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METHODS OF PREPARING TOLL-LIKE RECEPTOR MODULATORS

CROSS-REFERENCES TO RELATED APPLICATIONS
{6601}  This application claims priority to U.S. Provisional Application No. 62/051,044,

filed September 16, 2014, which 1 incorporated in its entirety herein for all purposes.

BACKGROUND
{0802}  The innate immumne system provides the body with a first line defense against
invading pathogens. In an innate immune response, an invading pathogen is recognized by a
germlinc-encoded receptor, the activation of which initiates a signaling cascade that leads to
the induction of cytokine expression. Innate tmmune system receptors have broad specificity,
recopnizing molecnlar structures that are highly conserved among different pathogens. Une
family of these receptors s known as Toll-like receptors {TLREs), due to their homology with
receptors that were first identified and named in Drosophile, and are present in cells such as

macrophages, dendritic cells, and epithelial cells,

180831 There are at least ten different TLRs in mammals. Lipands and corresponding
signaling cascades have been identified for some of these receptors. For exampls, TLR2 is
activated by the hpoprotein of hacteria {e.g., E. coli.}, TLR3 is activated by double-stranded
RNA, TLR4 is activated by hipopolysaccharide {i.e., LPS or endotoxin) of Gram-negative
bacteria {e.g., Salmonella and E. colt Q157:H7}, TLRS is activated by flagellin of motile
bactenia {e.g., Listeria), TLR-7 recognizes and responds to imigquimod and TLRE is activated
by unmethylated CpG sequences of pathogen DNA. The stimulation of each of these
receptors leads o activation of the transcription factor NF-xB, and other signaling molecules
that are involved in regulating the expression of eytokine genes, including those encoding
turnor necrosis factor-alpha (TNF-a), interleukin-1 ¢1L-1), and certain chemokines. Agonisis
of TLR-7 are rmmunoestimulants and induce the production of endogenous interferon-« in

VIivo,

16064] There are a munber of diseases, disorders, and conditions linked to TLRs such that
therapies using a TLR agonist are believed promising, including but not imited to melanoma,
non-small cell lung carcinoma, hepatoceliular carcinoma, basal cell carcinoma, renal cell

carcinoma, myeloma, allergic rhinitis, asthma, COPD, vleerative colitis, hepatic fibrosis, and
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viral infections such as HBY, Flaviviridae virases, HCV, HPV, RSV, SARS, HIV, or

influenza.

{3085} The treatment of Flaviviridae virus infections with TLR agonisis is particolarly

promising. Viruses of the Flaviviridoe Tamily comprise at least three distinguishable genera
including pestiviruses, flaviviruses, and hepaciviruses (Calisher, 2 al., J. Gen. Virol,, 1993,
70, 37-43). While pestiviruses cause many economically important animal diseases such as

14

bovine viral diarrhea viras (BVDV), classical swine fever virus (USFV, hog cholera) and
border disease of sheep (BDV), their importance in human disease is less well characierized
{Moennig, V., 2f al., Adv. Vir. Req. 1992, 48, 53-98). Flaviviruses are responsible for
important hurnan diseases such as dengue fever and yellow fever while hepaciviruses cause
hepatitis  viros infections in humans, Other important viral infections caused by the
Flaviviridae family inclode West Nile virus (WNV), Iapanese encephalitis viras (JEV), tick-
borne encephalitis vivus, Juniin virus, Murray Valley encephalitis, 5t Louts encephalitis,
Omsk heworrhagic fever virus and Zika virus. Combined, infections from the Flaviviridae
virus family cause significant mortality, morbidity and economic losses throughout the world,

Therefore, there is a need to develop effective treatmnents for Flaviviridae virus infections.

[0606]  The hepatitis C viras {HCV) is the leading causc of chronic liver disease worldwide
{Boyer, N. et al. | Hepatol. 32:98-112, 2000} so a significant focus of corrent antiviral
rescarch is divected toward the development of improved methods of treatment of chronic
HCV infections in humans (D4 Besceghie, AM. and Bacon, B. R, Scientific American, Get.:
S0-85, (1999}, Gordon, C. P, et al., J Med Chem. 2005, 48, 1-20; Maradpour, D et al,,
Nai. Bev. Micro. 20867, 5(6), 453-463). A number of HUV trestments are reviewed by
Bymock et al. in Avtiviral Chemistry & Chemotherapy, 11:2; 79-85 (2000}, There are
primarity two antiviral compounds, ribavirin, a nucleoside analog, and interferon~-alpha (o}
(IFN)}, that are used for the treatment of chronte HCV infections in humans. Ribavirin alone
is not effective i reducing vival RNA levels, has significant toxicity, and 18 known to indoce
anemia. The combination of IFN and ribavinn has been reported to be effective in the
management of chronic hepatitis C (Scott, L. J., et al, Drugs 2002, 62, 307-556) but less than

half the patients given this {reatment show a persistent benefit.

{0871 HCV iz recognized by monate virus-sensing mechanisms that induce g rapid IFN
response (Dustin, ef af, Annu. Rev, Immunol 2067, 23, 71993, It is likely that the sources of

the IFN are, at least, the infected hepatocytes and particularty the plasmacytoid dendritic cells

]
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{pD¥C} that highly express TLR-7 receptors and secrete high amounts of IFN. Horsmans, ef
al. (Heparology, 20858, 42, 724731}, demonstrated that 2 once daily 7-day treatiment with the
TLR-7 agonist isatoribine reduces plasma virus concentrations in HCV infecied patients.
Lee, e¢f al {Proc. Natl Acad. Sci. US4, 2806, 103, 1828-1833), demonstrated that TLR-7
stimulation can induce HCV fmmunity by both an IFN and FN-independent mechanisms.
These workers also revealed that TLR-7 is expressed in normal as well as HCV infecied
hepatocyies. These combined results support the conclusion that stimulation of TLR-7
receplors, such as through the admunistration of 2 TLR-7 agonist, i< g viable mechanism for
cffectively treating natural HCV infections. Given the need for more effective treatments for

HCV infections, there is a need to develop safe and therapeutically effective TLR-7 agonists.

[0608]  Similarly, despite the existence of efficient vaccines, hepatitis B virus (HBV)
infection remains 8 major public health problem worldwide with 4060 million chronic carriers.
These infected patients are exposed o a risk of developing liver cirthosis and hepatocellular
carcinoma (Lee, W, M. 1997 N, Eng. J. Med., 337, 1733-1745). Currenily, there are helieved
3 be approximately 1.25 million chronic hepatitis B carriers just in the United States, with

200,000 people newly infecied each year by contact with blood or body fluids,

{09]  Hepatitis B virus is second to tobacco as a cause of human cancer. The mechanism
by which HBV induces cancer is unknown, although it is postulated that may divectly trigger
tumor development, or indivectly trigger tumor development through chronic inflammation,

cirrhosis, and cell regeneration associated with the infection.

[0616] Hepatitis B virns has reached epidemic levels worldwide, After a fwo to six month
incubation periocd i which the host 18 unaware of the infection, HBV infection can lead o
acute hepatitis and Hver damage, that causes abdornal pain, janndice, and elevated blood
levels of certain enzymes. HBV can cause fulminant hepatitis, a rapidly progressive, often
fatal form of the disease in which massive sections of the liver are destroved. Patients
typically recover from gcute viral hepatitis, o some patients, however, high levels of viral
antigen persist in the blood for an extended, or indefinite, period, causing a chronic infection.
Chronic infections can lead to chronic persistent hepatitis, Patients infecied with chronic
persistent HBY are most common tn developing countries. By mid-1991, there were
approximately 225 million chronic carriers of HBV in Asia alone, and worldwide, almost 300
mittion carmers. Chronic persistent hepatitis can cause fatigue, cirhosis of the Hver, and

hepatocellular carcinoma, g primary Bver cancer.



WO 2016/044183 PCT/US2015/050039

{0011} In western indusinialized countries, high risk groups for HBV infection include
those 1o conlact with HBVY carriers or their blood samples. The epidemiology of HBY s in
fact very sinular to that of HIV, which accounts for why HBY infection is common among
patients with AIDS or HIV-associated infections. However, HBV is more contagious than
HIV. To ameliorate suffering and to prolong the Hves of infected hosts new compounds and

methods of ireating AIDS and attacking the HIV virus continue to be sought.

BRIEF SUMMARY OF THE INVENTION
{0812}  In some embodiments, the present invention provides a method of making a

compound of Formula fa:
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The method also includes the step of forming a second reaction mixture of the compound of
Formula FVa, a second solvent and a reducing agent under conditions suitable to prepare the

compound of Formuda Ta. Groups R’ and R' can each independently be C;-Cs alkvi; and LG
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can be halogen, ~OH, or ~OSORY , wherein R can be -0 alkyl, C-Cy haloalkyl or arvl,
wherein the aryl group can be substituted with 1 to 3 B™ groups which can each
independently be C-Cy alkvl, halogen, or NO,.

{38131 In some embodiments, the present invention provides a method of preparing &

compound of Formula Hia
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including the step of forming a first reaction mixture of Br-CH,-CO:RY, a non-nucleophilic
base, and a compound of Formula Va, under conditions suitable to form the compound of
Fornmla [Ha, wherein the compound of Formula [{la can be present at the kilogram scale.
Group R of Formula 1la and BerHg-COgR” can be U-Cy alkyl.

100141  In some embodiments, the present invention provides a method of preparing a

compound of Formula Ha
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(86151 In some embodiments, the present invention provides a method of preparing a

compound of Formula Hia:

HT’“\CQZR”

"
VRN

AL (Ma) |

mcluding the atep of forming a first reaction mixture of HaN-CH,-CO, R fa non-nucleophilic

R

Y

base, and a compound of Formula Via:



WO 2016/044183 PCT/US2015/050039

D H C . /"\\\\
I —
~ N P)

N {(Viay
arder conditions suitable to form an ntermediate compound. The method also includes the
step of forming a second reachion mixture of the intermediate compound and a reducing
agent, under conditions suitable to form the compound of Formula Hla, wherein R canbe
-Cp alkyl.

[0816] Insome emmbodiments, the present invention provides a compound having the

structurs:
NTOOE %‘
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/’"ﬁi\:;},?/f " N’A\i & 2 HO \ﬁ
. &

10171 In some embodiments, the present invention provides a method of preparing &

compound having the structure:
HNT T CO,E o
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including forming a reaction mixture of oxalic acid and a compound having the structure:
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under conditions suitable to prepare the salt,
{6018} In some embodiments, the present invention provides a method of preparing a

compound of Formula Ha:
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including forming a first reaction mixture of ammonia, a non-nucleophilic base, and a

corapound of Formulda ITh having the stracture:

6
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undder conditions soitable to form the compound of Formulda Ha, whersin ]! can be C;-Cy,
alioyl, and LG is a leaving group selected from halogen, -OH, or —OSO,RY, wherein B’ can
be C-Cy alkyl, Ci-C,, haloalkyl or aryl, wherein the aryl group can be substituted with 1 10 3
R groups which can each jndependently be C;-Cq alkyl, halogen, or NO,.

{80191 In some embodiments, the present invention provides a compound of Formula He:

47
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wherein R’ of Formula e can be C4-Ce alkyl, LG is a leaving group selected from halogen, -
O, or ~OB0RY, wherein R™ ean be C-C alkyl, €+, haloatkyt or aryl, wherein the aryl
group can be substituted with 1 to 3 R groups which can each independently be C-Cy
alkvi, halogen, or NO», ’' can be hialogen, ~OH or —NH,, subscript x can be 1 or 2, such that

when B is ~NH, and suhscript x is 2, then LG is a halogen,

BRIEF DESCRIPTION OF THE DRAWINGS
{08268] Figure | shows the preparation of the compound of Formuda Hia via alkylation of

the compound of Formula Va.

{3821} Figure 2 shows the preparation of the compound of Formula HHa via reductive

amination with the compeoond of Formula Va.

{06221 Figure 3 shows the preparation of the compound of Formula fila via reductive
amination with the compound of Formula Via, wherein the compound of Formula Via is
prepared from 3-bromo-benzaldehyde reductive amination using pyrrohidine, followed by

Grignard reaction with dimethylformamide to install the aldehvde.

186231 Figure 4 shows the preparation of the compound of Formula Hla via reductive
arnination with the compound of Formula Via, where the compound of Formula Via s

prepared by reduction of the eyvane precurseor.

j8624] Figuore 5 shows the preparation of the compound of Formula le from the dihydroxy
derivative by first nitrating the S-position of the pyrimdine ring, conversion of the 4,6-

hiydroxy groups to chloro groups, and then conversion of one chloro group to an amine.
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{36381 Figure 6 shows the preparation of the compound of Formmia § by coupling the
compound of Forrmula 1 having a chloro leaving group, with the bis-oxalate salt of the

compound of Formula I, followed by ring closure using Zn/HOAC.

i8026] Figure 7 shows the preparation of the compound of Formula I by coupling the
compound of Formula 1 having an ~O-tosyl leaving group formed in sitn with tosyl-chloride
angd 2.4.6-collidine, with the bis-oxalate salt of the compound of Formula I, followed by

ring closure using Raney/MNi. Preparation of the compound of Formula 11 is also shown.

[B027]  Figare 8 shows the preparation of the compound of Formuda T by coupling the
compound of Formula 1 having a chlovs leaving group , with the compound of Formula T
followed by ring closure using Raney/Ni. Preparation of the compound of Formula 11 is also

shown,

DETAHLED DESCRIPTION OF THE INVENTION
8 GENERAL

{28]  The present invention provides a method of making compounds of Formula I such
as 4-amino-2-butoxy-8-3-(pyrrolidin- l-yvimethyl thenzyl}- 7, 8-dihvdropteridin-6{ 3H }-one.
Several different methods can be used. For example, compounds of Formula I, such as 2-n-
butoxy-6-chlore-5-nitropyrimidin-4-amine, can be combined with compounds of Formula 1,
such as, ethyl N-(3~pyrrolidin-1-yimethyhbenzyl glycinate bis-oxalate, o form intermediates
of Formula 1V, which are then modified to form the compounds of Formula I The present
ivertion also provides methods for preparing the compounds of Formula 1, Formula HI and

Formula IV,
[ DBEFINITIONS

18029]  “Forming a reaction mixture” refers to the process of bringing into contact at least
two distinct species such that they mix together and can react. {t should be appreciated,
however, the resulting reaction product can be produced divectly from a reaction between the
added reagents or from ao infermediate from one or more of the added reagents which can be

produced in the reaction mixture.
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1893081  “Nown-nucleophilic base” refers to an electron donor, a Lewis base, such as nitrogen
bases including trniethylamine, ditsopropyiethyl amine, N, N-~diethylaniline, pyridine, 2,6~

lutidine, 2.4,6-collidine, 4-dimethylaminopyridine, and guinuclidine,

138311 “Solvent” refers to a substance, such as a lignid, capable of dissolving g solute.
Solvents can be polar or non-polar, protic or aprotic, Polar solvents typically have a
dielectric constant greater than about 5 or a dipole moment above about 1.0, and non-polar
solvents have a dieleciric constant below about 5 or a dipole moment below about 1.8, Protic
sobvents are characterized by having g proton available for removal, such as by having a
hydroxy or carboxy group, Aprotic solvents lack such a group. Representative polar protic
solvents include alechols {methanol, ethanol, propanel, isopropancl, etc.}, acids (formic acid,
acetic acid, ete.} and waier. Representative polar aprotic solvents inchude dichloromethane,
chloroform, tetrahydrofuran, diethy! ether, acctone, ethyl acetate, dimethylformamide,
acetontirtle and dimethyl sulfoxide. Representative non-polar solvenis include alkanes
{pentanes, hexanes, otc. ), cycloalkanes {evclopentane, cyvelohexane, etc.}, benzene, toluene,

and 1 4-dioxane. Other solvents are usefol in the present invention.

106321  “Reducing agent” refers to an agent capable of reducing an atom from a higher
oxidation state to a lower oxidation state. Reducing agents can inchlude, but are not limited to,
#ing, iron, Raney nickel, sodivm sulfide, sodivm dithionite, ammonium suifide, palladium on
carbon, and bydrogen donors such as lithium aluminum hydride, sodium borehydride and

sodivintriacetoxyberohydride,

{08331 “Leaving group” refers to groups that mainiaiv the bonding electron pair doring
heterolviic bond cleavage. For example, a leaving group is readily displaced during a
nucieophiiic displacement reaction. Suitable leaving groups inchude, but are not imited to,
chioride, bromide, mesylate, tosylate, triflate, 4-nitrobenzenesulfonate,
4-chiprobenzenceulfonate, ete. One of skill in the art will recognize other leaving groups

useful in the present invention.

{3034]  “Nitration agent” refers 1o a reagent capable of adding a nitre group, -NOy, to a

compound. Representative nitration agents include, but are not limited to, nitric acid.

100351 “Chlorination agent” refers to a reagent capable of adding a chloro group, -Cl to a
compound. Representative chiorination agends include, but are not limited to, phosphorous

oxyehloride, thionyl chiloride, oxalyl chlonide and sulfuryl chioride.
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[0836] “Alkyi” refers to a straight or branched acyelic hydrocarbon containing normal,
secondary, or tertiary carbon atoms, For example, an alkyt group can have | to 20 carbon
atoms {i.e, Ci-Cyp alkyly, 1 to 10 carbon atoms (e, C-Cyg alkyl), or 1 1o 6 carbon atoms
{1.e., C-C alkvl), Alcyt can include any number of carbons, such as T, Cra, Cls, Cis,
Cra Cra Crg, Crs, Crogo, Coa, Cow, Cas, Tngy Cag, Tas, T, Cas, Cag and Cs g Examples
of suitable alkyl groups inchude, but are not limited to, methyl (Me, -CH,), ethyd (B, -
CH4Hs), T-propyt (n-Pr, p-propyl, ~CHCH,UHS), 2-propyl (i-Pr, tpropyl, ~-CH{CH L), |-
butyl {n-Bu, p-butyl, -CHCHLCHyCHS), 2-methyl-1-propyl (-Bu, -butyl, ~CHLRCHCH ),
2-butyl {s-Bu, s-butyl, ~-CH{CH3CH,CH,), 2-methyl-2-propyl (-Buy, t-butvl, -C(CH), 1-
pentyl {g-pentyl, -CHCHUHCHCHSY, 2-pentyl (8-Pr, s-Pentyl, -CHCHOCH,CHLCHA)L
J-pentyl (~CH{CH;CH:)}, 2-methyl-2-butyl (+-Pn, -Pentyl, -C{CH; ) CHCH3), 3-methyl-2-
butyl {neo-Po, neo-Pentyl, ~-CH{CHNCH(CH; b}, 3~-methyi-1-buiyvl (-CHCHCHR(CHa), 2-
methyl-1-butyl (~CHRCH{CHCHCHY), Thexyt COHCHCHCHLCHLCHG), 2-hexyt
{(-CH{CH)CH,CHyCHUH;), 3-hexyl (GUH{CHCHaNCHCHCHG), Zemethyl-2-pentyl
{-C{UH R CHCHCHR), 3-methyl-Z-pentyl (CHCHCH{CH;)CHCH:), 4-methyl-2-pentyl
FCH{CH;CHCH{CHa k), 3-methyl-3-pentyl ((C{CHWCHCH:)), Zamethyl-3-pentyl (-
CH{CH,CH)CH(CHs ), 2,3 -dimethyl-2-butyl (-CCH; hCH{CH:),), 3,3-dimethyh-2-butyl {-
CH{CHC(CHA ), and octyl ({CH3CH )

{0371 “Alkeny!l” refers to a hydrocarbon comtaining normal, secondary, or tertiary carbon
atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp2 double bond. For
example, an alkentyl group can have 2 to 20 carbon atoms (Le., Cr-Cag alkenyl), 210 12
carbon atoms (1.e., U~C oy alkenyl), or 2 to 6 carbon atoms (Le,, (-Cy alkenyl). Examples of
suttable alkenyl groups inclide, but are not limited to, cthenyl, vinyl (-CH=CHa), alivl

(-CHyCH=CHy), and S-hexenyl (CHCHCHUH,CH=CH;,).

{0638]  “Alkynyl” refers to a hydrocarbon containing normal, secondary or terfiary carbon
atoms with at least one site of unsaturation, t.e. a carbon-carbon, sp triple bond. For example,
an allovoyt group can have 2 to 20 carbon atoms {Le., Ce~Cye alkynvl), 2 to 12 carbon atoms
{i.e., Cp-Ci; atkyne}, or 210 6 carbon atoms (1., Cp-Cg alkynyl). Examples of suitable
alkynyl groups include, but are not limited {o, gcetylenic (~C=CH), propargy! {(-CHLC=CH),

and the like,

10839]  “Alkylene” refers to a saturated, branched or straight chain hydrocarbon group

having two roonovalent radical centers dertved by the removal of two hydrogen atoms from

ig
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the same or two different carbon atoms of a parent alkane. For example, an alkylene group
can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or | to & carbon atoms. Typical
allrylene groups include, but are not Hmited to, methylene (-CHz-), 1, -ethylene (CH{CH;)),
1. 2-ethylene (-CHCHy-), 1 1-propyviene (-CH{CH,CH:)-}, 1.2-propylene (~CHUH{CH: -3,
1, 3-propylene (CHRUHCHy-), Ld-butviene {(~UH,CHCHLCH,-), and the like.

[0048] “Alkenylene” refers to an unsaturated, branched or straight chain hydrocarbon
group having two monovalent radical centers derived by the removal of two hydrogen atoms
from the same or two different carbon atoms of a parent alkene. For example, and alkenylene
group can bave 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 carbon atoms. Typical

alkenylene groups include, it are not imited to, 1,2-ethylene (~CH=CH-).

(00411 “Alkynylene” refers to an unsaturated, branched or siraight chain hvdrocarbon
group having two monovalent radical centers derived by the removal of twe hydrogen atoms
from the same or two different carbon atoms of a parent alkyne. For example, an alkyaylene
group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to & carbon atoms. Typical
alkynylene groups include, but are not limited to, acetylene (-C=C-}, propargylenc

(~CHCaCx), and 4-pentynviens ((CHCHCR,CaCay,

108427 “Alkoxy” refers o a group having the foromida —O-alkyl, in which an alkyl group, as
defined above, is attached to the parent melecule via an oxvgen atom. The atkyl portion of
an alkoxy group cap have 1 to 20 carbon atoms (e, C;-Cyp alkoxy), 1 1o 12 carbon atoms
{t.e., Ci-Cp; alkoxy), or 1 to 6 carbon atoms{ie., C-C4 alkoxy). Examples of suitable atkoxy
groups include, but are not Hmited to, methoxy (-O-CH; or ~OMe), ethoxy ((OCH,CH;

or ~OED, tbutoxy {(~O-C{CH; s or ~CiB), and the like.

{68431 “Halogen” refersto F, CL Br, or L

80447 “Halealkyl” refers lo an allkyl gronp, as defined above, in which one or more
hydrogen atoms of the alkvl group is replaced with a halogen atom. The alkyl portion of a
haloalkyl group can have 1 to 20 carbon atoms {i.g., T1~Cyp haloalkyl), 1 to 12 carbon
atoms(i.e., C;-Cyp haloalkyl), or 1 t0 6 carbon atoms {i.c., C-Cg alkyl). Examples of suitable

haloalky! groups include, but are not himuted to, -CF, ~-CHE,, ~-CFH,, ~-CHCF;, and the like.

{0048]  “Haloalkoxy” refers o a group —OR”, where R" is 2 haloalky! group as herein
defined, As non-limiting examples, haloalkoxy groups include ~OCHF, -QCHF,, and ~

OCF;.

it
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i8846]  “Heteroalkyl” refers to an alkiyl group where one or more ¢arbon atoms have been
replaced with a heteroatom, such as, O, N, or 8. For exarmple, if the carbon atom of the alkvi
group which is attached (o the parent molecole is replaced with a heteroatom (e.g., O, N, or
S} the resuliing beteroalkyl groups are, respectively, an alkoxy group {e.g., ~OUCH;, ete.}, an
aning {2.g., -NHCH,, -N{CH3}, and the hke), or g thicalkyl group {e.g., -SCH;). I a non-
terminal carbon gtom of the alkyl group which is not atfached to the parent molecule is
replaced with a heterogtom {c.g., &, N, or S} and the resulting heteroalkyl groups are,
reapectively, an alkyl ether (e.g., ~-CHyCH2-O-CH;, ete.}, an alkyl amine

{c.g., -CHNHCH,, ~CHN{CH;), and the like), or a thioalkyl ether {e.g. -CH,-8-CH;) Ifa
terrinal carbon atom of the alkyl group is replaced with a hetercatom {e.g., O, N, or 8}, the
resulting heterocalkyl groups are, respectively, a hydroxvalkyl group {e.g., -CHCH,-GH), an
aminealkyl group (e.g., ~CHaNH,)}, or an allovl thiol group (e.g., -CH;CH,-SH). A
heteroalkyl group can have, for example, 1 {0 28 carbon atoms, 1 1o 10 carbon atoms, or 1 to
6 carbon atoms. A Cp-{g hetercalkyl group means a hetercalkyl group having 1 to 6 carbhon

atoims.

