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DESCRI PTI ON OF THE DRAW NGS [ 0010] Fig.1 provides an overlay of five
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triazol -5-y1)-8, 9-di hydro-2H pyri do[ 4, 3, 2-de] pht hal azi n-3(711) -one tosyl ate
salt. [0011]FIG 2a provides a differential scanning calorinetric (DSC)
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fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-

3(7H)-one is provided. In certain embodiments, the tosylate salt is prepared from a suspension in
tetrahydrofuran (THF).

[0008] In another aspect, the present application provides a pharmaceutical composition
comprising a tosylate salt of (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-
5-yl)-8,9-dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one, or a solid form thereof, as described

herein.
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facilitate understanding of the disclosure set forth herein, a nunber of
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[0018] Fig. 5b provides a TGA graph of a crystalline (8S,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt polymorph, 7, from THF preparation.

[0019] Fig. 6 provides an X-ray powder diffraction (XRPD) spectrogram of a crystalline
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt polymorph.

[0020] Fig. 7a provides a DSC graph of a crystalline (8S,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt polymorph.

[0021] Fig. 7b provides a TGA graph of a crystalline (8S,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt polymorph.

[0022] FIG. 8 depicts an X-ray powder diffraction (XRPD) spectrogram of a crystalline
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt polymorph, 8, from acetone-THF preparation.
[0023] Fig. 9 provides a dynamic vapor sorption isotherm plot of a crystalline (8S,9R)-5-
fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-
de]phthalazin-3(7H)-one tosylate salt polymorph, 8, from acetone-THF preparation.

[0024] Fig. 10a provides data for a single-agent cytotoxicity assay for free base in three
mantle cell lymphoma cell lines at 1000 cells/well.

[0025] Fig. 10b provides data for a single-agent cytotoxicity assay for free base in three
mantle cell lymphoma cell lines at 5000 cells/well.

[0026] Fig 11a provides data for a single-agent cytotoxicity assay for free base in two

head and neck cancer cell lines.

[0027] Fig. 11b provides data for a single-agent cytotoxicity assay for free base in
PE/CA-PJ34 head and neck cancer cell line.
[0028] Fig. 12 provides a solid state '>*C NMR spectrum for a (85,9R)-5-fluoro-8-(4-

fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt polymorph.
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DETAILED DESCRIPTION

[0029] (8S,9R)-5-Fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-
dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one is a promising candidate drug for the
treatment of cancers including, for instance, leukemia (including acute myelogenous leukemia,
chronic lymphocytic leukemia), myelodysplastic syndrome, colon cancer, EBV-associated
tumors (including Burkitt’s lymphoma, nasopharyngeal carcinoma, lymphomas in AIDS
patients, smooth muscle tumors in AIDS patients, Hodgkin’s disease, non-Hodgkin’s lymphoma,
lymphoproliferative disease in immunosuppressed patients, leiomyosarcomas in
immunosuppressed patients, EBV+ gastric cancer, EBV+ breast cancer, T-cell lymphoma),
endometrial cancers (including carcinomas and sarcomas), gastrointestinal stromal tumor,
gliomas, glioblastoma, lymphoma (including mantle cell lymphoma), melanoma, breast
(including metastatic, BRCA-positive, and BRCA-negative), ovarian (including advanced, high
grade serous, platinum-sensitive, platinum-resistant, platinum-refractory, and BRCA-negative),
cervical, pancreatic (including BRCA-negative), peritoneal, prostate (including BRCA-negative,
metastatic, and castration resistant), hereditary nonpolyposis colon cancer (HNPCC), lung cancer
(including non small cell lung carcinoma, small cell lung carcinoma), colorectal carcinomas,
uterine carcinosarcoma, solid tumors (such as those of the bladder, bowel, brain, breast,
endometrium, heart, kidney, lung, cancer of non-pancreatic endocrine organ (thyroid), and head
and neck), and hematological tumors.

[0030] Provided herein are methods of producing the compound, including a tosylate salt
form of the compound. The methods provided herein provide, for example, improved recoveries
of product and/or fewer processing steps, amenable to large scale production of the compound,
as compared to previously reported syntheses of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-
methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one in its free
base form (see, e.g., US 2010/0035883). In one embodiment, as demonstrated in the examples
that follow below, a tosylate salt of (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-
triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one has been prepared in a
crystalline form having stability exceeding that of other solid forms associated with the free base
and other salts of the compound, or having other beneficial properties. The examples provided

herein demonstrate that certain different solvents can be used to form a tosylate salt polymorph
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p-t ol uenewolzbmisessaci d UV ul travi ol et XRPD X- Ray Powder PDIrfuSe@aosmng

[ 0032] As used herein, a reference to

"(8S,9R) - 5-fl uoro-8-(4-fluorophenyl)-9-(1-methyl- 1H 1 ,2 ,4 -triazol-5

-y1)-8 ,9-di hydro-2H pyrido [4,3 ,2 -de]phthalazin-3 (711)-one" or to its

formul a, H3C |.-7. .. F,.w |1, unl of herwi se no r de cl ear
o hetshh e i ubiehonbed o8 2L Rl S aritetios e 1 oo
base fggﬁm)[q@,j_ﬁg]pﬁgmhggpg{%m[)gggB] It will be understood that a tosylate salt
of (8S;9R)-5-fl uoro- 8- (4-f| tor opheny1l) - 9-

(1-nethyl-1H1, 2, 4-triazol -5-y1)-8, 9-di hydro- 2H pyri do[ 4, 3, 2- de] pht hal azi n-
3( 7M diexminelpey ses a cation of

(8S,9R)-5-fl uoro-8-(4-fluorophenyl)-9-(1-nethyl-1H 1, 2, 4-tri azol -5-y1)-

8, 9- di[08al] o- 2H Morfacibifads Bydrdeidoiy dfthadisolo3 (7 idf)fesinberem, g number afiterms

enbodi nent otonated at one atom c position, qr.in other enbodi nents,

ot ot ort: definsh bRlsPe CeRgA TS SpBr saies biTand i PafebE pRoctits

p- t ol WeRnestHcrNitEy, AfldtbinaMIBERistri QindPph@ndcdlogTdesdrded herchesribsasvell
"tosylate."” In certain enbodi nents, solid forns of

( 8S, 9Rnownfapd eemm@nycriplayedop hlehyrt )Uidess tefraechgtheriisel alf terhpichlzand|ssicptific 8, 9- d

i hydrq-2H jdol 4, 3, 2-de] pht hal azin-3(711)-one tosylate salt w.ll. conprise
2 Cat RO DL el AD Pl SyrRe tnd b torRu R Rl Ba B el bl YT

cat i oRkilicinakd g0toWhiah thiatiselokutebblengnl i d salt will be about 1:1.33, about
1:1.5 or about 1:2. [0034] As used herein, and unl ess otherw se specified,
the terms "about" and "approxi nmatdbhreviagighs used in connection wth doses,

amunmtS,, Wia J ot MGhlNe of TTgredrents of a composition or a dosage
f or m—egh a pese, pnount . o —weirght—percent—that—i s recogni zed by those of
- ACN o CHECRE |, Pacefonitrile” = 2 B ol ea i

or di naby—skHH—nthe—art—toprovide—apharmacological effect equivalent to
t hat MMl ned from &ghl@:ggm.qth ¥ dose, anpunt _ or i ght percent.
Speci|3¥al |y, the t pdifigrengplieanniag galoymetyy 2/ 054698PCT/ US2011/ 057039
"apprdX¥¥mt el y, " whedynasedvaportstiipgogont ext, cont enpl ate a dose, anmount, or
wei ghtegpper cent wi t hj gqulvaffentwi thin 10% within 5% within 4% within 3%
wi thillE?% w thin 1Pgle@fonMptd)i iBnRafdk Of the specified dose, anount, or
wei grtEI@%rcc?Pt - [O0BQ}{FaclpRd Nerein, and uniess Ot herw se specified, the
t er ny 2 apout™ —ana gram

GMP good manufacturing practices

h hour

HPLC high performance liquid chromatography

IR infrared

kg kilogram

LC-MS liquid chromatography — mass spectrometry

m minute

McOH methanol

mg milligram

min minute

mL milliliter

mmol millimole

MHz megahertz

MPa megapascal

MS mass spectrometry

MTBE methyl fert-butyl ether

NMR nuclear magnetic resonance

PARP poly(ADP-ribose)polymerase

ppm parts per million

PSA particle size analysis




"approxi mtely," when used in connection with a nuneric value or range of
val ues which is provided to describe a particular solid form e.g., a

speci fi c worgpey@tasBe or tenperature range, such as, for Pexarspdia/ostodat
describing a nelting, dehydration, desolvation or glass transition; a nass
change, such as, for exanple, a mass change as a function of tenperature or

hum dity; a solvent or water content, in terns of, for exanple, mass or a
per centage —or—apepk—posttion—such—as—Foer—exanple, in analysis by, for
exanplAPbreviati €a i ndi the val ue or range of

val ueLTH8Y devi at e | phasphatsscand tefswrkamalensonabl e 1o one of ordinary skil
in thkRBrt while stjtdatdedomidiyng the particular solid form Specifically,
the t&BW "about" ahgtahwmippexirominddrgscopphen used in this context, indicate
t hat [tiganuneri c val geriéerhdAR@iOhakalsues may vary|by 5% 4% 3% 2% 1%
0. 9% H1B% 0. 7% O B¥anRof@ar0- 4% 0.3% 0.2%or 0.1%of the recited value

or rdar f—values riormg tie particular solid form
[003L ﬁéﬁ)t erm— alluvﬁtdlﬂe&%ﬁﬁ‘dnlg |§§phOUo form—s—intended to nean that the

Subst hnn‘hnnnn HltrﬂYIOMnrhlhf N aact i on | s not Subst ant| a| | y

\AII\.’\/ \.1\.4\19\. T

cryst FXRRIHP as rlptp X'Bﬁ%’dﬁo"f"{rﬁrnlff@cﬁ by XRPD aor where the substance,
conmponent, or product in question, for exanple is not birefringent when

ror pHATAE or rm o1 Bol Hirel A B8R oS BTk T Tbrg Py B E PR T b D hous
f or ms 1&nd2ertriapyls3-al)l 8 NndihfyaroBE- p&ﬁaa[ltmhele}pﬁfwazﬁf YSERlonther toafsfbrrula,

"crystal form' refers to a crystalllne solid formof a chem cal conpound,
including, but not limted to, @_si %Echoggonent or nul tipl e-conponent
d

crystal form e.g., a polynorph oOf d; or a solvate, a hydrate, a
clathrate, a cocrystal, a salt ofa poyyd, or a pol ynorph thereof. The
term"crystal forns" and rel ateqg ns |herein refers to the various
crystalline nodifications of &4 sance, including, but not limted
to, pol ynorphs, solvates, hydrates, ggﬁajs and ot her nol ecul ar

conpl exes, as well as salts, solvates of alt§, hydrates of salts, other

nmol ecul .ar conpl exes of salts anpd pol ynor phs the ystal for of a
Subst dHculshy %@W&F&PWQ@rWdaC HdhY BTt TR B tﬁ%rﬂ%tsw PHSEhECArt . such
et ho‘iléfefe%é’cbdtﬁeﬁQE’ﬁoas%rtﬁrrﬂ‘aftﬂecBh%%Qn&0 mel t recrystallization, nelt
cooling, solvent recrystallizati recrystallization in conflned spaces
such 48033. g. |Ihwﬂhbm1puiea$0qdrth@taqdpsylatmsel$pf (86, 920 1211 054 SOGIPUTOr 8RO /B 57039

ey b9 Phrige Shatein ST Eu R RebhE > Bl Bl ol Vet a
count ebmipEb&CdE8n of 5509 M23-F186ko- Siéilﬂﬁdh@bhé?&l) g-aRht1yaPOl, QMLtﬁﬁzolfsaﬂ')-d

cooling, slow cooling, vapor diffusion, sublimation, grinding and

sol verftd- dﬂl@émg%ﬁlmrlﬁgﬁ qbdempﬁlétaﬁmr%ﬁéfé ohor(eghar are enbodipgnic pypsenakediabr ms
and an incl Ilnlt XRP ngl e
AT TRE BRAYE phSGAR ok AEbHEEmBimBLE, AL GbrcBun o bosiShPandl 19

spect nasapof psoluctesatfahie abMRwh@r&tth@ adiofisatR8@a Ry herbidtasStagRteIPIn @ethin
m croscopy, SEM el ectron cgista Iograﬁbé and quantitative analysis, PSA,

sur f acEbafRengn apdfosms 9b(&HIN: T fluepdl eBuemphay Hsb( ibesw! -4flobi dsriazado39] As
used r r

compon D B R oh Tt DA d P Blon

non- sn@anmnmnEMﬂnnoaﬁdmmtldfhmm%mnlamMMMnhysnbmemmma¢embnmnﬂawmmbmmhbar
forces. .As us d unl ess_ ot her e indicated, the term "sol vate"
means S h%%ﬂt%t %%’ E oﬂ%t%ilé%@aﬁp mign of one or nore sol vent

nol ecgb@ﬁt jto a %m@&'ﬁgreﬁf ayd Qﬁ@ss%ﬁ&w&e%beéﬁéd’ R RFRO*abodP@ntier m "sol vat e”
i ncl udes hydrates (e.g., hem hydrates, nonohydrate, dihydrate, trihydrate,

t et r aliypehrasisatadnd whee ulsq:d(m)conﬂ'mos a\mhaiosss @mogntsmrd’vcaglﬁs))er@ﬁt of ingredients

(8S,9 fluo hen i azol -8, 9-
Gt hy b aSpmpy g Pt o9eh BT Bhaa AUpse spoly: Sreeht gt b Reget by
non- criyssk dlf bidigary kRIA4R khkhet tbqfrmla@bt@hmgwbgféat dffecocqiprll ahh&thaxebtRinedt
refers to a pharmaceutically- acceptable material, conposition, or vehicle,
such dwmthejsgesiticddossoarnepnt; ar|vegightdicragai Specsﬁwlefnthe teymsgisbaiS andit i ng
material. In one enbodi nent, each conponent is "pharmaceutically
acceptabl e” in the sense of being conpatible with the other ingredients of
a pharmaceutical formulation, and suitable for use in contact with the

ti ssue or organ of humans and ani mals w thout excessive toxicity,
irritation, allergic response, imrunogenicity, or other problens or
conplications, comrensurate with a reasonabl e benefit/risk ratio. See,
e.g., Rem ngton: The Science and Practice of Pharnmacy, 21st ed.; Lippincott
VVIllans &.VVIklns Phlladelphla PA 2005 Handbook of Pharnaceutlcal

—— ~ -~ o

-



[ 0045] The terns "treat,"” "treating," and "treatnent" are neant to include
alleviating or abrogating a disorder, disease, or condition, or one or nore
of the sywptomgsa®soci ated with the di sorder, disease, @cTas2diiosmag or to
sl owi ng the progression, spread or worsening of a disease, disorder or
condition or of one or nore synptons thereof Often, the beneficial effects
that a subject derives froma therapeutic agent do not result in a conplete

cure Qf the di a,svg}e dis rd r or conditio 6] The term."t hera eutlcally
B @te

ef f ect PRAZC tSGOPtﬁé‘i PR ﬁt Bung eI Rarehat . when
adm niygtieR eshe, Wethsufobs, Cvln%ﬁﬁ 540 vRIhEY 8Nt wieMEIQPIRRL 20f, wifllin 844, %i/bv@thﬁt to some
extent, one or nore of the synptons of the disorder, disease, or condition
bei ng Oti%@tfé@ spThaed dosn amm,atpe’mlghia?letq%néf fective am)unt also refers to

the a nd. t ha fficient i Cit e blolo i cal or

rec AP0 ponee PR HOSk AR e kb Bl Fid Gy aPPun Medi cal

doct orapgbxighatdly Civén ub&f in@andhion Wit 4 Mithdid vaRARI? ragdd dﬂvTaMleB WhydhM@, to

i nhibit cancer cell growth and/or proliferation, and/or to decrease cancer
cel | ronadedsio qeguibr|amarticaid spbd EIRL, £ife atSEPHIC (REIDCTHICOf (TBPCTHEETENEE,

wei ght / vo f ui l e, 250
o of SutEr B BhbE, e FRLjGnE SRAAH Jeh Bt UECRRNSERE B Blns HA™P &

di ssolnvas changd swsh 2§ Tondxanpite, 2 ndask chamige a0k Vigittion bfitathiermmicor hOMBiyt B one
aspect, provided herein is a ﬁos ylate salt of (8S,9R)-5-fl uoro-8-(4-

f 1 uor SPIERkRE)Wadercpnicat iy termpoh for oxample, mass &t 4/ Agregntages Py, prak Posifighrugby 4, 3,
2-d t t

( 88619%? fGﬁ%}?&zﬁoﬂT@ (1Z ?ﬁfg%gfgtg can );;13 o ( 1\)ﬁf_ ne‘, qtgiﬁdy:’ln?‘q%l-smd )ﬂ@D, indicate that the

1, 2, 4-vahicaz odngb-of szaluas ﬂayi téwiate 0o 2iHextynti ddofndd Baaze@b]qothtomabﬁmdmm gKill)in one

tos | ate sa i de e|n| form |, some

Lo Shile E@?ﬁt%g et DUl ekt Rraraen S it dertodntent s. t he
cryst a‘h%prﬁ%rﬁa%lm lygheft u§&i MahR cofRkt, i¥Sda@ B8t the nhh¥Sé dhihé Berahd ¥@bAudsor m may
be a hydrate. In other enbodi nents, the

(8S, QR)aYS\laﬁ'Y bpp . 8/( ZMF, I2ﬁ(0r1&(ph)e9%,l() 89, 0.7 mdtt1y.10.1%, .42, £-3%, 0.2% or 0.1%

sal + QU et R S R R e P PR PR el e o, oY

provi geeBdper ei n The ténSUnhdphdtsMof Earflorph@usAbptht Blihfeidedfte iiBan alut @EOr phous
form or a mxture of fornms) of (8S,9R)-5-fluoro-8-(4-. WO
2012/ O8%OBPCPMINROt] PN PARY in question 1s not substantially crystalline as determined, for

fl uor r ,do[ 4, 3,
| or SRR Rufb Rt et At R Raf A

provi dtedblln&hﬁgemt @&}hﬁﬁWhi@\t’ed)mlcfd?.C@i&ll@ﬁhﬂ@ﬂﬁﬁﬁfﬁrandﬁmvntd%ah@ﬂﬂdmpmlﬁg an
crystalll rmo S,9R) -5-fluagro-8-(4-fl uorophenyl)-9-(1

met hy fnmtp { ﬁtaecey@)w @lbdtaﬁw&frwfml?r&&%p@uz f%}sp%fit% azin-3(7
1/) - OQ?ys‘Pthﬁ"e ﬁ‘,%g‘ or solvate thereof In one embodinent, provided herein is
an anorphous form of

(8S, OROFH f | uor ddhe(ternf Tarpstdpheford)’ o@“egrjzstabﬁonyﬂteﬂfbtslo 2 ceystatlirgzsolid Seryd 9f 8, 9- d

![ Eg?;%fc%l_%]%gl dO[LPu(t’lgr Pﬁ*"ﬁ r&ﬁgttg}%l mﬂgd %q( %é@n?gle Qoemt())orne%t osrarlnultlp[e cso%ltpvo%tegt
(85 IR}yl bR Qs 8 fyhbipRro? R nd ot & soRhRYd hydiate. a clathrate, a tal, a

, 2, 4- %}Fl azol - %_ lédng&?gtﬁd?gﬁ%&pcgrol dgt[STIi 'J%}’ %dg]aeht%al a2|en C30(C S1) one
t osyl atleots y@mmundner %mlvmbmhrthgleof/ iThe termeiceystel ifernistilsad mittr:@\tems beew  For
i nst ance., [n var lotl)lus %%I men 1catt thefcr sItlaI,t;S JNe. tog %% altthrﬁlt'rdt y is
of at 'TERSP Hpoioo o At e%d ut” 8% LR T het gl
about p38fnorphs, keiastes atlgatatesga&?/@ryaﬁalslaaa%theahmlﬁcu&&)caﬁ@leaés lheasll aglatsl 99. 5%
at | east about 99. 6‘V at | east about 99.7%or at | east about 99.8%Db
wei ghtsolyteg of sakig) lé’dé%t%‘tfaﬂa 5, rvéhqr@mt?cmtéomtﬁépw%%alt@fanﬂ telymearahs t\tt@tegﬁt
whi ch i ds.
I ond TEReaRr L O Rl AR i ST PR o PR o RN
si ngl engtlhodsandade, bmyaacb abi lnmeed o mehrrecaymlhgdte)npmleymoolpﬂg sd>lne1£tnot her
enbodi nment, the crystal line tosylate salt a multipl e-conponent
cryst P9y aallieaion ESRpRIlgeHgN i fnfged &hagst %Cﬁ.aﬁee % o HAERRPTEY O BALEBhe ot her
crystalline and/ or anorphous form of
(8S, 9R) - 5-fl uoro- 8- (4-fl uorophenyl)-9-§ 1-nethyl-1H 1, 2, 4-tri azol -5-y1)-8, 9-
di hydr o- 2H pyri do[ 4, 3, 2- de] pht hal azi n-3(711)-one. In sone or any
enbodi ments, the crystalline formis substantially free of an anorphous
formof (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-
met hyl-1H 1, 2, 4-tri azol -5-y1) -8, 9-di hydr o- 2H pyri do[ 4, 3, 2- de] pht hal azi n- 3(7
14)-one. [0051] Unl ess ot herwi se specified, when an XRPD peak is expressed
|n 20 angl e degrees it shoul d be understood that copper KuI radiation is

o e - ~ N o o



4.90; 4.79; 4.65; 4.42; 4.35; 4.13; 4.08; 3.93; 3.85; 3.70; 3.58; 3.31; and
2.99. In sone enbodi nents, the crystalline tosylate salt has an XRPD
pattern cwoppi2ismgsone or nore peaks (e.g., at |east threg/usatiiosnse four,
at least five, at least six, or at |east seven peaks) selected from peaks
wi th 20 angl e degrees of about 7.49, 15.10, 18.10, 20.06, 20.40, 22.61, and
24.01. In sonme enbodi nents, the crystalline tosylate salt has an XRPD
pattern coqsrisin ong or nnr@»Peak e.g., atlleast thr?ﬁ, at .l east four
at | edSEYFFNEAUORON WHAECST femiyptes puGheist &5 B BAY B EK SIS &e48R 1 Fm peaks
Wi th 20-ena & (d8BREEeSud asaP@Uto-brAl cdmhtdiOmoBuld) dedetviifdn gﬁrygﬁ;tioﬁ,oraﬁﬁ:
21.49, 22.61, and 24.01. [n”sSone "enbodi ments, the crystaliiné tosylate salt
has arv¥rRPBiqratapet eodiogpyldsicnglingaeamr difbuseorp saldgmdtmnggrinding behslvanhide,  at
| east foyr, at least five, at least six, or at |east seven peaks) sel ected
from FE4RYBni t h 20 angl e degrees of about 7.49, 15.10, 17.78, 18.10, 18.49,
19. 08,[0638]06, 20c#khiquds. f69chalit@ilingldy Qdl, forifandarSskphduy f6@ARIneRIAe WuleRt S,
the crystalline tosylate salt has an XRPD pattern conprisjng one or nore

t

peaks npeliggited g, TIGARIISE.RERRD, Hegle stystal Koigy difffactopesyy, Yibiaiontspeemseonsi x, or

at |eas ev | - Kk ' - I f about

7 a0, i BGHRRRER SRR il L R Splle] it A8 oy SRUEBRT® 0™ T, 4o
19. 08 mi2kdsEipy, SBM4 @lec@dn 49 staldgréphy adl ubntitdOvOdnalysing PR, Brfack Arcaamnhlgkis,
enbodi nents, the c%%alalllne Hﬁsylate salt has an XRPD pattern 23. 05,

conpr ielURYithHdiss anddissleigistydieyy. | at least three, at |east four, at |east
five, east : e 2 ) w th 20
angle[g%gﬂees o?hﬁmsg ﬁ%gl%%?ﬁ%§§§¥%€7§§§mﬁﬁkﬁé%%g&%g}Bpﬁﬂigﬁghgﬁbodinents,
t he cregsipalind oresattolsyréatt firthat inchdsganst{BRDnpaid @monetorphibsicng aomenoof nor e

eaks . qg., | east three, at, |least four, at |least fivye, at |least six, or
P2 e atiedioyad by aSre A Bt lec b teny sk i pengelEas Mo rviStont 11 6
5.9, 4nflcatéd, 4o tefim 3Solvate Ome@th sdivhte FRmS® BB QslioBRALS of sMtordhdrs kaivkhtne

tosylate salt has an XRPD pattern conprising one or nore peaks (e.g., at
| east mdleavdes tata coapernd pgvided helcangntsaftithascofathe wast selivate” meluges hydigtes seven

