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FOR MAKI NG 1, 3- DI SUBSTI TUTED- 4- OXOCYCLYHIHMHIW‘W?GZ THE | N\W&e

present invention relates to chem cal processes tor making conpo ful
in the trea%%/ 59@1 vari ous nedi cal di sorder®®3uch uses i nc% 99%%0}%@36

not limted (%Y as antifibrill atory and antiarrhythm c age 5

processes of this invention are useful for naking

1, 3-di substi t ut ed- 4- oxocycl i c ureas, qarti cularly

1([[5-(4-Chl orophenyl } - 2-furanyl ] net hyl ene] am no] - 3-[ 4- (4- et hyl - 1pi perazin

yl)butyl]-2,4-imdazolidinedione and salts thereof. BACKGROUND OF THE

1. 3- i subst | { PROGEBORAKERGGs BTt g SO SEVESC Breas
1-[[[5-(4-Chl orophenyl)-?-furanyl ] net hyl ene] am no] 3- (4- (4- et hyl - 1- pi per azi

nyl)butyl]-2, 4-i m dazol i di nedi ppe. POFSEBL sNVERrgoiN wWhere the end product
is obtained in pyre formand h

i gh yielrd.. . . .
1-[[[ ~- (4- Chi or op n@fFﬁe-“E“T"GF‘%?nge]l%‘éﬁ I sl RragRsses. for makingkeqrppPoUngs per azi
nyl {Jbgt yIP] E 2ustéfuil ik dg:zxz%a‘émgxgaﬁi migg)d inltimdﬁgahbmﬁksé%?ém%@ intides b%xi_iar@: ot | ?s ed
in US. Patent. No. 5, , o Nor . Eat on rmaceuticals, Inc.;
sai d discl o?ﬂ?%ﬁl\‘?? TS 67 %q%rgéa?%raé‘ldr?nb‘?”wgﬁg\’%ﬁ%eé‘.tS'T € PEAET P ogél?‘ﬁods
are di scl osddvémiob.af) ufdtlefor nivking | S6dsubsttutcistrododyalivwrets, partichladpdar 31,

199 for thi I & i reacti ons which
Fvol ve | soi LeH G EbropRORAH P fur R AR AL AT '@‘S@“}:@Eh@i‘." The
di sadvant agegpafzipgittyl-2 Hoasdagobidingdions endsaltsithgregt. f | ammabl e and noi sture

sensi tive sodi um hydride, p{EREROUNDOPIEE MevENTfGRdi um hydri de
m xt ures, excessiye sol vent vol une sodrum r odr.de, and several _isolation

steps. Added di sathfaPesigédnntigRdelissHee grasess s makingsl, ndisyhstifuted-4-
P[ otecting gmupalﬁndrteaé)q)anﬁaﬂart thborl-[ SW%lﬂgwﬁﬂéﬁﬂpzffg%&i]ﬁi&tﬁyWne]ahﬁné}e”D?/a|-
i's appar 0 ar r,. hi r. yi,el di ng, .nore egconpn ca
et hode. of - pLe TR RS ek el el iatbe. S Berear e
advant ageousthevend proldectas olteimed iropure fortthandnhighgieldf synthetic steps,
i ncreased reacti hr i I ] i renoval of
a hydrogenation ?35%34%&9&@%%{@%?%%“@% gthy%ﬁ?]%gl%@g'gfﬁﬁﬁ H)Dp, hi gher
overal | yi elpiperazinyhutyl]2¢-midazaidingdiong rdjky dseclileride (dizipulidaris fdiseddsedr oduct
the |1t er et Ue Sy KRR atph Lalheli e MG BBt
t he sequencéiﬁlo%&ipmowepﬂ‘e&elﬁi YA aEes &@%@t‘&g‘g‘g&%ﬁ%ﬂmge for
a:c kylhat ion, i@lUsi Patchnot 5A62,9¢0 dfsusdh Y ét(r?lli@iﬁol’beihfli’;lqu ]Ef@t fhisalyloy ot i 3”
of the am ne_ nmiety, I v S_S as. met sul f oxi ~~e~~r dA
To NOv o weriolhd FARE A B S s teEd SR Re i dirssa v
to al | ow convedeneticdiatd gimepoundsctlhendisadvantegsst ofabotbrmethode aratbe disprofduct
yield and p%gl{x%ﬂ aBidD En&imiehaﬁmgﬁig%e{btdh%ﬁ Ry dHARE PoRenlily W18

1. 3-di substit -4oxocyclic areas cby t ) o

1, 3- di subst | PMFésedinn duidyide i raixirenseresiveo polepntevelumesy padies; iedifei @i gh

yields, W t hQytra] 86lafiéh HepNTAddHdeli Hdoshtad@Df oBY rietiicd ardd thi Ligd bNdh drfiiRe

correspondi ng 1-substi tmf&x_ 4- Oi?é:{yﬁy C urea wth. %Léar bon ChEI n cont ai ni ng

up to two | eBQieREngBroupand themsedfona hydregepatiqnfeaction fOR S MMt i sol ati on

]EO a: Ikyl ate an anitrie dppatent from the3arti mubs%fet,uhigger4y'fddiﬁg,cinbte eca@ntitet is
inally reacte ith an acid .to.formthe sired saldg .. The rocess

1 ows for chenark bRl Sria bl bG8, Py b A o

reacti on conebdulddiesa tedactionl inntha ammbeh of spaheticosteps, yaieased reatiiom theoegh-and

the use of am.: pr. i y hi cess,a i d

yi el ds and rg§d_[®:lgﬁeprurrl9 c;ﬁ/?.ﬁhleg %p??}%rng gr'ﬁ%B ,a?aﬁg %r.hﬁ} esdfagglai 'fel%gﬁ%

synt heti c si¢Hmninatien/of a5y amine psptegtingagroup, figher pveralicyields.abilyy torprasessi ds. | n

particul ar, fhe RERFSJ EceP! RER PPE&RCP fsoldlBnd " RIAB hebh V@iplikiAByIiQvERIa new
nmet hodol ogy that 1s. especia uited for tgé scal.e-up and nmanuf act g)ree of

