DIKETOPIPERAZINE MICROPARTICLES WITH DEFINED ISOMER CONTENTS CROSS
REFERENCE TO RELATED APPLICATIONS [0001]This application claims benefit under 35 U.S.C.
119(e) from United States Provisional Patent Application Serial No. 61/186,779, filed June 12, 2009,
the content of which is incorporated herein by reference in its entirety. TECHNICAL FIELD
[0002]Disclosed herein are fumaryl diketopiperazine (FDKP) compositions and microparticles having a

specific tra iagf?&g 9 0 icroparticl n be used as a

delivery sysr,l?(-'!-m or drﬁ);%%% a@%@? a%%ﬁ;/%n h g%%?%ﬁ&%@ﬁ@%%%gﬁﬁ%ﬁnme those

of endocrine origin, including diabetes and obesity. BACKGROUND [0003]Delivery of drugs has been

a major problem for many mé)ﬁg_%%gq@ﬁﬁngamgeﬂq&@ lvered is unstable under the
e

conditions encountered in the gastrointestinal tract when administered orally to a subject, prior to

reaching ite¥ieted ISt AR EoR CiRPR LR hrdtdRILIE ik SiémEthdes fraummirdcPateys orally,
especially fradsinsab Fedse diatimaiivistBationNpatertasonp)idinee Jand deessetieeshibiawever, many
compoundgfge iNRESEIE: ReRIRILIQUDE YA IRHeNRIgRCY when administered orally. Presumably
this is because the drugs are unstable to conditions in the digestive tract or because they are
inefficiently absorbed. [0004]Due to the probieiG@abddiLed with oral drug delivery, drug delivery to
the lungs hesobpen explaraddFasaranarie dwnikallvidbugsRelMaseqdrBEbs Iungs AikAgsigned to have

an effect on.the tissue of the lungs, for example, vasodilators, surfactants, chemotherapeutic agents or
vaccines f8‘rf‘ff8p€r§‘ 5:;]1 &r ?é"snﬁraatc'gr%/éﬁﬁ'lcnté%réseg Slid B%ﬂﬁgﬂﬂs%?ﬂﬁﬁg&ﬁaa%'ﬁoees drubee Al been
delivered t®'giePRIAg8RIRDS ¢3RS ity abieudpaltias an\acivpragridsarfdhéreatent, for
example, fsr gesslic shefRBiiCYBHGHRRRS tWhiarefalrayikah Y asigrs euNigRInd-Asletegtye
adenosineoggaginase are administered to the lungs. [0005]Drug delivery to the lungs for agents
having systemic effects can also be performed. Advantages of the lungs for delivery of systemic
agents include the large surface area and tigaeassRbURBRKe by the lung's mucosaf surface. One
problem am’ ted iyl oL f livery is that it is. difficult to deliver
drugs into the Itfngs due\% ﬁ%tiqg?n% %Egg?%&g#ﬁg?ﬂﬁgyggr{%gt%(ﬁ rg? {%eyﬁ%ﬁrg? ‘!énrjrffaé'?%,wshdn’gh as the
cilia lining e P8R 94APH ARG indnnisRie L adgnitorraarsitinne anePuwired &7 dhegastro-
[0006]Accorditighy, ttheir e/ismontmifisitnedrontniend isuthecpripraraplivens efrgeugs cehidMARY
[0007]Theresemtdiesios eyl ems. WaaRRLEes andinalegs hal alaw for gproved
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delivery of drugs to the lungs. Embodiments disclosed herein achieve | Je'ﬁver{}q%y providing
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exhibit charagteristics beneficial to drug delivery to the lungs such as improved aerodyriamic
performan'Eggw%i?jétF?@%ﬁ%odiment disclosed herein comprises FDKP microparticles comprising a
trans isompoeaNtent ofiaheuh4SHelRAB Q68 tdVRiner A BRRAIBANS, Ofithse R micteparticles,
the trans iﬁ%me cogte%q}t é:)?rllop&frggr %Qgr%t 2500{0 to g\?(%n 65%, fro fb%ut 52% to 63/%,, or from about
53% to aboUL 6555, TR AnOther er'nboplimenf) 5t R EDKPUNFEP TR TR dUrgR SR ARRMShtent is
from aboutos89¥30 b &ifeeR %S [HB0GH anettibe dHitgsdifae mxampiBDKPawietosartctésivotmprise a
drug or activeragestapeurarissienbadinasistel the DR Missepaticlapctrdragneanikgs or
example, BRI DEMHOY - geulin clugagen ke epide: 1 (GLE.LL glucadon, exendin, parathyroid
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e odiment of ¢
the peptid@%EBFHEHY cERPIRIYAlR FEnBRTYSRId SRUrtReRIe ploc 858R1l dbpranioins. dysticpitmisisar
example, thissfeDi¢fromieropatiiclesmassg prapriditdabavesthalgieptse costaniihataan vary
dependingr%ql}pgsdose to be targeted or delivered. For example, wherein the drug is insulin, the insulin

component can be from about 3 U/mg to about 4 U/mg in the powder formulation comprising the

micropartif#@85]0010Enmb ddiiveenteodisel dewg Herehgaiso faelugesgsie paneissc amprisiaguhe
performed. Advantages of the lungs for delivery of systemic agents include the large surface
area and the ease of upiake by the lung’s mucosal surface. One problem associated with all
of these forms of pulmonary drug delivery is that it is difficult to deliver drugs into the lungs
due to problems in getting the drugs past all of the natural barriers, such as the cilia lining
the trachea, and in trying to administer a uniform volume and weight of drug.



microparticles. In one embodiment, the dry powders comprise FDKP microparticles comprising a trans
isomer content of about 45% to about 65%. In other embodiments of the dry powders, the FDKP
microparticles can have a trans isomer content from about 50% to about 65%, from about 52% to
62%, or from about 53% to about 65%. In another embodiment of the dry powders comprising the
FDKP microparticles, the trans isomer content is from about 53% to about 63%. [0011]In another
embodimeghg§ithe dWcP%qSﬁﬁ’tﬁg?eli:%m%PmB%\;% Pmp%éﬁrﬁo%u L AnoN %;uem_bodlment of
the dry powders, the drug Is a peptide of various molecular size or mass, |nclugn¥g; msgﬁn,
glucagon-like peptide-1, glucagon, exendin, patBiA&Y hormone, calcitonin, oxyntomodulin, and the

like. In on odim rel tr somer C Vi
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FDKP mictSpiPREr¥eds $rEYe A8l s einty 8556984 UrmMBP iAISABRRIATERIs BdiaYag is
adsorbed orryaldelbesyofitheaviting phirticieise {0042 JRicrtirertreb adimeistsgeonetna drsgndelivery

Systems CepRRIASINaIRMHEHIAMy, AnEILHeRRHEYPRYARIMEdisament-coniaingh P example, a
cartridge, ﬁ{ﬂgg a Powd%r c&rgﬁgﬂn%?the mqm{opartlcles disclosed herein and an acyve agent. In one
embodimenit TRERGETRAR EPRE CrPRAL W RATS HAPRSRISIE  FoRIERs o ARHRARTAS
comprisin§@higiRresisieineertites dariagingais tonduioméntinithipaangeheghibie sisterberitdiairflow
through theeengslits toigleaasigmeratinganddisRensiRgdie HewiaminRRssaediment, the

inhalation system has a resistance value of, for example, approximately 0.065 to about 0.200
0/kPaylite 98 Minute N eBredimeRiisitasertacie enypiseddrsitamiscotetivins dosffesingty by
inhalation veitis asvindratmiiesmsystemwhsRindheaeasnhakationsressiariia etiakcapgange from

shou o RbRAMIE OSSP ol Bt e T b heysen apd ol

alation’system are contigtired to pr dose by
dischargintfpolfdBe ol tfiemnRbmst 884 domhnyb s How!norasterreasthemirepl Ricthof BdfRier
delivered toiaqratimnidniso e e ehodimenisdisalasesoneseniti, dbsudsgrowder inhaler system
comprises a predetermined mass flow balance within the inhaler. For example, a flow balance of
approxima{f]éqggiO% 1 7RI R RSy B3GR R THHRRA BriesiReMPrS i ds Wediviied by one
or more disp#nisiigvpirts evhichiaiefitaopisSE3Anoigbpthtcireateomiainiag heqaxdapigrmulation,
and whereia aBerImaiRsy AR aIH BepRenE RIS oM AR QR ALl lig e
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Moreover, b¥ﬁ$$$ fIO\{v, or flow not entering and exiting the areéa of powder containment such as

through a LAHIEGe CREATURD RBHRTR e 3 Sl 1 FBAbET Bratisrny Sbih i the inhaler

to dilute, doiseteraliciemd thkinmeidied sagtsioimerate/dne figirkipethgowrdetopristréareXitingdisngouthpiece.

In one embadimeat, flavaraiasdanobadion aRorbkEo AR MISE%RGE TIRULS ?%BEE& gEefigfethan 75%
a

of the con%arlin reo%(tjhe cg&rtri ge contents gllcsé)egsed in BII glasses between 1 and 30 mg. In certain
embodiments Am INRAIANSH Sy et as Je St el A BB ARSE: B rePRIab Y AEMRSA%HilI ¥ a powder
dose at pePeEhEy e greatdratiavadiovastia. shiglesiiivatetmergréater traidb0%bogteaténtian 60%, or
greater thapo(d%0. (89 181He patiset asremnbnsimneitasAg thEakmliepsystem is provided comprising a dry
powder inhaler, a dry powder formulation comprising microparticles of fumaryl diketopiperazine having
an FDKP I 8lisom&mbnsdaimnieiisersedodaisi 685 aingigfe cinmervtissn cpaptisivg deents. In
some aspettsophtitembodisnentobinishalatonisystemddhe eehpesudebirmuigégarizipsovided in a
unit dose eaHRGR, AL, Knd Aasdrtbulalon o PR REloaded in ihednpgier. In this

embodiment, the structural configuration of the inhalation system allows eagglomeration

mechanisfoPEsFhdRS B prollicenadipirarnihavon & e dtemaraenech maERowhERS4Ian half of
the powdesboohtBiftedfiinthabobale2ycantridye) s emittatbas (EBYCIRS sfdessihan mSdamndhe inhalers
can disch%msoerrﬁ@ﬁ@r&h%ﬁ% B&@d@%”%ﬁﬁﬂ&%%eﬁbwmg%%%%@,atl%)%grixr%e{ig%gpg dosing.

In certain embodiments, the inhalers can discharge greater than 85% ot a powder medicament

contained SRR RRRIGH HHBREEHRBEdiment, the inhalers can discharge greater that 90% of

thedcsar;gdmﬁquntentﬁn QnEOTRIAIARIRANERNES iRJasP 1BRNSRSRRORER Bl RERS SR IdiMRraptials, between 2
an a,wi

ill masses rangin 30.mg. [0014] maa)odiments disclosed herein also include
methods. ?ﬁughene?ﬂBoglrrr?@%}?%gnr’%ﬁoﬁhgﬂ%%ﬂ% °aH EW JEANR 3 SRRECP AEKARND MAEHRSY
comprisin§ZeirTsesinipey dnseriseriim wisaapetief pedifeodwdecigamubxtoditopmalbitgid DKP
minOparti_ﬁtﬁﬁ]@wﬂbﬁiﬁiﬁ@iaﬂ&%nﬁam&jfég@%M%&TﬂgQﬁ@@%ﬁ@&%ﬁ%@@@ %_B\gc%gfu? Sugable
to treat saj | r. One emhodiment includes a metho treatin insulin-relate
disorder ?cﬁ‘n%%@ﬁ]ﬁgg gér%ﬁ%%%ﬁégg%@ %%%vn&aerﬁc%ﬁéér%ﬁ) r?éarzﬁ?ceraapnzgﬁ?gf)ees{%%eﬁg%g %gsgﬁ%”ed above to
a person in need thereof. The method comprises administering to a subject a dry powder formulation
comprising microparticles of fumaryl diketopiperazéne having a trans isomer content ranging from
about 45% to 65% or from about 45% to about 63%. In various embodiments an insulin-related
disorder can specifically include or exclude any or all of pre-diabetes, type 1 diabetes mellitus
(honeymoon phase, post-honeymoon phase, or both), type 2 diabetes mellitus, gestational diabetes,

hypoglycemia, hyperglycemia, insulin resistance, secretory dysfunction, impaired early-phase release
nf incirilin lonce nf nancreatic 12-call fiinctinn loce of nancreatic 12-realle and metabolic diearder In Nnne



