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WO 2004/072010 PCT/IB2004/000316 DEPIGMENTATION AGENTS
FIELD OF THE INVENTION The present invention is directed to
4-cyclopentyl resorcinol monohydrate and its Form | polymorph. 5
WBABRERBUND OF THE INVENTION In humans, skin coloF @HEBXf30
complex series of cellu W@gﬁ@%ﬁf@@ﬁd out within a group of
cells known as melanocytes. Melanocytes are located in the lower part of
the epidermis and their function is to synthesize a pigment, melanin, which
protects the body from the damaging effects of ultraviolet radiation. 10
The mechanism by whidiEkin iyFientaiioRNsierihed, melanogenesis,
involves the following main steps: Tyrosine - L-Dopa -> Dopaquinone
Dopachrome -> Melanin: The first two reactjons in. this series are .
AR I R O S TR ROy PR BOHASGH e end its Form 1
poiynﬁ;@moted by the action of a-melanocyte stimulating hormone and UV rays.
Typically, melanogenesis leads to a darker skin tone (i.e. a tan). However,
15 melanogenesis can lead to undesirable pigmentation patterns as well.
Examples of such undesirable pi on | e spots, liver -
spots, melasma, hy%éﬁ%%%ﬁ%@@%ﬁm@g to research to find
compounds that will inhibit melanogenesis. One of the targets of this

reseaiahis rosinase.the spzyme whishcatalyses the-ipitial SleRsan8arricd

generation of melanin. United States Patent No. 6,132,740 discloses a
out wihis$ GrayPoYiARiEIRINBIETEICISSE 0 WIS UIHIL S &P AT IR IRy P er part of
the ef@SREGINAIS ARG ReMPAYRdIsdiselesed: i thent 4-Rataniisdr mscliopeniody
resorcinol. Example 2 of the "74Q patent illustrates the preparation of

from JuggupRsaRRA TSSO E IR HHE S Sis described jn Example 2 can lead
tofﬂeengé%%ﬂls R oA ol While, dhisoll is ARALENLHIOEIASE INRIRI0Ls he
may not be readily produced in"the quantities re%uwed to support clinical

followiagahspniems: dyrosine — L-Dopa — Dopaguinone Dopachrome — Melanin: The first

. two reactions in this series are catalyzed by the enzyme, tyrosinase. Fhe activity of tyrosinase is
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promoted by the action of e-melanocyte stimulating hormone and UV rays.

Typicaliy, me,land genesis leads to a darker skin tone (i.e.a tan). However,
melanogenesis can lea;i to undesirable pi gmentation patterns as well. 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 t_his .
research is fyrosinase, the enzyme which c:étaiyses the initial steps in the generation of melanin.

Vnited States Patent No. 6,132,740 discloses a class of tyrosinase inhibitors. These
corapounds are 4-cycloalkyl resorcinols. One compouﬁd disclosed in the “740 patent is 4-
cyclopentyl resorcinol. Example 2 of the ‘740 patent illustrates the preparation of 4—cyclopenty1
resorcinol. The synthesis described in Example 2 can lead to the production 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-cyclopenty! resozcinol, 4,6-
dicyciopentyl resorcinol, 2,4-dicyclopentylresorcinol, ete. 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 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
present FESRICINALI QML BASII QAL SR SoBERERRIy WIS RIbGieesorcinol that
compounds are 1 present as oils, Thus, a need exists in the art for solid
may be FAKCH By ﬁ@%%mﬁ?ﬁtoﬁ% BB Bluced more readily than
the anhydrate of the prior art. SUMMARY OF TTY INVENTION 5 In
accordance with th nventi salid, form of 4-cyclopentyl
resorcinol has bee%mgﬁ%%%so id form |§IA{cyclopentyl resorcinol
monohydrate. 4-Cyclopentyl resorcinol monohydrate may be represented
by the following formula: i HO OH . H2 O Formula 1 In a first aspect,
there dsapreyinel adpfeyaioparii e soteinoiolia oty df Zteycl hénfyirthsrcinol
aspect of the_inventipn is directed to a specific crystalli olymaor,
i R e B B
resorcikod tobhgokynne nphy He haseaeoined bytérsintipyiddioxaray diffraction pattern
that is described infra ( 2PD). The structure of a single crystal of the Form
| polymorph has also been determined and is 15 reported infra. The

monohydrate of 4-cyclopentyl resorcinol, and its Form | polymorph, may
be used to lighten skin (i.e. as a depigmentation agent). In a more

specific embodiment, the comp is incorporated into a topical dosage
form, which the patient m rectly to the area of the skin requiring
lightening. 20 5 |
w0 T oH |, H,0
Formula 1

In a first aspect, there is provided a 4-Cyclopentyl resorcinol monohydrate.

A further aspect of the inveﬁtion 18 éirected 1o a specific crystailine polymorph of 4-
cyclopentyl resorcinol monohydrate. This polymorph is referred to as the Form I polyzﬁoxph.
1t has a characteristic powder X-ray diffraction pattemn that is described mfra (XRPD). The
structure of a single crystal of the Form I polymorph has also been determined and is
reported infra.

The monochydrate of 4-cyclopentyl resorcinol, and its Form I polymorph, may be used to
lighten skin (i.e. as a depigmentation agent). In 2 more specific embodiment, the compound
is incorporated into a topical dosage form, which the patient may apply directly to the area of

“the skin reguiring lightening.

In a further embodiment. there is provided an article of manufacture containing either
the monohydrate, or its Form I polymorph, packed for retail distribution, in association

with instructions advising the consumer how to use the product to highten skin.



