Description Substituted heterocycles, their use as
nmedi canent, and pharnmaceuti cal preparations conprising

WORKHEMOOHE | nvention relates to conpounds of t RETHES2MWHNES679
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I , inwhich R1, R2, R3, R4, R5, R6 and X have the

nmeani ngs stated below, to their preparation and their

use, in particular in pharnaceu&icals. The conpounds

of the invention of the fornula”l have not previously

been descri bed. They act on the so-called Kvl .5

pot assi um channel and inhibit a potassium current

whi ch i s desi gnat edCOMBAGIt REFORMINGY REACTOR i ng

del ayed rectifier in the human atrium |In addition,

t he conmpounds al so act on other atriumspecific

pot assi um channel s such as the acetyl choline-dependent

pot assi um channel KAGHEELH P& r?é“%ﬂ%ﬁ?ﬁ?ﬁoﬁot assi um

channel TASK-1 . The conpounds are therefore very

particularly suitable as antiarrhythm c active

'”ﬂ(eg'fm(?mtwnp?é&%%%a%of gh EH%e%g&%%%'EﬁE%ﬁoa%dom act reform-

prophyIaX|s of "atrral "arrhyt hm as, Tor exanpl e At Al

fitxidg | tedcoor (AF)y oheaptbdlicthioht ef. hAdricglen to be used in

fibrillatjon %AF .and atrial flutter are the caommonest

sUSTH Pett tar dPREIGRFRGPANTHSY FRe lPnéPGeASe FlHdredGssl indus-

widh I nekerstng 888 pRA-hkeguenthy Leadsthy RlPlfuel cell

sequel ae such as, for exanple, stroke. AF affects for

exarpee pbouts3 Al peohifuepirchhs andehédds treledres to a com-

t han_ 80 _ 000 stroke ch year _in the USA. At h

oI e T aREREFER, FRR: £bS bPRaREsy o, ot Ygpcaron

r efbedst bk s at @ B dregenr eneeeot hAFrelfieirfnedS@ass of the reac-

restricted owing to their potential proarrhythm c side

ef T¥ctsS FhetkeFsersichfflsiReR¥HRCHr BYt PREFEGE tHearoh a

f j s tr i N rial payr '

to e tbuel Soed PTTOhas"Bdn ‘SRbwn TAS( So carlay) ronbrane,

r ecttey-geposar fzaundh wavey Brndéekeetiedt Oxidation (PROX).

S#Eraventriculgr erggthnias.tSuch rientri%s occur if ¢ _

t ATk et T §308Y haBeat BV B E8RAGELAYEEy Tand, ™ RArd e

Safterrii i@, r&EYoshebt tREr aehokyYspehi 84S metH@NJICHRASE hydro-

in the nyocardial refractory period by prolonging the

acd§oropotenttarlesian Hé@ebﬂeéuﬁécﬁﬁﬁﬂsﬁﬂﬁéﬁsr especially

t ] nat ' a % ' t hei r, :

e S e

substtaydrad¢ly et passagd biirohgheat 868 ohitepdihar iiziveption

K+.currents whjch flow out of _the C$|| thro gﬁ %pe

VDR KA AhYEP 52 PEPEPERI PFy 6L M ooy Calio@sogarbon

asfdddpetbdn 1S §ORPEELHON §Ast h@iﬁ?' ealilseddelayed

rectifier 1K which consists of 3 different conponents:

IKn K5 and IKu r . Mpst known class |11

antiarrhythmcs (for exanple dofetilide or d-sotalol)

bl ock predom nant | BAGKGBRUNDsPFeTHE RNVENTIIONy

activating potassi um channel 1K1-which has been

detected both in cells of the human ventricle and in

theudl réem pyeYer regbibasoegehgedet Bappllje®E hydrogen as

conpounds have an increased_proarrhythmc risk when

hefdtd!l ratescaranf oA ePrAGRERY , 2aRBIPRBIARr KPAISFcds 1s normally
i e r a pagt i.C e _

O o ot brandee e 53 rbe P BosragE this FRrgioT con

rivsk;tsva chuisalhbe ahydnosaneovatesdswhel tlhd¢inat @si €nergy

| ow, the effi ac% of %Kr bIoEkers has begn found to 1

d&E e Undr? haS CBRETEPBhs T O L HcRFEAPEFE™ §fiSeh Jasoline,

| usite sdTENOt hRe€hde6l, | SntE04I hedrbgBRJ@t kW€ gas, which then

use- dependence”). The "particularly rapidly"” _

adtax dt§ rp TRA vERyOYpbwR yRYABREEEDaENAE ChBRPSnaA tofoefore en-

the delayed rectifier IKur (= ultra-rapidly

activating delayed rectifier), which corresponds to

the Kvl .5 channel, is of particularly great

i mportance for the duration of repolarization in the

human atrium Inhibition of the IKu r potassium

e o, e o a1



the nedi canent, there continues to be a need for
novel , prom sing substances. It has now been found,

wWeRPpYio8l4agl y, that the conpounds of the i nventPCE&AEPH06/005679
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the formula | and/or their pharmaceutically acceptable
salts are potent bl ockers of the human Kvl .5 channel.
In addition, the conpounds of the fornmula | and/or
their pharmaceutically acceptabl & salts al so act on
the acetyl chol i ne-activated potassi um channel KACh and
on the TASK-1 channel, which |ikew se predom nantly
occmerlmgtmefaeliuaiLKaapémbhgkyCGmpaGmrd@ﬁlEcﬁll power plants
Wckman K., Velimrovic B, , Krapivinsky L., a
D Y e beB e gEpaH aPr Rl SK: ehisnand RAGY Toper for
het s orahéé Mgy 06 buOkWNVaRErEbLeBbMpitAsgKa wqw&einge of ap-
proteins”, Nature 374 (1995) 135-141 ; Liu, W, Saint,
D. AlicakierpgeProusueRprEBsieAtaPNt ARdEREpSE RE compact fuel
cha [ t on eart
e R
Adin. Exp. Pharmacol. Physiol. 3 1 (2004) 174-178;
Jones S. A, Mrtaon, r , _Boyett M.R.:
Ex%‘?%s‘@r%%sBWﬁS?(P%lcﬁtﬁﬁ-nseﬁ‘?wklia{?éﬁt WicnSpdrig regarded as
NBhd s @hﬁgﬁﬁbcakﬁoﬁatfegﬂgﬁ}éhﬁs TorAhel pridi®italon of hydro-
283 (2002) H181-H1 85). Because of this conbined
eff@@m ohch pasir anotyoaﬁyatlrlu genspgetiine wsthadsiadmcell plants
nnels n f th Lyl d/.qQr _
pha %%c% ?lca?Fyn§§ge%§ag e lgl?saggn%%ﬁgﬂé(ﬁheiﬂygf indus

usegr 881 npyvel dant Ranghyyhnmeshwnbh d spaltritduhdrdrnyly suitable
advant ageous safety profile. The compounds are

suithere mep%?m?em BPTt BYOERESRr ddt hlRt TePGe 50-500 Nm’/h,

su trgc reythohas: beanesamples at d d of
fIE¥$¥?2t%%an?£g?glg¥ f?htterg %ﬁe conﬁbundsffﬁr%%i? emand o
f orapbae | seadwm%/rprmrmm@emacmmyfa@@ep@am sushl #s natural gas

t hereof _can al so be_enpl oyed f e
preﬁ%n?FBﬁno?oa?sgéggggﬁﬁére the agﬁlhﬁ%ZeC|EEC%gleSls or
potaset USH Chananehsen fer nexasplly e eKekpedlidite KACh

and/or the TASK-1 , are only partially inhibited, for

exanpl e by using a | ower dosage. The conpounds of the
forgulacboandber choeke (BhALBCEIt icahl yAcePiailGicytarly
salts can be enployed to produce medi canments with a K+
chaneehabbbekand ehﬁehtaterushd timerfayeyl axed 1 plants are known

prophy| axi s_of K+ chann I ted, .di eases. e _
ConbouHag. 57t nEUPEPRIPLS) “Endror Cidsipee in E¥em. Eng. Tech
phaggacepdi ¢abby) aGQGP%QB' ) ﬁ@th%n‘b«’in sftldiaﬁrh&reﬂlﬁrmt&ed:onsisting
for the therapy or prophyl axis of cardiac arrhythm a

whi ef éenrbéeae@prsﬁeaeeytbe& GAGi g ctityd dadtliloh balanced. Each
pot eat il ThB-coERgyads of 0o AEMihads andlay dheldged con-
phar raceuti ca Fy acceptable salts can e enpl oyed for
ternenatnngléylBREhtcataﬂabtfﬁhmuﬂmg|UME(unddnnuwnetand in
restore the sjnus rh th car |over .__l.n_addi t.i.on

{ hevShiEa: biecbeR AL Be Foo bt FRATHE Y HEActEH of a

devigl RERAY - QEt@@WmﬁlxlEUr@ alsl @ RMeRis dwajdﬁcerraermg afteam that
sinus rhythm prophylaxis). It has further been

obsétoed @hatﬁh?héa§ul§§f¢a’ﬁ@é‘s téice tetrset ile fpralso known from
pr e&fsnﬁégg Pgt th %tlgql7nQoV%nt1H1%lél aczlr 2 %Jlm 8Ych as metha-
(ventricu bri Iatlon) and ‘are abl e to prot'ect
fronbsudﬁenohearttdeabhamnﬁhou@xdthaamyq reaction, whereby the

sinultaneousl ri i about an unmanted r Io atlon
of PR&T Sgeegr ng9 ﬁgéﬁvgﬁacfﬁg C endothermic

for pEgrhiagdiescthenr o&h&m@awﬂd@lﬂmrﬁmm@, which is
salts can_be enployed for producing a nmedi canent for

t henohepdpy or mprsphel &f siedhanednend alatahniBe hgat is
supraventricular arrhythmas, atrial fibrillation

and/or atrial flutter. The conpounds of the fornula I
and/or their pharmaceutically acceptable salts are
further suitable for producing a nedi canent for the
therapy or prophyIaX|s of heart fallure |n particul ar

- . o
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R3 CoH2 p -R7; p O, 1, 2, 3, 4 or 5; R7 CH3, CH F,
CHF2, CF3, cycloal kyl having 3, 4, 5 6 or 7 carbon

wWOoabwrme0246€CH, CC-CH3 , al koxy having 1, 2, 3 oPCHER206OV5679

atons, phenyl or 2-pyridyl, where phenyl and pyri dyl

are unsubstituted or substituted by 1, 2 or 3

substituents selected fromthe group consisting of F,

a, Br, I, CF3, OCF3 , CN, CII%@, CONH2 , COwe, OH,

al kyl having 1, 2, 3 or 4 carbon atons, al koxy having

1, 2, 3 or 4 carbon atons, dinethylamno, sulfanoyl,
rnﬂﬂ@nsiéfnaqlfaum nhehybmbhébmyhaﬂbnoloﬁ4oﬁydm@g&@a@mor to

al k n 1, 2 or.3 carbon ato R5 h en_ or

ST T igiag SegtidnchyogRalboRt. PRa thydPaGonTTeuah which
Cla r%@ PIué" k¥4 Payhngnd, 8mBlisBi6ar e@at%@ms paHed or as
or N, and the pharmaceutically acceptable salts and

t it | RTRaedd & é@Ztlmérré@@HSP@ft heatapipepr ergpnggd in the re-
ds, of _ t f oL mul whi_.c h
rreanlén%sspésroe ggiuPEen ﬁ’ Egpyrgggggaggd !n tEhte %ombustion
4-pystiatyl ca- b@leﬂghlySdlhtemyhtea naphhbykesz-of the reac-
napht hyl , 2-quinolin qui nol i nyl , 4-qui nolinyl,
Qﬁﬁwuﬂ??ﬁ#bYGaqﬁmthFﬂyFemPeraEPﬁﬁlFﬁﬁFrlbUtlon is ob-
S.GHth&Jnyl 2-pyrimdinyl, 4-pyrimdinyl,
5-pyrin1diny|, 2-pyrazinyl, 3-pyridazinyl or
4 pyridazinyl where each of these aryl radicals is
bstltut or rgggktuted E 1. 2 ol % %%nghtue%%%t i
se ?%e 47 OUp EongPSETNg of "B, TELCTB Y T or 1S
CNlota| Wyd h@%@@ lto2acRievedthar béﬁl&édﬂbpe%lfang tempera-
nmet hyl sul fonyl, CF3 , alkyl having 1, 2, 3 or 4 carbon
atiohes %ﬁ?ﬁ%rﬁ@%ﬁﬁ%% l%uPF%ﬁ%?P CQE@%?PonémdsuCh as after
@M&&'I&w'&%ﬁ&es@rp%?% thWc'—@%ﬁE a%dmé'h'u 3L|d’owns, es-
4-pyridyl, 2-thienyl, |eny? 1-napht hyl, 2-
nmmﬁigdly2MM§mn@¢pmyate3hqatnphpaylar¢ guiondldiedylin the re-
5 ui nolin qui polin olin
A EBelel n{?a fzmbyrl]\l%la?%; gﬁvge %ngllore or less sequen-
5 -1y 1 e b g | ar 2- pygazisyl fo2- PHE] gaalrﬁyhp%f the reforming
4-pyridazi nyl, where each of these ar radicals is
wﬁﬁﬁﬁﬁ@%mﬂ%ﬁﬁ%&téﬁ%s%Ptﬁt@éoﬁ?dﬁreztéﬁt3m§Ub§@iﬁ&@@ﬂ@lcantly
S 1 -d isting of F O, Br 1 CN,
Cf%%%}&ﬁé)éﬁwnﬁ¥ﬁox§8 g%@%gél 2, 3 or 4 carbon at ons,
CIFS OH1 et hyl sul fonyl, CF3, aIkyI having 1, 2, 3 or

qg%w?%ﬁ %f%gehéi%pggo 21 T'f%' :é%ce%%gre&&nd@f fuel
R7c@ﬁ HAT, 1%@515&5’310063&@' oabkyhn!aaghag 3f ﬁf %0 @O kW or

or 7 carbon atons, CCH C C CH3, aIkoxX havi ng
oreV@rcarerw aﬁ@lﬁslni)h@me B8P popyPi 4y ! aﬁhéeéuéﬁ@ﬁlylm a need
r ut.ed t d.hy 1, _
oo B ingl éfﬁﬁ%tf%%-‘/féﬁmcgﬁﬁg?éuéhé%ﬁsﬁ& angifale re
(ﬁfdimiﬂgEﬁedctdFB ThfﬁFBn Ehirn COOBse €ONEZ ¢ GQMBhGH in reac-

wl%% %%an or _4, carbon atons, alkg ¥ havin%
Jcrér%%ﬁm%t%ﬁsl Bt nEPRYPEHTRSS s BFF &gy [temperature
m%ﬂBHﬁﬂBJéHB% angl feé bk subEenyk ankpo; T1RApBYEHeY8R O the
al’kyl having 1, 2 or 3 carbon atons; RS hydrogen or
aIWVWThgoﬂ a upifRrRat HORCBRbHEE REShydbegesn Py which
a CFC?’ato l)ﬂéll.(yt%ulg@%“ﬂg J!‘de FRE g’egé{:Qg a?teo atédaéo the
X ar maceut1 cal acce | e"salt's and
trsédauﬂemp&ﬂaﬂmmetbmmemés ﬁbnpodmﬂsloﬁltheofabﬁubaelwhen the

preferred in one nt are those in whic
T e RS phR b EQRRCRS: BOSneange! PaodAcsR by means
suistd tditesh dYodrn&r 0in e selbsthtbept s sel ected from
the group consisting of F1 d, Br, |, CN, al koxy
having 1, 2, 3 or 4 carbon atons, OCF3,
met hyl sul fonyl, CF3, alkyl having 1, 2, 3 or 4carbon
at ons, dinethylam no, sulfanoyl, acetyl, and
nmet hyl sul f onyl am no; R2 phenyl, which is unsubstituted
or substituted by 1, 2 or 3 substituents selected from
the group consisting of F, G Br 1, CN, COOve, CONH2,

e



nmet hyl sul f onyl am no; R4 hydrogen; R5 hydrogen; R6
hydrogen, F or al kyl having 1, 2, or 3 carbon atons; X

woeKH7mo23 and t he pharnmaceutical |y accept abl eP€aIEP2008/05679
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trifluoroacetates thereof. Conmpounds of the formula I
particularly preferred in one enbodinent are those in

whi ch the neanings are: R 1 pheg which is

unsubstituted or substituted by~1 substituent from the

group consisting of F, d, Br, I, CN and al koxy havi ng

1 or 2 carbon atons; R2 phenyl,which is unsubstituted
orIrsudosdit ibved bye1csub$ybtuemthﬁnonheheagﬁduﬁt tubes may of-

SN o T Oy endy bt popseapsg BhEStngt Ry nay for

cyfﬂéﬁ&%dé B@Vbéﬂtérobaékéér@ﬁns@henﬁuﬁéspﬁ%@ﬂ OMM® . This
phenyl is unsubstituted or substituted by 1 or 2

sUbRY i cxreats dedesisddf variahéogr doptempsirgtivyg sonditions
h 1 or 2 carbon atonms and
1&£§$%a5?%2ki@ ygtcg¥ g% atons; R4 hydrogen; R5
hydrogen R6 hydrogen F or al kyl having 1 or 2 carbon
atons; X CH or d cceptabl e
salts and trifluor om%ﬁm%ﬁ%ﬁ?ﬁds of the
formula | very particularly preferred in one

enbodi ment are those in which the neanings are: R1
phenhyis winéedfoseuasubbiectt ed bhesdbs'temtup@d tl@ypcmé/lde a re-

substitueng fr m the_group_con

i ek PR SHBrOTERLPhaRSaBre ssmamicion
WHEod S anBubst sl ysedtabesubsti t ut ed by one

substituent fromthe group consisting of F, d, Br,

, CN and al koxy having 1 or 2 carbon atons; R3 CpH2

P-REiP Disdran 9]5] g’ct RquEﬁe 9%959@'15)/1' t@aﬂr%g'l%eora 4eform-
carbon atoms or phenyl, where phenyl is unsubstituted
orimyubstactueedvbych bs compbsti audntfsegelf@a:t o¢chegmcal means

th c I sting, of CN, al kyl. havi

ort o A BRREAT ik A0aSar Kbxshabtng teaR ol EaPfb ™ hion tem-

atgumss t e hyse 0gen; oR5tH¥dE@§@ﬁoRthy@h@gQ@zfoh_rnﬂfng section of

al kyl having 1 or 2 carbon atons; X N, and the

pHatereea€F @Rl | y acceptabl e salts and

trifluoroacetates thereof. Specifically preferred

conpounds of the fornmula | are selected fromthe group

1F11; J‘2£R'a1fu(’21=1®ycbbpeopybﬁethexynivention to provide a re-
henyl et h

2§ S S RT SaP bR hb hoRy CInPASET HBEOSheRfI 1. AT Time is

ter(Né)h@@yféﬁi@Yy]aﬂd"'@YﬁpoynacEﬁ@K}@ or maintain its operat-
1- (2- Cycl opropyl nmet hoxy-i , 2-di phenyl et hyl)-5-fluoro-1
ngw,@@mpqr@‘ﬁ@re after a change in” process conditions, such

%52 4_5’ éoprhle &}ogagéﬁhOEEQBYE%W%Y%H%%%&@ or a
yl']-2H pyri a2|n
2R§haﬁ%d-'éumda&rx@érpeoydmbpbeaoxy during a start-up operation.
, 2-di - p-fluorophenyl ethyl)-1 H pyridin-2-one,

1-[ 2- Cycl opropoxy-1

, 2r0i 54 dahdtws pPHB YL ebhytheSihlHAEQDA to provide a reform-
H-pyr|d|n 2- one,

1-I199 (2R ThY OF o‘phéﬁlyl ys2legel eprepyiiwet hexyivergent catalyst

RESL 55 Ikl ods HE YT EL D1 B PneundE.

