, an mTORC2 pathway
is a signaling pathway that is modulated to a greater extent by modulation of mTORC2
activity than by modulation of mMTORCI1 activity.

[00178] The term “rapamycin” or “sirolimus” may refer to a macrolide produced by the

bacteria Streptomyces hygroscopicus. Rapamycin may prevent the activation of T cells and B
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cells. Rapamycin has the [IUPAC name (3S,6R,7E,9R, 10R, 12R, 14S, 15E, 17E,
19E,218,23S,26R,27R,34aS)- 9, 10, 12, 13, 14,21,22,23,24,25,26,27,32,33,34,34a-
hexadecahydro-9,27-dihydroxy-3-[(IR)-2-[( 1 S,3 R,4R)-4-hydroxy-3 -methoxycyclohexyl] -
1 -methylethyl] - 10,21 -dimethoxy-6,8, 12, 14,20,26-hexamethyl-23,27-epoxy-3H-pyrido|[2,
1-c][l,4]-oxaazacyclohentriacontine-1,5, 1 1,28,29(4H,6H,3 1H)-pentone. Rapamycin has the
CAS number 53123-88-9. Rapamycin may be produced synthetically (e.g., by chemical
synthesis) or through use of a production method that does not include use of Streptomyces

hygroscopicus.

[00179] “Analog” is used in accordance with its plain ordinary meaning within chemistry
and biology and may refer to a chemical compound that is structurally similar to another
compound (i.e., a so-called “reference” compound) but differs in composition, e.g., in the
replacement of one atom by an atom of a different element, or in the presence of a particular
functional group, or the replacement of one functional group by another functional group, or
the absolute stereochemistry of one or more chiral centers of the reference compound,
including isomers thereof. Accordingly, an analog is a compound that is similar or
comparable in function and appearance but not in structure or origin to a reference

compound.

[00180] The term “rapamycin analog” or “rapalog” may refer to analogs or derivatives

(e.g., prodrugs) of rapamycin.

[00181] The terms “active site mTOR inhibitor” and “ATP mimetic” may refer to a
compound that inhibits the activity of mTOR (e.g., kinase activity) and binds to the active site
of mTOR (e.g., the ATP binding site, overlapping with the ATP binding site, blocking access
by ATP to the ATP binding site of mTOR). Examples of active site mTOR inhibitors may
include, but are not limited to, TNK 128, PP242, PP121, MLN0128, AZD8055, AZD2014,
NVP-BEZ235, BGT226, SF1126, Torin 1, Torin 2, WYE 687, WYE 687 salt (e.g.,
hydrochloride), PF04691502, PI-103, CC-223, 0S1-027, XL.388, KU-0063794, GDC-0349,
and PKI-587. In embodiments, an active site mTOR inhibitor is an asTORi. In some

embodiments, “active site inhibitor” may refer to “active site mTOR inhibitor.”

[00182] The term “FKBP” may refer to the protein Peptidyl-prolyl cis-trans isomerase. For
non-limiting examples of FKBP, see Cell Mol Life Sci. 2013 Sep;70(18):3243-75. In
embodiments, “FKBP” may refer to “FKBP- 12” or “FKBP 12” or “FKBP 1 A.” In
embodiments, “FKBP” may refer to the human protein. Included in the term “FKBP” is the
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wildtype and mutant forms of the protein. In embodiments, “FKBP” may refer to the
wildtype human protein. In embodiments, “FKBP” may refer to the wildtype human nucleic
acid. In embodiments, the FKBP is a mutant FKBP. In embodiments, the mutant FKBP is
associated with a disease that is not associated with wildtype FKBP. In embodiments, the
FKBP includes at least one amino acid mutation (e.g., 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 mutations) compared to
wildtype FKBP.

[00183] The term “FKBP-12” or “FKBP 127 or “FKBP1A” may refer to the protein
“Peptidyl-prolyl cis-trans isomerase FKBP 1 A.” In embodiments, “FKBP-12” or “FKBP 12”
or “FKBP 1 A” may refer to the human protein. Included in the term “FKBP-12” or “FKBP
12” or “FKBP 1 A” are the wildtype and mutant forms of the protein. In embodiments,
“FKBP-12” or “FKBP 12” or “FKBP 1 A” may refer to the protein associated with Entrez
Gene 2280, OMIM 186945, UniProt P62942, and/or RefSeq (protein) NP_000792 (SEQ ID
NO:3). In embodiments, the reference numbers immediately above may refer to the protein,
and associated nucleic acids, known as of the date of filing of this application. In
embodiments, “FKBP-12" or “FKBP 12” or “FKBP 1 A” may refer to the wildtype human
protein. In embodiments, “FKBP-12” or “FKBP 12” or “FKBP1A” may refer to the wildtype
human nucleic acid. In embodiments, the FKBP-12 is a mutant FKBP-12. In embodiments,
the mutant FKBP-12 is associated with a disease that is not associated with wildtype FKBP-
12. In embodiments, the FKBP-12 may include at least one amino acid mutation (e.g., 1, 2, 3,
4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or
30 mutations) compared to wildtype FKBP-12. In embodiments, the FKBP-12 has the protein
sequence corresponding to reference number GI1:206725550. In embodiments, the FKBP-12
has the protein sequence corresponding to RefSeq NP_000792.1 (SEQ ID NO:3).

[00184] The term “4E-BP1” or “4EBP1” or “EIF4EBP1” may refer to the protein
“Eukaryotic translation initiation factor 4E-binding protein 1.” In embodiments, “4E-BP1” or
“4EBP1” or “EIF4EBP 1” may refer to the human protein. Included in the term “4E-BP 1” or
“4EBP 17 or “EIF4EBP1” are the wildtype and mutant forms of the protein. In embodiments,
“4E-BP1” or “4EBP1” or “EIF4EBP1” may refer to the protein associated with Entrez Gene
1978, OMIM 602223, UniProt Q13541, and/or RefSeq (protein) NP_004086 (SEQ ID NO:4).
In embodiments, the reference numbers immediately above may refer to the protein, and
associated nucleic acids, known as of the date of filing of this application. In embodiments,

“4E-BP 17 or “4EBP1” or “EIF4EBP1” may refer to the wildtype human protein. In
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embodiments, “4E-BP1” or “4EBP1” or “EIF4EBP1” may refer to the wildtype human
nucleic acid. In embodiments, the 4EBP1 is a mutant 4EBP1. In embodiments, the mutant
4EBP1 is associated with a disease that is not associated with wildtype 4EBP1. In
embodiments, the 4EBP1 may include at least one amino acid mutation (e.g., 1, 2, 3, 4, 5, 6,
7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30
mutations) compared to wildtype 4EBP1. In embodiments, the 4EBP1 has the protein
sequence corresponding to reference number GL4758258. In embodiments, the 4EBP1 has

the protein sequence corresponding to RefSeq NP_004086.1 (SEQ ID NO:4).

[00185] The term “Akt” may refer to the serine/threonine specific protein kinase involved
in cellular processes such as glucose metabolism, apoptosis, proliferation, and other
functions, also known as “protein kinase B” (PKB) or “Akt1.” In embodiments, “Akt” or
“AM” or “PKB” may refer to the human protein. Included in the term “Akt” or “Akt1” or
“PKB” are the wildtype and mutant forms of the protein. In embodiments, “Akt” or “Akt1”
or “PKB” may refer to the protein associated with Entrez Gene 207, OMIM 164730, UniProt
P31749, and/or RefSeq (protein) NP_005154 (SEQ ID NO:5). In embodiments, the reference
numbers immediately above may refer to the protein, and associated nucleic acids, known as
of the date of filing of this application. In embodiments, “Akt” or “Akt1” or “PKB” may refer
to the wildtype human protein. In embodiments, “Akt” or “Akt1” or “PKB” may refer to the
wildtype human nucleic acid. In embodiments, the Akt is a mutant Akt. In embodiments, the
mutant Akt is associated with a disease that is not associated with wildtype Akt. In
embodiments, the Akt may include at least one amino acid mutation (e.g., 1, 2, 3,4, 5, 6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30
mutations) compared to wildtype Akt. In embodiments, the Akt has the protein sequence
corresponding to reference number GI: 62241011. In embodiments, the Akt has the protein
sequence corresponding to RefSeq NP_005154.2 (SEQ ID NO:5).

[00186] The present disclosure provides a method of treating a disease or disorder
mediated by mTOR comprising administering to the subject suffering from or susceptible to
developing a disease or disorder mediated by mTOR a therapeutically effective amount of
one or more disclosed compositions or compounds. The present disclosure provides a
method of preventing a disease or disorder mediated by mTOR comprising administering to
the subject suffering from or susceptible to developing a disease or disorder mediated by
mTOR a therapeutically effective amount of one or more disclosed compositions or

compounds. The present disclosure provides a method of reducing the risk of a disease or
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disorder mediated by mTOR comprising administering to the subject suffering from or
susceptible to developing a disease or disorder mediated by mTOR a therapeutically effective

amount of one or more disclosed compositions or compounds.

[00187] In some embodiments, the disease is cancer or an immune-mediated disease. In
some embodiments, the cancer is selected from brain and neurovascular tumors, head and
neck cancers, breast cancer, lung cancer, mesothelioma, lymphoid cancer, stomach cancer,
kidney cancer, renal carcinoma, liver cancer, ovarian cancer, ovary endometriosis, testicular
cancer, gastrointestinal cancer, prostate cancer, glioblastoma, skin cancer, melanoma, neuro
cancers, spleen cancers, pancreatic cancers, blood proliferative disorders, lymphoma,
leukemia, endometrial cancer, cervical cancer, vulva cancer, prostate cancer, penile cancer,
bone cancers, muscle cancers, soft tissue cancers, intestinal or rectal cancer, anal cancer,
bladder cancer, bile duct cancer, ocular cancer, gastrointestinal stromal tumors, and neuro-
endocrine tumors. In some embodiments, the disorder is liver cirrhosis. In some
embodiments, the immune-mediated disease is selected from resistance by transplantation of
heart, kidney, liver, medulla ossium, skin, cornea, lung, pancreas, intestinum tenue, limb,
muscle, nerves, duodenum, small-bowel, or pancreatic-islet-cell; graft-versus-host diseases
brought about by medulla ossium transplantation; rheumatoid arthritis, systemic lupus
erythematosus, Hashimoto's thyroiditis, multiple sclerosis, myasthenia gravis, type I diabetes,

uveitis, allergic encephalomyelitis, and glomerulonephritis.

[00188] The present disclosure provides a method of treating cancer comprising
administering to the subject a therapeutically effective amount of one or more disclosed
compositions or compounds. In some embodiments, the cancer is selected from brain and
neurovascular tumors, head and neck cancers, breast cancer, lung cancer, mesothelioma,
lymphoid cancer, stomach cancer, kidney cancer, renal carcinoma, liver cancer, ovarian
cancer, ovary endometriosis, testicular cancer, gastrointestinal cancer, prostate cancer,
glioblastoma, skin cancer, melanoma, neuro cancers, spleen cancers, pancreatic cancers,
blood proliferative disorders, lymphoma, leukemia, endometrial cancer, cervical cancer,
vulva cancer, prostate cancer, penile cancer, bone cancers, muscle cancers, soft tissue
cancers, intestinal or rectal cancer, anal cancer, bladder cancer, bile duct cancer, ocular
cancer, gastrointestinal stromal tumors, and neuro-endocrine tumors. In some embodiments,

the disorder is liver cirrhosis.

[00189] The present disclosure provides a method of treating an immune-mediated disease

comprising administering to the subject a therapeutically effective amount of one or more

148



disclosed compositions or compounds. In some embodiments, the immune-mediated disease
is selected from resistance by transplantation of heart, kidney, liver, medulla ossium, skin,
cornea, lung, pancreas, intestinum tenue, limb, muscle, nerves, duodenum, small-bowel, or
pancreatic-islet-cell; graft-versus-host diseases brought about by medulla ossium
transplantation; rheumatoid arthritis, systemic lupus erythematosus, Hashimoto's thyroiditis,
multiple sclerosis, myasthenia gravis, type I diabetes, uveitis, allergic encephalomyelitis, and

glomerulonephritis.

[00190] The present disclosure provide a method of treating an age related condition
comprising administering to the subject a therapeutically effective amount of one or more
disclosed compositions or compounds. In certain embodiments, the age related condition is
selected from sarcopenia, skin atrophy, muscle wasting, brain atrophy, atherosclerosis,
arteriosclerosis, pulmonary emphysema, osteoporosis, osteoarthritis, high blood pressure,
erectile dysfunction, dementia, Huntington's disease, Alzheimer's disease, cataracts, age-
related macular degeneration, prostate cancer, stroke, diminished life expectancy, impaired
kidney function, and age-related hearing loss, aging-related mobility disability (e.g., frailty),
cognitive decline, age-related dementia, memory impairment, tendon stiffness, heart
dysfunction such as cardiac hypertrophy and systolic and diastolic dysfunction,

immunosenescence, cancer, obesity, and diabetes.

[00191] In certain embodiments, the disclosed compositions or compounds can be used
with regard to immunosenescence. Immunosenescence may refer to a decrease in immune
function resulting in impaired immune response, €.g., to cancer, vaccination, infectious
pathogens, among others. It involves both the host's capacity to respond to infections and the
development of long-term immune memory, especially by vaccination. This immune
deficiency is ubiquitous and found in both long- and short-lived species as a function of their
age relative to life expectancy rather than chronological time. It is considered a major
contributory factor to the increased frequency of morbidity and mortality among the elderly.
Immunosenescence is not a random deteriorative phenomenon, rather it appears to inversely
repeat an evolutionary pattern and most of the parameters affected by immunosenescence
appear to be under genetic control. Inmunosenescence can also be sometimes envisaged as
the result of the continuous challenge of the unavoidable exposure to a variety of antigens
such as viruses and bacteria. Immunosenescence is a multifactorial condition leading to many
pathologically significant health problems, e.g., in the aged population. Age-dependent

biological changes such as depletion of hematopoietic stem cells, an increase in PD1+
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lymphocytes, a decline in the total number of phagocytes and NK cells and a decline in
humoral immunity contribute to the onset of immunosenescence. In one aspect,
immunosenescence can be measured in an individual by measuring telomere length in
immune cells (See, e.g., U.S. Pat. No. 5,741,677). Inmunosenescence can also be determined
by documenting in an individual a lower than normal number of naive CD4 and/or CD8 T
cells, T cell repertoire, the number of PD1-expressing T cells, e.g., a lower than normal
number of PD-1 negative T cells, or response to vaccination in a subject greater than or equal
to 65 years of age. In certain embodiments, mMTORC1 selective modulation of certain T-cell
populations may improve vaccine efficacy in the aging population and enhance effectiveness
of cancer immunotherapy. The present disclosure provides a method of treating
immunosenescence comprising administering to the subject a therapeutically effective

amount of one or more disclosed compositions or compounds.

[00192] In an aspect is provided a method of treating a disease associated with an aberrant
level of mTORCT activity in a subject in need of such treatment. The disease may be caused
by an upregulation of mTORC1. The method may include administering to the subject one or
more compositions or compounds described herein. The method may include administering
to the subject a therapeutically effective amount of one or more compositions or compounds

described herein (e.g., an mTORC1 modulator (e.g., inhibitor) as described above).

[00193] In an aspect is provided one or more compositions or compounds as described
herein for use as a medicament. In embodiments, the medicament is useful for treating a
disease caused by an upregulation of mMTORCI1. The use may include administering to the
subject one or more compositions or compounds described herein. The use may include
administering to the subject a therapeutically effective amount of one or more compositions
or compounds described herein (e.g., an mTORC1 modulator (e.g., inhibitor) as described

above).

[00194] In an aspect is provided one or more compositions or compounds as described
herein for use in the treatment of a disease caused by aberrant levels of mMTORCI activity in a
subject in need of such treatment. The disease may be caused by an upregulation of
mTORCI1. The use may include administering to the subject one or more compositions or
compounds described herein. The use may include administering to the subject a
therapeutically effective amount of one or more compositions or compounds described herein

(e.g., an mTORC1 modulator (e.g., inhibitor) as described above).

150



[00195] Upregulation of mTORCI can result in an increased amount of mTORCI activity
compared to normal levels of mMTORCI activity in a particular subject or a population of
healthy subjects. The increased amount of mTORCT activity may result in, for example,

excessive amounts of cell proliferation thereby causing the disease state.

[00196] The subject of treatment for the disease is typically a mammal. The mammal
treated with the compound (e.g., compound described herein, mTORC1 modulator (e.g.,
inhibitor)) may be a human, nonhuman primate, and/or non-human mammal (e.g., rodent,

canine).

[00197] In another aspect is provided a method of treating an mTORC1 activity-associated
disease in a subject in need of such treatment, the method including administering one or
more compositions or compounds as described herein, including embodiments (e.g., a claim,

embodiment, example, table, figure, or claim) to the subject.

[00198] In another aspect is provided one or more compositions or compounds as
described herein for use as a medicament. In embodiments, the medicament may be useful for
treating an mTORCI1 activity-associated disease in a subject in need of such treatment. In
embodiments, the use may include administering one or more compositions or compounds as
described herein, including embodiments (e.g., an aspect, embodiment, example, table,

figure, or claim) to the subject.

[00199] In another aspect is provided one or more compositions or compounds for use in
the treatment of an mTORC 1 activity-associated disease in a subject in need of such
treatment. In embodiments, the use may include administering one or more compositions or
compounds as described herein, including embodiments (e.g., an aspect, embodiment,

example, table, figure, or claim) to the subject.

[00200] In embodiments, the mTORCI activity-associated disease or disease associated
with aberrant levels of mTORCI activity is cancer. In embodiments, the mTORC1 activity-
associated disease or disease associated with aberrant levels of mTORC] activity is an
autoimmune disease. In embodiments, the mTORCT activity-associated disease or disease
associated with aberrant levels of mMTORCI] activity is an inflammatory disease. In
embodiments, the mTORCI activity-associated disease or disease associated with aberrant
levels of mTORCI activity is a neurodegenerative disease. In embodiments, the mTORCI1
activity-associated disease or disease associated with aberrant levels of mTORCI1 activity is a

metabolic disease. In embodiments, the mTORCI1 activity-associated disease or disease
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associated with aberrant levels of mTORCI activity is transplant rejection. In embodiments,
the mTORCT activity-associated disease or disease associated with aberrant levels of
mTORCI activity is fungal infection. In embodiments, the mTORC1 activity-associated
disease or disease associated with aberrant levels of mMTORCI activity is a cardiovascular

disease.

[00201] In embodiments, the mTORCI activity-associated disease or disease associated
with aberrant levels of mTORCI activity is aging. In embodiments, the mTORC1 activity-
associated disease or disease associated with aberrant levels of mTORC1 activity is dying of
an age-related disease. In embodiments, the mTORCI] activity-associated disease or disease
associated with aberrant levels of mMTORCI activity is an age-related condition. In certain
embodiments, the age related condition is selected from the group consisting of sarcopenia,
skin atrophy, muscle wasting, brain atrophy, atherosclerosis, arteriosclerosis, pulmonary
emphysema, osteoporosis, osteoarthritis, high blood pressure, erectile dysfunction, dementia,
Huntington's disease, Alzheimer's disease, cataracts, age-related macular degeneration,
prostate cancer, stroke, diminished life expectancy, impaired kidney function, and age-related
hearing loss, aging-related mobility disability (e.g., frailty), cognitive decline, age-related
dementia, memory impairment, tendon stiffness, heart dysfunction such as cardiac
hypertrophy and systolic and diastolic dysfunction, immunosenescence, cancer, obesity, and
diabetes. In certain embodiments, mTORCI1 selective modulation of certain T-cell
populations may improve vaccine efficacy in the aging population and enhance effectiveness
of cancer immunotherapy. The present disclosure provides a method of treating
immunosenescence comprising administering to the subject a therapeutically effective

amount of one or more disclosed compounds.

[00202] In embodiments, the mTORCI activity-associated disease or disease associated
with aberrant levels of mTORCI activity is cancer (e.g., carcinomas, sarcomas,
adenocarcinomas, lymphomas, leukemias, solid cancers, lymphoid cancers; cancer of the
kidney, breast, lung, bladder, colon, gastrointestinal, ovarian, prostate, pancreas, stomach,
brain, head and neck, skin, uterine, esophagus, liver; testicular cancer, glioma,
hepatocarcinoma, lymphoma, including B-acute lymphoblastic lymphoma, non-Hodgkin's
lymphomas (e.g., Burkitt's, Small Cell, and Large Cell lymphomas), Hodgkin's lymphoma,
leukemia (including AML, ALL, and CML), multiple myeloma, and breast cancer (e.g., triple

negative breast cancer)).
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[00203] In embodiments, the mTORCI activity-associated disease or disease associated
with aberrant levels of mTORCI] activity is Acute Disseminated Encephalomyelitis (ADEM),
Acute necrotizing hemorrhagic leukoencephalitis, Addison's disease, Agammaglobulinemia,
Alopecia areata, Amyloidosis, Ankylosing spondylitis, Anti-GBM/Anti-TBM nephritis,
Antiphospholipid syndrome (APS), Autoimmune angioedema, Autoimmune aplastic anemia,
Autoimmune dysautonomia, Autoimmune hepatitis, Autoimmune hyperlipidemia,
Autoimmune immunodeficiency, Autoimmune inner ear disease (AIED), Autoimmune
myocarditis, Autoimmune oophoritis, Autoimmune pancreatitis, Autoimmune retinopathy,
Autoimmune thrombocytopenic purpura (ATP), Autoimmune thyroid disease, Autoimmune
urticaria, Axonal or neuronal neuropathies, Balo disease, Behcet's disease, Bullous
pemphigoid, Cardiomyopathy, Castleman disease, Celiac disease, Chagas disease, Chronic
fatigue syndrome, Chronic inflammatory demyelinating polyneuropathy (CIDP), Chronic
recurrent multifocal ostomyelitis (CRMO), Churg-Strauss syndrome, Cicatricial
pemphigoid/benign mucosal pemphigoid, Crohn's disease, Cogans syndrome, Cold agglutinin
disease, Congenital heart block, Coxsackie myocarditis, CREST disease, Essential mixed
cryoglobulinemia, Demyelinating neuropathies, Dermatitis herpetiformis, Dermatomyositis,
Devic's disease (neuromyelitis optica), Discoid lupus, Dressier' s syndrome, Endometriosis,
Eosinophilic esophagitis, Eosinophilic fasciitis, Erythema nodosum, Experimental allergic
encephalomyelitis, Evans syndrome, Fibromyalgia , Fibrosing alveolitis, Giant cell arteritis
(temporal arteritis), Giant cell myocarditis, Glomerulonephritis, Goodpasture's syndrome,
Granulomatosis with Polyangiitis (GPA) (formerly called Wegener's Granulomatosis),
Graves' disease, Guillain-Barre syndrome, Hashimoto's encephalitis, Hashimoto's thyroiditis,
Hemolytic anemia, Henoch- Schonlein purpura, Herpes gestationis,
Hypogammaglobulinemia, Idiopathic thrombocytopenic purpura (ITP), IgA nephropathy,
IgG4-related sclerosing disease, Immunoregulatory lipoproteins, Inclusion body myositis,
Interstitial cystitis, Juvenile arthritis, Juvenile diabetes (Type 1 diabetes), Juvenile myositis,
Kawasaki syndrome, Lambert-Eaton syndrome, Leukocytoclastic vasculitis, Lichen planus,
Lichen sclerosus, Ligneous conjunctivitis, Linear IgA disease (LAD), Lupus (SLE), Lyme
disease, chronic, Meniere's disease, Microscopic polyangiitis, Mixed connective tissue
disease (MCTD), Mooren's ulcer, Mucha-Habermann disease, Multiple sclerosis, Myasthenia
gravis, Myositis, Narcolepsy, Neuromyelitis optica (Devic's), Neutropenia, Ocular cicatricial
pemphigoid, Optic neuritis, Palindromic rheumatism, PANDAS (Pediatric Autoimmune
Neuropsychiatry Disorders Associated with Streptococcus), Paraneoplastic cerebellar

degeneration, Paroxysmal nocturnal hemoglobinuria (PNH), Parry Romberg syndrome,
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Parsonnage -Turner syndrome, Pars planitis (peripheral uveitis), Pemphigus, Peripheral
neuropathy, Perivenous encephalomyelitis, Pernicious anemia, POEMS syndrome,
Polyarteritis nodosa, Type I, II, & III autoimmune polyglandular syndromes, Polymyalgia
rheumatica, Polymyositis, Postmyocardial infarction syndrome, Postpericardiotomy
syndrome, Progesterone dermatitis, Primary biliary cirrhosis, Primary sclerosing cholangitis,
Psoriasis, Psoriatic arthritis, Idiopathic pulmonary fibrosis, Pyoderma gangrenosum, Pure red
cell aplasia, Raynauds phenomenon, Reactive Arthritis, Reflex sympathetic dystrophy,
Reiter's syndrome, Relapsing polychondritis, Restless legs syndrome, Retroperitoneal
fibrosis, Rheumatic fever, Rheumatoid arthritis, Sarcoidosis, Schmidt syndrome, Scleritis,
Scleroderma, Sjogren's syndrome, Sperm & testicular autoimmunity, Stiff person syndrome,
Subacute bacterial endocarditis (SBE), Susac's syndrome, Sympathetic ophthalmia,
Takayasu's arteritis, Temporal arteritis/Giant cell arteritis, Thrombocytopenic purpura (TTP),
Tolosa-Hunt syndrome, Transverse myelitis, Type 1 diabetes, Ulcerative colitis,
Undifferentiated connective tissue disease (UCTD), Uveitis, Vasculitis, Vesiculobullous
dermatosis, Vitiligo, Wegener's granulomatosis (i.e., Granulomatosis with Polyangiitis
(GPA), traumatic brain injury, arthritis, rheumatoid arthritis, psoriatic arthritis, juvenile
idiopathic arthritis, multiple sclerosis, systemic lupus erythematosus (SLE), myasthenia
gravis, juvenile onset diabetes, diabetes mellitus type 1, Guillain-Barre syndrome,
Hashimoto's encephalitis, Hashimoto's thyroiditis, ankylosing spondylitis, psoriasis, Sjogren's
syndrome,vasculitis, glomerulonephritis, auto-immune thyroiditis, Behcet's disease, Crohn's
disease, ulcerative colitis, bullous pemphigoid, sarcoidosis, ichthyosis, Graves
ophthalmopathy, inflammatory bowel disease, Addison's disease, Vitiligo, asthma, allergic
asthma, acne vulgaris, celiac disease, chronic prostatitis, inflammatory bowel disease, pelvic
inflammatory disease, reperfusion injury, sarcoidosis, transplant rejection, interstitial cystitis,
atherosclerosis, atopic dermatitis, Alexander's disease, Alper's disease, Alzheimer's disease,
Amyotrophic lateral sclerosis, Ataxia telangiectasia, Batten disease (also known as
Spielmeyer-Vogt-Sjogren-Batten disease), Bovine spongiform encephalopathy (BSE),
Canavan disease, Cockayne syndrome, Corticobasal degeneration, Creutzfeldt- Jakob disease,
frontotemporal dementia, Gerstmann-Straussler-Scheinker syndrome, Huntington's disease,
HTV-associated dementia, Kennedy's disease, Krabbe's disease, kuru, Lewy body dementia,
Machado-Joseph disease (Spinocerebellar ataxia type 3), Multiple sclerosis, Multiple System
Atrophy, Narcolepsy, Neuroborreliosis, Parkinson's disease, Pelizaeus-Merzbacher Disease,
Pick's disease, Primary lateral sclerosis, Prion diseases, Refsum's disease, Sandhoff s disease,

Schilder's disease, Subacute combined degeneration of spinal cord secondary to Pernicious
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Anaemia, Schizophrenia, Spinocerebellar ataxia (multiple types with varying characteristics),
Spinal muscular atrophy, Steele-Richardson-Olszewski disease, Tabes dorsalis, diabetes (e.g.,
type I or type II), obesity, metabolic syndrome, a mitochondrial disease (e.g., dysfunction of
mitochondria or aberrant mitochondrial function), fungal infection, transplant rejection, or a
cardiovascular disease (e.g., congestive heart failure; arrhythmogenic syndromes (e.g.,
paroxysomal tachycardia, delayed after depolarizations, ventricular tachycardia, sudden
tachycardia, exercise-induced arrhythmias, long QT syndromes, or bidirectional tachycardia);
thromboembolic disorders (e.g., arterial cardiovascular thromboembolic disorders, venous
cardiovascular thromboembolic disorders, or thromboembolic disorders in the chambers of
the heart); atherosclerosis; restenosis; peripheral arterial disease; coronary bypass grafting
surgery; carotid artery disease; arteritis; myocarditis; cardiovascular inflammation; vascular
inflammation; coronary heart disease (CHD);, unstable angina (UA); unstable refractory
angina; stable angina (SA); chronic stable angina; acute coronary syndrome (ACS);
myocardial infarction (first or recurrent); acute myocardial infarction (AMI); myocardial
infarction; non-Q wave myocardial infarction; non-STE myocardial infarction; coronary
artery disease; ischemic heart disease; cardiac ischemia; ischemia; ischemic sudden death;
transient ischemic attack; stroke; peripheral occlusive arterial disease; venous thrombosis;
deep vein thrombosis; thrombophlebitis; arterial embolism; coronary arterial thrombosis;
cerebral arterial thrombosis, cerebral embolism; kidney embolism; pulmonary embolism;
thrombosis (e.g., associated with prosthetic valves or other implants, indwelling catheters,
stents, cardiopulmonary bypass, hemodialysis); thrombosis (e.g., associated with
atherosclerosis, surgery, prolonged immobilization, arterial fibrillation, congenital
thrombophilia, cancer, diabetes, hormones, or pregnancy); or cardiac arrhythmias (e.g.,

supraventricular arrhythmias, atrial arrhythmias, atrial flutter, or atrial fibrillation).

[00204] In an aspect is provided a method of treating a disease including administering an
effective amount of one or more compositions or compounds as described herein. In an
aspect is provided one or more compositions or compounds as described herein for use as a
medicament (e.g., for treatment of a disease). In an aspect is provided one or more
compositions or compounds as described herein for use in the treatment of a disease (e.g.,
including administering an effective amount of one or more compositions or compounds as
described herein). In embodiments, the disease is cancer. In embodiments, the disease is an
autoimmune disease. In embodiments, the disease is an inflammatory disease. In

embodiments, the disease is a neurodegenerative disease. In embodiments, the disease is a
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metabolic disease. In embodiments, the disease is fungal infection. In embodiments, the

disease is transplant rejection. In embodiments, the disease is a cardiovascular disease.

[00205] In embodiments, the disease is cancer (e.g., carcinomas, sarcomas,
adenocarcinomas, lymphomas, leukemias, solid cancers, lymphoid cancers; cancer of the
kidney, breast, lung, bladder, colon, ovarian, prostate, pancreas, stomach, brain, head and
neck, skin, uterine, esophagus, liver; testicular cancer, glioma, hepatocarcinoma, lymphoma,
including B-acute lymphoblastic lymphoma, non-Hodgkin's lymphomas (e.g., Burkitt's,
Small Cell, and Large Cell lymphomas), Hodgkin's lymphoma, leukemia (including AML,

ALL, and CML), multiple myeloma, and breast cancer (e.g., triple negative breast cancer)).

[00206] In embodiments, the disease is Acute Disseminated Encephalomyelitis (ADEM),
Acute necrotizing hemorrhagic leukoencephalitis, Addison's disease, Agammaglobulinemia,
Alopecia areata, Amyloidosis, Ankylosing spondylitis, Anti-GBM/Anti-TBM nephritis,
Antiphospholipid syndrome (APS), Autoimmune angioedema, Autoimmune aplastic anemia,
Autoimmune dysautonomia, Autoimmune hepatitis, Autoimmune hyperlipidemia,
Autoimmune immunodeficiency, Autoimmune inner ear disease (AIED), Autoimmune
myocarditis, Autoimmune oophoritis, Autoimmune pancreatitis, Autoimmune retinopathy,
Autoimmune thrombocytopenic purpura (ATP), Autoimmune thyroid disease, Autoimmune
urticaria, Axonal or neuronal neuropathies, Balo disease, Behcet's disease, Bullous
pemphigoid, Cardiomyopathy, Castleman disease, Celiac disease, Chagas disease, Chronic
fatigue syndrome, Chronic inflammatory demyelinating polyneuropathy (CIDP), Chronic
recurrent multifocal ostomyelitis (CRMO), Churg-Strauss syndrome, Cicatricial
pemphigoid/benign mucosal pemphigoid, Crohn's disease, Cogans syndrome, Cold agglutinin
disease, Congenital heart block, Coxsackie myocarditis, CREST disease, Essential mixed
cryoglobulinemia, Demyelinating neuropathies, Dermatitis herpetiformis, Dermatomyositis,
Devic's disease (neuromyelitis optica), Discoid lupus, Dressler's syndrome, Endometriosis,
Eosinophilic esophagitis, Eosinophilic fasciitis, Erythema nodosum, Experimental allergic
encephalomyelitis, Evans syndrome, Fibromyalgia , Fibrosing alveolitis, Giant cell arteritis
(temporal arteritis), Giant cell myocarditis, Glomerulonephritis, Goodpasture's syndrome,
Granulomatosis with Polyangiitis (GPA) (formerly called Wegener's Granulomatosis),
Graves' disease, Guillain-Barre syndrome, Hashimoto's encephalitis, Hashimoto's thyroiditis,
Hemolytic anemia, Henoch-Schonlein purpura, Herpes gestationis,
Hypogammaglobulinemia, Idiopathic thrombocytopenic purpura (ITP), IgA nephropathy,

IgG4-related sclerosing disease, Immunoregulatory lipoproteins, Inclusion body myositis,
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Interstitial cystitis, Juvenile arthritis, Juvenile diabetes (Type 1 diabetes), Juvenile myositis,
Kawasaki syndrome, Lambert-Eaton syndrome, Leukocytoclastic vasculitis, Lichen planus,
Lichen sclerosus, Ligneous conjunctivitis, Linear IgA disease (LAD), Lupus (SLE), Lyme
disease, chronic, Meniere's disease, Microscopic polyangiitis, Mixed connective tissue
disease (MCTD), Mooren's ulcer, Mucha-Habermann disease, Multiple sclerosis, Myasthenia
gravis, Myositis, Narcolepsy, Neuromyelitis optica (Devic's), Neutropenia, Ocular cicatricial
pemphigoid, Optic neuritis, Palindromic rheumatism, PANDAS (Pediatric Autoimmune
Neuropsychiatric Disorders Associated with Streptococcus), Paraneoplastic cerebellar
degeneration, Paroxysmal nocturnal hemoglobinuria (PNH), Parry Romberg syndrome,
Parsonnage-Turner syndrome, Pars planitis (peripheral uveitis), Pemphigus, Peripheral
neuropathy, Perivenous encephalomyelitis, Pernicious anemia, POEMS syndrome,
Polyarteritis nodosa, Type I, II, & III autoimmune polyglandular syndromes, Polymyalgia
rheumatica, Polymyositis, Postmyocardial infarction syndrome, Postpericardiotomy
syndrome, Progesterone dermatitis, Primary biliary cirrhosis, Primary sclerosing cholangitis,
Psoriasis, Psoriatic arthritis, Idiopathic pulmonary fibrosis, Pyoderma gangrenosum, Pure red
cell aplasia, Raynauds phenomenon, Reactive Arthritis, Reflex sympathetic dystrophy,
Reiter's syndrome, Relapsing polychondritis, Restless legs syndrome, Retroperitoneal
fibrosis, Rheumatic fever, Rheumatoid arthritis, Sarcoidosis, Schmidt syndrome, Scleritis,
Scleroderma, Sjogren’s syndrome, Sperm & testicular autoimmunity, Stiff person syndrome,
Subacute bacterial endocarditis (SBE), Susac's syndrome, Sympathetic ophthalmia,
Takayasu's arteritis, Temporal arteritis/Giant cell arteritis, Thrombocytopenic purpura (TTP),
Tolosa-Hunt syndrome, Transverse myelitis, Type 1 diabetes, Ulcerative colitis,
Undifferentiated connective tissue disease (UCTD), Uveitis, Vasculitis, Vesiculobullous
dermatosis, Vitiligo, Wegener's granulomatosis (i.e., Granulomatosis with Polyangiitis
(GPA), traumatic brain injury, arthritis, rheumatoid arthritis, psoriatic arthritis, juvenile
idiopathic arthritis, multiple sclerosis, systemic lupus erythematosus (SLE), myasthenia
gravis, juvenile onset diabetes, diabetes mellitus type 1, Guillain-Barre syndrome,
Hashimoto's encephalitis, Hashimoto's thyroiditis, ankylosing spondylitis, psoriasis,
vasculitis, glomerulonephritis, auto-immune thyroiditis, Behcet's disease, Crohn's disease,
ulcerative colitis, bullous pemphigoid, sarcoidosis, ichthyosis, Graves ophthalmopathy,
inflammatory bowel disease, Addison's disease, Vitiligo, asthma, allergic asthma, acne
vulgaris, celiac disease, chronic prostatitis, inflammatory bowel disease, pelvic inflammatory
disease, reperfusion injury, sarcoidosis, transplant rejection, interstitial cystitis,

atherosclerosis, atopic dermatitis, Alexander's disease, Alper's disease, Alzheimer's disease,
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Amyotrophic lateral sclerosis, Ataxia telangiectasia, Batten disease (also known as
Spielmeyer-Vogt-Sjogren-Batten disease), Bovine spongiform encephalopathy (BSE),
Canavan disease, Cockayne syndrome, Corticobasal degeneration, Creutzfeldt- Jakob disease,
frontotemporal dementia, Gerstmann-Straussler-Scheinker syndrome, Huntington's disease,
HTV-associated dementia, Kennedy's disease, Krabbe's disease, kuru, Lewy body dementia,
Machado-Joseph disease (Spinocerebellar ataxia type 3), Multiple sclerosis, Multiple System
Atrophy, Narcolepsy, Neuroborreliosis, Parkinson's disease, Pelizaeus-Merzbacher Disease,
Pick's disease, Primary lateral sclerosis, Prion diseases, Refsum's disease, Sandhoff s disease,
Schilder's disease, Subacute combined degeneration of spinal cord secondary to Pernicious
Anaemia, Schizophrenia, Spinocerebellar ataxia (multiple types with varying characteristics),
Spinal muscular atrophy, Steele-Richardson-Olszewski disease, Tabes dorsalis, diabetes (e.g.,
type I or type II), obesity, metabolic syndrome, a mitochondrial disease (e.g., dysfunction of
mitochondria or aberrant mitochondrial function), fungal infection, transplant rejection, or a
cardiovascular disease (e.g., congestive heart failure; arrhythmogenic syndromes (e.g.,
paroxysomal tachycardia, delayed after depolarizations, ventricular tachycardia, sudden
tachycardia, exercise-induced arrhythmias, long QT syndromes, or bidirectional tachycardia);
thromboembolic disorders (e.g., arterial cardiovascular thromboembolic disorders, venous
cardiovascular thromboembolic disorders, or thromboembolic disorders in the chambers of
the heart); atherosclerosis; restenosis; peripheral arterial disease; coronary bypass grafting
surgery; carotid artery disease; arteritis; myocarditis; cardiovascular inflammation; vascular
inflammation; coronary heart disease (CHD);, unstable angina (UA); unstable refractory
angina; stable angina (SA); chronic stable angina; acute coronary syndrome (ACS);
myocardial infarction (first or recurrent); acute myocardial infarction (AMI); myocardial
infarction; non-Q wave myocardial infarction; non-STE myocardial infarction; coronary
artery disease; ischemic heart disease; cardiac ischemia; ischemia; ischemic sudden death;
transient ischemic attack; stroke; peripheral occlusive arterial disease; venous thrombosis;
deep vein thrombosis; thrombophlebitis; arterial embolism; coronary arterial thrombosis;
cerebral arterial thrombosis, cerebral embolism; kidney embolism; pulmonary embolism;
thrombosis (e.g., associated with prosthetic valves or other implants, indwelling catheters,
stents, cardiopulmonary bypass, hemodialysis); thrombosis (e.g., associated with
atherosclerosis, surgery, prolonged immobilization, arterial fibrillation, congenital
thrombophilia, cancer, diabetes, hormones, or pregnancy); or cardiac arrhythmias (e.g.,
supraventricular arrhythmias, atrial arrhythmias, atrial flutter, or atrial fibrillation). In

embodiments, the disease is a polycystic disease. In embodiments, the disease is polycystic
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kidney disease. In embodiments, the disease is stenosis. In embodiments, the disease is
restenosis. In embodiments, the disease is neointimal proliferation. In embodiments, the

disease is neointimal hyperplasia.

[00207] In another aspect is provided a method of treating aging in a subject in need of
such treatment, the method including administering one or more compositions or compounds
as described herein, including embodiments (e.g., a claim, embodiment, example, table,
figure, or claim) to the subject. The present disclosure provides a method of treating
immunosenescence comprising administering to the subject a therapeutically effective

amount of one or more disclosed compounds or compositions.

[00208] In another aspect is provided one or more compositions or compounds as
described herein for use as a medicament. In embodiments, the medicament may be useful for
treating aging in a subject in need of such treatment. In embodiments, the use may include
administering one or more compositions or compounds as described herein, including

embodiments (e.g., an aspect, embodiment, example, table, figure, or claim) to the subject.

[00209] In another aspect is provided one or more compositions or compounds disclosed
herein for use in the treatment of aging in a subject in need of such treatment. In
embodiments, the use may include administering one or more compositions or compounds as
described herein, including embodiments (e.g., an aspect, embodiment, example, table,

figure, or claim) to the subject.

[00210] In another aspect is provided a method of extending life span or inducing
longevity in a subject in need of such treatment, the method including administering one or
more compositions or compounds as described herein, including embodiments (e.g., a claim,

embodiment, example, table, figure, or claim) to the subject.

[00211] In another aspect is provided one or more compositions or compounds as
described herein for use as a medicament. In embodiments, the medicament may be useful for
extending life span or inducing longevity in a subject in need of such treatment. In
embodiments, the use may include administering one or more compositions or compounds as
described herein, including embodiments (e.g., an aspect, embodiment, example, table,

figure, or claim) to the subject.

[00212] In another aspect is provided one or more compositions or compounds for use in
extending life span or inducing longevity in a subject in need of such treatment. In

embodiments, the use may include administering one or more compositions or compounds as
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described herein, including embodiments (e.g., an aspect, embodiment, example, table,

figure, or claim) to the subject.

[00213] In an aspect is provided a method of treating a polycystic disease in a subject in
need of such treatment. The polycystic disease may be polycystic kidney disease. The method
may include administering to the subject one or more compositions or compounds described
herein. The method may include administering to the subject a therapeutically effective
amount of one or more compositions or compounds described herein (e.g., an mTORC1

modulator (e.g., inhibitor) as described above).

[00214] In an aspect is provided one or more compositions or compounds as described
herein for use as a medicament. In embodiments, the medicament is useful for treating a
polycystic disease. The polycystic disease may be polycystic kidney disease. The use may
include administering to the subject one or more compositions or compounds described
herein. The use may include administering to the subject a therapeutically effective amount of
one or more compositions or compounds described herein (e.g., an mTORC1 modulator (e.g.,

inhibitor) as described above).

[00215] In an aspect is provided one or more compositions or compounds as described
herein for use in the treatment of a polycystic disease in a subject in need of such treatment.
The polycystic disease may be polycystic kidney disease. The use may include administering
to the subject one or more compositions or compounds described herein. The use may include
administering to the subject a therapeutically effective amount of one or more compositions
or compounds described herein (e.g., an mTORC1 modulator (e.g., inhibitor) as described

above).

[00216] In an aspect is provided a method of treating stenosis in a subject in need of such
treatment. The stenosis may be restenosis. The method may include administering to the
subject one or more compositions or compounds described herein. In embodiments the one or
more compositions or compounds are administered in a drug eluting stent. The method may
include administering to the subject a therapeutically effective amount of one or more
compositions or compounds described herein (e.g., an mTORC1 modulator (e.g., inhibitor) as

described above).

[00217] In an aspect is provided one or more compositions or compounds as described
herein for use as a medicament. In embodiments, the medicament is useful for treating

stenosis. The stenosis may be restenosis. The use may include administering to the subject
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one or more compositions or compounds described herein. In embodiments the compound is
administered in a drug eluting stent. The use may include administering to the subject a
therapeutically effective amount of one or more compositions or compounds described herein

(e.g., an mTORC1 modulator (e.g., inhibitor) as described above).

[00218] In an aspect is provided one or more compositions or compounds as described
herein for use in the treatment of stenosis in a subject in need of such treatment. The stenosis
may be restenosis. The use may include administering to the subject one or more
compositions or compounds described herein. In embodiments the one or more compositions
or compounds are administered in a drug eluting stent. The use may include administering to
the subject a therapeutically effective amount of one or more compositions or compounds

described herein (e.g., an mTORC1 modulator (e.g., inhibitor) as described above).

[00219] In embodiments, the disease is a disease described herein and the compound is a

compound described herein and the composition is a composition described herein.
Exemplary Embodiments

[00220] Some embodiments of the disclosure, the embodiments are of Embodiment I,

represented below.

[00221] Embodiment I-1. A compound represented by Formula (I):

@)
or a pharmaceutically acceptable salt or tautomer thereof, wherein:
R is selected from RY, R2, H, (C1-Cé)alkyl, -OR?, -SR? =0, -NR*C(O)OR?, -
NR’*C(O)N(RY)2, -NR*S(0)20R?, -NR*S(0)2N(R%)2, -NR*S(0)2R?, (Cs-Cro)aryl, and 5-7
O

\%)r
g

membered heteroaryl, and O , Wherein the aryl and heteroaryl is optionally
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substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R?%is selected from =N-R!, =N-R2?, =0, -OR?, and =N-OR?;

R?% is selected from R!, R?,~OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R*? is selected from =N-R!, =N-R?, H, =0, -OR?, and =N-OR”;

R* is selected from R!, R2 -OR?, -SR3, -N3, -N(R%)2, -NR?*C(O)OR,
-NR’C(O)N(R?)2, -NR*S(0)20R?, -NR?*S(0)2N(R?)2, -NR’S(0)2R?, -OP(0)(ORY)z,

SO N SPLN

_OP(0)(R*)z, -NR¥C(O)R, -S(O)R?, -S(O):R?, -OS(ORNHC(O)R?, N=/ = ‘=N

2

?{N’N\‘N giN’N\‘N
\( e/
R® and R® ;

wherein the compound comprises one R! or one R?;
Rlis —A-L'-B;

R? is ~A-C=CH, -A-N3, -A-COOH, or -A-NHR?; and
wherein

A 1s absent or selected from,
-(CR)2)wr,

-O(C(R*)2)u-,

-NR*(C(R*)2)u-,
-O(CR*)2)u-[O(C(R*)2)n]o-O(C(R)2)p-,
-C(O)(CR ),

-C(O)NR’-,

-NR*C(O)(C(R*)2)u-,
-NR*C(0)O(C(R*)2)-,
-OC(O)NR*(C(R*)2)u-,
-NHSO2NH(C(R*)2)-,
-OC(O)NHSO2NH(C(R*)2)u-,
-O(C(R*)2)n-(Cs-Cr0)arylene-,
-O(C(R?)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
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-heteroarylene-(Cs-Cio)arylene-,
-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,
-O(C(R?)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R?)2)u-heteroarylene-heterocyclylene-C(O)(C(R?)2)u-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R?)2)s-heteroarylene-heteroarylene-NR3-(Cs-C1o)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R)2)uo-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-SO2(C(R)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-Cio)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R?)2)u-heteroarylene-heteroarylene-heterocyclylene-S(0)2NR3-(Cs-C1o)arylene-,

wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;

wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from
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wherein the bond with variable position in the triazole is in the 4-position or 5-
position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

§-8l -N B1 ﬁi
NN L N N
(L, *ﬁ - m
N-R*
N(R3)2
R4
PN

N™ "R* and
R4
N7 =
N
™
yf.

B! is selected from 57 NR*-(C(R*)2)a-, ~5~ NR*-(C(R%)2)a-(Cs-Cio0)arylene-
(CR*)2)u-, 57 NR*-(C(R%)2)n-heteroarylene-, 3~ (Cs-Cro)arylene-, ~3~ NR3-(C(R?)2)o-
NR’C(O)-,

_g_NR3-(C(R3)z)n-heteroarylene-heterocyclylene-(Ce-C1o)arylene-, 5 heteroarylene-

O
heterocyclylene-(Cs-C1o)arylene-, $¢- _S'C_ CR2)- heteroarylene-
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ES ¥
. Dl PO
(C(R?)2)p— (CR))p— (C(R%)2)p—

2

%NG\ :gN/\ >f\(j\(cz(R%z)p

(C(R3)2)p_’ N\(Ce-Cm)arerne-’ and | _ wherein the ~$~
bond on the left side of B!, as drawn, is bound to L'; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R¥)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each r is independently 1, 2, 3, or 4;

provided that when R*’ is R!, wherein R! is —A-L!-B; L!is

-§—BlN_N

N= -
ooy (X

~
O :Bis N "NR%:andBlis 37 NR*-(C(R*))n-; then
A is not -O(CH2)2-O(CHa)-.

[00222] Embodiment I-2. A compound represented by Formula (Ia):
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(Ia)

or a pharmaceutically acceptable salt or tautomer thereof, wherein:

R¥%isR! or R%;

R is selected from =0, -OR?, and =N-OR’;

R?% is selected from —OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R*? is selected from H, =0, -OR?, and =N-OR?;

R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
_NR*S(0)20R?, -NRS(0)2N(R?)z, -NR*S(O)2R?, -OP(O)(OR)z, -OP(O)(R3)2, -NR)C(O)R?,

) 3 3 3 N=/ \:NI R3 R® .
S(O)R?, -S(0)2R?, -0S(0):NHC(O)R’, , , _and ,

wherein R! is —~A-L!-B;

R?is -A-C=CH, -A-Ns, -A-COOH, or -A-NHR?,

wherein

A is absent or is selected from -(C(R*)2)u-, -O(C(R¥)2)a-, -NR*(C(R*)2)u-,
_O(C(R®))a-[O(CR?)2)ulo-O(C(R3)2)p-,-C(O)(C(R*))a- -C(OYNR-, -NRC(O)(C(R*)2)u-
NR*C(0)O(C(R)2)u-, -OC(O)NR¥(C(R)2)u-, -NHSO:NH(C(R¥)2)u-,
_OC(O)NHSO:NH(C(R*))u-,
-O(C(R*)2)n-(Cs-Cr0)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,

2

-heteroarylene-(Cs-Cio)arylene-,
-O(C(R?)2)a-(Cs-C10)arylene-(Cs-Cio)arylene-,
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-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-O(C(R?)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-O(C(R?)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R?)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-heterocyclylene-(C(R*)2)u-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from

N=N
4(\ | \\//
<N 0 S\/ <\/\ ?\/0
EAS é/\ /)qv \/\N 0 Y/\[f{
N=N 0 0
4
$ N
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wherein the bond with variable position in the triazole is in the 4-position or 5-
position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from
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B! is selected from 3 NR3-(C(R*)2)u-, ¥ NR3-(C(R?)2)a-(Cs-Cio0)arylene-(C(R3)2)n-,
3TNR3(C(R?)2)n-heteroarylene-, ¥~ (Cs-Cio)arylene-, 5 NR3-(C(R%)2)s-NR3C(O)-,

_§_M3-(C(R3)z)n-heteroarylene-heterocyclylene-(Ce-C1o)arylene-, 'g_heteroarylene-

EYl \ _3_9 .
heterocyclylene-(Cs-Cro)arylene-, = ¢ {C(RO)2)p FC—(C(RT))p-heteroarylene-

2

ES S
SO Ol g PO
(CR%)2)p— (CRM2)p— (CR*))p—

p

-%—N(j\ PN KO\(C(R%

(C(Rs)Z)p_’ N\(Ce-Cm)arerne-’ and | _ wherein the 5~
bond on the left side of B!, as drawn, is bound to L'; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R¥)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each Z is independently H or absent;
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each n is independently a number from one to 12;
each o is independently a number from zero to 12;
each p is independently a number from zero to 12;
each q is independently a number from zero to 10; and

each ris independently 1, 2, 3, or 4.

2 2 2

[00223] Embodiment I-3. A compound represented by Formula (Ib):

(Ib)
or a pharmaceutically acceptable salt or tautomer thereof, wherein:
R!®is selected from H, (C1-Cs)alkyl, -OR?, -SR? =0, -NR*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7
O

\*jj)r
e

membered heteroaryl, and O , Wherein the aryl and heteroaryl is optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R?%is =N-R! or =N-R%;

R?% is selected from —OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R*? is selected from H, =0, -OR?, and =N-OR?;

R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
-NR*S(0)20R’, -NR*S(0)2N(R?)2, -NR’S(0)2R?, -OP(O)(ORY)2, -OP(O)(R?)2, -NR’C(O)R”,

) 3 3 3 N=/ \=y\ 3 O
S(O)R’, -S(0)2R’, -OS(0)NHC(O)R’, , , R° and R ;

wherein R! is —~A-L!-B;
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R? is A-C=CH, -A-N3, -A-COOH, or -A-NHR?;

wherein

A is absent or is selected from -(C(R*)2)n-, -O(C(R?*)2)a-, -NR3*(C(R¥)2)n-,
-O(C(R*)2)n-[O(CRH2)u]o-O(C(R?)2)p-,-C(O)(C(R?)2)n-,-C(O)NR?-, -NR*C(O)(C(R?)2)u-,
-NR*C(0)O(C(R?)2)n-, -OC(O)NR*(C(R?)2)n-, -NHSO2NH(C(R*)2)u-,
-OC(O)NHSO2NH(C(R¥)2)u-,
-O(C(R*))u-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-(C(R¥)2)n-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-O(C(R?)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R?)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-heterocyclylene-(C(R*)2)u-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,

wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4

heteroatoms selected from O, N, and S;

172



wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from

N=
4(\ l\ll O\\ //O H

NN O~y -5 %‘/N%/\O?\/O‘Y/\[f{
LA 0 N2

q o] d

Nx
4(/ I 0 i Q\)Oj}i

\
%\5/ 6/\()?\/ \/\N)LM

q H °

4 4 H
N/\\S/NG/\O/)\/O N @ N o)
r\'l'\Nys S ) \/\[O]k ,\'l'\N> é/\oa'q\/ \/\n}{

"\+’v 2 J+N 2

N N
N\" l/\n/N o) N” ?\4/\ H O\/\n){

N— e/\oa'\/ ‘N_J /S: é/\oa’\/
*1{ 5 q '}";, 5 O/ \O q 5
e
/N 5 Z |N
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wherein the bond with variable position in the triazole is in the 4-position or 5-

&

N
H

position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

O £B1
—g! Bl O
§ B‘N—N %N )§ R?N_/<
D—Rrt R | NI \ 1 N—R*
N X AN e BB X
“\ ~ R /N/ =
N(R) N =N N ,
$-B! J<O R* R* R4
R N—R3 N NH N O NH,
7\ 2 B \)N\
Nig , N= N=/  FBTNTONT R and
NH2 R4
’
NI

B! is selected from 57 NR*-(C(R*)2)a-, ~5~ NR*-(C(R%)2)a-(Cs-Cio0)arylene-
(CR*)2)u-, 57 NR*-(C(R%)2)n-heteroarylene-, 3~ (Cs-Cro)arylene-, ~3~ NR3-(C(R?)2)o-
NR’C(0)-, ~3~ NR3-(C(R?)2)n-heteroarylene-heterocyclylene-(Cs-Cio)arylene-,

o)
1]
B heteroarylene-heterocyclylene-(Cs-Cio)arylene-, _;C_(C(R3)2)P' ,

-S-C— C(R%))p-heteroarylene-

2
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ES ¥
. Dl PO
(C(R?)2)p— (CR))p— (C(R%)2)p—

2

%NG\ :gN/\ >f\(j\(cz(R%z)p

(C(R3)2)p_’ N\(Ce-Cm)arerne-’ and | _ wherein the ~$~
bond on the left side of B!, as drawn, is bound to L'; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R*)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each r is independently 1, 2, 3, or 4.

[00224] Embodiment I-4. A compound represented by Formula (Ic):

(Io)

or a pharmaceutically acceptable salt or tautomer thereof, wherein:

175



R!®is selected from H, (C1-Cs)alkyl, -OR?, -SR? =0, -NR*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7
O

\*jj)r
br

membered heteroaryl, and O , Wherein the aryl and heteroaryl is optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R is selected from =0, -OR?, and =N-OR’;

R2isR! or R%;

R* is selected from H, =0, -OR?, and =N-OR’;

R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
-NR’*S(0)20R?, -NR*S(0)2N(R?)2, -NR*S(0)2R?, -OP(0)(OR?)2, -OP(O)(R¥)2, -NR*C(O)R’,
-S(O)R’,

?iN’NeN ?‘iN’N\\ ‘iN’N‘\N ;iN’N\\N

\ ,N — ):/
_S(O):R?, -OS(ONHC(O)R?, N=/ \=\ =

2 2

R® and R° :
wherein the compound comprises one R! or one R?;
wherein R! is —~A-L!-B;
R?is -A-C=CH, -A-N3, -A-COOH, or -A-NHR?;
wherein
A is absent or is selected from -(C(R*)2)n-, -O(C(R?*)2)a-, -NR3*(C(R¥)2)n-,
-O(C(R*)2)n-[O(CRH2)u]o-O(C(R?)2)p-,-C(O)(C(R?)2)n-,-C(O)NR?-, -NR*C(O)(C(R?)2)u-,
-NR*C(0)O(C(R?)2)n-, -OC(O)NR*(C(R?)2)n-, -NHSO2NH(C(R*)2)u-,
-OC(O)NHSO2NH(C(R¥)2)u-,
-O(C(R*)2)n-(Cs-Cr0)arylene-,
-O(C(R?)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R*)2)u-(Cs-Cr0)arylene-(Cs-Cro)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-O(C(R?)2)u-,
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-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R?)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)n-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
-O(C(R?)2)a-(Cs-C10)arylene-heteroarylene-heterocyclylene-SO2(C(R?)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R?)2)u-heteroarylene-heteroarylene-heterocyclylene-S(0)2NR3-(Cs-C1o)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from

P e Meﬂ ww&
N~NGA a\/o\/\NM ﬁ/ <\/\Oﬁ\/0 Y/\[%{

4(N=r\|1 0 0
%QS/NQAO?\/O\/\H)L(\/)?JI:&
q
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wherein the bond with variable position in the triazole is in the 4-position or 5-
position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from
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B! is selected from 37 NR3*-(C(R*)2)n-, ~5~ NR3-(C(R*)2)a-(Cs-C10)arylene-
(C(R3)2)n-, “357 NR3-(C(R®)2)n-heteroarylene-, 5 (Cs-Cio)arylene-, 5~ NR3-(C(R%)2)u-
NR’C(0)-, ~3~ NR3-(C(R?)2)o-heteroarylene-heterocyclylene-(Cs-Cio)arylene-,

o)
1l
B heteroarylene-heterocyclylene-(Cs-Cio)arylene-, _S'C_(C(R3)2)P' ,

: "0, O
30 (CR?)2)p— (C(R%)2)p—

C—(C(R®),)p-heteroarylene-

2

?fN -%—N(j\ :VEN/\
&(C(R?’)z)p—. (CRYp— s

: \(clz(R3>z>p

and wherein the heteroaryl, heterocyclyl, and arylene are optionally substituted with alkyl,

(Cg-Cqp)arylene- . and

_wherein the “3~ bond on the left side of BL, as drawn, is bound to L%;

hydroxyalkyl, haloalkyl, alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R*)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R%)2 or O;
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each Y is independently C(R¥) or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;
each o is independently a number from zero to 12;
each p is independently a number from zero to 12;
each q is independently a number from zero to 10; and

each ris independently 1, 2, 3, or 4.

2 2 2

[00225] Embodiment I-5. A compound represented by Formula (Id):

(Id)
or a pharmaceutically acceptable salt or tautomer thereof, wherein:
R is selected from H, (C1-Cs)alkyl, -OR?, -SR3, =0, -NR3*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7
O

\%)r
g

membered heteroaryl, and O , Wherein the aryl and heteroaryl is optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R?% is selected from =0, -OR?, and =N-OR?;

R?% is selected from—OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R3?is =N-R! or R?;
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R* is selected from -OR?, -SR?, -N3, -N(R?)2, -NR*C(O)OR?, -NR’C(O)N(R?),
“NR*S(0):0R’, -NR3S(0)2N(R?)2, -NR3S(O):R?, -OP(O)(OR?)z, -OP(O)(R?)2, -NR'C(O)R’,

?iN’N\‘N f\‘N’N*‘N ‘!iN’N“N é’iﬂN
] 3 3. s N=/ =N R® R
S(O)R’, -S(0):R’, -OS(0):NHC(O)R’, , , and ,

wherein R! is —~A-L!-B;

R?is -A-C=CH, -A-N3, -A-COOH, or -A-NHR?;

wherein

A is absent or is selected from -(C(R*)2)u-, -O(C(R¥)2)a-, -NR*(C(R*)2)u-,
_O(C(R)D)n-[O(CR)2)alo-O(C(R)2)pe,~C(O)CR ) ~C(OINR-, -NRIC(O)(C(R ),
NR*C(0)O(CR)2)a-, -OC(O)NR}(C(R?)2)a-, -NHSO:NH(C(R)2)u-,
-OC(O)NHSO:NH(C(R*)2)u-,
-O(C(R*)2)n-(Cs-Cr0)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R?)2)a-(Cs-C10)arylene-(Cs-Cio)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-NR3 (C(R?)2)u-,
-O(C(R¥)2)u-heteroarylene-heterocyclylene-C(O)(C(R*)2)a-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-(C(R*)2)n2-O(C(R¥)2)o-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R*)2)u-,
-O(C(R?)2)u-(Cs-C10)arylene-heteroarylene-heterocyclylene-(C(R?)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R¥)2)o-,
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-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R?)2)u-heteroarylene-heteroarylene-heterocyclylene-S(0)2NR3-(Cs-C1o)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from

SN oy g avw&
N\’l\\lle/\oa'\/o\/\N\\// ﬁ/ <\/\Oﬁ\/0 Y/\[%{

N= 0 0
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wherein the bond with variable position in the triazole is in the 4-position or 5-
position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

T
_R! B. 4 O
§ B‘N—-N ?’{ N | )§ R~N,J<
D—r4 R N| \ Bl N—R*
\ -
e N LY
N NR®); N =N Nig ,
_R1 @) 4 4
§B\N__/< N,R R Ré
o3 NH, N NH,
R4 N—R L
: e N
Nig , N=" N="  FBTONT N R and
NH2 R4
’
NZZN

B! is selected from 37 NR3*-(C(R*)2)n-, ~3~ NR3-(C(R*)2)a-(Cs-Cio)arylene-
(CR*)2)-, 57 NR*-(C(R%))u-heteroarylene-, 3~ (Cs-Cro)arylene-, ~3~ NR3-(C(R?)2)o-
NR*C(0)-,

_g_NR3-(C(R3)z)n-heteroarylene-heterocyclylene-(Ce-C1o)arylene-, 5 heteroarylene-

O
heterocyclylene-(Cs-C1o)arylene-, 3¢~ ';C_ CR - heteroarylene-
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ES S
I Ol O
(C(R?)2)p— (C(R%)2)p— (C(R%)2)p—

2

%‘NCL :gN/\ >f\(j\(cz(R%z)p

N<
(C(Rs)Z)p_’ K/ (Ce-Cro)arylene- 4nq | , wherein the =

bond on the left side of B!, as drawn, is bound to L'; and wherein the heteroaryl,
heterocyclyl, and arylene are optionally substituted with alkyl, hydroxyalkyl, haloalkyl,
alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R* is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R*)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each r is independently 1, 2, 3, or 4.

