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2. Summary of the related art
Three alpha-1 and three alpha-2 adrenergic receptors have been characterized by
molecular and pharmacological methods. Activation of these alpha receptors evokes

physiological responses with useful therapeutic applications.

Compound, 4-[1-(2,3-dimethylphenyl)ethyl]-3H-imidazole, generically known as,
medetomidine is an alpha 2 adrenergic agonist, for use in the sedation of animals.
The hydrochloride salt of the (S) enantiomer of medetomidine, generically known as
dexmedetomidine, (S) 4-[1-(2,3-dimethylphenyl)ethyl]-3H-imidazole, is also indicated

for use as a sedative or analgesic in cats and dogs.

The metabolite of dexmedetomidine is (S) [3-(1-(1H-imidazol-4-yl)ethyl)-2-
methylphenyl] methanol together with its racemic mixture, compound [3-(1-(1H-
imidazol-4-yl)ethyl)-2-methylphenyl] methanol, are described in the literature in
Journal of Chromatography, (1997), 762(1 + 2), 281-291 by Hui, Y.-H et al.
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I n anot her aspect of the invention, relates to a pharmaceutical conposition
conprising, consisting essentially of, or consisting of a therapeutically
ef fecti vewarmoi3749p ester pro-drugs of (R PCT/US2011/052004
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the parent compound (R) [3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol, is

released to act as a selective modulator of the alpha 2 adrenergic receptors.

These novel compounds are useful for the treatment or prevention of mammals,
including humans, in a range of conditions and diseases that are alleviated by alpha
2A, 2B, 2C activation, including but not limited to treating or preventing glaucoma,
elevated intraocular pressure, ischemic neuropathies, optic neuropathy, pain,
visceral pain, corneal pain, headache pain, migraine, cancer pain, back pain, irritable
bowl syndrome pain, muscle pain and pain associated with diabetic neuropathy, the
treatment of diabetic retinopathy, other retinal degenerative conditions, stroke,
cognitive deficits, neropsychiatric conditions, drug dependence and addiction,
withdrawal of symptoms, obsessive-compulsive disorders, obesity, insulin
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R2 is Hor C1-3 alkyl; R3is H C 1-10 al kyl, heterocycle or aryl; and R
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In a preferred embodiment the present invention relates to ester pro-drugs of (S)-[3-

(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol as alpha-2 agonists with
therapeutic utility. Upon hydrolytic or enzymatic cleavage of the ester functionality
the parent compound, active metabolite, (S)-[3-(1-(1H-imidazol-4-yl)ethyl)-2-
methylphenyl] methanol, is released to act as a selective modulator of the alpha 2

adrenergic receptors.



The term"N' as used herein refers to a nitrogen atom The term "am no" as
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BEINT

Thus, prodrugs are compounds bearing groups which are removed by
biotransformation prior to exhibiting their pharmacological action. Such groups
include moieties which are readily cleaved in vivo from the compound bearing it,
which compound after cleavage remains or becomes pharmacologically active. Such
metabolically cleavable groups form a class well known to practitioners of the art.
They include, but are not limited to such groups as alkanoyl (i.e. acetyl, propionyl,
butyryl, and the like), unsubstituted and substituted carbocyclic aroyl (such as
benzoyl, substituted benzoyl and 1- and 2-naphthoyl), alkoxycarbonyl (such as
ethoxycarbonyl), trialklysilyl (such as trimethyl- and triethylsilyl), monoesters formed
with dicarboxylic acids (such as succinyl), phosphate, sulfate, sulfonate, sulfonyl,
sulfinyl and the like. The compounds bearing the metabolically cleavable groups
have the advantage that they may exhibit improved bioavailability as a result of
enhanced solubility and/or rate of absorption conferred upon the parent compound
5
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(2-tert-butoxycar bonayl am no- 3- et hB/I - butﬁ/rryl%- 1H i m dazol -411] -et hyl | - 2-
h abl ereof,
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y| JaHRers & gy pharméceutically acceptable salt t
-tert-Butoxycar bonyl am no- 3- net hyl - but yryl am no) - 3- net hyl -butyric acid
S)-1- (1Himdazol -4-yl)-etdyl]-2gmeghyl - benzyl ester;

-tert-Butoxycar bonyl am no- dget yl af ng) - 3- net hyl -butyric acid
S)-1-(1 Hi mdazol - 4-yl) - eRhy[] - hyt- benzyl ester;
ert - But oxycar bonyl am no- 3- phenyl - pi oR+N¢ aci d

(S)-1-(1H i mi dazol -4-y1)- ethyl]-2-nethyl-lpgnzyl ester. Some conpounds
of Formula I, Forrmula Il and Fornula Il and sone of their internediates
have at |east one stereogenic centd©OMuld heir structure. This WO

2012/ 03@4&%%07 US2011/ 052004 stereogenic center may be present in an (R) or
(S) contiguration, said (R) and (S) notation is used in correspondence wth
t he rulRSisd¢scO pedlkyln Pure Appli. Chem (1976), 45, 11-13. Conpounds

accor diI%'g' tH'E tE;e prﬁs_ent invention may exist in different polynorphic
forms. ABHOOHR wot'®¥xplicitly indicated in the above formula, such forms
are int | L thin it scope of the present invention.
Conpounl:szgg?’ %gﬂﬁﬁﬁkgpﬁb%gg% E)P:awlb%}%Fornul alll and their salts can be in
t he forlRni€ 1ao stk dtederompicletoriagyli ncl uded within the scope of the present

i nvention. Such solvates include for exanple hydrates, alcoholates and the

i ke. The tm " ph ceut.ical.l able.salts" ref t o t r
conpi e PRTreEShEt R Gk REFEPIEPI G A PorbLEh Pekedfbiie
i denti fli e ie@vRRIANIRamtiBInEShitYirndivVitDaINBasteFediSordBee stk liedlvitioAl p@irascal
effects. The "pharmaceutically acceptable salts" according to the invention
i ncl uddtstingivigyial splyvatasy itadndividuaeystabiarasp s indbyidualiisormars, itsdagikidughi ch
the co F : alll are able to form The
acid aggﬁ#fﬂﬁsggfﬁ5ﬁ%ﬂﬂﬁﬁgp“%ﬁgg%§%%%;'%Sgﬁgﬁﬁﬁpg |, Formula Il or Formula
1l that occurs inits free fopmas gRbagd can be obtained by treating the
free base with an appropriate fcid suth ds a i norgani c acid, for exanple
but not limted to, hydrochl Bi da ydyobyomi ¢ acid, sulfuric acid,
phosphoric acid, nitric acid and the ke, “e an organi c acid such as for
exanple but not limted to, as citric acid, abg@ic acid, oxalic acid,
tartaric acid, succinic acid, malic acid, fumaric acid, ascorbic acid,
benzoi c acid, tannic acid, pal noi cFeandia &l gi nic acid, polyglutam c acid,
napht hal enesul foni ¢ aci d, napt hal enedi sul foni c, and pol ygal acturonic acid
as wel IWR&éfhse addition salts such as those formed with al kali- and
al kal i ngt t .such as sodium potassium and calciumand the |ike
(andbggkggﬁbggg? &kgﬂtical Salts, P.Heinrich Stahal & Cam|lle G Wrnuth
(Eds), Rfeislthgr Bel.yvelkilca Chemica ActaZurich, 2002, 329-345). The conpounds
can al be adm ni stered as pharmaceutically acceptable quaternary salts
35 Bibae <kPRYEaer /i

known 19k PIKYL HEIGTOPYe OF ENYIWAIEh specifical Iy include, but not
Limting; t Hpgppi um salt of the formula -NY+Z-, wherein Y
is hydpggljst‘e%f'@?ll(kylﬂ?{eg?%% %lgyl, ghd Z is a counterion, including but not
limited to, 11 chloride, brom de, iod de, -0-alkyl, toluenesulfonate,

nmet hyl sul fonate, sul fonate, phosphate, or carboxylate (such as funarate,
benzoate, succinate, acetate, glycolate, maleate, nalate, funarate,
citrate, tartrate, ascorbate, benzoate, cinnanpate, nandel oate, benzyl oate,
and di phenyl acetate). In another enbodi nent of the invention, there are

o " o, g, o Y M
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The present invention concerns also the use of a conpound of Formula I,
Formula Il or Formula I1l, or a pharnaceutically acceptable salt thereof,
for the mepubeas9e of a WO 2012/ 037499PCT/ US2011/ 052004 Trasdéicasmnt f or
the therapeutic application. The present invention concerns also the a

met hod for manufacturing a nedi canent intended for therapeutic application
wherei n a conpound having general Forrmula I, Formula Il or Formula |1, or
a pharmaceutically active derivative or salt thereof is used. Since

i ndi vi dual subjects nmay present a wide variation in severity of synptons
and eadh ahothiertespert, sheliiveation Hmraﬂnetprovideaammdmd kaving Fermpukcillse nmode

of adm.pistra and dosage.e or each su t.he

i sor et RoRENRLER En AR TRRT R i e ReetSamers. ik iivchel fidraled 13
COWPOUﬂHdefd%ﬂa| YoluBteB8Nits m@ua%?stfaprommswmdaﬁd@em@&heﬁs itsisiduacapsul e,
powder and the like, or other routes may be desirable or necessary,

par t i cUbeionyersfortenghgraacenticallyf deoeptaie selidhereaf, Such ot her routes may

i ncl ude, without exception, transdermal, parenteral, subcutaneous,
intranasal, via an inplant stept, int @t?gcal intravitreal, topical to the
eye, back to the eye, intranusgglar nt yavenous, and intrarectal nodes of
delivery. The actual anmount ¢f td SeUne 9 be adm ni stered in any given
case will be determ ned by a physi ci into account the relevant

ci rcunstances, such as the severity of the cordjtion, the age and wei ght of
t he patient, the patient's general physical cdhdition, the cause of the
condition, and the route of adnlnlﬁéﬁﬁﬁhqn Addltlonally the formul ations
may be deS|gned to delay rel ease of the active conpound over a given period
of tinmawhereinto carefully control the ambunt of drug rel eased at a given
time d 1nqﬁp gécouks of therapy. Ester pro-drugs of

[ 3-(1-( HS § I)ethyl) 2- met hyl phenyl] nethanol, of (S) [3-

(1- (1HpMsdasplc 45 gm}pthyl) 2- met hyl phenyl ] net hanol or of (R)

[3-(1- (;;Llnldazéi yl ) et hyl)-2-nmet hyl phenyl] nethanol and their
pharnad%u@ﬂ¢d$hyea&&bb@&ﬂb@y@%KW§"ﬁa§n e adm nistered through different

rout es | udi d to topical eye drops, direct injection,
appl|catﬁg§1d98pﬂ%9%%%ﬁggg t éﬂgye or fornulations that may further enhance
the long duration of actions such as a slow rel easing pellet, suspension,
gel , orTrrufllewirgdpatelratstsyprdeldecdssintions afthangrisus thdmicallmaetis thaer y
systen1(DDS) known in the art. VWiile topical admnistration is preferred,

thi s cdhptRiHa thegompesnds of, theyinvantien AR Pge iterded iepPRRlY UAEOBYCr i bed i n
us. P ce. Such

bi ocommaeHt e St ftaioh drf RS AR Eh okl frfbugpee S

[ 3-(1- (1FL|n1dazoI-4-yI)ethyI) 2- met hyl phenyl] nethanol, of (S)

[ 3- ( 1- (The temind@iyl™-a%6 ysqehéngir), -i2 detinen b freiyding resatarabed mon@rva(em}