: |1y p
Azimilide. ShRntrydisedvantagesngENDE dieratiie pyalesss PhVBSE: SAMBAUSES dBay
process for &ekionse R&ﬂzmgbam thet eshudoeo6d eédctiony &vth af mildebagenmtilas

. ~ —04 ~ R~
formula: 0 /poaaBséﬁulyn carbonate }or la{lk\yll\laﬁiio\xé, ehmmati/f‘mg the%se of sodium iodide to facilitate

alkylation of the amine moiety, and using solvents such as methyl sulfoxide

T
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wherein R, R2, and R3 are independently selected fromthe group consisting
of H d, F, Br NH2, NO02, COOH, CH3S02NH, 503H, OH, al koxy, alByNOV 2002

al koxycar bonyl , hydroxyal kyI , carboxyal kyl, and acyl oxy; R4 is selected
fromthe greupoessmel sting of a substituted or unsubstituted ab&pusomdohenyl ,
al kynyl, al kyl acyl, and heteroal kyl; and?A is a substituted or
unsubstituted, saturated or unsaturated, straight-chain or branched al kyl
or al kenyl am no %roup conprised of |1-7 carbon atons; or Ais a substituted

or unsubst i t (RMSO) sanduNanethy by rigHdeas (MY We@lé‘?‘bccy’@ﬁlée!ﬁhv higher, regctien . 7

nmenbers cont ghdekmigaths, lg@fgésegr}beoduct g@gﬂhd pilyR4 is attached to this
ni trogen; wherein aid, 1 g ubst i uted 0XOcCY, I|c rea |s de vm hout

i sol ation of intefRe cﬁ B'te%'so 1Sc BRAGRAE 43 r‘?gpf%éssst%rpéna ing, lg-

991 55701 PCTbx&961OA628 véhefdtn) thee hGtdindsttuled dlosbefdlicesteds @aeoccmbmenw ea
et 2 e bon Rl SEBIAANA Pl SEM ARS8 RSy SR lReBfe o
| eavi ng gr oupqrrespending )l -substitetedidngracieliadhacwithiat dartaon ehmmeommnfxrgrup a)

1, 3-di substi{ N r l:

T 3G subeti P SO font EPaddiff uid 1 pIACOURBMOERL allais an
for making Aamifc| logermThe.31disuhssituted- étpxow@@yenepdh@tr@aﬂnﬁélweaqied i any

Azim | ide iSacid to form the desnred salt. The present process allows for the preparatlon of 1.3-
1-[[[5-(4- chI orophen ) - 2f ur any qﬁ]ﬁ | ene] am%doli i m dazol | di nedi one.
Definitions SisHPR SUét&@% Broqyslicgiragseun r|rmﬂﬁ@°9 ong %‘Ft Jmigaleiths Rgegdrfer f or
terns used h@'h?diﬂ@gexﬁﬁlousf%@ dndrted Ose otam admnwmctmg £1a0p JdRisCredesO LIRS C
acid. An inopganic a

nm ner al sul fyric it
v ochl o | oI RaTeaSBHER 52 PIREGT burty RigbPt e et o mraviedh it
aci d, such asyrfthmmsunlalmnty fonthetprepanatioh, ofahéserobassestafanaecues. di chl or oaceti c
acid, propionic a C ce i.nic
acid and tartari @'l gamglﬂglz(?l'lé:gl%gérﬂed m&@sfsésc%taﬁ'eS:x'reseHm%r?tlo%hﬂrgwdgLé ree\'% ction
i nt er medi at emsthogploghidhat sorspesinlinspiteddenthg scalstupland dngnufastiro nfiAzignitidp.  As
used herein, "al kenyl" neans a hydrocarbon substituent with one or nore

doubl e bonds, straight or brapnched chaj unsubstituted or substituted. As
used herein, "al koxy" neans Mﬁmﬂﬂg&tructure Q 0-, where
Qis alkyl or al kghylpreseat usedtiberpedvides’ al prpbess nfoangaking atdishintuted-4-

hydr ocar bon subst .t uent tra hl or ranched chain, unsubstituted or
substi tut ed. ’ﬁ%cyﬁg‘éﬂreﬁ%? ﬁgen%% ans a basic reagent which is added to
a reaction mxture to facilitate aI kyl ati on of nitrogen using an al kyl ati ng
agent. Bases include nitrogen bases and i nor ganloc bas{g\s such as

N, N-di i sopropyl et hyl am ne, triethylam ne, trimet/hfyhN anm ne,

4- di met hyl am nopyri di ne, pylki =8, Socium rixe ot assi um hydri de,
pot assi um car bonat e, sodi um q ppt assi um 57 c&r bonat e, and sodi um
bi carbonate. As used herei n,R2 \h|a ogen i's a chloro, brono, fluoro, or iodo

atom radi cal . Brorm and chl orm,are preferred hal ogens. As used herein,
“heterocyclic ring” is a saturated, unsaturated, or aromatic ring radical
conprised of wgafhpn atons and one or nore heteroatoms in the ri ng.

