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T LE OF THE | NVENTI ON CCR- 2 ANTAGONI STSALT
BACKGROUNDOF TEE | NVENTI ON I nternati onal patent
wappbkioeatdi ons US03/ 12929, filed April 25, 2003PCHENS2004/035069
US03/ 13042, filed April 25, 2003, disclose
t et rahydr opyranyl cycl opentyl tetrahydropyridopyridine
conpounds. These conpounds are useful for the
treatnment of di seases or conditions of humans or ot her
speci es which can be treated with inhibitors,
nodul ators or pronoters of chenokine receptor
TIT B oetmm N vBNetoNli seases or conditions include those

' ' ref erenced applications.
CC%?MT%%)%%éfééﬁopw -3-{[3-(trifluoronethyl)-7, 8-dihyd

ro-1, 6-naphthyridin-6(5H)- yl] carbonyl}cyclopentyl)
ahydr o- 2H pyran-4-yl] am ne, :
BA%§§§§ I'S a'%%%@ﬁﬁ%%%égz inhibitor. The | aboratory
pr epar afiterpatiohal poenp epptichtions YL RPP niged Awil Pa B@ﬁa@r@ﬁiﬁoy 13042,
f1ledpA H 35 @bd)Bo @138586, %@rﬁﬁy@fcﬂyrhm @}rcgggﬁﬁte%hyﬁﬁgyrﬂgﬁgfdfné Q6mpounds. These

to 1 n the synt esi's of conp

oye
com@@glésr z}rg,@s@fu,l for thg fr@qnﬁea{t pfdihsgqlsewtcg}ﬁtlogbﬂhp]@g{s |obﬂger species which can be
trealelPRRH HEBASs, Eh*IHduIHSQ 3 frafdeés ofIhb@bkikea6dRpbOMABoR. Wuch diseases or

nt he |Z|n 1 were,inefficient and tinme
“m§% Hﬁﬁﬂﬁtogﬁﬂm? gfﬁ?ﬁ??@%“? @#PPhe st andpoi nt of
p r oduct i(@R,3SFh&osyi-Bd - (mfhibrdﬂamym;ﬁlfdﬁﬂyynm IcH-maphthyridin-6(5H)-

yl]car onag ncgo&) t@gk&’s 4§ g{rﬁt}ﬁg&g gﬂ?ogéﬁ\}é eijg%gg%éf‘\elgar ate

reagents hanperlng the efficiency of the overal
synthetic process. Simlarly, the synthe@Fﬁ of the
cycl opentene buil ding bl ock resulted ig
proportion of undggid abl e st ebem SO
of the synthesis re |keMASu
and/ or not anen cohmhe
Previ ously synthesi zed hy othlor salts of conpound
1, noreover, di$ ed | ess Yhan i deal 1solubility,
handling (e.g., hydroscopicity) and other properties.

is a Potens CORHainkbitan mHliedaboratorsaimebafation efiroinpayndis detludipg thedaboratory

preﬂa&ﬂgﬁot{c&ta‘ﬁpl%ﬁﬁbﬁgte;aﬂdtf)?ctcur%(ﬁs a‘ﬁiﬁ&@@ ofn 8 sylnﬁ{eg§of%81ﬁfxﬁnd 1is

production fornul ation, stora nd _di stri bution.
descﬁqu}@ In{¢ragiional patent applications USO3/ 1 29 and USOB/ 13042.

Prior techniques for synthesizing compound 1 were inefficient and time consuming, and

Clher aspects
t, expensive,

thus expensive from the standpoint of production. The synthesis of the naphthyridine building block, for
example, comprised 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 a high proportion of undesirable stereoisomers. Other aspects of the synthesis were likewise
inefficient, expensive, and/or not amenable to cormumnercial production. Previously synthesized
hydrochloride salts of compound 1, moreover, displayed less than ideal solubility, handling (e.g.,
hydroscopicity) and other properties. Thus, there remains 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.
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remai ns a need to develop inproved salt fornms of
conpound 1. - 1 -SUMVARY OF THE | NVENTI ON The present
WO poosfs426n provi des an efficient synthesis forP€hes2004/035069

preparation of ((IR, 3S)-3-

i sopropyl -3-{[3-(trifluoronethyl)-7,8-dihydro-I, 6-naph

thyridi n-6(5H)-yl]carbonyl }cycl opentyl)t(3S, 4S) -

3- met hoxyt et rahydr o- 2H pyran-4-yl]Jamne and its

succinate salt. The present invention additionally
SUMNpﬁrlbﬁoDﬂ‘éEHEm\&NTIQl\ént synt heses for the preparation of

| nt er n’F}gel pargs%rslt ngventlgn proxqges I'Ag )é%ffc%}x{ s@ﬁ%g{l@foﬁ #16 B%E)Q’thn of ((1R,3S)-3-

isopro;éfll—%??iﬂtnﬂuc(r&n&h}d) Vtﬁtdﬂyﬂrol-l}-é pgpﬂltwhdlln GQjﬂ)kyl]cglﬂ;pny@h:yq:lgEﬁ@tyI)[(3S,4S)-
st P aEERy T3 Sy T s ? Thepresen imepton gddonally
provides aarfficient synttesep feplar @triactionbf 1hthqdl?€Q§ (BReF meBsyr@phydro-4H-pyran-
4-one; @#%ﬁj)ﬁ (é@dé}ﬁlﬁr{h}z] gfr}{ol é (yé){l[lsopgopy c%lbb%ﬁ%ﬁ h]Y—!:QrBoZ(yﬁé Qéui] and 3-
(tnﬂudygdﬁalﬁ}bpﬁy W,Baytmdhgqherit@na@hthym@me Sadviat the pyepantieonf drerecispr (3S.45)-
N- ((1Sy {?g—g—rl.fog}:opﬁf% ﬁéh@“ rcly}/oen n7 839’ gx%&rb T@a&%ﬁ{rﬁﬁ#-@%ﬁ)—' n the

e suctl nate
yl]carl:(o(ljflR,y31‘8))eriB—ZL@dpylb}ﬁ)yﬂeﬂﬁ)x{t[zt&h&dmﬂH—maremmryl Thezingention additionally

r
resides SRR P Bt ey T T a2} SISy S omuem oy i iyqromethyD 7.8
dihydryg41 Maﬂhthyd@mﬁﬁiﬁh—yl]EEB'O@M}EEOMPESQ]E{K%HM r@ﬁhdm@trahydro-ZH-pyran-4-
1 [ NVENTI ON I n one aspect, the present invention
y:lamlBefOVI des a process for the preparation of (3S,4S)-N
((I'S, 4S) - 4- |sopropyl 4-{[3-(trifluoronethyl)-7,8-di hyd

DETA%LC’EQD?S@F’@B PRI BEYRRIN o2 pyr dnd- o ne, 2.

C o IpdrieSkpegt, tha @resent pwersion plok)des 2ptdsnfpr the preparation of (35,45)-N-

s 'fg vonila o Yl R SRl il SRR AR csctopent-
2-en-1Jyh-3-alcthakytetrabydrod th@mmnier?e to form6-{[(]S, 4S)- 4-

(2,5-dinmethyl -1 Hpyrrol-I-yl)-I-isopropyl cycl opent-2-e
n- I-yI]carbonyI} 3-(trifluoronethyl)-5,6,7, 8-

tetrahydro-1, 6-napht hyridine; (2) treati g4 he
6-{[ (]S, 4S)- 4(25d|rrethyl-ll-|-pyrrol ')-1-isopropy
| cycl opent - OMe

o O

comprising the steps of:

€)) reacting (15,48)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-2-ene-1-
carboxylic acid with 3~(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine to form 6-{ [(18,45)—4—
(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-2-en-1-yl]carbonyl } -3-(trifluoromethyl)-5,6,7,8-
tetrahydro-1,6-naphthyridine; '

@) treating the 6-{[(1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-
2-en-1-yl]carbonyl }-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine with hydroxylamine to
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2-en-1-yl]carbonyl}-3-(trifluoronethyl)-5,6,7,8-tetrah
ydro-1|, 6-naphthyridine with hydroxylamne to - 2

WO b@s§4264 4S) - 4-1 sopropyl -4-{[ 3-(trifl uoronet hpCT/UF2084/a85069
i hydro-1, 6-napht hyridin-6(5H)- yl]carbonyl }c
cl opent-2-en- -amne; and (3) coupling the
(1S, 4S)-4-i sopropyl -4-{[3-(trifluoronethyl)-7,8-di hydr
0-1,6- napht hyridin-6(5H) - yI] car bonyl
}cycl opent-2-en- -anmine with

form ({9 3sapsaibif e Anyavad et beiaiod S RBINIG ARt ve
yllcarb%mlgggl géht-z 10180l %H@r aspect, the pr esent i nvention

rocess for the prepar ation

((| R 36)- 3- ccsmbmg)tby[lss‘ﬁ@-ﬁssomwvlﬂ Uér@?éﬁpmejhyl?ﬁs& dibydrer1,0-

3 g 2 h (3R)-3-meth hydro-4H-pyran-4-
o ey e SRSt PS4 BBy esr sy g en
one vidttegnotigmandingtidnani ne, 1: CF ? 9 conprising the further

step o 0 d £
(53 asf b S BIRcbin ies pone s e
((1R,3S)73-Bopropyl-3-{ [3-(trifluoromethyl)-7,8 hydro 1,6-naphthyridin-6(5H)-
- ar bonyhieve! opent - 2
yl]carb%ﬂ)’(&cgp%m@[g%f %ggﬁég?df gﬁn%?@" iy lﬁ}gr angg amylrc1e In
anot her aspect of the invention, discussed in greater

detail bel ow, the hydrogenation step is @rsorrpl i shed
prior to the formati on of conmpound 2. The synt heses of

(3S,49) -N-((I'S, 4841 sopropyb—4-{[3 (tr\fl uoronethyl)
-7, 8-di hydrol , H /
6- napht hyri di n- M Ncyclopdht - 2-en-1-yl) -

4-a 2, and

((I'R 3S)-3-isouo -3-{ 7N\fluoromethyl) 7, 8-di hyd
ro-1, 6-napht hyridi n-6(5H) -
yl] car bonyl } cycl opent yl|) [ (3S, 4S) - 3- et hoxyt et rahydro- 2

H pyran-4-yl]amne, 1, are depicted in Schene 1. - 3
-Scheme 1 MsCl, DI EA

comprising the further step of:

@) hydrogenating (3S 48)-N-((18,4S)-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 (3S,4S)-N-((18,4S)-4-isopropyl-4-{ [3-(trifluoromethyl)-7,8-dihydro-
1,6-naphthyridin-6(5H)-yl]Jcarbonyl }cyclopent-2-en-1-yl)-3-methoxytetrahydro-2H-pyran-4-amine, 2,
and ((1R,3S)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yl]carbonyl }cyclopentyl)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-yl]amine, 1, are depicted in Scheme
1:



,COHHN THF, 0O CHCl CF HNOH HCI, H NHOH Q - 2HCI
MeOH, H O, reflux HoN MeO. MeO Bu N, NaBH( OAc) | PAc,

wo RAsheeH , Pd/ C, MeOH PCT/US2004/035069
N-((IR 3S)-3-isopropyl-3-{[3-(txifluoronmethyl)-7,8-dih
ydro-1, 6- napht hyri di n- 6(5H) -
yl']carbonyl }cycl opentyl) - N- [(ci s-3S, 4S) - 3- net hoxytetra
hydro- 2H pyran-4-ylJam ne, 1, is synthesized by
sequentially coupli ng t hr §§J§3§'_' di ng bl ock conmpounds
4, 5 and 6 (Schenmes 3, bel ow). An am dati on
reacti on bet ween CF;
3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 6- napht hyri di,—
ne/ 5, and (IS, 4S)-4-

. 5-di e %}F‘I - P §?I)V'Q' ? Ipe -e
\em 0 C|d|4 ir

Q uI cmorldeto afford J)

(IS4 , 5-8i met hyl 4ff-pyrrol -1-yl)-1isdpropyl

cyclopent-
2-en-1-yl]carbonyl}-3-(trifluoronethyl)-5,6,7,8-tetrah
ydro-1, 6-napht hyri di ne. Deprotection of th prrrole

group was Gakkh-RE), AWHoRt this stage usi
hydr oxyl ami %OﬁsH%?emxough procesyg t
am—ne—s%cl—t——&ael

salt. The

(3R) - 3- net hoxyt et r ahydr o- 4T—|- p 6, are
coupl ed through reductive am natio in the presence
of a tributylam ne buffer, and with NaBH(QAc) to

e2HAl am ne

\\‘l
ﬁ(l?

afford
CFq
MeO Q
@/N s
BugN, NaBH OAc)3 o r 2
IPAc, IPA
CFs
MeQ < \ 7
H N N
Hy, Pd/C, MeOH N
r ‘l't, 1
o (

N-((1R,3S)-3-isopropyl-3-{ [3-(trifluoromethyl)-7,8-dibydro-1,6-naphthyridin-6(SH)-
yljcarbonyl}cyclopentyl)-N-[(cis-3S,4S)-3-methoxytetrahydro-2H-pyran-4-yl]amine, 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-(trifluoromethy1)-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 methanesulfonyl chloride to afford 6-{[(1S5,45)-4-(2,5-dimethyl-1H-pyrrol-1-yI)-1-
isopropylcyclopent-2-en-1-yllcarbonyl }-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine.
Deprotection of the pyrrole 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

4.
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-(3S,4S) - N-((
'S, 4S) - 4-isopropyl -4-{[3-(trifluoronethyl)-7,8-di hydro
WO R00584428pht hyri di n- 6( 5H) - PCT/US2004/035069
yl ] carbonyl } cycl opent - 2-en-1 -yl ) - 3- net hoxyt et rahydr o- 2
H pyran-4-am ne, 2. The cycl opentene nvoiety of
conpound 2 was then hydrogenated to formfree base
compound 1. In another aspect the invention provides a
process for the preparation of ((IR 3S)-3-
(38, 4sp]§10@![33@36'-¢§ }%rh?yl (11{'[3 e SRREIYY 3y @mdlfwﬂarp@tﬂyn@mmbt

di n-'6 car I }cycl opent I
Slleartg e bRy ﬁzsnemxy b Gop T P 1 Hicaclgpentene moiey
of con¥BAdH AL hdil 15arsREdatd r&gfohhereé bisk h&hpcﬁlh@ p. of : (5)
contacting

| R 39)-3-isopro i fluoro
$ g |, 6] In) another asgect Rle 1nventi pr v1 €5 a Process rirg th prgparatmn o‘[l J? }/Ig 3S)-3-

isoprop AR R ilirbm BT, S\uhilyaar Denypryeylqemt wc):zwoaﬁ;cﬂaabpéﬁtyl)lws 45)-
met hoxyt et r ahydr o- ZFLQFF n-4-ylJamne, 1, wt

3”””@6@@Pﬁ?@”%%76””Tﬁ? GRAF PYFCBIE Br to step (5) conpound
1 may be purified enploying crystallization, either as
a succinate salt or other salt such as fk
benzenesul fonate salt, followed by a sglt break.
ibad in the

Purification in this manner is desc
exanpl es whi ch f d/¥Qw. wrhe sy t“ Si qf compound 3,
the succinate sal t /A K ’ \n_Achenme 2: Schene 2
MO H OH H MO Et an [, a’ . HOCCOH- 5 -In
anot her aspect, t nventlon rOV|des a process for

the preparation of the |n |¢84§
(1S, 4S) - 4- (2, 5- di met hy! - iﬁgy yl)-1-isopropyl cyc

| opent - 2- ene- I-carboxyllc aci conprising the
steps of:

comprising the further step of:

) contacting ((1R,3S)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl]carbonyl }cyclopentyl)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-yl]amine, 1,

with succinic 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 follow.

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

Scheme 2
o}
meo Y i HO)J\/\”/ Mome i
o] 7\ I N/ ] Ethanol, Heptane o /\ N/
3
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(1) reacting
(I R, 4S) - 4- am nocycl opent en- 2- ene-| -carboxylie acid
wowak/oM2eH i n the presence thionyl chloride toP€DUR2004/035069

met hyl (IR, 4S)-4-am nocycl opent - 2- ene-1 - car boxyl at e;

(2) reacting said nethyl

(I R, 4S) - 4- am nocycl opent - 2- ene-1| - carboxyl ate with

acetyl acetone to form net hyl

(IR 4S)-4-(2,5-dimethyl -1 Hpyrrol -1-yl)cycl opent - 2- ene

-1 -carboxyl ate; (3) reacting said nethyl

(IR, 4S)Ln A‘i}oﬁ%r g’s gét r[ﬁé ilﬂyén Eﬁbﬁylﬁésozl rbée)ﬂ EHE m'g%ﬁﬁ@ﬂor?of%ﬁntermedmte

-1 carboxylate Wth dlo rop anel% rorm
(18, 48()1452A391mdthylzlfspmqi=étyh)yl -mpmomkmc@pem 2yAny qua@@pylwmylldc@ epmprising the
steps qpent- 2-ene-|-carboxylate; and (4) reacting said

net hyl
(1S, 4SYH4- ( 2¢a8tinfi @Btﬁlﬁw-ammomqpsmewyné Licirbopnlio psifl oyith MeOH in
n

the pre(sF% Ellggr%'}lgl?gr Clae t%?o?rlgl py p o@mﬁ@c%@e%ﬂZ 'é!ﬁéjf'cér%{y%é“

- i sopr @y cycﬂctnwatd—lﬂeﬂm ¢1R 4D yairgdyrlopeant ¢ne-Tearboxylate with

acetylﬁé@qggsfs%} %t’h%l_(é}lﬁg —h—)%é_ldﬁegiy H—pyfrol-][—Yl)?yclog%né-goeggl 1- é:ga}r(l:aoxylate
| opent {®- eneedctizg douixypbihyl @B #8)-4-(43-dinetiyépHayed!- 1-M1)Cy010|12|ent-2-ene—1-
cfBlET PR Shanos MO b o o

isopropylrlapantg}-ovesert@gylateradi o of di astereoners .

MeCH V\Q%)e %%tl s,\aldCEn 83 é% 4d(2§|calnflgtR é m13: }@) 1"

-Here -am no ene- oxy I C
isoprogulixtlipsnieheneelrcaxilate MIﬁIH\éanbmdé\ém t ﬁqgn St APy)H-(&.§tdapethyl-1H-

pyrrol%llyy(ls_,-’ﬁ-‘;@}{5@@%%c"i\%{eﬁt-zt-éﬂeﬁ’ﬁé’al_rbo‘%ﬁlicoa[cid‘?‘e in methanol . Methyl

The syntheses of (1S,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-2-ene-1-

carboxylic acid , 4, is depicted in Scheme 3:

Scheme 3

SOCl,, MeOH * HCI 2,4-pentanedione

\Q/COzH __0%20°C HoN \@/COzMe DIEA, rt

T iPrl, LHMDS B CO,Me
\ N\@/COQMG THF, _20 oC \ N
:
through process ~99:1 ratio
as oil of diastereomers
1. NaOH, MeOH/water, 65 °C COgH

2. conc'd HCl to pH 4.5-5.0
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dimethyl -1//-pyrrol-I-yl)cycl opent-2-ene-|-carboxyl ate
is then synthesized by reacting the (IR 4S)-4-
wW@riosoesed opent - 2- ene- | - car boxyl at e nmet hyl est P€T/WB1004/035069

2, 4-pent anedi one in the presence of DI EA The

foll owi ng al kyl ati on of nethyl

(11?,45)-4-(2,5-dinmethyl-1/?-pyrrol-I-yl)cycl opent-2-e

ne-1|-carboxylate with i odopropane is carried out using

[ithiumbis-(trinmethylsilyl)anm de as a base. The

resulting al kyl ated product is then hydrolyzed to form

t he

(1 S, 4SHem, (1R 45)diamindeyslopent-Froner brarpexylig aqid is semesps intoybe
corresf)d?xﬁﬁlgtmeatyl &R vy tr@ﬁﬁt@&)%ith' tﬁioﬁ%@ blﬁioﬁde iNBetr@ndlh MeﬁQIDM@ 4S) 4-(2,5-

cussi on assunes _t hat ent e
S

d1metktyé-1ﬁspd¥relgléﬁ]éqyé]&peqt] 2§n13 étcg:[bo néyqtgqsgn?héreactmg the (1R,48)-4-
amino€):HIpeRenina &arboRylfita etetuyamer ofith Rlaepeamnauiinng dksthd prkatecf DIEA. The

T IR p—

with iddBpopans és @nwﬁrouutsengptttuumdatsr(trgnegrydmlpl)annﬂe py lment Thewesultidg alkylated
- 409l b B1dGe i iHIG, o 1P REESfyicyclopent-2-
oG4 ST Y0 LA AR 3 RERS e
ene-1-psba@gliercid #n anot her feature of th|s aspect of the
i nvention, internedi ates may be synthesi zed havi ng

pr ot eclyg t@a@H@dl&h&ﬁfn A8 that the cyclopentene moiety will be hydrogenated
2,5-dinethyl -1 Hpyrrol-1-yl. Thu skill ed chem sts

in a laigpeipriopifesiibe qyRloatmtmgi iafast Bampy l&lt?cfs)méf’ufldh eRierbip grheme 1 and 3 may
be hycfr@%eﬁ&“:ﬁn amér%nﬂlgtsté? t® Fl%ﬁ@&ta' ?%olgzﬁﬁh'@anaf)%l (BEOGUAS Brole protecting

but 1s not limted ert-but oxycar bon
group HEPrEsERo Peld plse kg reducst kg2 BAEEIne SIS, thlaptoytswyéﬁt%wlotewng group
1d BeQgfWed)f ornyl, acetyl, trifluoroacetyl, 2-
oot nlgégﬁgnzenesulfonyl 4-nitrobenzenesu|fony|,
2, 4- d|n|trobenzenesulfonyl benzyl, triphenyl nethyl,

| M nes \GURD:, ASndihR el %ﬂhmalsféaﬁaf R yeveRtibe rlrllter]gnedlgtes may be

protecting groups known in the art, as exe

syntheSizedlpeing Protaatjng gropps oeletﬁhawﬂétdeetthx}éfkym%é-y by, glaﬂtdcchennsts
Would%hgﬁférﬁedléé gon%umds‘la@ bR gWérﬁYorﬁ&uﬁo ns, Inc., New York,

