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(CH2)4-, -(CHz)zNHCHz-, -(CH2)30-, and -CHzo(CHz)z-; phar-
maceutically acceptable salt thereof. Compounds of this in-
vention are autotaxin inhibitors.
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PYRIDO- OR PYRROLO-FUSED PYRIMIDINE DERIVATIVES AS AUTOTAXIN
INHIBITORS FOR TREATING PAIN

This invention relates to bicyclic pyrimidine compounds, or pharmaceutically
acceptable salts thereof, and therapeutic use thereof. Compounds of this invention are
autotaxin inhibitors.

Autotaxin is an enzyme reported to be the source of lysophosphatidic acid (LPA)
which up-regulates pain-related proteins through one if its cognate receptors, LPA; LPA
is an intracellular lipid mediator which influences a multiplicity of biological and
biochemical processes. Targeted inhibition of autotaxin-mediated LPA biosynthesis may
provide a novel mechanism to prevent nerve injury-induced neuropathic pain.
Compounds that inhibit autotaxin are desired to offer a potential treatment option for
patients in need of treatment for pain.

Pain associated with osteoarthritis (OA) is reported to be the primary symptom
leading to lower extremity disability in OA patients. Over 20 million Americans have
been diagnosed with OA, the most common of the arthropathies. The currently approved
treatments for OA pain may be invasive, lose efficacy with long term use, and may not be
appropriate for treating all patients. Additional treatment options for patients suffering
from pain associated with OA are desired. Compounds that inhibit autotaxin represent
another possible treatment option for patients with pain associated with OA.

U.S. Patent 7,524,852 (‘852) discloses substituted bicyclic pyrimidine derivatives
as anti-inflammatory agents.

PCT/US2011/048477 discloses indole compounds as autotoxin inhibitors.

There is a need for novel compounds that provide autotaxin inhibition. The
present invention provides novel compounds which are autotaxin inhibitors. The present
invention provides certain novel compounds that inhibit the production of LPA.
Autotaxin inhibitor compounds are desired to provide treatments for autotaxin mediated
conditions, such as pain and pain associated with OA.

The present invention provides compounds of the Formula I:
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wherein X is a bond or CHp;

R is selected from the group consisting of

3
L
1 L o

R N
PASS /4

e
N2 N

and

R ;
R! and R2 are each independently selected from the group consisting of
CH and N;

R’ is Hor CHs;

R*is Hor CHs;

L is selected from the group consisting of -O(CH?2)3-, -C(O)NH(CH»)>-,
-CH>C(O)NH(CH»),-, -(CH2)3N(C(O)CH3)CH>-,
-(CH2)2N(C(O)CH3)CH>2-, -(CH2)3NH-, (CH2)20CH»-, -(CH»)4-,
-(CH2)2NHCH»-, -(CH»)30-, and -CH>O(CH2)2-;

or a pharmaceutically acceptable salt thereof.

The present invention also provides a method of treating pain in a patient,
comprising administering to a patient in need of such treatment an effective amount of a
compound of Formula I, or a pharmaceutically acceptable salt thereof. The present
invention also provides a method of treating pain associated with osteoarthritis in a
patient, comprising administering to a patient in need of such treatment, an effective
amount of a compound of Formula I, or a pharmaceutically acceptable salt thereof.

This invention provides a compound of Formula I, or a pharmaceutically
acceptable salt thereof, for use in therapy, in particular for the treatment of pain or for the
treatment of pain associated with OA. Even furthermore, this invention provides the use
of a compound of Formula I, or a pharmaceutically acceptable salt thereof, for the

manufacture of a medicament for the treatment of pain. This invention also provides the
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use of a compound of Formula I, or a pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for the treatment of pain associated with OA.

The invention further provides a pharmaceutical composition, comprising a
compound of Formula I, or a pharmaceutically acceptable salt thereof, in combination
with one or more pharmaceutically acceptable carriers, diluents, or excipients. The
invention also encompasses novel intermediates and processes for the synthesis of the
compounds of Formula L

The term “pharmaceutically-acceptable salt” refers a salt of the compound of the
invention considered to be acceptable for clinical and/or veterinary use. Pharmaceutically
acceptable salts and common methodology for preparing them are well known in the art.
See, e.g., P. Stahl, et al., Handbook of Pharmaceutical Salts: Properties, Selection and
Use, (VCHA/Wiley-VCH, 2002); S.M. Berge, et al., "Pharmaceutical Salts," Journal of
Pharmaceutical Sciences, Vol. 66, No. 1, January 1977.

The term “treating” (or “treat’” or “treatment”) as used herein refers to restraining,
slowing, stopping, or reversing the progression or severity of an existing symptom,
condition, or disorder. Symptoms, conditions, or disorders may present as “acute” or
“chronic” events. In an acute event compound is administered at the onset of symptom,
condition, or disorder and discontinued when the event disappears. A chronic event is
treated during the course of the disorder or condition associated with the symptom or
event, wherein the chronic treatment is not dependent on a particular manifestation of the
symptom or event. The present invention contemplates both acute and chronic treatment.

Compounds of the present invention inhibit autotaxin, and may be useful for
treating a disease or condition accompanied by an increase in autotaxin. Compounds of
the present invention inhibit the production of LPA and may be useful for treating a
disease or condition accompanied by an increase in LPA. Compounds of this invention
may inhibit autotaxin mediated LPA biosynthesis when compared to other LPA lipid
mediators. Compounds of this invention may be useful for treating a disease or condition
accompanied by an increase in LPA; binding.

As used herein, “patient” refers to an animal in need of treatment, preferably not

exclusively a mammal. A preferable embodiment is a patient that is a mammal, which is
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preferably a human. Another preferable embodiment is a patient that is a companion
animal such as a dog, cat or a fowl.

As used herein, the term “effective amount™ refers to the amount or dose of
compound of the invention or a pharmaceutically acceptable salt thereof which upon
single or multiple dose administration to the patient, provides the desired effect in the
patient under diagnosis or treatment. It will be understood that the amount of active agent
actually administered will be determined by a physician, in light of the relevant
circumstances, including the condition to be treated, the chosen route of administration,
the actual active agent administered, the age, weight, and response of the individual
patient, and the severity of the patient’s symptoms and other relevant circumstances.

A compound of the present invention is preferably formulated as pharmaceutical
composition administered by any route which makes the compound bioavailable. Most
preferably, such compositions are for oral administration. Such pharmaceutical
compositions and processes for preparing same are well known in the art. See, e.g.,
Remington: The Science and Practice of Pharmacy (D.B. Troy, Editor, 21st Edition,
Lippincott, Williams & Wilkins, 2006).

RL_-L

The artisan will appreciate that the structure R embraces all tautomeric

forms. For avoidance of doubt, the structure embraces isomers that readily interconvert

by a tautomerization. The structure embraces, for example, the tautomers

!
N L
) KT
and .

The compounds of Formula I are particularly useful in the treatment methods of
the invention, but certain groups, substituents, and configurations are preferred for
compounds of Formula I. The following paragraphs describe such preferred groups,
substituents, and configurations. It will be understood that these preferences are

applicable both to the treatment methods and to the new compounds of the invention.
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It is preferred that R is R
It is preferred that R1 is CH.
Itis preferred that R2 is N.
It is preferred that when R' is CH and R?is N, L is (CH,),OCH, or O(CH,)s.

It is preferred that when R is i , R? and R* are each H.

It is preferred that only one of R* and R* is CIHs.

It is preferred that X is a bond.

It is preferred that X is CH,.

It is especially preferred that X is a bond and L is -(CH»)3NH-. It is preferred that

RL__L

'

N
X is abond, Ris \R2 , R'is CH, and L is -(CH2)>0OCH»- or (CH;),OCH, and

salts thereof. Itis especially preferred that Xis a bond and L is -(CHp)2OCH»>- . Itis

further preferred that X is a bond, and L is -CH,O-. and R is R . It is preferred

R1
'

N
that X is CHy, Ris R ,R'is CH, R%is N, L is -(CH2)>OCH»- or

L

(CH,),OCH; and salts thereof.
It is especially preferred that X is CH; and L is -(CH2)2OCH2- and R is
! L
R
‘ot

\_2.N
R2

Preferred compounds are:

H-{3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl]-3-oxopropyl}-2-(1 H-imidazol-1-yl)acetamide, 3-(4-methyl-1H-imidazol-1-
ylpropyl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidine-
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6(5H)-carboxylate, 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-5-(1 H-imidazol-1-yl)pentan-1-one, 3-(1 H-imidazol-1-yDpropyl 2-
(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d Jpyrimidine-6(5 H)-
carboxylate, 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl]-2-[2-(1 H-imidazol-1-yl)ethoxy]ethanone, and the pharmaceutically acceptable
salt thereof.

Preferred compounds are:
1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl]-2-
[2-(1H-1,2,3-triazol-4-yl)ethoxy]ethanone, 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-5-(4H-1,2,4-triazol-3-yl)pentan- 1-one, 1-[2-
(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-3-(1 H-
1,2,3-triazol-4-ylmethoxy)propan-1-one, 3-(1 H-tetrazol-5-yDpropyl 2-(2,3-dihydro-1H-
inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate, 1-[2-(2,3-
dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-{[2-(1 H-
1,2,3-triazol-4-yl)ethylJamino }ethanone, 2-(2,3-dihydro-1H-inden-2-ylamino)-n-[3-(1 H-
1,2,3-triazol-4-yl)propyl]-7,8-dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxamide, N-{2-
[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl1]-2-
oxoethyl}-N-[3-(1H-1,2,3-triazol-4-yl)propyl]acetamide, N-{2-[2-(2,3-dihydro-1H-inden-
2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-oxoethyl }-n-[2-(1H-1,2,3-
triazol-4-yl)ethyl]acetamide, N-{3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl]-3-oxopropyl }-2-(1H-1,2,3-triazol-5-
ylacetamide, N-{3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-3-oxopropyl }-1H-1,2,3-triazole-4-carboxamide, and the
pharmaceutically acceptable salts thereof.

Preferred compounds are:
1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[ 3,4-d]pyrimidin-6-yl]-5-
(1H-tetrazol-5-yl)pentan-1-one, 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6H-
pyrrolo[3,4-d]pyrimidin-6-yl]-2-{[2-(1H-1,2,3-triazol-5-yl)ethyl]amino }ethanone, 3-(1H-
tetrazol-5-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[3,4-
d]pyrimidine-6-carboxylate, 2-(2,3-dihydro-1H-inden-2-ylamino)-N-[3-(1 H-1,2,3-triazol-
4-ypropyl]-5,7-dihydro-6 H-pyrrolo| 3,4-d]pyrimidine-6-carboxamide, 3-(1H-imidazol-5-



10

15

20

25

30

WO 2014/110000 PCT/US2014/010400

yDpropyl 2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[ 3,4-d]pyrimidine-
6-carboxylate, 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[3,4-
d]pyrimidin-6-yl]-4-(1H-1,2,3-triazol-5-yloxy)butan-1-one, 1-[2-(2,3-dihydro-1H-inden-
2-ylamino)-5,7-dihydro-6H-pyrrolo| 3,4-d]pyrimidin-6-yl]-2-[2-(1 H-1,2,3-triazol-4-
ylethoxy]ethanone; and the pharmaceutically acceptable salts thereof.

Especially preferred compounds are:
1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo| 3,4-d]pyrimidin-6-yl]-2-
[2-(1H-1,2,3-triazol-4-yl)ethoxy]ethanone; and 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-
7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl1]-2-[2-(1H-1,2,3-triazol-4-

yl)ethoxy]ethanone; and the pharmaceutically acceptable salts thereof.

Preparations and Examples

The following Preparations and Examples further illustrate the invention and
represent a typical synthesis of the compound of the invention. It should be understood
that the Preparations and Examples are set forth by way of illustration and not limitation,
and that various modifications may be made by one of ordinary skill in the art. In the
schemes presented below, all substituents, unless otherwise indicated, are as previously
defined. Certain stereochemical centers have been left unspecified and certain
substituents have been eliminated in the following schemes for the sake of clarity and are
not intended to limit the teaching of the schemes in any way. Furthermore, individual
isomers, enantiomers, or diastereomers may be separated or resolved by one of ordinary
skill in the art at any convenient point in the synthesis of compounds of Formula I by
methods such as selective crystallization techniques or chiral chromatography (see for
example, J. Jacques, et al., “Enantiomers, Racemates, and Resolutions”, John Wiley and
Sons, Inc., 1981, and E.L. Eliel and S.H. Wilen “Stereochemistry of Organic
Compounds”, Wiley-Interscience, 1994). The reagents and starting materials are
generally available to one of ordinary skill in the art. Others may be prepared by standard
techniques of organic and heterocyclic chemistry which are analogous to the synthesis of
known structurally similar compounds and procedures described by the Preparations and

Examples which follow, including any novel procedures.
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Unless noted to the contrary, the compounds illustrated herein are named and
numbered using either ACDLABS or Symyx Draw 3.2.

Generally, a compound of formula I where X is a bond or CH» may be prepared

from a compound of formula II. More specifically in Scheme A, a compound of formula

II where X is a bond or CH» is coupled with a compound of formula VII in the presence

of a carbodiimide, 1-hyroxybenzotraizole and a base such as triethylamine to provide a

compound of formula I where X is a bond or CHp. Suitable solvents include

dichloromethane.

Alternatively in Scheme A, a compound of formula I where X is a bond or CHp

may be prepared from a compound of formula IV. More specifically, compound of

formula IV where X is a bond or CH» is reacted with azide source such as

azidotrimethylsilane in the presence of copper (II) sulfate in a solvent such as

dimethylformamide/water to provide a compound of formula I where X is a bond or CH».
A compound of formula IV where X is a bond or CH» may be prepared by reacting a

compound of formula III with 3-butyn-1-0l and a base such as sodium hydride in a

solvent such as tetrahydrofuran. A compound of formula III where X is a bond or CH»

may be prepared by reacting a compound of formula II with 2-chloroacetyl chloride and a

base such as triethylamine in a solvent such as dichloromethane.
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Scheme A

o\)LOH

;Q—» e,

EDCI, HOBT H
ll, X = bond or CH. [, X=bond or CH2

2-chloroacetyl

azidotrimethylsilane
chloride y

3-butyn-1-ol

CUL’E *J:Q '/VOJLT )\J:Q

H
IV, X= bond or CH,

lIl, X= bond or CH2
As shown in Scheme B, a compound of formula II where X is a bond or CH» may

be prepared from a compound of formula V where Pg is an amine protecting group.

5 More specifically, a compound of formula V where X is a bond or CH»; and Pg is

tert-butoxycarbonyl is reacted with an acid such as hydrochloric acid in a solvent such as

tetrahydrofuran to provide a compound of formula II where X is a bond or CH».

Scheme B
Pg\ /E@ deprotection AN | SN /EQ
LI Ly
H
H
V, X =bond or CH2 II, X = bond or CH2
10 In Scheme C, a compound of formula V where X is CH»; and Pg is

tert-butoxycarbonyl may be prepared from a compound of formula VI. More specifically,
N-tert-butoxycarbonyl-4-piperidone is reacted sequentially with (CH3)»NCH(OCH3)2 in
a solvent such as dimethylformamide, and then with a compound of formula VI, a base
such as potassium carbonate in a co-solvent such as ethanol to provide a compound of

15  formula V where X is CH» and Pg is tert-butoxycarbonyl. A compound of formula VI
may be prepared by reacting 2,3-dihydro-1H-inden-2-amine hydrochloride and 1H-
pyrazole-1-carboximidamide hydrochloride with a base such as diisopropylethylamine in

a solvent as acetonitrile.
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Scheme C

1. (CH3)2NCH(OCHs)
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&5

N
H

NH
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HN)\

VI

PCT/US2014/010400

Pg\mN

|

oy
H

V, X=CH2

NH,
)\ N base
HN r\|1§
N= H,N

-HClI

HCI
- NHz/I:Q
HN)\N
H

VI

In Scheme D, a compound of formula V where X is a bond and Pg is an

amine protecting group such as tert-butoxycarbonyl may be prepared by reacting tert-

butyl 2-chloro-5,7-dihydro-6 H-pyrrolo[ 3,4-d]pyrimidine-6-carboxylate and 2,3-dihydro-

1H-inden-2-amine in the presence of a base such as N-ethyl-N-isopropylpropan-2-amine

in a solvent as 1-methylpyrrolidin-2-one.

