PULMONARY DELI VERY OF | NHI Bl TORS OF PHOSPHODI ESTERASE TYPE 5 RELATED
APPLI CATI ON [ 0001] The present application clains priority under 35 U S. C
119(e) t owbnvdsads@uat es Provi si onal Patent Application Romiseos0s@RS8, 764
filed August 23, 2004. FIELD OFTHE | NVENTI ON [ 0002] This invention is

general 1 bl AP bt ety B RBABBinsUE BIRSS M BURESTBRSEBR, sexua

dysfunction, I udi ng erectile dysfunction an e sexual dystunction.
In particular the present invention relates to di ketopi perazi ne salts of
phosphodi est erase type 5 i nhi bREpATED AR RCATIONE pPresent invention relates to
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substituted di ket opi perazi ne or pol yners. BACKGROUND OF THE | NVENTI ON

[0003] Sildenafil, a pyrazol opyrinm dinone phosphodi esterase type 5

i nhi bitor (PDE5), is a w’delyﬁwﬂﬂ‘l@ﬂl@ﬂwm FDA approval for the
treat ms[?mozqf erpd iidvepwaskhgma'raup i ¢ ﬁ’a]‘?eJﬂtreNﬁnerﬁ,o#Q;&lrﬂdr%ryehW)eltr{e@dion
"Pyrazol qpyri m di nes _for t treatnent .of .inmpotence'). It has al.so heen
appl § eanca RS g ded B e et B Taale seiug) JiTup8edn 1 of
exanpl q;artlb&&ﬁtﬂﬂ;ﬂe@%t&ivegtioh rdelah‘.és)ﬂo.dilde'l’dpideréﬁﬂe falts d;’%éspﬁoam}eeéseat&pe 5J .
Wnens .Heal th Gend. Based Med., 11: 357-36 2002; Berman et al..  J . Sex
Mar i t alPARES: 27?‘%5_" 182 Pressil 1 NGB a iﬁft?? &dpﬁﬁ%@\%’kﬁdmﬂﬁ“ﬂéa@{i'i .°§

67: 23- DPhosidazstebhsz typeds Rntsibitors, Hoanticdfery adbstilied MyriBitfinon2808uciNaghieeg e t
al, Psychiatr. .Serv. 50:1076-1078, 1999: .Shen.et al., J . Reprod. Md.
24 535 PVEREBIOPYUBRIOnPS 0 AT ANt TATORIAT o HIAN S OERARRTGT « BYSPIRIrE® al 5o
shown usefpuking sabstitutéddikétopiperazime apfpolymienonary hypertensi on (see, for
exanpl e: Leuchte et al., Chest. 125:580-6, 2004; Bonnell et al., Ann.
Thorac. Surg. 77:238-42, 2004; Travadi and Patol e, Pediatr. Pul nonol.

36: 529- 35, 2003; M chel aki SBACKGRQUND QF THE INVENTION 108: 2066- 9, 2003; Bhati a
et al . o0a8]j0 C Siklenslios pyraBold@pimididone PRdphodibsterase tygiet $ inhibitot (RDEH)j ik has

recei ved EDA approval  for . qg%_reatrre f pulmonary arterial hypertension
(Par . Fovigely RETE, arld buhalih BRtsveL iy Tas PGS Rt Banitmbias GE: on,
and cl iPstealNd. Boieoat1Ramsitieéd tRyual@lopyrichivadsi for thiedrdatrdlantadfiimpotef@OR] ItGae poi nt
of user_ dissati sf.agtti an \1v| th spgh dr gs has heen .t he | ength ?nd )

also been applied to tfemale sexual dysfunction of a variety of etlologleSstee, or example:

Dasgupta et al., J. Urol. 171:1189-93, 2004; Laan et al., J. Womens Health Gend. Based

Med. 11:357-365, 2002; Berman et al., J. Sex Marital Ther.- 27:411-420, 2001; Vemulapalli

and Kurowski, Life Sci. 67:23-29, 2000; Sher and Fisch, Hum. Reprod. 15:806-809, 2000;

Nurnberg et al, Psychiatr. Serv. 50:1076-1078, 1999; Shen et al., J. Reprod. Med. 44:535-

542, 1999).

[0004] Sildenafil and other PDES inhibitors have also shown usefulness in the
treatment of pulmonary hypertension (see, for example: Leuchte et al., Chest. 125:580-6,
2004; Bonnell et al., Ann. Thorac. Surg. 77:238-42, 2004; Travadi and Patole, Pediatr.
Pulmonol. 36:529-35, 2003; Michelakis et al., Circulation 108:2066-9, 2003; Bhatia et al.,
Mayo Clin. Proc. 78:1207-13, 2003). More recently, sildenafil has received FDA approval for
the treatment of pulmonary arterial hypertension (PAH). Other drugs with related chemical

structures, mechanisms of action, and clinical indications include vardenafil and tadalafil.

[0005] One point of user dissatisfaction with such drugs has been the length and
variability of the time needed for the drug to take effect. As marketed by their respective
manufacturers, these'drugs are available as orally administered tablets. Thus, the drug
enters the blood stream through the digestive tract. This can require one to several hours

depending in part on food consumption. Also, these orally administered tablets may be
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[ 0007] erefore a need exists for a rapidly acting pul nonary delivery
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and nmethods for the pul nonary delivery of phosphodi eSterase type ( PDE5S)
i nhi bi ©eger pptake.eat pul rmnary hypertension and sexual dysfunction.

