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DERI VATI VE The present invention provides .fonnulati.on parameters and
manuf act ur i n@) conditions for stable phar maceut i cal conposi tions conprising
a thi adi 228FE?8&%¥Vative in 5particular, the present ihYERPIEHS%vi des
chirally stabl e pharmaceutical conpositions conprisi ng .N-14- (2, 2-di

nmet hyl - propi onyl ) - (510-5-[ (2-et hy am no-ethan esul fon yI am no)- m

et hyl] - 5- phenyl-4,5-di hydro-[ , 3, 4]thj.adi azol - 2- 54;

- 24-di net hyl - pr opi onami de. St abl e manuf act uri ng conditions for this
conpound and internmedi ates are al so provided. 10Background of the Invention
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adi azo| - H_?/I | -2, 2-di met hyl - propi onani de i s described in POl jnternational
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n
I nternati :%agumuiums y conditions for this compound and indermediates are also provided.

H, Backeround of the lnvention

The compound N-{4-(2 2-dimethyl-propionyl}-5-[(2-ethvlamino-
ethanesulfonylamino)-methyl]-S-phenvl-4, S-dibydro-[1 3 4likiadiazol-2-vi}-
dimethyl-propionamide was first deseribed in PCT International Publication Number WO
03/051834. A formulation containing the compound N-{4-(2 2-dimethyl-propionyl)-3-

15 [{2-ethvlamino-ethanesulfonylamino)-methyl]-S-phenvl-4, 3-dihvdro- 1,3 4 1thiadiazol-2-

yl}-2,2-dimethyl-propionamide is described in PCT International Publication Number
WO 2004/092147. A fornnalation containing the compound N-{4-(2.2-dimethyl-
proprouyi}-(SR}-3-{2-ethylamino-ethanesulfonviaming lmethvi}-S-phenyi-4, S-dihydro-
(1,3, 4ithiadiazol-2-v1 -2 2-dimethyl-propionamide is desoribed in POT International

20 Publication Number WO 2006/101102. This compound is useful, for example, for
therapentic treatment of a human malignant tamor,

Stable forrulations of the compound N-{4-(2 2-dimethyl-propionyi)-{SR}-5-[{2-
ethylamino-cthanesulfonylaminoy-methyl}-5-pheovl-4, S-dibydro-{ 1.3 4ithiadiazol-2v1} -
2. 2-dimethyl-propionamide which minimize chiral conversion 1o the less active §

25 enantiomeric form are desired for reproductble and efficient munufacturing and
cornmercial scale preparation, long-term storage of a lvophilized form, and stability when
the lyophilized form Is reconstitted and defivered to a patient. Swrprisingly, formulation
parameters and manufacturing conditions were discovered that provide stable
pharmaceutical composttions comprising N-[4-(2 2-dimethyl-propionyvi-(5R)-5-[{2-

30 ethylamine-ethanesutfonylamino}-methyil-S-phenyl-4 S-dihvdro-{ 1,3 4jthiadiazol-2-y1}-
2 2-dimethyi-proplonamide that minimize undesivable chiral conversion to the less active

S enantiomeric form.



70Publ i cati on Nunmber WO 2006/101102. This conpound is useful, for exanple,
for therapeutic treatnment of a human malignant tunor. Stable formnul ations
of the conmpound N44-(2 -dimethyl -propignyl)-(5R)-5-[(2-
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5 phar macEaenNr CEFRLEUREIGN ORI 8 e V{r}?gn RESE0E ok 350S4 G B OV des

(2, 2-di v\ - DE ap; - (5R) ot i i ) - ]
5 phenyl 45 G R B R G VT bt ot onah de, | an

%2?2{ ﬂaf%‘gﬁtﬁﬁagil 9-22?131%6523311 é?fﬂad erater lﬂtﬁnlil,r@ﬂt , or excipient in solution
ihereln (Re Lol Salgsomaetiion h oSS ANGD BN UL LRn 2.0,
I ess than,d,&sfid BhPALRE AR Z.didnethyl- 1
propionyl)—(SR)~5—[(2—ethylamino-ethanesuifonylamin0}~methyl]—5—pheny1—4,5-dihydro-
[1,3,4]thiadiazol-2-y1}-2,2-dimethyl-propionamide, a buffer and/or salt selected from
tartrate, phosphate, citrate, mesylate, sodium phosphate, and sodium sulfate, and a
pharmaceutically acceptable carrier, diluent, or excipient wherein when diluted with
aqueous diluent affords a solution formulation having a pH less than 5.4 and greater than
2.0 and contains no more than 2.0% N-{4-(2,2-dimethyl-propionyl)-(5S)-5-{(2-
ethylaminoethanesulfonylamino)-methyl}-5-phenyl-4,5-dihydro-[1,3 Ajthiadiazol-2-yl}-
2,2-dimethyl-propionamide and is stable to chiral conversion.
The present disclosure further provides a lyophilized pharmaceutical composition
comprising N- {4-(2,2~dimethy1-propi0ny1)—(SR)—5—[(2~ethyiamino~ethanesulfony1amin0)-
methyl]-5-phenyl-4,5-dihydro-[{1,3,4]thiadiazol-2-yl} -2 2-dimethyl-propionamide, and a
pharmaceutically acceptable carrier, diluent, or excipient wherein the pH of said
composition when diluted with aqueous diluent is less than 6.4 and greater than 2.0, less

than 6.2 and greater than 2.0, less than 5.4 and greater than 2.0, or less than 4.2 and

greater than 2.0.