[00226] Embodiment I-6. A compound represented by Formula (Ie):

(Te)

or a pharmaceutically acceptable salt or tautomer thereof, wherein:
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R!®is selected from H, (C1-Cs)alkyl, -OR?, -SR? =0, -NR*C(O)OR?,
-NR*C(O)N(R?)2, -NR’S(0)20R? -NR*S(0)2N(R?)2, -NR*S(0)2R?, (Cs-C1o)aryl, and 5-7
O

\*jj)r
br

membered heteroaryl, and O , Wherein the aryl and heteroaryl is optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

R is selected from =0, -OR?, and =N-OR’;

R?% is selected from—OR?, -OC(O)O(C(R?)2)n, -OC(O)N(R?)2, -OS(0)2N(R3)2,
and -N(R3)S(0)20R3;

R*? is selected from H, =0, -OR?, and =N-OR?;

R* is Rlor R?

wherein R! is —~A-L!-B;

R? is A-C=CH, -A-N3, -A-COOH, or -A-NHR?;

wherein

A is absent or is selected from -(C(R*)2)u-, -O(C(R¥)2)a-, -NR*(C(R*)2)u-,
-O(C(R*)2)n-[O(CRH2)u]o-O(C(R?)2)p-,-C(O)(C(R?)2)n-,-C(O)NR?-, -NR*C(O)(C(R?)2)u-,
-NR?*C(0)O(C(R*)2)u-, -OC(O)NR*(C(R¥)2)u-, -NHSO2NH(C(R?)2)n-,
-OC(O)NHSO2NH(C(R¥)2)u-,
-O(C(R*)2)n-(Cs-Cr0)arylene-,
-O(C(R¥)2)u-heteroarylene-,
-OC(O)NH(C(R*)2)u-(Cs-C10)arylene-,
-O-(Cs-Cro)arylene-,
-O-heteroarylene-,
-heteroarylene-(Cs-Cio)arylene-,
-O(C(R?)2)a-(Cs-C10)arylene-(Cs-Cio)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-(C(R*)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-O(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-NR*(C(R¥)2)o-,
-O(C(R?)2)u-heteroarylene-heterocyclylene-C(O)(C(R?)2)u-,
-heteroarylene-(Ces-Cio)arylene-(Cs-Cio)arylene-,
-heteroarylene-(Ce-C1o)arylene-heteroarylene-O(C(R*)2)u-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-(C(R*)2)n-O(C(R*)2)u-,
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-O(C(R¥)2)u-heteroarylene-heteroarylene-NR3-(Cs-C 10)arylene-,
-O(C(R¥)2)u-heteroarylene-heteroarylene- heterocyclylene-(C(R*)2)u-,
-O(C(R?)2)u-heteroarylene-heteroarylene- heterocyclylene-C(O)(C(R¥)2)o-,
-O(C(R¥)2)u-(Cs-Cr0)arylene-heteroarylene-heterocyclylene-(C(R*)2)uo-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-C(O)(C(R¥)2)u-,
-O(C(R¥)2)u-(Cs-C0)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-,
-heteroarylene-(Cs-Cro)arylene-heteroarylene-heterocyclylene-(C(R*)2)u-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-SO2(C(R¥)2)a-, and
-O(C(R¥)2)u-heteroarylene-heteroarylene-heterocyclylene-S(O)NR>-(Cs-C10)arylene-,
wherein heteroarylene is 5-12 membered and contains 1-4 heteroatoms
selected from O, N, and S; heterocyclylene is 5-12 membered and contains 1-4
heteroatoms selected from O, N, and S;
wherein the arylene, heteroarylene, and heterocyclylene are optionally
substituted with one or more substituents each independently selected from alkyl,
hydroxyalkyl, haloalkyl, alkoxy, halogen, and hydroxyl;

L!is selected from

Nz
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4(\N=r\|1 0 0
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wherein the bond with variable position in the triazole is in the 4-position or 5-
position, and wherein the A ring is phenylene or 5-8 membered heteroarylene;

B is selected from

; 0 JSQB'I
_Rt B. 4 0O
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B! is selected from 3 NR*-(C(R*)2)a-, ~5~ NR*-(C(R%)2)a-(Cs-Cio0)arylene-
(CR*)2)u-, "5~ NR*-(C(R%)2)u-heteroarylene-, 3~ (Cs-Cro)arylene-, 3~ NR3-(C(R?)2)o-
NR*C(0)-, ~3~ NR3-(C(R?)2)o-heteroarylene-heterocyclylene-(Cs-Cio)arylene-,

30
C=(CR))y-

2

: oL L
-3—8—(0(R3)2)p-heteroarylene- (C(R%)2)p— (C(R®)),—

2 2 2

Xy %—N(j\ ?{N/ﬁ
&(C(R?’)z)p—. (CRO)— LR

: (C|3(R3)z)p

and wherein the heteroaryl, heterocyclyl, and arylene are optionally substituted with alkyl,

B heteroarylene-heterocyclylene-(Cs-Cio)arylene-,

(Cg-Cqp)arylene- . and

_wherein the “3~ bond on the left side of BL, as drawn, is bound to L%;

hydroxyalkyl, haloalkyl, alkoxy, halogen, or hydroxyl;

each R?is independently H or (C1-Ce)alkyl;

each R is independently H, (C1-Cs)alkyl, halogen, 5-12 membered heteroaryl, 5-12
membered heterocyclyl, (Cs-Cio)aryl, wherein the heteroaryl, heterocyclyl, and aryl are
optionally substituted with -N(R¥)2, -OR?, halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-
heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?>-heteroaryl;

each Q is independently C(R¥) or O;

each Y is independently C(R¥) or a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 10; and

each r is independently 1, 2, 3

2 2 2

or 4,
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provided that when R* is R!, wherein R is ~A-L'-B; L' is

8L\

NN -
N\ N R
%Ne/\oa'q\/o\/\[% ”\/tf\ , L
O :Bis N "NR%:andBlis 57 NR-(C(R®))u-: then
A is not -O(CH2)2-O(CHa)-.

[00227] Embodiment I-7. The compound of any one of Embodiments I-1 to I-6, wherein

the compound comprises R!.

[00228] Embodiment I-8. The compound of any one of Embodiments I-1 to I-6, wherein

the compound comprises R?.

[00229] Embodiment I-9. The compound of Embodiment I-8, wherein the compound
comprises R? is ~A-C=CH.

[00230] Embodiment I-10. The compound of Embodiment I-8, wherein the compound

comprises R? is —~A-Ns.

[00231] Embodiment I-11. The compound of Embodiment I-8, wherein the compound
comprises R? is -A-COOH.

[00232] Embodiment I-12. The compound of Embodiment I-8, wherein the compound
comprises R? is -A-NHR?.

[00233] Embodiment I-13. The compound of any one of Embodiments I-1 to I-12, wherein
A is -O(C(R*)2)u-.

[00234] Embodiment I-14. The compound of any one of Embodiments I-1 to I-12, wherein
A is -O(C(R*)2)u-[O(C(R*)2)n]o-O(C(R?)2)p-.

[00235] Embodiment I-15. The compound of any one of Embodiments I-1 to I-12, wherein
A is -O(C(R¥)2)a-(Cs-C10)arylene-heteroarylene-heterocyclylene-(C(R3)2)a-.

[00236] Embodiment I-16. The compound of any one of Embodiments I-1 to I-12, wherein
A is -heteroarylene-(Cs-C1o)arylene-heteroarylene-heterocyclylene-(C(R)2)o-,
-heteroarylene-(Ce-Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-,
-heteroarylene-(Cs-Co)arylene-heteroarylene-heterocyclylene-SO2(C(R*)2)a-, or -O(C(R?)2)n-
heteroarylene-heteroarylene-heterocyclylene-S(0)2NR3-(Cs-C1o)arylene-.

[00237] Embodiment I-17. The compound of any one of Embodiments I-1 to I-12, wherein
A is -O(C(R¥)2)n-(Cs-C0)arylene-heteroarylene-heterocyclylene-(C(R?)2)a-, -O(C(R¥)2)a-(Cs-
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Cio)arylene-heteroarylene-heterocyclylene-C(O)(C(R?)2)a-, or -O(C(R¥)2)n-(Cs-C1o0)arylene-
heteroarylene-heterocyclylene-SO2(C(R*)2)u-.

[00238] Embodiment I-18. The compound of any one of Embodiments I-1 to I-12, wherein
A is -O(C(R¥)2)u-heteroarylene-heteroarylene-NR*-(Cs-C1o)arylene-, -O(C(R?)2)n-
heteroarylene-heteroarylene- heterocyclylene-(C(R¥)2)a-, or -O(C(R?)2)n-heteroarylene-
heteroarylene- heterocyclylene-C(O)(C(R*)2)u-.

[00239] Embodiment I-19. The compound of any one of Embodiments I-1 to I-12, wherein
A is -heteroarylene-(Cs-Cio)arylene-(Cs-Cio)arylene-, -heteroarylene-(Cs-Cio)arylene-
heteroarylene-O(C(R?)2)u-, or -heteroarylene-(Cs-C10)arylene-heteroarylene-(C(R¥)2)n2-
O(CR*)2)n-.

[00240] Embodiment I-20. The compound of any one of Embodiments I-1 to I-7 and I-13

[00241] Embodiment I-21. The compound of any one of Embodiments I-1 to I-7 and I-13

. (Nw 0 0
MO g
q .

to I-19, wherein L! is

to I-19, wherein L! is

[00242] Embodiment I-22. The compound of any one of Embodiments I-1 to I-7 and I-13
N=
4(/ N 0
‘jk\\/Ne/\Oa\/o\/\ NJSf
° q H or
Nxpn
SN o~
Mooy
q

[00243] Embodiment I-23. The compound of any one of Embodiments I-1 to I-7 and I-13

to I-19, wherein L! is

to I-19, wherein L! is

N/\ /Hé/\ a\/o /4\ N o
N > //S\\ 0O \/\n}: [?j' \> é/\oﬁ\/ \/\n}(
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[00244] Embodiment I-24. The compound of any one of Embodiments I-1 to I-7 and I-13

to I-19, wherein L is

N
'\l\/ w4
N— 0
N } 0 0 L'“l:_ 5
H 2 qH 2
0
N7 NJ\/Y\O/\,QO\/\)N% 4 o o
4 N s~ A 0
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\

or !

[00245] Embodiment I-25. The compound of any one of Embodiments I-1 to I-7 and I-13

;ﬁgﬂeﬂo);qyow/ﬁf{.

to I-19, wherein L is 0

[00246] Embodiment I-26. The compound of any one of Embodiments I-1 to I-7 and I-13

to I-19, wherein L! is
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[00247] Embodiment I-27. The compound of any one of Embodiments I-1 to I-7 and I-13
O 0
é{N/l\/”\o€\\/0}\/»\NJ£g
H q H .

[00248] Embodiment I-28. The compound of any one of Embodiments I-1 to I-7 and I-13

8L N
\

o0
. _

to I-27, wherein B is N” "NR®)

to I-19, wherein L! is

[00249] Embodiment I-29. The compound of any one of Embodiments I-1 to I-7 and I-13

. _B1 O
el

4 N-R3
R\[::Ijej/
b
N :

[00250] Embodiment I-30. The compound of any one of Embodiments I-1 to I-7 and I-13

to I-27, wherein B is

to 1-29, wherein Bl is _g_NR3-(C(R3)2)n-.

[00251] Embodiment I-31. The compound of any one of Embodiments I-1 to I-7 and I-13

N
§

to I-29, wherein B! is ~(Ce-Cyo)arylene-

[00252] Embodiment I-32. The compound of any one of Embodiments I-1 to I-7 and I-13
to I-31, wherein R* is 5-12 membered heteroaryl, optionally substituted with ~N(R*), -OR?,
halogen, (C1-Cs)alkyl, -(C1-Cs)alkylene-heteroaryl, -(C1-Cs)alkylene-CN, or -C(O)NR?-
heteroaryl.

[00253] Embodiment I-32A. A compound selected from the group consisting of’
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or a pharmaceutically acceptable salt or isomer thereof.
[00254] Embodiment I-33. A pharmaceutical composition comprising a compound of any
one of Embodiments I-1 to I-32, or a pharmaceutically acceptable salt thereof, and at least

one of a pharmaceutically acceptable carrier, diluent, or excipient.

[00255] Embodiment I-34. A method of treating a disease or disorder mediated by mTOR
comprising administering to the subject suffering from or susceptible to developing a disease
or disorder mediated by mTOR a therapeutically effective amount of one or more compounds

of any one of Embodiments I-1 to I-32, or a pharmaceutically acceptable salt thereof.

[00256] Embodiment I-35. A method of preventing a disease or disorder mediated by
mTOR comprising administering to the subject suffering from or susceptible to developing a
disease or disorder mediated by mTOR a therapeutically effective amount of one or more
compounds of any one of Embodiments I-1 to [-32, or a pharmaceutically acceptable salt

thereof.

[00257] Embodiment I-36. A method of reducing the risk of a disease or disorder mediated

by mTOR comprising administering to the subject suffering from or susceptible to
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developing a disease or disorder mediated by mTOR a therapeutically effective amount of
one or more compounds of any one of Embodiments I-1 to I-32, or a pharmaceutically

acceptable salt thereof.

[00258] Embodiment I-37. The method of any one of Embodiments I-34 to I-36, wherein

the disease is cancer or an immune-mediated disease.

[00259] Embodiment I-38. The method of Embodiment I-37, wherein the cancer is
selected from brain and neurovascular tumors, head and neck cancers, breast cancer, lung
cancer, mesothelioma, lymphoid cancer, stomach cancer, kidney cancer, renal carcinoma,
liver cancer, ovarian cancer, ovary endometriosis, testicular cancer, gastrointestinal cancer,
prostate cancer, glioblastoma, skin cancer, melanoma, neuro cancers, spleen cancers,
pancreatic cancers, blood proliferative disorders, lymphoma, leukemia, endometrial cancer,
cervical cancer, vulva cancer, prostate cancer, penile cancer, bone cancers, muscle cancers,
soft tissue cancers, intestinal or rectal cancer, anal cancer, bladder cancer, bile duct cancer,

ocular cancer, gastrointestinal stromal tumors, and neuro-endocrine tumors.

[00260] Embodiment I-39. The method of Embodiment I-37, wherein the immune-
mediated disease is selected from resistance by transplantation of heart, kidney, liver,
medulla ossium, skin, cornea, lung, pancreas, intestinum tenue, limb, muscle, nerves,
duodenum, small-bowel, or pancreatic-islet-cell; graft-versus-host diseases brought about by
medulla ossium transplantation; rheumatoid arthritis, systemic lupus erythematosus,
Hashimoto's thyroiditis, multiple sclerosis, myasthenia gravis, type I diabetes, uveitis, allergic

encephalomyelitis, and glomerulonephritis.

[00261] Embodiment I-40. A method of treating cancer comprising administering to the
subject a therapeutically effective amount of one or more compounds of any one of

Embodiments I-1 to I-32, or a pharmaceutically acceptable salt thereof.

[00262] Embodiment I-41. The method of Embodiment I-40, wherein the cancer is
selected from brain and neurovascular tumors, head and neck cancers, breast cancer, lung
cancer, mesothelioma, lymphoid cancer, stomach cancer, kidney cancer, renal carcinoma,
liver cancer, ovarian cancer, ovary endometriosis, testicular cancer, gastrointestinal cancer,
prostate cancer, glioblastoma, skin cancer, melanoma, neuro cancers, spleen cancers,
pancreatic cancers, blood proliferative disorders, lymphoma, leukemia, endometrial cancer,

cervical cancer, vulva cancer, prostate cancer, penile cancer, bone cancers, muscle cancers,
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soft tissue cancers, intestinal or rectal cancer, anal cancer, bladder cancer, bile duct cancer,

ocular cancer, gastrointestinal stromal tumors, and neuro-endocrine tumors.

[00263] Embodiment I-42. A method of treating an immune-mediated disease comprising
administering to the subject a therapeutically effective amount of one or more compounds of

any one of Embodiments I-1 to I-32, or a pharmaceutically acceptable salt thereof.

[00264] Embodiment I-43. The method of Embodiment I-42, wherein the immune-
mediated disease is selected from resistance by transplantation of heart, kidney, liver,
medulla ossium, skin, cornea, lung, pancreas, intestinum tenue, limb, muscle, nerves,
duodenum, small-bowel, or pancreatic-islet-cell; graft-versus-host diseases brought about by
medulla ossium transplantation; rheumatoid arthritis, systemic lupus erythematosus,
Hashimoto's thyroiditis, multiple sclerosis, myasthenia gravis, type I diabetes, uveitis, allergic

encephalomyelitis, and glomerulonephritis.

[00265] Embodiment I-44. A method of treating an age related condition comprising
administering to the subject a therapeutically effective amount of one or more compounds of

any one of Embodiments I-1 to I-32, or a pharmaceutically acceptable salt thereof.

[00266] Embodiment I-45. The method of Embodiment I-44, wherein the age related
condition is selected from sarcopenia, skin atrophy, muscle wasting, brain atrophy,
atherosclerosis, arteriosclerosis, pulmonary emphysema, osteoporosis, osteoarthritis, high
blood pressure, erectile dysfunction, dementia, Huntington's disease, Alzheimer's disease,
cataracts, age-related macular degeneration, prostate cancer, stroke, diminished life
expectancy, impaired kidney function, and age-related hearing loss, aging-related mobility
disability (e.g., frailty), cognitive decline, age-related dementia, memory impairment, tendon
stiffness, heart dysfunction such as cardiac hypertrophy and systolic and diastolic

dysfunction, immunosenescence, cancer, obesity, and diabetes.

[00267] Embodiment I-46. A compound of any one of Embodiments I-1 to I-32, or a
pharmaceutically acceptable salt thereof, for use in treating, preventing, or reducing the risk

of a disease or condition mediated by mTOR.

[00268] Embodiment I-47. Use of a compound of any of Embodiments I-1 to I-32, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating,

preventing, or reducing the risk of a disease or disorder mediated by mTOR.

[00269] Embodiment I-48. A compound of any one of Embodiments I-1 to I-32, or a

pharmaceutically acceptable salt thereof, for use in treating cancer.
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[00270] Embodiment I-49. Use of a compound of any one of Embodiments I-1 to I-32, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating

cancer.

[00271] Embodiment I-50. A compound of any one of Embodiments I-1 to [-32, or a

pharmaceutically acceptable salt thereof, for use in treating an immune-mediated disease.

[00272] Embodiment I-51. Use of a compound of any one of Embodiments I-1 to I-32, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating an

immune-mediated disease.

[00273] Embodiment I-52. A compound of any one of Embodiments I-1 to [-32, or a

pharmaceutically acceptable salt thereof, for use in treating an age related condition.

[00274] Embodiment I-53. Use of a compound of any one of Embodiments I-1 to I-32, or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating an

age related condition.

Examples

[00275] The disclosure is further illustrated by the following examples and synthesis
examples, which are not to be construed as limiting this disclosure in scope or spirit to the
specific procedures herein described. It is to be understood that the examples are provided to
illustrate certain embodiments and that no limitation to the scope of the disclosure is intended
thereby. It is to be further understood that resort may be had to various other embodiments,
modifications, and equivalents thereof which may suggest themselves to those skilled in the
art without departing from the spirit of the present disclosure and/or scope of the appended
claims.

[00276] Definitions used in the following examples and elsewhere herein are:

CH:Cl,, DCM Methylene chloride, Dichloromethane
CH3CN, MeCN Acetonitrile

DIPEA Diisopropylethyl amine

DMA Dimethylacetamide

DME Dimethoxyethane

DMF N,N-Dimethylformamide

EDCI 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
EtOAc Ethyl acetate

h hour

H20 Water

HCI Hydrochloric acid

HOBt Hydroxybenzotriazole
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HPLC High-performance liquid chromatography

LCMS Liquid chromatography—mass spectrometry
MeOH Methanol

MTBE Methyl rert-butyl ether

NaxSO4 Sodium sulfate

PEG Polyethylene glycol

TBDMS fert-butyldimethylsilyl

TFA Trifluoroacetic acid

THF Tetrahydrofuran

T™S Tetramethylsilane

General Assembly Approaches For Bifunctional Rapalogs

[00277]  With reference to the schemes below, rapamycin is Formula II,

(II)

where R!® is -OCH3; R?® is =0; R?® is -OH; R*? is =0; and R*’ is -OH. A “rapalog” may
refer to an analog or derivative of rapamycin. For example, with reference to the schemes
below, a rapalog can be rapamycin that is substituted at any position, such as R1¢, R26, R?®,
R3? or R*. An active site inhibitor (AS inhibitor) is active site mTOR inhibitor. In certain

embodiments, AS inhibitor is depicted by B, in Formula I or Formula I-X.

Assembly of Series 1 bifunctional rapalogs

[00278] An assembly approach to Series 1 bifunctional rapalogs is shown in Scheme 1
below. For these types of bifunctional rapalogs, Linker Type A may include variations where
q=0to300r0to 10, such asq=1to 7. An alkyne moiety can be attached to the rapalog at
R* R1!6 R?® R32 or R% positions (Formula I or I-X). The alkyne moiety can be attached via
a variety of linkage fragments including variations found in Table 1 in the Examples Section.
A Type 1 mTOR active site inhibitor can attach to the linker via a primary or secondary
amine, and may include variations in Table 2 in the Examples Section. This assembly

sequence starts with reaction of the linker Type A with the amino terminus of an active site
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inhibitor, such as those in Table 2, to provide an intermediate A1. Then, the intermediate is
coupled to an alkyne containing rapalog, such as those from Table 1, via 3+2 cycloadditions

to provide the Series 1 bifunctional rapalogs.

Scheme 1. General assembly of Series 1 Bifunctional rapalogs.

X o
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Series 1 Bifunctional rapalog

Table 1. Alkyne containing rapalog monomers.
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Alkyne containing rapalog
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Alkyne containing rapalog Alkyne containing rapalog
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Alkyne containing rapalog

Alkyne containing rapalog

Me OMeMe Me

Me OMe Me Me

Monomer 30

Me OMe Me Me

Monomer 35

Monomer 36

216




Alkyne containing rapalog
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Alkyne containing rapalog Alkyne containing rapalog
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Alkyne containing rapalog

Alkyne containing rapalog
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Table 2. Type 1 Active Site inhibitor.
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Active Site inhibitor
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Assembly of Series 2 bifunctional rapalogs

[00279] An assembly approach to Series 2 bifunctional rapalogs is shown in Scheme 2
below. For these types of bifunctional rapalogs, linker type B may include variations where q
=0to300r0to 10, suchasq=1to8;0=0to0 8, suchas o =0to02; and Q is CHz or O (when
0> 0). The alkyne moiety can be attached to the rapalog at R*, R!6, R*® R3? or R*
positions (Formula I or Formula I-X). The alkyne moiety can be attached via a variety of
linkage fragments including variations in Table 1. The active site inhibitor can include
variations in Table 2. This assembly sequence starts with reaction of the linker Type B with a
cyclic anhydride to give Intermediate B1. The intermediate is then coupled to the amino
terminus of an active site inhibitor, such as those in Table 2, to provide Intermediate B2.
Then, the intermediate is coupled to an alkyne containing rapalog, such as those from Table

1, via 342 cycloadditions to provide the Series 2 bifunctional rapalogs.
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Scheme 2. General assembly of Series 2 Bifunctional rapalogs.
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Assembly of Series 3 bifunctional rapalogs

[00280] An assembly approach to Series 3 bifunctional rapalogs is shown in Scheme 3
below. For these types of bifunctional rapalogs, linker type B may include variations where q
=0to300r0to 10, such as q=1to 8. The alkyne moiety can be attached to the rapalog at
R* R1!6 R?® R32 or R? positions (Formula I or Formula I-X). The alkyne moiety can be
attached via a variety of linkage fragments including variations in Table 1. This assembly
sequence starts with reaction of the linker Type B with a carboxylic acid of an active site
inhibitor, such as those in Table 3 in the Examples Section, to provide Intermediate C1
(Scheme 3). Then, the intermediate is coupled to an alkyne containing rapalog, such as those

from Table 1, via 3+2 cycloadditions to provide Series 3 bifunctional rapalogs.
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Scheme 3. General assembly of Series 3 Bifunctional rapalogs.
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Table 3. Type 2 Active Site Inhibitors.

Active Site Inhibitor Active Site Inhibitor
NH,
NH,
0]
I
N
NH,
N e N
N |
N CO-H COH
Monomer AE Monomer AF
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Active Site Inhibitor Active Site Inhibitor
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N N N OH N
hEhEh K\N,N y
Me N A~ (o}
Nj,Me
[o CoLH
Monomer AG Monomer AH
O
7/ "NH
TN
NH, N\
N XN
L _
N
CO,H
Monomer Al Monomer AJ

Assembly of Series 4 bifunctional rapalogs

[00281] An assembly approach to Series 4 bifunctional rapalogs is shown in Scheme 4
below. For these types of bifunctional rapalogs, linker type C may include variations where q
=0to300r0to 10, such asq=1t09. The azide moiety can be attached to the rapalog at
R* R1!6 R2 R32 or R% positions (Formula I or Formula I-X). The azide moiety can be
attached via a variety of linkage fragments including variations in Table 4 in the Examples
Section. This assembly sequence starts with reaction of the linker type C with an amine-
reactive alkyne-containing pre linker, such as those in Table 5 in the Examples Section,
followed by carboxylic acid deprotection to provide Intermediate D1 (Scheme 4). The
intermediate is then coupled to a nucleophilic amine containing active site inhibitor, such as
those in Table 2, to provide Intermediate D2. Then, the intermediate is coupled to an azide
containing rapalog, such as those in Table 4, via 3+2 cycloadditions to provide Series 4

bifunctional rapalogs.
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Scheme 4. General assembly of Series 4 bifunctional rapalogs.
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Table 4. Azide containing rapalog monomers.

Azide containing rapalog

Azide containing rapalog

Monomer 55

Me OMe Me Me
H Me OMe Me Me

Monomer 56
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Me OMe Me Me
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Y N

Monomer 61 Monomer 62
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Azide containing rapalog
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Azide containing rapalog

Azide containing rapalog

Me OMeMe Me

Monomer 69

Me OMe Me Me

Monomer 70

M

Me OMeMe Me O ©
- k)
- ™ ~-N

Monomer 71

Monomer 72

Me OMeMe Me O ;
= A

N = N Y N3

“OMe

Monomer 73

Me OMeMe Me OH
= k)
- AN ~N

N3

“‘OMe

Monomer 74

231




Azide containing rapalog

Azide containing rapalog

CO,H

Me OMeMe Me O
= kJ
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Table 5. Alkyne containing amine-reactive pre-linkers.

Alkyne containing block Alkyne containing block
0]
Nlﬁ)kOH
o :
N N
Pe e
&
Building Block A Building Block B
o) X CO,H
o~ A
OH
Building Block C Building Block D
X
o
SO,CI S0O,CI
Building block E Building block F
R ™
CO,H CO,H
Building block G Building block H

232




Alkyne containing block Alkyne containing block

=

S0,CI

Building block I

Assembly of Series 5 bifunctional rapalogs

[00282] An assembly approach to Series 5 bifunctional rapalogs is shown in Scheme 5
below. For these types of bifunctional rapalogs, linker type C may include variations where q
=0to300r0to 10, such as q=1to 8. The azide moiety can be attached to the rapalog at
R* R R R32 or R? positions (Formula I-X). The azide moiety can be attached via a
variety of linkage fragments including variations in Table 4. This assembly sequence starts
with reaction of the linker Type C with an amine-reactive alkyne-containing pre linker, such
as those in Table 5 in the Examples Section, followed by carboxylic acid deprotection to
provide Intermediate E1 (Scheme 5). Then, the intermediate is coupled to a Type C linker,
using standard peptide forming conditions, followed by carboxylic acid deprotection to
provide Intermediate E2. The intermediate is then coupled to an amine containing active site
inhibitor, such as those in Table 2, using standard peptide bond forming conditions to provide
Intermediate E3. Then, the intermediate is coupled to an azide containing rapalog, such as

those in Table 4, via 3+2 cycloadditions to provide Series 5 bifunctional rapalogs.
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Scheme 5. General assembly of Series 5 Bifunctional rapalogs.
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Assembly of Series 6 bifunctional rapalogs

[00283] An assembly approach to Series 6 bifunctional rapalogs is shown in Scheme 6
below. For these types of bifunctional rapalogs, linker type C may include variations where q
=0to300r0to 10, such asq=1t09. The azide moiety can be attached to the rapalog at
R* R R R32 or R? positions (Formula I-X). The azide moiety can be attached via a
variety of linkage fragments including variations in Table 4. This assembly sequence starts
with reaction of the linker type C with an amine-reactive alkyne-containing pre linker, such
as those in Table 5 in the Examples Section, followed by carboxylic acid deprotection to
give Intermediate F1 (Scheme 6). The intermediate is then coupled to an amine containing
post-linker, such as those found in Table 6 in the Examples Section, using standard peptide
bond forming conditions followed by deprotection of the carboxylic acid to provide
Intermediate F2. The intermediate is then coupled to an amine containing active site inhibitor,
such as those in Table 2, using standard peptide bond forming conditions to provide
Intermediate F3. Finally, the intermediate is coupled to an azide containing rapalog, such as

those in Table 4, via 3+2 cycloadditions to provide Series 6 bifunctional rapalogs.
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Scheme 6. General assembly of Series 6 Bifunctional rapalogs.
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Table 6. Amine containing post-linkers.

Amine containing block Amide containing block
0 0]
N~ OEt NZ OEt
NG Q)k
(\N N (\N N
N__N._J N
a
HN AN
Building block J Building block K

Assembly of Series 7 bifunctional rapalogs

[00284]

AS

Type 1 Active site
inhibitor

\J

An assembly approach to Series 7 bifunctional rapalogs is shown in Scheme 7

below. For these types of bifunctional rapalogs, linker type A may include variations where

q=0to 30 or0to 10, such as g =1 to 8, and linker type D may include variations where o =

0 to 10, such as 0 = 1 to 8. The alkyne moiety can be attached to the rapalog at R**, R16, R*®
R32, or R?® positions (Formula I-X). The alkyne moiety can be attached via a variety of

linkage fragments including variations in Table 1. This assembly sequence starts with

2

reaction of the linker Type D with a carboxylic acid of an active site inhibitor, such as those
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in Table 3 in the Examples Section, followed by N-deprotection to give Intermediate G1
(Scheme 7). Then, the intermediate is coupled to a type A linker, to provide Intermediate G2.
Finally, the intermediate is coupled to an alkyne containing rapalog, such as those in Table 1,

via 3+2 cycloadditions to provide Series 7 bifunctional rapalogs.

Scheme 7. General assembly of Series 7 Bifunctional rapalogs.
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Assembly of Series 8 bifunctional rapalogs

[00285] An assembly approach to Series 8 bifunctional rapalogs is shown in Scheme 8
below. For these types of bifunctional rapalogs, linker type C may include variations where q
=0to300r0to 10, suchas q=1t09. The alkyne moiety can be attached to the rapalog at
R* R1!6 R? R32 or R% positions (Formula I-X). The alkyne moiety can be attached via a
variety of linkage fragments including variations in Table 1. This assembly sequence starts
with reaction of the linker type C with an azide containing pre-linker, such as those in Table 7
in the Examples Section, followed by carbonxylic acid deprotection to give Intermediate H1
(Scheme 8). The intermediate is then coupled to the amine containing active site inhibitor,
such as those in Table 2, using standard peptide bond forming conditions to provide
Intermediate H2. Finally, the intermediate is coupled to an alkyne containing rapalog, such

as those in Table 1, via 3+2 cycloadditions to provide Series 8 bifunctional rapalogs.
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Scheme 8. General assembly of Series 8 Bifunctional rapalogs.
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Table 7. Azide containing amine-reactive pre-linkers.

Azide containing block Azide containing block

0
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Assembly of Series 9 bifunctional rapalogs

[00286] An assembly approach to Series 9 bifunctional rapalogs is shown in Scheme 9
below. For these types of bifunctional rapalogs, Linker Type F may include variations where
q=0to300r0to 10, suchasq=1to7. An azide moiety can be attached to the rapalog at
R* R R R32 or R? positions (Formula I-X). The azide moiety can be attached via a
variety of linkage fragments including variations found in Table 4 in the Examples Section.
A Type 1 mTOR active site inhibitor can attach to the linker via a primary or secondary
amine, and may include variations in Table 2 in the Examples Section. This assembly
sequence starts with reaction of the linker Type E with the amino terminus of an active site
inhibitor, such as those in Table 2, to provide an intermediate I1. Then, the intermediate is
coupled to an azide containing rapalog, such as those from Table 4, via 3+2 cycloadditions to

provide the Series 9 bifunctional rapalogs.
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Scheme 9. General assembly of Series 9 Bifunctional rapalogs.
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Assembly of Series 10 bifunctional rapalogs

[00287] An assembly approach to Series 10 bifunctional rapalogs is shown in Scheme 10
below. For these types of bifunctional rapalogs, linker type F includes variations where ¢ =0
to 30 or 0 to 10, such as q = 1 to 8, and linker type G includes variations where o = 0 to 10,
such as 0 = 1 to 8. The azide moiety can be attached to the rapalog at R*°, R!® R R32 or
R?® positions (Formula I-X). The azide moiety can be attached via a variety of linkage
fragments including variations in Table 4. This assembly sequence starts with reaction of the
linker Type F with the amine of an active site inhibitor, such as those in Table 2 in the
Examples Section. Then, the intermediate is coupled to a type G linker, to provide
Intermediate J2. Finally, the intermediate is coupled to an azide containing rapalog, such as

those in Table 4, via 3+2 cycloadditions to provide Series 10 bifunctional rapalogs.
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Scheme 10. General assembly of Series 10 Bifunctional rapalogs.
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Assembly of Series 11 bifunctional rapalogs

[00288] An assembly approach to Series 11 bifunctional rapalogs is shown in Scheme 11
below. For these types of bifunctional rapalogs, linker type A includes variations where q =
0to30or0to 10, such as q =1 to 8, and linker type C includes variations where o = 0 to 10,
such as 0 = 1 to 8. The alkyne moiety can be attached to the rapalog at R*’, RS, R*® R3? or
R?® positions (Formula I-X). The azide moiety can be attached via a variety of linkage
fragments including variations in Table 1. This assembly sequence starts with reaction of the
linker Type A with the amine of a linker Type C, followed by deprotection of the carboxylic
acid to provide Intermediate K1. Then, the intermediate is coupled an amine containing
active site inhibitor, such as those found in Table 2, to provide Intermediate K2. Finally, the
intermediate is coupled to an alkyne containing rapalog, such as those in Table 1, via 3+2

cycloadditions to provide Series 11 bifunctional rapalogs.
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Scheme 11. General assembly of Series 11 Bifunctional rapalogs.
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Assembly of Series 12 bifunctional rapalogs

[00289] An assembly approach to Series 12 bifunctional rapalogs is shown in Scheme 12
below. For these types of bifunctional rapalogs, linker type H may include variations where q
=0to300r0to 10, suchas q=1t09. The alkyne moiety can be attached to the rapalog at
R* R!® R R32 or R? positions (Formula I-X). The alkyne moiety can be attached via a
variety of linkage fragments including variations in Table 1. This assembly sequence starts
with reaction of the linker type H with a nucleophilic amine containing active site inhibitor,
such as those in Table 2, followed by carboxylic acid deprotection to provide Intermediate
L1. Then, the intermediate is coupled with an azide containing amine prelinker, which can be
composed of a primary or seconday amine, such as those in Table 8, to provide Intermediate
L2. Finally, the intermediate is coupled to an alkyne containing rapalog, such as those in

Table 1, via 3+2 cycloadditions to provide Series 12 bifunctional rapalogs.
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Scheme 12. General assembly of Series 12 Bifunctional rapalogs.
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Table 8. Azide containing amine pre-linkers.

Amine containing block Amine containing block
TBDPSO
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Building Block Q Building block R
TBSO
tBuO.__0O BS 0/\/N\?O
NH @H
N N N N
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Assembly of Series 13 bifunctional rapalogs

[00290] An assembly approach to Series 13 bifunctional rapalogs is shown in Scheme 13
below. For these types of bifunctional rapalogs, linker type I may include variations where q
=0to300r0to 10, such asq=1t09. The azide moiety can be attached to the rapalog at
R* R1!6 R2 R32 or R% positions (Formula I or Formula I-X). The azide moiety can be
attached via a variety of linkage fragments including variations in Table 4. This assembly
sequence starts with reaction of the linker type I with an alkyne containing pre-linker amine,
which can be composed of a primary or seconday amine, such as those in Table 9 in the
Examples Section, followed by N-deprotection to give Intermediate M 1. The intermediate is
then coupled to the carboxylic acid containing active site inhibitor, such as those in Table 3,
using standard peptide bond forming conditions to provide Intermediate M2. Then, the
intermediate is coupled to an azide containing rapalog, such as those in Table 4, via 3+2

cycloadditions to provide Series 13 bifunctional rapalogs.
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Scheme 13. General assembly of Series 13 Bifunctional rapalogs.
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Table 9. Alkyne containing pre-linker amines.

Alkyne containing amines Alkyne containing amines
X
X
NH, NH,
Building Block V Building Block W
X
\N
I N
NA N\)\/NHZ
Building Block X Building Block Y
X
\
NH, NH,
Building Block Z Building Block AA
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Assembly of Series 14 bifunctional rapalogs

[00291] An assembly approach to Series 14 bifunctional rapalogs is shown in Scheme 14
below. For this type of bifunctional rapalogs, linker type I may include variations where q = 0
to30 or 0 to 10, such as q =1 to 9. The carboxylic acid moiety can be attached to the rapalog
at R** R!® R?® R*2 or R? positions (Formula I or Formula I-X). The carboxylic acid moiety
can be attached via a variety of linkage fragments including variations in Table 10. This
assembly sequence starts with reaction of the linker type I with a nucleophilic amine
containing active site inhibitor, such as those in Table 2, followed by N-deprotection to
provide Intermediate N1. The intermediate is then coupled to a carboxylic acid containing
rapalog, such as those in Table 10 in the Examples Section, to provide Series 14 bifunctional

rapalogs.
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Scheme 14. General assembly of Series 14 bifunctional rapalogs.

0
COH
PGNH\/~6 /\%o\ O. AS

)

Linker type | Type 1 Active site
Y = CH, or a bond inhibitor
PG = protecting group
Carboxylic acid-containing rapalog
Step 1: hunig's base
Step 2: Amine deprotection

O
Rapalog HN\/\GO/\%Q ‘Y/\”/ inhibitor
O

Series 14 Bifunctional rapalog

ooy
2 N inhibitor
Y
Intermediate N1
Step 3: EDCI/HOBt
and base

Table 10. Carboxylic acid containing rapalog monomers.

Carboxylic acid containing rapalog Carboxylic acid containing rapalog

Me OMeMe Me Me OMeMe Me

Monomer 76 Monomer 77
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Assembly of Series 15 bifunctional rapalogs

[00292]

An assembly approach to Series 15 bifunctional rapalogs is shown in Scheme 15

below. For this type of bifunctional rapalogs, linker type J may include variations where q =

0to 30 or 0 to 10, such as q = 3 to 8. The amino moiety can be attached to the rapalog at R*’

2

R R2 R¥ or R% positions (Formula I or Formula I-X). The amino moiety can be attached

via a variety of linkage fragments including variations in Table 11. This assembly sequence

starts with reaction of the linker type J with a nucleophilic amine containing active site

inhibitor, such as those in Table 2, followed by carbonxylic acid deprotection to provide

247




Intermediate O1. The intermediate is then coupled to an amine containing rapalog, such as

those in Table 11 in the Examples Section, to provide Series 15 bifunctional rapalogs.

Scheme 15. General assembly of Series 15 bifunctional rapalogs.

NH

Rapalo )J\/ /6\/ AS
palog + PGO Y/\n/ b HN
Linker type J Type 1 Active site
Y = CH; or a bond inhibitor

PG = protecting group

Amine-containing rapalog Step 1: hunig's base

Step 2: deprotect acid

H AS
10 Koot Ay~ e
0 Y inhibitor
q /\[O(
Intermediate O1
Step 3: EDCI/HOBt
and base

AS
oty
Rapalog o )Y/\n/ inhibitor
Series 15 Bifunctional rapalog

Table 11. Amine containing rapalog monomers.

Amine containing rapalog Amine containing rapalog

Me OMe Me Me Me OMe Me Me

Monomer 81 Monomer 82
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Amine containing rapalog

Amine containing rapalog

Me OMe Me Me

~NH;

“‘OMe

Monomer 83

Me OMe Me Me

Monomer 84

Me OMe Me Me

«NH2

“'OMe

Monomer 85

Assembly of Series 16 bifunctional rapalogs

[00293] An assembly approach to Series 16 bifunctional rapalogs is shown in Scheme 16

below. For these types of bifunctional rapalogs, linker Type C may include variations where

q=0to30o0r0to 10, suchas q=1t09. The amine containing rapalog monomers may

include those in Table 11. This assembly sequence starts with reaction of the linker Type C

with a carboxylic acid of an active site inhibitor, such as those in Table 3, to provide

Intermediate P1. Then, the intermediate is coupled to an amine containing rapalog, such as

those in Table 11 in the Examples Section, to provide Series 16 bifunctional rapalogs.
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Scheme 16. General assembly of Series 16 bifunctional rapalogs.

NH, o} HO
+ )J\/Y\ /6\/(3)\/\ + . AS
Rapalog PGO O a NH, J inhibitor
Linker type C Type 2 Active site
Y = CH, or a bond inhibitor
PG = protecting group
Amine containing rapalog Step 1: HBTU or

EDCI/HOBt and base
Step 2: deprotect acid

@] @]
J v o _AS
HO (0] N inhibitor
q H

Intermediate P1

Step 3: HBTU or
EDCI/HOBt and base

o) 0]
H AS
Anopol
Rapalog q H
Series 16 Bifunctional rapalog

Preparation of Active Site Inhibitor Monomers

Monomer A. S-(4-amino-1-(4-(aminomethyl)benzyl)-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt.

/>—NH2

NH, ﬁ )I< %‘/
Nt)\r\(N BocHN NaH k Pd{PPh;),;, Na,CO; I N| ,
N/ H DMF \g DME/H,0, 110 °C
BocHN
CF,CO,H

BocHN

Step 1: Synthesis of tert-butyl 4-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)benzylcarbamate

[00294] To a solution of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (3.8 g, 14.56 mmol,

1.0 equiv) in DMF (20 mL) was added NaH (582.27 mg, 14.56 mmol, 60% purity, 1.0 equiv)

at 0 °C and the reaction solution was stirred at this temperature for 30 min, then zert-butyl 4-
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(bromomethyl)benzylcarbamate (4.59 g, 15.29 mmol, 1.05 equiv) was added to the reaction at
0 °C and the reaction solution was stirred at room temperature for 2 h. The solution was
poured into H2O (80 mL) and the solid that precipitated out was filtered. The solid cake was
washed with H2O (2 x 10 mL) and then dried under reduced pressure to give fert-butyl 4-((4-
amino-3-iodo- 1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)benzylcarbamate (5 g, 7.68 mmol,
53% yield) as a yellow solid. LCMS (ESI) m/z: [M + Na] calcd for Ci1sH21IN6O2: 503.07,;
found: 503.2.

Step 2. Synthesis of tert-butyl 4-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)benzylcarbamate

[00295] To a bi-phasic suspension of fert-butyl 4-((4-amino-3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)benzylcarbamate (5 g, 7.68 mmol, 1.0 equiv), 5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzo[d]Joxazol-2-amine (2.40 g, 9.22 mmol, 1.2 equiv)
and Pd(PPhs)4 (887.66 mg, 768.16 pmol, 0.1 equiv) in DME (100 mL) and H20 (50 mL) was
added Na2COs (1.91 g, 23.04 mmol, 3.0 equiv) at room temperature under N2. The mixture
was stirred at 110 °C for 3 h. The reaction mixture was cooled to room temperature and
filtered, the filtrate was extracted by EtOAc (3 x 50 mL). The organic phases were combined
and washed with brine (10 mL), dried over Na2SOs, filtered, and the filtrate was concentrated
under reduced pressure to give a residue. The residue was purified by silica gel
chromatography (0—20% MeOH/EtOAc) to give tert-butyl 4-((4-amino-3-(2-
aminobenzo[d]Joxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)benzylcarbamate (4.5
g, 82% yield) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for C25HasNgO3: 487.22;
found: 487.2.

Step 3: Synthesis of 5-(4-amino-1-(4-(aminomethyl)benzyl)-1H-pyrazolo[3,4-d] pyrimidin-3-

yl)benzo[d]oxazol-2-amine

[00296] To a solution of tert-butyl 4-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)benzylcarbamate (4.5 g, 6.29 mmol, 1.0 equiv) in
DCM (50 mL) was added TFA (30.80 g, 270.12 mmol, 20 mL, 42.95 equiv) at 0 °C. The
reaction solution was stirred at room temperature for 2 h. The reaction solution was
concentrated under reduced pressure to give a residue, which was dissolved in 10 mL of
MeCN, then poured into MTBE (100 mL). The solid that precipitated was then filtered and
the solid cake was dried under reduced pressure to give 5-[4-amino-1-[[4-

(aminomethyl)phenyl|methyl]pyrazolo[3,4-d]pyrimidin- 3-yl]-1,3-benzoxazol-2-amine (2.22
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g, 71% yield, TFA) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for C20H1sNsO:
387.16; found: 387.1.

Monomer B. 2-(4-amino-1-(4-aminobutyl)-1H-pyrazolo|3,4-d]pyrimidin-3-yl)-1H-indol-
6-ol trifluoroacetic acid salt.

OBn
NH, | Pd(OAc),, PPh; NH; \-NH
Na,CO;,
NI Yy NHBoc (Hohs@ - . Nl Yy NHBoc
kN/ N Noe OBn  DMF/EtOH/H,0 kN/ N
80 °C Pd/C, H,
EtOH
23°C
OH OH
NH, \-NH NH, N\NH
TFA
NI NH, ———  NTX\  NHBoc
QLN DCM QLN
N N 0°C N N
CF3CO,H

Step 1: Synthesis of tert-butyl 2-(4-amino-1-(4-((fert-butoxycarbonyl)amino)butyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)-6-(benzyloxy)-1H-indole-1-carboxylate

[00297] To a mixture of fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yD)butyl)carbamate (300 mg, 694 umol, 1.0 equiv) and (6-(benzyloxy)-1-(tert-
butoxycarbonyl)-1H-indol-2-yl)boronic acid (763 mg, 2.08 mmol, 3.0 equiv) in DMF (2.6
mL), EtOH (525 pL), and H20 (350 pL) were added Pd(OAc)2 (15.5 mg, 69 umol, 0.1
equiv), triphenylphosphine (36.1 mg, 138 umol, 0.2 equiv), and sodium carbonate (440 mg,
4.16 mmol, 6.0 equiv). The reaction was heated at 80 °C for 20 h, cooled to room
temperature, and quenched with H20O (10 mL) and EtOAc (10 mL). The mixture was
transferred to a separatory funnel and the aqueous phase was extracted with EtOAc (3 x 20
mL). The combined organic phase was washed with sat. aq. NaCl (1 x 20 mL), dried over
NaxSOq, filtered, and concentrated under reduced pressure. The crude material was purified
by silica gel chromatography (20—85% EtOAc/heptane) to provide the product (201 mg,
46% yield) as an orange solid. LCMS (ESI) m/z: [M + H] calcd for C29H33N703: 528.27,
found 528 .2.

Step 2: Synthesis of tert-butyl (4-(4-amino-3-(6-hydroxy-1H-indol-2-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)butyl)carbamate
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[00298] To a solution of zert-butyl 2-(4-amino-1-(4-((fert-butoxycarbonyl)amino)butyl)-
1H-pyrazolo[3,4-d]pyrimidin-3-yl)-6-(benzyloxy)-1H-indole-1-carboxylate (1.0 equiv) in
EtOH is added Pd/C (10 mol%). The reaction is purged with Hz and the reaction allowed to
stir under an atmosphere of Hz until consumption of starting material, as determined by
LCMS. The reaction is then diluted with EtOAc, filtered over Celite, and concentrated under
reduced pressure. The resultant residue is purified by silica gel chromatography to afford the

desired product.

Step 3: Synthesis of 2-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-
indol-6-0l

[00299] To a solution of fert-butyl (4-(4-amino-3-(6-hydroxy-1H-indol-2-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)butyl)carbamate (1.0 equiv) in anhydrous DCM is added TFA
(50 equiv.) dropwise at 0 °C. The reaction is stirred at 0 °C and warmed to room temperature.
Once the reaction is complete, as determined by LCMS, the reaction is concentrated under
reduced pressure. The residue is triturated with MeCN, then dropped into MTBE over 10
min. The supernatant is removed and the precipitate is collected by filtration under Nz to

give 2-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-6-ol.

Monomer C. S-(4-amino-1-((1,2,3,4-tetrahydroisoquinolin-6-yl)methyl)-1H-

pyrazolo[3,4-d]|pyrimidin-3-yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt.

o o NHz
NH,
J@[Nf*"”z at )

Br O.
NH, | B N
o) NH,
NH, | N7 NH,
AN TFA NI
NTX N BocN NaH NZ TN Pd(PPh;),, Na,CO, N [ N
R

P
NN DMF DME/H,0, 110 °C N~ N

BocN

Step 1: Synthesis of tert-butyl 6-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-

yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate

[00300] To a suspension of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (5 g, 19.16
mmol, 1.0 equiv) in DMF (50.0 mL) was added NaH (766.22 mg, 19.16 mmol, 60% purity,
1.0 equiv) at 4 °C. The mixture was stirred at 4 °C for 30 min. To the reaction mixture was
added tert-butyl 6-(bromomethyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (6.87 g, 21.07
mmol, 1.1 equiv) in DMF (30 mL) at 4 °C. The mixture was stirred at room temperature for

2 h. The mixture was then cooled to 4 °C and H20 (400 mL) was added and the mixture was
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stirred for 30 min. The resulting precipitate was collected by filtration to give crude fert-
butyl 6-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-3,4-
dihydroisoquinoline-2(1H)-carboxylate (9.7 g, 76% yield) as light yellow solid. The crude

product was used for the next step directly.

Step 2: Synthesis of fert-butyl 6-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2( 1H)-carboxylate

[00301] To a bi-phasic suspension of ferz-butyl 6-((4-amino-3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (9.7 g, 14.63 mmol, 1.0
equiv), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzo[d]oxazol-2-amine (4.57 g,
17.55 mmol, 1.2 equiv), and Na2COs (7.75 g, 73.14d mmol, 5.0 equiv) in DME (120.0 mL)
and H20 (60 mL) was added Pd(PPhs)4 (1.69 g, 1.46 mmol, 0.1 equiv) at room temperature
under N2. The mixture was stirred at 110 °C for 3 h. The reaction mixture was then cooled
to room temperature and partitioned between EtOAc (100 mL) and H20 (100 mL). The
aqueous layer was separated and extracted with EtOAc (60 mL x 2). The organic layers were
combined, washed with brine (80 mL) and dried over anhydrous Na2SOs, filtered and the
filtrate was concentrated under reduced pressure. The residue was purified by silica gel
chromatography (1—100% EtOAc/petroleum ether, then 20—50% MeOH/EtOAc) to afford
tert-butyl 6-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (4.5 g, 8.44 mmol, 58% yield,) as
light yellow solid.

Step 3: Synthesis of 5-(4-amino-1-((1,2,3,4-tetrahydroisoquinolin-6-yl)methyl)-1H-
pyrazolo[3,4-d]pyramidin-3-yl)benzo[d]oxazol-2-amine

[00302] Toneat TFA (32.5 mL, 438.97 mmol, 50.0 equiv) was added ferz-butyl 6-((4-
amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin- 1-yl)methyl)-3,4-
dihydroisoquinoline-2(1H)-carboxylate (4.5 g, 8.78 mmol, 1.0 equiv) at room temperature.
The mixture was stirred for 30 min and then concentrated under reduced pressure. The oily
residue was triturated with MeCN (8 mL), then dropped into MTBE (350 mL) over 10 min.
The supernatant was removed and then the precipitate was collected by filtration under Nz to
give 5-(4-amino-1-((1,2,3,4-tetrahydroisoquinolin-6-yl)methyl)-1H-pyrazolo|[3,4-
d]pyrimidin-3-yl)benzo[d]oxazol-2-amine (5.72 g, 10.54 mmol, over 100% yield, TFA) as
light pink solid. LCMS (ESI) m/z: [M + H] calcd for C22H20NsO: 413.18; found 413.2.

254



Monomer D. 2-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-

7-ol trifluoroacetic acid salt.

@B(OH)Z OCH, OH OH

N

NH, | Boc NH, \-NBoc \_NBoc NH, \-NH
OCH;

N7 Pd(PPhs),, Na,CO; NT

AN §

N~ N N N

\
- ) )
DME/H,0, 110 °C N DCM, -10 °C N DCM N
\j \j \j o j
BocHN BocHN BocHN H,N CF3;CO,H

Step 1: Synthesis of tert-butyl 2-(4-amino-1-(4-((fert-butoxycarbonyl)amino)butyl)-1H-

pyrazolo[3,4-d]pyrimidin-3-yl)-7-methoxy-1H-indole-1-carboxylate

[00303] To a mixture of fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate (1.0 equiv) and (1-(ferz-butoxycarbonyl)-7-methoxy-1H-indol-2-
yl)boronic acid (3.0 equiv) in DME and H20 are added Pd(PPhs)4 (0.1 equiv) and sodium
carbonate (6.0 equiv). The reaction is heated at 80 °C until completion of reaction, as
determined by LCMS and TLC analysis. The reaction is then quenched with H20 and EtOAc.
The mixture is transferred to a separatory funnel and the aqueous phase is extracted with
EtOAc. The organic phase is washed with sat. aq. NaCl, dried over Na2SOs, filtered, and
concentrated under reduced pressure. The desired product is isolated after chromatography on

silica gel.

Step 2: Synthesis of tert-butyl 2-(4-amino-1-(4-((fert-butoxycarbonyl)amino)butyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)-7-hydroxy-1H-indole-1-carboxylate

[00304] To a solution of zert-butyl 2-(4-amino-1-(4-((fert-butoxycarbonyl)amino)butyl)-
1H-pyrazolo[3,4-d]pyrimidin-3-yl)-7-methoxy-1H-indole-1-carboxylate (1.0 equiv) in DCM
at -10 °C is added BBr3 (2.0 equiv). The reaction is allowed to stir until consumption of
starting material as determined by LCMS. The reaction is quenched by slow addition of sat.
aq. NaHCOs, transferred to a separatory funnel and the mixture is extracted with DCM. The
organic phase was washed with sat. aq. NaCl, dried over NaxSQq, filtered, and concentrated

under reduced pressure. The desired product is isolated after chromatography on silica gel.

Step 3: Synthesis of 2-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-
indol-7-0l

[00305] To a solution of zert-butyl 2-(4-amino-1-(4-((fert-butoxycarbonyl)amino)butyl)-
1H-pyrazolo[3,4-d]pyrimidin-3-yl)-7-hydroxy-1H-indole-1-carboxylate (1.0 equiv) in DCM
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at 0 °C is added TFA dropwise. The reaction is stirred at 0 °C and warmed to room
temperature. Once the reaction is complete, as determined by LCMS, the reaction is
concentrated under reduced pressure. The residue is triturated with MeCN, then dropped into
MTBE over 10 min. The supernatant is removed and the precipitate is collected by filtration
under N2 to give 2-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-
7-ol.

Monomer E. 5-(4-amino-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]|pyrimidin-3-

yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt.

/>—NH2 o~ Hz
O-g \

H, Boch(j/\ N)Y\( a/
N)Yé Koy, Pd(PPh;),, Na,CO; NN
| N —— :
kN’ N DMA, 80 °C DME/H,0, 110 °C k 4

H

BocN
BocN HN CF4CO,H

Step 1: Synthesis of tert-butyl 4-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)piperidine-1-carboxylate

[00306] To a solution of 3-iodo-1H-pyrazolo[3,4-d|pyrimidin-4-amine (3 g, 11.49 mmol,
1.0 equiv) in DMA (30 mL) was added ferz-butyl 4-(bromomethyl)piperidine-1-carboxylate
(3.36 g, 12.07 mmol, 1.05 equiv) and K2COs3 (4.77 g, 34.48 mmol, 3.0 equiv), then the
reaction was stirred at 80 °C for 3 h. The reaction mixture was filtered to remove K2CO3 and
the filtrate was poured into H2O (200 mL), a solid precipitated that was then filtered to give
tert-butyl 4-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)piperidine-1-
carboxylate (3 g, 6.55 mmol, 57% yield) as light yellow solid. LCMS (ESI) m/z: [M + H]
caled for C16H23IN6O2: 459.10; found 459.1.

Step 2: Synthesis of fert-butyl 4-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)piperidine-1-carboxylate

[00307] To a bi-phasic suspension of fert-butyl 4-((4-amino-3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)piperidine-1-carboxylate (3 g, 6.55 mmol, 1.0 equiv) and 5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzo[d]oxazol-2-amine (2.04 g, 7.86 mmol, 1.2 equiv)
and NaxCOs (3.47 g, 32.73 mmol, 5.0 equiv) in DME (60 mL) and H20 (30 mL) was added
Pd(PPhs3)4 (756.43 mg, 654.60 pmol, 0.1 equiv) at room temperature under N2. The mixture

was stirred at 110 °C for 3 h. Two batches were combined together. The reaction mixture
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was cooled and partitioned between EtOAc (500 mL) and H2O (500 mL). The aqueous layer
was separated and extracted with EtOAc (3 x 300 mL). All the organic layers were
combined, washed with brine (20 mL), dried over anhydrous NaxSOs, filtered, and the filtrate
was concentrated under reduced pressure to give fert-butyl 4-((4-amino-3-(2-
aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)piperidine-1-
carboxylate (4.5 g, 74% yield) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for
C23H28NsOs: 465.24; found 465.2.

Step 3: Synthesis of 5-(4-amino-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-3-

yl)benzo[d]oxazol-2-amine

[00308] A solution of fers-butyl 4-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)piperidine-1-carboxylate (2.5 g, 5.38 mmol, 1.0 equiv)
in TFA (25 mL) was stirred at room temperature for 30 min. The reaction solution was
concentrated under reduced pressure to remove TFA. The residue was added to MTBE (400
mL) and a solid precipitated, which was then filtered to give 5-(4-amino-1-(piperidin-4-
ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine (2.7 g, over 100 %
yield, TFA) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for Ci1sH20NsO: 365.18;
found 365.1.

Monomer F. 2-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-

5-ol trifluoroacetic acid salt.

y OTBDPS TBDPSO HO HO
N

Boc CF,COH
NH, | Pd(OAc),, PPh; NH, \-NBoc NH, N\-NH NH,

Na,CO, F TF
NI = N NHBoc — _ —  ~— NI = N\ NHBoc — . NI A A\ NHBoc NI
kN’ N\'\; DMF/EtOH/H,0 kN/ N\’\j THF kN/ N\I\j (§

75°C

\N
S
Step 1: Synthesis of tert-butyl (4-(4-amino-3-(5-((fert-butyldimethylsilyl)oxy)-1H-indol-2-
yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)carbamate

[00309] To a solution of tert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate (1.0 g, 2.31 mmol, 1.0 equiv) in dioxane (10.5 mL) and H20 (3.5 mL)
was added (1-(zert-butoxycarbonyl)-5-((ferz-butyldimethylsilyl)oxy)-1H-indol-2-yl)boronic
acid (1.54 g, 2.78 mmol, 1.2 equiv), KsPOu4 (1.47 g, 6.94 mmol, 3.0 equiv) , Pd2(dba)s
(211.84 mg, 231.34 pmol, 0.1 equiv), and SPhos (189.95 mg, 462.69 umol, 0.2 equiv) at

room temperature under N2. The sealed tube was heated at 150 °C for 20 min in a microwave.

257

NH,



This was repeated for 9 additional batches. The 10 batches were combined and the reaction
mixture was cooled and partitioned between EtOAc (60 mL) and H20 (80 mL). The aqueous
layer was separated and extracted with EtOAc (2 x 50 mL). The organic layers were
combined, washed with brine (60 mL) and dried over anhydrous Na2SO4. The suspension
was filtered and the filtrate was concentrated under reduced pressure. The crude material was
purified by silica gel chromatography (1—75% EtOAc/petroleum ether). The desired
fractions were combined and evaporated under reduced pressure to give fert-butyl (4-(4-
amino-3-(5-((tert-butyldimethylsilyl)oxy)-1H-indol-2-y1)-1H-pyrazolo[3,4-d|pyrimidin-1-
yDbutyl)carbamate (10 g, 60% yield) as a light yellow solid.

Step 2: Synthesis of tert-butyl (4-(4-amino-3-(5-hydroxy-1H-indol-2-yl)-1H-pyrazolo[3,4-d]
pyrimidin-1-yl)butyl)carbamate

[00310] To a mixture of fert-butyl (4-(4-amino-3-(5-((tert-butyldimethylsilyl)oxy)-1H-
indol-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)carbamate (10 g, 18.12 mmol, 1.0 equiv)
in THF (100 mL) was added TBAFe3H20 (1 M, 54.37 mL, 3.0 equiv) in one portion at room
temperature under N2. The mixture was stirred for 1 h and then H2O (100 mL) was added to
the reaction mixture. The layers were separated and the aqueous phase was extracted with
EtOAc (2 x 80 mL). The combined organic phase was washed with brine (100 mL), dried
with anhydrous Na2SOu, filtered and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (1—67% EtOAc/ petroleum ether) to afford zert-butyl
(4-(4-amino-3-(5-hydroxy-1H-indol-2-yl)-1H-pyrazolo[3,4-d|pyrimidin-1-yl)butyl)carbamate
(7 g, 87% yield) as a light pink solid.

Step 3: Synthesis of 2-[4-amino-1-(4-aminobutyl)pyrazolo[3,4-d]pyrimidin-3-yl]-1H-indol-5-

ol

[00311] To TFA (50.0 mL, 675.26 mmol, 38.9 equiv) was added fert-butyl (4-(4-amino-3-
(5-hydroxy-1H-indol-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)carbamate (7.6 g, 17.37
mmol, 1.0 equiv) at room temperature. The mixture was stirred for 40 min and was then
concentrated under reduced pressure. The oily residue was triturated with MeCN (20 mL),
then added dropwise into MTBE (300 mL) for 10 min. The supernatant was removed and
then the precipitate was collected by filtration under Nz to give 2-[4-amino-1-(4-
aminobutyl)pyrazolo[3,4-d]pyrimidin-3-yl]-1H-indol-5-ol (7.79 g, 91% yield, TFA) as light
yellow solid. LCMS (ESI) m/z: [M + H] calcd for C17H19N7O: 338.17; found 338.2.
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Monomer G. 5-(4-amino-1-(azetidin-3-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt.

NH NH
’>— 2 o~ NH,
| o\(
OH N |
NH E(\ N N
2 | BocN k NH, NH,
N PPh., DIAD Pd(PPhs),, Na,CO;4 NN TFA
& N 2 | N — X
P d o, ’
N H THE DME/H,0, 110 °C NZ N L N,N
BocN ) N
BocN CF3CO,H
HN

Step 1: Synthesis of tert-butyl 3-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)

methyl)azetidine-1-carboxylate

[00312] To a solution of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (4 g, 15.32 mmol,
1.0 equiv), fert-butyl 3-(hydroxymethyl)azetidine-1-carboxylate (3.01 g, 16.09 mmol, 1.05
equiv) and PPh3 (6.03 g, 22.99 mmol, 1.5 equiv) in THF (80 mL) cooled to 0 °C was added
DIAD (4.47 mL, 22.99 mmol, 1.5 equiv), dropwise. After the addition was complete, the
reaction was stirred at room temperature for 14 h. The reaction was poured into H20 (200
mL) and then extracted with EtOAc (3 x 50 mL). The organic layers were combined and
washed with brine (2 x 50 mL). The organic phase was dried over NazSOu, filtered, the
filtrate was concentrated under reduced pressure to give a residue. The residue was purified
by silica gel chromatography (0—100% EtOAc/petroleum ether) to give fert-butyl 3-((4-
amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl) azetidine-1-carboxylate (4.2 g, 64%
yield) as a white solid. LCMS (ESI) m/z: [M + H] calcd for C14H19IN6O2: 431.07; found:
431.0.

Step 2: Synthesis of tert-butyl 3-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo
[3,4-d]pyrimidin-1-yl)methyl)azetidine-1-carboxylate

[00313] To a bi-phasic suspension of ferz-butyl 3-((4-amino-3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-1-yl) methyl)azetidine-1-carboxylate (4 g, 9.30 mmol, 1.0 equiv), 5-(4,4,5,5-
tetramethyl-1,3,2 -dioxaborolan-2-yl)benzo[d]oxazol-2-amine (2.90 g, 11.16 mmol, 1.2
equiv) and Na2COs (4.93 g, 46.49 mmol, 5.0 equiv) in DME (100 mL) and H20 (50 mL) was
added Pd(PPh3)4 (1.07 g, 929.71 umol, 0.1 equiv) at room temperature under N2. The
mixture was stirred at 110 °C for 3 h. The reaction mixture was then cooled to room
temperature and filtered, and the filtrate was extracted by EtOAc (3 x 50 mL). The organic

layers were combined and washed with brine (10 mL), dried over NaxSQu, filtered and the

filtrate was concentrated under reduced pressure to give a residue. The residue was purified
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by silica gel chromatography (0—20% MeOH/EtOAc) to give tert-butyl 3-((4-amino-3-(2-
aminobenzo[d]Joxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)azetidine-1-
carboxylate (3.5 g, 80% yield) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for
C21H24NgO3: 437.20; found: 437.2.

Step 3: Synthesis of 5-(4-amino-1-(azetidin-3-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin- 3-

yl)benzo[d]oxazol-2-amine

[00314] To a solution of fert-butyl 3-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d] pyrimidin-1-yl)methyl)azetidine-1-carboxylate (3.29 g, 6.87 mmol, 1.0
equiv) in DCM (20 mL) was added TFA (7.50 mL, 101.30 mmol, 14.7 equiv) at 0 °C. The
reaction was warmed to room temperature and stirred for 2 h. The reaction solution was
concentrated under reduced pressure to give a residue. The residue was dissolved in MeCN (6
mL) and then poured into MTBE (80 mL). A solid precipitated, which was filtered and the
solid cake was dried under reduced pressure to give 5-[4-amino-1-(azetidin-3-
ylmethyl)pyrazolo[3,4-d]pyrimidin-3-yl]-1,3-benzoxazol-2-amine (4.34 g, over 100% yield,
TFA) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for CisHisNsO: 337.15; found:
337.1.

