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WO 2005/023820 PCT/DK2004/000579 Method for manufacture of TRIP
Wolf_,‘%%?ggg@.lnventlon The present invention relates to a new HFEH)%&LHOOOS?S)
manufacturing the compound 4,5,6,7 5
tetrahydroisoxazolo[5,4-c9]pyridin-3-ol (THIP) having the INN name
M g]%laqxgq,plg Ang,alsg w intermediates, such as
Eisoxafolo[%,ﬂ-c]py?id?n:ég[c#iHIP), used in the method. Background of the
invention Receptors for the major inhibitory neurotransmitter,
FididpTimamianibutyric acid (GABA), are 10 divided into two main classes:
GABAA.receptors which are members.of the. ligand gated ion ¢h I
Theussedt infenton releria @ ey inethod ot manafecihe e Sempoisd faeh
tetpedydptopsatalel hareBeyadioihidlEBRiivoing thy pudioity Gftpredalsibindrgiso
to f2A BhcasteRNashasBoRvmiRaispd-aemieundeslying meshapiss. of
the pathology in question. These conditions 15 include epilepsy, anxiety,
stress, sleep disorders and pain. However, although positive modulators
Bagkahen @IS e hecaston complex, such as benzodiazepines, in a number of
ReSff I RIANE 85 RES MER G GEliNRratheIRdS Ba9RRRIAIfANRERSHSd@ABA), are

_unselective benzodiazepines produce sQ many side effects that )
divegsih bRy H&%%‘Bsﬁ]i?ﬁiﬁﬁg‘?&%@%"éﬁﬂ%%HC%?EFg@%{?BeFFe%fdﬁﬁit@Béﬁtﬁﬂ épn
chagnatogterhretdsiRhgeieddh:Scrcp886 whithl:92 Qo0 teR0cdipdep resgmdrs.

invention provides non-steroidal and non-benzodiazepine compounds
interactingﬁ directly with the recognition site at the GABAA receptor as

In 3, pymberoh GHFrheRs R femredirdyefifqiahibiory Gl A SmFty igs been
hypetleded netkosidedidial actthatiom. oF e giskaseg iingledding Phemensiitials

incRYAUAMS, PASINAIALASDIaSSION. A PAS MSNPRINSE 4rdE ﬁk?o%itivc.

dysphoric disorders, are significantly better treated with GABAA agonists
mofidHaR® theR/dtadSpRiss pmepldutodiardiereofnceriprodicentinbeahte

cir@ft@itshes e rariredtoies] thdibespoiaRtGABARGOMA unselective

. 4586,7-tetrah ﬁroisoxazolo{% 4-c9)pyridin-3-ol (THIP) is,_disclosed in EP

b e DG e B RS e

druge aT¢-HIFeded (Seteth fardi faudeigp STeagsdidardecs WiacH 19 digcl83edth EP
840601 Bl. Definitions The term "a" as used herein is intended to mean

"one or more" or "at Jgast one", exge &wh re it is clear from the text that.
T S o AT A e L 120 ROR BSRGho75Poee CODRgRpfs Uiy
dir¢rehein tefer scto gitiemated e GABranchertaalkyhgmosis, anchdgdve beorfieitd

effEONnQRNL IR ST ANMIAMENG FREDAN G N WP activation.
The diseases, including premenstrual syndrome, postnatal depression and post menopausal
related dysphoric disorders, are significantly better treated with GABA, agonists than with

benzodiazepines and neurosteroids which produce tolerance after short term treatment.

The potent GABA agonist 4,5,6,7-tetrahydroisoxazolof5,4-c9)pyridin-3-ot (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  “Cqalkyl”, “Ciealkyl”, or “C,2alkyl” 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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WO 2005/023820 PCT/DK2004/000574 2 inclusive, respectively,

Woiﬂﬂ%. gzgut not limited to methyl, ethyl, 1-propyl, 2-propyl,

|_
2-butyl, 2-methyl-2-propyl and 2-meth%yl-l-propyl. The term "Cf%%‘)}/uf/g{rmsw

"Ci.12alkoxy" as used herein designate such groups in which the 5
. 0= -C1:1.2- i fl ove, and. is Jinked via an ox ,
Yy R G A L S R A A e R
2-hutvh 2oedisRiteyb > mehntdriienyd used herein, respectively,

designate such groups having from two to six carbon atoms, or two to

carb ms, dpcluding. ene double 10.bond respectively, . .

e bt ot e R e ol B e Se Bt SRR iy i
Cietikghityfencalkyl ysed frdiesd rboxpsand dsHimlrehdd o oxsteean dirdeding but not
lingitkylena«gonip chiavivd Saporna susixycarbon atoms inclusive, including

but not limited to methylene, and ethylene. 15 The term "C3.8cycloalkyl"

as used herein designates a monocyclic or bicyclic carbocycle having
Thiniee to eigthkerdbor stomdkprilisivessd derdingsaeatelimitesiiztote such groups
ha G GRAARYIe ©YSI0BRBIM 85k CYEIRBas Y QTR Morks3 BEXIRR ke Wb uble

bod r‘éss%‘?;trb% eitg ceai n%g%%at man (j%clt'c or bicyclic cart()iocycle having
BrsEPG LIS H B ORE RS TR SRV RERRY b AR ¥ bond. The
term "C1.12alkyl chloroformate™ designate such groups in which the

ThElehd-atkylaRYy RS adebrdiki rifeRS AeHRG BRIV &rx@&qdﬁeﬁ]ﬁlﬁrféﬁé group

ortion of a chloroformate, including but ngt 25 limited to methy
ha SRR PSIBIREE B SHRSATARSABAHERE: PRLdumPubRorhad el ieprdhgiene. and

ethpdéars to formyl, C .6-alk(en/yn)ylcarbonyl, arylcarbonyl, aryl-
Ci.6-alk(en/yn)ylcarbonyl, C3_8-cycloalk(en)ylcarbonyl or a
C3_3-cycloalk(en)yl-Ci-6- alk en/yn()iylfcarbonyl group. 30 The expression

Thes tégm (iR gridanis d6da1si) desierisiarparcyctio 9-Bikylin epdapycle

havihg éxpressitghCdatay cinalk(er)ytineeansudias Brcyoloalkytkdoto cyclopropyl,

Cyaxgggl%lhe‘;i%lc 5%&(;[1@ term "aryl" as used herein refers to carbocyclic,
aromatic systems such as phenyl and 35 naphtyl. WO 20051023820

PCT/DK2004/000579 3 The term "heteroaryl" as used herein refers to 5-
ThtogmMmempsieshRIFIaEe S%ABBEn designates a monocyclic or bicyelic carbocyele

having three to eight carbon atoms inclusive and including one double bond.

The term “C,.jpalkyl chloroformate” designate such groups in which the Cyp-alkyl, such as
Ci-alkyl, is as defined above and is the ester portion of a chloroformate, including but not

limited to methyl chloroformate or ethyl chloroformate.

The term “acyl” as used herein refers to formyl, C,.s-alk{en/yn)ylcarbonyl, arylcarbonyl, aryl-
Crgalk(en/yn)ylcarbonyl, ~Csg-cycloalk{en)ylcarbonyl or a Csg-cycloalk(en)yl-C,
alk(en/yn)yl-carbonyl group.

The expression Cye-alk(en/yn)yl means a C.¢-alkyl, C,s-alkenyl or a Cys-alkynyl group.

The expression C;.5-cycloalk(en)y! means a Cy.3-cycloalkyl- or cycloalkenyl group.

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

naphtyl.
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containing | to 5 carbon atoms and one or more heteroatoms selected
from O, S or N, such as 5-membered monocyclic rings such as

WOO%?QFH?&%%S dioxazoles, dithiazoles, oxadiazoles, thiadiazofs PEIANEE00579

isoxazoles, oxazoles, isothiazoles, thiizoles, imidazoles, pyrazoles, 5
rroles, furan(s Qr thiophene(s), e.qg. 3H-1,2,3-oxathiazole,

y
TR o5 TR 1 25 205 DT A 1% 3 b, BET 475 B sims
coﬂ@uﬁ*@(hméz:catbpd,ﬁoﬁ&&hmﬁmz@bn&bl&t&&mmzeé&:cmdiﬂmm DuaRokach as

s-ingthiazalendhinzale. AT@S'%9@48'%xéth&a%ifaz%x&idregyHﬂlﬁzﬁf@no%amles

hIO hene, or 6-membered monocyc IC rings such as oxath lazines,

*h%%%ﬁ?egimﬂﬁaziﬁafw}ﬁwém&é #pRz9lRn hisrekse inidRaplRie Byrazoles,
pya@inasrpRzinedidhgyidlazine S3 pylidinasiaedathirks?- diadinsole, 1,3,2-
dxsi'&‘il%”é RYIPNeS; yrAns Oir:s“}"Bﬁmﬁleel %%3 ‘%ﬁ%ﬁf‘é%f@e zl ,2.3-thiadiazole, 1H-

2 4-oxath|a2|ne 1,2,5- oxathlazme 2-oxathiazine, 1,4.3"oxathiaziné,

1,2, bisazplsxdsamarolen %ﬁ?}ﬁazfﬁ@%ﬂlﬂl ﬁl@fdﬁlaxa}ﬁn@!iaa%mbfmrﬁ@ie 1H-
py2idid,, SiitaglioaZinephibne, 3ot ithiazinerdd 2odoaiidlialzeneindd -such 2a6lihlagiagines,

dléxéz%‘n MH% ?ne%llxé %‘%ngét% n%:lgl 5?2'[:135{-39)(8'}9&%16 e’th:azmﬁ& &yﬁnes

4oxa lazine 50xa lazine, 2H oxadrazine
PYTiSagRsipEdings] oxahiaodiotins, Shing avidintmaTens or thiis, e.g. 1,2,3-

oxattidah&-tNackazingzidd,- 1,4 520Ratuatiaziees -diladidamé- ﬁm@j@@mﬁzme 1,2,3-

sidi2:3: 1,2.4- 1,2~ H-1,3-
B I I RS A I g, 2

d!ﬁl}@azmel 2Ardbizives, pYfirhitlinditipeined-biaudithiaine o RdtHiih 2-dithiazine, 2H-