[3-(1- (i danol i et o 2ol Y LROSEH il BRBShAiofs B 43P
[3-(1- (dridd:dﬁtd@ 14IOYde)r§bﬁ'hkdm8 ﬁf@féiﬁbl@hﬁe)da}bdmbmbndWﬁoréffe)referably
[3-(1-(1Hi m dazol - Xl)eth yl)- 2- met hyl phenyl] met hanol or of [3-(1-(1
Hi mi dazb#-carhon @tome) Mh@loliﬂjl%quthi?@iM@ﬁ(ﬁUbﬁbtuﬁ%bw bt&trptﬂlml de,

of - ug"BPSGuBHeS Y oy Be  FIREEIS OREMA he el PREhERRIREr0 Bl ¢,
U'S. Patzabtny\pibiqabitosy Publiteasiifus ooy G9EBROBL58BlesNacuBB0BAZFESRE, U S

Patent No. 7,297,679; and No. 20070015691; and U.S. Patent Nos. 5,474,979
and 6, St eﬂl@ rﬁ%@Wdﬁ%’i PEaPYsbey!, Sec-tiylc Rentyb ’$%E%"r‘tﬁb|’7ﬁtoe%ﬁﬂ{)é'r Bexy! by

refere es )

[ 3-(1- ?ﬁﬂhe%?dazo P@é?{]b'lgﬁncgf\l IS?RU p %er;[? Iderr’e’?%anc}lll’,tegfbu(tg) /0

[ 3-(1- (prbbylrreﬂlumlrienﬁylr yhe)teylphlehylzQthmLCi}hmtyyl}bummmm Ne2-nudthylR)-
[3-(1-(1H i m dazol | ) - 2- met hyl phenyl] met hanol may be formul ated
wi th eﬂ?PB§c9EﬁﬂWQﬁ%ﬂﬁﬁ%@dH%Bne ts as disclosed in U S. Patent Number
7,491, 383 B2, which is hereby incorporated by reference in its entirety.
Wth respemt ‘heté?@cwl@s@@bséd‘kﬁéfélh HdEfieRf aﬁ%‘ﬁﬁ drémati€ 8FRBH floMatie ounds,
is intended to enconpass that conpound in each of its possible isoneric
forms alitimemearedsnenasyelis oubicyelic ting: coataiiingiphicastoneneteroatom i s ref erred

or epar 0L Rt PERGLT AT RER! s ERbbAP RsBRLRE SR, P GAFBolg B o

l11. The synthetic scheme set forth below, illustrates how compounds
according to the invention can be nade. Those skilled in the art will be
able to routinely nodify and/ or adapt the follow ng schene to synthesize
any conpounds of the invention covered by Fornula I, Fornmula Il or Formula
III. MD 2012/037499PCT/U82011/052004 GEneraI schene for synthe5|2|ng ester

a1 1 o o,




WO 2012/ 037499PCT/ US2011/ 052004 Sim | ar substitutions can be enpl oyed for
N, O and S. The use of isotopes may assist in analytical as well as

t her apeutwo 2appBet98 of the invention. For exanple, use @®CTdS2ei@ns2003 may
increase the in vivo half-life by altering the netabolism (rate) of the
conpounds of the invention. These conpounds can be prepared in accord with
t he preparati ons descri bed by use of isotopically enriched reagents. The

fol l owg ﬁi?%”ﬂbge;fo & &ed 8an gb |Hﬁz%lfy'°\5é ¥Gbé%H%t%89c§:\5/ bﬂf'hbft ilevates (f'PtaIk r]t ended,

nor shoul t hey const rue ention 1 n any ner. Those
ski | I ecarhimot haloget, ¥@(G+ saqjtpyl)sc()él(@)tamastall«yd)l é)t(OQfaeCwmikyﬂmdi\ﬂ-i@(ﬂ)(@n@ of the

foll d h f th
| vent 1B THEBINRUG iRy TS C el B ot S b A B e Rl o5 wer o
gener at|pgitau fohfLﬁQD Sip9Ad; pw\hws tméﬂ nfgo@Ma%lpprm«oﬁﬁolw M@z.ﬁwarrpl es,

characteri zation o ﬁze conpounds i's perfornmed according to the follow ng
met hodéoenzmr@mécqu@obw,eswuooldb@eoaommmobmzomryhmrmu ingalyht room

e or tangely" RSPkt baYCodnsEOn Ry 8RR FRBRERE S0 ERkIE (25 ™ T

cat al yshiadiaxolyh 2h- tkh@d|éZc51§/IhWo$(az<$lth|U|rﬁhQ©ﬂmylb@y’rlcferzmww,‘lﬁﬂil@ﬁ@d from
chenical vendors such as Si gma. Al drich, Fluka, Lancaster, however sone

known rRidRalRERYl QuEReindt é%nthf”df Wﬁpﬁﬁnthmé/' eteridliny Srazpoytidingh Sr s

menti o dur es. Usually the
corrpou% 0 l&ﬁéﬁéﬁ)\[@gﬂﬁ r%n\,\leprﬂgéfod{) r509 @/ﬁBé‘ﬂ—nﬂf mn chr omat ogr aphy.
The f olpyoataigpyiridéawil aeyraoligires, mlplsmwnylrartd'qmpevazmpjl es: DCMIi chl or onet hane
MeOHnet hanol CD30ODdeut er at ed net hanol NH3anmoni a Na2SO4sodi um sul fate
DVFN, N-di rr%t hyl f qr mam d WO 20162%/ 037499PCT/ US2011/ 052004 . 3 nesi um
sul fate Ale |a%b‘§? DE$10 pPE§1IE6d FSJIPHE NS PSbR B0k e&'M? rof orm

MPLCe g r e H Rk PBYn Pyt el t
NELCTIhT SR, o o an e e S

6-10 carbon atoms by removal of one hydrogen atom, such as phenyl or naphtyl.
Aryl groups can optionally be substituted by, but not limited to, C1.¢ alkyl, amino,
halogen, -O(C1.s alkyl), -OC(O)(C1.6 alkyl), -C(O)O(C1 alkyl), -NHC(O)(C1-6 alkyl), -
C(O)NH(C1 alkyl), -S(C1.6 alkyl) groups. Examples include, but are not limited to,
phenyl, naphtyl.

The term “H” as used herein refers to a hydrogen atom.

The term “O” as used herein refers to an oxygen atom.

The term “S” as used herein refers to a sulfur atom.

The term “N” as used herein refers to a nitrogen atom.

The term “amino” as used herein refers to a group of formula —NHa.

The term “amide” as used herein refers to a group of formula —C(O)NH- or -NHC(O)-

The term “halogen”, as used herein refers to an atom of chlorine, bromine, iodine or

fluorine.

The term “carbonyl!” as used herein refers to a group of formula —C=0.

8



RTroom t enper ature Boc-L-ValineN-(tert-Butoxycarbonyl)-L-valine

Boc- d yci neN-(tert-But oxycar bonyl ) gl yci ne

Boc- L- Phewol2al2zo3r49eN- (t er t - But oxycar bonyl ) - L- phenyl al anipag/us@hpsaoochl ori c
acid H20wat er EDO 1-ethyl-3-(3-di methyl am nopropyl) carbodiim de

NaHCO3sodi um bi car bonate Exanple 1 Internediate 1 iso-Butyric acid
3-[(S)-1-(1-isobutyryl-1Him dazol-4-yl)-ethyl] -2-nethyl-benzyl ester To a

sol uti Sha Frasky - LA Qo fh L) & 1 1dr 1 10l
(1. 349, Mkt pé Db ereRe [ eldte Lo BOTRY ¢ TB5{S"

24. 8mmal ), DVAP (780ng, 6.2mmol) and iso-butyryl chloride (2.18g,
20.5mmol ). The resulting mxture was stirred at RT for 16 h, quenched with

H20 and.extractgd wth.et hyl etat e, Jthe ~conpi ned, organi.c layers were
hashed GREHABY Fnds PLorde ety SoEekEn BOR ot et PRTefietRier®  equced
pressurfethjhe residue was purified by MPLC (0% to 40% ethyl acetate in
hexanes) to yield Internediate 1 as a solid. 1HNWR (CD30D, 6 ppm: 1.15
(d, J=7.03Hz, 64, 1.26 (d, 6H J=6.74Kz), 1.56 (d, J=7.03Hz, 3H), 2.34 (s,
3H), 2.GengmlpR”igEONGHs alkylPrefersad Reps C u=alkylaMost prgferrad Ry(ig, ' 1=7. 03Hz,
1H), 5.&3% 2H), 7.07-7.10 (m 2H), 7.12-7.15 (m 1H), 7.31 (s, 1H), 8.35
(s, 1H. 2012/ 037499PCT/ US2011/ 052004 | nternedi ates 2-6 were prepared

ina simlar manner to the nethod described in Exanple 1 starting with
(S) - [ 3-Gandraty Riiisibiz 6 r4-alkylehéigrocyziamet aryl. frefeyidd RetshidnphenyTioe Cacyl

chlorid sed jn each se,and the results are tabulated belowin Table I.
Tabl e 1a?lf3ﬂt@PﬁLBﬁe§?réeq1ﬁﬁ%Hal UPAC nane Acyl chloride 1 NVR (Sol vent; 6 PPm
2 2,2-Dinmethyl -propionic acid

Generally R is C 1.10 alkyl, heterocycle or aryl. Preferred R is methyl, iso-butyl, tert-

butyl, iso-propyl, ethylphenyl, phenyl, 2-amino-1-phenylethyl, 2-(2-amino-3-methyl-
butyrylamino)-2-methyl-prop-1-yl, 1-amino-2-methyl-prop-1-yl, 2-(2-amino-
acetylamino)-2-methyl- prop-1-yl. Most preferred R groups are tert-butyl, iso-propyl.

As used herein, “tautomer” refers to the migration of protons between adjacent single
and double bonds. The tautomerization process is reversible. Compounds
described herein can undergo any possible tautomerization that is within the physical
characteristics of the compound. The following is a tautomerization example that
can occur in compounds described herein:
1 1
%L S
T
NH N .

Compounds of the invention are:
iso-Butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
2,2-Dimethyl-propionic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
Acetic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
Benzoic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
3-Methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
3-Phenyl-propionic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
2-Amino-3-methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl

ester;



Pival oyl chloride (CD30D): 1.19 (s, 9H), 3-{(S)-141-(2,2-dinmethyl- 1.42
(s, 9H), 1.56 (d, propionyl)-1Him dazol-4- J=7.03Hz, 3H), 2.34
yli-ethylwo2ereasmpb- benzyl (s, 3H), 4.42(q, ester J=7PO3RS20118520056. 15( s,
2H), 7.07-7.10 (m 2H), 7.12-7.15 (m

2-(2-Amino-3-methyl-butyrylamino)-3-methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-
ethyl]-2-methyl-benzyl ester;

2-(2-Amino-acetylamino)-3-methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-
methyl-benzyl ester;

2-Amino-3-phenyl-propionic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl
ester.

Intermediates of the invention are:

iso-Butyric acid 3-[(S)-1-(1-iso-butyryl-1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
2,2-Dimethyl-propionic acid 3-{(S)-1-[1-(2,2-dimethyl-propionyl)-1H-imidazol-4-yl]-
ethyl}-2-methyl-benzyl ester;

Acetic acid 3-[(S)-1-(1-acetyl-1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;

Benzoic acid 3-[(S)-1-(1-benzoyl-1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
3-Methyl-butyric acid 2-methyl-3-{(S)-1-[1-(3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-
benzyl ester;

Phenyl-propionic acid 2-methyl-3-{(S)-1-[1-(3-phenyl-propionyl)-1H-imidazol-4-yl]-
ethyl}-benzyl ester;

2-tert-Butoxycarbonylamino-3-methyl-butyric acid 3-{(S)-1-[1-(2-fert-butoxy
carbonylamino-3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-2-methyl-benzyl ester;
2-tert-Butoxycarbonylamino-3-methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-
2-methyl-benzyl ester;
2-(2-tert-Butoxycarbonylamino-3-methyl-butyrylamino)-3-methyl-butyric acid 3-{(S)-1-
[1-(2-tert-butoxycarbonylamino-3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-2-methyl-
benzyl ester;
2-(2-tert-Butoxycarbonylamino-3-methyl-butyrylamino)-3-methyl-butyric acid 3-[(S)-1-
(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
2-(2-tert-Butoxycarbonylamino-acetylamino)-3-methyl-butyric acid 3-[(S)-1-(1H-
imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
2-tert-Butoxycarbonylamino-3-phenyl-propionic acid 3-[(S)-1-(1H-imidazol-4-yl)-
ethyl]-2-methyl-benzyl ester.