Monomer H. 5-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]|pyrimidin-3-yl)benzo[d]-
oxazol-2-amine trifluoroacetic acid salt.

NN
HZN\KC&CO;H

[00315] Monomer H was synthesized following the procedures outlined in Nature 20185,
534, 272-276, which is incorporated by reference in its entirety.

Monomer I. 5-(4-amino-1-(pyrrolidin-3-ylmethyl)-1H-pyrazolo[3,4-d|pyrimidin-3-
yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt.
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Step 1: Synthesis of tert-butyl 3-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)
methyl)pyrrolidine-1-carboxylate

[00316] A suspension of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (4.5 g, 17.24
mmol, 1.0 equiv), fert-butyl 3-(bromomethyl)pyrrolidine-1-carboxylate (4.78 g, 18.10 mmol,
1.05 equiv) and K2COs (7.15 g, 51.72 mmol, 3.0 equiv) in DMA (40 mL) was heated to 85
°C. The reaction was stirred at 85 °C for 3 h, at which point the solution was cooled to room
temperature. Then, H2O (80 mL) was added to the reaction, and a solid precipitated out. The
mixture was filtered, and the solid cake was washed with H2O (2 x 40 mL), and then dried
under reduced pressure to give fert-butyl 3-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl) methyl)pyrrolidine-1-carboxylate (6 g, 78% yield) as a yellow solid. LCMS (ESI) m/z:
[M + H] calcd for C1sH21IN6O2: 445.08; found: 445.1.

Step 2: Synthesis of tert-butyl 3-[[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)pyrazolo[3,4-d]
pyrimidin-1-yl]methyl]pyrrolidine-1-carboxylate

[00317] To a bi-phasic suspension of fert-butyl 3-((4-amino-3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-1-yl) methyl)pyrrolidine-1-carboxylate (4 g, 9.00 mmol, 1.0 equiv), 5-(4,4,5,5-
tetramethyl-1,3,2- dioxaborolan-2-yl)benzo[d]oxazol-2-amine (2.81 g, 10.80 mmol, 1.2
equiv) and Na2COs (4.77 g, 45.02 mmol, 5.0 equiv) in DME (120 mL) and H20 (60 mL) was
added Pd(PPh3)4 (1.04 g, 900.35 umol, 0.1 equiv) at room temperature under N2. The
mixture was stirred at 110 °C for 3 h. The reaction mixture was cooled to room temperature
and filtered and the filtrate was extracted with EtOAc (3 x 50 mL). The organic phases were
combined and washed with brine (50 mL), dried over Na2SOu, filtered and concentrated
under reduced pressure to give a residue. The residue was purified by silica gel
chromatography (0—20% MeOH/EtOAc) to give fert-butyl 3-((4-amino-3-(2-
aminobenzo[d]Joxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl) methyl)pyrrolidine-1-
carboxylate (3 g, 64% yield) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for
C22H26NgOs3: 451.21, found: 451.2.
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Step 3: Synthesis of 5-(4-amino-1-(pyrrolidin-3-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin- 3-

yl)benzo[d]oxazol-2-amine

[00318] To a solution of tert-butyl 3-((4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)pyrrolidine-1-carboxylate (3 g, 6.66 mmol, 1.0 equiv)
in DCM (40 mL) was added TFA (20 mL) at 0 °C, dropwise. The reaction mixture was
warmed to room temperature and stirred for 2 h. The reaction solution was then concentrated
under reduced pressure to give a residue. The residue was dissolved in MeCN (4 mL), then
poured into MTBE (100 mL), and a solid precipitated out. The solid was filtered and the
cake was dried under reduced pressure to give 5-(4-amino-1-(pyrrolidin-3-ylmethyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine (4.00 g, over 100% yield, TFA) as a
yellow solid. LCMS (ESI) m/z: [M + H] calcd for C17H1sNsO: 351.17; found: 351.2.

Monomer J. 1-(4-aminobutyl)-3-(7-methoxy-1H-indol-2-yl)-1H-pyrazolo[3,4-

d]pyrimidin-4-aminetrifluoroacetic acid salt.
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Step 1: Synthesis of tert-butyl 2-(4-amino-1-(4-((fert-butoxycarbonyl)amino)butyl)-1H-

pyrazolo[3,4-d]pyrimidin-3-yl)-7-methoxy-1H-indole-1-carboxylate

[00319] To a mixture of fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate (1.0 equiv) and (1-(ferz-butoxycarbonyl)-7-methoxy-1H-indol-2-
yl)boronic acid (3.0 equiv) in DME and H20 are added Pd(PPhs)4 (0.1 equiv) and sodium
carbonate (6.0 equiv). The reaction is heated at 80 °C until completion of reaction, as
determined by LCMS and TLC analysis. The reaction is then quenched with H20 and EtOAc.
The mixture is transferred to a separatory funnel and the aqueous phase is extracted with
EtOAc. The organic phase is washed with sat. aq. NaCl, dried over Na2SOQu, filtered, and
concentrated under reduced pressure. The desired product is isolated after chromatography on

silica gel.

Step 2: Synthesis of 1-(4-aminobutyl)-3-(7-methoxy-1H-indol-2-yl)-1H-pyrazolo|[3,4-

d]pyrimidin-4-amine
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[00320] To a solution of zert-butyl 2-(4-amino-1-(4-((fert-butoxycarbonyl)amino)butyl)-
1H-pyrazolo[3,4-d]pyrimidin-3-yl)-7-hydroxy-1H-indole-1-carboxylate (1.0 equiv) in DCM
at 0 °C is added TFA dropwise. The reaction is stirred at 0 °C and warmed to room
temperature. Once the reaction is complete, as determined by LCMS, the reaction is
concentrated under reduced pressure. The residue is triturated with MeCN, then dropped into
MTBE over 10 min. The supernatant is removed and the precipitate is collected by filtration
under N2 to give 1-(4-aminobutyl)-3-(7-methoxy-1H-indol-2-yl)-1H-pyrazolo[3,4-

d]pyrimidin-4-amine.

Monomer K. 1-(4-aminobutyl)-1H-pyrazolo[3,4-d|pyrimidin-4-amine trifluoroacetic

acid salt.
NH, | Zn dust H, CF,;CO,H
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Step 1: Synthesis of tert-butyl (4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate

[00321] To a mixture of fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
ylbutyl)carbamate (300 mg, 694 umol, 1.0 equiv) in MeOH (14 mL) at 0 °C was added zinc
dust (226 mg, 3.46 mmol, 5.0 equiv). Sat. aq. NH4CI (14 mL) was added to the reaction
mixture and the reaction was warmed to room temperature and stirred for 18 h. The reaction
was quenched by EtOAc (40 mL) and H20 (10 mL) and the mixture was transferred to a
separatory funnel. The aqueous phase was extracted with EtOAc (3 x 20 mL) and the
combined organic phases were washed with sat. aq. NaHCO3 (15 mL), dried over Na2SOs,
filtered, and concentrated under reduced pressure to provide the product (210 mg, 99% yield)
as a light yellow solid that was used without further purification. LCMS (ESI) m/z: [M + H]
calcd for C14H22N6O2: 307.19; found 307.1.

Step 2: Synthesis of 1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
[00322] To a solution of tert-butyl (4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-1-
yD)butyl)carbamate (210 mg, 691 umol) in DCM (3.5 mL) at 0 °C was added TFA (3.5 mL),

dropwise. After 3 h, the reaction was warmed to room temperature and concentrated under

reduced pressure to provide the trifluoroacetate salt of the product (220 mg, 99% yield) as a
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brown oil, which was used without further purification. LCMS (ESI) m/z: [M + H] calcd for
C9H14Ne: 207.13; found 207.1.

Monomer L. 1-[4-(piperazin-1-yl)-3-(trifluoromethyl)phenyl]-9-(quinolin-3-yl)-1H,2H-
benzo[h]1,6-naphthyridin-2-one

F

g

/:\/l

[00323] The preparation of this monomer has been previously reported in the literature.
See the following references: 1) Liu, Qingsong; Chang, Jae Won; Wang, Jinhua; Kang, Seong
A.; Thoreen, Carson C.; Markhard, Andrew; Hur, Wooyoung; Zhang, Jianming; Sim, Taebo;
Sabatini, David M.; et al From Journal of Medicinal Chemistry (2010), 53(19), 7146-7155. i1)
Gray, Nathanael, Chang, Jae Won; Zhang, Jianming; Thoreen, Carson C.; Kang, Seong Woo
Anthony; Sabatini, David M.; Liu, Qingsong From PCT Int. Appl. (2010), WO
2010044885A2, which are incorporated by reference in their entirety.

Monomer M. 5-(1-(4-aminobutyl)-4-(dimethylamino)-1H-pyrazolo[3,4-d]pyrimidin-3-

yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt.
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Step 1: Synthesis of 3-iodo-1-trityl-1H-pyrazolo[3,4-d]pyrimidin-4-amine

[00324] A suspension of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (10.5 g, 40.23
mmol, 1.0 equiv) in DMF (170.0 mL) was treated with Cs2CO3 (19.7 g, 60.34 mmol, 1.5
equiv) and [chloro(diphenyl)methyl]benzene (13.5 g, 48.27 mmol, 1.2 equiv) at room

temperature. The reaction mixture was stirred at 70 °C for 4 h under a nitrogen atmosphere.

264



The reaction mixture was added to H2O (1200 mL). The precipitate was filtered and washed
with H2O. The residue was purified by silica gel chromatography (0—60%
EtOAc/petroleum ether) to afford 3-iodo-1-trityl-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(15.40 g, 73.5% yield) as a white solid.

Step 2: Synthesis of 3-iodo-N, N-dimethyl-1-trityl-1H-pyrazolo[3,4-d]pyrimidin-4-amine

[00325] To a suspension of NaH (2.98 g, 74.50 mmol, 60% purity, 2.5 equiv) in DMF
(150 mL) was added the solution of 3-iodo-1-trityl-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(15.0 g, 29.80 mmol, 1.0 equiv) in DMF (50 mL) at 0 °C. The mixture was stirred at 0 °C for
10 min. To the reaction mixture was then added iodomethane (16.92 g, 119.20 mmol, 7.42
mL, 4.0 equiv) at 0 °C. The mixture was stirred at room temperature for 2 h, at which point
H20 (1400 mL) was added at 0 °C. The mixture was stirred for an additional 10 min at 0 °C.
The resulting precipitate was collected by filtration to give crude product, which was purified
by silica gel chromatography (1%—25% EtOAc/petroleum ether) twice to afford 3-iodo-N, N-
dimethyl-1-trityl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (9.0 g, 89.0% yield) as a white solid.

Step 3: Synthesis of 3-iodo-N, N-dimethyl-1H-pyrazolo[3,4-d|pyrimidin-4-amine

[00326] To a cooled solution of TFA (19.1 mL, 258.1 mmol, 15.0 equiv) in DCM (100.0
mL) was added 3-iodo-N, N-dimethyl-1-trityl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (9.10 g,
17.12 mmol, 1.0 equiv) at 4 °C. The mixture was stirred at room temperature for 1 h. The
residue was poured into H2O (100 mL) and the aqueous phase was extracted with DCM (2 x
50 mL). To the aqueous phase was then added a saturated aqueous solution of NaHCO3 until
the solution was pH 8. The resulting precipitate was collected by filtration to give 3-iodo-

N,N-dimethyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (3.40 g, 68.7% yield) as a white solid.

Step 4: Synthesis of fert-butyl (4-(4-(dimethylamino)-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate

[00327] To a suspension of 3-iodo-N, N-dimethyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(1.7 g, 5.88 mmol, 1.0 equiv) in DMF (20 mL) was added NaH (247 mg, 6.17 mmol, 60%
purity, 1.05 equiv) at 4 °C. The mixture was stirred at 4 °C for 30 min. To the reaction
mixture was then added ferz-butyl N-(4-bromobutyl)carbamate (2.22 g, 8.82 mmol, 1.81 mL,
1.5 equiv) in DMF (10 mL) at 4 °C. The mixture was stirred at room temperature for 2 h. To
the mixture was then added H20 (100 mL) at 4 °C. The mixture was stirred for an additional

30 min at 4 °C and the resulting precipitate was collected by filtration to give crude product.

265



The residue was purified by silica gel chromatography (0—75% EtOAc/petroleum ether) to
afford tert-butyl(4-(4-(dimethylamino)-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate (2.0 g, 56% yield) as a white solid.

Step 5: Synthesis of fert-butyl (4-(3-(2-aminobenzo[d]oxazol-5-yl)-4-(dimethylamino)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)butyl)carbamate

[00328] To a bi-phasic suspension of fert-butyl (4-(4-(dimethylamino)-3-iodo-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)butyl)carbamate (4.0 g, 8.69 mmol, 1.0 equiv), 5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzo[d]oxazol-2-amine (3.4 g, 13.03 mmol, 1.5 equiv),
and NaxCOs (4.6 g, 43.45 mmol, 5.0 equiv) in DME (80.0 mL) and H20 (40.0 mL) was
added Pd(PPhs)4 (1.0 g, 868.98 pmol, 0.1 equiv) at room temperature under N2. The mixture
was stirred at 110 °C for 3 h. The reaction mixture was then cooled and partitioned between
EtOAc (300 mL) and H20 (600 mL). The aqueous layer was separated and extracted with
EtOAc (2 x 100 mL). The organic layers were combined, washed with brine (2 x 60 mL) and
dried over anhydrous Na2SOs, filtered, and concentrated under reduced pressure. The crude
material was purified by silica gel column chromatography (50% EtOAc/hexanes followed
by 20% MeOH/EtOAc). The desired fractions were combined and concentrated under
reduced pressure to give fer/-butyl (4-(3-(2-aminobenzo[d]oxazol-5-yl)-4-(dimethylamino)-
1H-pyrazolo[3,4-d]pyramidin-1-yl)butyl)carbamate (3.2 g, 78.9% yield) as a light brown

solid.

Step 6: Synthesis of 5-(1-(4-aminobutyl)-4-(dimethylamino)-1H-pyrazolo[3,4-d]pyrimidin-3-

yl)benzo[d]oxazol-2-amine

[00329] To TFA (20.82 mL, 281.27 mmol, 36.5 equiv) was added tert-butyl (4-(3-(2-
aminobenzo[d]oxazol-5-yl)-4-(dimethylamino)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDbutyl)carbamate (3.6 g, 7.72 mmol, 1.0 equiv) at room temperature. The mixture was
stirred for 30 min, at which point the mixture was concentrated under reduced pressure. The
oily residue was triturated with MeCN (8 mL) and MTBE (60 mL) for 10 min. The
supernatant was removed and then the precipitate was collected by filtration under N to give
5-(1-(4-aminobutyl)-4-(dimethylamino)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-
2-amine (4.0 g, crude, TFA) as a light brown solid.

[00330] To IM NaOH (107.2 mL, 14.7 equiv) was added 5-(1-(4-aminobutyl)-4-
(dimethylamino)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine (3.5 g, crude,

TFA) at room temperature. The mixture was stirred for 10 min and then the aqueous phase
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was extracted with DCM (3 x 50 mL). The combined organic phase was washed with brine
(50 mL), dried with anhydrous Na2SOs, filtered and concentrated under reduced pressure.
TFA (539.37 uL, 7.28 mmol, 1.0 equiv) was added and concentrated under reduced pressure.
MeCN (10 mL) was then added, followed by MTBE (150 mL). The resulting precipitate was
collected by filtration to give 5-(1-(4-aminobutyl)-4-(dimethylamino)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzo[d]oxazol-2-amine (1.3 g, 36.6% yield, TFA) as a light brown
product. LCMS (ESI) m/z: [M + H] calcd for Ci1sH22NsO: 367.19; found 367.1.

Monomer N. 6-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo-

[d]isoxazol-3-amine trifluoroacetic acid salt.
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Step [: Synthesis of fert-butyl (6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

R |

yl)benzo[d]isoxazol-3-yl)carbamate

[00331] To a solution of zert-butyl (6-bromobenzo[d]isoxazol-3-yl)carbamate (1.0 equiv)
in dioxane are added Pd(PPhs)s4 (0.1 equiv), sodium carbonate (6.0 equiv), and
bis(pinacolato)diboron (3.0 equiv). The reaction mixture is stirred and heated until
completion of reaction, as determined by LCMS and TLC analysis. The reaction is cooled to
room temperature, quenched with sat. aq. NaHCOs, and the mixture transferred to a
seperatory funnel. The aqueous phase is extracted with EtOAc and the organic phase is
washed with sat. aq. NaCl, dried over Na2SOs, filtered, and concentrated under reduced

pressure. The desired product was isolated after purification by silica gel chromatography.

Step 2: Synthesis of tert-butyl (4-(4-amino-3-(3-((tert-
butoxycarbonyl)amino)benzo[d]isoxazol-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate

[00332] To a mixture of fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate (1.0 equiv) and fert-butyl (6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
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yl)benzo[d]isoxazol-3-yl)carbamate (3.0 equiv) in DME and H2O are added Pd(PPhs)s (0.1
equiv) and sodium carbonate (6.0 equiv). The reaction is heated at 80 °C until completion of
reaction, as determined by LCMS and TLC analysis. The reaction is then quenched with H2O
and EtOAc. The mixture is transferred to a separatory funnel and the aqueous phase is
extracted with EtOAc. The organic phase is washed with sat. aq. NaCl, dried over Na2SOs,
filtered, and concentrated under reduced pressure. The desired product is isolated after

chromatography on silica gel.

Step 3: Synthesis of 6-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzo-

[d]isoxazol-3-amine

[00333] To a solution of tert-butyl (4-(4-amino-3-(3-((tert-
butoxycarbonyl)amino)benzo[d]isoxazol-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate (1.0 equiv) in DCM at 0 °C is added TFA, dropwise. The reaction is
stirred at 0 °C and warmed to room temperature. Once the reaction is complete, as determined
by LCMS, the reaction is concentrated under reduced pressure. The residue is triturated with
MeCN, then added dropwise into MTBE over 10 min. The supernatant is removed and the
precipitate is collected by filtration under N2 to give 6-(4-amino-1-(4-aminobutyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzo-[d]isoxazol-3-amine.

Monomer O. 4-(5-(4-morpholino-1-(1-(pyridin-3-ylmethyl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)-1H-indol-1-yl)butan-1-amine trifluoroacetic acid salt.

® (] (]
N N N
(/D)\N/ N NaH (/t@)\N N TFA (/t©)\N N

o} o}

DMF

WAY-600 N =

\ N N
N BocHN \_/ HN CF,cOH L/

[00334] The synthesis of this monomer proceeds by alkylation of WAY-600 (CAS#
1062159-35-6) with tert-butyl (4-bromobutyl)carbamate under basic conditions, followed by
Boc-deprotection using TFA to produce the TFA salt.

[00335] Reference for preparation of WAY-600: Discovery of Potent and Selective
Inhibitors of the Mammalian Target of Rapamycin (mTOR) Kinase: Nowak, P.; Cole, D.C;
Brooijmans, N.; Bursavich, M.G.; Curran, K.J.; Ellingboe, J.W.; Gibbons, J.J.; Hollander, I ;
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Hu, Y .; Kaplan, J.; Malwitz, D.J.; Toral-Barza, L.; Verheijen, J.C.; Zask, A.; Zhang, W -G ;
Yu, K. 2009; Journal of Medicinal Chemistry Volume 52, Issue 22, 7081-89, which is

incorporated by reference in its entirety.

Monomer P. 2-(4-(8-(6-(aminomethyl)quinolin-3-yl)-3-methyl-2-o0x0-2,3-dihydro-1H-

imidazo[4,5-c]quinolin-1-yl)phenyl)-2-methylpropanenitrile trifluoroacetic acid salt.
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[00336] The synthesis of this monomer proceeds first by synthesis of the Suzuki reaction
coupling partner (3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)quinolin-6-yl)-N-boc-
methanamine starting from methyl 3-bromoquinoline-6-carboxylate. Reduction of the methyl
ester with lithium aluminum hydride followed by Mitsunobu reaction with phthalimide and
hydrazine cleavage provides the benzylic amine. Protection of the benzylic amine with di-
tert-butyl dicarbonate followed by a Miyaura borylation reaction provides (3-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolane)quinolin-6-yl)-N-boc-methanamine.

[00337] An SnAr reaction of 2-(4-aminophenyl)-2-methylpropanenitrile with 6-bromo-4-

chloro-3-nitroquinoline provides the substituted amino-nitro-pyridine. Reduction of the nitro
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group with Raney-Ni under a hydrogen atmosphere followed by cyclization with
trichloromethyl chloroformate provides the aryl-substituted urea. Substitution of the free N-H
of the urea with methyl iodide mediated by tetrabutylammonium bromide and sodium
hydroxide followed by Suzuki coupling of (3-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolane)quinolin-6-yl)-N-boc-methanamine and then Boc-deprotection using TFA

produces the TFA salt.

[00338] Reference for preparation of 2-[4-(8-bromo-3-methyl-2-ox0-2,3-dihydro-imidazo
[4,5 -c]quinolin-1 -yl)-phenyl] -2-methyl-propionitrile: Vannucchi, A.M.; Bogani, C.;
Bartalucci, N. 2016. JAK PI3K/mTOR combination therapy. US9358229. Novartis Pharma

AG, Incyte Corporation, which is incorporated by reference in its entirety.

Monomer Q. 8-(6-methoxypyridin-3-yl)-3-methyl-1-[4-(piperazin-1-yl)-3-
(trifluoromethyl)phenyl]-1H,2H,3H-imidazo[4,5-c]quinolin-2-one

HD CFs

N
MeO. N, QN _(0

NMe
& x

P
N

[00339] This monomer is a commercially available chemical known as BGT226(CAS#
1245537-68-1). At the time this application was prepared, it was available for purchase from

several vendors as the free amine.
Monomer R. 3-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-N-(4,5-

dihydrothiazol-2-yl)benzamide trifluoroacetic acid salt.

o]
gt . 2

Z 4 j j
Y PA(PPhy), ﬂ’(s NH; N"Ns

NH,
NH Na2C03 TFA
= \ NHBoc N \ NHBoc N| X \N NH, CF4COH
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Step 1: Synthesis of tert-butyl (4-(4-amino-3-(3-((4,5-dihydrothiazol-2-

yl)carbamoyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)carbamate

[00340] To a solution of (3-((4,5-dihydrothiazol-2-yl)carbamoyl)phenyl)boronic acid (500
mg, 1.15 mmol, 1.0 equiv) and fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-
I-yD)butyl)carbamate (575 mg, 2.30 mmol, 2.0 equiv) in dioxane (19.1 mL), EtOH (3.8 mL),
and H20 (2.3 mL) was added Pd(PPhs)4 (265 mg, 230 umol, 0.2 equiv) and sodium carbonate
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(730 mg, 6.89 mmol, 6.0 equiv). The reaction mixture was sonicated until formation of a
clear, yellow solution, which was subsequently heated at 80 °C for 14 h. The reaction was
then diluted with sat. aq. NaCl (30 mL) and the mixture transferred to a separatory funnel.
The aqueous phase was extracted with DCM (3 x 25 mL). The combined organic phases were
dried over Na2SOs, filtered, and concentrated under reduced pressure. The desired product
was isolated as a yellow solid (324 mg, 53% yield) after silica gel chromatography (0—15%
MeOH/DCM). LCMS (ESI) m/z: [M + H] calcd for C24H30N8O3S: 511.22; found 511.2.

Step 2: Synthesis of 3-(4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-N-(4,5-
dihydrothiazol-2-yl)benzamide

[00341] To a solution of tert-butyl (4-(4-amino-3-(3-((4,5-dihydrothiazol-2-
yl)carbamoyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)carbamate (324 mg, 614
umol) in DCM (4.1 mL) at 0 °C was added TFA (1.5 mL), dropwise. After 1 h, the reaction
was warmed to room temperature and concentrated under reduced pressure to provide the
trifluoroacetate salt of the product as a yellow solid (320 mg, 99% yield). Used without
further purification. LCMS (ESI) m/z: [M + H] calcd for Ci19H22NsOS: 411.16; found 411.1

Monomer S. 2-(5-(4-morpholino-1-(1-(pyridin-3-ylmethyl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl)-1H-indol-3-yl)ethan-1-amine.

N
2Hel NN
H:Hz )l\N/ N| X \N
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Lo = e oy
EtOH EtOH
N

\  ~ N~
N \
BocHN N
o ® ®
/ %0
CF 3CO,H
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ﬂ ﬂ
N N
[00342] The synthesis of this monomer proceeds by condensation of 2,4,6
trichloropyrimidine-5-carbaldehyde with 3-((4-hydrazineylpiperidin-1-yl)methyl)pyridine

hydrochloride. Reaction of the product with morpholine followed by a Suzuki reaction with

boronic ester gives the Boc-protected amine. Final deprotection with TFA gives the
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monomer. This synthesis route follows closely to the reported preparation of highly related
structures in the following references: 1) Nowak, Pawel; Cole, Derek C.; Brooijmans, Natasja;
Curran, Kevin J; Ellingboe, John W ; Gibbons, James J.; Hollander, Irwin; Hu, Yong Bo;
Kaplan, Joshua; Malwitz, David J.; et al From Journal of Medicinal Chemistry (2009),
52(22), 7081-7089. ii) Zask, Arie; Nowak, Pawel Wojciech; Verheijen, Jeroen; Curran,
Kevin J.; Kaplan, Joshua; Malwitz, David;, Bursavich, Matthew Gregory; Cole, Derek Cecil;
Ayral-Kaloustian, Semiramis; Yu, Ker; et al From PCT Int. Appl. (2008), WO 2008115974
A2 20080925, which are incorporated by reference in their entirety.

Monomer T. 1-(4-aminobutyl)-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine

trifluoroacetic acid salt.

NH,
HO,CCF,
N= NHBoc TFA N/l Sy NH
Ky
DCM N
0°C

[00343] To a mixture of fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)butyl)carbamate (496 mg, 1.14 mmol, 1.0 equiv) in DCM (5.7 mL) at 0 °C was added TFA
(1.5 mL) dropwise. The reaction was allowed to stir at O °C for 1 h, at which time the reaction
was concentrated under reduced pressure to provide a yellow solid (505 mg, 99% yield)
which was taken on without further purification. LCMS (ESI) m/z: [M + H] calcd for
CoHi3INe: 333.02; found 332.9.

Monomer U. S-(4-amino-1-(4-(methylamino)butyl)-1H-pyrazolo|[3,4-d]pyrimidin-3-

yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt.
Me, Me, Me,
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Step [: Synthesis of fert-butyl (4-hydroxybutyl)(methyl)carbamate

[00344] To a solution of 4-(methylamino)butan-1-ol (0.5 g, 4.85 mmol, 104.2 mL, 1.0
equiv) in DCM (10 mL) at room temperature was added Boc20 (1.06 g, 4.85 mmol, 1.11 mL,

1.0 equiv). The mixture was stirred for 3 h at room temperature and then the mixture was
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concentrated under reduced pressure at 30 °C. The residue was purified by silica gel
chromatography (100/1 to 3/1 petroleum ether/EtOAc) to afford zers-butyl (4-
hydroxybutyl)(methyl)carbamate (0.9 g, 91.4% yield) as a colorless oil.

Step 2: Synthesis of fert-butyl (4-bromobutyl)(methyl)carbamate

[00345] To a solution of fert-butyl (4-hydroxybutyl)(methyl)carbamate (0.9 g, 4.43 mmol,
1.0 equiv) in THF (20 mL) at room temperature was added PPh3 (2.21 g, 8.41 mmol, 1.9
equiv) and CBr4 (2.79 g, 8.41 mmol, 1.9 equiv). The mixture was stirred for 1 h and then the
reaction mixture was filtered and concentrated. The residue was purified by silica gel
chromatography (1/0 to 4/1 petroleum ether/EtOAc) to afford rers-butyl (4-
bromobutyl)(methyl) carbamate (1.1 g, 93.3% yield) as a colorless oil.

Step 3: Synthesis of fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl) butyl)
(methyl)carbamate

[00346] To a suspension of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (0.9 g, 3.45
mmol, 1.0 equiv) in DMF (10 mL) at 4 °C was added NaH (137.92 mg, 3.45 mmol, 60%
purity, 1.0 equiv). The mixture was stirred at 4 °C for 30 min and then a solution of ferz-butyl
(4-bromobutyl)(methyl)carbamate (1.01 g, 3.79 mmol, 25.92 mL, 1.1 equiv) in DMF (3 mL)
was added. The mixture was stirred at room temperature for 3 h, at which point H2O (100
mL) was added. The aqueous phase was extracted with EtOAc (3 x 30 mL) and the combined
organic phases were washed with brine (20 mL), dried with anhydrous Na>SOs, filtered and
concentrated under reduced pressure. The residue was purified by silica gel chromatography
(1/0 to 0/1 petroleum ether/EtOAc) to afford fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)butyl) (methyl) carbamate (1.2 g, 78% yield) as a white solid. LCMS (ESI)
m/z: [M + H] calcd for CisH23IN6O2: 447.10; found 447.1.

Step 4: Synthesis of fert-butyl (4-(4-amino-3-(2-aminobenzo[d]oxazol-5-y1)-1H- pyrazolo|[3,4-
d] pyrimidin-1-yl)butyl)(methyl)carbamate

[00347] To a bi-phasic suspension of fert-butyl (4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]
pyrimidin-1-yl)butyl)(methyl)carbamate (1.2 g, 2.69 mmol, 1.0 equiv), 5-(4,4,5,5-
tetramethyl-1,3,2- dioxaborolan-2-yl)benzo[d]oxazol-2-amine (1.19 g, 3.23 mmol, 1.2 equiv),
and Na,COs (1.42 g, 13.44 mmol, 5.0 equiv) in DME (20 mL) and H2O (10 mL) at room
temperature was added Pd(PPhs)4 (310.71 mg, 268.89 umol, 0.1 equiv) under N2. The
mixture was stirred at 110 °C for 3 h and then the reaction mixture was cooled and

partitioned between EtOAc (20 mL) and H2O (15 mL). The aqueous layer was separated and
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extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with brine (2 x
20 mL), dried over anhydrous Na2SOu, filtered and concentrated under reduced pressure. The
crude product was purified by silica gel chromatography (1/0 to 4/1 EtOAc/MeOH) to give
tert-butyl (4-(4-amino-3-(2- aminobenzo[d]oxazol-5-yl)-1H-pyrazolo [3,4-d]pyrimidin-1 -
yDbutyl)(methyl) carbamate (0.78 g, 62.5% yield) as an orange solid.

Step 5: Synthesis of 5-(4-amino-1-(4-(methylamino)butyl)-1H-pyrazolo[3,4-d] pyrimidin-3-

yl) benzo[d]oxazol-2-amine

[00348] A solution of fers-butyl(4-(4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)butyl)(methyl)carbamate (0.78 g, 1.72 mmol, 1.0 equiv) in
TFA (5 mL) at room temperature was stirred for 30 min. The solution was concentrated under
reduced pressure and the oily residue was triturated with MeCN (1 mL) and then added to
MTBE (100 mL). The supernatant was removed and then the precipitate was collected by
filtration under N2 to give 5-(4-amino-1-(4-(methylamino) butyl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzo[d]oxazol -2-amine bis-trifluorosulfonate (0.959 g, 93% yield) as an
orange solid. LCMS (ESI) m/z: [M + H] calcd for C17H20NgO: 353.18; found 353.1.

Monomer V. 1-(4-(4-(5-(aminomethyl)pyrimidin-2-yl)piperazin-1-yl)-3-
(trifluoromethyl)phenyl)-8-(6-methoxypyridin-3-yl)-3-methyl-1,3-dihydro-2H-
imidazo[4,5-c]quinolin-2-one.
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Step 1: Synthesis of tert-butyl N-fert-butoxycarbonyl-N-[(2-chloropyrimidin-5-yl)methyl]

carbamate

[00349] To a solution of zert-butyl N-fert-butoxycarbonylcarbamate (7.33 g, 33.74 mmol,
1.0 equiv) in DMF (80 mL) was added NaH (1.62 g, 40.49 mmol, 60% purity, 1.2 equiv) at O

°C. The mixture was stirred at 0 °C for 30 min and then 5-(bromomethyl)-2-chloro-
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pyrimidine (7 g, 33.74 mmol, 1 equiv) was added. The reaction mixture was stirred at room
temperature for 1.5 h and then the mixture was poured into sat. NH4Cl (300 mL) and stirred
for 5 min. The aqueous phase was extracted with EtOAc (3 x 80 mL) and the combined
organic phases were washed with brine (50 mL), dried over anhydrous Na>SOs, filtered and
concentrated under reduced pressure. The residue was purified by silica gel chromatography
(20:1 to 1:1 petroleum ether/EtOAc) to afford rert-butyl N-fert-butoxycarbonyl-N-[(2-chloro
pyrimidin-5-yl)methyl]carbamate (7.0 g, 60.3% yield) as a white solid. LCMS (ESI) m/z: [M
+ H] calcd for Ci1sH22CIN3O4: 344.14; found 344 .2.

Step 2: Synthesis of fert-butyl N-fert-butoxycarbonyl-N-[[2-[4-[4-[8-(6-methoxy-3-pyridyl)-
3-methyl-2-oxo-imidazo[4,5-c]quinolin-1-yl]-2-(trifluoromethyl)phenyl | piperazin-1-
yl]pyrimidin-5-ylJmethyl]carbamate

[00350] To a solution of 8-(6-methoxy-3-pyridyl)-3-methyl-1-[4-piperazin-1-yl-3-
(trifluoromethyl)phenylJimidazo[4,5-c]quinolin-2-one (0.4 g, 748.32 umol, 1.0 equiv) in
MeCN (7 mL) was added fert-butyl N-zert-butoxycarbonyl-N-[(2-chloropyrimidin-5-
yl)methyl]carbamate (514.55 mg, 1.50 mmol, 2.0 equiv) and K2COs3 (413.69 mg, 2.99 mmol,
4 equiv) at room temperature. The reaction mixture was stirred at 80 °C for 14 h and then the
mixture was cooled to room temperature, filtered and concentrated to dryness. The residue
was purified by washing with MTBE (5 mL) to give fert-butyl N-fert-butoxycarbonyl-N-[[2-
[4-[4-[8-(6-methoxy-3-pyridyl)-3-methyl-2-oxo-imidazo[4,5-c]quinolin-1-yl]-2-
(trifluoromethyl)phenyl|piperazin-1-yl]pyrimidin-5-yl]methyl]carbamate (0.57 g, 90.5%
yield) as a light yellow solid. LCMS (ESI) m/z: [M + H] calcd for C43Ha6F3N9QOe: 842.36;
found 842.7.

Step 3: Synthesis of 1-[4-[4-[5-(aminomethyl)pyrimidin-2-yl]piperazin-1-yl]-3-
(trifluoromethyl) phenyl]-8-(6-methoxy-3-pyridyl)-3-methyl-imidazo[4,5-c]quinolin-2-one

[00351] A solution of fert-butyl N-zert-butoxycarbonyl-N-[[2-[4-[4-[8-(6-methoxy-3-
pyridyl)-3-methyl-2-oxo-imidazo[4,5-c]quinolin-1-yl]-2-(trifluoromethyl)phenyl piperazin-1-
yl]pyrimidin-5-yl]methyl]carbamate (0.95 g, 1.13 mmol, 1 equiv) in TFA (10 mL) was stirred
at room temperature for 1 h, at which point the solvent was concentrated. The residue was
dissolved in MeCN (10 mL) and then the solution was added to MTBE (150 mL), dropwise.
The precipitate was collected to give 1-[4-[4-[S-(aminomethyl)pyrimidin-2-yl]piperazin-1-
yl]-3-(trifluoromethyl)phenyl]-8-(6-methoxy-3-pyridyl)-3-methyl-imidazo[4,5-c]quinolin-2-
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one trifluoromethanesulfonate (0.778 g, 84.8% yield) as a yellow solid. LCMS (ESI) m/z: [M
+ H] calcd for C33H30F3N9O2: 642.26; found 642.4

Monomer W. 1-(4-aminobutyl)-3-(1H-pyrrolo[2,3-b]pyridin-S-yl)pyrazolo[3,4-

d]pyrimidin-4-amine.
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Step 1. Synthesis of tert-butyl N-[4-[4-amino-3-(1H-indol-5-yl)pyrazolo[3,4-d]pyrimidin-1-
yl]butyl]carbamate

[00352] To a bi-phasic suspension of ferz-butyl N-[4-(4-amino-3-iodo-pyrazolo[3,4-
d]pyrimidin-1-yl)butyl]carbamate (8 g, 18.51 mmol, 1 equiv), 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-pyrrolo[2,3-b]pyridine (5.42 g, 22.21 mmol, 1.2 equiv) and Na2COs3
(9.81 g, 92.54 mmol, 5 equiv) in diglyme (160 mL) and H20 (80 mL) was added Pd(PPhs)4
(2.14 g, 1.85 mmol, 0.1 equiv) at room temperature under N2. The mixture was stirred at 110
°C for 3 h. The reaction mixture was cooled to room temperature, filtered and the filtrate was
partitioned between EtOAc (500 mL) and H20 (500 mL). The aqueous layer was separated
and extracted with EtOAc (3 x 300 mL). The organic layers were combined, washed with
brine (20 mL) and dried over anhydrous Na2SOs, then filtered and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel chromatography
(1/0 to 0/1 petroleum ether/EtOAc then 4/1 EtOAc/MeOH) to give fert-butyl N-[4-[4-amino-
3-(1H-indol-5-yl)pyrazolo[3,4-d]pyrimidin-1-yl]butyl]carbamate (6.6 g, 84.6% yield) as a
yellow solid. LCMS (ESI) m/z: [M + H] calcd for C22H27N702: 422.22; found 423 3.

Step 2: Synthesis of 1-(4-aminobutyl)-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)pyrazolo[3,4-

d]pyrimidin-4-amine

[00353] To fert-butyl N-[4-[4-amino-3-(1H-indol-5-yl)pyrazolo[3,4-d]pyrimidin-1-
yl]butyl]carbamate (6.6 g, 15.66 mmol, 1 equiv) was added TFA (66 mL), which was then
stirred at room temperature for 30 min. The reaction solution was concentrated under reduced
pressure to remove TFA and then MTBE (400 mL) was added to the residue. The suspension
was stirred for 15 min, at which point the yellow solid was filtered, and the solid cake dried

under reduced pressure to give 1-(4-aminobutyl)-3-(1H-pyrrolo[2,3-b]pyridin-5-
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yl)pyrazolo[3,4-d]pyrimidin-4-amine (10.2 g, 97.1% yield) as a yellow solid. LCMS (ESI)
m/z: [M + H] calcd for CisHisNs: 323.17; found 323.1.

Monomer X. 2-(4-amino-1-((1,2,3,4-tetrahydroisoquinolin-6-yl)methyl)- 1H-
pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-5-ol 2,2,2-trifluoroacetate.
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Step 1: Synthesis of tert-butyl 6-((4-amino-3-(5-((fert-butyldimethylsilyl)oxy)-1H-indol-2-

OH

CF,CO,H

yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2( 1H)-carboxylate

[00354] To a solution of fert-butyl 6-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin- 1-
yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (1 g, 1.97 mmol, 1.0 equiv) in dioxane
(10.5 mL) and H20 (3.5 mL) was added (1-(fert-butoxycarbonyl)-5-((tert-
butyldimethylsilyl)oxy)-1H-indol-2- yl)boronic acid (1.16 g, 2.96 mmol, 1.5 equiv), KsPO4
(1.26 g, 5.92 mmol, 3.0 equiv), Pd2(dba)s (180.85 mg, 197.50 umol, 0.1 equiv), and SPhos
(162.16 mg, 394.99 umol, 0.2 equiv) at room temperature under Na. The sealed tube was
heated at 150 °C for 20 min under microwave. The reaction mixture was then cooled and 6
separate batches were combined together. The reaction mixture was partitioned between
EtOAc (100 mL) and H20 (100 mL). The aqueous layer was separated and extracted with
EtOAc (3 x 80 mL). The organic layers were combined, washed with brine (100 mL) and
dried over anhydrous Na2SO4. The solution was filtered and the filtrate was concentrated
under reduced pressure. The crude material was purified by silica gel column
chromatography (100/1 to 1/4 petroleum ether/EtOAc) to give fert-butyl 6-((4-amino-3-(5-
((tert-butyldimethylsilyl)oxy)-1H-indol-2-yl)-1H-pyrazolo [3,4-d]pyrimidin-1-yl)methyl)-
3,4-dihydroisoquinoline-2(1H)-carboxylate (6.17 g, 82.9% yield) as a light yellow solid.
Step 2: Synthesis of tert-butyl 6-((4-amino-3-(5-hydroxy-1H-indol-2-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate

[00355] To a mixture of fert-butyl 6-((4-amino-3-(5-((tert-butyldimethylsilyl)oxy)-1H-
indol-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2(1H)-
carboxylate (6.17 g, 9.86 mmol, 1.0 equiv) in THF (100 mL) was added tetrabutylammonium
fluoride trihydrate (1 M, 10.84 mL, 1.1 equiv) in one portion at 0 °C under N2. The mixture
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was stirred at 0 °C for 1 h and was then added to H20 (100 mL). The aqueous phase was
extracted with EtOAc (3 x 80 mL) and the combined organic phase was washed with brine (2
x 80 mL), dried with anhydrous Na2SOs, filtered and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (1/1 to 0/1 petroleum ether/EtOAc) to
afford tert-butyl 6-((4-amino-3-(5-hydroxy-1H-indol-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (4 g, 79.3% yield) as a light pink
solid. LCMS (ESI) m/z: [M + H] calcd for C2sH29N703: 512.24; found 512 3.

Step 3: Synthesis of 2-(4-amino-1-((1,2,3,4-tetrahydroisoquinolin-6-yl)methyl)- 1H-
pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-5-ol 2,2,2-trifluoroacetate

[00356] To a solution of fert-butyl 6-((4-amino-3-(5-hydroxy-1H-indol-2-yl)-1H-pyrazolo
[3,4-d]pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (4.5 g, 8.80 mmol
1.0 equiv) in MeOH (50 mL) was added HCI in MeOH (4 M, 50 mL, 22.7 equiv) at room

2

temperature. The mixture was stirred at room temperature overnight and was then
concentrated under reduced pressure. To the crude product was added EtOAc (100 mL) and
the resulting precipitate was collected by filtration under N2 to give 2-(4-amino-1-((1,2,3,4-
tetrahydroisoquinolin-6-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-5-0l 2,2,2-
trifluoroacetate (4.1 g, 85.0% yield, 3HCI) as a light yellow solid. LCMS (ESI) m/z: [M + H]

caled for C23H21N70: 412.19; found 412.1.

Monomer Y. 3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1-((1,2,3,4-tetrahydroisoquinolin-6-
yl)methyl)-1H-pyrazolo[3,4-d]|pyrimidin-4-amine 2,2,2-trifluoroacetate.

OH Br NN 47 N\ \I
C©) PPh;, NBS qj) NaH NN N
Boc” THF, 0 °C Boc”N DMF, 0 °C C©)
Boc’N

H
V
PinB”

Pd(PPh3)4, Na2C03

DME/H,0, 110 °C

CF3CO,H
HN

Step [: Synthesis of fert-butyl 6-(bromomethyl)-3,4-dihydroisoquinoline-2(1H)- carboxylate
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[00357] A solution of NBS (34.07 g, 191.39 mmol, 4 equiv) in THF (200 mL) was added
in portions to a solution of zert-butyl 6-(hydroxymethyl)-3,4-dihydroisoquinoline-2(1H)-
carboxylate (12.6 g, 47.85 mmol, 1.0 equiv) and triphenylphosphine (37.65 g, 143.55 mmol,
3.0 equiv) in THF (200 mL) at O °C. After the addition was complete, the mixture was stirred
for 1 h at room temperature. EtOAc (150 mL) was added and the mixture was washed with
H20 (200 mL) and brine (150 mL), dried over anhydrous Na2SO4 and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (100/1 to 10/1
petroleum ether/EtOAc) to afford zert-butyl 6-(bromomethyl)-3,4-dihydroisoquinoline-2(1H)-
carboxylate (8.56 g, 54.8% yield) as a light yellow solid.

Step 2: Synthesis of tert-butyl 6-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-yl)
methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate

[00358] To a suspension of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (9.5 g, 36.40
mmol, 1.0 equiv) in DMF (110 mL) was added NaH (1.46 g, 36.40 mmol, 60% purity, 1.0
equiv) at 0 °C. The mixture was stirred at 0 °C for 30 min at which point a solution of zerz-
butyl 6-(bromomethyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (12.47 g, 38.22 mmol,
1.05 equiv) in DMF (40 mL) was added at O °C. The mixture was stirred at room temperature
for 1 h and then H20O (1000 mL) was added at O °C. The mixture stirred at O °C for 30 min
and then the resulting precipitate was collected by filtration to give fer#-butyl 6-((4-amino-3-
iodo-1H-pyrazolo[3,4-d] pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate
(17.8 g, 76.3% yield) as a light yellow solid, which was used the next step directly. LCMS
(ESI) m/z: [M + H] calcd for C20H23IN6O2: 507.10; found 507.1.

Step 3: Synthesis of tert-butyl 6-((4-amino-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2( 1H)-carboxylate

[00359] To a bi-phasic suspension of fert-butyl 6-((4-amino-3-iodo-1H-pyrazolo [3,4-d]
pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (6.5 g, 10.14 mmol, 1.0
equiv), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrolo [2,3-b] pyridine (2.97 g,
12.16 mmol, 1.2 equiv), and Na2CO3 (5.37 g, 50.68 mmol, 5.0 equiv) in diglyme (100 mL)
and H20 (50 mL) was added Pd(PPhs)s (1.17 g, 1.01 mmol, 0.1 equiv) at room temperature
under Na. The mixture was stirred at 110 °C for 3 h. The reaction mixture was then cooled
and partitioned between EtOAc (100 mL) and H2O (100 mL). The aqueous layer was
separated and extracted with EtOAc (2 x 100 mL). The combined organic phase was washed
with brine (100 mL), dried with anhydrous Na2SOs, filtered and concentrated under reduced
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pressure. The residue was purified by silica gel chromatography (0/1 to 1/4 MeOH/EtOAc) to
afford tert-butyl 6-((4-amino-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-d]pyramid
in-1-yl) methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (3.77 g, 72.1% yield) as a light
yellow solid. LCMS (ESI) m/z: [M + H] calcd for C27H28NsO2: 497.24; found 497.3.

Step 4: Synthesis of 3-(1H-pyrrolo[2,3-b]pyridin-5-y1)-1-((1,2,3,4-tetrahydroiso quinolin-6-
yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine 2,2,2-trifluoroacetate

[00360] rert-Butyl 6-((4-amino-3-(1H-pyrrolo[2,3-b]pyridin-5-y1)-1H-pyrazolo[3,4-d]
pyrimidin-1-yl)methyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (3.77 g, 7.59 mmol, 1.0
equiv) was added to TFA (85.36 mL, 1.15 mol, 151.8 equiv) at room temperature. The
reaction mixture was stirred for 1 h. It was then concentrated under reduced pressure and the
oily residue was triturated with MeCN (3 mL), then dropped into MTBE (200 mL) for 5 min.
The supernatant was removed and then the precipitate was collected by filtration under Nz to
give the product, which was dissolved in MeCN (20 mL), and finally concentrated under
reduced pressure to give 3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1-((1,2,3,4-tetrahydroisoquinolin-
6-yl)methyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine 2,2,2-trifluoroacetate (4.84 g, 85.0%
yield, 3TFA) as a light yellow solid. LCMS (ESI) m/z: [M + H] caled for C22H20Ns: 397.19;
found 397.2.

Monomer Z. (4-((2-aminoethyl)sulfonyl)-3-fluoro-2-methylphenyl)(7- (6-aminopyridin-
3-yl)-2,3-dihydrobenzo|[f][1,4]oxazepin-4(SH)-yl)methanone 2,2,2-trifluoroacetate.
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Step 1: Synthesis of methyl 3,4-difluoro-2-methylbenzoate

NH;

\

=

[00361] To a solution of 3,4-difluoro-2-methylbenzoic acid (2 g, 11.62 mmol, 1.0 equiv)
in DMF (20 mL) was added K2COs (4.82g, 34.86 mmol, 3.0 equiv) and iodomethane (3.26
mL, 52.29 mmol, 4.5 equiv) at room temperature. The mixture was stirred at room
temperature for 3 h. The solution of methyl 3,4-difluoro-2-methylbenzoate in DMF (20 mL)

was used directly in the next step.

Step 2: Synthesis of methyl 4-((2-((fert-butoxycarbonyl)amino)ethyl)thio)-3-fluoro-2-

methylbenzoate

[00362] To a solution of methyl 3,4-difluoro-2-methylbenzoate (2.16 g, 11.28 mmol, 1.0
equiv) in DMF (20 mL) was added fert-butyl (2-mercaptoethyl)carbamate (2.0 g, 11.28
mmol, 1 equiv) and K2CO3 (3.12 g, 22.56 mmol, 2.0 equiv) at room temperature. The
reaction was stirred at 110 °C for 12 h, at which point the mixture was added to H20 (50
mL). The aqueous solution was then extracted with EtOAc (3 x 30 mL) and the organic phase
was combined and concentrated under reduced pressure. The residue was purified by silica

gel chromatography (1/0 to 3/1 petroleum ether/EtOAc) to atford methyl 4-((2-((zert-
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butoxycarbonyl)amino)ethyl)thio)-3-fluoro-2-methylbenzoate (3.0 g, 76.0% yield) as light

yellow solid.

Step 3: Synthesis of methyl 4-((2-((tert-butoxycarbonyl)amino)ethyl)sulfonyl)-3-fluoro-2-

methylbenzoate

[00363] To a solution of methyl 4-((2-((fert-butoxycarbonyl)amino)ethyl)thio)-3-fluoro-2-
methylbenzoate (3.3 g, 9.61 mmol, 1.0 equiv), NaOH (2 M, 4.80 mL, 1.0 equiv), and
NaHCOs3 (2.42 g, 28.83 mmol, 3.0 equiv) in acetone (30 mL) was added potassium
peroxymonosulfate (12.35 g, 20.08 mmol, 2.1 equiv). The mixture was stirred for 12 h at
room temperature and then the mixture was acidified to pH 5 by addition of 1N HCI. The
aqueous layer was extracted with EtOAc (3 x 30 mL) and the combined organic phase was
washed with brine (20 mL), dried with anhydrous Na2SOs, filtered and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (1/0 to 3/1
petroleum ether/EtOAc) to afford methyl 4-((2-((ferz-butoxycarbonyl)amino)ethyl)sulfonyl)-
3-fluoro-2-methylbenzoate (2.1 g, 58.2% yield) as a yellow solid. LCMS (ESI) m/z: [M-56 +
H] calcd for Ci16H22FNQO6S: 320.12; found 320.1

Step 4: Synthesis of 4-((2-((fert-butoxycarbonyl)amino)ethyl)sulfonyl)-3-fluoro-2-

methylbenzoic acid

[00364] To a solution of methyl 4-((2-((fert-butoxycarbonyl)amino)ethyl)sulfonyl)-3-
fluoro-2-methylbenzoate (2.1 g, 5.59 mmol, 1.0 equiv) in THF (20 mL), MeOH (10 mL) and
H20 (10 mL) was added LiOH*H20 (704.16 mg, 16.78 mmol, 3.0 equiv) at room
temperature. The reaction mixture was stirred at 40 °C for 4 h. The mixture was then
concentrated under reduced pressure to remove THF and MeOH. The aqueous phase was
neutralized with 0.5N HCI and was then extracted with EtOAc (5 x 20 mL). The combined
organic phase was washed with brine (2 x 20 mL), dried with anhydrous Na2SOys, filtered and
concentrated under reduced pressure to give 4-((2-((fert-
butoxycarbonyl)amino)ethyl)sulfonyl)-3-fluoro-2-methylbenzoic acid (2.01 g, 97.1% yield)
as a white solid. LCMS (ESI) m/z: [M-100 + H] calcd for C1sH20FNOsS: 262.11; found
262.1.

Step 5: Synthesis of (4-(fert-butoxycarbonyl)-2,3,4,5-tetrahydrobenzo[f][1,4] oxazepin-7-

yl)boronic acid

[00365] To a solution of fert-butyl 7-bromo-2,3-dihydrobenzo[f][1,4]oxazepine-4(5H)-
carboxylate (4 g, 12.19 mmol, 1.0 equiv) in THF (80 mL) at -60 °C was added B(OiPr)3 (4.58
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g, 24.38 mmol, 5.60 mL, 2.0 equiv) followed by dropwise addition of #-BuLi (2.5 M, 12.19
mL, 2.5 equiv) in n-hexane. The reaction was stirred at -65 °C for 1 h. The reaction mixture
was quenched with 1N HCI (12.25 mL) and allowed to warm to room temperature. The
reaction mixture was extracted with EtOAc (3 x 30 mL), dried over anhydrous NaxSOx,
filtered and concentrated under reduced pressure to give (4-(fert-butoxycarbonyl)-2,3,4,5-
tetrahydrobenzo[f][1,4]oxazepin-7-yl)boronic acid (3.5 g, crude) as light yellow oil, which
was used to the next step directly. LCMS (ESI) m/z: [M-100 + H] calcd for C14aH20BNOs:

194.15; found 194 .2.

Step 6: Sythesis of fert-butyl 7-(6-aminopyridin-3-yl)-2,3-dihydrobenzo[f][1,4] oxazepine-
4(5H)-carboxylate

[00366] To a solution of (4-(fert-butoxycarbonyl)-2,3,4,5-
tetrahydrobenzo[f][1,4]oxazepin- 7-yl)boronic acid (4.2 g, 14.33 mmol, 1.0 equiv) in H20
(20 mL) and dioxane (60 mL) was added 5-bromopyridin-2-amine (2.48 g, 14.33 mmol, 1.0
equiv), Pd(dppf)Cl2eDCM (1.17 g, 1.43 mmol, 0.1 equiv) and TEA (4.35 g, 42.99 mmol,
5.98 mL, 3.0 equiv) at room temperature. The mixture was stirred at 85 °C for 12 h. The
mixture was then cooled to room temperature and the residue was poured into H2O (15 mL).
The aqueous phase was extracted with EtOAc (3 x 40 mL) and the combined organic phase
was washed with brine (2 x 40 mL), dried with anhydrous NaxSOs, filtered and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (1/0 to 1/8
petroleum ether/EtOAc) to afford fert-butyl 7-(6-aminopyridin-3-yl)-2,3-
dihydrobenzo[f][1,4]oxazepine-4(5H)-carboxylate (3.3 g, 65.0% yield) as light yellow solid.
LCMS (ESI) m/z: [M + H] calcd for C19H23N303: 342.18; found 342.2.

Step 7: Synthesis of 5-(2,3,4,5-tetrahydrobenzol[f][ 1,4 ]Joxazepin-7-yl)pyridin-2-amine

[00367] To a solution of tert-butyl 7-(6-aminopyridin-3-yl)-2,3-dihydrobenzo[f][1,4]
oxazepine-4(SH)-carboxylate (3.3 g, 9.67 mmol, 1.0 equiv) in THF (40 mL) was added HCI
in EtOAc (4 M, 100 mL, 41.38 equiv) at room temperature. The mixture was stirred for 3 h.
The reaction mixture was filtered and the filter cake was washed with EtOAc (3 x 15 mL)
and then dried under reduced pressure to give 5-(2,3,4,5-tetrahydrobenzo [f][1,4]oxazepin-7-
yl)pyridin-2-amine (3 g, 95.1% yield, 2HCI) as a light yellow solid.

Step 8: Synthesis of tert-butyl (2-((4-(7-(6-aminopyridin-3-yl)-2,3,4,5-
tetrahydrobenzo[f][1,4]oxazepine-4-carbonyl)-2-fluoro-3-
methylphenyl)sulfonyl)ethyl)carbamate
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[00368] To a solution of 4-((2-((fert-butoxycarbonyl)amino)ethyl)sulfonyl)-3-fluoro-2-
methylbenzoic acid (690.08 mg, 1.91 mmol, 1.0 equiv) in DMF (10 mL) was added HATU
(1.09 g, 2.86 mmol, 1.5 equiv) and DIPEA (1.66 mL, 9.55 mmol, 5 equiv). The reaction was
stirred at room temperature for 30 min and then 5-(2,3,4,5-tetrahydrobenzo[f][ 1,4]oxazepin-
7-yDpyridin-2-amine (0.6 g, 1.91 mmol, 1.0 equiv, 2HCI) was added. The mixture was stirred
for 2 h, at which point H2O (40 mL) was added. The mixture was stirred for 5 min and the
resulting precipitate was collected by filtration to give the crude product. The residue was
purified by silica gel chromatography (1/0 to 10/1 EtOAc/MeOH) to afford zers-butyl (2-((4-
(7-(6-aminopyridin-3-yl)-2,3,4,5-tetrahydrobenzo[f][ 1,4] oxazepine- 4-carbonyl)-2-fluoro-3-
methylphenyl)sulfonyl)ethyl)carbamate (0.538 g, 47.4% yield) as a light yellow solid. LCMS
(ESI) m/z: [M + H] calcd for C2oH33FN4O6S: 585.22; found 585.3.

Step 9: Synthesis of (4-((2-aminoethyl)sulfonyl)-3-fluoro-2-methylphenyl )(7-(6-
aminopyridin-3-yl)-2,3-dihydrobenzo[f][ 1,4]oxazepin-4(5H)-yl)methanone 2,2,2-

trifluoroacetate

[00369] A solution fert-butyl (2-((4-(7-(6-aminopyridin-3-yl)-2,3,4,5-
tetrahydrobenzo[f][1,4] oxazepine- 4-carbonyl)-2-fluoro-3-
methylphenyl)sulfonyl)ethyl)carbamate (0.538 g, 920.20 umol, 1.0 equiv) in TFA (10.35 mL,
139.74 mmol, 151.85 equiv) was stirred at room temperature for 2 h. The solution was then
concentrated under reduced pressure. The oily residue was triturated with MeCN (1 mL) and
then dropped into MTBE (30 mL) for 10 min. The supernatant was removed and then the
precipitate was collected by filtration under Nz to give (4-((2-aminoethyl)sulfonyl)-3-fluoro-
2-methylphenyl)(7-(6-aminopyridin-3-yl)-2,3-dihydrobenzol[f][ 1,4 Joxazepin-4(5H)-
yl)methanone 2,2 2-trifluoroacetate (0.50 g, 87.4% yield, TFA) as light brown solid. LCMS
(ESI) m/z: [M + H] calcd for C24H2sFN4O4S: 485.17; found 485.1.

Monomer AA. S-(4-amino-1-(6-(piperazin-1-yl)pyrimidin-4-yl)-1H-pyrazolo[3,4-

d]pyrimidin-3-yl)benzo|d]oxazol-2-amine trifluoroacetic acid salt.
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Step 1: Synthesis of 1-(6-chloropyrimidin-4-yl)-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine

[00370] To a suspension of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (5 g, 19.16
mmol, 1.0 equiv) in DMF (60 mL) was added NaH (804.53 mg, 20.11 mmol, 60% purity,
1.05 equiv) at 0 °C. The mixture was stirred at 0 °C for 30 min. To the reaction mixture was
then added 4,6-dichloropyrimidine (3.42 g, 22.99 mmol, 1.2 equiv) at O °C. The mixture was
stirred at room temperature for 2.5 h, at which point the reaction mixture was added to H.O
(600 mL). The suspension was then filtered to give the product (7.1 g, 99.2% yield) as yellow
solid. LCMS (ESI) m/z: [M + H] calcd for CoHsCIIN7: 373.94; found 373.9.

Step 2: Synthesis of tert-butyl 4-(6-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)pyrimidin-4-yl)piperazine-1-carboxylate

[00371] To a solution of 1-(6-chloropyrimidin-4-yl)-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-
4-amine (5 g, 13.39 mmol, 1.0 equiv) and fert-butyl piperazine-1-carboxylate (2.99 g, 16.06
mmol, 1.2 equiv) in DMF (50 mL) was added K2COs (3.70 g, 26.77 mmol, 2.0 equiv). The
reaction mixture was stirred at 100 °C for 4 h, at which point it was added to H20 (500 mL).

The suspension was then filtered to give the product (6.2 g, 88.5% yield) as yellow solid.
LCMS (ESI) m/z: [M + H] calcd for C1sH22IN9Oz2: 524.09; found 524.2.

Step 3: Synthesis of fert-butyl 4-(6-(4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)pyrimidin-4-yl)piperazine-1-carboxylate

[00372] To a bi-phasic suspension of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzo[d]oxazol-2-amine (3.08 g, 11.85 mmol, 1.0 equiv), fert-butyl 4-(6-(4-amino-3-iodo-
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1H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrimidin-4-yl)piperazine-1-carboxylate (6.2 g, 11.85
mmol, 1.0 equiv) and Na2CO3 (6.28 g, 59.24 mmol, 5.0 equiv) in H20 (100 mL) and DME
(200 mL) was added Pd(PPhs)s (1.37 g, 1.18 mmol, 0.1 equiv) at room temperature under No.
The mixture was stirred at 110 °C for 24 h and then the mixture was filtered to give a solid
cake. The solid was added to dioxane (20 mL) and stirred at 110 °C for 60 min, then filtered
to give the product (3.5 g, 55.8% yield) as brown solid. LCMS (ESI) m/z: [M + H] calcd for
C25H27N1103: 530.24; found 530.3.

Step 4: Synthesis of 5-(4-amino-1-(6-(piperazin-1-yl)pyrimidin-4-yl)-1H-pyrazolo|[3,4-

d]pyrimidin-3-yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt

[00373] A solution of fert-butyl 4-(6-(4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)pyrimidin-4-yl)piperazine-1-carboxylate (3.5 g, 6.61 mmaol,
1.0 equiv) in TFA (35 mL) was stirred at room temperature for 1 h. The reaction solution was
concentrated under reduced pressure and the resulting crude material was dissolved in MeCN
(20 mL) and added dropwise to MTBE (500 mL). The resulting solid was then filtered to give
the product (5.5 g, 91.9% yield, 4TFA) as brown solid. LCMS (ESI) m/z: [M + H] calcd for
C20H19N110: 430.19; found 430.1.

Monomer AB. 8-(6-methoxypyridin-3-yl)-3-methyl-1-(4-(4-(5,6,7,8-
tetrahydropyrido[4,3-d]pyrimidin-2-yl)piperazin-1-yl)-3-(trifluoromethyl)phenyl)-1H-

imidazo[4,5-c]quinolin-2(3H)-one trifluoroacetic acid salt.
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Step 1: Synthesis of tert-butyl 2-(4-(4-(8-(6-methoxypyridin-3-yl)-3-methyl-2-ox0-2,3-
dihydro-1H-imidazo[4,5-c]quinolin-1-yl)-2-(trifluoromethyl)phenyl)piperazin-1-yl)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxylate

[00374] To a mixture of 8-(6-methoxypyridin-3-yl)-3-methyl-1-(4-(piperazin-1-yl)-3-
(trifluoromethyl)phenyl)-1H-imidazo[4,5-c]quinolin-2(3H)-one (0.3 g, 561.24 pmol, 1.0
equiv) and fert-butyl 2-chloro-7,8-dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxylate
(151.38 mg, 561.24 pmol, 1.0 equiv) in DMF (5 mL) was added K2CO3 (193.92 mg, 1.40
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mmol, 2.5 equiv). The mixture was stirred at 100 °C for 14 h, at which point H20 (20 mL)
was added. The aqueous layer was extracted with EtOAc (3 x 40 mL) and the combined
organic layers were concentrated under reduced pressure. The crude material was was
purified by column chromatography (30/1 to 15/1 DCM/MeOH) to give the product (0.30 g,
69.6% yield) as a light-yellow solid. LCMS (ESI) m/z: [M + H] calcd for C40H40F3N9Ou:
768.33; found 768.5.

Step 2: Synthesis of 8-(6-methoxypyridin-3-yl)-3-methyl-1-(4-(4-(5,6,7,8-

tetrahydropyrido[4,3-d]pyrimidin-2-yl)piperazin-1-yl)-3-(trifluoromethyl)phenyl)-1H-
imidazo[4,5-c]quinolin-2(3H)-one

[00375] A solution of fert-butyl 2-(4-(4-(8-(6-methoxypyridin-3-yl)-3-methyl-2-ox0-2,3-
dihydro-1H-imidazo[4,5-c]quinolin-1-yl)-2-(trifluoromethyl)phenyl)piperazin-1-yl)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(SH)-carboxylate (0.8 g, 1.04 mmol, 1.0 equiv) in TFA (8
mL) was stirred at room temperature for 2 h. The solvent was concentrated and the residue
was dissolved in MeCN (5 mL), then the solution was added dropwise to MTBE (150 mL).
The precipitate was filtered and the solid was dried under reduced pressure to give the
product (600 mg, 70.6% yield, TFA) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for
C35H32F3N902: 668.27; found 668 .3.

Monomer AC. 5-(4-amino-1-(piperidin-4-ylmethyl)-1H-pyrazolo[3,4-d]pyrimidin-3-

yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt.