Conposi S a ording to resent vention inclu zi ne
Conpy S04 o7 Bibealoficn nBed S5 RR S Bep s B iRl SEEh sty i BF Poes
i nhi bi ttr@asnerEmbmdinnsBawswpértetrismnmndssendIal|dwfen¢tloon provide for treating forns
of sexual dysfunction including erectile dysfunction and fenal e sexual
dysfunction. [0009] The present invention al so provides conpositions

i ncl udi ng conpositions of di RYMMARKEFIHE WVENHONS of PDES5S i nhi bitors
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di ket opkped aziysnttas. t heCgepesitdns  according to the present invention include

diketopiperazine (DKP) salts of PDES inhibitors and DKP microparticles associated with

PDES inhibitors. Embodiments of the present invention provide for treating forms of sexual

dysfunction including erectile dysfunction and female sexual dysfunction.

[0009] The present invention also provides compositions including compositions of
diketopiperazine salts of PDE5 inhibitors including, but not limited to, substituted
pyrimidinones and pyrazolopyrimidinones such as sildenafil, vardenafil, tadafinil and

analogues thereof.

[0010] In an embodiment of the present invention, the diketopiperazine has the general
structure:
o) E4 R,
R; E; o)
Formula 1



structure:wherein ring atons E1 and E2 are either Oor N and at |east one
of RL and R2 contain a carboxyl group. In another enbodi nent of the present
i nvent i orwbabde/d@iosaand R2 contain a carboxyl group. [00lkfTAS200508@2sENt Of
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vardenaﬂl hydrochloride, and tadalaﬂl

[0015] In an embodiment of the present invention the microparticle composition is
formed by precipitation, either by freezing or chilling, of a PDE5 inhibitor or a

pharmaceutically acceptable salt thereof onto diketopiperazine microparticles.

[0016] In an embodiment of the present invention, the microparticle composition is
formed by spray drying diketopiperazine microparticles suspended in a solution of a PDES

inhibitor or a pharmaceutically acceptable salt thereof.

[0017] In another embodiment of the present invention, the pharmaceutically

acceptable salt is a diketopiperazine salt.

[0018] in an embodiment of the present invention, the microparticle composition of is
formed by precipitation of a solution comprising a diketopiperazine and a PDES inhibitor or a

pharmaceutically acceptable salt thereof.

[0019] A further embodiment of the present invention provides a microparticle
composition for delivery of a PDES5 inhibitor to the pulmonary system comprising
diketopiperazine microparticles which have a diameter between about 0.5 microns and about
10 microns and which release incorporated PDES5 inhibitor or a pharmaceutically acceptable

salt thereof at a pH of about 6.0 or greater.
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depi ct? %Bﬁ chemi cal structure of the sildenafil anal og UK 343-664. [0028]
FIG 5 ¢ts the chenical structure of the sildenafil anal og UK 347-334.

[0023] A method of oral delivery of a rapidly absorbed diketopiperazine formulation is

also provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] FIG. 1 depicts an isometric view of an exemplary inhaler suitable for delivering

the compositions of the present invention to the pulmonary system.

[0025] FIG. 2 depicts the chemical structure of sildenafil citrate.

[0026] FIG. 3 depicts the chemical structure of vardenafil hydrochloride.

[0027] FIG. 4 depicts the chemical structure of the sildenafil analog UK 343-664.
[0028] FIG. 5 depicts the chemical structure of the sildenafil analog UK 347-334.
[0029] FIG. 6 depicts the chemical structure of tadalafil.

DETAILED DESCRIPTION OF THE INVENTION
[0030] The present invention includes compositions of 1) diketopiperazine (DKP) salts

of phosphodiesterase type 5 (PDES) inhibitors, and 2) DKP microparticles having a PDES5
inhibitors associated therewith, as well as methods for the pulmonary delivery of these

compositions for the treatment of pulmonary hypertension and sexual dysfunction(s).
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UK 343-664 CaeH3sN;O4S Piperazine, 1-ethyi-4-[[3-[3- | 3-Ethyl-5-[5-(4-
ethyl-4,7-dihydro-7-ox0-2-(2- | ethylpiperazin-1-ylsulfonyl)-
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tadalafil CooH1aN3O4 Pyrazino[1',2":1,6]pyrido[3,4- | Pyrazino[1',2":1,6]pyrido[3,4-

blindole-1,4-dione, 6-(1,3-
benzodioxol-5-y!)-
2,3,6,7,12,12a-hexahydro-2-
methyl-, (6R,12aR)- (9ClI)

blindole-1,4-dione, 6-(1,3-
benzodioxol-5-yl)-
2,3,6,7,12,12a-hexahydro-2-
methyl-, (6R-trans)-;
(6R,12aR)-2,3,6,7,12,12a-
hexahydro-2-methyl-6-(3,4-
methylenedioxyphenyt)pyrazi
no [1',2":1,6]pyrido[3,4-
blindole-1,4-dione; Cialis; GF

196960, IC 351, ICOS 351




Forrmula 1, wherein the ring atons E1 and E2 at positions 1 and 4 are either
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Compounds according to Formula 1 include, without limtation,
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[0035] Diketopiperazines, in addition to making aerodynamically suitable
microparticles, also facilitate transport across cell layers, further speeding absorption into the
circulation. Diketopiperazines can be formed into particles that incorporate a drug or
particles onto which a drug can be adsorbed. The combination of a drug and a

diketopiperazine can impart improved drug stability. These particles can be administered by
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60/603,761, which is hereby incorporated by reference in its entirety. Pulmonary drug
delivery using DKP microparticles is disclosed in US Patent 6,428,771 entitled “Method For
Drug Delivery To The Pulmonary System”, which is hereby incorporated by reference in its

entirety.