1,35l cheatdiondny &, 4:3419&%&&1&4 %ndtthImméadlafém"rzfpy%nﬁa&lshammra 4-
2H-thiin. %&Th erm "acidificatjon" as used herein means that an acid
a

oXadEo ﬁdf‘?\'ﬂ&&re stz o Balow 6’i‘-1a8‘§“1€|’1e2tgnlnz 6-
thitad isanen 2gkd it tisrdsethdi e IeliB iianive) - kilginiakpre Sdioh Xostivdnskilled 1,3-

oEBERNISh 2 EKAnRIes e mﬂmﬁg@nww@tﬂﬁﬁ{e Ch s pg! %%%)/A@te??{me

tosy late. The term "a salt" as used herein is.intended to mean any sa

PXNH?&H’% BEFREE Al oM gy Frsretdpttisishamiontendddigrin, 4H-1,3-
ditdimrisdiddiol pyidiiian Y#lterdaoweidethithe compounds may also form
other salts with bases, such as metal salts, eg. sodium salts, and
ammonium 30 salts, eg. salts of amines, such as triethylamine. The term

The riceaidifiGairaane ud Rueimarans ibahtaaeddsaddsdAn thrycartion mixture
adpdeitipmspl biliwggaticular 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, 35 hydrobromic acid, nitric
Thecierms iR deRe iagigroppospifefidaeit iaaaeiddiRenGthesdoitsblee dybed phesiist,
ex@FEREJRING RAKSALGALABELT, DranielifadlyeRligiaxalic, malonic,
succinic, citric acid and the like.
The term “a salt” as used herein is intended to mean any salt which a particular compound
may form, and is usually intended to comprise acid addition salts, however, the compounds
may also form other salts with bases, such as metal salts, eg. sodium salts, and ammonium

salts, eg, salts of amines, such as tricthylamine.

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. ‘
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4 The term "a mild reducing agent" as used herein is a well-known

expression to the skilled chemist, reference is made to Brown, H. C;

Krishnamurthy; Tetrahedron, 35, 1979, pp 567- 607. Suitable examples

are borohydrides. 5 The term "a nucleo“phile" as used hereinis a

TeldRowmeXRIESS ill éi chemist, reference is made to

él'e‘:g}\;’%”ﬁ: é}l Orga%iﬁghgﬁe?ﬁg%ﬂé(%r eéﬂﬂi‘éﬁ)ﬁ"ﬁlé"ﬂwﬁ%?éﬁfwyo the skilled
CE TR et Bxotedlich dphlletrasbsetbhekeinds, 3550979, 567.

nterscie
68ésbiltrddt iextiAlicanaesbrQngmiais Chemistry” (3rd edition), Jerry March,
Wiley-Interscience. Suitable examples are CI', BC, F, or NC-S'. 10 The
rm "a dehydrating agent” as used herein is a well-known expression to

e
Tﬁﬁee“élﬁlléldwa?éﬁl?@‘f ansed frreirded tolbauewRgentSsisH e BSskilled chemist

rdfuenytdhlesidlen & Chlerefarnals: IS I.chloroformate, or a
raRadimide §euch“as ECI/ g&g@&ﬁ %Ig?gr(i p(ilg(};l%y?ﬁg T‘%%r%%ﬁh’r%]ey -
“disclosure raatEY 4SRRI 6 ritatesr detanitrg theéAdvanced

present disclosure té
In on

Oaz%ﬂ?fﬁ&'},lﬁ@ugt’zg” ’@7ﬂ€5ﬁ0@h?dmiwxaz a5 4rediprisins3:abid BIR 143 90%y

Baghegtithare is provided a method of preparing TRIP comprising the ’
steps: 20 a) reacting a compound of formula (2) HON O N (2) with an
alkylating agent of formula (3) R 1 RZ C-L 25 H (3) wherein R2 and R3

Tigrigmda g iteming setected deihitciis IAallnGa L2AKEM o the skilled
y

cheiseanglRalilacr B -arysloalkenyl, ac %k_ar , Qr heteroaryl, optiona

.. Substityted with a Cr_12a|§§ff,_sc HEIG BPEH 2 shiprafprmateskshuing
Grovis, 18T 3t Y fresindipise sehior DOIDE).

Description of the invention

The present disclosure relates 10 a new method of manufacturing the compound 4.5, 6.7-

tetr&hydz‘oisoxazol0{5,4»«09}pyr’idin—3—02 (THIP).

In one aspect, there is provided a method of preparing THIP comprising the steps:
ng Ps:

a) reacting a compound of formula 2)
HO

AN

with an alkylating agent of formula (3)
RS
{
RE-CL
)

wherein R* and R_3 are independently selected from H, Cy.ppalkyl, Cy.ipalkenyl, Cseeycloalkyl
Cygeycloalkenyl, acyl, aryl, or heteroaryl, optionally substituted with a Crizalkyl, C,. |
1zalkoxy, or aryl; and

L is a leaving group,

to obtain a quarternary salt of formula 4



WO 2005/023820 PCT/DK2004/000579 5 HOO 6 _Nt NL R2,CHRS3
( in L, R2 and R} are as defined above, b) reacting th artemar
WOS%?\%)?%{A%igvith a mild reducing agent to obtain a compound OF? (%?%ﬁgﬂfé% 0579
HO -NO N1 R2~CH 5 R3 (5) whereth R2 and R3 are as defined above,
c) reagting a compound of formula (5) with a reagent of formula (6a) Yy
R'Z" X (6 perein R'is C1_12alkyl, C2-12alkenyl, C3.8cycloalkyl,
C3.8cyclaalkemyl, acyl, or aryl 10 optionally substituted with one or more
Cl.12 k37l,\ 1.12alkoxy, or aryl, X is a leaving group, YisOorS, Zis0, S
or C1. ,Pptionally followed by reaction with a nucleophile, 15 to
obtain a ryixture of a compound of formula (7a) and a compound of (7b)
R'Z ~MYTD 0 ZR' N
R @

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)

(5)
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,.jzalkyl, Ca.pzalkenyl, Csgcycloalkyl, Csgcycloalkenyl, acyl, or aryl
10 optionally substituted with one or more C,.izalkyl, C,.alkoxy, or aryl,
X is a leaving group,
YisOorS,
Zis O, S or Crealkyl, .
optionally followed by reaction with a nucleophile,

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

R'Z
\/¢Y Y
0 o} }-ZR'
—N N
\ \
(%o T
N N

N gy N

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

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

20  obtain a compound of formula (8a)
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6N N R'Z~kN (7a) R'Z~kN (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 20 obtain a compound of formula (8a) 6 HO _NO N
RZ (8a) wherein Y, Z, and R' are as d&fined above, e) reacting a
emnpound of formula (8a) 5 with an acid to obtain TRIP as an acid
addjtet salt. In one embodiment of the present disclosure, there is
ide® a method of preparing THIP wherein steps a and b are as
bove, comprising the further steps: c2) reacting a compound of formula
ith a reagent of formula (6b) 10 RU (6b) wherein R is C1_12alkyl,
C2];2alkenyl, C3.Hcyeloalkyl, C3_scycloalkenyl, acyl, or aryl optionally
R'é;ubs uteghyvith one or more C1_12alkyl, C1_12alkoxy, or aryl, Uis N or
wh v{u einR'isH,orR, Wis O, S or NR", wherein Ris H, or R, 15
opti %’h ’I%%‘I‘?o%vé‘ﬁ?@ delinatabwih a nucleophlle to obtain a mixture of a
compound of formula (7c) and a compound of (7d) RU'wW ~-UR OO0
&) @X‘Q‘Eu%“ﬁg&"nmm@(ﬁg W (7d) wherein R is C1.12alkyl,
C2.12alkenyl, C3.scycloal 3.8cycloalkenyl, acyl, or aryl optionally
W‘Qhﬁ%ﬁ?ﬂﬂé%l%fﬁ‘&ﬁ@éi‘%ﬁ%Pé‘é:‘l@@fé%ﬂ?lt-:j_lzalkoxy, or aryl,

In one embodiment of the present disclosure, there is provided a method of preparing THIP

wherein steps a and b are as above, comprising the further steps:
92)‘reacting a compound of formula (5) with a reagent of formula (6b)

=W
Ry (6b)

wherein R is Cy_palkyl, Cy zalkenyl, Cagcycloalkyl, Csgoycloalkenyl, acyl, or aryl optionally
substituted with one or more Crnalkyl, Cyypalkoxy, or aryl,

Uis Nor CR', wherein R’ isH, or R,

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

optionally followed by reaction with a nucleophile,

fo obtain a mixture of a compound of formula (7c) and a compound of (7d)

RU'
W
o,
N
e O . O
N
RU W (70) RY W (76)

whercm Riis Cy.ppalkyl, C, poalkenyl, C,. geycloalkyl, C; scycloalkenyl, acyl, or aryl optionally
substituted with one or more Ciazalkyl, Cyjpalkoxy, or aryl,

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

W is O, S or NRY, wherein R* is H,orR,

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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20 U'is NH or CHR', wherein R'is H, or R, Wis 0, S or NR, wherein R is
) reacting the mixture of (7c) and (7d) with a nucl e,

WO%?I%\%E%%% acidification, to obtain a compound of formula (gggi’ii’\/{}%{mmmoosw

2005/023820 PCTIDK2004/000579 7 HO .N ~O N RU'-W (8b) wherein
U', and R are as defined above, e2) reacting a compound of formula
8 ith an acid to obtain TRIP as an acid addition salt. 5 The compound
of farmula (2) HONO N (2) is novel and may be prepared by the steps
ompfising: i) reacting a compound of formula (9) 0 0~ R.. OH 10 N (9)
in R" is Cl14alkyl (such as methyl, ethyl, n-propyl, n-butyl), with
hydroxylamine hydrochloride and a base, such as NaOH, to obtain a
ur@,{@f formula (10) H O N OH OH 15 N (10) and ii) reacting the

compound of formula (10) with a dehydrating agent to obtain (2).
wherein W, U’, and R are as defined above,

=

¢2) reacting a compound of formula (8b) with an acid to obtain THIP as an acid addition salt.