NH, |
N \N
/OBOC MsCI,NEt, /@Boc K,CO, QN/ N
HO DCM, 0 °C MsO DMF, 80 °C <\>
N
Boc
NH,
° Y
)—NH, N
: N
PinB NH,
Pd(PPh3)4, N32C03, TFA
N™ \N
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ﬁ
N
H

Step 1: Synthesis of tert-butyl 4-((methylsulfonyl)oxy)piperidine-1-carboxylate

Boc
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[00376] To a solution of fert-butyl 4-hydroxypiperidine-1-carboxylate (4 g, 19.87 mmol,
1.0 equiv) and TEA (3.87 mL, 27.82 mmol, 1.4 equiv) in DCM (40 mL) was added MsCl
(2.15 mL, 27.82 mmol, 1.4 equiv) at 0 °C. Then the reaction mixture was stirred at room
temperature for 1 h. H2O (50 mL) was added and the aqueous phase was extracted with DCM
(3 x 50 mL). The combined organic phase was washed with brine, dried with anhydrous
NaxSOq, filtered and concentrated under reduced pressure to give the product (5.62 g, 101%

crude yield) as yellow solid which was used directly in the next step.

Step 2: Synthesis of tert-butyl 4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)piperidine-1-carboxylate

[00377] To a suspension of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (5 g, 19.16
mmol, 1.0 equiv) and zert-butyl 4-((methylsulfonyl)oxy)piperidine-1-carboxylate (5.62 g,
20.11 mmol, 1.05 equiv) in DMF (100 mL) was added K2COs (5.29 g, 38.31 mmol, 2.0
equiv). The mixture was stirred at 80 °C for 12 h. The reaction mixture was then added to
H20 (400 mL) at 0 °C. The resulting precipitate was filtered to give the product (5.0 g, 58.8%
yield) as yellow solid. LCMS (ESI) m/z: [M + H] calcd for C1sH21IN6O2: 445.09; found
445.1.

Step 3: Synthesis of tert-butyl 4-(4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate

[00378] To a suspension of fert-butyl 4-(4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)piperidine-1-carboxylate (5 g, 11.25 mmol, 1.0 equiv), 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzo[d]oxazol-2-amine (3.51 g, 13.51 mmol, 1.2 equiv) and Na2COs
(5.96 g, 56.27 mmol, 5.0 equiv) in H20 (50 mL) and DME (100 mL) was added Pd(PPhs3)4
(1.30 g, 1.13 mmol, 0.1 equiv) at room temperature under N2. The mixture was stirred at 110
°C for 3 h. The reaction mixture was then cooled to room temperature and filtered. The
filtrate was partitioned between EtOAc¢ (100 mL) and H2O (100 mL) and then the aqueous
layer was separated and extracted with EtOAc (3 x 100 mL). The combined organic layer was
washed with brine (20 mL) and dried over anhydrous Na2SOs, filtered, and concentrated
under reduced pressure. The residue was triturated with EtOAc (30 mL) and filtered to give
the product (3.6 g, 71.0% yield) as yellow solid. LCMS (ESI) m/z: [M + H] calcd for
C22H26NgO3: 451.22; found 451.3.

Step 4: Synthesis of 5-(4-amino-1-(piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-

yl)benzo[d]oxazol-2-amine trifluoroacetic acid salt
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[00379] A solution of fert-butyl 4-(4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (1.4 g, 3.11 mmol, 1.0 equiv) in TFA
(10 mL) was stirred at room temperature for 30 min. The reaction solution was concentrated
under reduced pressure and the crude solid was dissolved in MeCN (20 mL). The solution
was added dropwise to MTBE (100 mL) and the resulting solid was filtered to give the
product (1.6 g, 85.8% yield, 2TFA) as yellow solid. LCMS (ESI) m/z: [M + H] calcd for
C17H18NgOs: 351.17; found 351.1.

Monomer AD. 1-(piperidin-4-yl)-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-

d]pyrimidin-4-amine trifluoroacetic acid salt.
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Step [: Synthesis of fert-butyl 4-(4-amino-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate

[00380] To a suspension of 5-(4,4,5-trimethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrolo[2,3-
b]pyridine (857.12 mg, 3.51 mmol, 1.2 equiv), tert-butyl 4-(4-amino-3-iodo-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (1.3 g, 2.93 mmol, 1.0 equiv) and
NaxCOs (1.55 g, 14.63 mmol, 5.0 equiv) in DME (20 mL) and H20 (10 mL) was added
Pd(PPhs3)4 (338.13 mg, 292.62 pmol, 0.1 equiv) at room temperature under N2. The mixture
was stirred at 110 °C for 3 h. The reaction mixture was then cooled to room temperature and
filtered. The filtrate was partitioned between EtOAc (50 mL) and H2O (50 mL) and the
aqueous layer was separated and extracted with EtOAc (3 x 50 mL). The combined organic
layer were washed with brine, dried over anhydrous NaxSQu, filtered, and concentrated under
reduced pressure. The residue was triturated with EtOAc (10 mL), filtered, the solid cake was

dried under reduced pressure to give the product (1.0 g, 78.7% yield) as yellow solid.

Step 2: Synthesis of 1-(piperidin-4-y1)-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-pyrazolo[3,4-

d]pyrimidin-4-amine trifluoroacetic acid salt
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[00381] A solution of fert-butyl 4-(4-amino-3-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (1.5 g, 3.45 mmol, 1.0 equiv) in TFA
(10 mL) was stirred at room temperature for 30 min. The reaction solution was concentrated
under reduced pressure and the crude residue was dissolved in MeCN (20 mL). The solution
was added dropwise to MTBE (100 mL) and the resulting solid was filtered to give the
product (1.19 g, 74.2% yield, TFA) as light yellow solid. LCMS (ESI) m/z: [M + H] calcd for
C17H18Ns: 335.18; found 335.1.

Monomer AE. 4-amino-S-(2-aminobenzo[d]oxazol-5-yl)-SH-pyrimido[5,4-b]indole-7-

carboxylic acid.
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[00382] This monomer can be prepared from 7-methyl-SH-pyrimido[5,4-bJindol-4-ol by
benzylic oxidation to the carboxylic acid, conversion to the ethyl ester, followed by O-
ethylation with triethyloxonium tetrafluoroboroate. Palladium-mediated arylation followed by

ester hydrolysis and final ammonia-olysis provides the monomer.
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Monomer AF. 4-amino-5-(2-aminobenzo[d]oxazol-5-yl)-SH-pyrimido[S,4-b]indole-8-

carboxylic acid.
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This monomer can be prepared following a similar route as that to prepare the previous
monomer, but using the isomeric starting material from 8-methyl-SH-pyrimido[5,4-bJindol-4-
ol. Benzylic oxidation to the carboxylic acid, conversion to the ethyl ester, followed by O-
ethylation with triethyloxonium tetrafluoroboroate and palladium-mediated arylation,

followed by ester hydrolysis and final ammonia-olysis provides the monomer.

Monomer AG. 3-(2,4-bis((S)-3-methylmorpholino)-4a,8a-dihydropyrido[2,3-
d]pyrimidin-7-yl)benzoic acid.

HO. OH

H

N Me
SRS : Q.

o N. _N. _N__cCl OH o N__N.__N OH
YOoyS DIPEA Y S Pd(PPh),, K,CO YOS

N| Me Nk _~ 3l4, R2Vs Me N__h_~ o

P S —
DMA, 70 °C dioxane, H,0, 100 °C N Me

[]' Hel

o

Step 1: Synthesis of (35)-4-[7-chloro-2-[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d]

pyrimidin-4-yl] 3-methyl-morpholine

[00383] To a solution of 2,4,7-trichloropyrido[2,3-d]pyrimidine (4.0 g, 17.06 mmol, 1.0
equiv) in DMA (10 mL) was added (3.5)-3-methylmorpholine (4.31 g, 42.65 mmol, 2.5 equiv)
and DIPEA (5.51 g, 42.65 mmol, 7.43 mL, 2.5 equiv). The reaction solution was heated to 70

°C for 48 h. The reaction suspension was cooled to room temperature, poured into cold H2O
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(50 mL) to precipitate out a solid. The solid was filtered and the filter cake was rinsed with
H:0, and dried under reduced pressure to give the crude product, which was purified by
column chromatography on silica gel (0—100% petroleum ether/EtOAc) to give (3.5)-4-[7-
chloro-2-[(35)-3-methylmorpholin-4-yl]pyrido[2,3-d] pyrimidin-4-y1] 3-methyl-morpholine
(3.5 g, 56.4% yield) as a yellow solid. LCMS (ESI) m/z: [M + H] calcd for C17H22CINsOz:
364.15; found 364.2.

Step 2: Synthesis of 3-[2,4-bis[(3.) -3-methylmorpholin-4-yl|pyrido[2,3-d]pyrimidin-7-

yl]benzoic acid

[00384] To a solution of (3.5)-4-[7-chloro-2-[(3.5)-3-methylmorpholin-4-yl]pyrido[2,3-
d]pyrimidin-4-yl] -3-methyl-morpholine (2 g, 5.50 mmol, 1.0 equiv) and 3-boronobenzoic
acid (1.09 g, 6.60 mmol, 1.2 equiv) in 1,4-dioxane (40 mL) was added a solution of K2COs
(911.65 mg, 6.60 mmol, 1.2 equiv) in H20 (4 mL), followed by Pd(PPhs)s (317.60 mg,
274.85 umol, 0.05 equiv). The solution was degassed for 10 min and refilled with N2, then
the reaction mixture was heated to 100 °C under N2 for 5 h. The reaction was cooled to room
temperature and filtered. The filtrate was acidified by HCI (2N) to pH 3, and the aqueous
layer was washed with EtOAc (3 x 20 mL). Then, the aqueous phase was concentrated under
reduced pressure to give a residue, which was purified by column chromatography on silica
gel (50%—100% petroleum ether/EtOAc) to give 3-[2,4-bis[(3S) -3-methylmorpholin-4-
yl]pyrido[2,3-d]pyrimidin-7-yl]benzoic acid hydrochloride (2.5 g, 89.9% yield) as a yellow
solid. LCMS (ESI) m/z: [M + H] calcd for C24H27N504: 450.21; found 450.2.

[00385] Reference for preparation of this monomer: Menear, K.; Smith, G.C.M.; Malagu,
K.; Duggan, HM E.; Martin, N M.B.; Leroux, F.G.M. 2012. Pyrido-, pyrazo- and pyrimido-
pyrimidine derivatives as mTOR inhibitors. US8101602. Kudos Pharmaceuticals, Ltd, which

is incorporated by reference in its entirety.

Monomer AH. (1r,4r)-4-[4-amino-5-(7-methoxy-1H-indol-2-yl)imidazo[4,3-
f][1,2,4]triazin-7-yl]cyclohexane-1-carboxylic acid
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[00386] This monomer, also known as OSI-027 (CAS# = 936890-98-1), is a commercially
available compound. At the time this application was prepared, it was available for purchase
from several vendors.

Monomer Al 2-(4-(4-(8-(6-methoxypyridin-3-yl)-3-methyl-2-oxo0-2,3-dihydro-1H-
imidazo[4,5-c]quinolin-1-yl)-2-(trifluoromethyl)phenyl)piperazin-1-yl)pyrimidine-5-

carboxylic acid.
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[00387] Preparation of this monomer proceeds by reaction of BGT226 with methyl 2-

chloropyrimidine-5-carboxylate, followed by ester hydrolysis, to give the titled Monomer.

Monomer AJ. 4-amino-S-{1H-pyrrolo[2,3-b]pyridin-5-yl}-SH-pyrimido[S,4-b]indole-8-

carboxylic acid.
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[00388] This monomer can be prepared from 7-methyl-5SH-pyrimido[5,4-bJindol-4-ol by

benzylic oxidation to the carboxylic acid, conversion to the ethyl ester, followed by O-
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ethylation with triethyloxonium tetrafluoroboroate. Palladium-mediated arylation followed by

ester hydrolysis and final ammonia-olysis provides the monomer.

Preparation of pre- and post-Linkers

Building Block A. 2-(4-(5-ethynylpyrimidin-2-yl)piperazin-1-yl)pyrimidine-S-carboxylic

acid.
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Step 1: Synthesis of ethyl 2-(4-(5-bromopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-

carboxylate

[00389] To a solution of 5-bromo-2-(piperazin-1-yl)pyrimidine hydrochloride (7.5 g,
26.83 mmol, 1.0 equiv) and TEA (16.29 g, 160.96 mmol, 22.40 mL, 6.0 equiv) in dioxane
(100 mL) was added ethyl 2-chloropyrimidine-5-carboxylate (5.01 g, 26.83 mmol, 1.0 equiv)
at room temperature and then the reaction mixture was heated to 85 °C for 18 h. The mixture
was cooled to room temperature, filtered and the solid cake was washed with H2O (2 x 50
mL). The residue was triturated with H2O (150 mL) and filtered, at which point the solid cake
was washed with H20 (3 x 30 mL) to afford ethyl 2-(4-(5-bromopyrimidin-2-yl)piperazin-1-
yl)pyrimidine-5-carboxylate (8.18 g, 77.5% yield) as a white solid. LCMS (ESI) m/z: [M +
H] caled for CisH17BrNeO2: 393.06; found 393.2.

Step 2: Synthesis of ethyl 2-(4-(5-((trimethylsilyl)ethynyl)pyrimidin-2-yl)piperazin-1-
yl)pyrimidine-5-carboxylate

[00390] To a solution of ethyl 2-(4-(5-bromopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxylate (5 g, 12.71 mmol, 1.0 equiv) in DMF (200 mL) was added Cul (242.16 mg, 1.27

mmol, 0.1 equiv), Pd(PPh3)2Cl2 (892.46 mg, 1.27 mmol, 0.1 equiv), TEA (6.43 g, 63.57
mmol, 8.85 mL, 5.0 equiv) and ethynyltrimethylsilane (6.24 g, 63.57 mmol, 8.81 mL, 5.0
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equiv) at room temperature under N2. The reaction mixture was stirred at 80 °C for 4 h then
the mixture was cooled to room temperature. The reaction mixture was filtered, and the
resulting solid cake was washed EtOAc (3 x 30 mL) and dried under reduced pressure to give
ethyl 2-(4-(5- ((trimethylsilyl)ethynyl)pyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxylate (4.2 g, 80.5% yield) as a light gray solid. LCMS (ESI) m/z: [M + H] calcd for
C20H26N602Si: 411.20; found 411.3.

Step 3: Synthesis of 2-(4-(5-ethynylpyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-carboxylic

acid

[00391] To a solution of ethyl 2-(4-(5-((trimethylsilyl)ethynyl)pyrimidin-2-yl)piperazin-1-
yl)pyrimidine-5-carboxylate (4.2 g, 10.23 mmol, 1.0 equiv) in H20 (30 mL) and EtOH (30
mL) was added LiOHeH:20 (2.15 g, 51.15 mmol, 5.0 equiv) at room temperature. The
reaction mixture was stirred at 75 °C for 1.5 h and then the mixture was cooled to room
temperature and concentrated under reduced pressure at 45 °C. The reaction mixture was
acidified with 1 N HCI and the resulting precipitate was collected by filtration to give 2-(4-
(5-ethynylpyrimidin-2-yl) piperazin-1-yl)pyrimidine-5-carboxylic acid hydrochloride (3.0 g,
84.6% yield) as a brown solid. LCMS (ESI) m/z: [M + H] calcd for C1sH14NeO2: 311.13;
found: 311.2.

Building Block J. ethyl 2-(4-(5-(aminomethyl)pyrimidin-2-yl)piperazin-1-yl)pyrimidine-

S-carboxylate.
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Step 1: Synthesis of ethyl 2-(4-(5-(((fert-butoxycarbonyl)amino)methyl)pyrimidin-2-
yl)piperazin-1-yl)pyrimidine-5-carboxylate

[00392] To a 250 mL round bottom flask was added dichloro(dimethoxyethane) nickel
(11.17 mg, 50.86 umol, 0.02 equiv), 4,4'-di-fert-butyl-2,2'-bipyridine (13.65 mg, 50.86 umol,
0.02 equiv), and THF (1.5 mL). The vial was capped and the resulting suspension was
sonicated until the nickel and ligand were fully dissolved, yielding a pale green solution. The

solvent was then removed under reduced pressure to give a fine coating of the ligated nickel
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complex. Once dry, ethyl 2-(4-(5-bromopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxylate (1 g, 2.54 mmol, 1.0 equiv), potassium (fert-
butoxycarbonyl)amino)methyl)trifluoroborate (904.30 mg, 3.81 mmol, 1.5 equiv),
Ir[dFCF3ppy2(bpy)PFs (28.53 mg, 25.43 umol, 0.01 equiv) and Cs2CO3 (1.24 g, 3.81 mmol,
1.5 equiv) were added in succession. The vial was then capped and purged and evacuated
four times. Under an Ar atmosphere, dioxane (100 mL) was introduced. The vial containing
all the reagents was further sealed with parafilm and stirred for 4 h, approximately 4 cm away
from three 7 W fluorescent light bulbs at room temperature. The three batches were
combined together, the reaction mixture was filtered, and the solution was concentrated to
dryness. The residue was purified by silica gel chromatography (10/1 to 0/1 petroleum
ether/EtOAc) to afford ethyl 2-(4-(5-(((fert-butoxycarbonyl)amino)methyl)pyrimidin-2-
yl)piperazin-1-yl)pyrimidine-5-carboxylate (3.6 g, 80.4% yield) as a light yellow solid LCMS
(ESI) m/z: [M + H] calcd for C21H20N704: 444.23; found 444 .2.

Step 2: Synthesis of ethyl 2-(4-(5-(aminomethyl)pyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-

carboxylate

[00393] To a mixture of ethyl 2-(4-(5-(((tert-butoxycarbonyl)amino)methyl)pyrimidin-2-
yl)piperazin-1-yl)pyrimidine-5-carboxylate (6.9 g, 15.56 mmol, 1.0 equiv) in DCM (100 mL)
was added HCI/EtOAc (4 M, 80 mL, 20.6 equiv) in one portion at room temperature under
N2. The mixture was stirred for 1.5 h and then the solution was then concentrated to dryness
under reduced pressure. To the residue was added MTBE (100 mL) and the precipitate was
collected by filtration under N2 to give ethyl 2-(4-(5-(aminomethyl)pyrimidin-2-yl)piperazin-
1-yl)pyrimidine-5-carboxylate hydrochloride (5.9 g, 99.8% yield) as a white solid. LCMS
(ESI) m/z: [M + H] calcd for CisH21N702: 344.18; found 344.1.

Building block K. ethyl 2-(piperazin-1-yl)pyrimidine-S-carboxylate.
NBoc
o N o) o
K,CO; N/j)kOEt HCI N/ﬁ)\OEt
Oy o —— A A

P . N“ N EtOAc (\N N
¢ N MeCN, 80 °C BocN._J HN. ]

Step 1: Synthesis of ethyl 2-(4-(tert-butoxycarbonyl)piperazin-1-yl)pyrimidine-5-carboxylate

[00394] To a solution of tert-butyl piperazine-1-carboxylate (11.94 g, 53.59 mmol, 1.0
equiv, HCI) and ethyl 2-chloropyrimidine-5-carboxylate (10 g, 53.59 mmol, 1.0 equiv) in
MeCN (100 mL) was added K2COs3 (7.41 g, 53.59 mmol, 1.0 equiv). The mixture was stirred
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at 80 °C for 17 h and then poured into H20 (200 mL). The mixture was filtered and the filter
cake was washed with H2O (80 mL) and dried under reduced pressure to give the product

(15.76 g, 82% yield) as a white solid.
Step 2: Synthesis of ethyl 2-(piperazin-1-yl)pyrimidine-5-carboxylate

[00395] To a solution of ethyl 2-(4-(tert-butoxycarbonyl)piperazin-1-yl)pyrimidine-5-
carboxylate (15.7 g, 46.67 mmol, 1.0 equiv) in EtOAc (150 mL) was added HCI/EtOAc (150
mL) at 0 °C. The resulting mixture was stirred at room temperature for 9 h. The reaction
mixture was filtered and the filter cake was washed with EtOAc (100 mL). The solid was
dried under reduced pressure to give the product (12.55 g, 96% yield, HCI) as a white solid.
LCMS (ESI) m/z: [M + H] calcd for C11iH16N4O2: 237.14; found 237.3.

Building Block L. 2-(4-(S-azidopyrimidin-2-yl)piperazin-1-yl)pyrimidine-S-carboxylic

acid.

N N/\ Pd(dppf)Cl,

Br -~ N Q\Ol
\CJ\ B,pin,, KOAc O/B\KN
N
RS E—— N
N\)YOEt dioxane, 75 °C K/N | N\
N\)\KOEt

o
o
1 X
| |
< M X
NaN;,Cu(OAc), N O . LiOH+H,0 N O .
—_— [ —_— » N
DMSO, 1 atm O, \Nﬁ = OEt THF/H,O/EtOH Nl P> OH
55°C 65 °C
o] o]

Step 1: Synthesis of ethyl 2-(4-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-
yl)piperazin-1-yl)pyrimidine-5-carboxylate

[00396] To a solution of ethyl 2-(4-(5-bromopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxylate (25 g, 63.57 mmol, 1.0 equiv) in DMSO (500 mL) was added B2pin2 (32.29 g,
127.15 mmol, 2.0 equiv), KOAc (18.72 g, 190.72 mmol, 3.0 equiv) and Pd(dppf)Cl2 (4.65 g,
6.36 mmol, 0.1 equiv) at room temperature. The mixture was stirred at 75 °C for 3 h, at
which point the mixture was cooled to room temperature. DCM (500 mL) was added to the
reaction mixture and the solution was filtered and concentrated. To the crude mixture was
added H20 (1000 mL), then the precipitate was collected by filtration under Nz to give the
crude product. The residue was triturated with (10/1 petroleum ether/EtOAc, 400 mL) and
filtered to afford ethyl 2-(4-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-
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yl)piperazin-1-yl)pyrimidine-5-carboxylate (25 g, 89.3% yield) as a brown solid. LCMS
(ESI) m/z: [M + H] calcd for C21H29BN6Ou: 441.23; found 441.1.

Step 2: Synthesis of ethyl 2-(4-(5-azidopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-

carboxylate

[00397] To a solution of ethyl 2-(4-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-carboxylate (16 g, 36.34 mmol, 1.0 equiv) in
DMSO (400 mL) was added NaNs3 (3.54 g, 54.51 mmol, 1.5 equiv) and Cu(OAc): (660.03
mg, 3.63 mmol, 0.1 equiv). The solution was vigorously stirred at 55 °C under Oz (1 atm) for
1 h. To the mixture was added to H20 (2500 mL), and the resulting precipitate was collected
by filtration to give the crude product as a black-brown solid. The residue was purified by
silica gel chromatography (1/10 to 5/1 DCM/MeOH) to afford ethyl 2-(4-(5-azidopyrimidin-
2-yl) piperazin-1-yl)pyrimidine-5-carboxylate (2.76 g, 21.4% yield) as a light yellow solid.
LCMS (ESI) m/z: [M + H] calcd for Ci1sH17N9O2: 356.15; found 356.2.

Step 3: Synthesis of 2-(4-(5-azidopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-carboxylic acid

[00398] To a solution of ethyl 2-(4-(5-azidopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxylate (3.38 g, 9.51 mmol, 1.0 equiv) in THF (60 mL), H2O (20 mL) and EtOH (20 mL)
was added LiOHeH0 (598.66 mg, 14.27 mmol, 1.5 equiv) at room temperature. The
reaction mixture was stirred at 65 °C for 50 min, at which point the mixture was cooled to
room temperature and concentrated under reduced pressure at 45 °C to remove THF and
EtOH. The mixture was acidified with 1IN HCI to pH 7. The resulting precipitate was
collected by filtration to give 2-(4-(5- azidopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxylic acid (3 g, 96.4% yield).

Building Block M. ethyl 2-(3-(((fert-butyldiphenylsilyl)oxy)methyl)-4-(5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-

carboxylate.
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Step 1: Synthesis of tert-butyl 4-(5-bromopyrimidin-2-yl) -3-(hydroxymethyl) piperazine-1-

carboxylate

[00399] To a solution of fert-butyl 3-(hydroxymethyl)piperazine-1-carboxylate (8.5 g,
39.30 mmol, 1.0 equiv) in DMF (120 mL) was added 5-bromo-2-chloropyrimidine (7.6 g,
39.30 mmol, 1.0 equiv) and DIPEA (20.54 mL, 117.90 mmol, 3.0 equiv). The mixture was
stirred at 130 °C for 16 h. The mixture was poured into H2O (500 mL) and the aqueous phase
was extracted EtOAc (3 x 150 mL). The combined organic phase was washed with saturated
aqueous NH4Cl (2 x 150 mL), brine (2 x 150 mL), dried with anhydrous Na2SOs, filtered and
concentrated under reduced pressure to give the crude product. The residue was purified by
silica gel chromatography (1/0 to 0/1 petroleum ether/EtOAc) to give the product (12.6 g,
83% yield) as the yellow oil. LCMS (ESI) m/z: [M + H] calcd for C14aH21BrN4Os: 373.09;
found 373.05.

Step 2: Synthesis of tert-butyl 4-(5-bromopyrimidin-2-yl)-3-(((zert-
butyldiphenylsilyl)oxy)methyl)piperazine-1-carboxylate

[00400] To a solution of tert-butyl 4-(5-bromopyrimidin-2-yl)-3-
(hydroxymethyl)piperazine-1-carboxylate (12.6 g, 33.76 mmol, 1.0 equiv) in DCM (150 mL)
was added fert-butyl-chloro-diphenyl-silane (9.54 mL, 37.13 mmol, 1.1 equiv) and imidazole
(4.60 g, 67.52 mmol, 2.0 equiv). The mixture was stirred at room temperature for 18 h. The
reaction mixture was diluted with DCM (100 mL) and washed with saturated aqueous
NaHCOs (2 x 80 mL), brine, dried with anhydrous Na2SOs, filtered and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (1/0 to 0/1
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petroleum ether/EtOAc) to give the product (16.5 g, 66% yield) as the yellow oil. LCMS
(ESI) m/z: [M + H] calcd for C30H39BrN4+OsSi: 611.21; found 611.30.

Step 3: Synthesis of 5-bromo-2-(2-(((tert-butyldiphenylsilyl)oxy)methyl)piperazin-1-
yD)pyrimidine

[00401] To a solution of tert-butyl 4-(5-bromopyrimidin-2-yl)-3-(((tert-
butyldiphenylsilyl)oxy)methyl)piperazine-1-carboxylate (41 g, 67.03 mmol, 1.0 equiv) in
EtOAc (100 mL) was added HCI/EtOAc (350 mL), dropwise. The reaction mixture was
stirred at room temperature for 3 h. The reaction mixture was then filtered and the filter cake
was washed with EtOAc (100 mL). The solid cake was dried under reduced pressure to give
the product (30.6 g, 75% yield, HCI) as a white soild. LCMS (ESI) m/z: [M + H] calcd for
C25H31BrN4OSi: 511.16; found 511.2.

Step 4: Synthesis of ethyl 2-(4-(5-bromopyrimidin-2-yl)-3-(((tert-
butyldiphenylsilyl)oxy)methyl)piperazin-1-yl)pyrimidine-5-carboxylate

[00402] To a suspension of 5-bromo-2-(2-(((fert-butyldiphenylsilyl)oxy)methyl)piperazin-
1- yl)pyrimidine(23.5 g, 42.88 mmol, 1.0 equiv, HCI) and ethyl 2-chloropyrimidine-5-
carboxylate (8 g, 42.88 mmol, 1.0 equiv) in IPA (250 mL) was added DIPEA (22.41 mL,
128.65 mmol, 3.0 equiv), dropwise. The reaction mixture was stirred at 80 °C for 16 h. The
mixture was then poured into H2O (500 mL) and the solution was filtered. The filter cake was
washed with H20O (200 mL) and the solid was dried under reduced pressure. The crude
product was purified by silica gel chromatography (1/0 to 0/1 petroleum ether/EtOAc) to the
product (19.53 g, 68% yield) as a white solid.

Step 5: Synthesis of ethyl 2-(3-(((fert-butyldiphenylsilyl)oxy)methyl)- 4-(5-(4,4,5,5-

R |

tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-carboxylate

[00403] To a solution of ethyl 2-(4-(5-bromopyrimidin-2-y1)-3-(((tert-
butyldiphenylsilyl)oxy)methyl)piperazin-1-yl)pyrimidine-5-carboxylate (15 g, 22.67 mmaol,
1.0 equiv) in dioxane (150 mL) was added 4,4,4'4'5,5,5',5'-octamethyl- 2,2'-bi(1,3,2-
dioxaborolane) (11.51 g, 45.34 mmol, 2.0 equiv), Pd(dppf)Cl2 (1.66 g, 2.27 mmol, 0.1 equiv)
and KOAc (6.67 g, 68.01 mmol, 3 equiv). The mixture was stirred at 95 °C under Nz for 15 h.
The reaction mixture was cooled to room temperature, filtered, and the filter cake was

washed with EtOAc (60 mL). The resulting solution was concentrated under reduced

pressure. The crude product was purified by silica gel chromatography (1/0 to 0/1 petroleum
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ether/EtOAc) to give the product (13 g, 76% yield) as white solid. LCMS (ESI) m/z: [M + H]
calcd for C3sH49BN6OsSi: 709.37 found 709.5.

Step 6: Synthesis of ethyl 2-(4-(5-azidopyrimidin-2-yl)-3-(((tert-
butyldiphenylsilyl)oxy)methyl)piperazin-1-yl)pyrimidine-5-carboxylate.

[00404] To a solution of ethyl 2-(3-{[(tert-butyldiphenylsilyl)oxy]methyl }-4-[5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl]piperazin-1-yl)pyrimidine-5 carboxylate
(750 mg, 1.05 mmol, 1.0 equiv) in DMSO (10 mL) was added copper(II) acetate (19.0 mg,
0.105 mmol, 0.1 equiv) and sodium azide (102 mg, 1.57 mmol, 1.5 equiv). The reaction
mixture was placed under an Oz atmosphere (1 atm) and heated to 60 °C. After 2.5 h, the
reaction was cooled to room temperature and then added dropwise to H2O (125 mL) to give a
fine brown solid, which was collected by filtration. The solid was washed with H2O (3 x 20
mL) and dried under reduced pressure to give the product (542 mg, 82% yield), which was
used directly in next reaction. LCMS (ESI) m/z: [M + H] calcd for C32H37N9O3Si: 624.29;
found 624 .2.

Step 7: Synthesis of ethyl 2-(4-(5-azidopyrimidin-2-yl)-3-(hydroxymethyl)piperazin-1-
yl)pyrimidine-5-carboxylate

[00405] To a solution of ethyl 2-[4-(5-azidopyrimidin-2-yl)-3-{[(fert-
butyldiphenylsilyl)oxyJmethyl } piperazin-1-yl]pyrimidine-5-carboxylate (478 mg, 0.7662
mmol, 1.0 equiv ) in THF (5.1 mL) was added TBAF (1M in THF, 1.14 mmol, 1.14 mL, 1.5
equiv). The reaction mixture was stirred for 3.5 h, at which point the reaction was quenched
with saturated NH4Cl (4 mL) and then diluted with EtOAc (20 mL) and H2O (20 mL). The
separated organic phase was washed with H20 (3 x 30 mL) and the aqueous washes were
extracted with EtOAc (15 mL). The combined organic phase was washed with brine (15 mL),
dried with MgSOQs, filtered, and concentrated to give the crude product as a brown oil. This
material was combined with the crude product from a similar reaction (56 mgs) to give 490
mg of crude product which was purified by silica gel chromatography (0—25%
EtOAc/hexanes) to give the product (166 mg, 50% yield) as a light yellow solid. LCMS (ESI)
m/z: [M + H] calcd for CisHi9N9O3: 386.17; found 386.1.

Step 8: Synthesis of 2-(4-(5-azidopyrimidin-2-yl)-3-(hydroxymethyl)piperazin-1-

yl)pyrimidine-5-carboxylic acid

[00406] To a solution of ethyl 2-[4-(5-azidopyrimidin-2-yl)-3-(hydroxymethyl)piperazin-
1-yl]pyrimidine-5-carboxylate (154 mg, 0.3995 mmol, 1.0 equiv) in THF (1.26 mL) and
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EtOH (0.42 mL) was added a solution of LIOHeH20 (28.4 mg, 0.6791 mmol, 1.7 equiv) in
H20 (0.42 mL). The resulting solution stirred at 65 °C for 1 h, at which time the reaction
mixture was cooled to room temperature and then concentrated under reduced pressure. The
solution was adjusted to pH 7 with the addition of 1N HCI. The solution was then
concentrated and the residue dried under reduced pressure. To the residue was added 10%
MeOH/DCM (20 mL) and the resulting suspension was stirred for 1 h and then filtered. The
filtrate was concentrated to give a powder which was dried under reduced pressure to give the
product (95 mg, 66% yield), which was used without further purification. LCMS (ESI) m/z:
[M + H] caled for C14H15N9O3: 358.14; found 358.1.

Building Block N. 2-[4-(5-azidopyrimidin-2-yl)-2-[(fert-butoxy)carbonyl|piperazin-1-

yllpyrimidine-5-carboxylic acid.
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[00407] This building block can be prepared by a process similar to that for Building
Block L by utilizing fert-butyl piperazine-2-carboxylate.

Building Block O. 2-[(2R)-4-(5-azidopyrimidin-2-yl)-2-[bis({2-[(tert-
butyldimethylsilyl)oxy]ethyl})carbamoyl]piperazin-1-yl|pyrimidine-5-carboxylic acid.
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[00408]

This building block can be prepared by a process similar to that for Building

Block L, by utilizing (2R)-1,4-bis[(benzyloxy)carbonyl]piperazine-2-carboxylic acid.
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Building Block P. 2-[(25)-4-(5-azidopyrimidin-2-yl)-2-
[(dimethylamino)methyl]|piperazin-1-yl]pyrimidine-5-carboxylic acid.

(l)\H (l)H OMs H Me\N,Me
. BH-DMS J NEt, . ~N. PdIC, H
CozN NS0 2 cbaNTN™ B MOl chan N MeT Me N o 2
NCbz  THF NCbz  pcMm L_Ncbz THF (_Ncbz EtOAc
o)
B
'\f)w\ N okt
N el C|)\\N e
Me. . _.Me |
o

Br. Me
Z "N
N DIPEA Br. Me. .Me \CJ\
| \FN \,iy DIPEA N N/\.
wh
HQH DMF, 130 °C N/)\N/\““ MeCN N
K/NH

N
D
N%VOEt
(o]
QL? No o~y Mesy-Me
B,ping, KOAc O’B\(\N Me\N,Me \NJ\N/\ ‘\\l
Y
NG

Pd(dppf)Cl, M [ NaN,,Cu(OAc),

N N N/\-“‘

N
dioxane, 75 °C k/"‘\ﬁ”\ DMSO, 1 atm O, N\)\(oa
N~ OEt 55°C
o

N
LiIOH+H,0 N "()N

N
A
THF/H,0/EtOH N.__\__OH
65 °C
o

[00409] This building block can be prepared by a process similar to that for Building
Block L by utilizing dimethyl({[(2R)-piperazin-2-yl|methyl } )amine.

Building Block Q. 5-azido-2-(piperazin-1-yl)pyrimidine.

H,N N N
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N® N/\ N/)\N/w _
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Step 1: Synthesis of tert-butyl 4-(5-azidopyrimidin-2-yl)piperazine-1-carboxylate

[00410] Reference for preparation of ferz-butyl 4-(5-azidopyrimidin-2-yl)piperazine-1-
carboxylate from fert-butyl 4-(5-aminopyrimidin-2-yl)piperazine-1-carboxylate: Dorsch, D.;
Mugzerelle, M.; Burg-Dorf, L.; Wucherer-Plietker, M.; Czodrowski, P.; Esdar, C. 2017.
Quinoline-2-one derivatives. WO 2017/121444. Merck Patent GmbH.

Step 2: Synthesis of 5-azido-2-(piperazin-1-yl)pyrimidine hydrochloride

[00411] To a solution of tert-butyl 4-(5-azidopyrimidin-2-yl)piperazine-1-carboxylate (252
mg, 0.8253 mmol, 1.0 equiv) in dioxane (3 mL) was added 4N HCl in dioxane (3 mL). After
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5 min, the reaction solution became heterogeneous and was stirred overnight at room
temperature. The next day the reaction mixture was concentrated under reduced pressure and
placed under high vacuum to afford 5-azido-2-(piperazin-1-yl)pyrimidine hydrochloride as a
light yellow powder (215 mg, 108% yield). LCMS (ESI) m/z: [M + H] calcd for CsH11N7:
206.12; found 206.1.

Building Block R. S-azido-2-(2-{[(fert-butyldiphenylsilyl)oxy]methyl} piperazin-1-

yl)pyrimidine.
Br\(§N OTBDPS  NaN,.Cu(OAc), N3\€N OTBDPS OTBDPS
| N/)\NJ; I N/)\NJ; J;
DMSO, 1 atm O,
_NBoc 55 °C _NBoc

[00412] This building block can be prepared by a process similar to that for Building block
L by utilizing tert-butyl 4-(5-bromopyrimidin-2-yl1)-3-(((tert-
butyldiphenylsilyl)oxy)methyl)piperazine-1-carboxylate.

Building Block S. fert-butyl 4-(5-azidopyrimidin-2-yl)piperazine-2-carboxylate.

Br\(*N otBu  NaN;Cu(OAc), \(\ OtBu \(\ OtBu

N (o}
DMSO, 1 atm O,
NBoc 55 °C I\/NBOC

[00413] This building block can be prepared by a process similar to that for Building block
L by utilizing 1,2-di-fert-butyl 4-(5-bromopyrimidin-2-yl)piperazine-1,2-dicarboxylate.

Building Block T. (2R)-4-(5-azidopyrimidin-2-yl)-N,N-bis({2-[(tert-
butyldimethylsilyl)oxy]ethyl})piperazine-2-carboxamide.

J

TBSO OoTBS TBSO OoTBS TBSO oTBS

\f \L J/ NaN;,Cu(OAc), Ns\(\ \L J/
)\N/\ "0 puso, 1atmo, )\Nﬁ So )\@

NBoc 55°C |\/NBoc

[00414] This building block can be prepared by a process similar to that for Building block
L by utilizing fert-butyl (2R)-2-[bis({2-[(tert-butyldimethylsilyl)oxyJethyl } )carbamoyl]-4-(5-

bromopyrimidin-2-yl)piperazine-1-carboxylate.
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Building Block U. (2R)-4-(5-azidopyrimidin-2-yl)-N,N-dimethylpiperazine-2-
carboxamide.
BrrN Me\'\ll;Me NaN3,Cu(OAC)2 N3\(§N Me\'\ll\,Me TFA N3\(§N Me\'\ll\,Me
/)\ /\_\\‘\O N/)\N/\_\\‘\O N/)\D"\\\O
NH

N N
DMSO, 1 atm O,
NBoc 55°C K/ NBoc

This building block can be prepared by a process similar to that for Building block L by
utilizing fert-butyl (2R)-4-(5-bromopyrimidin-2-y1)-2-(dimethylcarbamoyl)piperazine-1-

carboxylate.

Preparation of Rapamycin Monomers.

Intermediate 1. Synthesis of 40 (R)-O-m-bromobenzyl rapamycin.

Me OMe Me Me Me OMe Me Me

Ag,0

Br
+ BI'/\©/ _ =
heptane/DCM

(2.8:1)
60 °C

“Me
Intermediate 1

[00415] To a dry reaction flask was added rapamycin (1.0 g, 1.09 mmol, 1.0 equiv)
followed by heptanes (8.7 mL) and DCM (3.4 mL). 3-Bromobenzyl bromide (2.17 g, 8.72
mmol, 8.0 equiv) and silver(I) oxide (3.01 g, 13.0 mmol, 12.0 equiv) were added to the
solution and the reaction flask was capped and heated at 60 °C until full consumption of
rapamycin, as determined by LCMS analysis. The reaction was then cooled to room
temperature, diluted with EtOAc (15 mL), filtered through Celite, and concentrated under
reduced pressure to provide a yellow solid. Purification by chromatography on silica gel
(10—40% EtOAc/heptanes) afforded the product (Intermediate 1) as a white solid (788 mg,
67% yield). LCMS (ESI) m/z: [M + Na] calcd for CssHssBrNO13: 1104.50; found 1104.5.

Intermediate 2. Synthesis of 40 (5)-(1-( 5-(3-bromophenyl)-1,2,3-triazole)) rapamycin.

“'OMe Br Me
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306



[00416] To an oven-dried reaction flask was added chloro(pentamethylcyclopentadienyl)
(cyclooctadiene)ruthenium(Il) (627.9 mg, 1.652 mmol, 0.4 equiv) followed by toluene (42
mL). The mixture was purged with N2 before adding 40(S5)-azido rapamycin (3.55 g, 3.78
mmol, 1.0 equiv) and then 1-bromo-3-ethynylbenzene (1.325g, 7.319 mmol, 1.9 equiv). The
flask was purged with N2 and stirred at room temperature overnight. After stirring for 15 h
the reaction mixture was concentrated under reduced pressure to a dark brown residue,
diluted with DCM (50 mL), and passed through a plug of Magnesol®. The Magnesol® pad
was washed twice with DCM and the filtrates concentrated under reduced pressure.
Purification (2x) by silica gel chromatography (0—50% EtOAc/hexanes) afforded the
product (Intermediate 2) as a grey/brown residue (1.72 g, 37% yield). LCMS (ESI) m/z: [M
+ Na] calcd for CsoHssBrNsO12: 1141.51, 1143.51; found 1141.7, 1143 .6.

Monomer 1. Synthesis of 40(R)-0O-1-hexynyl rapamycin.

Me OMe Me Me Me OMeMe Me

[00417] To an oven-dried reaction flask was added hex-5-yn-1-yl
trifluoromethanesulfonate (5.14 g, 22.3 mmol, 4.0 equiv) followed by DCM (24.0 mL). The
mixture was purged with N2 and cooled to 0 °C before adding 2,6-di-fert-butyl-4-
methylpyridine (2.25 g, 11.0 mmol, 2.0 equiv) as a solid in one portion. After stirring 5 min,
rapamycin (5.04 g, 5.5 mmol, 1.0 equiv) was added as a solid in one portion. The flask was
purged with N2 and stirred at 0 °C for 45 min before it was warmed to room temperature and
stirred for 18 h. The reaction mixture was diluted with DCM (100 mL) and washed with 100
mL each of sat. aqueous NaHCOs and brine, then dried and concentrated to a green oil. The
oil was loaded onto a frit containing silica gel (~30 g) and eluted with 50% EtOAc in
hexanes. The eluent was concentrated and purified by silica gel chromatography (0—10%
acetone/DCM) to provide the product as a white foam (2.48 g). Re-purification by silica gel
chromatography (0—35% EtOAc/hexanes) afforded the purified product as a white foam
(1.90 g, 31% yield). LCMS (ESI) m/z: [M + Na] calcd for Cs7Hs7NO13: 1016.61; found
1016.5.
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Monomer 2. Synthesis of 16-O-propargyl rapamycin.

Me OMe Me Me

s

TFA or TsOH

DCM

[00418] The required intermediates can be prepared using methods described in the

literature. The reported monomer can be prepared following the reported methods shown.

[00419] References for this: 1) Manipulation of the Rapamycin Effector Domain. Selective
Nucleophilic Substitution of the C7 Methoxy Group: Luengo, Juan I.; Konialian-Beck, Arda;
Rozamus, Leonard W .; Holt, Dennis A. 1994; Journal of Organic Chemistry, VolumeS59,
Issue22, pp 6512-13. 2) Holt, D.A.; Clackson, T .P/; Rozamus, L.; Yang, W.; Gilman, M.Z.
1997; Materials and method for treating or preventing pathogenic fungal infection.
WO098/02441. Ariad Pharmaceuticals, Inc. 3) Clackson, T.P.; et al. 1999. Regulation of
biological events using multimeric chimeric proteins. WO 99/36553. Ariad Gene

Therapeutics Inc., which are incorporated by reference in their entirety.

Monomer 3. Synthesis of 32(R)-methoxy-26-O-(prop-2-yn-1-yl) oxime rapamycin.

(CH;);O(BF,)
proton sponge

CHcl,

HF epyr
THF/pyr
0523 °C

HCI, pyr

dioxane
50°C

Step 1: Synthesis of 32(R)-methoxy-28,40-bistriethylsilyl rapamycin
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[00420] To a stirred solution of 32(R)-hydroxy-28,40-bistriethylsilyl rapamycin (3.83 g,
3.34 mmol, 1.0 equiv) in chloroform (95.8 mL) was added Proton Sponge® (7.17 g, 33.5
mmol, 10.0 equiv) along with freshly dried 4 A molecular sieves (4 g). The solution was
stirred for 1 h prior to the addition of trimethyloxonium tetrafluoroborate (4.95 g, 33.5 mmol,
10.0 equiv, dried by heating under high vacuum at 50 °C for 1 h before use) at room
temperature. The reaction mixture was stirred for 18 h, and then the reaction mixture was
diluted with DCM and filtered through Celite. The filtrate was washed sequentially with
aqueous 1 M HCI (2x), sat. aqueous NaHCOs3 solution, then dried and concentrated under
reduced pressure. Purification by silica gel chromatography (10—20% EtOAc/hexanes)
afforded the desired product as a yellow oil that was contaminated with 3 wt.% Proton
Sponge®. The residue was taken up in MTBE and washed with aqueous 1 M HCI, sat.
aqueous NaHCOs solution, dried, and then concentrated under reduced pressure to furnish a
yellow foam (3.15 g, 81.2% yield). LCMS (ESI) m/z: [M — TES + H20] calcd for
Ce4H111NO13Si2: 1061.68; found 1061.9.

Step 2: Synthesis of 32(R)-methoxy rapamycin

[00421] To a stirred solution of 32(R)-methoxy-28,40-bistriethylsilyl rapamycin (1.11 g,
0.958 mmol, 1.0 equiv) in THF (12.6 mL) and pyridine (6.30 mL) in a plastic vial was added
70% HF-pyridine (2.22 mL, 76.6 mmol, 80.0 equiv) dropwise at 0 °C. The reaction mixture
was stirred at 0 °C for 20 min before being warmed to room temperature for 3 h, when HPLC
showed complete consumption of starting material. The reaction mixture was cooled to 0 °C
and poured slowly into ice cold sat. aqueous NaHCOs3 solution (50 mL). The aqueous layer
was extracted with EtOAc (3x) and the combined organics were washed with sat. aqueous
NaHCOj3 solution, brine, dried, and concentrated under reduced pressure. The yellow residue
was dissolved in MeOH (5 mL) and added dropwise to H20 (50 mL) to produce a white
precipitate. After stirring for 15 min the slurry was filtered on a medium porosity funnel and
the cake washed with H2O (2x). The solids were then dissolved in MeCN (50 mL) and
lyophilized overnight to provide the product as a white solid (780 mg, 87% yield). LCMS
(ESI) m/z: [M + Na] calcd for Cs2Hs3NO13: 952.58; found 952 4.

Step 3: Synthesis of 32(R)-methoxy-26-O-(prop-2-yn-1-yl) oxime rapamycin

[00422] To a solution of 32(R)-methoxy rapamycin (780.0 mg, 0.838 mmol, 1.0 equiv)
and 3-(aminooxy )prop-1-yne hydrochloride (450.9 mg, 4.192 mmol, 5.0 equiv) in pyridine
(3.9 mL) was added dropwise HCI in 1,4-dioxane (4 M, 1.46 mL, 5.84 mmol, 7.0 equiv) over

309



1 min at room temperature. The reaction mixture was then heated at 50 °C for 36 h.
Additional 3-(aminooxy )prop-1-yne hydrochloride (90.17 mg, 0.838 mmol, 1.0 equiv) and
HClI in 1,4-dioxane (4 M, 1.04 mL, 4.16 mmol, 5.0 equiv) were added after the reaction had
been cooled to room temperature. The reaction mixture was again heated at 50 °C and stirred
for 72 h. The reaction mixture was added dropwise into H2O (70 mL) and cooled at 0 °C.
The resulting solid was filtered off, washed with H20, and purified by silica gel
chromatography (0—60% EtOAc/hexanes). The desired product was lyophilized to a white
solid (414 mg, 50.2% yield, mixture of £2/Z isomers). LCMS (ESI) m/z: [M + H20] calcd for
CssHgsN2013: 1000.6; found 1000.5.

Monomer 4. Synthesis of 32(R)-methoxy-26-0-(2-(2-(2-(prop-2-yn-1-
yloxy)ethoxy)ethoxy)ethyl) oxime rapamycin.

HCI, pyr

_—
dioxane, MeOH
50°C

b

[00423] To a solution of 32(R)-methoxy rapamycin (120.0 mg, 0.129 mmol, 1.0 equiv)
and O-(2-{2-[2-(prop-2-yn-1-yloxy)ethoxy Jethoxy } ethyl )hydroxylamine (100.0 mg, 0.492
mmol, 3.8 equiv) in pyridine (0.5 mL) was added HCI in 1,4-dioxane (4 M, 0.16 mL, 0.645
mmol, 5.0 equiv) dropwise and then the reaction mixture was heated to 50 °C for 18 h.
MeOH (0.1 mL) was added to the heterogeneous solution along with additional HCI in 1,4-
dioxane (4 M, 0.16 mL, 0.645 mmol, 5.0 equiv) and heating at 50 °C continued for 72 h. The
reaction was cooled to room temperature, diluted with DCM, washed with sat. aqueous
NaHCOs solution, dried, and concentrated under reduced pressure. Purification by silica gel
chromatography (40—80% EtOAc/hexanes) and lyophilization from MeCN furnished the
product as a white solid (60 mg, 41% yield, mixture of £/Z isomers). LCMS (ESD) m/z: [M +
Na] calcd for Ce1tH9sN2016: 1137.68; found 1137.7.
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Monomer 5. Synthesis of 40(R)-O-(7-octynyl) rapamycin.
Me ?Me Me Me TfO/\/\/\/

N

Me OMe Me Me

[00424] To a dry reaction vessel is added oct-7-yn-1-yl trifluoromethanesulfonate (4.0
equiv) followed by anhydrous DCM. The mixture is purged with N2 and cooled to sub-
ambient temperature before addition of 2,6-di-fert-butyl-4-methylpyridine (2.0 equiv) as a
solid in one portion. Rapamycin (1.0 equiv) is then added as a solid in one portion. The
reaction is stirred and, upon consumption of rapamycin, diluted with DCM and washed with
sat. aqueous NaHCOs solution. The organic layer is washed with sat. aq. NaCl, dried over
Na2SO0u, filtered and concentrated. The crude product mixture was purified by silica gel

chromatography to afford product.

Monomer 6. Synthesis of 32(R)-hydroxy-26-0-(prop-2-yn-1-yl) oxime rapamycin.

- .
dioxane, MeOH
50 °C

[00425] To a dry reaction flask was added 32(R)-hydroxy rapamycin (2.74 g, 2.99 mmol,
1.0 equiv) and 3-(aminooxy )prop-1-yne hydrochloride (1.608 g, 14.95 mmol, 5.0 equiv),
followed by pyridine (13.9 mL, 172 mmol, 57.5 equiv). 4M HCI in dioxane (7.48 mL, 29.9
mmol, 10 equiv) was added dropwise over 1 min and then the reaction was heated to 50 °C.
MeOH (3.5 mL, 86 mmol, 29 equiv) was added after the reaction mixture reached 50 °C and
the solution was stirred for 72 h. The reaction mixture was concentrated under reduced
pressure to ~5 mL total volume before being added dropwise to H20 (50 mL). Solids
precipitated from solution and then the mixture was decanted to remove the aqueous layer
and the remaining material was washed with H2O (25 mL). The crude solid was dissolved in
EtOAc (50 mL) and washed with 1M HCI (25 mL), sat. NaHCOs3 (25 mL), and brine (25
mL). The organic phase was concentrated under reduced pressure to provide a yellow foam.

Purification by chromatography on silica gel (0—60% EtOAc/hexanes) afforded the product
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as a yellow foam (1.49 g, 45% yield, mixture of £/Z isomers). LCMS (ESI) m/z: [M + H] calc
for Cs4HgaN2013: 969.61; found 969 8.

Monomer 7. Synthesis of 32(R)-hydroxy-26-0-(2-(2-(2-(prop-2-yn-1-

yloxy)ethoxy)ethoxy)ethyl) oxime rapamycin.

/\o/\/o
HNO0

HCI, pyr

dioxane

[00426] To a solution of 32(R)-hydroxy rapamycin (1.0 equiv) and O-(2-(2-(2-(prop-2-yn-
1-yloxy)ethoxy)ethoxy)ethyl)hydroxylamine hydrochloride (5.0 equiv) in pyridine is added
dropwise HCl in 1,4-dioxane (7.0 equiv) over 1 min. The reaction mixture is heated at 50 °C.
During the reaction course, additional O-(2-(2-(2-(prop-2-yn-1-yloxy)ethoxy)ethoxy)
ethyl)hydroxylamine hydrochloride (1.0 equiv) and HCl in 1,4-dioxane (5.0 equiv) are added
after the reaction is cooled to room temperature. The reaction mixture is again heated at 50
°C and stirred until consumption of 32(R)-hydroxy rapamycin. The reaction mixture is then
added dropwise into H2O and cooled to O °C. The resulting solid is filtered off, washed with
H:0, and purified by silica gel chromatography to afford product.

Monomer 8. Synthesis of 28(R)-O-(5-hexynyl) rapamycin.

Me OMe Me Me Me OMeMe Me

OTBDMS /\/\///
TfO

1) Hunig's base
CHCI3, 60 °C

[ —
2) AcOH/THF/H,O //
(3:1:1)

[00427] The synthesis proceeds first by the alkylation of C40-O-TBDMS protected
rapamycin with hex-5-yn-1-yl trifluoromethanesulfonate and DIPEA and then desilation

under acidic conditions with an acetic acid/THF/H2O solution.

[00428] Reference for preparation of C40-O-TBDMS protected rapamycin: Abel, M_;
Szweda, R.; Trepanier, D.; Yatscoff, R W _; Foster, R.T. 2004. Rapamycin carbohydrate
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derivatives. WO 2004/101583. Isotechnica International Inc., which is incorporated by

reference in its entirety.

Monomer 9. Synthesis of 40(R)-0-(3-(2-ethynylpyrimidin-S-yl)propyl) rapamycin.

"~
g
TfO\/\k/N Me OMe Me Me

[00429] To a dry reaction vessel is added 3-(2-ethynylpyrimidin-5-yl)propyl
trifluoromethanesulfonate (4.0 equiv) followed by anhydrous DCM. The mixture is purged
with N2 and cooled to sub-ambient temperature before addition of 2,6-di-ferz-butyl-4-
methylpyridine (2.0 equiv) as a solid in one portion. Rapamycin (1.0 equiv) is then added as a
solid in one portion. The reaction is stirred and, upon consumption of rapamycin, diluted with
DCM and washed with sat. aqueous NaHCOs solution. The organic layer is washed with sat.
aq. NaCl, dried over Na>SQOys, filtered and concentrated to dryness. The crude product mixture

was purified by silica gel chromatography to afford product.

Monomer 10. Synthesis of 32(R)-hydroxy 26-0-(p-ethynylbenzyl) oxime rapamycin.

N-hydroxy phthalimide 0,
/©/\OH DIAD/PPh; " MeNHNH, /@/\O,NHZ
—_— o [ —
Z
& THF /@A { MeOH & Hel
v

0°C—ort

pyridine-HCI

pyridine, 45 °C

Step 1: Synthesis of 2-[(4-ethynylbenzyl)oxy]-1H-isoindole-1,3(2H)-dione

[00430] A mixture of N-hydroxyphthalimide (1.94 g, 11.9 mmol, 1.05 equiv),
triphenylphosphine (3.12 g, 11.9 mmol, 1.05 equiv), and (4-ethynylphenyl)methanol (1.50 g,
11.3 mmol, 1.0 equiv) in THF (28.2 mL) at 0 °C was treated with DIAD (2.35 mL, 11.9

mmol, 1.05 equiv) dropwise over 5 min. The reaction mixture turned yellow and became
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homogenous during the addition. The yellow reaction mixture was stirred for 5 min before
being warmed to room temperature. A precipitate formed as the reaction proceeded. After
stirring overnight, HPLC indicated the starting material had been consumed. The slurry was
filtered and the resulting yellowish solid was washed twice with MTBE. The filtrate was
concentrated to a solid that was triturated with MTBE. The solids were filtered off and
washed again with MTBE. The combined solids were dried under reduced pressure to afford
the product (2.66 g) as a yellow solid that was of sufficient purity for use in the next step.
LCMS (ESI) m/z: [M + Na] calcd for C17H11NO3: 300.06; found 300.0.

Step 2: Synthesis of 1-[(aminooxy)methyl]-4-ethynylbenzene hydrochloride

[00431] A slurry of 2-[(4-ethynylbenzyl)oxy]-1H-isoindole-1,3(2H)-dione (2.66 g, 9.59
mmol, 1.0 equiv) in DCM (25.0 mL) was treated with N-methylhydrazine (0.510 mL, 9.59
mmol, 1.0 equiv) at room temperature. The reaction mixture turned dark yellow and
remained a slurry. After 30 min, HPLC indicated the starting material had been consumed
and a new product was present. The mixture was cooled to 0 °C, stirred for 10 min, and the
solids were filtered, and the filter cake was washed with cold DCM. The filtrate was
concentrated and diluted with MTBE. Any solids that formed were filtered and washed with
MTBE. The combined filtrate was treated with 2.0M HCI in ether (4.80 mL, 9.59 mmol)
dropwise to give a thick, yellow slurry. After stirring for 5 min the HCI salt was filtered,
washed with MTBE, and dried under the nitrogen press to afford the product as a light yellow

solid that was suitable for use in the next step.
Step 3: Synthesis of 32(R)-hydroxy 26-O-(p-ethynylbenzyl) oxime rapamycin

[00432] A solution of 32(R)-hydroxy rapamycin (930.0 mg, 1.015 mmol, 1.0 equiv) in
pyridine (4.7 mL) was treated with 1-[(aminooxy)methyl]-4-ethynylbenzene hydrochloride
(745.6 mg, 4.060 mmol, 4.0 equiv) followed by pyridine hydrochloride (1.173 g, 10.15
mmol, 10.0 equiv) in one portion. The reaction mixture was heated to 45 °C for 48 h at
which point HPLC indicated the starting material had been consumed. The mixture was
added dropwise to H20 (50 mL), yielding a gummy mixture. The mixture was extracted with
EtOAc (3 x 25 mL) and the combined organic phases were washed with 25 mL portions of
1M HCI, sat. NaHCOs solution, and brine. The solution was dried over Na2SOs, filtered, and
concentrated to yield the crude product. The residue was absorbed onto C18 silica gel and
purified by reverse phase combiflash chromatography (150 g RP column eluting with
MeCN/H20 w/0.1% formic acid, both solvents cooled in an ice bath) to yield the product as a
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yellow oil that was a mixture of E/Z isomers. The product was taken up in 95% aq MeCN
and lyophilized to yield an off white solid. LCMS (ESI) m/z: [M + H] calcd for CeoHssN2013:
1045.64; found 1045.5.

Monomer 11. Synthesis of 40(5)-N-propargylcarbamate rapamycin.

Me OMeMe Me

[00433] Alkyne-containing monomer can be prepared from the previously reported

rapamycin C40-epi-amine by reacting with propargyl chloroformate as shown above.

[00434] Reference for preparation of rapamycin C40-epi-amine: Or, Y.S; Luly, JR;
Wagner, R. 1996. Macrolide Immunomodulators. US 5,527,907, Abbott Laboratories, which

is incorporated by reference in its entirety.

Monomer 12. Synthesis of 32(R)-methoxy 26-O-(p-ethynylbenzyl) oxime rapamycin.
o NHz

///©/\HCI

pyridine-HCI

-

pyridine, 45 °C

[00435] To a solution of 32(R)-methoxy rapamycin in pyridine is added 1-
[(aminooxy)methyl]-4-ethynylbenzene hydrochloride followed by solid pyridine
hydrochloride in one portion. The reaction mixture is heated at 45 °C until the starting
material is consumed, as indicated by HPLC analysis. The mixture is added dropwise to H20,
yielding a gummy mixture. The mixture is extracted with three portions of EtOAc and the
combined organic phase is washed with 1M HCI, sat. NaHCO3 solution, and brine. The
solution was dried over NaxSOs, filtered, and concentrated to yield the crude product. The
residue is absorbed onto C18 silica gel and purified by reverse phase combiflash

chromatography to yield the product.
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Monomer 13. Synthesis of 40-O-propargyl sulfamidecarbamate rapamycin.

Me OMe Me Me

Me OMe Me Me
Q H I EEZ
AN o.N._cl x o N N_Z
\ﬂ/ //s\\ \ﬂ/ 7N\
. 0 0O Me . 000
Me P %
OMe OMe
Ll

[00436] The monomer can be prepared from the previously described chlorosulfonamide

as shown above.

[00437] Reference for formation and reaction of the chlorosulfonamide derivative: Sun,
C.L.; Li, X. 2009. Rapamycin analogs as anti-cancer agents. WO 2009/131631. Poinard

Pharmaceuticals Inc., which is incorporated by reference in its entirety.

Monomer 14.
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Intermediate 2

Ag,0
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R=TMS

HF*pyr
THF/pyr
023 °C

dioxane
60 °C

Monomer 14

Step 1: Synthesis of 1-(4-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-
yl)piperazin-1-yl)pent-4-yn-1-one

[00438] Potassium #-butoxide (411 mg, 3.67 mmol, 1.2 equiv) was dissolved in MeOH
(15mL) and then 2-(piperazin-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yD)pyrimidine (1 g, 3.06 mmol, 1 equiv) was added to free base the salt. The reaction stirred

for 15 min and then was concentrated to a yellow solid. The solid and 4-pentynoic acid (329
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mg, 3.36 mmol, 1.1 equiv) were dissolved in DMF (15.3 mL). Then DIPEA (2.65 mL, 15.3
mmol, 5 equiv) was added and the reaction was cooled to 0 °C. Next diphenylphosphoryl
azide (924 mg, 3.36 mmol, 1.1 equiv) was added. The reaction stirred for 1 h at 0 °C. The
reaction was diluted with EtOAc, washed with brine, dried over Na2SQOys, filtered, and

concentrated under reduced pressure to afford the product as a white solid (1.6 g, 83% yield).

LCMS (ESI) m/z: [M + H] calcd for C1oH27BN4O3: 371.23; found 371.1.

Step 2: Synthesis of 1-(4-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-
yl)piperazin-1-yl)-5-(trimethylsilyl)pent-4-yn-1-one

[00439] Zinc triflate (3.52 g, 9.71 mmol, 2.4 equiv) was placed into a vial and placed
under a nitrogen balloon. Next DCM (8.10 mL) was added followed by triethylamine (2.24
mL, 16.2 mmol, 4 equiv). The reaction was heated at 30 °C for 30 min. Then 1-(4-(5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperazin-1-yl)pent-4-yn-1-one
(1.5 g, 4.05 mmol, 1 equiv) was dissolved in DCM (8.10 mL) and added to the reaction. The
reaction stirred for 1 h and then chlorotrimethylsilane (2.04 mL, 16.2 mmol, 4 equiv) was
added. The reaction stirred at 30 °C for 2 h. The reaction was diluted with DCM, washed
with NH4Cl, Na2COs, and brine, dried over Na2SOy, filtered, and concentrated under reduced
pressure to afford the product as an orange solid (1.2 g, 66% yield). LCMS (ESI) m/z: [M +
H] calcd for C22H3sBN4O3Si: 443.26; found 443 .2.

Step 3: Coupling of substituted pyrimidinylpiperazine to Intermediate 2.

[00440] Intermediate 2 (0.35g, 0.3120 mmol, 1 equiv) and 1-(4-(5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperazin- 1 -yl)-5-(trimethylsilyl)pent-4-yn-1-one
(172 mg, 0.3899 mmol, 1.25 equiv) were dissolved in dioxane (3.11 mL). Next XPhos Pd G2
(98.1 mg, 0.1248 mmol, 0.4 equiv) and silver(I) oxide (216 mg, 0.936 mmol, 3 equiv) were
added. The reaction was heated to 60 °C for 24 h. The reaction was concentrated under
reduced pressure and the crude reaction mixture purified by silica gel chromatography
(0—10% MeOH/DCM) to yield the product as a brown solid (0.425 g, 100% yield). LCMS
(ESI) m/z: [M + H] calcd for C75Hi0sNgO13S1: 1355.77; found 1355.8.

Step 4: Desilylation

[00441] To a solution of rapamycin TMS alkyne (0.425 g, 0.3137 mmol, 1 equiv) in THF
(3.13 mL) in a plastic vial was added pyridine (2.09 mL). The reaction was cooled to 0 °C in
an ice bath. Next HF-pyridine (70:30) (731 pL, 28.2 mmol, 90 equiv) was added. The
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reaction stirred at 0 °C for 10 min and then was stirred at room temperature for 4 h. The
reaction was dripped into a cooled (0 °C) NaHCOs solution, extracted with EtOAc, washed
with NaHCOs3 and brine, dried over Na2SOy, filtered, and concentrated under reduced
pressure. Purification by chromatography on silica gel (0—10% MeOH/DCM) afforded the
product as a brown solid (0.21 g, 52% yield). LCMS (ESI) m/z: [M + H] calcd for
C72H98NgO13: 1283.73; found 1283.7.

