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25 particular inportance to the present invention is the netabolic
transformati on that occurs to sone al pha adrenergi ¢ benzi m dazol esztthY 2903
peripherally acting al pha2-adrenoc~ptor sel ective agonists. Metabolic

N- et hyl atW@AY2942 he benzi mi dazole ring may result in conpoBGAAISES2M694 1 )
are inactive; (2) are alpha-2 adrenoceptor gntagonists; (3) possess
enhanced activity at other undesired receptors, such as at 30 al pha-1
adrenoceptors; and/or (4) have an increased potential for CNS activity.
Thus, there is "Bffedatdf mp-Adreneeaptérohgqrists ahdradlRefatad tGampamide aini Aggragation- 2
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andany taut onmery, &nmﬁyaﬂhevrﬁl ?éaﬁé‘Ct Hb e s, %&Q]%Waw?édaé%ﬁ%% an'a%

salt, 20 or blohy rol e conmpoun
of the present ? ﬁ%ﬂﬁiﬂlSHHCf&f%t%@e%Pf WF ipyeIdion e A3 Pha-diadsenasealer E@ﬁ@"ve

i ncl uding for Qé@”pfh@)' uh@ﬁé&tr@trpbméﬂlaﬂgﬁaieééept&stél@h &4 aphder adrenoceptors).
Jystem 25 act | HRNE-2 A iacRelr Selechl, & deskeie YhAT trabibaBpbearaseecated o
vasoconstritéti mlphaa?.llrdep:amdl disoedereneFot .exdaiy, dalppasl, adkenerdiy eagonizts that
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PCTNS98/ 24694 ~S an_unsubstituted saturate unsatu
hydr ocar bon c hdleﬁ"%\ﬁ)'ﬁtfn’l (@NSBa@M%M'C& HaY lead teyyndepisaiie sidgyefiestssauchiaght |
br anched ogocycsleg,é,@sedaf,@{ erred al kyl groups are net hyI et hyl, and
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active , conpouo@xténsiveametabelid iramsformation in primates. Such metabolic transformation
results in inactivation of the parent compound or in the formation of an active
metabolite with a different pharmacological profile from the parent compound. Of
25 particular importance to the present invention is the metabolic transformation that
occurs to some alpha adrenergic benzimidazoles that are peripherally acting alpha-
2-adrenoceptor selective agonists. Metabolic N-methylation at the benzimidazole
ring may result in compounds that (1) are inactive; (2) are alpha-2 adrenoceptor
antagonists; (3) possess enhanced activity at other undesired receptors, such as at
30 alpha-1 adrenoceptors; and/or (4) have an increased potential for CNS activity.
Thus, there is a continuing need for peripherally acting selective alpha-2 adrenergic
compounds that have lower CNS activity and that resist metabolic transformation

into undesirable compounds.

35 SUMMARY OF THE INVENTION
The present invention is directed to compounds having a structure
according to the following formula:



" Bi ohydrol yzabl e ester” refers to an ester of a conpound of the inveigtd gay A2
that is readily converted by a subject to yield an active conpound of the
i nvention. 10 "Hal 0", "halogen", or "halide" is a chloro) brono, fluoro or
i odo. Pref gfs gfhebadl 0 are chloro, brono, and iodo. Mre pref eﬁéﬁgsﬂﬁk&‘are
chl oro and brono. "Pharnmaceutical |l y-accept abI e salt" is a cationic salt
formed at any~acidic (e.g., carboxyl) group)3or an anionic salt fornmed at
any basic (e.g., am no) 15 group. Many such salts are known in the art, as
described in Wrld Patent Publication 87105297, Johnston et al., publi shed
Septenber 11, 1987, incorporated by reference djerein. Preferred cationic
salts include the alkali netal salts (such i rr}qand pQt assi um,

a

al kaline earth nmetal salts (such as nm e Nand organic
sulffgs

salts. Preferred anionic salts ine&d 20

car boxyl at es, phosphates, and the lik ant enpl.at in such salts
are addition salts that may provi de an IE)pti ca entRér WWhef e once there was
none. For exanple, a chiral tartrate sakt nay fe prepared fromthe
conpounds of thg‘fl nv. nti on, and this definition includes such chiral salts.
25 "Primate" " humans. Conpounds The present invention involves
conpounds havi ng t he (apl | d isgpligir ucture: Rs 30 R, NN NNN-~ Ry HR-In

t he above stgucture, y R
cycl opropyl . 5 ~ 2 ~($}zaa \A% éed%?é%Qﬁ%S% %(56%%35@&2% Pdr%éﬁne' gﬁ)%l\'/e
structure, R2 is hydrogen,methryy. cyara.leodynalactyano, or halo. Preferred R2 is
hydrogen, alkyl, or qyano.rdg %diHc‘i‘éoerﬁfo?rﬁj uE? dr8upTeloR¥is iy ofﬂah roééh tr?@thyl
above structure, R3 is hydro en, drioxy, cyano ‘or erted
R3 is cyano or hydroxy wheld Yi %Y%Qt i a st preferred R3 |s cyano when
IRl 'f] rreL hyl . Preferrdj Raursswhdted frovh th@bsﬁu}omﬁsiﬁﬂr;g & Bjdreder, h@thl yiet hyl .
n the aboven,structure, rogen). nethyl, ethy i sopropyl .
Preferred R OI s hydrogen oertkﬂ@f'ﬁ 7 e preferably hydrogen In the above
Pt r]thct urg R?S' [ shhédr(egen Rmée}dcﬁechﬁnmmldhe geiub@oysistnglofokydrogsr metmt, hi’;ﬂ 0.
referre i s hydrogen, Y, e structure, at |east
one of R2, R3, R4, and R5 ﬁkgtﬁgtrhggﬁhﬁdﬁm&r akﬁeaora%}/uorl ne. In addition,
when Rl is nethyl andfbot Horegideghthakst Iaaetqmy:cnf R3, RAan R&3s othesthasr t han
met hyl or halo. Finally, Wigtodd3 drsiueMsei0. Rl is methyl. The i nvention
i ncl udes tau%orrers of She above structure. For exanple 5 when tautomer D

of a mol eculle i s shodf) (sgdondedipat wheniRd 'Emﬁrr‘%taﬁ%@o{"bm ﬁﬁq’ B3&r® aut omer E.
Thus) the disclosure of ongdrédenoRBNS 6thbPthandhatBlias®alceach and al | of

(h)  provided that when R3 is cyano, R1 is methyl; and

any tautomer of the above structure or a pharmaceutically acceptable salt,
20 or biohydrolyzable ester, amide, or imide thereof.

The compounds of the present invention are useful in treating many medical
disorders, including for example, respiratory disorders, ocular disorders,
gastrointestinal disorders, disorders associated with sympathetic nervous system

25 activity, migraine, peripheral pain, and disorders where vasoconstriction would
provide a benefit. Accordingly, the invention further provides pharmaceutical
compositions comprising these compounds. The invention still further provides
methods of treatment using these compounds or the compositions containing them

30 DETAILED DESCRIPTION OF THE INVENTION
Terms and Definitions



the tautonmers. /NYN D E 20 The invention al so includes pharmaceutically
acceptabl e acid addition salts, biohydrolyzable esters, am des) and 2 MAY e 2002
of the above structure. The conpounds of the invention are sufficiently
basic to f jsd- addi tion salts. The conpounds are usef ul ;4)5 e -
free base ‘ngr mégdr‘tg the formof acid25 addition salts, and bcl),tEh} gél?r“ségre
within the purview of the invention. The acidd addltlon salts are in sone
cases a nore convenient formfor use. In practi ce, the use of the salt form

i nherently amounts te S of the.actiyv ed to
prepare acid-additi onAIFs(%tl t'ésJ aﬁ‘ngﬁsd% preadfsg?a ‘r‘tgbt%’ogaswfa Eﬁj ﬁ?’%’&%ﬁ'g’%”mﬁt?w
conmbi ned wit h thaving detobhserbonsidmsnaiiky chaioemaybbe straight .bratmhed wadytizedave
30 anions that pfg S ﬁ{}ﬂg@é;,orgam sm such as a
manmal , i n nedicl ng'rré%%rsdels&%?pé ﬂ'@‘?ﬁélﬁtl' ethg %’thtc elnefr cial property
inherent in the free"Bigb¥drghgahier amide af@farsoyo oAy amide ef facomPayodi aihe
to the acid's apmveRsoen Eharrrtl eéadrfy eehre%rdl # ViRL Y- 30didié QNS §lelid alm%wte
but at not limted to é{ | oride, hydrobrom de, hydroi odi dé, sulfate,
hydr ogensul f at eSorgpayag e'Q"%’“tﬂ&Y ~pp2 WD 99126942 6 PCT/ US98/ 24694

trifluoroacetate, nitBiehgdrolhbiatesteciréfesd & ad yster at @ cohfpolnti &f tisd Paeatich

utyrate. tartr GFS, el EnvPaRET = Folbek L Sian L Bifr Rapbothe' & tne

p-t ol uenesul f onimventiemdecyl sul f at e, cycl ohexanesul famate, and the Iike.
However, otfter appropy hete'-gaeper-natr Yhali C‘%‘s‘)té‘bérﬁor%a'ﬁ 3¥8 % ot ¢ RagPe
of the invention are those rom o m neral " aci ani c
aci ds. The acid éefarrﬂﬂdtal%aretehldro PF@“‘baé’ldcmé@nﬁ‘lﬂjﬁd%ef&ff@dmaé@afﬁeﬁh pip and
several nethodsprdrs. exanpl e the free base can be dissolved in an aqueous
al cohol sol ution cont I ni ng the A(%) E te acid and the sfa IS isol ated
by evaporation of the g@;mqeaﬁcal & 83l Is @ eAtionis salkiosmed At @gy jgidic

reacting the 10(d. geecdrasﬁjr)/vgtctuparbraan damcrmmanr@amea aotamerbtasﬁ:O(et fatarhihe)

salt separ i rect ere aration of ffic n
be precipit ed8 Mas‘é{c%'t’ﬁ‘ 85@&(3 E‘Q%‘f'(‘/e'ﬁttk cﬁﬂs %Sndﬁec ai™ w&rlgybaten?
concentration oPubhraat@oI WHA/09297A tJobogthn medii al. napublished eRepérebaral t,s 1987t he

basi ¢ CO”poundsrn’c%IE'&‘orB{e%f B{ rr@%reﬁxﬁ h%gu‘? aﬁr%'f cI’rdé?ci1 c%ﬁbr’iné &ifs | %ﬁJBb%‘éhQKali

scope of the present 1 nven tion salts are use

sources of the Metal spliisdspdlt ag sedivm and Ph@sﬁdﬁt)t alispline eanth mesal saltsi(such as
desired only asnynk8iufs HRdi ediSiuRY)OSHE brgdnd sﬁ%@”ml@fer%@%n‘cmﬂ: §§|t§ indude

formed onl yé1 urposes of purification or identification

used as an 4 tepgﬁﬁsat Sulf ﬂ”?f?épa??rﬁex%{atﬁédr BhORRNEYESA c @Bt Fe "531 t dé/e?"(%
eﬁc hange procedus®emdifteden 8ot saltd SreCadRitidrysalRrthatmafipecvitde abepacalacrehte:rt
this invention.

