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WD 2006/ 031788 PCT/ US2005/ 032512 5 PROCESS FOR
PREPARI NG SUBSTI TUTED 10

WO A6OR1996CLOF3. 2. 1 1CCTAN- 3-0LS  FI ELD OF THE | p¢vzil106%032512
The present invention relates to a process for
preparing substituted 8- azabicyclo[3.2.1 Joctan-3-o0ls.
15 BACKGROUND Substituted
8- azabi cycl o[ 3. 2. 1] oct an- 3- ol conpounds di scl osed in US
6, 262, 066 are NOP receptor agonists (previously known
as ORL-1 receptor agonists) wuseful in the treatnent of
various di sorders such as pain, anxiety and cough. US
20 6, 262, 066 di scl oses a process for preparing the
cl ai med conpounds conprising an expensive and unstabl e
tropi none as a starting material. A preferred group of
8-azabi cycl o[ 3. 2. 1] octan-3-o0l s, including 8-[bis(2-
chl orophenyl ) met hyl ] - 3- pyri mi di n- 2-yl - 8-azabi cycl o[ 3. 2.
l]octan-3-o0ol, is specifically disclosed in US
6, 727, 254. The mul ti-step process disclosed in US
6, 727, 254 25 maﬁs FOR PREPARING SUBSTIRUJER th a
di phenyl met hyl deygiva R ‘ on with a
tributyltin deri 2SERY & Kyl
['ithiumderivative. SUNNARY CF THE INVENTICN The

W | ates to a process for preparing
FI@L%S%T EIWEW N 30 structural formula | OH NRL

R~ 1The pﬂesdmnnmﬂnhlrel:tés/tclnawasb IfewrI laépalrlmgI substitated 8-

t erein_R 1s benzy R5- benzy ally

%(“3)10&2132 ans8-Ql$-- CH(R7) 2; WD 2006/ 031788

PCT/ US2005/ 032512 2 each R7 is independently sel ected
g%g@ﬁ_@g@oup consi sting of R2-phenyl and

yl; R is R3-aryl, R3-heteroaryl,
R3- aBybstitlited 8-az&Bichelbi3. Dﬁlr]oﬁtah-lsybl cdiﬁpwnds tiscldsed in US
éubstltuent i ndependent | ected fron1the

6,862866:araNGP resepiaragepists (Rieyigusly known as Rﬁﬁﬂx&csn@r agonists)
us?tiiGi Xhe treatment of various disorders such as pain, anxiety and cough. US
6,262,066 discloses a process for preparing the claimed compounds comprising an
expensive and unstable tropinone as a starting material.

A preferred group of 8-ézabicyclo[3.2.1]octan-3-ols. including 8-[bis(2-
chlorophenyl)methyl]-3-pyrimidin-2-yl-8-azabicyclo[3.2.1]octan-3-0l, is specifically
disclosed in US 6,727,254. The multi-step process disclosed in US 6,727,254
comprises reaction of a tropinone with a diphenylmethyl derivative, followed by
reaction with a tributyitin derivative of pyrimidine and an alkyl lithium derivative.

SUMMARY OF THE INVENTION
The present invention relates to a process for preparing compounds having the

OH
MR'
_N

R I
or a pharmaceutically acceptable salt or solvate thereof, wherein

R is benzyl, R>-benzyl, allyl, -C(O)R®, -C(O)OR® or —-CH(R")z;

structural formula |
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R3 is 1-3 substituents independently selected fromthe
group consisting of hydrogen, hal ogen and alkyl; R5 is

szg B1gPsti tuents independently sel ected ff%ﬁ(ﬁﬁoosmszslz
10

oup conS| sting of hal ogen, al koxy and -NC2;
|s H, al kyl, hal oal kyl or benzyl; and Re is alkyl,
benzyl or aI lyl; conprising a) reacti ng an am ne of
formula Il RNH2 Il 15 wherein Ris as defined above
with 2, 5-di net hoxyt etrahydrofuran or HC(O) (CH2) 2
and each iDindepeodentirselectaddiremithegroup Eoosisting rphenyl and

gquffer optionally in the presence of a base, to
Ro'iS’F 'corrpound of formula Il ,0/ RNIII
reacgh OR | 'o L léﬂi&ﬂ* ein
R |§ 21% def ned r%faggovgﬁfﬂak#l R Peﬁer%“ um

opt i Bhid 1 yo Brsubistityents nmb@endeatly selacted feamt thetgroupcansisting of

nd of tionally converting a

hxf!fﬂgsﬁﬂbatieﬂe%?'k@rﬁuﬁ’%é“ "Hﬁ) 's benzyl, R5- benzyl,
al l yR3 s mtmtiﬁgemﬂﬁaéﬁﬁdbﬁﬂ?sémﬁénﬂhef%bﬁwc%nhlstmg of

wherein Ris - renmovi ng t he benzyl
hydsogemAyalogen iapd, alk)d.‘(O)RG or -C(O ORe group to obtain

o DR D Bl bbobeh) b FblbupiBRstng o

hé]gg@,ﬁ)tmﬁo,@jaﬂ\d (:_}\(('9%2 or a salt thereof with a conpound
rnul"a IV CH(R7)2-X IV wherein X is hal ogen,

os@ oalkvl.bplqadmenbgnzylonym) and 5 d) optionally
recrdssaglwrbgﬁ@gtzﬁgﬁ @ngt of step b) or step c) to

obtai'n
comprising

a) reacting an amine of formula ||
R-NHz I
wherein R is as defined above, with 2,5-dimethoxytetrahydrofuran or
HC(O)(CH2).C(O)H, and with C(O)XCH2C(O)YOR*),, wherein R*is H or alkyl, in a
buffer, optionally in the presence of a base, to obtain a compound of formula Ili

gﬂ/o
/N

R I
b) reacting a compound of formula IIl with I-R?, wherein R' is as defined
above, with alkyl lithium, optionally in the presence of a lithium salt, to obtain a

compound of formula I;
c) optionally converting a compound of formula | wherein R is benzyl, R*-
benzyl, allyl, -C(O)R® or —C(O)OR® to a compound of formula | wherein R is ~CH(R").

