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TI TLE OF TBDE | NVENTI ON PROCESS FOR THE PREPARATI ON OF
CCR- 2 ANTAGONI ST BACKGROUND OF THE | NVENTI ON

wo paosomebi onal pat ent applications US03/ 12929, PET/U81004/035294
April 25, 2003, and US03/13M42, filed April 25, 2003,
di scl ose tetrahydropyranyl cycl opentyl
t et rahydr opyri dopyri di ne conpounds. These conpounds
are useful for the treatnent of diseases or conditions

TITLETF T esSERTIcy her speci es which can be treated with
|nh|b|tors nodul ators or pronoters of chenokine

PROCESSR SHERRFRARSLION (U, COR ¢ EACONITondi t i ons i ncl ude

t hose nentloned in the referenced applications.

BACK %IR 3S) - ISOBE@F |§?5£$3 (trifluoronethyl)-7,8-dihyd
yl] carmmalnb&ay 9&&{@ aﬁmmohé @§934fz)929’% &t YA 5, ejob@*&}@ﬁ@os?nmz

is a pot ent

filed APWr%ySmeérdlsdrf]ﬁ@ tqtrale»@foyéf@}ax} cmi@ﬁafwh&etr@wd@pyre@nmﬁom@pounds These

compotrld§ htédisdTl fhh@e LARRAERLOYeaRE %p@ﬁléﬁb&rbf Rfm&R Ik @ﬂh@r species which can be
i nternedi ates and precursors e::g oy ed to in the

treated &t ipfaifos, HPd‘tlétﬁﬁ(% prgmetesof g np &geptar fopationntahgipagses or

conditiBRlifdMdedRRt ke Addned S tﬁ&@ﬁfe%ge%?agpl&ﬁgonysog’/ 13042. Prior
technlgues for synthesizing co 1 wer

ot 11 oA Site et SR S (g ockpambihyadin-(5H)-
yl]carbf)ﬁ}@myélbﬁen%‘l%gﬂg) %e&%;gﬁ&tﬁﬂ%cﬁ&&ﬁ%yraﬁ%yl%ﬁéq gsi s of

t he napht hyridi ne building block, for exanple,

conprised nine separate steps and required the use of

several expensive reagents, hanpering thergfficiency

of the overall synthetic process. Si rly, the

synthesi s of thepofyg! opent engybui | difhg B ock resul ted

in a high propor |oanf undes r afl e \st ev/eoi soners.

O her aspects '

i nefficient, expengive, nmenabl e to

conmer ci al prda citton. l'y syntResi zed

hydrochl ori de salts of conpdund 1, noreover, displayed
isa potblﬁSZSZH b ainitide alhe SMotiRir) preyaratida Bﬂl:dnﬂﬁuﬁcﬁl Ghcluding the laboratory

scopi, C and other pro ertles Thus, there
prepars iyl 7o et dinGy ingprocHESPIS GBAIOKSHTE s &gt gomgound Lis
described in International patent applications US03/12929 and US03/13042.

Prior techniques for synthesizing compound 1 were inefficient and time consuming, and
thus expensive from the standpoint of production. The synthesis of the naphthyridine building block, for
example, comprised nine separate éteps 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 commercial 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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compound 1 that is anmenable to | arge scal e production
formul ati on, storage and distribution. There al so
w0 evaions9n need to devel op i nproved salt for nsPOFf/US2004/035294

conpound 1. - 1 -SUMVARY OF THE | NVENTI ON The present

I nvention provides an efficient synthesis for the

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

i sopropyl -3-{[3-(trifluoronethyl)-7,8-dihydro-I, 6-naph
SUMMARY 0 THIS (NSHINpioe ar bony| } cycl opent yl)[(3S, 49) -

3-met hoxyt et r ahydr o- 2Hpyran-4-yl Jamne and its

succi napePressiinvertion rpidssan effisipRinibesisfarihe prsnartigp of (1R,3S)-3-
isoprofl-8M [ H@sfl@Romdthy7,8aihy a0t (e Rehy fi@h- 6(5119 y@kﬁﬂa{y@}tcyaébeﬁtfyl)[(3s 4S)-

i nt er medi ates (3/7?)-3-nethoxy tetrahy ro-4 -
—meth&x%ﬁ@ahydro—ZH—pyran-4—y amine and its sticcinate salt. The present 1nvent10n additionally

providésl af ef‘fﬁ)enf‘syﬁ%e&s @dr@lﬁtﬂi‘éﬁarahbh @Mﬁt%l%e?di ate¥ (3R) 3 HQREGRYLEMA- 41 pyran-

ene-1 -car oxy ic acid
4-one; ?&&1448156\%?%% W-pyrpl-3- YQltl@mewﬂqpﬁm Zengalptrheplicaicide and 3-

(trifluorond@iig 1 06,7 Bh&rdpy &P rﬂabﬁ’cﬁ ®find; BR1 18F ©6 Heﬁ&ﬁﬂo@n%%tlﬁ%}ecursor (3S,49)-
) - 4- i sopi Opy trifl uoromnethyl

N- ((lsy(?s-%-lqop@pﬁ]aﬂp h@ﬁmﬂu@pﬁwg}gg%&dl ydro-1,6-naphthyridin-6 SH)—

yl]carb)éh}]l EElopdmy- b}eﬁMcﬂlpﬁﬁBIhD)Zyt&fhhydrMJZH p%/fzﬂiﬂ-zhﬁ%é’ The invention additionally
r ahydr o- 2H- py rgn 4-am ne. The_inven

fe“desé‘a SHRSHGT TTOPEFES ohbe sycrmpts s2lsof he Ry 35- 315?%@@?/%1” -&i3-(gfflupremethyl)-7,8-
dihydr&-Uy GQiaplﬂh}&m&ﬂdS(SHpifl]carbony?cyclo entyl)[(3S,45)-3-methoxytetrahydro-2H-pyran-4-
I (IR 3S) - 3-i sopropyl ?trlfluoronethy ; g
Yllaming v dr o- |, 6- napht hyri di n- 6( 5H) - yl]carbonyl}cyclopentyl
) [ (3S, 4S) - 3- net hoxyt et r ahydr o- 2H pyran-4- yljam ne.

THE I NVENTI ON I n one aspect,
DETAﬁE%ﬁé%gSgﬁFﬁﬁEQE d?%UPE%s a process for the
pr epar mton®Bspedt, thSfredty) inMntion provides a process for the preparanon of (38 48)-N-
trlfluoronethl y
(15, 4#) -1Fopéox{g{5ﬁ-ﬁ %{;&tﬁw%ne&y@% 8- 91 YEar SRyt - ég@ﬂt}’l]carbonyl}cyclopent—
2-en-1-3H) SAméthody)etrdhyded-M@pyia gLyl p0- 2H pyr an- 4- am ne, 2:
Ove conprising the steps of: (1) reacting
(1S,4S)-4-(2,5-dinmethyl -IHpyrrol-1l-yl)-I-isopropylcyc
| opent - 2-ene-| carboxylic acid with CF
3-(trifluoronethyl)-5, 6 7, 8-tetrahydra-|
ne to form 6- {[(tﬁﬂél

naphthyrldl

(2, 5-di net hyl - pyr I op/ cycl opent-2-e
n- I-yI]carbony QL N, 7, 8-
tetrahydro-1, nap t hyr e;

/™ 2

comprising the steps of:

N reacting (18,4S)-4-(2,5-dimethyl-1H-pyrrol-1-y1)-1-isopropylcyclopent-2-ene-1-
carboxylic acid with 3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine to form 6-{[(1S,4S)-4-
(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-2-en-1-ylJcarbonyl } -3-(trifluoromethyl)-5,6,7,8-
tetrahydro-1,6-naphthyridine;

2) 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

_9 .



(2) treating the
6-{[(1S,4S)-4-(2,5-dinethyl-lHpyrrol-l-yl)-1-isopropy
WO eopsloopent - PCT/US2004/035294
2-en-1-yl]carbonyl}-3-(trifluoronethyl)-5,6,7,8-tetrah
ydro-1|, 6-naphthyridine wth hydroxylamne to - 2
-form(IS, 4S)-4-isopropyl-4-{[3-(trifluoronethyl)-7,8-d
i hydro-1, 6-napht hyri di n-6(5H) - yI]carbonyI
form(j}s&w;l 5 J4QE®P6 2a-epn: (mtﬂfzs}d&%thgﬁmb &1§%dr8%!:ﬁ (ﬂ%(SH)—

Yllcarbgn}il}cgcl)opent-lz-séx? Fira?rﬁ%,’e (trifluorome i hydr

nap ht hoa; | di QuBliHhe bhsm%@paébﬁwgh%@ﬁ&o%eﬁpnh3admya€o 1,6-
- 3- nethoﬁﬁgetrah dro-4 Eéran- - one via

naPhthYIéCB‘Eré Wéll%wa{}r: peitr?-ii- k-gpinp @ith 43 eomethprygetighslsehil-pyran-4-
5  one vid BURHYd QRnfoqvi des a process for the preparation of
((I'R, 3S)-3-isopropyl-3-{[3-(trifluoronethyl)-7,8-di hyd
ro-1, 6-naphthyridin-6(5H)- yl]carbonyl }cyclopentyl)

[ (3, 41%) famfeea@e&y&l@fne&ﬁmﬂ&éan&#b@m@sm ;f}oaéks]f%mhaﬁpepamtm of
N conprising t urther ste (4

((1IR, 3%@35@@@}}%&{% tnﬂuororgethyl)ﬂ 8-dihydro-1, 6-nap|ﬁthyr1d1n 6(5H)-
yl]carb61§y$}8 Aibpdityi (384453 it thoRARFBRIb-2A=dyk R4 J1dnkihd!@F omet hyl)

10 di hydro-1, 6-napht hyri di n- 6(5H) -yl ] carbonyl } cycl opent - 2
-en-1-yl)-3-nethoxytetraliydro-2H pyran-@gfF,anm ne. In
anot her aspect of the invention, dis ed in greater
detail bel ow, thgpndrogenatign step/i cconpl i shed
prior to the for tlgr of compourd 2\ synt heses of
(3S,4S9)-N-((I'S N {13/t f1 uor onet hyl )
-7,8-di hydro -
I 6 napht hyri dPr- 8¢ 5H) - y nyl } cycl opent - 2-en- 1| -yl
)-3 nmet hoxyt et r ahydr o- 2H pyran- 4-am ne, 2, and
((I R 3S)-3-isopropyl -F{[3-(trifluoronethyl)-7,8-di hyd
ro-1, 6-napht hyridi n- 6(5H) -
yl ] carbonyl }cycl opentyl )|

compribh @itk dbfr ddgm ne, 1, ar

(3S, 4S) - 3- met hoxyt et r ahydr o- 2
e depicted in Schene 1:

15 @ hydrogenating (35,4S)-N-((185,4S)-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.
20
The syntheses of (35,45)-N~((1S,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, 2,
and ((1R,3S)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
ylJcarbonyl}cyclopentyl)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-yl]Jamine, 1, are depicted in Scheme
25 I



- 3 -Schene 1 CFo MsCl, DIEA THF, 0 C H NOH HCl, H
NHOH MeOH, H O reflux HoN MeO MeO Bu N, NaBH( CAc)

WO RAS/0447PA MO H, Pd/ C, MeCH PCT/US2004/035294
N-((IR 3S)-3-isopropyl-3-{[3-(trifluoronmethyl)-7,8-dih
ydro-1, 6- napht hyri di n- 6(5H) -
yl']carbonyl }cycl opentyl)-N-[(cis-3S, 45)-3- et hoxytetra
hydr o- 2H pyran-4-yl]Jam ne, 1, is synthesized by
sequential Iy coupling thrssheiel | di ng bl ock conpounds 4
5 and 6 (Schenmes 3, and 5, below). An am dation
reacti on between .

rifluoromethyl)-5,6,7,8-tetrahydro-I, -nath hyri gi—

5 and (IS xCFs Mscl,DEA /= \ 7
0| - T pyfi T ol 1 - y1 YHE 0sopr ofyLiey chapghth 2- e N
le»fl L\ ” is carried But/in pfersen e

Hanesul fBHyl ghloride to afford _

6-4{[(I S, 4S)-4-(2,5-di nethyl 4#-pyrrol -1-yl)-1isopropylc
ycl opent -

2-en-1-yl]carbonyl}-3-(trifluoronethyl %-5, &Fd 8-t|etrah
dro-1,6-n hyridine. Deprotection of e pyrrole
)éroup was @M%"‘BWO% this stage g » -2Hal _
hydr oxy!| ami MeOHA &G r?“H%g_uq_prr ocess /0 pRayf de an anine
salt. The amine salt and 2 g
(3R) - 3- net hoxyt et rahydr o- 4H-r nﬁ one, 6, are
coupl ed through reductive am nati on, in the presence
of a tributylam ne buffer, and with NaBH(QAc) to

