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ENANTI OVERS OF 4-[ [(CYANOMNO [ (1,2,2- TRI METHYLPROPYL)

AM NO VETWQ39%208TINC] BENZONI TRI LE Fiel d of the Invention 5 pCr/usesnéns
present invention relates to the (R) and (S) enantloners of

4-[[ (cyanoi m no) [ (1, 2, ZnayriTopt=RE opr APy ) MRidwi 18, ma] benzonitrile,
phar maceuti cal co I, 0] r _pronoting

hair growth enpl oyi SHESR ent | on

Pot assi um channel openers such as mi noxi di I (Upj ohn), pinacidil (Lilly) and
di azoxi de (Shiseido 15 and SCMQ# ckngwn for their hair
gromh stinmulating activity. T 4,596, 812 and 4, 139, 619
di scl ose use 6f n1nOX|dﬂhe|prééenﬁrxnuannﬂpnote&atespabtEhe (R} €lness,

al opeci a areata di 2 :g! 057, 636

di scl oses pi naci ?ﬁi b@ %Eﬁ&@%@dl Sc ggg n‘g [Ir:@ c%?’zm noxi di |l and
hydr ocorti sone cwtnmmﬁnhaﬁdyrogys)amanehmethwlEammnpkhﬁnaqummmée,et al

di scloses aryl cyangoieiead %mﬁeﬁﬂeféﬁﬁc&%% G35 | démel N andeh
activating activity and are usef ul ypertensi on and ot her

cardi ovascul ar dimgihpst £oxt S’FOU‘SFF-BGShEéﬁtQE?W%rWsOW’Q & sor ders,

ki dney and unpnareahgytdlomess.as well as for the pronotion of hair 30 grow h,
for exanple in the treatnment of nale pattern bal dness (al opecia). These
aryl cyanoguani di nes have the structure la [err] [err] [err]

[err] [err] [err] B e ]

Potassium channel openers such as minoxidil
(Upjohn), pinacidil (Lilly) and diazoxide (Shiseido
15 and Schering-Plough) are known for their hair
growth stimulating activity. Thus, U.S. Patent
Nos. 4,596,812 and 4,139,619 disclose use of
minoxidil in the treatment of male pattern
baldness, alopecia areata and balding in females.
20 U.S. Patent No. 4,057,636 discloses pinacidil.
DE 3,827,467A discloses combinations of minoxidil
and hydrocortisone or retinoids.
U.S. Patent No. 5,011,837 to Atwal et al
discloses aryl cyanoguanidines which possess
25 Dpotassium channel activating activity and are
useful therapy for hypertension and other
cardiovascular disorders, for various central
nervous system disorders, kidney and urinary
problems as well as for the promotion of hair
30 growth, for example in the treatment of male
pattern baldness (alopecia). These aryl
cyanoguanidines have the structure
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and its possible tautomers [err] [err] and [err] [err] 5

[err] including pharmaceutically acceptable salts, wherein Rerr] is alkyl,
al kenyl , al W@PPI0867Ral oal kyl , cycl oal kyl, aryl, arylal kyl or PCT/US98/16015

cycl oal kyl al kyl ; 10 R2is 0 O -Cerr], -Nerr],
-CRlerr] , -G CR eahl itsCpastileld tautomers (0)m[err]
[err] CG-substituted amno, -Clerr] or -S-Rerr] R3 and R4 are each

i ndependently selected 15 form-R2, _hydrogen, gyc% al kenyl , al kynyl

hal oal kyl , hal o, al koxy, -NHal Ryl , - I)2 1 kyl, -0-aryl-al kyl,
-S-arylalkyl or -S-aryl, -0- aryl, -N ey c—Ofm R, and R3 taken
together are a group Wmch forma rhng’ the two carbon 20 atons to

whi ch they are attached, which group |s/sel ected fromJ[err] 0

O -S-(CHerr])[err]- CH[err] ,
-CX(CH[err])[err]Cl-l[err]-&d}l[err](CH[err])[err] wherein m=-1 or 2, 25

n=3-5, p=2-4, Xc \ m—.c:_:u
/O ?""C_m-n]_
R3 \7 M
5 R¢

including pharmaceutically acceptable salts,
wherein
R; is alkyl, alkenyl, alkynyl, haloalkyl,
cycloalkyl, aryl, arylalkyl or cycloalkylalkyl;
10 Ry is

0 f R

—C=N, —=NO;, —CRs , —C—CRy , —C-—amino ,

0 Q)
—C—sgubstituted amine, —CF; or =—S—R;}?
R3 and Ry are each independently selected
15 form -Ryz, hydrogen, alkyl, alkenyl, alkynyl,
haloalkyl, halo, alkoxy, -NHalkyl, -N-(alkyl)z, -S-
alkyl, -O-aryl-alkyl, -S-arylalkyl or -S-aryl, -O-
aryl, -NHaryl-alkyl, or R; and R3 taken together
are a group which form a ring with the two carbon
20 atoms to which they are attached, which group is
selected from
()= i f
~8—{CHz)y~CHy;— , =—CX(CH3),CBf~ , — C—CH3(CHz)p® ;
wherein
m=1l or 2,
25 =3-5,
p=2-4,
X is 0, NRs, CHpz; and
Rs is hydrogen or R;j.



