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i me t hbnit¢bPiates Paetent Npwmber 5,912,244 (“the 244 patent”) discloses the
compound 6-[[(3S,4R)-3,4-dihydro-3-hydroxy-6-[(3-hydroxyphenyl)sulfonyl]-
2,2,3-trimethyl-2H-1-benzopyran-4-yl]oxy]-2-methyl-3(2H)-pyridazinone
(hereinafter “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,
cerebral ischemia, and glaucoma.

Example 7 of the ‘244 patent illustrates the preparation of the Compound,
as the ethanol solvate. The ethanol solvate converts to an amorphous form over
time. New crystalline forms of the Compound, having enhanced crystalline
stability, would be an improvement over the prior art. Such forms would be more
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 Compound to
promote hair growth in mammals. The ‘116 application discloses that the
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).



in the anagen phase (i.e., increases the anagen to tel ogen ratio). SUMVARY
OF THE I NVENTION I n accordance with the present invention, new crystalline
fornms of WO 2006/008641 PCT/IB2005/002150
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Formula I

One of the new crystalline forms is the dihydrate of 6-[[(3S,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-[[(3S,4R)-3,4-dihydro-3-hydroxy-6-[(3-
hydroxyphenyl)sulfonyl]—2,2,3-trimethy1—2H—1-bénzopyran-4—yl]oxy]-2-methy1—
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 scale. 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) pattern, or a
combination of the pXRD pattern and its differential scanning calorimetry (DSC)

20 thermogram.



al opecia). Alternatively, either of the new crystalline forns may be used
in a dosage formfor admnistration to a mammal . Alternatively, either of
t he new cwgb@ldossae fornms may be used for the manuf act ureTaB2sbapical
dosage form which may be applied directly to the area where pronotion of
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crystalline formof the Conpound may be used to pronote hair growh. In
anot her enbodi nent, the anhydrous crysdgl l'ine formof the Conpound may be
used for the manufacture of a topical dosage form which may be applied
directly to the arEavm)QdaEdﬁkaqtiom)mamwmadetfeuiuaedfogﬂmvwh i s desired.
In a further t eof
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t he Conpound. nfy®bbsed2o HeRidfkbiePasRUNRANAEh ah%efeaxoﬁil&fnroaﬁw dImBaht ern of the
di hydrate crystalline form of the Conpound. Figure 3 denonstrates a

powder ed X- r ajRuses rlﬁé‘?q‘(’)??’ gidtier et the pew enyatallipg, fomgs ofthe Campowsd mayde

Conpound. Fi 9Uﬁ1§bd40g Airr&SthAnCRGRR Yus 85 u@&uea@d/%itﬁ@ ofpfeddntidh f fraction
patterns of the an ydrous crystalline form di hydrate crystalline form

and the et hanglorPssd) vétl@mé?veﬂhélt'@éﬁf)‘éiﬁﬁﬁw °‘P’F‘§1§‘P@f‘5‘nﬁg’ﬁb’éﬁé$ﬁi§“& DSC of the
di hydr at@ crysbaikt foi fooddmigbrdion companad Aléh&uwy,@nh&mf&&%{avs a

thermogr avi met st tallme ?orxg may(be us fgxlc thet: xrrlxgnu actuz- ? a topical dosage form, which
may be applied directly to the area where promotion of hair growth is desired.

In a more specific embodiment, the anhydrous crystalline form of the
Compound may be used 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. )
In a further embodiment, the invention is directed to an article of -
manufacture containing a topical dosage form prepared from the anhydrous
20 crystalline form of the Compound, packaged for retail distribution, in assoéiation
with instructions advising the consumer how to use the product to promote hair
growth.,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a powdered X-ray diffraction pattemn of the anhydrous
25 crystalline form of the Compound.
Figure 2 depicts a powdered X-ray diffraction pattern of the dihydrate
crystalline form of the Compound.
Figure 3 demonstrates a powdered X-ray diffraction pattern of the ethanol
solvate of the Compound.
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crystalline formof the Conpound. Figure 7 represents a DSC of the
anhydrous crystalline formof the Conpound. Figure 8 represents a TGA of

t he anhydwousosmgstial | i ne form of the Conpound. DETAI LERCDESIORS/RRISIN OF THE
I NVENTI ON A) DEFI NI TIONS The discl osures of each patent, patent application
and publication cited or described in this docunent are hereby incorporated
herein by reference, in their entirety. Various nodification of the
invention, in addition to those described herein, will be apparent to those
skilled in the art fromthe foregoing déscription. Such nodifications are

al so intended to fHlhreW dehionstiahs a 26:0pRis6f of fikvdeRAKNAG ditth@iodB- As used
i including the clains, the follow ng terns have

t hroughout m s lication A ) .
t he meani ngs 8%‘?*’?‘%@&3&@1‘1&0&“’%% ng %‘@}'ﬁe@é‘fﬂdﬁt‘??{éﬁtﬁlg’i‘f‘eﬁ%ﬁ% se. The
plural and si ethahdsolsiteod e Dempowndt ed as i nt er changeabl Ie, ot heL Ehag tngte
i ndi cation of nu r & The term-C .L.ses" nmeans i.nc es, but i
limted to, b. " %ﬁlﬁgﬁei% rF%ﬁeﬂﬁgﬁ%?ﬁ‘ﬂ‘gélhﬁ?tﬁﬁ{yé@ﬁﬁt@%ﬁ unp- t ai | ed
macaques’ conm@ampomdani mal s suclh as dogs, ca’:]s, gerbils, etc. ?n(rjregln\slef;tl\gck
such as cattle, swg mas, .and. sheep. ‘adm xjur.e
or nore conponent \é\#l#lﬁr;?gg’gé%%gt_tsﬁéﬂrle rgérﬁwﬂeﬁlﬁ alnﬁygs @%%ﬁe’l ( dfﬂ_‘e t he _
conponents. Bymplngfommfthq(ﬂnmpongdgxanpl e, honga c;)rrgonen:_ i sI d![ ssol \éﬁd in
anot her conponent. P i "in es_s ating
i ncrease in total ﬁ%ﬁ?7§g§s gﬁ3%%?9?§ﬁ8%ﬁ§&§ﬁ%ﬁ“§ﬂ§?%§§%°fﬁ§|udes i ncreased

Compound.

