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This invention is direct s for preparing N6-substituted

adenosi ne deydodadss ves, to int emmdl ates useful therefor ardrwssymeddhods of

preparing these inter rredi ates. BACKGROUND OF THE | NVENTI ON N6-substi tuted

adenosi ne derivatives, as exenplified by
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Met hods r 0 e d intermedi ates

thereto BreoRbfiR el §rB oBABRAT o ARIAEHIHERIAN] (" 01 1 54 and

i nternational Patent Application Nos. PCTI US97111320, PCTJUS97115729 and

PCTI USQ??K&%&OW E VENTFONNVENTI ON Thi's invention is directed to a

process tor preparing a 2-halo-3-nitro-4-am nopyridi ne conpound of formula
-(Y)a_Z NH NO2 ~N X2 in which a 2, 4-di hal o-3-nitropyridine conpound of

formul a X~ NOge. Nlb&RuME@sme&nvams&e@m nﬁd&d@lﬁpmlpl&mdm:&@s*ﬂqﬂﬁ {[1-3/ eact ed

with an anm ne of fornula H2N- \l% 5 @ ?Eral ght or branched
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or myocardial infarct size consequent to myocardial ischemia, and as an antilipotytic agents which
reduce plasma lipid levels. serum triglyceride levels, and plasma cholesterol levels. See U.S. Patent Nos.
5,364,862 and 5.561,134.

Methods of preparing these N6 adenosine derivatives and intermediates thereto are disclosed in
U.S. Patent Nos. 5,364,862 and 5,561,134 and Iaternational Patent Application Nos. PCT/US97/11320,
PCT/US97/15729 and PCT/US97/21439.

SUMMARY OF THE INVENTION

This invention is directed to a process for preparing a 2-halo-3-nitro-4-aminopyridine compound
of formula
)f—(Y)a"—Z
N-H
7 —~NO,

o

N "X,
in which a 2,4-dihalo-3-nitropyridine compound of formula
%4
l o
N~ X,
wherein X, and X, are independently Cl or F, is reacted with an amine of formula H,N-X-(Y),-Z;

wherein X is a straight or branched chain alkylene, cycloatkylene or cycloalkenylene group: Y is NR4, O

or S;a=0o0r |; and Z is of the formula:
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Z, . (Z2)n Rb where Z1 is N, CR3. (CHmCRS or (CHmN, mbeing | or 2; Z~
ks N, NR(, Oor S, nbeing 0 or 1; R4, R- and R( are i ndépdaetary 03,

al kyl, aryl or heterocyclyl; and Ra and Rb are independently H, OH alkyl)
hydr oxyal&élom3 gyl mercaptyl. thioalkyl, alkoxy. al koxye.*.,bg&)zg 5” no, al kyl
am no, car oxy‘fz‘ﬁ5 acyl, hal ogen, carbanoyl) al kyl carbanmoyl, aryl ™ or

het erocyclyl. In another aspect, this invention is directed to a process
for preparing (R -NJ[I-[(3-chlorothien
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DESCRI | ' TION O = THE | NVENTI ON Definitions of Terns As used above and

t hr oughout twlerdZysie Ni ORs. (OH)@{-CRhier (CHyeht indeing t bre?; EplsiNWRa@ 6re); wbgingM| ess

ot hervm'%g_i ndi cat ed, shall be understood to have the foll ow ng neani ngs:
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strai ght or Iy, &3akERl at ladépeddettiygh,aliyl, afyt @hetewadlybeyd and t hi oacyl groups
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carbon atons In the chain. Preferred alkyl groups may be straight or
br anchebf'éiefde®hve about 1 to about 10 carbon atoms in the chain. Branched

means that afnlapotRr aspedt)this @veition SWabcid@so Apbieyd fhr @épadite (RF-NJPI-EP¥hlodotieat t ached
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enrez;[cnoen Jréd?&s are process intermediate useful in the preparation of 2,3,4-
triaminopyridine compounds. The processes of this invention offers improved yields, purity, ease of
preparation and/or isolation of intermediates and final product, and more industrially useful reaction

conditions and workability over previously disclosed methods of preparation.
DETAILED DESCRIPTION OF THE INVENTION

Definitions of Terms

As used above and throughout the description of the invention, the following terms, unless
otherwise indicated, shall be understood to have the following meaaings:

“Acyl" means a straight or branched alkyl-C=0 group. "Thioacyl" means a straight ocr branched
alkyl-C=S group. Preferred acy! and thioacy! groups are lower alkanoyl and lower thioalkanoy! having
from 1 to about 6 carbon atoms in the alkyl group.

“Alkyl" means a saturated aliphatic hydrocarbon group which may be straight or branched and
haviag about 1 to about 20 carbon atoms in the chain. Preferred alkyl groups may be straight or
branched and have about 1 to about 10 carbon atoms in the chain. Branched means that a lower alkyl
group such as methyl, ethyl or propyl is attached to a linear alkyl chain.

"Lower alkyl" means an alkyl group having 1 to about 6 carbons.

“Cycloalkyl" means an aliphatic ring having 3 to about 10 carbon atoms in the ring. Preferred

cycloalkyl groups have 4 to about 7 carbon atoms in the dng.



21 January 2003 WO 00f 37469 PC f 1 US99r 29643 O " Car banoyl " neans an HZN "
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3- hydrokkp,.Qﬁy{omg,gergmmgf,%yg,ragwg Preferred Enbodi ments The preparation
of N6- subst ed adenosine derivatives of fornula (1) is outlined in
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(iodo).

“Heterocyclyl” means about a 4 to about a 10 membered ring structure in which one or more of
the atoms in the ring is an element other than carbon, e.g., N, O or S. Heterocyclyl may be aromatic or
non-aromatic, i.e., may be saturated, partially or fully unsaturated. Preferred heterocyclyl groups include
pyridyl, pyridazinyl, pyrimidinyl, isoquinolinyl, quinoliayl. quinazolinyl, imidazolyl, pyrrolyl, furanyl,
thienyl, thiazolyl, benzothiazolyl, piperidiayl, pyrrolidiayl, tetrahydrofuranyl, tetrahydropyranyl, and
morphofinyl groups.

“Substituted heterocyclyl” means that the heterocyclyl group is substituted by one or more
substituents wherein the substituents include alkoxy. alkylamino, aryl, carbalkoxy, carbamoyl. cyano,
halo, heterocyclyl, trihalomethyl, hydroxy, mercaptyl, alkylmercapty! or nitro.

"Hydroxyalky!™ means an alkyl groug substituted by a hydroxy group. Hydroxy lower alkyl
groups are preferred. Representative groups include hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl
and 3-hydroxypropy!.