The compound of formula (2)
HO

N
is novel and may be prepared by the steps comprising:

i) reacting a compound of formula (9)
NN

OH

X
I p
N ©)
wherein R’ is C,4alkyl {such as methyl, ethyl, n-propyl, n-butyl),
with hydroxylamine hydrochloride and a base, such as NaOH, to obtain a compound of

formula {10}

0. N
oM
OH
' ~
o
N (10)

and i1) 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 ethy! 3-hydroxy-isonicotinate, which are
described in (Contribution No. 240 from the research 1aboratories of Hoffinann-La Roche

Inc.), Synthetic Tuberculostats. I, pages 547-554, by H. Herbert Fox. The compound 3,N-
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The base should be strong enough to adjust pH _~ 9, preferably ?10. 20
Typical compounds of formula (9) are methyl and ethyl
3-hydroxy-isonicotinate, which are described in (Contribution No. 240
from the research laboratories of Hoffriann-La Roche Inc.), Synthetic
| ts,. 1l 47-554 erbert Fox. The compound 3,N
e e RO s 1479, snd
Iﬁ.%?ﬁj’é@é@i?gmg?ﬁ}?dﬁmcﬁﬁﬁ’a?ﬁ&ﬁm&@ﬁémi‘@'etﬂi’ﬂa@ages 65-91.
Bohemoslovenicae TOM. IV. 1962, pages 65-91. In a further aspect, there
[ vided a method of preparing the compound of formula (2) 5
e e R TR O S PRI TG FOMRE O FOPHIA2)
Croy i aehy dratmgragentieobiain (). In an embodiment the
dehydrating agent is selected from thionylchloride, a chloroformate, or a
&arbckpliimide. Typical dehydrating agents are 10 thionylchloride, isobutyl
Chiorofosmate, and DCUDCC. In another aspect, there is also provided a
caompoyyg of formula (2) HO _N O N (2), or a salt thereof. In one
iment the salt is an acid addition salt, such as a hydrochloric 15
cidzhydrobromic acid, nitric acid, sulfuric acid, or phosphoric acid salt. In
arf‘bther e(MBodiment it is the free base. In step a of the present method
withe dehipdiatiig agpicadploaiied butinmbodigearnithsdbtgtiatife 08@: is selected
&P SMER, at ied oyt | Sselvent S NMP. 20 In
othe ﬁy%f?;g agent g‘%ﬁnﬁf a %)A%agbgg{jﬁ%%gar iﬁ§$§ﬁ%‘g%§/a§g?&f%
RO Isebuidahlerofompernind B§KRGGoalkyl, C3.gcycloalkenyl, acyl,

aryl, or heteroaryl, optionally substituted with a Ci_12alkyl, C1.,2alkoxy,

10 QU B5¥ tLti%%!?Qan My .Br, Cl.1.0M OTs. When R2 and
! R]S -aw%%%%penaently sé%ec{ecﬁp ﬁgﬁn@fﬁ%ﬁﬁﬁn&?ﬁélkenyl, C325
geycloatkylC3_scycloalkenyl, acyl, aryl, or heteroaryl, each of these

substitugntsnay

N,
or a salt thereof. In one embodiment the salt is an acid addition salt, suchasa hydrochlon'c
acid, hydrobromie 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,.
palkyl, Cy.alkenyl, Cg,_'gcycloa]kyl, Cs.gcycloalkenyl, acyl, aryl, or heteroaryl, optionally
substituted with a Cipalkyl, Cy.palkoxy, oraryl, and L is a leaving group, eg. Br, CI, I, OMs,
or OTs. When R? and R? are independently selected from Cy.palkyl, Cyyaalkenyl, C,.
scycloalkyl, C; geycloalkenyl, acyl, aryl, or heteroaryl, each-of these substituents may
optionally be substituted with a Ci.nalkyl, Cy_palkoxy, 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, pheny! or methoxyphenyl. Typicaily, I, is selected
from Br, Cl, I, OMs, or OTs. Examples of alkylating agents are selected from Mel, Eti, BzBr,
P-CH;0CJLCH, Br, allylBr, and the corresponding mesylates (OMs) and tosylates (OTs).
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Weﬁ‘ljpolsé%ﬁ?z?u and R3 are independently selected from H, m

optionally be substituted with a C1.12alkyl, Ci_12alkoxy, or aryl. In a
further embodiment one of R2 and R3 is H and the other is as above.

e&’ﬁﬁ%@ﬂ?lﬂﬂﬂsm

allyl, phenacyl, phenyl or methoxyphehyl. Typically, L is selected from Br,

Cl, I, OMs, or OTs. Examples of alkylating agents are selected from Mel,
Ingstepee A thaprereabmedeod the rromoifAIsTed Qi e B SFEaBISAt dRgEganic solvent,
ormesyitataBefedy] $) amndetasydatrRat(§0:h) i34 i200bl 2a82kbI and water, such as
a ug&é%[ﬁ%@(}%/OOOS?Q 9 In §tep b of the present me;thod the reaction is

arried out In an organic or inorganic solvent, or mixtures thereof. In one

Tyrisabuithe AigE s e i Stepih iardrididfernaii sudkBEaqueous

ethanol. Typically, the mild reducing agent in step b is selected from

LiBH4 or NaBH4. 5 In step ¢ one alternative i react a compopnd o
G AT R P VR s e

C_12alkyl C2.12alkenyl, C3.3cycloalkyl, C3.gcycloalkenyl, acyl, or aryl or

hetergay Rtig) ally substituted with one or more C1.12alkyl,

C1.12alkoxy, f ryl, 10 Xis a leaving group, Y isOor S,and Zis 0, S or
winteBalyik Yvheling, iS.Caleaky Ot snalobhdCassaolicfiytheylreaatyivith a

hHS R ORI SHEN AR el Bliich eNGrore B, QR AMDOIASAL B 45 Clalkyl,
C2.6alkenyl, C 80ycfgalklyjl, Cg_gcycfoa]"](zer%/}? acyf, I'(lgrlﬁri%]enylac')ptionalIy

Xd5 BLRVINERIOHR & C1.6alkyl, C1. 15 6alkoxy, or phenyl, X is selected from
Y@ By §, aYids 0, and Z is O. In particular, the reagent of formula (6a) is

z ??&?,Cél?ﬁ’ Homéiluagalbyl enlaiplp f%?b@ﬁe&%ﬁmrﬁ%@{e%m Qlfgynate,

1
typically, C, 6alkyl chloroformate, such as met 0 chloroformate, ethyl
niGRBl SRS 5F G G NG A B ER i S el Cralkenyt, C,
«coblanuhjaigemaiakdntthst, iptralivepisilp wistiadoskpratestakyl, C,.
om %unﬁie%iformula (5) as a carbonate or carbamate, such as a t-butyl-
2, Krie l6roethylcarbonate/carbamate, and then reacted 25 with the
X re sgjertedfmurhliBrda), to obtain a mixture of a compound of formula (7a)

Y300 and ‘

Z is O. In particular, the reagent of formula (62) is selected from C,.);alkyl chloroformate, or
Ci.zalkyl chlorothiolformate, typically, C,.galkyl chloroformate, such as methyl
chloroformate, ethyl chloroformate, or C,.salky! chlorothiolformate, such as ethyl

chlorothiolformate.

Another alternative in step c is to first protect a compound of formula (5) as a carbonate or
carbamate, such as a r~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 Cy.ipalkyl, Coqsalkenyl, Cageycloalkyl, Cygeycloalkenyl, acyl, or aryl optionally
substituted with one or more Cy.palkyl, Cy.j;alkoxy, or aryl,

Uis Nor CR!, whereinR' 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 CI', Br, I, or NC-S',

to obtain a mixture of 2 compound of formula (7c) and a compound of formula (7d)
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compound of formula (7b). In step c2 one alternative is to react a
woCIRR, glg)of formula (5) with a reagent of formula (6b) RU~ ﬁ%i

Wherg?rl# is C_12atkyl, C2_,2alkenyl, C3_gcycloalkyl, C3 St}:{é %én‘!); 00579

acyl, or aryl optionally substituted with%ne or more Cl _12alky1,

C1 1% lkoxy, or aryl, U is N or CR', wherein R'is H, or R, Wis 0, S or

NR4, w @(ﬁw R4 is H, or R, optionglly followed by reaction of a

nucleophdle such as CI-, Br, Fgor N '/85 to obtain a mixture of a
compoun formula (7¢) and pound of formula (7d) WO
2005/023820 FXCT/DK2004/00 9010 RU~WWUR OONN OO NN
RU"~W (7c) RU'~W (7d) wh reln ', W, and R are as defined above. In
one em ent R is C1.6al _6alkenyl, C3.8cycloalkyl,

!
C3.8cyclo Ikenyl acyl, or ph (%/\ﬁoptlonally substituted with a C1.6alkyl,
Cl_ @alko nyl, 5&1'1S Nt or CH dyvhereln R'is H, C1_6alkyl,
C2_6alkenyl, C3 cycloalkyl, C3 S%CIoalkenyl acyl, or henylo tlonall

VRt AR ETIARPE R TSI 29° GPBRURSTOR R0 et realkens

CyybetieikiR, i€ HeyClbabladkyl, £2Laalemyl, GBoBdiyclosiuylied ¥itBeyClqalkenyl,
ﬂﬁmi E yl optionally substituted with a C1.6alkyl, C1_6alkoxy, or
e nucleo hile is selected from Cl-, Br, 1", or NC-S-. In

Upt . BB b FoRrfohe ) G A5 ulb G Futyainatieny!
adUalt ﬁ&mﬂﬁﬁwil‘&@ﬁmﬁ@dmﬁf@ﬂy&dﬁ@ﬁﬁaﬂmm arplisathiocyanate

nyl.isothige e. d.the mi ure a
Wsist?j(sb '%Sﬁrégw heg mg% a nUc E(Pﬁﬂe zﬁ/%ﬁ% ? 3 %‘ﬂUcf‘ ;,(ﬂ( y
adylll ovaddryy %@iﬁﬁ&ﬁbﬁiﬁ,t@%t’aﬁw a@mﬁb{iuﬁdﬁ%ﬂkﬁémﬂﬂ ah@al. PI@ tE?N

nucleophile is selected from CI, Br', I, or NC-S'. In particular, the reagent of formula (6b) is
selected from an isocyanate such as isopropyl isocyanate or phenyl isocyanate, or an

isothiocyanate such as phenyl isothiocyanate, or a ketene.