In a further embodiment, there is provided an article of manufacture
containing either the monohydrate, or its Form | polymorph, packed for
retail distribution, in association with instructions advising the consumer
how to use the product to lighten skin. 25 2 in a third aspect, there is
provided the use of compound as defined above in the manufacture of a
medicament for reducing pigmentation. In a fourth aspect, there is
provided a pharmaceutical formulation comprising an effective amount
tr J( 0 th. at
e R e R TR AT SEE Aty ™ &

maRERALS 20 g 0r0B G oBRIFRIDESORIPHEION OF THE DRAWINGS

. Figure 1 depicts the X-ray powder diffraction pattern for the Form |
polymorph, on a scale of 2.5 20 to 40 20 5 Figure 2 shows the X-ray
;hmw«ﬂmrdifﬁmmmﬁémsziﬂwl Eqrhaﬂmmoabﬁ)deplatém @mprising an
ndensed ale t ure 3 a

e R e D S S B e g e wio

at I@ESﬁRﬁBIﬂ@M&DﬁcEHbEaWME%ﬁ@MTm. Methods of Characterization 15
1) Experimental X-Ray Powder Diffraction Those X-ray powder diffraction
(XPRD) analyses depicted in Figure 3 for lot numbers 2, 3. and 4 were
carried out utilizing a Shimadzu XRD-6000 X-ray powder diffractometer
using Cu Ka radiation. The instrument was equipped with a fine focus
X-ray tube. The tube voltage and
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amperage were set to 40 kV and 40 mA, respectively. The divergence and
scattering slits were 20 set at | and the receiving slit was set at 0.15 mm.
Diffracted radiation was detected by a Nal scintillation detector. A

Vi 2ta4iia%eta continuous scan at 3 '/min (O 4 sec/O 02 stegyFGRPHoUE16
40 20 was used. A S|I|%)£%}I}§ ggﬁj% %% gQ% strument
alignment. Data were Collécte anayze smg zu XRD-6000
v. 4.1 software. Samples were prepared for analysis by placing them in a
shao: samaleolder anciavaling it asten. 0lasR e, 2T, .
powder diffraction (XPRD) analysis depictéd in Figures 1, 2, and Figure 3,

st 913, ek darfied26ut using a Inel XRG-3000 diffractorneter equipped

with a curved position- sensitive detector, using Cu Ka radiation. Data was
collected in real time over a two theta range of 120 at a resolution of 0.03.

THE S5 vhRuG dha RdraRsTdgetifersiun Rettarifanths Aorredpabiamh depicted

o D8 SaMRle; was-Rackeskinagk abyminum holder with a silicon insert and
analyzed. 3 WO 2004/072010 PCT/1B2004/000316 A silicon standard

was analyzed each day to check for instrument alignment. Data were
cofipcied Wale: INEX WinRlety: sfl.sathvase, andrniaty2ed sSRdFom I
Shimadzu XRD-6000 v. 4.1 software. As is readily apparent to one skilled
Pﬂ%ﬁ?ﬁ@f&h the results of any X-ray powder diffraction 5 may vary. This
variance can be due to test sample preparation the particular model of

X-ray diffractometer u dﬁ-:;.:dr d&f}}g ﬁ#ﬁrﬁ% M
"approximately" if used In defining a position of a characteristic peak inan

X-ray powder diffraction pattern is defined as the stated 20 value 0.2 '20.

1OAZ) legglsglﬁ Shysialapugtyre Determination A single crystal of

Form. | Was mounted i a random orientation. Preliminary examination
and data collectioh ersHapsrined witR WER DiddnstioR on a Bruker
SAMRT IK CCD diffractometer, available from Broker AXS, Inc., Madison,
WI. Cell constants and an 15 orientation matrix for data coIIection were

Thos? %@'Wﬂoﬁ%@} @ﬁ%&ﬁQHWiWQ Hje%ﬂzge% Figure 3 for lot numbers 2, 3, and

4 were carried out utilizing a Shimadzu XRD-6000 X-ray powder diffractometer using Cu Ky
radiation. The instrument was equipped with 2 fine focus X-ray tube. The tube voltage and

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

set at 19 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
t0 40 28 was used. A silicon standard was analyzed to check the instrument alignment. Data
were collected and anaiyzeci using Shimadzn XRD-6000 v. 4.1 software. Samples were prepared

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

The X-ray powder diffraction (XPRID) 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 2 silicon insert and analyzed.
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setting angles of 6145 reflections in the range 3 < 0 < 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,
WEpeH R 8ace group P211c and refined to a final R of 0.04P(F2ZIB2@@)0 @316
B) 4-C entvl Reso cm%l ono dra ted ove, an form of
A silige 8?5715%%55? TellrdinoI fise %/I scovelfé}’1 émne BAAtsltAg Were
coﬂedmdmhggiﬁéﬁdwmpyﬁlmp?ehtydofmmm@l.aiiledljsas@ bsﬂ:eglcﬁlmagbbeKRD -6000 v. 4.1
represented by the following formula: HO OH H20 25 4 WO
04/072010 PCT/IB2004/000316 The term "monohydrate" is typically
used to describe a substance in which one molecule of water associates
with one molecule of a given compound (i.e. a 1:1 molar ratio). As used in
this application, the term "monohydrate" should not be considered to

hayeiswucuiaylpedmeaning:Ehedmve o &ﬁJ@g@1@i§s@sfﬁ cerﬂawgém@r diffraction
molar ratio of Watert 4 -cyclopentyl resorcinol can var % use t
lBaeht S

may ‘éaﬁﬁhé%ﬁ’iﬁﬁa?ﬁ@%?ﬁ’i’ % B8 08 ?o?é?ﬁ%‘i%?fhéﬂ‘ix
dlfﬁa&ubﬁé&ﬁ@ﬁaﬂhﬂﬁél@afﬁaﬂ%% tﬁ’@ﬁﬂl@.bzoldtc@ﬂnmﬁiﬁs abwaiemttecalydiiuded in defining a

