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synthesi s of the naphthyridine building block, for

exanpl e, conprised nine separate st and required
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Simlarly, thé syRthesis fN he opent ene buil di ng

bl ock resulte n pr n of undesirable

st er eoi SOMeRS. her cts of the synthesis were

i kewise in I ci ent, nsive, hnd/or not anenable
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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 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.



remai ns a need to develop inproved salt forns of
compound 1. -1 SUMVARY OF THE I NVENTION A first aspect

provi des a process for preparing (3S,4S)-N((1

S, 4S) - 4-i sopr opyl -
{[3- (trlfluoronethyl) 7, 8-di hydr o- 1 6- napht hyri di n-6(5

H) -yl ] carbonyl} cycl opent 2-en-| -yI) 3-
nmet hoxyt et rahydr o- 2H pyran. 4-am ne conpri sing the
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carboxylic “‘F‘ﬂ ‘%‘&h?)%%ﬂ%f%%@'ﬂ)r% T84t @Wéiotwaehthmémc.

napht hyti di n-6(5H) -yl ] car bonyl } cycl opent - 2-en- | - arri ne

Wi (3 hy ro-4H pyran-4- one.

celdny etk CRUSIO G Gty syl Hisomswaniiey-2-on
-yl]carbony@](&ﬁ@@mlﬁmy&&ﬁﬂﬁwiahﬂrd I G-naphthyndme with hydroxylamine; and

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

1] carbonyl} cycl opentyl)[ (35, 45) - 3-

me {0 x yeouling B 46)et-i2imrquy k403 4eriflbdranbing - KSRy, g t he

ey 2 Yl R i i R e gy o1

one. opent - 2-ene-1- carboxylic acid with
3-(trifluoronethyl)-5,6,7,8- tetrahydronaphthyr|d| ne;

(2) treati n
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(1S 4S) - 4-i sopr opy! -

j(trlfluoro net b 5)9(1 8- di hydro-1
bht hiFstEe i éé"s“—é H}iétwlﬂéﬁwp}ﬂdyid) bp@wpmydcpeht@mede
carboxylic acidiwith 3 (BR)ordndiB]) 3GV @l dpdvapRiidaRyr an- 4- one; and, (4)
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) coupling (15,45)-4-isopropyl-4-{ [3-(trifluoromethyl)-7,8-dihydro-1,6-
raphthyridin-6(5H)-yljcarbonyl}cyclopent-2-en-1-amine with (3R)-3-methoxytetrahydro-4H-pyran-4-

one; and,

_ )] hydrogenating (35,4S)-N-((1S AS)-4-isopropyl-4-{ [3~(trifluoromethyl)-7,8-
dihydro-1 6—naphthynd1n~6(5H}yl]carbonyl}cycloPent-Z-en 1-yl)—3-methoxytetra.hydro-ZH—pyran—4-

amine.



A third aspect provides a process for preparaing

((1R, 3S)-3-isopropyl -3-{[ 3-

(trifluoromethyl)-7,8-di hydro-1, 6-napht hyridin-6(5H)-y
| Jcarbonyl} cycl opentyl)[(3S, 4S) - 3-

nmet hoxyt et rahydr o- 2H pyran-4-yl ] am ne succi nate
conprising the steps of: (1) reacting
(1S,4S)-4-(2,5-dinmethyl -1 H pyrrol -1-yl)-1-isopropyl cyc

| opent
3 r i il pr Rl B R plctrtht L1r as)sporopv 13-
(triﬂuo(ogn):thy})@&tdﬂmglro 1,6-naphthyridin-6(5H)- yl]carbonyl}cyclopentyl)[(3S 48)-3-
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opent
1 yIJcarbonyI} 3-(trifluoronmethyl)-5,6,7,8-tetrahydro-

6- napht Ia?agngdg‘ I(mm{ismm%ﬂlm FYROLET)- ﬁ%bpﬁpjmklbﬁhﬂt-z-ene-l-
carboxﬂfc—oacf(w%ﬁ# SRR 67 seaipripmpimidae

napht hyri d| n- 6(5H) yl]car bonyl }cycl opent 2-en-|-anrine

1 Ch B3R et BN PN 0 U BUERD (s ones and o

1-yljcartogyl }- ﬁ{mﬂmmnaﬂrybﬁtﬁyﬂ S-eah@dro-1,6-naphthyridine with hydroxylamine;
di hydr o- 1, 6- napht hyri di n-6(5H) -yl ] car bonyl
}eycl opent 2en-1| -yl ) -3-nmet hoxyt etrahydr o- 2H pyr an- 4-
am né3) (5?009Mh%453-ﬁg50(r9m435)(uﬁlup®mpﬂlﬂw B-dBwdro-1,6-

th ' -
e PR PIBE ol Sl ¥ B ey prise gy
one; and,ypt hoxyt et rahydro 2H pyr an 4-yllamne with succinic
acid. A fourth aspect provides a process for preparing
(1S,4S)-4-(2,5-di net hyl -1 H ) )
pyr r §D- | - Bpidosprating {35 AR-€15A S frdsepropyl dria-(trifiugromeshyl)7 -
d1hydr0-@6f—hi(§htﬁ -6(SIRGIchDyBERRBenRd en-1 1)-3LRAE | BShhydro-2Hp ﬁran-ﬂf—

(1R, 4S) - 4- am nocycl opent en- 2- ené-| - car boxyl i ¢ aci
amine. with MeOH and  t hi onyl chloride; (2) reacting nethyl
(1R 4S)-4-am nocycl opent en- 2- ene- I -carboxylate with

acet y) acet one; &ﬁr@% actin

(TR the5 - opiasige (bbb oraadisy -G targmosh e b ene
naphthyridid-6(SEBy Dentph A} c@clfehtil) 235,435 S5 0p ah)%&dZH-E?m{-A}l]ammc with
smmma%actl ng met hyI (1S,4S)-4-(2, 5 met hyl

&/l rol-1-yl)-1-isopropyl cycl opent - 2-ene-1-carboxyl ate

with NaCH an d MeOH.
A fourth aspect provides 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:

n reacting (1R ,48)-4-aminocyclopenten-2-ene-1-carboxylic acid with MeOH and
thionyl chloride;

) reacting methyl (1R,45)-4-aminocyclopenten-2-ene-1-carboxylate with

acetylacetone;

3 reacting methyl (1R 45)-4-(2,5-dimethyl-1H-pyrrol-1 —yl)cyclopent—Z-ene-l-
carboxylate with 2-iodopropane; and,
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A fifth aspect provides a process for preparing:

PG -N CO2H conprising the steps of. (1) reacting

(IR 4S) - 4- am nocycl opent en- 2- ene- | - car boxylic acid

with MeCOH and thionyl chloride; (2) adding a

E r ot e€Qi ngreg{ti/l:\wmet(lﬂ-(13,4(8)3-31-(235-ﬂihﬁthﬂlﬁI@ﬂ%&ﬁbl—pﬁlg(—is)Jprbl?rlcyclopent-
2-ene-1 - : reacti ng the product of step

(%Bmvs\rﬁlatteﬁ%]}i&g o%?%%?ﬁe to form PG - NCO2Me and, (4)

reacting the product of step (3) with NaOH and MeOH A

RSB BB RBEalT ProPari O

t et rahydro-1, 6- napht hyri di ne conprising the steps of

(1) reacting 3,3, 3-&@{_}"\1 uoroprggHoni ¢ acid with POCL3,

DMF, NaPF6 and a baSe; ‘eacting CF3DT with a

prot ect ed pi peri done; anm”%acti ng N-(protecting

group)-3-(trifluoronethyl)-5,6;7, 8-

t et rahydr onapht hyri di nene in the presence of HCl and

. nefhanol .. 2b A seventh aspect provides a process for

compns’tnﬁ&'egﬁ@%sﬁg‘ri ng (3R)-3- et hoxyt et rahydro- 4H pyr an- 4- one

conprising the steps of: (1) reacting

Ay O e Ol Bt Db ol W AEMEOR
thionyl ciloyidegpoxyt et r ahydr o- 2H pyr an- et hene in the presence of

acetone, water, hydroquinidine-1, 4-phthal azi nedi vyl

di et her (DHQD2PHAI ), potassium osnmate dehydrate, and

4- metRy | neddpigelpratetitg-gooup (RGHao e yadat 6 (ONDm: ( 3)

reacting 3, 4-di hydroxy-tetrahydro-2-H pyran-4-sulfonic

acid, sodiumsalt wth methanol and

tri met hyl ort hof or nedgtenin CheMeence of an acid; and

3) reacting the product of step (2) with 2-iodopropane to form:

PG'-N.y S C0=Me
l/ ; and,

@ reacting the product of step (3) with  NaOH and MeOQH,

A sixth aspect provides a process for preparing 3-(trifluoromethyl)-5,6,7,8-
tetrahydro-1,6-naphthyridine comprising the steps of:

(§))] reacting 3,3,3-trifluoropropionic acid with POCI;, DMF, NaPF; and a base;
2) reacting CE;DT with a protected piperidone; and

3) reacting N~(protecting group)-3-(trifluvoromethyl)-5,6,7,8-
tetrahydronaphthyridinene in the presence of HCl and methanol.
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(4) reacting 4, 4-di met hoxyt etrahydro-2H pyran-3-ol in

the presence of THF, NaQi-Bu, Me2SO4, and an acid.

Di scl osed herein is an efficient synthesis for the

preparation of ((1R, 3S)-3-isopropyl-

{[3-trifluoromethyl)-7,8-di hydro-1, 6-napht hyridin-6(5H

)-yl]carbonyl }cycl opentyl)[ (3 S, 4S) - 3-

net h oA)se\@nﬂlakgpdu'me\adés pyroaess fJorythd mepanieg ERY-3 ibathoxytetrahydro-
CCLN di scl osed herein is an efficient

H P“a‘z'gh?‘% 4, S&%tﬁe re® %fepar ation of internediates
: (3R) - 3- met hoxyt et r ahydr o- 4H pyran-4-one; (1 S, 4S)-4-

(2, 5¢di ne 0%; nt-2-en

e-1- égr bo;fﬂt}?( l}l%ka0|l§4@gadn4¥$n}ﬁl%lﬁgﬁ glgn%% hyl ) tgﬁﬁ

5, 6, Fhlgobeagangihy dr o- | , 6- napht hyri di ne' and for t he

preparation of the precursor (3S,4S)-N-((I S,49)- 4-

i sopropyl -4-{[3-(trifluoronethyl)-7, 8- |hr)e/dro
t hyr i n- @eogpg 4-propoxytetrahydro-2H-pyran-ethene in the presence o acetone,

yl ] C%@Pﬂ)‘r@r&qﬁi&iﬂin@ﬂﬂ%ﬂ:@l&ﬁ&d@l Hikther IORODIPHAY) gtaisiiny dr Osnzate

r am ne. ereinis the
dehydrat%ars%‘rrﬂ%rylla?ra&?@rﬁl" 133 ﬁrﬁf @@F ate salt of
((I R 39) - 3 |sopropyl 3-{[3-(trifluoronethyl)-7,8-di hyd

ro-1 6(5H) - vl rbonyl k. .

cycl ent@? : %’yﬂ%‘ﬁ?ﬁ %%%W‘V%‘@?&Y%%P%@%Pﬂﬁ%ﬁmiﬂy| ]
am neith mEdEARAl AnfE BintoESIcHRhdAdtnal ifOhe fricfende NEABNEHRNA | N one
aspect, the present invention provides a process for
the preparation of (3S,45-N ((1S, 4S)-4-isopropyl -

[ 3-(@ifl mmmmmwemoﬂre&amw pyran-Bol frethtprespnce QfoﬂG( 5 H

9@}@0 l,ogent -
2- enkfl&aj%) et %a)ﬁgy et rahydr o- 2H pyr an- 4-am ne, 2: 2c
CF3 O HO1 N~-N\ N O2 conprising the steps of

(1) reacting
(1S, Qegiosrd {l%elslsarl AREeipRy pymthesip {or thg prepargtion of (R P ridpRprapyis-
Mﬁ&ﬁi}t - Rrot6-1GBR RN 3t 1 D[(35,48)-3-
[3{mﬂu0 |)1-‘7 [ uor or(r)etGhy?ﬁ lsgﬁg tet ?dﬂ#}%c T )-[(na h)t hyri di
methoxyteﬁ@y@lr@ }{1 BHg agfd‘:;}szﬁuccmate salt. Also chsclosed herem is an effictent

syntheses f@?th@?&ﬁ%lhﬂ bt mtEhrE&ﬁtE@(‘BRjG Wetholyrdt BRI @m—gﬁﬂh-@ﬁ@ (ils;4%)-8n

rbonyl }-3-(trifluorormethyl
, Sdlmet]@)étlﬁmglr]oylll wmﬂmcﬁwgm-@reﬁg-l carboxyhc acui and 3-(trifluoromethyl)-