In step d the mixture of (7a) and (7b) is reacted with a nucleophile, typically a soft

nucleophile, followed by acidification, to obtain a compound of formula (8a)

HO
=N
\

A

N
R'Z/R( (82)

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
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O N R'Z (8a) 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 nucleophileé lare aqueous ammonia,
gthviamine. and.20 ethylenediamine. The step of acidification may be
pg}e_rformgg v?iﬁ%oghd%sqau%oc')% 031&?00%6%%&8%‘3 SISO iy ARdiish purity,

CEHsRIbY ek tdacIdMcsitdrs isse ifothre 8% cadiustine R IpE(§0c5 45 the

Aypieally MRS UPN@8:SRs§fheR bhisw@bout 1. Typically, the aqueous acid
is a mineral acid, such as hydrochloric acid, hydrobromic acid, nitric acid,

sulfuric acid, or phosphoric acid. 25 As mentioned above in step d, the
IhtiereBpthitenisstimenf Gghiecii§ driorgamid sohdinmicRaierai.aftersgaction
niey hecnRpleoRNIE G ACKERLS BIGRE 1 ARRANRISG, fllqued by
ngdlflcatlon as outlined above, and extraction Into an organ Bhase, eg.
ethy.agetate. This Il purification step provides a compound of formula
Qr asalt thereof in very high purity, typically, more than 98%, such as

reagted with a nucleophile, typically a soft nucleophile, followed by
raeidi t'ij)g1 to obtain a compound of formula (sb) HO N O N RU'~W (8b)
wherein U',"'W, and R are as defined above. In one embodiment the soft
nucleophile is 10 ammonia, an amine, a diamine, a thiol, a thiolate, a
wisidfiderinvg soivent. sUSHHas ARAAUROUS or . arganic solution. Examples of
soft nucleophiles are aqueous ammﬁon%,e%lg%hd%fgﬁ"%rgg,sgn(ﬁ’ tcTeophife 1
A PRI A PRSP haitiRtaitiors e beapelfont e vatnanqueous or
ormu?hsiamé E@m@smm@% e tuthar b aRisAGidIcalien
HSIRRHRIRGS usting the pH to-<4, typically <3, such as S2, eg_ pH
© ig about 1. Typic%ﬁ{},%%aecg g}q{%éﬁ%n&a 3’? %‘pf%‘fﬂ%dr&‘%ﬁ‘cﬁa,ﬂgaemscys@ustmg
thaRiifeshtdncubrr smpabmanisiecibficatimic aoiftrselityiedicidngriphosphatic

typaeily A% mentoae ,_@g@kﬁﬁ\/ﬁ' nsiep @;&%a@@) tﬂ@&ﬂ%ﬂ?&%ﬁ? 9%1' 3 il?le?’gl acid, such
n a:l;o%%l)%ogg%freferablg}/, after reaction wit tﬁle ’
(]

as nuc%%%osﬁf éa%%%gqueousf FS rfgxéce?fé a%’él&f%ﬁ%é’d E}y)sphoric acid.

As mentioned above in step d (or d2), the nucleophile is in an aqueous or organic solution.
Preferably, after reaction with the nucleophile the aqueoﬁs phase is separated, followed by
acidiﬁcatio_n as outlined above, and extraction into an organic phase, eg. ethy! acetate. This
purification step provides a compound of formula (8a) (or (8b)) or a salt thereof in very high

purity, typicaily, more than 98%, such as greater than 99% according to HPLC (such as the

- Analytical Method HPLC as described below).

In step e {or £2) a compound of formula (82) (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, in a further aspect, there is provided a methed of preparing THIP comprising

reacting a compound of formula ( 8a) or a salt thereof
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acidification as outlined above, and extraction into an organic phase, eg.
ethyl acetate. This 20 purification step provides a compound of formula
(8a) (or (8b)) or a salt thereof in very high purity, typically, more than
98%, such as greater than 99% according to HPLC (such as the

Iytlﬁal Method HPLC as described below). In step e (or e2) a
com yound of formula (8a) (or (8b)) or a salt thereof is reacted with an
ageit; 25 typically a mineral acid, to obtain THIP as an acid addition salt.
he reaction is typically carried out in an organic solvent, such as an
org hic carboxylic acid, eg. acetic acid. Examples of suitable mineral

are hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, or

p%osp oridacid. 30 Accordingly, in a further aspect, there is provided a

m@mqfsmq IS 4RAEL n RY
e P GO Rolaes @W@eﬂ*ﬁ%-%’;?é%aw

kséﬂlfﬁlhé%dé’@)}bﬂi’gl%f“‘ég%dﬁ]@’éﬂ%ﬁiﬁ K&V, 958 NyI optionally

Yswlistitueghdvith one or more Cr_12alkyl, Cr-r2alkoxy, or aryl, Y is 0 or 5,
7806 554,130, Ryer Ci_6alkyl, with an acid, typically a mineral acid, to

obtain THIP as an acid addition salt. The reaction is typically carried out

i arhieiedanitehesid 4n SrgHnTELR AS SRrESER; iy sk dike mamdion is
t}EXﬁH}{)&Gﬂﬂeﬁ suitabie ﬁﬁfgﬁlﬁb&ba&kﬁiSs&Eﬁ hysh %ﬁﬂ&ﬂ@ﬁ@tﬂyb&/ deah E@Tﬁd&étlc acxd.
EQ& ngtr(g a%a%ie%i!:];urr It a4 sd éu%r % roc% Q{C%g Oobséncle ! O %%01

ula IS & Useful interme (%e i the prepa a ion of TH1P!

S‘flfﬂﬁ%?%éﬁé‘dﬂ@ﬁ@h@”ﬁr@sént disclosure. Thus, in a further aspect, there IS

provided a compound of formula (Fa) HON O CN

Since a compound of formula (8a) is a useful intermediate in the preparation of THIP, itis a

further aspect of the presest disclosure.

Thus, in a further aspect, there is provided a compound of formula (8a)

HO -

RZ (8a)

wherein R’ is Cyjalkenyl, Cs. scycloalkyl, Cs. gcvcloelkenv{ acyl, or aryl
optionally substituted with one or more C,. ualkyl Cia 2alkoxy, or aryl,
YisOorS,

2150, S or Cealkyl, or
a salt thereof. In one embodiment R7is  Cagallkenyl, Ciscyeloalkyl, Cs-
scycloalkenyl, acyl, or phenyl optionaily substituted with a Cy_salkyl, C,.calkoxy, or phenyl.

In another embodiment Y is O In anether 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 benzyl.



15 RZ (8a) wherein R' is C2_12alkenyl, C3.8cycloalkyl, C3_$cycloalkenyl,
acyl, or aryl optionally substituted with one or more Cr_12alkyl,
C3_12alkoxy, or aryl, YisOorS, 20 Z is O, S or Ci.6alkyl, or a salt thereof.
In one embodiment R'is C2_6a|kenny|,1 a3.8cycloalkyl, C~ 8cycloalkenyl,
acyl, or phenyl optionally substituted with a C1.6alkyl, C1_6alkoxy, or
phenyl. In another embodiment Y is O. In another embodiment Z is O. In
afurher.enphadiment ¥rand %@Elpﬂtt}f(ﬂr@ﬁgl@ "1PiSels i omAlpene
oéthe above substit ents s cf} s benzyl. 25 12a In another aspect,

t ff?é ‘Lﬁc?f fﬁ

ere (fg'nﬁj’r%\(}?d%nd) A methoy eparing THIP comprising the steps: a)
reacting®compound of formula (2) HO N O N (2) with an alkylating agent
of formula 3 RZ C-L H (3) wherein R2 and R3 are independently

, C1_12alkyl, C2.12alkenyl, C3_8cycloalkyl,
nyl, acyl, aryl, or heteroaryl, optionally substituted with a
.12alkgxy, or aryl, and L is a leaving group, to obtain a
quarternary salt of formula (4) HOO 6 N N+ L R2~CH R3 (4) wherein
L, R2 and R3 are as defined above,
with an alkylating agent of formula (3)
RS
RE-G-L
e

wherein R? and R® are independently selected from H; C, palkyl, Cozalkenyl, Cygcycloalkyl,
Csscycloalkenyl, acyl, aryl, or heteroaryl, optionally substituted with a C,_j;alkyl, Ci.palkoxy,

or aryl, and
L is a leaving group,

to obtain a quarternary salt of formula (4)

. 3
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

AN G
wherein R? and R are as defined above,

c2) reacting a compound of formula (5) with a reagent of formula (6b)



b) reacting the quarternary salt of (4) with a mild reducing agent to obtain
a compound of formula (5) HO O 6NN R2~CH R3 (5) wherein R2 and
R3 are as defined above, c2) reacting a compound of formula (5) with a
reagent of formula (6b) 12b RU~W (6b) wherein R is C,_,zalkyl,
C_rzalkenyl, C3.gcycloalkyl, C3_gcycloglkenyl, acyl, or aryl optionally
substituted with one or more C,_r,alkyl, C,_,2al koxy, or aryl, U is N or
CR', wherein R"is H, or R, Wis 0, S or NR', wherein R4 is H, or R,
ogtioﬁaHWfollowed by reaction with a nucleophile, to obtain a mixture of a
H]pound cm)ﬁormula (7c) and a compound of (7d) RU~WWUR OON

th@re% EkVY gx) ;aziﬁ(elnyéﬂ 3(c7 C(Q W lr (?dn 3050 Olehgry?Xa}l or agﬁ optionally

,2al enyl c clo coa ényl ption
s%‘gétﬂffﬂ?éd"\'ﬁi‘tﬂﬂéﬂéIB?Fmﬁre@(YiZéIWFk@y roanmky or aryl, U'is N or

CRs whergih th;ﬁejﬂ oK, WaS 0, S or NR, wherein Ris H, or R, d2)
re aof g,;c,)s?lnd (’Zd) with a nucleophile, followed by

aCIdeIC’g%IOI‘l o’ Obtain a compourfd of formula (8b) HO
optionally followed by reaction with a nucleophile,

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

B MR

\ \
\O \O

RU w (7c) RU' W 7d)
wherein R is Cy.ppalkyl, Cy.psalkenyl, Csgeycloalkyl, Ci.gcycloalkenyl, acyl, or aryl optionally
substituted with one or more Cypalkyl, Cy.p.alkoxy, or aryl,
U’ is N or CR', wherein R' is H, or R,
W is O, S or NRY, 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)

HO
—=N
\

.0
R wW (8b)
wherein W, U’ and R are as defined above,
e2) reacting a compound of formula (8b) with an acid to obtain THIP as an acid addition salt.

