SOLID CITRATE AND TARTRATE SALTS OF DPP-IV INHIBITORS CLAIM OF PRIORITY TO RELATED
APPLICATIONS This application claims the priority of U.S. provisional application Ser. No.
60/841,097, filed"RAY'®4875806, which is incorporated herein by reference RGIESHMIVENBEDFIELD OF
THE INVENTION The field of the invention is novel solid salt forms of certain selective inhibitors of
dipeptidyl peptidase IV. The invention relates to tartrate and citrate salts of pyrrolidinylaminoacetyl
pyrrolidine boronic acid compounds, potent and selective inhibitors of DPP-1V, These novel salts, which
are chemically and 15physically stable over at least a 12 month period, are substantially non-
deliguescent solids and are suitable for fommlation as medicaments. BACKGROUND OF THE
INVENTION Dipeptidyl peptidase-1V (DPP-IV) is a serine protease that belongs to a 20 group of
amino-clipeptidases tiasingudesRf: WD BRI VRIVBPE s Dfspo e thrphiesiagiisaitorerotein (FAP).
DPP-1V, which catalyzes the release of an N-terminal dipeptide from proteins, is believed to play a role in
the control of glucose metabolism. In vivo administration of synthetic inhibitors of DPP-1V prevents
N-terminal degradation of theChadMh &0 BRISHRIONE QlUIRE TR 2BB&d6ael1QBBP-1) and gastric
inhibitory peptide (GIP) resulisg plingreasrehid shinsaeRetpU 8NGrivRIGNA SHicassntglerance.
Substltuteq a_mlnogclgg_/l gwlgg}? ﬂgro&bc a’fddgo% y% lE)le riwaecvoelodqeg e'PE‘Ak{)'torngPJnEhe treatment of_
patients with impaired glycemit control such as Diabetes SIMUSANd related condrions. Eionsequently, it
is desirable to formuttéssagieixhibitors as 30convenient-to-use solid pharmaceutical materials. Free
bases and salts of many pharmaceutical compounds are such typical pharmaceutical formulations.

However, the frl%e base forms of some anﬁgiﬁgkpyg@iw ic. acids are not stable solids, readily
[ ts of these Tree

absorbing atmospheric moisture. In addition, some sa _ ases are likewise not stable solids.
US Application Serial No. 1675 feld 25 thtdgvRenieshibap b sobid aalifiens of sestdieelre Bronic Acid
Compounds," and pukHishet on daptitly] gefiidas: DS A0Q 11Neh64 relshscliosasradaigectdass of pyrrolidine
boronic acid compouggs Jrgt INIRILARERIdY. ReRTAaRarY nadoling. this, Riguisiong! Agelication
Serial No. 11/381,085, filed l{/lay [, 2006, titled "Pyfro idine Compounds andDMethods or Selective
Inhibition of Dipepticﬁﬂ'Pfé*ﬁﬁda’é@lm@é.l&fﬁdkﬂis)lﬁlé%HOIG!\F&U.SQ&’,’H?O@G@%@B%MGY@64400, discloses
a more specifid slaspiofspaielidibydavinanleetyh ayr radichin @ dokprie acidtennapouwods that selectively inhibit

DPP-1V. One embodiment of hal inyenticn Shaws eaisALRIRISe AR medigament. However,

although biologically effective as a free base, the free base compound is not physically or chemically
stable as a solid on storage. 15Therefore, there is a need for a chemically stable salt form of the
compound for use in pharmaceutical BxaiaROS b WdainiEn i NMAEATOOMNtions wherein selective

inhibition of DPP-1V is medigﬂ;%émi%%ase-lv (DPP-1V) is a serine protease that belongs to a

20  group of amino-dipeptidases that includes DPP-V11, DPP-VI1ll, DPP-1X, and
fibroblast activation protein (FAP). DPP-IV, which catalyzes the release of an
N-terminal dipeptide from proteins, is believed to play a role in the control of
glucose metabolism. Jfn vive administration of synthetic inhibitors of DPP-IV
prevents N-terminal degradation of the insulinotropic hormone glucagon like

25  peptide-1 (GLP-1) and gastric inhibitory peptide (GIP) resulting in increased
insulin secretion and improved glucose tolerance. Substituted aminoacetyl
pyrrolidine boronic acids have been developed as inhibitors for the treatment of
patients with impaired glycemic control such as Diabetes Mellitus and related
conditions. Consequently, it is desirable to formulate such inhibitors as

30  convenient-to-use solid pharmaceutical materials. Free bases and salts of many

pharmaceutical compounds are such typical pharmaceutical formulations.



SUMMARY OF THE INVENTION 20The present invention concerns physically and chemically stable
organic salt forms of DPP-IV inhibitory pyrrolidinylaminoacetyl-pyrrol idine-2-boronie acids, compounds of
formula (1) as dehif&8’HEt&R The citrate and tartrate salts of compounds of A6FNSPY 863 substantially
non-deliquescent solids and can be stored under ambient conditions for at least 12 months without
decomposition. 25The solid forms of these compounds are suitable for processing, formulation, storage,
and administration of the DPP-IV inhibitors, which can be useful as orally ingested medicaments for the
treatment of diabetes. Methods of preparing the salt forms, methqds of ysing the salt forms,

pharmaceutical compBSHFSRE MEIHEME TRAERR FAARTE Z0Y' SREFR aRETHLAINS RS TSHE HEluding the salt
30forms, are also prawideeble soliin, erabiddibrenbiaecomisghto thedsventidn phdvide sersitrate or tartrate

salt of a pyrrolidine cgmpgrrdRfferpa e Paaysligdsamgs thggeof or any hydrate or solvate thereof;
wherein R2 andR3 independently are -OH, -Q- M+ wherein M+ | ation, a hydraxyl hearing a boronic
acid protecting group, or a éf'% BdFAH8 %?T)%IH@H}&&JJ?S%%% {bee § %J%Q?Fb%u%%%xaﬂsﬁaueous solution
at physiological pH oflilgteiotogicaBiiuidds icRZamp®RBdnettdgrulitbhtideobdvion afo2P0d which they are
attached 10form a cyghc,grauieanabigiQfheing iidrahgesdt 190natanisonsit Qs R Wravy lines at
asymmetric carbons & and %I inde e%%entl)ﬁéi%dic%e {or %?c,h a rgetric_caﬁgg%n a\n R.configuration, an
S configuration, or a kAP BBER EEARGHPSAHSY sORAAICRN S rdEREHOSR SRR SiBreomeric
mixtures are include®ezintiNie thidfdtedhoidty Nas an308reded ERcreoidige Goionomdsirtdre |Sthereof.
Inan embogiment Ofﬁﬁﬂﬂyﬁmm#h@v@mﬁﬁtm@iﬁfﬁfﬁﬁth@lﬂﬂ:ﬁﬁtﬁﬂéﬂ@;%&iﬁ@[ﬂ%&omeSO'tartfate,
or any combination thereof | ther ' the tartrate moiety is.an L.-tartrate. In an
embodiment, tthRZ%Fﬂ‘d'OE&néégg 6‘3%%%%2%@%%1@?&%%%%%@? ﬁ%éecﬁﬁ%gaﬁ%é) oron atom is
contained in a boronieyasiddipy|apbadei tovielidireditdimecagid swionotnds teabeslecpisine moiety. In

another embodiment; R msPR3vof toigusaédingan bothhbadnxyhereasRiR P iaisale salt be an
L-tartrate salt. In,.an embogdiment th? clairﬁl d lsalt can b an ha)édrgilte r sol\{]at? thereof
. a [{ledl ameP . owever, a thOlé% %l ogIc \7 recuve a iree base, the Iree
25Another embodiment is directed to cycliC ISOmeT o u a%
base compound is not physically or chemically stable as a solid on storage.
15 Therefore, there is a need for a chemically stable salt form of the
compound for use in pharmaceutical formulations for treatment of malconditions

wherein selective inhibition of DPP-1V is medically indicated.

SUMMARY OF THE INVENTION
20 The present invention concerns physically and chemically stable organic
salt forms of DPP-IV inhibitory pyrrolidinylaminoacetyl-pyrrolidine-2-boronic
acids, compounds of formula (I) as defined herein. The citrate and tartrate salts
of compounds of formula (1) are substantially non-deliquescent solids and can be
stored under ambient conditions for at least 12 months without decomposition.
25  The solid forms of these compounds are suitable for processing, formulation,
storage, and administration of the DPP-IV inhibitors, which can be useful as
- orally ingested medicaments for the treatment of diabetes. Methods of preparing
the salt forms, methods of using the salt forms, pharmaceutical compositions
including the salt forms, and pharmaceutical combinations including the salt

30 forms, are also provided.



V), wherein Cb and Cb each independently has an R. configuration, an S configuration, or a

mixture of both configurations such that all stereoisomers and 5all stereomeric mixtures are included.
Another embodeAV GifEdted to an L-tartrate salt of a compound of Fornﬁ’ﬁyl(%o.wgisgf‘?other

embodiment is directed to an L-tartrate salt of a compound of formula (V) wherein R2 and R3 are both
hydroxyl groups. Another embodiment of the invention is directed to a citrate or tartrate 10salt of a
compound of formula (1A): (IA), wherein the stereomeric purity is at least about 55%, or at least about

0 o : . :
90%, or at least about 98 /o.AAn r%Enbodlment I’?.Vld stﬁes]alt vr\]/Egnreln R2 and R3 are both 15hydroxyl

groups. Another embodiment’ 6r0\(|‘%jjég1%nr% fCtartrate Saltof the co B)ovdne &ftormu "c'ltfl'l\rft%nother
embodiment providesadrpf atartraiid ngicompruedsfgerndlafformula (TA) wherein R2 and R3 are both
hydroxyl groups. Another embodiment of the invention izé\'w}gted to a citrate or tartrate salt of a
lqast
an

compound of (1B): (IB), wherein the stere mrity IS at bout 55%, or at least about 90%, or at
least about 98%. An embodiment provides'a SsJtX R(EIN R3 are both 5hydroxyl groups. Another

embodiment provides an L-tartrate salt of the compotind o orr@ﬁ%ﬁ%). Another embodiment provides
an L.-tartrate salt of the compound of formula (113) wherein RPand R3 are both hydroxyl groups. Another
embodiment of the invention provides substantially non¢igleliquescent solid forms of the citrate and

tartrate salts of ?mpao%%%e% O%‘)d%é%n %%%éﬁ% RV RARS Y %}ag'?ﬂel%ﬁ;v&m‘é’&%{ Ric,forpes, hydrates, or

solvates thereof. m e invention also, is directed to a pharmaceutical composition
containing a citrate o fSREAASEN B thimfEntoraRa PhafrAsesoticatydessbbspid@arrier. The

pharmaceutical composititnadidy foe:tokip waies 66 Heroaseshbylanytatiminjstraivedraude including but not
limited to ISparenter?{'f@&@@@bQﬁ%h PHQ&%D[E%@L?IQQ :}p&l%ﬁ)’]ogical pH or in biological
fluids; or R? and R> together with the boron atom to which they are attached
10 form a cyclic group capable of being hydrolyzed to a boronic acid group; the
wavy lines at asymmetric carbéns Cand C* independently indicate for each
asymmetric carbon an R configuration, an S configuration, or a mixture of both
configurations, such that all stereoisomers and all stereomeric mixtures are
included; and the tartrate moiety has any stereomeric configuration or mixture
15 thereof.

In an embodiment of the invention, the tartrate moicty can be an L-
tartrate, a D-tartrate, a meso-tartrate, or any combination thereof. In another
embodiment, the tartrate moiety is an L-tartrate.

In an embodiment, the R* and R? groups can both be hydroxyl groups,

20  such that the boron atom is contained in a boronic acid group bonded to the
pyrrolidine 2-position, thus, a boro-proline moiety. In another embodiment, R?
and R? of formula (I) can both be hydroxyl groups and the tartrate salt be an L-
tartrate salt.

In an embodiment, the claimed salt can be any hydrate or solvate thereof.

25 Another embodiment is directed to cyclic isomer of formula (V):

[#8)



An embodiment of the invention is directed to a method of treatment of a malcondition that can be
regulated or normalized via inhibition of DPP-IV. The method involves administration of an effective
amount of a citri® BPEARMALR salt of the invention to mammals, such as hurhaHE>t8 e ralcondition
that can 20be regulated or normalized via inhibition of DPP-tV An embodiment of the invention is
directed to a pharmaceutical combination of a citrate or tartrate salt of the invention and one or more
other medicaments that increases insulin secretion, increases insulin sensitivity, reduces the uptake of
sugar from the gastrointestinal track, enhances the ﬁNﬁect of 25endogenous peptides or proteins that
affect glycemic control, provides a replacement for gndoggnous peptides or proteins that affect glycemic
control, or any combination thereof The pharmaceuticgl combination may be formulated according to the
invention as a pharmaceutical composition. The ir@ention is also directed to a process for preparing
a citrate or tartrate salt of the invention, a method for_ peeparing a pharmaceutical 5composition of the

. . . N . 2 .

invention, and the use of a citrate or tartrate salt of thedn In a method for the preparation of a
medicament for treating a malcondition that can be yegulat&d or normalized via inhibition of DPP-IV.
DESCRIPTION OF DRAWINGS 10FIG. 1 is a sch tic drggram illustrating the formation of the
L-tartrate salt of (2R)-1-17-[(9R)-pyrrolidin-9-ylanaiino]-aCetylf-pyrrolidine-2-boronic acid. FIG.2is a
graph illustrating the humidity absorption of the L-tartrate f(2R)-
-(7-[(9R)-pyrrolidin-9-ylaminokacetyl }-pyn-olidine-2-bO(Q51’ic acid 1Swith increasing relative humidity.

FIG. 3 is a chromatogram obtained from high performance qu id chromatography (H PLC) analysis of
L-tartrate. FIG. 4is a %’PS‘?%'&tgéj?gﬂ:&obet% Hé‘&Jﬁ%ﬁiﬂdﬁﬂs y(g%?r?é‘ly %°8€gﬂ' %}c}ﬂ’oﬁﬂﬁne compound.
FIG. 5 is a chromatografigwbtaineet fronk R brihlywidigidio s sachate sallt wégraspyesiiiide compound.
FIG. 6.is a magnificatjpaQtthe-peaks iy aaperdingyto the L-tartrate salt of the pyrrolidine compound.
FIG. 7 is a chromatogram o‘gtaitr}l]elg from 11PIfC gpa%/s(lst of the spra ZEigriFd ‘Product QPWing that the
L-tartrate salt of the invention was 1Solated’ 5')'/ ésprar)? Fying wi

. ~tartrate s ompoHn .
rying withou proéiuc oaegracﬂ’aﬁon. FIG.8isa
graph illustrating thefgypietd Gimitityzabdsnstiopediriset artizgetehio ahthdarivanteh dver five days at 45%,

58%, 63% and 76% &glafvenaumiginuis @) isRisHoOmatRYanetaineexiyogddRL.C analysis of the
L-tartrate Another embodiment of the invention is directed to a citrate or tartrate

10 salt of a compound of formula (IA):

an
HN

aA),
wherein the stereomeric purity is at least about 55%, or at least about 90%, or at
least about 98%. An embodiment provides a salt wherein R? and R? are both
15  hydroxyl groups. Another embodiment provides an L-tartrate salt of the
compound of formula (IA). Another embodiment provides an L-tartrate salt of
the compound of formula (IA) wherein R* and R? are both hydroxyl groups.
Another embodiment of the invention is directed to a citrate or tartrate

salt of a compound of (IB):



salt of the invention prior to 2 months incubation in a 45% relative humidity chamber. FIG. 10 is a
chromatogram obtained from HPLC analysis of the L- 5Startrate salt of the invention after 2 months
incubation in a 48 &kA7EAumidity chamber. DETAILED DESCRIPTION @EITISBOINNENTION
Definitions 10Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although methods and materials similar or equivalent to those described herein can be used to practice
the invention, suitable methods and materials are described below. All publications, patent
15applications, patents and other references mentioned hexein gse incorporated by reference in their
entirety. The present specification provides selected defigjtio §\/of certain terms, and these definitions are
preferred relative to other definitions in the event that thege arerR¥iscrepancies. In addition, the materials,
methods, and examples are illustrative only and not infendéd to be limiting. 200ther features and
advantages of the invention will be apparent fro e.fslowing detailed description and from the claims.
The term "absolute configuration" in connectior\with an asymmetric carbon is determined by considering
the tetrahedral shape of the asymmetric carbof®onds and assigning a priority of | through 4 to each of
the groups bound 25to the asymmetric carbon with the(aup having the highest atomic number having

the first priority. If thW&Féﬁﬂ%ﬁé%?&%&’ri%‘%‘é&&&ﬂ%?a?ifégs(%%%esgr%nog5‘?'1&51@9&59%5}&%‘5‘? configuration

is assigned when groups 1-3 are in a clockwise arrangement, and an S ahsolute,configuration is assigned
when groups 1-3 are!fAshh B @oddanFaebatiaisgepirYites a salt ydhessin RafoR™ 2(€ b¥Ed herein, means
one member of the niayiec grotemey. ahyodendirtaiidndmepeofidéhentermrtare sanfidegusive "or" unless

othenwise indicated. Iy ia & RAIRDLGBIORSH P AES: IRMPRAHES FANGRRL K Alout 5 15C fo
about 45C, e.g. 20C, 25C, 30C, 35C, and relative humidity ranging from about 20% to about 65%, e.qg.

25%, 30%, 35%, 40‘%’,6435’%?%'6%,ogﬁg/%‘?éﬁd[@@%’?’eremﬁé‘?g ORI BEPTneans a carbon
atom covalently bound to fotinaifferenboptoups. oI @ihia tennpietey clel sldgemérdbyorsnis intended to mean

loss of beta cell functigfy hata.sel Ay sinstiansansksleath of hate solls sushasRETiesis ghapoptosis of

beta cells. The term "Diabetes Mellitu d related conditjons" refers to Type |
% of formulas (I), (EA%,?HB), or (\?), or cycl{c r1Jorms, hydrates,y gr solvates thereof.