In a second aspect, the present disclosure provides a |yophilized
phar maceuti cal conposition conprising N {4-(2 ,2-dinethyl-
propi onyl) - (5R)-5 - R2-et hyl am no- et hanesul f onyl am no) - net hyl ] - 5- pheny1- 4
, 5-di hy dro[ 1,3 ,4]thiadiazol -2-y11- 2,4 di met hyl - pr oPi onam de, a buffer
and/or salt s cted. f.rom Lr [ g&g;ﬂo te, sodium
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di | uent, compexiighi-¢n{2, Mienehpl-popivng)(6Rpd-[@-tthyrguenudadishlfertlaninbpr ds a
solution fojniulation havi ess t 5,4 and greater than 2.0 and
cont ai ne MOMEeTERAN2 R L3 BEE R T SEPSRT T O Sey R 95 o hy)
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, 3, 4] thi adi azol - 2-y1} , yl - propi onam de and is stable to chiral
conver si aemposition isTlass thare€.é nnd dretdr dwure0.flesstthar 6.p rod preetsr thahydhiiski zed

phar maceutical, ¢ ositio onprisin
{4-(2,2-dﬁﬁhgﬁngggﬁﬁ?hﬁ§%)JPgE§§gyf%égéFﬂ?Fgﬁﬁﬁg3%Phanesulfonylanino)-
Ugthy|]65-phﬁnmkpﬁménQk&%ﬁhﬁnbﬁmﬁﬂ%%%hhaﬂﬁage&mﬁmﬁFhc&nﬁﬁdgmaphyl;propionam
i de, and a pharnaceutica acceptabl e carrier, diluent, or i pi ent

wher ei n tBe-¢medr ey Béisrﬁ(gﬁﬂ\lﬁl?é*ﬁna‘iq@?@%ﬂ n 1@&‘&0@6@&%’5&@’8@% s
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conposition conprising N {4-(2,2-di ne | - propi onyl).-(5R) - 5- - et.hyl
amino - etlﬁféﬁg%n%)‘? aB‘i’mﬁ‘%ﬁ?ﬁ' H@%Z@?Sﬁgﬁaféf %‘?‘Peg’i??@ﬁ%ax 2 _gr R &“’£ 4%

, 5-di hydrgald, @a4d bhiadiazfberdadl b sifd ordbdBited¥ lesh HRARI40N8Hnd @reattd 2
pharmaceutical |y acceptable carrier, diluent, or excipient wherein the pH
of said chapdsftion is less than 6.4 and greater than 2 0, less than 6.2

and great er thﬁl@pzsotdiéc?o%gre%har}oéde%aa gm%% %%l%%m&(ﬁﬁﬁugon% 'sﬁéNI-eSS than 4.2
and greater thafi’2*d Dresent di sclosure provides-a

phar mac e ut4-Qal -dmenipd sirtviomyt g CiFF 3 -5 rgh Berhiho-cthanesulfonylamino)-methyl]-5-

(2, 2-di met hyl - propi on - -5-[(2-ethyl am no- et hanesul f onyl am no) - net hyl k
5-pheny|4@§mﬂk£9ﬂ§%ﬂ¥%%%?éﬁg%ﬂﬁﬁé%éﬁﬁfggﬁ@f@gy%@ﬁpﬁﬂfﬁ&+2ﬁ?%%ionanide, and
a pharmaceutically acceptable carrier, diluent, or excipient in solution
wherein the pH of said conposition is less than 6.2 and greater than 2.0,

| ess than 5.4 and greater than 2.0, or less than 4 2 and greater than 2.0
and the tenperature of said conposition is less than 40 C and greater than
25 C The present disclosure also provides a pharnaceuti cal
conposition conmprising N{4-(2, 2-di net hyl -pr opionyl)-(5R)-5

-[ (2- et hyl am no- et hanesul f onyl am no) - met hy11-5- phenyl-4 |5 -dilly dr

oll, 3, 41t hi adi azol - 2-y1}-2, 2-di net hyl - propi onam de, and a 3
pharmaceutically acceptable carrier, diluent, or excipient in solution
wherein the pH of said conposition is less than 8.4 and greater than 2.0
and the tenperature of said conposition is |less than 25C and greater than
5C or equal to 5C.