2 bis(4 quorophenyI)ethyI] 1 Hpyridin-2-one, 1R,

pr.o met hoxy-1, . .
zIfb.JsS(aM P oRets T ePriNe L inkepsiea foopargide a reform-
rZ% (de £ 05PPREDYH) 18- gy%gm 9RYL BBt Bex¥tkuction, inexpen-
| uorophenyl)ethyl]-1 pyridi n- 2- one,
4 [ 1- Cycl opropyl net hoxy- 2- (4-fl uorophenyl) - 2- (2- oxo- 2H
-pyridin-1-yl)ethyl] benzonitrile, 1R,
2R -1-(2-Cycl opropyl net hoxy- 1
, 2-di phenyl ethyl )-5-fluoro-1 H pyridin-2-one, 1R,
2R -1-[ 1- (4- Fl uorophenyl) - 2- (4- met hoxybenzyl oxy) - 2- ( 4-
met hoxyphenyl )ethyl]-1 Hpyridi n- 2-one,
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2 or 3 substituents selected fromthe group consisting
of F, d, Br, I, CN, alkoxy having 1, 2, 3 or 4 carbon

WOoa0090240CF3, met hyl sul fonyl, CF3, al kyl havi RGT/EP2@6/0@5679

or 4 carbon atons, dinethylam no, sulfanoyl, acetyl,
and met hyl sul fonyl am no, preferably selected fromthe
group consisting of F, d, Br, L, CN and al koxy havi ng
1 or 2 carbon atons, for exanpleé F, d, Br, CN or
met hoxy. A further enbodi nent describes conpounds of
the formula I in which R2 is phenyl, 2- pyridyl,
3-$®vécbmd viplyrldyér Reahi éogk, tBanhhiiengbnventional reform-
1- napht 2 napht hyl, 2-quinolinyl, 3- quinolinyl,
rﬁﬁ% W5PTS 5-qui nol i nyl, 6-quinolinyl,
7 qui nol i nyl, 8-quinolinyl, 2- pyrimdinyl,
4- pyr|n1d|nyl 5- pyr|n1d|nyl 2- pyrazinyl,
3-yritave hyanethar pobi gaki afl thenipaenptégratoppasylide a re-

N T e L S S L

trﬁuqﬂcn&ﬂrqmséstsngpeftEcuEhrlﬁrfok ENe lalkkdry plavitrsg capable

4 carbon aé 3, nethylsul fonyl, CE3,
219 I PTRRRGES UB Ta 6h RVCaTbBAYEE offt, SHPAeMAyEamias, 17~
sulf amaylyp acgt b, xand net hyl sul fonyl am no, preferably
sel ect ed fron1the group consisting of F, d, Br, |
CN, CF3 and alkoxy having 1 or 2 carbon atons for

fit g e s T s

lpro®dss3, of Nntipariheehsiof.or 1, for exanple 1 and R7

is CH3, cycloal kyl having 3 or 4 carbon atons or

phenyl, for exanple cyclopropyl or phenyl, where

phenyd f§r§95§§§ébﬁu59dtﬁé §H9§Bt§5&egeb$r%v96e2a reforming
substituents selected fromthe group consisting of F
dredrsoCNonl k¢ bhawvagsionrof @apbgneaﬁorf@uaﬂd into hydrogen

al kox aving 1 o car bon nEX ampl e
seﬁ%ﬂg%%ﬁ*?%hw?heeE?mengoﬁglg Oﬁgwoﬁc tRoxy"&RdEq ithin a
A dussdherventing) nenbodeser sbesieanpadnds cofmblR@ ion section,
formula | in which R4 is hydrogen or nethyl, for
exdhpiiet #y d?%b%nreﬁPFQFPﬁeFeéﬁﬁealﬁ@ﬁFa&€§cPP§e§r more cata-
r [ ydr, n -~
oot gt LR IR LekO oD cER e Sab Eaa e sec
damnmkms pnupo@adswcththeefornmbaelfﬂnwwhh@hnR68|§or the
hydro en carbon ataons

ATy oGRS o7 | BEPRETe ACPOPERGA S5 q ey 2nd said

dessiih besi 60peundsn of st peotoa8dl aikhi atWlieel tXon® Gdrner,
A further enbodi ment descri bes conpounds of the
fcwfwrelm e wheeh ?(XFBaNg1’Fﬁem€6hﬁ€9uﬁ§§uéﬁefihéor the reform-
lé?' éesémﬁ e?hseﬂsrbﬁef8Enﬁor£h%atalyst tubes
cen asyﬁnetry |c are present may
|ndepenﬁfm&lquidomexanoehEhahaselfhelscudateguemu ars encap-
uratl The |nv tion includes

e R conf| n
po%%f e stiet e ?s%‘?rb Cl?ﬁ?d ﬁ’d{“S 8RNt GHES &I least a
(ﬂéﬁﬁﬁﬁ@wmﬁfSsaﬁ@dcﬂbﬁééreélﬁﬁetﬁ@o@&uﬂ@%eln51de said boiler
stereoi sonmeric fornms, for exanple enantioners and/or
disette¥@dners, in any ratios. The invention thus
i ncl udes for exanple enantiomers in enantiopure form
both as | evorotatory and as dextrorotatory anti podes,
znﬁtdwmdimglprnlmfthexiuvestmbntheghaeleqanﬁimummyﬁa1C1rcu—

various ratios or n the form racena di vi.dua
slARa R SEednchE GrEpAVeh BubAdeired gy retorning’section
fraed 1 anadh Ngbso PbXt HESL bYyCOR¥ephsaRgk BEt qu@e Qfasf An the
exanpl e by stereosel ective synthesis. I f nobil

hyeR bRl Eersoarerpy edent forna bﬁégénheﬁﬁvéﬁpkoﬁhéﬁs@nables
includes all tautonetic forns of conpounds of the

formula |I. The present invention further includes
derivatives of conmpounds of the formula I, for exanple

sol vates, such as hydrates and al cohol adducts,

esters prodrugs and other phyS|oIog|caIIy acceptable



qui nol i nyl, 5-quinolinyl, 6-quinolinyl, 7-quinolinyl,
8-quinolinyl, 2-pyrimdinyl, 4- pyrimdinyl,

wOB0WO4B di nyl , 2-pyrazinyl, 3-pyridazinyl orPCI/EP2006/005679
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4-pyridazinyl. If aradical is di- or trisubstituted,

the substituents nmay be identical or different.If the
conpounds of the fornmula |I conprise one or nore basic

groups or one or nore basic hetgrocycles, t he

i nvention also includes the correspondi ng

physi ol ogi cal |y, pharmaceutically or toxicologically
acdeptabtenghit sonegpdcsapbyyt hé pratndcsuttihcaldeforming reac-
acceptable salts, but. also the trifluoroacetates. .
Th%’s‘,?“t%% & oﬁ%smgr’ahh%af F’nﬁﬂ&“ﬁ%ﬁ?‘?h TAVE Brie FGYFECY”
nor£r bastige tatalpsot o0Beabl Raigeaips oer re@iRNiySe<dtth the

or nore basic heterocyclic rings, can also be used in ,
t FEamQr e BPe fRERFe ph§BfloRogPRHF LY OPEIF8ta08d O4citdhe reactor is
adeidd o galLss Wi bhobABLORNLC 9E58" 8BRS taGk%o fi¥mporary
exanpl e as hydrochlori des, phospﬁates, sul fates,

metemngss| fonatesesacebatesiohact ated, asalchatngss in burner
fumar ates, mal ates, gluconates etc. Salts can be

obtdihed from conpounds of the formula | by

conventional processes, for exanple by conbining with

an acid in a solvent or dispersant or else by anion
exdrrarRer§iom of hapidari gsethEod BRBokAGS A6f h the gas-
f(¥g%§fhlm u?éSQeP?—Q§PEQE$E§%¢Br8@r%He§CHWéid@wa% boiler
an e use or exanpl e as alkali “netal salts,

prsd et b yasodi simot e pel asgatadsal esenar oas aamommutier of
salts, for ex |l e as salts_wi th ammonia or. .organic .

A RSB S At hOTSRT S0 ThE FAVERETOR PLERer thalc gy reumtex-
t @ pf OeEBPesndiOFaRL 8PAYI BPabbe €0BREHRAS Q@fichR@its, preferably
formula I. The conpounds of the fornula | can be

prigpatieel byrvapfotsbepenpodl ipr sbésbesaighedenRatedRelements
R3 4 . .1 he ani (50 T
c6%%%L%%E§%¥f$hggg%gﬁg?égfgﬂT éegfgggrgkﬁgﬁgﬁa§ééVlrtue ot
pltace dos-eXaqopdemartcardi tgatosetliengertulytes inside. The

N-al kyl ati on of R6- substituted 2-hydroxypyridi nes or
3-IRARFOXYPYP E HES FReE BT SLARIREFPAUPASIER BRI £ T2 N5S0fp number of
ket oescidnd s eRPYLan! hhvhhnhsubgequent o 8dUGH1QN 1Qf pass.
the keto function to Cconpounds of the fornmula Va. The
cdMppugis- bifquhe moxhuka ¥acapeulhérdr éastide Byre elongated
st andar d_processes with co unds of the faornula VI, t

i T RHE Loty cERenar M EonBoURdS 8F EhS Fammira phd Chereby
whiet €1 e 1sdas thesaeanl igeof saabapprepieaks vieeavidiGiccumulate
group, for exanple a halide such as chloride, bronide ,
orP§&fdi Heedrief skleesypat eereEaEPAgiagéRe SOREWMSTioR section.
further preparation process is depicted in schene 2

and relates to the addition of appropriately conpounds

of Thehebd bkl se¢Xion afFdehgdesaoctoketisnédeofregion of the re-
formula MII1 using a suitable base wth, subsequent .
AT o 17T e PSP S Ag T CBRBT SPUndeon 3t ARgT @ pertion
faymBaiy didbe@ coMPRAYNEnSidehehiehmiha Yhast-qigiuiel amixture
compound of the forrmula Ib, where X 1 has the
abtRAehiemt FOnkdt f®ani ngs. Scheme 2A further nethod for
preparing the conpounds of the fornmula | is depicted

in schene 3 below. This nethod uses the ring opening

ofBR tlharne R2 Ssbsfrtiuredlepexl’des of tkentortimalta tde gas-

by. suigfble conpounds of ths f?rnulﬁ XL mﬁthdbase :
cat & AT SHEEREY 4TEp EndSafPor d§*CPANESREr JEEIE fipyes 1n-
otthernAEL oS, thberpaoduet §itRodtasher aeeSOET 2@l nechanical
pure form The resulting al cohol of the formula Vb is
susEient 'y 9@act LAV ai gﬂ auEbABBENA oFatRa YESr g walls

to give the conmpound of the forrmula Ic, where X 1 has

t he abovenenti oned neani ngs. Schema 3 The starting

conmpounds described in the synthetic methods, such as

t he conpounds of the formula I, [I1l, M, Via, VIlI

I X, XI and XI|I can be purchased or can be prepared by

o s a o o



parenterally, intravenously, rectally, percutaneously,
topically or by inhalation, and the preferred

WOam9s8r at i on depends on the individual cas@CTHEBR006/005679

10

15

20

25

30

exanpl e on the particular manifestation of the

di sorder. The conpounds of the fornmula I can noreover

be used al one or together with gharnaceutlca

excipients, in particular both i'n veterinary and in

human mnedi ci ne. The pharnaceuti cals conprise active

ingredients of the fornmula | and/or their

phdmaaeeu@hdehbytaooepaabsepéabesigeaem@Memdmm &riven by the
nt. of from0.01 er. dos The

S b kST P OF RS, SofaPRE BRSROEO Mot Fasiction of

knowd eglge abt bewhkghsexempi €Ats angusdi.t mhlqelfdorfltdms then to
desired pharnmaceutical fornul ation. Besides sol vents,

gethe dperetar §9956§Ft6FyVB§s€¥ graBiéy éREicsiSent s and

other active substance carriers it is possible to use
for exanple antioxidants, dispersants, enulsifiers,

arte feasere naskenget| heatsrrpneservahievesiler section of the
sol ubi li zers, le%ents fqr ,achieving a depot_ effect,

bUFFRT L QTIHRR BnRBsPEPVEGPEr At 8. 2FBPMReFoCh FEF i@l ly spaced
USEy 551191%ﬁtafl90§EQéQQSb§E?l€bXQﬂ Whiiknt Re iddddAMeSs are
suitable for this purgose such as carriers,
stfarbtaimqectss@bsmetta M’uéﬁ@gsvahéec@@véhﬁeélw direction of
a 0.Su bl at uc

St LR e T ae P ok Py LR B B BUST I St i hence,
aqueausafﬁleeh@keCaﬁraﬁgby sobstaanSalEyammb®$v@&se to the
inert carrjers which he used are %ﬁntarab

AR AHEBRELP D Ear BbAECONBEBSs ERPERGs iRt &hey impart

| act 5. , Jh UEDSE 195t§é§ﬁck.‘n eape¢hakl ¥agonLR 3tarGhvels along
Preparati on can take place both as dry and as wet

gr@nnlbeanM|dabeetaenopfytbarﬁﬂengaeeda@e@mewenu@ the boiler
are or ex et abl e |nal s
ST TR PeE eV ERTFPORE R ST buB) SRsoiv e e ture
aquﬁﬂﬂ$eowhalebh@@aﬁeaohembeas ahe,fﬂoe g¥amMle@ves the boiler
wat er , et hanol or sugar solutions_or m xtures thereof.
Eﬁﬁﬁﬁ%ﬁ@cﬁyfﬁ?thégeekEFﬁléﬁt@nnéﬂéé £80igPhdn the reactor
aderérB'@ecﬁ aé&@éllésf§§1da581E@EV%E%%H%%V%%&% @%sed volume.
pol ypropyl ene glycols. For subcutaneous, intranuscul ar
or intravenous adntnlstratlon the actlve conpounds
ar converted if eg subs es _usual fforbl
S pUtpose, "8LEh® 8“§8FEB| t“F%‘ ng'e |l§ PéFs PgPterabLy

ftﬂdfméde%§|@u6@§$ nb Pt Beapsol UHEANWiSUSBERIL@ROlso as to al-
enul sion. The conpounds of the fornula | and/or their

phethelc®ut Feal P§SareepPabf tusaPRs FAYOCHPEo the annular region
'y&mrté&eeyaeglahewﬁ BELhNGel¥ERNLLLZabes BT SR Arcer de-
for exanple pr od u ing products for 1 njection or
|rﬁ1MﬁxnngEhaapIES bhesgasabhqusdlmewtsrarensm@@emhe elon-

siolo i ne_or al coh npl.e et hana

Db ey Ee s bhe  ELhGepRSalealgar o8 RERORE Saat el by
glp&s&&;@rlmn@%nﬁ@tatl 08§ioArigl eﬁemrétaerte& foddt®d out-
various solvents nentioned. Suitable as pharnmaceutica
f oTiAR a3 bh BPotlaunsarsieat #Bf FAldhelpPserd gPladcosol s
or sprays are, for exanple, solutions, suspensions or
emul sions of the active ingredient of the fornmula | or
t higi rtlpharemceot i cAl teatoephtibbe sal isasn ane process feed

naceutlcally ccept abl e sol vent ch as in

T A LR S oPE ABFEP COHSH hxDer 60BF dieR, such as a
SQLJB/cﬁIthﬁ milbien £Or 5| 86 £ RENFRY ahl weldkl efhadl $Rtend inside
conpri se other pharmaceuti cal ex0|p|ents such as

s gt 1@ 3ed evied Whe i @f sthAdreeabPri zAFsordaagdy, the at
propel l ant gas. Such a preparation conprises the

active ingredient normally in a concentration of about

0.1 to 10, in particular of about 0.3 to 3 percent by

wei ght. The dosage of the active ingredient to be
adntnlstered or of the pharnaceutlcally acceptable

I " Y o
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DMSO Di net hyl sul f oxi de TMEDA
N, N, N, N - Tet ranet hyl et hyl enedi am ne The conpounds of

woRhg/obe4sul a 1| can be prepared by various proBETEE2006/005679

The preparation nmethods used to prepare the exanpl es

are described below, where R1, R2, R3, R4.R5, R6 and

X have the sane neani ng as |n c%npounds of the fornula

| . Method A: Reduci ng agent a Va la 1 equival ent

of a bronoketone of the fornula [l was intimtely

mxed in a nortar with 1.5 to 2 equivalents of an
Releagistoneit pooe hydf exgpynbdi meyoextend into any location

3- hydr oxypyridazine of the fornula Il dt n1xture
AR S FEORF Sl U Bofbder b FESoreEoTni Y Snd
1%6112&9[@ atNftess2-§ PoUtsSont Be BhxHUERoWRS HoIs@leV@lotrudes
in an organi c solvent such as ethyl acetate or CH2CI 2
andnpiAe fsebd bhothebnacehiaphi EoreehampleThaer adullsiasg one

o) e ced Ly
R eIt e Mo el EEOHCS B s il Rop of
Va,he esedd¢tioy amdtabodeasher eeffermingt seas ivsudhnlty this re-

possible at this stage to g E ate. the |% nErs easi
%%%t?%%%’ro%h%nﬁi’%@r BRFReRetREGs FRE Oé%gﬁmsgctlon ar-

bYr ad poly onrgt | Leal ggbt ushagpkeptaneketlylube carrying
acetate m xtures as eluent, whereas this was often

pogwd kFPJéOQﬁﬂSW Wl@hddtefb@ucpyvartieates snageslucege to the re-
|nt r f th l a V t LD t hi

codﬁzn% ég $§ted ?%égﬁgucgn%gﬁngu% gﬁe fggnépg frgactor
znsﬁdﬂmawwmménThﬁt@@ﬁpDUﬂGStné thectetnwkamVaawareonduct ar-
di ssolved, in a dipolar a rotlc solvent such as,