Some compounds of Formula |, Formula Il and Formula Ill and some of their

intermediates have at least one stereogenic center in their structure. This

10



1H), 7.33 (s,1H), 8.40 (s,1H). 3 Acetic acid 3-[(S)-1-(1- Acetyl
chloride (CD30D): 1.55 (d, acetyl-1Himdazol-4-yl)- J=7.03Hz, 3H), 2.05
et hyl ] - 2-wethio3benzyl ester (s,3H), 2.33 (s, 3H), PCPRISeEL1BF)0p4
4.39(q, J=7.03Hz,

stereogenic center may be present in an (R) or (S) configuration, said (R) and (S)
notation is used in correspondence with the rules described in Pure Appli. Chem.
(1976), 45, 11-13.

Compounds according to the present invention may exist in different polymorphic
forms. Although not explicitly indicated in the above formula, such forms are
intended to be included within the scope of the present invention.

Compounds of Formula |, Formula Il or Formula Il and their salts can be in the form
of a solvate, which is included within the scope of the present invention. Such

solvates include for example hydrates, alcoholates and the like.

The term “pharmaceutically acceptable salts” refers to salts or complexes that retain
the desired biological activity of the above identified compounds and exhibit minimal
or no undesired toxicological effects. The “pharmaceutically acceptable salts”
according to the invention include therapeutically active, non-toxic base or acid salt

forms, which the compounds of Formula |, Formula Il or Formula Ill are able to form.

The acid addition salt form of a compound of Formula I, Formula Il or Formula Il that
occurs in its free form as a base can be obtained by treating the free base with an
appropriate acid such as an inorganic acid, for example but not limited to,
hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the
like; or an organic acid such as for example but not limited to, as citric acid, acetic
acid, oxalic acid, tartaric acid, succinic acid, malic acid, fumaric acid, ascorbic acid,
benzoic acid, tannic acid, palmoic acid, alginic acid, polyglutamic acid, naphthalene-
sulfonic acid, napthalenedisulfonic, and polygalacturonic acid as well as base
addition salts such as those formed with alkali- and alkaline earth metals such as
sodium, potassium and calcium and the like (Handbook of Pharmaceutical Salts,
P.Heinrich Stahal& Camille G. Wermuth (Eds), Verlag Helvetica Chemica Acta-
Zirich, 2002, 329-345).

The compounds can also be administered as pharmaceutically acceptable
quaternary salts known by those skilled in the art, which specifically include, but not
limiting to the quaternary ammonium salt of the formula -NY*Z", wherein Y is

hydrogen, alkyl, or benzyl, and Z is a counterion, including but not limited to,
11



1H), 5. 15(s, 2H), 7.07-7.10 (m 2H), 7.12-7.15 (m 1H), 7.30
(s,1H), 8.29 (s,1H). 4 Benzoic acid 3-[(S)-1-(1- Benzoyl chloride
(CD30D) : wo3812(w7499benzoyl- 1H i m dazol - 4-y1l) - PCT/US2011/052004

chloride, bromide, iodide, -O-alkyl, toluenesulfonate, methylsulfonate, sulfonate,
phosphate, or carboxylate (such as fumarate, benzoate, succinate, acetate,
glycolate, maleate, malate, fumarate, citrate, tartrate, ascorbate, benzoate,
cinnamoate, mandeloate, benzyloate, and diphenylacetate).

In another embodiment of the invention, there are provided pharmaceutical
compositions including at least one compound of the invention in a pharmaceutically
acceptable carrier thereof. The phrase "pharmaceutically acceptable" means the
carrier, diluent or excipient must be compatible with the other ingredients of the

formulation and not deleterious to the recipient thereof.

Pharmaceutical compositions of the present invention can be used in the form of a
solid, a solution, an emulsion, a dispersion, a patch, a micelle, a liposome, and the
like, wherein the resulting composition contains one or more compounds of the
present invention, as an active ingredient, in admixture with an organic or inorganic
carrier or excipient suitable for enteral or parenteral applications. Invention
compounds may be combined, for example, with the usual non-toxic,
pharmaceutically acceptable carriers for tablets, pellets, capsules, suppositories,
solutions, emulsions, suspensions, and any other form suitable for use. The carriers
which can be used include but are not limited to, glucose, lactose, gum acacia,
gelatin, mannitol, starch paste, magnesium ftrisilicate, talc, corn starch, keratin,
colloidal silica, potato starch, urea, medium chain length triglycerides, dextrans, and
other carriers suitable for use in manufacturing preparations, in solid, semisolid, or
liquid form. In addition auxiliary, stabilizing, thickening and coloring agents and
perfumes may be used. Invention compounds are included in the pharmaceutical
composition in an amount sufficient to produce the desired effect upon the process
or disease condition.

Pharmaceutical compositions containing invention compounds may be in a form

suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily

suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or

syrups or elixirs. Compositions intended for oral use may be prepared according to

any method known in the art for the manufacture of pharmaceutical compositions

and such compositions may contain one or more agents selected from the group
12



J=7.03Hz, 3H), 2.43 ethyl]-2-nmethyl-benzyl (s,3H), 4.46(q, ester:
J=7.03Hz, 1H), 5.41 (s, 2H, 7.11-7.18 (m 2H), 7.27-7.35 (m 2H),
7.42-7.50W0 20(2m374PB)) , 7. 50-7.63 PCT/US2011/052004

consisting of a sweetening agent such as sucrose, lactose, or saccharin, flavoring
agents such as peppermint, oil of wintergreen or cherry, coloring agents and
preserving agents in order to provide pharmaceutically elegant and palatable
preparations. Tablets containing invention compounds in admixture with non-toxic
pharmaceutically acceptable excipients may also be manufactured by known
methods. The excipients used may be, for example, (1) inert diluents such as
calcium carbonate, lactose, calcium phosphate or sodium phosphate; (2) granulating
and disintegrating agents such as corn starch, potato starch or alginic acid; (3)
binding agents such as gum tragacanth, corn starch, gelatin or acacia, and (4)
lubricating agents such as magnesium stearate, stearic acid or talc. The tablets may
be uncoated or they may be coated by known techniques to delay disintegration and
absorption in the gastrointestinal tract and thereby provide a sustained action over a
longer period. For example, a time delay material such as glyceryl monostearate or
glyceryl distearate may be employed. In some cases, formulations for oral use may
be in the form of hard gelatin capsules wherein the invention compounds are mixed
with an inert solid diluent, for example, calcium carbonate, calcium phosphate or
kaolin. They may also be in the form of soft gelatin capsules wherein the invention
compounds are mixed with water or an oil medium, for example, peanut oil, liquid

paraffin or olive oil.

The pharmaceutical compositions may be in the form of a sterile injectable
suspension. This suspension may be formulated according to known methods using
suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example, as a solution in 1,3-
butanediol. Sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be employed including synthetic
mono- or diglycerides, fatty acids (including oleic acid), naturally occurring vegetable
oils like sesame oil, coconut oil, peanut oil, cottonseed oil, etc., or synthetic fatty
vehicles like ethyl oleate or the like. Buffers, preservatives, antioxidants, and the like
can be incorporated as required.

The present invention concerns also the use of a compound of Formula |, Formula Il

or Formula lll, or a pharmaceutically acceptable salt thereof, for the manufacture of a

13



(m 3H), 7.65-7.71 (m 1H), 7.79 (d, J=7.33Hz, 2H), 8.00 (d,
J=7.33Hz, 2H), 8/09 (s, 1H). 5 3-Methyl-butyric acid 2- Methyl but anoyl
(CD30D) : wo2t1a37499met hy1- 3-{(S)-141-(3- chloride PCT/US2011/052004

medicament for the therapeutic application. The present invention concerns also the
a method for manufacturing a medicament intended for therapeutic application
wherein a compound having general Formula |, Formula Il or Formula Ill, or a

pharmaceutically active derivative or salt thereof is used.

Since individual subjects may present a wide variation in severity of symptoms and
each drug has its unique therapeutic characteristics, the precise mode of
administration and dosage employed for each subject is left to the discretion of the
practitioner. The patient will be administered the compound orally in any acceptable
form, such as a tablet, liquid, capsule, powder and the like, or other routes may be
desirable or necessary, particularly if the patient suffers from nausea. Such other
routes may include, without exception, transdermal, parenteral, subcutaneous,
intranasal, via an implant stent, intrathecal, intravitreal, topical to the eye, back to the
eye, intramuscular, intravenous, and intrarectal modes of delivery. The actual
amount of the compound to be administered in any given case will be determined by
a physician taking into account the relevant circumstances, such as the severity of
the condition, the age and weight of the patient, the patient’s general physical
condition, the cause of the condition, and the route of administration. Additionally,
the formulations may be designed to delay release of the active compound over a
given period of time, or to carefully control the amount of drug released at a given
time during the course of therapy.

Ester pro-drugs of [3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol, of (S) [3-
(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol or of (R) [3-(1-(1H-imidazol-4-
ylethyl)-2-methylphenyl] methanol and their pharmaceutically-acceptable salts may
be administered through different routes, including but not limited to topical eye
drops, direct injection, application at the back of the eye or formulations that may
further enhance the long duration of actions such as a slow releasing pellet,
suspension, gel, or sustained delivery devices such as any suitable drug delivery
system (DDS) known in the art. While topical administration is preferred, this
compound may also be used in an intraocular implant as described in U.S. Patent
7,931,909 which is hereby incorporated by reference. Such biocompatible intraocular
implants include ester pro-drugs of [3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl]

14



J=6.44Hz, 6H), 1.01 nethyl-butyryl)-1H (d, J=6.44Hz, 6H),
I m dazol -4-yli-ethyl}-benzyl 1.54 (d, J=7.03Hz, ester 3H), 2.05 (hept,
J=6. 44Hz , WOH)12/B74H5- 2.25 (m 3H), 2.33 WD 2012/ 0372e3RSI41u82Da4/ 052004

methanol, of (S) [3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol or of (R)
[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol and a polymer associated
with ester pro-drugs of [3-(1-(7H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol, of
(S) [3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol or of (R) [3-(1-(1H-
imidazol-4-yl)ethyl)-2-methylphenyl] methanol to facilitate release thereof into an eye

for an extended period of time.

Ophthalmic formulations of drug products are well known in the art and described in,
for example, U.S. Patent Application Publication No. 20050059583; No.
20050277584; U.S. Patent No. 7,297,679; and No. 20070015691; and U.S. Patent
Nos. 5,474,979 and 6,582,718, the disclosures of all which are incorporated herein
by reference. The ester pro-drugs of [3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl]
methanol, of (S) [3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol or of (R)
[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol may be formulated with
efficacy enhancing components as disclosed in U.S. Patent Number 7,491,383 B2,

which is hereby incorporated by reference in its entirety.

With respect to the present invention reference to a compound or compounds, is
intended to encompass that compound in each of its possible isomeric forms and
mixtures thereof unless the particular isomeric form is referred to specifically.

The present invention also concerns a process for preparing the compounds having
general Formula |, Formula Il or Formula Ill.