The present disclosure further provides a |yophilized phannaceuti cal
conposition conprising N
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met hy1] - 5- pheny1- 4, 5-di hydro-[1, 3, 4]t hfadi azol - 2- y1} -2, 2-di net hyl - pr opi onam
i de, and har i > epk: ] o : ol ent

wher e - PHE DR BT s st AR R e o kb Bh O LB BETFERET

| ess t harai@.cAmpositigh edterthiha ard @reated imnt’h@andthé tampbrgueadfenidt han 2. 0, or

| ess than 4.2 and greater_than 2.0 and t te ratyre of said conposition
is |ess Pﬁ@ﬁoﬂbo@sgﬁ% thateay erand gEgtey shas %&%H&an cription of the

Invention  pe 5l dNRSEOErth R PRMILONyEhBYEORE R @hnlpYsi®dnabl e
phar maceutical composition conp

risin . _
{4-(2, 2- d:pmriﬁiylgl\bI{w,&qiymyfhylsmpp@npﬁ2(5%i-ﬁﬂﬁ%ﬁﬁhmﬁu%q-ﬁféﬁ%essmf%ﬂw@ﬁ%-no) -
met hy1] - 5- pheny1.4, 5- di| ) i adi 370} » 2 o

-2, 2-di nﬁ#@ﬁ?ér%%{lgnﬂ%lagj d QOaleB. %]ﬂg}l]?ug?kn’@?e815}?6%I%F%é%%lc%r&gﬁ%idgéﬁdi aer ,

di | uent, phemexeifdabiRtacédpabldasricrediomd corxeipicapniersi tbapHofthd S
enantioneric form Pharnaceutical coppositjiong far, the pres nt2i nventi on

i ncl ude seERosijionMien dduted o b UpRPSSBIUERT 1B HSH 2 %&aﬂg‘”ft‘é‘st 8t 29olEt i on
forms ingjud | Qi 107 adQRlS ZabicoRdansieapeakytben form
reconsti ﬁiﬁée%zl%??%é#eg/op izﬁ’%ge?gﬁﬁgnd ?ea%[s for adm ni strgt ipté)n to a
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Practi ce 9lmNaLsmReyi-4 A diSRIRELET,9 4] adiadbl-2-yBdS,2,dith8thil-pdpiondatde, Bubd i shi ng
Co., 1995). ~As used herein, the term'patient" refers to a mamal
that is afbithetesticaliytdscertave earsppiBuend, orekrigiahthat bargeduceer Adst preferred
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R e R
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met hyl } - 5- phenyl - 4, 5-di hydro-[ 1, 3, 4] t hi adi azol -2-yl | -2, 2-di et hyl.- pr opi onam
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mar ket ed

A “pharmaceutically acceptable carrier, diluent or excipient” used herein is a
medium generally accepted in the art for the delivery of biologically active agents to
patients. Such carriers, diluents, or excipients are generally formulated according to a
number of factors well within the purview of those of ordinary skill in the art to
determine. One skilled in the art of preparing formulations can readily select the proper
processes for preparing the pharmaceutical compositions provided in the present
invention. See, e.g., Remington: The Science and Practice of Pharmacy (A. Gennaro, et.
Al, eds., 19" ed., Mack Publishing Co., 1995).

As used herein, the term “patient” refers to a mammal that is afflicted with, for

example, a malignant tumor. The most preferred patient is a human.



Conpounds of the present invention may be .adm ni stered systemcally, ich as
i ntravenously. In order to inprove the chiral stability of

N- 1442, 2-di net hyl - propi onyl K5R) -5- [(2-e ‘ )

yl ani no- e"i’ﬂéﬁ"é’@ﬁ%“ﬁ‘gnyl ani no) - met hy11- 5- phenyl - 4, 5- di hyBFHVR08%9%41 hi adi azo
| -2- | Oyl f-22-thyl-propionam de, preferred pharnmaceutical conpositions

i nvol ve particular fornulation. paranmeters, including particular PH and/or
tenperature conditions. Preferably, ong enbodi mnent of the present invention
involves a pHrange fromless than about 6.4 to greater than about 2.0.
More preferably, the plil range is fromless than about. fromless than

about 6.2 to M obham. about.. 2.0 Even ore. . oref el haahfie pH range is
ghealR h.c%%ﬁ%@%%@&'ﬂ stéh1D: reRYER W&%R%&Eﬁﬂn}ﬂm&g P g

fromless than about greater than about 2. 7 nore preferably,
t he ph rangeainisg -obd 1 edandtindprabout)-ER2- %02 gihehtreno-thamsalfoytan2n@- Vari ous

buffers andfor, salts, ace.avail.able .t i,ntai.n, or control the pH range.
Such buf 1 BFESHHaRsrS s RN ot afur et et e et
nesyl at e, re80eHdWMMSE UhhakSon SR S alHoaTeHd €onm aRidnEdAeddinke redMBoSUGHT
preferable buffer and/or salt is phosphate. Mdre preferably, the buffers

and/ or> salfesPonlrasioabr dit pHospRAREE MuBRigdRraduchnd citrate. Even nore
preferably, theg - oPRAAL . S A doriihS e 0 dis osphat.e... Ski.l L,.por e
preferably, t g“@ﬂ%‘%@% Og{ri:lg;) g“rmgal\im?g&tﬂgftg !’r' g@éﬁ’@‘{?ﬁgﬁgﬁé‘?‘%ﬁt%‘é‘g@ plif
ranges; budfremspstand/ or salts, the tenperature preferably is | ess than 40
"C and greater,than 25 C Preferably,. when.. the pH range for.a..