I n anot’her aspect the |nvent|on prOV|des a

process for the prepﬁmﬁtNon ernedlate
3-(trifluoronethyl)-5,6,7, a,h d , 6- napht hyri di

ne, 5, conprising the steps (1) reacting

3,3,3-trifluoropropanoic acid mnth POCCl , DWMF, NaPF

and a base to

formN-[ 3-(di net hyl am no)-2-(trifl uoronethyl)prop-2-eny
whereld Hep8lechig PRSPy PIELIRARER bit¥Mhot limited to ert-butoxycarbonyl,

benzyloxycarbonyl, alkyloxycarbonyl, allyloxycarbonyl, benzoyl, formyl, acetyl, triflucroacetyl, 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., John 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-tetrahydro-1,6-naphthyridine, 5, comprising the steps of:

-7-
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hexaf | uor ophosphate (CF DT); (2) reacting CF DT wth
the protected piperidone to form- N (protecting

W@ r@3/0)4284 PCT/US2004/035069
(trifluoronmethyl)-5,6,7,8-tetrahydro-I, 6-naphthyridi ne
(for exanple, reacting CF DT with BOCpi peridone to
form -
N-(tert-butoxycarbonyl)-3-(trifluoronmethyl)-5,6,7,8-te
trahydro-1, 6-naphthyridine); and (3) reacting said -
N- (pr ot(Bct i mepcting 3,3,3-trifluoropropanoic acid with POCl3;, DMF, NaPF; and a base to

form Iﬂ—g%ﬁut? g:/trﬁ?'llgl?]{nu—b—k’t??g&gﬁlgtﬁ%qr@?-@%Kylﬁéﬁe?—tl\f—ﬁ@t}ﬂﬁﬁﬁfﬂanﬁﬁium

nene or ex

hexaflNerpplagsphate (CHYOar bonyl ) - 3- (trifl uoronethyl)-5,6,7,8-te
trahydro- 1, 65 ' of;. : a
and net(%ano?eatcgﬁ?%)dgl%%\’ff\blql tﬂ@%ro{e@te& Bl?ermoﬁé %ﬁn Olf\I (Egectmg group)-3

(rifluGrofethiy 45165k Hiwtralivgior L.&-naplhygidine (fondnpaipts. teagging CF:DT with BOC-

iper L g, 5@t omethyl)-5,6,7,8-tetrahydro-1,6- idine):
w3 8 SR P T D By T secmihegmgidne
and ne, 5, is depicted in Schene 4A and 4B, below - 8

- Sche 4A . +. PE =

= IN- @C—?)ﬁ_ =3,6,7,6= -1,6-

COoH T‘??:)L HN&%@C@%%SIDQQF ( ctg’g gﬁu thlﬁ .romethﬁgaﬂﬁ 7%(‘}etrahydro 6
naphtijuidameny (forskireme d-(itrbbetaxycaRony DHE(tyiflwtométeydt-2A.4 . 8Hetrabiadio- 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, §, is depicted
in Scheme 4A and 4B, below:



- 9 -Schene 4B PF 1. POCI DMF 2. NaPF , NaOH X F C H
"N 1. LHWVDS THF BOC. BOC. CF 2. HOAc, NH OAc 1.
woiglosoPRe4 MeOH 2. HCl /1 PA, heptane HCl PhosphoPOIIES2004/035069
oxychloride (POCI3) is added to chilled DVF at a rate
such that the tenperature renmai ned bel ow 10 C (appr ox.
1 h). The reaction mxture is warned to RT and then
3,3,3- trifluoropropanoic acid is added (exothermto
approx. 45 C). The reaction mxture is warned to 50 C
and held at this tenperat8PM84R approx 4 h. Upon
conpl etion of the vinamdiniumformation the reaction
m xture is allowed to cool to RT. TheNpea?;:i-on m xture
is then added concurrentRGCIMDME 5 N ﬁ—| 0®a solution
of NaPFe in _water cool edNaP6s,NaQOH The rat eéFef addition
of the tvWBCsol ¥Oe8ns are—contTort®d sucl| that the
tenperature of the aqueous slurry reni bel ow 10 C
and the pHis between 3 and 4 (addition t e t akes
about 2 h). Upon conpletion of the additions the
resul ting yel |l owlEMRSy HF s aged for one hour at 0 C
then filtered to collect solids. The filtercake is
slurry washed with_ice cold water (2 tines) and the
cake dried with R ~qg§i:[vacuun1 Typical yield 85 % -
10 -A solution of the prptected piperidone, for

i nstance the BOC pro pi peridone, in

2
2. HOAo, NH,OAC PG\ Xy o
L.
N

1. Deprotection , CFs
2. HCHIPA, heptane» HN ' N

~

N 5

* HCI



THF is then added to a cooled (-20 C) solution of
['ithium hexanethyldisilylamde (LIiN(TMS) ) in THF,
whe@psionget he t enperature bel ow 10C, to form t heCT/UB1004085069
enol ate (approx 45 mn). After warmng to RT the
enol ate solution is transferred to a chilled (-20 O
slurry of the CF DT in THF at a rate such that the
internal tenperature remains below - 10 C (approx 45
mn). This mxture is aged, for h at - 20 C then
acetic acid is added and§$ﬁgn%#§ture warmed to room
tenperature over 30 m nutes. Amoni um acetate is then
added and the m xture heated to 65 C>NAft§; two hours

at 65 C the reaction nilx@Qelg OMF cool e |to . Water
and hept ane_axe t hen addeaPFgmiibGHthe | a GEepar at ed.
The organﬁé)la i s Washed wth 2M aqupous citric

acid and then assayed for the BOC napht [ ne.
Typical yield 65% Next, the organic |ayer, fromthe
napht hyridine formation is concentrated and sol vent
switched to nethanol. HO in IPAis then added and the
m xture heated at 60 C until the deprotection is
conpl et e (abouti. IHtDS, W er cooling to room
tenperature matgbois added and the pH adjusted to
appox 10.5. I PACTITSnaddgd and the | ayers separ at ed.

The aqueous | ayer i 4 bagk extracted with | PAc two
addi tional times. The~eOmg ned orBfei PEs
concentrat ed anmd—sotvent—sw®ched to fE%;ﬁiﬁiialPA
solution is filz2eoed, Na,gmTOVe | nor gamg , the

filtercake washed with | PA and the conbined filtrate

and washes reconcentrated to a total volune of about 5

m./g. After the free base/lPA solution to 60 C HO in

| PA is added over 30 mnutes. Solids are evident at

about 50% addition. After conpletion of the HCLl/IPA

addi tion heptane is added to conplete the

crystallization fargl/PAeMsDlrry cool ed t o r ogip,

t enper at ure. The. 5i6l/IPAsheptape sol &iNed T™Ntration and

washed with | PATheptane (3 TThes L/ )/Lheg dri ed.

Typi cal yield 75% from BOC napht hyridi n&” As “not ed

above, piperidones having protecting,groups ("P&")

ot her than tertbutoxycarbonyl may al so be used. O her

protecting groups useful in the synthesis of the

napht hi_ri di ne incl ude t are not limted to

benzyl oPi’yﬁng'&aﬁWFhlaﬁlW?@%vaﬁﬁ%ﬁw chilld BNE 2izcraieisBihyhat the
tempe? R O3thaine@ BEIY! 10 *CQEIRVx: 1 hY. iTfhk WQEQRGHRKMo is warmed to RT and then 3,3,3-

2-ni trobenzenesul fonyl, 4-nitrobenzenesul fonyl,
triflugropfopfingir aeid berideh @sothéravig Rpprod dp 2¢)  The reaptiarrpikiwe i yermed to 50°C
and h&# Qt tﬁ{s F%pg%ﬁ?% ﬁ)gclféﬂ}&( Agfl_?ﬁpc\ﬁllw %621?1@&0111 & th@ﬁnﬁﬁjhinilﬁhqformation the reaction

exenp ene, ;
mixture is allowed to cool to RT. The reaction mixture is then added concurrently with 5 N NaOH to a

solution of NaPF; in water cooled to 0°C. The rates of addition of the two solutions are controlled such
that the temperature of the aqueous slurry remains below 10 °C and the pH is between 3 and 4 (addition
time takes about 2 h). Upon completion of the additions the resulting yellow slurry is aged for one hour
at 0 °C then filtered to collect solids. The filtercake is slurry washed with ice cold water (2 times) and the

cake dried with nitrogen/vacuum. Typical yield 85 %.
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P. GM Protective Goups in Organic Synthesis, 3rd

Ed., John Wley & Sons, Inc., New York, NY 1999. In
wapwslheneaspect the invention provides a proceBGT/I82004/035069

the preparation of the internediate

(3R) - 3- net hoxyt et r ahydr o- 4H pyran-4-one, 6, conpri sing

the steps of: - 11 -(1) reacting

tetrahyro-4H pyran-4-one with tripropyl orthofornate

and chl orobenzene to form

4- pr opdxsdwion ahihd potkdd pincrdenet fheinetance 2e BQ@moitemgd ppeddone, in

THE i R O(Pd%éYt et e'épf %QC FhRh 1tﬁhﬁﬁg§arﬁe{ﬂw1{’§ :%?@%I@(T%S)Z) in THF,

acet one, qul n|

keepifhl tBd iaﬁlpelédal@alo%m b:, toﬂﬁﬁrﬁﬁs huhmmlmtee(apiﬁﬁyw @in, AB&Gvarming to RT
4- rret hyl nor phol i ne N- oxi Jmonohydr at e

NMO) to form
the englam: sg HHWIS gﬁp{f@fefl é‘h? eh,ﬂéediﬁ_op@ salhrr\ﬂofstm Bl lin g‘é—{Fcpt a rate such that the

¢ §1Q9xh 38 kdmaidsr10HE BTN pRAI 49 This mixt d for 2 h at —20 °C th
intern -%élgghydroxafltetroah droq% rgﬁn)4 suslr%ngﬁlr%mg%ﬁ dOr ! o

acetlcsleldllftmlﬂ@jaﬁnﬂ thyg mﬁtmmwarawé fo @ﬁ’@ IROICTABE R P TS BP mlmsrréﬂlénqnﬂlm acetate is
| o t o

then a%{ih]e : g{l Hie %t%}i?lfg t@@ﬁ) g peg ?Vgégf_loués_ ac’g |6;5 % F]hé: re('aislon mixture is cooled to

RT. Weteicanil heptsmiack th¢n4added1zatdhhpdyxem sepdnsteit. dCI@HrgaylicdayeBis olashied with 2 M