5,6,7,8-tetrahydro-1,6-naphthyridine’ and for the preparation of the precursor (35,45)-N-((15,45)-4-
isopropyl-4-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yl]carbonyl}6yclopent-2—en—1 -yl)-3-methoxytetrahydro-2H-pyran-4-amine. Also disclosed herein is the

superior properties of the succinate salt of ((1R,38)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-
naphthyridin-6(5H)-yl]carbonyl} cyclopentyt){3S,45)-3-methoxytetrahydro-2H-pyran-4-yl Jamine.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect, the present invention provides a process for the preparation of (35,45)-N-
((18,45)-4-isopropyl-4-{ [3~(trifluoromethyl)-7,8-dihydro-1,6-naphihyridin-6(5H)-yl]carbonyl }cyclopent-
2-en-1-y1)-3-methoxytetrabhydro-2H-pyran-4-anzine, 2:
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(2) treating the 6-{
[(1S,4S)-4-(2,5-dinmethyl -1 Hpyrrol-1-yl)-1-isopropylcy
cl opent -
2-en-1-yl]carbonyl}-3-(trifluoronethyl)-5,6,7,8-tetrah
ydro-1, 6-napht hyridine with hydroxylamne to 2d WD
2005/ 044795 PCT/USZOO4/035294 form

(1S, 4S) - 4-i sopropyl - 4-{
[3-(trifluoronethyl)-7,8-dihydro-1, Q;paphthyrldln 6(5H
) - yI]carbonyI}cycIopent 2-en- I-an1 3 and (3)
coupling the

(1S,4S)-4-iso Mopﬁ-4-{[30(tr| \or nmet hyl ) - 7, 8- di hydr
0-1, 6- N N
naphthyr|d| -6( %H) - bon ycl opent - 2-en-1| -am ne
with (3R)-30 oxyt aZydro 4H pyran-4- 5 one via

f

reductive amnation. In urt he® aspect, the present
i nvention provides a process for the preparation of
.. ((1R 352 3-isopropyl - {
Cmm”mmé YR P¥ | uor onet hyl ) - 7, 8- di hydr o- 1, 6- napht hyri di n- 6( 5H

y” B Comd YRl RPEN YA b A s TR R 023

carboxyhc@adm'ith s{tﬁgudrmttfyurscm te@AH fro-Qf6:naghthytidihe 10606 EINES, 4509-

esambiSgRa Al S RS el BB b

WWﬂwﬁbdﬁahﬂﬁwn&ma en 1-yl)-3-net hoxytetral ydro- 2Fprran 4-

: ven
car B I EERTE o Pl A A B BREk T PR Bt
2-en-1—y1]t@tbe@1bdp3-(tlsﬂ1@cbnpﬁwbﬁ 6i7c8-tetpdydrot Gabphtnridife w:thtprdnomdaxﬂue @0
The syntheses of (3S,4S)-N-((1S,4S)-4-isopropyl-4-{
[3-(trifluoronethyl)-7,8-dihydro-
1, 6- napht hyri di n- 6( 5H) -yl ] car bonyl } cycl opent - 2- en- 1-yl
) - 3- net hoxyt et rahydr o- 2H pyr an- 4- am ne, 2,

2d



and
((1R, 3S)-3-isopropyl -3-{[3-(trifluoronethyl)-7,8-di hyd
ro-1, 6- napht hyri di n- 6(5H) -

I onyl } cycl opentyl ) [ (3S, 4S) - 3-net ho -2
wozﬁs%&?ﬁaﬁ_ 4-yl]am ne, 1, are depicted in Scﬁéir@gi@g%%g- 3
WO 2005/ 044795 PCT/ US2004/ 035294 Schene 1 CF3 F3
MsCl, DIEA O / COzH :2X ,4 1LJ7 ~ 5 CF3 H2NCHHCI
H2NHOH 0 MeCH, H2O, reflux \\ / 2HCI H2ZNN\ N O CF3

form (18, -iso%@@ﬂ%-{{%&ri%%&etﬁ@@%ﬁ@h1,@%E&'&}%ﬁ?n_%( g}E_AC’ | PA
yllcarbony{}y{lagent3Sn- Barhisgpacopy | - 3- { o
g 3 (& 111 YO5AMRL Nl ol 8 Ay 8 0y S DRt L Al S(5H
naphthyridjb-EH)-Pirrsbbyyt)rwdlappe eyl jambte [nih (3R) 3SnaliBky Braipb 1k yirat-4-a
5 (meﬁamm%g&gmﬁﬁgﬁyran-4-y|]anine, 1, is synthesized by 5

sequent | y coupling three building block conmpounds
4, 5 and 6 (Schenmes 3, 4 and 5, below). An am dation
r each h ARmBSLNECH t inventi id th ion of
3 (LTIl uoromBt hyE ) e AT T e RBBAChY i di
((lR,3S)-qqlégprcg)yl—%Ha-(t(iﬂg?rg:g;)thyh)ﬁ,&dihydro—l,6-naphthyridin~6(5H)—
yllcarbonfl Ry @opehtyBiIRUs)-b Hedi bty SIORERARY] 1€y Cl opent - 2-en
e-(—car oxylic acid, 4, is carried out in the

10
CF3
OMe o
H 0 \ 4
o /\
1
comprising the further step of:

15 4) hydrogenating (3S,45)-N-((15,45)-4-isopropyl-4-{[3-(triflucromethyl)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl]carbonyl }cyclopent-2-en-1-yI)-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-((18,4S)-4-isopropyl-4-{ [3-(trifluoromethyl)-7,8-dihydro-
1,6-naphthyridin-6(5H)-yl]carbonyl }cyclopent-2-en-1-y1)-3-methoxytetrahydro-2H-pyran-4-amine, 2,
and ((IR,3S)-3-isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yl]carbonyl }cyclopentyD)[(3S,4S)-3-methoxytetrahydro-2H-pyran-4-yl]amine, 1, are depicted in Scheme
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10

presence of nethanesul fonyl chloride to afford 6-{

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

i sopropyl cycl opent -2-en-1 -yl ] carbonyl

rifluoromnethyl)- 5678tetrahydro ri

Woz(}fﬁ“%slo Deprotection of the pyrrole grou%Tlﬁ%@@cgdéézlraiyed

out at this stage using hydroxylam ne as a through

process to provide an amne salt. The am ne salt and .

(3R) - 3- net hoxyt et r ahydr o- 4H pyr an-4-one, 6, are

coupl ed through redugljpgsam nation, in the presence

of a tributylam ne buffer, and with NaBH(OAc)3 to

afford -4 WD 2005/044795 PCT/ US2004/ 035294

S, 4S)-N-((1S, 4S) - 4-i sopropyl -4-{

==([3- (trifluoromet hyl) -0k Brgh, iydr o- 5§~ naph®hyr/
A n) COLH THF,0°C  UN N
fponyt) - 2=er =y 3 met(io}

H- an- 4- atithe, The cycl opent €ne of
4con'pound 2 was t%en hydrogenated to formfree base
conpound 1. 5 In another aspect the invention provides
a process for the preparation of ((IR,@@)-:%-

I soprop (ﬁ'b]%{ '_sﬂ__‘l)fl uor onet hyl ) - - di hydro- 1,

6- napht i yl ] car bonyl \ 2 -2l

jcyclo )G N

3- met hoxyt etrahydro 2|4 m ne succinate, 3:
CFa MO OH O~NN 3 02H 10 conprising the

further step of: (5) contactihg
((IR 3S)-3-isopropyl -3-{[3-(trifluoronethyl)-7,8-di hyd

ro-1, 6- o CFg

napht hytd di -6(5H) -yl ] carbonyl }cycl opent yl 3S, 49) - 3-
met hoxyt e dr o- 2H pyr are4-yl ] am ’\- th
succinic Optionally, }:b N conpound
1 may b_e_p_uw_grrpl oyifhg ¥rysy ' 0N ei.t her
as a suggiNRdsgEag,t or othker/ sal a

benzenesul fm:nmz\e salt, followed by a salt break.

CF;

MeO N Q N,
Hg, PU/C, MeOH Nﬁ)‘ N N
—_— - ", 1
o r

N-((1R,3S)-3-isopropyl-3-{ [3-(trifluoromethy)-7,8-dihydro-1,6-naphthyridin-6(SH)-
y1] carbonyl}cyclopentyl)-N—[(cis—3S,48)-3~meﬂ10xytetrahydro—2H-pyrau4-y1] araine, 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 (15,4S)-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-{[( 15,48)-4-(2,5-dimethyl-1 H-pyrrol-1-yl)-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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Purification in this manner is described in the

exanpl es which follow 20 The synthesis of conpound 3,

the succinate salt, is depicted in Schene 2. -5 WO

44795 PCT/ US2004/ 035294 Schene 2 A

wo fBABEHD0 TT10- N GR3 07 1t N\ OF3 N %%@4?"359‘

Heptane @ N 1 3 HO2 Co2H I n anot her aspect, the

i nvention provides a process for the preparation of

the internediate

NS 49) 5. 4- (2, 5 dinet hyl -] H-nyr. I--alr%-lz'_s opyl cyc
s NS R P PR hebi R BRRE €
yljcarbonyd }cgglepenf2-dndl}ylr methoxygirabydro-2H-pyran-4-amine, 2. The cyclopentene moiety

£ dod R 4= A I - 2 sh-carboxylic acid

OF COMPO 1 W%%'aﬁ'y?ﬁke%{g&é%%ﬁ%g%e %ﬁ?@%&h chloride to form
met hyl (I R, 4S) - 4-am nocycl opent - 2- ene- | - car boxyl at e;
(2) 1h G ke itbvelid Phivia i 3-

g R B RO vidss aproces ot propution o (17,35

isopropyl-3ofld( V FerEhg-% Q:,antxg!rqﬁ R ﬁ@qpﬁ%yﬁdin—é( SH)-yljearbonyl Jeyclopentyl)f(3S,45)-

3-methoxytedimyd o) 2Hhpyea -yl iR sl ¥nadk, 1 pyrrol - 1-yl) cycl opent - 2, - en
e-| -carboxyl ate; 10 (3) reacting said nethyl
(1R 4S)-4-(2,5di nethyl -1 H pyrrol -1-yl)cycl opent -gene-1
- carboxylate with 2-i odopropane t@&sform net hyl
(1'S,4S)-4-(2,5-di nethyl -1 H pyrr, 1-yl)-1I-

oxyl ate; and (4)

i sopropyl cycl epent - 2- enef| -

reacting said N N

(1S, 4S)-4- (2, 5di et h - [-21-yl)-1-

i sopropyl cycl opept - 2- -|-carboxyl ate with NaCH and

MOH to form (1S, 4S)-4-(2,5-dinethyl-1H 15

pyrrol -1-yl)-1-isopropSeFcycfegient - 2- ene- | - car boxylic
aci d. The synt heses of

(1S,4S)-4-(2,5-dinethyl -1 Hpyrrol-1-yl)-1-isopropyl cyc

°°mP“iSi”%§ﬁ§’§%€f§‘?fW' 1- carboxylic acid, 4,‘ is depicted in

(5) contacting ((1R,35)-3-isopropy}-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-
naphthyridin-6(5H)-ylJcarbonyl } 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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-6 WD 2005/ 044795 PCT/ US2004/ 035294 Schene 3 H2N CO2H

SOCl 2, MeCH HC 2, 4-pent anedi one 0t 020C

H2NO11/\"' CO2Me DIEA, rt N CO2Me i-Prl, LHVDS N CO2Me

0 C through process -99:1 ratlo

Wozqilkyggtﬁlgzeorrers 1. NaOH, McOH water, 65 C é@#ogﬂ&nw

HCl to pH 4.5-5.0 \ N V Here,

(1R, 4S) - 4- am nocycl opent - 2-ene-| -carboxylic acid is

converted into the corresponding nethyl ester by

treatnent with thionyl gofle5ide in methanol. Methyl

(1R 4S)-4-(2,5 5

di met hyl - 1H pyrrol - 1-y )cycl opent - 2- ene- | - car boxyl ate
i § thengsynthesi zed b ctbng the 1R 4S)-4-
0

"Y af ncyI 0 ent 2- ane I-car oxyl ate ngt hyl Jster WthF
}a e —the—pr-ésenc o, T |
oI Mo t| onEﬂ;ajfol mRkbyl o /\ 7

(IR4S) 4- (2, dnnethyl-ll—l—pyrrol 1-yl)cycl openf - 2. ene
-l -carboxylate w th iodopropane |ng%rr|eq30qyt usi ng
l'ithium bis-(trimethylsilyl)amde as A\bas

resulting al kylated product is then hydrol yzed to
formthe

( 1S, Idﬁ)ot}&r (sﬁecﬁ thdiivedtiay bro{ulﬂts RYfob&k fok th¥ bdepakarioB SIRORYhRYiGte
car li C V\RI | e .t he above

a4 o RERk e Ao R Rl ey o eame b o

steps of: be hydr ogenat ed in alater step to afford the
I ds. .d t e,
e SR eme g () &G ey oS LR i Vi e
the presengefhipgy) ekprivly tosformpmetiny] MMMO@ylobampﬁmtealn@ﬂﬁxmt@ g.
(Beg usere@ctﬁ?l& lg&hﬁgﬁ{ a%oér@]l ?eéap M Bhe. i—carb%)éy%%sf wi‘ﬂi

woul d al so uce ne dur
acetylacetope fnfommmethy] Uaﬁ Q%ﬂﬁéﬁéwml&mmbl -gayclppentBeried- d@r&oxylate

e rrp |(§)y ed réactmz sé@nﬁ@?ﬁél@%&%@ sﬁg&ﬂﬂﬁﬁﬁ gglzrcg g?ﬁ%ﬁ’lo{nﬁu -2-ene-1-

i n anot hef  feature o

Cafboxylaﬁe mﬂé?nfqd%opa%@é?wﬂw @34 dy(2 feglimethyl-1H- Pymob1-yhy1-

isopropylcyclopent-2-ene-1-carboxylate; and

@ reacting said methyl (18,48)-4-(2,5-dimethyl-1H-pyrrol-1-y1)-1-
isopropylcyclopent-2-ene-1-carboxylate with NaOH and MeOH to form (1S,48)-4-(2,5-dimethyl-1H-
pyrrol-1-yl)-1-isopropyleyclopent-2-ene-1-carboxylic acid.