XA BVEGSrophver Yadl 1- BSRBIFEP éé{u?ééPeHFQC@Fssafeed tube
basg: sied %si&ﬁt?éﬁﬂ?' Eo- QQT@@E?do%b%eo&eH@'ﬂo\&e%%ll inside
added. 3-5 nole equivalents of a Cconpound of the

f arand ac M sedicho hgne f bromxahgl eefeyoiopr spgitderhylf the reac-
broonm de_ or enzen X 1 i.s_defined
Ot GEORa boehRe aR Serr PEGEia  oltncBE] fBdtor as
brgd st o8, | osht nfnst@n@@rincuhar rélgmehl Be @hebicQ¥sRel, volume

wer e added at roomtenperature, The m xture was ,
stiFeed'mtch oohs t @RPeP At P ES T B8FORI2HSHOTERPGHRS] protrude. This
C%Ya%lsésonct‘f@sgfn%’ﬂpé%ﬁ ofng EHﬁbQ@E ?9%‘{%&‘9%3 t®e at least
t he conpound of the fornula VI were added
mﬂﬂ&upnqneﬁﬁvéﬁeantuMa) fEorenemilp, athengéacsmbﬁtantlally

sually djluted w h wat er .and
R R B b oL BB hBi Separ ane 0 ggouly inte-

cr@/rSattaécs widacted wedbt ot hyheasplatneapdepubitingd or evapo-
wher e appropriate by chromatography. b) In the case
wheel e oo uPEC ©F S € hblpbenaRa ¥PVRstagearyilat egeffected
agent t b t ubj t _
Dt T THE TR it hE VAT 2LR P YR 28 iRl B weure ou
f(Hldﬁunhﬁexmbere@ndémmemitheﬂcé efuisapentsbdk eachintegrate

trimethylsil chloride a yri di nmet hyl
CHitt (ARae SR  Feaeee bt SPralAFAfFnGRageratort haus
f orvad @i ng a:hé!\hﬁrﬁ@xﬁ%é-léﬁtd f:d)ﬁ@glf)ﬁr o@XQEBlaQaQ% evaporation
hal ogen such as fluori ne, | orine, brom ne or iodine,
i Meas prEseiie %@ear$@%@@ﬁt which eliminates silyl
groups, such as, for exanple, tetrabutylammoni um
fluoride, in a suitable sol vent such as DWF, at
téﬂpﬁﬂ&iunesnoTeiﬂed@QOﬁhb§héstpabtgssokaxmaﬂﬂ&duh&rhw meant

ageous for | abi | e conpounds of the for
T G Doridip BFOTRES prailcEUbPooRopIaCE ALy the
al’l&llQQyJidkﬁ/?érh %oﬁ@r%iﬁ@dwﬁth7t5ee§HhM§EQm1§ @hedouter
compound of the forrmula VITI plus 5 equivalents of a

cotpidurRft dfthe heedof Pl a3 X aneeBdsiegai thregester of the re-
N, NN N, N -tetranet hyl et hyl enedi am ne were dissolved in

10 i of absol ute THF and cooled to -700C, and 5.6
equi val ents of tertbutyllithiumwere added. After the

usual wor kup, for exanple by adding a saturated

solutlon of annDnlun1chIor|de and extractlng mnth

o, . o Y a1 o, o o -



sterically uniformand, as a consequence of the known
geonetry of the epoxide ring opening under basic

woceovane24dns, exhibited a trans arrangenent of PCREP2006/005679
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oxygen and nitrogen substituents. The internedi ates of

the formula Vb obtained in this way were converted

into the conmpounds of the fornmula Ic as follows: a) 1

equi val ent of a conpound of the”formula Vb was

di ssolved in a dipolar aprotic solvent such as, for

exanpl e, DMSO or DWVF, and 1-20 nol e equivalents of a

baset swucin as, df pecexanpiiejichondepedpialicol adalonghe reactor

ded. 3-5 nol e_equi val ent c ound of the
R R B T R S
br@a&ﬁq@rvér%éypyobﬁeéeeﬁe voebemXng secdebnned fyiler
exanpl e as hal ogen such as fluorine, chlorine, bromne
ors§@diere, bekoparti cul ar fluorine or bromne, were
added at roomtenperature. The m xture was stirred at
roomtenperature for 1-10 hours until conversion was
COMNp: edte, lamsit f oné hproegasvaeedt subt thg eampoundeaftically

the formula VI were added where gggroe&é % % riant

CHMLFR Wt kTP L PReCPBRRF FBR N hi kF BFe "RASuballifSt one proc-
did 48 edié tha MY ehgapdockBst Bese¥enbet Bahvkhe el RdUEs ver-
do not separate out as crystals, extracted with ethyl
adexczﬁblyan@prp@rdﬁeosmgréhapproperiatf@lwe of the reactor and
chro (Rt ogr y.b) h a e f

LB D) 8= P st B ST R s n  bBE, SRR Ryey process
atyent g epdismé @ 5QbaecbllhePEéﬁB®Hbdyofatb&n@d%mWﬁbdéSS tube
flrstly to a S|I¥Iat|on for exanmp reacti on w

1.995 RAY ot BP st oE E3RAUGE LR FrB?hE?P%FIryWa&HI éﬂhredfé the hy-
ang- Ry4 b ner b 8q Mes By L gBaRp eBl ar iQ@ulanﬁyﬁQ%@atr%orneef%ted enters
the arylating agent of the fornula Via, where
detfhmemleaf@toemnpt@eagrhasogennsqompagtmlemr| ﬁ‘éie traHSltlon
chlonr¥% égon1sea0£ahodanes Ln § |%ular %Iu rrnenqk s
oie, T the pr@sen%% of a rg gen? mﬂgcn ellnrﬁ Tt ed'd
sidd/alptgéd)um astehmé8at &othexatpleastebhabpirylcarorivt® carry-

fluoride, in a suitable solvent such as DV,

at
te]rﬁjbraatRﬂr%%e%$ bhuIgoPPESeThi snppypasantdally liquid form
%ﬁéﬁéy ?S%ﬁfﬁ 9e98%8£88 Pésscbenhb@a%%ﬂnn%n%% Qfeast one
ornu a var Wor kup of the products
t(nﬁ©¢¢$&etmmeanarogyngoavaroaﬂsSC£luIHep$Baentngn substan-

conp ds des rlbed th nt hetic neth uch as
oot RIor S, nERFaF nErREF) S5k pRa FRERER1 1Y Betras and

I>éré<l fate Xl s canchel purcbpsedl or Teas besprepakethddter heat

or anal ogous to processes described in the literature

arfof AHOVRE tBO ¥ hehekprebaaihbrrePt the REPRPH§ GpSamdior to re-

| Te sl 42 nd Nor pUEALL CaLT PReOkahBe L PRAIUCER A0 cactor de-

|nterned ates es p ace by conventi onal s such

assisxt racttilon, s@meohaaogtaohyfer aryatablfbatuontamde a

conventi.o yin the use of the,

'}eﬁ, %S/a'i%%%aﬁe?ﬁoagc ﬂﬁ?gdllnlﬁ' ‘iower trllelght Fur-
ZFEhérrﬁ@r@CﬁlQ@r@ﬁé”HEtQOéMll 02- QE@BQULWJ.@\HQY’MS i centrlfugal
H pyri di n-2-onea) Racem c cis-stil bene oxi de (100 :

‘%%fﬁﬁ%lqnmb%ed %@opbéﬁelﬁlaﬁségéﬁelDﬂpldénd P@nﬁ@ﬂnfnabllng

f 0 f d e a
R o TP e b e gy el ghefdReiLiaring
m tteirepwaasd sflow edf apr8G8€sugder ar gon for 4 hours.

The m xture was worked up with water/ethyl acetate and

chromat ogr aphed on silica gel with ethyl

aClQ{eataﬁd Nk deept adSh@e1pﬂtoce§s('2ulb§dﬁ1§?§rye94tend from a transition
2-di phenyl et hyl ) - 1H pyri di n- one was obt ai ned

fiGapauzNeRt PB4 ds E%@r%@ﬁﬁ? AL EBeMesrpsgd boiler sec-

whi ch, on the basis of the known steric course of

epoxide ri ng openi ngs under basic conditions, was

assigned the trans arrangenent of the hydroxy group

and the pyridine ring, corresponding to a relative 1R

ZR confrguratlon of centers and 2: b) 50 g (0.171

Y o I N1 .



di ast ereoi soneri ¢ pyhd-2-one alcohols in the ratio of
about 1:2 and was not fractionated further. b) 250 ng

wOgaho7toae24i xt ure of di ast ereoi soneri c al cohol s POBERRIWEH05679
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in stage a) were dissolved in 2.5 m of DMSO and

stirred with 242 ng of powdered NaOH and 273 ngy of

br ononet hyl cycl opr opane at roo enperature for 3

hours. The usual aqueous V\orkugE s foll owed by

chromat ography on silica gel with n-heptane/ethyl

acetate 1: 1 . The desired final product

1 { Lo yct ophepykaethoxyolth2- depbemyhnet glck-ionf limoraarder to

gr%g%?r;{) I%aonghgvagrggteglsnggsl gsa I l(cji %f %%en%r(o?f)]ér reac-

2 1 2o 4 &MbOF 9PHLAY E h- 2hEY ek eBrARYGMBEReX ¥nl
- phenyl et hyl ] - 2H pyri dazi n-3- onea) 1g (3.22 mmol) of

2- brono- 1- (4- chl or ophenyl ) - 2- phenyl et hanone were

e 0 t
oy e e e b 5008 PpoafRoTTRAL, Therandpe ot 1east
wasndli oty es feehotuﬁkaﬁhﬁoaadtahheﬂah@@ramm@inmméﬁl located

g of S|I|ca el . ng of creamc¢ol ored crystals were
ob%rél‘?'le% as reglo in the boller section or even in the

2-§ Zakds € QT 9pBENY)) - Ree¥PalnBhonyhet Byl bodtawiiddaz) Rxtend
- 3-one. b) The internedi ate obtained in stage a) was

di sl yedl¢asD. snal popcaeshinel snbet Loged Wwinamsition com-
sodi um bor o d 5 for usua

A raE I Tea e BRPRre: o268 PRaYha PE I omer i ¢

al cohols: ¢) The internedi ate obtained in stage b) was

reacted with brononet hy Icgclopropane under the . .
cobRi Eh bhsSHRStf 1 6REIPR BRENPPEM3 PYdgPFertne desiqsdpck” 1s
fipalg p{@@@f&haﬁaégﬁﬁyogaeﬁhxhenténg“9fro%leslscmﬁld~ or “feed
were enpl oye purification, resulting i

2- Qﬁp¢as@hfbuo@ﬁenybymaléyclopaoéybdeuhdﬁy xcphéwyhﬁﬁﬂctor,

::% %F%P%?gail ?@J?ﬁggssn%éhg%ggan?l and water is present in

, 2F thud ffoion ophensh et Rbh- dntBYh hdi Antd- @Red) eIy sec-
1 mmol) of a diastereoisoneric mxture of
6 §1Qmrot 11 ¢ 2PRGaFBky I gésdﬁoﬁﬂlu@PSBh@ﬁﬁ@éﬂW@lFhelreaCtorr
[ b ed.b n h
é ﬁyc‘{'rg%QPlgog %Q%Fug?o% g%y?)ég'teﬁangnggaﬁ orc%@s fluid and
5 dftmmce@hpgdabxgpyundthe pascedesstlbed tihe 3diwﬁtﬂmg fluid

nethy ne chlLorid and 79 pYr.i di ne
b G T AT E eSSl Prorert Rashy FbFI JErbn gitages feed
\/\/etf@oévdd£§ ufbdehetBenni¥tyre badtnboad akaks@0Mne tube carry-
tenperature for 5 hours it was put, w thout workup and
undtd ERYOPrOBRED §lsedga§ﬁ|wbacaeﬁné§¢§nﬁh@n&ransltlon com=
t h n t t.ate.
T R b s o e S ar it Fhe compare
ofmd e sm&y¢aatyohglSheaadaﬁaﬁangngfgabetpamels directed to
d| sterepi soneric SI|X al cohol t he foll own %
S oCHERTBLRY, SPCBLCY ?é?aﬂe%rES f PgiPari 87 of
ZQUEQScenters 1 and 2, were obtained: b) 170 ng (0.41
nmol ) of the sinIated al cohol obtained in stage a)
mere left with 170 1.4 mol) of

e 229 gl b)) gk
tetr %utyl%ﬁn%ﬁ?ﬁﬁ%? ﬁ8r§ ein g gé b t330ﬁgte%ﬁa§ one
atprm$ efiped atube oaermgbt thaf pencmsklﬂimmdt tcetdey lcon-
acet at e, and_wat due was. chromat ographed on
si{FCEYe m’r%’b?aﬁ‘é?efﬁ??taﬁeFBFSuEhl eFS{’S&%fo@rﬁﬁmged in the
(5Weofwdhe desthedrébbabrpradust i dRbrdRese- ffl|uli%f Qsl pre-
(2-p anophenoxy-1 , 2-di - p-fl uorophenyl et hyl ) -
I—l-fpﬁ/#ti%‘ilrmﬁ W@lrﬁﬁﬁnﬁP@tGCtli[LZQQ/éICéﬁlsép@xyheﬁt transfer
, 2-bi s-(4-fluorophenyl)ethyl]-5-fluoro-1
H-pyridin-2-one a) 102 ny (0.3 mol ) of a
di astereoi soneric m xture of 6-fluoro-1-(2-hydroxy-1
, 2-di - pfl uorophenyl ethyl)- 1 H pyridin-2-one obtained
by general nethod A fron12 bronD 1, 2-

eSS
b}
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2003, 35, 1167-1 174). Honvol ogous desensitization of
bARs occurs via a famliy of serine/threonine kinases

WORMGWM0248 G- protein coupled receptor kinases PGRE$}006/005679

Seven GRK fam |y nmenbers have been identified to date.

Two (GRK1 or rhodopsin kinase and GRK7) are |l ocalized
primarily in the retina, mhereq@gthe remai ning five

(GRK2-7) are ubiquitously expressed in several tissues
including the heart. GRKs have a tridomain structure

with a central catalytic domain, flanked by

arﬁumﬁetceer)rﬂmhth(w)t'anq canbexyeﬂegﬁSnélromct)ﬂequming sec-
iguogon£ geci ic regul to Si te%xglaccarln%é%ted as
N R e e g

SAHre?:ﬁéﬁabel paseeaci hobhbehnreDatrheeGhgns vlFuRiati cArRGnduct .

the CT of the cytosolic GRK results in translocation

of N t by t Hee nBPbranét dpepatreaRanepHéSFRory IFale tiyely cold

a [ n a

e e

ofsudfe apek etk Sd L r nchohelk ogyw(lé?tl)cedmrmha freandolrn 1tshe1s(é’E1

sensitization int erS|stent

gt prcencibrd el oA ROnSP obbae FACCERER: CAR ifgRm the

andk 4 &gk I B8y APbg AL ¥ian R s hut oabsocanladdiftrioan@lormally
protein, b-arrestin. b-arrestins sterically prevent

Geaszﬁolz&@ ¢o vheckat echyPafihefBsuRBebARIOPEELNGS K metha-

angd, Ko I I 3 1

TR B ke tt et nePhebdnr siiirae e teby geavired

GEGRﬁﬁeradat¢@@1ebuﬁoaastaéam berddatoopatihallggiadalo reducing
| oss of, rece tor signalin Inportgntl , in the hunman

hedrd FHTur S cPBRTEnaBt] GAF| BF OF2FheOBFmBACRES: [ube car-
NeF MiQH$ @yétﬁﬁw@§saﬁlyg£aewhnehl €3t iANsoARdc&aNith the exit-
accel erate cardi ac pat hol ogy. Constant stimulation of
adrenerice ree@pgar st bgmcabechofaninags Feadsornomay advanta-

BRI 5 G 608" S8 m T 20 B LY o™ Rlirg, gompact

huweacthearde § adh uw et h&RK2t a8BNAcandepbateppotandiing parts.
activity-are elevated approxipately threefold and this

calfsed W%‘%tJr%n%FGB%ﬁagiénéPFﬁéegn&int KEe §pPegr portion of
"%Hé“%%éb€@§er¥e 'nnéQ§ §£§'£b59 Bﬁaéh EYREeHeR i8fe embodi-
al., G rcul ation 993, 87, 454- . Furthernore,

mysoer di &t @@th@tn aulaﬁdchypeesehbemmb@nb p@pmetré;md gas and

causes in rt{ failu are also car.r t ed

TSR atF R | etbt s FRe PEReRPEaREoROEHBE Iy said con-
Celdgt Cardiol. 2003, 35, 1167-1 174). Rockman et al.

(Nature 2002, 415, 206-212) have shown that GRK2 has

an inmportant role in the pathophysiol ogy of cardiac

fald Wite JAROELEHo RS 0BLDLEEIRGLACHELOLE AART E3CRER lower
a therapetic approach to treatnen? lTng

hgartt i Besé Ueshe hreactoheand ba&bwrehEhalﬂRM|bﬁtﬁﬂ@n, a

be of | h £ h .
Tt e T Br hab G BERR dbnbAct RAPEAEn L SudH @ fuel

peir pheradd bl 9ogub yepbegyt €saoteacstibgr qiphobreheated combus-

hypertensi ve patients_wi th inpajired b2AR-nedi ated

vdéﬁﬁ?l%&#cﬁﬁ Hek atisel BARAR PRYUPHENBA - i HOly AphGC Psss are

P Al LRt bseyefle LR ¥askrhat 1 SDRENHENRCHR] and are
yperten3|ve subj ect s, GRK2 up-regul ation

seﬂmmwpaiﬁﬁé tgnphﬁcyoesersssqggestewhEOf&QWechammahs for

attenuati on of AR ated_vasodil ation_i,n_the.