B L

S y nt hedest, dfe @@R)ol&enﬁbmdwtaghthmwmfomihﬁomymamemmd@pd solvent
sw1tclag Ito Jae_;g eIE)!: C%Eldig;[gzlk §/ng nﬁﬁ%% ﬁ'ﬁ So0e r% tgd %ﬁ(()q%t&l@%@protecnon is
comphie ({HokQDh)p AL cdolingrml ro8th Ienmara&rﬂwﬁﬂhﬂs wdideé hncdthe pH adjusted to appox
10.5. \fﬁz\ceirs 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 IPA
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 completion of the
HCI/IPA 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 terz-
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, trifluoroacetyl, 2-nitrobenzenesulfonyl, 4-nitrobenzenesulfonyl, 2,4-dinitrobenzenesulfonyl, N-
benzyl, triphenylmethyl, and other protecting groups known in the art, as exemplified in Greene, T; Whts,
P. G. M. Protective Groups in Organic Synthesis, 3rd Ed., John 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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isolated solid MeQ Ove NaQk-Bu HC(Owe) Me SO MeOH MeO
THF;, HG HCI, H O The starting pyranone is converted
WO 0051084264 propyl ketal by treatnent with PCT/US2004/035069

tripropylorthoformate in the presence of an acid

catal yst. The crude ketal is then heated in the

presence of chl orobenzene. Under these conditions,

el i m nation of propanol provides the propyl eno

ether. The - 12 -reaction is driven by the renoval of

propan®l) by redititgtetrahyioghl-prpi-frgng Yish fpsepyloshofemepieand ehlorobenzene
hen oxi di zed under nodified

mfmmggin%nggmggﬂL29%5§£1%E%Edroxylatlon conditions. In
this récti macwgrmﬁmwrnwmq@@hyﬂ@ Blcpian-pthengde the @reserige of acetone,

v 34 QO ATEL AR BAL o R BRI UL bl B
methyhmrmoﬂn@bhokelb molsydmet (NMO) tatferch - d@&@myytﬁwﬁlytﬁnﬂﬂpyraﬂ-‘l -sulfonic

acid. s &Hm%%ﬁ' solution of Na S Ois added to formthe
'SBi'sulfr't e adduct of the ketone . Fromthe acetone '
wat er @)xt urectingeidri,dibydenytdtaky deaidideyrapriysifanit pddsodium salt
[ @bh 8q ¥0rh A9-dimeth hydro-2H-
with n}egl 1no laam? Meﬁly%oztlhgﬁ)gg%tg %t?ésl pl{e%?%%eccg +y %%ﬂ?o g,g (%wt oxytetrahydro
pyranéMrmdorrerl c excess (ee). The acetone is renmoved in

vacuo Apd ' ?f% % 4- 1ﬁeﬁgg}§grail drg—IZ 4?193 81r1}{ﬁ{e$>#lsélﬁg of THF,

bi sul fi ant orrerl excess
NaOt-Bs, Me.804, @ad s atchi tbl@lma(ﬁa) ﬁmeﬁa)mtbtrahwm-‘lH-Pyran-dr one.

the i nat R 2 O ARG M Bl ATk Al e P Provi e

is depivetl fnythafeddmasi ng NaQt - Bu and Me SO" Addi ng wat er and
HC to the reaction m xtuurRheh@%i des the target
- met hoxypyr anone i n about "96% ee. Sever al
abbrevi ati ons, acronyns and other shorthand is
presented herein. Although the ternms are known 10

t hosed ski | Hegory t he |ar PrOPRsent ed bel ow is a table
su i zi ngcitl basigstt er|ns: t haneSift'tdnyl ¢ i de
0 O ©
K»0s0, (0.5 mol %) o * NasS,05 o HQ SOsNa
;\IDI\I/-IIgD)gPHAL (1. mol A:)‘ \Euj —ae— \fﬁ
acetone, water 0 0
isolated solid
MeO OMe NaOt-Bu O
HC(OMe)s HO MeoSOy4 MeO
MeOH THE: 6
HCI HCI, H,0
@) @)

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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Dl EA diisopropyl ethylam ne | PAc isopropylacetate |IPA
i spropanol i-Prl 2-iodopropane LHVDS |ithium
wheooaine2by| di si |l azi de THF tetrahydrof uran DVF PCT/US2004/035069

di met hyl formam de P. G protecting group BOC

te/t-butyl oxycarbonyl NMO N net hyl nor phal i ne oxi de

TFPA Trifl uoropropionic acid Exanple 1

((I'R 3S)-3-1sopropyl -3-{[3-(trifluoromethyl)-7,8-di hyd

ro-1, 6-naphthyridi n-6( F%
reactiop i dseyei by i }maldﬁ@mmql Y distilletipn duripgithegRistion pegRsAge- oLl crude enol
ether 1§_ﬁhFﬁ/ ?ﬁtﬂzeﬁ %Fér%??dﬁ%d'Sh%%less%ﬁﬁm@tnc dihydroxylation COl’ldlthl’lS InI this reaction

rrol -1 -yiyi~-isopropylcyclo
-metlp»émonpholm okidg s yeed a@@%ﬂﬁtqlc@me(tm o¥idagh rﬁwwwry tyﬂcally gives the product
- hydr%jégtroﬁéﬁﬁg&ﬁ ) to @5 2P, *’1‘11@ Wﬂygfogiﬁ(egﬁe hdfet lsolgegéirecgpbﬁ adilqueous

rro e cyc opent ene acid

solutiop Of NedS99s ivadsipd mwfem) tha higuldifd aéiémt 6hijap ketprg - aEﬁowéhe(zwetgrse Yater mixture,
racelmg béélf d)iuéf\'@%/?t?lm%e g‘hé ﬂc;ﬂﬂ% {5 Qerforkd by filtGribEa e rQQlltmg mother

uti o was cooled to O C
liquor mrm@ﬁe 99k WY enantipwetiaracyse Q). rihe agetong lwm}wwaé V@F@G é@ld isopropanol

is adddA§ gw&t 3&%«3% ﬁféﬁlﬁ{é AB&t %vﬂﬁ fizh @hanhsﬁaﬁr SEUE OThis is treated with HCl

I ncfease over ew mn. The cooling bat
and methawplwith tsimgthyleethefosmale & wmera@eéang&ta tq provide @nﬁ@aeéhyuﬁeéal The

hydroyPkrofp A al}eg%gﬂﬁﬁhyﬁsglg Nk Bh LAMMERD,C AQRE whilr A HEIRHhe reaction

mixture prov1des the target a-methoxypyranone in about 96% ee.

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 terms:

MSCI methanesulfonyl chloride

DIEA diisopropyl ethylamine

IPAc isopropylacetate

IPA ispropanol

i-PrI 2-iodopropane

LHMDS lithium hexamethyldisilazide

THF 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-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yl]earbonyl}cyclopentyl)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-yl]Jamine

-13-



10

15

20

HO salt (670 g, 73.2wm % as free base equivalent, 2.42
nol ) was added. The tenperature was increased to 23 C
wae@sanasher portion of diisopropylethyl am ne POTI/832004/035069
5.34 nol) was added with cooling at 25 C over min. The
m xture was aged for >1 h and was then diluted with
59%NaHCO (16 L). The product was extracted with ethyl
acetate (EtOAc) (16 L). The organi c phase was vvashed
with water (10 L) and concentrated under vacuum wt
Step 1di6 il &S S-Gimetipib! FEprne- Wi-friseatonypsiopey- Zae%yldﬁ%bwl/-3-
(triflugromethylFR6. 7atstighvgras]. 6 e W@ 4 ni de was quantitati ve

(1.055 kg, 2.45 nol). Step 2 -

(1S, 4S)-4-4 ropyl 4{[3 (trlfluorepetl“l%prIYEA

8- di hydro{ - ngph THF, 0 °C

yl ] car hony nt 2+en I nme CFo H NOH F& NHOH
r MeOH, H ref -r- 14 - ez&l‘nde(l 055 kg, 2.45

nol ) in methanol (1 L) was . added to hydroxyl anm ne- HG
(1 kg, 14.4 nol), 50% hydroxylam ne in water ( , 16.3
mol ) and water (5 L). The resulting sdgjrry was heated
to reflux (71 C and nai ntai ned at IS tenperature
for 6 h. The reactiow sol upi on -~ cQol ed to room
tamaauneamit€‘vas-%uﬁ dfo 1.0 with 10 N
NaOH. The reactio y Q {luted with water (12
L) and the product| was facted wi th chl orobenzene
three tinmes (14 L, 13L, and|13L). Each organic |ayer
was washed once wth the sanme water (10 L). The
organi c | ayers containing product (0.79 assay kg, 2.24
The pyredle cy@Rpentérelaciyl (Y&6rgs 9€ wish, 20 nanal) adnitiesropytedylamiies(0.93 L, 5.34

N T RN T Y T N

then niBtbahebuEodAshl GIRGEIB It thdl) waks alddedT(hJEI I fifi v licrdigorsthel frtdfnal
was heated to 70 C and n- he tane (8 L) was addegl )
tempegyGngreasp & K r 5T ¥ RBoil Bacaatine B Hasiemp Y ind the mixture was aged

at rooﬁﬁ&ﬁﬁe&@ﬁfe’ £ 4V qrh@ 'rélbtﬁon(sgyﬁu&) was daBled &) 1189 CWRE %trahydrona hthyridine-
tered, washed with of 20% | PA/ heptane (1.5 dp

HCl S@ltf G@Qig FRdeit%ra frPQ)@Béﬁequé)VﬁiPFlb P &2 mol)ovag gddstl. h@temfatﬁﬁl was increased
to 23 éél)aengmgtg%r :@))IJOE] oF d&@ﬁl%pﬁ&iﬂ/lé(rﬁ%ng w§3 L%.’a‘%%l?%%raﬁheld with cooling at ~25

°C ovér&S,nfﬁﬁS) Thé taixhuBAS) s dd fop !>b pyhd was{th&r diluted fWithGoNeEiGY] (L6 L). The
produét%\;ag Ie)I&Ya(cj:{eg -Wllth ethgl?;g:etag (Egd;&nés ?1%%50 The organic phase was washed with water (10

L) and concentrated under vacuum with 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 - (18,4S)-4-isopropyl-4-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yljcarbonyljcyclopent-2-en-1-amine

CFs CFs
o HeNOH-HCI, HoNHOH

0
== N MeOH, H,0, reflux W
y P19\,
) ”Q}N N g *Q)L N

» 2HCI
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yl j carbonyl Jcycl opent *-en-1 -yi yS- net hoxyt et rahydr o®Hp
yran®-am ne MeQ Bu N, NaBH( OAc) | PAc, | PA C MeO The
wapiose4tohydr ochl ori de salt (777 g, 552 g as fPERURHS€(35069

1.56 nol) was slurried in PAc (3 L). The m xture was

cooled in an ice bath and H BuN (860 nL, 3.61 nol) was

added foll owed by isopropanol (260 ni, 3.40 nol).