An embodiment of the invention also is directed to a pharmaceutical
composition containing a citrate or tartrate salt of the invention and a
pharmaceutically acceptable carrier. The pharmaceutical composition may be
formulated to be dosed by any administrative route including but not limited to

15 parenteral injection, oral, buccal, rectal and the like.

An embodiment of the invention is directed to a method of treatment of a
malcondition that can be regulated or normalized via inhibition of DPP-IV, The
method involves administration of an effective amount of a citrate or tartrate salt
of the invention to mammals, such as humans, to affect a malcondition that can

20  be regulated or normalized via inhibition of DPP-IV

An embodiment of the invention is directed to a pharmaceutical
combination of a citrate or tartrate salt of the invention and one or more other
medicaments that increases insulin secretion, increases insulin sensitivity,
reduces the uptake of sugar from the gastrointestinal track, enhances the effect of

25  endogenous peptides or proteins that affect glycemic control, provides a

replacement for endogenous peptides or proteins that affect glycemic control, or



diabetes, Type 2 diabetes, gestational diabetes, MOD's', impaired glucose 15tolerance, impaired fasting
glucose, hypergl&cemia, impaired glucose metabolism, insulin resistance, obesity, diabetic complications,
and the like. PR *diabetic complications” refers to conditions, dis@e3asszmadarsatadies
associated with diabetes including retinopathies, neuropathies, nephropathies, cardioinyopathies,
derrnopathies, arthrosclerosis, coronary artery 20disease and other known complications of diabetes.
The term "diastereomer” means one member of a group of two or more stereoisomers having at least two
asymmetric carbons such that these stereoisomers are not mirror images of each other. The terms
"DPP-VII, DPP-VIII, BPRPPIR A ioA Beiiant RedEEmaeny B sARY drieptiagy R daaassed, viil, 1X and
fibroblast activation piaieding hetbBPiRvendymasageaveactipépiidernmpoieties at the N-terminus of their

protein or oligopeptkle subsiiates, JiyRATtiGHIRrfIeay » BREWidengiss dipentidylpeptidase IV (EC
3.4.14.5; DPP-1V), also known as "CD-26." DPP-1V preterentially cleaves a dipeptide from the N

terminus of a polypeffitfatesairsomusnting « preled & Asnri b RIFERGHEIFEnultimate position.
The term "enant®meto stk o oe thcmberiofh aphihohisiemtoisonecss avingsteosame molecular

structure and at leas{ ang, ASyMMELIF SAERSHERNRLING: SRICAISAMEAr T2 ngiRglr are the mirror

images of each other. If the enantiomer contains two or more asymmetric carbons, the enantiomeric pair
will 5have opposing &Jfenbtis dhasan deyrematrtcdpaized ipdntipiion et BBRdVrefers to the

pyrrolidinylaminoacetyl pyrrolidine boronic acid compound of formula | or V, wherein the amine groups

are not protonated. The term "group that g3 £ [IFTENZEE PR wekes¥l” as used herein 10refers to an

ester group formed from the combination of an aliphatic or aromatic alcohol or diol and a boronic acid.
The term "inhibitBr" (and its"SfrdsPoRRINE R asrgelinaeinsthe SEBrisBehdrshelatial a salt thereof,
that will reversibly, irseverS{BR)or-{GRI(ER ey iviidiact- witlnian|erzyhiesorasdoeduoenimodify, slow down
or block 15its enzymatig activity upon its normal substrate. The interaction may occur within or at the
enzymatic site or at an allosteric site associated with the enzyme. The term "N-protecting group” or

"N-protected" as used hereff' {&férS foafRBRA! YroaHRsARE e 4 TBIeMUAR 3 s iRt an amino acid
or peptide or to protest aef &RNO-GTeliPRagainstidmdesikabieoleastivn spounhdisy3thetimROpidcedures.

Commonly used N-prai@GHRS A5ALRPS AlGdigalRERd in T.W. Greene, P. G. Wuts, "Protective Groups In
Organic Synthesis, 3rd Ed." (Johp Wiley & Sons, New YOQ< 1999I)g)l, which is hereby incorporated by
P i

reference. N-protecting grolipS incitia& SePIars s U Es ToMSE L REHA BRBRTI Yoi valoyl,
t-butylacetyl, 2-chlorsheanato2bpbindatktyl amiflyoroddetyttrate.

FIG. 4 is a chromatogram obtained from HPLC analysis of the
pyrrolidine compound.
20 FIG. S is a chromatogram obtained from HPLC analysis of the L-tartrate
salt of the pyrrolidine compound.
FIG. 6.is a magnification of the peaks corresponding to the L-tartrate salt
of the pyrrolidine compound.
FIG. 7 is a chromatogram obtained from HPLC analysis of the spray
25  dried product showing that the L-tartrate salt of the invention was isolated by
spray drying without product degradation. _
FIG. 8 is a graph illustrating the typical humidity absorption of the
tartrate salt of the invention over five days at 45%, 58%, 63% and 76% relative

humidity.



25trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4- chlorobenzoyl,
4-brornobenzoyl, 4-nitrobenzoyl, and the like; sulfonyl groups such as benzenesulfonyl, p-toluenesulfonyl
and the like; carWé’rﬁ?;ﬁ%’%ﬁ% ing groups such as benzyloxycarbonyl, p-chlorB6EN2YEX)EEAoNy!,
pmethoxybenzyloxyearbonyl, p-nitrobenzyloxycarbonyl, 2- 30nitrobenzyloxycarhonyl,
p-bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, 3,5-dimetboxybenzyloxycarbonyl,
2,4-dimethoxybenzyloxyearbonyl, 4-methoxybenzyloxycarbonyl, 2-nitro-4,5-
dlmethoxyhenzyloxycarbo |, 3,4,5-trimethoxybenz rbonyl, 1-(p- b| eny) 0-1-methyl
ethoxycarbonyl, a,a-di met ),ICB' é iR 'miybéqﬂiﬁ)?b%&?ga F{8HS/¥[ Varliox élgrbotﬁw e
t-butyloxyearbonyl, %im@lmlmemowmboﬁyhpwbpropgh@kycanbo‘iﬁﬂ’, ethroxgdanbehipl, methoxyearbony
l, allyloxycarbonyl, 2 2 Zqitechloroethoxycarbonyl, phenoxycarbonyl, zl-nitrophenoxycarbonyl,

fluorenyl -9-methoxyearbo IJ yclopentyloxycarbonyl, adamanty m C exyloxycarbonyl,
phenyl thiocarbonyl and thgy Re: ?Ik%g%ﬂﬁgtgﬁrc%mags '"efﬁlrcfnp en%me%%l (i%ﬁbe%zyloxymethyl and
the like; and S|IyI5grotwsas@@Mt&éthmet’hytgrhylaﬁnd&h@hﬁa lmelﬁetr@leapﬂf@‘t’emﬂng\grbwpsiaVe formyl,
acetyl, benzoyl, pivalgylnthytylacetyl, phenylstillonyl, benzyl, 9-fluorenylmethyloxyearbonyl (Fmoc),
t-butyloxycarbonyl (Doc) and benzyloxycarbonyl (Cbz). The term "optically active” means an
organic compound containing at 15least one asymmetrlc carbon such that a solution of the organic
compound will rotate plane polatiZ | ) i NKIHYS" means a mixture of
optically active compggigisidasolution that will rotate plane polarlzed light. The optically active mixture
may be a mlxtU(s of dlasterso‘ners h)er an unegua ;[éjcre pcfa antlo ers. < usd T term "prodrug”
means a pharmaceutically accepta

~ [
IO 1YY

e compourh at Wﬁ conver (iﬁe active Ingre eni or an active
metabolite thereof upBHedifiATRE-EFORIRE BEPPORRLY thderiving Siteifisrosiersyakil antigmmal, more

preferably a human. drh& wnv&&ai@mmyimeurobgsemﬂymagﬁ actionischdmisrt R yahnysis, oxidation,
reduction or any other in vhvotqh)(glolo cal IOcess faor cgemlc or b| Qgh |cal reactlon The term

tivalen 0SE€ SCl'l rem C € Use rac
“racernic mixture" me Nns an enantiomeric palr or equa proportlon SU att ey cancel each other's

rotation of plane polat#ablfigtithads reddstsdats tredsrrabed-Belewr il mPdkALANSERIFS 0 a citrate salt as
30well as a tartrate sajpléthenpypetdidipdarsinoacatidnpysiokdinmbbhenit agidncorporated by

reference in their entirety. The present specification provides selected
definitions of certain terms, and these definitions are preferred relative to other
definitions in the event that there are discrepancies. In addition, the materials,
methods, and examples are illustrative only and not intended to be limiting.

20 Other features and advantages of the invention will be apparent from the
following detailed description and from the claims.

The term “absolute configuration” in connection with an asymmetric
carbon is determined by considering the tetrahedral shape of the asymmetric
carbon bonds and assigning a priority of 1 through 4 to each of the groups bound

25  to the asymmetric carbon with the group having the highest atomic number
having the first priority. If the tetrahedron is viewed from a side remote from
group 4, an R absolute configuration is assigned when groups 1-3 are in a
clockwise arrangement, and an S absolute configuration is assigned when groups

1-3 are in a counterclockwise arrangement.



compound of formula 1 or V. As used herein, a singular term includes the plural, and likewise, a plural
term includes the singular. Thus, the phrase "a salt of the invention" refers to a single steremsomenc
species, the vanotid’ g érzeﬁgomerlc species, and mixtures thereof. Non- Ilmllfﬁa%%%g%ﬁfgg of a salt of the
invention include (a) the L-, D-, or meso-tartrate salt of (2R.)- I7-[(9R)-pyrrolidin-9-
5y|amincd-acetyl}-pyrrolidine-2-boronic acid and mixtures thereof and (b) the L-, D-, or meso-tartrate salt
of (2R)-I -{7-[(9,S)-pyrrolidin-9-ylaminof-acety1}- pyrrolidine-2-boronic acid and mixtures thereof A salt of
the invention also includesthe glt e salt.eof (a) S@ﬁ‘)er 17 (3 55) cpr%r;l lic! IggI 9%¥laminQizgcetyl}-
pyrrolidine-2-boronic acid; (b 2R -147-[(9S)-pyrrolidin-g-ylamino acetyl pyrrolldlne -2-boronie acid; and
(c) any combination&ftefefany CO‘T}L}’é”Pé’Rﬁ Zl‘ﬁfﬁ‘?gsg@ﬁli?“as frie ifetmis4gea Harein'féters to a property
of a solid substancectisspastanteatsty absorbing water vapor from humid air or gas that is in contact with

the substance. A solid subgange, d‘%l&?&i?ﬁ% dedﬁs"qgl!ﬂx‘d%?SﬂEé}’Xllﬁé‘s'Hﬁgwggffbiﬁ%&?nd upon

absorption of sufficient water 15va issolves in the water it has absorbe e term
"stereoisomer” theahs orie #HE ;bgoﬁﬁe%)oﬁflﬁaﬁt%go?%%1ﬁ§%r6ﬁﬁ’ﬁ|8‘fﬂ61’é'é’lﬂ%"ﬁ&\ﬁng at least one
asymmetric carbon.fhegiudedn2nbindhédebiation. of 22 Bietewistsneriare, enantime i andrmdiastereomers.
One stereoisomer hg@,,one absolute configuration about each of the asymmetric 70carbons of the organic
molecule. An organic molecule with one asymmetric carbon presents two stereoisomers. An organic
molecule with two asymmetit EaPhot BrRSEiNteafEar sTRFaBISoTRR AR ATIAIR ORI With three
asymmetric carbonSpredéfitseightgtereoisomers. Projecting plane polarized light through a solution
containing one; gtereoisornepill GAk%."ATRPAE S ABRAIAHZE RIAREan loss TRBIGIAI'Steremneric

mixture" means a mixture of two or more stereoisomers and includes enantiomers, diastereomers and
combinations theredt FHE s RFBHL AHBRLPE- g 5P a0 b6t BE SpHERIRT BEHR9S' S Fie term "stereomeric

purity" at a given perpeptesieahbetas¢hat the 30designated stereocisomer predominates at that given

percentage in a mixture of ﬁgr@gi,gom@g@tew‘gﬁ%gmgy@ﬁeegQggngaugns,@gegtc;h@ finitions of terms
for chemical groups F nctlo %o b%ge m0|et|es an <iahemlcqé( ians des r| ed herein follow the
s

definitions provided 8E& org? o Py e i 5 aé’aﬁ f¢ Bhificiples of Organic
Chemistry", Rdléertstdndir@asenmlmﬂﬁa%l lmi}mtmn &y@ﬂgmew}ﬁormnmr‘f-‘d 208%s¢Advanced Organic

Chemistry”, 4th editﬁ@s%@[fwmﬁhbn%@amrﬁé@ﬁﬁeilQ&Wc%@prll\!}aYlo;@g%d-Eh\é/hl@reene P. G. Wuts,
"Protective Groups In Orgaﬂ]c S}/ hgi IL—_’%tSCd E é\tlohn Wijle & SorC]s NeW York (1999), and Hawley's

Condensed Chemical chtlonary,?L ' AR 1 BRisTVa cf\lcos"tréltho eifhold. New York, N.Y.,

1987. 10Moreover, mé'%fbﬁﬁmaftﬂdgtfeﬂeé@hemwﬁ|téhﬁ$ra§4éqm§@65up®ﬁo'&@ré%chemlstry of Carbon

Compounds”, ErnestdpligdpMsicsavwriiihpiaplishies, NevoyakedNarndR6R-INg disslasusas9f these text

books are InCO;BOI’aEE %ahs%raerllg b%ére %e&‘r? %bmphcatlons of diabetes.

The term “diastereomer” means one member of a group of two or more
stereoisomers having at least two asymmetric carbons such that these
stereoisomers are not mirror images of each other.

The terms “DPP-VII, DPP-VIII, DPP-IX and FAP” mean respectively

25 amino dipeptidyl peptidase VII, VIII, IX and fibroblast activation protein. The
DPP enzymes cleave dipeptide moieties at the N-terminus of their protein or
oligopeptide substrates. In particular, the term "DPP-1V" denotes dipeptidyl
peptidase 1V (EC 3.4.14.5; DPP-1V), also known as “CD-26.” DPP-IV
preferentially cleaves a dipeptide from the N terminus of a polypeptide chain

30  containing a proline or alanine residue in the penultimate position.



15Detailed Description The citrate or tartrate salts of a compound of formula (0O, including cyclic
isomers, hydrates and solvates therein, referred to herein as "salts of the invention," have beneficial
properties that MAk& &M ideful, inter alio, in the preparation of pharmace&6GEA SIMHBIAtRINs for
treatment of diabetes. These 20properties include, for example, bioactivity for in vivo inhibition of DPP-IV,
good yield in preparation, good solubility arid rate of dissolution in water or body fluids, and physical and
chemical stability under ambient conditions for prolonged periods of time that allow for facile processing,
formulation, storage, and aqminis_trazl_;ion of the galts of the inve ti(_)nf . The present invention involves
the unexpected discovery thaf &ETrafeBF BPFarg &4iE S ByroiaRyidindates pyielidine boronic acid
compound, for exampieing dig atensmigtaatiarsatvofie {7d@ylettimdaylama o) aedgHuch
pyrrolidine-2-boroniciagicheascaBROHILQ Fie YA Ihwhitholsi A selestivecdipgptidyt geptidase IV
inhibitor, has good phxs,ijct:almstgbilit /as a solidmfavorartr)]Ie gOfor aces; in N thrimg‘le?lléon,. starage, and
administration. The freéé Hases ot énts:o‘FvnOp%ﬁnaéec?fs}’or'rﬁu a (T, Such as t elcompouﬁ’a's of formulas (1A)
and (IB), and a YariévefoptiasmsAsformernelreatb s hisecpd@nphysical stability under ambient
conditions. The free base, and salis gfdhsleerbesavith gyl QhfigenieAcigsowair found to either
be oils or highly delicLu?gg.entc ;saoggl% ggggrgi{é rt]%u able q7 pﬁllgr\fev., it ise g‘%parepguthag thgo[ree base form
and Svarious other safts of the compounad of formuia 85 V\’/hereln"hta and Raare both hydroxyl, either did
not readily form a sokéRtendtesblids were formed, the solids deliquesced at ambient conditions, and thus
could not be used for the davelepmeptafipaiselicdesags dormad 1he aaieyans adaatersalt of the invention
readiy formed ggsolids inaddion. esolf.dd.natdelauesee andiepancd Aopiocessaple under
ambient conditions. Af room tempergturg and fess than 70% umlonty, e.g. &t 6356 relative %umidity,
although a salt of therlaHisrticdAnAitidmyeaisssis-some water, the water absorption plateaus and the salt
retains its solid powder formiat eguiarhibovhiakl altows dosdhd deveale pragitiaidolidadosage forms.
Thus, the citrate and | g{% ciaf“%l%ﬁ?a’@é[ﬁ%@ﬁo@,ﬂﬁ%%ﬁ'@p@sg&q %@&Lﬁ&@b&ltv in that although they

absorb limited atmospheric water, they remain physically and chemically stablesolids. For this reason
they are particularly WEIPSHABEE st it 8psrAiBls of Esrteding psuiiedonsdren asRaskr solid
pharmaceuticaliformittaticysiaficese aalts ithe aiowantiomalse have geodcprocesgaltily in that they are

not sticky. Consequegtly; fhey:qap he Jameanuad.And.aligueted n.pisgise ARATaRradusiple amounts.