Scheme D

ol J:Q

H,N

10

Y

B
Pg—N
N)\CI

Pg is t-butoxycarbonyl

s¥s Y
Pg—N
N)\N

H

V, X =bond

Generally, a compound of formula VII may be prepared from 3-butyn-1-ol by

employing multiple synthetic steps. More specifically in Scheme E, a compound of

15

formula VIII where Pgl is a carboxylic acid protecting group such as tert-butyl is reacted

with an acid such as trifluoroacetic acid in a solvent such as dichloromethane to provide a

compound of formula VII. A compound of formula VIII may be prepared by reacting a

compound of formula IX where Pg1 is tert-butyl with azide source such as

azidotrimethylsilane in the presence of copper (I) iodide in a solvent such as
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dimethylformamide/methanol. A compound of formula IX where Pgl is tert-butyl may
be prepared by reacting 3-butyn-1-ol with YCH2C(O)OPg1 where Y is a suitable leaving
group such the halogen bromo, and Pg1 is tert-butyl. The reaction is conveniently carried
out with a phase transfer catalyst such as tetrabutylammonium sulfate, and a base such as
aqueous sodium hydroxide in a solvent such as dichloromethane.

Alternatively in Scheme E, a compound of formula VII may be prepared by
reacting a compound of formula X with hydrogen in the presence of a transition metal
catalyst such as palladium (II) chloride in a solvent such as isopropyl alcohol/water. A
compound of formula X may be prepared by reacting a compound of formula XI with
YCH2C(O)OPg1 where Y is a suitable leaving group such the halogen bromo, and Pgl1 is
tert-butyl. The reaction is conveniently carried out with a phase transfer catalyst such as
tetrabutylammonium chloride, and a base such as aqueous sodium hydroxide in a solvent
such as dichloromethane. The resulting tert-butyl ester intermediate is treated with an
acid such as hydrochloric acid to provide a compound of formula X. A compound of
formula XI may be prepared by reacting a compound of formula XII with
isopropylmagnesium chloride and benzyl azide in a solvent such as tetrahydrofuran. A
compound of formula XII may be prepared by reacting 3-butyn-1-ol with dihydropyran in
the presence of an organic acid such p-toluenesulfonic acid. The reaction is typically

carried out in a solvent such as dichloromethane.
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Preparation 1
5 Synthesis of 1-(2,3-dihydro-1H-inden-2-yl)guanidine hydrochloride.
HCI

N
H

Stir a solution of 2,3-dihydro-1H-inden-2-amine hydrochloride (197 g; 1.08 equiv;
1.16 moles), 1H-pyrazole-1-carboximidamide hydrochloride (158 g; 1.00 equiv; 1.08
moles) and diisopropylethylamine (400 g; 2.87 equiv; 3.09 moles; 539.74
10 mL) in acetonitrile (2 L) at 62°C for 2 hours, during which time a white solid precipitates.
Cool the mixture to 25°C, then filter and wash with 300 mL acetonitrile and 300 mL
methyltert-butyl ether. Dry the product in air at 25°C for 1 h to afford the title compound
(200g, 87%) as a white solid: MS (m/z): 176 (M + 1).
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Preparation 2

Synthesis of tert-butyl 2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-d]pyrimidine-6-

S
D

Stir a solution of 1,1-dimethoxy-N,N-dimethyl-methanamine (224 g; 2.15 equiv;
1.88 moles; 250.98 ml.) and N-z-butoxycarbonyl-4-piperidone (250 g; 1.44 equiv; 1.25
moles) in dimethylformamide (1.2 L) at 109°C under N, for 4 h. Cool the mixture to
25°C and then add ethanol (700 mL; 12.02 moles; 553.91 g). Add 1-(2,3-dihydro-1H-

carboxylate.

inden-2-yl)guanidine hydrochloride (185 g; 1.00 equiv; 873.90 mmoles) and potassium
carbonate (475 g; 3.44 moles) to the mixture at 25°C in one portion to form a white
suspension. Stir the mixture at 80-90°C for 24 h, then cool to 25°C and pour the mixture
into 5 L ice/water to get a yellow suspension. Extract with ethyl acetate (3 x 3 L), and
wash the organic layer with 10% lithium chloride solution (3 L), water (3 L), and
saturated sodium chloride solution (3 L). Dry over anhydrous sodium sulfate, filter and
concentrate to give about 300 ml of a red solution. Filter the solution through a silica gel
plug (10cm height, Scm diameter) and then concentrate to dryness to give the title
compound as a red gel (320g, 100%): MS (m/z): 367 (M + 1).

Preparation 3

Synthesis of N-indan-2-yl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-amine.
Ny
K

Add portionwise hydrochloric acid (900 mL; 5M in water; 5.17 equiv; 4.50 mole;
1.08 kg) to a solution of tert-butyl 2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-
d]pyrimidine-6-carboxylate (319 g; 1.00 equiv; 870.48 mmoles) in tetrahydrofuran (1.5
L). Once the addition is complete, stir the solution at 50°C for 1 h. Cool the mixture
to 25°C and then add 3 L. methyltert-butyl ether and 1 L. water. Allow the solution to

stand at 20°C for 16 h. Separate the phases and extract the aqueous phase with
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dichloromethane (2 L). Discard the organic extracts and adjust the aqueous phase to pH
10 using 4M sodium hydroxide. Extract with ethyl acetate (3 x 3 L), and wash the
combined organic extracts with saturated sodium chloride (2 L.). Dry over anhydrous
sodium sulfate, filter and concentrate to dryness to give a red gel. Redissolve the
substance in ethyl acetate (300 mL) and petroleum ether (200 mL) at 50°C, and allow for
precipitation over 24 hours. Filter and dry to afford the title compound (85 g, 37%). MS
(m/z): 267 (M + 1).

Preparation 4

Synthesis of 2-but-3-ynoxytetrahydropyran.
O 0o
/\/ U

A solution of 3-butyn-1-0l (50 g, 1 equiv, 713 mmol), p-toluenesulfonic acid
monohydrate (1.36 g, 0.01 equiv, 7.13 mmol), and dihydropyran (71.7 mL, 1.10 equiv,
785 mmol) in dichloromethane (500 mL) is stirred at 25°C for 24 hours. Saturated
sodium bicarbonate solution (500 mL) is then slowly added, and the mixture is extracted
with dichloromethane (500 mL). The organic extract is dried over anhydrous sodium
sulfate, filtered, and concentrated to afford the crude product, which is purified by
vacuum distillation to afford the title compound (90 g, 82%): b.p.: 65 °C, 1 mm Hg.

Preparation 5

Synthesis of 2-(3-benzyltriazol-4-yl)ethanol.

HO
i_ i\

N\
N=N

Add isopropylmagnesium chloride (368 mL, 736.00 mmol) drop-wise to a
solution of 2-but-3-ynoxytetrahydropyran (113.50 g, 736.00 mmol) in tetrahydrofuran
(1.4 L) at 15 °C, maintaining the internal temperature less than 20 °C. Remove the ice-
water bath, allow the temperature to warm to 25 °C, and hold at that temperature for 20
min to ensure gas evolution is complete. Heat the reaction mixture to 30-35 °C, and add

benzyl azide (70 g, 525.71 mmol) drop-wise to the mixture over 2 h while ensuring
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benzyl azide concentration in the reaction mixture does not rise to appreciable levels by a
method such as LCMS. After a 4 h stir, cool the reaction mixture to 25 °C, and quench
with saturated aqueous ammonium chloride (400 mL) via drop-wise addition. Aftera 16
h stir, dilute with methyltert-butyl ether (200 mL), separate the layers, and stir the organic
layer with 3M hydrochloric acid (600 mL) for 4 h. When greater than 98% conversion is
achieved by a method such as LCMS, raise the pH of the reaction mixture to pH >10 via
dropwise addition of 6 M sodium hydroxide (ca. 350 mL). Extract the resulting mixture
with methyltert-butyl ether (3 x 300 mL) and dichloromethane (3 x 300 mL).
Concentrate the combined organic layers in vacuo, and purify the resulting crude product
by silica gel column chromatography, eluting with ethyl acetate, to afford the title
compound (53 g, 50%) as an off-white solid. MS (m/z): 204.1 (M + 1).

Preparation 6

Synthesis of [2-(1-benzyl-1H-1,2,3-triazol-5-yl)ethoxy]acetic acid.

Charge 400 mL of 40% w/w sodium hydroxide (5.73 mol) to a mixture of 2-(3-
benzyltriazol-4-yl)ethanol (50 g, 246.01 mmol) and tetra-N-butylammonium chloride
(6.84 g, 24.60 mmol) in dichloromethane (400 mL) at 0 °C. Add bromo-1,1-dimethyl
acetic acid ethyl ester (62.38 g, 319.81 mmol), and stir for 16 h, allowing the temp to rise
to 25 °C. Separate the layer, and extract the aqueous phase with dichloromethane (2 x
100 mL). Concentrate the combined organic layers in vacuo to give 75 g of the
intermediate tert-butyl 2-(2-(3-benzyl-3H-1,2,3-triazol-4-yDethoxy)acetate as a yellow
oil. Dilute the oil with 450 mL of toluene and 150 mL of 6 M hydrochloric acid, and stir
at 25 °C for 16 h. Separate the layers and adjust the pH of the aqueous layer to ca. pH
2.0. Filter the resulting white solid, rinsing with water (2 x 200 mL) to give the title
compound (58 g, 90%) as a white solid. MS (m/z): 262.1 (M + 1).
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Preparation 7

Synthesis of 2-[2-(1H-triazol-5-yl)ethoxy]acetic acid.

Pressurize 1 atmosphere of hydrogen (g) to a flask containing [2-(1-benzyl-1H-
1,2,3-triazol-5-yl)ethoxy]Jacetic acid (10.1 g; 1.00 equiv; 38.66 mmoles) and palladium
(II) chloride (3 g; 16.92 mmoles; 3.00 g) in isopropyl alcohol (300 ml.) and water (60
ml.). Maintain the flask under a hydrogen atmosphere for 3 h, then filter through
Celite™ and concentrate. Add toluene (2x50 mL) and concentrate to afford the title
compound (7.96 g, 100%). "H NMR (de-DMSO): 2.86 (t, J = 7 Hz, 2 H), 3.65 (t, J = 7
Hz,2 H),3.98 (s,2 H), 7,77 (s, 1 H), 13.4 - 13.6 (brs, 2 H).

Example 1
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl]-2-[2-(1H-1,2,3-triazol-4-yl)ethoxy]ethanone.

0
H

tegr o
‘N NQ\H

Add N-indan-2-yl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-amine (4.2 g, 15.8
mmol) to a mixture of 2-[2-(1H-triazol-5-yl)ethoxyJacetic acid (2.7 g, 15.8 mmol),
1-hydroxybenzotriazole (3.20 g, 23.7 mmol), and dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (5.44 g, 28.4 mmol) in dichloromethane (40 mL) at 25
°C. Add triethylamine (4.40 mL, 31.6 mmol) to the reaction mixture and stir for 16 h.
Wash with water (2 x 50 mL) and concentrate the organic layer. Purify by silica gel
column chromatography, eluting with ethyl acetate/methanol, to give the title compound

(4.0 g, 60%) as a solid. MS (m/z): 420 (M + H).
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Preparation 8
Synthesis of 2-chloro-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]ethanone.

o 9

N
I
H

To N-indan-2-yl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-amine (11.0 g, 41.3
mmol) and triethylamine (7.48 mL., 53.7 mmol) in dichloromethane (200 mL), add 2-
chloroacetyl chloride (3.61 mL, 5.13 g, 45.4 mmol) dropwise over five minutes at 23 °C.
Stir for 30 minutes and pour the reaction mixture into 1:1 50% saturated aqueous sodium
bicarbonate: dichloromethane (75 ml). Separate the organic layer from the aqueous layer
and further extract the aqueous layer with dichloromethane (2 x 25 ml.). Combine the
organic extracts and dry over anhydrous sodium sulfate, filter, and concentrate. Dissolve
the residue in chloroform (10 ml.) and purify via silica gel column chromatography
(gradient elution: 25% ethyl acetate in hexanes to 100% ethyl acetate) to give the title
compound (9.75 g, 69%). "H NMR (CDCl3, * = minor amide rotamer) 6 2.77* (t, 2H),
2.84 (dd, 2H), 2.87 (t, 2H), 3.35 (dd, 2H), 3.76 (t, 2H), 3.85* (t, 2H), 4.12 (s, 2H), 4.52%*
(s, 2H), 4.57 (s, 2H), 4.72-4.82 (m, 1H), 5.48-5.64 (m, 1H), 7.12-7.21 (m, 4H), 8.03-8.10
(m, 1H).

Preparation 9

Synthesis of 2-(but-3-yn-1-yloxy)-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]ethanone.

O

H

To sodium hydride (60 wt% in mineral oil, 1.58 g, 39.6 mmol) in tetrahydrofuran
(50 mL) at 23 °C, add 3-butyn-1-0l (7.93 g, 8.59 mL, 113.2 mmol) dropwise, then stir at
23 °C for 20 minutes. Add this solution to 2-chloro-1-[2-(2,3-dihydro-1H-inden-2-
ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]ethanone (9.70 g, 28.3 mmol) in
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tetrahydrofuran (150 mL) at 23 °C and stir for one hour. Pour the reaction mixture into
50% saturated aqueous sodium bicarbonate solution. Separate the organic layer and
further extract the aqueous layer with ethyl ether (x 2) and ethyl acetate (x 2). Combine
the organic extracts and wash with brine, then dry over anhydrous sodium sulfate, filter,
and concentrate. Purify the resulting crude product by silica gel column chromatography
(gradient elution: 20% ethyl acetate in hexanes to 100% ethyl acetate) to give the title
compound (8.16 g, 77%). MS (m/z): 377 (M + 1).

Example 1a
Alternative synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-2-[2-(1H-1,2,3-triazol-4-yl)ethoxy]ethanone.

0
,,N]/\/ O\/KN | XN /E@
N
N N/)\N
H

!
Sparge a solution of 2-(but-3-yn-1-yloxy)-1-[2-(2,3-dihydro-1H-inden-2-
ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]ethanone (8.15 g, 21.7 mmol) and

L-ascorbic acid sodium salt (8.58 g, 43.3 mmol) in dimethylformamide (60 mL) and
water (60 mlL.) with nitrogen for ten minutes, then evacuate and backfill with nitrogen
three times. Add copper (II) sulfate pentahydrate (1.08 g, 4.33 mmol) and heat to 90 °C,
then add azidotrimethylsilane (23.1 mL, 20.0 g, 173 mmol) dropwise and stir for one
hour. Cool reaction mixture to 23 °C and pour into water (50 mL). Extract this mixture
with ethyl acetate (4 x 50 mL). Combine the organic extracts and wash with saturated
aqueous sodium chloride, dry over anhydrous sodium sulfate, filter, and concentrate.
Purify the resulting crude product by silica gel column chromatography (gradient elution:
0 to 10% methanol in ethyl acetate) to give the title compound (3.60 g, 40%). MS (m/z):
420 M+ D).
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Preparation 10
Synthesis of tert-butyl-2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo| 3,4-

d]pyrimidine-6-carboxylate.