(6847  “Heteroalkylene” refers to a heteroalkyl group having two monovalent radical
conters derived by the removal of two hydrogen atoms from the same or two different atoms
of a parent heteroalkane. For example, a heteroalkylene group can have 1 10 20 carbon

atoms, 1 to 14 carbon atoms, or 1 10 6 carbon atoms.

[0048] “Carbocycle” or “carbocyelyl” or “eycloalkyl” refers to a saturated, partially
unsaturated, non-aromatic ring having from 3 to 28 ring atoms. For example, the carbooeyele
can have 3 to 7 carbon afoms as a monocyele, 7 10 12 carbon atoms as a bicyele, and up to
about 20 carbon atoms as a polycoyele. Monocyclic carbocyeles have 3 to 6 ring aloms, still
more typically § or & ving atoms. Bicyclic carbocyeles have 7 to 12 ring atoms, e.g., arranged
as a bicyelo (4,53, (5,5, (5,6) or (6,6} system, or 9 or 10 ving atoms arranged as g bicyclo
{56} or {6,6) system. Carboeyeles inchudes non-aromatic mono-, bi-, and poly-cyclic rings,
whether fised, bridged, or spiro. Carbocyele can include any nurnber of carbons, such as
Chg. Cag, Usee, Tagy Cass Csoge Toge Cagy Crote, Capy, and Cayn. Saturated m@m)cyclic
carbocyele rings include, for example, evclopropyl, cyclobutyl, cyclopentyl, cycichexyl, and
cyclooctyl, Saturated bicyclic and polyeyelic carbooyele rings include, for example,
norbornane, {2.2.2] hicyclooctane, decahydronaphthalene and adamantane. Carbocyele
groups can also be partially unsaturated, having one or wore double or triple bonds in the

ring. Representative carbocycle groups that are partially unsaturated include, but are not

12
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fimited to, cyclobutene, cyelopentene, cyclobexene, eyclohexadiens (1,3- and 1. 4-isomers),
cyclohepteneg, eyeloheptadiene, cyvelooctene, cyclooctadiene {1,3-, 1,4- and 1,5-isomers},
norbomene, and norbomadiene. When carbocyele is a saturated monooyehic U g carboeycle,
exemplary groups include, but are not mited to cyelopropyl, cvelobuivl, eyclopentyl,
eyclohexyl, cycloheptyl and eyclooctyl. When carbocyele is a saturated monceyelic

Cs.e carbooyele, exemplary groups inchude, but are not Himited {o cyclopropyl, oyclobutyl,

cyclopentyl, and cyclohexyl. Carboevele groups can be substituted or unsubstituted.

[0849] “Carbocyelylene” refers te a carbocyely! or carbocyele as defined above having two
monovalent radical centers derived by the removal of two hydrogen atoms from the same or

two different carbon atoms of a parent carbooyelyl.

-

{6850]  “Carbocyelylalkyl” refers to an acyclic alkvl group in which one of the hydrogen
atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced with a
carbocyelyl group as defined above. Typical carbocyelylaikyl groups include, but are not
hmited o the cycloaikylalkyl groups such as cyelopropylmethyl, cyclobutyiethyl,
cyclohexyimethyl and the like. The cycloalkyvlalkyl group can comprise 4 to 20 carbon
atoans, ©.g., the alkyl moiety is 1 to 6 carbon atoms and the cycloalkyl group is 3 to 14 carbon

atoms.

{0053]  “Carbocyclytheteroalky!” refers to a heteroalkyl as defined herein, in which a
hydrogen atom, which may be attached cither to a carbon atom or a heteroatom, has been
replaced with a carboovelyl group as defined herein. The carboeyelvl groups can be bonded
to a carbon atom of the heteroalkvl group, or to a heteroatom of the heteroalkyl group,

provided that the resulting carboeyelylbeteroatkyl group provides a chemically stable moicty.

b4

{38521 “Heterocyele” or “heterocyeivl” or “heteroeycloalkyl” as ueed herein includes by

way of example and not limitation those heterocyeles deseribed in Pagueite, Leo A

Principies of Modern Heteroovelic Chemistry {W.A. Benjamin, New York, 1968},

particalarty Chapters 1, 3,4, 6, 7, and 9; The Chemistry of Hetercovelic Compounds, A

Series of Monoeraphs” {John Wiley & Sons, New York, 1950 1o present), in particular

Volumes 13, 14, 16, 19, and 28; and J. Am. Chem. Soc. {1960) §2:5366. In one specific
embodiment of the invention “heterocycle” includes a “carbocyele” as defined hereln,
wherein one or more {e.g. 1, 2, 3, or 4} carbon atoms have been replaced with a hetercatom

{e.g. O, M, P or 83 The terms “heterocyele” or “heterocyclyl” includes saturaied rings, and

,..A
L]



WO 2016/044183 PCT/US2015/050039

partially unsaturated rings. Heterooyeles includes non-aromatic mono-, bi-, and poly-cyclic

rings, whether fused, bridged, or spire.

196531 Hetorocyele groups can include any number of ving atoms, such as, 3 10 6, 4 10 6,
5106,310%, 4108, 5108 6108, 3109, 310 10, 3o 11, or 3 0 12 ring members. Other
suttable sizes of heterocvele groups include 3 to 20 ring atoms, 3 to 18, or 3 to 15 ring atoms.
Any switable nuomber of heteroatoms can be included in the heterocyele groups, suchas 1, 2,
Joord,orltol, 1103, 1iod, 2103, 204, or 3 to 4. The heterocycle group can inchude
groups such as aziridine, azetidine, pyrrolidine, pipenidine, azepane, azocane, guinuchdine,
pyrazolidine, imidazolidine, piperazine (1,2-, 1,3« and 1,4-isomers), oxirane, oxetane,
tetrahydrofuran, oxane (letrahydropyran), oxepane, thiirane, thietane, thislane
{tetrahydrothiophene}, thiane (tetrahydrothiopyran), oxazolidine, isoxarolidine, thiazolidine,
isethiazolidine, dioxolane, dithislane, morpholine, thiomorpholine, dioxane, or dithiane. The
heterocyele groups can also be fused 0 aromatic or non-aromatic ring systems to form
members including, but not limited to, indoline. Heterocyele groups can be unsubsiituted or
substituted. For example, heterocyele groups can be substituied with Cy alkyl or oxo (=0},

among many others.

[0G584] When heterocyele ineludes 3 to € ring members and 1 1o 3 heteroatoms,
representative members include, but are not lmited to, pyrrolidine, piperidine,
tetrahydrofuran, oxane, tetrahydrothiophene, thiane, pyrazolidine, imidazolidine, piperazine,
oxazohidine, isoxazoelidine, thiazolidine, 1sothiazolidine, morpholing, thiomorpholine, dioxane
and dithiane. Heterocycle can also form a ring having 5 to 6 ring members and 1 to 2
heterpatoms, with representative members including, but not Hmited fo, pyrrolidine,
piperidine, tetrahydrofuran, tetrabydrothuophene, pyrazolidine, imidarolidine, piperazing,

oxazolidine, isoxazohding, thiazolidine, isothiazolidine, and morpholine.

I088)  “Heterocyelylene” refers to a heterocyely! or heterocycele as defined above having
two monovalent radical centers derived by the removal of two hydrogen atoms from the same

or two different atoms of a parent heterocyelyl,

{80386]  “Heterocyclyialkyl” refers 1o an acyclic alkyl group in which one of the hydrogen
atoms bonded 1o a carbon atom, typically a terminal or sp3 carbon atom, is replaced with a
heterocyelyl group (i.e., a heterocyclyl-alkylene- moiety). Typical heterooyelyl alkyl groups
include, but are not imited to heterocyelyl-CHy-, 2-{heterocvelyvliethan-1-vl, and the bike,

wherein the “heterooyelyl” portion includes any of the heterocyelyl groups described above,

14
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ncluding those described in Principles of Moderm Heteroovelio Chemistey, Ume skilled in the

art will also understand that the heterocyelyl group can be attached to the alkyl portion of the
heterooyelyl alkyl by means of a carbon-carbon bond or a carbon-heteroatom bond, with the
provise that the resulting group is chemically stable. Thus, the heterocyclvlalkyl group can
have from 4 to 20 carbon and heteroatoms. The heterooyelyl alkyl group comprises 2 to 20
carbon atoms, e.g., the alkyl portion of the arylalkyl group comprises | to 6 carbon atoms and
the heterocyelyl moiety comprises 1 to 14 carbon atoms. Examples of heterocyelylalkyls
include by way of example and not hmitation S-membered sulfur, oxygen, and/or nitrogen
containing heterocycles such as piperidinylmethyi, piperazinyimethyl, morpholinylmethyl,

and the like.

{88571 “Heterocyelyviheteroalkyl” refers to an acyelic hetercalkyl group defined above in
which one of the hydrogen atoms bonded to a carbon or heteroatom, is replace with a
heterccyelyt group. The heterocyelytheteroalkyl group can comprise 6 10 20 atoms, e.g., the

hetercalkyl motety is 2 to 6 atoms and the heterpeyelyl motety is 5 to 12 atoms.

{B058]  “Aryl” refers to an aromatic ring system having any suitable mumber of ring atoms
and any suifable number of rings. Aryl groups can jnclode any suitable number of ring
atoms, sachas, 6, 7,8, 9, 10, 11, 12, 13, 14, 15 or 16 ring atoms, as well as from 610 19, 6 to
12, or 6 to 14 ring members. Aryl groups can be monocyelic, fused to form bicyelic or
tricyelic groups, or linked by a bond to form a blaryl group. Represeniative ary] groups
include phenyl, naphthy! and biphenyl. Other aryl groups include benzyl, having a methylene
linking group. Some aryl groups have from 6 to 12 ring members, such as phenvl, naphthyl
or biphenyl. Other aryl groups have from 6 to 10 ring maembers, such as phenyl or naphthyl

Some other ary] groups have 6 ring members, such as phenvl

100891 “Arylene” refers to an aryl as defined above having two monovalent radical centers
derived by the removal of two hydrogen atoms from the same or two different carbon atoms

of a parent aryl. Typical arvlene groups include, but are not limited to, phenyiene.

186681 “Arvialkyl” refers to an acyche alky! group in which one of the hvdrogen atoms
bonded o a carbon atom, typically a terminal or sp3 carbon atom, is replaced with an aryl
group. Typical arylalkyl groups imclude, but are not Hmited to, benwyl, Z-phenvlethan-1-v1,
naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl, 2-naphthophenyiethan-1-yl and the
tike. The arylalkyl group can comprise 6 to 20 carbon atoms, e.g., the alkyl moietvis Lo 6

carbon atoms and the aryl motety is 6 to 14 carbon atoms,

ts
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{08611 “Arylheteroalkyl” refers 1o a heterocalkyl as defined herein, in which a hydrogen
atom, which may be attached either to a carbon atom or a heteroatom, has been replaced with
an ary! group as defined herein. The aryl groups may be bonded o a carbon atom of the
heteroalkyl group, or to a beleroatom of the heteroalkyl group, provided that the resuliing
aryiheteroalkyl group provides a chermcally stable modety. For example, an aryvihetercalkyl
group can have the general formulae -alkylene-O-ary, -alicyione-O-alkviene-aryl, ~alkylene-
NH-aryl, -alkylene-NH-alkylene-arvl, -alkylone-S-aryi, -alkviene-S-alkylene-aryl, and the
fike. In addition, any of the alkylene moieties in the general formulae above can be further

substitoted with any of the substituents defined or exemplified herein.

18062] “Hetercaryl” refers 1o a monocychic or fused hicyclic or tricyclic aromatic ring
assembly containing 5 10 16 ring atoms, where from 1 o 5 of the ring atoms are a heleroatom
such as N, O or S, Additional hetercatoms can also be useful, inchuding, but not lmited to,
B, Al, 8t and P. The heteroatoms can also be oxidized, such as, but not limited

o, -5{C}- and -S{O}~. Heteroaryl groups can include any number of ring atoms, such as,
3106,4106,5106,3108, 4108, 51086108, 309 31w 10 3o 1, or3to 12 ring
members. Any suitable number of heteroatoms can be included in the heteroaryl groups,
suchas 2. 3, 4 orS,or w2, 103, 104, 1 05,2103, 2104, 2105, 304, or 310 5.
Heteroaryl groups can have from 5§ 10 8 ring members and from 1 to 4 heteroatoms, or from §
o 8 ring members and from 1 0 3 heteroatoms, or from 5 to 6 ring members and from 1 t0 4
heteroatoms, or from § o 6 ring members and from 1 to 3 heteroatoms. The heteroaryl group
can include groups such as pyrrole, pyridine, tmidazole, pyrazole, triszole, tetrazole,
pyrazine, pyrimidine, pyridazioe, triazine (1,2,3-, 1,2.4- and 1,3, 5-isomers), thiophene, furan,
thiazole, isothiazole, oxazale, and isoxazole. The heteroaryl groups can also be fused to
aromatic ring systems, such as a phenyl ring, to form members mcluding, but not Hmited 1o,
benzopyrroles such as indole and isoindole, benzopyridines such as guinoline and
isoquineline, benzopyrazine (quinoxalineg), benzopyrimidine (quinazoline}, benzopyridazines
such as phthalazine and cinnoling, benzothiophene, and benrofuran. Other heteroaryt groups
include heteroaryl rings linked by a bond, such as bipyridive. Hetercaryl also inchudes
maonpvalent aromatic heterocychyl comprising an aryl moicty and a heteroaryl group. MNon

hmiting examples of these heteroarvls are;
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{60631 “Hetercarylalkyl” refers to an alkyl group, as defined herein, in which a hydrogen
atom has been replaced with a hetercaryl group as defined herein. Non-limiting examples of
hetercaryl alkyl include ~-CHy-pynidinyl, -CHy-pyrrolvl, -CHz-oxazolyl, -CHo-indolyl, ~-CHy-
isoindolyl, -CHa-purinyl, -CHy-furanyl, -CHy-thienyl, ~CHa-benzofuranyl, -CH,-
benrothiophenyl, ~-CHy-carbazolyl, -CHo-imidazolyl, ~-CHyp-thiazolbyl, ~ChHa-isoxazolyl, -CH,-
pyracolyl, -CHa-isothiazolyl, -CHy-quinolyl, -CHy-isoquinolyl, ~-CHy-pyridazyl, ~CHo-
pyrimidyl, ~-CHy-pyrazyl, -CH{CH }pyridinyd, ~-CHCH -pyvrrolyl, ~CH{CH }-oxazolyl, -
CH{CH yindolyl, ~CH{CH »sotndolyl, ~CR{CH  ppurinyl, ~-CH{CH - furanyl, -CH{CH;)-
thienvl, -CH{CH; p-benzofuranyl, -CH{CHs}benzothiophenyl, ~CH{CH; }-carbazolyl, -
CH{CH; pimndazolyl, -CH{CH;-thiazolyl, -CH{CH; }isoxazolvl, -CH{CH;}-pyrazolyl, -
CH(CH;pisothiazolyl, -CH{CH: }-quinelyl, ~-CH{CH -isogquinolyi, -CH{CH ~-pyridazyl, -
CH{CH:}pyrimudyl, -CH{CH:}pyrazyl, and the like.

106647 “Heteroaryiheteroalkyl” refers to a heteroalkyl group, as defined herein, in which a
hydrogen atom has been replaced with g hetercaryt group as defined herein, The
heteroarytheteroatkyl group can comprise 6 to 20 atoms, e.g., the heteroalkyl moigty is 20 6

atoms and the hetercaryl modety is 5 to 12 atoms.

{8068]  “Amine” refers to an ~NR'R” group, where R” and R°° can be any suitable

substifuent, such as hydrogen or alkyl

{8866] “Ammonia” refers to NHa.

1064671 “Azido” refers to ~N=N"=N"ar Ny,
180681 “Cyano” refers to ~CN.

80681 “Hydroxyl” refers 10 ~OH,

[BG761  “Nitro™ refers to —N{,.

[y
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8071} “Aldehyde” refers to -CHO or —-C{OH, and can be written in reverse for chemical

structures: “OHCY or “H{OYC-™.

{6072]  “Ketone” refers to ~COR or ~C{{NR, and can be written in reverse for chemical

stractures: “ROC” or “R{OKC

0731 “Ester” refers to ~-COuR or ~C{OOR, and can be written in reverse for chemical

structures; “RO-C-7 or “RO{OYC-".

18741 “Kilogram scaie” refers to a reaction performed where at Jeast one of the reagents

used 15 in an amount of at least | kilogram,
HI. COMPOUNDS

{80751 The methods of the present invention ¢an be used {o prepare compounds of

Formula I

N’ {5 :
88761 In some embodiments, groups Z-Y of Formula | can be -CR'RY-, -CRIRLCRMRY -
CENCRRY, -CRR GO, -NR (O, -CLOWNRE., -CRIR’S(O -, or -CR’=CR>-. In some
embodiments, groups 7-Y of Formuis 1 can be -CR*R or -CR'RP-CR'R’-. In some
embodiments, groups 2-Y of Formula [ can be -CR'R’-. In some embodiments, groups Z-Y
of Forrmnda 1 can be —Ci-, —CHICH - or ~-CHCH-. In some embodiments, groups Z-Y of

Formula { can be —-CHy-.

6077]  In some embodiments, group L of Formula I ean be -NR%, -0-, -8, -8(0Oh-, -8(0)-
. ot a covalent bond. In some embodivoents, group L' of Formula 1 can he -NR*-, « -, 0r 2
covalent bond. In some embodiments, group L' of Formula [ can be »N’Rgm, or (3, In some
embodiments, group L' of Formula | can be -NH- or -O-. In some embodiments, group L' of

Formula 1 can be -O-.

00781 In some embodiments, group R’ of Formula [ can be alkyl, sabstituted alkyl,
haloalloyl, alkenyl, substituted alkenyl, alkynyl, substitited alkynyl, hetercalkyl, substinged

heternalkyl, carbocyelyl, substituted carbocyelvl, carbocyelvialkyl, substituted

18
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carbocyelylalkyl, heterocyelyl, substituted heterocyelyl, heteroeyelyiaikyl, or substituted
heterocyclylalkyl, aryialkyl, substituted arvlalkyl, hetercarylalkyl, substitnied heteroarylalkyl,
carbocyclyvtheteroalkyl, substituted carboeyelyiheteroalkyl, heterocyelvl heteroatkyd,
substituted heterocyclylheteroaltkyl, aryiheteroalkyl, substituted arvihetercalkyl,
heteroarviheteroalkyl, or substituted heteroarytheteroalkyl. In some embodiments, group R
of Formula I can be £4-Cy alkyl, substituted C-Cg alkyl, €Oy haloalkyl, Co-Cy alkenyl,
substituted Cp-Cy alkenyl, Co-Cy alloynyl, substituted Cp-Cy alkynyl, C-Cq heteroalkyl,
substituted C-Cs heteroalkyl, C5-Ciy carbocyclyl, substitated Cp-Cyp carbooyelyvl, Tp-Cop
carbocyclvlalkyl, substituted C4-Cyg carbocyelylalkyl, C3-Cyy heterocyelyl, substituted C5-Cag

heterocyelvl, C-Cyy heterocyelylalkyl, or substituted Cp-Cag heterocyelvlalkyl, Co-Usg

arylalkyl, substituied Ce-Cyy arvlalkyl, Co-Cop heteroarvlalkyl, substituted Ce-Cag
hetercarylalkyl, Co-Cu carbocyclylbeteroalkyl, sabstituted C4-Cyp carboeyelyihetercalkyl,
Cs-Cyg heteroeyelyl heteroalkyl, substituted Cy-Cyy heterocyelyl heteroatkvl, Ce-Cayp
arviheteroalkyl, subsiituted Co-Cop arvihetercalkyl, Ce-Cag heteroarythetercalkyl, or

substituted Ue-Cyp hetersarytheteroalkyl,

16679]  In some embodiments, group R’ of Formula | can be alkyl, substituted alioyl,
haloalkyl, alkenyl, substituted atkenyl, alloynyl, sobstituied alkynyl, substituted or
ansubstituted C-Cq hetercalkyl containing one or more heleroatoms {selected from N, G, or
8}, cyclopropyl, substituted cyclopropyl, cyclobuivl, substituted cyclobutyl, cyclopentyl,
substituted cyelopentyl, cyclohexyl, substituted cyclohexyl, bicyeln{3.1.0cyelohexyl,
tetrahydropyranyl, substituted tetrahydropyranyd, furanyl, substituted furanyl, pyrrolidinyl, or
substituted pyrrolidinyl. In some embodiments, the group R’ of Formula T can be alkyl,
substituted alkyl, T~Cg substituted or unsubsiituted heteroalkyl containing one or more
heteroatoms (selected from N, O and 8}, cvclopropyl, substifuied oyclopropyl, cyclobuivl,
substituted cyclobutyl, cyelopentyl, substituted cyclopentyl, cyclohexyl, suhstituted
cyclohexyl, bieyelo[3.1.0fcyelohexyl, tetrahydropyranyl, subsiituted tetrahyvdropyranyt,
furanyl, substituted furanyl, pyrrolidinyl, or substituted pyrrolidinyl. In some embodiments,
group R’ of Pormula T can be alkyl, substituted allvl, haloalkyl, alkenyl, substituted alkenyl,
alkynvl, substitated alkynyl, C-Cy substituted or unsubstituted heteroalioy! containing one or
maore heteroatoms {selected from N, O, or 8}, eyclopropyl, sebstitnted cyclopropyl,
cyclobutyl, substituted eyelobutyl, cyclopentyl, substituted eovclopentyl, cyclshexyl,
substituted cyclohexyl, bieyelo[3.1 Oloyelohexyl, tetrahyvdropyranyd, substituied

tetrahydropyranyl, faranyl, substituted foranyl, pyrrolidiny], or substituted pyrrolidinyl.
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{60807 In some embodiments, group R’ of Formnla  can be alkyl, In some embodiments,
group R' of Formula I can be £-Cg alkyl. In some embodiments, group R' of Formula 1 can
be methyl, ethyvl, n-propvl, iso-propyl, n-butyl, iso-butvl, sec-butyl, t-butyl, n-pentyvl, tert-
pentyl, neopentyl, iso-pentyl, sec-pentyl, 3-pentyl, hexyl, and Z-ethvi-lantyl. In some
embodiments, group R’ of Formula I can be butyl. In some embodiments, group R' of

Formula T can be n-butyl.

90811 In some embodiments, group X' of Formula [ can be C-Ce alkylene, substituted Oy
Cy, alkylene, Ci-Cy beteroalkyiene, substituted C;-Cy heteroalkylene, Cy-Cy alkenviens,
substituted C-Cq alkenylene, $-Cy alkynylene, substituted Cr-Cy alkynviene, Ti-Cup
carbocyvelviene, substituted Cs-Cyp carbocoyclviene, C3-Cyy heterooyclviene, substituted C5-Cyy
heteroeyelvlene, -NR, O, <O, -S{0)-, 8(O)~, or 2 bond. In some embodiments, group
X' of Formuia I can be alkylene, substituted alkviene, hetercalkviene, substituted
heteroatkylene, or a bond. In some embodiments, group X' of Formula I can be -Ce
alkylene, substituted C,-Cy alkylene, C1-Cy heteroalkylone, substituted C\~C¢ heteroalkyiene,
or a bond. In some embodiments, group X of Formula 1 can be alkylene. In some
embodiments, group X' of Formula § can be {-Cy alkyvlene. In some embodiments, group X'
of Formula | can be C-Cs alkyvlene, C-C; hetercalkylene or C-Cy substituted
heteroalkylene. In some embodiments, group X' of Formula | can be C)-Cy alkylene. In
some embodiments, group X of Formula I can be ~CHa- or ~CH(CH:)-. In some

embodiments, group X' of Formula § can be methylene.