Furthermore, in a further aspect there is provided a method of preparing THIP comprising

reacting a compound of formula (8b) or a salt thereof



10

15

20

25

N O N RU"-~- W (8b) wherein W, U', and R are as defined above, e2)
reacting a compound of formula (8b) with an acid to obtain THIP as an
acid addition salt. Furthermore, in a f%ther aspect there is provided a
method of preparing THIP comprising reacting a compound of formula
(88) or a salt thereof 13 HO .N \O N Ru W (8b) wherein R is
Elkyl, C2.12alkenyl, C3_scycloalkyl, C3_$cycloalkenyl, acyl, or aryl
f R/ substituted with one or more C,.12alkyl, Cr_12alkoxy, or aryl,
'is NH or CHR', wherein Wis H, or R 5 W is O, S or NR4, wherein R4 is
H,“ar' R, with an acid, typically a mineral acid, to obtain TRIP as an acid
ac}d&ion salt. The reaction is typically carried out in an organic solvent,

R&Gch %s a(ﬁb)ganlc carboxylic acid. Examples of suitable mineral acids
ic acid, sulfuric acid, or 10

hIo drobromic
W%g‘mﬁ L4 ﬁdé%é‘&mpbﬁﬁ" @ %Jréhféyi]% &g b 2yl optionally

{% osphoric aC|

SubsteviRe Hidheons ﬂﬁ@?preﬁaraﬂﬂgri 6 Trikexit 8 arvlurther aspect of the
Jpresent disclosure. 15 Thus, in a further aspect, there is provided

U %tﬁﬁﬁﬁdﬁﬁ{oﬂb?fﬁulﬁ(sﬁ) FHONO N RU-—~W (8b) wherein R is

W IS](E}JSZ(%% C 12a|k@n¥ll,= gs;{.’scycloalkyl, C3_scycloalkenyl, acyl, or aryl

» wiidres

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. Examples of

suitable mineral acids are hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, or

phosphoric acid.

Since a compound of formula ‘8b} is a useful intermediate in the preparation of THIP, it is a

further aspect of the present disclosure.

Thus, in a further aspect, there is provided compound of formula (&)

HO

R w (8b)

wherein R is Cp.palkyl, Cyppalkenyl, Cs.seycloalkyl, C; seycloalkenyl, acyl, or aryl optionally

substituted with one or more Crzalkyl, Cy.palkoxy, or aryl,

U'is NH or CHR', wherein R'is H, or R,
Wis O, S or NRY, wherein R’ is H, or R or

a salt thereof. In one embodiment R is Ciealkyl, Coalkenyl, Cs seycloalkyl, Cagcycloalkenyl,
acyl, or phenyl optionally substituted with a Crealky), Calkoxy, or phenyl. In znother

- embodiment W is O or 8. In a further embodiment W is NR*, wherein R* is H, Cyealkyl, C,.

salkenyl, C;geycloalkyl, Csscycloalkenyl, acyl, or phenyl optionally substituted with a C,.
calkyl, Cy_qalkoxy, or phenyl. In a further embodiment U’ is NH.



substituted with one or more Cr.r2alkyl, Cr_12alkoxy, or aryl, 20 Uis NH or
rein R'is H, or R, Wis 0,Sor NR, wherein R" is H, @
wo%@%%%@%lﬁone embodiment R is C1.6alkyl, C2.6alkenyl, C3 scyc%&?&msm
C3.seycloalkenyl, 25 acyl, or phenyl optionally substituted with a
E,@gnﬁﬁlm fa¢6alkoxy, or phenyl. In another embodiment Wis 0 or S. In
rther embodiment W is NR, wherein R" is H, Cr_6alkyl, C2. 6alkenyl,
T*Eéu Ueyg AmIos Wy ERsahionIusEat, rigHe SyIRSHimemnyPE dissinyretpn and
showith (it rebdbeylinGrinpalikaxyposiphanytioln a further embodiment U' is
NH. WO 2005/023820 PCT/DK2004/000579 14 Experimental part The
foIIowm examles are meant to illustrate various embodiments of the
QYK HIE fo LR BE9s8stead as limiting the scope of protection. 5
Overwew of the HIP to THIP process HO HO HO N. ..N\0 83% O 82%
0 BzBg/NMP | (NaBH4 N,MF EtOH Ph Ph 0\'-Q1 0 Meococl 0 O R
(Bac)20 0~-0\~0-~0>s 0~0JJ _NN MNMN1@@-4-0 Me OI'J~

OMe ~ P\Pm31&%NH40\Hch@£_‘.QCI -0lQ_ ®'N,pOO0 N

L)L)

l ) BzBiNMP

\ ~=N
(o] \
+ +
N N
N N
}\ Me )\ /Me
- o] O
O O kPh Ph
3 1 3 1
M
o l e0OCOCI
)

O

O

\]//
O

N SN
=N {
S 2L
e
N N
Me
0)\ O/Me OJ\O
1/ Phase separation 3 : 1
21 Acidification
3/ Extraction
e HO
NP =N
=0
T —————— =
1 HBr/ACOH
Me  2EtOAc N .HBr
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0 NH40H/H20 O N ~4 + R'OO 6~0 Me O~0OMe 1/ Phase separation 3 1
ihification 3/ Extraction HO HO ON O N 1/ HBr/AcOHﬁé %%f
W%ﬁ%ﬁgj ggzl\:}e WO 2005/023820 PCT/DKSZO 04/0005 74 15 ﬁff’ ica Dooas7o
Method HPLC HPLC analyses are per tdrmed according to the procedures

Afasssibedreglonvippgirument Varian ProStar System Pump Model 230
‘D—e%ror—UV‘M—d—FTIO Autosampler/Column Oven Model 410 Star
Hehtothansar 2 ianesatrondan M eroseduseplatsetbrd 20 urn

Column Merck LiChrosorb RP8 250x4 mm, 5 m Column Temperature 35

hila Phaca \Watar/Acetonitrile 50O

Ao
CTVTOIOTT

50: huffered.to._pH=3 IIQInﬂ

Gradient No Gradient; Isocratic 5 Sta

I‘ﬁ%ﬁ?ﬂ%&%ﬂé’ﬁ?@%ﬁm Vqum]ePHfEBt&P‘i@ PEin time 10 min

noRteckRiega aiede] 310
Autosampler/Column Oven Model 410

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 H3PQ4/NEt;

Flow 1.0 mL/min

Volume injected 16 pi

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-

¢Jpyridin-3-ol (HIP)
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To a small sample (0.1 < mg < 1.0) was added ca. 1.2 mL mobile phase,
ple was shaken until dissolution was complete. ical
W%éggﬁgd?o The sample was injected, and the area of the %@é&gg’eﬂé‘@“sw
was measured, as was the total arealfhe product assay was calculated
EV‘;’.,ith lirg%formula: Assay% = Sample Area/ Total Area. 15 In example A
SIYViS described a method of preparing the intermediate isoxazolo[5,4-
c]pyridins3-ol gHIP) WO 2005/023820 PCT/DK2004/000549 1@'\Example

O &0OH OH NaOH + NHZOH,HCI --~ H20 N~%; OH

N-Dihydroxy-isgsj¢cotinamide 5 To a stirregjoauspension of methyl oy
3-hydro icotinate (133 ;’[1{{%5 mofi‘m waterlllce (50450,™3700 mL),
was add roxylamine ‘h¥/drochloride (127.9 g; 1.84 mg)])..Ehe

temperaturl\é fell to -5 C and then aqueouszNaOH solution (4'5‘4 mL, 28%
3. vdoadidedcelfopwiie keeping the temperature below 5 C during the
addition. Hereafter the reaction mixture was stirred at ambient

temperature for. 1.5 |t followed hy heating to 60 C. At this 10 temperature
TR BEFIVEREARRCE RSBy b N aasre s (1868 hiurpe Bt

(SQYEOMY7 (it malbiickap eddt:d Hydenay loreciptederdbfonge THY LegctivhmoixiUie was
teli3tE e qh amibienk mgﬁr@éw%@i%%%ex &39'ing, 5%;5?1%@59%3&8

was then adjusted to 4.0 by the addition of aqueous h}/;roc cid
AR RS SRR Bold Fortermg kherafdibipps fhrsealier dnencsion
moffurineadtvitd watebitaoeh@mile thied ardhestdaryapaihen doied, urthrr

At fedvcedRIESSIE ANt 4% b e HAIIRE 10, Blve ic aci
teSR—éﬁyJ‘?o?ﬂonﬁ:é%%ﬁamgﬂ?e (%%9.339'a (9 ggéé}oo ﬁ%ﬁ%lsp}gr?try? %%%f g(gda(l_o M)
atyuiteh $61R 2NIRARY dEreiPiRtoRY DS erdien 256ty sShermtimetia agbient
tedipRritd)e Eldwek bydodiihly}, °8. 3B Uil w)s habadfdsted by aarbpemkdaditiods
2R 1O RES REKUBRII NS Ha then was stirred whilst cold for 1,5 h. The crystals
were filtered off, rinsed with water (3 x 100 mL), dried on the filter and then dried further at
reduced pressure and 40 °C overnight to give 3,N-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.