YIS (RIS <) SE14 bl i e for DeYReerenr veytigatdy from

Irweestcorﬂ&s?s?m&& s@8870R2098} 0o GRKE bBhILBirt geS iRy R&d after

al so be applied in the treatnent of ocardial .

| SoTford Hih GRS 3 BvaE biVErge Ne9kl socbrdoBe-liquid mixture

denonstrated in rat heart nuscle deprived of oxygen

for prolonged periods and this up-regul ation

correlates tenmporally with dimnishing responsiveness

of b-adrenergic receptor stinulated cyclase activity

(Ungerer et aI., O re. Res. 1996 79 455 460) The

o o P, o s I T 1



8. (Cl-C6 )al kylene-O(C 1-C6 )al kyl, 9. (Cl1l-C6
)al kyl ene-OH, 10. (Cl -C6 )al kylene-NH 2 , 11. (Cl1 -C6

wOoRaTipdEse- NH (C 1-C6 )al kyl, 12. (C1 -C6 PCT/EP2006/005679
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)alkylene-NJ(C 1 -C6 )al kyl]2, 13. CN, 14. COOH, 15.
C(OO0(C1-C6)alkyl, 16. CCONH 2 , 17. C(ONH(C 1
-C6 )al kyl, 18. C(O)N[(Cl CGf%Ikyl] 2, 19 C(O-(C
1 -C6 )al kyl, 20. hal ogen, , 22. NH(C1 -C6
)al kyl , 23. N[(Cl -C6 )alkyl] 2, 24. N\HC(O-(C 1
-C6 )al kyl, 25. OH 26. O(C 1 -C6)alkyl, 27. O(C2
- G6hgtal kehft¢ci8ul gk e€2in6bdpakkiengllonate0 (enrber® the flue

SIS R D B b AT HE PR SR h ann-

O14xr Ise&bidr J)Ky{:ﬁ@ergé@lbﬁﬁ'(c 1-0C6 )alkyl, 33. O(C

C6 )al kylene-OH, 34. O(C1 -C6 )aIkerne-C)(C 1
-C6 )alkyl, 35. OG(C1 -C6 )alkylene-NH 2 , 36. O(C 1
- Ghha@)md Kyt epertibhCof tRE bpalikgl, 3éct@ob( Or (Celfeably the
Jal kyl, 38, S (C 1-C6 )al kyl, 39. S(O2-(C 1-C4
)a/yl'p@,Jre Q@ll%mse@qlgn)apypongaine(j@yltélma housing which is

C Cl I

PR Y ne T B e ey, P e v o
( Cie GooyalbyfEhes Gné C Be- éii:@a)lgeyll subStah€iad8y traverse to

| kyl 4 -C1 46. O 0
)oY 2085 G Giec Elod JRetBEORY B e neBrb ey Fhee cne
) db&kylenesd&t bon P PREYFeadBorOabCube@b ndlkyl ane deflned by
(44 -C1 0 )heterocyclyl, wherein the (C6 -Cl1 0 )aryl

an@“’( @egEn oo f heber 689ek9F gheups filner @@ﬁd&éslmcqrﬁ:act with
S d.or S d r.
s GBI AR SUELILILES Bl ke it gpen cne
@iﬂﬂqﬁd)r&ik’yhre(@él CGc)ablﬁybteS( Qp24(. Ce]lo@@ated mem-

| k or (C3 -C10 yc| oa and/or. i s vicinha
sﬂ%%%/ﬂmaedp%taosﬂeé YERSoPSEhEr! SPRLETS @R TpRLy a minor
- Gortef ebH hbSpdi1&roke3t2BH Wﬂgr BoR BREe R tHMRd within
hydrogen atons may be repl aced al ogen atons; and

R3sd xd Hioy IR Th ?arkycuéar@/( ctmeCGepapnaymea\m@m rflosed vol-

is..u S

SUBL  Tinnd by b o B enr REEE SR el g protruce
N4ra Iwibreg at k| fEueOdja(sCSs €d0ckdycbodliow inwherdial direc-
(C3, -C10 )cycl oal k IS unsubstituted or substituted

byt e ‘RPVHbTR ?Pu%%ué%néec‘éﬂo& PRy &P §§PCAOTy may be out-
aceept abl qg&&sigﬁ:eof The terms (C1-C4 )al kyl,

(C1-C6 )al kyl or (Cl-C6 )al kylene are under st ood as a

hydr ocar bon resi due which can be |inear, i.e.

st ai ght - chaj n, ranc :

1568 -heley SLcPianebed BA B33euad By Year o wne
al@acsapnﬁmm mixa@rel kykigeoupeoetuhgadedameuipelrist teRireby
on anot her group, for exanEIe iin an al koxy group
((§%ﬂ$®4§tl%ﬁtﬁ?6t995ubh? afRyA) apf RIOMOERD9) ftspcircula-
an: Al QeAr BONYL JERNPI O AN ALY LBLKYLOLAWRIn said closed
Exanpl es of al kyl groups”are nethyl, ethyl, propyl
anqdumgenEqrtoofh9h§Iheaheln Ebengrs-dfiqalid miegmre is also

pr op - met hyl but i sopent.

o5 S50 8 et By HOP Y1 013, RECRS® SpoPyl CoToing the gas
3 dﬁetiwdlum%yl gasspb@uyh mSﬁ@uBétyb beetbnRintleQr e. g.
tert- ent% Al kyl groups may - if not otherw se
st depno eﬁ?&ﬁégeﬁﬁ?eﬂrﬁﬁﬁésoFuﬁﬁﬁeeXteéd awey) from for in-
gr%cé%’hé’ecﬂ;’s@&'{?él&ﬂe 5u§t QSB%U%'e”%@‘Lqe section and
Exanpl es of hal ogenated al groups are
Gﬂ@ﬂ%ﬁdlyxﬁnmquéhCFBe mldﬁ@éFperzonOOf Ahbemﬂaqﬂua and fur-

0P €, ke e BIRACRE s DARRRRE S UHY o more

3- net hyl - 2- butenyl 5- hexenyl or 1, 3-pentadienyl.

Al kynyl are, for exanple, et hynyl, 1-propynyl,
2-propynyl (= propargyl) or 2-butynyl. (C3 -C 10
)cycloal kyl groups are cyclic alkyl groups containing
3, 4, 5, 6, 7, 8 9 or 10 r|ng carbon atons I|ke

oy o



whi ch groups the cycl oal kyl subgroup as well as
acyclic subgroup can be unsaturated and/or
wozuyaozsit ed. OF course, a cyclic al kyl groupPOa&EPR@6/005679
contain at |east three carbon atonms and an unsat ur at ed
al kyl group has to contain at |east two carbon atons.
Thus, agroup like (C1-C4 )-alkyl is to be understood
as conprising, anong others, satirat ed acyclic (C1-C4
)-alkyl, (C3 -C4 )-cycloalkyl cycl opropyl -nmethyl. A
(C6 -C10 )aryl group neans an aromatic ring or a ring
system odl chatahpst sesberoaaeodasposedngdhehiretf cemeing section

fused or othe wise i r exanple a p

neEhthyTO EPBRARIES. VofFhhy RGN SARENG PrEARSRER toor closed
befatimd | ad0d- isi pdapykab0y hRdaRgddOBephr@t@UR: in the upper
Phenyl is a preferred (C6 -C1 0 )aryl group. A (C4

- QO Y et @ HeyopyregeEbop- nEAAstare- TotpdaBér égtbgpmeans that

Ortxﬁ &éfcéﬁﬁeé'ggesi‘%%fgb"‘ﬁﬁﬂ CHRY §g§al$7%%rg> frrtq.l@les suit-

car one Or nore eroatons such xample,

1l,alZle for ﬂh@ltéﬁgﬁM1agonﬁ algorved ayvigeraatons,fekdatock

2 sul fur atons or conbinatjons._of glfferent het ero

at O Ford LaRpreS af Betharet oy IVF ffay contain 5

carbon atons and 1 nitrogen atomas is the case in

pyridyl or piperidinyl. The heterocyclyl residues can

beP hiouihdt @t r@hgrpoRyt i BhS, PFoFesgadpletonbehgeformed leaves
1- tH'?Slgfgg%sg P&?ég P, a3389?a5i8n glp.?%' t ll%n’th% reformer
p03| i‘on poSi 7-positron of posi 'tion.
I*ﬁéﬁtmomjy¢r@ﬂ@rab$y3ab&yeatnaabhe b€5mo€b0catalyst tubes

)hetero clyl groups C5 -Cl10 ) heteroaryl grou ps]

(23 St ’éo‘“‘%’éﬁ cEh Yﬁ%t EPB%?CPW §Patigs Lor a(@)‘"”ge‘j as a4
M o ﬁgrﬂﬂgtdﬁ/§§£Huﬂ§§geflg§§@lQQndC%gchgqtl%r QR catalyst
groups ) heteroaryl groups are preférred as
(G41b€{ﬂo C)ﬂee@rb}@eycwmbgrogﬁ cauptsbketbsgs- ¢ @ver 5 or 20,

)heteroc clyl grou lnclu e_acridiny azet idine
b@ﬁ?ﬁﬁfjazd¥ ?9 Beﬁ%o?ury?veﬁenz8ﬁ%r% 8I|nyF%
bmtﬁy@fwdgenb@@g@&htppbenyhe benzexazolryike, process gas to be
benzt hi azolyl, benztriazolyl, benztetrazolyl,
kxﬁ%ﬁ%%ﬁ%&cﬁ@@er%eEQ?s%?ﬁ?giéFyFUbéérBﬁ?oﬁﬁpws downwards

Aahh Ga% @@Z&{éﬂca@ﬂ:?@c'ﬁé(lgtlf;yégr%b gukgaggl 'g@éld’ually con-

qui nol 1 nyl, 4H qui nol 1 zi nyl, qui noxal i nyl

quiemicgd ci hyhg ch$opaﬂyhgechhonegylthe|naob&wwk tubes. The

d dro ui nol i H6H-1 .5, 2-

TR oot 55, DY  ERP aRg P ERapanrSPhRIPY Por RERTed by the
hayayvor el d iyl xt hesoph peragenytcirudazeki dutylide said cata-
|n1dazoI|nyI i m dazol yl, 1Hindazolyl, indolinyl,

ﬁzﬁ?B@SIn@%lyme %@ﬁlﬁaﬁPyﬂ mF§BBéﬁz§ﬁ&#3ﬁfﬁ heat to the
oi Z I I I LS Ql I ,
isqu|no |n b%%bn@?ﬁiggﬁo 3?§8h?§gt ﬁézg %rQQQﬂW 1s forced
iSnxa&hhyldommw®h@$ingltheaphihyrldenyhpn The gas-liquid
cta dr0|squIno in oxadhazoI

L, .
Lb&eao?%leol?las P{%égf %% f\ggb%?l medium moves therefore

131s5ld1é(alﬂtea2@éé/&toﬁ §n4a0§@ﬂfaé§?k&hla@?ﬁﬂéohﬂa@ﬂn@ﬂ in a region
oxazol yl, oxazolidin pyrim henant hri di nyl ,

p et hI%IﬁFWPSIﬁ)h@%%QI hgyﬁld@héaeﬁhpi@sﬁw volume containing
p'@@%fuwﬂ @@@9%@25&&' FE’BB“BE@%%UXES inside said

pi per azi ny peridi nyl, pteridinyl,

p Uroyinie ;gntngm %Wrazengblesytbazobndunwbps circulation of

Y e 24 Jp o LA aRE "Sh) A bt ARy Skt ion and said

pyﬂéﬂi:lﬂfh)/lng Pyt eydn Pysiakdinyl repytpelidinyl,
pyrrolinyl, 2H pyrrolyl, pyrrolyl, tetrahydrofuranyl,

t et rahydr oi soqui nol i nyl, tetrahydroquinolinyl,

6H 1, 2, 5-t hi adazi nyl, thiazolyl, 1,2,3-thiadiazolyl,
1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl,
1,3,4-thiadiazolyl, thienyl triazolyl, tetrazolyl and
xant henyl r Pyri dyl stands both for-2-, 3- and

4 pyrldyl Thienyl stands both for 2- and 3- thlenyl

r'Y -

'depending on

o,



defined above; and R3 is H (Cl1-C6 )al kyl which is
unsubstituted or substituted by OH hal ogen, NH2 |,

wORb(7@0002d46 ) al kyl or N[ (CLl-C6 )al kyl]2 ; or a PCBEP2006/005679
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- C10) cycl oal kyl group which is unsubstituted or
substituted by one or nore fluoro atons; or a
physi ol ogi cally acceptable salt_  thereof. A further
preferred enbodi nent of the pré% nt invention is a
conmpound of the formula (1) wherein RLis h; R2is
phenyl or a (C4 -Cl10 )heterocyclyl group which are
unsubstuidit eblenefsubsbet uhddrasoddf thad abevegasaldadrdd mix-
is H or sio i cally acceptabl alt thereof. A
i sel ey TRl ShBSaPHEALdRT ChReat deant PRGoRSESS feed
'St@béoﬂ@@ﬂﬁﬂd@fth@eafoiaﬁbﬁ bhi ﬁ@@&%b@ Rlples ddrrfédng the
IS phenyl or a (C5 -Cl10 )heteroaryl group which are
urfzmﬁsqw w28 be Babsenvereddasaddf Phégidordeooneamy more
r ysjolo p e sal f..

ﬁéré’ptr g’grgg Lérrgégﬂéwggﬁ‘; %@Bl%d a %nptal}etrm%% , i.e.
|rn&ﬂ&e@nv¢sumeconneugdsobrtheqﬁmdnmhatbb)mWﬁamme)I{br in-
is HR2 is a (C5-C10 %heteroaryl grou whi ch
ur%‘iﬂ)%‘f?t%’f%@movh%bé Pt Ut EHUES 4 fF‘né&té}Eé\‘i@d &Rt Sz steam
| Snikt@Fe 2 PHYRbO! @Pi eakby aseeptablepsabbskhe®efer than as
Preferred (C5-Cl10 )heteroaryl groups as group R2 are
bervaf ur ey ferndefiyhm gardagtripydi dpoyvepyrrol yl,
pyrazol yl, pyrazinyl, pyrimdyl, quinolinyl, thienyl,
tetrazolyl, triazolyl, norpholine, pyrrolidinyl,
pi pes Bzt atyl y anel Depeti danyl reEspRehgl bydpbefiderededtd ons are
benzofuranyl |ndol¥ furanyl, ¥r|dyl pyrrolyl and
py? et gFd @@r%xb?é ér%@dth?héeRQ §Fodp PS (esbergble to fit
)hﬁ¥@£QQAY$u9£rtQ§bEQ£HH£§1iy'E lnnﬁ@@%gﬁnh%u%gng'R%ccord—
or O R4 is H 4 )a % )al kenyl, (C1-C4
) alkg hyl 1mc4n€nemabaymene phedybombust¢pngCr£f©¢ming and

)j?cf%Jn%ﬁ %cl:‘g’Jccaﬁs %ﬁe)gi‘fi?rﬁg%é f%ia&iy(l t% reactor. In
) kvt Iene- @d’ﬂlﬁ@dimeﬁt Q(l@) ré€oimfhg) ahllyboilerCeddt8.on may be
C(OO(C1-c4 )alk C(ONH , 10. halogen, 11. OH,

12T E3REEd - @r%&ily i, tbe(eeiceozt) ghiyrekbeqqompastion

)aé%/tﬁle&n}{el-%} C %@ﬁ%lgﬁ?%ﬂ na%gai)o_@gc T%boner section so as

)ed«yf@ne @Mehythaﬂéd &4CLorCAThabkghebdesCh- Cover length in

eroc cI o 1. & | kyl ene-C( Q) OH, 19. .
e't? %’F ki‘/Pa faaé %@%%%6\_’3:5' Eﬂ% %’Prfo ungsFecireums
1 é@ea@égywte@ﬁecf@&bz lefAytE 1s0B 2im@kidgf Waditr.
group; or a pyridyl group; or a pyrrolyl group which

is unsubstituted or substituted by (Cl1-C6 )al kyl; or a
S i tout .

ISEE8 M SERYg LSLL S UoeUbet LEUbed S SHtBlL W Sk
mwﬁxhnre$p@®tloo tBeabomhpouadcoﬁohhenfwhanhat@@ at least
wherein R1 is WWE &ﬁ heteroady
IOt BTOTHES T biaG| SSFFV}0e. CARCPEPRCRE 8o RAC RPTinally
}4tﬂ%{%t f@ﬁg%i§né2pro@§B§ykee@(tg%charmégg%Hgﬁécﬁﬁ%cess
or CCHRS is H CH3 , OCHS3 ,

Lmlz ln@‘be@i?ldlﬁpoéﬁd BP @Hla@@@HzT zoﬂqu@(ewzse)ctlon is

O%g%f?%%rt %P%%g T Rggg%gg%p§FF§H%ombustion

greoeygy; iot, Fﬁhlshaa@aranykogrOHp ooe B2 mera bmmm@nﬁ may also
roup of the L) wherein R8 is H or - C6

§2ﬁ$§hrfse a 1nl f%r the introduction o% a suitable
fuel, preferably methanol, and optionally a co-axially ar-

ranged fuel inlet for the introduction of another fuel,



or R2 is a pyrazolyl group of the formula (VIII)
wherein Rg is phenyl; and R3is H or a

WOphog0ed4dgi cal | y acceptable salt thereof. Opt PCEIEP06/005679
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active carbon atons present in the conpounds of the
formula (1) cani ndependently of each other have R
configuration or S configurati ﬂ% The conpounds of the
formula (1) can be present in't form of pure
enantioners or pure diastereoners or in the form of
m xtures of enantionmers and/or diastereoners, for
exanptle i pheféoabﬂgfofaegaatésomThhep@@@emmlt or any other
i nvention rel ates tg ure enantjoners and m xture

hydsE ;

erfant T9fer ST a de 98B PO BMEEtescsher Yéfhl&aslly during

M HEES She FLBSHAI 88MRAS. rEBGtbRYERKOR FEORIY F8%m the PSA

m xtures of two or of nore than two stereoisoners of

t hee ¥ oR Uk malanﬁuﬁt‘t,cwhpresésmarthamth cerofest lves supportlng

StPreP' ONELSak §>hﬁ 0 XEULES,ol B Cqge *%%a%%'lp% serves as
e £ Or U (F can be pres@n% as E'l SONers

lsmerrsamrf@es | heBuSeOb Lt bAMS ghsoteL) thke PSA unit and op-

invention relates both to pure E isoners and pure Z
i sbhe?ral hndthe E?Zdﬁ19fﬁr€§5|ﬁrﬁmltP&tﬁ@§l AL enables bet-
| nuentép0- 2} $0c (OPRE SEF raLh ohaY! QPG fiidBRrLle el cell
conpounds of the for u (1). D astereoners i ncl udi ng
Eﬂpﬂasbneweprcannbesseparaﬁedomnaodtbel@nmaﬂqmmﬂnying PSA
|soners for exanple, by chromatography. Racenmates can
be'¥tharated into the two enantioners by customary
nmet hods, for exanple by chronatography on chira
phases or by resolution, for exanp
TRe FPMRaEF bAN oPSBE 48P ePEORBE 6e§s¢p§ 65t &ilifed RFH-ded with
x;cfééé/t a&ﬁé"ﬁu? e %cQ§§@S St‘:ﬁ%e‘}%%mr‘eﬂ{ér% of reactor
un| om conpounds of the fornula can a
(ﬂﬁ@mpﬁmkmqsenpheynngbsteoéobhenecalhy beipftorern @ minimum.

terials stereosel ective

¢ BEt T OreE g oFolagr Ay S hc dap PEBT A Cesk s Db @ ferably a
coamwmsc@{aiptﬂul Buthpraie PeBve¥ed.Sahks ddtall @@ burner
physi ol ogi cal |y acceptable, in particular
pHeg Y@ ud | e@r #9iGt hpiZan| @yéanﬁsr Bikh Sidatgon catalyst on
CO{‘PQU@Q&:‘?Pfsﬁpfa ar l@hgb)l %9%2 Q' n?)r%&lqc'e% gflctllilpsalr is
for exa car boxyl'i ¢ group e for exa
zﬂéu@plnedainSakhalmy aTha|CBEaé§thb bﬂt@brdeﬁpﬁaﬂdrably a
as_sodiumsalts, pota55|in1sa ts, qa%ne5|un1sa ts and

calt SR sAf FaN9&AdTAl S0t dart SPRPDRpRYS) BrogicR] S wire mesh
aQ%w%§@|&rﬁ&ﬁé@&nﬁﬁyséﬂﬂgglwﬂhbﬁnéréuéBa%%d with ceramic and
t et ramet hyl anmoni um or tetraethyl anmoni um and acid
adonprematedswikhhaanfsafatand physileiségi daid yneat generated
accep I a t hyl

ot nrgt%ﬁ%)a%nﬁkégg ;&r}e%y?g?ﬂnﬁgghéﬁyﬁg A\ c%‘}wé%tlon mechanism
trttcetth}yda age he-cetrbabat angngasrliquid system via the generated

tris-(2-hydroxyeth am ne. Bas|c groups contalned
{ He Rt ndRe ST ERBEEBr i achothgr ERARR BS g the inven-

arouprs, OfnaﬂhglBQaQE@Hp§a1&OEHhBﬁe@§@ﬁ'%b%%f%ﬂtf% JﬂHvlded
exanple wi th inorganic acids such as hydrochloric
acidth hy de obg bei caheldtisubfunpe aeﬁdwhﬁir@erlinc s@eidd certalytic
eoJ.[Ifs }:gVJ.g dwaghw%:galq ghcﬁl 8)1(: l Ia%r%%' %Sd airllld series
it

onic ac S such as formc acid, aceétic aci @
oxahich asteél, c@atédCWaChdcekam&bCaadldmpwebhetad @ith an oxi-
succinic acid, malonjc acid, bepzoic acid, maleic