[0082]  In some embodiments, group D of Formula 1 can be carbocyelyl, substituted
carbocyelyl, heterocyelyl or substituted helercoyelyl wherein the carbocyelyl, substituted
carboeyelyl, heterocyelyl or substituted heterocyelyl can be substituted with one or two L
NRR’, or I can be a heterocyelyl, substitated heterocyelyl, heteroaryl or substituted
heteroaryl wherein the heteroeyelyl, substituted heterocyelyl, heterocary! or substitaied
heteroaryl comprises one to four nitrogen atoms. In some embodiments, group D of Formula
§ can be C3-Cyp carbocyelyl, substituted Ci-Coy carbooyelyl, Cs-Chp heteroeyelyl or
substituted Cs5-Cy heterocvelyl wherein the carbocyvelyl, substituted carbocyelvl, heterocyelvl
or substinited heterocyelyl can be substituted with one or two 1t -NR‘%R";, or 13 canbe a Cs-
Uy heterocyelyl, substituted C3-Cy heterocyeivl, Cs-Cap heteroaryl or substituted Cs-Cag
hetercaryl wherein the hetercocyelyl, substituted heterocyclyl, heteroaryl or substituted
heteroaryl comprises one to fow nurogen atoms. In some embodiments, group D of Formula

1 can be carbocoyelyl, substituted carbooyelyl, heterocyclyl or substituted heterocyelyl wherein
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the carbocyelyl, substituted carbocyelyl, beterocyelyl or substituted heterocyelyi can be
substituted with one or two ~LANRR” groups. In some embodiments, group D of Formula 1
cant be phenyl, biphenyl, or pyridinyl, wherein the phenyl, biphenyl, or pyridinyi can be
substituted with one or two -LANRPR”, In some embodiments, groap D of Formmla [ can be
phenyl, biphenyl or pyridinyl, wherein the phenyl, biphenyl or pyridiny! can be substituted
with -L-NROR’; or D can he pyridinyl, pipenidinyl, piperazinyl or 1,2,3,4-
tetrahydroisoguinolinyl, wherein the pyridinyl, piperidinyl, piperaziny! or 1,2,3 4~
tetrahydroisoquinoliny! can be substituted with one or two -LENRR’; or group ¥ can be
pyridinyl, piperidinyl, piperazinyl or 1,2,3 4-tetrahydroisoquinolinyl. In some embodiments,
group D of Formula | can be phenyl or biphenyl, wherein the phenvi or biphenyl can be
substituted with -L-NRR’. In some embodiments, group D of Formula I can be phenyl,

wherein the pheny! can be substituted with -L*-NR*R.

180831  In some embodiments, each group L” of Formula | can independently be alkylene,
substituted alkvlene, heteroalkoviene, substituted heteroalkylene, or a covalent bond. In some
embodiments, each group L of Formula T can independently be Cy-Ug alkylene, substituted
C-Cy alkylene, C-Cg heteroalkylene, substituted C)-Cy heteroalkoviene, or a covalent bond.,
In some embodiments, gronp L7 of Formula [ can be €, alkylene or a covalent bond. In
some embodiments, group L7 of Formula [ can be alkvlene. In some embodiments, group L2
of Formula T can be C;-C, alkylene. In some embodiments, group L of Formula I can be ~

CHa or ~CH(CH; . I some embodiments, group L7 of Formula | can be methylene.

[8084]  In some embodiments, sach group R of Formula I can independently be halogen,
cyane, azido, nitro, alkyl, substituled atkyl, hydroxyl, amino, heteroalkyl, substituted
heteroalkyl, alkoxy, haloalkyl, haloalkoxy, ~-CHO, -C(OYORE, -S(OWR, -8(0)RY, -
CEONRRY -NRTICIORS, carbocyelyl, substituted carbooyelyl, carbocyelylatkvl,
subsiituted carbocyclylalkyl, alenyl, substituted alkenyl, alloynyl, substituted alleynyl, -
S(ORNR R NRVBOLRE, -NERNSORORY, -OS(OLNR R, In some embodiments,
gach group R* of Formula | can independently be halogen, cvano, azido, nitro, C;-Cy alkyl,
substituted C;-Cy altkyl, hydroxyl, amine, Ci-Cq heteroalkyl, substituted C-Cy heteroalkyl,
{4-C alkoxy, Cr-Cg haloalkyl, C-Cp haloalkoxy, -CHO, -C(OWOR?S, -S(OR?, -S(OLR", -
CEOWRR' SNERHCEORS, carbocyelyl, substituted Cs-Cy carbacyelvl, Ce-Cp
carboeyelylalkyl, substituted Cy-Coy carbooyeivlatkyl, 05-Cy alkenyl, substitated C-Cy
alkenyl, Co-Cg alkynyl, substituted CprCe allynyl, -S{ORNRR' -NERSORRE, -
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N{RQ)S( OROR", ~OS(())2NR‘},E{’G‘ {n some emnbodiments, group R of Formula I can be

cyano or ~CHO.

D085}  In some embodiments, group nof Formula feanbe 6, 1,2, 3,4 or 5. Insome
embodiments, group n of Formula [ can be § or 1. In some embodiments, group n of Formula

Teanbe 0.

[8086] In some embodiments, each recitation of groups R* and R of Formula  can each
independently be H, alkyl, substituted alkyl, haloallyl, hetercalkyl, substituted heteroalkyi,
carboeyelyl, substituted carbocyelyl, carbocyclylalkyl, substituted carboeyelvlatkyl,
heterocyclyl, substituted heterocycelyl, heterocyelylalkyl, substituted heterocyelylalkyl,
arvialkyl, substituted arvialkyl, heteroarvlalkyl, substituted hetercaryiaikvi,
carbocyelvtheteroalkyl, substituted carbocyclyiheteroalkyl, heterocyclviheteroalkyl,
substituted heterocyelylhetercalkyl, arytheteroalkyl, substituted arviheteroalkyl,
hetercaryihetercalkyl, or substituted heteroarytheteroatkyl, cyano, azido, ORY, ~C{(nH, ~
CEORY, -S(OIRY, -S{ORR®, -CIOIOR’, or -COINRRY; or R* and R, taken together with
the carbon to which they are both attached, can form a carboceycle, substituted carbocycle,
heterocyele or substituted heterooyele; or R* and R°, when on the same carbon atom, can be
taken together with the carbon to which they are attached to form ~-C{O})- or »C(NRg}*; or two
R* or two R® groups on adjacent carbon atoms when taken together with the carbons to which
they are attached can form a 3 fo 6 membered carboceycle, substituted carbocycele, heterocycele
or substituted heterocyele. In some embodiments, each recitation of groups R* and R of
Formula | can each independently be H, Ci-Cq alloyl, substituted C-Cy alkyl, €-Cs haloalkyl,
{1-Cy heteroalkyl, substituted C-Cy heteroalkyl, C3-Cyy carbocyelyl, substituted C3-Cap
carbocycivl, Cg-Cop carbocyelylalkyl, substituted Ca-Coy carbooyelyvlalkvl, Cs-Che
heterocyelyl, substituted Cs-Cag heterocyelyl, Ci-Chyg heterocyelylalkyl, substituted Cg-Cop
heterocyelylalkyl, Co-Crg aryvlalkyl, substituted Cy-Cop arvialkyl, Ce-Cop heteroarvialicyl,
substituted Cg-Cyy heteroarylallovl, C4-Cop carboeyelyihetercalkyl, substituied Cp-Cuy
carbocyelyviheteroalkyl, C4-Cop heterocyelylheteroalkyl, substituted Cy-Cag
heterocyelythetercalkyl, Co-Cop arylhetercalkyl, substituted Co-Cop arylheteroalkyl, Co-Cyp
heteroarylheteroalkyl, or substituted Co-Cay heteroarytheteroalkyl, cyano, azido, OR®, -
C{OH, -CIORY, -S{OIRE, -S(OLRE, -CIOYORY, or -CLOWNRR™; or R* and R, taken
together with the carbon to which they are both attached, can form a C3-Cyy carbocycle,
substituted s~y carboeyele, Ci-Chyg heterocyele or substituted C4-Cyy heterocyele; or R* and

[ ., . .
R°, when on the same carbon atom, can be taken together with the carbon to which they are
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attached to form -C{O- or ~-C(NRY-; or two RY or two R’ groups on adjacent carbon atoms
when taken together with the carbons to which they are attached can form a 3 o 6 membered

carbocyele, substituted carboeyele, heterocyele or subsiituted heterocycle.

{60871 In some embodiments, each recitation of groups R* and R® of Formula I can each
independently be H, alkyl, substituted alkyl, haloalkyl, C,-C, substituted or unsubstituted
heteroalkyl containing one or more heteroatoms {selected from N, G, or 8}, evane, azido,
ORS, (O, -C{ORE, -S{OR?, -8(0LRE, -CumOoRY, or -CHOMR R, In some
embodiments, cach recitation of groups R® and R’ of Formula | can each independently be H
or €-{g alkyl, or can be taken together with the carbon to which they are attached o form ~
C{O)- or a carbocyele. In some embodiments, each recitation of groups R'and R of
Formula 1 can cach independently be H or C-Cq alkyl, or can be taken together with the
carbon to which they are attached to forrn g carboovele. In some embodiments, each
recitation of groups R® and R’ of Formmula | can each independently be H or C-Cy alkyl, In
some embodiments, each recitation of groups BY and R’ of Formula [ can sach independently
be H or methyl, or can be taken together with the carbon to which they are attached to form
cyclopropane. In some embodiments, each recitation of groups R* and R® of Fornmla | can
each independenily be H or methyl. In some embodiments, each recitation of groups R* and
R of Formula I can cach independently be H, or taken topether with the carbon to which they
are attached can be —C(O}- or cyclopropane. In some embodiments, groups R and R of

Formula I can cach independently be H.

(0B8] In some embodiments, each recitation of groups R® and R of Formula T can each
independently be H, alkyl, substituted alkyl, alkenvl, substituted alkenyl, alkynyl, substituted
alkynyi, haloalkvl, heteroalkyl, substituted heteroalkyl, carbooyvelyl, substituted carbocyclyl,
carboeyelyvialkyl, substituted carboeycelylalkyl, heterocyelyl, substituted heterocyelvl,
heterocyclyialkyl, suhstituted heterooyelylalkyl, arvialkyl, substituted arylalkyd,
heteroarvialkyl, substitated heteroarvialkoyl, carbocyelythetercalkyl, substituted
carbocvelyiheteroalkyl, heterocyclviheterpalkyl, substituted heterocyclylheteroalkyl,
arytheteroalkyl, substituted aryiheteroalkyl, heteroaryiheteroalkyl, or substituted
heteroarytheteroalkyl, -C(OM, -C{OIRY, -S(OR®, -S(OLRY, -C{OYORE, or -CHOINRR,
S(ORNRIR'™, or RO and R, taken together with the nitrogen to which they are both gttached,
can form g substifuied or unsubstituted heterocyele, which can contain one or more addifional
hetercatoms sslected from N, 3, P or 8; or R taken together with LZ, and the N to which

they are both attached, can form a substituted or unsubstituted 3 o 8 mombered heterocycle
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which can contain one or more additional hetercatoms selected from N, O, 8, and P, In some
embodiments, each recitation of groups R® and R’ of Formula | can each independently be H,
{~C alkyd, substitted C-C alkyl, C-Cy alkenyt, substituted C-Cy alkenyl, U-Cy alkynyl,
substituted Co-Ty alkovnyl, C-C¢ haloalkyl, €-C¢ heteroalkyl, subsiituted C,-C,, heteroalkyl,
Ca-Cop carbocycelyl, substituted Cs-Cyy carbocyelyl, Cg~Cy carbocyelylalkyl, subsiituted Cy-
(a9 carbocoyelyvlalkyl, Ci-Cy heterocyelyl, substitutod Cz-Cyg heterocyeivl, Ca-Chg
heterocyelylalkyl, substituted Ca-Cog heterocyelylalkyl, Cs-Cop arvialkyl, substituted Co-Cug
arvialkyl, Ce-TUo heteroaryialkyl, substinted Cq-Cyp heteroarviatkvl, Tp-Cop
carbocyclvlheterealkyl, substitnted Cp-Coy carbocoyclyiheteroalkyl, Ca-Cog
heterocvelviheteroalkyl, substitited Cye-Ugp heterocyelvtheteroalkyl, Co-Coyp aryvihetercalkyl,
substituted Cy-Cap aryiheteroatyl, Co-Cap hetoroaryibeteroalloyl, or substituted Co-Cagp
heteroaryibeteroalkyl, -C{OMH, -C(OREY, -SORY, -8{0LRY, -CIOIOR?, or -COMIR'RY,
S(ORNRR™; or R® and R, taken together with the oi trogen {o which they are both atiached,
can form a substitited or vonsubstituted C-Cop heterocyele, which can contain one or more
additional heteroatoms selected frora N, O, P, or 8; or R taken together with 12 and the N to
which they ave both attached, can forn a substituted or unsubstituted 3 to & memberex
heterooyele which can contain one or more additional heteroatoms selected from N, (3, 8, and

P.

[8089] I some embodiments, each recitation of groups R and R of Formula I can each
independently be H or alkyl; or R® and R taken together with the nilrogen to which they are
attached can form a substituted or unsubstituted 4-6 membered heterocyele comprising 0 to 2
additional heteroatoms selected from N, O and 9. In some embodiments, groups R and R of
Formula  can be taken together with the nifrogen to which they are attached form an
unsubstituted 4-6 membered heterocyele comprising 0 to 2 additional heteroatoms selecied
from N, O and S. In some embodiments, groups R® and R7 of Formula 1 can be taken
together with the nitrogen to which they ave attached to form an unsubstituted 4-6 membered
heterocycle cornprising 0 to 2 additional N heteroatoms. In some embodiments, groups R®
and R’ of Formula | can be taken together with the nitrogen to which they ave attached to
form a heterocycle that can be pyrrolidine, piperidine, or piperazine. In some embodiments,
groups R” and R’ of Fornuula I can be taken together with the nitrogen to which they are
attached to form & heterocyele that can be pyrroliding or piperidine. In some embeodiments,
groups R® and R of Formuls T can be taken together with the nitrogen to which they are

atiached to form a heterocyele that can be pyrrolidine.
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[B898]  In some embodiments, each recitation of group R” of Formula I can be H, alkyl,
substituted alloyl, baloalkyl, alkenyl, substituted alkenvl, alkynyl, substituted alkynyl,
heteroalkyl, substituted heteroalkyl, carbocyclyl, substitnied carbocyelyl, carboeyelvlalkvl,
substituted carbooyelylalkyl, heterocyelyl, substituted heterocyelyl, heterceyelylalkyl,
substituted heterocyelylalioyl, arylalkyl, substituted arvialkyl, heteroarylalkyl, substituted
heteroarylatkyl, carbocyclylheteroalloyl, substituted carbooyelviheteroalkyd,
heterocyelytheteroalkyl, substituted hetercovelviheteroalkyl, arviheteroalioyl, substituted
aryiheteroatkyl, hetercaryiheteroaltkyl, or substituted hetercaryihetercalkyl, In some
embodiments, each recitation of group R® of Formula 1 can be H, C-Cy alkyl, substituted Cy-
Ce alkyl, C-Cy haloalkyl, C2-Cy alkenyl, substituted Cy-Cy alkenyl, $p-Co alkynyl, substituted
CoCg aboynyl, C)-Cy heteroalkyl, substituted OOy heteroalkyl, C5-Cap carbooyelyl,
substituted Cy-Cyy carbocyelyl, Ci-Cyy carbocyelyialkyl, substituted Ci-Cyy carbooyelylalkyd,
3-Cyy heterocyelyl, substituted Cr-Cyy heterocyelvl, Cp-Cop heterooyelviatkyi, substituted Cy-
Cop heterocyelylalkyl, Co-Cop arviatiyl, sobstitoted Ce-Cgp arvialivl, Co-Cag heteroarylalkyl,
substituted Ce-Uyp heteroarylalkyl, Co-Coy carbocyelviheteroalkyl, substitnted CanCpy
carbocyclylheteroalkyl, Cu-Uag heterocyelvibeteroalkoyl, substituted Co-Cye
hererocyelytheteroalkyl, Co-Cyp arvibeteroalloyl, substtuted Cy-Cyp arvibeteroalkyl, Co-Chg
heteroaryibeteroalkyl, or substitnted Cy-Chp hetervaryiheteroalkyl, In some embodiments,
group R® of Formula | can be H, alkyl, substituted alkyl, haloatkyl, slkenvl, substituted
allcenyl, alkynyl, substituted alkynyl, or C-Cy substituted or unsubstituied hetercalkyl
containing one or more hetercatoms {selected from N, O, or 8). In some embodiments, group
2% of Formula T can be H, Ci-Cg alleyl, substttuted C-C; atkyl, TCy haloalkyl, C0-Cy
alkenyl, substituted {50y alkenyl, Cr-Cy alkynyl, substituted Ch-Ce alkvnyd, or C-Cs
substituted or unsubsiituted hetercalkyl containing one or more heteroatoms {selected from

N, O, or 8}

[8091]  In some embodiments, each recitstion of groups R® and RY of Formmia I can each
wndependently be H, alkyl, substituted alkvl, alkenyl, substituted alkenyl, alkyuyl, substituted
alkynyl, haloalkyl, heteroalkyl, substituled heteroalkyl, carbocyelyl, substituted carbocyelyl,
carbocyclylalkyl, substituted carhocyelylalkyl, heterocyelvl, substituted heterocyeliv,
heterocyelylalkyl, substituted beterocyclvialkyl, arvialkyl, substined aryvialkyl,
hetercarylalkyl, substitnted heteroarvlalkyl, carbocyeiviheteroalkyl, substituted
carbocyclyvthateroalkyl, heterccyclylheteroalkyl, substituted heterocyclviheteroalkyl,

arylheteroalkyl, substituted aryviheteroalkyl, hetercaryiheteroalkyl, or substituted

25



WO 2016/044183 PCT/US2015/050039

heteroarylheteroalkyl; or B and R, tsken together with the wi trogen to which they are both
bonded, can form a substituted or unsubstituted heterocyele. In some embodiments, each
recilation of groups R’ and R of Formula T can each independently be H, C;-Cy atkyl,
substituted C;-Cq alkyl, Cp-Ce alkenyl, substituted Cr-Cy, alkenyl, C-Cs alkynyl, substituted
ConCy alkymyl, Ci-Co haloalkvl, C-Cy hetercalkyl, substituted Cy-C¢ heteroalkyl, C3-Chy
carbocyelyl, substituted Ci-Cyp carbooyelvl, Co-Uyp carbooyelylalkyl, substituted Cy-Cyy
carboeyelylalkyl, C5-Cap heterocyelyl, substitnted C3-Cog heterooyelyl, Ca-Cagp
heterocyelylatkyl, substituted Cu-Chyp heterocyelylalioyl, Co-Cyy arvialkyl, substituted To-Cyy
arylalkyl, Co-Cap heteroarvialkyl, substituted Co-Cag hetercarvialkyd, Co-Cyo
carbocyclytheteroalkyl, substituted Cu-Cy carboeyvelyiheteraalkyl, Cu-Coy
heterooyelylheteroalkyl, substituied Cy-Cop heteroovelyiheteroalkyl, Cs-Cop arviheteroalky,
substituted Ce-{gg arvibeteroalkyl, Co-Co heteroaryiheteroalkyd, or substituted Co-Cag
heteroarylheteroalkyt; or B and R', taken together with the nitrogen to which they are both
bonded, can form a substituted or unsubstitated Uy heteroovele. In some embodiments,
each recitation of groups R” and RY of Formula 1 can each independently be H, alkyl,
substituted abkyl, alkenyl, substituted alkenyl, alkynvl, substituted alkynvi, haloaloyl, O-Cq
substituted or unsubstituted beteroalloy! containing one or more heteroatoms {selected from
N, O, or 8). In some embodiments, each recitation of groups R and B of Formula | can
cach independently be H, :-C; alkyl, substituted Cy-Cy alkyl, Co-Cy alkenyl, substituted Cp-
Co alkenvl, C2-Cy altkynyl, substituted Ca-Cy alkynyl, C-Cs haloalkyl, C;-Cy substituted or

unsuhstiluted heteroalkyl containing one or more heteroatoms {selected from N, G, or 81

16092]  Ingroups Z-V, RU RS R RS RS R RN RV R LA XY 3C and D of Formula 1,
each substitpted alkvl, substituted alkenyl, substituted alkynyl, substituted heteroalkyl,
substituted carbocyelyl, substituted carbocyelylalkyl, substituted heterocyelyl, substituted
heteroeyelylalioyl, substituted aryiatkyl, substitnied heteroarviatkyl, sphetitated
carbocyclythetersalloyl, substituted heterocyelviheteroalkyl, substituted arvihetercalkyl,
subatituted heteroarvihetercalkyl, substitided alkyviene, substituted heteroalkylene, substinuted
alkenylene, substituted alkynviene, substituted carbocyclviene, or substituted helerocyelylene
can independently he substituted with one to four substituents selected from -halogen, -R, -O-
, =0, ~OR, -8R, -8, -NRz, -N{HR;, =NK, -Cihalogen}s, ~-CR{balogen),, -CRohalogen), -CN,
0N, -SCN, -N=(=0, -NC§, -NG, -N{y, =Ny, -N3, -NRCEOR, ~-NRU(=MOR, -
NRCE=OINRR, -CEOINRR, -CEOI0R, COCEOINRR, -QCEGIOR, -O=NR, -
S(ECGROR, ~SEORR, ~-OSEQRLOR, -SEQRNR, -5EOIR, -NRE(=0):R, -NRS{=0RNRR, -
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NRS{=000R, -OP=OXOR b, ~PEOHOR ), ~-PIONORYOIR, -C=OIR, -CE=SIR, -
CEOIOR, ~CESOR, -C=0RE, -CERISRK, -CEOINRE, -CERNRR, -CENRNRR, and -
NRC(=NRNRR; wherein each R can independently be H, alkyl, cveloalioyl, arvi, arvialloyl,

or heterocyelyl

180931 In some embodiments, the compound of Formula | can be a compoond of Formula

Ia:

NH,
b
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In some embodiments, the compound of Formula | can be a compound of Formula Ib:
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Groups £-Y, R RS Rl and X' of Fonmulas Ia and Ih are as defined above for Formula L.

{6694]  In some embodiments, the compound of Formula 1, Formula {a or Formula Ib can

have the structure:
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in seme embodiments, the compound of Formula 1, Formula la or Formula Ib can have the
structure;
NH NH
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n some embodiments, the compound of Formula 1, Formuls 1a or Formula T can have the
structure:

NH.

In some embodiments, the compound of Formula 1, Formula Ta or Formula b can have the

structure:

[0893]  In some emboduments, the compound of Formula 1 can be a compound of Formula
Ia, wherein group R’ can be alkyl, In some embodiments, group R of Formula Ta can be
C-Cq alkyl. In some embodiments, group R' of Formula Ia can be methyl, ethyl, a-propyl,
iso-propyl, n-butyl, iso-butyl, sec-butvl, t-butyl, nepentyl, tert-pentyvl, neopentyl, iso-penisi,
sec-pentyl, 3-pentyl, hexyl, and 2-ethyl-butyl. In some smbodiments, group R' of Formula Ia

can be butyl. In some embodiments, group R’ of Formula Ta can be n-brutyl,

[6896]  In some embodiments, the compound of Formula I can be a compound of Formula
fb, wherein group R' can be alkyl, groups Z-Y can be -CR'E- or -CRUR-CRR, group X'
can be alkylene, and groups R® and R’ can be taken together with the nitrogen 1o which they
are attached form an unsubstituted 4-6 membered heterocycle comprising € to 2 additional N
heteroatoms. In some embodiments, the compound of Formula 1 can be a compound of
Fornula Ib, wherein group R' can be C-C aliyl, groups Z-Y can be ~CHye, ~CH(CH:)- or ~

CHCH,-, group X' can be ;-Cy alkviene, and groups R® and R7 can he taken together with
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the nitrogen to which they are attached o form a heterocyele that can be pyrrolidine or

piperidine.

[8697] In some embodiments, groups Z-Y of Formula 1b can be -CR'R’- or -CRR-
CRR™. In some embodiments, groups Z2-Y of Formula Ib can be -CR'R’. In some
embodiments, groups £-Y of Formula ib can be ~CHz-, ~CH{CH;i}- or -CHCHy-. In some

embodiments, groups Z-Y of Formula 1h can be ~CHy-

{0898]  In some embodiments, group &' of Formula Ib can be alkvl. In some ermbodiments,
group R’ of Formula I can be C;-Cs alkyl. In some embodiments, group R of Formula th
can be methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, t-butyl, n-pentyl, tert-
pentyl, neopentyl, iso-pentyl, sec-pentyl, I-pentyi, hexvl, and Z-ethyl-butyl. In some
embodiments, group B’ of Formula Ib can be butyl. In some embodiments, group R’ of

Formula Ih can be n-butyl.

{991 In some embodiments, group X! of Formula 1b can be alkylene. In some
embodiments, group X' of Formula Ib can be Cr-Ce alkylene. In some embodiments, group
X' of Formula Ib can he —CHy- or ~CH{CH: - In some embodiments, group X! of Formula

b can be methylene.

