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PYRRCOLJ 2. 3-d1PYRI M DI NE DERI VATI VES: THEI R

| NTERVEDI ATES AND SYNTHESI S FI ELD OF | NVENTI ON The
w@r@senmoss nvention relates to nmethods of synt heST/EB2005/002048

pyrrol o[ 2, 3-d] pyri m di ne conpounds and i nternedi at es

useful in their synthesis. BACKGROUND

Pyrrol o[ 2, 3- - d] pyrl m di ne corrpounds are potent

3 (IBING DERIYAG N SERNIED | ETEBVAKD SYAITHESIS

Ki nase 3 (JAK 3) and are therefore useful for the

treatnment of a wide vari | ogi cal

di sorders. Such di sordefg?‘r?f.‘%“' t are not limted

to lupu clergsis, rheumatoid arthritis,
psor BaT ey Righ b aioeR g iias aplBAs P e compounds
agH '&‘B@teé@tes geghitie thelr agitispia, atopic dermatitis,

aut oi mmune thyroid disorders, ulcerative coI itis,

Crohn's di sease, Al zhei neg, e and | eukem a. The

conmpounds are al so useful EATé'rpﬁf'ﬁe‘ﬂﬁ"rseat ment and

P VB S B o AR TR EASe s o e
JW? Kigpss [SZJPgﬁ il r*r?reforﬁeisefelﬁw@wﬁ@stmentr@érr yideregriniy dsimgiinological
digerders. adudh tirbl:&derrs rﬁgmﬂeibelfeirénoanﬂteﬂ npURLSeditpE eSerbeky Meumatoid arthritis,

p%r@é@ @%}5'1%@9@(@@%@%&96“‘;&%& fro%r o%%gtF?E%ﬁe gs'thﬁfar? r?c derr)(y tis,

I'S
S g N A A,
Theeompeurderre alsmyssivt in dhe treainknt@fid wikNecton af ddrdnis oosqu@roatae thansplant
rd;epucrneérregref&c‘aed&éhog,{a@ir entirety. US Patent 6, 627, 754

g eSSédeQrﬁ D rol?% (EEP mrgr"re Togrpgung their mre{haﬁis of ﬂse d t%ﬁrhs%r}es and
miteaéeqraéﬁsﬁra\f Vp\)rol.ls qgf,c-@beddrﬁpz flprd 65,‘2@75&\@0 02096909 WO 03048162
agoyS B irderthnpiratdnt20a4/@ 086 A1 @sniesi@ baslgnéd b itaiabinge Bifthe present

inRErAbE bilof Iﬁr'h ﬂ@% %c&rﬁé’rgtgd ﬂﬁ'e%#eﬁce%l%&%trre@mg’ Patél} g 697375% uo%scrrbes the

C<Jan['PeC>UleJ e{ eth (Z thrFOIong%ng)glpMn) i Fg%s |In?/1fyal§goxo proplonrtrrle and its
C?rrﬂsrtqnﬁw%cﬂ% et e hssiul infieigrvef ribtein ingses isténss thesoninesIAK 3) and as such

arbyipeu! for he@bLiaBmamEuipaidild 8kt @ﬂoréaanﬁh@laﬁQ %ﬁ@txansplamatron lupus,
mgﬂﬂggr! ros%t r‘ﬂg*n%t(ﬁ?grﬁﬁt‘s (.I)soﬁas B@EQ 6&2%&% aFrc!'] %mglrcatron from diabetes,

I sor ers cerative
HeY HErAReretif, agejamung f@u%%ﬁf%deaﬁnﬂcwﬁerolm%d?rqiﬂaﬁ idigrse, Alzheimer's
diptpae. deukemia arel hepipdiesisisorhenstrohithe Beppekasion wdildhe delfirable. US published

api&hibrsiveslo RREI7G aldcias 4 gﬂ‘/thgsr; 028 %?éaﬁrecﬁ]a@es ¢! '(pge%zsyl Ii]?nethyl -piperidin-
3?{ rr}rte!ﬁﬁségnne%wrocﬁlo%etSﬁ{tilm_?rkg}r 6 é'?‘fﬂaf”ﬁhe synthesis of 3-{(3R, 4R)-4-methyl-(7H-

pyrroto]2,3-d}pyrimidin-4-yl)-amino}-piperidin- 1-y1)-3-oxo-propionitrile and its corresponding citrate salt.

SUMMARY OF THE INVENTION

Previous syntheses of pyrrolopyrimidine compounds described above and specifically 3-{(3R,
4R)-4-methyl-(7H-pyrrolo[z,3-d]pyrimidin~4-yl)-amino}—piperidin-1-y{)-3-oxo-propionitrile have all suffered
from poor yields and slow reaction times for the coupling of 4-chloro pyrrolo pyrimidine with nucleophiles,
specifically with (3R, 4R)-(1-benzyl-4-methyl-piperidine-3-yl)-methylamine and its salts. It has been
surprisingly found that the introduction of a removable activating group on the pyrrolo pyrimidine nucleus
with a leaving group at the 4 position markedly improves yields and reaction times towards reactions with
nucleophiles specifically (3R, 4R)~(1-benzyl-4-methyl-piperidine-3-yl)-methylamine and its salts. The
synthesis of a key intermediate useful in implementing one aspect of the aforementioned synthetic



3-yl)-nmethyl -am ne hydrochl oride salt, which is useful
in the synthesis of 3-{(3R, 4R)~4-nethyl - (7Hpyrrol of

W@ 287013 i m di n-4-yl)-am no}-pi peridi n-1-yl) - Be DXBR006/@2048
pionitrile and its correspanding citrate salt. SUMVARY

sod PO BN G B SO B BE Rpe L peapgarena s . etal,

%@pq‘m @éﬂpgﬂ 1385{ @@p@/o reported yleld WO 04021979; 41% reported yield). However, the
syrﬂﬂ@)sss desatich Y the( ITdrbtiry brookoad Rw Jied} @fyws d¥bifk Brofludy. lI)m@RowiRkn
su hs‘ﬁ@fy'fcﬂh@fhgt b\,élcg eﬁﬁy%ﬂroﬁﬁé)tgé %&Hs 0 pﬁlo&%}{r%us?tlx&chf ﬁgef aeﬁd ?r%lkyl amine

ow reacti on

S baqeip b ABUIAEn T GRIIOY BB HIPG S - HBPHTInGgh§ Hoh one can obtan
srgmtﬁ;@hfb'cupmweesrlelde@’é‘@u depiwd pioyuchi t h (3R,

4 Rjior alerfgy et e adyrimrt)nl drfdeRfioh B pp@iinRmy saks \Vﬁl‘bb\)éhmcf@nral auxiliaries
Gl@ﬂg F} t ?alsakgeﬁf /lretm n@%d b%ﬁ?ss@ ?5 Jem%l rg‘gre%eg 8%9 g1ere|n ?]ee algo Legault,

ucti on

0
C. \by%‘ Rlot" o“”bﬁ?’fh Sd’P r?é7 ﬁ%%ﬁ s whtoﬁmach aé%quf@raéqddupefefmﬁ fpgheir
10 entitetigg)diptd tynicalieredubiet] iy piberine foesatiyi 2kt dith mucknagatbicGRcdssdTRE ). It

had Q%%ﬂr%n&r%@%dn@ Mgt td éstﬂb'tﬁé /R drafoR o%?ﬁ&dl)f du 5&1‘11[{6\6 NEaReyt or

subsf%tecg ﬁ benz():/llz p%érldlmufrhsa ts o rﬂfl Eag s%bs@?tecgN%%ri}yl oh%Ft Né%q "gl"‘é‘zy'
tetrglavdfogyridings Wl%p@qwmﬁ@rt@wgrog@pwtca@ﬁsq preduces enantiomerically enriched

pipafdieempatves ned! is yHatshalidsie SERIBNBIBpyrimidine compounds described above and
5 Iy DEEAyo-
1 spgc}ﬂga'll?!’é ggﬂi 3h($j)zé ?g?v?)gfe}g W(@[gé 6336;&1 m:KX 42 yg]amnp}eplpe &r-4 N&@@%XO
p“éﬁ%’lﬁ‘l 31,1501 ,1988; 26. 5% reported yield; WO 04021
W@mqul%ené pfevﬁ‘msynbed febyein, Hoveeion, it ¢re asgenitrhieise ® methods of
malif$ & EdntpBehdiontht R&muib iy at ur e produced | ow yi el ds of the
desired product. It has now been surprisingly found
that by carefully controlling the anounts of
phosphor ous oxychl oride and trial®y, am ne base used
to react with the starting ma /al 7H pyrrol o[ 2, 3-d]
pyri m dine-2,4 diol, one R&ﬂ/@ggl n significantly
I mproved vyi el ds of the desiNed“prorluct Prior attenpts

at the asymmetric hydrogen of pyridiniumsalts
wi t hout attached chiral a%l a?\ es (Gorius, F., et
al ., Angew, Chem Int. BEg~ 'N 2859, 2004 and

references cited therein; see df so Legault, C. Y., et
20 al., J. Am Chem Soc. 127, 8966, 2005; both of which

are i ncorporated by reference in their entireties)

compiigie o geealt |y resulted in piperidine formation but

couplirighan potvate pambipgiEdineCcoRl A8 5Ake KogBulsS)a |t has been
surprisingly found that the asymetric hydrogenation
of suitably substitut ed N-benzyl or substituted
N-benzyl pyridinium¥alts or suitably substituted
N-benzyl or substituted N-benzyl tetrahydropyridines
Wth certain asymr%\ri c Nydrogenation catal ysts
produces enanti orgeridg ﬁy enri ched

lla
25

wherein L' is a leaving group, preferably chloro, bromo, iodo, or fluoro, most preferably chloro, and X' is
an activating group, preferably chloro, bromo, iodo, fluoro, CO,R’, COCO,R’; SOAr, and COAr where Ar
is a (C3 —Cyy) aromatic group optionally including 1 to 6 heteroatoms chosen from ONR’ and S
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pi peridine derivatives useful in the synthesis of the

pyrrol opyri m di ne conpounds descri bed above and
wap@aioiissal |y 3-{ (3R PCT/IB2006/002048

4R) - 4-nmet hyl - (7Hpyrrol o[ 2, 3-d] pyri m di n-4-yl ) - anino}
optlgﬂ\a@}eéubgftﬁbdjmtx b )e éggrﬁlgvggélgo?éd%%}n 6' b%alwﬁal%gen rﬂr ﬁrgj cyano where R’

describ
o TR HOEREIBE ST s TR it a
amipeyf inglFarmugdlla. eomgait ttetenty t he step of ; coupling an
activated pyrrol o pyrimdine conpound of the Formul a
Na Ha wherein L is a | eaving group, preferably chloro,
brono, iodo, or fluoro, kpreferably chl oro, and X1
is an activating group{ preflerably chloro, brono,
i odo, fluoro, CO2Re , Ry, SQ2Ar, and COAr where Ar
isa (C - Cl2 ar Owet i C oﬁp optlonally including 1
to 6 heteroatoms ch8sen from OLNR and Soptionally
substituted with 1 to 3 groups sel ected fromuCl
-C6) al kyl, hal ogen, nitro, and cyano where R is

€ 0 a 1523 (=Y <t.=,r T (;1 . Fo) al K
s s L S B e G K
Isa f"ﬂ%geéaﬁf’??ﬁtr“a OqHRy Prefrrably b§@ﬁ>’t mttm%semoe of H-epspvtpeafarplly ARalkbtsor trialkyl

amitrpybaeeo gere poaferétll peté3Biumlchpbriatedor b&iuatatbdhL4) Qfostfp\‘éﬂi%\tﬁ%/ dofissium

carbBnatd didrd REPRE BRI oftlelror i IV?I kyl; and P is a
nitrogen protecting group, pre erably benzyl; in the

gresence of a base, preferably an alkali or trlalkyl
ﬁﬂ?{@efsﬁg@lmwbﬁ@ﬂm ghoeg faifleycopwtises dewtep o rdoonad e adtivating group,
prefgratghy dhforc; At eorotedisd grolipehree bl ¥erRRlRHS d&ﬁ:})&@lﬁ BARS:Enula 1va

to afford a coupl ed product of the Formula

anot her enbodi nent the step above further conprlses

the step of; renoving the activati’ag group, preferably

chl oro, and nitrogen protecikf?ﬁgroup, preferably
e f

benzyl, from a conpound wrmla IVa
sequentially, in either ordr ~orrin a single reaction
vessel, to afford a conpo the Formula VVIn a
further enbodi nent the repoval Yf the activating group
when the activating groyp~ing thil oro and protecting
group when the protecting grou% is lapile to

hydr ogenol ysi s, preferably benzyl or

sequentially, in either order, or in a single reaction vessel, to afford a compound of the Formula V

(R')a

In a further embodiment the removal of the activating group when the activating group is chloro
and protecting group when the protecting group is labile to hydrogenolysis, preferably benzy! or

substituted benzyl, is accomplished in a single reaction vessel in the presence of hydrogen or a hydrogen



substituted benzyl, is acconplished in a single

reaction vessel in the presence of hydrogen or a
wohydrogessour ce and a catal yst, preferably pal PemiB2006/002048

hydr oxi de, pal | adi um on carl@on and platinun1on car bon,

Lﬁ@esatnd Q%lefgt %%f&ab%ah%#ﬂ%r@y %0? )fla um carbao f uc{;(ptlatlglllr? on carbon,

mc’fztf?éﬁ?eé%q“y RaledumyvePXdq- ¢ raceni ¢ or enant | orrerl cally
gn e futher@mhddirtant e einipge efdifie FolrNta lidder 2l salt theteofrid Migor liic racemic or

en@ERAIEAM Birickd¥aniaive BRredf the Formula Ilia or a salt

5 thereof is IHJd or IHe or a racem c or enantionerically

enriched m xture thereof. iiid Ille In a further
embodi nent the amine of ®ke fornula | Daf: a sa)t
t hereof has the for a’Jd which ha tﬁp 3R, 4R
configuration. |H&R lma®urther i
salt of the Formuladl Hd having the 3R, 4R P
configuration has the Fornula IH . ITH In a further
enbodi ment P in Fornulﬂé illb-f is protectlng group
labile to hydrogenolysﬁ preferably bgﬁzyl or
substituted benzyl. In a further enbodi nent the

10 conpaunthecdmbbli@edtleliting of aFdtasia 1B Q- &4t Mskadf ik MB of Me & a racemic
or didfidoREica R ARG AR Rﬁ_ .enoval of the chloro

activating group an enzyl protecting group froma
compound of the fornmula IVb is acconplished in a
single reaction vessel in the presence of hydrogen or
a hydrogen source, & hydr ogenat i tal yst,
preferably pal | adhumiy \gxide, pal | adi on carbon,
or platinumon carhpn, nose prefergbly pd?#adium
hydroxi de, to afford a conpound of the Fornula Va. In

a further enbodi nent the conpound of Fornula Va is

15 acyl ated with an acyl at'idng agent of e Formul a VI
In a further embodiment the amine of the formula llla or a salt thereof has the formula Nd which
has the 3R, 4R configuration.
\N“‘Q\
20 H P

d

In a further embodiment the amine salt of the Formula lild having the 3R, 4R configuration has
the Formula lilf.

o]
""" HO,C.,, O
\N\“Q\‘\ /[
H P HO.CY ~Q
2 o]

25

¥



XNOWVI wherein L is a |leaving group chosen fromthe

group consisting of -OCOR 3, OR3, hal ogen, hydroxyl
wa@a@aiondons dyl , sul fonates such as tosyl and neBg1/1B2006/002048

wherein R3 is Cl- C6 al kyl; spreferably L is -0OCO

wherein R3 is t-butyl; optionally in the presence of a

bas?, }%ﬁgfford a conpound of the Formula |a.