Xis 0, NRerr], CH; and Rerr] is hydrogen or Rerr]. - 2 - Exanmple 1
of U S. Patent No. 5,011, 837 discloses the preparation of 4-[[(cyanoi m no)-
[(1,2,2-tri werInosemsopyl ) ami no] benzonitrile [err] [err] [err]PCRAUS)s/{60Y5 |
[err] 5 [err] in the formof its

racem c mxture. PCT App'lib@aﬁﬂﬁl@ MGHOY. @22251:&1'1605:@565, GLX,®BY% nation of a
pot assi um channel apen err r edug, hibi tor_for pronoting
hair growh. 10 dise ﬁ&?sAﬁgﬁ % Wﬁ?‘@ﬁ%@?&& 35189'5‘5‘88 use of an
andr ogen bl ocker addlaZpGPassmabhyhpmmmylkamlna*hanzb@ntsuleuIatlon of hair

growt h. Description of the Invention 15 In accordance with the
present invention, it has been unexpectedly und that the (R)-enantioner
of 4-[[(cyanoimno)[(1,2,2-trime pL opyl ) gm noj -

met hyl ] am no] benzonitrile, includi har ma ' | y acceptable salts,

t hereof exhibits 20 remarkable h owt h [ activity which is

superior in such regard to the corrdsgo dig1d X ' oner and the
racem ¢ m xture of such enantionmers. In f#ct, ®t had_been found that the
(R) -enantiomer 5s surprisingly and unexpectedly 25 f@te effective in

stimul ating hair fagh iigleeFolf BEOHHS ericémi @ moMtdural. a substantially faster
rate PCT Application WO 92/02225 discloses a
combination of a potassium channel opener and a 5-
o-reductase inhibitor for promoting hair growth.
10 PCT Application WO 92/09259A discloses use
of an androgen blocker and a potassium channel
activator for stimulation of hair growth.

cription o A

15 In accordance with the present invention, it
has been unexpectedly found that the (R)-enantiomer
of 4-[[(cyanoimino) [(1,2,2-trimethylpropyl)amino]-
methyllamino]benzonitrile, including
pharmaceutically acceptable salts, thereof exhibits

20 remarkable hair growth promoting activity which is
superior in such regard to the corresponding (S)-
enantiomer and the racemic mixture of such
enantiomers. In fact, it has been found that the
(R) -enantiomer is surprisingly and unexpectedly

25 more effective in stimulating hair follicles to
produce hair growth at a substantially faster rate
as compared to the corresponding (S)-enantiomer.

The above (R)-enantiomer of the invention

has the structure I

30 I

"8



as conpared to the corresponding (S)-enantionmer. The above (R)-enantioner
of the invention has the structure | 30 I N Me - 3 - The

(R) -enanti owexgstosemsl | be in substantially pure form that | cividesnémsat

| east 99% pure (R)-enantioner and will at nost contain 1% (S)-enantioner. 5
In addition, in accordancgaMx -LhenkiEReR! T IviMaNtHePln it has been found

that the (S) enantioner of 4-[[(cyanoi m no 1,2,2-trimethyl-

propyl ) ani no] net hyﬁ}@ﬁtﬁﬁ}:bé%hﬁrﬂ‘ﬁ? | %oxm.n i 4§+ Pk bR A% deask
acceptabl e sal ts tbgneghreexR) béfigntibmeaxeeld @illhat rm@sOEdhtiomay ng
activity. The abov?sssg en@ntloner of the invention has the structure |1 11
[err] [err] 15 hantionmer Il will be in substantially pure
form that is, Wll be atIri aakht&@% pinea¢&rdarare witrhr thedpreséntit nost
contain 1% ( R) ena[ﬂ,hgggg_onThf eﬂﬁﬁ‘tﬁém?rf%u&fd Eﬁg |g1¥gn $)on formsalts 20
with a variety of |norgan|c’an% ani c acl Ee non-toxic

phar maceutical | y asoaptipmerseft4- f ccymnstimvined [ (3) 2 houpingterlsal t s may
al so be useful in b%eb%baﬂlﬂénﬁéu mlmrfoh%eaaeﬂyehléucihmfﬁceutIcal ly

acceptable salts include th ornmed_ wt X drochloric acid,
met hanesul f oni ¢ pharmaceutlcally acceptable sal s thereof, exhibits

10 excellent hair growth promoting activity.

The above (S)-enantiomer of the invention
has the structure II

O

15 The (S)-enantiomer II will be in
substantially pure form, that is, will be at least

n===-—g

99% pure (S)-enantiomer and will at most contain 1%
(R) -enantiomer.
The enantiomers of the invention form salts

20 with a variety of inorganic and organic acids. The
non-toxic pharmaceutically acceptable salts are
preferred, although other salts may also be useful
in isolating or purifying the product. Such
pharmaceutically acceptable salts include those

25 formed with hydrochloric acid, methanesulfonic
acid, sulfuric acid, acetic acid, maleic acid, and
the like. The salts are obtained by reacting the
product with an equivalent amount of the acid in a
medium in which the salt precipitates.

30 The present invention also includes
pharmaceutical compositions containing the (R)-
enantiomer of 4-[[(cyanoimino) [(1,2,2~-trimethyl-
propyl)amino]methyl]aminolbenzonitrile or a



acid, sulfuric acid, acetic acid, maleic acid, and the |like. The salts are

obt ai ned by reacting the product with an equival ent anobunt of the acid in a
medi um i n WHO®Ob0seI2 salt precipitates. 30 The preseRCI/USHMAEIIEHN

al so i ncludes pharmaceutical conpositions containing the (R)- enantioner of

4-[[ (cyanoi mi no) ( (PghakmadetiRialiy aﬂéépyhhhm' sa] tretheddofiand kenzonitril e

BLa?m-acéelu'El cal Fca%%%ﬁ& %g#g? %l éﬁ{&%fﬁ |eg:[né%°%he pr esent

i nvention al so includes Phaaddieion cdthe gnessnti dnvepbieni alsy the 5
(S)-enantionmer of %é%&&é{%i;ﬁ Hiace thc212p0m ??Sltlons containing the

trimet hyl propyl)anmno benzonitrile or phar maceutical |y
accept abl e sal § t ht§ewnantdareshafmicdbi Franeimirelebtlatd @ carrier therefor.

