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WD 2004/ 072010 PCT/ | B2004/ 000316 DEPI GVENTATI ON
ACGENTS FI ELD OF THE I NVENTI ON The present invention is
walreaotrmao t 0 4-cycl opentyl resorcinol nonohydr BCEIEEH/000316
its Form | pol ynorph. 5 BACKGROUND OF THE | NVENTI ON
I n humans, skin cDEBIGHENSIESTIONMGENDYPI ex series of
cellular processes that are carried out within a
group of cells known as nel anocytes. Mel anocytes are
| ocated in the |ower part of the epidermis and their
function is to syrflEES QB TapINVENTIONel ani n, whi ch
protects the body fromthe damagi ng effects of
ultraviolet radiation. 10 The mechani sm by whi ch skin
pilg pedseAt inoention if dircved] tored yalupgetybsiseiciiohwohvlglrethend its Form I
following main'steps: Tyrosine -* L-Dopa -+
POlym%baqw none Dopachrone -* Melaninr. The first two
reactions in this series are catalyzed by the enzyne,
tyrosinase. The activity of tyrosinase is pronoted by
the action of a nelanoc éy} ﬁﬁgih?ﬁggR§5none and UV
rays. Typl cal I Bﬁgé?ilﬂ < darker skin
tone (i.e. a tan) However, 15 mel anogenesi s can Iead
to undeS|rabIe plgnentatlon patterns as well. Exanp
ofn lutredns, skieleelp ambies figmyneamelex sics € F@B%ﬂ&ﬁ%ceéﬁétt@t are carried
Lver g
B
the epideiibhid MelrdnegendsiosynBesizof pighent, angatis, lfich piasects the body
research is tyrosi nase, the enzynme which catal yses the
from thedaopagingeiégets ‘?fﬁmlfﬁ’éd@feﬁar@a‘a‘?ri‘ on of nelanin. United -
St at es Pat ent 6,132, 740 discl.ose
CpRoSRaERT T Bich ST b AREte S e, Bl aadmyghues the
followw&b%?elpg YIyrbGROLCT 96 —»@@;Ea@lﬁfﬂéﬁé'% pAiS6MOSe Mdlshin: The first

O patent is 4 cyclopen resorcinol. Exanple 2

. two rea)dtldnlslm thM@npa&tematalyIZbdlby tmteasymnéyms@p@pr akliepstivity of tyrosinase is
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en resorci nal h nthe | bed i#

Pl‘Om e BSeet o-BRRTPE ﬂ&n‘blﬁ PSRBT LRSE i 1 o

czﬁl&J rrefand gé}@s@ Madk Yo D8ArR@SKir ﬂ.@hb lll d; Qftan)i Hofyerot

be readi |y ‘produced in the quantities reqU|red to
melansgappsis tarclepehiacerdesizabdd pgmentatioppatterns as we 1. Examples of such
undesirable pigmentation include age spots, liver spots, melasma, hyperpigmentation, etc. This
has lead to research to find compounds that will inhibit melanogenesis. One of the targets of ’;his A
research is tyrosinase, the enzyme which catalyses the initial steps in the generation%;f' melanin.
United States Patent No. 6,132,740 discloses a class of tyrosmase 1nh1b1tors These

compounds are 4-cycloalkyl resorcinols. One compound disclosed i in the “740 patent is 4-
cyclopentyl resorcinol. Example 2 of the “740 patent illustrates the Ereparatlon of 4-cyclopentyl
resorcinol. The synthesis described in Example 2 can lead to the p;gjduction of an oil. While

this oil is a potent tyrosinase inhibitor, it may not be readily produced in the quantities required

to support clinical development.

The synthesis of example 2 generates substantial quantities of various positional isomers
of 4-cyclopentyl resorcinol. Examples of such isomers include 2-cyclopentyl resorcinol, 4,6-
dicyclopentyl resorcinol, 2,4-dicyclopentylresorcinol, etc. It is difficult to separate the 4-

cyclopentyl resorcinol from its positional isomers, especially when all of the compounds are
1
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The synthesis of exanple 2 generates substantia
guantities of various positional isonmers of

wa2@yoropent yl resorci nol. Exanpl es of such i SPCEIBR004/000316
i ncl ude 2-cycl opentyl resorcinol, 4,6- dicyclopentyl

present BESIl. CTB| a néxd4xibtciy cheopefur pbli@ fomsiofi ot-¢ycdepentyl respreinol that
difficult to separate tﬁ§#4- g cggfentyl resorcino
may be prshired Bopgerdyhan the apfirate o Ay when all of

t he conpounds are 1 WD 2004/ 072010 PCT/ 1 B2004/ 000316
present as oils. Thus, a need exists in the art for

solid forms of SUMMARIeRFYIHE ESYENHON t hat nay be
produced nore readily than the anhydrate of the prior

art. SUMVARY OF THE I NVENTION 5 In accordance with the
present invention, a new solid formof 4-cycl opentyl )
Ireseoaiancd with ds fresent divesones aelv st fors) Qfd?f%@?ffﬂﬁenfé’ resorcinol

has bech SSPUTHD) THbIR B Ler EPHED) 5P SOEatRoRyTRRE “eyelopentyl
resorcir{ao@ Eﬂdﬁ%?&a{e%@%@r@ﬂé@rﬁem the FRdwihgFoamuda: 1 A furt her

spect of the’invention is directed to a specific
crystal line pol ynorph of 4 10 cycl opentyl resorcino
nonohydrate. This polynorph is referred to as the Form
| polynmorph. It has a characteristic powder X-ray
diffraction pattern that is described infra (XRPD)
The structure of a singl rystal of the Form|l
pol ynmor ph has al so been determined and is reported
infra. The nonohydr of 4-cycl opentyl resorcinol,
and its Form | pphyme#phoyneid b® used to 15 lighten
skin (i.e. as a depignentatio@ agent). In a nore
speci fic enbodi nent, the conpound is incorporated
into a topical dosad®rfBidn! which the patient may
apply directly to the area of the skin requiring
lightening. In a further enbodi nent, the invention is
- 0 FReHep dsebt Gthéinivbmion 19 Biremsifoacdpatific coystailind prdyma@®h of 4-
ei ther the nonohydrate, or its Form| _polynor

h, :
oyqbenskitid exsorcinol mearighydraties {ThisRALyBeTPhihrefersdde as fiediprg; implymorph.
RaTRa0EY ahl
It h'ﬁ?% shatac AR ;g%)’de? Xy Elﬁﬁagtg{ﬁ%%ﬁl {ROWs 18 HBEd {f@ (XRPD). The

ten
structure of a single crystal of the Form I polymorph has also been determined and is

reported infra.

The monohydrate of 4-cyclopentyl resorcinol, and its Form I polymorph, may be used to
lighten skin (i.e. as a depigmentation agent). In a more specific embodiment, the compound
is incorporated into a topical dosage form, which the patient may apply directly to the area of

the skin requiring lightening.