4, X238 ER St 7 BORERARa A ke Ry R s Moot ¢

conpr i(s gshyii@elof (85, 8R PEAkSrok &(H fluo@phéBASY-( 1 ic@Ssl- 18- 1 ReRagiazbl0dy))-9- | east
five, at least six, or at |east seven peaks) selected from peaks wth d

val uedliyayo-2Hniprideld. ABuleiphthalgin-§(T)-aiewan he grysigligic of mpn-caysaghhing 35: 4. 1
3.9; . and ; ' 'gﬁr t-hes | Ses one
or nnig&gﬂaks (éj%§§n£ﬂﬂ§§g%%hﬁﬁ§§§8g§t 1%§§¥&€§ur, %?Q?ég%%ﬂ?%%ggﬁgt | east
Si X, atcaptablemsterisie venp@eiaks pr selidef sadh by o iypdak solnd filierddiiadnteslveh) or
conprise aboyt 11.8; 7.1, 6.&;-5.9; 5.1; 5.0; 4.9, 4.8, 4.7, 4.42; 4, 35;
4.1; 4ngapslagng gatprial Iy onezergbodiment, gyt compongy 15 o AR TBREIICAIBAT B Rl

cryst ah {jnend Qi fb&offhlin 3Rt éﬁ%gr%?édtié?ﬁ@o Fin8dd8cATEmA 1, and

2012/ 054698PCT/ US2011/ 057039 nore peaks (e.g., at least three, at [least

f our, sattablefstusé inventaat witkdlst tisixor agamof hewsts agdvemaeakbiutsetasived from
peaks wi.th 20. angl e, degrees of.about 7.5, 15. 18..1, 20.1, 20,4, 22.6, and
0. oo i 8 o tHHER T PR e iRy Sreshicr o asEy e Uoiaa PY ool Ao rpp

pat t erBneRBlita& With £ RRsab BB REMKSali& - Re, e At Rérﬁﬁ%ﬁon@ MnESciedle dngast four,
at least five, at least six, or at |east seven peaks) selected from peaks

wi t h Z0aetfglog Phegrases? bt edbbwpinpot Willkans &1\Eilkins:1RhiledelplialPA2Y0S; 21. 5,
22.6, ,and,24. 0., n sone embodi.ment he cryst.alline, t | ate . sal4 has an
e L p R g T e R S s MM e T
four, aall theeasritdnBhardbedutiad tAssbotatiod: 2009, IFRAFbo Sy FhapRadsYic Al iehesd from
peaks with 20 angl e degrees of about 7.5, 15.1, 1/.8, 18.1, 18.5, 19.1,

20. 1, Spded; Ash agl AslpEds.; Gawer Publighing (omnapy sii0d: Badssuiceivus Prefergnulation
crystal | ; | t: RRPRattEr I &N e or nore peaks
(e.g. %]ngﬁa ?’g%@?] X%’ﬁ%nglee?l%glb%@?s(?{?our , e%tq“ I[é;agsbtcgﬁggﬁ’ ﬁét quggst six, or at

| east [8@&Mén peakid) tael qoiwdofphdor edksonphicfo)’ affigh @ cegifaes coinabout 7.5,
12.5, 14.4, 15.1, 17.4, 17.8, 18.1, 18.5, 19.1, 20, 20.4, 21.5, 21.8,

22. 6, ot formys that coppgise %.S@l}legﬂﬂie@éﬁ., @10§Tf@$ﬂ§@rmsc@§ff%?m PeHERUPREHES, t he
crystalline tosylate salt conprises XRPD peaks at 20 angle degrees or d
val ues (A) as provided in Table 9. In%one enbodi nents, the crystalline
tosylate salt has an XRPD pattern conprising one or nore peaks (e.g., at

| east three, at |east four, at least five, at |least six, or at |east seven
peaks) selected frompeaks with 20 angl e degrees of about 7.42, 15.01,
17.70, 18.01, 18.47, 18.98, 19.98, 20.33, 21.41, 22.58, 23.95, and 24.76.
In some enbodi ments, the crystalline tosylate salt has an XRPD pattern
conprising one or nore peaks (e.g., at least three, at |least four, at |east

o, g, o o . o o N ~ N



4.42, 4.34, 4.13, 3.93, 3.70, 3.58, and 3.30. In other enbodinents, the
crystalline tosylate salt has an XRPD pattern conprising one or nore peaks
(e.g., atwbeastossdéssee, at |east four, at |east five, atPCEASROIIZI03Dr at

| east seven peaks) selected frompeaks with d values (A) of about 11.84,
5.87, 4.89, 4.42, 4.34, 3.93, and 3.70. [0061]1n some enbodi nents, the
crystalline tosylate salt has an XRPD pattern conprising one or nore peaks
(e.g., at least hre at least fo | east. five, iX, or at

| enct g iRk by Tpuitan® it Raks IR et g e Sl daal RFYR] ues
(A)  agoRbAMicHalssomtibaRAtEs, had/of PibRitidRk] BERRMITERE R offth€ aingRhRhl dine tosyl ate
salt has an XRPD pattern conprising one or nore peaks (e.g., at |east

t hr ee coaforetigt offtoeimolcatilcs enwms i the crsstal lates The diffapencas inl Paysicalgopntigreaks)

sel ecte aks with 2 degrees of about 7.5, 12 .5 4.5, 15.1,
17. 4, % 1b‘fe‘?§]5é8‘§lymf§’ gt Becpglt? 6%61 %paﬂn%ersﬁc%as ygrage 5?2&16‘/ 24.9, and
27. 0. chbmpedskigllitgrdeasty@mnpsntant hﬁfo@ﬁﬂiﬁfh@h hhdprodesthatugachiaidg) had dagio BB

pattern conprising one or nore g., at |east three, at |east four,
at | edste (41 ygporignt fagtgs in kipgvailgpi lat) ]Plsf tnceeme%ab@eta@ r@elté@tre@hamge%ﬁnpeaks

20, 1, ol o AEHIET, MedORHA pfragrion Syt dysadd tof b Miicoraptily |
cryst attenrenipeisyd altacpalyimdrps than wﬁﬁmop@hts@i of avother pslymgrginemechanichle peaks

(e.g.,  at Ieast hr ee, | east four, st flve at |l east six, or at

| east “BeREsh (pga et%e}l@g[eéal FPra8s i"ﬁe%ﬁilélet\h‘iat ﬁ? rethpft EmaEgreoB¥CTST o ahout 7. 5,
151%&91111 tefbc Bolyf tH tt tsSFBR lofph 8%

crysta g to§$?§%@©§§;%ﬁ%§syagﬂ)éé%ﬁmat nQ@%ﬁ%??s?hay gjorgn6¥% peaks
(e. g. suakeplildass bichkdoeyn @thighelasnidftpurs aa’esdltazf$bltfoility/dlsad)lutlelaéltffesemes oar at

| east even eaks) selected WD 2012/ 054698 S20 57039 fr.om eaks mnth
d val G /ij“P oJima=Tolo1v1 p?%’né?rphi‘c franghiqns %a@es‘grﬁH é %flpo crgy of; & the,ot

4.3, 4xtkdmeAoLiBity. :in%ddlﬁoﬁ thgpﬂysm%l Brop3rtRs oBa Lrys@Nthedodn nla b@tulﬂﬁ()rtant n
enbodi ments, the crystalline tosylate salt has an XRPD pattern conprising
one omrwsengfséem@a(relg one polymoaygt might eemoaﬁt likedp &1 formusolvates or eught bei ve, at

| east ast ) eaks d val ues (A
of abéjsbttf C‘_t‘i?%ﬁf%%r afg B?re i Qprﬁ eg& %%1%6 Shapz? b dlt“‘?tbuq?némg . 3.6,
and 3(ﬁﬁakﬁt&ﬁdﬁﬂhp%%bgﬁpﬁgntS t he crystalllne tosyl ate salt has an XRPD
pattern conpr|5|ng one or nore peaks (e.g., at |least three, at |east four,
at | ed8042 i ve, s ysedbercyiand uplesypthemuise Indispiod, hedr®) “siererperea!ly Pera peaks
W th 62]In
Sore eRhY Samphi n0RMnehs fue teaisaords hemibua a Gyl nck 88
conpr iothen gtetsagsoater ol thatp@alpduf® 1g cortéh embadiments; etercomicritabsiuré (F9R)E- | east
five, at least six, or_at |east seven peaks elected frompeaks with 20
ang) e (0GBt TBPrapheaaay sl o avl-TEON Dby s pro-P R 2
errbod'a@]r?@tmazhh ggﬁ;)yo%tqt bloDRch ashAht 8 ettstatteﬁueﬂegﬁmewet cReofQpRE ST Ng
one or re pea | east three | east four east frve, at

| east 1mlud1ng;rfoatxahqﬁ$t(8]§,@\$eﬁ fhm-§)(4sfhtoecmhedyh)-r9dmrp@hklsllv‘mlt234 mhzahgtyé)
degre 78, /18.17, 18.58,

b
Lo Sy g Y rdiidons o £ b bt (gt gsne gy basin sbgimonss 85 o op,
29. 97 :ste%&rﬁélcaﬁpf)&%:co&%o@ﬂd cotfprisds cRARr al7an5§0utl8@ REhar et sEMeS, the

crystalline tosylate salt has an XRPD pattern conprising one or nore peaks
(e.qg. steactomoe@gtof theraompoznd hrchloss thew abouét20 pergsnt H}t Weghtaqf otheg sterapiisemesy ofat

| east eve ected e degrees of about .50,
15 10 RSG50y S GF 455k DR PR My s WG g RO By ng
22.65 lesg 3ha1191b02‘t41 Ofercotd bBOicigh of 26 .0¥r slefeodohts GO GdipaIns], gich@r than
crystalline tosylate salt has an XRPD pattern conpr|3|n%|one or nore peaks

(e. g. abayt P5engseent by weighpef enegiqregisnper ofthq eoaaoung gad logs thap gbeutsipercegt  at

| east .8 7. 50,
15 12 SRR A FEL e BELR TR IR0, Gl A0 ol REGELy AR [
crystaﬁbneaeknsyhmteﬂ&abbm@amunnmxaﬁmumamberhpeoapmwsmngummﬁunﬁhﬂnre peaks
(e.0., | east three, | east four, five, at least six, or at

| east Sgeé%t?ntf‘éw% pregisyr é‘@P@@OFtr%?rﬁeﬁ‘é%lkgy weta%t 8t 98 tisoipayeist hpepmropdzg,
7.07, 6.11, 5.85, 5.10, 4.98, 4.88, 4.77, 4.64, 4.42, 4.32, 4.12, 4.06,
3.92, 3.83, 3.69, 3.57, 3.30, 2.98, 21@3, 2.78, 2.75, 2.39. In ot her

enbodi nents, the crystalline tosylate salt has an XRPD pattern conpri sing
one or nore peaks (e.g., at least three, at least four, at least five, at

| east six, or at |east seven peaks) selected frompeaks wth d values (A
of about 11.78, 5.85, 5.10, 4.98, 4.88, 4.77, 4.64, 4.42, 4.32, 4.12, 4.06,
3.92, 3.83, 3.69, 3.57, and 3.30. In other enbodinents, the crystalline
tosylate salt has an XRPD pattern conpr|5|ng one or nore peaks (e.g., at

g, " o, r o, g,



149.4, 143.2, 140.2, 139.1, 136.0, 131.8, 129.4, 128.6, 127.7, 123.9,

116.8, 115.1, 112.2, 105.2, 100.3, 58.5, 45.3, 37.4, and 23.9. In sone or
any enboapDreertes4698he crystalline tosylate salt exhibit ®Ca/UB2@1MNVR3Spect rum
wi th peaks about 0.2 ppm at about 151.8, 149.4, 143.2, 136.0, 131.8,

123.9, 116.8, 115.1, 112.2, 105.2, 100.3, 58.5, 45.3, 37.4, and 23.9. In
sone or any enbodi nents, the crystalline tosylate salt exhibits a 13C NWVR

spectrum wi t h peaks about 0.2 ppm.at about 143. 2, 6.0, 131.8, 123.9,

112, 2.0 bgss Sran RG] Dasgeni by st OBYC pthcs roisogicrs wltﬁ% FﬁémB‘?u'énG‘ certain
embodicARyal Sncnid) Gerfy Wik @rhdrRalY Banh 2852985 us8 i o ph 1j\lblg<1. m%ﬁlrmnwith
peaks “about 0.2 ppm at aﬁout%%.? ’1%%.0,11 131?8, ?25%? 112. 2, 105.2, and
100. 3.1,3.6066p]-6-y3 b¥8-diny duer? Fepiyotvl 48 At phthedazin- P61/ dricrecapalthat s an  XRPD

peaks at 20 angl e _degr.ees of oytnd-4, 151 .17.4,.17.8 18. 1, .5, 19.1,
o1 Btyraundl Fadie S5 U 5 Rin A5 0% i e il nsicths SeiboBish odienent o

t he crystapdrédengsahie Hagsd ANth&RRE PeRIS oftordfin@ngbRoefe s tief coaluhd. 7. 4,
15.1, 18.1, 19.1, 20.1, 20.4, 21.5, 22.6, and 24.0. |n sone or_ any
enbodilB@MH s, t hédscispd herein, Asnstallinerampsphorp iy HedREisapuR) ighgubstatiizes of

about 7. . 1, . 240 .

enbodiﬁgeg;& sogh%{ %ﬁgséﬁg}lsjetoéﬁﬁoﬁjg °§§F°t S’acggngaﬁnsij%%ﬁﬁ%egﬂog k g? ﬁ%&g%' Ivgaélggorfees of
about oRe ér mbbe dtherl@ystallid® odam@Phdus B32m Hlesshiah 28bud 5 pEBHIMY Weighid ope odny
enbodi ments, the crystalline salt has an XRPD pattern conprising peaks at d
val uednqrapthss C%’B‘@ﬁtneﬂ agloryoys ?% less thgn aowy 3 pereent by gyeight af ong oy moreg -~ 3. 9,
3.7, :

e S e A e By P oF B dho® it s at
val uesrysflliof oradnorphdik.fOm, or Ogss 4ha@,abdutd).5 derdentdby3yeight bf o8¢ 8; marebtBer7. | n
sone or any enbodi nents, the crystalline salt. has an, XRPD patter

compr o TR ey S cEgiR seniayiue tRed btes, Soganaiy Py Rgory
and 3.56(udrB-$SQ@IBuRSpIRAY]) STRCREMRNT &.1,3 h8risZoy Styl-Rionah @b agridia XBPD peaks
at d val Ues (%) uRbpIRAY) ST N ) oy §oghg anol_ﬁgr.wl;d.T 0068] I n
sone oklphthalabodihemesr asely ot sulvatethe(®@EcaRNes frieiof ghg-chamidalirropheds.1) - 9-

1-nethhyl-1H:1, 2 4-triazol - 5- -8, 9-di ro-2 ridol4, 3, 2-d ht hal azi n-
S el ytseatd bRER S mbo s TR LR R e B pow 22y
a sol ip(ﬂepaﬁa%@&@?-Nmﬁpw—ﬂwﬂogh&ﬂylp%k—m@mym#i1,2;4-tlﬁ§0105-y@18}9-8ihya1ﬁ>3. 9,
112. 2, 105.2, and 100.3 ppm 0.2 ppm an X-ray diffraction pattern
conpr i2$1-pyyidohds ecdadplitBelpan A0 b edisepnigrty ay afeddisrqim)a “substantiayg - 4. 9,
4.4, » D1 A - izf for j termn conprisin
ok Put PG oBl0 2 i@l form or AReSiARLO G HIAED AR RGIS £1 COUPT 31 1O
18. 1, fR@rophei)-a,(128cthyl-End , 24+ trfhzo[-09694, 9 lilsde 2 Hrfyoidiofreh sie | htelazin-
crystalline tosylate salt exhibits a single_ endothernnal eak on
di ?f eréffd)-ane %rc%% i%@olaaqealﬁr%{jqay Htfép\ﬁa@ér%f P@@Wﬁ@%ﬁ@%@ &9 Awsed- 350 C

wher e (H-%o?dﬂﬂlgﬁr%ﬁ)@f(?%élﬁﬁf‘@-l&?@Eia%ﬁ%-@@,Q-QWd%-Qﬁtﬁg?@?Qg% k?tQalan‘_iﬁ-O

about 335 C. certal n 'enbodi nents, si ngl’e end maxi mum
occur S(at)-bst aveselts abwintat@30er®fi AAsdoby “sgBSan@ally pusdi®S,2Rbhodiuvenrt<4- t he

005 0TI B i R b So i D uBRR g o ol 2R Pt
(8S, 9@X7§)—$ﬁé&’ﬁﬁ§’c§nﬁﬁse in certain embodiments, less than about 10%, 5%, 3%, 2%, 1%,

1
fIuorophenyl)-Q-%l-nethyl-lH—l,2,4-tr|azol-5-y1)-8,9-dihydro-2Fprrido[4,3,
2- de] Phtdtal BXrnBLT%4d: Gh% tyswpiebieided ohearoet athhngysiel fobservddsherpbortot her m

fr om about C to ahout,, 250 C .,as .determ ne SC. _|l.n certain ;.
enbod?%%%st%f,%é%c%r? LY |af19/ﬁé°$‘8rs§}}e£%“éﬁs?8’i“%’°%? X E‘%ﬁe i anRqdimenss.g. splid form

f | uor ephenybltaBtidlh- e Ryshbdthtil 2, fletofioaZ 6F mdreydtherSaidlidryveysed 2ty i do[ 4, 3,
2- de] pht hal azi n3(714) -one as provi ded herein has a DSC t her nogram
conpr iaglomhoxs farsetEerathgrichemicrhsqaprMngs: bet ween about 320 C to about 335

C b e.t[“\@ﬁln 330 Gi"hte(?erﬂp%ldb&el?t?@laﬁfs t8ranl21‘131 elﬂcﬁlgﬁg %\?ﬁefl?)ggmgt%i?cgg'#rmﬁ%é C In

certain enbodi nents, a crysta ne tosylate sa uor o- 8- ( 4-
f | uor gppe hyrhpn P nlohkee tchylpikHshbeR, bat, hoaz.odogheat 1jabBit, Yad bhynduge: Thie pyms do[ 4, 3,
2- de] pht hal azi n3(714) -one as provided herein has a DSC thernogram
correspondi ng substantially to the DSC thernograph of Figure 2a, 3a, 4a,

5a, or 7a. WD 2012/ 054698PCT/ US2011/ 057039 [0071]In certain enbodi nents, a
crystalline tosylate salt of (8S,9R)-51fl uoro-8-(4-

fl uorophenyl)-9-(1-nethyl-1H1, 2,4-triazol -5-y1)-8, 9-di hydr o- 2H pyri do[ 4, 3,
2- de] pht hal azi n3(7H) -one as provi ded herein has a DVS i sot herm pl ot
correspondi ng substantially to the DVS i sothermplot of Figure 9. In
certain enbodi nents, a crystalline tosylate salt of

(8S,9R)-5-fl uor o8- (4-fluorophenyl)-9-(1-nethyl-1H1,2,4-triazol-5-y1)-8,9-d
i hydr o- 2H- pyri do[ 4, 3, 2- de] pht hal azi n-3(7H)-one as provi ded herein does not

o " I T ~ N~ 2 o



[0072] I n certain enbodi nents, a crystalline tosylate salt of
(8S,9R) - 5-fl uoro-8-(4-

f I uor ophewppr2sfedsnet hyl- 1H 1, 2, 4-tri azol - 5-y1) - 8, 9- di Irguns2@t0pI6e do[ 4, 3,
2- de] pht hal azi n3(7H) -one as provided herein has a TGA t her nogram
correspondi ng substantially to the TGA thernograph of Figure 2b, 3b, 4b,
5b, or 7b. In certain enbodinents, a crystalline tosylate salt of

(8S,9R) -5-f) uoro-8-(4-fluorophenyl) - - 1-peth 2 4- trlazol 5-y1)-8, 9-
di hydr éubZ‘?—%y?IF ot[a&eét LT e Mkt 9igjn laﬁéfleaf‘gwfy BUPHEW! P &i n has a TGA
t her mpgiamhiAAubReeSudOs LM t significant weight loss (e.g., less than
about 0.05 wt 9% | éss than about 0.1 wt % |ess than about 0.5 wt % |ess
than dO@AM 1 wt T%et¢retss“tltehtdh“testabug,”andvttr%tmble grettheamt abmgtudiellvwat%g dress

t han about .15 % t han out ess _t han ab %
when KBHE8HE 7 ‘r%?%t%&&’fse?%?oﬂ’i < é@%boﬁla%%e ‘tréng eP@FPSe*P/H]P %S?OCA%SW"E\A%@
about d2sbedee, digdassltor 28Rifien; dP@SlowHQ the p@@ﬁﬁsﬁloﬁ%@re@d 02 RRWen A& dighayt 260
C, about 270 C, about 280 C, about 290 C, about 300 C, about 310 C, about
320 cdisordegoesemhtiomenniane af moposymptoms therqod fteriieniranstieig] offases thatyst al | i ne
t osyl h out
1% ngﬁﬁregta ehvé’ éért]l%gge@f&gcg&ﬂzdp%ﬁg’?ésglgg lé rérﬁ Qe cf&g &{tﬁgh%as% &Qoraé’
thernmgbamhﬂ@irlc t her rogr am bet ween about 25 C to about 200 C [0073]In
certain enbodlnents a crystalline tosylate salt of Q8S 9R) - 5-f | uor o- 8- (4-
f1 uor PGy 1) - o The termy rtt}qramﬂfaléy affectivg pprout’ p1g mgang 1gying éh%m?}w P8 4, 3,
2-de]

< bod PE@?%@&%&%%& gfixﬁlilﬁset@r?g 215 af;fgf%gg @%r@x'ze'ﬂt bSvetdpRRtnY 8F, 8 alldviat€ & b

( 8S, 9Rkteht, bheior mo& ¢f4hé kmtombeﬁm)dlm@ét- die¢aay, Jor thhditid Yeihg traztod.-Bhrey 1) - 8, 9-

di hydr o- 2| idoJ]4, 3, ht ha a one as rOV|d is
e R bRy IS Brhint 3homeRhaity £t BE B G Mp LS i§ pibcint
(8S, 9%3 eBeif e Bidlo ce(lftﬁtﬂeeerapebgméba% cdudrebh¥ Lestitcher?véetifdrda Oedival

y1) -8, 9-di hydro-2 Pyrl do[ 4, 3 de ph haIa2|n 3(711)-one as provided herein

i s t halostal, on chnighinet rlenarnelpttaurﬂnbﬁﬁddﬁl’rmgy imvige.ye t@iibit panceosyl growthsal t of
(8S,9 ro- 8- (45 fI heny1 2012/ 054698PCT/ US2011/ 057039

et hy @ hai b Ogl? a4qn. g9¢pr c{?f@%a,%l-é?rhcﬁgrnbl%pyrido[4,3, 2-de] pht hal azi n- 3(7
H) - ongo@r] pr ovi ded;sbeheieth ths taRRINBY Wros6RP hitand HAé t/aolqalétr@ttmoteyash@di ment s,

a crystalline tosylate salt of (8S,9R)-5-fl uoro- 8-

f1uor 6%%@1@“(%%% Fongxampe, 259 gijog2gplidsybpiange : eL N ueln g pedny 4, 3,
2- del phl OR\ARLRATMIONE i ;ptswtniegr herel,p.gyhibi ts desirabl e
characteristics e preparation, processing and/ or storage of a
pharmaceutical conposition or drug product conprising the crystalline

t osyl| dmbedihtentf

(8S,9R)-5-fl uoro-8-(4-fluorophenyl)-9-(1-nmethyl-1H 1, 2,4-triazol -5-y1)-8, 9-
di hydnoe48i+ pyri depfe aspactdpﬂoptﬁehabazﬂ ﬂ-a&b?;&é& sglnef (SCORFS]Hlubrassodher aspect,
a met hod of synthesizjng 0- 8- (4-fl uorophen (g ,

