WD 2006/ 008641 PCT/ | B2005/ 002150 1 HAI R GROAMTH PROMOTI NG AGENTS FI ELD

OF THE | NVENTI ON The present invention is directed to crystalline forns

of the conpound 6-

[[(3S, 'dero 3- hydr oxy- 6-[ ( 3- hydr oxyphenyl ) sul f onyl 2 3-tri
met hyl - enzopyr an- 4-yl ] oxy] - 2- net hyl - 3(2H) - pyﬂqaﬂg

BACKGRCUND OF THE | NVENTI ON United States Patent Number 5,912, 244 (" the
" 244 patent") discloses the conpound

6-[[(3S, 4R) - 3, 4-di hydr o- 3- hydr oxy- 6- [(b-hydroxypheny])sulfonyl]-
2,2,3-trinethyl-ZFFlLbdHAﬂbﬁﬁﬁMﬂTﬂHﬂKﬂ@&TﬂNMﬁﬂmmHS(2H)-pyridazinone
10 (hereinafter "the Conmpound”), nethods for its preparation and its
use as a potassium channel opener. The " 244 patent discloses that

pot assi um channel openers may be used to treat di seases associ ated

with altered tone .or notil i FIEIJ) OFTHBINVEANTION. Exanpl es of such
condi tions include chronic obstructive airway disease, asthma, urinary
i nconti nence, hypertension, nyocardial ischem a, 15 cerebral ischem a,

and ‘gl aucoma. EfResRntinvéntiddSs didded Rl @ tallint FSrhisaIf e & maRAr ation

of the Conpound, as the - -ethanol solvate. The et hanol sol vate converts

to an amiHBSAR)etdibyde-3-hydrexy-6i3-hydspayphenyheulfonyils2,313-trimetylrpound,

havighg en t be an i nprovement over
t he sgrl or rﬁiﬁ%&u%ﬁ#@&&?ﬁ@%@%%m& e to handling and
4ormulating into finished dosage forms at clinical or industrial

scal e. 'Copendi ng, commmonl y aSSI gned, United States Patent Application
Serial Nunber 60/544,1 %Bh&fgnl No¥: $ cI oses the use of
t he Conpound to pronot ats. "116 application
di scl oses that the 25 Corrpound stinmulates the growth of the hair

follicle, incr r of in the ana en phase and

i ncreases the S‘Sﬁ‘?‘gcﬁt Tsw'fzpiﬂ“e@a‘leem pateqty) &ﬁ‘é‘% dBen phase

< .e. t

P'CT ; Fszob 36428 150@t[g§s QR%%di‘lﬂdfo@i-H?&Bx{:% [(hyd Ry SRS H-
2,2,3-trimethyl-2H-1-benzopyran-4-yl]oxy]-2-methyl-3(2H)-pyridazinone

10 (hereinafier “the Compound”™), methods for its preparation and its use as a

potassium channel opener. The ‘244 patent discloses that potassium channel
openers may be used to treat diseases associated with altered tone or motility of
‘smooth muscles. Examples of such conditions include chronic obstructive airway
disease, asthma, urinary incontinence, hypertension, myocardial ischemia,
15 cerebral ischemia, and glaucoma.
Example 7 of the ‘244 patent illustrates the preparation of the Compound,
s the ethanol solvate. The ethanol solvate converts to an amorphous form over
time. New crystalline forms of the Compound, having enhanced crysta]litle
stability, would be an improvement over the prior art. Such forms would be more
20 amenable to handling and formulating into finished dosage forms at clinical or
industrial scale.
Copending, commonly assigned, United States Patent Application Serial
Number 60/544,116 (the *116 application) discloses the use of the Coinpound to
promote hair growth in mammals. The ‘116 application discloses that the
25 Compound stimulates the growth of the hair follicle, increases the number of
follicles in the anagen phase and increases the period of time that follicles remain

in the anagen phase {i.e., increases the anagen to telogen ratio).



SUMMARY CF THE | NVENTI ON I n accordance with the present invention, new
crystalline forms of 6- _ ' '
[[(3S, 4R) - 3, 4- di hydr o- 3- hydr oxy- 6-[ ( 3- hydr oxyphenyl )sul fohyl]-2,2, 3-tri
“methyl - 2H 1-benzopyran-4-yl]oxy]-2-nethyl-3(2H)-pyridazi none have been
~di scovQH06/08B64 e St ructure of the Conpound is depi cPERTBUOSR2ISH N N
HO 4-110H Formula | One of the new crystalline forms is the dihydrate
of 6-[[(3S,4R)-3, 4- _ :

di hydr o- 3- hydr oxy- 6-[ ( 3- hydr oxyphenyl )gul fonyl]-2,2,3-trinmethyl-2H 1-
10 benzopyran-4-yl ] oxy] - 2SHMMARY CHHEANVENTI@Ne. The second new
crystalline formis anhydrous (6-[[(3S, 4R)- 3, 4-di hydr o- 3- hydr oxy-6-[ ( 3-
hydr oxyphenyl ) sul fonyl ]-2, 2, 3-tri net hyl - 2H 1- benzopyr an- 4-yl ] oxy] - 2- net
hyl - 3(2. 11) - pylni ateandamoesvittl the presentineentivhahdw ofystallinefoshs 66 Conpound

are nore nabl.e to.15 handling and fornulating in carriers for
i st r AIOSARICS LS SRy dEgR - LEhYrox TP hembBelfony L2 2y irometbyl-

anhydr ous S ' 2 %Wm 1S ' . ghle to
fornul at i nzg{-éng t%ﬁﬁ%ﬁ&%ﬁgj 2yt 0. E&Wﬁ’%@%‘g% & T ornms
can $e di sThengrucabbedf thg Qonspopadsedepicteédbelowf f racti on (pXRD) pattern, or
a conbination of the pXRD pattern and its differential scanning
calorinmetry (DSC) 20 thernmogram WD 2006/ 008641 PCT/ 1B2005/ 002150 -3
Powder X-ray diffraction (pXRD) pafger ware determ ned for the

di hydrate and anhydrous crystalline rmiNof the Conpound. The

characteristic peaks are repegFted in ralll 1ther of t he new
crystalline fornms of the Conp ¢ Ry u¥edd as 5 potassi um channel :
openers. Either of the neyer™ ﬁé/ne or t he Conpound may be
used to treat di seases associ ated eremObhe or notility of
snmooth  nuscles. In addition, eitfer en crystalline forns of
t he Conpound may be O

Formula I

One of the new crystalline forms is the dihydrate of 6-[[(38,4R)—3,4~
dihydro-3-hydroxy-6-[(3-hydroxyphenyl)sulfonyl]-2,2,3-trimethyl-2H-1-

10 benzopyran-4-yljoxy)-2-methyl-3(2H)-pyridazinone. The second new crystalline
form is anhydrous (6-[[(38,4R)-3,4-dihydro-3-hydroxy-6-[(3-
hydroxyphenyl)sulfonyl]-2,2,3-trime1hyl-2H-1-bénzopyran—4—yl] oxy]-2-methyl-
3(2H)-pyridazinone.

These new crystalline forms of the Compound are more amenable to

15 handling and formulating in carriers for administration to mammals at clinical or
industrial scéle. The anhydrous crystalline form of the Compound is especially
amenable to formulating and to industrial handling. Each of the crystalline forms
can be distinguished by its powder X-ray diffraction (pXRD) pattem, or a
combination of the pXRD pattern and its differential scanning calorimetry (DSC)

20 thermogram.



used to promote hair growth (including, but not linited to, treating or
preventing alopecia). Alternatively, either of the new crystalline
forms may be used in a 10 dosage formfor adm nistration to a nanmal .