The (R)-enantionerg . b E 11k b tril
(R) - 4-[[ (cyanoi mi no%%%ﬂ?lwl)%n ']'ﬁ }afino}benzonitrile or

am no] net hyl ] ani no? WQWQ% BScﬁ }%ds%JchWﬁ’?ﬁj’ft Fh& fol | owi ng
reacti on sequence:pk¥nfes@aiically aceeptablat éaryier therefor.Reduction (R)

-[err]-Methyl - THE zy ne
M err] (pinacol one) fphe (%Etévaﬁ%*%%e% tB?béﬁY?Pg%gﬁ éﬁ&
Coupl i ng Reactifon isrr]R)l—O%[[(cyano:Lmlno) [ (1, 2RFeEn@vhwipsagyl) - Pd- C/
Merr] V\Bcamino]methyllamino]benzonitrile may be prepared
according to the following reaction sequence:

Condensation
(imine formation) Reduction

(R) -0-Methyl- BH;-THF
u benzylamine Moy —_—

{pinacolone) Cat. p-TsOR/

:

Toluene
1
15

Debenzylation Coupling Reaction

10% 2 DNF-EtOR/
Mo pa-c/ e wsc
e r—— " -
EtOR
Ma” 3 aCN
B
2 ' b § s

(prepared ag described
in Example 1 Paxt A

He of U.S. Patent No.
; 5,011,837)
LN

(R) -enanticmer
I

The {(S)-enantiomer of the invention, that is
(S)-4-{[ {cyanoimino) [ (1,2, 2-trimethylpropyl) -
aminolmethyl]amino)benzonitrile may be prepared
20 according to the above reaction sequence for
preparation of the (R)-enantiomer except that (S)-



EtOH 2 (prepared as described in Exanple 1 Part A of U S. Patent No.
5,011,837) (R) -enantioner | The (S)-enantioner of the-invemntion, that is

(S)-4-[[ (cywasesossmd) [ (1, 2, 2-tri met hyl propyl) - PCT/US98/16015
am no] et hyl ] am no] benzonitrile nmay be prepared 20 according to the above

reaction sequence §¢ gﬁg_{ | 0f 1 e‘g?- nt | r. ex that (S)- -
5 - a- net hyl ben(g?/f%%{ e |rgél}él'%%\lgl)?eggi n %f%é‘o;'fﬁ ((i?r-]l)%cae- °r%§3ml @enzyl anm ne
to eventual | y for mé&hyilberizyilamiaactedewehtudlipy £oxyano- N - (4-

cyanophenyl )t hi ourea, nonosodiumsalt to formthe (S)-enantionmer (I11). The

(R)-enantiomer | of the invention or the i@ (S)-enantioner Il of the

I nvention may be formulation with other hgir growth pronoting conpounds
such as the potassi um channel openers ns i | (Upjohn) and/or diazoxide
(Shi seido and Schering-Pl ough), as well a® cronmkalimand 15 pinacidil; a

5-a-reductase inhi it qr .such _as finasierdde, (Merck' s Proscar[err]),
terazosin HC1 (sAbb"%thcq% ]ﬁytrﬁaﬁﬁ-’gfirY}Eﬁoﬁ‘%oﬁ—a‘yﬁnﬁ'ﬁééﬁf}ét e (Pfizer's
Carduralerr]); andiyancophenyd)chioubkackreoncsmhiims s&lt( BomEbtmxyhept yl )

-hexahydro-2 (1H) (gyer di scl osed in PCT Application WO
92/ 09259A, (PUALRIRR A1)

The (R)-enantiomer I of the invention or the

10 (S)-enantiomer II of the invention may be
formulation with other hair growth promoting
compounds such as the potassium channel openers
minoxidil (Upjohn) and/or diazoxide (Shiseido and
Schering-Plough), as well as cromakalim and

15 pinacidil; a 5-0-reductase inhibitor such as
finasteride (Merck's Proscar®), terazosin HCl
(Abbott's Hytrin®), or doxaosin mesylate (Pfizer's
Cardura®); and/or an androgen blocker such as
4-(S—methoxyheptyl)-hexahydro-Z(lH)-penﬁalenone as

20 disclosed in PCT Application WO 92/09259a,
vasoconstrictors such as betamethasone
dipropionate, corticosteroids such as
hydrocortisone, and scopolamine, and cyproterone
acetate.

25 The enantiomers of the invention may be
administered via topical, oral, parenteral or
rectal routes as described in U.S. Patent No.
5,011,837 (incorporated herein by reference), with
topical being preferred. Thus, the enantiomers of

30 the invention in suitable topical formulations are
applied to the skin region where hair growth is
desired.

Typical topical formulations for use herein
will include conventional ointments, creams,

35 1lotions, waxes, gels, pastes, jellies, sprays,
aerosols and the like in aqueous or non-aqueous



vasoconstrictors such as betanet hasone di propionate, corticosteroids such
as hydrocortisone, and scopol am ne, and cyproterone acetate. 25

enant i omer YO1%/08678 i nventi on may be adninistered via topi caPCT/HEHY16015
parenteral or rectal routes as described in U S. Patent No. 5,011, 837

(i ncorporated her €opmbyattbdbesencEyamplas dbmudkiablei bgppeadlerred. Thus, the

enanti oners of 30 ' [ i R j ioCa ions are
applied to the skffﬁ&ﬂggj%gﬁg%egge h%%ér%%ﬁnlt ?Qggs.lbraggém'&]g%éal t opi cal
fornul ati ons for dsd3RepdPnand| 4, 3%l 8k whishe AreoARFOEPATAEEEs, creans, 35

lotions, waxes, gﬁ|e§eiﬁa§ge§efg§éﬁé@.s, sprays, aerosols and the like in
agueous or non-aqueous - - f,or mul ati_ons. '