DKP trans isomer content ranging from about 45% to about 65% comprises a saponification reaction
and a recrystallization reaction. In one embodiment, the method comprises a saponification reaction of
a diketopiperazine compound comprising an ester protecting group, including, an alkyl ester such as
ethyl ester, or methyl ester. In one embodiment, the step of synthesizing an FDKP compound having a
trans isomer content from about 45% to about 65% comprises saponifying an ester of an FDKP in a

sohvent sugh.as st hasgd sYRNAN AddingAbasRo R A BRUIEHAT ebadimept, g method

comprises dissolving't P such as fumaryi diketopiperazine Ester in a solvent such as
watermetHardPat £ rxiBbf 117 S RmPediaspEctire R U stREs LRt Hieniirsaes: oidber-miscible

solvents catichesarsiedsincluding, other alcohols, tetrahydrofuran, dioxane, acetone, acetonitrile and the
like. In one embodiment, the solvent can comprise water only. In this and other embodiments, the
saponificalff Feactioriith SFEAHEREEs SidRg Ae8IdabrobRBeFeBmitR Ry SR8E" Hblding the
reaction mixitirécat adtg nppertureadicgimgfroontabbent ROC:karabeutb@EHGo te, reftidxmgpoaneltions;
filtering the geanlipg MxhEinMsld aililirale: adding anadidicsaluien 10 dhe filaig.and gallecting the

solid materjal formed b%]filtration and Washin?gwthe FDKP solid material. The solid material can then be

analyzed 0°0ERHAYRIEThEH R YEEHBF AR G T PHRD HaihRR fr Rt To62DRASL D articular
embodimeinghthesistatito dnbelerprisdmraiciyatdllisng idreiRDKParhigte risistoncprisingfibhedting gh
suspensiopef RKR:INdrifdasareaticRE thi abgiddRe NabewkBPC fprabosthddainie igaabout 2

hours and.c%olin%]the reaction; adding glacial aceé[f'céac:ld to the solution and cooling the suspension for
b

about 1 to ABIAI DY HEIHT APRLDIESHRNGR LA Rln&dirfait e %‘?%ﬁfﬁ%&%r%’t%% BoaHEes
conductind #R0redErofiten pecrpinkliizationeraitpenitodinenteiefhnrabolers 5@ tbeabaliveRSC, for

about 1 hofwgr@@éw%%a@%? i S@lmﬂ%@f&ﬂfﬁmﬂé&@% ;W:?é@éﬁaﬁﬁtifg@ﬁ;M%@r%%iﬁs@ﬁd, )
respectively,.in aratio ranging. from.about 0.4 to .7. In this embodiment, the me urther
comprises{}\g\ifél:"sr ?ﬁa e rrgzgl%ﬁo??%&?ﬁ?e%vﬁ?hag%ggﬁ;%eaﬁé” 5??8 Eg%lPﬁ%(?fhcg trgﬁ%tglﬁﬁﬁ% éﬁ%e reaction
at a rate ofdfenPhBoeH TEle e LA pkerhdgr. O cobkagaiatemadimsstasid iohelstin an FDKP
material hayingr-desireshizpraenspricaisa [O0gtlAnethornhedinnesdisclasadraarpindnsiuges a
method of (goel{'i\éegtr}g Hg)%uligrtgsa O%aetigpt ir{lﬁg_eeu tgserqtof g\%répr&sim%ra nginigter@ 2 dlr gowder
comprising oﬁlke%'oplperaZine mmropartié?es disciosed HETein to the d%epoluné)% ihalatioh of the dry
powder byeheqsitianie fiseisprEtetiviiic BmBomRIR! ARSI eRRIasHEan ipledrieeysasm are
specified. BR$E RtbaMEPIHEIN toFinHdie rD RA\MMNGrTe | GORRY e febowinehanawings famnwpart of the
present spagificating apd ais, chiled toifudierdemansirate.erialn aspeds 6f he.xamples
disclosed herein. The disclosure may be better understood By reference to one or more of these
drawings i SRRRBRBOTEWIt th & HioWirasrssEriptdh ot sirpr RSy dsreSEntddiprrein.
[0023]FIG atdepiatsraeppeyiamidypdine e [#ofo mndiee iayarfenaibhah f%bttansisame b artent;

[00241F1G - gigp CtirsieRin 8 pRRINGHG Schamp Al 6anh coNalgd Saias 1n.8rarles SIKP with a

trans isomer content of about 45 to about 65%; [0025]F depicts % Trans isomer content as a

function of SIBRINTEEHP 4RIt AR INERAIA FrFe g6 n fatRi BRIRPoV iRe e am e s chs RS . 2;
[0026]FIG displmpiots portravitsirsdmenicalateiot diftee, tattueikosiecticdaltiniaiel) deaggkialtizatidheusing a

fast cooling, famp; JBRALIHHE B dRRifirR SERmMAlE OfPRIPSRSS dPBIRMIRGIILE iaﬁéw%-#em?d FDKP

microparticles Wgh a té%ns isomer.content of about 45% to about 65%; and [0028]FI depictsa -
response S0T4ES IR JEETORRT AMRSiCoR A SEeRShEPR dRtantT BRETRIPER SESE RPHEN

contents dispensed in fili masses beiween 1 and 30 mg. In certain embodiments, an
inhalation system as described above can emit a respirable fractionffii of a powder dose at
percentages greater than 40% in a single inhalation, greater than 50%, greater than 80%, or
greater than 70%.

[0013] In particular embodiments, an inhalation system is provided comprising a dry
powder inhaler, a dry powder formulation comprising microparticies of fumaryl
diketopiperazine having an FDKP frans isomer content between 45% and 65% and one or
more than one aclive agents. In some aspects of this embodiment of the inhalation system,
the dry powder formulation is provided in a unit dose cartridge. Alternatively, the dry powder
formulation can be preloaded in the inhaler. In this embodiment, the siructural configuration



[0029]As stated, drug delivery to the lungs offers many advantages. It is difficult to deliver drugs into
the lungs, however, due to problems in transporting the drugs past natural physical barriers in a
uniform volume and weight of the drug. Disclosed herein are diketopiperazines having a defined trans
isomer content, microparticles as drug delivery agents, methods of making the microparticles and
methods of treatment using the microparticles [0030]As used herein, the term microparticle" refers to
a particle V#jﬂ{hg Ecii{ﬁlm eter S91‘ ebﬂc])% 0. 5 t ut 1000 |rres ectlve 0 %—{? % Ise exterior or interior
structure. Micropartic 18 hay ving a iameter Oefagg {\}\%%n abou "and Aodbt IfORCEY reach the
lungs, suceesdfahle Fastiong arrreot e H&kutapbigriarss ﬁhaﬂa{mﬂétﬁrthﬁ lessdgraratemet 10 theicrons is

required tarhavig atertieyne aiqm@dthmgéraad@dﬂlemnoé BheHt OnEnieraRsOrBAreatenigdequired to

avoid belng 85@?'{?% n'lé%cyegph thev ggrel%egr&% !:\6% aIelr r ‘&”3 wher e amgst emc%nt iabs rption is
B R TR B Rt A HEPi SRR B pirable

believed to’occur, it Is referr 0 maximize the proportion o

fraction” (F@ﬁ?agbﬁépéﬂ@%ﬁ?@d%aiﬁ%ﬁagéi!ﬁﬁ?ﬁfﬂégzwm%ﬁ%e&é&yﬁhmwmmc@mbut 0.5t0

about 5.7 miateinsd theughsromtekaferenc es ¢isesemesvinak diffpaent wagﬁgyewa‘ig@gaewé?%@ing

standard t i h (SO ade Impactor., Other i ors can be used

to measurgﬁef‘)grgélJ sFrT?ear%?lfct‘ﬁa( rti %ﬁéel\geg sot?c Aﬁ'(sg&e% Iéllg‘it(%g lﬁﬁpﬁl?&\? Iﬁﬁﬁ%\égi] o) I T™,

MSP Corp%'ré?ﬁ%t)a‘&)'?%‘ﬁ@ﬁ ot pirasiniiciigrsrs dateiea Lliy"%lﬁQiFﬁﬂaerodynamlc size, for example

< 6.4 pm. a iffraction a parat S |s d to determinge particle size, for
t@gg? qlmﬁgrt% %I!s ? ‘é I}erem als LtgH ?&% on%enacﬁl

example, raction appara (s Gisclosed in atent pﬁhcatlon 0. ef&/‘?Z? 179,
filed on Mﬁé@?@,@@f@tmfﬁ&qw{ﬂ%ﬁéﬂ@é HRsReiDi tdizgitpetgofopitsineledminisiesolitys, wherein

thefvolumeiéieasned i&r&rglemetrécdd}@mt%rr WM@élibﬁfﬁﬁpﬁaﬁﬁymﬁi Fﬁ%ﬁﬁ#ﬁ@i@ié@d&ﬁﬁﬁﬁﬁng f
errorman mpboaiments cartr mptying o
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80%, 85%, or 90% and a VM e emitted par m, or can

indicate pr@@?@§§nﬁ§l;¢‘l§%’ﬁ§F acroayPRERNEHERbIRTRIEE. Eﬁ@%‘@%@hi@étﬁ@o@éd‘ﬁé‘@ﬁ'gm that
FDKP m|cmmmmIe&wﬁhsaagraarmnsﬁnmmgolatem/ofpb@%eedfb&#pﬂﬁh@%f&ﬁbQMbﬁb%% exinbit

characterigfics heneficiol to, deliuery, of. druds %é@%ﬂungegggm SORENES SnoNaAmIGperiormance.

[0031]Respirable fraction on fill (RF/fill) represents the % owder in'a dose that is emitted from an
inhaler upGHURSERAGY BPIREH &Y @Htéﬁﬁﬂf&ﬁ‘%%@@%ﬁﬁ@dQgéuﬁﬁﬂ"tlﬁ‘ﬁ@@@ﬁéﬁﬂéefor
respirationjavéingthdrares cambef qattolesdgim fhevfilbdud 958 tfmaﬁarﬁoemdﬁedthﬁzeﬁ)%b[e for
pulmonaneelh et BarH I oI Al BRIGUAIC REH IRANGE oS, dgsgribed

herein, a RF/fill value of 40% or greater than 40% reflects acceptable aerodynamic performance

characteri€fids CirPLettAIF SiABYaRnome tidblden mekins m@“reé(%@ﬁ%tlwwml&-ﬁ‘?’be greater
than 50%.Ahaan. exempliny: etwbedifhenitaetespiradidufractiesiationdl carabsetasp toyabolyt80%, wherein

about 80%@bdhefilliscrnisied %&%@@I@%@ﬁ ay30RAR, MEASHEdLURINgSandard leghniques.
[0032]As us rein, he termaf)gé%ﬁ der refers to_a fine particulate composition that is not

e
suspended’ Sﬂd‘ ?ggﬁ,@dpﬁngg? G S MRAGIRAGHCRbY rﬁ%%ﬁﬁ@%&é‘é%%fﬂﬁ/ imply a
complete é!bs@ﬁb@féb%m%ﬁfﬂﬁomqu@osg}wemEdSb&mniiersﬂmIdemabspmfm RE/fityvalues can
depend om&w@@ap&%&g@m@ﬁ@mgf.@@wﬁers generally tend to agglomerate and

crystalline DKP microparticles form particularly cohesive powders. One of the functions of a dry
powder inh3¥ddis to dgﬁé%nﬁfﬁl%dfﬁ@fﬁovm@@%dﬁﬁ@ relsaledas particeshodmpfiseekiespirable

fraction suitddstpietiotalieiinga dﬁsememhq}aﬁ@m;diﬁwwefaﬁe@%@%@w@nd@%ﬁﬁf&ﬁ@'V%POWders is
Pl eI % e Al 56 ARTIDUIRN SERD VIR eI N ERpIEDf racton
n

as delivered by an in aler ot match the si str utlon of the primary particles the profile
will be shift@dtoN HHIERGER D LIREES IHPaIEF GRaigmisoidpy |ﬁ%8|ﬂéﬁi@%ﬁéy"@f&?é@@gtb?ﬁé?&tlon and
thus the absokitsoratnecofitRE/filnglaséyvieshusingud ifsvend designssvill alsaivesyindowe\eskpptimal
REI s afassion of samsiie coniaphwive siplar [em IBhalsl kolebalsiyROg (s yeg herein the

term "about" is used to indicate that a value includes the stand deviation easu?ement for

the device SIMIRESHA il aGihiaPde1didnsarmERkE seliionyintp aeitipherazriedeprdsione
class of driggefetivery bighrsizetivatasth eeriuse thtorovereotiteproblem e b thinehatvaseptical arts

such as drygdnsiahiithandieg ng%ab%emémnc@rﬁqm% 98&%8%6[%@&6%% ks é%ﬁ?\efaz'“es
are represented gl%%?copggun of the(g‘% neral Formula 1 as shown below wherein E1 ahd E2 are
€ IO

independefitty N LHRERERPRIA (T btHer EnfbGHIRTEREMPLUREN: HEPRR iFepinEently an
oxygen or ¢eiftrogen stvenatachis eatiisithéanoationf the substituents for El and E2 is an oxygen and the
other is a nitrogen the formula yields the substitution analog diketomorpholine, or when both El and E2
are oxygen the formula yields the substitution analog diketodioxane. 01-2 Formula [0037]These 2,5
diketopiperazines have been shown to be useful in drug delivery, particularly those bearing acidic R1
and R2 groups as described in, for example, U.S. Patent Nos. 5,352,461 entitled "Self Assembling
Diketopiperazine Drug Delivery System," 5,503,852 entitled "Method For Making Self-Assembling
Diketopiperazine Drug Delivery System," 6,071,497 entitled "Microparticles For Lung Delivery
Comprising Diketopiperazine;" and 6,331,318 entitled "Carbon-Substituted Diketopiperazine Delivery