Alternatlv ther of the new crystalline forns r the
manuf attQ# 03"%?‘?“‘5§itopi cal dosage form which nmay be a FR@M@% y-to
the area where pronotion of hair growh. is desired. In a nore specific
enbodi ment, the anhydrous crystalline formof the Conmpound nmay be used

to pronote hair growth. In another enbodi ment, the 15 anhydrous
crystalline formof the Conpound may-3se used for the manufacture of a

topi cal dosage for | C b di reqgtl area of the
skin where proMyWﬂ} %Té’s WM{YF

enbodi ment mmmmmmmmm«fmapm m&hmamsﬁact ure
~cont ai ni ng opi cal e formprepared fromthe anhydrous 20
crystalli nﬁ?ﬁ'%wggnpound packaged for retail distribution, in
associ ati on (r)Eithet ¢f themew crystallimsfors/oftheGompaundomybeasedv t 0 use t he

Ilglr gglrjgt 1t SE%E%F%S pom%?qug% W p;'py’ern o%hydrous

25 cryst al | maebe wediaireat figeasksny withqltrzed tongay motitity-of smaobr ed X-r ay

Figur o 3 delbRe; &@“M&%“*@J%%Mﬁ%. o S5l iy o

et hanol swwdt@mmmﬂm@mmhﬁnduﬁﬂpbﬁﬁ!ﬁhmémmmwzwo -4

pat tor ns. of SoieEey AARARERE R b e iibEe S e e MRS, oy 1 e

f or mi@nd th@saytmwadmimmwbtﬂmﬁdmdmnvﬂrmamapnesents a

ngr (Ca)fse;'?g %&{Lﬁer m)graw %{%H%?‘gna ySI'S ﬁ%mgw&%%r ate

cryst al | i nempyberprplied dizectly t9)de sxea where promotion of hair growth is desired.
In a more specific embodiment, the anhydrous crystalline form of the
Compound may be uvsed to promote hair growth. In another embodiment, the
15 . anhydrous crystalline form of the Compound may be used for the manufacture of
a topical dosage form, which may be applied directly to the area of the skin where
promotion of hair growth is desired. -
Inafmﬂmembodnmcnt,ﬂnemmuonisduectedtoanamcleaf -
manufacture containing a topical dosage formprepmedfromtheanhydrous
20 crystalline form of the Compound, packaged for retail distribution, in assocmuon
with instructions advising the consumer how to use the product to promote hair
growth,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 dep:ctsapowmx-myd:ffrwuonpam of the anhydrous
25 crystalline form of the Compound.
Figure 2 depicts a powdered X-ray diffraction pattem of the dihydrate
crystalline form of the Compound.
Figore 3 demonstrates a powdered X-ray diffraction pattern of the ethanol
solvate of the Compound.



Figure 7 represents a DSC of the anhydrous crystalline formof the
Compound.- 10 Figure 8 represents a 'NA of the anhydrous crystalline
formof the Conpound. DETAI LED DESCRI PTI ON OF THE | NVENTi ON A)

- DEFINITIONS 15 The di scl osures of each patent, patent application and
publ i ceioi2oo6/ei866dd or described in this docunent are PET/EBRP05/002150

I ncorporated herein by reference, in their entirety. Various

nodi fication of the invention, in addition to those described herein,
will be apparent to those skilled in the an fromthe foregoing '
description. Such nodifications are also intended to fall within the
scope of the appended 20 clalns As'ﬂ§ed t hroughout this application,

‘including the c PEwARNEX LR dHRARbR IS defl ned
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not limted to mra mans tes_gsuch as

st unp-taw mcamsmﬁhgéﬁ?ﬁﬁl@ygﬂﬁfrﬁﬁﬁwg@m , gerbils,

etc. Sand |Copgmuddk such as cattle sw ne, horses, |lamas, and sheep.
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stinul ating an%ﬁe@r‘?ﬁm?ﬁgg hﬁ ﬁ%%“ ® Such

| ncrease i nicomysbesd.i ncr eased | ength and/or growth rate of hair shafts
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DETAILED DESCRIPTION OF THE INVENTION

'A) DEFINITIONS |
15 The disclosures of each patent, pmt application and publication cited or
B described in this document are hereby incorporated herein by reference, in their
entirety. Various modification of the invention, in addition to those described
herein, will be apparent to those skilled in the art from the foregoing description.
Such modifications are also intended to fall within the scope of the appended
20 claims.

As used thronghout this application, including the claims, the following
terms have the meanings defined below, unless specifically indicated otherwise.
‘ The plural and singular should be treated as interchangeable, other than the
25 indication of number.
a. The term “comprises” meansmcludes but is not limited to.
b. “Mammal” includes humans, primates such as stump—tuled
' macnqﬁes, companion animels such as dogs, cats, gerbils, ete.
and livestock such as cattle, swine, horses, llamas, and sheep.



10 activating anagen,
shorteni ng or del ayi ng
growt h" shoul d al so be

the grow h phase of the hair cycle, or by
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“Promoting hair growth” should also be considered to include
preventing, arresting, decreasing, delaying and/or reversing hair
loss.

“Alopecia,” as used herein, encompasses partial or full
baldness, hair loss, andlor hair thinning.

“Treating or alleviating alopecia” refers to promoting hmr
growth in mammals who have experienced, or are considered at
risk for experiencing, alopecia.

“Pharmaceutically acceptable™ means suitable for use in
mammals.

“solvate” is a crystalline form of a compound or salt thereof,
containing one or more molecules of a solvent of
crystallization, i.e., the Compound or a salt thereof, containing
solvent combined in the molecular form. An ethanol solvate of
the Compound is a solvate in which the solvent is ethanol. A
“hydrate” is a solvate in which the solvent is water.
“Dermatologically acceptable” refers to a carrier which may be
applied to the skin or hair, and which will allow the drug to

* diffuse to the site of action.

“Compounds of the invention” and “Compounds”, are being
used interchangeably and should be treated as synonyms. Each
refers to 6-[[(3S,4R)-3,4-dihydro-3-hydroxy-6-{(3- .



di hydr o-4- (2, 3-di hydr o- 2- net hyl - 3- oxopyri dazi n- 6-yl ) oxy- 3-

hydr oxy- 6- ( 3- hydr oxyphenyl ) sul phonyl -2, 2, 3-t i net hyl -

benzo[ b] pyran) (see Exanple 7 of United States Patent No. 5,912, 244,

‘O her oheTecdosgignes for the Conpound 10 represented ?ﬁﬂz%@amare
e

al so known and are included wthin the scope of the t d" as
used herein. B) METHODS OF CHARACTERI ZATI ON A nunber of nethodol ogi es
may be used in differentiating differegnt 15 crystalline forns of the
same nol ecul e. For instance, experinental x-ray powder diffraction .

(pXRD) patterns and dth@'Pémheayl)@lf&nmﬁg?%-anﬂWbﬂHyl-bmm% been
used to differentiate one opher h, was used
to characterize the aﬁﬁgﬁf]ous‘@‘%é%ﬁ??’%{éﬁ%m oﬁ'] {‘.;gm& 1(ﬁﬁ‘b‘c’and t he
crystal l'ine di hydr at eceimbofily refesied ek (SSI;JR)?- . Experinental Powder
X-ray Diffraction Experlrrental povvder X-ra raction (pXRD) is one

means for determ ni nghyiexyrheny)sy Pﬂyll'@b?a bt (2rmoethyhr3voxs- t he

Co und is the ethano r Y,

cr;@?al line form or ab’%é(ﬁ%%%n%—g Q’Xﬂnﬁé@oﬁ‘%&sa@g 4?{3%% t he
theory of X-ray powderdm tforg ,B.taihymzkjﬂeth L3-dx 8pyridladin densen,
X-ray Structure Detennj ngt | onQZA practi cal j?lw dgai§ MacM ﬁgﬂdﬁ%d Co.

New York, N.Y. (1968).hydiexyrér(3diydrayphanylsulpiomidi2.daritimethybdaler x- ray
di ffraction techni quesy %BX E:;W?? ﬁgﬂs troduct i on
to X-ray powder &ffra n‘gﬁ %{*b}; R é%%% 30 The :
experi nmental powder x- 5,&!2,d44foami-cmmcdﬁmﬁs¢drmadamg l-rn were
carried out utilizing a Broker_ D8 X-ray powder dlffractorreter with

GABBS (General Area DCiepresgried By Foanulad are algoknown and arpdncluded t h a

2t 9550 om Theta 1. of Ttk e deaR TCHRbAuid et egth. O

collimtor, was at 7 and Theta 2, or the detector, was at 17. The am

g;(l iowg?\d he?wobtk&:\@g E of % At'I‘It he end of each scan Theta 1is

A number of methodologies may be used in d:fferent:anng different

15 crystalline forms of the same molecule. For instance, experimental x-ray powder
diffraction (pXRD) patterns and differential scanning calorimetry (DSC) have
been used to differentiate crystalline forms from one another. Each was used to
characterize the anhydrous crystalline form of the Compound and the crystalline
dihydrate of the Compound. '

a. Experimental Powder X-ray Diffraction
Experimental powder x-ray diffraction (pXRD) is one means for
determining whether a particular crystalline form of the Compound is the ethanol
solvate, the dihydrate, the anhydrous crystalline form, or a new crystalline form.
25 A discussion of the theory of X-ray powder diffraction may be found at Stout and
Jensen, X-ray Structure Determination; A practical guide, MacMillan and Co.
New York, N.Y. (1968). Further discussion of Experimental powder x-ray
diffraction techniques may be found at Jenkins and Snyder, Introduction to X-ray
powder diffractometry, Wiley, New York, N.Y. (1996).
30 . The experimental powder x-ray diffractions depicted in Figures I-I]I were
carried out utilizing a Bruker D8 X-ray powder diffractometer with GADDS
{General Area Diffraction Detector System) C2 system with a single Goebel
mirror configuration. Scans were run with the detector at 15.0 cm. Theta 1, or the



is at 140. Sanples were run for 120 seconds at 40kV and 40mA with Cu -
radi ation. Scans were integrated from6.4 to 41 20. Sanples were run in
ASC-6 5 sanpl e hol ders purchased from Gem Dugout [State Coll ege, PA].