Het erocyclic _rings are monocyclic or are fuse bri dged, .or i
pol yeyclic rfn wg?&x@re mﬁmdewseserl?%%fresh&a.gﬁowwwl%ogﬁafi&% Br,

preferably 4NH, NeLo@OOHNACH;SO,NH, SO3;H, OH, alkoxy, alkyl. alkoxycarbonyl,
hydroxyalkyl, carboxyalkyl, and acyloxy;
R, is selected from the group consisting of a substituted or unsubstituted alkyl,
alkenyl, alkynyl, alkylacyl. and heteroalkyl; and
A is a substituted or unsubstituted, saturated or unsaturated, straight-chain or
branched alkyl or alkenyl amino group comprised of 1-7 carbon atoms; or A is a
substituted or unsubstituted, saturated or unsaturated heterocycle having 5, 6, or 7
members containing at least one nitrogen, and R, is attached to this nitrogen;
wherein said 1,3-disubstituted-4-oxocylic urea is made without isolation of
intermediates and comprising the steps:



.. N 9 NO~ x~ WO 99155701 PCT/ US99/ 09093 4 nost preferably ~ or 6 atons.

Pol ycyclic rinbs contain from7 to 17 atoms, . preferably from [ § gy
atons, and nost preferably 9 or 10 atons. As used herein, "leaving group
means any sufgfdolsdfggd or unsubstituted al kyl or aryl sulfonat @ceruses9093
substituted or unsubstituted alkyl halidey Preferred substituents are

hal ogens. As used herein, "nethylene" is a -CH2- radical. As used herein,
"pol ar aprotic solvent” is a solvent that possesses the property of high
pol arity, yet(lagjoeseminghayesubstsubid-oxoeytlic deaavich a garionorhainPeaftaningdit pol ar

aprotic solvents i 1aall i ] ] ( i | am de
(DVAC), N-net hyl py‘?§5?‘?§ée€2"4}iﬁ%%9$ Jgﬁh@ Prfftgﬁy[ﬁe%g&%?’%Sgu(’%ég‘%m&é’qge i ned
above and as used dicddper coataing aLiAtt Ofe Ay NZEIguUR. BBdsel ves be substi t ut ed.

Such substi t yti)on dsRNetiengiht AdORE vAth AH4rBing Y &rint /B BIdEsubSHaRd B dient s
i ncl ude those |isted |nd . Hansch and A. Leo, Substituent ConstantsS for
Correl ati on Anal vsf'§®i@R9Cheni stry and Bi ol ogy (1979), incorporated by

reference her(@n. recekenpaaidsiybdisubstruted-4-ndcycle (rkar exanpl e) al kyl,

Cyano. hal ogonts Ay bR Ry reRued o Bk oroe o TSt es Sar

cycl oal kyl , heweyd&r ylireahetsed ocipcl-makikgl Azinglide pipen i[{iSF¢tchlorophehpl)i2ay| |

pyrrolidinyl, arH 4 Ni_9%0:,.: axval kyl . aryl oxy, arylalkyl, and
conbi nati ons ftuﬁtg?g)gfe?“y%é&a%h%gée?nﬁ, éa\q}gﬁarrlggg refers to liters of
i ndi cated sol vent per kilogramof starting nmaterial. DETAI LED DESCRI PTI ON

OF THE | NVENTI ON The present i ny&amilion 4n@l184a8 of Pedpisocesses for the
manuf acture of 1, 3di suhstitut eq.-zl- X clic ureas, incluyding but not
limited to Azinil ?ﬁgfgﬂawm%ra ﬁhafﬁf‘aﬁmf}scfanewalﬁeéglﬁmie salts thereof,

whi ch can be obt ai Aedsédhhéreiph "ucid! aseanhiaginprganio dr qrpdrii¢ Ycidhi gh ihdrganighput ,

and with synthetic si.npljcity. The inyention ipvolves.a s ent.i al
procedure of %é‘g&?ﬁaggra&?g&bgﬁ %&%LQ}{I l—°0>?38§’cF¥cﬁ'°%/ﬁ%réc’ nﬁﬂ) SwflﬁonAEhai n
reagent cont airgamg dcib ib ey iongangr carwxylic acpb| saxch agr dirimic swid) exvetic iavid, he
presence of 1 car I :he i ;A : ci pjit:atj

e te i th a SHupfcg i, @RfblARede bHIPbrolhdile e Fefific R G el
recovering 1,f9marisapids sucginitjacid,angyanaric agikba or ot her salts thereof. The

first alkylation takesedha6it, BdddheMedant UreemidaPfRadford MidRRGiatdbSfredp! ¥y at
about 60 to 75C. . The basﬁ’%iﬁ‘*@?l& an be used is selected fromthose which

have easily fSORRMABREEY PRt e salts. Specifically,
preferred bases i na$ uske herdift, "alitday]l"2neand@ 19k &aridh sabditlent/SAY ch3 QP nore

N, N- di i sepr opyl | am n r] e, [ | am 4. .

di met hyl am noa|cl)°351 Eegll%rﬁ’g?]Sn’;?/ﬂr%h}jPﬁg%aggﬂée%@&?n&h%ﬁbg(ztﬁﬁégﬁ ga’s%:ﬁhurtﬁc{iydri de,

pot assi um car bonat#s useslihgrein,at ' aneanst msehatitnebt bavibgrihe struetig Qddh. um
bi carbonat e. Jh&e (P18 of &lkeffl, bases are potassium carbonate, sodium
carbonat e, potassium E)I carbonate, and sodi um bi carbonate. The nost |
preferred base is pouseskherging aplkph aneans e sasprgiedyhygragaghen substituent.araight s |
preferably 1.a tréhcRe®ehdid AlrBabgitRed ofBlbstited. M dazol i di nedi one. Preferred