ounds of the dnventiagn ar use
treatment of a Vi'lefeetcipc(?f 2 MBS sareP LM RRY % 'd?lt %—hg ﬁg{t §F% be
modul at ed by al pr@aZedtdtoenttreecpnmermts dﬁyhetirwlaaum aairdethmcwtmiroraocﬁuries $UChs
used herein) the k@ré’é‘i‘l "di sease, " "disorder"” and "condition" are used
|nterchangeabl used herein, a d|sorder described by the terns
"modul at ed %@'alpha zPadwéﬁdedpdesbuma6$ 'modul at ed by al pha-2 25
adrenocept or acti vr ty" refers to a disorder, condition or disease where
al pha-2 adrenocept or actr vity is an effective neans of alleviating the
di sorder or one PRHESE the bi ol ogi cal mani festations of the di sease or
di sorder; or interf eTiRsprasét invention involves pomnpbundsrhaving the ddilogingadtrucase.ade
either |leading to the disorder or responsi ble for the underlying disorder;
or alleviat es one or nore synmptoms of the 3@ di sor der. Thus, disorders
subject to nDduIatlon i ncl ude those for The | ack of al pha- 2
activity is a "cause" of the disord Nt he bi ol ogi cal
mani f est ati ons, whether the acts;yi was alter ed gen%tr caly, by infection,
by irritation, by internal stinmulus\or sone.|ot herycauge; The di sease or
di sorder or the observabl e mani f est ahion or-Aani festatidns of 35 the
di sease or g sorder are alleviated b)k al phag2 activi ty The lack of al pha-2
activity ne not be causally related Lo the di sggg\% i,sorder ?r %hF
observabl e mani f est i §ifs 23PAYE sdiucture.oR3 gpdikyloo Fn "QQI ggszzthy ethyt or
PCT/ US98/ 2404 cycibpiopg: 2 activity interferes with part of the biochem cal
or cellular cascade that results in or relates to the disease or disorder.
In this respect, the alpha-2 activity alters the cascade, and thus controls
t he di sease, condition or disorder. The conpounds of the invention are
peri pheral |l y-sel ective al pha-2 5 adrenoceptor agoni sts. Al pha-2
adrenoceptors are distributed both inside and outside of the central
nervous system Thus, for exanple, a conpound which displays a higher
degree of central ‘nervous system actrvrty |s preferred but not Irmted to,

oy . S




10 centrally acting it is neant that they have sone action on the als)ha-z
adrenoceptors in the central nervous systemin addition to their act anMAxt an
peri pheral al pha 2 adrenoceptors. Peripherally-acting conmpounds are

preferred not limted to) the treatnent of respirat i ers,
ocul ar di sgvgdg rs m graine, certain 15 cardi ovascul ar di sor dgTZ‘j’ggﬁ‘gﬁrgg
certain gastrointestinal disorders. By perifgherally acting, it is nmeant is
that these conpounds do not readily cross the bl ood-brain barrier and thus

sct primrily on al ghags adtengccater sl Lhe Ber pher b 0t tion
delivering the Rgsated RZtuhBydregerQraleur eyad. | Modeypreferd@ R i€ dndthyd lor ﬁél@@' e,
hereby redacing ay<nenScriels QBRI R b Irehul PRI Sabenp ks
have reduced refenied mlewampeh!dra*)swhﬁaﬂ’h is mhethyly Mabst rprefesrmeaﬂ i$ @yano
sedati on. g/ei’r hogpedRE |§Yﬁétl‘1)ﬁb||qP?erfbHe& 3 @Hetrg@opﬁélgyfq'eﬁ‘mv@'o%rm&ﬂ P are

|l ess centrally-acting than ot e compounds 0 e subj ect 1nvention
have no or oniy weaknif§abeve staickiEenReis ‘Pgﬁft»WQi’ﬁhd ethyieor|isaprony!. oPrafesred

ef fect on the ceatig aydragéryguﬁ\em,ystnm peé/fg,@,b @gﬁed system cally. Tfius,
the conpounds of th Q Fventl on areg‘gaétl cu& useful faor the treatnent of

respiratory di sorder® NAAPQUE SHURY é6hl mReloyle aRIRRy MePAXA YR Y es)
col ds, and ot hetyarsal hatb. SBrretﬂarédRﬁasthenamele g egieel ae of congestion 30

f th nb t d.qtif,i ia), h,
ohroni ¢ obalducti ve Bntatars SHAEREE e Rtel, R RERRL A crfVRS ) oier tH
has been found bhydrogemadediuptae.siloeadditivac whend lise meiwjil dd. bothdRZ eangpdRihde of
the invention ahfdr@bér? tHeR Ry sfcﬁﬁerttngn et P aicd! FifGN), nefl @9@%%8&?% as

ocul ar hypertensio | auco erem a, ‘conjuncti Vi 57uveit
2 2 MAY 200z W(Deyy/' 26942 PCT/ U898/ 24694 The corrpounds of the invention are

al S_ot uglef ulb for conéI mak! |hV@1tﬁﬂS|hﬁl|Qdé§h @aa‘ltbrﬂaﬂs 8 &ar gs&wé ls@&tﬁlhreas Fér ekérhﬁa
irritable ndr one or ria an ic ulc unds
of the i nve%eowﬁé? dadtpaisr E%E?ﬁlmqgi“ 155%?53 eﬂﬁ‘@or'td\%rué‘d?sﬁ’é’gden&i

Wi th synpat heti cauterh&ioBs Thys) endistidsurd vt oreauttthdis fosn discaes each and all of
nyocardi al ischegm,a,,cardiac reperfusion injury, angina, cardiac

arrhythm a, heaﬁ{gtﬁg‘o ® and beni gn prostatic hypertrophy. The conpounds
of the invention are also useful for the prophylactic or acute treatnent of

m grai ne. 10 The conpounds of the ingention are als ful for the
treatment of peripheral pain st soci ated. w th Vﬁl—P us disorders (for
exanpl e, peripheral neuralgia). Thg cgnmpounds of the ntion are al so

useful for other diseases arid disorders where vasoco riction,
particularly of veins, would provpde a benefit, 15 |Ecluding septic or

car di ogeni ¢ shock, el evated intracrani al pressure, hemorhoi ds, venous

i nsuf ficien2¢, vari cose veins) and nenopausal flushing. The pharnacol ogi cal
activity and selecti

publ i shed test proce %ég@nﬁ#ﬁ&ﬁ '88%%%3%1??%}:“? Sll)ﬂ%c%hgb%g&ﬁé&d(]@on salts,
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The starting materials depicted within the schenmes are comrercially 5
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reactions as appropriate. Additionally, the_skill ed artisan may use
protecting groups to bl ock side reactions ¢ I ncrease yields as

appropri ate.
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failure and benign prostatic hypertrophy.

The compounds of the invention are also useful for the prophylactic or acute
treatment of migraine.

The compounds of the invention are also useful for the treatment of
peripheral pain states associated with various disorders (for example, peripheral
neuraigia).

The compounds of the invention are also useful for other diseases arid
disorders where vasoconstriction, particularly of veins, would provide a ber{eﬁt,
including septic or cardiogenic shock, elevated intracranial pressure, hemmorhoids,
venous insufficiency, varicose veins, and menopausal flushing.

The pharmacological activity and selectivity of these compounds can be
determined using published test procedures. The alpha-2 selectivity of the
compounds is determined by measuring receptor binding affinities and in vitro
functional potencies in a variety of tissues known to possess alpha-2 and/or alpha-
1 receptors. (See, e.g., The Alpha-2 Adrenergic Receptors, L.E. Limbird, ed.,
Humana Press, Clifton, NJ.) The following in vivo assays are typically conducted in
rodents or other species. Central nervous system activity is determined by
measuring locomotor activity as an index of sedation. (See, e.g., Spyraki, C. & H.
Fibiger, "Clonidine-induced Sedation in Rats: Evidence for Mediation by
Postsynaptic Alpha-2 Adrenoreceptors”, Journal of Neural Transmission, Vol. 54
(1982), pp. 153-163). Nasal decongestant activity is measured using
rhinomanometry as an estimate of nasal airway resistance. (See, e.g., Salem, S. &
E. Clemente, "A New Experimental Method for Evaluating Drugs in the Nasal
Cavity", Archives of Otolaryngology, Vol. 96 (1972), pp. 524-529). Antiglaucoma
activity is determined by measuring intraocular pressure. (See, e.g., Potter, D.,
"Adrenergic Pharmacology of Aqueous Human Dynamics”, Pharmacological
Reviews, Vol. 13 (1981), pp. 133-153). Antidiarrheal activity is determined by
measuring the ability of the compounds to inhibit prostaglandin-induced diarrhea.
(See, e.g., Thollander, M., P. Helistrom & T. Svensson, "Suppression of Castor Oil-
Induced Diarrhea by Alpha-2 Adrenoceptor Agonists”, Alimentary Pharmacology
and Therapeutics, Vol. § (1991), pp. 255-262). Efficacy in treating irritable bowel

such nodi fications can be 10 readily be carried out by the
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syndrome is determined by measuring the ability of compounds to reduce the
stress-induced increase in fecal output. (See, e.g., Barone, F., J. Deegan, W.
Price, P. Fowler, J. Fondacaro & H. Ormsbee lll, "Cold-restraint stress increases

rat fecal pellet output and colonic transit®, American Journal of Physiology, Vol. 258

5 (1990), pp. G329-G337). Antiulcer and reduction of hyperchlorhydria efficacy is
determined by measuring the reduction in gastric acid secretion produced by these
compounds (See, e.g., Tazi-Saad, K., J. Chariot, M. Del Tacca & C. Roze, "Effect

of a2-adrenoceptor agonists on gastric pepsin and acid secretion in the rat", British
Journal_of Pharmacology, Vol. 106 (1992), pp. 790-796). Antiasthma activity is

10 determined by measuring the effect of the compound on bronchoconstriction
associated with pulmonary challenges such as inhaled antigens. (See, e.g.,
Chang, J. J. Musser & J. Hand, "Effects of a Novel Leukotriene D4 Antagonist with
5-Lipoxygenase and Cyclooxygenase Inhibitory Activity, Wy-45,911," on
Leukotriene-Dg4- and Antigen-Induced Bronchoconstriction in  Guinea I5ig",

15 International Archives of Allergy and Applied Immunology, Vol. 86 (1988), pp. 48-
54; and Delehunt, J., A. Perruchound, L. Yerger, B. Marchette, J. Stevenson & W.
Abraham, "The Role of Slow-Reacting Substance of Anaphylaxis in the Late
Bronchial Response After Antigen Challenge in Allergic Sheep”, American Reviews

of Respiratory Disease, Vol. 130 (1984), pp. 748-754). Activity in cough is

20 determined by measuring the number and latency of the cough response to
respiratory challenges such as inhaled citric acid. (See, e.g., Callaway, J. & R.

King, "Effects of Inhaled a2-Adrenoceptor and GABAg Receptor Agonists on Citric

Acid-Induced Cough and Tidal Volume Changes in Guinea Pigs", European Journal
of Pharmacology, Vol. 220 (1992), pp. 187-195). The sympatholytic activity of
25 these compounds is determined by measuring the reduction of plasma
catecholamines (See, e.g., R. Urban, B. Szabo & K. Starke "Involvement of
peripheral” presynaptic inhibiton in the reduction of sympathetic tone by
moxonidine, rilmenidine and UK 14,304", European Journal of Pharmacology, Vol.
282 (1995), pp. 29-37) or the reduction in renal sympathetic nerve activity (See,
30 e.g., Feng, Q., S. Carlsson, P. Thoren & T. Hedner, "Effects of clonidine on renal
sympathetic nerve -activity, natriuresis and diuresis in chronic congestive heart

failure rats", Journal of Pharmacology and Experimental Therapeutics, Vol. 261
(1992), pp. 1129-1135), providing the basis for their benefit in heart failure and
benign prostatic hypertrophy. The hypotensive effect of these compounds is

35 measured directly as a reduction in mean blood pressure (See, e.g., Timmermans,
P. & P. Van Zwieten, "Central and peripheral a-adrenergic effects of some

imidazolidines", European Journal of Pharmacology, Vol. 45 (1977), pp. 229-236).
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Clinical studies have demonstrated the beneficial effect of alpha-2 agonists in the
prevention of myocardial ischemia during surgery (See, e.g., Talke, P., J. Li, U.