SO rfrev of4c op Iresor inal.. In
PO S DO I FOh R G AL S T b A oS B gared 2
valueof Wat@bfor every mole of 4-cyclopentyl resorcinol. In a more specific
embodiment, the monohydratehas about 0.9 to about 1.2 moles of water
for every mole of 4 10 cyclopentylresorcinol. This new form posses a
number of advantages over the form of the prior art. Oneof fire primary
advartpagesds shessiroplicilySetiseparatiagrhedicyclopentyl resorcinol from
the positional isomers described supra, such as 2-cyclopentyl resorcinol,
4,6-dicyclopentyl 15 resorcinol, 2,4-dicyclopentylresorcinol. The reader's
attentiggieisivtettd d'eonEkans pleslled wereendisrsimplifidorebmlionnigy

exarSEMODsHlRd: Jhedvdrateqf ravslonsatiiesercinelwill srystalize savmt

CCD diffractometer, available from Bruker AXS, Inc., Madison, WL Cell constants and an

softw

orientation matrix for data coliection were obtained from least-squares refinement using the
setiing angles of 6145 reflections in the range 3° < & <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, soived in space group P24/c and refined to a final R of 0.04 (F* > 20).

B) 4-Cyclopentvi Resorcinol Monohvdrate

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:

\ 4

HO OH  H,0



from the reaction mixture. It may be separated from the positional isomers
by filtration, rather than by distillation or column chromatography, as was
required by the prior art form. 20 C) Form | Polvmorph of 4-Cyclopentyl
WREHBHAITRERE-Cyclopentyl resorcinol monohydrate can exist &S HIBapstaiing s
polymarph. One 25 crystalline polymarph has been identified to date. For
T R AT S o VB A5 b CPRTARS BOHIEHEh HaHSn SR b e o
water esrni dtpolymospk wakrdgeidentified bynmisochar@eteristionéirayzpowder used in this
. diffraction pattern. A review of Figures 1-11| that the Fo , :
e B B D e R B P R e e
The imveateribivh asseosigadiibanthratativerhite nsitaier thé-povirisrdyl XPRENo! can vary.
As usPRHEHs %p %99%%71%9%@4?&&%9%9%&9&%& IQ&%W@’%]?&ES toa

approximately 8.1 degrees 20. A second occurs at approximately 23.8

subsigRsg neBiSiD ooTAAHRf i (58 AR BE Eut SIc PH rERiEh SReIhOrb Ddegiesy ety every

mole BPE-fResR-PaaksAlONe: PHibrcombinationcmakheusatisi@ntifinibebont 0.8
Form | polymorph. 5 In addition to these characteristic peaks, a review of

to abquiyhiFB i SRR RIS PEHRENTERE TRTBRYN Rie MR P

© embolfitengithehibeseyadditionabpeaks waiyowith heopadioukasrdhentationds of 4-
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! the olgmorgh sample. These additional peaks may be used to confirm
eye Oﬂ%tgjr@ssé)ﬁ% 0&1‘ the Form | polymorph, but there absence should not be
used to determine that the particular material is not the Form | polymorph.
The inor pe i ; 4 4: 10 3,401,212 289.8.¢ 4
TR R EERA A NG o Sahigled o okde B0 bty it ne
primagpadsronee FomsmBiginorbienminsbubeipmRety HsouRoLERm the
posiDALRGIRES AL&SPOVRSI QUL @@l}ec%ﬂé%@ﬁrﬂsgﬁai@?4!@6@4?aﬂgemy1

coordinates and 15 isotropic displacement parameters. Table Il depicts
rcsorqﬁ@lhgmﬁlgm%&gpm]eg%adﬂ’s attention is directed to Examples 1-3 were

this simplified recovery is demonstrated. The hydrate of 4-cyclopentyl resorcinol will crystallize

from the reaction mixture. It may be separated from the positional isomers by filtration, rather

than by distillation or column chromatography, as was required by the prior art form.

C) Form I Polvmorph of 4-Cyelopentyl Resorcinol

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 1 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 mtensity in

the powdered XPRD pattern.
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isotropic displacement parameters. Table | Space Group and Unit Cell

Parameters for Form | Polymorph 20 Form | Crystal system monoclinic

Space group P21/c Cell Dimensions 25 a(A) 11.313 0.001 b(A) 7.495
WE00a4/5eA)012.881 0.001 16(0) 110.00 0.01 30 Volume(AIQ@iB2a04/080316

Z(Molecules/unit cell) 4 Density (g/cm3) 1.27 g/lcm3 Temperature 160 K 6
WEPLOBHLS PoRPRIBEFITE 20b 476663 1 -%&B‘f&r@ﬁ%‘ﬁﬁﬁ@ BrofmAL %@%g

deksetropic Displpsementasanppiern{Ad) fof.4-@yetepeanyliRaseroinintse peaks
61630015 OBy BT 0 s OLio) B UBLBLS 0 Co
0.34955(11) 0.62334(16) 0.55900(10) 0.0226(3)

in addition to these characteristic peaks, a review of Figures I-III shows that other minor
peaks have also been identified. The intensity of these additional peaks vary with the
particular orientation of the polymorph sample. These additional peaks may be used to
confirm the presence of the Form I polymoiph, but there absence should not be used to
determine that the particular material is not the Form I polymorph. These minor peaks
include: 13.9, 14.3, 18.4, 16.3, 20.1, 21.2, 25.8, and 26.54 (expressed in degrees 26, + 0.2 )
).