G oups, i ncl ud ng DURSHbperE iy DG CBFRS B NS TSR SPGB MBS 1o 8 FADRR o o-
or 1, 4-di br onmbtrane fadilitaee gikpthdon efinitrogén ksiagan4lloidting clgettarikaseslinokde
skilled in the,gpl, %é#%%ﬁ:ggg%g@&&at bl y's&éhCOQé"gﬁr N- E&%‘pé@%k@ﬁ%s . g”d

t et rahydrof urane®are al’s: as® cdrbon charn reagents. _ '
2. ~ equi val entristhylamher taipiephylamine] 4dimgthiylamisopyidine pygdie psadiym hpdade,

i mi dazol i di neglj,; 30 ekl B DGR
NVP, prefer a?%égﬁl%gl E%grrlgé;gég;gl to r%@%%ﬁ@ycﬁﬁgaﬂ’ggf y 2.5 lt o ~ avél unes
of NVP are us¥id.sopiugt bicag@natesubst i t ut ed- 4- oxocyclic ureas are sel ected
fromthe group congi stéd Herefn, "haloien" is a chloro, bromo, fluoro, or iodo atom radical.

1-[[[5-{4-chl grophenyl ) - 2-furanyl t hyl ene] am no] - 2, 4i m dazol i di nedi one;
- 5- (4- mtﬁ%ﬂﬂgs Q] %FS[P{E@%V ‘?E?lf’ ¥nyl ] net hyl ene] ami no] - 2, 4-i ni dazol i

1-TI1

di Fﬁji o?e; fI hAs ulsed h]grein, "hleterocyﬁlici ring" is a saturated, unsanératedi 01;i aromc?tic

1- 5-(4-fluoro n - 2furan met ene]l am nol -2, 4-i m dazol i di,nedi one;
1-[[[5- (4-ni t?%??éﬁ‘i??{)cz’m%#&}‘?‘mﬁ%? ﬁ{)‘? é’ﬂs]"grﬁ‘%f’f’ GAGTRY UL YA nedi o
ne; Heterocyclic rings are monocyclic or are fused, bridged, or spiro polycyclic ring
1-[[[5-(4-met e - ﬂy i , A= k] indj i.QRe;
1-[[[5-(3, 4- d&n@?’ﬁb%éﬁ%ﬁjﬁw ?@éé%gﬁé éﬁ‘g‘?%ﬁ%e@ne 1&‘%1?41’8{"’-;32”,%4?'?%7?&%%3%nedi 0
ne. In making Azim|lide, the 1lsubstituted-4-oxocyclic urea which is used is

1-[[[ S (4-chl or ophenyl) - 2f uranyl ] net hyl ene] am no] - 2, 4-i m dazol i di nedi one.
The second al kyl ati on takes place at tenperatures from50 to 120C,
preferably at about 75 to 95C. Preferred anmnes for this step are sel ected
fromthe group consisting of dinethylam ne: diethylam ne;

I e



WO 99/ 55701 6 PCT/LS99/09093 Water is added to the reaction mixture to
prepare for salt formation. CGenerally O to 5 vol unes, preferaby9Ongy 822. 8
vol unes of water are used. The acid which is used to formthe desired salt
i s hydrochl aybgosé3eneral ly pl-1 is controlled in the range of pprlu394/60%3
preferably pH 4.~ to 5 for nucleation fold owed by further addition of acid
to pH O-3 to precipitate said Azimlide which is collected by filtration in
80 to 90% yield. Azim|ide nade according to the process of the present

i nvention i s mesefrieferably ther Or atlemsentobicyclis irings geatiie drordi 3de det stomsich

uses include Bt 8LerAl7 bi1daksHs, bld H_ﬁﬁﬁpr@?er%'l%bfdrmbial[drﬁg.ory and
antiarrhythmc agents. Those skilled in the art wll also recognize that

Ki
various aci ds may “beussd ’&?”Ln?anélngT%H ragang 8y Srosties phursybstitgted gily]
various salt ot @fyIsulibhaé ofBubstiatéd bit @isabitialedtalign hande. NpR@ kdddsubsti fiehts
phar maceuti cal | laccept able salts such as, for exanple, sulfate and
hydr obr oni de & nf)'repar ed according to the process of the present
i nvention and ar e Aswdeddegtin, imethyldme” scofiH4-hradiealf . Thi s process is
illustrated by the follow ng general scheme: 0 0 NRY R~ O\'J~h~O -pas
R~~~ \N-n~-O R-~~~ ~ ~ Solvent '~~ 1 R\~ R R | A Bue Solvent 2 HQ
wherein O NR A O -ANused Reweimi-"pplar~aprolic solvept'QiRa RlyerRAhatapdsseSsear the
i ndependent | 4h itiSd 1 . Br NO-~,
CooH, ms&ﬁﬁéﬁ%ﬁg { %ﬂ%i@‘?’°§?ﬁ§‘f"?‘r“§|"§%§@8‘ ( odﬁyffgwg‘r‘%‘-x Prp{Pfied
car boxyal kyl poland aRrgtiexysolyents s iagdndiet elY-Nrdmethpfomnasnige c ofAMED. né‘}lbﬁ‘ a

substituted Q@imeiRglibsthimidel EOVRLEY IN-ndkieepytolidInk YINNIP), adnaY il . suBfBgide
het er oal kyl ; (ﬁl\/ﬁOa substituted or unsubstituted, saturated of unsaturated,

strai ght - chai branched al kyl or al kenyl am no group conprised of 1-7
carbon atons; or A4 defnedubsté bnd adused herednibsibstiuedirogst mapttaechselves be

unsat ur at ed heter cl ving:.5:. 6 r s contai ni.ng, at. | east, one
ni t rogen, angu‘é?zlt‘?tgg'at s&gﬂéggiq@% n|_’sma i Pgo%ﬁ?g 3ndn§fea$uebsgtr‘1188tﬁ'en§§lﬁpl y a
| eavi ng gr ouppbstitednts miclude ddse distedtin ICeddainaéx anbApbeo, Substitien QAGRNKfor