Preferred Embodiments

The preparation of Né-substituted adenosine derivatives of formula (1) is outlined in Scheme 1.
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Ia Scheme 1, X, and X, are independently Clor F,

QisCHz or O;
R o
N-C
Cnt
Tis R2 or R30-CHy;
X is a straight or branched chain alkylene, cycloalkylene or cycloalkenylene group;
YisNR4,OorS;
a=0orl;
(Z2)a =
A ) Z AR,
- 1\ R ___"_1 \ 1)
Zfl J Na « /\
Rp
Z is of the formula or (Z2)a

Z1 is N, CRs, (CH)»r-CR5 or (CH),-N, m being { or 2;



Z2 is N, NR(,, Oor S, nbeingOor I; RI, RZ, R3) R4. R5 and R6 are
i'ndependently H, alkyl. aryl or heterocyclyl; R~ and Ry &le/anHaRy@ORdent |y
hydr ogen, al kyl, aral kyl, carbanoyl, al kyl carbanoyl) dial kyl carbanoyl,

acyl, al kow@hl;)%yl ) ar aI koxycar bonyl aryl oxycar bonyl, pefrassorsess RY

together my forin\ C-\ C O, , )1 ORo where Rc is hydrogen or al kyl, ~
~ where Rd and Re are |ndependently hydr ogen, al kyl. or together with the
carbon atomto which they are attached may forma |,|-cycl oal kyl group; and
Ra and Rb ar ez Rde RRRASHLS, ybﬁ.,g(gﬁl al kyl') hydroxyal kyI al kyl nmercaptyl,
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in the presense of altertiary anmne or aronatic amn e such as

triethyl amne, §iisopfopyl eyl anine, pyridine, 4- d| | am nopyri di ne,
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al so reduced té)% catal ytic hydrogenation, with platinumcatal ysts such as
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wel | knO\M’hchhtJr@@f fednt abb@ aﬁt&ém&rﬁ&aﬁr&’o B edNRLRMPERure of the solvent.. A preferred
di ol - 23 In a preferred aspect of this

opyridipne co VI
process, "°“éh“’ ’"‘e@?% Fiefdpe: '28@!?“ éi’(ﬁ'rw" ‘%“65'66"'#‘ b8§§§1 9643 R, toget her
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The 2- N @yledipeindb3mitragyridine2ompodad (Vilam nopyri di ne conpound (VII11) may be

Reduction of the 2,4-diamino-3-nitropyridine compound (VI) to the 2,3,4-triaminopyridine
compound (V1) is accomplished using methods well known in the art for the reduction of aromatic nitro
compounds. Preferred methods for the reduction employ metals such as zinc, iron or tin in the presence
of an acidic proton source such as ammonium acetate. Solvents are generally alcohols, preferably
methanol or mixtures of alcohols and aromatic solvents such as toluene or benzene. The reduction is
preferably accomplished at about ambient temperature. The nitro group is also reduced by catalytic
hydrogenation, with platinum catalysts such as PtO, being preferred.

The groups R, and R, are then removed using methods well known in the art to form the 2-N-

cyclpentane diol-2,3,4-triaminopyridine compound (VII{). In a preferred aspect of this process, R, and



isolated as the acid addition salt, for e:canple as the dihydroc ride
salt, or the acid addition salt may be neutrali zed wi t h $akknuay m t he
free amine. In a preferred aspect, the 2-N-cycl pentane diol-2,3,4
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crystallization, are controlled by the parti cular acid counterion. The
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directe process for pr r
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~H i m dazo[ 4,Iba pxpfoired aslpedeof ktf fdegoinhptocdds,3- di hydr oxycycl opent anecar boxam de

as shown in ‘%ch%ﬁe 2.

R1\ lol
N-C
’
Tis Rz ;
X is a straight or branched chain alkylene;
a=0
Zis
(Za)
— L
744 Fa
Re

Zy is N, CR35. (CH)p-CRs or (CH)-N, m being 1 or 2;
Z3 isN,NRg, Oor S, nbeing O or 1;
Ry, R2. R3. R4. Rs and Rg are independently H or alkyl;



21 January 2003 WD 00l 37469 Scheme 2 X1 C N02 | ~ NH2 HOI N X2 S (I11) (1X)
8 (X). (XI1) CL 1\ SNHI NH2 NNHH..~~0 ~ N'' O O {X11121 danyary 2003
~' CTI US99t 19b43 NH2 OBz .,.,0 O (XI) CL I\ NHNH2 NNH H ~~~~OH ~N .~~'OH O

(Xt~ As sh he foregm ng Schene 2, reaction of the
2, 4-di | ~al et ’%ﬂfgr opyri di ne corrpound ti) with PCTIUSIINI643

(R)-I-(3 chl oro-thi enyl -2-yl)-2-am nobut ane hydrochl oride (IX) using the
conditions of base and sol vent described in Schene i above provides

(R -NT[i-[(3-chlorothien-2-yl)nethylJpropylj-2-hal o-3nitro-4-pyridi pam ne
(X) (XZis C or F). The reaction is conducted in the presencewcess
base to neutralize the hydrochloride salt of (LX), or alterna t he

hydr ochl ori deRmHRS@fe l(dbbendcmlymedrbgealor aleyl, wiR7hndBs ozethgyarpfophy, anoR‘a

Z?Lgf Ihg_ralgge #ﬁf; ?e lb ﬁogld%pé% ﬂ%r.n(qr l?)?l, or togegner wuti;[ lﬂe glrbsog lat%;[nltg \thcf thgyp €

are attached may form a 1,1-cycloalky! group: and

Ra and Ry, are independently H, OH, alkyl, hydroxyalkyl, alkyl mercaptyl, thioalkyl, alkoxy,
alkoxyalkyl, amino, alky! amino, carboxyl, acyl, halogen, carbamoyl, alkyl carbamoyl. aryl or
heteracyclyl.

In a more preferred aspect. this invention is directed to a process for preparing {1S-
(1,2B,3B.40(S*)]]-4-[ 7-{[ 1 -[(3-chlorothien-2-yl)methyi}propylJamino]-3H-imidazo[4,5-b]pyrid-3-y1]

N-ethy! 2,3-dihydroxycyclopentanecarboxamide as shown in Scheme 2.
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2, 4- di hal 0- 3-ni tropyri di ne conpounds are the conpounds of2%éanarna2qo3 )
wherein X, is Fand X=is For C. or a mxture thereof, which are prepared
by reacti ogygfozd4¢d- di chl oro-3-nitropyridine with a fluori pafi§@ns@snt such
as KE. The 8 .