CF3

afford . 4 . CF3
-(3S,4S)-N-((1/5, 4S)-4-i sopropyl -4-{[3-(trifluor t hyl
)- 7, 8- di Mf8No<TN\6- napht hyri diypp6(5H) - 0

yl ] carbonyl }
H pyr an- 4- am

pent-2-en-|-y|)-3Hrret 0% tra ro-2
, 2. The cycl c(p\Jeﬁfe'ﬁ,glt/x
» 4
o) 2

BugN, NaBH(OAc),
IPAc, IPA

CFa

O

MeO /
H N N N
Ha, Pd/C, MeOH N
> ."l, 1
5 r

N-((1R,3S)-3-isopropyl-3-{ [3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yl]carbonyl}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-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine, 5, and (1S,4S)-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-{[(15,4S5)-4-(2,5-dimethyl-1H-pyrrol-1-y1)-1-
isopropylcyclopent-2-en-1-yl]carbonyl }-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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of conpound 2 was then hydrogenated to form free base

conpound 1. In another aspect the invention provides a
wEe@sess9s or the preparation of ((IR 3S)-3- PCT/US2004/035294

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

thyri di n-6(5H) -yl ]carbonyljcycl opentyl)[ (3S, 4S) -

3- net hoxyt et r ahydr o- 2H pyran-4-yl ] am ne succi nate, 3:

conprising the further step of: (5) contacting

(38, 431 NL(B,S?sz)) 43sdpFRPI AL ritublodnefy )7 d-BY P8 lethhbtnyridhi-6lishry.d

yl]carbﬁ%pﬁ ‘ﬂyﬁlyP‘?n&?ﬁnﬂ COH) mgthpEdrtEHe PSR fetepe. 2 (Thscyppergene moiety
of comP®Una @%yds teh ARNFERarkid ¥R Redbayd doaipb 1.1, W th

succinic acid. Optionally, prior to step (5) conpound

1 maybe purified enploying crystallization, either as

a suc Ch@ﬁbtﬁer%@ée%t thé mQ&rﬁi%ﬁ @@idﬁs aSIBgG&s@f%r the preparatlon of ((IR,3S)-3-
benzenesul f onat e sal ak.

isoprom{io I - @aRiosra R - éthwérﬁr{eérnqp&ﬂl é%’é’ﬁﬁﬁ’édlfmfl’f’fyé’CYCZOPentyl)[(3S 45)-
3-meth8X Pl o AL Purf D)1 e st&n&Y B3t hesis of conpound 3,

the succinate salt, is deplcted in Schenme 2: - 5

_Scheme 2 MeO . OH HO Et hanol, Heptane HOQC C H In

anot her aspect, the invention provi desCas process for

the preparation of the internedi ate=

(1S,4S)-4-(2,5-diyget hyl -1 H pQrro -ylp-1-isopropylcyc

| opent - 2- ene- | - car oxymlc ipeN 4, Rprising the

steps of: (1) regcti ",
(IR 4S) - 4- am nocygcl opent -Eﬁé-l-carboxylic acid
nyl chlaeride to form

with MeCOH in the priesence thi
met hyl (IR, 4S)-4-am nocydampent edstene- | - car boxyl at e;
(2) reacting said nethyl \/

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

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:
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acetyl acetone to form net hyl

(IR 4S)-4-(2,5-dinmethyl -l Hpyrrol-1-yl)cycl opent-2.-en
we@2005087h0xyl ate; (3) reacting said nethyl PCT/US2004/035294

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

-l carboxylate with 2-i odopropane to form nethyl

(1S,4S)-4-(2,5-dinmethyl-IHpyrrol-Il-yl)-1lisopropylcycl

opent- 2-ene-|-carboxylate; and (4) reacting said

net hyl Scheme 2

(1S,4S)-4-(2,5-dinmethyl-1Hpyrrol-1-yl)-Iisopropylcycl

opent - 2-ene-|-carboxylatg with NaOH and MeOH to form

e | SH4S) - 4-4 2, 5- di et hyl ; OH - Wihep- H o
i 50 &rene- -caoboxyli ST s
0 S, 4 thyIEmﬁprmﬁol-lo [ )1 -i150p 7

| opent - 2 ene-| car oxylic acid , 4, is depicted in 4
Schenme 3: - 6 -Schene 3 SCCI , MeOH " Z.ASQentaqggqone
to 20 DIEA, t /-Prl, LHVDS O Me THF, -20 € Xhrotgh
process '' of diastereoners 1. NaOH, MeOH water, 65 C
\ 2. conc'd HCl to pH 4.5-5.0 > Here,

(I R, 4Sn-afothéfl d3geel eleARRAtionr Sk bpﬁf@f% @thd [{reﬁlﬁg@n bhe intermediate
ne ester

rte o the correspondi ng
5 O ot ey compr i
steps of:l R, 4S) - 4- (2, 5- di net hyl -
| #- [ -1 t-2- | - b | at t he
sy m’? % ;@? ze dr%%} ng gl;{:-?é%-eﬁlganpﬁgg? S}F@ngf%)%r 648 leca?bo?cylllcsamd with MeOH in
the preaam:mahﬂbyi?]l dhfeeidé tozfoﬁrﬂﬁiethylc(@k hQWhIﬁﬁlG?ymeEBle e@x%llafarb‘é&}tlﬁe
ence. o

pent anedi one i.n the

f OI | O\I\{}S“I aieﬁiﬂnglsqlg Hle%qyl (ﬁé#ﬁ%ﬂl armnocyclopent—2-ene 1-carboxy1ate with
acetylatdtbri2, téﬁ)rmline(ﬂ%d 5}R;1487&L(|2y5|-d1ﬂnéthylﬂﬂ ByRtol 'yl/)@&dﬁ'éhmﬁ{étl cartxylate;

ne-| - carbox I%te m% ?? p g s carried out using

Immqbm@WWEWWl%¥W%%WW%%Mﬂ@WWWQWL
carboxylets withi2Aigddpdphetb @6tm methyl (15,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-
isopropylcyclopent-2-ene-1-carboxylate; and

4 reacting said methyl (18,4S)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-

isopropylcyclopent-2-ene-1-carboxylate with NaOH and MeOH to form (15,4S)-4-(2,5-dimethyl-1H-
pyrrol-1-yl)-1-isopropylcyclopent-2-ene-1-carboxylic acid.

The syntheses of (15,45)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-2-ene-1-

carboxylic acid , 4, is depicted in Scheme 3:



product is then hydrolyzed to formthe

(1S,4S)-4-(2, 5- dlnethyl-lFprrroI-I-yI)-I-|sopropyIcyc
WO oeni4+72s ene- 1-carboxylic acid 4. Wil e the BODUS2004/035294

di scussi on assunes that the cycl opentene noiety wll

be hydrogenated in a later step to afford the

cycl opentane, in fact nany of the conpounds depicted

in Schene 1 and 3 nay be hydrogenated in an
i ntervening step to prodSohemedycl opent ane anal og.
al so be reduced d- a rolldrﬁﬂﬂdurlng this, g
asN.Ql C@Hr ot(e éora gr oug,Ne QU becesm oygcﬁ)gi 5”9
- Mor @ in ure of aspect—ef—the—>
protectlng groups ot her than
2,5-dinmethyl -1Hpyrrol-1-yl. Thus, skilled chem sts
for PG N wherein the rotectlng ar
i nclydes b |scmgmellﬁyr trt-buto bopyl ,COMe
e N
benzoyl , i/ acetyl, trifluoroacetyl [ 2-
ni trobenzenesul fonyl, 4-nitrobenzenesul fonyl,
i m nes (sugtoilas dlphenylnethylene) and othewdmstereomers
protecting groups known in the t, as exenplified in
Synt Eé\sﬁlQ.{':i ﬁ%: ﬁ‘?ri’ Gz%n W &ey s ,C0st. , New York,
nc 4.5-5.
ct the |W0n pr ovi des a
process for the preparation of th medi at e
ne, 5, conprising the steps of : (1) reacting
3,3,3-trifluoropropanocic acid with POCl , DWF, NaPF
. (di ) ) . I _
cones RSN A L AR 0 i 0L BTRREY MFOR g
dimethPTyH-pyredl-1rd el ppeyt-LrEneDFeanpaxhlateliethen snthesizd byirgetingdbn@R,4S)-4-
uor omret tetrahydr
followipg alkylaticams Ineethyﬂ é1£e4tSi) Ad2, ﬁ:—ﬁmlibThy\lmlHprB@ebvb@ploqm ene-1-carboxylate

(Because a pyrrole protecting group, if present, would

i nve i nternedi ates may be synt hesi zed havi ng

woul d pupsue internedi ate conpounds of the ner a

benzylfoxychar bgnyl ,

2, 4- di navugrqeoenesul f onyl , benzyl , trlphenylgygn%g

G eene, T V\Uts P. GM Pr tive Goups in Oganic

3-(trifluoronethyl)-5,6,7, 8-tetrahydro-l, 6-naphthyrid

and a Hers.d1RdS)-4-aminocyclopent-2-ene-1-carboxylic acid is converted into the
aminoc%r?lﬁ wene—N Cgl‘ﬁg}?ﬁa@%ltﬂ%tﬂg %@10\91[’17) 2, 2’1)»’ y dnt%neihoxée in ther})tr%sence 8f DgEA. The
with iodopropane is carried out using lithium bis-(trimethylsilyl)amide as a base. The resulting alkylated

product is then hydrolyzed to form the (1S,45)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-2-

ene-1-carboxylic acid 4.

While the above discussion assumes that the cyclopentene moiety will be hydrogenated
in a later step to afford the cyclopentane, in fact many of the compounds depicted in Scheme 1 and 3 may
be hydrogenated in an intervening step to produce a cyclopentane analog. (Because a pyrrole protecting
group, if present, would also be reduced to a pyrrolidine during this process, an alternate protecting group

could be employed.)
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to form- |
N-(tert-butoxycarbonyl)-3-(trifluoronethyl)-5,6,7,8-te
wao e@bpdrres |, 6- napht hyri di ne); and (3) reacti ngPGHUS2004/035294
N- (protecting
group)-3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 6-
napht hyri di nene (for exanpl e,
N-(tert-butoxycarbonyl)-3-(trifluoronmethyl)-5,6,7,8-te

tr ahy dfRrdov&:; 1nllﬁ&mrrfé’artdréjbﬂﬁi); adpRctlo e REVRRERCRiePthedHids may be
and net hanol to form -

synthegze@thlaylpg DiStes g FNDp otherghan %S—fh@}eﬂghg,ﬂrpdrrpl, Byl Thus, skilled chemists

would gﬁ@wlh%fmaia%omwﬁld% ¥k g&@@ Rfmula:
(trifluoronethyl)-5,6, 8tetra£é) , 6- napht hyri di

ne, 5, is depicted ipGipg , beI ow. - 8
-Scheme 4A 1. POC DI\/FPF, OHF COH 1.
LHVDS THF P 2 2. HOAc, NH Ode—PPG 1. Deprotection

2. HaA/1PA heptane HCl - 9 -Sche 4B N PF 1. POCC
DMF 2. NaPF , NaCH ,CFq F C H

wherein the protecting group “PG"” includes but is not limited to zer-butoxycarbonyl,

benzyloxycarbonyl, alkyloxycarbonyl, allyloxycarbonyl, benzoyl, 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., 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:

H reacting 3,3,3-trifluoropropanoic acid with POCls;, DMF, NaPFs and a base to
form N-[3-(dimethylamino)-2-(trifluoromethyl)prop-2-enylidene]-N-methylmethanamium
hexafluorophosphate (CF,DT);

@ reacting CF;DT with the protected piperidone to form - N-(protecting group)-3-
(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine (for example, reacting CF;DT with BOC-
piperidone to form - N-(tert-butoxycarbonyl)-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine);
and

€); reacting said - N-(protecting group)-3-(trifluoromethyl)-5,6,7,8-tetrahydro-1,6-
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:



N 1. LHVDS THF BOC N BOC. CFo 2. HOAc, NH QAc N 1.
HCl /1 PA, MeOH 2. HCI /I PA, heptane HCI Phosphorous
w@oeshsori de (POCl ) is added to chill ed DVF aPCHUSHDE035294
such that the tenperature remai ned bel ow 10 C (appr ox.
1 h). The reaction mxture is warnmed 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 tenperc@dnemefddr approx 4 h. Upon
conpl etion of the vinam diniumformation the reaction
mxture is allowed to cool to RT. The reaction mxture
is then added concurranpby Wi 5 N Ni€HRR@ a sol ution
of NaPF in ter cool %ng,gF q,ngThe ratese F%f addi tion
of the tWgCSOTCAitbns—ai-e~cShtrolmed su t hat the
tenperature of the aqueous slurry renailns pel ow 10 C
and the pHis between 3 and 4 (addition iNTe takes
about 2 h). Upon conpletion of the addi tibns the
resul ting yel | owrshng, mari s aged for one hour at C then
filtered to collect solids. The filtercake is slurry
washed with ice cold water (2 tines) and the cake
dried with nitrdt@n/ uum Typical yield 85 % - 10
-A solution of the rot cted piperidone, for instance
t he BOC protected p i one in THF is then added to

a cool ed (-20 )H Iltrp

hexanet hyl d| 4 ep| ng t he
tenperature beIowlOC toformthe |thu nol at e
(approx 45 nmin). After warnmng to RT tHe eNol ate

solution is transferred to a chilled (-20 C slurry of
the CF DT in THF at a rate such that the

1. Deprotection CF
2. HCIIPA, heptane KN Xy ?

\
ol

* HCI



internal tenperature remains below - 10 C (approx 45
mn). This mxture is aged for 2 h at - 20 C then
wa@e®siet7axi d is added and the m xture warmed tRCT/US2004/035294
tenperature over 30 m nutes. Anmoni um acetate is then
added and the m xture heated to 65 C. After two hours
at 65 Cthe reaction mxture is cooled to RT. Water
and heptane are then added and the | ayers separated.
The organic |ayer is wasbgheémei4Bh 2 M aqueous citric
acid and then assayed for the BOC naphthyri di ne.
Typical yield 65% Next, the organig¢ |ayer fromthe
napht hyri di ne formati onppg).copeent rated difd” sol vent

switched to t hanol . é_—@gpg:nNg A is thhen ded and the
m xture ﬁg.@t/e@dC@gH 60—G—u-m—i-3’—t-§e—)depr of c(?ﬁon is

conplete (about 1 h). After cooling to ltoo
tenperature water is added and the pH adjNisted to
appox 10.5. I PAc is added and the | ayers lsepar at ed.
The aqueous | ayer is back extracted with I PAc two
additional tines. The conbined organic |l ayers are
concentrated apg g@lvent sw tched to IPA. This I PA
solution is filtered'to renove inorganic salts, the
filtercake wasR¥wj | PA and the conbined filtrate
and washes reconcentrated to a total volune of about 5
m./g. After the fre | PA soBotion~to 80 CcHC in
| PA i s added Sol i dsNar e ent  at
about 50% addi bigiac RH,EAc cONPI eti onlof
addi tion heptane 1s added to conplete
crystallization and the slurry cooled to room
tenperature. The solids are isolated by filtration and
washed with I P A/ heptane(3 times 1 nlL/g) then dried.
Typical yield 75% from BOC napht hyri di ne. As noted
above, piperidones having protecting groups ("P&")
ot her than tertpyompcebanyl- may al so be d. Oher
protecting gr owaws&f Héptariad t he 3t he
napht hi ri di ne rmctode;—but—2re ndt
benzyl oxycar bonyl , al kyl oxycar bon ,\|/I oRycar bonyl ,
benzoyl, acetyl, fornyl, trifluor ogéﬁLyl ,
2-ni trobenzenesul fonyl, 4-nitrobenz sul fonyl ,
2, 4-dini trobenzenesul fonyl, Noenzyl, triphenyl nethyl,
and ot her protecting groups known in the art, as
exenpl Fhopgraus oxycklends (PPClayistaddedmo chiiladi DNFF at astteisuh that the
¥ io ' .Ed... . John W |
i T L RHRE e B e S RS
trifluorpmomntic ecid ps added ésothenprioepmex. 46 PCY e praatrarmikiuedis Ghrmed to 50°C

and hel& thhfs Qéxgﬂ‘e%lgé: ?C)tr gpprox 4 h. Upon completion of the vinamidinium formation the reaction

mixture is allowed to cool to RT. The reaction mixture is then added concurrently with S N NaOH to a
solution of NaPFs 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 %.

-10-
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(3R) - 3- net hoxyt et r ahydr o- 4H pyr an-4-one, 6, conpri sing
the steps of: - 11 -(1) reacting

WO eaosamd- 4H pyran-4-one with tripropyl ort hof BETEHSE04/035294
and chl orobenzene to form
4- propoxyt et r ahydr o- 2H- pyr an- et hene; (2) reacting said
4- propoxyt et rahydr o- 2H pyran-ethene in the presence of
acet one, water, hydroqui nidine-I, 4-phthal azi nedi yl

di et heg s&l@!@f'ﬂ%&tect&ﬁ&ﬁﬁbﬁo@%ﬁﬁﬁ& tﬁ@l@@%%ﬁ;t&ted ndone in

4- et hyl nor phol i ne N- oxi de _nonohydr at e
THEF isghea aéﬁiqﬁlya P 653} #0a16y &leiop qf bshruahh%a@ethrlélmlsda@ée éLlN(TMS)z) in THF,
oninS LS 1" SEbPE B0 s g i, e vamin o
the enodaogdsolinios &l ttanyletréd mtchi_ﬂerbd-Z(bﬁtid shurry wethl CFIPE imdﬂ‘}m’ aratrse suah that the
ol 5o B R By 2 b R T s for 2 20 °C e
acetic efcﬁl&@ hdde@ aisPthél ndtdre Waﬂ‘ﬁdh@i@)ﬁhﬁhﬁﬁé&d& QvertoRyih@ék: Adhodikin acetate is
he presence of THF and an acid to

then adfiff} qﬂd(tl@'qylxgnﬁléqaﬁg*?ﬁ%tq aﬁ?ﬂr’%’o &p_prb %Gé n< 4hedﬁ§:tloq-ﬁ)éxture is cooled to

RT. W%béfl ﬁrfdl%ﬁt%n@zfre (mBRhddd mﬁith@myérege@alaﬁédr @héldfgmcr 1% & V@E@ﬁed with 2 M
picted in the Schene r

aqueoug lccaﬁ%d aéélﬂern@a%&wgrtth@ﬁ% na@th&rlégle Flz)pl@l pristd W) HO so
Na  ( DHQERY, théaric Ipdr fim¥ee @pgh{jﬂlnm&%ﬁ & cofée@ir®BEand solvent

wat er isolated solid MeQ Ove NaQ - BuHCE1 Me SO
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 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/TPA 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 rert-
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; 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

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

-11 -
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MeOH HO.. THF; HCI HCI, H O The starting pyranone is
converted to its dipropyl ketal by treatnent with
W eoopoopyd ort hoformate in the presence of an arCTIUS2004/035294
catal yst. The crude ketal is then heated in the
presence of chl orobenzene. Under these conditions,
el imnation of propanol provides the propyl eno
ether. The - 12 -reaction is driven by the renoval of
propanql by reditfiitdtafiirb AR Hldnl Nend igh f8RGHbABISGEAESAE Bhlorobenzene
The crude enol ether is then oxidized under nodified
toﬂ”HSHaFEP%@§ME§VWﬁ§ﬂWﬁ@@HPH§droxylation conditions. In
this regcti pAcdNREl hﬂré@%ﬁ&%&&@&%ﬂ)ﬂﬁl-ét&nyﬁﬁge B8sehof acetone,
stoi chionetric oxidant. The reaction typically qgives
water, pytgoginidinet 4 phibplariasdi dictireHIAESUD. gorassimpsomiedebydrate, and 4-
methylhdEhBHRYUoRNY kBEOR Gk (NMO&' t& %rﬁ@@ﬁdig%'cfr@?ﬁekrﬁhﬁ%&%yran-4—sulfonic
.. agueous solution of Na S Ois added to form'he
acid, sqfiwmppali t e adduct of the ketone . From the acetone
vat er {8 Xt UfeReting 358 @]4Cdi1®'g§ﬁ>rﬂ‘eir£lﬁrdﬁ9ﬁ%§ra%ﬁ-t)éﬁﬁcfiﬁcl e B Sodium salt
y e

The racemate is renpved iltrati on an

with methangl pndgimethy i hofpingptrgp thepresgise ohm 3eidHs ferg 4ybdigeethoxytetrahydro-2H-
pyran-£6@84d omeri c excess (ee). The acetone is renpved in
vacuo and isopropanol is added to give the crystalline

bi sul fi%®e affatieg sif t1-direfhora oAb dsmaiivyrapd b githe grasegee of THF,
NaOt-Bi§ Md,S0) & aNaba td)'@rmQﬁ@-ﬁ&ﬁ%traﬁ&dr&4H—pyran~4—one.

trimethylorthofornate as a water scavenger, to provide
the di hitapigset o CRrfamethpyytepiay digrsupyraned-otee

is depidted Myheadc@emelsi ng NaQx -Bu and Me SO . Addi ng water and
HCl to the reaction m xtu rovi des the target
- met hoxypyranone in aboutéggﬁggg. Severa
abbrevi ati ons, acronyns and other shorthand is
presented herein. Al though these terns are known to
those skil igghpy the|arpro presgnted bel ow is a tlll e
sunmal i zi ngd hese t ef ns: Cl t hané%Gl, Aonyl chhori de

DI i so t hyl anf ne]l PAc isopropytaecetate || PA
i sp nol o 0
o O HO SOsNa
Ko0s0y4 (0.5 mol %) 3
DHQD),PHAL % HO. NapS,05 HO
E\IM(S) )2 (1 mol %) _ fjj fas5
acetone, water 0 o)
isolated solid
MeO OMe NaOt-Bu 9]
HC(OMe)3 MeoSO
MeOH HO. THI2=- 4 MeO
HCI HCI, H.0 6
(@) (@)

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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i -Prl 2-iodopropane LHVDS [|ithium hexanet hyl di sil azi de
THF tetrahydrofuran DVF di et hyl f or mani de P.' G
w@e@seetdhg group BOC te?t-butyl oxycarbonyl NMET/US2004/035294
N- et hyl nor phal i ne oxi de TFPA trifl uoropropionic acid
Exanmple 1
((IR 3S)-3-1sopropyl -3-{[3-(trifluoronethyl)-7,8-di hyd
ro-1, 6-napht hyri di n- 6(5H) -
reactiotf s]dﬁ%rpl%zﬁ{é }e]?r%wﬂ P Eﬂ%ﬁéﬂcﬂ 53( (ﬁélﬂ@n RrifE iR ea il L QRYA e crude enol
ran-4-yl Jam ne - ep 1
ether 1s6hqn[qx|1dgzeg1 gpdeg mogifisd ahq@lpqq}apyjmpptmcilhxqronylaypl) cqn.d}t@@sp B ﬂ}’s reaction
N-metH ﬁﬂ&rbﬁmﬁe Bkld@ls %Eladl a5 WelseAhRAW JoxRiant. The reaction typically gives the product
tfl uoroneth g@j , 6, 7,8-tetrahydro-1, 6-napht hyri di ne
a-hydrqyy kgtonerip ot Rito &3 Ypeer ke gy drankeioyets apdrmlaskimeiiby 7maueous
SOluthlg of ﬁgs&ﬁ‘ls?/ﬁddgd 8 fortT @t dis@fL agdldcfs&ﬁﬁé)l@{cln@t YdnaiHk R8etdif whir mixture,
nol) were mxed in THF (6 . The resulting
raceﬁﬂ@‘ﬂﬁ%ﬁ@@ﬂ@&cr epistiliees —Tllﬂgscmﬁlmyemﬁa%d 125/ diredipnpd Be gsulting pother
liquor 1Erﬁlpn:%ﬂ§3§ﬂof9@m?ylenaﬁh&ﬁéric@§ce@ 28 Iﬂne ac%to%é isTBthdveWasy RIS isopropanol

over ' mn mhereu on he i nt er nal erature
is addeql fprgiveibe ary'étalh&%b@l@ﬁ@ éiiduat Vighigh Wanqu&eﬂe §&IePn g hisds Heajgslswith HCI

and meﬁﬁﬁ&\(ﬁgl tﬂﬂl@thﬂll@ﬁhcmnﬂaw ] aV\\@&r 965 cat torMettﬁémﬁlEﬁiSIH{Etﬁl The
The reaction solution was cooled to ~15

hydroxylar%my '&he@ mstpitated uping NaOt-RioanddMe-fO¢ aipdling wapes azﬂkﬁ% @sthe reaction
mixturd prEGdRABERAY-HRINESK pyraderttdn AR) 904BSe. added. The

tenperature was increased to 23 C and another portio

of di i Spirbiprestaonsatfroneme andyghgr shosthangd ippesenigd herge @dthough these
terms a¥¥ Eddwa @@ thbfGkdled gﬁh@arpgﬁfsenle% BRI is 4 BBleFhntinkiiAnd\@Sse AGBE:

for >1 h and was then diluted with 5% NaHCO (16 L).