99/ 55701 PCT/d%‘?'%%&%ORﬁal;sﬂiﬁr@ieﬂxis}g gndlB'?’G}g%il(p@’Pj),t iﬁfc&‘[})ﬁa%?}g%ff kea is
made w t hout ¢ Inter nedl ates _an onprisin he steps: eTa)
reacting a 1hstabet Praferesd subgieense nchudg(fos ewpmnled atkah slenih alkoxg oitdaeni-ng at
| east two | e%&b,”ﬁnﬁxb?&&ﬁﬁ'toblfkg'l {zeg RARSEAGBYIOELcH, Efand, RASRnaAoRy, 2Uok9Ady]t O
form an adduct contai ruﬁ)ng a ast or]e Ieiavkng hgr o% %gd (I'b ﬁ(omlenm ng
the adduct wilB6-FATRAFHHNYt BicofMPla 23 c¥glaalisxly ietsreasyly gtereycloatyli g8, and

piperidinyl, morpholinyl, pyrrolidinyl, etc.), imino, thioxo, hydroxyalkyl, aryloxy,

arylalkyl, and combinations thereof.

As used herein, “volumes” refers to liters of indicated solvent per kilogram
of starting material.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to processes for the manufacture of 1,3-
disubstituted-4-oxocyclic ureas, including but not limited to Azimilide and other
pharmaceutically acceptable salts thereof, which can be obtained in high yields, high
product purity, high throughput, and with synthetic simplicity. The invention
involves a sequential procedure of reacting a 1-substituted-4-oxocyclic urea with a
carbon chain reagent containing two leaving groups in a polar aprotic solvent, in the
presence of a mild base, reacting further with an amine, precipitating salts with a co-
solvent, filtering, and finally adding an acid and recovering 1,3-disubstituted-4-
oxocyclic urea or other salts thereof.

The first alkylation takes place at temperatures from 40° to 120°C, preferably
at about 60° to 75°C. The base which can be used is selected from those which have
easily filterable or otherwise removable salts. Specifically, preferred bases include



. (I'l') recovering said 1, 3-disubstituted-4-oxocyclic urea. The foll ow ng
non-limting exanples illustrate the processes of the present (hgeNOgv e
Exanple 1 Use of dinethvlformam de (DVF) as reaction solvent for

t he, prepar at weyvoskohzi m |l i de. A three-neck 12-L flask fitted wctrhusasn9oes
t hernoneter, nechanical stirrer, heating gantle, reflux condenser and
addition fiunel is charged with DM (4.77 L) and heated to 50C.

1-[[[5- (4-Cnl orophenyl }-2-furanyl ] met hyl ene] am no] - 2- 4i m dazol i di nedi one
(5979) is addiddN-ghwwprepyistidamiiecont i ntiedhylgmis. di ssofrimetbrlaming onpl etée,

pot assi um carfgRef @anﬁlagﬁvrﬁﬁnd spﬁlaﬂfegedditu% vnbenaé aﬁhas@nﬁln h‘@@hﬁ@gpb@bsmm

continued to 85C. Afte 1- br chlo ane

Cded and e TaTE: SOUYACAIRIGHE BB ALY S00EUAR: BFarpanat o e,

N- met hyl pi permaten@rdfédal dasdss aaadq:e@hssmnd damnmextsadmm sCabcIr@wdpmsﬁmmr for
1 hour at 10 The re une i | ed to appro tely 10C.and
filtered to (r)%ﬁ%v%nait%s%fiﬁﬁ 1 ﬁ]@rlﬁ{}ﬁe § voég Rﬁg%gfér%aﬁﬁc'édp%ﬁa%%%re at
65- 68C and r eqrtamett, gercnalbo® §ltaitd @tuha:ﬂﬂlits (Beferably. 1.The 2rdquivateats perhealted t o

di ssol ve the éfr ﬁﬁd&%@ EI?J gkfér{%gt{gﬁcfne{@ﬁﬁeh d%}%tsgi%ttey}?%ﬁéﬁéjgfbﬁjp' S

precipitated from et ano I-on of
concentr at ed $PpEimag helagen geeupsaingluding bet natdiaiied & gl beorasd-chlespbrtaee,

conpound. 9 WRYchERE2 oV PAHiBafdbudkd;/ Ho?@%r@@g%?' 8 Frasmba- c%loroBr}ﬁﬁ‘e of
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over 30 m nutes peré I ne e m xture over
1 ~ ninutes while Préﬁarteﬁgltsebeoeed,&rquellq otreﬁs efc zelegigds frapyl the ~grpuput es,

the reaction gEngistihg | Soff00l ed 1§ q[BRAIDIrORRY Y- BREard Minet iR &:IamInquQﬁ )
i s added. The, m, xt cool ed to room ter{'pc[&réature and {ﬁl I tere o renove

i.S
i nsol ubl es. THWWd ‘I‘%Oﬁlfi’r“ﬁf]@n?’s acidified with dérnethanggu B-Zici d
to pH 1-2. ThfyranyKinetieylénk jantiabp2l4timiddzolidinsdiohe;| t er ed-[{[5- (gl-ﬂh&)ra}ﬁhe‘ﬂlyg Hf the
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mxture is Stsdbrsﬁt@tefdo-’(- REUPEIRX| nBdac! Whid0 1§ Nuéeds whi hf{[[ISE(atdhnﬁomn}gQ