Monomer 15. Synthesis of 40(S)-N-propargyl-sufuric diamido rapamycin.

Me OMe Me Me Me OMeMe Me

PPh3, THF, H;0;

x i ) N~M

\\/N:siN\¢@ Ye
) oTf
NEt;, MeCN

[00442] A solution of 40(S)-azido rapamycin (1.0 equiv) and triphenylphosphine (1.0
equiv) in THF and H»O is prepared in a dry reaction vessel. The reaction is heated until
consumption of azido-rapamycin as determined by LCMS and/or TLC analysis. The reaction
is then cooled to room temperature and concentrated under reduced pressure. The reaction
mixture is then suspended in anhydrous MeCN and to this suspension is added 3-methyl-1-
(N-(prop-2-yn-1-yl)sulfamoyl)-1H-imidazol-3-ium trifluoromethanesulfonate (1.5 equiv.) and
triethylamine (5.0 equiv). The reaction is heated until the starting material was consumed and
then cooled to room temperature, diluted with H2O and EtOAc. The reaction mixture is
transferred to a separatory funnel, and the organic layer is washed with brine. The organic
layer is dried over Na2SQOy, filtered, concentrated under reduced pressure and then purified by

silica gel chromatography to afford product.
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Monomer 16.
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Monomer 16 [ j

Step 1: Synthesis of 2-(4-(but-3-yn-1-ylsulfonyl)piperazin-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)pyrimidine

[00443] A solution of 2-(piperazin-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrimidine (1.6 g, 4.90 mmol, 1.0 equiv) and triethylamine (2.72 mL, 19.6 mmol, 4.0
equiv) in DCM (24.5 mL) was stirred at 0 °C for 15 min. But-3-yne-1-sulfonyl chloride (640
uL, 5.88 mmol, 1.2 equiv) was then added dropwise into the reaction. The reaction was
allowed to warm to room temperature and stirred for 18 h. The reaction was diluted with
DCM, washed with H2O and then brine, dried over Na2SOs, filtered, and concentrated under
reduced pressure. Purification by chromatography on silica gel (0—50% EtOAc/heptane)
afforded the product as a white solid (0.768 g, 39% yield). LCMS (ESI) m/z: [M + H] caled
for C1sH27BN4O4S: 407.19; found 407.1.

Step 2: Synthesis of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(4-((4-
(trimethylsilyl)but-3-yn-1-yl)sulfonyl)piperazin-1-yl)pyrimidine

[00444] A mixture of zinc triflate (1.38 g, 3.81 mmol, 24.0 equiv) and triethylamine (885
uL, 6.36 mmol, 4.0 equiv) in DCM (3.18 mL) was stirred at 30 °C for 30 min. A solution of
2-(4-(but-3-yn-1-ylsulfonyl)piperazin-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrimidine (0.650 g, 1.59 mmol, 1.0 equiv) in DCM (3.18 mL) was added to the reaction.
The reaction was stirred for 1 h at 30 °C and then chlorotrimethylsilane (806 puL, 6.36 mmol,
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4.0 equiv) was added. The reaction mixture was stirred at 30 °C for an additional 6 h, at
which point the reaction was diluted with DCM, was washed with NH4Cl and brine, dried
over NaxSQOys, filtered, and concentrated under reduced pressure. Purification by
chromatography on silica gel (0—50% EtOAc/heptane) afforded the product as a white solid
(0.433 g, 57% yield). LCMS (ESI) m/z: [M + H] calcd for C21H3sBN4O4SSi: 479.23; found
479.2.

Step 3: Coupling of substituted pyrimidinylpiperazine to Intermediate 2.

[00445] Intermediate 2 (0.35 g, 0.3120 mmol, 1 equiv) and 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2-(4-((4-(trimethylsilyl)but-3-yn-1-yl)sulfonyl)piperazin-1-yl)pyrimidine
(186 mg, 0.3899 mmol, 1.25 equiv) were dissolved in dioxane (3.11 mL). Next XPhos Pd G2
(98.1 mg, 0.1248 mmol, 0.4 equiv) and silver(I) oxide (216 mg, 0.936 mmol, 3 equiv) were
added. The reaction was heated at 60 °C for 24 h. The reaction was concentrated under
reduced pressure and the crude reaction mixture purified by silica gel chromatography
(0—10% MeOH/DCM) to yield the product as a brown solid (0.64 g, 100% yield). LCMS
(ESI) m/z: [M + H] calcd for C7aHi0sN8O14SSi: 1391.74; found 1391.6.

Step 4: Desilylation

[00446] To a solution of rapamycin TMS alkyne (0.64 g, 0.4601 mmol, 1 equiv) in THF
(4.60 mL) in a plastic vial was added pyridine (3.06 mL). The reaction was cooled to 0 °C in
an ice bath. Next HF-pyridine (70:30) (1.07 mL, 41.4 mmol, 90 equiv) was added. The
reaction stirred at 0 °C for 10 min and then was stirred at room temperature for 4 h. The
reaction was dripped into a cooled (0 °C) NaHCOs solution, extracted with EtOAc, washed
with NaHCOs3 and brine, dried over Na2SOy, filtered, and concentrated under reduced
pressure. Purification by chromatography on silica gel (0—10% MeOH/DCM) afforded the
product as a brown solid (0.256 g, 42% yield). LCMS (ESI) m/z: [M + H] calcd for
C71HosNgO14S: 1319.70; found 1319.6.

Monomer 17. Synthesis of 40(S)-O-(5-heptynyl) rapamycin.

Me OMe Me Me Me OMe Me Me

hunig's base

DCM
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[00447]  Alkyne-containing monomer can be prepared from the previously reported

rapamycin C40 triflate derivative as shown above.

[00448] Reference for formation of triflate and displacement by alcohols: 1) Or, Y.S;
Luly, J.R.; Wagner, R. 1996. Macrolide immunomodulators. US 5,527,907. Abbott
Laboratories. 2) Rane, D.S.; Vyas, R.G. 2012. Process for preparation of 42-O-
(heteroalkoxyalkyl) rapamycin compounds with anti-proliferative properties. WO
2012/017449. Meril Life Sciences PVT. LTD, which are incorporated by reference in their

entirety.

Monomer 18.

Me OMeMe Me
~ \

Ag,0
XPhosPd G2 Me'

_—
dioxane
60°C

g Me
/
Intermediate 1 Z

Step 1: Coupling of substituted pyrimidinylpiperazine to Intermediate 1.

[00449] Intermediate 1 (0.4 g, 0.3698 mmol, 1 equiv) and 1-(4-(5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperazin- 1 -yl)-5-(trimethylsilyl)pent-4-yn-1-one
(204 mg, 0.462 mmol, 1.25 equiv) were dissolved in dioxane (3.69 mL). Next XPhos Pd G2
(116 mg, 0.1479 mmol, 0.4 equiv) and silver(I) oxide (254 mg, 1.10 mmol, 3 equiv) were
added. The reaction was heated to 60 °C for 24 h. The reaction was concentrated under
reduced pressure and the crude reaction mixture purified by silica gel chromatography
(0—10% MeOH/DCM) to yield the product as a brown solid (0.377 g, 77% yield). LCMS
(ESI) m/z: [M + H] calcd for C74Hi07N5014S1: 1318.77; found 1318.6.

Step 2: Desilylation

[00450] To a solution of rapamycin TMS alkyne (0.377 g, 0.2860 mmol, 1 equiv)
dissolved in THF (2.85 mL) in a plastic vial was added pyridine (1.90 mL). The reaction was
cooled to 0 °C in an ice bath. Next HF-pyridine (70:30) (667 uL, 25.7 mmol, 90 equiv) was
added. The reaction stirred at 0 °C for 10 min and then was stirred at room temperature for 4
h. The reaction was dripped into a cooled (0 °C) NaHCOs solution, extracted with EtOAc,
washed with NaHCOs and brine, dried over Na2SOy, filtered, and concentrated under reduced

pressure. Purification by chromatography on silica gel (0—10% MeOH/DCM) afforded the
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product as a brown solid (0.377 g, 77% yield). LCMS (ESI) m/z: [M + H] calcd for
C71H99N5014: 1246.73; found 1246.7.

Monomer 19. Synthesis of 40-0-(3-(2-propargyloxy)pyrimidin-Syl) rapamycin.

Me OMe Me Me Me OMe Me Me

oMe \)—P 1.Ag;0,XPhos Pd G2

O\B,O dioxane, 60 °C | N
X 2. HFpyr, THE/pyr NN
* | ' ’ T
N?N 0
0

Intermediate 1

Step I:

[00451] To a solution of Intermediate 1 (1.0 equiv) and 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2-((3-(trimethylsilyl)prop-2-yn-1-yl)oxy)pyrimidine (3.0 equiv) in dioxane
is added Ag20 (9.0 equiv) and XPhos Pd G2 (40 mol%). The reaction is capped and heated at
60 °C until full consumption of aryl bromide as determined by LCMS and/or TLC analysis.
The reaction is then cooled to room temperature, filtered over Celite, and concentrated under
reduced pressure. The crude product mixture is subsequently purified by silica gel

chromatography to afford the silylated monomer.
Step 2:

[00452] The product from the first reaction is dissolved in THF and pyridine. To this
solution is added 70% HF-pyridine dropwise at 0 °C. The reaction mixture is stirred at 0 °C
and then warmed to room temperature. The reaction is stirred at room temperature and after
LCMS analysis shows consumption of starting material the reaction mixture is cooled to 0 °C
and poured slowly into ice cold sat. aq. NaHCOs3. This aqueous layer is extracted with EtOAc
and the organic layer is dried over Na2SOs, filtered, and concentrated under reduced pressure.

This crude product mixture is purified to afford product.

Monomer 20.
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Me OMeMe Me

Intermediate 2

Step I:

[00453]

dioxaborolan-2-yl)-2-((3-(trimethylsilyl)prop-2-yn-1-yl)oxy)pyrimidine (3.0 equiv) in

I+

o, .0
B

i =
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™S

1. Ag,0, XPhos Pd G2
dioxane, 60 °C

2. HFepyr, THF/pyr

Me'

Me OMe Me Me

To a solution of Intermediate 2 (1.0 equiv) and 5-(4,4,5,5-tetramethyl-1,3,2-

dioxane is added Ag20 (9.0 equiv) and XPhos Pd G2 (40 mol%). The reaction is capped and
heated at 60 °C until full consumption of aryl bromide as determined by LCMS and/or TLC

analysis. The reaction is then cooled to room temperature, filtered over Celite, and

concentrated under reduced pressure. The crude product mixture is subsequently purified by

silica gel chromatography to afford the silylated monomer.

Step 2:

[00454]

The product from the first reaction is dissolved in THF and pyridine. To this

solution is added 70% HF-pyridine dropwise at 0 °C. The reaction mixture is stirred at 0 °C

and then warmed to room temperature. The reaction is stirred at room temperature and after

LCMS analysis shows consumption of starting material the reaction mixture is cooled to 0 °C

and poured slowly into ice cold sat. aq. NaHCOs3. This aqueous layer is extracted with EtOAc

and the organic layer is dried over Na2SOs, filtered, and concentrated under reduced pressure.

This crude product mixture is purified to afford product.

Monomer 21.

Intermediate 2

Step I:

z
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[00455] To a solution of Intermediate 2 (1.0 equiv) and 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-N-(3-(trimethylsilyl)prop-2-yn-1-yl)pyrimidin-2-amine (3.0 equiv) in
dioxane is added Ag20 (9.0 equiv) and XPhos Pd G2 (40 mol%). The reaction is capped and
heated to 60 °C until full consumption of aryl bromide as determined by LCMS and/or TLC
analysis. The reaction is then cooled to room temperature, filtered over Celite, and
concentrated under reduced pressure. The crude product mixture is subsequently purified by

silica gel chromatography to afford silylated monomer.
Step 2:

[00456] The product from the first reaction is dissolved in THF and pyridine. To this
solution is added 70% HF-pyridine dropwise at 0 °C. The reaction mixture is stirred at 0 °C
and then warmed to room temperature. The reaction is stirred at room temperature and after
LCMS analysis shows consumption of starting material the reaction mixture is cooled to 0 °C
and poured slowly into ice cold sat. aq. NaHCOs3. This aqueous layer is extracted with EtOAc
and the organic layer is dried over Na2SOs, filtered, and concentrated under reduced pressure.

The resultant mixture is purified to afford product.

Monomer 22. Synthesis of 40-0-(3-(2-(4-(but-3-yn-1-ylsulfonyl)piperazin-1-
yl)pyrimidin-S-yl)benzyl) rapamycin.

“OMe
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Step 1: Coupling of substituted pyrimidinylpiperazine to Intermediate 1.

[00457] Intermediate 1 (0.35g, 0.3226 mmol, 1.0 equiv) and 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2-(4-((4-(trimethylsilyl)but-3-yn-1-yl)sulfonyl)piperazin-1-yl)pyrimidine
(192 mg, 0.403 mmol, 1.25 equiv) were charged to a reaction flask and dissolved in dioxane
(3.22 mL). XPhosPd G2 (101 mg, 0.129 mmol, 0.4 equiv) and silver(I) oxide (224 mg, 0.968
mmol, 3.0 equiv) were then charged to the reaction, which was then heated at 60 °C for 24 h.
The reaction was concentrated under reduced pressure and the crude reaction mixture purified

by silica gel chromatography (0—10% MeOH/DCM) to yield the product as a brown solid
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(0.5 g, 100% yield). LCMS (ESI) m/z: [M + H] caled for C73H107N5015SSi: 1354.73; found
1354.7.

Step 2: Desilylation

[00458] To a solution of rapamycin TMS alkyne (0.5 g, 0.369 mmol) in THF (3.69 mL)
and pyridine (2.46 mL) at 0 °C was added HF-pyridine (70:30) (861 pL, 33.2 mmol). The
reaction was stirred at O °C for 10 min and then stirred at room temperature for 4 h. The
reaction was dripped into a cooled (0 °C) NaHCOs solution, extracted with EtOAc, washed
with NaHCOs3 and brine, dried over Na2SOy, filtered, and concentrated under reduced
pressure. Purification by chromatography on silica gel (0—10% MeOH/DCM) afforded the
product as a brown solid (0.25g, 53% yield). LCMS (ESI) m/z: [M + H] calcd for
C70H99N5015S: 1282.69; found 1282.6.

Monomer 23. Synthesis of 40(5)-(1-(5-(3-(1,2,3-triazol-5-yl)phenyl)-2-(4-(prop-2-yn-1-
yl)piperazin-1-yl)pyrimidine rapamycin.

Me OMe Me Me N=N,

Ag,0
\)_P 92 Me'

.,
o, .0 XPhosPd G2 OMe R=TMS HFspyr
Br B [E— THF/pyr
> dioxane | N R=H 0->23°C
+ | NN
N._N 60 °C Y

Intermediate 2 TMS'

Step 1: Coupling of substituted pyrimidinylpiperazine to Intermediate 2.

[00459] Intermediate 2 (0.4 g, 0.358 mmol, 1.0 equiv) and TMS-2-(4-(prop-2-yn-1-
yl)piperazin-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine (178 mg, 0.447
mmol, 1.25 equiv) were dissolved in dioxane (3.57 mL). Next, silver(I) oxide (247 mg, 1.07
mmol, 3.0 equiv) and XPhosPd G2 (112 mg, 0.143 mmol, 0.4 equiv) were added. The
reaction was heated at 60 °C for 24 h. The reaction was diluted with EtOAc, washed with
NH4Cl and brine, dried over NaxSOys, filtered, and concentrated to a foam. The foam was
purified by silica gel chromatography (0—5% MeOH/DCM) to yield the crude product as a
brown solid (0.4 g, 86% yield). LCMS (ESI) m/z: [M + H] calcd for C73H104N8O12Si :
1313.76; found 1313.9.

Step 2: Desilylation

[00460] Rapamycin TMS alkyne (0.350 g, 0.266 mmol, 1.0 equiv) was dissolved in THF

(2.65 mL) and pyridine (1.77 mL) in a plastic vial. The reaction was cooled to 0 °C in an ice
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bath. Next HF-pyridine (70:30) (412 uL, 15.9 mmol, 60.0 equiv) was added. The reaction
was stirred at O °C for 10 min and then stirred at room temperature for 5 h. The reaction was
dripped into a cooled (0 °C) NaHCOs solution, extracted with EtOAc, washed with NaHCO3
and brine, dried over Na2SQOs, filtered, and concentrated to an oil. The oil was purified by
silica gel chromatography (0—10% MeOH/DCM) to yield the product as a brown solid
(0.292 g, 88% yield). LCMS (ESI) m/z: [M + H] calcd for C70HosNsO12: 1241.72; found
1241.7.

Monomer 24. Synthesis of 40-0-(3-(2-(4-(prop-2-yn-1-yl)piperazin-1-yl)pyrimidin-5-

yl)benzyl) rapamycin.
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Step 1: Synthesis of 2-(piperazin-1-y1)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrimidine hydrochloride

[00461] To a solution of fert-butyl 4-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrimidin-2-yl)piperazine-1-carboxylate (2 g, 5.12 mmol, 1 equiv) in dioxane (8.73 mL)
was added HCI (4M in dioxane) (12.8 mL, 51.2 mmol, 10 equiv). The reaction stirred for 2 h
at room temperature and concentrated to a solid. The crude material was suspended in DCM
and concentrated under reduced pressure twice and then dried under reduced pressure for 18
h to yield the product as a yellow solid (1.7 g, 100% yield). LCMS (ESI) m/z: [M + H] calcd
for C14H23BN40O2: 291.19; found 291.1.
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Step 2: Synthesis of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-(4-(3-
(trimethylsilyl)prop-2-yn-1-yl)piperazin-1-yl)pyrimidine

[00462] Potassium 7-butoxide (452 mg, 4.03 mmol, 1.2 equiv) was dissolved in MeOH (10
mL) and then 2-(piperazin-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine
(1.1 g, 3.36 mmol, 1 equiv) was added. The reaction stirred for 15 min at room temperature
and then was concentrated to a yellow solid. The yellow solid and 3-(trimethylsilyl)propargyl
bromide (602 pL, 3.69 mmol, 1.1 equiv) were suspended in MeCN (13.4 mL). Next
potassium carbonate (649 mg, 4.70 mmol, 1.4 equiv) was added. The reaction was stirred at
room temperature for 24 h. The reaction was diluted with EtOAc, washed with NH4Cl and
brine, dried over Na2SOs, filtered, and concentrated to a foam. The foam was purified by
silica gel chromatography (0—50% EtOAc/heptane) to yield the product as a white solid
(0.350 g, 25% yield). LCMS (ESI) m/z: [M + H] calcd for C20H33BN4O2Si1 : 401.25; found

401.1.

Step 3: Coupling of substituted pyrimidinylpiperazine to Intermediate 1.

[00463] Intermediate 1 (0.37g, 0.3419 mmol, 1 equiv) and TMS-2-(4-(prop-2-yn-1-
yl)piperazin-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine (171 mg,
0.4273 mmol, 1.25 equiv) were dissolved in dioxane (3.41 mL). Next, silver(I) oxide (236
mg, 1.02 mmol, 3 equiv) and XPhosPd G2 (107 mg, 0.1367 mmol, 0.4 equiv) were added.
The reaction was heated to 60 °C for 24 h. The reaction was diluted with EtOAc, washed
with NH4Cl and brine, dried over Na2SOys, filtered, and concentrated to a foam. The foam was
purified by silica gel chromatography (0—5% MeOH/DCM) to yield the product as a brown
solid (0.230 g, 50% yield). LCMS (ESI) m/z: [M + H] calcd for C72H10sNsO13S1: 1276.75;
found 1276.6.

Step 4: Desilylation

[00464] Rapamycin TMS alkyne (0.232 g, 0.182 mmol, 1 equiv) was dissolved in THF
and pyridine (606 pL) in a plastic vial. The reaction was cooled to 0 °C in an ice bath. Next
HF-pyridine (70:30) (282 pL, 10.9 mmol, 60 equiv) was added. The reaction stirred at 0 °C
for 10 min and then at room temperature for 3 h. The reaction was dripped into a cooled (0
°C) NaHCOs solution, extracted with EtOAc, washed with NaHCO3 and brine, dried over
Na2S0u4, filtered, and concentrated to an oil. The oil was purified by silica gel
chromatography (0—10% DCM/MeOH) to yield the product as a yellow solid (0.130 g, 60%
crude yield). LCMS (ESI) m/z: [M + Na] calcd for CeoHo7N5O13: 1226.70; found 1226.7.
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Monomer 25. Synthesis of 16(.5)-furanyl-40-0-(5-hexynyl) rapamycin.

Me OMe Me Me Me OMe Me Me

[00465] To a stirred solution of freshly purified hex-5-yn-1-yl trifluoromethanesulfonate
(0.969 g, 4.21 mmol, 4.0 equiv) in DCM (4 mL) at 0 °C was added solid 2,6-di-fert-butyl-4-
methylpyridine (0.432 g, 2.10 mmol, 2.0 equiv) in one portion. The light yellow mixture was
stirred for 5 min before solid 16(S)-furanyl rapamycin (1.00 g, 1.05 mmol, 1.0 equiv) was
added in one portion. The yellow reaction mixture was then allowed to warm to room
temperature overnight. After 18 h the solution was diluted with DCM and washed with sat.
aqueous NaHCOs solution, brine, dried, and concentrated under pressure. Purification by
silica gel chromatography (0—45% EtOAc/hexanes) provided the desired product (0.10 g,
9% yield) as a white foam. LCMS (ESI) m/z: [M + Na] calcd for CeoHs7NO13: 1052.61;
found 1052.6.

Monomer 26. Synthesis of 16(S)-methyl carbamate-40-0-(5-hexynyl) rapamycin.

Me OMe Me Me Me OMe Me Me

[00466] To a stirred solution of freshly purified hex-5-yn-1-yl trifluoromethanesulfonate
(0.416 g, 1.81 mmol, 4.0 equiv) in 2.0 mL of DCM at 0 °C was added solid 2,6-di-ferz-butyl-
4-methylpyridine (0.278 g, 1.35 mmol 3.0 equiv) in one portion. The light yellow mixture
was stirred for 5 min before solid 16(S)-methyl carbamate rapamycin (0.425 g, 0.444 mmol,
1.0 equiv) was added in one portion. The yellow reaction mixture was then allowed to warm
to room temperature. After 18 h the reaction mixture was diluted with EtOAc¢ and filtered
through Celite. The filtrate was washed with sat. aqueous NaHCO3 solution, brine, dried, and

concentrated under reduced pressure. Purification by silica gel chromatography (0—30%
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acetone/hexanes) provided the desired product (0.12 g, 26% yield) as a white foam. LCMS
(ESI) m/z: [M + Na] calcd for CssHgsN20O14: 1059.61; found 1059.5.

Monomers 27 and 28
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Step I:

[00467] To a dry reaction flask is added Cis-modified rapamycin (1.0 equiv) followed by
heptanes and DCM. 3-Bromobenzyl bromide (8.0 equiv) and silver(I) oxide (12.0 equiv) are
added to the solution and the reaction flask is capped and heated until full consumption of
Cis-modified rapamycin, as determined by LCMS analysis. The reaction is then cooled to
room temperature, diluted with EtOAc, filtered through Celite, and concentrated under
reduced pressure. The resultant residue is purified by silica gel chromatography to afford the

product of Step 1.
Step 2:

[00468] The product of step 1 (1.0 equiv) is dissolved in dioxane. To this solution is added
the pinacol boronate substrate (3.0 equiv), followed by Ag20 (9.0 equiv) and XPhos Pd G2
(40 mol%). The reaction is capped and heated until consumption of the rapamycin-based
starting material. At this point, the reaction mixture is cooled to room temperature, filtered
over Celite, and concentrated under reduced pressure. The resultant residue is purified by

silica gel chromatography to afford the product of step 2.

Step 3:
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[00469] The product of step 2 (1.0 equiv) is dissolved in THF and pyridine and cooled to O
°C. 70% HF-pyridine is added dropwise to the reaction. Following complete addition, the
reaction is stirred at O °C and then at room temperature. Upon reaction completion, as
determined by LCMS analysis, the reaction is cooled to 0 °C and poured slowly into ice cold
sat. aq. NaHCOs. This aqueous layer is extracted with EtOAc and the organic layer is dried
over NaxSQOyq, filtered, and concentrated under reduced pressure. This crude product mixture

is purified to afford product.

Monomer 29. Synthesis of 40-0-(3-(2-(3-(hydroxymethyl)-4-(prop-2-yn-1-yl)piperazin-
1-yl)pyrimidin-S-yl)benzyl) rapamycin.
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Step 1: Synthesis of tert-butyl 2-(((zert-butyldiphenylsilyl)oxy)methyl)piperazine-1-

carboxylate
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[00470] To a solution of fert-butyl 2-(hydroxymethyl)piperazine-1-carboxylate (5 g, 23.1
mmol, 1.0 equiv) in DCM (12.8 mL) was added fert-butyl(chloro)diphenylsilane (7.61 g, 27.7
mmol, 1.2 equiv) and imidazole (3.45 g, 50.8 mmol, 2.2 equiv). The reaction stirred for 18 h
at room temperature. The reaction was loaded directly onto a silica gel column and purified
by normal phase chromatography (0—10% MeOH/DCM) to yield the product as a white
solid (10 g, 95% yield). LCMS (ESI) m/z: [M + H] calcd for C26H3sN203Si: 455.27; found
455.2.

Step 2: Synthesis of tert-butyl 4-(5-bromopyrimidin-2-yl)-2-(((zert-butyldiphenylsilyl)oxy)-

methyl)piperazine-1-carboxylate

[00471] 2,5-Dibromopyrimidine (4.32 g, 18.2 mmol, 1.0 equiv) and fert-butyl 2-(((tert-
butyldiphenylsilyl)oxy)methyl)piperazine-1-carboxylate (10 g, 21.9 mmol, 1.2 equiv) were
dissolved in MeCN (91.0 mL). Next potassium carbonate (5.04 g, 36.5 mmol, 2.0 equiv) was
added. The reaction was heated at 75 °C for 4 h. The reaction was then filtered and
concentrated under reduced pressure to a white foam. The foam was purified by silica gel
chromatography (0—5% EtOAc/heptane) to yield the product as a white solid (10.2 g, 92%
yield). LCMS (ESI) m/z: [M + H] calcd for C30H39BrN4Os3Si: 611.20; found 611.0.

Step 3: Synthesis of tert-butyl 2-(((zert-butyldiphenylsilyl)oxy)methyl)-4-(5-(4,4,5,5-

R |

tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperazine-1-carboxylate

[00472] To a solution of tert-butyl 4-(5-bromopyrimidin-2-yl)-2-(((tert-
butyldiphenylsilyl)oxy)-methyl)piperazine-1-carboxylate (8.2 g, 13.4 mmol, 1.0 equiv) and
bis(pinacolato)diboron (5.07 g, 20.0 mmol, 1.5 equiv) in dioxane (107 mL) was added
potassium acetate (3.93 g, 40.1 mmol, 3.0 equiv) and bis(triphenylphosphine)palladium(II)
dichloride (1.88 g, 2.68 mmol, 0.2 equiv). The reaction was heated to 80 °C for 6 h. The
reaction was diluted with EtOAc, washed with NH4Cl and brine, dried over Na2SOu, filtered,
and concentrated under reduced pressure. Purification by chromatography on silica gel
(0—30% EtOAc/heptane) afforded the product as a white solid (7.6 g, 69% yield). LCMS
(ESI) m/z: [M + H] calcd for C36Hs1BN4OsSi: 659.38; found 659.3.

Step 4: Synthesis of 2-(3-(((fert-butyldiphenylsilyl )oxy)methyl)piperazin-1-yl)-5-(4,4,5,5-

R |

tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine hydrochloride
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[00473] tert-Butyl 2-(((fert-butyldiphenylsilyl)oxy)methyl)-4-(5-(4,4,5,5-tetramethyl -
1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl)piperazine-1-carboxylate (7.6 g, 11.5 mmol, 1.0
equiv) was dissolved in dioxane (19.6 mL). Next HCI (4M in dioxane) (28.5 mL, 114 mmol,
10.0 equiv) was added. The reaction stirred for 2 h and then concentrated under reduced
pressure to a solid. The solid was suspended in DCM and concentrated twice under reduced
pressure. The solid was then dried under reduced pressure for 18 h to yield the product as a
yellow solid (8.22 g, 100% yield). LCMS (ESI) m/z: [M + H] calcd for C31H43BN4O3Si:
559.32; found 559.2.

Step 5: Synthesis of 2-(3-(((fert-butyldiphenylsilyl)oxy)methyl)-4-(3-(trimethylsilyl)prop-2-
yn-1-yl)piperazin-1-yl)-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine

R |

[00474] To a solution of potassium z-butoxide (123 mg, 1.10 mmol, 1.2 equiv) in MeOH
(10 mL) was added 2-(3-(((fert-butyldiphenylsilyl)oxy)methyl)piperazin-1-yl)-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine hydrochloride (1.5 g, 2.52 mmol, 1.0 equiv).
The reaction was stirred for 15 min and was concentrated under reduced pressure. The
subsequent free based amine and 3-(trimethylsilyl)propargyl bromide (534 uL, 3.27 mmol,
1.3 equiv) were suspended in MeCN (10.0 mL). Potassium carbonate (1.04 g, 7.56 mmol, 3.0
equiv) was added to the reaction and the mixture was stirred at room temperature for 18 h.
The reaction was filtered and the solid washed with EtOAc. The filtrate was concentrated and
purified by silica gel chromatography (0—50% EtOAc/heptane) to yield the product as a
white solid (0.77 g, 46% yield). LCMS (ESI) m/z: [M + H] calcd for C37Hs3BN4O3Si2:
669.38; found 669.3.

Step 6: Coupling of substituted pyrimidinylpiperazine to Intermediate 1.

[00475] Intermediate 1 (0.35g, 0.323 mmol, 1 equiv) and 2-(3-(((tert-
butyldiphenylsilyl)oxy)methyl)-4-(3-(trimethylsilyl)prop-2-yn-1-yl)piperazin-1-yl)-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine (269 mg, 0.403 mmol, 1.25 equiv)
were dissolved in dioxane (3.22 mL). Next XPhosPd G2 (101 mg, 0.129 mmol, 0.4 equiv)
and silver(I) oxide (224 mg, 0.968 mmol, 3 equiv) were added. The reaction was heated to 60
°C for 24 h. The reaction was diluted with EtOAc, washed with NH4Cl and brine, dried over
Na2SO0u, filtered, and concentrated to a foam. The foam was purified by silica gel
chromatography (0—10% MeOH/DCM) to yield the product as a brown solid (0.350 g, 70%
yield). LCMS (ESI) m/z: [M + H] calcd for CgoHi125N5014S12: 1544.88; found 1544.90.

Step 7: Desilylation
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To a solution of rapamycin TMS alkyne (0.5 g, 0.3235 mmol, 1 equiv) in THF (3.23 mL) and
pyridine (2.15 mL) at 0 °C was added HF-pyridine (70:30) (755 uL, 29.1 mmol, 90 equiv).
The reaction stirred at O °C for 10 min and then stirred at room temperature for 6 h. The
reaction was dripped into a cooled (0 °C) NaHCOs solution, extracted with EtOAc, washed
with NaHCOs3 and brine, dried over Na2SOs, filtered, and concentrated understood an oil. The
oil was purified by silica gel chromatography (0%—10% MeOH/DCM) to yield the product
as a brown solid (0.115 g, 29% yield). LCMS (ESI) m/z: [M + H] calcd for C7o0H99N5O14:
1234.72; found 1234.7.

Monomer 30.

Me OMe Me Me l,\l=N
A x N
\)_(/ 820 " “iom e oD
& e R'=
o‘B,o XPhosPd G2 TBDPS HF«pyr
> N THF/pyr
I = dioxane NI N 0523°C
N__N 60°C Z
Y T meew

Intermediate 2 e R
Step 1: Coupling of substituted pyrimidinylpiperazine to Intermediate 2.

[00476] Intermediate 2 (0.4 g, 0.3576 mmol, 1.0 equiv) and 2-(3-(((tert-
butyldiphenylsilyl)oxy)methyl)-4-(3-(trimethylsilyl)prop-2-yn-1-yl)piperazin-1-yl)-5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidine (298 mg, 0.447 mmol, 1.25 equiv)
were dissolved in dioxane (3.57 mL). Next XPhosPd G2 (112 mg, 0.143 mmol, 0.4 equiv)
and silver(I) oxide (247 mg, 1.07 mmol, 3.0 equiv) were added. The reaction was heated to
60 °C for 24 h. The reaction was diluted with EtOAc, washed with NH4Cl and brine, dried
over Na2SOyq, filtered, and concentrated to a foam. The foam was purified by silica gel
chromatography (0—5% MeOH/DCM) to yield the product as a brown solid (0.530 g, 94%
yield). LCMS (ESI) m/z: [M + H] calcd for CooH124NsO13Si2: 1581.89; found 1581.85.

Step 2: Desilylation

[00477] Rapamycin alkyne (0.55 g, 0.348 mmol, 1.0 equiv) was dissolved in THF (3.47
mL) and pyridine (2.31 mL) in a plastic vial. The reaction was cooled to 0 °C in an ice bath.
Next HF-pyridine (70:30) (812 uL, 31.3 mmol, 90.0 equiv) was added. The reaction stirred at
0°C for 10 min and then was stirred at room temperature for 6 h. The reaction was dripped
into a cooled (0 °C) NaHCOs solution, extracted with EtOAc, washed with NaHCOs and

brine, dried over Na2SOs4, filtered, and concentrated to an oil. The oil was purified by silica
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gel chromatography (0—10% MeOH/DCM) to yield the product as a brown solid (0.530 g,
94% yield). LCMS (ESI) m/z: [M + H] calcd for C71iH9sNsO13: 1271.73; found 1271.6.

Monomers 74, 75, 31, and 32

Me OMe Me Me Me OMe Me Me

N OH 1 Me S Ng
| X
Me' ‘OMe P Me' “'OMe
tBu N tBu
Tf,0, NaN;
DCM
‘Me o ‘Me
C,s modified rapamycin X= |
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o J 2. PPh; THF/H,0
X=
"\{NJ\OMe
H
Me OMeMe Me H P Me OMe Me Me
. N \N\ﬂ/o\// : S ~NH;
., (o] g7

Me' ‘OMe 3. 0 Me OMe

Cl)J\O/\
“Me “Me
Monomers 31 and 32 Monomers 74 and 75

Step I:

[00478] To a dry reaction flask is added Cis-modified rapamycin (1.0 equiv) followed by
2,6-di-tert-butyl-4-methylpyridine (2.0 equiv) and DCM. The reaction is cooled to -10 °C and
trifluoromethanesulfonic anhydride (1.2 equiv) is added dropwise to reaction. After stirring
for 30 min, sodium azide (4.8 equiv) is added to the reaction as a solid in one portion. Upon
full consumption of rapamycin starting material, the reaction is quenched slowly with sat. aq.
NaHCO3 and allowed to warm to room temperature. The reaction mixture is transferred to a
separatory funnel and the organic layer washed with sat. aq. NaCl. The organic layer is dried
over NaxSQOyq, filtered, and concentrated under reduced pressure. The resultant residue is

purified by silica gel chromatography to afford product of step 1.

Step 2:
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[00479] The product of step 1 (1.0 equiv) and triphenylphosphine (1.0 equiv) are dissolved
in THF. H20 is added to solution. The reaction is heated until consumption of azido-
rapamycin as determined by LCMS and/or TLC analysis. The reaction is then cooled to room
temperature and concentrated under reduced pressure. The resulting residue is purified by
silica gel chromatography to afford the product of step 2, namely either monomer depending

on choice of starting material.
Step 3:

[00480] The product of step 2 is then suspended in anhydrous MeCN and to this
suspension is added propargyl chloroformate (1.5 equiv) and triethylamine (5.0 equiv). The
reaction is heated and monitored by TLC and LCMS. Upon completion of reaction, the
reaction is diluted with H2O and EtOAc. The reaction mixture is transferred to a separatory
funnel, and the organic layer is washed with brine. The organic layer is dried over Na2SOu4,
filtered, concentrated under reduced pressure and then purified by silica gel chromatography

to afford product, namely either monomer depending on choice of starting material.
Monomer 33. Synthesis of 40-0-(3'-ethynyl-[1,1'-biphenyl]-3-yl) rapamycin.

Me OMeMe Me Me OMeMe Me
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“OMe \)_P A0 Me

o0
B dioxane

60°C
+
/(j

TMS

@
OMe R =TMS HE-pyr
| | THF/pyr
0-23°C
R R=H

Intermediate 1

[00481] The synthesis is carried out by Suzuki cross-coupling of Intermediate 1with
trimethyl((3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethynyl)silane, followed by
TMS-cleavage using HF-pryidine to give the titled Monomer.

Monomer 34. Synthesis of 40(5)-(1-(5-(3'-ethynyl-[1,1'-biphenyl]-3-yl)-1,2,3-triazole)

rapamycin.
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Step 1: Coupling of trimethyl((3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl)ethynyl)silane to Intermediate 2.

[00482] To an oven-dried reaction flask was added Intermediate 2 (0.10 g, 89.2 umol, 1
equiv) followed by dioxane (900 uL). Trimethyl((3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl)ethynyl)silane (80.1 mg, 267 pmol, 3.0 equiv), XPhos Pd G2 (28.0 mg, 35.6
umol, 0.4 equiv), and silver(I) oxide (185 mg, 802 umol, 9.0 equiv) were sequentially added
to the reaction solution. The reaction mixture was heated to 60 °C until full consumption of
the starting material, as determined by LCMS analysis. The reaction mixture was cooled to
room temperature, diluted with EtOAc (2 mL), and filtered through a plug of Celite. The
filtrate was concentrated under reduced pressure to provide a brown oil. Purification by
normal phase chromatography (0—55% EtOAc/heptanes) provided a white solid (41.9 mg,
39% yield). LCMS (ESI) m/z: [M + H] calcd for C70HosN4O12S1: 1213.69; found 1213.7.

Step 2: Desilylation

[00483] To a plastic vial was added the product of step 1 (30 mg, 24.7 umol, 1 equiv),
THF (493 uL), and pyridine (82 uL). The reaction solution was cooled to 0 °C and then HF-
pyridine (38.3 uL, 1.5 mmol, 1.5 equiv) was added. The reaction solution was stirred at 0 °C
for 10 min and then stirred at room temperature until full consumption of the starting
material, as determined by LC-MS analysis. The reaction solution was poured into a saturated
solution of NaHCO3 at 0 °C. The resulting solution was extracted with EtOAc (3 x 10 mL),
and the organic layers were washed with sat. NaHCOs and brine, dried with Na2SO4, and
filtered. The filtrate was concentrated under reduced pressure to provide an oil. Purification
by normal phase chromatography (0—60% EtOAc/heptane) provided a white solid (10.4 mg,
37% yield). LCMS (ESI) m/z: [M + H] calcd for Ce7HssN4O12: 1141.65; found 1141.6.

Monomer 35. Synthesis of 40(R)-O-(propargyl carbamate) rapamycin.

Me OMe Me Me Me OMeMe Me
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[00484] A solution of 40(R) 4-nitrophenyl carbonate rapamycin (2.42 g, 2.24 mmol, 1
equiv) in DCM (77 mL) was cooled to 0 °C and treated dropwise with a solution of
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propargylamine (0.72 mL, 11.2 mmol, 5.0 equiv) in DCM (9.7 mL). The reaction mixture
was stirred and allowed to warm to room temperature over 1 h followed by stirring at room
temperature while monitoring the reaction by HPLC. After 49 h, the reaction was
concentrated to a yellow, viscous oil which was purified by flash chromatography (25—45%
EtOAc¢/DCM) to yield the product (1.00 g, 44% yield) as a colorless viscous oil that formed a
glass/stiff foam under reduced pressure. LCMS (ESI) m/z: [M + H20] calcd for CssHsaN2014:
1012.60; found 1012.6; m/z: [M + HCO2] caled for CssHsaN2014: 1039.57; found 1039.8.

Monomers 36 and 37.
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Step I:

[00485] To a dry reaction flask is added Cis-modified rapamycin (1.0 equiv) followed by
triethylamine (5.0 equiv) and DCM. The solution is cooled to -78 °C and 4-
nitrophenylchloroformate (1.5 equiv) is added in a single portion. The reaction is stirred at -
78 °C, followed by warming to room temperature. Upon completion of the reaction, as
determined by LCMS analysis, the reaction is diluted with H2O and DCM. The mixture is
transferred to a separatory funnel and the organic layer washed with sat. aq. NaCl, dried over
NaxSOq, filtered, and concentrated under reduced pressure. The resultant residue is purified

by silica gel chromatography to give the product of step 1.

Step 2:
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[00486] The product of step 1 (1.0 equiv) is dissolved in DCM. A solution of
propargylamine (5.0 equiv) and pyridine (5.0 equiv) in DCM is added to the reaction
dropwise and the reaction mixture stirred while warming to room temperature. Upon
consumption of rapamycin starting material, as determined by LCMS and TLC analysis, the
reaction is concentrated under reduced pressure. The resultant residue is purified by silica gel

chromatography to afford the product of step 2.
Monomer 38. Synthesis of 32-O-(prop-2-yn-1-yl) oxime rapamycin.

Me OMeMe Me
0 Me OMe Mi Me 3/\
=

Me

[00487] To a solution of rapamycin (200.0 mg, 0.219 mmol, 1 equiv) in MeOH (5.00 mL)
was added sequentially sodium acetate (0.0718 g, 0.875 mmol) and 3-(aminooxy)prop-1-yne
hydrochloride (0.0941 g, 0.875 mmol, 4.0 equiv) at room temperature. The reaction was
stirred at room temperature for 72 h. The reaction mixture was diluted with EtOAc (20 mL)
and washed with 20 mL portions of H2O and brine. The solution was dried over NazSOs,
filtered, and concentrated. The resulting residue was purified via combiflash chromatography
(0—80% EtOAc/hex) to yield the Z isomer followed by the £ isomer, both as colorless oils.
Both products were taken up separately in 95% aq MeCN and lyophilized to white powders.
Z isomer: LCMS (ESI) m/z: [M + Na] calcd for CssHs2N2O13Na: 989.57; found 989.5. E
isomer: LCMS (ESI) m/z [M + Na] calcd for CssHs2N2013: 989.57; found 989.5.
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Monomer 39.

Me OMeMe Me

DCM, -40 °C

[00488] The preparation of the monomer proceeds by reacting rapamycin with prop-2-yn-

1-yl carbamate in the presence of TFA.

Monomer 40. Synthesis of 28-proparygylcarbamate rapamycin.

[00489] The preparation of the monomer proceeds from the known C28-
paranitrophenylcarbonate of rapamycin by reacting with propargylamine in the presence of

pyridine.

[00490] Reference for preparation of C28-p-nitrophenylcarbonate intermediate: Abel, M_;
Szweda, R.; Trepanier, D.; Yatscoff, R W _; Foster, R.T. 2007. Rapamycin carbohydrate

derivatives. U.S. Patent 7,160,867, which is incorporated by reference in its entirety.
Monomer 41. Synthesis of 40(5)-(1-( 5-(3-ethynylphenyl) -1,2,3-triazole)) rapamycin.
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[00491] To an oven-dried reaction flask was added chloro(pentamethylcyclopentadienyl)
(cyclooctadiene)ruthenium(II) (37.0 mg, 0.0975 mmol, 0.46 equiv) followed by toluene (2.35
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mL). The mixture was purged with N2 before adding 40(S$)-azido rapamycin (0.200 g, 0.212
mmol, 1.0 equiv) and then 1,3-diethynylbenzene (0.0534 g, 0.424 mmol, 2.0 equiv). The
flask was purged with N2 and stirred at 60 °C overnight. After stirring for 15 h the reaction
mixture was concentrated to a dark brown residue. Purification by silica gel chromatography
(10—60% EtOAc/hexanes) afforded the product as a grey residue (0.077 g, 34% yield).
LCMS (ESI) m/z: [M + H] calcd for Ce1Hs4aN4O12: 1065.62; found 1065.6.

Monomer 42. Synthesis of 16(5)-(2,4,6-trimethoxyphenyl) 40(R)-O-(1-hexynyl)
rapamycin

Me OMe Me Me
A =

Me OMe Me Me
A x

hunig's base

CHCI;, 60 °C

MeO MeO

[00492] To a stirred solution of 16(S5)-(2,4,6-trimethoxyphenyl) rapamycin (0.090 g,
0.0856 mmol, 1 equiv) in chloroform (0.34 mL) at -40 °C was added DIPEA (0.745 mL, 4.28
mmol, 50 equiv) followed by hex-5-yn-1-yl trifluoromethanesulfonate (0.200 g, 0.868 mmol,
10.1 equiv). After 15 min at -40 °C, the solution was warmed to room temperature and then
heated to 60 °C for 18 h. The reaction was cooled to room temperature and diluted with H2O
(20 mL) and EtOAc (15 mL). The layers were separated and the aqueous layer was extracted
with EtOAc (3x). The combined organic layers were dried with MgSOs, filtered, and
concentrated to provide a red oil. The crude material was purified by silica gel
chromatography (0—60% EtOAc/heptane) to afford the product as a white solid (0.041 g,
43% yield). LCMS (ESI) m/z: [M + H] calcd for CesHosNO1s: 1130.68; found 1130.7.
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Monomers 43. Synthesis of 32(R)-ethoxy-26-0-(prop-2-yn-1-yl) oxime rapamycin.
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Step [: Synthesis of 32(RR)-ethoxy-28,40-bistriethylsilyl rapamycin

[00493] A solution of 32-hydroxy-28,40-bistriethylsilyl rapamycin (773 mg, 0.675 mmol,
1.0 equiv) in chloroform (19 mL) was treated with N, N, N', N'-tetramethyl-1,8-
naphthalenediamine (1.85 g, 8.63 mmol, 12.8 equiv) along with freshly dried 4A molecular
sieves. The mixture was stirred for 1 h at room temperature and treated with triethyloxonium
tetrafluoroborate (1.51 g, 7.95 mmol, 11.8 equiv) in one portion at room temperature. The
reaction mixture was stirred for 3 h, at which point the reaction mixture was diluted with
DCM and filtered through Celite, washing the filter pad with additional DCM. The combined
filtrates were washed twice with 1M HCI, once with saturated NaHCOj3 solution, and dried
over Na2SOa4. The solution was filtered and concentrated to a residue. The crude residue was
treated with MTBE and filtered to remove polar insoluble material. The filtrate was
concentrated and purified by silica gel chromatography (5—25% EtOAc/hex) to afford the
product as a foam (516 mg, 65% yield). LCMS (ESI) m/z: [M + Na] calcd for
CesH113NO13S12 1194.77; found 1194.6.
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Step 2: Synthesis of 32(R)-ethoxy rapamycin

[00494]  32(R)-ethoxy-28,40-bistriethylsilyl rapamycin (131 mg, 0.112 mmol, 1.0 equiv)
was dissolved in THF (1.3 mL), cooled to 0 °C and treated with pyridine (271 uL, 3.35
mmol, 3.4 equiv) followed by HF-pyridine (51 pL, 1.8 mmol, 1.8 equiv). The reaction flask
was capped and stored in the fridge for 3 days, at which point the reaction mixture was
poured into 20 mL cold saturated NaHCO3 solution and the aqueous layer extracted with
EtOAc (3 x 20 mL). The combined organic layers were washed with 1M HCI (2 x 20 mL),
saturated NaHCO3 solution (20 mL), and brine. The solution was dried over NazSOs,
filtered, and concentrated. The residue was taken up in MeOH (1.5 mL) and added dropwise
to H20 (20 mL), the product flask was rinsed with additional MeOH (0.5 mL), which was
added dropwise to the slurry. The solids were filtered through a glass frit and washed with
additional H20 to provide the product as a white powder (53 mg, 51% yield). LCMS (ESI)
m/z: [M + Na] calcd for Cs3sHssNO13: 966.59; found 966.5.

Step 3: Synthesis of 32(R)-ethoxy-26-O-(prop-2-yn-1-yl) oxime rapamycin

[00495] To a solution of 32(R)-ethoxy rapamycin (1.49 g, 1.53 mmol, 1.0 equiv) and 3-
(aminooxy )prop-1-yne hydrochloride (849 mg, 7.89 mmol, 5.2 equiv) in pyridine (7.5 mL)
was added 4M HCl in 1,4-dioxane (2.76 mL, 11.04 mmol, 7.2 equiv), dropwise. The reaction
mixture was then heated to 50 °C for 3 days. The mixture was cooled to ambient temperature
and then added dropwise to H2O. The resulting solids were filtered, washed with H2O and
taken up in EtOAc. The organic layer was washed sequentially with 1 M HCI, sat. NaHCO3
solution, and brine, dried over Na2SQO4, and concentrated to a thick viscous oil. The oil was
purified by silica gel chromatography (2:3—4:1 EtOAc/hexanes) to afford the desired
product as a white solid (640 mg, 42% yield, mixture of £/Z isomers). LCMS (ESI) m/z: [M
+ Na] calcd for Cs¢HssN2013: 1019.62; found 1019.8.

Monomer 44. Synthesis of 32(R)-methoxy 40(R)-O-(1-hexynyl) rapamycin.

[00496] A solution of hex-5-yn-1-yl trifluoromethanesulfonate (2.12 g, 9.20 mmol, 4.0
equiv) in DCM (7.6 mL) was cooled at 0 °C and treated with 2,6-di-fer¢-butyl-4-
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methylpyridine (1.89 g, 9.20 mmol, 4.0 equiv) in one portion. After stirring for 5 min, the
reaction mixture was treated with 32(R)-methoxy rapamycin (2.14 g, 2.30 mmol, 1.0 equiv)
in one portion. The reaction mixture was stirred at 0 °C for 15 min followed by warming to
room temperature. After 24 h at room temperature the reaction mixture was diluted with
DCM (100 mL) and the organic phase was washed with sat. NaHCO3 solution, H20, and
brine and then dried over NaxSO4. The solution was filtered and concentrated to yield a light
yellow viscous oil. The crude material was purified by silica gel chromatography (20—50%
EtOAc/hex) to afford the desired product as a colorless foam (0.73 g, 31% yield). LCMS
(ESI) m/z: [M + Na] calcd for CssHoiNO13: 1032.64; found: 1032.7.

Monomer 45. Synthesis of 40(R)-0-1-(3,3-dimethylhex-5-ynyl) rapamycin.

T£,0 Me Me
/\MW - /\M
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Step 1: Synthesis of 3,3-dimethylhex-5-yn-1-yl trifluoromethane sulfonate

[00497] To a dry reaction flask was added 3,3-dimethylhex-5-yn-1-ol (0.62 g, 4.9 mmol,
1.0 equiv) followed by DCM (4.8 mL) before being cooled to -60 °C.
Trifluoromethanesulfonic anhydride (0.95 mL, 5.66 mmol, 1.1 equiv) was added to the
reaction, dropwise, while maintaining the temperature below -60 °C. After 45 min at -60 °C,
the reaction was quenched by pouring the mixture into cold sat. KH2PO4 (100 mL). The
layers were separated and the organic layer was concentrated under reduced pressure to give
a red/brown oil. The crude oil was purified by filtography on 10 g silica (100 mL 50%
EtOAc/hexanes) to yield a brown oil (0.92 g, 72% yield).

Step 2: Synthesis of 40(R)-0-1-(3,3-dimethylhex-5-ynyl) rapamycin

[00498] To a solution of freshly purified 3,3-dimethylhex-5-yn-1-yl trifluoromethane
sulfonate (0.91 g, 3.5 mmol, 4.0 equiv) in DCM (6.8 mL) at 0 °C was added 2,6-di-ferz-butyl-
4-methylpyridine (0.36 g, 1.7 mmol, 2.0 equiv) in one portion. After stirring for 20 min,

rapamycin (0.80 g, 0.88 mmol, 1.0 equiv) was added and the mixture was stirred at 0 °C for 1
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h before warming to room temperature and stirring overnight. The reaction mixture was
diluted with DCM (100 mL) and then washed with sat. NaHCO3 (100 mL) and brine (100
mL). The organic layer was concentrated under reduced pressure to yield a green residue.
Purification by silica gel chromatography (0—10% acetone/DCM) followed by re-
purification by reverse phase chromatography (MeCN/H:0) afforded the product as an off-
white residue (0.071 g, 8% yield). LCMS (ESI) m/z: [M + Na] calcd for CsoHo1NOnzs:
1044.64; found 1044.5.

Monomer 46. Synthesis of 32-acetohydrazone 40(R)-O-(1-hexynyl) rapamycin

o]
Me OMe Me Me
z o) Me OMe Me Me HI\IIJ\

(o}

\/\/\ )LN’NHZ S AN
“'OMe H
pyridine

60 °C

[00499] The reported monomer can be prepared following the reported methods shown.

[00500] Reference for this transformation: Failli, A A.; Steffan, R.J. 1991. Rapamycin
Hydrazones. US5120726. American Home Products Corporation, which is incorporated by

reference in its entirety.

Monomer 47. Synthesis of 32-phenylsemicarbazone 40(R)-O-(1-hexynyl) rapamycin

1,
Me OMe Me Me Hl;l H

\ 2N

Me OMe Me Me

0\/\/\\ @\ o
A
N)LN,NHZ
H H

“OMe

pyridine

60 °C

[00501] The reported monomer can be prepared following the reported methods shown.

[00502] Reference for this transformation: Failli, A.A.; Steffan, R.J. 1991. Rapamycin
Hydrazones. US5120726. American Home Products Corporation, which is incorporated by

reference in its entirety.

Monomer 48. Synthesis of 32-phenylsemithiocarbazone 40(R)-O-(1-hexynyl) rapamycin
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60 °C

[00503] The reported monomer can be prepared following the reported methods shown.

[00504] Reference for this transformation: Failli, A.A.; Steffan, R.J. 1991. Rapamycin
Hydrazones. US5120726. American Home Products Corporation, which is incorporated by

reference in its entirety.

Monomer 49. Synthesis of 32-hydrazone 40(R)-0-(1-hexynyl) rapamycin

Me OMe Me Me l;le

[00505] To a solution of 40-(R)-O-(1-hexynyl) rapamycin (0.900 g, 0.905 mmol, 1.0
equiv) in MeOH (12.4 mL) was added a 1M solution of hydrazine hydrate (2.72 mmol, 3.0
equiv) in MeOH. The reaction mixture was stirred at room temperature overnight. The
reaction mixture was then concentrated under reduced pressure to provide a tan viscous oil.
The crude material was purified by silica gel chromatography (0—5% MeOH/DCM) to give
the product (127 mg, 14% yield) as a white stiff foam. LCMS (ESI) m/z: [M + Na] calcd for
Cs7Hs9N3012: 1030.63; found: 1030.6.

Monomer 50. Synthesis of 32-amino 40(R)-O-(1-hexynyl) rapamycin

Me OMe Me Me

O\/\/\
A

“OMe
Ir-1, NH,CO,H

.

MeOH
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[00506] The reported monomer can be prepared following the reported methods shown.

[00507] Reference for this transformation: Watanabe, M.; Tanaka, K.; Miki, T.; Murata,
K. Process for Preparing Amine Compound. US20120065426. Kanto Kagaku Kabushiki

Kaisha, which is incorporated by reference in its entirety.

Monomer 51. Synthesis of 32-O-methyl oxime 40(R)-O-(1-hexynyl) rapamycin

Me

Me OMeMe Me Me OMeMe Me (I)’

X N

‘OMe H,NOMe-HCI Me’
NaOAc

MeOH

[00508] To a solution of 40(R)-O-(1-hexynyl) rapamycin (400 mg, 0.402 mmol, 1.0 equiv)
in MeOH (9.19 mL) was added sodium acetate (132 mg, 1.61 mmol, 4.0 equiv) followed by
methoxylamine hydrochloride (134 mg, 1.61 mmol, 4.0 equiv) in one portion at room
temperature. The reaction mixture was stirred at room temperature overnight, at which point
the reaction mixture was diluted with H2O (15 mL) and extracted with EtOAc (2 x 20 mL).
The combined organic phase was washed with H2O, brine and dried over MgSQa. The
solution was filtered and concentrated under reduced pressure to provide a colorless foam.
The crude material was purified by reverse phase chromatography (10% to 100%
MeCN/H20). The two separate £/Z oxime isomers were isolated and each lyophilized to
white powders to afford both the Z-oxime (180 mg, 44.6% yield) and the E-oxime (50 mg,
12.4% yield). LCMS (ESI) m/z: [M + Na] calcd for CssHooN2013: 1045.63; found: 1046.0.

Monomer 52. Synthesis of 32-0O-benzyl oxime 40(R)-O-(1-hexynyl) rapamycin

¥

Me OMe Me Me (I)
~ s ~N

H,NOBn-HCI
NaOAc

MeOH

[00509] To a solution of 40(R)-O-(1-hexynyl) rapamycin (0.50 g, 0.50 mmol, 1.0 equiv) in
MeOH (11.5 mL) was added sodium acetate (0.17 g, 2.0 mmol, 4.0 equiv) and O-
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benzylhydroxylamine hydrochloride (0.33 g, 2.1 mmol, 4.0 equiv). After 7 h the reaction
mixture was diluted with H2O (60 mL) and extracted with EtOAc (2 x 80 mL). The organic
phase was washed with H2O, brine, dried with MgSOs4, and concentrated under reduced
pressure to provide a colorless oil. The crude material was purified by chromatography on
silica gel (0—50% EtOAc/hexanes) to afford the product (180 mg, 32.6% yield) as a clear
colorless oil. LCMS (ESI) m/z: [M + H] calcd for CeaHo4N2013: 1099.68; found 1099.9.

Monomer 53. Synthesis of 32(R)-hydroxy 40(R)-O-(1-hexynyl) rapamycin.

[00510] To a solution of hex-5-yn-1-yl trifluoromethanesulfonate (4.25 g, 18.5 mmol, 4.0
equiv) in DCM (15.2 mL) at 0 °C was added 2,6-di-fert-butyl-4-methylpyridine (3.79 g, 18.5
mmol, 4.0 equiv). After stirring for 5 min, the reaction mixture was treated with 32(R)-
hydroxy-rapamycin (4.23 g, 4.62 mmol, 1.0 equiv) and the reaction was stirred at 0 °C for 15
min followed by warming to room temperature. After 23 h, the reaction mixture was diluted
with DCM (100 mL) and the organic phase was washed with 100 mL portions of sat NaHCO3
solution, H20, brine and dried over Na2SOs. The solution was filtered and concentrated to
yield a dark green viscous oil. The crude material was purified by silica gel chromatography
(10—30% acetone/hexane) to provide the product (1.30 g, 28% yield) as a tan solid/stiff
foam. LCMS (ESI) m/z: [M + Na] calcd for Cs7HsoNO13: 1018.62; found: 1018.5.

Monomer 54. Synthesis of 32-oxime 40(R)-O-(1-hexynyl) rapamycin.

Me OMe Me Me Me OMe Me Me (I)H

s A

‘OMe H,NOH-HCI Me
NaOAc

MeOH

[00511] To a solution of 40(R)-(hex-5-yn-1-yloxy)-rapamycin (400 mg, 0.402 mmol, 1.0
equiv) in MeOH (9.2 mL) was added sodium acetate (132 mg, 1.61 mmol, 4.0 equiv)
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followed by hydroxylamine hydrochloride (112 mg, 1.61 mmol, 4.0 equiv) at room
temperature. After 40 h, the reaction mixture was diluted with H2O (40 mL) and extracted
with EtOAc (2 x 25 mL). The combined organic phase was dried over Na2SOus, filtered, and
concentrated to yield a colorless glass/stiff foam. The crude product was purified by reverse
phase chromatography (10—100% MeCN/H20). The two separate /2/Z oxime isomers were
isolated to afford both the more polar oxime isomer (60.8 mg, 15.4% yield) and the less polar
oxime isomer (45.6 mg, 11.5% yield) as white solids. LCMS (ESI) (more polar isomer) m/z:
[M + Na] calcd for Cs7HssN2013: 1031.62; found: 1031.6; LCMS (ESI) (less polar-isomer)
m/z: [M + Na] calcd for Cs7HssN2013: 1031.62; found: 1031.6.

Monomer 55. Synthesis of 40(.5)-azido rapamycin

Me OMe Me Me

tBu N tBu

[00512] Reference for the synthesis of the known monomer: Wang, B.; Zhao, J.Z. 2014,
Rapamycin analogs and methods for making same. W02014082286. Hangzhou Zylox

Pharma Co., Ltd, which is incorporated by reference in its entirety.
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Monomers 56 and 62. Synthesis of of 40(R)-(m-azidobenzyl) ether and 40(R)-(p-
azidobenzyl) ether rapamycin.

Me OMeMe Me

N3

AN
“Me Ag,0
Br—" ag,0 / Br—" Agz

Me OMeMe Me

“y

“'Me e
Monomer 56 Monomer 62

[00513] To a dry reaction flask is added rapamycin followed by heptanes and DCM. 3-
Azidobenzylamine or 4-azidobenzylamine and silver(I) oxide are to the solution and the
reaction flask is capped and heated to 60 °C until full consumption of rapamycin, as
determined by LCMS analysis. The reaction is then cooled to room temperature, diluted with
EtOAC, filtered through Celite, and concentrated under reduced pressure to provide a solid.

Purification by chromatography on silica gel provides the product.

Monomer 57. Synthesis of of 32(R)-hydroxy 26-O-(p-azidobenzyl) oxime rapamycin.

- .
dioxane

[00514] To a solution of 32(R)-hydroxy rapamycin (1.0 equiv) and O-(4-
azidobenzyl)hydroxylamine (5.0 equiv) in pyridine is added HCl in 1,4-dioxane (7.0 equiv),
dropwise over 1 min, at room temperature. The reaction mixture is heated to 50 °C. During

the reaction course, additional O-(4-azidobenzyl)hydroxylamine (1.0 equiv) and HCl in 1,4-
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dioxane (5.0 equiv) are added after the reaction is cooled to room temperature. The reaction
mixture is again heated at 50 °C and stirred until consumption of 32(R)-hydroxy rapamycin.
The reaction mixture is then added dropwise into H2O and cooled to 0 °C. The resulting
solid is filtered off, washed with H20, and purified by silica gel chromatography to afford
product.

Monomer 58 and 60. Synthesis of 40(R)-(m-azidobenzyl)carbamate and 40(R)-(p-

azidobenzyl)carbamate rapamycin.

Me OMe Me Me

N3
=03
N3
H2N—" oyridine / “Me H,N—/  pyridine

Monomer 58 Monomer 60

[00515] The monomers can be prepared by reacting the corresponding azidobenzylamines,

in the presence of pyridine, with the C40-p-nitrophenylcarbonate derivative of rapamycin.

Monomer 59. Synthesis of of 32(R)-methoxy 26-0-(p-azidobenzyl) oxime rapamycin.

HCI, pyr

- .
dioxane

Ny

[00516] To a solution of 32(R)-methoxy rapamycin (1.0 equiv) and O-(4-
azidobenzyl)hydroxylamine (5.0 equiv) in pyridine is added HCl in 1,4-dioxane (7.0 equiv),

dropwise over 1 min. The reaction mixture is heated to 50 °C. During the course of the
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reaction, additional O-(4-azidobenzyl)hydroxylamine (1.0 equiv) and HCI in 1,4-dioxane (5.0
equiv) are added after the reaction is cooled to rt. The reaction mixture is again heated to 50
°C and stirred until consumption of 32(R)-methoxy rapamycin. The reaction mixture is then
added dropwise into H2O and cooled to O °C. The resulting solid is filtered off, washed with
H:0, and purified by silica gel chromatography to afford product.

Monomer 61. Synthesis of of 32(R)-hydroxy 26-0-(m-azidobenzyl) oxime rapamycin.

HCI, pyr

dioxane

[00517] To a solution of 32(R)-hydroxy rapamycin (1.0 equiv) and O-(3-
azidobenzyl)hydroxylamine (5.0 equiv) in pyridine is added HCl in 1,4-dioxane (7.0 equiv),
dropwise over 1 min. The reaction mixture is heated to 50 °C. During the course of the
reaction, additional O-(3-azidobenzyl)hydroxylamine (1.0 equiv) and HCI in 1,4-dioxane (5.0
equiv) are added after the reaction is cooled to room temperature. The reaction mixture is
again heated to 50 °C and stirred until consumption of 32(R)-hydroxy rapamycin. The
reaction mixture is then added dropwise into H2O and cooled to 0 °C. The resulting solid is

filtered off, washed with H20, and purified by silica gel chromatography to afford product.

Monomer 63. Synthesis of of 32(R)-methoxy 26-0-(m-azidobenzyl) oxime rapamycin.

- .
dioxane

[00518] To a solution of 32(R)-methoxy rapamycin (1.0 equiv) and O-(3-
azidobenzyl)hydroxylamine (5.0 equiv) in pyridine is added HCl in 1,4-dioxane (7.0 equiv),
dropwise over 1 min. The reaction mixture is heated to 50 °C. During the course of the
reaction, additional O-(3-azidobenzyl)hydroxylamine (1.0 equiv) and HCI in 1,4-dioxane (5.0

equiv) are added after the reaction is cooled to room temperature. The reaction mixture is
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again heated to 50 °C and stirred until consumption of 32(R)-methoxy rapamycin. The
reaction mixture is then added dropwise into H2O and cooled to 0 °C. The resulting solid is

filtered off, washed with H20, and purified by silica gel chromatography to afford product.

