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WD 2005/ 023820 Met hod for manufacture of THIP Field

of the invention PCT/ DK2004/ 000579 The present
WO pwsorison rel ates to a new net hod of manuf act PET/DE26000579

compound 4,5,6,7 5

t et rahydr oi soxazol o[ 5, 4-c9] pyridin-3-o0l (TH P) having
Melifd fNn M EccRRP APl €, and also to new

I nternedl ates, such as isoxazol 0[5, 4-c]pyridin -3-ol

(H P), used in the nethod. Background of the invention
FiRCR Mt CnSentidh t he mgj or inhibitory neurotransmtter,

gammaam no butyric acid (GABA), are 10 divided into
Thepyesartiinventiensrslates tagapaanetead) mopwfagipringtihegomprwifdset. 6 7 of

h o o o

teé}%&%&é&%glo?%i Eﬂ}\:\*{%‘l}qi& of G haviHP ﬁ)"eflﬁmnlclﬁﬁe g@&gm&h’@, and also

\B recep ] are G'protein coupled receptors.
tojngwantefiieisies.srchsiisoreglol b alpyHdied o} (HYh seadtin e methe.
the inhibitory GABA system has been hypothesised as
t he underlyi ng mechani sm of the pathology in question.
Bagkgreund of thetipysggion 5 i ncl ude epil epsy, anxiety, stress,
R&leFOR GH ROMERF fnh@ﬂéﬂ&rﬁaﬁraﬁmmw@r\{ SEmmAntiROMER PR (GABR), are
nodul at ors of the BAA receptor conplex, such as

diidag v Broawiiheasses FABAnueAsRiprs gYhichare maemkst s dhedisgndeated ion

RABRSY s@bFBRY; Uhd tht BB irSceptoBaiidhdte GPRRAR S8lplel hdkptors.
unsel ective benzodi azepi nes produce so many side
effects that conmpounds substituting for presently used

T HSHe PSR 1RBRAEE-H i 5ro Sy BoR i yBf Gk HiBitofy 6ABA sPhah MROREn
Sci . 1996, 17, 192-200). 20 The present invention .

hypodhgrigrdes hgnnds mgingpshanisaP Asehielogn i WsLien nhese conditions

e ROPGHIREL. drrle8), didst, Rlep Aidr@%S dnd pilvn [ Hlowdver, KIEeAgHHdsitioa
site at the GABAA receptor as aggnlsts,_mhlch have

meHpTs Of e GAdtAaeestor FomRl e sich aShenzodiazrninestip g guper of

cir@HlEREs BRWEQZ RN ARdre RGIdeNeIcOitenshiiBatdinSRREOS,
i ncl udi ng prenenstrual_ syndrone, postnatal depression

bepRerisrSRINCSREPIpRtPIBINY Siis effeqtsthal qompRBAIPLIYing derdessently used

dﬁ%@aré h&@abd icoRRbAYGRBS LT retds PALBGcHM 31996877\ SgRUD) St S
than with benzodi azepi nes and neurosteroi ds which

produce tol erance after short termtreatnent. The
TROSreRht iPABAREERHSInon-steroidal and non-benzodiazepine compounds interacting

4,5,6, 7-tetrahydraoi soxazol o[ 5, 4-c9] pyridin-3-ql (TH P)
sty i Geseean i Bl S CIB-BHE PRSP B pehci

eﬂ@&}iﬂl@is%ab@st@t@ﬁ’@ﬁ_ﬁﬁ@toiriéduaédsgpxdﬁ&?[dam\%;qtﬁ% THI 5’_ i sI ;
setu or treating sleep dl sorder IcNn |1 I SCI OS€

i Fspses QR R e BT SYIOBIRS. PORBIE| SPRSiepand §o Sggopassal
rdMddedyBpHofic HiR6r@a6lQet dighifiRadY be@Bi@reated Wh GABXN, agdiisth &8 tvith

one", except where it is clear fromthe text that it
b%%ﬂgze@ﬁ%s_ and neurosteroids which produce tolerance after short term treatment.

The potent GABA agonist 4,5,6,7-tetrahydroisoxazolof5,4-c9]pyridin-3-ol (THIP) is
disclosed in EP 000 338 B1 wherein a method of making the compound is also described.
THIP is useful for treating sleep disorders which is disclosed in EP 840601 B1.

Definitions
The term “a” as used herein is intended to mean “one or more” or “at least one”, except

where it is clear from the text that it means one.

The term “C,4alkyl”, “C,ealkyl”, or “C;.;;alkyl” as used herein refers to a branched or

unbranched alkyl group having from one to four, one to six, or one to twelve carbon atoms
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35 The term"Cl_4al kyl", "Cl_6alkyl", or "Cl_, 2al kyl"
as used herein refers to a branched or unbranched

wa@bkdoglozgeoup having fromone to four, one to SPEI/DER004/000579

one to twel ve carbon atons WD 2005/ 023820

PCT/ DK2004/ 000579 2 i ncl usive, respectively, including
&ka@ qgspleét%ltyeﬂc&&ngﬁ\gtl?\lﬂ r]n?édn% %ng%l%ll' %ﬂpylpropgl' E-rp%f)w 1-butyl,
Z@M%t%rwhyl 2pmr9m} pad %ﬁ@thvlei/mopm 6al koxy , or

"C1. 12al koxy" as used herein designate such groups in
which the 5 Ql_@;alki or Cl_12-alkyl is as defined
Tafaé% dndalkeor’i gk Edialkexyass bsed dergin depienatrisusly gtoyps movhich the

16‘& ¢ gz-;m?}lhgﬁél defRbd WC and erﬁﬂgi(\yza art op}lrgeQXMclua- RE but not
tern1 , or " 12al kenyl " as used herein,
hﬂ@§%§ﬁ?ﬂ@§Wyﬂhﬁﬁsl@Wﬂ@@sbb@ﬁmgroups havi ng from two

to six carbon atons, or two to twelve carbon atons,

i ncl udi ng one doybl e _ 10 bond respectlveIY |nclud|n
ThetermotCapalkinyledort &62-atlk@nl1as uisf Gpremy Tespestivg b desigipte. sucmaoups
hhBAgrofr two BRbiK ¥hBBLatoRS, df 306 tdqﬁreﬁz'e Rarb6d §oms lifcl@ding one double

branched or. unbranched_ al kyl ene group having from one

bppyl rgsnectighpBRluding gt mhlémw 10 gthenyh PrpaRhge bpteHdt
I|n1ted to nethylene and ethylene. 15 The term
»C3.8cycl oal kyl" as_ used herein designates a

The kevy &waék%qne biseped heeeip e porasehed awrr?@anelpﬁdéaweae group

heN g rork 3hdRRixAa AR atol§ indRisVE, ,md1mgmdt A 1ibited Rthethylene, and
I|n1ted to cyclopropyl cycl opentyl and cycl ohexyl .

lethe term " C3 80yc|oalkeny| as used herein
desi gnat es a nonocyclic or bicyclic carbocycle having
three to ei ht carbon atons_ inclusive and includjng
Tonérgoubr€yBealg!” shesed dergint degignates 13 [RONQChltsr i kg earbocycle

heasd gied & §1lgﬁmc£$dhuﬁ§mb AncMRive Ninkh@inEhul do@likitkd tS&&lbpropyl,
as Cl.6-alk E s as defined above and is the ester

cydenerh 2af cyslobHwbr of or mat e, incl udi ng but not 25

limted to nmethyl chloroformte or ethyl

chloroformate, The term "acyl" as used herein refers

The gy riysrscycloplkgmid] as whd sty idesignaisn ¢ monaeyglic o hicyilis ¢ catbocycle
haviyg thréelo Bgialckibendtymy yeiwardmayhcluding one double bond.
C3_8-cycl oal k(en)yl carbonyl or a

C3_8-cyc]oal k(en)yl -Cl1_6- al k(en/yn)yl -carbonyl group.
Ifﬁeteﬂihe (:ezgplkgal&aio@dfo@ﬂat& 'dédléiﬁ&%ﬁ(}h@féﬂps BaAch e C,_-alkyl, such as

| k | k |
E)l%-f‘lggl gﬂef@gg?o&/g’ &rrddéﬁ-nﬁ 6%{;{)@]’tloﬁggﬁ§ﬂg¥g¥matg l11‘.Pd1ng but not
li@ed toay@h @hlsydiformate of ytby1Qalokdhitategr oup.

The term “acyl” as used herein refers to formyl, C, ¢-alk(en/yn)ylcarbonyl, arylcarbonyl, aryl-
Ci.c-alk(en/yn)ylcarbonyl, Csg-cycloalk(en)ylcarbonyl or a Cjg-cycloalk(en)yl-C, -
alk(en/yn)yl-carbonyl group.

The expression C,¢-alk(en/yn)yl means a C;¢-alkyl, C,¢-alkenyl or a C,¢-alkynyl group.
The expression C;.s-cycloalk(en)yl means a C; g-cycloalkyl- or cycloalkeny! group.

The term “aryl” as used herein refers to carbocyclic, aromatic systems such as phenyl and

naphtyl.
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The term"aryl" as used herein refers to carbocyclic,
aromati c systens such as phenyl and 35 naphtyl. WO

wQ@oa5/0083820 PCT/ DK2004/ 000579 3 The ter m " hePer/o&RRy04/b00579

as used herein refers to 5- {o 6- nmenbered aromatic
systenms containing 1 to 5 carbon atons and one or
THP rt&’?j;etlﬁff%mnﬁs %?édeﬁérgq éfe&n}oOS §) @r n‘lélﬁ\bétlé&; Ilr(ﬁ'ﬁatlc systems
ered nonocyclic rings such as oxathi azol es,
cmtmlaz bl carlbfinainas a0l ere orancueiheteredtesss seleptd emA) &lasd, such as
5trﬁén%ﬂ:lderﬁono|c§&% Elﬁ%g &8ch %X%mla%&es '(ﬁ%mléz Qltﬁg‘zoles oxadiazoles,
hi azol es, daz pyrazol es, 5 pyrroles, furan(s)
t]’@qrdlztzp}e@ ﬁﬁ@q@@(s,sysoxaéolgs; ogqqotps,zlsghlgmshthaagglp@ imidazoles, pyrazoles,

p%vrgle@ R 55“ &2 ﬁlxcﬁyher%(si gg Cﬂ;p%@?_f, Q)k@thxazole 1,3,2-oxathiazole, 1,3,2-
-d|t I azo hi azol e,

dgpxgzogz., O%('é[él ﬂézcbqh@zolg_, ?, 3@ ({lqh}aa@]p ai@|3é)xaq_1|a.pole 1,2,3-thiadiazole, 1H-
12, Ruridzdid, | i8&Qhdte, dxIRIRZRXtBazoRX iRk, 1RRRIBARBEO! 18 pyrazole, 1H-
thiazol é, 1Hinidazol'e, 1H pyrazole, 1H pyrrole

pyflan fistn R Bispkse, of 16-BeTHdle MOAOGYBNifO E1peY SEchy jahgaathiazines,

IRMUES RS i B, B&hdBSnes, Ha0¥%BAZéNBPazindd, loRAA%E "BRzines, pyrazines,
oxad|a2|nes t'hi adi azi nes, triazines, oxazines,

PYIdaERPH SXTIm{gjrien o pERns, digxipy diitiinsi melinepprans g fhiias, o8 1.23-

oRatREAAd N1D,4- gaa%zné, 1,85 30R4thiRSne, AW &aammepyn @-Bﬁatﬁlﬁzme 1,2,3-
thiins oxat hi azi ne 4-oxat hi azi n

2, 3-
dpxgzn@_, d)g@ﬁ-%p)éaﬂnﬁ,e4H-i 3@ CEQ)@%IQF h] %%-ldﬁ)éazme 2H-1,5,2- dloxazme 1,2,3-

dikhlém% OX2d_RitaddiRe ,4H11, iziarthl%ﬁe( az4 llabthlﬂzn%; 4101 ©XAZhiRBme, 2H-
- dloxa2|ne 2-di oxazi