Cvetem " each of which ie incarnorated harain by refarance in ite antiratys far all that it teacrhec



acid (or base) resulting in self-assembled microparticles comprised of aggregated crystalline plates.
The stability of the particle can be enhanced by small amounts of a surfactant, such as polysorbate-80,
in the DKP solution from which the particles are precipitated (see for example US Patent Publication
No. 2007/0059373 entitled "Method of drug formulation based on increasing the affinity of crystalline
microparticle surfaces for active agents" which is incorporated herein by reference in its entirety for all

that it teaciyas épgarding {hg dpunatian.and A%%mQ&Jo%é)ratn&i&%%agiai'ﬁeﬁo@';ge%%;@e Muders shereof).

Ultimately solvent can be removed to obtain a dry powder. Appropriate methods of so v.eﬁtaremoval
include lydFHIiZSAB AR S ag RHRYY (St torabiesmpideus Bistasepulifc aRihad oo uwiEing 06503
eptitled_"Amwtbliog imrdikmp_mimgzine phamgameLﬁﬁeprgperti&&pbmﬁimﬁgpmqi(ﬁe&rcgmp;bisd?mghe
diketopipegazingipd AN agtiye-AaeR " ANFatkS PPN .Aﬁ#e%ﬁ\,@ﬂg'%?%"Bégﬁ'é'fg%'ggﬁénq

stabilization of Egﬁti_de and protein pharmaceutical agents" each of which Is incorporated herein by
reference FSEESERNFEE, e AliSioRtPe aleh £ 3 SGaFtmIg e 8 ARatRsi oo & THIBRsGSF DRP #Attroparticles
and dry payadirisatie s af fedtimmh retbpartgthesiscbsettheteinbae @istimepédivemidropartates
composedpf KR saliseRCiBaticles-ara tupical Hormedk(ananpaseditodied) by spigydrying,

resulting in s hereé and/qhﬁggaﬁgsed sgpheres of an amorphous salt (as opposed to a free acid or

base) so tH3F tRES 'SFE LREATICARSCHY SRR EReRIRb IR TdYiEly distinct entities. The present
disclosureqtafers to FRRKRete s HRsiaTsteacd asthed§a et as the dissslvag-aman 99391 ethods for

synthesizifrégct}ik?to%i erazines re d?scri%ed iln, for examgple, Katchalski, et al., J. Amer. Chem. Soc.
68, 879-880-(1846) Antt Rapple: et at, 1°BFG° chdm. $8(253885-864 1680 18 teatfiigdBt which
are incorpétaatydreHaan byjiPure e rmselvnth cinde Atk sty reschik eter 36 - diedninobing wipertzine

(Katchalskémbadirreies, nihissand/sine-Robygrisks) ranalse: beprapms thuiamciadipesizatian of
N-e-P-L-Iyg%n&-ﬁigﬂgnplten henol, similar to the Kopple method, followed by removal of the blocking
[

{ elopiperazine. o .
(P)-groups with an a&p?oprlate reagent and conditions. For example, CBz-protecting groups can be
removed USIBH.3 MitiBrsiesiaetisacidinBhis tasiiectaaibs pieteiges brempaibzsehamgmmercially
avalable spafadRRIerak iR 986190 SB0NA0S it ale eROIiSsic Biesenys sifgochemisty

of the starting materials in the product an steps can be easily scaled or manufacture. Methods

for synthe &5AYikSTSiparadib Mre4rp pREMIRIesRANS . PREEHDNG. i7, 76586189, Bemitdis, "Catalysis
of DiketopipevazinesSimghE sisyawhislcinglsodrstract aledyy neferaneerbrigisfobimteachings
regarding i 4 i i ZiNE; [ . .
(2,5-diketoq%€?6- E%ﬁ%q%g%%ﬁ%qgnﬁ%%%%éggﬁﬁg( ’%312“35’1240%”8'%?8%’{?83’ %fi?(zé?gpiperazine for
pulmonaryl@$licatiois pfatA43FBKPogroeide sttzebeatehidi b mmeiopa =i & Phatrpbaahbserit kas low
solubility imgeig-Ridt isreadibhapiuRierbe abeihasicth Hed Reseuoneries 2w RRKRe

crystallize and the crystals to s(eg-aﬁsembletjnto form mmrogartlcles under acidic conditions. The
particles diS25198 Ak THASFDRILR o GRECondiGhE WRRS MENHHNE Matifiel. AxMpees, @
micropartieREGtgna Grttireplobbdipiapipakaine0 ®ancuatoceriprisiigrons ealenrgactedinglungs,
?uccesswgyo%%s%mng:E%%@&mméu Bk K gy Eaet&p!ﬁsﬂ@t}ﬁ?i?@%?krm%%b_@&&%ﬁ@ i!bF(eS[fg?fed
rom 2 DOSSE two asymmetric centers jn the diketopiperazine ri is
manufactusrte gﬁsinmlga(%zrfégo?réé%??%tﬁ%n? (()j)r([nn(-ﬁ,-i;%z ha aar(g"f1 Sntned as r'%f'é’[?l'—glsi?ﬁ gﬁtdz%&ﬁ%FDKP"
according 3 HeCarraFRIBRPHERR 67RMEVEIRANSSERIt o RER EneraPiYiTy SoEiRs diketspiperedzine. The

R,R and SsShenantiaraesmhbavedde propatienidehubdmsiderssmesiigiesinadsamdbagame planar
side of thedi i ine ri B nd_are thus referred to as the cis isomers while the
R,S comp?éﬂérl?g %ﬂ%@%ﬁé ﬁ%@%@%@gﬁéggéﬁy%%%gftr’eap?gﬁ/gp !ESIS(hng or FFII%% i[?eet%pa)?p?z?zzine ring
(C below) amfRetfdried?eus thearapdisdmdr oiRaue MRS REhar WtONNAEHES POGHEIFDKP
microparticken pmckexs ithidioge ptadlexirenody nainaic/petiosmancesras Breasiyescbyombidilhmdth
moderately. gfficient, rg,ﬁ%gh- As h j [ ed in US Patent No., 7,464,706
entitled, Lﬁ&\% E|Iigzt%_)gse Iépa%r?r}l%ge anéi Dr£ P%%Avgg\;%r?iﬁ\ml%ﬁ'E%vpﬁﬁjéiﬁlfr%%igo%te bg} 1r‘;;e eﬂrté\ln%geﬁerein for
its teachin§ PRGN the SaneeifralRrpsaRtisriits RIRPTSK PURIDS 2 Bttt AeeIEsIMENt ranging
from abousabun apxtrokigsYboRani thes ewithicis omdure b te terimp¢higirangegalg orparébont weltwsth high
efficiency inhaless-21ieh @sdhoss &%9%?&!%%@3%%5&%“%&9%'&N&é@%g&eﬂéﬁ , "A Dry

Powder Inhaler and System for Dr g Delivery," filed on June 12, 2009, and U.S. Patent Application No.
12/717,884" e%?ﬂ%%a‘i"m%}&\%‘&eo@ Pewist BrRyBaIte-5dYseaieral daBRMY diFatiob ed which
disclosures are herein incorporated by reference for its teachings regarding the same. Powders
comprising microparticles containing more than 65% transFDKP tend to have lower and more variable
RF/ill (FIG. 1). Trans isomer-enriched microparticles of FDKP have altered morphology and also lead
to viscous suspensions which are difficult to process. [0044]In other experiments done under
comparable conditions to those reported in FIG. 1, microparticles made from about 95%
trans-enriched FDKP and insulin produced an RF/fill of about 24%, whereas control samples with a
trans isomer content of about 59% with equal insulin content gave an RF/fill of about 49-52% (data not

shown). Accordingly, an FDKP microparticle powder having a trans isomer content of about 45% to
aboiit AR0/A Nnrovvidee a2 nowdaer with accentahle aarodvvnamic nronartiee In alternate embondimente the



[0045]Based on the foregoing, it is desirable to produce microparticle powders having a trans isomer
content within the range of about 45% to about 65%. Thus, the present disclosure ascertains that trans
isomer content would affect the aerodynamic performance of FDKP microparticles, which was not
anticipated. However, it was discovered that improved consistency could be obtained by carefully
controlling the isomer content of the FDKP used to make FDKP microparticles. In FIG. 1, the solid
curved line r%%res?nt%ﬁcrg%gictieﬁi RF/fill and the dashed curved line represents the one-sided lower
95% confidEiee AT t@RAg R SR ani8eM melvi tAR henikaraayRed alesrevriBfimits on
the trans isGmeisemesterirfenioridhexddhpl arytefabtminesint disclosed herein. [0046]The FDKP cis/trans
isomer raﬂ&&z@stablﬁhead durinuq the mag,ufac{tu%?g steﬁs depicted in Figure 2. FIG. 2 depicts steps in
a synthetic Scheme that faPPhs Tah{FoIRSS S ts torpPatilios PosiansRRHereiAlzisniBe dd¥tEnt of about
45% to abSIABEYCINRHEIY Mg schicpensineref dreiR e il pencarite ks idnid/aboeadtion &teps
i?lcluding, %@mnfa‘ss_aiigmy anstsﬁecrﬁfﬁalﬁzwi@dsmﬁlt! iHaéy:éh@%&mﬁ5%%@?%&%&%&%8&3, to obtain
the targete e somer.ratio. For example, specific parameters of the reactions, including,
temperaturgca%gga(ﬁ%ﬁotfﬁrﬁes,oﬁﬁ{& ?haen?g%oeo oFs6 vglr%?g%nrsé%l-ép rl\%ﬁfg Eé%ﬁg’%%%ﬁ@%ﬁﬁéﬁ’@ﬂ% yield a
product witl the desnecebadigised thassrafiretenstentcjoBBis sutrdidihthée cemtiEndtaf the

Range of kKR0S iémmﬁi@@rﬂﬁtyir{@%ﬂ'&l&@dw{fc&ﬂ%@Jﬁ%t@ﬂﬁriﬁg&@ﬁ fRRIaRtUSPNtrolled by
exposing t ring.t se, | e manufacturing st 1 rotecting groups are
removed by st o o L R o r e RO Bl T
epimerizatiBiPiaRHEe B et At dAGReHbRIGWNINR A bedigrentoth e esdivtieisdpnuxisess. For
example, theshilgition ebetibassittua wactpoiSOMNS BE 2 EsaTNBCRMpAYRLCoMRO st fy for

example, 9p% [ gl . naterial comprised of approximately 50/50 mixture of
cis and trans is%%qe%f ?gﬁ:{@%ﬂg 63310?#)5[%%5;? t%Ea %‘é’pﬁ%‘?ﬁé’? é?: oEastecSaﬁn ! soecgﬁ?ﬁ)ﬁﬁte to the
regulation STHARE fEBife MesriiitauRn dadRdinmnecEBRisentration of solvents and co-solvents, time

of expoSURGEY) 1eMpAIIE-AI DS FEACtRRo- SRS AONARICORRL 8T Res Eadoffhe Range

or FDKP Trans Isomer Cantent [0050]Differences in solubility between the isome the FDKP

isomer coftBAt SEoF NSt e8 e hrepRiRPE @ TRLAR BENG S RoRRYHRLERBRESING Alieterparang glacial

acetic acidiGnMerTelssdrDIFEs hessirsdduthie Tetidisglvantrsysttion thiatheisidy isRdAcoprdingly,

conditionsghaifauorgeleclivaisespiatianhobiadass saliye fFanstsammelsan tggeusﬁ%giﬁgcj_ncrease the
i

trans isomer content of the final product. Such conditions include decreaséd recrystallization time,
anti-solvent addition at low tem BEvHG RESEREF TR0 BHFRRANENE oroacetic acid-glacial acetic
acid (TFA{GORA) mixture ¢GiGwidy dtawi%@ds&b@aﬁmﬁ@&@%@ﬁ%ﬁ&%}f@ﬁﬁ&tgﬁ&@@%@8&&%&&0“tent by
such methpds proyi residual solution of FDKP enriched in the cis isomers, Table 1. Exemplary
Manufact[l}ﬁn g%(gqé?s%ggtr%ar%ge%gp Sg%ergttsinogf &gn%xg Eﬁ?éﬁf\%gﬁ 15587 g'sé%%ﬁﬁﬁon Time
(hrs) 6 0.%e better understood by reference to one or more of these drawings in combination with the

detailed description of specific embodiments presented herein.