The product was extracted with ethyl acetate (EtOAc)

(16 L). Théppygani c PNASR AR ulfRST @thiak Th Wat ef (10
DIEA diisopropyl ethylamine
IPAc isopropylacetate
IPA ispropanol
i-Prl 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)-
yllcarbonyl}cyclopentyl)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-ylJamine

-13 -
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L) and concentrated under vacuum w th di spl acenent of

the EtOAc with nethanol to a volune of 10 L. The assay
wQ e@bd44095 t he am de was quantitative (1.055 kgPCRUZH04/035294

nol). Step 2 -

(1S,4S)-4-isopropyl-4-{[3-(trifluoronethyl)-7,8-dihydr

o-1, 6-napht hyri di n-6(5H)- yl]carbonyl }cycl opent - 2-en-

-amne - 14 -H NOH HCI NHOH MeOH H O reflux 2HCI The

Step 1 -361}’ c{\dﬁS’ 4s}- 4%5 a‘frgethﬁ ]ﬁﬁpymll oyl ! z’@&itr H%ﬂ?élo;(elzp2 L)1V ggﬁarbonyl }-3-

roxylam né-
(”U‘ZWW’@F}@W %ﬁ%ﬁ@r‘ﬁhﬂ’ﬁdt%’wp(rﬂ” ing. 3 nol ) and vvater (5 L).
The resulting slurry was heated to reflux (71 C and

mai ntai ned at,this tenperature for 6 h. The reaction

sol ution cooled to roomte equurqwqpqn&@e pH was
adj ust ed ZHO NN . aéﬁ#qncsolutlon
WBS(MIute {12 L thejﬂoﬁmn—ﬂﬂs
extract ed th benzen ee times (14 L, 13L,

and 13L). Each orga c | ayerHovas washed once mnth t he
sane water (10 L). The organic |layers containing
product (0.79 assay kg, 2.24 nol, 928eyield) were

conbi ned and concentrated. The so nt was switched to
I sopropanol (8 L). hydrqys InNNPA (4.3 N, 1.4 L,
6.0 nol) was addg¢d. Thls re concentrated to
~2 L. The resulti hgated to 70 C and

n- heptane (8 L) omAy The slurry was
cool ed and aged at roon1te erature overni ght (16 h).
The solids were filtered, washed with of 20% Whept ane
(1.5 L) and dried under nitrogen to yield 1.12 kg of
The pytrple cr@bpegtzhe acid)(7 7B, 10§40t %f 2.€eminal enddjispprapsdeth)larine @O%L, 5.34

mol) w%‘éj;ggéd in ?f‘sfﬁgl p(? 1 t 113 %‘sﬁg ?dar&(osg)%l o) (KFi 195 e/, ogofed 0.0 °C.
then motﬁa_mnaﬂ)ﬁmtlj’i)ph]oddm@@( fH) 2.94 mol) was added over 1 min whereupon the internal
temper%/tI ﬁlgcrﬁgageqy tﬂjég%\!glée%g ?(NV mr\rb&"j](a e&c&%ﬁgfn Evgso T %(tﬁ{ ang){lgernouxtlure was aged
at room temperature for 4 h. The reaction solution was cooled to ~15 °C and tetrahydronaphthyridine-
HCl salt (670 g, 73.2wt% as free base equivalent, 2.42 mol) was added. The temperature was increased
to 23 °C and another portion of diisopropylethylamine (0.93 L, 5.34 mol) was added with cooling at ~25
°C over 15 min. The mixture was aged for >1 h and was then diluted with 5% NaHCO; (16 L). The
product was extracted with ethyl acetate (EtOAc) (16 L). 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)-

yljcarbonyl}cyclopent-2-en-1-amine

-14 -
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MeO - 15 -The am ne di hydrochloride salt (777 g, 552 g

as free base, 1.56 nol) was slurried in IPAc (3 L).
wab@soiwdiire was cooled in an ice bath and Ji - BUMUSR60035294

m., 3.61 nol) was added foll owed by isopropanol (260

m., 3.40 nol). Sodiumtriacetoxyborohydride (724 g,

3.42 nol) was added at 5 C. After 1 h, a solution of

t he net hoxypyranone in EPAc(1.76 L of a 160 g/L

solution, 2.17 nol) Gﬁas added to the batch at 1 C CF3
After 6 h the m S |oned bet ween —
{a Hﬁ’d& %‘?'& and EpOAC (0 )
nus tract ed wi Et N
ned orgam c phases V\EF /act

HCO (4 L), dried over Q),

concentrated. The resulting oil was dr 899l ved CH CN

te ta

The anglé% l?r? |5t% E d% ‘%X&hl lgle eg%anf) f@%ege’ ?lﬁe({t() B’%O’%‘Tn“n‘ég% (1 kg, 14.4 mol),
50% hfd}@(}d@)mwn(v(dt@ (UB) 1648 meld prdopatér-(8 LY. [ The (ésnltihp slarrp was ste)l to reflux
(71 °Cy eanﬁrtxa?]ﬂtBX%f e tllés( tgﬂ;)eratlu ecf%)lrr %% n’{/kr rg%(/:% nosr?leurtll n ?a%%o_oie_d)}? 50_0@1_temperature
and thm!ﬂ W@XWMﬂdah YHP gtk O DW&QH ATigerreacgon sbheios olay dintiedwaith water (12 L)
and thd W?Qa# Q(I;]r\‘{%t?(%glg%g} (Igé‘t%%kein% thareeé?rrlle!s (%h? t13ﬂaandli§f) Elagh organic layer
was Wi(S(l¢CRJI@S)V-1tB ihe§@Ip¢ wptet (IQ-LQ [ Ehe(drganfcl la}@m’mmhhyig)prcﬁp& (079 yday kg, 2.24

mol, 9i‘% C?bo s <P) yn%P gfbd;cn %F%t{a% él“ hﬁ écslve§t was w1tchetd t? isQ ro%arn81_ (§ L).

Anhydpqmpm;n. WAW]safnmeL & 1 DM @ded. thHnnxtﬁd/»x@s oG e 2 1. The
G

ot 5 G L RS 9515 PR LR, S o o

aged alciopi damepezaterd ovepniglt (9 ). TBE balids wnre\ﬁltt:ﬂad vetsheavath o(f 30% IEA/heptane

1 AP ABATEPL AT VR0 RS 1 SR i o1

overallgglhanol (6.4 L) and charged to an autoclave. The

C % C ha t ut
Step 3 a?tS,%ISyFJtJ ﬁ QSF g ngﬁo% n4oﬁ}§ (( )f@l?fo; Ofne hglﬁq Skt d(r)og]éﬁ—nfq%% ryrz(de Z[106( SH)-
yi carlp@j'l)’cwlasem @Wnd\voé)r -hingthoxygeti@hinyo-at-pRBand- anT he batch was

filtered through solka floe ( 1.5 in depth) inan 8 L
sintered-glass funnel. The autoclave was rinsed with

nmet hanol (5.0 L) and BS
\ K -
HoN BusN, NaBH(OAc)3

IPAc, IPA

2HCI

CFy
MeO H o
5 r
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rinse was used to wash the filter cake. The cake was
washed again with nethanol (1.3 L). The sequentia
WO pwsiongosvas repeated four additional tines. BRCL/US2004/035294
assay the conmbined 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 nol). The oil was dissolved in
The anhEeAdlﬁy?drachl&ldaM heg, 362 %Bé flgéé Bages 186 BB AuffdiPPAc (31L). The

brown oil. Dlution with I[PA (3.1 L) and concentration
mixturgas oofsd A gice Hsh andi-BrsBIHEP0 Bf-nb&l mel) aprddedfalloye! by isopropanol
(260 n%.( $ BRd5) sé’mdﬁ@ﬁt‘:&&épboéh fn@e (m bfd. %&F%Mddéa - 58cd|A'R¥r 1ha

ro-1, 6-napht hyri di n- é ] Car bonyl }cycl o i
solutiop gEfhametox Ry REas P kAL y8 rloofz 160 gffrsahitian, ) lpamlh@as added to the batch

at 1 °CS WGt Rt 1%16&\&9 G/ﬁésﬁngﬁonga%e't\f/éeﬁ Uth@fRd facﬁ (N'QHCO3 @3 L}h water (8 L), and
Benzenesu fonat e he resultin fromt

EtOAc Q| Ehejaqpgays ghass ypy/Bethgr gxtpaoged with Oé <1éirla The combined organic
phasest“remt@&té@auﬁ @ NABIC), k4 E)ahﬁ&rbvfexl W 4(8@ HPLeoticedBred. The

ri nse was added to he batch he soluti on was

resultl%eﬂlm disgolzgl le%cmscw BB ERFaclsd N8 MeRerd Aitd)a&hapcetonitrile phase
contalr{ea 884 g(1.4méP 90% 03SW@?NE{@@%%Whécﬁ%p&ﬁ@-‘{'[:ﬁ(ﬁﬁlu'ofbnﬁﬁlyl)ﬂ 8-dihydro-1,6-

crease in tenperature to he sol ution was
naPhthzé%P PP yllsd Wg}ﬁbd%}%tz%ﬁé LD onethexyiehpity deesgid-pyrpn-gjamine. The
solventhas radeh@d in VdeBo folPréVidel ad ol Yhatdas K@ tﬁ@ﬁna@gyd%génltf%n ste
devel op a thick seed bed after which heptane (4.6 Lg
was added over 50 min. After aging at 55 to 65 C for 2
Step 40 ({1 he.?SﬁB 11.!‘0&7)’ ﬁ%ﬁ{ [qufﬁgrotr@th??b |8%fgd§@?@$lﬁﬁﬁthyrﬁlzn -6(5H)-
over ni urr tere t he wet cake
yl]ca’”fi%%’f"ixﬁlg 4’1%‘6’%3t9 {Shs-methppitiaforpnf 2ysen-dlamine The
+ off-white solid was dried under N /vacuumto give the
benzenesul fonat e saI%F 875 g, 98.3 % as a tan solid oF
(84% adj ust ed yleld 4 ter (11.1 L), IPAc (32 L), and 8

(R 39) - 3- -

Me® sopr opy! - & { ri4l uoronet hyl) - dlgydrolO a /
NG cgrbgnyhigwghopent N
3-heth ydro- 2H-pyran-4-yl] gm n

0 zenesul fpnate salt (1 645 kg) mere dded
sol ution of K CO in water

L)
The e DU HRPITRA oLy KO Bhue) dipisasrie 1a§%1;£aﬂé{>émithwlutwn was

concentrb]l@d Qfﬁl&ﬂl Q)ﬂuﬁb‘rﬁﬁltl\l\ﬁéthéﬁ@‘é @@L)Vﬂnﬂ Boﬂ&@ﬁtﬁﬁox{ Jd@re l1=e)peat<:l:(f‘t%10 additional
Ac sql ution of R..3S)-3-1sopro % i
times. (Atf?e 31811 6:ﬁ1éo[eﬂi§;qt1)on S;heg)ﬂdyaﬁ gléﬁ,tgl ‘fv1th met anol (6 L) and charged to an

autocla,vé Tll@l@ﬁtﬁllyMrS%de?C @135Hd) wid &tﬁ%@@ QﬂMé eSO RENSINMAY In(Rhaflotl 1.4 L).
t hoxyt et rahydro- 2H ﬁéran- (%ggan1ne free base

The hy(l@gergltlkxb@@é)ﬁxe HAHUA @vq{mg@ h)rat 2%° @Patwa\gas filtered through solka floc