%7 O>_ N N @
AL,

Charge 450 mL (2.58 mol) of N-ethyl-N-isopropylpropan-2-amine into a 15 °C
solution of tert-butyl 2-chloro-5,7-dihydro-6H-pyrrolo[3,4-d]pyrimidine-6-carboxylate
(220 g, 860.37 mmol) and 2,3-dihydro-1H-inden-2-amine (137.7 g, 1.03 mol) in 1-
methylpyrrolidin-2-one (3.6 L). Heat the resulting mixture to 80 °C for 16 h, then cool to
30 °C and transfer the resulting mixture into 5 L of water at 25 °C. Filter the resulting
solid and rinse the filter cake with water (2 x 300 mL). Reslurry the solid in ethyl acetate
(350 mL) for 45 min at 15 °C. Filter the slurry, rinsing with 15 °C ethyl acetate ( 2 x 250
ml.), and dry to give the title compound (226 g, 75%) as an off-white solid. "H NMR
(d6-DMSO) 1.45 (s, 9 H), 2.87 (dd, J/=7.2, 15.8 Hz, 2 H), 3.24 (dd, J=7.2, 15.8 Hz, 2 H),
4.36 (d, 10.4 Hz, 2 H), 4.44 (d, J=12.8 Hz, 2 H), 4.60 (m, 1 H), 7.14 (m, 2 H), 7.20 (m, 2
H),7.55(, J=6.8 Hz, 1 H), 8.27 (d, /=7.2 Hz, 1 H).

Preparation 11
Synthesis of N-(2,3-dihydro-1H-inden-2-yl)-6,7-dihydro-5H-pyrrolo| 3,4-d]pyrimidin-2-
amine dihydrochloride hydrate.
2HCI H0

sWeY
HN
N/)\N

H

Charge 670 mL of 5 M hydrochloric acid (3.35 mol) to a solution of tert-butyl 2-
(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6H pyrrolo[3,4-d]pyrimidine-6-
carboxylate (226 g, 641.25 mmol) in tetrahydrofuran (2.0 L) at 17 °C, maintaining the
internal temperature below 26 °C during the addition. Heat the resulting solution to 50 °C
for 16 h, cool to 25 °C and dilute with 500 mL of water and 500 mL of tert-
butylmethylether. Separate the resulting layers and extract with tert-butylmethylether (3
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x 1 ). Concentrate the water phase down to a reaction volume of ca. 200 mL, and filter
the resulting slurry. Rinse the cake with tert-butylmethylether (2 x 200 ml.) and dry to
give the title product (177 g, 80%) as a light brown solid. MS (m/z): 253.2 (M-2HCI-
H,O+1).

Preparation 12

Syntheis of tert-butyl 2-but-3-ynoxyacetate.

///\/O\)Lok

Stir a mixture of but-3-yn-1-ol (6.00 g; 85.60 mmol), tetrabutylammonium sulfate
(2.07 g; 8.54 mmol) and sodium hydroxide (40% wt/wt; 150 mL) in dichloromethane
(150 mL) at 0°C. Add tert-butyl bromoacetate (19.34 mL; 128.40 mmol) dropwise and
stir the mixture for 2.5 hours at room temperature. Dilute the reaction mixture with
dichloromethane (200 mL) and water (100 mL), separate the layers, and further extract
the aqueous layer with dichloromethane (2 x 100 mL). Wash the combined organic
layers with brine (100 mL.), dry over anhydrous sodium sulfate, and concentrate to afford
the crude title compound as a brown 0il (11.93 g). Purify the oil by silica gel column
chromatography, eluting with hexane: ethyl acetate (0% to 10% mixtures) to give the title
compound (11.35 g; 72%) as a colorless oil. "H NMR (CDCl3) 8 1.48 (s, 9H), 2.00 (m,
1H), 2.52 (m, 2H), 3.67 (m, 2H), 4.01 (bs, 2H).

Preparation 13

Synthesis of tert-butyl 2-[2-(1H-triazol-5-yl)ethoxy]acetate.

N.H]/\/O\).iok

N

Stir tert-Butyl 2-but-3-ynoxyacetate (11.34 g; 61.55 mmol) and copper(D)iodide
(584 mg; 3.07 mmol) in a mixture of dimethylformamide (56.70 mL) and methanol
(11.34 mL) at 0°C. Add azido(trimethyl)silane (12.33 mL; 86.47 mmol) dropwise and

heat the mixture at 90°C for 18 hours.

In a second batch, stir tert-butyl 2-but-3-ynoxyacetate (4.38 g; 23.77 mmol) and
copper(Diodide (226 mg; 1.19 mmol) in a mixture of dimethylformamide (22 ml.) and
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methanol (6 mL) at 0°C. Add azido(trimethyl)silane (4.8 mL; 33.66 mmol) dropwise and
the mixture heated at 90°C for 18 hours.

Upon cooling to room temperature, combine the crude products from both batches
and concentrate the mixture to afford a greenish residue. Purify the crude product by

5 filtration through a plug of silica eluting with dichloromethane: ethyl acetate (75% to
100% mixtures) to afford the title compound (14.15 g, 73%) as a colorless oil. MS (m/z):
228.15 (M+1).
Preparation 14

Synthesis of 2-[2-(1H-triazol-5-yl)ethoxy]acetic acid 2,2,2-trifluoroacetic acid.

10
Stir a mixture of fert-butyl 2-[2-(1 H-triazol-5-yl)ethoxy]acetate (14.15 g; 62.26

mmol) and trifluoroacetic acid (70.75 mL, 935.69 mmol) in dichloromethane (70.75 mL)
for 2 hours at room temperature. Concentrate the reaction mixture under reduced
pressure to provide the title compound containing additional trifluoroacetic acid (20.22 g,
15 >100%) as a brown solid. MS (m/z): 172.05 (M+1).
Example 2
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[3,4-
d]pyrimidin-6-yl1]-2-[2-(1H-1,2,3-triazol-4-yl)ethoxy]ethanone.

S 5
N
oA,

20 Stir a mixture of 2-[2-(1H-triazol-5-yl)ethoxy]acetic acid 2,2,2-trifluoroacetic acid
(20.22 g; 70.90 mmol), N-(2,3-dihydro-1H-inden-2-yl)-6,7-dihydro-5H-pyrrolo[3.4-
d]pyrimidin-2-amine dihydrochloride hydrate (27.99 g; 81.54 mmol) and triethylamine
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(98.83 mL; 709.03 mmol) in dimethylformamide (404.40 mL) at 0°C. Add a solution of
1-propanephosphonic acid cyclic anhydride (50% solution in DMF; 51.89 ml.; 81.54
mmol) over 30 minutes, and stir the mixture at room temperature for 18 hours.

Concentrate the reaction mixture under reduced pressure to give a residue. Add
water (200 mL) and extract the mixture with ethyl acetate (4 x 250 mL) and
dichloromethane (4 x 250 mlL). Wash the combined organic layers with saturated
aqueous sodium bicarbonate (2 x 100 mL) and brine (100 mL), then dry over anhydrous
sodium sulfate. Filter the mixture and concentrate the solution under reduced pressure to
give a red solid (25.70 g) that is slurried in ethyl acetate/methanol (9:1 mixture; 200 mL)
for 2 hours at room temperature. Filter the resulting solid and wash with cold ethyl
acetate (50 mL) to give a solid (ca.18.2 ) that is re-slurried in ethyl acetate (200 mL) at
reflux for 1 hour. On cooling to room temperature, stir the mixture for 1 hour and filter
the resulting light pink solid.

Slurry the light pink solid in water/methanol (1:1 mixture; 200 mL) and heat the
mixture at 50°C for 30 minutes. Add ammonium hydroxide solution (32%; 50 mL) and
continue to heat the mixture at 50°C for 30 minutes. Upon cooling to room temperature,
add additional ammonium hydroxide solution (32%; 50 mL) and continue stirring for 1
hour at room temperature. Filter the resulting light gray solid, dry and slurry again in
ethyl acetate (200 mL) for 1 hour to afford a light gray solid that is filtered, washed with
ethyl acetate (25 ml.), and dried to give the title compound (12.42 g; 43%) as a gray solid.
MS (m/z): 406 (M+1).

Preparation 15
Synthesis of 2-chloro-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6H-
pyrrolo[3,4-d]pyrimidin-6-yl]ethanone.

0 XN E§>
CI}N |N/)\N

A
Stir a suspension of N-(2,3-dihydro-1H-inden-2-yl)-6,7-dihydro-5H-pyrrolo|3,4-

d]pyrimidin-2-amine dihydrochloride hydrate (14.4 g, 41.9 mmol) and triethylamine

(14.3 g, 19.7 mL, 141.4 mmol) in dichloromethane (200 mL) at 23 °C for 10 minutes,



10

15

20

25

WO 2014/110000 PCT/US2014/010400

23-

then cool to =30 °C. Add 2-chloroacetyl chloride (5.49 g, 3.86 mL., 48.6 mmol) over two
minutes and warm to 23 °C over 10 minutes. Add methanol (5 mL) and remove the
solvent in vacuo. Slurry the crude reaction mixture in methanol (30 mL), add 50 g silica
gel and remove solvent in vacuo. Load the resulting residue onto a loading column and
purify via silica gel column chromatography (gradient elution: 50% ethyl acetate in
hexanes to ethyl acetate to 10% methanol in ethyl acetate) to give the title compound
(11.5 g, 84%). MS (m/z): 329(M+1).

Preparation 16
Synthesis of 2-(but-3-yn-1-yloxy)-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-
6H-pyrrolo[3,4-d]pyrimidin-6-yl]ethanone.

BrepSos
//—/ H

To sodium hydride (60 wt% in mineral oil, 2.06 g, 51.4 mmol) in tetrahydrofuran
(86 mL) at 0 °C, add 3-butyn-1-ol (4.64 g, 5.03 mL, 64.3 mmol), then stir at 23 °C for 15
minutes. Add this solution to 2-chloro-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-
dihydro-6H-pyrrolo[3,4-d]pyrimidin-6-yl]ethanone (8.45 g, 25.7 mmol) in
tetrahydrofuran (86 mL) at 0 °C and stir for five minutes. Pour reaction mixture into 50%
saturated aqueous sodium bicarbonate solution. Separate the organic layer and further
extract the aqueous layer with ethyl ether and ethyl acetate (2 x 50 mL each). Combine
the organic extracts and wash with brine, then dry over anhydrous sodium sulfate, filter,
and concentrate. Combine the crude product with the crude product from a second
reaction (run reaction under identical conditions and stoichiometry employing 2-chloro-1-
[2-(indan-2-ylamino)-5,7-dihydropyrrolo[ 3,4-d]pyrimidin-6-yl]ethanone (3.0 g, 9.1
mmol)) and purify by silica gel column chromatography (gradient elution: 25% ethyl
acetate in hexanes to 100% ethyl acetate) to give the title compound (2.90 g, 23%). MS
(m/z): 363(M+1).
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Example 2a
Alternative synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6H-
pyrrolo[3,4-d]pyrimidin-6-yl]-2-[2-(1H-1,2,3-triazol-4-yl)ethoxy]ethanone.

0] | N /E@
N
AL
H
NN
N

N
\
H

5 Add dimethylformamide (27 mL) and water (27 mL) to a flask containing 2-(but-
3-yn-1-yloxy)-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6H-pyrrolo| 3,4-
d]pyrimidin-6-ylJethanone (2.90 g, 8.00 mmol). Add copper (II) sulfate pentahydrate
(400 mg, 1.60 mmol) and L-ascorbic acid sodium salt (3.17 g, 16.0 mmol). Evacuate
flask and backfill with nitrogen (x 2), then add azidotrimethylsilane (7.37 g, 8.53 mL,,

10 64.0 mmol) and heat the reaction to 90 °C for 70 minutes. Cool the reaction mixture to
23 °C and remove all solvent in vacuo. Suspend the residue in methanol/dichloromethane
and then add silica gel and remove solvent in vacuo. Load this material onto a loading
column and purify via silica gel column chromatography (gradient elution: 0-9%
methanol in ethyl acetate) to give the title compound (980 mg, 30%). MS (m/z):

15 406(M+1).

Scheme F
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Preparation 17
Synthesis of methyl 6-imino-6-methoxy-hexanoate.

HCL 4

HN
Y\/\)LO

Scheme I, step A. Bubble hydrogen chloride (g) through a 0 °C solution of 5-

cyano-pentanoic acid methyl ester (3.0 mL; 1.00 equiv; 22.02 mmoles) in methanol (5
mL), and ethyl ether (10 mL) for 1 hour. Allow the solution to warm to room
temperature then add 50 mL ethyl ether, stir vigorously for 15 minutes, then filter and
collect the resulting precipitate. Wash the solid with ethyl ether to afford methyl 6-imino-
6-methoxy-hexanoate (3.82 g; 83%): "H NMR (DMSO) 8 1.47-1.62 (m, 4H), 2.31 (t,
2H), 2.59 (t, 2H), 3.56 (s, 3H), 4.03 (s, 3H).

Preparation 18

Synthesis of methyl 5-(4H-1,2,4-triazol-3-yl)pentanoate.
H
NW\)L
< Q
N—N CH,

Scheme F, step B. Add methanol (1 mL) and triethylamine (0.36 mL; 1.0 equiv;

2.58 mmoles) to a vial containing methyl 6-imino-6-methoxy-hexanoate (0.542 g; 1.00
equiv; 2.58 mmoles), followed by a solution of formylhydrazine (0.155 g 1.0 equiv; 2.58
mmoles) in methanol (3 mL). Stir at room temperature for 18 hours, then heat to 70 °C
for 3 hours. Concentrate the mixture, then dilute with ethyl acetate (30 mL) and filter.
Concentrate the filtrate to afford methyl 5-(4H-1,2,4-triazol-3-yl)pentanoate (0.498 g;
105%) as a colorless oil: MS (m/z): 184 (M+1).
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Preparation 18a

Synthesis of 5-(4H-1,2,4-triazol-3-yl)pentanoic acid.

Scheme F, step C. Add methanol (3 mlL), tetrahydrofuran (3 mL), and water (2

mL) to a flask containing methyl 5-(4H-1,2,4-triazol-3-yl)pentanoate (0.5 g; 1.0 equiv;
2.73 mmoles). Add lithium hydroxide (0.261 g; 4.0 equiv; 10.92 mmoles) in one portion,
and stir at room temperature for 90 minutes. Cool the solution to 0 °C and add SN
hydrogen chloride (2.18 mL; 4.0 equiv; 10.92 mmoles) slowly. Concentrate the mixture
and then azeotrope the residue with toluene (4x10 mL). Add dichloromethane (30 mL)
followed by magnesium sulfate. Filter, and rinse the filter cake with 100 mL. 10% ethanol
in dichloromethane. Concentrate to provide 5-(4H-1,2,4-triazol-3-yl)pentanoic acid (1.6
g; >100%) as an alcoholic adduct: MS (m/z): 170 (M+1).

Example 3
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5SH)-yl]-5-(4H-1,2,4-triazol-3-yl)pentan-1-one.

0
H

Scheme I, step D. Add N-indan-2-yl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-

amine (0.189 g; 1.0 equiv; 0.71 mmoles) to a solution containing 5-(4H-1,2,4-triazol-3-
yl)pentanoic acid (0.40 g 1.0 equiv; 0.71 mmoles), followed by dimethylformamide (2
ml.). Stir the resulting solution at room temperature until homogeneous. Add 4-
pyridinamine, N,N-dimethyl- (0.017 g; 0.2 equiv; 0.141 mmoles), and cool the solution to
0 °C. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.204 g; 1.5
equiv; 1.06 mmoles) in one portion. Allow the mixture to warm to room temperature and
stir for 30 minutes. Add dichloromethane (2 mL), heat to 40 °C, and stir for 24 hours.