Sanpl e W@200pieRseti in the cavity in the niddle of the $4Rk ?oogﬁhﬂgﬁ

and flattened with a. spatula.to be even with the surface o

hol der. All analyses were conducted at roomtenperature, which is
generally 20C - 30C. Scans were eval,ﬁat ed using DiffracPlus software,
rel ease 2003, with Eva version 8.0. 10 As is readily apparent to one

skilled ponibdafordwhs at!7°%mi Shetal 2 of thedit¥ectir! Wiis ety The ghdrf ixdswedn

pattern may vary. This variance can be due to sanpl e preparatlon t he

parti cul ﬂmmmleﬂnﬂmvtﬁdthai3ﬁl At theend of cach ager Thetaids sp10°and Theta 2 .
t echni que, one s | ed |n t rt ze that the
rel ativel® ‘?tﬁ'f‘en a{qp H) W%mpxm pattern
nmay vary fdidh pxgcﬁﬁﬁéeﬂﬁﬁ%ﬁédeﬂoﬁ%'@%%’% Sﬁmﬁwwﬁﬂﬁmtm

and that may be ¢ led out using techhiques to mnimze

t h8se ef mbhommm&mm&w{m(bﬂm ). Sgmipleiwag of the

%‘3‘2}’ yoi < PR oY ibiig 86 #‘*iagg{@f%fﬁ%%%ﬁ%%%' L area |
cﬁ;regtc?rers?f??cmbg;ﬁﬁng X-r bﬁ/ﬂ:e%m:jdmeﬁllil fract Im atterqp Tt!son o
defi ned XQ0m ffam Sﬁ’é"""ﬁ%ﬂg "é’Pﬁ‘ an

experi neWoﬁ@afp}elégemg%ﬂiﬁvgp&aog)gw s depicted in Figures

for 2, does not nmean-that a crystalline formis not the dihydrate or

arWydr ous cry Asdp mddymmtomesﬁun@mm artjtheesults o any ems¥sed

i nfra, ?@Q&% %;_:gg“g ANl ified from
t he pXRD patterns, be “use Pf}g@ %erﬁqurngﬁﬁ?erah% crystalline

formis Wamﬂmdﬂnwuwlqmdel of i¥-rip diffractombster Gesd)

talline ethanol .sal vat di hydr at | f f th
crysta In E ano vae | a i OrmO e
Conpound ! %dﬂﬁ%%ﬂﬁ““‘g Mﬁﬂ‘ﬁ ©30 Al

mel ting ﬁmeﬁsxﬁem emwe ifhefital mpatehynﬂywaq«&ﬁ%me
TAS | pet ARfERRL OB “c%séa'm#‘i@g‘”' t%@%ﬁ ot SRR B S HeR G 1 nt o
a WO 200 @sﬂﬁ&ﬁﬂﬁxdﬁg id WM&@ Such techniques include, for example,
grinding of the sample before analysis, spinning m'i'oclcing the sample during
analysis, or utilization of a diffractométer equipped with an area detector. The
term “spproximately” if used in defining a position of a characteristic peak in an
20 X-ray powder diffraction pattern is defined as the stated 20 value 2 0.2° 20,
Thus, merely because an experimental pXRD is not identical to the
PXRD’s deplctedeigmes lor2 does not mean that a crystalline form is not the
.dihydrate or anhydrous crystalline form of the Compound. As will be discussed
infra, the presence of selected characteristic peaks, identified from the pXRD
25 patterns, may be used to determine whether a crystalline form is the anhydrous
crystalline form of the Compound, the crystalline ethanol solvate, the dihydrate
crystalline form of the Compound, or a new form of the Compound.

b..  Melting Point
30 All melting points described herein were determined by using DSC
(differential scanning calorimetry). The ethanol solvate was run on a TA
Instruments 2920 DSC (New Castle, DE). The sample was weighed into a



standard al umi num pan with a pinhole and crinped. Pans used were TA
I nstrunents' part nos. 900786.901 (bottons) and 900779.901 (tops). The
sanple was run using a ranp nethod of 3 CUmnute to a tenperature of
350 C, wsdeéoogssi r ogen purge. One to five mlligrans e
used. Further discussion of 5 differential scanning cg gﬁlﬁgn@%@%y be
found at O as, Dalton, and Hancock, ‘Differential scanning calorinetry:
application in drug devel opnent, Phargraceutical Science and Technol ogy
Today, Volume 2, Nunmber 8 (8 August 1999). The di hydrate crystalline
form of t pandasdshmpnum pan ith a,pinhele and crimped. Pansysed mere TAm of t he

in

58 Bot et s o SO0THR SO B ) WY1 E501 Kby, MR RRRBR .
ouidde

pans ver ewaBhiiesng #fdnp Method WF 30T mivtte ROCREPeRture Of 356 PQ _
instrunment's Tzero Technol ogy. Further discussion of Tzero Technol ogy
may be f ditwpgemputggs9ne to fivsmilligramsof sampleowsre nsgst. Fusthepdiscursionwfnance.
Parg I. F . i ass, T, 1) sure ts. ,TA

| msr uirer DTk SR BB S8 v o3 of R TR, i Rl 1,

di hydr at e Differéhinidl|scartnirgEdld ! daf dr ous
crystalline formof_ the Conpound was- wei ghed. The nethod wused for
these sanBharmagemtical Seienaesnd Teclomlegy Testay, Volnme2 Nemberf GcAugisbn of 20
nDSC may Ij)%d)ound at Col eman and Craig, Mdul ated tenperature

di fferenti “scanni ng eal orinetry: a novel approach to pharmaceutical -

anal ysis. |nteThaidi e ciytdllinglfoh of the ITBGRItnd afid PebarthyBRied Pages
13-29. For the dihydrate, the follow ng paranmeters were used: -

Mod0l at i orrystaBinedomma of the:Compnyndiwese runen a 3é Instrement R @seriender | yi ng

heating r | Jonf I .

crystall ig,g&f m%%éﬁ@égﬁn%@g%ﬁ%ﬁ%& %ﬁ‘r"iﬂg@?‘% B e used:
Modul at i opinAokel iThestepans Grerd/ineighad, add their weitht wab accdvuntediforising T4
heating rate 1.5C/ mnutes from 35C to 170C. 30 WO 2006/ Q08641

PCT/ | B200Bwtiuments Tzego Techpglogyy Faptherdiscussion of Faere Techpglogy may be

found at Cassel, How Tzero Technology Improves DSC Performance. Part I: Flat

15 Baselines and Glass Transition Measurements, TA Instruments library Number
TA272. _ _

One to five milligrams of the dihydrate crystalline form of the Compound
or the anhydrous crystalline form of the Compound was weighed. The method
used for these samples was a modulated DSC or mDSC run. Further discussion of

20 mDSC may be found at Coleman and Craig, Modulated temperature differential
scanning calorimetry: a novel approach to pharmaceutical analysis. International
Journal of Pharmaceutics 135 (1996) pages 13-29. For the dihydrate, the
following parameters were used: Modulation Amplitude + 2°C; Modulation

_ period - 100 seconds; Underlying heating rate 3.0°C/min from 35°C to 200°C.

25 For the anhydrous crystalline form of the Compound, the following parameters
were used: Modulation Amplitude + 2°C; Modulation period - 60 sec; Underlying
heating rate 1.5°C/minutes from 35°C to 170°C.