Monomer 64.

[00519] To a dry reaction vessel is added 3-(4-azidophenyl)propyl

trifluoromethanesulfonate (4.0 equiv) followed by anhydrous DCM. The mixture is purged
with N2 and cooled to sub-ambient temperature before addition of 2,6-di-ferz-butyl-4-
methylpyridine (2.0 equiv) as a solid in one portion. Rapamycin (1.0 equiv) is then added as a
solid in one portion. The reaction is stirred and, upon consumption of rapamycin, diluted with
DCM and washed with sat. aqueous NaHCOs solution. The organic layer is washed with sat.
aq. NaCl, dried over NaxSOs, filtered and concentrated. The crude product mixture was

purified by silica gel chromatography to afford product.
Monomer 65.

Me OMeMe Me T~ Me OMeMe Me

Bu__N.__Bu
N

[00520] To a dry reaction vessel is added 6-azidohexyl trifluoromethanesulfonate (4.0
equiv) followed by anhydrous DCM. The mixture is purged with N2 and cooled to sub-
ambient temperature before addition of 2,6-di-fert-butyl-4-methylpyridine (2.0 equiv) as a
solid in one portion. Rapamycin (1.0 equiv) is then added as a solid in one portion. The
reaction is stirred and, upon consumption of rapamycin, diluted with DCM and washed with

sat. aqueous NaHCOs solution. The organic layer is washed with sat. aq. NaCl, dried over
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Na2SO0u, filtered and concentrated. The crude product mixture was purified by silica gel

chromatography to afford product.

Monomer 66. Synthesis of 16-furan 40(S$)-azido rapamycin.

Me OMe Me Me Me OMeMe Me

furan
TFA

DCM, -40 °C

[00521] To a dry reaction flask was added 40(S)-azido rapamycin (0.56 g, 0.59 mmol, 1.0
equiv) and furan (0.89 mL, 12.2 mmol, 21 equiv), followed by DCM (24 mL). The reaction
mixture was cooled to -40 °C before adding TFA (0.77 mL, 9.96 mmol, 17 equiv). After 3 h
the reaction mixture was diluted with DCM (50 mL) and washed with sat. NaHCOs (30mL).
The organic layer was dried with MgSO4 and concentrated under reduced pressure to provide
a yellow foam. Purification by silica gel chromatography (0—45% EtOAc/hexanes) afforded
the product as a yellow foam (0.16 g, 27.8% yield). LCMS (ESI) m/z: [M + Na] calcd for
Cs4sH78N4O12: 997.55; found 997 5.

Monomer 67. Synthesis of 16-methyl carbamate 40(S)-azido rapamycin.

Me OMe Me Me Me OMe Me Me

X N3 X ~Ng
Me' “"OMe Me' ‘OMe
methyl carbamate
TFA
DCM, -40 °C

[00522] To a dry reaction vessel is added 40(S)-azido rapamycin and methyl
chloroformate followed by anhydrous DCM. The mixture is purged with N2 and cooled to -40
°C before addition of TFA. The reaction is stirred and, upon consumption of the starting
material, diluted with DCM and washed with sat. aqueous NaHCOs3 solution. The organic
layer is washed with sat. aq. NaCl, dried over Na2SOs, filtered and concentrated. The crude

product mixture was purified by silica gel chromatography to afford product.
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Monomer 68. Synthesis of 32(R)-methoxy 40(S$)-azido rapamycin.

1. lutidine, Tf,0
DCM, -10°C

2. BuyNN;
10 °Csrt

[00523] To a dry reaction flask was added 32(R)-methoxy rapamycin (0.28 g, 0.30 mmol,
1.0 equiv) and 2,6-lutidine (74 uL, 0.64 mmol, 2.1 equiv), followed by DCM (8.4 mL). The
reaction mixture was cooled to -10 °C and then trifluoromethanesulfonic anhydride (65 pL,
0.38 mmol, 1.3 equiv) was added. After 45 min, tetrabutyl ammonium azide (0.38 g, 1.33
mmol, 4.4 equiv) was added and the reaction was warmed to room temperature while stirring
overnight. The reaction mixture was diluted with EtOAc (30 mL) and washed with pH 7
phosphate buffer (2 x 10 mL) then the organic layer was dried with MgSOs and concentrated
under reduced pressure to provide a yellow oil. Purification by silica gel chromatography
(0—45% EtOAc/hexanes) afforded the product as a clear colorless oil (0.20 g, 67% yield).
LCMS (ESI) m/z: [M + Na] calcd for Cs2Hg2N4O12: 977.58; found 977.7.

Monomer 69. Synthesis of 32(R)-ethoxy 40(S)-azido rapamycin.

1. lutidine, Tf,0
DCM, -10°C

2. BuyNN;
10 °Cort

[00524] To a dry flask was added 32(R)-ethoxy rapamycin (1.02 g, 1.08 mmol, 1.0 equiv)
and 2,6-lutidine (0.26 mL, 2.3 mmol, 2.1 equiv), followed by DCM (30 mL). The reaction
mixture was cooled to -10 °C and then trifluoromethanesulfonic anhydride (0.23 mL, 1.4
mmol, 1.3 equiv) was added to the mixture, dropwise. After 45 min, tetrabutylammonium
azide (1.35 g, 4.74 mmol, 4.4 equiv) was added in one portion to the reaction mixture, which
was then stirred overnight while warming to room temperature. The reaction mixture was
diluted with EtOAc (100 mL), poured into a separatory funnel and washed with pH 7
phosphate buffer (2 x 10 mL). The organic layer was dried over Na:2SOs, filtered and the
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solvent removed under reduced pressure to afford a clear yellow oil. Purification by silica gel
chromatography (2/3 to 3/2 EtOAc/hexanes) to afford a yellow oil. Lyophilization then
provided an off-white powder (540 mg, 52% yield). LCMS (ESI) m/z: [M + Na] calcd for
Cs3Hg4N4O12: 991.60; found 991 8.

Monomer 70. Synthesis of 32(R)-hydroxy 40(S$)-azido rapamycin.

Me OMeMe Me
26 2 28 I

1. lutidine, Tf,0
D

HF-Pyridine CM, -10 °C
THF/pyridine 2. BuyNN;
0°C—ort -10 °Cort

Step 1: Synthesis of 32(R)-hydroxy rapamycin

[00525] A solution of 32(R)-hydroxy-28,40-bistriethylsilyl rapamycin (3.64 g, 3.18 mmol,
1 equiv) in THF (41.8 mL) was treated with pyridine (20.8 mL, 258 mmol, 81 equiv) and the
reaction mixture was cooled to 0 °C. The solution was treated dropwise with HF-pyridine
(70:30; 4.60 mL, 159 mmol, 50 equiv) and the reaction mixture was stirred at 0 °C for 20 min
followed by warming to room temperature. After 5 h, the reaction mixture was cooled back to
0 °C and carefully added to ice cold sat. NaHCOs3 solution (400 mL). The mixture was
extracted with EtOAc (2 x 100 mL) and the organic phases were washed with 75 mL portions
of H20, sat. NaHCOs solution and brine. The organic solution was dried over NaxSOs,
filtered and concentrated to yield a light yellow oil that produced a stiff foam under reduced
pressure . The crude material was purified by silica gel chromatography (20—40%
acetone/hex) to yield the desired product as a white amorphous solid (1.66 g, 57% yield).
LCMS (ESI) m/z: [M + Na] calcd for CsiHsiNO13: 938.56; found: 938.7; m/z: [M - H] caled
for Cs1Hg1NO13: 914.56; found: 914.7.

Step 2: Synthesis of 32(R)-hydroxy 40(S)-azido rapamycin
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[00526] 32(R)-Hydroxy rapamycin (245 mg, 0.267 mmol, 1.0 equiv) was dissolved in
MeCN (6.0 mL) and the solution was treated with ~1.0 g 4A powdered molecular sieves. The
mixture was stirred for 1 h, at which point the mixture was filtered through a fritted funnel,
washing the frit with MeCN (1.4 mL). The solution was treated with 2,6-lutidine (65.0 uL,
0.562 mmol, 2.1 equiv) and cooled to -10 °C. The reaction mixture was treated with
trifluoromethanesulfonic anhydride (58.5 uL, 0.348 mmol, 1.3 equiv), dropwise. The reaction
mixture was stirred at -10 °C for 60 min during which time the reaction mixture became light
pink. Tetrabutylammonium azide (335 mg, 1.18 mmol, 4.4 equiv) was added in one portion
and the reaction mixture was stirred overnight while warming to room temperature. After 19
h, the reaction mixture was diluted with EtOAc (40 mL) and washed with pH 7 phosphate
buffer (2 x 20 mL). The organic phase was dried over Na2SOs, filtered and concentrated to a
light tan viscous oil that was placed under high vac to remove lutidine. The crude material
was purified by silica gel chromatography (10—30% acetone/hex) to yield the desired
product as a white solid (159 mg, 63% yield). LCMS (ESI) m/z: [M + Na] calcd for
Cs1HsoN4O12: 963.57; found: 963.5; m/z: [M + HCOz] calcd for Cs1HsoN4O12: 985.57; found:
985.8.

Monomer 71. Synthesis of 32-O-(methyl) oxime 40(5)-azido rapamycin.

Me

Me OMe Me Me Me OMeMe Me O
H - >

Y ~N

HCI

NaOAc

MeOH

[00527] To a solution of 40(S)-azido rapamycin (820 mg, 0.87 mmol, 1 equiv) in MeOH
(20 mL) was added sodium acetate (0.286g, 3.49 mmol, 4.0 equiv) and methoxylamine
hydrochloride (0.292 g, 3.49 mmol, 4.0 equiv) at room temperature. After stirring overnight,
the reaction was diluted with EtOAc and washed with H2O, brine, dried over Na2SOs, and
concentrated to afford a white foam. The foam was purified by reverse phase chromatography
(1/4 to 9/1 MeCN/H:20, no TFA). The two separate £2/Z oxime isomers were isolated and
each lyophilized to white powders affording both the Z-oxime (510 mg, 60% yield) and the
E-oxime (190 mg, 22% yield). LCMS (ESI) m/z: [M + Na] calcd for Cs2Hsi1NsO12: 990.58;
found 991.0.
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Monomer 72. Synthesis of 32-0-(benzyl) oxime 40(5)-azido rapamycin.

¥

Me OMeMe Me O
= 5

Me OMe Me Me
A x =N

HCI
OMe H,N" "Bn

NaOAc

MeQOH

[00528] To a solution of 40(S)-azido rapamycin (1.05 g, 1.12 mmol, 1.0 equiv) in MeOH
(26 mL) was added sodium acetate (0.367g, 4.47 mmol, 4.0 equiv) and O-
benzylhydroxylamine hydrochloride (0.714 g, 4.47 mmol, 4.0 equiv) at room temperature.
The reaction was left for 2 days, at which point the reaction was diluted with EtOAc and
washed with H20, brine, dried over NazSOs4, and concentrated to afford a white foam. The
foam was purified by reverse phase chromatography (1/4 to 9/1 MeCN/H20, no TFA). The
two separate £/Z oxime isomers were isolated and each lyophilized to white powders to
afford both the Z-oxime (620 mg, 53% yield) and the £-oxime (130 mg, 11% yield). LCMS
(ESI) m/z: [M + Na] calcd for CssHssNsO12: 1066.61; found 1066.9.

Monomer 73. Synthesis of 32-0-(tert-butyl) oxime 40(5)-azido rapamycin.

Me OMeMe Me O §
B 5

X N
/Me

Me OMeMe Me

HCl
OMe H,N" “tBu

NaOAc

MeOH

[00529] To a solution of 40(S)-azido rapamycin (1.05 g, 1.12 mmol, 1.0 equiv) in MeOH
(26 mL) was added sodium acetate (0.367g, 4.47 mmol, 4.0 equiv) and 2-(aminooxy)-2-
methylpropane hydrochloride (0.562 g, 4.47 mmol, 4.0 equiv) at room temperature. The
reaction was stirred for 2 days, at which point the reaction was diluted with EtOAc and
washed with H20, brine, dried over NazSOs4, and concentrated to afford a white foam. The
foam was purified by reverse phase chromatography (1/4 to 9/1 MeCN/H20, no TFA). The

two separate £/Z oxime isomers were isolated and each lyophilized to white powders to
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afford both the Z-oxime (390 mg, 34% yield) and the £-oxime (70 mg, 6% yield). LCMS
(ESI) m/z: [M + Na] calcd for CssHg7NsO12: 1032.62; found 1032.9.

Monomer 74. Synthesis of 32-oxime 40($)-azido rapamycin.

Me OMe Me Me Me OMeMe Me (;)H

X 2N

HONH2*HCI
NaOAc

MeOH

[00530] To a solution of 40(S)-azido rapamycin (0.26 g, 0.27 mmol, 1.0 equiv) in MeOH
(6.5 mL) was added sodium acetate (0.092 g, 1.1 mmol, 4.0 equiv) and hydroxylamine
hydrochloride (0.076 g, 1.1 mmol, 4 equiv) at room temperature. The reaction was stirred
overnight, at which point the reaction was diluted with H2O (30 mL) and extracted with
EtOAc (2 x 40 mL). The organic phase was washed with 40 mL portions of H2O and brine
before drying with MgSOs and concentrating under reduced pressure to provide a colorless
oil. The crude material was purified by reverse phase chromatography (0—100%
MeCN:H20, no TFA). The two separate £/Z oxime isomers were isolated and each
lyophilized to white powders to afford both the major oxime isomer (110 mg, 42.7% yield)
and the minor oxime isomer (54 mg. 21.0% yield). LCMS (ESI) m/z: [M + Na] calcd for
Cs1H79N5012: 976.56; found 976.7.

Monomer 75. Synthesis of 32-O-(carboxymethyl) oxime 40(S)-azido rapamycin.

CO.H

Me OMe Me Me 9
~ . =N

(HZN,OVC02H> HCI

“'OMe )
NaOAc

MeOH

[00531] To a solution of 40(S)-azido rapamycin (1.22 g, 1.30 mmol, 1.0 equiv) in MeOH
(31 mL) was added sodium acetate (0.44 g, 5.4 mmol, 4.0 equiv) and carboxymethoxylamine
hemihydrochloride (1.1 g, 5.1 mmol, 4 equiv) at room temperature. The reaction was stirred
overnight, at which point the reaction was diluted with H2O (75 mL) and extracted with
EtOAc (2 x 100 mL). The organic phase was washed with 100 mL portions of H20 and brine
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before drying with MgSOs and concentrating under reduced pressure to provide a colorless
oil. The crude material was purified by reverse phase chromatography (0—100%
MeCN/H20, no TFA). The two separate /2/Z oxime isomers were isolated to afford both the
major oxime isomer as a clear colorless oil (51 mg, 3.9% yield) and the minor oxime isomer
(30 mg, 2.3% yield). LCMS (ESI) m/z: [M + Na] calcd for Cs3HsiNsO14: 1034.57; found
1034.8.

Monomer 76. Synthesis of 32(R)-hydroxy 26-O-(carboxymethyl) oxime rapamycin.

(HZN,O\/COZH) HCI

“'OMe )
pyreHCI

pyr

[00532] To a dry reaction flask was added 32(R)-hydroxy rapamycin (3.39 g, 3.70 mmol,
1.0 equiv) and carboxymethoxylamine hemihydrochloride (1.62 g, 7.40 mmol, 2.0 equiv),
followed by pyridine (18 mL) at room temperature. Pyridine hydrochloride (2.99 g, 25.9
mmol, 7.0 equiv) was added and then the reaction mixture was heated to 50 °C. After 1.5
days, the solvent was removed under reduced pressure and the semisolid material was
purified by reverse phase chromatography (15—90% MeCN/H20, no TFA) to afford the
product, a mixture of £/Z oxime isomers, as a white powder (1.51 g, 41% yield). LCMS
(ESI) m/z: [M + Na] calcd for Cs3HgsN2015: 1011.58; found 1011.6.

Monomer 77. Synthesis of 32(R)-methoxy 26-0-(carboxymethyl) oxime rapamycin.

0O._COzH
., -O_COH) Hel
‘OMe (HZN 2
pyreHCI

pyr

[00533] To a dry reaction flask was added 32(R)-methoxy rapamycin (118 mg, 0.127
mmol, 1.0 equiv) and carboxymethoxylamine hemihydrochloride (137 mg, 0.634 mmol, 5.0
equiv), followed by pyridine (0.59 mL) at room temperature. Pyridine hydrochloride (0.103
g, 0.888 mmol, 7.0 equiv) was added and then the reaction mixture was heated to 50 °C.

After 1.5 days, the reaction mixture was cooled to room temperature and added dropwise into
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H20 (25 mL) followed by cooling the mixture to O °C. The precipitated solid was filtered,
washed with H2O twice and dried to afford the product, a mixture of £/Z oxime isomers, as a
white powder (99 mg, 77% yield). LCMS (ESI) m/z: [M - H] calcd for Cs4HseN2015:
1001.59; found 1001.7.

Monomer 78. Synthesis of 32-O-(carboxymethyl) oxime rapamycin.

CO.H

Me OMeMe Me O
= 5
~ X 2N

(HZN,OVC02H> HCI

NaOAc

[00534] To a solution of rapamycin and O-(carboxymethyl)hydroxylamine
hemihydrochloride in MeOH is added sodium acetate. The reaction mixture is then stirred at
room temperature until full consumption of rapamycin, as determined by LCMS analysis. To
the reaction mixture is then added H2O and DCM. The layers are separated and the aqueous
layer extracted with DCM. The organic layers are dried over NaxSOu, filtered and purified by

silica gel chromatography.

[00535] Reference for preparation of the monomer: Zheng, Y .F.; Wei, T.Q.; Sharma, M.
2016. Sandwich assay design for small molecules. WO2016100116 Al. Siemens Healthcare

Diagnostics Inc., which is incorporated by reference in its entirety.

Monomer 79. Synthesis of 28-0-(carboxymethyl) ether rapamycin.

Me OMeMe Me Me OMeMe Me

1) Ag,0

2) AcOH/THF/H,0
(3:1:1)

[00536] Synthesis of the monomer proceeds first by the alkylation of C40-O-TBDMS
protected rapamycin with iodoacetic acid and silver(I) oxide and then desilyation under acidic

conditions with an acetic acid/THF/H20 solution.
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[00537] Reference for preparation of C40-O-TBDMS protected rapamycin: Abel, M ;
Szweda, R.; Trepanier, D.; Yatscoff, R W _; Foster, R.T. 2004. Rapamycin carbohydrate
derivatives. WO 2004/101583. Isotechnica International Inc., which is incorporated by

reference in its entirety.

Monomer 80. Synthesis of 40(R)-O-(carboxymethyl) ether rapamycin.

Me OMe Me Me

[00538] Synthesis of the monomer proceeds by the alkylation of rapamycin with

iodoacetic acid and silver(I) oxide.

Monomer 81. Synthesis of 32(R)-hydroxy 26-0-(1-butylamine) oxime rapamycin.

FmocHN\/\/\o,NHz

1. HCI in dioxane
pyr

2. NEt;, DMSO

[00539] To a solution of 32(R)-hydroxy rapamycin (1.0 equiv) and (9H-fluoren-9-
yl)methyl (4-(aminooxy)butyl)carbamate (5.0 equiv) in pyridine is added HCI in dioxane (7.0
equiv), dropwise over 1 min at room temperature. The reaction mixture is heated to 50 °C.
During the course of the reaction, additional (9H-fluoren-9-yl)methyl (4-
(aminooxy)butyl)carbamate (5.0 equiv) (1.0 equiv) and HCl in dioxane (5.0 equiv) are added
after the reaction is cooled to room temperature. The reaction mixture is again heated to 50
°C and stirred until consumption of 32(R)-hydroxy rapamycin. The reaction mixture is then
added dropwise into H2O and cooled to O °C. The resulting solid was filtered off, washed

with H20, and purified to afford product.
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Monomer 82. Synthesis of 32(R)-methoxy 26-0-(1-butylamine) oxime rapamycin.

FmocHN\/\/\O,NHZ

1. HCI in dioxane
pyr

2. NEt;, DMSO

[00540] To a solution of 32(R)-methoxy rapamycin (1.0 equiv) and (9H-fluoren-9-
yl)methyl (4-(aminooxy)butyl)carbamate (5.0 equiv) in pyridine is added HCI in dioxane (7.0
equiv), dropwise over 1 min. The reaction mixture is heated to 50 °C. During the course of
the reaction, additional (9H-fluoren-9-yl)methyl (4-(aminooxy)butyl)carbamate (5.0 equiv)
(1.0 equiv) and HCl in dioxane (5.0 equiv) are added after the reaction is cooled to room
temperature. The reaction mixture is again heated to 50 °C and stirred until consumption of
32(R)-methoxy rapamycin. The reaction mixture is then added dropwise into H2O and cooled

to 0 °C. The resulting solid is filtered off, washed with H2O, and purified to afford product.

Monomer 83. Synthesis of 40(S)-amino rapamycin.

Me OMe Me Me Me OMe Me Me

N N3 \ ~NH;
Me ‘OMe PPh, Me “OMe
THF
“Me “Me
[00541] Synthesis of the monomer proceeds by the reduction of 40($)-azido rapamycin
with triphenylphosphine.
Monomer 84. Synthesis of 16-furan 40(S)-amino rapamycin.
Me QMe Me Me Me OMe Me Me
: . wN3 A x wNH;
Me ‘OMe PPh; Me “"OMe
THF

362



[00542] Synthesis of the monomer proceeds by the reduction of C16-furan 40(S)-azido
rapamycin with triphenylphosphine.
Monomer 85. Synthesis of 16-methyl carbamate 40(5)-amino rapamycin.

Me OMe Me Me Me OMe Me Me

[00543] Synthesis of the monomer proceeds by the reduction of C16-methyl carbamate
40(S)-azido rapamycin with triphenylphosphine.
Monomer 86. Synthesis of 32-deoxy 40(R)-O-1-hexynyl rapamycin.

Me OMeMe Me Me OMeMe Me

x OH ™ 0\/\/\
tBu N\ tBu
Me' ‘OMe | Me' ‘OMe
S
Me
Tva\/\ —_—
DCM,0t023C

[00544] Starting with 32-deoxy rapamycin rather than rapamycin, monomer 86 can be
prepared following the procedure used to prepare monomer 1.
Monomer 87. Synthesis of 32-deoxy 26-O-(prop-2-yn-1-yl) oxime rapamycin.

Me OMe Me Me Me OMeMe Me

\ OH N OH
Me “OMe ““OMe
[
S N
N0 NH, HCI
HCI, pyr

dioxane, MeOH

[00545]  Starting with 32-deoxy rapamycin rather than 32(R)-hydroxy rapamycin, monomer

87 can be prepared following the procedure used to prepare monomer 6.
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Monomer 88. Synthesis of 32-deoxy 40($)-azido rapamycin.

Me OMe Me Me Me OMe Me Me

“’OMe Me

1. lutidine, Tf,0O
DCM, -10 C

—

2. BU4NN3
-10Ctort.

[00546]  Starting with 32-deoxy rapamycin rather than 32(R)-methoxy rapamycin, monomer

88 can be prepared following the procedure used to prepare monomer 68.

General Procedures and Specific Examples.

General Procedure 1: Coupling of an amine-containing active site inhibitor with azide

containing N-hydroxysuccinimide esters.

DMF, 23 °C (o]

o
. Et.N H .
R,NH2 . N \ﬂ/ s _ R \[]/ 3
o
(o]

[00547] To a 0.035 M solution of amine salt (1.0 equiv) in DMF was added V-
hydroxysuccinimide ester (1.25 equiv), followed by slow addition of triethylamine (3.5
equiv). The solution was allowed to stir at room temperature under N2 atmosphere until
consumption of the amine salt, as indicated by LCMS analysis. The reaction was
concentrated under reduced pressure and purified by chromatography on silica gel to afford

product.

Intermediate A1-1: Synthesis of 1-(4-(4-(1-azido-3,6,9,12,15,18,21,24-
octaoxaheptacosan-27-oyl)piperazin-1-yl)-3-(trifluoromethyl)phenyl)-8-(6-
methoxypyridin-3-yl)-3-methyl-1,3-dihydro-2H-imidazo[4,5-c]quinolin-2-one

o

W cr, o Moo AN ey
e P el

N NM Et;N N NMe
MeO—¢ ) = MeO—¢ =
— P DMF, 23 °C — P
N N

[00548] To a solution of 8-(6-methoxypyridin-3-yl)-3-methyl-1-(4-(piperazin-1-yl)-3-

(trifluoromethyl)-phenyl)-1,3-dihydro-2H-imidazo[4,5-c]quinolin-2-one (50 mg, 93.6 umol
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1.0 equiv) in DMF (2.67 mL) was added 2,5-dioxopyrrolidin-1-yl 1-azido-
3,6,9,12,15,18,21,24-octaoxaheptacosan-27-oate (65.4 mg, 116 umol), followed by slow

addition of triethylamine (46 puL, 327 umol, 3.5 equiv). The reaction was stirred for 12 h and

then concentrated under reduced pressure. The product was isolated after chromatography on

silica gel (0—5% MeOH/DCM). LCMS (ESI) m/z: [M + H] calcd for C47He1F3NoOn1:

984 .44; found 984.5.

[00549]

functionalized N-hydroxysuccinimide ester, the additional intermediates in Table 12 were

prepared.

Table 12. Additional azides prepared

Following the General Procedure 1, but using the appropriate amine salt and azide

Intermediate A1-5

Structure Molecular Calculated | Observed
Formula MW MW
cF, Ni/\o/\/o NN OO
GV
e ’N N\ QOMe [M + H] = [M + H] =
ng/(,)' C47Hs0F3NoO11 084 44 084.5
Intermediate A1-1
J{gr Oj}’\/\o/\ﬂ\/\o/\ﬂ\/\o/\ﬂ\/\m
i
e /N N\ OMe [M + H] = [M + H] =
9y ebs CasHs2bsNoQs | g6 39 8965
Intermediate A1-2
OTNHZ
N
NH,
H — —
N\ N OO O Ny [M+H]= [M+H]=
S ST e CuHesNuOs 70035 [ 7003
Intermediate A1-3
o NH;
X
NH,
H — _
N7 N OO 0. [M+H]_ [M+H]_
WS L g CoHaNIO7 | o6 33 656.3
Intermediate A1-4
NH,
CY
NH,
H — _
N7 N O O N3 [M+H]_ [M+H]_
Lo YT CrHNuOs | 61230 6123
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o ANH2

!
N
NH.

’ H — _
N7 N OO, [M+H]_ [M+H]_
S S T ”3 CosHasN1Os | 56 7 5683
Intermediate A1-6

OTNHZ
N
NH,
H — _
[ i\ N O~y ~Ns [M+H]_ [M+H]_
e S 1 CoHsNuOs 554 05 5242
Intermediate A1-7
[o]
N
I H’Q M+H]= |[M+H]=
Ni: ;UH\(\/O\/\O/\,O\/\O/\,O\/\O/\,O\/\O,\/NS C3sHs7N11010S g60 41 ] g60 2 ]
N I . .
Intermediate A1-8
[o]
N
NH, ﬁ’qu
H
N\ N o o o 4 M+H]= | [M+H]=
I N \n/\/ T i T T
kN NJ I C34H4oN110sS 772 36 772 3
Intermediate A1-9
'i),:ff'" nl(\’o\/\"’\’c’\/\"’\”\"o/\""/\"’\’"‘ C28H4sINoO [M+H]= |[M+H]=
WEUSLAD 1 78227 782.1
Intermediate A1-10
N&)j:\\'" R O e o L N NP
e C28H49N9O9 M+H]= | [M+H]=
656.37 656.3
Intermediate A1-11
"l)NI:,N Nlr\,o\/\o/\/O\/\o/\/O\/\o/\/m NSO [M n H] _ [M n H] _
Ha 568.32 568.8
Intermediate A1-12
NH,
CY
NMe,
H — _
N\ N > NP NN N o) 0. N, [M+H]_ [M+H]_
(7 N\'N\j ) o o NN O~ | C37H57N11010 R16.44 R16.4
Intermediate A1-13
0\‘(NHZ
N
NMe, M+ H]= M+ H]=
O CaaHlisNuOs [728.38 ] 528.3 ]

CXh i
N~ N o]
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Intermediate A1-14

HQ

NH, \-NH
N7y H 0. 0. + = + =
(e "U YOO OGN O C36H54N10010 [71;/[7 4?] [71;/[7 SH]
Intermediate A1-15
HO
NH, N-NH
N H + = + =
Lol (Yoo oo CrHiNioOs 2\9/[9 3?] 2\9/[9 2H]
Intermediate A1-16
O_|5N|1z
N7y N H C. o 0. 0. 0. Ny —+ = =
. "Lj | A A At S CssHs3sH11 010 [71;3/[8 411_1] [71:3/[8—21_1]
Intermediate A1-17
. N
NH, ¢
N = + = + =
» W C35Hs3N1109 [M = H] [M =+ H]
N UN\H/\/O\/\O/\/O\/\O/\/O\/\O/\/O\/\O/\/M 772 .41 7723
o]
Intermediate A1-18
N
4 VooH C31H4sN11O7 [61;3/[4 3?] EM H]
N N’N N\n/\/o\/\o/\/o\/\o/\/o\/\o/\/N:; . 843
Kj o
Intermediate A1-19
O._NH,
NH, E/
N N\ _ _
} Me [M+H]= |[M+H]=
s @NY\/°\/\0/\/°\/\0/\/°\/\0/\/°\/\0/VN3 CreHssNuOw | g5 45 802.2
o]
Intermediate A1-20
OW/NHZ
N
N
+H]= +H] =
«N/ Y Z‘e o o o N, | C32Ha7N1Os (M + H] (M + H]
U \n/\/ \/\o/\/ \/\o/\/ \/\o/\/ 3 71437 7143
o]
Intermediate A1-21
HZN\NWO
[ J’- = + =
H2NN » /\’E‘\/C/NJJ\/\O/\/O\/\0/\/0\/\O/\/O\/\O/\/o\/\N3 C35H5 INIIOIO ’|:71\8/‘[63 ;_I] ’[7]‘\8/‘[64H]
NN

Intermediate A1-22
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\“/O
N
(o]
M+H]= +H] =
-y \\'EVE"J\A“\/O\/\“\/O\/\“\/O\/\M C31HusN1Os 298.34 ] 2\9/[8.3}1]
\=N
Intermediate A1-23
OT(NHZ
N
HN + = + =
N N o C36Hs3N11010 EEJ/IO 4?] EEJ/IO 3H]
‘%N NLC"IJ\/\O/\/O\/\O/\/O\/\O/\/O\/\O/\/O\/\M : :
Intermediate A1-24
NH,
o
N
H,N
+ — =
N2 C32HasN110s (M + H] (M + H]
< i N o 712.35 7123
N N\\QJ\/\O/\/O\/\O/\/O\/\O/\/O\/\m
Intermediate A1-25
HZNTO
N.
(o]
+H]= +H] =
r /\EQMO/\/O\/\O/\/O\/\O/\/O\/\O/\/O\/\M C37H55N11010 5\1/14451] 5\1/14.31_1]
Y
Intermediate A1-26
HZNYO
N
[o]
- J\/\ AN A0S SO [M + H] = [M + H] =
M E\/O o o o N; | C33H47N110s 72637 7263
Non
Intermediate A1-27
O._NH,
NH, E/
(7 N\
A\
N=y N [M+H]= |[M+H]=
K@yH C39H53N11010 836.41 8363
NY\/O\/\O/\/O\/\O/\/O\/\O/\/O\/\O/\/Ns
o]
Intermediate A1-28
OW/NHZ
N
{
N [M+H]= |[M+H]=
CasHusNuOs | 744 35 7482

H

K<)\/ N\[(\/o\/\o/\/o\/\o/\/o\/\o/\/ N
(o]

Intermediate A1-29

368




0.

NH.
w/z

NH, N
NN
Gl N [M+H]= |[M+H]=
N’ - -
m C41H55N11010 862 47 862 3
N NG N P S * PN . NP,
\cr)(\/ o] 0 o] o]
Intermediate A1-30
OW,NHZ
N
N
{
N [M+H]= |[M+H]=
KQG CoHaNuOs | 57 37 7743
N 0\/\0/\/0\/\0/\/0\/\0/\/N3
T
Intermediate A1-31
(o]
CF, (\NJ\/\O/\/O\/\O/\/O\/\O/\/O\/\N,,
i /©/N\) [M+H]= |[M+H]=
N Na C47H51F3NgOs B a
@ ~ O 91339  |9133
SN
Intermediate A1-32
(o]
e ﬁNi?Au*AON°w°N°w°N°“Ns
5 O [M+H]= |[M+H]=
Y . CasHs57F3N1209 1003 .44 1003 .4
= f\—~OMe
Z{b&
Intermediate A1-33
HZNWNI’O
(o]
N, SN NJK/\Q/\/0\/\0/\/0\/\0/\/0\/\0/\/0\/\N3 [M+H]= [M+H]=
N\:‘ NWN\) C39H54N 14010 879 47 8793
Intermediate A1-34
HZNN/ A\
)n . CssHeoFN7O13 | [M+H]= |[M+H]=
OJ me I 6,58/\qu\/\0/\/0\/\0/\/0\/\0/\/0\/\0/\/0sz S 934 41 9343
Intermediate A1-35
HZNWNTO
AN e AN M+ H]= M+ H]=
H;’S:f‘\/\/\“i/\o/\/N‘;\/\o/\/o\/\o/\::g\/\o/\/o\/\o:g\/\oz\/o\/\oj C67H117N11026 [1 49283] [l 4928 ]

=N

Intermediate A1-36

General Procedure 2: Synthesis of a bivalent rapamycin analog via Cu-catalyzed

cycloaddition.
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1M CuSO,
1M sodium ascorbate

MeOH
0-23°C

[00550] To a 0.005M solution of alkynyl modified rapamycin (1.0 equiv) in MeOH was
added the organoazide reagent (1.25 equiv) at 0 °C. 1M aq. CuSOs (3.7 equiv) was added to
the reaction, followed by slow addition of 1M aq. sodium ascorbate (5.0 equiv). The reaction
was allowed to stir from 0 °C to room temperature, until consumption of alkyne, as indicated
by LCMS. The reaction mixture was concentrated under reduced pressure, diluted with
DMSO, H:O, and formic acid, and purified by reverse phase HPLC to afford the product after
lyophilization.

Example 1: Synthesis of Series 1 bivalent rapamycin analog.

Me OMe Me Me

1M CuSO,
1M sodium ascorbate

H 0‘/¥3N3 MeOH
N °
P ) N\\(\x 023°C

=

“Me Example 1

[00551] To a solution of Monomer 1 (125 mg, 125 umol, 1.0 equiv) in MeOH (25 mL)
was added A1-17 (118 mg, 150 umol, 1.25 equiv). The reaction was cooled to 0 °C and 1M
aq. CuSOs (462 pL, 462 umol, 3.7 equiv) was slowly added, followed by dropwise addition
of IM aq. sodium ascorbate (625 mL, 625 umol, 5.0 equiv). The reaction was stirred under a

N2 atmosphere from 0 °C to room temperature for 12 h. The reaction was then concentrated

under reduced pressure, diluted with DMSO (3 mL), H20O (600 pL), and formic acid (30 uL.)
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and purified by reverse phase HPLC (10—40—65% MeCN + 0.1% formic acid/H20 + 0.1%

formic acid). Lyophilization of pure fractions provided product as a white solid (78.4 mg,

35% yield). LCMS (ESI) m/z: [M + H] calcd for Co2Hi140N12023: 1782.02; found 1781.8.

[00552]

rapamycin and organoazide, the Series 1 bivalent analogs in Table 13 were synthesized:

Table 13. Series 1 Bivalent Analogs

Following General Procedure 2, but using the appropriate alkynyl modified

— Molecular Calculated | Observed
ructure Formula MW MW
HZN?‘ro
f OV\/rNM V\OMV\O’\/O\/\O’\’O‘/\OJ_NH N :NHJ:
"OMe N ;TN M + H = M + H =
CoaH140N 12023 [1782 02] [1781 8 !
Example 1
Me OMe Me Me
H . 0. N,
\/\/\E.\'N NN
Me 0 Sme N\/\o/\/°\/\o/\/°\/\o’\)?\u{:'\\ : &
| [M+H]: [M+H] =
g CssHi2sN12020 1649.94 1650.0
Example 2
H2N, ' o
F . I 0\/\/\[’::’" . NH;
e e AN SO SO SO N N Z N
0 ° o T CssHi32N 1,0 IM+H]= | [M+H]=
1 8811132IN12W21
N 1693.97 1694.0
Example
M H IIIO\A/\E":}N " | NHp
. ome V\o~°V\o’\/°\/\°’\’°‘/\°No\/TNC}; oS M+H]= M +H] =
CssHi3sIN10022 [1775 89] - [1775 9 17
Example 4
e OMe \/\o/\/0\/\o/\/o\/\o/\/o\/\o’\’o\/ﬁcl’'q N~; :NJN M+H M+H
+ = + =
CssHi36N10022 [1649 99] [1649 7 ]
Example 5
~ N 'l'ov\/\m':?‘ " NH;
\/\o/\/\/\o’\/\/\o”\"/\(r)rcu o Co HieNo O [M+H]= | [M+H]=
81I1128IN10W20
1561.94 1561.9
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Example 6

o---\(:H2
Me OMeMe Me N\;\ \"iN
‘ o\/\/\E::,N N M n H _ M n H _
e o VAN OGN OGN OO CosHigoN 1202 [179 4 02] [1793 9 |
Example 7
o
Me OMeWMe Me N\;\ \N'N
~ x 0. N, N
we "'o;e/\/\[ Nf/\ A OGO GO d CisHi13N12021 [M+H]= [M +H] =
o o o \/ﬁg 1705.97 1705.8
Example 8
Me gMeMi Me o/\/l>
N o M+H]= |[M+H]=
h NS Co3sH142N 12024 [
\_o\/\o e 1812.03 1811.8
Me _\,o\/\o’\/oq N_o
Example 9
Me gMe Mi Me o/\/o
Me “OMe N;N N/’_N\ N/
> = M+ Na]= | [M+Na] =
o '\/\){@ ColisNiOz |, o™ T
o o 0 ’ ’
NNo~ 0 N=<(
Example 10
ol = =
. M+ H]= M +H]=
Qg CutiPNuOs | Yo od ™ | o770
° { N; N—<:Me
fN ]
Example 11
M+ H]= M +H] =
CulNsOn | Yool ™ | ez
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Example 12
Me OMeMe Me Me
N L OH
‘OMe
[M+H]= |[M+H]=
w CssHiziN13021 168297 | 1682.7
1
N
NH, o/°
H
ol
Example 13
Me OMeMe Me Me
- PN O OH
‘OMe
[M+H]= |[M+H]|=
o Nz CosHiaiN10z1 1682.97 1682.9
X
NH, oS°
H
[ N
lN/ N\'N\j f
Example 14
[M+H]= |[M+H]=
o CssHiNBO2 1682.97 1682.9
N
NH, 0/"°
H
)
NlN/ ;UN\(
Example 15
M+ H]= | [M+H]=
& CraHaN10w 1594.91 1594 8
NH,
H
[N i\ N
lN/ N\'N\j f
Example 16
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M+H]l= M+ H]=
CooHi39N13023 [1771 ()2] [1770 8 !
M+H]l= M+ H] =
CosH140N12023 [1818 02] [1818 8 ]
Example 18
Me OMeMe Me ZNN' .
> "° W L
e “OMe N\,\o 0. - 0. o 0. n N7 @
SOAAOAARS S§ [M+H]= | [M+H]=
CoitH 35N 1209; 1729 97 1730.9
Example 19
Me OMe Me Me
~ RN
M+H]l= M+ H] =
CosH13sN16020 [1860 043 [1860 05]
M+ Nal = M + Na| =
CosHi34N 16019 [1837 99a] [1837 9 *

Example 21

374




M+ H]l= M +H] =
CosHi30N 16013 [1771 98] [1772 05]
Example 22
Me OMe Me Me
H N O.
N\NrN
/—5‘]\
OH
i M +Na] = | [M+Na] =
= . CooHi140N16021 1912.03 1912.7
o _ 2
o
M + Nal = M+ Nal =
Co7H136N16020 [1868 ()()a] [1868 7 ?
M + Nal = M+ Nal =
CosHiz2N 1601 [1823 98a] [1823 6 §
Example 25
Me (:)Me Me Me
H o)
" "bm?
.
N
N
=I= M+ H]l= M +H] =
8 o=$=0 CorHi36N 160218 [1893 98] [1894 1 !
4
QN‘N N/\=’; NH;
0-~_-0. HN’\/\/N\N/
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Example 26

Me OMe Me Me

Example 27

CosHi3oN 160208

[M +H] =
1849.96

[M +H] =
1850.0

Me OMe Me Me

Example 28

Co3sHi2sN16016S

[M +H] =
1805.93

[M +H] =
1806.0

Me OMeMe MNe
~ .

Example 29

CooHi37N 19019

[M + Na] =
1919.03

[M + Na] =
1919.6

Me OMe Me Me
~ Y

Example 30

Co7Hi133N 19018

[M + Na] =
1875.01

[M +Na] =
1875.0
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[M+Nal = | [M+Na] =
CosHi20N 10017 183098 1830.9
Example 31
Me OMeMe Me n=N
H w N Z
Me ‘OMe
f S
N\rN
+H] = =
N
> bR . Ci00H139N 15029 192704 1927.1
<i ; \ N _\ NH,
0\/\0 HN/\/\/N v
_\,o\/\o,\,oq b=
NH,
Example 32
Me OMe Me Me ,'“=N
H . RUN
[M+Nal = | [M+Na] =
CosH135sN 15019 1905.02 1904.8
[M + H] = [M + H] =
CocHi31N 19015 1839.00 1839.1

Example 34
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Me OMeMe Me
~ Y

Me “OMe
1 S
N. 2N
Y
N.
() [M+H]= | [M+H]=
N CosHi131N 190198
Me /_gs'oz 2 1886.97 1887.1
N‘;‘N HN/\/\/N~ ’
o\/\O/\/O\/\lof =
NH,
Example 35
Me OMeMe Me y=N
A N
Me “OMe
1 S
N.2N
EI]
[M+H]= |[M+H]=
e L, CosHiNwOwS | 015 o4 18432
/=§ N’_\ NH,
N, N p
g HN/\/\/NW
o
[o] N=
NH;
Example 36
Me OMeMe Me y:”
A X WNZ
Me “OMe
1 S
N.2zN
ETJ
[M+H]= |[M+H]=
e /_éioz - CorHizsN190208 1916.98 1917.1
N )N,
NW_,,N " PR N
R e PN i N_O
NH,
HZNETO
© [y o, o o. o. N N
ON\/\O/\/\/\O/\/\/\O/\/\/ILN \NJ NG [M+H]= [M+H]=
9311411\ 1324
1825.03 1825.0
Example 38
Me 9Me Me Me HZNETO
~ XN 0. N,
[ N NH,
Me "'OmN\,\o/\,o\/\o/\/O\/\o/\ﬂvjrn 1T
U [M+H]= |[M+H]=
CosHi33N 13022 1736.98 1737.0

Example 39
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N
W
3 N
H
NH;

o
oA, A O GO G GO g~ A

e,
e, =N ) X
"oMe Ny (JN "

M+ Hl= M +H] =
CosH14aN 12028 [1854 03] [1853 8 ]
S
OVV\E':;:N H ) NH;
H OMe A g e N T e e ¢ : I
\/\ELN g [M+H]= [M +H]=
Co1H136N120218 1765.97 1765.9
(J
N + = + =
CosH141N11023 [11\7/[81 {){3] [11\7/[81 {){]
o HN 7
( \/\/\N/::lN/\/O\/\O/\/O\/\o’\/O\/\o’\)LNH 4 : JN
OMe L "’ CssHi33N11021 [11\6/[9—5 518] B [11\6/[9—5 gl] )
Example 43
M+ Hl= M +H] =
CrooHi39F3N10022 [1890 01] [189() 0 ]
M+H]2=|[M+H]=
Cio7H147F3N 10024 [1007 ()3]/ [1007 0 ]

Example 45
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Me OMe Me Me

Me'
N§r|N
N
J
“nte o M +H| = M H=
" f CosH133N 16019 [1813 99] []8]3 9 ]
NL/—f N N/\= b} NH,
O\Ao’\/o\/\erN/\/\/N\N/
) )
=
NH,
Example 46
Me OMeMe Me
PN 0" E
Me “OMe
7
Nﬁ/N
®
N
: M+H]l= M +H] =
e 0 CosH128N 16015 [1769 97] []77() 1 ]
Ni ﬁN N/\=’; Nz
O TSN
) \/ﬁof
N
NH,
Example 47
N
Me (E)Me Mi Me T‘N /
Me ‘OMe
’Y'
@
N
: M+H]l= M+ H] =
e ° CorHi51N19018 [1851 0 ] [1851 0 ]
Nl—ﬁ N N/\= '; NH;
OV\O/\/O\/\‘(HN/\/\’N‘N/
) 0
b=
NH,

Example 48
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[M + H] = [M + H] =
CosHi27N 16017 1806.97 1806.9
Example 49
[M + H] — [M + H] =
CsoH137N 13043 1757.00 1756.9
~
Ny :2_/_0
0 2l
HZN—(I';
Example 50
[M + H] = [M + H] =
CssHi29N 13021 1668.95 1668.9
o b;’jN NH
Example 51
Me OMe Me Me
N OH
OMe
[M + H] = [M + H] =
0 0/_/ Co7H136F3N11 022 1864.99 1864 .9
N
N
e, §
C} N OMe
~N =
\/
N
Example 52
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LAY
\,\
o M r H - M ; H )
— . Oy | CoHizoNpOng [1783 01] [1782 9 !
HNI\/\’N{‘\ \\NH;
Example 53
AT S oSN
o
"o o * | CoHizsN 1O Doyt e
T 90I1135IN 12022
SN d 1735.98 1735.8
"'Me N’\:N
Example 54
e ?MeMi e o /N_/—\——\
. “'OMe NN 0—\_0
o
o\"\ [« e} M + H - M + H -
L ™| CooHisNiO [1710 oo] [1709 9 !
’\——\—NIN‘ NH; . |
“Me N'\;N
Example 55
Me gMeMe Me _ NI \’\
N=N ol\—o
\,/\
0’\_{0\’\
el M+H]= |[M+H]=
0’\_/<N ‘:’A\FNM2 C92H138N12023 178001 17798
Q,N/N\ NH,
Example 56
_l’_ = + =
CssHi30N 12021 [11\6/[91 516] [11\6/[91 ?]
M+H]l= M+ H] =
.| CosH14aN 12023 [1810 05] [1810 0 ]
Example 58
le ;Me i e o - NIO\’\
e "’oMeMe Me N=y 0’\,0
o
S [M+H]= |[M+H]=
o~_§ ™ | CooHi3eN12021
SN . 1722.00 1722.0
7 X

Example 59
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M + H — M + H =
CssH127N 1302 [1694 93] [1694 8 ]
:,)—NH2 . .
N N—NH
Example 60
gre AN
M + H — M + H =
CooH135sN 13024 [1782 98] [1782 9 !
M+ Hl= M +H] =
CosH137N 1502 [1853 ()1] [1853 2 !
Example 62
N—Nﬁo
NS\
Me (?)Me Mi Me/g OH\\\O-\_O
Me 'OMe \jo
o
—
M+ Hl= M +H] =
°‘\_0L>F CroHi3sN1302 [1754 99] [1754 9 ]
Me ¢ N\H\\\\
N \sr N
b ees)
Example 63
H2N4<\z N
HN \\N\ﬂ\JNH
NN o)/’\,o
\,\
Ol\_o\_/\
g [M+H]= | [M+H]=
\,_,\
Co1Hi141N 13023 1785.03 1785.4
Example 64
quzz o N
%N/\/\’ Yo ~
) \N_// o o) O,
M + H — M + H =
Cs7Hi33N 13021 [1696 98] [1696 9 !

Example 65
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At RN
N=N' o_\_.o
\__\
0—'\_0
/ N — —
& [M+H]= |[M+H]=
O . CuosHaaFsNis02 1 997 06 1997.3
MeO, 1 N Y 0
Example 66
Me OMeMe Me
H x 0. = Io
e OMe e \/\0’\—0
\.,\
0‘\40
Mo 0
e M+H]= |[M+H]=
Cd gn | CrosHissFNsO2n [1907.00 1906.7
Example 67
Me* kS "':mNI \—\0_\—0
\_\
AN o [M+H]= |[M+H]=
RN CasHi:2N12020 1677.98 1677.9
e N’\:N NH
- NIo\ﬂ
N=y RN
H
0’\40
T _ M+H|= |[M+H]=
H"“/S‘lk | CoHueNeOn 6603 | 1765.9
Example 69
General Procedure 3: Synthesis of a bivalent rapamycin analog via Cu-catalyzed
cycloaddition.
Me OMe Me Me Me OMeMe Me
A X OH 2 \ OH
Me' “'OMe Cu(MeCN),PFg Me' ‘OMe
N, TBTA
+ R _— =
3 DMSO = Nz
e — T <)

—td

[00553]

compound, as allowed.
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In the above scheme, “-spacer-=" is meant to be in any appropriate position on the




[00554] To a 0.01M solution of alkynyl modified rapamycin (1.0 equiv) in DMSO was
added the organoazide reagent (2.0 equiv). To the reaction was then added
tetrakis(acetonitrile)copper(I) hexafluorophosphate (2.0 equiv) followed by TBTA (4.0
equiv). The reaction was allowed to stir until consumption of alkyne, as indicated by LCMS.
The reaction mixture was then diluted with DMSO and formic acid, and purified by reverse

phase HPLC to afford the product after lyophilization.

Example 70: Synthesis of Series 1 bivalent rapamycin analog.

Cu(MeCN),PF
TBTA

DMSO

“Me Example 70

[00555] To a solution of Monomer 44 (20 mg, 19.7 pmol, 1.0 equiv) and A1-19 (26.9 mg,
39.4 umol, 2.0 equiv) in DMSO (1.96 mL) was added tetrakis(acetonitrile)copper(I)
hexafluorophosphate (14.6 mg, 39.4 umol, 2.0 equiv) followed by TBTA (41.8 mg, 78.8
umol, 4.0 equiv). The reaction stirred for 3 h and was then diluted with DMSO (2 mL) and
formic acid (1 mL) and purified by reverse phase HPLC (10—40—95% MeCN + 0.1%
formic acid/H20 + 0.1% formic acid). Lyophilization of pure fractions provided product as a
white solid (11.7 mg, 35% yield). LCMS (ESI) m/z: [M + H] calcd for CsoH136N12020:
1694.01; found 1694 .4.

[00556] Following General Procedure 3, but using the appropriate alkynyl modified

rapamycin and organoazide, the Series 1 bivalent analogs in Table 14 were synthesized:

Table 14. Series 1 Bivalent Analogs

Structure

Molecular
Formula

Calculated
MW

Observed
MW
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[M+H]= | [M+H]=
CsoHi36N 12020 1694 01 1694 4
[M + H] = [M + H] =
CosH142N12024 1824.03 1824.1
CiosH14sF3N11Oos [1010.543/ [1010,3 I
Example 72
Me OMe Me Me
A 0 < N__/—o\"\
Me' "'om 0"\‘0
\_,\
0‘\'0
o [o]
' M +H]l = M+ H]|=
Qg | CnHuoFsN1L O [1933.02] [1933.0 !
MeO. > o]
WA
NN Me
Example 73
[M + H] = [M + H] =
CooH134N 12021 1719 99 1720.0
[M + H] — [M + H] =
Ci00H148N 12025 191808 1918.0

Example 75
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on [M+H]= |[M+H]=
:; o CocH141N11023 1817.03 1817.2
T,
ok
Example 76
e O ei ESDM&e DW\@,NI A
[M + H] = [M + H] =
s oow | ColiuNRO2s 964 5 1798 4
“Me ’\/\’N’N\ NH,
Example 77
Fal D
) M +H]l= M+ H]|=
Cio1H144F3N 11024 [1953.041 [1953.] ]
Example 78
Nj\'N
" K
N/\\ o)’\,o Me OMeMe Me
[M+H]= | [M+H]=
CsoHi37N 13022 174101 1741.1
Example 79
[M + H] = [M + H] =
CssHi20N 13020 1652.96 1652.9
[M + H] = [M + H] =
CosHi141N 13023 1809 03 1809.0

Example 81
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[M + H] = [M + H] =
CosH144N 12022 1782.06 1782.1
Example 82
[M + H] — [M + H] =
.| CosHiaaN12023 1796.04 1796.05
Example 83
?MeMi Me o P __/_
Me' "'omN \,\0’\—0
\’\
"o [M+H]= | [M+H]=
o P o»’NH’ - )
M f CooHiaNp02 11507 g9 1708.0
"'Me Nl\:N .
At O
Ny 97 o
\/—\
RN
o
0\—/\ . e [M —+ H] = [M + H] =
o =
uHN%{ 5 CostaoN202 1 g3 05 1829.9
N N
Example 85
;MeMi Me o /NIO
Me! "’om \’\0’\'0
\/\
o‘\—o\’\ NH,
o~\_{ wA CorH 13N 1,0 [M +H] = [M+H]=
Q 2B N0 1741.97 1741.8
Me N’Nl /\N Nz
Example 86
N4\IN
[M + H] = [M + H] =
CosHi39N 13023 1831.02 1830.7
Example 87
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M +H]l = M+ H]=
CosHiN 1023 [1856 043 [1856 0 !
M +H]l = M+ H]=
CoaH134N1202; [1767 99] []767 9 ]
Example 89
M +H]l = M+ H]=
CoyH14oN12023 [1808 041 []8()8 1 ]
Example 90
e Q le i e o /NIO\’\
Me 'OMe NN 0’\,0
\_,\
Na_ M+H M+H
o) 2 + - )
Q’ rjo‘)'"”’ CooH13aN 1202, [1719 99] [1719 8 !
Me N'N, /\N "
Example 91
M +H]l = M+ H]=
CooH146N12023 [1872 07] [1871 9 !
"
Example 92
P2
= O\
; M +H]l = M+ H]=
- CssH130N 12091 [1667 96] []667 8 ]
Example 93
Nj\IN J,//N)/\,o
H,N N °© e
/g: °\-o
; M +H]l = M+ H]=
. CooH13sN12023 [1756 01] []755 9 ]




Example 94
Sy i : 0 /NIO\’\
Me OMe NN o’\_o
\,\
O"’\—o
\__-\
O‘\_‘o
: o~ ¢ M +H] = M+H]=
n O CosHi141N 15023 [1873 043 [1873 1 ]
o
HZN—</Z:©/“\Q;)
Example 95
e %0 :MVVY\I \—\o—\—o
\__\
9o
\,-\
LAY
Mo o
M SN
A [M+H]= | [M+H]=
b Ci00H147FN5026S 1928 02 1928.3
o Nﬁo
N\//
Example 9
e lE)MeMe Me _ NIO\___\
N=p 0_\_0
\,-\
o\,
\__\
"¢
\__\
oo
\__\
o
. M +2H]/2 | [M+2H]/2
CN I-? Cr24Ha04N 12039 [= 1244 2]2 [= 1244 3]
Svls! - | |
ﬁ-u\ﬂ /J,_/'o
WL rj./"’
"\ ¢
\_._\ e}
SN
Example 97
e
Yo Quete ¥ /EH; 0 - N/vowo/\/o\/\o/\/‘)wo/\/‘)\/\o/\)iN/\/ngwz
) e e § (h COHANAO [M+H]= [M+H]=
,, 92H 14214022 1796.05 1796.0
o4
Example 202

General Procedure 4: Extension of amino-terminal peg unit by reaction with a cyclic

anhydride to prepare Intermediates B1.

Q ) o)
NEt;
O 0 - . )L(\* O
H2N'<\/ >\/\N3 + ?:r):o om oz MO ?\)J\N Ns
q -, b H q

Intermediates B1
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[00557] To a reaction vial was added the amino-peg-azide linker section (1.0 equiv)
followed by DCM, such that concentration of this reagent was 0.27 M. The cyclic anhydride
(1.09 mmol, 1.0 equiv) and trimethylamine (0.1 equiv) were sequentially added to the
reaction solution. The reaction vial was capped and stirred at room temperature overnight.
The resulting reaction mixture was concentrated under reduced pressure to yield a colorless
foamy residue. Purification by silica gel chromatography provides the desired Intermediates
B1.

Intermediate B1-1: Synthesis of 1-azido-13-0x0-3,6,9-trioxa-12-azahexadecan-16-oic
acid.

o NEt,

(o]
O,
HZN/\/O\/\O/\/O\/\N3 . \l\;)zo R — HOY\)LN/\/O\/\O/\/O\/\N;;
DCM, 23 °C o H

[00558] To a reaction vial was added 2-(2-(2-(2-azidoethoxy )ethoxy)ethoxy)ethanamine
(250 mg, 1.09 mmol, 1.0 equiv) followed by DCM (4 mL). Dihydrofuran-2,5-dione (109 mg,
1.09 mmol, 1.0 equiv) and trimethylamine (11.0 mg, 109 umol, 0.1 equiv) were sequentially
added to the reaction solution. The reaction vial was capped and stirred at room temperature
for 18 h. The reaction mixture was concentrated under reduced pressure to yield a colorless
foamy residue. Purification by silica gel chromatography (0—5% MeOH/DCM) provided
the product, 1-azido-13-0x0-3,6,9-trioxa-12-azahexadecan-16-oic acid, as a colorless oil (250

mg, 72% yield). LCMS (ESI) m/z: [M - H] calcd for C12H22N4QOs: 317.15; found 316.8.

[00559] Following the General Procedure 4, but using the appropriate cyclic anhydride and

amino-peg precursor, the additional Intermediates B1 in Table 15 were prepared.

Table 15. Additional carboxylic acid linker Intermediates B1 prepared.

Structure Molecular Calculated Observed
Formula MW MW
o
Ho\n/\)j\ AN
o H ° " C12H22N4Os [M - H] = [M - H] =
317.15 316.8
Intermediate B1-1
o
N o) (o] _ _
o H C14H26N4O7 [M-H]= M - H] =
361.17 360.8
Intermediate B1-2
H
m C13H24N4Os [M-H]= [M - H] =
331.16 330.8

Intermediate B1-3
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H
HO. N O, (o)
\n/\/\n/ NN N NN \/\N3 _ _
° o C15H28N4O7 £1\7/[5-1}91] B £1\7/[4_8H] B
Intermediate B1-4
0
Ho\n/\/\)l\H/\/O\/\O/\/O\/\NS (M - H] M- H]
© CraHaeNiOs | 545 19 344 8
Intermediate B1-5
0
HOMH/\/O\/\O/\/O\/\O/\/Ns M -H] = [M - H] =
© Ci6HoNi07 | 369 20 388 8
Intermediate B1-6
0
HO\n/\)L AN AN AN O [M+H]= [M+H]=
N ° ° Ns | C16H30N4O
H 16H30N40g
o] 40721 407.1
Intermediate B1-7

General Procedure 5: Coupling of an amine-containing active site inhibitor with
intermediates B1 to prepare Intermediates B2

H

, EDCI, HOBt .

_NH30,CCF; HO._R . rRNNR
R e ¢ hig
) DIPEA, DMF )

23°C

[00560] Toa 0.18 M suspension of carboxylic acid (1.0 equiv) in DMF was added amine
salt (1.0 equiv), HOBt hydrate (1.2 equiv), diisopropylethylamine (2.5 equiv), and EDCI HCI
(1.2 equiv). The reaction was stirred at room temperature under N2 atmosphere for 14 h and
then concentrated under reduced pressure, and the resulting residue was azeotroped with

toluene (3x). Purification by chromatography on silica gel afforded the product.

Intermediate B2-1: Synthesis of N1-(4-(4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]|pyrimidin-1-yl)butyl)-N4-(2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethyl)succinamide.

NH, NH,

at at 0/Ns
N o EDCI, HOBt N S~
NH, + HO. AN O 5 &. NH, 2 s~
NS, ﬁH3° I(\)LN © N DMF NN H{\)LN
e, 5 5
[00561] To a suspension of 1-azido-13-0x0-3,6,9-trioxa-12-azahexadecan-16-oic acid (116
mg, 364 umol, 1.0 equiv) in DMF (2 mL) was added 5-(4-amino-1-(4-aminobutyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]oxazol-2-amine, TFA salt (164 mg, 364 umol, 1.0

equiv), HOBt hydrate (66.7 mg, 436 pmol, 1.2 equiv), diisopropylethylamine (157 pL, 909
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umol, 2.5 equiv), and then EDCI HCI (83.5 mg, 436 umol, 1.2 equiv). The reaction mixture

was stirred under N2 atmosphere overnight at room temperature. The reaction mixture was

concentrated under reduced pressure removing as much of the DMF as possible and then

azeotroped with toluene three times. Purification by silica gel chromatography (0—20%

MeOH/DCM) provided the product, N1-(4-(4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl)butyl)-N4-(2-(2-(2-(2-azidoethoxy )ethoxy)ethoxy)
ethyl)succinamide, as a tan colored gummy solid (58 mg, 25% yield). LCMS (ESI) m/z: [M

+ H] calcd for CasH3sN1206: 639.30; found 639.2.

[00562]

linker section from Table 15, the Intermediates B2 in Table 16 were prepared.

Table 16. Additional active site inhibitor containing Intermediates B2 prepared.

Following General Procedure 5 above, but using the appropriate carboxylic acid

Structure Molecular Calculated | Observed
Formula MW MW
NH,
& 0/"Ns
N \/\o/\/
§ Hw(\SL ~ [M+H]= |[M+H]=
A H o o
NI ) \UN C28H38N1206 639 30 6392
N N (o]
Intermediate B2-1
oNH2 S~
j( 0/0
N o/\/
NH, 0 N/\/O\/\ [M+H] [M+H]
H = =
I ”W(\)LH CaoHNRO7 | fe5 34 683.2
N N\\j 0
Intermediate B2-2
NH, N3
X o~
N s
H
NH, N O
: [M+H]= |[M+H]=
N NM C290H40N1206
N
IkN, N;\; Y 653.33 6533
Intermediate B2-3
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o\‘(NHz /\/o\/\Ns
N /\/of 0
N0 [M +H] [M + H]
+H]= +H]=
1 P ’:\\j ‘(\/\( CHuNLO7 | (o7 35 6973
Intermediate B2-4
NH, N
o~ /\/of 3
N o o o
2 w(\/\)L - [M+H]= |[M+H]
H M+H]= |[M+H]=
N
L \\; { CoHoN2Os | 66734 | 6673
N
Intermediate B2-5
N3
/\/
NH,
0 0/0
T o~
A ~P [M+H]= |[M+H]=
2 N - -
A “j(\/\)L ’ CoatliaN207 - 91 37 7113
N
g \\45 0
Intermediate B2-6
NH, 0N,
0\( ~7
| 0
N 0/\/o\/\
[M+H]= |[M+H]=
C32H46N120s8 797 36 797 3

Intermediate B2-7

[00563]

Following General Procedure 2 above, but using the appropriate Intermediates B2

from Table 16, the Series 2 bifunctional rapamycin analog in Table 17 were prepared.

394




Table 17. Series 2 Bivalent Compounds

— Molecular Calculated | Observed
ructure Formula MW MW
HZNN'O
o ) NH,
oo 10
[M+H]= | [M+H]=
CssHi2sN13019 1632.93 1632.9
H;,N?‘ro
33 POV - 3"
e T~"ove : LN ™ Cg-H 29N ;O [M+H]: [M+H]:
L STONIE0 1 167695 1676.6
Example 99
HZNN'O
H s ”’OV\/\N(::‘N,\/O\/\O/\,O\/\uuNZj 2 /Nr::l
i NSy [M +H]= [M+H]=
CssHi27N13019 1646 .94 1646.8
Example 100
HZN?‘TO
PN IO\A/\:\’N/\,O\/\O/\/K/\O’\JMHU :';
owe SosgT M+H]= |[M+H]=
CssHi31N13020 [ ] [ ]
1690.97 1690.8
HZN?,’o
OW\N/:\’N’\/O\/\O/\/O\/\HL\/\H/H N‘/ :I':
O o | M= |-
SHRIED 1 1660.96 1660.7
HZNN‘O
M IR X ’”:;/\/\N(:;N/\/‘)\/\o’\/"\/\o/\’nMNH 'Y :NHI'i
i U | o | IMHI= M H]=
sobl133N13020 | 5904 99 1704.8

Example 103
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[M+H]= |[M+H]=
o CosHliaoNuOx | 67097 | 1679.9
Example 104
[M+H]= |[M+H]=
Hufﬂ ColisaNuO21 11909 08 1709.9
N—N/—/_I ’
e
HszN -
Example 105

General Procedure 6: Coupling of an carboxylic acid-containing active site inhibitor

with azide containing PEG-amine.