Addit 3 IS SedIentiyn Ferayentief s riptestisg grovp ohits ¢ adrogeriotyeis,
Prefaiebfia bénayi obwibstietad baadyl. vat ed and unacti vat ed carboxylic

aci dn dleskthat Bknbdfente coMifolifior WO EGRLAMNG ik 2Bl Rih®y the

above acyl ation step can pefound in Benz, G

Conpr ehensi ve Organi ¢ Synthegsiy, B. Trost Ed., Vol une

6, Chapter 2.3, tables 1.7 .whi ¢ j-sPtherein

i ncorporated by referencelints entirety. In a

further enbodi nent a coppeund of the Formula la is

reacted with citric aci ord t he correspondi ng

citric acid salt. Af 9 epodi ment of the present
invention is a nmethod”of nakitng a conpaypd of the
Formula I1'Vb I Vb conprising the step of coupling an
activa@ed p%rrolo gyrinidine conmpound of the Formul a

li b "7 b ePdinantthe emaval efdha dhigrogetyaiing gppue fiskNrbingyl protecting group
fragtd eempounid ottbe folmmutantigh &rckofblisbédin a BIRGE repdtied RIseddInYtheGd s8R @ of

hyaddgensea hﬁir@@q Sfubce VAN la AQLr & R4Bn cdtiif brefd th%%X by droxide, palladiu
on%%él\’ orpl%ﬁR‘on vfaarbno(rj\ Ccs)ta\r;f IAEI })Sﬁ gll - -o %kjihé/ ot ograt%’c d fta )
group “opt 1 onal PP HETLYPRGPY PR3 8N heoxiPe i gRed & Frirpaynd of the
FFPdaYsO, NR and S, optionally substituted with 1 to 3
groups selected from (Cl -CB%EZE%I, hal ogen, nitro,

and cyano; where R is chosen|fromthe group

consi sting of (Cl -C6)al kytyand-BBnzyl; preferably X2
is a tosyl group (p-toluenelsul fonyl group; -
SQ2C6HACH3) ; with an ani!e\b he Formula Ilia, or a
salt thereof, Ilia wherei W (ClL -C6) alkyl; ais
an integer fromQo 4; R2 is hydrogen or (Cl1 - C6)
alkyl; and Pis a

In a further embodiment the compound of Formula Va is acylated with an acylating agent of the
Formula VI

l\ﬂ/\CN
© Vi

wherein L is a leaving group chosen from the group consisting of ~OCOR®, OR?, halogen, hydroxyl
succinimidyl, sulfonates such as tosyl and mesyl; wherein R® is Gy~ Cq alkyi; preferably L is -OCOR?,
wherein R3is t-butyl; optionally in the presence of a base, to afford a compound of the Formula la.

N7 ©
H la

Additional coupling reagents and conditions for amide formation between activated and
unactivated carboxylic acid derivatives and amines which are suitable for the above acylation step can be
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nitrogen protecting group, preferably benzyl; in the
presence of a base, preferably an alkali or trialkyl
wanmineivase, nore preferably potassi um car bonaP€T/tB2006/002048
sodi um car bonat e, nost preferably potassium carbonat e,
ol iebELr ; f .the raula Vb, In
Wé.wgeﬁ'ﬁﬁb%%?ﬁ%?o%@%%%%&a REGT VB gpCeplee2 . abes 17
By 1Yt BERPORY WiEBYEM 5Bt ¥et i ng group are renoved
f r ot afudbergoberiment a tdvwofairaiihe Borib 5@ auast withlcltit =cib to afford the
capre$poRdingQititelcid@eit.i N a single reaction vessel to afford
ac f.the Fornula V | n. a further enbodi nent
2 RAP Rl GREILR Yk T BT v o
referably aqueous sodi um hydroxide. In a further
enbodi nent the amne of the Formula Ilia or a salt
thereof is Formula H b or |Uc af, a racem c or
enantionerically mxture thergof? IUb IUc In a further
enbodi nent the am ne og th rmula Ilia or a salt
thereof is Hd or HeRox mxtares thereof. IHd IHe In
a further embodi nent theYanmmnerof the formula Ilia or
a salt thereof has they a lild which has the 3R
4R configuration. In alfurther enbodi ment the amne
salt of the Formula | Hd Whi¢h has the 3R 4R
configuration has the Fornmul& IHf . In a further
enbodiment P in Formulas |Ilb-f is qwﬁrotecting group
| abil e to hydrogenolysis, preferably benzyl. In a
further enbodi nent Fornula |IVb has the Formula IVc In
cogriNthieeierehtruingremectivaies nyestomeimidof corfi@utdas \He FLapib
and benzyl group of the Fornula IVc is acconplished by
an aqueous al kali base to pmenove the tosyl group and
by hydrogen or a hydrogen source and a catal yst
preferably paIIadiun1hydIOX|dé\ pal | adi um on car bon,
pl ati num on carbon, nost “pgefarably pal | adi um
hydr oxi de, optionally in the ppesence of an acid,

preferably acetic acid, to remove

wherein L' is a leaving group, preferably chloro, iodo, bromo and fluoro, most preferably chloro and X* is
an activating group, preferably benzyl, SO,Ar , CO,R’ ,and COAr: Ar is a C3 —C» aromatic group
optionally including 1 to 6 heteroatoms chosen from O,NR’ and S, optionally substituted with 1 to 3
groups selected from (C4 -Cg)alkyl, halogen, nitro, and cyano; where R’ is chosen from the group
consisting of (G4 -Cg)alkyl and benzyl; preferably X? is a tosyl group (p-toluene sulfony! group; -
S0,CeH4CHs); with an amine of the Formula llla, or a salt thereof,

(R,
« L)
v “p

Na

wherein R is (C1 -Cg) alkyl; ais an integer from 0 to 4; R? is hydrogen or (Cy ~ Gg) alkyl; and P is a
nitrogen protecting group, preferably benzyl; in the presence of a base, preferably an alkali or trialky!
amine base, more preferably potassium carbonate or sodium carbonate, most preferably potassium
carbonate, to afford a coupled product of the Formula 1Vb.



t he benzyl group, to afford a conpound of the Fornmnula

Va Renoval of the tosyl group and benzyl group nmay be
wacewanpdosshed in either order. In yet another PCT/IB2006/002048

enbodi ment of the present iMvention is a nmethod for

py?r] #@%eﬂgnﬁ%% P ghﬁq ﬁg {s%Eosgtg tlbeftge(/rairourp aLg Fi? ??elw protecting group
are rEHOWﬁTP@Iﬁ@P!ZDQBH@?fﬂmﬁOi‘mﬁ‘?’th@’ﬂ@“&a“m"{ﬁ't Wtdﬁf%w&sﬁﬁlﬁr’%%tm
vessaMy EffrdP4 Eolind ofife AErAOAYI C sol vent, preferably
toluene, to forma first solution at a first
tenperature, preferably from betvveen about AC to
about 500C, nost preferably pﬁuat 25 C, b) increasing
said first tenperature of ;[z/iwlrst solution to a
second tenperature, pretée | yNbet ween about 400C to
about 1000C, npbst preferaply about 750C, c) adding to
said first solution at § ond tenperature a
tertiary am ne base prefler I di i sopropyl et hyl am ne,
to forma second sol uti ofNat jt he gecond tenperature
and; d) increasing said second tenperature of the
second sol ution to a third tenperature, preferably
betime farthaalb@bddinnt thathsyh brout is EREEEC, by e squepuserfkeli o, preferably

aqug&gggdmm@g@mdg or a first interval of tine preferably
et we

no, f

bt APl Sthe S SRtenih e -S9 heP Ao or toors
racqmmfe@“emnt@rneﬂb@vm@wfa%ﬁt 1.5 and about 6 equival ents

and the tertiary amne base, preferably

dii sopropyl ethylamne, is present in be&vyeen about 1,0

and about 8.0 equival &)? both rel a o the

starting 7H pyrrol o[ 3\ld] pyri m gl ;g::ﬁdf di ol .

Preferably the p oxychl b‘N I'S~present in

bet ween about 2.0 érhd abouf 3 equi Val ents and t he

tertiary am ne base is present in between about 1.1

and about 2 equival entg, Mst preferaljy the

phosphorous oxychloride is present in about 3.0

equi valents and the tertiary am ne base is present in

aboot i2the eetyodivertt thaterine pithelF dimylz He pr aseth Sdieaeintid gr llle or mixtures
thefBt hod of producing enantionerically enriched

pi peridines of the Formula Xc; wherein Rl is hydrogen

or (C1L -C6)alkyl; aui i nteger fn to 4, R2is
hydrogen or (G - C{‘
\N\“ N\ \N N\
N P N P
lid Ilie
In a further embodiment the amine of the formula !lia or a salt thereof has the formufa lild which

"’/,
~, N

N
H P (Md

has the 3R, 4R configuration.

in a further embodiment the amine salt of the Formula [lid which has the 3R, 4R configuration
has the Formula liif.



CB)al kyl; and R' is chosen fromthe group consisting
of hydrogen, Cl1-C6 al kyl and CF3 groups; b is an
w0 ndegerssrom 0 to 4; conprising the step of; BYT/IB2006/002048
asymmetrically hydrogenating a benzyl pyridiniumsalt
of the Fornmula Xd wherein where X- is selected from

the group consisting of chlor ronmo, fluoro, iodo,
triflate, tosylate O - BF 40 erably bronb, R" is
Cl-C6 al kyl| ., arh iridium or rutheni um
catalyst p efe y b|§? -cyclooctadiene)rhodiun1(|)

trifluoro i\a u\l\ o% a chiral phosphine
i gand preferably (R (- -1-f(S) - 2-(di phenyl
phosphi no) ferrocenyl ] et hyl OyI phosphi ne;
(R-(-)-1-{(S)-2-( dicycl ohex nf
phosphi no)ferrocenyl Jethyl di-t- butylphosphlne or
R -(-)-1-{(S)-2-di-(p-trifluoronethyl phen
phioggiriharbedime 8y dratiaslib-Us a protseling Bﬁ?lﬂ'ﬂ)‘é‘?ﬂ% it diogenpipids.
pref@gbey&ﬁn@e of hydrogen or a hydrogen source is
5 Pr OV et Slolieh BT £ el @ L he benzy!

pyri |n|un1sa has th ormula Xe Further preferred
i's where the benzyl pyr|d|n|un1salt has the Fornmul a Xf
In a further enbodi nent &. hod of producing
enantionerically enrlched[gigbrluines of the Formul a
Xg wherein Rl is hydroﬁeh -C3)al kyl; R2 is Cl-
C6 al kyl; and R' is cho romthe group consisting
of hydrogen C1- C6 al kyl CF3 groups; b is an
integer fromO to 4;co Nng the step of: a)
Asymmetrically hydrogenatlnﬁsa t et ralNgdr opyri di ne of
the For mul a Xhwher ei n R" is G-C6 alkyl; with a

i diu ni um cat al fe I .
bI gr( sidegheé erghoggrbeg{aae réaﬁlg ar ?] &I t%s% g((iu)o an(y be‘hzyp Srg c{f ﬁ\% F¥rmuta Ve is
aCCQﬂm“$hled|b>r%§1mUh%tﬁ@§<9‘l *faéhfatremaﬁ the dpsylgTorR PN GuPspACA &' a hydrogen
10  soulck ganttaplyefpasiaitiypaldd)umhyfirodide] fdBpdidn ¢rdéaptoe pjdtinum on carbon, most

pref E@yc‘ %ﬂ cﬂ%) h;?Fo& as, e%&nkww%e pl@Eent;e Bk X&I:Iclp BMy@%@tlc acid, to remove

thebﬁﬁ‘é‘éﬂ'ﬁi“h&ﬁﬁgﬁdr‘ad’@@ p %ft%ﬁ"maﬁa&{ but yl phosphi ne, or
(R-(-)-1-{(S)-2-di-(ptrifluoromethyl phenyl)
phosphi no) f errocenyl ] et hyl ‘dj ~t: butyl phosphine in the
presence of hydrogen or a hyen source. Further
preferred is where the tebtnahyd gpyrldlne has t he
Formul a Xi The present inveanti on may be under st ood
nore readily by referenceifbi: foll owi ng detail ed

N/
H Va

15
Removal of the tosyl group and benzyl group may be accomplished in either order.
In yet another embodiment of the present invention is a method for the synthesis of 2,4-dichioro-
7H-pyrrolof2,3-d] pyrimidine comprising the steps of:
a) reacting 7H-pyrrolo[2,3-d] pyrimidine-2,4 diol with phosphorus oxychloride in an aromatic
20 solvent, preferably toluene, to form a first solution at a first temperature, preferably from
between about 0°C to about 50°C, most preferably about 25°C;
b) increasing said first temperature of the first solution to a second temperature, preferably
between about 40°C to about 100°C, most preferably about 75°C;
¢) adding to said first solution at the second temperature a tertiary amine base preferably
25 diisopropylethylamine, to form a second solution at the second temperature and;
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description of exenplary enbodi nents of the invention
and the exanples included therein. In this

wa@p@cioiissati on and in the clains that follow, Pel/EB2M®2048

will be nade to a nunber of9terns that shall be

def n%Qre‘éé?ns%@gi%eéoh@te&%r!}tgﬁoﬂgegg% 'sGlgﬁ’d to %% (Sl%FnB%rature preferably

nonova
hy d ro E%WB%S‘erP‘&J P 8L 7P Trgmett P@fe{ﬂ*ﬂy aB‘?“éh‘l?ﬁ% dpr gyfirst interval of time
cycl i erefarbiytbemsenpaboetdrib enviabpu A% hrt hest ereferablgabevpli@ss of
S UCRheBiPP BhdspHoldul Sxya'hﬁnd@fs BreBitt inlbbiedrefodta.sraRE Bddut 6 equivalents

et h?rld thqur%?'y meé ?a%g J)?Q%:lably ﬁsq&:%fg%et{'@ﬁ%%t ¥. 8res<£nt P\%ﬁ%eéq about 1.0

cyc

Th e"""tdé‘l""i’l"itg Ieﬂ%"ﬂ?"tsl lﬁ’g‘ "Blefive odpesgtaing 7&?%1@%{2 %@r"@m'ﬁme‘z 4 diol.

al kipeferagly & ptiesphares oajsdiurtle ispresatlirdstweat bivwde2. hartd aaowe 3 equivalents
Not afdithd tEr@éer)EfﬁmngésQ Weselﬁ?nh)@%éen zﬁUoQtplolxéﬁd abSUPPERRAXMs. Most

C;E:f? XféfaF%X Hésﬁﬁé%éus orycﬁom%)/s )Presgncllﬁm J%PLQ?% %w\éﬁiegts apd the tertiary amine

" haPQ?@ér?’eSFfﬁéﬂ here s- Ofelqw&*e@fs chI oro, bromo, or iodo. The
t er ma'fiathkiesmyblodimeitt @lmettes offenaosiel caarttiomércalyghtichld @steiting of the

Fo,g{u,ag?écl i ¢ hydrocarbon radicals containing one or nore
b

doubl e bonds. Exanpl es include but are not limted to,
et henyi, propenyl, butenyl, is hteneyl cycl opent enyl
and cycl ohexenyl . The tern1" | Rynyl " |ncludes

nonoval ent strai ght or k2 edh hydr ocar bon radical s
cont ai ni ng one or nore tri{ﬁbl e borjds. Exanpl es i ncl ude
but are not Iimted to ethynyl, Ipynyl , and butynyl .
The term"acyl" refers to a -C(Q -7mBhety. The term
"nitrogen protecting group” or "afm no protectlng

gr owpereaR’ isedtodes oeion-Gajalkyl; dieanindgar §tro0th 4¥R® tshgdrogen or (G-

Cs)§!K\J'I |a|n@ ﬂ” |9 @rfo%@ﬂr&ﬂhé &G\Ld&ﬁs@m BydidRas, 'd?—@?gkyl ghd CF3 groups; b is an

annl c Synt hesis" 2nd Edition,

mtePeWom L Comgr'sd‘g%’eéteﬁl '"Witz, Wley |Interscience (1991)

in par ﬁﬁwveéncaltvww@genﬁ@@ﬁé@ZﬂPyr}sagwamfmeﬂzn%ﬁXct hat
reference, the disclosure of which docunent is hereby
i ncorporated by reference in its entirety. Exanples of
suitabl e protecting groups includre)but are not limted
to benzyl, carbobenzyioxy, ot-b yagarbonyl (BOO)

9-fl uorenyl - net hyl enoxy caifbo N

al 'yl oxycarbonyl . The teRi™"|®aving ‘group” as used
herein represents a group that ca di spl aced by