[06023] FIG. 1 depicts aerodynamic powder performance as a function of % trans
isomer content;
[0024] FIG. 2 depicts steps in a synthetic scheme that can be controlied so as to

produce FDKP with a trans isomer content of about 45 to about 65%:

[6025] FIG. 3 depicts % trans isomer content as a function of slow NaOH addition
during the saponification step of the scheme depicted in FIG. 2;

[0026] FIG. 4 depicts % trans isomer content after ftrifluoroacetic acid (TFA)
recrystallization using a fast cooling ramp;

[0027] F1G. 5 depicts a schematic of a process to manufacture insulin-loaded FDKP
microparticles with a trans isomer content of about 45% to about 65%: and

[0028] FIG. 8 depicts a response surface methodology analysis for trans isomer
content.



Crystallization Temp (C) 15-25 Cooling Ramp Post GM Addition (C/hr) 7-10 [0051]Providing
microparticles with an isomer content in the about 45% to about 65% range provides microparticles
with beneficial aerodynamic characteristics. [0052]Selection and Incorporation of Active Agents
[0053]As long as the microparticles described herein retain the required isomer content, they can
adopt other additional characteristics beneficial for delivery to the lung and/or drug adsorption. U.S.
Patent No. 6,428,771 entitled "Method g:gﬂqgg@g%ﬁlmlaﬁwulmonary System" describes DKP
particle delivery to the lung and is incorporated by reference herein for its teachlngs regarding the
same. U. E%‘ﬁsnt N Sesteiero I8 dRIaH t?’mﬁ)éﬁlﬁnogﬁ@ SrapvizariagrPeptiediffict b idtein
Pharmacettival Agentsitadéeciibgs bewetmialimathoodfonasoabanpgriliggeeaittgsmesdpatiiele surfaces
and is alsqincrepasatadbyTeferRnGmheiRIA oL /s (Raghings RIAUMING BRSA%RE. Mirppadicle

surface properties can be manipulated to achieve desired characteristics as described in U.S. Patent
Applicatioff ?\?60‘31‘1%%@16%?%%99% IRNeR o P CR A Ro PRl o VS HER IR RS Suth §RhE K finity of
Crystallineapgitio partibledS uefaoesife Aetivaiggpantstieshiahdisrmtorgoratetdayrmefereniog hiaeein for its
teachings regardingithe same. U.S. Patent Application No. 11/532,065 entitled "Method of Drug
Formation based on Increasing the Affinity of Active Agents for Crystalline Microparticle Surfaces”
describes f#Efbds fdrsprsatotitigiadterfrion oficienedisigermionto miarépartities. diaBeRateint

ApplicatioadNot deSﬁQ@&ﬁJism@ mﬁoraeéamlday seferensediereindanitsieaehipossaaarding the
same. [0054 The cro arilcle rlbeﬂPe rein.can co rls qne ormare active a rt%%ent?:7 As used

herein "activ enci use %terc%aneeg Wl?ﬁmér Out SR OHarr%a%goPEéﬁan 85, including

small molélefwé éﬁﬁfﬁﬁ’ﬁé&émi&%ﬁ@nﬁmﬂegﬁ@l@aﬁef@r@ééﬁweegeﬁnfgam@m@%@ém@@a@whéﬁurany
occurring, resembinaaupeOtsyamets v gin ithelingprateinsdaplyreplidssuRERtifemHRuUEleic acids,

organic m&%%g}% %!& SREVIY é}ggiécog( a& qg(rjn?g%l gh %ol ac har rfrj]esa da}? OtheEO% %rs fatty acids,
ite

and lipids,™an ant| ies and fragments thereof, Inclu uding, ani OF chimeric

antlbodleﬁﬁﬁéﬁﬁf'qﬂiab??sa@ﬁ@I@&%W%%%B@%P’él@rfé Bﬁfﬁﬁ"@é f@ W@I%M@ﬁth%rapeutlc
or diagnostistivienooctaaiabantitediestoatin cersntigery, Jheat)iveagetsce fakspedairs variety of

biological @ﬁnvgwgé}goglﬁa%esfjﬁa%&eﬁl%@é&&%'%%%%mﬁ SPHRAcve gutéahgf R

anticoagulants, immunomodulating agents, cytotoxic agents, antlblotlcs viral agents, antigens,
infectious %ﬁeﬁ?@qwmﬁﬁt@w Fﬁ'é@ﬁ'été‘?s”}?@ﬁﬁ’f@ﬁéé‘“"%at%‘éq’la%F%B‘%ﬂ@é@fs@hﬂ@ﬁéep%ftuIarly,
active agemtsécaersmiutesdade hopainitingtrannes dytekiae hdipekinesreakephatingiyateyes,

cyclosporipsRRichs 3 ABofe el BB atiTN Gl ﬂ@wkgusﬁmpmeﬁa@a Gagacigeing

PG-12, LTB receptor blockers including LY29311, BIIL 284 and CP105696; triptans su
sumatrlptd'f‘{"é?ﬂo”f?afﬁ'ﬁ%@ﬁ?e "Gelaf e aﬁ?%ﬂyg%’m@@(?f anmcrﬂ?ﬁnéﬁeeé%%ﬁaﬂ@g@ HRereof,
parathyroith someosrm Bt rdasdaaln séo gisTthetien fagrarsativgr i d: ket oo aelate g aeipide AR TdrP),

amyiin anepe q”ée?fﬁ%“%@%“'%?‘W‘%%‘%%%’P?{ S ARty MR, amyin
yli I I X

(D- phenylzﬁbfi?q% U9 & ?{p}‘ Her% é&& ﬁ%ﬁoﬁeﬂ‘%@ﬂ%ﬁg %?!gﬁ’{‘(tﬂxﬁ)?%ﬁ%@w%-sa)
(PYY), adrptﬁveetmeew@mswlamm (bE Kyl weetatinedistrigeghietigodiametinMéBiatastdbim, brain
natriureticpengiele @3MB&sQﬁé@'tB3&%@&%W%ééMP}h@ﬁh%sﬁ&M%Mmp&eéﬁl%ﬁén%faCtor

(GHRF), inte nbea4 recursar. ITB4 recept e nin FQ2,
calcitonin, égﬁ anoclj(')'tﬁensﬁsncasubgtancgt}gn e%u)? %Br{a g%], bﬁc ét?gé)gl %E? é%?eﬁggg tide Y,
delta- sleeﬁﬁﬁ@lﬂﬁr@@ %)b%ﬁd«éﬂaﬁd'f VoBBaef] Mﬁt@ﬂlﬁaﬂp@b@@é E{@@Bﬁﬂ%ydm@et‘:@ﬁtedm@nbe delivered
on micropgsiRlesdiaisahivendats Rilkaving aéans éa@maﬁaﬁqrmw h@%@@ﬁﬂé&m@ﬂ%%@sis typically

reater MARAnNOLR SIROSiIBRln B O CONCRI0 Bas ME RS M0 INGHaRR O o

having the aforementioned trans isomer content, can ra@{%e from abou ou b, wWhich is
typical for GabRGES’ SHiegs 48 hlinesryreaa iR vRdReBYGaginsaTATI#aSresent microparticles

lypically cpigpiise 3 & bUMAURRPLEKIMBICH }Qﬁmxé}54%9&%@%@W#%@@@}Bﬁ%ﬁggﬁhm? drug

content of the particles can vary depending on the form and size of the elivered.
[0056]MarfiR4RE &8t W&Bﬁiﬁﬁﬂﬂ@% HssBies BEE‘%WH@H*%H”B%HB%% Hefsfrsa Adnufacturing
process tHatt#n hétaise ddo prodatentDEKPineigrepartiché pedicigsisiog ahtrailedsdozer thanteat of from

about 45%&9@@%&@@(2&”@&&?&@”fo[ogéﬁigrlngp%@%FJS arsghematicspressntation afidie
manufacturing process for making the pres DKP mi articles contalnlng insulin. In summary,
using a dui %’ga%% ﬁ@é?ﬁﬂ?(% |88§<%1r %@’&&%a&& YRt &F B6uesiwaies dhan “Kifplication
Serial No.r8f1¢257 3Leptiow o@ﬁr@@v@ﬁberpz,r@oogpwmmsm@m islincerparatecbhdireamisy
reference in its entirety, equal masses of about 10.5 wt% acetic acid and about 2.5 wt% FDKP
solutions at about 16C about 2C (Table 2 and 3) can be fed at 2000 psi through a 0.001- in2 orifice.
The precipitate can be collected in a deionized (DI) water reservoir of about equal mass and
temperature. The resultant suspension contains about 0.8% solids. The precipitate can be

concentrated and washed by tangential flow filtration. The precipitate can be first concentrated to

about 4% solids then washed with deionized water. The suspension can be finally concentrated to
aboiit 1004 enlide haced on the initial mace Nnf ENKP The concentrated cricnancinn can he aceavved far




parts about 2% wt acetic acid. The insulin stock can be added gravimetrically to the suspension to
obtain a load of about 11.4% wt. The insulin-containing suspension can be mixed at least about 15
minutes, and then titrated with about 14 to about 15 wt% agueous ammonia to a pH of about 4.5 from
an initial pH of about 3.5. The suspension can be flash-frozen in liquid nitrogen to form pellets using a
cryogranulator, for example, as disclosed in U.S. Provisional Patent Application Serial No. 61/257,385,

filed on N 0 i is¢l e is incorporated herein by reference in its entirety, and
|yophi|ize§’¥5§°’r‘3%pé% t eé%g"u iﬁ%ﬁ%@%@%&%}(@ rﬁﬁcér)%rb%?tigfgg{\?\;i&h% %ﬁi%mé”@é‘ﬁé?@@ﬁr%m of
between aHBHRUBSAaAdEHYE P Hiaktion RP o Barke st e hargeinurberiddSticiitheminus the

insulin loatling amidahvaidjustiviertzsie ps$.J ahlaZmi As5PecARiicridaapibdinigGaanponent wt% DI
Water 89.00 GAA 10.50 10% Polysorbate 80 0.50 . 0.2 pm filtered Table 3. 2.5% FDKP Solution
Componeft%ifh DI Vaikiegs 2P IEDRP 2150 iMAOKFE 67 R4 Pa faphiticda'o Sorozim fittered

[0060]As uszdsheseiuspsoliantt riéscivtal tihen fhrighstedi uarirnwhichhiheiaotyatagent medrmisroparticle
are "bath%gégm|F§151§%Q%A§B%"t@r§6§&{% mayireihahallGomponents are in solution. Indeed in many
2 .

instances it may be used to refer to the liquid medium in which the microparticles are suspended.
[0033] It should be understood that specific RFAill values can depend on the inhaler

used to deliver the powder. Powders generally tend to agglomerate and crystaliine DKP
microparticles form particularly cohesive powders. One of the functions of a dry powder
inhaler is to deaggiomerate the powder so that the resultant particies comprise a respirabie
fraction suitable for delivering a dose by inhalation. However, deagglomeration of cohesive
powders is typically incomplete so that the particle size distribution seen when measuring
the respirable fraction as deilvered by an inhaler will not match the size distribution of the
primary particies, that is, the profile will be shifted toward larger particles. Inhaler designs
vary in their efficiency of deagglomeration and thus the absolute value of RF/ill observed
using different designs will also vary. However, optimal RF/fill as a function of isomeric

content will be similar from inhaler to inhaler.

{0034] As used herein, the term "about" is used to indicate that a value includes the
standard deviation of the measurement for the device or method being employed to
determine the value.