Thus, the salts of the invention have lﬁropertles that facilitate the preparation of various pharmaceutical

formulations. And, as is shoWf i PabIePECSHIP IS BABIRISITE 4F thsdeasitdRfeaibe stored
under ambient conditiais gnaines preseadecqiratmodpidriermoistwie:forpiralerged peptdttsoofidime, at least

12 months, without 2aapy. SIgNEANLARGOIBRASIURARRGHINactionsd RIBROGIERA! Of the invention

provides a citrate or tartrate salt of a pyrrohding\l\ammoapetyl pyrrolidine boronic acid compound of formula
{

(1), a salt of the’thve RESHIHE SAPGIIAY eI Ra B IMP S tErebrstisierie doMbiifSedh of the acid
and free base. As usBdthehkits, tRecteetiveddidtipeferoterG0diyatecoisaitrade, (idtire Witeyetm "free base” or

"pyrrolidine compourgg'nggfega,tqghg(wgg;ygmymgrp,@@g,ty,l&yg(gg@gaq,pgg@pég@gig;_cnrate is not chiral,
but protecting groups include acyl groups such as formyl, acetyl, propionyl,
pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl,
25  trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-
chlorobenzoyl, 4-bromobenzoyl, 4-nitrobenzoyl, and the like; sulfonyl groups
such as benzenesuifonyl, p-toluenesulfonyl and the like; carbamate forming
groups such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, p~
methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 2-
30 nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl,

3,4-dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl,



tartrate is, and tartrate includes, for example, L-tartrate. D-tartrate, meso-tartrate, as well as a
stereomixture such as a racemic mixture, a diastereoisomeric mixture, a mixture of an enantiomeric pair
and a dlastereorWQr%Psé%Bﬁlcally active mixture of at least two stereoisom&fS/THE3PIfoRine compound
can be a linear or cyclic form having the structure of formula (1) or (V), respectively. The preferred
pyrrolidine compound can be (2R)- | -{7-[(9R)-pyrrolidin-9-ylarnino]- acety1}-pyrrolidine-2-boronic acid or
(2R)-1-{7-[(9S)-pyrrolidin-9-ylarnino]- acetyl)-pyrrolidine-2-boronic acid. Thus, a preferred salt of the
invention includes the citrate or tartrate salt of (2R)-1-{ fé}f)H yrrolldm -9-ylarnino]- 10acetyl}
_pyirolidine-2-boroni¢AdH b 1oR21 7! ﬁ’(@%e)‘lb?ﬁ’(‘)l‘ﬁ'm% FRGY REERIP I HAdIE: sz)oronlc acid,

More specifically, thelipreferrgtiesalt of tha havehtioh Sginetbdaytrateysatyofrbonyl, 1-(p-

(2R)-1-17-[(9R)- pyrrglillgu@n%y] minedr F?%bcm%ﬁy ine-ZiherapicAcid, that is, an L-tartrate salt of
structure (IA): 15 NH erein R2 and R.3 aré both hydroxyl gro r%? A salt of the invention exhibits

improved physical prBﬁﬂSéyt‘ﬂ%{YéWéBFé’&%%‘Yé&W TSI wPERd 4t Sl BEEE R formulation Into a
solid dosage 20formdinqgonpdsistivepontespondopgoirgiehasdsondr e tfouydabasliguesce under ambient

conditions. It was alsgéd@yRekthatpaay Rbiye.salls evasuatad 362 taRshiwiflher did not readily form a

solid, or, if a solid we:ijformed deli uesced gr became a gummy mtractable material at ambient

conditions. STISTgig: b[?/\'?g PR RPREN GO télri‘r%{f’é]%{ng)d TBRHAREISARBY the 25Free base,
were found not to dispiyrérdanyeapbymibaidandemycatinsiabiligicdstheathebealts. The salts of the

invention, e.g. the praﬁeﬁsammwgo(.?,lﬁaaﬁl)hetﬁk@rm@p'g&&pst@ﬁ@ms@@i@)ysqkmenyumemyl
1{71(9R)- pyrrqlbdln-g-xlarnlno 1‘ﬁclec}(f]’ o Q){Irollcllne -2-boronic acid, rteadlgl prm F ds and were found
not to deligquesce undeT AMBIanE Condiions. SHif OF S HR TS Ehib ST ¥ hprovad Biysical stability,

such as physical stab#ity Rintkeredd¥aititeesiog Brghn%mémmﬂeasmd hmﬁﬂmtyplvaIOYRéferring to Table 5,

below, it can be seemihatcagmpias9idheohyilastiaig, Sall @renylmethyloxycarbonyl (Fmoc),

(2R)-1-17-R9R)- pyrrolid d|n 9 Iaml rH) g}gg%l(&y&rohd ne- Zabé)r g CI could be stored fc)r prolonged

periods of reasonably hi d’h a {\l/)g )en%'r )?'amp rage for 6 months at 75% Rh, and

storage for 12 months at 60BBe1iORI-OHSEH AAMBE, WEPBTHSRIZBH 6 EARBINA S UEaERgAE decomposition
within statistical £roleast one asymmetric carbon such that a solution of the organic compound will

rotate plane polarized light.

The term “optically active mixture” means a mixture of optically active
compounds in solution that will rotate plane polarized light. The optically active
mixture may be a mixture of diastereomers or an unequal mixture of

20  enantiomers.

The term “prodrug’” means a pharmaceutically acceptable compound that
will convert to the active ingredient or an active metabolite thereof upon
administration of the prodrug to a living organism, preferably a mammal, more
preferably a human. The conversion may occur by enzymatic action, chemical

25  hydrolysis, oxidation, reduction or any other in vivo physiological process for
chemical or biochemical reaction.

The term “racemic mixture” means an enantiomeric pair of equal
proportions such that they cancel each other’s rotation of plane polarized light.

As used herein, the phrase “salt of the invention” refers to a citrate salt as

30  well as a tartrate salt of the pyrrolidinylaminoacetyl pyrrolidine boronic acid

compound of formula I or V. As used herein, a singular term includes the plural,

10



A hydrated form of the inventive tartrate or citrate salt can be used in preparation of dosage forms. To
prepare these forms, the inventive salt is allowed to equilibrate under ambient conditions to provide a
hydrate. The 153830 B HBsorbed water in the hydrate can be determined&R¥R28PH8RG3ke allowance is
made for the weight of the water in any subsequent preparation, enabling accurate measurement of the
desired dosage of the salt. The atmospheric conditions under which pharmaceutical dosage forms are
prepared are appropriately controlled to ensure precise and reproducible amounts of the 20active
compound are metered during the manufacturing process. Once the dosage forms are prepared,

exposure to variatiof@bH KRGt WHIH ST ARG tHES dRnvEs B thEWeie Pyase artieotdifeven though
the actual total weighahinehVidifetssol dstugage foinoar o/spycihisetbe thesubseguant@bsorption or

desorption of water. Earinstanee, Exanle &N fakie d0eon ilustate 25managrmans.of accurate

formulation preparation as a function of water absorption. The invention includes the citrate and

tartrate salt of all of ' 885 EBiTsHerLors BYFbIRHRCEMN SE LAY I tdrHtia-pY iRty enantiomers,
diastereomers, as wglhasrblearacdinayes hdidsteboorsdnmeriicamixturesed Hed0fmndutestmay, or may not be

optically active. In sqgjgogmggg{g}ggggsgh}q@@jkgjlt_@jﬂygpg Rdnay. e @,ﬁ;},gf&&q&, urity of at least
about 55%, preferably 80%, more preferably 90%, most %e erably 98%. In other embodiments, the salt
Fr

is an optically-enrichBYGHAMfG AR P IR AT SIS BSIFSlidM S b BELRY I i 8ther
embodiments, the salidBidentharieaf stdrebisb(PB)Ss! iHEHIARY huteistitirfitdantoahecpialimixtures of

cnantiomers and/or mixtyr@meldiasipreamer e (1Rs- afy Rb Ry Aiding FRIPRQUAE. Methods of
Treatment An egbo%er{t of ﬂ%ﬁ invebtion r%\sjitges? a r{neﬁt%% of i ibitio_lnc}Of di@%ﬁ;?tidy%%ptidase-lv

n
comprising contacting’ IR SHS A NS SRS SRS ABNAAN LR of the invention in any of its
forms as described above. Theteuntioteneagobis et 8rn plich écuied hroeduntfeas tthaaugbes didgnostic test or

a screening test, or in 34ua NHRKGBUT FRMBRERIAPERISHATME:FAMIR PE HISRUSSEdiPeIQMs The in vivo

methods according t%the invention involye a salt of th 1§igvegtion inzjés role as g selective inhibitor of
t aﬁ_lls n con{act with Su stanct , §s? 1 Sl{ stance . ‘deliquesces,” or 18
DPP-IV. For example, thé invention provides a method Of treatment of a mammal (%uch as a human)

suffering from a malceatitiSACENAT BARTDIE FR) RSO RIE ABFMBIRZERPSRaPTIRTISH SR BB PAYT The methods
of the invention are acgemplisbed Ly adwiaisterng tedhadsnammal (e.g., a human) an effective amount of

a salt of the invention to The term “stereoisomer’ means one of the absolute configurations of a
single organic molecule having at least one asymmetric carbon. Included within
the definition of a stereoisomer are enantiomers and diastereomers. One
stereoisomer has one absolute configuration about each of the asymmetric

20  carbons of the organic molecule. An organic molecule with one asymmetric
carbon presents two stereoisomers. An organic molecule with two asymmetric
carbons presents four stereoisomers. An organic molecule with three
asymmetric carbons presents eight stereoisomers. Projecting plane polarized
light through a solution containing one stereoisomer will cause rotation of the

25  polarized plane.

The term “stereomeric mixture” means a mixture of two or more
stereoisomers and includes enantiomers, diastereomers and combinations
thereof. The stereomeric mixture may or may not be optically active.

The term “stereomeric purity” at a given percentage means that the

30  designated stereoisomer predominates at that given percentage in a mixture of

stereoisomers.

11



20treat, control, ameliorate or prevent the malcondition. Treatment is effected through inhibition of
DPP-IV. Administration is typically accomplished through use of a pharmaceutical composition containing
a salt of the invém&ﬂ‘?sﬁ%?zl%?vivo use as a DPP-IV inhibitor, a salt of the in/&tiBAEY BE%ormulated in
any manner as described herein. 25Malconditions that can be treated using a salt of the invention are
those that can be regulated or normalized by inhibition of DPP-1V. These maleonditions are known to be
the result, at least in part, of the reduced presence or absence, or altered activity, of peptides regulated
by the enzyme DPP-1V, espesially fp the contex, of s physiglogicaliole n iyeerine contral Thus.
30these malconditions include those characterZ& Efy impaired glycemic contro SUch'a8 Biabetes
Mellitus and related gtsgitidhestkoe bxemmsienthietinsalod sbigtioigacegadde mFyssaridietbleeain Type 2 diabetes,
gestational diabetesdyIQPre ilepaitam Ops orRdolerancschnRaiFReh fasiing. glewesamdyarrglycemia,
impaired glucose mqat A?@?rirﬂgaire% p}ycose I%rantce,,(l T %nd itds (%Soeqres?ofq to Type 11 diabetes,
hyperinsulinemia, obési Y, be a'ceﬁ’é%gené%ﬂ'c?r%nr%'gr calar aﬁ'oa&03|s of Deta c'eIIs), the progression
of non-insulin-requiriBenipype  Gabties ¥ethsiiK. riffirittdropec QrapeieShrosister HE number and/or
the size of beta cellsetnta masny Miadrsujest 1 e ¢lakelinsonpheations sughas retisepathy,
neuropathy, nephropathy,.cardigmyopathy, dermopathy,.digbetes related infection, atherosclerosis,
coronary artery disei%g',' gﬁ@‘ﬁé %;g%esg}r'nvi a%? Tﬁﬁ\%c(?ﬁ%%%n%n%esﬁhjot gf grrﬁ%gcﬂvrﬁ%%g of method of
treatment according $6therwereisH, | AliabHiatdpics eadsansddriamrisekiricirnenndiltion that can be
regulated or normalizad byxiahibitisn QMR RdMranes exanypie Nbe tnalcanditions Tati be impaired fasting
glucose, impairp! alycasg sianss RYORIC axAlAnopdine anddhpdie. In yet other

embodiments, the malcondition that can be regulated or normalized by inhibition of DPP-IV involves a
decrease of islet neogéiefsemist¥IPEGRIRRE, (RTROURHDidaRth Esigl McCmrvedfilbpibdishefention may be
administered to a maiawalogspetiallyea.niheatisklazesd of sushitradicokpyrpliavepbencdlimination,
alleviation or 20 amﬁgl%qgti)%gepggcgarious malconditions mentioned above. Such mammals include,
without limitation, domestic animals such as household pets and farm animals, as well as non-domestic
animals such as wildlife. The amount of salt to be administered to the patient may be any amount
appropriate to inhibitti2RRetMiERti@sults in treatment of the condition and a 25beneficial effect for the
patient. The amount of the gl in.be BAmipizterad Bay-beANLEHSFIYEARsa Pl RILARRIORIRtE fraction

thereof. Such amounts will depend on individual patient parameters including age, physical condition,

size, weight, the contRIBF hA¥ g aresaad S s BT b T Ed R HAd S gbRurrent treatment.
Factors that determineappnophate HosHges arepartit 30knhowietth¢hose: bfl ordinarrskilliva the art and may

be addressed with rquting. GepesipeIAticsing: he skl and Fainingriguiescihing physician. For

20  properties include, for example, bioactivity for in vivo inhibition of DPP-1V,

good yield in preparation, good solubility and rate of dissolution in water or
body fluids, and physical and chemical stability under ambient conditions for
prolonged periods of time that allow for facile processing, formulation, storage,
and administration of the salts of the invention.

25 The present invention involves the unexpected discovery that a citrate or
tartrate salt of a pyrrolidinylaminoacetyl pyrrolidine boronic acid compound, for
example, a citrate or tartrate salt of 1-{7-pyrrolidin-9-ylamino]-acetyl}-
pyrrolidine-2-boronic acid, a compound of formula (1) which is a selective
dipeptidy! peptidase IV inhibitor, has good physical stability as a solid, favorable

30  for processing, formulation, storage, and administration. The free bases of the

compounds of formula (I), such as the compounds of formulas (1A) and (IB), and

12



example, determination of the pharmacokinetic and pharmacodynamic properties may be made using
standard chemical and biological assays and through the use of mathematical modeling techniques
known in the phgwggﬂféﬁgl arts. The therapeutic utility and dosing regim8R ¥y 8&%s&t4polated from
the results of 5such techniques and through the use of appropriate pharmacokinetic and/or
pharmacodynamic models. The administered dose of a pyrrolidine compound of the invention may
be adjusted according to age, weight and condition of the patient, as well as the route of administration,
dosage form and regimen and.the desired result. The 10ultimate choice of dosage, route and
pharmaceutical formul4tish R59 B %ff?ﬁﬁ’i’ﬁe&'?ﬁ {Rwd A% AvS ReRmavRIcAhyaRIAR, WMSEe wisdom and
judgment will guide s EmcesslitoweVbe, feepatismtndzpinsiéthypbee Dissveitesamngtnare tolerable dose

for me_dical reasonsaoqgg@qla(yggggwgfe}ggngf l@ref@pgg\;ilgy@j?% @,rmgﬁgﬁc[eﬁ%ﬁ@%]&%gﬁ’ggfﬁraalyﬁ the salt ofI the
invention may be administered at a dose, of fr .1 to 30 mg or the salt per eight of the mammal,
more preferably 2 to IS mg%%PWé?&ntP ofat??g lnogr% Wal'.tﬁ?eoﬁ?)%gtrt&ﬁbti]?gﬁ 5(%?%\% aﬁ'égis generally from
about 0.5 to about 2400 wgiterysahedsithblsoatround 0ffigmmaddlhesh MYfidyR satd badre preferably

about 50 mg to about,&3makiay: dikisdnRYRE 20admipiriesesrin asingle drae@rdr thedorm of multiple
doses given up to 4 Hm.es er [ijafy. These do?se.s are b(?shed ugq&we' ht of the f[lee base alone. Correction
aftra d 5

. . . deligugsc bent onditions, an S C not useg [0 .
for weight contributiif By e tarlraTe S L PR R S8R EHEARY the WAt et RdFStion would be made to

account for actual wérystarinket efdretbd doragofatie. shhetol iarimilikteresklvisbmavakes, it may be
useful to begin with a.2&NaRemne@sagraNd ¥asibihercaadiian isovades cendraldediagvee the dosage.

Thus, it may be1 @dvant%gse%;ds to dmin;fster an i létial dose of about 70 mg to a\bouhgﬁ%q }mg the first day

t . At t d t
then a lower dose of-aPout 20 to about }‘é‘boc cr’ﬁ‘g o‘ﬂngubséaﬁré‘n 631537? i) O?Herecsgses, it may be useful to

initiate the therapy afenéier elese QAP irtrbEs8umediysalifeogheressafyhainyakinst @osage will depend
30upon the mode of iadmiRiatasionocar thadherapyde sbeshptarmpiawihickhadminigtenarhsthe subject to be

treated and the bodyeidlyt NG SUAIRELIR PR SAIR Ad NS AiRiglenas and sxptipnce of the
physician or veterinarian In charge. Dosage Is described in terms of the free base and Is adjusted

accordingly for the cHPaf@OfoEfratd dalthe citraterppd (g g s4BIPBthMEHVERT I S $65H M fdes the
manufacture ofia 5mgdigiae saﬁlﬂllameth@@bnﬁai@utmeylhblﬁiﬂglspﬂéuaamedﬂﬁmiwme, taey of a

pharmaceutical combipatio ﬁgglq[ pharmacent ?Abqggg%ggitl " tplla}@%%%% tigal Combinations and
Their Use in Treatment A sgt of tahey?grl]venti(;n ma%/%be com lméfwitn a secon(‘j rlgegﬁcament to
particularly well adapted for the preparation of tablets and capsules, as well as

other solid pharmaceutical formulations. These salts of the invention also have
good processability in that they are not sticky. Consequently, they can be

20 measured and aliquoted in precise and reproducible amounts. Thus, the salts of
the invention have properties that facilitate the preparation of various
pharmaceutical formulations. And, as is shown in Table 5, and discussed below,
salts of the invention can be stored under ambient conditions in the presence of
atmospheric moisture for prolonged periods of time, at least 12 months, without

25  any significant decomposition occuring.