Jain, J. Leung, K. Drasner, M. Hollenberg & D. Mangano, "Effects of Perioperative
Dexmedetomidine Infusion in Patients Undergoing Vascular Surgery®,

S Anesthesiology, Vol. 82 (1995), pp. 620-633) and in the prevention of angina (See,
e.g., Wright, R.A., P. Decroly, T. Kharkevitch & M. Oliver, "Exercise Tolerance in
Angina is Improved by Mivazerol--an a2-Adrenoceptor Agonist”, Cardiovascular
Drugs and Therapy, Vol. 7 (1993), pp. 929-934). The efficacy of these compounds

in cardiac reperfusion injury is demonstrated by measuring the reduction of cardiac

10  necrosis and neutrophil infiltration (See, e.g., Weyrich, A., X. Ma, & A. Lefer, "The
Role of L-Arginine in Ameliorating Reperfusion Injury After Myocardial Ischemia in

the Cat", Circulation, Vol. 86 (1992), pp. 279-288). The cardiac antiarrhythmic
effect of these compounds is demonstrated by measuring the inhibition of ouabain
induced arrhythmias (See, e.g., Thomas, G. & P. Stephen, "Effects of :Two

15  Imidazolines (ST-91 and ST-93) on the Cardiac Arrhythmias and Lethality Induced
by Ouabain in Guinea-Pig", Asia-Pacific Journal of Pharmacology, Vol. 8 (1993),
pp.109-113; and Samson, R., J. Cai, E. Shibata, J. Martins & H. Lee,
“Electrophysiological effects of a2-adrenergic stimulation in canine cardiac Purkinje
fibers", American Journal of Physiology, Vol. 268 (1995), pp. H2024-H2035). The

20  vasoconstrictor activity of these compounds is demonstrated by measuring the
contractile properties on isolated arteries and veins in vitro (See, e.g., Flavahan, N.,

T. Rimele, J. Cooke & M. Vanhoutte, "Characterization of Postjunctional Alpha-1

and Alpha-2 Adrenoceptors Activated by Exogenous or Nerve-Released
Norepinephrine in the Canine Saphenous Vein", Journal of Pharmacology and

25 Experimental Therapeutics, Vol. 230 (1984), pp. 699-705). The effectiveness of
these compounds at reducing intracranial pressure is demonstrated by

measurement of this property in a canine model of subarachnoid hemorrhage (See,
e.g., McCormick, J., P. McCormick, J. Zabramski & R. Spetzier, "Intracranial
pressure reduction by a central alpha-2 adrenoreceptor agonist after subarachnoid
30 hemorrhage”, Neurosurgery, Vol. 32 (1993), pp. 974-979). The inhibition of
menopausal flushing is demonstrated by measuring the reduction of facial blood
flow in the rat (See, e.g., Escott, K., D. Beattie, H. Connor & S. Brain, "The
modulation of the increase in rat facial skin blood flow observed after trigeminal
ganglion stimulation”, European Journal of Pharmacology, Vol. 284 (1995), pp. 69-
35 76) as demonstrated for alpha-2 adrenergic agonists on cutaneous blood flow in
the tail (See, e.g., Redfern, W., M. MacLean, R. Clague & J. McGrath, "The role of
alpha-2 adrenoceptors in the vasculature of the rat tail®, British Journal of
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Pharmacology, Vol. 114 (1995), pp. 1724-1730). The antimigraine effect of these
compounds is demonstrated by measuring the reduction of dural neurogenic
inflammation to trigeminal ganglion stimutation in the rat (See, e.g., Matsubara, T.,
M. Moskowitz & Z. Huang, "UK-14,304, R(-)-alpha-methyl-histamine and SMS 201-
5 995 block plasma protein leakage within dura mater by prejunctional mechanisms",
European Journal of Pharmacoloay, Vol. 224 (1992), pp. 145-150).

Metabolic Stability

It has been observed that some peripherally acting, alpha-2-selective
10  adrenergic agonist benzimidazoles which appear metabolically stable in vitro and in
vivo in rodents, are subject to metabolic transformation in primates (i.e., monkeys
and humans) via N-methylation at the benzimidazole ring. Such metabolic
transformation has been shown to alter the profile of these benzimidazoles such
that they may be metabolized into compounds that (1) are inactive; (2) are alp‘ha-z
15 adrenoceptor antagonists; (3) possess enhanced activity at other undesired
receptors, such as at alpha-1 adrenoceptors; and/or (4) have an increased
potential for CNS activity. The compounds of the present invention are peripherally
acting selective alpha-2 adrenergic compounds that have lower CNS activity and

that resist metabolic transformation into such undesirable compounds.
20 Metabolic stability of the compounds described above is evaluated in vitro in
a precision cut liver slice assay and in vivo in pharmacokinetic studies in primates.
The precision cut liver slice assay is a well recognized, validated in vitro model to
study xenobiotic metabolism in animal species and humans. (See Ekins, S. "Past,
present, and future applications of precision-cut liver slices for in vitro xenobiotic
25 metabolism." (Department of Medicine and Therapeutics, University of Aberdeen,
UK.) Drug-Metab-Rev. (November, 1996) Vol. 28, No. 4: pp. 591-623). This assay
is used to evaluate the metabolic activity of alpha-2 adrenergic agonists. The
assay provides data on the biotransformations taking place within intact
hepatocytes of the species of interest. Thus the full compliment of phase | and

30 phase Il metabolic enzymes are available to metabolize the drug as is the case in
vivo.

For the pharmacokinetic studies, the compounds are administered orally to
cynomolgus monkeys and measurements of administered benzimidazole
compounds and corresponding N-methyl metabolites are made using 100 pl

35 aliquots of urine collected over various time-periods post-dose. Typically, a
chemical homolog or stable-isotope-labeled internal standard is added to each
sample and then diluted 100x in water Ten plL of prepared sample is then
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the conpounds of the present invention. 10 Exanple 1 H3 H N ~ N HN\J 2002
7- QIanOS-é% i M dazol i nyi am no) - 4net hyi benzi m dazol e 2.6-Dinitro-p-toluic
acid. To 82492 r oundbott om fl ask is added 120 nlL of 15 cBREASPE 64

sul furic acid. This is cooled to GoC and t@othis is added p-toluic acid (30
g, 0.22 nole). To this mxture is slowy added a m xture of fumng nitric
acid (25 nmL) and concentrated sulfuric acid (100 nL) via an addition

funnel . The refnalyzag bitigradiert HRLG véth endemdoass spescometry tigtestiont S#glesioow y
war med first tqeéa@mrﬁ&ma%egeﬁ&neéQ%@nmo&%qgswcnaenédawme tJél%ompéwe

I's cooled to raqo 20t erature and into ice/ he resutlng

solid is then fiiSIN akplitef p[rgse&qt)f éf“?jth? 'Bt-ed"‘%siafnéafﬂt ol UI c acid as an

of f-white solid. 2. 6r-Ha RbinpOuritst 6ff theC pRBEROIRBIIE showt (XildIkt® nef metabolic N-
26d|n|troptot Cld

15. 14 6.9 i fam 14. 79
T55.8 ol ) 5 n ARAYEESTLT iesR fihett ?‘2 Sortaph N3 ogsBue aisra Jourt for
PCT/ US98/ 24694 dti8€r aiha-R seletiiver mhzinmdazole norapgund saduah s He (2eimidazbidyCarhion )-3

nout s, The M XU Bl meAOiBsbad o] SRANRRs ARG ARMIGERIALER. P44

Is filtered and was
carboxami de as lavidazplinyiamine)-4onethylbenzimidazole peovides a verypsimiarpharmacological

car boxam de. Tqygfid tb ﬁcmaks (p.wn&laiaﬁﬁ;}n&mn% Elrﬁ‘tftlﬁYISQhﬁlrﬂ Joigl @Be aExample 1

nechani cal stirrer, are ro-p- c car xam , 18
mol ) and HPdr &awwmwtmépgbmwwésw serg POA%“%ISFIQCHV%?WQEQ aqrswgm
and water (24 ndgonisid)&vithi very low cmscmb Irﬂh@Cb?e@iQQn tnteweedn@éré)ﬁéiysemem ish a

d I h 8 d
of 15 hours. iR SESIRE! g e gyl °X'ta§aw%d F nl Brano ST BT
flask and dil utmelthyhbehzmrﬁmaznie Howeveers- (Zﬂnadmmwmlnoandnethwaendmmﬂaaolbhen
Femoved Vi 2 Ol abinHBRR6FIR e AUED) B RUBRIBLARHEY WO TIRG I Kad Sippa-2,
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m.) at 80C|sade opwi se ‘a solution o

nmol ) in water dRwm-gagdr QS\?@E‘C a9onist sdapidlyand extansivetyid-mathylated in 9"%‘?&}% d§ at
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2, 3- di am no6- vithess ;sffegﬂsUarc oqtr pasinpredictablesg WYyithaqut 1beimg Ibpund Byotheogy dcisd
(10 m) is stirg o%ﬁerﬁ;slaéfaofaai%etf\aetoh gv@ab@hsﬁe}(ﬂhgtmenmb&b%ﬁels@gb.ﬁtp OB

tenperature and poured into 25 ice and basi f concent r at ed
anmoni um hydr oxb%'m'ﬂa%ﬁl%\ﬁﬁnﬁﬁp\éﬁqsppft this inveptign WhﬁhéhSt?%Cq' ihindsanse provided Avg
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7- Cyano- 4- et hyl - 5-ni.t r obenzi
e Y 7 onehid eaRautts, G valiPh s2p besTage Hsips FrIvpnigpal organic
phosphor ous oxysymtysesie Paficiariyripyefemed tsphtheses D cartripdi cuthesitge the dolioarigux
under an argon atnosp o] rs e r
t enperature, po%ﬁr}f % %ﬁg%e% égge‘é?ﬁ%%gl%f [ 'end]:{g fow%’ﬁ&é Q%nn%“ %I gg%éégﬂt%cg?&ggnh1
anmoni um hydr oxRZ.eRSTH%. anesRY erengs Wefinag abdve. e‘iarm%amecRWRm RS, Rarandior &%e
chl ori del | Inof 5088 o G ARtenbaiaAdWHAR 5%@*@&;71@%%%61&5@59rmeﬁ;ﬂafever
magnesi um su faean otary evaporate e residue |s purified by,
flash chromat ogPrepaiedo needpe in that spegifig sehema. ¢ Rrederably, R1 is part of the starting
chl orof orm ”Eahfhﬂtﬂrlaﬁ&@g@d\gﬁéygr R E6n b@ p@f‘tfcﬁ”ﬂﬁb startlng material or introduced via
/- cyano- 4-met yamﬁzgltlcgrg %r %pozrhlrrpat(ljoa}\z%lloweg by fﬁnctnon\,\f group manipulation (see Scheme
2). R3 can be part of the starting material (see Scheme 1) or obtained by
35 manipulation of a carboxylic acid (see Scheme 3). R4 is introduced by alkylation of
an aniline substrate prior to the benzimidazole ring formation (see Scheme 1). RS

or a direct precursor to R5 is introduced during the benzimidazole ring formation
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5- Am no- 7- cyano- 4- net h~, benzi m dazole. A m xture of - 22 MAY 2002
7-cyano- 4-met hyl - 5ni t r obenzi m dazole (0.91 g) 4.5 mmol) and 10%

pal | adi u n (100 ng) in nethanol (200 ni) is treategd |

atnnspheréQQP ﬁéﬁ?ogen (1 atm balloon) for 14 hours. The rgsulgg%g M xture
is filtered through Celite and rotary evapdBated. 5 The residue is purified
by flash chronatography (silica gel, 95:5 ethyl acetate:methanol) to afford