The syntheses of (18,48)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1 -isopropylcyclopent-2-ene-1-
carboxylic acid , 4, is depicted in Scheme 3:



synt hesi zed havi ng protecting groups other than

2,5-dinmethyl -1 Hpyrrol-1l-yl. Thus, skilled chem sts

woul d pursue internmedi ate conpounds of the genera

: PG -NCO2H 5 wherein the protec

Wozaogf&%ﬁsf‘ncl udes but is not limted to PRS00

tert-butoxycarbonyl, benzyl oxycarbonyl,

al kyl oxycar bonyl, allyl oxycarbonyl, benzoyl, fornyl,

acetyl, trifluoroacetyl, 2- nitrobenzenesulfonyl,

4-ni trobenzenesul f onylgchemeds di i trobenzenesul f onyl

benzyl, triphenyl methyT, Tm nes (such as

di phenyl et hy e d ot hemcipr ot ecti ng _groups known
HNLD IRE _RICH a_f%%ﬁ@lji figgnin A0 (g@g,@e,z"l'ﬁglnéﬁ@?e P.
G rotec in o@ §ynt — -

Jo iley & Sons, Inc., New=¥rk, NY 1999. In
anot her aspect the invention provides a process for
the preparation of the internediate

3-(tri
ne

3, N
[B-

rj u@;méopé.ﬁ' Q;l i d with 3, ~O4NiEPF6
andfa f or4m ’Lgo - ﬁ
N- [ B- (di W&t hy! ami no) - 2- (tri fi uoromethyl) -f/enylide

ne] - N- net hyl net hanam um hexaf | uor ophosphat e ( CF3DT);
(2) #eugh prages€F3DT with the protected pijefigene to
form- REPhrotecting group)-3- 20 of diastereomers
(trifluoromethyl)-5,6,7,8-tetrahydro-1, 6-napht hyridi ne

(fﬁmméﬁﬁﬁgﬂﬁwm&%&ﬁbing T with %9& pi peri done to

f 05 Bbric'd HCI to pH 4.5-5.0 N CO2
[)-3-(tr o thyl)-5,6,7,8-te
e);4 d |3) reacting said -

trahydro-1, 6- napht hyrid

N- (protecting

group)-3-(trifluoronmethyl)-5,6,7,8-tetrahydro-1, 6-

napht hyr.idisngne. (for e l.e L ags .

(Y DS inb Bope PR et it eyt togher g ¢
correspondiygatnfigil estdr bptr@brentyathttisnyl chlov} ini netitahed. Mithgld HG4S)-042,53C)

. _@n % | 0 M 3 . . . i
dimity Y0P} TPy e g g orging e (R4S
anﬁnocyclmm—ﬁ-wfli-cgjbgzg_lateTlt@yggsm Witls 44-pefanedione in the presence of DIEA. The
following aikytdtioh bf HMyP PTRLBYA. fo-s%uiBertlyn $ b Gh-GAN et 8P Ll
?O#mgngé §, 'S &ggﬁb?%%b in %@ﬁgﬁgﬁkgﬁgﬁgﬁ%g%n%gﬁ%&?ﬁ@%ﬁb@
with iodopropane is carried out using lithium bis-(trimethylsilyl)amide as a base. The resulting alkylated

| uoronet hyl)-5,6,7,8-tetrahydro-4, 6- napht hyrid
conprising the steps of. 15 reacting

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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8 WD 2005/ 044795 PCT/ US2004/ 035294 Schene 4A 1.
POCI 3, DMV N + PF6 F3C*CO2H 2. NaPF6, NaCH /CF3 I N
1. LHVDS, THE PG 2, N O P& 2. HOAc, NH40Ac MCF 3 1.

§ection CF3 2. HCl/1PA, heptane HN -
wo 2@8@@? 044795 PCT/ US2004/ 035294 Scheme 43%?5@&4!@?2%
\N + PF6 F3C OOZH 2. NaPF5. NaO4d CF3 N 1. LHMDS,

THE BOCK ZaO BOC, NCF3 2. HOAc , NH4QAc 1. HCI /| PA,
Mc OH CF3 2. HC/I1PA heptane HM HC Phosphorous

P added hi |
e o RaE POt Sl e o e ot e i b °
synthesizfddpmapeotectind\groupd breritiea &.6 idimethyl-HE-gyreolil §1. Warsnsbilled chefiits

would pur%ﬂqnt %gcﬁatg’ %o%:lpgunds oftt g%lgelfI% %gullOpanm ¢ acid is added

ﬁe reactlon mxture is

war msd to 50C PG1 2 ,

wherein the protecting group “PG'™ includes but is not limited to fert-butoxycarbonyl,

benzyloxycarbonyl, alkyloxycarbonyl, allyloxycarbonyl, benzoyl, formyl, acetyl, trifluorcacetyl, 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-triflnoropropanoic acid with POCl;, DMF, NaPFg and a base to
form N-[3-(dimethylamino)-2~(trifluoromethyl)prop-2-enylidene]-N-methylmethanaminm
hexafluorophosphate {CF,DT);

(2) 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

3 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-(trifluoromeathyl)-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:



and held at this tenperature for approx 4 h. Upon

conpletion of the vinamdiniumformation the reaction

m xture is allowed to cool to RT. The reaction mxture

i hen added concurrently with 5 N NaCOH t o
‘W02§%@%¢%on of NaPF6 in water cooled to OC.Pgﬂggng@gwﬁf

addition of the two solutions are controlled such

that the tenperature of the aqueous slurry renains

bel ow 10 C and the pH is between 3 and 4 (addition 10

time takes about 2 h conpl etion of the

additions the result%%%é§§3A ow slurry is aged for one

hour at O Cthen filtered to collect solids. The

filtercake is slurry washed withryZ€epgpld water (2

times) and the cakd Yt BY¥Fwi t h rj t r ggen/ vacuum

Typi cak,cyTetd, 85 & eios WP 905/ 0 g%

PCT/ US2004/ 035294 A sol ution of t b pr ot ect ed

pi peri done, for instance the BOC project ed piperidone,

in THE is then added to a cooled (-20 C solution of

I'i t hi um hexangpg, giysi | yl amide (Li N(TMS)2) in THF,

keepi ng the tenperature below 10C, to formthe lithium

enol ate (approx 45 mn). After warmng to RT the

enol ate sol utk@ js_transferred to a chilled (-20 C

slurry of the DT jn THE at a rate such that the 5

i nternal tenperatur emai ns bel ow -10 C (approx 45

nmin). This gixture.is ged f@ee2 - 20¢E, t hen
acetic aci%ﬁ%he m XY wal rred%to room
tenperature over 30 m nutes. ' etate is then
added and the mixture heated to 65 C NAfter two hours
at 65 Cthe reaction mxture is cooled to RT. Water
and heptane are then added and the | ayers separated.
The organic layer is washed wwth 2 M aqueous citric
acid and then assayed for the BOC napht hyri di ne.
Typical yield 65% 10 Next, the organic |layer fromthe
napht hyri di rieDémotesditn on i s congent [ at and sol vent

swi t ched tofhﬁﬁwahdbmegL i AINIPAYT SXthed added and the
m xture heated at 60 C dntil |t helldep o%ection i's
conplete (about 1 h). After cooling to room
tenperature water i s added and. ke pH adjusted to
appox 10.5. IPAc is added and the | ayers separated.
The aqueous | ayer is back extracted with | PAc two
additional tinmes. The conbined organic |ayers are
concentrated and solvent switched to | PA. This I PA 15
solution is filtered to renove inorganic salts, the
filtercake washed with | PA and the conbined filtrate
and washes reconcentrated to a total volunme of about
5 nm/g. After the free base/1PA solution to 60 C HC
in |PAis added over 30 mnutes. Solids are evident at
about 50% addition. After conpletion of the HC/IPA
addi ti on heptane is added to conplete the
crystallization and the slurry cooled to room
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tenperature. The solids are isolated by filtration and
washed with | PA/ heptane (3 tinmes 1 nL/g) then 20
dried. Typical yield 75% from BOC napht hyri di ne. As
above, piperidones having protectip
'WOZ@g@E%%) ot her than tert- butoxycarbonyl H%V%%$§@§%%4.

used. Other protecting groups useful in the synthesis
of the naphthiridine include, but are not limted to
benzyl oxycar bonyl , al kyl oxycar bonyl, allyl oxycarbonyl,
benzoyl, acetyl, forg)lne.4gifl uoroacetyl, .

2-ni trobenzenesul fonyT,” 4-ni t robenzenesul f onyl ,
2, 4-di ni trobenzenesul fonyl, N 25 benzyl,

tri phenyl net hyl , aqqa hﬁ Fprot%mrfngﬁgroups known in
the art, as exenpl i fi€et eend| Tec\Wits, P G M
Proteq%bvg\ébgupsi%ﬂ%%%ﬁ@fé;Synt FEe 3rd Ed., John
Wley & Sons, Inc., New York, NY b99. I n anot her
aspect the invention provides a protgss for the
preparation of the internediate 30 |

(3R) - 3- net hoxyt et r ahydr o- 4H- pyr an- 4- one, 6, conpri sing
the steps of: -11 WD 2005/ 044795 PCT/ US2004/ 035294

(1) reactin 0- 4H pyran-4-one wth
tripropylor?ﬁgﬁgsﬁﬁ¥i and chl orobenzene to form

4- pr opoxyt etBQh: :2H pyran-ethene; (2) reacting said
4-propoxytetrah%dronFprran-ethene in the presence of
acetone, water, Bquinicﬂmmtl. - pht hakcagzi nedi yl

di et her ( DHEBZRHAR)-—pBet®sSi um gsmat ydrate, and
4- 5 met hyl eoHgreoni oac - oxi de ohyldrate (NMO) to

f orm 3, 4- di hydr oxyt et r ahydr o- 2H pyt anM- sul f oni ¢

acid, sodiumsalt; (3) reacting said

3, 4-di hydr oxyt et r ahydr o- 2H pyr an- 4-sul foni ¢ aci d,
sodiumsalt wth nmethanol and trinethyl orthoformate
in the presence of an acid to form

4, 4- di met hoxyt et rahydro- 2H pyran-3-ol; and 10 (4)
reacting saiﬁHWWEAdWﬂbth0xytet ahydr o-&H pyran-3-0l in
t he presence2 &P heptanga Ot - B "7and an acid to
form (3R) - 3- met hoxyt et r ahydr yrhn-4-one. The

synt heses of (3R)-3-nethoxyt et ahwﬂro-fkkpyran-4-one,
6, 1is depicted in the Schene SygSchene 5

Phosphorous oxychloride (POCI) is added to chilled DMF at a rate such that the

temperature remained below 10 °C (approx. 1 h). The reaction mixture is warmed to RT and then 3,3,3-
trifluoropropanoic acid is added (exotherm to approx. 45 °C). The reaction mixture is warmed to 50°C
and held at this temperature for approx 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 NaQIIto a
solution of NaPFg in water cooled to 0°C. The rates of addition of the two solutions are controlled such
that the temperature of the aqueous sturry 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 shurry washed with ice cold water (2 times) and the
cake dried with nitrogen/vacuum. Typical yield 85 %.