[0037] As used herein, the term "microparticles” includes microcapsules having an
outer shell composed of either a diketopiperazine alone or a combination of a
diketopiperazine and one or more drugs. It also includes microspheres containing drug
dispersed throughout the sphere; particles of irregular shape; and particles in which the drug

is coated in the surface(s) of the particle or fills voids therein.

[0038] To combine PDES5 inhibitors with a DKP several alternatives are available. In
one embodiment of the present invention, a DKP salt of a PDES5 inhibitor is produced. In
non-limiting example, sildenafil is currently sold as a citrate salt. An anionic DKP, such as
FDKP, can be substituted for the citrate to make the FDKP salt of sildenafil. The FDKP salt
of sildenafil could be prepared by dissolving both sildenafil and FDKP in an appropriate

solvent in the appropriate ratio. Solvent removal by, for example, evaporation, lyophilization,
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delivery can be véry effectively acconplished using powders conpri si ng
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the microparticle by adding bicarbonate or another basic solution.

[0042] in still another embodiment, PDES inhibitors, or salts thereof, are associated

with microparticles by dissolving a DKP with both acidic and basic R groups in an acidic or
basic solution, adding the active agent in solution or suspension to be encapsulated, then

precipitating the microparticle by neutralizing the solution.

[0043] The microparticles can be stored in the dried state and suspended for
administration to a patient. In a first embodiment, the reconstituted microparticles maintain
their stability in an acidic medium and dissociate as the medium approaches physiological
pH in the range of between 6 and 14. In a second embodiment, suspended microparticles
maintain their stability in a basic medium and dissociate at a pH of between 0 and 6. In a
third embodiment, the reconstituted microparticles maintain their stability in an acidic or
basic medium and dissociate as the medium approaches physiological pH in the range of pH
between 6 and 8.

[0044] The impurities typically are removed when the microparticles are precipitated.
However, impurities also can be removed by washing the particles to dissolve the impurities.



circulation (bloodstrean). Once a dry powder is obtained it can be
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cartridge installation position in which the mouthpiece 40 is oriented at 90 degrees to the
long dimension of the housing. When a cap 352 is closed, the mouthpiece can then be
further rotated into an operating position in which the mouthpiece is located at a 180 degree
position to the long dimension of the housing. When the mouthpiece 40 is stored within the
inhaler 15, a sliding dirt shield cover 16 slidably mounted stored on the housing can be slid
upwardly to protect the mouthpiece 40 and the air intake conduit entrance of the inhaler.
The housing 15 can be formed of a gamma radiation-proof polycarbonate plastic for the
rapid sterilization of the inhaler in mass production, as well as in clinical-hospital use. A
cartridge containing a powder formulation of a composition of the present invention is

inserted in mixing chamber 30 for pulmonary delivery of the composition.

[0048] Diketopiperazine salts of PDES5 inhibitors or microparticles having PDES
inhibitors associated therewith are suitable for oral administration, for example, as tablets,
pills, capsules, or troches. These microparticles, depending on the chemical nature and

size, will either be absorbed to, or passed through, the epithelial lining of the gastrointestinal
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ant i demndsaatnbutideds oot haexaainddsisbiensité effects at a level which would result in the
cessation of treatment. Typical doses for the pulmonary drug delivery of the present
invention can be from about 0.1 to about 100 mg, depending on the particular drug being
used. Preferably the dose delivered to the alveolar surface is in the range of from about 0.5
to about 50 mg. Although conventional oral PDES5 inhibitor formulations do not produce
efficacious, systemic concentrations of the drug until several hours after administration, an
oral formulation that provides a rapid onset of action is nonetheless desirable as an
alternative to pulmonary delivery. A rapid-acting formulation can be prepared by use of an
agent, such as a DKP, that facilitates rapid drug absorption following oral administration.
Thus, an oral dosage form containing, for example, a combination of FDKP and sildenafil,

either as a salt or a physical mixture, can provide a rapid onset of drug action.

[0051] Sexual dysfunction exists in many forms and can be classified into two classes,
male sexual dysfunction and female sexual dysfunction. The most common form of male
sexual dysfunction is erectile dysfunction. Female sexual dysfunction can be due to a
variety of causes including, but not limited to, antidepressant-induced sexual dysfunction,

sexual dysfunction secondary to multiple sclerosis, anorgasmia, low arousal, delayed
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known. C PH i e;hr and
bronchingg %ﬁﬁ%slgvﬁlgegégen% klg%ﬁg}gg "fg tﬁfer??éﬂ%‘ %&Dﬁ&;ﬁ§ ogr co?ﬁgg
vascul aypeﬂesne@sesclsds: bharthess |of ooekdh vith r@mﬁfﬁ exentibno fidigoe, elyest @ainc dlzapus

th f t
o doa” SRR BT B uRRASHLS S, ARIEr i SRSRE I oS gy AR oxC 1
pul nondr ig telfermcb(c;erabopmmaw(mlmobanyohwertensom nPPhig pI]Ihlsmtaan ysharldengt) be HI V

f ect ' ' .
o on PRr R e ARG R0 L YRR § o ERELULARAE Ptipeme g,
f or ns  ofanyunkoovr gausepaf P&tk i BRHAS extsamelnmre oenuringda talyent twai pensanseper

corrp05|"1i flngﬁm(,jl‘artilon%eppgasr?m I nvention including, but not limted to,

primary
[0054] Secondary pulmonary hypertension (SPH) means the cause is known.