30



Thernogravi netric anal ysis nmeasures the change in nass of a substance.
as a function of time and tenperature. Loss of nmass in a TOGA is due
to solvent or 5 water |loss. Further discussion of TGA may be found at
Rodi guez and Bugay. Characterization of Pharmaceutical Sol vates by
Combi nedV@RetsmMo8sdavi netric and Infrared Anal ysis. Jour Bo

Phar maceutical Sciences, Vol une 86, Nunber?2 (February@# 51493150
anmount of water associated with the Conmpound was determ ned using TGA
Al'l Thernogravinetric Analysis (TQOA) plere run on TA 10 I nstrunents 2950
TGAs. (New Castle, DE). Sanples weré”run in standard Al umi num pans. Two
to five ng of sanple were used. Ranp rate was 10C/ m nute to 400C. Q)
ANHYDROUS CRYSTALLI NE FCRM OF THE CC]VPCIJND 15 One of the crystalline
forms of the Gnpoul fRETE; pakvas (FJt al | i ne form It has a

ssoci at ES'CJtﬂIﬁe%rlrﬁrﬁ?%mver eSOk Ree T ' ©

adsorb s arfimnction/afttime aphtempermatarg.e LoManﬂsuuga&lGAiuﬂmgesomwm ons with

i ¥ fﬁ?fWW%@%M#&W?Mf&ﬁ%ﬁbﬁa&mund

i s depi ctmhaeﬁmwmfrhmenmsamwmwmm

E:Egragmtlc peaks assg’%Frg e‘%P th tge%ﬁ .ydrou?“7 rységﬁwr‘?géormof

rel at've wﬁéﬁ&&twwt&%wawm&e?@ g&rﬁdm uni que to
t he anhy rou r stal |1 ne formof Conpound. The characteristic peaks
.of the a usingsTGAL iAdb Thermpgotvimetsic MMGBBA EWgreasnen Th

ey ees 219 |g ARBL a{rﬁ;&éﬁﬁ# t 17.2, and 22.8. The
presence any on% %ﬁﬁ arac eﬂ S k) approxr mate 26 30

val ues ofmk&nﬂaﬁﬁﬂﬁ;ﬂﬂnﬂpamd[\ﬁ@tﬁivmgofnmpthmas&hrﬁdmmtem
Conpound, teq@hg experinmental X-ray diffraction at a tenperature
of 206C 103%)' 0 4¢i cient to confirmthat the sanple is the
anhydr ous cryst dlline form In a WO 2006/ 008641 PCT/ |1 B2005/ 002150

C)  ANHYDROUS CRYSTALLINE FORM OF THE COMPOUND

15 - One of the crystalline forms of the Compound is the anhydrous crystalline
form. It has a melting point of 137°C £ 3°C. The sample is anhydrous becanse
no water is associated with the crystal lattice. However, the anhydrous form may
adsorb surface water upon storage, depending on storsge conditions with no
subsequent conversion to the dihydrate.

. - - The powder X-ray diffraction pettern of the anhydrous crystalline form of
‘the Compound is depicted in Figure 1. The pXRD pattern demonstrates several
characteristic peaks associated with the anhydrous crystalline form of the
Compound. A characteristic peak is one that has a significant relative intensity in

25 therRDpattmnandaZGpomuonmuquetotheanhydmuscrystaJhnefmmof
Compound. The characteristic peaks of the anhydrous crystalline form of the
Compound, expressed in degrees 20 (approximate) are Jocated at 30.5°, 15.0°,
17.2°, and 22.8°. | . o
| ‘The presence of any one of the characteristic peaks at approximate 20

30 values of 10.5°, 15.0°, 17.2°, and 22.8° in a crystalline sample of the Compound,
submitted to experimental X-ray diffraction at a temperature of 20°C - 30°C, is
sufficient to confirm that the sample is the anhydrous crystalline form. In a



lo-further " e t, the presence of at least two or three of these peaks
ina crystalline s of the Conpound, submtted to experinental X-ray
diffraction, is sufficient to bonfinn that the sanple is the anhydrous
crystal W'm&mml In a nore specific 4nbodi nnent, the_presence of

‘characteristic peaks at approxinmate 20 | 5 val ues 10. ZCTIB20¢5/962150 5

22.8 is sufficient to confirmthat the crystalline substance is ill
anhydrous crystalline formof the Coppound. Any experinental X—ray
diffiaction studies shoul d be carrié&t out as described above, _

M ni M zegpl 8y einfiBdiple: ?,ggé}cé =g s gpﬁ&t on the
‘pattern generate. A reV| Efgure 5‘% entifires t at addltlonal

peaks nagtyetafinesempls of the (Compound, mpmtbrlﬁo Xoaay diffraction) | ne

f orm of | t lﬁﬁ t :! gﬁpm feeldein the pXRD
pattern, h‘%@ng e cﬁ“ga%ter setqlk(éiﬂpa(’el!al S 1demnt iR %g I's hste4d
bel ow i nmwmdﬁcéhmmmeqmmﬂdu@weu dppireximutei28 0

pastern oo 103 3{531% 1Tl i 24 85 sitleat %m?am”t PRt St 0 ot be
used to tbahh idd Fdrhforfihs Cofpdimd. Angekydimstiall Or m of

t he. Corrpound I S nol the anhydrous .crystalline forjn. due to the absence

of one, &-raysliffraction stadieq shauld be carieqd gut a8 dewerilwd aboye, 1o minimiga thep

0 S U ) ook i 15015

A revieiw of Figure 1 identifies that additional peaks may be present in any
10 sample of the anhydrous crystalline fornm of the Compound. The most relevant
~ peaks identifidd in the pXRD pattern, including the characteristic peaks identified

above, is listed below in Table I. The data presented in Table I should be vsed to

assist in the in;iexpremﬁon of an experimental X-_my diffraction pattern of a

crystalline form of the Compound. The data should not be used to conclude that a
15 crysta]]inesa:%lpla of the anhydrous form of the Compound is not the anhydrous

crystalline fon:n.due to the absence of one, or more, selected peaks.
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24.6 *Characteristic peak Al stated 20 values are approximate 5 D).~
DI -HYA) RATE FORM The di hydrate crystalline formof the Conpound is

anot her crystalline formof the C?npound identified to date. It has a
mel t i noweotook/ooseel27C t 3C.  The. di hydratel can have an ere bet ween
approximately 1.5 to 2.5 noles of 10 water pér nol of ﬁﬁ?@%ﬂ“@"‘m”
-associated with it. The X' ray 'diffraction pattern of the dibydrate .
crystalline formof the Conpound i |epi ct ed in Figure 2. The pXRD
pattern denonstrates several charat Taristic 'sks associated with the
di hydrate crystalline formof the 15 Conpound. A characteristic peak
is one that has a significant relative intensity in the pXRD pat and a
20 position unique to the di hydra{lsblge)stalline formof Conmpound. to
‘pXRD pattern denonstrates sever rl—ﬁqguracuerl stic peaks associated with
t he di hydrate crystalline form ff e _Cogpound, expressed in degrees
20 (approximate), which are lochted3& 92, 20.1, 24.0, and 25.4 28. 20
The presence of at |east one of [Themg chdracteristic peaks in a
crystalline sanple of the Conpet# S?ﬁfb‘f’ittEd to experinental X-ray
diffraction at a tenperature o - 30'C, is sufficient to confirm
that the sanple is the SUBSTI TUTE BAEET [( RULE 26) WD 2006/ 008641

PCT/ 1 B2005/ 002150 -12 di hydr at § Torewm of |t he Conpound. in a further
enbodi ment, the presence of at H-e She v, three, or four of-these
peaks in a crystalline sarrple ol _the dihydrate crystalline formof the
Conmpound submitted to experi menf{al ®&ay |diffaction is sufficient to
confirmthat the sanple is the f@h‘yﬁﬁt‘e—crystal‘line formof the 5
Compound. Any experinental . X—ra‘—"- T ae#li on shoul d be carried out as
descri bed above, to mnimze th 5“ hat a-preferred orientation
may have on the pattern gener af ed 22B8*review of Figure 2 identifies
that additional peaks may be pr¢Sengag m any

*Characteristic peak
! All stated 20 values are approximate

D). DIHYDRATE FORM . .
The dlhydrate crystalline form of the Compound is another crystalline
form of the C?mpound identified to date. It has a melting pomt of 127°C + 3°C.
The dihydrate[can have anywhere between approximately 1.5 to 2.5 moles of
10 water per molL of molecule associated with it.