by
i) removing the benzyl, R*-benzyl, allyl, -C(O)R® or ~C(O)OR?® group to

obtain a compound of formula I(c)(i)

OH
gﬁ‘\m
HN— HC)i)

and
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Al'so clainmed are novel internediates of fornula Wand
l(c)(1l) OHOH N N~ RN N~ 1b" HNNDI(O(j)'
' is benzyl, R5-benzyl, allyl, -C(O

‘-‘@?‘%@8&8@10 Al'so clained i s;a nethod for pre;?g‘r:?’r"sz""s’“m“
conmpound of formula V OR9 :f?' RN R7 V wherein RO is
alkyl and Rl and R7 are as defined above for formla I,
provided that R2 is not hydroxy corrprl sing al kyl ati ng
a conpound of the fornula VI ~N R7 VI
i .e., theli)reeating the cemppund pof l(pi(l)log | $ﬁ|¥ thereof with a compound of
con | ated that this process would be useful for

[ia I ng a conpound wherein Ris any of the Z1, Z2

and Z3 groups discl osed cm(I_RJ X, 262, Q§6, i ncorporated
herein by reference. 20 DETAILED DESCRLPTION I n one
wherteini Xrie hajogen: -98Q264 o —Qt(p-tolueaasulfenyll ndnd ses

b/ ehyy S6a58 iy $§f°ﬁ'ﬁ“k§$$ 1651 8F Stob ¢ gotain a purified
pm@U&R?)Z preferably R2 01 '
Also claimed are novel intermediates of formula Ib’ and I(c)(i)

OH oH
N
Bﬁ\ﬂj % "
/ »
e N HN N7
wherein R® is benzyl, R>-benzyl, allyl, -C(O)R® or -C(O)OR®,
Also claimed is a method for preparing a compound of formula V-

OR®

(e)(iy

R1
R7\<N
R7 \"
wherein R® is alkyl and R' and R” are as defined above for formula I, provided that R?

is not hydroxy, comprising alkylating a compound of the formula VI
OH

R1

R7~( |

R’ VI
i.e., the product of step (c).
It is further contemplated that this process would be useful for preparing a
compound wherein R is any of the Z*, 2 and Z* groups disclosed in US 6,262,066,
incorporated herein by reference.

DETAILED DESCRIPTION
In one embodiment, the process of the invention comprises preparing a
compound of formula la
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wherein each R2 is independently selected fromthe
group consisting of hydrogen, 5 hal ogen, alkyl,
d al koxy; Rl is R3-aryl, R3-hetero
wl'\t’ys?hg%?ﬁgﬁyl or R3-heteroaryjal kyl, wherein Rgf(?tmiz-ogsmzsn
substituents independently selected fromthe group
consi sting of hydrogen, halogen and al kyl; conprising
10 a) reacting an amine of forrmula Ila CHR7)z-NH2 Il a
preferably NH2 R21P, | \1 Rz I la wth
2, 5- di met hoxyt et r ahydr of ur an\or k) (CH2) 2C(O H, and
wth 15 C(O (CH2C(O OR4) 2, ereih R4 is Hor alkyl,
in a buffer, optionally in ge of a base, to
obtain a conpound of formu o RAYN, R7 Ilia
preferably Rz o N Rz gara” WD 2006/ 035488
PCT/ US2005/ 032512 5 b) reacting a conpound of formula
whbfan\ﬂ"tig_cmn")zy\/pmfe'rablﬁl is as defined above, with
alkyl lithium optionally in the presence of a lithium

salt, to obtain a conpound offfornula la; and
optional Iy recrystallizin 2O0NCct, of step b) to
obtain a purified produﬁ?"’\Sl | nlprafBrred enbodi ment,
the process of the inventioff conprises preparing a

whErsH? eaeh ®? i§ Hdeendently Stlected from the group consisting of hydrogen,
halogen, alkyl, hydroxy and alkoxy;

R'is R%-aryl, R*-heteroaryl, R*arylalkyl or R>-heteroarylalkyl, wherein R® is 1-3
substituents independently selected from the group consisting of hydrogen, halogen

and alkyl;
comprising
a) reacting an amine of formula lla
CH(R")>-NH; lla
preferably
NH,
7 2N 2
R? N | N R lla’

with 2,5-dimethoxytetrahydrofuran or HC(O)(CH,).C(O)H, and with
C(O)(CH,C(O)OR*),, wherein R* is H or alkyl, in a buffer, optionally in the presence of
a base, to obtain a compound of formula llla

RL'/

R7
preferably
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N~ RemN N ~ la" wherein R is R R2 10 wherein R2

is 1 to 3 substituents independently selected fromthe

W RWEoFSeSi sting of hydrogen, hal ogen, al kyl,pdwyosmssis2si2
and al koxy; conmprising a) rsacting an amne of formula
lla N2 R2/ / R 151 la" wth