Common causes of SPH include the breathing disorders emphysema and bronchitis. Other
less frequent causes are the inflammatory or collagen vascular diseases such as
scleroderma, CREST syndrome or systemic lupus erythematosus (SLE). Congenital heart
diseases that cause shunting of extra blood through the lungs like ventricular and atrial
septal defects, chronic pulmonary thromboembolism (old blood clots in the pulmonary
artery), HIV infection, liver disease and diet drugs like fenfluramine and dexfenfluramine are

also causes of pulmonary hypertension.

[0055] Many forms of pulmonary hypertension are suitable for treatment with the
compositions of the present invention including, but not limited to, primary pulmonary
hypertension (PPH), acute pulmonary hypertension, pulmonary arterial hypertension (PAH),
pregnancy-associated hypertension such as preeclampsia, and persistent puimonary
hypertension of the newborn (PPHN).

EXAMPLES

Example 1
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hypertensi on (PPH), acute pul nonary hypertension, pulnonary arteri al
hypertensi on (PAH), pregnancy-associ ated hypertensi on such as preecl anpsi a,
and per siwbents/qsd4aonary hypertensi on of the newborn (PPERUS2EXABMPRES
Exanpl e 1Preparation of the FDKP Salt of Sildenafil - Method 1 [0056]

Thirteen grams of FIRKP (. §on7gftﬁéraQKP]S W'Sﬂd%qﬁfewﬁw into a 250 m

3- neck round bottom ‘I'E%Sé—eqm‘p‘ﬁ er, magnetic stir
bar, geper rmllmé%rn rdms of elaKPl(zmm ﬁwnﬁé! m u@dey ar madeaom@ra ZBOAB BORIR -
V\ater % and SI denafi] (13, ui v. % are % ded stﬁguentlally to
t he fIé‘éH(‘d m Bagh equiRpeglerihy f%f&HXtﬁCi”Sﬁ”? megeelts $th PBHREIRETPRINIEF: or
hours. ThBGesAibHtd Alh drfdeh @tnifddeneit@@sprere € Mater @8Y nill)edusaienai £3.6 gl 1 The
water is renoved fromthe sanple via rotary evaporation. The recovered

sol i ds eaui.)@e agddechseaupatallyie frfasksothe %U'F'm; M@’E’“b?o'll‘ﬁé’i“d‘é heptegia X ght .
The Sa'azier%n& fen ASSRY efhel SiutldRi iS tHek fit&RANE %mw@@hY Eﬁs%ﬁmr }naﬁmal sqﬂé um

content (elenental analysis and titration). of the salt

typi caMajerfis fﬁﬁ‘@@@dtongaﬁ%%&m%&'@tm@@/ﬁva@?rﬂﬂ@ﬂgH'lhe '@Pdﬁ‘fﬁdesoﬂdfpﬁ@p‘a'fe&t'ﬂ on of
the FD?Pva%ﬁlan Bf/enS SEAENAY | :n rz évgf hpdeuy) Q\Q%Zl ht! NiThE e&it @rtﬁ@ﬁ é%%a)'/:ég(%r( 28.73

equi Vv.) et’hano nm.) ar’e ed into a nmL. 3-neck round
bot t omnfidisteie mﬂrmplé@rl wSpmﬁrhan@sp@ummmﬁé@ementﬂgﬁ@aIYS;ts grnd fitrgdion). dhel
t her mo A b nosphere. The slurry is
neat od L 8ind U8 AP ropatadl vl audt e, 89 Sk o e S ort i on. | The
resulting slurry is held at 500C fgr(anagb(zurs The reaction contents are
cool ed to anbi ent terrperat e solids isolated by
vacuum filtration. THERFAER, RS Hthanol (300 nL) and
aceton 0 n d ééafé.l ven cury)
over ni g?ééﬁ ?h"?%‘ 8%:'}% {lgaDﬁ(?gﬁ 'S @(ﬁi ﬁedélﬁgﬁgnd %Qhé%mﬁoeﬁ&%;%é ed
f or noiptced intc @arR5OmhL Bieeck ratinddiodpin frasy egwdpemwﬁbatreﬂfux qoeﬂemmn,traagrmﬂal ysi's

L

W t h Sihedxdabisio°C. OSB&naBI q1d@nga.f1| €quis) msxided art eck portibn. The resulting slurry is

by ada R 4 B G P o B on CoeaB e poried & s iat e Fhi SRPE LS ©°

30°C) and the solids isolated by vacuum filtration. The recovered salt is washed with

ethanol (300 mL) and acetone (150 mL) and dried in the vacuum oven (50°C, 30 inches of
mercury) overnight. No further purification is required. The salt is then assayed for moisture
content (Karl Fischer) and sodium content (elemental analysis and titration). The yield of the

salt is typically from about 90% to about 95%, by weight.