The Xiray diffraction pattern of the dihydrate crystalline form of the
Compound is Yepicted in Figure 2. The pXRD pattern demonstrates several
| chmcmistic‘rém associated with the dihydrate crystalline form of the
15 Compound. A characteristic peak is one that has a significant relative intensity in
the pXRD patte_m and a 20 position unique to the dihydrate crystalline form of
Compound. The pXRD pattern demonstrates several characteristic peaks
associated with the dihydrate crystalline form of the Compound, expressed in
degrees 20 (approximate), which are located at 9.2°, 20.1°, 24.0°, and 25.4° 20.
20 - The presence of at least one of these characteristic peaks in a crystalline
sa:hp]e of the Compound, submitted to expezimental X-ray diffraction at a
temperature of 20°C - 30°C, is sufficient to confirm that the sample is the

SUBSTITUTE SHEET (RULE 26)



sanpl e of .the di hydrate crystalline formof the Conpound. Rel evant
peaks 10 identified in the experinental X-ray diffraction pattern
carried out on a crystalline sanple of the dihydrate of the Conpound,

I ncl udi we d0bgooses acteri stic peaks identified above, |1 sted bel ow
in Table U The data presented in Table Il should on|§5ﬁ@"@ 21

assist inthe interpretat ion of an pXRD of a sanple of the - dehydrate
crystalline formof the Conpound. Thi data shoul d not be used to 15
conclude that a crystalline sanple & 21 he Conpound is not the dehydrate

cel act ed S Pl of B COMEE ufY furlr bifBodipghife fleedl ot ™1,
24.0 24 least B0, hree, 28 Fourxif these pehkerin aceystalline squeple of thedihydratet at ed 28
53061 08 HPLAERT et Clmebbnd Homla 6 saprlpenis{ oo bty D
di ffract iseffigiait teconfivia thhtthe siaplelis the diteydeaté oryxtaliine formGfthound i s
depg cted (],'on Ru%&r iny experimental X-ray diffraction should be carried out as
described above, to minimize the nnpact that a prefmed orientation mny have on
the pattern generated. ‘
A review of Figure 2 identifies that additional peaks may be present in any
sample of the dihydrate crystalline form of the Compound. Relevant peaks
10 identified in the experimental X-ray diffraction pattern carried out on a crystalline
sample of the dihydrate of the Compound, including the characteristic peaks
identified above, are listed below in Table II. The data presented in Table II
should only be used to assist in the intcrpretaﬁon of an pXRD of a sample of the
dihydrate crystalline form of the Compound. The data should not be used to
15 conclude that a crystalline sample of the Compound is not the dibydrate
crystalline form of the Compound due to the absence of one, or more, selected
peaks. |
Table I
9.2*"
14.8
16.0
16.4
17.6
186
203°
20.8
24.0*
24.8
254"
26.2
Z7.0
*Characteristic pgak
20 | ! All stated 20 values are approximate
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5 F) METHOD OF PREPARATI ON The anhydrous crystalline fort of the
Conmpound and the di hydrate crystalline formof the Conpound may be
prepared using techni ques generally nmown in the art. The initial step

i's to pweressoosenn Conpound, which may 10 acconplished | e
synthesis described in Exanple 7 of the '244 patent, %ﬁwngi%é}%igeby

- incorporated by reference. The di hydrate crystalline formof the
conmpound i s prepared by contacting %e et hanol solvate with water and
heating the adm xture at el evated teliperatures for an extended period
of time (typically about 50C for up to 4 days).. The 15 crystalline

di hydr at ¢ _nmay _be re filtration as is known in the art.

Exanpl e E)destg:‘ffﬁékI %A' ction in further detail. The anhydrous

crystalline fqyp &;9& ?Hﬂ&n éﬁﬁibﬁgo%f pEihRICdRfpduna
di hydrate. For exarrp’f e, the rysta‘t’?l I ne di c}rat eaﬁ contacted wth

heat undds depigted in Biguesbuum  Exanpl e 3 descrl bes such a reaction. 20
PHARMACOLOGY AND DOSE As noted above, the '244 patent and the ' 116
tsent appl i cation describe the pharnacol ogy of the Conpound. It is a
pot assi uFychaMETHOR2 ORPREPARATION used to prormte t he growth of hair

| i‘grﬁsngmlh'e %e aﬁh%mrous c§§st al | ég%?&q i hég’ﬁfi‘s st aI l'i ne
"crystal lerybealfins fRmUf thd1C he prepededsingtechniqibs msarre

manner described inm the '11 patent ap Ilcatlon to g,rol t he anagen

to tel ogdRowpap the artenThe injtial step Jato @MBOUNd may be
usgyl to ﬂﬁﬁﬁlfsh%'féllovﬁﬁ@ﬂem &ﬂth&cﬁb&éi@izi fﬁm@fm% tonpound

may al so be used in th preparatlon of tapical” dosage for pr onot e
hai r gr owhich ishembyii wamw or to prevent a decrease in hair

Sgrowth in a SubieRshyo Mo Ind Edhgoutls 1SR Wakdng
the ethanol solvate with water and heating the admixture at elevated temperatures
for an extended period of time (typically about 50°C for up to 4 days). The

15 crystalline dihydrate may be recovered by filtration as is known in the art.
Example 2 describes such a reaction in further detail,

The anhydrous crystalline form of the Compound is prepared by
dehydrating the dihydrate. For example, the crystalline d:hydrate is contacted
with hest under a partial vacuum. Example 3 describes such a reaction. '

G) PHARMACOLOGY AND DOSE
As noted above, the *244 patent and the ‘116 patent application describe
the phanmnacology of the Compound. Itis a potassil'nn channel opéner. It may be
used to promote the growth of hair in a mammal. The anhydrous crystalline snd
25 dihydrate crystalline forms of the Compound are also potassium channel openers
(the “crystalline forms of the‘Compound”). They may be used in the same
.manner described in the ‘1 16 patent application to prolong the anagen to telogen
ratio, Thus, the crystalline forms of the Compound may be used to promote hair
growth. . ‘ -
30 The crystalline forms of the Compound may also be nsed in the
preparation of toplcal dosage, forms to promote hair growth, as desired by the user,
or to prevent a decreasc in hair growth in a subject. '

SUBSTITUTE SHEET (RULE 26)



In a typical enbodinent, the crystalline forns of the Conpound are used
to manufacture formul ati ons containing. the Conpound. Typically, the
formulation will be suitable for topical adm nistration to a mamal .

More  {wgPiodéidager it Will be used to promote hair grO%@@g&nm

formulations w il generally 5 be applied directly to
especially to those areas in which hair is absent, or thinning. The
dose will vary, but as a general guidghine, the Corrpound will be

present in a dermatol ogical fornulation conprisi ng a dermat ol ogi cal |y
accept abl e  caliyd picahémhodiment thegrrystalline forms of she Comupanpd arsdsedhe

dermat ol o 0 be treated
From 11 o8 itthded foibdfons Yontaififs B dribeund, FIBANGINGC, 7T be

pr esent |fomManMHy)c@ﬁﬁbl@fbrlmﬁ:@aﬁdnﬁﬁ%aﬁmdofahﬂmﬁﬁﬁhm wll be
appl i ed once Qr twg‘?dal ly. I'n a further enbodi nent, the forrrul ations
can al so B%ﬁdtﬁm%‘%’WMa ché@n@xé@n@wwl Yhai r

