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WO 2005/ 044264 PCT/ US2004/ 035069 TITLE OF THE

| NVENTI ON CCR-2 ANTAGONI'ST SALT  BACKGROUND OF THE

I NVENTION 5 I nternational patent applications

WePbsld P9, filed April 25,2003, and US03/1 S2004/035069
filed April 25, 2003, disclose tetrahydropyrany

cycl opentyl tetrahydropyridopyridi ne conpounds. These
compounds are useful for the treatnent of diseases or
condi tions of humans or other species which can be
treated with inhibitors, nodul ators-or pronoters of
chenoki ne receptor function. Such di seases or

TR THRSVENTIOde t hose nentioned in the referenced
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exanple conpri sed nine separate steps and reqU|red
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20 efficiency of the overall synthetic{process.
Simlarly, the symgimesjs of the opent ene bui |l di ng
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to commercial prodtction. Prieviously §ynthe3|zed

J%%&%ﬁh‘% 3%015 %hé Fbo% P&Q&H&ﬁg ﬁ%&mﬁdﬁﬂﬁ £ R Rlling 1§6%Laéo¥ﬁ d

| ess than |1de
PWWIB%@GWE‘W‘E‘W‘*%‘F& Wﬁé‘i‘”ﬁr"ﬁ‘ﬁ'@ﬂl Oégths ﬂ?ﬁg?ls of ppmnpgimd 11s
desedtad i Sntenatig@lpatett apditat ona IS0V R oy Uselib@2r oute to 25 .
Conpoundrﬁorﬁééﬁ:'iqgéssfoﬁmﬁé%gg%g c?f e M lidnt Ak ﬁx[qy&ohéu%g and

fornmul ation and ut i on. ere
SRR g et Fisrwvise ediraptgprinedplding block for

eV, iiflisdd nine separate steps and required the use of several expensive reagents, hampering the

efficiency of the overall synthetic process. Similarly, the synthesis of the cyclopentene building block
resulted in 2 high proportion of undesirable sterecisormers. Othcr‘aspects of ihe synthesis were likewise
inefficient, cxpensive,'and/or not amenable to commercial production. Previously synthesized
hydrochloride salts of compound 1, moreover, displayed less than ideal solubility, handling (e.g.,
hydroscopicity} and other properties. Thus, thers remnains a need for an improved synthetic route to
compound 1 that is amenable to large scale production formulation, storage and distribution. There also

remains a need to develop improved salt forms of compound ¥.




-1 SUMVARY OF THE INVENTION In a first aspect, there
is provided the conpound eneo O GF3 N - HOZQ COzH
In a second aspect, there is provided a use of the
conmpound as defined above, for the manufacture of a
medi canment useful for treating conditions related to
the nodul ati on of chenokine receptor activity in a
manmal . In a third aspect, there is provided a use of
SUMMARYEMPOURINYENT&EPNned above, for the manufacture of
a nmedi canment useful for treating, ameliorating,
cont r dinlaifing aspect; thergds prgvideethe fampound an i nf | ammat ory
and i munoregul atory di sorder or disease. In a fourth
aspect, there is provided a yse of the conpound as
def i ned above, foW“’the manuff act ure_of e medi canment
E od

useful for treati atn trolllng or
reducing the ris rh id | ritis. In a fifth

~aspect, there is provided a pharnaceutlcal conposi tion
whi ch conprises an |g rt cgiger and a conpound as
defi ned above. Di sclos \her gi ﬁ is an efficient
synthesis for the preparation of ((IR 3S)-3- |sopropyl
3 {[3-trifluoronethyl)-7,8-di hydro-

6~ nphtcbyid ajent, 6ead piyhiedut borf e comphioylentifiief (Bbve, for

the %ef?%w@”ewﬂ"x R e R

chenfokink RRER6r defvitytine narepar at i on of internedi ates
(3R) - 3- net hoxyt et r ahydr o- 4H pyran- 4-one;
(1S, 4E)) ©third adpesl] lll’(&%ﬁh}ﬁre\hdtédmywsé of thé egthpolind sofefio@ldboye; fa the
pent ene- I-carbo§%llc aci

manglsciyrp 3 BRUEHYI) v3sii foF 'Isa'iﬂgtaf%ﬁ%%% gorgroing AR g4 sk
of arARBhnir@iory Bl ﬁﬁlﬂﬁﬁfegnat&@ dabrdehér diseagur sor ( 3S, 4S) -
N-((1S, 45)-4-isopropyl-4-{[3
( It ]r i f idiegfoﬁﬁﬁﬁs’w&t) thate Srpidvided aqrst ofihaediiohyd asefm&i(dbbie, for
car baon
the spifrgipiet azwswawrgr Pyt fordteridng tratliotipargrsaliing v augmg e
risk éffeundtofFir@gigsl herein is the superlor properties of ‘
the succinate salt of ((IR,3S)-3-isopropyl-3-{[3-
(trifiuon@Rbiy ladis %ro@id@dlgg aRRuiAP&nkhokitioh Which &h&pr;ées
| ] carbonyl} cycl opentyl)[3 45S) - 3-
an insert carrier and a compound as defined above. :

Disclosed herein is an efficient synthesis for the preparatlon of ((1R,3 S)~3—isbpr0py1—
3 {[3-trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-yl]carbonyl} cyclopentyl)[(3S,4S)-3-
methoxytetrahydro-2H-pyran-4-yl]amine and its succinate salt. Also disclosed herein is an
| efficient syntheses for the preparation of intermediates (3R)-3-methoxytetrahydro-4/-pyran-

4-one; (-1S,4S}—4—(2,S—.dimethyl—IH—pyrrol—l—yl)1~is‘opropylcyclopent-2-ene—1—carboxylic acid; and 3-

(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine; and for the preparation of the precursor (35,45)-

N—((IS,4S)-4~isopropy1«4-{ 3 -(triﬂuoromethyl)—7,8-dihydro—1,6—naphthyridin—6 (5H)-
yl}carbonyl}cyclopent—2~en-1—yl)—3—mc&oxytetrahydro—ZH»gyran-4~amine. ’
Disclosed hercin is the superior propertiés of the succinate salt of ((1R,3S)—3-isopro;iyl-3;{[3-
(trifluoromethyl)-7,8-dihydro-1 6—naphthyndm—é(SI—D-yl]carbonyi}cyclopentyl)[3S 45)-3-
methoxytetrahydro-2H-pyran-4-yl Jamine.

D




nmet hoxyt et r ahydr o- 2H pyran-4-yl ] am ne. 2 DETAI LED
DESCRI PTION OF THE | NVENTI ON I n one aspect, the
present invention provides a process for the
preparation of (3S,4S)-N ((1 S,4S)-4-is opropyl-4-{
[3-(trifluoronethyl)-7,8-dihydro-1, 6-naphthyridi n-6(5H
)-yl)carbonyl } cycl opent-
2-en-|-yl)-3-met hoxyt etrahydro- 2H pyran- 4- am ne, 2:
CF3 Owve ON, NP\/ Oconprising the steps of: (1)
reacting ‘

pyrroI-I-yI) 1-isopropyl cyc
DETAIF%‘??%?%e pr Wﬁdﬁ* acid with

3- (1 r iHf png@smoetetbhgrpsptinventipn gropidesapara Gor fhegreraption o) S ¢H -
(s, 43?3-1509:o£§i-4ﬂq1ﬁ tilﬂx{oﬁolaémﬁ&)/ ‘84hhydr0—1 ,6-naphthyridin-6(SH)-yljcarbonyl Jcyclopent-
gpg H pyrrol - %I) 1- |sopropylcyclopent 2-¢
2-en-1-40-Bmyefhoxyt 5\5‘}/ pH-pyran-¢ f“i“ﬁ“?l uoromet hyl )-5, 6, 7, 8-
t et rahydro-1, 6- napht hyri di ne; (2) treatlng the 6-{
[ (1S, 4S)-4- (2 5- dlnethyl-lkkpyrrol-l-w¢# -1 sopropyl cy

cl opent -

- 2-en- I-yI}carboEMh; 3- (tr|fbuoro -5,6,7,8-tetrah
ydro-1, 6-napht hyridine with hy ro Ia ne to 2a WO
2005/ 044264 P Nfor '

(1S,4S)-4-i1soprop I-4-
[3-(trifluoro -d dro-1 6 naphthyrldln 6(5H
) - yI]carbonyI}cycIopent 2 en- I-an1ne and (3)

co nggym&m of:he (1S, 4S)-4-i sopropyl -
e [3-(trifluoronethyl)-7,8-dthydro- 1 6-

napht hyridi n-6(5H) -yl ] car bonyl } cycl opent - 2-en- | - ami n
Wit h ((BR) - Beanig GSApY-¢A%: afligrthgl-LH-pyspl-rif) AJsogroaﬂ@(c]‘pp%lt—Z—ene-l-

S GELIID T Sy paani ey et
(2, S-dl@gtmgls)yngﬂ-glaye,fsgyy]pylcgcl{)pent-z—en l—yl]carbon 1}-3- tnﬁuoromeﬂ:yB -5,6,7.8-
‘mﬁﬂw&%l&hkbﬁhﬁﬂ%ﬁnethyl) 7, 8-di hydro-1, 6- naphthyrldln 6(5H

yl 1 car®bny Impaipe e S AP &S s Ry Rt Pey IS%%%IC%CI?BBF

2-en-1 QYRR 4-(iihathaey)1s,6, (FBirahydro-1,6-naphthyridine with hydroxylamine to
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'OV HO NN O 10 conprising the further step of. (4)
hydr ogenat i ng
(3S,4S)-N-((1S,4S)-4-isopropyl -4-{[3-(trifluoronethyl)

ozoﬁﬁmﬁﬂﬁ!ﬂydro 1, 6- napht hyri di n-6(511) -yl ] Cg{‘?‘gﬁ%‘#@f-ﬂ@

cyclopent - 2-en- 1-yl ) - 3- net hoxyt et r ahydr o-
15 am ne. In another aspect of the invention,
di scussed in greater detail below, the hydrogenation
step is acconplished prior to the formation of
conmpound 2. The synt heses of o
form (ls,gSﬂfS?seﬁxb;@M&%(&)ﬂummgbm Brgibydto-},6-naphthyridin-6(SH)-
7t a7, 8-di hydro- 20
yl]w%&%{ﬁhuoﬁ%gg?e? in- yl]car bon& %‘ﬁcﬁ@l opent ly
) - 3- rreﬁioxyt@f’h%ﬁ%i%‘}s) H-ipppropH-tatl3Hifhorongthyl) r?odlhydm' G-
naphtﬁ}(nllB*Gg y@]bz{rﬁdﬁ?lr} Mb%n(&%%ﬁ@'aﬁluélwﬁth (AR)-0 Rty totrally dBo-SKI-Pyieh4-
yridin

one Via|rg %(”r"BG‘HWt}OBycI opentyl ) [ (3S, 4S) - 3- net hoxyt et r ahydr o- 2
H pyr anx Afaxthe adpbdi@he pleser inverdiopprotidsd 2 iprocd3efoe the prefaratiod of

s oppla E o ot e R 9 o

yllcarblﬂﬁmil‘d@?ﬂm @mem@mqtralmzmmamﬁﬁllpm@mr HZN N\

CFs
ONIeH O \ 4
O ) 7\

comprising the further step of: .

@ hydrogenating (3S,4S)-N-((1S,45)-4-isopropyl-4-{ [3-(trifluoromethyl)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl]carbonyl }cyclopent-2-en-1-yl)-3-methoxytetrahydro-2H-pyran-4-
amine.

| In another aspect of the invention, discussed in greater detail below, the hydrogenation

step is accomplished prior to the formation of compound 2.