(~1.5 in depth) in an 8 L sintered-glass funnel. The autoclave was rinsed with methanol (5.0 L) and this
rinse was used to wash the filter cake. The cake was washed again with methanol (1.3 L). The sequential
rinsing was repeated four additional times. By L.C 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
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concentrated to an oil. The resulting oil was dil uted

with ethanol (3.785 L) and reconcentrated to an oil
wah@sai4703 | on and concentration were repeat ed PET/E82004/035294

nore tines. Synthesis of the Succinic Acid Salt: After

the final concentration the oil was diluted wth

et hanol (4.055 L). The ethanol solution was then

heated to 65 C. Succinic acid (294 g, 2.48 nol) was

added i n one portion foll owed by addition of heptane

530 L) over mn. The sglution was then seeded
1R, 33 3-isopropyl-3-{|3- (trzﬂuoromethvl} 7.8-dihydro-1,6-naphthyridin-6(5H)-

lcarbolahIRsydioper 91K PRV ertidx ek iAatylinol S PR u RPN Enk sdeBiad DY
ro-I,G-nap%tEyrlgln-BKSE

yl ] carbonyl }cycl opentyl ) [ (3S, 4S) - 3- net hoxyt et r ahydr o- 2
Synthekls Pyr an- 4-yl ] am ne succinate (5.8 g) as a slurry in

heptane (50 mL). The resulting slurry was aged for 1 h

at 65 C during which tine it noticeably thickened. At

Purifichihién ﬁtmﬂBQi‘zeﬁeﬁgfoﬁ% galbedﬂﬁgﬁultlh§ Bl ﬁ&% tl(e7Ex§ﬂ1 le)1 VVﬁ%lssolved in IPA
added over The slurry was _a B

(1:54 T3 B G Li5 BRI T AP AR PilD dniss ﬁ%ﬂﬁtto (hﬂ@atch The
solutloﬁ' Ivas WREned @ selsc Wlﬁchfﬂohﬁ ﬁén%i}esulfoill% acﬂﬁ’a@@fg 1"‘7‘9tntﬂ)l)2was added which

hept ane/ et hanol (2 free base),
resulted) i1} aagdn@iepgen tvramya}wm ”t’lﬁ’CaThq sghltl@amﬁ qepledta0 °¢h@d benzenesulfonate

salt seefdI (h %?&/%ﬁﬁed’\@ﬁe ﬁ[ntosgﬁgf% ragdd%o 2 35 g eitoﬁg tﬁ%l& Jged\{)ed after which

uum for 48 succl nat e
heptangéﬂ G2 I()gﬁ_as @ddﬁl OVERHe ndn.i Aditkr hgingdt 56fto 65 °C for2 h the slurry was cooled to

a0 SR R L LSRN s
heptand/[RA8Q, % $B13- Tietotﬁbxlyteeb]ndahgﬂdhmd Ehﬂepwﬁlaaf«:uﬂn tcygﬂ'eanl‘re banzenesulfonate

. D .
salt (8754C 68 84 3h® éséant§rg$of119)(%4‘0/a§dj%"E‘e@ﬁe‘i’@ R]’%? f )gﬁgiclggér‘ﬁ HaRir 35)3-
isoprom'l—?)ff,l[feﬁ:tlﬂlgtr@nsmﬂlﬁ 8- 'ﬂﬂledlfOFle@ndpﬁﬂgn@ﬁ@ﬁiﬂ)@l]g@rbmk}cyclopentyl)[(3S 45)-
3-meth§mg?%t9a§9dr —Ig?lﬁ@é ?lidnlﬂ l];elnl et lfto?ate sa?t%l lﬁ'ﬁf 17 %’vle(reeagdjedgg a solution of

ov et rrer,
K.COsi(b&kg) im wdtebaﬁém)cﬂmmmmmw ragedf 15ausik. Tiadaybsmrmpdmdd and the

il Sab v FULPER LSOPEIPLL AR MEL AL A Dl
(trifluopeapthydnt, 8-dibly dnoel ,@isdaphidyyidin-6(SED @Hcaridng 1 }swlmnt@h[(m) 3-
' t t [ ask.
o M5 e 08 o by PR, £ 15 8%k
concenrafpdl trcmcbiviThi reawitingiel] vasalilufed mitk letba88 6. (591 end wtecatiagd to an oil.
g@g 285 C. Heptane (1.4

Thedﬂ ﬁggqaﬂﬁaggggg%ﬁg d eq%%% Was di ssol ved in 100

L hept ane and added to the batch. The thin slurry was

Syntlze.ggﬁgheﬁgﬁmzﬁ Acfy .S%ﬁv glft h%futurI c&}éirg%ﬁgn &g gl’&?/f'l} & fute\ghm& etl}anol (4.055

eptane was a over
L). Theﬁﬁ@nbbsoluzhn tvhethel haatey to 65 °C. Succinic acid (294 g,2.48 mol) was added in one
portion followed by addition of heptane (530 mL) over 10 min. The solution was then seeded with
((1R,35)-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 (5.8 g) as a slurry

in heptane (50 mL). The resulting slurry was aged for 1 h at 65 °C during which time it noticeably
thickened. At the end of the seed bed age, heptane (7.54 L) was added over 1.5 h. The slurry was aged

for 2 h at 65 °C, then allowed to cool to room temperature overnight (~9 h). The solids were filtered,
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was cool ed to anbient tenp overnight. LC assay of the

nmot her |iquors showed a |oss of 6.5 ng/nL. The slurry
wor®shid47vered and wet cake slurry washed wi t h PCHUS2004/035294

3/1 heptane/ EtOH, followed by a 4L di spl acenent wash

with 3/1 heptane/EtOH The off white solid was dried

under N /vacuumon the filter pot to give 3404 g tan

solid 96. 7wt % 86% adj usted yield with 10. 3% assay

washedi Q/&ﬁ 2: 1F&% thetdiinbl 28% ba, 0fmIPLEEd Eh@é)ean%lh&d {ufdpt JJaQﬁ\ﬁh )Nith aN,
t OH was charged to a visually clean 50L f

streaméaqﬁ lbr}“éla f%zrt:ﬁ(e NYap DEKE VR 306 |f1§'fher dicd paikiNeArcusyy for 948 h to afford 1.328

kg of thé"ﬁ{c&ﬁﬁ@bﬁl’t' (916 %)drﬂeniri%& bﬁ@l@&*{fk 33593@5 RRYIE3- ﬂ@l&nﬂe@l%methyl) 7.8-
and rinsed in wt lurry

dibydrp & %@@hfat/n%ﬁ@@aaF%ﬁboqywéy%fmeuwfé?rs TR i pyran-4—

yllamifle %%cﬁ}at& {10598 ) RekEFas sl Arbgh A INs Mz @ 480 &nﬁ@ebﬁ‘aﬁcﬁﬁng 1.313 g
filter. When transfer was conplete 50 L flask was

rinsed with 1 L EtOH, rinse was transferred.via inline
synthefsislzter to batch in 72 L flask. The filtered Et OH

sol ution was concentrated at 38-44C with 25in Hg to

<12 L, succinate salt crystallized during the

Formd@iOneRikFiktt Silr: TR HEd Bh 348 bt Behdredbda a1 km I8 filter to a 72 L flask
o vvarrrjgggl tlo 65C. 1 L Hes%l\gﬁe V\%)S adde%léfol I oP\L/\m/ec]z[I1 11eArr q -

by
equipped wifh & fhgFpoceppls. WVST@EPdrFEHFFth/‘&\%“m mylqhrang baelscongrarater, ffask had been

marked & ITIYL.athe ﬁéﬁl\olﬁfdtc@ﬁce‘ﬁﬂat&hvélﬁg fu&h& cbﬁféﬁt&fﬂ&l twas 1 add @t‘}ivent switched to
over 2 h. The slurr C then cool

EtOH gt opgtn S ehp U tReet i éﬁ?ﬂ Th S%utwim@s gnlu?dr YREOH ‘iolﬂi*eelrle?dL mark on
the fladk0 V@ﬂiuhﬁﬁats ré1BBeBAdi Hé{fséh g&@eﬂtﬁﬁx fvad ieﬁfaé‘eﬂkﬁth%%ﬁ&igory\fuhﬁbl 839 g
ep S

wed by 5.4
SUCCIDIE aalldgms tg@c@ﬁ.@ﬂ{ ha\%gngvlﬁs Jregmesd tg |6gr ' |¥-{§p1ia96 MSII") was ded o¥er Tmin. 5 g seed
was dléslolvta@ [nCIak %lyﬁﬁtaﬁé hrRichdBad 9 @R Hhioll TNe thid Surry Qasoagg@ 60 nin to develop a
th vacuum f or h then the filtercake was broken up

thick sgiqchep a?%fﬁuvch&ﬂr9édhmanﬁ N23 dedienier $orminppiieeeinaretyyCig 2 the sturry
was cddled £ §:R8ierf Q¥R (ﬁ/Elln%t ofc ggsw d'fghetrﬁ@hé?% gorggﬁégzeﬁ\@ﬁ)ssc'&fcﬁr $£le/mL. The

in a doubl ed polybag withi'n a_ f rumto await

slurry ypy filfesggl and wepake Slagry wathe@withy2 &8 Ie ﬁ/é hepiane/BiQHe follgped by a 4L

dlsplacfeﬁlgntgwas(h VB bﬂ)heﬁﬁ%:/]@c@ﬁ-ﬁ iTRESE whEXATRA %as?‘dned under N/ vacuum on the filter
)-4-(2,5-dinethyl-1/f-pyrrol - %/ -1 -1 sopropyl cv

pot to %llvaé‘ln%&tall 0 06 TV 0T A sted il Vstbel& assayelosy |

(I R, 4S) - 4- am nocycl opent - 2- ene-| - car boxyl ate SOCI

MeOH " Q20 Solid . .
Recrysqligatiey of Suegiiorrotalfd Daprenstle h2-b Leitatl wa shasgpdye p piseadly glean SOL flask
equipped with KQvachurhidn B cHiRiSal dii$s ChaREcdule Ma@Hhlet adaptor. Succinate salt was
added and rinsed in with 4.7 L EtOH. Slurry was warmed to 65°C at which point the solution was
transferred to a 72 L flask under static vacuum via a 1 pm inline filter. When transfer was complete 50 L
flask was rinsed with 1 L EtOH, rinse was transferred via inline filter to batch in 72 L flask. The filtered
EtOH solution was concentrated at 38-44°C with 25in Hg to <12 L, succinate salt crystallized during the
concentration. Slurry was diluted to 12.1 L then warmed to 65°C. 1 L Heptane was added followed by 14
g seed slurried in 300 mL heptane. Slurry was aged 1 h 10 min at 65°C after which 17.5 L heptane was
added over 2 h. The slurry was aged 2 h at 65°C then cooled to room temp overnight, ~13 h. The slurry
was filtered to collect the solids and the filtercake washed with 2:1 heptane:ethanol 5.4 L slurry wash,
followed by 5.4 L displacement wash and 5.4 L slurry wash . The filtercake was dried by passing N,
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(3.0 L). The slurry was cooled to 0-5 C. Thionyl
chloride (0.576 L, 7.92 nol) was added dropw se over 2
wh2008/084793 ni ng a tenperature <20 C. At the endPOf/US1v4/035294

thionyl chloride addition the cold bath was renoved

and the reaction mxture was aged at 20 C for 1-2 h.

The product m xture was then added dropw se to | PAc

(22.5 L) over 1-2 h whereupon the product crystallized

througlﬁi it eGtvhduukd 183 B ee tHeGeRbkd R bidibn §%111{d furtht§ dhad with N\@@acuum for

ilter g and dried in vacuo overnight to provide th
aPPIOXHﬂ%tﬂzs 65 | offereaRistinppffying the dplk ﬁtﬂg V&éaamorqdms s!o‘@ledwb%)ag within a

fiber ditinBlo@vait iMRg. 2A totdYRE BWIS kg of the succmate salt (93.9 % yield) was obtained.
(IR 4%) - 4- (2 5-di met hyl -1 H pyrrol -1-yl)cycl opent -2-ene
-1 -ca7 boxylate 2, 4-pentanedione , DEA rt The solid
Examp@@Bnocycl opentene nethyl ester salt (1.076 kg, 6.059
was dlssolved |n NECH (3 L, ZND at 20 C under
H y B A h Op 3 3

nDI) mas added follomed by acetonyl acetone (O 711 kg,
% ch had an exothermincreasing the

Step 1 t@ﬁi@é’r(%d - ?’6’”8?0@8@’@2 Thd-FEI¥6Nn i xture was t hen

aged at 25 C for 16 h. The batch was dléyted with | PAC
(9-10 L) and washed V\ntﬂs\Ong%dﬂHﬂCI 2§ 3 L) and 5%

bri ne ( M PReH bat ot 36 dri edf=ly CQeifle
sulfate, fil ed, and concentrated to a . THF (3

sotid (B 48 ER e by (1%8‘16%%{% i Sirad i el b g e T v disotved n o

3.0 L)pS{hé Sbey padiRkl esl0-8 17T N ThsRYICRBAIL0S76 B ROX¥bBLES z(d@é(ﬁ@fopwme over
g, 92@6§|eld was stored at 5-7 C under nitrogen unti

2 h maingpgning  empeawie <08 b Vi gheregeh of the tj}g)nylglhggldg additigattkpdold(bath was
remove%_’ a%@lhe‘l‘ez{cﬁ m{jﬂuﬂ@ Ry %e!l atl_i'OB&rfB oxy azprcld&% nﬂ}étuye V3 Ithen added

~i'sopr opy opent - Z-ene- | - ¢
dropwibg-HNDRAC @@5N® OTfHFl -2 h 2DerOn®a tie prtatupt@rx}tallmediéir@‘ﬂe Gomrsslution as the

HCI sal-([.?_ ?B%art({k}gga% g@g{g% XJ%Pr cﬁ‘%é‘d &l va(cgfolg\%rr%%‘lt % pﬁg\gtlgé/ t%%/ﬁriln%oeg/tﬁ)pentene methyl

opw se over
ester HCl salt (1081 g, 77% yield).