TR
=

wherein where X- is selected from the group consisting of chlore, bromo, fluoro, iodo,
triflate, tosylate or —BF, , preferably bromo, R™ is C4~-Cg alkyl ; with a rhodium, iridium, or
ruthenium catalyst preferably bis(1,5-cyclooctadiene)rhodium (1) trifluoromettianesulfonate and
a chiral phosphine ligand preferably (R)-(-)-1-{{S)-2-(diphenyl phosphino}ferrocenyljethyt di-t-
butylphosphine; (R)-(-)-1-{(S)-2-( dicyclohexyl phosphino)ferrocenyllethyl di-t-butylphosphine, or
R)-(-)-1-{{S)-2-di-(p-trifluoromethyl phenyl) phosphino)ferrocenyllethyl di-t-butylphosphine in the
presence of hydrogen or a hydrogen source is provided.
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nucl eophi | es. Exanpl es of | eaving groups include but
are not limted to hal ogen, nesyloxy, tosyloxy, and

wapivymiisde resi dues of carbonic acids such as PCT/IB2006/002048

t - but oxy- car bonyl oxy. The tierm "acti vati ng group"”
refers to any group on pyrrolo pyrimdine noieties of
the present invention which enhances its reactivity

t ownByrtherrieferraddmivhers the PrAEY Brdiniyp &althea beiFemsiagiet h

nucl eophi |l es. Activating groups are typically electron
wi t hdrawi ng groups such as hal ogens, for exanple
chloro, sulfonates for exanple tosylates, nesylates
and the like, esters, card €y, g¢arbamates, and acyl
derivatives. Al so inclydeld a nzyl derivatives. The
term"acids" is taken t® mdan Tnofganic and organic
acids. Inorganic acids include but~are not limted to
hydrochl ori c, hydrobronm c, phos o@ "piTet aphosphori c,
nitric and sulfuric. O ganic Aci ds’include but are not
limted to tartaric, acetic, methane-sulfonic,

t r i Flrther mefergddiicwhetd the banzyl pwibieine salt tees tHeEprnfulariir i C,
benzoi c, succinic, nethanesulfonic, oxalic and

p-tol uene sulfonic acids. The term ' bases' is taken to
mean i norgani c and organi c bases. |norganic bases

i ncl ude but are not I|n1 e odi um car bonat e,

pot assi um car bonat e, Sﬁg@gﬁra&lde sodi um

hydr oxi de, potaSS|un1h t hi um car bonat e,

sodi um car bonat e, potaSS|u carbghate, lithium
hydri de, potassium hydri de, sodlunqh¢ggide, [ithium
hydr ogen car bonate, sodi um hydr car bonate, and

pot assi um hydr ogen car bonate. O gani c bases inc| ude
but "t rties empqdiFepiadmetepdipbrraduciag RsRTomeEcaliy,gayighed gipgigines of the
Foomexes, pyridine, alkyl am nes, dial kylam nes and
trial kyl am nes. Exanpl es of al kyl, dial kyl and
trialkyl am nes incl udeaib are not limted to nethyl
am ne, dinethyl amne, trjiethyl am ne and diisopropyl
et hyl am ne. Also inc$%;;ii;$ cyclic am nes such as
DBU. Exanpl es of netal Hl koxi des include but are not
limted to sodiun1nethoxide,/ﬁo_%g,iun1nethoxide,
sodi um t - but oxi de, potassi unmky- i de and sodi um
et hoxi de. Metal al kyl conpl exes include but are not

limted to alkyl lithiumreagents such as n butyl
| i t hwhengin R'dehviduest orl(@t-Bid)alityl; &Niel Cti~ B4yl add R°tie aipsen Afogighe group

coh&ithl6t@Girbden LS aldf Bhd EH, lgROpsA B affintgBirdiof 06 28&RPSInSHE Etep of:

as phenyl nmagnesi um brom de and et hyl magnesi um

br om de.
a) Asymmetrically hydrogenating a tetrahydropyridine of the Farmula Xh
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The acids which are used to prepare the

phar maceutically acceptable acid addition salts of the
w@bt@remoas i oned conmpound of the For mul a | a whi BOT/IE2006/002048

non-toxic acid addition salis, sal ts cont ai ni ng

phar macq), %ga' (‘@l %yc %C%WPWPL ﬁwoﬁma Cfrﬂiﬁrm §ﬁﬁtnenﬂ§? éalf%%/st preferably

hydrochlor
Ul 1 BRES-oreSglt e BIoo A B AR oEHB Sl prosbine gand
acet preferably eR)t(-atl-€(S)-2{diphertyphospbina)fegpdenyiey! diteautyiphdsphine; (R)-(-)-1-

bi t ag#) rzqtd@yc@umwa@gh@m faﬁl:ee@}ew ci wwpass%hmglouwam 88)-2-di~(p-
sac Ctlpi n}%thﬁl a{%enyf? atl‘os hm terrq%?ngﬁ g%y é) '{]Qu’q? sphine in ‘hfa 8res%nce of

ethanes Tenest

and *ﬁ’é??é%ﬁ‘éah?d“tgénswlce 1' - met hyl ene- bi s- ( 2-

hy dFotyr-pBefereep it wheatties) thishldrepyridifecias @e Rertnelatxi ary am ne
refers to C1-C8 trial kyl am nes. Exanples include but
are not limted to triethyl am ne, diisoproplyethyl

am ne, and trinethylamne. Al'so included in this
definition is pyridi ne rm"about" as used

herei n neans plus or Qj@for each of the
nunerical units. The o anti oneri c excess" (ee)
as used herein neans the fbxcess lof one of the two
enanti omers over the other, ge ,l;g) as a percent age.
Therefore an enantioneric excess-of 90% corresponds to
the presence of 95% of one enantioner and of 5% of the
other in the mxture in question. The term

" end@int dreargiiverdioh maeiver indéretddd nmeaiasdily byakefeeenee te fremdlibwain@detailed

dedcfiptiBh @@Qﬂﬁpldr@er@&%@ﬁﬁﬁs chiétzgih\}e\‘@onta% %Qaa%fggfncludgn Aerdis 1O
say ne
e N e A R T
thaéﬁ‘ﬁhbq dsfiraddo i aive e foﬂ%% feeﬂr'n%e term substituted benzyl
r ef eficstedrOairyl bu&myé sa@ir Bt dniashi ¢1UERhy@Bcatdar rdal@8 Mdving straight

brern%g onb(%vg %,\I&S mﬁ%g%ﬁ&#%e%t}fo%g%pflé’s%mu% ?rOL@, q%lugé/ ﬂ;ut arg not limited

to raelpy! SHMaRBPY FFERTOPYF RV igqoHY (cabicays pramwcvqs»awlowalpweywi and
cyaahbpat i tuted with 1 to 6 heteroatons includes but is

not Tl|1é 18t @Iﬂlong Qnmgﬂﬂjalkyﬂfﬁ%ﬂwvmé ein am/lrlé é%)@ef neg dbdie! E)Q%'pbes include

ben (L,
butta? no rmﬁx{eg p&’méék{;} Cyepropox¥ lso%roggoxy, butoxysl Oéy u%oxy, cycr:?opropoxy

Cy‘}*ﬁ?dﬁ%’g@ﬁ’cﬁ/‘f@@tﬁ’ﬁy be generated in situ. In the case of
phasies teihathad er “haygghndig et fluars, cHids, Biomoaticdo.and sal ts

t heﬁ'ﬁ&gmﬁ‘glﬁfg"&yﬁﬁcimhweﬁt%{réﬂfﬁgﬁn @d é?@kéll@ﬁyd%@ér%n radicals

oria akes g b‘hb éllée | ldubste li d henyl |
coxgﬂm?gbcésg or more double bonds. Examp es include but are not limited to, et enyl, propenyl,

butenyl, isobuteneyl, cyclopentenyl and cyclohexenyl.

The term “alkynyl” includes monovalent straight or branched hydrocarbon radicals containing one
or more triple bonds. Examples include but are not limited to ethynyl, propynyl, and butynyl.

The term “acyl” refers to a —C(O)- moiety.

The term “nitrogen protecting group” or “amino protecting group” as used herein will be
understood by the skilled person to include those mentioned in “Protective Groups in Organic Synthesis”
2™ Edition, TW. Greene and P.G.M. Wutz, Wiley Interscience {1991) in particular those indexed at
pages 218-222 of that reference, the disclosure of which document is hereby incorporated by reference
in its entirety. Examples of suitable protecting groups include but are not limited to benzyl,
carbobenzyloxy, t-butoxy carbonyl (BOC) 9-fluorenyl-methylenoxy carbonyl and allyloxycarbonyl.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The fol | ow ng

reaction Schenes illustrate the preparation of the
wa@oeowpowIss of the present invention. Unl ess otPer/mees/002048

indicated all R groups, L, XL, X2 and P groups in the

reacti on Schenmes and the discussion that follows are

as defined as above. Schene I A suitably substituted

3- dhe reopYeavidy greurd s tdae hdrejn repiesentyl d oreuthabeanibe disklesgd A t h
nuciBopiiied! E)&‘Jmp(éabh@d@ﬁ;b GroOfs irdudy big Ble@bhmEBh&oden, daliatytosyloxy, and
anh¥]dlycée resQ{Jes of c%%gmé hﬁ%’g sﬂﬁ%gggao%raar&n&ow esence of

ressuri'zed hydro
at ﬁﬁg }gﬁ@ raétlvamg@foélp a[prr§, o QROBMOTSYESRIP pyplﬁucﬁ!nﬁ g‘iﬂ of @6 present
invepisin whiam enhafbes ho@adinity towackadbiton ebminatien dpeirerdinnsadiimigeephiles.

Acth\ﬁ‘g g?&.ﬁ:‘é 8RGHicAly e%@tr@%lﬁdra\ﬂﬁged‘r&fpggjcﬁ a8k ss, REEEmpIBLHIGD,

sulfcirgt%%r eﬁp&egfgl%tgé m?Bylagec?éng {ho o f ?s%rsp lé'%r%o%gtgsc c%gnaqgs(,)yntd acyl
de”t&ﬁ“@p@\‘?ﬁéf“?‘@ﬁ%?ﬂe bemyldafvatves | Xa and b. The pi peri di nyl
Ni tThe e “Las id thiesn tdeddlimdigacit el diganic @cidt impgpahiXacideriatiude but are

IIeG to%géru&ﬁo%plh%r%r%lg %H)SBQOHE %ﬂ&spﬁ&ic a\fnﬁc%d s%@ma @ga@hc Acids

rotective ?fl'] et FI
RIS YU S Bl et T DS e S, AR, s,
fumbniv; BaNaad, eyrcieic(NMYGnsufianic, exisepf e@)uener:wifor@@mpl e a
I €28 frm 9dé§é3 i8BakdPr th meHiRdGanke ahSorfdhe bRER! MGilgbM@oageLhkude but are

not ?m&jed lt'o soglum fcarggr}g ngot& Ielﬁ @arg&gtebl(?h Jn?lﬂ/wo%ge s&g{rﬁ Iwaromde potassium
hvd@é%éﬁﬁméarbm%sqdh@ ﬁarbﬁéart? a?fﬁiﬂumrﬁﬂ'ibi"@&eﬂh'w? “dese apfsshym
hydtide, edafuertgdrdagittidor intiegdnedrbonate, pedpeT hydioganl catbanratea et taxEium
hydﬂ)@gn Qrbof%t& ehgatid paeds ncﬁtfd@ blﬁla@%Mﬂﬁe PRIk medI-dye

con%beﬁ%ei P}{rlg H% %Y'taﬁpnteﬁ éila&/l rgmes daxn nlalﬁi urrrl]me%r Exa¥nd [50 gF {@ dlgpyl and
triaksd Adines ingisle butrardyot ieitee mrwqﬂa/bﬁmﬁ @methﬂﬁmta? dﬂ%wm%q@np diisopropy!
eth{l BminB.eAlgd hclehe P ard @i/dnglarbipasuih e DBUO ELtipled @f rgéta ajlioxides include but are

not‘ﬁﬂ@éd%’ grum-ma%ogl@é E@tgPsLﬁ ﬂ%gﬂe %Ed:%?t lﬁ:'ﬂ)qldp GQ&IM@G'EOQQE and
ere

uci n
sodu g IR BRI CKeP BEUdeibH e TRIGE ol ARl S o
butg $ithlidFsee dttylaithiueknd ekt ithiprer Albaiin@uded inlifes dedieitipnakro@rignar? 8eagents

suo‘n%s MH%angQQm bpdhﬁde%h let%yl mg@sxuiﬁ@roﬁcfeor d IHb and ¢

Of ﬁ“geaglﬁaw%ch aar% u ed )[0 Cpireeoareg arn'ﬁlg d)cha|§ @acc%p%bg%%tagdlt%% QR of the

aforemspiiopedrgmppuse oﬁh@ Femdale "thh’é fP"b é°’\’té>é%%°é’c?d9\$f“t“r?a\95a¥§r oty
cordiningl paﬁﬂm%gol@gﬁlﬁlteﬁcepfablé agixragukieasdtB@e hydiloctwdiige, dydrotirgnide, hydroiodide,

mt%@%ﬁkﬂ@ bd l@lcépphokpﬁwa@ 2 53pﬁeﬂé %Eété:te %3{ %eaﬁates 4Gl ciRte, tartrate,

vissfatey swa@%te SRR g PR AT g gy P B fhac

ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate, [ i.e., 1, 1-methylene-bis-(2-
hydroxy-3-naphthoate)]salts.

The term tertiary amine refers to C1-C8 trialkyl amines. Examples include but are not limited to
triethyl amine, diisoproplyethyl amine, and trimethylamine. Also included in this definition is pyridine.

The term “about” as used herein means plus or minus 10% for each of the numerical units.

The term “enantiomeric excess” (ee) as used herein means the excess of one of the two
enantiomers over the other, generally as a percentage. Therefore an enantiomeric excess of 90%
corresponds to the presence of 95% of one enantiomer and of 5% of the other in the mixture in question.

The term “enantiomerically enriched” means that one enantiomer is present in excess relative to
the other. That is to say one enantiomer represents greater than 50% of the mixture. Also included in this
definition are single enantiomers (i.e. 100% ee).



internmediates IHb and c. Alternatively either a benzyl
or substituted benzyl pyridiniumsalt of the Formul a
wo/Rdmizatere X- is chloro, bronop, fluoro, i odoPCT/IB2006/002048

triflate, tosylate O-BF 4 13 preferably brono; and

where R' is chosen independently for each position

capabl e of substitution from hydrogen, Cl-C6 al kyl or

CFhe o sistitaied bengyl rdfaadioy benplsrdup sdbetiiuted on the phenyl ring by one or
moretg%wi By RRYE LW, E"%yl d@fs'df@é Ngganwlegr e R' is as stated

to the asymretric

t ed
hyﬁ\%ﬁ'@n%% T Pﬁsg’é’ﬁ df PERLERIAY as with a rhodiu
5 i rThgitaim(Sr-Craenlartianatyeuesaiuipd withhig Sdeterepiomp '“E)H% Bl‘ﬁ‘fhré’t limited
to phbriyg adptinyli pyadyw duinginyeaphespHenstéathe bidephos i likee
l'i-gands - hy@&@%o%e Qéferéfbpar nguh@lbﬂwyﬁrla e,rnfﬂlxat QQP%E\‘@’[M in situ. In

nds can
Ine cHRe AL Ao PSP ATA By PR EP AL S P s I b e Rpym et
alkalipe wételformdtes cand Ihy dkesmayrbe usdeles BYFrgehairees om
10 bi s(1, 5-cycl ooct adi ene) rhodi um (1)

frifluoromet hanegitdehAlacaith s 6@ wiRsiRNoS - type
I igand. These pr € I gands can be purchased
comercially from Sol vias (Basel Sw tzerland).