-10-
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O HC(OPr)3 Pro OPr OPr PhCl, A acid catalyst x 1 Jli
O0 6 KOS (0.5 mol % 0 HO SBNa (DHOD), WM(l
nmol 99, HONa2S206 HO NMO i~ JlI wafer acetone, water

ool 15 T2 28 120 B8

starting pyranone is converted to its dipropyl ketal
by treatment with tripropylorthoformate in the
presence of an acid catalyst. The crude ketal is then
heat ed . i resence, of .chloro enzene der hese
Cond ehie i TR PGB (5 BRAR G B ered PRFdone.
THF is thefala@feyl ko £dd6ikd e1drey soluﬁ&eofimzumx&ﬁ@&d&ﬂs}lmﬁe (LIN(TMS)z) in THF,
PCT/ US2004/ 035294 reaction is driven by the rengval
keeping thg fenperaiyeerBie™ ) Calfoderrthedithiti RS (ARproiie g AfOHIEIng fo KT
the enolatSRRAMEINE BansEREd (6 5 HEIRALNOPC) sRbD %f thé 8rpirenTIEXA d kA Sd B e
modi fi ed Sharpl ess asymetric d droxy [ ation
internal teppREHTLE FeiEs belew +18i°S (apprgE ¢ Bi)- WWKWIIWW}JW)? h #1203 thea

acetic amd' i$addSEAd AR nfiflfre SRR QIR Efub&at®X b@?ﬁﬁ mindte ArRRtnfolQRetate is
ypi cally gives the product a-hydroxyketone in about

then addeds@e)d% mgguyheated e Ca ARPHIME Ry REALEH EC thy Teprsipn migirgis exgled to
RT. Watefjdnﬁ %Sﬂtdnx aldlen AdicAAH R '-]h%reé ségﬂate& IR ogﬁmé\l@y?e‘ﬁ%%sm wﬁﬁiﬁiﬁﬁ

formthe bisulfite adduct of the ketone . Fromthe

aqueous Clgt?éflé AR thefcagrysifor the ROC naplfiaidine: Birkal el @ %adduct

Cry Nedd, thk 8@gnic AREfEALS Hﬁh&yhcﬁn&fﬁﬂﬁﬁﬂ&ﬂs E¥cehirdtddadd iobRnt

) and_t he resul ti ng nmot he
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. IPAc 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 completioﬁ 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 zerz-
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-



liquor is typically 95 to 99 % enanti onmeric excess
(ee). The acetone is renoved in vacuo and i sopropanol
is added to give the crystalline bisulfite adduct with
Lgh_enantioneric excess. This is treate 1.1.h
‘woz@ﬁ@“ﬁﬁthanol\Mtr1trinethylorthofornate &é%ﬁ%&&%%”4
scavenger, to provide the dinethylketal. The 10
hydroxyl group is then nethylated using NaQ -Bu and
Me2SO4. Addi ng mater and HO to the reaction mxture

provides the tar met hoxypyr.anone in about 96% e
Seveihi  anpenEtiy -PYTR P i EATRPYDEhRipath 47 Rrpereane

to form 4-props@atragdrbeHeyan-chédchough these terns are known to

th killed th nt ed, bel bl
i@ | e A PR B B R AR P ERe ] B P
watet, hycﬁlquMdmeﬂgqpﬂ]alpgmedm digthen DIRD,PHRAC polssiyi aypytle deiﬁ/ﬁﬁte&nd 4-

5 methylmoh:ﬁém% i]pq; % ?Afs?c%hpz%rl%tle gﬁMOﬁtﬁéor?gpi&) ﬁ@l&)ﬁ%«ftraﬁl\é%% 4&' sulfonic

acid, sodiyi salit hy| f or mami de P. G protecting group BOC

ter {aP U MLOKEAE 990l o MO BRal 0, SHLA S

TFPA trifluoropropiohi c acl
with methgnol qed gigyethglorthefprmals ja ﬂl@pffﬂ[e@e@f 40 efcid Gﬁofpmhﬁi Aigriethosytegraleidtoy2il-
pyran-3-o &wl, 6- napht hyri di n- 6(5
yl ] car bonyl } cycl opent 3S, 4S) - 3- net hoxyt et r ahydr o- 2
10 H- pyPan- %2 “Pé%ﬂ‘hg % a& ESFRyhap} Gk prseace of THE,
NaOt-Bu, mﬁﬂ@ﬂﬂdaﬁ3&5&%%(3R§53-ﬁiéth@xyteu-ahydro-tlH-pyran-4 -one.

| -1 rr | -1-yl)-1-isopro
R s JeEests R RN AR Db AR

is depicted in the Scheme 5:

Scheme 5
0 HC(OP)y PrQ OPr OPr
h acid catalyst é PhCl, A é
—_— —
(8) 0 o)
Ko050, (0.5 mol %) 0 HO SO;Na
DHQD)-PHAL 9 HO. Nag5,05 HO
l(\ng )2 (1 mol /6},‘ flj waar
aceione, water o o
isolated solid
MeQ OMe NaOt-Bu 0
HC(OMG)S Me-.S0
MeQH HO, iy MeO
HCI HCL, H,0 6
C o]

15
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
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(trifluoronmethyl)-5,6,7,8-tetrahydro-1, 6-napht hyri di ne
CF3 MsCl, DOEA HN |1 THF, O-CV, \ NCO2H + NV 'r
HCI CF3 O N N 5 The pyrrole cycl opentiene acid (730
90. 4wm % 2.67 mmol) and d i sopropyl et 93
Wozc@?oqg%gdr nol) were mxed in THE (6.6 L).FWP&%S{Z I ng
dark solution (KF= 195 ng/nL) was cooled to 0 C, then
nmet hanesul fonyl chloride (228 nL, 2.94 nol) was added
over 1 min whereupon the internal tenperature
reaction is I,:l)g%,ra g%%gqg%ﬂngflﬁgpr%a%\(@y glgtwggo m. D t %-rlg%{lgr? Sg%}iﬂ?c% E"ﬁ‘e crude enol
ether is theh @REREAINdE obliEd Sﬁlal‘pless-risﬁnrh&&aﬁhyﬂfmxﬁﬂiou thrditionya dn 1his @dactidn

RSN TR M
o-hydroxylelnae ilﬁihipla 1B@tolBS5 & Ma'ﬁlel aﬁ@'ﬁlemadne 1! ot BElatésl &wdl}dnod:nhqueous

5  solution ofe\%gé b Ld t%lf I rﬁlqge s%iﬁte atd@}é %‘ glerﬂ:%m(eo lggri bie a?eto% @11 r?ﬁxture,

c00
racemic bigvifit¢ addect mstalh@e dle mcemeﬂ;e inregmavbdvhs Slttahenpnd the cﬂsvéummqmr 5%

. :
s o 600l R IS 05 kg
is added togive fthegeytsiailing mwlfitgad@)wt githigomentiemerin exepsy richisds teated itk HCL
and methat¥l ih gi'nﬁﬁllyﬁﬁﬁ‘d?aﬂhe QJ a Wdbe sc%te%& t%ltoﬁdé"iﬁé Jﬁﬁa@ﬁi’lkétﬂ '@he

vol une of he ass of the am_de
10 hydroxyl SEUR Fﬂtpepéqeﬂwléte@ ESW%B“ mgly M@S% |A)idmgfv%tg apd HCI to the reaction
mlxturepr&\rllc@s éé)a:gém HeR69Phrofle ih hbuf d6vd de] uor onet hyl ) - 7, 8- di hydr

tly itt-6
V1 ] SEYED I 0P R S0 Eie s is g . Althongh e
terms are k2ODIo Gfbde/ Rl dPln Tl B AR 4i:I3BIR4s a table summarizing these terms:

MSCI methanesulfonyl chloride
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
15
Example 1
((1R,38)-3-Isopropyl-3-{[3-(trifluoromethyl)-7,8-dihydro-1,6-naphthyridin-6(5H)-
yllearbonyl}cyclopentyl)[(35,48)-3-methoxyteirahydro-2H-pyran-4-ylJamine
20
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CFs CF3 O H2NOHHCI, H2NHOH O N\ N MeOH, H2Q, refl ux
VtJ 2HC 1(LJy The amide (1.055 kg, 2.45 nol) in
nmet hanol (10 L) was added to hydroxylam ne-HCl (1 kg,
), 50% hydroxyl am ne in water )
WOZ&O&%"”&DH (5 L). The resulting slurry m%cﬁg%zt%g“é"%ﬂ?
reflux (71 C and maintained at this tenperature for
6 h. The reaction solution was cooled to room
tenperature 5 and the pH was adjusted to 11.0 with 10
. The reaction sol ufion s diluted with wat
Step 1- ﬁ‘p ii}‘?"%—'l*aa%%mf’ gt R e iope il carbomilF3°
(trifluoron@ by 5@ i zekedrb W oemplitiyiae (14 L, 13L, and 13L). Each
organi c |l ayer was washed once with the same water (10
L). The organic |layers containing product (0.79 assay
kg, 2. 92% yield) were conblned and

D
concen ed. Thﬁ)§0| Biiﬁ%§i§§ﬂlsopropano
(8 L). htﬁ in IIPAJ 4. %= 6.0 nol)
was added. Erxture NConcentrated to -2 L. The

10 resulting slurry was. jgated to 70 C and n- hept ane
(8 L) was added slowy. The slurry was cool ed and
aged at room tenperature overni (16 h). The solids
were filtered, washed wi th of % | PA/ heptane (1.5 L)
and dried under troggn t ieNd 1.12 kg of the HC

salt (0.76 kg/ofl free iyalent) in 91% overal
yield. Step 3NN
(3S,4S)-N-((1S/49) Pﬁropyl 4-{[3-(trifluoromnethyl)

-7,8-di hydro-1|, 6-naphtllryridin-6(5H)- 15
yr]carbonyl)cyclopent 2- en 1 yI) 3 nethoxytetralrydro-
2H-pyran-4-arni ne CF3 I~ HZN * ~-N N

The pyrolf s bR 50 41655 B discpmp sty ongsch &5 Fad

mol) were mixed in THF (6.6 L). The resulting dark solution (KF = 195 mg/mL) was cooled to 0 °C,

then methanesulfonyl chioride (228 mL, 2.94 mol) was added over 1 min whereupon the internal

temperature increased to 13 °C over a few min. The cooling bath was removed and the mixture 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 - (1§,45)-4-isopropyl-4-{[ 3-{trifluoromethyl}-7,8-dikydro-1,6-naphthyridin-6(5H)-
yljcarbonylJcyclopent-2-en-1-amine
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15

-15 WD 2005/ 044795 PCT/ US2004/ 035294 The am ne

di hydrochl oride salt (777 g, 552 gas free base, 1.56

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

in an ice bath and n-Bu3N (860 nL

woz@é@hﬁ%ded fol l owed by isopropanol (260 lﬁqc_ismgz%%gﬁ%%?)

Sodi um tri acet oxybor ohydride (724 g, 3.42 nol) was

added at 5 C. After 1 h, a solution of the

nmet hoxypyranone in I PAc (1.76 L of a 160 g/L sol ution,

2.17 mol) was adgeg to the batch 5 at 1 C After 60141

the m xture artitioned between saturated ag.
water HNDHHC, HeliriH Et OAC (19 Q T

~agueous \ f uMpbieH@xfluxact ed Wi t h C
X rgani’c phases Wer et e i
Na (L), dried over MgSO4 (600 1

concentrlated. The resulting oil &gl diss ved in

. L),.and extr ed th heptane, (3 x 4 L).
Theamid ST 435 D i o S teedety s Camint Bl e mob.
50% hydr¢:BBpodiS)in Matér (115, I&S)mdl)-ahds @pléﬂﬁyj “Phe fesulting slurry was heated to reflux

(71t bl et @R b B gl oosd sy roqmppergr
and the pfﬁmsrvdw;tcc@p A BOyith 012 NaOHr Fhe-réactdon sl?let.ton'ﬁnedﬂlsaﬂlwdﬁMatem(aB L)
and the pchﬁHH?’ag a&F]&/ »glﬁ}“@lo}o%e&gﬂ%%: Ginfl gﬂ IL 13§rh§1td l\ﬁf)s Eac% orgamc layer

rogenation s
was washqdopgg vgg)ﬂlegsaxp@@g«prd BAL)- The @r@n(ctlayprs I:letpnmmalrdﬂyd:tXO B, Bsaglkg, 224

1, 92% 91eR) orb MR MhalchileRtz Rl
mo: §e )} weret yCIC Eentayl 5f"fl)asolveats\)ias wﬂﬁ:lzleedt iso ?pea.{l?léii%)dro_

Anhydr OUEHbdi} Pa‘h@él‘lz L P dn-R g0l ragpidedcFigs mivta ves Forwm@i fo ~2 Mo Fhe
resulting an&I walheaR8{:Go (Mﬁ@fl I'Mpt%e\(S bb Pashddld ;’i&kﬁy GIFhH Qﬁn&%&%aéh and

ent ene luted Wt

aged at m?%fﬂﬁ]ﬁ%@flf@@%ﬁﬂm 1% dThFﬁ%hd§ BFTE)ﬂtf‘éfﬁi w&ged vatok 207 Faeﬁ@atmeeo