An embodiment of the invention provides a citrate or tartrate salt of a
pyrrolidinylaminoacetyl pyrrolidine boronic acid compound of formula (I), a salt
of the invention. The salt of the invention may be any stereoisomeric
combination of the acid and free base. As used herein, the term “acid” refers to

30 citrate or tartrate, while the term “free base™ or “pyrrolidine compound” refers to
the pyrrolidinylaminoacetyl pyrrolidine boronic acid. Citrate is not chiral, but

-
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10 form a pharmaceutical combination of the invention. The second medicament is a known agent for
treating, controllin reventing a malcondition that may be regulated or normalized via inhibition of
DPP-1V. The ma‘ﬁ:‘% E’)ﬁyf’reated by such combinations are those that maYA3&'refliIatédbr normalized
via inhibition of DPP-IV. 15The second medicament may also include a therapeutically effective amount
of a medicament known as an anti-diabetic agent including but not limited to an agent that increases
insulin secretion, an agent that increases insulin sensitivity, an agent that reduces the uptake of sugar
from the gastrointestinal track, a ent that enhances th effect of endogenous peptides or proteins that
20play a role in glycé?Hf@‘[Sd?Tt?prg‘\‘gé?{e 'Qéiﬁ\g aARGEs Peepllaééfﬁgﬁt PR S0P BivaBgEHEus peptides or
proteins that have a &hewhaoiesiergiydsimic sohtesl Syehtisgentsiinc yisstorgoasenrmtdimited to glyburide

(e.g-Micronase and RigRGR)a ehma&@%f%rger@mme@a ;raatggawqﬁaé%goé@r&x %ﬂﬁ I@Lde (eg.

Prandin), metformin (e . Oluco r05| Iltazone rbose 25(e recose) miglitol
(e.g. Glyset), exenat?&g (CHe Xlgi)%ti%% Bt ﬁl?ﬁe'(% uf% f n3° Sap félmplary agents
include but are Aot Ilhn@@dQOCbrdtmfmdebaEIﬂQFM(spam;tdeOﬁfgmedgﬂ)mkéVpemd@tiVé@Mjﬂle) or mimetic

thereof suclh as LYBCEE%‘%Q%l : Qr X%ﬂm@eoalgn@w&ﬁ pOegtifinide.r m@tggrrglm.mswlﬁémeg sglf%r;yl
ureas, troglitazone one JTT- - L 45 YM-440, R-1197
AJ9677, KAD1129, ﬂ?—ﬁ’ﬁ é@ﬁ%\% REIEG 4K 3P @3 %@855 23R 21 1. The
chemical structuresatdibl namésimc?ﬁimbma@@!@)g'Eblll%t%ldreﬁmﬁ‘ﬂrﬁ@lfm’é@@lng’@ttmpounds designated
by letters and numbeﬁ&aaesrﬁ@dilmwla&}l@aimttbﬂmpafw foRMpledNaBntering the letter/number

designation as searct rtﬁ‘rm in Hh&a OngE searc(? ﬂ% §A salt qf dthe entlo  may be used in
. . . ac To ne-2-noronic acl rroll
combination with on G SeCond medicaments’ u ul aé ah(? Abetic agent i mp yed to treat

diabetes and relatedagfégdsesyolidmesddeniannagidatviane avay BeaBurtinisteristoranly ¢4 the same dosage
with the salt of the inveshioss @ dit 4 sepataieIe6! (dRIAgE7TINIR)-bharskdiobthrimvienieaand the second
medicament may alsg be %dml istered, for g_clea)t(amg)leLb%ljtrr]A?ecggp@etpartateIi/ 'multaneously orasa

oronic acl clure . .
mixture. The phg?maceutlca combination of the invention may be formulated as a pharmaceutical
composition of a pharmaceutically acceptable carrier along with a salt of the invention and one or more
second medicaments. In the pharmaceutical combination inveption, the salt of the 15invention is
typically present in a weight ratio to the second medicame about 0.01:1 to about 200:1,
depending on the identity of the second medicament. The use of asalt of the invention in combination
with one or more other antidiabetic agents can produce agﬁ?mmrglycemic results greater than that

with one or more other antidiabetic agents can als¢ prgduce a synergistic effect in that the
antihyperglycemsc result may be greater than the sombined additive antihyperglycemic effects produced
by these antidiabetic agents. The effective amount oflg econd medicament formulated as a
component of the pharMace glcal o;nblnat n f the invention will follow the recommendations of the
second medicament AHRUPASt VAT, h%rfubcf’gheyr(‘cu)'tr%ﬂhér%‘ff)end|ng physician and will be guided by the
protocols and adm|n|strat|véfﬁét@fgﬁenmmtsﬁnﬁ@wp@‘eﬁsl iplelisiate arippthideP HWSIGIAN'S DESK

REFERENCE the ready isolation of solids and subsequent formulation into a solid dosage

20possible from each of these antidiabetic agents(?ﬁ(; e use of a salt of the invention in combination

20  form. In contrast, the corresponding free bases were found to deliquesce under
ambient conditions. [t was also found that many of the salts evaluated (see Table
1) either did not readily form a solid, or, if a solid was formed, deliquesced or
became a gummy, intractable material at ambient conditions.
Surprisingly, two organic acid salts, the tartrate and citrate salts of the
25  free base, were found not to display the same physical and chemical instability

as the other salts. The salts of the invention, e.g. the preferred mono (2R,3R)-
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30(PDR). The administered dose of a salt of the invention within the pharmaceutical combination will be
carefully adjusted according to age, weight and condition of the patient, as well as the route of
administration, d%gﬁgi@/%ﬁg:‘and regimen and the desired result. The ultimat& ENo%& ¢1#8%8age, route and
5pharmaceutical formulation will determined by the patient's attending physician, whose wisdom and
judgment will guide this process. The compositions described above may be administered in the
dosage forms as described above in single or divided doses of one to four times daily. It may be

advisable to start a patient on a Jow dose combinpation ork up 10gradually to a high dose
combination. Pharm$E8UEH Compoaitiohd 3fsﬁ1te°%lr?\7é2{tg9nw)'py ‘ﬁ‘é"%%ﬁ%%“ﬁ?&ﬁﬁa% a pharmaceutical

composition containingralshitee? -t dnicertidsreadity dorwitH satidnetkderarre@icshrentas described above, in

15association with aphasmacaHlical s8It JRBharvacesticaliomnesitionsnay ke forsaulated with one
or more carriers such as.cqonventional solid Wé%%ildfv t]icles gr diluents andf maceutical additives of a
Strat

har
type appropriate to tﬁgyﬁﬂ%a 813" é‘éi%ﬁhﬁrﬁ S AGERSF ﬁ?é’?ﬁb%nr?tfbngfﬁ%éeﬁﬂ%e%tﬁ&%utical
composition ma§ beaadrimisteed to mammalian species, especially humans, by 20an oral, buccal, rectal,

pulmonary or similar route, ferexaBleaildBeHan. of tahlsisccapslasmPiauies eLaaweders. It may be

administered by a paren form of injectable preparations. 41111@_/ beogoq]riréigi%ered by a

teral route i C t
transdermal route eiﬁ%er°§§%5éfl£e§§|£(%?§ﬁr§r] 'tr':;'frij(g?:]'(E:'arrr?fét1 éfivery 8Y rﬁl'é St eoi Using an
appropriate delivery devites sisredfrarpieloegtid aktofspdsihsanedhidiighgchadedt midtn(Rion may be
prepared by conventignaldeehnieiiase o8 6asonascibedl R Rethingtens e Sciesnassandd3actice of

Pharmacy, 19tr]10Ed.ﬁ?gb%tggtezgggpositio may, appear ina conv%rlgignc%l form, for eéﬁmple, capsule,

d
tablet, aerosol, solution; suspension Or 11 & form surtaple for tcﬁtﬁgé appﬁca‘ﬂgﬁélgﬁwxfyplcal

pharmaceutical compasHisaligiéRides a salt of the invention formulated with a pharmaceutically
acceptable carrier which maynberawd e¥aiptanho i dituentrot ey dneaeneinsed Wwithiiancarrier which can

be inthe form of i GReR U asadsh ablet, Ranst or, 21056 SorTAIDSL JAmeKing he compositon,

conventional techniques for the preparation of pharmaceutical compositions may be used. For
example, a salt of tha!iPVehiRAIMEYBIE Hideriiicat capAliont GiRRddsy? & xdiAter 18F enclosed within a
carrier, which nhay beniothiecftrbacobanvairp oulee aapsika;iabiadc eactisdd papappesptirer container. When

the carrier serves as g djjlieat Jt.may B flok BEMIrsRlich.0f 'iﬂ‘di%’él%tfefdﬂlsmﬁe%%%&ﬁ],a vehicle,
excipient, or medium for the active compound. The salt may be 10adsorbed on a granular solid container
lg}%ﬁgcg%ﬁm@guremem of the desiréd dosage of the salt. The

for example in a sachb

atmospheric conditions under which pharmaceutical dosage forms are prepared
are appropriately controlled to ensure precise and reproducible amounts of the

20  active compound are metered during the manufacturing process. Once the
dosage forms are prepared, exposure to variations of humidity will not affect the
delivery of the desired dose of the salt even though the actual total weight of
individual solid dosage form can vary due to the subsequent absorption or
desorption of water. For instance, Example 5 and Table 3 below illustrate

25  management of accurate formulation preparation as a function of water
absorption.

The invention includes the citrate and tartrate salt of all of the

stereoisomers of a pyrrolidine compound of formula (1), including enantiomers,
diastereomers, as well as the racemates and stereoisomeric mixtures. The

30  mixtures may or may not be optically active. In some embodiments, the salt of

the invention may have an optical purity of at least about 55%, preferably 80%,
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of suitable carriers include, without limitation, water, salt solutions, alcohols, polyethylene glycols,
polyhydroxyethoxylated castor oil, peanut oil, olive oil, gelatin, lactose, terra alba, sucrose, dextrin,
magnesium carBENAEY&UGEY, cyclodextrin, amylase, magnesium stearate, P&/ USRETRISAAr, pectin,
acacia, 15stearic acid or lower alkyl ethers of cellulose, silicic acid, fatty acids, fatty acid amines, fatty
acid monoglycerides and diglycerides, pentaerythritol fatty acid esters, polyoxyethylenc,
hydroxymethylcellulose and polyvinylpyrrolidone. Similarly, the carrier or diluent may include any
sustained release material known in the art, such as glyceryl monostegrate or glyceryl distearate, alone or
20mixed with a wax."°"™ pAeFSrr?ndllaBt(i}oFf %gﬁ} ree]t?%rfx%ég %vglﬁﬁ' aﬂx?ﬁ%?&%ﬁ%%ﬁ%’g ]\?\}h%dﬁﬁaoyd rlllo'tsd’é}leteriously
react with the pyrroliditisadbrepoohel SaeHauivieymmaptRidbe withoud imiemonudetling agents,
emulsifying and suspendingagaugisaitfaninfiuencingasrolicpresssir ORI anelonsoloring
substances presenvind 2oaqents, syeatening adents. on flavorind agents; Avaiaimaceutiogl composition
can also be sterilized it desired” &'Y6UR of adminiatration may be any route that ef?ectlvely
transports the sélt ofthhéaftpenao ebrecdidbreprarewidesired site of action, such as oral, nasal,
pulmonary, buccal, rectal, subdermal, intradermal, transderrnal or depot, 30subcutaneous, intravenous,
intraurethral, intramuscuIar”}r‘;}fl%?gzlrpe%h’weehltrnic solution or an ointment, the oral route being preferred.
If a solid carrier is used for oral'adm |straf|on, the preparation may be tabletted, placed in a hard gelatin

capsule in powder or pellet4ddrpmndinaniobeinisyeniérmpet vdes eracgias 2& febiienirfuid carrier is used,
the preparation may digeinithe fepmiadalsycumperinisionasafiaelatinearsulpprisierlg injiastable Sliquid
such as an adugeus,r Nop; aqueays iquid Suspension Ar SQUON, 4o iggIARIe dogage forms
generally include aquebus suspensions or oil suspensions which may be prepared using a suitable
dispersant or wetting2itjsitami e aeepiepidiReddgefitoipieb dbliereyahng fzgrpEiniEdRtidn phase or in the
form of a suspensioncwhitheispreparacwitiraugh MenspophilaeridrAiccapiabiadidsatvents or vehicles
include sterilized wafgr, Ringgl splution, or an isotonic aqueous saline solution. Alternatively, sterile oils

may be employed as solvents or suspending agents. Preferably, the oil or fatty acid is non-volatile,
including natural or synthetid6ifé ¥AfysH18€s AseAInaitodheinyRrisBY ob6raRfetioiea pharmaceutical
composition may be iaveawelersittaliteatar stbratanistiibitonofiiP 8l Ap Propitatepsgltiton as described

above. Examples of hese:inclidqabul arsinal dritsea. tesze.driat (tardriaghanspray dried powders,

amorphous powders, granules, precipitates, or particulates. For injection, a pharmaceéutical composition

may optionally contait e BHi TR ibelreRiiiae taltarihiee et SN AP irediia ieHRY ¥ mbinations of
these. A 20salt of thefiiugniign iieynizehtaisuilcte thienparentexabadrtishistriatiombyingeaan

the mammal (e.g., a human) an effective amount of a salt of the invention to

20  treat, control, ameliorate or prevent the malcondition. Treatment is effected
through inhibition of DPP-1V. Administration is typically accomplished through
use of a pharmaceutical composition containing a salt of the invention. For in
vivo use as 2 DPP-IV inhibitor, a salt of the invention may be formulated in any
manner as described herein.

25 Malconditions that can be treated using a salt of the invention are those
that can be regulated or normalized by inhibition of DPP-IV. These
malconditions are known to be the result, at least in part, of the reduced presence
or absence, or altered activity, of peptides regulated by the enzyme DPP-1V,
especially in the context of its physiological role in glycemic control. Thus,

30  these malconditions include those characterized by impaired glycemic.control

such as Diabetes Mellitus and related conditions. For example, the malcondition
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such as by bolus injection or continuous infusion. A unit dosage form for injection may be in ampoules or
in multi-dose containers. A pharmaceutical composition of the invention may be designed to provide
quick, sustained"r’d8i45Ed elease of the active ingredient after 25adminitfRBFR7HEBAtient by
employing procedures well known in the art. Thus, a pharmaceutical composition may also be formulated
for controlled release or Ibr slow release. A pharmaceutical composition of the invention may
include, for example, micelles or liposomes, or some other encapsulated form, or may be 30administered
in an extended release form or an entericnfoated form to provide a prolonged storage and/or delivery

effect. Therefore, th& Bh&Frh4RR LA ESmpBSif SHARFLS v LB HATR SLakf g hRIeYs 'BIP&Afders and

implanted intramuscelashsordeoatamemisty Gstdepgumjgctionsrolyasnnaplams sdefuassstents. Such

implante_‘, may emp|0¥q%%\6/|ri‘siﬂ?ﬁ‘hﬂl¢lfé‘cfi |§c§5’&kb%§a§@l§@@?ﬁ) and i@%‘?&_‘@@%b'&ﬁ@z Mers, €.g.,
polylactide-polyglycolide. Examples o[_ot er 5hiodegradable é)olymerts include \_EOIY orthoesters) and poly
(anhydrides). AS ﬁbe%éWr‘%Qﬂﬂbw RTLEr BRYS NN GRS A8 AIFERAML U 8BHEE Fnplant or implantable

material suitableSfor epritinsio @ betainisidtionrogesss sigrificantpenogofitinee! ypitdiabestained release

implants are formed frem,RRMNGFHEFIRRaIMAsELLCAb AscaR R Lindegradable pphdmers such as
polymers and 10copolymers of lactic.acid, betide, g(h/al olic acid, ‘%ch:olide ﬁ?agroic.. acid and caprolactone.
in

The dose and amoufSt of & SA8RTHE IRVERITSH Sthis BsE S S pTHA B LR AT A48 Btiver the desired

single dose blood leveluintidsalephropapys peidaimpeniist deonorepivasmbeestidaleadomposition may

contain a salt of the iRyaniion Aisselvreoef stispaRndadiihyadiauid Garsier offa Bastigrlar an 15 aqueous
carrier, for aerol?)ol a alicat%g‘p‘. Tshe carrier may contain additives such as solubilizing agents, e.g.,
S

propylene glycol, sur actan , g'Bs’orption.enhancers such as lecithin (phosphatidylcholine) or cyclodextrin,
or preservatives such as pdrepidaesmbodimety ppricting pdltegapneatisrropdiftcinabiyiBuseiine are injectable
solutions or 70suspeinsifinsscpigintably.aguausnsAEiirNsEA Athaltieftthe iby enlitiddissolved in

polyhydroxylated castor oil. Tablets, dr RSSO sules havying talc and/or a ca lgohydrate carrier
or binder or the like a!froe,{raérltzlgﬁlg_yrli/nghgig% e??or Qrél%@%%ggﬁ%rﬂ? %’r\gfg%gaceoggﬂ%[}ss_%? %ablets, dragees, or
capsules include lactB¥¥ I EarrEiBEH ISPRI/SPPEEAHE CU3f A RSAURP BTG4 de used in cases

where a sweetatied yvehicleneamdeneiiygoyied.et otheritypidahtall cthanayilbenpiepares tyhaenventional

tabletting techniques, g8, fQllaWs normalized ¢ IRIGRIJABIBEPAVDY AR CAUVAIENLAOG- TR free base strength
may be 30prepared by lotululating 650 mg of the L-tartrate salt, 215 mg of
neogenesis, B-cell survival, or insulin biosynthesis.