Sodi um tri acet oxyborohydride (724 g, 3 42 nDI) was

added at 5 C. After 1 h, a solution
The apidle kbR &ftd ﬁ@l)ulﬁ mpibao! (1) 17 gvap adsfed £ h}@@@h@l@o‘ﬂ%&(ﬂ &8, 14.4 mol),
50% I%Idge?(ylﬁﬁln)a NG aeAdd€ds B Fol)h8d Qfﬁt‘éﬁ@ 13! The fesuldid s@ﬁrr)ﬁwﬂ heated to reflux

he m xture was partltloned bet ween sat ur ated aqg.
(71 %qu@u(lgmgsl at th;éft@ppe(aglrgﬁor ohnd hgem@n(sglgtlcm waspgeled to room temperature

and tHé %He\% SdiRbies® MaswitH o &aOBX tfﬁ@féta&gn%lhhorﬁk%m&& %ltl‘t )Nater (12 L)

he conbi ned organic - 15 -phases were extracted

and thg arodyetNapiecracted With cb]lorc@gnz&%preﬁ@g@ (66013 and KEp: Each organic layer
was waSHd %Hcterv%hecgc saldSyAE T ) N¥e Qx'ghnly\’?a?erg k&ftaﬁhﬁﬂg Brobidkt fo N ay ke, 2.24

éﬂ? and extracted w t'h ?

mol, Reyiegld) Ve Fembipedind cerrertiatidd %@lvgntmas AWﬁ‘i.hed tagigmgyopanol (8 L).
Anhy&%@a ﬁé?nﬁ ;&/iaé gzi flsSN413)f 146.b 3B WARYdded THiSnfdid HAURLQAREBYID-2 L. The
resultwa Sl ied Brarrdae BC sndpchepeem@IL) eve pdsisd slowhr. She gluryy yasgooled and

aged ﬂ?&ﬁ@éﬁﬁ Sjél ?%‘ht?UB hy. r'flﬁ@ol‘fds%@ﬁlterg—dq SasiRl V&R Bf W IPA/heptane
rem)ved i n vacuo e'E)TOVI de an oil hat was used

(1.5 I pred dried gpder 9@@5@@9 qielbh1%keq) theéﬂ%lpzam (Q7qkgqkfree base equwalent) in 91%
(Wmnﬁ§%K§ | sopropyl - f[3 (trifluoronethyl)-7, 8- dlhydro
6- napht hyri di n- 6( 5H) IJcarbonyI{&yclo ent

Step 3i<$é&6f)§l fréd. tS@ﬂ'rJ dfdUzfopgrett Wrﬁel Crpdigyidin-6(5H)-
yH canbpreyl ey cloppieyt Zen- eiyd-met. 0%@’@#’(909&1 EHG e#iedycl opent ene

of Step 3 (640 g) was diluted with nethanol (3.2 L)

and the solution was CFg

-
/\:Sjg BusN, NaBH(OAc)3
IPAc, IPA

* 2HCI

CF3
MeQO H Q
'“@)LN
o (

The amine dihydrochloride salt (777 g, 552 g as free base, 1.56 mol) was slurried in IPAc (3L). 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. After1 h,a
solution of the methoxypyranone in IPAc (1.76 L of a 160 g/L solution, 2.17 mol) was added to the batch
at 1°C. After 6 h, the mixture was partitioned between saturated aq. NaHCO, (3 L), water (8 L), and
EtOAc (10 L). The aqueous phase was further extracted with EtOAc (15 L). The combined organic
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concentrated to an oil. Dilution with nmethanol (3.2 L)
and concentration were repeated two additional tines.
w@Rdsn4£2be final concentration the oil was di | BEEUS204/685069

nmet hanol (6.4 L) and charged to an autocl ave. The

catal yst 5% Pd/ C (256 g) was charged to the autocl ave

as a slurry in nmethanol (1.4 L). The hydrogenation (40

psi) was run overnight (18 h) at 25 C. The batch was

filtered through solka floe ( 1.5 in de thg inan 8 L
phaseswere exteadted ndth satf INeCO; (Fhe daind over MMes 02), i gongentrated. The

resultlggf)p g@@{a:lg{?ﬁfe&#ﬂwg% Wzﬁmféx a%imaﬁe@aqeg fﬁgﬁﬁagetommle phase

contaifidd @&412)(1.4 Tind, 998@) (B34S AN-(L$, fh%)r%gomagvlﬂe{;ﬁ%ém@dorbmthyl)-7 8-dihydro-1,6-

naphtlggjg té(?lﬁ?il]c% b%ﬁycl Cﬁ%pén@%%ﬁi@%)é%%th%Q%kﬁg&% 325—* %}rréﬁ £ amme The

contal ne
solver(t $@s Bndysd lelvek)uocbcb piokide fir eibthtayess uscilie tlﬁlfinﬂlrlalﬂ@gamion Step
washes were concentrated to an oil (770 assay g, 1.634

Step J}m ()1; 3 % Wiﬁ?iﬁl%rx e zﬁ7 B3 1 ]i éﬁ&ﬁd&%ﬁﬂ)
& 2y

b1 df- -
yl]car%g’fy?{qfc coﬁcén r'atl 0 1 epeat ed two
addi ti onal tlnes le 2

((IRJS)-S-isoyrov\I- f 3-(trinuoronethyl)-7.8-di hvdro Fa
- L6- navht hyri di n-

Med | car boi i e I )\ (3SAS) - 3- nekboxyt et rah dr
Joyr Rn- ' cgﬂ %, % & hesi s 1 H’ur Non
fr M-ohat e I e res ro

o Exanpl e sdlssolvedlnIPA(rS L and
transferred 'to crystallization flask. “An I PA (2 385
The crvidy cauipled eycleentankde$tepd (GHeg)es dHuted With meth@nol €52 L} andrthe solution was

conceﬁ%ag%gwg %ﬁﬁ%ﬁut?os)v&vl\%et%glgSZ% %&co?é@é?@o%%r% %g«%’]a?edqg/g gdditional

timesi Aferabes@nal concenipaomthel pié waodilGted Frith resthandl (64 Ivasd docged th an

o e BRSPS AL SRl 58 L ) 141

The hgdrbgenatongé@philved rad dvernighin (18H) hed5t " @nEhe BhtdhAvaks iltevad through solka floc

(~1.5 ?Iﬂcgqe)g\ {Oilya?{? Iaggtgr]gg g}aésdttu{?rgel.g[% ?%Pl ztweg%ﬁtgﬁ%e m,ttg nfle?t{angl (E .0 L) and this
rinse ﬁ)ysafséﬂ @Mash thi @lted cake. Thaveeke fvhd & eshedlagamdvithhaetiibl (@ BKE). The sequential
2 X.,2.

rinsing pgs Vet Tan Gl ey e e g Prutiod At A s gotal wi=

17.1 Hgﬁéﬂﬁﬁl&:ﬂlﬁ[%.‘b @t e(98al% y(eﬁﬂ bf the fr&Bbase. VEHAfiltRge andtvaushes @lekectoncentrated

to an % ?47@ %%% UStlegé ﬁ}?ﬁoﬁ%ﬁ 01]3was sgél\(et](’#lp PJ'/% Qr ]O]:;)éa[%ﬁy]%)zsol%l idn WQS concentrated

to a byoSmailhpihiton with-TRARML Dy sriddioncehifrduidh wak fepedtddamny ladditional times.
}cycl opentyl ) [ (3S, 4S) -

Example 2

((1R.3S)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
vllcarbonyl}lcyclopentyl)[(3S,4S)-3~-methoxytetrahydro-2H-pyran-4-yljamine succinate

Synthesis 1:

Purification from Benzenesulfonate Salt: The resulting oil from the Example 1 was dissolved in IPA

(1.54 L) and transferred to crystallization flask. An IPA (2 X 385 mL) rinse was added to the batch. The
-16 -
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3- met hoxyt et r ahydr o- 2H- pyr an- 4-yl ] am ne
benzenesul fonate salt (1.645 kg) were added to a
waodoaniam of K CO (6.58 kg) in water (18.3 L).Pamnes2004/035069
m xture was aged 15 min. The | ayers were separated and
the organic | ayer was washed with water (16 L). The
| PAc solution of ((IR, 3S)-3-1sopropyl-3-{[ 3-
(trifluoromethyl)-7,8-di hydro-1, 6-napht hyridin-6(5H)-y
| ] car bonyl } cycl opentyl ) [ (3S, 4S) - 3-
solutlm%owym@t tohyGrbwhich Wn@qnwngﬁpyforam% (3% eel.BAmeD (@ adgled which

cont ai ni.n 1 & 3
result%cliﬁn S]il }n.crearsre]: in %mguﬁa&uekt% 7f1 ([e %‘hg 90§|§ o'nu y e Wéhftﬁ @E()e t ﬁtgﬁcg?eﬁlgenesulfonate
salt sefB(178 wak pdded.dhe eldo EIOEYI Waa:mdi fdr 80 anin @i develdihethatk|serdibed after which

nepta 6 ELTE 9 g St ARG AR SIS AP PHECFY g cooledto

ambieﬁﬁﬁlﬁﬁe[ﬁtﬁﬁtolv&mghﬂ'l EhOdlhrpass fietadtagd thmtehcaee hanehshédwitib2: 1

heptaré%;'géi-a %CZe?Eaﬂ P e( ggzoiylhget: écglg Z}_)s\g{sﬂ ﬁ:def%.l er@gg\? zéglgléé tI% rg?vgﬁlée benzenesulfonate

salt (8PS ELI8B W) ak @V&iﬁdolbi/(Sa%dtﬂjulst@dlylelfd) hepleaie. 10530A8132 10V afid ((1R,3S)-3-
e SO 1_0Nn

soprop | By horo gy B ey S SRR G BLHeyopy Ml oRgRICS.45)-

3-methéyletrBhydadPH-pyrah-diyllaf(nd Hknzenesulfonate salt (1.645 kg) were added to a solution of

KOl iahatat e FETEG bl 150 45 gy G0 Vet yp Ry s nd the

organfd@peANg WBhhedwkih wakéie16 BB Thd IPAG slutiéd of (IRS3 SAgasbpkpyl-1-{[B-

oS Lo b5 gl el L 5
metho?%kd@ﬂlyﬁxl}éaﬂ -Pyr-ipyl]diiige &wlsarsy(ms(g&gﬁdmfngn 12 1 fiak b£s5) «Zas
en all o

conceﬁtjated-m an g tsr glglop ap rg‘?lg%] J\%ggﬁ éﬂ Sﬁ E\égnrdnrle ncen ated to an oil.

The dfl‘lﬁfbhaﬂ(ﬁécﬁlbé'iﬂﬁ@dm Wete 2patell thiee dofdtlresf r ee base), and
dri ed under vacuumwith a N streamfor 2 h. The
filtercake was broken up and further dried with N

Synthés¥6ag tHeBuétic A8d Balk: OA@é‘r&wfdlaﬂooﬁae%trk@nqﬁe dinRasshilael Rah 8thanol (4.055
6 %9. The dried batc

It (91.
L). Th\se(%ﬂ‘@u% gylytlyni %&ea@?z}te%to {GES §C( @FW;FWF%@%‘E g}@r4)8 n‘,«)l}gwas added in one |

portiofl Fd1ECE@bY addiRARE Béi)Yefnb ¢430- c}%‘?&r 10 ohifs aff‘wtl})ﬁ wad AREREN] with
- 3- met hoxyt et r ahydr o- 2H-r6yran 4- yl]am ne

3S,
((IR, %S%ems&pél ¥ 1[3528111@50%@/1) sdibyriref kb gidy e Husi ng a
yl]carﬂ&gl }%ﬂ%ﬁy@¢(§ S;Lﬁﬂetﬂ@;@ie’&aﬁydros’iﬂlppfaﬁmsy1]%rmne]schmate (5.8 g) as a slurry
tion of Succinate Salt: The free base (3034.2 q)
in hemeats (el die vaselting suonivasaged for § brat 60" Gaduipg whichdigle it noticeably

th1cke?9dJ ' [ﬁﬁﬁéjenWo{” fhe Zecli gg(g{g%cl%lﬂﬁhee ¢7.2M§ WS Q@de? bldr r1 %rh (;[[}lg sluﬁry was aged

vacuum i nl et concent rat or
for 2 In#iok Q. then a!llo@eito cPhldo cwnbiempatatosmyemighti-@ Q) Wbe eolids were filtered,

washgd%i{hhff he%%ﬁg/gtﬂgr{o?kfﬁ 21:30L,~27m]|:/ g ?r%g bf‘sgi Y& &rieﬁ \IIJVIn oF I{lle(l:“c:gluﬁi%vith aN,

stream for 2 h. The filtercake was broken up and further dried with No/vacuum for ~48 h to afford 1.328
kg of the succinate salt (91.6 %). The dried batch of ((1R,3S)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl]carbonyl } cyclopentyl)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-
ylJamine succinate (1.328 g) was passed through a Comil using a 460 pm screen affording 1.313 g.