The syntheses of (35,48)-N-((15,4S)-4-isopropyl-4-{ [3-(triflzoromethyl)-7,8-dihydro-
1,6—naphthyridin—6(SH)-yljcaIbonyl}cyclopent-z-en—luyl)-3—methoxytetrahydro—2H—pjran—4—amine, 2,
and ((1R,38)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
ylJcarbonyl}cyclopentyD[(35,45)-3-methoxytetrahydro-2H-pyran-4-yl]amine, 1, are depicted in Scheme
1:




10

OCF3 MeO_ OMo / N 2 Bu3N, NaBH(QAc)s O |PAc, IPA
CF3 Mo HO\ NNN HZ Pd/C, MOH ~ O
N ( (1R, 3S)- 3-isopropyl -3-{

?%‘zﬁdsfohfzk&lor onet hyl) - 7, 8- di hydr o- 1, 6- napht hyg¢iRs@b3bke

yl']carbonyl }cycl opentyl)-N-[(cis-3S, 45)-3-nmet hoxytetra
hydr o- 2H pyran-4-ylJam ne, 1, is synthesized by 5
sequential ly coupllng three bU|Id|ng bl ock compounds

4, 5 and 6 (Schenes 3, g 51 bel ow). An am dation
reacti on between heme
3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 6-napht hyri di CFs
ne, 5, and (1S, 4S)-4-

(2 -dlrrethyl-ll—l-p rrol - I pro cycl of ent- en/
“T car box, 4y m&ycﬁ]ﬁﬁ%ﬁ iN

P Of me,t hepnesuyl F—eht-or-+ce (j0 a
[ (1S, A8, 4T 2, 5HchnetNyI-Il—|-pyrroI

I sopropyl cycl opent - 2 en- 1- yl]car bonyl
}-3-(trifluoronethyl)-5,6,7,8-tetrahydro-I|, 6-napht hyri
dine. 10 Deprotection of the pyrrole groupcyas carried
out at this sta e u5| n% hydr oxyl am ne t hr ough
process toH NiPHam ne salb. T, \arri el t and
(3R) - 3- net ézln-pya ¥, are
coupl ed through reductiv n the presence
of a tributylam ne buffer, an h NaBH(OAc)3 to
afford -4 WD 2005/044264 PCT/ US2004/ 035069
(3S,4S)-N-((1S, 4S) - 4-i sopropyl -4-{
[3-(trifluoromephyl)-7,8-dihydro-1, 6- napht hyri di n°8 5H

.’.f

) -
yl]carbonyl)c cl pent 2-en-| -MeO) - q_imethoyt r h}( ro-2

H pyr an- 4- The cycl opeqt gt o)
compound 2 ogenalt ed|to 1 €€ base
conpound 1. BugN, NaBH(OAG)s 2

IPAe, IPA

MeQ % \ 4
H N N
Ha, PU/C, MeOH N , 1
! ©

N-((1R,38)-3-isopropyl-3-{ [3~(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(SH)-

yi]carbonyl }cyclopentyl)-N-{(cis-33,45)-3-methoxytetrahydro-2H-pyran-4-yllamine, 1, is synthesized by
sequentially coupling three building block compounds 4, 5 and 6 (Schemes 3, 4 and 5, below). An
amidation reaction between 3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine, 5, and (1S,45)-4-
(2,5-dimethyl-1H-pyrrol-1-yl)1-isopropylcyclopent-2-ene-1-carboxylic acid, 4, is carried out in the
presence of methanesuifonyl chloride to afford 6-{[(15.45)-4-(2,5-dimethyl-1H-pyrrol-1-yl}-1-
isopropylcyclopent-2-en-1-ylJcarbonyl }-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine.
Deprotection of the pyirole group was carried out at this stage using hydroxylamine as a through process
to provide an amine salt. The amine salt and (3R)-3-methoxytetrahydro-4H-pyran-4-one, 6, are coupled
through reductive amination, in the presence of a tributylamine buffer, and with NaBH(OAc¢); to afford

i4-
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5 I n anot her aspect the invention provides a process
for the preparation of ((IR, 3S)-3-
i sopropyl -3-((3-(trifluoron:ethyl)-7, 8-dihydro-1,
G4y zdi n- 6( SH) -yl Jcar bonyl -
e gent Y1) [(3S. 45)- PCT/US2004/035069
3- net hoxyt et r ahydr o- 2H pyran-4-yl ] am ne succi nate, 3:
CFa MOO 0O OXN ™ y-N HO2 j O2H 10 conprising the
further step of: (5) contacting
((1R, 3S)-3-isopropyl -3-{

(3s,h§y1(rl({11*s&kﬂ4l Dyt (t?lﬂgbrgda 8-dinfiro-1 6—naphfhyndm SEE-

e Ll T S e

of cempaind 2 vasibénchydiQgehateita Fdoy frepbasoconfpomrgtlep (5) conpound
1 may be purified errpl oying crystallization, either

as a sugg 1eas 19\'fen§)$nl'b%v1tﬁ§‘!1 %ro&yscfgr t@épr&:arahon of ({1R,38)-3-

benzenesul f onat sal t

 isorpppi-F GO iRk %dzwmé-nqzzg«r@&eﬁ(ﬁﬁéﬂfcmow@clopenzyl)r(ss 45)-

3-mBRSRbER INBC FyrdrQ)- 1 Rifine Skkcihlve, synt hesi s of conpound 3,

the succinate salt, is depicted in Schene 2: Schene 2
O™ Mo HO :hanol I" .. 1. OHMOOHO Il , Heptnme O3
HO2. CO2H -5 v WD 2005/ 044264 PCTI US2(09%/ 035069 I n
anot her aspect, the inventi on provi a process for
the preparation oﬁ\lzeohe |nter d|

/
yi)-1-isopropyl cyc

(1S, 4S)-4-(2,5-di
| opent - 2- ene- 1| - car box I| & T/ ,_conprising the

steps of 5 (1) re&

(1R, 4S) - 4- am nocycl opent elgozg en Ig ca?boxyl ic acid
wth MOHin the presenc @})9? chloride to form
met hyl (1R, 4S)-4-am nocycl opent - 2- ene-| - car boxyl at e;

comprising the further step of:

o) contacting ((1R,38)-3-isopropyl-3-{ [3-(ifivoromethyl)-7,8-dibydro-1,6~
naphthyridin-6(5H)-yllcarbonyl }cyclopentyD[(38.45)-3-methoxytetrahydro-2H-pyran-4-ylJamine, 1,

with succinie acid.

Optionally, prior to step (5) compound 1 may be purified employing crystallization,
either as a succinate salt or other salt such as a benzenesulfonate salt, followed by a salt break.
Purification in this manner is described in the examples which foliow.

The synthesis of compound 3, the succinate salt, is depicted in-Scheme 2:

Scheme 2
0
meo Y g HOJ\/\“/ T omeo i
NAO’)\N S o @N@%\\N | S
o] 7\ I N ; Ethanol, Heptane . o /\ N/
3
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(2) reacting said nethyl

(1R, 4S) - 4- am nocycl opent - 2- ene-1| - carboxylate with

acetyl acetone to form net hyl

oBotkkingi (2, 5-dimethyl -1 R pyrrol -1-yl) cycl gpente g 616
-I"-'carboxyl ate; (3) reacting said nethyl

(IR 4S)-4-(2,5-di et hyl -l H pyrrol -1-yl)cycl opent - 2- ene
-1 - 10 carboxylate with 2-iodopropane to form net hyl
(1S,4S)-4-(2,5-dinmethyl -1 Hpyrrol -1-yl)-1I -

i sopropyl cycl opent - 2- ene-1| - car boxyl ate; and (4)

reacting said nethyl

( 'S, 4S) 'Ilf an%&FrSa p&kﬁ%ﬂ%&mh{bﬂ% Q m|:es§/ fo} thL Pﬁ%p u&_|0f the dmtermedIate

cyc ene-1~-car ate w
(13,%)@&( m@hyhlﬂwdg)ym}.—(sgnrglyqumﬁ@-enpﬂcarboxyhc acid, 4, comprising the
stepR¥f: T ol -1-yl)-1-isopr opyl cycl opent - 2-ene- 1| - car boxylic
acid. 15 The synt heses 0
(1S, 45) (- ( 2reactige BT manpﬁmearen-% 2P§-§-cpberglifaeidpyAtiRfeOH in
the b:@@ﬁd&tthlaryﬁtﬂﬂhnﬂle toGafdiil (1R 4884 -amindcyclofentiB pieclt @€bokflate;

B R L e e et B

- acetPaRNMpe NCGENMetIiHRERASDE(DS-difethgi T H-firoh gy Hlopen b e < -carboxylate;

-99:1 1 %)' 0 re@c?m éa d, &Et?%éﬂ?&&;AQQ,%ﬁ%%ﬂ:tl%ﬁ%?ﬂ%:ygcy(():logentuzene-l-

McOH wat er conc' ¢ . .
carhpgylzig with %}mﬂm%f%m@&%%@éﬁ 5ydippeghyt-1d-pyrrol-1-y1)-1-

Isop&ap@cfoﬁpeﬁgm neGhdxhrReME - 2- ene-| -carboxylic acid is

convert into the
treat mszg Wi feﬁcmfl%?a&ﬂg‘wt{yiﬁlgég %@g" %Eﬁg%iﬂﬁﬁlw {"’l\"/g%/ﬁyl
isopfdpicAB)pert-2(eBe-bearboxylate with NaOH and MeOH to form (18,48)-4-(2,5-dimethyl-1H-
v 5 LY t-2-ene-I|-carboxyl ate
Py“ugi pﬁtﬂxs"’%t%ﬁ”ﬁﬁélé#zgezd "’y“)rmg”é i %S‘pt he (1R 4S)-4- 5
am nocycl opent - 2-ene- | -car boxyl ate nethyl ester with

2, 4- pentgngHinQBEfi(is 48513—(1)5-@&@&9@}95& E&n-138ropyleyciopent-2-ene-1-

fol ] owi ng_al ky l'ation of
carhoxyic ag . IS(dEP@eddP%FH‘W-I H- pyr rol -1-yl)cycl opent - 2- ene
-l -carboxyl ate
Scheme 3

S0Cl, MeOH = HCI 2,4-penianedione

HoN \@/002H Oto20°C HZNQICOEMB DIEA, rt
OO 0o=2%. .. S

——

iPrl, LHMDS OzMe
N\ N\@/C()zMe THF, -20 °C
through process ~89:1 ratio
as ol of diastereomers

1. NaOH, MeOH/water, 65 °C
2. conc'd HCI to pH 4.5-5.0
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wi th i odopropane is carried out using lithium

bis-(trinmethylsilyl)am de as a base. The resulting

al kyl ated product is then hydrolyzed to formthe

-4-(2,5-dinmethyl -1 Hpyrrol-1-yi)-1-

%QEQ%EQQé‘ene | -carboxylic acid 4. 10 Wi Iesﬂﬁ'r %ﬁﬁ%ﬁ@

di scussi on assunes that the cycl opentene noiety wll

be hydrogenated in a later step to afford the

cycl opentane, in fact many of the conpounds depicted

in Schene 1 and 3 may be hydrogenated in an

intervening step to produce a cycl opentane anal og.