5-am no- 7- cyano 4- | benzi

7- C~r ano- 5- i sot ﬁ?%rg%h%% ‘ﬁ rrg'}ﬂ%rybetﬁ?l Heripigpzelinygmina) o8P, 8 GPNNisntly
pyri dyl t hi onoca:‘dnmnad érofrltheZarginoBerizimidetglesapatpdredi anzbhdih@to Soipameslilde(se@5
ng, 0.21 nnDI) h% ahydrofuran (350 nL) is added dropw se a sol ution of
5-am no- 710 cyano hylben2|n1dazole (0.36 g, 2.1 muol) in

t et rahydr of uran (50 The .startieg soaterislendepicted i wi’ﬂéd fh@r sofremém Lare acommeraially
tenper at ur e5 ThealiSA6 o afe Riatbli iy esmirtr @bl &% RtdR 40P idtRAES
purified by flash c onatograp ly (silica acetate) to give
7- cyano- 5-i sot rﬁr@WaI‘RatQS'MDfré’("‘l’iQ‘PWeﬁ‘ﬂ'i' rﬁ‘d‘gﬁoﬁ% a§' hans eld\MﬁﬁtSé“smanChaI'Qe

N-5-17-Cvano- 4- tmpar«et@enzmagaﬁéolaﬁnbsdﬂer@ aawaﬁtet hsfl tHy waaaofﬂre%@s‘dﬁsl ag of
7-cyano- 5-i sot hi oc an t o- 4-geth%,3enz

t et r ahydr of ur arf rﬁ‘lﬁ iAddliona 'F%ﬁl?\l’%‘g aﬁgaa "é%\f 4ee g’HOtS?t"@t ﬂ&?PB%é?ij ne
(0.41 g, 6.8 nmadg reactibes loahyaeadeuyiakis (B0 aphrpprisie WhAlt sugh ewidificatibres Earr be
after the | ut r t I r ! .

L nction mid urr‘ggéli‘. j‘@esgérhé& gP'%)@ éweos?(gl 4 5%{2%%@%%\ bPErgdnic ThBMIsES; add'fus

N- 5- (7- cyano- 4-MEWMVMb@QZ£ﬂD@atbewh¢mﬂpn2 am noet hyl t hi ourea as an
off-white solid. 7-Cvano-5-(2-imdazolinyiam no)-4-nethvlbenzimdazole. To
a 500 nL round bottom flask are added nethanol (150 ni) and

N-5- (7-cyano- 4net hyl benzi m dazol yf)-N -2-am noet hyl thiourea (0.31 g, 1.1
mof) .- This mxture is 25 heated slightly with a heat gun to provide a
honbgeneous m xture. To this mxture is added nercuric acetate (0.39 g, 1.2
mol ). The resulting mxture is stirred for 4 hours at roomtenperature
then filtered through Celite and concentrated to afford
7-cyano-5-(2-i m dazol i nyl am no) - 4- net hyl benzi m dazole as a white foam 30
Exanmple 2 CH3 NC 1 / HNJ CH3

4- Et hyl - 5- (2-1 m dazol i nyl am no) - 7- met hyl benzi m dazol e Z 2 I1fl~~2Z~2 W
991 26942 21 PCT/ US98/ 24694 3-(1-Hydroxyethyl)-6-nmethylaniline. To an

i ce-cold solution of 4-nethyl-3nitroacetophenone (25 g, 139 nmmol) in

met hanol (200 nL) is added sodi um borohydride (6.2 g, 163 mmol) over 15

m nutes. The mixture is stirred at room5 tenperature for 1 hour, then is
quenched with water. The m xture is rotary evaporated and the residue is
partitioned between water and ethyl acetate. The organic layer is dried
(magnesium sul fate) and rotary evaporated to afford a |light brown viscous
oil. The oil is diluted with ethyl acetate (200 nmL), 5% pal |l adi um oncar bon
(5 g) is added and the m xture is treated wth hydrogen at 40 psi for 18 10
hours. The mi xture is then filtered on Celite and the filtrate is rotary
evaporated to afford 3-(1-hydroxyethyl)-6-methylaniline as a |light yellow,
pasty solid. 3-Ethvl-6&- nethylacetanilide. A m xture of
3-{1-hydroxyethyl)-6-nethylaniline (21.3 g, 139 mmpl ), acetic anhydride (28
m., 296 mmol ), triethyfam ne (41 nL) 296 mmol ) and 4-di net hyl am nopyri di ne
(0.5 g, 4 mol) in nethylene chloride (200 nL) 15 is stirred at room
tenperature for 3 hours. Methanol (50 nL) is added and the m xture is
rotary evaporated. The residue is partitioned between water and ethyl
acetate. The organic |layer is washed with water, 1 N hydrochloric acid,

wat er and brine, then dried (magnesium sulfate) and rotary evaporated. The
residue is diluted with trifluoroacetic acid (100 nL) and cooled in an ice
bath. Diethylsilane 20 (35 nL, 270 mmol) is added and the resulting m xture
is stirred at roomtenperature for 2 hours. The mxture is rotary
evaporated and the residue is purified by flash chromatography on silica
gel (hexane:ethyl acetate 3:1 ) to afford 3-ethyl-6-nethylacetanilide as a
foany white solid. 2.4-Dinitro-3-ethyl-6-nethylacetanilide. To an ice-cold
m xture of 3-ethyl-625 nmethylacetanilide (11.5 g, 64.8 nmol) in conc.
sulfuric acid (90 nmL) is slowy added fumng nitric acid (7 nL). The

m xture is stirred for 30 mnutes in the ice bath, then for 1 hour at room
tenperature. The m xture is poured into ice and the solid that forns is

col | ected by filtration, washed with water and dried under vacuum The

m xture of 2,4-dinitro-3-ethyl-6-nethylacetanilide and

4 5 d|n|tro 3 ethyl 6 30 nethylacetanlllde |s separated by flash

T . oA v ~ N\



2.4-Dinitro-3-ethyl-6-nmethylaniline. A mxture of 22 MAY 2002
2,4-dinitro-3-ethyl-6nmethylacetanilide (4.0 g, 14.9 mmol ), potassi um
carbonate (2.6 g, 19 nmol) and 6N hydrochloric acid (40 nL) in nethanol

(100 nl) ivpobemopd to reflux for 2 hours. 35 The m xture ispepRIseEhdsy FOOM
tenperature, brought to pH 9 wi th ammoni um hydroxi de and rotary evapor at ed.
The residue is purified by flash chromatogddphy Z 2 ~ilY 2QQ WD 991 26942
22 PCT/ US98/ 24694 on silica gel (chloroformnethanol 9:1 ) to afford
2,4-dinitro-3-ethyl-6-nmethylaniline as as‘%%hleow solid.

4- Et hvl - 5- f or mam do- 72 jret hvl benzi m dazol™€. m xt ure_of
2,4-dinitro-3ethyl-6-fethylaniline (2.0 g, 8.9 mmol )Rhnd iron powder (5.0
g, 90 mmol) in 90% Qrmc acid (36 nmL) is heated reflux for 18 hours.
The m xture is cool o roomtenperature, diluted h net hanol (75 nl)

and filtered thpgwgh™Ngelite. The filtrate,js,rotar apor d d the
i i i flash chronatogra%ﬁggﬂﬁggilic gel qﬁ&iJﬁgh

residue is purified by X
(chl orof or m et hanol 9% 1"NOst"eSQf f or d 2 a////’ R3 \\\{;Tofﬂﬂ
4- et hyl - 5-f or mam do- 7- me¥ i*Behzi mi dazol e as tan solid.

5- Ami no- 4- et hyl - 7- met Ryl benzi m dazol e. ARmN xture of R1
4-ethy|-5-fornankg@7-u-thlbenzinidaggﬁe 1.M0,9, 8.36 mml)gnpotiassi um

carbonate (2.0 g, "14 -f) and 6N hyd oric acid (34 m) et hanol
(34 mL) is heated to\reflux for 1 hour. g m xture is cool ed t oom
tenperature, brddht §o pH 9 with ammoni dm hydroxi de and roPaty Evapor at ed.

The residue is purifi &l by a§¥%chronatd§WanQ;H15 on silica gelR3
(chlorof orm net hanol 9:1 ) to\aftord 5-anj no-4r et hyl - 7met hyl benzj m dazol e
as a tan solid. 4-Ethyl-5-isot 'ocyanatobk%gghhwlbenzinidazole. bﬁaémoﬁ

m xture of di-2pyridyl thionocarkonate (O O\=N3. 11 mmmol ) and -

4- di met hyl am nopyridige (0.02 g) % ethylgacetate (50 nL) is adggd dropw se
a solution of 5-am no 4-ﬁ§hyl-7 20 nethy”%enzinidazole (0.42 g, |2.39 mmol)
in ethyl acetate nd net hanof NO;The mi xture i sNsid
roomtenperature for
purified by fil tRj
acetate, to afford 4-
solid. 25 4-Ethy|-5-(§-irnidazoli am no) - 7- met hyl benzi m dazol e,

trifluoroaceti cFediGH sal t .Fe i xture of NePhyl enedi ami ne (0. 65 HNO, HEGG6
nmml ) in nethylene chhoride (59 nL) is added a suspensi on of
4- et hyl - 5-i sot hi ocyang§o- 7- hyl benzi m ¢azoie (0.42 g, 1.93 nmmmy,) in

om

met hyl ene chl ori de (5Q . The m xty is sthrred for 1 hour at
t enperature, then Motaky Bor at ed. i due F&HEPHUt ed M ano
30 (100 nL) and r tate (0.74 .32 mol ) is addé ¢ m xture

is stirred at roomtenperattre for 2HMourS. The mixture is fﬂ ed on
evaporated and the reside i WA fied by preparative H Pressure Liquid
Chr omat ogr aphy (HPLC) (C18 iBPUQy; flowrate 45 mJm n,~Sol vent gradient:
0.1 %trifluoroacetic acid (in water)lacetonitrile arting 35 at 9515 and
going to 0/ 100 over 45 m nutes) to afford
4- et hyl -5- (2i m dazol i ryl am no) - 7- ng
acid salt. .Z 2 NIlIvY 29Q ~ WO 99
/ HNJ H3 4-Cycl opropyl -5-(2-i m dazg
Commerci ally avail abl e 1-(4-nethyl g opr opane cafrboxylic acid is
treated with nitroniumtetrafl uor oo folane to afford

1- (4-met hyl - 3ni trophenyl ) - 1- cycl oprljopane %hrboxylic acid. This is converted
to 1-(4-nethyl-3nitrophenyl)-1-bronocyctopropane by treatnment with nercuric
oxi de and bromne in 10 nethyl ene chloride. Reduction with zinc dust in the
presence of calciumchloride in aqueous ethanol affords