Example 3
Preparation of FDKP Microparticles Associated with Sildenafil

[0058] Sildenafil is associated with 2,5-diketo-3,6-di(4-fumarylaminobutyl)piperazine
(FDKP) in microparticles by adding 1.6 grams of sildenafil to 320 mL of a 0.5% solution of
sodium lauryl sulfate in 0.1M sodium bicarbonate. To this suspension is added 4 grams of
2,5-diketo-3,6-di(4-fumarylaminobutyl)piperazine. The final suspension is placed under a
probe sonicator and sonicated over a one minute period while 320 mL of 0.1M citric acid is
added. The suspension is sonicated for an additional five minutes at room temperature, at
which time precipitation of the microparticles is complete. The particles are isolated by
centrifugation at 10,000 rpm for ten minutes, and the sample is lyophilized at room

temperature overnight. The yield after drying is determined.
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sodium |l auryl sulfate in 0.1 M sodium bicarbonate. To this suspension is
added 4 grans of 2,5-diketo-3, 6-di (4-fumaryl am nobutyl) pi perazine. The
final suswensésmn3dss pl aced under a probe sonicator and PomUs4e@3@mMIELr a one
m nute period while 320 mL of 0.1 Mcitric acid is added. The suspension is

soni ca or I fel ' ' icrbQHRILES , Lch time
pr eci picﬁg’? j on (é)\?'e% ﬂ% %tti@?%ﬁ%é-? ?@F@sﬂgﬁrﬂgﬁﬁpﬁét e. I%‘%Eﬂ%&?&’%ﬁ%bgol ated
by cenelectroganicescopy 18EBDO visipie flight treiarostenyt avth Hnapet lrealysigpllaser slight

| yophi E&é%ﬂ[\@ggﬁ?%%écﬁti%ﬂ%&*déhﬁ%@éb‘éh%g%hniqﬁé@. yield after drying is

det erm ne e size of t -cont'airning FDKP mcroparticles is

det er mgued) by iR AtHeRifReC IndRAtdd, Gl ARMRRY's &ﬁ&sing@bbﬂit@sl dfdRgredientspscopy
with inmage analysis, laser light scatteri n(gﬁ Jlaser diffraction and Coulter
count eP'PEHEIFRI s aS BlseYIaUnYRIght Jeadioni senditinsc ANddso JPTth nvsade the

expr esgpéticatiGnbhd tiafnParel tb Beamiderttsod & loBfied UCHI MStaRBdLEWtnRItet@i ght ,
reaction conditions d so forth used in the gﬁeci fication and clains are

ns, and so f .

to be Lﬁh?éF-étﬁ?Sardé{@‘VbHP'ﬁas IRdisetedda the,coptfary. {ke gumgLcah parameters Sat o dut . -

fACCfL dkmﬂfﬁowi?@:sﬁé@ﬁdaﬂ&i 6Ad 8ladhedidifms ard adreximatiens MaEmbE dbhryRRpaAELGr S set
or In e 10110

1 ow ng specification and tached clajns are roxi mations
t hat rré!9°r\‘/§?eyd%%rﬁérRIP'gﬂ“§b6?f‘&'ﬁé° @ssqqt@ae%sa@? Present BygMiont ogﬁg’eoﬁ'\éi ned
by t he ke a08hot ay/aNatteMipt tdimit iR alivationas the @itthneQlf egGivalBntattd Secop® i m t

the applijcation of the doctrine of equivalents to the sco f the clains,
e A Ak Ao e AP el Pl Bl lsaotidmEdliien FriaPf ghire timbgs

nunber opfepbredEighiticarit @yitt iabamly dppBirgSoraindryipusding Yechaiqossli Ratwthstandiag ng

t echni uagiw NothtEstandl n(g t hat 't he R.ung(}rﬁc&\‘l ra%]ges agtﬁra%ﬁlers

setti n§1 & WUPEFahiA9ES aRdpR AT RECIIAG ATt B P SeRpr X NRIYYRON Ahe
numer i @lgbro)(iaiaﬁeﬁs,fstgé rflm’ifrilﬁali mlmé’l}?sétlpfbﬁhrithh@%s%@bifie%xamﬁlﬁéeﬁ@rrFﬁ&t@ﬁ as
precisely.as possihle. Any nunerical val ue, hawever, inherently contains
Cert ar ArGioEY: &5 Paaba, AN nPIETF Vaer Tihet o LIS, EETHR0T SEMR Fhtmd | n
thei r necqeatilyVveesuriayi frommeas ustemaznd Sde\i4dn1Fouhde in ethe® redpeetive ‘testing and
"the" and simlar referents used in the context of describing the invention
(especi”?ﬂaﬂremnfshe context of the following clainms) are to be construed to

cover jthe ﬁie“@%égﬁ"aé}% 1€ aRh ViR anlYifiRs @@e‘i’éﬁté"’iﬁ@d iirfﬂiecﬁén?&t Rgrein
or clearly contradicted by context. Recitation of ranges of values herein
i s mer degeribingeghe ventipngesrasially inths lrontentefdherstipwiag slaime)fase td bryconstiued dual | y
to each, 3604 ik 8! Ui bid\haiplphin (hiaSs ARG ise IHESRAChAIBI"HS BiekRfi cat ed
herein, each rndividual value is’incorporated into the specification as if
it wer eontratiiciedibacoriexte Reciationef einges Af Valves heseis iveewly bendrdieservean be
perfor Ié‘u":‘sqim“tﬂand method of referring individually to each separate value falling within the range.