(Because a pyrrole protecting group, if present,

woul d aHete (b%»%kﬂwe@wl@eat “rperirenyiie adlis peryerteRngo the
con&;b&ﬁﬁ@ Snethqbsidt Eyﬂfeﬁlﬂieﬁ \ﬂﬂl@ﬁl@@l dhREdEih Okbhand MM (€R A9-4-(2,5-

dmegéwtlﬁé’yfr?}\}e‘m) ?’CZ o T i e'r 'r(r%r Oxg[&% ¢ é’&%t %e%;z%?ﬁrﬁhéémg?ﬁ%ﬁﬁ AS)-4-
ammm_mlqult-ﬁm@ éguqugiagmkes@g ity 2.4 p@ﬁmedlone in the presence of DIEA. The

followi aﬂiyﬁﬁ&ﬂ’ﬁf Imekh'ﬂ‘ % 152l 5-dthethyl e %m&@-)‘ﬂcﬁcﬂoﬁéﬁtﬂﬂnﬁ Sarboxylate

Wﬁhfl%‘*éﬁ’ﬁ? g Esrsgyg%em Eﬁq@%m zs&%f ?’IHE'@ ateném% qﬁ% resultmé alkylated

. produdi@'then| ]m@lolymgo fourh thie §15¢Ep0-44(3, Mm@@yk-léi—pyn'ol- -vD- 1-1sopropy1cyclopent—2—

ene-1 8irboxblid Lygar bonyl,  benzyl oxycar bonyl,
aIkonxycarbonyI aIIonxycarbonyI benzoyl fornyl,

acetyl rifl cet t robe zenesul f on
e i v oBls R HET iggron am‘?sa#l%fh?f Fi‘?‘%}ﬁé'ﬂﬁ%%‘hi?? hydrogenated
ina h_&:ﬂﬂyﬁ tp afford fhia eyi:j/dpamirhyih facbany of theson(psurth depéeted in Scheme 1 and 3 may

be-h?&xg%e 1a|?éf/i| in tllﬂtélsvg al )ge n%qgwgﬁ%g Sc RBfo%n?aﬁé LIHQ){I’,.Q r(@%&tﬁse g@ﬂ%&pmtecﬁng

groupy] if Frpssntemqld/%m@e owipeed top 1orghidineciudia thip proess, ag plprrig protecting group
coutd 80pk&y & Sons, Inc. New York, NY 1999. In

another aspect the |nvent|on prOV|des a process for

the preparation of the internediate 30

3- (trif Mepbamsh bnbth):r féatﬁtﬁ & tBis b@tadt ahyein@enfio infapditiday kiaglbe

syntgfcev:iﬁr%gﬁigg %I%;%Ié U}(SC) ef %lgg? ? gimethyl 1}¥\19m099u§{ Qﬁlﬂé?% ed chemists

wouBl pBrsBe inteinfetliawcoppapdspd the g@@mtjfomﬂm POC13, DMF, NaPF5
and a base to form
N-[ 3- (di met hyl ami no) P&l rre%hyl)prop 2-enylide
nel] - N- net hyl nmet hanam um he\ ua hosphate (CF3DT) ;
(2) reacting CF3DT with the prote ed pi peridone to
form- N-(protecting group)- 3-

wherein the protecting group “PG"” includes but is not limited to tert-butoxycarbonyl,
benzyloxycatbonyl, alkyloxycarbonyl, allyloxycarbonyl, benzoyi, formyl, acetyl, trifluoroacetyl, 2-
nitrobenzenesulfonyl, 4-nitrobenzenesulfonyl, 2,4-dinitrobenzenesulfonyl, benzyl, triphenylmethyl,
imines (such as diphenylmethylene) and other protecting groups known in the art, as exemplified in
Greene, T; Wuts, P. G. M. Protective Groups in Organic Synthesis, 3rd Ed., Jotm Wiley & Sons, Inc.,
New York, NY 1999.

In another aspect the invention provides a process for the preparation of the intermediate

3-(trifluoromethyl)-5,6,7,8-tetrabydro-1,6-naphthyridine, 5, comprising the steps of:
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5
(trifluoronethyl)-5,6,7,8-tetrahydro-1|, 6-naphthyridi ne
(for exanple, reacting CF3DT with BOC- piperidone to

%ngaésfofm gut oxycar bonyl )-3-(trifluoronethyl )_}é(?Té[’JS%(’M)gI_O%Sé)69
trahydro-1, 6-naphthyridine); and (3) reacting said -
N-(protecting
group)-3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 6-
napht hyri di nene (for exanple,

N- ( t er t {but oxepcme B3 IyrifacBepfapaiofd agigr witheR Myl PVE', BalF; 8adtadbase to

fords NABY St in O QRO 1532 ey lach YN e B rafi o 1O

hex@“@t@hﬁ@%@?@tﬂiyl) 5,6, 7, 8-tetrahydro-1, 6-

napht hyrl)C“ n?ea(t:t%iﬁ l@;f‘%ﬂﬁﬁ@ﬁ'ot@éted pﬁpendone to form - N—(protecnng group)-3-
aromnet ny ra ro Il
(rtfatomsinyy s STQr e | St Ees (e AP s e P W B
p1péz‘ﬁn%0@ﬁﬁ1ﬂ414'2@&%&6&1%&8&@0@(@%%918&&9&6@—téh%h}l:lro-PGI.‘a’bBt;hyndme)
dDM:N+PF6 F CCOHZ2. NaPF6, NaOH CF3 3 2 N~ .
LHVDS, THE PG 2N OL O PG CF3 2. HOAc, NH4QOAc Nl.
Depr ot ed®)i onre@rBg sdid - FHQ@VHLENDE gtemﬂér{mﬂmm@ﬂﬂw-mﬁ—teu@hydm-i,6-

naphthyridinene (for example, N-(tert-butoxycarbonyl)-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-
naphthyridine) in the presence of HCl and methanol to form - 3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-

naphthyridine.

The syntheses of 3~(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine, 5, is depicted
in Scheme 4A and 4B, below:




WD 2005/ 044264 PCT/ US2004/ 035069 Schene 4B 1. PQC 3,
DVF N + PFg 2. NaPF6, NaCH CF3 F3C CO2H N 1. LHMDS
THE BOC, N taO BOC2N CF3 jo. 2. HOAc, NH4QAc N 1.

OH CF3 2. HC/IPA, heptane HN
‘Eﬁlozédpsﬁé'rzgﬁ/g oxychl oride (POCI3) is added | oG Sp4 035069
DMF at a rate such that the tenperature remined
bel ow 10 C (approx. 1 h). The reaction mxture is
warnmed to RT and then 3,3,3 5 trifluoropropanoic acid
is added (exothermto approx. 45 C). The reaction
mxture is warmed to SO(J\gS’-'%ﬁEMﬁeId at this tenperature
for approx 4 h. Upon conpletion of the vinam di ni um
formation the reaction mxture is aljpweg-to cool to
RT. The reaction m xtut-&QGs, PMEN addgd concurrently
with 5 N BB SOF-UNaPBa NePHNaPF6™ Climt er cool ed
to OC. Thé®fated2f addition of the twy solutions are
controlled such that the tenperature ofythe aqueous
slurry remains below 10 C and the pHis petween 3 and
4 (addition 10 ti akes about 2 h). Upon conpletion
of the additionglgﬁ%%?esulting yellow slurry is aged
for one hour at O Cthen filtered to collect solids.

The filtercake i 968 u washed with ice cold water (2
times) and the cakél'driled with nitrogen/vacuum
Typical yield 85 % K10A&s- --- -------- -- - ---- WO

2005/ 044264 PCT/ZE@?%O !é@sgbag A s@2ut jan t JOF,
protected pi per- ; i ance thhe rotected
’ P
N

~ piperidone, in

1. Deprotection : CF
2. HCYIPA, heptane HN Xy ®
- I
o
N

= HGI

5




10

THE is then added to a cooled (-20 C) solution of
I'ithium hexanet hyl disilylamde (LiN(TMS)2) in THE,
keepi ng the tenperature below 10C, to formthe lithium

pprox 45 min). After warmng to ‘

mogg{@ 2(s(itgl ution is transferred to a chill e ?{%00&0350@
slurry of the CF3DT in THE at a rate such that the

- internal tenperature remains below -10 C (approx 45
mn). This mxture is aged for 2 h at -20 C then
acetic acid is added and the m xture warnmed to room
tenperature over 30 mi nut3EBEMEIBpni um acetate is then
added and the m xture heated to 65 C. After two hours
at 65 C the reaction mxture is coohggst @p -RT. Water
and heptane are then addeeClaPiiFt he | ers %eparat ed.
The organig gé s washatfe\MaOh 2 M BUS citric
acid and tHen a Ayed for the Bcfnapht hyri di ne.
Typical yield 65% 10 Next, the organic er fromthe
napht hyridine formation is concentrated gnd sol vent
switched to nethanol. HC1 in IPA is then added and the
m xture heated at 60 C until the deprotection is
conpl ete (about er cooling to room
tenperature vvatéj"% @Elfed and the pH adjusted to
appox 10.5. | P&ROG ed and the | ayers separated.
The aqueous layer is bagk extracted with | PAc two
additional times. Th ned OBQGQI ayLl s GHze
concentrated a hed t ol IPAI Ths |1 PA 15
solution is fil benes, hA,dRMVE | norgaqi s, the
filtercake washed with |PA and the conbindd filtrate
and washes reconcentrated to a total volunme of about
5 n/g. After the free base/WA solution to 60 C HCO
in |PAis added over 30 mnutes. Solids are evident at
about 50% addition. After conpletion of the HO/IPA
addi ti on heptane is added to conpl ete the

crystal lization ﬁg rry olo ,n
_tenperature. Thpé 'llpﬁ‘qh":ﬁ’l'aﬁ S0l iltration and
washed with | PA/ heptane (3 tines t hgn 20

dried. Typical yield 75% from BOC naphthyri di ne. As

not ed above, piperidones having protétting groups

("PG ") other than tent- butoxycarbonyl may al so be
used. Ot her protecting groups useful in the synthesis
of the rFapiphdveusiosiichleridd (ROCk)deaddigisb clriled DMF atlairaid fuelgithetghe

| temgé‘r%éé' n%ﬁ‘{aéf&rf‘ ¥ o (&l&é&r Ph()%’ ﬁﬁ{;{%&’cﬁ)ﬂ I’mx%%é %/Lv%)é& AROAY then 3,3,3-

enzoy acet uor oace
tﬁﬂ.‘l_iernprpivao@e e n:@édmld K@nbyxér}n tdappidxr HFEN 78w e@cﬂcﬁl ongthoe is warmed to 50°C

and’:il'eﬂl ﬁﬂlﬂ ke lggrgﬁﬁ%&qg%% ):l R n@féon c%@élop G ‘!rmamldmurl? Tormation the reaction

tri ot he ectin roups known i n
MW@S alflftwed &sw@li@ﬁﬁ Thei f@'ﬁ\ﬁ“‘?“rﬁﬂ@“@é‘ﬁbeﬂ atFt?edmtcsrrenﬂPwﬂ@ NpjaOH to a

sohRfoﬁ) Bﬁ@atPFé/ 8 WelePWBRd tohe & GREYARs @é@dlﬁ’(ﬁ%’f ﬁle t\ﬁf W1uEhs arebOiMIled such

& Sons, Inc. New Yor k, NY . I n anot her

tatbqofé@rerq“ﬁ@ of thAASPROR O et dSloY 1D r%@@é&e PEDE batiieen 3 and 4 (addition

hm@faﬁ&@ﬁ&ﬁ 3 B 196n doliBlelit 1R RInS the RBulting yellow shurry is aged for one hour
- met hox tetrah¥dro 4H pyran-4-one, 6, conprising
at Ot ﬁ! e§tﬂgﬁ§d tgollect solids. The filtercake is slurry washed with ice cold water (2 tlmes) and the

cake dried with nitrogen/vacuum. Typical yield 85 %.
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-11-. WD 2005/ 044264 PCTI US2004/ 035069 (1) reacting
tetrahyro-4H pyran-4-one with tripropyl orthof ornmate
and chl orobenzene to form

| ‘Hog ‘%@g“)%%//t et rahydr o- 2H pyr an- et hene; (2) re%%&/d%%of‘fﬁ'ﬂs?@

etrahydro 2H pyran-ethene in the presence 0
acetone, water, hydroqui nidine-1, 4-phthal azi nedi yl
di et her (DHQDZPHAI), pot assi um osmat e dehydrate, and
4- 5 met hyl nor phol i ne N-oxi de nonohydrate (NMO) to
form 3, 4-di hydr oxyt et r ahydr o- 2H- pyr an- 4- sul f oni c
aci d, sodiolfbsatithe; pr((t&)ed I@@&ﬁiﬂheﬂ Gr Sdtirite the BOC protected piperidone, in

3, [ I 0X ran-4-s
TR i et Mo ot (A T R BRSNS in TH,
keei)xﬂg Ihg@mﬁérﬁ&@ BelEw Q(ﬁ"‘l'(]ﬁfg f&ﬁﬂ tlib Htigurh &dolie (a;l)prox 45 émn) After warming to RT
I met hoxyt et r ahydr.o n 4
the ke Tigpndsirastaread g p piiled §%9t<§ﬁM9€¢ C%Fﬁﬁwé’g al i ot e
mteHﬁﬁerﬂﬁe&%ﬁ@ﬁﬁmi@g@ beldwr-10 *NadpbroBut mivk Zﬁﬂfhnxﬁfbds @Bd ﬁﬁﬂ Hatt-Q0 °C then
orghﬁéfé 3- %ethox tetrahydro-4Hp ﬁﬁ
i 1 ek e L PRI Y12 Bty Al acctte
therBaddediagd gie ﬁmﬁre deatea 1d 3eCSotFen® o hour&a 68 AE the réa Hd DR B8 cooled to
bR b e BB g T oIy A Vit 2 M
aunQSﬁﬁchtH@dxhen Iibeayeld for thaZRQl naphtldbeidina cBtpoakyieldeiZ%er O O

II\/Z g lSEa)tﬁl € e%?i!hé grgat&@lge%n N@gphaﬁcgnem e con%%em& sétvent
switched to methanol.” HCl in IPA is then added and the mixture heated at 60 °C until the deprotection is

complete (about 1 h). After cooling to room temperature water is added and the pH adjusted to appox
10.5. TPAc is added and the layers separated. The aqueous layer is back extracted with IPAc two
additional times. The combined organic layers are concentrated and solvent switched to IPA. This TPA
solution is filtered to remove inorganic salts, the filtercake washed with IPA and the combined filtrate and
washes reconcentrated to a total volume of about 5 mL/g. After the free base/IPA solution to 60 °C HCl -
in IPA is added over 30 minutes. Solids are evident at about 50% addition. After comp]étion of the

" HCHIPA addition heptane is added to complete the crystallization and the slurry cooled to room

temperature. The solids are isolated by filtration and washed with IPA/heptane (3 times 1 mL/g) then
dried. Typical yield 75% from BOC naphthyridine.