10 Figure 8 represents a TGA of the anhydrous crystalline form of the
Compound.

DETAILED DESCRIPTION OF THE INVENTION

A) DEFINITIONS

15 The disclosures of each patent, patent application and publication cited or
described in this document are hereby iﬁcorporated 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
terns have the meanings defined below, unless specifically indicated otherwise.
The plural and singular should be treated as inferchangeable, other than the
25 indication of number, )
a. The term “comprises” means includes, but is not limited to,
b. “Mammal” includes humans, primates such as stump-tailed
‘ macaques, companion animals such as dogs, cats, gerbils, etc,

and livestock such as cattle, swine, horses, llamas, and sheep.
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| ength and/or growth rate of hair shafts (i.e. follicles), increased nunber
of hairs, and/or increased hair thickness. Sone or all of the above end
resul ts owo 2b@/mediteved by prol onging or activating anagemjBidogoasnm h
phase of the hair cycle, or by shortening or delaying the catagen and

t el ogen phases. "Pronoting hair growth" should al so be considered to

i ncl ude preventing, arresting, decreasing, delaying and/or reversing hair

loss. e. "Alopecia, " ag u%aﬂﬁﬂﬁf@i&ﬁ?gm&ap%s&e&nﬁ%&ﬁ@km%dtt)géthelba' dness,

hair | oss, and/or hair thinning f. reating or alleviating alFopecia"
refers to pronoting hair msuibdin acomimaion oftilee tanponenpe Byenged,noar are

considered at risk for experiencin al opecia. g. "Pharpaceutically
accept abl e" neans suit abl t’é‘lgeﬁi?é&eno ogentys dls%‘g]"?fgﬁ no‘ft@ra

crystalline formof a conpadest salt thereof, containing one or nore

nol ecul es of a solvent of crystallization, i.e., the Conpound or a salt

t her eof5 cont ai ni ng soldvenPropmtivighen grewthi énolurles stitnulatihg amincagaseichanol

sol vate of the Conpound is solvate jin.,which.the solvent i.s .ethangl. A
"hydrate"” is a solvate i ntoﬁP%lﬁ“taﬁ%a ‘?rvlgr?ﬁtﬁ'i §u‘%alp‘éliﬁ?‘se’l lpC]’uﬁsrlﬂ%F%ﬁeggi cally
acceptabl e” refers to a clepgth@ahdohbfwtieite BEhAPFHaES d.d. follibigs)Skicieagdd hai r,
and which will allow the drug to diffuse to the site of action. |

"Compounds of the i nvent i BHnbesef haico ppdioriasreasedihainshickiesss Sgme or all
i nterchangeably and shoul g e, {42208 %3fs é%”@e”ééﬂFeVeEé& |ﬂrolonging or
10 activating anagen, the growth phase of the hair cycle, or by
shortening or delaying the catagen and telogen phases.
“Promoting hair growth” should also be considered to include
preventing, arresting, decreasing, delaying and/or reversing hair
loss.
15 e. “Alopecia,” as used herein, encompasses partial or full
baldness, hair loss, and/or hair thinning.

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

20 g. “Pharmaceutically acceptable” means suitable for use in
mammals.

h. “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

25 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.

i. “Dermatologically acceptable” refers to a carrier which may be

applied to the skin or hair, and which will allow the drug to
30 diffuse to the site of action.

j-  “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- .
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Exanpl e 7 of United St at ¢i§osBatemethi3(25])PyeAd2zdoneO TherCanpvind &d alstanes f or

t he Conpound represented by Fornmula | are_al wn and are included
within the scope of the ?W“@dﬁ%ﬁﬁﬂ?asa@gﬁzﬁdgg Tein. B) METHODS OF

CHARACTERI ZATI ON A nunbe ) i SAD.| 1Bfsentiatin
different crystalline fo?@gﬁiﬁfl& e%gg?rgy froizé%ﬁlng‘shlﬁ—lof@i Eig%tg"g\ce, ° ’

exper i jrent a: x.-ra%/ po\(N([:I)gz,3diihydrapyridanin(63)(]%§))y)f£a@l¥remnsolarﬁ%ﬁ,ﬂR}-ﬁér enti al
scanning cal orinetry av sed t i ti at talli

fornms from one anot her. %@H‘O\?\z‘ég‘?ﬂyﬁf%gﬂﬂegpglt':{'gﬁpg’gld%ﬁg%éﬂI%‘S F%usI "
crystalline formof the gpdfg%@q?,%axgglﬁmgﬁlghéﬂym,m-h’ﬁﬁétﬁylezﬂf t he

Compound. a. Experimental” Powder X-ray raction Experinental powder
x-ray di ffracti on (pXRD)bénzobripymaeKses Brxampitel ef Hnkiedhofaleh EatsevrNe. parti cul ar

crystalline formof the ?%@g?ﬁddﬂie\a,tcfieﬁm?@hﬂ n%lS f&r%X%‘oﬁ;gochF di hydrate, the
a ysta

anhydrous crystalline fo rne form I scussion of the

theorypof X-ray powder didprésafifell ) FoByulad afeoalswmiwiSimalire anthdzénsen, X-ray
Structure Determi nation; A practical guide, MacMII|an and Co. New York,

N. Y. (1968). Further di s¥iig a segpemt pes ermntamppyitt et Used b§ieiai £ f ract i on
techni ques may be found at Jenkins and Snyder, Introduction to X-ray

B) METHODS OF CHARACTERIZATION
A number of methodologies may be used in differentiating 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.

20

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, Infroduction to X-ray
powder diffractometry, Wiley, New York, N.Y. (1996).

30 The experimental powder x-ray diffractions depicted in Figures I-III 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



powder diffractonetry, WIley, New York, N Y. (1996). The experi nental
powder x-ray diffractions depicted in Figures I-1JJ were carried out
utilizi ngve 2Brauoss41D8 X-ray powder diffractoneter wth GADDS20SeesEl Area
Diffraction Detector Systen) C2 systemw th a single Goebel mrror
configuration. Scans were run with the detector at 15.0 cm Theta 1, or
the-1- collimtor, was at 7 and Thetag2, or the detector, was at 17. The
scan axis was 2-onmega with a width of 3. At the end of each scan Theta 1 is
at 10 and Gtof v sl dft Thet@Bdrake deteaor, wias 2017°1 Ahe seapdfdsWas 40kV and

40MA with radiation. Scans were integratedfr 6. 4.0 Sanmpl es
were run i 2-oABga Githarmidéh ‘Pﬁﬂ°deﬁlt§h‘bﬁﬂ%‘?f§g%tﬂscfa%¢he%e Sﬁﬂé%u%nﬁ[lgt?egze Col | ege,
PA]. Sanpl e . placed in. t ' ' ¥ ded 400 witeCaanpl e hol der,
and flatteﬁé‘ﬂm?iimi thmgp]gf)gteﬂﬁ%%tfgp#edgeé%ﬂr?s\%bﬁ t he surfacle of the holder. Al
anal yses Weleieandbstsarkraintsgatet torpesatas e 20nfasiplessvege Aet W AYCoonc - 30C,