[#166]  To some embodiments, groups R® and R’ of Formmuta Ib can be taken together with
the nitrogen to which they are attached to form an unsobstituied 4-6 membered heterocycle
comprising 0 to 2 additional N heteroatoms. In some embodiments, groups RE and R7 of
Formula Ib can be taken together with the nitrogen to which they are attached to form a
heterocyele that can be pyrrolidine, piperiding, or piperazine. In some embodiments, groups
R® and R’ of Formula Ib can be taken together with the nitrogen to which they are attached to
form a heterocyele that can be pyrrolidine or piperidine. In some embodiments, groups R
and R’ of Formmia Ib can be taken together with the nitrogen to which they are attached fo

form a heterocyele that can be pyirelidine.
IV, METHOD OF PREPARING PTERIDINONES OF FORMULA I

{8181} The compounds of Formula I can be prepared by a variety of means. For example,
the compounds of Formula { can be prepared as described below, via N-arvlation of a
compound of Formula I with the compound of Formula T, namely ethyt N[ 3-pyrrolidin-i-
yimethyDbenzyljglyeinate. The intermediate, Formula 1V, can be converted to the compound

of Formula | under reducing conditions 1o close the ring and form the desired compound.
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The aryl ring of Formula U can include a leaving group such as a chloro or -O-tosvl group.
Moreover, the ring closure of Formula 1V can be performed with a variety of reducing agents

such as Raney nickel or ZovHOAC,

{0102] To some embodiments, the present invention provides 3 method of making &

compound of Formula

NTOLG (ID)

b3

a non-nucleophilic base, a Hrat solvent, and a compound of Formula 1

~ 11
Hi\f,z\Y,sz

1 kN
X ARY,

e
2 i
undder conditions suitable to form a compound of Formula IV:

NH,
A
N

.\\\/

NO,

mt /J\ ot 11

ST e 4 -CORR
f

X’\?E\f-i R,
N (1\;)

The method also inchudes formning a second reaction mixture of the compound of Formala TV,
a second solvent and a reducing agent under conditions suitable to prepare the compound of
Formula 1.
[163]  Groups 2-Y, Rjﬁ R;%v L , %D, and subscript o, of Formudas 1L [ and IV, arc as
detined above for the compounds of Fornmla L In some embodiments, group rRY of
Formulas 11 and TV can be alkyl or alkyl-aryl. Tn some embodiments, group R of Formulas
T and IV can be C1-Cq alkyl or C-Cg alkyl-aryl. In some embodiments, group R’ of

Formulas [T and TV can be C-C, alkyl. In some ernbodiments, group R of Formulas T
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and IV can be methyl, ethyl, n-propyl, iso-propyl, n-butyl, ise-butyl, sec-butyl, t-butyl, n-
pentyl, tert-pentyl, neopentyl, iso-pentyl, sec-pentyl, 3-pentyl, hexyl, and Z-ethyl-butyl. In
some embodiments, group R’ of Formulas 11 and IV can be methyl, ethyl or propyl. In
some embodiments, group R’ of Formulas I and IV can be ethyl. In some embodiments,

group RY of Formulas I and TV can be benzyl.

10194]  In some embodiments, group LG of Formula 1 can be any suitable Ieaving group.
In some embodiments, group LG of Formuda T can be chiore, bromo, methanesulfonate
{~-OMs}, trifluoromethanesulfonate (~OTH), toluenesulfonate (-OTs or ~Otosyl),
4-pitrobenzencsulfonate, and 4-chlorohenzenesnifonate. In some embodiments, group LG of
Formula 1 can be halogen, -OH, or —OSO,R 3, wheremn R can be Cy-Ug alkyl, C4-Cy
haloallovl or aryl, wherein the aryl group can be substituted with 1 to 3 R™ groups which can
each independently be C-Cq alkyl, halogen, or NG.. In some embodiments, group LG of
Formula If can be chioro, -OH, or ~O8O,RY,) wherein RY can be methyl, irifluoromethyl or
phenyl, wherein the phenyl can be substituted with 1 R™ group that can be methyl, fluoro,
chiors, bromo or NOy,. In some embodiments, group LG of Formmala 1 can be chlore, bromo,
hydroxy, methancsulfonate, tniffuoromethanesulfonate, tohuenesulfonate,
4-nitrobenzenesnifonate, and 4-chlorobenzenesulfonate. In some embodiments, group LG of
Formula IF can be halogen, ~0OH, or -O-tosyl. In some embodiments, group LG of Formula 1T
can be halogen. In some embodiments, group LG of Formula I can be chloro or bromo. In
some embodiments, group LG of Formula B can be chloro. In some embodiments, group LG
of Formula I can be chlore, -OH, or -O-tosyl. In some embediments, group LG of Formula

i can be chlore or -OH.

{8I05]  In some embodiments, the compound of Formula I can be a compound of Formula

Ha:

R ,iE Zh

o7 N LG (Tia)
In some embodiments, the compound of Formula I or Formula Ha can have the structure:
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In some embodiments, the compound of Formula 1 or Formula Ha can have the structure:
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in some embodiments, the compound of Formula H or Formula a can have the structure:

NH,

A .
-
ANy

N
A T /Ji\ PN
i e e
Groups R and LG of Formula 1z are as described above for Formula 1L
3

{0306] 1o some exmnbodiments, the compound of Formulda 111 can be a compound of Formula

N

HNT T CO,RY
S
U g
XN

~ {lla)
In some embodiments, the compound of Formulda Hi can be a compound of Formula Hib:

Z. Lt
a2y COLR

X\E‘}j ,N ReR7
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Groups £-Y, R® R’ R“, and X of Formula [11a and Formuls HIb are as described above for

Formuls {IL
{8167]  In some embodiments, the compound of Formula 1], Formula Hia or Formula Hib

can have the struciure:

s - . s 4 Py
HNT TCOLRY HNT ToO,RY HNT CO,RY
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in some embodiments, the compound of Formula I, Formula Hla or Formuda b can have

the struciure:

HNT GO, EL
Ty
A
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In some embodiments, the compound of Formula I, Formula Hia or Formulda 1Ifb can have

the structure:
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NTCOE HT/\COzEt HNT O£
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in some smbodiments, the compound of Formula {1, Formula Wa or Formula b can have

the siructure;
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iy some embodiments, the compound of Formula I, Formula Hia or Formula b can have

the struciure:

HN’ TR
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19108] The compound of Formmla 1T, Formula [ia or Formuda TTTh can be in any suitable
form. For example, the compound of Formula 111, Formula s or Formula b canbeing
newtral form or a salt form. Suitable salt forms of the compound of Formula I, Formula [Ha
or Formula Hib include, but are not Hmited fo, inorganic acid addition salts such as chloride,
bromide, sulfate, phosphate, and nitrate; organic acid addition salts such as acetate, oxalate,
galactarate, propionate, succinate, lactate, glyeolate, malate, tarirate, ciirate, maleate,
fumarate, methancsulfonate, p-toluenesulfonate, and ascorbate: salts with actdic amino acid
such as aspartate and glutamate. In some embodiments, the compound of Formula 11,
Forroula IHa or Formula Hib can be a salt. In some embodiments, the compound of Formula
{11, liia or Hib can be the bis-oxalate salt. In some embodiments, the compound of Formula

i1, s or b can be the bis-oxalate salt;

/\"O»}Et 9

m

S

il
02w \”,DH

/’“\‘ O

In some emboediments, the compeound of Formula [T}, Formmula [Ha or Formula [11h can be the

bis-oxalate salt:

NTCOLE £
SN, 82 HOT -OF
| j/ (W S



WO 2016/044183 PCT/US2015/050039

{B16%]  In some embodiments, the compound of Formula IV can be a compound of Formula
Wa

N {IVa}

in some erwbodiments, the compound of Formula TV can be a compound of Formula IVb:

T {IVh)
Groups £-Y, YR R RY, and X' of Formula 1Va and Formula IVD are as deseribed above
for Formula IV,
{0118] o some embodiments, the compound of Formula IV, Formula IVa or Formula IV
can have the structure:
NH;

A N
gy 02
i

o~ -

i /f‘\ // ~ érf N r/’\'\ ey
i i N N - o S
0 COEL N

/

\\[ /ﬁ\\\}} ' N 4
N

N

In some embodiruents, the compound of Formula IV, Formula 1Va or Formula IV can have

the structure:

NH, NH,

NE’ \;’NOE ﬁ"'\\:w M
. ) /j\\ 2y ety PN e~ \ //’/I\ PN
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N HN /'L B

TG N N GBS
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In some embodiments, the compound of Formula IV, Formula IVa or Formula IVh can have

the structure:

L
e NGO
X \Tf 2
N AN /J\E\ ’;’L\ AN
S s SN Ef COLEL
. Pt /.f'”\~ AN
s \j NTO

In some embodiments, the coropound of Formula IV, Formula TVa or Formula IVh can have

the structurs;

AT N N D, B

lA\j B

M N
{0111} In some erobodiments, the present invention provides a method of making a
compound of Formula la, including the step of forming a first reaction mixture of a
compound of Formula a, a non-nucleophilic base, a first solvent, and s compound of
Forrmula HHa, under conditions suitable to form a compound of Formula Va. The method
also includes the step of forming 4 second resction mixture of the compound of Formula TVa,
a second solvent and a reducing agent under conditions suitable to prepare the compound of
Formula fa. Group R! of Formulas ia, Ha and IVa, and R'' of Formulas 1a and IVa can
each independently be C-Cq alkyl, and LG of Formula Ta can be selected from halogen, -
{(OH, and ----OS();R”’, wherein R' is selecied from the group consisting of C-Cg alkyl, C-Cy
haloalkyl and aryl, wherein the aryl group is substitated with 1 to 3 R groups each

independently selected from the group cousisting of C,-C¢ alkyl, halogen, and NO,.

{0812] In some embodiments, the present invention provides a method of making a
compound of Formula Ia, including the step of forming a first reaction mixture of a

compound of Formula Ha, a non-nucieophilic base, a first solvent, and a compound of
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Forrpula s, under conditions suitable to form a compound of Formula [Va. The method
also inchudes the step of forming a second reaction mixture of the compound of Formula [Va,
a second solvent and a reducing agent under conditions suitable to prepare the compound of
Formula Ja. Groop R’ of Fornmlas Ia, Ia and IVa, and R*' of Fornmulas [z and IVa can
each mdependently be C)-Cy alkyl, and LG of Poremila Tla can be selecied from halogen, ~

OH, and -0-tosyl. In some embodiments, groups R’ and LG can be as described above.

(8813} In some embodiments, the present invention provides a method of making a

compound of Formula [b:

4 S

K, NRR
| A
E’\

& {Tb}

including the step of forming a first reaction mixture of a compound of Formula Tla:

LG (Iia}
a non-nucleophilic base, a first solvent, and a compound of Formula Hib:

2. O0,RT

HN Ty
W, NROR
I
g (i)

under conditions suitable to form a compound of Formula [Vh:

] o B

Nz

1 Eod
R\a/l\a\{f \W,Z\Y,CDQR 1

L. NRERY
T {TYh}

The method also includes the siep of forming a second reaction mixture of the compound of
Formula Vb, a second solvent and a reducing agent under conditions suiiable {0 prepare the
compound of Formnla Ib. In some embodiments, groups 2-Y can be -CR'R- or ~CR*R’-
CRRY., group R’ can be alkyl, group X' can be alkylene, groups R” and R’ can be taken

together with the nitrogen to which they are attached form an unsubstituted 4-6 membered
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heterocycle comprising 0 to 2 additional N heteroatorns, group R'' can be alkyl, and group
£.45 ean be halogen, -OH, or ~OSG:R £ , wherein R can be €} atkyl, Ci~C; haloalkyl or
aryl, wherein the aryl group can be substituted with 1 to 3 R groups which ean each
independently be Ci-Cq alkyl, halogen, or NO,. In some embodiments, group R' can be
Ci-Ce alkyl, groups Z-Y can be ~CH;-, ~CH{CH;3- or ~CHCHy-, group X' can be

{+Ce atkylene, groups 2% and R can be taken to gether with the nitrogen to which they are
attached to form a heterocycle that can be pyrrolidine or piperiding, group R’ can be C;-Cs
atkyl, and group LG can be selected from chloro, ~-OH, and -O-tosyl. In some embodiments,
groups £-Y, ’Rl, Ri R’ RS RZ R”, R”_, %! and LG can be as described above,

{0114] Any suitable non-nucleophilic base can be used in the method of the present
invention. In some embodiments, the non-nucleophilic base can be selected from
iriethylamune, ditsopropylethyl amine, N N-dicthylaniline, pyridine, 2,0-lulidine, 2,4.6-
collidineg, 4-dimethylaminopyridine, and quinucHdine. In some embodiments, the non-
nucleophilic base can be selected from iriethylamine, diisopropylethyl amine, pyridine, 2,6~
futidine, and 4-dimethyvlaminopyridine. In some embodiments, the non-nucleophilic base can
be triethyiamine. In some embodiments, the non-nucleophilic base can be selected from
pyriding, 2 6-lutidine, and 2,4.6-collidine. In some embodiments, the non-nuclecphilic base

can be 2,4,6-collidine.

i0118]  The first solvent can be any suitable solvent, such as ethyl acctate, isopropy] acetate,
tetrahydrofuran, acetonttrile, dimethyHormamide, dimethylacetamide, dimethvisulfoxide, or
combinations thereot. In some embodiments, the first solvent can be ethyl acetate, isopropyl
acetate, tetrshvdrofuran, acetontirile, or combinations thereof In some embodiments, the
first salvent can be ethyl gcetate, isopropyl acelate or tetrahydrofuran. In some embodiments,
the first solvent can be ethyl acetate. In some embodiments, the first solvent can be ethvl
acetate or isopropyl acetale. In some embodiments, the first solvent can be tsopropyl acetate.
in some embodiments, the first solvent can be teirshydrofuran, acetontirile,
dimnethylformamide, dimethylacetarnide or dimethylsulfoxide. In some embodiments, the

first solvent can be acetoniirile,

181161 The compound of Formula EHE, 1ila or {IIb can be any snitable form. In some
erbodiments, the compound of Formmula HE s or 1ib can be the bis-oxalate salt of
Forpnala 1, [Ha or b, In some embodiments, the compound of Formula Hia can be the

his-oxalate sali of Formula Hia.
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{0117] The Nearyiation step of forming the compound of Formula IV, 'Wa or IVb can be
performed under any suitable reaction conditions. For example, the first reaction mixture can
be at any suitable temperature, such as, but not limited to, below room temperature, at room
temperature, or above room temperature. In some embodiments, the temperature of the first
reaction mixiure can be from about ~20 °C to abow 100 °C, or from about § °C to about 30
°C, or from about 10 °C o about 40 °C, or from abowt 10 °C to gbout 30 °C. In some
erabodiments, the temperature of the first reaction mixture can be at about 20 °C. In some
cmbodiments, the tempergture of the first reaction mixture can be from about 0 °C to about
100 °C, or from about 23 °C to about 100 °C, or from about 50 °C o about 75 °C. In some

embodiments, the teroperature of the first reaction mixture can be at about 60 °C.

{6118]  The N-arylation step of forming the compound of Formula IV, IVa or IVh can be
performed for sany suitable reaction time. For example, the time reaction can be for minutes,
hours or days. In some embodiments, the reaction time can be several hours, such as
overnight. The first reaction mixture can also be at any suitable pressure. For example, the
first reaction mixture can be below atmospheric pressure, at about atroospheric pressure, or
above atmospheric pressure. In some embodiments, the first reaction mixture can he at about

atmnospheric pressure.

{0119] The Nearvlation step can prepare the compound of Formula IV, TWa or IV in any
suitable vield. For exarople, the yvicld of the compound of Formula IV, IVa or IVb can be at
ieast about 10% from the compound of Formula I or [ia, or at least about 15%, 20, 25, 38,
35, 44, 45, 50, 55, 60, 65, 70, or at least about 75% from the compound of Formula i or [la.
In some embodiments, the vield of Formula IV, IVa or IV can be at least 25% from the
compound of Formmla [ or Ha. In some embodimenis, the vield of Formula IV, [Va or IVh
can be at least 35% from the compound of Formula I or HHa. In some embodiments, the yield
of Fornmla IV, IVa or IVb can be at Teast 50% from the coropound of Formula H or Ha. In
some embodiments, the vield of Formula IV, IVa or IVH can be at least 75% from the

compound of Formula 1F or Ha,

[8128] The compound of Formula IV, IVa or IVb prepared in the N-arylation step can be in
any suitable form. For example, the compound of Formuda IV, 1Va or IVh can be in a neutral
formn or 4 salf form. Any salt form of the compound of Formula IV, IVa or IVb can be
prepared in the Nearylation step, Suitable salt forms of the compound of Formula IV, [Vaor

IV include, but are not limited to, inorganic acid addition salts such as chloride, bromide,
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subfate, phosphate, and nitrate; organic acid addition salts such as acetate, galactarate,
propionate, succinate, lactate, glveolate, malate, tarirate, ciirate, maleate, fumarate,
methanesulfonate, p-toluenesuifonate, and ascorbate; salis with acidic amino acid such as
aspartate and glotaroate. The salts can be m some cases hydrates or ethanol solvates. In
some embodiments, the compound of Formuda IV, 1Va or IV can be a salf. In some

embodiments, the compound of Formula IV, Wa or I¥b can be the hydrochloric salt.

{61211 When the compound of Formula IV, IVa or IVbh is a salt, the method of the present
invention can include an optional step of forming the salt form of the compound of Formula
IV. For example, the compound of Formmla IV, IVa or IVDb can be combined in & reaction
mixture with an acid, thereby preparing the salt form of the compound of Formula IV, Wa or
Vb, In some embodiments, the method can include forming a reaction mixture of the
compound of Formula IV, IVa or IV and hydrochloric acid o form 8 monshydrogenchloride
form of the compound of Fornuda IV, I'Va or [V, In some embodiments, the method can
include forming a regction mixture of the compound of Formula IV, IVa or IV and
hyvdrochloric acid to form the monohydrogenchloride sall of the compound of Formula 1V,
fWaor IVh., Any suiiable solvent can be used in the preparation of the salt form of the
compound of Formula IV, IVa or IVb, For example, the solvent can be the same solvent as
the first sotvent used to prepare the compound of Formula IV, IWa or IVh, Insome
embodiments, the solvent can be ethyl acetate, isopropyl acetate or tetrahydrofuran, or
combinations thereof. In some embodiments, the solvent can be ethyl acetate, In some
embodiments, the solvent can be ethyl acetate or isopropyl acetale. In some embodiments,

the solvent can be teopropyl acetate.

{0122} The second step for preparing the compound of Formula 1, la or Ib includes a
reductive ring closure. The reducing agent of the second step can include any suitable
reducing agent capable of reducing the nitro compound and allowing the ring closure to form
the compound of Formula L Ia or Ib. Representative reducing agents include, but are not
limited to, zing, iron, Raney nickel, sodium sulfide, sodium dithionile, ammonium sulfide,
paliadiven on carbon, Hthium aluminum hydnide, and sodivm borohydride. In some
embodiments, the reducing agent can be zine or Raney nickel. In some embodiments, the

reducing agent can be zine. 1o some embodiments, the reducing agent can be Raney nickel.

{4123]  The second reaction mixiure can nclude any suitable solvent. For example, the

second solvent can be acetic acid, water, methanol, ethanol, isopropanol, tetrahydrofuran, or
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combinations thereof. In some embeodiments, the second solvent can include acetic acid, In

some embodiments, the second solvent can include acetic acid and water.

{8124] The reducing step of formng the compound of Formula |, fa or Ib can be performed
under any suitable reaction conditions. For example, the second reaction mixture can be at
any suitable ternperaturs, such as, but not Hmited lo, below room temperature, at room
temperature, or above room temperature. In some embodiments, the temperature of the
second reaction mixtore can be from about <29 °C to abowt 100 °C, or from abowt 8 °C to
about 50 °C, or from about 10 *C {0 about 30 °C. In some embodiments, the temperature of
the second reaction mixture can be of from about 10 °C 1o about 30 °C. In some

embodiments, the temperature of the second reaction mixture can be at about 20 °C.

{81238] The reducing step of forming the compound of Formuda {, {a or Ib can he performed
for any suitable regoetion time. For example, the reaction time can be for minutes, hours or
days. In some embodiments, the reaction time can be several hours, such as overmaght, The
second reaction mixture can also be at any suitable pressure. For example, the second
reaction mixture can be below atmospheric pressure, at about atmospheric pressure, or above
atmospheric pressure. In some embodinments, the second reaction mixture can be at abowt

atimospheric pressure.

{0126] The reducing step can prepare the compound of Formula §, 1z or b in any suttable
vicld. For example, the yvield of the compound of Formuda 1§, a or Ib can be at Ieast about
10% from the compound of Formula TV, [Va or IV, or at least about 15%, 20, 25, 30, 35, 40,
48, 50, 55, 60, 63, 70, or at least about 75% from the compound of Formula IV, Wa or [Vh,
In some embodiments, the vield of Formula 1, Iz or Tb can be gt least 25% from the
compound of Formula IV, IVa or IV, In some embodiments, the vield of Formula L, faor Ib
can be at least 30% from the compound of Formula IV, IVa or IVb. In some embodiments,
the vield of Formula §, Ia or Ib can be at least 653% from the compound of Formuda IV, Wa or

Vb,

[6327]  in some embodiments, the method of preparing the compound of Formula Iz having

the structure:
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includes the step of forming the fivst reaction mixture of the compound of Forrmula [is baving

the structure:

triethylamine, ethyl acetate, and the bisoxalate salt of the compound of Formula Hia having

the structure:

HRCOE &
. M on
N N T 2 HO j]/
D 5
\0”

ander conditions suitable to form the compound of Formula IVa having the struciure:

- 07 ONT N7 CO,E
RN NN P
T
| DR,

The method also inchudes the step of fornung a reaction mixiure of the compound of
Formula IVa and hydrochloric acid to form a monechydrochloride form of the compound of
Formula IVa. The method also includes the step of forming the second reaction mmuxture of
the monohydrochloride salt of the compound of Formula [Vg, zing, and acetic acid, under
conditions suitable to prepare the compouond of Formula fa.

i
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I o osome embodiergs, the msthed of prepaving the compound of Fomady fnhaving
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the strocture:
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inchudes the step of forming the first reaction mixture of the compound of Formula Ha having
the atructure;
NH,
- NO2

LA
PN ,/J\ s
NN ’

triethylamine, isopropyl acetate, and the bisoxalate salt of the compound of Formula [Ha

having the structure:

HN T C0,E i o
L\\? i// R N N/ .\'\j L 2 HQ"‘ \H/’
.\ \\.--...!’ Q

-
\\;f/

under conditions suitable to form the compound of Formula IVa having the structure:

The method also jucludes the step of forming a reaction mixture of the compound of
Formula IVa and hydroehloric acid to form a monchydrochionde form of the compound of
Formula [Va. The method alse includes the step of forming the second reaction mixture of
the monohydrochloride salf of the compound of Formula IVa, zine, and acetic acid, under
conditions suitable to prepare the compound of Formuda fa.

(6129} Tu some embodiments, the method of preparing the compound of Formula fa having

the struciure;

inclndes the step of forming the first reaction mixture of the compound of Formula la having

the siruciure:

P
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2.,4,6-collidine, acetonitrile, and tosyl-Cl, under conditions suitable to form the compound of
Formula Ha having the structure:
N,
N ,\\W NG,

N AN "OL' .
ST NG N O

b
and adding to the reaction mixture the bisoxalate salt of the compound of Formula {lla having

the structure:

HNT OO 8 ({:J} ‘
. —~ ~. e O PNy JOH
TN e \N/ \7 F4 HQ \H/
LS s
N

ander conditions suitable to form the compound of Formula IVa having the structure:

NIEH

A no,

NS

-~ - A -
P NP RS e

NN 0.8

N //;\\ P N/’\\l

iy I3

\U . A—
~

where the compound of Fornoula IVa 1s formed. The method also includes the step of
forming the second reaction mixture of the compound of Formula 1Va, Raney nickel,
hiydrogen and methanol, under conditions suitable to prepare the compound of Formula fa
{313¢] Insome embodiments, the method of preparing the compound of Fonmula Ta having

the structure!

S f”:’\\
i i)
\Jf//} NS N \\_‘,v‘/

includes forming the first reaction mixture having the compound of Formulda Ta having the

structure:

s
a3
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trigthylarnine, tetrahydrofuran, and the compound of Formula Hia having the structure:

HN CO,E

H N

\\.\:J_f -\5\\: r___'_.\
i i Py

,;f’;"\v, Y 4\\4/

under conditions suitable o form the compouond of Formula [Va having the structure:

The method also includes the step of forming the second reaction mixture having the
compound of Formula IVa, Raney nickel, hvdrogen and ethanol, under conditions suitable to

prepare the compound of Formula la.
V. METHOD OF MAKING COMPOUNDS OF FORMULA 1

[8133] The present invention also provides a method of preparing a compound of Formula
1 by a variety of methods. For example, the compound of Formulda 1T can be prepared by

alkylation of 3 primary amine, reductive amination, and other methods.
A, Afkylation of Formula ¥V

{8132] In some embodiments, the present invention provides a method of preparing a
0 e . . o . - . . ~ 14
compound of Formula [, including forming a first reaction mixture of Br-Z-Y-CHR ™, a
not-nucieophilic base, and a compound of Formula V:
Nty
X
) |
— (V3

ander conditions suitable to form a coropound of Formula Hi, wherein the compound of

(R,

Fornwla HI is present at the kilogram scale, therehy preparing the compound of Formula L
{rroups Z2-Y, R’ , R 1, X D and subscript n of Fornulas 11 and V and of Be-Z-Y-CORY are
as described above.