Step 2 - Methyl (1R,4S5)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-carboxylate

~HCl 2,4-pentanedione T

HaoN \@/002‘\/'9 DIEA, rt N\ N \@/COQMG
>

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,CI1 (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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['ithium hexanethyl disilazide (LHVDS) in THF (8.65 L
8.650 nol) at - 20 C. The batch was aged for 30 mn
wa@pasa447exlopr opane was added over 1 h. The bat PCT/Wa04/035294
aged for 1 h, then allowed to warmto 20 C over 2 h
and aged at 20 Cfor 1-2 h until conplete by HPLC
(<0.5 %starting material). The batch was quenched
into 6% NH C solution (10 L). IPAc (20 L) was charged
Step 3 BMEbIYeS URYLIS5-WekefiyS I ViE-1 308,
v LR T R U R L i Pl e
and concentrated to an oil. The air-sensitive
al kyl ated pyrrole nethyl ester (1419 g, 98%yiel d) was
stored af 5-7 C under nitrogen until saponified. Step
4 -
(1 S{4S)\- 4~ (2 5- hy l-ph g ol -1 -yl Y- 1 -l soprop 6
| opeRt- @éﬂ%%xyFﬂﬁi&de LCO Me DN thi]ﬁxkgm
MeOH/|wat eA—85 C , CO"H 2. coned’HCl to pgH 4. O"'P’ﬁe
al kylated pyrrole nethyl ester (1.38 kg, 5.197 noll)
was dissolved in MeOH (7.7 L). D water (2.5 L) was
added fol l owed by | ON NaOH (2.08L, 20.786 noi:! raRe
batch was then heated to 65 C for 16 h. THAIBIPEATRES
cooled to 10 C. The product was crystalllzed by
ust c The .slurr
The Pyga el Ol Pl 8 S%ﬁél}wﬂ%ﬁél H%ﬂﬁé‘rﬂ’éﬂsetoae&%m folM
hthmnﬂﬁkﬁﬂetby—[ﬂlﬁlaﬁda (LMD indIE0(8l65a, 8. 3@) 26]) & -20he. TR lbadﬁl was aged for
|tered, washed with 10% MeOH/ DI water and dr
30 miniis & HoERTTAOUAS AU G0 CHSDBEIp B 445 FF & PyfPeAligues fogvarm to 20

°C oveﬁt Kkﬂldﬁg@d apw HCAbL1-8 %%ﬁ&%ﬂ% qfﬂjL@ ((<d>%22§ stitin® Risfferial). The batch
- Exa tri Iuorone

was qupl)chsd y@toﬁ?@ M{é@lfsgh\;aglp oVL)6 H’M[B,Q ]qg,was(ﬁhﬁéedgtnééhellayers were separated.
The oré\éfn[ca '\f mtvmﬁlz@m%‘@% “ag 'l\ﬁ-LCl (flb !Fl? rSQJ@'In@Yi ){ @@ PPard &Jﬂ&’énhgt@d to an oil.

nej - | met hanam um hexaf | uor ophosphat e ( CF
The aﬂmmwyeﬁf@m@o}q iyl pies (U8 203 Hikld) wepestqrad &t 5L7 °C1upd@ nitrogen
umﬂsigg&hMBS added to dinmethylformamde (2.6 L) at 4 C

ver 1 h and the reaction mxture was allowed to warm

to 20 C 3,3,3-Trifluoropropionic ) (771 g, 6.02

Step 4 - (185,45)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-2-ene-1-carboxylic acid

o Me 1. NaOH, MeOH/water, 65 °C T CO.H
2 2. concd HCl to pH 4.5-5.0 N\ N 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 HCL.
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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nol ) was added over 6 mn. The reaction m xture was
then aged at 50 to 60 Cfor 4 h and then allowed to
W@ owb/04479F oom t enperature. The TFPA/ POCl 3/ DVF PEHUS10041035294
m xture was charged to a 5 L addition funnel. The
reaction flask was rinsed wwth DM, 3 x 75 nL, and the
rinses also transferred to the 5 L addition funnel.
Hexaf | uor ophosphoric acid (980 nL, 60 wm % aqueous) was
Exam@dded to water (7.1 L) with cooling at 4 C. Sodi um
drOX| de (5 N 2.0 L) was addegl slow y keeping the
: D-§87dstetrahydrod frppphibyridinethe sol ution was t hen
cool ed to 0 C Sodl um hydroxide (5 N) was charged to a
addi ti on funnel and added concurrently with the
Step 1 TiA—'IFflil( Pl e el détuostinalplopiope-awidens I wiedvibnethangrium
hexaﬂ,;da@)ﬁogfha{era@kﬂ@nper ature remai ned below 5 C and the p
varied from3.05 to 3.6 (approx. 3.2 during nost of
the addition). The resulting yellow slurry was then
aged for 60 mn at ~0 C. The solids we ,f/l I;Fered

slurry-washed with ice-cdl BOGgtEMF (2 X 1 5t hen
dried with g of N2uNafeffs, Na@ium A Qﬁs of
1.785 kg (878 56§ CF DT (vinam arniumlsal t) was
obt ai ned. Step 2 - 7

N-(tert-ButoxycarbonyI)-3-(trif|uoromethyl)-No', .
8-tetrahydro-1, 6-naphthyridine 1. LHVDS THFl + CF,
PhosplR®®s oxydhl@ide HOAE,, 11 HdAwas-ad@edlto diaeBOGodngmipeicdones °C over 1 h and

o bRl oo % P el R B R 1 .

mol) VM sdiled bY@ nhif. Théfr}:aduen thisfturé Jras’thbn agdll ar 5048 66°O ¥R Y h4ad then allowed
The reaction mxture was allowed to warmto room

to coolitg nfﬁ?éf} grarareT R TR A W DESeaigr igve s ehargef 19 45 & addition

funnel STHefré¢ti6 fldek wl rifsdd With OOIF, B 75HE., Gad the nlaaes ﬁl@&h@rﬁfehed fo the 5 L
eactl on m xture was then aged f

2
additioh tgele HoRE T 7 hapherio( & OFA L eraepp s 9] Ginvargn@.A L with

cooling &G, BRAIMIHyHFoRiAWESN VB ﬂ?@asﬁ@d%@lo@zl?ﬁ&bm& e ujdérngm erature below
and amoni um acetate (741 g) was ad in"one port %

15 °C. THhe splatient Weasrthen opplad & Qs Swhmnélwdr@md@(éﬁ N veas ghagrsido f 6 L agdition
funnel Qn@&ddE@&&cﬁﬁéﬁﬁ§ Gath e ﬁPX%dl?ﬁﬁ/ﬁﬂ rgzﬂ:tlgﬂ HLAE atFite %&Bltﬁag the

to roomtenperature t
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 slurry was then aged for 60 min at ~0 °C. The solids were filtered,
slurry-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 (vinamidinium salt) was obtained.

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

1. LHMDS, THF

PFs"
CFg

|+ |
NWN\ BOC. CFs

BOC.
> |
0 2. HOAc, NH,OAc NZ
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diluted with water (15.4 L) and net hyl cycl ohexane

(15.4 L). The m xture was agitated, the stirring
waer@ppenys and the layers were allowed to sett|BCT/UBE04/035294

| ower aqueous | ayer was renoved and the organic |ayer

was washed with 2 M aqueous citric acid (6.2 L). After

agitation and separation of |ayers LC assay of the

organic layer (total weight = 19.8 kg) gave an assay

yield of 617 g (6499 of the BOC naphthyridine. Step 3

- 3. i s 1)-5, , , . 8-tetrahyd |
N-BO%-4?{>§1%%§E1I { l(#ﬁ g%gr? I’é%(g 712 LMS/cppgedetR/r@?jqu@ng)f Jithiygepis( (tympethylsilyl)

amide (TEDY@SR(3S 1IN1.0bElsoldiéh i TERNnCTHIAMEr L) at o1 dKer 45 min. The reaction
naphthyrldlne formation contai ning

rmxturRl_wef dlowed i \59(9’68 FQsehipmperature. This mixture was added over 30 min to a slurry of
CFE,DH {! rlﬁfkémﬂr'[@ﬂﬁ% hyh) c&)l& t4 :-§4' {ety éﬁl?é/ag{ug]h ixture was.then a 5669%52 hat ~-20

6- na hyridine (34.2 kg tot wel containin
°C. A@%ﬂeﬁc@@@ map hvtab yaded pwe)3 mias Tlgomating matted waowaimeditd 20 °Cover 1h 15
min angg alu oﬁﬁlnhlda\l;\gtg%é@’?nl lvx}ﬂg c%lemnz ogle gcﬁﬁlg?.rﬂlehré%cﬂgﬁlg}xutr% WEs warmed to 64
°C andwged faddbdt this td:ﬂmratms | Theereatidn tbit@re $/@4 ¢toled o WG temperature then

dilutedC\rrrgl ﬂ'ﬁvg%%r:‘(?%% E%letr et%cy(glfohg];%%es@% gﬁa oﬂheg‘gl%(mg%_ﬁijst q?gﬁat\émqg, e stirring
stopped.3nd the )laymszvemhlbd/ed breettis.oThe b@er ayaDuhiR§dreds tedndvdd fadaRorganic

layer v&?xg @/%hfe%ét& %2\% e(aAIeg%rmt%? Sclilcli @Z ]td‘ K&% 1%5%@ qég?gz{rﬁlqvﬂ\g% E}.Erers LC assay
of the ¢rganiig laym $totaheeigittar BXaikd) gavaddasbay plbld%f 8.0) g (6408 ofhx BOICE
mmhm¥@§?extracted with DPAc(3 X 10 L). The organic

actions contained 601 g (91% of deprotected
napht hyri di ne. The conblned organlc | ayers were

| ut ed th PA (6
sep3 CSRERIV B SR PRI EH SR o Vsl Pk o

with IPA (6 L) and the solutlon was concentrated to a
totglyvolune of ~2.L. The,ogmAuwb@p was filtered CF,

=
-

t hr ough™@”s| gf ass HoWPAGheptadBi Ch GEN
washed th IPA ( L). Fhe—conbined—»+ trdte g i nses
wer e conc rapgéd to 0.5 L and then dil uted IPA

(1.95 L). The solution was heated to 60 C and HC
IPA (790 nL, 4.33 Mby titration) was added H&ler 40
mn. During the addition the formation of solids

becanme evi dent. Heptane .
The organic layer from the naphthyridine formation containing N: -(tert-butoxycarbonyl)-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 L. and 4.58 M HC in IPA. (3.6 L) was
added. The solution was heated to 55 °C and aged for 1 h. After coolirlg 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
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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@s0¥aper at ure overni ght. Additional HCL/ | PACT/88200d/)35294
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
was wé’sh&ct Wikl 1PAQB RMEL N YiTh: cSmibned, tBrdi@iddaydisd c Bedd@RiRl EB’ d $H, and then
ne in 75 %yield from BOC napht hyri di ne (497 g,
dllutedwfhglﬁﬁ (b@ﬁ gn}’heaegluppléyasdﬁgtéd o BX&rapfl &5 in IPA (790 mL 4 33 M by
t1trat10(x?’\5>)s aaddﬁ%goﬁ@'ﬂﬁt 'iﬁlmfg{hg adtfti oﬂXﬁeai%rlﬂ’atlQ)g %Es%thﬁ ém? TVldelI(lt Heptane
t et rahyro-4H- pyran-4-one: roun
(275 Ig¢ias pested ovr SR mn n%@h‘élmhénaatmg tiag disgontinued pndbibe sipire wasalipwed to cool
to roor} 'tetrrfpgﬂﬁﬁ]e b '_éht Vﬁﬁiltfdﬂglr[rﬁggPM"@d\nlﬁ) and§18pt6ne éoﬁ()l 38 Ia) were added. The

tetrahydro-4 ran- 4-one
solids wete fifterggs |Wb@ﬂ1&%h@t@dﬁm<3wgs50m)0am¢d undeevaguwp with a nitrogen

streamlﬂ§ ﬁ@or& @’gS K ng § (tﬂﬂ%rgﬁletm?S 13 btﬁs’c ]]:B ﬁ% gﬁ&ﬁ%g]@% yield from

| ush was added
BOC m@fglwrxqu&%%g, G@ %\f@lghhser@ewér@e bfﬁe)an ice bath to 5 C.
Anber|yst-15 (60 g), previously washed with DI water
then propanol and dried, was added in one portion. The
Example 5t yre was stirred at mmumttmmmaUMefor16h