N—rrethylplper the m xture 1s stirred for an
addi ti onal @“ﬁ%%eqﬁ’gg{i‘ﬂ‘i“ﬂbggd"%%on%ﬁ'édlf’@%ct| on mxture is cooled to
20C, and acet one ('PRY) setgndi slkplddenl. taﬁ'd%epl’abe(tamrwmpsrafurést droatl 305 toe R0,
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to pH 1-2, € conp
Exanpl e 4 Usegmohp Nonsisting qziydlnmkhydl@nmclvmat mxaa,cNINnblss@ IW)EQZI‘II@X)I‘C@T}’I)EMBUC

preparation ofs @%P{ﬁakx'x&e N- &%I—ﬂem@ﬁ\?ﬁfn?nb IiJ'(QgIgdifd ?Eﬁggmmtmmﬁ{emmt er,

mechani cal stlr atin ux condénse tion funnel is
charged wi t h Methy{pinerazing; morphohne 4-hydroxypiperidine; N-methyl-N-phenylamine. The

1-[[[5- (4chl opmplRenydd 12- ﬁ]aueawilﬂm&tehyé emeﬂ@mlﬁ@l-mzmé i m}@Ieml d.pedi @ne

(300 g), 1lbrono-4- chI or fb Lane iﬁ(% % oﬁ ot assi u r by natle x%%l@

The m xture i S9WyalentyPreteradlyph? ﬁﬁ?‘ lgnts ne\/ﬂﬁrlr%p ﬁ@ prpiggzqlig

N- net hyl pi per agiadged 149 Q) ! S added_ and the mxture is stirred for

approxi mately 150 %15‘0“»51%3 tI\{gqs'elc(()ancI1 ael%faplgn % reac]tioﬁ n%i?cture is coo\f\% 19 e%%Za(PI%' 2
10° to 50°C, preferably 5° to 35°C. The co-solvent used to precipitate the salts is
either acetone, methanol, ethanol, or mixtures of the above, preferably acetone.
Generally 0 to 20 volumes, preferably 6 to 10 volumes are used. The insoluble salts
are collected by filtration and washed with co-solvent.



PCT/ t; S99/ 09093 90C. The reaction mxture is cooled to 30C, and acetone
(2.4 L) is added. The mxture is filtered to renove insol ubl es.1g\?gfv]zé?9.43
L) is added to the filtrate and, the m xture is heated to 30 to ! e

m xture i s awpdbki®d Wi th concentrated hydrochloric acid to plct/Uus9b09083
seeded with product, stirred for 1 hour. gnd then further acidified with
concentrated hydrochloric acid to pH O to 3. The mxture is cooled to 10C
and filtered to give 382.8 g of the conpound. cl cl 00O~
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WHAT 1S CLAIMED | S 1 Aro%oyﬁgas.f%r nak}[wrz%? .3z di substitut ed-4-oxocyclic
ureas havi ng WHeN aised 19 rthgfsiregy sl ¥ chlofs. _\N-N-~ O R2 R3 wherein R,
R2, and R3 are indegeruligrgH ys seltedleddn thommpbef gHBIp T0mrefesdblyngHA. 5 b 5CI1,
F, Br, NH2, 2 (f(é?_‘ 3H, al koxy,. alky al koxy.car bonyl ,
hydr oxyal kyl , O%QP%S Vgl ﬁ%ﬂ%&%éw &‘c?gleéxaﬂ%ﬁ? ?sa%'éltgc‘fl'icﬁ'% rt?)rﬁrfcdé'?aéer éﬁ‘a
consi sting ofAamslideswhithiisexbllected by digatiaruingt) @l yield. o al kenyl , al kynyl ,
al kyl acyl, and hetgl: Vo il ' : I e
saturated or unsat'L‘Sirlfa?tlif‘l (lia Jngge?g?cé)ﬁ%lh g ﬁgifﬁygf&dgggéfgﬁggérgﬁi?{R%bhar:r’ise.ﬁsjcfulam no
group conpr i sfertheftreptpend of yamous wadicalgdisorders; suchuises inclndedbubere not limited

to uses as antifibrillatory and antiarrhythmic agents. Those skilled in the art will

also recognize that various acids may be added in the final stages of the process to

form various salt forms which may facilitate isolation and handling. Other

pharmaceutically acceptable salts such as, for example, sulfate and hydrobromide

can be prepared according to the process of the present invention and are included in

« thescope thereof.

This process is illustrated by the following general scheme:
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| A, Base Solvent
2 HQ
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-
Rz\/\Ll / \ ! H'Q

Ry
wherein
R;, R,, and R; are independently selected from the group consisting of H, Cl, F, Br,
NH,, NO,, COOH. CH;SO,NH, SOs;H, OH, alkoxy, alkyl, alkoxycarbonyl,
hydroxyalkyl, carboxyalkyl, and acyloxy;
R, is selected from the group consisting of a substituted or unsubstituted alkyl,
alkenyl, alkynyl, alkylacyl, and heteroalky];
A is a substituted or unsubstituted, saturated or unsaturated, straight-chain or
branched alkyl or alkenyl amino group comprised of 1-7 carbon atoms; or A is a
substituted or unsubstituted, saturated or unsaturated heterocycle having 5, 6, or 7
members containing at least one nitrogen, and R, is attached to this nitrogen;
X and Y are independently a leaving group, preferably different leaving groups;