Dilute with 250 mlL. water and then 50 mL ethyl acetate. Extract the mixture with ethyl



10

15

WO 2014/110000

PCT/US2014/010400

7.

acetate (5 x 25 mL). Wash the combined organic extracts with brine (10 mL). Dry the
organics over magnesium sulfate, filter, concentrate, and purify via column
chromatography (hexanes to 12% methanol in ethyl acetate) to give 1-[2-(2,3-dihydro-
1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-5-(4H-1,2,4-triazol-
3-yl)pentan-1-one (0.08 g; 27% yield) as a white foam: MS (m/z): 418 (M+1).

Scheme G
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Preparation 19

Synthesis of methyl 5-imidazol-1-ylpentanoate.

/\/\)J\ -CHy
/N 0
<

Scheme G, step A. Add sodium hydride (0.212 g; 1.2 equiv; 5.29 mmoles) to a

solution of 1H-imidazole (0.30 g; 1.0 equiv; 4.41 mmoles) and methyl 5-
bromopentanoate (1.03 g; 1.2 equiv; 5.29 mmoles) in dimethylformamide (20 mL). Stir
the mixture for 18 hours then add water (15 mL). Extract the mixture with
dichloromethane and wash with brine (20 mL). Dry the organic phase over sodium
sulfate, filter, and concentrate to give the crude product, which is purified by column
chromatography (0 to 10% methanol in dichloromethane) to afford methyl 5-imidazol-1-
ylpentanoate (0.655 g; 82%) as a yellow oil: MS (m/z): 183(M+1).
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Preparation 20
Synthesis of 5-imidazol-1-ylpentanoic acid.

0]

o~~~
<;’N OH

Scheme G, step B. Stir a solution of methyl 5-imidazol-1-ylpentanoate (0.60 g;

1.0 equiv; 3.29 mmoles) and lithium hydroxide (0.553 g; 4 equiv; 13.17 mmoles) in
tetrahydrofuran (20 mL) and water (15mL) for 18 hours. Add 3 ml of SN hydrochloric
acid then concentrate the mixture. Purify the crude product by column chromatography
(0 to 15% methanol in dichloromethane) to afford 5-imidazol-1-ylpentanoic acid (0.72 g;
19%) as a yellow oil: MS (m/z): 169(M+1).

Example 4
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl]-5-(1H-imidazol-1-yl)pentan-1-one.

Scheme G, step C. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (0.288 g; 2.0 equiv; 1.50 mmoles) to a solution of N-indan-2-yl-5,6,7,8-

tetrahydropyrido[4,3-d]pyrimidin-2-amine (0.20 m; 1.0 equiv; 0.75 mmoles), 5-imidazol-
1-ylpentanoic acid (0.152 g; 1.2 equiv; 0.90 mmoles), and 1-hydroxybenzotriazole (0.203
g; 2.0 equiv; 1.50 mmoles) in dichloromethane (20 mL) and triethylamine (0.52 mL). Stir
the mixture for 18 hours, then concentrate, add water (10 mL), and extract with ethyl
acetate (3x20 mL). Dry the combined organic extracts over anhydrous sodium sulfate,
filter, and concentrate. Purify the crude product by column chromatography (0 to 10%
methanol in dichloromethane) to afford 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-5-(1H-imidazol-1-yl)pentan-1-one (0.14 g;
45%) as a colorless oil: MS (m/z): 417 (M+1).



10

WO 2014/110000 PCT/US2014/010400

-29.

Scheme H
0
=
HN N Step A HaC I~
< —_— |
N N <A
H NN

Step B

o
N /\)L 0]
HN S O NN /@
T ety O
H - SN N

Step C

Preparation 21

Synthesis of 1-[2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-d]pyrimidin-6-yl]prop-2-

O
~Horn o
I
\NJ\H

Scheme H, step A. Add triethylamine (0.82 mL; 2.0 equiv; 5.86 mmoles)

en-1-one.

followed by 2-propenoyl chloride (0.24 mL; 1.0 equiv; 2.93 mmoles) dropwise to a 0 °C
solution of N-indan-2-yl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-amine (0.781 g; 1.0
equiv; 2.93 mmoles) in dichloromethane (29 mL). Stir the solution for 16 hours at
ambient temperature, then dilute with dichloromethane, wash with brine, dry over sodium
sulfate, filter, and concentrate to an orange oil. Purify the crude product by column
chromatography to afford 1-[2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-
d]pyrimidin-6-yl]prop-2-en-1-one (0.66 g; 70%): MS (m/z): 321 (M+1).
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Preparation 22

Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl]-3-(prop-2-yn-1-yloxy)propan-1-one.

O
Faance¥sy

Scheme H, step B. Add 1,8-diazabicyclo [5.4.0Jundec-7-ene (0.035 mL; 0.15

equiv; 0.23 mmoles) to a solution of 1-[2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-
d]pyrimidin-6-yl]prop-2-en-1-one (0.5 g; 1.0 equiv; 1.56 mmoles) and 2-propyn-1-ol (5.0
mlL; 55 equiv; 85.86 mmoles). Stir the reaction at ambient temperature for 16 hours, then
heat to 50 °C for 36 hours. Concentrate the solution to a brown oil, then purify the crude
product by column chromatography (20 to 100% ethyl acetate in dichloromethane) to
afford the desired 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-3-(prop-2-yn-1-yloxy)propan-1-one (0.28 g; 48%): MS (1/z):
377 (M+1).

Example 5
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl]-3-(1H-1,2,3-triazol-4-ylmethoxy)propan-1-one.

@)
W' N 5
N= \NJ\H

Scheme H, step C. Add copper(Il) sulfate pentahydrate (0.037 g; 0.2 equiv; 0.147

mmoles) and L-ascorbic acid sodium salt (0.291 g; 2.0 equiv; 1.47 mmoles) to a solution
of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-
3-(prop-2-yn-1-yloxy)propan-1-one (0.277 g; 1.0 equiv; 0.74 mmoles) in
dimethylformamide (4 mL) and water (4 mL). Evacuate the system twice and backfill
with nitrogen. Add azidotrimethylsilane (0.784 mL; 8.0 equiv; 5.89 mmoles) and heat the
heterogeneous mixture to 90 °C for 1 hour. Dilute the reaction mixture with water (250

mL) and ethyl acetate (50 mL) and extract with ethyl acetate (3x50 mlL). Wash the
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combined organic extracts with brine (30 mL), dry over sodium sulfate, filter, and

concentrate in vacuo to a yellow/orange oil. Purify the crude product by column

chromatography (ethyl acetate to 10% methanol in ethyl acetate) to afford the desired 1-

[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-3-
5  (1H-1,2,3-triazol-4-ylmethoxy)propan-1-one (0.135 g; 44%): MS (m/z); 420 (M+1).

Scheme 1
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Preparation 23

Synthesis of benzyl 5-(1 H-imidazol-5-yl)pent-4-ynoate.

0]
N
N

Scheme [, step A. Add bis(triphenylphosphine)palladium(II) chloride (0.14 g; 0.1

10

equiv; 0.20 mmoles) and copper(I) iodide (0.039 mg; 0.1 equiv; 0.20 mmoles) to a
deoxygenated solution of 4-iodo-1H-imidazole (0.388 g; 1.0 equiv; 2.00 mmoles), benzyl
pent-4-ynoate (0.376 g; 1.0 equiv; 2.00 mmoles), and triethylamine (0.84 mL,; 3 equiv;

15 6.0 mmoles) in dimethylformamide (8 mL). Heat the mixture to 75 °C for 16 hours, then
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dilute the mixture with water (30 mL) and extract 3x with ethyl acetate. Wash the

combined organic extracts with brine, dry over magnesium sulfate, filter, and concentrate

to provide the crude product. Purify the crude product by column chromatography (0 to

10% methanol in dichloromethane) to afford benzyl 5-(1H-imidazol-5-yl)pent-4-ynoate
5 (0.35g; 69%) as a colorless oil: MS (m/z); 255(M+1).

Preparation 24

Synthesis of tert-butyl 5-(5-benzyloxy-5-oxo-pent-1-ynyl)imidazole-1-carboxylate.
\% (o)

0__0
FoTO

N

Scheme I, step B. Stir a solution of benzyl 5-(1H-imidazol-5-yl)pent-4-ynoate
10 (0.19 g; 1.00 equiv; 0.747 mmoles), di-t-butyldicarbonate (0.210 g; 1.29 equiv; 0.96

mmoles), triethylamine (0.21 mL; 2.0 equiv; 1.49 mmoles),and 4-pyridinamine, N,N-
dimethyl- (9 mg; 0.1 equiv; 0.074 mmoles) in dichloromethane (10 mL) for 2hr.
Concentrate the solution and purify the crude product by column chromatography (25%
ethyl acetate in hexanes) to afford tert-butyl 5-(5-benzyloxy-5-oxo-pent-1-

15  ynyDimidazole-1-carboxylate (0.170 g; 64%) as a white solid: MS (m/z): 299(M-t-
Bu+1).

Preparation 25

Synthesis of 5-(3-tert-butoxycarbonylimidazol-4-yl)pentanoic acid.

&

(¢}
O§( (@]
<N]/\/\)LOH
\N

20 Scheme [, step C. Vigorously stir a 60 °C solution of tert-butyl 5-(5-benzyloxy-5-

oxo-pent-1-ynyl)imidazole-1-carboxylate (0.17 g; 1.0 equiv; 0.48 mmoles) and palladium
(10% on carbon; 0.030 g; 0.014 mmoles) in methanol (13 mL) under 1 atmosphere of
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hydrogen for 16 hours. Filter and concentrate to afford the desired 5-(3-tert-
butoxycarbonylimidazol-4-yl)pentanoic acid (0.128 g; 99%) as a white solid: MS (m/z):
213(M-t-Bu+1).

Preparation 26
Synthesis of tert-butyl 5-[5-[2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-
d]pyrimidin-6-yl]-5-oxo-pentyl]imidazole- 1-carboxylate.

B
O§( 0
Q:NBE/WL/NJN\N/@

Scheme I, step D. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

hydrochloride (0.092 g; 1.5 equiv; 0.48 mmoles) to a solution of 5-(3-tert-
butoxycarbonylimidazol-4-yl)pentanoic acid (0.084 g; 1.0 equiv; 0.31 mmoles), N-indan-
2-y1-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-amine (0.064 g; 0.77 equiv; 0.24
mmoles), 1-hydroxybenzotriazole (0.065 g; 1.5 equiv; 0.48 mmoles), and triethylamine
(0.20 mL; 4.5 equiv; 1.44 mmoles) in dichloromethane (15 mL). Heat the mixture to 40
°C for 16 hours. Concentrate the mixture, and then purify the crude product by column
chromatography (0 to 10% methanol in dichloromethane) to afford tert-butyl 5-[5-[2-
(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-d]pyrimidin-6-yl]-5-oxo-pentylJimidazole-
1-carboxylate (0.040 g; 25%) as a white solid: MS (m/z): 517 (M+1).

Example 6
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl]-5-(1H-imidazol-4-yl)pentan-1-one.

0
H]/\/\)LN AN /@
G O\AJ\

Scheme [, step E. Add trifluoroacetic acid (1.5 mL) to a solution of tert-butyl 5-
[5-[2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-d]pyrimidin-6-yl]-5-oxo-
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pentyl]imidazole-1-carboxylate (0.030 g; 0.058 mmoles) in dichloromethane (8 mL). Stir
the reaction at room temperature for 2hr. Concentrate the mixture and add saturated
sodium bicarbonate (10 mL) and water (20 mL), then extract with dichloromethane (3x20
mlL). Wash the combined organic extracts with brine, dry over sodium sulfate, filter, and
concentrate. Purify the crude product by column chromatography (0 to 10% methanol in
dichloromethane) to afford 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-5-(1H-imidazol-4-yD)pentan-1-one (0.020 g;
83%) as a white solid: MS (m/z): 417 (M+1).

Scheme J

CK\V/\OJLT::EiItN/[j§:>

Step A

Example 7
Synthesis of 3-(1H-imidazol-1-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate.

o
Ni\N/\/\o/u\N Z> N /[j§:>
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H

Scheme J, step A. Add sodium hydride (0.050 g; 2.2 equiv; 1.25 mmoles) to a

solution of 3-chloropropyl 2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-d]pyrimidine-
6-carboxylate (0.22 g; 1.0 equiv; 0.57 mmoles) and 1H-imidazole (0.082 g; 2.1 equiv;
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1.20 mmoles) in dimethylformamide (2 mL) and stir for 18 hours. Dilute the reaction
with dichloromethane and water. Separate the layers and further extract the aqueous layer
with dichloromethane (2x). Dry the combined organic extracts with sodium sulfate, filter,
and concentrate. Purify the crude product by column chromatography (0 to 10%

5 methanol in dichloromethane) to afford the desired 3-(1H-imidazol-1-yl)propyl 2-(2,3-
dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate
(0.078 g; 33%) as a white solid: MS (m/z); 419 (M+1).

Scheme K
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10 Preparation 27

Synthesis of 3-cyanopropyl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidine-6(5 H)-carboxylate.

0]
‘s aoe¥sY

Scheme K, step A. Heat a solution of 3-chloropropyl 2-(indan-2-ylamino)-7,8-

15  dihydro-5H-pyrido[4,3-d]pyrimidine-6-carboxylate (0.42 g; 1.0 equiv; 1.09 mmoles) and



10

15

20

WO 2014/110000 PCT/US2014/010400

-36-

and sodium cyanide (0.085 g; 1.6 equiv; 1.73 mmoles) in dimethylformamide (3 mL) to
100°C for 2 hours. Cool the mixture to ambient temperature, dilute with dichloromethane
(20 mL) and wash the reaction mixture with water (25 mL). Extract the aqueous layer
with dichloromethane (2x20 mL). Dry the combined organic extracts over sodium
sulfate, filter, and concentrate to afford crude product. Combine the crude product and
purify by column chromatography (0 to 10% methanol in dichloromethane) to afford 3-
cyanopropyl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidine-
6(5H)-carboxylate as a light brown oil and used in next step. MS (m/z): 378 (M+1).
Example 8
Preparation of 3-(1H-tetrazol-5-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate.

(0]
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H

Scheme K, step B. Heat a solution of 3-cyanopropyl 2-(2,3-dihydro-1H-inden-2-

ylamino)-7,8-dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate (0.24 g; 1.0 equiv; 0.64
mmoles), azidotrimethylsilane (0.85 mL; 10 equiv; 6.38 mmoles) and dibutyloxostannane
(0.040 g; 0.25 equiv; 0.16 mmoles) in toluene (5 mL) to 100 °C for 24 hours, then cool to
ambient temperature and concentrate. Purify the crude material by reverse phase
chromatography to afford impure product. Dissolve the impure product in 50 mL
dichloromethane and wash with saturated sodium bicarbonate, and further extract the
aqueous layer 2x dichloromethane. Dry the combined organic extracts over sodium
sulfate, filter, and concentrate to afford 3-(1H-tetrazol-5-yl)propyl 2-(2,3-dihydro-1H-
inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate (0.110 g; 41%)
as a yellow solid: MS (m/z); 421 (M+1).
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Preparation 28
5 Synthesis of tert-butyl N-but-3-ynyl-N-[2-[2-(indan-2-ylamino)-7,8-dihydro-5 H-
pyrido[4,3-d]pyrimidin-6-yl]-2-oxo-ethyl]carbamate.

T
\[// o)
Fanaoe¥sY

Scheme L., step A. Add but-3-yn-1-amine (2.71 g; 8 equiv; 9.80 mmoles) quickly
to a 0 °C solution of 2-chloro-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
10 dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]ethanone (0.42 g; 1.0 equiv; 1.23 mmoles) in

triethylamine (0.205 mL; 1.2 equiv; 1.47 mmoles) in tetrahydrofuran (8 mL). After 15
minutes, heat the solution to 45 °C for 2 hours, then concentrate the mixture and

redissolve the residue in dichloromethane (3 mlL). Add di-t-butyldicarbonate (0.802 g; 3
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equiv; 3.68 mmoles) and stir at ambient temperature for 1 hour. Concentrate the mixture
and purify the crude product by column chromatography (0 to 100% ethyl
acetate/hexanes) to give tert-butyl N-but-3-ynyl-N-[2-[2-(indan-2-ylamino)-7,8-dihydro-
SH-pyrido[4,3-d]pyrimidin-6-yl]-2-oxo-ethyl]carbamate (0.504 g; 87%) as a white solid:
MS (m/z): 476 (M+1).