(3R)-3Mbt§o§{t&¥é%§o -BHSRrat-b9Re Of 2 (CC). The mixture was
concentrated under vacuum (75 nm Hg). The solids were
removed by filtration through a pad of sol ka fl oe and

Step 1 —% Dty -1 120y BAY- MRS ArZZQSI%ﬁinMotttgmM ﬁ%k(eamh}ed with& mechapical stirrer,

ltrate was dil uted extracte

thennthhe ang nifregen dnlefgine slapégemaw@@v(am@rw myéan 4/\%&6@ 00 kg, 30-9@nol) and
triprop ]brtho-lf&%laﬂzr§ abikg, PNASE). V‘ﬁ% pﬁﬁ%ﬁ?ﬁ'&tﬂ)ﬁhgﬁi&lﬂﬂg &hs fflﬂﬁé&%h

to renove he I nternal

chlorolgpige ADHID E AEIHBE W Aiecn o balsior Desrraso{ eyl cooled n an
ice batR e, Aliﬁlﬁ:rl%tsltSi(bé %}t @ﬂoﬂyﬂﬁvﬁﬂé@\blﬁpﬁﬁw;ﬂg‘ﬂ théh ﬂ%ﬂ@liﬁﬁ&jdrled was

colum at arate t mai nt ai ned a vapor temnperature
added fgrong Beytipn. e fixtong Was styer @t avwhigns iempepaise foe Hel This provides a solution

of 2 (G@g I TROLG&I Yad &n&@h%@hﬁﬂe@va@ﬁfﬁ?(ﬁ%‘ﬂ‘gb Ufite: sofoﬂstv%trcaﬂgmgiled by

was used. The batch tenperature was naintain

fﬂtfatl%léb%éw rrd ot selkp Hormpndsthg flteingd taeripged piith MEBR (2, L)AfThe filtrate was
diluted WAV TRE (BSI93¥%d 'eﬂ?ﬂc&@%g saturgted a&ﬁgﬁ/s%ﬁi@ﬂ -4 ﬁﬁh&%zﬂ&r& x16L).

was increased to 50 mHg and the reaction was
The orggnignbpsegips PWC@?%W%@C‘%I VBT GA0EIHE éhregovathe BITRE. When the

1ntema7t%mp{@r){ﬂu@ reachéd il N LiNEARSAZEIEL) vis@Rded: The distillation was continued using
- di hy drox%btetrah ydr o- 2- H pyran-4-sul foni ¢ aci d,

a packgid‘@}utgm at a rate that myntpingdy, Ao ermpesaiag of phoyk85 to 90 °C. Chlorobenzene was

added periodically to maintain a constant volume. A total of 15 L was used. 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),
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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
WOR081044745 28 L) . Hydroqui ni di ne-1, 4- pht hal azi necii/y52004/035294

di et her (DHQD PHAL, 54.8 g, 0.070 nol), - 23

- pot assi um osmate di hydrate (12.95 g, 0.035 nol), and

4- met hyl nor phol i ne N-oxi de nonohydrate (NMO, 1.078 kg,

7.74 nDI) wer e added sequentially to the solvent and

potassﬂlﬁ%sﬁﬁé dinkiig (?23@5'% 10935 ﬁ@ﬁ 2919 erﬁgh}tl&o@h&ne-ﬂhﬁlde monoh%drate (NMO,
enol et her Yo sol uti on,

1.078 1%&)7093( was V@&j@éecb%venvalw tw&helsévm ﬁ?’ﬁ @P FisHEnssofEge wppgpoled to 0 °C.
The pr&@mgféi'ﬁér' '(?8591% @Q@utwt % Sotutibn ff(%%ﬁ&l)/wﬁ’{ R0af K ’ﬁﬁ)lNHﬁé Bfintaining a

and wat er .63 was a

reactiop éﬂmpéméae PRADGILAS paIA frskly ipeepared &pgletpn@f E’;ﬂzsz%(ﬁ@rg 4gPmepD) and water
(5.63 L:b @va@ ?cﬁfed fctllow%ch@y @9&1&1‘3@6&6’%&3 (f. ﬁfﬂPV&@er Qé‘ln% idh hiH, 'tlﬁrloﬁﬂqvere

[trate was concentrated inh vacuo to renopve
removealéé/tféwéwn REbE GfEatrovascogentjatedn varda éureppes thaacstoe. tléopropanol (28

L) wasRB& cﬂ’@r 568 ;QB\Ll@eSac'co?ArléEsr Yorry T RGe SQdL GRreWBlited 8h Ial%cftt ﬁ‘ﬁjsed with
on a frit, rinsed with isopropanol (6 L) and dried

isopropgnol{6 L dctyieh int Vasr Pss toBgvige 878 Dof SRevuge (87 %ysgolated sield) product
that wds®9hat ed yield) product that was 97.2 %ee. Step 3 -
4, 4- di met hoxyt et rahydr o- 2H pyran-3-ol: A 22 L round
bottonmed fl ask equi pped with a nechanical stirrer, 5L

Step 3 04, QRDhIEb RS liro-TH 128801 AbeT, 18 HohShamEQY ugpp&%lth a
har ed wth bisulfite adduct (893 g of a 92

mechaggyl .Sféﬂerzé béropping Nwesh yigogen et awathﬁwqqemlﬁwrcb%%dow%lflwlﬁte

adduct((%% &a 98-92% OB 1. 06-5%Me@#48t1|'_&9m§ kr%ét%&&%foﬂ@d’tMS £08.93 mol).
and a 1.89M sol uti o 69

50
The resiging sHEEg "B SO IR BN S0 FOVHDR (4 469 mol) was
added ih gfdpymg\’ﬂﬁmél%%m hif. ThdslaRdvaQoditdtoNeBHnd %@t‘?ﬂNﬁOﬂq%O mL) was

d as a s|low stream_ The solids were collected on a
added ?Srq govytiesatn dhe sqligs wers colipsted g § Effrand e didreavassoly ot siiiehed to

toluendhSskipGh t8tak G118 t6fuerk? The bAUHARRRoncLR@atRBb GHouV@ S then the solids were
concentrated to about 3 L then the solids were renoved

removeshpyrfflirtion ke i viamensed kMBS 2 s @ dolfianrortpiping 577 g of product

(3.56 nidl 05,88 L URICRAH 7N EE) Reblltsd Of product (3.56 mol in
5.33 L, 88%yield, 97.5%ee) results. Step 4 -

(3R) - 3- Met hoxyt et r hydr o- 4H pyran-4-one: A 22 L
Step 4t emg m&dx%%ﬁ}@ﬁkpﬁﬂﬂu@ﬁﬁdk it Po@dﬂab@cﬁﬁ@%bl@écﬁlp ed with a

gen inlet and dropping funnel was ch
themog@fpé& RigRessrinlt 4 desgprigg i Vs ghprged Vi svmrnoq o 6943@? mokin 5.33 L)

and THH (51819). K0 dﬂtuetaelutladm@iaatt@a 11 Ak Wiy isiRésht. NSOPBEE&®DY; 5.14 mol) was
NaQ -Bu (494 ¢ 14 npl) was added in gne portion to

added i ﬁ‘l’%‘e p%o%tocﬂr%véci,e aféefar Mogldplmlcinb ﬁ[‘ he-ﬁqgc \f/qsdgqge%m an ice bath and
Me,SO, (B xS 64 mBl) 8As hdied Bat Do ﬂlﬂﬁnamtamlng an internal temp of below 36 °C. The cold

bath was removed and the reaction mixture was aged 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 5L). The combined
organic phases were concentrated and the residual solids removed 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, 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,
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(737 g, 5.84 nol) was added over 20 m n naintaining an
internal tenp of below 36 C. The cold bath was renoved
wW@eesHhe9F eacti on mixture was aged for 4 h to pCDUSIe4/635294
crude solution. Water (1.5 L) was added foll owed by 2N
HC (840 nlL). 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

modifieftas) kebs AR SdMBbES, 6PNARIBhY AhRe@RE ahdfrofRsls HAdlbe made without
solids remved with a frit to provide a solution of

departing fropy hrtpétt apdirgre,ofithe ipveggen. Wg)r grampl, Ggohive dogages gthgnthan the
particuldt Ao@bds as 3 YordH 1Rkesh atdle %ay%e%%bhca%'ah £ cdREub SR ArRHons in the

has been described and illustrated with reference to

respongiyeness g thsapanireal beipe Weaseidpiasti o5 the fdicatims withdhecogppinds of the

inventiof iddRt@te@bbovéd LikeRRPMRCIpAL G ﬂHﬁﬁﬁaoMl@%le YSp SRR QN Say vary
changes, - 24 -nodifications, subsfitutions,

accordgg)te %frddﬁgendwg upeRihe paHeuIas Rty SeRpRIGSSeleaigd pt wheslss hre are present

pharmABRNtiRFcafREE ad W dINAUke FEPGFEIMGibE S thdiR of MrhihistrARH employed, and
scope of the invention. For exanple, effective dosages

such exeflBd VATHEFPSCR diffszeneqs dnifha roselisErRosicmBlaied in aqspiAncR atithithp objects and

practlc&b&\ﬂié preYntisvea i, iR brlt&ld@@ tiRrFSABIRA UR RN BédtefiAdd YR scope of
t he responsiveness of the manmal being treated for

the Clag?ﬁwaa?h foHew prithatapshyiimsbe Hermed s hssdlds igeaspppble.
i nvention indicated above. Likew se, the specific
phar macol ogi cal responses observed may vary accordi ng
to and dependi ng upon the particular active conpounds
sel ected or whether there are present pharmaceutica
carriers, as well as the type of fornulation and node
of admi nistration enployed, and such expected
variations or differences in the results are
contenpl ated 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 clains which follow and that such clains be
interpreted as broadly as is reasonable. - 25 -WHAT | S
CLAIMED IS: 1. A process for preparing
(3S,4S)-N-((1S,4S)-4-isopropyl -4-{[3-(trifluoronethyl)

J_

7, 8-di hydro-1, 6-napht hyridin-6(5H) -yl ]carbonyl }cycl ope
nt-2-en-1-yl)-3-net hoxytetrahydro-2H pyran-4- am ne
conprising the steps of: ( ) reacting (
S,4S)-4-(2,5-dinethyl - I Hpyrrol- -yl)-

-i sopropyl cycl opent -2-ene- - carboxylic acid with
3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 6-naphthyrid
ne;
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(2) treating

6-{[(1S,4S)-4-(2,5-dinethyl-lHpyrrol-l-yl)-1-isopropy
wo eopsloopent - 2- enl - PCT/US2004/035294

yl ] carbonyl }-3-(trifluoromethyl)-5,6,7,8-tetrahydro-I,

6- napht hyri di ne wi th hydroxyl am ne; and (3) coupling

(15, 45)-4-isopropyl -4-{[3-(trifluoronethyl)-7,8-di hydr

o-1,6- naphthyridin-6(5i )-yl] carbonyl

‘WHATEKl&Mﬂ@IQ en- -amine with

(3R) - 3 met hox ytetrahydro 4H—p% an-4- one. 2. Ap
for thé& pr e%aﬂf?‘ﬁgf or preparing (3S,48)-N-((1S,4S)-4-isopropyl-4- {[3 (tnﬂuoromethyl)—

7,8-diy(ioR, @ﬁpharytl&ﬂw(ﬁ@y}ll]'cgrbér{ﬁ}'cgélbpefn{ 5012 @%tj]ﬂlkﬁlop@te%'ahydro -2H-pyran-4-
di hydro-| ht hyri di n-6( yl ] carbonyl } cycl opent yl

amine porapyising & e%ﬁﬁﬁghoxytetrahydro 2H pyran-4- yl]am ne
conpr|5|ng the steps of (1) reacting