H
. DIPEA PyBOP .
Y Ny ——— e
o] DMA, 23 °C o

[00564] Toa 0.18 M suspension of carboxylic acid (1.0 equiv) in DMA was added PEG-
amine (1.8 equiv), DIPEA (4.0 equiv) and PyBOP (1.8 equiv). The reaction was allowed to
stir until consumption of carboxylic acid, as indicated by LCMS. The reaction mixture was

then purified by reverse phase HPLC to afford the product after lyophilization.

Intermediate C1-1: Synthesis of (1r,4r)-4-[4-amino-5-(7-methoxy-1H-indol-2-
yl)imidazo|[4,3-f][1,2,4]triazin-7-yl]-N-(20-azido-3,6,9,12,15,18-hexaoxaicosan-1-

yl)cyclohexane-1-carboxamide

HN /N\\\N HN o~ H,N /N\\\N
| 6 ,
Nt N DIPEA, PyBOP NN
N/ _— N/
" &O OH DMA, 23 °C N /KO N N
.,g/ ,,101/ \/\(\O/\%ss

OMe OMe

[00565] To a solution of (1r,4r)-4-[4-amino-5-(7-methoxy-1H-indol-2-yl)imidazo[4,3-
f][1,2,4]triazin-7-yl]cyclohexane-1-carboxylic acid (50 mg, 123 pmol, 1.0 equiv) and 20-
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azido-3,6,9,12,15,18-hexaoxaicosan-1-amine (77.4 mg, 221 umol, 1.8 equiv) in DMA (1.22
mL) was added DIPEA (85.4 uL, 491 umol, 4.0 equiv) followed by PyBOP (82.7 mg, 159

umol, 1.8 equiv). The reaction was stirred at room temperature for 2 h. The crude reaction
mixture was then purified by reverse phase HPLC (10—100% MeCN/H20). Lyophilization
of pure fractions provided product as a white solid (47.2 mg, 52% yield). LCMS (ESI) m/z:

[M + H] caled for C3sHsoN10Os: 739.39; found 739.4.

[00566]

azide functionalized amine, the additional Intermediates C1 in Table 18 were prepared.

Table 18. Additional active site inhibitor containing Intermediates C1 prepared.

Following the General Procedure 6, but using the appropriate carboxylic acid and

o)
Intermediate C1-3

Structure Molecular Calculated | Observed
Formula MW MW
H,N A
N
he /&O oo, | MFHI= | M+ H] =
Lo O g OOy, [ ] 73939 739.4
(o]
Intermediate C1-1
0.
oy M+H] |[M+H]
NZNZ (o] + —+ =
Ji*\u S NN OO OGN OO CoHaNoOu | g6 47 870.4
o Me
Intermediate C1-2
H,N /N\\\N
N + = + =
s /Néko " C39H58N10010 (M + H] [M = H]
OMe ‘.,,n,N\/\0/\/O\/\0/\/0\/\o/\/o\/\o/\/o\/\N:S 82744 8274

[00567]

rapamycin and Intermediates C1 from Table 18, the Series 3 bivalent analogs in Table 19

were synthesized:
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Table 19. Series 3 Bivalent Analogs

Structure Molecular Calculated | Observed
uctu Formula MW MW
PN 0. /NIO\“‘\
Me OMe N=N o
\—‘\o_\—
S O IM+H]= |[M+H]=
T O CorHNuO21 | 733 6 1733.8
IS el
Example 106
[M+H]= [M+H]=
CosHisoN1002 | 664 09 1863.8
Example 107
LTES SRS *alha N
\—\
o\
! T [M+H]= | [M+H]=
H G0 " - Co6H145N 11023 B B
z 0‘\__NH N. 2
)@f\ ; 1821.06 1720.9
Example 108

General Procedure 7: Coupling of an amine-reactive alkyne containing pre-linker and

amine containing ester to prepare Intermediates D1.

o

H5;N
N omu
R. _OH 1. HATU, DIPEA, DMF H
A R\H/N OH
(o)
(o)

2. TFA

Step 1:

[00568] To a 0.14M solution of carboxylic acid (1.25 equiv) in DMF was added HATU
(1.9 equiv) and DIPEA (3.75 equiv) followed by amino-PEG-ester (1.0 equiv). The reaction
was allowed to stir until consumption of carboxylic acid, as indicated by LCMS. The mixture
was poured into H20 and the aqueous phase was extracted with DCM. The combined organic
phases were washed with brine, dried with anhydrous Na>SOs, filtered and the filtrate was
concentrated in vacuum. The residue was purified by silica gel chromatography to afford the

product.

Step 2:
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[00569] A 0.67M solution of ester (1 equiv) in TFA was allowed to stir until consumption
of ester, as indicated by LCMS. The reaction mixture was quenched with a 0.24M solution
of DIPEA in DCM at 0 °C, followed by NH4Cl. The aqueous phase was extracted with DCM,

and the combined organic phases were dried with anhydrous NaxSOu, filtered and

concentrated under reduced pressure to give the product.

Intermediate D1-4: Synthesis of 3-[2-[2-[2-]2-[[2-[4-(5-ethynylpyrimidin-2-yl)piperazin-
1-yl]pyrimidine-5-carbonyl]amino]ethoxy]ethoxy]ethoxy]ethoxy]propanoic acid

H H
x | N H2N\/\o/\/0\/\o/\/0\/\g/OtBu \(%N
N/)\D 1. HATU, DIPEA, DMF N/)\D
N N 2. TFA N N
= =
\NW\J\WOH \Nﬁ & ﬂ\/\o/\/o\/\o /\/O\/\H/OH
[o] [o] [o]

Step 1:

[00570] To a solution of 2-[4-(5-ethynylpyrimidin-2-yl)piperazin-1-yl|pyrimidine-5-
carboxylic acid (8.5 g, 24.51 mmol, 1.25 equiv, HCl) in DMF (170 mL) was added HATU
(13.98 g, 36.77 mmol, 1.9 equiv) and DIPEA (12.81 mL, 73.54 mmol, 3.75 equiv). After
stirring for 30 min, fert-butyl 3-[2-[2-[2-(2-aminoethoxy )ethoxy Jethoxy Jethoxy|propanoate
(6.30 g, 19.61 mmol, 1.0 equiv) was added to the reaction mixture, at which point the
reaction mixture was stirred for an additional 30 min at room temperature. The reaction
mixture was quenched with NH4ClI (100 mL) and the aqueous phase was extracted with
EtOAc (3 x 150 mL). The combined organic phases were washed with brine (20 mL), dried
with anhydrous NaxSOs, filtered and concentrated in vacuum to give crude product. The
crude product was purified by silica gel chromatography (25/1 to 4/1 DCM/MeOH) to give
the product (6.3 g, 54.2% yield) as light yellow solid. LCMS (ESI) m/z: [M + H] calcd for
C30H43N707: 614.33; found 614 4.

Step 2:

[00571] A solution of fert-butyl 3-[2-[2-[2-[2-[[2-[4-(5-ethynylpyrimidin-2-y])piperazin-1-
yl]pyrimidine-5-carbonyl]amino]ethoxy Jethoxy]ethoxy]ethoxy]propanoate (3.3 g, 5.38
mmol, 1.0 equiv) in TFA (8 mL) was stirred at room temperature for 5 min. To the reaction
mixture was added a solution of DIPEA (18.8 mL) in DCM (80 mL) at 0 °C, then NH41Cl
(100 mL) was added to the reaction mixture. The aqueous phase was extracted with DCM

(10 x 200 mL). The combined organic phases were dried with anhydrous Na2SOu, filtered
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and concentrated under reduced pressure to give the product (3 g, 80% yield) as light yellow

solid. LCMS (ESI) m/z: [M + H] calcd for C26H35sN707: 558.27; found 558.2.

[00572]

additional Intermediates D1 in Table 20 were prepared:

Table 20. Additional alkynes prepared

Following the General Procedure 7, but using the appropriate PEG-ester, the

Structure Molecular Calculated | Observed
Formula MW MW
(0]
HO o~ Z
o \N)\N/\
L_N_N Ca0H23N70 [M+H]= |[M+H]=
7S EBRTI 426,19 426.1
N~
A
Intermediate D1-1
Z
N~ Z
(\ )l\ ~
NN
[M+H]= | [M+H]=
N_ _N
HTH/;/T \) C22H27N70s 47022 4702
HO O~~~ N AN
(o}
T I
Intermediate D1-2
o
Ho\n/\/o\/\o/\/o\/\u)K(\JN\
(o] x
N N/\
[M+H]= | [M+H]=
N__N
K/ \Nﬁ N C24H31N70s 51424 5142
N
H
Intermediate D1-3
oy
(N NZ _ _
H /NI N Ca6H35N707 E\S/IS—;I;I] E\S/IS—;H]
HO o\/\o/\/o\/\o/\/N\'H;/N . .
T I
Intermediate D1-4
(o]
HO:[)I/\/O\/\O/\/O\/\O/\/OV\H)K(\JN\ /\
N N
LN [M+H]= |[M+H]=
T C28H39N70s 60220 6024

Intermediate D1-5
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General Procedure 8: Coupling of an alkyne containing acid and amine-containing

active site inhibitor.

H
. HATU, DIPEA .
NH30,CCF3 HO.__R R’N R
R hig —_— hig
o) DMA, rt 0

[00573] To a 0.16M solution of carboxylic acid (1.0 equiv) in DMF was added HATU (1.5
equiv) and DIPEA (3.0 equiv). The reaction was allowed to stir for 30 min, and then the
reaction was cooled to 0 °C and the amine-containing active site inhibitor (1.0 equiv) was
added. The reaction was allowed to stir until consumption of carboxylic acid, as indicated by

LCMS. The reaction mixture was then purified by reverse phase HPLC to afford the product.

Intermediate D2-7: Synthesis of N-[2-][2-|2-[2-[3-[4-[4-amino-3-(2-amino-1,3-
benzoxazol-5-yl)pyrazolo[3,4-d]|pyrimidin-1-yl|butylamino]-3-oxo-
propoxy|ethoxy]ethoxy]ethoxy]ethyl]-2-[4-(S-ethynylpyrimidin-2-yl)piperazin-1-

yl]pyrimidine-5-carboxamide

T X~y
N |
P
NH; . N G« . HATU, DIPEA
N7 ﬁH; Q N W DMA, rt
L N 2 N AN Oy O OH
NZ N 0~ “CF, 0 0 ~Nr
o o
P
O _NH, NN
T A
NH, N O N
NN N._N
C % o W1
N UN\H/\/O\/\O/\/O\/\O/\/N N
o o

[00574] To a solution of 3-[2-[2-[2-[2-[[2-[4-(5-ethynylpyrimidin-2-y]) piperazin-1-yl]
pyrimidine-5-carbonyl] aminoJethoxy]ethoxy Jethoxy |ethoxy |propanoic acid (1.8 g, 3.23
mmol, 1.0 equiv) in DMF (20 mL) was added HATU (1.84g, 4.84 mmol, 1.5 equiv), and
DIPEA (1.25 g, 9.68 mmol, 1.69 mL, 3.0 equiv). The mixture was stirred at room
temperature for 30 min, and then the reaction mixture was cooled to 0 °C and 5-[4-amino-1-
(4-aminobutyl)pyrazolo[3,4-d]pyrimidin-3-yl]-1,3-benzoxazol-2-amine (1.09 g, 3.23 mmol,
1.0 equiv) was added. The reaction was stirred at room temperature for 1 hr, and then H2O
(10 mL) was added. The reaction was purified by prep-HPLC (25—45% MeCN/H20(10mM
NH4OACc)) to give the product (0.5 g, 17.6% yield) as light yellow solid. LCMS (ESI) m/z:
[M + H] caled for C42Hs1N1507: 878.42; found 878.3
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[00575]

Following the General Procedure 8, but using the appropriate amine-containing

active site inhibitor and alkyne functionalized carboxylic acids from Table 20, the additional

Intermediates D2 in Table 21 were prepared:

Table 21. Additional active site inhibitor containing Intermediates D2 prepared.

Intermediate D2-4

Structure Molecular Calculated | Observed
Formula MW MW
M+H]= |[M+H]=
C36H39N1504 746,34 746.3
H
Intermediate D2-1
OH
M+H]= |[M+H]=
C37H40N1404 745 34 7453
H
Intermediate D2-2
H
OW/NHZ t 4
N
M+H]= |[M+H]=
C38Ha3N150s5 790,36 7903
P,
~Z
N/
[M+H]= |[M+H]=
C39H44N14Os 789,37 7893

402




O.__NH,
NH, R/
PN o
<N’ N’\N n\n/\/o\/\o/\/o\/\ =
kj ° H)KCIN C40H47N1506 [M+H]= | [M~+H]=
o 834 39 8342
|
N. = %
H
+H]= +H]=
C41H48N1406 2\3/[3 4?] 5\3/[3 3H]
. . .
|
N =~ %
H
Intermediate D2-6
H
OW/NHZ NI X 7
A VoA M+H]= |[M+H]=
Dt W P C42H51N1507
L NY\,O\/\O/\/O\/\O/\/N)JM 878 .42 8783
K)/ o 0
Intermediate D2-7
OH H
N Z
|/\N N? n _ n _
'Dat WP N C43H52N1407 (M H] (M + H]
N N,N N\n/\/o\/\o/\/o\/\o/\/N\”L\/N 87742 8774
K)/ o o]
Intermediate D2-8
O.__NH,
NH, R/ _ H
e o
N=N, N o —+ = —+ =
NK@@ h CasHlaN1sO7 8\5/[2 4?] 8\542 sH]
N\[(\/0\/\0/\/0\/\0/\/nm)/\/IN . .
[o] [o]
Intermediate D2-9
O._NH,
NH, E/
N
it (o]
<N/ N,\N H\I]/\/OV\O/\/O\/\O/\/O\/\N)‘\(\N
K)/ 0 "N N C44Hs5N1503 M+ HJ= 1 [M+H]=
(N |N\ 022.44 9223
N~ %
H
Intermediate D2-10
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OH

[o]
\ H
N'N N\n/\/o\/\o/\,o\/\o/\,o\/\N o
P! G

N N/\
K/NTN

=
N. =~
DNy

H

Intermediate D2-11

CasHs56N140s

[M + H] =
921.45

[M + H] =
921.4

General Procedure 9: Synthesis of a bivalent rapamycin analog via Cu-catalyzed

cycloaddition.

Me OMe Me Me

“'OMe Cu(MeCN),PF
TBTA

+ R _

DMSO

[00576] To a 0.05M solution of azido modified rapamycin (1.0 equiv) in DMSO was
added the organoalkyne reagent (2.0 equiv). To the reaction was then added

tetrakis(acetonitrile)copper(I) hexafluorophosphate (2.0 equiv) followed by TBTA (4.0

equiv). The reaction was allowed to stir until consumption of alkyne, as indicated by LCMS.

The reaction mixture was then diluted with DMSO and formic acid, and purified by reverse

phase HPLC to afford the product after lyophilization.
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Example 115: Synthesis of Series 4 bivalent rapamycin analog.

Me OMe Me Me

S
Me' ‘OMe OYNHZ N ~7
/) P Cu(MeCN),PF
I N NN TBTA
Ny N N\)
Q, \ H H [ DMSO
N UN\H/\/O\/\O/\/O\/\O/\,N 2N
o o

0
)—NH,
N

7 \}—NH,
=N

[00577] To a solution of Cao-azido rapamycin (20 mg, 21.3 pmol, 1.0 equiv) and D2-7
(37.3 mg, 42.6 umol, 2.0 equiv) in DMSO (425 pL) was added tetrakis(acetonitrile)copper(])
hexafluorophosphate (15.8 mg, 42.6 umol, 2.0 equiv) followed by TBTA (45.1 mg, 85.2
umol, 4.0 equiv). The reaction stirred for 6 h and was then purified by reverse phase HPLC
(10—40—95% MeCN + 0.1% formic acid/H20 + 0.1% formic acid). Lyophilization of pure
fractions provided product (8.31 mg, 21.5% yield) as a white solid. LCMS (ESI) m/z: [M +
Na] calcd for Co3Hi290N19019: 1838.96; found 1838 8.

[00578] Following General Procedure 9, but using the appropriate azido modified
rapamycin and Intermediates D2 from Table 21, the Series 4 bivalent analogs in Table 22

were synthesized:
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Table 22. Series 4 Bivalent Analogs

Structure Molecular Calculate | Observed
o Formula d MW MW
[M+H]= | [M+H]=
CoHisNs0s | 6es g0 1684.75
o
NH,
Example 109
Me ?MeMe Me N= J N — N
Y, \ = o}
x N\)‘CN)«N\\/N%N}\H(N
Me' 'OMe ‘\‘0
Yo
(o]
[M+H]= | [M+H]=
N
. g CosHusNisOs | 603 95 1684.0
Me nas
OH
[M+H]= | [M+H]=
% CosHuiNsOw | 796 93 1728.7
N
e N/ N—-NH,
\=N
[M+H]= | [M+H]=
on | CoHNE07 | 5000 g3 | 19279

Example 112
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Me OMe Me Me

e ‘OMe HN‘\~0
\N\O
N
Lo}-NH [M+H]= | [M+H]=
n L CoiHi2sN 19015 1772.95 1772.7
N /\\\L
NH,
o2 /N
NH,
Example 113
[M+H]= | [M+H]=
L Co2Hi126N15015 1771.96 1771.8
N /\\\L
HNA NH,
CH
Example 114
o uete e :\N'"}Q"\HCH\ DY
O\‘\o
XOH [M+Na] | [M+Na]
a al=
be CosHizoNi1wOw | _ e3¢ 96 | 18388
HN‘\\\‘ " Z,)—NH2
N/ \y—NH;
Example 115
e QMe i e b":/)\Cp:{)‘NCN‘g}*(o
Ve 'OMe HN‘\_O
\s\O
\OH [M+H]= | [M+H]
+H] = =
. CoHioNisOw | Zre15 95 | 18159
Nr;/\\ NH,

Example 116
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We OMeMe We EHN M
[M+H]= | [M+H]=
CooH131N19019 189099 | 18912
[M+H]= | [M+H]=
CosHi33N19020 1861.01 1861.0
Example 118
We OMeWe We NN g 3 N= o
e P L0y
e “OMe HN‘\_O
\\\0
g
\\\0
ey —\‘o
[M+H]= | [M+H]=
}NH CooHisaNisO20 | “1000 01 | 1859.8
N": /\NlN
HN\ NH,
Example 119

General Procedure 10: Coupling of an amine-reactive alkyne containing pre-linker and

amine containing PEG-ester.

SA
Cl
o 1. DIPEA, DCM _n 2 2
- y \
i~ Yo Agpe AP \[:])Ln/\('ov‘}O’Y\)LOH
q q

2. TFA

Step I:

[00579] To a 0.3M solution of amine (1.0 equiv) in DCM at 0 °C was added DIPEA (1.3

equiv) followed by amine-reactive pre-linker (1.05 equiv). The reaction was allowed to stir
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until consumption of PEG-amine. The mixture was poured into H20 and the aqueous phase
was extracted with DCM. The combined organic phases were washed with NH4Cl, brine,
dried with anhydrous Na2SOu, filtered and the filtrate was concentrated in vacuum. The

residue was purified by silica gel chromatography to afford the product.
Step 2:

[00580] A 1.58M solution of ester (1 equiv) in TFA was allowed to stir until consumption
of the ester, as indicated by LCMS. The reaction mixture was reduced under reduced
pressure and the resulting residue was purified by silica gel chromatography to afford the

product.

Intermediate E1-2: Synthesis of 1-{[(prop-2-yn-1-yloxy)carbonyl]amino}-3,6,9,12-
tetraoxapentadecan-15-oic acid
\o\n,m

(o}

. SN H
HzN\/\O/\/O\/\O/\/O\/\n/OtBu 1. DIPEA, DCM \\/O N\/\O/\/O\/\o/\/o OH
0 2.TFA \([)l/ o

Step I:

[00581] To a solution of zert-butyl 1-amino-3,6,9,12-tetraoxapentadecan-15-oate (14.5 g,
45.11 mmol, 1.0 equiv) and DIPEA (10.22 mL, 58.65 mmol, 1.3 equiv) in DCM (150 mL)
was added prop-2-yn-1-yl carbonochloridate (5.61 g, 47.37 mmol, 1.05 equiv) at 0 °C. The
reaction solution was stirred at room temperature for 2 h, at which point the mixture was
poured into ice- H20 (200 mL) and stirred for 5 min. The aqueous phase was extracted with
DCM (3 x 100 mL). The combined organic phase was washed with aqueous NH4CI (2 x 80
mL), brine (100 mL), dried with anhydrous Na2SOg, filtered and concentrated in vacuo. The
residue was purified by silica gel chromatography (1/0 to 1/1 petroleum ether/EtOAc) to
afford fert-butyl 5-oxo0-4,9,12,15,18-pentaoxa-6-azahenicos-1-yn-21 —oate (13.5 g, 74.2%
yield) as light yellow oil.

Step 2:

[00582] To fert-butyl 5-ox0-4,9,12,15,18-pentaoxa-6-azahenicos-1-yn-21-oate (15 g,
37.18 mmol, 1.0 equiv) was added TFA (23.45 mL, 316.70 mmol, 8.52 equiv) at room
temperature. The reaction was stirred for 5 min and then the mixture was concentrated under
reduced pressure at 45 °C. The residue was purified by silica gel chromatography (0/1 to 1/20
MeOH/EtOACc) to afford the product (12 g, 92.9% yield) as light yellow oil.
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[00583]

Following the General Procedure 10, but using the appropriate amine-reactive pre-

linker and amine functionalized ester, the additional Intermediates E1 in Table 23 were

prepared:

Table 23. Additional carbonxylic acid linker Intermediates E1 prepared.

Structure Molecular Calculated | Observed
o Formula MW MW
i [M +Na] = | [M + Na]
HO\[I/\/O\/\O/\/O\/\HJ\O\ C13:H21NO7 326.12 =326 1
0
Intermediate E1-1
—+ =
H _ Ci15Ha5sNOs EZIS 1?]
HO. N )
\g/\/o\/\o/\/o\/\o/\/ \Ioro\//
Intermediate E1-2
i [M+H]= |[M+H]=
.
HOY\/OV\O/\/O\/\HJ\/\// C15H25NOe6 316.18 316.0
o}
Intermediate E1-3
+ = —‘,— =
H C17H20NO7 g1\6/10 21(;1] g1\6/[0 lH]
HO\(’)(\/O\/\O/\/O\/\O/\/N:[)(\/\\\ ) )
Intermediate E1-4
i [M+H]= |[M+H]=
HO 0 o  a C1sH23NOQOe
Intermediate E1-5
+ = —‘,— =
o] [0} \\ . .

o} o}

Intermediate E1-6
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General Procedure 11: Coupling of an alkyne containing acid and amine containing

ester.

o
o
HzN/\’é \/‘}o’v\)J\OtBu
[+]
0 0 1. HATU, DIPEA, DMF [ ? il ?
™ . ’ s _
S Ao SCOMee oot
H q H q H o

2. TFA

Step I:

[00584] To a 0.14M solution of carboxylic acid (1.0 equiv) in DCM was added HATU
(1.5 equiv) and DIPEA (3.0 equiv). The mixture was stirred for 1 h, then amino-PEG-ester
(1.0 equiv) was added. The reaction was allowed to stir until consumption of carboxylic acid,
as indicated by LCMS. The mixture was poured into H20 and the aqueous phase was
extracted with DCM. The combined organic phases were washed with brine, dried with
anhydrous NaxSOy, filtered and the filtrate was concentrated under reduced pressure. The

residue was purified by silica gel chromatography to afford the product.
Step 2:

[00585] A 1.58M solution of ester (1 equiv) in TFA was allowed to stir until consumption
of the ester, as indicated by LCMS. The reaction mixture was concentrated under reduced
pressure and the resulting residue was purified by silica gel chromatography to afford the

product.

Intermediate E2-4: Synthesis of 5,21-diox0-4,9,12,15,18,25,28,31,34-nonaoxa-6,22-

diazaheptatriacont-1-yn-37-oic acid

H,N \/\o/\/O\/\o/\/O\/\n/OtBu

(o]
H

N
\\/O\H/ N \/\o/\/o\/\o/\/o\/\n/o"'

(o] (o] 2. TFA

1. HATU, DIPEA, DMF

H
A [o) H o} (o} N~ O~y ~0 OH
\/ \g/ \/\o/\/ \/\0/\/ \/\([)r o o \/\g/

Step I:
[00586] To a solution of E1-2 (5 g, 14.39 mmol, 1.0 equiv) in DCM (100 mL) was added
HATU (8.21 g, 21.59 mmol, 1.5 equiv) and DIPEA (7.52 mL, 43.18 mmol, 3.0 equiv). The

mixture was stirred at room temperature for 1 h, then zer#-butyl 1-amino-3,6,9,12-

tetraoxapentadecan-15-oate (4.63 g, 14.39 mmol, 1.0 equiv) was added to the mixture. The
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reaction mixture was stirred for 2 h and was then poured into H2O (100 mL) and stirred for 5

min. The aqueous phase was extracted with DCM (2 x 50 mL) and the combined organic

phases were washed with 0.5 N HCI (3 x 50 mL), saturated aqueous NaHCO3 (2 x 50 mL),

brine (50 mL), dried with anhydrous Na2SOu4, filtered and concentrated under reduced

pressure. The residue was purified by silica gel chromatography (1/0 to 12/1 EtOAc/MeOH)
to afford fert-butyl 5,21-dioxo0-4,9,12,15,18,25,28,31,34-nonaoxa-6,22- diazaheptatriacont-1-

yn-37-oate (8.5 g, 90.7% yield) as a light yellow oil.
Step 2:

[00587]

A solution of zert-butyl 5,21-dioxo-4,9,12,15,18,25,28,31,34-nonaoxa-6,22-

diazaheptatriacont-1-yn-37-oate (8.5 g, 13.06 mmol, 1.0 equiv) in TFA (8.24 mL, 111.27

mmol, 8.52 equiv) was stirred at room temperature for 5 min. The mixture was concentrated

under reduced pressure at 45 °C. The residue was purified by silica gel chromatography (0/1
to 1/10 MeOH/EtOACc) to afford the product (4.76 g, 60.4% yield) as light yellow oil. LCMS
(ESI) m/z: [M + H] calcd for CasHa6N2013: 595.31; found 595.4.

[00588]

Following the General Procedure 11, but using the appropriate alkyne-containing

carboxylic acid from Table 23 and amine functionalized ester, the additional Intermediates

E2 in Table 24 were prepared:

Table 24. Additional alkynes prepared

Molecular Calculated | Observed
Structure Formula MW MW
o [M-H]= [M-H]=
H
HO\ﬂ/\/O\/\O/\/N\ﬂ/\/O\/\O/\/O\/\HJLO\ C20H34N2010 46121 4612
o] o]
Intermediate E2-1
[M+H]= |[M+H]=
HOY\/O\/\O/VO\/\H)CL/\O/VO\/\O/\/“TO/ C22HzsN2011 505.24 505.2
o o
Intermediate E2-2
[M+H]= |[M+H]=
) C24H4:N2012 551 28 551 4

H
Ho\n/\/o\/\o/\/o\/\o/\/ N \n/\/o\/\o/\/o\/\ H)l\o/\
o] o]

Intermediate E2-3
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[M+H]= [M+H]=
L O SN PSP S B CooHieN20131 505 31 595.4
i \é(\/ o o \[or
Intermediate E2-4
H 0 P [M-H]= [M-H]=
Ho\n/\”°\/\o/\/"7(V°\/\o/\/°V\NW CossNo09 473 55 4732
(o] 0 H
Intermediate E2-5
[M+H]= | [M+H]=
(o]
N CuHoNOw - 519 59 519.2
o H o
Intermediate E2-6
[M+H]= | [M+H]=
HOYVOV\O,VOV\ONNWO\/\O,\,O\ANW CooHaeN201 | 505 55 563.3
o ) H
Intermediate E2-7
, ; C28Hs0N2012 M+ H]=| [M+H]=
HO\(r)I/\/O\/\O/\/O\/\O/\,N\g/\/O\/\O/\/O\/\O/\/N\n/\/\ 60734 6072
o]
Intermediate E2-8
0 _ _
" _ M+H]= | [M+H]=
HO\H/\/O\/\O/\/N\H/\/O\/\O/\/O\/\HJ\@// Ca5H36N209 50925 5092
) )
Intermediate E2-9
o C27H40N2010 M+H]="| [M+H]=
Hom/vowo/\/o\/\NJ\Ao/\/o\/\o,\/nYQ\ 553.28 5532
o H o
Intermediate E2-10
[M +H] =
0 C20H44N20
Ho\g/\/o\/\o/\/o\/\o/\/n\g/\/o\/\o/\/o\/\”)k@/ 294NV 597 30
Intermediate E2-11
[M+H]= | [M+H]=
Ko ~_o 0 Ko 0 K CoHusNaOn2 ) 04y 53 641.4
Y\/ NN NN N \n/\/ NN N N TN %

o} o} o}

Intermediate E2-12
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General Procedure 12: Coupling of an acid and amine containing active site inhibitor.

, PyBOP, DIPEA .
g NH02CCFs HO\n/R ithtehintiing RfN\n/R
o) dioxane, rt 0

[00589] To a 0.1M solution of carboxylic acid (1.0 equiv) in dioxane was added amine-
containing active site inhibitor (1.8 equiv) and DIPEA (3.0 equiv), followed by PyBOP (1.3
equiv). The reaction was allowed to stir until consumption of carboxylic acid, as indicated by
LCMS. The reaction mixture was then purified by silica gel chromatography to afford the

product.

Intermediate E3-7: Synthesis of prop-2-yn-1-yl N-(14-{[14-({4-[4-amino-3-(2-amino-1,3-
benzoxazol-5-yl)-1H-pyrazolo|3,4-d]pyrimidin-1-yl]butyl}carbamoyl)-3,6,9,12-
tetraoxatetradecan-1-yljcarbamoyl}-3,6,9,12-tetraoxatetradecan-1-yl)carbamate

NH,
O
X
N H i
NH + \\/o\[rN\AONO\AONOV\[(N\/\O/\/O\/\O/\/OWOH
N7 o} o) [¢] dioxane

NH, ©
I N :
kN/ N OJ\CFg

PyBOP, DIPEA
_

O

NH.
w/z

NH, N
NN

« _ A\ H H H
N U N\n/\/o\/\o/\/o\/\o/\/ N\n/\/o\/\o/\/o\/\o/\/ N\n/o\///
o o

(o]

[00590] To a solution of E2-4 (0.1 g, 0.1681 mmol, 1.0 equiv) in dioxane (1.68 mL) was
added 5-[4-amino-1-(4-aminobutyl)pyrazolo[3,4-d]pyrimidin-3-yl]-1,3-benzoxazol-2-amine
(131 mg, 0.3025 mmol, 1.8 equiv) followed by DIPEA (87.7 pL, 0.5043 mmol, 3.0 equiv).
Finally, PyBOP (113 mg, 1.3 equiv) was added. The reaction was stirred for 4 h and then
purified by silica gel chromatography (0%—20% DCM/MeOH). LCMS (ESI) m/z: [M + H]
calcd for C42He2N10013: 915.46; found 915.3.

[00591] Following the General Procedure 12, but using the appropriate alkyne-containing
carboxylic acid from Table 24 and amine-containing active site inhibitor, the additional

Intermediates E3 in Table 25 were prepared:
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Table 25. Additional active site inhibitor containing Intermediates E3 prepared.

Structure Molecular Calculated | Observed
Formula MW MW
O.__NH,
NH, WN/
&l Da ' H 2 C36Hs50N10010 M=+ H]= | [M+ H]=
N= UN\H/\/O\/\O/\/NY\/O\/\O/\/O\/\HJ\O\ 78338 7835
(o] (o]
Intermediate E3-1
OH
+H]= +H] =
e N: " o C37H51N9O10 [71;/[2 318_1] [71;/[2 3H]
N pi“)/N\n/\/o\/\o/\/NY\/o\/\o/\/O\/\NJ\o/\ : :
o} o H
Intermediate E3-2
O.__NH,
PN 0 [M+H]= |[M+H]=
Sl n\(\/o\/\o/\/o\/\uj\/\o’\/o\/\o’\/n\mo/ CosHsMNwOn 1 57 41 827.4
(o] (o]
Intermediate E3-3
OH
NN [M+H]= |[M+H]=
L=l n\n/\/o\/\o/\/o\/\NJol\/\o/\/O\/\o/\,n\ﬂ/o\/ CooHssNoOu 1 876 41 826.4
P i J
Intermediate E3-4
O._NH,
NH, E/
(7 baly H a C10H58N10012 M+H]=| [M+H]=
N= "il)/N\"/\/O\/\o/\/O\/\o/\/Nm/\/O\/\o/\/O\/\HJ\O/\ 871 43 871 3
o} Q
Intermediate E3-5
OH
+H]= +H] =
e . Y 0 C41H50NoO12 (M =+ H] (M H]
N= UNY\’O\/\O/\/O\/\ONNWO\/\ONO\/\HLO\ 870.44 8703
(o] (o]
Intermediate E3-6
. OW/NHZ
73 N —+ = + =
3) { . . P C42H62N10013 [91\1/[5 4?] [91\1/[5 3H]
N UN\(’J]/\/O\/\O/\/O\/\O/\/N1(\/0\/\0/\/0\/\0/\/NI°// : :
Intermediate E3-7
! :Hz\\ - C43He63NoO13 M+ H]= | [M+H]=
- wN\g/\/O\/\O/\/O\/\O/\/nI(\/O\/\O g /\/nlro P 914 .46 914.4

Intermediate E3-8
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O._NH,
NH, WN/
N [M+H]= |[M+H]=
C % H i 2= | C38H54N1009
N UN:[)(\/O\/\O/\/NI(\/O\/\O/\/O\/\QJ\/\// 795.42 795.5
Intermediate E3-9
OH
N NH C1oHssNsO [M+H]= [M+H]=
C T H o 39H55N9O9
N UN\J}(\/O\/\O/\/H\J)]/\/O\/\O/\/Q\/\uJ\/\/// 794 .42 794.6
Intermediate E3-10
O. 2
3 [M+H]= |[M+H]
N N\ = =
¢S o o o j\/\ . . C40Hs8N10010 239 44 239 3
U \[(\/ e e \/\H 0O \ﬂ/\/\ . .
o] o]
Intermediate E3-11
OH
'Datt 2 H C41Hs9N9O10 [M+H]=| [M+H]=
N UNTK\/O\/\O/\/O\/\HJ\/\O/\/O\/\O/\/N\H/\/\ 83845 8384
[o] [o]
Intermediate E3-12
. OE/NHZ
[M+H]= |[M+H]=
S pi‘)/n\n/\/o\/\o/\/o\/\o/\/n\r\,o\/\o/\/o\/\,qj\/\/// CoHaNoO1 | 885 47 882.4
0 ) H
Intermediate E3-13
{ :‘”2\ . o Ca2He62N10011 M+ H]= | [M+H]=
- U“W°wo~°wo~“rv°wow°wu 5= 883.47 883 .4
Intermediate E3-14
N 2\ . C44HesN10012 M+ HJ= ) [M+ H]=
T S T UV PN 927.49 927.5
Intermediate E3-15
, [M+H]= | [M+H] =
'Dal CasHNoOR | 996 50 926.4

N N 0. 0. “ 0. i
N \/\0/\/ \/\0/\/ NP NN PN A~ N
I\)/ \(r)]/\/ \(r)]/\/ 0 (&) \(r)(\/\
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O.__NH,
NH, E/
N +H]|= +Hf=
QN/\ N'\N n\n/\/o\/\o/\/n\n/\/o\/\o/\/o\/\N I Z C41Hs2N1009 [81;/[9 410_1] [81\2/[9 3H]
K)/ T T N ) )
Intermediate E3-17
. OZ/NHZ
- [M+H]= |[M+H]=
N
= JY\,\/\N\AMN\/\NY@\ CoHseNwOw | 873 43 873 4
o) H o)
Intermediate E3-19
OH
+H]= +H] =
Dl P o Ko wf©\ Ca4Hs7NsO10 5\742 4?] 5\7/[2 3H]
N UN\([)(\/ NN \/\H 07~ \/\o/\/N T % . .
Intermediate E3-20
0. 2
wate M H] = | M+ H] =
&‘N/\ \N HY\/O\/\ A0, /\/n\n/\/o\/\ A i 4 C45H60N10011 917 45 ] [917 4 ]
o] o]
Intermediate E3-21
OH
+H]= +H] =
Dath W o _ | Ca46Hs1N9O11 [M +H] [M + H]
N= UNY\/O\/\O/\/O\/\O/\/N\[(\/OV\O/\/O\/\E)KQ/ 91646 9164
[¢] ¢}
Intermediate E3-22
Wat e [M+H]= |[M+H]=
N . ij\ C47H64N10012 961 48 961 5
N UN\{)(\/O\/\O/\/O\/\O/\/N\L(\/O\/\O/\/O\/\O/\/NO = . .
Intermediate E3-23
M +H] = +H] =
&'ﬁ—ﬁ " " CassHesN9oO12 [M + H] [M =+ H]
‘[(\/o\/\o’\/o\/\o’\/N\(\/o\/\o’\/o\/\o’\/"\”/@\ 960.48 960.4

o} o

=N, -N N
T

Intermediate E3-24

Intermediate E3-25: Synthesis of N-{2-[2-(2-{2-[(2-{2-[2-({4-[4-amino-3-(2-amino-1,3-

benzoxazol-5-yl)-1H-pyrazolo|3,4-d]pyrimidin-1-
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yl]butyl}(methyl)carbamoyl)ethoxy]ethoxy}ethyl)(methyl)carbamoyl]ethoxy}ethoxy)eth
oxy|ethyl}-N-methylhex-5-ynamide

Mel, KOH
TBAB
H (o] H (o] (o] i & THF, H,O
\[(\/ ~"N o N \n/\/ NN \/\NJ\/\/ » Hy
o o H
NH,
NAO
N
{ {  Me Me i =
N N’N N O\/\O/\/N O\/\O/\/O\/\NJ\/\//
Y 1 b
e

[00592] To a suspension of tetrabutylammonium bromide (16.1 mg, 50.0 umol, 0.4 equiv)
and potassium hydroxide (31.5 mg, 562 umol, 4.5 equiv) in THF (1.25 mL) was added E3-9
(100 mg, 125 pmol, 1.0 equiv) followed by methyl iodide (34.9 pL, 562 umol, 4.5 equiv).
After stirring for 21 h, H20O (0.2 mL) was added. The reaction mixture was purified by silica
gel chromatography (0—20% MeOH/DCM) to afford the product (17.1 mg, 16% yield).
LCMS (ESI) m/z: [M + H] calcd for C41Hs0N1009: 837.46; found 837.4.

Table 26. Additional active site inhibitor containing Intermediates E3 prepared.

Molecular Calculated | Observed
Structure Formula MW MW
NH,
N/*o
NH, + = + =
PN Me Me 0 C41Hs0N1009 [M + H] [M + H]
(= N N Omp A O g Oy Iz 837.46 837.4
(L ! e
Intermediate E3-25

Example 125: Synthesis of Series S bivalent rapamycin analog.
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Me OMe Me Me

O._NH,
Me OMe T
NH, N Cu(MeCN),PF;
|}] A TBTA
\ H H H
= N N Vi DMSO
N U \n/\/o\/\o/\/o\/\o/\/N\n/\/OV\o/\/o\/\o/\/N\nxo\//
o] o] o]

N
'

=N H H
WN \/)\/OTN\/\O/\/O\/\ 0/\/0\/\[]/ N\/\O/\/o\/\o/\/o\/\n,
5 0 0 0
‘OMe

[00593] To a solution of 40(S)-azido rapamycin (25.0 mg, 26.6 pmol, 1.0 equiv) and E3-7
(48.6 mg, 53.2 umol, 2.0 equiv) in DMSO (532 pL) was added tetrakis(acetonitrile)copper(])
hexafluorophosphate (19.8 mg, 53.2 umol, 2.0 equiv) followed by TBTA (56.4 mg, 106.4
umol, 4.0 equiv). The reaction stirred for 6 h and was then purified by reverse phase HPLC
(10—40—95% MeCN + 0.1% formic acid/H20 + 0.1% formic acid). Lyophilization of pure
fractions provided the product (11.6 mg, 23.5% yield) as a white solid. LCMS (ESI) m/z: [M
+ H] calcd for CosHi40N140O2s: 1854.02; found 1853.7.

[00594] Following General Procedure 3, but using the appropriate azide modified
rapamycin and Intermediates E3 from Table 25 and Table 26, the Series 5 bivalent analogs in

Table 27 were synthesized:

Table 27. Series 5 Bivalent Analogs

Struct Molecular Calculated | Observed
ructure Formula MW MW
OTN(NH;
»\”?j)\/oj(nv\o/\/owo/\iuwo\/\o/\)iu/\/\/x/\ \/NNHZ
“OMe ° [M + Na] = [M + Na] =
CoHisNu02 | 1745 95 1743.9
Example
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Y
o=g:
$
{
$
b
{
$
{

CsoHi132N 14033

[M+H]=
1765.97

we owe Mi Me M:’tﬁ)\/o\n«n\/\o/\/o\/\o’\)?\u/\/o\/\o/\j\u/\/\’:r\ \NNHz
“OMe o it [M + H] = [M + H] -
CssHi20N 13022 172095 1720.9

[M+H]=
1766.1

Example 124

= " H §ooN
N ‘/)\/OIN \/\ONO\/\O/\)LF‘{/\/O\/\O/\/O\/TNW\E‘ e,
“OMe
HN\
o M+ H] = [M + H] =
CooHi33N 130 [
TSNV 1 176497 1764.8
OWN/NH
.\:’l‘iﬁ)\/o\ﬂ/H$ON°%0JNNO\AO/\/O\AOJN/WE’\ \NNHZ
I N H N-7

"“OMe

CoiHi36N 14024

[M+H]=
1809.99

[M+H]=
1809.8

Me OMeMe We

Nitx\,o i o 0. i o o N - %Ef
N R . NP g O g ™ o
N g o o ~r o o ~ N N

I 1 N H,

“OMe

[M+H] =

[M+H] =

" | ColloNuOas | o5y 00 | 18537
Example 125
Me OMeMe Me “:“‘i';)wown\/\o/vowo/\)‘i“/\/owo/\/owo/\i”/\/\/:“/\\NNHz

ey 2 MH] = | M H] =

Co:Hi37N 13024 1809.00 1808.9

”ﬁiZX\/Ojfn\/\D/\¢D\/KO/\/O\/\EH\/\O/\/O\/\O/\/O\/\En\/x»/\:zéiizf
HN PVI + }{ = PVI + }{ =
of CosH1a1N 13025 [ | | :

Example 127

1853.02

1852.8
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[M+H]= |[M+H] =
CsoH13:N1402 1733.98 1734.0
[M+H]= | [M+H]=
CooHixnNiz021 | (955 og 1732.9
Example 129
O\N(NHZ
Me e Mi e _ \.\EMH APy /\/o\/\lrn\/\o/\/ox/\o/\j\u/\/\/z::’\\;”m
Me ) OMe °© [M + H] = [M + H] -
CoiH136N14022 1778.00 1778.0
Example 130 g(
:’: MN/\’O\/\ONOWE\/\“\/O\/\(\;LNM/E/‘ - ”NHZ
- I Nt [M + H] = [M + H] =
Co:Hi37N 13022 1777.01 1777.0
’Az‘wuwov\owo\/ﬁgnwowo\/\owo\/ﬁgnW:%}Hz
Ko [M+H]= | [M+H]=
CosHiaoN102 | 655 (13 18221
:MLN/VO\/\O/VO\/}J“\AO/\/O\AO/\/O\/\@nN:%\Hz
HN [M+H] = [M+H]=
o | CoaH141N13003 182103 1821.0
0\‘N(NHZ
,\:Mu/VO\/\O/\/O\/\O/\)(LE/\/OV\O/\/O\AO/\)(L”/\/\/'?%HZ
[M+H]= | [M+H]|=
CosHiaN1024 | g 1 1865.9

Example 134
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OH

HN
N-N o )it i ="
.\ﬁ\)\/\)LN/VO\/\oNOwo/\)LN/\/OwO/\/OV\o/\)L e N
H H i

" [M+H]= | [M+H]|=
CocHuasN1302 | g5 0 1865.0
Example 135
T N}@iuwowowov\rnwowownww fj}
CooHizoNuOa1 | 565 ¢ 1767.9
o\erH
.\\:Il‘i;)\@i ”/\/0\/\0/\/0\/\]/“\/\0/\/0\/\0/\)1“/\/\/3%”2
[M+H]= | [M+H]=
Co4H34N 140322 1811.99 1812.1
[M+H]= | [M+H]=
CosHi3sN 13022 1810.99 1811.1
Example 138
Me OMeMe Me j \:y\Q)LH/\/oV\ONO\/TH\/\ONO\/\O/\/OV\IO(HM\/\T‘%/TNHZ
‘, ., [M+H= | [M+H]=
CocH133N14023 1856.01 1856.0
,\:'l‘y\@)ku/\/owo/\/o\/ﬁofn\/\o/\/O\AO/\/O\/}JHWT‘\/ /\NNHZ
HN [M+H] = [M+H]=
on | CorHi130N13023 185502 1854.9
o\‘N(NHz
A,Tj\@iﬁ/\/owo/\/o\ﬁodﬁ/\/owo/\/owo/\iﬁ/\/\/z/\ \/NNHz
e [M + H] = [M + H] =
CosHi142N 140124 1900.04 1899 .9

Example 141
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OH

o o

HN
" o N= NHz
B T I e e L !
g H H "

N—7

[M+H]= | [M+H]=
CooH143N13024 1899 04 1899.0
0. I NH;
r?ij)\/o\n/n\/\o/\’o o ,\J\u /\/o\/\oz\iu/\/\/z ’\ \NNHz
R [M+H]= | [M+H]=
CssHi32N14022 1737.97 1737.8
.‘\:i‘i;)\/o\n,n\/\o/\/o\/\o/\)ol\u/\/o\/\o/\)‘iu/\/\/:;1‘,\ = NNHZ
“'oMe ° it [M + H] = [M + H] -
CsoHi33N 13022 1736 .98 1736.7
.ﬁi;)\/%r“ \/\o/\/°\/\o’\iu’\/°\/\°’\/°\/jrn\/\/\'f 7:\\N
[M+H]= | [M+H]=
2 | CooHi36N14023 1782.00 1782.0
Example 145
e QueNe Mo \Eij)\/o\[rn\/\o/\/o\/\o/\j.l\}' ] Ny
[M+H]= |[M+H]=
CoiH137N 13023 1781.00 1780.9
[M+H]= |[M+H]=
CsoH13aN14022 1751.99 1751.9

Example 147
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[M + H] = [M + H] =
CooHi35N 13022 1750.99 1750.9
Example 148
Me oMe Mi Me z‘i}\/o\n/ﬂ V\ONO\/\O/\)‘T\”NO\/\ONO\/YH\A/\N%"?N
2 | CotHi3sN14023 1796.01 1795.9
.ﬁz‘i}\/o\[rﬂ\/\‘,/\/°\/\o/\j\u/\/°\/\o’\/°\/ﬁrnw\'f 5‘:\\«
HN [M+H]: [M+H]:
on | CoaHi30N13023 1795.02 1794 .8
Example 150
O\INrNHz
Me oMo Mi ME/EM_E ,ﬁi;)\/"rn\/\o/\/" o ,\)[Lu/\/o\/\oz\)iu/\/\/r?’\i\r‘wz
. JONER IM+HJ= | [M+H]|=
CssHi31N 15022 175097 1750.9
:’:i}\/O\ﬂ/ N\/\o/\/o\/\o/\)()l\u/\/o\/\o/\)]\u/\/\/:':l\ == NNHZ
Y Nt [M+H]= [M+H]=
CsoHi3:N 14022 1749 97 1749 9
[M + H] = [M + H] =
CooHi135sN15023 1794 .99 1794 .8

Example 153
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NH,

a
J\Ei;)\/o\n, n\/\o/\/o\/\o/\j\u/\/o\/\o/\j)\u/\/\’z’\ P NNH2
R [M+H]= | [M+H]=
CoaHizsNisO22 | 1697 6 1826.9
Example 154
we owe Mi Me/ﬁ: _ J\:ilit)\/o\[rn\/\o/\/o\/\o,\)ol\u/\/o\/\o/\)ol\u/\/\/r?/\\NNHz
SO it [M+H]= | [M+H]=
CosHi36N14022 1826.00 18259
.‘\zi:)\,‘?jrn\/\o’\/°\/\o’\j\u’\/°\/\0/\’o\/\fn\/\/\¥ 7:\
g M +H= | [M+H]|=
A, | CoHoNsO2s | g1 00 | 18709
,ﬁi}\)\n/n‘A°N°\A°AJLEN°\A°NO\/Y“NN%
“OMe HN, [M + H] = [M + H] -
) Co7H140N 14023 1870.03 1869.9
o\“/NH2
..\:’:ij)\/o\n’ n\/\o/\/°\/\0’\j\u’\’o\/\°/\)01\N/\/\/:r‘ - "NHZ
o [M+H]= | [M+H]=
Co1Hi137N 15022 179301 1792 .9
Example 158
Yo guese e E’i: :::i;)\/o\n, ﬂ\/\o/\/o\/\o/\j\u/\/ox/\o/\j\u/\/\’ :’:’\ D NNH2
Me H “"OMe o i [M + H] = [M + H] -
CorHissN1O2 | 795 (5 1791.9

Example 159
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"OMe

a3 [M+H]= | [M+H]=
v | CotlaNisOxs | g7 04 1836.9
’?ij)\/ o\n’n\/\o/\/ov\o/\j\H/\/"\/\(,/\/"\/ﬁrn\/\/\Nl r":\\N
" [M+H]= |[M+H]=
o| CottlioN102 | e 1836.0
’E‘j\/\)LN’\/o\/\o’\/o\/er\/\o’\/o\/jrn\/\/\w '}‘:\\N
gJ\ [M+H]= | [M+H]=
CooHizsNuOa1 | 1750 01 17498
"‘EMNNOV\°NOWNV\°NOWNNN O
h [M+H]= |[M+H]=
o | CotHimNOar |79 ) 1748.8
OTN(NHZ
~‘xMﬂN"\/\oN"anowo\/\oJﬂmﬁ/\ = NNHZ
“oe ¢ [M+H]= |[M+H]=
CorHlioN14O2 | 794 03 1793.9
Example 164
L Mi 4 EMN/\/O\/\O/\/O\/\[]/N\/\O/\/O\/\H’N\/\/\N ?‘TN
g [M+H]= | [M+H]=
e CoHizsNuO1 | 1764 05 1763.9
Example 165
2 Mi 1§ EMHNOV\ONOWHV\ONOWNVV\N 5‘:\\N
" [M+H]= |[M+H]=
o | ColissN13021 | 765 3 1762.9

Example 166
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0. NHz

e
N
o N=\ A,
H \ ’
N\/\O/\’o\/\o/\)l\ﬂ/\/\/" \\N
o

Nz

Me OMeMe Me N=N, i

[M+H]= |[M+H]=
CosH14:N 14022 1808.05 1808.0
[M+H]= |[M+H]=
CoaHiasN022 | 667 65 1807.0
..\r@)\/\)c’)\,rr\/"\/\o/\/o\/ﬁrn\/\"/\/o\/\rn\/\/\rf o
%; [M+H]= | [M+H]=
CooH135N 15021 1763.00 1762.9
[M+H]= |[M+H]=
Co1H36N1402; 176201 1761.9
Example 170
0\‘N(NHZ
Me OMeMe Me qu :\Mu/\/owo/\/oqn\/\o/\/owo/\*u/\/\/ﬁ #‘;N
[M+H]= | [M+H]=
Cy:Hi39N 15052 1807.03 1807.0
..\zi;)\/\j\u/\/k/\o/\ﬂ\/\rrn\/\o/\’ °\/\°/\J\E/\/\/r‘ = "NHZ
! - [M+H|= | [M+H]|=
CosHioNwWO02 | {06 03 1805.9

Example 172
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[M+H]= | [M+H]=
CosHi39N 15011 1839 03 1838.9
[M+H]= | [M+H]=
CosH143N15022 1883.06 1883 .0
Example 174
e gt we o ’?MH NOV\ONOWH\/\ONO\/\OJ{V\J’\\:M
: - M+H|= | [M+H]|=
CooH 144N 14022 1882.07 1881.9
:&Ji}\/\)'\u’\/"\/\o’\/"\/ﬁrn\/‘o/\/o‘/\rn\/\/\" véj\f
ok [M+H]= | [M+H]=
we | CoHiaNisOar | a5 s 1804.9
Example 176
0\‘N(NH2
Me OMeMe Me 0J< N=R i i NgH
PNy e "MNNO\AONOWNV\"NO\/\"/\AP{MN \/"
[M+H]= | [M+H]=
CosHi4sN 15022 1849 08 1848 9
H\/\o/\/o\/\o/\j\u,\/\/ﬁ’é\'«wz
it [M+H]= | [M+H]=
CocH146N 14022 1848 08 1847.9

Example 1978
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OH

[M+H]= |[M+H]=
Co3sH141N 13022 1793.04 1792 .9
Example 179
Me ?Me Mi Me EMBI‘ AP /\/o\/\n,“r"lle\/\o/\/o\/\r:'llle\/\/\bf 7:\
A, [M+H]= | [M+H]=
2| CorH138N14021 1776.02 1775.8

Example 180

[00595]

linker and amine functionalized ester, the additional Intermediates F1 in Table 28 were

prepared:

Table 28. Additional carboxylic acid linker Intermediates F1 prepared.

Following the General Procedure 10, but using the appropriate amine-reactive pre-

(o}
HOJ\/\O/\/O\/\O/\/OV\HJ\O\

Intermediate F1-3

Structure Molecular Calculated | Observed
i Formula MW MW
—+ =
j\/\ O~ /([)j\ C1H17NOs 51\6/10 1?]
HO 0 H o/\ )
Intermediate F1-1
i [M + Na] = | [M + Na]
H /
HOJ\AO/\/O\/\O/\/N\H/O\// C13H21NO~ 326,12 =296 1
o}
Intermediate F1-2
[M +H] =
2 C15sH25NOs 348 17

429




General Procedure 13: Coupling of an alkyne containing acid and amine containing

post-linker

(¢}

o o 1. HATU, DIPEA, DMF [ 2 2 Q
\:])LN/\%O\/}O/Y\)J\OH \\C])LN/\QO\/)\O/Y\)LN/\[:]AOH
i H H
H q q

2. LiOHeH,0
EtOH/THF/H,0

Step 1:

[00596] To a 0.2M solution of carboxylic acid (1.3 equiv) in DMF was added HATU (1.9
equiv) and DIPEA (5.0 equiv). The mixture was stirred for 1 h, then amino-containing post-
linker (1.0 equiv) was added. The reaction was allowed to stir until consumption of amine-
linker, as indicated by LCMS. The mixture was poured into H2O and the precipitate was
collected by filtration under N2 to give crude product. The residue was purified by silica gel

chromatography to afford the product.
Step 2:

[00597] To a 0.02M solution of ester (1.0 equiv) in THF/EtOH/H20 (2:1:1) was added
LiOH<H:0 (2.0 equiv) at room temperature. The reaction mixture was stirred until
consumprtion of the ester, as indicated by LCMS. The mixture was concentrated under
reduced pressure to remove THF and EtOH. The aqueous phase was neutralized with aqueous

HCI (0.5 N) and then the precipitate was collected by filtration under Nz to give product.
Intermediate F2-3: Synthesis of 4-(4-(5-(3,19-diox0-6,9,12,15,20-pentaoxa-2,18-

diazatricos-22- yn-1-yl)pyrimidin-2-yl)piperazin-1-yl)benzoic acid

o}
OEt

/k |
o}
A
an X Yoy o
" H N
\\/O\H,N\/\o/\/o\/\o/\,o\/\n/ou 1. HATU. DIPEA, DMF ) O N
0 o ¥
2. LiOHeH,0 |
EItOHITI?iFIHZO \/O\H«NH\/\O/\/O\/\O/\/OV\WNHJI;/N

o} o}

[00598] To a solution of F1-3 (4.40 g, 12.66 mmol, 1.3 equiv) in DMF (60 mL) was added
HATU (7.04 g, 18.51 mmol, 1.9 equiv) and DIPEA (8.48 mL, 48.70 mmol, 5 equiv), the
mixture was stirred at room temperature for 1 h, then ethyl 2-(4-(5-(aminomethyl)pyrimidin-
2-yl)piperazin-1-yl) pyrimidine-5-carboxylate (3.7 g, 9.74 mmol, 1.0 equiv, HCI) was added.
The reaction was stirred for 3 h and was then poured into H2O (300 mL) and stirred for 10
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min. The precipitate was collected by filtration under N2 to give the crude product as brown
solid. The residue was purified by silica gel chromatography (1/1 to 0/1 petroleum
ether/EtOAc, then 1/0 to 15/1 DCM/MeOHR) to afford ethyl 2-(4-(5-(3,19-diox0-6,9,12,15,20-
pentaoxa-2,18-diazatricos-22-yn-1-yl)pyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxylate (4.7 g, 70.2% yield) as white solid. LCMS (ESI) m/z: [M + H] calcd for
C31H44NgOo: 673.32; found 673.3.

Step 2:

[00599] To a solution of ethyl 2-(4-(5-(3,19-diox0-6,9,12,15,20-pentaoxa-2, 1 8-diazatricos
-22-yn-1-yl)pyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-carboxylate (5.38 g, 8.00 mmol, 1.0
equiv) in THF (270 mL), EtOH (135 mL) and H20 (135 mL) was added LiOH+*H20 (671.13
mg, 15.99 mmol, 2.0 equiv) at 25 °C. The reaction mixture was stirred at 25 °C for 20 h. The
mixture was concentrated under reduced pressure to remove THF and EtOH. The aqueous
phase was neutralized with aqueous HCI (0.5 N) and then the precipitate was collected by
filtration under Nz to give 4-(4-(5-(3,19-diox0-6,9,12,15,20-pentaoxa-2,18-diazatricos-22-yn-
1-yl)pyrimidin-2- yl)piperazin-1-yl)benzoic acid (4.34 g, 79.9% yield) as white solid. LCMS
(ESI) m/z: [M + H] calcd for C29H40NgOo: 645.30; found 645.1.

[00600] Following the General Procedure 13, but using the appropriate alkyne-containing
carboxylic acid from Table 28 and amine functionalized ester, the additional Intermediates F2

in Table 29 were prepared:

Table 29. Additional alkynes prepared

Structure Molecular Calculated | Observed
Formula MW MW
o o)
N NJ\/\O/\/O\/\NJ\O S
(\ )I\ P H H S
NN
[M+H]= |[M+H]=
N _N
o LT CasH3NeO7 557.25 557.1
o}

Intermediate F2-1

(o}

(o}
H
N NJ\/\O/\/O\/\O/\/ N \n/o\/
ON
N” 'N

N__N
] :\Nr N C27H36NgOs

’ 601.27 601.4

(o]
Intermediate F2-2

[M+H]= |[M+H]=
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(o] (o]

)NL/j/\HJ\/\o/\/O\/\o/\/O\/\HJ\O/\
Sk

N N
v WL\ CoHoNsOs 1 645 39 645.1

N
(o]

Intermediate F2-3

M+H]= |[M+H]=

Intermediate F3-5: Synthesis of prop-2-yn-1-yl N-(14-{[(2-{4-[S-({4-[4-amino-3-(2-
amino-1,3-benzoxazol-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl]butyl}carbamoyl)pyrimidin-2-yl]piperazin-1-yl} pyrimidin-S-yl)methyl]carbamoyl}-

3,6,9,12-tetraoxatetradecan-1-yl)carbamate

NH, o
[0
\\g N7 OH
PNy
N ;le [o) /NI N\) dioxane
lN/ N\’N\j 6JJ\CF3 \/OTNH\/\O/\/O\/\O/\/O\/\H«NH\);/N
(o] (o]
(o] (o]
OW/NHZ Nl/ﬁ/\NHJ\/\O/\/OV\O/\/O\/\HJI\O/\
NH, (NN
N

[00601] To a solution of F2-3 (0.1 g, 0.1551 mmol, 1.0 equiv) in dioxane (1.55 mL) was
added 5-[4-amino-1-(4-aminobutyl)pyrazolo[3,4-d]pyrimidin-3-yl]-1,3-benzoxazol-2-amine
(121 mg, 0.2791 mmol, 1.8 equiv) followed by DIPEA (80.9 pL, 0.4653 mmol, 3.0 equiv).
Finally, PyBOP (104 mg, 0.2016 mmol, 1.3 equiv) was added. The reaction stirred for 4 h
and then purified by silica gel chromatography (0%—20% DCM/MeOH). LCMS (ESI) m/z:
[M + H] caled for CasHssN1609: 965.45; found 965 .4.

[00602] Following the General Procedure 12, but using the appropriate alkyne-containing
carboxylic acid from Table 29 and amine-containing active site inhibitor, the additional

Intermediates F3 in Table 30 were prepared:

Table 30. Additional alkynes prepared

Structure

Molecular Calculated | Observed
Formula MW MW
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[o}

(o]
)Nl\/j/\NJ\/\O/\/O\/\NJ\O/\

OYNHZ H H
ﬁNHiQ K' Sh M+H] = |[M+H]
N NN = + =
(LN 4 WJV" CaHaN607 | 877 40 877.4
PR
Intermediate F3-1
(o] (o]
|/\ Nl/j/\HJl\/\o/\/O\/\HJ\O/\
N N
NN/ [M+H]= | [M+H]=
B ColeNsO7 | 896 40 876.3
Intermediate F3-2
[o]
) x J\/\ A O, /\/n 0\/
}QY QOA R [M+H]= | [M-+H]
N\ NN = =
QN, NS)/H | /\Nf C43Hs2N160s 921 42 9014
[o]
Intermediate F3-3
[M+H]= [[M+H]=
CaHssNisOs | g5 43 9204
[o] [o]
OW/NHZ )Nl\\ NJK/\O/\/O\/\O/\/O\/\HJ\O/\
NH, N (N NZ
N Ng N [M+H]: [M+H]:
CL N T CasHseN16Os | 965 45 965.4
[
[o]
o/\/o\/\o/\/o\/\uko/\
[M+H]= [[M+H]=
CasHsN1sOs | 64 45 964 .4

Intermediate F3-6
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Example 185: Synthesis of Series 6 bivalent rapamycin analog.

Me OMeMe Me

o o

Q. Q. Jk
/ﬁ/\NHJJ\/\O/\/ \/\o/\/ \/\H o/\

P Cu(MeCN),PFg
(NN TBTA

N
N N _—
¢ ,\ \N H s DMSO
NFN N ZN

o)

o o

OJ\N/\/O\/\O/\/O\/\O/\)LN A N
M QT
N N/\
K,N N
o ow Y
Nx N\/\/\N //
) N=(  NH,
N
|
O NH,

[00603] To a solution of 40(S)-azido rapamycin (25.0 mg, 26.6 pmol, 1.0 equiv) and F3-5
(51.3 mg, 53.2 umol, 2.0 equiv) in DMSO (532 uL) was added tetrakis(acetonitrile)copper(])
hexafluorophosphate (19.8 mg, 53.2 umol, 2.0 equiv) followed by TBTA (56.4 mg, 106.4
umol, 4.0 equiv). The reaction stirred for 6 h and was then purified by reverse phase HPLC
(10—40—95% MeCN + 0.1% formic acid/H20 + 0.1% formic acid). Lyophilization of pure
fractions provided product (11.6 mg, 22.7% yield) as a white solid. LCMS (ESI) m/z: [M +
H] calcd for CosH134N20021: 1904.01; found 1903.9.

[00604] Following General Procedure 3, but using the appropriate azide modified

rapamycin and Intermediates F3, the Series 6 bivalent analogs in Table 31 were synthesized:

Table 31. Series 6 Bivalent Analogs

Struct Molecular Calculated | Observed
ructure Formula MW MW
Me ?Me Mi Me :,:ij)/\OJ\N/\/O\/\O/\)I\u/\E\JN\ /\
~ N/\NJYN\/\/\N O [M+H]= |[M+H]=
° % we | CoHoeNooOw 1 g5 o 1816.0
iy
9
- SU P, IM+H|= | [M+H]=
° o CosHiN1wOw | ¢4 96 1814.9
Example 182
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O\I{NHZ
ey HW"':;LN Z
.‘\K}/\OJLH/\/O\/\O/\/O\/IH\L\/IN CodHi N0 [M + H] = [M + H] =
JHI30TR20M20 1 1850 98 1860.0
e nan®
N_N_J
=N o H ~
we ouete e oo AL CHaNuO, | M+HI= | [M+H]=
o 9sI1131IN19V20
e 1858.99 1859.1
Example 184
Yo Queite e “\ﬁ‘i;)/\o*“/\/o\/\o/\/o\/\o/\)\“ @
""OMe /\CN\)\N()‘ N
S N
Ne N~y M + H]l = M +H]l=
J\"( g CooHi3N20021 [1904 01] [1903 9]
“Me OiNHZ
Example 185
We gMeMi e .,\E%)Lﬂ/\’o\/\o/\/o\/\o/\)Lﬂ A
Me' “OMe /\EN\J\U N
W o A M+H]= |[M+H]=
JT = e | CorHissN10o [1903 02] [1902 9]
Example 186

General Procedure 14: Coupling of an amine and a carboxylic acid containing active

site inhibitor.