Exanpl es of, guitabl e topical
formul ations a?e di scl oS iRaptiomerEeAf FB%.“H‘,’%‘B&Q" lb?, 596, 812
whi ch are incor porgeadiRenfi afbyctiveramime 5 that is, Thearnambunters of
SUTH clent to proMAERIFREGPOVPROBYEE MAke MEAWES Sk AraRSoPABFa, cuch t hat
hair growth is ingrewthddasopdeds esuck uoj;qm dedixt ﬁ;pn'omah :I.gr ag?)np?fiom gBOUt
\(I)VI. I1I tlongll:)lcj)gte zg&m@%\%é%ggéoéftﬁﬁggggéigi% &Wettﬁgg?% for)r/rul ations
cont ai ni ng t hé0enaomposationf wihd imgkude oframmbsntaSpPile§ot BPPRE
' 15% by weight, preferably from about 0.1 to about
10% by weight of the composition.
The topical formulations containing the
enantiomers of the invention can be applied to the
1S area to be treated such as the scalp in humans, by
spraying, dabbing or swabbing to deliver the
enantiomer to the region of the hair follicle. The
formulations will be applied to the area of
treatment on a routine basis prior to, during and
20 subsequent to hair growth, at least once daily, and
preferably two or more times daily.
The accompanying Figure is a graph showing
the effect of a once daily application of each of
the (R)- and (S)- enantiomers described herein on
25 hair growth in male C3H mice.
The following Examples represent preferred
embodiments of the present invention.

Example 1
30 (R)-4-[[(Cyanoimino) [(1,2,2-trimethylpropyl)amino]-
methyl}aminolbenzonitrile

JeBEs




15 area to be treated such as the scalp in humans, by spraying, dabbing or
swabbing to deliver the enantioner to the region of the hair-follicle. The
formul ati onryowpio867he applied to the area of treatnment on a peuiwsIené@si S
prior to, during and 20 subsequent to hair growth, at |east once daily,

and preferably two or nope tiRps] 923 Yrrik@h3dpepelYVamindi gure is a graph
showi ng the effect of a once daily applica®gon of each of the (R - and (9S)-
enantiomers described herein on 25 hair wh in male C3H mice. The

fol | owi ng Exanpl es represent preferred ¥ nts of the present

i nvention. Exanple 1 30

(R -4-[[ (Cyanoi m no) [ (1, 2, 2—+ret-hytpropyt)arminol-—napt-hyl |

ani no) benzonitrile - 7 -mhe Miti&) cdmpoudidWaBEbR¥bRFERYAcAEdEmgI S title

conmpound was prepared according to 5, the procedure described by Manl ey and
Quast (J. Med. 5(e:he711?e Me‘g‘ie ﬁ?ﬁﬁré?Eg)bﬁdW]s%ﬁ% SCatl¥on. A mixture

Ofdpi naCle one (|2]9 mdzwzmlﬂssﬁ,g%)}sa- IBBRITY-RBR0Z i NI @&nf,l?- 6 g, 145 ;mol)
and p-tol uenesul foni e, aci d .nono rat 300 in.10 taqluene 50 nL) was
refluxed using a cedi &g Ytap f“&xggirﬁv fﬁ‘&’r‘:?@&fﬁ {4 Peaég’ on

m xture) for 3 day8molthe EI-Pemethydbenzpdraniee abid ttha.r d45doeodds
distilled at ca. € u{fg‘: : | ‘EZJEO i 8lnd) Lerr] as a
colorless oil. Thil%Qﬁ gglﬂaulgnv%%s i ?é'.gl gg%&itﬁc}n& te (%0(3 m8f) Lﬁ

10 toluene (150 mL) was refluxed using a Dean-Stark

trap (to remove water from the reaction mixture)

for 3 days. The solvent was evaporated and the

residue was distilled at ca. 120-2°C (9 mm) to give

21 g (71% yield) of

Ma

15 X

as a colorless o0il. This material was dissolved in
anhydrous THF (210 mL) and treated at 0-2°C with
borane-THF complex (1M, 206 mL, 206 mmol). The
mixture was allowed to come to room temperature,
20 stirred for 5h and concentrated in vacuo. To the
resulting oily residue was carefully added ethanol
(300 mL), and the mixture was refluxed for 1lh and
concentrated again in vacuo. The residue was
chromatographed over basic alumina (activity grade
25 1l/hexane) giving colorless oil. Proton NMR and
HPLC (YMC C18 S3 4.6X50 mm column/water-MeOH-H3POy
90:10:0.2 to 10:90:0.2 gradient) indicated that
this material was contaminated with ca. 10% of the
(S,R)-diastereomer. Therefore, this mixture was
30 resubjected to flash chromatography (silica
gel/hexane-EtoAc-triethylamine 95:5:0.1) to afford



anhydrous THF (210 nlL) and treated at 0-2[err]C with borane- THF conpl ex
(1M 206 nmL, 206 mml). The m xture was allowed to cone to room
tenperaturWodMeBti rred for 5h and concentrated in vacuo. PEDVUSHR16015 .
resulting oily residue was carefully added ethanol (300 nm.), and the

m xture was refluxed for | h and concentra h agai n in vacuo. The residue
was chromat ographed over basic alum na (& )
colorless oil. Proton NVMR and HPLC (YMC O¥& S3 4. 6X50 mm

col um/ wat er - MeOH H3PO4 90: 10: 0.2 to Mw0Q: 0.2 gradient) indicated that
this material was contam nated with ca. 1 of the (S, R -diastereoner.
Therefore, this mxture was 30 resubject te flash chromatography (silica
gel / hexane- Et oAc-tri et hyl ami ne 95: 5: 0. 1)4% ford - 8 - [err] (11.45 g,
55.8 mml, 54%yield). The above conpound (11.45 g) and 10% pal | adi um on
carbon (1.5 g) wer{@lt.akey,i BSE8 GingP 306548 Jyisldi)st | mhedabager 5 hydrogen

for 12 hours. The m xtur.e s,filtere d t fi.ltrate (ca. 2 )
containing the ti tcl°5‘pﬁl'"88uéﬁ\'/\%é %ge ‘gsfds%(ﬁ?qﬁ'&dlmeoﬁeﬁ%rgf’%p?gsgg ca.
0.24 M sol ution i g)ewearokakes simeBtA0230 aild) anflDstirred uBder

N- Cyano- N - (4-gya ) khi.o no | I l npound was
pr epar ed accorgi ng&t&%%%§hE§§%p#ee€m¢g% Zﬁ% %l’%@g\%ﬁt Ek%tggggll 837. C.
(R)-4-[[(Cyanoi ni o (t_ll,ezﬁglt:raﬁgt ﬁsa- 230 mL) containing the title

propyl) am no] met hyrlamcrolRgngess t & | $udFRRlr the next step as a ca.