In a further embodiinent, the invention is directed to an article of manufacture containing
either the monohydrate, or its Form I polymorph, packaged for retail distribution, in '

association with instructions advising the consumer how to use the product to lighten skin.
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2 WD 2004/ 072010 PCT/1B2004/ 000316 BRI EF DESCRI PTI ON

OF THE DRAW NGS Figure 1 depicts the X-ray powder
waledoiozaoté on pattern for the Form | pol ynor ph, POIIE2004/000316

scale of 2.5 020 to 40 020 5 Figure 2 shows the X-ray

powder di ffract i GRIEERESEREIAOMNSF AGHHDR AW &Sr ph

depicted on a condensed scale of 7'020 to 28 020.

Figure 3 shows the X-ray powder diffraction from4

dflofiRr Bidpidtotre 30kayt fifvde® BiffrhetiohGapernyiap tHel Forl pAlyink2ph, on a

DESCRI PTION OF THE I NVENTI ON A, Met hods of
scabhaf 26t @fitaat0 @A 15 1) Experinental X- Ray Powder

Diffracti on Those X-ray powder diffraction (XPRD)

anal yses depicted in Figure 3 for |ot nunmbers 2, 3,

apure® WA tREKLIa9 PoRber dHftdctish Paitein B theHEkn KRlyRORM depicted

X-ray powder diffractonmeter using Cu Ka radiation.
onBhmniestd serdnol #8280 ¢q@8 PPed with a fine focus X-ray

tube. The tube voltage and anperage were set to 40 kV

and 40 mA, respectively. The divergence and scattering

Shiolife Y& Fvsle Xeltay Pbwléh AFFhctiBE FloBEE diffeRtht Soth bf W FoSRT

at 0.15 mm D ffracted radi ation was detected by a Nal
pokanorphl | ati on detector. A theta-two theta continuous

scan at 3 /mn (0.4 sec/0.02 step) from2.5 to 40 20

was used. A silicon standard was anal yzed to check the

i nstrunent al i gnnNPRTATIDED HESERPTION GE TE1E BNVIENTION

anal yzed usi ng Shi madzu XRD-6000 v. 4.1 software.

Sanpl es were prepared for analysis by placing themin

a,sili a e .and leveling with a frosted

g%ss@%g%ésfo— &!e i%gmﬂ{]powoler diffraction (XPRD)

anal ysi s depiigt Bgberifnenta) X-Ray Rowder Dififfadtiogur e 3, (I ot

#1), was carried out using a Inel XRG 3000

di ffractoneter equipped wwth a curved position-

sensitive detector, using Cu Ka radiation. Data was

ThoseCRlrh e péwebridiffaeadn ({FRD analyses depiciédit Fguranger loohuhBérs 2, 3, and
at a resolution of 0.03. The tube vol tage_and anperage

4 werqueargied QukWiliging BRhimadzy ¥BPeqA0&irgy Pawdershifsriompies using Cu Kq
radiatgﬁg@g é%s?ru?nnen?lwla{s%({]ulﬁ%eg%i%e:{ fid folguéanfakl L GRN THISRS vo?tralge and

amperage were set to 40 kV and 40 mA, respectively. The divergence and scattering slits were

set at 1° and the receiving slit was set at 0.15 mm. Diffracted radiation was detected by a Nal

scintillation detector. A theta-two theta continuous scan at 3 °/min (0.4 sec/0.02° step) from 2.5
to 40 °20 was used. A silicon standard was analyzed to check the instrument alignment. Data

were collected and anaiyzed using Shimadzu XRD-6000 v. 4.1 software. Samples were pre;;ared

for analysis by placing them in a silicon sample holder and leveling with a frosted glass slide.

The X-ray powder diffraction (XPRD) analysis depicted in Figures 1, 2, and Figure 3,
(lot #1), was carried out using a Inel XRG-3000 diffractometer equipped with a curved position-
sensitive detector, using Cu K, radiation. Data was collected in real time over a two theta range

of 120° at a resolution of 0.03°. The tube voltage and amperage were 40 kV and 30 mA,

respectively. The sample was packed in an aluminum holder with a silicon insert and analyzed.

3
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3 WO 2004/ 072010 PCT/1B2004/ 000316 A silicon standard
was anal yzed each day to check for instrunent
wa@bdogorent . Data were collected using | NEL W Pqi/mB2084/000316
3.11 software and anal yzed usi ng Shi madzu XRD- 6000 v.
A silicdn tandafl twem raeal yZesl dagh dasai@i dhpclafop arstvmenbaligheski Ppiagvere

re ts.of an
collec g ELrP B ity 00 B oy A B gy JRE; 6000 v. 41
softwak€st sanpl e preparation, the part| cul ar nodel of X-ray
di ffractonmeter used, the operator's technique, etc.
The term "approxi mately" if used in defining a
position of a characteristic peak in an X-ray powder
diffraction pattern is defined as the stated 20 val ue

0.2, 20. 2) X-ray §jngle yst ure
Dbt el een g SSTIE S Pty e s B HA X rgy mowglr ditfraction
may V%{n q h‘i MO R kO fest sﬁfrﬁﬂé Plepaadion, eiArAt idRod@N ef X-ray
g ection were performed wth Mo Ka radiation on
dlffracaolﬁetakmeds.hmemtor s@@bnmlue,fertcaatt@ﬁetre tappeaxampighl” éf wsed iy defining a

pos1t1<)_E50qu(§3rqh@J|:ﬂc§tulsé% p%tp a0 5?131‘}/ p&g/td T ggﬁrrﬁcmo Ip%%t@tﬁxésc‘ d@fnn%d%] the stated 26

value @t2ioged from | east-squares refinement using the
setting angles of 6145 reflections in the range 3 <0
< 28. The structure was solved by direct nethods. The
structure was refined by full-matrix | east-squares on
F2. The crystal structure was determned at 160 K
sol \BdXi-nySpeale Cgystal SupettreDetpaninatiomed to a final R
of 0.04 (F2 > 26). 20 B) 4-Cycl opentyl ,Resorcino
Monohydrate . As noted above, a new for m of

4 AC %416 BBRALaY bf F&ﬁpl\%mbuﬂ”t@@mbﬁﬁﬁd@ihmeﬂﬁneﬂ Pretiimsnangw
form is the nonohydrate of 4 c resor ci nol

examiTihtien andlatanendleciing Were PeEpIRNe a iomdn BlFkgr SAMRT IK
4
o e oo ek MR BT sy

orientbS&Omb@ixdes a4th bellaatisn bsteasttansdiirodi ledst—@qtﬂlrmbﬁmuhem ofing the
setting angles of 6145 reflections in the range 3° < 8 < 28°. The structure was solved by direct
methods. The structure was refined by full-matrix least-squares on F*. The crystal structure was

determined at 160 K, solved in space group P2¢/c and refined to a final R of 0.04 (F* > 20).

B) 4-Cyclopentyl Resorcinol Monohydrate .