2, 5-di met hoxyt et rahydrofuran and C(O (CH2C(O) OR) 2,

wherein RA is H in a buffer, optlonally in the

presence of a base, to obtain oun

formyl.a
| 1i sb) reagting &gompognd qf)fomiatlllagv li!mr&"a;fg4 is as defined

i _
A, AR iAn 3 A Lo
cdngpd,waﬁomﬂ?ayﬁtaﬁd :jZI ng the productdof n;tgp b) to
obtain a purified product. In a second enbaodi nent
pr o@gpmﬁytrq@ryshﬂ&mgme pt@fe%tep?ta gaobtjn %M&ia@duct-
of forrmula |Ia WD 2006/ 031788 PCT/ US20051 032512 OH R~
RanN la wherein Ra is -CH(R7)2, preferably Rz_\ Rz

wher|qigreforfdd Bbodirent tiseprovesy of the irvention comprises preparing a
group conS|st|n ,of hydrogen, 5 hal ogen, alkyl,

camprund, y RlL is R3-aryl, R3-heteroaryl,
R3- aryl aI kyI or - het erogqryl al b}ql wherein R3 is 1-3

wherein R?is

wherein R?is 1 to 3 substituents independently selected from the group consisting of
hydrogen, halogen, alkyl, hydroxy and alkoxy;

comprising
a) reacting an amine of formula lla
NH,
= Z
2_I” —_R2
R’ N I N ; ’

lla’ .
with 2,5-dimethoxytetrahydrofuran and C(O)(CHzc(O)OR")z. wherein R*isH,ina
buffer, optionally in the presence of a base, to obtain a compound of formula llla’

lia’

b) reacting a compound of formula llla’ with 2-iodopyrimidine; n-butyl lithium
and LiBr to obtain a compound of formula la’; and

optionally recrystallizing the product of step b) to obtain a purified product.

In a second embodiment, the process of the invention comiprises preparing
compounds of formula la
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substituents independently selected fromthe group
consi sting of hydrogen, hal ogen and al kyl; conpri sing
ting an amne of formula Jib R-NH |
Vo afthndfRE | O benzyl, R5-benzyl, allyl, -C(O rpcTrusavesiosasiz
or-C(OOR, wth 2,5- dinethoxytetrahydrofuran or
HC(O) (CH2) 2C(OH, and with C(O (CH2C(O OR4)2, wherein
R4 is Hor alkyl, in a buffer, optionally in the
presence of a base to obtain a 15 conmpound of formula
I1lb O R NIIlb b) reacti &hpound of fornul a
[Ilb with I-Rl, wherein Rl i efi ned above, with
al kyl lithium optionally i sence of a lithium
salt, to obtain a conpou mfa I1b 1 ~0H /~~
R N 20 R-Ib whereingd”b is as definggabove; c)
convertl ng the ,compoun of formula Ib to a conpound of
whereinIR? lSs—GMI(R% prefesably - CH(R 7)2, preferably WO
2006/ 031788 PCTI US2005/ 032512 ./ Rz z /| , R2Z F by i)
renmovi ng the benzyl, R5-ben I al yI -C(ORB or
-0(O ORB group to obtaifp R formula 1(c) (i)
OH 5 HNRI(O (i) and i r ac he conpound of
I(c)(i) or a salt thereof wth a conpound of fornula

wherdiieach R25s lidependently selected from the group consisting of hydrogen,
halogen, alkyl, hydroxy and alkoxy;

R'is R-aryl, R*-heteroaryl, R*-arylalkyl or R*-heteroarylalkyl, wherein R® is 1-3
substituents independently selected from the group consisting of hydrogen, halogen
and alkyl;
comprising

a) reacting an amine of formula I1b

R™-NH, Iib
wherein R® is benzyl, R>-benzyl, allyl, -C(O)R® or —C(O)OR?®, with 2,5-
dimethoxytetrahydrofuran or HC(O)(CH2).C(O)H, and with C(O)(CH2C(O)OR*),,
wherein R*is H or alkyl, in a buffer, optionally in the presence of a base to obtain a

Bﬂ’o
/N

R® b
b) reacting a compound of formula 111b with I-R', wherein R' is as defined
above, with alkyl lithium, optionally in the presence of a lithium salt, to obtain a
compound of formula Ib

compound of formula llib

wherein R® is as define above;
¢) converting the compound of formula Ib to a compound of formula la wherein
R? is <CH(R'),, preferably
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10 preferably x R2 ° \' i R IV wherein X is hal ogen,

-OS2CH3 or -0-(p-toluenesul fonyl); and d) optionally
i zing the product of step c) to obtaj

“fb‘ﬁ?‘if” /?%lzhdproduct. 15 In a pyeferred enbodi rren%?r/t%ﬁzeoosmnsn
process of the invention conprises preparing

compounds of fornmula la® OHN RemN Nla wherein R
is R\ ,,-R2 20 wherein R2 is 1 to 3 substituents

i ndependent|y selected fromthe group consisting of
hydr ogen, hal ogen, al kyl, hydrqgxy and al koxy;
conprising a) reacting@g Zahyneoiafosmula 11b WO
2006/ 031788 PCTI US2005/ 1 l1b wherein Rb
is benzyl, R5-benzyl, allyly -C(ORe or-C(O CRS,

by\,herein R8 is preferably tert-butyl or benzyl, with
2, 5-di net hoxyt et rahydrofuran or HC(OQ) (CH2)2G(O H, and ,
with O Oirreropangrhe benay; & rbenzyl, allyl, £(Q)Rer —C(OYOR® group to
uffer, optigngldy in 5 presence of a base to

ot 4 W@@HH@&?J&M’@'@@M alllb O Rol-~ N1llb b)
reacting a conpound of foumulaQHIb with
2-iodopyrimdine, n-butyl|Yithijum and LiBr to obtain a
conmpound of forrmula Ib" ~|1\| N/ Ib" 10 wherein
Rb is as defined above';I er n@?)&iye conpound of
formula | b" toacorrpOLMd of formula 7 wherein Ra is

and
ii) reacting the compound of I(c)(i) or a salt thereof with a compound of
formula IV
CH(R")>-X \Y
preferably
X
R’-: | ::—R2 v

wherein X is halogen, -OSO,CH, or —O-(p-toluenesulfonyl); and
d) optionally recrystallizing the product of step c) to obtain a purified product.