Synthesis 2
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Et OH at constant volume using 17 L EtOH. The sol ution

was diluted wwth EtOH to the .2 L mark on the fl ask.
wy/amanmees rel eased and batch concentrat or waBCT/US2004/035069

repl aced with an addition funnel. 839 g succinic acid

was added and batch was warnmed to 65C. Heptane (1.4 L)

was added over 7min. 5 g seed was dissolved in 100 L

hept ane and added to the batch. The thin slurry vvas

aged 60 min to develop a thick seed bed after whi
Formaanef Juckiae daé T\naﬁre%lbea@ BUY &R Worhaiged viae dwp injge r%teratp a72 L flask

equipfea Q\:/ltthrth&ﬁoédﬁ eSdvdfred HBer, NOQARImtiRe @RI alkh cB&gﬁra‘tor flask had been
over n%]g assay of the nother |iquors showed

markefl g5kl %esom’gmﬁcomm@atg% WerE furthssconpenraied i ﬂridanfééplvent switched to
EtOH Q@Af)ﬁs{)t{%et Yoiudhe W@ﬁ% efr, wtéﬁ he Xol8tidn \%{stﬂti@@ Kxfﬁﬁ iez/t(ﬁtl e 11.2 L mark on

di s p acenment wash
the flaple plagiveyt Emeieasm andgfaichwanceRiraies ag rwéaseefawulw 1idien fyqoel. 839 g

succmé a@ﬁiu\k'a{p 288taR8 vicki \thSrWERﬁEd {oQSSQt",‘ Vﬁ f%@ffl A1 88 a%l@éd Ser Tmin. 5 g seed
W% 86% adjusted yreld wt % assay | oss.

was dm&\fegigt H10 iz hentang aest ads%@uthﬁdta@hsﬁbqthlpw Staapged 69 puin fo develop a
thick debd b i &ﬁl@\ﬁﬂﬁ% ﬁ'lgc)ptﬁle\(x}a§ F@c{e%i ¥vdh @Hurﬁ %ﬂe; %ﬁﬁ%{?ﬂé 65°C for 2h the slurry

was ch%:rtgg;bl@m tep aveehughtl bE Ia;d}apﬁ the mo@gxgl&%gxats@vmmﬂoa’mﬁ 5 mg/mL. The
slurry t@&g gg%é‘c[‘%d V%é? §e§£ sfuﬂﬁt a%l'ﬁd %idh 2l 5§ Gt e aHé/EébI—}NZ&l ok 'Hgg AL

e solution was transferr
diSPlaaenmt Wash|veghid/ hlnmt@ne/Et(Hi iThe pE onhifersotidavay diiedmnided Naecuum on the filter

pot w0iehve 3861 ¢ MRS MR oW AR B 100k BRI D90 4 e
fllter to batch in 72 L flask. The filtered Et OH
Recrysstgléycitizlog gf%bc'mg ? g&lgg# %cﬁ}j BY 3§t(ﬂ-fl\9 V\é E%edztglamlsldglhl &ean 50L flask

crystal Ized
equipmed vadi¥ofvatuuoninleSimerapicalessirel, tmmomnle ad mleLadah@n Succinate salt was

added‘é%ﬁe ggsgfl En wi@l?fﬁ L%téggﬁﬁ%?ﬁ&s wﬁ‘ﬁneé‘g)d(deC Et%ﬂl&?%%t% %ldflﬁgn was

urried in tane
transfér@dite m 72t f8SCmeértseatic wivinatn VLLa7a buih lﬂimpﬁaﬂe\’\ﬂmtrmfstewas complete 50 L

flask \gz}ls%fnsgi \D}%h irﬂ %téll-l,%nrsé/ W%Kat?angtgﬁﬁd \gal_ﬁlhﬁlé ]iil@e? to%a'iéﬂqﬂ Zf ??llaﬁg ghe filtered
to room enp overni g , —1o . e siurry was ITtere
EtOH sougal wascbndehatsiodt B8t44°6nwitht 25 Hg ta <l2dakecinats hdocrysitdllized during the

concein :raéi.log.(a%ar?;\ﬁ% d{ﬂtﬁ%ﬁ‘? 1251 ]f"tlylg %Eﬁeg?{% lr@?\%h 1L l%p a?x%l@/% P@ﬁeg foﬁowed by 14
g seedf shirtig} io 8R@miveieptele. Shirrbyvapwé i1 gl ONhity Iat@ﬁ‘)@ hftértwhight 1.5 L heptane was
addedfo% Lﬂr#émrrgg %lm%awast %ﬁcﬁ] %Ih 6%5%% uhrer:]g go?éﬁgtg\é%zr)l({gﬁl %}mléﬁt ~£3q1 The slurry
was fildreéto cobenpthetsolol and thel filiérpage trtashel itk M@gtam@hzsmb pdd. shmy wash,
oS AL 2 DR DS g b s
through9B8wh Yécyrire a3 hvben tbbfileireadel was bro@n-upeadrpirtberlried with Ny/vacuum for

approximately 48 h. After completion of drying the bulk drug was stored in a doubled polybag within a

fiber drum to await milling. A total of 3.018 kg of the succinate salt (93.9 % yield) was obtained.
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(15, 45)-4-(2,5-di met hyl - fl

-pyrrol-1-yl)-1-isopropyl cvcl opent - 2-ene-1-carboxylic
waceidostep 1 - Methyl ( | R 4S)-4-am nocycl openPERUSI04/035069

-carboxylate SOCI , MeOCH " o to 20 Solid

(I R 4S) - 4-am nocycl opent en- 2- ene- | - carboxylic acid

(1.0 kg, 7.72 nol) was dissolved in MeCH (3.0 L). The

slurry was cooled to 0-5 . Thionyl chloride (0.576 L,

7.92 nol) was added dropwi se over 2 h maintaining a

tenperature <20 C. At the Es8mplg3 the thionyl chloride

addztlon th? cold ?%th was rennved and the rﬁecglon

was then added dropvm se to | PAC (22 5 L) over 1-2 h

Step hntddatlel 8wt S) Heamprasaelerenct- g af v Poelddi rect |y from
solution as the HO salt. The batch vvaz_iéllltered and
dried in vacuo overni hlSGO@ PO de th

am nocycll yl caspercHJ sl eR=Me7%
yield) Step thhyl( R

yl -1 E-pyrrol -1-y~cycl gpent -1 - ene-| - car boxy] at e
Solid (1R2484 4{)5’@?%?%@8]’@6‘% @n@-ca@x@c%ld-rﬂé) kge ¥ i/ gmol) was dlssolved in MeOH
(3.0L§ rﬂ?ﬁ&%ﬁﬂﬁl WREBLIENS B yi‘hl&l%/f @Hiorﬁ@ é@ 5f6]L @Bé rKcQ) w& HaR dropwise over
ol ) was dissolved in MeOH under
2 h maintpinggariempiriteo 520 ﬁ)()‘/l Atthy mlmf ﬁ@ ﬂ(uml)EAMOIideMdklgn thg colgPath was
removgcri) lﬁtﬂltﬁ@n%ﬁa?uon.?%xtfu% \¥as ag % aag %% ﬁég ) o?ﬁh TRS e:}gl%cg géx(%%re waf,| ﬁlxén added
dropwisengp Azt (02.8 L) oved 2-23bwlgreuptrethe eadidt Ol‘ysﬂaillxdid,tﬁﬂcblyaﬁom betation as the

HC1 s%lg _el%ﬁ%tﬁcg gﬁgﬁ{}\%‘}é@ d\%lec% %@%@ﬁﬁ%g prov ?d rr\#act)cgg}opengene methyl
ester CH sak (108, 77%hgeldPAc bat ch was dried over sodi um

sulfate, filtered, and concentrated to an oil. THF (3

L) was used as a flush and the batch was again ‘
Step 2C-OMa RN { IRA B A -(0,0-dimerbyll ] H-phive!-diyt)eyg pairili-ane-1-carboxylate

pyrrol e-protected am nocycl opent ene carboxyl ate (1189

g, 9296ykﬁld) was stored at 5-7 C und |trogen unt i |
the a (26%) w&4-PeR ”ed'O“?LQ St h OuMe
(1 SAS" i-is o ent

A-ene-l-c.-aoxylate CO e
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
°C. 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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/[-Prl, LHVDS THF, -20 C 99:1 ratio of diastereoners
The pyrrole nethyl ester (1189 g) dissolved in THF
W@ 2008/0kd26vas added dropwi se over 40 min to 1M PCT/OB2003/035069
hexamnet hyl di si |l azi de (LHVDS) in THF (8.65 L, 8.650
nol) at - 20 C. The batch was aged for 30 m n and
2-1 odopr opane was added over 1 h. The batch was aged
for 1 h, then allowed to wvarmto 20 C over 2 h and
aged at 20 Cfor 1-2 h until conplete by HPLC (<0.5 %
Step 3StMth )Jl NG, AT € ?15 5 Qltn)ethyfhﬁ ﬂﬁ%ﬁhﬁM@SsdﬁP&ﬂﬁp&%ehﬁj DA %Lblb'bxylate
sol uti on . arged and the
re separated The organi ¢ |ayer wag washed

with ag NHd (10 L 5@@ e (2 x1 , and
condQt Nat ed tocagmell i; %ﬁg-sen3|tl @Oﬂwe
pyrrofe ne ester yi el d) mas

eﬁ
unde Al trogen until saponified. Step 4 (/a
(1S,4S)-4-(2,5-dinmethyl-1H pyn
ol -1-yl)-I-isopropyl cycl opent-2-ene-|-carboxybd.fragi d
COM1. NaOH, MeOH water,65 C H 2. coned Hl diddierpdthers
4.5-5.0 The al kylated pyrrole nethyl ester (1.38 kg,
5.197 nol) was dissolved in MeOH (7.7 L). D water

The p§r2oléml%-ﬂ1 MRaGr adges) diblveradHR(1 Q@Nvdﬁlagdeﬂ 3ro@§ise 01269 4@ ﬁﬁn to 1M
Ke batch was then heated to 65

it e g LD 0% G TR br IR 00 ST et s aged for

30 nnf?)(n@ljioﬁiﬁrbﬁbge WQ@ada&'l $\Qr $1r5TH lsalfbhc\% %gedl'ﬂg 1 h, HR aBbWéd & warm to 20
was age wat er was charged to

“C ovettich el ot mecarurzrlyumégor@@@a TBPRCAR0 56 pating mqtpreal) The batch
was q§é?1 dlllegsmt b %dl Eﬁﬁtﬁgx (l(y\@)c‘ I'Iﬁ? gOtL \&Jagg/ﬁ %ﬂhe\l\% were separated.

rired in vacuum oven 26"

The omamv lagier w&se}vaalllddyf{lﬁlt@daqow;@ (€Y Ie)yé% @E@N@h@ Ia)eﬁlrd C@llczztaated to an oil.
e o K A R e R G AT B TRy s mosen

until sapaonﬂiedp 1-
N-[3- (D met hyl am no)-2-(trifluoronethyl)prop-2-enylide
nel] - N- net hyl nmet hanam um

Step 4 - (18,4S)-4-(2,5-dimethyl-1 H-pyrrol-1-yl)-1-isopropylcyclopent-2-ene- I-carboxylic acid

OzMe 1. NaOH, MeOH/water, 65 °C \ COLH
2. concd HCl to pH 4.5-5.0 N\ N

The alkylated pyrrole methyl ester (1.38 kg, 5.197 mol) was dissolved in MeOH (7.7 L). DI water (2.5 L)
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
20-25 °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 cyclopentene acid (1223 g, 95% yield).
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hexaf | uor ophosphate (CF3DT) 1. POCI DMF i O'CO H

Phosphorous oxychloride (1.1 L, 11.8 nol) was added to

wal2emsoebs ormam de (2.6 L) at 4 C over 1 h andpP€TES2004/035069

reaction mxture was allowed to warmto 20 C

3,3,3-Trifluoropropionic (TFPA ) (771 g, 6.02 nol) was

added over 6 mn. The reaction m xture was then aged
at 50 to 60 C for 4 h and then allowed to cool to room
tenperature. The TFPA/ POCl 3/ DMF reaction m xture was
charged to a 5 L addition Exani¢4 The reaction flask
vas 11nsed WilihuiMentn’s. g ps a1, 8% bhilding! SO
transferre L addrtion runnel.