Unless otherwise indicated herein, each individual value is incorpdrated 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.

[0062] 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
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any suitable order unless otherw se indicated herein or otherw se clearly
contradi cted by context. The use of any and all exanples, or exenplary

| anguage We.2g06/023248h as") provi ded herein is intended neceluys2ios/obmbg er
illumnate the invention and does not pose a limtation on the scope of the
i nventi 0, u t l.d. be
conat r SEapegas Tiodlra Fied ki, B defieeh Berplb ST EREREN SRS VA e T
of theapnvuhﬂmtwnS[OOGZ] C}ouplngs of alternative el enents or enbodi ment s
of the invention disclosed herein are not to be construed as |limtations.

Each glOR83] mentfdefergy epbodisrants fdhis dnvention pig; q?éar't?eﬁ’d?%?'auaﬂpgﬂna#hq besiny

conmbi ngiddenndwhito Qﬁélﬁﬁ/emafm@r 8ardfing B@t 186 MuenBn. 0N Bbured, anRiBtisns! sitdser ei n.
It is ant|0|£ated that one or nore nenbers of a groa@hgﬁé Ibe i ncl uded i n,
r

or del Sfelered smbodimanttWilk Bpcaen dpRarent 1@ dhRAENPI AL ”p@?e@ﬂ APl ty.

When anyadinf bhe fiFédbid® Beripi. etrheNnRGsH SxpetRResi@irRacartisart ¢ IoOé\'an%y @ew n
deened to contain thegroup as nodified thus fulfilli ng)the Writ

doscri HPNAITGES APPToRERR AT P GTYBEIrS BETOHOL e MYEPRBderarsed omﬁ's@?

Pref er tiggh syebmdhiyddserittdd fidrbin. IAREArIgh tHag ﬁlvdﬂmﬁh@@&bs@hﬂbﬂmcétﬂﬁé adigng the
best node known to the inventors for carryl ng out the invention. cour se,

vari at cgH¥algRtst ¢fobe syPieckmadiar epieditdhif Slalng Ppmﬂé’e&ﬁﬁaﬁ%ﬁ?”@'@q R¥se of
or di naRpprdablel lavN NMdt8owT ! anyPEiinbiaidh g tﬁ&@bdv@f@@&htﬂﬁl dleperits i B Possithe

i nventor expects skilled artisans to enﬁwﬁ/ such vari ati.ons ai&egﬁproprl ate,
and t h&2Gi#PaR(RETE] (ft MPMPFFSehay itk d tBlep ofienuise dadicye REt han
speci floqignm}ge@@gﬂy b@ﬂfbd&%@by’bon&btﬁordl ngly, this invention includes all
nodi fications and equi val ents of the subject matter recited in the clains
append¢@Dé4}r et curtheprorgi Numdrdoy @fgrenaeabhavel been Madeotwepateatayarcb pititadt i on
of the e |
enconp ;ﬂgl‘é’céﬁ%r@s ?‘hédi%g i nghlﬁ?idésa%%%@gﬁmﬁgg b?)}/]%l%rtécﬂ‘éégr%ﬁcéshgﬁfg "(Bt% ﬁerw’ se
clearl pubhmtmrm:laretfechnbmd(ymna&*}(mmrpowq byFigferargeno their entirdy.ous r ef er ences
have been nmade to patents and printed publications throughout this

speci f i[85l on. 'E&E’ﬁ'”@f it {srie bgpdersiqoddhattae emepdiments thy PM‘E’&@”M'QSEM i ons

are hemgldin hiediinsi@uad bithe BARIRES 8f e phdsehEn@ERBAE omertrh&i.frca@aﬁg fhat bﬁa¥[ 0065]
In closing, it is to be understood that the_enbodi nents of the invention

di scl oPBETRIPYaGharg, Within thes BFope; Qfeth%ﬂmteﬁaorbr TRES. dYeWay,pf exampie clnot of

i nvent iigfRatidd, %ﬂérn@ﬁ\‘i@ Edarﬁ@wa‘ﬂaﬁs bhae Wer@%\@ﬁﬁ&rpmﬁ bérdﬁull!éd W Acdohfanggope of
the invention. Thu exanpl e, but not of ation, alternative

confi ng'téttP%FPoaCB'lngﬁ I’]‘@"eﬂ? eé@?ﬂrd'PWVeﬁl?Flpé‘?Fel%Wvﬁ'ét'%‘t'F I“PE@B"‘QW%EE"O?"@%!E%‘% with
t he t egghhbgs ahgdesdiibedccordi ngly, the present invention is not limted to
t hat precisely
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as shown and described. What is claimed is: 1. A conposition conprising a
di ket opi perazi ne salt of a phosphodi esterase type 5 (PDE5) inhibitor. 2.
The conposoto@m2sd44cl ai m 1 wherein said PDE5 inhibitor iPsTaIS3MBMBI0R&It ed