The structure of a single crystal of the Form I poiymorpﬁ was also determined. The unit

cell parameters are shown below in Table I. Table II depicts the atomic coordinates and

15 isotropic displacement parameters. Table IlI depicts the hydrogen atom coordinates and

20

25

30

isotropic displacement parameters.

Table T

Space Group and Unit Cell Parameters for Form I Polymorph
Form I
Crystal sysiem monoclinic
Space group P2e
Cell Dimensions
a(A) 11313 =0.001
b(A) 7495 0,001
e(A) 12.881 * 0.001
B _ 110.00 =0.01
Volume(A®) 987 =1

Z{(Molecules/unit cell) 4
Density (g/cm’) 1.27 giem®

Temperature 160 K

6
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C4 0.28624(12) 0.70935(16) 0.46046(11) 0.0267(3) C5 0.24834(12)
0.61175(17) 0.36262(10) 0.0251(3) C6 0.27024(11) 0.42885(16)
0.35932(9) 0.0206(3) C7 0.22214(11) 0.31688(16) 0.25502(9) 0.0222(3)

WIS2008/7280. 27 (14) 0.41590(19) 0.14728(10) 0.0323(3) C9 BOTEBAA)I316
0.2711(2) 0'06%( ) 0.0334(3) CIO 0.07740(13) 0.10516(19)
0.13677(11) 0. ‘“2]{7%) Cli 0.12575(13) 0.17259(18) 0.25632(10)

0.0307(3) 01 0.36575(9) 0.16912(11) 0.46057(7) 0.0265(2) 20 03

atony 3RR010) IR D ORD) U & BeTmetas ot SR ool

Monopfdacorthogonalized tY tensor 7 WO 2004/072010 PCT/IB2004/000316
Table 11l Hydrogen Atom Coordinates and Lsotropic Displacement
Parameters (A2) for 4- Cyclopentyl Resorcinol Monohydrate 5 Atom x 'y z

AtomUeJ H2 0.4250 0.3848 0.8262 0.026 H4 0.2689 0.8335 0.4596 0.032 H5
0.2058 0.6721 0.2953 0.030 10 H7 0.2960 0.2557 0.2450 0.027 H8A

" 0.21100.4772 0.1183 O'oi%H Bo.ogézé%g? 56 o%@g 039 HIA
Cl 0.1187 0.2448%041) 0 HAFGI0R)-0 B8R 631 13 & 040
c2 0.37848(11) 0:44298(16) 0.55910(10) 0.0218(3)

C3 0.34955(11) 0.62334(16) 0.55900(10) 0.0226(3)
ca 0.28624(12) 0.70935(16) 0.46046(11) 0.0267(3)
s 0.24834(12) 0.61175(17) 0.36262(10) 0.0251(3)
6 0.27024(11) 0.42885(16) 0.35932(9)  0.0206(3)
o7 0.22214(11) 031688(16) 0.25502(9)  0.0222(3)
cs 0.15127(14) 0.41590(19) 0.14728(10) 0.0323(3)
co 0.07751(14) 02711(2)  0.06620(11) 0.0334(3)
C10 0.07740(13) 0.10516(19) 0.13677(11) 0.0312(3)
cu 0.12575(13) 0.17259(18) 0.25632(10) 0.0307(3)
o1 0.36575(9) 0.16912(11) 046057(7)  0.0265(2)
03 0.38200(10) 0.71979(12) 0.65606(8)  0.0301(2)
012 0.48669(10) 0.52361(12) 0.84256(7)  0.0265(2)

Uk is defined as one third of the trace of the orthogonatized U tensor



15 H10A -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 1-111B 0.0565 0.2239 0.2774 0.037
H1 0.4093(16) 0.140(2) 0.5238(14) 0.032 20 H3 0.4151(16) 0.654(2)

WO 290¥7(724300.036 H12A 0.4323(15) 0.477(2) 0.8658(14) 0.G3A/HIPR/000316
0.5335(16) 0.440(2) O. 8378% C’llg 81032 Uen is defined as one third of the
trace of the orthogonalized U™ tensor 25 8 WO 2004/072010 _
E@E&@&O@&iﬁ@%ﬂ:ﬁn@w\ﬂmﬁw@@ epatationeREcHOASEAMET 4-

Cvel &BSO i 1 HQ OH Friedel-Crafts HO-OH Resorcinol
e OR% open ancﬂ 4- }Ijgpentyl Resorcinol+ Isomers HO el .H20
Crystallization 5 4- Cyclopentyl Resorcinol Monohydrate 4-Cyclopentyl
Atom resorcinol mgnohydrate, %,nd its Form L polymorph, may be prepared by

methods analogously known to those skilled in the art, which are depicted
in Reaction Scheme I.

H2 0.4250 0.3848 0.6262 0.026
H4 0.2689 0.8333 04596 - 0.032
S 0.2058 0.6721 0.2953 0.030
H7 0.2960 0.2557 0.2450 0.027
HSA 0.2110 0.4772 0.1183 0039
8B 0.0932 05056 . 0.1597 0.039
HOA - 0.1187 0.2441 0.0114 0.040
HOB ~0.0096 03113 0.0263 0.040
H10A -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
Hi 0.4003(16) 0.140(2)  0.5238(14) 0.032
3 04151(16) 0654(2)  07117(14) 0036
HI12A 04323(15) 0477(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 Ul tensor



10 The initial step is the preparation of 4-cyclopentyl resorcinol. This may
be accomplished as described in United States Patent No. 6,132,740,
which is hereby incorporated by reference. A Friedel-Crafts reaction is