0.24 M solution in ethanol (assumed 100% yield).

10 B. N-Cyano-N'-(4-cyanophenyl)thiourea,
monosodium salt

'““\O “iam
s
R
The title compound was prepared according to
15 Example 1 Part A of U.S. Patent No. 5,011,837.

C. (R)-4-[[(Cyanoimino) [(1,2,2-trimethyl-
propyl)aminolmethyl]aminolbenzonitrile

"0

To a solution of Part B compound (6.0 g,
26.8 mmol) in DMF (150 mL) was sequentially added
the solution of Part A compound (ca. 0.24 M in
EtOH, 112 mL, 26.8 mmol) and 1-(3-dimethylamino-
25 propyl)-3-ethylcarbodiimide hydrochloride (WSC)
(6.0 g, 31.3 mmol). The mixture was stirred at

20

room temperature for 3 hours, diluted with ethyl
acetate and sequentially washed with 1N HCl, water
and brine. The organic layer was dried over



et o

20 To a solution of Part B conpound (6.0 g, 26.8 mmol) in DWMF (150 nlL) was
sequentially added the solution of Part A conpound (ca: 0.24-Min EtOH, 112
m., 26.8 mwOpeseds 1- (3- di net hyl ami no- 25 propyl) - 3-et hyl cadraskosnsde
hydrochl oride (WSC) (6.0 g, 31.3 nmol). The mixture was stirred at room

tenperature for 3 houh A %r%géume@oﬁ Qoﬁkgﬁgrgega%% Sﬁg*\f?}]t iall y washed

with I N HCL, water an 3 anic _|ayer was drie
magnesi um sul f at e, PEBRBEhHtWas &pxafd cﬁ&ﬂﬁhp?lb’ém@t%w i9n ed by flash

chr omat ogr aphy on §iii@éi @@1 (m%aia@seeh |aé§@i@é-®cﬁiétﬁiﬂ‘l}éﬁﬂ‘i@e

75: 2502) to affo’égf %))rless 3 \(,asu_:réal \Nﬁﬁqrecrystalllzed
from i sopr opanol gfve %9 & oﬁﬂ °ﬁ%e%8 (4,15 g,
57.6%, np 159-560[E£2Eikﬁa1 ST Ilecﬁ:&@kﬁlﬂ?];.@ed{ fﬁ&ﬁ]—isaplmnaxmiemoc purity

determ ned by chir P, 0% opanol - 10
triethylam ng 80: 2%5.65 ﬁ%%ﬁn% @ 8p8. 65 (br
s, 1H), 7.69 (d, 2B7-6%8, 7@9%9 ] 21=|1 G =A9 MeOH:4 93 (br d, I'H,

3.83 (m 1H), 1.104 dePePRihd hiral HEEe aoy
anal ysis: cal cul ate%mf;or C15H ERI%] [EsR]e ¢ %6]%5% H_7.11; N, 26.00

Found: C, 66.71; H{ChinalPak &ﬁﬁpeezlmrmnml-[[(q/anou ni no)

(1,2, 2-trinmethyg prepybtry dvine rw.mol.]oam)miabenzml e [ e MR
(cDCl3) & 8.65 (bxr s, 1H), 7.69 (d, 2H, J=8.79 Hz),
7.37 (&, 2H, J=8.79 Hz), 4.93 (br 4, 1H), 3.83 (m,

1H), 1.10 (4, 1H, J=6.45 Hz), 0.90 (s, 9H).

15 Elemental analysis: calculated for Cj3s5HigNs:
C, 66.89; H, 7.11; N, 26.00
Found: C, 66.71; H, 7.14; N, 25.,98.

Example 2
20 (S)-4-[[(Cyanoimino) {(1,2,2-trimethylpropyl)amino]-
methyl]amino]benzonitrile

possy

25 The title compound was prepared from Part B
compound of Example 1 and (S)-1,2,2-trimethylpropyl
amine (prepared according to Manley and Quast, J.
Med. Chem., 1992, 35, 2327-2340) by the same
procedure as described in Example 1, Part C. The

30 product was obtained as a colorless solid, mp 158~
59°C; [0]p+189° C=1, MeOH; enantiomeric purity
determined by chiral HPLC = 99.4% (ChiralPak AD
column/hexane-isopropanol-triethylamine 80:20:0.2);
MS: 270 (M+H)*; 1H NMR (CDCl3) d 8.43 (br s, 1H),

35 7.69 (4, 2H, J=8.79 Hz), 7.37 (4, 2H, J=8.79 Hz),
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25 The title conmpound was prepared from Part B conpound of Exanple
1 and (S)-1,2,2-trinmethyl propyl am ne (prepared according to Manl ey and
Quast, J. N¥@990$6¥ & 1992, 35, 2327-2340) by the same procecRek/ES416015
described in Exanple 1, Part C. The 30 product was obtained as a colorl ess
solid, np 158- 59Q.93 et |d)3+189[,e3r.]83CKh, VHDH, lehan({@pniHj oTpRirds y
determ ned by chi rﬂ HP& S9s9 @{T)(Chl ral Pak AD

col utm/ hexane- i sopr opanol q. yl'am ne 80:20:0.2); Ms: 270 (MtH) +; 1H NWR
(CDCl[err]) [err] 8.43 (br s, 1H), 35 7.69 (d, 2H, J=8.79 Hz), 7.37 (d,