(R -N[I-[(3-chlorothien-2-yl)nethyl]propyl]-2-hal o-3-nitro-4-pyridi nam ne
(X) is then reacted with

3aR- [ 3aa, dfefly 6aal - 6- am no- N- et hyl t et rahydr o- 3, 3-di nt et hyl

2, 4- di oxabi cycl o [3. 3. 0] oct an- 8- car boxam de benzoate (Xl ) as qqﬁzcdgzbed in
Schene | above to form .
[ 3aR[ 3aa, 4a, 6a(R*),6aa]]-6-[4-[[1-]j(3-chlor t hi en-2- yl) metl_pyl -@pyl ] am no]j,
-3-nitropyrXd-2-yi am no]_ Net hyf 1 ~ N 5

t et r ahydr 0-8, 2ndi,net hyl FUH; g%/%ppent a-1, 3- - 4- car boxa 'd&"PXI ) whi ch
is tlien neduced asg%%m Sehenre~1 above jto form O :
[ 3aR- [ 3aa, 3 B, R*) , IT<6V4-[ [ 1- ((3-chl or ot fFep=%¥94 ) net hyl Jpr opyl ] ani no]
- 3-am nopyr('g)d- 2-yl am ”Cﬂx N- et hyl N

t et rahydro-2, 2-di net hyl -AH— cycl opent a- 1, 3di oxol & 4-¥ar boxani de (XI'11). The
reduction is preferably acconplished using zinc®iron or tin in the
presence of an acidic proton source such as ammoni um acetate, zinc being

especially @referred. Acid hydrol ysics of the dinethylacetorfiide provi des
[1S-[1a, 2/ 3 3(i,4a(S*)]]-4-[3-am ngid-[[ 1-[ 3chl ocot hi en- 2_y{ ) pet byl ] pr opyl ]
am no] pyr \d§ -ylfammoJd N-et hyl 2, 3di 'ydnoxycycl opent anecafibgxanide. The

hydr ol ysi s™8s pmNef erably acconplis udNHg HCl, in which case W¥iystalline

(1 S[ 1 a 2(i inga(S*)J] - 4-[3- am noZd: [y, 2~ NH,

| -[ 3-chl orot hign- Ryl )net hyl ] propyl Jam no] pyri d-2-yl am no] N-et lel

2, 3-di hydroxyc OpfAt ane cachboxam de fjAchloride is isol ated ditrectly.
Cyclization of the -

[1S-[1la, 2(3,3(3,4 Mo)-4-[3-anmino-4-[(1- cly or ot hi en-2-yl ) pret -poQPY|
] am no] pyrid- /no et hyl 2, 3-digyd ,,yc)<r opent anece(/bgia e t0
form[1S ( 1 3(RAn(S)]]-4[7-H £o) "OH

1-[ (3-chl orot hi e 2-yl')met hyl ] propyl Jam ®o]xig) Hi m dazo[ 4, ~- b] py?i d- 3-yl]
N- et hyl 2, 3-di hydcd%¥)- cycl opent ane carboxam de (1) is acconpli shed™\q

described in Schene | above. In a still nore preferred aspect, this
invention is directed tccla synthesis of [IS

[1a, 2(3,3(3,4a(S*)]]-4- 3 inQ-4-[[1-[3-chlorothien-2-yl)nmetlryl]propyl]am
i noJpyri d-2-yl am noj t Wl 4, 3-di hydr oxycycl o- pent ane car boxam de

di hydrochl oride hydrate ®f fedHed in a concatenated manner without isolation
of the internedi ate conpoun N

(R -NTJI-[(3-chlorothien-2-yl) t}lyl ] propyl ] 2- hal o- 3-vi tro-4-pyridi nam ne
(X)) [3aR-[3aa, 4a, 6a{R*), 6aaN-oBN[ 4-[ [

1-[ (3-chl orot hi en-3yl) et hyl ] propyl ] am no] -3-nitropyrid-2-ylam no] N-ethyl

t et rahydro- 2, 2-di net hyl - 44 ca/ci mo@r 1, 3di oxoi e-4-carboxam de (XII) and

[ 3aR- ( 3aa, 4a, 6a(R*), N s

6aa]]-6-[4-[[1-[(3-chl orothi elf- 2yl Pret hyl ] propyl ] ami no]

~-am nopyrid-2-ylam no] N-eth@ tetrahydro

~, 2-di met hyl - 4H-cycl opent a- 1, 3di®%ol e- 4- car boxami de (X(Il). In particular,
2.4-di halo-3-ttitropyridine is reacted with

(R -t-(3-chloro-thienyl-2-yl)-?am nobutane hydrochloride in a reaction
vessel using tfHeshowndi e fregome Sphesne 2amertianofikat4-dibale 3nivepyridise samposndiM) m a
sol ution i 5R)—l-ﬁ3-chloro-ghienyl-2-yl|)—2-aminobutane hydrochloride ﬂX} using the conditions of base and

of (RrN-[ 1- [l{ -chl grot hi en-2-yI') net hxl ]l?roFle-Z- al 0- 3- vi tro-4-lp\2/r| di nam ne
(X) in th& Yeatdessribad indSsheme 1 above provides (R)-N-[I-[(3-chlorothien-2-yl)methyl]propy(]-2-halo-3-

3aR-[ 3aa, ﬂaoﬁg) aﬁhmﬁeg:gj %Q1shE1 6F BY hEleh@BY JcQidBotelr ifl indplebtibe of edbedibd @i Cycl 0
| O 3 [3.3.0]octan-8-carboxam de

21 January 2003 WO 00l 4(6§ PCT/ US991 7964 ( _
benzoat e PRIz e hydeoehlaride sl ai{Daeradiernasivelndhahydigehleside salt of HE) Faewalizednd t he
M xture i wih8akebamibly, indIIURES bARe frQ base of (IX) is then mixed with a solution of the 2,4-

R 4 aa] ] - G [4-[ [ 1- ((3- chi or o#hi en- 2
[ 3aR [ 3am, e G yridae dampound L 1~ ( (3-chi oro#hien



yl ) met hyl j propyl j am no] - 3-nitropyrid-2-yl-am no] N-ethyl

tetral rydro-2, 2-di met hyl - 44 cycl opent a- 1, 3di oxol e- 4- car boR4nkdeary 2003 i s
essentially corrpl ete. The reaction m xture contained in the vessel is then
m xed with % r,,%nd t he aqueous phase, which contains wa sﬁ\l .
sol vents an ‘ﬁﬁ ties, is removed frgmthe vessel. An alcoholic Sol vent
such as nethanol, followed by amoni um acetate and zi nc powder, is then
added to the organic solution remaining in the vessel and the reaction

m xture i s hea

(3R [ 3an. 4a. oLprer g atREs BRG] coliBiinas are e compouds obfocmula 1) whersin X i i 1
]-3-nitr opfyandép B)ﬂ a@lreoh miikture ﬁ];rbof wluch are prepared by reaction of 2,4-dichloro-3- mtropyndme

t et rahydr Qgdi 24mudli Lglyéemﬂshthcdg%openta f, 3-di oxol e- 4-carboxani de (XI1) to