5-cycl opropyl - 2-net hyl ani | i ne. Conversion to

4cycl opropyl -5-(2-i m dazol ny! am no) - 7- met hyl benzi m dazole is conpleted in

t he sane manner as 4-ethyl -5-(2-imdazol nmy! am no) - 7- net hyl benzi m dazol e
(see Exanple 2). 15 Exanple 4

hzole as a trifluoroacetic
S08/ 24694 23 Exanple 3 N C |
hnethxlbeqég i le 5




Ha HN I / HNJ OH -7-Hyd~oxy-5-(2-imdazol | nyl am no) - 4- et hyl benzi m dazol e
20 (2-1mdazolinyl am no)-7- et hoxy-4- et hyl benzi m dazole is nade irp 3y 2002
sanme nmanner as 4-ethyl -5-(2-im dazol ny! am no) - 7- met hyl benzi m dazol e except

t hat 2- netwoxyz@4net hyl acetanilide i s used instead of PCT/US98/24694
3-ethyl -6-net hyl acetanilide (see Exanple 2). Cl eavage of the nethyl ether

is achieved with pyridinium25 hydrochlori aé to afford

7- hydr oxy-5-(2-i m dazol ny! am no) - 4- met hyl benzi m dazol e. 30 2 2 bl AY 2002
WO 99/ 26942 PCT/ US98/ 24694 24 Exanpl e 5 gdhebhe2N CHNJ 3 5
4, 6- Di met hyl - 5-(2-i m dazol i nyl am no) benzi m'quazoI e

5- Chl oro- 2. 4-dipitro-mxyl ene. To ice cold|concentrated sul furi&acidis
added 5-chl or o- REXSPENE"110.0 g, 71 Mo~ WA T2 vi gorous stirring, solid
potassiumnitrate (1§4.35 g, 0.14 np}) i<s @ d slowy over 30 tes. Upon
conpletion of addition, the re on m&{tuelwzwarrredto r ogmn™ er at ure
and stirred for 2 1 hours. lid thatJhas formed is filterid and
t

recrystal lized fN o /watgf. This na 33;&@ is further puri|ffNedHSQ,
fl ash chronat ogap n sili ca,NgéT“.‘ (95:5 h ~ethyl acetate) tvo afford
5-chloro-2,4-din m xyl ene as¥ white crystal line solid. R1
5- Azi do- 2. 4-di nitro-im xvl ene. A m xture of |5-gh oro-2, 4-di nkft,\,ro-mml ene 15
(707 mg, 3.1 mol), |$ddi um azide (219 Amol ) and N, 2
di et hyl formam de (10 nL) is heated at C Aor 45 mnutes th oled to
roomtenperature, poured into icelwater Hand ext%iBeted with e‘PhyI acBt ate {3
x 50 nL). The conbi méd organic | ayers are dried (magnesi um sul f t&é%o
filtered) and coR Hed via rotary evapo 8%on to provi de 5-azi %F
4-di nitro-mxyl €he a 20 yel |l ow brown soljd.
4. 6-D nmet hyl -5-n #enzi mi dazol e. A nmixtur@ of 5-azido-2, 4-di niff'r o- mxyl ene
(650 ny, 2.7 mmol’), 10%Wwal | adi um on- cafs M& ng) and 80%MN.ori NGci d
(20 nmL) is heated to 800C™or 30 m nute led to roomtenpere) and
filtered through a plug of sNica gel (¢fub¥fngrmith water}. NpeFtgrate is
basified {- pH 25 10) w th 28%ammoni um hydr oxi de and lﬁrtr cted with ethyl
acetate (3 x 100 nlL). TRerCGdnbin organic || Byers are ¥ed (rmagnesi um
sul fate), filtered) anfire®centratedd to affyrd /
4, 6-di net hyl - 5-ni trobenzi m dazole as a_yellow oil.
5- Ami no- 4. fi-di et hyl benzi m dazol e. A |het erggenedqus m xture of
4, 6di net hy! -5-ni trobenzi m dazol e (410 n?, 2 14N,1%{DI) and 10%

0

pal | adi um on-carbon 30 (50 ng) in netha ) —-s-t seatieslesM t h an

at nosphere of hydrogen (1 atm ball oon)\;{61 hqurs. The resulting m xture
is filtered through Celite and rotary |e porat%"d. The residue is purified
by chromat ography on silica gel (95:5 jmethyl ene ghloride: methanol) to

af ford 5-am no-4, 6-di net hyl benzi m dazote—as—=awhirte solid. t 2 i~l~ ZQ~
WO 99/ 26942 PCTI US98/ 24694 25




4, 6- D net hyl - 5-i sot hi ocvanat obenzi m dazofe. A m xture of
5-am no- 4, 6di met hyl benzi m dazol e (265 ng, 1.64 mml), tetrahydrofurgrp & 2002
m.)., di rid Ith| onocar bonate (584 ng, 1.81 nmol), and

4- di rrethy%? % idine (20 ng, 0.016 mmol is stirred at robhfV8MHF#Y ure
for 2 hours. The m xture is rotary 5 evaporigted and the residue is purified
by chromat ography on silica gel (50:50 hexane:ethyl acetate) to provide

4, 6-di net hyl - 5-i sot hi ocyanat obenzi m dazol e as an off-white solid.

4. 6-Di net hvl - 5-f 2-i mi dazol i nvl ani no) benZAGReME Bl e. A sol ution of

4, 6di nmet hyl - 5-i sot hi ocyanat obenzi m dazol e (250 ng) 1.2&8:0Mmol) in nethyl ene
chI oride 10 (5 mgy is added dgopw se to a sol uﬁul on of é&fhyl enedi agji ne (370

ng, 6.2 mol) in et chl orj, ) ul g8 sol g i o 'ﬁo
stirred at roo nM L&?qe &MON 'gc?zary éﬂigoré’m
residue is dissg -d |n met | (10 nmL) and this solution i ded

mercuric acetate (390 ng, 1.2B mmol). The resuf[ting reaction HA'xtlre is
stirred at room ﬁberature f&H 1 hour, filteré®ihrough a pad of silica
gei and rotary evaporated. The residue is purified by chronmat ogra on
silica gel (70:30:0.5 nethylene chloride:methanol : anmoni um hydrox

afford 4, 6-di met hyl - 5-(2- kg dazol i nyl am no) bengj m dazol e as a whi e soI i d
Exanmple 6 20 H3 N BHNJ

6- B~onp- 5- (2-i mi dazol K/ I@ NGy - ArrhiaPiy | be Noo! e e N

avai lable 2,6-dinitro epe 1S converted m no- 425

nmet hyl benzi m dazol e acitor {ij ng to schene 1. ro ination is achidve by
treatment with bronine inNcetic acid. The syn is is then conp

according to Schene 5. awgp|, 8aNG, 30 N C N HBC POCI,
7- Cyano- 1, 4-di et hyl - 5- ( 2-i mi dazol i nyl am no) be wm:dmzol e 2 2 MAY Z0p2
WO 991 26942 26 PCT/ US98/ 24694 Thi s conmpound is'nmade accordingto a :
conmbi nati on of Schenmes 1 and 3 using 3-am no- 2R§ dinitro-p-tpluic

car boxam de as prepar eﬂ e (fdr.R, &F) Exanpl CH3 N N~/ H CHs
1, 7- Di met hyl - 4- et hyl - azobﬂ nyl am no%‘ (idazidl e 10 Thisg ' Hnd
is made according to 1. 2, nitro-\3- @ | - 6nettryl anj IN n@ s

treated wi th parafornahde dell’}o.. leu,)atﬁd quurlc acid
N- et hyl - 2, 4-di ni tr o- 3- et HyFE6- rret ylaniline. He synthesis
t he same manner as 4-ethyl-5-(2-imdazolinyl am no)benzi m daz
Exanple 2). 15 Exanple 9 |




H3 HsC _"' / HNJ 2, 4-Di net hyl - 5- (1 m dazol i nyl am no) benzi m dazol e 20

2 3-di am no- 6- nitrotoluene. To a solution 3-nethyl-2,4-dinitroaniline %?0
in b0|I|n? I (750 n) is added dropw se over 90 minutes a solUufi

of sodi um su P e nonahydrate (109.6 g) in water (750 nL). At he end of

the addition, the mxture is heated to reflu§ for 30 minutes Fhé ﬂ%ﬁ%@d

into ice (2000 g) and allowed 25 to stand unt’/l all the ice has nelted. The

m xture is then extracted with nethylene chloride and the organic |ayer is

dried over magnesiumsulfate and rotary ewpghptig£d. The residue is purified

by flash chromatography on silica gel, eluting wth nethylene chloride to

afford 2, 3-di am no- 6seakdén@tyol uene as an orange solid.

2. 4- Di net hvl - 5- nitrobenglnldazole. A m xture of 2,3-diam no-6-nitrotoluene

30 (0.945 g, 5.65 mml),; conc. hydrochloric acid (5 nL) and glacial acetic

acid (30 n) 2 2 NAY B002 WO 99/ 26942 2 PCT/ US98/ 24694 is heated to

reflux for 2 hours.ON N ure i s cgﬁleo tg.roon1tenperature t heg poured

in a mxture of crushe ce (lﬂﬁﬁrﬂg g '-‘iun1bMﬁrOX|de (1Qp

extracted with 20%Hetk&hol in chlorg&

extracts are dried over potassium carbonate and rotary evapora. :

2,4 5 dimethyl-5-nitrobenzi m dazole as a brown solid. The prodtct

in the follow ng step QA?MHfurther pui'RIdqu-ﬁt' on. HBF,

1-f - But oxvcar bonyl - 2. 44di et hyl - 5-ni t r obenzi m dazole. A nii?ﬂ% off 2,4

met hyl - 5- nitroben2|n1dqzole (0.63 g, 4.3 mol), di-t-butyl- rb nate

(0.24 g, 1Q 8 nnDI) |enhy§9n1ne (0. 721 m., 5.2 mol) andR1

4- dlnethylanlnongg I in NO, acet at e {45 nL Ro.St ieocgm] at
room t enper at ure ovg htoThe n'ﬁi‘r‘% : $ rotary esF nd Fig\. DMaP
residue purified bnyIash chr omat ogr 8 on silica gel th 10%

ethyl acetate in hexane toafford 1-t J] :
but oxycar bonyl - 2, 4- di met hyl 5<% t r obenzi i dazol e Y4 white solid.