A salt of the invention may be administered to a mammal, especially a
human in need of such treatment, prevention, elimination, alleviation or
20  amelioration of the various malconditions mentioned above. Such mammals
include, without limitation, domestic animals such as household pets and farm
animals, as well as non-domestic animals such as wildlife.
The amount of salt to be administered to the patient may be any amount
appropriate to inhibit DPP-IV that results in treatment of the condition and a
25  beneficial effect for the patient. The amount of the salt to be administered may
be an effective dose or an appropriate fraction thereof. Such amounts will
depend on individual patient parameters including age, physical condition, size,
weight, the condition being treated, the severity of the condition, and any
concurrent treatment. Factors that determine appropriate dosages are well
30  known to those of ordinary skill in the art and may be addressed with routine

experimentation, using the skill and training of the prescribing physician. For
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microcrystalline cellulose, 50 mg of dibasic calcium phosphate, 20 mg of copolyvidone, 50 mg of
crospovidone, 10 "rig of colloidal silicon dioxide, 5 mg of magnesium stearate and 3% solid opadry AMB.
Another typical HRé 0(f’é?ﬁ*ﬁ?’)?)’sition having an equivalent 50 mg free base strBAHSHEYPBE I rmulated by
combining 80 mg of the L-tartrate salt, 815 mg of microcrystalline cellulose, 550 mg of dibasic calcium
phosphate, 20 mg of copolyvidone, 20 mg of crospovidone, 10 mg of colloidal silicon dioxide, 5 mg of
magnesium stearate and 3 % solids opadry AMB. The salt can be subjected to milling and screening
through a 20 mesh screen. The milled and screened salt can_be blended with microcrystalline cellulose,
copolyvidone, crospSIBRE: S5HEEBIBIHAR SitPIEoRERtRs iiF AnsuRasTRACReHRAH RPIGBF Fo75an
appropriate time andmpyrbelihedrestilipngacdarp esitioic d andkei ohyxec vitts fherdbhicagh thageesium stearate.
Tablets can be compiessad Hsing the kinicated Risadiaba thearetisakiablshyeightef 4800 mg. Part of

compressed tablets can be coated usm?gLHOpadry AMB. Coating can be continued until an appropriate

solid weight gain is 155@RRISH LY A HTmeRERFRaReLYs f3Fapalatethifcraniss dbthins a salt of the
invention (200 ri§ of fted abeigas vatktit labtdee{7 Sirigppardiaagnesiamistedraded/@b mg). The mixture
is passed through a g, mesh sigye and.ageked into a No. 1 gelatin capsule. 20A typical injectable
preparation is produced by aseptically placing a salt of the invention (at 200 mg of free base equivalent)

into a vial, aseptically freez& Wiy ARtTSEIHG FEBPYSE HHREHRERIS DPIHBVRY SR with 2 mL of
physiological saline, to pipdiscerpivjegtabigcprepanation céndalbobiitbdmasationsmall betbéspensed in unit

dosage form from abguteathanon@RubR AR ApO BHAGHYE dpEReHISN! IRISIERLVR.A. PhggmMaceutically

acceptable carrjer per unit dosage. Usually, a dosage form suitable for oral, nasal, pulmonary or
transdermal adf inisttAHB teiﬁ:g%’%%gl#la ﬁ?%eb o6 B RN CSH{‘ﬁ?deﬁ”m‘é‘f‘BPé‘fg‘r% 7 from about 10 mg to

O,
0
about 1000 mg per dégyermareddretbratsiyeit satibuslin® ohygicieralydwsy S0sdwyn ehdvdiniastmeasured by

the free 30base equivaleniiRAMM LM BINaMNaGRinalbaacraptable cavigi-aoghibembre  The drug
release properties ofltfilblaet;tﬁe rfyastej according to the inventi ated appropriate pelivery of the

L. 0 ?o m 5dqufeasons, S cﬂtlg)n iinqixge son (Prq{)r virtually an
pyrrolidine compoun(f gamp €S of the tablets were teeted 17 ow. hardness, dlsmate)éra?fon and-drug
release. In particularotigefaae@siow was estimated by Carr's Index and visual observation 5on lubricated
blends. Compragsed tabletphastasceptabir Haudnassnababull dLhamidisklets.alsadiadracceptable

disintegration time (less than 15 minuts ;&/D ta without.controlled comparison showed adequate in vitro
release (more than 9%%1%?516021?%] gf eﬁ%ﬁ%%‘ﬁ%aﬁﬁ‘&ef Bﬁ%‘ﬁﬁ%&}ﬁ‘%ﬂ%‘ﬁﬁ&?ﬁ fgﬁi 3((:(Sr?f’aining a salt of

the 10invention, the PRyakE proiseHY Giaeagunadhdhribectaes fRtcddeburrrdbseranipig, the L-tartrate
salt remained a processableaalid fernseveraioiays/ainplirriigrapeialorsansadelatomhumidity of 75%.

L o e provd AT AR R RSl SR LT o an

20  administered in a single dose or in the form of multiple doses given up to 4 times
per day. These doses are based upon weight of the free base alone. Correction
for weight contribution by the tartrate or citrate component and the water of
hydration would be made to account for actual weight of the hydrated form of
the salt to be administered. In some cases, it may be useful to begin with a

25  higher dosage and when the condition is under control to reduce the dosage.
Thus, it may be advantageous to administer an initial dose of about 70 mg to
about 2,400 mg the first day then a lower dose of about 20 to about 1,200 mg on
subsequent days. In other cases, it may be useful to initiate the therapy at a
lower dose and increase the dosage if necessary. The exact dosage will depend

30  upon the mode of administration, on the therapy desired, form in which

administered, the subject to be treated and the body weight of the subject to be
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15humidity and room temperature for two months. Thus, the appropriate temperature and relative

humidity should be selected and maintained during preparation or pharmaceutical formulations containing
a salt of the inventiéh i bient temperature is selected, for example, a sdiE SR AVE S tion can be

maintained at moderate humidity, that is below 65% relative humidity, or 20preferably, below 60 %
relative humidity. In addition, although a salt of the invention is physically stable in ambient conditions, its
hygroscopicity should be taken into account. Thus, when preparing a pharmaceutical formulation

containing a salt of the, |nyeioR. *BY&%‘P%E&"&%'l%&Sé%lﬁzéom?e%%‘?c%ﬁlt&%wﬂrﬁﬁﬂﬁﬁd- A salt of the

invention 75 is hygroscopically stable when its weight is stable under an appropriate temperature and
relative humidity. THIE BrioP f5agfete Aty Rkt SriReahiientionbanoand erdyisirp eaetteshe appropriate

temperature and hufoidiby. drvsthiermearetevshizn weighing or otherwise metering a salt of the invention in

the preparation of pharmacgytical GompeIHARSHIGARaNtAL Bqaler AbsaRadshould be taken into

account. For example, to achieve an appropriate effective dose, the salt of the invention, equilibrated to
the selected te|5r1pefﬁfﬂf@’%ﬁ']ﬂ‘ﬂﬁﬁﬁ?}?%ﬁﬁ%@'ﬁ?@b%@& S oI dhe e 8f fiydration measured.
The water measurempiemtrane.consaaquignstiveighd/ookr platioawillipabvickeptisitiactual amount of salt for a
selected effective dose. If a disintegrant is included in the formulation of a tablet or capsule, then the
formulation should be designed and prepared in such a waﬁ_so as to avoid untimely breakup and

disintegration of the tablet b HPEeret et ftvabfrutiorsb A st e & e amilith the water absorbed
by the salt. A pharmacesticaf tembisaionnaditive towdsition widyalredordhukatedrssatpharmaceutical

composition erployipehpll o the.eonhediBasm-ERHI6F thd E-HBHe sian S ARRkthR dikg-dgsgribed above for
formulation of a pharmaceutical c?&r;:ﬁosmon of a salt alone. The inyention also encompasses

prodrugs of a salt oftHBIRVARTEh WTHIEA BE SERITQISH RLIBHPERELHIS BHRATRAN HSNEPLBAYY metabolic

processes before beegnkitey actvenpiiarnh acologivalos diPRRE¢. [Fhgendrahdtichsprededdy will be

15functional derivatiygs, ob s sl Rintha dnveation: whis Bare, [eadi v CRaVeLTRa Ravivainiea salt of the
invention. Conventlor}qﬁ%(_)gdures for the selection and preparation of suitable prodrug derivatives are
e in"

described, for examB esign of Prodrugs”, ed. H. Bundgaarcl, Elsevier, 1985. Thus, another aspect
of the invention provides a Prasemerénticitament may also include a therapeutically effective

amount of a medicament known as an anti-diabetic agent including but not
limited to an agent that increases insulin secretion, an agent that increases insulin
sensitivity, an agent that reduces the uptake of sugar from the gastrointestinal
track, an agent that enhances the effect of endogenous peptides or proteins that

20  play arole in glycemic control, or an agent that acts a replacement therapy for
endogenous peptides or proteins that have a known role in glycemic control.
Such agents include but are not limited to glyburide (e.g.Micronase and
Diabeta), glipizide (e.g. Glucotrol), nateglinide (e.g. Starlix), repaglinide (e.g.
Prandin), metformin (e.g. Glucophage), rosiglitazone (e.g. Avandia), acarbose

25  (e.g. Precose), miglitol (e.g. Glyset), exenatide (e.g. Byetta), and insulin (e.g.
Humulin and Novolin). Additional exemplary agents include but are not limited
to biguanides, chlorpropamide, a glucagon-like peptide-1 (GLP-1) or mimetic
thereof such as LY315902 or LY307161, glimepiride, meglitinide, phenformin,
pioglitazone, sulfonyl ureas, troglitazone, Gl 262570, isaglitazone, JTT-501,

30 NN-2344, 895645, YM-440, R-119702, AJ9677, KAD1129, APR-H039242,
GW-409544, KRP297, AC2993, Exendin-4, and NN2211. The chemical
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20composition of a salt of the invention, alone or in combination with another type antidiabetic agent
and/or other type therapeutic agent. Additional embodiments of the invention are represented by: (1)
a pharmaceuticall @dM§83idh including a salt of the invention, as describedPsiovE0eBgEWRer With at least
one pharmaceutically acceptable carrier or diluent; 25(2) methods of making a pharmaceutical
composition of a salt of the invention wherein the pharmaceutically acceptable carrier or diluent is suitable
for oral administration; (3) methods of making a pharmaceutical composition of a salt of the invention
suitable for oral administration further including the step of formulating the composition into a tablet or
capsule; (4) method$'$fH4KInG Midopahiad slifEaredRHeRifibnist a'<hf Breaeitgvention wherein the
pharmaceutically aceepipbledadeapitelilbenitisrsuiiablentoeparentadly adiniistrasionhéS) methods of

making a pharmaceyical compasition, of asalk.efdhe ivenyen sullalear parenteral.administration
further including the step %‘f')%ophlllzm'%the composition to form a fyophlllzed preparation. DPP-IV

inhibitory activity of aéaft EEnraftibishalieoe determined Sby use of an in viiro assay system.
Inhibition constasits (K1 or &5 nmafdes)niantive R B/ukddibhitossbfriné invéihtior nraydse determined by

the method describeg.blgu Meloda.ql.Branain AL LG laretan 10A0.craRAiment of the

invention also provides a process for preparing a salt of the invention. Preparation of the free base

pyrrolidine compoun@e 5t8\GddiFsAseitdd SicredgatdireaspicatioPeasiiniiaske 8y 7264080, filed
August I, 2005, and isaddeSioRaientivphdicaltiof the adehtto il @i5hd, Semriile drilalvangbdorhb, BR04. A general

synthetic scheme for preparatiou.atidfariaie salbidalhenuantian inshauwahalow.as fgheme I
Scheme 1 | Perrolidinc  iBiaO0OCI, 4-M ethylininpholine 2-tideiliylictrahydroeuran 7. 4-NI

cthyitnorphilin el 0  example by injection, separately, simultaneously of as a mixture.

The pharmaceutical combination of the invention may be formulated as a
pharmaceutical composition of a pharmaceutically acceptable carrier along with
a salt of the invention and one or more second medicaments.

In the pharmaceutical combination of the invention, the salt of the
15  invention is typically present in a weight ratio to the second medicament of from

about 0.01:1 to about 200:1, depending on the identity of the second
medicament.

The use of a salt of the invention in combination with one or more other
antidiabetic agents can produce antihyperglycemic results greater than that

20  possible from each of these antidiabetic agents alone. The use of a salt of the
invention in combination with one or more other antidiabetic agents can also
produce a synergistic effect in that the antihyperglycemic result may be greater
than the combined additive antihyperglycemic effects produced by these
antidiabetic agents. '

25 The effective amount of a second medicament formulated as a
component of the pharmaceutical combination of the invention will follow the
recommendations of the second medicament manufacturer, the judgment of the
attending physician and will be guided by the protocols and administrative

factors for amounts and dosing as indicated in the PHYSICIAN'S DESK REFERENCE
30 (PDR).



The salt of the invention may be obtained as the direct product of 5compound synthesis as illustrated in
the synthetic scheme above (see step 8) and described in detailed in Example 4 below. In the alternative,
the free base m¥PHEHESWed in a suitable solvent, and then the salt can BE 618U W aporating the
solvent. A suitable solvent can be, for example, a hydroxylic organic solvent or a polar aprotic organic
solvent, or water. The solvent can be evaporated in numerous ways including, without limitation, by spray
drying or freeze drying, or otherwise separating the salt and solvent, e.g. by precipitation. Thus, an
example of a method For plﬁparciin a salt doé the ipveqtio? include, 5Withq1ut Imﬂtation, dissolving the free
base in an alkanol of 1 to 6 CATBORS YRG! Containg AnappropHAE HIRB IR S 81 appropriate acid, e.g. a
stoichiometrie amounhafeineibcet tartiratiandvildrs taesSdly mdiysted iseslotdnbip @gapweaging the solvent.
Alternatively, the acidnayraaisddehtopa:rolutional theHsesiaseanthiienisnsalissisplated by removal
of the solvent. In additigné the processes for %Oforﬁnin]qla tharrpa eutica}lx agcep}ta}ltt)le sglt from an amine
compound such as aaByrrrtﬁﬁﬁll%eagomﬁoueﬁgeo The Invention are Welt-known inethe ar .a§ee, for example,

"The Practice of MedibialachiienbinynBétmmaid driermng Cayrtirerarianey piterlincplasisierPress, New
York, N.Y., 1996.  whose WiRidnyapiiprupitRefurieadeassibadds the following examples, which 15do

not limit the scope of the in @té%ﬂ]dgﬁﬁﬂgg%& t{gg E?%igns.m%xa%]%l S nistere dm%%edpgrgtion and
biological activity of the free base are described in U. PPatent pplication seria humber 111381,085,

filed May |, 2006, whief1s 20ltsesibeihelen o rarboehy dedbrisise alossaph phe] o Seilr Pregsalaibiont The
following procedure was bsaghigaple RRERRRLIPGHRTBALES wMBRaEeBHatsHsaltswaltheppyrrolidine
compound of folr6nula |a§§eﬁ F@gur%é)r.&gog Iolr_n I%salééjnnder a nitrogen blanket, 50 mmol of the free base
compound was adde%f, 257dnd the inl 0 Isopropyl alcohol (IPA) was added. The mixture was
stirred for 20-30 minutes to fully dissolve the solid. To a second 500 mL flask under a nitrogen blanket, 50
mmol of the desired acid (tariaiieassitiialaciwpysaandgthardhan250 ml of IRA was added. The

mixture was warmed gently. . 306 i SICESLIOT A0:A0.MiISS HIK U0 soli isnalyedy Tpe acid

solution was 30added rapidly to the free-base solution, and the mixture was stirred at room temperature
for 0.5 hours before figARLARyYHEB NGRS aiP e o o 55etiPsbpkPtei? washed with 150

rriL of methyl terﬂaryab&ﬂgﬂaqmew(MIﬁsEQr,rﬂébdriedlffmﬁe?_ Wshanﬁbﬂaeﬁodrie@dpoamaﬁuwyl oven at
40-50C for an overnightperiod. AUSIBLR VSR OAARiLR SIRAE 15, AGGIRIG! aGiRaISihcamphor

sulfonate. 5citrate, decanoate, hydrobromate, L-ascorbate, L-glutainate, L.-lactate, L- and R-
vehicles or diluents and pharmaceutical additives of a type appropriate to the

mode of desired administration. A salt of the invention in a pharmaceutical
composition may be administered to mammalian species, especially humans, by

20  an oral, buccal, rectal, pulmonary or similar route, for example, in the form of
tablets, capsules, granules or powders. It may be administered by a parenteral
route in the form of injectable preparations. It may be administered by a
transdermal route either by a release patch for transdermal delivery or by electro-
transport using an appropriate delivery device.

25 A pharmaceutical composition containing a salt of the invention may be
prepared by conventional techniques, e.g. as described in Remington: The
Science and Practice of Pharmacy, 19" Ed., 1995. The composition may appear
in a conventional form, for example, capsule, tablet, aerosol, solution,
suspension or in a form suitable for topical application.