In a preferred embodiment, the process of the invention comprises preparing
compounds of formula la’

wherein R? is

wherein R?is 1 to 3 substituents independently selected from the group consisting of
hydrogen, halogen, alkyl, hydroxy and alkoxy;

comprising

a) reacting an amine of formula lib
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\' I\ R Rz by 015 i) renoving the benzyl,
R5- benzyl, allyl, -C(OR6 or -C(OCORB group to obtain

wo segeaitggl of formula I(c)(i)" OH1 HNNI(c) i’b)f/USbé(QS/mzslz
reacting the conpound of forgula |I(c)(i)" or

thereof with a conpound of formula IV X (P, i R2 R2
I 20 0 IV  wherein X is hal ogen, -0SQ2CH3
or- O (p-toluenesul fonyl); and d) optionally

recrystallizing the produchi st c) to obtain a
purified product WO 2006/ 83 P / US2005/ 032512 9
wﬁ{;?é.ﬁﬁ”%g'rb %@e 5 aﬂge'ﬁ'd 9'%@ el n -@@6%&%&@ is preferably

tertisutyl or Bemtyl Ralith 2 Sl-dimahbxywtrahy@lmlﬂmadﬂ HCQO)(OI-Q);»C(O)H and

til f bI h d wherein
wit G0N (B eafaw grein, B¢ 8 Bior alMlcinia biutfe opgionaly i the
P'%SE“ééé’ég’ﬂas Al 8 Eohitiound GGG TEON |

CI 1[)::::::7OH N NN/ CI\, Conpared to the

previ ously disclosed proced{rles foronaklng substituted
8- 10 azabicycl o[ 3. 2. 1] oct gh- “the present process
elimnates the use of nor ' e hydrochl ori de, an

expensive and rel ati veghy”unst abl e r eagRypt -

b) reacting a compound of formula llib with 2-iodopyrimidine, n-butyl lithium

and LiBr to obtain a compound of formula Ib” ’
‘ OH
gﬁ‘\( s
e '}\) Ib”

wherein R® is as defined above;

c) converting the compound of formula Ib” to a compound of formula la’
wherein R? is

la VeVl

7 7
2 D o2
R y I P R
by .
i) removing the benzyl, R>-benzyl, allyl, -C(O)R® or —C(O)OR?® group to

obtain a compound of formula I(c)(i)

A
Nx
N {2 )y

i) reacting the compound of formula I(c)(i)’ or a salt thereof with a
compound of formula IV’

R2 -~ I ...:_.. R2
\ \ 'V'

wherein X is halogen, -OSO,CHj or —O-(p-toluenesulfonyl); and
d) optionally recrystallizing the product of step c) to obtain a purified product.
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Step (b) of the present process, conprising the
addition of an alkyl lithiumto a mxture of the

j of formula Il and the iodo-heteroar
vs{ds ﬂ)gk/ﬁ‘ﬂ‘)é’s f(g'gmgﬁﬁs/oszsu

one-step procedure resulting in high yie

t he compound of fornmula I in excellent purity. 15 This
process elimnates the undesirable tin chem stry used
in US 6,727,254, as wel | as elimnating the isolation

step and difficult work-up. The preparation of the
t r opfPreferred sompounds of fornmdail pseparedrhycthe clgimed pracess are those
ut.fgg the preferred process of the invention, the

WREEUEEJIPul addition to the ketone of an in situ formed
2-pyrimdyl anion, known in the.literature to be
unstable, is 20 unexpected sent process is
easier to performthan RRke prjpc dn the art, and
provi des the product in hi ry . Starting
materials gf formula Il are known jn the art or can. b
wherefmeach 83 is palogen.mese irefarably chiao cstil mets p@tﬁf?ﬂqlﬁ-ch'm

] | o - : o
ARG R Y HelbloRo oIl YRN8y andiHisld sdpctially 2pyrimidyl
br orin péeticulat, iavsrefdryed eanipoand wreparedrinythe claimed process has the

acetonitrile. The brono derivative, in turn can be
stauctirelAl using a Grignard reagent as described in
Preparati on bel ow. WO 20061031788 PCT/ US2005/ 032512
10 In step ( ngaction is carried out in a
d e solvent is water or a water

m sq i A/ such as N-nethyl pyrrolidine
( NVPS i retdqy! f or mam de (DMF), tetrahydrofuran (THF),
acetonitrp€ or an al cohol such as isopropanol, or a

m xture t of, optionally in the presence of a base
such as N 5 (aqueous :solution), triethylam ne (Et3N)

a : (et st
ut RRITHgred (e ne HreGpybly LA QitEelesfor nifing sbbifited s
azab!cy_elft;_{{s.gr1]c_)?t'ﬁa®blsmhée/ﬂresgnh pl'b?&pb dimin?tésttlgle ustH dfmort||_'|opinone

Cl dl W an, acl SUCK S rerera 0 a
hydfo l , AN gxpansive and fé‘@"f“iﬁb‘[‘?f@hlq &Wf-i edyout ovgr
t . e
o o SPB (1 ot fheHroSet frobss, Ropitingile addifith BFah alky ithium to a
migtuael ohthe/tropinanewof fommula Thanddhe érgda—lgetatma?ﬂ, IZR(éS:iistaagln_tr\]e-step
+/ - % .
progrelis resdling TiniBivlelts of heapaund o8 Formilla 4 fa et purty.
This procgss eﬁﬁmiﬁétus\tﬁd(a BRd&sirabé ti %eﬁ??l‘r‘igps@& iRCS 617127,254, as well

di carboxyli1c acid (or ester thereo

asigliminatingthedsalationstep and difficdtwork-upo 2 equi val ent s;

L e ThEutAbaRluaiPr e okBiohe (¥R Bkt EBahbon, Sanat syntests,
bubfdrithe phefep@droeess Bfthe ihvérition! the sdcsusssfulaldiitich to the ketone of
an in situ formed 2-pyrimidyl anion, known in the literature to be unstable, is
unexpected.