2H, J=8.79 Hz), - 10 - 4.93 (br d, Edhmp3e88 (m 1H), 1.10 (d, IH
J=6.45 Hz), 0.90 (s, 9H), Exanple 5 _Conparison of Exanple_1-(R)-Enantioner
and Exanpl e 2- (%) - WR#%}?@F W‘IP]G &\M(ﬁ)“ﬁnéﬁt?ﬁﬁ‘i“ﬁ’éla% angle

obj ective of the fpll9Wmsarteln R Glefder Gf he & pimal Madel, eval uat e
the in vivo 10 effect of the Exanple |- (R) - enantloner and t he Exanpl e
2-(S)-enantioner on hair growh in an ani mal nodel. The two enantioners
were conpared topically fhe bhbecgivuw¢fithé:§¢lﬁcw1nglaeénkibbdwbdeI The

C3H nouse is a use %hgg g t S rests
with the fact thaté ?ﬁB%%%nentatlon ?hgn%ﬁé?n?gép?%%V%ﬁgigﬁfthe

mel anocyt es oleheeﬁﬁ¢¢tfqﬁIthﬂeﬁxﬁmpl@oﬂ-ﬂﬁé epappideeyiand|the he tel ogen
or the resting phagg, g6 d @-{@'Jeﬂaﬂelﬁﬁ!e ohhﬁaﬁkl GrbatRi K-adn the

earliest phase of anagen or hase
animal model. e two enantlomers were compared

topically for hair growth in C3H mice.

15 Animal Model
The C3H mouse is a useful model for studying

hair growth. Its usefulness rests with the fact
that skin pigmentation of this animal is provided
by the melanocytes of the hair follicle and not the

20 epidermis. In the telogen or the resting phase of
the hair follicle, the skin is pink. In the
earliest phase of anagen or the growth phase, there
is sudden graying of the skin and as the anagen
phase progresses the skin becomes darker in color.

25 In this study, visual observation was used as an in
vivo assay of anagen induction. Furthermore as
anagen develops, the skin thickness increases from
a thin telogen skin to a measurably thickened
anagen skin. Thus, recording the skin color and

30 microscopic thickness of skin from these mice
offers a sensitive, quantifiable and convenient
method of assessing the phases of hair growth.

Groups of 20, six to seven week old male C3H

mice with hair follicles in the resting phase of

35 hair growth were used. At this stage in their
life, the hair follicles remain in the telogen
phase for up to 30 days or longer. This provides

- 11 -




L pas i

I s sudden graying of the skin and as the anagen phase progresses the skin
becones darker in color. 25 In this study, visual observation was used as
an in vivoweswssad anagen induction. Furthernore as anagen rEvessnsoist he
skin thickness increases froma thin telogen skin to a measurably thickened

anagen skin. Thus, g es@sgid Wihdow BICRlife 880sSHedh CdASFHPI C t hi ckness of
skin fromthese m'qie offe sh‘_g} sensitive, gguant i fi a}té)l e and conveni ent net hod
3t BT

of assessing the ph¥ERY ShpgroYtB Stumlate tRR ., week ol d
mal e C3H m ce wi t hhadr rféliclds=Friom the telbgen phatiee cinadferhai r growt h

were used. At thi e iR thejrs. Li.fe. the hail. | el inin the
t el ogen phase fors%%éé‘% Sﬁ&ag;g%wlg%&gb g?h‘?‘éﬁ#%ﬁl’%‘gs&i - an
adequat e wi ndoW of shonening afedihedtedogetopbasadef t e hawxr ove hair growth
stimul ate the hairgfpl{lifd &8,d1ePm the tel ogen to the anagen phase. This
stinmulation is man:lﬁéested E‘%’t]he 5 shortening of the tel ogen phase of the

hair follicle cycle. AniABiBahgverpanestihetdees Wi thekekfmere! onpun (100
ng/ Kg and 12 ny/ Kgyodgiu@npiddaendyg apael2amgekinete daidathaegimer e cl osely

CTLEPE. 10 i vi PHELIE et BT aUL e L RSSO £l | x daily.
enanti omer andl®a 2% sol ukh@mnads wkelipdink -4Kn warantireaeedor vehicle by
tself, applied to the 1h Joj,5a), 0235 HaGevEhkclEaR L aY b vas
microliters of a 2% solution of Example 1-(R)-
enantiomer and a 2% solution of Example 1-(S)-
enantiomer or vehicle by itself, applied to the
15 dorsal area. The vehicle employed was
ethanol/propylene glycol/water, 60/30/10.
Treatment was continued for at least 4-5 weeks.
Animals were observed daily for side effects
and changes to the test sites. All observations
20 were documented. Test sites were graded weekly: for
changes in skin color and hair growth. In this
study drug effects were evaluated using the visual
observation of skin changing from pink to gray and
resulting in hair growth.
25
Results
The percent of animals that induced hair
follicle stimulation during the treatment period is
illustrated in the accompanying Figure below. The
30 most significant observation made between the two
enantiomers is the difference in the time of onset
of follicle stimulation. The time of onset for the
Example 1l-(R)-enantiomer was day 7 compared to day
11 for Example 2-(S)-enantiomer. The time of onset
35 for the vehicle control was day 28. By day 1l of
treatment the Example l-(R)-enantiomer caused hair
follicle stimulation in 40% of the test mice

- 12 -



et hanol / propyl ene gl ycol /water, 60/30/10. Treatnent was continued for at

| east 4-5 eks. Animals were observed daily for side effects and changes
to the test"SPT®73 Al observations 20 were documented. TestPGIPEMAgMSe
graded weekly for changes in skin color and hair growth. In this study drug
effects were eval Gormpares g rndyvhuwitboBxanmie o2r 3) wnantdomey.ng from

pink to gray and & ' i a| : f
BR5 daly 19,1 Bolk bE gheVahimaPs @ﬁé&%&d}ﬁ?l??ig%ﬁ’ seri od

animal s that inducéd hair follicle stinmulation dur] ) .