[0035] Diketopiperazines

[00386] One class of drug delivery agents that has been used to overcome probiems in
the pharmaceutical arts such as drug instability and/or poor absorption are the 2,5-
diketopiperazines. 2,5-Diketopiperazines are represented by the compound of the general
Formula 1 as shown below wherein E, and E; are independently Nlor more particu[ariy NH.
In other embodiments, E1 and/or E; are independently an oxygen or a nitrogen so that
wherein either one of the substituents for E4 and E; is an oxygen and the other is a nitrogen
the formula yields the substitution analog diketomorpholine, or when both E, and E, are
oxygen the formula yields the substitution analog diketodioxane.

R, E, o)
o E; Ry
Formula 1



[0061]As is evident from the foregoing disclosure, microparticles of embodiments disclosed herein can
take many different forms and incorporate many different drugs or active agents. The common
attribute of each of these embodiments, however, is that the formed microparticles have a trans isomer
content of about 45% to about 65%. EXAMPLES [0062]The following examples are included to
demonstrate embodiments of the disclosed microparticles. It should be appreciated by those of skill in

the art tha chni iscl In examples which follow represent techniques discovered by
the invent(t)[rﬁ?g éjnctioﬂH%EI?%h%ﬁﬁg%%&%%&% g%’r%ggﬁP d??&vggvjpe?%nﬁﬁﬂﬂsmcaﬁuge Siwgdered to
constitute prEfEHRY \hoeR 89817& §5ditiRe 2RbReverrthas defasiuan any fekikample. ASsiatdd! in light of
the presenhdiscigeesicppsediate thalfmasneebangesikandisraaae imig sperifis emkesdiments which
are disclos, ti inya like OF similar. res ' eparting from the scope qaf the invention.
EXAMPLE%Q%E)%E %@5%%&%&%%5@2@%@%% f\é%gr%ge% @ﬁi@#ﬁﬁﬁ'&?ﬁéﬁﬁ&%@%@ﬁi‘%’gaamdes
were manut¥efife P8 RDRIBIUHE SRR ietsr Bavhengi i rramishadipennewriis a
solution. Adeed Stbeans ofriie ¢ clotiowasbetintbin Erkatihipcfagd Streane 6f 8nsasanessiiGFAC solution

in a high s X e ion of microparti 5]The FDKP feed solution
Was prepat i b B o L L b R e r e A R bout 30

wto% NH3) SRR E68 ardoJisiraippadnsonetiziet shadriver Slinteninregipee sareleat about
10.5 wt% Gamkdint atiouhrdSasthiapolyspobtea8iu Botimferpatitisio ostverefiltared tawopgh an about

0.2 91t ASEIARGE fi d
through a B e A T e T ol R e R e

. quip , : [nen).
pump was SEP Y SH¥¢ 30 ARRRIRIAD T IARLSIFEGh fOEaes RSP AR sieCh A% AsBiniEaiRss Bbout 2000
psi. The rewivirgredssealf camiiisbdtdeiodiz ey Diyvdatethespahimdbertitassai edhriiferd sglution (e.g.
4 kg FDKPR{RaghisaheignandaAdsd H@AGdesherIIeR WIS R PHBRERhrough the SONOLATORTM

into the receiving vessel containing 4 kg of DI water). [0067]The resulting suspension was
concentratf¥#d washst byowearisies eiageridelyiovatiiadhivrotishages OrRanRPESMenfemne. The

suspensionsiweiefiss) ranesRiAtesiieahapka%isissitian diafiiesad vyl naierandfipally
concentrate‘dtte(;)$1 %usttalt?%) no A inal gsqlédés.F]Tg'ﬁeeaﬁtaunal Bf\?rcent olids of the washed suspension was
determined by “loss rar r]g.rﬂ[%df ]?nsu?in Sk LGRS WBrBIRPAP S BSHIARY 2560t 10 wtv
insulin (as #edEivedrPaicatso e e BIPrisivgcabbem 2uhioh e Aeives weetarresioliatedileditdoed. The
stock solutémarmsas Giterederit puphicatd2 Apmeliteosgste ure:Sasednsithe arligsseniamof the
suspensiop, the appro Q&ﬁ amount. fg,t kt ﬁ)lutlon was added to the mixed suspension. The
resulting mgctopartiﬁ]efgnsu?’n_ rﬁigtdrr’é&vfasg Segn ‘_581'&2_5’&’ rrg{r%eés i|E')r¥ %Ef?afﬁéﬁ e%\{% 1§ gtﬁl-iﬂ’gfcgbout 4.5
using_an alhrifSAIBMRIFUASRIE SYIUaRERTET0BET] TiheeRiiEYpiatialb/thaliih tsasirmsheaving then
pelletized (oryatgranniateatjilty Sabkfresiziogabiciss liguicinitingerd esieerpelieinanaredwaphilized to
produce a dry povdes,d0AZ0lEnG reshyaRis dEacipp-osnalk (REMLL oL pulsRayders S 4 measure of

lyophilization and spray drying (see for example US Patent Publication No. 2007/0196503

entitled "A method for improving the pharmaceutic properties of microparticles comprising

diketopiperazine and an active agent’ and U.S. Patent No. 6,444,226 entitied “Purification

and stabilization of peptide and protein pharmaceutical agents” each of which is incorporated

herein by reference in its entirety for all that it teaches regarding the formation and loading of

DKP microparticles and dry powders thereof). The microparticles disclosed herein are

distinct from microparticles composed of DKP salts. Such particles are typically formed (as

opposed to dried) by spray drying, resulting in spheres and/or collapsed spheres of an

amorphous salt (as opposed to a free acid or base) so that they are chemically, physically,

and morphologically distinct entities. The present disclosure refers to FDKP io be

understood as the free acid or the dissalved anion.

[0039] Methods for synthesizing diketopiperazines are described in, for example,
Katchalski, et al., J. Amer. Chem. Soc. 68, 879-880 (1946) and Kopple, et al., J. Org. Chem.
33(2), 862-864 (1968), the teachings of which are incorporated herein by reference in their



aerodynamic microparticle size distribution and is determined by testing with the Andersen cascade
impactor. To obtain RF/fill values, cartridges are filled with bulk powder and discharged through a
MEDTONE(r) inhaler at 30 Urnin. The powder collected on each inhaler stage is weighed and the total
powder collected is normalized to the total amount filled in the cartridges. Accordingly, RF/fill is powder
collected on those stages of the impactor representing the respirable fraction divided by powder

oaded intg sagdaes iROTHAS SEAMBILGIGnd=ERK FBoglls uily anseplgblp astodyamic

performance measured as RF/fill have beén produced from FDKP with as little as 4 ans isomer

content (FREMY #5858 RS oRRaRiRRG by tRYHOB DB AR PP REEBdEns atisivehent more
variable REfill2{0072H Hespiad msttiete rfuineddhey transisb o e ritenki ran (e it dee naficial

aerodynamjic,Riapasties s IheRELRfipRS derciamasPeRneniscandysss Rpvalyals prgeessing
conditions that (%ag@/%?%rate the specified isomer contents. [0073]ll. Saponification Solvent

[0074]Expéfifie EbAHHGEG Yo dBR MRS IE R TFed P G S sS RtvAEalditions on
FDKP trangidalerssamitenn(@Bak)it Anntives o afcFOK Booiidibys abtar {@ormpats ©0gjands90 mL of

reaction sehépsidsanstgtie:h) wasieaaddaahant BréuATistbe Jeactian E%@Bg@gé@e%grstabi"zed,
about 50%f NaOH folytlon Wa%d?d dr%%‘mse, wa(g%gltlon funnel over about 60 Mminutes. The

reaction was hela-for about 30 Mikulds XREFHR R BOE AR \RR S B Aite e silghdh Hitred to
remove anfyaiRitedicted &i@39.T ratitikeateCniaty sisidifidtkrithinestiackynthesist offédioig Slsnd the
resulting spitdrpisatates) pyéisrmaiionwashag witbhvatereandRgak\Gnsdried in a vacuum oven, and

analyzed by HPLC to determine cis and trans isomer content. [0075]Accordingly, five different solvent
systems réﬁ%% front dfaRbdkeRinerazing (& oliainc I PaindNiiumapefeasyanbatiobinerggineral, the
data in TabBKPsRandasthe saluembiystemaUBegumenpgripstisidndd and C yielded FDKP with
acceptable trans isomer content. Table 4. Affect of water:methanol Solvent Ratio in Step 5 on FDKP
Isomer Content Sample ID Water:Methanol Ratio (v:v) % Trans FDKP A 4:0 51 B 3:1 53 C 2:2 55

Hq\n/\' "NH o)

O
HN
NH
O
O HN ™
@
[0041] FDKP provides a beneficial microparticle matrix because it has low solubility in

acid but is readily soluble at neutral or basic pH. These properties allow FDKP to crystallize
and the crystals to self~assemble into form microparticles under aéidic conditions. The
particles dissolve readily under physiological conditions where the pH is neutral. As noted,
microparticles having a diameter of between about 0.5 and about 10 microns can reach the
lungs, successfully passing most of the natural barriers. Particles in this size range can be
readily prepared from FDKP.

[0042] FDKP possesses two asymmetric centers in the diketopiperazine ring. FDKP is
manufactured as a mixture of geometric isomers that are identified as “cis-FDKP" and “trans-
FDKP" according to the arrangement of side chains relative to the central “ring” of the
diketopiperazine. The R,R and §,S enantiomers have the propenyl(amidobutyl) “side arms”
projecting from the same planar side of the diketopiperazine ring (A and B below) and are
thus referred to as the cis isomers while the R,S compound has the “side arms” projecting
from opposite pianar sides of the diketopiperazine ring (C below) and is referred to as the
trans isomer.
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D 1:3 78 E 0:4 33 [0076]lll. Rectystallization conditions [0077]FDKP can be recrystallized from a TFA
(solvent)/GAA (anti-solvent) mixture (FIG. 2; step 6). Controlled process parameters were evaluated to
characterize this recrystallization process and its effects on FDKP isomer contents. In general,
recrystallization reactions with high yield also gave FDKP with a desired trans isomer content. Low
yielding recrystallization reactions resulted in elevated trans isomer content, because the cis isomer
has greater solubility in the recpystallization solventisystem. [0078]A rgactor was charged with crude
FDKP (about 75g) and T 950 mL) aRtrstirtingWvas initidte: T“ﬁspension was heated to
reflux (about 80C to about 82C) and held for abﬁ 10iminutes or uptil all{solids were dissolved. The
mixture was cooled to bel&v about BOC. Glacig acﬁtic"éﬁaid (abou®378¥ML)Rwas added to the solution.

The mixture was cooled and held for a minimum of about 6 hours at about 10C to about 20C. The
precipitated product was filtere) and washed with GAA (3 X about 100tmL), acetone (3 X about 100

mL) and 1Xa 1 ..Lhe product was dried bout 55C under vacuum (about 22 to
about 25\?@@3 for aﬁgﬁ%l%qtcég éég*ﬁ[é 1§%Wou8rrss. _ %ﬂ?ﬁ?ﬁa?ﬁb?efoaﬁrr %5%?8%'% reer{%)éré‘t%wcfncﬁﬁding
solvent quARaSH ahtRE IRt dlitantgrsabaIRFtaRH trhdaRdserpsaslithet MERRPEFBtUrdaler solvent
quantity okialemsed. 68 osabetsnB.R4. nTl4g4-DE R priwired meaepiabte HidiRnNsdgomer phldaKP. At
around 6. s gk igh trans isomer content was produced. The
amount 019 gp:%l%b ﬁ/&fﬁ%% g@@gﬁ%ﬁaﬁ,ﬁ%ﬁ%@%@é %g}{ Eg%(r:%'g rggorr?ﬁaaﬁ@ enl??}ﬁetos%’m L/g
FDKP. RebRiy shfreaHrEA tRRREHEH tEsisenauernisrsiansingiian phredidztr abatrans FDKP
a_bO\_/e_z the&fésirétémmmy\ﬁﬂom}hgexpMemtsththémw fisodpetytaldvarysiallisagiosricradg)id not
Significantyaffsctaf 3B EK Rdsaumer AOntens abipdg, LA O 2Abe s, el caisnt (6 vans

isomer of EDKP) fell outside the about 45 to about 65% range at t and Tow )
crystallizafi G 86 m|PERRH A YRl (IR Tet e BRInt BRPHimbhEs B e dHeYSHiNdiRS. FIG. 6
shows a shfpiseitephitint: 7 DKEB4s enidecotivemt;verd sy fesvasr Drira iz v B yata funedien of
solventanijspbren! ke (TR CAMLAcamlzatondsmpSIBILE  QUEr e dANAeR esled In these

experiments the values for % trans FDKP varied from 59-75%. T ata suggest that trans FDKP

isomer is WiHFIFT 1 08 SRR rah§¥ %S FOMRIOSHTIARRAERS SHIEHInE &yRaMeaddydhiseratures
(25C). Predittéd teathids forvés vams BRK P ispmeriahlehiBRafita(©fGhd respanse istifacermim&B-60%.