30 A typical pharmaceutical composition includes a salt of the invention

formulated with a pharmaceutically acceptable carrier which may be an
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tartrate, 2-naphalene sulfonate, palmitate, and succinate salt of the pyrrolidine compound. Results are
summarized in Table | below. Table | Acid Molecular Weight Reference TWO- 005- A Yield Comments
Succinie Acid118'? 1HRRRA Solids obtained but liquefied on filtration NP€ligkspeiilugsdawith-1 MTBE;
gave solids/liquefied Adipic Acid146.14 150 2- Naphthalene

excipient or a diluent, or may be enclosed within a carrier which can be in the
form of a liquid, capsule, sachet, tablet, paper or other container. In making the
composition, conventional techniques for the preparation of pharmaceutical
compositions may be used.

5 For example, a salt of the invention may be mixed with a carrier, or
diluted by a carrier, or enclosed within a carrier, which may be in the form of an
ampoule, capsule, tablet, sachet, paper, or other container. When the carrier
serves as a diluent, it may be solid, semi-solid, or liquid material that acts as a
vehicle, excipient, or medium for the active compound. The salt may be

10 adsorbed on a granular solid container for example in a sachet. Some examples
of suitable carriers include, without limitation, water, salt solutions, alcohols,
polyethylene glycols, polyhydroxyethoxylated castor oil, peanut oil, olive oil,
gelatin, lactose, terra alba, sucrose, dextrin, magnesium carbonate, sugar,
cyclodextrin, amylose, magnesium stearate, talc, gelatin, agar, pectin, acacia,

15  stearic acid or lower alkyl ethers of cellulose, silicic acid, fatty acids, fatty acid
amines, fatty acid monoglycerides and diglycerides, péntaerythritol fatty acid
esters, polyoxyethylene, hydroxymethylcellulose and polyvinylpyrrolidone.
Similarly, the carrier or diluent may include any sustained release material
known in the art, such as glyceryl monostearate or glyceryl distearate, alone or

20  mixed with a wax.

A formulation may be mixed with auxiliary agents which do not
deleteriously react with the pyrrolidine compound. Such additives may include,
without limitation, wetting agents, emulsifying and suspending agents, salt for
influencing osmotic pressure, buffers and/or coloring substances preserving

25  agents, sweetening agents or flavoring agents. A pharmaceutical composition

. can also be sterilized if desired.

The route of administration may be any route that effectively transports
the salt of the invention to the appropriate or desired site of action, such as oral,
nasal, pulmonary, buccal, rectal, subdermal, intradermal, transdermal or depot,

30  subcutaneous, intravenous, intraurethral, intramuscular, intranasaj, ophthalmic

solution or an ointment, the oral route being preferred.
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Sulfonic Acid 208.24 150 NA Gave solids; liquefied on filtration IL-Tartaricl Acid D-Tartaric Acid 150.09

150.09 154 170 95.5 90,0 Good filterable solid Good filterable solid-1 D,L-Tartanc Acid
WO 2008/027273 PCT/US2007/018629

If a solid carrier is used for oral administration, the preparation may be
tabletted, placed in a hard gelatin capsule in powder or pellet form, or it may be
in the form of a troche or lozenge. [f a liquid carrier is used, the preparation may
be in the form of a syrup, emulsion, soft gelatin capsule or sterile injectable

5  liquid such as an aqueous or non-aqueous liquid suspension or solution.

Injectable dosage forms generally include aqueous suspensions or oil
suspensions which may be prepared using a suitable dispersant or wetting agent
and a suspending agent. Injectable forms may be in solution phase or in the
form of a suspension, which is prepared with a solvent or diluent. Acceptable

10 solvents or vehicles include sterilized water, Ringer’s solution, or an isotonic
aqueous saline solution. Alternatively, sterile oils may be employed as solvents
or suspending agents. Preferably, the oil or fatty acid is non-volatile, including
natural or synthetic oils, fatty acids, mono-, di- or tri-glycerides.

For injection, a pharmaceutical composition may be a powder suitable for

15  reconstitution with an appropriate solution as described above. Examples of
these include, but are not limited to, freeze dried, rotary dried or spray dried
powders, amorphous powders, granules, precipitates, or particulates. For
injection, a pharmaceutical composition may optionally contain stabilizers, pH
modifiers, surfactants, bioavailability modifiers and combinations of these. A

20  salt of the invention may be formulated for parenteral administration by injection
such as by bolus injection or continuous infusion. A unit dosage form for
injection may be in ampoules or in multi-dose containers.

A pharmaceutical composition of the invention may be designed to
provide quick, sustained, or delayed release of the active ingredient after

25  administration to the patient by employing procedures well known in the art.
Thus, a pharmaceutical composition may also be formulated for controlled
release or for slow release.

A pharmaceutical composition of the invention may include, for
example, micelles or liposomes, or some other encapsulated form, or may be

30  administered in an extended release form or an enteric coated form to provide a

prolonged storage and/or delivery effect. Therefore, the pharmaceutical

N
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150.09 168 85.4 MeOH needed for solubility; Good filterable solid Citric Acid 192.12 154 100 Good

filterable solid Palmitic Acid 256.4 172.27 156 156 NA NA No solids; gummy solids with MT BE IDecanoic
WO 2008/027273 PCT/US2007/018629

10

30

composilion may be compressed into pellets or cylinders and implanted
intramuscularly or subcutaneously as depot injections or as implants such as
stents. Such implants may employ known inert materials such as silicones and
biodegradable polymers, e.g., polylactide-polyglycolide. Examples of other
biodegradable polymers include poly (orthoesters) and poly (anhydrides).

A salt of the invention may be formulated as a sustained release implant
or implantable material suitable for continuous administration over a significant
period of time. Typical sustained release implants are formed from polymers of
pharmaceutically acceptable, biodegradable polymers such as polymers and
copolymers of lactic acid, lactide, glycolic acid, glycolide, caproic acid and
caprolactone. The dose and amount of a salt of the invention within the implant
will be calculated to deliver the desired single dose blood level of the salt.

For nasal administration, a pharmaceutical composition may contain a
salt of the invention dissolved or suspended in a liquid carrier, in particular an
aqueous carrier, for aerosol application. The carrier may contain additives such
as solubilizing agents, e.g., propylene glycol, surfactants, absorption enhancers
such as lecithin (phosphatidylcholine) or cyclodextrin, or preservatives such as
parabenes.

For parenteral application, particularly suitable are injectable solutions or
suspensions, preferably aqueous solutions with a salt of the invention dissolved
in polyhydroxylated castor oil.

Tablets, dragees, or capsules having talc and/or a carbohydrate carrier or
binder or the like are particularly suitable for oral application. Preferable
carriers for tablets, dragees, or capsules include lactose, corn starch, and/or
potato starch. A syrup or elixir can be used in cases where a sweetened vehicle
can be employed.

A typical tablet may be prepared by conventional tabletting techniques as
follows.

A typical tablet having an equivalent 400 mg free base strength may be
prepared by formulating 650 mg of the L-tartrate salt, 215 mg of

microcrystalline cellulose, 50 mg of dibasic calcium phosphate, 20 mg of
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No solids; gummy solids WO 2008/027273PCMIS2007/018629 Acid Molecular Weight Reference TWD-
005- % Yield Comments Acid NA with MTBE L-Ascorbicl Acid 176.12 158 Solids obtained but liquefied

on filtration

10

15

25

30

WO 2008/027273 PCT/US2007/018629

copolyvidone, 50 mg of crospovidone, 10 mg of colloidat silicon dioxide, 5 mg
of magnesium stearate and 3% solid opadry AMB. Another typical tablet
composition having an equivalent 50 mg free base strength may be formulated
by combining 80 mg of the L-tartrate salt, 815 mg of microcrystalline cellulose,
50 mg of dibasic calcium phosphate, 20 mg of copolyvidone, 20 mg of
crospovidone, 10 mg of colloidal silicon dioxide, 5 mg of magnesium stearate
and 3 % solids opadry AMB. The salt can be subjected to milling and screening
through a 20 mesh screen. The milled and screened salt can be blended with
microcrystalline cellulose, copolyvidone, crospovidone and colloidal silicon
dioxide in a suitable V-shell blender for an appropriate time and rpm. The
resulting composition can be mixed with the lubricant magnesium stearate.
Tablets can be compressed using the lubricated blend at a theoretical tablet
weight of 1000 mg. Part of compressed tablets can be coated using Opadry
AMB. Coating can be continued until an appropriate solid weight gain is
achieved.

A further typical capsule for oral administration contains a salt of the
invention (200 mg of free base equivalent), lactose (75 mg) and magnesium
stearate (15 mg). The mixture is passed through a 60 mesh sieve and packed
into a No. | gelatin capsule.

A typical injectable preparation is produced by aseptically placing a salt
of the invention (at 200 mg of free base equivalent) into a vial, aseptically
freeze-drying and sealing. For use, the contents of the vial are mixed with 2 mL
of physiological saline, to produce an injectable preparation.

A salt of the invention may be dispensed in unit dosage form from about
0.5 to about 2000 mg of active ingredient together with a pharmaceutically
acceptable carrier per unit dosage. Usually, a dosage form suitable for oral,
nasal, pulmonary or transdermal administration includes from about 0.5 mg to
about 2000 mg, preferably from about 10 mg to about 1000 mg per day, more
preferably from about 50 mg to about 750 mg, of a salt (as measured by the free

base equivalent) admixed with a pharmaceutically acceptable carrier or diluent.



L-Lactic Acid 90.08 158 NA No solids; No solids withil MTBE 10-Camphor Sulronic Acid 232.3 158 NA
No solids; No solids with MTBE Acetic Acid 60.05 147.13 158 NA No solids; No solids with MTBE
L-Gluta- acid 15¥N¥HR%E Rsoluble in PCT/US2007/018629

The drug release properties of tablets made according to the invention
indicated appropriate delivery of the pyrrolidine compound. Samples of the
tablets were tested for flow, hardness, disintegration and drug release. In

_ particular, adequate flow was estimated by Carr’s Index and visual observation
5  on lubricated blends. Compressed tablets had acceptable hardness of about
12kP. Tablets also had acceptable disintegration time (less than 15 minutes).
Data without controlled comparison showed adequate in vifro release (more than
90 % in 30 minutes).
When preparing a pharmaceutical formulation containing a salt of the
10 invention, the physical property of the salt should be taken into account.
For example, the L-tartrate salt remained a processable solid for several days at
ambient temperature and a relative humidity of 75%. It also has improved
chemical stability relative to the free base at 25°C/60% RH, 40°C/75% RH and
60°C/ambient humidity, and remained a processable solid at 63% relative
15  humidity and room temperature for two months. Thus, the appropriate
temperature and relative humidity should be selected and maintained during
preparation of pharmaceutical formulations containing a salt of the invention. If
ambient temperature is selected, for example, a salt of the invention can be
maintained at moderate humidity, that is below .65% relative humidity, or
20  preferably, below 60 % relative humidity.

In addition, although a salt of the invention is physically stable in
ambient conditions, its hygroscopicity should be taken into account. Thus, when
preparing a pharmaceutical formulation containing a salt of the invention,
hygroscopically stable forms of the salt should be used. A salt of the invention

25  is hygroscopically stable when its weight is stable under an appropriate
temperature and relative humidity. Thus, prior to metering, a salt of the
invention should be equilibrated to the appropriate temperature and humidity.

Furthermore, when weighing or otherwise metering a salt of the
invention in the preparation of pharmaceutical compositions, the amount of

30  water absorbed should be taken into account. For example, to achieve an

appropriate effective dose, the salt of the invention, equilibrated to the selected
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everything; also no solids obtained using water 1-lydrobrornic Acid 80.92 158 NA Gave solids; liquefied
on filtration Only citrate and the L-; D-; and DL-tartrate salts could he isolated. The other salts either
yielded no solid 8r2§}f}éf?fga7§olids that liquefied on filtration. All salts were ahSfBRIdE B fifferential
scanning calorimetry (DSC). The 5citrate and the D-tartrate salts were not stable when submitted to 75%
relative humidity (RH) but were stable at 63% RH. In contrast, the L-tartrate salt was stable when
submitted to 75% R-I. For the L-tartrate salt, a total of 18.12 g of a cream colored solid was obtained,

92.6% of theory. The 'tartrate salt of (2R)- I-(7-[(IR)-pyrralidin-9-ylaminol-acetyl rrolidine-2-boronie
acid has the molecu?g?] 5{@?{}% %]Iz(i)ﬁu 3@?%3%%(%&2%2{ fﬁnﬂ@ﬁ%e&%ﬂ% ﬁeigt%trc])o? glg(irlaZ “&note. Itis a
white to pale tan amBHBES soie HAEISFRBIFESRIBRT RANtBY M I B O80T ikg/mL). It is

moderately hygroscepici@nthé asiaansmopesssalite setidatanthianicanditions. The water sorption of

the tartrate saltis ilustrategdn figuie 2, FAmRIE.E 1SRRG PLOSEHER or b QISRIRK VNG, @
laboratoty scale spray dryer, %DOl I"(BUCK model B-290 Advanced), equipped with a’two fluid nozzle

was used. Nozzfe cdpedReniavetshadicds deHpere P RFeRuSPARtven2 AHiGRA-PrdMidnce cyclone was
used to collect the drigthpsgdiebkipadtosaftesyingn il agaabias copyaladsytiierspeed of the fan

(r_drying). In these tests (NS /Al FIGHIRIEHIA0RR SLAP0RLEABRHY dlpw

A pharmaceutical combination of the invention may be formulated as a

pharmaceutical composition employing all of the embodiments, carriers, route
10  designs and the like described above for formulation of a pharmaceutical
composition of a salt alone.

The invention also encompasses prodrugs of a salt of the invention which
on administration undergo chemical conversion by metabolic processes before
becoming active pharmacological substances. In general, such prodrugs will be

15  functional derivatives of a salt of the invention which are readily convertible in
vivo into a salt of the invention. Conventional procedures for the selection and
preparation of suitable prodrug derivatives are described, for example, in
"Design of Prodrugs”, ed. H. Bundgaard, Elsevier, 1985.

Thus, another aspect of the invention provides a pharmaceutical

20  composition of a salt of the invention, alone or in combination with another type
antidiabetic agent and/or other type therapeutic agent.

Additional embodiments of the invention are represented by: (1) a
pharmaceutical composition including a sait of the invention, as described
above, together with at least one pharmaceutically acceptable carrier or diluent;

25  (2) methods of making a pharmaceutical composition of a salt of the invention
wherein the pharmaceutically acceptable carrier or diluent is suitdble for oral
administration; (3) methods of making a pharmaceutical composition of a salt of
the invention suitable for oral administration further including the step of
formulating the composition into a tablet or capsule; (4) methods of making a

30  pharmaceutical composition of a salt of the invention wherein the

pharmaceutically acceptable carrier or diluent is suitable for parenteral
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10rate at approximately 35 kg/h). The atomizing nitrogen flow (F-atm), controlled by a needle valve, was
set to 357 L/h (30 mm height in the rotameter). Before initiating each test, the dryer was stabilized with
deionized water YPhE@Itth flow (F-feed) was set to 9mL/min (30% of the SN FE8P pump speed).
The inlet temperature (Tin) was controlled by an electric heater (HX) and was adjusted in order to obtain
the target outlet temperature (f_out) (100C). The operational parameters were defined based on one used
test previously performed in SDOI 1 for 17DC01 (MAR-001-026). Products collected from the cyclone
and from the bottom gf the d%/jn‘gﬁ am erdwefe cgmbineld. ZOExamg)lle 3 - Preparation Pf tihe L-lartrate
Salt by Spray Drying“™ Ao oM 060G St e thes haaE eSSt 2Ra°4165 %I?)fg deidnized water,
and a solution of 0.62ginfdntgravicahtsdoamareera) airdisishited Wrateer wehedstizibd e P minutes at
20-25C. Then the L-iasiig-agidrsalutipuinas addachte the sakdiofgftep hase compound and the
mixture was stirred for 15 '[W,te%a]atﬁ%g.zgg. Priog to Spra hdri)llin ,tthe rea%tiogn tmixtur% had a solid
content of approximately 25% (W/V\'/S'. IS f)rocc'e‘:/c'f&'r% W3S staled u‘p') 0 convarts Sa%frlﬁe free base to
the L-tartrate saft in hrege pdwhésy/BOREYI &Y Ssnspralyibitied produeis(Foen Maresadiffertit reactions are

summarized in Tablend.DMWaGhhKDicsielsk (e)ibyesiane kdiasekelcMalaiids, Masselitbh 141

described below.

Methods of Preparing a Salt of the Invention
10 An embodiment of the invention also provides a process for preparing a
salt of the invention. Preparation of the free base pyrrolidine compound is
provided in United States patent application serial number 60/704,380, filed ‘
August 1, 2005, and in U.S. Patent Application Serial No. 10/514,575, filed
November 15, 2004. A general synthetic scheme for preparation of a tartrate salt

15 of the invention is shown below as Scheme 1.