(1.5 L) anddvied iuhder fdirbpdi toQfeldN . 1 keBBtH ADIalt (0376 g bi fred ek equivalent) in 91%
overall vie ncentrati on were repeated two add|t| onal tines.
YArter the final concentration the oil was diluted with

Step 3 - (3688) G 08,45(-8-isbpropyl-a (B-@hRnanekil D7, Sl - 8 BT hiaMEn-6(bHE

char ed to the autocl ave
Y Ucarbon)g)% yC%pX { ufep'fy?gy'" /foﬁ%fmqg'}‘{’%e Py "I*Wé hydr ogenat i on

(40 pS|) was run overnight (18 h) at 25 C. The batch
was filtered through solka floc (-1.5 in depth) in an
8 L sintered-gl funnel . The autocl ave was rinsed
wi th meghanal L) and this inse was used to wash

the fil t\er . e cake Wa8 hed agai n vvith,_
H ) N NThe tequent ¥ BusN, NaBH({OAc),
"',I/ o IPAC, IPA

= 2HCI

MeO Q \ 4
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rinsing was repeated four additional tinmes. By LC
assay the conbined filtrate and washes (total wt = 25
17.1 kg) contained 633 assay g (98.5 %yield) of the

w02§05/3575%ase The filtrate and washes were g??’%\%&&‘{’@gﬁg

anoil (770 assay g, 1.634 nol). The
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 tvvo addi ti onal

T aming S5l B R (7 07 528 2 B 4.9 P BTN A7 (o iyl

mixture waoecble®i rnraa tide bl paddi-Bis18 (SﬁBI)nL 3.61 mol) was added followed by isopropanol

(260 mL, %lﬂé 1%1@1 ﬁ\ln}r?ﬁ\é&lﬁ]y oertt) d ](’;r%ﬁl%le 41? r@n‘ﬁ‘? gécr g%(t\éhet Rﬁlﬁg\f (Er aP i

solution ofthe mf:ﬂmapyrmmﬁ mcﬁi’ACE{é Wzb niEs1D fhrsahitonS2 LT mol e added tol thel hagh

atLec. Agdﬁll 61{ I"::Ha%nrlﬂl% erreato ]gelg%g |Slggr§ q’lﬁ%l{é&ké Ef‘wat%%&iilf
EtOAc (1385 The paycoyspbasparss faﬁ@e@ma@edtm@ Em@ms L) iehe cgublinad drganic

phases we%trm%ﬂ sﬁt‘(& ﬁﬁc@ @tL) %E@%eﬂ‘%ﬁ% (d@g E)Z Blf ﬁﬂk%@ﬂéﬂc TRE id

resu In an

rsuling qiap il 1 GHBFRY B4k GG D bt G A . il phse
contained 6540} @4 nidd, 96Q) BsaBAN -@@@Z@Qﬁ%ﬁ&zpﬂmﬁﬁ(mﬁﬂr&mﬁﬁﬁg S(dghy&')) 1,6-

hin slurry
s R o B e St o o BB . Py
solvent wasSnoRettia Gacay erprd¥ille b 611 thdfwlaSiise @i ittRGin@thy&BgchMiop Repg" f OF
h the slurry was cooled to anbient tenperature
overnight. The slurry was filtered and the wet cake

Step 4 - ((ABSS)iblstreabying-{[5-(2ifl dorormeipl) 18edilyBA- K nashByraliky(SHhe
e AL B Ao 5l YRR 02 1 e

solid (84% adjusted yield). Water (11.1 L), |PAc (32
L), and ((1R 3S)-ge, i sopropyl -3-{ CFa

[3-(trifluoro yl)-7, -
o 8-dihydio-1 nap thyr| di n- 6(5'KP yl ] car bor@yl
c;ﬁcloe ) [ ( 45S) -
- Lyt hydr Ue DL, MePHN- 4-
0 benz s{T fonat e s-a-l-'t—(ﬂ.—ﬁ-#?-k adde to a
solutionlof K2CO3 (6.58 kg) ter (18 The
The crude Bdugledl xR 108 Eend Gﬂiep]ﬁﬁm 2 was;rd'iﬁteji @}fﬁﬁl&hzw%f@ 2 Qﬂ&lﬁ%@f@ucﬁ%s

er. was_ washed wat er
concen&at?cgg&n %IL qﬁ.[]up%w@{ e(ﬂ(aﬂcr_le(%% ) agd ch]gﬁgl;r@}m werg rqpfezg@dzgo addmonal
times. Aftérithd fidalvoh@nedibyihg oﬂwﬁ-dﬂhtﬁi’ﬁﬂﬂnéthaﬁol RPN Y Ehatllerof SH) - ¥

ent 3S 4
autoclave. @"t %%@y@eéfjf %ﬂ% ?8? %4@&? teay Of%\‘ﬁ a8 siprsin msthane! (L¢d-)s
The hydrogegaﬁm moq:si)n iwagrud ovkfight(18 n)leaezémseae BARE gaﬁﬂf&ﬁ:ﬁ ﬂhﬁgﬁ ﬁ)ﬂ(al 323

Ol S W t et no

150 aB8) Bign 8 1oty S e AR oot HireGr i e G Lo g
rinse was weido eashalnileatako Thavakewds pshad Seintwih eechami .2 1)TES sequential
rinsing was repeated four additional times. By L.C assay the combined filtrate and washes (total wt =
1'7.1 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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25 Synthesis of the Succinic Acid Salt: After the

final concentration the oil was diluted wth ethano

(4.055 L). The ethanol solution was then heated to 65

gcinic acid (294 g, 2.48 mol) was a '

‘VOZ%%?gwon foll owed by addition of heptane ?ggﬁgﬁﬁyﬂg§ér

10 m n. The solution was then seeded with

((1R, 3S) - 3-isopropyl -3-{

[3-(trifluoronethyl)-7,8-dihydro-1, 6-napht hyri di n-6(5H

)
yI]carbonyI}cycIopentyl)[(SS 4S) 3- nethoxytetrahydro 2
3-4/ 3/ Bulyyidiass(sds| urry 30

lcarbon Fl . b : 3-5”92110 et‘}s d?asﬂjl l‘glg--’f-g }lt%z ysgg%t aged for

t hi ckened. At the end of the seed bed age, heptane
Synthesis@7- 54 L) was added over 1.5 h. The slurry was aged
for 2 hat 656 C, then allowed to cool to room
tenperature overnight (-9 h). The solids were

: Punﬁcatchrd ﬁ&rﬁBe@éiznesu#oﬁaM@zb? OQR/ lgﬁlﬂlzlg 8il E&Iéﬂe@g&gﬁle/ O agéblvcmﬁ d

ne/ et han ree

(154 1. e bt o Bk Rt B2 85 8 s e v . T

solution ws warfhed foisk P@ EGikcR pY¥ASeRERK RN Reid k3 fol f 19hﬁ‘cfl) vﬂa% h@da Whith
N2/ vacuum for -48 h to afford 1.328

resulted in increqseiiptewptrature toi7 1. Jhe soiphien ms.ce@eddatﬁ@w 2 bengenesuifonat
salt seed (( Q)l\ﬁs 3&kd Ihé ﬁlﬁﬂ;hﬁ? Was agetf fof ﬁhﬁﬁl&é éclvéléi_:f aCHﬁEE J&M‘i ed 4B which

d
heptane (4}68}5 rvré%é‘mdﬁv?rﬁgw ¢§§r asmmtéﬁmé/ é% ng%m Prpselfin 5

ambient teﬁp}ﬁiﬁlerb@erﬁgﬁcl‘tﬁ@lhﬁy s 1ikei8d ﬂ)dftl}{%é Pas %Es@vaﬁﬁ?:ﬁ QHgh;a
en ajraoral ng

m._scCr
heﬂa“ﬂ”%@%%ﬁﬁ‘% BT e e oemelp £ o Bopealigngie
salt (875 g{ BOBH*9E) ag) taiBsid (I3 agRlednlidd)a Waker (lfllllTJ)lQP}(d (Bz EY, aﬁdJ((ﬁ( ¥3-3-

et L oA G R SR Y s

: 3-methoxyftdtmhjidrda2fﬂphﬁe44yi]an‘ﬁrelbadeiﬁhulﬂaﬂate?salt (L.6EHRe) Geratdech a SOIuthl'l of

t h to -7
0 6 SRS MRS ph D s B3R5k e
organic lager WaGksheflwith steué bn ThedBAdsdluubmof ((RE38)-ElsGitoftyb3{3e 11. 2
I bat ch
Ceifluoronk 7 e e IO NANAT BRSSP Tanel g
methoxytegahyw&éi—m@%ammmge tastd 65 kawdniining i 1ovestrandnseleebst 0
concentraté:ﬁtg-an H? Pirg Pe@ul&ﬁ%; o'ﬂ vJaQ dﬂﬂﬁﬁ v&ﬂ gﬁg'lopeée?'% L)gg&llgco%cegmﬁgtﬁg ar]‘ él

was di ssolved I'n nmL hept ane an

- The dilutiqygpd ¢pneefiasiop e I@Fﬂﬁﬁdﬂ%iee\me #ged 60 min to devel op a

thick seed bed after which 34.9 L heptane was added

12 Af f 2h th I
S A B i o BB e

L). The ett¥B&1R6litioh WAt BESheRBPWBS @ JuagSc Rid @9d:, Eﬂé ﬂ!ﬂ) wJ fhﬁded%l bi{ef y
washed

g@ B%Itered and wet cake slurr¥

portion follgwed ?ﬁifl‘élﬁ%?f@t:ma FEMLofet ying hELSOI"H‘?né’ﬁ’F g@éwéc}%l vt\ﬂ;h sh
((IR,38)-3vikdphopR3L{ {Mﬂﬂ@&ﬁp{e&@@-ﬂ 8- dfTHylemqfe‘ naphthiRingpH)d was dri ed
yl]carbonyv}cyc?c)perll}:ylzlg X&g g) gn metﬂoxytetrahydro-tZH-pyran-4-yl]amme 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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20 pot to give 3404 g tan solid 96. 7wt % 86% adj usted
yield with 10.3% assay | oss. Recrystallization of
Succinate Salt (Optional): 12.1 L EtOH was charged to

woz@os}éiﬁ%al ly clean 50L flask equipped wt ggﬁ%é%ﬁ{;&gm

, mechani cal stirrer, thernocouple,
adaptor. Succinate salt was added and rinsed in with
4.7 L EtOH Slurry was warned to 65C at whi ch point
the solution was 25 transferred to a 72 L flask under

v A2 RRALY 223 ) B Sl S FREL

stream for i h §"@e falescalterveas Sfoken igptind/fugthelr tiieid reéth N,/ vdcewm fop ~4tf0l 10 fford 1.328

ot e b gl T Oy B9 M0 98 SORRRLAR 29

dihydro- lgqq;agl@tmridmz%’iﬂ)d'upaﬂvtgylt}¢Y910pmmhE@S;‘t&)atmeﬁnxytﬁawdrwmwaﬂ-
yl]amine Qicéxh'étee(? 3580g) %sdﬂag%/ed &fﬁcﬁl@h Mﬁﬁgm% 9 4&?&% sc}eﬁl'r glg%ﬁﬁlngp ?l?;‘%,@s

added fol | 'owe g seed urrie

heptane. Slurry was aged I h 10 min at 65C after which
Synthesisk/- 5 L heptane was 30 added over 2 h. The slurry was

aged 2 h at 65C then cooled to roomtenp overnight,

-13 h. The slurry was filtered to collect the solids

Fonmﬂoﬁ%u&chﬁtefShlk tIﬁdE fakasormhed) \stcﬁhr&d lla E ephaRe Bkbanoh LE'ﬂaQ(

| acenment was
equipped i BetpbeolE, ?%}Baaé‘é‘w%w%w il el percertaice 8a85;}1&d been
marked atrlagﬁJ Tiige chiAbineEE oME 2RO BA:10 ﬁéfﬁ&ioﬁﬁfﬂa&elﬁ;mﬂ 423 5@&4& swﬂched to

EtOH at ¢ ns aﬁ%’l v%nx usmrﬁ].Hl ?ﬁ#’}lﬁ'] &];lgtréoé} W fllhl fbg‘%ﬁ’]ﬂ%‘ olrl S

the flask. ngnmmamlwb@andaatm cofifenigator casmppleded evith afaddﬁnyn fng:el 1829 g
succinic aPH Iw}és ﬁgéﬂgm&\@a‘?chsbyag (N%eh P)I @"Cd %ﬁar%g % R ?, M?s%gdegnféer min, ? g seed

rumto awal
was dlSSOkVbeméQEbteL heatepe @élaclde@ gﬁh@a%l yiihe fhit) slumal svap dped Hovanh. to evelop a
thick seed?é@ﬁ%g?m% 3429 Isheatann% ‘{Wﬁ aiideii ﬁ\:er 12r0rm611 After e}gjnglat 650% pf)Orr %% thf: ur(lsy
was coole @m@rrbtemzermmemlgba rﬂfmw pﬁhmtbbr ligossshdwed a fss $f\6l5 mg/mL. The

e (e L RS 0SSR 7 4

displacement yjashywjthS4) eptane/EtOH. The off white solid was dried under Ny/vacuum on the filter