1Q|,_'i_ q_xagmgn?jlz&la% flﬁéadlafmg %5’-1 1&r5rqﬁag1§4l% 2H-1,2 6-oxadiazine, 2H-1,3,4-

oi-adgazﬂ'xem 1Ani @éLtﬂlﬁdlafrﬁ& 12§ 122'4ith‘ia|illa§1¥1b N&J-1,2 5-thiadiazine, 2H-1,2,6-
2-di t hi azi ne d|th|a2|ne

tlyl_adzazgieo)gé-ai éfrtlﬁédlazzq.q_, 11 é3 gfrla@w&dl 617'24 ?tilézmé2 HiH—l 2-oxazine, 2H-1,3-

oRdAink, 221 AXASR, !ZBH Piikating, @HOKAHiBHicN2H-2ktHiaAnd PyRazine,
oxad|a2|ne 2H 1 3.t hi adj azi ne

Pyflaging, BYHiTH(iRg; éfz’wlr%eoxa@pp 118 ok, b3 disin. pd-diosing4H-1.3-
kA4 pyRlind 28, Hrdodr adfivazi ne, 1,2, 3-tri azi ne,
1,2, 4-triazine, 2H 1, 2- oxazi ne, 2H—1,3- oxazi ne,

2H 1, 4- oxazi ne, 2H 1, 2-thiazine, 2H 1, 3-thi azi ne,

I%Itelmél“atnhif@aﬁdﬁe as &yd BeFéiR Gheansidt bl@Zd B@ddePYd thoteditiv@ mixture
H 1, 3-0x% 4 oxathiin, 4H 1, 3-di oxin
agjusfingithpg t° & W]PH%G dithiin, 1,4-dithiin, pyridine,
2H pyran or 2H-thiin. 20 The tern1"acidification as
sed herein neans thaf an acid is added to the
hj‘étaf’é’f‘u Sricavme iR %Fdisﬁéllef‘ﬂ‘blstar’f@“dW%e’B’é‘fsﬂw [orpepskiled phgmist,
ek&hipies tRinlg @aMpdng, sOEtodd [Br, @S], bsaeyher#ikddylag. a wel | - known
expression to the skilled chem st, 25 exanples being
hal ogens, such as Br, C, I, or nesylate or tosylate.
ThBerh et Balt” as 6@ hereiSs s Rdkdhemeinniy Sau' witiengleetidulr B&AFbUnd

any salt, whic rticular ca for and is
oS g7 sl P et STRG! Sinar Y How S& e Sormposhas
9 \Wey edsrm dthe s411 mamublsis sucmaay nitka$ ulth g ModiuhealtsS atd zﬁnrﬂ\d)dilhn
se h as HEL % eg. sodiumsalts, and
g%ﬁﬁq ad ammes such as trietl ylamme

The term “an acid addition salt” as used herein is intended to mean any acid addition salt
which a particular compound may form upon reaction of the compound with the acid in a
solvent, as known to the skilled person in the art. Suitable examples are hydrochloric acid,
hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid and the like. Other suitable
examples are organic salts such as acetic, propionic, glycolic, oxalic, malonic, succinic, citric

acid and the like.



30 salts, eg. salts of amnes, such as triethylam ne.
The term "an acid addition salt” as used herein is
WO ndosesdo t 0 mean any acid addition salt whi CPCEDK2004/000579

particul ar conmpound may form,upon reaction of the
compound with the acid in a solvent as knomn to the
s F e R R B L L
Cél@mfsu rdferense umaqsh@erHcC dristinaamuithy; hktr‘ahddmn ﬂ heT9, pp 567-
41 $ARLIE exd @ggkﬁinﬁ&$“g§ganlc salts such as acetic,
propl oni c, %§ 'ycol i c, " oxa mal oni ¢, succinic, citric
acid and the 1ike. WO 2005/ 023820 PCT/DK2004/ 000579 4

5 ﬂ@@irﬁf mlcl@o Hhé ’das 5&9%8116:919% %g/gllp&nqvﬁl aggr%gsgonqg El}%lsf("llleé chemist,

nown xpreSS|on to
refefearecinmads to “dermceddOmBrmanGhentistryC(3 Keditinh deror Mirgh, Wiley-

%t?%;l’: @%‘Eg’ﬂ% emt?"é soigc gﬁmﬁﬁ’e %? Zsfz% ﬁ%gm i$a Lféohcﬁpclrl,%ef ?ﬁa‘%l/agl%ed
Qreprag ﬁhqnystay \Aéi‘ ¢d1¢mbmr>eMpncé,§§ﬂwnIntemcteh@ $Wifable @gamples are CI,
ghen Ng.s- reference is made to "Advanced Organic

Chem stry® (3'd edltlon) Jerry March, Wl ey-

10" Interscience. The term"a soft nucl eophi | e" as used
Rey
"I?:lﬁgﬁns r(i@hyﬂ}a%{?g Qg%ﬁt@ & on? hér%rel 1%%@%% e%rgs%gln(fo the skilled

opgnisy af}dn‘ﬁ eﬁ@éﬁ@ﬁ@ever &ﬂntsaf’fypleaSéhlamm}é@ldar@h@roforln@ such as
1§o'butypé‘hlcl}lgfo§nate P2 gzl?@od‘ilﬁﬁdp suh APVMR 1 Ng agent” as
used herein is a well-known expression to the skilled
chem st, and is |ntended to cover agents, such as
15 IygbggxhghhgthﬁuOﬁ chl orof ormate such as isobutyl
chlorof ormate, or a carbodiim de such as DCI/DCC. 15
The peepgndtiverHiop Felatpreto p g Aethos ofthenufrcisien theicormpavni 4:.6,7-
téﬁh%r@ﬁoﬁa@oléﬁq Jﬁﬁ&llfl@dol@fH nuf acturing the conpound
4,5,6, 7- tetrahydroi soxazol o[ 5, 4- c9] pyri di n- 3- ol
(THIP) I'n one aspect the present invention relates to
1R 0N HR OO brefdne RAEALH reTﬂsl?o & ﬁfé%& St ﬂ}&)am? TH%O ﬁ‘{pﬁgﬁ the
a) reacting a conpound of fornul %
20 s®¥P¥yl ati ng agent of fornula (3) R3

a) reacting a compound of formula (2)

HO

—N
\

o

\

N @)

with an alkylating agent of formula (3)

R3

R%—é—L
25 H 3

wherein R? and R? are independently selected from H, C,_alkyl, C,.j,alkenyl, C;scycloalkyl,
Cs.gcycloalkenyl, acyl, aryl, or heteroaryl, optionally substituted with a C,_j,alkyl, C;.
12alkoxy, or aryl; and

30 L isa leaving group,

to obtain a quarternary salt of formula (4)
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1 R? GL 25 H (3) wherein R2 and R3 are independently
selected fromH, Cl1 12al kyl, C2_12al kenyl,

w@&ogoysboal kyl , C3_8cycl oal kenyl, acyl, arylPCDDK2004/000579

heteroaryl, optionally substituted with a Cl_12al kyl,
Cl_ 12al koxy, or aryl; and 30 L is a |eaving group,
to objjgin a quarternary salt of fornmula (4) WO

2005/ 02 PCT/ DK2004/ 000579 5 HON | R2,~CH (4) RS
wherein/L, oR2 and R3 are as defined above, b) reacting

a conpound of formula (5) HO5 (5) wherein
R2 and ’F‘QS bre as defined above, c) reacting a conpound
of faorp@Ha (5) with a reagent of fornula (6a) Y R Z"
-X (Ga)RrWhergin R is C _12alkyl, C212alkenyl,

C3_8cycl oalk( , C3_8cycl oal kenyl, acyl, or aryI 10
whpteindn &’ byd R'idostsidefitaddbeet h one or nore C1 12al kyl, Cl

bilregctmgxl'}/e qu?&ert@ary éait o%((d) Svith lnﬁﬁi Ecﬂgm% géﬁpto ob%'mszp&)rn%ound of

formula (5)
HO

RO )
wherein R? and R? are as defined above,

¢) reacting a compound of formula (5) with a reagent of formula (6a)
Y

RZ™ X (6a)
wherein R’ is C,.jpalkyl, Cy.1salkenyl, C;ecycloalkyl, C;scycloalkenyl, acyl, or aryl
optionally substituted with one or more C,.j,alkyl, C,_,alkoxy, or aryl,
X is a leaving group,
YisOorS,
Z is O, S or C,.ealkyl,
optionally followed by reaction with a nucleophile,

to obtain a mixture of a compound of formula (7a) and a compound of (7b)

R'Z
Y
>\_ZR
R’ Z (72) R’ Z (7b)

wherein Y, Z, and R’ are as defined above,

d) reacting the mixture of (7a) and (7b) with a nucleophile, followed by acidification, to

obtain a compound of formula (8a)
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20

Zis 0, Sor Cl _6alkyl, optionally foll owed by
reaction wth a nucl eophile, 15 to obtain a m xture of
wa@2asmopssend of fornmula (7a) and a conmpound of PThPKRI04/000579
~--YRZY (7a) R2Zy (7b) \Mﬂerein Y, Z, and R are as
defi ned above, d) reacting the m xture of (7a) and
(HEP) with a nucleophile, followed by acidification, to
20 pbiai n a conmpound of fornula (8a) WO 2005/ 023820
PCT/\DK}3004/ 000579 6 HO R Z~Y (8a) wherein Y, Z and R
are §S defined above, e) reacting a conpound of
formila (8a) 5 with an acid to obtain THIP as an acid
addi'tion salt. In a further aspect the present
i,n)/lfgntion relates to a nmethod of preparing TH P
Rtherdin(@®eps a and b are as above, conprising the
r S ing a conmpound of formula (5)
‘Jv%%{eknhg’zfcéﬂé“ggnﬁm gsfée théx s %é’q(ﬁb) 10 RUS55; =W ( 6b)
wherein Ris Cl_12al kyl, C2_12al kenyl, C3_8cycl oal kyl
I or aryl optionally
e?ﬁ%‘%@%@ﬁ?@h&\%ﬁ% fogﬁgx 8ra) nmore Cl.12al kyl, Cl. 12al koxy,
voth aaragid to ebtais TNIR?s agReid agdisenesah- R is H, or R Wis 0,
S or NR4, wherein R4 is H or R 15 optionally
foll owed by reaction with a nucl eophile, to obtain a
I Srtheraspdct the prsrgnd invention relaesrinp metipé pf preririne CHRpBIAIeIn steps
' . s W (7d) wherein Ris
a%%i%%%aﬁg{f ?V%’gfgﬁﬁ\ﬁéég}‘i@g%@écycl oal kyl
cZBredipe b oehikang pf fopaya 2/5) with aFgaeers pt fopmis (6))
sugsgw uted with one or nore Cl_12al kyl, Cl1_12al koxy,
RU~aryl (6b)

wherein R is Cy.jzalkyl, C,.izalkenyl, Csscycloalkyl, Csscycloalkenyl, acyl, or aryl optionally
substituted with one or more C;.j;alkyl, C,.j,alkoxy, or aryl,

Uis N or CR', wherein R' is H, or R,

W is O, S or NR*, wherein R*is H, or R,

optionally followed by reaction with a nucleophile,

to obtain a mixture of a compound of formula (7¢) and a compound of (7d)

RU'\FW W
O 0 >—U'R
—N N
\ \
. 0] . O
A |
RU' w (7¢) RU' W (7d)

wherein R is C,.jzalkyl, C, jsalkenyl, Csgcycloalkyl, C;scycloalkenyl, acyl, or aryl optionally
substituted with one or more C,_j,alkyl, C,.,alkoxy, or aryl,

U’ is NH or CHR!, wherein R' is H, or R,

W is O, S or NR*, wherein R*is H, or R,

d2) reacting the mixture of (7¢) and (7d) with a nucleophile, followed by acidification, to

obtain a compound of formula (8b)
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20U is NHor CHR, wherein R is H or RR Wis 0, S
or NR4, wherein RA is H or R d2) reacting the

waorzoose2of (7c) and (7d) with a nucl eophil e, POI/bDE2®D/000579

by acidification, to obtai& a compound of formula
(8b) WO 2005/ 023820 PCT/ DK2004/ 000579 7 HO RU W ( 8Db)
rein W U, and R are as defined above, e2)
reactyng a conmpound of formula (8b) with an acid to
obt@i ngTHI P as an acid addition salt. 5 The conpound
0 mula (2) HONO N (2) is novel and may be
prepdred by the steps conprising: 1) reacting a
copound of forrmula (9) 0 O, R® 10 CH N (9) wherein
R' 4s Cl_4al kyl (such as nethyl, ethyl, n-propyl,
RH-but¥/| Y§bywi t h hydr oxyl ani ne hydrochl ori de and a base,

w%lﬂrlgi%ﬁ,slj”,\lgn%ar%gsgel%tneac{ar}])oge,conpound of formula (10) H

e2) reacting a compound of formula (8b) with an acid to obtain THIP as an acid addition salt.