24344 89 144 134 139-1 208 696 60 83 86  Sprayed dried product could be collected in the cyclone
(majority) or on bottom of the drying chamber (temperature sensitive products may have lower purity in
chamber due to ¥R P&t higher temperature for longer periods of time). PETHIS2BERBIS68e amount
collected in the chamber was so small that no analysis was done. In addition, the solutions before
spraying and the spray dried product were analyzed for purity by 1-1PLC using the following method. A
Waters Symmetry CI8 (3.0 x 150 mm, 3.5 um) column was used. The mobile phase A 10consisted of
25mM sodium octanesulfonic Acid, 0.1 % TFA in 90:10 waterrnethanol. The mobile phase B consisted of
25mM sodium octan8SHRBSid acid, 0.1% TFA in 25:75 watermethano/. Column temperature was 60C,

and the detection wavelength was 210 nm. The injection volu @as 15 pL; flow rate was 1.0 mL/mi nute
for a run time of 70 minuteﬁ. The gradient was as 15followst<Fme (min) % mobile phase A % mobile
Hz
Phase B 01000 GRS rrlitne L seps | B0
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The salt of the invention may be obtained as the direct product of
5 compound synthesis as illustrated in the synthetic scheme above (see step 8) and
described in detailed in Example 4 below. In the alternative, the free base may
be dissolved in a suitable solvent, and then the salt can be isolated by

evaporating the solvent. A suitable solvent can be, for example, a hydroxylic
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5100050455560 010065 10065.1 11000 70 100 0 Note: Run column at 0.1 mUrnin until column
is equilibrated to 60C. The resulting chromatograms shown in Figures 3 to 6 correspond to that for
tartrate, the pyrr3fuii&®¢adound and the L-tartrate salt, respectively. RGELSEPAT/M#ed product from
the three reaction batches were combined and the chromatogram obtained by HPLC analysis of the
combined spray dried 5product is illustrated in Figure 7.

organic solvent or a polar aprotic organic solvent, or water. The solvent can be
evaporated in numerous ways including, without limitation, by spray drying or
freeze drying, or otherwise separating the salt and solvent, e.g. by precipitation.
Thus, an example of a method for preparing a salt of the invention include,

5  without limitation, dissolving the free base in an alkanol of 1 to 6 carbons that
contains an appropriate amount of an appropriate acid, e.g. a stoichiometric
amount of citrate or tartrate, and then the salt may be isolated by evaporating the
solvent. Alternatively, the acid may be added to a solution of the free base, and
then a salt is isolated by removal of the solvent. In addition, the processes for

10 forming a pharmaceutically acceptable salt from an amine compound such as a
pyrrolidine compound of the invention are well-known in the art. See, for
example, “The Practice of Medicinal Chemistry, Second Edition”, by Camille G.
Wermuth, Academic Press, New York, N.Y., 1996.

The invention will be further described in the following examples, which

15 do not limit the scope of the invention described in the claims.

Examples
The preparation and biological activity of the free base are described in

U.S. Patent Application serial number 11/381,085, filed May 1, 2006, which is
20  herein incorporated by reference.
Example 1 — Salt Preparation
The following procedure was used to prepare or in attempts to prepare
various salts of the pyrrolidine compound of formula | (see Figure 1). Toa 1l L
flask under a nitrogen blanket, 50 mmol of the free base compound was added,
25  and then 250 mL of isopropyl alcohol (IPA) was added. The mixture was stirred
for 20-30 minutes to fully dissolve the solid. To a second 500 mL flask under a
nitrogen blanket, 50 mmol of the desired acid (tartaric or citric acid) was added,
and then 250 mL of IPA was added. The mixture was warmed gently to 30°C
and stirred for 10-20 minutes until the solid dissolved. The acid solution was
30 added rapidly to the free-base solution, and the mixture was stirred at room

temperature for 0.5 hours before filtration. Any resulting cake was air dried for



In sum, the L-tartrate salt of (2R)-1-{7-[(9R)-pyrrolidin-9-ylamino]acetyl)-pyrrolidine-2-boronic acid isolated
by spray drying had minimal or no product degradation.  Exanzple 4 - Preparation of a Tartrate Salt of
the Invention as B8 TTProduct of Compound Synthesis A tartraté %EW%ZP{H@%&mion was
prepared From the protected free base as follows. A reactor was charged 1.0 kg of the protected free
base, 040 kg of the tartaric acid, and 2.0 kg (2L) of purified water. The mixture was agitated for not less
than 1 hour, while the content of the reactor was kept below 30C as the 15initial reaction was sometimes
exothermic. Then 0,33.kg of phenyl-boropic, aci 3.7 kq of methyl-tert-butyl-ether were added,
and the mixture Was%saﬁr%ar?oarngé Ssvélaﬁgg% 'hﬂoﬁgs 51[[1%531 }%tl?é&.'iarsyérahuﬁYg ?Nﬂ}ieé é‘\g@:lt%’d and analyzed
by HPLC. If the reactibriimsixtiore! HaktPridranthds i firne Yresenitavers aitPetft6rfanether 1-3 hour and
resampled. If the mixueefpde 2:536.0r less of 20the free base, then agitation was stopped and the layers
allowed to separate for not less than 15 minutes. The grganic phase was discarded, gnd the bottom
agueous phase used in the‘ﬁtE&'{‘%‘?sebe’ e macﬁ% 3&6550%15 % e;%%’v?/éeaet%ﬁa%tcggl b’\?l’fﬂ %ﬂf?ga %T 2-merhy -
tetrahydrofuran 5 L)cHyategitaaonrish hutiekwmain Lopshibes, gl theataduesirie banadfganic layers
were allowed to sepasateioVehasHIRES 0FBnhE pinHeaC THR eiganit hasss wiepagaiidiscarded, and the
agqueous phase subjected to mare cycles of extracti ith, 4,3 kg of 2-methyl-tetrahydrofuran (5 L) as
described. The resulﬁ%'apgdjﬂé\gl% Spqtgsaéx vslafl??éaaﬁ:zicedﬁr\}vlﬁél)g;hl?ﬁlg?’vmethyl-tert- butyl-ether (5 L), and the
mixture agitated for not less than 10 minutes. Then the 30 ls were allowed to separate over not less
than 15 minutes. Again, theciarganic phasawas| dicgereeeh andghe HQottom agowmensiphase collected. A
sample was collected for HPLC analysis. . The Wt_ing aqguequs phase was polish filtered and a

. ht .
sample analyzed by [HPLC. Residugl solvénts wiere removed by appljcation of a vacuum at -0.8:to - 50.9
bar for 2 hours at 35C to 50C. A sample of the resuli®? solition was|collected for HPLC analysis. A
part of the solution wasuta@nsferced|to freeze dryer trays and frazan. The §@zdotaysavere then removed
and placed in the prodyct freezer and helq. The|{remainder of the produq}q%%%uég)gnvyﬁéggg\ged into freeze
dryer trays and 10subjected to freege drying. Then the previously froren trays were subjected to freeze
drying. Example 5 - Proginifed st the THIG-Afe Shit  13Physical\@tabllimseidriditehyifibers. The
tartrate salt was prepared on a 50 mmol scale t¢ give 18.12|g of a crlaam caleraEsglick Four 1.0 g
samples 150f the salt were placed |n four separate humidity|chambers at 45%0(9(15%3&/96@6%%,
2- 208.24 150 NA Gave solids; liquefied on
Naphthalene filtration
Sulfonic Acid
L-Tartaric 150.09 154 95.5 Good filterable solid
Acid
D-Tartaric 150.09 170 90.0 Good filterable solid
Acid
D,L-Tartaric 150.09 168 85.4 MeOH needed for
Acid solubility; Good
filterable solid
Citric Acid 192.12 154 100 Good filterable solid
Palmitic Acid 256.4 156 NA No solids; gummy solids
with MTBE
Decanoic 172.27 156 NA No solids; gummy solids




and 76% relative humidity at ambient temperature (68F to 72 F). Samples were weighed hourly at first,
and then on daily intervals. Results are illustrated in Figure 8. After five days, the samples gained

between 9% to

VWP At RH of 7045% to 63%, with most of the gain od&dMingWithii2the first three

days. The rate of water absorption was proportional to the relative humidity, with little difference between
58% RH and 63% RH. Thus, the tartrate salt was physically stable (i.e., remained a flowable solid) at
room temperature arid RH up to 63%. A sample of the tartrate salt was stored in an open container at

room 25temperature
Chemig

months.
held continuously in

for salt prior to and 30after two mo?

chemical stability of

25C, 40C and 60C. Resulf&4te sur

(%) Conditions Free

5

10

1onth

s. The material maintained-oood flow-properties after two

months at

0
al Statfitly. ChEMS}Jﬂc&fé‘Bil LIS Eermin@d using HPEMFIEE tartrate salt was
chamber at 45|% RHigt twp niowis. Figwéd®d and 10 are the HPLC chromatograms
ths at 45 % RH. ddtéle orino change in the purity was observed. The
he tartrate salt and.-t hase was_ also determined after one_and thre
nmarized in the following table. Table 3 %%gﬁﬂﬁ?g) - Total Impurities
Bdse\jatbate Free Base TartratsSnitial 96NA Solids obtained but
Acid . liquefied on filtration
L-Lactic Acid 90.08 158 NA No solids; No solids with
MTBE
10-Camphor 232.3 158 NA No solids; No solids with
Sulfonic Acid MTBE
Acetic Acid 60.05 [ 158 NA No solids; No solids with
| MTBE
L-Glutamic 147.13 158 NA Acid insoluble in
acid everything; also no
solids obtained using
water
Hydrobromic 80.92 158 NA Gave solids; liquefied on
Acid filtration

Only citrate and the L-, D-, and DL-tartrate salts could be isolated. The

other salts either yielded no solids or yielded solids that liquefied on filtration.

All salts were amorphous by differential scanning calorimetry (DSC). The

citrate and the D-tartrate salts were not stable when submitted to 75% relative

humidity (RH) but were stable at 63% RH. In cohtrast, the L-tartrate salt was

stable when submitted to 75% RH. For the L-tartrate salt, a total of 18.12 g of a

cream colored solid was obtained, 92.6% of theory.
The L-tartrate salt of (2R)-1-{7-[(9R)-pyrrolidin-9-ylamino]-acetyl }-

pyrrolidine-2-boronic acid has the molecular formula CgH20BN303-C4H,0¢ and

a molecular weight of 391.25 g/mole. It is a white to pale tan amorphous solid

that is treely soluble in water and alcohols (> 2000 mg/mL). It is moderately

[93]
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99 7.6 3 months at 25 C NA 99 NA NA 15.4 5.7 NA 1 month at 40C 97 3 months at 40 C 50 97 29.6 5.9

1 month at 60 C NA 100
WO 2008/027273 PCT/US2007/018629
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hygroscopic and remains a processable solid at ambient conditions. The water
sorption of the tartrate salt is illustrated in Figure 2.

Example 2 — Spray Drying Procedure

For spray drying, a laboratory scale spray dryer, SD011 (BUCHI, model
B-290 Advanced), equipped with a two fluid nozzle was used. Nozzle cap and
diameter were 1.5 and 0.7 mum, respectively. A high-performance cyclone was
used to collect the dried product.

The flow of drying nitrogen was controlled by the speed of the fan
(F_drying). In these tests, the fan circulated nitrogen at 100% of capacity (flow
rate at approximately 35 kg/h). The atomizing nitrogen flow (F-atm), controlled
by a needle valve, was set to 357 L/h (30 mm height in the rotameter). Before
initiating each test, the dryer was stabilized with deionized water. The solution
flow (F-feed) was set to 9mL/min (30% of the peristaltic feed pump speed). The
inlet temperature (T_in) was controlled by an electric heater (HX) and was
adjusted in order to obtain the target outlet temperature (T_out) (100°C). The
operational parameters were defined based on ane used test previously
performed in SDO11 for 17DC01 (MAR-001-026).

Products collected from the cyclone and from the bottom of the drying
chamber were combined.

Example 3 — Preparation of the L-tartrate Salt by Spray Drying

A solution of 1.00 g of the free base compound and 4.06 g of deionized
water, and a solution of 0.62 g of L-tartaric acid and 2.44 g of deionized water,
were stisred for 15 minutes at 20-25°C. Then the L-tartaric acid solution was
added to the solution of free base compound and the mixture was stirred for 15
minutes at 20-25°C. Prior to spray drying, the reaction mixture had a solid
content of approximately 25% (w/w). This procedure was scaled up to convert

500 g of the free base to the L-tartrate salt in three batches.

Results for spray dried products from three different reactions are

summarized in Table 2.

(95
)



92 NA NA 5.8 7.4 3 months at 60 C NA  Example 6 -DPP-V11, DPP-VIII, DPP-IX, and FAP Assays

Analysis of the biolo
gt

serial number 1Y/8

ical activity and selectivity of the free base is described in U.S. Patent Application
Y885 *fited May 1, 2006, which is herein incorporated RFTEIEERER36e biological

activity and selectivity of the tartrate salt was compared with that of the free base using the 10 same

method as described

in the 10/381,085 application. Results indicate that the free base and the L-tartrate

salt have comparable potencies and selectivity against the various DPP tested. Specifically, like the fiee
base, the tartrate salt* showed excellent selectivity for DPP-IV relative to DPP-VW. Example 7- Tablet

Formation 15Tablets

having 400mg and 50 mg of a saft®¥fthe invention were prepared as follows. The

salt was milled and s
copolyvidone, crospd
rpm. The resulting cd
Tablets were compré

0.785" x 0.370" modi

Opadry AMB. Coatir

Compositions of the

creened throltghta 26 mestn $erei@h.@nd| thenWiepladae with micY('m:jWéY@)IIﬂe cellulose,
vidgneand coiipidal SERT dOXiG LA YRR Y SHE{dEHRI{PT FRiminutes at 25
mposition was mixed with lubricant magnésium stearate fOL 2 20 minutes at 25 rpm.
ssed using g4iRicated blend at a theloretical tablet weight of 1000 mg using

ied ¢apsule shaped tabizttooling--Parts ofiedmpressed tablet87werel dédbated using
g Was contmugdsuntitapproximagsty 3% soligs wetghf painiwas aghigy,

ablets are as follows. Table gredient Quantity (mg/Tablet) Function

#3 94.3 94.3 94.7 208 60 83 134
Combined 93.7 696 86 139

10

* Sprayed dried product could be collected in the cyclone (majority) or on
bottom of the drying chamber (temperature sensitive products may have lower
purity in chamber due to exposure to higher temperature for longer periods of
time). In this batch, the amount collected in the chamber was so small that no
analysis was done.

In addition, the solutions before spraying and the spray dried product
were analyzed for purity by HPLC using the following method. A Waters
Symmetry C18 (3.0 x 150 mm, 3.5 um) column was used. The mobile phase A
consisted of 25mM sodium octanesulfonic Acid, 0.1 % TFA in 90:10
water:methanol. The mobile phase B consisted of 25mM sodium octanesulfonic
acid, 0.1% TFA in 25:75 water:methanol. Column temperature was 60°C, and
the detection wavelength was 210 nm. The injection volume was 15 uL; flow

rate was 1.0 mL/minute for a run time of 70 minutes. The gradient was as

follows:
Time (min) | % mobile phase A | Yo mobile phase B

0 100 0
5 100 0
50 45 55
60 0 100
65 0 100

65.1 100 0
70 100 0

Note: Run column at 0.1 mL/min until column is equilibrated to 60 °C.



400 mg strength 1 50 mg strength Salt of the invention 650 80 Drug substance tcrocrystalline cellulose

215 815diluent Dibasic calcium phosphate 50 50 Diluent copolyvidone 20 20 Binder-moisture barrier
WO 2008/027273 PCT/US2007/018629
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The resulting chromatograms shown in Figures 3 to 6 correspond to that
for tartrate, the pyrrolidine compound and the L-tartrate salt, respectively.

The spray dried product from the three reaction batches were combined
and the chromatogram obtained by HPLC analysis of the combined spray dried
product is illustrated in Figure 7. . |

In sum, the L-tartrate salt of (2R)-1-{7-[(9R)-pyrrolidin-9-ylamino]-
acetyl}-pyrrolidine-2-boronic acid isolated by spray drying had minimal or no
product degradation.

Example 4 — Preparation of a Tartrate Salt of the Invention as a Direct
Product of Compound Synthesis

A tartrate salt of the invention was prepared from the protected free base
as follows. A reactor was charged 1.0 kg of the protected free base, 0.40 kg of
the tartaric actd, and 2.0 kg (2L) of purified water. The mixture was agitated for
not less than 1 hour, while the content of the reactor was kept below 30°C as the
initial reaction was sometimes exothermic. Then 0.33 kg of phenyl-boronic acid
and 3.7 kg of methyl-tert-butyl-ether (5 L) were added, and the mixture was
stirred for not less than 2 hours at 15°C to 25°C. A sample was collected and
analyzed by HPLC. Ifthe reaction mixture had more than 0.5% free base, it was
stirred for another 1-3 hour and resampled. [f the mixture had 0.5% or less of
the free base, then agitation was stopped and the layers allowed to separate for
not less than 15 minutes. The organic phase was discarded, and the bottom
aqueous phase used in the next step.

The aqueous phase was extracted with 4.3 kg of 2-methyl-
tetrahydrofuran (5 L) by agitation for not less than 10 minutes, and then aqueous
and organic layers were allowed to separate over not less than 15 minutes. The
organic phase was again discarded, and the aqueous phase subjected to two more
cycles of extraction with 4.3 kg of 2-methyl-tetrahydrofuran (5 L) as described.

The resulting aqueous phase was reacted with 3.7 kg of methyl-tert-
butyl-ether (5 L), and the mixture agitated for not less than 10 minutes. Then the

layers were allowed to separate over not less than 15 minutes. Again, the



Crospovidone 50 20 Super disintegrant Col loidal silicon dioxide 10 10 1 Glidant Magnesium stearate 5 5

Lubricant Opad%%A

Study Tartarate

20

25

MB FMO|sture 3% solids 3% solids Barrier Film Former Table 5 .12 Month Stability
PCT/US2007/018629

organic phase was discarded, and the bottom aqueous phase collected. A sample
was collected for HPLC analysis.

The resulting aqueous phase was polish filtered and a sample analyzed by
HPLC. Residual solvents were removed by application of a vacuum at -0.8 to -
0.9 bar for 2 hours at 35°C to 50°C. A sample of the resulting solution was
collected for HPLC analysis.

A part of the solution was transferred to freeze dryer trays and frozen.
The frozen trays were then removed and placed in the product freezer and held.
The remainder of the product solution was loaded into freeze dryer trays and
subjected to freeze drying. Then the previously frozen trays were subjected to
freeze drying.