HZN\/\QO/\,}NHBoc
n
R.__OH 1. EDC, pyr. H
pyr R\([)]/NV\(O/\/):HZ

o~

2. TFA, DCM
Step 1:

[00605] To a 0.18M solution of carboxylic acid (1.0 equiv) and amino-PEG (1.1 equiv) in
pyridine was added EDC (1.1 equiv). The reaction was allowed to stir until consumption of
carboxylic acid, as indicated by LCMS. The pyridine was removed under reduced pressure

and the resulting residue was dissolved in DCM and washed with H2O. The aqueous phase
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was extracted with DCM and the combined organic phases were dried with anhydrous
MgSOs, filtered and the filtrate was concentrated under reduced pressure. The residue was

purified by silica gel chromatography to afford the product.
Step 2:

[00606] A 0.03M solution of Boc protected amine (1 equiv) in DCM was added TFA (80
equiv). The reaction was allowed to stir until consumption of the starting material, as
indicated by LCMS. The reaction mixture was concentrated under reduced pressure and the

resulting residue to afford the product.
Intermediate G1-2: Synthesis of (1r,4r)-4-[4-amino-5-(7-methoxy-1H-indol-2-
yl)imidazo[4,3-f][1,2,4]triazin-7-yl]-N-(2-{2-[2-(2-

aminoethoxy)ethoxy]ethoxy}ethyl)cyclohexane-1-carboxamide

N H,N NHB N
HoN—¢ \\\N N~ g NHBoc HoN—g/ \\\N
, 3 ,
N 4 N 1. EDC, pyr. N 4 N
N&O NH NéKO
NH
2. TFA, DCM H
..., _OH ’ ., N NH
1,"/ \/\60/\;'3 2
o

OMe ’h/ OMe
(o]

Step I:

[00607] To a solution of trans-4-[4-amino-5-(7-methoxy-1H-indol-2-yl)imidazo[5,1-
f][1,2,4]triazin-7-yl]cyclohexanecarboxylic acid (75.0 mg, 0.184 mmol, 1.0 equiv) and N-
Boc-2,2'-[oxybis(ethylenoxy)]diethylamine (59.1 mg, 0.202 mmol, 1.1 equiv) in pyridine (1
mL) was added EDC (39.8 mg, 0.208 mmol, 1.1 equiv). After stirring overnight, the pyridine
was removed under reduced pressure. The resulting residue was dissolved in DCM (30 mL)
and washed with H2O (30 mL). The aqueous layer was back extracted with DCM (30 mL)
and the combined organic phases were dried with MgSOQu, filtered, and concentrated under
reduced pressure. The crude material was purified by prep-TLC (60% acetone/hexanes) to
provide the product (92.9 mg, 73% yield) as a light brown residue. LCMS (ESI) m/z: [M + H]
calcd for C34HasNsO7: 681.37; found 681 4.

Step 2:

[00608] To a solution of tert-butyl N-(2-{2-[2-(2-{[(1r,4r)-4-[4-amino-5-(7-methoxy-1H-
indol-2-yl)imidazo[4,3-f][1,2,4]triazin-7-yl]cyclohexyl [formamido} ethoxy)ethoxyJethoxy }
ethyl)carbamate (92.9 mg, 0.136 mmol, 1 equiv) in DCM (4 mL) at 0 °C was added TFA (0.8
mL, 10 mmol, 80 equiv). The mixture was stirred at 0 °C for 45 min, then warmed to room

temperature. After 30 min at room temperature the solvent was removed under reduced

pressure. The residue was diluted with DCM (5 mL) and concentrated to provide the product
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(125.0 mg, 100% yield) as a yellow residue. LCMS (ESI) m/z: [M + H] calcd for
C29H40NgOs: 581.32; found 581 4.

[00609]  Following the General Procedure 14, but using the appropriate alkyne-containing

carboxylic acid and amine functionalized PEG, the additional Intermediates G1 in Table 32

were prepared:

Table 32. Additional amines prepared

Structure Molecular Calculated | Observed
Formula MW MW
OMe
— NH
AN [M+H]= |[M+H]=
N ,N*O ' CoHa6NsOs | 53799 5375
\=N "'n’N\/\O/\/O\/\NHz
o]
Intermediate G1-1
OMe
. NH
el CoHuNsOs | MTHI= [[M+H]=
a 29I140IN8UIS
N\’NN/\O-«,T],H\/\O/\/O\/\O/\/NHZ 58 l 32 58 l 4
[
Intermediate G1-2

Intermediate G2-2: Synthesis of 1-azido-N-(2-{2-[2-(2-{[(1r,4r)-4-[4-amino-5-(7-
methoxy-1H-indol-2-yl)imidazo[4,3-f][1,2,4]triazin-7-

yl]cyclohexyl]formamido}ethoxy)ethoxy]ethoxy}ethyl)-3,6,9,12-tetraoxapentadecan-15-

amide
OMe OMe
O,
NH o] NH
Nz\/*(o/\,)ij\o,p
HN 7 r 3 & HMN_ 7 {‘4
! i’
N\’NIN/\O R o NH —_— N\ﬁN'N R o N o. o N
';n/ NN N2 DMF "':n/ NN N N \n/\/ NN N

(o] (o]

[00610] To a solution of azido-PEG4-NHS ester (66.1 mg, 0.170 mmol, 1.25 equiv) and
(1r,4r)-4-[4-amino-5-(7-methoxy-1H-indol-2-yl)imidazo[4,3-f][ 1,2,4]triazin-7-yl]-N-(2-{ 2-

[2-(2-aminoethoxy)ethoxy Jethoxy }ethyl)cyclohexane-1-carboxamide (94.5 mg, 0.136 mmol,

1.0 equiv) in DMF (2.8 mL) was added TEA (94 pL, 0.68 mmol, 5.0 equiv), dropwise at

room temperature. The reaction was stirred for 50 min and then the solvent was removed

under reduced pressure to afford a yellow oil. The crude material was purified by prep-TLC

(10% MeOH/DCM) to provide the product (91.2 mg, 78% yield) as a yellow oil. LCMS
(ESI) m/z: [M + H] calcd for C40Hs9N11010: 854.45; found 854.5
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[00611]

Following the General Procedure 1, but using the appropriate amine from Table

32 and azide functionalized N-hydroxysuccinimide ester, the additional Intermediates G2 in

Table 33 were prepared:

Table 33. Additional active site inhibitor containing Intermediates G2 prepared.

\
4 N/KO
H H H
=N N~ g O g N O g™ O g~Ns
1 (o} o} \([)(\/ (o} o}

Intermediate G2-2

Structure Molecular Calculated | Observed
i Formula MW MW
OMe
NH
7 IN/KO ] o C38Hs5N1109 830 41 8323
=N o N\/\o/\/o\/\NJ\/\o/\/O\/\o/\/o\/\N
y ' s
Intermediate G2-1
OMe
- NH
HN_ /N [M+H]= [M+H]=
C40Hs9N11010 854 45 854 5

[00612]

Following General Procedure 3, but using the appropriate alkyne modified

rapamycin and Intermediates G2, the Series 7 bivalent analogs in Table 34 were synthesized:

Table 34. Series 7 Bivalent Analogs

Struct Molecular Calculated | Observed
ructure Formula MW MW
[M+H]= |[M+H]=
CosHioNLO2 | {604 04 1803.9
[M+H]= |[M+H]=
CocHiasN102 | 650 09 1820.2
Example 188
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HN"’\__0
o
el M+H]= |[M+H]=
-4 Co7H 146N 12023 [1848 07] [1848 3 ]
N'N;'\N . .
Example 189
PN ,Zm"f \—\o_\_o
b o
HNT o
Mo
: 0\”}N ° M —+ H = M + H =
JIQ CotiaNiOs: | Y0 ™ | s
N'Nt\N . .
Example 190

General Procedure 15: Coupling of an amine-reactive azide containing pre-linker and

amine containing ester.

(o}

H,N
R.__OH 1. HATU, DIPEA, DMF H
T R N OH
& T

2. LiOHeH,0 fo}

Step I:

[00613] Toa 0.12M solution of carboxylic acid (1.0 equiv) in DMF was added DIPEA
(3.0 equiv) and HATU (1.5 equiv) followed by amino-PEG-ester (1.5 equiv). The reaction
was allowed to stir until consumption of carboxylic acid, as indicated by LCMS. The mixture
was poured into H20 and the precipitate was isolated by filteration. The crude material was

purified by silica gel chromatography to afford the product.
Step 2:

[00614] To a 0.03M solution of ester (1.0 equiv) in THF/H2O/MeOH (4:1:1) was added
LiOHeH20 (1.50 equiv) at room temperature. The reaction was allowed to stir until
consumption of the ester, as indicated by LCMS, at which point the reaction mixture was
diluted with H2O and the mixture was acidified with aqueous HCI (0.5M) to pH 7. The

precipitate was filtered and the filter cake was washed with H20, and dried under reduced
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pressure to give crude product. The crude product was dissolved in TFA and was then
evaporated under reduced pressure. The oily residue was triturated with MeCN, then dropped
into MTBE for 10 min. The supernatant was removed and then the precipitate was collected

by filtration under Nz to give the product.

Intermediate H1-1: Synthesis of 3-[2-({2-[4-(5-azidopyrimidin-2-yl)piperazin-1-
yl]pyrimidin-S-yl}formamido)ethoxy]propanoic acid

0
NS\(\JN\ HZN\/\o/\)J\OMe Ns\(\IN
SN N SN N
LA 1. HATU, DIPEA, DMF Lk
3OS . T w 0
N\%‘/OH 2 LIOHH;0 N\)\”/N\/\O/\)j\OH
) )

Step I:

[00615] To a solution of 2-(4-(5-azidopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxylic acid (796.12 mg, 2.43 mmol, 1.0 equiv) in DMF (20 mL) was added DIPEA (1.27
mL, 7.30 mmol, 3.0 equiv) and HATU (1.39 g, 3.65 mmol, 1.5 equiv) at room temperature,
after 1 h, methyl 3-(2-aminoethoxy)propanoate (0.67 g, 3.65 mmol, 1.5 equiv, HCI) was added
to the mixture. The reaction mixture was stirred for 20 min, at which point the mixture was
poured into H20 (200 mL) and stirred for 5 min. The supernatant was removed and then the
precipitate was collected by filtration under N2 to give the crude product. The residue was
purified by silica gel chromatography (1/1 to 0/1 petroleum ether/EtOAc) to afford the product
(0.8 g, 1.68 mmol, 69.0% yield) as a light yellow solid. LCMS (ESI) m/z: [M + Na] calcd for
C19H24N1004: 479.2; found 479.1.

Step 2:

[00616] To a solution of methyl 3-(2-(2-(4-(5-azidopyrimidin-2-yl)piperazin-1-
yl)pyrimidine -5-carboxamido)ethoxy)propanoate (0.8 g, 1.75 mmol, 1.0 equiv) in THF (40
mL), H20 (10 mL) and MeOH (10 mL) was added LiOHeH20 (0.11 g, 2.62 mmol, 1.50
equiv) at room temperature. The reaction mixture was stirred for 3 h, at which point the
mixture was concentrated under reduced pressure to remove THF and MeOH. To the residue
was added H20 (50 mL) and the mixture was acidified with aqueous HCI (0.5M) to pH 7.
The precipitate was filtered and the filter cake was washed with H2O (20 mL), and dried
under reduced pressure to give crude product. The crude product was dissolved in TFA (3
mL) and was then evaporated under reduced pressure. The oily residue was triturated with

MeCN (1 mL), then dropped into MTBE (20 mL) for 10 min. The supernatant was removed
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and then the precipitate was collected by filtration under N2 to give the product (0.368 g,

34.5% yield, TFA) as a light yellow solid. LCMS (ESI) m/z: [M + H] calcd for CisH22N1004:

443.19; found 443.1.

[00617]

additional Intermediates H1 in Table 35 were prepared:

Table 35. Additional azides prepared

Following the General Procedure 15, but using the appropriate amine and acid, the

Struct Molecular Calculated | Observed
ructure Formula MW MW
(o}
HO 0\/\
N 2 \
\g/\/ H)KEN\J\N/\ [M+H]= |[M+H]=
(NN CisHa2Nw0Os 19 443.1
BN
N_~ N,
Intermediate H1-1
NN
P
SA
N_ _N [M+H]= |[M+H]=
o . H\’H/;\/\lNr C20H26N1005 48722 4872
\[(\/ ~ o N
(o) (o)
Intermediate H1-2
0
HO\[]/\/O\/\O/\/O\/\N)K(\N
H |
o BN
NTINTY [M+H]= |[M+H]=
K/NYN\ CaHsoNw0Os | 557 o4 5312
B
N~ Ny
Intermediate H1-3
(0]
I-Io\ﬂ/\/o\/\N)KKN OH
o NS
N~ N Ci1oHauN100 [M+H]=
LN PH2ANI0Us 1 493 90

|
N

&

Intermediate H1-4
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Intermediate H2-1: Synthesis of N-(2-(3-((4-(4-amino-3-(2-aminobenzo[d]oxazol-5-yl)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)butyl)amino)-3-oxopropoxy)ethyl)-2-(4-(5-

azidopyrimidin-2-yl)piperazin-1-yl)pyrimidine-S-carboxamide

‘ Ng\f\lN NTONTY
N SN N/w EDCI, HOBt (N IN\ " o ﬁ
NH, . K/NYN\ . DIPEA N)\’(NV\O/\)LN SN
+ =]
N o | H H \
l P \,N NHEJ\ N\)\’rN\/\O/\)J\OH DMA o \,{?
NZ N 07 CF, S N HoN
/Q 2
HoN O’

[00618] To a solution of 3-(2-(2-(4-(5-azidopyrimidin-2-yl)piperazin-1-yl)pyrimidine-5-
carboxamido)ethoxy)propanoic acid (100 mg, 185 pmol, 1.0 equiv) and 5-{4-amino-1-
pentyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl }-1,3-benzoxazol-2-amine (99.9 mg, 221 pmol, 1.2
equiv) in DMA (1.84 mL) was added DIPEA (112 uL, 647 pmol, 3.5 equiv) followed by
HOBt hydrate (42.2 mg, 221 pmol, 1.2 equiv) and EDCI HCI (42.3 mg, 221 umol, 1.2
equiv). The reaction was stirred at room temperature for 7 h, at which point the reaction
mixture was diluted with DMSO and purified by reverse phase prep-HPLC (10—100%
MeCN/H20 to provide the product (28.4 mg, 20% yield). LCMS (ESI) m/z: [M + H] calcd for
C34H38N1804: 763.34; found 763 .3.

[00619] Following the General Procedure 5, but using the appropriate amine-containing
active site inhibitor and Intermediate H1, the additional Intermediates H2 in Table 36 were

prepared:

Table 36. Additional active site inhibitor containing Intermediates H2 prepared.

Structure Molecular Calculated | Observed
Formula MW MW
+ = —‘,— =
C34H38N1804 [M+H] [M +H]

763.34 763.3

Intermediate H2-1
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Intermediate H2-4

Molecular Calculated | Observed
Structure Formula MW MW
N
O.__NH N 3
" Y
N (\NJ\N
(7 \oow H /N\erJ C36H42N180s M+ HJ =) [M*+ H] =
NN, N N\[(\/O\/\O/\/N N 807.37 807.3
P! I
Intermediate H2-2
OW/NHZ
N
N
« \N n (0] O i
N" S ) g g \/\N)Y\N [M+H]= |[M+H]=
H |
K)/ 0 \N)\N/\ C3sH46N1806 851 39 851 4
N N
108
Intermediate H2-3
[M+H]= |[M+H]=
C35H40N18Os 793 35 793 3
N3

[00620]

Following General Procedure 3, but using the appropriate alkyne modified

rapamycin and Intermediates H2, the Series 8 bivalent analogs in Table 37 were synthesized:

Table 37. Series 8 Bivalent Analogs

Struct Molecular Calculated | Observed
ructure Formula MW MW
[M+H]= | [M+H]=
CasHinN2O1 | 1757 o4 1731.9
Example 191
Nj\IN
HzN \N'N’\/\,n [M + H] — [M + H] —
45 o CooHizoN2001s | 177596 | 1776.1
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Molecular Calculated | Observed
Formula MW MW

Structure

Example 192

HN

[M+H]= |[M+H]=

Co:Hi30N20019 1819.99 1820.0

Example 193

[M+H]= |[M+H]=

CsoH124N20018 1761 .95 1761.9

N-N,

I =N
N
s ]@AQ
o} H,N

Example 194

General Procedure 16: Coupling of an alkyne containing carboxylic acid and an amine

containing active site inhibitor.

o DIPEA, PyBOP %
[00621] To a 0.1M solution of amine containing active site inhibitor (1.8 equiv) in DMA
was added carboxylic acid (1.0 equiv), DIPEA (3.0 equiv), and finally PyBOP (1.3 equiv).
The reaction was allowed to stir until consumption of carboxylic acid, as indicated by LCMS.

The reaction mixture was then purified by reverse phase prep-HPLC to afford the product.

Intermediate I1-1: Synthesis of N-{4-[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-1-yl]butyl}-4,7,10,13,16,19,22,25,28,31-decaoxatetratriacont-
33-ynamide

[00622] To a solution of {4-[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl]butyl jamino 2,2,2-trifluoroacetate (770 mg, 1.71 mmol, 1.8 equiv) in DMA
(9.52 mL) was added 4,7,10,13,16,19,22,25,28 3 1-decaoxatetratriacont-33-ynoic acid (500
mg, 953 umol, 1.0 equiv), DIPEA (495 pL, 2.85 mmol, 3.0 equiv), and finally PyBOP (640

mg, 1.23 mmol, 1.3 equiv). After stirring overnight the the crude reaction mixture was
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purified by reverse phase chromatography (10—100% MeCN/H20) to provide the product

(105.1 mg, 13% yield). LCMS (ESI) m/z: [M + H] calcd for Ca0HesoNsO12: 845.44; found

845.3.

[00623]

Following the General Procedure 16, but using the appropriate amine-containing

active site inhibitor and carboxylic acid containing PEG, the additional Intermediates I1 in

Table 38 were prepared:

Table 38. Additional alkynes prepared

UN\H/\/O\/\O/\/O\/\O/\/O\/\O/\/O\/\O/\/O\/\O/\
o}

Example I1-2

Structure Molecular Calculated | Observed
Formula MW MW
g ba CaoHsoNgO12 [M+H]= | [M+H]=
N= ’ﬂjn\n/\/o\/\o/\/o\/\o/\/o\/\o/\/o\/\o/\/o\/\o/\ 84544 8453
(o]
Example I1-1
OH
! IM+H]= |[M+H]=
CLW & Cs1H61N7012 844 45 844 3

Example 195: Synthesis of Series 9 bivalent rapamycin analog.

Me OMeMe Me
A

., 0. NH.

‘OMe b

NH, N Cu(MeCN),PFg
A TBTA

$ H
N=, N N o DMSO
s

+
Sz

[00624]

(4.12 mL) was added tetrakis(acetonitrile)copper(I) hexafluorophosphate (30.7 mg, 82.6

To a solution 40(S)-azido rapamycin (105 mg, 124 umol, 3.0 equiv) in DMSO

umol, 2.0 equiv) followed by TBTA (87.5 mg, 165 pmol, 4.0 equiv). After stirring for 4 h the

crude reaction mixture was purified by reverse phase chromatography (40—100%

MeCN/H20) to provide the product (11.0 mg, 14.9% yield). LCMS (ESI) m/z: [M + H] calcd

for Co1H138N12024: 1784.00; found 1784.7.

[00625]

Following General Procedure 9, but using the appropriate azide modified

rapamycin and Intermediates I1, the Series 9 bivalent analogs in Table 39 were synthesized:
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Table 39. Series 9 Bivalent Analogs

Molecular Calculated | Observed

Structure Formula MW MW

[M+H]= |[M+H]=

CoiH 33N 12024 1784.00 1784 .7

Example 195

° o
Me OMeMe Me NN 0/
0 o,

e

[M+H]= |[M+H]=

CoHi39N11024 178301 1783.2

Example 196

Intermediate J1-1: N-{4-[4-amino-3-(2-amino-1,3-benzoxazol-5S-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl]butyl}-1-hydroxy-3,6,9,12-tetraoxapentadecan-15-amide

N//\N f
\
NSNS NH HO\/~€0/\kaH OYNHZ
H,N =N 4 I
PyBOP, iPr,NEt N
DMA { N H
N N’ N\[(\/O\/\O/\/O\/\O/\/OH
oN K)/
\( o)
NH,

[00626] To a solution of 1-hydroxy-3,6,9,12-tetraoxapentadecan-15-oic acid (97 mg, 364
umol, 1.65 equiv) and 5-[4-amino-1-(4-aminobutyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl]-1,3-
benzoxazol-2-amonium trifluoroacetate (100 mg, 221 umol, 1.0 equiv) in DMA (2.20 mL) was
added DIPEA (153 pL, 884 pmol, 4.0 equiv) followed by PyBOP (149 mg, 287 umol, 1.3

equiv). The reaction was stirred at room temperature for 3 h then purified by silica gel
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chromatography (0—30% MeOH/DCM) to afford the product (77.4 mg, 60% yield). LCMS
(ESI) m/z: [M + H] calcd for C27H3sNgO7: 587.30; found 587.2.

Table 40. Additional alcohols prepared

\ H
T S e e
o)

Intermediate J1-1

Molecular Calculated | Observed
Structure Formula MW MW
O.__NH

W/ 2

N
N
, [M+H]= |[M+H]=
{ CarHzsNsQy 58730 5872

Intermediate J2-1: 14-({4-[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)-1H-pyrazolo[3,4-

d]pyrimidin-1-yl]butyl}carbamoyl)-3,6,9,12-tetraoxatetradecan-1-yl 4,7,10,13-

tetraoxahexadec-15-ynoate

(¢}

O -NH O _-NH
NH R/ : /*OA%LOH NH R/ :
2 2
N EDC, DMAP N
« ’\ \N i DMA « ’\ \N i
N UN\H/\/O\/\Q/\/ O™ CH N UN\[(\/O\/\Q/\/O\/\Q/\/O
(o] [¢]

[00627]

¢}

\n/\/o\/\o/\/o\/\o/\

To a solution of 4,7,10,13-tetraoxahexadec-15-ynoic acid (37.4 mg, 144 pmol,

1.1 equiv) in DMA (1 mL) was added EDC (50.7 mg, 262 umol, 2.0 equiv) followed by 4-

dimethylaminopyridine (32.0 mg, 262 umol, 2.0 equiv). The resulting suspension was stirred

for 5 minutes, then N-{4-[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)-1H-pyrazolo[3,4-

d]pyrimidin-1-yl]butyl }-1-hydroxy-3,6,9,12-tetraoxapentadecan-15-amide (77.4 mg, 131

umol, 1.0 equiv) in DMA (1.6 mL) was added. The reaction mixture was stirred at room

temperature for 24 h then purified by silica chromatography (0—20% MeOH/DCM) to afford
the product. LCMS (ESI) m/z: [M + H] calcd for C39Hs¢NgO12: 829.41; found 829.3.

Table 41. Additional alkynes prepared

\ H
N NLN)/N\I]/\/O\/\O/\/O\/\O/\/O\[(\/O\/\O/\/O\/\O/\
(o] [o]
Intermediate J2-1

Molecular Calculated | Observed
Structure Formula MW MW
NH, OR/NHZ
S [M+H]= |[M+H]=
4 CaoHseNsO12 | 079 41 8293
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[00628]

Following General Procedure 3, but using the appropriate azide modified

rapamycin and Intermediates J2, the Series 10 bivalent analogs in Table 42 were synthesized:

Table 42. Series 10 Bivalent Analogs

Struct Molecular Calculated | Observed
ructure Formula MW MW
‘\’:‘j/\O/\/O\/\O/VOMIO\AO/\/O\/\O/\/O\/IHN’L%‘NHZ
[M+H]= | [M+H]=
o | CoolaaN20u 76797 | 17677
Example 197
[00629] Following General Procedure 7, but using the appropriate NHS ester-PEG-azide
and amine containing PEG-fert-butyl ester, the Intermediates K1 in Table 43 were
synthesized:
Table 43. Additional carboxylic acids prepared
Structure Molecular Calculated | Observed
Formula MW MW
o [M+H]= |[M+H]=
HOY\/°\/\o/\/°\/\NJ\/\o/\/°\/\o/\/N3 CualaOo 451 24 451.4
H
0
Intermediate K1-1
[00630] Following General Procedure 1, but using the appropriate Intermediate K1 and
amine containing active site inhibitor, the Intermediates K2 in Table 44 were synthesized:
Table 44. Additional azides prepared
Structur Molecular Calculated | Observed
ucture Formula MW MW
NH,
NAQ
Nz M+H]= |[M+H]=
N= o C34Hs50N 1209
N N 771.39 7713
NN N\n/\/O\/\o/\/O\/\NJ\/\O/\/O\/\O/\/Ng
S g
Intermediate K2-1
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OH
M+H]= |[M+H]=
zf { 0 C35H51N1109 [770 40 ] [770 4 ]
NEN N N\n/\/O\/\o/\/O\/\NJ\/\O/\/O\/\O/\/Ns ’ ’
U d
Intermediate K2-2
[00631] Following General Procedure 3, but using the appropriate alkyne modified
rapamycin and Intermediates K2, the Series 11 bivalent analogs in Table 45 were
synthesized:
Table 45. Series 11 Bivalent Analogs
Struct Molecular | Calculated | Observed
ructure Formula MW MW
At O
N=y o7 o
e
OXH . CoiHi3Ni30 | [M+H]= | [M+H]=
B LN » 1765.01 1964.9
N\N/ Z\}NHZ
Example 198
CooHissNiO | [M+H]= | [M+H]=
2 1764.01 1763.8
Example 199

General Procedure 17: Coupling of an ester containing carboxylic acid and an amine

containing active site inhibitor.

0
Hoj]/\(o/\))komu
o n

1) PyBOP, iPr,NEt

H

_NH .N o OH

R R ﬁ\/w
o} " o

2) TFA
Step 1:

[00632]

To a 0.10M solution of carboxylic acid PEG (1.0 equiv) in DMF was added an

amine containing active site inhibitor (1.8 equiv) followed by DIPEA (3.0 equiv) and PyBOP

(1.3 equiv). The reaction was allowed to stir until consumption of carboxylic acid, as
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indicated by LCMS. The mixture was then purified by silica gel chromatography to afford the
product.

Step 2:

[00633] A 0.08M solution of ester (1 equiv) in DCM was added TFA (80 equiv). The
solution was allowed to stir until consumption of the ester, as indicated by LCMS. The
reaction mixture was concentrated under reduced pressure and then lyophilized from MeCN

to give the product.
Intermediate L1-1: Synthesis of 3-[2-({4-[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)-1H-
pyrazolo[3,4-d]|pyrimidin-1-yl]butyl}carbamoyl)ethoxy]propanoic acid

NH, o NH;
o] (0] OtBu 0o
1
(o]

1) PyBOP, iPr,NEt

2) TFA

Step 1: Synthesis of fert-butyl 3-[2-({4-[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)-1H-
pyrazolo|[3,4-d]pyrimidin-1-yl]butyl } carbamoyl)ethoxy]propanoate

[00634] To a solution of 3-[3-(fert-butoxy)-3-oxopropoxy |propanoic acid (250 mg, 1.14
mmol, 1.0 equiv) in DMF (11.3 mL) was added 5-(4-amino-1-(4-aminobutyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzo[d]-oxazol-2-amine trifluoroacetic acid salt (927 mg,
2.05 mmol, 1.8 equiv), DIPEA (595 pL, 3.42 mmol, 3.0 equiv), and PyBOP (769 mg, 1.48
mmol, 1.3 equiv). The resulting solution was stirred at room temperature for 3 h. The crude
product was purified by silica gel chromatography (0—20% MeOH/DCM) to afford the
product as a pink oil. The product was repurified by silica gel chromatography (0—15%
MeOH/DCM)) to afford the product (245 mg, 40% yield) as a pink solid. LC-MS (ESI) m/z:
[M + H] caled for C26H34NsOs: 539.28; found 539.2.

Step 2: Synthesis of 3-[2-({4-[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl]butyl } carbamoyl)ethoxy]propanoic acid

[00635] To a solution of tert-butyl 3-[2-({4-[4-amino-3-(2-amino-1,3-benzoxazol-5-yl)-
1H-pyrazolo[3,4-d]pyrimidin-1-ylJbutyl } carbamoyl)ethoxy ]propanoate (133 mg, 0.2469
mmol, 1.0 equiv) in DCM {3 mi.} was added TFA (1.5 mL). The resulting homogenous

solution was stirred at room temperature for 3 h. The reaction mixture was concentrated
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under reduced pressure. The product was dissolved in MeCN and lyophilized to give the

product (222 mg, 150%) as a light pink tacky solid. LC-MS (ESI) m/z: [M + H] calcd for

C22H26NgOs: 483.21; found 483.1.

[00636] Following General Procedure 17, but using the appropriate carboxylic acid-PEG-

ester and amine containing active site inhibitor, the Intermediates L1 in Table 46 were

synthesized:

Table 46. Additional carboxylic acids prepared

\ H

Intermediate L1-2

'ﬂ)/ N \[(\/O\/\O/\/OWOH
(0]

o)

Structur Molecular Calculated | Observed
ucture Formula MW MW
NH,
Néko
[M+H]= |[M+H]=
C22Ha6NsOs 48321 483.1
Intermediate L1-1
NH,
N“ o
[M+H]= |[M+H]=
C26H34Ns07 57127 5712

[00637] Following General Procedure 1, but using the appropriate Intermediate L1 and

amine containing pre-linker, the Intermediates L2 in Table 47 were synthesized:

451




Table 47. Additional azides prepared

Intermediate L2-2

Structure Molecular Calculated | Observed
i Formula MW MW
NH,
N)\o
M+H]= |[M+H]=
C30H35N1504 67031 6702
Intermediate L2-1
NH,
Y [M+H]= | [M+H]
| = =
N)\N C34H43N1506 758 36 7589

[00638]

Following General Procedure 3, but using the appropriate alkyne modified

rapamycin and Intermediates L2, the Series 12 bivalent analogs in Table 48 were synthesized:

Table 48. Series 12 Bivalent Analogs

Structure Molecular Calculated | Observed
uctu Formula MW MW
[M+H]= | [M+H]=
- Cs4H119N 17017 1638.90 1638.7
H N~ \N
Example 200
HoN \~MNKN
e [M+H]= [M+H]=
CasHuNEOL 796 06 1726.8
Example 201

452




Biological Examples

Cell Based AlphaLLISA Assays For Determining ICS0 For Inhibition of P-Akt (S473), P-
4E-BP1 (T37/46), and P-P70S6K (T389) in MDA-MB-468 Cells

mTOR Kinase Cellular Assay

[00639]

To measure functional activity of mMTORC1 and mTORC2 in cells the

phosphorylation of 4EBP1 (Thr37/46) and P70S6K (Thr389), and AKT1/2/3 (Ser473) was
monitored using AlphaLisa SureFire Ultra Kits (Perkin Elmer). MDA-MB-468 cells
(ATCC® HTB-132) were cultured in 96-well tissue culture plates and treated with

compounds in the disclosure at concentrations varying from 0.017 — 1,000 nM for two to four

hours at 37°C. Incubations were terminated by removal of the assay buffer and addition of

lysis buffer provided with the assay kit. Samples were processed according to the

manufacturer’s instructions. The Alpha signal from the respective phosphoproteins was

measured in duplicate using a microplate reader (Envision, Perkin-Elmer or Spectramax M5,

Molecular Devices). Inhibitor concentration response curves were analyzed using

normalized ICso regression curve fitting with control based normalization.

[00640] As an example, measured ICso values for selected compounds are reported below:
ICso for Inhibition of mTORC1 and mTORC?2 Substrate
Phosphorylation (nM)
Compound p-P70S6K-(T389) | p-4E-BP1-(T37/46) | p-AKT1/2/3-(S473)
MLN-128 1.4 16 3.7
Rapamycin 0.2 >1,000 >1,000
Example 1 0.3 1.0 3.9
[00641] As an example, measured pICso values for selected compounds are reported
below:
Example pICso for Inhibition of mMTORC1 and mTORC2
Substrate Phosphorylation
p-P70S6K- p-4E-BP1- p-AKT1/2/3-
(T389) (T37/46) (S473)
1 +++ +++ 44+
2 +++ ++ +
3 +++ +++ ++
4 +++ - -
5 +++ + -
6 +++ - -
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7 +++ +++ +++
8 +++ +++ ++
9 +++ - -
10 +++ - -

11 +++ +++ +++
12 - - -
13 ++ ++ +
14 ++ ++ +
15 ++ ++ +
16 - - -
17 ++ ++ +
18 +++ 44+ +++
19 +++ + +
19 +++ +++ ++
20 +++ +++ ++
21 +++ T+ ++
22 +++ 4+ ++
23 +++ 44+ +++
24 +++ +++ ++
25 +++ T+ ++
26 +++ +++ ++
27 +++ +++ ++
28 +++ 4+ ++
29 +++ +++ ++
30 +++ 4+ ++
31 +++ T+ ++
32 ++ ++ ++
33 ++ ++ ++
34 ++ ++ +
35 +++ +++ ++
36 +++ ++ ++
37 +++ +++ ++
38 ++ ++ +
39 ++ + +
40 +++ +++ +
41 +++ ++ -
42 +++ +++ ++
43 +++ + +
44 44+ +++ +++
45 +++ +++ 4+
46 +++ +++ ++
47 +++ +++ ++
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48 +++ T+ ++
49 +++ +++ +
50 ++ ++ +
51 ++ ++ +
52 +++ ++ ++
53 +++ + ++
54 ++ - -
55 +++ ++ +
56 +++ 44+ +++
57 +++ +++ ++
58 4+ +++ +++
59 +++ +++ ++
60 +++ +++ ++
61 ++ ++ ++
62 - - -
63 + + +
64 4+ ++ +
65 ++ ++ +
66 +++ +++ 44+
67 +++ +++ +++
68 4+ ++ +
69 +++ +++ ++
70 ++ - -
71 ++ ++ -
72 4+ 4+ 4+
73 +++ +++ +++
74 ++ - -
75 ++ + +
76 +++ +++ ++
77 +++ +++ ++
78 4+ ++ ++
79 4+ ++ +
80 4+ ++ +
81 ++ ++ +
82 +++ ++ +
83 +++ 44+ +++
84 +++ +++ ++
85 +++ T+ ++
86 +++ +++ ++
87 +++ ++ -
88 +++ + ++
89 4+ 4+ ++
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90 4+ 4+ 4+
91 +++ +++ 4+
92 4+ ++ +
93 ++ ++ -
94 ++ ++ -
95 +++ +++ ++
96 +++ +++ ++
97 ++ ++ ++
99 +++ ++ ++
100 4+ + ++
101 4+ 4+ ++
102 4+ ++ ++
103 +++ T+ ++
104 ++ + +
105 ++ ++ +
106 +++ +++ ++
107 + 4+ Tt
108 +++ +++ ++
109 4+ - -
110 4+ + -
111 +++ + +
112 +++ - -
113 4+ 4+ ++
114 +++ - -
115 4+ 4+ ++
116 4+ ++ -
117 +++ - -
118 4+ 4+ ++
119 +++ - -
120 ++ ++ +
121 ++ + -
122 ++ ++ ++
123 ++ ++ +
124 ++ ++ ++
125 ++ ++ ++
126 ++ ++ +
127 ++ ++ +
128 ++ ++ +
129 ++ + -
130 ++ ++ ++
131 ++ + +
132 ++ ++ +
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++

++

++
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++
++
++

++
++
++
++

++

++
++
++
++
++
++
++
++
++
++
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et

++

et
++

++

133

134
135

136

137

138

139

140
141
142
143

144
145
146

147
148

149
150
151

152
153

154
155
156
157
158

159
160
161

162
163
164
165
166
167
168

169
170
171
172
173
174
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175 - - -
176 + - -
177 + - -
178 + - -
179 ++ + -
180 ++ - -
181 +++ +++ ++
182 +++ - -
183 +++ +++ ++
184 +++ +++ ++
185 +++ +++ ++
186 +++ ++ +
187 +++ +++ ++
188 +++ +++ +
189 +++ +++ ++
190 4+ ++ +
191 +++ + -
192 +++ ++ -
193 4+ ++ -
194 +++ - -
195 ++ ++ ++
196 ++ ++ +
197 ++ ++ +
198 +++ +++ ++
199 4+ 4+ +
200 ++ - +
201 4+ ++ +
Note:

pIC50 (p-P70S6K-(T389))

>9 4+

9>pIC50 >8 ++

8>pIC50 >6 +

<6 -

pIC50 (p-4E-BP1-(T37/46) or p-AKT1/2/3-(S473))

>8.5 +++

8.5>pIC50 >7.5 ++

7.5>pIC50 >6.0 +

<6 -
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Equivalents

[00642] While the present disclosure has been described in conjunction with the specific
embodiments set forth above, many alternatives, modifications and other variations thereof
will be apparent to those of ordinary skill in the art. All such alternatives, modifications and

variations are intended to fall within the spirit and scope of the present disclosure.
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Claims:

1. A compound represented by Formula I-X:

(I-X)

or a pharmaceutically acceptable salt, stereoisooxepane isomer, or tautomer
thereof, wherein:

R1¢is selected from -OR-SR, -NR3C(O)OR, (Cs-Cig)aryl, and 5-7 membered
heteroaryl containing 1-2 heteroatoms independealigcted from O, N, and S, wherein the
aryl is substituted with one or more substitueaishendependently selected from{C
Cio)alkoxy;

R% is selected from =N-Rand =0;

R?8 is selected from—-OR

R3 s selected from =N-R =0, -OR, and =N-OR,;

R* s selected from R-OR?, and -SR;

wherein the compound comprises orfe R

R!is —A-L'-B; and

wherein
Ais absent or is selected from -O(C(Bn-, -O(C(R)2)n-[O(C(R®)2)n]o-O(C(R)2)p-, -
OC(O)NR(C(R32)n-, -heteroarylene-(ECio)arylene-,
-O(C(R®)2)n-(Cs-Cro)arylene-heteroarylene-heterocyclylene-(€)¢R-,
-O(C(R®)2)n-(Cs-Cro)arylene-heteroarylene-heterocyclylene-C(O) (4R,
-O(C(R¥)2)n-(Cs-Cio)arylene-heteroarylene-heterocyclylenes8I3R%)2)n-,
-heteroarylene-(ECio)arylene-heteroarylene-heterocyclylene-(€)¢R-,
-heteroarylene-(ECio)arylene-heteroarylene-heterocyclylene-C(O) (4R, and
-heteroarylene-(6ECig)arylene-heteroarylene-heterocyclylenes8I3R%)2)n-,
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wherein heteroarylene is 5-12 membered and coniathbeteroatoms
selected from O, N, and S; heterocyclylene is $agPnbered and contains 1-4
heteroatoms selected from O, N, and S;

wherein the arylene, heteroarylene, and heterolgyadyare optionally
substituted with one or more substituents eachpeddently selected from (€
Cig)alkyl, and hydroxy(@Cio)alkyl;
L!is selected from
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wherein the bond with variable position in thezdke is in the 4-position;

B is selected from

and
B! is selected from NR3-(C(R%)2)n-, *~ NRE-(C(R%)2)n-(Ce-Cio)arylene-(C(R)2)n-, ° (Ce-

Cioarylene-,*~ NR-(C(R®)2)-heteroarylene-heterocyclylenesCio)arylene-,

S *
I g, PO
(CR%)p— (C(R%))p— (CR)2)p—
}éN n
%NCL B <<|:<R3>2>p

CR))p— A

g—N N—heteroarylene——
/

~(Cg-Cyp)arylene- ’

, and 3~ NR3-(C(R%)2)s-S(O)—(Cs-Cro)arylene-C(O) —, wherein

the *~ bond on the left side of'Bas drawn, is bound td'Lthe heteroarylene refers to a
divalent radical derived from a heteroaryl seledtech pyridinyl, pyrimidinyl, thiophenyl,
thienyl, furanyl, pyrrolyl, pyrazolyl, imidazolypyrazinyl, oxazolyl, isoxazolyl, thiazolyl,
pyridyl, pyrimidyl, thiadiazolyl, oxadiazolyl, diatyl, triazolyl, or tetrazolyl, and the

heterocyclylene refers to a divalent radical detifrem a heterocyclyl selected from

oxetanyl, azetadinyl, tetrahydrofuranyl, pyrroliginoxazolinyl, oxazolidinyl, thiazolinyl,
thiazolidinyl, pyranyl, thiopyranyl, tetrahydropyrd, dioxalinyl, piperidinyl, morpholinyl,

thiomorpholinyl, piperazinyl, azepinyl, oxepinyh@diazepinyl; and wherein the heteroaryl,

462



heterocyclyl, and arylene are optionally substdukgth (Ci-Cig)alkyl, halo(G-Cio)alkyl, or
halogen;

each Ris independently H, or (&Ce)alkyl, wherein the alkyl is unsubstituted or
substituted with (&Cio)aryl;

each R is independently H, halogen, 5-12 membered hetgrd12 membered
heterocyclyl, (6-Cio)aryl, wherein the heteroaryl, heterocyclyl, ang are optionally
substituted with —N(B2, -OR®, (C1-Ce)alkyl, or -C(O)NR-heteroaryl, and wherein the
heteroaryl refers to pyridinyl, pyrimidinyl, thiophyl, thienyl, furanyl, pyrrolyl, pyrazolyl,
imidazolyl, pyrazinyl, oxazolyl, isoxazolyl, thiad, pyridyl, pyrimidyl, thiadiazolyl,
oxadiazolyl, diazolyl, triazolyl, or tetrazolyl, drihe heterocyclyl refers to oxetanyl,
azetadinyl, tetrahydrofuranyl, pyrrolidinyl, oxa&ofl, oxazolidinyl, thiazolinyl,
thiazolidinyl, pyranyl, thiopyranyl, tetrahydropyrd, dioxalinyl, piperidinyl, morpholinyl,
thiomorpholinyl, piperazinyl, azepinyl, oxepinyhédiazepinyl;

each Q is independently C{Ror O;

each Y is independently C{Ror a bond;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each g is independently a number from zero to 80; a

each ris independently 1, 2, 3, or 4;

provided that when Ris R, wherein Ris —A-L'-B; L'is

~§—BIN,N

N N,
ooy Y
g o -

Bis N "NR%z:andBis* NR-(C(R®)2)nr; then A
is not -O(CH)2-O(CHy)-.

2. A compound represented by Formula (I):
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{)

or a pharmaceutically acceptable salt, stereoisopxepane isomer, or tautomer
thereof, wherein:

R1¢is selected from -OR-SR, -NR3C(O)OR, (Cs-Cig)aryl, and 5-7 membered
heteroaryl containing 1-2 heteroatoms independesalgcted from O, N, and S, wherein the
aryl is substituted with one or more substitueaishendependently selected from{C
Cio)alkoxy;

R% is selected from =N-Rand =0;

R? is selected from —OR

R3 s selected from =N-R =0, -OR, and =N-OR,;

R*is selected from R-OR?, and -SR;

wherein the compound comprises orfe R

R!is —-A-L1-B; and

wherein

A is absent or selected from,

-O(C(R)2)n,

-O(C(R)2)n[O(C(R?)2)nlo-O(C(R)2)pr,

-OC(O)NR(C(R®)2)n-,

-heteroarylene-(ECio)arylene-,

-O(C(R®)2)n-(Cs-Cro)arylene-heteroarylene-heterocyclylene-(€)¢R-,

-O(C(R®)2)n-(Cs-Cro)arylene-heteroarylene-heterocyclylene-C(O) (4R,

-O(C(R¥)2)n-(Cs-Cio)arylene-heteroarylene-heterocyclylenes83R%)2)n-,

-heteroarylene-(E&Cio)arylene-heteroarylene-heterocyclylene-(€)¢R-,

-heteroarylene-(ECio)arylene-heteroarylene-heterocyclylene-C(O)(G4R-, and

-heteroarylene-(ECio)arylene-heteroarylene-heterocyclylenes&IR%)2)n-,
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wherein heteroarylene is 5-12 membered and coniathbeteroatoms
selected from O, N, and S; heterocyclylene is $agPnbered and contains 1-4
heteroatoms selected from O, N, and S;

wherein the arylene, heteroarylene, and heterolgyadyare optionally

substituted with one or more substituents eachpeddently selected from (€

Cig)alkyl, and hydroxy(@Cio)alkyl;
L!is selected from

Ns N<
o SN i
NM a\/o \\\/Né/\ a\/O J?g
O ) q H )
N 0 0
%\\5/ éﬁo/)\/o\/\NJ\MQ\)J}i
q H 0 ,
N/,N\,,A
‘N_ﬂs Z>N
5 |
x \N)\@
NYN y

wherein the bond with variable position in thezdke is in the 4-position;

B is selected from

0
Bl By | 'g_BiNJ(O R
th\ R R4 N R? A N—-R? |\ SN
N"NR?), N N TN N/)\R“,and
NH, R4
N =

Blis selected from3— NR3-(C(R®)2)n-, =5~ NR3-(C(R%)2)n-(Cs-Cio)arylene-
(C(R*)2)n-, 737 (Cs-Cro)arylene-,

3~ NR3-(C(R%)2)n-heteroarylene-heterocyclylenestCio)arylene-,
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O i O
(CR%)2)p— (C(R?)2)p— (CR)2p—
2y L
=] B CR,

(C(RS)Z)p_’ K/l\l\(Cs—Cm)arylene—, and | “wherein the 2~
bond on the left side of'Bas drawn, is bound to'Lthe heteroarylene refers to a divalent
radical derived from a heteroaryl selected fromagyl, pyrimidinyl, thiophenyl, thienyl,
furanyl, pyrrolyl, pyrazolyl, imidazolyl, pyrazinybxazolyl, isoxazolyl, thiazolyl, pyridyl,
pyrimidyl, thiadiazolyl, oxadiazolyl, diazolyl, &zolyl, or tetrazolyl, and the heterocyclylene
refers to a divalent radical derived from a hetgobd selected from oxetanyl, azetadinyl,
tetrahydrofuranyl, pyrrolidinyl, oxazolinyl, oxazdinyl, thiazolinyl, thiazolidinyl, pyranyl,
thiopyranyl, tetrahydropyranyl, dioxalinyl, pipeigl, morpholinyl, thiomorpholinyl,
piperazinyl, azepinyl, oxepinyl, and diazepinyldamherein the heteroaryl, heterocyclyl, and
arylene are optionally substituted withi{Cig)alkyl, halo(G-Cio)alkyl, or halogen;

each Ris independently H or (8Cs)alkyl;

each R is independently H, halogen, 5-12 membered hetgrd&12 membered
heterocyclyl, (G-Cig)aryl, wherein the heteroaryl, heterocyclyl, and are optionally
substituted with —N(B2, -OR®, (C1-Ce)alkyl, or -C(O)NR-heteroaryl, and wherein the
heteroaryl refers to pyridinyl, pyrimidinyl, thiophyl, thienyl, furanyl, pyrrolyl, pyrazolyl,
imidazolyl, pyrazinyl, oxazolyl, isoxazolyl, thiad, pyridyl, pyrimidyl, thiadiazolyl,
oxadiazolyl, diazolyl, triazolyl, or tetrazolyl, drthe heterocyclyl refers to oxetanyl,
azetadinyl, tetrahydrofuranyl, pyrrolidinyl, oxa&ofl, oxazolidinyl, thiazolinyl,
thiazolidinyl, pyranyl, thiopyranyl, tetrahydropyrd, dioxalinyl, piperidinyl, morpholinyl,
thiomorpholinyl, piperazinyl, azepinyl, oxepinyhédiazepinyl;

each Q is independently C{Ror O;

each Y is independently C{Ror a bond;

each Z is independently H or absent;

each n is independently a number from one to 12;

each o is independently a number from zero to 12;

each p is independently a number from zero to 12;

each q is independently a number from zero to 4@; a

each r is independently 1, 2, 3, or 4;
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provided that when Ris R, wherein Ris —A-L'-B; L'is

8L N

N< -
ooy (Y
d o

:Bis N N(R:2; and B is *—~ NR3-(C(R%2)n-; then
A is not -O(CH)2-O(CHy)-.

3. The compound of any one of claims 1-2, represthy Formula (la-X):

(la-X)
or a pharmaceutically acceptable salt, stereoisooxepane isomer, or tautomer
thereof, wherein B is -OF.

4. The compound of any one of claims 1-2, represkhy Formula (1b-X):
Me OMe Me Me

Me (Ib-X)
or a pharmaceutically acceptable salt, stereoisooxepane isomer, or tautomer

thereof, wherein B is =N-R™.
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5. The compound of any one of claims 1-2, repregsthy Formula (Ic-X):

(Ic-X)
or a pharmaceutically acceptable salt, stereoisopxepane isomer, or tautomer

thereof, wherein B is -OH.

6. The compound of any one of claims 1-2, represthy Formula (Id-X):

(Id-X)
or a pharmaceutically acceptable salt, stereoisopxepane isomer, or tautomer

thereof, wherein B is =N-RL.

7. The compound of any one of claims 1-2, represkhy Formula (le-X):
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(le-X)
or a pharmaceutically acceptable salt, stereoisopxepane isomer, or tautomer

thereof, wherein fis RL.

8. The compound of any one of claims 1-2, or ampla@eutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thendwftein A is -O(C(R)2)n-.

9. The compound of any one of claims 1-2, or ampla@eutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thendwfrein A is -O(C(R)2)n-[O(C(R%)2)n]o-
O(C(R)2)p-

10.  The compound of any one of claims 1-2, or amplaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thengaein A is -O(C(R)2)n-(Cs-

Cio)arylene-heteroarylene-heterocyclylene-(€)¢R-.

11.  The compound of any one of claims 1-2, or aplaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thendwdtrein A is -heteroarylene-§C
Cio)arylene-heteroarylene-heterocyclylene-(€)¢R-, -heteroarylene-(ECig)arylene-
heteroarylene-heterocyclylene-C(O) (€G-, -heteroarylene-(ECio)arylene-heteroarylene-
heterocyclylene-SGC(R®)2)n-, or -O(C(R)2)n-heteroarylene-heteroarylene-heterocyclylene-
S(ORNR3-(Cs-Cio)arylene-.

12.  The compound of any one of claims 1-2, or aplaeutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thendwftein A is -O(C(R)2)n-(Ce-

Cio)arylene-heteroarylene-heterocyclylene-(€)¢R-, -O(C(R)2)n-(Cs-Cro)arylene-
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heteroarylene-heterocyclylene-C(O)(CH-, or -O(C(R)2)n-(Cs-Cio)arylene-heteroarylene-
heterocyclylene-SEC(R%)2)n-.

13. The compound of any one of claims 1-2, or aiphaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thendadrein A is -heteroarylene-¢C

Cig)arylene-heteroarylene-heterocyclylene-(&¢R-.
14. The compound of any one of claims 1-2, or aiphaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thendarein A is -heteroarylene-§C

Cig)arylene-heteroarylene-heterocyclylene-C(O)(T4R-.

15. The compound of any one of claims 1-2, or aiphaeutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer therbefain L is
N=
S
N O
. é/\o/>\/ \/\[ﬁi
a 0

16. The compound of any one of claims 1-2, or aiphaeutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thendwtein L is
N=
4</ NN 0 I ij}g
\
R e \”H)L(\)f
q .

17.  The compound of any one of claims 1-2, or aplaeutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thendwfrein L is
N
FAve éﬂ />\/O\/\N)gﬁ

18.  The compound of any one of claims 1-2, or aplaeutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thendwtein L is
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19. The compound of any one of claims 1-2, or aiphaeutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thendwtein L is

4 N=N H j
|

%/Né/\ a\/o N\</\O>/\/O\Y/\N g
s © q \/j.( 0 H

20.  The compound of claim 6, or a pharmaceuticatiyeptable salt, stereoisomer,

=N
% l\l/l\l\)/\0</\/()>q Y/if{ |

oxepane isomer, or tautomer thereof, wheréirsL

21. The compound of claim 6, or a pharmaceuticatlyeptable salt, stereocisomer,

oxepane isomer, or tautomer thereof, wheréirsL

1
o \E/N\)N\N/ﬁ
NN

N%H\/\éo/\iow/jf{.

22. The compound of claim 6, or a pharmaceuticatlyeptable salt, stereocisomer,

oxepane isomer, or tautomer thereof, wheréirsL

o! o 0
4
'.‘f/)?f\o)]\ N/\’é OV\}O/YQJ\ N MOV%O/YQ&
N~ N 5 H q H o
Lo

23. The compound of claim 6, or a pharmaceuticatlyeptable salt, stereoisomer,

oxepane isomer, or tautomer thereof, wheréirsL
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. (@) (@)
E\?SS\OJ\”/\,{O\/EO/Y\)J\H/\(\JN\
Y NTONTY
NYN
N | ?2

o

24. The compound of claim 6, or a pharmaceuticatlyeptable salt, stereocisomer,

oxepane isomer, or tautomer thereof, wheréiisL
(0] 0] 0]
N=N
B S
H q H ° :

25. The compound of claim 6, or a pharmaceuticatlyeptable salt, stereoisomer,
oxepane isomer, or tautomer thereof, wheréirsL

0]

=N o o)
5 E\/)\@)}\ H/\GO\/Z\O/Y\)k ” /\%O\/XO/Y\){i

26. The compound of any one of claims 1-2, or aiphaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thendwftein L is

¢N4

N o) o) %
N
o5 T 99 ‘0

27.  The compound of any one of claims 1-2, or ampbaeutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thendwfrein L is

ey

N
A
NﬁN\N L?\l/

4L\/:/
“on 5
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28.  The compound of any one of claims 1-2, or ampbaeutically acceptable salt,
8L N
\

N R

|
—
stereoisomer, oxepane isomer, or tautomer thendwfrein Bis N NR%)

29.  The compound of any one of claims 1-2, or amphaeutically acceptable salt,

'§_B1 (0]

stereoisomer, oxepane isomer, or tautomer thendwdtein B is

30. The compound of any one of claims 1-2, or ampbaeutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thendrein B is >~ NRE-(C(R%)2)r-.

31. The compound of any one of claims 1-2, or aiphaeutically acceptable salt,

ﬁN/\

N
stereoisomer, oxepane isomer, or tautomer thendwfein B is “(Ce-Crp)arylene-

32. The compound of any one of claims 1-2, or aiphaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thendwftein R is 5-12 membered heteroaryl,
wherein the heteroaryl is optionally substitutethwiN(F)z, -OR®, (C1-Cs)alkyl, or -
C(O)NR3-heteroaryl.

33.  The compound of any one of claims 1-2, or ampbaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thendwftein R is 5-12 membered heteroaryl

optionally substituted with —NH

34. A compound selected from the group consisting o
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Hzmw’0
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Example 1
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H N O\V/A\V/A\T:#\
| °N o
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Example 3
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Example 6
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| N
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Example 7
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Example 8
Me C=>Me Me Me O
AN o
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Example 9
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Example 10
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Me OMe Me Me
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Example 12
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Example 14
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Example 15

Example 16
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H O

H
N X
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NN °

Example 17

Me OMe Me Me

Example 18
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Example 20

Me 9Me Me Me

Example 21

Me OMe Me Me
< NS

N
N D—NH,
N

N. -N /\/\/N\ Z
Me </ N HN
o, o
N0~ \/\g N=(0
NH,

Example 22
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NH,

Example 24

Me OMe Me Me

Example 25

Me OMeMe Me

Example 26
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NH
2 N/ 2
00
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° o)
N=
NH,
Example 27
Me QMeMe Me
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Me'
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NH
N/ 2
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0
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NH,
Example 28
Me OMe Me Me N=N
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or a pharmaceutically acceptable salt, stereoisooxepane isomer, or tautomer thereof.

35. A pharmaceutical composition comprising a poond of any one of claims 1-34, or
a pharmaceutically acceptable salt, stereocisomxepane isomer, or tautomer thereof, and at
least one of a pharmaceutically acceptable cadikrent, or excipient.

36. A compound of any one of claims 1-34, or arptaceutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thefi@odise in treating a disease or disorder
mediated by mTOR selected from brain and neurovasstumors, head and neck cancers,
breast cancer, lung cancer, mesothelioma, lymptender, stomach cancer, kidney cancer,

renal carcinoma, liver cancer, ovarian cancer,eadometriosis, testicular cancer,
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gastrointestinal cancer, prostate cancer, gliobtaat skin cancer, melanoma, neuro cancers,
spleen cancers, pancreatic cancers, blood prdliferdisorders, lymphoma, leukemia,
endometrial cancer, cervical cancer, vulva carestate cancer, penile cancer, bone
cancers, muscle cancers, soft tissue cancerstimatesr rectal cancer, anal cancer, bladder
cancer, bile duct cancer, ocular cancer, gaststint stromal tumors, neuro-endocrine
tumors, resistance by transplantation of hearfyeyd liver, medulla ossium, skin, cornea,
lung, pancreas, intestinum tenue, limb, muscle/egrduodenum, small-bowel, or
pancreatic-islet-cell; graft-versus-host diseasesdht about by medulla ossium
transplantation; rheumatoid arthritis, systemiausiprythematosus, Hashimoto's thyroiditis,
multiple sclerosis, myasthenia gravis, type | diabguveitis, allergic encephalomyelitis, and

glomerulonephritis.

37. A compound of any one of claims 1-34, or arptaceutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thefi@ofise in preventing a disease or disorder
mediated by mTOR selected from brain and neurovastumors, head and neck cancers,
breast cancer, lung cancer, mesothelioma, lymptemder, stomach cancer, kidney cancer,
renal carcinoma, liver cancer, ovarian cancer,yeadometriosis, testicular cancer,
gastrointestinal cancer, prostate cancer, gliobtaat skin cancer, melanoma, neuro cancers,
spleen cancers, pancreatic cancers, blood prdiferdisorders, lymphoma, leukemia,
endometrial cancer, cervical cancer, vulva carestate cancer, penile cancer, bone
cancers, muscle cancers, soft tissue cancerstimatesr rectal cancer, anal cancer, bladder
cancer, bile duct cancer, ocular cancer, gaststint stromal tumors, neuro-endocrine
tumors, resistance by transplantation of heartyéyd liver, medulla ossium, skin, cornea,
lung, pancreas, intestinum tenue, limb, muscle/egrduodenum, small-bowel, or
pancreatic-islet-cell; graft-versus-host diseasesdht about by medulla ossium
transplantation; rheumatoid arthritis, systemiausiprythematosus, Hashimoto's thyroiditis,
multiple sclerosis, myasthenia gravis, type | diabeuveitis, allergic encephalomyelitis, and
glomerulonephritis.

38. A compound of any one of claims 1-34, or arptaceutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thei@odise in reducing the risk of a disease or
disorder mediated by mTOR selected from brain andaovascular tumors, head and neck
cancers, breast cancer, lung cancer, mesothellgmphoid cancer, stomach cancer, kidney

cancer, renal carcinoma, liver cancer, ovarian egravary endometriosis, testicular cancer,
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gastrointestinal cancer, prostate cancer, gliobtaat skin cancer, melanoma, neuro cancers,
spleen cancers, pancreatic cancers, blood prdliferdisorders, lymphoma, leukemia,
endometrial cancer, cervical cancer, vulva carestate cancer, penile cancer, bone
cancers, muscle cancers, soft tissue cancerstimatiesr rectal cancer, anal cancer, bladder
cancer, bile duct cancer, ocular cancer, gaststint stromal tumors, neuro-endocrine
tumors, resistance by transplantation of hearfyeyd liver, medulla ossium, skin, cornea,
lung, pancreas, intestinum tenue, limb, muscle/egrduodenum, small-bowel, or
pancreatic-islet-cell; graft-versus-host diseasesdht about by medulla ossium
transplantation; rheumatoid arthritis, systemiausiprythematosus, Hashimoto's thyroiditis,
multiple sclerosis, myasthenia gravis, type | diabguveitis, allergic encephalomyelitis, and

glomerulonephritis.

39. A compound of any one of claims 1-34, or arptaceutically acceptable salt,

stereoisomer, oxepane isomer, or tautomer thefi@odise in treating cancer.

40. The compound for use of claim 39, whereinddwecer is selected from brain and
neurovascular tumors, head and neck cancers, lwaastr, lung cancer, mesothelioma,
lymphoid cancer, stomach cancer, kidney cancea| @rcinoma, liver cancer, ovarian
cancer, ovary endometriosis, testicular cancety@asestinal cancer, prostate cancer,
glioblastoma, skin cancer, melanoma, neuro canspksen cancers, pancreatic cancers,
blood proliferative disorders, lymphoma, leuken@agometrial cancer, cervical cancer,
vulva cancer, prostate cancer, penile cancer, baneers, muscle cancers, soft tissue
cancers, intestinal or rectal cancer, anal cattadder cancer, bile duct cancer, ocular

cancer, gastrointestinal stromal tumors, and neadncrine tumors.

41. A compound of any one of claims 1-34, or a ptaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thefi@odise in treating an immune-mediated
disease selected from resistance by transplantatibeart, kidney, liver, medulla ossium,
skin, cornea, lung, pancreas, intestinum tenudy,limuscle, nerves, duodenum, small-bowel,
or pancreatic-islet-cell; graft-versus-host diseds®ught about by medulla ossium
transplantation; rheumatoid arthritis, systemiausiprythematosus, Hashimoto's thyroiditis,
multiple sclerosis, myasthenia gravis, type | diabgeuveitis, allergic encephalomyelitis, and

glomerulonephritis.
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42. A compound of any one of claims 1-34, or a ptaeutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer thel@odise in treating a condition selected
from sarcopenia, skin atrophy, muscle wasting,rbastiophy, atherosclerosis,
arteriosclerosis, pulmonary emphysema, osteopgrasigoarthritis, high blood pressure,
erectile dysfunction, dementia, Huntington's diseddzheimer's disease, cataracts, age-
related macular degeneration, prostate cancekestdiminished life expectancy, impaired
kidney function, and age-related hearing loss, gxgatated mobility disability (e.g., frailty),
cognitive decline, age-related dementia, memoryaimpent, tendon stiffness, heart
dysfunction such as cardiac hypertrophy and syséwld diastolic dysfunction,

immunosenescenceancer, obesity, and diabetes.

43. Use of a compound of any of claims 1-34, oharmaceutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer theiretie manufacture of a medicament for
treating, preventing, or reducing the risk of aedise or disorder mediated by mTOR selected
from brain and neurovascular tumors, head and oackers, breast cancer, lung cancer,
mesothelioma, lymphoid cancer, stomach cancergkidancer, renal carcinoma, liver
cancer, ovarian cancer, ovary endometriosis, tdaticancer, gastrointestinal cancer,
prostate cancer, glioblastoma, skin cancer, melanoeuro cancers, spleen cancers,
pancreatic cancers, blood proliferative disordgraphoma, leukemia, endometrial cancer,
cervical cancer, vulva cancer, prostate cancetlgoeancer, bone cancers, muscle cancers,
soft tissue cancers, intestinal or rectal cang®l @ancer, bladder cancer, bile duct cancer,
ocular cancer, gastrointestinal stromal tumorsrayemdocrine tumors, resistance by
transplantation of heart, kidney, liver, medullgias, skin, cornea, lung, pancreas,
intestinum tenue, limb, muscle, nerves, duodenumajlsbowel, or pancreatic-islet-cell,
graft-versus-host diseases brought about by medsfimim transplantation; rheumatoid
arthritis, systemic lupus erythematosus, Hashirmadhyroiditis, multiple sclerosis,
myasthenia gravis, type | diabetes, uveitis, ailteegcephalomyelitis, and
glomerulonephritis.

44, Use of a compound of any of claims 1-34, oharmaceutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer theretdie manufacture of a medicament for

treating cancer.

45, Use of a compound of any of claims 1-34, oharmaceutically acceptable salt,
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stereoisomer, oxepane isomer, or tautomer theiretie manufacture of a medicament for
treating an immune-mediated disease selected fesigtance by transplantation of heart,
kidney, liver, medulla ossium, skin, cornea, lupancreas, intestinum tenue, limb, muscle,
nerves, duodenum, small-bowel, or pancreatic-dit-graft-versus-host diseases brought
about by medulla ossium transplantation; rheumaddiaritis, systemic lupus erythematosus,
Hashimoto's thyroiditis, multiple sclerosis, myastta gravis, type | diabetes, uveitis, allergic

encephalomyelitis, and glomerulonephritis.

46. Use of a compound of any of claims 1-34, oharmaceutically acceptable salt,
stereoisomer, oxepane isomer, or tautomer theiretie manufacture of a medicament for
treating a condition selected from sarcopenia, akiophy, muscle wasting, brain atrophy,
atherosclerosis, arteriosclerosis, pulmonary emgaings osteoporosis, osteoarthritis, high
blood pressure, erectile dysfunction, dementia,tidgton’'s disease, Alzheimer's disease,
cataracts, age-related macular degeneration, peasdacer, stroke, diminished life
expectancy, impaired kidney function, and age-eeldtearing loss, aging-related mobility
disability (e.g., frailty), cognitive decline, agelated dementia, memory impairment, tendon
stiffness, heart dysfunction such as cardiac hypeinty and systolic and diastolic

dysfunction, immunosenescencancer, obesity, and diabetes.
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