The compound of formula (2)

HO

—N
\

0
A
| pZ
@
is novel and may be prepared by the steps comprising:

1) reacting a compound of formula (9)
0] (0]

~

OH
~

2
N 9)

wherein R’ is C,_salkyl (such as methyl, ethyl, n-propyl, n-butyl),
with hydroxylamine hydrochloride and a base, such as NaOH, to obtain a compound of

formula (10)

o N
“OH

OH
~

A
N (10)

and ii) reacting the compound of formula (10) with a dehydrating agent to obtain (2).
The base should be strong enough to adjust pH > 9, preferably >10.

Typical compounds of formula (9) are methyl and ethyl 3-hydroxy-isonicotinate, which are
described in (Contribution No. 240 from the research laboratories of Hoffmann-La Roche

Inc.), Synthetic Tuberculostats. II, pages 547-554, by H. Herbert Fox. The compound 3,N-
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~\Y / 15 N (10) and ii) reacting the conpound of
formula (10) with a dehydrating agent to obtain (2).

wab@shzsseo shoul d be strong enough to adjust pHECEDPK2004/000579

preferably >10. 20 Typi cal cgnpounds of formula (9)
are methyl and ethyl 3-hydroxy-isonicotinate, which
I descri bed. trlb ti 40 f.r t
sl B TS EroR i R A F cHo Popifdss 7679, and
By ot FeduitetisTRhaanacaltio st BatsmodldvenioagEGMSIVT 1964 paghy63-P1.
Her bert Fox. The conpound 3, N WO 2005/ 023820
PCT/ DK2004/ 000579 8 di hydroxy-i soni coti nam de (10) is
Il eﬁxrthiexbaeplec't the @esdno sivention Fedatento 4 inethd@ 6Ppreqpage the Z@nF@nd of

A%gTégéﬁ?g U#%i}é%@fgﬁg%%ﬁgggges 65-91. In a
further aspect the present invention relates to a
Bethnd of preparing the conmpound of 5 formula (2)

C rivsing reacting the conpound of formula (10) H OH

N (10) oi@ th a dehydrating agent to obtain (2). In an
nment the dehydrating agent is selected from

lhi yl chloride, a chloroformate, or a carbodiim de.

Typical dghydrating agents are 10 thionylchloride,

wigobdehydratfifpl @€ tod bRt @). 1R RtlerhXddinidatine Aesafatlhd1glelts is §e@ted
fpr esent invention also relates to a co

foot thipmylcloyide, pehlproformeye, op a capqdipyds Lypica 3#1@%“% agents are
oA RIRL isdH18/1 SidblofdrBataan@DicypDaddi ti on salt, such as

a hydrochloric 15 acid, hydrobrom c acid, nltrlc
acid, sulfuric acid, or phosphoric acid salt I n

zﬂfd&tdh@ry, the FRech MR Btioh hish feldtdi@o & E@BHINAGEE fornulsREp a of
the present nethod the reaction is typically carried

out i n\or gani ¢ solvent. In one enbodi ment step a
is carr edbout in a polar solvent, such as NW. 20
X
| ~
N,

or a salt thereof. In one embodiment the salt is an acid addition salt, such as a hydrochloric
acid, hydrobromic acid, nitric acid, sulfuric acid, or phosphoric acid salt. In another

embodiment it is the free base.

In step a of the present method the reaction is typically carried out in an organic solvent. In

one embodiment step a is carried out in a polar solvent, such as NMP.

In the alkylating agent of formula (3) R? and R? are independently selected from H, C,.
12alkyl, C.jsalkenyl, C;gcycloalkyl, Csgcycloalkenyl, acyl, aryl, or heteroaryl, optionally
substituted with a C,.j,alkyl, C,_jalkoxy, or aryl, and L is a leaving group, eg. Br, Cl, I, OMs,
or OTs. When R? and R? are independently selected from C,_j,alkyl, C_jalkenyl, Cs.
scycloalkyl, Csscycloalkenyl, acyl, aryl, or heteroaryl, each of these substituents may
optionally be substituted with a C,_yalkyl, C,.j,alkoxy, or aryl. In a further embodiment one
of R? and R? is H and the other is as above. Typically, R? and R’ are independently selected
from H, methyl, ethyl, allyl, phenacyl, phenyl or methoxyphenyl. Typically, L is selected
from Br, Cl, I, OMs, or OTs. Examples of alkylating agents are selected from Mel, Etl, BzBr,
p-CH;0CH,CH,Br, allylBr, and the corresponding mesylates (OMs) and tosylates (OTs).



10

15

20

25

30

35

In the alkylating agent of fornmula (3) R2 and R3 are
i ndependently selected fromH, C _ 12alkyl, Cl

wda 2abkessyd , C3_8cycl oal kyl, C3_8cycl oal kenyl , BCHDK2004/000579
aryl, or heteroaryl, optionally substituted with a
Cl_12al kyl, C1.12al koxy, or aryl and L is a | eaving

119 stgpglgbf tgg%rﬁe)r}t rggl-n }u’: {f rog rlrsl S 1(3?%a 1}}@@&@}?&@9&&530 s[oqv%nt

oCBnﬁﬁeBtlhyled)fohll day Emb&Bm& yiep b daiey bl,lt imelgdhol a'[dyWa,terosuch as
et qﬁ;\r}g{ each of these substituents nmay optionally
B %eo uted with a Cl.12al kyl, C1.12al koxy, or

Tapighlly, the naldfrmmgmg@lmmr’oemelamé froofLiBH, enpBRB. i s H

and the other is as above. Typically, R2 and R3 are

i ndependently selected fromH, nethyl, ethyl, allyl,
Ipbiemacne ajtemhiaeyis togeacha¢dmpeyphed digrimulaTy)owvidtad teggent ofjfermula (62)
selected, fromBr, d, I, OVs, or OIs. Exanples of

al kyl atilpg agents are selected fromMl, Etl, BzBr, 30
p- r, allylBr, and the correspondi ng
mesyl ates ( ) and tosylates (OIs). WO 2005/ 023820

WRERITK2i0 04 /-80057:2kenyl, Geseyslasliat G- mclmlk@éh ey RiYHOr
htSe%Fovéﬁ taﬁwnm duBstfEd WRHoRWE moft @N,a 8% JRN|,EKEL, bivpyigani ¢

( . m xtures t hereof |n oné embodi ment step b
A s adeavmgebuput i n al cohol and water, such as aqueous

@}S@M andYPically, the mld reducing agent in step b
is selécted fromLi BH4 or NaBH4. 5 In step C one

Zais Qe Sroati-aaby]- §hep Zrivgoelkyl icmapbaiseessy fodkither saetyithg t h
rﬁcl@%ﬁlﬂ@ qu Cf %’T}“ 6 I\lf(ﬁ@ In ohe Bn¥odimeht ROR)C, \!,‘ﬂ]%rl &, Nalnyl, C,.

2 8cycl oal ky

sOB1BEyL F@wweﬁwyl’aWor plafmylaqpypnaav subﬁ@tl@fi ovafihwcl salkyl, C.
Ql%)lfp&q;hleylsubstltut ed with one or nore C, _12al kyl,

2a koxy or aryl, 10 X is a leaving group, Y is O
%is sgectehorz GL.Prd, S or C1_6al kyl. When Z is Cl1_6al kyl
Y {s d8yg be necessary to further react wth a
nucl’eophil e such as d -, BY, or NC-S
7eﬁ‘&3én prsiiular thq rgagent o Aerpyila, (6@28 SEFRG M, Cxeslkyl [ehloroformate, or

%mypﬁll&x&lolﬁn%%h&ﬂ e ylyl clﬁ@r)éform@cé Qﬁ%ﬂethyl

i onal |y substi tuted with a al kyl
oe Kesayate, ethylmhbmfpma&e Prscls@héehléwﬂﬁ?lmeﬂe Sugras ethyl y

dhﬁ;r&hloﬁ&%aé is 0. In particular, the reagent of
formula (6a) is seI ect ed fromC _12al ky1l

chl orof ormate, or
Another alternative in step c is to first protect a compound of formula (5) as a carbonate or

carbamate, such as a ¢-butyl- or 2,2,2-trichloroethylcarbonate/carbamate, and then reacted
with the reagent of formula (6a), to obtain a mixture of a compound of formula (7a) and a

compound of formula (7b).

In step c2 one alternative is to react a compound of formula (5) with a reagent of formula (6b)

=W

wherein R is C,.jalkyl, C, jpalkenyl, C;scycloalkyl, C;scycloalkenyl, acyl, or aryl optionally
substituted with one or more C;_,alkyl, C,_jalkoxy, or aryl,

Uis N or CR!, wherein R' is H, or R,

W is O, S or NR*, wherein R* is H, or R,

optionally followed by reaction of a nucleophile such as Cl', Br, I', or NC-§,

to obtain a mixture of a compound of formula (7c) and a compound of formula (7d)
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Cl_12al kyl chlorothiol formate, typically, Cl.6alkyl
chl orof ormate, such as nethyl 20 chl oroformate, ethyl

w@ bdosedsor mat e, or Cl_6al kyl chl or ot hi ol f or mat BCT/BKe#04/000579
as ethyl chlorothiolformate,, Another alternative in
step c is to first protect a conmpound of formula (5)
as a garbonate or carbamate, such as a t-butyl- or
2,2,2-1 | or oet hyl car bonat e/ car bamat e, and t hen
reacted425 with the reagenty-efrformula (6a), to obtain
a m xtur a conmpoun Nfornula (7a) and a
conmpound of};ornula (7b)\\ld|step c2 one alternative

C2_12al kehyl, C3_8cycl oalkyl, C3_8cycl oal kenyl, acyl,
or aryl tionally substituted with one or nore
Cl_1F&8{kylW Clijalk%%y, Or aryKhDU is Nor CR,

vwgreg}ebn V\RSB(# ﬁ 8 aals geﬁq‘eo F?OVC a o%e embodl NRt4R is v@@ alﬁylpczl_:gélkén%ll,

reac

QselRyl Cﬁgcﬁilmaﬂ‘keaﬁ &yl or Brenyl obt-tqnakby sdbl@;t@ed wBba Cosalkyl, C,.

ggtaln xture of a conpound of fornmula (7c) and a
?ﬁ%’o?f * formul a (7d) WO 2005/ 023820

IPGEI'NE?KQ (mam (@REHOR 1i6 HUCRalyl, Rbbalkeiiy? o)s.s@idtoalky;, C7gycloalkenyl,

ag tgd) e ptﬁV\%lg{ S&ﬁ“‘g‘éﬁ‘? 1E (&Zg%glr Eéﬁnﬁpg}y St pﬂeHylo ne

VE3s (8 C‘Syﬁrl Nial, wiydrein 83158[;}(1; k:xliadl Kbg@ﬂkepyla@ygcyclmlkyfb,Ifemylcloalkenyl
ti d th 1 64l ,
a8ﬂ EFIIVI Xpt %fy suf)sl’étf\t]‘_f:d \th-a_& Ga&‘)ﬂﬁé ahcxj(%o%}hen zﬁ'ldlﬂ%(y

r@ﬂ.lcéiﬁxhlk;sl s¢1e®2d ﬁah KENB, I', @NGSY bl maticalaf, the reagent of formula (6b) is
cl gal ken

SERer VAL SR By PSR FRALI it e

iscshiOgyaBitesuciNEphemh moémqumtel @ affete@®@l 6al kyl ,

C2_6al kenyl, C3.8cycl oal kyl, C3 8cyc|oalkeny| acyl ,

or phenyl optionally substituted with a CI. 6a|ky|,
Cl. 6al koxy, or phenyl, and the nucleophile is

sel.egted f pArL. ,
g G R R e T
msbm@dndbmnﬁﬁbyaaéﬁmsmprmpyhmmsomyamdwéﬁmnmpﬁ@hyI

Iig9cyanate, or an isothiocyanate such as phenyl
i SO Ngcyanate, or a ketene.