Scans were evaluated using D ffracPLus s r with Eva -
ver siSon 8. eamplg hpklexsgg}mh@dafﬁ%,(%w@goﬁﬁé%agﬁ&?eéﬁgé‘ﬁft ae&g??’,ast he results
of any X-ray powder gk ih #d inididet the EdinglBYioMar, ynd Tihitenedarittemce can be due

to sanple preparation, “the particul ar nodel X-ray diffr ter used,
t he oper at epatslattebbavepuwith tesurfree 9fiiag holdefe @LF‘W@&XP‘W% %oéﬁgﬁ%t?g% Il realize

that the relative intensiti RIpSENKchld wite e¥dledtedradiagl pXRD
pattern mayoYRSPREE kgq%g‘g{eérﬁeg Srientation of a particul ar crystal

and that thgspdRRsreitwae, cdease 2003 wtithugvarngrsiet BRi ques to minim ze t hese
effects. Such techni s 1 nclude, far. L sanpl e
bef ol anal ysi s, A% F%ﬁﬁﬂ@l’%ﬁfeﬁ{gB QP%%“P%{({%W% 2'11 G HAGhDer By X by SaTD

€ sanpl’e during anal ysi's, or
utilizati orbowde@&gﬁigﬁba@h@émtﬂy eyl Thedhrisnthcarbeadvedo danplet or . The term

an .1 ay pemeerarie thegaricals madeLptrey doriene gy BacREpBRaRR e, o0 2"
2Q Thus, nRERhYhedSE AFERNGNoIRRBIdITR Midrt RARMalize thatthe ddativecal to the
intensities of peaks present in an experimental pXRD pattern may vary due to the
15 preferred orientation of a particular crystal and that the pXRD may be carried out
using techniques to minimize these effects. Such techniques include, for example,
grinding of the sample before analysis, spinning or rocking the sample during
analysis, or utilization of a diffractometer equipped with an area detector. The
term “approximately” if used in defining a positioh of a characteristic peak in an
20 X-ray powder diffraction pattern is defined as the stated 20 value + 0.2° 20.
Thus, merely because an experimental pXRD is not identical to the
.pXRD’s depicted in Figures lor 2, 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

SUBSTITUTE SHEET (RULE 26)



pXRD s depicted in Figures lor 2, does not nean that a crystalline formis
not the di hydrate or anhydrous crystalline formof the Conpound. As wll be
di scussedwonhocosdsme presence of sel ected characteri sti ecpapk®s/oodsntified
fromthe pXRD patterns, may be used to determ ne whether a crystalline form
is the anhydrous crystalline formof the Conpound, the crystalline ethanol
solvate, the dihydrate crystalline form®f the Conpound, or a new form of

the  Compounc Drard Sl E81 Din AlohR) dlaneioaln s, psaridedaher ei n wer e

det er mi ned by ere scanni'ng calorinetry). The ethanol
sol vate was Fstfuéntel phfs ossI0008€.005 (RBMsPSE 00570 .9as (thps). mh'): sariple sanpl e
was wei ghed into astandard al um num pan with a pinhole g‘go ri nped. Pans
used were TAwam@pmmmrgmpmﬁtbO%fs?) gel?lﬁet%@(nﬁ&tt‘ef&r?é% né ‘9%’779 901

(tops). The s%ﬂg ﬁé\igg QO ll’l%% ?ﬁﬂ% @Qe@fus (% c%ﬁﬂﬂ%!r'?ﬁcﬁs@m% of

terrperature% ure né to tive mlligrans

sanpl eswer e &mﬁtlﬂ%hﬂiﬁﬂig dﬂﬁlﬁ?ﬁl@lﬁy ﬁfayd)fa fdlﬂch‘z&%t Daltors @ad kiangpakal or| rret ry
may be found_at O as, Dalton, and Hancock, foeirﬁ%ntl al scanning
calorinmetry: D&f@m’ﬁt@éf‘i"ﬁﬁmﬁﬁaww&”@’e%ﬂ’ éﬁ%‘éﬁf"‘ g SRR cal  Sci ence and

Technol ogy T, ace¥al:ﬂr§(]’%lrrpoun &lhn 1oggﬁ %1&1%8%) NurhBE: @'[dmﬂ%lﬁte

crystalline formo ydrate crystalline Tormof the
Conmpound wer 8999%n on a TA Instrunent q OOO series DSC. (New Castle, DE).

Both were also ru ed
wei ghed, and thei fhmpéqﬁfﬁ%ﬁmj{!E%%ﬂ%gfpﬁ%éoﬁg?ﬁaﬁﬁq engthy ?sne ga'rll'ie\rl\gr ©
Technghogy. Cﬂzétﬁﬂ% oS GUBS COMpRiind #8fcQul 86 ANOA oMt Qe0do0iends at Cassel ,

How Tzero Technol o nproves DSC Performance. Part |: Flat Baselines and
d ass Transi DS6n (NEWQ&S‘EIWQE)S Boriawermsalsarasrin stinped aluningripenrs WAR72. One to

five miliorank of Thig ShiWerAl&ehld Shllel MRl Wk bedula B RINDEA
instrument's Tzero Technology. Further discussion of Tzero Technology 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



or the anhydrous crystalline formof the Conpound was wei ghed. The net hod
used for these sanples was a nodul ated DSC or nDSC run. Further discussion
of nDSC g 2b@/doeamd at Col eman and Crai g, Mdul at ed t erpenB20s/e02150
differential scanning calorinetry: a novel approach to pharnmaceuti cal

anal ysis. International Journal of Pharmaceutics 135 (1996) pages 13-29.