At 19T 2L ¥EF o, YPSFPRY] ENSClga tneERERELLs df ¢he combus-
act thQri - EQAHeﬁssybaos CadgbHvelREopr ﬁls%ﬁtanu@wttd %e self-
al so includes acid addition salts of conpounds of

f oridal dtInghged-toavadnnikpnrexdaipl éhet\@@nba@t@d flue gas.
groups, with one or two acid equivalents. Salts of

conpounds of the fornmula (1) can be obtai ned by

custonmary net hods known to those skilled in the art,

for exanple by conbining a conpound of the formula (1)

mnth an |norgan|c or organlc aC|d or base na solvent

I .



argi nine, the carboxylic acids form stabl e al kal
nmetal, alkaline earth netal or optionally substituted

woamtea4dn sal ts. | f the conpounds of the for mMBCHEPRA06/005679
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contain basic groups, stable acid addition salts can

al so be prepared using strong acids. For this, both

i norgani ¢ and organi c aci ds sug? as hydrochlori c,

hydr obrom c, sulfuric, phosphor %, nmet hanesul f oni c,
benzenesul foni c, p-tol uenesul fonic,

4- br onobenzenesul foni ¢, cycl ohexyl am dosul foni c,

t rTHisiozonel &yl subedhec, tasesifer ofaheet taeamnarinc,for instance
succi ni c_or tr%flgohoage%ic a%id ar e sui%gble. Epet. n mecha-
preSEnt™? b RnY POt REFEF GFEMAFSE PEFHFSEs PYo & fGatron mecha
compsmindshofet b6 £penBhae(timandhablileiar compact reactor de-
physi ol ogi cal | y_acceptabl e salts and/or their prodrugs

f oti A eS BRCPhaP hruceubiiBdle PBENREdJLSaieRts), to the

use of the conmpounds of the formula (I) and/or their
physi ol ogi cally acceptable salts and/or their prodrugs

f arn tdmopieduenbodinénphaf mhbeutthgahs ibor skhiet medtoreniing sec-
and, prevention of chronic heart failure, ertension,

oS S PSUheR SCRRAOHepSE: PrSERPriad Whavrtoundba by an
I nfegtl SNsa RBAsi{Rg, t PRcpPEEMeBhiaNiAkudBItde housing is en-
addi ction. The preSent invention furthernore rel ates

t ccpted neceat feapt prepatari 5Ag1i0sr cphayimdedtlivgalgas and a

co [t [ cQpt ai 1 _ef f ' : ofn at

R A £ PR B P PRn L S SR PE Y " fts enables
physiobl dgeeal Lysaccepthbl eusabtiadandsosiinkte phedhegter parts

and, har maceutically acceptable carrier, i, .. e. qQne

o TigHE pHaT ettt PRaV| §T ok bBpFRBFECEaPFPEA LG difose forn-
(ofnyedd &t £5n , aBGhBLsBUGht 5¥E8 1 bAr aBYC P Rtbarthient or
pharmaceuticals can be adm nistered orally, for
exahpied i yolhmefoanrpingi the, geablléegyid system serving as

| C%@“ﬁ%ﬁé’&giég 5%883&% ﬁgb'egEi»Se%r aoulegs.chard and) areq
sott gé?a in capsul es; sol Ut rons, syrgps, emul’si ons,

SUSREsSh NSt ioen agr 856kvel xhuoagh Addkchl $tnat igers, is passed and
however, can also be carried out rectally, for exanple

irﬁ%?ﬁ##brﬁw%?CgﬁﬁpégPFSF?eg?nBﬂaﬁaFéﬁﬂéPaF@fFﬂ%ﬂg combustion
x| €& | B  QYEAOYUS! Ynel BLEABYSCRhAL! %aQf also enable that
subcut aneously, in the formof injection solutions or

i rfersbwst soh ugé®nandnisyocapsul esitiebpeaduslogasodsuch as

or rcut apeously, or _topically,..for . .exanple in th

P 1= B nERBAE oV SBPRENRETBF LERRAPHy 60 Cof SR ot b
Wayisehd D e @ Xi8yPl €di Rethenéat meQthaagesalishorheagalue gas,
sprays. The pharnmaceutical preparations _according to

t HE1 3 HY SPE T T @ &Y pFEPAr EEUNACA-RHARER tRiloRR pdis gigy out of
a%é %Aé@értolﬁng ﬁkékgfgebne}hggd%fr@nt,_ the glue gas enters
phar maceuti cal | y acceptable rnert 1 norganic and/or

origan csaad rf erssubshahgesragdoor dadectilyes riogi ridpeuded ler

in addition.to_ the compound(s) of the formula (1) _. :
ROt V12 3" BRYRT of 6T Bl 19 AEEEp PG Ealopc botlex
ansd of 1 Safdhedid prededgsol e .t haipr adueliaen refgion is fed
pills, tablets, coated tablets and hard gelatin

capsit eslie 93spbR3tbhest gelz¥eredr 1Egahpré, toadtesseli-

O S BLCI O o L1 Yahi 4R kBREEOL st BEC cr! B3Il G A% e elon-
or Its salts] etc. rrier substances for soft gelatin

capstd @ snemoe ssipposther beslaresefoiocexafplee fluat 9as may also
waxes, sem solid apd |jquid polyols, natural qr

e teed bf $ <5 b o - 6iF ( 4B BLaAr FPaFoBuBEraftay figem the com-
theuprioshicsdonion 6ol theonsactek, exaspkdyi B 8Glgh®t tempera-
solutions, or of enulsions or syrups are, for exanple,

wetere Tl i, fhie ofidf smay| %e?%lf?cssrﬂym s, sucrose,

i nvert sugar, glucose, vegetable oils, etc. Suitable

carrier substances for mcrocapsules, inplants or rods

are, for exanple, copolyners of glycolic acid and

| acticacid. The pharmaceutical preparations normally

contain about 0.5 to about 90 % by wei ght of the

o Y I Y
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ng/ kg, (in each case in ng per kg of body weight). The
daily dose can be divided, in particular in the case

woaho7ioae24adnm ni stration of relatively |arge anmBamER2006/005679

into several, for exanple 2, 3 or 4, part

adm ni strations. As usual, depending on individua

behavior it nmay be necessary to devi ate upwards or

downwards fromthe daily dose ihGi cat ed. Furt her nore,

t he conpounds of the fornula (1) can be used as

synthesis internediates for the preparation of other

conpounds, in particular of other pharmaceutica

active ingredient whi ch are obtai nagble. from the

Cahbots St REUPSFAUF AT LVf SREERURGRE By a1 1Rculated hous-

| th@dugd | @fe@f hebSHI t YeRbaner tARE Ebfat ibeRtafons of the re-

functional groups. The conpounds of the formula (I) '

carenaray | jobebpr tpartatadcof@rngnesange figl iewinagsible

S : Er r RP2-a L : : _

S dRyr 2ot o7 Py TR S CERNER st pp reauire insula

pyrimat eIt | M atsonpaedibhedtbhkonoemhane poREEpn it hehe re-

presence of an acid, preferably acetic acid,and the . .

MR UTES SCHAP LT 0556L19D €5 BPoT SFEBLYBEOLBYC Sk Lnsu-

subsesuenthyihge FEACLhORaAtXt UkRel $nA¥NEI2@0housing may not

preferably by exposure to air whereby the aromatic

1Mz otlod Boweb] portdpnecfyshenbOVilpri sefcdiped cliosest to

an.alter lve 1o . R2- al dehyde (11),

3?33%ﬁ%ﬂ&?%%%}%n(g%fflgﬁd R3 -contai ni ng net hyl

pyruvic acid (V) are mxed in ethanol and heated to

50+,120, | y.60-= b xi di.zati

orarer s SE Y e 2afgek, BUPEPQUBERLOAARESE Fhessure

1wWPyn@zad o Spdiob] pyitdil BBAAci dhdehi vat the EYelflerred hydro-

Ester cl eavage can be,ac?ieved by standard nethods b

e N EPoST P E P eUPEF {9F) CBEsEVTPAFE; IFEahTRathads the re-

f oo ki) RS EPEE RS | §Bsal8a Qi MENthE YBRLEWS .ShandRhE ioned above,

reference: |ike, for exanple, J. March, Advanced

O'gemnief Thens strgm ghe BAA, ugdhnmgy| by &tsdasedldg2 the reac-

The respegctiye 1 des r oyl rein LS. B

yoaen Bt Dot r Sea By PEastPRY R Shbelafefyy o B inven

a tSiri adn ei i bagens sdsptad eogsaadneBtandn afeinNanolredfion car-

by activating the carboxylic acid derivative (VII) _

vvi%meﬁ‘%%t%?%a?%ﬁngﬁetP%sHPF?ﬁget erft l?étAyIOfés‘tgé‘rs- This

Wid A NGAR. P B8t £A§E-R L8EY- By agshen oS tloliiRY oduc-

at NL or N2 of the pyrazol opyridine, it can be renoved

byt kqreatment thye t &it TFAa sCoapeubhdsnet thether medusition sec-
%&%%n Rl is an optionally substituted (Cl-C6 )al kyl

group can be obtained by coupling the respective

(C1-C6 )al kyl-NH 2 derivative (MI1) to (VIl) in the

presence of a standard cougéin% reagent such as e.qg.

[]RESQﬁigmﬁ%h%c§$Aé%Pde?i dé,lEE(?ePEB?nétE?Y also be used

Prio} Gt G, Or1oUPSe Do gPYrSLLEL BESPT RSERALINY KNG igher de-

products obtained in the coupling reaction aré then

r eynee b hyp st Bhylanay ppeceduaesedFoy eganpl @€d-alloy membranes

tert-hutyl protectin roUpRs, LN rticular a . :
Sy 85 bGP tpelntakS: RS bEgFEbeauPrserpaty. in
arcHdm thentionipit cad besdepooteplledihht. aehydedent ethrifica-
into the amdino group, by treatnment with o
t ri¥QMuoHVelcet FeCRACHY. 2 ABGR+ bAYyERBFanReds arfegrafed within
cqupd 'f&aé@@ﬂ'@@w@béﬂfH“?éAOBQkiQEQHE%ﬁaGnqg is still pre-
generated from suitable precursor groups. In addition

a fcomat Aoniti nio bphyssehsjitukl gndcrmepeabhexpantsiore than

f f f I h be .
AR M FRIRR piefhetll TRAGaAapy meRPeadR raguLres

m xture containing a final conpound of the formula (1)
or an internediate is worked up and, if desired, the
product is then purified by customary processes known
to those skilled in the art. For exanple, a

synt hesi zed conpound can be purified using well known

o s s . - . .
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(0.552g, 4.0mmol) with vigorous stirring. This
solution was then allowed to stir for 36h at r.t. The

woainem43was evaporated to give a white sol i dPCTH®2006/005679

solid was dissolved in ethyl acetate (100n), filtered

and evaporation of the solvent gave a |light grey

solid. The solid was triturate ith Et Oto renove

residual DMF and filtration gave the product as a

fluffy light grey solid 0.40y (yield: 75%; 1H NWR

(DVMSO d6 ) 3.85 (s, 3H), 5.35 (s, 2H), 6.9 (dd, 1H),

7.2¢m RédativdDdy(migBHrempebBtame 2H) thé. ]:e(fsvrnmld) ,gas, for

%(ez{@zvé%ﬁ% oot E, 5076 2t N bt Refhe s SEsed g the re-

a@lnﬂewlh@etﬁel veheBovastadded t48%oBr will require
(3.0m.). This solution was allowed to stir overnight

atherattlngthens@r%ﬁttq/agogﬁgp@r‘apeahtaorggvér&rr@@rtl@ of a Pd-
DSy, foread {7 PHUCE HOS:BELEIER SELhELEP i'eh srjen as

ao:msrast@wmkeal r\eaiueedgaseshmfe) stépe er. ade lomt srhlla‘lt and the
urified b}/ col um %hrongto rag é Condi ti ons:

0. Sﬁs OF L ¥t uere! dahpBlingt o2 58gRoMoPPAd Ay RI¥ PGY jigq:also re-

hexanesd et hypracetahei£906208atTBE IPROKN! bRt @ arbon monoxide,

fractions were coll ected and evaporated to give the
proviuctdesnageghslyreenusedi dror2¥sygleyilel dn 82unerion with

1 DGR T s "Rt e-ges) spfeBoatd et st (hppie cne
1Hemda 1 €f 1darhdt honoki iy dfosy- thenmekliylrmkéd hydrogen-rich

H i ndol e- 3- car ba dehyde (1-2) To a solution of

5- Q\%‘iho@&l% LEet §/F lliH?PnHBFEGSSEaFBaItBEh?éé1(0465@3’ of elec-
2%&%1&'5? ﬂégcm01%9\/!.n"‘@:?o%g?ﬁgét@?%r%;;\%gh@n'b%n@ Mewm)
Thﬁalet:boterhlgs bés tnemscachovedonnyitheadeacbiedn im stiher ®t anode

ova o] JThe _reaction wa
nord Toree B RTe (S5A bt ER DO PEnd EORE Ch Py o, Gvdrogen
h t&q)ﬁdmﬁ:k ngndraé eetakohenmahaedpnsEhaehtagt is@tongly reduces
m xture was then cooled to -10 C, and 16 m_ of MeOH
WETTEE IRy ARyt Crﬁepﬁﬂf@?mﬁflﬁ?upé Was E&JMUQU&} 58 -
by addi ng sat. NaHCO3 and/or 4 N NaOH The organic

sol vents were renpved under reduced pressure and the

r erhf TSP RS L AT xFeP 2ONast ekPPaEEBA TRt R2&EHNY the com-
agat At forf 30; i(§)prgf'§r9159§mb8nh@¥géa wer %h‘éo%'n%%qstlon sec-
washed with brine 1) , dried over My2 S
fltlJtCH‘reoR@mir@lxm@blyun@I@Idr edaeced pnegéarereg1gmvelaWh@refera—

titd e conpound as 06 l e powd yeI X

o iRt TS CnenelrBHEP Rar SBiriphLaR Brcercte ensure

(@2353:54 %Mﬂ"éﬁ&t@d7cﬁm16ﬁlstiaﬁ él(:4@9©:er8f idtd Lh(eZ%urner

MeOH in DCM . 4-[2- nyrldyloxy)eth ]-1-nmeth

- i GRes ek d’“é&%l H%ﬁy’d’é ¢F- 8heh shif oﬁréifﬁgéﬁéy((}ssmethaml
: 3 1ol

n}%{c)z %}%I%@gﬁ%%gan%%h Eﬁgféggbig ;ggogf W Yrom the

scﬂﬂhlumltof RO2vogl ¢ llenmdger@tsé@dl bhanl idsyeddFofere r, any

ckly m xed. The tenperature was

ot (LGN Y YoV e n B F e RTRE 2EER 83T, may be

wassgwni tored by LCVS, evaporated and purified on HPLC

(RP YMC- Pack ODS- AM  AML2S05- 2520WI, S-5um  12nm

gradient C/ water (+0.1% TFA), 10-100 %in 20 mn,

1 n,.28 [ _

R e e S Y S o L

shatse iy s toem nf za & 281ffc11£)o%11at(eel dt QOpge(sedl%s of about 55

5- (N i r|d|noeth - 1-pet hyl -

-itgodollple car%’al%lé X%er4?EIE¥aF1%\ﬁ08§rt8 fRE @ temperature
preparation of 1-3, startingfrom88 ng (0.5 mmol ) of

1-2 and 129 ng (1mol) of 2-(N-piperidino)-ethanol

LCVMS shows M+ ion mfz = 287 (100% . HPLC purification

provi ded yield 65ng (y| eld: 45 % from

HPLC/ | yophi | i zat i on. (3 for rTyI -1- rret hyI 1H-| ndoI 5-yl

o o N a



5um 12nm gradi ent ACN water (+0. 1% TFA), 10-100 % in
20 mn, 10m /mn, Uvdetection 280nn) and after

WORYow0d4B zati on 1 ng pure product ( 1 % over aPCTEP200d)05679
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wer e obtained. 1H NWVR (600 M Hz, DVMSO-d6 , SM 6425) d

(ppm: 13.63 (bs, 1H), 8.41 (d J =5.0, 1H, 8.23 (s,

1H), 8.09 (s, 1H), 7.97 (bs, I—{) 7.84 (s, 1H), 7.65

(bs, 1H), 7.52 (m1H), 7. 23 (m 9_LH) 7.19 (dd, = 8.1,

7,1 Hz, 1H), 7.14 (d, J = 8.1 Hz, 1H), 6.87 (bd, 1H),

6.71 (d, J = 7.1Hz, 1H), 4.37 (t, 2H), 3.84 (s, 3H),

3.d8 :{10 RHo da.l&/Bt(2206C85@(o:é\£blkhlB®)/ 28bows Midbutor820°C.

m z 413 %1000 ,

5-NQRE gPpet ¢ BRRbkt Epﬁoiﬁqaﬁe?hﬂteail water system self-
'é‘f’P&uﬁab’éi Xtaéapkggéé%eo@ €8r axag @%d(%x%@ﬂlp%r%)ture of
Step 1. Synthesis of 5-(N-piperidinoethyl oxy)-1-nmethyl

- 1280 $elol 1B- Wl}al@ het hodycatbodythatazauememeeature is de-

Pr.epar at i na te of _exanp
Gt e e ol BB b 8ad BPegri B SR ibn g, ciroutating
pr s €l 117nnghiyleh§e 2809 thatewehe medslurretlaﬁf the satu-
next step. Step 2: Preparation _in anal ogé\?to step 2
ex%ar‘ﬁﬁ(é ateararetag FYorf171Ayoef PRRe Jab @Odé’slé]tglb’ed the

r L. | 0] rgvi.de

PRrAe s SFERRR 1500 Ry e el B0 g ey ere =t o

(gpmssaBve(bso befr 8. 80d( s, téperat2Be(of 1aIH)Out8 30°C, or

0. 2 1%?5899 %9‘g%3?5 =3 ¥ 45&@&&&?’ %%8\'3?%(%3?%( Seggooc. The

2. élaﬁiréfi'&d 4c38mihatdt) sys3t8f €8ab3bk, tBeARrdEREIOR of a

6H) , 58- 1.75 (m 6 LCMS mai n peak: 287mu). Kt
= :gelg,]j—c1rculat1ng SYyS em in which the temperature required

4- fr]‘ eh¥%§§r$g§ge5egfgo§ ¥l3gEtcE8X}é)3n17|e|'rsﬁg>%| o_%' lee)t'h]anol to
H pyrazol o( 3, 4- yridine-6- car ['Tc acid am de
( b @ed3) SbvepekampBynphests ob ea51ly achieved. The above

ddRed et s B gy eanony - BLPELLIL N TN RO TR when
1HRY rEetes 3, dab) pyrbei pefbraaabesbir saci che®®lal, for ex-

ester) To a solution of |-5 (350 ngy, 946 unvol) in DCE .
(4aﬁ119 et enbelere acSonathanoeof anf ppitarol S130f d&hengeforming