The present process is easier to perform than the procedures in the art, and
provides the product in higher yield.

Starting materials of formula Il are known in the art or can be prepared by
procedures known in the art. For example, compounds of formula Il wherein R is
substituted diphenylmethyl can be prepared from the corresponding bromo derivative
by reaction with ammonia gas in acetonitrile. The bromo derivative, in tum can be
prepared using a Grignard reagent as described in Preparation 1, below.
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In step (b), the reaction is carried out in a solvent
such as THF, toluene, DVE, THF/ n-hexane, THF/ n-heptane

WO 2096/0818gir € thereof. The concentration can vagyrisR%/032512
about 1 Ox solvent to 30x sgjvent, with the

concentration of I-R being 1 to 5 20 equival ents,
preferably 1 to 2 equivalents. The reaction is carried
out in a tenperature range of about -20C to about

-100C, preferably at about -60C to about cﬁ%@ér
al kyln 9|r ep Kaithe §ea¢t!9n '§>€éﬂﬂ#¢b°\4t ip@ soivent and A, The solvent is
B Yt g e L brga YRR Rt e,

dimethylformadidegDMF); tetrateydrofuearo (THE), a@:ettm'itwe rar @n gieshol such as
when the reaction i s quenched. The al k I it E1acan be

isaprapangls or jgemixture theseefnoptienally:in the p se such as NaOH

(agxa n%{. QBEJ@#%E} Xnéﬂh@'krﬁpg (ﬁtthT?1 aceé}';l?b‘s‘mﬁﬁ I%tﬁffér is‘di aqueous buffer
wheﬂe}ﬂ techbuffering agemelslimbo(amp@é sd:dlum auetaté tsoda:mwa«ate or

m 0 equi val ent t o about pr ef er
disedie fpvc&geﬂnph%' 18, 30n1he o & Acifed Gt an Boid Sudhad Hl,

30 the lithiumsalt
pr?f%?%@e %ﬁrél O;/Fii%o?iﬂa %r? y of the product. For

pr epEheteantionfis camigtboutttvertactemperature of phout0Y tto abbat 60°C,
addition of the lithiumsalt increases the stability

mest praferablyrstarting,ati ahaut A5°¢y dber incgeasing geaduallystorabayg 50°C.

11 THe boncdharitioR oPeatnt in it T Yeiy iy 2 b6 dibout +/- 20%.
Thieeambuntof 2 /5ediméthoxytetrahydrofurad ¢af range frorfi 10t 33 équivalents

ancBATEUD R asetons cEasmBlic Acid{os ssta theragt g HCI0)(CHz).COH
can %ﬁ'ﬁg\% g gf)? \}ai’erﬂs Qhﬁ%ﬁpl’"ﬂ?ﬁ@l EaﬁW ﬁ(erH‘ F9% 1.5

enovi nNg the nitrogen protecting group

equivaldrits) anchtlwamnm obsodiammacetate on) ¢ther buffering agent can vary from
ggreo,f, ql_u‘i?ieng met hods well known In the art. For
R group can be renoved by reaction with a

pal 'lﬁgtﬂ@gﬂ@mﬂ&é&moﬁfa I*edﬂitﬂ‘&?ﬁ%%qt 3tEN @s THF, toluene, DME,

um on charcoal or react

dr oge
thl mexaneall'Hﬁm-rhqptm\q/m a pmmpel therpot| Thel concentratlon can vary from

acBif 6% Savitnl fb 30X sBRE i (e cinanirglion Bt -RCBRing'1 4§ 5
eqﬁnﬁlemgrpraf‘éraaf Nid2dgumidientsbar bi turic salt, the salt

r epar ed after removal of the R group or in situ

dur | :h'@ neactior j5 carsiediaut in adempetature rangeeof ahouti-20°C teabout

GG, Brferstyy BT 6076 Yo pBRITOPE! {enper at ures i 1 an
or gmhbc‘almllmntn iBIfdY e?@nﬂﬂéh%tglfllthlﬁm isac &ﬂyltmnuum tert. butyl
presence base such as opti onal

sy St Re Ryl EhiNam rosantanarange st e 265 Baubalants s Nehexyl lithium
ha e SHvafithgkf not generating a gas when the reaction is quenched. The alkyl

lithium can be added as the last reagent, or it can be added simultaneously with I-R".
The lithium salt is, for example, LiBr, LiCl, lithium acetate or lithium tosylate.
The concentration of lithium salt can vary from 0 equivalents to about 5 equivalents;
preferably, it is present in a concentration of about 2.5 equivalents. The presence of
the lithium salt improves the yield and purity of the product. For preparation of
compounds wherein R is pyrimidyl, the addition of the lithium salt increases the
stability of the lithium pyrimidine species generated in situ by the addition of alkyl
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carried out using standard techni ques, for exanple the
crude product is dissolved in a heated organic sol vent

cohol or an acetone/ al cohol m xture,
“ﬂ@@?’?ﬁﬁ m xture is filtered, and then cool eHE?&S?WS/O:’ZS”

seeding if necessary) to obtain the crystalline 20
product. Al kylation of the product of step (c), i.e. a
compound of formula VI, to obtain a conpound of
formula V is achi eved b nmet hods well known in the art,