As noted above, piperidones having protecting groups (“PG™”) other than tert-
butoxycarbonyl may also be used. Other protecting groups useful in the synthesis of the naphthiridine
include, but are not limited to benzyloxycarbonyl, alkyloxycarbonyl, allyloxycarbonyl, benzoyl, acetyl,
formyl, trifluorcacetyl, 2-nitrobenzenesulfonyl, 4-nitrobenzenesulfonyl, 2,4-dinitrobenzenesulfonyl, N-
benzyl, triphenylmethyl, and other protecting groups known in the art, as exemplified in Greene, T; Wats,
P. G. M. Protective Groups in Organic Synthesis, 3rd Fd., Jobn Wiley & Sons, Inc., New York, NY
1999.

In another aspect the invention provides a process for the preparation of the intermediate

(3R)-3-methoxytetrahydro-4H-pyran-4-one, 6, comprising the steps of:

-11-
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A THF;, 6 L JI HHC, H2O O O 15 The starting
pyranone is converted to its dipropyl ketal by
treatment with tripropylorthoformate in the presence
d catal yst. The crude ketal is the
‘9{%5@’3@’%‘? ®hce of chl orobenzene. Under theserl’ct}ﬁ%"%gmgsgﬁg
conditions, elimnation of propanol provides the
propyl enol ether. The 12 WD 2005/ 044264
PCT/ US2004/ 035069 reaction is driven by the renoval
of propanol by distillation during the reaction
sequenc g) TheactifigieieahidoiH-pyeinhiedne iwéth tripeopyloxhafiérmetd andrdiierobenzene

S as :ret ric di hydroxyl ation
tOfOE‘Bgt?f‘ip ﬁeﬁ%fj%ﬁ?%mr e4Cti on  N-net hyl nor phol i ne oxi de
i s used(@s tihetisg widchiropvaytetiabydox idrayran-ctiitye iy thapresersn of acetone,

e R PLY By BB OMEL Oy RTINS 8 e, s
metgipasgholige BomdsarEatp s ST G TR PP oni
acidl Kaif@km. t he bisul fite adduct of the ketone. Fromthe

acet one water nmixture racem [ fit .
crystal ¥z e§ea°??\%sa}da§c%q1@idg’x?“§m§%%ﬁ§§ ﬁfsﬁ?‘f“i"cﬁf i gqdiom salt
withauthatidl @nd teificthlomtgfompithiarhe prasepeoof anscid yﬁpmat 4-irghotyetsigdro-2H-

n03 Elan&l oneric excess (ee). The acetone is renmoved in
yRgacué™and i sopropanol is added to give the

cr yst al (4 ne tpactng fajdtded-dintetbrextytetpby frotitkyraa i 1 W?ﬁe@e of THF,
NaOBE§ q\ﬁéso T!ﬁid%n héd {o'esat G- %E:ho%&ah CrHRE-hange. Wi th

trlrretr% ort hoformate as wat ey scave to provide
t he di nEbaryrReesHt (3R'?‘I'7réne’l}t§’x WSy g ‘%“’Pes %t hen
is dopRich i tBd Rberttss:ng NaQt - Bu and I\/EZSO4 Addi ng wat er and
HO to the reaction m xtugg,.avi des the target
a- met hoxypyr anone i n aboul 96% ee. Several
abbrevi ati ons, acronyns and other shorthand is
presented herein. Al though these terns are kn to
. those Gki | | BEOPNs t he ar PO SPese nt ed ik_;*%e(how is afable
I Neretdiveslgstt erfns: hane Sty onyl €hhori de
I Ac i sopropyl ac e

DI BA sopropyl €t hyl a
| PA ixpropanol i-Prlf 2-i &doprgpane LENDS I it um

hexanet hyl di si | azi de

K20s0, (0.5 mol %) Q oS HO SO5Na
{DHAQD):FPHAL (1 mol %); HO e‘2 25
NMO- —water
acetone, water 0
isolated solid
MeQ OMe NaOt-Bu o
HC(OMe)s MesSO
MeOH HO e 4 MeO.
HCI | HCL H0
0 O

The starting pyranone is converted to its dipropyl ketal by treatment with
tripropylorthoformate in the presence of an acid catalyst. The crude ketal is then heated in the presence

of chlorobenzene. Under these conditions, elimination of propanol provides the propyl enol ether. The

-12 -
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THE tétrahydrofuran DVF di met hyl formami de P. G
protecting group BOC tert-butyl oxycarbonyl NMO
N- net hyl nor phal i ne oxi de TFPA Trifl uoropropionic acid

le 1

W?fﬁ?sg’@% | sopropyl -3-{[3-(trifuoronethyl) PFTQI%OGWO%?W

0-1, 6- napht hyri di n-6(513)- yl]carbonyl}

cycl opentyl)[(3S, 4S) - 3- net hoxyt et r ahydr o- 2H pyr an- 4-yl

}am ne 20 -13 WD 2005/ 044264 PCT/[1S2004/ 035069 Step

1- 6-([(1S,4S9)-4-(2,5-dinethyl-
reacﬁt)ﬂ i @rived by thg rethova ofprappydl by ditdipimidu@ngabe-teacionseqiron Yhe crude enol
ey e g i Shorloss appmpesiciydeomltion comions Ty acton
N -ylnmp@blme Dkifiels userl ©Che mhmmemc iepidant \71'13 reppfim typipally gives thq product

61&}:%3 mth(Nt % t% 83"% e@ ThE®- h?&fﬁi}@ét@neqé/ﬁt @Q@cﬁi fﬁfé&lyaﬁt £h aqueous
11.SO | am ne
solup@p 01 G BSHOc 1 s o i G 9 PP L e e e,
racefrRSBul it A deaE kst B0kl tTheRcdndake iFredddedy fidafionsad the ool haher
quugr ispt'ypica]ly 95 to 99 % enantiomeric excess (ee). The acetone is removed in vacuo and isopropanol
is added to give the crystalline bisulfite adduct with high enantiomeric excess. This is treated with HCI
and methanol with trimethylorthoformate as a water scavenger, to provide the dimethylketal. The
hydroxyl group is then methylated using NaOt-Bu and Me;S0,. Adding water and HCI to the reaction
paixture provides the target a-methoxypyranone in about 96% ece.
Several abbreviations, acronyms and other shorthand is presented herein. Although these

terms are known to those skilled in the art, presented below is a table summarizing these texms:

[ MScCI methanesulfonyl chloride
DIEA diisopropyl ethylamine
PAc isopropylacetate
IPA ispropanol
i-Prl 2-iodopropane
LEMDS - lithium hexamethyldisilazide
THFP tetrahydrofuran
DMF dimethylformamide
P.G. protecting group
BOC tert-butyloxycarbonyl
NMO N-methylmorphaline oxide

| TFPA Trifluoropropionic acid
Example 1

((1R,3S)-3-Isopropyl-3-{[3-(triftaoromethyl)-7,3-dihydro-1,6-naphthyridin-6(5H)-
yllcarbonyl}cyclopentyl)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-ylJamine -

-13-
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t hen nmet hanesul fonyl chloride (228 ni, 2.94 nol) was
added over 1 m n whereupon the internal tenperature
increased to 13 C over a few mina The cooling bath was
\ d the m xture was aged 10 at room '
{Vg)%g%sﬁ’gﬁzgirqe for 4 h. The reaction sol ution wag Coreg"™
to -15 C and tetrahydronapht hyridine- HOJ salt (670 g,
73.2Mm % as free base equivalent, 2.42 nol) was added.
The tenperature was increased to 23 C and anot her
portion of diisopropylethylamne (0.93 L, 5.34 nol)
StepNaS-A 06 88)- 421 Shiieabl-l Heyatl- 125! -is@repylgycldpntiti-an-1-yikaerbonyl}-3-
(triftaovcnatnB)-Wa.E, Sagatlydred, 6maphthysidide was t hen diluted with 5%
NaHCO3 (16 L). The product was extracted with ethyl

acetate (Et (16 Q The organi c phagpcigeawashed
wth water \(1 15 L)oand nc ted u & cvacuum
wi t h di spl ag®é 4, _Lhe wit h nBthanol t0 a
vol ume of 10 L. eE;ssay i el of the amide was

quantitative (1.055 , 2.45H@Dl ). Step 2 -
(1'S,4S)-4-isopropyl-4-([3-(tri
| uoronzet hyl ) -7, 8-di hydro- 1, 6azapht
yl f car bonyl ) cycl opent - 2-en-1-am
O xeflux HN N\ N
/ 035069 The am de

H2NOH HCl , H2NHCH N N MCOH,

2 2HC 14 WO 2004/ 0442

(1.055 kg, 2.45 no [ 1, (10 L) was added to
hydr oxyl am ne- HO (1 kg,=%4. Eamal ), 50% hydr oxyl am ne

in water (1 L, 16.3 nol) and water (5 L). The
resulting slurry was heated to reflux (71 C and

Therﬁ?l:rd}l% icRBShieAd actitra)dg, Wn.@{ gnbd Encﬁiﬁbopr&ﬁbﬁ&&l?ﬁﬁb (O3 1,534
solution, was CcQol e O room.tenmper ur an e o
ol S TP 66 L4110 AR Stk NG v TR0 gl 100 °C.
thetﬁﬁéﬂahhésﬁlfonyla:moﬁﬂé mmmmlﬁ;]dmﬁale kdded @vet) min \ﬂiﬁfbﬂﬁdﬂ&l}e internal
roauct wa acted wit C robenzene tnree I e
ety et o of %5t § it pelng B B gp O S e ws aged
at rédREmpbtabie fohe h.%ea%ﬁn?biuﬁ&@va@moﬁ@o %g&mhcttledrﬂlyﬁm&phmyridine—
cant.al ni oduc 0.79 as 2. 92% .
(AR SR Puth G hastoinhae RS A e P At TR DR g peroased

to 23 9¢ irghedhd portienoi disppopyletiyBantine (0.9AD By Hrmaalswasi@lidetl with Ealing at ~25

si di n- 6(5H) -
0 CF3 CF3 0

(43N 1.4.L 6.0 dded. .. Thi.s .mi
C Qg1 ot T driprg S fok o B3 iRl H WER OB 1) e

product W20 exBactetivith diepicane BOAL) (1oks Thoagdicphowivys waFhe with water (10
1.) aﬁt!l %Ee\ﬁﬁ%@dsunﬁtgqgc%gm%g displacement of the EtOAc with methanol to a volume of 10 L.
The assay yield of the amide was quantitative (1.055 kg, 2.45 mol).

Step 2 - (18,48)-4-isopropyl-4-{ [ 3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yl]earbonyl}cyclopent-2-en-1-amine .