(o Tl B by DR LTl 3, aegh B nge o
aci s {300° @l ) Acdbedsnfly| ohnwasocshetr edbatl 18@G tf @rf 8&me inven-

eva orated and purified b rep-HPLC (in water with
4108 THIE ST PEESS oF AGFEnERbREBBOt 6085 “GARGRTovST 2 Mikture of

mrﬁwéreasnal EyR@on st ed 59dd£Mee§§syu%ded #A& thl e Miselad:satu-

229% of the conpound as a solid M5 (M+H) + 520 Step

2: ratrd ps belemt wabeai aedtemoﬁmtzébamlpzoetng P3gs swnsl of 55 to
reate 1 th_ 2 a,hRo anal  at o

Walfl(% k?f%a d%@a%o?%%%z%ggggﬁgsé?BT?eattgog?ﬁu\%as&% % (more

trﬁ&é@ﬂfﬂwihlﬁO%gF@\)LnTD@Mﬁﬁ.Qhﬁh)aaﬁ:OE:a@ah,lt@mibf the satu-

evaporated to dr/gness Purification by p &

wat&rehi ¢ N 1Va5 TEASUSFRY S“@Péd?eﬁf‘%@fgrﬁotﬁ’@ rRpysion of
overy 3rdi rWé§§)sYhﬁl gﬁdtﬂg gga(:)éb@l dye4d %)s Acdfilated and
product” as a solid MHz (DVSO-d6) d (ppm:

3. 19@)aCQy 1tH> g, use<86w)(13H tbya ClGCQQSFamHeSd) e.p.4rhanges in

S) {. (1H 2(
re%ctz o;.lﬂr%%s}on g x(uip' sjju%§3 89 %Hu%r JI\tOEHeat is
caﬂimrm?ldmté@ ﬂBSb@@BduStthét uéectbel M;‘: (cwlel—l)seléft}&lﬂatulatmg
3,38. 4-(1-Meth 1H i ndol -
|§1%%¥6T"éa‘6e€aﬂ§%{?‘i“r clacWBlSFh détFExéﬁpl"éP@)”@teéipbﬂ heat ex-
Sy d¥esd Sy PEn 4nbd rMebhyhs EFohndAk-3a¥bliytic burner, while
1H i1 ndazol e- 6-carboxyli € acid methyl estef A solution
of sUeadvet pgmderns $ ndoeee3hearbabdehpdemed.mol , 0. 636
g), methyl pyruvate (4 mol, 0.361 m) and
3-am nopyrazole (4 mmol, 0.388 g) in DCE (12 m, 1%
acetic acid) was heated in a sealed tube at 100 C for
17.5 hours. After that the m xture was cool ed down to
r.t and evaporated under reduced pressure.

o N P~ o o M L



solid was treated with TFA (50%in DCM for 2h at r.t,
neutralized carefully with aqueous Na2 CO3 , extracted

wowaiwoexdpyl acetate, dried (Na2 SO4 ), filter@dI/EP2006/005679
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evaporated and purified by silica gel chromatography
(ethyl acetate: hexane 8:2 to pure ethyl acetate
gradi ent). The product was then de purified by
prep- HPLC chr omat ography in wat®t with 0.1 % TFA usi ng
a gradient of 15 to 85 % ACN over 9 mnutes. 3.3 ng
(<1 %yield) of the produc' could be obtained as a
sain dyetll—hM&eéﬁO@mhb&lzm@rvBOtde prdceppmfluid3@ntfed,ing the
1H), 7.51 (d, 1 7,63 1H), 8. s, .8.09 (s,
::gea%t% %gntla %lfﬂgt%gl igg“erlé%E (SDg'/J?)H)ls porglly ob-
(Stallrkad M&@naéﬁgggawsnaé@ aeeﬂaabnuctr%@eprle@els@ fluid
(M+H) -(4-methyl -1 Hindol -3-yl)-
Hegrytr@zxin@(tsha b%gt@duméyﬁtbasbgwpmsacmt@mn@é DME or a
(Exa 6) .| n g he preparation of exanple
5, s ‘1)’f  DHENEhOHCLRROE Lal dohyde (477 mg. 3 mmol)
was converted yi el di ng 11ng (yleld 19@ of a solid
product.1H NVR 600 MHz { pm % I@
6."87en dltllHZ“‘}’go@M]@d@ls EFI)’CG?SS§ (‘&id i’:hf d? PRPES 1 ion of
1"@ME 7t<72h2}‘<§ro<}é'91 pZoZéeQ% b}H)a tﬁoo},téé rf%'é')c’tlgmélz(l% a first
, confirne he
mﬂﬂ@pﬁﬁb@tt@@t@therL£$NBy@N®E¢d+tQ9metﬁanﬂlsh86the reaction:
4- ox 1 hyl - 1K i ndol - 3-yl ) - 1H pyrazol o( 3
éf'(Hb") %&ﬂw. n826? car g‘&ﬁ%’% L d am de (Exanple 7) In
ar}iﬂc@gb(ett}ﬁarﬁ@B Pregacati aorohgexgapkeidn of DME is in a sec-
4, 6-di net hoxy-1 -nethyl-1 Hindol e-3- carbal dehyde
(657 rgten %%@I)lpﬂ;\a%dcsﬁvéﬁfeanypéﬂereﬁgai}fnﬁlyam&e@ 1
NDewf & &OM dOpLo@@ ty b of MrH) + 352. 1H NMR 600
Mz ( DVBO- d6) Y %Mﬁ (s, 3H), 3.79 (s, 3H),
3(82 GstSH)COG+SBz(@ 1H), (8)68 (s, 1H), 7.59 (s, 1H)
7.74 (s, 1H), 7, 90(s, 1H), 8.1 1 (s, 1H), 8.23 (s,
1H), 13.66 (s, 1H); NOE confirned the assigned
StEMA me@aétiénga;wgn@akaepm@w innghBybndHiik@ald Phdse.
)-1 H pyrazol o[ 3, 4-b] pyri di ne- 6- carboxylic acid
am de (Exanple 8) Step 1: Synt hesi s of
4- t | - I
N A R R R
estery Alow Xt&aﬂietDéanéBeFendythé reactlon is thermody—

- et |nd oxy) - acet de (I e,,~ 3 s
flcbal%f%)un Y(Pl‘fi B;%u{‘}gt Ige?g] Mﬁ‘t§1 decomposition
Wﬂmyé@@@éerééﬁcﬂ”BBhS @229%a8h QB@ N@st%n( Q@hbeo Rtalyzed
g) in DCE (10 nlL) was heated with vigorously stirring
| Pv e bl t adea hystooueupdly1rargdr &N APPER I hgtinchaénd alu-
t ol nd.evaper n _
¢ S JPRaCE PR han po1 1970 TP ATRBIREE yian cem
Dife et A, nio@fpheékhmeranddHEthstehm cesicene.rathen.
m xture was sonicated for 5 mnutes and stirred for
additional 10 m nutes. The resulting precipitate was
fitHered cmashetda et BuH2RYy (ByAkax9bnase duEed o e hdnol by
Both |iquid Iayer and precipitate were anal yzed by
LoV Claien t hk) prexi pet arerevAatdaphedifbsansgf vt by carrying out
t 380 0Q9
purl{ f%gé%%éﬁh§gn§%§Q%Pég%OfrgdEg%géagé%geégxﬁfﬁ%beed in US
fLHaﬁEntpr1$J®aN;Dn7LnThheonexhl$tepacShep Bf DME to hydro-
Synthes;s of 4-(5-Carbano y-1-nme
HIHUOT ! y¥3% 1 Yp%%%zB?B ‘élﬁnb?HngFH?héHZ% e5PptRYric
agl b addgle The pboyenshuderpredich ¢8tds0hnWaSt high product
di ssolved into 7 N NH3/ MeOH (60 m ), seal ed and héated
aty sl € ver e hpet iTheysépPyenrhewhsrnatpead odndigdrogen and
reduced pressure. The residue was dissolved i nto DMSO
(5 mM), filtered and purified by Ms-triggered HPLC
and gave 0.1 g pure conmpound (overall Yield: 10%.
LCMS (2 to 8596#()UF12 O: 365.2 (100%; 100 % purity
at 220 nM Rt 3 38 1H NNR (600 M Hz, DNBC>d6 ) d

A PN A 7 ~ ™ P ~ A -



further involves a process for reformng the
hydr ocar bon feedstock into a hydrogen gas using this
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require often the supply of hydrogen as fuel source

and accordingly a reform ng reactor is normally

integrated in fuel cell plants.,.The reform ng reactor

con verts a suitable hydrocarb&ﬁ'feedstock acting as

energy carrier, such as nethane, liquid petrol eum gas,
gasol i ne, diesel or nethanol, into a hydrogen rich
gasarbmmomxi@@ﬂ,nuyebeopassemingr@bgheauilibrium limitations

hyd enrlc ment _uni nterln a fue

A S URRRET™ BRCEAPT BbhePvp AHEY iy Frgayyed methanol
pra:snﬂ@ ?@ﬁhlé eﬂrtstt\éaftnev\@éa@eﬂoavam et®aniQr to hydrogen
instance up to 50 kW thereby ronntln a w de range
(ﬁaQﬂ)?ﬁ?%@@l%ﬁéde€héc§9€ﬁlaﬁpgpc5P?oﬁ Py et feagde fs (2) and
coppact e I i Bt t i
ol i deapraiEehyf; Ehy fo ERREUERTR biB ety Keapted
asni&hawmﬁerhymrpcasbnnefeédahoekhémrhydeamn@®UCEW@dyst se-

gen-r ich nectj on

i.th
AT, BEo 60 GP8upoBt SR prriasr e B aiganol decon-
p';%’%f'tiéh othes1i8duset nhahrthabda. iROBARY calBRAIture

is particularly suitable where the demand for hydrogen
|SNJttHelr|’f drlige SAtsbPsNnivhbe@hishths rgpicéalr -f &y ssyptldble cata-
@‘éé £ Pruﬁ‘ %g{i oﬁe ”Qlﬁt‘étﬁ??"%tﬁ%‘% '\'@3 é/aof the
ocar ee ock'Such as™hatu gas n
ranﬂfﬂqnxh@mt PBefemaBQyNthb ayaahtmbmestaﬂymﬂtddmprlses
hydrogen i s nornallégnnre expedj ent . Reactors for th

r AOr M hgr BPL e gHeas PBEF?F@BFé{rWMn@tHé’ndI 5‘noform The
\MbMﬁtK?&&&@?@n'@af&@&s%ehk Bh?@&éa@&? bﬂ%w&édWQJ%ﬁ the
art. Dusterwald et al. disclose in . Techno

ek gl ) deagmposi hiant hahéllygt:eam r @ﬁ@rfﬁesrably, Cu-Zn-

|st|ng of _four actor tube h ane |n 2 izdyal 'y

bé?@%%%dﬁ t%c% r%a % %% be ggné?é %ng tmo staPnﬁéss
t ubes arranged con centrlcally wth catalyst filling
the inner tube and_in which the heat needed for the

erffotHe? PECFee8t £ bH18f Sadfet RARoPFREEEr et KePt &t a lower
pravi ded ﬁ&%&&ﬂﬂ§n§hnahét§éﬂbéhék @'QBSanb%Qegga%uch as 20
between the tubes. It is alsd known from US Patent No.

4864347 bar oxi dFge ansbtanfeethespehsasreeifa thel priaress fluid
order to obtain_an exothermc_r actl wher eb he

NG GehaT TS BYREhr e r DREE: Bnir& UBeli fop Fng* Hethanol and
engoddier &y reé ospdbag peaphioy ahdt heshy@m@@a@m&e in the

feedstock, which is normally a mxture of methanol and

wettatge TheC heat 09 s€r anBt efr 88 FRBMTERETESRALESS dFaving the

S f g I o py
O O AT REREShEL KOy b8 BELORTROTIPREL ggsoq Sxample 20

tthaxxgﬂnmw|tMBSEempenatsrpa$sedherrasgenlzo to 270°C. The

JP- A- 63248702 ans _of heat pipes arranged int

e Rt themn e DeRerafodrating” ftormed gas)
colrgau&smm§ysmntﬁ@nrsﬁg@veoL5odostPbMt edrtent Ng-1000

rest, of the reac tor, whereb uni form t enper at ure

di N itbu A e S e Ry t?afmle%oo ‘t‘e(rli‘rt e tfedtr el ey 25-500

S % | 'ﬂ\qotlj?%lrl%rocr ork f@{orﬁs f‘oéa{é‘F’kQ?SPr%thBQ is
|eve t esi‘red oper ng tenpera ture after

chﬂngﬂs 6% pvokess: candh tvahs, HAycle .d$ afdler @QJ,ddBr vol.CO;

| oad anges pr du hut downs

ottt T i s s BEF bR o hearhi BELRARETpPETVGed Lo e the Te-
referdr NOs reaeh I 1y NopoREl yoa, norben aborer @s5ar, 1/RSS example
sequen tial steps are reqU|red for the start-up of the

r et 6F i PeactoF, ar ESaFtPRghAHIRIpROBEAUPESPhERPRARiLY (PTO-
be significantly tedious and tine-consumng. In the
particular field of fuel cells, the advent of fue

cells with increased power, for instance of up to 20

kWor even nore, for instance up to 50 kWhas resulted

|n a need for prOV|d|ng a plurallty of catalyst t ubes

e o



reactor with inproved tenperature distribution across
all catalyst tubes. It is also an object of the

WOi2007é0348n to provi de a reforming reactor whPCH/EP2006/005679
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conpact and free for mechani cal neans for circul ating

a heat exchangi ng nmediumfromthe high tem perature

section of the reactor to the r;%orning section of the
reactor. It is a further object“of the invention to

provide a reformng reactor which is conpact whilst at

the same tinme is able to rapidly and sinply achi eve or
madlnteion) t sfopefalim’ Ay teapeuabeareodf tetadyshangeeisnis nor-

process condjtions, s a ange i n hydrocar bon
PEBREEY offtof PEcRBRPE: rd 020 TREnGE HHMR rafbes ake normally
copds t£oNS, 0r mdubhBYaddShaih- YR t@ReAl idRkmdterd Ff 20 mm. The
anot her object of the invention to provide a reform

i ngeRRAER BRI@hiBhthe Fesstoangictioss tthediopdragetit tubes in the
c . packij .acr 0SS t al . es. Jt,is .

aﬁ% %%?ﬁ%ﬁ?eékgg%gﬁhggi%%gﬁt%gn%tﬁiéﬁg§gaéggﬁ%ﬁ(ﬁ9ﬁ instance
i ngt reaet oy mhdchhiis Skrplle iisndiette redmetdr WGt ity saturated

i nexpensi ve and wiith | ower heat |l oss than in _

conVedti BRaPSHEPort FRE FeAEHOPS gt SYSTUPABY dibttifers case 65
‘ﬂ%§¥tngFéPeh&?M€9tt@ﬁpEQa@hQ%'@%p@iﬁ@%yaﬂéﬁlﬂﬁﬁugéﬁf—

which i's conpact and suitable for use in fuel cel
plahteulphingcabvacky ey fombrdskl spiddmms coapaiiias sofum instead
produci n _ 20 kW of power or even nore, for in

st%ﬁc% ﬁ%t%g égeQWVmTﬁggéeand ot her objects are

achi eved by the reactor and process of the invention.
";ﬁeffégété‘?pﬁsg ?Ertcpgrl E)éﬁ@&'i%% We LA 48 R or catalyst
reformng feacto or € conversion of "a process

flarcandeo® AydregenidonpriadiyBg: tabeef onm R isectdaon fixed bed
which is contained within a closed vaol une, a boiler

se%?Y%ﬁsaﬁﬂbﬁtéﬂﬁﬁﬁéﬁVoﬁh§e8PPéﬁ,hPHiWWPGWISQQfSS section of
r ef 10k M- Hg-s8£t ?QH FABLRLAS sQRE @h <RI ©ceatia sl ddiPas, re-

filled with reform ng catalyst, said boiler sec tion

i scprovi teed miohesnedas tor bef cowvelramdelps ifoar ttchehe passage
passage. of ue s_fragm the.conbustion ctian a

S ek TS Ol s LM G ol (i e SR
butaes 1y shetey nstiheobaat thxcbasgorgmaed WAJRPS tebes carry-
for the reforming of said process fluid in the one or

noted cat @l §EpPCeabedarsta §8scPryairderi-xPGcOHagly, the fixed
S cigcC ng,l a I d .i.ns| [
vgflg%?rei%n%%g?%?nggt%fgggt Eiélgpgtrnt%i gﬁ glfoqgai%%t%lyssce%%bes of
vothererpformimessenside . sihd boel er secki process tubes carry-

Accor di.ngl in_the_inventian as-liquid_mxture

o Y i etfeb adepnetbabar, SreRiihs T de¥d Bea and may

r e 05t g S€TLgRD1 andwakhi ehoabsBebseheatrhly pifiRess tubes may
passage of flue gas in the boiler section provides for

a HtgPhaafo%i ARt HatPeABDPEELRE gPEOANNatiGh tagdpove the

S h e ] a [ S hat, :

B} eBegk OLohEnE SLETL0 R AR 0t an sasc
cdted yamid t sidesequanbi gi hhooughpktky catadlystthbes@mmenside the

tenperature, and_a.ropust, operation,of the reactor is

bR ridt Bt obankat FungBroibeodidea badl 51 HtdYse cov-
t AP Ar YulSHeagesal Ny PLREEESheeNdbhic@NS crodeh s tion of the
changes in burner duty. The portion of said closed
VOTSARE P NsTREVARi @R hBOJEST gUPEdnTREalyst layer and enables
sebfed rahl @l ese P PLELGES JLESEE.LNE DA LAk SEGLION AT upes
a single elongated e enent or as'a number of &l ongate

eldverg Sream agvenl yoandacphaeghehylgf better temperature dis-
circunferentially and radially spaced el ongat ed

el enments, preferably in the formof tubes, and in

whi ch said elongated el enents are in fluid

comruni cation with one another by virtue of the

gas-liquid mxture that self-circul ates inside. The

space in between the elongated el enents defines a

nunber of flow channels through which hot flue gas is

. o " - s I



slightly | ower pressure created by the vol une
reduction of the gas as it transforns into |iquid.

woLkbaypuoek48l ows then to the boiler section driveaTp2006/005679
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gravity forces. To ensure a better heat transfer the

boi |l er section of the reactor may be provided with a

nunmber of vertically spaced or horizontally spaced

baffl es in which said baffles a&® arranged

substantially transverse to the flow direction of the

flue gas generated in the conbustion section. Hence,

t her raiffi@s aceoasrangedosiubshaatli akkbyst sensvenseft athe reac-
the length djrection of said el ongated nenbers and

t HRE i 1At Y$Y: zag flow pattern in the flue gas as

it travels along the length direction of the el ongated
menbers in the boiler section. After delivering heat

t oLt oy -be qundendkoadethasi thet hatepsagate@nge@oaonct re-
the flue gas |eaves t boj |l er. secti sage . nt.
ST TS O R PS PRuEre oot BradtaRss di et hote
bail &t $etlmoar anfl pabdeskosrdt¥obunetepbe wbnehomayrodherwise
el ongat ed nenbers, which are preferably forned as

t RSB FRyS ERN BT 3VPRBACREEATACR| BBYELEE &ber egctiogy such as
f gen of t u I e -
dal e By 2o o6l gt a0 ndnboy andreard Sl eoe ¢ Harocar
Afher Teedswveckngrheheatdonghefgasmbigtiidnmadtrueed optionally
i nsi de the el opgated nbers e flue gas | egves th .
b BTeeERT hE by s LEg8 PrPShah Alnurd “Fagi oF FATaLytic

t heu Freaed oindl oclak ed1 o8k dsirdeunai nbapkan aseelg e iandas-1liquid
said closed volunme. In the reactor of the invention at

| SPtLOFR pFdTesidreddSyabeMEaPRY VARt RE PrECeSEFEH NI me-
tQ%9§n90ﬂ¥§rf§§ct§PC§oé§ Aoti guhdipbxtuee Rk Bt haRalng parts
and water, may extend I nside said closed volune of the

r eactioras Aczbvels nghgl, ptpsat feastinehenpeodéss sf @@t necessary
tube may extend ipto any.location inside sai.d closed, .