) X ; b lic acid
pot o v 0 B S M S A SR Y 100°0 e

slurry was cooled to 0-5 C. Thionyl chloride (0.576 L,
Recrystallifafioh oﬁiﬂlc&liﬁdﬁﬁ%ﬁ‘@dﬁﬁﬂalﬂ QAW FOHOMStharedd 1 a FRhANY dleiH 08 fRsk

caore S B e S ol o, S
added andrinyeld it @ithMES] Bty)&ﬁ Sﬁltrya/@s Vari€ to §5°€ atwhichRinPthe sihgion was
transferrec{Tt]o atﬁl L%aéﬁla der qgtﬂ: v%cuum via a 1 pm inling 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. Shury 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 k. 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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dropwi se to I PAc (22.5 L) over 1-2 h whereupon the
product crystallized directly fromsolution as the 15
HCl salt. The batch was filtered and dried in vacuo

i.ght to provide the am nocycl opente
wo RNy (ot (1081 g, 77%yield). St ep“"gT’U ‘%ﬁﬁ“
(IR 4S)-4-(2,5-di et hyl -l H pyrrol -1-yl)cycl opent - 2- ene
-1 - car boxyl at e HCl 2, 4- pent anedi one H2ZNCO2Me DI EA,
rt \ NCO2Me 20 The solid am' nocycl opent ene net hyl
through it ?N%.FA \elzarcusa 3§t]thegélﬁcék(t%ﬁa&%}va irarrg \cllv?usrthgrl d?ig’d(:)\la'i}/h(:"l\(f-jzlvIacrlllunl\:{t%cgr}|
approximaBily 430p rmyéoﬁtpteubxmﬂd@elg(ml bEJMm@ WEBstbigd inf. d&ﬁ:&d 8l Bag Wﬁ&m 2

e aonfE850 L LA ST OB BB A0 S i it

tenperature to 32- 35 C. The reaction m xture was then
ged at 25 C for 16 h. The batch was diluted with |PAc

25 sulfate flltered and concentrated to an oil. TIC
was used as-a flush and the batch was again
Step I~ Mﬁ’@n MF&F’@G"@G&’M‘* e l-cpbenviite - sensiti ve
pyrrol e-protected am nocycl opent en%ucar boxyl ate (1189
g, 92% vyield) was S$OCLadkCrt 5-7 nder nitrogen
unt i 1HaNie o¥3H on 036 2070ngs 1 il AR5/ 044795
PCT/ US200¢LL 35294 Step 3 - Mt hyI

s e e S L T At

(3.0L). Tlhdtsw Mas cobldfFto 0-28C. Thidaf:cMonid(0.876 191790 @B Waﬁdﬁaﬂf@mse Sver
role ' ved in THF

yI ster 11_89 dj ssol
thamtal(l'lfgﬁ?%fjr’eﬁﬂ}gge Aaﬁw&p@é Hroridedhics e e ot s L
removed m@mlﬁyﬁ;ﬂt@ Waszpadat 10°d¥9)2 H. IIth du!c&m@b’ére bas ﬁe@aﬁ@ed
dr ”ﬂ; 20 C._ The batch was age or. 30 mn and
opvise G5 (85 SR s et e Alisedingiy o sk OB gty
HCI salt. T8 batdh Was filtbxemanﬂdh?i/\igd?]ciz@o%_ﬁll[glﬂl th 9ro|2ﬁe th@gﬁMchl:_l e%ﬁe%eqﬁ%
t until conpl ete by <
eSterHCIsgl?ggﬂa% %{%(QSI al). The batch 10 was quenched into 6%
NH4.Cl soI ution (10 L) | PAc (20 L) was charged and the
Step 2 - Métﬁyy EEQ%S)%{Z% c? %Bﬁyl ?I‘I -pyrrol-1-ylJcyclopent-2-ene-1-carboxylate

-HCI 2,4-pentanedione -"

HoN \Q/CoaMe DIEA, tt 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 IPA¢ (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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The organic | ayer was washed with 6% ag NH4Cl (10 L),
5% brine (2 x 10 L), and concentrated to an oil. The
air-sensitive alkylated pyrrole nethyl ester (1419 g,
el d) was stored at 5-7 C under nit I
wo 23)318/%% Yied. 15 Step 4 - bOE 2004435 os
(1S,45)-4-(2,5-dimethyl -1 Hpyrrol - 1- yI) 1-isopropyl cyc
| opent - 2-ene-I -carboxylic acid CO Me 1. NaCH,
McOH water, 65 CCOH N 2 2. concdHCItopH4550

roI met h ester . 38 kg,

Ste 3 - MghhyghS ﬁflp%‘ St E e T e @etf)%-e"%f‘-ce(gw%w

(2.5 L) 20 was added followed by I ON NaOH (2.08 L,
20.786 nol). The batch was then heated to 65 C for 16

h. The batch was cooled to 10 C. The product was

cr a4l |1 zed by adjusting the pHto_ 4.5 with coned
The sl urr wagrapggdnd or 1 h vvat 51)
= 2¥ehe bél:cfoocThe sl ur gb I\gelh at

e sol i g weretiPrer ed, 10%

MO I /Dl water and dried in a vacuum oven (4 50 C,
25-26" Hg) to provide the alkylated pyrrole

cycl opentene acid (1223 g, 95%yi el d). #5173

2005/ 044795 PCT/ US2004/ 035294 Exanpl 8*“1P3‘9f9°m9f9
3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 6-napht hyri di

the pyrof eV 81102 oo BTE 1) Yo AP A BB BIA

lthium hexiﬂlmﬂﬂﬂiisﬂhmﬂb&ms) in &HHA 85T, 630 mE) d0e3id. Tos iaph @.&sp:i’piﬂ for

30 min an o;ﬁ pa was a%cgéff'l SVsE 1 gl;@léehqatc‘; was %%th: r11’ IL %ax%__llogecﬁ}s I“?%&O

°C over 2 helthoged 2@?%1 hgzhfmn naiplakeby(FPLE' (k0.5 Gitstating ﬁ’mzﬁﬂ) Jrhamdl

s o b SESETEL N  65 8)| UECh MBA 820 S

The organigddypr mwaaﬁmuﬁl 6% eq NEG}((IIOL) 'El%mme@oct 10dL), and coheenieatadas an oil.

The a1r~sexlist11%P @glgtg%@‘ﬁo me hél (?419 g,l.(.hS% yﬁ._l nd 1 herg?t%ﬁl:e rug%& HEIBﬂm

until saponifiedt ur e was charged toab5lL addltl on

Step 4 - (18,45)-4-(2,5-dimethyl-1H-pyrrol-1-yl)-1-isopropylcyclopent-2-ene-1-carboxylic acid

CO Me 1.NaOH, MeOH/water, 65 °C CO H
2 2. coned HC to pH 4.5-5.0 2

The alkylated pyrrole methy! 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 1., 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 hat
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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funnel. The reaction flask was rinsed wwth DM, 3 x 75
m., and the rinses also transferred to the 5L
addi ti on funnel. Hexafl uorophosphoric acid (980 niL, 60
9 ueous) was added to water (7.1 L) w j.ng
Woz%‘ﬁﬁ% Sodi um hydroxide (5 N, 2.0 L) Wais%{gg é’d‘q‘%ic?i‘mly
keeping the internal tenperature below 15 15 C. The
solution was then cooled to 0 C. Sodi um hydroxi de (5
- N) was charged to a 2 L addition funnel and added
oncurrently wth the TFPA/ POCl 3/ DMF reaction m xture
E’-‘M%t a rate such that the internal tenperature renained
ety 7. Sxte : gitlifer om 3. 05 to 3.6 (approx.
3.2 during nost of the addition). The resulting
ellow slurry was then aged for 60 mn at -0 C. The
Step 1 - Nf@H Dittihifenriao k- trifaoeoehethyliprap3-grylidesdi dbmahirethaeenize| d
afluor J, .0 L) then dried with a stream of N2 under
hexefuuorlfbBhare fepigh, O L) LHEN ArL kg (87% of the CF3DT
(vinam diniumsalt) was obtained. Step 2 -
N-(tert-Butoxycarbonyl)-3-(trifluok szel%g]yl )-5,6,7, 8-t
et rahydr o- 1, 6- napht hyt.iPdicheDMA. LH ME PF6 |+ CF3
BOC~N/N\N\%%IN\£IF@PF6(N®HHOAC, c N-21 W
2005/ 04479% P 2@820017‘035’2’9‘4‘_# BOC- 4- pi peri done (672
g) in THE (2.72 L) was charged to a s i on of
[ithiumbis(trimethylsilyl) amde (LHVDS) (3.55 L,
1.0 Msolution in THF) in THE (3.7 L) at -12 C over 45
Phosphorgys grychipréde (b b1l §moax eddediodimwsthalforoamide (26 MatiG wer Idomd

. Thi i . er .. 1
stk SR 0 Gy 8 0 S0 AU B DD
mol) was added @er OTihin. Thegercfioprmirtietwas thenweped 4t 5@ 68GE forf bandthén adibwed
- ' i . added, over in.. The

o coot 0 8 rern TTERARDC N Bl B R0l S kb
funnel. Thy mrgctipmtaskivaminsedbwitht RME, 24475g)L., waldhexiicedlsp ramsfagedgo the 5 &n.

ddition fki@. | ' i A i
i IR, BEAR Gk AP 0550 1B ol o S R0 L
cooling at 56| Sefivmphyidisids SN BOLA e addedislowly kdepingttiedntaingltempatatre below

15 °C. Thg;é |o ) ( %4 .. Ihe ] X re
R A A T R A A R

funnel andpddad cotichnasndyl witiothe EFRA/BOCIFRBF| remkim naigjure oSt sugk thaytbes

. ' I d w 2. M

o S EIBAE B 05, SRy LSS 3Ps [P Gl oo

the additiogp (Fe sesilidng yellow sy ves théh @sdfay 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-(trifluorometliyl)-5,6,7,8-tetrahydro-1,6-naphthyridine

1. LHMDS, THF
PFE' .
l+ G|
BOC. '\QL /NWN\ BOC.\N o CF3
- I
0 2. HOAG, NH4OAc N7
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of the organic layer (total weight = 19.8 kg) gave an

assay yield of 617 g (64% of the BOC naphthyridine.

15 Step 3 -

- i.fluoronethyl)-5,6,7,8-tetrahydro-1,_6- t hyri di

Woz‘ﬁ’é’g}éﬁ‘k CF3 1. HOVIPA, McOH CF3 N 2. H @7@%&?“"’@”&

heptane HN N HCl The organic |ayer fromthe

napht hyri di ne formati on contai ni ng

N-(tert-but oxycarbonyl)-3 20

(trifluoronmethyl)-5,6,7,8-tetrahydro-1, 6-napht hyri di ne

(34.2 kg total weight containing 989 g of BOC
N-BOC-4rpinstiddng (672 g)rie THRAX72d.) weeshtrpat te a sdhaion bf miuhm bﬂ?dnﬁndt@&ilﬂy e

it TS AL R 0 ) el

mixture watpdlowesktp mfaMHtthmpBrasmé l]‘lns oixtuvESasaded Sdr Bafnﬁldo b ﬂurr}?of3
i, Lyt with nethanol to ol une
5 crpr gy P alfEy et e riiop s p o e e T
°C. Acetig giiduR29S0omLwees adiedidwed3 fnin. 5&: leaoaadnﬁmafs Qarmied b 20AE@d: 11 15
: omte r.at ure wa .25 was added.
min aad aff Rl kel AR bSRTT 8 b R o iy eapentite e

°C and agglfoef hudt ﬂyfs tejebeatiin. (e readio) mixkhiewastbaéd Lo eooriBempaturidne d
c.extractions
diluted wﬂ‘@(I v&atlr #1? ﬁ‘ ) é%fnethygzécli(%%exag? 55 g(i‘g a]g? 8’8{"&8 Wﬁ%iiﬁﬁtﬁiyﬂlp gfiriieg

10 stopped, aflﬂriée lermbvanealovedtanitile. Taylowe anede Ii},@m&méﬂicﬂhnfdﬁd dRdrohdie

I L
layer was ?gsg%ﬂtiglnz}’@ g%tgg.‘s %{Pﬁcdamdgﬁ 5 ?)t Eér O%H'Imc}n angl %jzlpilrat%og 8f Wef%q 4SRY
of the organig laypr (poknd| weillet =51918ke) gave anassay ﬂdmfeﬁw g &646x) of the BOE ot al

naphthyridifel ume of -2 L. The solution was filtered through a
sintered glass funnel, which -22 WO 2005/ 044795