0- (1. HRORPLeR - by HEa 1L Syey B9 e Do) 3-8 Vet hal azi
n- 3(7@Qﬂﬁe S provided. Schene A provides an exenplary outline of the

synt heti c fethod. In its various enbodi nents, the nethod conprises 3 steps,
t he fi[0@49]of whilgkoms embodiachisnthe(®s,Bi)-5 ﬂ@tw@t(é—fﬁorophenyl) 9-(1-methyl-1H-

i th At osrabendBh SO Ao or oSN SR T e Pt e i e
sol venfs) 1seiﬁ‘q cHsta@l'i‘[ﬁéJﬂ?S(rﬂll ﬂn)soﬁﬂl HUodEnd s, rt@é(@ry?taﬁlhé $drnd ﬂh‘ﬁﬁ&?gb@qﬁ o(ﬂ%r In

Scheme A). In certain enbodiments, the one or nore step (a) solvent(s) are
sel ecteathoflmamtsT HFe qymalma@ Mrmfigp sebvattther 1n$tmn<x¢otl arystatlmesolvateformamiay befa 6

Pe et o Tp B ihog kb b BNk bt AP R0 201 ARG R e T1rst
2012/ GARBRITH YARIH OFTARUHEREN, g@ngaltaﬁizgmomlmm bfRa hotdhe

reaction m xture conprisin fl uoro-
met hy 1s mHnjanporghqusifesng| ot @)@a@@ﬁquntspmwd%ﬁm@@awsol@rfeﬂeﬁegmae step (a)

about -sbrno R YD bl oA B8 s prEbLA B TR he Syt et ¢

nmet hod provided is isolating by chiral separation an enantloner (c) of the
first intermediate (b). Chiral resoluf2on of the first internediate (b)
into its enantioners may be perfornmed by any nethod known to those skilled
in the art, for exanple, by chromatographic nmethods such as high
performance |iquid chromatography and supercritical fluid chromatography.
The enantiomer shown as ¢ in Schenme A can be isolated in the second step of
the synthetic nmethod. [0078] The third step (step (c)) of the synthetic
nethod conprlses contactlng the |solated enantloner (c) of the flrst

o, o o e o o o,



(1-methyl-1H1, 2,4-triazol -5-y1)-8, 9-di hydro-2H pyri do[ 4, 3, 2- de] pht hal azi n-
3(711)-one tosylate salt is provided. The nethod of preparing the tosylate
salt prowodedisue@8n i s anenable to | arge scal e product ipom/uskottiing708osyl at e
salt and can fulfill GW requirenents. [0081]In certain enbodi nents, the
preparative nethod conprises contacting free base of

(8S,9R) -5-fluoro-8-(4-fluorophenyl)-9-(1-nethyl-1H1,2,4-triazol -5-y1)-8, 9-

w o dhegnenebd e R R i e G G E R o make
(8S, 9|3X7I§)' I)Illé"&r Osaft 0@&01&5&%&9&?@ ¥1)a-sBt plovididédein clsewhere). In one

1H 1,2, 4-triazol -5-y1)-8, 9-di hydro-2H pyri do[ 4, 3, 2- de] pht hal azi n-3(711) - one
t osyl arné>0§am6tnt frovided hain isarbodiatistform RS HOES- Hase-i-&-Bheraphay e Cor di ng

(o, Ry TEN i ot BT Uo SNy HoN OBt Ay bbb AT Drots o 252095 5 o

di hyd"s@tvaié'tﬁéféd)ﬁ(ﬂt%né eb@hiht, @ed@addme@élﬂlslan@mph&&%aﬁ b (WS- RfludY

enbodi ments of the preparatlve nmet h for the tosylate salt form the free

base iSs(4stliupepian)S(1ansthsl-1ddl.3.0- t@ﬁ@léryl}rﬁﬁedlhﬁiroéﬁ Byiidpddpendent | y

sel ect t etonitrile, and DCM. In certain
enbodldr%g)h{ﬂ{sa?% Wm%%goggg ]it\g/§§ @% hgr gr the tosylate salt form the free
base i[80%0s pendgﬁl centalﬁl bﬁlb@dilﬂ&dtst thed8SDR}- foﬁlooi-Stdm?ﬂmartqiﬁemml9é(¢eﬁamylt ler 1e.

In certaln enbodi nents of the preparative nmethod for the tosylate sa

form lehétizze ng5ﬁ’é)s%»9rd§h35dﬁ%ﬁé’n@€tﬂ%‘t 3 drdsdhitiaderiny (A Dnene tapdate e I?ngé}
aceto th

t osyl gjt)lréﬁgk%td Th glrefr%% %S%gg%t%{e%ﬂggggen ;Fér @E?%ﬁ gﬁgrﬁlggﬁ]'b ol vedg ?%Cg%ﬁﬁ'lﬁﬁre of
acet onesydndsalt{rurity s afert teastrabentidh,me htast abbut $6&%6 pat dgat dtony 27 %redthadt dmut t he

cor ok AbBtH HBRShr o e PaBaCA v Bt A Pop % ot dynia o Cart g, m "

the fr.8gut@SRs, bs atsl%sl@ﬁmﬁ@%%%%% hy 8fla iR EldFystdunneq%hhathe r@iﬁttﬁ@)érrwmes of
the preparative nethod for the tosylate sa% form the free base is

susperelebweighidwvkish lnwezdmuomhay r@éysmllmnﬁremmh@mf@rmmém othen t:mp@tetdedmmef rom
THF, ac t thano nitr. hea ed aor. to addi ng
LA T R R e L R S G R T

pr eparsaipl /ol iRbHpadin aﬁfoﬂteti embogiicat, ehSalitalliae Msytabesaltie € nhidgfcicsmpoisinended
or dissolved in a mxture of acetone and THF, and heated glll or to adding

TsOH. crystalipelosmsemprising &, Mrptay szl famendst lasinag egher icrysiallins apdior

L S R S Gl e S S
i n THHilanigo- DHafo}&dioDﬁlfB Qrdefhtizdabiimg(775)0dde. [H0OBR] drmnyaﬁmodﬁneatbyﬂ&rdammﬂmt S,
p-tol uenesul gonl c.acid is dissqlved or sus endgfg@l n_one, or nore_solvents
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fl uorophenyl)-9-(1-nethyl-1H1, 2, 4-tri azol -5-y1)-8, 9-di hydr o- 2H pyri do[ 4, 3,
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(8S,9R)-5-fl uoro-8-(4-fluorophenyl)-9-(1-nmethyl-1H 1, 2, 4-tri azol - 5-
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WD 2012/ 054698PCT/ US2011/ 057039 and dosage fornms of the invention.
Production of pharnaceutical conpositions or dosage fornms in accordance
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adm nistering to a subj ect with a cancer a therapeutically-effective anount
of embodiments, the XRPD pattern comprises one or more peaks (e.g., at least three, at least four, at
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(8S,9R) -5-fluoro-8-(4-fluorophenyl)-9-(1-nethyl-1H1, 2, 4-tri azol-5-y1)-8,9-d
i hydro-2H pyri do[ 4, 3, 2-de] pht hal azi n-3§711) -one tosylate salt. [00103]In
sonme or any enbodi ments, provided herein is a nmethod for the treatnment of a
cancer, conprising admnistering to a subject in need of treatnent a

t herapeuticall y-effective anmount of

(8S,9R) - 5-f | uor o- 8- (4-fl uorophenyl)-9-(1-methyl-1H1, 2, 4-triazol -5-y1)-8, 9-
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[ 00106] I n sonme or any enbodi ments, provided is a nethod for the treatnent
of a cancer, conprising admnistering to a subject in need of treatnent a

t her apeutwoabiyosefsBect i ve anount of PCT/US2011/057039
(8S,9R)-5-fl uoro-8-(4-fluorophenyl)-9-(1-nethyl-1H 1, 2,4-tri azol -5-y1)-8, 9-
di hydr o- 2Hpyri do[ 4, 3, 2- de] pht hal azi n-3(7H)-one tosylate salt in conbination
with a platin. In sonme or any enbodi nents, the platin is cisplatin,
carboplatinqioxalig%atin, or trﬂﬂlatin t?IranHtrate. I n sone or apé
enbodiMERPSEks & bl {YRerh LSt TR B F81 TIvE: FLilest St 2t {oRstepHe RSk Sny
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enmbodi ments, provided is a nethod for the treatnent of a cancer, conprising
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amount__ of .
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with tenozol om de. In sone or any enbodi ments, the cancer is col orectal
cancern segie spbodigrnsotPcrystater topy sy 6alo hpoan¥BP Proatemecosipsistigmagog more

provi reind h t t .canc efl ¢l i

Fomol oace creabin Beloh MRy o BRTRY wlie Bufanar b shel Faly Plogss

r epai rfrop@pdukayyithvitti aigld deghacd @$ aladimi7 s, $5.¢1 1@, 1t801,d 85y b9 .¢c20.1 20k ed. 50f
treatnent a therapeutically-effective anount of

(8S, 9&)165-2%-0.1@}%2-‘@8-(1&-8?@& sMbpristp) thy.cotarentipayiaigsglt hayan XRRPgratismy 1) - g, o-
di hydrgrHsiny rohg 8f thort -aﬁgegeo%} Rt ReIRs30tilds TRt QYA AL Gt %ggt,tsix, bPacertain
enbodi nments, "t he cancer 1 ncludes one or nore cancer cells having a reduced
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oncogene nutations In genes leading to accunulation of 13-catenin in cancer
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adenonat ous pol yposi s, fundic gland pg%g&s, gastric carcinom, gastric
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carci e d i i4Qf i z i dh | , lung
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adenocar ci noma, synovial sarcoma, thyroid carcinona, uterine cervical
cancer, uterine endonetrial cancer andl6W Il ms tunor. [00111]In sone

enbodi nents of the nmethod of treatnent of a cancer, or synptomthereof,
provi ded herein, the cancer is bl adder cancer, breast cancer (including
net astati c, BRCA-positive, and BRCA-negative), cervical cancer, colon
cancer, colorectal cancer, EBVassociated tunors (including Burkitt's

| ynphorme, nasopharyngeal carcinoma, |ynphomas in AIDS patients, snooth
muscle tunors in AIDS patients, Hodgkin's disease, non-Hodgkin's |ynphona,
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WO 2012/ 054698PCT/ US2011/ 057039 de] pht hal azi n-3(7H)-one tosylate salt is
adm nistered to the subject in a reginen of about 1 week, about 2 weeks,
about 3 woksei2/m@ixeat 1 nonth, about 2 nonths or about 6PoEAISkGLI/OFTI3SONE
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fluoro-8-(4-fluorophenyl)-9-(1-nethyl-1H1, 2,4-triazol -5-y1)-8, 9-di hydro- 2H
-pyrido[ 4, 3,2- de]phthal azin-3(711)-one in accordance with one aspect of

t he di sclweune/054¢¥8 synthesis is outlined in Schenme A [PCOARI)1ROEMAY at i on
of b. To a suspension of a (5 g, 15.5 mml, 1 equiv.) and

4-f| uorobenzal dehyde 2(3.6 g, 29 mmol, 1.87 equiv.) in a mxture of sol vent
THF (30 nL) and WO 2012/ 054698PCT/ US2011/ 057039 MeOH (5 nl) was added
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CDClB (@y.. ot lepyiyree, 3t Bast(faur, aHpast Bivgzit dapst Gxyjor agleag sgvepgeplss) sglpeted fromy

6 97 %) %%‘%l?hd%'fi@les @&)3?7;’6304[01 1(9% 5%&0 )ré% %%g(s%H)S a‘fho%lgof?éo%nouﬁgb b, was

al so joegsar ed f ahbthet Bgbedimedisf thedryseilsiconsydite shlehahmv¥RpDoaecur € where the
washed conbj ned organic | ayers were concentrated to 1-2 vols, and then 6
vol s GPTMRENNEFBC QUL PFRES (<afvi Hgcarhihess: tHEashé; até%ﬁ%féYﬁ’ ahleati §xaAk2taddi ng
hept a i s and 6
vol s g%sﬁgﬁggﬁ@}&%fﬁéﬁg? Orﬁ?l%t%ﬁrse‘)@i vqla%@i%gflgr%ég%o%?%% our 251%1530% %teg?led to
gi ve dadblght. Iyetheownbmdmdn(s%%’ocwsmlllmhe to8etpuali hzys)an XRPD3b}tBmeparatsingn of c.
Chi r al se aration of tain c saC|ev u Supercritical Fluid
Chr omPB T Aiohy P By o st Bt e et st R Ab kb P5e 5L 6 Ganc (b
45 no/phis) saycta@%ﬁl etafas &Qhé@ aggléﬂggtfebﬂ 5%5@@7 belfsoa Q7t3h¢7 r7n1@9t18051 1949
CHI RALPAK I C, 250*30 nm (1.D.), col um and /'met hanol (80/20) nmobi |
phase 2fels 26. |4p2 bf/,élc? ni2eH), and %)ﬁ/ Imaltﬂeer@ﬁlbeﬁmgflnm thetasystathec ooy latersattdapan at ure
Sll’e raction urm as the
Tt IR PTG RgmETTe ah Pofor kot s AR ot R TSP Fomrer
havi ngeaat sigt@nt ican seidBpdaks)ybcRcfet fitdhpcdidy widt Wcink Ridcges af abdad 7AM 5. Ghe
recovery of c was about 92% w th >98% ee.

[ 00132PfB8 30950 4, 13- end 28 0 In ethersmelipdignty, the grystaiting josylate spltchag ap XRELY| - 5- y
1) -8, f
RPN
under 025t IGaS‘t@éveilQ)ehl]ts) sdlband fibm Imaki witk dwasuch (R} of Aduahdody.9,edl,t500,a2,ai n t he
title conpound as_a white soli fierta n_.i nstances ere, rat her. t han

usi ng Hethafd?; 4déet-bnt¥ri- T e'mé fzcﬁ \]/IbP FT N eOfiBCRigNG SIYSIH gled?swl@raﬁ%&lil%e
monohy,drgt e g@%eur%‘f 266, nglﬁg oh& @Icltnb %QéJ eC%] bg léasﬂ!h?é%egt 14yt %ul? aj rlédslaitiVeg at C

Yi el ds were Yot 0 80% f ol ese procedures.

2012/ 054698 RTHL ld@%ﬂdrq&msg;el@pepdm p@ﬂ{smﬂi@@i@ar(&oﬁabﬁut 11.9,5.9,4.9,
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triazdt*%s fls) 'ydr o- 2H pyri do[ 4, 3, 2- del pht hal azi n-3(7H)-one salt and
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sal t arubld 1®dn bﬂféﬁelﬁlbdidfﬁleﬁifs 1([1851'}%3)11&%&}’4&6 @alth(s‘bn XRPD pattern comprising
fl uorophenyl)-9-(1-net hyl- 1H 1,2,4-triazol 9- di hydr o- 2H pyri doJ 4, 3,
2- de] PRE REIEH W@i@/ie/g drieast thiess at lﬁﬁ%f@i‘re@i lﬁsbé‘éﬁr’tar legstishg PLidtdCashsRVeRr e not
I [ m t i gh
1 nge gl PEEE BRIk B 2 S e SR B A sy DX 0R 08 T S
for ms 1674, 18.11, 18.53, 19.05, 20.09, 20.43, 21.46, 22.63, 23.10, 24.03, 24.85, and 26.96. Inother
(8S, 9R) - 5 fluoro 8- (4 Iuoro hen %gineth 1-1H1,2,4-triazol -
y1) - 8 SRRy tfww%l o O&Y@tezsaﬁé]am P&, PACEY SOMIHeOfeA EnqSF @séhsed by
treating the conmpound under a given condition wwth an acid. Salts fornmns,
nos. 1-18, are identified in Table 1 b& ow, where the acid used to treat
(8S,9R)-5-fl uoro-8-(4-fluorophenyl)-9-(1-nmethyl-1H1, 2, 4-
triazol -5-y1)-8, 9-di hydro-2H pyri do[ 4, 3, 2-de] pht hal azi n-3(711)-one are
provided in the colum under "Acid," and the conditions used during
treatnment are provided in the columm under "Condition." [00135] Pol ynor phs
of free base (8S, 9R)-5-Fl uoro-8-(4-fluorophenyl)-9-(1-nethyl-1H
1,2,4-triazol -5-y1)-8, 9-di hydro-2H pyri do[ 4, 3, 2- de] pht hal azi n- 3(714) - one



Product Yield, %1 2 NHCL in H20. MeOH, 2 h, precipitated from CH3CN Wite
powder 64 2 3.3 N HCl1 in THF THF, dissolved at 60 C, HClL added at 5 C Pal e
yel | ow soWwDaoi2Bs898et hanesul fonic acid ("MsOH') MeOH CPBTNS2810/0840395 C, 1
h Yellow solid 53 4 p-touenesulfonic acid ("TsOH') MeOH CH3CN, 50 C->25 C,

2 h Of white powder 56 WD 2012/ 054698PCT/ US2011/ 057039 No. Acid Condition
Product Yield, %

(e.g., at least three, at least four, at least five, at least six, or at least seven peaks) selected from
peaks with 20 angle degrees of about 7.46, 14.45, 15.09, 17.74, 18.11, 18.53, 19.05, 20.09,
20.43, 21.46, 22.63, 24.03, 24.85, and 26.96. In other embodiments, the crystalline tosylate salt
has an XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least five,
at least six, or at least seven peaks) selected from peaks with 20 angle degrees of about 7.46,
15.09, 18.11, 20.09, 20.43, 22.63, and 24.03. In other embodiments, the crystalline tosylate salt
has an XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least five,
at least six, or at least seven peaks) selected from peaks with d values (A) of about 11.84, 7.09,
6.13, 5.87,5.09, 5.00, 4.89, 4.78, 4,66, 4.42, 4.34, 4.13, 4.08, 3.93, 3.85, 3.70, 3.58, 3.30, 2.99,
and 2.86. In other embodiments, the crystalline tosylate salt has an XRPD pattern comprising
one or more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven
peaks) selected from peaks with d values (A) of about 11.84, 6.13, 5.87, 5.09, 5.00, 4.89, 4.78,
4.42,4.34,4.13,3.93, 3.70, 3.58, and 3.30. In other embodiments, the crystalline tosylate salt has
an XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at
least six, or at least seven peaks) selected from peaks with d values (A) of about 11.84, 5.87,
4.89,4.42,4.34,3.93, and 3.70.

[0061] In some embodiments, the crystalline tosylate salt has an XRPD pattern
comprising one or more peaks (e.g., at least three, at least four, at least five, at least six, or at
least seven peaks) selected from peaks with 20 angle degrees or d values (A) as provided in
Table 13. In other embodiments, the crystalline tosylate salt has an XRPD pattern comprising
one or more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven
peaks) selected from peaks with 26 angle degrees of about 7.5, 12.5, 14.5, 15.1,17.4, 17.7, 18.1,
18.5,19.0, 20.1, 204, 21.5, 22.6, 23.1, 24.0, 24.9, and 27.0. In other embodiments, the
crystalline tosylate salt has an XRPD pattern comprising one or more peaks (e.g., at least three,
at least four, at least five, at least six, or at least seven peaks) selected from peaks with 26 angle
degrees of about 7.5, 14.5, 15.1, 17.7, 18.1, 18.5, 19.0, 20.1, 20.4, 21.5, 22.6, 24.0, 24.9, and
27.0. In other embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or
more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven peaks)
selected from peaks with 20 angle degrees of about 7.5, 15.1, 18.1, 20.1, 20.4, 22.6, and 24.0. In
other embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or more

peaks (e.g., at least three, at least four, at least five, at least six, or at least seven peaks) selected
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5 TsOH DCM CH3CN, 40 C->25 C, 1 h Of white powder 95 6 TsOH Acetone, 60
C>45 CG>25 C, 1 h Of white powder 62 7 TsOH THF, 60 C->45 C->25 C, 30 mn
O f whitewvpaadas4®® 8 TsOH acet one- THF, 60 C>25 C, 0. 5PhTwiseeie/opwagier 93 9
| sethionic acid in isopropanol MOH i soprapanol, 35 C, precipitated out

t hrough addi ng water No salt formed 10 Isethionic acid in ethanol (0.62 M
MeOH, 35 C, precipitated out through adding water No salt forned

from peaks with d values (A) of about 11.8,7.1,6.1,5.9,5.1,5.0,4.9,4.8,4,7,4.4,43,4.13,
4.08,3.9,3.8,3.7,3.6,3.3, 3.0, and 2.9. In other embodiments, the crystalline tosylate salt has an
XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at
least six, or at least seven peaks) selected from peaks with d values (A) of about 11.8, 6.1, 5.9,
5.0,49,48,4.7,44,43,4.1,3.9,3.7, 3.6, and 3.3. In other embodiments, the crystalline
tosylate salt has an XRPD pattern comprising one or more peaks (e.g., at least three, at least four,
at least five, at least six, or at least seven peaks) selected from peaks with d values (A) of about
11.8,59,49,44,43,39,and 3.7.

[0062] In some embodiments, the crystalline tosylate salt has an XRPD pattern
comprising one or more peaks (e.g., at least three, at least four, at least five, at least six, or at
least seven peaks) selected from peaks with 20 angle degrees or d values (A) as provided in
Table 17. In other embodiments, the crystalline tosylate salt has an XRPD pattern comprising
one or more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven
peaks) selected from peaks with 20 angle degrees of about 7.50, 12.51, 14.48, 15.12, 17.38,
17.78, 18.17, 18.58, 19.11, 20.09, 20.54, 21.54, 21.86, 22.65, 23.19, 24.08, 24.86, 26.98, 29.97,
30.44, 30.84, 32.07, 32.49, and 37.56. In other embodiments, the crystalline tosylate salt has an
XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at
least six, or at least seven peaks) selected from peaks with 20 angle degrees of about 7.50, 15.12,
17.38, 17.78, 18.17, 18.58, 19.11, 20.09, 20.54, 21.54, 21.86, 22.65, 23.19, 24.08, 24.86, and
26.98. In other embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or
more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven peaks)
selected from peaks with 20 angle degrees of about 7.50, 15.12, 18.17, 20.09, 20.54, 22.65, and
24.08. In other embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or
more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven peaks)
selected from peaks with d values (A) of about 11.78, 7.07, 6.11, 5.85, 5.10, 4.98, 4.88, 4.77,
4.64,4.42,4.32,4.12,4.06,3.92,3.83, 3.69, 3.57, 3.30, 2.98, 2.93, 2.78, 2.75, 2.39. In other
embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or more peaks
(e.g., at least three, at least four, at least five, at least six, or at least seven peaks) selected from
peaks with d values (A) of about 11.78, 5.85, 5.10, 4.98, 4.88, 4.77, 4.64, 4.42, 4.32, 4.12, 4.06,
3.92, 3.83, 3.69, 3.57, and 3.30. In other embodiments, the crystalline tosylate salt has an XRPD

pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at least six,
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11 Isethionic acid in ethanol (0.62 M THF, 40 C, 10 min Wite solid 25 12
| sethionic acid in ethanol (0.62 M THF, 40C, 10 m n, standi ng overni ght
Wi t e solwo 20B/0589Bset hi oni c acid in ethanol (0.62 M TRET(Wkéwie)39 60 C,
10 mn, precipitated quickly, standing overnight Wite solid 80 14 Funaric
acid MeOH, 30 C, 1.5 h No salt formed 15 Fumaric acid THF, 40 C, 40 min No
salt fornmed 16 83% H3PO4 MeOH, 32 C, 0.5 h, precipitated out through
addi n%r at tegsrt sgx\beintpeealgs?\é\ggcrzteé Qrorn peaks with d values (A) of about 11.78, 5.85, 4.88, 4.42,

4.32,3.92, and 3.69.