{81331 In some embodiments, the comapound of Formula 11 can be a compound of Formula
Hla or a compound of Formula b, In some embodiments, the compound of Formula I

Formula [Tla or Formuda [Hb can have the siructure;
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HNT CO,EL
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{8134] In some embodiments, the compound of Formuls V can be Formula Va:

NH:

l\\\(l.f’\\\\\
§ Fian
Lot )

T (V)
in some embodiments, the compound of Formula V can be Formula Vi
Nk,
Rl {(Vb)
Groups RS, R and X' of Formula Vb are as described above.

{0135]  In some embodiments, the compound of Formulas V, Va or Vb can have the

structure;
NH, Nt Hy
/»..\“ l\\\.///\\\\\\. \H/’\\\\ T/"\N/A\] N \\l f
! J i i 4 |
H A e L—
\,\,,-N~\'//A\\9{} . e or L// s N
In some embodiments, the compound of Formulas V, Va or Vb can have the struciure;
N,
l‘\ f’:‘\Tf’\ N/”\\
L!\\;f//; —

I some embodiments, the compound of Formulas V, Va or Vb ¢an have the structure:
NH«*’:

\.(,\
1 j
! .\
L,f\,w

f6836]  In some embodiments, the reagent Br-Z-Y-CORY can be Br-CHy-COLR'. In
some embodiments, the reagent Br-Z-Y-C0:R M can be Br-CH,-COuEL,

19137)  In some embodiments, the presont invention provides a method of preparing a
compound of Formula [Ha, including the step of forming a first regetion mixture of

; ~y i g . .
Be-CH,-COuR ', a non-nucleophibic base, and a compound of Formula Va, under conditions

suitable to form the compound of Formula Hia, wherein the compound of Fornmwla [lla is
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present at the kilogram scale. Group R of Formula Iz and Br~{3}-i,2uC(}2R” gan be T1-Cy
alkyl.

{0138] In some embodiments, the present invention provides a method of preparing a
compound of Formula itb, including the step of forming the first reaction mixture of
Br-Z-Y-CORY 4 nov-uucieophilic base, and a compound of Formula Vb, under conditions
suitable to form the compound of Formula Hib, wherein Z2-Y can be ~-CR*R or -CRR-
CR'RY, X! can be alkylene, each recitation of R* and R® can cach independently be H or Cy-
e alkyl, or can be taken together with the carbon to which they are attached o form a
carbocycle, R® and R, taken together with the nitrogen to which they are both attached, can
form a substituted or unsubstitited heterocyele, which can contain one or more additional
hetercatoms selected om N, O, P, or §, and R can be atkyl. In some embodiments, groups
Z2-Y can be —~CHy-, -CH{CHa}- or ~CHCH3p-, ¥ can be O-Ce alkvlene, groups R® and R‘7,
taken together with the nitrogen to which they are both attached, can form a heterocyele that
can be pyrroliding or piperidine, and R'' can be €,-C; alkyl. In some embodiments, groups

Zov, /YR ORS R RY and X can be as described above,

(61391 Any suitable non-mucleophilic base can be used in the method of the present
wvention for preparing the compound of Formula 1 Hia or b, In some embodiments, the
non-nucleophilic base can be selected from trigthylamine, dilsopropylethyvl amine, NN-
diethylamline, pyridine, 2,6-lptidineg, 2,4 6-colhidine, 4-dimethylaminopyridine, and

quinuclidine. In some embodiments, the non-nucleophilic base can be irjethylamine.

{#140] In some embodiments, the method of making the compound of Formmia s
includes forming the first reaction mixture of Br-UHe-COyEL, NEY, and the compound of

Formula Va having the structure;

HH;

N
\Y //"\\\\\r“"f\\ N A,/\,\

L
under conditions suitable {o form the compound of Formula {Ha having the structure:
HN COE
:‘\\r /_./‘\\.Qv P N /"\\"
. L

i
N
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B, Reductive Amination from Formula V

{6141} The compound of Formula 1l can also be prepared under reductive amination
conditions. In some embodiments, the present invention provides a method of preparing the
compound of Formula I includes forming a first reaction mixture of R'*-CO-COR'Y, a
reducing agent, and a compound of Formula V, under conditions suitable to form the
compound of Formula I wherein groups Z-Y are ~CHR -, and RY canbe H or C-C,
alleyl, Groups R, RY, X', I and sabscript o of Formulas ITL V and RINCO-CORY are as

described above,

{0142} Insome embodiments, the present invention provides a method of preparing a
compound of Formula 111 including forming a first reaction mixture of OHC-CO-R'Y. a
reducing agent, and a compound of Formauls V, under conditions suitable to form the
compound of Formula I wherein groups Z-Y are ~CHa-. Groups B2, RY, X', D and

subscript n of Formulas B, V and OHO-CORY are as described above,

{0143] In some embodiments, the compound of Formuda 1 can be a compound of Formula
{#a or a compound of Formula Hib as described above. In some embodiments, the

compound of Formula 11, Formula Ha or Formula b can have the structure:

Hr?"“*coﬁﬁt

\[ﬁ\\\\/ N

It some embodiments, the compound of Formuls T and Formula Hb can have the siracture:

SN

HNT TCO,R"
K2y, NROR

[3144] In some embodiments, the compound of Fornla V can be a compound of Formulda
Va or a compound Formula Vb as described above. In some embodiments, the compound of

Formulas V, Va or Vb can have the sirgothure:

NHz NH, NH,

s S R ~ R N/\\) t\\:/ﬂ\\\\. ""ﬂf\\
o T T / LD
e N . P ;;:’/ e {;;,. N or \\\,;; ~ N \\'_,,,,

s 1

In some embodiments, the compound of Formulas V, Va or Vb can have the structure;
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M,
TI}{ N
=\\;f/0 .

in some embodiments, the compound of Formulas V, Va or Vb can have the structure:

.
\ - ’,\\ -~ )
1/ AT e

\\}'}’/ ~” N\/

1814587 In some embodiments, the reagent OHC-CO.RY canbe QHC-COLEL

i8id46]  In some embodiments, the present invention provides a method of preparing a
compound of Formala THa, including the step of forming a first reaction mixture of
OHO-CO,R ', a reducing agent, and a compound of Formula Va, under conditions suitable to
form the compound of Forrula [Ha, wherein group R' is C-Cy alkyl. In some

embodiments, group R can be as defined above.

101471 In some embodiments, the present invention provides a method of preparing a

compound of Formula 11Hb having the structure:

HNT CO,R

O 5

x\,‘,/’ X NQOF’E?
. —
N

-t

)
including the step of forming the first reaction mixture of OHC-CO.R', a reducing agent,
and a compound of Formula Vb, under conditions suitable 1o form a compound of

Formmula b, wherein X' can be alkyviene, R® and R, taken together with the nitrogen to
which they are both attached, can form a substituted or unsubstituted heterocycle, which can
contain one or more additional heteroatoms selecied from M, O, P, or 8, and RY can be atkyl.
In some embodiments, X' can be C-Cs alkylene, groups R® and R can be taken together
with the nitrogen to which they are attached o form a heterocyele that can be pyrrolidive or
pipenidine, and R can be C;-Cg alkyl. In some embodiments, groups R, R, R'and X' can
be as described above.

j0148] The reducing agent of the reductive amination methods can inchude any suitable
reducing agents such as sodium triacetoxyborohydride (Na{QAcHBH), sodium borohydnde
{NaBH.}, sodium cyanchorohydride {NaBHRCN), hithium borchydride, potassium
borchydride, sodium bis(2-methoxvethoxyialuminum hydride, Hthium tricers-

butoxvaluminum hydride, sodiom tri-methoxyborchydride, sodiom tri-(2-
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ethythexanoyloxyiborohydride, zinc/hydrochloric acid, BHa-pyridine, or palladium on carbon
with a hydrogen atmosphere. In some embodiments, the reducing agent can be Na{QAehBH,
NaBHON, NaBH,, Zn/HCL or BHs-pynidine.  In some embodiments, the reducing agent can

be Na{OAcHBH.

{0149]  In some embodiments, the method of preparing the compound of Formula Hia
includes forming the first reaction mixture comprising OHC-CO,EL, Na{OAc;BH, and the

compound of Formula Va having the structure:

O
-

under condiiions suttable to form the compound of Formula Ha having the structure:

- N N
S g
~
> E\} ™
P “. _______ .'"
N

HNT 00t
o P

RN
T "
N

£. Reduetive Amination from Formula VI

1931567 The compound of Formula 1 can be prepared under other reductive amination
conditions. In some embodiments, the present invention provides a method of preparing a
compound of Formula i, including the step of forming a reaction mixture of

HoN-Z-Y-COR Y, a veducing agent, and a compound of Formula VI

OHC. LIRHY
Ny E}\}/ SR
ot (VD)

wnder conditions suitable to form a compound of Formula I wherein X' is ~CHo-. Groups
Y, Rg, R . I* and subscript nn of Formulas I, Vi and HoN-Z-Y-C0RY gre as described
above,
{91511 The reductive amination from Formula VI can also proceed vig an intermediate
compound. In some embodiments, the present invention provides a method of preparing a
compound of Formula U, including the step of forming a first reaction mixture of
HyN-Z-Y-CO.R M a non-nucleophilic base, and a compound of Formula VE

OHOL — R,

{ D
Nt (V1)
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uider conditions suitable to form an intermediate compound. The method also includes the
step of forming a second reaction mixture of the intermediate compound and a reducing
agent, under conditions suitable to form a compound of Formula 1T wherein X' is ~CHye.
Groups Z-¥, BY, RY, D and subseript n of Formulas TIL VI and HyN-Z-Y-COR Y are as
described sbove,

131821 In some embodiments, the compound of Formula TH and Formula Hib can have the

struciure:

11
ng- oy -COR

z
\.\:/l//-.\\}\\: /N R ] R !

!
\;9/

{88531 In some embodiments, the compound of Formuala VI can be a compound of Formula

Via:

OHG.
\U \1 N
N o~ ,\. v (Vyia}
In some embodiments, the compound of Formula Vi can be a compound of Formula Vib:

OH Q\\/z\\\\\\; /.N ReR7

UL

L\ /,{’;j

(VIb)
Groups R® and R7 of Formula VIb are as described above.
18154}  In some embodiments, the compound of Formula V1 can be a compound of Formula

Vic:

G
RM’J:\/”‘ ,/(R3)Ei
()
{Vic}

wherein R can be H or U;-Ce alkyl. In some embodiments, the present invention provides a

method of preparing s compound of Formula {1, including the step of forming a reaction
mixture of HyN-Z-Y-CO,R*Y, a reducing agent, and a compound of Formula Vie, under
conditions suitable to form a compound of Formula 11 wherein X is ~CH{B’;M}~ Groups
7Y, B RY, Dand subscript i of Formulas 1L Vie and HN-2-Y-U0.R'Y are as described

above,

{61551 In some embodiments, the compound of Formulas VI and Via can have the

struciure:
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_____ DHG\'I/T\\\\J OHO g™, OHC —
- i i 3 i ‘ i
N N . \\:‘;/ N ’K&/—:} E ‘ o1 L!\\;’://d ]\\V./' N “‘\~“)

fn some embodiments, the compound of Formulas Vi and Via can have the structure:
OHQ\ T

S, PN ~\

) b

T T f\g ki
H ! 7
i - | S—

. -
™~ \/}/

In some embodiments, the compound of Formulas V1 and Via can have the structure:

OHC. TR, —y

i ! )
H ~ {//_,’»'\,\M’ " N e

[B156] In some embodiments, the reagent HEN-ZQXCCQQR“ can be HoN-CH,-COuRY. I
sorne embodiments, the reagent HyN-Z- % -C0R Y can be HaN-CHp-COLEL

103871  In some embodiments, the present invention provides a method of preparing &
compound of Formula Ha, including the step of forming a reaction mixiure of
HaN-CH,-C O, R/ E, a reducing agent, and a compound of Formula Via, under conditions
suitable to form the compound of Formula Hla, wherein B is C-Cg alkyl. In some

embodiments, the reaction mixiure also includes an acid.

{B188] Io some embodiments, the present invention provides 8 method of preparing a

compotnd of Formula IHb having the structure:

1
g Loy SR

L R, NRORY

1 s

.
I

including the step of forming 2 reaction mixture of HoN-Z-Y-CO.R ', 2 reducing agent, and a
compound of Formaula Vib, under conditions suitable to form the compound of Formula b,
In some embodiments, the reaction mixture also inchides an acid.

{B159] In some embodiments, the present invention provides 8 method of preparing a
compound of Formula IHa, including the step of forming a first reaction mixture of
HpMN-CH-COR Y, 2 non-nucleophilic base, and a compound of Formula Via, uader
conditions suitable to form an futermediate compound. The method also includes the step of
forming a second reaction mixture of the intermediate compound and a reducing agent, under

conditions suitable to form the compound of Formula [Ha, wherein R s 04O alkyl,
¥ )

[#168]  In some embodiments, the present jnvention provides a method of preparing a

compound of Formula IHb having the structure:
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7z i1
HNT Y COR
. BT
\, Sy !NR R
.y ,}/;J

inchuding the step of forming a first reaction mixture of FoN-Z-¥V-CO-RY | & non-nucleophilic
base, and a compound of Formula Vib, under conditions suitable to form an intermediate
compound. The method also mchudes the step of forming a second reaction mixture of the
intermediate compound and a reducing agent, under conditions suiiable to form the
eomponnd of Formula Tiib, wherein Z-Y can be -CR'R - or -CRIR-CRR-, each vecitation
of R* and R can each independently be H or €-C alkyl, or can be taken to gether with the
carbon to which they are attached to form a carboceyele, R” and R, taken together with the
nitrogen to which they are both attached, form a substituied or unsubsiituted heterocycle,
which may contain one or more additional heteroatoms selected from N, O, F, or 8, and R
can be alkyl. In some embodiments, groups £-Y can be ~CHy-, -CH{CH:)- or ~CH,CHy~,
groups R® and R7 can be taken together with the nitrogen to which they are attached to form a
heteroeyele that can be pyrrolidine or piperiding, and R can be C,-Cq alkyl. Insome
embodiments, groups 7-Y, Rf, RS, Rf’g B’ and RY can be as described above.

[0861]  Any sutiable non-nucleophilic base can be used in the method of preparing the
compound of Formula 11, Ia or U from the compound of Formula VI, Via or Vib, as

described ghove. In some embodiments, the non-nucleophitic base can be triethylamine.

[0162] Any suitable reducing agent can be used in the methed of preparing the compound
of Formula I}, 1a or HIb from the compound of Formuda VI, Via or Vib, as described

above. In some embodiments, the reducing agent can be Na{OAcKHBH.

13863} Any suitable combination of non-nucleophilic base and reducing agent, as described
sbove, can be used in the method of preparing the compound of Formula I, Ha or b from
the compound of Formula VI, Via or VIb. In some emboduments, the non-sucleophilic base
can be selected from tricthylamine, diisopropylethyl amine, N, N-diethylaniline, pyridine, 2,6-
hatidine, 2,4,6-collidine, 4-dimethyvlaminopyridine, and quinuchdine; and the reducing agent
can be selected from Na(OAcrBH, NaBHON, NaBH,, Zn/HCL, and BH:-pyridine. In some
embodiments, the non-nucleophilic base can be triethylamine; and the reducing agent can be

WNa{OAcHBH.

[864]  Any suitable acid can be used i the method of preparing the compound of Formula

Hii, Iila or {ib from the compound of Formula VI, Via or Vib. For example, the acid can be,
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but is not himited o, formic acid, acetic acid, and others. In some embodiments, the acid can

be gcetic acid,

[9168]  The method of preparing the compound of Formula [, Ha or Hib from the
compound of Formula VI, Via or Vib can also include additional reagents. For example, a
sulfate salt such as sodivm sulfate or magnesiom sulfate, can be added to the first reaction
mixture. In some embodiments, the first reaction mixture can also include a sulfate salt

selected from sodium sulfate and magnesium sulfate,

{0166]  In some embodiments, the method of preparing the compound of Formala s from
the compound of Formula Via wcludes the step of forming the first resction mixture of

HaN-CH-COL B, NEG, MgS0,y, and the compound of Formula Via having the structure:

QHCT \\j

\,//

-~ J

under conditions suitable to form the intermediate compound. The methed of preparing the
cornpoundd of Formula [a trow the compound of Formula Via can also inchade forming the
second reaction mixture of the intermediate compound, Na(QAckBH, and acetic acid, under
conditions suitable to form the compound of Forrnula Hiia having the structure:

OO,

L A SN
\( '\\J/‘ N ;‘
{01671  In some embodiments, the method of preparing the compound of Formula Hia trom
the coropound of Formula Via includes the step of forming the reaction mixture of
HolN-CH-COLEf, Na{OAcHBH, acetic acid and the compound of Formula Via having the

struciure:

CGHOC . PN e
O
l\\\f’{; M N \*/
under conditions suitable to form the compound of Formula Ila having the structure:

HN”’\CD@

S e \\ N

| J\ PN
S ,,N\/

~
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. Additional Reagents and Reaction Conditions for Methods of Preparing

the Compound of Formula 11T

{0168] The methods of making the compound of Formula 1, Hla or b can be performed
using any suitable solvent, such as isopropanol, ethanol, methanol, dichloromethane,
dichloroethane, disthyl ether, tetrahydrofiran, 2-methyhietrahydrofuran, methyl-fert-
butvlether, acetonitrile, tohiene, dimethyl acetamide, or corabinations thereof. In some
embodiments, the solvent can be tetrahydrofuran, dicthyl ether, Z-methylictrahydrofuran,
dichloromethane, or combinations thereof, In some embodiments, the solvent can be
tetrahydrofuran, In some embodiments, the solvent can be isopropanc, ethanol, methanol,
dichloromethane, tetrahyvdrofuran, 2-methyiteirshydrofuran, methyl-feri-butylether,
acetomirile, toluene, dimethyl acetamide, or combinations therenf. In some embodiments,

the solvent can be dichloromethane.

{0869]  The methods of making the compound of Formula I, 11a or [TTb can be performed
under any suitable reaction conditions. For example, the first reaction mixture can be at any
suitable temperatore, such gs, but not mited to, below room temperature, at room
temperature, or above room temperature. In some embodiments, the temperature of the first
reaction mixture can be from about -28 °C to sbout 100 °C, or from about § °C to about 50
°C, or from about 10 °C to abowt 30 °C. 1n some embodiments, the temperature of the first
reaction mixture can be at abowt 20 °C. In some embodiments, the temperature of the first
reaction mixture can be from about § °C to about 100 °C, or from about 25 °C to gbout 100
*C, or from about 50 7C to about 75 °C. In some embodiments, the temperatore of the first

regction mixdure can be at about 50 *C.

{01761 The methods of making the coropound of Formula [T, [Ha or b can be performed
for any suitable reaction time. For example, the reaction time can be for minutes, hours or
days. In some embodiments, the reaction time can be several hours, such as overnight. The
first reaction mixtore can also be at any suitable pressure. For example, the first reaction
mixture can be below atmospheric pressure, at about atmospheric pressure, or above
atmospheric pressure. In some embodiments, the first reaction mixture can be at about

atmospheric pressure,

{6171]  The methods of the present invention can prepare the compound of Formuia ] a
or Il in any suitable yield, For example, the yield of the compound of Formula 1, Hia or

HIb can be at least about 10% from the compound of Formula V, Va or Vb, or at least about
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18%, 26, 25, 30, 35, 40, 45, 50, 55, 60, 63, 79, or at least about 75% from the compound of

Formula V, Va or Vb. In some embodiments, the yield of Formula I, Hla or b can be at

feast 25% from the compound of Formula V, Va or Vb, In some embodiments, the vield of

Fornula 1, 1ila or Hib can be at least 530% from the compound of Formula V, Vaor Vb, In
some embodiments, the yield of Formulda TH, THa or Ulb can be at least 75% from the

compound of Formula V, Va or Vh.

18172] The methods of the present invention can prepare the compound of Formulda T, Hia
or [Hb in any suitable vield. For example, the vield of the compound of Forvmula [H, s or
{Tlb can be at least about 10% from the compound of Formula VI, Via or Vb, or ai least
abowt 15%, 20, 25, 30, 38, 40, 45, 50, 55, 60, 65, 70, or at least about 75% from the |
compound of Formula VI, Via or Vib, In some embodiments, the vield of Formulda HE, Hia
or Hb can be at least 25% from the compound of Formula VI, Via or Vib. n some
embodiments, the vield of Formula HE THa or b can be at least 50% from the compound of
Formula Vi, Via or Vib. In some embodiments, the yield of Formula {1, iz or [llb can be

at least 75% from the compound of Formula VI, Via or Vih

Vi  OXALATE SALY FORMS OF FORMULA I AND METHODS OF
PREPARING

{8173} The compound of Formula {1, liia or HIb can be in any snitable form. For
example, the compound of Formula 1, {ila or b can be in a nentral form or a salt form.
Suitable salt forms of the compound of Formula 11, [Hla or Ulb include, but are not hmited to,
inorganic acid addition salis such as chloride, bromide, sulfate, phosphate, and nitrate;
organic acid addition salts such as acetate, oxalate, galactarate, propionate, succinate, lactate,
glycolate, malate, tartrate, citrate, maleate, fumarate, methanesulfonate, p-toluenesulfonate,
and ascorbate; salts with acidic amine acid such as aspartate and glutamate. The salis can be

in some cases hydrates or sthanol solvates.

i8174] In some embodiments, the compound of Formula HI, Ila or ITb can be a salt. In

sorne embodiments, the compound of Formulda 11}, Ha or b can be the bis-oxalate salt:

P 8]
HNT OO
~— s 3 HO’J\ AOH
Y \\ i
| s O

LAy
Ly
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In some embodiments, the compound of Formula I, Formula 1a or Formula 1ib can be the

bis-oxalate salt:

HNT O CO,E o HNT 00,8t O
s ﬂ H g RN i'i\
V! ‘l’ w2 WO j{@ vlf\*v N\;\/ 2 HOT \E”OH
\ NP N O R N O o
H NO0,E ¥

IE N E RO /[L\H’

/\N/

In some embodiments, the compound of Formula I, Formula Hla or Formula b can be the

bis-oxalate salt

HE*[E TeOLE J?L Hrf"\mzﬁzt 0
e \\ﬂf \\\J & 2 HO \H/ oy \\hf’f\\ﬁ]f/‘\ Y <N ? &2 HO ,J"\\H,, O
N N \\\:‘/{; O or ‘\'\\;,}/) O

In some embodiments, the present invention provides a compound having the structure:

O

HNT O COE .

Lo y A OH

5 2 T

N o
AN

{BE75F  The salt forms of the compound of Formula I, 1Ha or [Iih can be prepared by any
suitable methods, In some embodiments, the present invention provides a method of

preparing a compound having the strocture:

HNT OOLEL o
1\:/«\\\\ 02 HO \U’OH
N an! 0

N _¢-3\.=\ /)

including forming a reaction mixture of oxalic acid and a compound having the structure:

HN’/\CG;ZEt

under conditions suitable to prepare the salt,
{81761  The salt forms of the compound of Formula T, THa or HIb can be prepared by any
suitable methods. In some embodiments, the present invention provides 2 method of

preparing a compound having the strachure:
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HN T CO,E 0
L Ao
\\/ /:. N \:' # 2 HG !/
! j \.......1" O

\.\/
wmehading forming a reaction mixture of oxalic acid and a compound having the structore:

HN CO,E
\ NN SN

N
under conditions suitable (o prepare the salt.
19377} The bis-oxalate form of the compound of Formmla 1, Hia or b can be prepared m
any suitable solvent such as methanol, ethanol, isopropancl, ethyl acetate, tetrahydrofuran,

water, or combinations therenf. 1n some embodiments, the solvent can be ethanol and water,
YIL  METHOD OF PREPARING COMPOUNDS OF FORMULA O

{81781 The present invention also provides methods of making compounds of Formula 11,
4-amino-5-nitre-2,6-substituted pyrimidines. The methods include addition of an amine to
the pyrimidine, replacing g chlore group. The chloro-substituted pyrimidine can be prepared
from a 4,6-dihydroxypyrimidine by suhetiinting a nitro group at the S-position, followed by

conversion of the dihydroxy groups to chlore groups.