Pr&f 84k n ﬁgﬁt Qﬁ&%ﬁwén rﬁﬂstFa%rlﬁ’é &ép%&n%‘f"thé‘%%@ldé Sthel R&ent

15 inve lran?w Ilon e | é{ S tgadI elngg glongchen(les)andthe
nfien: {4 l%?‘l?i?é’f??d’i‘?&éﬁ??b‘?] P a\‘n)a m)“ KPupg Iy
discusglonginee foldws achi as yefinehaepbveor di - (p-tri fl uor onet hyl

phenyl) phosphi no) ferrocenyl ] et hyl
Schem -t-butyl phosphines in the presence of a pressurized
%ydrogen at mosphere, preferabli/ bet ween about 50 and
)

RHtcod D0 psiyrd noan sjol vent @pref er abl y @n.THF et hanol

. XWMC@ atglk el evat d ter@‘ﬂlH tture pr eQ:{ abliyabet wee
N abet5ec H L It nt g galll yN
enri chedrgiper i dffe” Xa| ko ‘f%vr 70% eieflsXa Bver

wi Xb). The enr| ched Xa slo produpe)gd coul d bé Gar “?ed on "me
and subsequéntly used jin the tHI ral reso u ion step
infra or may be used tjo Cﬁ&) directlw “trhe R\ﬁ e
activated pyrrol opyrim af tler th&(of/BJSITHtIOH of 11
b and ¢ (ie formation of enantiomnerically enriched
Mo). Mxtures of Rl subst ixbut eéi:(@‘l s andatbsans 3 ami [jgolere

p| peri di nes (I lia) may be synt ebl zed fromsuitably » C)

st i t ut ed kot ect ed- pi peli di Ny 3- ones, Brseraned, by
eﬂ, net hods o lgou o, MA Rza/%) Tet r ahedr on,

Mol . 26: p. (1970) and Gri'ec B et a' . Journal of

mfﬁ'g?dne Aer i ¢a &h lqaL Soci ety, Vgl . 107 p. 1768 (1985).
Bot h references e |ncorporated by reference in their
entireties nodified using 5% nol as co-sol vent,

by reaction with R2 - NH2 ae (g), and sodi um
triacet oxy Jporohydride ‘
R,

O
RKO o R2‘N“":]\l
| . 1. LAH H
B 0 & .
Hne SN ——— RO N LRy, THF )
/J\ P ~ Twhere ~ + R
TR

R'0” O R"™is
CHa)

1
Rjij "
N
HN :Q*

RZ, N
R"'O/KO e . - H
NG A R
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according to the procedure described in Exanple 1 of

the US published application 2004/ 0053947 which is
Wa@b®@o/01296dr por at ed by reference in its entiretPCT/IB2006/002048

Pi peridines of the Fornula M4ia may be used i In any of

h ' ' activated pyrr . ,

Dy | R AURe SRl AInNrind b YT Do Rlaf g daopgarmonate
or §%¥'°“B"16°2°§T?}F L %taﬁs‘t"ér WYy then regdugedia the preggnise @f hydrayes preferably under
2 IESprBectitytoderGatrmenpine, jpiefreablydimesn dbblx 7a Rchb6ut@a psitn@B% Addium on
carbOn v hiukie irARS prvathehs BY S broRHY ailliclbds gtg{naetsegaﬁ%dm

e e C o v . « g
e B e ekl o RS LBl PeB G L fratting coppondny
Ca%B’F%{?S €3 PRAN Tee RiNpETinvARIrogar ean tisn baatotected preantied XA R Wit a
suigable DIBCLINoaeayertto/dfol Xa@xd Blades “Rrbted@ifle €lo8saM Séar{c gynthesis” 2" Edition,
f :
B R o R G
P'IScﬁerma 3 %ﬁéﬁg'“%‘?%“%‘ KIS HPHDL ©PHP §AN| PRIEPagiRg) Inthergrosepes of a base
sughy a5 PptagspaHIr GRIMatIen e e&itetha piberigimgmitogendif bp-ahdb L@fbrd the N-
prategtet! ais bipertiiyidarbpiaté Ba adl by Akéﬂ%ti\lely?fﬁbaemehﬁﬁ@FH OQbheld¥ is the protecting
i & al [ . i b ng si.n . "

o1 k06 e DRSS sy i cocions
Nt r%eﬁ'a”?dﬂ'g 987 PGInag P4 inithsrAsdepaneiag wnen His Protastingtaraib employed. The
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alkijetingegentsatooaxemBO R -alntiheadioi b 1skBRY Group 8 hebiatpbbtid HWent stidh as
dintlyaérehamMa () pBdnB§iein e Pl ELIYE, aselsh s%ltrlia(ﬁ(rylgr%ltng base, to afford
3 i

intd it jon methods see Jacques, J, et al.,
nt rﬁaaﬁ?silébnaé'%‘, Racemat es and Resol utions", WIley, New

Yor RiteMeGly sithana penzyl of sibelitysesttebarthytiginiure atropthe Eormilaiviis where X- is
chientrangsl, foroSBBE Ifatk osyRIFROLEK] ;&r&@r_a@ly tbhﬁ{o; A% whers IRl cBosen

) . e

ind%@@nllﬂgﬁéagfgéosﬂomaégb% oef s&afstit&rc])%l ﬂ'ct)r{"n R%‘?gggn, IC?—CE &Ukypor CF; groups or a
clte

suitsagly Jsu%st&uted tetrahydropyridine derivative where R” is as stated above, may be subjected to the

asymmetric hydrogenation conditions such as with a rhodium, iridium or ruthenium catalyst and a chiral

phosphine ligand, including monophosphine and bisphosphine ligands. Examples of appropriate chiral
phosphine ligands can be found in Chem Rev 2003, 703, 3029 herein incorporated by reference in its
entirety. The preferred catalysts are those formed from bis(1,5-cyclooctadiene)rhodium (1)
trifluoromethanesulfonate and a chiral Josiphos-type ligand. These preferred ligands can be purchased
commercially from Solvias (Basel Switzerland). Preferred reagents and conditions to accomplish the
transformation are bis(1,5-cyclooctadiene)rhodium () trifluoromethanesulfonate and (R)-(-)-1-{(S)-2-
(diphenyl, dicyclohexyl or di-(p-trifluoromethyl phenyl) phosphino)ferrocenyllethyl di-t-butylphosphines in
the presence of a pressurized hydrogen atmosphere, preferably between about 50 and about 200 psi, in
an solvent, preferably a THF ethanol mixture, at an elevated temperature preferably between about 50C
and about 70C; resulting in enantiomerically enriched piperidine Xa ( for example 50-70% ee Xa over
Xb). The enriched Xa so produced could be carried on and subsequently used in the chiral resolution
step infra or may be used to couple directly to the activated pyrrolopyrimidine after the formation of Il b
and c (ie formation of enantiomerically enriched [ib).

Mixtures of R" substituted cis and trans 3 amino piperidines (llla) may be synthesized from
suitably substituted N-protected-piperidin-3-ones, prepared by the methods of lorio, M.A. and Damia, G.;
Tetrahedron, Vol. 26: p.55-59 (1970) and Grieco, et al., Journal of the American Chemical Society, Vol.
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deprotection conditions appropriate for the particul ar

ni trogen-protecting group enployed. Typically these
wale@roi1z®sl i ng conditions will also renove the PCT/IB2006/002048

activating group to forma tbnpound of the Formula V.

1(506 1798 @%)eeotﬁl\‘a@%nges lar lr?cor%&%iég by @gl;]elnge |F1 818"‘ er%tlrehes modifi ecriJ using 5%

qudrggeno | oro

oLeR £P§% e“hﬁy “5?%%""'%’5/ ~Bik F““é’ﬁ%%’dawmi’i% F'é@fé%y ?mhdd”de
adqgreinglg ée Pssedtusedsiseribedhie Epamenteeingt éhe &S pablisikddarbyisstion 2004/0053947 which
is Beeheimbad dy hdereR8 fits |eﬁ’crr‘&y Weﬁﬁ]n&%ﬂth@ ForfaliR |IIQ¥7%9 b&li&ed in any of the

suB&?%%%duﬁlﬁgs \pl%darc %Qgr o}éﬁcy’g'r%dmé/sﬁ%;( Eﬁb %c‘:oualﬁ %{0%"8 s 3? mixtures of all

enatlon ca
PoSHt'S SPRereAMEf as water optionally in the presence of an
acid such as acetic acid or HCl. Alternatively either
sdhBge protecti ng group or activating group may be
renmoved first using one set of conditions followed by
renmoval of the remaining group under a second set of
condi tions. Schene V The piperidinyl nitrogen of the

conpound of the Formyla V may be acyl ated us d@kan (R,
acyl atiH®).agent of A er nul g V1 | and L |§ ‘]eaV|ng /
g&pup optionatly i t re&eﬁee+o as aaz

trigl ™ ne baseg; T @y polar protic or

proti c +
sol Yent+ such as nethylene chloride to afl /
conpouzj(@k the Formula VII. The (:orrpg)(pAJ?ekl

For mulfa A1 may be coMeerted to a pharnaceutﬁcally ”

ac Neosalt by the action of an organic acid such

as ditric, hydrochloric and the like. Optionally the

pharmagewd i cal |y acceptable salt of the conpound of

Formula VI1 may be recrystallized froman organic

solvent or m xtures of organic sol vents. Schene VI

Al t S5T5PPIRErY -aninaeipsriginesab g cican Berpiprdowladi with thefactiviied pyrrolo
pyFbidine bidhd forinuizdla indee wengpdeatia base ki as baadspmat eitudttadonate in a polar
sof¥BAt Bﬂnlﬁbr@%f bcﬂjdr B&vehi¥Ru & watlkf @UUEES %9&(9{ trqé Qf%'\h&) #dlﬂ%thylsulfoxtde)

ot PR ORR ARRER IS B o 2B TG Attt M C BTG Bp Buh por the
“@%%H”%@dﬁﬁter or water and acetonitrile at an el evat ed
tenperature of between about 500C and about 1500C,
schéRd grably 1000Clto afford the coupled product |Vb as
a mxture of enantioners. Scheme VI
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Alternatively lllb and ¢ may be first resolved with one enantiomer of di-p-toluoyl tartaric acid,
preferably the L enantiomer, or by other chiral acids and the resulting single diastereomer amine salt
reacted directly or by first forming the single enantiomer free amine from the amine salt by reaction with
aqueous base such as aqueous sodium hydroxide, with the activated pyrrolo pyrimidine lla in the presence
of a base in a solvent or mixture of polar solvents such as water or water and acetonitrile or DMSO, at an
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K2CO3 Alternatively IHb & c, produced according to the

nmet hods described in Schene 1, may be first resol ved
wWowaoh/oms3 enant i oner of di-p-toluoyl tartaric BCT/tB2006/002048

preferably the L enantionerle or by other chiral acids

usi ng standard resol ution techpiques i.e. ,
oo a3 PTG ou S A S0 RSP T SRR 00 o Ao Vpee ool
enantierser] (Férmtieresitaygsolition negditody e desaussnd. plel. S Eantiomegse Recgmates and
ResSltbRE Wiy, Mew Bk f108S herdiDincorgdgatddIde refrdnod i@ itesndiaty) omer

free amine fromthe amne salt by reaction with

aqueous base such as aqueous sodi um hydroxi de, with
SchemfdVact i vated pyrrolopyrinmdine lib, in the presence

of a base such as @Qgiun1or pot assi um car bon 1ﬁ, in a

pol ar sol vent xture of polar sol vent ch as

wat er or wager .andnpet hanol at an eleﬁatez;iz erature

of between ab¥ut “500C and about 150C, "pneferably

1000C, to af Vb as™ a S|ngTé’énanhj r. (For

alternate [ngﬂ ti’on nmet hods see Jacques, | J,yet al.

"Enant i om&f’s, NRadenmat es and Resolution%m 'Hey, New

York, 1981 ; herein incorporated by reference inits

entGomeeupyl Vacsifeares a/findle enguiiomerPr pmbdlie of enangomeys s fien subjected to
dep@teboR GorRfioNsapfefa@lfetid maRicll® Mtk jenPRBecayyrap einglbyedf Bypically
theste Iagpr&?&iﬁ%gowji@c[ns Q/hltarsg %ﬁﬁv%g gﬁ%lhdqu\g)r tQan'n Q@(anound of the Formula V.

conditions to renpve the tosyl activatin quu . \When
For pxpapisr WieB £1's hgfoW ' aRip o @dragea?'%*ﬂfﬁ"P ébISICB'”P%‘e rotecting group and
activeictr avgye mely s resobmrdiy bgreeuat Prechydrogrdi spiremis thewmyasence nfs astplyet-
Prefatdsip th@%ort@i)fi_gﬁsq’@ﬁ,ﬂ cBY IRSSplol dafile presshied Afdrdasn, typicARNE0 Psi, and a
hydrg)égn\r?goﬁecg SF ét%&ch%gﬁagé 5 F ig %%&Qr s%l%e ?g‘(cgég ﬁat%@pgonﬁl&li%? ;ére%apce of an

t m xture sol'vents suc X

acid sygpasEpstic agt edHd! Allerativrieiier Hip Pictsale B(Pup fF achating oy fRebe
rem6¥ed ARt Wiig BnSsit B casditatebliodedivy ryamiod ik camahirg@ialp utder a second set
“°E§HBM§ nitrogen protecting group followed by an al kal

ase, for exanple, such as aqueous sodi um hydroxi de to

remove the activating group when the activating group
Schewet/osyl, to afford a conpound of the Fornmula V. Wen

both the activatiqg?group and the protecti$ group are

| abile to hydr ol’ysis Bpth may be repoved® by

hydr ogenat ign zonQMtionsL- R singlgzrngZhonFyessel.
Al ternativel'Werther the protecting groUp 0
activating upmay be renoved firstiusing one set of
condi tions pd by renoval of the rjemai ni ng group
under a secot t of conditions. They ound of the
Formula V so produced may be further reacdted as

previ ously descri bed.

The piperidinyl nitrogen of the compound of the Formula V may be acylated using an acylating

agent of the Formula VIl and L is a leaving group, optionally in the presence of a base such as a
trialkylamine base, in a polar protic or aprotic solvent such as methylene chioride to afford a compound of
the Formula VII. The compound of the Formula VIl may be converted to a pharmaceutically acceptable
salt by the action of an organic acid such as citric, hydrochloric and the like. Optionally the
pharmaceutically acceptable salt of the compound of Formula VIl may be recrystallized from an organic

solvent or mixtures of organic solvents.



EXPERI MENTAL Exanple 1 Preparation of enriched - (3R

4R) - (1- benzyl - 4- met hyl - pi peri di ne- 3-yl) - net hyl am ne
wo@7ARpRIret ri ¢ Hydrogenation. Step A Prepar ap€DIB2006/002048

of 1- benzyl - 3- net hoxycar bonyllam no- 4- et hyl - pyri di ni um
Shbr 1de to a clean, dry, nitrogen purged 500 nL fl ask
he&r'e added (4- et hyl - pyri di n-3-yl)-carbanic acid

net hyl ester (25.0 g, 150 mmol), toluene (250 n) and

benzy|riprom de (28.3 g, 165 mmol). The rgﬁcti on was \
heafed)to 1100C for at |east 20 hours %r cooling. R

&

R¥ Q- ke n C thegseaction was |fi I} ered and t e’
riesul ting so\id shed—with tol Udne" pl ) . N‘\,(, Nep
dryi ng der culim for at least 12lhoyrs bet'ween
40- With a slidght nitrogen bl¥ed N T\
dz1- benzyl - 4- met hyl - pyri di n-3-yl) - c acid r{%t

efer rénide (48.6 g, 144 nmmol) was i stkated in 6. 1N9{@z
yield (greater than 95% purity by NVR). To a suitably
si zed reaction vessel were added
5 1- Biameijiely3n aeivéteskyyoele bomigina nitie Rordliaibtchrybeppuiiedi tnihe A N-
protdle® BhifRo hidEindMb &Q, HHcABBIoRMY to the methods described in Scheme 1, in the
pres?rlrc? gf%&%%eg%(ré lf)ﬁ%olr%éhz%' cfergnﬁ%u{;egtg ?él%%%l\gelnps sbch 65 ﬁ(%ter noT%thg% and acetonitrile at
an elgyaiadtenpperRtUre ¢ heapan @RUERSGraRdApO _o’°Wﬁgq°p; to afford the coupled
prodhda 8 ac h hieird & pnaatihetsR) - (- ) -1 -
10 [ (S)-2-(di phenyl phosphi no) ferrocenyl]ethyldi-t-butyl ph
s hOSJ{ﬂi ne(32 ng, 0.033 mmoles - avail able from Sol vi as,
cheglesdl | Switzerland). The solids were purged with
nitrogen (5x at 90 psi) then Ssed THF (2 n) and &,
degassed ethanol ( 1 m) we? ed. The m xture was O
Nep