CF3 CF3
HoNOH-HCI, HoNHOH

0 o
= N/ MeOH, HyO, reflux O N\
N Na > HoN
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10 aged at room tenperature overnight (16 h). The
solids were filtered, washed with of 20% | PA/ hept ane
(1.5 L) and dried under nitrogen to yield 1.12 kg of

W{?épﬂéolmg‘ﬁaleltd(oszgpkg of free base equival ent) in 9196

(3S,4S)-N-((1S,4S)-4-isopropyl -4-((3-(trifluoronethyl)

-7, 8-di hydro-1, 6-napht hyri di n- 6( 5H) -

yl ] carbonyl ) cycl opent - 2- en- 1-yl ) - 3- net hoxyt et r ahydr o- 2

'H pyran-4-amne 15 CF3 O O P\N MO HZN ~ N + Bu3N,
Theadidd((0885)k3, 2.4:PA6) inlnfthandk HOIL) @GR to ydihpla@inahiChE kg, 14.4 mol),

hl |
5 0‘%0{}1}( ‘yvaax(x;une r%r I éfﬂ 1% 3%&%}1%%&%%@L ﬁ'ge %Elﬁt?l : %ﬁggas]heQQd to reflux
(710G iaininedptiti st bR Harn oS b Btmactqmelum wag cqled fyoym temperature

Iﬁ%%gugt&l th PNE G Yo 17 NQ@IKI Oﬁﬁ@&lcuon%gluﬁcgﬁﬂis Hﬁutedgwn‘ﬂx%ater (12L)
ol S |umtr|acet00§$/b oroyrl 724 g,

o SOy e Sns (1 LS B 13, e hgai oy
wad s W AR i B RN 8 méd RatkACLY( Thgtﬁgahlcﬂkfym@ cdiftdnigl prodher (V9 By kg, 2.24

s .added to t h
wof B PR Vb e P Rrues e tsalesdy el biSgpndie
A“WCI(@IHA) (,4 3G LerL, 6.8 mo)) wagmided. EHiOAe Gas@oncitbted to ~2 L. The

res%%ﬁé{ﬁbl 4 e Ca Y® o %JJI%B@%’%%L?\% <G8 Wab Ry B Al T2 dodled and

organlc 044264

- agePETPWSPOPMAYE STEgeht (1643 cEerlide werg filtged, washod vish of 0% & A/heptane

(1. mm& ﬂnde) nitr6leh %Qﬂ’ £l2 MHC@&QE (@6 kgl 88 base - equivalent) in 91%

concent r at ed e resulting oil was dissolved in
ovepalizisld- (15 L) and extracted with heptane (3 x 4 L). The
Step & 38 A HN-i( | rSpH aseropA ey Ritiyprobiathyly 7,8 Bitddroad |6;naJ0Ry idin-6(SH)-
yi]da BByl Sycldiert (21B; 14B) 3-hethaprpr abpiyb-2 B-pyran-4-amine .
[3-(trifluoronethyl)-7;8-dihydro-1, 6-
napht hyri di n-6(5H) -yl ] ggy bonyl } cycl opent - 2-en-1-yl ) - 3-
nmet hoxyt et rahydr o- 2 ran-4-am ne. The 5 sol vent was
renoved in ¢acug pryvi de an oil tRat was used in

theflnal h NI O ste
(JHaIS sop op
dro-1, 6 i dadd

»
NapH
-[[3- (t riflufror et%Nz) i;ﬁipégﬂﬁahy
« 2HCH

O

O
MeQ y/
@HO s

- The amine dihydrochloride salt (777 g, 552 g as free base, 1.56 mol) was slurried in IPAc (31L). The

mixture was cooled in an ice bath and n-BusN (860 mL, 3.61 mol) was added followed by isopropanol
(260 mL., 3.40 mol). Sodium triacetoxyborohydride (724 g, 3.42 mol) was added at 5°C. After L h,a
solution of the methoxypyranone in IPA¢ (1.76 L of a 160 g/L solution, 2.17 mol} was added to the batch
at 1 °C. After 6h, the mixture was partitioned between saturated ag. NaHCO; (3 L}, water (8 L), and
EtOAc (10L). The aqueous phase was further extracted with EtOAc (15 L). The combined organic
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yl Jcar bor zyl Jcycl opentyl ) [ ( 3S,
4S) - 3- nzet hoxyt et r ahydr o- 2H pyran- 4-yl Jam rze CF3 CFs
MMOO PNeOO NNH2, Pd/C, MCHO NN 10 0 ~YO The
| ed cycl opentene of Step 3 (640 Q)

ﬁolzg({%'@%u\?\fth met hanol (3.2 L) and the sol ut i B (RR 41035069
concentrated to an oil. Dilution with nethanol (3.2 L)
and concentration were repeated two additional tines.
After the final concentration the oil was diluted with
nmet hanol (6.4 L) and charged to an autoclave. The

phated vede ¥ SitachiavithléaCd (NBGO N Lwaﬁemarng@mt&mo gh eiemctihomirase The

res@%éa %v!aéj &V%g/ea{l 13 ?ﬁt&% Fl% IL& %\}]d ei“iaé eﬁ 1[1? Pepgagl @/ dzﬁl%g %‘E aztc@:tg]ﬁmle phase

contaived 6542t (&4 el Bﬂﬁb):(ag,ms)%[(k%&)ﬁsemw@ylﬂfl B3trifhebaquuetyl)i78-dalrydro-1.6-
I
o R R g L AP A ARGV a gyl i The
solyepfewap remorqd ip ugepo topride akel %svam%@ahef@ali hyydragepption step.
met hanol (1.3 Q The sequential rinsing was repeated
Step QUI1RBSI I 1-3-§ [BRBifludRym L) TSNy At BG-GBl 6 SH)-
yi] datHolyll @ )\ (58S EB méthaytarahydro-2H-phrbn H-Kighine ont ai ned
633 assay g (98.5 %yield) of the free base. The
filtrate and washes wgge concentrated 20 to an oil CFs
(770 assay g, 1.63 I) The oil was dissolved in | PA.
| 'ut on was conceIM ated tom br

V/

ol Biluti A (3.1 L) and ncemtrati S
! i onaHz PH/GdEOHEX a
(I , 39) sopr opy!l - 3=FT3= (TN ‘q/S dil z
y -1, 6- napthvrldln 6(5H) -

The}drdde asdpmm vclopedian ens 3 (43S waS)itulbd itk tﬂamxnot etzrla lncih@soition was

conl AR L eI BT F PS8R e s

timesi |Aftbrthmfiahen@Eratioh the 01l wasstiloied with wmettianioh(6, H@Aand(cnar&l t¢_9n

auté?:%ge tI‘[]?ﬂ ﬁtr g‘ﬁpd!& @25@ gy&&%hz{r%ea@& t'thEhthia@é& ‘a sﬁﬂ'{ In%ﬂ(agdﬁ 41L).
ri'nse was ad

bat ch
The g&BEBHiPR (1) ISETRUSR 0GHIISE B BIpt 25 . The whm&ﬁh@mdﬁ@a@@dka fioc

(~1%§n depfdh il '8 mm&%rgxasmﬁzeﬁ BRSHRAN Wasdpled iR &Bthehol &.049 and this
nol ) "was ad which resulted in an increase j

rinsg WAHEFLP e i eske FHeOT O e PR iGL-Bp). B sequental

rins2ig GrabRpac Gt hddaidadl @mes. By LC assay the combined filtrate and washes (total wt =

17.1 kg) contained 633 assay g (98.5 % yield) of the free base. The filtrate and washes were concentrated
to an oil (770 assay g, 1.634 mol). The oil was dissolved in IPA. (3.1 L) and the solution was concentrated
to a brown oil. Dilution with IPA (3.1 L) and concentration was repeated two additional times.

Example 2

((1R.38)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-diliydro-1, 6-naphthyridin-6(SH)-
vilcarbonvlleyclopentyl)[(38.48)-3-methoxytetrahydro-2H-pyran-4-yllamine succinate

Synthesis 1:

Purification from Benzenesulfonate Salt:  The resulting oil from the Example 1 was dissolved in IPA.
(1.54 1) and transferred to crystallization flask. An IPA (2 X 385 mL) rinse was added to the batch. The
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salt seed (1 g) was added. The thin slurry was aged

for 30 mn to develop a thick seed bed after which

heptane (4.62 L) was added over 50 min. After aging at

Cfor 2 h the slurry was cooled to

"?‘Zﬁ%}g@% e overni ght. The slurry was fil tergd% gﬁ{}%(}@

wet cake was washed with 2:1 heptane/lIPA (2 X 2.3 Q

The off-white solid was dried under N2lvacuumto give

t he benzenesul fonate salt (875 g, 98.3 % as a tan

solid (84% adjusted yield). Water (11.1 L), |PAc (32
solutign was Remied 15636)at Bhict I&ﬁmh@kp@nlesuﬁm{lc acid (283 g, 1.79 mol) was added which

TGSU&% 1§ %I]r i]efg' lF%%]{q,g et h %]fe)dlﬁ z% Ey'ﬂ% n i@f CODTS% I?ohéoh% &I Benzengsuflfonate

salt &ed’ﬂﬁtgj xyyddaddr 'Hl’ey.h‘iﬁ ﬂﬂﬁ}l‘h@)agarferlm;dnﬂl tordevedop a thick seed bed after which

hep ?%:] Svlv'lal&fa %(#%645 %gg toveﬁr forg?v%g glrrbwasm)oled to

ambimwbmlﬁe@hmewea@d Theslumiyrwas ﬁhmed msl @JBSVGV@kt’eW?S epdediti2:4nd

hept%lgﬁPAg%?ut :LZ ’Ith%{ﬁEv ‘(%%]é%?%ﬁ@i MdEJNMu%{té ﬁe tl-n) ben%ggsulfonate

I'sopr opy

salt (7§ B9 GoviGhastaligp sphdA84h adivpied visid), WasaPhi By Am (321 B (JR.35)-3-
lsopkdp?@ ﬁﬁlmihuc}on?eit@i)m%ﬁm{yﬂo)iﬂf §a§h dn36(5H) yl]carbonyl }cyclogentyl)[GS AS)-

5 g S B A En S oY P et el SR U A 4 luion of
Kzoamcﬁcﬁs |kg) it b.@tezr(esmu II‘hHJm@tui‘e wia ggedilb oiire Ghetbyels vetdsapuedied and the
orga%xc 'laarf:r was acg \gr iy Cegerl{g Ir'Ig}ltn ‘idv\%cr Sé)lur%l:én & é{IRag%ﬂgbefop%S é{3—
(tnﬂupm@sthley&ﬂhE@oé nyﬁphﬂtmdlsé@ﬁ)ﬂl}@rmyl tySenentyDIFK49)-3¢ he
meﬂtdxﬂé&ama SR! E}SFraﬁ-h—'yﬁz{hnﬁJ‘l?ee%hJe (a@ﬁaskg%htsakﬁ% 146 kw2 bhendd

hanol solution was then heated to 65

conctingl el THRPEAT0g i A1otod BN HpImo @SS AR ReBHed 1 an il
The Adtioh @8 bJehtRVIBOwdy reped @il thrincdd tihgpt ane (530 nlL) over °

10 mn. The solution was then seeded with 20

((1R, 3S)-3-isopropyl -3-{[3-(trifluoromethyl)-7,8-di hyd
Syths]:»f fhe Sixphhic Ayid lSalt MAfB{ Bbffinal concentration the oil was diluted with ethanol (4.055

e]eﬁlanol?so 1)(/)% ]VXS en eatetdxtl) %g “Cts%ui@l%e%u{6§@) é)ﬁ lFxBI @an%é& ngone

m ne Succl
porttme ptllawe:l Yym@ditidn)of heprage GG wl} ovaglGshins e splitonaipe dielrt @pdeni with

(1REHS)- 6550&991’@' E@(ﬂﬂﬁb&ﬁe&ﬁw thaya:ﬂ ma&eh;aﬁdmtd@mkened At

see ane L)
el G f e oA B e U Hirae S g s a sy
inh an& Rl TiRWRGIhOnEHWas hidd FRAM ok @ﬂ@ﬁfnﬁﬁ%&lﬁclﬁiﬁ%ﬁfﬁoﬁ&'ﬂaﬂy

The solids were filtere

d
ik AP SRR Bedeen hapane (54D S PABLOBEGY. TRy was ged

for 2Hf 4t @6l °C] A Bl0HRE tHLEEDIS fobm EeniNeratuse dverai¥hd (0F h)2THa solitlh @ere filtered,

e BB 00 O AL St

stresfoc? hahe fisadake ¢4 Zbr(ﬁeﬂ’/@p and" hﬁhﬁrdnaﬂwﬁalﬂﬁ‘,ﬂacwfn for ~48 h to afford 1.328

ke lo% Eﬁg%&g (ﬁ%ﬁ)ogp/ AREe & éatégg,gggﬁh ﬁgagpgagg w&)(mﬁm%omemyn 7,8~

- dth}iwylcﬂ-@phtthﬁn)fE@@S/lh@;vﬂnBl}%ﬁlﬂh@%ﬁ[@ ﬂ%mtﬁoxzwquaﬁﬂzwm 4

yl]aﬁ‘ﬂn]: @J&xﬁﬁe 846¢ k)n’@ats Basfed 13 3h § Lo SsiRASHD %ﬂs%ﬂéﬂ@rﬂ%& 1.313 g. .