is illustrated in¥H&)sEOGREARPRRgSEPYBRDRRY ofPl iRl Ehigutlakiigm i cant
observation nmade keingeged ko B8 esentkawpBlée 2 (S eernbddiymenace igy the tine
of onset of folLlicle stimylLatian,, The ti of onset for the Exanpl.e

| - (R) - enant i on®r \é’?@( ?ﬁy%-"goﬁga%ﬁ 2B 3yS1 r?%’?ew é:q'?-( ! tioner.
The time of onset 135R)cenahtiombrcshowedt hair wBsllixgle &timuldiohl of
treatnment the Exa - -sepanki ed. hai lic)esStimulation in
40% of the test m'rgcge%-o;'?%%d Egcgﬁggﬁéﬁg?%ao‘g}é}?s%%‘m‘%]hé gfaﬁ%l-e
2-(S)-enanti oner. epantdpmesr. 5Thusf thheughtwl the recaatunentt paEiadl e

| - (R)-enanti omer %EQNE} | ' t4 | L GO 4 % f or
Exampl e 2-(9)- nantlonef&%8§régkég§%§§$ 85960¥égge animgignfggéfed with the
Exanpl e | - (R) 1Bnambowiesd ashigbarnanfidenrecer Baimfeklisilens conpared to

65% t 3 eated wi th BtimiatdohShs e8Rpatedtte the SgtdiPudhaited ety eat nent
pertod, Example 2-(S)-enantiomer.
The attached Figure shows the effect of 1x

daily topical application of Example 1-(R)-
15 enantiomer and Example 2-(S)-enantiomer.

In conclusion, these results in the C3H mice
indicate that there is a remarkable difference
between the Example 1l-(R)-enantiomer and the
Example 2-(S)enantiomer in their effect on hair

20 follicle stimulation; in particular the (R)-
enantiomer has a faster onset of action compared to
the corresponding (S)-enantiomer.

These results are indeed surprising and
unexpected especially in view of the vasorelaxant

25 potencies of each of these enantiomers, which is
generally recognized as an indication of hair
growth promoting properties (Side Effects of
Vasodilator Therapy, W.A. Pettinger et al,
Hypertension, 1988, Vvol. 11, II-34 to II-36, and

30 Minoxidil Stimulates Cutaneous Blood Flow in Human
Balding Scalps: Pharmacodynamics measured by laser
Doppler velocimetry and photopulse plethysmography.
R.C. Wester et al, J. Invest. Dermatol., 184, Vol.
82, 515-517).

- 13 -



g e iee . T
the group treated with Exanple |I-(R)-enantioner 10 showed a hi gher
i ncidence of hair follicle stimulation as conpared to the group treated
wi t h Exanplveo89/¢s8y3 enanti oner. The attached Fi gure shows thecIyisssneus | x
daily topical application of Exanple |I-(R)- 15 enantioner and Exanpl e
2-(S)-enantioner. In conphysi GildagR rmesyl E6rivaddieel3tnt ce i ndicate
that there is a remarkable difference bet yeen the r;pl e Iﬁg#enantl oner
and the Exanpl e 2ReHefihforitie i(R) rRBRRELPIRE 1Y cl e
stinulation; in pag7ias sy e ¢He- (swaehmﬂmmémﬁa%fmmmt of action

conpared to the corre o.ndl enan Loner.. ., These ul ts.,are indeed
surprising and undfe @s‘%é" PEY™P 1’{}9@3’{)} 3ﬁe°</§tz’§re xant 25

pot enci es of e&ch eriarttfmmrerﬁm:t perodne inghhair i grayerte mdlthior ddogiaysed as an
i ndi cation of hai Mo g et i cts of Vasodil ator
Ther apy, WA Pet t1 g&%’ahi“%‘%%e}: %gl %}'.ég?[%é%ﬁ%o@ﬁee [1-34 to I1-36,
and 30 M noxi di | Stormeésparsliog 4ScesaBEEOWEF) ow i n Human Bal di ng Scal ps:
Phar macodynam cs neasured by | aser Doppl er vel ocinetry and phot opul se

pl et hysnography. R C. Wester et al, J. Invest. Dermatol., 184, Vol. 82,
515-517). - 13 - Thus, while the I1CJerr] for vasorel axant .potency of the

(R)-enantionmer is 4717 nMversus 15735 nMfor the (S)-enantioner, as seen
above, the hair growth pronoting ability of the (R)-
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5 enantionmer for producing hair growth wthin 11 days of treatnment is 8
times greater than the corresponding (S)-enantioner. - 14 - VWhat i s
Cained i s:WQIBA3(R) - enanti omer of 4-[[(cyanoi mi no)- PCT/US98/16015
[(1,2,2-trinmethyl propyl)am no] nethyl]am no]- benzonitrile or a

phar maceut i cal |y dbaptidl@lauhed5ist hereof. 2. The (R)-enantiomer as
defined in Caim1l substantighby (RpPEhSHEIohER B LA COIRRRAR Y -S

enantionmer. 3. The gR)-enant.l oner as defined in Aaim1710 having the
structure [err] inl&hodcamtrEreshypkpromd) aminolmeshyk) agimdli roner as
defined in Cai m lpdayondralleentd Phirmadeddilcaleguabckptabléessic 15 99%
5. A pharnmaceut ca{%con$$si tion conprising the (R)-enantioner as defined in
Claim1l and a Fﬁnar TETYTral Iy acceptable carrier therefor. 6. A

phar maceuti cal conbi nati @n wrheh (R)-enanpioses a$aldEierahtino@aias 1def i ned
in Cdaim2l in conbj | ' a!g% [ h lRgsagept. 7. A
nmet hod for prormti%‘ggéu%i%rgt{g\%%%h %téc%rgﬁoﬁgg\gsagﬁE%gg#églghggt% a human
in need of 25 treanmhioraerhe_rapeut ically effective anpbunt of the