5- Am no- 1-t - but oxvcar bonvl - 2, i met hy T dioR =By, ayysol uti on of 115

t - but oxycar bonyl - 2, 4- di net hyl - 5- |trgbe zimdazole (1.26 g, 4.32 fmol) in

met hanol (15 nlL)/ethyl acetate ( ided 9% pal | adi &8 bon

(0.1 g) and anmmoni um formate (1.09 nmpl ). The %ﬁﬁﬁ?&TE:tTf?red at
" Celite with a fetNanol

roomtenperature for 3 hours, then ffltered o wash
of the solids. - The filtrate is rotary, evaporated and the residue is
purified by flash chromat ography 20 on Filica gel, eluting with 20% et hyl
acetate in hexane to afford 5-am no-1-t

but oxycar bonyl - 2, 4- di et hyl benzi m dassetrmas a White solid. 1-t

But oxycar bonvl - 2. 4- di met hyl - 5-i sot hi ocyanat obenzi m dazol e. A sol ution of
5-am no- 1-t - but oxycar bonyl - 2, 4- di et hyl benzi m dazole (1.1 g, 4.2 mmol) in
nmet hyl ene chloride (60 nL) is added dropw se over 30 mnutes to a solution
of di-2 25 pyridyl thionocarbonate {1.9 g, 8.2 mvl) and

4-di met hyl am nopyridine (0.1 g) in nethylene chloride {150 nlL). The m xture
is stirred for 2 hours at roomtenperature then rotary evaporated. The
residue is purified by flash chronmatography on silica gel, eluting with 10%
et hyl acetate/ hexane_to afford

1- f but oxycar bonyl - 2, 4- di met hyl - 5-i sot hi ocyanat obenzi m dazole as a white
solid. 30 N-I1-t

But oxvcar bonvl - 2. 4- di met hvl - 5- benzi m dazol yl ) - N -2am noet hvl t hi ourea. A

sol ution of 1-t-butoxycarbonyl -2, 4-di net hyl - 5i sot hi ocyanat obenzi m dazol i ne
(1.15 g, 3.8 mol) in nethylene chloride {100 nlL) is added dropw se over 15
mnutes to 1, 2-ethylenediamne (1.2fi nL, 18.9 mmol) in solution in

met hyl ene chloride (200 nL). The mi xture is stirred for 2 hours at room 35
tenperature. The m xture is rotary evaporated and the residue is triturated
with ether (150 nL) for 1 hour at roomtenperature. The solid is filtered
and dried in t 2 |l~p,~ 2QA?1 WD 99/2694Z PCT/ US981 24694 28

is used

o




vacuo to afford 22 WAY 002
N- (1-f - but oxycar bonyl - 2, 4- di net hyl - 5- benzi m dazol yl ) - N - 2am noet hyl t hi our ea
as a white solid. 2.4-Di nethvl-5-(2-imdazolinvl am no)benzi m dazole. A

m xture 0o{yq 9926942 PCT/US98/24694

N- ( 1-t but oxycar bonyl - 2, 4- di net hyl - 5-%&nzi mi dazol yl ) - N - 2- ami noet hyl t hi our ea
(1.33 g, 53.66 nmol) and nercuric acetate (1.45 g, 4.54 mmol) i n nethanol
(150 nL) is stirred at roomtenpe% é%gsfor 1 hour. The resulting black

m xture is filtered on Celite with a nmethanol wash of the solids. The
filtrate is rotary evaporated and the residue is purified by flash

chromat ography on a short pad of sigtica gel, eluting with 10%R1

met hanol | chl or of orm cont ai ni ng ] %JQf a]nlmnl um hydr oxi de. Jhe ro&&cét 10
cont ai nlgggsghg,agsupns_a.r.e (ofet! I_e% d rot ary RVapqr atg

2, 4-di net hyl - 5-{2i m dazol i nyl a Em' dazqgmpapas a wWhi t@ Ro Exanpl e
10 15 N H3C~/ N H 7- Cyano- 2, R4’
4-di net hyl -5-(2-1m dazol i nyI ani no) B¥nzi ni dazol e This corrpound RY made
according to Schenme 4 from 3-am no-2, 6-dinitro- ptoI ui ¢ carboxa eq\%‘g_.r epar ed
in Exanple 1. 20 Exanple 11 H3 N\NINH2N [ 1/ HNJ CH3 | diamine

2- Ami no- 4, 6- di net hyl - 5- (2-im dazol i nyl ani no) benzi nmi dazol e 25

N- Acet yl - 3. 5-di net hyl ani | i ne. A m xture of 3,5-dinmethylaniline 420 g, 165
mmol ), acetic anhydride {24 ni, Rba7 m‘rlEL) and triethyi am ne (7 rTLH 495
mrol ) in nethyl ene chlorideN NQTS, tirretdg@Ack oomte {%6 16
hours. The m xture is V\Bs-h@ drifed—tmagnesR
rotary evaporated. 30 The r#8sil } {turated with hexané # fia2t Bred to
afford N-acetyl-3,5 dinmethgd aniggne (25 g9). . A..A. A AFRE Al Re. A e. A3. A

. AU, . AFh@ AYh, . A . A y% . AU3. A A@ . A@ A3?. A3. Al . Ah. Al f. A2, AY. A{r.A 7 TNH
@A 9. A .Ah::3045 C )
00(0#.#.8|?|????>>|>|>|~|~|~>>|>|>|>>?~|<???°8>°8 X| ?2?2?| ~| | 2X??2X?XXX>X?>?| ~
>>>-5>7 Examphee> X >X>X>| >| | >>| >x>x>88xx~x>xxxx| 1] ] X[ X~X~X] XX]| | XXXXXPX~XXXXX

2X~ 2xX?|.2?22~? 9799799799 222X 7~
Xxééé?é?égfx%é;qﬁdl%%ﬁ-’ é’@ gexamples iliustraté the ccrLrLzL\!chsl clf tll\e Lwelsu'\J T8
0] O] (| OrventaPX ??7??2?2>X <X <X| x| X~| ~| ?2~| ~>| ~>| >?2?2?2~~| ??28??20>p?x??????7?| ???7~?7?
222222922229229~2~27| 292" 2px>>>>22=2>22~>| >>>[ | [ ~| ~| 2| [ | | [ ||| [[1]<<[|]~]]]
[1I[]?1~]]]]|]O] ~?>>??~~~~~ ?????~2~22?222727?| ?2?~~?| ??2?>| ~| ~~~| | p| p| ~~>>~~~~>>
?2p| 8] ?x| | | ~>>?0-kswl $ ' R Example 1

~xsqdb] W c”a] ca] c*a] ca] c*a] ca] c”a] ca\/] ca] caV] ca] ca] c*a] ca] ca] c”a] cal] ca] caU
] ca] ca] cal] ca] ca] ca] ca] cal] ca] cRa\§ ]qa] cRaR 6] ?LO ~

ca] caU] ca] ca] cal] ca] ca] ca] ca] ca
] caj ca] c”Ma] cal] ca] ca] cal ca] cgtteals %] cMa]ca QoV]
' f ca%@

X 1l #SH######$SSS, $} w mhb] U] c&a] ca] ca] caU] cal] ca] cal] ca] c
ay] ca] ca] caV] ca] ca] cal] ca] ca] cal] cal] ca] ca] ca] cal] ca] c>a, $. $0
$3BA " ((((=*---"-+---<-667788888838B| wgl fa[ V] c] cal] ca] cal] ca] cal] ca] cal] c
a] cal] ca] caU] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca
] ca BBBB Cl CE2E Jmidazolinylamino)-4-methyibenzimidazole

KKKMBMMVMVMVNNN| wgl f a\ VI f a[ V] ¢] c*a] ca] cal] ca] cal] ca] caU] ca] ca] c*a] ca] c”*a] ca

] c~a] ca] c”a] caV] cal calc”al caV]TcaJ ‘]ca ] ca] ca] caU] cal] ca] caU] caN1PPPR;

R- STSTTVGVG%&%@M&M mb roundbottom ask is added 120 mL of

] | 1/5]1| f abh&d‘nabtéd@mﬁhs ’é@h@ a]ms“ &] aai] ed' /) 0ed eﬁa]tc s’ Asabadﬁ%g-lb&advdlacwdddl ggéﬂdc?] fc?
cha ca c al.c “hee e

9111 ooo ﬁ%é 'QSIH: '6}}5 ?J]'%S‘}’E?’M@%]CEQ] “‘E‘T%Qbf &3] cray cal

ca] cal] (28 mil)ﬂ eo]mé}m]amﬂ sOifgricahcitl a(108] mth]vizjan” addition ham)aq’\SIhsﬁ{ 8{{ O R{

2‘};}c2uia TP & éaﬁ‘?“g%@% c;@} IOFAERRE. FoaB Sl e oo oo

# 8J X"htﬂmﬁ}e(atmm;" dn] ta] Y% haurs.a] dhe] mixtureajis ajooled] ct,:a] rcar]nc PaU] ca] ca

Cal &@}i &?@]%?l.@gl.gk teffl] Q‘ﬂb’]rS%]nﬁw a,al.é?ﬂ]e c“nsre% %né:l %nae& ca] cal cal

caU] ca] &lﬂff‘ﬂ'ﬁ @5]%@1‘}@5?@&[9]%?'&8 whitp#lif.ca] ca] ¢, a] ca

FI Waehz &( +. aUACﬁimaﬂeCc’& Czlsl]dfmfr Ric acid
?qf”of’]élpf 45‘? PG Cacﬁw Cfﬂifﬁ 2%‘:&]1%??5&;'6%@&1%&]?%%%? B cald cal ca
calc

aU] calU] ca] cal] ca] cal] ca] calU] ca] ca] caU] ca] cal] ca] cal] ca] ca] caALQSUWv3zuoj d_YS
kf [ U c”aU] ca] cal] ca] cal] ca] ca] c”a] ca] c”a] ca] c”*a] ca] c”a] cal] ca] caU] ca] cal] c
a] ca] c™a] caV] ca] ca] c”aU] cal] ca] caU] ca] can{

+. 7: 1 k_z/ mrysnhc] Xkf " [ U c”*a] calU] ca] ca] c”a] ca] c™a] ca] c*a] ca] c*aU] ca] ca] cal]c
a] cal] ca] ca] ca] c<a] ca] cal] ca] ca] c”a] ca] ca] c”a] ca] ca] c”a] ca#~~r ~| wr ngb\ VKf " [



V] c”a] ca] c”a] ca] ca] c”a] ca] c™a] ca] cal] ca] cal] ca] ca] ca] c*a] ca] c"a] caug @K‘Y 2
uj v{vpke_zUkf [ U]]ca] cal] caU] ca] cal] ca] caV] ca] ca] ca] c*a] caDN| ca] ca]* Cﬁa a] gﬂZ
a] ca] caU] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] ca] c*a-i J+S

10% & () - WOWH4D) - "F10% & ()-9" 10% & ()-Y 10% & ()- PCT/US98/24694

10% & ()-10% & ()-}[9+S 'K"10WK(K(& ()-"'D,"10% (& ()- ' ("10%& ()-°

10% & ()-!'3 @10% (& ()-1 10% & ()-19% wuca $° 10( (

10( (! '"10% (& ()-f! 1" 10%(v(& ()-f! " 1"10% (I (& ()-f! 1"109%(h(& ()-f!~1"1

0% (& ()-fuVvrs

10%/(% Y 8 &lioo/ é%ﬂq@?/@ s(t%reg u\b%g(? & éegploo gfﬁgré% f(li(lf_;gfz %{S%Pou‘%? (}'he mixture is
"109% (& () - la POUIEG IR ?’Watekﬂ”igﬂ%%sl&n PL GC\'P‘Z% e@d(aﬂdz‘é!ﬁhﬂw'gweteno((
10((!, 99 10% (& ?ﬁerﬂg’)ﬂgﬁﬁt& ﬁ-}oitiugiﬁikﬁ%r&lfg)z'an SH-WhAGRONL & () -

! 0 ' . > 0

10%mg; () - ys10%m8: %@M@%—%of acl LAwers SeHuseRpstem
10( (1 A" 100/&{ rflask ) equiapSdr( W& ) - MG SirEer() ards ﬂ:&%@e% Ginitrio} RELGEVVE

()~ hl yzeND1" 1056 s |--" g, o ( Ar" o 4094 4110
/%g{m{&n% 398—() R&{hanol (S(r?t) mL) and w%te #‘Eh?‘gl ); % M)ﬁj{r&%Q W&?@ b) |

4 mL). The mixture Is cooled to 0°C and treated

TN g;/gmp%wga with 4 BBk Ao sl 1 Wik oy MR ielent 80, iy
& () - LM\del oROPVg"l ﬁ)ér'cﬁl @f %%E{@@ f&S'e's'ng\Wﬂi)e%Pﬁv@d(wml %&Pm@?t Qm
%gos/@r{unn{v&'l I(')'% (I;‘ﬂié;K‘ ahd 1‘“’%@-[-"1"8’3"("“ 1:0_0/@]{ 'f'ﬁ{ag%/r() -The! m b&ﬁé}ﬁ@nﬁo&d (gthank %4 rrﬁ§/n()
& ()-w [ NA4! 10%%&)&#}/3 éotig%yé "{a‘%org)/&]y& e?cip%ag forme ‘mr“nl ﬁte(rgd to give d‘T{ it
rise to 3-amino-2,6-dinitro-p-toluic carboxamide as fine yellow needles.
2,3-Diamino-6-nitro-p-toluic_carboxamide. To a mixture of 3-amino-2,6-
dinitro-p-toluic carboxamide (2.2 g, 9.2 mmol) in ethanol (200 mL) at 80°C is adaed
15  dropwise a solution of sodium sulfide (2.2 g, 28 mmol) in water (80 mL) over a
period of one hour. The mixture is stirred at 80°C for another 2 hours, then
allowed to cool to room temperature and poured into ice. The mixture is extracted
with ethyl acetate (5x300 mL). The combined extracts are dried over magnesium
sulfate and rotary evaporated to give rise to 2,3-diamino-6-nitro-p-toluic
20 carboxamide as a red/brown solid. The compound is used in the next step without
further purification.
7-(4-Methyl-5-nitrobenzimidazolyl)carboxamide. A solution of 2,3-diamino-
6-nitro-p-toluic carboxamide (1.49 g, 7.1 mmol) in formic acid (10 mL) is stirred at
100°C for two hours. The solution is cooled to room temperature and poured into

25 ice and basified to pH=10 with concentrated ammonium hydroxide. A brown
precipitate forms which is filtered to afford 7-(4-methyl-5-
nitrobenzimidazolyl)carboxamide as a tan solid.