Ilmwméammddpynnu@aet iWhenfuseddn the freaation; tha lithiyro)salt is added to
hea dide, e.g., nethyl iodide, in the
gi’?&?ﬁ?éﬂ fﬂlglgggg *25 The reactions of steps (a) to
( d) B Stepr(E)(D) tHe dormrsibR bf déornpodnd WN%'?éln RiSBERR! R>-benzyl,
under"nitrogen. As used herein, —éH(B ans ‘an
|

awu -@(Q)Rc onya:(eoa do acaropound wherein R és Rlis achieved by

BOTRA R GBho b LB BBl T o
sdlt theredr, RSy ﬁl%ﬁ’ibd%swéﬂikﬁd\lvn |ﬁlr|ié’hrt0 'Fd?fdi@bﬂple thé RgPoup can be

attached to a linear alk chai n. "Hal oal kyl'™ means "an

remaved by ceautioaswitie ai pailadumwata!yajs tTyplndz amx;;edyfes include

it 8ok dalelyny DR et o ot Wi deesitgiegeronyt-

pl%ébmr\é)‘éaﬂédlnhﬁ\ﬁréféﬁém?( il 8¢ présenice WIN, Nl-dﬂﬁetﬁg barbltunc acid.
exanples of suitable a koxy. groups i ncl ude met

Wihenox salt issofbfosmusa |(c)(D dp depised;, e.g- gnt el oaN d\l@p barbituric salt,

thg}%tgg 'b‘?gﬁa?gg{;{%l&%ﬁﬂ:&agﬁgw R g?ow;l gh ﬂﬁ% &{]g@g?t{iﬁ Heprotection

regefiems to such groups wherein substitutable ring
car bon atons_have an R3 substituent as defined above

" Hetlarstep (¢ )iy theeompeund iof formula IViis reagted with the free base or salt

of%ﬂﬁﬂfa I@ﬁgﬁf‘gfe%@ @gﬁ;&%@u&?gnﬂgag ¢ c@iﬁl? %ﬁ/e?]% ;%g?ga s acetonitrile, in
therpiesefmtaotabaselsache;t KsCGOa.t he gr oup conS| st i ng of N

ad ja P&%k&ggﬁw@atfgalm l#e%{‘b@g ?h %lféjﬂd &B or(c)is
I f \
cdrh@@ ogt ??‘ﬁﬁé’t‘?@ gr@wﬁ’iaygﬁ ng' g?%mgl@ﬂ? fr%d@ odu?t is ’dlssolved ina

heated ergdni¢ solveatisacloag Ia]cdhml enah aqe;oneialﬁbhot nmxim;d the resultant
gﬁ% ﬁh%’%ﬂ %ﬁﬁgb%ﬁ’lﬂ@f Vi azo g]gﬁ ey &b gg,pbtam the crystalline

prgugddam nyl and triazolyl. Exanpl es of b| cycl iC

heteroarél groups are naphthyridyl (e.g., 1, or 1,7),
15 iAtkylation of ths produgt pfistep, (8),ii.e. axcampoynd of forrnula VI, to obtain a

oS RO LY s BB RLALRIOs i §FBU T g, for example by
reaétivtionthleyprodnbt 6kstepi(EpWith an alkyl iodide, e.g., methyl iodide, in the
presence of a base.

The reactions of steps (a) to (d) are preferably carried out in an inert
atmosphere, e.g., under nitrogen.

As used herein, "alkyl” means an aliphatic hydrocarbon group which may be
straight or branched and comprising about 1 to about 6 carbon atoms in the chain.
Branched means that one or more lower alkyl groups such as methyl, ethyl or propyl,
are attached to a linear alkyl chain.

“Haloalkyl” means an alkyl groups as defined above substituted by 1-3 halogen

atoms.
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benzot hi enyl (i.e., thionaphthenyl), benzi m dazolyl,
benzof uranyl, benzoxazolyl and benzofurazanyl. All

WO 006098 1 soners are contenplated, e.g 2-p
3-pyridyl and 4-pyridyl. R3pheteroaryl refersiktt:’icﬁ)ﬁllg%looﬁ/(ms12
groups wherein substitutable ring carbon atons 20 have
an R3 substituent as defined above. "Hal ogen" nmeans a
fluoro, chioro, bronp or iodo atom "Solvate" neans a

physj ¢ ssoci ati o f.a conpound of thjis inven
Pt b Akee? ahesps an greypdR which {hﬂﬁqkﬁmgp&ﬁs previously

AESHRER INGHLIRIR] ¥RamB RS iRR SR dropdTha BB nethoxy, ethoxy,

N<propexy, |sop$0pmnqe31-bthtex9 5ndd19pm)e/ \/ﬁhlel boral tnapetpaenf moiety is
i sol a{h for exanpl e when one or nore sol vent

tl'mﬂ'ghi theg 0XYgéftor porated in the cryst aI I attice of
(1 St O il SR TSI 300 s whori

subehtuﬂabb nrig salrmnkntemsha“eaawﬁ isubstitdentas daﬁhed mpve

:lirrq(il ale S and ! he : Upg, q@é@fp?@@nggﬁ{séﬁlrﬁ/eqtereoaromaﬁc group
of‘?{’ 20/ 3tm Vc?f"% {d°9 cHRbentatbis ér'ih qith 4sh&Broatoms
er eol sorrerl C .

enant | oner
mdepemmrnlyi satected fmm tlae gcqupsmnmsmg dﬂNz, OranehSi prowded that the