The synthetic scheme set forth below, illustrates how compounds according to the
invention can be made. Those skilled in the art will be able to routinely modify and/or
adapt the following scheme to synthesize any compounds of the invention covered

by Formula I, Formula Il or Formula III.
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(s,3H), 2.81 (d, J=7.03Hz, 3H), 4.42(q, J=7.03Hz, 1H),5.14(s, 2H),
7.07-7.19 (m 3H), 7.28 (s, 1H), 8.32 (s, 1H). 6 3-Phenyl -propionic
acid 2- PNeryizpmsepanoyl (CD30D): 1.52 (d, nethyl-3-{(SpPCTAIS201185200h] ori de
J=7.03Hz, 3H), 2.24 phenyl-propionyl)-1H (s, 3H), 2.64 (t,

I m dazol -4-yli-ethyl}-benzyl

General scheme for synthesizing ester prodrugs of
(S)-[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol

0
J Q :
N R” “CI/TEA/DMAP :
SaeRw EACAS
N
N DMF/THF l\jz .
(S)-(3-(1-(1H-imidazol-4-yl)ethyl)- intermediate R
2-methylphenyl)methanol
9
MeOH N
— R0 |N\>
H
R3is H

In a first step (S)-[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol (CAS
189255-79-6) can react with the desired acyl chloride, in the presence of N,N-
dimethyl formamide (DMF), tertahydrofuran (THF), triethylamine (TEA) and 4-
dimethyl aminopyridine (DMAP). After a typical work-up by extraction, the residue
can be purified by medium pressure liquid chromatography (MPLC) (0% to 40% ethyl
acetate in hexanes) to yield the intermediate compound as a solid.

In a second step, the intermediate obtained in the first reaction, can react with
methanol (MeOH). The residue can be purified by MPLC (50% ethyl acetate in
hexanes then 5% 7N ammonia/ methanol /dichloromethane) to yield the desired

compound as a solid.

It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the
invention claimed. As used herein, the use of the singular includes the plural unless

specifically stated otherwise.

The present invention includes all pharmaceutically acceptable isotopically enriched
compounds. Any compound of the invention may contain one or more isotopic
atoms enriched or different than the natural ratio such as deuterium ?H (or D) in

place of protium 'H (or H) or use of "> C enriched material in place of '*C and the like.
16



J=7.61 Hz, 2H), 2.90 ester (t, J=7.61 Hz, 2H), 3.04 (t, J=7.61 Hz,
2H), 3.24 (t, J=7.61Hz, 2H), 4.34 (q, J=7.03Hz, 1H), 5.13 (s,

7. 08-

WO 2012/037499 PCT/US2011/052004

Similar substitutions can be employed for N, O and S. The use of isotopes may
assist in analytical as well as therapeutic aspects of the invention. For example, use
of deuterium may increase the in vivo half-life by altering the metabolism (rate) of the
compounds of the invention. These compounds can be prepared in accord with the

preparations described by use of isotopically enriched reagents.

The following examples are for illustrative purposes only and are not intended, nor
should they be construed as limiting the invention in any manner. Those skilled in the
art will appreciate that variations and modifications of the following examples can be

made without exceeding the spirit or scope of the invention.

The IUPAC names of the compounds mentioned in the examples were generated
with ACD version 8.

Unless specified otherwise in the examples, characterization of the compounds is

performed according to the following methods:

NMR spectra are recorded on 300 MHz Varian and acquired at room temperature.
Chemical shifts are given in ppm referenced either to internal TMS or to the residual

solvent signal.

All the reagents, solvents, catalysts for which the synthesis is not described are
purchased from chemical vendors such as Sigma Aldrich, Fluka, Lancaster, however
some known reaction intermediates, for which the CAS registry number is
mentioned, were prepared in-house following known procedures.

Usually the compounds of the invention were purified by flash column
chromatography.

The following abbreviations are used in the examples:

DCM dichloromethane

MeOH methanol

CDsOD deuterated methanol
NHs ammonia

NaxSO4 sodium sulfate

DMF N,N-dimethylformamide

17
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7.248 (m 14H), 8.25
3-[(S)-1- (1Hi ni dazol

(s, 1H).
-4-yl)-ethyl]-2-nethyl-benzyl ester 0= ON N\ H
I nt er redivsibeo/08299di ssol ved in MeOH (50ml) and t he m xPOTASMEI/0S1004 r ed at
RT for 24 h and then concentrated under reduced pressure. The residue was
purified by MPLC (50% et hyl
to yi eId Compound 1 as a solid. 1H NMR (CD30D; 6 ppm:

J=7.03Hz, 3H)

. 42(q, Mgso oo 1H) ma&”ﬁl}‘&%u'%&
7. 12- 7.Bf®Aan 1H)

5. 15(s
7.55 (s,ethylpcetatd 2012/ 037499PCT/ US2011/ 052004 Conpounds
2-6 and he i nvention were ared according to the procedure described
rﬁﬁ)g)l_i by reacting t'figP E ‘$

resul t scpeg tabul ated bel ovgduterk®dd enidrofdaR! € 2 Conp. No. | UPAC name Inter.
No.

Exanmpl e 2 Conpound 1 iso-Butyric acid

acetate in hexanes then 5% 7N NH3! MeOH / DCM )
1.15 (d, J=7.03Hz,
2. 56 (hept, J=7.03Hz, 1H),
s, 7.07-7.10 (m 2H),

pond| ng internmediate with nmethanol. The

MPLC medium pressure liquid chromatography
DMF dimethylformamide

TEA triethylamine

THF tertahydrofuran

DMAP 4-dimethylaminopyridine

RT room temperature

Boc-L-Valine N-(tert-Butoxycarbonyl)-L-valine
Boc-Glycine N-(tert-Butoxycarbonyl)glycine

Boc-L-Phenylalanine
HCI

N-(tert-Butoxycarbonyl)-L-phenylalanine
hydrochloric acid

H,O water

EDCI 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
NaHCOs sodium bicarbonate

Example 1

Intermediate 1

iso-Butyric acid 3-[(S)-1-(1-isobutyryl-1H-imidazol-4-yl)-ethyl]

-2-methyl-benzyl ester

To a solution of (S)-[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol (1.34g,

6.2mmol) in DMF (8ml) and THF (50ml), were added TEA (3.5ml, 24.8mmol), DMAP
(780mg, 6.2mmol) and iso-butyryl chloride (2.18g, 20.5mmol). The resulting mixture
was stirred at RT for 16 h, quenched with H2O and extracted with ethyl acetate. The
combined organic layers were washed with brine, and dried over Na,SO4, and
concentrated under reduced pressure. The residue was purified by MPLC (0% to

40% ethyl acetate in hexanes) to yield Intermediate 1 as a solid.

"H-NMR (CDs0D, & ppm): 1.15 (d, J=7.03Hz, 6H), 1.26 (d, 6H, J=6.74Hz), 1.56 (d,
J=7.03Hz, 3H), 2.34 (s, 3H), 2.58 (hept, J=7.03Hz, 1H), 3.34(hept, J=7.74Hz, 1H),
4.42(q, J=7.03Hz, 1H), 5.15(s, 2H), 7.07-7.10 (m, 2H), 7.12-7.15 (m, 1H), 7.31 (s,
1H), 8.35 (s, 1H).
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INMR (Solvent, 6 ppm) 2 2,2-Dinethyl-propionic acid 3-[(S)-1-(1H i m dazol -

4-y1)-ethyl]-2-nmethyl -benzyl ester 0O N>A0 01 N" H2 (CD30D): 1.19 (s,
OH), 1.54wW0dp120874993Hz, 3H), 2.33 (s, 3H), 4.42 (q, J=7POBHS2011M852006. 13 (s,
2H), 6.70 (s,1H), 7.07-7.10 (m 2H), 7.12-7.15 (m 1H), 7.55 (s, 1H. 3

Acetic acid 3-[(S)-1-(1 H imdazol-4-yl)-ethyl]-2- nethyl-benzyl ester O N

Intermediates 2-6 were prepared in a similar manner to the method described in

Example 1 starting with (S)-[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol.

The acyl chloride used in each case and the results are tabulated below in Table 1.

Table 1
Intermediate IUPAC name Acyl chloride "NMR (Solvent; &
number ppm)

2 2,2-Dimethyl-propionic acid | Pivaloyl chloride | (CD:OD): 1.19 (s, 9H),
3-{(S)-1-[1-(2,2-dimethy!I- 1.42 (s, 9H), 1.56 (d,
propionyl)-1H-imidazol-4- J=7.03Hz, 3H), 2.34
yl]-ethyl}-2-methyl-benzy! (s, 3H), 4.42(q,

ester J=7.03Hz, 1H),
5.15(s, 2H), 7.07-7.10
(m, 2H), 7.12-7.15 (m,
1H), 7.33 (s, 1H), 8.40
(s, 1H).
3 Acetic acid 3-[(S)-1-(1- Acetyl chloride (CD30OD): 1.55 (d,
acetyl-1H-imidazol-4-yl)- J=7.03Hz, 3H), 2.05
ethyl]-2-methyl-benzyl ester (s, 3H), 2.33 (s,
3H), 2.58 (s, 3H),
4.39(q, J=7.03Hz,
1H), 5.15(s, 2H),
7.07-7.10 (m, 2H),
7.12-7.15 (m, 1H),
7.30 (s, 1H), 8.29
(s, 1H).
4 Benzoic acid 3-[(S)-1-(1- Benzoyl chloride | (CDsOD): 1.58 (d,
benzoyl-1H-imidazol-4-yl)- J=7.03Hz, 3H), 2.43
ethyl]-2-methyl-benzyl (s, 3H), 4.46(q,
ester: J=7.03Hz, 1H), 5.41
(s, 2H), 7.11-7.18
(m, 2H), 7.27-7.35
(m, 2H), 7.42-7.50
(m, 2H), 7.50-7.63
(m, 3H), 7.65-7.71
(m, 1H), 7.79 (d,
J=7.33Hz, 2H), 8.00
(d, J=7.33Hz, 2H),
8/09 (s, 1H).
5 3-Methyl-butyric acid 2- Methylbutanoyl | (CDsOD): 0.91 (d,
methyl-3-{(S)-1-[1-(3- chloride J=6.44Hz, 6H), 1.01
methyl-butyryl)-1H- (d, J=6.44Hz, 6H),
imidazol-4-yl]-ethyl}-benzyl 1.54 (d, J=7.03Hz,
ester 3H), 2.05 (hept,
J=6.44Hz, 1H), 2.15-
2.25 (m, 3H), 2.33
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pzd

H3 (CD30D): 1.54 (d, J=7.03Hz, 3H), 2.04 (s H) 2.33 (s,3H), 4.42
=7.03Hz, 1H),5.13 (s, 2H), 6.70 (s,1H), 7.07-7.10 (m 2H), 7.12-7.15
H), wWo2B12(17499H). 4 Benzoic acid 3-[(9)- 1-(1H— PCT/US2011/052004
zol -4-yl)-ethyl]-2- nethyl-benzyl ester O NI1SOSil N\ H 4 (CD30D):
(d, J=7.03Hz, 3H), 2.31 (s,3H), 4.42(q, J=7.03Hz, 1H),5.13 (s, 2H),
(s, 1H), 7.07-7.15 (m 2H), 7.25-7.28 (m 1H), 7.54-7.47 (m 2H),
7. oU (m ZH, 8.0 (Cl, (S, 3H), 2.81 (d,
J=7.03Hz, 3H),
4.42(q, J=7.03Hz,
1H), 5.14(s, 2H),
7.07-7.19 (m, 3H),
7.28 (s, 1H), 8.32 (s,
1H).
6 3-Phenyl-propionic acid 2- | Phenylpropanoy! | (CDsOD): 1.52 (d,

methyl-3-{(S)-1-[1-(3-
phenyl-propionyl)-1H-
imidazol-4-yl]-ethyl}-benzyl
ester

chloride

J=7.03Hz, 3H), 2.24
(s, 3H), 2.64 (t,
J=7.61Hz, 2H), 2.90
(t, J=7.61Hz, 2H),
3.04 (t, J=7.61Hz,
2H),3.24 (t,
J=7.61Hz, 2H), 4.34
(g, J=7.03Hz, 1H),
5.13 (s, 2H), 7.08-
7.248 (m, 14H), 8.25
(s, 1H).