WERHEEBAtIn which resorcinol is contacted with an excess diCT/1B2604/000316
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

Cof th%&r aﬁigﬁbrasg %];it(t]e extract generates an admixture of 4-
Eyclope@ﬁ-resménmﬁ'a'rﬁ its positional isomers. In order to obtain the
monohydrate of 4-cyclopentyl resorcinol, or its Form | polymorph, itis
necessary to modify therisalatiansnd recovery procedures described
above. This may be 20 accomplished by subjecting the anhydrite to a
recrystallization, in the presence of suf*giag&‘nt water, using techniques
analogou$ tojthose k the art. The anhydrate is dissolyed-inthe
recrystatfizationtsolvent, cooled, andghe.desired monohyq@;@ﬁgﬁ‘owed
to precipitate from solution as the Form I polymorph. Offe suitaBfe
recrystallizatign,solvent dgcaseradmixture of 9 WO 2004/Q£2Q104 resorcinol +
PCTIIB2004/000316 water and toluene. The ratio of tokserre to water can
vary widely. The Form | polymorph may be isolated by filtration, or
evaporation, as is known in art. It has been discovered that it is not
necessary to carry outjseparate glxotractions and 5 recrystallizations. The
Form | polymorph ray bé rstovered directly by using an admixture of
toluefredigiwater as the extraction solvent. On cooling, the Form |
polymorph crystallizes draspnsolettion Likewise, other recrystallization
solvents have also been utilized. The Form | polymorph has been
produced from admixtures of ethanolfwater, methanol/water, and
isopopanEivdietothe eadet sattentichiis HireclagtorExamprRIsE pgegared by
where such 10.recrystallizati : ibegl:i : H. :

e O0) Sl DAt e hd Toaser Ut Bl s it haction Seeme |

6,132,740 describes the pharmacology of 4-

10 The initial step is the preparation of 4-cyclopentyl resorcinol. This may he accomplished

as described in United States Patent No. 6,132 740, which is hereby incorperated by reference.
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 13
heated unti] the reaction is completed. The 4-cyclopentyl resorcinol inay be recovered by

15 extraciion. Evaporation of the organic phase of thé extract generates an admixture of 4-

cyclopentyl resorcinol and its positional isomers.

Tn order to obtain the monohyvdrate of 4-cyclopentyl resorcinol, or its Form I pelymorph,
it is necessary to modify the isolation and recovery procedures described above. This may be
20 accomplished by subjecting the anhydrate to 2 recrystallization, in the presence of sufficient
water, using techniques analogous fo 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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cyclopentyl resorcinol. It is a tyrosinase inhibitor. It may be used to inhibit

the production of 15 melanin by melanocytes (i.e. inhibition of

melanogenesis). 4-Cyclopentyl resorcinol monohydrate, and its Form |
YWoRMHdYBRare also tyrosinase inhibitors (hereinafter the "cB8GFMmOEIHI316

YL RS e, Dan0er s B e 00 PO B v

in

e compounds maf’be use

isolatedreaglafatie skirthatraten jnappropriatelyhgpigmented. 20 Examples of
such inappropriate pigmentation, include solar and simple lentigines
(including age/liver spots), melasma/chloasma and postinflammatory
hiterpigmehtationed thet SonTsoBRARS A IS hew serprtei saliaeigrfpnd

recrysf&ﬁfmgngp FENERNPRRANNNGICE) 5188 ROAS IR AMIUEe RllohigA sk e of

tone, as desired by the user, or to prevent melanin accumulation in skin

toluenghaid Feseh e e SPBAEHPICUNEHratiatiott e iy Esfrafsr bengarrystallizes from

solutiGeMbination with skip nesling2SagenisincusingglyeolieacithoFormI . -
trichioroacetic acid face peels) to lighten skin tone and prevent

Dol e RGO e CEM B AT iy wTSer Bl ke B SeiSh

isopropdAcsareens Uy A@etViebloekerd)doqr evEntngpigniantatidrrdeypiotect
against sun o&UV-.Ln%uced Esl%dn agr.lfening or to enhance their ability to

TeCTY S RGRR R A SRR At HEF skitt bleaching action. The compounds 30

used in the present invention can also be used in combination with

D. -ﬁ\%%%éx%niﬁ_%% EQ& compounds used in this invention can also be

orn with ascorbic acid, its derivatives and ascorbic-acid
basetb et (e Ssunabresidin &sEorHR feralms it sdacmscrrwet +-
cyclof R/ QLRI P GTL62004/QQ03 b it ipm ANt Rxdantneenapismtiisueh of

as resveratrol) which accelerate or enhance their ability to reduce skin
melarindlTRY AP HisiCeki R BRI ERi g A ABERS Y g EiieY S g ERIGIRESHE !
monof9MReUASWiBe agsnmsteredstopicaliyostinay iliherafpiet disedily to

.. the areas of the skin requiring depigmentation, ar lightening., Topical.5. ... .
i ST e SR e e
melapepased Whichicontaipoftod may be used to lighten areas of the skin that are

inappropriately pi gménted.

Exampies of such inappropriate pigmentation, include solar and simple lentigines
(including age/liver spots), melasma/chloasma and postinflammatory hyperpigmentation. The
compounds may also be used to reduce skin melanin content in non-pathological states so as to
induce a lighter skin tone, as desired by the user, or to prevent melanin accumulation in skin that
has been exposed to UV irradiation. They can also be used in combination with skin peeling
agents (inchuding glycolic acid or trichloroacetic acid face peels) to lighten skin tone and prevent

repigmentation.