ﬂgﬁ?ed g@é@;hpcsggﬁitrogfﬁ?a (Sknaat, 90 psi) folkoued Py, R
RE

s Qg 2 2L0npsi ). The reaeti onlmpxpure—was
Nheat ed Wen7BOC fhen %re i ged with hylirogen to ZOd: [
pst. After 48lh, the miletur cooled to 30 OC and ™ ™,

p @d with nitrogen (5x at 9 ). An aliquot was
R | vped for GCMS anal ysis. Sanple preparation: 100 m _
Aal i quot of reaction mxture is diluted in 1 nL MeOH
Add 10 nL triethylamne. Mx. Filter off precipitates.
An Altgraagivennil g c B> di coll agepndir@yc the sipthods, desceipgglen Sthame 1, may be first
15 reso@é@ﬂlh&iﬂ& eﬂaﬁlnﬁ)%mezlﬁl(bi-g-%luo% ey a?@,spré?@rﬁbl%ﬁhé] Ub&ahnti§aker,MBby other chiral
acidg‘r{]}?néys alngaird Feg' 8t|%||1 ?eglpnrlc@gslall%t (fry63§a§%aql%|i\ %tza s@gﬁe rd%thre ! g’%%{l? L nd the
o depenzyl atl on Dyprodauct, o al Kene"l nternedl at e
resulting single diastereomer amine salt reacted directly or by first forming the single enantiomer free
amine from the amine salt by reaction with aqueous base such as aqueous sodium hydroxide, with the
activated pyrrolopyrimidine 1lb, in the presence of a base such as sodium or potassium carbonate, in a
20  polar solvent or mixture of polar solvents such as water or water and methanol at an elevated temperature
of between about 50°C and about 150°C, preferably 100°C, to afford IVb as a single enantiomer. (For
alternate resolution methods see Jacques, J, et al., "Enantiomers, Racemates and Resolutions, Wiley, New

York, 1981; herein incorporated by reference in its entirety).
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Al ternatively, chiral HPLC may al so be used for the
anal ysis. Analysis perforned on Agilent 1100 system
wWoRWToensli tions: Daicel Chiralcel Q) 4.6 nmm xXPQB0B209:/002048
anal ytical colum, 5% Ethan®$ / hexanes, flow 1 m/
sdede viel0 nm 20 minute run. Exanple 2 Preparation of
1- benzyl - 4- et hyl - 1 2,5, 6-tetrahydro-pyridin-3-yl)-car
bam ¢ acid net Réster Benzyl chloride (2.1 @ga 18. 3

mol ) was addéd fp a slurry of

(4- nethylﬁﬂﬂ -yl)-carbamc acid et b I %§ter
(3.16 g, 19 O mol) in toluene (15 niL) . A
honngenou§“re ctNon m xture resulted af 0 m nutes

and then s nprecipitated after 30 finyteg. The

slurry was §{|rr§ﬂ at 80 C for 16 hours™ el cooled to
roomtenp. The solids were filtered and mashed W th

tol uene. After drying, the product was isolated as a

gr afOPEAiPEPdEc [Vh7is fren 9@icated to Bepretestiemeiitms BbptspiBte f@fhe particular

nitrdgdnepnatactingrevp tahddoy 6itdnb N HYh AR H Qs a@ﬁfahﬁél Y. WHérﬂgéJHb nﬁcjtmg group

is éid%@%éb@?to Gﬁdr%egolys %‘?gg@%ﬁmélm osn% E@y n‘fg)y%oslﬂﬁb?s)hydr@%u
pressurlfe ‘ﬁo 1(&5@ arﬂjsae y\gr@aengm cgiﬁlést PYch@s P@Xﬁ)HMga polar solvent or mixture
polérxse!f/ﬁés(swpftas ahistule@fistirappl aivbhdl andevatsd sptishdlly i & pPdserc@@fBn acid such

as k@tior hfddchiblic A@HoFemolB ﬁltrBQ%ﬁgrto{e%g \éﬁgp %W%ef 9} éMa DaCfH%or

exgn;]p% gﬂtﬁ s %fu!a&u@ c?o&rrtﬁ{ r?ﬂo)ve t?wemglvglag el w{)Qﬂ t%@tl\@g@ group
is thsyl dBWE Y B ROrRoE Rt thpﬁérrqu@% |When gothihz etivetinggeubasithid feéecting group
aretighilgytel h@drqdetdiysls bthsragl bel rarbyading Xyd&%eﬁdﬂ@rncoﬁéﬁﬁcfngﬁta%g}éﬁrééatlon

veshd] Bﬁte(diﬁfemél:thé' tf*a léFoYéctn%th)%B ))r ch\)(&%f%tﬁ% my n%r)emméeld fl@Husmg one set of

colfi RN 7 Faiy o G e e et e seen el dondtioos.
(2.44 g, 72 % . Exanple 3 Preparation of enriched (3R,
4 R) FrieLobpuay bfte-FERhuyV scﬂir &ﬁ[?éd%éﬁ}%e %rtbfér}ea%& QQ/ ;LréWBqu? described.
via Asymmetric Hydrogenati on of
1- benzyl - 4-nmethyl -1, 2,5, 6-tetrahydro-pyri di n-3-yl)-car
bam ¢ acid met hyl est er ToﬂﬂﬁéﬂW@ﬁéklon vessel were
Exampletl 1- benzyl - 4- et hyl -

» 2, Brefrdtion srahsedEQ Ry ﬁR)Q'I-Beéylﬁlraeilﬁfﬁﬂi&ﬁmeQB-yI)-methylamine via

Asymmetric Hydrogenation.

Step A. Preparation of1 -benzyl-3—methoxycarbonylamino-4~methyl-pyridinium bromide
to a clean, dry, nitrogen purged 500 mL flask were added (4-methyl-pyridin-3-yl)-carbamic acid methyl
ester (25.0 g, 150 mmol), toluene (250 ml) and benzyl bromide (28.3 g, 165 mmol). The reaction was
heated to 110°C for at least 20 hours. After cooling to between 20-25°C the reaction was filtered and the
resulting solids washed with toluene (100 ml). After drying under vacuum for at least 12 hours between
40-50°C with a slight nitrogen bleed (1-benzyl-4-methyl-pyridin-3-yl)-carbamic acid methy! ester bromide
(48.6 g, 144 mmol) was isolated in 96.1% yield (greater than 95% purity by NMR).

To a suitably sized reaction vessel were added 1-benzyl-3-methoxycarbonylamino-4-methyl~
pyridinium bromide (150 mg, 0.446 mmoles) , bis(1,5-cyclooctadiene)rhodium (1)
trifluoromethanesulfonate (11 mg, 0.0223 mmoles available from Strem Chemical Co. Newburyport,
Massachusetts) and (R)-(-)-1 - [(S)-2-(diphenylphosphino)ferrocenyl]ethyldi-t-butylphosphine(32 mg,
0.033 mmoles - available from Solvias, Basel, Switzerland). The solids were purged with nitrogen (5x at
90 psi) then degassed THF (2 ml) and degassed ethanol (1 ml) were added. The mixture was purged
with nitrogen (5x at 90 psi) followed by hydrogen (1x at 210 psi). The reaction mixture was heated to 70
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acid nethyl ester (150 ng, 0.577 mmol es)
bi s(1, 5-cycl ooct adi ene) rhodi um (1)

wa eoozloumsdet hanesul fonate (13 ng, 0.0288 nmol PGT/AB2006/002048
avai l able from Strem Chem c& Co. Newburyport,

. ssachu erts o

o S5 R SRy PR P ABr PieE FRHR B G aeee

with yitresien &ps i WersB 2Amatiqucd werd8menes foeGCME pedlisigbl e from
Sotséﬁhﬁesprepaaa‘aa{ 1D9A.L ARGt 3fNtERctionhiRurS Qs' dilélsd W8 he M¥dHg @eld 10 .

trleth\g\falame nr{/hx Pger off {J %m%lfa fes QrfR/ lﬁ % é@ ﬁlg glgmﬁgﬁc QFHEdemé%rature)gradlent

ssed e
140 p 209 ﬁﬁﬁe@ewq Ainyteq ﬁ&d‘é?]a'\a@%s °/°9’@ %@Pﬁt §5¢H 90 Reragy product, 4%
debenyythtiogeproficx, 3%talkéddintedieliatefhe reacti on m xture was
heaﬁe%%weﬂj &@a@ﬁib%@ 2B BSRYE foZBEantytil mgg@a&wamteg oR @Hent

1100D seﬁ,taa dt_\l\ﬁ(% ﬁon L’El?qﬁoéalﬁm E{E? cgltc?‘lgdfgirﬂrg ﬁ?% agﬁ%rtl&% 8@“%59 Ethanol /
hexanesyaredmif Bin, TERD, ghvahyiefug. GC Ms anal ysis: 97%ci s
product 66%ee, 2 %trans product. Sanme anal ysis by
or chiral HPLC as descri bed above. Exarrpl e 4
nt hesi s of 3-

3R 4R
o Pieraon o Sar ey o P et et e
Bengyl @loncl%r(épaﬂ_a‘t& onmof wet;iagde(dgcRa slurry of {(4-methyl-pyridin-3-yl)-carbamic acid
mettfRstef B-16@N&W mrﬂolﬁﬁfoménl\e'(ﬁ)ﬂ'i Fﬁ@)rait gl 102 AFoibgenBRLI-EYLiA e resulted

afterdlb {rPnUFeg aryaotxelzn slb dp[ %Eeﬁfgﬁ I’ced a]ﬂgr 3k mln-EPes an'%l sﬁl??gigasdgtlyred at 80 °C for 16

houré }hgn fOP'eB é’d’??ﬂ‘ tempﬁ@‘t\qﬁpl %,\Aﬁ@rﬁltgpch@d vvgslvgp )Nlﬂ'l‘T@l”ﬂ'Xﬂ ﬁﬁ;?rﬁjéymg the
prodhidt sradiyalatecas| araycelid (297 § 79 ,%)68. 7 mol ) ,

di T@a Fegl:tHQWIX‘tJre $ra e AY; l @méﬁéxgca(%n%}) E;E?-ziov(\g{ﬁyl gyrgrmuﬂw cﬂﬂon?de 4.0 g,
sl £ B8y LSS oty BELEET, 5 o8 i co

evoligignl was qbgervdsicand tig ceacion was exgthemtie The rq&mtiommarune wasestirred at room
tem. RAPEKREU ITRe Redtiomiv & Jderchdd\@thHea ¢loinl mt@&d th@aghasbiitt @nd the Celite

pad ng \M‘Eﬁ%ﬂo\] tq E‘?fg-i g%@rﬂﬁ t?ﬁg Qﬂv%t v&ﬂhéwés%%?&grﬁ &Hcﬁ%f@% Bltmg

I on was
mixtgG Wps %ﬁs'f?detag'ﬁ 94V'th60’r$§d'%m aydfPéPatha'ﬁ efrRgted W@W@Fé’f‘ﬁw hubyp ether)
(2X1&tmL). eas teori@ndd@rpasic la¥drewsre veghed wis HOf(1d rhlgy dridd Gndlunnvadtate)] and
condhitdleddo 4 yehoWbiXg Uk §, @fo MeOH water (60 m ). The wet-cake

was returned to t 250 m flask and nethanol (100 m)

and water (100 m) vver e charged. The reaction was
Exapmpigtled t o between 70- 80C and held at this tenperature

f oPrepbralic@a@s énridiz@ (IR, BRY-@ Denzfiemdtiaapibdritine-B/ais meb phraitke tio
Asyrﬁmg'trlé%d%\égﬁatléﬂ of I1 % l- fm&ﬁWﬁ S S@ngrah&% oq)yﬁém 5 D -arbamic acid methyl

tenperature for at Ieast 12 hours. The soli ds wer e

e% | tered and washed with a 1:1 nixture of MOH: water

( 600 theyeacidngyesset wareadddedvabengdiniethdl- 1,255, 6-jgtiahytrg-pr8ih-34Wieaalbamic
acidlnébtiRINEsiéF @5@ Mg, 0.577 mmoles) , bis(1,5-cyclooctadiene)rhodium (1) trifluoromethanesuifonate
(13 mg, 0.0288 mmoles — available from Strem Chemical Co. Newburyport, Massachusetts) and (R)-(-)-1
- [(S)-2-(dicyclohexylphosphino)ferrocenyllethyldi-t-butyiphosphine(32 mg, 0.033 mmoles — available

from Solvias, Basel Switzerland). The solids were purged with nitrogen (5x at 90 psi) then degassed

THF (2 ml) and degassed ethanol (1 ml) were added. The mixture was purged with nitrogen (5x at 80
psi) followed by hydrogen (1x at 210 psi). The reaction mixture was heated to 70 °C then pressurized
with hydrogen to 200 psi. After 48 h, the mixture was cooled to 30 °C and purged with nitrogen (5x at 90
psi). An aliquot was removed for GCMS analysis. GC MS analysis: 97% cis product 66% ee, 2 % trans
product. Same analysis by GCMS or chiral HPLC as described above.
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addi tional repulp was not necessary. After drying

under vacuum at 40-50 OC for at least 24 hours with a
waRiogit298s t rogen bl eed, the title conpound (11POI/gB2006/002048

28.9 mml) was isolated in 2R. 1%yield (98.6%
Ex@hpielsl omeri c excess, 0.63%trans i som&*rI bly GCT( 550

' 30 mx 1.D. 0.25 mm Inlet Tenp ;

> 0 St B F Rt R e P o B Sy DD R Reran 15)-5-0xc-

Prapiepifitsd. Exanpl e 5 Preparation of

N- [ Cr2Barddsh oflbiD@RZAR)-( fodMRf-BymyiRfetidh 5.y ryétl]yTa%lr{éQili ,9{0??10)%' 1 -tartaric
acidret hyl - 7H-pyrrol o[ 2, 3- d] pyri mi di n-4-anine (Fornu

| VbY© @ flgana dry| ndepaen-rivged 25 irflegkeverqubpgedtra&iic ¢id-(11bedgitamethyl-
pipakdire- mmm&m&e%d\ymﬂhmh& Zd=b P67 @nidl) Zi-B-1oluoyl L-tartanc acid (L-DPTT)
15dd gp)ﬁ b H%QI Qﬁj m Qlaqtﬁ) SA %Ego%ro\‘ g)ol%(azul?ﬁer?%\t’ie (Z gBe1 7. ’rrp']ré)l in water
asn;ﬁjfi P tloalat ri edp mauyt]amﬁhett%wqeg,tqr% e&m 39° (% z'megeactlon was
heqjedltgeetqun)m 89& ad Held i toiatelnperaitie fqr4dleddt €, mibut&l Thamkdtion was
co@dtdo M5°erovér%0@asmﬂr hoursTdH@ hEIg aﬁﬁlgfem\ﬁ@r&ur@%taﬁgast D 1Bars 1 O solids were

fth&dJ gQ/F%\ {;TMH wmn%ure oq I\/E Hrﬁ/%},?tr Eggﬂ) e w 8% IWt%f‘ W&Jrn%d to the 250 mli

or a mnlnmum o
ﬂa%m* geih3nel @0q aipngiwster G0 i) were gharess; Tbearga@eh wistHeatpgio dptween 70-
801C80d htly atdsttenipéraidre ddr aB64St 120 nafufear ThedBackorOvds B0t §Fi5°C over at

leabtf¥holir Eﬁcﬂqem%li&#peraéﬂ?émlor at %@Ltqg hoJ(c;so Wg%@@?ﬁ% N%reg ghd \KPshed with
LB ey et ety o
addtiong re(palp W3sIot gegepsaryp Ajter dying Onder vacUm?at@O-lSlz"C f@Hd} least 24 hours with a
slight riébgeh (ébd(the titkkddmpolnd.@1.6 €, 28:b78mol) W isoldtell in 4816 e(cﬁ{§8 6%

eni_ﬂéame]?@ e>gc§ss @ §3"/ a'%os ﬂsoﬁmtﬁo% %clgs%cof’sﬁn g%rg\ (xig) T'Q l@let Temp

2"#@" f'i%)’ate S gL ?“@Cc%ﬁhefmﬁmef@dw (bs, 1H),
2.64-2.59 (m 1H), 2.29 (bs, 1H), 2.16 (bs, 1H),
Exdmpi®s1. 69 (m 2H), 0.94 (d, J=6.6 Hz13H). 13C NMR (400

151Pr§9arig‘g§§' “%23{ qrbeﬁé @e%%ﬁ%n 3%&%33”" M%e?@‘ 7H-pyrrolo[2,3-
dlpyrgnydinyt-anige (Fermujzybls. 62. 5. 54.6, 53.1, 50.8, 35,3,

32. Oy a3dkah, drySniBogel=pagil 6006 mPrRpar @bre 0Margéd 2 4-dichioro-7H-pyrrolo[2,3-
d]pmm%j p['éogrBd as descnbed bel§w ﬁo O(gf 0.106 mo ﬂvfzi(Sg éfbg;l bePﬁyd4 methyl-

H
oo S5 el B o ai e ack (24 boylon ol eslaasion erbgate (4. 5,
0. 3ﬂﬁ/(¢plbg@nmt¢rd200rrfﬂacﬂwrrem @a< haegad 920508 Ur Ea’dﬁnﬂnhraloﬂro hours then

codldaadb b@ sk é@n@)ﬁgﬁ ‘?Bf'aqﬁmﬂnm %ﬁé R 5}3 {hi O? glh%écg d/s Yveri Holated by filtration,
0

washeg a/“th water (60 l) and dne at 50°C to afford 39.5 g (100%) of the tltle compound.