Example 2

Compound 1

iso-Butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester

0
Yo
\

Intermediate 1 was dissolved in MeOH (50ml) and the mixture was stirred at RT for

24 h and then concentrated under reduced pressure. The residue was purified by
MPLC (50% ethyl acetate in hexanes then 5% 7N NHs/ MeOH /DCM ) to yield

Compound 1 as a solid.

"H-NMR (CD;0D; & ppm): 1.15 (d, J=7.03Hz, 6H), 1.54 (d, J=7.03Hz, 3H), 2.33 (s,
3H), 2.56 (hept, J=7.03Hz, 1H), 4.42(q, J=7.03Hz, 1H), 5.15(s, 2H), 6.70 (s, 1H),
7.07-7.10 (m, 2H), 7.12-7.15 (m, 1H), 7.55 (s, 1H).
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J=7.33Hz, 2H). 5 3-Methyl-butyric acid 3-
et hyl]-2-net hyl - benzyl Ester 0 -)Lc)SIN |
J=7. 03Hz, woHp12/8784 (d, J=7.03Hz, 3H), 2.07 (hept, J=7. @8HAS2d1pN52084 21 (d,
J=7.03Hz, 2H), 2.33 (s, 3H), 4.42(q, J=7.03Hz, 1H),5.15(s, 2H), 6.70
(s,1H, 7.07-7.10 (m 2H), 7.12-7.15 (m 1H), 7.55 (s, 1H. 6

[(S)-1-(1Hi ni dazol - 4-y1)-
N\ H5 (CD30D): 0.93 (d,

3- Phenyl - propionic acid 3-

[(S)-1-(1H i m dazol -4-y1) -

et hyl | -@oipidtirdsP282aHd &SthBlinvention were prepared according to the procedure

described in Example 2, by reacting the corresponding intermediate with methanol.

The results are tabulated below in Table 2.

Table 2
Comp. IUPAC name Inter. 'NMR (Solvent, 5 ppm)
No. No.

2 2,2-Dimethyl-propionic 2 (CD3OD): 1.19 (s, 9H), 1.54 (d,
acid 3-[(S)-1-(1H-imidazol- J=7.03Hz, 3H), 2.33 (s, 3H),
4-yl)-ethyl]-2-methyl-benzyl 4.42 (q, J=7.03Hz, 1H), 5.13 (s,

ester 2H), 6.70 (s, 1H), 7.07-7.10 (m,
O z 2H), 7.12-7.15 (m, 1H), 7.55 (s,
N
N
H
3 Acetic acid 3-[(S)-1-(1H- 3 (CD3OD): 1.54 (d, J=7.03Hz,
imidazol-4-yl)-ethyl]-2- 3H), 2.04 (s, 3H), 2.33 (s, 3H),
methyl-benzyl ester 4.42 (q, J=7.03Hz, 1H), 5.13 (s,
o : 2H), 6.70 (s, 1H), 7.07-7.10 (m,
)J\O«@/\EN» 2H), 7.12-7.151 (M, 1H), 7.55 (s,
N H).
H
4 Benzoic acid 3-[(S)-1-(1H- 4 (CD3OD): 1.54 (d, J=7.03Hz,
imidazol-4-yl)-ethyl]-2- 3H), 2.31 (s, 3H), 4.42(q,
methyl-benzyl ester J=7.03Hz, 1H), 5.13 (s, 2H),
O : 6.70 (s, 1H), 7.07-7.15 (m, 2H),
©)Lo«©/\EN\> 7.25-7.28 (m, 1H), 7.54-7.47 (m,
Ly 2H), 7.55-7.60 (m, 2H), 8.0 (d,
Ny J=7.33Hz, 2H).
5 3-Methyl-butyric acid 3- 5 (CDsOD): 0.93 (d, J=7.03Hz,
[(S)-1-(1H-imidazol-4-yl)- 6H), 1.54 (d, J=7.03Hz, 3H),
ethyl]-2-methyl-benzyl 2.07 (hept, J=7.03Hz, 1H), 2.21
Ester (d, J=7.03Hz, 2H), 2.33 (s, 3H),
)\i 4.42(q, J=7.03Hz, 1H), 5.15(s,
o&mﬁ‘\\) 2H), 6.70 (s, 1H), 7.07-7.10 (m,
N 2H), 7.12-7.15 (m, 1H), 7.55 (s,
“ 1H).
6 3-Phenyl-propionic acid 3- 6 (CDsOD): 1.54 (d, J=7.03Hz,
[(S)-1-(1H-imidazol-4-yl)- 3H), 2.23 (s, 3H), 2.65 (t,
ethyl]-2-methyl-benzyl J=7.61Hz, 2H), 2.91 (t,
Ester J=7.61Hz, 2H), 4.40 (q,
J=7.03Hz, 1H), 5.13 (s, 2H),
6.70 (s, 1H), 7.08-7.24 (m, 8H),
7.55 (s, 1H).
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6 (CD30D): 1.54 (d, J=7.03Hz, 3H),2.23 (s,3H), 2.65 (t, J=7.61 Hz, 2H),
2.91 (t, J=7.61 Hz, 2H), 4.40 (g, J=7.03Hz, 1H),5.13 (s, 2H), 6.70 (s, 1H),
7.08-7. 24V0rp128H)4997. 55(s, 1H). WD 2012/ 037499PCT/ US201 PCOABOO4/05804 N

\ H
9
©/\)‘\O/\©/\EN\>
N

N\
H

Example 3
Intermediate 7

2-tert-Butoxycarbonylamino-3-methyl-butyric acid 3-{(S)-1-[1-(2-tert-butoxy
carbonylamino-3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-2-methyl-benzyl ester
To a solution of (S)-[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl] methanol (216mg,
1.0mmol) in DMF (2ml) and THF (12ml) were added EDCI (671mg, 3.5mmol), DMAP
(427mg, 3.5mmol) and Boc-L-Valine (651mg, 3.0mmol) . The mixture was stirred at
RT for 16 h, quenched with H,O and extracted with ethyl acetate. The combined
organic layers were washed with H2O, brine, and dried over Na,SO4, and
concentrated under reduced pressure. The residue was purified by a column
chromatography (30% ethyl acetate in hexanes) to yield Intermediate 7 as white
solid.

"H-NMR (CD;0D; & ppm): 0.85-1.01 (m, 12H), 1.20-1.48 (m, 18H), 1.56 (d,
J=7.03Hz, 3H), 2.01-2.20(m, 2H), 2.35 (s, 3H), 4.03(m, 1H), 4.42 (g, J=7.03Hz,
1H), 4.60-4.65 (m, 1H), 5.15-5.29 (m, 2H), 7.10-7.20 (m, 2H), 7.20-7.25 (m, 1H),
7.33 (s, 1H), 8.44 (s, 1H).

Example 4
Intermediate 8
2-tert-Butoxycarbonylamino-3-methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-
ethyl]-2-methyl-benzyl ester
The title compound was prepared from Intermediate 7 (600mg, 0.98mmol) in 30ml
of MeOH according to the procedure described in Example 2.

"H-NMR (CD30D; & ppm ): 0.85-0.95 (m, 6H), 1.42 (m, 9H), 1.54 (d, J=7.03Hz, 3H),
2.05 (m, 1H), 2.33 (s, 3H), 4.00 (d, J=6.15Hz, 1H), 4.40 (q, J=7.03Hz, 1H), 5.15-
5.28 (m, 2H), 6.67 (s, 1H), 7.10-7.20 (m, 2H), 7.20-7.25 (m, 1H), 7.55 (s, 1H).
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Exanple 3 Internediate 7 2-tert-Butoxycarbonyl am no-3-nethyl -butyric acid
3-{(S)-1-[1-(2-tert-but oxy

car bonyl awDreor233m@p hyl - but yryl) - 1H i mi dazol - 4- y1] - et hyl pCZAISea1thps20benzyl
ester To a solution of (S)43-(1-(1H i m dazol-4-yl)ethyl)-2-nmethyl phenyl]

met hanol (216ng, 1.0mmol) in DWVF (2nl) and THF (12ml) were added EDO (671
ng, 3.5mmol), DVAP (427ng, 3.5mmol) and Boc-L-Valine (651 ng, 3.0muol)

The m xture was stirred at RT for 16 h, guenched with H20 and extracted
with ethyl acetate. The conbined organic | ayers were washed wi th H20,

brine, and i pd over Na2SO4, and concentrated under reduced pressure. The
residu [ﬁj ified by a col um chronmat ography (30% ethyl acetate in
hexanes) to yield Internediate 7 ggmmiljmj srol id. 1H NWVR (CD30D;, 6 ppm:
0.85-1.01 (m _12H), 1.20-1.48 ( Sﬂ J=7.03Hz, 3H)

2.01-2.20(m 244mino- ésnewylmtyrmam&r[(&)ﬁﬂ -(1h-upidagol-4-yi)- ethaﬂi 1H),
4.60-4.65 (m 1H), 5.15-5.29 (Z'rmezwlbenme'stet) (m 2H), 7.20-7.25 (m 1H),
7.33 (s, 1H), 8.44 (s, 1H). Exarrple 4 Internmediate 8

2-tert - But oxycar bonyl am no- 3- | - butyyri< acid

3-[(S)-1-(1Him dazol -4-yl)- - AR Ay -m)enzyl ester The title
conpound was prepared from|l nt &} rred| @ (\Oo}rg, 0.98mmol ) in 30nmL of MeOH
according to the procedure descrlgoed i WExa npNe 2. 1H- NWR (CD30D; 6 ppm):
0.85-0.95 (m 6H), 1.42 (m 9H), 1.54 (d, J=7.03Hz, 3H), 2.05 (m 1H), 2.33

br "6, b9 Ipoinigyiareh (90hg 0 o e gty Fictin fichend Ban) 381 5T g

2012/ o3és@|9ﬁ>@tbms@ams)§mﬁ@@namaﬁpr é HBs Gbepmwedcﬁe(?mml-ﬂ\gﬁ) memmahyed butyric

id 3- 1H -4-y1 h
ot er netihpadadERREe s Pdeabincv iR b PR 2ERES Bra) © The
resul tidmorofirH. TR ARRDIBEY rdr@%léqﬁ% Wre‘@n@ﬂ%ve? F%Bsgée@ﬁ@één&éﬁtfbtégo

neutralized with aqueous satUrate extract with 25% i sopr opyl
al coholurider céducast piessurehd hegebidnedvas glam‘leﬂ bsagenowmeucbramai@gran}rm( 254,

d Th ified b
ot urm AR NAREOHBIEMTE S IRRRHRT ST ESPe: o Conpound 7 ax whi t e
solid. 1H NVR (CD30D, 6 ppm): 0.85 (d, J 6. 74Hz, 3H), 0.91 (d, J=6.74Hz,

3H), 1514NMR (@Bzo%Bprrﬁ)-l)asa(c%J:ehmnz 3149607941%,, JiBi)MI-& 3BI)($543(UD 3.28

(d, J= 1H) (s, 1H),
7.10-7. Jf’Z Q$h| 2’1'1)) 179§éhe§t Q66(7HﬁZ1|’1+H) 2 @5(8( §H),1$4)28 (E*xém%?éHG 2H1)ermed| ate
° 4.42 (q, J=7.03Hz, 1H), 5.20-5.25 (m, 2H), 6.67 (s, 1H), 7.10-7.12 (m, 2H), 7.13-

7.20 (m, 1H), 7.55 (s, 1H).

Example 6
Intermediate 9
2-(2-tert-Butoxycarbonylamino-3-methyl-butyrylamino)-3-methyl-butyric acid 3-
{(S)-1-[1-(2-tert-butoxycarbonylamino-3-methyl-butyryl)-1 H-imidazol-4-yl]-
ethyl}-2-methyl-benzyl ester
The title compound was prepared from Compound 7 (490mg, 1.55mmol), Boc-L-
Valine (1.01g, 4.67mmol), EDCI (1.04g, 5.42mmol) and DMAP (671mg, 5.5mmol)

according to the procedure described in Example 3.