As noted above, a new form of 4-cyclopentyl resorcinol has been discovered. This new form
is the monohydrate of 4-cyclopentyl resorcinol. This substance may be represented by the

following formula:

HO OH  H,0



wat er associ ates with one nol ecule of a given conpound
(i.e. a 1:1 nolar ratio). As used in this

wa@ppkiozatd on, the term "nonohydrate” shoul d noPCDHEB2004/000316
considered to have such a limted neaning. The

Thé vertamshirdee” & typiosidyr edd thdescribea aelistance &t Whichone molecule of

wat er to. 4-cycl ppentyl resarcinol,gcan_ var u g
water P AR BIY RFPOR Ot £ 46 T 6P PP B ey D). € hed n s
applicdii®f e kiR “riBADYEFeasEould BbEesScontidared S¢!hateasnck a Mmitt meaning.

contains fromabout 0.7 noles of water to about 1.4
The invepltars heve distoyerefl dhat heanglar b f gfates 1o §@y@@@mty] resorcinol can vary.

rresqgr.cinol ..ln,a.nore i fi ' »
s usefy 2 5 i o BB, - S ebly 1BERARY FSHoby S et o
substadc@wiBYIEEdtiRS Boff abbuio). T hearndf Watdras ab@itriol moles ofwater or every

speci fic enbodi nent, the nonohydrate. ha aboug3 d% 9. to
mole of Beayelopemyhishasingk: lipna pore FREFILNEERRPAHBEE. e npnpgydrate has about 0.8

to abo%%/l(.:%g'l\?)ge%to\f st e%ieﬂﬁlllém]femi éo{&%e%% MRRIFSSIn% Oln[ﬂg - Ecific

ntages over ormot the prior art.

* embodimént, Pk infiolyddiediat alges Oidstotabeutsl. 2rplolasiaf watdr for every mole of 4-
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separating the 4-cycl opentyl resorcinol fromthe
cycloppefs] feseisHIoli soners descri bed supra, such as
2-cycl opentyl resorcinol, 4,6-dicyclopentyl 15
resorcinol, 2,4-dicyclopentylresorcinol. The reader's
Thiit de@nformrposses dinuerbeeof ddvaitagaspivesthe f@mwef e prinf art. One of the

. sinplified recovery i s denonstrajed. The .hydrat f
primary 20 YEBiFa At U6 SPURSEROTAITE S YeraPrTod Frdnsl R te
positidnGREbMER dBkHU Suprh subBYs Deyaspatyatesbrdindmt oh@cyclopentyl

positional 1somers by filtration, rather than b

al ner y
resorcitio 2,4-Hiy¢lopergylrasoicinoh Tierreadst’s grerpion is dieciedorqmpesd -3 were

s e BB KR R AL L SRR Lot v i

from tHORQABYEH Al:8uRat Xy Bd separateddFis tiad pdshinplisymreds bly.fil@xéon, rather
25 crystalline polynorph has been identified to date.

than bipdistidliatigst pic¢alymn Fhrowiafdgraphyy aspuasregrired bysthe Reor |
pol ynor ph" hereinafter. The Form | pol ynorph can be
identified by its characteristic X-ray powder
diffraction pattern. A review of Figures I-111 shows
that the Form | polynorph exhibits three 30
characteristic peaks. A characteristic peak is one

Cplg B Hesabaig] ipepbitens 1 1 (he

PCT/ |1 B2004/ 000316

4-Cyclopentyl resorcinol monohydrate can exist as a crystalline polymorph. One
crystalline polymorph has been identified to date. For simplicity, it will be referred to as the

“Form I polymorph” hereinafter.

The Form I polymorph can be identified by its characteristic X-ray powder diffraction
pattern. A review of Figures I-III shows that the Form I polymorph exhibits three
characteristic peaks. A characteristic peak is one which has a significant relative intensity in

the powdered XPRD pattern.



One occurs at approximtely 8.1 degrees 20. A second

occurs at approximtely 23.8 degrees 20. A third peak
Wo@e@anRoat approxi mately 16.2 degrees 20. Any PCEIB2)04/000316

t hese peaks alone, or in conbination, nmay be used to

i Genbddchys dthppieammatély 80l JagaepRO. & spepnddyres ehappsotipaissy 23.8

characteri sti eaks, a revi Fi esy |l
degiaDopers Hraiore os et RaveEl] D2 eBiEr R tirbtaned ! Bt peaks
alohd o8 BSédntbiRdtidn 85§ badskd tb afktifpeiKBorval yolwinolpH he

particul ar orientation of the polynorph sanple. These

addi tional peaks may be used to confirmthe presence

f Form | pal r t :

s g ogdfen FPeir PR R ref et By IR B P Cptner minor

pedk8 hatd@sdBdeRitientidlel MiehtendityosfahesendditippalkmaliOvary with the

include: 13.9, 14.3, 18.4, 19.3 20.&m 2%.2, 25.8b ang‘
parpeulroressgsions dip pakyraeigh samplsgThesg addigionalpeakspgay be used to

tructure of i
cofig G BiSeie 5 iR LRLYELED, B € aEREE ol AdTRERibd o

detshains te trvwakticulabhaterial iskad ke Fdrmdigmil pierphh & haseominor peaks
coordi nates and 15 i sotropic displ nt angters 0
0 incladsl 6391 14 Helfid 183t B IR 3énaa g s boPtshaL ddegie 20 +02°%
0 i sotropic displacenent paraneters. Table | Space Goup -
)'and Unit Cell Parameters for Form | Polynorph 20 Form
I Crystal system nonoclinic Space group P21/c Cell

Dinmensions 25 a(A) 11.313 _0.0Q01. b(A) 7,495  0.001 .
cTim stwptuggof 2 gnglo erystal 0§ the FomadaobmOgh s FEERET TGS he unit
cell pa%‘argétg{gla§ecéﬂdﬁﬁll B irCRAtId 1. #Table 1T depicts the atomic coordinates and
15 isotropic displacement parameters. Table III depicts the hydrogen atom coordinates and

isotropic displacement parameters.

25

Table T
Space Group and Unit Cell Parameters for Form I Polymorph

20 Férm I

Crystal system monoclinic

Space group P2i/c

Cell Dimensions

a(A) ~ 11.313 +0.001 -

b(A) 7.495 £0.001

c(A) 12.881 +0.001

BEO) ‘ 110.00 =0.01
30 Volume(A®) 987 =1

Z(Molecules/unit cell) 4
Density (g/cm3 ) 1.27 g/c:m3
Temperature 160K

6



Density (g/cm 1.27
2004/ 072010 PCT/ 1 B2004/ 000316 Table I1

g/cnB Tenperature 160 K 6 WO

Atom ¢

w@omnaiaat es and | sotropi c Di spl acenent Par anep@r/BB2002)0316

for 4-Cycl opentyl
z Ueq Cl (TaBBBEB4(11) 0.34881(15) 0.46048(9) 0.0200(3)
C2 0.37848(11) 0.44298(16) 0.55910(10) 0.0218(3) to C3

h&xmm®d®%024(ll)
0. 22214(11)
0. 15127( 14)
Atom 0. 07751(14)
0. 07740( 13)
0. 12575( 13)
0. 36575(
0. 38290(

Cl
Cc2
10 C3
C4
. C5
C6
C7
15 C8
C9
C10
Cl1
01
20 O3
012

0. 34955(11) O. 62334( 16) 0.55900(10) 0.0226(3)
Atonncocgmgrfla(e%za)ndQSg

SRR

0. 24834(

COO0OO0O0O00O0

0.24834(12)
0.27024(11)
0.22214(11)
0.15127(14)
0.07751(14)
0.07740(13)
0.12575(13)
0.36575(9)

0.38290(10)
0.48669(10)

Resor ci nol .