phar maceut i cal mc%ﬁﬁ&‘s’ FEFEhT BF “E’ﬁ“g Sb‘%gg%ﬁfg?gfdaﬁfé ey gﬁrqp§)ﬁ¥ Ir}g%{‘i'%'ss t han
about 8. 4i(t @Gl RehektizhanifaRoshind)- Rt NS -bigapes atdii@iro-f B3 hrpaikass-t han
about 25 t to greater than about 5 C. Mrre. preferably, the tenperature of
a phattacButd-edindbipsanersidtirtdere o paigeiel CoBRIRAHVAbERertEulr t o
greater t} WL ar2m@eekS iR Rrifenl PBATIRES Wl o) G QLAROS,,MONS that are
i.n sol ut?%ﬂu%??!%igpH%L%g‘zg}t%%&g}r{]? 1%8 ;}éﬁ?ﬁ@@’ﬁ*ﬁﬂé{%ﬁmﬁ%{?ﬁ%d wi t h aqueous
di | uent aPtedrabiy.yopkivbbdiateoot bomesinninvgnidfinvolves a pH range from less than

ﬂ;glt ?Zl -SQ{U%P 59" %)e'm(e?thlé}; Eé{ﬁr(t %_fiet\qgr!e%%[lgglﬁﬁt, 12 ?}?ﬂé‘i} gwaimé’lﬁ% igéﬂqggf{ a mhthyl I-5-p

from less than about 6.2 to greater than about 2.0. Even maore preferably, the pH range is
15 from less than about 3.4 to greater than about 2.¢. St} more preferably, the piH range is
from less than about 4.2 1o greater than sbout 2.8, Various buffers and/or salts are
available to maintain or control the pH range. Such buffers andfor salts are preferably
tarirate, phosphate, citrate, mesviate, sodium suifate, sodwum chioride, and the like. One
such preferable buffer and/or salt is phosphate. More preferably, the buffers andfor salts
20 are sodium phosphate, tartrate, and citrate. Even more prefesably, the buffer and/or saltis
sodium phosphate, Sull mm‘épre{erab}y, the batter and/or salt is tarirate. When using
these pH ranges, buffers, and/or salts, the temperature preferably is less than 40 °C and
greater than 25 °C.
Preforably, when ihe pH range for a pharmaceutical composition of the present
23 invention is from less than about 8.4 to greater than about 2.0, the temperature is from
less than about 25 °C to greater than about 5 °C. More preferably, the temperatire of &
pharmaceutical composition with a pH range of less than about 8.4 to greater than about
2.401s about 5 °C,
Pharmaceutical compositions that are in solution prior to lvophilization,
30 iyophilized, and/or diluted with aquecus diluent after tyvophilization containing Ae{d-(2,2+

dimethyi-propionyi( 3R }-5-{{ 2-ethylamino-ethanesul fonylamino)-methyl - S-phenyi-4, 5~



WO 2009/ 009470PCT/ U52008/ 069301 di hydro-[1, 3, 41th
adi azol-2-y11-2, 2-di nepropi onam de preferably contain no nore than 2. 0% of

compos: {1 WEREIES N nore han 5. 5% of the S enanti BrPPEROASE mor e

preferably, the eutical conposition contains no nore than 1.0% of
the S enantionmer. Still nore preferably, the pharmaceutical conposition
contains no nore than 0,5% of the S en@ntioner. Even still nore preferably,

t he pharnmaceutical conposition contains no nore than 0.3%of the S
enantionmer. Mst preferably, the pharmaceutical conposition contains no
nor e thang@, &%k 4iRedR-8ri-ants 9%&6??}%%2%@@1’1&&'@[ BMIEDEh Ty contain no maore
formul ationill ustratl ve and i’'s not inten lImt the scope of the
present ieedOfon the fess dctnmmnémwal Mogopislangid.0h¢ :r:igumaaeumai