Example 5 — Properties of the Tartrate Salt

Physical Stability in Humidity Chambers. The tartrate salt was prepared
on a 50 mmol scale to give 18.12 g of a cream colored solid. Four 1.0 g samples
of the salt were placed in four separate humidity chambers at 45%, 58%, 63%,
and 76% relative humidity at ambient temperature (68°F to 72 °F). Samples
were weighed hourly at first, and then on daily intervals. Results are illustrated
in Figure 8.

After five days, the samples gained between 9% to 13% water at RH of
45% to 63%, with most of the gain occurring within the first three days. The
rate of water absorption was proportional to the relative humidity, with little
difference between 58% RH and 63% RH. Thus, the tartrate salt was physically
stable (i.e., remained a flowable solid) at room temperature and RH up to 63%.

A sample of the tartrate salt was stored in an open container at room
temperature and 45% RH for two months. The material maintained good flow
properties after two months.

Chemical Stability. Chemical stability was determined using HPLC.
The L-tartrate salt was held continuously in chamber at 45 % RH for two
months. Figures 9 and 10 are the HPLC chromatograms for salt prior to and

after two months at 45 % RH. Little or no change in the purity was observed.

36



Appearance Water Assay (HPLC) Purity (HPLC) time = 0 T = N/A, RH = N/A Off white solid 10.4 105.!

98.3time =1 month T =5 "C, RH = N/A Orr white solid 9.8 105.7 105.7 98.1 98.1
WO 2008/027273 PCT/US2007/018629

The chemical stability of the tartrate salt and the free base was also
determined after one and three months at 25°C, 40°C and 60°C. Results are

summarized in the following table.

Table 3

Assay (%) ' Total Impurities (%)
Conditions Free Base Tartrate Free Base Tartrate

Initial 96 99 7.6 6.5

3 months at 25 °C NA 99 NA 5.7

1 month at 40 °C 97 NA 15.4 NA

3 months at 40 °C 50 97 29.6 5.9

1 month at 60 °C NA 100 NA 5.8

3 months at 60 °C NA 92 NA 7.4

5 Example 6 -DPP-VII, DPP-VIII, DPP-IX, and FAP Assays

Analysis of the biological activity and selectivity of the free base is
described in U.S. Patent Application serial number 11/381,085, filed May 1,
2006, which is herein incorporated by reference. The biological activity and
selectivity of the tartrate salt was compared with that of the free base using the
10 same method as described in the 10/381,085 application. Results indicate that
the free base and the L-tartrate salt have comparable potencies and selectivity
against the various DPP tested. Specifically, like the free base, the tartrate salt
showed excellent selectivity for DPP-IV relative to DPP-VIIL
Example 7 — Tablet Formation
15 Tablets having 400mg and 50 mg of a salt of the invention were prepared
as follows. The salt was milled and screened through a 20 mesh screen and then
blended with microcrystalline cellulose, copolyvidone, crospovidone and
colloidal silicon dioxide in a suitable V-shell blender for 10 minutes at 25 rpm.
The resulting composition was mixed with lubricant magnesium stearate for 2
20  minutes at 25 rpm. Tablets were compressed using the lubricated blend at a
theoretical tablet weight of 1000 mg using 0.785" x 0.370” modified capsule

shaped tablet tooling. Parts of compressed tablets were coated using Opadry



time =1 month T = 25 C, RH = 60% Off white solid 9.9 time =1 month T =40 'C, RH = 75% Off white
solid 10.0 106.0 98.2 time = 3 months T =5 "C, RH = N/A Off white solid "9.6 106,2 98.0
WO 2008/027273 PCT/US2007/018629

AMB. Coating was continued until approximately 3% solids weight gain was

achieved. Compositions of the tablets are as follows.

Table 4
Quantity (mg/Tablet)
Ingredient 50 mg Function
400 mg strength
strength
Salt of the
. . 650 80 Drug substance
invention
Microcrystalline .
215 815 diluent
cellulose
Dibasic calcium
50 50 Diluent
phosphate
. Binder-moisture
copolyvidone 20 20 .
barrier
Crospovidone 50 20 Super disintegrant
Colloidal
. . 10 10 Glidant
silicon dioxide
Magnesium
5 5 Lubricant
stearate
Moisture Barrier Film
Opadry AMB 3% solids 3% solids
Former
5




time3 months T =25 "C, RH = 60% Off white solid 9.4 106.7 98.1 time = 3 months T =40 C, RH = 75%
Off white solid 9.2 105.3 97.9 time = 6 months T =5 C, RH = N/A Off white solid 8.9 104.6 97.9

WO 2008/027273 PCT/US2007/018629
Table 5
12 Month Stability Study Tartarate Salt
. . Assay Purity
Time point Appearance Water (HPLC) (HPLC)
time =0 .
T=N/A, RH = OFSfo”l"iZ“e 10.4 105.1 98.3
N/A
time = | month .
T=5°C,RH= Ofsfo"l‘f;"e 0.8 105.7 98.1
N/A
time = 1 month .
T=25°C,RH= Off white 9.9 105.7 98.1
60% solid
time = | month .
T=40°C,RH= Off white 10.0 106.0 982
759 solid
time = 3 months .
T=5"C,RH = Off white 9.6 106.2 98.0
N/A solid
time = 3 months .
T=25°C,RH= | Off white 9.4 106.7 98.1
60% solid
time = 3 months .
T=40"°C, RH = Off white 92 105.3 97.9
75% solid
time = 6 months OFF whit
T=5°C,RH= e 8.9 104.6 97.9
N/A solid
time = 6 months .
T=25°C, RH = Off white 9.3 105.9 97.9
60% solid
time = 6 months Yellowish
T=40"C,RH = ; d‘s 9.5 105.6 97.7
75% soli
time = 9 months N
T=5'C,RH= Off white 9.1 106.7 97.8
N/A solid
time =9 months .
T=25"C,RH = Off white 9.0 107.3 97.8
60% solid
time = 12 months .
T=5°C,RH= Ofsfo”l"ig"e 9.3 107.8 98.0
N/A
time =12 months Slightl
T=25°C,RH= ghtly | 9.3 107.7 97.9
60% yellow solid

Table 5 shows the results of a 12 month stability study at several
S temperatures and relative humidities for the L-tartarate salt of the compound of

formula (IA) wherein R? and R® are both OH. As can be seen, substantially no



time =6 months T - 25 'C, RH = 60% Off white solid Yellowish solid 9.3 9.5 105.9 105.6 97.9time =6

months T=40C, RH=75% 97.7 time =9 months T =5 'C, RH = N/A Off white solid 9.1
WO 2008/027273 PCT/US2007/018629

change in chemical purity was observed under any of the conditions tested, and
the physical appearance did not change from that of an off-white solid except at
the 12 month time point at 25°C, a slight yellowing was observed.
While the invention has been described in conjunction with the detailed
5  description, the foregoing description is intended to illustrate and not limit the
scope of the invention, which is defined by the scope of the appended claims.
Other aspects, advantages, and modifications are within the scope of the

following claims.
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106.7 97.8 time =9 months T = 25 C, RH - 60% Off white solid 9.0 1073 97.8 time'12 months T=5 'C, RH
= N/A Off white solid C' 107.8 98.0 time =12 months T - 25 C, RH = 60% Slightly yellow solid

CLAIMS
What is claimed is:
1. A citrate salt solid of a pyrrolidine compounfdarmula:
LGN
N
N
© HG O

or a cyclic isomer thereof, or any mixture of gharolidine compound and the
cyclic isomer thereof;

wherein the citrate salt solid is a non-deliquasselid.

2. The salt solid of claim 1 wherein the cyclicrisgr of the pyrrolidine compound is

of formula:

3. The salt solid of claim 1 wherein the salt sadichot hygroscopic.
4, A pharmaceutical composition comprising:

(a) the salt solid of claim 1; and
(b) a pharmaceutically acceptable carrier.

5. A method of preparing the pharmaceutical comjmwsdf claim 4 comprising

mixing a homogenous sample of the salt solid afrcth and the pharmaceutically
acceptable carrier.
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107.7 97.9 Table 5 shows the results of a 12 month stability study at several Stemperatures and relative
humidities for the L-tartarate salt of the compound of formula (IA) wherein R2 and R3 are both OH. As
can be seen, substantially no change in chemical purity was observed under any of the conditions tested,
and the physical appearance did not change from that of an off-white solid except at the 12 month time
point at 25C, a slight yellowing was observed. While the invention has been described in conjunction with
the detailed 5descri$etion, the foregoing description is intended to illustrate and not limit the scope of the

invention, wiiich is deRRBHTRFREEELHR"BPIRRUQR EHARHHREHAC BIFERULR GO MRREHELES, and

modificationg|afe \Withvid foeteepeerapiisiglormay alavedsn € iR \Mlatiik rdaiseedrsulih A citrate salt
solid of a pyrrolidine co_mé)ound of formula: HNa_ HIl 0/ HO OH or a cyclic isomer thereof, or any

mixture of theSSYRHACEBASSSURG NSRS IR EstHBpsHRRISE: of B HSte salt solid is a
non-deliquesgaiisiatiestidalhactalirnediscelsdaénefierherejadbespelitithanmrmbtempyralidieccompound
is of f la: (.5
IS otformu ag&/cemic control, provides a replacement for encoges peptides or proteins that affect
glycemic control, or any combination thereof.; dresein second medicament is an

antidiabetic agent.

7. The pharmaceutical combination of claim 6, whretlee weight ratio of the
citrate salt of the pyrrolidine compound and thedabetic agent is from about 0.01:1 to
about 200:1.

8. A dosage form comprising a citrate salt of cldimvherein the dosage form
comprises at least a single effective human doshgdhomogeneous sample of the
citrate salt and a pharmaceutically acceptableezarr

9. A method of making the dosage form of claimd@nprising combining the
homogenous sample of the solid citrate salt ohtlaiand the pharmaceutically

acceptable carrier.

10. The citrate salt of claim 1 for treatment ailwites or of a malcondition in a

patient wherein inhibition of DPP-1V is medicallydicated.

11.  An L-tartrate salt hydrate solid of a pyrratidicompound of formula:

e

HO OH
or a cyclic isomer thereof, or any mixture of gharolidine compound and the
cyclic isomer thereof;

wherein the salt hydrate solid is a non-deliqueshgdrate solid.
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E OH N B--(-30H 3.The salt solid of claim 1 wherein the salt solid is not hygroscopic. 4.A
pharmaceutical composition comprising: (a) the salt solid of claim 1; and (b) a pharmaceutically
acceptable carrier. 5.A method of preparing the pharmaceutical composition of claim 4 comprising mixing
a homogenous sample of the salt solid of claim 1 and the pharmaceutically acceptable carrier. 6. A
pharmaceutical combination comprising the pharmaceutical composition of claim 4 and further comprising
a known second medicament that increases insulin secretion, increases insulin sensitivity, reduces the
uptake of sudar from RSBV SIAESERLS (A Falnkh COTMPESHME: St LhYbYatdlus peptides or proteins
that affect glycemic control, provides a replacement for endogenous peptides or proteins that affect
glycemic control, or.any combination thereof.; or wherein second medicament is an antidiabetic agent. 7.
The pharma&éuticaﬂé%?ﬁ’i%gﬁ&ﬁaé? Salich @f laneht FRMRISHGER 36K WRISEe salt of the pyrrolidine
compound and the antidiabetic agent is from about 0.01:1 to about 200:1. 8. A dosage form comprising a
citrate salt of claim 1, wherejn the dos form comprises at least a single effective_ human dosage of a
nomogeneotdsamIREHF HIVATAIE SOU LU S SCBURHSIRPI & prabl RIS O WoHGHBRRod of
making the dasroeffpymadicataimodn sonrfisiareenmining therlenpapoatis sampleneldessolistaitrate salt
of claim 1 and the pharmaceutically acceptable carrier. 10. The citrate salt of claim 1 for treatment of
diabetes or &% méi‘écﬂmfﬁ@ﬁtﬁ{'ﬁ gﬁ'ﬁ&ﬁ}'p\pﬂg?ein inhibition of DPP-IV is medically indicated. 11. An
L-tartrate salt hydrate solid of a pyrrolidine compound of formula: HNa HIl 0/ HO OH

15.  The salt hydrate solid of any one of claimsl#wherein the salt hydrate solid is

not hygroscopic.

16.  The salt hydrate solid of claim 11 whereindkelic isomer of the pyrrolidine

compound is of formula:

OH
OH

0

17.  The salt hydrate solid of any one of claimsl&6lwherein the solid does not

@Zn...
/
A0
AN

0)]

absorb water from humid air under conditions cosipg storage of the solid exposed to
air of about 60% relative humidity at 25°C for anenth, or for three months, or for six

month, or for nine months, or for twelve months.

18.  The salt hydrate solid of any one of claimsl¥lwherein the solid does not
absorb water from humid air under conditions cosipg storage of the solid exposed to
air of about 75% relative humidity at 40°C for anenth, or for three months, or for six

months.
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or a cyclic isomer thereof, or any mixture of the pyrrolidine compound and the cyclic isomer thereof;
wherein the salt hydrate solid is a non-deliquescent hydrate solid. 12. The salt hydrate solid of claim 11
comprising about 8-11% water. 13. The salt hydrate solid of claim 11 comprising about 9-10% water. 14.
The salt hydrate solid of claim 11 comprising about 2.2-2.6 moles of water per mole of pyrrolidine

compound of formulg fh fhereptisiIE eRpdsidricompirsf: water per mole of L-tartaric acid, or both.
15. The salt %drate solid of any one of clajms 11-14 wherein the salt hydrate solid is not hygroscopic.

16. The salt {§)dfgsabilygriaRo"a Araih the@Ric isomer of the pyrrolidine compound is of formula:

H.n pH (3 Okh)ly phamsatehyideate sedishedisieycaneepf claims 11-16 wherein the solid does not absorb
water from humid air under conditions comprising storage of the solid exposed to air of about 60% relative

humidity at 25C for one month, or for three months, or for six month, or for nine months, or for twelve

months. 18.2the sajt piidratacelistal eombined s ledmpadidy tWapiedeinecaptdreipesinon apsorb water
from humid air under coa](ﬂ}riﬁons corgﬁ)rising st rﬁgfv of the solid exposed tq air of about 75% relative
humidity at 408 bl 3Nt SAtHE b P SR RSB KRYIS SRS LRt BIRARGSIEGHEA composition

comprising: actetiGaltimvidatesmislnhalaimifinanddobesapaikessrsitigalyraaremsable carrier. 20.A

h tical binati Ising the ph ical itj f claim 19 and furth
Comprising SRRBIESLRN A BN Tl CHASOE RCHHSCEFRAT? FcPLSLas e Centitviy,

reduces the gigtakaiofcargal fiormvidle gasiepiamsiieat fack it peptide  te pr ofctnsl aganascpeptides
or proteins that affect glycemic control, pravides a replacement for endogenous peptides or proteins that
affect glycerU o O By LRk AN ARSI ST SERBRATCRRARRIMER I hidiabetic agent
21.The phararagsiatiedccagebtnation of claim 20, wherein the weight ratio of the tartrate salt hydrate of the

pyrrolidine compound and the antidiabetic agent is from about 0.01:1 to about 200:1. 22.A method of
preparing the salt hydrate solid of claim 11 comprising removing substantially all water from an aqueous

solution conprising Bhé: pmaotaaceixtided ob thisimaticidine sion @ ushisand Wwdrytanaticof thgrovide a
substantially anhydrous salt solid, t@en allowing the substantjally an%/dgro s solid solig to rﬁg{{; drate to a
wator conterlPBFIEL 391 B) LB o ROIG S0 SO MNP SO S B ASEHY removing
the water frodnOthe 20|adous 20ution, a boronate ester of the pyrrolidine compound, and one molar
equivalent of

22. A method of preparing the salt hydrate solidlaim 11 comprising removing

substantially all water from an aqueous solutiomposing a 1:1 molar mixture of the

pyrrolidine compound and L-tartaric acid to provalsubstantially anhydrous salt solid,

then, allowing the substantially anhydrous solilidstm rehydrate to a water content of

8-11% by exposure to a humid gas.

23. The method of claim 22 wherein prior to remgvihe water from the aqueous
solution, a boronate ester of the pyrrolidine coomEh and one molar equivalent of

L- tartaric acid, and phenyl boronic acid, are ected in a water solution, to provide a
L-tartrate salt hydrate solid of the compound &f plyrrolidine compound in aqueous

solution.
24.  The method of claim 22 or 23 wherein the weteemoved by spray drying or

freeze drying the aqueous solution of the tartsateof the pyrrolidine compound to

provide an anhydrous solid form of the tartraté. sal
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L- tartaric acid, and phenyl boronic acid, are contacted in a water solution, to provide a L-tartrate salt
hydrate solid of the compound of the pyrrolidine compound in agueous solution. 24.The method of claim
22 or 23 wherein the water is removed by spray drying or freeze drying the aqueous solution of the
tartrate salt of the pyrrolidine compound to provide an anhydrous solid form of the tartrate salt. 25. A
dosage form comprising the tartrate salt hydrate of any of claims 11-17, wherein the dosage form
comprises at least a single effective human dosage of a homo(ﬁﬁgeous sample of the tartrate salt hydrate

solid. 26. A fiethod of P7ARR R GRARYISROHNEr AiRie sl SBRE MY Il H Homogenous sample
of the solid tamaisisaesaiid fiamroncodt siiRiedsat lehétansaipbraiangaidicabs ageastable carrier.

homogeneous sample of the tartrate salt hydraig. sol
26. A method of making the dosage form of claim@omprising combining a

homogenous sample of the solid tartrate salt sflahy one of claims 11-17 and a

pharmaceutically acceptable carrier.
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