using a 0" p. mscreen affording 1.313 g. 3
Synt heS| s 2
Synthesis 2
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17 WD 2005/ 044264 PCT/ US2004/ 035069 Fornmati on of
Succinate Salt: The free base (3034.2 g) was charged
via alminline filter to a 72 L flask equipped with
oupl e, overhead stirrer, N2/vacuum

‘g%%@g&%gér:]centrator fl ask had been marked acqﬁ5%4@ggﬁg
The conbi ned concentrat es were further concentrated to
-7 L and solvent switched to EtOH at constant vol unme
using 17 L EtOH The solution was diluted with EtOH to
the 11.2 L mark on 5 the flask Vacuum was rel eased and

- Foriatioe bf Seorioeriairalhe freslase (30391 20 evds ghiatghd vima hupelintuiediter to a 72 L flask

eqm@\}gerﬁ % ?I]Zog%lples GLAds SY(Q’CNZ?‘va ﬁ'i‘lgfj ﬁﬁ b@t@lgcogéﬁl&aoﬂ’\ﬁék had been

pt ane was ad over

markpd geld el L Wascaibpedtopesarites W‘ﬁ’fﬁ’f P@ﬁqnﬁﬂéd B L&%@He?téwﬂched to
EtOf1 Q?coﬁﬁinﬁ {'rblurﬂ—e!&%mﬁ i3] EﬁjHJ fI‘hé’ so\lﬁ‘én ﬂ%ﬁlﬂﬁ@ with BOEQo 68 €L 0 finark on
see
o e Y2ty i e e AL S U WS P £ 2
succ‘ﬁﬂﬁacﬁiﬁﬂk edlled gndahh ﬁﬁtwahﬂmpo ﬁﬁ?@r Hem@dnk (1.4 ) vas sddgd ofer Thi. 5 g seed
T
t}ucl&(seai thed Btk wihizh BAND hEgtBbiwad adﬂfbfbwedﬂb yoir Aflr agilg st ¥efon@irthe slurry
was g@cﬁe*& dgen%@ 53%% &/ ELd Q?of&?%roﬁfei hd@/&’a Er%w%&’é ok o33 mg/mL. The

vac um on I ve

slurry “taaﬁltewl apdiwegakphioyy wabed wid) X B8P/ lylle@%ﬂ%P/W)ﬁh 0&0”@%’ a4l

dxspf(%@e%ﬁﬂt »l(a@ﬁ ﬁlth e Eéf}ﬁ%é/ﬁbl& TR dff)@llmql@fsolﬁ% Hﬁ'@t@deﬁﬂylballcuum on the filter
was _ char a visually

Pot@gaaﬁ‘*%@ﬁaﬂrao%%% TV, Ségqﬁdwﬁfs‘aﬁwit“ﬁtg &&5‘%3%?%‘% nl et

nmechani cal stirrer, thernocouple, and inlet adaptor.

Recr%fr&ilm%%% oef .S'zsc’cac%nate V\%)ngonéz d lfgg 8&6[? %%jcharﬁed\% !;1 nltsua%l}z cl%a.u 50L ﬂask

equigped with @h/vmm nlielt ansifagicyl eww,oh@nﬁt@uﬂ_e fallidaslkt adendsr Suseingtd sglt was

adde\a%ﬁ&%ﬁ{&a%%ﬂ 4% 1 l:b ! Slﬁ}?y wis lutaﬁﬁed 1YBea attﬂitﬁ’dﬂéﬁﬁ{twﬁylﬁnon was

conpl ete was rlnse W th rmn
transfpgesd £ 7 sk @@ewaac yasryRga £ il ppgdpline Sltgr ¥ he Ufaﬁsferz‘vaﬁcomplete 0L

flasf \g@ﬁ%am& |U2E5t@H Sthse Wis@ahGletd iia ilin¥Bifer &waaaﬁ ptal fed. The filtered
W t I Nn ucc at e .sal t . .

B gt SRRt o+ S8 2 ER AR E1AAL bRl prpzng curi the

concghnthatite Slutrg waPdilutet tot 124 thewr wangied to 65°6'C1 LiHeptakdopis added Whlowed by 14

£ se%cml?rged dg%ﬁ;trelgzgme g‘lﬂrry ‘g%fsa%gﬂl fi%ﬂxﬁliaﬁ%"é 'ﬂ'tegggi?ﬂﬂﬂ SL eptarl:]xe was

ter
addeﬂp\f@ 21h. Fesystoami efamsd 2 h@t&é‘fﬁl thpesoolpd 49 rooppigmp pYGFHEHL WA b. The shurry

was ﬁﬁ&éﬁ 9 c&le&tthe@'éﬁstaﬁﬁﬂe ﬁlﬁbﬁ!aﬁéjwztsﬁedrv@@i@ ﬂ}ﬁﬁﬂn&ﬁﬁﬁcﬂ I gt slurry wash,

s filtered to the,s
f°“°éb’ﬁf‘1b¥ ﬁ%Lfi}SP]ta‘é’ R”éﬂ\ﬁﬁ%ﬁ%g‘ Jov o 11011%'5 aﬁ%wai ‘H&%}’ pagsigg N
throbghsil withrwicadvasthy, 3 h thea thed‘ill&fﬂ:albaymﬁ brbkén i aﬁcpfuﬂt‘m natwithdlvacuum for

appmmmabefl){ﬂls klZi§ rcr%lqlgﬁ % ﬁf dr{[m t%f' &u}]\g/ gr? %/st ore é ﬁ&fbﬁg Rg%ﬁhaé within a
ﬁberfdrilrtl @rmk eniliags thof@ktéﬁ Otfpkeoed chefsuicinaie ﬁaldpff & waldhwas obtained.
N2/ vacuum for approximately 48 h. After conpletion of
drying the bul k drug was stored in a doubl ed pol ybag
wthin a fiber drumto await mlling. A total of
3.018 kg of the succinate salt (93 9 %yield) was
‘obt ai ned.
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~18 D 2005/ 044264 PCT/ US2004/ 035069 Exampl e 3 (1S
4S)-4-(2
5-di methvl -1 H pyrrol -1-vl)-1-isopropvl cvci opent - 2- ene-

'_ ic acid Step 1-Methyl
‘%’P%%@?‘Qwam nocycl opent - 2- ene- | - cmboxyl at e §&r]m ?00%%3(5]0—?9

HCl  H2NCO2H 0 t 020C HZNCO2Me g Sol i d

(1R, 4S) - 4- am nocycl opent en- 2- ene- | - car boxyl i ¢ acid
(1.0 kg, 7.72 mol) was dissolved in MeOH (3.0 L). The
slurry was cooled to 0-5 C. Thionyl chloride (0.576 L,
7.92 nol) was added dropvviE&mniﬂ.ér 2 h maintaining a

m xture was ed at 20 for -2 The product
Ste] el (Vede-{ HarroRelaRadr L eredr 67 é‘@eto | PAc (22.5 L)
over 1-2 h whereupon the product crystgylized directly
from sol on as t I—|@F’C§6N‘QOH The q\?tc wagofil t er ed
and dried™
am nocycl open efe met hyI ester HCI saI 081 g, 77%
smﬁ(i'(ﬁi 95?}4 ﬁh&gycgopentmgﬁll—cﬁtle;yﬁeslc'icf'r(l(O?kg57 ot :H&S #Jéél disddived in MeOH

)cycl opeit-2-ene-l-carb
@. 02L)4 Tbeeqhtr@m@el pasied RS Tony chiaride (. SNyL 797 eeb fpias adgiggl dropwise over
2h rrJa#Eg.\ f n%i)e}lc—lﬁfe é@l"t dAﬁﬂ@ HACYEL ARBNCRIDdBAtH theﬁﬁﬁdﬂfaﬂl was

g, was di ssolved in McOH
rempygyl ambthe maction PEEES Wﬁlﬂﬂfrdc?g °C iy § %eaﬁeythet TR on added

dropvrbdebap 2 (785 Kﬂ)verel-%em dn tHESTodEib Ataflioddl darese fldyn solutton as the

acet onyl acetgne 711 g The batc P ? thvl
HCLslt. o XhstRich S ﬁ%‘é’f"'@é’%"iq’i‘@d’tﬂr‘f cup 8%‘5&“5%"% idp fie ggungeyclopenicne methy
estel HIE $2BQOBL @IV7wIvidd)r e was then aged at 25 C for 16 h.

The batch was diluted with IPAc (9-10 L) and 20 washed

- wWith 10% NH4Cl (2 x 3 L) and 5% brine (2 x 3 L). The
Step PAM ethd ( IRV SIAS2, BilimeByl ey rrelobiviiendlopsuit X exe-é-cabpiviaga ed,

~and concentrated to an oil. THE (3 L) wag used as a

flush an@ahe batch conce ted to an oil.
The ai pzppensiti ‘ce)army\rl\?gl g‘q,g%r,gt Tct ed i QpE0MMe
car boxyl at 189 g, -929t—yretdP™was 5-7 C

under nitr until the al kylation step was run. -19

The solid aminocyclopentene methyl ester salt (1.076 kg, 6.059 mol) was dissolved in MeOH (3 L, 2M)
at 20 °C under nitrogen. Diisopropylethylamine (DIEA, 0.78 kg, 6.059 mol) was added followed by
acetonyl! acetone (0.711 kg, 6.241 mol). The batch had an exotherm increasing the temperature to 32-35
9C. The reaction mixture was then aged at 25 °C for 16 h. The batch was diluted with IPAc (9-10 L) and
washed with 10% NH,CI (2 x 3 L) and 5% brine (2 x 3 L). The IPAc batch was dried over sodium
sulfate, filtered, and concentrated to an oil. THF (3 L) was used as a flush and the batch was again
concentrated to an oil. The air-sensitive pyrrole-protected aminocyclopentene carboxylate (1189 g, 92%

yield) was stored at 5-7 °C under nitrogen_until the alkylation step was run.
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WD 2005/ 044264 PCTI US2004/ 035069 Step 3 - Met hyl
(1S,4S)-4-(2,5-dimetlzyl-1H
pyrroi-|l-yl)-1-isopropyl cycl operzt-2-ene-1-carboxyl ate
N Q02Me i Frl, LHVDS N COZMe THF, -20 C -9

BP 2P2LPE eoners 5 The pyrrol e met hyl ester%é%@gﬁw%sw
dissolved in THE (1.2 L) was added dropw se over 40
mnto 1l M Ilithium hexanethyl disilazide (LHVDS) in

THE (8.65 L, 8.650 nol) at -20 C. The batch was aged
for 30 mn and 2-i odopropane was added over 1 h. The

Step t Qi?l\l\ﬁg’ g%ga;g%!ffe t(%;l’le If].'yb -pgbc?r} y?)l }l gyﬁﬁ%a ?cl%%[trg e&? é t%grb% te

IIPLC (<0r5 %starting materlal) The batc
guenc into 6% NH4Cl sol t| on (10 Q

char @ d d@g@rs’ %? ar at ed. OnNLh
| ayer ed MAt (10 LJ,
x 10 L), an oncentrated to an oil. The

air-sensitive alkylated pyrrole nethyl ester (1419 g,
98% yield) was stored at 5-7 C under nitrogea:1 ratioti |
saponified. Step 4 - of diastereomers
(1S,4S)-4-(2,5- dinethyl-lkkpyrrol 1- yI) 1- isopropylcyc
| opent - 2- ene-| -carhoxylic_acid 15
TheygoRe Hebd ester§ bl 8¢ gNissalvgddepHF (42 Jywas afE‘ed 6‘8%‘63 e 409%“ I M
lithfhmPemBthyldi¥ila¥idd (EmabE) ay TR @bs DYy 8.630 oy L-AyAC. a8é Biich was aged for

(1. 38 k 5.197 I ol ved
30 %tﬂw-’e PECDE Wapjade cd o bh 1 B e feﬁ&%&r’“@%@ erm to 20
°C Rer 1B4nd AE8d et 20FIgoicd & hihessnpledsy Hmat(eajs tGtabing @afefisl). The batch

RN TN N T —

Thetdfgbnic bise vab wnshgd WIthst TagENELICH(10 L), i %ebmide Qix 19d0.and ¢ohBeniryted to an oil.