0y i 2 e BhEK LR TR kg R ol e SaShm by b aRIEREN 82 620 oy

tartaric @Qﬂrsd&ae&ﬁﬁ{3&ﬂmsﬁcﬁﬁmﬂté}t:&|i}o shigt Agmval et flers &i}@hi&@?ﬁ«thﬁtli Grors. to 5,0
inL. Lyophil i the .fornul ati on. Wen ready for se nstitute the
vial' s coPfEERNY- Wit W@l?ﬁsuwa@ﬁ é‘i’m?‘ﬁ'ﬁ‘anﬁﬁé@f%d’rﬁ’ a5 I 85 POMRM at i on, ¢ he

concent r at],QRoRE;: @Twl:f} b& 11? m%r g&»r@ﬁgiﬁw ?Wﬂﬁhﬁ’@é&ﬁ cal odsRiibh 2u8kA¥haM N 0'

i anesul f bnyl am no) - met h I-4,5-cli hydro- {1, 3, 41t hi adi azoI
di ner hy| - pesphendatdd tizes% Qmmgpmﬁﬁ \iawmeefgﬂ}b‘f trtaméaﬁwei@la@itqmmmsmabout 3,0

prior to é%?ﬂrps! d 1%%1& tﬁ)ﬂx 2% Q%lﬁw'“g etk 3- 2 after reconstitution,

1 Formulation Esample

The following formulation example 1s Hustrative and is not intended to limit the
scape of the present invention,
in one vial, combine 10 mg N-{4-{2 2-dimethyl-propiony (SR }-3-{{2~
ethylamino-ethanesulfonylamine}-methyl]-5-phenyl-4, 5-dibydro-{ 1,3 4}thiadiazol-2-y1} -
15 2. 2-dimethyl-propionamide, 6.0 mg tartatic acid, and 30 mg mamnitol, Using water for
imjecton, ¢.5. to 8.0 ml. Lyophilize the formulation. When ready for use, reconstitute
the vial's contents with 3.0 mL water for injection. For this formulation, the
concentration of A-{4-(2,2-dunethyl-propionyl}-{ 3R )-3-[ (Z-ethylamine-
ethancsulfonylamino)-methyl}-3-phenyl-4, 3-dihydro-{ 1,3 4]thiadiazol-2-yi }-2 2~
20 dimethyl-propionamide is 2 mgimb.. The pH of the formulation is about 3.0 prior to

tyophiization and about 3.1 10 3.2 after reconstitution,

Pharmaceutical Composition and Manufacturing Studies
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Phar maceuti cal Conposition and Manufacturing Studies N- 1442, 2-
i met hyl - propn. - (5R)-5-[(2-t, o- et hanesi df onyl am no) -

met hy11- }- r -4, 5-di hydro-[ 1, 3, 4M adi a. zol - 2-y11-2 di rnet hyl - propi ona
mde is &QE@?@@’?? or exanple, as provided in PCT Int e?%‘é({)%’ﬂ% bl i cation

Nunber WO 2006/ 101102 or by utilizing the chiral HPLC assay noted infra.
Stability for N-44-(2, 2-di net hyl -propionyl)-(5 )-5-[(2-ethyl am no-

et hanesul f onyl am no) - met hy11- 5- phenyl -4, 5-di hydro41,. " hi adi azol - 2- -

di et hyi - propi onam de (the corrpound) is assessed at. 0.1 ing/m1l.. in
various adjusted frompH 2 through 8 with various pH adjusting agents

(e.g. 0.1 and t M—é-#-»dl{;)ieém C&pﬂpﬁﬁ@lﬁg M—Wbﬁ&%n@t—u nﬁéu?&ﬁ%hmﬁ%?r ag;a

condi ti ons at '1075% re ative
Her ei naf t wet }fﬁﬁeiﬁzwﬁ%t*ﬁﬂs%méﬂ “aﬂjim@dlmﬁq"’eﬂiw “’s@mﬁgépﬁmnntﬁmnbnsw Il be

referred { Thes |.ude..10 40 'C), 10 nmM
phosphate %ﬁ%ﬁ fﬁp% (15 dggggwﬁh ggﬁ%@é{[‘?% ubt é‘ﬁ‘g”ﬁg nhﬁﬁl\(ébt rate (25 and
40 ' C). Anidict ioo e mste?lz,uﬁmgls&amatlipy(“sﬁ;udlmdi;nﬁ&ude O nMcitrate (pH 8;
5" C, 25 T, and 40C) and 10 niMNaCl, 10 inlM sodiumsulfate, 10 niM

mesyl ate, 10 ndedidilityaot nagtfsemJ&nmwmph@mh@t{e&)aqm&%xaamwtrate (pll 8,40
T). Lyophilized stability studies

N- 14- (2 2§tﬁ?*}?§f1mmﬁ}*%@rlﬁ?‘f§@j (@ﬁ)‘ﬂ%‘q:[ {2y denly ahitvistisehenEstibf onyl ani no) -
"0 o nvola eay B ke S A LR oS TR TR are
| yophi | i zaht!wa&q‘dfmlpﬁe’b&e@zﬁi@ \sxﬁovza@es plitf sB@stiRbade@s (apdy 4ond thi(‘él 3, and 6
mont hs, Fb na{ aXd \w%agﬂ?am dtr@?ﬁ‘}i:rgm storage conditions {e.g. 3°C, 25 °C, and 40 °C at
10 75% relative humddity). Hereinafer, the 40 °C at 75% refative humidity storage

condition will be referred to as 40 °C. These buffers include 10 mM and 50 mM tartrate