0 St

0.58%i%14)! 1 0.46046(11)

0.61175(17)
0.42885(16)
0.31688(16)
0.41590(19)
0.2711(2)

0.10516(19)
0.17259(18)
0.16912(11)
0.71979(12)

0.36262(10)
0.35932(9)
0.25502(9)
0.14728(10)
0.06620(11)
0.13677(11)
0.25632(10)
0.46057(7)
0.65606(8)

0.52361(12)

Uy, is defined as one third of the trace of the orthogonalized UY tensor

0
BT830t

Monohydrate 5 Atom x y

4

acRmAROAG hrhderO( A2 67 8)Cyclepentyl Resorcinol.
17) 0.36262(10) 0. 0251(3)
.42885(16) 0. 35932(9) 0. 0206( 3)

131688(16) 0.25502(9) 0.0222(3) 15 C8
41590(19) 0.14728(10) 0.0323(3)
.2711(3) 0.06620¢11) 0.033A(3)

. 10516{19) 0.13677(11) 0. 0312(3)
.17259(18) 0. 25632(10) 0. 0307(3)

‘%3’&6'%%97 %‘?L%g)l%oﬁescs

0. 48669((.87843(bB360.44293(1%)842581D)11®. 0(265](823) Ueq is
defined as one third of
or t hogon@P#¥4L 1y -

PCT/ | B2094400036

C6
074

9

Cl1

01
0 03

)2012

105 45860 B

0.0267(3)
0.0251(3)
0.0206(3)
0.0222(3)
0.0323(3)
0.0334(3)
0.0312(3)
0.0307(3)
0.0265(2)
0.0301(2)

0.84256(7)  0.0265(2)



Hydr ogen At om Coor di nates and | sotropic D spl acenent
Paraneters (A2) for 4- Cycl opentyl Resorcinol
wokmwehymiate 5 Atomx y z Ueg H2 0.4250 0. 384BCDIERAGA00316
0.026 H4 0.2689 0.8335 0.4596 0.032 H5 0.2058 0.6721
0.2953 0.030 10 H7 0T296010. 2557 0.2450 0.027 118A

0. 2110 Q.4772 0,1183 0..039 . H813 0, 09
bivdmsen A 6ooRbRIo SAAD OISV E 0T 18R 0 (0090 -
CyclopdrFiaRoRiRARRR04G15 H OA - 0. 0086 0.0557 0. 1177
YEOPG037 HIOB 0. 1335 0.0116 0.1255 0.037 H 1A 0. 1662

0.0752 0.3083 0.037 H1 1B 0.0565 0.2239 0.2774 0.037
111 0.4093(16) 0.140(2) 0.5238(14) 0.082 20 H3
Atom g 4151(16} 0. 654(2)7 0. 7117(14%5 0.036 HI2A 0.4323(15)
0.477(2) 0.8658(14) 0.032 H12B 0.5335(16) 0.440(2)
0.8378(13) 0.032 Ueq is defined as one third of the
H2 trace 0f0-42%€ orth 8l i zed 09262 ensol- B8 8 WO

20041 OTAPAAGPCT | OB 0003 ) MLl
gs Friedel (QxosBts  0.6721 0.2953 0.030
H7 0.2960 0.2557 0.2450 0.027
HSA 0.2110 0.4772 0.1183 0.039
HSB 0.0932 0.5056 - 0.1597 0.039
HO9A . 0.1187 0.2441 0.0114 0.040
HOB ~0.0096 0.3113 0.0263 0.040
HI10A -0.0086 0.0557 0.1177 0.037
H10B 0.1335 0.0116 0.1255 0.037
H11A 0.1662 0.0752 0.3083 0.037
H11B 0.0565 0.2239 0.2774 0.037
Hi1 0.4093(16)  0.140(2) 0.5238(14)  0.032
H3 0.4151(16)  0.654(2) 0.7117(14) ~ 0.036
HI12A 0.4323(15)  0.477(2) 0.8658(14)  0.032
H12B 0.5335(16)  0.440(2) 0.8378(13)  0.032

U, is defined as one third of the trace of the orthogonalized U tensor



HO : OH Resorcinol Cycl opentanol 4-Cyclopentyl

Resorcinol + Isonmers HO OH H2O Crystallization 5
wa2@yoropent yl Resorci nol Monohydrat e 4- Cycl ope@it/yB2004/000316

resorci nol nonohydrate, and its Form | pol ynorph, may

be prepared by nethods anal ogously known to those

skilled in the art, which are depicted in Reaction

Schenme I. 10 The initial step is the preparation of

4- CY54RBE oF Phed5aQ6:51 Nol . This may be acconplished as
(Ddes¥¢$geg‘$n“%§ﬂ17ﬁi'States Patent No. 6,132,740, which

is hereby incorporated by reference. A Friedel-Crafts

reaction is carried,@dtbf Wi ch resorcinol is

contacted wth an excess of cyclopentanol, in the
presence of a catal yst such as pol yphosphoric acid,

and t he adm xtursoi heat ed WP | the reaction i
conpl et The 4- c@pentyl —+esorei nol nmay 1@ .
recofered B! 15 extracti on. Fievapeisat i on of th Qg gani c

phase of the extract generates an admi xtur€ of 4°

cycl opgpioyna esor ciyadpbntaadnd i ts positional ,igQ p$mwkﬂj+
order to obtain the nonohydrate of 4-cycl y
resorcinol, or its Forml polynorph, it is necessary
to nodify the isolati and recovery procedures
descri bed above. ' y be 20 acconplished by
subjecti ng the a ratento0 a recrystallization, in
the presence of%suffi%ient water, using techniques
anaf6§lE¥ "t o those known in the art. The anhydrate is
di ssol ved in the.chehyatainbivzatp@n sol vent, cool ed,
and the desired nonohydrate is allowed to precipitate
from solution as the Form 1 polynorph. One suitable

rec tal|kzati .S et
20 e BB e e et be prepared by
methdd@lah&logdustoknisnetottBoseakdled trathe ety whishdied gepictbdinFdeantion Scheme L.
pol ynmor ph may be isolated by filtration, or
evaporation, as is known in the art. It has been
di B LEGd Lo de St i T Yhi@Whay be accomplished
0 b S o e e gy o sccomp
as dedcaibad in DoikedSiaph Paeyt Xe 6; BESMEr whictiis karehyinbgrpasitespaisicrence.

adm xture of L i ) Lo .
A Friedel-Crafts reaction is carried out in which resorcinol is contacted with an excess of

cyclopentanol, in the presence of a catalyst such as polyphosphoric acid, and the admixture is
heated until the reaction is completed. The 4-cyclopentyl resorcinol may be recovered by
15 extraction. Evaporation of the organic phase of the extract generates an admixture of 4-

cyclopentyl resorcinol and its positional isomers.