=~ ©°

N
N

wherein Y, Z, and R’ are as defined above. In one embodiment the soft nucleophile is
ammonia, an amine, a diamine, a thiol, a thiolate, a sulfide in a solvent, such as an aqueous or
organic solution. Examples of soft nucleophiles are aqueous ammonia, methylamine, and
ethylenediamine. The step of acidification may be performed with an aqueous acid adjusting
the pH to <5. In further embodiments acidification is performed by adjusting the pH to<4,
typically <3, such as <2, eg. pH is about 1. Typically, the aqueous acid is a mineral acid, such

as hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, or phosphoric acid.

As mentioned above in step d, the nucleophile is in an aqueous or organic solution.
Preferably, after reaction with the nucleophile the aqueous phase is separated, followed by

acidification as outlined above, and extraction into an organic phase, eg. ethyl acetate. This



10

15

20

25

30

In step d the mxture of (7a) and (7b) is reacted with
a nucl eophile, typically a soft 15 nucl eophil e,

wo odosoesdo by aci dification, to obtain a conpourdr/Dk2004/000579
formula (8a) HOR Z (8a) whefgein Y, Z and R are as
defined above. In one enbodi ment the soft nucl eophile

phﬁﬁcaﬁgﬁrgpﬂ ;?rovﬁ& a ggund %g ﬁ)'(l;xﬂﬁ'l'h gﬁ%oraa &n it}%l'eof R VTEHJ ﬂ%ﬂu?ﬁy,

a sul a solv n agueous or an
typodally i roere than 4876) sush asferestst thap §8% eenrdingte HELE (sushevihs
oy | et hyl enedi am ne. The step
A%?Hg&hgk}Fgé?ﬁéﬁgﬁgsnggnggﬁgorned W th an aqueous acid
adj usting the pHto <5. In further enbodinents
Il@&%}gﬂf ihQ ﬁltlitﬁ’r@ OY & cﬁ Eif(ﬂf) q@r@ac@ﬂ v@ﬁlll a%(:fe&gnlts h?pl&wytagc?ﬁ
pi ca <3, such as <2 pH i s about

nmglmubac |f9110weﬁ &y agidifiention.de pbtalir@ campeysd péforva@a BP) such
agohydrochl ori ¢ acid, hydrobromc acid, nitric acid,
sul {c acid, or phosphoric acid. 25 As nentioned
abovg in step d, the nucleophile is in an aqueous or
oqganic solution. Preferably, after reaction with the
n I phil e the aqueous phase is separated, followed
by Naci di fi cati on as outlined above, and extraction
%8 @n organi ¢ phase, eg. ethyl acetate. This WO

05/ 023820 PCT/ DK2004/ 000579 11 purification step
provides a conpound of formula (8a) or a salt thereof
in very high purity %hlcally, nore than 98@? such
vehsreir Watbrand Rare @ dofingd abivai Ingng engdinesnt G soft npclepphle is

aﬁﬂr%nYat hrpﬁhmg@tdﬁ(ﬁqnyg%laﬁhM§ hisRgde Rel s@lW):nt s'i_lcﬂhﬁ ah b§Rous or

2 thé mxture of (7c) and (7d) is reacted
ongreiceoyhpt- Examples o soft yuoler-ogla $ arC AEYIOBTATHNER. Ml jagijiseand

ee%lé'f\gdh%fnb Cie isep of JchQ!ahéH ta ﬁ%ﬂm@lﬁfanfa@km a@1d(aapﬁtmg

wher ei n are as defined above.
t@nﬁom fiygbr emh@@aﬁ acrmféqae@}bﬁ Prréormed hyrdiystpmihs pHé?ﬁ‘*

FANEANG <3 Ssublh AENEs. pA id dbo@ 1. Tty ch@dReord a&ﬂ ifd R edalacd, such
sol vent, such as an aqueous or_ ~organhi ¢ sol utjon.

aERydrpIiaicapidghyrdpobRs éfe(bwml%gcl% ﬁ@f% aEig s PhesRpATICACid.
net hyl am ne, and ethyl enedi am ne. The step of

acidification may be Egrforned wi th an aqueous acid
Axdpensiensdgbotaie Stﬁw‘ {q 45 the prclgqphilis in AU AR genic solution.

msfbﬁbﬁyl ﬁ@% fe@ftioh Swtﬂi@ﬁeﬂﬁ&l@&ﬂul@lrhe%q\hééﬁi pHag it Ek@alﬁﬂéd tBlfdved by
<3, such as. <2, pH i s abaqut

Wpﬁceafm %? ouflified abgfe afeﬂsexga‘ft@n lrgo 30 OFEHET %haseaeg gthylagetpteq Bnis
pasifibatdh eep b@md@s aa@dnq,oum E&h’lﬁﬁ@é} (&qgtq) o SalltitRerédE hrdvery high

sul furic acid, EPhOS hori c % . menti oned abov
UR s pRfsallys more %)9 7 ﬁ»éc (8 STeaSHRM Y% %ccwﬁmgﬁo Hah%&%fgh %?rthe
@AM ERIAHPIANas described below).

In step e (or e2) a compound of formula (8a) (or (8b)) or a salt thereof is reacted with an acid,
typically a mineral acid, to obtain THIP as an acid addition salt. The reaction is typically
carried out in an organic solvent, such as an organic carboxylic acid, eg. acetic acid.
Examples of suitable mineral acids are hydrochloric acid, hydrobromic acid, nitric acid,

sulfuric acid, or phosphoric acid.

Accordingly, a further aspect of the present invention relates to a method of preparing THIP

comprising reacting a compound of formula (8a) or a salt thereof
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Preferably, after reaction wth the nucl eophile the
aqueous phase is separated, followed by acidification

w@soosrisemed above, and extraction into an or ge@i/DK2004/000579

phase, eg. ethyl acetate. This 20 purification step
provi des a conpound of formula (8a) (or (8b)) or a

t thereof in very high purity, typically, nore
thaxn_98% such as greater than 99% according to HPLC
(such &s the Analytical Method HPLC as descri bed
belowf. In step e (or e2) a conmpound of formula (8a)
(Qr (Bb)) or a salt thereof is reacted with an acid,
25 Nypically a mneral acid, to obtain THHP as an acid
ad ion salt. The reaction is typically carried out
RA an’ ongm@ni c sol vent, such as an organi c carboxylic

cid, ,eq.~ aceti & agi f ' ' I
TP ff nilite. CorATGh Grp S kagl sl ESHE,
aptibichlly sehstifutedivothane or mae Cphaky horbatkoayiod ary80
AC rpérgcl{y, a further aspect of the present invention

¥ésl at'ed “t'o a net hod of preparing THI P conpri sing
Z sartSiong.a@llkybnmpound of formula (8a) or a salt thereof

200 2 4 . o
Wi, ez}neaich , &pl%?lépﬁ%%%% éb%gr?ﬁg’l féﬁ ;F@a&i@n%@( "I(hg?t)ac.tlon ‘1s
@Sc8lyyeired bityih an @3arBespblentasuck aydn orgamid carbekyligragid, eg. acetic acid.
tion i . i . . SVE Y
B30 LoV RSILA Ao R R0 Qi Iy R
Glfuadckdy or phesphriasridici d, typically a mineral acid, to
obtain THHP as an acid addition salt. The reaction is

typically carried out in an organic solvent, such as
$incear amppended fdymxula (32 issaiseful iptgrmeslings in dhegsgrgrationegfzhP el 1s a

fﬁ{/tgé?lé eé\b&f‘?}le}%{gg{t%’eﬁ%ds are hydrochloric acid,

obrom c nitric acid, sulfuric acid, or
phosphoric acid. 10 Since a conmpound of formula (8a)

Tktﬁlsﬁgygrgiew inl dALGE 1XBeHs & &)rr%pguﬁdhﬁ fRhERZEA! ion of THIP,

urther aspect of the present i nvention.
THHs, .the present invention relates to conpound of
for %(8a) HO1 5 R Z Y (8a)
X

N

R'Z/g( (8a)

wherein R’ is C|_palkyl, C,.,alkenyl, Cs scycloalkyl, Csscycloalkenyl, acyl, or aryl
optionally substituted with one or more C,_j,alkyl, C,.;alkoxy, or aryl,

YisOorS,

Z1s O, S or Cealkyl, or

a salt thereof. In one embodiment R’ is C,_salkyl, C,salkenyl, C;scycloalkyl, C;.
scycloalkenyl, acyl, or phenyl optionally substituted with a C,salkyl, C,.salkoxy, or phenyl.
In another embodiment Y is O. In another embodiment Z is O. In a further embodiment Y
and Z are both O, and R’ is selected from any one of the above substituents such as C,_salkyl,

or benzyl.

Furthermore, a further aspect of the present invention relates to a method of preparing THIP

comprising reacting a compound of formula (8b) or a salt thereof
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wherein R is Cl_12al kyl, C2.12al kenyl,

C3. 8cycl oal kyl, C3 _8cycl oal kenyl, acyl, or aryl
wWOpdosorsake y substituted with one or nore Cl_12pdRpPK2004/000579

Cl. 12al koxy, or aryl, YisOorg 20 Zis O, Sor Cl

6al kyl, or a salt thereof. In one enbodinent R is

G&gGaIkyI C2_6al kenyl, C3.8cycl oal kyl, C3

8cy Ikenyl acyl, or phenyl optlonally substituted

wi th_aoCl 6a|ky| C1_6alkoxy, or phenyl. In another

efbodiment Y is O In another embodinent Zis O In a

fuctpber enbodinent Y and Z are both 0, and R is

sel'ected from any one of the above substituents such

6al kyl, 25 or benzyl. Furthernore, a further
aspec of8b} he present |nvent|on relates to a nethod of

Tl ATl o
subsfgted @@ﬁpm%mnﬂkyl Wléa%))(y,whelryéi n Ris Cl1
Lﬂ%@hﬁ%{ mﬁ%&%&ink}@%’h cGHAC ¥ ﬁ'f,l‘i%éﬂa% SiyPloglkol Caacycloalkeny,

cl oal keng acyl, “or” ar
a%b@ip qniit eudfiopg! ﬁu@ﬁ@tQﬂrWlﬂmr% @i}’l,leahlk%yf OICDIICIJ}QaI koxy,

Wls C%;SerNRU wﬁe?eul\kk 19 Ii-I @H kyl weﬂk@gy@ gC}; ﬁ?h\lxl - 8c§@£’h¥4nyl

a%}’é VAl phegiyl %/ﬂﬁlémﬂy S@‘rﬁtltuéﬂda’mh}ﬂ Guthsd Qnuelé@(yv\mnhela'l
with-af @élg 1ca§§' a%hé?g)%ld ok thBeﬂwﬂi’ a %éy dcﬁ aQid1t1§n it 4i‘ﬁ:‘"r’f:actlon is

wher ei n IS H, a1ky
heFaby WI%H?URW an owmséylemapm;an orgagie yarboxahc gt dBpamples of

s@ﬂﬁie%@ér!ﬂ}ﬁcﬁyQ%th&cﬁr%}@&ilc%ﬁim)@r by hnitri %ﬁ c?@lﬂ!ﬁﬂ?é)émd or

phenyl, with an acid, typically a rineral 'acid,
PBEP%Fﬁa¢ﬂIP as an acid addition salt. The reaction |s
typically carried out in an organic solvent, such as
an organi c_carboxylic acid. Exanples of 10 suitable

Strhisempored efforpda (ki @ eselid intermadiptg in thy tvcpdsptinmiof THER, dt,is a

fuMhbr dsfecB&t e ééehﬂ‘lwénﬁo@md or phosphorlc acid. Since
a conmpound o ? formula (8b) is a useful internediate in

the preparation of TH P, it is a further aspect of
Thitethe RSN tnviiié8 Mldtéto compound of formula (8b)

HO
—N
\

a0

RUTSW (g

wherein R is C.j;alkyl, Cy.jalkenyl, Csgcycloalkyl, Cs.scycloalkenyl, acyl, or aryl optionally
substituted with one or more C,.jyalkyl, C,_j,alkoxy, or aryl,

U’ is NH or CHR', wherein R is H, C,.salkyl, Cy6alkenyl, C; scycloalkyl, C;scycloalkenyl,
acyl, or phenyl optionally substituted with a C,.salkyl, C, salkoxy, or phenyl,

W is O, S or NR*, wherein R* is H, Ci.salkyl, C;.ealkenyl, C; scycloalkyl, C;gcycloalkenyl,
acyl, or phenyl optionally substituted with a C, salkyl, C,.salkoxy, or phenyl, or

a salt thereof. In one embodiment R is C,_¢alkyl, C,¢alkenyl, Cs.scycloalkyl, Cs scycloalkenyl,
acyl, or phenyl optionally substituted with a C, salkyl, C,salkoxy, or phenyl. In another
embodiment W is O or S. In a further embodiment W is NR*, wherein R* is H, C,¢alkyl, C,.
salkenyl, C;.gcycloalkyl, C;scycloalkenyl, acyl, or phenyl optionally substituted with a C,.
salkyl, C, salkoxy, or phenyl. In a further embodiment U’ is NH.