3 05 Bl I8 g 8 PRl e
unti/AnEhi fivH. vvater and dried in a vacuum oven (40- 50 C,
25 26" Hg) to provide the al kyl ated pyrrole
cycl opentene acid (1223 g, 95% vyi el d) 0 WO
Sterpb&s. 6514482 dpehyk koo 63 dewrromlanir e’ - carboric aci
3 (trlfluoronethyl) 5,6,7,8-tetrahydro-1, 6- napht hvri di

0 M 1. NaOH, MeOH/watst, 65 °C o H
2V 5 coned HCI 1o pH 4.6.5.0 2

The alkylated pyrrole methyl ester (1.38 kg, 5.197 mol) was dissolved in MeOH (7.7 L). DI water (2.5L)
was added followed by 10N NaOH (2.08 L, 20.786 mol). The batch was then heated to 65 °C for 16 h.
The batch was cooled to 10 °C. The product was crystallized by adjusting the pH to 4.5 with concd HCI.
The slurry was aged for 1 h and DI water (15 L) was charged to the batch. The slurry was aged 18 h at

2025 °C. The solids were filtered, washed with 10% MeOH/DI water and dried in a vacuum oven (40-

50 °C, 25-26” Hg) to provide the alkylated pyrrole cyclopent_ehe acid (1223 g, 95% yield).
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Step | -
N-f3-(D et hyl am no)-2-(trifluoronetl zyl)prop-2-enylid
eneJ- N- net hyl met hanam um 5 hexaf | uor ophosphat e

- (CE3DT) 1. POC13, DMF \N + PF5 n 2. NaPF5,

_ ‘&%@%&F—f"% Phosphor ous oxychloride (1.1 L?‘N?’?;@%ﬁ’gﬁsgw
was added to dinethylformamde (2.6 L) at 4 C over 1 h
and the reaction mxture was allowed to warmto 20 C
3,3,3-Trifluoropropionic acid (TFPA) (771 g, 6.02 10
nol ) was added over 6 mn. The reaction m xture was
then aged at 50 to 60 C f Gkadpladand then allowed to
cool to room.tenpera . e, LERA/ 3L.DVE. reacti on
mi xt ure ms%@'ﬁ@@gﬁéﬁgyﬁagu} {o T manhiedine "y o
reaction flask was rinsed with DM, 3 x 75 nL, and the

Stepr | -GBS Dithefoylapniran { teiflpczeinatiopiap-2 gmyliderg i imethytmetharamdim

hexafisgrapliosrdeie fHGBFhori ¢ acid (980 nmL, 60 wt % aqueous) was
added to water (7.1 L) with cooling at 4 C. Sodi um
hydroxide (5 N, 2.0 L) was added sl omNN{e%ﬁy’-ng t he
internal tenperature bel wPQBsDHIFC. Thej sol ufi on was
t hen cool ed 3&%3\80 §odi 2niaRFeMERHde (5 \)-%Fas char ged
to a 2 L addi®i on”"funnel and added concufirently with
t he TFPA/ POC13/ DMF reaction nixture at a € such
that the internal tenperature remained beljow 5 C and

the pH vari.ed fro .05 to 3.6 (.appr.ox. 3.2 Lin
Profpp i e i TSRS vistekade PR i oD ffos over 1 and
the ﬂfaa;;aoﬂ ﬁﬁgr@@@ ldllcfv&ﬂ uﬁ@anmth' canoeeb -ﬁ@ﬁ@ﬁﬂ'ﬁ&leprsﬂbﬂid&idlﬂm 21 (781 g, 6.02

iltered, slurry-washed wt ce-co el X

mol) yyas et ogr p ggip- \HHE Fragion w%ﬁwaﬁrt{iwg%gqt@% 5 Eﬁ% h gnd then allowed
to cdobioabonOErmpdandre. 7iGE TRRA/PETUADOMHK redctich rhikidid wak VhaR@ it T, addition

S S t al ned. - .
runsff Tl ok ShHBlea b BRI 37 75 B a0 the spres pleo gangfersodo e 1
additioraﬂm)l;&h detafBoyoplzisphiotie/#cidiP${mL, 50 WiFWDSousTTWIE affel to water(I-BL) with
coolgn% dOd} f%%%% éa 821%%%g%%ddemﬁé\%%ﬁéyin%%}éigt&m%@mpemm below
15 °C. The solution was then cooled to 0 °C. Sodium hydroxide (5 N) was charged to a 2 L addition
funnel and added concurrently with the TFPA/POC];/DMEF reaction mixture at a rate such that the

internal temperature remained below 5 °C and the pH varied from 3.05 to 3.6 (approx. 3.2 during most of .
the addition). The resulting yellow shurry was then aged for 60 min at ~0 °C. The solids were filtered,
shurry-washed with ice~cold water (2 x 4.0 L) then dried with a stream of N, under vacuum, A total of
1.785 kg (87%) of the CF;DT (vinamidinivm salt) was obtained.

Step 2 - N-(tert-Butoxycarbonyl)-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine

1. LHMBS, THF

PFg
CFs

|+ I
/N\*/L\\/N\ BOC., CFg

BOC
\NK/\AI\ g ! l .
o 2. HOAc, NH40OAc N
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N BOC- 4- pi peridone (672 g) in THE (2.72 L) was charged

to a solution of lithiumbis(trinmethylsilyl) am de

(LHMDS) (3.55 L, 1.0 Msolution in THF) in THE (3.7 L)

-12 over 45 mn. The reaction mxture

\i{)g%omy o warmto roomtenperature. This mpgqﬁjlséommssaw

added over 30 mn to a slurry of CF3DT (1.17 kg) in

TIP (5.45 L) cooled to -24 C. The reaction m xture was

then aged for 2 h at --20 5 C. Acetic acid (295 nlL)

was added over 3 mn. The reaction m xture was war ned
N-BOC-£fipdridonsg672%) n THY (2112 D) mdhﬁgmmmd sohxiecaftligtien Qiﬂﬁ'ﬂnegl)/lsilyl)

RS ). RS R BT ISERRH) AL D8 M i

mixthieavas elfeteil anwatinxd ool ten@srammoTledmixmrerm mided nyze BGunintea slurry of

cw?rg ﬁﬂlyl kgk/ %ﬁ:g;( lgﬁnﬂ C("i 6{ Jc'sr @e F'}e])ag( ﬁrg%xtuvl\‘% was fhen aged for 2h at =20

°C. tAeticsitid (295 rd.) wad adp@leder 3anid. Theaedcdgranigtugorae wahﬂed;tnézd *Cover 1h15
t The |0 u . .

i S5 o8 S0 o AR Sy SRR A0 et o

°C aad agéd foB 22 at this teAdptremea ghe medtiommihge waspeelettp momesmieaiey then

dﬂuk{s&:wﬂl’? Wit ( 19& L} eﬁﬁ mg&?l@)fﬁdo‘i] )*aﬁé’ qg 4 LS C'lth@ Irm)&ﬁlz Q,Q,,t agitatét@thg stirming

qdp(gj ve an assa (64% of th
stoppraliptnd fierlaveys esre agp\gqg tegsettle. The lower aqueous Iayer was removed and the organic

layeswﬁstvfali]}éah lg&tﬁ:g ¢ 2 ubdﬁls YiteR.abia (6. ﬁ]:.)} g&Aﬁe@ Bt rad @pﬁ&ﬁh ofyiyeksd.C assay
I ne
of theefeanif, @W@ﬁhweght a&g?kérgsm aflﬁeamﬂﬁ f’%?ﬁ gﬁ“? & of e %%{}I. on

naplélpmitiae.ni ng N-(tert-but oxycarbonyl) - 3-
(trifluoromethyl)-5,6,7,8-tetrahydro-1, 6-napht hyri di ne
(34.2 kg total weight containing 989 g of BOC 20

StepriagHtrifippiodisd) 5. 04 S eohsknt fawddytidnan oil . The residue

was diluted with nethanol (6 L) and the sol ution was

concentrat ed to an 0|I n I 6 L) was added tCo
the r& f'/so‘l2 gonc ’ |

L. The so uti s d|| eHrﬁ

of 7.3 L a |nIPA(36L) '
sol uti on was heat ed to 55 C and aged for 1 After

I

cooling to roomtenperature water (5 L) added. A
sol ution of K2C03 (2. 28 kg) in water (5 L) vvas t hen

car ef ul I added (pH. = The 25 m xtu
The ipei Brsa o EaPop ERE e R - g Sitbony) -

(trifladiofetii) @,e,s SQﬂﬁhﬂtdlEdmﬁﬁﬁxy@hﬁeQi% kgxbtal wkaght adnediirg®89 g of BOC

nep B PR B ST DRTERE BB feh PUERAIBL G g souion
was Ednogntried @@@nﬁebﬂ@ﬂ@@b@ L) Vheaddedd o the reniguepinfl thigesslutior was eepeentrated to
2.3 ﬂV' 'hl% sblﬁ’t{%n(»@ls hﬂutéar%&ithtn!i%ﬁﬁdi ki JoRihe VB9 3 LQQJ‘&?@MYH& GOPA 3.6L) was

vol une of - . The solution was filtered

addqdh fl‘bﬁﬂ@hman gqxqﬂp@edég 5@7%% agadrderd|h. Afigriceding to room temperature water (5 L)
was added. A solution of K,CO; (2.28 kg) in water (5 L) was then carefully added_ (pH = 10). The

mixture was exiracted with IPAc (3 X 10 L). The organic extractions contained 601 g (91%) of

~ deprotected naphthyridine. The combined organic layers were concentrated and the residue was diluted

with IPA (6 L) and reconcentrated. The resulting oil was diluted with TPA (6 L) and the solution was
concentrated to a total volume of ~2 L. The solution was filtered through a sintered glass funnel, which

was washed with IPA (3 x 1 L). The combined filtrate and rinses were concentrated to ~0.5 L and then
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was washed with IPA (3 x 1 L). The conbined filtrate
and rinses were concentrated to -0.5 L and then -22
WO 2005/ 044264 PCT/ US2004/ 035069 diluted with |PA

, . _The solution was heated to 60 C an | n
‘f’éﬁ&%’?‘g 6“m_, 4.33 Mby titration) was adde%cgl@g%d%(&ﬁHw
mn. During the addition the formation of solids
becanme evident. Heptane (2.75 L) was added over 30
mn after which heating was discontinued and the

slurry was allowed to cool to roomtenperature
diluipd edth iRph¢1.95 AYl ditisisclntivin Wahdaiedto( B0 C g Héliol IHAe@etmnk, 4(33 MKby

utrai.liOrﬁ %aggdféﬁﬁ;vg]i @g de dlaﬁl; glw édtﬁ% ﬂ?ﬁ_sfj)rmaagn d;If al)l}dg ge%gm%e\%%& gleptane
27542 wwwdtoheréo et afl@gwalnch heating apas digpoutinhiest aid B2 8lugy wasgilowed to cool

to ré’bn{ttsﬁf;efrelt&% HE%hN@d&hémﬁH@H]fAt(ﬁ)t&@ﬂ}{&igl F]aieke {2'}@9@.&“}2}%{& &led. The

ne In nap ht h

soh@wegqﬁlteﬁéf\@épﬂd with Zflrhé]gmgg%ﬁe§3 x 50 |agd drie¢ gnder vacuum W1th a nitrogen
strez(r&?)aff&dh s b Qﬁﬂi—@t‘iﬁlﬁfbﬁ@hﬂ}ég&?g}z’t&?ﬂﬂy&o-@ g%gphtﬁ{yﬁﬂln%mf'fls % ylzeld from
e . O- n-.4- one roun ottone as
Boéﬁﬁgﬁ%‘%mv&éﬁgﬁﬁ%%éﬁﬁ?&% as e Pﬁs‘é)r t her nocoupl e, and
nitrogen inlet was charged with -

t et rahydr o- 4H pyr an- 4- one;EQ ggskg, 30.0 nol) and
trlpropylorthofornate (5 30.0 nDI) The punp
used for the trgdpethoxgietrphpdne-atigyys
chlorobenzene (300 nL) and the flush was added to the
resultln solutlon was cooled in an jce
Stepdafeﬁa’fyéo- yrapdgag: | A% L rornd hpgorgsd-flask eapinperpith 4 faechamigal stirrer,
thermbdohpw)lanm&@en inkve Waspm@anﬁih te’:lﬁlilyddf—‘lﬂ‘rﬂyrat\‘-\ﬂﬁne (3.001Bf) 30.01mol) and