Preparation 29
Synthesis of tert-butyl {2-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-2-oxoethyl }[2-(1H-1,2,3-triazol-4-yl)ethyl]carbamate.

1.
N
LCAae 04 e,

Scheme L., step B. Add copper(IDsulfate pentahydrate (0.026 g; 0.2 equiv; 0.106

mmoles) and L-ascorbic acid sodium salt (0.21 g; 2.0 equiv; 1.06 mmoles) to a
deoxygenated solution of tert-butyl N-but-3-ynyl-N-[2-[2-(indan-2-ylamino)-7,8-dihydro-
SH-pyrido[4,3-d]pyrimidin-6-yl]-2-ox0-ethyl]carbamate (0.252 g; 1.0 equiv; 0.53
mmoles) in dimethylformamide (6 mL) and water (3 mL) (including toluene (0.05 mL) as
an internal standard). Heat the reaction vessel to 90 °C and then add azidotrimethylsilane
(0.565 mL; 8 equiv; 4.24 mmoles) slowly. Stir at 90 °C for 4 hours, then dilute the
reaction mixture with water (100mL) and ethyl acetate (50 mL), and extract 3 x 50 mL
ethyl acetate. Wash the combined organic extracts with brine, dry over magnesium
sulfate, filter, and concentrate. Purify the crude product by column chromatography (0 to
10% methanol in ethyl acetate) to give tert-butyl {2-[2-(2,3-dihydro-1H-inden-2-
ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-oxoethyl }[2-(1 H-1,2,3-triazol-
4-yDethyl]carbamate (0.174 g; 63%) as a colorless foam: MS (m/z): 519 (M+1).
Example 9
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl1]-2-{[2-(1H-1,2,3-triazol-4-yl)ethyl]amino } ethanone.
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Scheme L., step C. Add hydrogen chloride (1M in ethyl ether; 2.55 mL; 8 equiv;
2.55 mmoles) to a O °C solution of tert-butyl {2-[2-(2,3-dihydro-1H-inden-2-ylamino)-
7,8-dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl]-2-oxoethyl } [2-(1H-1,2,3-triazol-4-

5  yDethyl]carbamate (0.165 g; 1.0 equiv; 0.318 mmoles) in dichloromethane (2 mL) and
methanol (1 mL). After stirring for 1 hour at 0 °C, concentrate the mixture. Redissolve
the crude product in a 10:1 mixture of dichloromethane:methanol and wash with saturated
sodium bicarbonate. Extract the aqueous layer with additional 10:1 mixtures of
dichloromethane:methanol (4x). Dry the combined organic extracts over magnesium

10 sulfate, filter, and concentrate to afford 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-{[2-(1H-1,2,3-triazol-4-
ylethyl]amino }ethanone (0.136 g; 102%) as a brown foam: MS (m/z): 419 (M+1).

Scheme M

o Step A
N\’/j/\/OH+ Br\)]\ok N\/j/\/ \)J\ J<

—

oo P

15 Preparation 30

Step B

Synthesis of tert-butyl 2-(2-imidazol-1-ylethoxy)acetate.

H

éH
/\MNvQVk’kcf
N 3
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Scheme M, step A. Add sodium hydride (0.79 g; 1.1 equiv; 19.75 mmoles)

slowly to a 0 °C solution of 1H-imidazole-1-ethanol (2.01 g; 1.0 equiv; 17.93 mmoles) in
tetrahydrofuran (90 mL). Stir for 1 hour, then add acetic acid, bromo-, 1,1-dimethylethyl
ester (4.03 mL; 1.49 equiv; 26.76 mmoles) dropwise at 0 °C. Warm the solution to
ambient temperature and stir for 3 hours, then add 250 mL saturated aqueous sodium
bicarbonate solution. Extract the mixture with dichloromethane (3 x 150 mL). Wash the
combined organic extracts with brine (100 mL), dry over sodium sulfate, filter, and
concentrate to afford the crude product. Purify this residue by column chromatography (0
to 20% methanol in dichloromethane) to afford tert-butyl 2-(2-imidazol-1-
ylethoxy)acetate (0.85 g; 21%) as a viscous yellow-brown oil: MS (m/z): 227(M+1).
Example 10
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-
6(5H)-yl]-2-[2-(1 H-imidazol-1-yl)ethoxy]ethanone.

Scheme M, step B. Add trifluoroacetic acid (2 mL) dropwise to a solution of tert-

butyl 2-(2-imidazol-1-ylethoxy)acetate (0.375 g; 1.0 equiv; 1.66 mmoles)

in dichloromethane (10 mL). Stir at room temperature for 4 hours and then concentrate
the mixture. Redissolve the remaining residue in dimethylformamide (5ml.) and add
diisopropylethylamine (1.45 mL; 5 equiv; 8.31 mmoles) followed by N-indan-2-yl-
5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-amine (0.44 g; 1.0 equiv; 1.65 mmoles).
Add O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate
(0.69 g; 1.1 equiv; 1.81 mmoles) and stir at room temperature for 16 hours. Pour the
reaction mixture into saturated aqueous sodium bicarbonate solution (200 mL) and extract
with dichloromethane (2 x 200 mL). Wash the combined organic extracts with saturated
aqueous sodium bicarbonate solution (100 mL), dry over sodium sulfate, filter, and
concentrate to give the crude product. Purify this residue by column chromatography (0

to 20% methanol in dichloromethane) to afford 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-
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7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-[2-(1 H-imidazol-1-
ylethoxy]ethanone (0.152 g; 22%) as a light brown solid: MS (m/z); 419(M+1).

Scheme N
i
Step A
= OH — 07 NN
Hc4{A\/N - HC4///\/N Lzﬂ
HN /'P /£:§:> Step B
\NJ\N
H
Ji§
pZ 0" >N Z N
ne? VoY
N” N
H
Step C
o)
WY $
N7 \N)\N
H
5 Preparation 31

Synthesis of pent-4-yn-1-yl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidine-6(5 H)-carboxylate.

0]
rasaselsy

Scheme N, steps A and B. Add 1,1'-carbonyldiimidazole (0.936 g; 5.66 mmoles)

10 slowly dropwise to a -78 °C solution of 4-pentyn-1-ol (0.50 mL; 5.39 mmoles) in

dichloromethane (18 mL). Allow the reaction to warm to ambient temperature for 30
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minutes, then add half of this solution to a solution of N-indan-2-yl-5,6,7,3-
tetrahydropyrido[4,3-d]pyrimidin-2-amine (0.581 g; 1.05 equiv; 2.18 mmoles), 4-
pyridinamine, N,N-dimethyl- (0.258 g; 1.0 equiv; 2.08 mmoles), and triethylamine (0.58
mlL; 2.0 equiv; 4.15 mmoles). Warm the resulting pale yellow solution to ambient
temperature and stir for 16 hours, then warm to 40 °C for an additional 24 hours. Cool
the reaction mixture to ambient temperature and load directly onto a silica gel column.
Purify by column chromatography (20 to 100% ethyl acetate in dichloromethane) to
afford pent-4-yn-1-yl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidine-6(5 H)-carboxylate (0.76 g; 88%): MS (m/z): 377(M+1).

Example 11

Synthesis of 3-(1H-1,2,3-triazol-4-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate.

@)
» .

Scheme N, step C. Add copper(ID)sulfate pentahydrate (0.090 g; 0.2 equiv; 0.36

mmoles) and L-ascorbic acid sodium salt (0.714 g; 2.0 equiv; 3.61 mmoles) to a
deoxygenated solution of pent-4-yn-1-yl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate (0.754 g; 1.0 equiv; 1.80 mmoles) in
dimethylformamide (15 mL) and water (15 mL). Add azidotrimethylsilane (1.92 mL; 8
equiv; 14.42 mmoles) and heat the reaction to 90 °C for 3 hours. Dilute the reaction
mixture with water (250 mL) and ethyl acetate. Extract the mixture with ethyl acetate (3
x 50 mL). Wash the combined organic extracts with water (3x) and brine, dry over
sodium sulfate, filter, and concentrate to a tan/orange oil. Purify the crude product by
column chromatography (0 to 5% methanol in dichloromethane) to afford 3-(1H-1,2,3-
triazol-4-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidine-6(5 H)-carboxylate (0.26 g; 35%): MS (m/z): 420(M+1).
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Preparation 32

5 Synthesis of 6-[2-(indan-2-ylamino)-5,7-dihydropyrrolo[ 3,4-d]pyrimidin-6-yl]-6-oxo-

m

Scheme O, step A. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (1.33 g; 1.15 equiv; 6.94 mmoles) to a flask charged with N-(2,3-dihydro-

hexanenitrile.

10 Th-inden-2-yl)-6,7-dihydro-5H-pyrrolo[3,4-d]pyrimidin-2-amine dihydrochloride hydrate

(1.96 g; 1.0 equiv; 6.03 mmoles) and 5-bromovaleric acid (1.4 g; 1.25 equiv; 7.50
mmoles) in dichloromethane (25 mL). Stir the resulting reaction for 2 h, then directly

concentrate the mixture. Partition the residue between water and dichloromethane, and

concentrate the organic extract. Purify the crude material by column chromatography (70

15 to 90% ethyl acetate/hexanes) to afford the intermediate 5-bromovaleramide (0.66 g),
which is dissolved in dimethylformamide (10 mL). Add sodium cyanide (0.128 g; 2.48

mmol) and heat the resulting mixture to 100 °C for 3 hours then cool to ambient
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temperature. Partition the reaction mixture between ethyl acetate and water, and separate.
Extract the aqueous layer with ethyl acetate (2 x 100 mL), and wash the combined
organic extracts with 1 N hydrochloric acid followed by brine. Dry the combined organic
extracts over sodium sulfate, filter, and concentrate to afford the crude product. Purify
the crude product by column chromatography (5 to 10% methanol in dichloromethane) to
provide 6-[2-(indan-2-ylamino)-5,7-dihydropyrrolo[3,4-d]pyrimidin-6-yl]-6-oxo-
hexanenitrile (0.0772 g; 4%): MS (m/z): 362(M+1).

Example 12
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[3,4-
d]pyrimidin-6-yl1]-5-(1H-tetrazol-5-yl)pentan-1-one.

HN_ N
N

Scheme O, step B. Add dibutyloxostannane (0.071 g; 1.33 equiv; 0.29 mmoles)

and azidotrimethylsilane (1.6 mL; 56 equiv; 12.01 mmoles) to a stirred solution of 6-[2-
(indan-2-ylamino)-5,7-dihydropyrrolo[ 3,4-d]pyrimidin-6-yl]-6-oxo-hexanenitrile (0.077
g; 1.0 equiv; 0.213 mmoles) in toluene (6 mL.). Heat the resulting solution to 105 °C for
16 hours. Cool the reaction mixture to ambient temperature and concentrate. Dissolve
the residue in methanol (5 mL) and load the solution on an SCX column (eluting with
methanol to 7N ammonia in methanol) to afford the crude product, which is purified by
reverse phase chromatography to give 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-
dihydro-6H-pyrrolo[3,4-d]pyrimidin-6-yl]-5-(1 H-tetrazol-5-yl)pentan-1-one (0.0265 g;
31%): MS (mm/z): 405(M+1).
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Example 13
5 Synthesis of 3-(1H-imidazol-1-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-
dihydro-6H-pyrrolo| 3,4-d]pyrimidine-6-carboxylate.

hesss

Scheme P, step A. Add sodium hydride (0.068 g; 2.25 equiv; 1.70 mmoles) to a

solution of: 3-chloropropyl 2-(indan-2-ylamino)-5,7-dihydropyrrolo[3,4-d]pyrimidine-6-

10 carboxylate (0.283 g; 1.0 equiv; 0.76 mmoles), and 1H-imidazole (0.105 g; 2.0 equiv;
1.54 mmoles) in dimethylformamide (2.4 mL). Stir the reaction mixture for 16 hours,
then dilute with dichloromethane and wash with water. Extract the aqueous layer with
dichloromethane twice. Concentrate the combined organic extracts and then purify the
crude product by column chromatography (0 to 10% methanol in dichloromethane) to

15  afford of 3-(1H-imidazol-1-yl)propyl 2-(2,3-dihydro- 1 H-inden-2-ylamino)-5,7-dihydro-
6H-pyrrolo[3,4-d]pyrimidine-6-carboxylate (0.0922 g; 30%) as a yellow solid: MS (m/z):
405(M+1).
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Preparation 33
Synthesis of tert-butyl N-but-3-ynyl-N-[2-[2-(indan-2-ylamino)-5,7-dihydropyrrolo| 3,4-
d]pyrimidin-6-yl]-2-oxo-ethyl]carbamate.

A sres¥el
;-

HC

Scheme Q, step A. Add but-3-yn-1-amine (1.24 g; 8 equiv; 4.48 mmoles) quickly
to a flask containing 2-chloro-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6H-

pyrrolo[3,4-d]pyrimidin-6-ylJethanone (0.184 g; 1.0 equiv; 0.56 mmoles) and
triethylamine (0.094 mL; 1.2 equiv; 0.67 mmoles) in tetrahydrofuran (5 mL). Stir at

ambient temperature for 15 minutes, then heat to 55 °C for 1 hour and to 65 °C for 30
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minutes. Concentrate the mixture and then dissolve the residue in dichloromethane (10
ml). Add di-t-butyldicarbonate (0.8 g; 6.5 equiv; 3.67 mmoles) and stir at room
temperature for 30 minutes. Load the solution directly onto a silica gel column and purify
via chromatography (0 to 100% ethyl acetate/hexanes) to give tert-butyl N-but-3-ynyl-N-
[2-[2-(indan-2-ylamino)-5,7-dihydropyrrolo[ 3,4-d]pyrimidin-6-yl]-2-oxo-ethyl|carbamate
(0.204 g; 79%) as a colorless foam: MS (m/z): 462(M+1).

Preparation 34
Synthesis of tert-butyl {2-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6H-
pyrrolo[3,4-d]pyrimidin-6-yl]-2-oxoethyl }[2-(1H-1,2,3-triazol-5-yl)ethyl]carbamate.

Rataes el

Scheme Q, step B. Add copper(IDsulfate pentahydrate (0.022 g; 0.2 equiv; 0.088
mmoles) and L-ascorbic acid sodium salt (0.175 g; 2.0 equiv; 0.88 mmoles) to a
deoxygenated solution of tert-butyl N-but-3-ynyl-N-[2-[2-(indan-2-ylamino)-5,7-
dihydropyrrolo[3,4-d]pyrimidin-6-yl]-2-oxo-ethyl]carbamate (0.204 g; 1.0 equiv; 0.44
mmoles) in dimethylformamide (6 mlL) and water (3 mL) (including toluene (0.05 mL) as
an internal standard). Heat to 90 °C and then add azidotrimethylsilane (0.47 mL; 8 equiv;
3.54 mmoles) dropwise with continued stirring at 90 °C. Stir for 3 hours, then dilute the
reaction mixture with water (100mL) and ethyl acetate (50 mL). Extract with ethyl
acetate (3 x 50 mL), and wash the combined organic extracts with brine. Dry the organics
over magnesium sulfate, filter, and concentrate. Purify the crude product by column
chromatography (0 to 10% methanol in ethyl acetate) to give tert-butyl {2-[2-(2,3-
dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo| 3,4-d]pyrimidin-6-yl]-2-
oxoethyl}[2-(1H-1,2,3-triazol-5-yl)ethylJcarbamate (0.157 g; 70%) as a yellowish foam:
MS (m/z): 505(M+1).
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Example 14

Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[3,4-
d]pyrimidin-6-yl]-2-{[2-(1H-1,2,3-triazol-5-yl)ethylJamino }ethanone.

n}@g%@

5 Scheme Q, step C. Add trifluoroacetic acid (3 mL) slowly to a 0 °C solution

containing tert-butyl {2-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6H-
pyrrolo|3,4-d]pyrimidin-6-yl]-2-oxoethyl }[2-(1H-1,2,3-triazol-5-yl)ethyl]carbamate (0.15
g; 1.0 equiv; 0.297 mmoles) in dichloromethane (1 mL). Stir for 2 hours, then warm to
ambient temperature and stir for 30 minutes. Concentrate the mixture and dissolve the

10 residue in dichloromethane (20 mL). Add saturated sodium bicarbonate (20 mL), brine
(20 mL), and water (50 mL), and extract with dichloromethane (6x20 mL). Dry the
combined organic extracts over magnesium sulfate, filter, and concentrate to afford 1-[2-
(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo| 3,4-dJpyrimidin-6-yl]-2- {[2-
(1H-1,2,3-triazol-5-yl)ethyl]Jamino }ethanone (0.093 g; 77%) as a yellowish foam: MS

15 (m/z): 405(M+1).