Anal. Galcd. for Cx0HpCINs: C, 64.94; H, 6.54, N, 18.93. Found: C, 64.78: H, 6.65; N, 18.83. 'H
NMR (400 MHz, ds-acetone): § 10.80 (bs, 1H), 7.36 (d, J=7.0 Hz, 2H), 7.30 (t, J=7.0 Hz, 2H), 7.24-7.20
(m, 1H), 7.13 (d, J=3.7 Hz, 1H), 6.66 (bs, 1H), 5.15 (bs, 1H), 3.69 (bs, 3H), 3.54 (ABg, J=13.3 Hz, 1H),
3.50 (ABq, J=13.3 Hz, 1H), 2.92 (dd, J=12.0, 5.4 Hz, 1H), 2.88-2.83 (m, 1H), 2.77 (bs, 1H), 2.64-2.59 (m,
1H), 2.29 (bs, 1H), 2.16 (bs, 1H), 1.75-1.69 (m, 2H), 0.94 (d, J=6.6 Hz, 3H). ™C NMR (400 MHz, de-
DMSO, mixture of isomers): § 158.0, 152.5, 151.8, 138.3, 129.1, 128.6, 128.1, 127.6, 126.8, 121.0,
102.3, 100.8, 62.5, 54.6, 53.1, 50.8, 35.3, 32.0, 30.9, 15.3.

Example 6

Preparation of methyl-[(3R, 4R)-4-methyl-piperidin-3-yl]—(7H-pyrroIo[2,3-d]pyrimidin-4-yl)amine
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met hyl pi peri di n-3-yl)-2-chl oro-N-nethyl -7H pyrrol o[ 2,3

-d] pyrimdin-4-amne (50.0 g, 0.1 35 nmol). The reactor
woe®7pwoged three tines at 50 psi w th nitrogePCEIRL006/002048

three tinmes at 50 psi with RBydrogen. Once purging was

CO”WJ.) §(:I@an Er@emtr Qr%d?&ed% Whﬁ%?&xa&o‘% r%eﬁ:toz%gﬁa% arged 20 wi% Pd(OH)./C

pSI Wt
o HHES RSB 6 S s S 8 b et Br(@BARY bt
meffiipiperidine-tiyZethivgreMrmatig-7tenyseiviz 8t dbgrimidin-sraminens0.@fg, 5.135 mol). The
redd@tiWas p-l]hﬁd tRSCHns WESpdh Qﬁﬂ ﬁgogteﬁ) areinre® e Go lervgtﬁ Cltydrogen Once
The reaction
ol 555 e Thq (b Rihmaleuiy b iTEE Ay preearico A win hcrger
threyel Aspriipyoue feedy Ehediveragen umage wasi nanieyeshymtiimg éwldrbd®® wab consumed for a
minfre@e b0l holiO ' The WBRANA YoolBd RCE3I8I0Wd pESEI RIS tifes at 50 psi with nitrogen.

Thg F’e%@t %li’t e;&g fi ltered thr qu%h ?ter-welt CeL??_l_aE) }r?ns eddetOSa alf?syp{ynpltrogen
pmﬁ%‘iﬁgm'%c{%{ IS%%?ﬁq“eEFrp)Pce?ﬂ“ﬂrogen purged reactor were

charged acetone (87.5 m ), p-toluenesul fonyl chloride
Exgmple7 1 g, 0.09 nol) and

2 3-d 5.0 g, 0.16

Preéo?‘ ”%Er‘ﬁ"“%r%eg)é?'oer”e\%gs““b@tsb% gﬂzﬁéﬁ]%éﬁ'“es 0 to 5.00C
and' 22 5leRn.sHYi NitrRePyRI eSS rerstof mrelcrmg)ad vieatorad@®8l nalk paoluenesulfonyl
chlpriie ¢17t1qy, Y mblaiam 4-theord- BRI By aHias25 0@06316 hbe The reactor was

cod’le%Q&BéM/eeWa§ O\‘t\@g B%danhg 5&&&%%%&5{3)«&% 79 ? 2s \%éc!eg aF a ra o maintain

m ni mum of hours.
the; “’é‘?ﬂeﬁltuéedbw 5rq £t Fhppaster yﬁwmgweéetmnr?%wa Dyefivet@mr ninimum of
5 hdurd. The Psultidg setdshvere idlisteirby BkritioR gnd vidshead melabéﬂ%h@m@fer &2, 25 ml each).

AftJ}Q)'fU'ng fblrngﬁ{nm\(lﬁfgﬁml%u \?}d? vagﬁqw?téﬁcsg%%% 819(}\56 téo%en bleed, 44.9 g
0P S Piiedtle PO 1999 0C. Anal . Cal od. for
C13W1 0Q1 NBOZSC. Ahal. $BIcd For EloH,LIRD,S: N, 5033.65, 3. F0WNd3 642, Found: C,

50. §CQH5Q®6 N 13306y N'g\hR (é@b rgﬁz rﬁh%g%{%%%ﬁd (Sd?yjs-‘zgwg 8.01 (
J= 8‘_?2 5 4§ (q!gpﬁaHzJZI-Q @92}_@ Ja4)Hz, B9 232 @5, 354" NMR, (400 MHz, de-
DM$P): § 123 B259% 156H)147.4,30 NVR (4808, Mrizs, 1 cigs, 16060) 5. d

153.2, 152.7, 151 .2, 147.2, 134.3, 131 .0, 129.3,

Elzng'S 119. 9, 1039 2 1.8. ExaaneSPreparatlon of

Pregr@&tLog_ BENU3A. - 4RIvebdngt-4miethekrindidin-Zyliringth vt (AyrethyfoelZbn g8 tFonyl)-7H-
pyriol2-shgyAe@rsiLifaRy| ) - 7Hpyrr ol of
2, 3‘l'od; legr{ mydhﬂog%n)éhr]ggéneagor were charged 4-chloro-7-(4-methyl-benzenesulfonyl)-
7H-pyrrolo[2,3-d]pyrimidine (25.12 g, 0.082 mol), bis-(3R, 4R)-(1-benzyl-4-methyl-piperidine-3-yl)-
methylamine di-p-toluoyl-L-tartaric acid (40.31 g, 0.041 mol), potassium carbonate (34.2 g, 0.245 mol),
and water (125.6 ml). The mixture was heated to 95-105°C for a minimum of 10 hours, then cooled to
45-55°C. Acetonitrile (25 ml) was charged and the slurry was held at 45-55°C for a minimum of 1 hour.
The mixture was further cooled to 20-30°C and stirred for a minimum of 5 hours. The resulting solids
were isolated by filtration and washed with water (50 ml). After drying, 32.8 g (82.1%) of the fitle
compound were isolated.
Mp 181.7-184.4C. Anal. Calcd. for C»H3iN50,S: C, 66.23[; H, 6.38; N, 14.3. Found: C, 66.04;
H, 6.47; N, 14.44. "H NMR (400 MHz, CDCl3): 3 8.34 (s, 1H), 8.06 (d, J=8.7 Hz, 2H), 7.43 (d, J=4.2 Hz,
1h), 7.30-7.29 (m, 6H), 7.25-7.21 (m, 1H), 6.67-6.66 (m, 1H), 5.14 (bs, 1H), 3.56-3.44 (m, 5H), 2.82-2.78
(m, 1H), 2.73 (bs, 1H), 2.58-2.55 (m, 1H), 2.38 (s, 3H), 2.31 (bs, 1H), 2.12 (bs, 1H), 1.74 (bs, 1H), 1.69-
1.61 (m, 1H), 0.90 (d, J=7.0 Hz, 3H). C NMR (400 MHz, CDCls): 8 158.2, 152.9, 152.1, 145.5, 138.7,
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To a clean, dry, nitrogen-purged reactor were charged
4-chl oro-7-(4- net hyl - benzenesul f onyl ) -

wQ kbopp12963 o 2, 3-d] pyri m di ne (25.12 g, 0.082 neC¥/1B2006/002048
bi s- (3R, 4R)-(1-benzyl - 4-methyl - pi peri di ne-3-yl) -

. . ovlol - : o 4
L8 o el L SO o LA L5298 (1D T o 0.0
328384t dP9(M25.6 M ). The mixture was heated to

95-1050C for a mi ni mum of 10 hours, then cooled to

Exfipie® OC. Acetonitrile (25 m) was charged and the

slyrr s, held at 45-55C for m ni pym o our, Th -
Prer P R T PR e BB B GPue st P iiging o -amine:

a miorfl $aam BifogsN-pisgRdgeactphwere gkaigediSAY sedivrh dydrepisie golution (210 ml) and
(1-teSQl-ahedlyl-biperfdinl 3-y)ahdtion[7 a0 denseisdashy)W H-By i@t 263 d]hyaRidmt 4} yil-amine

f i 9 Lhe ti _
ot Sl WP i L R A8 b SRS I oo o
90°@-arr-yeat s 289 i) w3s ag:@dzg'lle’ quLrEy W3S 3¢8>’Ied|~q? rogm tempeEiymeyer a(;r’ninimum of 1.5
hou6Gan0 4g!ld lk robm defpefsiurélfr 4 Aour. rhd\Ris(wWHODisddted byGidkskidh anddvashed with
watS (3.0l to 5tin 282 gﬁftﬁéjﬁtleé?frﬁpoznd,'%ate%@n 7.43 (d, J=4.2

Hz,, 1 7.30-7.29 (m 6H), 7.25-7.21@%m 1|—2,

6. 67-NYREOQ Myiz, ERYODI5 5 $.07 (5 1), 73628 (9 Y. 524724 Ry 11908 (4. J=3.7
Hz,2HB 262 (d7 8=3(7riz, 1) 5.082bs, 3H), B53-3.82m, 5R), 285 RId5511(.2n7.01H4) 1H), 2.68 (dd,
J=12.2387 Q@,ngy’,H)lﬁs-z.Zsﬁﬂa, (rlila,32.4§%&99§r2, -1@2 2.82@»;.,2% %tDIZmH),?-.QBﬁ 5(1@% 1H), 1.70-
v iohe P st = ek 30+ NG ki e G pE By Syseireg o o0,
164438380, 185, 438.41 237.9 137182 93616, 13528 13,3, 11287, 4101R 72.8,64 B2K), @4, (b), 60.3
(b), 406,46 8, 44385, 288. 7, 55.5 (b), 53.0 (b), 51.8 (b), 35.9

(b), 32.8, 31.4, 21.7 15.9 (b). Exanple 9 Preparation

of [ (3R
ExamRje . benEyl - 4- met hyl - pi peri di n-3-yl ] - net hyl - (7H pyrro
Preba.m@t@n 8-nodtyplyan, mﬁi)(-ZH-metktyl-yibérid%aMMﬂQZH-ﬁ'WoIa[Z@lcﬁamnildin—4-yl)-amine:

ni tfo%_@@a‘r@k”y?ﬁﬁ'qd’eﬁ-@@r & 2 VR @odeRAoR RchoBONRrS RRUrYR 20 wite PA(OH)/C
24 yd%ogf' de o' ution (210 m qgéj | 4-methylpiperidin=3<yl)-methyi
0P Y P R A ST h SRR 8240 1 HEemRY 4oty PPy methyk
(THApyEsRIR (. Blpyimidn-g-wyamioe (P20 3. 8% yeN. renelpeetia agd [288Rion848 mol). The
reat@Ond3 pQsged willD hrd¥ttimes aff BEpdtwith Hir6geWaRd et ks t20 5@ bsi With hydrogen.
on P B i H3e 00 0 ks e
througihRFIEHIET faedirTdie Gydspoen upkie WaS Moaiorer, ustil e flydoggh waneongmed for 1
hout THeQredvtdr @B ot td 20-F0OC add JU@yst thrdetnes @t 505 WY riitrogen. The reaction

ok il 0 M i 4 .
AL Rl Sk WA RF DRI s
sl RiPEIYE AT RALE (SR et (BPO0R) e Sharge ang tggmepig giap red for a
mingkdirilof 1 2vbur dhedCheftayl tolA)90°C7 . 6 ifopkppahsi3vad removed by distillation. The reaction
mixture was cooled to 20-30°C and 2-methyltetrahydrofuran (1.6 L) was added. The aqueous layer was
drained off and the 2-methyltetrahydrofuran was displaced with toluene (1.8 L). The distillation was
continued until the final volume was 800 ml. The slurry was cooled to 20-30°C and held for a minimum of
7 hours. The resulting solids were isolated by filtration and washed with toluene (480 ml). After drying
under vacuum between 40-50°C for a minimum of 24 hours with a slight nitrogen bleed 102.3 g (87.3%)
of the titie compound were isofated.

Mp 158.6-159.8°C. 'H NMR (400 MHz, CDCls): § 11.38 (bs, 1H), 8.30 (s, 1H), 7.05 (d, J=3.5 Hz,
1H), 6.54 (d, J=3.5 Hz, 1H), 4.89-4.87 (m, 1H), 3.39 (s, 3H), 3.27 (dd, J=12.0, 9.3 Hz, 1H), 3.04 (dd,
J=12.0, 3.9 Hz, 1H), 2.94 (td, J=12.6, 3.1 Hz, 1HO, 2.84 (dt, J=12.6, 4.3 Hz, 1H), 2.51-2.48 (m, 1H), 2.12
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Hz, 1H), 6.62 (d, J=3.7 Hz, 1H), 5.08 (bs, 1H),
3.58-3.52 (m 5H), 2.85 (dd, J=11.2, 7.0 Hz, 1H), 2.68
W(Qd(dn/oﬂzsﬁ 2, 3.7 Hz, 1H), 2.65-2.59 (m 1H), PCHBEB22063®2048
(m 1H), 2.29-2.20 (m 1H),23.90-1.81 (m 1H), 1.70-

o3 8ol SR i e Gy i pEENIL00. 00 ot
4095@*260%3@ 157.9.113804151.9.3209, 103.87035, 5§§64662 4281345, 33.4, 32.4, 14.3.
135.3, 112.7, 110.0, 72.4, 64.3 (b), 62.4, (b), 60.3
Ex£rh,)|e1144 5 4 1.8, 40.9, 30 5, 24.8. Exan'pl e 10
Pre

PregBp. et g S PRI D g0 5
oxq-proRjonitiily - ari ne: To a clean, dry, nitrogen-purged 2 L

hy dregeesat é9 mltfogﬁﬁﬂuﬁﬂed\d\l@ﬂﬁeé’éf&ﬁhﬁ@%a?g@d %%IRﬂﬁ\gﬁQl%(pg}ldln 3-yN)-(7H-
py o?oi?ogd rlm%?l@ %)\{\ﬁf %Bq éoéﬂ%gca Iqubén {/Fgﬁaﬁg oacekate (88.53 ¢,
0-78% mop g ety 2mize d@]vepfys*: Orfed F”ﬁD 4 *gﬁ 'FaclipR Wes freplsd mﬂ@"c end:m'd for 24
hourg| Jhe rematbnace tvashea @ittdw4t&8 16851y, ThO ol dnidiBye) contéirate@ &Gt \@lume of 10
m! ‘é@eswzﬁé”(ﬂﬁr@ Whd Lyt dd rﬁ@ résﬁdﬁgﬁollﬁhe 285 BRbveWnl lalsﬂlhﬁolﬁ QAHEfe mixture was

i RTCORE N RN e

walsF g8 el iThe testitngsQiIrp whs stiredifoh beuesy e iseiidowerh isalate by filtration, washed

wite ddton& (06 1), freided uhbe VB @OABrdURBAK G558 of TRY Ntk @6rfdund.

until no hydrogen was consuned for 1 hour. The reactor

was cool ed to 20-300C and purged three tinmes at 50 psi
EXHRIA15i t rogen. The reaction mxture was filtered
Altgrhate u FrepaetionCedfi t3e{(3R d 4RReméthyi-Biradtieyl-(Taipys@s]2, 3-Hpyrinidin-4-yl)-amino]-

plp@rllo@ﬂﬂyl} ﬁé)&vprcﬁlohﬁrﬁegﬁamcm%h%ﬁge Vessel A SO| Ut i on of

SO H’oacg% dry. ntroge pu oI 5ad rwe war yanoacetic mol),

char g hdVthe rﬁ" fgu Sakaa: 'bora é et 2510 ™
meﬁkx's?e ‘thh’éi’ﬁ m@v ealyl @h'qrsie 930@@, 20rhemplsang el glop Bl reaction was
allawetmstickt lypmdérsierdtdrator ®minimlef 1EBRhD ThBTesttdh &a¥\@én cooled to —15 to

18 Qllmq‘% éit £ g%ﬁg’rgtgdﬁprqtr%e%& lrea%IoF V%Fé! gc;dgg H\r ﬁl}] (z(—%atﬁyfl rgéer(dm 3-yl)-
<7F29yﬁf8'€li%>?rcﬂpéff'rf"a'ﬁvc¥ﬁ B & swé§ "dv%)pli’% gdn'wnfi fiethylpmien @5 9, 54.0
mnfol), Brelrdactionlves elirst! Lihtll abinmgensass raixint wasiatthinga! Mhe rhikigre was then
slotvglaaéed\{cpthélg@d é%ﬁde&@gpiﬁg the t-grnﬁeréb %5&3%3‘%5 Tﬁé)l%h&ign &/é% allowed to stir at

for a mninu
-1t oy ?Pg“‘%?ﬁ a@g e wamed i %‘{“efamﬁiiatﬁfiei thendelddes adgmum of 1 hour.
Ethyeeghtetd (30 rb!wasahargetieand $h8 Golnto) wad\idseed vdih\satngted BGHRAM bicarbonate (2x30

miY %&WQUQ?I\/% AL @Qrs@gtlcfn%d fhe Ml TME a‘%fsol\?e% nh&:wo% (;9‘7 an and
wa%r ﬁpnaﬂ fbt rl%},dré?gg%l % was add%d gnd(tﬁe resu/t?ng sohds were strrred or a
mm)mum of 12 hours. The solids were f ltered and washed with acetone (3 ml) and water (5 ml), then
dried under vacuum to afford 2.0 g (74%) of the title compound.