[0063] In some embodiments, the crystalline tosylate salt has an XRPD pattern

comprising one or more peaks (e.g., at least three, at least four, at least five, at least six, or at

least seven peaks) selected from peaks with 20 angle degrees or d values (A) as provided in

Table 17. In other embodiments, the crystalline tosylate salt has an XRPD pattern comprising

one or more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven

peaks) selected from peaks with 26 angle degrees of about 7.5, 12.5, 14.5, 15.1,17.4, 17.8, 18.2,

18.6, 19.1, 20.1, 20.5, 21.5, 21.9, 22.6, 23.2, 24.1, 24.9, 27.0, 30.0, 30.4, 30.8, 32.1, 32.5, and

37.6. In other embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or

more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven peaks)

selected from peaks with 20 angle degrees of about 7.5, 15.1, 17.4, 17.8, 18.2, 18.6, 19.1, 20.1,

20.5,21.5,21.9,22.6,23.2,24.1,24.9, and 27.0. In other embodiments, the crystalline tosylate

salt has an XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least

five, at least six, or at least seven peaks) selected from peaks with 26 angle degrees of about 7.5,

15.1, 18.2, 20.1, 20.5, 22.6, and 24.1. In other embodiments, the crystalline tosylate salt has an

XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at

least six, or at least seven peaks) selected from peaks with d values (A) of about 11.8, 7.1, 6.1,

59,5.1,5.0,49,4.8,4.6,4.4,4.3,4.12,4.06,3.9,3.8,3.7,3.6,3.3,3.0,2.9,2.78,2.75,2.4. In

other embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or more

peaks (e.g., at least three, at least four, at least five, at least six, or at least seven peaks) selected

from peaks with d values (A) of about 11.8,5.9,5.1,5.0,4.9,4.8,4.6,4.4,4.3,4.12,4.06,3.9,

3.8,3.7, 3.6, and 3.3. In other embodiments, the crystalline tosylate salt has an XRPD pattern

comprising one or more peaks (e.g., at least three, at least four, at least five, at least six, or at

least seven peaks) selected from peaks with d values (A) of about 11.8, 5.9, 4.9, 4.4, 4.3, 3.9, and

3.7.

[0064] In some embodiments, the crystalline tosylate salt has an XRPD pattern

substantially as provided in Figure 6. In some embodiments, the crystalline tosylate salt has an

XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at

least six, or at least seven peaks) selected from peaks with 20 angle degrees as provided in Table

25. In some embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or
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17 83% H3PO4 Acetone, 30-40 C, 1.5 h, precipitated out through addi ng water
Wi te powder 40 18 83% H3PO4 Acet one- MeOH, 52 C, 20 mn, standing at r.t.
over ni ghtwopoeaispiosat ed from Acet one- MeOH 64 TABLE 2PEoiuseot1®57089
preparing pol ynorphs of (8S,9R)-5-fluoro-8- (4-fluorophenyl)-94 1-nethyl -
1H1 ,2,4-triazol-5 -y1)-8 ,9- di hydro-2H pyrido [4,3

, 2-de] pht hal azi n-3(7H)-one No. Sol vent Form 19 Acetone Wite powder 20
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selected from peaks with + about 0.2 20 angle degrees of about 7.51, 14.47, 15.14, 17.41, 18.12,
18.53, 19.07, 20.09, 20.46, 21.48, 21.81, 24.05, 24.83, and 29.81. In some embodiments, the
crystalline tosylate salt has an XRPD pattern comprising one or more peaks (e.g., at least three,
at least four, at least five, at least six, or at least seven peaks) selected from peaks with + about
0.2 20 angle degrees of about 7.51, 14.47, 15.14, 20.09, 21.48, and 24.05. In some embodiments,
the crystalline tosylate salt has an XRPD pattern comprising one or more peaks (e.g., at least
three, at least four, at least five, at least six, or at least seven peaks) selected from peaks with +
about 0.2 20 angle degrees of about 7.51, 15.14, 18.12, 20.09, 20.46, 22.65, and 24.05. In some
embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or more peaks
(e.g., at least three, at least four, at least five, at least six, or at least seven peaks) selected from
peaks with £ about 0.2 20 angle degrees of about 7.51, 20.09, and 24.05. In some embodiments,
the crystalline tosylate salt has an XRPD pattern comprising one or more peaks (e.g., at least
three, at least four, at least five, at least six, or at least seven peaks) selected from peaks with +
about 0.2 20 angle degrees of about 7.5, 14.5, 15.1, 17.4, 18.1, 18.5, 19.1, 20.1, 20.46, 21.48,
21.8,24.1,24.8, and 29.8. In some embodiments, the crystalline tosylate salt has an XRPD
pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at least six,
or at least seven peaks) selected from peaks with + about 0.2 20 angle degrees of about 7.5, 14.5,
15.1,20.1, 21.5, and 24.1. In some embodiments, the crystalline tosylate salt has an XRPD
pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at least six,
or at least seven peaks) selected from peaks with + about 0.2 20 angle degrees of about 7.5, 15.1,
18.1, 20.1, 20.5, 22.6, and 24.1. In some embodiments, the crystalline tosylate salt has an XRPD
pattern comprising one or more peaks (e.g., at least three, at least four, at least five, at least six,
or at least seven peaks) selected from peaks with + about 0.2 20 angle degrees of about 7.5, 20.1,
and 24.1. In some embodiments, the crystalline tosylate salt has an XRPD pattern comprising
one or more peaks (e.g., at least three, at least four, at least five, at least six, or at least seven
peaks) selected from peaks with d values (A) as provided in Table 25. In other embodiments, the
crystalline tosylate salt has an XRPD pattern comprising one or more peaks (e.g., at least three,
at least four, at least five, at least six, or at least seven peaks) selected from peaks with d values
(A)ofabout 11.8,6.1,5.9,5.1,49,4.8,4.6,4.4,43,4.1,4.1,3.7, 3.6, and 3.0. In other

embodiments, the crystalline tosylate salt has an XRPD pattern comprising one or more peaks
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peaks with d values (A) of about 11.8, 6.1, 5.9, 4.4, 4.1, and 3.7. In other embodiments, the

crystalline tosylate salt has an XRPD pattern comprising one or more peaks (¢.g., at least three,

at least four, at least five, at least six, or at least seven peaks) selected from peaks with d values

(A) of about 11.8, 5.9, 4.9, 4.4, 4.3, 3.9, and 3.7. In other embodiments, the crystalline tosylate

salt has an XRPD pattern comprising one or more peaks (e.g., at least three, at least four, at least

five, at least six, or at least seven peaks) selected from peaks with d values (A) of about 11.8,

4.4, and 3.7.

[0065] In some or any embodiments, the crystalline tosylate salt exhibits a BCNMR

spectrum corresponding substantially to the spectrum in Figure 12 or exhibits a spectrum with

peaks corresponding substantially to those in Table 28. In some or any embodiments, the

crystalline tosylate salt exhibits a *C NMR spectrum with one or more peaks (e.g., at least three,

at least four, at least five, at least six, or at least seven peaks) selected from about + 0.2 ppm at

about 166.9, 164.3, 162.2, 160.6, 151.8, 149.4, 143.2, 140.2, 139.1, 136.0, 131.8, 129.4, 128.6,

127.7,123.9,116.8, 115.1, 112.2, 105.2, 100.3, 58.5, 45.3, 37.4, and 23.9. In some or any

embodiments, the crystalline tosylate salt exhibits a *C NMR spectrum with peaks about £ 0.2

ppm at about 151.8, 149.4, 143.2, 136.0, 131.8, 123.9, 116.8, 115.1, 112.2, 105.2, 100.3, 58.5,

45.3,37.4, and 23.9. In some or any embodiments, the crystalline tosylate salt exhibits a *C

NMR spectrum with peaks about &+ 0.2 ppm at about 143.2, 136.0, 131.8, 123.9, 112.2, 105.2,

100.3, 58.5, 45.3, 37.4, and 23.9. In some or any embodiments, the crystalline tosylate salt

exhibits a *C NMR spectrum with peaks about + 0.2 ppm at about 143.2, 136.0, 131.8, 123.9,

112.2,105.2, and 100.3.

[0066] In some or any embodiments, the crystalline salt has an XRPD peaks at 20 angle

degrees of about 7.4, 15.1, 17.4, 17.8, 18.1, 18.5, 19.1, 20.1, 20.4, 21.5, 22.6, 24.0, 24.8, and

27.0. In some or any embodiments, the crystalline salt has an XRPD peaks at 20 angle degrees of

about 7.4, 15.1, 18.1, 19.1, 20.1, 20.4, 21.5, 22.6, and 24.0. In some or any embodiments, the

crystalline salt has an XRPD peaks at 20 angle degrees of about 7.4, 15.1, 20.1, 20.4, 22.6, 24.0,

and 24.8. In some or any embodiments, the crystalline salt has an XRPD peaks at 20 angle

degrees of about 7.4, 15.1, 18.1, 20.1, 20.4, 22.6, and 24.0.

[0067] In some or any embodiments, the crystalline salt has an XRPD pattern comprising

peaks at d values (A) of about 11.9,5.9,5.1,5.0,4.9,4.8,4.6,44,43,4.1,3.9,3.7,3.6,and 3.3.
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In some or any embodiments, the crystalline salt has an XRPD pattern comprising peaks at d
values (A) of about 11.9,5.9,4.9, 4.6,4.4,4.3,4.1,3.9, and 3.7. In some or any embodiments,
the crystalline salt has an XRPD pattern comprising peaks at d values (A) of about 11.9, 5.9, 4.4,
4.3,3.9,3.7, and 3.6. In some or any embodiments, the crystalline salt has an XRPD peaks at d
values (A) of about 11.9,5.9,4.9, 4.4,4.3,3.9,and 3.7.
[0068] In some or any embodiments, crystalline (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-
(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate
is a crystalline polymorph exhibiting at least one of

a solid state *C NMR spectrum with peaks at 143.2, 136.0, 131.8, 123.9, 112.2, 105.2,
and 100.3 ppm £ 0.2 ppm;

an X-ray diffraction pattern comprising characteristic peaks expressed in d-values (A):
11.9,59,49,4.4,43,3.9, and 3.7; and

an X-ray diffraction pattern comprising peak reflectances at 20 angle degrees = 0.2 20
angle degrees of 7.4, 15.1, 18.1, 20.1, 20.4, 22.6, and 24.0.
[0069] In some embodiments, the crystalline tosylate salt exhibits a single endothermal
peak on differential scanning calorimetry between room temperature and about 350 °C, where
the single endothermal peak maximum occurs between about 320 °C to about 335 °C. In certain
embodiments, the single endothermal peak maximum occurs at between about 330 °C to about
335 °C. In some embodiments, the single endothermal peak maximum occurs at about 333 °C to
about 334 °C.
[0070] In certain embodiments, a crystalline tosylate salt of (85,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one as provided herein has no observable endotherm from about 25 °C to about 250 °C as
determined by DSC. In certain embodiments, a crystalline tosylate salt of (8S5,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one as provided herein has a DSC thermogram comprising an endotherm with a maximum
at between about 320 °C to about 335 °C, between 330 °C to about 335 °C, or between about 333
°C to about 334 °C. In certain embodiments, a crystalline tosylate salt of (85,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one as provided herein has a DSC thermogram corresponding substantially to the DSC
thermograph of Figure 2a, 3a, 4a, 5a, or 7a.
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fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one as provided herein has a DVS isotherm plot corresponding substantially to the DVS
isotherm plot of Figure 9. In certain embodiments, a crystalline tosylate salt of (8S5,9R)-5-fluoro-
8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-
de]phthalazin-3(7H)-one as provided herein does not exhibit significant weight change (e.g., less
than about 0.05 wt %, less than about 0.1 wt %, less than about 0.15 wt %, or less than about 0.2
wt %) from about 0% to about 95% relative humidity.

[0072] In certain embodiments, a crystalline tosylate salt of (85,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one as provided herein has a TGA thermogram corresponding substantially to the TGA
thermograph of Figure 2b, 3b, 4b, 5b, or 7b. In certain embodiments, a crystalline tosylate salt
of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one as provided herein has a TGA thermogram that does not
exhibit significant weight loss (e.g., less than about 0.05 wt %, less than about 0.1 wt %, less
than about 0.5 wt %, less than about 1 wt %, less than about 5 wt %, less than about 10 wt %,
less than about 15 wt %, less than about 20 wt %, or less than about 25 wt %) when heated from
about room temperature to a temperature of about 200 °C, about 210 °C, about 220 °C, about 230
°C, about 240 °C, about 250 °C, about 260 °C, about 270 °C, about 280 °C, about 290 °C, about
300 °C, about 310 °C, about 320 °C, or greater than about 320 °C. In various embodiments, the
crystalline tosylate salt provided herein has a weight loss of no greater than about 1%, no greater
than about 0.5%, or no greater than about 0.1% in a thermogravimetric thermogram between
about 25 °C to about 200 °C.

[0073] In certain embodiments, a crystalline tosylate salt of (85,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one as provided herein is unsolvated. In certain embodiments, a crystalline tosylate salt of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one as provided herein is anhydrous. In certain embodiments,
a crystalline tosylate salt of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-
y1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one as provided herein is thermally stable.
In certain embodiments, a crystalline tosylate salt of (8S5,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-
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methyl-1H-1,2,4-triazol-5-yl1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one as provided
herein is non-hygroscopic.

[0074] In certain embodiments, a crystalline tosylate salt of (85,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one as provided herein exhibits desirable characteristics for the preparation, processing
and/or storage of a pharmaceutical composition or drug product comprising the crystalline
tosylate salt of (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-
dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one.

[0075] In another aspect, a method of synthesizing (8S5,9R)-5-fluoro-8-(4-fluorophenyl)-
9-(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one is
provided. Scheme A provides an exemplary outline of the synthetic method. In its various
embodiments, the method comprises 3 steps, the first of which is contacting methyl 5-fluoro-2-

(2-(1-methyl-1H-1,2,4-triazol-5-yl)acetyl)-3-nitrobenzoate, that is,

/
NO, N

with 4-fluorobenzaldehyde in a mixture comprising one or more step (a) solvent(s) and
titanium(I11) chloride to make a first intermediate (b in Scheme A). In certain embodiments, the
one or more step (a) solvent(s) are selected from THF and MeOH, for example, in volume to
volume ratio of 6 parts THF to 1 part MeOH. Titanium (I1I) chloride can be added to the first

reaction mixture at 0 °C to room temperature.
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[0076] In some embodiments, the reaction mixture comprising methyl 5-fluoro-2-(2-(1-

methyl-1H-1,2,4-triazol-5-yl)acetyl)-3-nitrobenzoate, one or more step (a) solvent(s), and
titanium (I1T) chloride is stirred at a temperature of about 30 °“C to about 50 °C.

[0077] The second step (step (b)) of the synthetic method provided is isolating by chiral
separation an enantiomer (¢) of the first intermediate (b). Chiral resolution of the first
intermediate (b) into its enantiomers may be performed by any method known to those skilled in
the art, for example, by chromatographic methods such as high performance liquid
chromatography and supercritical fluid chromatography. The enantiomer shown as ¢ in Scheme
A can be isolated in the second step of the synthetic method.

[0078] The third step (step (c)) of the synthetic method comprises contacting the isolated
enantiomer (c¢) of the first intermediate (b) with one or more step (c) solvent(s) and hydrazine
monohydrate to make (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-
8,9-dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one. In certain embodiments, the one or more
step (¢) solvent(s) is independently selected from methanol, ethanol, and acetonitrile. In certain
embodiments, the step (c) solvent is methanol. In certain embodiments, the step (c) solvent is
cthanol. In other embodiments, the step (c) solvent is acetonitrile. Typically, the third step can be
carried out at room temperature allowing the reaction to go overnight.

[0079] Alternatively, intermediate b is treated with a solvent, such as methanol, ethanol,

or acetonitrile, and hydrazine monohydrate to make 5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-
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scale production of the tosylate salt and can fulfill GMP requirements.
[0081] In certain embodiments, the preparative method comprises contacting free base of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one in one or more solvent(s) with p-toluenesulfonic acid and
removing the one or more solvent(s) to make (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-
1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7 H)-one tosylate salt. In
certain embodiments, the free base is obtained according to the methods described herein for
synthesizing (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-
dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one.
[0082] In some or any embodiments of the preparative method for the tosylate salt form,
the free base is suspended or dissolved in one or more solvents independently selected from
THF, acetone, methanol, acetonitrile, and DCM . In certain embodiments of the preparative
method for the tosylate salt form, the free base is suspended or dissolved in a mixture of
methanol and acetonitrile. In certain embodiments of the preparative method for the tosylate salt
form, the free base is suspended or dissolved in a mixture of DCM and acetonitrile. In certain
embodiments of the preparative method for the tosylate salt form, the free base is suspended or
dissolved in a mixture of acetone and THF. In certain embodiments of the preparative method for
the tosylate salt form, the free base is suspended or dissolved in acetone. In certain embodiments
of the preparative method for the tosylate salt form, the free base is suspended or dissolved in
THEF. In certain embodiments of the preparative method for the tosylate salt form, the free base is
suspended or dissolved in one or more solvents independently selected from THF, acetone,

methanol, acetonitrile, and DCM, and heated prior to adding TsOH. In certain embodiments of
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the preparative method for the tosylate salt form, the free base is suspended or dissolved in a
mixture of acetone and THF, and heated prior to adding TsSOH. In some embodiments, the free
base is suspended in a solvent consisting essentially of THF. In certain embodiments of the
preparative method for the tosylate salt form, the free base is suspended or dissolved in THF and
heated prior to adding TsOH.

[0083] In some or any embodiments, p-toluenesulfonic acid is dissolved or suspended in
one or more solvents and is then added to the free base which is suspended or dissolved in a
second set of one or more solvents. In some or any embodiments, the free base is dissolved or
suspended in one or more solvents and is then added to the p-toluenesulfonic acid which is
suspended or dissolved in a second set of one or more solvents.

[0084] In some or any embodiments, (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-
1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one is contacted with
p-toluenesulfonic acid at an elevated temperature. In some or any embodiments, TSOH and the
free base can be contacted at a temperature of between about 0 °C to about 70 °C. Typically, the
free base has a temperature of about 20 °C to 55 °C when contacted with the TsOH. In some or
any embodiments, the free base is contacted with TSOH when the temperature is about 30 °C to
about 70 °C, about 25 °C to about 30 °C, about 30 °C to about 40 °C, about 40 °C to about 50 °C,
about 50 °C to about 60 °C, about 60 °C to about 70 °C, or about 48 °C to about 58 °C. The
solvent can be removed and the salt dried according to methods known to those skilled in the art.
[0085] In some or any embodiments, after the free base is contacted with the TsOH, the
resulting solution/suspension is allowed to stand under conditions sufficient to precipitate a
crystalline form and the crystalline form is isolated. In some or any embodiments, the conditions
sufficient to precipitate the crystalline form include cooling. In some or any embodiments, the
conditions sufficient to precipitate the crystalline form include cooling to 25 °C or cooler.

[0086] In addition to the methods provided herein, solid forms of (85,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one provided herein can also be prepared using techniques known in the art, including, but
not limited to, melt cooling, rapid melt cooling, freeze drying, spray drying, roller drying,
lyophilization, quench cooling the melt, rapid solvent evaporation, slow solvent evaporation,
solvent recrystallization, slurry recrystallization, melt crystallization, desolvation, sublimation,

recrystallization in confined spaces (e.g., in nanopores or capillaries), recrystallization on
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surfaces or templates (e.g., on polymers), recrystallization in the presence of additives (e.g., co-
crystal counter-molecules), dehydration, rapid cooling, slow cooling, vapor diffusion, grinding,
cryo-grinding, solvent-drop grinding, microwave-induced precipitation, ultrasonication-induced
precipitation, laser-induced precipitation, and precipitation from a supercritical fluid.
[0087] Another aspect is a method of preparing (8S,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt comprising

step (1): in the presence of one or more step 1 solvent(s) independently selected from
THF, acetone, methanol, acetonitrile, and DCM, contacting (85,9R)-5-fluoro-8-(4-fluorophenyl)-
9-(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one with
p-toluenesulfonic acid at an elevated temperature;

step (2): allowing to stand under conditions sufficient to precipitate the crystalline form;
and

step (3): isolating the crystalline form.
In some or any embodiments, the the elevated temperature is about 30 °C to about 70 °C. In some
or any embodiments, the one or more step 1 solvent(s) are independently selected from methanol
and acetonitrile. In some or any embodiments, the one or more step 1 solvent(s) are
independently selected from DCM and acetonitrile. In some or any embodiments, the one or
more step 1 solvent(s) are independently selected from acetone and THF. In some or any
embodiments, the step 1 solvent is acetone. In some or any embodiments, the step 1 solvent is
THEF. In some or any embodiments, the conditions sufficient to precipitate the crystalline form
include cooling. In some or any embodiments, the conditions sufficient to precipitate the
crystalline form include cooling to 25 °C or cooler. In some or any embodiments, the method
further comprises

step (a): contacting
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or any embodiments, the isolated enantiomer of the first intermediate is contacted with hydrazine
monohydrate in one or more step (¢) solvent(s) independently selected from methanol, ethanol,
and acetonitrile. In some or nay embodiments, the one or more step (a) solvent(s) are
independently selected from THF and methanol. In some or any embodiments, the method
further comprises

step (x): contacting

with hydrazine monohydrate in one or more step x solvents to yield 5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-onge; and

step (y): isolating (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-
y1)-8,9-dihydro-2 H-pyrido[4,3,2-de |phthalazin-3(7H)-one by chiral separation. In some or any
embodiments, the one or more step (x) solvent(s) is independently selected from methanol,
cthanol, and acetonitrile.
[0088] In certain embodiments, a (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-
1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de[phthalazin-3(7H)-one tosylate salt prepared
according to methods described in the preceding paragraphs, or as substantially described in the
following examples, is provided. For instance, in some embodiments, a tosylate salt of (8S,9R)-
5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-
de]phthalazin-3(7H)-one crystallized from a solvent consisting essentially of tetrahydrofuran

(THF) is provided.
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[0089] In some or any embodiments, the tosylate salt exhibits less than 2% thermal
weight loss at or below a temperature of about 280 °C by TGA.

[0090] In some or any embodiments, the tosylate salt exhibits a value of hystersis less
than about 1% in DVS at 25 °C from RH0% to RH95%.

Compositions, including Pharmaceutical Compositions

[0091] In yet another aspect, compositions are provided that comprise or consist
essentially of substantially pure (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-
triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt, in another
embodiment in a crystalline form thereof as provided herein.

[0092] In some embodiments, a pharmaceutical composition is provided comprising a
tosylate salt of (8S5,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-
dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one, including a crystalline form thereof as
described herein, and a pharmaceutically acceptable excipient and/or carrier. The choice of
excipient, to a large extent, depends on factors, such as the particular mode of administration, the
effect of the excipient on the solubility and stability of the active ingredient, and the nature of the
dosage form.

[0093] The pharmaceutical compositions provided herein may be provided in unit-dosage
forms or multiple-dosage forms. Unit-dosage forms, as used herein, refer to physically discrete
units suitable for administration to human and animal subjects and packaged individually as is
known in the art. Each unit-dose contains a predetermined quantity of (85,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt sufficient to produce a desired therapeutic effect, in association with the
required pharmaceutical carriers or excipients. Examples of unit-dosage forms include ampoules,
syringes, and individually packaged tablets and capsules. Unit-dosage forms may be
administered in fractions or multiples thereof. A multiple-dosage form is a plurality of identical
unit-dosage forms packaged in a single container to be administered in segregated unit-dosage
form. Examples of multiple-dosage forms include vials, bottles of tablets or capsules, or bottles
of pints or gallons.