Hexaf | uor ophosphoric acid (980 nL, 60 w % aqueous) was
Step Iad@ et Riretflpeino[-3-(wiflyorgime iy lyroen-2 weplidened-None®ddethenamivm
hexaflygrgplnspleiee (B3RI) 2. 0 L) was added sl oWy keeping the

internal tenperature below 15 C. The solution was then

cooled to 0 C. Sodi um hydroxide (5 N) \nas/e\tlw\Frged to a

2 L addition funnel and afdestigongurrent le+ fh the

TFPA/ POCI 3/ DMF_kegact i on me papFg NabHa rat e\ SUCH; t hat

t he i nt er nalFs€enpePal ur erenmarmed—bea®ow 5 § and the pH

varied from3.05 to 3.6 (approx. 3.2 during.npst of

the addition). The resulting yellow slurry S then
aged for 60 mn at ~0 C. The solids were filtered,

Phosphbidts dkydREAeRd 1 WML, 1.8 6@1)Gak dddsatedimeByXorthaflide)2.6 MG B 4 °C over 1 h and
dried with a stream of N under vacuum A total of

the reactipg miytgre wgy sljowst te warmap 265TC( §8 Aakrittiiopinriosisiacid (RERA ) (771 g, 6.02

1) YRLAIEH er SEP The Feaction mixt then aged at 50 tq 60 °C for 4 h and then allowed
mol) N- (at ert - tE’Brut oxyca? egﬁyl/(i n}% ufet‘ﬁ'sf e&c??%rfaet %yﬂg - g Of , and then aflowe

to cocBta repm &mypgretire. The AHPAMPIRYA/IdMFgeaptiorHGiAbIre Whd dAgged to]5 L addition
caeY | 87 )2 | F J

R L A S Ao T

additigunfugtucl | EPAO)ropBsBBrit acid (BAIoI60 1B aqicnusy Ma) added THFater (7.1L) with

cootilg i ) 8o pA oS R, 202 R b Bgh PG AR Fpmperre etow
15 °*Cwate sullidd way een 3éblad tb 01°0. Sodainuliydyoxife (CR) s {hhrgbd td<g) L addition

rnncl g e o i D0 o Ter g b
internBlLdmyud deh@ined belowS 0 dhd theRT Va8i8d trb@ 3,031t .8 (AHpY¥XS3.2 during most of
warned to 20 Cover 1 h 15 min and amoni um acet at e

the addiien). fibe ggultingiprdlgwishirg s fhsp epasifor ShHainakAE 1G- die prlids tess filtered,
slurry‘-’\@a%hé’(‘ﬁ)‘}iffﬁge—&ﬁd Qter (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 (vinamidinium salt) was obtained.

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

1. LHMDS, THF

PFg"
CF3 I

|+
\/K/N\ BOC.

BOC., AN "
> I
&O 2. HOAc, NH,OAc
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C and aged for 2 h at this tenperature. The reaction
m xture was cooled to roomtenperature then dil uted
wowdk/owser (15.4 L) and net hyl cycl ohexane (15r@T/L1$2004/035069

The m xture was agitated, the stirring stopped, and

the layers were allowed to settle. The | ower aqueous

| ayer was renoved and the organic | ayer was washed

with 2 Maqueous citric acid (6.2 L). After agitation

and separation of Iagers LC assay of the organic |ayer

N- B0€t4omla¢nck@m GA2 gxin THFG2 (1) yashagad tosssalption ef lghigm besimngthylsﬂyl)

B e

mixtureevaB@Dvied thi@hrfk @Apommﬁlemt@e THiGITAik e, waly @fbded ipger 300hin Thaslurry of

cr,Df th@fgﬁ %'g@ﬁfe\{s {5 T %cf%))r(‘ 3@2&; 'g?(f)lﬁ] ! r%c%gn [l Ya@Men aged for 2 h at ~ 20

°C. Atétciatiduoyoae) waslajilddd,ober?3 Bint Ghe &l’ledjh@mkwﬁ:-vVh’ﬂ Mahhwtb doP€over 1 h 15
. (34.2 kg total weight g&;ﬁalmn 3‘9
moin anl-ASHRQRIR BReHE) 76k s i onedrioy- Ah ]E?F“F“O“ ?H’ét“’iﬁéﬁs Jigemed to 64

°C and&s3d FbrloUt £ ehid¥einPeriBich 8RO eattfon li-l)JXt@féC{NEIS 80160 Yo @ RSB ture then

concentrated to an oil. Methanol L) was added to

diluteq pith paigr did Taaed mefhglcydrhgrang ﬁlS\ﬁa@ éfélﬁ B e Jtag geifagpd ptheystirring

stoppeld: an-ﬁhﬁ‘e 1§§gré»'\kér9 RI1MRA t(géelttlét Q‘ﬂe YMVstep aq'[ﬁ&rﬁrﬁ@f Wﬁs‘}eﬁoye‘alaﬁéfrﬁle organic
of and 4.58 M HC P A L) ‘was add The

layer &g %ﬂshWIWa?sMwsmﬂmtr@ 35151 (6:2 &nrd Aétjé%gltﬁf&n apd ﬁepawf%?f layers LC assay
of the% hik et @414 I-eﬁ@gk KE€aRESyidPoflel7 et BdC
ut F%gn & Cgh %t%é in vvaat%,eyr (5 L) %ﬁ%ﬁﬁen
naPhﬂd’alfi@Fully added (pH = 10). The mxture was extracted
vvlth PAc (3 X 10 L). The organic extractions contai ned
01 g (91%_ of deprotected naphthyridi ne. The conbi ned
Step 3or3g(ém‘?u@rcr"s?§/@%)s5 %5 EreBited OBl t he resi due was
diluted with P A (6 L) and reconcentrated. The
resulting oil was d|Iut (6 L) andthe
sol u S Qe Frsat oy ng (&aé voIH CF3
The sol utji on ilte | as
funnel, wHl vvashed wth P A ( L). T ¥ned
filtrate and rihses were concentrated to 0.5 L &nd
then - 22 -diluted with IPA (1.95 L). The sdil@tion was
heated to 60 C and HO in IPA (790 nL, 4.33 M by
titration) was added over 40 mn. During the addition

The ofghfic 12968 B8 n&fhti§aking foretan®neMing @n{tert-biaptya®onyl)-3-
(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine (34.2 kg total weight containing 989 g of BOC

naphthyridine) was concentrated to an oil. The residue was diluted with methanol (6 L) and the solution
was concentrated to an oil. Methanol (6 L) was added to the residue and this solution was concentrated to
2.3 L. The solution was diluted with methanol to a volume of 7.3 LL and 4.58 M HCl in IPA (3.6 L) was
added. The solution was heated to 55 °C and aged for 1 h. After cooling 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 extracted 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 IPA (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 TPA (3 x 1 L). The combined filtrate and rinses were concentrated to ~0.5 L and then

-22 -
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(2.75 L) was added over 30 mn after which heating was
di sconti nued and the slurry was allowed to cool to
WO o@si0denper at ure overni ght. Additional HCL/ | PRCT/882004)35069
and heptane (2 X 1.38 L) were added. The solids were
filtered, washed with 2: heptane/IPA (3 x 550 niL), and
dried under vacuumwith a nitrogen streamto afford
678.8 g of
. 3-(trifluoronethyl)-5,6,7,8-tetrahydro-I|, 6-naphthyridi
dilutegh with AP A7 €1.9% ki dihelselptiomvaebeatddnORye pril el ip Ay (190 i3 433 M by
t1trat1c¥}§ '\I_\;;)Q? %cic%g t[)\ﬁeg )E(ﬁ) %DZI? r]%v.&)ﬁ/x rtlga_@ﬁlﬁgngr;/ %%%ag%lgof Ssglédg bic_:ame evident. Heptane
(275 LevasamgedoverB (pnaiferwigeleheapnowas| disconringedrnd tlesabetryf wasgkowed to cool
to rooﬁﬂ&hﬂé}ﬁgre%{,ﬁigﬂt. Kﬁ&iﬁﬁ%‘} gggﬁ% {82 iib)) and ﬁb%'iaqg (29 R1x8 L) %fje added. The

. nltr(_)gen I nlet was c
solidswere flfeyet washetl pith An-haptenedPAZ3 605K giL),30d driaspinjieramehum with a nitrogen

streant lroi al 8.‘%rgt cﬂ‘%t(ﬂ[ o%e\g\tgls)—?%,% %eugg%&g?—@%r%Phtﬂ_ﬁElir%qWS % yield from

use or the transter ushe orobenzene
BOC yapbthyridipe @Ad 2t B Weight pergens asfiebddsd)o t he batch. The
resulting solution was cooled in an ice bath to 5 C
Amberlyst-15 (60 g), previously washed with DI water
then propanol and dried, samplegi»d in one portion. The

m xture was sti@ggﬂm%gdbe_ [ g e dor 16 h.
This provides a Z (). 1 T Xt ure was

concentrat ed under vacuum (75 mm Hg). 'T'he solids were
r 3 i) hrati g Lka. )
Step 1 RERNGD By bl Lo 022 LRI e bt Gy L BBl sier
thermgqouple sand niggegerdinletivesghaiigechwidrsEaliyd®>-4H-pyret4 oxt (@) ked30.0 mol) and

e ' .16
tnpro;l‘/_y)k?rth_lqﬁtgﬁ%’t@ @ﬁﬁkg@ .@91%5. oo par r‘é: gséd{:()rtﬁegﬁgsg a 8 rﬂugt%d)évn%l

rgani ¢ phase wa entrate rvacuum
chlorobggena i) (Hepl-) angl thesilesh evas adsled/IABEe baphe (The kesuliing salutimh was cooled in an

ice bathB9B e@.a%hﬂéngrl _s?—ﬁﬂ%l@ g%, ?Bfévguslg Wag}[eg mgr\]ﬁte& ?helrérog%%ll( zéndi dried, was

added. Isti on was continued using
added dpprerortipn. Bhermixire Waststinmed st ambivaiderapayatpie fort 16 ihistpuovades a solution
. a .