Example 13
Preparation of 3-{(3R, 4R)~4-methyl-3-Imethyl-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-amino]-piperidin-1-yl}-3-oxo-
propionitrile citrate salt:

To a clean, dry, nitrogen-purged 500 ml reactor were charged methyl-(4-methyl-piperidin-3-yi)-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)-amine (25.0 g, 0.102 mol) and methylene chloride (250 ml). The mixture was
stirred at room temperature for a minimum of 2.5 hours. To a clean, dry, nitrogen-purged 1 L reactor were
charged cyanoacetic acid (18.2 g, 0.214 mol), methylene chloride (375 ml), and triethyl amine (30.1 m,
0.214 mol). The mixture was cooled to —15.0—5.0°C over one hour and trimethylacetyl chloride (25.6 ml,
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Mp 158.6-159.8C. 1H NWMR (400 MHz, CDCI3): d 11.38 (bs,
1H), 8.30 (s, 1H), 7.05 (d, J=3.5 Hz, 1H), 6.54 (d,
wa 287612923 1H), 4.89-4.87 (m 1H), 3.39 (s, 3HCT/B2806/002048
(dd, J=12.0, 9.3 Hz, 1H) 3204 (dd, J=12.0, 3.9 Hz,
1}-%} 2.94 (td, 3126 1 Hz, 1HO, 2.84 dtJlZ6
0.204 molywagadd a rage tg maiptaip @e(tqﬁperfp.ﬁe below PZ‘{ 5r§1e rezmn wgs helg for a
minim(reldt2.5 kb, tBenZhe sbtidd,of #e dlzine iddaddell abrafedept mdintdings!. i, temperature

below% J@umn%g o(ndt:[me %lx%re?wa'_%vam%h&c ro%rgtgn%r{e %lqp| I\M?)'élum

hydroxjge (425 mjlyvas added. 'hhe ogg@m?fayeg gaﬂwasgezi wih watgr (425 @&gﬁﬂe@ylirf chloride
solutidApwep dis@dce dwithabetGre{uftB Ryolume of 500 ml and a temperature of 55-65°C had been

achle\féﬁz) W%telrf? ltﬂbf!/vaéc'hgrg&ttg%gnf Zj’ﬂk\ﬂﬁé ﬁwgihtgl n?rg tﬁe PM’Ethr@apdsrbB% )\

coi I LA RE PN ST NN 00

i °é%i‘ﬁ° & P Ygeh é?r'i !L‘”ft‘? charpedae B MRV R droom
tempqmurhy'[he (’eﬁctn‘reltqqyilr;ep fq[)g minglium-a® 5 pqu)s.a@q ﬂqply}hﬁ @}sqji[ng solids were isolated
by filtrétiod a6t WshddRite bEkiche Yok)5 AT wRiEh W23 2erld todhe fller] T salt@hs charged into a

clean mf{ ﬁﬁ%@n ‘nff?e% 1p1hgaf:tor§/$r}t]n%% etﬁ%gng%c}ﬁ)tagh gg’c 18(% sri Q'Jil?]gurx/%s heated

to 75-BRE &Y P mmmwsofﬁéatr% dhe @'xmm@@c tROr34°G 5y strred i g additional 4
hours TN SoIRR G/eie@dlatsd By MG WhdhBd wigkt2Brethendl @60 mi).) Afteddiging in a vacuum

oven 5\/}/%5%%&% E aﬁxnﬁtrogg\rbq;e%gt 4§tg?§‘} 3t’/9 oﬁhe tg% gq?%t lgr{d w%gs éaat @nd

he 'r esi uene
r e HONMERI (589 Milr-stsiDMSY'i 8ch! 4aldd! ) e TP xt=8 £ &1zndid): Eéb[deéF%GoHZ H),
4.96 (GABBD HeTPH 408 ®. (mABBtaavem( 204, aﬂ(an WHS3. 2dded), 2a@b (anywed15.6 Hz,

2H), P‘ﬁ @bl 5l1‘% 6% QH) (242.5%0 @, 19 12%2'1‘? I-Q M@t ﬁufﬂﬁ)meéﬂ 35 (m, 1H),

|ng slurry was s |rred hours
104@01? elsolate by filtration, vvashed vvlth acetone
(96 n1) and dried under vacuumto afford 42.85 g
Exan{n@5153°/z) of the title conpound Exanple 12 Alternate

Prepeﬁi% (m)lr O‘éﬂ g/rri)lg%% 1d] p r r ol o

H}/ J c{) rimdin- dy

@ﬁ‘ft?fdﬁaﬁ e&i RPES i aws?b;e RIRBigP- 6ﬁ1dt9H i $%2 ping)) and'toluene
(30 nAx:WIUh $Bhingr iPdesphdrasogyctibrgiar(1s.&lmy , 1915 e eves pxldegieahd the reactor was
warme&aF Y OE. ﬂ%&omygﬁgle QYW@@G?}'A an@ﬁ s (aade%oovgn 2. ?r?\ {8 control the

exoth @1 3%1er co ag?r,]é %2% efe }o&oxal%ﬁtgdc g&{ and stirred at
tempwatsreé¢rl1@\h/e alhet ralxtgteuwas 8e0leddoh’¢ érrﬂp@ri%ft ey tp @ rflask cmtﬁm'mmtef (230
m!) 28d eth{) aBdtad {@oml) Fh@orh eaedetite, WaS stn’f‘eal’bvérﬁ@i\teiﬂ rdofn terhferdt@e. After

fi ltraho&%g%ﬁeglteh ﬁ\le qjad d‘lger@ sgyﬁap%goathgacgg%us IJ)]/IEII\A; CQU WI‘?% yl acetate (3

rwere a erl
X 75rcl)7 I]i-h?)?'ig?rb? B[/ezs ‘gera]cwl?m% aap Hlaﬂweg, "")tﬁ/g'}‘ﬁer{g O(nl Dgrcg K%g 3’5’24 g) was
addegninothg ora®iids, thah fitkied &maligh Celitd dnyll deied oMer §BiUB yifatbA00 g). The solution

was concentrated in vacuo to obtain the title compound (52% vyield).



5

10

15

mol ). The reaction was stirred until a honbgeneous
m xture was obtained. The m xture was then slowy

wadaed11963 t he acid chl ori de keepi ng the tenperBCTIE006/002048
bel ow 5C. The reaction was 2§l owed to stir at -10 to
50C for 30 m nutes and thee ! med to room
tenperature, then held for Y ni rum of 1 hour. Ethyl
acetate (30 m) was charged and the sol ution was
h 'th saturated sodi um bi carbonate (2x30 m).
The vol atiles were renoved by distillation and the

1. T €SA RbBodA Prakth$S Y BhdloPh@est@Rf/a( 27 M), and water (5
m). Gtric acid ( 1.02 g, 5.3 nmol) was added and the
resulting solids were stirred for a m ni numof 12
hours. The solids were filtered §H washed with
acetone (3 m) and water (5 //then dried under
vacuumto afford 2.0 g (7&3@;££;Qhe title conpound.
Exanpl e 13 Preparation of 3N(3R P
4R) ~4- met hyl - 3-[ et hyl - (7Hpyrrol o[ 2, 3-d] pyri m di n-4-y
I)-anino]-piperidin-1-yI}J%-o opropionitrile citrate
salt: To a clean, dry, ni € Hpurged 500 m reactor
wer e char ged

IVa
net.hyl - (4- et hyl - pi peridi.n-3-yl)-(7 rrolo
corlFyolys A s ByRgeritide cobediph ¥ o1 ) and
net hyl ene chloride (250 m). The mixture was stirred
at roomtenperature for a mninumof 2.5 hours. To a
clean, dry, nitrogen-purged 1 L reactor were charged
cyanoacetic acid (NL8N 0.214 nol), nethyl ene
chloride (375 nl). a riethyl amne (30.1 nl, 0.214
nmol ). The nixture wis cooled to - 15.0-5.00C over one
hour and trinethyl acetyl chloride (25.6 nl,0.204 nol)
was added at a rate to nmamintain the tenperature bel ow
O0C. The reaction was held for a mninmum of 2.5 hours,
then the solution of the amine was added % a rate
whérdiat' isvalieatrai gne abde i¢ angoemidglgreap;veth amator thf Hoeiula 1lla, or a salt
therdbt rring for 1 hour, the m xture was warnmed to room
tenperature and 1M sodi um hydroxide (125 nl) was
added. The organic |ayer was washed with water (125
m) The methyl ene chloride solutign. was displaced with
acetone until a volunme of 500 /iEd a tenperature of
(

55- 650C had been achi eved. ter 5 m) was charged
to the m xture while nuirttai ping tme tenperature at
55-65C. A solution of citric aci (20.76 g, 0.107 nol)
in water (25.0) was charged and the m xture was cool ed
to roomtenperature. The reactor was stirred for a

m ni mum of 5 hours and then the resulting solilds were

whér&@Rat sl -Cg)alkyl; a is an integer from 0 to 4; R*is hydrogen or (C; — Cg)alkyl and P is a
nitrogen protecting group; in the presence of a base to afford a coupled product of the Formula IVa.

2. The method according to Claim 1 further comprising removing the activating group and nitrogen
protecting group from a compound of the formula IVa so formed; sequentially, in either order, to afford a
compound of the Formula V
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by filtration and washed with acetone (2x75 m ), which

was sent to the filter. The salt was charged into a
wW@bk@an12o8F y, nitrogen-purged 1L reactor w th 2BCEIBAMI02048

(190 M) and water (190 m 26 The slurry was heated to

75-850C for a m ni num of 4 hours. Eg m xture was

cooled to 20-300C and stirred for daddi tional 4

hours. The solids were isolate by] filtration and

washed with 2B et hanol ( 180 ). Mfter drying in a

vacuum oven at 500C with a slyght nitrogen bleed, 34.6
g (67.3%9 of the title conp re isolated. 1H NMR
(500 MHz, C 6-DVSO): d 8.1 4_ H, 7.1 1 (d, J=3.6

Hz, 1H), 6.57 (d, J=3.6 Hz, M), H4.96 (g, J=6.0 Hz,
1H), 4.00-3.90 (m 2H), 3.80 (m 2H), 3.51y(m 1H),
3.32 (s, 3H), 2.80 (Abg, J=1 5.6 Hz, 2H), 2.71 (Abg,
wherpia R'.5, gy areggiefined 8ve 50 (m 1H), 2.45-2.41 (m 1H),
1.81 (m 1H), 1.69-1 .65 (m 1H), 1.04 (d, J=6.9 Hz,
3. 3Hrne rﬁ&ﬁmcgbré‘r@ tPERRAT, 3hérein tefx’ activating group is chosen from the group
conﬁ%aé-ogérﬁ?r}'é,gxréogﬁo\z\jt%:gxgo%? lC%LIg,’ &dgzayéd)gm, Q’\J]@OAF,AN'{6$&$AFQJ aCy—Cyo
aronie grown HORLY, Eudig Y it GHeraRtems chosan Fn the groprycongging of O, NR’and S,
and WA&E) tha Adgro@l isl eniens(lB&ibsitgtedwith h tsd groups mglected from the group consisting
of ((5 U@?ﬁﬂf?ﬁé@%ﬁ%%! ol 'c%o;@l@wl%rem R isl@Bsen fiom@le) grovd SorRE6HRGT (C, -
and the reactor was warmed to 700C.
Colafyi 286 P8Py | et hyl amine (23.0 m 132.3 mmml) was added
over 2.5 h to control the exotherm After conpletion
4, of (Iﬁ@ Rehasfcadidd biokm 1,Mh€refnf&l‘&0f @évi%@ﬁodﬁ%@@nﬁmm 1eadtp
and stjrr t. ure for 16 h. The m xture was
con%sg'g? céfﬁh'f)rgﬁggﬁbclotgﬁg%g@%d slowy to a flask containing
water (230 m) and ethyl acetate ( 120m ) at room
5. t empemathod sscortiheto Giim Arvedrepveisrehight at r oom
tenperature. After filtration through Celite, the

| ayers were separated.the agueo | ayer was extracted
6. wi theaehyt acéergg%{ogé'a("ﬁ B ?H’%‘.'S#'o'é)' organi c | ayers were
conbi ned and washed with brine ( 100m ). Darco KBB (
7. 1. 2the@ethodsccadeg e diaimt heneadirgraibess, is thoem ffoim theegr@gh consisting of an
alk#'ﬂ%é’e%}?a%lk{xl&rﬁin@%e.dri ed over sodiumsulfate (10.0 g).
he solution was concentrated in vacuo to obtain the
title conpound (52% yield). CLAIMS What is clained is:
8. 1. ThemetHod decofdingickGlainy 7awhsmipwidbdsed$ PatereiumGRReNE: / Va

9. The method according to Claim 1, wherein P is a protecting group labile to hydrogenolysis.

10. The method according to Claim 9, wherein P is benzyl.

11. The method according to Claim 2, wherein X'is chloro and P is benzyl.

12, The method according to Claim 11, wherein the removal of the chloro activating group and the

benzyl protecting group is accomplished in the presence of hydrogen or a hydrogen source, and a
catalyst.

13. The method according to Claim 12, wherein said catalyst is chosen from the group consisting of
palladium hydroxide, palladium on carbon and platinum on carbon.
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conprising coupling an activated pyrrol opyrimdi ne
conpound of the Fornula Ha Ha wherein L1 is a | eaving

w@emapi1zasdl X1 is an activating group; wth an BOT/B20@F002048

the Formula Ilia, or a sal®27thereof; Ilia wherein RL
I Sla‘-(e(%ethoscgc)cgll @ o’Cl |1Swf%%|n| tﬁ‘é Qﬂﬁer oﬂ(é@ﬁﬁbgoft &tl‘ﬂa fongla lRisa
% (; tﬂw) and Plsanltrogen
°°mPBF’tS*t°é ¢ forg-H 1! Brpasaf eieﬂe pr esence of a base to afford

15.

a coupl ed product of the Fo a lvVa. 2. The nethod
according to Claim1l fur{he cQnprising renoving the
activating group and nitrige pr\qfcecting group from a
compound of the fornula I'Va so forned; sequentially,

in either order, to afford a conpound ' the Fornul a
Wrnahesit @cdaadmgao claimdi 4 RBeraih eaidaminkedfiteddmalkoleis aBamifdisalt of the

Formngt”nod according to Claim1, wherein the X1 activating

17.