[ 3aR[ 3aa, 4a, 6ba ﬁl‘p

6aa] ] - 6-[ 4- [ [ fGl)cH&[ bi(Beiderethien2-yDinetkxllagapy b2 blg-Bnitwerdryyidgaming QOpsthénd- 2- vl a
m no] Net mfdcted with 3aR—I[|3aa 4a,6a.6aa)- 6 amino-N- ethyltetrahydro -3,3-dimethyl-2,4-dioxabicyclo

t et rahydro- 2, 2-di net H cycl g&ent a-1 di oxol e- 4- carboxam de (XI'11) is

essenti al Iy @B’ﬁ‘ﬁ!’ étcé'm%dei’l"‘ﬂeat Das %‘ﬁ'iipeéﬁys%ﬁf'??érab?‘f’?é‘bﬁﬂbpé inpurities are
then renoves, meatnﬂ)tea@}]qun[[@i(sIcnerommzw@thsbmprwgﬁﬁhqar}duapmd b ylabnk@I R- 1 S

[ 3aR( san, RGO ey gred. ipblomeory i e sayed s nol

- 3- am nopydesceibédt-ily SelfEmed]abdVe td Bsdm [3aR-[3ac,40,6a(R*),6ac]}-6-[4-[[1-[(3-chlorothien-2-

t et rahydr g42 ta-f..3-dj | e-4- id XL i
then-of f eo Bt fPraaiemel SanEordPaimiicl Ne| ke S2 et ot ang
heat i ng urdnodoleeleqaw@kmldﬂ()tm) [Thdre@rction is preferably accomplished using zinc, iron or tin in the

la, 2[ 3,3 x I I
o pyr | d et o an bGP lyRGct de bt eleoac Wbl speotul TRt by PPY! 1 2
essentially co rolySisof ther yladetonideprovides (el da. 4o SOH-[B-eminbot4s([1-13-

sliddtydrolyGisof hadjmethyladstnidepovides i BB AES OHI-
tall en-2- ) ammo €

Z;%’;* 3’3‘] ! ' Z&Eo'é fled Jifler?d y[)&léﬁ, W;)I%Mogéygd -ylamin] N-ethyl 2,3-
yl ) met hyl ]%hYGwvwﬁpmwbeWyT%ﬁﬂyﬁr@]yswsefefmb'yzc@mllshﬁ@ww%yewb-ﬁb nt ane
car boxami dﬁs&ﬂrﬂhﬁﬂfn@?hﬂ ?&,”Q@ﬁm@ﬂﬁm{}%im - SpichLbodlicad- by filt ratl on. In

h | | d h
concat ena ety Al oA BB ok S USRS L ng

2, 4-di chl o:mﬁydaaclﬂbrtidedp;sbhddmecdyo 2, 4-di fl uoro-3 ni tropyr| dine) or a mxture

f 2,4-difl i.t h 4-f it ~
1(:) he reac!tl oﬁo\r/cebg'sléﬁa"ﬂ‘r QH%{ lgj g P §?g éu)gche@r i ']°f4yﬂlp@r gk’foélﬁe {9? °§'E,y§j]|f"r‘]’fe%ylgt eps
as descr i bamiadipywid)2-gahine} - sthyelnd -ditydgeyrydopeatanecatioomple wifvrmdiach of t he

di vi dual
eacti on ) EEBI AR JHERPUEKFAIRLREL AU ek g Pl TSR IR,
remain in Nﬁ@yk?e?a@t\mmwslsn@htawcarh@mmdséi)gan@md@hﬂ aydescratied éf Schemes! abgve.
subsequent reaqf b 0P mBRY, fe@JﬁwﬁgAcﬂ tlﬁﬂﬁvc\{@cﬁﬁ?&wect%ﬁQE)CMH@% é(f[l§ he fol | ow ng

reagents and solvents are preferre or conversion o

2, 4-di chl olrlelﬁﬁﬁwﬁséﬁyﬁ[h@rweo 13- etdqwthtptuéwam@vaﬂbwqolnmé’-ykrnmo] N-

tetr aphenygtﬂhQgﬂhﬁﬂlfo‘\!%a/@lﬁ%@ﬂtﬂ@cargexmﬁb(?fi\yd?ocﬂ}éﬁcfe(ﬂl/drﬂb BRRRA intatoh@RRated 1 )
For conversion of hal o- 3-ni tropyri

[ 3aR-[ 3aa, l&gmgagtlrbeyt 1@5:51011 pghe[ lgt_er(n(edlite F?r@ounds (R)-N-[1-{(3-chlorothien-2-yl)methyl]propyl]-

chl or ot hi enhado-3injurded-Pyrldidamee X)) BER-[32d 286 Rt)r G4l 2 cRBoRh Y- et hyl t et rahy
dro-2, 2-di r’ieth yl -4 IE;l)\"‘Zl Janua)]r@ 2%3 3 55 I£C 1US99n9643

cycl opent a¥ F@‘JHP'SRY Lipminog- 36‘3?’5’659%# 'H%‘“‘(W ?‘5‘3" ‘°Fa'\¥6’9‘r?y'4‘ limethyliHnyrigesadne’-

triethyl andiggie- dtdr&ﬁaﬁuﬂﬁykmtahd/ba{rmeﬁaﬁa(m m[ar[gt[gd dhmothién'zi- For
conversion of to (3aR-[3aa, 4a, 6a( | or ot hi en-2

yl') net hyl ]H?wﬂyﬁafamﬂﬂfa]wg aﬁﬁ'fto?wfrx'ﬂ"'rJH -ef sﬂwh ooyl tlopent-13-

t et r ahydr odigxote-dltdiBdxamide ¢kHig.ycl opent a- 1, 3di oxol e- 4- car boxam de (X11) to
E)’:E{ ng;‘ ;, |431 g g}ﬂ:‘ﬁ ;k_dg\flhwugu[opyr[d n% lscrggc%a %tlt zRF)}q (3- ﬂt&wtﬁ%\ %B{)qpyl J ami no]
t et rahydr Oatﬂin&udhé@dﬂ()dhbﬁﬂir i6 ¥ QiR néséki ﬂsu&dhdl%ﬂint&mﬁoﬂba@b@d(ﬁmedﬂes(c%cﬂ|a)>ove
[eggél_ [ ggg_t %&e%‘aa(sﬁt"?lg'ggé{rf—ﬁd?{(li F\t)rot ien- ml)?n%t propyl] (’%?alo-B r{ltrg BYT? msalm(l)nre]: (9; int 0

| - [ (3- chl othetdattion vegél) 3aBt{Ban dopia@pyllq-andihdid ethy BetralivdrocB B diimekchid-24-diomabhioycldN- et hyl
t et rahydro- 2, 2-di net hyl - 4H cycl opent a- 1, 3di oxot e- 4- carboxam de, , (XI11) to [
I S-[ | a,2[3,3 [i,4a(S* )] ]-4-[3-amno-4-[]