[0094] Amounts of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-
y1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt in unit dosage forms can,
for example, be from about 5 pg to about 1500 pg, from about 20 pg to about 1250 pg, from
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about 25 pg to about 1000 pg, or from about 25 pg to about 250 ug. In some embodiments, the
amount of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-
2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt in a unit dosage form comprises (where
the following do not including mass contributed by the tosylate portion of the salt) about 5 ug to
about 30 pg, from about 20 g to about 60 pg, from about 50 ug to about 100 pg, from about 120
ug to about 250 pg, from about 20 g to about 112 pg, or from about 25 pg to about 250 ug
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one. In certain embodiments, the amount of (85,9R)-5-fluoro-
8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-
de]phthalazin-3(7H)-one is about 10 ug, about 20 pg, about 25 pg, about 30 pg, about 50 pg,
about 75 pg, about 100 pg, about 150 pg, about 200 pg, about 250 g, or about 1000 pg.

[0095] Oral Dosage Forms. In certain embodiment, the pharmaceutical composition, as

provided herein, is formulated for oral administration to a subject. Pharmaceutical compositions
suitable for oral administration can be presented as discrete dosage forms, such as, but are not
limited to, tablets, chewable tablets, caplets, capsules, and liquids (e.g., flavored syrups). Such
dosage forms contain predetermined amounts of active ingredients, and may be prepared by
methods of pharmacy well known to those skilled in the art. See generally, Remington’s
Pharmaceutical Sciences, 18th ed., Mack Publishing, Easton PA (1990).

[0096] For instance, oral dosage forms provided herein may be prepared by combining
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt, in one embodiment in a crystalline form
thereof as provided herein (hereinafter, the “active ingredient”), an intimate admixture with at
least one excipient according to conventional pharmaceutical compounding techniques.
Excipients can take a wide variety of forms depending on the form of preparation desired for
administration. Because of their ease of administration, tablets and capsules represent the most
advantageous oral dosage unit forms, in which case solid excipients are employed. If desired,
tablets can be coated by standard aqueous or nonaqueous techniques. Such dosage forms can be
prepared by any of the methods of pharmacy. In general, pharmaceutical compositions and
dosage forms are prepared by uniformly and intimately admixing the active ingredient with
liquid carriers, finely divided solid carriers, or both, and then shaping the product into the desired

presentation if necessary. Disintegrants or lubricants can be used in pharmaceutical compositions
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caplets, sugar-coated tablets, enteric-coated tablets (for example to delay action), multiple
compressed tablets, prolonged-action tablets, tablets for solution, effervescent tablets, buccal and
sublingual tablets, troches and the like. The dose form or dosage formulation may be formed by
methods well known in the art. See, e.g., Remington's Pharmaceutical Sciences, 16th and 18th
eds., Mack Publishing Co., Easton, Pa. (1980 and 1990). See also U.S. Pharmacopeia XXI, U.S.
Pharmacopeia Convention, Inc., Rockville, Md. (1985).

[0097] Other Dosage Forms. In certain embodiments, the pharmaceucal composition as

provided herein can be formulated in parenteral dosage forms. Parenteral dosage forms can be
administered to patients by various routes including, but not limited to, subcutaneous,
intravenous (including bolus injection), intramuscular, and intraarterial. Because their
administration typically bypasses patients’ natural defenses against contaminants, parenteral
dosage forms are in some embodiments sterile or capable of being sterilized prior to
administration to a patient. Examples of parenteral dosage forms include, but are not limited to,
solutions ready for injection, dry products ready to be dissolved or suspended in a
pharmaceutically acceptable vehicle for injection, suspensions ready for injection, and
emulsions. Suitable vehicles that can be used to provide parenteral dosage forms provided herein
are well known to those skilled in the art.

[0098] In yet other embodiments, the pharmaceutical composition as provided herein can
be formulated in a transdermal, topical or mucosal dosage form. Transdermal, topical, and
mucosal dosage forms provided herein include, but are not limited to, ophthalmic solutions,

sprays, acrosols, creams, lotions, ointments, gels, solutions, emulsions, suspensions, or other
. . . s . . th
forms known to one of skill in the art. See, e.g., Remington’s Pharmaceutical Sciences, 16 and
th .- . .
18 eds., Mack Publishing, Easton PA (1980 & 1990); and Introduction to Pharmaceutical

th
Dosage Forms, 4 ed., Lea & Febiger, Philadelphia (1985). Suitable excipients (e.g., carriers and

diluents) and other materials that can be used to provide transdermal, topical, and mucosal
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dosage forms encompassed by this disclosure are well known to those skilled in the
pharmaceutical arts, and depend on the particular tissue to which a given pharmaceutical
composition or dosage form will be applied.

Methods of Treatment

[0099] Provided herein are methods for the treatment of a disease or condition, or
symptom thereof, as explained below.

[00100] In some or any embodiments, provided herein is a use of (8S,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt for the treatment of a disease or condition, or symptom thereof, in a
subject.

[00101] In some or any embodiments, a method of treating a cancer, or symptom thereof,
comprising administering to a subject with a cancer a therapeutically-effective amount of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt.

[00102] Some or any embodiments provide a method of potentiation of cytotoxic cancer
therapy in a subject in recognized need of such treatment comprising administering to the subject
a therapeutically acceptable amount of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-
1,2,4-triazol-5-yl1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7 H)-one tosylate salt.

[00103] In some or any embodiments, provided herein is a method for the treatment of a
cancer, comprising administering to a subject in need of treatment a therapeutically-effective
amount of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-
2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt in combination with ionizing radiation
and/or one or more chemotherapeutic agents. In some or any embodiments, the compound
described herein is administered simultancously with ionizing radiation and/or one or more
chemotherapeutic agents. In some or any embodiments, the compound described herein is
administered sequentially with ionizing radiation and/or one or more chemotherapeutic agents.
Ionizing radiation and chemotherapeutic agents are known to those skilled in the art.

[00104] In some or any embodiments, the therapeutic agent(s) is an alkylating agent, such
as methyl methanesulfonate (MMS), temozolomide and dacarbazine (DTIC); a topoisomerase-1
inhibitor such as Topotecan, Irinotecan, Rubitecan, Exatecan, Lurtotecan, Gimetecan,

Diflomotecan (homocamptothecins), 7-substituted non-silatecans, the 7-silyl camptothecins
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(BNP 1350), SN38, NK012 (a SN-38-releasing nanodevice constructed by covalently attaching
SN-38 to the block copolymer PEG-PGlu, followed by self-assembly of amphiphilic block
copolymers in aqueous media), and XR 11576/MLN 576; alemtuzumab; arsenic trioxide;
asparaginase (pegylated or non-); bevacizumab; cetuximab; platinum-based compounds such as
cisplatin, carboplatin, oxaliplatin, and triplatin tetranitrate; cladribine;, daunorubicin;
doxorubicin; idarubicin; fludarabine; 5-fluorouracil; gemtuzumab; methotrexate; Paclitaxel™;
taxol; temozolomide; thioguanine; hormone therapies such as an antiestrogen, an antiandrogen,
and gonadotropin releasing hormone analogues; interferons such as alpha interferon; nitrogen
mustards such as busulfan, melphalan, and mechlorethamine; retinoids such as tretinoin; tyrosine
kinase inhibitors such as gefinitinib and imatinib; a proteasome inhibitor such as bortezomib; or
agents to treat signs or symptoms induced by such therapy including allopurinol, filgrastim,
granisetron/ondansetron/palonosetron, and dronabinol.

[00105] In some or any embodiments, provided is a method for the treatment of a cancer,
comprising administering to a subject in need of treatment a therapeutically-effective amount of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt in combination with a topoisomerase
inhibitor. In some or any embodiments, the topoisomerase inhibitor is SN38, irinotecan, or
NKO12. In some or any embodiments, the topoisomerase inhibitor is irinotecan. In some or any
embodiments, the cancer is breast cancer.

[00106] In some or any embodiments, provided is a method for the treatment of a cancer,
comprising administering to a subject in need of treatment a therapeutically-effective amount of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt in combination with a platin. In some or any
embodiments, the platin is cisplatin, carboplatin, oxaliplatin, or triplatin tetranitrate. In some or
any embodiments, the topoisomerase inhibitor is cisplatin. In some or any embodiments, the
cancer is breast cancer.

[00107] In some or any embodiments, provided is a method for the treatment of a cancer,
comprising administering to a subject in need of treatment a therapeutically-effective amount of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt in combination with temozolomide. In some

or any embodiments, the cancer is colorectal cancer.
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[00108] In some embodiments, provided herein is a method of treatment of a cancer
deficient in Homologous Recombination (HR) dependent DNA double strand break (DSB) repair
pathway, which includes administering to a subject in need of treatment a therapeutically-
effective amount of (8S5,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2 4-triazol-5-y1)-8,9-
dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt. In certain embodiments, the
cancer includes one or more cancer cells having a reduced or abrogated ability to repair DNA
DSB by HR relative to normal cells. In some embodiments, the cancer cells have a BRCA1 or
BRCA2 deficient phenotype. In some embodiments, the cancer cells are deficient in BRCAT1 or
BRCAZ2. In some embodiments, the methods provided herein involve treatment of an individual
who is heterozygous for a mutation in a gene encoding a component of the HR dependent DNA
DSB repair pathway. In certain embodiment, the individual is heterozygous for a mutation in
BRCAT1 and/or BRCA2.

[00109] In certain embodiments, the cancer to be treated comprises phosphatase and tensin
homolog (PTEN) deficient cells (e.g., cells in which PTEN is mutated or its expression is
minimal or absent). In certain embodiments, the cancer to be treated comprises cells with a
PTEN gene mutation. Exemplary cancers associated with PTEN deficiency can include, for
example, glioblastoma, endometrial cancers, prostate cancer, lung cancer and breast cancer.
[00110] In certain embodiments, the cancer to be treated is one resulting from an
activation mutation of the Wnt signaling pathway (“Wnt mediated cancers”). It will be
understood that by “activation mutation of the Wnt signaling pathway” it is meant to include, for
example, oncogene mutations in genes leading to accumulation of B-catenin in cancer cells, gain-
of-function mutations in the CTNNBI1 gene (which encodes -catenin), mutations in the APC
tumor suppressor gene or mutations in the AXIN2 gene. It is believed, for instance, and without
intending to be limited to any theory or mechanism, that useful treatment of a Wnt mediated
cancer may be had by way of inhibiting tankyrase, an enzyme having poly(ADP-ribose)
polymerase activity. Exemplary Wnt mediated cancers that can be treated according to the
methods provided herein include, for instance, bladder cancer, breast fibromatoses, cervical
cancer, colorectal cancer, colon carcinoma, Desmoid tumor, esophageal adenocarcinoma,
familial adenomatous polyposis, fundic gland polyps, gastric carcinoma, gastric adenoma,
gastrointestinal carcinoid tumor, hepatoblastoma, hepatocellular carcinoma, juvenile

nasopharyngeal angiofibroma, non-Hodgkin lymphoma, lung adenocarcinoma, medulloblastoma,
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associated tumors (including Burkitt’s lymphoma, nasopharyngeal carcinoma, lymphomas in
AIDS patients, smooth muscle tumors in AIDS patients, Hodgkin’s disease, non-Hodgkin’s
lymphoma, lymphoproliferative disease in immunosuppressed patients, icioniyosarcomas in
immunosuppressed patients, EBV+ gastric cancer, EBV+ breast cancer, T-cell lymphoma),
endometrial cancers (including carcinomas and sarcomas), gastrointestinal stromal tumor,
gliomas, glioblastoma (including, for instance, glioblastoma multiforme and anaplastic
astrocytoma), head and neck cancer, hepatocellular carcinoma, hereditary nonpolyposis colon
cancer (HNPCC), kidney cancer, leukemia (including acute myelogenous leukemia, chronic
lymphocytic leukemia), lung cancer (including non small cell lung carcinoma, small cell lung
carcinoma), lymphoma (including mantle cell lymphoma), medulloblastoma, melanoma,
meningioma, myelodysplastic syndrome, ovarian cancer (including advanced, high grade serous,
platinum-sensitive, platinum-resistant, platinum-refractory, and BRCA-negative), pancreatic
cancer (including BRCA-negative), peritoneal cancer, prostate cancer (including BRCA-
negative, metastatic, and castration resistant), renal cancer, thyroid cancer, uterine
carcinosarcoma, or uterine cancer.

[00112] In certain embodiments, provided herein is a method of treating a discase or
condition, or symptom thereof, associated with a PTEN deficiency comprising administering to a
subject with the disease or condition associated with a PTEN deficiency a therapeutically-
effective amount of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2 4-triazol-5-y1)-8,9-
dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt. Exemplary diseases and
conditions associated with a PTEN deficiency include, for example, Cowden syndrome,
Bannayan-Riley-Ruvalcaba syndrome, Lhermitte-Duclos disecase, Proteus syndrome, Proteus-

like syndrome or hamartome tumor syndrome.
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[00113] Certain embodiments provide a method of treating inflammatory discases
including, but not limited to, arthritis, gout, inflammatory bowel disease, CNS inflammation,
multiple sclerosis, allergic encephalitis, sepsis, septic shock, hemorrhagic shock, pulmonary
fibrosis, and uveitis in a subject in recognized need of such treatment comprising administering
to the subject a therapeutically acceptable amount of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-
methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate
salt.

[00114] Certain embodiments provide a method of treating immunological diseases or
disorders such as rheumatoid arthritis and septic shock in a subject in recognized need of such
treatment comprising administering to the subject a therapeutically acceptable amount of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt.

[00115] Certain embodiments provide a method of treating degenerative diseases
including, but not limited to, diabetes and Parkinson's disease in a subject in recognized need of
such treatment comprising administering to the subject a therapeutically acceptable amount of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-
pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt.

[00116] In certain embodiments of this use, the precise amount of (8S,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt administered depends on the patient's state of health, weight, and the like.
In some embodiments, it is considered appropriate for the caregiver to determine such
therapeutically effective amounts by routine experimentation (e.g., a dose escalation clinical
trial). In certain embodiments, when used in a patient, effective amounts for this use will depend
on the severity and course of the disease, disorder or condition, previous therapy, the patient's
health status and response to the drugs, and the judgment of the treating physician.

[00117] In certain embodiments of the methods of treatment provided herein, including
those provided above, the (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-
y1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt can be administered in a
solid form. In some embodiments, the salt is administered in a crystalline form.

[00118] In certain embodiments of the methods of treatment provided herein, the (85,9R)-
5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-
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de]phthalazin-3(7H)-one tosylate salt is administered to the subject in a regimen of about

1 week, about 2 weeks, about 3 weeks, about 1 month, about 2 months or about 6 months. In
some embodiments the tosylate salt is administered daily in the regimen. In other embodiments,
the tosylate salt is administered for 2, 3 or 4 days per week, interspersed or followed by days of
the weekly regimen where the tosylate salt is not administered.

[00119] In certain instances, a patient’s condition does not improve or does not
significantly improve following administration of (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-
methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate
salt, including in crystalline form, and, upon the doctor’s discretion, the administration of the
compound is optionally administered chronically, that is, for an extended period of time,
including throughout the duration of the patient’s life in order to ameliorate or otherwise control
or limit the symptoms of the patient’s disease or condition.

[00120] In certain cases where the patient’s status does improve or does not substantially
improve, upon the doctor’s discretion the administration of the active ingredient is optionally
given continuously; alternatively, the dose of drug being administered is optionally temporarily
reduced or temporarily suspended for a certain length of time (i.e., a “drug holiday”). In certain
embodiments, the length of the drug holiday varies between 2 days and 1 year, including by way
of example only, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 10 days, 12 days, 15 days, 20
days, 28 days, 35 days, 50 days, 70 days, 100 days, 120 days, 150 days, 180 days, 200 days, 250
days, 280 days, 300 days, 320 days, 350 days, or 365 days.

[00121] In certain embodiments, the amount of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-
methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de[phthalazin-3(7H)-one tosylate salt
that corresponds to an effective amount varies depending upon factors such as the particular
compound, disease or condition and its severity, the identity (e.g., weight) of the subject or host
in need of treatment. In some embodiments, the effective amount is, nevertheless, determined
according to the particular circumstances surrounding the case, including, e.g., the specific agent
that is administered, the route of administration, the condition being treated, and the subject or
host being treated. In certain embodiments, however, doses employed for adult human treatment
is in the range of about 5 to about 8000 pg per day, in a specific embodiment about 10 to about
5000 pg per day. In certain embodiments, the amount of (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-
(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate
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salt to be administered is between about 50 pg to about 5000 pg, between about 50 pg to about
1500 pg, between about 50 pg to about 1000 pg, between about 50 ug to about 500 pg, between
about 50 pg to about 250 ug, between about 50 pg to about 200 ug, between about 50 pg to
about 150 pg, between about 50 ug to about 100 pg, between about 25 ug to about 2500 ug,
between about 25 pg to about 1000 pg, between about 25 ug to about 250 pg, between about

25 ug to about 150 pg, or between about 25 g to about 75 pg. In various embodiments, the
desired dose is conveniently presented in a single dose or as divided doses administered
simultaneously (or over a short period of time) or at appropriate intervals, for example as two,
three, four or more sub-doses per day.

[00122] In certain embodiments, the daily dosages appropriate for the (85,9R)-5-fluoro-8-
(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one tosylate salt described herein are from about 0.1 to about 200 pg /kg body weight. In
certain embodiments, the daily dosage is from about 0.3 to about 3.0 ug /kg body weight. In
some embodiments, an indicated daily dosage in the larger subject, including, but not limited to,
humans, is in the range from about of about 25 to about 8000 g, conveniently administered in
divided doses, including, but not limited to, up to four times a day or in extended release form. In
certain embodiments, suitable unit dosage forms for oral administration comprise those described
above. The foregoing ranges are merely suggestive, as the number of variables in regard to an
individual treatment regime is large, and considerable excursions from these recommended
values are not uncommon. In certain embodiments, the dosages are altered depending on a
number of variables, not limited to the activity of the compound used, the disease or condition to
be treated, the mode of administration, the requirements of the individual subject, the severity of

the disease or condition being treated, and the judgment of the practitioner.

EXAMPLES

[00123] Methods and Procedures. Reagents and solvents used below can be obtained from
commercial sources such as Aldrich Chemical Co. (Milwaukee, Wis., USA). Routine chemical
analyses were conducted using NMR, MS and HPLC. Significant NMR peaks are tabulated by
chemical shift and labeled with multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; br s, broad singlet) and number of protons. Mass spectrometry data is provided in

relation to the mass of the parent ion, M. HPLC data is provided as a purity percentage.
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17. 38
sufficient to characterize the polymorph(s) obtained.

[00125] Unless otherwise noted, DSC thermograms were acquired using a TA Instruments
Q2000 Differential Scanning Calorimeter (New Castle, DE, USA). The sample was weighed out
directly into an aluminum DSC pan. The pan was sealed by applying pressure by hand and
pushing each part of the pan together (also known as a loose lid configuration). Except as noted
below, the temperature was ramped from 25.00 °C to 400.00 °C at 10.00 “C/minute. In the DSC
figures, exothermic events are plotted in the upward direction.

[00126] Unless otherwise noted, TGA thermograms were acquired using a TA Instruments
Q500 Thermogravimetric Analyzer (New Castle, DE, USA). Samples were weighed out into the
pan. Except as noted below, the temperature was ramped from 25.00 °C to 400.00 °C at 10.00
°*C/minute.

[00127] Unless otherwise noted, DVS were acquired using standard procedures on a DVS
ADVANTAGE 1 model from Surface Measurement Systems Ltd. (Alperton, Middlesex, UK). A
moisture adsorption desorption isotherm was performed as outlined below. The standard
isotherm run is a cycle starting at RH 0% to RH 95% at 5% intervals, followed by drying to RH
0% in 5% RH intervals.

Exemplary Synthesis of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-
8,9-dihvdro-2H-pyrido[4,3,2-de/phthalazin-3(7H)-one

[00128] This example provides a representative process for the preparation of (8S,9R)-5-
fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-dihydro-2 H-pyrido[4,3,2-

de]phthalazin-3(7H)-one in accordance with one aspect of the disclosure. The synthesis is
outlined in Scheme A.

[00129] Preparation of b. To a suspension of a (5 g, 15.5 mmol, 1 equiv.) and
4-fluorobenzaldehyde 2 (3.6 g, 29 mmol, 1.87 equiv.) in a mixture of solvent THF (30 mL) and
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MeOH (5 mL) was added titanium(I1I) chloride (20% w/w solution in 2 N Hydrochloric acid)
(80 mL, 6 equiv.) dropwise with stirring at room temperature. The reaction mixture was allowed
to stir at 30~50 °C for 2 h. Then the mixture was diluted with water (160 mL), the resulting
solution was extracted with EtOAc (100 mL x 4). The combined organic layers were washed
with saturated NaHCO; (50 mL x 3) and aqueous NaHSO; (100 mL x 3), dried by Na,;SOs,
concentrated to afford a yellow solid, crude solid was washed by petrol ether (120 mL). After
dried in vacuum, it afforded the title compound as a yellow solid (5.9 g, yield: 95%, Purity:
97%). LC-MS (ESI) m/z: 399 (M+1)". "H-NMR (400 MHz, CDCls-d) & (ppm): 3.58 (s, 3H),
3.87 (s, 3H), 4.16-4.19 (d, I’=13.2 Hz, 1H), 4.88 (s, 1H), 5.37-5.40 (d, J’=13.2 Hz, 1H), 6.47-
6.53 (m, 2H) , 6.97-7.01 (m, 2H), 7.37-7.41 (m, 2H), 7.80 (s, 1H).

[00130] Compound b was also prepared following a modified version of the above
procedure where the washed combined organic layers were concentrated to 1-2 vols, and then
6 vols of heptane added, following which the wash, concentrating and adding heptane was
repeated. The solution was then concentrated to 1-2 vols and 6 vols of MTBE added. This
mixture was stirred for 1 hour and filtered to give a light yellow solid (92% yield, 98% purity).

[00131] Preparation of ¢. Chiral separation of b to obtain ¢ was achieved using

Supercritical Fluid Chromatography (SFC). Sample was prepared using methanol as a solvent (b:
45 mg/mL), by heated to 40-50 °C and filtrated before the injection. A CHIRALPAK IC, 250%30
mm (I.D.), column and CO,/methanol (80/20) mobile phase was employed with a flow rate of 65
g/minute. The column temperature was maintained at 35 °C. The desired fraction came out of the
column as the first peak having a retention time of 2.3 minute and another enantiomer having a
retention time of 4.3 minute. UV detection was at 254 nm. The recovery of ¢ was about 92%
with >98% ee.

[00132] (85.9R)-5-Fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2.4-triazol-5-y1)-8.,9-
dihydro-2H-pyrido[4.3.2-de]phthalazin-3(7H)-one. To a solution of ¢ in methanol was added

hydrazine monohydrate, and the mixture was stirred under 25 °C for 10 hr. Then the mixture was
filtered and dried to obtain the title compound as a white solid. In certain instances where, rather
than using methanol, acetonitrile (10 vols) with 3 equivalents of hydrazine monohydrate was
used, the reaction could be finished in 5 hours at 35 °C. Yields were about 77% to 80%

following these procedures.
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Preparation and Comparison of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-
triazol-5-yl)-8,9-dihvdro-2H-pyrido[4,3,2-de[phthalazin-3(7H)-one salt and free base forms

[00133] The following example provides the preparation and characterization of

(8S,9R)-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-

pyrido[4,3,2-de]phthalazin-3(7H)-one salt and free base polymorphs. Properties of a tosylate salt
are shown to be superior to those of other salt and free base forms of (8S,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one. These improved properties include, but are not limited to, presence of a single
crystalline form, no solvation, high melting point, non-hygroscopicity, and/or thermal stability.
[00134] Salt forms of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-
y1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one were prepared by treating the
compound under a given condition with an acid. Salts forms, nos. 1-18, are identified in Table 1
below, where the acid used to treat (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-
triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7 H)-one are provided in the column
under “Acid,” and the conditions used during treatment are provided in the column under
“Condition.”