Scheme R
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Preparation 35

Synthesis of 3-chloropropyl 2-(indan-2-ylamino)-5,7-dihydropyrrolo| 3,4-d]pyrimidine-6-

R eq oY

Scheme R, step A. Add a solution of 3-chloropropyl carbonochloridate (0.55 mL;

carboxylate.

s

Cl

1.48 equiv; 4.54 mmoles) in tetrahydrofuran (21 ml.) dropwise over 1 hour to a mixture
of N-(2,3-dihydro-1H-inden-2-yl)-6,7-dihydro-5 H-pyrrolo| 3,4-d]pyrimidin-2-amine
dihydrochloride hydrate (1.0 g; 1.0 equiv; 3.07 mmoles) and triethylamine (2.2 mL; 5.1
equiv; 15.78 mmoles) in tetrahydrofuran (21 mL). Stir the solution for 18 hours, then
dilute with dichloromethane and wash with sodium bicarbonate solution. Further extract
the aqueous layer with dichloromethane (2x). Dry the combined organic extracts over
sodium sulfate, filter, and concentrate to afford 3-chloropropyl 2-(indan-2-ylamino)-5,7-
dihydropyrrolo[3,4-d]pyrimidine-6-carboxylate (1.15 g; 100%) as a brown solid: MS
(m/z): 373(M+1).

Preparation 36

Synthesis of 3-cyanopropyl 2-(indan-2-ylamino)-5,7-dihydropyrrolo| 3,4-d]pyrimidine-6-

Req e

Scheme R, step B. Add sodium cyanide (0.230 g; 1.5 equiv; 4.69 mmoles) to a

carboxylate.

el

_—

solution containing 3-chloropropyl 2-(indan-2-ylamino)-5,7-dihydropyrrolo[3,4-
d]pyrimidine-6-carboxylate (1.15 g; 1.0 equiv; 3.08 mmoles) in dimethylformamide (10
mL). Heat the reaction mixture to 100 °C for 3 hours, then cool to ambient temperature,
dilute with dichloromethane, water, and 5% lithium chloride solution. Separate the layers
and further extract the aqueous layer with dichloromethane and ethyl acetate. Dry the

combined organic extracts over sodium sulfate, filter, and concentrate to provide 3-
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cyanopropyl 2-(indan-2-ylamino)-5,7-dihydropyrrolo[ 3,4-d Jpyrimidine-6-carboxylate
(0.98 g; 87%) as a brown solid: MS (m/z);: 364(M+1).

Example 15
Synthesis of 3-(1H-tetrazol-5-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-
dihydro-6H-pyrrolo[3,4-d]pyrimidine-6-carboxylate.

ReeyeY

Scheme R, step C. Add azidotrimethylsilane (3.5 mL; 9.7 equiv; 26.27 mmoles)

and dibutyloxostannane (0.163 g; 0.25 equiv; 0.66 mmoles) to a solutionof 3-cyanopropyl
2-(indan-2-ylamino)-5,7-dihydropyrrolo[3,4-d]pyrimidine-6-carboxylate (0.98 g; 1.0
equiv; 2.70 mmoles) in toluene (20.4 mL). Heat the reaction mixture to 100 °C for 18
hours. Concentrate the solution and purify by reverse phase chromatography followed by
silica gel chromatography (0 to 15% methanol in chloroform) to afford the desired 3-(1H-
tetrazol-5-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[3,4-
d]pyrimidine-6-carboxylate (0.097 g; 9%) as a brown solid: MS (m/z); 407(M+1).
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Preparation 37

Synthesis of 2-(2,3-dihydro-1H-inden-2-ylamino)-n-(pent-4-yn-1-yl)-7,8-
5 dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxamide.

Scheme S, step A. Add N-indan-2-yl-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-

amine (0.418 g; 1.05 equiv; 1.57 mmoles) followed by 4-pyridinamine, N,N-dimethyl-
(0.185 g; 1.0 equiv; 1.50 mmoles) and triethylamine (0.42 mL; 2.0 equiv; 2.99 mmoles)

10 to a-78 °C solution of N-pent-4-ynylimidazole-1-carboxamide (0.265 g; 1.0 equiv; 1.50
mmoles). Warm the resulting pale yellow solution to room temperature and stir for 18
hours. Load the reaction mixture directly onto a silica pre-column and purify by column
chromatography (10 to 50% acetone in hexanes) to afford 2-(2,3-dihydro-1H-inden-2-
ylamino)-n-(pent-4-yn-1-yl)-7,8-dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxamide

15 (0.286 g; 51%) as a white solid: MS (m/z): 376(M+1).
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Example 16
Synthesis of 2-(2,3-dihydro-1H-inden-2-ylamino)-n-[3-(1H-1,2,3-triazol-4-yl)propyl]-
7,8-dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxamide.

(@)
HN'Nj/\/\N)J\’\(j\/\N /@
] H |
N/ \NJ\”

Scheme S, step B. Add copper(Il)sulfate pentahydrate (0.037 g; 0.2 equiv; 0.15

mmoles) and L-ascorbic acid sodium salt (0.29 g; 2.0 equiv; 1.46 mmoles) to a
deoxygenated solution containing 2-(2,3-dihydro-1H-inden-2-ylamino)-n-(pent-4-yn-1-
y1)-7,8-dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxamide (0.275 g; 1.0 equiv; 0.73
mmoles) in dimethylformamide (2.44 mL) and water (2.44 mL). Add
azidotrimethylsilane (0.78 mL; 8 equiv; 5.86 mmoles) and heat to 90 °C for 1 hour. Cool
the solution to ambient temperature, dilute the reaction mixture with 30 mL water, and
extract with ethyl acetate (3 x 50 mL). Wash the combined organic extracts with water
and brine, dry over sodium sulfate, filter and concentrate in vacuo to a yellow oil. Purify
the crude product by column chromatography (0 to 80% acetone in dichloromethane) to
afford 2-(2,3-dihydro-1H-inden-2-ylamino)-N-[3-(1H-1,2,3-triazol-4-yl)propyl]-7,8-
dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxamide (0.132g; 43%) as a white solid: MS
(m/z): 419(M+1).
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Preparation 38

Synthesis of N-pent-4-ynylimidazole-1-carboxamide.

;

HC

O /~N
N
H

PCT/US2014/010400

Scheme T, step A. Add 1,1'-carbonyldiimidazole (0.539 mg 1.05 equiv; 3.26

mmoles) slowly portion wise to a -78 °C solution of 4-pentyn-1-amine (0.258 mL; 1.0

equiv; 3.10 mmoles) in dichloromethane (10 mL). Allow the reaction to warm to ambient

temperature and stir for 72 hours. Use the solution directly for subsequent chemistry:

10 MS m/z): 178(M+1).
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Preparation 39
Synthesis of 2-(2,3-dihydro-1H-inden-2-ylamino)-n-(pent-4-yn-1-yI)-5,7-dihydro-6 H-

pyrrolo|3,4-d]pyrimidine-6-carboxamide.

8,
//_f I H

HC

5 Scheme T, step B. Add N-(2,3-dihydro-1H-inden-2-yl)-6,7-dihydro-5H-

pyrrolo[3,4-d]pyrimidin-2-amine dihydrochloride hydrate (0.266 g; 0.5 equiv; 0.78
mmoles) followed by triethylamine (1.08 mL; 5 equiv; 7.76 mmoles) and 4-pyridinamine,
N,N-dimethyl- (0.029 g; 0.15 equiv; 0.23 mmoles) to a -78 °C solution of N-pent-4-
ynylimidazole-1-carboxamide (0.275 g; 1.0 equiv; 1.55 mmoles) in dichloromethane (5
10 mL). Allow the light brown solution to warm to ambient temperature and stir for 24
hours. Load the reaction mixture directly onto a silica gel column and purify by column
chromatography (0 to 30% ethyl acetate in hexanes) to afford 2-(2,3-dihydro-1H-inden-2-
ylamino)-n-(pent-4-yn-1-yl)-5,7-dihydro-6H-pyrrolo| 3,4-d]pyrimidine-6-carboxamide
(0.293 g; 63%) as a white solid: MS (m/z); 362(M+1).
15 Example 17
Synthesis of 2-(2,3-dihydro-1H-inden-2-ylamino)-N-[3-(1H-1,2,3-triazol-4-yl)propyl]-
5,7-dihydro-6H-pyrrolo| 3,4-d]pyrimidine-6-carboxamide.

P COL, O

Scheme T, step C. Add copper(Isulfate pentahydrate (0.049 g; 0.2 equiv; 0.20

20  mmoles) and L-ascorbic acid sodium salt (0.388 g; 2.0 equiv; 1.96 mmoles) to a
deoxygenated solution of 2-(2,3-dihydro-1H-inden-2-ylamino)-N-(pent-4-yn-1-yl)-5,7-
dihydro-6H-pyrrolo[3,4-d]pyrimidine-6-carboxamide (0.354 g; 1.0 equiv; 0.98 mmoles)
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in dimethylformamide (3.26 mL) and water (3.26 mL). Add azidotrimethylsilane (1.04
mL; 8 equiv; 7.84 mmoles) and heat the mixture to 90 °C for 1 hour, the cool to ambient
temperature and stir for 16 hours. Concentrate the solution to dryness, and purify the
resulting orange semisolid by column chromatography (0 to 10% methanol in ethyl
acetate) to afford 2-(2,3-dihydro-1H-inden-2-ylamino)-N-[3-(1H-1,2,3-triazol-4-
ylpropyl]-5,7-dihydro-6 H-pyrrolo| 3,4-d]pyrimidine-6-carboxamide (0.085 g; 21%) as a
solid: MS (m/z): 405(M+1).

Scheme U
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Preparation 40
Synthesis of 1-[2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-d]pyrimidin-6-yl]-2-

(pent-4-ynylamino)ethanone.

HC\\\/\/Hﬂ,\(fJ‘\ @

Scheme U, step A. Add triethylamine (0.434 mL; 2.0 equiv; 3.12 mmoles)

followed by 4-pentyn-1-amine (0.194 mL; 1.50 equiv; 2.34 mmoles) to a solution of 2-
chloro-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]]pyrimidin-
6(5H)-yl]ethanone (0.534 g; 1.0 equiv; 1.56 mmoles) in tetrahydrofuran (5.19 mL). Stir
for 48 hours at 55 °C. The solution was directly concentrated to afford 1-[2-(indan-2-
ylamino)-7,8-dihydro-5H-pyrido[4,3-d]pyrimidin-6-yl]-2-(pent-4-ynylamino)ethanone
(0.606 g; 100%): MS (m/z): 390(M+1).

Preparation 41
Synthesis of N-{2-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-2-oxoethyl }-n-(pent-4-yn-1-yl)acetamide.

i Hsc\[//o o
\\\/\/N\)k,(\ﬂqj,w@

Scheme U, step B. Add acetic acid anhydride (0.176 mL; 1.20 equiv; 1.87

mmoles) followed by triethylamine (0.325 ml 1.5 equiv; 2.33 mmoles) to a solution of 1-
[2-(indan-2-ylamino)-7,8-dihydro-5 H-pyrido[4,3-d]pyrimidin-6-yl]-2-(pent-4-
ynylamino)ethanone (0.606 g; 1.0 equiv; 1.56 mmoles) in dichloromethane (5.2 mL).
Dilute the reaction mixture with water and dichloromethane. Separate the layers and
wash the organic extract with brine, dry over sodium sulfate, filter, and concentrate to an
orange/brown oil. Purify the crude product by column chromatography (0 to 2%
methanol in ethyl acetate) to afford the desired N-{2-[2-(2,3-dihydro-1H-inden-2-
ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl]-2-oxoethyl }-n-(pent-4-yn-1-
ylacetamide (0.138 g; 21%): MS (m/z): 432(M+1).
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Example 18
Synthesis of N-{2-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-2-oxoethyl } -N-[3-(1H-1,2,3-triazol-4-yl)propyl]acetamide.

Ney  HaC©
N_ | b
\\)\/\/N\/U\O\/AN
s
NN
H

5 Scheme U, step C. Add copper(ID)sulfate pentahydrate (0.016 g; 0.2 equiv; 0.063

mmoles) and L-ascorbic acid sodium salt (0.126 g; 2.0 equiv; 0.64 mmoles) to a
deoxygenated solution containing N-{2-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-oxoethyl } -n-(pent-4-yn-1-yl)acetamide
(0.137 g; 1.0 equiv; 0.32 mmoles) in dimethylformamide (2.12 mL) and water (1.06 mL).
10 Add azidotrimethylsilane (0.34 mL; 8 equiv; 2.54 mmoles) and heat the resulting solution
to 90 °C for 1 hour. Concentrate the reaction mixture to a brown paste and purify the
crude product by column chromatography (0 to 10% methanol in ethyl acetate) to afford
N-{2-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]]pyrimidin-6(5H)-
yl]-2-oxoethyl }-N-[3-(1H-1,2,3-triazol-4-yl)propyl]acetamide (0.036 g; 25%) as an off-
15  white solid: MS (mm/z): 475(M+1).

Scheme V
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Preparation 42

Synthesis of 3-chloropropyl 2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-

d]pyrimidine-6-carboxylate.

g esUss

Scheme V, step A. Add a solution of 3-chloropropyl carbonochloridate (0.55 mL;

1.2 equiv; 4.51 mmoles) in tetrahydrofuran (25 mL) over 1 hour to a mixture of N-indan-
2-y1-5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-amine (1.00 g; 1.0 equiv; 3.75 mmoles)
and triethylamine (1.10 mL; 2.1 equiv; 7.88 mmoles) in tetrahydrofuran (25 mL). Stir for
2 hours, then dilute with dichloromethane and saturated sodium bicarbonate and separate
the layers. Further extract the aqueous layer with dichloromethane (2x). Dry the
combined organic extracts over sodium sulfate, filter, and concentrated to dryness to give
a yellow oil. Purify the crude product by column chromatography (10% methanol in
dichloromethane) to 3-chloropropyl 2-(indan-2-ylamino)-7,8-dihydro-5 H-pyrido[4,3-
d]pyrimidine-6-carboxylate (1.146 g; 79%): MS (m/z): 387(M+1).