{30 °CY, 10 mM phosphate (25 and 40 °C), 50 mM phosphate (40°C), and 10 mM citrate

{25 and 40 °C). Additional solution stability studies include 10 mM citrate (pH 8; 57 C,

23 7€, and 40 7C) and 10 mM NaCl, 10 oM sodium sulfate, 10 mM mesvlate, 10 mM

15 tartrate, 10 mM phosphate, and 10 mM citrate (pH 8, 40 °C). Lyophilized stability

studies for A-{4-(2 2-dimethy-propionyl}-{5R }-3~ ("~e£?w§amli}{“}»ﬂlhaneuﬁ{’ony?armno}w

methyl}-S-phenyl-4,5-dihydro-[1,3, 4 khiadiazol-2-v1}-2, 2-dimethyl-propionamide involve

solutions containing {10 mM tarirate buffer at pH 3 which are tyophitized and subjected {0

storage at 5°C, 25 °C, and 40 °C for 1, 3, and 6 mouiths. Finally, the enantiomeric

20 stability for N-{4-(2.2-dimethyl-propionyB-(SRY-3-{(2-ethylamino-ethanesulfonylaming)-

methyl]-3-phenyl-4, S-dihydro-{ 1.3 4 fthiadiazol-2-v1}-2, 2-dimethvl-propionamide is

assessed when dissolved in various organic solvents and aqueous/solvent mixtres,

including methanel, ethanol, acetonitrile, aceione, ethyl acetate, and 50% ethanol / 30%

water {all at 25 °C and 40 °C) and In T-octanol (25 °C). '

23 The achiral stability of the compound is measured using siandard reversed-phase

HPLC assays. The analytical operating conditions for achiral stability analvses are as

follows: Column: Waters XTerra C18 column, 150 x 4.6 mm, 3.3 micron; Detector; UV,

290 um; Flow: 0.75 mLAnin, Injection: 10 uL; Column Temperature: 50°C; Mabile

Phase: 30% water with 0.1% TFA 7 50% acetonitriie with 0.1%¢ TFA.



20stability for AT-14-(2,2-dinethyl-propi onyl)-(5R)-5-[(2-cthyl am N
no- et hancsullon yi amn 6)- nethy 11-5-phenyl-4, 5-di

hydro-[la@?%&}% ﬁ% azol - 2-yE} -2, 2-di met hyl - pr opi onani \(}%(r#ﬁ‘f‘ﬁ%ﬁqe?ﬁféid when

di ssol ve | ous organic soI vents and aqueous/ Sol

i ncl udi ng net hanol, ethanol, acetonitrile, acetone, ethyl acetate, and 50%
et hanol | 50%water (all at 25C and 40C) and in l1l-oetanol (25 O).

The achiral stability of the conpound-f-s measured using standard

rever sed- phase HPLC assays. The anal ytical operating conditions for achiral
stability analyses are as follows: Colum: Waters XTerra. Cl1.8 col umm, 150x

4.6 mm 3.5 m"@i&‘é&‘zant%&f&tg@dbﬁht% r@@:@uﬂaﬂ%fb” Q) QP76 ek Wribioyid @Gt i on, 10
jiL; Colum Tenperature: 50C, | e Phase: 50% water with O. 1‘? TEA! 50%

aeetorti tnon:lce:ewmhm@o&%iwm l"hcw&@agmos@hﬂie PORrmus008h06930130 74.6

The enantjonerjc. stabild asur o ay enpl oyi ng
pol ar i on’%@%&%‘%’t(ﬁgh % R&ﬁ (ivgg)s"‘ﬁTﬁ(gz\géﬁ%gﬁ&‘T f?ﬁh ﬁ%ﬂ ?é] lﬁﬁ%@ I um:
Chi r obi ot aagarafﬁpn Inib8liox: 4ui6- ninl; Refeat Pempdburd 8T M B RWhall: 228%

Injection: 21.t1., -

035nUm ad 0 optimze ira e tion;
104. &éaﬁ%@éf ulr@ﬂ%\sﬁréﬁ?ﬁ%am V“ét?““&iagéam‘@h@‘i%‘m very BROSIECRAE 1. 0%
wat er (DI z\%b;!d’btﬁ?é aw,lsmm@e,@&m@ﬁ%@m sa& YathS MBEMe &%El?r! tHeV@:4 fnd1obi | e

phase cor‘rﬁom 1on, specifically the a:cid:base ratio. For this reason, the
TEA and 1HOAA addisisieh wb vesvravle nassurhinsl hormdslisarcd @y pitdtie e thdetdbiler ed by
pi pette |ﬂ}ab{m§b{m J.e phase while stirrina. In 10 MMand 50 mMMtartrate
buffers, conver si on of the conpound i s 10observed at pH 4.1,

3.1, and21ffat $ h . nd 2.0 for
5 T eaet o0 1ar B RRb R Rul TRt Sl Bt s Rieaf B L5 o
MM t art r agigedud gt 4973 $%naf2. 1 e 2€I08P OU Nk QDRI ma@f&@ﬁ 41265, 30@2.096 hours
at 40C and 60. 3% of the con‘gound remai ns after at 96 hours at 40 C.