The compounds may é}so 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 bleachihg 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 magnesium ascorbate) or other products

10
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about 0.1 to 10w/w% of the compounds. The compounds will then be
applied to the affected areas from 1 to 4 times daily. If the compounds are
administered systemically, then from about 0.Img/kg to about 100mg/kg
WliRs&Eavhinistered daily, optionally as divided doses. 10 EPCT/IB2004/000316
with agggl{}?&(ﬁ%%cg#mem%ﬁﬁf{ﬁs%gﬁg%zggig?ﬁ eohw%v‘"écrc qu%%e%%%:%ance their ability to

raduc@ﬂﬂﬂﬂdﬁl@it@ﬂmdhwmummaﬂim@ecfmmulated into pharmaceuuoal
rriers. Likewise,. they will most 1
d Srﬁ‘a%o?géélfz dc%}‘l cos%‘ir}lﬁaetlmgarr|ggr&;&%%%|s app%gg%;% peatf?érnt%ey vall be
apphe(ﬂémabotog}mca!r@mnéthﬁaﬂkdl wosimssciepamienaiebaingahsadnes Topical
founu?rect%@ﬁg eRhly - Lheyibale [3:ferpratens designasd EQ’E@QQ&' NalkatieRain from

to the skin or " hair (i.e. topical formulations g For oral

about &dmwﬂ@méw%ofﬁ%e@@mp@ﬂmﬁas TanaseRsHAT AT it LotepEpdiguibe atfected

areas BRIRRARIPARSUER1ZS BaRsuleSRillss RORIs I9ZeRgesmaltslpoweeifim about
suspensmnsgor emulsions. Solid unit dosage form Iﬁ’é can be ules of

0.1mgfkg traheaty Gumakaypd RoRtRMIETor Bk AnTBIeo S L AR Rt fdoscs
lubricants and inert fillers such as lactose, sucrose, and cornstarch or they
can be sustained release preparations. In another embodiment, the

E. c@hpouncktes Hermivliateensvith conventional tablet bases such as
lactose, sucrose, and cornstarch in combination with binders, such -
adhErATEAr S APERPOBRA SRR BRSHRLGTRTEEOA L Ssh Y BotAts ?éi%‘?’c?ﬁef’ o

ease Ahalginigiasidnandia ty@ﬂ@ﬂjﬂb&tﬂ@ﬂmﬁ&zﬁﬁ steagsimﬁﬁtdemmmhgnesmmikewise,
stearate, Liqu aration dlssolv activ

they 3AH r@afémﬁ’% E?iﬁ’ §8u%%‘§%? no%O %ﬁ‘%ﬁi ar‘macet?ﬁ%ql y%gé%resp%t%b e

applicmiwmawm ‘ﬂmmatﬂogmamaziﬁesﬁspéﬁdwag@gemasngwe‘etbmnﬁgua@bnts ‘

mterc Javorir b?%a'gﬁ %r&i%r 90*3’?&%5!&69(&@%%9&8 A% e KRAMELINGRE At RBE skin or

P&R I ad Inistration the compounds may be dissolved in a
hair (phyfswt@@maﬂl@maﬁceptable pharmaceutical carrier and administered as

eiher 2SN Of B suseensignmdlus atve:af anitablirohammaceutical

carriers are water, sallne dextrose solutions, fructose solutions, ethanol,

PrepagRiging é?%rﬁﬁféﬂ?%ﬁe?&%é@?@y%ﬁé%ﬁ%ﬂ PR s THERA R o emulsions.

Solida@#i@bsage forms can be capsules of the ordinary gelatin type containing, for example,

surfactants, Jubricants and inert fillers such as lactose, sucrose, and cornstarch or they can be

.sustained release preparations.

In another embodiment, the compounds can be tableted with conventional tablet bases

such as lactose, sucrose, and cornstarch in combination with binders, such as acacia, cornstarch,

25

30

or gelatin, disintegrating agents such as potato starch or alginic acid, and a lubricant such as
stearic acid or magnesium stearate. Liquid preparations are prepared by dissolving the active
ingredient in an aqueous 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 Iﬁay be dissolved in a physiologically
acceptable pharmaceutical carrier and administered as either a solution or a suspension.
Tlustrative 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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may also contain preservatives, buffers, etc., as are known in the art.

When the compounds are 11 WO 2004/072010 PCT/IB2004/000316

being administered intrathecally, they may also be dissolved in
WeerHHEpIMal fluid as is known in the art. Typically howeveF{E@B2004/606316

. compounds will be incorporated into for ions syitable for. tapigal ;s i .
being s%ﬁiﬂ%féﬁf% iblﬁ?%%ff% t’h%%zpr@é St at%?g é]rllgwrgi in the art may be
the artused. Examples 5 of such topical formulations include lotions, sprays,

CIRAMS ORIDES y5elves, GElS 6102 GHBHBRHAdR I06RIRRRHAY 4ABIGR for
formulai

ns are Known or apparent to those skilled in the art, and are
topicatiedmilieieritpetaly il RerfPgR SRR ATACEIRTTAISER AL 881 BOBS tdu frepies

of sucShiBhasmansiticalPeaaes: FormsAnd-Ries DetivaeySyaiessgdihear. Actual
Williams & Wilkins (1995). io In a further embodiment, t efon%'l't?fflontﬁ art. and
methodg SFIERABVERIA) BEHLREONS &FF FO1OPERAT RRMBRRISHRSS S5l g the art. an

are deREHGR1 9f manufactere)oihe pPrakageundbcartaircindideionsachiding the
patient how to use the praduct.in order to lighten their skin. SUCh ...
PG GERb R 1 DB G Th ok A Do oy s L gpins 1999

printed on the side of the container holding the formulation, etc. 15 F.