7-Cyano-4-methyl-5-nitrobenzimidazole. A mixture of 7-(4-methyl-5-
nitrobenzimidazoly!)carboxamide (1.5 g, 7.0 mmol) in phosphorous oxychloride (20

30 mL) and toluene (20 mL) is heated to reflux under an argon atmosphere for two

hours. The mixture is cooled to room temperature, poured into ice and basified to

pH=10 with concentrated ammonium hydroxide. The resulting mixture is extracted
with 3:1 methylene chloride/isopropyl alcohol (6x100 mL), and the combined
extracts dried over magnesium sulfate and rotary evaporated. The residue is

35 purified by flash chromatography on silica gel, eluting with 9:1:0.1
chloroform:methanol:ammonium  hydroxide to afford 7-cyano-4-methyl-5-
nitrobenzimidazole as a yellow solid.



Y+ 10% W& ()-s , Y+ 10%%é& ()-s) "10%{m{& ()- g|[:NA4I 10 f$10% OF;

& ()-s 3 ySLOWMAE ()- @L0%AAE ()- , 1000BAK ()- FLO9WPAK ()-) &2 MAY 202

9' 109K () -nP1 {ZINA4I 10 \° "10%\/%«&() g "10%& ()-g!t" 109 l\é/&'() g
| f$1096T 99(569%2| f$10%3%5&'() s) i f$10%BY#HE () -5 | +#I WU 10
3109V ()- . GLOYAVK () - ,-109%PAK ()2@ " "109%M& ()-g " 10%/&' ()-9)

U 109BR () - QHEHESSS| [ ; -410|\/%v|| 9109 ()- @ 109MAK ()- , SLO%BAE ()-

1S10%¢#&' () - 1S109%& (g ) 6 109%vBAVE &) $$$3, $. $0$3$bA410MAM L109% % & 5)-

y,s10% % & ()- Ss10 of7ycyan zimidazole. A mixture of 7-cyano-4-methyl-5-

'10% % & ()-31f A

A CAT .%W&%ﬁg% %&%I&sﬁrﬂﬂq@ Md 10 ﬁ%l%ﬁ]&)l{ &:}tboﬁf (100 mg) in

S#10% % & () -* MeffEng] ( 0 Meat%%t%a& a(té‘osphﬂfi Moe?ﬂ ate1.donliopny: fo -

| @10% % & () - @ Yibapé. %r& (e)sumag Sﬁ&%%.&ﬂ(téreh((thaocr@ﬁvmme -ahBNA&l@bO&@&grﬂee%

)" 109 ()15 -+ 08 G ‘B BY e maBaiay (Gice (5l Siteain) -

109%&& () - 10%&atdtyte: m&b@ﬂﬁ&to(é)fford)5ia1®nh86¢y[anbmm9mlbey#ﬂrmz&le() 3 3

X" y#10% & & ()-3 ) c%ylofaﬁé Sdlutn of di-2-

y#lO%&& ()-3678888888vUA g

S& 10% + & () - mm&iyomoeparwme/&&oe) 331 mmmm)id;gemyjamﬂewdm@@ mg,
3f1) 10% +| & (29 FAoBfih detdMydrofurbin (850 BLI ks14Hded afofwisd a s3futibA 8¥5-amino-7-
10  cyano-4-methylbenzimidazole (0.36 g, 2.1 mmol) in tetrahydrofuran (50 mL). The
solution is stirred for one hour at room temperature. The reaction mixture is rotary
evaporated and the residue is purified by flash chromatography (silica gel, 100%
ethyl acetate) to give 7-cyano-5-isothiocyanato-4-methylbenzimidazole as an off-

white solid. '
16 N-5-(7-Cyano-4-methylbenzimidazolyl)-N'-2-amingethylthiourea. A solution
of 7-cyano-5-isothiocyanato-4-methylbenzimidazole (0.29 g, 1.35 mmol) in
tetrahydrofuran (30 mL) is added dropwise to a solution of ethylenediamine (0.41 g,
6.8 mmol) in tetrahydrofuran (30 mL). A white precipitate forms after the solution
has stirred at room temperature for 15 minutes. The reaction mixture is rotary
20 evaporated to afford N-5-(7-cyano-4-methylbenzimidazolyl)-N'-2-

aminoethylthiourea as an off-white solid.

7-Cyano-5-(2-imidazolinylamino)-4-methylbenzimidazole. To a 500 mL
round bottom flask are added methanol (150 mL) and N-5-(7-cyano-4-
methylbenzimidazolyl)-N'-2-aminoethyithiourea (0.31 g, 1.1 mmol). This mixture is

)

= Ll'l".‘ A

25 heated slightly with a heat gun to provide a homogeneous mixture. To this mixture
is added mercuric acetate (0.39 g, 1.2 mmol). The resulting mixture is stirred for 4
hours at room temperature then filtered through Celite and concentrated to afford
7-cyano-5-(2-imidazolinylamino)-4-methylbenzimidazole as a white foam.

30 Example 2
CH,
N Ne R
(A W
CH

3

4-Ethyl-5-(2-imidazolinylamino)-7-methylbenzimidazole
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brown viscous oil. The oil is diluted with ethyl acetate (200 mL), 5% palladium-on-
carbon (5 g) is added and the mixture is treated with hydrogen at 40 psi for 18

10  hours. The mixture is then filtered on Celite and the filtrate is rotary evaporated to
afford 3-(1-hydroxyethyl)-6-methylaniline as a light yellow, pasty solid.
3-Ethyl-6-methylacetanilide. A mixture of 3-(1-hydroxyethyt)-6-methylaniline
(21.3 g, 139 mmol), acetic anhydride (28 mL, 296 mmol), triethylamine (41 mL, 296
mmol) and 4-dimethylaminopyridine (0.5 g, 4 mmol) in methylene chioride (200 ;nL)
15 is stirred at room temperature for 3 hours. Methanol (50 mL) is added and the
mixture is rotary evaporated. The residue is partitioned between water and ethyl
acetate. The organic layer is washed with water, 1N hydrochloric acid, water and
brine, then dried (magnesium sulfate) and rotary evaporated. The residue is
diluted with trifluoroacetic acid (100 mL) and cooled in an ice bath. Diethyisilane
20 (35 mL, 270 mmol) is added and the resulting mixture is stired at room
temperature for 2 hours. The mixture is rotary evaporated and the residue is
purified by flash chromatography on silica gel (hexane:ethyl acetate 3:1) to afford
3-ethyl-6-methylacetanilide as a foamy white solid.
2.4-Dinitro-3-ethyl-6-methylacetanilide. To an ice-cold mixture of 3-ethyl-6-
25 methylacetanilide (11.5 g, 64.8 mmol) in conc. sulfuric acid (90 mL) is slowly added
fuming nitric acid (7 mL). The mixture is stirred for 30 minutes in the ice bath, then

for 1 hour at room temperature. The mixture is poured into ice and the solid that

forms is collected by filtration, washed with water and dried under vacuum. The

mixture of 2,4-dinitro-3-ethyl-6-methylacetanilide and 4,5-dinitro-3-ethyl-6-

30 methylacetanilide is separated by flash chromatography on silica gel (hexane:ethyl
acetate gradient 4:1 to 2:3).

2,4-Dinitro-3-ethyl-6-methylaniline. =~ A mixture of 2,4-dinitro-3-ethyl-6-

methylacetanilide (4.0 g, 14.9 mmol), potassium carbonate (2.6 g, 19 mmol) and

6N hydrochloric acid (40 mL) in methanol (100 mL) is heated to reflux for 2 hours.

35 The mixture is cooled to room temperature, brought to pH 9 with ammonium

hydroxide and rotary evaporated. The residue is purified by flash chromatography
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is rotary evaporated and the residue is purified by flash chromatography on silica
gel (chloroform:methanol 9:1) to afford 4-ethyl-5-formamido-7-methylbenzimidazole
as a tan solid.

10 5-Amino-4-ethyl-7-methylbenzimidazole. A mixture of 4-ethyl-5-formamido-
7-methylbenzimidazole (1.7 g, 8.36 mmol), potassium carbonate (2.0 g, 14.4 mmol)
and 6N hydrochloric acid (34 mL) in methanol (34 mL) is heated to refiux for 1 hour.
The mixture is cooled to room temperature, brought to pH 9 with ammonium
hydroxide and rotary evaporated. The residue is purified by flash chromatograbhy

15 on silica gel (chloroform:methanol 9:1) to afford 5-amino-4-ethyl-7-
methylbenzimidazole as a tan solid.