"H-NMR (CDs0D; & ppm): 0.85-0.92 (m, 12H), 1.43 (s, 9H), 1.55 (d, J=7.03Hz, 3H),
1.97 (m, 1H), 2.14 (hept, J=6.60Hz, 1H), 2.35 (s, 3H), 3.88 (d, J=7.30Hz,, 1H), 4.35
(d, J=6.90Hz, 1H), 4.42(, d, J=7.03Hz, 1H), 5.18-5.25 (m, 2H), 6.67 (s, 1H), 7.10-
7.15 (m, 2H),7/17-7.20 (m, 1H), 7.55 (s, 1H).
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2- (2-tert-Butoxycarbonyl am no- 3-net hyl - but yryl am no) - 3-net hyl -butyric acid
3-

{(S) - 1- 0-wo-20eva374%at oxycar bonyl am no- 3- net hyl - but yry1l) - PEHiUsR@ansioodt- yl i -
et hyl }-2-met hyl - benzyl ester The title conpound was prepared from Conpound
7 (490ng, 1.55mmol), Boc-LValine (1.01g, 4.67mmol), EDO (1.04g, 5.42mol)
and DVAP (671ng, 5.5mmol) according to the procedure described in Exanple
3. 1H- NWR (CD30D; 6 ppm: 0.85-0.92 (m 12H), 1.43 (s, 9H), 1.55 (d,

J=7. 03Hz, 3H) 1.97 (m 1H), 2.14 (hept, J=6.60Hz, 1H), 2.35 (s, 3H), 3.88
(d, J=7 3 %H) 4.35 (d, J=6.90Hz, 1H), 4.42(, d, J=7.03Hz, 1H),
5.18-5. r{'m , 6.67 (s, 1H), 7.10- 7.15 (m 2H),7/17-7.20 (m 1H), 7.55
(s, 1H. WO 2012/ 037499PCT/ US20thtéithedixde Beanpl e 7 Internedi ate 10

2- (2-tert - But oxycar bonyl am no- 3- net hél -butyrthlgg_m nog 3-nethyl -butyric acid
t

3- [ ( S)2-(2-tent:Byfoxyearbanylamiseti;methyllbu -;athyl- tmtyrtq acid 3-
conpound was prepaﬁ&%d-(‘rﬂﬂﬂnlldnmlrkul)a&tbyﬂ- -neghyl-beng@aatey in 30nl of MeOH
according to the procedure described in Exanple 2. 1H NVR (CD30D; 6 ppm:

0. 89 (dihe titleyedmpatiad waid)prepared ffem Iatermel_diate 9(075Gmg 3BEMMGIHin 30mi 4

hept 1 2..33 3 3.74 35-4.55 2 5.20
(. 2090 M@ Fegordihy 168 picentid pstufied i ot 1y 7 65 (s, 11y
Exanpl e 8 Conpound 8 2-(2- Ami no- 3- et hyl - butyryl am no) - 3-met hyl -butyric
SCI d 3-H- NMFHFCDEBDTBW) osem QEMOIHZ oM hyld-(eeory1.851(@rJIMB3H0 N) - L

he titl e conpound was prefared fromlnternedi ate 10 (450ny,

0. 87mm3|‘j) 2l BhePs =0 Hidz/ Til b Xahe (Sac¥idh & fh(S @Hné-Sorbeedit 2Hled8 @i bed i n

Exanpl e.5; 91 (d,

e Paie 2y 8RS R 10T BEh: %&38751%2%5]% S5 pE Canfh®T §0 (.
J=7.03Hz, 3H), 194(hept J=5. 2Hz, 2.14 (hept, J=6.2Hz, 1H), 2.33 (s,
3H), 3.Bariple 8=5.2Hz, 1H), 4.34 (d, J 6.2Hz, 1H), 4.42(q, J=7.03Hz, 1H),
?55,21_1%_26&2]@%?’9 6.67 (s, 1H), éb%noﬁgunldss(m 2H), 7.18-7.20 (m 1H), 7.55

2-(2-Amino-3-methyl-butyrylamino)-3-methyl-butyric acid 3-[(S)-1-(1H-imidazol-
4-yl)-ethyl]-2-methyl-benzyl ester

1eearat]

The title compound was prepared from Intermediate 10 (450mg, 0.87mmol) in 8ml
of 4N HCl/Dioxane according to the procedure described in Example 5.

"H-NMR (CD0D; & ppm): 0.85 (d, J=7.03Hz, 3H), 0.91 (d, J=6.74Hz, 3H), 0.92 (d,
J=7.3Hz. 3H), 1.14 (d, J=6.2Hz, 3H), 1.54 (d, J=7.03Hz, 3H), 1.94 (hept, J=5.2Hz,
1H), 2.14 (hept, J=6.2Hz, 1H), 2.33 (s, 3H), 3.18 (d, J=5.2Hz, 1H), 4.34 (d, J=6.2Hz,
1H), 4.42(q, J=7.03Hz, 1H), 5.21-5.26 (M, 2H), 6.67 (s, 1H), 7.10-7.15 (m, 2H),
7.18-7.20 (m, 1H), 7.55 (s, 1H).

Example 9
Intermediate 11

2-(2-tert-Butoxycarbonylamino-acetylamino)-3-methyl-butyric acid 3-[(S)-1-(1H-
imidazol-4-yl)-ethyl]-2-methyl-benzyl ester
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Internediate 11 2-(2-tert-Butoxycarbonyl am no-acetyl am no) - 3- net hyl - butyric
acid 3-[(S)-1-(1 H imdazol-4-yl)-ethyl]-2-nethyl-benzyl ester The title
conpound waxorespaved from Conpound 8 (405ng, 1. 28mmol ) PCBaASA 1052984 67507,
3.86mmol ), EDCI (859ngy, 4.48mmol) and DVAP(547ngy, 4.48mmol) according to the
procedure described in Exanple 3. The title conmpound was purified by col um
chr onmat ography using 5% 7N NH3/ MeOH in DCM . 1H NWR (CD30D; 6 pprr): 0. 89

Eﬁepf_ 1=6. 74,9@%8}1@(1 aéasgrﬂ'etaére@ fﬁ?rﬁzc %@o&#} 46%9‘2f§ﬁ§?ﬁ34 - 2.14

J=7. 03HalycibiEl§7 Bng@,08.86amnglin ERENS58me7 4 (A8mrbbl) and. DBIAP.(227 gy 4 28mmadl) 13-
7.20 1H). . 95 : . EX I Co Q.. .

2 C2- cebiding o M is 04l ot R6 o Fxamale, 4 The 1§ campaund peg.avefed. 1)
ethyl] - é@aﬁmlcmew%grg? USH? B2IN7K NHI MO iTbeNitl e conpound was
prepared fromInterne 11 ('320ny, 0.68mmol ) wi th 10nml of 4N HCl / D oxane

accordi,ng the procedure described in Exanép . 1IH-NWVR (CD30D;, 6 ppm: 0.89
(d, J= el-ghl éﬁ)sOD@gqpmHO&&ﬁd AEGz/ 4 H) H)201941 (Ondpb,74kizs 3705518y , 2. 33

(s, 3H , ( = (m 2H),
6.67 (s J W ﬁi)eiﬁl(%%?ﬁ]r]?t%‘m%’ @ ?%(— (m H)371¢? gS%( ZSII;‘)%B Exanpl e
11 Int eﬁrmﬁ((d; JEE.OBHZ 1Ha)r 5. BU6 R0/ @A 219)) Wl.an{9) 01 3), r?hGUJLYH-ZJ(m,m"Iﬂnl?m@eCi d
3-1(9S)- 1H i m dazol 1)-ethyl]-2-nmethyl -benzyl ester The title
corrpoun7d2 9, Hép%ﬁédsrrbﬁr(S)m (1- (1Hi mi dazol - 4-yl ) et hyl ) - 2-

met hyl phenyl ] nethanol (216ng, 1.0mmvl), Boc-L-Phenyl al ani ne(795nyg,

3. 0molg ,{jgg @/1mg, 3.5mmol) and DMAP(427ng, 3.5mml) according to the
procedure scribed in Exanple 3. Internediate 12 was purified by a col umm
chromat ogr aphy usi ng 35-100% et hyCoaymund9i n hexane.

2012/ 0374 /USZOll 52004 aD; 6 55 (d,
327 03re. 4gAmiNGgoetylamino)- -rg'%r% caf Qﬁg%rzﬁﬁ migazgtLyipiy ¢
Conpound 10 2- Ami no- 3- pheny?th(le n&yl ester
3-[(S)-1-(1Him dazol -4-yl)- eth rrethl-

H2N/\n/ “é/\t

The title compound was prepared from Intermediate 11 (320mg, 0.68mmol) with
10ml of 4N HCI/Dioxane according the procedure described in Example 5.

"H-NMR (CD;0D; & ppm): 0.89 (d, J=6.74Hz, 3H), 0.91 (d, J=6.74Hz, 3H), 2.14
(hept, J=6.74Hz, 1H), 2.33 (s, 3H), 4.37 (d, J=5.90Hz, 1H), 4.42(q, J=7.03Hz, 1H),
5.20-5.25 (m, 2H), 6.67 (s, 1H), 7.10-7.12 (m, 2H), 7.13-7.20 (m, 1H), 7.55 (s, 1H).

Example 11
Intermediate 12
2-tert-Butoxycarbonylamino-3-phenyl-propionic acid 3-[(S)-1-(1H-imidazol-4-
yl)-ethyl]-2-methyl-benzyl ester

The title compound was prepared from (S)-[3-(1-(1H-imidazol-4-yl)ethyl)-2-
methylphenyl] methanol (216mg, 1.0mmol), Boc-L-Phenylalanine(795mg, 3.0mmol),
EDCI(671mg, 3.5mmol) and DMAP(427mg, 3.5mmol) according to the procedure
described in Example 3. Intermediate 12 was purified by a column chromatography
using 35-100% ethyl acetate in hexane.
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benzyl ester O O NH2 The title conpound was prepared fromlInternediate 12
(240ng, 0.52mmvol) with 8ml of 4N HC /D oxane according to the procedure
descri bedwOrro2xambe 5. 1H NVR (CD30D; 6 ppm: 1.54 (d, POFUSOBHD5208H), 2. 26
(s, 3H, 2.90-3.00 (m 2H), 3.73 (t, J=6.40Hz, 1H), 4.40(q, J=7.03Hz, 1H),
5.13-5.18(m 2H), 6.68 (s, 1H), 7.08- 7.12 (m 5H), 7.13-7.22 (m 3H), 7.55
(s, 1H). The follow ng assay was used to denonstrate the potency and

sel ectiny [ ta th e 185 FLI PR
Ca+2 | nﬁ f}x’(" AEEE’E@HC&'Q%P?Z????{ bﬁ]gﬁe pFJegs(?:?’ﬁrg ?ﬁg go 85{%2 al A recept or,
human aZ.BﬁMZAHI)e&%EIbM@mm Hhed 8B(metHE 43 @aoter 0387, 3H)abel fisa2ldy in

pol y- D ine 4- we ) 20,000 - 40,000 cells per well and
gr own oé/égl(ﬁgﬂﬁ?l S%I\/E%f é@pb"%ﬁ%ﬁ%% 3}% 10% fetal bovine serum For FLIPR
(fluoronmetric inmage plate reader) evaluation, cells are washed twice with
HBSS/ HEPES Buffer (1X Hanks Buffered Salt Sol ution, 20 mM HEPES, pH 7.4)
prior tExampleatiditi on of Fluo-4-AM (4 uM Fluo-4-AM 0.04% pluronic acid in
HBSS/ HEPES Buffer), a cal cium serzﬁrhb§ﬁ gyﬁ) Cells are | oaded with dye for
40 nminutes at 37C, then washed 4 Wt HBSS/ HEPES Buffer. For both the
agoni st 2nAmanG 3Ry 1-Bopivnid S6idtBHS) coMHimittazol4-yipstiegl] 2einetieyl- 0. 64 nM
-10,000 nM  For an agoni st assaypehfl éft@ption is initiat ed by the

addi tion of the appropriate diluihons” of conpounds and the transient

cal cium signal captured. The peak hei ght Df the cal ciumcurve is determ ned
and utilized for calcul S yINysi ng Acti vityBase.