101781 In some embodiments, the present invention provides a method of preparing a
compound of Formula 1T

NH,
,l\ NO,

\\/

Jl,f,\

B N

including forming a first reaction mixture of aromonma, 3 first non-nucleophilic base, and a

compound of Formula {Ib:

NGy

/

-~
i ,I

/\

(11
under conditions suitable to form the compound of Formula 11 Groups R, L' and LG of
Formulas I and 1ib are as described above,
[¢188)  In some cmbodiments, the present invention provides a method of preparing a
compound of Formula Ha, incloding forming a first reaction mixture of ammonia, a first nop-

nucleophilic base, and a compound of Formula Hb having the structure:

L4y

P
L
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N LG

under conditions suitable to form the compound of Formula Ha, wherein B! can be C-C
atlovt, and LG is 2 leaving group can be halogen, -OH, or ~080.R", wherein R can be Cy-
C alleyl, €-Cy haloalky! or aryl, wherein the aryl group can be substituted with 1 to 3 RM
groups which can each independently be C-C,, alkyl, halogen, or N,

{3181} The first non-nucleophilic base suitable for the method of preparing the compound
of Formula I or Ha includes, bt is not Hmited to, tricthvlamine, diisopropylethy! amine,

N, N-diethylaniline, pyridine, 2, 6-lutiding, 2.4,6-collidine, 4-dimethylaminopyridine, and

quinuclidine. In some embodiments, the fust non-nucleophilic base can be triethylamine.

{41821 The method of preparing the compound of Formula I or Ha can include additional
steps to prepare the compound of Formula Iib. In some embodiments, the method of
preparing the compound of Formula i or Ha can include, prior to the step of forming the first
reaction mixture, the step of forming a reaction mixture of a nitration agent, and a compound

of Formula fe:

O
N

1 i 5
R\, N “:f\\

o NTTOH e
under conditions suitable to form the compound of Formula Hd:

OH

AN

ri A i
O7UNTTOH (i)
The method can also include forming a reaction mixture of a chlorination agent, a second
non-nucleophilic base and the compound of Formula Hd, under conditions suitable to form
the compound of Formula I having the structore:
Ci

N//\\\\\ e

NG,

R A

o7 TNT O
(61831  The nitration agont can include any agent suitable for nitrating the S-position of a
pyrimidine ring. Representative ntivation agents include, but are not Hmited {o, nitric acid. In

some embodiments, the nitration agent can be nifric acid.
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{0184} The chiorination agent can include sny agent suitable to replace the hydroxy groups
of Formula He with a chloro group. Representative chlorination agents include, but are not
fimited to, phosphorous oxyehloride, thionyl chloride, oxalyvl chloride and sulfiryt chlornide.

in some embodiments, the chloringtion agent can be phosphorous oxyehloride.

[#31858] The second non-nocleophilic base can be the same or different from the non-
nucteophilic base used 1o prepare the compound of Formula 1 or Ha. In some embodiments,

the second non-nucleophilic base can be N N-disthylaniline.

{8186] Any combination of the nitration agent, first non-nucleophilic base, chlorination
agent and second non-tucleophilic base can be used in the method of preparing the
compound of Formula I or Ha. In some embodiments, the chiorination agent can be selected
from phosphorous oxychloride, thiony! chioride, oxalyl chloride and sulfuryl chloride; and
the second non-nucleophilic base can be selected from tricthylamineg, diisopropylethyl amine,
N, M-dimethyvlaniling, N, N-diethyianiline, pyridine, 2,6-lutidine, 2,4,6-colliding, 4-
dimethylaminopyridine, and guinuchdine. In some embodiments, the first non-nncleophilic
base can be triethylamine; the nitration agent can be nitric acid; the chlorination agent can be

phosphorous oxychioride; and the second nov-rucleophilic base can be N, N-disthylaniline.

101871  In some embodiments, the method of preparing the compound of Formula a can
include forming the reaction mixture of nitric acid, acetic acid, and a compound of
Formula He:
O
A
R
ri AL 2
a7 N oM (Iic)
under conditions suitable to form the compound of Formula Tid:
O
N "/L\\\\ - NQQ

R 0)5\

NTon g

The method can also include forming the reaction mixture of phosphorous oxyehloride, NN~
dimethylaniiine, and the compound of Fornmula Hd, under conditions suitable to form the
compound of Formula b having the strocture:

Gl
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The method can also include forming the fivst reachion mixture comprising amimonia,
triethylamine, and the compound of Formula b, under conditions suitable to form the
compound of Formula Ia.

{8188} The method of making the compound of Formula 1T can be performed using any
suttable solvent, such as isopropanol, ethanol, methanol, dichloromethane, dichloroethane,
dicthvi cther, tetrahydrofuran, 2-methyhtetrahvdrofuran, methyl-fert-butylether, ethyl acetate,
wsopropyl acetate, acetonitrile, toluene, dimethyl acetamide, water, acetic acid, or
combinations thereof. In some embodiments, the solvent can be acetic acid. In some

ernbodiments, the solvent can be methanol and tetrabydrofuran,

{01891 The method of making the compound of Formuta I or Hla can be performed under
any suitable reaction conditions. For example, the first reaction mixture can be at any
suitable temperature, such as, but not Himited to, below room temperature, at roon
femperature, or above room temperature. In some embodiments, the teraperature of the first
reaciion mixiure can be from about -30 °C fo about 100 °C, or from about -50 °C to about 50
°C, or from about -50 °C 10 about § °C, or from about § °C o abowt 56 °C, or from about 10
“(" to about 30 °C. In some embodiments, the temperature of the first reaction mixture can be
at ghout ~20 °C. In some embodiments, the {emperature of the first reaction mixture can be at

about 20 °C.

(#1906]  The method of making the coropound of Formula U or Tla can be performed for any
suitable reaction tHme. For example, the reaction Hime can be for minutes, hours or days. In
some embodiments, the reaction time can be several hours, such as overnight. The first
regotion mixture can also be at any suitable pressure. For example, the first reaction nuxture
can be below atmospheric pressure, at about atmospheric pregsure, or above atmospheric
pressure. In some embodiments, the first reaction mixture can be at about almospheric

DPIESSUTL.
VHI COMPOUNDS OF FORMULA He

[8391] The present invention provides compounds of Formulda He:
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wherein R’ of Formula [le can be alkyl, substituted alkyl, haloalkyl, alkenyl, substituted
alkenyl, alkyayl, substituted alkynyl, hetercalkyl, substinted heteroalkyl, carbocoyelyl,
substituted carbocyclyl, carbocyclylalkyl, substituted carbocyclvlaliyi, heterocyelyl,
substitited heterocyelyl, heterocyelvialkyl, or substituted heteroovelyvlalioyl, aryvlalkyl,
substituted arvialkyl, hetercarvialkyl, substituted heteroarvialkyl, carhocyclviheteroalkyl,
suhstituted carbooycelylheteroalkoyl, heterocyelyl heteroalloyl, substituted
heterocyelviheteroalkyl, arvihetersalkyl, substituted arvibeteroalkyl, hetercarviheternathoyl, or
substitited heteroaryviheteroalkyl, LG of Formula He can be a leaving group which can be
halogen, ~OH, or ~OSO,R 7, wherein R'? can be €,-Cy alkyl, C-Cg haloalkyl or arvl, wherein
the aryl group can be substituted with 1 to 3 R groups which can each independently be -
s alkyl, halogen, or NGy, Group R of Formula Ie can be selected from halogen, OR
and -N{R"),, wherein each R™ can independently be H or €-Cs alkyl. Subscript x of
Formmia He can be 1 or 2. And when R'% is -NH;, and subscript x is 2, then LG is a halogen,
31921 Insome embodiments, the present tnvention provides a compound of Formula He,
wherein R' of Formula e can be C-Cg alkyl, LG is a leaving group selected from halogen, -
OH and ~Otosylate, B can be halogen, ~OH or -NH;, and subscript x can be 1 or 2, such

that when R' is ~NH, and suhscript x is 2, then LG can be a halogen.

0193]  In some embodiments, R' of Formula He can be alkyl In some embodiments, R of
Formula le can be Ci-Ce alkyl. In some embodiments, ®' of Formula Ie can be methyl,
cthyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl or n-
hexyl. In some embodiments, R' of Fermula e can be methyl, ethyl, nepropyl, or n-butyl.
In some cmbodiments, R' of Formuls He can be n-butyl,

(91941 In some ewbodiments, RY can be methyl, triflusromethy! or phenyl, wherein the

133

phenyl can be substituted with 1 R group that can be methyd, fluoro, chloro, bromo or NO;,

[6195]  In some embodiments, R of Formula He can be chloro, ~OH or —NH.. In some

embodiments, R of Formula He can be ~NH,.

181861  In some embodiments, the leaving group LG of Formula He can be chloro or —OH.

In some embodiments, the leaving group LG of Formula He can be chloro.

{61971 In some embodiments, subscript x can be 1 or 2. In some embodiments, subscript X

can be 1. In some embodiments, sabscript x can be 2.
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{G198]  In some embodimenis, ’' can be -kl R can be chilore, -OH or ~NH;, and LG

can be chlovo or —OH. In some embodiments, the compound of Formula e can be selected

frome
EEHZ (fi fj)H
E\i\g,f\\\; NOZ viﬁf’»{*;T/ NQQ E\EE’/ ‘\'.\T"NOZ
TN el e TN f’“v"\@”j\ N oM

2

- \C}H

AN, TN T
R * M

In some embodiments, the compound of Formula e has the sirocture:
NH,
A NG

N - 2 " 2

PP e G/ ~ N’f’ ~ £

{#199]  The compounds of Formula He include the isomers, salts, hydrates, and prodrug

forms thereot,
IX., TEXAMPLES

Example L. Freparation of 3-n-butoxy-6-chiore-S-nitrepyrimidin-4-amine

(02081 Preparation of 2-n-butoxy-6-chioro-S-nitropyrimidin-4-amine is desoribed.

N

e

NG,

N/\\\ - 2

Ji
#Bul” N7 TG

Freparation of r-butyl carbamidate hydrochloride

#-BuOH, AcC M e HC
T p-BulT TNH,
9201} A flask was charged with n-butanol {250 mL) and acetyl chioride (20.6 g, 267

HL NN

mmol, 1.1 equiv.) was slowly charged at a rate to keep the juternal temperature of the
sohution to below about 3G °C. After the addition was completed, the solution was stirred for
approximately 15 minutes. To the solation was slowly charged cvanamide (10 g, 238 mmol,
1.0 equiv.} as a solution in n-butanol {250 ml) at a rate to keep the internal temperature of
the shurry below about 40 °C. Once addition is complete, the content temperature was
adjusted fo about 40 °C and maintained votd reaction is complete {typical reaction time ~16 ~
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24 howurs). The mixture was concentrated under reduced pressure to provide n-butyl

carbamidate hydrochloride.

Preparstion of Z-n-butoxypyrimidine-4,6~-diol

. OH
NH 5 e MeOC7 TCOMe )
A N7
A-BUl NH, MeOH, MeONa A

a-BuQ” NT OH
102021 »-Butyl carbamidate hydrochlonide (1.36 kg) was dissolved in methanol (7 L) and
cocled to about -5 °C. Sodium methoxide in methano! (144 kg of 98% NaOMe in 4.9 L
MeQH) was slowly charged to the solution at a rate to keep the internal temperature below
about 0 °C. Ouce the sodivm methoxide addition was complete, methyl malonate {1.18 kg)
was added. The resulting reaction mixiure was sifired at about 20 °C until the reaction was
complete. Upon completion, the solution was concentrated and the pH was adiusted to pH 4

to 5. The resnlting precipitate was filtered to provide 2-n-butexypyrimidine-4,6-diol.

Preparation of Z-n-butexy-S-nitropyrimidine-4.6-diol

O O O
B i
aBuly” N7 OH HOAS A-Bud” TN TOH

{2403]  2-n-Butoxypyrimidine-4,6-diol {850 g) was added o a pramixed solution of fuming
HNO; (2.1 kg) and acetic acid {4 L} at about 0 to 10 °C. The solution was stirred at ambient
temperature overnight. The resulting mixture was added to water (4 L) which was exiracted
with dichloromethane {4 L}. The organic phasc was concentrated and co~evaporated with
toluene to give of Z-n-butoxy-S-nitropyrimidine-4,6-diol. 'H NMR (400 MHz, DMSO-de) 8
408, S= 6.7 Hz, 2H), 158 (8, /=71, 7.3 Hg, 2H), 1.35 (iq, J= 7.5, 7.5 Ha), 0.90 (1, J=
7.4 He, 3H).

Preparation of 2-n-butoxy-4,6-dichlorg-S-nitropyrimidine

o BOCH ﬁj“f
A NO, A No,
\“-"/ & \\‘.\\ - <
N N, - cltiyd )
N IR HH Ny T
pBu0” N OH aniine pBu0” N O

1020641 A reasctor was charged with 2-n-butoxy-3-nitropyrimidine-4,6-dicl (700 g} followed
by POCEH (2.5 L), The mixture was heated to about 40 °C and & N-disthylaniline (1.2 L) was
stowly added. Once the addition was completed, the internal temperature was adjusted to

about 60 °C for additional 3 hours. Once the resction was deemed complete, the tempersfure
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was adjusted to about 20 °C. The resulting solution was slowly added to water (10 L} . The
mixture was extracted with dichloromethane (5 L) and concentrated under reduced pressure.
The resulting oll was passed through a pad of silica gel eluting with ethyl acelate and
heptanes to provide 2-n-butoxy-4,6-dichlore-5-nitropyrimidine. A purified sample of 2-1-
butoxy-4,5-dichioro-3-nitropyrimiding has the following spectrum: 'H NMR (400 MHz,
CDCL) 6 446 (1, J= 6.6 Hz, 2H), 1.81 (1, /= 7.1, 7.3 Hz, 2H), 1.49 (1g, ./ = 7.5, 7.5 Hz, 2H),
398 {1, J= T4 Hz, 3H}.

Preparation of Z-r-bulexy-6-chioro-S-nifropyrimidin-4-amine

¢ / NH
NH, / MeOH 2
/l‘ NGy 3 ~~~~~~~~~~~~~~~~~~~ ~ /L\ RO,
nBu” NS G Et,N, THF, -20 °C N

aBul” TN TG

{6205  7M NH; in MeOH (180 mL} was added dropwise into g solution of Z-n-butoxy-4,6-
dichloro-S-nitropyrinidine (339 g, 1.2 moles) with BN Q40 wmlyin THF (.S L) at

ahout -20 °C. The mixdure was stirred gt this tomperature for about 2 hours and then an
additional 20 mL of 7 M NH: in MeOH was added and stirred for abowt one hour, To this
sotution was added 500 mL water and 500 ml MTBE. Layer separation and extract of the
water layer with 500 mL MTBE followed by washing with 1 N HC and 50% NaHPQO; gave
a MTBE solufton. The solation was concentrated was and then orystallized from 1.5 lier of
EtCAcpetrolenm ether {1:4), to give Z-n-butoxy-6-chloro-S-nitropyrimidin-4-amine. A
purified sample of 2-n-butoxy-6-chloro-S-nitropyrimidin-4-amine has the following
spectrum: | H NMR (400 MHz, CDRCL) § 4.35 (4, J= 6.6 Hz, 2H), 1.75 (1, J= 7.0, 7.2 Ha,
28y, 1.46 (tg, J=7.5, 7.5 He, 2H), .96 (1, /= 7.4 Hz, 3H).

Example 3. Preparation of ethyvl N 3-pyvrrolidin-1-vimethyvlibenavl elveinate bis-

oxalate saly

192861  Preparation of ethyl N-B-pyrrolidin-1-yimethvDbenzyl glvcinate bis-oxalate sali is

deseribed,

() 2
Ny e s P i
?f Ho‘j«( “OH
\E//-\\\\T/’\\ﬁ/‘\COZEt 0
.\‘///,/.
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Preparation of 3-{pyrrolidin-Lyhmethylibenzonitrile

o

| £
OHG Ay ON NaBit, Ok N
i\ P pyrralicine \Y’Q‘T‘/‘VN
i\' H

N

{92671 Sodium borohvdride (6.2 kg)y and dichloromethane (285 kg) were combined, The
content temperature was adjusted to about 0 °C and acetic acid (29 kg) was slowly charged
over about 2 hours. The mixture was agitated at about 0 °C for 2 hours and then warmed fo

ghout 20 °C.

{#208]  In a second reaction vessel was combined 3-cyanobenzaldehyde {14 kg},
dichloromethane (52 kg) and pyrrohidine (7.8 kg) and the resulting mixture was agitated at
abont 20 °C. To this mixture was slowly charged with the sodium
borochydride/dichloromethane mixture over about 2 hours at about 20 °C. After the addition
was complete, the mixture was agitated for about 12 hours at about 20 °C. Once the reaction
was deemed corplete, an agueons sodivn hydroxide solution (105 kg, 10% w/w) was added.
The phases were separated and the agueous phase was extracted with dichloromethane {53
kg) three times. Water (71 kg) was added to the combined organic phases and the pH was
adjusted to ~2 by adding an aguecus HC solution {71 kg, 2M). The phases were separated
and the organic phase was extracted with an aqueous HCI solution (44 kg, 1M). The pH of
the combined agueous phases was adjusted to 12 by adding an agueous sodium hydroxide
solution {62 kg, 10% w/w}. The aguecus phase was extracted with dichloromethane {62 kg)
three times, The organic phase was washed with water (14 kg} twe times, dried over sodium
sulfate, and concentrated. Tetrahydrofuran {20 kg) was charged and concentrated to provide
3-{pyrrolidin-1-yimethyl}benzonitrile. A purified sample of 3-{(pyrrolidin-1-
yimethyl)benzonitrile has the following spectrum: 'H NMR (400 MHz, CDCL) § 7.64-7.40
{m, 4H), 3.63 (s, 2H), 2.50 (5, 41}, 1.80 (5, 4H}).

Preparation of {3-{pyrrolidin-I-vimethyvhphenylimethanamine

Y /oA
/—../‘ Fad-Al Phis \N")
Lo on TS L o
\E/ \\\\E/C \( YT UNH
N i
{62091 Red-Al (65 wi% in toluene, 6.8 kg, 55 eqguiv.) in toluene (3 L) solution was cooled

to about (0 °C. To this solution was added with a solution of 3-(pyrrolidin-1~
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yimethyljbenzonitrile (310 g) in toluene (8 L) while maintaining an internal temperature of
below about § °C. Once the addition was complete, the solution was agitated at about § °C

for about one hour and then warmed to about 20 °C and agiiated for about 16 howrs,

{0216] At the end of the agitation period, the reaction contents were added to a cooled
{about ! °C} aqueous potassiun hvdroxide solution {25 volumes, 20 L) at a rate to
maintaining the internal temperature of less than about 5 *C. Once the addition was
complete, the contents were warmed to about 20 °C. The phases were separated and the
aqueous phase was extracted with toluene (8 L), The combined organics were concentraied
under reduced pressure to provide o provide (3-(pyrrolidin--yvimethyliphenylimethanamine.
A punified sample of (-{pyvrrolidin--ylmethyliphenyiimethanamine has the following
spectrum: H NMR (400 MHz, CDCE) 8 7.19-7.28 (m, 4H), 3.85 (s, 2H), 3.61 (s, 2H), 2.51
{3, 4H), L.78 (s, 4H), 1.65 (br s, 2H)

Preparation of ethyl N-[3-pyrrolidin-1-yimethyDbenzyljglyvcinate

°2 o A
T N
iy 1. BrOHC0E () b
“n Etg, THF ™
E Sttt

Sy

T o e R g ey £
TR T ONML 2, wxalic acid CY f_‘g COgEt
| ] EtOH P

10211}  Tewahvdrofuran (130 kg at abowt 20 °C was combined with 3-{pyrrolidin-1-
vimethyDphenyUmethanamine (15.1 kg) and tricthvlamine (10.5 kg, Ethyl bromoacetate
{13.9 kg} was then charged to the reaction contenis over about 2 hours and the
resultingmixiure was agitated at abowt 20 °C until the reaction was deemed complete. Water
{520 kg) was charged to the reaction mixture followed by ethyl acetate {135 kg). The phases
were separated and the agueons phase was extracted twice with ethyl acetate {135 kg). The
combined organic phases were washed with water (75 kg). The organic phase was
concentrated under reduced pressure. The resulting oil was reconstituted in methy-fers-
butylether and tweated with silica gel (4 kg). The slurry was filtered and washed methy-tert-

butylether (30 kg}.

{6212} The filtrate was concentrated and the resuliing foam was reconstituted in ethanol
{312 Ly and water (16 L}. The mixture was heated to about 70 °C. A solution of oxalic acid
{11.4 kg} dissolved in ethanol {40 kg) was stowly added. The resultant slurry was heated to
about 60 “C and agitated for about 2 howrs. The shury was slowly cooled to about -5 °C over

about 4 hours. The shurry was filiered and the solids were washed with ethanol (30 kg). The
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solids were dried in a vacuum oven {0 provide othyl N-{3-pyrrolidin- I-vlmethyDbenzyt
glycinate bis-oxalaie . A purified sample of ethyl N-(3-pyrrolidin-1-ylmethyl Ybenzyl
glycinate his-oxalate has the following spectrum: 'H NMR (400 MHz, CDCl) § 7.43-7.56
{m, 4H}, 4.27 {5, 2H)}, 4.23 (s, 2H), 413 (g, J = 7.2 He, 2H), 3.88 {5, 2H), 3.35-3.45 (m, 2H},
2.98-3.16 (m, 2H), 1.98-2.06 {m, 2HD, 179195 (m, 2H), 113 (4, J= 7.2 Hx, 3H)

Example 3, Preparvation of ethvi NeGepyrrolidin-1-vimethyhbenevl slveinate bige

pxalate

{82131 Preparation of ethyl N-(3-pyrrolidin-1-vimethyhibenryl glveinate bis-oxalate is

described.

O
| i
E10,07 H L e2 ]
£ 3 7y o
-~ N 3y Fas o
N T NafOAc;:BH, DCE N &
AN . . . ‘ L TN N o
TR T, 2. oxalic acid RN TRO,E
» EtOH | H

{0214} (3-(Pyrrolidin-1-yimethyliphenvlimethanamine {300 mg, 2.6 mmol} was dissolved
in dichloroethane (7.5 mL). Ethyl glvoxalate (5340 mg, 2.9 moles, ~50 weight%s solution in
toluene) was added followed by the addition of sodium acetoxy borohydride (840 mg, 3.9
mmol}. Once deemed complete, the reaction was quenched with a saturated sodium
bicarbonate solution {5 mL). The phases were separated and the organic phase was
concentrated. The oxalate salt was prepared in a similar manner as previously described. A
purified sample of ethyl N-(3-pyrrolidin-1-yvimethvi}benzy! glycinate bis-oxalate has the

sarne 'H NMR as previousty described.

Example 4. Preparation of ethyl N-CGepyvrolidin--vimethviibenavl elveinate bis-

gxaiate

{6218) Preparation of ethyl N-(G-pyrrolidin-1-yimethyl tbeneyl glycinate bis-oxalate is

described.

Preparation of I-G-bromobenzyDpyrrofiding:

— .
SPEENE
i?j \N
OHO. o Bl s o B
L ] NaBH,, MeOH ]
7 AN
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16216] A solution of 3-bromobenzaldehyde (350 g, 1.83 mol) in ethanol (1.9 L) was cooled
to about 15 °C and pyrrolidine {135 g, 1.90 mol) was added while maintaining the reaction
content temperatire below gbout 25 °C. After the addition was complete, the reaction
mixture was stirred at room temperature for about 2 hours. The reaction mixture was then

concentrated and diluted with ethanol (1.4 L)

{12171 To a separate round bottom flask was charged ethano! (960 mL). Sodium

-

borohydride (96 g, 2.5 mol} was charged portionwise over about 30 minutes maintaining the
temperature (0 about 13 °C. The ethanolic solution initially prepared was added to the second
cthanolic solution via an addition funnel over 30 minutes keeping the temperature below
about 35 °C. Once the addition was complete, the mixfure was stirred at room temperature
until the reaction was deemed complete. The reaction mixture was cooled to about 0 °C and
quenched by adding water {800 mL) over 30 mumutes keeping the temperature below about

28 °C. Agqueons HCI (1.51) was added over 30 minutes keeping the temperature below about
35 °C. The mixture was vigorously stirred at room temperature for about 10 minutes after the
addition. The nuxture was extracted with methyl-fert-butvlether (2 L} and the acidic aguecus
tayer was then basified by adding agueouns NaOH (780G mb). The resulting agueous layer was
extracted with methyl-teré-butylether (4 L x 2}, The combined organic layers were
concentrated and co-evaporated with toluene. The solution was treated with potassivn
carbonate (80 g, 325 wesh) and the shurry was filtered and the cake was rinsed with toluene
{300 mL} and concentrated to providel-(3-bromobenzylpyrrolidine. A purified sample of
{(1-(3-bromobenzylipyrrolidine) has the following spectrum: 'H NMR (300 MHz, CDCL) &
7.3-7.5 (e, 4H), 3.6 (s, 2H), 2.4-2.6 {my, 4H), 1.7-1.9 {m, 4H).