Vol Ue Corft & ARG P BEPELBNT G BRE WREFEIR af eip i on of
ParHd i ©F1 squh dd Chosedr¥okUpR i pHOhEUHES ti BXICHR NSAINdG medium
boil er section. For exanple the at |east one process

f et tddet hayreX€e@8-from a region at the top of the

reactor and above the reformng section into this re

form ng section or even further into the boiler

selt i @nsexromdngsdebel oine Theeat ibeashconpapsesesd sfoeed process
tﬁge carryin the,groc sg fluid to_be conveﬁﬁed I S 4

i POdRePILRE PRaBE oPYERPEGEh ACCORATEO YN tife Provide a
oyt escaed | £ of the peaghetishdordyyhiRegenXirelsh iantfedd®rocess
reactor fromsaid conduct ar ranged in the outer wall.
Priefeidbly safdaptotessntaecdingbe egmbHgsion section, a

S t [ . co-axj,all e r r I d.nsi :
st R YL PE T Y by BREs ot fei ihgd herein,
regod gpréceas cboseisonghe boil er section of the

reactor, as possible, for instance in the region of the

1 oS YRRy {PEROGAF CRIt RoTORE BFOREFS didrgaie Lndirect
MENDLF Se PERiRYEew i ThI 8xehaRLesERRMBHOYIrSRR Olga from said
conpact reactor as the at |eéast one process feed tube,

f orefexempre aesthghe substantially straight tube or a

t ube IS a Lnte . gr it hin .t

reacter e by RRERSHCHERETRY BRbCeRsBbEARtaY s irhaeed
processs § | fil didabnadiantageoousl yobéoehf aectethastidie process
gas in the self-circulatin as-IL% id mxture qut

SiFRS the %ﬁé%%ﬁd@ﬁ%és?xﬁgﬁ gci {“ig fod&ithlte Figd mixture

| ntieor ad &) £ hei Fequbted gMapP9sakhelpshiade edNsinds ddh& closed
reactor thus avoi di ng the i nexpedi ent provision of

sepalite evrpaiaihonsabdnsedarnine sketioacteod wBendier at
term "extends substantially co-axially" it is neant

that a portion of the process feed tube, particularly

the inlet portion cooperating with the conduct in the

outer wall of the reactor, may extend into the center

of the reactor in a direction which is perpendicul ar

N a ey Y e~ o~ N 1
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and outl et openings adapted to accommodate the at
| east one process tube carrying a process fluid

woprEdem43i n substantially gas form These tub®STERPR@GH5679

vertically upwards and are forned as a coil or spiral

This ensures a better heat transfer for the preheating

of the process gas prior to re:gorntng and provi des at

the sane tine a conpact reactor Ye sign as the sane

heat transfer area as for instance a straight tube can

be accommodated in a | ower height. Fur thernore, the

usleeadt aa qebtt oon spfradidnpaossdavoentnei pugdlr uefefsednside said

on t hase flow (gas-liquid) , thereby enabling
th?ﬁN%ﬁ Sh9™ i quid not yet evaporated and

faclﬁéé@trt@gatﬁ@eweweéd blowest gagceaeog@a sEh® aleforming
| east one process tube nmay extend froma transition
corperterent i nside the cl osed vol unme near the boiler

sectlon of t reac 0 e i.n ction

order o ‘e s%&% %ﬁ ig%ﬁé Bb%cgégggggkiguﬁga%edeg fﬁformlng
progetidedsy tiodi teapenabtur exchahbe wethrmlggaammqund mixture
In the invention it is al so, possible igge tend 1

at
| dds2t otfel hrotessl fked #0801 PneBCaPEH gnside a closed
‘“”Hﬁﬂﬁém%gntgfﬁiﬁg 58i8 EEFSrﬂ@ﬁgr%Qb@@ohnah@ﬁwm@ﬂé%h at

section or even iIn the conbustion’section.

A@b@aﬁun@lgorttom50§ossudleloeeéxveﬁdmeh@raﬁnuﬁﬁa igrpade said

eis feed tube into a transition conpartnent
Iddé outST " sai d closed volume. In this
specidi €8V Dig t herbeneu” pydeesar bas feedstsack!’ defdisethg sec-

|nterchad§eably with the term "process fluid" or "fe

ed
[PRlt TR kil F5OLERE Paad FREGETES EHECESS Gas by
?%%H%atiﬁ? @faﬂpéefeeatgteeeseffﬁﬁteanol and wat er
present [iquird form whereas when entering into
ttﬁaxmﬁxwdmmgngea fueh untostbeeeenﬂeaﬁtg@@ef@Mﬂnawmyn the

ent er.i t he reactor,  the roc eed.is al.so . ,

r e‘?ce?k?‘e%tja%n pToCELRNf Fﬁgat%d ?‘e“r %ﬁg(r%étolnor? i e Which
Processcomibest henr gsul tbngréheadeus b§r| sadiefery edaas exchange
process gas. The term "process feed tube" as used

herieith ¥bfergasof rae hbe| bastesneectberearry ing the
pr°¢8§§riéﬁ%§gaﬁg ggg fggﬁr%h%hBuEBQQSbEHdiggﬁng said flue

par t nent rotruding fromthe transition
conparthn@mgha@dboateylagcthenevapdratlng gas that is

d|r cted. to the refor ecti ar ferr
S TR sabacSe ST A g < B tak St Ridates and
'W@%ﬂl@é‘paﬁﬁﬁa@éd' eastqeng pleecess vbeeset ube tear mMEadttor con-
the process fluid to be converted enters the reactor
thﬁr@ughn% sohdutefarnangederhiPRea2pgt dhokglin 6ft tif@st a por-
éﬁgﬁr ngafglgl§588e§8ltﬁg'Brb%rﬁ@%shg%%?%éné oiler
I F'ect” cont ac I'.”€. across feat transfersurrace
\Miébf&bﬁlMQ tﬂdyeetedhgas Exohehhe weftor nihreg fee tgaon passing
of the reactor, in which said exiting converted gas
pr%ﬁ%ﬁ%ﬁpysﬁhgsggl}ﬁrtﬁ@cﬁﬁﬁﬁlar regi on of said
conduct. Normally the PSA unit downstreamrequires a
relatively cold stream of hydrogen-rich gas and
acT:lm d@h@wseo@nahéeﬁe‘ahe peHugs ign &ifr redsir@led process gas
e reac S hi
erbr el “Phet o of Reh95rbopHo ln, WRIER: iR TR suic
tamH@gE@rruse gasPSAeubetsooh&de&mamuweﬂwalMmaﬂyna Pd-alloy

280 OC , which is ical for the reformn
RN | B a0 LY R0% 81 S P ely SraHbeT iy i cat fon unit

ef {estc5Q0VEr £dpEA, t Rarahkrcaekel ndoWFstthRaMedMned process
accordingly al so redu0|ng its size. The portion of the

atgdeasay ordvpnbeessutlipebearfipichgd by meseesf ligidirect
which is in contact with the exit ing converted gas
fromthe reform ng section may advantageously be

formed as a coil to ensure an even nore conpact

reactor design w thout too noticeable protruding

parts Sald conduct |s preferably | ocat ed |n the upper

Y a1 e -, N



| ar section of the reactor. The major portion of the
boil er section or preferably the whole boiler section

WOi 2000243 ned wi thin a housi ng which is prefeP&llBEP2006/005679
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defined by a cylindrical wall. Fromthe wall one or

nore baffles may be arranged substantially traverse to

the length direction of the el ongated nenbers. Since

the boiler section of the react as used herein is

defined by the region of the reactor where flue gas is

in contact wwth at |east a portion of said closed

v ohewne émshdegethhhtﬁéugagaqumhd hWﬁK@gen—purification unit

sel f - C|rculates e on d mem_bers), a porti
ot et of | B °S cberThatpr BHororg a efoPspdresayed vithin
t henboilgersecti on may not be contained within said
housi ng. Particularly, the region near the closed vol
une fromwhich the one or nore el ongated nenbers

u n e e S.LS 0

g$%lgg??egn?@8&8 %garhkgaﬁggnﬁgl%%gsec?¥%%1%%fﬁ%$lln the

re@@rﬁl@tﬁsﬂﬁynbeeotlttsrldeogeltdelnous‘.lthgcohtbutshaoboldler may be a
section the hot f at to the

ga%Y@¥a%?Hbﬂ?xFH?L'lﬁgFgeth SEfAgIr e iertonten only off-

t hes &by -&xaRopaALl NHi Pakbwak tiBam Liadiud aanth yRIrPd Nhrichment
its circulation upwards internally in the reactor

wighit. sai d cl osed volune. Part of the heat in the

gas-liquid mxture is also delivered to the at | east

one process tube carrying the gas or liquid or

gashé i gibde NpxbUEest fabe faennert edmpe.ige the steps of:

nmet hanol -water . The process tubes extend away from ,

f ot P%%%bﬁ%etbﬁecepéeedr@épawe i REPCRISSY & 3th Yoy an air

sectbparand upwardly through the middle portion of the
reactor and fur ther up to the reformng section
|nS|si\eb$\hquhnbihE pasﬁmneveaudcabodatdalrvétommymceess gas
[ ﬁosed rref orm n ai ned

AT R Re? s X%r88ﬁBanﬁé§%08 lgpog %P Ornéﬁ%]nydrogen—

preherahby gaspngad separately in the upper portion of
the reactor. The term catal yst tube nmeans that these

t ubesNBFRARE i NEdORE r HagofFaMe SRy Sy dFQdencipay ifiigation unit
abtﬁt£0£ﬁth§tr9égge1eaeokueng'vee hydr oearhoyy

f eedst ock such m xture of methanol and water.

Prlor to reform ng, the process gas to be reforned

ves the p ess tubes.at a_suitabl p03|t| in the .
 RbFrer P b PORO s P ePET Ah R0 (G Orto o JRr Dt Enis
Ca&ﬁit’sén& UPBE. aihecoBecer affer @redealaysty tiukes &f ®utside the

normal |y arranged as a plurality of circunf erentially
anee?@ePat | hepaéédgast Argst theb&SA Oftidn Matve thfthdre intro-
of I t S r r g of

an%8§%§n¥§ ovgﬁ§08lc lgé%&,%agpgﬁgpﬁgoo% tﬁ%§ﬂ§ roé%%gmyve' he
cappdrovyenfehhéchedcyeas. fTha ph&c@y@ngged«pdnaflcatlon unit
reformed enters the_catalyst t% gﬁ and f1 qws down

t HPRYigh"ERePEallarysfOparic PEd 48 15s 1065 X dng Catlon’
cogu¥eriedial eng h\bﬁaméﬁigﬂéallhﬁ@@@@ttﬂ% eateaﬂmsinlcs, chemi-
tubes. The heat required for the reformng reaction is
pr@@ld@@dbyh@ﬁeagagtnpqéudnﬁwﬁﬁgweQMu&ﬂwhydrogen source in
se L a tside said cata |lyst tubes. A s the

gaé ?f ghnkfgﬂ?g delivers heat to the catal yst

t ubes, the gas condenses and via gravity is forced to
flom1dommmards to the boiler section. The gas-liquid

m xture acting as heat exchangi ng nedi um noves

therefore inside the reactor in a self-circul ating

manner in a region which is encapsul ated inside said

cl osed vol une containing the reform ng section and

whi ch protrudes inside said boiler section. This

enabl es the continuous circulation of the gas-liquid

m xture through said boiler section and said reformng
section inside the reactor.It would therefore be

understood t hat the gas- Iqu|d n1x ture

o r .y oy oy o r



to forman L-shaped reactor. This enables a | ower
length in the reactor and may facilitate its transport

wogmgenodBr cum st ances where reactor | ength i SPET/EP2006/005679
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l[imting factor. Said reform ng section is preferably
arranged in series with respect to the boiler section

in which the at | east one procegé tube carrying the

process gas and optionally the | east one process

feed tube carrying the process fluid inlet are

di sposed co-axially. The boiler section is preferably
arranged i n ser BRIER DESCBIPIION: §Fa TEHENRRAWINGS

section, which apart fromthe one or nore burners my

al so comprise a fuel inlet for the introduction of a

surhabl evénelonpief €uakbhy rmetihaselra tard ptinnalddbmpanying
co-axially ar ranged fuel inlet for the introduction

of 6RBi A E0elVDWRRCHLIREIBr df SHEWISY 2oPCh§aS Rk Hhe reactor
FEngﬁfaiQ& QBVOHEhEthEfmgg% E%OQM% qxﬁﬁ§¥3¥bn.wher the pas-
enri chnent “step. Typlcalﬁy uring normal operation of

t heageact of Juehgaef ingabef bomlelre sRSA iser vies dsramtigd by baf-

fu whereas net hgnol serves as suypporting fuel,

whbt83e G onTa e R AP SHEVEL % SCHEIRING hdt s AR oy sccord-
thenget® AH6theFhemds8ifbnef brgasef HorRcte IRSAVHEYL the flue
and op tionally the anode off-gas fromthe fuel cel

endd? esNbehet bpidesr aRCtirer dal ferred éscpass fidgyrough sleeves
[ e e pl.an Y [ or and
R Ml e e S e oS

the reactor is also provided with at | east one burner.
Because t r ' f re 0 nes e

number - SRR SHACRIBR P of TGk et RERAED "ERRob
single burner is provided; nore preferably a single

catal ytic burner is provided. The catalytic burner nmay

belm Eeganeclhal Fuhiagrisdér inten rexiedaticqs toat al ysitth capac-
on, its_ puger,su ' reni it h .

i FT o LT VR A A PR OB RS RO CRhPRE thh section
pref eésablyr asbarhen ar nadgedfommangl ewcethamnal. antt cylindri-
provjded as wire nmesh |ayers arranged iin series which

areftobted Wt h BeFafti EChAd MRPPEGNALed Ofi 119 apd 1s about 1.6
Oxh chad &N ﬁﬁ%ﬁl¥58iaﬁg€egegéxggﬁ%r%b%dth%18$%bustion section)

conbustion is transferre y a convection nechanismto

t hef sapduti @ cdil mt | Bhegasthilquidumgsdmtbica nelaetor is about
g ecs fl as. Accordi ngl.y,,.in anot her enbodi ments
01%1’[ Zéiﬂ}ver‘ﬁ'%?il%n,scqen ﬂ%@qr ecg‘icttaolryssaiV olcuomrrebuls?i ohé% me
section is provided with a single catal ytic burner and

wherein said catalytic burner is provided as wire nesh

| a2 sTSFPERYRA PRCEEPIeS GRFEMPEPESSoALER Wi i xed bed of re-
cef@fwgn(?n@atgp s8Nt 89 Wh5B320L8%Ed@HOR LA YH the reform-
wher eby the heat generated’in the conbus tion is
trangsfeecetohyin ebhvbcthabalyethanbsm et kg sposed. These
selfcirculating gas-li uid_nixt#ﬁe vi a %her%eng;ated fo b
f I G Th5° eARDFBECT BRIEEF L FEndfer St TRES EhaP 8S to be
i e 0 tdIStapcentyShaMBut8rwBiubBthaat aingnsharn niiGWal hous-
by a radiation nmecha nism while at the sane tine

endfes a conpact reactor de sign since only a single

burner is used. In another enbodi ment of the invention

said reformng sec tion and boiler section are
substantued | 9f snetbandédaby aatemsdbated rbdusiengto reactor 1

VI ATOT i SRGH Py Fnb OB Gabanted Te BRomdaR AR -

I ECh OsL ATt iy NPo8QUBYSEI 8Onai &. pTBEs sen&blkas tabkeOW carrying
heat | oss to the surroundi ngs since the hotter parts

wi tH PPt hl pbdy (BEtPABOL e@BHolNaEEHL BLKItHE S he The process
reforming section, conbustion section and the

conpartnent or closed volune carrying the gas-liquid

system serving as heat exchangi ng nediumis encased by

first an insulated housing, then a sleeve through

which flue gas is passed and finally a second (outer)

o, .



ing" as used herein is neant that sonme portions of the
re actor may not be insulated. For instance it is

wopoygoed4d t hat part of the reform ng secti on BOEEPRWH/005679
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require insula tion. It is also possible that a snal

portion of the re form ng or boiler section is not

surrounded by said insu | ated sing. For instance,

the insul ated housi ng may not er the | ower portion

of the boiler section closest to the conbustion

section. The reactor may be adapted to cooperate with

a tRrlss sex tee1Sis nge Adsoapl yodownwardP84) 2 wkigdlen sntshiele closed
preferred, hydro gen-purification_unit for the further
LR 8 ATOTTE Pel oF Fedhr bBBed- gas | eaving t he

reactor. As nentioned above, the off-gas fromthe PSA

unit may be utilised in the reac tor as fuel. Hence,

i MYretbahbt heveekbodi ABnfrspNgRE LRAvEenheugANgn CoRlPatising at
[ t 1d_ se n r egi car [

conbus i%(rjpé\%f‘%rO?hggggggagghg?ePgAhggﬁ gals%ﬁl)é'i:%%éced by the
erabl @sed hee pt @hpabhdgwbi chapdootfidgas ipsiide tthie boiler sec-
introduc tion into t east one buyrner i

e at | in the
comfUst? o seEOREBRE lﬁiF'éﬁatSf 9@ PEALGR g Bdog9dyolume 8
Me{H 818 FEYy 8k 8O0 Peny$8E tReCBIbABatRE ELEEREMRE 9 a satu-
process gas.” Nornally a higher de gree of purity may
ber i izt bys bsangnPdtarkoy OnerbLanas cuhietle smay Nise saturated
| neorporat et into-hbe £eactory Aeegidl nalY el RthGeaccor in
invention it i's also posSsible Phat "4 hydrogen purifica
t il fHtircslehing Mmafdeal Layameshiane whs chntiegatoagdsulated
within the reactor. However, a PSA purificatiqn unit

i SS319¢ he FEPFed yelppe; 8 feukaiphsp:ithe si@nwsted ele-

| nRPenss vend hae Ple 8blAYngeabrangs. sNorpRl kY cRgated elements
Pd-al | oy nenbrane requiresalso a relatively high

t empEr et uf koW nchaene g ot iedhygasghf shichshancd lalsogtas 12 from
35q10C . .Hence nin nfthgn?l regorning Eg% resg%rwe number of
gas'F ARG the r 2&CEbP af 2b5EFIS60°6E W PRSSEGuUi fe

head i thigcd N1 Prélernd i gont al myt ephbedr egiirneldentss adfe arranged
Pdal | oy nmenbrane. O her hydrogen enrichnent units such

asS EothAHt tohty WaRRPYBASSShPT Ehet EpOvedgrecswosniafy the flue
angh ¢ ey el isctdvea Oxhdabhansel fasher yEpngxi de i n what

is also re tferred as Preferential Oxidation (PROX) of

car bon nonoxi de, may advant ageously be used,

particularly.in conpectign with fuel cells. The .
hatbSpEiatiof SPGFPRoICorbpeRaRdnie TR PeNBFaROstion of
cathon-saext dee f 6pM hBepbel ermedchydhogenar iseh t@dS.e fuel

This results in an increase in the efficiency of elec _
t rotderdedretrar®i ohs LRIpEBEENntBXEHERgéEURENBINdsE 14 which is

(R |, cell [,N bo hde .a b I

RS R e o1 PRV PENFr Sl SerTorh Brcs Che mojieted to a
dissoct xbn oni ok pyehegeadt oopbosbnsnaad rekeaterdang aneg inlet
cansequently stron reduces the wer out.put or ,

el oithahcatof ¢ hETbin FLE BREhFT HecomBsng aendiige mesnes
reghrelatd@® weawt okigatiyhngatheye@maust WBA cdl Hd Yisposed
preferably connected to the conbustion sec tion.