1-[3-chl ocot hi en-2yl ) met hyl Jpropyl ] am no] pyri d- 2-yl am no] N-et hyl

2, 3-di hydr oxycycl opent anecar boxam de di hydrochl ori de hydrate: ethyl

acetate, concentrated HC .



The concatenated syndtesis of [ | S-[ 1 a,2(3.3 [i,4a(S g] 4-13-a

i no-4-([ 1-[3-chlorothien-2 yl)nmethyl] propyl]amn no] pyrid J?‘P‘éﬁﬁ’ﬁ@%

N-et hyl 2, 3-di hydroxycycl opent anecar boxam de di hydcochl oci de hydrate
descri bed {f@¥farade" Whi ch the intermedi ate conpounds ace pgf. rUs§$Hogized but
rather are carrleg forward to the subggquent reaction in solution,
mnimzes the four step process to two reaction vessels and two
filtrations, resulting in a significant reduction in cycle tinme from weeks

to 1-2 dapcgmgcgg : é% | %%?;Bé&ﬁ?t&'ﬁd%%i amgénoﬁdwghtegau&&\qpfﬂqusga afiPhe

easily ac I'n” conventi onal reactions m nat 1 on of

t he i soi amhtltmlSdJ#atQﬂl"Wl conversign tiBafiBee.do. 68 RYfearl 11 6-A L I %hdd?foﬂ)teéﬁ- ously
uncrystal w)nzét@uﬁma?taﬁm@hﬁ«obﬂmtzeﬁgﬁ.@lmpureutyvteethymooﬂm.tnempmmc,%n&@ttt i §ant

i ncrease in ease concatenated sSynthesis also significantly
i mpact s tﬁ'@*‘%edé"éafkﬁxa'étd%)ﬂallqq55£&‘t‘4"bﬁ°"ém‘?!e| ncreased purity of the final drug

substance, [1 ’ﬁl’e[reagrtfi’onZIlI%m%Q:!)ntafhfl’e(i%3k t)lk Vesébt Is fireh mixed with water and the aqueous phase
| -[ (3-chl orot hi en- 2- 8 amno-3H|nt| dazo(4,5-b] pyrid-3-yl]j
2A

N- et hyl 2Whiclyrqmais 3@ bg?&tbtsﬁ@rfn '“U’élt“tfé»défﬁ“&ée Homthe ¥sstioi ng may be better
under st ood by AriiesheRCIves sich@s thethdnol\ollgwddbs dRintbRium/daeted adtl SndPoRae ik @dn f OF

U poses ol d bukSLLak Lo and ate 09t LOLenHE Ll Ll ISR QT b '

[1S-[ 1a. 268 (BRI 6¢1P63548[m-tt3>emerbt!1ibn{234)ehtl@rlmbﬁul]amﬂﬂ}-tyfn)tmtﬁm-] y
ro anj id-2-vla & xam de

o P11 L B P 2l s P GIUE L S GG

(R) - | - ( 3- BaktdoSa®M), Gam}]-6- E—[yll-ﬂl-ﬂdtauhnmbud)mntbyll‘wdnﬂi@rhlno}3 areinppyridiPaylauingiN-

descri bed r r of
Trot hyl - 5 il ity L e Bort LAGRERLL BGRD el Blbad RUB EACEnl U Blers 0
t enper at ur e THee zincxtetat andjany ather fnsedeple mwentreea@tﬂimnelwsé@r filatignof thespntentsar ged
Wth 7 m ops;es&@z{ng Ehe@theLécoﬂed@d 193:10&.@} :@&h&l @Qg‘eﬂeA@& hfdmsto@mﬁt ature. The

mxture is stirred and solid -dichloro-3-nitropyridine_is
pa

directl y Faerde6p@ ") 6agl)- GJIAT{UdﬂFhE’Gﬁ'Ee'VbY'@}B?‘MMB@’YU?“'P@f3r%Bm amigad B j o r

vessel R, edji tétﬁﬂiﬂr&-@%ﬁﬁ\&h}lﬂﬂ—cya_ h,entaaemltxo&gt-éurwxwhﬂe parprakeadfBdeddpout 3S
m xture. s, coole oomtglgperature wth

Cfor G hours with sti
S TT i o s DRt O T s i Vst B N s Br R DR o T 16, 07 4
of 3aR- [ 3afl o2, PAalst)-41p3-anina & W B chlyib-thien-2-yl)methyl]propyl]amino]pyrid-2-ylamino] N-

tetra-hydy th 2..4- di oxab oct r d

benzoat e aﬁﬂl%gd'gydrﬂfy%'fv“loﬁf"mc?rs%wr"begxﬂefshéﬁe"“a% com@hee %1&03] rggetﬁlmsecﬁ’gat ed to
about 10Sra@ctinedse radulgstin erpsallizaéompé [ 1o, 28.3 @ oS *Nddil Samifibd -[bi-Brabogothien-2-

al | owed t g Raf) e Ahy AL AR NGRS 3t o Bft1REREE Chro Blantite SecONd

[ 3aR-| 3aad11'adf6@@q1@de hydewowljighipisglaed byffilgtignch| ocot | uea- 2- yl ) net hyi ] propyl ] am
noj - 3ni tropyri gy a%ot){ér%m ﬂlgtle pMFeﬂIe&WsLect, this invention is directed to the concatenated synthesis
tetrahydro- 2, 2-di rret%% 4H cycl opent'a- 1, 3-di oxol e- 4- car boxam de. The

m xture i escriesd abayf ettcemw@rns\ﬁpqvefen@ 4 dighigro-Yopitrapypidine todet-diflaorardd 80 ni of
wat er ar e nagRilidN atlifu@oid HdiBus89Infpirtine ah@®2 ChlobDEATTr X 8 MitRpiridiktih fhk €d
for 20 minutes while the tenperature is maintained at 5-f 0 C. Stirring is
st opped afde¥meersdfers are allowed to separate, typically over | 5-20