These obsgpraionsissagest Kratusing ey stlligaion temPelaiuee 0f A 61 hs aryantageous.
EXAMPLE %EL%OaSr rlnqg the Trans Isomer of FDKP [0083]FDKP cis/trans isomer ratio was

2
determined USing ?—]%Lﬁéﬁﬁ% DRE sample

[0044] In other experiments done under comparable conditions to those reported in

FIG. 1, microparticles made from about 95% trans-enriched FDKP and insulin produced an
RF/ill of about 24%, whereas conirol samples with a frans isomer content of about 59% with
equal insulin content gave an RF/ill of about 49-52% (data not shown). Accordingly, an
FDKP microparticle powder having a irans isomer content of about 45% to about 5%
provides a powder with acceptable aerodynamic properties. In alternate embodiments the
FDKP trans isomer content ranges from about 50% to about 5% from about 52% to about
62% or from about 53% to about 63% (see FIG. 1).

[0045] Based on the foregoing, it is desirable to produce microparticle powders having
a trans isomer content within the range of about 45% to about 85%. Thus, the present
disclosure ascertains that frans isomer content would affect the aerodynamic performance of
FDKP microparticles, which was not anticipated. However, it was discovered that improved

- consistency could be obtained by carefuily controlling the isomer content of the FDKP used
to make FDKP microparticles. In FIG, 1, the solid curved iine represents predicted RF/fil
and the dashed curved line represents the one-sided lower 95% confidence limit of obtaining
a suitable RF/ill score. The vertical dashed lines provide limits on the trans isomer content
for one exemplary embodiment disclosed herein,
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was prepared at a concentration of -0.15 mg/mL in 0.1M ammonium formate buffer. The sample was
sonicated and transferred to an HPLC vial for analysis. The injection volume used was 20 pL.
Retention times of 31.7 and 33.3 minutes (cis and trans FDKP, respectively) were observed using the
following HPLC parameters: Column: Phenomenex LUNA Phenyl-Hexyl Pa_rticle Size:_ 3 mm Column
Length: 15 cm Column Internal Diameter: 3.0 mm Mobile Phase A: water/trifluoroacetic acid, 1000:1

(v:v) Mobﬂ&ﬁ’,{ase B W%ﬁ&'@ﬁ}{% gdrofu{glar nfluoroa 'c accigr}ﬁ%()) é?[ﬁ%% \%g%/'égé%%glrévmume

20 pL Flow Rate: 0.3 mL per mlnute un Time. 90 7 mln
TemperatfePigted 8 Digisedr Lf\ﬁzglﬁﬁﬁ*F?Fﬁ?@%mEilﬁY@th?a@@?ﬁm KR samplatdietestmin) % A

% B Flow Rate (prbdota) KDetPménts QrhsSigbmer content of about 45% to about 65%. In the
synthetic scheme, there are several parameters andjor reaction steps  inciuding,
saponification and recrystallization, during synthesis of FDKP that can be regulated fo obtain
the targeted or desired isomer ratio. For exampie, specific parameters of the reactions,
including, temperature, reaction time, and the type of solvents or co-solvents used, can be
controlled fo yield a product with the desired or targeted trans isomer content.

[0047] Control of the Lower End of the Range of FDKP Trans Isomer Content

[0048] The lower end of the trans isomer content is controlled by exposing the DKP
ring to a strong base. In one manufacturing step, ethyl protecting groups are removed by
saponification with sodium hydroxide. These basic conditions also promote ring
epimerization between isomers as shown below, without regard for which isomer is in
excess. For example, the addition of a base to a reaction comprising a starting compound
composed of, for example, 95% frans isomer can yield an FDKP material comprised of
approximately 50/50 mixture of cis and trans isomer content (FIG. 3). In addition to basic
pH, other factors can also contribute to the regulation of trans isomer content formation,
including, concentration of solvents and co-solvents, time of exposure and temperature of
the reaction.

[
A~ b L I’
O ﬁ H R1 N - R1 r,
rans

Cis
[0048] Control of the Upper End of the Range or FDKP Trans Isomer Content

[06050] Differences in solubility between the isomers affect the FDKP isomer content.
For instance, FDKP can be recrystallized from trifluoroacetic acid (TFA) and giacial acetic
acid (GAA). Trans FDKP is less sofuble in this solvent system than cis FDKP. Accordingly,
conditions that favor selective precipitation of the less soluble trans isomer can be used to
increase the frans isomer content of the final product. Such conditions include decreased
recrystallization time, anti-solvent addition at low temperature and/or rapid cooling of the
trifuoroacetic acid-glacial acetic acid (TFA-GAA) mixture (FIG. 4). It will aiso be appreciated
that elevating the frans isomer content by such methods provides a residual solution of
FDKP enriched in the cis isomers.

12



starting conditions 75 53.5 46.5 0.3 linear gradient 76 20 80 0.3 isocratic hold 77 95 5 0.3 Return to
initial 90 95 5 0.3 Re-equilibrate EXAMPLE 3 [0084]Geometric Particle Size Analysis of Emitted
Formulations by Volumetric

Table 1. Exemplary Manufacturing Ranges

Parameter Operating Range
TFA/GAA™ Ratio 0.67 £ 0.05
Crystallization Time (hrs) 605
Crystallization Temp (°C) 15-25
Cooling Ramp Post GAA Addition (°C/hr) 7-10

*Denotes triflucroacstic acid:glacial acid acid

[0051] Providing microparticles with an isomer content in the about 45% to about 65%
range provides microparticles with beneficial asrodynamic characteristics.

[0052] Selection and Incorporation of Active Agents

[0053] As long as the microparticles described herein retain the required isomer
content, they can adopt other additional characteristics beneficial for delivery to the lung
and/or drug adsorption. U.S. Patent No. 6,428,771 entitled “Method for Drug Deiivery to the
Pulmonary System” describes DKP particie delivery to the lung and is incorporated by
reference herein for its teachings regarding the same. U.S. Patent No. 6,444,228, entitled,
“Purification and Stabilization of Peptide and Protein Pharmaceutical Agents” describss
bensficial methods for adsorbing drugs onto microparticle surfaces and is also incorporated
by reference herein for its teachings regarding the sarne, Microparticle surface properties
can be manipulated to achieve desired characteristics as described in U.S. Patent
Application No. 11/532,063 entitled “Method of Drug Formulation based on Increasing the
Affinity of Crystalline Microparticle Surfaces for Active Agents” which is incorporated by
reference herein for its teachings regarding the same. U.S. Patent Application No.
11/532,085 entitled "Method of Drug Formation based on Increasing the Affinity of Active
Agents for Crystalline Microparticle Surfaces” describes methods for promoting adsorption of
active agents onto microparticles. U.S. Patent Application No. 11/532,065 is also
incorporated by reference herein for its teachings regarding the same.

[0054] The microparticles described herein can comprise one or more active agents.
As used herein “active agent’, used interchangeably with “drug”, refers to pharmaceutical
substances, including small molecule pharmaceuticals, biologicals and biocactive agents.
Active agents can be naturally occurring, recombinant or of synthetic origin, including
proteins, polypeptides, peptides, nucleic acids, organic macromolecules, synthetic organic
compounds, polysaccharides and other sugars, faity acids, and lipids, and antibodies and
fragments thereof, including, but not limited to, humanized or chimeric antibodies, F(ab),
F(ab) a single-chain antibody alone or fused to other polypeptides or therapeutic or
diagnostic monoclonal antibodies to cancer antigens. The active agents can fall under a
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Median Geometric Diameter (VMGD) Characterization [0085]Laser diffraction of dry powder
formulations emitted from dry powder inhalers is a common methodology employed to characterize the
level of de-agglomeration subjected to a powder. The methodology indicates a measure of geometric
size rather than aerodynamic size as occurring in industry standard impaction methodologies.
Typically, the geometric size of the emitted powder includes a volumetric distribution characterized by

the mediappRice 56 MM GRVINBosRRIK geametHe sizesql heemitterd padicles are discerned

with heightened resolution as compared to the aerodynamic sizes provided by impaction methods.
b it

Smaller siz38 KR rarE P LR T LIRS IRARISY SV IRENIOBE Vo ARl eing tlidered to the
pulmonaryeeeis. Fintigeaiféniasbousire genide inferagglomenatitrioan chaltimate, pedocatanedacan be easier

to resolve witgedifragiRnpinithess XRREMGNS BRaIRISMWErS é%ﬁiﬂmﬂb'ﬁ%‘?ﬁgﬁfﬁﬁ&&m'@t pressures
analogous“t%ﬁ%uaé [Q(aeti%g}iéns%gto%/ capacities to dte?irgin%h:? eff%cgveness of the inhalation
system to de-aggiomerats powdet formuiaions. Spatificany? e S bAoA B Whesive
diketopipef@2irie-Hoverirgigginenintutied Gtz ddde derrgriedibatkars ivihding Y2834 poBitler
formulatiopspessaseeosebar asirsisiic i iace Areapis Rl [allatiand Cariindices,Reported in
Table 6 arg g}%?"%@ %apm%‘gigi%n Yy 911;1 ;tohe ‘?RQFSQ, er ergmgg? ﬁurin%thgjﬁi):i%q. FDKlP gowders
have an approximate Cart's index of 50 and Tt powde? A4S An approxiat AthEER'89%0. Table 6
Inhaler syst&ffohoRriai BroiFahersSpe pralatasePary ds (KRB Ram pledize 9 tEIVMBBrasiation) DPI 2
FDKP 56 gfefuldzyte macrophage colony stimulating factor (GM-CSF), amyiin, amylin analogs,

glucagon-iike peptide 1 (GLP-1), Texas Red, clopidogrel, PPACK (D-phenylalanyl-L-prolyl-L-

arginine chloromethyl ketone), oxyntomodulin (OXM), peptide YY(3-36) (PYY), adiponectin,

cholecystokinin (CCK), secretin, gastrin, glucagon, motilin, somatostatin, brain natriuretic

peptide (BNP), atrial nafriuretic peptide (ANP), iGF-1, growth hormone releasing factor

(GHRF), integrin beta-4 precursor {ITB4) receptor antagonist, nociceptin, nocistatin,

orphanin FQ2, calcitonin, CGRP, angiotensin, substance P, neurokinin A, pancreatic

polypeptide, neuropeptide Y, delta-sleep-inducing peptide and vasoactive intestinal peptide.

[0055] _ The drug content to be delivered on microparticies formed from FDKP having a
trans isomer content between 45% and 65% is typically greater than 0.01%. In one
embodiment, the drug content to be delivered with the microparticies having the
aforementioned trans isomer content, can range from about 0.01% to about 20%, which is
typical for peptides such as insulin. For example, if the drug is insulin, the present
microparticles typically comprise 3-4 U/mg (approximately 10 to 15%) insulin, In certain
embodiments, the drug content of the particles can vary depending on the form and size of
the drug to be delivered.

[0G56] Manufacture of Microparticles

[0657] In one embodiment and disclosed herein is a manufacturing process that can be
used to produce FDKP microparticles comprising a trans isomer content of from about 45%
o about 65% and insulin.

[0058] FIG. 5 depicts a schematic representation of a manufaciuring process for
making the present FDKP microparticles containing insulin.  In summary, using a dualkfeed
high shear mixer, for example, as disclosed in U.S. Provisional Patent Application Serial No.
61/257,311, filed on November 2, 2009, which disclosure is incorporated herein by reference
in its entirety, equal masses of about 10.5 wi% acetic acid and about 2.5 wi% FDKP
sclutions at about 16°C % about 2°C (Table 2 and 3) can be fed at 2000 psi through a 0.001-
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92.5 6.800 MedTone(r) FDKP 56 55 4 30 89.5 21.200 DPI 2 FDKP + active 56 45 4 30 98.0 4.020 DPI
2 FDKP + active 56 45 4 20

in? orifice. The precipitate can be collected in a deionized (D) water reservoir of about equal
mass and temperature. The resultant suspension contains about 0.8% solids. The
precipitate can be concentrated and washed by tangential flow filtration. The precipitate can
be first concentrated to about 4% sclids then washed with deionized water. The suspension
can be finally concentrated to about 10% solids based on the initial mass of FDKP. The
concentrated suspension can be assayed for solids content by an oven drying method.