(R -enantioner of 4. [[(cganonglenek LdngnBioner as defined in Claim 1

tri met hyl propyl ) am no] net hyl m no| benzonitrile or
yiP pyl8 hav]lng tﬁle structure

N CH,
i ™
B/ \§/3 c\—cx,

in substantially pure form.
4. The (R)-enantiomer as defined in Claim 1
having an enantiomeric purity equal to at least
15 99%.
5. A pharmaceutical composition comprising
the (R)-enantiomer as defined in Claim 1 and a
pharmaceutically acceptable carrier therefor.
6. A pharmaceutical combination which
20 comprises the R-enantiomer as defined in Claim 1 in
combination with another hair growth promoting
agent.
7. A method for promoting hair growth which
comprises administering to a human in need of
25 treatment a therapeutically effective amount of the
(R) ~enantiomer of 4-[[(cyanoimino) [(1,2,2-
trimethylpropyl)aminolmethyl]amino]benzonitrile or
a pharmaceutically acceptable salt thereof.
8. The method as defined in Claim 7 wherein
30 the (R)-enantiomer is administered systemically or
topically.
9. The method as defined in Claim 7 wherein
the (R)-enantiomer is administered topically.
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a pharmaceutically acceptable salt thereof. 8. The nmethod as defined in
Claim7 wherein 30 the (R -enantioner is adm nistered systemcally or

t opi cal | y. WD 99108673net hod as defined in Claim7 wherein the p&ASSEIEDISONES
i's adm ni stered topically. 10. The method as defined in Caim?7 wherein

]Ehe (:?) enant : oner | fs adm? ni smﬁeqcémma@;r aaflﬁeaniﬁactjam 7 otion

ormul ation, 1iqui Qr.mu tnent ornul.at.i_on A
method for treati A8 &l ﬁﬁﬁtgﬁﬁ %%@eVWﬁsl#aéﬁﬁﬁ ?gséa8ﬁ1ﬁ|ster|ng to
a human in need ohrEﬁcaﬁbEmulatubanabeuionat¢§muﬁaﬁ$©n|vélqnmdnt of the
R-enanti oner as d ﬂﬁ“{ nti omer of

4- [[(cyan0|n1no) q%%%ﬁﬁffafglg#rlne opy‘é%n1no “met hyl ] ani no] -
benzonitrile of a phar nmetkut |1taﬁ‘3h0&9€cf@é’t sbpating tmalemajiterIB. The
(9)-enant i orer as el Whsehaltindd 460 et 1880RO30CHuRAR | S

corresponding 15 (R)-enantj oner. engnt i defined in
d aim 12 havi ng t H&® 885 O érFéFanFe?rT T%%Qﬁ“9¥? Hé?gﬁFFEFV? pure form
20 15. Th%:x(oﬁhtewtth@naneﬁanﬁeéméue(hs Aedizied i3 Lasimglan

enanti omer i ¢ purity equal, to fle | Agel 93 ohe: A PLEF (RS ERns oS! L on

10 [(1,2,2-trimethylpropyl)aminoimethyl)amino]-
benzonitrile or a pharmaceutically acceptable salt
thereof.

13. The (S)-enantiomer as defined in Claim
12 substantially separated from its corresponding

15 (R)-enantiomer.

14. The (S)-enantiomer as defined in Claim
12 having the structure

Vi
Ve Ve
B
i X [
CH3
in substantially pure form.
20 15. The (S)-enantiomer as defined in Claim

12 having an enantiomeric purity equal to at least
99%.

16. A pharmaceutical composition comprising
the (S)-enantiomer as defined in Claim 12 and a

25 pharmaceutically acceptable carrier therefor.

17. A pharmaceutical combination comprising
the S-enantiomer as defined in Claim 12 in
combination with another hair-growth promoting
agent.

30 18. A method for promoting hair growth
which comprises administering to a human in need of
treatment a therapeutically effective amount of the
(S) ~enantiomer of 4-{[{cyanoimino) [(1,2,2~
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the (S)-enantioner as defined in Claim12 and a 25 pharmaceutically
acceptable carrier therefor. 17. A pharmaceutical conbination conpri sing
the S-enanWOMIB6Hs defined in Caimi2 | n conbi nati on w t h PGTH§I86015

hai r-grow h pronoting agent. 30 A nmet hod for pronoting hair
growt h whi ch conptirieethyipropire) amgnohnatlmhiaarunommumda oent a

Zh[e[?gigﬁhfﬁl In)(;) F%f ﬁgxta;'}ﬁSc@{I??HEI?% %ES éiiérlnaér% @r@#ﬁ am nol benzonitrile
or a pharmaceutical |y ack®pt 881 ined inhe mh:b%l as defined in

G aimi18 wherein heredh eﬂangs?naﬁahﬁlad&nwtm%%wm cal ly or
topically. 20._The method ined,in Caim18 wherein the (S)-enantioner

i s admini stered t§§|s§§F“P-€}ali¥ OFHEORLFALYY as defined in Caim18 10

wherein the (S)-enanti o, lmmimeumaeaeddasmearmnm@mmwuon, | oti on

formul ation, |iqui or.nul or_ointnent formil.ation . A method for
treating mal e pat lwg‘rgﬁeﬂ‘gl 5‘ M%W%b%??s%% & sq:teé:ﬁ g to a human 15

in need of treatntopizalbgr apeutl cally effective amunt of the
(S)-enantioner as definep I n fAifle}da as! Gefined in Claim 18
10 wherein the (S)-enantiomer is administered as a
cream formulation, lotion formulation, liquid
formulation or ointment formulation.
22. A method for treating male pattern
baldness which comprises administering to a human
15 in need of treatment a therapeutically effective
amount of the (S)-enantiomer as defined in Claim
12,

A

- 17 -