[00135] Polymorphs of free base (85,9R)-5-Fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-
1,2,4-triazol-5-yl1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one were prepared from
solutions prepared with different solvents. Characterizations of free base forms, nos. 19-24, are
summarized in Table 2 and paragraphs referring to Table 2.

[00136] Microscopy and other standard laboratory measurements were employed to
characterize solid forms, melting temperatures, solvation and/or hydration, and other
physiochemical properties (including, but not limited to, solubility, PKa, and Log P), of the salt

forms and free base polymorphs.

TABLE 1:  Salt forms of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-
y1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one

No. Acid Condition Product Yi‘;{d’
1 2 N HCl in H,O. MeOH, 2 h, precipitated from CH;CN White powder 64
2 3.3 N HCI in THF THF, dissolved at 60 °C, HCl added at 5 °C | Pale yellow solid 73
3| et (NROH. | MOH-CHICN, 50 °C—25 °C. 1h Yellow solid 53
4 g;‘(’i“(??;:gg‘,’};ic MeOH-CH:CN, 50 °C—25°C, 2 h Off whitc powder | 56
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2.75357 2.2 37.563 2.39253 2.2 TABLE 18a: Results of Differential
Calorimetry of 8 Rant 10.00 C mn to 400. 00 C Endot herm Onset,

Scanni ng
C Maxi mum C

Stop, C Aveap1205¢69830. 73 333.43 334.1 252.6 TABLE 18b: PRedIska13/067030GA of 8
Rant 10.00 Cmn to 400.00 C Start, C Start, )/0 Stop, C Stop,
No. Acid Condition Product Yl‘;{d,
5 TsOH DCM-CH;5CN, 40 °C—>25°C, 1 h Off white powder | 95
6 TsOH Acetone, 60 °C—45°C—-25°C, 1h Off white powder 62
7 TsOH THEF, 60 °C—45 °C—25 °C, 30 min Off white powder 69
8 TsOH acetone-THF, 60 °C—25°C, 0.5 h white powder 93
9 ¥sethlomc acid in MeOH—lsoprapanol, 35 °C, precipitated out No salt formed o
isopropanol through adding water
Isethionic acid in MeOH, 35 °C, precipitated out through
10 ethanol (0.62 M) adding water No salt formed B
Isethionic acid in o . . .
11 othanol (0.62 M) THF, 40 °C, 10 min White solid 25
Isethionic acid in o . . . . .
12 othanol (0.62 M) THEF, 40 °C, 10 min, standing overnight White solid 98
Isethionic acid in THF (dilute), 60 °C, 10 min, precipitated . .
13 ethanol (0.62 M) quickly, standing overnight White solid 80
14 | Fumaric acid MeOH, 30°C,1.5h No salt formed - -
15 | Fumaric acid THF, 40 °C, 40 min No salt formed - -
MeOH, 32 °C, 0.5 h, precipitated out .
V) » 2 b
16 | 83% H;PO, through adding water White powder 40
Acetone, 30-40 °C, 1.5 h, precipitated out .
V) » B >
17 | 83% H3PO, through adding water White powder 40
Acetone-MeOH, 52 °C, 20 min, standing at
18 | 83% H;PO, r.t. overnight, precipitated from Acetone- 64
MeOH
TABLE 2:  Solvents in preparing polymorphs of (85,9R)-5-fluoro-8-
(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-
dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one
No. Solvent Form
19 Acetone White powder
20 Methanol/ethyl acetate White powder
21 Acetonitrile White powder
22 Methanol White powder
23 Isopropanol Off white powder
24 DMSO/ethanol Off white powder
[00137] HCI Salt, 1: Microscopy: largely crystalline. Results based on microscopy, XRPD

(Table 3), DSC (Table 4) and TGA (Table 5) suggest that this HCI salt is in mixed crystalline

and amorphous forms and possibly solvated.
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TABLE 3:  X-Ray Powder Diffraction: Selected Peaks of 1*
* Peaks with Relative Intensity of less than 20% are not reported

Relative
A?Zg(;e, d Vglue, Intensity,
%

6.083 14.5174 76
12.259 7.21408 40.8
18.471 4.79966 22.1
21.609 4.10925 29.1
22.068 4.02473 24.6
22.392 3.96718 23.4
22.952 3.87167 100
25.765 3.45499 29.8
26.389 3.37471 27.9

TABLE 4: Results of Differential Scanning Calorimetry of 1
Ramp 10.00 "C/min to 300.00 °C

Onset, Maximum, Stop, Area,
°C °'C °'C J/g
40.28 79.83 120 43.97
195.43 216.86 225.21 105.1
248.11 253.55 256.2 35.39

TABLE 5: Results of Thermogravimetric Analysis of 1
Ramp 10.00 "C/min to 300.00 °C
Starting Temperature = 25.7 °C

Temperature, Weight Change,
°C %o
120 1.45
164 4.068
225 9.125
238 9.214
252 9.265
[00138] Mesylate Salt, 3: Microscopy: mixed crystalline and amorphous. Melting point:

179~184 °C by melting point apparatus. Results based on microscopy, XRPD (Table 6), DSC
(Table 7) and TGA (Table 8) suggest that this mesylate salt is in mixed forms and possibly

solvated.

TABLE 6:  X-Ray Powder Diffraction: Selected Peaks of 3*
* Peaks with Relative Intensity of less than 20% are not reported

Angle, d value, Relatlove
20 i Intensity,
%
5.418 16.299 100
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300 C. These results indicate a single relatively stable pol ynorph exists
for the tosylate salt of+{8S9R)
5-f|uoro-8-(4-f|uorophenylAnQe(l-neuhyﬁmgk+ eﬁ“%?llzol

2H pyrido[ 4, 3, 2- de] pht hal azgn- 3(711) Aone. bensify, o o

and 13, from THF: M cr oseepy—erystalline. “QP rosult
between 11, 12 and 13, 'ﬂqéé%h al 189988 rrepar Q'nr had at
sonmetines 3, endot herm — :

150 C and a sharp endot erl8i081 | n |t hehBOL ni ty of 4672

tosyl ate salts describe 485\7/@, whi 462489 d rn'r sholv arf

200 C by TGA, isethionip S318011 [hat9¥78 77 on wit-Yht
isethionic salt 12 showed23.970 034 9% WePdht [l oss3&f 139. 06

C. Results

obt ai ned on the |seth|on|c salts su--est that this salt formexists in nore
t han one form (7 ' X oIt/ D16 ip %2002 ChtmradtPhelshhat e Salt, 16,

17 and 18: NlcrOSCODy, XRPER&mﬁlDSG Cénmhb§00@0e€con3|stent wth nlxed

crystalline and anpr pbass, f or Maxi@umg [presep, i n eaakeapf tlhe three
phosphate salt preparat€ons.| [00147] Friee base, 19, fJgm adetone:
M croscopy, XRPD and D3E€9r esul t s6\wer e constgtent| wi thea mixture of forns.
TABLE 19: X-Ray Powder73lpffriactiigrny Sel ectsed3Pedks gb.1freg base 19* * Peaks
with Relative Intensiiggssf [essygshan 30%x@uernot| repsyrsed |Angl e, 020 d
value, A Relative [[ntensuty,| %50b248 17. 2549p 62.4 84987 9. 83224 100 10. 383
TABLE 8:  Results of Thermogravimetric Analysis of 3
Ramp 10.00 "C/min to 300.00 °C
Starting Temperature = 25.64 °C
Temperature, Weight Change,
°'C %
120 2.33
152 2.584
178 2.829
205 3.42
250 5.193
[00139] Tosylate Salt, 4, from methanol-acetonitrile: (8S5,9R)-5-fluoro-8-(4-fluorophenyl)-

9-(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7 H)-one (190
mg, 0.5 mmol) was dissolved in MeOH (2 mL) and CH;CN (2 mL) at 50 °C. TsOH (190 mg, 1
mmol), dissolved in a mixture of MeOH (2 mL) and CH3CN (2 mL), was then added. After 30
seconds, a white solid precipitated from the solution and the solution was allowed to cool to 25
°C. Stirring was continued at 25 °C for approximately 2 h. The white solid was collected by
filtration, washed with CH3CN (2 mL), and dried under vacuum at 45 °C for 3 days. Three
preparations were made with yields of 47%, 56% and 56%, with similar results as determined by
microscopy, XRPD, DSC and TGA (ramp 10.00 °C/min to 300.00 ‘C). Results provided herein
are from one of these preparations. Microscopy: crystalline. Results based on microscopy, XRPD
(Table 9) and DSC (Table 10) suggest that this tosylate salt is substantially a single crystalline

form.
47



8.5132 39.2 20.388 4.3525 30 22.851 3.88849 48.2 TABLE 20: Results of
Differential Scanning Calorinetry of free base 19 Rant 10.00 Cmn to

300. 00 Cwn=et12/05@9%hBxi mum C Stop, C Area, J/g 26.5 67. PETABRRIIN5B39 164. 92
171.21 174.32 4.897 176.16 180.39* 185.4

TABLE 9:  X-Ray Powder Diffraction: Selected Peaks of 4*
* Peaks with Relative Intensity of less than 8% are not reported
Relative
A?Zg(;e, d Vglue, Intensity,
%o
7.420 11.90485 100.0
15.007 5.89882 12.1
17.702 5.00619 104
18.011 4.92105 16.8
18.466 4.80095 8.2
18.980 4.67196 9.3
19.981 4.44018 37.8
20.328 4.36515 20.8
21.408 4.14726 10.6
22.580 3.93464 18.0
23.952 3.71229 23.2
24.755 3.59370 13.0

TABLE 10: Results of Differential Scanning Calorimetry of 4
Ramp 10.00 "C/min to 400.00 °C
Endotherm Maximum, Stop, Area,
Onset, o o
°C C C J/g
332.22 333.93 340.84 155.2

[00140] Tosylate Salt, 5, from dichloromethane-acetonitrile: (8S,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one (120 mg, 0.316 mmol) was suspended in CH,Cl, (5 mL) and CH;CN (5 mL) at 40 °C,
then TsOH (66 mg, 0.348 mmol) was added, after adding, the solution was clear. After 5

seconds, a white solid was precipitated from the solution, continued to stir at 25 °C for 1 h,
filtered to obtain the white crystal solid, the solid was washed by CH3CN (2 mL), dried under
vacuum at 45 °C for 3 days. Microscopy: birefringent, crystalline. Results based on microscopy,
XRPD (Table 11), DSC (Table 12a and Figure 3a), and TGA (Table 12b and Figure 3b)

suggest that this tosylate salt is substantially a single crystalline form.

TABLE 11: X-Ray Diffraction: Selected Peaks of 5*
* Peaks with Relative Intensity of less than 10% are not reported
Relative
A?Zg(;e, d Vglue, Intensity,
%
7417 11.90865 100
15.021 5.89335 13.8
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20. 58 251.82 255.36 258.76 50.61 *
Thernogravi netric Analysis of free base 19 Ranp 10.00 Cmn to 300.00 C
= 25.64 C Tenperature,
[ 00148] Fr ee base,

Startin TWmm2er2Asume
4.256 174 5.977 185 7.82 238 8.874
M croscopy showed birefringent crystalline form XRPD and DSC results were

consistent with a mxture of forns. WD 2012/ 054698PCT/ US2011/ 057039 TABLE

Exot herm c

C Wi ght

TABLE 21: Results of

Charg®,us211287039 054 161
from MeOH Et OAc:

20,

22: X-Ray Powder Diffragtion—SehectedPeaks ﬁ{ ree-base 20*
elative”
Angle, d value,
20 i Intensity,
%o
17.375 5.09992 10.3
17.739 4.99597 134
18.034 4.91502 23.1
18.54 4.78195 104
19.021 4.66202 11.8
20.075 4.41956 65.7
20.394 4.35116 28.4
21.436 4.14198 17.5
22.629 3.92624 20.6
23.999 3.70513 30.6
24.826 3.58348 154

TABLE 12a: Results of Differential Scanning Calorimetry of §

Ramp 10.00 "C/min to 400.00 °C

Endotherm Maximum, Stop, Area,
Onset, o o
°C C C J/g
331.72 333.5 340.46 134.6
TABLE 12b: Results of TGA of 5
Ramp 10.00 "C/min to 400.00 °C
[1)
Start, °C | Start,% | Stop,°C | Stop,% | ~° Change
in weight
25.13 100.2 120 100.2 0.1231
25.13 100.2 250 100.2 0.2894
25.13 100.2 340.46 100.2 43.54

[00141] Tosylate Salt, 6, from acetone: (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-
1H-1,2,4-triazol-5-y1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one (120 mg,
0.316 mmol) was suspended in acetone (15 mL) at 25 °C. After heating to 60 °C, the mixture

became clear and the temperature was reduced to 45 °C. TsOH (70 mg, 0.35 mmol) was then
added, and after 30 seconds, a white solid was precipitated from the solution which was allowed
to cool to 25 °C. Stirring was continued at 25 °C for 1 h. The white crystal solid was collected by
filtration, washed with acetone (8 mL), and dried under vacuum at 45 °C for 3 days. Microscopy:
birefringent, crystalline. Results based on microscopy, XRPD (Table 13), DSC (Table 14a and
Figure 4a), and TGA (Table 14b and Figure 4b) suggest that this tosylate salt is substantially a

single crystalline form.
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* Peaks with Relative Intensity of |less than 14% are not reported Angle,
020 d value, A Relative Intensity, %5.181 17.04465 83.7 9.021 9.79532 100
10. 427 8.w0Da81/@898 18. 855 4. 70265 43.9 22.836 3.89114 28TA/S20IMBEH3R3:
Results of Differential Scanning Calorinetry of free base 20 Rant 10.00
Cmn to 300.00 C Onset, C Maxinmum C

TABLE 13: X-Ray Powder Diffraction: Selected Peaks of 6*
* Peaks with Relative Intensity of less than 10% are not reported
Relative
A?Zg(;e, d Vglue, Intensity,
%o

7.461 11.83921 100
12.474 7.09046 10.2
14.447 6.12594 23.7
15.092 5.86557 27.3
17.4 5.09252 19.6
17.741 4.99533 17.9
18.11 4.89433 294
18.529 4.78464 15.8
19.045 4.65619 22.1
20.092 4.41595 100
20.425 4.34457 38.1
21.464 4.13667 22.7
21.772 4.0787 224
22.626 3.92672 224
23.101 3.84709 12.9
24.03 3.70042 78.7
24.851 3.5799 17.2
26.96 3.30456 12
29.82 2.99375 13.6
31.304 2.85511 10.5

TABLE 14a: Results of Differential Scanning Calorimetry of 6
Ramp 10.00 "C/min to 400.00 °C

Endotherm Maximum, Stop, Area,
Onset, o o
°C C C J/g
327.04 329.59 338.56 141.6
TABLE 14b: Results of TGA of 6
Ramp 10.00 °C/min to 400.00 °C
0
Start, °C | Start,% | Stop,°C | Stop,% | ~° Change
in weight
25.2 100.1 120 100.1 0.0388
25.2 100.1 250 100.1 0.5425
25.2 100.1 338.56 100.1 24.56

[00142] Tosylate Salt, 7, from THF: (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-
1,2,4-triazol-5-yl1)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one (120 mg, 0.316 mmol)

was suspended in THF (6 mL) at 25 °C. After heating to reflux, the mixture became clear and the
temperature was reduced to 45 °C. TsOH (66 mg, 0.35 mmol) was then added, and after 1.5 min,
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Stop, C Area, J/g 37.21 76.28 111.48 104.2 163.49 170.11 174.03 2.886
177.94 181.36* 189.67 23.47 249.57 253.69 256.48 52.94 * Exotherm c TABLE
24: Resulwe 20f2/05@8nogr avi metric Anal ysis of free base POTRsa@1087089 C/ min
to 300.00 C Startin Temerature = 25.64 C Tenperature, C Wi ght Change, %
120

a white solid was precipitated from the solution which was allowed to cool to 25 °C. Stirring was
continued at 25 °C for 30 min. The white crystal solid was collected by filtration, washed with
CH,CI; (10 mL), and dried under vacuum at 45 °C for 3 days. Microscopy: birefringent,
crystalline. Results based on microscopy, XRPD (Table 15), DSC (Table 16a and Figure 5a),
and TGA (Table 16b and Figure 5b) suggest that this tosylate salt is substantially a single

crystalline form.

TABLE 15: X-Ray Powder Diffraction: Selected Peaks of 7*
* Peaks with Relative Intensity of less than 10% are not reported
Relative
A?Zg(;e, d Vglue, Intensity,
%

7.49 11.79319 77.3
12.501 7.07487 10.2
14.435 6.13139 23
15.097 5.86364 22.7
17.375 5.09982 19.4
17.782 4.98388 15.7
18.095 4.89857 24.6
18.493 4.79388 13.6
19.079 4.64788 20.2
20.059 4.42307 100
20.397 4.35056 334
21.491 4.13147 21.8
21.763 4.08054 20.5
22.61 3.92944 20.3
23.054 3.85486 12.1
24.005 3.7041 71
24.839 3.5816 15.3
26.934 3.30766 10.7
29.822 2.99352 11.6

TABLE 16a: Results of Differential Scanning Calorimetry of 7
Ramp 10.00 "C/min to 400.00 °C

Endotherm Maximum, Stop, Area,
Onset, o o
°C C C J/g
319.51 321.73 334.02 131.2
TABLE 16b: Results of TGA of 7
Ramp 10.00 °C/min to 400.00 °C
0
Start,”C | Start, % | Stop,°C | Stop,% | o Change
in weight
25.5 100 120 100 0.2109
25.5 100 250 100 2.552
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1.926 174.03 3.167 189.67 3.234 256.48 3.448 [00149] Free base form 21,
fromacetonitrile: A mxture of crystalline and anorphous forns was

obser ved.wD3Q2/i58698d endot herm wi t h maxi nrum near 133. 05PCI/USz@ttloeT0oa® maxi num
near 209.21 C and sharp endothermw th maxi mum at 253.85 C. TGA: wei ght

| oss, at 142.46 C was 3.7% and at 256.48 C was 4.259% The d values in
angstrons (A) for peaks, greater than 19%relative intensity, resolved by

XRPD were as foll pws:+—16-58486,—11-49904,6-33021—9n4-6-04178. [00150] Free
base form 22, fromsm&hzmclsm%,‘m K tS1618 of cstp,toal | i%ed?%‘&a‘;ilrmr phous forns
wi th properties spAlar—te offree—base f or m-2H WHEN ohser ved.

[ 00151] Free base nrm 5)'2 fr L\QQ\ sob 4npano at efP-ad produced was

anor phous. [00152] Fr ee base form 24 from DI\/B/ et hanol A m xture of

cryst and f ) e angdo k$;1.52. 20
C. (13%i ggl § %ﬁiﬁj (i%% ﬁggrﬂegwggg{i}%@@% 057039

249. 34ndﬂnﬁxlf(—4£2 éﬁﬁlaibgj-yl)mdﬂgmtm éHtpwﬂoﬂéQﬂ2@ﬁ]1ﬁﬁlﬁl$&&%mi)gme (homyg, at

223.8 7(V h 00153] Th

cryst é%% 0‘?/?}?\;23\% ent Png;}:\ijtss UL 6%65013338@2 rnef) dsﬂgl??%nmig e?’[t2e5 0tCh a%ter

fl uorgp tla)re@u;% Indhdhoh-nhztike Bednde' di@# Ohen-DsOH 8296k Ny d Mmdlwyr 1 do [4, 3
, 2-de] pht hal azi n3(711)-one free base can be prepared fromcertain sol vents

hovv_ev edd¢heBer HY @p@n@t i whge wadrewhopmdpriged fronbide solngde contymted|stiirme ot @6 ns
havi ngcstl%(:jﬁTW1 rrat Chl t hat .of a s?al%ohc?lwhlc e tos Shea%yarmxmrorp provi ded

her ei n fCRiadp 8 I}@ﬁwcbflte oy was w

(8S, 9R}etond {ll(DQﬁD) ard( 144jdidx(aﬁ@my|dl‘reauﬁ&ermbm afldt IG Bord-dalyk M koseopy:
)-8,9-dil1vdro-2Hpvrido f4, 3, 2-del phthal azi n-3(7H)-one tosvl ate salt

f/oo 15Mrefigngent. FowiaH peekesws baseé@etmsms@@ys XRpQ ﬁﬁ(lée 1opndFigureSy®&Xcal e
(55, ot 8% 1% and Hizyre 2,198 (Tabled p gnd Kigure 2ppeueasetyby i toplac gy g

(8S,9 uor o- orop
di hydriosubsttialdod dnde 2ryde]phd foahapivn @égﬁelforfm@ ofEiOpbl9BWk i endsshbiveds a
single crystalline form 00155] variation 1: To a solution of

(8S, 9R) L5311 Weight gy from Qy T%rfh@li‘y(f)‘g‘g—e 1- met hy1-

1H 1, 2,4-triazol -5-y1)-8, 9-di hydro-2H pyri do[ 4, 3, 2- de] pht hal azi n-3(711) - one
(12. 4 g) in THF (40 vols) was slowy added a solution of TsOH (1.05 equiv.)
in THF (5 vol s) drABLEAB4 XCRajRewdek Duffiactias Ssiccred ddalfsorf &ddi ti onal 30

mnutes at this te m xt ur n concentrated down to 3-5
vols by distillati g%iéwlgtﬁ@%‘@ eﬁ}ﬁ&’e?felfa%gcfﬁ%g& ﬁf%’%%tlf?%orteaacuum -
0.07WPa--0.08MPa). Furt removal of THF Jol geRiivavas achi eved by addi ng
1V
acetone (20 vols) and thenA?R%tl I|1'i Agat8wn |t qpanGeyol|s under reduced
pressure, which was repeated9 hree ti fes. The myxture was cool ed down to 5
C and filtered under nifrogen protection. The sqpjd Wwas dried at 60 C for
17 hours. It gave the tft1{gsg@NPQUMH RS, a White £yystal solid (16.0 g, 89%
yield). LCGM (ESI) mz qgmglvrr ) 6112%8""\" RT(400s MHz, DMSO-d6) 6 (ppm:
|2—|.2291|(—|SS gl—%G ;: (]5-5 Ersn JI‘I)IS 119 §7- §£§5 AEE 9’6'%*-’.5941|(—|;jd, 7Jé;2,( 5J2i|]—-|§).8
y ) J.tJ-I. I'T j, r. 44 (|5, y . y y
10.32 (brs. 1H). 12.36 D}’;f;éé [Oﬁig&%g’allatiuwé. ‘0 a sol ution of
R fl - 8- (4- f tugtgpheny) -t F-rmathy it
(1EL81,92? 4-5tri azol - §-§/1)- _ § gﬁ;d 0)4’%—3%%“ dof4. 1341% de] pht hal azi n- 3(711) - one
(0.24 kg) in THF (40 vo 3)19:‘3'}1{4’ stev ;639$Kdec- & 304‘6:ti gn of TsOH (1.05
equiv.) in THF (5 vol s) at ) c-54C lq.e mxture-—wag stirred for
additi onal 30 minutes ap—t2hi 7fnr,,e"£]f6 fe |The M-Xtude was then
concentrated down to 3- 5 A& by [di%82007 ot ilon al230 ¢ 40 C under reduced
pressure (vacuum - 0.07M2 P21 588 0P 12263 1 Her rehbvall of THF sol vent was
achi eved by adding acet pn@l@68 vl 404 tHen di%xfillling down to 3-5 vols
under reduced pressure, | WR2&HO wad rER8T ed [t hr e63 i nas.
23.194 3.83181 2.4
24.077 3.69326 8.7
24.864 3.57812 7.6
26.984 3.30157 5
29.974 2.97873 34
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WD 2012/ 054698PCT/ US2011/ 057039 After

distilling,

renov

al

of THF sol vent and
the m xture was re-slurried with 12 vols of acetone for

14-15

hours at SO0 2021044638 The mi xture was then cool ed down t oPET@Sand/ofToBe er ed

under

nitrogen protection.

gave the title conpound as a white crystal

The solid was dried at 60 C for
solid (0.31 kg,

17 hours.
91. 7% vyi el d,

It

99.65% purity). [00157] When subject to 1H NVR, the one-to-one integration
ratio of N-nethyl at 3.p7F+ppmiremthefreg—base a..u the nethyl at 2.29 ppm
from tol uene sul foni c ari dAsgiggest d&aﬁ@ho-tggfﬁ galt formation.