For the dihydrate, the follow ng parageters were used: Mdulation Anplitude
+ 2C, Modul ation period - 100 seconds; Underlying heating rate 3.0C/ mn
from 35C to 200C. For the anhydrous crystal line formof the Conpound, the
foll owi ng paraneters were used: Anpl i tude + 2C, Modul ati on
period - 60 secg UndtRs (BOgEaviIEe e=1.5C/ mnutes from35C to 170C. c.
Ther mogr avi netrT4 gm(;'ggiﬁysﬁhﬁawtﬁacmmmmw steeGesA¥r es t he
change in nmass o ubstance as a_function.of ;[té&re @Qﬂots& rgture. Loss
of nmass maﬁm‘lifiénpétlm@@ndtﬁww"ﬁ Lops Qiipass i 8 RTtnér dr scussi on of TGA

may Qe found at Ro %{@%@ﬁdﬂa{omeafan@Bagamceutlcal
Sol vat es b ES:LR? nggﬂﬁ?}s%g%%aw metric and Ln mélar[zg,?Anal l.s. . Journal of
Phar naceut iratacheizeticesf Phiginanextigd) Salymiesdy Qe éﬂ e amount of
wat er assomﬁg% r{f? Wi, t,h @ J%%w%&e@ﬁ&ﬁrsae%& Yohiige S'GNunﬁbdrz

Ther nogr avi® were run on TA Instrunen 2950 TGAs. (New
Castle, DE(we b$aarpl1997)v\eﬂe amount of watemasaoddated Wi bsCpEASuD to five ng of

sanpl e were used. Ra ASweANENBRAS

CRYSTALLI Néeme@)ﬂsgglgr@]\% Cé%l%&&‘ﬁe cr égéltg ngl g:)eﬁef orms of the
Corrpfmnd '%éﬂ%ﬁn&%@@A@F(Nawatdsﬂad)EbSamplesWwfsma mel ti ng point of 137C
3C e sanple is anhydrous because n whie crystal

lattice. Hdnéiﬁéﬁafdﬂ%‘é"ﬂmﬁlﬁwﬂl’éug“ﬂf?rﬁvﬁﬁg %%é&*‘z %ﬁ%ﬁ%ﬁ%tﬁatﬁéﬁpon st or age,

dependi ng olq)oéyrglglggqoqg@:f@tlons Wi th no subsequent conversion to the
di hydr at e.

C) ANHYDROUS CRYSTALLINE FORM OF THE COMPOUND

15 : Oneé 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 because
no water is associated with the crystal lattice. However, the anhydrous form may
adsorb surface water upon storage, depending on storage conditions with no

subsequent conversion to the dihydrate.

20
The powder X-ray diffraction pattern 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 the pXRD pattern and a 20 position unique to the anhydrous crysta]line form of

Compound. The characteristic peaks of the anhydrous crystalline form of the
Compound, expressed in degrees 20 (approximate) are located at }0.5°, 15.0°,
17.2°, and 22.8°.
The presence of any one of the characteristic peaks at approximate 26
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. Ina
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The powder X-ray diffraction pattern of the anhydrous crystalline form of
the Conmpound is depicted in Figure 1. The pXRD pattern denonstrates several
char act erwetna/(eaits associ ated with the anhydrous crystalthiBresbheisn of the
Compound. A characteristic peak is one that has a significant relative
intensity in the pXRD pattern and a 2Qosition unique to the anhydrous
crystalline formof Conpound. The changcteristic peaks of the anhydrous
crystalline formof the Conpound, expressed in degrees 2Q( approxi mate) are
| ocat ed at fulfleFemBddient] the presanct T2t BastTwe optlrseALBesHD lnoaﬁe of the
characteristic_peaks| at oxi mat.e V] : raPdf¥fracktibn?, and 22. 8
in a crystWF%%QRB@&%%%?{EP%&%%%&@%{S’%%%& '?(?)X efx%eri ment zzil X-ray

di ffracti op satficferk @Sp@IFRIthe: thé s@Ble is tBOShydsousierysiallieafortlo I anf i r m t hat
the sanple is the anhydrous crystalline f i g hadbpent, the
presence OFIOHR SHEEHK:S ‘?nt’ttwgféas?ﬁcetoﬁg}é%g%%%idgp?%\kb;&tgﬁgrgtﬁg:%?ne sanpl e of
the @mouogfueimgﬂ,%gd, {702°eaAen STe 8 itici¥t tacontifif that theemystdllins uf f i ci ent to
confirmthat the sar’r‘ple i s the anhydrous cry‘gtalli e form %ﬂel?tafmre
specific emmm?awm@wﬁﬁfosﬁ&f&& opReynd- SRy EPEHUEHIS i mat e 20
values 10.5, || {.c5 0 ; i faf ideiceibd iBovepf thinimizbahe t he -
crystalli ngi-gagbdggfgaﬁggn %téd%ﬁ@}a@nﬁ?/garr%ﬁ%&%rayst alline fo? of the Conpound.
Any exper i fmpialthaXprafgrrall drientetion praydtaye e ShepaiGIHBSREr ried out as

descri bed above,, to,.mni g ze t.he i.] 4 f REdre it &ty on may
have on the pat fbé’fef’(led"eﬂ%eﬁlﬁj%& 1G§n¢%é5@#%5%¥19|@%1518§1§5 r%&lrgéei%ti fies tyhat

addi {¢ onal sp@plesofiiyarthgdmue seystalline famy of thefampstundh dha ApHicliyattcr yst al | i ne

formof the pound;..The rel ev ' k J NaédigieBXRD
pattern, i d@gjggﬁ%ﬁ%‘?én?ﬁa@@?@ra?ﬁl i @%&%@?ﬁ?%%?#ﬁ%g%?a%ggve, s listed
bel ow i n Taipbge, is listbebelatvan TuisiednThel data pleabhted in Taidel shaydd beewdie

assist in the in:terpretation of an experimental X-ray diffraction pattern of a
| .

crystalline form of the Compound. The data should not be used to conclude that a
15 crystalline sanzlple of the anhydrous form of the Compound is not the anhydrous

crystalline forin due to the absence of one, or more, selected peaks.
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assist in the interpretation of an experinental X-ray diffraction pattern
of a crystalline formof the Conpound. The data should not be used to

concl ude wbavocosssyst al | i ne sanpl e of the anhydrous for mcofiBtdego@espound i s
not the anhydrous crystalline formdue to the absence of one, or nore,

sel ected peaks. Tablel 1 Al stated 2Qval ues are approxi mate D). DI Hyt

) RATEFORM The di hydrate crystalline f.rm of the Conpound is another
crystalline formof the Conpound identified to date. It has a nelting point
of 127C 3C. The di hydrate| can have anywhere between approximately 1.5 to
2.5 noles of water per nole of nol e,f%ﬁ associated wth it. The X -ray
dlffractl on pattern of the di hydrat'e—crv'stal line formof the Conpound is
"depicted in Figure 2. The pXRD attlé)FSr"i dehronstrates several characteristic
beaks associated with the di hydrafegggstalline formof the Conmpound. J .
characteristic peak is one that h i ficant relative intensity in |
the pXRD pattern and a 2Qposi ti on| uni éUe to the dihydrate crystalline form
of Conpound. The pXRD pattern denpnsi¥@t es|{several characteristic peaks
associated with the di hydrate crystatisigne 1orm of the Corpound, expressed
in degrees 2Q(approxi mate), whichlaretoeeaed at 9.2, 20.1, 24.0, and 25.4
2Q The presence of at |east one ¢f t8dse dharacteristic peaks in a
crystalline sanple of the Conpoundl, duBhittled to experinental X-ray
diffraction at a tenperature of 2 1840 Cl| is sufficient to confirmthat
the sanple is thedi hydrate form oft—the 8Cc..round. In a further enbodi nent,
the presence of at least two, three, or fodr of these peaks in a
crystalline sanple of the dihydratie c?¥staljli ne form of the Conpound
submitted to experinmental X-ray difffrggFion is sufficient to confirmthat
the sanple is the dihydrate crystc"'E fmﬂm of the Conmpound. Any
experinental X-ray diffraction shquld B2 carried out as descri bed above, to
mnimze the inpact that a preferrecF‘(diarmtibtpnalnay have on

1 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 mole of molecule associated with it.