Os N
\OH HO

OH A

N e
—
N

Isoxazolof5,4-c Joyridin-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 (DCT)

(66.4 g; 0.41 mol. The reaction was stirred over night at ambient temperature.
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O NOHHO _4 OHO N N Isoxazoio[5,4-cjpyridin-3-ol (HIP) 25 Method A
1, suspension of 3,N-dihydroxy-isonicotinamide (50 32 mo
wo R /515556 susp yaroxy-
in DMF (300 mL), cooled on a water bath at ambient temperg%}roem\?vz‘gg“) 00579
added carbonyldiimidazole (DCI) (66. y g; 0.41 mol. The reaction was
t ér{% (%5%% %v8%7%9§]t_r)sl}?%tqt%mgc? '}alte %ﬁeg\é(g?szsgro at%a%zandt resx&ue was

e next day Vent was removed

- dipsplyedn praissend eacky cnaderd The M gifithe swhsiogisdlbdanadianeddnd.S by

theQalBEARIGE fhe RERibs &q{ymfaehﬁen% es. adinsteth ot ﬁbﬁeéﬁsd
dition of uequs.solution of h chloric acid (ca. 65 mL, 10
e e Ay ki e R e SR
regwap dratsch (AN, 2/B led lomies i remgv e fitmossod HiMied chinledysualice for
obtaEUIAR R OIS AR e, e Hﬁ%&%&?ﬁ%ﬁlﬁ&\é@ﬁﬁd@?ﬁ%ﬁ%'ce

with water and twice with ethanol and dried under reduced pressure at 60
Presve Ah Ehi P YrtriguR S Bidis azelplrtimiryréling of ¢ 1 Jezost 4 BELSupitsity
>9800, Y4 asdatvkitel solid. NMR data: 'H-NMR (DMSO-d6, 250 MHz) 8 =

Mé‘%%égasl-;)%%g%nﬁ(@{%$d% #Q%O%CHOJM E)%-él‘ae(?(ﬁl %@K}%%W Hz),

9.88/(thhe)@B00 mL) that had been vigorously stirred for 15 min. to ensure
an even suspension, was cooled on an ice- 15 bath to 5 C.
Thiogﬁlchloride (241 g; 2.03 mol) was added dropwise over 1 hour whilst
ning the temperature below 10 C and the reaction was checked for
Aunspacied stadiniihvdateriabhiyameamsofl tieshy @foxathic meiditest (00mL) that

ha’é%@é&v‘:@d%ﬁ%%&%ﬁ Rﬁ'%%m @o@%ﬁﬁ% SRITRISREHANA o8 T0RGE HiAce-

colour was produce roxamic acid was present). After the addition
IS Sy BB e oA RGP ER375] 48 e

muﬁlwmmgz&uaﬂmmmmtdemﬁrm&av&cﬁohws dHaekeadotiomdauwd E&trtmg

mX‘(géaP% ';% tgf %Kﬂr@fmk&%‘ﬂ%@& Yg& & lﬁcﬂ I&rﬁ(ﬁl% thgd?[d 3 re ction

sted to 3 with concentrated aqueous hy OI’IC aci

Samylmé@ﬂe%mm etipuranpsgaduecshi ltwé*wmr@cm@s present). After the

addition was complete the cooling bath was removed and the reaction was allowed to warm
up to ambient temperature over 1 hour. The reaction mixture was poured into 2 kg of
ice/water with vigorous stirring and the pH was adjusted to 3 with concentrated aqueous
hydrochloric acid (ea. 1.1 L, 10 M). The title compound crystallized 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 diethyi ether and dried under reduced pressure at 60 °C overnight to give
isoxazolo[5,4-c]pyridin-3-0l (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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stirred on an ice-bath for 2 hours. The mixture was filtered and the residue
WOVX%%W gd with water, ethanol and diethyl ether and dried %n%er 004/000579
reduced pressure at 60 C overnight to give 25 isoxazolo[5,4-c](f))/rl?aﬁ?i-§-c())|0
(123 g, 83 %; HPLC purity 98 %) as alWhite solid. NMR data; 'H-NMR
E,@.M}?eol-d& 250 MHz) 5 =7.84 (1H, d, J=6 Hz), 8.53 (1H, d, J=6 Hz), 9.08
(1H; s) ppm. WO 2005/023820 PCT/DK2004/000579 18 Example 1 ar
HO HO -N,Np 6 0 83% 91 % pure (N' NMP Na Br
6-Benzyl-3-hydroxy-isoxazolo[5g4-cJpyridin-6-ium bromide 5 To a stirred
solution of isé¥yzolo[5,4-c]pyridin-3-ol ( g, 367 mmol) in NMP (100 ml)
was added benzyFbromide g,441m ropw@%apidly. The thick
solution was stifegd for 24 h.The mixtur en a Slesvly to
acetone (1.5 @ stirring, apgh the soljjtion was seeded. Stirring was
continued at romn temperature for 30 min;@ndgihen for a 10 further 1 h in
an ice/water bath. The mixture was filtered lthe residue was washed with
acetone and then dried under vacuum to give
6-benzyl-3-hydroxy-isoxazolo[5,4-e]pyridin-6- romide (94.1 g, 83%;

PLC:.91% pure) as ite_crystalline solid. NMR data: 'H-NMR
G"Fﬁﬁ’g‘éi’é’é{)’ ‘?HO’ } é‘;@@%?é@’%:%%%t "BYBH, m), 7.6 (2H, m), 8.54
(1H, d, J=6 Hz), 9.03 (IH, d, J=6 Hz), 10.15 (IH, s) ppm. 15 Example 2 HO
TdHQifel soKon & NGBEMO3 4-clpyridin-3-0l (50.0 g, 367 mmot) in NMP (100 ml)

was added benzyl bromide (75.4 g, 441 mmol) dropwise rapidly. The thick solution was

stirred for 24 h. The mixture was then added slowly to acetone (1.5 L) with stirring, and the
solution was seeded. Stirring was continued at room temperature for 30 min, and then for a
further 1 h in an ice/water bath. The mixture was filtered, the residue was washed 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 (DMS0-d6, 500 MHz) & = 6.03 (2H, s), 7.4-1.5 (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, a9

85 %
EtOH/H,O 94 - 98 % pure
N

6-Benzyl-4,5,6, 7—tetrahya‘ro-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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85% _ EtOH/H20 94 - 98 % pure NBr N 1\\ 20
,5,6,7-tetrahydro-isoxazolo[5,4-cJpyridin-3-01 To 3& 000579
Wo?cgﬁjgt}l%%% 6-benzyl-3-hydroxy- |soxazolo[5 4-c]pyridin-6-ium brom| ?g
g, 303 mmol) in ethanol/water (500 mL/SOO mL) was added NaBH4
pilpre utlousl ort| nw. lé]géa the temperature
W{‘}ﬁg gf% éc,gg é%inautlo# agoarehrg lc(‘:)vréi{ Adc |t|on()l J?1'Ir?1| Sturs W ég {ipfdhergihancl
haﬁzFYPP?Wéﬁﬁn ixterbidbagante reecipitieiiad ssibaenivtusavestrodiedith MV @c-water

bRODABIORFBAR stjwam@%m@@zm%l Fr?ﬁg‘ﬁ%m?%%ﬁ% Wl Cotd
vaporated under I ure u of the ethano
“evaporated. A 89 egaf to preC| {]ey Ghips ghoRtiorarelolad-chytidim ol
(4818 E}&W&t@?%ﬂi‘%lmfgilﬁﬁﬁgffB@‘B@?rﬁﬁthhﬁ@@mn@ﬁmm ditbpredicand the
ccﬁh&ﬁ@&ﬂ@&éﬂ@i’%dﬁ?@hQ&Wﬁh%@a%ﬁ@{sﬁfzﬂaﬂQG@%Qk?E@IL{!éﬁ?fSdeﬁ?egge
nzyl 0-isoxazolq C In-3-0 0
N MRS ORGSR e i 2 0B mtan R
3.4 2Bo s @i exhe2iglitis, m)sétar(ditay) gave a further 10.3 g (HPLC:
97.7% pure). NMR data: 'H-NMR (DMSO-d6, 500 MHz) S = 2.3 (2H, t, J=6
Hz), 2.67 (2H, t, J=6 Hz), 3.45 (2H, s), 3.7 (2H, s), 7.2-7.4 (5H, m), 11.3
E’(iﬂp'ﬁsﬁ ppm. 10 Example 3 HO HO _NO _N \ {(Boc)20/DMAP} 0
58-68% N >99 % pure N MeOCOCIIDIPEA N HBr H HBr/AcOH | 4,5,6,
7-Tetrahygo-isoxazolo[5, 4-c]pyridin-3-o/ hygg)bromlde 15 Method A To
a stirred soltg of
6-benzyl-4,5 Qjmetrahydro isoxazolo[5,4-e]pyridin- %ol (11.5 g, 50 mmol)
and DMAPF (0.1 g, 5 mnﬁﬁ??h‘é’ﬂm%}cetate 0071L) unglersa gitrogen

atmosphe >99 % pure

N MeOCOCUDIPEA E HEr
K(j) HBrIAcOH
4.5.6,7-Tetrahydro-isoxazolof5,4-cJpyridin-3-0! hydrobromide

Method A

To a stirred solution of 6-benzyl-4,5,6,7-tetrahydro-isoxazolo{5,4-c]pyridin-3-ol (11.5g,50
mmol) and DMAP (0.61 g, 5 mmol) in ethyl acetate (100 mL) under a nitrogen atmosphere
was added a solution of (Bof:)zo (16.4 g, 75 mmol) in ethyl acetate (20 mL). After 30 min
was added DIPEA (4.35 mL, 25 mmol) and 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% wiv, 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 mixfure 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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was added a solution of (Boc)20 (16.4 g, 75 mmol) in ethyl acetate (20
IEEP)SQ 30 min was added DIPEA (4.35 mL, 25 mmol) an q‘%ﬁ 00579
ormate (7.73 mL, 100 mmol), and 20 the mixture was stlrre %8
h. the mixture was cooled in an ice- W%l?er bath, and an aqueous solution
m&bammonia (25% wi/v, 120 mL) was added. After 15 minutes the aqueous
—_pha3€é was separated, and was adjusted to pH 1.0 by the addition of
Toé‘qﬁﬁ‘ért‘}%%%‘?l}&%ﬁé”&bﬂ&&@W“Wﬁ%ﬁﬁ%@?%ﬁbmémﬁaég, 10
mriwiLi wiih] etieydta(2date.) andkihesegenmbingiexastadaerrdied eVarL. 15
n I va ate nder educed ure.
m@@é@é‘?ﬁéﬁs L?gl w&ags% sol\& tﬁg\f};& s§ o gasee“&lﬁ(s Al SE{) ‘i‘sf opdRip-
the s Ryaseppied Imprisaevaisndate wa@smr@auatsmt@tf@f &1oems. (Thes w/v,

30 FAiXfus mdhaﬁsaqeladnm@mh@@qmt@rphﬁbwmd;ﬁﬁﬁk%@%@Q@ iWARS to

forme he mi tirred in the cold for a
pH%d#r?grt ¢ £)c@he ‘mixt {rlgo\)lv%%' tere0 Cao&‘s L‘] m%%’vva%?ﬁg%ﬂ]@ﬁwm cold
exfé%ﬁaﬁﬁwaﬁdﬂmm@v@@s%}wmmﬁw@@dr@;zw[&dm]cpwmmmus
malyeliabr amide 2(16(!4:@31)5&%(3 %H@é&c?@&&ﬁ%%&lwwﬁQk@()l\%(djm a
sol 9815{39235820 T/%K%QO%? §1/9 ? d B To a stirred solution of