pyri m di none. 3. The conposition of claim2 wherein said substituted

pyri m dyRaneqohsheaigl-ect ed fromthe group consisting of sildenafil,
vardengj}/t?ﬂI (t:a al a%i | and anal ogues thereof. 4. The conposition of claim1l

wherein sai d PDE3 éd?ﬁ'éc%itibﬁrcoh%ri@n@éﬂd%%#?&)féiirﬁ@ SN hoRphddiést&rasPRpbt i on

of claim4 wherein said pyrazol opyri mdinone is selected fromthe group
consi sti (FYPESH inbibitaenafi |, vardenafil, and anal ogues thereof. 6. The
conposition of claim1l wherein said diketopi perazine has the general
structure: Wher eiThercoRypositionel gaimahwherginggaid gDEﬁéﬂhI@Ob}S apubsHtulad | east one
of Rl apfmiddngntai n a carboxyl group. 7. The conposition of claimé6
wherein“both RL and R2 contain a carboxyl group. 8. The conposition of

claim6 whergein sRQofipkSliGPMRAIIRZ WRereih st SsBthtdd Rihdidiford i94Ble6@Asi St i ng
of 2,5-diketo-3,6-di (4-fumaryl am nobute/l t) pi perazi ne, 2,5-di ket o- 3, 6-di (4-
suci nwfr@m W@WLW 9%§§g@gigﬁ sidénafil, vardenafil, tadalafil and analogues thereof.

2, 5-di keto-3, 6-di_(4-gl utaryl am nobut élr) pi perazine, and 2, 5-

di ket o- 3, 6- di ( 4- TERSPMRRFHIBOLGRINO! WBe 8N s PYESHkIbi®sbsi tion of claim 1
wher ei i Fd&@loﬁ?ﬁﬁi@ir@hesai d PDE5 inhibitor to said di ketopiperazine is about
1. 1. ilo. The conposition of claim1l wherein the ratio of said PDE5

i nhi bitor ta. sai dnhdidehipositiesrdaimes wherdbQdsid gyrdzoldplrimidigoreasBeBttetion of

claiml1 wherein said diketopiperazine salt is formylated as a dry

i or opdia DP@rA CoRSIEIRG Bbetal datratertd SRS dreder y of a PDES

i nhi bitor cqmprising: diketopiperazine mcroparticles, erein said

i cropart i cl%es ar ei%ﬁgwpﬁ'ﬁ?régga{fa'g' fWF%fF'"aSé\*qoﬁ'E%‘OB'PFféﬁﬁegéFHbﬂ gengfaly second
def i nedtattureand a PDES i nhibitor or a pharmaceutically acceptable salt
thereof. 13. The mcroparticle conposition of claim 12 wherein said PDE5

inhibitor or a OIEIR1
R; E; o)

Formula 1

wherein ring atoms E; and E; are either O or N and at least one of R; and R,

contain a carboxyl group.
7. The composition of claim 6 wherein both R, and R; contain a carboxyl group.

8. The composition of claim 6 wherein said diketopiperazine is selected from the
group consisting of 2,5-diketo-3,6-di(4-fumarylaminobutyl)piperazine, 2,5-diketo-3,6-di(4-
sucinylaminobutyl)piperazine, 2,5-diketo-3,6-di(4-glutarylaminobutyl)piperazine, and 2,5-
diketo-3,6-di(4-maleylaminobutyl)piperazine.

9. The composition of claim 1 wherein the ratio of said PDES5 inhibitor to said

diketopiperazine is about 1:1.

10. The composition of claim 1 wherein the ratio of said PDES5 inhibitor to said
diketopiperazine is about 2:1.

11. The composition of claim 1 wherein said diketopiperazine salt is formulated
as a dry microparticle.
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pharmaceutically acceptable salt thereof is selected fromthe group
consisting of sildenafil citrate, vardenafil hydrochloride and tadal afil.
14. The mworogznsd4al e conposition of claim 12 wherein saca/use@sopaesicle is
formed by precipitation of a PDE5 inhibitor or a pharmaceutically

accept abl e | t t i |- PEFAZ ' Fl idD. The
m croparti cl?g' cohphﬁéri%g %g@@ocgn&ogﬁﬁ%fﬁaﬁﬂg&\%ﬁel n EQ%%{S? S{)rﬁgﬁlﬁ S
initiated by frediketogiperazirieirhiciapgrtictes, wirgreinrsaid oysaenaridles argripspiubie aba of
claim rein | ' LG 4Bl rjopd by spray drying

di ket oé'i%f)ﬁé}glf? g%c%é@é%%?%%éghggg%ﬁe% e'_gdlﬁﬁ a solution of a PDE5 inhibitor
or a pharmaceut i e&lDBp inbibitgrtanlal phagasceutically @steptaliie salhhergatr oparti cl e
conposition of claim 12 wherein said pharmaceutically acceptable salt is a
di ket opi per 43i neThalmicropaBticlgkempegiiianeidain|1@ wWiened shidiRREDNh®Itern enal 2