:32'[SI en?gtl H%}ﬂh’g& V\lﬁ ﬂ#%s%c h’aer 90| ng cancer fgﬁ‘éggﬁrﬁ%ﬁh%?a;;(:h

with a drﬂmﬂmlmﬂdsnwﬂm butaseegenkmd guidelinel theQomgutridwill be

experiencin m,en | distress. at the thought of balding, especially

those wi t Present ipafienmatplogical fogpulghion compnsing,y dmasolsmkly ﬁoqepmesuch

pr ophyl ac [MascTa) o5 rﬁpjm} [ Qﬁﬂwed by
t he termédgﬁgllr%t%?ng hgaﬁ?f rovr?ttﬂL % ra%evt resu#ﬁsél?a‘om a- dynam
cyclic prweilbtbsapplict 2o thcfm)d:d wcHeemamdd'rorﬂC! tuﬂrmnmﬂnimynl\/ﬂn'sqnpdmlly, thé hair
hre atetoa erations in the of_t rovvt ycle
Id8ha T GPimeral 6 preaamiin Sumieof KBS v B the Somppund ¢ 1 on
phase (c gg@g}ﬁgﬁgoﬁ stﬁnh se (tel ogen) Duri ng healthy hair.
grow h S|%v8at| ov?a% 90% of &calp hair follicles are in anagen, 7%

to 9% are i n Ied figther emtodifient, tigfoamuelationscanadsmbe Wed Ao treatipatients he
growt h pha

duri which t f h .
penet r at eg’ﬁﬂgﬁffu’i[‘(lﬂg’g ?’H"@%a raPﬁshg'ftﬁ@ﬁE‘é‘fﬂ’? @gy@%tmg%&@p@gdi vi di ng
rapi dly ags Emﬁﬁ]@sr%bﬁbhmts iRefuB thosb W1l e iAok a0, L he

hair cells synthesize keratin, the predom nant conponent of hair. In

nod5bal di ehenkthesepy Withasireg regimerpknosen to inducesalopesia. o‘ﬁ@m&ﬁdﬁlt&e years.
50, Gt 39Ul AR PP BRI R Sl B i o ©
: family history of baldness, may also benefit from such prophylactic treatment.
Such prophylactic treatment is encompassed by the term “promoting hair growth;’.
Hair growth results from a dynamic cyclic process of hair follicles and

20 many common disorders of hair growth relate to alterations in the timing of the
hair growth cycle. The hair growth cycle includés a growth phase (anagen), a
transition phase (catagen) and a resting phase (telogen). During healthy hair
growth situations, over 90% of scalp :hair follicles are in anagen, 7% to 9% are in

_ telogen and 1% to 3% are in catagen. '

25 Anagen is the growth phase, during which the follicle (i.c. the hair root) .
penetrates deep into the dermis with the celis of the follicle dividing rapidly and
differentiating. During the differentiation process, the hair cells synthesize keratin,
the predominant component of hair. In non-balding humans, this growth phase
lasts from one to five years.

30 Catagen is the transitional phase and is marked by the cessation of mitosis.
Catageh generally lasts from about two to three weeks.



WO 2006/ 008641 PCT/ | B2005/ 002150 15 Telogen is the resting phase in -
which the hair is retained within the scalp for up to 12 weeks, untiI
it is.displaced by new follicular growth fromthe scalp bel ow.

humans, wobhess/@sedt h cycle is not synchronized. An indiy, ,E%ﬂ gngh have
5 thousands of follicles in each of these three phases. Wost

of the hair follicles will be in the anagen phase. In healthy young
adults, the anagen to telogen ratio cgn be as high as 9 to 1. In

i ndi vidual s w alope a, thi ratl s reduced to as |ow as 2:1. The
nost common for Qgen i3 H?' pémmxmmdwahmsthemimy 10

S:ﬁre?fiiz pre .@%L‘ﬁ‘ﬂmﬁﬁgyﬁﬁﬂ%‘{wgw& S con@&q{t‘g%%ﬁﬁhhgc%pcommnl y.

“referred beloas rral e pattern bal dness and fenal e pattern bal dness.

Wi | e androgen oci at th sone forns of balding, the
physi ol ogi cal Pﬁ'%?ﬁ’ GM‘\:%'EW% syaghronized, éﬁﬂiﬁ'dl-"% wiblthaye own.

Howgver, moukﬁadsrwmn&min hrofafewpa?ee nﬁm%ghr frfg&‘g.?\fegh%&: &@ﬁ&eVﬁﬂJa' S

afflicted wth al opecia. The crysta ound may be
used to nfolliclaswill be in the adagen phaserlnbeslthyyoungaudalis,ithe :magem@b vi dual s

suffering tromthis type af, al gpeci 0SS SO occurs .in a
variety M0 3‘5‘?’5’[’?}8‘?‘“%‘%‘?@1@%§%£ ﬁb‘@ﬂ“’é‘ﬁqﬂh thﬁ*"%‘%ﬁr“"%!ﬁs due to
cheni cal s ucéded RlbWas 251Ch as 20 chenot her apy or radi ation treatnent

for cancer. It 1s also commonly referred to as "drug induced" or
"radiation i ndTbeadioshtapmondornT bfhair lpst ilahdrogetioatopeota, 4 hereditarypound

d t f act (] t t th t f
) dfeci o SgmeRe OF Qospienly PR iR Inenora B euy B i ¢ i al |y
presents Pfeﬁﬁﬁogeralﬁéﬁ hnd Q&ﬁleh nTﬁlsrCGH&!ﬂﬁﬂlé)QE&Eblﬁﬁobﬁﬁrem%aﬁt can

progress e loss of all scalp hair own as al opeci a
totalis amalemmenebaldwsend famale patiepn haidndelMalandrogmm is known as

al opeci a uni S, ¥) lin [ T8 of he Oo y be
sed to. nibPRERTAL sgmis it 5F e, e oy BioBical PR B i o
Tlr aUﬂHthﬂﬁéﬁﬂ?Iﬁs@od:@rﬁ%thRﬁM HBwb?drUiiYshﬂnﬁhﬂ\ahﬁmfg(fOWthisC' e. It is
@ Sig altered in individuals afflicted with alopecia. The crystalline forms of the

Compound may be used to manufacture a product to promote hair growth in

individuals suffering from this type of alopecia. Hair loss also occurs in a variety
of in other conditions.
Anagen effluvium, is hair loss due to chemicals or radiation, such as
20 chemotherapy or radiation treatment for cancer. It is also commonly referred to as
“drug induced” or “radiation induced” alopecia. The crystalline forms of the
Compound may used be to manufacture pfeparations to treat these types of
alopecia. | )
Alopecia areata is an autoimmune disorder which initially presents with
25 hair loss in a rounded patch on the scalp It can progress to the loss of all scalp
hair, which is known as alopecia totalis and to the loss of all scalp and body hair,
which is known as alopecia universalis. The crystalline forms of the Compound
may be used to manufacture preparations 1o treat these types of alopecia.
' Traumatic alopecia is the result of injury to the hair follicle. It is also
30 commonly referred to as “scarring alopecia”. Psychogenic alopecia occurs due to
acute emotional stress. By inducing anagen, the Compound can be beneficial in
these types of alopecia as well. Thus, the invention should not be constlﬁed as
- being limited to treating androgenetic alopecia. The crystalline forms of the



30 commonly referred to as "scarring al opecia". Psychogenic al opecia -
occurs due to -acute enotional stress. By inducing anagen, the Conpound
can_ be beneficial in these types of alopecia as well. Thus, the

i nvent ivog 266kRiekéhynot be construed as being linmted t '
‘androgenet I c al opecia. The crystalline fornms of the V&éﬁ@%&ﬂ
PCT/ | B2005/ 002150 16 Conpound can be used to manufacture preparations
to alleviate any type of hair 1loss. T{¢ crystalllne forms of the
Compound nmy be used to manufacture preparations to pronote hair

growt h i n (RmARe _§%§iwmma%°n§t%ﬂmmx%095hﬁbund may
be used vm'%&farmani mal s such as sheep, in which fur (hair) growth
woul d exhi'bi't an econonic benefit. The Conpound nmay al so be used to

stimul ate hair Treasysalline formsafitie Compomidansybéused td agmufactins, ger bil s,
etc. The dosages required to obtain this effect. will fit within the
wenwii)bﬁms

gui del i nePTERAERHONS QR BroMAlE smmmeﬂm haape Befvi ni st er ed

[ 10 f : : ,
o118 10, LSBT b SR R DR B bARE
applicati dns(]mir)gfwthwmkhﬁhmemi exombmié bérefit. 'Dlmg:ompdu?ﬁmy(n{mgg hgi r

ed in e ar ase

gromh will becope re dJIy parent t.0 ong
upon t he dﬁ%&%‘éﬁ? 3‘6 Wﬁ’ﬂﬂl"%‘&?‘i"@ﬂ %ﬁ-!?blaé dpgs,catesgdbild to be

ﬁgﬁaggfﬁred%r &%?ﬂﬁffr‘,’ne ]ﬁ?lor s M ‘grrﬁr;ll]olhzﬁe #Fﬁ“%éepar atrons

adm ni st erdeslcrﬂmpllabatd hkeﬁhsq;thutbmpmnmnhy beladmlinistered wsing t he areas of
the, skin re U|r|n hai r pot i on. CEUTI CAL
FORMULATI ulgtio W&@iﬁ%ﬁwf%gﬂﬂw applicy OR%F‘%EE“EO‘P“{ %Fé"%r%%und can

be adm ni $i:6d &Cnidhr G8dds R'the

adm ni stragﬁ n’ﬂh] é%ﬁ%?ﬁl&@[ﬂ‘cornﬁlc& eda&}é@ﬁﬁkf east one

phar mac eutGam;bdwndac pa:pntatb hair grow:thsmﬂtbecahb yeadily eppareihtato oae skiled éher ei n
chi bed ,as.a."car Li kew

col l ective des riec"). t wi |l t
Cypi cal | y b BSREupEn AR ioRiee b FinroP bHHc dnd shpOId e cbpmicertlit o/
In this aﬂi&'dn@&hp&@edbiﬂ&et&{lﬁﬁ “dermatol ogical carrier"” and "cosnetic
carrier" are being used interchangeably.
15 As a general guideline, the preparations manufactured from crystalline
forms of the Compound will be administered topically. They will be applied

directly to the areas of the skin requiring hair growth promotion.