In order to obtain the monohydrate of 4-cyclopentyl resorcinol, or its Form I polymorph,
it is necessary to modify the isolation and recovery procedures described above. This may be
20 accomplished by subjecting the anhydrate to a recrystallization, in the presence of sufficient
water, using techniques analogous to those known in the art. The anhydrate is dissolved in the
recrystallization solvent, cooled, and the desired monohydrate is allowed to precipitate from

solution as the Form I polymorph. One suitable recrystallization solvent is an admixture of
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toluene and water as the extraction solvent. On
cooling, the Form! polynorph crystallizes from
waedouo7om Li kewi se, other recrystallizati on sPCTEB2GH000316
have al so been utilized. The Forml ol ynor ph_has
water afe@iuape odhe ediof af ootuerinto vtateresn yarvevidayo L nesem [ polymorph may be

) nmet hanol /water, and i.sopropangl/water. The reader's
isolated:fty falfreti o oF EYAOFEP Y gﬁ(& %&8\#{? to 3 where such 10

recrystallizations are described in greater detail.

D. Pharmacol ogy and Dose As noted above, United States
Ratas heerNdiscoserE@ 2hat 410 delsreces5ay to Ky Rk seRRgieaFraeors and

cl ope | _resorci nol |.S ' [WaZa M oY :
e YD PO R b B D285 8y el e o
toluene%lhgﬂité} a@)t’hd'@d)u&@tg&yioﬁl‘a‘en(.i o ci)d')l'[ﬂy, thietHoom Igfolymorph crystallizes from
nogenesi s). 4-Cycl opent resoy ci nol

solutiomnhikiewg%e;:@hm mcrﬁgpﬁ%/ﬁg@cgfﬁol\ég%gs have a{sp b)pggliltﬂgzgg.h )fger: E)r%’l I

i nhi bi.tars i naf t.er i, "
prs G RS B S o o P
isopropafoliWitehi The Fallanogentsi . difEbied to Bhamplespoorideheragudbe

used to Ii%gten areas of the skin that are |
recrystaliiggioms pra des@lBpd IDEEAKR AL 20 Exanpl es of such

i nappropriate pignmentation, - include solar and sinpl

| entigines (including age/liver spots), '
D. PRiraskeloghhndPuse and posti nfl ammat ory

) ST o e SRk AR RSy
cyclop?ﬁgﬁ%s&r@inoi. NEUCLyRostda8din@IbiteKi I nid3 R, usas taigfibitable Pypduction of

user, or to prevent nelanin accurulation_in skin

melanihlfbgtm%hmzcyt@g éire. inploigien of welanoganesial 4tG ysHpPenybipsegHol

al. so be. us [ onbi nat | it h. ski '

mono et 35¢ R EP PRSP G B RoRPh, Qe e
“compBfhdd”f. AR yRRS) 50 use@ il 8RB n@khér destrtbed in thpr B4@patent to inhibit

repi gnentati on. The conpounds nay al so be used i
melanogembsin athusnthgicompeuflssegydensed &Mggkﬁ?n Yo Ofﬂﬁ% gﬁ%? o

. revent . repi ntation, to protect against sun or
mapprtERﬂzft%éhﬁ’&%ﬂg% I'n darkening or to enhance their ability
reduce. ski n nel ani.n_an I i i: .
SEXTBHES S BB ATS 300 e np aP sRE AR RRle loines
(includifif) a§d/BeerRBotys afbldshakarbakna khd postinflamsrabyd hyparaignsotagion. The
_The cogﬁoun s used in this _invention can al.sp be %sed L
compdunds mapiatsabe arediorrpduss skingpelayp cgnienia noa—é)ﬂh\gg)[glc‘%g ates so as to
. an scorbic-acid.: t . i o
induce,g %1} %rasﬁ)%l} {ognra,aag td%selr ;Dsggﬁ g%ég}{% 65 pﬁélgﬁtr}néﬁm%gaﬁﬁﬁlhﬁﬁn in skin that
has been exposed to UV irradiation. They can also be used in combination with skin peeling

agents (including glycolic acid or trichloroacetic acid face peels) to lighten skin tone and prevent

repigmentation.

The compounds may also be used in combination with sun screens (UVA or UVB
blockers) to prevent repigmentation, to protect against sun or UV-induced skin darkening or to
enhance their ability to reduce skin melanin and their skin bleaching action. The compounds
used in the present invention can also be used in combination with 4-hydroxyanisole. The
compounds used in this invention can also be used in combination with ascorbic acid, its

derivatives and ascorbic-acid based products (such as magnesiufn ascorbate) or other products

10
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Asustaigqglctﬁlegg

WO 2004/ 072010 PCT/1B2004/000316 w th an anti -
oxi dant nmechani sm (such as resveratrol) which
waewmaheoat e or enhance their ability to reducRCEHKE2004/000316
mel anin and their skin bleaching action. As a general
with anGisitidekidae: thévhasiemysuchds resvetatrbd vedel aricslesateer enhance their ability to
topically. They wll be applied directly to the areas
reduce élflnﬂf’éarg%?‘i*fi ?’@H&%’j%@a‘:g’@ﬁiag tation, or |ightening.
Jrels) éeékra@ glfli%lFﬂé' L EQRBoMS B/iRSe ad@ireasd tdpatdlgnThey will be
oi ntmrents,;” gels, etc. will be prepared which contain
applied dictly abihetardds of the skiDmeqwising dem gmewape 98§ ehtepiag. Topical
conpounds wi Il then be. e Q ) f .
formulffR e 1oh & HETET ORI TP Fi 21t B R WAL Bt from
about BHH TUwives 8Ethe¥ei@bhsd! Mhe cbipourids avill aleitie applitdryy thg affected

to about 100r(tl;/ k& wi Il be adm ni stered daily,
areas fropt 1 emdkimpes deilyli ¥ ifepeepmenosads are gdminisieiad sytieticaly then from about

ormul ations Vf desir .

o THIEL LPTREA B RO SR MRS o
ease administration, they will typically be fornulated
into pharmaceutical carriers. Likewise, they will

E. "®Slenlathtal Merkaldtongul ated into dermatol ogi cal, or
Smmthis application the terns ‘
¢ QEIRE OO GbeBburkR chh BE adraiektered di@itiyovitioar ehgcardereHowever, to
being used 15, interchangeably. They refer 't : —

ease adromistration, Ghey Widktypicaldy bo f%}@}/eﬁli 1§qorp<y;{a%z?‘pea‘pqagggqn§rst pikewise,
t.-he skin hair {i..e.. topi j : EOMn thi

ey i St Ao ing E0h Bl bR
apphcatmnlqhé féinlng l“ﬂHrrriatcf]kbg'ichl chirepadndt consetl chrrizs acdping ws(