2By i i SO NP P g g
filtratips through ¢ pad efcbolkT Hlec tltthefiltes ppbwastrinsal WasMIBENR &).nB filtrate was

. . R i,
PSSP 08 558 A SO SR U o000 161
The oxgaric phrse wasetcantyatsdundr guwm (600 ven HextotrémevewesMTBE. When the
. i i [ OVi 0 i 3 .13 k . .
1ntern§%1 éé%l/%el)rl%tlgr? a%aalaeg é@ C(E,l@glrog%)g%g}é%] g/oL% %Jtag %ddg@ ?ﬁe d%stﬁl%tlon?{vas Qontinued using
a packgd goldini gich rate yhat epintfngd p gapor Knperagme df-abadt 86 i 90 °c iGhjorobenzene was

added%ggécﬁ'(!m? ﬁJ &éinﬁ%n%goﬁstz{npucﬁghg oA tto(l?étf%‘l;I 1§ L %gused. The batch temperature was
maintained between 122 and 125 °C during the distillation. After 16 h, GC assay indicated > 9:1
conversion. The vacuum was increased to 50 mm Hg and the reaction was distilled to provide a 53 wt%

solution of 3 (3.13 kg, 73 % yield) and chlorobenzene.

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 L). Hydroquinidine-1,4-phthalazinediyl diether (DHQD,PHAL, 54.8 g, 0.070 mol),
potassium osmate dihydrate (12.95 g, 6.035 mol), and 4-methylmorpholine N-oxide monohydrate (NMO,

23 .
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equi pped with a nechanical stirrer, nitrogen inlet and
t her nocoupl e was charged with acetone (12.7 L) and
WOR08/044284 28 L) . Hydroqui ni di ne-1, 4- pht hal azi nedi/y52004/035069
di ether (DHQD PHAL, 54.8 g, 0.070 nol), potassium
osmate di hydrate (12.95 g, 0.035 nol), and
4- met hyl nor phol i ne N-oxi de nonohydrate (NMO, - 23
-1 078 kg, 7.74 nol) were added sequentially to the
| vent and the resulting solution was cooled to 0 C
1.078 kﬁé Hrieply e gfided peguentiaily &nthe splvsmt gpdabe iggultipeselutien wes cooled to 0 °C,

The propPBndTeinkr MRS kBdELsh QI %rsolatlgh W@B Irrﬁ)l)rst ﬁH@d%‘v&@ Pwhile malntammg a
reaCtlonterrperature of about fresh %ﬁre are

reactiqneigpsrataresy abpgat &°Q 4 g@gﬂgprepprgizsohagpl} 0%82\%1( & %28 30l) and water

(5.63 L) wmdaﬂf@ﬁ&w‘d | g@avaﬁﬂac@fc QJI@@ ﬁ) AGRE Aden A 1t thth% séﬂ)d—s were
After agl ng 16 at rt, the soli'ds were renoved

removefl py filirafieihang ik filkiete o eqnseniaiRl a1 WerROALRRHedRP 4cproveaclmropanol (28

L) wal f1de& H%Yg stie pﬁ)%ﬁlt‘:glagloﬂclzé %9 p'@ﬁlaoéoh&sz\genlrzoﬂé@téd @ﬁigﬁ-ﬂ rmsed with

over 3.5 h to provide a colorless slurry. The solid
isoprogestob (Glg) 2pg éftl@dn @ryaguufnroven torfreyddecdSkistof 97 W A rlﬁ@ﬂate(d@leld) product
ﬂmiwgggﬁ@qugrled in a vacuumoven to provide 958 g of 92
Wt % (57 % isolated yield) product that was 97.2 % ee.
Step 3 - 4, 4-dinethoxytetrahydro-2H pyran-3-ol: A 22 L
Step 3'- Wﬁzm@ﬁk%@éﬁ%&% b aF" l%y?rgzu.é 939@922’\!, H?m@b&%‘frﬁa ﬁbﬁ(aéﬁuipped with a

stirrer ? unnel nltrogen i nl et
mechanigal sieb A cbow ek giseoeen nlet Hiddharmpecupls s eharged gdthdpisulfite

adducpd‘89§ g 322 98 Y95 liads. 06mBH H)(g/? gf'ar(dsmﬁlel!hglloﬂﬂﬁormate 948 g, 8.93 mol).
1 | Fig

trinmethyl orthof ormat e The resu

The resplijng slusfagas,parpedito 59 @@mta égﬂ Nhsoiutlag mf gi@l iptMeSH 64‘48|-l@:|4-69 mol) was
added'v'ih ch@ﬁgfbg(famﬁ]zﬁo%r 4(5J'mﬁ19 'I‘ﬁ@ |s])1rr‘ﬁ@v%s askiado ¥ b@ WﬁaOIé (340 mL) was

funnel” over he slufry was cooled to

addedgga glov,si@aoH ?@4@1%@&%&5%@@ frigangl the {liwats twae sotyenTéyetched to
toluene gls1h§l§ tofdt bf 123]9 {o'hﬁﬁé eﬂle%tcﬁ wak &Jnc@fﬁqteh I&?abfo{ld 3t r ﬂl f th\é@§hds were

solvent swtched to toluene using a

removeg by, Blgationrid thespalshwigarisedowige FF & ke A @113190 aont@mng 6ﬁ7emof product
(356ﬁﬁﬁngq%qg§8%$kﬁlgﬁg%%ggbgmsflltratlon and t he cake was

rinsed L).” A solution containing 577 g of
product (3.56 nDI in 5 .33 L, 88%yield, 97.5% ee)

Step 48R3 Sternoby@Rraflydro-4H-pyran-4-one: A 22 L round-bottomed-flask equipped with
o0 4 GRS PRE Db e s 221 g sy cauipped vith

therm@qyupig,rbtmg_e@m afd geppinedfuinsh wes chiatghd with b selwiswedi I(356 mol in 5.33 L)
and Tfﬂ” Rff 98¢ rKF 5‘1} tﬁé soﬂﬁi@n gfd%@f%k 91 BM‘Q?[)& I%SGSF aﬁ%gq%l"m%ﬁg,%:m mol) was

solution of % Inb5
added @i onerpertion|tprowide i ﬁ]éfifda]ﬂ@’s sofutipp. byt flaskitvas inisergndéns emice bath and

MeZS(ﬁ‘lat%T g,Bg 8@41%4) s aéde&%v%@ﬁnmlr@gﬂ%aﬂ F‘l eﬁlqﬁte%g ro% Beqav g@ °C. The cold

a cl'ear ye ow sol uti on
bath Wamogecﬁaﬁdﬁhegmaqﬁg@m@gmh wagaged for 4 h to provide a crude solution. Water (1.5 L)

was added followed by 2N HCI (840 mL). The apparent pH of the two phase mixture was 0.6. After 20
h at RT, NaHCO; (497 g) was added and the mixture was extracted with IPAc (4 x 5 L). The combined
organic phases were concentrated and the residual solids removed with a fiit to provide a solution of the

product (429 g in 2.635 kg of solution, d = 0.914, 149 g/L, 93% yield, 97.2 % ee).

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
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Me SO (737 g, 5.84 nol) was added over 20 m n

mai ntai ning an internal tenp of below 36 C. The cold
whatok/ownes4 r enroved and the reaction m xture wasPEmEs2000035069

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

added followed by 2N HCO (840 nL). The apparent pH of

the two phase m xture was 0.6. After 20 h at RT, NaHCO

(497 g) was added and the m xture was extracted with

| PAc ( L). The conbi ned organi c phases were

departipmicerp theapisigiandrgonetod thedaieaiinn Fobexempler @fpsiedlopteenother than the
partlctlfaf &osﬁ%s R{ &%Vfoﬁﬁ h@reﬁ‘%llbb'\;é Ry Héfaﬁﬁlnﬁblg ﬁsozg&ﬁge qhéd ogvaln@tlons in the
g sol uti on, g/ L, 93/6y
respoweze%o by mapyal leeutghteeated Jeriny ofthemaicyisen with ﬁ@rcpmwméhqf the
inventidd M&EAT SvaM ik i 8k %ﬁ&ﬁictpﬁaﬁﬁﬁélégl&l fé@ﬁ&n’s&%?&ﬁ'ved may vary
enbodi nents thereof, those skil in the art
accor@p@ roefl dersndingwpopdhd Regiiculie @Fﬁwawmnd&?hlaﬁgb@ whe_ther_f there are present
phamﬁ@gitlt:élgﬁlbﬁ NS weBYP Bkt pdlor Qﬂﬁmlaﬁiﬁl il 'nfbﬁ@ of Eﬁxﬁgga'tit)h %ﬂﬁloyed and
procedures and protocols may be nmade wt
such @@@C;S%@r\tarlﬁgmﬁ piotiiferpreesipithe teswlin dresewpraplated inrpscordapsavith the objects and

practlgégrof %%@Jﬂﬁ invetfoR C il i%tqu)eﬁa@lgl%fo% her thb nﬁgntion%e def1 ed by the scope of
particul ar dosages as set forth herein above Ib

the clajpps whichipliovapnd ghag gnelh élqu@@ri@ente@ramras broadip as 1smeas¢1@ble
responsi veness of the mammal being treated for any of
the indications with the conmpounds of the invention
i ndi cat ed above. Likew se, the specific
phar macol ogi cal responses observed may vary accordi ng
to and dependi ng upon the particul ar active conpounds
sel ected or whether there are present pharmaceutica
carriers, as well as the type of fornulation and node
of adm nistration enployed, and such expected
variations or differences in the results are
contenplated in accordance with the objects and
practices of the present invention. It is intended,
therefore, that the invention be defined by the scope
of the clainms which follow and that such clains be
interpreted as broadly as is reasonable. - 25 -WHAT IS
CLAIMED I S: 1. The conmpound: MeO HO C COH 2. A nethod
for nodul ati on of chenokine receptor activity in a
manmal whi ch conprises the adm nistration of an
ef fective amount of the conmpound of Caiml.
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3. Anethod for treating, aneliorating, controlling or
reducing the risk of an inflamatory and
wo povsfoeor2egul at ory di sorder or di sease whi ch coOPEI/USHE84/035069
the administration to a patient of an effective anmount
of the conmpound of daiml. 4. A nethod for treating,
aneliorating, controlling or reducing the risk of
rheumatoid arthritis which conprises the
Wﬂﬁﬁﬁfg&m%pn to a patient of an effective anount of
e conmpound of Claim. 5. A pharmaceuti cal
conposi t.i on W @mpowrwbri ses an insert carrier and a
compound of Caiml. - 26 -

MeO T 0
N A P
Z |
0 /\ N
- HOLC COLH
2. A method for modulation of chemokine receptor activity in a mammal which

comprises the administration of an effective amount of the compound of Claim 1.

3. A method for treating, ameliorating, controlling or reducing the risk of an
inflammatory and immunoregulatory disorder or disease which comprises the administration to a patient

of an effective amount of the compound of Claim 1.

4. A method for treating, ameliorating, controlling or reducing the risk of
rheumatoid arthritis which comprises the administration to a patient of an effective amount of the

compound of Claim 1.

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

of Claim 1.
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