unsubstituted, saturated or unsaturated heterocycle having 5, 6, or 7
menbers containing at |east one nitrogen, and R4 is attached to this
nitrogen; 15 further characterized in that the 19 Nov 2002
1, 3-di subst iwgbesk7dr oxocyclic urea is made w thout isolation pET/US99/09093
i nternedi ates and conprising the steps ofz (la) reacting a
1-substituted-4-oxocyclic urea with a carbon chain reagent containing at
| east two | eaying groups.in the presence of a m|d base and a, solvent to
form an addusfeEdhi ihﬁdgwhﬁtéa@@-‘b%o%sva@ &% oupde amighopd isplgjion of
condensi ng t hfterafddintds antl icbmphisia@ithestegs: f orm a 1, 3-di substi tuted-4 oxocyclic
urea; and %119 NOV 2002 .a (g{.hveréggoveri ﬂg t he . b : .
1, 3- di subst i {8l ed A URGDE TSI IFEET-O3OCYFHE Yirh il 6arben ghain Fopjaiying A
al kyl ati on in st efeabtawiodeating gtoapp @r tieyrreseheoof dhildtbasd 200G sdvéht td fiem
process of Claim I . i i el ected fromthe group
consi sting of N, é%%pé%ﬁélpg\gﬁaﬁ%ﬁ% ‘%‘é:'%?"ﬁ?%gwyﬁa%’dne, tri met hyl am ne,
4di met hyl ami (lbpyr rendeasingihei afiduet wishy et ammineytdifoniea | godiaghstitmedag-ampdelic
pot assi um car bonaf,g, sodi um carbonate, potassium bi carbonate, and sodium
bi carbonate. 10 4. The process of Claim3 wherein the |leaving groups on the
carbon chain reagé‘i‘ﬁ are selected fromthe group consisting of hal ogen
groups, sulfanyl atesveralgcahivl 3 diqubsttutcdindlogbiRlic @F@ups. 15 5. The process
of Claim4 wherein the solvent present in steps la and Ib is NN
di met hyl f ormam de, N, N-di net hyl acet am de, nethyl sul foxide and N-nethyl
pyrrolidone. 6. Thae foliweag mh-Chaing dxawipérseaillnstsdie phel processgy 65hs paesent
al kyl ati on aj, B fi&rperature 20 from50C to 120C. 7. The process of Claimé6
wherein the amne I's N nethyl pi perazi ne.

Example 1

Use of dimethvlformamide (DMF) as reaction solvent for the preparation of

Azimilide.

A three-neck 12-L flask fitted with a thermometer, mechanical stirrer,
heating mantle, reflux condenser and addition funnel is charged with DMF (4.77 L)
and heated to 50°C.  1-[[[5-(4-Chlorophenyl)-2-furanyljmethylene]amino]-2-4-
imidazolidinedione (597g) is added and heating is continued. When dissolution is
complete, potassium carbonate (276 g) is charged to the flask and heating is
continued to 85°C. After 10 minutes, 1-bromo-4-chlorobutane (370 g) is added, and
heating is continued to approximately 100°C. After 35 minutes, N-methylpiperazine
(465 g) is added, and the mixture is allowed to stir for 1 hour at 100°C. The reaction
mixture is cooled to approximately 10°C and filtered to remove insolubles. The
DMF is removed under reduced pressure at 65-68°C and replaced with absolute
ethanol (3.6 L). The mixture is heated to dissolve the free base and filtered to
remove insolubles. The product is precipitated from ethanol (6.0 L total) with the
addition of 418 g of concentrated hydrochloric acid and then filtered to give 680 g of
the compound.



19 Nov 2001 12 8. The process of Claim7 wherein the tenperature in step la
Is fromabout 60C to 75C. 9. The process of Caim8 wherein the base in
step la is selected fromthe group 5 consisting of potassium ca®Neyt @2
sodi um car baradesss7d30t assi um bi car bonat e, and sodi um bi car bonatcr/usb09dbhe
process of Claim9 wherein the carbon chgin reagent is selected fromthe
group consisting of 1-brono-4-chlorobutane, 11, 4-dichlorobutane or 1,41 o

di bronobut ane. 11. The process of Claim 10 wherein the solvent is N-nethyl
pyrrolidone. 12. The process of C ai E¥MBMh&rein the tenperature of the

al kyl ation in stepof Beihs| $8fdxi 904 ad Rbctich Pent I&-thd PRpGAGESS of Caim
12 wherein the 1-substituted-4-oxocyc|l.c.urea IS

[[[5-(4chl orophenyl) - 2-furanyl ] net hyl L8%R:no] - 2, 4- i mi dazol i di nedi one. 20
14. The process A thieaimech F00hel ciasktfitedbastk a thain@met. nechali@s Stitet,
carbonate. 15..Th o f [m 1 nerek.n the carbaon e nt is
L br omo- 4 o e et Randeadb e G bt R0 TEBNSLERE0
wherein stepnl) conprasés the $i{Ep4ehiorophieayl)s2ifliranydmahylengamso]2eht such
as met hanol ,; : , P t . fid Eratl of
precipitat edngzﬁt@ Q&?ﬁ%‘%\ﬁggmg %c%rﬂhigﬁdgﬁtgo}é&{b \%Ies‘rsallt%t'ﬂ i%%%ee(%)gr'%ggs%agf' Claim
16 wher ei n tthemed-adprpdutane(136¢ ehaneiadded; and sheoméxtureds hgated pr G€sevenBOC ai m
16 wherein shifek) N-HetH}epipSRARE [ 888 of RAIGEERMMO MikitEdvaddinkinids Yhilwat er ,

adj ustment qof pH w th hydrochloric acjd; and 10 (lld) filtration of
product . . é&a@m ﬁ@#ﬁ] Ayf?rﬁ fﬂfalﬁg’ﬁb@w gag;{.wmwse.s/xa}gﬁn/seacnon mixture is

cooled to approximately 30°C and, methanol (200 mL) is added. The mixture is

cooled to room temperature and filtered to remove insolubles. The filtrate is
acidified with concentrated hydrochloric acid to pH 1-2. The mixture is cooled to 15
°C and filtered to give 30.4 g of the compound.