15 Thus, the present invention relates to conpound of

formula (8b) HO 't W\ \N~"'" RUvVvV 8b ( ) wherein Ris
w@o0kAzadsky | , C2_12al kenyl, C3_8cycl oal kyl PCT/DK2004/000579

C3_8cycl oal kenyl, acyl, or afyl optionally

substituted wth one or nore Cl.12al kyl, Cl1_12al koxy,

Eer@ﬁﬂﬂtal@a@t is NHor CHR, wherein R is H,

6al kyl, C2_6al kenyl , C3. 8cyc|oalky|

T@g'fggy@xpgowam@pre megEy |to 11]@ptram~|‘éqq5¢ps gtp‘pqd@mmtq gf the invention and
sﬁ’dﬁﬁ@r‘idt%é@e@&jaé’ﬂrﬁlh th@lco%@l)iﬁfl)tectggx 6al koxy, or phenyl, W

is 0, Sor ereln Is H C1.6al kyl,

C2_6al kenyl C3 _8cycl oal kyl, C3 8cyc|oalkeny| acyl ,
oa,ewmmmeppttbqrﬁﬁtf,rgcegybstltut ed with a Cl_ 6a| kyl,

CI bal Koxy, or phenyl, or a salt thereof. In one

enbodiment Ris Cl_6a| kyl, C2_6al kenyl

C3. 8cyel oal kyl, C3_8aicl oal kenyl,  2poacyl, or phenyl

opti ona \substltut ed wtNh a Cl1.6al ky ,_NC1 6al koxy,

or phenyl . Oln@nyother di ngnj, WlsQorS In a
furth R4 R4 fs H
Cl_6al , CEZB’/NB“BI ke CSN&WCI oal ,

C3_8cycl oal kenyl , acyl or pR®Hyl optiopnally
substituted with a C,-]h 6al kyl , al , or phenyl.
In a further enbodi ment U H. WO 2005/ 023820
PCT{DK2004/ 000579 1 RsEHArENt al QRtrt 'Elg J ol | owi ng

exa are maantO o illustrat V@I‘I ou od<bmsnts
of tdhe iMaventi an an Oshoul d not be @ng
the sgege of pro b{tloMeSQ/er the tONP
rocess 8 1 NH4 \
p e
O o™ Ph Ph
3 : L 3 : 1
NH,OH/H,0 l MeOCOCI
Oxs-my O
X o NH,OH/H,0 N\ N k
- ~° P
+
N
BN | 1
RO” 0 M
o)\o/wIe 0% 0"
1/ Phase separation 3 1
2/ Acidification
3/ Extraction
HO
_ HO
. (0] ’N\
0
—_—
1/ HBr/AcOH N
Me  2/EtOAc N .HBr
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3 1 NHMOH/ H20 1/ Phase separation

2/ Acidification 3/

Extraction 3 1 N 1/ HBr/AcOH ~ ~Me 2/ EtOAc H .HBr WO

wQoe50283820 15 PCT/ DK2004/ 000579 Anal yti cal

MeC TYD®2004/000579

HPLC HPLC anal yses are perforfred according to the

procedures descri bed bel ow. Punp Mdel

230 Detector WV

410 Star

{caBVietmb@ $ipTiENt Vari an ProStar
STemAlt 0sa / Col um Oven Mbdel _
%b@@@%ﬁm&dwg@ﬂmm tigreagdyres dgscrisedsbetwsy.ect or UV

220 nm Col unmMerck Li Chrosorb RP8 250x4 mm 5 m Col umm
Tenper ature35 C Mbil e PhaseWater/ Acetonitril e 50:50;

Ibsifuneent & atien PtéSBarByisteen H3PO4
Vol unme injectedl0 | Run tine
G adi ent ;
sanple (0.1 < ng < 1.0) was

| socratic 5 Standar

R Mddeh23® nl/ m n
n G adi ent No

%e?gF@f)g VaMedrl 39 a snal |
AddeAahfler/EoRintH-OVRPMoRel 410

phase, and the sanple was
Star ~ Chromatography =~ Workstation
Software V. 5.5
Detector UV 220 nm
Column Merck LiChrosorb RP8 250x4 mm, 5 um

Column Temperature

35°C

Mobile Phase Water/Acetonitrile 50:50; buffered to
pH=3 using H;PO,/NEt;

Flow 1.0 mL/min

Volume injected 10 pl

Run time 10 min

Gradient No Gradient; Isocratic

Standard Preparation

To a small sample (0.1 < mg < 1.0) was added ca. 1.2 mL mobile phase, and the sample was

shaken until dissolution was complete.

Analytical Procedure

The sample was injected, and the area of the desired peak was measured, as was the total

area. The product assay was calculated with the formula:

Assay% = Sample Area/Total Area.

In example A below is described a method of preparing the intermediate isoxazolo[5,4-

c]pyridin-3-ot (HIP)
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wo b@sdemser ed peak was neasur ed,

shaken until dissolution was conplete. Analytical
Procedure 10 The sanple was injected, and the area of
as was the totrdT/DERR@A/000579
The product assay was cal cul ﬁsted with the fornul a:
Assay% = Sanpl e Area/ Total Area. 15 In exanple A bel ow
is described a nethod of preparing the internedi ate
Eﬁ‘%’&?@z"bl o[5,4- c]pyridin-3-ol (H P) WO 2005/023820 16
PCT/ 004/0000579 H ON~CH + NH2OH, HCl H

OXy-i soni coti nam de NaCH H20O OH A0OH

3, N-Di

stirred uspgnsi on of nethyl 3-hydroxy-isonigoti gate

(176 g;" 1> nol) in water/iceVaOfi50/ 50, 17 , was
added hlydr gxyl ant ne Nmytitrschl oride—127.9 gil 1_84 nol).
The tenperature fell to -5 C &Rl then aquedwsS NaCOH

solution (454 nm, 28% w v) was added dropw se keeping

SO ISP R EBEF ow 5 C during the addition.

Hereafter the reaction mixture was stirred at anbient
erature fo

tenp r.1. foll owed hy h in 0 A0 C. At
TogsurrqsusRERaY ot 1?#@&6#@%‘0@%?%2?8& 245 Buof hyEREe
(SUisl, 1 7emDY, wagdddedisy dhoxgiamate/hgdrochl@tied A7100z; V)84 nal). Wi ch
oint a_heavy precipitate ...The actiQ L Xt ur
iR 1Se ¥ Sl RO Manpt et RO AT wlla Hopf o
desp@lidengeping the empdibredionasd eing #djadditied HemeafterGhdyyactihe
addi tion_.of aqueous hydrochlaric, acid (10. M :
rE G YReogtd % AHROHRrR R ol Sy baflsithy B RE Ay s
toBfeeatilire kegHedasalifusted forsseley the sdditivato€aque@istiydrochleric)acid (10 M)
dried on the filte d then dried.further at. 1 :
of Wb i e U e s e hpE R W g Phurtd at ambient
t@mpéradind Yellooxy by soiihg otS Fvalhais (viG8erBadipsted 694.0 by @ddition of
urity 989% as. ile lid. N ata: .,
isorscioe ot SN e NS ot 5 IE: T
vetre fitdbed#), rinsed w3t waldrl(3 %00 8L )% Briddlor, thesfilte probitierpdral ¥yrther at
réldlubescp prf(,S]S-lll_I!é ar?d 4OhJ’Co oa\ligmpg%?%) gi\%g”r}l]—dihydroxy-isonicotinamide (169.3 g, 96%;
HPLC purity 98%) as a white solid.
NMR data: '"H-NMR (DMSO-d6, 250 MHz) & =7.55 (1H, d, J=6 Hz); 8.11 (1H, d, J=6 Hz);
8.32 (1H, s); 9.56 (1H, s, broad peak); 11.50 (1H, s, broad peak) ppm.

O N
\OH HO

OH Y

~ —_— >
=
N

_Z

A\ 7

Isoxazolo[5,4-c Jpyridin-3-ol (HIP)

Method A
To a stirred suspension of 3,N-dihydroxy-isonicotinamide (50 g; 0.32 mol) in DMF (300
mL), cooled on a water bath at ambient temperature, was added carbonyldiimidazole (DCI)

(66.4 g; 0.41 mol. The reaction was stirred over night at ambient temperature.
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20 H ON'1l OH Isoxazol o[ 5,4-cjpyridin-3-01 (H P) HO 25
Met hod A To a stirred suspensi on of
W@ 20d5a2389@r oxy- i soni coti nami de (50 g; 0.32 nol PCT/DKDMH/000579
(300 m), cooled on a water path at anbient
tenperature, was added carbonyl dii m dazole (DCl)

Tgl? ﬁex‘% dgy thQ S(ﬁgenmlas' re;ll;t)]\eed 8%9 Bégg%ﬁgg%ssug% é.tr'/'b ed 2 VEBE re@f.dgg&las

ent tenperature. .
dB@dW@kiﬁ 0a%t 80T a7 icTHe pHof thdaglutidne(=Fd)) wanadjuetes to 4.5 by

nder ) t
the a'E‘a‘{ aq aquecf)ru(sz" gjol‘lllﬁ ?x o?ﬁygd?]%ﬂg)glc ?éld ch (% Iﬁﬂdlo‘lr\aﬁ Tﬁfﬁés?&f“
ptd'thacmj'swﬂllsedhhc(amlﬂ frém theaslutialj. ¢ iyt wasﬁbv@pobyed tp Iq@ 2/3 volume to
addi t.ion I
eV i o ngb@g R B2 O Bl @egtﬁg{ag Ol EBilsdo
dbaav:d Iw:refrmsm tiwtie v thl wattdr emd tWT¢¢erQ1 quhanyl and driesumder rredve@:ﬂ
to 5 .

9857 02 S P B BRI S-H PRSR A R o Ry
ﬂe%)mbbmhnedolmere rinsed twice with water and tw ce

h et I _

Nkng R Rl GRSk R B s TR o1/ FEED F -6t
on8 98, YppPLC purity >99 9% as a white solid. NWR
data: 'H NVR (DVBO d6, 250 MHz) 8 = 7.84 (1H, d, J=6
Hz), 8.53 (1H, d, J=6 Hz), 10 9.08 (1H, s) ppm
NiethbB B A suspensi on of 3, N-di hydroxy-i soni coti nam de

1 1 [) in ri di 60 oG hat e
A7 orBinaey R Bel Ry P ot | 6693 g8 mon' dlugy I ORL)
1l sa@n&g'c@dsuslyvsaﬁred:faolfeﬂmm eAsure maeveriﬁlsbmtslhn tvcas Bocﬂkd on an ice-
yl.chl.or i 0 adde Y
ol e e e i ) A B bR LB
rﬁzﬁn@naigdhd tempéreactbelow 108€ andhshe keackidnovas wheckatcfoewhreacted starting

st art I a the., h m
%% gw/arg é’éﬁ"ﬁ hﬁ{oyﬁgﬂlmlc{] t%stgg /odlp 1%( gl(dg-)f@evséag tagé:ed QO a reaction
ﬁﬁh;mhﬁe ethihoBtah@ageita cdouragepioducedifbydrovamsc prideeceesent). After the

HR SeRE e Bo T AR RE Roteo el s O Vi o 80ed Barm
was aabieﬁmdpdrﬂumwmlzﬁum fﬁhet r(eaczmniv méxtore v sperat intod l«g\ﬂér

lc%/gfl%\%’lél;a%)r%)ﬁs S 1E'r|1nO ?18(& Iv\Fars r?ustgcf) g i ith coﬁf%ngaté(@aqggous
ladjasslogicadid(c3. Wl th 0adn Mtteaioeﬂolaquactaﬁlzed out and the mixture was

stirred on an ice-bath for 2 hours. The mixture was filtered and the residue was washed with
water, ethanol and diethyl ether and dried under reduced pressure at 60 °C overnight to give
isoxazolo[5,4-c]pyridin-3-ol (123 g, 83 %; HPLC purity 98 %) as a white solid.