[ 00158] When subj ected tp DVSgat 25 C, At he t|o salt produced from using
the steps described i n Mariatienr2-showed reghi h'e wei ght gain (less than
199 of the tosylate sal 298 dit 39988 'rcrea;%% fdrom 0% to 95% whi ch
suggests that it is not hﬁgﬂﬁécnriczgﬁé&e T [ 00159] The XRPD
pattern in Figure 6 was| cobi082ted w1895 PANal yti-2al |X Pert PRO MPD PWB040
diffractoneter using anliné2A®nt [hehf38f Q radi®tion produced using an
ptix long, fine-focus kodréé3 An elb293ically gkhded nultilayer nirror was

used to focus Cu Ka X-rays (1.54059 A through t he speci nen and onto the

det ector.

anal yzed to verify the obseRmeﬁlﬁ@QlChnmtoﬂm

Prior tIABRE lﬂnthﬁgulfs of DisfictantialSca

) .He “Gi

pBIAE ator MMEYTOfEM 640d) was
111 peak i s consi stent

was sandw ched
etry. A

edge were used to
02 x 0.02

t he sanple
ssroﬂ geon
ter Khife
sl 2656 (0.

speci en of
anaLyzed |in E? nsm

ext ensi on, anti scat
r at 8d.40y dir.3$oﬂ|er

[ Il\?a i)

bet ween 3-pmt hi ck| fi Ometand
beam stop, short antisc@tter
m ni m ze the backgr oussd.”gene

with the NIST-cerj fEindoithpos i
Kk

radi ans) for the incident and diffracted beans were used to mnim ze

broadening fr

om axi al

di vemaBIcke 18 REsdBtof Apafgerns were col | ected using

a scannrng posi tion- sensrt|Rgngq0@otghnﬁxoqabeoa@or) | ocated 240 mm from

the specinen @ndspgt,a CpT Iseht, 0% SPOT T W V[ 2- SRp, 116 afigd @ acquisition
paraneters are: transmssion node, X-r@y t ube sa@trngs Rfwefone kY and 40 mA,
1.00-39. 99 207scangkange, QoQk7 20 Step,Si Ze, LYFY Secaffhrokol fection tine,
1.2/ minute scam spged, [7 2 @Ig{er gENCHShi T, | andy%; 0 Secopg;sampl e
revolution ti rTE_'EQ@ engi r699 gist of peﬁbs T oent99r8|1 ed i t1§|§7 XRPD pattern,

or a subset tfereo),  ma 069 sglfrrl Ci ent‘3 50 cihar @grgrl—:rl et ‘3‘&35@0' nmor ph('s)

obt ai ned. Resptts 2&'9”‘“ eu 9|9th X RPD 3(63‘65“ € 4:)) oF1RF | r dSbg@y' ate salt
prepared usin LH§4©LCP d HIUC H@4§§IIGLIU©9$L e« rnTabl e 25 are
from t he XRPD—spettrogramptrovided—+n rgutre—o: ndpn]Dou afrat'yses were

performed on the tosylate salts prepared using varlatlon 1 and variation 2

above
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6 7.51 11.780 0.322 46 9.49 9.316 0.200 2 11.27 7.855 0.142 2 12.35
7.166 0.117 8 12.52 7.071 0.114 7 13.82 6.407 0.094 1 14.47 6.120 0.085
18 15. 14 w0o&61L/05@9878 15 17.41 5.092 0.059 9 17.62 5. 0BET/US203/057039

[00146] Phosphate Salt, 16, 17 and 18: Microscopy, XRPD and DSC results were
consistent with mixed crystalline and amorphous forms being present in each of the three

phosphate salt preparations.

[00147] Free base, 19, from acetone: Microscopy, XRPD and DSC results were consistent

with a mixture of forms.

TABLE 19: X-Ray Powder Diffraction: Selected Peaks of free base 19*
* Peaks with Relative Intensity of less than 30% are not reported

Relative
A?Zg(;e, d Vglue, Intensity,
%

5.128 17.21795 62.4
8.987 9.83224 100
10.383 8.5132 39.2
20.388 4.3525 30
22.851 3.88849 48.2

TABLE 20: Results of Differential Scanning Calorimetry of free base 19
Ramp 10.00 "C/min to 300.00 °C

Onset, Maximum, Stop, Area,
°C °'C °'C J/g
26.5 67.29 120 71.07
164.92 171.21 174.32 4.897
176.16 180.39* 185.4 20.58
251.82 255.36 258.76 50.61
* Exothermic

TABLE 21: Results of Thermogravimetric Analysis of free base 19
Ramp 10.00 "C/min to 300.00 °C
Starting Temperature = 25.64 °C

Temperature, Weight Change,
°C %
120 1.054
161 4.256
174 5.977
185 7.82
238 8.874
[00148] Free base, 20, from MecOH/EtOAc: Microscopy showed birefringent crystalline

form; XRPD and DSC results were consistent with a mixture of forms.
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3 17.78 4.988 0.056 5 18.12 4.897 0.054 10 18.53 4.787 0.052 6 19. 07
4.654 0.049 9 20.09 4.420 0.044 100 20.46 4.342 0.042 13 21.48 4.138
0.038 17 w0.2812/0$40®85 0. 037 12 22.26 3.994 0.036 6 22. BETRISIAT/053D35

TABLE 22: X-Ray Powder Diffraction: Selected Peaks of free base 20*
* Peaks with Relative Intensity of less than 14% are not reported

Relative
Intensity,
%
83.7
100
23.3
43.9
43.3

Angle, d value,
°20 A

5.181 17.04465
9.021 9.79532
10.427 8.47684
18.855 4.70265
22.836 3.89114

TABLE 23: Results of Differential Scanning Calorimetry of free base 20

Ramp 10.00 "C/min to 300.00 °C
Maximum, Stop, Area,
°'C °'C J/g
76.28 111.48 104.2
170.11 174.03 2.886
181.36* 189.67 23.47
253.69 256.48 52.94

Onset,
°C
37.21
163.49
177.94
249.57
* Exothermic

TABLE 24: Results of Thermogravimetric Analysis of free base 20
Ramp 10.00 "C/min to 300.00 °C

Starting Temperature = 25.64 °C

Temperature, Weight Change,
°'C %
120 1.926
174.03 3.167
189.67 3.234
256.48 3.448

[00149] Free base form 21, from acetonitrile: A mixture of crystalline and amorphous

forms was observed. DSC: broad endotherm with maximum near 133.05 °C, exotherm maximum
near 209.21 °C and sharp endotherm with maximum at 253.85 "C. TGA: weight loss, at 142.46
°C was 3.7%, and at 256.48 °C was 4.259%. The d values in angstroms (A) for peaks, greater
than 19% relative intensity, resolved by XRPD were as follows: 16.58486; 11.49904; 6.33021;
and 6.01178.

[00150] Free base form 22, from methanol: A mixture of crystalline and amorphous forms

with properties similar to that of free base form 20 was observed.

[00151]

[00152] Free base form 24, from DMS/ethanol: A mixture of crystalline and amorphous

forms was observed. DSC: endotherm peaks: 52.20 “Cpax (12.54 J/g); 202.63 “Chax (120.9 J/g);
55

Free base form 23, from isopropanol: The material produced was amorphous.




5 23.10 3.851 0.033 8 24.05 3.701 0.031 53 24.25 3.670 0.030 6 24.83
3.585 0.029 6 25.25 3.527 0.028 5 26.37 3.380 0.025 2 26.77 3.330 0.025
2 26.96 3wBQB12/340®84 3 27.84 3.204 0.023 3 28. 64 3. 116PCO/UB2®11/057039

249.34 *Chax (40.65 J/g). TGA: ambient to 120 °C, 0.9388% weight loss; at 223.8 °C, 17.47%
weight loss.

[00153] These results demonstrate that crystalline forms of (8S5,9R)-5-fluoro-8-(4-
fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-
3(7H)-one free base can be prepared from certain solvents, however these preparations were
found not to be single crystalline forms having stability matching that of a crystalline tosylate
salt form provided herein.

Exemplary Preparation of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-
vl)-8,9-dihvdro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosyvlate salt

[00154] The following exemplifies a process suitable for GMP large scale production of
(8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-y1)-8,9-dihydro-2 H-

pyrido[4,3,2-de]phthalazin-3(7H)-one mono-tosylate salt as a single crystalline form.

[00155] Variation 1: To a solution of (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-
1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one (12.4 g) in THF
(40 vols) was slowly added a solution of TsOH (1.05 equiv.) in THF (5 vols) at 50 °C~54 °C.
The mixture was stirred for additional 30 minutes at this temperature. The mixture was then
concentrated down to 3~5 vols by distillation at 30 °C-40 °C under reduced pressure (vacuum:-
0.07MPa~-0.08MPa). Further removal of THF solvent was achieved by adding acetone (20 vols)
and then distilling down to 3~5 vols under reduced pressure, which was repeated three times.
The mixture was cooled down to 5 °C and filtered under nitrogen protection. The solid was dried
at 60 °C for 17 hours. It gave the title compound as a white crystal solid (16.0 g, 89% yield). LC-
MS (ESI) m/z: 381 (M+1)". "H-NMR (400 MHz, DMSO-ds) & (ppm): 2.29 (s, 3H), 3.67 (s, 3H),
4.97-5.06 (m, 2H), 6.91-6.94 (dd, J'=2, I’=10.8 Hz, 1H), 7.06-7.19 (m, 5H), 7.19-7.51 (m, 4H),
7.74 (s, 1H), 7.87 (s, 1H), 10.32 (brs, 1H), 12.36 (s, 1H).

[00156] Variation 2: To a solution of (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-
1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de]phthalazin-3(7H)-one (0.24 kg) in THF
(40 vols) was slowly added a solution of TsOH (1.05 equiv.) in THF (5 vols) at 50 °C~54 °C.
The mixture was stirred for additional 30 minutes at this temperature. The mixture was then
concentrated down to 3~5 vols by distillation at 30 °C-40 °C under reduced pressure (vacuum:-
0.07MPa~-0.08MPa). Further removal of THF solvent was achieved by adding acetone (20 vols)

and then distilling down to 3~5 vols under reduced pressure, which was repeated three times.
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1 28.78 3.102 0.021 2 29.18 3.061 0.021 1 29.81 2.997 0.020 8 WO

2012/ 054698PCT/ US2011/ 057039 TABLE 26: Results of DSC of Tosylate Salt

pr epar ed woam2mueye Scal e Proces Rant 10.00 C/ min from PETAG2410/08039 00 C
Endot herm Onset, C Maximum C Stop, C Area, J/g 331.41 334.54 337.78
-184.73 TABLE 28: Results of Solid State 13C NVR of Tosylate Salt prepared
from Large Scal e Process

After removal of THF solvent and distilling, the mixture was re-slurried with 12 vols of acetone
for 14~15 hours at 50 °C~54 °C. The mixture was then cooled down to 5 °C and filtered under
nitrogen protection. The solid was dried at 60 °C for 17 hours. It gave the title compound as a
white crystal solid (0.31 kg, 91.7% yield, 99.65% purity).

[00157] When subject to 'H-NMR, the one-to-one integration ratio of N-methyl at

3.67 ppm from the free-base and the methyl at 2.29 ppm from toluene sulfonic acid suggests a
mono-tosylate salt formation.

[00158] When subjected to DVS at 25 °C, the tosylate salt produced from using the steps
described in Variation 2 showed negligible weight gain (less than 1%) of the tosylate salt as
humidity was increased from 0% to 95% which suggests that it is not hygroscopic. (See Table
29))

[00159] The XRPD pattern in Figure 6 was collected with a PANalytical X'Pert PRO
MPD PW3040 diffractometer using an incident beam of Cu radiation produced using an Optix
long, fine-focus source. An elliptically graded multilayer mirror was used to focus Cu Ka X-
rays (1.54059 A) through the specimen and onto the detector. Prior to the analysis, a silicon
specimen (NIST SRM 640d) was analyzed to verify the observed position of the Si 111 peak is
consistent with the NIST-certified position. A specimen of the sample was sandwiched between
3-um-thick films and analyzed in transmission geometry. A beam-stop, short antiscatter
extension, antiscatter knife edge were used to minimize the background generated by air. Soller
slits (0.02 % 0.02 radians) for the incident and diffracted beams were used to minimize
broadening from axial divergence. Diffraction patterns were collected using a scanning position-
sensitive detector (X'Celerator) located 240 mm from the specimen and Data Collector software
v. 2.2b. The XRPD data acquisition parameters are: transmission mode, X-ray tube settings of
45 kV and 40 mA, 1.00-39.99 °20 scan range, 0.017 °20 step size, 1939 seconds collection time,
1.2°/minute scan speed, 2° divergence slit, and 1.0 second sample revolution time. The entire
list of peaks identified in the XRPD pattern, or a subset thereof, may be sufficient to characterize
the polymorph(s) obtained. Results provided for XRPD (Table 25) are for a tosylate salt
prepared using the steps described in Variation 2. The data in Table 25 are from the XRPD
spectrogram provided in Figure 6.

[00160] DSC analyses were performed on the tosylate salts prepared using variation 1 and

variation 2 above and similar results were observed.
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PPM Hei ght 166.911 32.9 164. 316 60.5 162. 171 30.3 160.573 76.8 151.804 81.5
149. 359 71.3 143.198 54.1 140. 166 143.0 139.142 122.0 135.959 110.3 131. 752
85.5 129.86208A5669828. 597 93. 3 127. 736 PCT/US2011/057039

[00161] A DSC thermogram for tosylate salt prepared using the steps described in
Variation 2 was acquired using a Mettler Toledo Differential Scanning Calorimeter 1. The
temperature was ramped from 25 °C to 400 °C at 10 *C/minute. In the DSC figure, exothermic
events are plotted in the upward direction. The data in Table 26 are from the DSC graph
provided in Figure 7a. The thermogram shows a very sharp onset of melting, and an exotherm
after the completion of melting indicates that melting occurs with decomposition. The flat
baseline prior to reaching the melting onset indicates no thermal transitions before melting,
suggesting no solvate formation and no transformation of one crystalline form to another.
[00162] A TGA thermogram for tosylate salt prepared using the steps described in
Variation 2 was acquired using a Mettler Toledo Thermogravimetric Analyzer/ Differential
Scanning Calorimeter 1. The temperature was ramped from 25 °C to 400 °C at 10 °C/minute. The
TGA graph is provided in Figure 7b. The trace shows a stable baseline up to the start of melting
and decomposition. This indicates that there is little if any residual solvent or absorbed water
present in the crystalline product, and that the product is stable to heat, prior to the onset of
decomposition at the melting point.

130163 The solid-state *C cross polarization magic angle spinning (CP/MAS) NMR
spectrum for the tosylate salt prepared using the steps described in Variation 2 was acquired at
25 °C on a Varian " INOVA-400 spectrometer (Larmor frequencies: °C = 100.543 MHz, 'H
=399.787 MHz). The sample was packed into a 4 mm PENCIL type zirconia rotor and rotated
at 12 kHz at the magic angle. The spectrum was acquired with phase modulated SPINAL-64
high power 'H decoupling during the acquisition time using a 'H pulse width of 2.6 us (90°), a
ramped amplitude cross polarization contact time of 5 ms, a 30 ms acquisition time, a 20 second
delay between scans, a spectral width of ~45 kHz with 2799 data points, and with 400 co-added
scans. The free induction decay (FID) was processed using Varian/Agilent VNMR

6.1C software with 65536 points and an exponential line broadening factor of 10 Hz to improve
the signal-to-noise ratio. The first three data points of the FID were back predicted using the
VNMR linear prediction algorithm to produce a flat baseline. The chemical shifts of the spectral
peaks were externally referenced to the carbonyl carbon resonance of glycine at 176.5 ppm. The
entire list of peaks identified in the *C NMR spectrum, or a subset thereof, may be sufficient to
characterize the polymorph(s) obtained. The data in Table 28 are from the spectrum provided in
Figure 12.
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140.3 123.857 128.3 116.822 56.8 115.142 62.6 112.219 80.5 105.212 68.7
100. 335 61.4 58.483 68.6 45.288 90.8 37.379 102.1 23.911 123.0 TABLE 29:
Resul t s oVoDVR/dssey8her m of Tosyl ate Salt prepared from Pargs28eab®3Pr ocess
Target "A P/Po Change in Mass ("/0) Sorption Desorption Hysteresis

TABLE 25: XRPD: Selected Peaks of Tosylate Salt prepared from Large Scale Process *
* Peaks with Relative Intensity of less than 2% are not reported

Angle, d value, Il;te;itsli‘tle
"20 (0.2 20) A 0, ¥

7.22 12.242 +0.348 6

7.51 11.780 +£0.322 46

9.49 9.316 £0.200 2
11.27 7.855+0.142 2
12.35 7.166£0.117 8
12.52 7.071 £0.114 7
13.82 6.407 +0.094 1
14.47 6.120 +£0.085 18
15.14 5.851 £0.078 15
17.41 5.092 +£0.059 9
17.62 5.035+0.057 3
17.78 4988 +£0.056 5
18.12 4.897 £0.054 10
18.53 4787 +£0.052 6
19.07 4.654 +0.049 9
20.09 4420 +0.044 100
20.46 4342 +£0.042 13
21.48 4.138 +0.038 17
21.81 4.075 £0.037 12
22.26 3.994 +£0.036 6
22.65 3.927 +£0.035 5
23.10 3.851 £0.033 8
24.05 3701 £0.031 53
2425 3.670 +0.030 6
24 83 3.585+£0.029 6
25.25 3.527 £0.028 5
26.37 3.380 £0.025 2
26.77 3.330 £0.025 2
26.96 3.308 +0.024 3
27.84 3.204 £0.023 3
28.64 3.116 £0.021 1
28.78 3.102 +£0.021 2
29.18 3.061 £0.021 1
29.81 2.997 +£0.020 8
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0.0 0.0002 -0.0015 5.0 0.0214 0.0203 -0.0011 10.0 0.0301 0.0326 0.0025
15.0 0.0375 0.0421 0.0045 20.0 0.0529 0.0513 -0.0016 25.0 0.0617 0.0649
0. 0033 30w0 2012069®80. 0791 0. 0092 WO 2012/ 054698PCT/ US20LT/US20MABS7039

TABLE 26: Results of DSC of Tosylate Salt prepared from Large Scale Proces
Ramp 10.00 "C/min from 25.00 to 400.00 °C
Endotherm Maximum, Stop, Area,
Onset, o o
°C C C J/g
331.41 334.54 337.78 -184.73
TABLE 28: Results of Solid State °C NMR of Tosylate Salt prepared from Large Scale
Process

PPM Height

166911 32.9

164.316 60.5

162.171 30.3

160.573 76.8

151.804 81.5

149.359 71.3

143.198 54.1

140.166 143.0

139.142 122.0

135.959 110.3

131.752 85.5

129.361 83.6

128.597 933

127.736 140.3

123.857 128.3

116.822 56.8

115.142 62.6

112.219 80.5

105.212 68.7

100.335 61.4

58.483 68.6

45.288 90.8

37.379 102.1

23911 123.0

TABLE 29: Results of DVS Isotherm of Tosylate Salt prepared from Large Scale Process
Target % Change in Mass (%)
P/Po Sorption Desorption Hysteresis

0.0 0.0002 -0.0015
5.0 0.0214 0.0203 -0.0011

10.0 0.0301 0.0326 0.0025

15.0 0.0375 0.0421 0.0045

20.0 0.0529 0.0513 -0.0016

25.0 0.0617 0.0649 0.0033

30.0 0.0698 0.0791 0.0092
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Target ")/ 0 P/Po Change in Mass (/0) Sorption Desorption Hysteresis 35.0
0. 0812 0.0947 0.0134 40.0 0.1043 0.1084 0.0042 45.0 0.1233 0.1266 0.0033
50.0 0. 1450 201210680980. 0005 55.0 0. 1641 0.1668 0. 0027 60. @CO/UB3U2/08703895

Target % Change in Mass (%)

P/Po Sorption Desorption Hysteresis
35.0 0.0812 0.0947 0.0134
40.0 0.1043 0.1084 0.0042
45.0 0.1233 0.1266 0.0033
50.0 0.1451 0.1456 0.0005
55.0 0.1641 0.1668 0.0027
60.0 0.1842 0.1895 0.0053
65.0 0.2127 0.2192 0.0065
70.0 0.2450 0.2535 0.0085
75.0 0.2798 0.2919 0.0121
80.0 0.3253 0.3402 0.0149
85.0 0.3922 0.4113 0.0190
90.0 0.4983 0.5230 0.0247
95.0 0.7473 0.7473

Biological Examples

Example 1: Single-agent Cytotoxicity Assay in Mantle Cell Lymphoma Cell Line
[00164] Mantle cell lymphoma cell line Granta-519 was cultured in Dulbecco’s MEM (4.5
g/L glucose) containing 10% FBS, 2 mM L-glutamine, 100 U/mL Penicillin and 100 pg/mL
Streptomycin. Mantle cell lymphoma cell line Jeko-1 was cultured in RPMI1640 containing 10%
FBS, 100 U/mL Penicillin and 100 pg/mL Streptomycin. Mantle cell lymphoma cell line Z138
was cultured in IMDM containing 10% horse serum, 100 U/mL Penicillin and 100 pg/mL
Streptomycin. All cell lines were maintained in 37 °C incubator with 5% CO, till ready for assay.
Granta-519, Jeko-1 and Z138 cells were seeded at either 1000 or 5000 cells/well in 96-well
plates. Cells were incubated for overnight at 37 °C before treated with their corresponding
growth media containing free base in 0.1% DMSO at various concentrations ranging from 1000
nM to 0.32 nM. 0.1% DMSO was used as mock treatment or control. After 4 days incubation,
cell survival was measured by CellTiter Glo (Promega) and cell survival fraction was calculated
relative to control. GraphPad Prism5 software was used to plot data and calculate ICs, values.
See Figures 10a and 10b.

Table 28: 1Cso (nM) for 4-day assays

Cell Density | Jeko-1 | Granta-519 | Z-138
5000/well 356.96 | 8.83 59.40
1000/well 64.20 1.70 10.43

Example 2: Single-agent cytotoxicity Assay in head & neck tumor cell lines
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0. 0053 65.0 0.2127 0.2192 0.0065 70.0 0.2450 0.2535 0.0085 75.0 0.2798
0.2919 0.0121 80.0 0.3253 0.3402 0.0149 85.0 0.3922 0.4113 0.0190 90.0
0. 4983 0.w020120050247 95.0 0. 7473 0. 7473 PCT/US2011/057039

[00165] Oral squamaous carcinoma HSC-3 and HSC-4 cells were cultured in MEM +
10% FBS. Oral squamaous carcinoma CAL 27 was cultured in DMEM +10% FBS. Basaloid
squamous cell line PE/CA-PJ34 (clone 12) was cultured in IMDM +10% FBS. All cell lines
were maintained in their corresponding growth media containing 100 U/mL Penicillin and 100
ug/mL Streptomycin in 37 °C incubator with 5% CO, till ready for assay. According to
individual cell line growth rate, cells were seeded at different densities as indicated in each graph
in 96-well plates in the time of assay. Cells were incubated for overnight at 37 °C before treated
with their corresponding growth media containing free base in 0.1% DMSO at various
concentrations ranging from 5000 nM to 0.064 nM. 0.1% DMSO was used as mock treatment or
control. Media and compound were replenished every 5 days. After incubation for 7, 10, 11 or 13
days (as indicated in each graph), cell survival was measured by CellTiter Glo (Promega) and
cell survival fraction was calculated relative to control. GraphPad Prism5 software was used to
plot data and calculate ICs, values. See Figures 11a and 11b.