Freparation of 3-{pyrrolidin-{-vimethylbenzaldebyde

/7 /7

oo i AL

N ~FridgCl, n-Buld N
B THE 0o Lo mn ACHO

o DRF N

{0218] Telrshydroturan (1.5 L) wag charged to a round bottom flask and cooled to about

5 °C. Isopropyimagnestm chigride (1.947 in THF, 215 mi, 406 mmol} was added over
about 10 minutes, maindaining the teroperatore below about 15 °C. Alter the addition was
complets, the solution was cooled to about <10 °C and s-butylithivem (1,584 0 hexanes, 542
mi, R12 mnol) was added over about 30 minutes. The resuliing solution was stirred at about

(3 °C for about 45 minutes and then cooled to about -10 °C, A solution of 1-{3-
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bromobenzylpyrrelidine {167 g, 88 weight%s, 611 mmel} in dry tetrshydrofuran (750 mL}
was added over 25 minuies while keeping the temperature at about -10 °Cto -15 °C. Onee
the addition was complete, the mixture was stirred at about ~10 °C o -15 °C until the reaction

was deemed complete.

[@219] A solution of N N-dimethylformamide (145 L, 1.88 mol) in tetrahiydrofuran (150
mL} was added to the reaction mixture at about -10 °C to -15 °C over about 20 minutes. The
mixture was stivred at about -8 °C to 0 °C for about one hour. Onee the reaction was deemed
complete, the mixture was cooled to about -10 °C, and the reaction was gquenched by adding
water {1 L) slowly over 20 mivutes with vigorons stirring, keeping the temperature below
about 0 °C to 10 °C, The mixture was warmed to room tewperature and the bottom agueocus
faver was discarded. The organic layer was extracted twice with 234 HsPO4 (650 mL x 1 and
150 mL x 1}. These agueous layers were combined and charged to methyl-rers-butylether
(500 mL). The mixture was cooled to about 10 °C with agitation. The agueous layer was
basified by adding 3N NaQOH {~5350 mL} slowly keeping the temperature below about 25 7.
The mixture was filiered and the solids were washed with methyi-fert-butviether (250 ml),
The filtrate was transferred to a separatory funnel, and the layers were separated. The
organic layer was washed with water (400 mb). The resulting orgamc layer (~960 mL} was
concentrated and co-evaporated with toluene to provide the product, 3-{pyreolidin-1-
vimethyiybenzaldehyde. A purified sample of 3-{pyrrolidin-1-vimethvDbenezaldehyde has the
following spectrum HONMR (300 MHz, CDCL)Y 3 10.0 (s, 1H), 7.85 (5, 1H), 7.75 (d, J =
75 Hz, 1H), 703 (d, /=75 Hz, TH), 748 (dd, J = 7.5, 7.8 He, TH), 3.7 (s, 2H), 2.4-2.6 {m,
4H3, 1.7-1.9 (m, 4H).

Preparation of ethyl N-(G-pyrrolidin-1-vimethyhbenzyl glveinate bis-oxalate

o
- HC M R F)LOH
\i?i/ 1) HN._CO:E \?‘:/ d
"Wf’\]fﬁ?“@ Etal, Mg&Q, '\[f"‘\:{’“ﬁ””\coza

o 2} Na{OAc)BH, HOAC, DCE N
3} (G0, H)o, E1OH

{92261 A round bottom flask was charged with dichloroethane (1.2 L), 3-{pyrrolidin-1-
vimethylbenzaldehyde (118 g, ~70 weight%, 423 mmol} and glycine ethyl ester
hydrochioride (118 g, 845 mmol). The mixtore was agitated at room temperature for about

10 minutes and then tricthylamine (118 mi, 845 mumol} and magnesium sulfate (anhydrous
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powder, 320 g) were added. The reaction mixiore was stirred at about 35 °C for about 2

hours,

{0221]  The mixiure was fillered through a funnel which contained anhydrous magnesium
sulfate (100 g). The filter cake was rinsed with dichloroethane (200 mL x 2). The combined
filtrates were concentrated to approximately 200 mL, diluted with dichlorocthane {1 L), The
resulting solution was cooled o about 10 °C. Sodivm{iriacetoxyborchydride (116 g, 550
mmol} was added in five portions over 20 minutes. The temperature was adjusted to

about -10 °C and acetic acid (120 mi, 2.1 mol} was added to the reaction mixture over about
20 minutes keeping the temperatore below about 0 °C. After the addition was complete the
reaction mixture was warmed (o the room {emperature over about | hour until the reaction
was deemed complete. The mixture was cooled to about -10 *C and quenched by adding
water (200 mL) slowly over 15 minutes with vigorous stirring, keeping the teraperature
below about 10 °C. Once the addition was complete, the mixture was warmed to room
temperature. Agueous HCH (300 mL) was added to the mixture until a pH of about 3 i
achieved. The layers were separated and the dichloroethanc layer was exiracted with 0.3N
HCL(100 mL). The combined acidic agueous layers were combined with methyl-sers-
butylether (600 mL) and cooled to about 10 °C. A 50% w/w Na(H solution (~250 mL} was
added over about 20 minutes with vigorous stirring keeping the temperature below about

25 °C until the pH was 9 1o 10, The phases were separated and the organic layer was washed
with water {250 mL). The combined agueous layvers were extracted with methyl-feri-
butylether (250 mL). The combined organic layers were concentrated and the residue was
dissolved in ethanol (1.8 L). A solution of oxalic acid (66 g, 730 mmol, 2.1 equiv.} in ethanol
{300 mL} was slowly added over about 1 hour with stirring at room temperature. The
resultant shurry was heated to about 60 °C and agitated for about 2 hours. The shury was
slowly cooled to about -5 °C over aboul 4 hours. The slurry was filtered and the solids were
washed with ethanol (500 mL). The solids were dried in a vacuum oven to provide the
product, A purified sample of ethyl N-G-pyrrolidin-1-yimethylbenzyl glycinate bis-oxalate
has the following spectrum:; 'H NMR (400 MHz, CDCh) 8 7.43-7.56 {m, 4H), 4.27 {5, 2H),
423 (s, 2H), 413 {q, /= 7.2 Mz, 2H)}, 3.88 (s, 2H), 3.35-3.45 {m, 2H), 2.98-3.16 {m, ZH},
1.98-2.06 (m, 2H), 1.79-1.95 (m, 2H), 113 (4, /= 7.2 Hz, 3H).
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gxalate

{9222} Preparation of ethyl N-{3-pyrrolidin-l-yimethvlibenzyl glycinate bis-oxalate 13

described.

Preparation of 3-{pyrrolidin-i-vimethyDbenzaldehyde

Y 7\
P! Ny
(r\, DIBARH N
b ON s s N CHO
T ot 1 T
;\\:;.';’: ~

{02231 3-(Pyrrolidin-1~-yimethylbenzonitrile (200 mg, 1.2 mmol} was charged to a flask
and dissolved in dichloromethane (1.5 mL}. The solution was cooled to about 78 °C and di-
isobutvialuminom hydride (1.5 mL, 1M in toluene) was slowly added. The reaction was
stirred at about -78 °C for one hour and then warmed to room temperature and stirred
overnight. The reaction was guenched with a saturated sodium sulfate solution and exdracted
into dichloromethane. The organic layer was concentrated and then chromatographed on
silica gel elnting with dichlorornethane and methano! to provide the desired sldehyde, A
purified sample has the following spectrum: 'H NMR (300 MHz, CDCL) 8 10.0 (s, 1H), 7.85
(s, 1H}, 775 ¢d, S = 7.5 He, TH}, 7.63 (4, 7= 75 Hz, 1H), 748 {dd, /= 7.5, 7.5 Hz, 1H), 3.7
{8, 2H), 2.4-2.6 (m, 4H), 1.7-1.9 (m, 4H).

Preparation of ethyl N-(3-pyrrolidin-{-yhmethyDbenzyl glvcinate bis-oxalate

HOH J(f
, j “EoHo M
™\ 1) N DO [ T ow
e o N o
?"i Et:.N E\‘?QOO,; l\
Ty AOHO \(’“\T TNTTC04E
=, T 2) Na{OACKEH, HOAC, DOE f\ P

3) (COH},, BIOH

{0224} The title compound was preparced as previously described.

o

Example 6. Preparation of 4-amino-2-butexy-8-3-{pyvrrolidin- -vimsthvlibeney-7.8-

dihvdropteridin-6{S Hi-one

{6225] Preparation of 4-amino-2-butoxy-&-(3-{pyrrolidin- L -vimethylihenzyl}-7 8-

dihydropteridin-6(5H}-one 1s described.

71



WO 2016/044183 PCT/US2015/050039

RH,
< H
NA.»L\I,N\,,;Q
P
n-Bul” TN N7
E\ -~ e -
\K \ﬁ/ \N/ \
~ -

Preparation of ethyl 2-{{¢-amine-I-butoxy-S-pitropyriidin-d-yD3-{pyrrolidin-i-

vimethyhbenzyljaminolacetate hydrochioride

1
T, ® 2 HQ e
{0 Ty oH
L) !
N o) ,
L " N NHQ o HMCI
NH, R ONT TOO,E Ano,
L N | H NSy
N/}\\\ ./NOQ \::;j /’E\I\ f/fi\\ AN
i a-BuQ” NT N CGOoEt
a-Bu0” TNT TG i BN, BIOAG T/\j/\Nf\
4 /
ii. cone. HCL EIOACEIOH N -y

{8226] A flask was charged with 2-butoxy-6-chlore-S-nitropyrimidin-d-amine (300 g, 1.0
equiv.}, ethyl N-(3-pyrrolidin-1-ylmethyhbenzyl glycinate bis-oxalate (555 g, 1.0 equiv.) and
ethyl acetate (6 L). The muxture was agitated and cooled to about 0 °C. Tricthylamine {816
g, 5.0 equiv.} was slowly added maintaining the internal temperature at about 8 °C. The
mixture was warmed to room temperature and agitated until the reaction was deemed
complete. The reaction was then guenched with an aqueous potassium carbonate solution (10
w/w’s, 6 1.}, The phases were separated and the agueous phase was extracted with ethyl
acetate {61). The combined organic layers were concentrated and reconstituted in ethyl
acetate (6 L), Ethavol (600 mL) was added and the resultant solution was agitated at room
temperature. Concentrated HCEH (102 mL, 1.0 equiv.) was slowly added to the reaction
mixture. The resultant slurry was agitated at about 20 °C for about 16 hours, The solids
were collected by filtration and washed with ethyl acetate/ethanol (600 mi., 9/1 v/v). The
product was dried under vacuum to provide ethyl 2-({(6-amino-2-butoxy-S-nitropyrimidin-4-
vh(-{pyrrolidin- {~ylimethylthenzyllaminojacetate hydrochloride (504 g, 79% vield). A
puritied sample of ethyl 2-{{6-amino-2-butoxy-S-nitropyrimidin-4-yh{3-{pyrrolidin- 1 -
yimethybenzyl jaminoYacetate hydrochloride has the following spectrum: 'H NMR (400
Mz, CDCL 0 1271 (brs, TH), 7.63-7.68 (m, 1H), 7.57 (s, 1H)}, 7.30-7.43 (m, 2H), 4.77 (s,
2H), 4.05-4.25 (m, 8H), 3.50-3.66 (m, 2H), 2.71-2.94 (m, 2H), 2.10-2.31 {m, 2H}, 1.90-2.10
(rm, 2H), 1.62-1.69 (m, 2H), 1.32-1.46 (m, 2H), 1L.21-1.29 {m, 3H), 0.85-0.98 (m, 3H).
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Preparation of d-amine-2-butoxy-8-{3-(pyrrolidin- -yimethyhbenayip-7.8-

diliydropteridin-6{SH}-one:

NH, « HC THz ﬁ .
N& SN Zing, HOAg, H.0 NE"’ \I‘ \,;
pBu0” N NTTCE T
L E/\\\\\J N, '\,E/ﬁ,f\NA\?
\L\f//; b/ i L/

{02277 A flask was charged with ethyl 2-({(6-amino-2-butoxy-S-nitropyrimidin-4-y1(3-
{pyrrolidin-1-vhmethyDbenzyljaminoe) acetate hydrochloride (451 g, 1.0 equiv.}, acetic acid
{900 mL, 18 equiv.) and water (1.7 L). The solution was agitated at about 20 °C for about 15
minutes. Zine (196 g, 3.5 equiv.) was charged in portions while maintaining the internal
temperature less than about 40 °C. After the wine addition was complete, the mixture was
stirred at about 20 °C for about 16 hours. Once the reaction was deemed complete, the
mixture was filtered and the solids were washed with water (550 mL). The filirate was
slowly transferred to a flask that contained an aqueous sodium carbonate solution (11 L, 20%
w/w) and the resultant slurry was agitated at room temperature for about 2 bours. The solids
were collected by filtration and washed with water (10 L) and methanol (2.5 L). The solids
were transferred to a flask and dissolved in a methanol and dichloromethane sohution (13 L,
/2 viv). The solution was purified by silica gel chromatography and triturated with
methanol to provide 4-amino-2-butoxy-8-3-(pyrrohidin-1-ylmethylibenzyl)- 7,8~
dihydropteridin-6{SH}-one . A purified sample of the product has the following spectrur:
'H NMR (400 MHz, 99:1, CDODCDNCOD) 8 7.51-7.40 (m, 4H), 4.82 (s, 2H), 4.34 (s,
FH), 419 (4, F= 6.6 Hz, 2H), 3.93 (s, 2H), 3.24-3.34 (m, 4H), 2.06 (1, ] = 3.5, 3.5 Hz, 4H),
.67 (t, =71, 73 He, 2H}, 1.42 (g, J= 7.5, 7.5 Hz, 2H), 0.93 {, /= 7.4, 3H}.

Example 7. Preparation of S-amino-2-hutoyy-S-nitropvrimicin-4-o]

[8238] Preparation of S-amino-2-butoxy-S-nitropyrimidin-4-ol is described.

NH,
A no,

I

By ONT TOH
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Prepavation of f-aming-2-butoxypyrimidin-d-al

Q N,
NiiH P OHGL  pune O N)‘\\\

aBuQ” TNT TOH
2291 A reactor was charged with 209 #-BoONa in #-BuOH (19.2g, 40 munol, 2 equiv.}
n-Butyl carbamidate hydrochloride (3.05g, 20 mmol, 1 equiv.}) was added followed by #-
butyl cvanoacetate (2.82g, 20 mmol, 1 equiv.) and the mixture heated to about 80 °C. After
about 3 hours, an additional charge of 20% n-BuONa in »-BuQH (8.5g, 20mmol, | equiv.}
was added and the reaction stirved for about 9 hours at about 80 °C. The reaction was cooled
o about 20 "C and gquenched with AcOH (2 equiv., 2.4z} and partitioned between water and
MeTHF. The organic laver was dried over MgS0, and concentrated to an orange solid.
Purification on silica gel {(95/5 v/v DUM/ MeOH) provided 6-amino-2-butoxy-5-
nitropyrinidin-4-ol. "H NMER {400 MHz, DMSO-do) 8 1130 (8, 2H), 6.29 (s, 2H}, 4.67 (s,
THL 416 (0, /=67 He, 2H), 1.87 (s, 1H), 1.58 (11, 7= 6.7, 6.7 Hz, 2H}, 1.32 {dg, /= 7.4, 67
Hz, 2H), 0.86 (t, /= 7.4 Hz, 3H),

Preparation of &-amino-2-butexy-S-nitrosopyrimidin-4-ol

f‘ﬁHz in

A NaN©G o

N \1 ..................... 2. N \T NO
//Ei\ SN AﬁGH //ﬂ\ Lt g

-BuD N OH Byl M O

102381 A flask was charged with &-amino-2-buloxypyrimidin-4-cl {0.42 g, 2.3 mmol} and
AcOH {4 mL). The resulting suspension was stirved at about 22 °C and solid sodium nifnite
(0.16 g, 2.3 mmeol, | equiv.) was added, turmning the reaction mixture purple and giving a
slight exotherm to about 26 °C over 2 minuies, Afler about 1 bour, the reaction mixture was
concentrated and partitioned between MeTHF and water. The aqueous layer was acidified to
about pH 1 with 1M NaHSO, and the layers separated. The agueous layer was extracted
twice with MeTHF, the organics combined and concentrated. 'H NMR (400 MHz, CD;0D) &
523(d,J=6.6Hz, 2HL 438, J=6.6 He, 2H}, 1683 (10, 7= 74, 6.6 He, ZH), 147 - 1.28
{m, 2H}, 0.91 ¢, F=7.4 Hz, 3H).
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Alernative preparation of S-amins-2-butexy-S-sitrosopyrimidin-d-of

j iy
AL_CN NH : 2 A -NO
e Kﬁ i & nTsOH BuGN‘a ........ N N! \\]
N By NHp ,,E\ PN
Ot 24% vield ABu N TOH

{0231} A jacketed reactor was charged with 20% #-BuONa in #-BuOH (14.4 ¢, 30 mumol, 3
equiv.y O-(-butyDisouronuim tosviate (2.9 g 10 mmol, 1 equiv.) was added followed by
ethyl cyanoglyoxylate 2-oxirne (1.4 g, 10 mmol, 1 equiv.) and the muxture heated to about

40 °C for about 22 hours. The reaction was quenched with AcOH {2 equiv.} and partitioned
between EtOAc and dilute brine. The organic layer was washed fouor times with water, dried
over NaxS0,, and concentrated and purified on stlica gel (85/5 v/v DCM/ MeGH]} to provide
Sarnino-2-hutox y-S-nitrosopyrimidin-d~ol, 'H NMR (400 MHz, CD0D} 8§ 5.23 (4, /= 6.6
Hz, 2H}, 438 {1, /= 6.6 He, 2H), 1.68 (1, J= 7.4, 6.6 He, 2H), 1.47 - 128 (m, 2H, 091 {4, J
= 7.4 Hz, 3H}.

Preparation of 6-aminoe-2-butoxy-3-nitropyrimidin-4-ol

N, N,
G N0 BTG %I“Oz
i TFA Py

n-Eu@’A\NV\OH -BuQ” N OH

[8232] S-amino-Z-butoxy-S-nitrosopvrimidin-4-¢} (400 mg 1.88 mmel} and trifluoroacstic
acid (4 mL} were combined and cooled to about 5 °C. 30% hydrogen peroxide {42 wl,
3.77 mmol, 2 equiv.} was added dropwise and then stirred for about 1 hour. The reaction was
deemed incomplete by conventional methods and an additional charge of 30% hydrogen
peroxide {0.25 mbL) was added and the reaction stirred tor about 30 min. The reaction
moviure was concentrated, partitioned between MeTHF and 1M NaQAc. Purification on
silica gel (95/3 viv DOM/ MeQH) provided 6-amino-2-butoxy-S-nitropyrimidin-d-ol, 'H
NMR (400 Mz, DMSO-de) 6 12.04 (5, 1H), 8.74-8.80 (m, 2H), 4.33 (1, /= 6.6 Hz, 2H),
o6, F="714,72Hz, ZH), 1.37 (g, /=74, 74 He, 2H), 091 (1, /=74 Hz, 3H}

-3
5.4
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Exampic 8, Preparation of ethyvi 2-{{G-amine-2-butoxv-S-pitropvriraidin-4-v 13-

{pyrrolidin-{-vimethvlibensviamingaceiate

S oH
HE\E/\COQE% HO™ Ty
O
~. /"\]"/’\ N/\\, E.\HHZ
NHZ H N“iz E\/’;{ ....... ; " /')\\\\V/E\OZ
N/L\\ NG pTsCl N e NO2 = L
S 2,4.8-collidi s K /l n8u0” N NTTCO.E
nBun” TN Ton  S48coliding | o mua TN oTe

{8233] A tlask was charged with 6-amino-2-butoxy-S-nitropyrimidin-d-ol (.28 g, 1.22
mmol, 1 equiv.} and acetonitrile (4 mL). 2,4,6-Collidine (3.65 mL, 4 equiv.} was added
followed by p-toluenssulfonyl chloride {0.23 g, 1 equiv.} The reaction mixiure was stirved at
about 60 °C for about 6 hours followed by an additional charge of p-ioluenesulfony! chloride
(0.06 g, 0.25 equiv.}) After one more hour at about 60 °C, ethyl N-(3-pyrrohidin-i-
vimethyhbenzyl glycinate bis-oxalate salt (0.56 g, 1 equiv.) was added and the reaction
mixture allowed to cool to ambient temperature and stirred for about 15 bours, The reaction
mixture was diluted with MeTHF, washed with saturated aqueous potassium carbonate,
saturated aquecus sodium chloride and concentrated in vacuo. The residue was purified on
silica gel (95/5 v/iv DCM/ MeOH ) providing the product. The NMR matches that described
previously in WO 2010/077613.

Example 8, Preparation of ethyl 2-((6-aming-2-buioyy-S-nitropyrimidin-4-vDi{4-

{pyrrolidin--vimethyDibeneyvDaminsiacetiaie

NH,

H
NA\\L,N. e
Sty
’/—"\\f/’\\ox‘i\Nx N
e -
r

{6234] The compound was prepared according to scheme shown in Figare 8.

{235]  Preparvation of 4-(bromomethyl-benzaldehyde. To a solution of 4-

(bromomethyi}-benronitrile (18.50 g, 94.4 mmol, T equiv.} in toluene {185 mL) at ¢ °C was
added Dvbal-H (1.5 M in toluene, 78.7 mL, 118 mumeol, 1.25 equiv.} over about 90 min. Ungce
addition was complete, the reaction was allowed to stir an additional 80 min. Then 1.0 M ag

HC1{462.5 mL, 462.5 mumol} was added carefolly, and the reaction was allowed to stir for 15
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win. The organic phase was collected, and the agueous phase was exiracted with ethyl acetate
{2 x 250 mL}. All organic exiracts were combined, dried over Na,SCy, filtered, and

concentrated to give 4-{(bromomethyl)-benzaldehyde which was osed directly to the next step.

(62361  Preparation of 4-(pyrrolidin-1-yimethyDbenzaldehyde. A suspension of KU,
{35.4 g, 257 mmol, 3 equiv.) in absolute ethanol (150 mL} was treated with pyrrolidine (6,12
g, 85 mmod, 1 equiv.). To the mixtore was added 4-{womomethyid-benzaldehyds (17 g, 85
mmol, 1 equiv.}, and the reaction was heated at about 65 °C for about 1 h. The reaction was
cooled and filtered. The cake was washed with ethanol. The filtrate was concentrated to give
a residue, which was partitioned between DUM {500 b} and 2% wiv ag NaHCO; (5300 mbL).
The organic phase was collected, and the agueous laver was exiracted with DCM (2 x 300
mL). The organic lavers were combined, dried over Na;30;, filtered, and concentrated, and
purified with silica gel column chromatography giving 4-(pyrrolidin-1-ylmethyl}-

benzaldehyde.

{02371 Preparation of ethyl No{d-pyrrolidin-L-vimethyDbeneyvi glyeinate, Glycine ethyl
gster hvdrochloride (270 my, 1.94 mmol, 3 equiv)), 4-{pyrrolidin-1-yimethyl) benzaldehyde
{122 mg, 0.653 mmol, 1 equiv.), and 1,2-dichloroethane (5 mL) was treated porlionwise with
NaBH{QAcH (274 my, 1.67 mmol, 2.6 equiv.} at ambient temperature. After about S min,
glacial AcOH (77 mg, 1.3 mmol} was added dropwise over aboot 5 min at ambient
temperature. Upon reaction completion, the mixture was quenched with saturated ag.
NaHCO, to pH of about 8.0, The quenched reaction was warmed o ambient temperature and
stirred for about 30 min. The biphasic system was extracted with DCM (3x 20 mL) The
organic lavers were combined, dried (Na)80y), filtered, and concenirated to afford the title

compound.

{6238] Preparation of {{(-Amino-2-butoxy-5-nitre-pyrimidin-4-yi-(4-pyrrolidin-1-
yhnethyl- benzyli-aminsi-acetic acid ethyl ester. To a sohution of 2-butoxy-&-chlore~5-
nitro-pyrinudin-d-viamine {8.25 g, 1.02 yorool, § equiv.) m THF (S mL) at sbout 0 °C was
added EtzIN {(0.31 mL, 2.25 mmol, 2.2 equiv.) and the mixture was allowed to stir for about
15-20 minutes. To this mixiure was added the ethyl N-(d-pyrrolidin-1-yvhmethyDbenzyl
glycinate (0.3 g, 1.1 mmol, 1.1 equiv.} in THF 3 mL} over about 3 min. The reaction mixture
was stirred at ambient temperatire oniil reaction is completed. The reaction mixture was
filtered and the filter cake was washed with EtOAc, The filtrate was concentrated and

purified with silica gel column chromatography to give the title compound.
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{62391 Preparstion of 4-amino-I-butoxy-8-{¢-pyrrolidin-1-vimethyi-benzyi-7,8-
dibydro-SH- peridin-6-one. To g solution of [{6-Amino-2-butoxy-S-nitre-pyrimidin-4-yi)-
{4-pyrrolidin- 1 -vimethyl- benzyvl-aminol-acetic acid ethyl ester (.25 g, 0.49 mmol, 1 equiv.}
in MeOH (10 mL) was added Raney-Ni (100 mg, wet). The wixture was degassed and filled
with hydrogen {3x}. The mixture was stirred under a hydrogen atmosphere at ambient
temperature overnight, {iltered and concentrated to give the crude product, which was washed
with MeGH/Ethyl acetate {1:10 v/v), and dried to give the title compound. LO-MS: 410,
found 411 (M+1). The NMR matches that described previously in WO 201(/077613.