B-Benz A S5, 7-lettahrydrdSis xazo ols HEfA- BEIP PV AT A B 40

°C ﬁm&ﬁxﬂu&cé@@@@mwym@ p@hdmg@ncatwmgdbmheawheﬂaddb(dﬂxi%s
addes 6&%@01}5’5&?8%&? dideihylichlereioumalg ﬁ?tﬁe%d o el fadihe

mixture w eé for 48 h. 5 the mixture was cooled in an ice-water

S
MU VAR & e b aiRisASOTAhshEie ek Shanpl and oAt S Adbd:
tetralftelr d-SonimolelsS thelpitodsphalsebwaseapanieds andtwes mﬁ%t@g}dpas a
W 1 ! 1 )
hgﬁgggg v?gé%éx%rdﬁ:%ep t%?%%@t%?a%ﬁ%%& anégtﬁ%égl}%c mbmedué%%li%
Eg%tr%{f f-were dried over anhydrous magnesium sulfate and evaporated

NMBdetr MUMQIMSUYQ6B% resigus-wes digsolrarkin s 59 golutign 6%2)’
4. ﬂ?ﬁogcgryfr lgﬁ%e |c acHIé 3%1¥¥/¥) 6.3 mL), and the mixture was stirred

8 rours e miktlife wag® ﬁ’gﬁ’cooled in an ice-water bath,
and ethanol (25 mL) was added. A precipitate formed, and the mixture
was stirred in the cold for a further | 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 (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). NMR data:
'‘H-NMR (DMSO-d6, 500 MHz) 5 = 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 PCT/DK2004/000579 21 WE CLAIM: 1. A method
wolhRRarHpg THIP comprising the steps: a) reacting a comp% 04/000579
formula (2) HO N 0 5 N (2) with an alkylating agent of formula § i‘
R? H-L (3) 10 wherein R2 and R3 arélindependently selected from H, C1
W&?@mﬁwgz.ualkenyl, C3.8cycloalkyl, C3_ecycloalkenyl, acyl, aryl, or
eteroaryl, optionally substituted with a C1_12alkyl, Cj_ 12alkoxy, or aryl,
and L is a leaving group, to obtain a quarternary salt of formula (4) 15 HO

1. N Betlod 6 pRRA(GIrAiressinkisiR2mnd.R3 are as defined above, b)

2) @%%1[%% E%?n %JP%Q%@%%S%I@f (4) with a mild reducing agent to obtain a
compaund of “formula F RN
—N
\
O
2
P
5 N

with an alkylating agent of formula (3)

3

R
Rz——é—l.
(3)

10 wherein R? and R are independently selected from H, C,.p,alkyl, Cy.qzalkenyl, Cyqeycloalkyl,
Cyscycloalkenyl, acyl, aryl, or heteroaryl, optionally substituted with a Cy_p;alkyl, C,.
palkoxy, or aryl, and
L is a leaving group,

to obtain a quarternary salt of formula (4)

15
CH
Rz/ I
R @
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
N
\
O
=
)
Rz/?:l
20 R %)

wherein R? and R? are as defined above,

¢) reacting a compound of formula (5) with a reagent of formula (6a)
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WGP aund of formula (5) with a reagent of formula (6a) WO

O N RC 20 R3 (5) wherein R2 and R3 are as defined above, c) reacting

L PCT/DK2004/000879 22 Y RZK X (63) wherein RPjs004/000579
C1.12alkyl, C2.12alkenyl, C3. 3cyc|oal|%§/l C3scycloalkenyl, acyl, or aryl
optionally gubstituted with one or more C1.i2alkyl, C1_12alkoxy, or aryl, X

is a leavingy group, 5 YisOorS, Z is O, S or C1.6alkyl, optionally followed

by redtfon Witfgg nucleophile, to obtain a mixture of a compound of

rmug(‘%? ﬁl(P'eln cnﬁd%;bgigil%ém’é’ﬁyobo@(ém%'\l %lchfl) B (7a)

OptiSRBMY melﬁbﬁw{m@ﬁbleéﬁﬂé}mﬂﬂiﬂm Wa/éadlflcatlon to
xobtaigkdgoprReund of formula (8a) HON O N RZ (8a) 15 wherein Y, Z,
VA |§r '§1re as defined above, e) reacting a compound of formula (8a)

2150, 5 or Ciealkyl,
optionally followed by reaction with a nucleophile,

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

R'Z
>—ZR
R 2 (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)

HGO
—N
\

a0

N .
N g

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

e) reacting a compound of formula (8a)

with an acid to obfain 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, phenyi,
methoxyphenyl and

L is selected from Br, Cl, I, OMs, or OTs.
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35

with an acid to obtain THIP as an acid addition salt. 20 2. The method of

wolfighhyyherein step a) is carried out in a polar solvent, such

f)’f’)\ﬂgoéﬂoeosm
The method of any one of claims 1-2, step a), wherein in thega(?ky ating
agent of formula (3) R2 and R3 are iftdependently selected from H,

o TR e PR R IRbehoBsaA0 P KaCoBGee F6 e

EtITBeBn gt OC B BrwiltBin ik thdlopratimgralirannotyloren (RMQ)ois

tospEigetesrisom Mel, Etl, BzBr, p-CH30C6144CH2Br, allylBr, and the

corresponding mesylates (OMs) and tosylates (OTs). 5 5. The method of
any one of claims 1-4 wherein the reduction in step b) is carried out in
5. Hieohohadhof watenenfchass dgtwbersietthanalugichihe stap thoe wfragdyoohe of

alcS@@ﬁMtW%@Qstﬁlﬁngﬂugéﬁ%!ng agent in step b) is LiBH4 or NaBH4.

10 7. The method of any one of claims 1-6, step c), wherein in the reagent
of formula (6a) R'is C1_12alkyl, C1.12alkenyl, C3.8cycloalkyl,

6. T2 iBayctostkenyheadidiabnary’ epticiaibye subbtéditadg withtarGlepIatkiaBRH,

2alkoxy, or aryl, X is selected from Cl, Br, I, 15 Yis0,orS Zis0,orS. 8.

The method of claim 7, step c), wherein the reagent of formula (6a) is
selected from C1. 12alkyl chloroformate, such as methyl chloroformate,

7. Eliayhehlarefarnade odtiathiy! 126, shjorpthielarmatie: Ragdae snNRiadaqbe)dms

. G L R o RS AP IREER Fcn

with 2 O yeidietbroetitfieaybervaté/carbamate, and then reacted with the

X ieagendatderauis (6a). 25 10. The method of any one of claims 1-9, step
d). wherein the nucleophile is a soft nucleophile, such as aqueous

Y 150, or 8. . . ) s
amimonia, an amine or diamine (such as methylamine, ethylenediamine),

Z fiblst Hhiolates, sulfides, in an aqueous or organic solution. 30 11. The
method of any one of claims 1-10, step d), wherein the reaction with a

nucleophile is
8. The metﬂod of claim 7, step c), wherein the reagent of formula (6a) is selected from C,.

i2alkyl chloroformate, such as methyl chloroformate, ethyl chloroformate, or ethyl

chlorothiolformate.

9. The method of claim 1, step ¢), wherein a compound of formula (5) is first protected as a
carbonate or carbamate, such as a t-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.
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followed by acidification by adjusting pH to <5. 12. The method of any one

woosainsh-11, wherein step d) after reaction with the nucleo Nﬁlﬁk&g@ 4 /000579
agueous solution is followed by separating the agueous phase, fo

by acidification 35 with an aqueous 4cid, and extractlon |nto an organic

05/023820.PCT/RK2004/000579 24 1 alrilOd of any
13 gﬂg o] ﬁ?{i\lms T%Lgne Oﬁe{r%élrﬁsi c%fnp%ﬂ%’& o??mrpr?fma? f Kl a"é@ haesrae%f
thaegiurifiedfisg byprowssss of maﬂmﬁmm@nbaﬁﬁag@q@ﬁnother. 14. The

method of any one of claims 1-13, wherein a compound of formula (8a) is

obtaine in high purijty, an 98%, preferab y eat 99%
14 RDRAHGIS HPL E SRSt T B FEEPOPE e 4 e
in bigippeyily, cagrictaoR8lsiptgfarthinarsdtaciban f@"/’oﬂammwtgﬁﬁ?b@armg a

compound of formula (2) HO _N 0 10 N (2) comprising reacting the

compound of formula (1 éﬁ%) HONOH OH N ()10) 15 with a deh dratl 4
15a£’é%‘i’“’t3‘?§b‘f£ﬁ’?%8?ﬁ6 S HOPUSTES) SIS CBIHP ﬁ‘hd‘%% RETA™

HO N O 20 N (2), or a salt thereof. 18. A method of preparing THIP
16CRMRARIRYFHRALRCLE CRBAMNGr @R ¢ (82) or a salt thereof HO O

HO
—N

A
O

3
l o
N @)

comprising reacting the compound of formula (10)

0. _N
“OH

OH

NG
| —
N (10)

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

17. A compound of formula (2)
HO

or a salt thereof.

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

thereof

HO
—N
\

a0

iN

R'Z& (8a)
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N 25 R Z (8a) 25 wherein R'is C2_12alkenyl, C3_gcycloalkyl,
C3.8cycloalkenyl, acyl, or aryl optionally substituted with one or more
Ci_12alkyl, Cr_r2alkoxy, or aryl, Y i< or 5,and Zis O, S or Cl-6alkylene,
5 with an acid, typically a mineral acid, to obtain TRIP as an acid addition
salt. 19. A compound of formula (8a) HO _N O N R'ZAY wherein R'is
wiggin Ralkénylal&318cclontkyd kg3 Gayridedkenyl, oyl powrsiyboptidiyally 10

suBMRSHamH W PR QTNURGICI 28R, Ghahi2alkoxy, or aryl, YisOors,
Zis 0, S or Cl.6alkyl, or a salt thereof. 15 20." A method of preparing

Yilslﬁﬂlgrcgoﬁi’ﬁirising the steps: a) reacting a compound of formula (2) HO N 0
Z N@2pwith anlalieyitating agent of formula (3) R3 R? C-L 20 H (3) wherein

wiEBRIE3 Ace indsnendently SEIGGRA TR HnGld 28y, G, J2atkeny!