18.

19.

up is chosen fromthe group consisting of chloro,
brom) i odo, fluoro, CO2R , COCO2R1, Ar, and CQAr;
wherein Ar is a C3 -C | 2 aromati p optionally

including 1 to 6 et',eﬁtorm g@@se fromthe group

consisting of O NR (and S, |an erein the Ar group
is optionally substituted wift ho & 3 groups sel ected
fromthe group co Sisti ng of (él tv.. kyl , hal ogen,
nitro, and cyano; "and wherei® R s sen fromthe
group consisting of (ClL - C6)al kyl and#benzyl. 4. The
met hod according to Claim1, wherein the L1 | eaving

group is chosen fromthe group consisting of chloro,
bronpb, iodo and fluoro. 5. The nethod accordi'lig to

. O ahdménodMaedr@hdo Cllinissi4@hispwrereiBP isbazylret hod accor di ng

to daim3, wherein X1 is chloro. 7. The nethod

according to Claim 1, wherein é}l d base is chosen from
t héhgymeihgs! %96?5@1‘95%‘3}?@“ bf"’hﬁrﬁ‘”gl R&M'P°base and a

trial kyl am ne base.
\N\“Q\‘\/Ph

A compound of the Formula IVb
”I&/Q
Cl)\N/ N

H .1Vb

A method of making a compound of the Formula IVb
\\Q\l Ph
SN ~
o0
/k “ N

= N H . IVb

comprising coupling an activated pyrrolo pyrimidine compound of the Formuia llb
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8. The nethod according to Claim7, wherein said base

i s potassium carbonate. 9. The nethod according to
w@@i7/12b53 wherein P is a protecting group | abi PEI/1B2006/002048

hydrogenol ysis. 10. The nethod according to Caim9,

. : . _ t . .
el B o R U AP A Db e B 2k ot
therefet hod according to Cl aim 11, wherein the renoval of

the chloro activating group amrd.the benzyl protecting
group is acconplished in theresence of hydrogen or a
hydr ogen source, and aReat/@t. 13. The net hod
according to Caim12, \mere n Baid catalyst is chosen
fromthe group consisting of palladi um hydroxide,
pal | adi um on carbon and pl ati num on carbon. 14. The
met hod according to Claim1, whanein the am ne, or
wneBf s S Fagor s %ol BRI A Bolple PG TR o B
protegingSryPrithe 8ree3nas PhaPasavher ei n sai d ami ne of the
Formula Nle is an amne salt of the Formula IHf |Hf

20. 167nelRGndiBLEREhAS S9MAb ABthdrRorkdrBh§Tembdndthe ddavatiGb@ dhd Me
cor

rekar S fagio oo g R0 R Byt By s
compoyhd dfthe Farmiga Yiod of naki ng a conpound of the Formul a
I Vb conprising coupling an activated pyrrolo
pyri m di ne conpound of the Forgql alib libwherein L1
is a leaving group and X2 is activating group; with
an am ne of the Fornmul a Hlﬁ@ a salt thereof, Ilia
wherein RL is (Cl -OG)aI:‘%eM ~.aVi's an integer fromO to

4; R2 is hydrogen or (G 4JC6)alkyl; and Pis a
ni trogen N
L
N N

H Vv
wherein R', R?, and a are defined as above.
21. The method according to Claim 19, wherein said base is chosen from the group consisting of
alkali bases and trialkylamine bases.
22, The method according to Claim 21, wherein said base is potassium carbonate.
23. The method according to Claim 19, wherein L' is chloro.
24, The method according to Claim 19 wherein X?is chosen from the group consisting of chloro,

bromo, iodo, fluoro, benzyl, SO,Ar, CO,R’, and COAr; wherein Ar is a C3 —C,, aromatic group optionally
including 1 to 6 heteroatoms chosen from the group consisting of O, NR’ and 8, and wherein the Ar
group is optionally substituted with 1 to 3 groups selected from the group consisting of (C4 -Cglalkyl,
halogen, nitro, and cyano; and wherein R’ is (C, -Cg)alkyl or benzyl.

25. The method according to the Claim 20, wherein the X? activating group is a tosyl group and is
removed by an alkali base.

26. The method according to Claim 25, wherein said alkali base is sodium hydroxide.
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15

20

protecting group; in the presence of a base. 20. The
nmet hod according to claim 19 further conprising
WO 2000012983 t he activating group and the nitrogePCT/IB2006/002048
protecting group fron1a conp@und of the Formula IVb
7. S uen n@:’:\écX@ng\lg H I_xyfgrred re amm ogtwag)emuoaef,lia %rergp H{plgregffhasthe
m”“ﬁﬁ&@@ﬁsﬁtmﬁeﬁhe nethod accordlng to Caim 19, mherein
said base is chosen fromthe group consisting of

al kal'i bases and trial ky) arg ne bases. 22. The net hod
according to Caim2 1, erein said base is potassium
carbonate. 23. The nethg ding to Caim 19,

wherein L1 is chloro. 24. The nethaod according to
28. O BleMeh3a WREIRL B Cldmiz? whbIOS 841 Sk Br @ oBHURUIR is an amine salt of the
Form aBi\lrstlng of chloro, brono, iodo, fluoro, benzyl,
S and COAr; wherein Ar is a C3 - Cl12
aromatic group optionally including 1 to 6 heteroatons
chosen fromthe group consisting  NR and S, and
wherein the Ar group is optiongll bstituted with 1
to 3 groups selected fromthe gffoup consisting of (Cl
- C6) al kyl, hal ge itro) H%ﬁ ano; and wherein R
is (C1 -C6)a|k N pzy . The met hod accordi ng
to the Cl aim 20,Hwherein H@C Oactlvatlng group is a
tosyl group and is renov by & .I| base. 26. The
met hod according to C ai m 25, mhe sai d al kali base
i s sodi um hydroxi de. 27. The net hodaccordi fifj to C ai m
29. 19Thewtetiod erotding ta@leime 20¢r 28 hvenefeprmisbanzyll i a or a sal t
t hereof has the fornula D d or a salt thereof 28. The
30. ma{'hh od tho? ﬁé)cro %lmg gon(glgrrnngh ewhse’néern ’che\l\ﬁPe rtﬁvat%g%ro'ﬁ;& |s arpcﬁy fgroéjg anchs
remowvé)vlﬁ*ﬁ@'h@@aﬁﬂ:@é i Fritirogen eptagtingaroup ivg byl gigieangiisreipoyed in the
presdmeai@ihdrogdn or alherog@t se0ds, aceatal ] ang ofton=ly @itte pédencatdeaneicid to afford

acm%&ﬁm%%&@@%h%%Kbng group is a tosyl group and is
renove an al kali base and the P nitrogen

protecting group is a benzy grnoup and is renoved in

t he " NH
SN
S
o
N
N H .Va
31. The method according to Claim 30, wherein said catalyst is chosen from the group consisting of

palladium hydroxide, palladium on carbon, and platinum on carbon.

32, The method according to Claim 31, wherein said catalyst is palladium hydroxide.
33. The method according to Claim 30, wherein said acid is acetic acid.
34. A compound of the formula

\N‘\‘C’\I\/Ph
98,
k N

N Ts
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presence of hydrogen or a hydrogen source, a catalyst,
and optionally in the presence of an acid to afford a
wa@orpowds of the Formula Va 31. The net hod acchPeTBRgO/@2048
Cl aim 30, wherein said catadyst is chosen fromthe
group cpnsis | Ladi,um hydroxi . adi
5. 3 bon, X BREHPAR AP 2L i B bR e
SmP%@cordlng to Caim31l, wherein said catalyst is
pak) adiresaingyreirpons!ale3-dB33rimidihe-apediti oth slosmeds nychlgid€ingnm

30 Wh%ro%nc s%%ﬁh@raanda fr$t s@16Bh b fﬁ&te%peéﬂre A comoound

3 i dTesne P PPBORS SS BB PRI s ey

the st @gdnagp salwrstrsela@mahfge PRSI 22 Brigy apieibATede feen @
- 2, 4- disedonybdilioRrasHBenY npavkt adi de in an aromatic

S oldv ent; ncFe%snIngo i s.@anH Ee%per%fa e%tf hg @ec@ﬁd s%lutlénr tég third temperature for a

t enper at ur e; % i ncr eas! ng sa| first tenperature of
t he fIF§6m§HPU¥Y%$ to a second temperature; c) adding
whete tieaihosphérpustoxgrblotidei ippresent in beiwese @onyt!!-$ andrdpH € gawvagents and the

tertlatr)%rﬁlheﬁfaﬁe B IyleBént m%‘éﬁ/eér{)abfaﬁﬂmaad §&QWeq&leéﬂté @6th dlatitd e the
Stal’t{ng9'9@}{”0%0%&8?&#{1,?@2 QQ, i ncreasi ng said second

e Second solution to a third
tenperature for a first interval of tinme, wherein the
36. phaobeoheha@sscadych Cam thewheeipthe sieaphoraas bethieidais alesert: in between

abogk 29 aﬁ(!qgoo@’(kéqyéquﬁalgr%J bl)/oath@t@;t@ry antle E&@ il PdsbhtdH BetrZh Qt?out 1.1 and
IS present in between about 1.0 and about 8.0

abmgaﬁﬁeﬁﬁﬁﬂFs both relative to the starting
7Hpyrrolo[2,3-d] pyrimdine-2,4-diol. 36. The nethod
37. ACaAé ARG dcbor@hdtb MaBb36, WHeERihe plidaehopda® syBrasHas & present in about 3.0

equugé%‘%hén% illqu by aB%Sﬁ%@ﬁs e MERY 020QWeng; O and about

“equi va e tertiary am ne base is
present in betmeen about 1.1 and about 2.0
38. e W maitiog it [goduBirg erBhinmeedaoehriched pipetidings ¢f theComiuta X36,
wherei n the phosphorous oxychloride is present in
about 3.0 equivalents, and theRbertiary amine base is

present in about 2.0 equiva eﬁ%s.
R"'\N N Xc

H
~ I
T (R

A
wherein R is (C; -Cg)alkyl; a is an integer from 0 to 4; R? is hydrogen or (C; -Cg)alkyl; and R” is chosen
independently from the group consisting of hydrogen, (C4-Cg)alkyl and CF3 groups; b is an integer from O
to 4;

comprising the step of
a) asymmetrically hydrogenating a benzy! pyridinium salt of the Formula Xd

(R",

e
/lol\ /C‘ N X.
RO N ~ N
H

7
T (R

Xd

wherein X is selected from the group consisting of chioro, bromo, fluoro, iodo, triflate, tosylate
and -BF, , and R is (C4-Cg)alkyl;



10

15

20

25

38. A nethod of producing enantionerically enriched
pi peridines of the Fornmula Xc wherein RL is (Cl

wo geyalleyd ; a is an integer fromO to 4; R2 i SPOlB20@002048
or (ClL -0C6)al kyl; and R' is3lchosen i ndependently from

the wii QMQC’I&Q %lm bngth&munhéég{y%ﬁﬁla clﬂlgllph%lné Ilg\éhd ﬂ% pg:gﬁ"nce of

er fro rising
steﬁ“gpe%?”ﬁgﬁﬁﬂﬁﬁPW%hlIy hydrogenatlng a benzyl
pyridiniumsalt of the Fornmula Xd wherein X is

39. Selteeieod dcadriihde Cﬁal’nQM?wﬁé?éhS}@FHoBGm gétangglz%ghs- 3r % no,
18 ate an , an s
Cyc'%(!é% 8‘%”3{)({@&})&% rEJng{E %Jﬁfgr%y iridium or rutheni um
catal yst and a chlral phosphlne ligand in the presence
40. of Thy detbgravcodingto [Nathn 38) @hersio the cigral (BOsphifib tgane ks lalogben from the group

conﬁﬁlﬁé)&f@()qg 15(@)-&d, cﬁdh@?\ﬁ&os%%ﬁ*o&n&l%yf&pmtm%ﬁ@| M- 1lis)-2
L ]

phemy) @hepPiE)feiprerdipthy! diHduiyRhaselinephosphi ne |igand is
chosen fromthe group consisting of

1. (Rimb mbend debbin o P e wére,g) thg%gﬂge,s;r)ofnﬁfn{s%ﬁ REWhd Eiih xe
di -t - butyl phosphi ne, di cycl ohexyl
phosphlno)ferrocenyl]ethy dgtylphosphlne and
(R-(-)-1-{(S)-2-di - |quohp t hyl phenyl)
phosphlno)ferrocenyl]eO N dixt - ut yl phosphi ne. 41.
The nmet hod according to Cla|n14 wherein the benzyl
pyridi niumsalt has the Fornul 8 Xel-whgrein Rl, R', X'
and b are defined as above. 2. e met hod accordlng

Gaim4 1 wherein the benzyl pyridiniumsalt has
Whe(‘i*ﬂsR For fufy Bar giieTdasib%e, R'“and b are defined as

above. 43. The net hod according to Caim42, wherein
42. X" ing mdth&dBbcorfifly to/%lmtlhﬂﬁjaré?ﬁ th® b G¥ridBium salt has the Formula Xf

enantionerically enriched piperidines of the Formula

Xc wherein RL is (G -C6Yyal y/, RR-is hydrogen or (Cr

C6)al kyl; and R' is c % he group consisting
of hydrogen, (Cl-C6) alkylH and 3 groups; b is an
integer fromO to 4; 7

X T (R

wherein X', R” and b are defined as above.

43, The method according to Claim 42, wherein X is bromo.
44, A method of producing enantiomerically enriched piperidines of the Formula Xc
R1
R"‘\Nj:j\l
H
7 I
TR )b
x

Xc
wherein R' is (Cq -Cglalkyl; R? is hydrogen or (C;-Cg)alkyl; and R” is chosen from the group consisting of
hydrogen, (C4-Cs) alkyl and CF; groups; b is an integer from 0O to 4;

comprising the step of

a) asymmetrically hydrogenating a tetrahydropyridine of the Formula Xh



conprising the step of a) asymmetrically hydrogenating
a tetrahydropyridine of the Fornula Xhwherein R" is
wowdo/ogeoshodi um iridium or rutheni um cat al ySPCHIBR0G6/002048
chiral phosphine ligand in32he presence of hydrogen or
a hydrogen source. 45. The nethod according to C aim
44, wherein the rhodiumcatalyst is bis(1l ,5-
cycl ooct adi ene) rhodi um (1) trifluoronethanesul f onate.
46. The nethod according to Claim44, wherein the
chiral phosphine |igand isg \ fromthe group
consisting of (R -(-)-1-{(%) - L(d phenyl
phosphi no) ferrocenyl ] etk ﬁ-t- uty!l phosphi ne,
(R-(-)-1-{(S) ~2- (dicyclohexyl A
phosphi no) ferrocenyl ] et hyl di-Xh- byt yllgkosphi ne, and
(R-(-)-1-{(S)-2-di-(p-trifluoro | phenyl)
phosphi no) ferrocenyl ]Jet hyl di-t-butyl phosphi ne. 47.
The nmethod according to Claima44, wherein the

hod dj
tetﬁﬁﬁﬁﬁﬁbﬁyﬁ%é%ﬁgahas the Formula Xi wherein R' and b
ar e witke & fhadidm dddiugh ovrethenium catalyst and a chiral phosphine ligand in the presence of

5 hydrogen or a hydrogen source.

45, The method according to Claim 44, wherein the rhodium catalyst is bis(1,5-

cyclooctadiene)rhodium (1) trifluoromethanesulfonate.

10 46. The method according to Claim 44, wherein the chiral phosphine ligand is chosen from the group
consisting of (R)-(-)}-1-{(S)-2~(diphenyl phosphino)ferrocenyllethyl di-t-butylphosphine, (R)-(-)-1-{(8)-2-
(dicyclohexyl phosphino)ferrocenyl]ethyl di-t-butylphosphine, and (R)~(-)-1-{(8)-2-di-(p-trifluoromethyl
phenyl) phosphino)ferrocenyl]ethyl di-t-butylphosphine.

15  47. The method according to Claim 44, wherein the tetrahydropyridine has the Formula Xi

\Tfj\éj[::l

=z I
(R
Xi P (R")p

wherein R” and b are defined as above.
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