PCT/ US2004/ 035294 was washed with IPA (3 x | Q The
15  Step3- 3@@1&1@#()’)@&)}19-55?@%&1}@&511 Ejnﬁbchﬁ% i € concentrated to -0.5
and then diluted with IPA (1.95 Q The solution was
heated to 60 Cand HCl in IPA (790 nL, 4.33 M by

tiBocat | erided. HOMRA, MIEOHH n. Duripg the addition
the f&rm |(ﬁ of soPitid/Rdchkenippe evi ddit . ne> (2.75
L) was.a ver 30 mn after “whi chl_he was

di scontinuel and the slurry was allo t®cool 5 to
room tenperature overnight. AdditionalydCl /I PA (80 n)
and heptane (2 X 1.38 L) were added. The solids were
filtered, washed with 2:1 heptane/lPA (3 x 550 nL),

The organi® Bler @k Mﬂﬁﬁﬁdﬁ@ﬁ%ﬂo’iﬂiﬂﬂlg w-&e&tgﬁ?o&ycarbonyl)-?»—

20 | (tiflnoromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine (34.2 kg total weight containing 989 gof BOC
naphthyridine) was concentrated to an o0il. 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 HCI in IPA (3.6L) was
added. The solution was heated to 55 °C and aged for 1 h. After cooliilg to room temperature water (5 L)

25  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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streamto afford 678.8 g of
3-(trifluoronethyl)-5,6,7,8-tetrahydro-1, 6-naphthyridi
ne in 75 %yield from BOC naphthyridine (497 g, 73.2
j percent as free base). 10 Exanple

Woz@?@%?%bt hoxvt et r ahydr o- 4H- pyr an- 4- one QT 520041035294
1-tetrahyro-4H pyran-4-one: A 22 L
round- bott oned- fl ask equi pped with a nmechani cal
stirrer, thernDcoupIe and nitrogen inlet was charged

vas wash%%g&%%&;xg B g R I I

dituted withsledl (f 2Lt fTRe io[uﬁﬁlﬁ\f/a@ heatsd $o 60 “CHASHC T (79(hl|np I BNBE n e

st ST e o ok i B

-(2.75 L) whsriaided ovet 30%din @6 wiji:h haatingwia disdoytin@d i@ the \Siutri wh allveddas cool

oo SR PSR 0 15 ARSI R0 G, g

solids werh filterbd, waghedwitid® bheptasedP A (3 205650 rdf), aad (im)unde'n’beeum withur iditrogen

f
s o 85 RN BEUOND A TRl 19 340 o
BOC napkﬁhy@émaﬂa?gﬁé 2fweighteaercpms fmbasp) nsed with MTBE (2 L).
The filtrate was diluted with MIBE (26 L) and
extracted with saturated aqueous NaHCO3 (24 L) then
Example3at er (2 x 16 L). - The organic phase was concentrat ed

3R)-3-MtA6AS fet B -4%ReHg) to renove the MIBE. \Wen the
Internal tenperature reached 44 C, chl orobenzene (3 L)

was added. The distillation was continued using a
Step I- tetPih O - @&inbmhfeﬂh 2aL&@h@banbﬂ;t5d flRk eqlﬁgpaﬁdltkaa MRRAcal stlmg,s
ur e .of ahout to 0 n S
tormocog 1B OGP A o T RO e B P .0 B A o
tripropylottiaff@inaie {5. D% g| 30Wasolu Tedpumphediatitd trahdtrpas Sishsdavithas
enocoberFBL Bl g N R S 0% g e i ol g nen

ice bath toedSRv dmbertysi-15Theg)vmevicusly washed \ml:iﬂéia@md thtoprofnshand-dyied rwals

added in 05 rl%o?tgf]ﬁe gﬁﬂgfy?% %&{(ﬁt LA@% )?Qr':at]glé f%qﬁg '?ﬁ f %r \// eé ﬁ %oélﬁ%m
of 2 (GC). gme 2 |Was gmmnmtttdymdag xzy:umt’iﬁ amydglo The delids were removed by
filtration tﬂ:)ﬁgﬁ@ Qfd &‘éhﬁ{%ccan@tﬁé ﬁilter %ﬁ%yﬂﬁ %M@Bﬁgz[h The filtrate was

r ound-bot t oned- ui ppe ani ca

diluted withMFHE(26 Lhgnd Ie{ﬁf@étﬂd Wlﬁh saturated gquepis NeHEOuBH b) thenswvatds £ géd.)-
The organib"phﬁe Qﬁﬁ%ﬁd&ﬁ&&ek%mzar ‘La):uurr?ﬂ@ ]—%5 toledme?8 thQMTBE When the
azi ne ( DHQD2PHAL,

Hydr oqui ni di ne- ht h di et her
internal te@ppragur@ reaghedh44y’ q,]gqlc)robenzergé Ipvaspdds O’ﬁlzp-ﬁggllamn was continued usmg

a packed cBYibh WiSAR0 420354844 apﬁﬁoﬁ@ﬁbéﬁﬁl@ %{]ﬁlﬁnﬂ 88l torl\El’_ﬂdC atBorbtkdzedOwas
ol'l ne (0).¢

saded perffcls ik RauB vl R OE7S Pavehid HHE I e v
maintainedsiegren 142and ¥25°C dhddg tl&distﬂealﬁbn akfekr 14V GURSdAY IndR@Ped0d: Ut | ON

. cooled to 0 C. . - .
conversion The 4ot Was mcrease% 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-dikydroxy-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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The propyl enol ether (1.85 kg of a 54 wt % sol ution,
7.03 nol) was added over 7 h while maintaining a
reaction tenperature of about 0 C. A freshly prepared

j.on of Na2S2C6 (802 g, 4.22 nol) an
Woz@%&%?ﬁ) was added foll owed by gl aci al g%%%ﬁoéz@?%w
(1.2 L). After aging 16 hat rt, the solids were
renoved by filtration and the filtrate was

concentrated in vacuo to renove the acet one.
was added over 5 h to provide a

. lsopr no
potasiom oA FRABR 14ty 0 DA K e ORGP B LB g BRI,
1.078 kg, T.74aapwart idded se@amanpmnﬂ solvént bad taertésurﬁhg @thtibhwa cYaledty 01C.

The propy%Ptg r(%l Q{ ]?%qf d&%gf? ‘g §82t1q% 79(é 11\1Ml g%ig{ SPh \%fnﬁ mgnlta%llg

reaction tEA‘-hpd“atdue m’éibhmﬁyﬂemﬁahﬂgcb’r@aﬁtﬂ'bqhybﬂnﬁ%gws (3R 2222 bl htnkivater

a1 RSB K SOULRREA 91D B IRTERSEbRBULLARE 20
removed by ﬁl;ragg@nﬂhp Altdgiesual ¢qnteatrataidnj weho (8@ vegthedcetandd Zsoptopsnol (28
L) was acicﬁb@ U/e?' 3 s toqg%ml a)c%%_s'srﬁlﬁ-ryl The oﬂﬁ‘sq\:etré' %oﬁ&[ﬁﬁ‘ Xrll 9 frft I}% QAL g

€ F esul urry was war ne
isopropan @5 I@ a&h@lﬂé inja ~891um ox¢7l to piowifde ?ﬁfﬁ grq@z Vi (%@m(a@dmldupmduct
that was 972 §2=n0l ) was 15 added via droppi ng funnel over 40
mn. The slurry was cooled to 7 C and 50 wt % NaOH (340
nm.) was added as a slow stream The solids were

Step 3 - 4, ﬁ&}nkﬁ&b@@ﬂd@ﬂo@}l{-ﬂy}aﬁz -53pdA DE r&itnh I)(ftl@ﬁl@if ffﬂﬁ&el & qﬁigiaéd%ﬂﬁl a

ene usi.n 0] (0] ene.
mechanicsllires §F feba ol SEAwED S0 berRpURl wsE o g
adduct (893 g lof 2 wabrselid, #.06muvle Oy (81iTl) buicxtimexfylerhefolnige (945 8 VB fol),
The resultlnfi{ d\}/a\é\nw%lgneg E') Srgg’ﬁ arll'd) a ]5@:%@ Soql_lhl:{ Igo ?:g#d%ﬁ[—? Q.g&%? A)Z.é%?nol? ]:vas
added via d:rmﬂgtf@ncl@@ergﬂ e, Z[‘he slurry was cooled to 7 °C and 50 wi% NaOH (340 mL) was
addedasa QI%@S dp%glo EnJ‘s%ﬁ&étvfe} E%g:d O é" H‘h %}ﬁrtﬁetnfﬁtrat wats ﬁ%}"aéﬁ%%%té}be]d é(?
toluene USlnﬁ ] toag@frﬂ Ltdleemne. sFhd b@tpto\w |cmgerftuamheal aby3 L dhemthg ealidwivera a
removed biﬁi&’é%clfn‘ﬁ?dhﬁé cale bl rﬁ@ed:%ﬁt!(l] THR (?L)g% gf?lm%at{aﬁiav%ﬂ%?ﬁ?gsé piduct

) ution i cates
(3.56 mol ig é%érﬁg%wi’%e@&t@wsg 5.14 nol) was added in one
porti on to provide a clear yellow solution. The flask
imersed in an ice bath and 25 Me2SO4 (737 g, 5.84
Step 4 - 3%1 A e‘(iﬁ%”’éf@ﬁ@ﬁ“‘%ﬁé’fanft?’i?nAr?ZﬁﬂafPFﬁdablOW% flagk epyipred wih 2
thermocoupl€,HRrofdn ikletaBN\Irdgdire funkblQvas Gllakhed WA NsolBSn T 6 IREH1 R8Iz 3 he

T SRR R e ol
added in or(e&:éﬁioiiﬁo)proviﬂh eclafp @éﬁo@nbluﬂdﬂ @he ﬂd’éE wﬁs\/lﬂm&’@éﬂf‘ne arlibaWath 284 Was
MesSOu (7912 8 b et ut o Gt il B 55 5, Aot

bath was ranmmtnh andtie reactiga mixeurphasest fuelteo @mﬁ&iﬁrﬁcatsﬁﬁhoan Wateh@.51)
was added [fo‘ﬁﬁév%%g |2N§-¥&l t(%ﬁ ol B GShaVid s & el pr@ RN 30 8 Atter 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 frit to provide a solution of the
product (429 g in 2.635 kg of solution, d = 0.914, 149 g/L, 93% vield, 97.2 % e¢).

While the invention has been described and illustrated with reference to certain particular

embodiments thereof, those skilled in the art will appreciate that various adaptations, changes,
04 .



10

30 product (429 gin 2.635 kg of solution, d = 0.914,
149 g/L, 93%yield, 97.2 %ee). Wiile the invention
has been described and illustrated with reference to

j.n particular enbodinents thereof, th 1l | ed
woz@%&{“% art wll appreciate that various 5@2(@?23?4?"5#%‘1,
changes, -24 WD 2005/044795 PCT/ US2004/ 035294

nodi fi cations, substitutions, deletions, or additions
of procedures and protocols may be nmade without

] fromthe . rit_and scope of i nventi.
mosiscad§t S Rt iomt o TeL T SR el oy heade witn
departing ﬁ'amthe (Bpihﬁlnd Ghbﬁtﬂ@ﬁﬁ: imentidet Fdr exanpletfeaive dasagey etheralan iR

pica B8 £ 8.8 SO ENE ORISR P B
responsqum Of mdmmml(bnsg nateh o lngy of thfmmmidms with thti@ndpoundvetnliel on
invention in ﬁféﬁt&ﬁat’o ﬂﬁ(g\)é ‘?e tﬂ'e' gx\fY'c g‘aP %Qﬂomeg observed may v

ph arnaco 0g I Gal " FesSpOnses o se gcmydlng
according figang d@emht}zemm thgpatpolar acting Cpramundmtlaatedavc whaﬂ@r thewpopreskot
pharmacestRhSEHES aQﬁ'elm%fenﬁfe of 3 Iﬂlﬁauﬁﬁ fnd oﬁ? Gt adm nfmﬁ{o aﬁg;’eh Cégtjl

carriers type o ation

such expegipd vapzHOP o fitlstencsn mé’f*ﬁszéWéP copigrgplated g laccesdpnse tvithi the objects and

practices of @He ipRbdnfRFen@én. 0 it HRLAGAARSFHE HahBe InOSHUbE B RFifed by the scope of

the cl %qulated in_accordance with the obj ects_and

ec ma&& qlow andyihatisych clapmsde Hterreieras Progly asiig rei'sgnﬁb}ﬁ ended,

therefore, that the i nvention be defined by the scope
of 10 the clainms which follow and that such clains be
interpreted as broadly as is reasonable. -25 WO
2005/ 044795 PCT/ US2004/ 035294 WHAT IS CLAIMED | S: 1.