C3_gcycloalkyl,” C3_gcycloalkenyl, acyl, aryl, or heteroaryl, optionally
1osubstitpted vithafels 18alkyl, C. r2alkoxy, or aryl, and 25 L is a leaving

group,

—N
\
=0
N

_—
wherein R’ is Cy.palkenyl, Csgeveloalkyl, Cygeycloalkenyl, acyl, or aryl optionally
substituted with one or more Cy_pzalkyl, Ci_palkoxy, or aryl,
YisOQorS,
Z1is 0, S or Cyealkyl, or

a salt thereof.

20. A method of preparing THIP comprising the steps:

a) reacting a compound of formula (2)
HO

N (2)

with-an alkylating agent of formuia (3)

RS

R%mé:
c-L
(3)

wherein R* and R’ are independently selected from H, C.qalkyl, Cy pralkenyl, Cygeycloalkyl,
Cigeycloalkenyl, acyl, aryl, or heteroaryl, optionally substituted with a Cy_.palkyl, Cy.
1zatkoxy, or aryl, and

L is a leaving group,

to obtain a quarternary salt of formula (4)
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20

to obtain a quarternary salt of formula (4) WO 2005/023820

woPR§ukkaH04/000579 26 HONO NL R21CH R3 (4) Wherg%gﬁsﬁ? 0579

R3 are as defined above, b) reacting the quarternary salt of ami

reducing agent to obtain a compound“of formula (5) HO -N, N R2~CH 5

R3 (5)4yherein R2 and R3 are as defined above, c2) reacting a compound

with a reagent of formula (6b) RU~W (6b) wherein R is

.12alkenyl, C3gcycloalkyl, C3_scycloalkenyl, acyl, or aryl
optiondlly 10 substituted with one or more Ci_12alkyl, Ci.,2alkoxy, or aryl,
Uis N B wherein R"is H, or R, Wis O, S or NR4, wherein R is H, or
R, optio%ﬁlly followed by reaction with a nucleophile, to obtain a mixture
of a agfmpound of formula (7c) and a compound of (7d) RU'~W W O 0
~UR NNO® NN 15 RUAW (7c) RU'AW (7d)

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

N
Rz"??
R (5)

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 Cy.iaalkyl, Cy.ppalkenyl, Cygeycloalkyl, Csgeycloalkenyl, acyl, or aryl optionally
substituted with one or more C,.;atkyl, C,.j;alkoxy, or aryl,

UisNor 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 (7c) and a compound of (7d)

RU'
);W wW
o) 0 >‘U'R
N N :
Y Y
P P

A
RU w (7¢) RU' W (7d)
wherein R is Cy.jpalkyl, Ca.ppalkenyl, Cygcycloalkyl, Cy gcycloalkenyl, acyl, or aryl optionally

substituted with one or more C,_jzalkyl, C,.;2alkoxy, 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,



10

15

20

25

30

wherein R is C,.12alkyl, C2.12alkenyl, C3.8cycloalkyl, C3.gcycloalkenyl,

WO%B/@;?%M optionally substituted with one or more C, 42a|k5gl(z,l ﬁgr%%‘)m

oraryl, U is N or CR', wherein R1isH, or R, Wis O, SorN erein
R"is H, or R, 20 WO 2005/023820 P%E'T/DK2004/000579 27 d2) reacting

e mixture of.(7c) a d ucle fo acidif catlon to
o S S R R e el
obitid Rearpend ef ifemubdtlo, 5 e2) reacting a compound of formula (8b)
with an acid to obtain THIP as an acid addition salt. 21. The method of
clai wherein step a) is carried out in a polar solvent, such as NMP. 10
2 thethod of any one of claims 20-21, step a), wherein in the
alkylating agent of formula (3) R2 and R3 are independently selected
fro , methyl, ethyl, allyl, phenacyl, phenyl, methoxyphenyl and L is
selggted from Br, Cl, I, OMs, or OTs. 15 23. The method of claim 22,
Righerelh tigebalkylating agent of formula (3) is selected from Mel, Etl, BzBr,

wheS e?}%@%eliﬁg:ﬂ%%rasadéﬂgerd g&%he corresponding mesylates (OMs) and

tosylates "(DTs). 24. The method of any one of claims 20-23 wherein the
reduction in step b) is carried out in 20 alcohol and water, such as

eHRROUS Sthapolindmf Thennetiovahanyne obeinmsIRAs24 wihkiedtitiesalt.
mild reducing agent in step b) is LiBH4 or NaBH4. 25 26. The method of

2 PO CRINER 03l EPsfep)a) MNGIRIN IBuheE 4 GBRE SO founias (Rgp.
R is Ci.6alkyl, C2.6alkenyl, C3.gcycloalkyl, C3.8cycloalkenyl, acyl, or

yl 0 lly subsiit ted #(ac .6alkyl, C,.6alkoxy, or phenyl U is
2R o R e A A e AR e g e of
fo@@u@r,@dlﬁéﬂ@rﬁz ,aaz:yigiependently selected from H, methyl, ethyl, allyl, phenacyl,
phenyl, methoxypheny! and ')

L is selected from Br, Cl, I, OMs, or OTs.

23. The method of claim 22, wherein the alkylating agent of formula (3) is selected from Mel,
Etl, BzBr, p-CH;OCH,CH,Br, allylBr, and the corresponding mesylates (OMs) and tosylates
(OTs).

24. The method of any one of claims 20-23 wherein the reduction in step b) is carried out in

alcohol and water, such as aqueous 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 Cyealkyl, Cygalkenyl, Cyecycloalkyl, Cygcycloalkenyl, acyl, or phenyl optionally
substituted with a C, qatkyl, C;.¢alkoxy, or phenyl,

Uis N or CR', wherein R' is H, C,_calkyl, C,.calkenyl, Cigeycloalkyl, Cyseycloalkenyl, acyl,
or phenyl optionally substituted with a Cysalkyl, C,.salkoxy, or phenyl,

W is O, S or NR®, wherein R* is H, C,.¢alkyl, C,.calkenyl, Cs scycloalkyl, Cyscycloalkenyl,
acyl, or pheny! optionally substituted with a C, salkyl, C,.¢alkoxy, or phenyl.



10

15

20

25

30

wo\évg@gz

or phenyl optionally substituted with a C1.6alkyl, C,.6alkoxy, or phenyl, 30
3?26” NR4, wherein R4 is H, C1.6alkyl, C2.6alkenyl, Cg(.%c cloalkﬁ/l,
gcycloalkenyl, acyl, or phenyl optionally substituted with ‘a _%Qé)ﬂ(‘ﬁ'; ,06579
C1.6alkoxy, or phenyl. WO 2005/023820 PCT/DK2004/000579 28 27.
The method of any one_of claims 20-26, step c2), wherein the nucleophile
s L dabad pbmcane st oleisr NS slops Zh e rathba BIckiptilds oFetdsihs
fr2f-27, Btep,c2 N@4%erein the reagent of formula (6b) is 5 selected from an
isocyanate such as isopropyl isocyanate or phenyl isocyanate, or an
isothiocyanate such as phenyl isothiocyanate, or a ketene. 29. The ‘
2§nEhaaerded afitrp ore rlis e ys ahiéfeiPR LontiEtiBe Tersrehat @ ma i eb) is
sqitarteiciecthas isocpnbonatehas dapbapyiatecauel: a8 ghdnrjdutybyaate, or an

B HiRlRg! ﬁ%@ﬁgmé‘ﬁ%%%%@%%% @t 10 then reacted with the
reagent of formuia (6b). 30. The method of any one of claims 20-29, step

d2), wherein the nucleophile, is a soft nucleophile, such as aqueous
2B MHaGRthod bERIME 0! liproinesfaiéin asompthyiben anelhy)ensdigmirekd as

thiols, thiolates, sulfides, in a eq organic solution. 15 31. Th
R R S

themeseeiph ivathishorraesst dyasiFit@on by adjusting pH to :55. 32. The
method of any one of claims 20-31, wherein step d2) after reaction with

he, 20 nucleophile in a ue olution.is followed by separating th
e L S YT R Ak AT e BTSRRI o
neoterpbiionsittoas pdueganicpioate a8 8niFisemdathog Gluangsomshofaolaims

cRP3RAMIRISI Ao MM ffarmiiad BRl8Lfosalialle i purified by
the process of extraction from one phase to another. 25 34. The method

of any one of claims 20-33, wherein a compound of formula (8b) is
3 blieerrecthid higihypurityf chone #0a30 2860 dprefdrabty thieeedaidthaitiOfaclecophile

ingﬁgm:i@wgcm%gioﬁ%ﬁ;a&mgmtg@ny one of claims 20-34, wherein

step e2) IS carried out using a mineral 30 acid. 36. A method of preparing
THIP comprising reacting a compound of formula (8b) or a salt thereof
IWhOGMPIIRY e S DK O0OBHAeid 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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Wocige?ﬁ%%%lkyl’ C3.3cycloalkenyl, acyl, or aryl optionally sub%i:%ted with
W

HO N \ O N RU"~W (8b) wherein, R is C1.12alkyl, C2.12alkenyl,

120064
s n/€*€]0579

one or more C1.12alkyl, C1.12alkoxy, or aryl, U'is NH or CH
R'isH, orR, 5Wis O, S or NR, whefin R is H, or R, with an acid,
twajcally a mineral acid, to obtain TRIP as an acid addition salt. 37. A
compawnd of formula (8b) HO 6 N \O N RU™~W (8b) 10 wherein, R is
C 1 alkbl, C2.32alkenyl, C3.8cycloalkyl, C3.8cycloalkenyl, acyl, or aryl
optiondlly substituted with one or more Ci_12alkyl, C1 12alkoxy, or aryl,

' or CHR', wherein R"is H, or R, Wis 0, S or NR, wherein R is H,

or R, or 15 a salt thereof.
RU w (Sb)

wherein, R is Cy.j,alkyl, C,.2alkenyl, Cygeycloalkyl, Cygeycloalkenyl, acyl, or aryl optionally
substituted with one or more C,_ppalkyl, Cy.ppalkoxy, or aryl,

1’ is NH or CHR', wherein R' is H, 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)

RU W (Sb)

wherein, R is C2alkyl, Cy.pq2alkenyl, Cyscycloalkyl, Cygcycloalkenyl, acyl, or aryl optionally
substituted with one or more C,_,alkyl, Ci.2alkoxy, 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, or

a salt thereof.