The Xiray diffraction pattern of the dihydrate crystalline form of the

Compound is ‘.depicted in Figure 2. The pXRD pattern demonstrates several
characteristic !peaks associated with the dihydrate crystalline form of the

15 Compound. A characteristic peak is one that has a significant relative intensity in

the pXRD pattern 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° 260.
20 The presence of at least one of these characteristic peaks in 2 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
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the pattern generated. A review of Figure 2 identifies that additional
peaks may be present in any sanple of the di hydrate crystalline formof the
Conpound.wBebevmsd41peaks identified in the experinmental PEITMB300sD2AFaCt | ONn
pattern carried out on a crystalline sanple of the dihydrate of the
Compound, including the characteristic peaks identified above, are listed
below in Table H The data presented iy».Table Il should only be used to
assist in the interpretation of an pXRD of a sanple of the dihydrate
crystal | i neifyae ffnd dFehECompums. Hiadudberendiedimentibe prsens@dat o concl ude
that a crystalline sanple of the ound i & L Yy crystalline
form of t hdeashiysHres: @ £ourSf these B %c&s aglr?g,%%l Eﬁ.ff?%é,%ggfﬁg% ed peaks.

Tabl ep * ChayagliBhd fohinGfMRAGohpiid sibmited 13 Expdriresntal PeraypdifftaciipnisceE)
ETHANOLSOLVATE The X-ray diffraction pattern of t ol vate form of
t he Conpoursstficienyipeentispn thaf the w@e&@%ﬁﬁwﬁﬁcﬁ%g@% The

anhydg ous Céaég bl D6y RpERMENthINR r3PaRAUIGN 2h6uIt be caideyldntase crystal | ine
formof the ound may he prepared using technj Hes i%ﬁnerq{?lgg Known in
the art. Thisséritiediabbves teprinigizeshg iapast daf ﬁefegﬁﬁyo%%,at e 1 ©
acconplished f i e synthesis described in Exanple 7 of the '244

pat ent, Mitgﬁp?%érzgé%g?/&@ncofporat ed by reference. The dihydrate

crystal line for nAeéviewef Eigwo? &@nﬁﬁewmdmnaype@&ﬁ{%bp REFSEMAD B8hanol
an ext endec it oA (o alRE b Cofiouy el b peBE vs) “The
crystigl | i nejdentifysdriaties erperinentabXenag diftratsionf patternearned e opg EHBRAE n t he
art. sample of the dihydrate of the Compaund, including the characteristic peaks

identified above, are listed below in Table I. The data presented in Table II

should only be used to assist in the interpretaﬁon 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 dihydrate
crystalline form of the Compound due to the absence of one, or more, selected
peaks. .
TableIT
9.2%
14.8
16.0
16.4
176
18.6
504"
20.8
24.0*
24.8
25.4*
26.2
27.0
*Characteristic peak

20 1 All stated 20 values are approximate
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Exanpl e 2 describes such a reaction in further detail. The anhydrous
crystalline formof the Conpound is prepared by dehydrating the di hydrate.
For exanpWwe,2odadmesemystal | ine di hydrate is contacted w t rCmaRzoosineso a
partial vacuum Exanple 3 describes such a reaction. G PHARVACOLOGYANDDOSE
As noted above, the '244 patent and the '116 patent application describe

t he pharnacol ogy of the Conpound. It L®-a potassium channel opener. It may
be used to pronote the gromh of hair in a mammal. The anhydrous
crystalline and di hydrate crystalline forns of the Conpound are al so

pot assi um annﬁ:{g_ﬂﬁﬁg_‘r%ﬁ,ﬁ%'crystal line forms of the Conpound"). They

may be use )I n . manner described in the '116 patent application to
prol ong the anagmi X-gayt diffepeion pattdro of tHewthanohwlvats fora ofitheCompendf t he
Compound nmay be u&ggl:_t 0 g{ormte hair growmh. The crystalline fornms of the
Conmpound nﬂ?dea‘?%t?) 1§8%F i n the preparation of topical dosage fornms to
prono§e hair.growth, as desired by the user, or to prevent a decrease in

hair gromh in a subject. |n ' enbodi ment, the crystalline forns of
t he Conpourd ar é\@?ﬁ@?@l’rﬁ%@%ﬁgﬁ? f ormul ati ons contai ni ng the Conpound.
Typically, the fe{dnahabions ci¥tallinggosnibt blConipound apd thalditgdmatei stration to a
mammal . More typically, it wll be used toé{grormte air %rowttinl. Such

f or mul at i orgysiglline fasmefdhe Coppouphmay be Biep fllu§m5(5°"'?lﬂlgu§ g5t dspecial ly to

t hose ar eas]fdoqm itﬁié‘m]ﬂa’i‘ﬁ jnﬁi@lg@gﬁgtoﬁépa}@ﬁqelﬁdi@ouﬁh,ayﬁieﬁmaw Il vary, but
e %e Conpoun

as a general qui I ne, t id w'll be present in a dfrmatol ogi cal
f or mi0at i onaccomplishedrgllewing thrasyothssis descripeding ¢ d of ther 2&¢ PR anount

of fromO0.01 186%19%%%%13%5&&4&%%&%&! ogical formulation will be applied

to the areaWPJS rom times daily. More typically, the
Conmpound Wi | | beThe dihpdiatel arysialtjnefarintof tiaf compnwnd is preparedby cantactiige Conpound
w il be app‘lhie%t agglcseohpatce wgw | %v%te(%aaailcli ﬁeating 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 c;ystaiﬁne form of the Compound is prepared by
dehydrating the dihydrate. For example, the crystalline dihydrate is contacted
with heat under a partial vacuum. Example 3 describes such a reaction.