mnutes. The | w&aeraﬁu&@muy 8diCdtenat® rdabtitR\sRpk ztstae@nb@dbdwgowbhumnd RagehQ for
vessel . The E‘HEX‘[ aﬂ_’g ﬁ | ayer is.washed o ce. w t\g\g nL of cold water
(S-10 O). Phth ipfividual seaction S‘ﬂ’f“f‘h“é egehne b‘t"&“tse"ef‘%“é‘!ft“f‘ K%t ur e
i n react i GPpu@ESafle réddilpRMotcd By flitklidaro edtctivh] drlc@iirefnain i fhe feaautna«sssemth&ug of

ammoni um acet ate is ed to.reaction, vessel e ure i
For 15" m AT doeu G PO RPN AN R ACETCARS: e B
20. 3 g of rzgats e vslentsiafe padlaedt t o reaction vessel R in portions until no

exot herm i erved. . Th ture i intajned, at about SO C. The

m xture H@r ea?f’ﬁ%hvet?éc’é‘é’gtagénﬁ %t‘H(é‘?i’yﬂ‘gB (ﬂ ‘gh‘é%%ﬁltm“fﬁyr eThE mixture is
filtered mmemﬁno@mnmmlbt@ﬁdcpapemylm ﬁyratidinctdaetofubd;etrate transferred to
reaction sse e,
Fitered Sha ¢ Rerpierero AP asioaurqins s LaRRFE 4 ela St s T o
cake is V\B:hlotmhldnm’ dimetthiyifpepyifatino B nitrbpyoild-2etldnyiho |acebydt@ahadrd-2{2hdimethglds  ar e
transferred to reaction vessel R . 40 nL of concentrated hydrochloric acid
is added to reaction vessel R acid the tenperature allowed to rise to
about 42 C. Wien the hydrolysis reaction is substantially conplete, the
tenperature in reaction vessel R is adjusted to about 22 C and nai nt ai ned
at about 22 C for 2 hours. The reaction mxture is then filtered through
What man filter paper # | . The reaction vessel R=is rinsed with ethyl
acetate and the rinse |s flltered through the f||ter paper . I7.89 g of

o ~ o~ A 4 ~L - ~ e g,



21 January 2003 WO 00137469 |3 PCf/US99~29643 2-yl am noj N-ethyl

2, 3-di hydroxycycl opent anecar boxam de di hydrochl ori de hydr &t éaml’aéba(ﬂ% as

descri bed above is converted to

[1S-[1a, 2] S*)1]1-4-[7-j[1-((3-chlorothien-2 PCT/US99/29643

yl ) met hyl ] gﬁ%g@?@%m no] -3Himd-azo[ 4,;5-b] pyrid-3-yl] Nethyl 2,3

di hydr oxycycl opent anecar boxar ni de as escrl bed in PCT/ US97/ 21439)

i ncorporated herein by reference. Alternatively, the

[|S-(1a il r n | ) met hyt ] propyl
am no] S‘(f? llbge-"%- ﬁﬁé{% %\lo_k ‘%E’Mﬁa{&’gﬁ’ 115[ eg%%gi&cygﬁog%g#netﬂgﬁégér boxam de

d| hydrochG@nr@iyleﬂylwa\Fd lpﬁtbsﬂatoaﬂiolaw descri bed above is purlfed pr| or to
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stirred. The reaction vessel R, is then charged with 7 mi of water and 14.4 m! of triethylamine at room

temperature. The mixture is stirred and 10.01 g of solid 2.4-dichloro-3-nitropyridine is directly added to
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t enper at ulkydraed. the m xture raised to 40 C. The m xture is then allowed to
cool to 24 Co hour. ter, whi H t hat. t he

acet oni de depr‘ﬁ(\()feact Of‘(‘)l?lss?@{' Efc’ocg'rp eé’t“gmlﬁ'ﬁé E{R t% %J‘l ? t%s:‘%“ r gmﬁw@“ﬁ'nd a

sol i d t anhydreechiqpidé aitds 8i2x ofgdkmmbyntrﬁp)lrﬁmahu rQom tcfﬁb@am:eamdramdnlvaskl Raisd
filter c 30rrLo Gekate The
ol i d i s Ll CBlSAR ool o el LBl 257 ol dipnRSerlendiiaf "0
hours) t 032 mliofid- melliwlmorplb@n@nmmundpe(me Qidgstini@YoThasatownvessel Ry is heated at

oo o o0 B G ER ER a G
C, 4.32; H, 6. Biclrcactign vieGelRyis n Barga! wi 7613, o9 BaR-ha fce b daa)-6-mrviemdNiagin! has
been des C{elr?a,fhré 5‘399'5“?'@?5'*04‘0’&%»2{3}?%‘alpgt?"-?-%aq?&%’d¥363'9&?6' i .ﬁqtuheqsﬁ o NE

nost practic and ef'erre under st 0o at the
i nvent i ontojagout @5 °C|aml baddjatttint tehnperaues dord hetrs e s ket adipwisi o caghovedmightaynt r ar y

t end I
el nded T PES R QUG oERC AR S, AORCER R PR AROIGIRINR,

2003 {{1-[(3-chlorothien-2-yl)methyl]propylJamino]-3-nitropyrid-2-ylamino] N-ethyl tetrahydro-2,2-dimethyl-

4H-cyclopenta-1.3-dioxole-4-carboxamide.

The reaction mixture is then caoled to about 25 °C and 300 mL of ethyl acetate and 300 g of



WO 00/ 37469 PCT/ US99/ 29643 17 'Thus, it is to be understood that variations
in the present invention can be made wi t hout departing f riddndandarydPe|
aspects of this invention as defined in the clains. Al patents and
articles cited herein are hereby incorporated by reference in their =«

entirety agégof$héecd upon. 21 January 2003 Is WHAT 1S lcAlddobhdes 1 _ A
process for preparing a 2-hal o-3-vitte-4-am nopyridi ne conpound of fornula

-(Y)a-"Z NNH 1 NO2 ~N X2 wherein X is a straight or branched chain
al kyl ene, cycl oal kyl ene or cycl oal kenyl ene group; XZ is Cl or F;, Y is NR4,

O or S &nmor@:uﬁlrchlbnde (ZO‘%ﬁnréﬁddédh&reidﬁ&mﬂsél RZAh} Rixureis stickRa fordd nﬁnulesRﬂuledorzz
el n an