15, 45
g pyrr ozl)l yfe)act}ng,(g%ﬁ) 66951%?@69‘# pyreokhabt lcispmsepayrlepent-2-ene-1-

carbox@Bd akidMyith 3- (tnﬂuoromethyl)-S 6,7,8-tetrahydro-1,6-naphthyridine;
3-(trifluoronethyl)- .7, 8- tetrahydronaphthyrldlne

(2) treating
6-{[ (I 8)4S) néating 65(Us, a8 5-biFeBy - RpydolYily1y-I -'1§o§1@9§1@ﬁl/opent—2 -en-

‘Y”C%?‘P%‘éé}é%@ﬁﬁ@}ﬂm%@ﬂtw ¥ G shuteer Oynaghtgyiing. wiky hydroyrypipine; and
6- napht hyri dine with hydroxyl am ne; (3) coupllng

(15 45 trifluoromethyl)- ydr
3?1 aph‘f‘l‘r‘ﬁ“‘i‘%ﬁ 4é(451{s?5rgwl—rlc{é} ggﬂ%romethyl) -7, 3 dlhydro 1,6-
naphth}lﬁ@d%mﬂ@l]cﬁb(ﬁﬂl}cycfkb’ﬁeﬁtez 8- 1-Bmine with (3R) -3-methoxytetrahydro-4H-pyran-4-
(3R) - 3- net hoxyt et r ahydr o- 4H pyr an-4- one; and, (4)
"¢ hydrogenating (3S,4S)-N-((1S,4S)-4-isopro
ryl - 4- {[3 (trifluoromethyl)-7, 8-

di hydr 6 napht r'din-6 5H) -yl ] carbonyl } cycl opent -
-en-| -§| ) - 3K Cﬁﬁg?vftt T RS BE g)l%é-siﬁ 1SQPFORYL-34 ﬁé‘ﬂu"ml?@hyl):] 8-
dihydre-3,6 rAp]ﬂh)&m&SG(SH@-&I]@ﬂﬁ)ﬂﬂf}¢yﬁ@pentyl)[(3S 43)-3-methox tetrahgdro 2H-pyran-4-
I %é % %% opyl 3-{[3-(trifluoronethyl §
yllami %?@P ghgt it hyri di n- 6( 5H) - yl ] carbonyl } cycl opent yl
) [ (3S, 49) - 3- et hoxyt et r ahydr o- 2H—pyran 4- yI] anlne
rea

succi ngte co st eps 1
(1S, 49y 4- (’fn‘gma ?Lsgz&w{zfp W rléﬁ E>1ST li“}’DTl IF%@WEWPWPZ-SHG 1-
carboxglicfedinith?3-@fiftndreadtaxy,b,7 8 tﬁfdhﬁdfﬂhdphthyndme
3-(trif|uoronethyl)-5,6,7,8-tetrahydronaphthyridine;
(2) treating
6-{| ( | @) 495) trehtif26-BH S, MHAR|5-dilde by¥ HDbyrtol Y - 1 -1sb 8P/ 18R pent-2-en-

—yl]ca;rbo\{lcl} %p(%‘EHuoromequl)-S 6,7,8-tetrahydro-1,6-naphthyridine with hydroxylamine;

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

one; and,

D) hydrogenating (35,4S)-N-((1S,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.
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yl]carbonyl }-3-(trifluoromethyl)-5,6,7,8-tetrahydro-I,
6- napht hyri dine with hydroxyl am ne; (3) coupling
WO 1®5/046%5 4- i sopropyl -4-{[3-(trifluoromet hyl)-FCBUSI0hyaB5294
ro-1, 6- naphthyridin-6(5//)-yl]carbonyl
}cycl opent-2-en- -amne with
(3R) - 3- net hoxyt et r ahydr o- 4H pyran-4- one; and, (4)
hydr ogenat i ng

( 358459 N (£ brécdsStor brep 2R (OIRYAS) A-ibdpRopyl-8.1( 13-4 RAGEM))7.8-

dihydrej} frpeirhgayridi-G{aBhy lepropayl }ﬁyelesqq}ymﬁ]séﬁ}%@moyﬂy@w&feﬁﬁ fyran-4-
yl]amire®Bedimale chmpridiRS MO ¥Y¥SsJer ahydr o- 2H- pyran-4- amine. (5)
Contactlng
((I'R 38) 3-isopropyl -3-{[3-(trifluoromethyl)-7,8-dihyd

ro-1, g - . -
napht hyr i rﬁz_Lctm H -4 ((:2a5r dlmethyl CI:IBL/Iprlc‘)rgleln lgll)lfo(proé)ylcgjlopent 2-ene-1
carbox yHstagighwithed-(trafhype 12%1%3@&7 §ﬁ€f@¥¥3f?@ﬁmﬁ.‘éﬂ @t h succinic

acid. 4. A process for preparing

(1S,4S)-4-(2,5-dinmethyl-IHp rroI-I-yI)-Ilso ropyl cycl

opent -(2p- erfé%lrlna:%&[lé )it @etbﬂrﬂﬁkpmqi@-}tlhgw@wemécyclopent-Z -en-
—yl]caﬁﬂcon 1§-3)trlrRBLhleR9N)-5,6,7 8-tetrahydro 1,6-na hthyr1d1ne w1th ~hydroxylamine;

@I S) - 4- am nocycl opent en- 2- ene- ? car boxylic¢ acid
Mﬁth NECH and thionyl chloride; (2) reacting nmethyl (

| R, 4S)(34- andapr qlpmm@@m%yﬁqu ﬁt&iﬂfo@&ff&lﬁﬁﬂ’% Winydto-1,6-

acet%lacetone reactin
naphthyridig-gQf7)-gllgapbagy ?X?EIPFFWZ'%HH pyine Shd K3l$>r3;@9tep>ty&éﬁab¥d2a Yhgyran-4-
one; and! car boxyl ate with 2-iodopropane; and, - -(4)

reacting nethyl
(1S,4S)-4-(2,5-dimethyl -1 Hpyrrol-1-yl)-I-isopropylcyc
| opent ) 2- em@rdge&aﬁg@m@m(w 49)-aNedPb 3 rlﬂi-{lf@@'huo%meﬁlyl)ﬂ 8-

process for preparing: conprising the st eps
dlhydrC( 1?-nla@)é]@tqu(SH)-yl]calbonyl}cyclopent- -en-1-yl)- 3-methoxytetrahydro—2H—pyran—4-

amine. (| R, 4S) - 4- am nocycl opent en- 2- ene-| - carboxylic acid
with MeOH and thionyl chloride;
&) contacting ((1R,3S)-3-isopropyl-3-{ [3~(trifluoromethyl)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl]carbony! }cyclopentyl)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-yl]amine with

succinic acid.

4, A process for preparing (15,45)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-

isopropylcyclopent-2-ene-1-carboxylic acid comprising the steps of:

¢ reacting (1R,4S)-4-aminocyclopenten-2-ene-1-carboxylic acid with MeOH and
thionyl chloride;

)] reacting methyl (1R,4S)-4-aminocyclopenten-2-ene-1-carboxylate with

acetylacetone;

3) reacting methyl (1R,45)-4-(2,5-dimethyl-1H-pyrrol-1-yl)cyclopent-2-ene-1-
carboxylate with 2-iodopropane; and,
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(2) adding a protecting group (P.G ) to the product
of (1) to form (3) reacting the product of step (2)
wWowRak/o02+79Hdopr opane to form ; and, (4) reactiPQr/URm®04/035294

product of step (3) with NaOH and MeOH. 6. The process
of claim5 wherein the protecting group is sel ected
from tertbutoxycarbonyl, benzyl oxycarbonyl,
al kyl oxycar bonyl, allyl oxycarbonyl, benzoyl, fornyl,
trifluoroacetyl, acetyl, 2-nitrobenzenesulfonyl,
4-ni trobenzenesul fonyl ., 2,4-dinjtrobenzenesul fonyl,
benzyl (M t r i 5AERE Fﬁ@fl%ﬁﬁf‘%ﬁ@%ﬁe&%1Hnaiyﬁ@sl-xl?-ﬂaéqompmlgyclopent-

2-ene-i-phRpMleTRINVAGINGIaWESY. - 28 -7. A process for
preparing
3-(trifluoronethyl)-5,6,7,8-tetrahydro-1|, 6-naphthyrid

5 ne conpri si Rgrdch® f&tiRARefing: (1) reacting

3,3,3-trifluoropropionic acid with POCl , DWF, NaPF
and a base; (2) reacting CF DT with a protected

pi peri done; and (3) rgagctj ng QOgH ect i ng
group) - 3- (trifl uoronethyl 8-
t et rahydr onapht hyri di nene iR e‘tpresence of HOA and

nmet hanol . 8. The process of claim7 wherein the

protecting group is selected from tertbutoxycarbonyl,

.benzyl oxycar bonyl, al kyl oxycarbony, allyl oxycarbonyl,
compriging,th stebefz enesul f onyl , Ani t r obenzenesul f onyl ,

10 2, 4-di ni trobenzenesul fonyl, benzoyl, acetyl, fornyl,
trifluoroacetyl, N-benzyl, and triphenylmethyl. 9. The
procedd) of rE‘"I“‘éP%r{ IR Aprdrasiivecy depepienene-l rarberydia geifl swith MeOH and

thionylchlbbddxycar bonyl (BOC). 10. A process for the
prepari ng (3R)-3-nethoxytetrahydro-4H pyran-4-one
conprising the steps of: (1) reacting
t et r ahyy 0- 4iduRy b phndnfNGoly PG Hitd BE SRULQLE N9fabaRt €

and chl or obenzene;

15
= G1 -N i , COQMG
3 reacting the product of step (2) with 2-iodopropane to form:
PG 1_ N i . COQMG
r ; and,
20

“@ reacting the product of step (3) with NaOH and MeOH.

6. The process of claim 5 wherein the protecting group is selected from: terz-
butoxycarbonyl, benzyloxycarbonyl, alkyloxycarbonyl, allyloxycarbonyl, benzoyl, formyl,
25 trifluoroacetyl, acetyl, 2-nitrobenzenesulfonyl, 4-nitrobenzenesulfonyl, 2,4-dinitrobenzenesulfonyl

>

benzyl, triphenylmethyl, and various imines (including diphenylmethyleneimine).
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(2) reacting 4-propoxytetrahydro-2H pyran- et hene in
the presence of acetone, water,

whyasoguadhi di ne- |, 4- pht hal azi nedi yl di et her ([]’(CIDUS2004/035294
PHAI ), potassi um osnmate dehydrate, and
4- et hyl nor phol i ne N-oxi de nonohydrate (NMO); (3)
reacting 3, 4-di hydr oxy~t et rahydro-2- H pyran-4-sul fonic
acid, sodiumsalt with nethanol and

trimetyl o Bofor fRbRpdre BREITRORBRAGS-5,7, AR 13k afh-1,8R8ph
(4) re7210t| ngﬁ4 4-di Iﬁre?ho%y?e% r ahydfhg]gZH- pyr énﬁysgool@] gp thyridine

comprlserrgethwt%@ﬁce of THF, NaQt-Bu, M@ SO, and an acid. - 29

¢y reacting 3,3,3-trifluoropropionic acid with POCl;, DMF, NaPF; and a base;
2) reacting CF;DT with a protected piperidone; and

3 reacting N-(protecting group)-3-(trifluoromethyi)-5,6,7,8-

tetrahydronaphthyridinene in the presence of HCl and methanol.

8. The process of claim 7 wherein the protecting group is selected from: terz-
butoxycarbonyl, benzyloxycarbonyl, alkyloxycarbony, allyloxycarbonyl, 2-nitrobenzenesulfonyl, 4-
nitrobenzenesulfonyl, 2,4-dinitrobenzenesulfonyl, benzoyl, acetyl, formyl, trifluoroacetyl, N-benzyl, and

triphenylmethyl.

9. The process of claim 7 wherein the protecting group is tert-butoxycarbonyl
(BOCO).

10. A process for the preparing (3R)-3-methoxytetrahydro-4H-pyran-4-one

comprising the steps of:

) reacting tetrahyro-4H-pyran-4-one with tripropylorthoformate and

chlorobenzene;

) reacting 4-propoxytetrahydro-2H-pyran-ethene in the presence of acetone,
water, hydroquinidine-1,4-phthalazinediyl diether (DHQD,PHAI), potassium osmate
dehydrate, and 4-methylmorpholine N-oxide monohydrate (NMO);

3) reacting 3,4-dihydroxy-tetrahydro-2-H-pyran-4-sulfonic acid, sodium salt

with methanol and trimethylorthoformate in the presence of an acid; and

@ reacting 4,4-dimethoxytetrahydro-2H-pyran-3-ol in the presence of THF,
NaOt-Bu, Me,SO,, and an acid.
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