20
G) PHARMACOLOGY AND DOSE

As noted above, the ‘244 patent and the ‘116 patent application describe
the pharmacology of the Compound. Itisa potassiﬁm channel opener. It may be
used to promote the growth of hair in a mammal. The anhydrous crystalline and

25 dihydrate crystalline forms of the Compound are also potassium channel openers
(the “crystalline forms of theECompound”). They may be used in the same
_manner described in the ‘116 patent application to prolong the anagen to telogen
ratio. Thus, the crysta]ﬁne forms of the Compound may be used to promote hair
growth. . ‘
30 The crystalline forms of the Compound may also be used in the
preparation of topical dosage forms to promote hair growth, as desired by the user,

or to prevent a decrease in hair growth in a subject.
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In a further enbodi nent, the fornul ations can al so be used to treat
patients who have not yet experienced hair |oss, but believe that they are
at risk ovodolengseo. Exanples of such patients include whwgsnaboozasd | be
under goi ng cancer chenotherapy with a drug regi nen known to induce

al opeci a. Young adults experiencing nental distress at the thought of

Eal d} pg,fespeci ally those with a fanily History of bal dness, may al so
enefit from suc r I i . | nt is
encorpassed by N ot etcdfpbd AL BB Rbir o PR o e 1 om
dynam ¢ cycltoenntcass fatmubmaions talthinitigese Goohpownly Typicably, diesor ders of hair

wh relate to alt i in the tjnjng. of . i .
et gr ovi h feyeRanghEH i SblghoRicHHMBTETRI R S TP RL o on phase
(cat agen) antggi%zrllﬁ%?tt\hﬂlgoe(lﬁéé?o ToRloRIRA sroW.| SehTBAhdIMNoMaYil dBheni)

si tuati ons, er 90% of scalp hair follicles are in anagen, 7%to 9%are in
t el ogef and Hdapplie®dirently tb thecstlpgespeciAlintpethosesaredsdn grhdsk it 4Bwent. @r i ng

which the follicle (i.g. the hair .root trat d ' d '
W ththe: cerhumgre: s s iEraS e s RS e SRRt EGe n” Tour i ng
the differentbahi A BrRGERISgicdl BemitAdtionGohlpsishyg Rl eshb giallgibdeptdbhe

predom nant ‘conponent of hair. In non-bal ding humans, this growh phase
| ast's from oseeri¢rdn g wmoyetznfdronc0d ge AOWAY Phend the deimatelagical fREBEAHeNY | s

mar ked by the..cessat.i f mtosis, . .
to three wee@f‘%eeﬁ‘l’é’%‘sﬁp".t e tgég ﬁe%tgg %rﬁglggtqqﬁﬂﬁﬁ?g#&t h@hwé@? @g? :ut nte\élvO
wi t hi not he scanpodrr willitbd freskat ntityrdfiftont 1 té 3wk Bphmattad Coynpoend

follicular growmth fromthe scal p below. In humans, this growh cycle is not
synchr oni zedwilhpe anpied paeetr tiiqe|d2H¥ve t housands of follicles in each of

these three phaseg, , g &ﬁbodﬂ]ﬁélgﬂﬁe Sf&lﬁ?ﬁﬁﬁing chiPhikd BE BSedM ldealifutibist he

anagen phase. In healthy young a e anagen to telogen ratio can be
as hi gh as 9wheohdve dan yenakipetieheal fainddsh, talt beléave ahat theysare attrisk dfsloing

so. Examples of such patients include those who will be undergoing cancer

15 chemotherapy with a drug regimen known to induce alopecia. Young adults
experiencing mental distress at the thought of balding, especially those with a
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.e. the hair root)
penetrates deep into the dermis with the cells 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.

Catagen generally lasts from about two to three weeks.



reduced to as low as 2:1. The nost common form of hair |oss is androgenic
al opecia, a hereditary decrease of cosnetically useful hair induced by
andr ogenswonrogeneddiical | y predi sposed nmen and wonen. Thi Cctanzhos/H@nsa s al so
commonly referred to as nale pattern bal dness and fenmal e pattern bal dness.
Wi | e androgens are associated with sone forns of bal ding, the
agysi ol ogi cal rrEchani sm by which this hdbr loss occurs is not known.

wever, it is N . L0 I fflicted
wth ol opeci o Tate} Sthe PRlhe PRREAR uhitnthd GEEE il it IR oBelp
manuf act ur e fer wt@dacwedk@, yptiditos @isplacad tor remt fmllmularrgdmwuhduah ﬁle&ﬂsrﬁlfper | ng from
this type of alopecia. Hair loss also occurs in a variety of in other
condi tions. bAY¥gen effluvium is hair |oss due to chemicals or radiation,
such as chemot hej HMmeis Efﬁggﬁ‘)tv)tﬂﬁy&é Mﬂ{chf&ﬁzeﬁa@ﬁﬁﬁdwﬁdual sighse comonly
referred to as ug I nduce radi ation i nduced" al opecia. The
crystagli netﬁ@fsm@s@ffmlhdemhnﬂthwmam tHowewau fzast of the ppigpar at i ons

to treat th Al
whi ch i ¢ 1 Pigteb oal anin s abrgendiess dEEer Y obRe Al B AHASS he scar p. It
can progresSerhferf I}Aﬁo Lasse & hl?ﬂl hs 5 ¢l PIiabvidualy with hISpkdi®\Ris agiodkopeci a

totalis and to the | oss of scal p and body hair, which is known as
al opeci a uniredicséta asloWhee 2¢h.ystal line forns of the Conpound may be used to

manuf act ure prepatati ons to treat e ) -al ' tic

al opecia is the ?Ig’fd??“ B?IHTIWPJ?T?%Qa{lﬁl%sié%g&f)gﬁlga@gak‘taa }ll%éa S0 commonl y
refer{gd to RereafeCcbbhéricallRestBhair ilay@dogendogahoparnaicatigur s due to
acute enotional stress. By Inducing anagen, the Conpound can be benefi ci al

in thes edt yﬂ’é@dl%ﬁos%ﬂ weeendwamepe This cppgidion igalsq FRRHPRIIHCIHBA I ot be
constr
ued as 5&9@4, bgfﬁh%g ahf férléﬁggbﬁﬁgg %g@eg,gemhb %n?xj gaﬁ%@ The

crystalllneq‘1 to manu ture preparations to
al I evi at e amngsdcy4pel with bane forms of balding, the physiological mechanism by which

thié hair loss occurs is not known. However, it is known that hair growth is
15 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 preparations 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 to 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 construed as

being limited to treating androgenetic alopecia. The crystalline forms of the



| oss. The crystalline fornms of the Conpound nmay be used to manufacture
preparations to pronote hair growh in other mamral s besi des humans. For
exanpl e, wbeo@mpa@und may be used with farm ani mal s suclkrcaaBmiogeqe15a n whi ch
fur (hair) gromh would exhibit an econom c benefit. The Conpound may al so
be used to stinulate hair growh in conpanion animals such as dogs, cats,

gerbils, etc. The dosages required to obt@in this effect will fit within
the guideli Qi ' L SR QLD X;}Q’%fehqm ni stered
usi ng for rru:E; |€(ﬁ§1 t"yg?gélﬁﬁggré%‘h‘k@ﬁéeP%‘:apﬁ%srq?r%pg| gcagl?i ns, taking into

account the loype of animal being treated. O her applications of the
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the art based upon the disclosure of this application and should be considered to

be encompassed by the claims.
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 adrrﬁnistration, 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 herein, means one or more compatible solid or liquid
fillers, diluents, vehicles or encapsulating substances, which are suitable for