[06059] A concentrated insulin stock solution can be prepared with 1 part insulin and 9
parts about 2% wt acetic acid. The insulin stock can be added gravimetrically to the
suspension to obtain a load of about 11.4% wt. The insulin-containing suspension can be
mixed at least about 15 minutes, and then fitrated with about 14 to about 15 wi% agueous
ammonia to a pH of about 4.5 from an initial pH of about 3.5. The suspension can be flagh-
frozen in liquid nitrogen to form pellets using a cryogranulator, for example, as disclosed in
U.S. Provisional Patent Application Serial No. 81/257,385, filed on November 2, 2009, which
disclosure is incorporated herein by reference in its entirety, and lyophilized to yield the bulk
insulin-loaded FDKP microparticles with a % trans isomer content of between about 45%
and 65%. Blank FDKP microparticles can be manufactured identically minus the insulin
loading and pH adjustment steps.

Table 2. 10.5% Acetic Acid Solution

Component wi%
DI Water 89.00
GAA 10.50

10% Polysorbate 80 0.50

0.2 pm filtered
Tabie 3. 2.5% FDKP Solution

Componsnt wt%
DI Water 95.40
FDKP 2.50
NH4OH 1.60

10% Polysorbate 80 0.50

0.2 pm filtered

[0060] As used herein, "solvent” refers to the fluid medium in which the active agent
and microparticle are “bathed.” ft should not be interpreted to require that all components
are in solution. Indeed in many instances it may be used to refer to the liguid medium in
which the microparticles are suspanded.
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97.0 3.700 DPI 2 FDKP + active 56 45 4 20 98.4 3.935 DPI 2 FDKP + active 56 45 4 20 97.8 4.400
MedTone(r) FDKP + active 56 45 4 10

[0061] As is evident from the foregoing disclosure, microparticles of embodiments
disclosed herein can take many different forms and incorporate many different drugs or
active agents. The common attribute of each of these embodiments, however, is that the
formed microparticles have a trans isomer content of about 45% to about 65%.

EXAMPLES

[0062] The following examples are included to demonsirate embodiments of the
disclosed microparticles. It should be appreciated by those of skili in the art that the
techniques disclosed in the examples which follow represent techniques discovered by the
inventor to function well in the practice of the present disclosure, and thus can be considered
to constitute preferred modes for its practice. However, those of ordinary skill in the art
should, in light of the present disclosure, appreciate that many changes can be made in the
specific embodiments which are disclosed and still obtain a like or similar result without
departing from the scope of the invention.

EXAMPLE 1
| [0063] I. Relationship Between Trans isomer Content and RF/Fill

[0064] Microparticles were manufactured from FDKP and insulin. FDKP was dissolved
in agueous NH,OH to form a solution. A feed stream of this solution was combined with a
feed stream of an aqueous HOAc soiution in a high shear mixer to form an agueous

suspension of microparticies.

[0085] The FDKP feed solution was prepared with about 2.5 wt% FDKP, about 1.6 wt%
concentrated NH,OH (about 28 fo about 30 wi% NH;) and about 0.05 wt% polysorbate 80.
The acetic acid feed solution was prepared at about 10.5 wt% GAA and about 0.05 wi%
polysorbate 80. Both feed solutions were filtered through an about 0.2 um membrane prior
to use.

[00686] Equal amounts (by mass) of each feed solution were pumped through a DUAL-
FEED SONOLATOR™ equipped with the #5 orifice (0.0011 sg. inch). The minor pump was
set to 50% for equal fiow rates of each feed stream and the feed pressure was about 2000
psi. The receiving vessel contained deionized (DI) water equal to the mass of either feed
solution (e.g. 4 kg FDKP feed solution and 4 kg HOAc feed solution would be pumped
through the SONOLATOR™ into the receiving vessel containing 4 kg of DI water).

[0067] The resulting suspension was concentrated and washed by means of tangential
flow filtration using a 0.2 m* PES membrane. The suspensions were first concentrated to
about 4% solids then diafiltered with DI water and finally concentrated o about 16% nominal
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86.1 9.280 MedToneO FDKP + active 56 45 4 10 92.3 10.676 DPI 2 FDKP + active 56 452 7 192.9
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solids. The actual percent solids of the washed suspension was determined by “loss on
drying.”

[0068] Insulin stock solutions were prepared containing about 10 wit% insulin (as
received) in a solvent comprising about 2 wt% HOAG in DI water and sterile filtered. The
stock solution was filtered through a 0.22 pm filter prior to use. Based on the solids content
of the suspension, the appropriate amount of stock solution was added to the mixed
suspension. The resulting microparticle/insulin mixture was then adjusted from a pH of
about 3.6 to a pH of about 4.5 using an ammonium hydroxide solution.

[0069] The microparticle/insulin suspension was then pelletized (cryo-granulated) by
flash freezing by in liquid nitrogen. The ice pellets were Iyophilized to produce a dry powder,

[0070] The respirable fraction on fill (RF/fill) of bulk powders is & measure of
aerodynamic microparticle size distribution and is determined by testing with the Andersen
cascade impactor. To obtain RF/fill values, cartridges are filled with bulk powder and
discharged through a MEDTONE® inhaler at 30 L/min. The powder collected on each
inhaler stage is weighed and the total powder collected is normalized to the total amount
filled in the cartridges. Accordingly, RF/ill is powder coliected on those stages of the
impactor representing the respirable fraction divided by powder loaded into cartridges.

[o671] As shown in FIG. 1, FDKP powders with acceptable aerodynamic performance
measured as RF/fill have been produced from FDKP with as little as 45% trans isomer
content (FIG. 1). Powders containing more than 65% trans-FDKP tended to have lower and
more variable RFAill.

[0072] The studies determined the frans isomer content range with beneficial
aerodynamic properties. The next sections describe experiments conducted to evaluate
processing conditions that can generate the specified isomer contents.

[0073] Il. Saponification Solvent

[0074] Experiments were conducted to determine the effect, if any, of the saponification
conditions on FDKP trans isomer content (FIG. 2). A mixture of FDKP diethyl ester
(Compound 004) and 590 mL of reaction solvent (see Tabie 5) was heated to about 57°C.
After the reaction temperature had stabilized, about 50% NaOH solution was added
dropwise via addition funnel over about 60 minutes. The reaction was held for about 30
minutes after the NaOH addition was complete and then filtered to remove any unreacted
solids. The filirate was acidified with acetic acid to a pH of about 5 and the resuliing solids
isolated by filtration, washed with water and acetone, dried in a vacuum oven, and analyzed
by HPLC to determine cis and trans isomer content.
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[0075] Accordingly, five different solvent systems ranging from aqueous (Table 4, A) to
organic (Table 4, E) were evaluated. In general, the data in Table 4 show that the solvent
system used in experiments A, B and C yielded FDKP with acceptable trans isomer content.

Table 4. Affect of water:methanol Solvent Ratio in Step 5 on FDKP Isomer Content

Sample 1D Water:Methanol Ratio {v:v) % Trans FDKP
A 4:0 51
3:1 53
C 2.2 55
D 1.3 78
E 0:4 33

[0076] Hl. Recrystallization conditions

[0877] FDKP can be recrystallized from a TFA (solvent)/GAA (anti-solvent) mixture
(FIG. 2; step 6). Controlled process parameters were evaluated to characterize this
recrystallization process and its effects on FDKP isomer contents. In general,
recrystallization reactions with high yield also gave FDKP with a desired trans isomer
content. Low yielding recrystallization reactions resulted in elevated trans isomer content,

because the cis isomer has greater solubility in the recrystallization solvent system.

[0078] A reactor was charged with crude FDKP (about 75g) and TFA (about 250 mL)
and sftirring was initiated. The suspension was heated 1o reflux (about 80°C to about 85°C)
and held for about 10 minutes or until all solids were dissolved. The mixture was cooled to
below about 60°C. Glacial acetic acid (about 375 mL) was added to the solution. The
mixture was cooled and held for 2 minimum of about 6 hours at about 10°C to about 20°C.
The precipitated product was filtered and washed with GAA (3 X about 100 mL), acetone (3
X about 100 mL) and water (1 X about 100 mL). The product was dried at about 55°C under
vacuum (about 22 to about 25 in. Hg) for about 12 to about 18 hours.

[0079] Initially, four factors were tested including solvent quantity, anti-soivent quantity,
crystallization time and crystallization temperature. A solvent quantity of about 2.68 or about
3.34 mL/g FDKP provided acceptable % trans isomer of FDKP. At around 6.68 mL solvent/g
FDKP, an unacceptably high frans isomer content was produced. The amount of anti-
solvent did not significantly affect % trans FDKP isomer content at up to 5.0 ml/g FDKP.
Reducing anti-solvent quantity from the control quantity substantially produced a % trans
FDKP above the desired range.

[0080] In experiments with high product yieid, crystaliization time did not significantly
affect % trans FDKP isomer content at up to about 6 or 24 hours. Isomer content (% trans
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99.6 6.254 DPI 2 FDKP + active 56 14 4 10 85.5 4.037 MedTone(r) FDKP + active 56 56 4 20 89.7
12.045 MedTone(r) FDKP + active 56 14 4 20

isomer of FDKP) fell outside the about 45 to about 85% range at the high (35°C) and low
(0°C) crystallization temperatures tested.

[0081] Subsequent experiments supported these findings. FIG. 6 shows a surface
depicting FDKP isomer content, measured as % frans FDKP, as a function of solvent:anti-
solvent ratio (TFA:GAA) and crystallization temperature., Over the ranges tested in these
experiments the values for % trans FDKP varied from 59-75%. The data suggest that trans
FDKP isomer is within the desired range at a low solvent ratic (0.43) and high crystalfization
temperatures (25°C). Predicted values for % trans FDKP isomer in this area of the response
surface are 58-60%. These observations suggest that using a crystallization temperature of
25°C could be advantageous.

EXAMPLE 2
[0082] Measuring the Trans Isomer of FDKP

[0083] FDKP cis/trans isomer ratio was determined using HPLC. An FDKP sample
was prepared at a concentration of ~0.15 mg/mL in 0.1M ammonium formate buffer. The
sample was sonicated and transferred to an HPLC vial for analysis. The injection volume
used was 20 pl. Retention times of 31.7 and 33.3 minutes (cis and trans FDKP,
respectively) were observed using the following HPLC parameters:

Column: Phenomenex LUNA Phenyl-Hexyl

Particle Size: 3 mm

Column Length: 15 cm

Column internal Diameter: 3.0 mm

Mobile Phase A: water/trifiuoroacetic acid, 1000:1 {viv)
Mobile Phase B. methanolftetrahydrofuran/irifluoroacetic acid, 900:100:1 (viviv)
Injection Volume: 20 uL

Flow Rate: 0.3 mL per minute

Run Time: 90 min.