Table 29: ICsy (nM)

Cell Line Days | Cell Density | ICsy
HSC-4 T 200l | s
CAL2T T a00mar | 153
T
T o s (T 1
[00166] Modifications and variations in the subject matter set forth in the above

illustrative examples are expected to occur to those skilled in the art. Only such limitations as
appear in the appended claims should be placed on any claimed invention.
[00167] All publications including patents, patent applications and published patent

applications cited herein are hereby incorporated by reference for all purposes.
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Bi ol ogi cal Exanpl es Exanpl e 1: Single-agent Cytotoxicity Assay in

Mantl e Cell Lynphona Cell Line [00164] Mantle cell |ynphoma cell line

G ant a- 51Wowar/msudosur ed i n Dul becco's MEM (4.5 g/ L gl ucesg)useanioaion? ng 10%
FBS, 2 nM L-glutam ne, 100 U nL Penicillin and 100 [ig/nL Streptonycin.
Mantl e cell |ynphoma cell line Jeko-1 was cultured in RPM 1640 cont ai ni ng
10% FBS, 100 U nlL Penicillin and 100 [tg/nL Streptonycin. Mantle cell

| ynph | Ji 138 was cultured in | MDM contai ning 10% horse serum
100 U/%%%Lﬁﬂﬁﬁéand 100 [ig/mL Streptonycin. Al cell lines were

mai ntained in 37 C incubator with 5% CX2 till ready for assay. Ganta-519,
Jeko- % and [t # I in

96- vveljlf pl éAt; @1@3 PEO%Q ?ﬁ%ﬁ%@g gfaglr H%f/hg} 2?18]“'[9,46{5?9%8 Sgﬁgég]fdoéri\%&{irro eat ed

wi t h CiEpyridod4.8 Ssqedplcthalgzigr3dW hometdsdatesalt.ai ni ng free base in 0. 1% DVSO at
various concentrations ranging from 1000 nMto 0.32 nM 0. 1% DVSO was used
as nock treatnent or control. After 4 days incubation, cell survival was
measuned b RY.€r df - [y \oa j -
R e b el it e L
dat a aftipyadotdBAde]plcbdazinid(éd)-o8eiesHatgsaleof dlgan dndharothe st w 28: 1 C50
(nM fog 4-tdg% ass%ﬁ gel k? Density Jeko-1 Granta-519 Z-138 5000/ wel | 356.96
8. 83 $8°UYEID B e S%l S560™: 70 10. 43 Exanpl e 2: Single-agent cytotoxicity
Assay in head & neck tunor cell lines WD 2012/ 054698PCT/ US2011/ 057039

[ 00165] Oral squamaous carci noma HSC-3 and HSC-4 cells were cultured in MEM
+ 10%3FBS. TheaBsS.88uarthetss 8¢ ardorphanydap-(bmetad - il 2ut-athzphS-DhEW -Ailpsh =BS.
Basal oj I: c 4 : S red:in | MDM +10%
ros. A PRGBS A 8P SR HEEE LD &
cont aichysadliddOdri/ethibRag & idaki oheaxfd 100 i _tg/ L Streptomycin in 37 C

i ncubat or w tg 5% G2 till ready for afsa){. Accor di ng to_individual cell
line growt I} SPHf &tatec e NMRespectewd géd rsekshtilftérehto-Gdndidt 1857ad 2imdPedt ed in

each gnaRbohkBpapr el d,pl ates in the time of assay. Cells were incubated for
over ni gﬁt at rbg? C bedfpor’e treated with their correspondi ng grow h nedi a

cont ai ni ng afdifferchizd acammir® dorVBE thtrmapran bsviogro endothtmowgh ramgiimgmfat om
5000 nMto 0.06 0.,1% Jwas used as nock treatnent or control. Media
and cd H&b%fggarwgrﬂngr‘?&%?e ery 5 days. After incubation for 7, 10, 11
or 13 days y(tAsniopfiveateid ahy S eferebaRh indR8live StUn\inValate@sat@agur ed by
Cell Titer Ao (Pronmega) and cell survival fraction was cal cul ated relative

to control .2 d@naphPagoPsdrpind isothtmaplet whschudoesinetexpibita dgnificamaveeglit cul at e
| C50 val ue S Lgur ha and 11b. Table 29: 1C50 (nM Cell Line Days
col | OMERT Bl Opdeit RuBliat 5o
an X-ray powder diffraction pattern comprising characteristic peaks expressed in d-values
(A) of about 11.9,5.9,4.9,4.4,43,3.9, and 3.7; and
an X-ray powder diffraction pattern comprising peaks at 20 angle degrees = 0.2 20 angle

degrees of 7.4, 15.1, 18.1, 20.1, 20.4, 22.6, and 24.0.

4. The (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-
2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt of claim 1 or 2, where the salt is a
crystalline form exhibiting at least one of

a solid state °C NMR spectrum with peaks at 143.2, 136.0, 131.8, 123.9, 112.2, 105.2,
and 100.3 ppm £ 0.2 ppm;

an X-ray powder diffraction pattern comprising characteristic peaks expressed in d-values

(A) of about 11.9,5.9,4.9,4.4,43,3.9, and 3.7; and
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11 200/ wel | 48.8 CAL27 7 800/well 23 11 400/ well 15.3 PE/ CA-PJ34 Cl12 13
1000/ well 18.1 10 2000/ well 13.6 HSC-3 7 1500/well 972 11 750/ well 931

[ 00166] MowlORDRABHKERS and variations in the subject mattecTaseofostoRdin the
above

an X-ray powder diffraction pattern comprising peaks at 20 angle degrees = 0.2 20 angle
degrees of 7.4, 15.1, 18.1, 20.1, 20.4, 22.6, and 24.0.

5. The (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-
2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt of claim 1 or 2, where the salt is a
crystalline form exhibiting an X-Ray Powder Diffraction pattern comprising characteristic peaks

expressed in d-values (A) of about 11.9, 5.9, 4.9, 4.4,4.3,3.9, and 3.7.

6. The (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-
2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt of claim 1 or 2, where the salt is a
crystalline form exhibiting an X-Ray Powder Diffraction pattern comprising characteristic peaks
expressed in 20 angle degrees & 0.2 20 angle degrees of 7.4, 15.1, 18.1, 20.1, 20.4, 22.6, and
24.0.

7. The (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-
2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt of claim 1 or 2, where the salt is a
crystalline form exhibiting a solid state BC NMR spectrum with peaks at 143.2, 136.0, 131.8,
123.9,112.2,105.2, and 100.3 ppm £ 0.2 ppm.

8. The (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-
2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt of any of claims 1-7, where the crystalline
form has a purity of at least about 99.5%.

9. The tosylate salt of any of claims 1-8, where the crystalline form is substantially free of
an amorphous form of (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2 4-triazol-5-yl)-
8,9-dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one or a salt or solvate thereof.

10. A method of preparing a crystalline form of (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-

methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de[phthalazin-3(7H)-one tosylate salt

comprising
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illustrative exanples are expected to occur to those skilled in the art.
Only such Iimtations as appear in the appended cl ains should be placed on
any cl ai &0 20rvsmeoBon. [ 00167] Al 1 publ i cati ons i ncl udi n@CpAISeNM1®570pAt ent
applications and published patent applications cited herein are hereby

i ncorporated by reference for all purposes. WO

2012/ 054698PCT/ US2011/ 057039 WHAT IS CLAIMED: 1. A

(8S,9R)-5-fl uoro-8-(4-fl uoropheny1)-9-(1-methyl-1H1,2 4-triazol-5-yl1)-8, 9-
i hydr 024+ pYAPAGIAES DB Aa PRAIHE 07 L 19 U dlephedity 3pced Bomrp

(8S, IPHP LU, Mdndndt hbsgriapRemiDe P, Cdnth®inaYds,dRh-3.Rofs-RI(h 3R spheih)-- 8, 9-
di hydr 02 pyri do 4, 3, 2- de] pht hal azi n-3(711)-0ne tosylate salt of claiml,
wher e tHemstalt-14sl,2,Ataazol st rBOFdhYdro@dpyredoj4,8 - dd]plghdlazin3 (7 2)-ofheith
(8S,9R) -5-fluoro-8-(A4-flupro nyl)-9-(1-nmethyl-1H1, 2, 4-triazol -5-y1)-8, 9-
di hyd Q&GBW?% '[cf,cédflaé-aﬂg eﬁﬁ@ﬁiﬁ%&%ﬁy@( 711)-one tosylate salt of claim1 or
2, where tRepgal:tallbwing t6 kel ahddrrendieibmm Sftibhtttb Pectitalceds tryeinfform; a
solid state fSC NVR spectrumwi th peaks at 143.2, 136.0, 131.8, 123.9,

112. 220405, 2, and 100.3 ppm 0.2 ppm a differential scanning

cal orinetr ngg[ ' othermw th a maxi num at between about
320 C and §§%3?5é t%?tgg%[#ﬁgtrglr@grﬁg@?net ric analysis thernogramindicative
of an 1unsolThatnedhstbdolaial [0 where theelehanahicmpuapee issabopt 30TC tosadobieTMih! ot

whi ch does not exhjbit a signjficant weight change fromQ to 95% rel ative
huni dilgy; The method of lajin Yhaialdr WhSTE thepnei % mqsasick ﬁolsaﬁﬁﬁfsiag? ingependently

char a%%l%&tieétﬁio‘fnﬂﬁ%«%ﬁﬁol%ﬁ%@%éﬁ@ﬂbn d-val ues (A) of about 11.9, 5.9, 4.9,
4.4, 4.3, 3.9, and 3.7; an an X-ray powder diffraction pattern

conpr i18i ng Theakshat of20aiant] @ deghee the dhedr 2fbrantgh @ sdbgngosiroind@pehderithy 1,

18.1, 20.1, .20. 2.6, and 24.0. 4. The
(8S, 9@5’-e%t??ffﬁ98}§-cé’-?e%§?‘ieta1’6‘ﬁt enyl)-9-(1-methyl-1H 1,2, 4-triazol -5-y1)-8, 9-
di hydna2H pykinlahdy & daitlel (6K had Bt ficnébl g8 Sich A% ah€s)SAd IndShengb@iyn 1 or
2, where the salt is a crystalline formexhibiting at | east one of a
sol i d ssleetcé fvgaivRegpéditifum wi t h peaks at 143.2, 136.0, 131.8, 123.9,

112.2,,.105..2, 00.. 3 0. X- wd diff ti
i ot coTe il Audab R SR testsn BRI N RIS Lee (W 2of ' about
11.9, 18, 9, TheWmethoddof daith 103.19, ordlidyiferd theash 1 $ent is THF.

2012/ 054698PCT/ US2011/ 057039 an X-r aymPQV\der diffraction Pat tern
conpr ildi ng Thearathed ofzmy o glaimy) &l & adherqthy conritiony suffiaet de gregiitateghe 15, 1,

18. 1, - ; 6 24.0. 5. The (8S,9R) -5

-fluor %@IPEZ‘?’F{J&?&&% eecnoy???-g- (1-nethyl-1H1,2,4-triazol-5 -y1)-8

, 9- di Ngdr o2epydthatbof] ddaith, 7 whérp hiicdhaindizions 8 fTikenotoeprecpiydtathe cswmitdllind foemai m 1
or 2, ,qure the salt, is a crystalline formexhibiting an X-Ray Powder

Di f fr dedidiraeling & % ofprao&ing characteri stic peaks expressed in d-val ues
(A) ofjgabouinellefod o ozfcpcvimﬁléhlSzfur?her%m% riﬁﬂ 3.7. 6. The

(8S,9R)-5-fl uoro-8-(4-1yl uor op enyl)-9-(1-n8t yl-1H 1, 2,4-triazol -5-y1)-8, 9-
di hydr 02H- ptepi(dpfdntastirgde] pht hal azi n-3(7H)-one tosylate salt of claim1 or
2, where the salt is a crystalline foxm exhibiting an X-Ray Powder
Diffraction pattern conprising characteftistic peaks expressed in 20 angle
degrees 0.2 20 angl e degrees off ol, 18.1, 20.1, 20.4, 22.6, and
24.0. 7. The
(8S,9R)-5-fl uoro-8-(4-fluorophenyl
di hydr o2H pyri do[ 4, 3, 2- de] pht hal azi o§(7 one tosylate salt of claim1l or
2, where the salt is a crystalline formaxhi\piting a solid state 13C NWR
spectrumwi th peaks at 143.2, 136.0, 131N87 123.9, 112.2, 105.2, and 100.3

ppm 0.2 pp . The 9R) -5 . ..

P oro- o 0t - Sup A En VY i ity £omPESing 03¢ PF PaGien{a) jalyeny(s) and

, 9-di hyﬁﬁ@ﬁ(—ﬂmymioe[@e [AmakZa fa} pldrhrlYazd, n- 3(7H) -one tosyl ate salt of any of
claims 1-7, ere the crystalline formhas a purity of at |east about
99.5% 9. stERdb}: oAt yshirel ssparatign af crangipst af the TigH antermadéaterapdt al | i ne
formis substantially free of an anorphous formof (8S,9R)-5
-fluoro-8-(4-fluorophenyl)-9-(1-nethyl-1H1, 2,4-triazol-5 -yl)-

8, 9-di hydr o- 2H pyri do[ 4, 3, 2- de] pht hal azi n-3(71frone or a salt or solvate
thereof. 10. A nethod of preparing a6grystalline form of

(8S,9R)-5-fl uoro-8-(4-fluorophenyl)-9-(1- nmethyl-1H1,2,4-triazol-5 -y1)-8
, 9-di hydro-2Hpyrido [4,3 ,2-de] phthal azin-3 (711)-one to sylate salt
conprising WO 2012/ 054698PCT/ US2011/ 057039 step (1): in the presence
of one or nore step 1 solvent(s) independently selected from THF, acetone,
met hanol , acetonitrile, and DCM contacting
(8S,9R)-5-fluoro-8-(4-fluorophenyl)- 9-(1 -nethyl-1H1,2,4-triazol-5 -y1)-8

o o -—

Qm?t hyl-1H 1,2, 4-tri azol -5-y1)-8, 9-
H)



and step (3): isolating the crystalline form 11. The nmethod of claim 10
where the el evated tenperature is about 30 Cto about 70 C.  12. The net hod
of cl ai mwO 20r2/a64698here the one or nmore step 1 sol vent ( grTASRo1LO8®PENdENt | y
sel ected from net hanol and acetonitrile. 13. The nethod of claim 10 or 11
where the one or nore step 1 solvent(s) are independently selected from DCM
and acetonitrile. 14. The nmethod of claim 10 or 11 where the one or nore
step 1 solvent(s) are.independently.selected.from acetone and, THF. 15. The
rethod of Ik ponedine 16 RER G plidRe B! SR et CERUtHE 1o The
et hoGdh@fohGldidth H8e oﬂ-lgfloré)sfteﬂ-g:) M%Iﬁ(s? RemakERSHBY-NEM-9-&-Tidrophchil)-oLhe

nmet hod of any of clains 10- where the conditions sufficient It)o

preci gl matlylildé 1 2rdrgiaadl-5-n0-8 drhyidre Lldeporidot, 3. Agle Iphiiglazithé(dbtdned of cl ai m

17 wh t ifi ficient. t ipitate t tal.line f
ol udl codne gt Mot Wb ER isd iR SR MRS kg bR v 10. 18
f ur t hebn(@eR kit HydrSiRmdihy dReNhamt of thore step (c)Wblvbntfls) fihdepenteany stie@byde in

a mxture conprising one or nore step (a) solvent(s) and titanium(lI1)
chl or ifepen msthenle cthanqly and geptoaitifiedi at e; step (b): isolating by chiral

separ ati on I i Lnter I : .

20121 Q6o dRbT LA BE, Bhy Wbt Ble i RE D Fy Bl oIS indragndgpty
enant isolgeted Gfont THFfahd stcthanber nedi at e wi t h hydr azi ne nonohydrate in one or
nore step (¢) solvent(s) to. make (8S, 9R)-5-fl| uoro-8-(4-fluorophenyl)-9-

(1- matlﬂyl-(ir emashod @ %naf&clas‘n?i‘?-lg,f@}ﬂ%ﬁfH%PESIQH pyri do[ 4, 3, 2- de] pht hal azi n-
3(714) - one.¢tendQy: IRt hod of claim 19 where the isolated enantioner of
the first isnelpg(r)'mgd?tg%g?glts contacted with hydrazi ne nonohydrate in one or
nore step (c) solvent(s) independently selected from nethanol, ethanol, and

|
acetonitrile. -o _Th‘ﬂ—NEt hod of claim 19 or 20 where the one or nore step

(a) solvent(s) |ard |np)\;ndently sel ected from THF and nethanol. 22. The
nmet hod of an msN10- 18 further conprising step (x): contacting | 0 o
N1-1\1'\ 7 E Mt b-ydrazi ne nonohydrate in one or nore step x

solvents td yield-f
f1 uorophenyl)-9- (1- methyd~tH 1, 2, 4-tri azol - 5-y1) -8, 9-di hydro- 2H pyri do[ 4, 3,
2- de] pht hal azi n3(714) - one; and step (y): isolating

(8S, 9R) - 5- Mwithoryslr&ifesmphelydsphisryne)or saqrd step isplventsitd yiR|diS flupez $Y(4-5-

Lepar AR FEUE R 2o e R R R AR e Bl s

sol ven(1{®)-ons ahddependent |y sel ected from nmet hanol, ethanol, and

acetonitrile. ) ) )
step (y): isolating (8S,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-

y1)-8,9-dihydro-2H-pyrido[4,3,2-de]phthalazin-3(7H)-one by chiral separation.

23.  The method of claim 22 where the one or more step (x) solvent(s) is independently
selected from methanol, ethanol, and acetonitrile.

24. A (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-
2H-pyrido[4,3,2-de]phthalazin-3(7H)-one tosylate salt prepared according to the method of any
of claims 10-23.

25.  The tosylate salt of claim 24, where the salt is a crystalline form exhibiting an X-Ray
Powder Diffraction pattern comprising characteristic peaks expressed in d-values (A) of about
7.4,15.1,18.1, 20.1, 20.4, 22.6, and 24.0.

26.  The tosylate salt of claim 24 or 25, where the salt exhibits a single endothermal peak on
differential scanning calorimetry between room temperature and about 350 °C, where the single

endothermal peak maximum occurs between about 320 °C to about 335 °C.
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24. A

(8S,9R) -5-fluoro-8-(4-fluorophenyl)-9-(1-nethyl-1H1,2,4-triazol -5-y1)-8, 9-
di hydr o2Fvpyni2dsieds 3, 2- de] pht hal azi n- 3( 7H) - one t osyl at e psaluS2@naprsed
according to the nethod of any of clains 10-23. 25. The tosylate salt of
claim 24, where the salt is a crystalline formexhibiting an X-Ray Powder
Diffraction pattern conprising characteristic peaks expressed in d-val ues

f._ab |
Cal ¢ 5roor e lospad Sador it ol plafiie 4 f oviirn it ot o8RG B Qinan 3% EMSall o

on di ff&gFRMEdsal oSEAGR 'a@&nﬁ&ht‘ﬁ?é (B’EBJbBMt M“‘@e@;}%héﬂﬂd’gréﬁﬁ%%{ca&nufy@mand about 350
C, where the single endothernmal peak nmaxi mim occurs between about 320 Cto

about 2835 @he tmlms_amc@f%@@gp@ﬁnw%allwm@ad@@altthlbmevalosyf hysteressistlesst any
of claj ns,24-26,. ere the salt. exh|b| | weight |oss
o or TR PR un BRI SRRl Al bt 5 v TR IR L RIEOTE L v &

28. The, t osyprdrasalticaldfondydyitioh c@ﬂn@hﬁﬁﬁ% 440K Tate Yielcorldie: t8ahy oeXlink 18 a

val ue of hysteressis |ess than about 1%.in dynam c vapor sorption at about
25 C fapéRHRY wdeatrharprogatgally agcepmblhenciietiut i cal conposition conprising a

tosyl %he SaIlhte gﬁr?arcgﬁtn a% ¥t10?1f acgl)r%h@stgéla%? wﬁére%ﬁe «Zcﬂﬁ,)(%lt on is

phar maceut i caI accep XCI Ient ar nac COh‘pOSI tion
accordbﬂgﬂﬂ@dﬁhmmmaﬁmnmmaﬁmmbheu@eap05|t|on is fornulated for ora
adnlnlstratlon to a subject 31. A nethod of treating a cancer, or synptom
t her edt; &3 trﬁ%ﬁﬁgrﬂ AneeT, AESYANRIAEItATERf FRmPISNG AmBiBiskSINg Ganpunt ~ of

(8S,9 TRt 1.
triazo erépefultleﬁ%pacgoﬁ t?lyIE %{éﬁ% I—I-pgfggr%]‘?fd)e 2%&5&%?&% ﬂ?‘é‘?ﬁ )néé ﬂefyylolr{é l’t2045yl ate
sal t ttnaza)l-§k§b) -8 Otdilydrb-2¢Epywedo[4, 332de]ﬂ1hhalanh*$@?f—lb6nq:ﬂ0&jlmne3éll tovhsrbgect bvath

cancer i s bl adder cancer, breast cancer, cervical cancer, colon cancer,
col or &8%4l- cancer, Burkitt's |ynphona, nasopharyngeal carcinoma, EBV+

gast I 39, CANGRmc(RAFOMREIH 2, WIRRCHE Sanc@RRIUILIMRE EFbbn BleaSilhAFER] ccHERT |
gli obl astoma, head and neck cancer, hepatocellul ar carcinoma, kidney

cancercandes dodm cancéruejorseateancer ﬁnﬁh@ vy mpleaiod, nessiphstyo genl cammn@nﬁBW
nmeni n% ovari ? rpcan ancr ea cer canc

oo e eI AP o AR SRl 6o 3RS T B SO RaPRReRian sb ek 55

The m%hﬁt%el I%bgt@l:@lluﬂﬁr%&ro@’%on@a? kidhap b ncab O¢ltkehhiad LidgdlakGerbReiphvRiaght to about
0 Wwel t o
(ss 9F€}Q pblaﬁ@@awel.mmmn@wﬁ%)m@nmcafé@wancrwﬁf CANCRr{ MPEeigIcamtoy.1) - 8, 9-

acm nrSTor LR P S BRI RFO Rl bl AP KBTS 5701 &l s s 31-33

wher e 38he (188 n%ecﬁeff dlaior DI & 3(24ixﬂ1|et®cnb0pm&y@bk~g9>oﬁﬂzwelght to about 3.0 ug/kg

nmet hy rla al yl 9- dlhyd 4, 3, 2-de] pht hal azi n- 3(7
1/)- ofg)@%y a@ga%ét)% BSaD)-3 @u%{otﬁ)'ﬂf‘sﬂ‘éﬂfPPkﬁéW k- %1& éjﬁ[ Zf‘éﬂé?ﬂj Sdp) 8% ms 3-

35. Usg,

(8S, 9R) Wb ’Jﬁ‘f%ﬁté’?‘i( 5Qﬁ%LPhrt%%%zé‘h§S7H)9°n(ef°sr¥eat% A AR Py G g e

yl) - SSGMdmhydro 2H pyrido[ 4, 3, 2- de] pht hal azi n- 3(711) one tosylate salt for

(2B BRGSO B B naods ol SL m 05
methyl-1H-1,2,4-triazol-5-yl)-8,9-dihydro-2 H-pyrido[4,3,2-de[phthalazin-3(7H)-one tosylate salt
is a crystalline form according to any of claims 3-9.
35.  Usec of a crystalline (85,9R)-5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-
y1)-8,9-dihydro-2 H-pyrido[4,3,2-dephthalazin-3(7H)-one tosylate salt for treatment of a discase
or condition in a subject.

36. The use of claim 35, where the disease or condition is a cancer.
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