NMR data: '"H-NMR (DMSO-d6, 250 MHz) & = 7.84 (1H, d, J=6 Hz), 8.53 (1H, d, J=6 Hz),
9.08 (1H, s) ppm.
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hydrochloric acid (ca. 1.1 L, 10 M. The title
conpound crystallized out and the m xture was stirred
wo@nooan2isee®- bath for 2 hours. The mixture was fPedT/BKea4/000579
and the residue was washed wy¢ h water, ethanol and
di ethyl ether and dried under reduced pressure at 60 C
RYELRIght to give 25 isoxazol o[ 5,4-c]pyridin-3-ol (123
g, 83 % HPLC purity 98 %9 as a white solid. NWVR data:
"H NVR (DVBSO-d6, 250 MHz) 6 = 7.84 (1H, d, J=6 Hz),
8.53 (1H, d, J=6 Hz), 08 (1H, s) ppm WO
2005/ 02382Q0PCT/ DK2004/[000579 ydExanple 1 HO 18 HO 83%
91 % pure NM3=N =N .
6- Benzyl - 3- hydr @axy- i soxazol o[ 5, 4 c]pyrid§ %6- i um
br oni de 5 st Frred—sotluttof oF i soxaZol’8t's, 4
-c] pyri di n-3- (50. 0 NMMP 367 |} in NWP (100 m)
was added beMzyl bronmide (75.4 d¥ #1 mol) dropw se
rapi dly. The thick solution was kryed for 24 h. The
m xture was then added slowy to ane (1.5 L) wth
stirring, and the solution was seedegd. Stirring was

conti ed at . roo emperature for 30 mn, and then for
PR DS St s R S G ol The mxt U e

filtered, the residue was washed with acetone and

S AR B 0y 7 vl o0

wak added 8er(z9¥brdmide (B394, 44Rfiol) Addpovidd Fp)dIATha thidk soRition was
Sl (e oy s tesy S son i accihg g iy Siming, g the
slibtidn, wab,seclied Stizring vEhs Odhtilledrdt rodm tdmferitage, forl30.mlid, dnd thehn for a
fﬁc’rzhelp Pflnin z%lslce%gt%aﬁ‘l. %hel_rlgl)ixtl_tg v8va55 f%%e?e%i, the ?C%id(l)l/g &gsrvgashed with

acetone and then dried under vacuum to give 6-benzyl-3-hydroxy-isoxazolo[5,4-c]pyridin-6-

ium bromide (94.1 g, 83%; HPLC: 91% pure) as a white crystalline solid.
NMR data: 'H-NMR (DMSO-d6, 500 MHz) & = 6.03 (2H, s), 7.4-7.5 3H, m), 7.6 (2H, m),
8.54 (1H, d, J=6 Hz), 9.03 (1H, d, J=6 Hz), 10.15 (1H, s) ppm.

Example 2

HO
—N

\
NaBH, =0

85 %
EtOH/H,0 94 - 98 % pure

6-Benzyl-4,5,6,7-tetrahydro-isoxazolo[5,4-c]pyridin-3-ol

To a stirred solution of 6-benzyl-3-hydroxy-isoxazolo[5,4-c]pyridin-6-ium bromide (93 g,
303 mmol) in ethanol/water (500 mL/500 mL) was added NaBH, (18.66 g, 494 mmol)
cautiously portionwise, keeping the temperature under 35 °C (caution! Foams on addition!).

The mixture was stirred for 24 h. The mixture was filtered, and the residue was washed with
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20 6-Benzyl -4, 5, 6, 7-tetrahydro-isoxazol o[5,
4-cJpyridin-3-o0l To a stirred sol ution of

wWo 2802386 3- hydr oxy-i soxazol o[ 5, 4-c] pyri di n- 6- PCTIYDK2004/000579
brom de (93 g, 303 nmol) in;gthanol/water (500 nml/500
m.) was added NaBH4 (18.66 g, 494 mmol) cautiously
v&@errtT}f%QWnﬁlﬁed Kﬁl@fék Q@ agba?mtagemﬂg&e %ﬁﬁ%d%&g&% 1%1511 gil of the ethanol

(caution! Foans on a
had pyaperdted.g¥ satid baganTépregipitates ra@ swetle Ihlxtttr@wmmbd@h atnhee water

bﬁﬁ%lﬁ%ﬁn %ox"%%ﬁﬁdﬂw sBl‘[lnMRst%%ﬁ {eg Zaﬁlg%% re ?ue was wtashed with cold
PCT/ DK2004/ 000579 19 wat er

Weotar elhevesistue s driadrielgive pdenry kS pﬂestmhvd;owazloloés #-clpfridin-3-ol

(Ilé"@ g, ef()l%‘? RPLC JA8 u‘f“éﬁ @pg){le@lto@/%h s&dsgktél%omé ?ﬁ'gie].t &'a%oration of the

preci Itate, an he m xture was coo
cpbinggmether ligens, wefqu@tqprgpvqﬁgfuﬁbﬂr 180 gfHRLC 87 Yspurelt i on

AR dfia! "HENEIG (DMRED- 61806 RS e %@gqgg§b&ﬁz)%.k?(ﬁf L 9=6 H2),

wat er. The residue was drie

JetSieii Yl 3- 428, ©, 7247 dt(PIAypk i b3 (ldbkappmo[ 5, 4- c] pyri di n- 3-
ol 5 (48.6 g, 70% HPLC 94% pure) as a yell ow sh
solid. After sone further evaporation of the conbined
Exampler3 | i quors, a second crop gave a further 10.3 g
(HPLC: 97.7% pure). NWVR data: 'H NVR (DVSO d6, 500
MHz) S=2.3 (2H, t, J=6 Hz), 2.67 (2H, t, J=6 Hz),

3.45 (2M0Os), 3.7 (2H, s), 7.2-7.40(5H m), 11.3 (1H,

bs) ppm 1 gxanple 3 HO \N1-1 HBr/ cd—l 4,5,6, 7-

Tet r ahydreoxi Bxazol %05 %ﬁ,&],f)yrl di n43: hydr obr om de
58-68% [>99 (% pure A To|a sfirregh-$6Pwtion

of N >99 % pure

6- benzyl -4, 5, 6, 7- t eQIPLUPIBEA soxazo) ot"% 4-c] pyri di n- 3-
ol (115g, 3 nmol ) and DVAP (0. 61 g, 5mol) in

et hyl acetatle (100 nmlfB"#f¥ér a nitrogen atnosphere
was added a suolution of (Boc)20 (16.4 g, 75 mml) in

f Lol B Jyas added DI PEA
S ey e ek e oo e e (7. 73 .

100 mmol ), and 20 the m xture was stirred for 48 h.
Mdagdm xt ure was cooled in an ice-water bath, and an
—aqueous _solution of amnmonia (25% w 120

Tadduied SR o4& beERC %@Hﬁtﬁl@hméa’@@daﬁéa‘s@pw -0 (115 g, 50

nﬁﬁﬂﬁdnamAP @)’1611 g’\@%rﬁ&b M%Elﬁﬂact:@tef{ Holmb) Lplﬁertahﬁtr@qg hﬁ‘do@ﬁhere

h ric hi s aqueous
s S iopial ABORD {1t ) gt b1 e 0GR )aAler 30 min

wah@sed DU UNIE X6 hidhd1Sand methyl chloroformate (7.73 mL, 100 mmol), and
the mixture was stirred for 48 h. the mixture was cooled in an ice-water bath, and an aqueous
solution of ammonia (25% w/v, 120 mL) was added. After 15 minutes the aqueous phase was
separated, and was adjusted to pH 1.0 by the addition of aqueous hydrochloric acid (10 M).
This aqueous phase was extracted twice with ethyl acetate, and these ccombined extracts
were dried over anhydrous magnesium sulfate and evaporated under reduced pressure. The
residue was dissolved in a solution of gaseous HBr in acetic acid (33% w/v, 30 mL), and the
mixture was stirred at 40 °C for 6 hours. The mixture was then cooled in an ice-water bath,
and ethanol (90 mL) was added. A precipitate formed, and the mixture was stirred in the cold
for a further 1 h. The mixture was filtered, and the reside was washed with cold ethanol and
dried to give 4,5,6,7-tetrahydro-isoxazolo[5,4-c]pyridin-3-ol hydrobromide (6.4 g, 58%;
HPLC >99% pure) as a white solid.
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were dried over anhydrous magnesi um sul fate and
evapor at ed under reduced pressure. The 25 residue was
waolc@sobised in a solution of gaseous HBr in acepPCT/DERIL/000579
(33%wv, 30 nL), and the mgxture was stirred at 40 C
for 6 hours. The m xture was then cooled in an
Mefied mat er bath and ethanol (90 nL) was added. A

precipjitate orned and the m xture was stirred in the
Ti g piredsplution of frhanaf-49.67-teraly dr-inpraradolaedse miridinet-eld2 3 gntd

mint®® ik @tﬁ&ldﬁet‘d@%ﬁ’&ﬂﬁﬁﬁﬂeﬁ% dittogeR Bt?flo%hlaén@s 280 DIP{EA gljé {nﬂ 15

glve tetrahydro i soxazol o[ 5, 4-c] pyrid

w8 6%"6%8@1%“&“ 2599k, S3anpp). endhgosipvie alas stigred for 48 h.
thétik@reSials |cQolecM@a12 Q@Wa% 38R OanE) QAM Q4L QT 4hmoRR (25 % wlv,

To a stirred solution
3%m&réwz~v}dd9€ g 175| pigpies e a;vﬁglfss)e&sszw &Prated g yia afliypted-to

pRI1L.0(b3-the AiditibR of 4GWBdu hixdro@dilacia ¢ RY MY Q"h(s%éuem-ﬁ pHAQARSs a
nltrﬁg?n atnvﬁﬁhere ma$ added DIPEA (2.6 n, 15 mmol)

extragte Fﬁ,‘fvwl&ﬁ AERH 3R gles(ez:co;ntrwzd eRAGK Y rﬁ drleéimcqeﬁbydrous

magnebiumuMas arﬁitdvﬁp’o%ﬂedf @ler4&ubed preskilte THe ¥ds1iLE w\é@cﬁss@@@c‘l £
ous sol ution

i.n.an_ice- a ue
sclfiodar g S8 i et s e oo th Pore s omti acdo
ot hoe 6aaqwecmhs rrﬂktﬁ&&va‘é\lﬁﬁn separiabe fe-vand bR Sndcthitl €9 I was
addltlon of aqueous hydrochlorlc aci d

CE% 'WGCI e OHBfife bt pREGES Warkstirmed wthqodfor pietber b Ahe
medtiy kvaﬁﬁlﬂér&i énd tAObsilid R eewHREIWIINRI &XdnbBmt %rlw%?n@w,ﬁ@l
over an