G Bl ek Sl Rk T oG NigRs of Hhding
mﬁegéﬁfaﬂe?&ﬁoﬁﬁif ba@aoﬁaﬁﬁéslaf suilagleqﬁﬁg ﬁéféréé’qukbiﬂﬁ. are pyridyl,

e acidic In nature, ose Co

oxm%ssoquﬁ.rmkadjazglyir ﬁxgn)'dgpwnrpiyl tmeeyj iraidpzolyti pyragolyl,

telye e B 255 i6dtfiBrail, BBHRERRR ey pyORRR Aifticziny and

tnéiél?rs mmaﬁb%fmcﬁc |h\ét>éro§ﬁyl Fﬁoupﬁl m@mwﬁdy@(eg ar 65 or1,7),

forned with har maceuti cal | acceptabl’e

imidazepysdylapyridel(2, Silrw;iazdm Wedowfmdmyyandm-amlndelyl Examples of

belz8Fl<At HrFEHFolPe sty oot Bhufifalt phiErasing;

benzothiendi(i.e.o thisnaplsthehyl), beraimidazolpl ruemofuranylgbenmmlyl and
may formsalts Wi, t h ?trong acid, whi|

e conpo
banzofurgzany é\ lpasitional isomers are captempl ﬁt?dgleerﬁ 5-@(@&! 3-pyridyl and

. rb#b 5'$6EN ﬂp&?ﬁstﬁut HAG'carbon atoms
é@idy Féf Sa Or n‘ar¥\$0n ar g%%r oric, ¥é ﬁg

havbcarpﬁ substltaeatasdeﬁmed aboveaxal i c, nml oni c, sal icylic,
fungric cinic ascor bi c,

e 1 EalogaY Geansa aat Shiar, BIoRO §Ho-AB8ky ! i ¢ aci ds
wel '"SBE@Y\%‘ me8né ROIR/sicdl hb??’crléﬁbrtaseé?mpr%-ﬁ“% c?fﬁhfasﬁn%ﬁlon with

pr epar contacti’ng t
onamrrmoreesmlvamhmlecuiest. Adisipkysical associatian involvescvaryingl degrees of

o BAHT B ik RG W eoalchfe A e fihs the
soWa'télMng?i gggflﬁlg@j@%ﬁﬁbwtfbpéxémﬁié whenl bhelor mereessifent molecules
are mcdrporated in the crystal lattice of the crystalline solid. "Solvate” encompasses -
both solution-phase and isolatable solvates. Non-limiting examples of suitable
solvates include ethanolates, methanolates, and the like. "Hydrate" is a solvate
wherein the solvent molecule is H20.

Certain compounds of the invention may exist in different stereoisomeric forms
(e.g., enantiomers, diastereoisomers and atropisomers). The invention contemplates

all such stereoisomers both in pure form and in mixture, including racemic mixtures.
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amoni a and sodi um bi carbonate. The free base forns
differ fromtheir respective salt forns sonewhat in

ob@hI17dyhysi cal properties, such as sol ubili tﬁ’cffﬂszoosloszslz
pol ar solvents, but the acigl and base salts ar

ot herw se equi vaI ent to their respective free base 20
forms for purposes of the invention. Al such acid and
base salts are intended to be pharmaceutically

acce&t abl e salts wthin the scope of the invention
al | &eraineempayads will Be geidic iaatyes. ;0. those conpeun Which

o £ RO TGO ESFSROHBY o pramacautcal
acwmiblatsadtss Extanhples of speh ahlite may includiecsotiurn; potassium, calcium,
sl st e s

pﬁ%&ﬁ@?&&ﬁ%@iﬁ%lﬁﬁ% E{\%& ;BJSI 5%@% % gésnsf on d ry ills 9);

Wéllﬂyldmiﬁﬁw-methylgmanﬂne and thelikebut yl net hyl
et her 30, (f BVE) ; %dl ne | sul f oxi g%' gas
chr owerag 90?@9}3“"9 lmﬁ‘}ﬁ!ﬂ% fy ptable salts, e.g.,

aﬁqragr efp?ar at | on ‘ﬁw’{a&@?g&%r op en?‘?q I‘ﬁy?]:@\'rqnﬁ/rzl';gﬁgam?' strong

adig, dNbeompderr:dsﬂmpizng baus (sﬂbstItUemsrswms aminagroups also form
s%é’!‘i’? V’@ékﬁhgﬁﬁgr é%@lp ?;]Uz'th?E é@@s 2?8!' ?%f %[mgglg% afg%ydrochlonc

suffric; Bhoshpyiv, atefcy i bidle, MaICiey salgRE Ml fumaric, succinic

asme:gtme;lr1 malgie, meth:anasnif?nlle amb%thgr ntln;)mgl atpl? catboxylic agitds well known
t - owe

toTfase ARHSTIE ne: 3ot ecsatscHiB prabariisy cdteffing B rap base form

with ﬁ@uﬁ@et‘ﬂ%ﬁéhﬁ?@b&ﬁ@ c{)e’éﬂ'ea déid td)pl%@élﬂld sélf‘ln tﬁ%r(vkﬁﬂonal

m) was added at m n and
manaern i the {ree base fpansmbeyegm&;ated by treating lth.e aalt with a suitable

oy RO Beed ol st ds il Bbilpus e blasifh carbonate,

arhindfla ARdBBHRINY bﬁ:a%or?étet T h%Eﬁ‘ee base forntsdiffor lome mdiﬁfespectlve
washed with water X 40 and evaporated to dry

salfifogms semewhat.in @esalmmxwai ocppemes.rwrmﬁesqwmty in polar solvents,
o $aRA led S48 16 bhGRIRENIRACAGA(To B 5ipdily e base
forfhe farrmaposesof thibinventior. ed by f| ltration after

oA ke 56 o B ohie oA Th e oA el acosptable
sa!tg g%her ﬁ?‘%%ﬁf@@ |h%r8tg§?§%rr?déhl\ll‘éﬁiog§@dn 33%% Sbﬂs afé cBnSidered
equivalent to the free forms of the correspondlng compounds for purposes of the
invention.