4-Ethyl-5-isothiocyanato-7-methylbenzimidazole. To a mixture of di-2-
pyridyl thionocarbonate (0.72 g, 3.11 mmol) and 4-dimethylaminopyridine (0.02 g)
in ethyl acetate (50 mlL) is added dropwise a solution of S5-amino-4-ethyl-7-
20 methylbenzimidazole (0.42 g, 2.39 mmol) in ethyl acetate (20 mL) and methanol (5
mL). The mixture is stired at room temperature for 3 hours, then rotary
evaporated. The residue is purified by filtration on a short pad of silica gel, eluting
with ethyl acetate, to afford 4-ethyl-5-isothiocyanato-7-methyibenzimidazole as a
tan solid.
25 4-Ethyl-5-(2-imidazolinylamino)-7-methylbenzimidazole, trifluoroacetic acid
salt. To a mixture of ethylenediamine (0.65 mL, 9.66 mmol) in methylene chloride
(50 mL) is added a suspension of 4-ethyl-5-isothiocyanato-7-methylbenzimidazole
(0.42 g, 1.93 mmol) in methylene chioride (50 mL). The mixture is stirred for 1 hour
at room temperature, then rotary evaporated. The residue is diluted with methanol
30 (100 mL) and mercuric acetate (0.74 g, 2.32 mmol) is added. The mixture is stirred
at room temperature for 2 hours. The mixture is filtered on Celite with a methanol

wash of the solids. The filtrate is rotary evaporated and the reside is purified by
preparative High Pressure Liquid Chromatography (HPLC) (C18 column; flow rate
45 mbL/min; solvent gradient: 0.1% trifluoroacetic acid (in water)/acetonitrile starting
35 at 95/5 and going to 0/100 over 45 minutes) to afford 4-ethyl-5-(2-
imidazolinylamino)-7-methylbenzimidazole as a trifluoroacetic acid salit.
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4-Cyclopropyl-5-(2-imidazolinylamino)-7-methylbenzimidazole

Commercially available 1-(4-methylphenyl)-1-cyclopropane carboxylic acid
is treated with nitronium tetrafluoroborate in sulfolane to afford 1-(4-methyl-3-
nitrophenyl)-1-cyclopropane carboxylic acid. This is converted to 1-(4-methyl-3-
nitrophenyl)-1-bromocyclopropane by treatment with mercuric oxide and bromine in

10  methylene chloride. Reduction with zinc dust in the presence of calcium chloride in
aqueous ethanol affords 5-cyclopropyl-2-methylaniline. Conversion to 4-
cyclopropyl-5-(2-imidazolinylamino)-7-methylbenzimidazole is completed in the
same manner as 4-ethyl-5-(2-imidazolinylamino)-7-methylbenzimidazole (see

Example 2).
15
Example 4
H3
N Ne_N
4 Ny
H HN
OH
~7-Hydroxy-5-(2-imidazolinylamino)-4-methylbenzimidazole
20

(2-Imidazolinylamino)-7-methoxy-4-methylbenzimidazole is made in the
same manner as 4-ethyl-5-(2-imidazolinylamino)-7-methylbenzimidazole except
that 2-methoxy-5-methylacetanilide is used instead of 3-ethyl-6-methylacetanilide
(see Example 2). Cleavage of the methyl ether is achieved with pyridinium

25 hydrochloride to afford 7-hydroxy-5-(2-imidazolinylamino)-4-methylbenzimidazole.

30
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4,6-Dimethyl-5-(2-imidazolinylamino)benzimidazole

5-Chiloro-2 4-dinitro-m-xylene. To ice cold concentrated sulfuric acid is

added 5-chloro-m-xylene (10.0 g, 71 mmol). With vigorous stirring, solid potassium

nitrate (14.35 g, 0.14 mol) is added slowly over 30 minutes. Upon completion of

addition, the reaction mixture is warmed to room temperature and stirred for 2

10 hours. The solid that has formed is filtered and recrystaliized from ethanol/water.

This material is further purified by flash chromatography on silica gel (95:5

hexane:ethyl acetate) to afford 5-chioro-2,4-dinitro-m-xylene as a white crystalline
solid.

5-Azido-2 4-dinitro-m-xylene. A mixture of 5-chioro-2,4-dinitro-m-xylene

15 (707 mg, 3.1 mmol), sodium azide (2192 mg, 3.37 mmol) and N,N-
dimethylformamide (10 mL) is heated at 80°C for 45 minutes then cooled to room
temperature, poured into ice/water and extracted with ethyl acetate (3 x 50 mL).

The combined organic layers are dried (magnesium sulfate), filtered, and
concentrated via rotary evaporation to provide 5-azido-2, 4-dinitro-m-xylene as a

20 yellow/brown solid.
4 6-Dimethyl-5-nitrobenzimidazole. @ A mixture of 5-azido-2,4-dinitro-m-

xylene (650 mg, 2.7 mmol), 10% palladium-on-carbon (100 mg) and 80% formic
acid (20 mL) is heated to 80°C for 30 minutes, cooled to room temperature, and
fitered through a plug of silica gel (eluting with water). The filtrate is basified (~ pH
25 10) with 28% ammonium hydroxide and extracted with ethyl acetate (3 x 100 mL).
The combined organic layers are dried (magnesium sulfate), filtered, and
concentrated to afford 4,6-dimethyl-5-nitrobenzimidazole as a yellow oil.
5-Amino-4 6-dimethylbenzimidazole. A heterogeneous mixture of 4,6-
dimethyl-5-nitrobenzimidazole (410 mg, 2.14 mmol) and 10% palladium-on-carbon
30 (50 mg) in methanol (25 mL) is treated with an atmosphere of hydrogen (1 atm,
balloon) for 16 hours. The resulting mixture is filtered through Celite and rotary
evaporated. The residue is purified by chromatography on silica gel (95:5
methylene chloride:methanol) to afford 5-amino-4,6-dimethylbenzimidazole as a
white solid.
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0.016 mmol is stirred at room temperature for 2 hours. The mixture is rotary
5 evaporated and the residue is purified by chromatography on silica gel (50:50
hexane:ethyl acetate) to provide 4,6-dimethyl-5-isothiocyanatobenzimidazole as an
off-white solid.

4.6-Dimethyl-5-(2-imidazolinylaminolbenzimidazole. @ A solution of 4,6-
dimethyl-5-isothiocyanatobenzimidazole (250 mg, 1.23 mmol) in methylene chloride
10 (5 mL) is added dropwise to a solution of ethylenediamine (370 mg, 6.2 mmol) in
methylene chloride (5 mL). The resulting solution is stirred at room temperature for
15 minutes then rotary evaporated. The residue is dissolved in methanol (10 mL)
and to this solution is added mercuric acetate (390 mg, 1.23 mmol). The resuiting
reaction mixture is stirred at room temperature for 1 hour, filtered through a pad of
15 silica gel and rotary evaporated. The residue is purified by chromatography on
silica gel (70:30:0.5 methylene chioride:methanol:ammonium hydroxide) to afford

4 6-dimethyl-5-(2-imidazolinylamino)benzimidazole as a white solid.

Example 6
20

N
¢
6-Bromo-5-(2-imidazolinylamino)-4-methyibenzimidazole
Commercially available 2,6-dinitrotoluene is converted to 5-amino-4-

25 methylbenzimidazole according to scheme 1. Bromination is achieved by treatment
with bromine in acetic acid. The synthesis is then completed according to Scheme

5.
Example 7
H3
Ng N
CTT 00
;\l HN
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30
7-Cyano-1,4-dimethyl-5-(2-imidazolinylamino)benzimidazole
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using 3-amino-2,6-dinitro-p-toluic carboxamide as prepared in Example 1.

5 Example 8
CH,
N
ST
N HN
HC  CH,

1,7-Dimethyl-4-ethyl-5-(2-imidazolinylamino)benzimidazole

10 This compound is made according to Scheme 1. 2,4-Dinitro-3—ethy]-6-
methylaniline is treated with paraformaldehyde in concentrated sulfuric acid to
afford N-methyl-2,4-dinitro-3-ethyl-6-methylaniline. The synthesis is completed in
the same manner as 4-ethyl-5-(2-imidazolinylamino)benzimidazole (see Example

2).
16
Example 9
H3
N N y
/4
Hac—-<N H\NF\)
2,4-Dimethyl-5-(imidazolinylamino)benzimidazole

20 -

2,.3-diamino-6-nitrotoluene. To a solution 3-methyl-2,4-dinitroaniline (30 g)
in boiling ethanol (750 mL) is added dropwise over 90 minutes a solution of sodium
sulfide nonahydrate (109.6 g) in water (750 mL). At the end of the addition, the
mixture is heated to reflux for 30 minutes then poured into ice (2000 g) and allowed

25 to stand until all the ice has melted. The mixture is then extracted with methylene
chloride and the organic layer is dried over magnesium sulfate and rotary
evaporated. The residue is purified by flash chromatography on silica gel, eluting
with methylene chioride to afford 2,3-diamino-6-nitrotoluene as an orange solid.

2.4-Dimethyl-5-nitrobenzimidazole. A mixture of 2,3-diamino-6-nitrotoluene

30 (0.945 g, 5.65 mmol), conc. hydrochloric acid (5 mL) and glacial acetic acid (30 mL)
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-"109X&&' () - ]M@[@pnyl 2.4-dimethyl-5-nitrobenzimidazole. A mixture of 2,4-
methyl-5-nitrobenzimidazole (0.63 g, 4.3 mmol), di-t-butyl-dicarbonate (0.24 g, 10.8
mmol), triethylamine (0.725 mL, 5.2 mmol) and 4-dimethylaminopyridine (0.05 g) in
10  ethyl acetate (45 mL) is stirred at room temperature overnight. The mixture is
rotary evaporated and the residue purified by flash chromatography on silica gel,
eluting with 10% ethyl acetate in hexane to afford 1-t-butoxycarbony!-2,4- dnmethyl-
5-nitrobenzimidazole as a white solid.
5-Amino-1-t-butoxycarbonyl-2 4-dimethylbenzimidazole. To a solution of 1-
15  t-butoxycarbonyl-2,4-dimethyl-5-nitrobenzimidazole (1.26 g, 4.32 mmol) in
methanol (15 mL)/ethyl acetate (100 mL) are added 10% palladium-on-carbon (0.1
g) and ammonium formate (1.09 g, 17.3 mmol). The mixture is stirred at room
temperature for 3 hours, then filtered on Celite with a methanol wash of the solids.
The filtrate is rotary evaporated and the residue is purified by flash chromatography
20 on silica gel, eluting with 20% ethyl acetate in hexane to afford 5-amino-1-t-

butoxycarbonyl-2,4-dimethylbenzimidazole as a white solid.
1-t-Butoxycarbonyl-2.4-dimethy|-5-isothiocyanatobenzimidazole. A solution
of 5-amino-1-t-butoxycarbonyl-2,4-dimethylbenzimidazole (1.1 g, 4.2 mmol) in
methylene chioride (60 mL) is added dropwise over 30 minutes to a solution of di-2-
25  pyridyl thionocarbonate (1.9 g, 8.2 mmol) and 4-dimethylaminopyridine (0.1 g) in
methylene chioride (150 mL). The mixture is stired for 2 hours at room
temperatur—e then rotary evaporated. The residue is purified by flash
chromatography on silica gel, eluting with 10% ethyi acetate/hexane to afford 1-t-
butoxycarbonyl-2,4-dimethyl-5-isothiocyanatobenzimidazole as a white solid.

30 N-(1-t-Butoxycarbonyl-2.4-dimethyl-5-benzimidazolyl)-N'-2-
aminoethylthiourea. A solution of 1-t-butoxycarbonyl-2,4-dimethyl-5-

isothiocyanatobenzimidazoline (1.15 g, 3.8 mmol) in methylene chloride (100 mL) is
added dropwise over 15 minutes to 1,2-ethylenediamine (1.26 mL, 18.9 mmol) in
solution in methylene chloride (200 mL). The mixture is stirred for 2 hours at room
35 temperature. The mixture is rotary evaporated and the residue is triturated with
ether (150 mL) for 1 hour at room temperature. The solid is filtered and dried in
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10% methanol/chloroform containing 1% of ammonium hydroxide. The product-

10  containing fractions are collected and rotary evaporated to afford 2,4-dimethyi-5-(2-

imidazolinylamino)benzimidazole as a white solid.
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7-Cyano-2, 4-dimethyl-5-(2-imidazolinylamino)benzimidazole

This compound is made according to Scheme 4 from 3-amino-2,6-dinitro-p-
toluic carboxamide prepared in Example 1.
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2-Amino-4,6-dimethyl-5-(2-imidazolinylamino)benzimidazole
25

N-Acetyl-3,5-dimethylaniline. A mixture of 3,5-dimethylaniline (20 g, 165
mmol), acetic anhydride (24 mL, 247 mmol) and triethylamine (70 mL, 495 mmol) in
methylene chloride (300 mL is stirred at room temperature for 16 hours. The
mixture is washed with water, dried (magnesium sulfate) and rotary evaporated.

30 The residue is triturated with hexane and filtered to afford N-acetyl-3,5-
dimethylaniline (25 g).