Examples The following.examples. [es in.Qr :

TSR SA AR R SRS e PSSR R W oo
distrivmtiention.in lihyrrsiniter! EXARPEE)| JHTPREFEREWIRGCaREIRIE EEScRp SV IsIng
the patidft SN, LOTRr SRAAIDG A LYCIQPERIYLIGRGHCIRG]. MOBORYEERRNABHYDe printed

Form | polymorph. A round bottom flask equipped with stirrer bar wa
on thehekgBE YHEPEBBTEIMBICRS OTPTINGE FhBIES)IpEIOSENRIFGFT TSI, Hes
formilRl§S)eaNd phosphoric acid (85 % in water) 500 ml. The flask was fitted

with a reflux condenser, purged with nitrogen and the mixture heated at
120C

F.  Examples

The following examples are presented in order to further itlustrate the invention. They

-

should not be construed as limiting the inveniion in any manner.

EXAMPLE

The foliov&ﬁn o 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 ml, 1.38 moies)‘and phosphoric acid (85 % in water} 500 ml. The
fiask was fitted with a reflux condenser, purged with nitrogen and the mixture heated at 120°C
(ol bath temperature) for 26 h. After this time, TI.C analysis indicated that starting resorcinol
was still present. Further cyclopentanol (25 ml, (.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 ral). The organic layer was separated, and the aqueous layer extracted with
ethy! 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 mi},

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

12



1G

13

20

25

30

25 (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
WO ZHii¥iOn cooling, the mixture was diluted with water (5BOTHB204H@00316

thyl tat I{ d th
water () o ACREAPRuiN SR SEotte 13 800 ) ThE L o Lo
ice/wal@yBESWELEL @ﬁtib’ahmﬂ:ﬂ)g cafefullatiditioidof 8didnred cad dedf s cited 2
crysta@%u% Ifg@z ny dr@&%rﬁ] é?x%’ﬁﬂ%ﬁ :ﬁS}HH%Q ARbed With biine (300

magnes m su concentrated. The residue was
Recrydidkuttied in tolreneifsoBdiediumibrwanomiug g lates (93g, 35%). Found C,

67 44 B [5@309%/ 003 dr@ water @0:miels b motesn:§ @g),Adeed sTies br, 2963.8 s,

'solufion wa stlrre r ca. 30 s and cooled in an ice/water batch with

2863. Peridait StiniHy4Aten AB8ihe. 466d-Was ARerbs AAPIEM 0 AR dripin 2052 8, 1228.0
5, 117?‘%’ allizing dishfgs 16 310 givethe Eoup | polymosph aexeloracdi@ystais.

22g. Recrystallization in toluene afforded the Form | polymorph as
white plates (939, 35%). Found C, 5 67.44, H 8.22 %; C11H1603 requires

A Koy B8 vador i 2% pRbIARLXde ) “3&993&@1&&6@@&9@8@3 Bseroinol
1624.2 in, 1604.7 s, 1528.3 s, 14 497W 128

monc 45 & LRGN 1 G A RO o s S s .

IT and #48ulein (28 21N, 703.8 m and 627.9 m. A X ray powder diffraction
pattern was generated with a sample of 4-cyclopentyl resorcinol 10
monohydrate produced as described above. The results of this testing are
depicted in Figures I, Il and Figure Il (Lot #1). EXAMPLE Il A single

crystal of the Form | potysm@rple was obtained by recrystallization from 15

pronen AcE s el s e gl hs o

e pl’OtOCO
isopriRiyy dEserkes B altecnativé tnethadeforyprapdring oy dippemytph is reported

, resorcinol monohydrate.Toluene and water are used as the extracting
o Tagy| g

EXAMPLEII |
The protocol below describes an alternative method for preparing 4-cyclopentyl

resorcinol monohydrate. Toluene and water are used as the extracting solvent.

To a N, purged pressure reactor is charged resorcinol (44.0g, 0.40 mol), cyclopentanol
{44 mL., 0.49 mol) and 85% aqueous HzPO4 (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 605 °C. The bottom orange
agueous 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 siurry is filiered hot
through Supercel, rinsing the cake with hot toluene (30 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 1s
cooled to 0-5°C and the product collected, washed with cold toluenc (40 mL} and pulled dry on |
the funnel to afford 41 g of 4-cyclopenty} resorcinol monohydrate as 2 white to pale pink solid

13
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To a N2 purged pressure reactor is charged resorcinol (44.0g, 0.40 mol),
cyclopentanol (44 mL, 0.49 mol) and 85% aqueous H3P04 (55 mL, 0.80
mol). The slurry is heated to 95 25 120C for 6-18 hours. The pink reaction
WiHix0HE Y Hboled to -70C and diluted with water (50 mL) anBGdiBene /(@006
mL). The. layers are allowed to.separate.at 6 . The bottom .qrange o
9 e Ay A O AL Ak QAR s D 3
and catlithn 2x30 hylvwiate) fitt60g5iGaagt Swerrstirred/withicaddto(B1g ) ams05d ymorph

of 4—(:&%1%%'%‘53?9r?dr&%@%%%ﬁ_glﬁﬁgﬁﬂﬁ (braugh peie), rinsing the cake

ot'toluene e orange filtrate is diluted with 5 30 mL water

aRticaplowisdetb>eony hiBetrapRitehvYirnedsepRsdder rpstalii sederppelots of the

' olipsiedrivasnedasitacald
o MU R e e st a0

#'s 2-4lcyclopentyl resorcinol monohydrate as a white to pale pink solid 13 WO

2004/072010 PCT/02004/000316 (?98% area by HPLC). The material

can be recrystallized if desirﬁg fr%% t toluene (5 mL/g) and carbon

(10% by weight) filtering thr ercel and/or silica gel to the Form |

patyngepd ehéayciopentidprasoreinalcaiforoasoaydinte sobidl:(ads7Ho iyemple 1,

PLC). The powdered X-ray diffraction pattern w. ge ined f tP{ -

was %f‘aﬁgéer%n Iglgsargf Ilmse&l g Fa(r)}ér]i){slmpoiirl\r%sgrgﬂg? r%éu%ger éﬁ%%&gt%tggo & ollowing
marnnelescribed above. Figure HI depicts this data (Lot #'s 2-4). Example IV