Nor epi nephrine is the 4 dard eval uati ng al pha-1 and
al pha-2 receptor activi For I\&HZant agORL~ N the addition of the
drug does not elicit a transient cal ciumsignal. Howgver, the antagoni st

bl ocks the transient calciumsignal of the standard ‘agoni st norepinephrine
in a dose-dependent manner. The residual norepi nephrine peak height is
conpar €thd titlé bempound Maagrepaesd ﬂr@meln'témpéduiatuaw(emmm 0b2nfros!) it

determ nation of (Yo anta onism_ Tabl e In Vitro Pharnacol ogy of

(S) 43- Emlafidh mMdddexang 9 §C§9H‘>‘Blt)3 t@rﬁ’é‘?@%ﬂ%ﬁé‘ﬁ%ﬂ'b@ﬁa%ﬁwpﬁ its prodrugs
at adrenergic receptor subtypes Entry Conpound Nunmber FLI PR Assay alA a2A

1 Bri mopj_divire (€B0B*8%bdM): 3)54 (d, J=7.03Hz, 3H), 2.26 (s, 3H), 2.90-3.00 (m, 2H),
3.73 (t, J=6.40Hz, 1H), 4.40(q, J=7.03Hz, 1H), 5.13-5.18(m, 2H), 6.68 (s, 1H), 7.08-
7.12 (m, 5H), 7.13-7.22 (m, 3H), 7.55 (s, 1H).

The following assay was used to demonstrate the potency and selectivity of the

compounds according to the invention.

Example 13
FLIPR Ca*? Influx Assay

HEK 293 cells stably expressing the bovine a1a receptor, human alpha 2A receptor
and the chimeric G protein Gy, are plated in poly-D-lysine coated 384-well plates at
20,000 — 40,000 cells per well and grown overnight in DMEM supplemented with
10% fetal bovine serum. For FLIPR (fluorometric image plate reader) evaluation,
cells are washed twice with HBSS/HEPES Buffer (1X Hanks Buffered Salt Solution,
20 mM HEPES, pH 7.4) prior to the addition of Fluo-4-AM (4 uM Fluo-4-AM, 0.04%
pluronic acid in HBSS/HEPES Buffer), a calcium-sensitive dye. Cells are loaded
with dye for 40 minutes at 37°C, then washed 4 times with HBSS/HEPE S Buffer. For
both the agonist and antagonist assay, the test compounds are tested between 0.64

nM — 10,000 nM.
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5 (0.95) 2 (S)43-(1-(1Himdazol-4- yl)ethyl)-2- methyl phenyl] nethanol
340-2400 (0.7) 25 (0.9) 3 Conpound 1 n/a n/a 4 Conpound 2 n/a n/fa EC50
(eff) nMwola12/dset99acti ve What is clainmed is: 1. A conpeamassediimszonul a |,
its individual enantioners, its individual diastereoisoners, its hydrates,
its solvates, its crystal fornms, its individual isoners, its individual
tautoners or a pharmaceutically acceptable salt thereof, OR2Z RL RAON 1 N\

For an agonist assay, the reaction is initiated by the addition of the appropriate
dilutions of compounds and the transient calcium signal captured. The peak height
of the calcium curve is determined and utilized for calculation of ECsp and efficacy
using ActivityBase. Norepinephrine is the standard full agonist used for evaluating

alpha-1 and alpha-2 receptor activity.

For an antagonist assay, the addition of the drug does not elicit a transient calcium
signal. However, the antagonist blocks the transient calcium signal of the standard
agonist norepinephrine in a dose-dependent manner. The residual norepinephrine
peak height is compared to the non-antagonized norepinephrine peak height for the

determination of % antagonism.

Table 3

In Vitro Pharmacology of (S)-[3-(1-(1H-imidazol-4-yl)ethyl)-2-methylphenyl]
methanol and its prodrugs at adrenergic receptor subtypes

Entry Compound Number FLIPR Assay
alA a2A
1 Brimonidine 600-2400 (0.3) 5 (0.95)
(S)-[3-(1-(1H-imidazol-4- | 340-2400 (0.7) 25 (0.9)
yl)ethyl)-2-
methylphenyl]
methanol
3 Compound 1 n/a n/a
4 Compound 2 n/a n/a

EC50 (eff) nM. n/a: Not active
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R3 Formula | wherein RLis Hor C1-3 alkyl; R2Zis Hor C1-3 alkyl; R3is
H C 1-10 al kyl, heterocycle or aryl; and Ris C 1-10 al kyl, heterocycle or
aryl . 2. Avoanpasng9according to claim1 of Fornula I, PCS/USpaitoszd0al

di astereoi soners, its hydrates, its solvates, its crystal forns, its

i ndi vidual isoners, its individual tautoners or a pharmaceutically
acceptable salt thereof, ORZ RL RAON N\ R3 Fornula Il wherein RLis Hor C
1 3 al r C1-3 alkyl; R3is H C 1-10 al kyl, heterocycle or
aryl : Whathfcslé%nélé I%O al kyl, heterocycle or aryl. WO

2012/ 037499PCT/ US2011/ 052004 3. A conpound according to claim1l of Formula
111, itslindh cbmp@mémairlfpirmu’abjtsiim@viﬂuai enahio@mersaits mdadduaners, its
hydrates,. its solvates, ,its crystal, for it |nd|v ner.s

el vi adipsteled SRt ds eBaE el T chisla Py SR RER e S ore R

RAO I N Nts individual tautomers or a pharmaceutically acceptable salt thereof,

)(J)\ RZ R
N
BaCa s
N
\R3
Formula |

wherein

R"is Hor C 1.3 alkyl;

R?is Hor C 1.3 alkyl;

R%is H, C 1.1 alkyl, heterocycle or aryl; and
R is C 1.10 alkyl, heterocycle or aryl.

2. A compound according to claim 1 of Formula Il, its individual
diastereoisomers, its hydrates, its solvates, its crystal forms, its individual isomers,
its individual tautomers or a pharmaceutically acceptable salt thereof,

o) R2 81

PN

~_-N
R0 B

Formula Il
wherein
R"is Hor C 1.5 alkyl;
R?is Hor C 1.3 alkyl;
R%is H, C 1.1 alkyl, heterocycle or aryl; and
R is C 1.10 alkyl, heterocycle or aryl.
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\' RB Formula I'll wherein RLis Hor C1-3 alkyl; R2is Hor C 1-3 alkyl; R3
is H C 1-10 alkyl, heterocycle or aryl; and Ris C 1-10 al kyl, heterocycle
or aryl. wWo22083meund according to claim 2, wherein RLPCI/US2aH4B58bKyl, R2
is Cl-3 alkyl RBis Hand Ris C 1-10 al kyl. 5. A conpound according to
claim2, wherein RLis nmethyl, R2 is nmethyl, R3is Hand Ris 01-4 alkyl.

6. A conpound according to claim2 selected from iso-Butyric acid

(3) n':e}% 5“1/:751 b&g@?gﬁlbgﬁcéfﬁdnﬂd‘é{lb]ma SRS UIR N3l in&RIdRI enantiomers, its

(S)- 1md muahﬁcasimomgrsemsmyqramsm rsplvabemztw crestakbiormacits indiadual

(

S) - 1H-| 2- et h zyl est nzoi ¢ acid
()~ 15pTrS B Bidial Fdodery pl  phaarAgruely peodtbBle satREnh hutyri ¢
cid 3-[(9)-1-(1Him dazol -4-y1)-ethyl]-2-nmethyl -benzyl ester;

3- Phenyl - propi onicacid3-[(S)-1-(1Him dazol -4-yl)-ethyl]-2- rret hyl - benzyl
ester; o) R? R!

2- Anmi no- 3- met hyl - but yri caci d3-M( S)<1-41Hm flazol -4-y1)-ethyl]-2-nmethyl -
benzyl ester; 29 WO 2012/ 03R49$PCT 1171p53004

2-(2-Am'no-3-rrethy| but yryl am no) - 3- yl - yrlc acid 3-[(95)-1-(1

H m dazol -4-yl)-ethyl]-2-nethyl -benzyl ester;

2- (2- Am no- acetyl am no) - 3-nmet hyl - butyric aci d |§ [(S)-1-(1H i m dazol -4-y1) -
et hyl ] - 2- net hyl - benzyl ester; and FormulaaHlAni no- 3- phenyl - propi oni ¢ acid
3-[(S)-1- (1H—| m dazol -4-y1) - et hyl ] - 2- net hyl benzyl ester. 7.A conpound
according to r&qgr}n 2 selected from

R'is Hor C 13 alkyl;

R?is Hor C 1.3 alkyl;
R%is H, C 1.1 alkyl, heterocycle or aryl; and

3-[
2,2
3-[
3-[
3-[
aci

R is C 1.10 alkyl, heterocycle or aryl.

4. A compound according to claim 2, wherein R' is C 1.3 alkyl, R?is C 1.3 alkyl R®
is
Hand Ris C 1.10 aIkyI

5. A compound according to claim 2, wherein R' is methyl, R? is methyl, R® is H
and Ris Ci4 aIkyI.

6. A compound according to claim 2 selected from:

iso-Butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;

2,2-Dimethyl-propionic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl
ester;

Acetic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;

Benzoic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;

3-Methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;

3-Phenyl-propionic  acid  3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl
ester;

2-Amino-3-methyl-butyric acid  3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-
benzyl ester;
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i so-Butyric acid
3-[(S)-1-(1-iso-butyryl-1H i m dazol -4-y1l)-ethyl]-2-nethyl -benzyl ester;
2, 2- Di metwWol20wspisoni ¢ aci d PCT/US2011/052004
3-{(S)-1-[1-(2, 2-di net hyl - propi onyl) - 1H i m dazol 411] - et hyl | - 2- et hyl - benzyl
ester; Acetic acid 3-[(S)-1 -(1 -acetyl-1

i m dazol -4-yl)-ethyl]-2-nmethyl-benzyl ester; Benzoic acid 3-[(S)-1 -(1
-benzoyl -1 H_jg1 |- A : vl { (S 1-(1H-
e - bu%&%ﬂg@? 3 MYy oetHYiahiie B ihethy EMEME a8RE £5(S)-1-(1H

2- met hyimidaZo(-8)yl tefrid]¢3methylydenayt gstet) - 1H- i m dazol - 411] - et hyl | - benzyl
ester; nyl - propioni c.acid , . _
2 et hyL- - (B At na HeSBUREIG) b bricasd Arle b AIMAIR r Yienzy
ester; eth I!L-Z-rﬁefﬁi‘fr-beﬁkﬁll%%i@r?éﬁ@nw am no- 3-net hyl -butyric acid
3-{(S)-1-¥ -(2-teért-butoxy o
car bonyl ani rbAginethghemlipyerianicaeid Bi6R)zbi(1H4-imidazel-fy petmptlidmebtarizy |
ester; %ﬁi ert - But oxycar bonyl am no- 3- et hyl -butyric acid
3-1(9) bP”HLE ‘dazol -4-yl)- ethyl]-2-nethyl-benzyl ester;
2- (2-tert-Butoxycarbonyl am no- 3-net hyl - but yryl am no) - 3-net hyl -butyric acid
-{(S)-1-[1-(2-tert-butoxycarbonyl am no- 3-net hyl - butyryl)-1H i m dazol -411] -
t hyl | -f2- el ﬁgmp@gﬁgﬁccgg:{nag to claim 2 selected from:

(

-(2- -B laeNoe- 3-; o) ' - ' id
109 1- (T B S T P D BB N eRioehiy =
2- ( 2- t egsterBBut oxycar bonyl am no- acet yl am no) - 3-net hyl -butyric acid 3-[(S)-1-
I1Himd | -4-y1)-ethyl]-2-methyl - I ter. d . -
1 or - But ox e BN APHBNS TS B o1 Gri S e ropioSy ) 1A-TPiSBRPkaz ol - 4-
yl)-et W@-‘e@}ﬂj@-‘?ﬂéthgﬁﬁéﬂim gsfepr. WO 2012/ 037499PCT/ US2011/ 052004 8. A
i cal [ ’

phar nace conposition conprising as active ingredient a
t her apeut i cadeticefdia 8t[{ S)e1-dagatyl-dfH-mideng etpig-adfiyFamnethsl-berd? eRErRAON N

E? Eorl_mﬂ)aa:ﬁzﬁﬁﬁi@&g%@iﬂ21%erﬁzro&[-?/—@hﬁéféiol-'igwB-Seth'§|]9é-m%t%§/|§oearm'z‘§/¥'; R3 is
ester;
3-Methyl-butyric acid 2-methyl-3-{(S)-1-[1-(3-methyl-butyryl)-1H-imidazol-4-yl]-
ethyl}-benzyl ester;

3
e
2
3

Phenyl-propionic acid 2-methyl-3-{(S)-1-[1-(3-phenyl-propionyl)-1H-imidazol-
4-yl]-ethyl}-benzyl ester;
2-tert-Butoxycarbonylamino-3-methyl-butyric acid 3-{(S)-1-[1-(2-fert-butoxy
carbonylamino-3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-2-methyl-benzyl ester;
2-tert-Butoxycarbonylamino-3-methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-
ethyl]-2-methyl-benzyl ester;
2-(2-tert-Butoxycarbonylamino-3-methyl-butyrylamino)-3-methyl-butyric acid
3-{(S)-1-[1-(2-tert-butoxycarbonylamino-3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-2-
methyl-benzyl ester;
2-(2-tert-Butoxycarbonylamino-3-methyl-butyrylamino)-3-methyl-butyric acid
3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl| ester;
2-(2-tert-Butoxycarbonylamino-acetylamino)-3-methyl-butyric acid 3-[(S)-1-
(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl| ester; and
2-tert-Butoxycarbonylamino-3-phenyl-propionic acid 3-[(S)-1-(1H-imidazol-4-
yl)-ethyl]-2-methyl-benzyl ester.
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Ris C 1-10 al kyl, heterocycle or aryl; or a pharmaceutically acceptable
salt, together with a pharnmaceutically acceptable diluent or carrier. 9. A
phar macewpceal2/msowposi ti on according to claim8, wherei RCThS2@i00p®0Nd | s of
Formula Il OR2Z RL RAOF NN\ R3 Fornula Il wherein RL is Hor C 1-3 al kyl;
R2is Hor C1-3 alkyl; R3is H C 1-10 al kyl, heterocycle or aryl; and R
Is C 1-10 al kyl, heterocycle or aryl; or a pharmaceutically acceptable
salt, tggether w na heahhy abl e di | o] Lhelr .4 10. A
phar rracgéutigﬁl %Hoér?g]oa?ietg Pgér! agﬁpgglﬁghto’?@ﬁgﬁ%ﬁﬁg V\?l%l‘ eﬁm%hernggé%%hﬁd% s of
For mul ghétdpeuthealR0aife @is e 409RET/dis2amposRDOAFORUIRT RAON N R3 Formula |11
wherein

0 R? R
"o B
\R3
Formula |
wherein
R"is Hor C 1.3 alkyl;
R?is Hor C 1.3 alkyl;
R%is H, C 1.1 alkyl, heterocycle or aryl; and
R is C 1.10 alkyl, heterocycle or aryl,
or a pharmaceutically acceptable salt, together with a pharmaceutically
acceptable diluent or carrier.
9. A pharmaceutical composition according to claim 8, wherein the compound is
of Formula Il
j)J\ R2 31
R0 B
N
\R3
Formula Il

wherein

R"is Hor C 1.3 alkyl;

R?is Hor C 1.3 alkyl;

R%is H, C 1.1 alkyl, heterocycle or aryl; and

R is C 1.10 alkyl, heterocycle or aryl,

or a pharmaceutically acceptable salt, together with a pharmaceutically

acceptable diluent or carrier.

10. A pharmaceutical composition according to claim 8 wherein the compound is
of Formula llI
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RlLis Hor C1-3 alkyl; RRis Hor C1-3 alkyl; R3is H C 1-10 al kyl,

het erocycle or aryl; and Ris C 1-10 al kyl, heterocycle or aryl; or a

phar macewpDcaldog7@ecept abl e salt, together with a phar meceaiseeialosznos
acceptabl e diluent or carrier. 11. A pharmaceutical conposition according to
claim9 wherein the conpound is selected from iso-Butyric acid
3-[(S)-1-(1H i m dazol -4-yl)-ethyl]-2-nmethyl-benzyl ester;

2, 2-Di nmet hyl - propionic acid 0 R2 R

3-[(S)-1-(1Himdazol -4-yl)-ethyl]-2- | -benzyl ester; Acetic acid
3-[(S)-1-(1H i m dazol -4-yl) - RhyO[ - \-'ﬁfnzyl ester; Benzoic acid
3-[(S)-1-(1H i m dazol -4-yl)-ethyl]- hyl~~Qenzyl ester; 3-Methyl-butyric
acid 3-[(S)-1-(1H i m dazol -4-yl)-ethyl]-2- rretle\y;I -benzyl ester;

3- Phenyl - propi oni caci d3-[(S)-1-(1H i m dazol -4-y1) - et hyl ] - 2- et hyl - benzyl

ester; 2-Ami Formula IlI

no- 3- net hyl - butryri cacid3-[(S)-1-(1H i m dazol -4-yl)-ethyl]-2-methyl- benzyl
ester: 2-(2-¥P8'REL 3- net hyl - but yryl ani no) - 3- net hyl - but yri caci d3-[ (S)-1- (1 H
i m dazol - 4- yk) 584 By d 7 2amGt hyl - benzyl ester;

2- (2- Ami no-acetyl am no) - 3-fet hyl -butyric acid 3-[(S)-1-(1Hi ni dazol -4-y1)-

et hyl ] - 2- netRyis-Hhendyis alkyler : and 2- Ami no- 3- phenyl - pr opi oni ¢ aci d
3-[(S)-1- (14 m ol - 4 -et hyl ] - 2- net hyl benzyl ester. WO

2012/ 037499%/50%%1‘19 Blfggébﬁ?qﬁgél%ﬁé?%céﬂﬁi cal conposition according to
clai m9 wherpig\ct,hg aagmRusdCyslespipgt ed from iso-Butyric acid

3-[(S)-1-(1-isobutyryl-1Hi m dazol -4-yl)-ethyl]-2-nethyl -benzyl ester;
2, 2- Di met hylors ppRreracsuéicalty acceptable salt, together with a pharmaceutically

3-{(9S)-1-0- (gccéélfggr@bméﬁt%rr%%mé}yl) - 1H i mi dazol - 4- Aet hyl | - 2- et hyl - benzy!

ester; AceticC

3-[(S)-1-(1l-acetyl-1H i m dazol -4-yl)-ethyl]-2-nethyl-benzyl ester; Benzoic
acid 3-[(S)-1-(1-benzoyl- 1H i m dazol - 4-0y1) -et hyl | - 2- net hyl - benzyl ester;

3- Met hyl L-butA Pharmaggeytical composition according to claim® wherein the compound is

2- met hy%ﬂ}éc’téﬁ Bbik- [ 1- (3-nmet hyl - butyryl) - 1Hi m dazol - 411] - et hyl | benzyl
ester; enyl -propionic acid

2- met hy 1- 3- {is&Butyriclagi®-3pli& ¢ (1 pFiopd axot K}y )-Heth yifi- 2Zlazethyldbefetyhgster;benzy |
ester. 2,2-Dimethyl-propionic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl
ester;
Acetic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
Benzoic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
3-Methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
3-Phenyl-propionic  acid  3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl
ester;
2-Amino-3-methyl-butyric acid  3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-
benzyl ester;
2-(2-Amino-3-methyl-butyrylamino)-3-methyl-butyric acid 3-[(S)-1-(1H-
imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
2-(2-Amino-acetylamino)-3-methyl-butyric acid  3-[(S)-1-(1H-imidazol-4-yl)-
ethyl]-2-methyl-benzyl ester; and
2-Amino-3-phenyl-propionic acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-2-methyl-

benzyl ester.
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2-tert-But oxycar bonyl am no- 3- net hyl

car bonyl am no- 3- net hyl - butyryl) - 1H i m dazol - 4- A- et hyl | - 2- et hyl - benzyl
ester;
3-[(S)-1-(1Himdazol -4-yl)-ethyl]- 2-nmethyl-benzyl ester;

2- (2-tert-Butoxycarbonyl am no- 3-net hyl - but yryl am no) - 3-net hyl -butyric acid

3
[1-
e
2-
3
2
3
2
3

t
(
[
- (
[
t
[

2-wenviBurogycar bonyl am no- 3- net hyl - but yri ¢ aci dPCT/US2011/052004

-{(S)-1- _ o
5“2” Lenzyl Eﬂégﬁé‘é&m&él 86FhP8siflomBBYlaityio/éd i oWhdrdlfirelorAdddrdeishy! ! - 2-
2- t exefedded <ﬁaoyra:a’r bonyl am no- 3- net hyl - but yryl am no) - 3-met hyl - butyric acid
(S)-1- (1Him dazol -4-yl)-ethyl]-2-nethyl -benzyl ester;
2-tert-Butoxycarbonyl am no-acetyl am no) - 3- net hyl - butyric acid
(S) - olButiric lald Siif(zsf)lT-(‘T-lébbU@lriMl-]/ 1r%rd§2bh¥1y1)b@tHWJZ ReHB)-beARH ester;
ert - But oxycar bonyl am no- 3- propi oni ¢ "aci d
(S &Z(Qmethwldm@bnmqqu {p Sh9v+[]l (zmmhylﬂvn@wnyaskféfmldazol -4-yl]-

ethyl}-2-methyl-benzyl ester;

Acetic acid 3-[(S)-1-(1-acetyl-1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;

Benzoic acid 3-[(S)-1-(1-benzoyl-1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
3-Methyl-butyric acid 2-methyl-3-{(S)-1-[1-(3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-
benzyl ester;

Phenyl-propionic acid 2-methyl-3-{(S)-1-[1-(3-phenyl-propionyl)-1H-imidazol-4-yl]-
ethyl}-benzyl ester;

2-tert-Butoxycarbonylamino-3-methyl-butyric acid 3-{(S)-1-[1-(2-fert-butoxy
carbonylamino-3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-2-methyl-benzyl ester;
2-tert-Butoxycarbonylamino-3-methyl-butyric acid 3-[(S)-1-(1H-imidazol-4-yl)-ethyl]-
2-methyl-benzyl ester;
2-(2-tert-Butoxycarbonylamino-3-methyl-butyrylamino)-3-methyl-butyric acid 3-{(S)-1-
[1-(2-tert-butoxycarbonylamino-3-methyl-butyryl)-1H-imidazol-4-yl]-ethyl}-2-methyl-
benzyl ester;

2-(2-tert-Butoxycarbonylamino-3-methyl-butyrylamino)-3-methyl-butyric acid 3-[(S)-1-
(1H-imidazol-4-yl)-ethyl]-2-methyl-benzyl ester;
2-(2-tert-Butoxycarbonylamino-acetylamino)-3-methyl-butyric acid 3-[(S)-1-(1H-
imidazol-4-yl)-ethyl]-2-methyl-benzyl ester; and
2-tert-Butoxycarbonylamino-3-phenyl-propionic acid 3-[(S)-1-(1H-imidazol-4-yl)-
ethyl]-2-methyl-benzyl ester.
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