In 1.0 RN 408 DrISHHaVeChiprpastive dho‘ﬁ@mf—f’am@@ \91@% s«m@w pMaad@pound i s

éSstgr Zei%gﬁ& d@"’i*’@ ofHhs BmpBOR fradink Merdit & 83Phs alls B8 Ak 6AQ6; gnd at pH

the com peund remaing after pH 8.7 at 96 hours a1 40 °C.
1n 106 mM sodium phosphate buffer, no chiral conversion of the compound s
1S observed st pH 5.4 3.4, and 2.3 forat least 120howrs st 40°Cand st ph 54,34, and 2.3
for at Jeast 120 hours at 25 °C. In 50 mM phosphate buffer, no chiral conversion of the
compound is observed at pH 5.0, 3.3, and 2.2 for at least 96 hours at 40 °C.

In 10 maM citrate buffer, no chival conversion of the compound 1s observed at pH
42,33, and 2.1 for at least 96 hours at 40 °C and for at least 120 hours at 253 °C, In

20 citrate buffer at pH 6.2, 98.2% of the compound remaing afler 96 howrs at 40 °C and
99 9% of the compound remains after 120 hours at 23 °C.

In 10 mM citrate buffer at pH 8.4, 95.8 % of the compound remains after 24 hourg
at 25 °C and 99.3% of the compound remains after 120 hours at 5 °C.

For iyophitized formulations at pH 3.9, no chiral conversion of the compound is

25 observed at 1, 3, and 6 months for $°C, 25 °C, or 40 °C storage conditions.

In general, N-{4-(2,2-dimethyl-propioayh-(SR)-5-{(2-ethvlamino-
ethanesuifonylamimo)-methyl | -S-phenyl-4, S-dihydro-{ 1 3 4 ihiadiazol-2-v11-2 2-
dimethyi-propionamide is less stable and, thus, converts more readily o the 8§
enantiomerte forn 1n acetonitriie, ethyl acetate, and 50% ethanol / 50% water than in the

30 other solvents that are tested.



for at least 1.20 hours at 25 "C. In 50 in: Nl phosphate buffer, no chiral
conversion of the conpound is observed at pH 5.0, 3.3, and 2,2 for at | east
96 hours at 40 C. In. 10 rnMcitrate bgffer, no chiral conversion of the
conpound i s observed at. pH 4.2, 3.3, and 2.1 for at |least 96 hours at 40 C
and for &, lgast 120 hours at 25C. In 20citrate buffer at pH 6.2, 98.2% of
t he conpounhd remains after 96 hours at 40 C and 99: 9% of the conpound

remai ns after 120 hours at 25 "C. In 10 m\/lcitrate buffer at pH 8,4,
95. 8% of the corrp und renmains after 24 hours at 25 "C and 99. 3% of the
conpound renai'né lewe‘it?@ | pgjpesitan epmeprising N-{4ggel- qh%ﬁﬁ’rlﬁoi’é‘ﬁlyﬁ)o(r R at i ons
at pH 3.0, nagghiral conversion of the conpound is observed at 'I, 3, and
6 months for 5 C, 25C, or 40C storage conditions. In general

N1 4-(2, Etkdiamﬁhwthapesuﬁbmﬁym)no(}mh)ﬁ} b@henyl-4,5-dihydro-[1,3,4]thiadiazol-2- yi}
hlamnot Ifonlam th en 4, 5-di hydro-[1 thla.diaz
y -2-yi ? ﬁﬁ'llﬁf/? ?WFHP L@é F*‘gf!/ %’re‘?‘g Fa%%éfogh@ﬂr%t LP%I’OS&,}G : nor e

readl Iy tnﬁ%s%la@e S&hh ﬁ@:i,pqam%r hnfd JoRiuR !sﬁlfa@&%ﬁ@ﬁ'phéﬂn&a%eut%aﬁ%’Iacc%g%b%t e and 50%
et hanol % wat er han in the other solvents that are test We

claim  carrier, dilues, mpmﬂém apubucompgi wheein doapld iof saig composition is

N-{4- (2, 2-d 1 .
et Eyl <(31m ﬁ%sl ne'[ash%grtﬂo t%‘?%g)an%f)ﬂ?ﬁ 18 %?féﬁ%ﬁf 2% Nidrger methyd 41 -t hi adi
azol - 2- yia}opmrgzaﬁ(ﬁsy tffqulyﬂhynhﬁm-@madeﬁon;aalhmof)@fsetmps%eﬂ;}ah:t5 aplgeted from

tartrate, phosp citrate, nesylate, sodium phosphate, and sodi um

sul f at e, [bgd]lélaéﬁiéﬁln%ﬁg‘u% Q@amptﬂayla@@émm andnis ptable teiphitab genvessiorexci pi ent

i n agueous solution wherein the pH of said conposition is |less than 5.4 and
greater than 2 0 and contains no nore than 2. 0%