30 administration to a 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, and 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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15 methods of the present invention. The amount of carrier employed in conjunction
with the compound used in the methods of the present invention is sufficient to
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 Modern Pharmaceutics, Chapters 9 and 10, Banker & Rhodes, eds. (1979);

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

Introduction to Pharmaceutical Dosage Forms,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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15 cellulose and its derivatives, malt, gelatin, talc, calcium sulfate, vegetable oils,

synthetic oils, polyols, alginic acid, phosphate buffer solutions, emulsifiers,
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 forms as
tablets, capsules, granules and bulk powders. These oral forms comprise an
effective amount, usually at least about 5% of the compound. Tablets can be
compressed, tablet triturates, enteric-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, elixirs, tinctures, syrups and the like. The carriers

suitable for preparation of such compositions are well known in the art. Typical
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15 flavoring agents described above may also be included.

Topical formulations are often prepared in the form of emulsions. The
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, lotions, 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 areas from 1 to 4 times daily.
Alternatively, these formulations will be applied to the desired areas less

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

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).
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Example 1
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.

0
TBDMSO. /[:\l(
HO” N HO o\\s,/o OH
TEA, IPA, reflux \O

2. TBAF, THF, rt

20 Ethanol solvate

Compound 1 (92.97 g, 202 mmol), 1-methyl-3,6-(1H,2H)-pyridazinedione (76.4
g, 605 mmol) and triethylamine (TEA) (85 ml, 605 mmol) were dissolved in
isopropyl alcohol (JPA) (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 ml of a 1
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
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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 ethanol 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 ml 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 mother 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 dihvdrate 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



nobi | e phase: ACN (acetonitrile), ACN MeOH (99:1,v/v), ACNMEOH (98.5:1.5
v/iv) to give 57.6 g of a beige solid. The beige solid was dissolved in the
sol vent GMBGhog(@8A1mM ) and filtered through a plug of celiruB2002002gj0 pl aced
on a coarse, sintered-glass filter to renove any insoluble particles. The
sol vent was renoved under vacuum and the resulting solid was dissolved in
95% et hanol, filtered through a coarse, 82ntered-glass filter to renove
some insol ub ry 1 4 .
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15 One-gram of the dihydrate was placed on a Petri dish and dried in an oven
at atmospheric pressure under a nitro geﬁ 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 crystallinity 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 lé’C/HJjn. 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 prepéred 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.



and the flask was placed in a water bath with sone ice chips and its
contents allowed to reach 20 0C. The suspension was filtered, the solid
pressed dwg2006/mB&ifilter and, then, placed in a vacuumpoTar20as/0®2500C f or
24 hours to renove the superficial water wi thout affecting the dihydrate
conposition. TGA anal ysis showed about 2 noles of water per nol of parent
conpound. Exanple 3 Preparation of thesanhydrous, crystalline formof the

Conmpound The anhydrous crystalline formqf the Conpou pared from
the et hanol sol Anuehydsousrorystailing fosmef g PIRQ Y p(r%pna?%déﬁ(?ﬁnﬁg%r ate, and

t hen dehydrating the dih ¢ Ryt 60SC angatiagh i ne form
One-gram o\*’hltt%@%(ﬁlipﬁiwfé({]lé%ﬁgis’n%ﬁ%B&gf}g&lrl]ég%gggri dish and drjed in an oven
at at nosp h-%{chﬁmg?) Q515)00€ 2 U ABlie Raynives wgighedinshirg backringhe 8¥fePht ure was
slowy increased from 180C to 120C.at 0.1/ ngdn%§.3gt6?ﬂgr(yglﬂlgnﬁa 120C was
noni t or ed motiExXRO hant- NDS@ngFHQ“fqghétwagﬁﬁ%Ir‘é WaE TaRen 'after 40 hours and
was crystalline anh rSBaotv&f s Thelceyskalgcy dfitheXRiDe.rovdeDSC. The

esti Aat ed Z’f’r’j‘§/§li’tﬁllnfefl%l?{1%&/g at eg}g%%h?o 96 Oe/g Dr q’n% s cont hglued W th

sanpl es t akgm whd @fterfidndichyr mD&AodS ahpierimately 697y hﬁ'ﬁﬁoé‘ﬁtcry@ H§e was not ed.
The material was cooled to 250C at | m'e%om enfii nal test showed 94%to 96%
crystal | i nfery arghabept 40 % 3QIBhous PN © e s nhydrous, crystalline form of

t he Conpound The anhydrous crystalline formof the Conpound may be prepared
by ranping the tenperature up to between about 40C to about 1300C. A ranp
rate of fromabout 0.1 mnute to about 10C/ m nute may be used. The sanple
may be dried under pressures ranging from atnospheric pressure to a vacuum
of about



3 torr. An anhydrous crystalline formof the Conmpound was prepared fromthe
white solid prepared in Exanple 2 by drying it on a tray at 60 OC under
hi gh vacuwio20®&/ee4) for 21 h. The tray was wei ghed andprpuiBhasko2isn t he
oven for another 26 hours. No change in weight was observed. 285.33 g of
t he Conpound was obtained as a white, powdery solid. The crystallinity of
the white, powdery solid was determ ned By nDSC to be approxi mately 60%
anhydrous crystalline formand about ‘fﬁgg%]sanorphous formof the