' ills, tablets, |ozenges, nelts, powders, .suspensions, ..

interchsngeably- Jhey gefer tadpinyrlgiang da%%%ﬁ‘&e@f %ﬁm IS&%H%af?%Cg‘ést% ﬂiéssm ot

. ..qf t r di gelatin type containing, for exanple,

hair (Uzgotog{}r%f%gg{al\%?é%fs)] ubricants and inert fillers sucﬂpas
| Bt @sleadnitietratie, therdmponmdstcan bh famuldied/ingasoligeor liquid
. sust ai ned rel ease. preparations. I.n another . .

b coreer P PRt D BB, eppensions. o emsions

. i ; |
Solid g@g&%@é&n gbt?lgl% 8%‘??%1 @Jgg%be? 8Bthe %f&il'i‘ar?%elaﬁﬁ g}g;?e;on@uﬁﬁg; $6x example,

nati on w bi n s, such as

surfacemas lubricams ast mex Hillerssuchyed lactoss, seiresen trdernstagh g ey san be
such, as Ig_ot atto s.t arch or alginic acid, and a | ubricant
BPafMSi ¢ acid or nagnesium stearate. Liquid

PHERARL RS dided L, REERARANBY c Al eIt leied vithhnaedtionel tablet bases
ingredi ent i n an ‘aqueous or non-aqueous

 such gphantosecautdseaindyomstet ialsombigiioe Hith tipdesh shelasfcaga, comstarch,

25

30

o g S e R AR e UG AT o o
stearic acid or magnesium stearate. Liquid preparations are prepared by dissolving the active
ingredient in an agueous Or NON-aqueous pharmaceutically acceptable solvent, which may also
contain suspending agents, sweetening agents, flavoring agents, and preservative agents as are
known in the art.

For parenteral administration the compounds rhay be dissolved in a physiologically
acceptable pharmaceutical carrier and administered as either a solution or a suspension.
Tllustrative of suitable pharmaceutical carriers are water, saline, dextrose solutions, fructose
solutions, ethanol, or oils of animal, vegetative, or synthetic origin. The pharmaceutical carrier

may also contain preservatives, buffers, etc., as are known in the art. When the compounds are

11
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known in the art. For parenteral adm nistration the
conpounds nmay be dissolved in a physiologically 30
wa@ewmepranl e pharmaceutical carrier and adm ni SPET/ERROGL00316
either a solution or a suspension. Illustrativ
being asitriitistoted iptiatherabzuhéxmiy el PP 8rssolyp@ m gereyosping ﬁﬁ@ as is known in
theartd-eXt rose solutions, fructose solutions, ethanol, or
oil's of animal, vegetative, or synthetic origin. The
ARRIJARG BUEGER! the @bibeinds WY balisormeataino formulations suitable for
preservatives, buffers, etc., as are known in the art
topical\AministhasionoApb ahths teiieal farmstinns Koy {71 e art may be used. Examples

PCT/ | €
ot o U EOR RN RSB s .
methodsSfokﬁ@p&ngrkopicthoﬁnﬁlaudhsme}mhdvy/n bioappazen} tot mesmdbdumd@ art, and

are desp@mcbﬁfdegﬁlﬁﬁhf%ﬁéﬁﬁahﬂ%%m facnegni DD (e andf
Pharma '{J{I&h ?dsg%é%&ﬁﬁygg PU}P%th@ér& SYB¥mB SotH 86 wilReaid: §%ilkiBs (1995).

tions’ i nclude lotions, sprays,
creans oi ntnent s, salves gels, etc. Actual .nethods

;Igfrjl prgegrac{r%bq%ﬁg@g Tglﬁ {¢ 0 %}qsa #gplg?cf arlbogﬁgﬁ)aya e epackaged for retail
b
i ESETDS G RS i GO B IRG o s v

the patfent trewao dsedha grddeci merder 8y b gliem thegtskine dSUChWSIUIuF%% 1gay be printed
W ki ns_ (1995

N S

formula@blickc. di stribution (i.e., a kit or article of
manuf acture). The package will contain instructions
tdv:_s,lng thﬁ patlint how to use the product in order
i ght en eir skin. Such instructions may be
pri nt e@——'@gi—e?he box, may be a separate Ieafl>/et or
PThOtERwail éyhﬁhwsc&e pifesdning] io @ndeitofrrtheoilbistrgte theeinvention. They
formul ation, etc. 15 F. ExanprFes The fol | ow ng.
Shoulcéwal’vplcéés‘fﬁ%eé ap ety 1Be IVsnERTHSADY 4R her i ||l ustrate
the invention. They should not be construed as
limting the invention in any manner. EXAVPLE | 20 The

fol | owi ng exanpl e descri bes one met hod for preparing
4-cycl opentyl reE I

The following example describes one method for preparing 4-cyclopentyl resorcinol
monohydrate, as the Form I polymorph.

A round bottom flask equipped with stirrer bar was charged with resorcinol (150 g, 1.36
moles), cyclopentanol (125 mi, 1.38 moles).and phosphoric acid (85 % in water) 500 ml. The
flask was fitted with a reflux condenser, purged with nitrogen and the mixture heated at 120°C
(oil bath temperature) for 26 h. After this time, TLC analysis indicated that starting resorcinol
was still present. Further cyclopentanol (25 ml, 0.28 moles) was added to the reaction mixture
and heating continued for 2.5 hours. On cooling, the mixture was diluted with water (500 ml)
and ethyl acetate (600 ml). The organic layer was separated, and the aqueous layer extracted with
ethyl acetate (3 x 500 ml). The combined organic layers were neutralized by careful addition of
an excess of saturated aqueous sodium hydrogen carbonate solution, washed with brine (300 ml),

dried (magnesium sulfate) and concentrated. The residue was dissolved in toluene (500 ml) and

12
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nonohydrate, as the Form | polynorph. A round bottom
flask equi pped with stirrer bar was charged with
wo e®entiondl (150 g, 1.36 noles), cycl opent anoPCT/IE2804/000316
m, 1.38 noles) and phosphoric acid (85 %in water)
water (ﬁ@ﬁﬂm 11 Tokes, 6.8 agkaddas. Thetsobtiionivtas sirre@fdriee. bnarheeied in an

d h
1ce/wat(:blp Cekb\g%/‘\tﬁh tpfnéqqcb tg%ll}lg ez?&?l’ é{hhtg% gn?ﬁ(& %\%ﬁe fépeer?r% glgd ?%t tc1> %Q%E%ﬁx
crystau"i’ﬂﬁ% Wh Sorl 1 ©AL ROtk MAEm ?@nyrﬂdi*ﬁh hES6ed ﬁ@}stalsv\@s 8 arzg | |