(Z2)n ; wherein 1 or 2;

is N, NREDE osr“"S‘g lsn ‘Bbﬂt‘?? “‘bé‘cl;z"’%" ‘ﬁlﬁg"’%ﬁ% rTB%H&eaﬂg“r? yelhrerds H,
al kyl , areyoveélito hlldiigndryahesttor vaszel. Ra and Rb are |ndependently H OH, alkyl,
i o) car boxyP mREyer f ik e Bb Bt by e e Brt B Yo PR e
het er ocy &lsyidred faramprinusdsn tirriagis stopped atdﬂyeztamhslae:l allovddine scpopy.r Tidilevecraquepound of

formul a ﬁZ I}%O{g % Mﬁﬁd%hn?ﬁﬂre&c?or&es@e”d Xz is Cl or F, wwith an am ne of

formul a process of claiml wherei n both X, and XZ are
F. 3. The pro@\@s&qﬁfmé‘h@alm@lmfeﬁﬂm%lm dcetatg arsiaddeil tprreaction vessaHhdd chai n

al kyl eneexogﬁm Qo \A})]sg%ed e ﬁm,nﬁiﬁ, Rfie Adafiﬁi? endgggtlinx pAdv&r s %Jé&’lw rean&l. v%sgeﬁ ( 22~

Z~.~ J erein Z1 is N, N, m bel ng 2;
and Z2 i & Wporimys untthng exathenpy |slggcfygd (jl'hafcm:peraturc in reacuon vessel R, is maintained at 50

°C.

When the reduction reaction is substantia{lly complete, the mixture in reaction vessel R, is cooled
to 0 °C. The mixture is filtered through Whatman filter paper #1 and the filtcate is tcansferred to reaction
vessel R,. The filter cake is washed three times with 150 mL of ethyl acetate and the washes are
transferred to reaction vessel R,. 300 mL. of water is added to reaction vessel R, and the mixture is
stirred for 10 minutes. Stirring is stopped and the |ayc;s are allowed to separate. The lower aqueous
layer is removed to a holding drum/reactor vessel.

The ethyl acetate layer is filtered through Whatman filter paper #1. Reaction vessel R, is rinsed
with ethyl acetate and the rinse and filtcate are traasferred to reaction vessel R;. 180 mL of methanol and
154 mL of coacentrated hydrochloric acid are added to reaction vessel R;. The reaction is stirred for 2
hours at room temperature duriag which time an off-white precipitate forms.

The off-white precipitate is tsolated by filtration through Whatmaa filter paper #1 aad is washed
three times with 150 mL of ethyl acetate. The solid product is dried in a vacuum ovean at about 45 °C to
provide [1S-[1a,2[,3B,40(5*)]]-4-[3-amino-4-[[1-[3-chlorothien-2-yl)methyl]propyl jamino]pyrid-2-yt-
amino] N-ethyl 2,3-dithydroxycyclopentanecarboxamide dihydrochloride hydrate (68 g, 61% yield, 80
A% (HPLC)). MS 470 (M+H). Analysis calculated for C,H;N;O,CIS 2HCI H,0: C,45.13; H, 6.13; N,
12.53; C{, 19.03. Found: C, 45.14; H, 6.15; N, 12.46; CI, 19.12.

Example 3

Preparation of 2,4-diftuoro-3-nitropyridine

A reaction vessel is charged with { eq. of 2,4-dichloro-3-nitropyridine, 3.5 eq. of KF, 0.05 eq. of
18-crown-6 and I-methyl-2-pyrrolidinone. The mixture is heated at 100 °C for 1S hours au(-i then cooled
to 22 °C. Ethyl acetate is added to the reaction vessel and the mixture stirred for 15 miautes. The
mixtuce is washed with water and then with brine. The ethyl acetate layer is dried with magnesium

sulfate and the ethyl acetate removed under reduced pressure to provide the title compouad.



4. The process ofclaim|_ wherein HZN-X-(Y),-Z is

(R) - 1- (3-chl or ot hi en- 2-yl ) - 2- ami nobut ane. 21 January 2083 JamapL80369

PCTI US991 29643 19 5. The process of claim1l, further conprising the step of
reactinb the 2-hal o-3-vitro-4am nopyridi ne conpound with a protected

di hydr oxyamyoe@yegoopent ane conmpound of formula NH2 Q ~~~FeTAisebis8 to form
a 2,4-diatnino-3-nitropyridiae conpoumnsi of fonrrula -~)a-z NNH NO2 . N NH
~."pR T "ORa RRe O ~N-C wherein Tis R or R30-CH2; Qis CH2 0~ GO RI)
R2 and R3 are independently H, alkyl) aryl or heterocyclyl: and R7 and Rg
are i ndependently hydrogen, alkyl, aralkyl car banoyl ) al kyl carbanoyl,

di al kyl - carbanoyl) aryl) al kvxy- carbgy gralkoxycarbonyl

aryl oxycarbonyl, or R- and Rg tog etheriw%rn1~ C~-~C ~-O~ S ~ HORc where
Rc is hydﬁmg@qn@renatwmhcsﬁd)f Rs- [Méﬂéﬁﬂdstjhd* Remarcet-[[hifegderotieni2iyf) ﬂhﬂdﬂogen
al kyl , _i_H]; Q @&;,hﬁ :
cycl oaI k '5‘83%%5%% Jg?‘ob?cglé;si gfﬂc?g %&}J}Qxﬂeﬁgﬁ%% %Clﬁmfc%me d R~ are
i ndependdmdfate. H or alkyl; Rte ~NNC T is R2 ; and R~ and Rg are al kyl. or
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ethyltetrahydro-3,3-dimethyl-2.4-dioxabicyclo[3.3.0]octan-8-carboxamide benzoate is added and the
reaction mixture is heated at 100 °C for 1 hour.

The reaction mixture is cooled to about 22 °C and ethyl acetate and 20% ammonium chloride are
added. The mixture is stirred, the layers are allowed to sepacate and the lower aqueous layer is removed.
The organic layer is washed with water and then methanol followed by ammonium acetate are added.

The mixture is sticred for 15 minutes. Zinc powder is added to the reaction mixture until no exotherm is
observed. The temperature of the reaction mixture is maintained at about 50°C.