H) PHARMACEUTICAL FORMULATIONS
20 If desired, the crystalline forms of the Compound can be administered
directly without any carrier.

However, to ease administration, it will typically be formulated with at
least one pharmaceutically acceptable or cosmetically acceptable carrier (herein
collectively described as a "carrier"). Likewise, they will most typically be

25 formulated into dermatological, or cosmetic carriers. In this application, the terms
“dermatological carrier” and “cosmetic carrier” are being used interchangeably.
They refer to formulations designed for administration directly to the skin or hair.
The term "carrier," as used 'hcrein, means one or more compatible solid or liquid
fillers, diluents; vehicles or encapsulating substances, which are suijtable for-

30 administration t0 2 mammal. The term "compatible,” as used herein, means that
the components of the composition are capable of being commingled with a
compound as described herein, ahd with each other, in a manner such that there is

no interaction that would substantially reduce the efficacy of the composition
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provide a practical quantity of material for administration per unit dose of the

compound. Techniques and compositions for making dosage forms useful in the
methods of the present invention are described in the following references:
20 Modem Pharmaceutics, Chapters 9 and 10, Banker & Rhodes, eds. (1979);

Lieberman et al., Pharmaceutical Dosage Forms: Tablets(1981); and Ansel,

Introduction to Pharmaceutical Dosage Fonms.2nd Ed., (1976).
Typically, the crystalline forms of the Compound are administered

topically. The carrier of the topical composition may aid penetration of the

25 . compound into the skin to reach the environment of the hair follicle. Such topical _
compositions may be in any form including, for example, solutions, oils, creams,
ointments, gels, lotions, pastes, shampdos, leave-on and rinse-out hair
conditioners, milks, cleansers, moisturizers, sprays, aerosols, skin patches and the
like.

30 : A }variety of carrier materials well known in the art for topical application,
such as, for example, water, alcohols, aloe vera gel, allantoin, glycerine, vitamin |

A and E oils, mineral oil, propylene glycol, and the like can be used to prepare
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isotonic saline and pyrogen-free water. Suitable carriers for parenteral
administration include, for example, propylene glycol, ethyl oleate, pyrrolidone, |
ethanol and sesame oil. _

- 20 ) Various oral dosage forms can be used, including such solid forins as
tablets, capsules, granules and bulk powders. These oral forms comprise an
effective amount, usually at least abdut 5% of the compound. Tablets can be

- compressed, tablet triturates, éﬁteric-coated, sugar-coated, film- coated, or
multiple-compressed, containing suitable binders, lubricants, diluents,

25 disintegrating agents, coloring agents, flavoring agents, flow- inducing agents and
melting agents. Liquid oral dosage forms include aqueous solutions, emulsions,
suspensions, solutions and/or suspensions reconstituted from non-effervescent
granules, and effervescent preparations reconstituted from effervescent granules,
containing suitable solvents, preservatives, emulsifying agents, suspending agents, -

30 diluents, sweeteners, melting agents, coloring agents and flavoring agents.

| Orally administered compositions also include liquid solutions, emulsions,
suspensions, powders, granules, elixiss, tinctures, syrups and the like. The catriers
suitable for preparation of such compositions are well known in the art. Typical
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term “emulsion”, as used herein refers to mixtures of two or more liquids, which

may be in the form of a continuous phase and a disperse phase, for example.
Exemplary emulsions may be in the form of creams, Iotions, ointments, gels, etc.

20 and may include, for example, oil-in-water emulsions, water-in-oil emulsions, '
multiple emulsions and microemulsions. These formulations will be prepared
which contain from about 0.001 to 10w/w% of the Compound. These
formulations will then be applied to the desired aress from 1 to 4 times daily.
Altematively, these formulations will be applied to the desired areas Jess

25 | frequently, i.e., from 1 to 5 times a weekl.

Typically, the crystalline forms of the Compound will be incorporated into
carriers suitable for topical administration. Any of the topical formulations
described above or known in the art may be used. Examples of such topical
formulations include lotions, sprays, creams, ointments, salves, gels, etc. Actual

30 methods for preparing topical formulations are known or apparent to those skilled
in the art, and are described in detail in Remington's Pharmaceutical Sciences,
1990 (supra); and Pharmaceutical Dosage Forms and Drug Delivery Systems, 6th
ed., Williams & Wilkins (1995). |



Topi cal formulations are often prepared in the formof enulsions. The
term"enul sion", as used herein refers to mxtures of two or nore
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conbi nation with sunscreens (UVA or UVB bl ockers) to 'protect against
sun_or WV induced damage. In a further enbodi nent, the fornul ations '
desdPi bed Bbovem packaged for retai I di stribution (i.e., a kit

or article of rranplf]@ﬁﬁ %a]&g LeHid iHens
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| eafl et or printed on the side.of the container holding the
formul ation, etc. 10 |I) EXAMPLES The foll ow ng exanples are presented
in order to further illustrate theExhﬁlWi' on. They should not be
construed as |limting the invention 1n-any manner.

15 Preparation of the Ethanol Solvate of the Compound

This Example illustrates one alternative method for the preparation of the
ethanol solvate of (3S,4R)-[6-(3-hydroxyphenyl)sulfonyl]-2,2,3-trimethyl-4-(2-
methyl-3-0x0-2,3-dihydropyridazin-6-yl-oxy)-3-chromanol.

W TRA, PA, reflux

2. TBAF, THF, t

20 Ethanol solvate

Compound 1 (92.97 g, 202 mmol), 1-methyl-3,6-(1H,2H)-pyridazinedione (76.4

g, 605 mimnol) and triethylamine (TEA) (85 ml, 605 mmol) were dissolved in

isopropyl alcohol (IPA) (550 ml) in a one-necked, 2-L round bottomed-flask and
25 the mixture was refluxed for 28 h and, then, cooled down to 20 °C. |

In order to remove the remaining TBDMS-protecting group, 200 mlof a1

M tetrabutylammonium fluoride (TBAF) solution in THF was added and the

mixture was stirred for 30 minutes at room temperature. This completed the

removal of the TBDMS protecting group and the solvent was stripped under



Example 1 15 Preparation of the Ethanol Solvate of the Conpound This -
Exanple illustrates one alternative nethod for the preparation of the
et hanol sol vate of
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m xture was washed with waterTglxl. 5 L, 3x500 m), renoving the
aqueous phtespesatiiefor b3 minutes The solventrwasremeyed Uider voguus to\give 958he

AN e o PRRTE diACLRAGHe Ml 5L phahEfoy BRERGIRY 010 ofiRE R
dried over mdbSOphiseOACN @tetonitle), ATINAVEOH (9910v/v)L ACN/MEGH (9954.5

sol vent was, renoved under vacuumto give 95.9 g of a dark brown solid,
whi ch was PP 19 give SB¢ &efrabrigesplide rEhebrigegsolif was|dissglved in thegglyen

13
Phe38, kAt b L m IS¢ 3l il AR MR e, 1
sol vent 10sifitdpedl Rla¢fifernd yemaonk dnylihsolstile phnioles/ The wivent ofas eahoved (20 Q)
placed on 1?11 e?%ragueu’m and the resulting solid was dissolved‘ in 95% ethanol, filtered
through a coarse, sintered-glass filter to remove some insoluble material and
concentrated under vacuum in a rotary evaporator at 17 torr to a final volume of
15 * about 200 ml. The solution was seeded with some crystals of the ethano) solvate
and the flask was placed in a freezer at -5 °C for 20 h. The solid thus obtained was
filtered through a course, 600-ml, sintered-glass filter, washed twice with 20 m! of
cold ethanol (5 °C); and pressed dry on the filter to give 25.87 g of the Compound
as an off-white solid. The mbther liquors were concentrated to a very small
20 volume (about 75 ml), seeded with some crystals of the ethanol solvate and the "
flask was placed in the same freezer for 20 hours to give, after following the same

isolation procedure as above, 7.61 g of the Compound as an off-white solid.