A process for preparing
(3S,4S)-N-((1S,4S)-4-isopropyl -4-{[3-(trifluoronethyl)

7, 8-di hydro-1, 6- napht hyri di n- 6(5H) -yl ] car bonyl }cycl ope
nt - 2-en-1-yl ) - 3- net hoxyt et r ahydr o- 2H pyr an- 4- am ne
conprising the steps of: 5 (1) reacting
(1S,4S)-4-(2,5-dinethyl -1 H pyrrol-1-yl)-1-isopropyl cyc
| opent - 2-ene-1- carboxylic acid with
3-(trifluoromethyl)-5,6,7,8-tetrahydro-1|, 6-naphthyrid
ne; (2) treating 6-{
[(1S,4S)-4-(2,5-dinethyl-1H pyrrol -1-yl)-1-isopropylcy
cl opent-2-en- 10 '
1-yl]carbonyl}-3-(trifluoronethyl)-5,6,7,8-tetrahydro-
|, 6- napht hyri di ne mnth hydr oxyl am ne; and (3) coupling
(IS, 48)-4-isopropyl -

[ 3- (trifIuoronethyl)-7,8-dihydro-1,6-
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napht hyri di n- 6(5H) -yl ] car bonyl }cycl opent - 2-en-1 -am ne
with (3R)-3-nethoxytetrahydro-4H pyran-4- one. 15 2. A
process for the preparing
) - 3-i sopropyl -3-{[3-(trifluoronet =l 8-
wo 2%{2?3%?_ |, 6- napht hyri di n-6(5H) -yl ] car bon??ﬁjﬂ}]SZOOﬁ%5294
}cycl opentyl) [(3S, 4S) - 3- et hoxyt et rahydr o- 2H pyr an- 4-
yl jam ne conprising the steps of: 20 (1) reacting
(1S,4S)-4-(2,5-dimethyl -1 Hpyrrol-1-yl)-1-isopropyl cyc
WHA ~ene-1- carboxylic acid with
TIéS‘-?J?t r IS'or onet hyl )-5, 6, 7, 8-t et rahydr onapht hyri di ne;
(2) treatd prgeesfpr preparing (3S,45)-N-((18,4S)-d-isopropyl-4-{ [3-(trifluoromethyl)-

7,s-dihydgﬂ(iéesyéaﬁ%%!]%rfﬂier%@@I%:ﬁhicH%Bﬁ%ya%fénﬂ%-%&-?%f)—'3Iré{eh?oiy]fétriar?y%%[ﬁﬂﬂr&}’#

amine comprising ghg steesofl } - 3- (tri fl uoronmet hyl )-5, 6, 7, 8-t et rahydr o-
1, 6-napht hyridine with hydroxyl am ne; 25 (3) coupling
(1S, 4S) - 4-i sopropyl -4-f
[3-(}if |r%%&b%%-ﬂ-jliﬂ}w@ylh%pmlﬂ—ﬂ)—l-isopropyfcyclopent—Z-ene-1—
carboxylie R WiyI-{usludroBie@i-5,5,7 B ERa L § EXEHARGNL - 2- en-1 -am ne
wi th (3R)-3-net hoxyt et rahydr o- 4H pyran-4- one; and, 30
(4) hydrogenating (3S,4S)-N((1S,4S)-4-isopropyl-4-{
[ 3- (@i f ltuieding HR[(13(45)-4-Z2,ﬁdimethyl-lH—Fyrrol-l— 1)-1-isopropylcyclopent-2-en-

B I R e —

am ne. -26 WD 2005/ 044795 PCT/ US2004/ 035294 3. A

ro s f . iR . .

(1175 BRI ESER  baror-4- (- orpgpa? gty dro 14
naphthyridin-g( -y lcarbenyBaystoptny-2-eutl amb Stifh (3R) Pewttooyatiahydro-4H-pyran-4-
}cycl opentyl ) [ (3S, 4S) - 3- net hoxyt et r ahydr o- 2H pyr an- 4-
yl] am ne succinate conprising the steps of 5 (1)
reacting

1S,74S) - e [ 5 % o) NN IC V7 [ PR IO lcyc
| opont o Kaeden AR (RS Rl dahRRRiARY £
dihycro-L § SRR in B i Pyl yclopemi ISP peihessapy iy 2Hpymo -
yljamine coprising @tstepor6- { .
[(1S,4S)-4-(2,5-dinethyl-1Hpyrrol-1-yl)-1-isopropylcy
cl opent-2-en- 1-yl]carbonyl
} - 3{0t r i tdatting QBB S=dBndiayT-1 BphREI1AMY L& roby By PR RYL | -

ca::boxylic(;allé:iflJ %itgmi —t(t[r%ﬂll;cxcgnge )3%15 ,%W,St]tgt;rah%d(}onaphthyﬂdine;

one.

(] treating 6-{[(1S,48)-4-(2,5-dimethyl-1H-pyrrol-1-y)-1-isopropyleyclopent-2-en-
1-yl]carbonyl }-3-(triflucromethyl)-5,6,7,8-tetrahydro-1,6-naphthyridine with hydroxylamine;

3) coupling (15,45)-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,

) hydrogenating (38,48)-N-((1S,4S)-4-isopropyl-4-{ [3-(trifluoromethyl)-7,8-
dihydro-1,6-naphthyridin-6(5H)-yl]carbony! }cyclopent-2-en- 1-y1)-3-methoxytetrahydro-2H-pyran-4-

amine.
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(3) coupling (1S,4S)-4-isopropyl-4-{

[3-(trifluoronethyl)-7,8-di hydro-1, 6-

napht hyri di n- 6(5H) -yl ] car bonyl } cycl opent - 2-en- | - am ne
wo 2Mslodl74s3R) - 3- met hoxyt et r ahydr 0- 4H- pyr an- 440065008035, 15

(4) hydrogenating

(3S,45)-N-((1S,4S)-4-isopropyl -4-{[3-(trifluoronethyl)

-7, 8- dihydro-1, 6-naphthyridin-6(5H)-yl] carbonyl }

cycl opent - 2- en | -yl)-3-nethoxytetrahydro-2H pyran-4-

?rsn Per i g (r)orcgss t{% %J.tepe)rr]%% (%1% §)%$%]°PBOP{1%8&% gﬁﬁuorome{hyl)ﬁ 8-
dihydro-1,Aaptbhisidiin- dﬁSH}-ﬁIcEdbbnyj/}lc]@Qpmeﬂi@B PBymetheteirdby 038, p4Gh43-
yﬂmﬂmmﬂﬁﬁﬁ@%&hﬁ%#%ﬂXgé gFprran 4-yl]am ne with succinic

acl

Ss for preparing
(1S,45)-4-(2,5-dimethyl -1 Hpyrrol -1-yl)-1-
I Sorehowke@afﬁg e@aw_q gs%‘ﬁedm SRR -RG by RO S0

the steps of
“mmmﬂmeﬂﬁ“%3§ﬂﬂﬂ%WWWgﬁyéL ﬁ%ﬁ?@%ﬁ@mﬂﬁﬂyﬂ@néarboxyl|c aci d
wth McOH and thionyl chloride; (2) reacting nethyl

1R, 4S) - 4- am cl opent en- 2- ene-| - carboxyl ate with
éo & e% yF%?BE&%ﬁ@% 4&‘? “(redipethy Hrayepls-yh- L-istpropylcyclopent-2-en-

1-yllcarbofyl R3-ASilnofontethy D5 @ 78Rkt drb-He RYphthelidide Mmlf?ﬂl%k}‘)@ﬂﬁg 2-ene

-1- carboxylate with 2-iodopropane; and,
2005/ 044795 PCT/ US2004/ 035294 (4) reactlng nethyl

(1 S(HS) - douplihg BLSpisyrbishyrbpyl-#H By(tifmbrometyyl)-7,4-dihgde 1, 6py | cyc

naphth)mdkngﬁg%@ g{s'lc%f)o%nl?ﬂclo%e%{e %—g -3 lama-}itng w%ﬁk%%ﬂoﬂ&%ﬁ%@%ﬂﬂﬁe

one; and, st eps of 10 (1) reactlng
(1R, 4S) - 4- am nocycl opent en- 2- ene- | - car boxylic acid
with McOH and
{4) hydrogenating (3S,45)-N-((18,48)-4-isopropyl-4-{ [3-(trifluoromethyl)-7,8-

dihydro-1,6-naphthyridin-6(5H)-yllcarbonyl }cyclopeni-2-en-1-y1)-3-methoxytetrahydro-2H-pyran-4-

amine,

5) contacting ((1R,38)-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 with

succinic acid.

4, A process for preparing (1S,45)-4-(2,5-dimethyl-1H-pyrrol-1-y1)-1-

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

(1 reacting (1R 4S)-4-aminocyclopenten-2-ene-1-carboxylic acid with MeOH and
thiony] chloride;

) reacting methyl (1R,45)-4-aminocyclopenten-2-ene- I -carboxylate with

acetylacetone;

3 reacting methyl (1R,4S)-4-(2,5-dimethyl-1H-pyrrol-1-y)cyclopent-2-ene-1-
carboxylate with 2-iodopropane; and,
G




thionyl chloride; (2) adding a protecting group
(P.O") to the product of (1) to form 15 PGA- NOZMe
(3) reacting the product of step (2) with
e ropane to form PG -NCOZMe and, 4
wozrgoglg)g??’sgg the product of step (3) with Naéiqgjﬁ%ﬂo‘f\%”@t
6. The process of claim5 wherein the protecting group
is selected from tert- butoxycarbonyl,
benzyl oxycar bonyl , al kyl oxycar bonyl, allyl oxycarbonyl,
benzoyl, fornyl, 25 trifluoroacetyl, acetyl,
2-ni trobenzenesul fonyl, 4-nitrobenzenesul fonyl,
2, 4-@ ni treagtingruedhybd 848)eR(2I5 dimdvigh HiHpyrrdllivbHeingphopelcftydpent-
2-ene-1-c s fri] i ncl udi ng
ﬁ?ﬂiﬁl\éﬁﬁlﬁeﬂ?ﬂ?ﬁﬁgﬁ% ne). -28 WO 2005/ 044795
PCT/ US2004/ 035294 7. A process for preparing
5 3- (tgi f 1 o0t it b 7, 8-tetrahydro-1, 6-napht hyri di
ne conprising the stepg of : (1) reacting
3,3,3-trifluoropropionic acid with POC1l3, DMF, NaPF6
and a base; 5 (2)Pé1e_ﬁcti g CBAT with a protected
pi peri done; and (3) remﬂiiﬁi protecting
group)-3-(trifluoronet hy\a=/5716, 7, 8-
t et rahydr onapht hyri di nene inlthe presence of HO and
nmet hanol. 10 8. The process of claim7 wherein the

- ecting group is selected from tert-
cmmxmmgﬁg%%§8grbonyl, benzyl oxycar bonyl , al kyl oxycar bony,
10 al | yl oxycar bonyl , 2-ni t robenzenesul f onyl , 4-

ni tr.pben | ..2 4-dinitrobenzenesul fonyl, .
 bensD T REARE R A ey e R E RIS DA OH and
thionyl chlgrdg; t ri phenyl met hyl .

(2)  adding a protecting group (P.G.") to the product of (1) to form:

15
3) reacting the product of step (2) with 2-odopropane to form:
( ; and,
20

4) reacting the product of step (3) with NaOH and MeQOH.

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

y

benzyl, triphenylmethyl, and various imines (including diphenylmethyleneimine).

-8 .
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15 9. The process of claim7 wherein the protecting

group is tert-butoxycarbonyl (BOC). 10. A process for

the preparing (3R)-3-nethoxytetrahydro-#H pyran-4-one

rising the steps of: (1) reacting

‘Vozﬁgp%gﬁiro-4kkpyran-4-one Wi th tripropylo??ﬁ%?%?ﬁ%?gm

and chl orobenzene; 25 (2) reacting

4- propoxyt et rahydr o- 2H pyran- et hene in the presence of

acetone, water, hydroquinidine-1, 4-phthal azi nedi yl

G AR R TR gt

comprising thagttis o 3, 4- di hydr oxy-t et rahydr o- 2- H pyr an- 4- sul f oni c
acid, sodiumsalt 30 with nethanol and
trinmethylorthoformate in the presence of an acid; and
(4) (Deactenatigs 33 .A-miffuowpiepiryit edid withyR{P@s PMFplyaPE and a bise;i n
the presence of THE, NaQ-Bu, Me2SO4, and an acid. 29

(2) reacting CF;DT with a protected piperidone; and

€)] reacting N-(protecting group)-3-(triflucromethyl)-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: fert-
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
(BOC).

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

comprising the steps of:

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

chlorobenzene;

(2) 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.
-20 -