Column Temperature: 30 £ 3 °C

Sample Temperature: 823 °C

Detector: UV 254 nm

Table 5. Elution gradient of FDKP sample:

Time (min) | %A % B Flow Rate {mL/min) Comments
0 95 5 0.3 starting conditions
75 53.5 48.5 0.3 linear gradient
76 20 80 0.3 isocratic hold
77 95 5 0.3 Return fo initial
80 85 5 0.3 Re-equilibrate
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37.910.776 Inhaler system powder To trans SSA pressure drop (kPa) sample size %CE VMGD
(micron) DPI 2 FDKP + active 54 50 4 10

EXAMPLE 3
[0084] Geometric Partficle Size Analysis of Emitted Formulations by Volumetric
Median Geometric Diameter (VMGD) Characterization
[0085] Laser diffraction of dry powder formulations emitted from dry powder inhalers is

a common methodoiogy employed to charasterize the level of de-agglomeration subjected to
a powder. The methodology indicates a measure of geomedric size rather than aerodynamic
size as occurring in industry standard impaction methodologies.  Typically, the geometric
size of the emitted powder includes a volumetric distribution characterized by the median
particle size, VMGD. Importantly, geometric sizes of the emitted particles are discemed with
heightened resolution as compared to the aerodynamic sizes provided by impaction
methods. Smaller sizes are preferred and result in greater likelihood of individual particles
being delivered to the pulmonary tract. Thus, differences in inhaler de-agglomeration and
ultimate performance can be easier to resolve with diffraction. In these experiments,
inhalers were tested with laser diffraction at pressures analogous to actual patient inspiratory
capacities to determine the effectiveness of the inhalation system to de-agglomerate powder
formuiations. Specifically, the formulations included cohesive diketopiperazine powders with
an active insulin loaded ingredient and without. These powder formulations possessed
characteristic surface areas, isomer ratios, and Carr’s indices. Reported in Table 6 are a
VMGD and an efficiency of the container emptying during the testing. FDKP powders have

an approximate Carr's index of 50 and Tl powder has an approximate Carr's index of 40,

Table 6
Inhaler % pressure sample VMGD
system powder trans | S°A g(r;:) size %CE {micron)
DP12 FDKP 56 55 4 15 92.5 9.800
MedTonz® FDKP 56 55 4 30 89.5 21.200
DPi 2 FDKP + agtive 56 45 4 30 98.0 4.020
DPi2 FDKP + active 56 45 4 20 897.0 3.700
DPi 2 EDKP + active 56 45 4 20 98.4 3.835
DPi 2 FDKP + active 56 45 4 20 97.8 4.400
MedTone® | FDKP + active 56 45 4 10 86.1 9.280
MedTone® | FDKP + active 56 45 4 10 82.3 10.678
DP| 2 FDKP + active 56 45 2 7 82.9 4.364
DP| 2 FDKP + active 56 45 2 7 95.1 4.680
DPi 2 FDKP + active 56 45 4 7 97.0 3.873
DP{ 2 FDKP + active 56 45 4 7 95.5 4.250
DPi 2 FDKP + aclive 58 56 4 10 99.8 6.254
DP| 2 FDKP + aciive 56 14 4 10 85.5 4,037
MedTone® | FDKP + active 56 58 4 20 89.7 12.045
MedTone® FDKP + active 56 14 4 20 37.9 10.776

20




97.1 4.417 DPI 2 FDKP + active 54 44 4 10 96.0 4.189 DPI 2 FDKP + active 56 35 4 10 92.0 3.235
DPI 2 FDKP + active 50 34 4 10

inhaler powder % SSA prgfigre Sa'?"p'e %CE VMGD

system trans (kP3) size {micron)
pPi12 FDKP + active 54 50 4 10 87.1 4417
DPI 2 FDKP + active 54 44 4 10 96.0 4.189
DPI 2 FDKP + active 56 35 4 10 82.0 3.235
DBt 2 FDKP + active 50 34 4 10 93.2 5.611
DPI 2 FDKP + active 86 33 4 10 79.0 4678
DPI 2 FDKP + active 45 42 4 10 93.2 5.610
DPI 2 FDKP + active 56 8 4 10 78.9 5.860

[00886] The data in Table 6 show an improvement in powder de-aggiomeration in

inhalers identified as DPI 2 over the MEDTONE® inhaler system. Diketopiperazine
formulations with surface areas ranging from 14 — 56 m?g demonstrated emptying
efficiencies in excess of 85% and VMGD less than 7 microns. Similarly, formulations
possessing an isomer ratio ranging from 45 — 66 % trans demonstrated improved
performance over the predicate device. However, it is worth noting that even with the more
efficient inhaler at 66% trans content there has been a reduction in cartridge ‘emptying
indicating a fall off (decrease) in aerodynamic performance as frans isomer content departs
from the ranges disclosed herein. Lastly, performance of the inhaler system with
formulations characterized with Carr's indices of 40-50 were shown to be improved over the

predicate device as well. In all cases, the reported VMGD values were below 7 microns.

[0087] Unless otherwise indicated, ali numbers expressing guantities of ingredients,
properties such as molecular weight, reaction conditions, and so forih used in the
specification and claims are to be understood as being modified in all instances by the term
“about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the following specification and attached claims are approximations that may vary depending
upon the desired properties sought to be obtained by the present invention. At the very
least, and not as an attempt to limit the application of the doctrine of equivalents fo the scope
of the claims, sach numerical parameter should at least be construed in light of the number
of reported significant digits and by applying ordinary rounding technigues. Notwithstanding
that the numerical ranges and parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are reported as
precisely as possible. Any numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviation found in their respective testing
measurements.

{0088] The terms "a" and "an" and "the" and similar referents used in the context of
describing the invention (especially in the context of the following claims) are to be construed

to cover both the singular and the plural, unless otherwise indicated herein or clearly
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93.2 5.611 DPI 2 FDKP + active 66 334 10 79.0 4.678 DPI 2 FDKP + active 45 42 4 10 93.2 5.610
DPI 2 FDKP + active 56 94 10

contradicted by context. Recitation of ranges of values herein is merely intended to serve as
a shorthand method of referring individually to each separate value falling within the range.
Unless otherwise indicated herein, each individual value is incorporated into the specification
as if it were individually recited herein. All methods described herein can be performed in
any suitable order unless otherwise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary language (e.g. "such as") provided
herein is intended merely to better illuminate the invention and does not pose a limitation on
the scope of the invention otherwise claimed. No language in the specification should be

construed as indicating any non-claimed element essential to the practice of the invention.

[0089] The use of the term "or" in the claims is used to mean "and/or" unless explicitly
indicated to refer to alternatives only or the altematives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and "and/or."

[0090] Groupings of alternative elements or embodiments of the invention disclosed
herein are not to be construed as limitations. Each group member may be referred to and
claimed individually or in any combination with other members of the group or other
efements found herein. It is anticipated that one or more members of a group may be
included in, or deleted from, a group for reasons of convenience and/or patentability. When
any such inclusion or deletion occurs, the specification is herein deemed to contain the
group as modified thus fulfilling the written description of all Markush groups used in the
éppended claims.

[0091] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention, Of course, variations on those
preferred embodiments will become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventor expects skilled artisans to employ such
variations as appropriate, and the inventors intend for the invention fo be practiced otherwise
than specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable iaw. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated hersin or
otherwise ciearly contradicted by context.

[0092] Specific embodiments disclosed herein may be further limited in the claims
using consisting of or consisting essentially of language. When used in the claims, whether
as filed or added per amendment, the transition term “consisting of’ excludes any element,
step, or ingredient not specified in the claims. The transition term "consisting essentially of’
limits the scope of a claim to the specified materials or steps and those that do not materially
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78.9 5.860 [0086]The data in Table 6 show an improvement in powder de-agglomeration in inhalers
identified as DPI 2 over the MEDTONEDO inhaler system. Diketopiperazine formulations with surface
areas ranging from 14 - 56 m2/g demonstrated emptying efficiencies in excess of 85% and VMGD less
than 7 microns. Similarly, formulations possessing an isomer ratio ranging from 45 - 66 % trans
demonstrated improved performance over the predicate device. However, it is worth noting that even
with the mgye fiEienkioRAIC G AHe LR SRIENENSIA AR ReFNA Tadustiondn gartiidag emptying
indicating a fall off (decrease) in aerodynamic performance as trans isomer con?enfadepa?ts from the
ranges disClo¥EaHSHPESEHAesE enePEhrlIsHler system with formulations characterized

with Carm dggiges of dednsie alimumie bedmpivadayaidle peflicpiederices Walkln all cases.

the reported M(E‘;D values were below 7 microns, [0087]Unless otherwise indicated, all numbers
expressind’ﬂ%fgﬁ 0% 'BFIHANRidRE SRFGHeRiae shartel heIstans tiedjreseacasrredmariets, and so
forth used fdtlicatipscific Atimindmd vidaits iacertofate d hil eeitoodas teingmiadyfied in all instances by

the term " " Accordingly, unless indicated to,the contrary, the numerical parameters set forth in
the foIIowii%gé%]ecificg |ghe%a]fn[a 'gttlt%(%r?elépé ikt é?@%ﬁ%‘?&ﬂ%‘%ﬂgﬁgtﬁqﬁ? HayvariHeferetRd upon the
desired prépetiiesstiugirtive 96 e rrineaipy echtprssestinvention. Atheronvedifidetist trat mat as an
attempt todiménipr aapbeatianiotiBescassrisrened euhmientsHesths seapelihe saims.sagh numerical
parameter,; Id a st.be construed in light of the number. of reported sjgnificant digjts and by
applying or J%&FO%I‘%&%%V%S%# Eljjreaqs'.o Wo@%%%ﬁ%?ﬁg 'TWEPIRA Alth&c ﬁf%rcgg'gsagﬁ(ﬁg FAmeters
setting foritith& Brgaehssesinnhprnadinely.dhe apmentimeandios, isheohlimitaict ratuerecisstiforth in the
specific exsysplemanaireperiesias precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in their respective
testing measurements. [0088]The terms "a" and "an" and "the" and similar referents used in the
context of describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. Recitation of ranges of values herein is merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range. Unless
otherwise indicated herein, each individual value is incorporated into the specification as if it were
individually recited herein. All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g. "such as") provided herein is intended merely to better
illuminate the invention and does not pose a limitation on the scope of the invention otherwise claimed.
No language in the specification should be construed as indicating any non-claimed element essential
to the practice of the invention. [0089]The use of the term "or" in the claims is used to mean "and/or"
unless explicitly indicated to refer to alternatives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to only alternatives and "and/or.”
[0090]Groupings of alternative elements or embodiments of the invention disclosed herein are not to
be construed as limitations. Each group member may be referred to and claimed individually or in any
combination with other members of the group or other elements found herein. It is anticipated that one
or more members of a group may be included in, or deleted from, a group for reasons of convenience
and/or patentability. When any such inclusion or deletion occurs, the specification is herein deemed to
contain the group as modified thus fulfilling the written description of all Markush groups used in the
appended claims. [0091]Preferred embodiments of this invention are described herein, including the
best mode known to the inventors for carrying out the invention. Of course, variations on those
preferred embodiments will become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventor expects skilled artisans to employ such variations as appropriate,
and the inventors intend for the invention to be practiced otherwise than specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law. Moreover, any combination of the
above-described elements in all possible variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted by context. [0092]Specific embodiments
disclosed herein may be further limited in the claims using consisting of or consisting essentially of
language. When used in the claims, whether as filed or added per amendment, the transition term
"consisting of' excludes any element, step, or ingredient not specified in the claims. The transition term
"consisting essentially of' limits the scope of a claim to the specified materials or steps and those that
do not materially affect the basic and novel charagéeristic(s). Embodiments of the invention so claimed
are inherently or expressly described and enabled Terein. [0093]Furthermore, numerous references
have been made to patents and printed publications throughout this specification. Each of the above
cited references and printed publications are herein individually incorporated by reference in their
entirety.



WHAT IS CLAIMED IS:

1. A method of making microparticles suitable for pulmonary administration as a dry
powder comprising: a) dissolving a fumaryl diketopiperazine (FDKP) composition
having an FDKP trans isomer content of about 45% to about 65% in a solution
having a basic pH to form an FDKP solution; b) providing a solution of a volatile acid,
and c) mixing the solutions together in a high-shear mixer to produce said

microparticles in a suspension.

2. The method of claim 1, further comprising determining the trans isomer content of
the FDKP.

3. The method of claim 2, wherein the step of determining the trans isomer content

of the FDKP is performed using high pressure liquid chromatography.

4. The method of claim 1, further comprising mixing said microparticles with a

solution comprising a drug.

5. The method of claim 1, wherein the drug is an endocrine hormone.

6. The method of claim 5, wherein the drug is insulin, parathyroid hormone,
calcitonin, glucagon, glucagon-like peptide 1, oxyntomodulin, or an analog of said

drug.

7. A method for synthesizing a fumaryl diketopiperazine having a trans isomer
content of about 45% to about 65% comprising: a) saponifying an ester of the
fumaryl diketopiperazine in a mixture of water and a water-miscible solvent at a basic
pH; and b) recrystallizing the fumaryl diketopiperazine in a reaction mixture
comprising trifluoroacetic acid and glacial acid at a resultant ratio ranging from about
0.4 to about 0.7.
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8. The method of claim 7, wherein the water-miscible solvent is an alcohal,

tetrahydrofuran, dioxane, and acetonitrile.

9. The method of claim 8, wherein the alcohol is methanol, ethanol, or isopropanol.

10. The method of claim 9, wherein the methanol is in a water methanol ratio ranging

from 1:1 to about 3:1.

11. The method of claim 7, further comprising the step of determining the trans

isomer content of the fumaryl diketopiperazine.

12. The method of claim 7, wherein the fumaryl diketopiperazine is 3,6-bis(N-

fumaryl-4-aminobutyl)-2,5-diketopiperazine.

13. The method of claim 7, wherein the reaction mixture in the recrystallizing step is

held for a period of about 4 hours or greater than 4 hours.
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