The water content of 4-cyclopentyl resorcinol monohydrate, produced as

in Example 1, 10 was determined by Karl Fischer analysis. These

anhlysis rsteresing detedisrse fotibidlyShanner: i) Coulometric Karl

Figgbes {lF) Aralysisthenanalysis waspeariermerd using soMetierTeiedotitrator.
DL39 Karl Fischer titrator, 15 Approximately 15-20 mg of sggogtle,was

ApProsyeaiin thie K sit iR So8 I RBTRATINY My dr AT AP SO AT AR gy dranal =
CouldnixediormtOseso s 10 @osue dissalttionsdhecsarilesauasithess titratetiated by

b . - . N
means )c/)f a generator electrode which produces iodine by electrochemical oxidation: 21- =>1, +

2¢. Three replicates were obtained to ensure reproducibility.

ii) Volumetric Karl Fischer. (XF) anatysis for water determination
The analysis was performed using a Mettler Toledo DL38 Karl Fischer titrator. Approximately
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 endpeint. Two replicates were obtained to ensure reproducibility. .

“The titrant was standardized with Hydranal Water Standard 10.0.

14
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oxidation: 2 1- => |z + 2e. Three replicates were obtained to ensure

reproducibility. 20 ii) Volumetric Karl Fischer (KF) analysis for water
WELIHAAEDN The analysis was performed using a Mettler TS[EB2P14880316
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The data in Table II demonstrates that Applicants have produced the monohydrate of 4-

cyclopentyl resorcinol.
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3. A crystalline polymorph of claim 1 that exhibits a X- ray powder
diffraction pattern having a characteristic peak expressed in degrees 20
at 8.1. 4. A crystalline polymorph of claim 1 that exhibits a X- ray powder

cpdiffrgction pattern 10 having a characteristic peak expressed in degrees

20 at 23.8. 5. A crystalline polymorph of claim | that exhibits a X- ray
powder diffraction pattern having characteristic peaks expressed in

WhdeigrdamaDiat 8.1 and 23.8. 6. The crystalline polymorph according to

claim 5 that exhibits a characteristic peak expressed in degrees 20 at
16.2, 15 7. The_ crystalline polymorph according to claim 5 which exhibits

ar 1685t 6B PRAR RIS ERY I d&lees 20 at 20.0 and 25.8. 8. The

crystalline polymorph according to claim 5 which exhibits at least one
peakA 26y exiiressaedhinrgierees20eah 13.9, 143, 18.4, 19.3, 20.0, 21.3,
25.8 or 26.5. 16 9. A crystalline polymoiph of claim | that exhibits a single

crystal, s"@ﬁ% @ie Q9LADIY 8189?‘|yf%‘§t aLihitgl §ﬂi%f%§$§ém%%§ﬂon pattern

parameters t  equal to the following: Table | Space Group and Unit
Cell B3R SHSFASHILS PRAK PUFIS R de8ites FERstdt system monoclinic
Space group P21/c Cell Dimensions a(A) 11.313+0.001 b(A) 7.495 +

0004 (A 1ER8R 1y EI0AS claim 1 that exhibits a X- ray powder diffraction pattern

having a characieristic peak expressed in degrees 26 at 23.8.

5. A orystalline polymorph of claim 1 that exhibits a X- ray powder diffraction pattern

having characteristic peaks expressed in degrees 26 at 8.1 and 23.8.

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

expressed in degrees 26 at 16.2.

7. The crystalline polymorph according to claim 5 which exhibits at least one peak

expressed in degrees 20 at 20.0 and 25.8.

8. The crystalline polymorph accerding to clann 5 which exhibits at least one peak
expressed in degrees 26 at 13.9, 14.3, 18.4, 19.3,20.0,21.3,25.8 or 26.5.
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/1() 110.00+0.01 Volume (A) 987+ 1 Z(Molecules/unit cell) 4 Density
(g/cm3) 1.27 g/cm3 Temperature 160 K 10. Use of compound according
to any one of claims 1-9 in the manufacture of a medicament for reducing
pigmentation. 11. A pharmaceutical formulation comprising an effective
amount from 0.1-10 w/w% of a compound according to any one of claims
1 -9 in admixture with at least one pharmaceutically acceptable carrier. 17

9. A crystalline polymorph of claim 1 that exhibits a
single crystal X-ray crystallographic analysis at 160 K with crystal unit cell
parameters that are equal to the following:
Table 1
Space Group and Unit Cell Parameters for Form I Polymorph
Form I
Crystal system monoclinic
Space group P2l
Cell Dimensions
a (A) 11.313 + 0.001
b(A) 7.495 + 0.001
c(A) 12.881 + 0.001
B 110.00 + 0.01
Volume (A% 987 + 1
Z(Molecules/unit cell) 4
Density (g/em®) 1.27 glem®
Temperature 160 K
10.  Use of compound according to any one of claims 1-9 in the manufacture of a
medicament for reducing pigmentation.
11. A pharmaceutical formulation comprising an effective amount from 0.1-10 w/w%

of a compound according to any one of claims 1-9 in admixture with at least one

pharmaceutically acceptable carrier.
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