N(4- (2, 2-di rretzhvhe pﬁmhmy:&al obﬁﬁ)))sﬁf)ﬁbﬂfieiﬁﬂﬁyll whdreia-ted haitesuloemil @m no) - met
hyl ] - 5- phenyl - 4, 5- di hydr o- [ l;t hi adi azol - 2-y11- 2, 2- di net hyl - pr opi onam de
and i Seasted fremdﬁma PE@ﬁﬁ’\l}éTPs?l Ate. and sodium phosphate.

3. The pharmaceutical composition of Claim 2 wherein the buffer and/or salt is

selected from tartrate and sodium phosphate.

4. The pharmaceutical composition of Claim 3 wherein the buffer and/or salt is

tartrate.

5. The pharmaceutical composition of any one of Claims 1-4 wherein the pH of

said composition is less than 4.2 and greater than 2.0,

6. A lyophilized pharmaceutical composition comprising N-{4-(2,2-dimethyl-
propionyl)-(5R)-5-[(2-ethylamino-ethanesulfonylamino)-methyl]-5-phenyl-4,5-dihydro-
[1,3.4]thiadiazol-2-y1}-2,2-dimethyl-propionamide, a buffer and/or salt selected from
tartrate, phosphate, citrate, mesylate, sodium phosphate, and sodium sulfate, and a
pharmaceutically acceptable carrier, diluent, or excipient wherein when diluted with
aqueous diluent affords a solution formulation having a pH less than 5.4 and greater than
2.0 and contains no more than 2.0% N-{4-(2,2-dimethyl-propionyl}-(5S5)-5-[(2-
ethylaminoethanesulfonylamino)-methyl}-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-y1} -

2.2-dimethyl-propionamide and is stable to chiral conversion.



2. The pharmaceutical conposition of Claim1 wherein the buffer and/or salt
is selected fromtartrate, phosphate, citrate, and sodi um phosphate.
3. The phaiinaceutical conposition of aim 2 wherein the buffer and/or

salt is selected fromtartrate and sodi'um phosphat e. 4. The
phar maceuti cal osjtion of Claim3 wherein buffer and/or_salt is
tartrate. 7. %B%Pyo?hlilz Cﬂ%@%@é&%’ﬁ%%ﬂon@&ﬁ%giow whergindhebefferg ai ns 1-4

wher ei n A/ opkhiok ssidiied HOMPAREd, PRodphaleCSitathA %dgn@gﬁ@sgflﬁet er than 2 0
6. A lyophilized pharnmaceutical conposition conprisin

N-{4- (2, 2-di net hyl - propi onyl) - (5R) - 5- [ ( 2- et hyl ar ni no- et hanesul f onyl am no) - m

et hyl ] -5-phenyls -dihydro-H, 3,41t hi adi azaol - 2-.y11- 2, 2-di net hyl -.pr opi onani d
e, 36/1 Luf f gr aﬁ;d;r gér: 'S g%u?%%c{eokéag@%e 1F€irﬁ°WP§1%8P8,f&mg7p‘ﬁg?®“ tE? g‘ffg‘ge, P
mesyl at e anddidins plleaph abe, taang: é@iﬂo‘é[ﬁzﬁpﬁ%ﬁghﬁe. and a pharnaceutically

acceptabl e carrier, diluent, or excipient erein when diluted with aqueous
diluent affords a solution fornulation having a pH less than 5.4 and

I 0,
ﬁl-r ?‘a{f ?r21 '[Zf]glnrréf %}f %p@%ﬁ%@@p@%{@@f@%&a& gf/ Llaim 8 wherein the buffer
et hyl am aoébhsahes trfravy| am no) - met hyl | - 5- pheny1-4, 5-di hydro-[1, 3, 4] t hi adi az
ol -2-y11- 2.2-di nmethyl-propionam de and is stable to chiral conversion.
- 9- 7. The |yophilized pharmaceutical conposition of Claim®6 wherein
t he buffer an ; 0 . jtrate, and
sodi um phosphg?gheﬁ%ﬁ hlh?egiﬂ%ﬁg&l%gg%ﬁ?%&gﬁ&%ﬁéfa%@g? ?ca lgl’ég?rép‘gé?r fon of
d ai m 7 weeplébhthelselubof femudatthhos [esathin UL sdlgettedhddr Do tartrate and sodi um
phosphat e. 9. The lyophilized pharnaceutical conposition of Claim8
wherein the buffe and/or salt is tartrate 10. The lyophilized
pharmaceutical conposition of any one of Clains 6-9 wherein the pH of the
solution fornulation is less than 4.2 and greater than 2.0.