wher ei : : cle i : Coci ai . e o

conpri gf‘%@%‘"Qi?ﬁ%@fgﬁeggﬁkzﬁdéﬁhéﬁgﬁggg%aif’ﬁ’m @Hggédpgdr%ngégﬂgaﬁgg%ﬁuétﬁrcal |y
accept aiviate, saidenaft bydrothloride anpedatafélr oparticl e conposition of claim 12
wherein sai d di ketopi perazine mcroparticles are fornulated for delivery to
t he pul monafl4. sy3$hemicropartiaie sompesitgeefidaimd 2udases isaiddnicopagicleiisn 12 wher ei n
sai d di ' 2] ' £ ' I Crons
and 107y SaoK Bl O &P IiSlor S B PoE AR fcepRLIEEI Bereol”

phar maoeletdikeienigeragoe picippastides.t t hereof at a pH of 6.0 or greater. 2 1.
The mcroparticle conposition of claim12 wherein sajd diketopiperazine

m croparticll8s afbefierapartiele gompesitera®! claimi 1divhereipisaid. pregpitatigd iyse of a

phosphagifsd B fe&idgy®enmidgnhi bi t or - di ket opi perazi ne conposition in the
manuf acture of a nedi canent for delivery to the pul nobnary system 23. The

medi canent . Cl ghBAdophieEIEIcBMpasiforPHIaaMOd isdreih 38R rhitipahicle is

di ket operazi ne conposition is a_ di ketopiperazine salt

. : t of a
phos ph&iMes Py sREY Gryipe diselopinemZng Misippatisles suapended it @ sPIVEPLP R BBERher ei n

sai d phpabPel #ph&fasuticiMPadepblealmaesragi ne conposition is a
di ket opi perazine mcroparticle associated wth a phosphodi esterase type 5

i nhi bitor, gy salhhethi&bpsticle composition of claim 12 wherein said pharmaceutically

acceptable salt is a diketopiperazine salt.

18. The microparticle composition of claim 12 wherein said microparticle is
formed by precipitation of a solution comprising a diketopiperazine and a PDES inhibitor or a

pharmaceutically acceptable salt thereof.

19. The microparticle composition of claim 12 wherein said diketopiperazine

microparticles are formulated for delivery to the pulmonary system.

20. The microparticle composition of claim 12 wherein said diketopiperazine
microparticles have a diameter between 0.5 microns and 10 microns and which release
incorporated PDES5 inhibitor or a pharmaceutically acceptable salt thereof at a pH of 6.0 or

greater.

21. The microparticle composition of claim 12 wherein said diketopiperazine

microparticles are formulated for oral administration.

22. The use of a phosphodiesterase type 5 inhibitor-diketopiperazine composition

in the manufacture of a medicament for delivery to the pulmonary system.

23. The medicament of claim 22 wherein said phosphodiesterase type 5-
diketoperazine composition is a diketopiperazine salt of a phosphodiesterase type 5

inhibitor.
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25. The nedi canent of claim 22 wherein said phosphodi esterase type 5

i nhi bi t ordi ket opi perazi ne conposition is useful in the treatnent of sexual
dysf unct iwo.20&623%he nedi canent of cl ai m 25 wherei n sai #csasa@is/oses$ unct i on
is erectile dysfunction. 27. The medi canent of claim 25 wherein said sexual

dysfunction,js fegfgl d&%&"j{éﬁ L &RBin st phbRBhdESti&at®eRbe @l cl ai m 27
wher ei n sai h'f ema engeexua (kzl?/fg(?éancti on ilg sel%g—)tggd fromthg’bgroup

consi s dikatppefazingtdompositien isra dikelapipe@zise migiorayisieaseediadnd witBRual  dysfunction
Seco”"?hé’s&h%df&!efésg'r}g)esﬁ‘n‘ﬁfb?tﬁn‘,%r s@h@eRsM a, | ow arousal, delayed orgasm

decr eased 'vagl na orgenent, dyspareunia and infertility-induced sexual

dySf“”C“O”glzszg- Fg%é&%mmaiﬁfzmﬁéréﬁh,%%id%%&&inda]ge“sférgs& s BhRbigws er ase

type 5 inhibitordi ketopi perazine conposition is useful in the treatnent of

pul mongikgtapipssazinenearanesitiop is gyedul ifptiedemrinent of seiual dshonclipier ei n sai d

pul nonary hypertension is selected fromthe group consisting of primary
pul monary hyBer t dheimadicament ef gRimmsuiefeiRyaissexnalidypfluneignid Regcllear t er i al
hypert%pghgaionpregnancy-associ at ed hypertension such as preecl anpsia, and
persi stént pul nonary hypertension of the newborn.

27. The medicament of claim 25 wherein said sexual dysfunction is female sexual

dysfunction.

28. The medicament of claim 27 wherein said female sexual dysfunction is
selected from the group consisting of antidepressant-induced sexual dysfunction, sexual
dysfunction secondary to multiple sclerosis, anorgasmia, low arousal, delayed orgasm,

decreased vaginal engorgement, dyspareunia and infertility-induced sexual dysfunction.

29. The medicament of claim 22 wherein said phosphodiesterase type 5 inhibitor-

diketopiperazine composition is useful in the treatment of pulmonary hypertension.

30. The medicament of claim 29 wherein said pulmonary hypertension is selected
from the group consisting of primary pulmonary hypertension, acute pulmonary
hypertension, pulmonary arterial hypertension, pregnancy-associated hypertension such as

preeclampsia, and persistent pulmonary hypertension of the newborn.
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