Example 19
Synthesis of 3-(5-methyl-1H-imidazol-1-yD)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-
7,8-dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxylate.

o
N//\N/\/\OJ\N Z> N /@
=l \NJ\N

CH, N

Scheme V, step B. Add sodium hydride (0.121 g; 2.2 equiv; 3.01 mmoles) to a

solution of 4(5)-methylimidazole (0.180 g; 1.6 equiv; 2.19 mmoles) in tetrahydrofuran
(15 mL). Cool the reaction mixture to O °C and stir for 15 minutes before adding 3-
chloropropyl 2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-d]]pyrimidine-6-carboxylate
(0.530 g; 1.0 equiv; 1.37 mmoles). Allow the reaction to stir at ambient temperature for
24 hours. Dilute the reaction mixture with dichloromethane and water and separate the

layers. Further extract the aqueous layer with dichloromethane (2x). Dry the combined
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organic extracts over sodium sulfate, filter, and concentrate to dryness to give a yellow
liquid. Purify the crude products by column chromatography (0 to 5% methanol in
dichloromethane) to afford a mixture of both regioisomeric products. Further purification
using a chiral chromatographic support (chiralcel OJ-H, 5% acetonitrile in methanol with
0.2% isopropylamine) affords product 3-(5-methyl-1H-imidazol-1-yl)propyl 2-(2,3-
dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidine-6(5 H)-carboxylate
(0.055 g; 12%). MS (m/z): 433(M+1).

Example 20
Synthesis of 3-(4-methyl-1H-imidazol-1-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-
7,8-dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxylate.

0
N//\N/\/\OJ\N Z N
= S

N7 N
H

H,C

Prepare substantially as described in Example 19. Further purification using a
chiral chromatographic support (chiralcel OJ-H, 5% acetonitrile in methanol with 0.2%
isopropylamine) affords product 3-(4-methyl-1H-imidazol-1-yl)propyl 2-(2,3-dihydro-
1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidine-6(5H)-carboxylate (0.111 g;
25%). MS (m/z): 433(M+1).
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Preparation 43
Synthesis of methyl 3-(1H-imidazol-5-yl)propanoate.
o) CH,
o)

—

NWNH

Scheme W, step A. Add thionyl chloride (0.75 mL) to a -78°C solution of 3-(1H-

imidazol-5-yl)propanoic acid (2.0 g; 1.0 equiv; 14.27 mmoles) in methanol (18
mL). Allow the reaction mixture to warm to ambient temperature and stir for 30
minutes. Add saturated sodium bicarbonate (10 mL) to the reaction mixture and

10 concentrate. Suspended the resulting residue in methanol (10 mL) and filter, then
concentrate to afford methyl 3-(1 H-imidazol-5-yl)propanoate (2.2 g; 100%) as a white
solid: MS (m/z): 155(M+1).
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Preparation 44

Synthesis of 3-(1H-imidazol-5-yl)propan-1-ol.

/’(_/—OH

N%/NH

Scheme W, step B. Add lithium aluminum hydride (1M in tetrahydrofuran; 17

mL; 2.0 equiv; 17.00 mmoles) dropwise over 5 minutes to a 0°C solution of methyl 3-
(1H-imidazol-4-yl)propanoate (2.2 g; 1.0 equiv; 8.52 mmoles) in tetrahydrofuran (85
ml). Warm the reaction mixture to ambient temperature and stir for 16 hours. Add water
(0.65 mL), 15% sodium hydroxide (0.65 mL), and water (1.95 mL) sequentially, then stir
for 30 minutes. Filter the resulting solid and rinse with acetone. Concentrate the filtrate
to afford 3-(1H-imidazol-5-yl)propan-1-o0l (3.0 g; 61%) as a white solid. To further
purify the product, suspend a portion of 3-(1H-imidazol-4-yl)propan-1-ol (1.5 g) in water
(50 mL) and stir at 100°C for 2 hours. Filter the product mixture and concentrate the
filtrate to afford pure 3-(1H-imidazol-5-yl)propan-1-ol (0.5 g) as an off white solid: MS
(m/z): 127(M+1).

Example 21
Synthesis of 3-(1H-imidazol-5-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-
dihydro-6H-pyrrolo| 3,4-d]pyrimidine-6-carboxylate.

HO0,
F(_f N

NWNH

Scheme W, step C. Add 1,1'-carbonyldiimidazole (0.51 g; 1.2 equiv; 3.15

mmoles) to a solution of 3-(1H-imidazol-5-yl)propan-1-ol (0.50 g; 1.0 equiv; 2.62
mmoles) in dimethylformamide (8.5 mL) and stir for 1 hour. Slowly add N-(2,3-dihydro-
1H-inden-2-yl)-6,7-dihydro-5H-pyrrolo| 3,4-d]pyrimidin-2-amine dihydrochloride hydrate
(0.94 g; 1.10 equiv; 2.89 mmoles) to the aforementioned solution. Stir for 16 hours at

ambient temperature and then heat to 60°C for an additional 16 hours. Partition the
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reaction mixture between water and chloroform and separate the layers. Further extract
the aqueous layer with chloroform (2x). Dry the combined organic extracts over
magnesium sulfate, filter, and concentrate to a viscous liquid. Purify the crude product by
column chromatography (0 to 20% methanol in dichloromethane) to afford 3-(1H-

5 imidazol-5-yl)propyl 2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo| 3,4-
d]pyrimidine-6-carboxylate (0.041 g; 4%) as a brown solid: MS (m/z): 405(M+1).

Scheme X
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\N)\N \N)\N
H - > H
Step A

Step B e ©

O
. ///\,N\)J\N AN /@

HsC
Step C N T

\O)OL
N
N SNTON
H
Preparation 45

10 Synthesis of 2-(but-3-ynylamino)-1-[2-(indan-2-ylamino)-7,8-dihydro-5H-pyrido[4,3-
d]pyrimidin-6-yl]ethanone.

H 0
///\/N\/MN Z N /@

Scheme X, step A. Add triethylamine (0.85 mL; 2.0 equiv; 6.13 mmoles)

followed by 1-amino-3-butyne (0.38 mL; 1.5 equiv; 4.59 mmoles) to a solution of 2-
15  chloro-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-dJpyrimidin-
6(5SH)-yl]ethanone (1.05 g; 1.0 equiv; 3.06 mmoles) in tetrahydrofuran (10.2 mL), and
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heat to 55 °C for 16 hours, then concentrate and use the 2-(but-3-ynylamino)-1-[2-(indan-
2-ylamino)-7,8-dihydro-5H-pyrido[4,3-d]pyrimidin-6-yl]ethanone directly in the next
step: MS (m/z): 376(M+1).

Preparation 46
Synthesis of N-(but-3-yn-1-yl)-n-{2-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-
dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-oxoethyl }acetamide.

H3CYO o
FaaaoelsY

Scheme X, step B. Add acetyl chloride (0.041 mL; 1.2 equiv; 0.58 mmoles) and

triethylamine (0.101 mL; 1.5 equiv; 0.73 mmoles) to a solution of 2-(but-3-ynylamino)-1-
[2-(indan-2-ylamino)-7,8-dihydro-5 H-pyrido[4,3-d]pyrimidin-6-yl]ethanone (0.303 g; 1.0
equiv; 0.48 mmoles) in dichloromethane (1.61 mL). After 5 minutes, dilute the reaction
with water and dichloromethane (20 mL each) and separate the layers. Wash the organic
layer with brine, dry over sodium sulfate, filter, and concentrate to an orange/brown oil.
Purify the crude product by column chromatography (0 to 80% acetone in
dichloromethane) to afford N-(but-3-yn-1-yl)-n-{2-[2-(2,3-dihydro-1H-inden-2-ylamino)-
7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-oxoethyl }acetamide (0.08 g; 38%): MS
(m/z): 418(M+1).

Example 22
Synthesis of N-{2-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-2-oxoethyl }-n-[2-(1H-1,2,3-triazol-4-yl)ethyl]acetamide.

HSC\I//O o
HN'“j/VN%NC/@N @
N= \NJ\H

Scheme X, step C. Add copper(ID)sulfate pentahydrate (0.009 g; 0.2 equiv; 0.036

mmoles) and L-ascorbic acid sodium salt (0.071 g; 2.0 equiv; 0.36 mmoles) to a

deoxygenated solution containing N-(but-3-yn-1-y1)-N -{2-[2-(2,3-dihydro- 1 H-inden-2-
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ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl]-2-oxoethyl }acetamide (0.075 g;
1.0 equiv; 0.18 mmoles) in dimethylformamide (1.20 mL) and water (0.6 mL). Add
azidotrimethylsilane (0.19 mL; 8 equiv; 1.44 mmoles) and heat to 90 °C for 1.5 hours.
Dilute the reaction mixture with water and extract with ethyl acetate (3x50 mL). Wash
5  the combined organic extracts with water and brine, dry over sodium sulfate, filter, and
concentrate to a yellow oil. Purify the crude product by column chromatography (0 to
80% acetone in dichloromethane) to afford N-{2-[2-(2,3-dihydro-1H-inden-2-ylamino)-
7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-2-oxoethyl } -n-[2-(1H-1,2,3-triazol-4-
ylethyl]acetamide (0.025g; 30%) as a yellow foam: MS (m/z): 461(M+1).

10 Scheme Y
o)
LA 0o VoY
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H
H (See Scheme AA)
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Example 23
Synthesis of N-{3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-3-oxopropyl }-2-(1H-1,2,3-triazol-5-yDacetamide.

H
S
N N
H

Scheme Y, step A. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

15

hydrochloride (0.111 g; 1.5 equiv; 0.58 mmoles) to a solution of 2-(2H-triazol-4-
ylacetamide (0.056 g; 1.1 equiv; 0.42 mmoles), 3-amino-1-[2-(2,3-dihydro-1H-inden-2-
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ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]propan-1-one (0.13 g; 1.0 equiv;
0.39 mmoles), and N,N-dimethyl- 4-pyridinamine, (0.0094 g; 0.2 equiv; 0.077 mmoles)
in dichloromethane (1.28 mL). Stir the reaction mixture for 16 hours at ambient
temperature. Load the solution directly onto a silica gel column and purify by column

5 chromatography (0 to 10% methanol in dichloromethane) to give N-{3-[2-(2,3-dihydro-
1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-3-oxopropyl }-2-(1 H-
1,2,3-triazol-5-yl)acetamide (0.098 g; 57%) as a white solid: MS (m/z): 447(M+1).

Scheme Z
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10 Example 24

Preparation of N-{3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-3-oxopropyl}-1H-1,2,3-triazole-4-carboxamide.

@) @)
HN.Nj)kN/\)J\N ZaN
o NN

Scheme 7, step A. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

15  hydrochloride (0.111 g; 1.5 equiv; 0.58 mmoles) to a solution of 2H-triazole-4-carboxylic
acid (0.048 g; 1.1 equiv; 0.42 mmoles), 3-amino-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-
7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]propan-1-one (0.13 g; 1.0 equiv; 0.39
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mmoles), and N,N-dimethyl-4-pyridinamine, (0.0094 g; 0.2 equiv; 0.077 mmoles) in
dichloromethane (1.28 mL). Stir the reaction at ambient temperature for 16 hours. Load
the mixture directly onto a silica gel column and purify by column chromatography (0 to
10% methanol in ethyl acetate) to afford N-{3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-

5 dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl]-3-oxopropyl }-1H-1,2,3-triazole-4-carboxamide
(0.105 g; 63%) as a white solid: MS (m/z): 433(M+1).

Scheme AA
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Preparation 47
10 Synthesis of tert-butyl {3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-3-oxopropyl }carbamate.

XLAACK*@

Scheme AA, step A. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

hydrochloride (2.69 g; 1.5 equiv; 14.06 mmoles) to a flask containing 3-(tert-

15  butoxycarbonylamino)propanoic acid (1.8 g; 1.0 equiv; 9.37 mmoles), N-indan-2-yl-
5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-2-amine (2.50 g; 1.0 equiv; 9.37 mmoles) and
N,N-dimethyl-4-pyridinamine, (0.229 g; 0.2 equiv; 1.87 mmoles) in dichloromethane (30
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ml.). Stir the mixture for 2 hours, then load the solution directly onto a silica gel column
and purify by column chromatography (30 to 100% ethyl acetate in dichloromethane) to
give tert-butyl {3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]-3-oxopropyl }carbamate (3.42 g; 83%) as a colorless foam: MS

5 (m/z): 438(M+1).

Preparation 48

Synthesis of 3-amino-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-
d]pyrimidin-6(5H)-yl]propan-1-one.

H N/\)CLN Z N
SAoe Vel

10 Scheme AA, step B. Add trifluoroacetic acid (1 mL) to a solution of tert-butyl {3-
[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl]-3-

oxopropyl}carbamate (0.19 g; 1.0 equiv; 0.44 mmoles) in dichloromethane (1 ml.) and
stir for 16 hours. Concentrate the mixture and then partition the residue between
dichloromethane and 1N sodium hydroxide. Separate the layers and further extract the

15  aqueous layer with dichloromethane. Wash the combined organic extracts with brine, dry
over sodium sulfate, filter, and concentrate to afford the desired 3-amino-1-[2-(2,3-
dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5 H)-yl]propan-1-one
(0.145 g; 98%): MS (m/z): 338(M+1).

Example 25

20 Synthesis of H-{3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,8-dihydropyrido[4,3-

d]pyrimidin-6(5H)-yl]-3-oxopropyl }-2-(1 H-imidazol-1-yl)acetamide.

Nb\ 0 0
S ag oSN

H

Scheme AA, step C. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

hydrochloride (0.124 g; 1.5 equiv; 0.65 mmoles) to a solution of 2-imidazol-1-ylacetic
25  acid (0.060 g; 1.1 equiv; 0.47 mmoles), 3-amino-1-[2-(2,3-dihydro-1H-inden-2-ylamino)-



WO 2014/110000 PCT/US2014/010400

-63-

7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]propan-1-one (0.145 g; 1.0 equiv; 0.43
mmoles), and N,N-dimethyl-4-pyridinamine, (0.0105 g; 0.2 equiv; 0.086 mmoles) in
dichloromethane (1.43 mL). Stir the resulting solution for 16 hours. Load the solution
directly onto a silica gel column and purify by column chromatography (0 to 10%

5  methanol in dichloromethane) to afford H-{3-[2-(2,3-dihydro-1H-inden-2-ylamino)-7,3-
dihydropyrido[4,3-d]pyrimidin-6(5H)-yl]-3-oxopropyl }-2-(1 H-imidazol-1-yl)acetamide
(0.094 g; 49%) as a white solid: MS (m/z); 446(M+1).

Scheme BB
N oH M StepB
HsC._O O CH, N N~ g
0o 0 Step A Nen S
O CHy,
0
OH OH
@AN\ on _StpG @AN\ B >
°N Nen Step D
O CH,

_——
N —_—
O/\r\] \ N=
*N Hl\i p
*N
~ "N
HN | /@
] OH NJ\N Q A N
OHMHCIHCIH N\/:CJ\
o) N N
N_g > O H
HN‘N/ Step G HNN:S
*N
10 Preparation 49

Synthesis of ethyl 1-benzyl-5-hydroxy-1H-1,2,3-triazole-4-carboxylate.
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Scheme BB. step A. Add diethyl propanedioate (7.16 mL; 1.3 equiv; 46.67

mmoles) followed by potassium carbonate (19.85 g; 4 equiv; 143.60 mmoles) to a
solution of benzyl azide (4.5 mL; 1.0 equiv; 35.90 mmoles) in dimethyl sulfoxide (36
ml.), and heat the resulting solution for 16 hours at 40 °C. Add 5 N hydrochloric acid
until the pH = 1, and then filter the resulting precipitate. Wash the precipitate with water
and dry to afford 1-benzyl-5-hydroxy-1H-1,2,3-triazole-4-carboxylate (5.65 g; 64%) as a
white solid: MS (m/z): 248(M+1).

Preparation 50
Synthesis of 1-benzyl-5-hydroxy-1H-1,2,3-triazole-4-carboxylic acid.

@/\ OH

N

N’\S\«OH
N

N

0]

Scheme BB, step B. Stir a 90 °C solution of 1-benzyl-5-hydroxy-1H-1,2,3-

triazole-4-carboxylate (1.46 g; 1.0 equiv; 5.90 mmoles) and sodium hydroxide (1N; 10.00
mL; 1.7 equiv; 10.00 mmoles) for 9 hours. Add 1N hydrochloric acid until the pH is 2,
then filter the reaction and dry the filter cake to afford 1-benzyl-5-hydroxy-1H-1,2,3-
triazole-4-carboxylic acid (1.15 g; 89%): MS (m/z): 220(M+1).