S nesi e.and evaporate
PSRRIl e e P Tl S8 e g dhgure) s
whitd dotid. O@ftﬁlﬁlf:t@&iiﬁg&ﬂéa FdBheri 0Nl 58 BrligengaBe @taf %3%11%&68 @.(BPLC:
gk) agd the m xture was stirred at 40 C for 6 hours.
@PHture was then cooled in an ice-water bath, and
NBRh@Ro M H-ARER (hysoas, sddes. 5 A2181eg) Pi-alzs 3 BroRd, J=%'T-ﬂ:)
%he m xture was stirred in the cold for a further 1 h!
L s Rile dHwRed ofi 1ltedeedH Barmhe resi de was mashed
with cold ethanol and dried to give 4,5,6, 7-
tetrahydro-isoxazolo[5,4-c]pyridin-3-o| hydr obr om de
(1.35 g, 58 % HPLC >99 % pure) as a 15 white solid. A
further crop gave a further 0.15 g, bringing the total
yield up to 68 % (HPLC. >99 % pure). NWVR data: 'H NWR
(DMBO-d6, 500 MHz) 8 = 2.6 (2H, t, J=6 Hz), 3.35 (2H,
t, J=6 Hz), 4.3 (2H, s), 9.5 (ca. 2H, bs), ca. 11.6
(ca. 1H, bs) ppm 20 WO 2005/023820 21 WE CLAI M



10

15

20

1. A nethod of preparing TH P conprising the steps:

a) reacting a conpound of fornmula (2) HOw th an
wa@bkdoglozaseng agent of formul a (3) R3 1 R? C LPEL/pRR004/000579

PCT/ DK2004/ 000579 10 wherein and R3 are

i ndependent |y sel ected fromﬂ Cl_12al kyl,

Q#d% vgenyl, CG3_8cycloal kyl, C3 ~8cycl oaI kenyl, acyl,
18 or heteroaryl optlonally substituted with a
Cl_12al kyl, C1 12alkoxy, or aryl and L is a | eaving

alt of formula (4) 15
1%&%&10(1%;1)@%&1%%@%%%&% SS R2 and R3 are gs)
apreddting d cerhpppad ofprmua) i ng the quarter nary salt of (4)
withpyg mld reducing agent to obtain a conpound of
for mul 8) HO 20 (5) wherein R2 and R3 are as defined
above, [c) veact | ng a conpound of formula (5) wth a
r eagefit formula (6a) WD 2005/ 023820
PCT/ 4/ 000579 22 R Z- 'X (6a)

o

with an alkylating agent of formula (3)

3

R
RZ—S—L
(3)

wherein R? and R’ are independently selected from H, Ci.2alkyl, C,ppalkenyl, Csecycloalkyl,
C,scycloalkenyl, acyl, aryl, or heteroaryl, optionally substituted with a C,_palkyl, C,.
1palkoxy, or aryl, and

L is a leaving group,

to obtain a quarternary salt of formula (4)

wherein L, R? and R? are as defined above,
b) reacting the quarternary salt of (4) with a mild reducing agent to obtain a compound of

formula (5)
HO

R0
wherein R? and R? are as defined above,

¢) reacting a compound of formula (5) with a reagent of formula (6a)
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wherein R is Cl_12al kyl, C2_12al kenyl,
C3_8cycl oal kyl, C3 80yc|oalkeny| acyl, or aryl
WO pios ok y substituted with one or nore Cl. 12B¢RPK2004/000579
C, _12al koxy, or aryl, X is a,jeaving group, 5
YisOorS, Zis 0, S or C1_6alﬁy optionally foll owed
by reactyon with a nucl eophile, to obtain a m xture of
a conpout d of formula (7a) and a compound of (7b) R Z
"rOY RZNTX Bay~Y (7a) R‘Z Y 10 wherein Y, Z, and R
are as defined above, (7b reacting the m xture of
viegin Bivig Co-zdiy vt kalken ey @(fml% Csscyriogltirsg !, By, or aryl
@Qbﬁhlgk@(ﬁﬁt‘uféﬁ with@ne SthéHk @, %alﬁﬁ”@,o, Ln@xPfor b9Y,mul a (8a)
15 wherein Y, Z, are as defined
%wad@awr@)grwact ing a compound of forrmula (8a) with an
Paidlodp obtain THIP as an acid addition salt. 20 2.
The method of claim1 wherein step a) is carried out
4% QA Spolarlgbl vent, such as NWP. 3. The nethod of any

6l tQloMeaBy geagtlon&tlﬁﬁ rﬁ}leo&)ﬁﬂ@r ein in the alkyl ati ng
agent of fornula are |ndepeng@ntl

(3)

tg @ptamiagpixrsothaiqompinH g foraylp(fa) and)a compound @ by |
phenykz nethoxyphenyl and 25 L is selected from Br,

Y. or OTs. WD 200%/ 023820 PCT/ DK2004/ 000579
23 4 Fbe nmet hod of cla|n1 herein the al kyl ating
agent of nula (3) is eoted fromMl, Etl, BzBr,
p- CH30Cg allyl B d the corresponding
nmesyl at'es CMG) and tfosylfates (Orls).

R'Z Y (7a) R’ Z (7b)

wherein Y, Z, and R’ are as defined above,

d) reacting the mixture of (7a) and (7b) with a nucleophile, followed by acidification, to

obtain a compound of formula (8a)

HO
—N
\

a0

N
=N

wherein Y, Z, and R’ are as defined above,

e) reacting a compound of formula (8a)

with an acid to obtain THIP as an acid addition salt.
2. The method of claim 1 wherein step a) is carried out in a polar solvent, such as NMP.

3. The method of any one of claims 1-2, step a), wherein in the alkylating agent of formula
(3) R? and R? are independently selected from H, methyl, ethyl, allyl, phenacyl, phenyl,
methoxyphenyl and

L is selected from Br, Cl, I, OMs, or OTs.
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5 5. The nmethod of any one of clains 1-4 wherein the

reduction in step b) is carried out in alcohol and
wowadosn23ssuch as aqueous et hanol. 6. The net hodrof/DERY04/000579

one of clains 1-5 wherein t@‘% m | d reduci ng agent in

step b) is LiBH4 or NaBH4 0 7. The method of any

4. J}E m%{hgg 8@%{71“?%1 w?lgrel Efﬁég ﬂ%ﬁw@ge%&&i%l?@ﬁls S89& tord E\/IeI
E@%z%,y 6OBROKYH CHIR, 85 adlthedoyrkspoadiyd mesylatea I(QMS) and

E}@ S(Z)@a[j y substituted wth a Cl_12al kyl,
or aryl, Xis selectedfromCI, Br, I,
15 Yi sO, orS Zi s0, or S. 8 The nmethod of claim?7, step
kD the f f ok mul
?%’Srﬁm%f YA RYI alﬁ' Poro SferlPa eredgcﬁlt{:)ﬁ%%tépﬁ%% Fr%%gt n

alcdHobaraifvoutarpsueh aseltlh’ﬁphs ghdnok. of or mat e, or et hyl 20

chl orothiolformate. 9. The nethod of claiml, step c),
wherein a conmpound of formula (5) is first protected
6.8Fhe anettod obaryatne obrlaima il avtetedy the mild redgciag tgebuinplep bpis LiBH,
Oerﬁz]% trichl oroet hyl carbonat e/ carbamate, and then
react’ed with the reagent of fornula (6a). 25 10. The
met hod of any one of clainms 1-9, step d), wherein the

7 nth%ln?e 10 Iof gny o%e %‘f a8 Intsé 6”&{&1 (§ \?ltgrél in tﬁé"r%g eﬂts?fqm%%%a) R’ is

as ne am ne
Cebhwlmeaﬂ@mlr@)spydmIMI §; scvﬁpaikqwlesqyl o] Qiélsnalhyrsulﬁntuted

quu%ou%k a‘i’l%'l%or%&l ut i on 30 11. The method of any

one of*¢C wherein the reaction with
Xas srdm;teddpm(llleBt,é, foll ovved by acidification by
Ya}?bug@ ng pHto <5. 12. The nmethod of any one of

ai ms’ 1-11, wherein step d) after reaction with the
Zna@l @dphile in an aqueous solution is followed by
separating the aqueous phase, followed by

acidification 35 with an aqueous acid, and extraction
8] Titeanedhodof glami ¢ sigh &k evhergi®) tR0QECQAS ggglulg46a) is selected from C;.

1 25 q{ \Aﬁgr%ageo QEK 9s &@mﬁﬂgﬁ)r@ﬁ@etﬂ;ﬁ cﬂl@%f&ﬂﬁteo& eﬁly@' s

rein a conpo ormula or a salt
clnlhleﬂe@fonngepurl fied by a process of extractl on from
one phase to anot her.

9. The method of claim 1, step c), wherein a compound of formula (5) is first protected as a
carbonate or carbamate, such as a ¢-butyl- or 2,2,2-trichloroethylcarbonate/carbamate, and

then reacted with the reagent of formula (6a).

10. The method of any one of claims 1-9, step d), wherein the nucleophile is a soft
nucleophile, such as aqueous ammonia, an amine or diamine (such as methylamine,

ethylenediamine), thiols, thiolates, sulfides, in an aqueous or organic solution.

11. The method of any one of claims 1-10, step d), wherein the reaction with a nucleophile is

followed by acidification by adjusting pH to <5.

12. The method of any one of claims 1-11, wherein step d) after reaction with the nucleophile
in an aqueous solution is followed by separating the aqueous phase, followed by acidification

with an aqueous acid, and extraction into an organic phase.



14. The method of any one of clains 1-13, wherein a
conpound of formula (8a) is obtained 5 in high

weorosng3s2nore than 98% preferably greater tharCPD®2004/000579

according to HPLC. 15. The

1-14, wherein step e) is carried out using a mnera

133%16 i, oibtA alnﬁgrzezch%laqus RIZRAL 1leﬂlga %Fl‘fs%ﬂ%%ﬁ ﬁ)(iimgl §a9 E)pyéa?

Figing reac e co ound
thtreofvsipaified Oy a lproCkds 4T tradt®) fidH omeu)hasatq:beh@nm ating

agent, to obtain conmpound of fornmula (2). 17. A
conpound of formula (2) HO 20 IN (2) or a salt

14. e mothod df8iny Anatchaods bl 3, prhesard crmglp?ﬁHidI@f éwrplai(84) mrgpbtained
Ctl

U o e I A S

erein R
IS C,_12alkyl, C2_12al kenyl, C3 80yc|oalky|
| ' Rk byt 1 acid.
1AL B A or RN 1 Rt 3B R0 g st
or aryl, Yis Oor S and Zis 0, S or c1 6al kyl ene

a;tﬂﬂﬂg%&ﬁﬁgﬁﬁ&%Péﬁﬂég {gﬁghﬂﬁxw acid, to obtain THIP

conpound of formula
(8a) HN\I--, R ZY wherein R is Cl_12al ky1,
C1. 12al ﬂyl C3_8cycl oal kyl, C3_8cycl oal kenyl, acyl,
or ar Yy
| S
10 N @

comprising reacting the compound of formula (10)

o N
“OH

OH
AN
~
N (10)

15  with a dehydrating agent, to obtain compound of formula (2).

17. A compound of formula (2)
HO

20

or a salt thereof.

18. A method of preparing THIP comprising reacting a compound of formula (8a) or a salt
thereof

HO
—N
\

a0

N

25 R'Z/g( (82)

nethod of any one of clains



10 optionally substituted with one or nore Cl_12alkyl,
Cl. 12al koxy, or aryl, YisOorS, Zis 0, S or

w@1006mabiggd , or a salt thereof. 15 20. A net hoRPCDDK2004/000579
preparing TH P conpri si ng thzg steps: a) reacting a
conpound of forrrula (2) HO( ) 20 with an al kyl ating

of fo ~L H ej
B R MR iRty el By s ST A
omnalgammmym W1@801$®ymlome(hkzylllql, CCalBmycoraatlkenyl , acyl,
ar%f 3 akdhet eroaryl, optionally substituted with a
al

, 12alkoxy or aryl, and 25 L is a
Zlie@y\8 oirgilgarlkbdfpxe to obtain a quarternary salt of for rrul a

5 e Y SERIERRE gl PR RO Gau i Nl e

reernary salt of (4) with a mld
1§r Z\dugpﬁgn&agg%r&ld%&%bt ain a conmpound of formula (5) HO
HO

—N
\

N

N
R'Z/&/
wherein R’ is C,.j,alkyl, Cy.jpalkenyl, C; scycloalkyl, C;scycloalkenyl, acyl, or aryl
10 optionally substituted with one or more C,.j,alkyl, C,.,alkoxy, or aryl,
YisOorS,
Z1s O, S or C,alkyl, or

a salt thereof.