X d
i aBOlbeBls 7 0 Hbb el Bl BB Bl PR} Bfod e,

CBIO(C@})Z&%HGU@ ki) milﬁleﬂmgfawmﬂsn the &atehd Tiha chevltingsolution v(ag Scokedhin an
m)m 5 K005 WIeF ploAIRNAC m{h' ol A prbdh AU e, was

sol ka ter was
addm@e@zmee Thwnver Vaspred am%bl%teamrmré rrip BnTiNmEEvides g solution
of 2ZkGCRAMHe BXkilr@Ris@encstialRd &ﬁttew:aa&uﬁﬁ(m&ﬂmi ThidodByeteddmdukd by
|
s

S R ST e A SO0 e P e Ty was

dilutul 8t MIBE(26 1D end éxtrictadrvdth sataatpabxcpzbans NaHEQoReH) theh vadter (2 x 16 L),

The 8 LI% ﬂﬁgeggag @&cén%atl?a uu%a ]%u %Ffjtlo ?én'ldvla ﬁ)g hﬁbﬁ\/\%en the

si ng acke m a
intere] .tqmpasaﬁreedea&hwﬁo@ rose (@ st adod Tiegiatilaionmascontinned using

a palRBl &lllﬁﬂﬁﬂ 2 QRO MRRintaBE L thp Rk ?dnﬁé‘bﬂ a¥out 95 @b p@ a@kﬁora)enzene was
adde%lé) Pgli vol ume. A total of 1 was used he batch

b B £GP o Ao A et i rgoatre was
manﬂkﬁ]ield iberwednel 20 igit 125 PCaduiriogthe A‘%ﬁl]ﬂﬁonl G\ flar 1613(3&&59’&3/ indicated > 9:1

Ladi cated > 9 1. conyersi vac
convtf:ro og.o r?mv f_\lléxm awaa mﬁf]:ase I éjg il ng %n\g@le CfeactJ ion yag slt‘]lllerc{(fo %row%: a 33 wt%
solutgon38 3 i Wb kgs B Byiclghandchigrobedzen® kg, 73 % yi el d) and

chl or obenzene.
Step 2- 3,4-dihydroxy-tetrahydro-2-H-pyran-4-sulfonic acid, sodium salt: A 50 L round-bottomed-flask
equipped with a mechanical stirrer, nitrogen inlet and thermocouple was charged with acetone (12.7 L)
and water (1.28 ). Hydroquinidine-1,4-phthalazinediyl diether (DHQD,PHAL, 54.8 g, 0.070 mol),

potassium osmate dikydrate (12.95 g, 0.035 mol), and 4-methyhmorpholine N-oxide monohydrate (NMO,
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Step 2- 3,4-di hydroay-tetrahydro-2-H pyran-4-sul fonic

acid, sodiumsalt: A 50 L round-bottoned-flask 30

equi pped with a nechanical stirrer, nitrogen inlet and
ermocoupl e was charged with acetone (12.7
t%@“{‘%ﬁ‘gs L). Hydroqui ni di ne-1, 4- pht hal azi"%&fsg‘ﬂ’g"’”"”

di et her (DHQD2PHAL, 54.8 g, 0.070 nol), potassium

osmate di hydrate (12.95 g, 0.035 nol), and

4- et hyl nor phol i ne N-oxi de nonohydrate (NMO, 23 WO

2005/ 044264 PCT/ US2004/ 035069 1.078 kg, 7.74 nol)

1.0Vikkge7. 2thaelpiwsere gldedhdetpahtially toghd dobrerg @hdibeteswdting séliten was cooled to 0 °C,

Th%p?ﬁ(&iek% ’%ﬂlgxg(?ﬁy ﬁ%@@l Sx\gz%%&g%ﬁg’éf) ?{ﬂ% \%as m}d@ﬁ gvel? 7 ﬁ%h?ﬁ%mnmg a

reagiignl egperviare of amm\mpl & Dystibrarefiarsid aejutien of NaBO5 (542 &. 4 22 mol) and water
(5. GBQJmi ﬁﬁ&f f@l(l&fed QPQ&&aI &eﬁé acﬁl)(fl '2%? b fYer %ﬁgol%rheagrt St&],) stxds%re

wat er
Tem&&'?ﬂlé‘éi ﬁi“H‘PP‘b%é ge @%%“&&FO&F@%%‘{ T yacke fogepave 2‘“’ [fStonaf F%Hml’anol (28
L) 9giaB@d ber B.5alo prbvidd drlofed soSy. Whe Solfds WaBBededy a frit, rinsed with

the filtrate S n t in.vac
sojrtpap S0 S 1t et o R SR B 58 M e s MBS procuc
thaioveg#7.3%xeh to provide a colorless slurry. The solids
were collected on a frit, rinsed with isopropanol (6
P;/_\} and dried in a vacuum oven to provide 958 g of 92
SteRpf 964 élwe%wapfa’fﬁ@e?%ﬂyéqnoﬁydpﬁé’a haound ppiipmedHask oquipped yigiea
mecla&us%l fPreB 5L déo fuﬁie@hih%ﬁéﬁtxﬁ&raﬁ@m&&ﬁco% ¢ RS Rt Pkt bxﬁlﬁte

aaaft 3 & PH 0 Sk Pk ol E 0 o ] EYRs wistiiompostimatn (oS € .93 mo.

Thetrisalting dowple waased cdiirgast ad.g¢dMbolstidnfof HEl in MEGHIR.48 B.AH9Gnol) was

ol AT o oI NGRS s o v

- addedeasalstofvrsgeasy. (e solidsreorapatientad on @ fi@udIhafiltiate wis @BeVswitched to

telu@&l déﬁlg Q thid? Bf ﬂg tolh&xe %ﬂa&ﬁwﬁo&eﬂtﬁmﬁ% Jﬁglllt)_?; [Weeh m@sqgrﬁ(ivere

funnel over 40 nn, slurry was cool
remP‘é?d?y é“réﬁ %ﬂw% Mamsgd3vith THE 2 %&SA golntigp eragng 547 § P%Rxpdmt
(3.56 mlobRM 3T e SIBYibIa 97686 redlid. ected on a frit and the
filtrate was solvent switched to toluene using a
total of 12 L toluene. The batch was concentrated to
Stepedb (AR )-BMEthorvietnaltylire-48alyial -amerfe22 T epl/etiodgd-flask ¢quippédowith a

ther@BEbub %&%&ﬁnﬁé@aﬁd B4 ﬁb%%ﬂ%aﬁﬂef»l?‘as e(l %nt{r solﬁ“io@ 0 ék‘zisg g’g%%} 5331)

contalnln q roduct
and THE|(348 Lbﬁﬂﬁ%ﬂ@éy utw@sqsilrcafés L. Yignadpwa fsrupreseee R}aOsBu (494 g 5.14 mol) was .

addddh BRYstRh ERtr@N ra@teﬂ:'i’al[ﬁﬁ slktid. OME ﬂasﬁ\ waiz?]ﬂmerscd in an 1ce bath and
a, er noc

r.aungd- bqtt onpd- f I
Ve @%@%ﬁ-s? AR s ﬁfiﬁ'gmfrlﬁtﬁlﬁ@s R HEPR Y SRreh G hecold
batlswds idnico el afl 6 rdaBioh ﬁuxmh whinghd 834 lLbo prtﬁritﬁ a tidffe {obnti8n. WailsHf1.5L)
S esen
was tgi tﬂglo&r? %;L?Nollfﬂé% Eﬁ‘ﬁoﬁ% aé%arent ]g% 8{f Wo pl(l)a:,s]ee m&{uret WastO 6 After 20
hat &Tovm?d‘l%lgéﬂps adddd |aedihes ixtrd wis exied With BlAc \i\ihls5 L) The combmed
orgdni@ﬁis%@\deré Ebn@éﬂtrét&ﬁan@ b Rsidh solilVeRmb¥ed WA £ 78 to Rovadk argglluﬁon of the

dded over m n nmaintaining an internal tenp of
procbléq (ggﬁgggzéa‘s kgnqgscgl&o&d 0.914, 149 g/L,, 93% yield, 97.2 % e).

While the invention has been described and illustrated with reference to certain particular
embodiments thereof, those skilled in the art will appreciate that various adaptations, changes,
modifications, substitutions, deletions, or additions of procedures and protocols may be made without

' -24 - |
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25 bath was renoved and the reaction m xture was aged

for 4 h to provide a crude solution. Water (1.5 L)

was added foll owed by 2N HCl (840 nmL). The apparent pH

of the two phase mixture was 0.6. After 20

NReEE442497 g) was added and the mixture Waschg{S,'ztge/pga@

wth IPAc (4 x 5 L). The conbined organic phases were

concentrated and the residual solids renbved with a

frit to provide a solution of the product (429 g in

2.635 kg of solution, d = 0.914, 149 g/L, 93%yield,
depfRating ﬁ%(mﬁ&)spm%d Wapd oF tHefigvehtivn & RbrieRdinptasifcb@ Bod @ othelresh the

n ustrat w th refer gnce .t certa in artlcular
eeciis s e S st oot PR i ST R e or St m e
respppiveessaf te mbatal being otad fetamt tﬁtthem,atmlh willythe compounds of the

invE@%% Irafe AL BBR: Lﬁ&e@ﬁé h{e%%écﬁi@%hangﬂbﬁgll:ﬁ onQeE @sgﬂé&é%

procedures andad

oo 0nd ﬁmnmmm@as@e@ co@emflq sphgec#qr orethay ghere are present

phadRicehtical?Btierd GOREN Rfneltf}R of fYiBNAH0R Aud TRE oeXAMRStion employed, and
Sucgffectlve dosages other than the particul ar dosa

es
gxnegipd yagptioRs #@Fﬁceéﬁl&%eﬁﬂ‘ﬁi/“ﬁ@nﬁ ppleted ygpqordguce yvith the objects and
pracizBsE chepisat Mentiay, g inta-medJ tﬁeréfble that €8 REASIN Benﬁﬁsedofy the scope of
the cf;%nﬁr\gﬁﬂgf&oﬂow amp s étsﬁc% fa*r?]s be D athEtl zi%)s]:‘)bﬁotaiﬂ 1gglfns%gztl 2\ ove.
Li kew se, the spe0|f|c phar macol ogi cal responses
observed may vary 5 according to and dependi ng upon
the particul ar active conpounds sel ected or whet her
there are present pharnmaceutical carriers, as well as
the type of fornulation and node of adm nistration
enpl oyed, and such expected variations or differences
- in the results are contenplated in accordance with the
objects and practices of the present invention. It is
i ntended, therefore, that the invention be defined by
the scope of the clains which foll ow and that such
clainms be interpreted as broadly as is reasonable. 10
25 WHAT | S CLAIMED I'S: 1. The conpound : Meo H O CF
t4i~15
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O HO2 CO2H 2. Use of the conpound of claiml1, for the
manuf acture of a nedi canent useful for treating
conditions related to the nodul ati on of chenokine
receptor activity in a mammal. 3. Use of the conmpound
of claim1, for the manufacture of a nmedi canent useful
for treating, aneliorating, controlling or reducing
the risk of an inflamratory and i mmunoregul atory
di sorder or disease. 4. Use of the conpound of claim
WHAT & cf @vikBgsmanuf acture of a nedi canent useful for
treating, aneliorating, controlling or reducing the
risk of rheumatoid arthritis. 5. A pharmaceutica
conpgsition m@}ch conprises an insert carrier and a
L omp LR R ai m 1. 26 |

N
O, /\ N/
HOLG CO,H
2. Use of the compound of claim 1, for the manufacture of a medicament useful for

. treating conditions related to the modulation of chemokine receptor activity in a mammal.
3. Use of the compound of claim 1, for the manufacture of a medicaﬁient-uséﬁ;ll-for
treating, ameliorating, controlling or reducing the risk of an inﬂaﬁnnatory and immunoregulatory

- disorder or disease .

4. Use of the compound of claim 1, for the manufacture of a medicament usefut-for

- treating, ameliorating, controlling or reducing the risk of theumatoid arthritis.

5. A pharmaceutical composition which comprises an insert carrier and a compound

ofClalm 1.
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