Example 2
25 - Preparation of the dihydrate crystalline form of the Compound
The ethanol solvate prepared in Example 1 (320.27 g) was slurried with

vigorous stirring in 6.4 L of water (20 ml of water per gram of ethanol solvate) at
50 °C. Some foamy material remained on top of the aqueous layer. After 2 days, a
sample was drawn with a pipette, filtered immediately while still warm and dried

30  for 1 hour (h)in a vacuum oven at 22 °C and 17 torr. pXRD analysis of the

| sample, performed as described above, showed complete conversion to the

dihydrate form. TGA analysis of the sample, performed as described above,
showed a value close to the theoretical 2 moles of water per mol of parent
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atmosphenc Tessure uné)egg mmogen blanket. The temperature was slowly

increased from 18°C to 120°C at 0.1°C/minute. The drying at'120°C was
monitored by pXRD and mDSC. |

The first sample was taken after 40 hours and was crystalline anhydrous

20 material as determined by pXRD and mDSC. The estimated crystailinity was at

92% to 96 %.

Drying was continued with samples taken after 64 hours and 88 hours. No
signiﬁcant change was noted. The material was cooled to 25°C at 1°C/min. The

final test showed 94% to 96% crystallinity.

25
Example 4

Preparation of an anhydrous, crystalline form of the Compound
' The anhydrous crystalline form of the Compound may be prepamd by

ramping the temperature up to between about 40°C to about 130°C. A ramp rate
30 of from about 0.1°C/minute to about 10°C/minute may be used. The sample may
be dried under pressures ranging from atmospheric pressure to a vacuum of about

3 torr.



Example 3., 10 Preparation of the anhydrous, crystalline formof the
Conmpound The anhydrous crystalline formof the Conpound was prepared
fromthe ethanol solvate, slurrying the ethanol solvate to the

di hydr at avoa006/408641 dehydrating the di hydrate to formthe anhydrous
crystalline form 15 One-gram of the dihydrate was pl aceBCHIB 150
dish and dried in an oven at atnospheric pressure under a nitrogen

bl anket. The tenperature was slowy rTioihcreased from18C to 120C at
0.1C/ m nute. The drying at120C was tored by pXRD and nDSC. The
first sanple wasn estiyenowmfdrystallifie fuparof theQoinpound was plepared fronbghdr ous 20
material as determ ned by pXRD and nDSC. The estimated crystallinity
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form of the Conpound The, anhydrous_ crystalline formof the Coppound may
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f r om at nogphn and abou 40¥% ardorphouy formuofithé Caimpoind.3 torr. WO 2006/ 008641
PCT/ 1 B2005/ 002150 23 An anhydrous crystalline formof the Conpound was
prepared fromthe white solid prepared in Exanple 2 by drying it on a

Qray at 60 C under high vacuum (3 ton) for 21 h. The tray was wei ghed
nd put back in the oven for another 26 hours. No change in wei ght was
observed. 285.33 g of the Conpound 5 was obtained as a white, powdery
solid. The crystallinity of the white, powlery solid was determ ned by
nDSC to be approxi nately 60% anhydrous crystalline



form and about 40 % anorphous form of the Conpound. WD 2006/ 008641
PCT/ 1B2005/ 002150 24 CLAROLS What is clainmed is: 1. Anhydrous
crystalline 6-[[(3S, 4R) -3, 4-di hydr o- 3- hydr oxy- 6-[ ( 3-

~hydr ox Jodgsdy fonyl ]1-2, 2, 3-trinethyl -2H 1-benzopyr 2 5
met hyl w@?% pyrlidazi none. 2. The crystalline form of Zﬁ%‘lf

exhibits a powder X-ray diffraction pattern substantially simlar to
that of Figure |I. 3. The crystalline fgrmof claim1l that exhibits an
experinental powder x-ray diffraction pattern having at |east one
characteristic peak at approxi mat eCLMN%O val ues selected fromthe
group consisting of 10.5,15.0, 17.20 and 22.8. 4. The crystalline form
of claim1 that exhibits an experinental powder X- ray diffraction :
pattern, Néhatigclaimnddst eristic peaks at approximate 20 values of 10.5
and 17.2. 15 5. The crystalline formof claim1 that exhibits an
experimental powder X- ray diffraction pattern, having characteristic
peaks at dppr omlhgdmuﬁﬁrystnﬁineeﬁ}[{o?.s 41&)—54adahycﬂ'a-£hycﬁoleibq(3:-ryst alline

f or m of clalm at .exhj pe_rl t ovvder X- r diffraction
pattern havi ng®¥ &TQF‘XP,]%"QV )ﬂlf%‘y -tawegggﬂgzi K of ,
10. 5, 17.2 and Qﬁd

6-[?(38,4R)-3 ﬁh’ﬁ (Sro %’ony 6-[(3-

hydroxyphenyl ) sul fonyl] 2,2,3-trinmethyl-2H 1- benzopyran 4- yI]oxy] 2-

cryst aI | ne foﬁb%{%}eﬁ?ﬁ% °£;¥%Pq1r¥$ﬁ§t°?h’§{r%s gk’%ﬁh? e 0g'xhi bits
a powder ed X-r pyttethshbstaitially shnildras thas ubBigargl. al |y simi | ar to that of
Figure I'l. 10. The crystalline formof claim@8 that exhibits an
experinmental x-ray powder

3. The crystalline form of claim 1 that exhibits an experimental powder x«ray

1

diffraction pattern having at least one characteristic peak at approximate
10 28 values selected from the group consisting of 10.5°, 15.0°, 17.2° and
22.8°,

4.  The crystalline form of claim 1 that exhibits an experimental powder X-
ray diffraction pattern, having characteristic peaks at approximate 26
values of 10.5° and 17.2°.

15 5. The crystalline form of claim 1 that exhibits an experimental powder X-
ray diffraction pattemn, having characteristic peaks at approximate 20
values of 10.5° and 22.8°, -

6. The crystalline form of claim 1 that exhibits an experimental powder X-
ray diffraction pattern having characteristic peaks at approximate 26
20 values of 10.5°, 17.2° and 22.8°.

7. Dihydrate 6-[[(3S,4R)-3,4-dihydro-3-hydroxy-6-{(3-
hydroxyphenyl)sulfonyl]-2,2,3-trimethyl-2H-1-benzopyran-4-yljoxy}-2-
methyl-3(2H)-pyridazinone. '

8.  The dihydrate of claim 7 which is a crystalline form.



diffraction pattern having at | east one characteristic peak at an
approximate 5 20 value selected fromthe group consisting of 9.2, 20.1
, 24.0 and 25.4. 11. The crystalline formof claim8 that exhibits an
experinental X-ray powder diffraction pattern having characteristic
peaks at approxi mate 20 values of 923 and 20.1. 12. The crystalline

form of gl ai mrge tRaiallfhe Yorth'of clfin 8WAEH SRHMEY 5 powdbfed R-RpWer

diffraction pattern having characteristic peaks at approximate 20

val ues of 9. 2diffraction pattenpsubgtantiallysimilan tothat b6Figueg Ilc| ai m 8 t hat

exhibits an experinmental X-ray powder diffraction pattern having

characteristic peaks at approximate 20 values of 9.2, 20.1, and 24.0.
10.  The crystalline form of claim 8 that exhibits an experimental x-ray powder

diffraction pattern having at least one characteristic peak at an approximate
5 28 value selected from the group consisting of 9.2°, 20.1°, 24.0° and 25.4°.

11.  The crystalline form of claim 8 that exhibits an experimental X-ray
powder diffraction pattern having characteristic peaks at approximate 26
values of 9.2° and 20.1°.

12.  The crystalline form of claim 8 that exhibits an experimental X-ray
10 powder diffraction pattern having characteristic peaks at approximate 26
values of 9.2° and 24.0°.

13.  The crystalline form of claim 8 that exhibits an experimental X-ray
powder diffraction pattern having characteristic peaks at approximate 26
values of 9.2°, 20.1°, and 24.0°.