Furt her cycl opentanol (25 m, 0.28 nole
Recrysmdidzeadon tn tohene eBorbo therﬁqamdrr@lyramh A& it @1%r{93& l}é %) Found C,

o700 B M R O R 21 48 (et 2960

2863.5%" 99U £l RYGL. 7 Vaso8 %r%awﬁsis 1398l 3tshe3@qvezom387 camems 2s,1228.0
extracted with ethyl acetate (3 x 500 m ).

s, 11790 mbil hEFO ar, §a03.¢ 5| Wit s 8aebe, Mt rraﬁﬂ%@dn b@?’egaliﬂ@@ 627.9 m.
addi tion of 30 an excess of saturated aqueous sodi um
hydr ogen carbonate sol uti on, washed with brine (300

- o BAL OGS vt S kR O tharAnG 0N cRAL @byl Tercinol
AXraSﬂé)ow Se was 1dlﬂ?gol ved |gn toluene (500 mM) and 12

WO ‘
monohgzdme/ Ppdakd pPdTycribedave0dhe sesulinplthis(toging are depjefed in Figures I,
g) added. The sol ution was stlrred for ca.
1t and §Rof I B0 e i i

ed in an ice/water batch with periodic
stirring. After 4h the solid was filtered and left to
air dry in a crystallizing dish for 16 h to give the
Form | pol ynorph as colored crystals (118. 22g.
Recrystal lizati ogxanpigt gene afforded the Forml
pol ynor ph as white plates (93g, 35% .  Found C
6% siggle Gaygalat the Farm Higpmomaguasrabiaigecsy @QIYSFI“BZ&%% frpm

isoprogwi%ﬁ W]g%ég’g”gﬁe g]rl)sctur% ég% s%ngé’le i%@ﬁgﬁgé F&_);Q;é 2 %glygno?ph is reported

in TabledBshoteW, 1287.4 m 1265.2 s, 1228.0 s, 1179.4 m
1166.9 m 1108.1 s, 977.8 s, 826.5 s, 749.1 m 723.9
m 703.8 mand 627.9 m A X-ray powder diffraction
pattern was generated with a sanple of 4-cycl opentyl
resorci nol 10 nonohydrate produced as descri bed above.
The results of tBKaAMBKEIlg are depicted in Figures I,

Il d Fi 11 (Lot #1). i.nal
Lpe Darocst by e o R e AR vlorenty
resorogr%%? ﬁgldrbt%q{o% e EA WP aleIRBY APRB kel g \WalveRt. The

ure o I's single crystal of the Forml
polynnrph is reported in Table | above.

To a N, purged pressure reactor is charged resorcinol (44.0g, 0.40 mol), cyclopentanol
(44 mL, 0.49 mol) and 85% aqueous HzPO, (55 mL, 0.80 mol). The slurry is heated to 95-
120°C for 6-18 hours. The pink reaction mixture is cooled to ~70°C and diluted with water (50
mL) and toluene (200 mL). The layers are allowed to separate at 60+£5°C. The bottom orange
aqueous layer is cut away. The remaining pink organic layer is extracted with 2x50 mL water at
60+5°C and then stirred with carbon (5 g) at 60+5°C for 1-2 hours. The slurry is filtered hot
through Supercel, rinsing the cake with hot toluene (50 mL). The orange filtrate is diluted with 5
mL water and allowed to cool to ~30°C at which time the product crystallizes. The slurry is
cooled to 0-5°C and the product collected, washed with cold toluene (40 mL) and pulled dry on '

the funnel to afford 41 g of 4-cyclopenty! resorcinol monohydrate as a white to pale pink solid

13



EXAMPLE 111 20 The protocol bel ow describes an
alternative nethod for preparing 4-cycl opentyl
w0 e®anzion®! nonohydr at e. Tol uene and wat er are PSEIB2864/000316
the extracting solvent. To a N2 purged pressure
(>98% peadblyHPLE). Thargediat @agd@ecrﬁﬁrdﬁtaklmd ﬁgiCSIQBCh@OWO) toluene (5 mL/g)

and Car% (]g%egt R I}em%h%m Pur rén%lée)ls ﬁeaf g(’/% g ggﬂg?oﬁgg%lymomh

of 4-cy51%8exﬁyﬂi%sct}@1%§aff&aas Rivhlite KEIRE CIOO by HRIE)i s cool ed to

Cand diluted with water (50 nlL) and tol
Ty poTercidy e ran pelien e deephnss Bt leree SRR lots of the

5 Form Irpghgﬁl Bmpi nef(d %@%ﬁoc}ogég{cn:bgd g%ﬁa?t?ée‘ﬁ %puét)s( é}bls %ail_ta (Lot
#s2-4yater at  605C and then stirred with carbon (5 g) at
605C for 1-2 hours. The slurry is filtered hot
t hrough Supercel, rinsi ng the cake with hot toluene
(50 nmL). The orangef g7is diluted with 5 30 nL

water and allowed to co pto -30C at which tinme the
priedugtr contattalf 14-ayekopeiltyk resbrgimoy Im(mohydr@tGe grqd@ce@l &(n Example 1,

and the_ product coll ected, washed with co ene
10 was dqigmnipgg byraR JTDar FYYER THHNG PORNSI VTS et o ge following
mannegf 4-cycl opentyl resorcinol nonohydrate as a white to
pal e pink solid 13 WD 2004/072010 PCT/ | B2004/ 000316
(>98% area by HPLC). The material can be
recry allized hot toluene (5 nL/Q)
dhd cd ‘B‘Hﬂmﬁf@%aﬂbﬁ‘\ﬁ&%%)é?gﬂ?l ng through Super cel
algtik | %8s GRtfokBed hRinEOR McttRe| YoRAPNDLBY Karl Fischer ftitrator.

-cycPopenty resorcinol afford as_a white sal
15 Approkin@ely dSHA0 memﬁmmh@%mlmﬁé@ﬂﬁ KB itrghien vessel @Htammg Hydranal —

Couloﬁﬁék&&@‘fﬁfﬁe (81?%??) S tg:eg dﬂ%g% élﬁaloﬁ. tftn? (E)%‘Ig le Vs $h& titrated by

meansQﬁ’ C%h@ﬁﬂ)r @E@tt@de Whigh eodubés ideipe d:)tyseldchbshedmtai o@cﬁ_dmon 21 =L+
. le IV The water. content of

2e. Thﬂeeayplll@ﬁén’f%wo taingd &9 PSP FBPIORYAPE%, produced as in
Exanple 1, 10 was determ ned by Karl Fi scher
anal ysis. These analysis were conducted. in the
20 f 8} | owvemmema e FischerQHN) anaysis for Keatér deiesmiration KF)

Anal Th I Met t |
The amaé}?se%%;&eg@?mgg ?131%/12 Igi\{l,@p rtfcﬁ?%{oléﬂlngaﬁ Fisthér titrator. e/{pprommately

10-20 mg of sample was placed in the KF titration vessel containing Hydranal methanol- dry and
mixed for 10 seconds to ensure dissolution. The sample was then titrated with Hydranal
Composite 5 to an appropriate endpoint. Two replicates were obtained to ensure reproducibility. .