The reaction mixture is then cooled to 0°C and filtered. The reaction vessel and filter cake are
washed with ethyl acetate. The filtrate is washed with water and filtered. Methanol and concentrated
hydcochloric acid are added to the organic layer and the reaction temperature is allowed to rise to about
45 °C. The mixture is cooled to 22 °C and left standing for two hours. The reaction mixture is then
filtered and the reaction vessel and filter cake are rinsed with ethyl acetate. The solid product is dried at
45 °C under 25 mm Hg uatil constant weight, typically about 3 hours, to provide the title compound as an
off-white solid (69% yield. 94 A% (HPLC)). MS 468, 470 (100) (M+H, Cl pattern). Elemental analysis
calculated for C,,H,;(N,O;CIS 2HCI ‘H,0: C, 45.13; H, 6.13: N, 12.53; Cl, 19.03; S, 5.74. Found: C,

45.11; H, 6.03; N, 12.4(; Cl, 19.16; S, 598.

Example 5

Fourth Concatenated Synthesis of [1S-[{10,2f,3B,4c(S*)]]-4-[3-amino-4-{[ 1-{3-chlorothien-2-yl)methyl}
propyl]amino]pyrid-2-ylamino] N-ethyl 2,3-dihydroxycyclopentanecarboxamide dihydrochloride
hydrate.

10.5 g of KF, 3.2 g of tetraphenylphosphonium bromide, 33 mL of I-methyl-2-pyrrolidinone and
130 mL of toluene are added to a 250 mL round bottom flask. The bulk of the toluene is distilled off at
reduced pressure (80 mbar, 60-70 °C) to remove residual moisture (110 mL collected), after which the
slurry is cooled to 24 °C under nitrogen. 10 g (0.052 mole) of 2,4-dichloro-3-nitropyridine is added and

the mixture heated to 100 °C with sticring under a nitrogen. After approximately 10 hours, HPLC
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wherein Zj is N, CRs, (CH);;-CR5 or (CH)p-N, mbeing 1 or2; and Z2 is N, NRg, O or S, n being Q or 1;

R4, R5 and Rg are independently H, alkyl, ary! or heterocyclyl; and R, and Ry, are independently H, OH,
alkyl, hydroxyalky!, alkyl mercaptyl, thioalkyl, alkexy, alkaxyalkyl, amino, alkyl amino, carboxyl, acyl, halogen,
carbamoyl, alkyl carbamoyl, aryl or heterocyclyl; -

comprising reacting a 2,4-dihalo-3-nitropyridine compound of formula

X4
N NO,
(X
N Xz
wherein X; is F and X; is Cl or F, with an amine of formula H,N-X~(Y),-Z.

2. The process of claim 1 wherein both X; and X, are F.
3. The process of claim 1 wherein X is a straight or branched chain alkylene; 2 = 0; Rq, R and Rg are
independently H or alkyl; and Z is
(Z2)
I (U
Z 1.| _'I\ Ra
Ry ; wherein Z is N, CRg, (CH);y-CR 5 or (CH);-N, m being ! or 2; and Z7 is N, NRg, O or §,

nbeing O or 1.

4, The process of claim | wherein H,N-X-(Y),-Z is (R)-1-(3-chlorothien-2-yl)-2-aminobutane.
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wherein Tis Rz or R30O-CHz; Q is CH2 or O; R, R2 and R3 are independently H, alkyl, aryl or
heterocyclyl: and R7 and Rg are independently hydrogen, alkyl, aralkyl, carbamoyl, alkyf carbamoyl,

dialkyl-carbamoyl, acyl, alkoxy-carboayl, aralkoxycarbonyl, aryloxycarbonyl, or R7 and Rg together

form
NS <
] 1" R R
o . s H ORc¢ where Rg is hydrogen or alkyl, d ¢ where R4 and Re are

indepen-deatly hydrogen, alkyl, or together with the carbon atom they are attached to focm a [, 1-
cycloalkyl group.

6. The process of claim 5 wherein Q is CH): R{ and R2 are independeatly H or alkyt;
R'\ IOl
N-C
= R s . Re .
Tis ™2 :and R7 and Rg are alkyl. or together form Rq where Rq and Re are in-
dependeatly hydrogen or alkyl. or together with the carbon atom they are attached to form a L, 1-

cycloalky{ group.

71 The process of claim §, further comprisiag the step of reducing the 2.4-diamino-3-nitropyridine

compound to form a 2,3 4-triaminopyridine compound of formula
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10. A process for prepariog {R)-N-[1-{(3-chlorothien-2-yl)methyl]propyl]-2-halo-3-nitro-4 -pyridinamine

compasing (a) reacting a 2-halo-4-fluoro-3-nitropyridine, wherein halo is Cl or F, with (R)-1-(3-chlorothien-2-yl) -

2-aminobutane, hydrochloride.

11 The process of claim 10, further comprising the step of (b) reacting the (R)-N-{1-{(3-chlorothien-2-
yl) methyl]propyl]-2-halo-3-nitro-4-pyridinamine with 3aR-[3ac,4a,60,6a0]-6-amino-N-ethyl tetrahydro-3,3-di-
methyl-2 4-dioxabicyclo[3.3.0] octan-8-carboxamide, benzoate to form [3aR-[3act,da,6a(R*),6aa}]-6-[4-{{1-{(3-
chlorothien-2-yl)methyl]propyljamino]-3 -nitropyrid-2-ylamino] N-ethyl tetrahydro-2,2-dimethyl-4H-cyclopenta-

1,3-dioxole4-carboxamide.

2. The process of claim L1, further comprising the step of (¢) reducing the [3aR-[3aa,4a,6a(R*),6ac}]-6-[4-
({1-{(3<hlorothien-2-yl)methyl]propyl Jamino}-3-nitropyrid-2-ylamino] N-ethyl tetrahydro-2,2-di-methyl-4H-
cyclopeata-1,3-dioxole-4-cartboxamide to form [3aR-{3aa,40,6a(R*),6aa]]-6-{4-{{ L -{(3-chloro-thien-2-
yl)methyljpropyljamino]-3-aminepyrid-2-ylamino| N-ethyl tetrahydro-2,2-dimethyl-4H-cyclopenta-1,3-dioxole-4-

carboxamide.
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(3aR-{3a0.4a. 6a(R*),6aa]]-6-{4-[(1-[(3-chlorothier-2-yl)methyl]propyljamino]-3-aminopyrid-2-
ylamino] N-ethyl tetra-hydro-2,2-dimethyl-4H-cyclopenta-1,3-dioxole-4-carboxamide.

[7.  The process of claim 16 wherein the 2,4-dihalo-3-nitropyridine is 2 4-difluore-3-nitropyridine or
a mixtuce of 2 4-difluoco-3-nitropyridine and 2-chloro-4-fluoro-3-nitropyridine.

18.  The process of claim 16 further comprising the step of converting 2,4-dichloro-3-nitropyridine to

a mixture of 2,4-difluoro-3-nitropyridine and 2-chloro-4-fluoro-3-nitropyridine.