Conpound. CLAI M5 What is clainmed is: I. Anhydrous crystalline

6-[[(3S, 4R) - 3, 4-di hydr o- 3- hydr oxy- 6-[ ( 3-

hydr oxyphenyl ) sul f on ~-2,2,3-trinmethyl-2H 1 -benzopyran-4-yl ] oxy] - 2-

met hyl -S(ZFDW?}?trlfﬁgagl}%%ﬁ'e. 2. The crystalline formof claim1 which
exhibits a powder X-ray diffraction pattern substantially simlar to that

of Figure | 3. The crystallj.ne f | ai icpj ts an

experi ment al I'pomd%&%gg?%frﬁt%lk?%%t[ﬁ%\gfh%%? %é‘ﬁh%éﬁ'%&‘%&h st one
characteristic pq?@@y@ BER R R P2, 2 Qv@intisy] 98- teatbpytard-yexgrbup

consi sting of 10.5, 1g].p0, 17._26?}@ 22.8. 4. The crystalline formof claim1l
that eXhi bits an mesps-P@E@EParidpaoenss Xray diffraction pattern, having
characteristic peaks at approxi mate 2Q values of 10.5 and 17.2. 5. The

crystalline formof claim1 that exhibits an experinental powder Xray
di ffraction Datt eFl crigtelling farmeefadainy | which epbibis a RpwdppXary ddtrect®o val ues

of 10.5 and 22.8. 6. The cr al.-li.ne for im1 that exhibits an
experi nment al pomd%q?te%s&@st&pgaﬁiyas&qx%l%rﬁtoélgatt%ﬂguﬁ%@i ng characteristic peaks at
approxi mate 2Q val ues of 10.5, 17.2 and 22. 8.
3. The crystalline form of claim 1 that exhibits an experimental powder x-ray
diffraction pattern having at least one characteristic peak at approximate

10 26 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 pattern, having characteristic peaks at approximate 26

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.



7. Dihydrate 6-[[(3S,4R)- 3, 4-di hydro- 3- hydr oxy-6-[ (3- hydroxyphenyl)sul f
onyl]-2,2,3-trinethyl-2H 1-benzopyran-4-yl] oxy]-2-

met hyl - 3(RB)2e@ymsadazi none. 8. The di hydrate of clai m7 woirah20050@150
crystalline form9. The crystalline formof claim8 which exhibits a
powdered X-ray diffraction pattern substantially simlar to that of Figure
H 10. The crystalline formof claim8 th¥t exhibits an experinental x-ray
powder diffracti . i 4 . kSt C peak at an
Bopr oxi mat e Sovar T SeSlfls ST ddh s SASh ARBLERBRRGLEL S, PO0X T 24.0
and 25.4. 11. Thediffracsvabhtiere sitstanioly sibalamdthhtheftFigaehilbi t s an experi nent al
X-ray powder diffraction pattern having characteristic peaks at approxi mate
2Q val ues of 9.2 and 20.1. 12. The crystalline formof claim8 that

exhi bits an pxperThedyahlliXe fah graaay s thaf éxhitsitsi amrexpadrhertal sheayi pogvder
characteristic peaks at approxi mate 2Q values of 9.2 and 24.0. 13. The
crystal line formdffrastign patgerp haying ahiesit 08e sharesteristicPenit &l anaPPLERFBYGder
diffraction patt avi C eristi ° 0%} yal ues of
0.2, 20, 1. ana 2ab BT Eb ) LansBARE B O R e R g

adm nistering a fornul ati on manufactured froma crystalline form according

to any one of, clajns 1- to a |, ..15. A .phar maceut i rul ation

pr epar ed froh'anat?quﬁtﬁgegmﬁc ol %th@f%g%?ﬁqnneé(p?%@ﬁr{tg@égrﬁi ng to any
one of clainms 1-1gjdbrAifffaddictl fattehd Kuvde dhaasterioiepdke n@peotiarl oy
acceptable carrier. 16. A pharmaceutical fornulation containing an

ef fective anount vflues of YXtaalll2048. f or m according to any one of clains 1-13
in amxture with at | east one pharmaceutically acceptable carrier.17. A

met hod of preparing anhydrous crystalline Conpound conpri sing
12.  The crystalline form of claim 8 that exhibits an experimental X-ray

10 powder diffraction pattern having characteristic peaks at approximate 260

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 260

values of 9.2°, 20.1°, and 24.0°.

15 14. A method for promoting hair growth comprising administering a
formulation manufactured from a crystalline form according to any one of

claims 1-13 to a mammal.

15. A pharmaceutical formulation prepared from an effective amount of a
crystalline form according to any one of claims 1-13 in a mixture with at

20 least one pharmaceutically acceptable carrier.

16. A pharmaceutical formulation containing an effective amount of a
crystalline form according to any one of claims 1-13 in a mixture with at

least one pharmaceutically acceptable carrier.



preparing the dihydrate crystalline formof the Conpound, dehydrating the
di hydrat e under appropriate conditions to produce the anhydrous crystalline
form 18.woheoamesdsad of claim 17 conprising dehydrati ngPCmaBzhobyanst e f orm
of the Compound at a ranp rate of fromabout 0.1C/ m nute to about

10C mnute to a tenperature rangi ng fromabout 40C to a tenperature of
about 120C, and holding the resulting C&pound at the ending tenperature

for up to 48-hour . | .aj 1Sy drating the
di hydrate f§T7m ofg Fﬁél%&oﬁggeﬁﬁhg?&ﬁ%%%sgggy% 81%@%%@%%% {r?nl%nute f?om
aboult 18 C CE) 0 abqiéiépaga@@;e dihgirateaiysodideeioim of tlesSempoundndehylraingg t he

resul ting npound about 48 hours under about at ngspheri ressure. 20. Th
met hod of cl ai m the ¢i5ynafedindsT RPEGRITRL ‘F‘}ﬁ‘alt’cql?ét‘lﬂ’rlr‘r?gﬂ‘%a"ﬁ% aﬁgprdﬁ?%f t he ©

Conmpound by heat i g tihig fifydrate formunder a vaccuumof 3 torr to about

60C, and hol ding the resulting Conpound for up to about 48 hours under 3
torr vaccuum

5 18.  The method of claim 17 comprising dehydrating the dihydrate form of the
Compound at a ramp rate of from about 0.1°C/minute to about
10°C/minute to a temperature ranging from about 40°C to a temperature of
about 120°C, and holding the resulting Compound at the ending

temperature for up to 48 hours.

10 19.  The method of claim 17 comprising dehydrating the dihydrate form of the
Compound at a ramp rate of about 0.1°C/minute from about 18 °C to about
120°C, under atmospheric pressure, and holding the resulting Compound

about 48 hours under about atmospheric pressure.

15 20.  The method of claim 17 comprising dehydrating the dihydrate form of the
Compound by heating the dihydrate form under a vaccuum of 3 torr to
about 60°C, and holding the resulting Compound for up to about 48 hours

under 3 torr vaccuum.