15  20. A method of preparing THIP comprising the steps:

a) reacting a compound of formula (2)
HO

—N
\

o)

with an alkylating agent of formula (3)

R3

RZ—CII—L
20 H ()

wherein R? and R? are independently selected from H, C,.jalkyl, C, j,alkenyl, C; scycloalkyl,
C,scycloalkenyl, acyl, aryl, or heteroaryl, optionally substituted with a C;_j;alkyl, C,.
1nalkoxy, or aryl, and

25 L isaleaving group,

to obtain a quarternary salt of formula (4)



5N I R,-CH (5 R3 wherein R2 and R3 are as defi ned

above, c2) reacting a corrpound of formula (5) wth a
wo eagemds2of formula (6b) ';=WRU (6b) wherei nP&/DK2004/000579

Cl_12al kyl, C2_12al kenyl, C3%80ycl oal kyl,

C3_8cycl oal kenyl , acyl, or aryl opti onaIIy 10

subst jputed with one or more Cl_12al kyl, Cl.12al koxy,

or arylY»=NJis Nor CR, wherein R is H or R Wis

0, S or /[NRy wherein R4 is H or R optionally

fol | owed>py reaction with a nucl eophile, to obtain a

m xt urle a conpound of fornmula (7c) and a conpound

of (7d)NRU‘- 15 0 N1-11 W(7c) RU ~~ W (7d) wherein R

|s 1 alkyl C2 _12al kenyl , C3.8cycl oal kyl ,

5§chbal acyl, or aryl optionally

substltut ed th one or nore Cl.12alkyl, CI. 12a| koxy,

woereary,[R? ahdl Ri e ¥ defin@Rbovenherein R is H, or R Wis

NR4
e G AN e
femala((Fd) with a nucl eophile, foll owed by
aci di fjpcation, to obtain a conpound of formnula (8b)
HO =N

o
X

N
I

CH
R .

5 RO
wherein R? and R? are as defined above,

¢2) reacting a compound of formula (5) with a reagent of formula (6b)

=W
RUZ (6b)

wherein R is C,.j;alkyl, C, j,alkenyl, C; scycloalkyl, Csgcycloalkenyl, acyl, or aryl optionally
10 substituted with one or more C,_j,alkyl, C,_,alkoxy, or aryl,

Uis Nor CR', wherein R' is H, or R,

W is O, S or NR*, wherein R* is H, or R,

optionally followed by reaction with a nucleophile,

to obtain a mixture of a compound of formula (7¢) and a compound of (7d)

RU'»;W W
e} e} >‘U'R
_,_N\ N\ :
o © x°
A
15 RU' W (7¢) RU' w (7d)

wherein R is C.jpalkyl, C, jzalkenyl, C;scycloalkyl, C;scycloalkenyl, acyl, or aryl optionally
substituted with one or more C,.j;alkyl, C,.;;alkoxy, or aryl,
U’ is N or CR', wherein R' is H, or R,
W is O, S or NR”, wherein R*is H, or R,
20
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W (8b) wherein W U, and R are as defined above, 5
e2) reacting a conpound of formula (8b) with an acid

wo cooshorzsin THI P as an acid addition salt. 21. B¢EDK2004/000579

met hod of claim 20 wherein s%@p a) is carried out in a
pol ar solvent, such as NWP. 10 22. The nethod of any

dgFr%grﬁfng ?}Lrﬁeé‘hlggléeﬁ q,(;cg’ an(f@ g)ow ﬂ-) d rz\;\%lgé@fe nfog&g%drbg acidification, to

dbraitepemngentd of fgeiubdBied from H nethyl, ethyl, allyl,
phenacyl, phenyl, nethoxyphenyl and L is sel ected
fro , a1, CNB, or OIs. 15 23. The net hod of
cl ailm 22, wherei n t he al kyl ati ng agent of fornula (3)
| g selected fromMel, Etl, BzBr, p-CH3OC6HACH2Br,
r, and the corresponding nesylates (OMs) and
ates (OIs). 24. The nethod of any one of clains
wherein the reduction in step b) is carried out
R% 2% aBbbhol and water, such as aqueous ethanol. 25.

| ai r8 20-24 wherein the mld
‘m?d‘g?‘;rilgﬂp g“é’gﬁta?{% “2?%89{53&' s LiBH4 or NaBH4. 25 26.
The net hod of any one of clains 20-25, step c2),
éé?f‘e%&ln% alcBm g[ﬁ‘rdr ﬂ)grﬁ{ﬂﬁ ( &thﬁ EﬁTwl@to(o@mn TH3P!a$an acid addition salt.

keny , _gcycl oal kyl

C3 gcycloalkeny acyl , phenyl optional
B Patbadkad clih RO wheqin aisp R’W cargted Qi IARAAr S%lreﬂb e NME-
is Nor CR, wherein R is H, Cl_6al kyl, C2_6al kenyl,

@Iﬂ@ﬁ‘r@th&%f{%ﬁ onelo? cAGYCl00R! ¥aW)! wheagy 1n, the Akyl@H@R¥ént of
optlona§+ ubstituted with a Cl 6al k

¥ Cl 6?qugx,
Sy G ancdd 2y indemendeashoselenied o L sty i, Ty Py,
ﬁnﬁ%&m ﬁayﬁﬁhkenyl C3_gcycl oal kyl ,

scyclogP (¥ acyl , or phenyl optionally
%@ﬁé@@?ﬁﬁ@HBW I, Q@Msgoré¥isky| . C1_6al koxy, or phenyl .
MD 2005/ 023820 PCT/ DK2004/ 000579 28 27. The method of

one of clains 20-26, step.c2 re n the

eyfh@aathw o Gaimagy drereihe pERiTE a)genteif ormgla (Y is sefected from Mel,

£:8-B-BR&-0RICH ,cH,BaR)yI8R andthe CbradspindAG nikdylated @M did tosylates
wherein the reagent of formula (6b) is 5 selected
S an i socyanate such as isopropyl isocyanate or
phenyl isocyanate, or an |soth|ocyanate such as phenyl
|soth|ocyanate ket e 29. . The net hod of
Yo Themethodotyany et afaims2c: ﬁrs*&rrﬁrathsredrﬁrﬂm se gy's ragﬂe@ outin
{1Edh31 and Rk Gh&@ths@gueous ethanol.

25. The method of any one of claims 20-24 wherein the mild reducing agent in step b) is
LiBH, or NaBH,.

26. The method of any one of claims 20-25, step ¢2), wherein in the reagent of formula (6b)
R is C,ealkyl, C,.¢alkenyl, C,scycloalkyl, C;yscycloalkenyl, acyl, or phenyl optionally
substituted with a C,_salkyl, C,_alkoxy, or phenyl,

U is N or CR', wherein R' is H, C,.alkyl, C,alkenyl, Csscycloalkyl, C;gcycloalkenyl, acyl,
or phenyl optionally substituted with a Cy.¢alkyl, C,.¢alkoxy, or phenyl,

W is O, S or NR*, wherein R* is H, C,.salkyl, C,alkenyl, Csscycloalkyl, C;.scycloalkenyl,
acyl, or phenyl optionally substituted with a C,_salkyl, C,.alkoxy, or phenyl.
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a carbonate or carbamate, such as a t-butyl- or
2,2,2-trichl oroethyl carbonat e/ carbamate, and 10 then

wo eashess2wi t h the reagent of forrmula (6b). 30.PdhBK2004/000579
met hod of any one of clains -29, step d2), wherein
the nucleophile, is a soft nucleophile such as
Zalqjtllﬁe;%gt acf”ﬁ% (gx%ehylcléihrrésaiaezr?fo ﬁce& 02 ,{yhhrére tﬁe inhc.leophl%e is selected
feanh CI d®BS I, BINGS aqueous or organic sol ution. 15 31.
The met hod of any one of clains 20-30, step d2),
wherein the reaction with a nucleophile is foll owed
18y Thcmethéd efany ome dfylaaay 2627, step g2 vihereatbthe BagenToidommdh@l) is

Hec A% RN By RE LR 8o e%/l isBAgRSL B ﬁgrgmsgg})agﬁé,to?sn
isghig¢yaorie slshfasﬁheothtkbwyst@paomketﬁget he aqueous phase,
followed by acidification with an aqueous acid, and
extraction into an organi ¢ phase. 33. The nethod of
%"}Fh@method ofgllagiini28, skP-c3R whevkieragbmpeund offsouvld (Ofis firstmreteeied as
r

?t)oggt‘r:e Iog% I gl‘gre] %\J%g B%ﬁ ug}ﬁt&%gﬁ%ﬁ%glthhgﬁ%RMa Ec%?b%rn(gtfe and
ﬂretd@@cde@ﬁltfaﬂlyre@mt@ﬁfonﬂu&aﬁﬁh) 20- 33, wherein a conpound
of formula (8b) is obtained in high purity, nore than
98% preferably greater than 99% according to HPLC.
35 TheThmethadoftro ouf ofahymote2 S sterd2ai Wherhothg auclegnbiicejsrp soft

%FCEB}?}ﬁI%) suk asca%édus‘ meauﬁla lﬁﬁ 'aﬁl.gle%r FLRGXuch §@maﬁy19nm§6

preepari ng onprising reacting
@kmp@dmur@f thiols, rthnplatee,s;bl)ﬁd@ﬁs mamgalllepus QrWé@ﬁ01V®n
2005/ 023820 PCT/ DK2004/ 000579 29 HO IWvv 8b ( )
wherein, Ris Cl.12al kyl , C2_12al kenyl
tngB@ylgqhg@pﬂ@}n]y one @3 1agus ) WabtriedR)| whezaisy the regetiqarwith a nucleophile

%T&lifg\’g? ;delﬁ’:ml%ﬁlbikuﬁ%%ng\'}ﬂtl% one or nore Cl_12al kyl,

oXy or ar or CHR , wherein Rl is
H or R 5 Wis 0, S or NR4, wherein R4|sH or R

32. The method of any one of claims 20-31, wherein step d2) after reaction with the
nucleophile in an aqueous solution is followed by separating the aqueous phase, followed by

acidification with an aqueous acid, and extraction into an organic phase.

33. The method of any one of claims 20-32, wherein a compound of formula (8b) or a salt

thereof is purified by the process of extraction from one phase to another.

34. The method of any one of claims 20-33, wherein a compound of formula (8b) is obtained

in high purity, more than 98%, preferably greater than 99% according to HPLC.

35. The method of any one of claims 20-34, wherein step e2) is carried out using a mineral

acid.

36. A method of preparing THIP comprising reacting a compound of formula (8b) or a salt
thereof
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15

with an acid, typically a mneral acid, to obtain TH P
as an acid addition salt. 37. A conpound of fornula

W@ 3dwp/02396d» Ru W (8b) 10 wherein, R is Cl_12al kyPCT/DK2004/000579

C2. 12al kenyl, C3.8cycl oal ky,}, C3_8cycl oal kenyl,
acyl, or aryl optionally su%stituted with one or nore

Clol2al kyl, Cl1.12alkoxy , or aryl, U is NH or CHR,
whenheimm R is H or R Wis 0, S or NR4, wherein R4

is & R or 15 a salt thereof.

RU' w (8b)

wherein, R is Cy_j;alkyl, C,.jzalkenyl, Csgcycloalkyl, Csscycloalkenyl, acyl, or aryl optionally
substituted with one or more C,.;alkyl, C,_j,alkoxy, or aryl,

U’ is NH or CHR', wherein R'isH, or R,

W is O, S or NR*, wherein R* is H, or R,

with an acid, typically a mineral acid, to obtain THIP as an acid addition salt.

37. A compound of formula (8b)

HO
—N

\
NP

N

A

RU' W (8b)

wherein, R is C,.j;alkyl, C,.j,alkenyl, Csgcycloalkyl, C; scycloalkenyl, acyl, or aryl optionally
substituted with one or more C,.jalkyl, Cy.j,alkoxy, or aryl,

U’ is NH or CHR', wherein R'is H, or R,

W is O, S or NR?, wherein R*isH, or R, or

a salt thereof.