Preparation 51

Synthesis of 1-benzyl-1H-1,2,3-triazol-5-ol.

O’

N\
N

Scheme BB, step C. Place a solution of 1-benzyl-5-hydroxy-1H-1,2,3-triazole-4-

carboxylic acid (1.25 g; 1.0 equiv; 5.70 mmoles) in dimethylformamide (2 mL) in a
reaction block preheated to 125 °C and heat for 2 minutes. Allow the reaction to cool to
room temperature and use the 1-benzyl-1H-1,2,3-triazol-5-ol immediately in the next

step: MS (m/z): 176(M+1).
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Preparation 52
Synthesis of methyl 4-[(1-benzyl-1H-1,2,3-triazol-5-yl)oxy Jbutanoate.

O  CH,

J_>Ld
(0]
@A:N\

Ns
N

Scheme BB. step D. Add methyl 4-bromobutyrate (1.48 mL; 2.0 equiv; 11.42

mmoles) to a solution of 1-benzyl-1H-1,2,3-triazol-5-0l (1.0 g; 1.0 equiv; 5.71 mmoles)
and potassium carbonate (1.59 g; 2.0 equiv; 11.42 mmoles) in dimethylformamide (2
mL). Heat the reaction at 50 °C for 1 hour, then cool to ambient temperature and stir for
16 hours. Dilute the reaction with ethyl acetate and water. Separate the layers and further
extract the aqueous layer with ethyl acetate. Wash the combined organic extracts with
water (3x), dry over sodium sulfate, filter, and concentrate. Purify the crude product by
column chromatography (0 to 50% ethyl acetate in dichloromethane) to afford methyl 4-
[(1-benzyl-1H-1,2,3-triazol-5-yl)oxy]butanoate (0.506 g; 32%): MS (mm/z): 276(M+1).
Preparation 53

Synthesis of methyl 4-(2H-triazol-4-yloxy)butanoate.

Scheme BB. step E. Add 5 drops of concentrated hydrochloric acid to a

heterogeneous solution of methyl 4-[(1-benzyl-1H-1,2,3-triazol-5-yl)oxy]butanoate (0.50
g; 1.0 equiv; 1.82 mmoles) and 10% palladium on carbon (0.05 g; 0.025 equiv; 0.047
mmoles) in ethanol (7 mL). Evacuate and backfill with nitrogen (3x) then hydrogen (3x),
and vigorously stir the reaction mixture for 16 hours under 50 psi hydrogen. Filter the
contents and concentrate the filtrate to afford methyl 4-(2H-triazol-4-yloxy)butanoate

(0.335 g; 99%). MS (m/z): 184(M-1).
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Preparation 54
Synthesis of 4-(2H-triazol-4-yloxy)butanoic acid.
0]

4/_>LOH
0

Scheme BB, step F. Add 1N sodium hydroxide (2.32 mL; 2.0 equiv; 2.32

mmoles) to a solution of methyl 4-(2H-triazol-4-yloxy)butanoate (0.215 g; 1.0 equiv; 1.16
mmoles) in ethanol (1 mL) and heat the mixture to 60°C for 16 hours. Add 1IN
hydrochloric acid (2.32 mL; 2.0 equiv; 2.32 mmoles) and concentrate to afford 4-(2H-
triazol-4-yloxy)butanoic acid (0.20 g; 100%). Use without further purification in the next
step: MS (m/z): 170(M-1).

Example 26
Synthesis of 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo| 3,4-
d]pyrimidin-6-yl]-4-(1H-1,2,3-triazol-5-yloxy)butan-1-one.

o

HN. 7
N

Scheme BB. step G. Add 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (0.168 g; 1.5 equiv; 0.88 mmoles) and diisopropylethylamine (0.41 mL; 4
equiv; 2.34 mmoles) to a solution of 4-(2H-triazol-4-yloxy)butanoic acid (0.1 g; 1.0
equiv; 0.58 mmoles) and N-(2,3-dihydro-1H-inden-2-y1)-6,7-dihydro-5H-pyrrolo| 3,4-
d]pyrimidin-2-amine dihydrochloride hydrate (0.201 g; 1.0 equiv; 0.58 mmoles), and
N,N-dimethyl-4-pyridinamine, (0.014 g; 0.2 equiv; 0.12 mmoles) in dichloromethane (5.8
mL). Stir the reaction for 2 hours then load the reaction mixture directly onto a silica gel
column. Purify by column chromatography (10% (2 N ammonia in methanol)/ethyl

acetate) to afford 1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo[3,4-
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d]pyrimidin-6-yl]-4-(1H-1,2,3-triazol-5-yloxy)butan-1-one (0.104 g; 44%) as a white
solid: MS (m/z): 406(M+1).

Inhibition of Autotaxin as Measured by Choline Release

The purpose of this assay is to detect autotaxin inhibition using a choline release
assay.

Test compounds (10 mM stocks in 100% DMSO) are serially diluted in 100%
DMSO resulting in 10 concentrations of 100X inhibitor in half area 96 well plates
(Corning 3992). Each of these 10 wells in 100% DMSOQ is diluted 1:33.33 in assay buffer
in round bottom 96 well plates (Fisher 12565502) resulting in 3X concentrations in well
containing 3% DMSQO. The assay buffer is 50 mM Tris pH8.0, 5 mM KCI, 1 mM CaC(l,,
1 mM MgCl,, 0.01% TRITON™ X-100 (Sigma T9284) and 0.01% fatty acid free bovine
serum albumin (Sigma A8806). A 20 pl aliquot of each 3X test compound is then added
to black flat bottom 96 well plates (Corning 3991) in singlicate. A 20 pl aliquot per well
of 3X recombinant human autotaxin (full length human autotaxin with a C-terminal His
tag transfected into 293F cells and purified via nickel chelate and size exclusion
chromatography) is then added to every well except for the no enzyme control wells. A
20 ul aliquot per well of assay buffer is added to the no enzyme control wells. A 20 ul
aliquot of a 3X cocktail containing choline oxidase (Sigma C5896), horseradish
peroxidase (Sigma P8125), amplex ultrared (Invitrogen A36006) and the autotaxin
substrate lysophosphatidylcholine (LLPC) 16:0 (Avanti Polar Lipids 855675P) is added to
each well while avoiding exposure to light. The final concentrations in the well of
choline oxidase, horseradish peroxidase, amplex ultrared and LPC 16:0 are 0.4 units/ml, 4

units/ml, 40 UM and 30 UM respectively. The plate is then sealed with aluminum foil

seals and incubated at 379C for 1 hour in a Labline Imperial III incubator. During this
incubation, LPC is cleaved by autotaxin resulting in Lysophosphatidic Acid (LPA) 16:0
and choline. The choline that is released is oxidized by choline oxidase resulting in
betaine and hydrogen peroxide. The hydrogen peroxide reacts with the horseradish
peroxide and amplex ultrared to form the fluorescent molecule resorufin. The resorufin

on the plates is measured with a SpectraMax Gemini EM fluorometer at excitation-
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emission wavelengths of 530-590 nm using SoftMax Pro 4.8 software. I1C5(s are

calculated using 4 parameter curve fits with the internal Lilly software OLO curve fitting
tool. Results are expressed as the arithmetic mean +/- standard deviation; n=x. The
compounds of Examples 1-15 herein were tested essentially as described above, and
exhibited an IC 5, for autotaxin of lower than about 100nM. The following exemplified
compounds were tested essentially as described above and exhibited the following
acitivty for autotaxin:

Table 1: Inhibition of Autotaxin: Choline Release Assay

Test Compound IC50 (nM)
Example 1 and 1a 5.7 nM (n=7)
Example 2 and 2a <1.7 nM (n=5)

The data in Table 1 illustrate that the compounds of Table 1 inhibit autotaxin using the in
vitro choline release assay.
Reduction of LPA in the Presence of Human Plasma

The following assay is intended to measure the reduction of LPA. 'This assay is a
tool that can be used to identify selective autotaxin-mediated LPA inhibitor compounds
when it is used to test compounds that have been identified as autotaxin inhibitors. LPA
biosynthesis through autotaxin is believed to the the source of LPA for LPA; mediated
neuropathic pain. Makoto Inoue, et.al, “Aufotaxin, a synthetic enzyme of
lysophosphatidic acid (LPA), mediates the induction of nerve-injured neuropathic pain”,
Molecular Pain, 2008, 4:6. Targeted inhibition of the autotaxin mediated LPA
biosynthesis is supported by the results of this assay.

Units of plasma from healthy human female donors collected in sodium heparin
(Lampire Biologicals) are pooled, aliquoted and stored at — 80°C. On the day of assay,
aliquots of the plasma are thawed and spun for 10 minutes at 3000 RPMs at 4°C in a
centrifuge to remove debris. A 90 ul aliquot of plasma is added to each well of a 96 well
round bottom polypropylene plate. A 10 puL aliquot of 10X test compound containing
10% DMSO in assay buffer (50 mM Tris pHS.0, 5 mM KCI, 1 mM CaCl,, 1 mM MgCl,)

is added to each well except for the control wells which contain no test compound. This

results in 10 1X concentrations of test compound in singlicate with a final concentration
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of 1% DMSO in 90% plasma. A 10 ul aliquot of 10% DMSO in assay buffer without test
compound is added to the O hour (n=8) and 3 hour no test compound controls (n=8) wells.
A 10 pl aliquot of 500 mM ethylenediaminetetraacetic acid (EDTA) is added to each of
the O hour no test compound control wells to chelate endogenous autotaxin. The entire

contents of the 0 hour no test compound control wells are transferred to a new 96 well

round bottom polypropylene plate and frozen at -80°C. The plate containing plasma +/-

test compounds (minus the O hour no inhibitor control wells) is then incubated for 3 hours

at 379C in a Robbins Scientific™ model 400 hybridization incubator while rocking at
14,000 RPMs. During this 3 hour incubation, lecithin cholesterol acyltransferases present
in the plasma cleave phosphatidylcholine resulting in higher plasma levels of the
autotaxin substrate lysophosphatidylcholine (LPC). The increased endogenous LPC
levels are cleaved by endogenous autotaxin resulting in higher plasma concentrations of
endogenous lysophosphatidic acid (LPA) (Nakamura et al, Clinical Biochemistry 40
(2007), 274-277). This increase in LPA in the 3 hour incubation can be inhibited by
autotaxin inhibitors. Following the 3 hour incubation, 10 pl of 500 mM EDTA is added
to all of the remaining wells (test compound containing wells and 3 hour no test
compound control wells) to chelate the endogenous autotaxin. The entire contents of

these wells are then added to the plate containing the 0 hour no test compound control
plasma that had previously been stored at -80°C (without thawing the 0 hour plasma).

The plate is then re-covered with an aluminum foil seal and placed back at -80°C until
extraction for mass spec analysis. On the day of extraction, the plates are thawed on ice
and 25 pl of plasma from each well is transferred to a 2 ml TrueTaper™ square 96 deep
well plate (Analytical Sales and Products #968820). A 400 i aliquot of extraction buffer
(50% methanol, 49.9% acetonitrile, 0.1% acetic acid) containing LPA internal standards
(50 ng/ml D5 deuterium LPA 16:0 and 50 ng/ml D5 deuterium LPA 18:0) is added to
each well and the total LPA in each sample is determined by mass spec analysis. Percent
reduction of LLPA is calculated according to the following formula:

100 - (3 hour plasma + test compound — O hour plasma no test compound control) / (3

hour plasma no test compound control — 0 hour plasma no test compound control) X 100
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IC5() values are calculated using 4 parameter curve fitting. Results are expressed

as the arithmetic mean +/- standard deviation; n=x. Results of this assay using

compounds of this invention show LPA reduction that is dose dependent and statistically

significant.

Table 2: Reduction of LPA in Human Plasma

Test Compound IC50 (nM)
Example 1 and la 10 nM (n=6)
Example 2 and 2a 2.2 nM (n=4)

The data in Table 2 demonstrate that the compounds decrease LPA in the presence of
human plasma. The results support that the compounds inhibit autotaxin mediated LPA

biosynthesis.




WO 2014/110000 PCT/US2014/010400

-76-
WE CLAIM:

1. A compound of the of the Formula I:

O

R I
™ '/ N
X N \I

H
|

5 wherein X is a bond or CHy;

R is selected from the group consisting of

3

R L N -
AN
R and - :
R! and R2 are each independently selected from the group consisting of
CH and N;
10 R’ is Hor CHs;

R*is Hor CHs;
L is selected from the group consisting of -O(CH?2)3-, -C(O)NH(CH»)>-,
-CH>C(O)NH(CH2);-, -(CH2)3N(C(O)CH3)CH>-,
-(CH2)oN(C(O)CH3)CH»-, -(CH2)3NH-, (CH2)20CH»>-, -(CH,)4-,

15 -(CHp)oNHCH»-, -(CH2)30-, and -CH>O(CH»)>-;

or a pharmaceutically acceptable salt thereof.

N 2N
A compound or salt according to Claim 1 wherein R is R

A compound or salt according to Claim 2 wherein R’ is CH.

A compound or salt according to any one of Claims 2 or 3 wherein R”is N.

ook W

20 A compound or salt according to any one of Claims 1 to 4 wherein L is

selected from the group consisting of -(CHa)s-, -O(CH?2)3-,-(CH2)20CH»-,
-(CH2)30-, and -CH2O(CH»)>-.

6. A compound or salt according to Claim 5 wherein L is



WO 2014/110000 PCT/US2014/010400

-77-

-(CH;),OCH,-.

7. A compound or salt according to Claim 5 wherein L is -O(CH?2)3-.

8. A compound or salt according to any one of Claims 1 to 3 wherein L is
selected from the group consisting of -(CH2)2N(C(O)CH3)CH»-,

5 -(CH2)3N(C(O)CH3)CH2- , and -CHpC(O)NH(CH2);-.

9. A compound or salt according to any one of Claims 1 to 8 wherein X is a
bond.

10. A compound or salt according to any one of Claims 1 to 8 wherein X is CH,.

11. A compound or salt according to Claim 1 that is 1-[2-(2,3-dihydro-1H-inden-

10 2-ylamino)-7,8-dihydropyrido[4,3-d]pyrimidin-6(5H)-yl1]-2-[2-(1H-1,2,3-

triazol-4-yl)ethoxy]ethanone

3
A N ZZN
\ \
\

12. A compound or salt according to Claim 1 that is that is
1-[2-(2,3-dihydro-1H-inden-2-ylamino)-5,7-dihydro-6 H-pyrrolo| 3,4-
15 d]pyrimidin-6-yl1]-2-[2-(1H-1,2,3-triazol-4-

ylethoxyJethanone

I ] :/ .
N §\= 3\\:

13. A pharmaceutical composition comprising a compound or a pharmaceutically
20 acceptable salt thereof, according to any one of Claims 1 to 12, in combination

with one or more pharmaceutically acceptable carriers, diluents, or excipients.
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A method of treating pain in a patient, comprising administering to a patient in
need thereof, an effective amount of a compound according to any one of
Claims 1 to 12, or a pharmaceutically acceptable salt thereof.

A method of treating pain associated with osteoarthritis in a patient,
comprising administering to a patient in need thereof, an effective amount of a
compound according to any one of Claims 1 to 12, or a pharmaceutically
acceptable salt thereof.

A compound or pharmaceutically acceptable salt thereof according to any one
of Claims 1 to 12 for use in therapy.

A compound or pharmaceutically acceptable salt thereof according to any one
of Claims 1 to 12 for use in the treatment of pain.

An intermediate compound of the formula:
TN @
N
H

An intermediate compound of the formula:

NN
~
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