Example 3
Use of N.N-dimethvlacetamide (DMAC) as reaction solvent for the preparation of
Azimilide.

A three-neck 2-L flask fitted with a thermometer, mechanical stirrer, heating
mantle, reflux condenser and addition funnel is charged with DMAC (200 mL), 1-
[[[5-(4-chlorophenyl)-2-furanylJmethylene]Jamino]-2,4-imidazolidinedione(100  g),
1-bromo-4-chlorobutane (59 g), and potassium carbonate (73 g). The mixture is
stirred for approximately 100 minutes while heating to 70°C. N-methylpiperazine
(59.5 g) is added, and the mixture is stirred for an additional 3 hours with heating to
86°C. The reaction mixture is cooled to 20°C, and acetone (900 mL) is added. The
mixture is filtered to remove insolubles. The filtrate is acidified with concentrated
hydrochloric acid to pH 1-2, cooled to 15°C, and filtered to give 122.7 g of the
compound.

Example 4
Use of N-methylpyrrolidone (NMP) as reaction solvent for the preparation of
Azimilide.

A three-neck 5-L flask fitted with a thermometer, mechanical stirrer, heating
mantle, reflux condenser and addition funnel is charged with NMP (1.2 L), 1-[[[5-(4-
chlorophenyl)-2-furanyl]methylene}amino]-2,4-imidazolidinedione (300 g), 1-
bromo-4-chlorobutane (187 g), and potassium carbonate (219 g). The mixture is
stirred for approximately 1 hour while heating to 70°C. N-methylpiperazine (149 g)
is added, and the mixture is stirred for approximately 150 minutes while heating to
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wherein Ry, Ry, and Rj are independently selected from the group consisting of
H, CL, F, Br, NH,, NO,, COOH, CH3SO,NH, SO3;H, OH, alkoxy, alkyl,
alkoxycarbonyl, hydroxyalkyl, carboxyalkyl, and acyloxy;
R4 is selected from the group consisting of a substituted or unsubstituted alkyl,
10 alkenyl, alkynyl, alkylacyl, and heteroalkyl; and A is a substituted or
unsubstituted, saturated or unsaturated, straight-chain or branched alkyl or
alkenyl amino group comprised of 1-7 carbon atoms; or A is a substituted or
unsubstituted, saturated or unsaturated heterocycle having 5, 6, or 7 members
containing at least one nitrogen, and Ry is attached to this nitrogen;
15 further characterized in that the 1,3-disubstituted-4-oxocyclic urea is made
without isolation of intermediates and comprising the steps of:
(Ia) reacting a 1-substituted-4-oxocyclic urea with a carbon chain reagent
containing at least two leaving groups in the presence of a mild base and
a solvent to form an adduct containing at least one leaving group; and
20 (Ib)  condensing the adduct with an amine to form a 1,3-disubstituted-4-

oxocyclic urea; and
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10% & ()-!1: "10%& ()- !. "10%/& ()- ! "40% /& ()- 10 10

10@ 109& ()-B2C, F6FFI t1aB{Y: 10fy,S 10% & ()-:! f S 10%/& ()- f S

10%8& ()- 10% & (),-SY S 10% & ()= ,,2z10%.& () -t]~1! JKKKKKK{\ =
103rrfL0‘(Ve)&' () - YUS- (1@)& (5e_00\166yng tﬁg 1,3-cﬁsu%sgltute(d)-4-oxocycdc urea. {

2. The process of Claim 1 wherein alkylation in step Ia is at a temperature from

40°C to 120°C.

3. The process of Claim 2 wherein the base in step Ia is selected from the group
consisting of N,N-diisopropylethylamine, triethylamine, trimethylamine, 4-
dimethylaminopyridine, pyridine, sodium hydride, potassium hydride, potassium
carbonate, sodium carbonate, potassium bicarbonate, and sodium bicarbonate.

10

4, The process of Claim 3 wherein the leaving groups on the carbon chain reagent

are selected from the group consisting of halogen groups, sulfonylates, alcohol

groups, and ether groups.
15 5. The process of Claim 4 wherein the solvent present in steps Ia and Ib is N,N-
dimethylformamide, N,N-dimethylacetamide, methyl sulfoxide and N-methyl

pyrrolidone.

6. The process of Claim 5 wherein step Ib comprises an alkylation at a temperature

20 from 50°C to 120°C.

7. The process of Claim 6 wherein the amine is N-methylpiperazine.
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10%~& () -' s90%&' ([The WOMISINOMIMIBWHBEEIn the base in step Ia is selected from the group

5 consisting of potassium carbonate, sodium carbonate, potassium bicarbonate,

and sodium bicarbonate.
10.  The process of Claim 9 wherein the carbon chain reagent is selected from the
group consisting of 1-bromo-4-chlorobutane, 11,4-dichlorobutane or 1,4-
10 dibromobutane.

11.  The process of Claim 10 wherein the solvent is N-methyl pyrrolidone.

12.  The process of Claim 11 wherein the temperature of the alkylation in step Ib is

15 from about 75°C to 95°C.

13. The process of Claim 12 wherein the 1-substituted-4-oxocyclic urea is 1[[[5-(4-

chlorophenyl)-2-furanyl]methylene]amino]-2,4-imidazolidinedione.
20 14,  The process of Claim 13 wherein the base in step Ia is potassium carbonate.

15.  The process of Claim 14 wherein the carbon chain reagent is 1-bromo-4-

chlorobutane,
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17. The process of Claim 16 wherein the co-solvent of step Ila is acetone.

18.  The process of Claim 16 wherein step II further comprises the steps of:
(IIc) addition of water, adjustment of pH with hydrochloric acid; and

10 (IId) filtration of product.