25 The titrant was standardized with Hydranal Water Standard 10.0.

14



15 Approximately 15-20 ng of sanple was placed in the
KF titration vessel containing Hydranal - Coul omat AD
w@na4ni2oedd for 10 seconds to ensure di ssol uti oPCT/IB2004/000316

sanple was then titrated by means of a generator

The folédveinp rextbs wietecdbtpneatiuces i odi ne by el ectrochemi cal
oxidation: 2 1- =>12 + 2e. Three replicates were
obtained to ensure reproducibility. 20 ii) Volunetric
Karl Fischer (KF) anatyrils for water determ nation The
anal ysis was perfornmed using a Mettler Tol edo DL38
Karl Fischer titrator. Approximately 10-20 ng of

safptewasptacedtnHhe K titratipn i
Methggl #‘H’gl HyMI R 3o Aa}re%/fgfnj A%&%gg for 10
secondsqlyp, enspis0 di SEHO | PN%HI® N Isolwas t hen

titrated wtth Hydranhal Conposite 5|to_an appropriate
endpointO Two replicates wefe obtai hed sur e

en
reprotagizatiit 25 The—tTt1ang STSt ard] zed with
VolmEiEahal Watler S8 antiar d” 10. b, >93 Wb 2004 070010 |

VolulR&tHc! B2094/ Q008%6 [The fol [ pw mgiresul tisisner g
o}

bt ai ned: Tabl e 11 thod Run 1 Runl?2 Run 3 Average
Coulometiage 8. 1947 9820 % HRP8420 No30nols. 0¥ H2Dp
Votdrret++e—8-95904—900 108 —VotumetrrtT 9.22 9. 80

- 9.51 1.15 Coulonetric 8.12 8.21 8.58 8.30 0.99 5
The dad & TahlBRkbfohdtrA@TRRA pplit@ss hivad progypled clenhsndtadente of 4-
" produced the nonohydrate of 4- cyclopentyl resorcinol.
cyclopestyleseeowl.072010 PCT/ | B2004/ 000316 CLAIMS \What is
clained is: .
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1. 4-Cyclopentyl resorcinol nonohydrate. 5 2. Form
pol ynor ph of 4-cycl opentyl resorcinol nonohydrate. 3.
wo@rpsiad | i ne pol ynor ph of 4-cycl opentyl resoPCIT/IB004/000316
nonohydrate that exhibits a X- ray powder diffraction
pattern having a charact ebl4dM$ peak expressed in
degrees 20 at approxinmately 8.1. 10 4. A crystalline
pol ynmor ph of 4-cycl opentyl resorcinol nonohydrate that
What iexhiibeéd 5: a X- ray powder diffraction pattern having a
characteristic peak expressed in degrees 20 at
approximately 23.8. 15 5. A crystalline pol ynorph of
1. 4- cyeCypdeprentyll resesdnad mmmbhydratehydr at e t hat exhibits a
X- ray powder diffraction pattern having
characteristic peaks expressed in degrees 20 at
2. aPPERKh 'T%Bﬁf'rﬁ/orﬁh &f rﬁ-@?cl@ﬁen%{l r&orclig rednohlddated. ne
pol ynor ph according to claim5 that exhibits a
characteristic peak 20 expressed in degrees 20 at
appr,oxi mat. el 6.2.. 7., The crystalli.n ol [ -y
3. Sy aRgPs bersEiion O ot UoBR iRt LB g expibis a -
- exXprgs dr i @Bt R ESattdrOh ain gPaEH 8t dFR i€ Ipyalk2dkplesgdtidin degrees 260 at
25.8." 25 8. The crystalline polynorph according to
cl aiapp®xighitely &khi bits at | east one peak expressed in
degrees 2 0 at approximately 13.9, 14.3, 18.4, 19. 3,
20.0, 21.3, 25.8 or 26.5. . 9. The crystalline
4. pol yAreryplalipk polyahdipR of MMalcibpeaflirbiotanal Mendhydpentierexhibits a X-
diffraction 30 pattern substantially simlar to ,h%f
depitey Bewdss diffgarien pattenshayyopenrasiestsiig peak expressed in degrees 20 at
PCT/ || 10. A crystalline pol ynorph of
4-cf’E§%§ﬁ?y q%g:{gorcinol nmonohydrate that exhibits a
single crystal X-ray crystallographic analysis at 160

5. r h\é\ﬁé gm%{gﬁ}sﬁqgaﬁoly%r%h %? ll-lcyglg]g‘eanty trgsroﬁci%o rtnoriagh%dr%%ut%lat etx%ibits aX-

ray powder diffraction pattern having characteristic peaks expressed in degrees 26 at

approximately 8.1 and 23.8.

6. The crystalline polymorph according to claim 5 that exhibits a characteristic peak

expressed in degrees 20 at approximately 16.2.

7. The crystalline polymorph according to claim 5 which exhibits at least one peak
expressed in degrees 2 6 at approximately 20.0 and 25.8.

8. The crystalline polymorph according to claim 5 which exhibits at least one peak
expressed in degrees 2 6 at approximately 13.9, 14.3, 18.4, 19.3,20.0,21.3, 25.8 or
26.5.

9. The crystalline polymorph of claim 2, which exhibits a X-ray powder diffraction
A pattern substantially similar to that depicted in Figure L
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Table | Space G oup and Unit Cell Paranmeters for Form
| Polynorph Form | Crystal system nonoclinic 10

wepaeemioup P211c Cell Dinmensions a(A) - 11. 3RGI/IE20001M0316

-15 b(A) 7.495 0.001 c(A) 12.881 0.001 fI()
110 000.01 Volunme(A3) 987 1 Z(Molecules/unit cell) 4

ROk B0 TSRS 0

i n %ﬁglé@?@ﬂﬁl@%w @yﬁﬁll@rap’ﬂi&dmmmm 160K wih ugyistagjunit cell
pi gmentation. 25 12. phar maceuti cal fornmul ation
conpriagiekgs Bat @Fﬁ@%&h@/@eé%wgof a conpound

according to any one of clainms 1-10 or 11 in adm xture
with at | east one pharmaceutically acceptable

car riabie I 30 17

Space Group and Unit Cell Parameters for Form I Polymorph

Form I
Crystal system monoclinic
Space group P2i/c
Cell Dimensions

ad) - 11.313 + 0.001
b(A) 7.495 +0.001
c(A) 12.881 + 0.001
BEO) 110.00 + 0.01
Volume(A?) T 087 +1

Z(Molecules/unit cell) 4
Density (g/cm’) 1.27 glem®
Temperature 160 K

11.  Use of a compound according to any one of claims 1-10 in the manufacture of a

medicament for reducing pigmentation.
12. A pharmaceutical formulation comprising an effective amount of a compound

according to any one of claims 1-10 or 11 in admixture with at least one

pharmaceutically acceptable carrier.
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