Examople 18, Preparation of d-amine-2-butoxv-8-G-{pyrrolidin-1-vimethvibenzyvip7.8-

gibivdroepteridin-S{SHkoue

18248} Preparation of 4-amino-2-butoxy-§-(G3-{pyrrolidin- i -yvimethylbenzyi}-7,8-

dihydropteridin-6{5H -one is described,

MNH,

. A p
\Vl \T NN
"\\/; \~-.J/

Preparation of ethyl 2-({(-amino-2-butoxy-S-nitropyrimidin-4-yD{3-{pyrrolidin-1-

yvimethyvhbenzyDaminolacetate hydrochloride

i
PR 2 HO {
\ P
() N on
N O
L E?EH" s HCH
?EHZ ™ lf Sy N TCOE - N2
N/ ™ ,NCPJ \\\,;{f" /,U\ 2 N
i A nBul” N OTNT TOOLEY
- N ‘f-;’\\ . . -
=Bal B Ci i BN, iPr0Ag \T]/\\\\”r/\\??/\,
i, cong. HOL PrOAciProH ~ ey

j8241) A flask was charged with 2-butoxy-6-chioro-S-nitropyrimidin-4-amine (125 g, 1.0
equiv.}, ethyl N-{3-pyrrolidin-1-yimethyhibenry! glveinate bis~oxalate (231 g, 1.25 equiv.)
and 1sopropyl acetate (2.5 L}, The mixture was agitated and cooled to about 5 °C.
Triethylamine (256 g, 5.0 equav.} was slowly added maintaining the internal temperature at
about 10 °C. The mixture was warmed o room temperature and agitated wntil the reaction

was deemed complete. The reaction was then guenched with brine (1.5 w/iw®, 1.5 L},
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NHLOH (125 g) and water {(.75 L), The phases were separated and the organic phase was
washed with water {1 L). The combined aqueous phases were exiracted with isopropyl
acetate {1.25 L), The combined organic layers were concentrated to about 2.5 L in volume.
Fresh isopropyl acetate (1.5 L) was added and the resultant solution was concenirated (o
about 3.2 L in volume. Isopropyl aleohol {250 ml) was added at 20 °C. Bthyl 2-{{6-amino-
Z-butoxy-S-pitropyrimidin-4-y {3~ (pyrrolidin- -ylmethyl tbenzyDamino acetate
hvdrochlonide seeds (3.73 g} were added followed by concentrated HCH (43 mL, 1.0 equiv)
added slowly to the reaction ymuxture. The resultant shurry was agiiated at gbout 20 °C for
about 16 hours, The solids were collected by filtration and washed with isopropyl
acetate/isopropanol (625 ml, 9/1 v/v}. The product was dried under vacuum to provide ethyl
2-{{6-amino-2-butoxy-S-nitropyrimidin-4-vhi 3-{pyrrolidin- 1 -ylmethyl henzyDamincjacetate
hydrochlonde (239 g, 90% yield). A purified sample of ethyl 2-({6-amino-2-butoxy-3-
mtropyrinidin-4-yDG3 (pyrrolidin- LylmethyhbenzyllaminoYacetate hydrochioride has the
following spectrumy 'H NMR (400 MHz, CDCEHY S 1271 (brg, 1H), 7.63-7.689 (m, 1H), 7.57
(s, 1H}, 7.30-7.43 {m, 2H}, 4.77 {s, 2H), 4.05-4.25 {m, 8H}, 3.50-3.66 {m, 2H}, 2.71-2.94 (m,
JH, 230-2.31 (m, 2H), 1.90-2.10 {(m, 2H}, 1.62-1.69 (m, 2H}, 1.32-1.46 (m, ZH)Y, 1.21-1.29
{m, 3H}, H.85-0.98 (m, 3H).

Preparation of 4-amine-2-butoxy-8-3-{pyrrefidin-I-yhmethylibenzyl}- 7,8~

dibiydropteridin-&6{5H}-one:

hH s HO ff“z ¥ .
T/‘\\ i »NOQ Ziﬂc, HOAC] Hz{j ;ﬁ‘/‘}*\I/ \\?f_;"
pBul” N7 N TOO,E aBu0” N \;t’
EVIEVRNVEN Y7
| .,J L e L/

[0242] A flask was charged with ethyl 2-{{6-amino-2-butoxy-5-nitropyrimidin-4-v(3-
{pyrrolidin-t-yimethyhbenzyamine)}, acetate hydrochloride (200 g, 1.0 eq), water {740 mL)
and acetic acid (382 mL, 17.5 equiv.). The sohution was agitated at about 20 °C for about 13
mwinutes. In a separate flask, zinc (87.5 g, 4 eguiv.) and water (400 mL) was mixed, and the
solution frow the first flask was added slowly to the internal temperature below about 40 °C.
After the addition was complete, the first flask was rinsed with 250 mL water and added to
the reaction and the mixture was stirred at about 20 °C for about 1 h. Onee the reaction was
deemed complete, the mixture was filtered and the solids were washed with water (400 mL).

Ammonium hydroxide (770 mb) was slowly added to the filirate and the resuliing shurry was
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stirred at about 20 °C for about 2 h.  The solids were collected by filiration and washed with
with water ¢2 > 1 LY methanol (1 L} and isopropyl acetate {1 1), The solids were transferred
to g flask and dissolved in a methanol and dichloromethane solution (4.2 L, 1/2.2 v/v). The
solution was purified by silica gel chvomatography. The purified solution was concentrated
o about 1.3 L. Methanol (2.5 L) was added and the mixture was concentrated to about 1.3 L.
An additional portion ot methanol (2.5 L) was added and the mixture was concentrated to
about 1.3 L. The resulting slurry was stirred at about 20 °C for 3 h. The solids were collected
by filtration and washed with methanol (260 mL) and 1sopropyl acetate (260 ml). The
product was dried under vacuum to provide 4-aming-2-butoxy-8-{3-{pyrrolidin-1-
vimethylibenzyl}-7 8-dihvdropteridin-6{SHY-one {111 g, 85%). A purified sample of the
product has the following spectrum: "H NMR (400 MHz, 99:1, CIODICD00.D) § 7.51-
740G (m, 4H), 4.82 (s, ZH), 4.34 {s, 2H), 419 (1, T = 6.6 Hz, 2H), 3.93 {5, 2H), 324334 (i,
4HY, 2.06 (11, § = 3.5, 3.5 He, 4H), 167 (36, = 7.1, 73 Hz, ZH), 1.42 (g, = 7.5, 7.5 Hz, 2H},
0.93 (¢, S = 7.4, 3H).

{42431 Although the foregeing invention has been described in some detail by way of
iHustration and exarple for purposes of clarity of understanding, one of slall in the art will
appreciate that ceriain changes and modifications may be practiced within the scope of the
appended clabms. In addition, each reference provided herein is incorporated by reference in
{ts entirety to the same extent as if each reforence was individually incorporated by reference,
Where a conflict exisis between the instant application and a reference provided herein, the

instant application shall dominate.
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WHAT B CLAIMER R
i A method of making a compound of Formula fa:
"
N S N0
P
Ry ,L AL
07 TN ?Es
e f’.\\.‘\j
,
LJ .M
SN )
e {fa}
comprising:
{a) forming g first reaction mixture comprising a compound of Formula Ha:
MH,,
fol\\ NG
R

07N LG (s}
a non-nucieophilic base, a first solvent, and a compound of Formula Ha
HNT O0,R

P
T \7 Ty

N

N

S {iila}

N
N.”i‘\\i NG,
o7 TNT TN Toourt
\Yf’l\\x\\l
{ I B A
\\\f;\‘:/-N\ P

- {{Va} ;and

(b} forming a second reaction mixture comprising the compound of Formula IVa,
a second solvent and & reducing agent under conditions suitable to prepare the
compound of Formula |

wherein

R’ and ' are each independently C,-Cy alkyl; and

LG s selected from the group consisting of halogen, -OH, and ~OSO.RY, wherein
&P is selectad from the group cousisting of C-Cy alkyl, ©-Cy haloaltkyl and
aryl, wherein the aryl group is substituted with 1 to 3 R groups cach
independently selected from the group consisting of C-C,, alkevl, halogen, and
N,
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2 The method of claim 1, wherein the non-nucleophilic base s selected
from the group consisting of tricthylamine, diisopropylethyl amine, N, N-diethvlaniline,

pyridine, 2, 6-futidine, 2.4,6-colliding, 4-dimethylaminopyridine, and gquinuclidine.

3. The method of claim 1 or 2, wherein the non-nucleophihic base is
riethylamine.

4. The method of claim 1 or 2, wherein the non-nucleophilic base is
2,4, 6-collidine.

s The method of any one of claims 1 to 4, wherein the first solvent is

selected from the group consisting of ethvl acetate, isopropyl acetate, tetrahydrofiran,

acetonitrile, and combinations thereof

6. The method of any one of claims 1 10 5, wherein the first solvent

comnprises ethyl acetate.

7. The method of any one of claims 1 o S, wherein the first solvent

comprises isopropyl acetate,

&. The method of any one of claims 1 to 5§, wherein the first solvent

comprises acetonitrile.

a9, The method of any one of claims 1 to &, wherein the compound of

Formula 11z is the bis-oxalate salt of Formula 1Ha.

10, The method of any one of claims 1 to 9, further comprising prior to
step (b}
{al} forming a reaction mixture comprising the compound of Formula 1Va and
hydrochloric geid to form a monchydrochloride form of the compound of

Formula 1Va.

i1 The method of any one of claims 1 {o 10, wherein the reducing agent is
selected from the group consisting of zine, iron, Raney nickel, sodinm sulfide, sodium
dithionite, ammonium sulfide, patlladium on carbon, Hthium aluminom hydride, and sedivm

borohydride.

82



WO 2016/044183 PCT/US2015/050039

12, The method of any one of claims 1 {0 11, wherein the reducing agen! is
Zing,
13, The method of any one of claims 1 to 11, wherein the reducing ggent is

Raney nickel.

14, The method of any one of claims 1 16 13, wherein the second solvent is
selected from the group consisting of acetic acid, water, methanol, ethanol, isopropano!,

tetrahydrofuran, and combinations thereof.

15, The method of any one of claims | to 14, wherein the second solvent

comprises acetic acid and water.

16,  The method of any one of claivus 1 to 15, wherein the second reaction

mixture 1s maintained at a temperature of from about 10 °C to about 30 °C.

17.  The method of any one of claims 1 o 16, wherein R is selected from
the group consisting of methyl, ethyl, n-propyl, iso~propyl, n-butvl, iso-butyl, sec-butyl, i~
butyl, n-pentyvl, tert-pentyl, neopentyl, iso-pentyl, sec-pentyl, I-pentvl, hexyl, and Z-ethyl-

butyl.

18, The method of any one of claims 1 to 17, wherein the leaving group

LG 13 selected from the group consisting of chioro, ~-OH, and -O-tosyl.

ig The method ofanyoneof claims 110 3, 5, 6,910 12, 14 and 16 to 18,
wherein the compound of Formula Ia has the structure:
NH,

IR o

Nx\/ \'ﬁ.{;'

0ol

and the method comprises:
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{a} forming the first reaction mixture comprising the compound of Formula Ha
having the structure:
N

&

> IJ\\‘E” Nz

Bl
///\\\///\\ Gf N‘a{"\»\ CE

iriethylamine, ethyl acetate, and the bisoxalate salt of the compound of
Formula {Ha having the structure:

HNT T CO,E 0

M om
PPN AN & 2 HO \
Kﬁ\j N ]

under conditions suttable to form the compound of Formula 1Va having the

structure;
I
N e N0z
,//’\\\,f’\\O,/'\\ K N N/ . CO}&ZE
L\ T N,

{al) forming a reaction mixture comprising the coropound of Formula IVa and
bydrochloric acid to form a monohydrochloride form of the compound of
Formula IVa; and

{b} forming the second reaction mixture comprising the monohyvdrochloride form
ot the compound of Formula Wa, zing, and acetic acid, under conditions

suitable to prepare the compound of Formula la.

28, The method of any ong of claims 1 10 3, 5, 6, 940 12, 1d and 1610 18,

wherein the cormpound of Formmia a has the structure:

and the method comprises:
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{2) forming the first reaction mixture comprising the compound of Formula [la

having the strocture:

BT
AN N ,J\ /;L
AN TN ,

tricthylamine, wopropy! acetate, and the bisoxalate salt of the compound of

Formula Hia having the siructure:

NN CO,E < .
AN
\.\r.r Q.\v/\\N /\'? L4 2 HO/ \ﬂ
L s o
'\\:‘,-"'

under conditions suttable to form the compound of Formula [Va having the

struchure:

e S ~ N ~
AT N TN OO, E
L\\ f"?’\\.&\ //'\\N//\
DR,
N~

{al} forming a reaction mixture comprising the compound of Formula IVa and
hydrochlornic acid to form a monohydrochloride form of the compound of
Formmla [Va; and

(b} forming the second reaction mixture comprising the monchydrochloride form
of the compound of Forrnula [Va, zine, and acetic acid, under conditions

suitable to prepare the compound of Formula fa.

21, The method ofanyoneofclaims 1,2, 4, 5, 8,9, 11, 13, 14, and 16 1o
18, wherein the compound of Forroula {a has the struchure:;

NH,

\\\Y/ ~. {;O

Z%

. ,E /_,:’.)‘\ A

'//\\"’//\\O ~ N TN g
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and the method comprises:

{a) forming the first reaction mixiure comprising the compound of Formula [la
having the structure:
NH

4

it S

Z
- NOQ

™~
-~ Al
- ,f“\\v P e R 2

O NT O ?
2,4, 6~collidine, acetontinile, and tosyl-Cl, under conditions suiiable o form the
compound of Formrula a having the structure:
N,
N ’/J.Q\‘\\Y/‘ NOZ

o

N A NPAN ":‘"j\\ .
STNTTGTNT TS
and adding to the reaction mixture the bisoxalate salt of the compound of

Formula [Ha having the structure:

HNT OOE 0
o~ o~ o~ :\ /OH
e T’”\\:‘\ _,.f \N/ \7 & 2 MG ﬂ’
P A O
\\{f/’

under conditions suitable to form the compound of Formula TVa having the

struciare:

\;,1‘ ’/‘}\j( N N N
| ./
L\\f// -

(b) forming the second reaction wixture comprising the compound of Formula IV,

; and

Raney mckel, hydrogen and methanol, under conditions suitable to prepare the

compound of Formula Ia.

22 The method of any one of claime 1 10 3, 5, 11, 13, 14, and 16 t0 18,

wherein the compound of Formula Ia has the structore:

56
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and the method comprises:
{a} forming the first reaction mixture comprising the compound of Formula Ha
having the sirocture:

NH,
N,i\\ _ND,

I

N TN T TN

o7 N ,

iricthylamine, tetrahydroforan, and the compound of Formula Hia having the
structire:

HNT D0.E

.
LD
\"}‘f) \,/'N"\J ’

under conditions suitable to form the compound of Formula IVa haviug the

structures:
M+,
Ity .NO‘}*
N N /’“\ A TN
O i MTOCOOLES
Ltﬁ\ _
, )
AL ; and

(b) forming the second reaction mixture comprising the compound of
Formula IVa, Raney nickel, hydrogen and ethanol, under conditions suitable

o prepare the componnd of Formula Ta.

23, A method of preparing a compound of Formula Hla:
HNT TCO,RY
i j NN
N B
(e
comprising forming a first reaction mixture comprising Br-CH-COuR", a none
nucleophilic base, and a compound of Formula Va

fNHs

k :

T (Ve
under conditions suitable to form the compound of Formula His, wherein the
compound of Formula [ila is present at the lalogram scale,
wherein

87
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R is C4-Cy aliovl.

24, Themethod of claim 23, wherein the non-nucleophilic base is selected
from the group consisting of triethylamine, diisopropyiethyl amine, N, N-diethylaniling,

pyriding, 2,6-lutidine, 2,4.6-collidine, 4-dimethylaminopyridine, and guinuchidine.

25, The method of claim 23 or 24, wherein the non-nucleophilic base

comprises triethylamine.

26, The method of any one of claims 23 to 25, wherein the method
cormprises forming the first resction mixture comprising BrlH.COhEL NEt, and the
compound of Formula Va having the stracture:

NH,

under conditions suitable to form the compound of Formula IHa baving the structure:
HNT TCO,E
N

R
D

L +
N

27, A wmethod of preparing a compound of Formula [ia:

e {1ta}
comprising forming a first reaction mixture comprising OHC-CORY, a reducing

agent, and a compound of Formula Va:

NH,
~ _,/"\\\\
NN
I an
S e } .
"‘v’/ {\’aj

under conditions suitable to form a compound of Formula Hia,
wherein

R s - Ce alleyl.

28, The method of claim 27, wherein the reducing agont is selected from

the group consisting of Na(OAcHBH, NaBHUN, NaBH,, Zn/HC, and BH -pyrdine.
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28 The method of ¢laim 27 or 28, wherein the reducing agent is

Na(CrAcHBH.

34. The method of any one of claims 27 1o 29, wherein the method
comprises forming the firet reaction mixture comprising OHC-COLEL NatOAcK,BH, and the

compound of Formula Va having the structure:
NH,

ander conditions suitable to form the compound of Formula Hia having the

structure;

HNTCOE

g //.‘\\\\ NN N‘/\

' 3
\
- J Mot
s

\\/_‘,

e/

A method of preparing a compound of Formula Hia:

31,
HN T COR
’\T/s\\\
| '
SN oy
e " {1fa})
COMPrising

{a) forming a first reaction mixture comprising HoN-CHo-COLRY 2 non-
nucleophilic base, and a compound of Formula Via:

OHC. o~y

JAR

NSNS
e N (Vs

under conditions suitable to form an intermediate compound, and

{b) forming a second reaction mixture comprising the intermediate compound and
a reducing agent, under conditions suttable to form the compound of

Formula Hiia,

wherein
R s €0 alkyl.

The method of claim 31, wherein

[
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the non-nucleophilic base is selected from the group consisting of triethylamine,
ditsopropylethyl amine, N N-diethvianiline, pyridine, 2.6-lutidine, 2,4,6-
collidine, 4-dimethylaminopyridine, and guinuclidine; and

the reducing agent is selected from the group consisting of Na{QAc)HBH, NaBHL.ON,

NaBH,y, Zo/HC, and BHs-pyridine,

33, The method of claim 31 or 32, wherein
the non-nucleophilic base is tricthylamine; and

the reducing agent is NafQAckBH.

34, The method of any one of claims 31 to 33, wherein the first reaction
mixture further comprises a sulfate salt selected from the group consisting of sodium sulfate

and magnesiom sulfate.

35 The method of any one of claims 31 to 34, wherein the method
COMPrisss
(a} forming the first reaction mixture comprising HaN-CH-COhEL, NEL, MgSQO,,
and the compound of Formula Via having the structure:

GHC ~ :’/”\‘-\\‘; TN N e '\\)
¥ \\_...Jl
‘\\:;f,-
under conditions suitable to form the intermediate compound; and
{b) forming the second reaction mixtore comprising the intermediate compound,
MNa{CAcHBH, and acetic acid, under conditions suitable to form the compound
of Formula Hia having the structure:

HNT CO,E!

36, A compound having the siracture:

T G0,E 9

S N gy ® F MY

1 j Ok I

o

940
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~J

A method of preparing a compound having the structure:

EEN O
HNT N CO,E
. HO,J-L\ _OH

O A T

e
comprising forming a reaction mixture comprising oxalic acid and & compound
having the structure:
HNT T O0,E

P - P
\Y/ Ry \N \\

I

: . -

N i
~

under conditions suitable to prepare the salt,

38 A methed of preparing a compound of Formula Ha:

CoTNTIe ey
comprising
forming a first reaction mixture comnprising ammonia, @ first non-nucleophilic hase,
and a compound of Formula b having the structure:
i

N /J\\\\\ NGy

RLQ‘”E\N"’ L
under conditions suitable to form the compound of Formula [a,
wherein

R is C-Cy alkyl; and

LG is a leaving group selected from the group consisting of halogen, -OH
and -0SO,R™, wherein R" is selected from the group sensisting of C-Cy
alkyl, Ci- haloalkyl and arvl, wherein the aryl group ts substituted with 1 o
3 B groups cach independently selected from the group consisting of C;-Cs

alkyl, halogen, and NQ,.

3%, The method of claim 38, wherein the first non-nucleophilic base is
selected from the group consisting of tricthyvlamine, diisopropylethy! amine, M,N-
diethylaniline, pyridine, 2,6-lutidine, 2,4,6-colliding, 4-dimethylaminopyridine, and

guinucliding,

51
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40.  The method of claim 38 or 39, wherein the first non-nucleophilic base

15 triethylamine.

41, The method of any one of claims 38 to 40, further comprising, prior o
the step of forming the first reaction mixture, the steps off
{a} forming a reaction mixture comprising a nitration agent, and a compound of

Formula lic:

SOTUNT TOR (fic)
under conditions suitable to form the compound of Formula [id:
O

- \\\\-{“.*/ NDQ

M
R1\, e =\ ";';j\\
O NT TOH (Iidy ;and
(b}  forming a reaction muxture comprising a chiorination agent, a second non-
nucleophilic base and the compound of Formuls Hd, under conditions sudisble

o form the compound of Formula b having the structure:

42. The method of claim 41, wheretn
the chlorination agent is selected from the group consisting of phosphorous
oxyehionide, thionyl chloride, oxaiyt chlonde and sulfuryl chlonde; and
the second non-nucleophilic base is selected from the group consisting of
tricthylamine, diisopropylethy! amine, N N-dimethylaniline, NN~
dicthvianilioe, pyriding, 2. 6-hutidine, 2.4,6-collidine, 4-

dimethylaminopyridine, and quingclidine.

43, The method of claim 41 or 42, wherein
the first non-nmucieophilic base is triethylamine;
the nifration agent 13 nitric acid;
the chlorination agent is phosphorous oxychioride; and

the second non-nucleophilic base is N N-disthvlanifine.

a2
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{a)

(b)

()

44, The method of any one of claims 41 to 43, comprising
forming the reaction mixture comprising nitric acid, acetic acid, and a
compourd of Formuls e

O

e

N7
R 1\ /”' i\ ‘)'/J‘\
O TN TOR (11

under conditions suitable to form the compound of Formula Hd:

t‘!)H
N,*\\\V,NQZ
Rl f/\ N

07 NT TOH {1icd;

forming the reaction mixture comprising phosphorous oxyehioride, NN~
dimethyvlamling, and the compound of Formula Hd, under conditions suifable
{o fornm the compound of Formula [Th:

e
N,

N - \\‘:‘\} e

ri M

N .
o0 N {Ilby :and
forming the first reaction mixture comprising armonia, tristhylamine, and the
compound of Formula ITh, under conditions suitable to form the compound of

Formula {ia

45, A compound of Formula He having the siructure:

4

??;:’.
S
7! /’E\ ke

TOTOUNT L {Tle)

NC,

wherein

w1 s O-C allevl;

LG is a leaving group selected from the group consisting of halogen, -OH

and ~O80:R ", wherein R’ is selected from the group consisting of C;-Cs
alkyl, €~y haloalkyl and aryl, wherein the aryl group is substituted with | {0
3pi*e groups each independently selected from the group consisting of Ci-Cy

alkyl, halogen, and NQO-;

2" is sslected from the group consisting of halogen, ~-OH and -NH,; and

subseript x s 1 or 2,
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such that when R'? is -NHz and subscript x is 2, then LG is a halogen.

46, The compound of claim 45, wherein subscript x is 1.
47.  The compound of claim 45, wherein subscript xi8 2.
48. The compound of any one of claims 45 to 47, wherein

®' s n-butyl:
&M i5 selected from the group consisting of chloro, ~OH and —NH,; and

LG is selected from the group consisting of chlore and —OH.

49, The compound of claim 45 or 48, wherein the compound of

Formula He s selected from the group consisting oft

NH, ¢ on
N/iQT,NOQ e NO2 NN
- "El"! b Pia Ji f;‘\ PR S f‘;i //::‘\

- N P TN e TN TN TN T e TN T N g TN
AN TN e T T N o
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