Acidbrali hidw, candeseeonaxanhlyafir E§rosyhdpdpiehdr geactor 1.
lyo XA §0L05 05 €PODUSLLARCECEhO b (AkIChAGed o
ensure that”the preheated conbustion air enters into

t ko blemesettoget hgdr Afthrt Helinketinbutkatwhioclthe water-steam
preferably is, nethano] and the other fuel, which -
prEr e HbT ylésl%ﬂgﬁagk?ﬁ PHBEPSANGRAPELS| £ Wi v 92s
unadelsd Hoehd hadi18st a8t 9bnatbwadl¥y ahhe8hnsUiatrale®@tion 17 of
oxi dant, such as oxygen enriched air, nay be used. The

gdhe iRRAGC P xture is preferably a saturated

steamvat er systemthat self-circulates at a pressure

of about 55 to 110 bar g , preferably 65 to 110 bar ¢

and a tenperatureof 270 0C to about 320 0C,

preferably 280 to about 320 OC . Most preferably the
saturated steamwater systemselfcirculates at a

o Y ~ - T NN PN N 1 e



of nmethanol normally occurs in the tenperature range
of 250-350 0C . Accordingly, in another enbodi nent of

woRhg/meant i on the process fluid entering thePCEAPRWH/005679
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is a mxture of nethanol and water and the gas-liquid

mxture is a satu rated steamwater systemcircul ating

at a pressure of 55 to 110 bar and a tenperature of

270 0C to about 320 0OC (nore sﬁ%%ifically 318 0C). The

hi gh heat capacity of the saturated steam water system
enabl es therefore the provision of a | arge heat sink

i Nt hehe eabdoed VvehtmesB8agoshubhted ahd beadgrt cadwEion 3 part

use en the circunmstances .g. changes in.reactor . .

oer ATMEAE b nEPe dbe brabe At Fa PEC s AoTe 10 is de-
di styd i ego thr ougheMt okhgrbeastotub¥st 8. The process tubes
sel f-circulating steamwater system in which water is

valpbr ik bforeed @x ehafgéd okt BPhoblf kué egas aeomiesm a

cat al yti.c. burner | L e steam go r at..is .

C A 1ol ST heRc kB done "ERG LY GLeCy It e middle
erperi g the tieactoacecont ahas fdrarehylupethertheDMEforming sec-

DVE is normal |y ob tained b¥_the dehydrati on of

metiihot Tk pPERERsNe| GPATLRPeli AESERE MOAC 0P FRPT MOTe
”\#@r@@é@ﬂé@tﬁ%@éh@bbeg\@o%ré Bl ¥pUER dOfi sSDME 13ed in the
nmet hanol . When utilizing DME as process fluid the
deconposinénn of OMEsed hygdrogeR pnotbedsppgrapomsion of the
step reactigon. In a first reaction the ether is.,. C
YRR t o st ERGT By O ReCPeRt SROTERS GIAYs Ly gnside
= It Ot (des ang mehhapobbprredused rdueidn@ehly difatdaamiyst 5,
of DME is in a sec ond step deconposed to carhon

oRIREE AN FYysbgehisCPAOANY FREETS Ebe Fa3AZ Ve teles 0.
+ e IR imdld GhE31BOLE FRACLLOBSMARY LRKR iRAG8 ddhgh out-
gas and liquid ase. Reaction (1) proceeds in the
priesenciepof2veak tbedsobtom vér yheowatedgisiton ubatse Zdnchnd is

the reaction is therno am cal | nf avour.abl e to .
LGS RETHEADI COBCBIGEFEr BRby SERe o6 Lransported in-
r eacdd OfSod&d s ande i3 ubs knownchbadbetcat akyzed Ryitdr wall of
solid catal yst, usually based on copper, zinc and alu

mi e B%@ @e’r - Ther nodynamical ly it is favoured by high

tem perature, |ow pressure and hi gh steam

concentration. The reaction rate during hydration of

DNEhé orened fraimod bycteaot Bpnd( dhdmhpiber sprodveth 3 are sur-

significantly by, carryin ut the actiaon i,n presen :
orraaded ucen aSSRLEERRLBH PR R B Rar e ond PRI §R Pousing
2y s Thecoyenabl seactsenafhublE reghydr @BeRarGing flue
gas by the reaction CH3OCH3+ 3H20 = 28t2+ 6H2 proceeég .
at9geazhad| ecgendt pBRULaresegaanat 4hicgh rpridducemaustdon air
and selectivity r. f ormat.ian Logen . . .
aﬁgEgﬁg6%&%§%%egigmhégggvg?éoﬁh%gc?hgnﬁg&i%i%#fﬁﬁs preheated
| iy t aid nscof hnEMVE dydhahgenwieacthen flie lyasr fowiurgning
produced nethano| _as.it forEs thro%gh tgg reaction ?f
Mt PHHOT  TOUhY BT by¥nt An@ B BENSEKILARE 4ccGPHATgS $he flue
t hes ahoyer react tR8scERbudhboh3secthendpmeihyll Rf ReIrricinded by
therefore preferably reacted with water in presence of .
ark e3¢rRAT Ay r insohatadahpssisg Péct 8dfgem tthemgrolpA-unit
ofasolid - aghdps a09.8 MELhADG! edEOMAORLLN CALAIMler 26 to
el ng arranged i n" physical adm xture wthinthe
catled sdirtebesoi nThaefieactas. 1A snitkabl éntat alajist fiorst annu-
the hydration_of dinmethyl _ether is any of the solid
ac]i%i%.r%fije?’ér%ngl Q}r?ﬁET%yﬁFai“i BHecléBPéI)i%t SEMprsdeta annular
ackgl forzept i €8s i dBSEaphehel abky séeMinl. N TS s"el'cfo(?fcmhannular

The hydrati on catal yst is physically adm xed wt
t he met hanol deconposition catalyst of, preferably,
Cu-Znalumna in a weight ratio of between 1:5 and 5: 1.
On the process fluid side, the pressure is kept at a

| oner level, normally in the range of 3 to 30 bar g ,
such as 20 to 30 bar g . For instance the pressure of
the process fluid entering the reactor, here a liquid

o Y o, o, o o g, ~



2.5t0 3.0 mlong and with internal dianeter of 20 mm
The tenperature in the reactor across the catal yst

woRmyawoi4s t he reform ng section is kept at a BATEPRIN6/005679
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| evel, for instance at 280 0C, and this level is

determ ned by the saturated steam pressure in the
circulating system in this case 65 bar g . For higher
tenperature applications, the s%ﬁf0|rculat|ng system

may conprise sodi um or potassiuminstead of a

wat er - steam m xture. The reactor may further conprise
a.ﬁégE@hb%d oércatiapbyshearvabgediabowe rsaisd coatradotstd to the
tub%&% in.which said fixed bed covers substantLﬁIIy

t HFEOTHPOF L ROr PZORE AN €r 848 R8&FP8nPEESPRE Adadt/or and
wherein said fixed bed is adapted to re ceive the

process gas to be converted prior to the passage of
saiefgaslnatoosald EAPEEgsE t Ghes reFRECH Xe@d@shdd dfigure 1
Ca&f‘éys&oxﬁ‘f‘ §é”£°88ﬁ1bh§% ?)He 8Et%kezprg>%§§%ﬁ Wekion 3 and
carry &"process gas to be converte

A@m@f@&mgmq séhelbnxed bed rsaatvanged mmstmamntQKEments as
one or nnre catal yst tubes of the refornin

sectio
THE et rd nb‘?ecﬁPB‘éégéoPuBéEhcgllﬂy m&xﬂ’?g> §° baffles
gaasr@Xél?@Qf'déQrQHgBhEh%ofl&é%d sked ;and 3”@Y1dprt‘?1ter W@ ngated mem-
slightly away fromthe bed. The process tubes may thus
bdoeplrsaviade@rﬂﬁehahhyoﬁpr@edopeneﬂ;gngua@ﬁﬁ alvpes the provided

flxe to al m1the a rocess s t.hrou
L ettt S b ER b B ot En AT aBk PRICERR, BB £1ue gas

| ntSHlﬂﬁlc_thﬂetlfD@eaﬂﬁuMBEerégﬂahyaéftlblbelsbyT@%lfd xadrketed mem-
of catalyst cov ering substantially whole horizontal

CrRRSS secitdnsdidt AeSrEScL R - sEhvss 481g FOINSdi Ig F&r o
Cagét}véé é@yﬂo@nghsﬂﬁ@he%oef kg8 baégatg@eo&r@q%%sg%s The
flows Into the catal yst tubes downstream evenly and
consbhu%&tdquetnerthenpeuanuge06|shE|b@ud@n‘aﬁmxﬁxon may

t he horlzontal ? ctlgn of the r ac tor fer—
achteVed?® 1t Wdhkd® %e iRd& SFESdOtrhSt H‘ Ogt e outer
antb ONPBSHgseast elerenokdi AGLee HEQllvlé\tQIﬂxtgl (Dll’ésat to the gas-

|ntegrates Iin a single unit a_nunber of process units
orlkiiehd Mh¥ ERT ey &t AEr i§e ol BGAPLEISTEHP A0S flue gas
ple%] Qntﬁé‘tﬁbgfekhgeEeilgko?y Eaggag@ Ii%@berasl‘mftﬂrart tlfeegj.on 17
eati ng and evaporation of “the hydrocar
feeﬁsﬂmakre@cehealongteﬁ ounbmdeiealalboad@rommaﬂuﬂd3and said
pre eatln ff gas froma PSA unit, as well as
cat @??c ?ﬂ%rs and the closed vol ume encapsul ati ng
said gas-liquid mxture (gas-liquid systen) serving as
heat exchanging ne dium The reactor does not require
the use of noving parts such as val ves and punps, for
instance it is not necessary to have a punp to provide
for the internal circulation of the gas-liquid m xture
serving as heat exchangi ng nmedi uminside the reactor.
In a second aspect the invention enconpasses al so a
process for the production of hydrogen. Accordingly,
we provide a process for the production of hydrogen
froma feed process fluid in a reactor containing a
conbusti on section, a boiler section and a reformng
section as described herein, the process conprising: -
optionally preheating a feed process fluid by indirect
heat exchange with exiting reformed process gas from
said reform ng section, - optionally further heating
and evaporating said feed process fluid in the reactor
to forma preheated process gas by indirect heat
exchange with a gas-liquid m xture that
self-circulates and is encapsul ated inside a closed
vol unme containing said reform ng section and wherein
atl east a portion of said closed volune protrudes
i nside said boiler section, - passing a preheated
process gas through said reformng section, - heating
t he at Ieast ~one cat al yst tube |n the reforn1ng

. o, 1. .



- retrieving flue gas fromthe burner and passing said
flue gas through a boiler section, and - heating said

WOgew/0dsii d m xture that self-circul ates and PET/EP2006/005679
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encapsul ated inside a closed volunme in the reactor con
taining said reform ng section and wherein at |east a

por tion of said cl osed volune:ﬂ£otrudes i nsi de said

boil er section by indirect heat”exchange with the flue

gas passing through said boiler section. The process

enabl es the production of refornmed process gas which

| SCEATIMS | n hydrogen and which is particularly suit

able for use in PSA-units. Alternatively, where a

Pd-al | oy nenbrane or simlar is used as

hydr ogen- pre#digahd OPe Bt bri RSt e8He Ot 0AVEBBAL ohUblfher process
heating of the reforned process gas may advantageously
bef BaF@ciREC b)YAEAASN0FOMRYIL FéBBhedt FOXOHARGE Wdtion which
fl The  h n- puk i.ftLgat i ni t ‘

e e e ey el 0 B ogr SRTd"\\rt oy e ¥ b and a
r eaotioust Ide $eetionir dduebdchnsaitheedbrivdast sarEion con-
burner in the conbustion sectioB to%egher Wi.t h ,
cOrbRT i € aPT RBFEbE2h2hYaFotHPESn T defd Yddhy g&forming

et Py st Pubai§ ©6Ee8roBkyt96hoas bremiacBSAvi4M tone or more
downstream used as hydrogen-enrichnent unit . The

abblew prloerrel safjof ukhhepassapei 9& theesgepss fafom the combus-
patssérﬁ‘gséé‘@i(gﬁo &4 gESrE"SﬂbBE%SﬁSs%%%itogr QUIN AN i ¥dd with
cool er,” -~ subsequentl'y "passing Sai'd cooled ref rived

prae essa gasohdrioughea, hydeogen- phuei hieaat kea@hdmigli g0 medium re-
form a hydrogenenriched, gas, and - introducing off-gas

f romd 520 dt Ay ot b ehe pOFRiNgaPfoRadfi PIPRESSt e Ud@ |ighdthe one
oner ByE ReT - Of 21 P& T BBBLAT 1 sVCEBsLN8quid mixture that self-
hydr ogen-purification unit is & PSA-unit, this unit

andirdel afes caniier saercppefiéptibly iheddeedadyt sildsecherolume
reas ovS'nganf%_?agsgrgmtg iP§Ao nist iga%ltoger(]:l Q/% um ro-
imto d%ced In e%at °1 BaSt *8Heburner, “as §%scrﬁbe§ P
abomede I hen yde ogendepoi tbedsgasibhom t he

hydr ogen-purification unit may then be used for any

suitabl e industrial application, such as in the

mej al | ur gigal o HhustEyra h§CtE 0L GSm, Chedh Gaki cAN¥he portion
phar maceutical 1 ndustry or~as hydrogen source in fue

cedf 9 bahtcl BREEFVOESORI Pt ONeOFhTHE DRAVWOKRGS 1Tlgeiid mixture
invention is,further jllystrated by the accaonpanyin

dre Tige TRC kAT eh PratratESRbiacs’ thRoRat s or ia o as a

I eatiPle aSTONGA DIt @1 enenenbedaBent nafbkhe cifmeartieited ele-
where the pas sage of flue gas_ in the boiler section

i AN RrIRPDYEDafOFTed BAHIELGlYeOS SRERETE cdERériatlily and
of C c ' 0 e di; - t
e e e e bR e e o ey eeet s (e elon
f ayxteed t ol grasist $ hapeghnsEéevdscpmovndedtiont we tbnen@ another.
nore el ongated nmenbers. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENT In Figure 1 a cylindrica

I g egrat ecrdLcd Oradcrdingapacel yiff 280iNMRieh the boiler
hydr ogen contai ns a conbustion section 2 , boiler

set¥G o8 @hdthef bearhgrséét P6AVAdedTHa ty R myFedglof verti-
r pr=Y f g [ oyt . :
L OB R A LEh ) P B dHeiop RS Bdhigh said
sdud f DY s cd rabautafgddnsubFhent oadll yvokramsvefrsteheeo the flow
reactor._is abput 0.275 nB, while the total catalyst .
vo‘i?%ﬁw%c‘i’so‘b.%got%% ‘er‘éer%f‘Brﬂ?HﬁrégéF‘i GR ADENCOMPASESSD sec-
alsipm@, fixed bed of re formng catal yst 5 arranged

above the region of the reforming section in which

catal yst tubes are di sposed. These sections are

arranged co-axially in the reactor so as to be able to

fit into an outer substantially cylindrical hous ing.

A m xture of methanol and water is introduced to

reactor 1 through a conduct 6 in the outer wall of the
reactor. Through the conduct 6 runs a process feed

. — o o r 1 o .



i nside the closed volune 8 containing the el ongated
ele nments 9 and the reform ng section 4 . The

wogbgrgeded el ements create flow channels 11 t REBHGRO06/005679
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whi ch hot flue gas 12 fromthe conbustion section 2
arranged bel ow passes. A nunber of vertically or
hori zontally spaced baffles 13 e arranged
substantially transverse to the Tlow direction of the
flue gas 12 generated in conbustion section 2 . In
conbustion section 2 arranged in the [ ower portion of
t he- r eact oRedetow @heondiiher teeciledms32, og Sui tdlslrein the one
fuel such as njec ed throu h f e
155TERe ) ST MRRPRR hehberd) o ibr, Fad Rt 1 Tormed as
t hebssip] getegdrboideteacthon wilkkver ebeated CATUS! iWYr the
air entering via inlet 15 in a single catalytic burner

g

16P2DPPPE sP gt WEeIfEs RBEOVFPr E§FatBF WA FSE IR idsf ined by
2% 2l a5t aRg WbliChehBed! aASed sun sacbla channe

co- aX|a e cylindrical reactor . Hot flue

gases 12 are produced and are then passed to boiler

seitlon 3 After deliv heat to_the water-stea

ture 10°FRSHAE ?ﬁ‘éo’égbﬂaaFSda%nBé?geglPﬁe Ardd ga}é’ which

| esvesed b bRE! Broseski BBeHOWALAS cAR rdARY &heS@GIIALs fluid
17 of the reactor.In the closed volune 8 just above

th@b‘@ﬁfle@nseétﬁenesteaets énstHe Raad icAosies atlwmg exf the
water-steam mxture 10 is de livered to a system of
process tubes 18. The process tubes 18, here fornmed as
a coil or spiral extend away froma transition
coppart nme 19 and upward hro h t e niddle i on

oo he omtat anEPFor EHEPYbOT GLERE Pef GPnhg Doghe 3t least
t'6Kb4proJ@§sr?é@ﬁ”tﬁgeséﬁkk9@n6 tﬂ%‘ﬁ%d@@§§7ﬂyuidnto be con-
nore vertical catalyst tubes 20 are disposed is
ar‘reﬁ@e@ ¢ptehe tbaparestar threvgsed ¢ondmets gnranged in the

of, n_of e r h S

RS R i el | Fhe T RaREbe pde B R S B Y Sapsats f1uia i
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