Following are descriptions of the preparation of compound I-A using the
claimed process.

The following abbreviations, in addition to those defined above, are used in the
specification and claims: Ms (methylsulfonyl); Me (methyl); ethyl acetate (EtOAc);
LOD (loss on drying); DMAP (4-dimethylamino-pyridine); tert-butyl methyl ether
(TBME); DMSO (dimethyl sulfoxide); gas chromatography (GC); and high
performance liquid chromatography (HPLC).
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Step 2: 1,1'-(Brononet hyl ene) bi s(2-chl orobenzene) Under
N2, bis(2-chl orophenyl)nethanol (70 g, 0.28 nol) was

warshgslod1fsgt 20 portions at 20 to 25C to HBr (9 {‘1‘/)085(@5/032512

acetic acid (33% by weight) ,,The m xture was

at 20 to 25C and the reacti on was followed by HPLC
After conplete reaction (60 to 90 mn), the m xture
was cooled to O to 10C and water (700 m ) was added
over 30 min. The suspension was stirred at 0 to 10C for
a further 30 nin. The proftfepamtianilso| ated by

product 25 it sierppisThewdmits ANt hiontes
Stey o Bis(rictishophengmetting . Assay (HPLO: 100% pure

vsS. standard Ste : 2-chl orophenyl ) net hyl ] am ne
hydr Uaﬁebmd&cblmmzmobeg\zene (40 1 6.35 ol was didsolved in THF (360

i sthd GRIBEIEIGN S Wided 30368 B 3Blusih of Siyf mdgnesium

bl@nﬁdegswnﬁl, Ogﬂsmn GITBMEIwad a6déd at th|§térﬁpéramié The mixture was
asse |ntotge solution at 20 to 25C‘) écoolls
sh@dw@k‘é@s@r'ﬂﬁ Cand thereactionwas feligwed I-H%L utAftardve reaction was

cdefiplets L B230 ). & Safftiof of 253 biolbeizalictide (4057 m), .36 mal) i

TBME qwdnl)wkﬁ’hﬁdedfalt e‘rcl) tcgd{ﬂm%mm Sicmirmand the readtfbn V\\;J)as
ure was CO0Ol e (0] an as
fOEéwesd M—%E peﬂﬂqymelp@,monmmgggmseﬁ@g némswas hydrolized

wiif? B e} Gl f%.g\é%%?é’ﬂ.@éolg@ 5P it feinplerafird Bt 24 to 25°C. The

org " ggmm wds a»mhledtwntla\\:\vlgteirgggfe 30 E;rr:Ig a?ﬂ gdvapiicatedeto dryness at a
cisratiie of 25 7Rt e Msiyia was couaaparated iice, Wiiheptane (80 m

évﬁ%n@ drgst"é!]ﬁea ‘fﬂﬁ:n 'I'\?ﬁ gﬂ'ié?gﬁﬂgﬁ )(ﬁbTiﬁg 2t 9548 100483. hqte e product was

110 organi c | ayer
iselatatbby filkration afterstiering for 1415 at 0 te BCCaand wasbedpatracdd n-heptane

(ABebl S IERE S PPt Birrcaiies yeder VLB A 5F1GH0 epfstant weight
Yualdn 73t4 8 (88%'§CASEB? éHP‘E. 0)d106% purevadsidridargt hanol (55
m ) he conbi né | trates were concentrated at 45

_en_?aotﬂ-(Br@mwnethene)bzs(Q-nhlorqb@ze@eodue was added

Con g Histaroriogbitofybgtbpol i, 0,08 toih ¥ Saded n 4

pd?fld:rlis 8!3'%0 gs 25:(%&%218&(97(?}12@\ é?éh(f atit 6(33% by %lghwdfl'hb mixture was
wasned_ w Cco er dri
stimechatfio 23" G560 floe mlpan«amllgmd by BPLC 9Aftgr gomplete reaction

(o338 e e AR o AN 700 m was s

ovér 80Imino iihe sﬁsbmidrﬂ%sgstlrrbd?aﬂ 00 10°@Gforaifiether30min. The
prggtgétlvyanssisgﬂlted by filtration and washed with water (4 X 140 ml). The product
was dried under vacuum at 25°C to constant weight. Yield: 82.6 g (95%). Assay
(HPLC): 100% pure vs. standard
Step 3: [Bis(2-chlorophenyl)methyllJamine hydrochloride

Under N2, 1,1'-(bromomethylene)bis(2-chlorobenzene) (110 g, 0.35 mol) was
dissolved in CH3CN (550 ml) at 20 to 25°C. Over 30 min, gaseous ammonia (28.5 g,
1.7 mol) was passed into the solution at 20 to 25°C (slight cooling is necessary). The
mixture was heated in an autoclave to 93 to 96°C for 3 h at a pressure of 6 bar. The
mixture was stirred at 93 to 96°C and the reaction was followed by HPLC. After
complete reaction (10 to 14 h), the mixture was cooled to 20 ~ 25°C and degassed.
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aqueous H (850 m, 57% in water) at -10 to -5C. The
m xture was stirred at -10 to -5C and the reacti on was

wiPlobewsgesdy HPLC. After conplete reaction (60 i@r/i;@ﬂyosmszslz
mn), the pH was set to 7.2%40.25 with NaOH (30% and

the tenmperature was 20 increased to 18 - 23C. To

decol orize the mxture, 16 g Na2SC3 was added,

decreasing the pHto 311. TBME (600 nl) was added to

TheSyShgslof o cdntriiie Uar LI o318 50013 AVume of 140 mi.

vméls@:mamn%s aauéd andthe MRdduré was d&fberﬁnhtecf B§ain to a volume of
combl ned organic a;ﬁ/ers were washed with aqueous

33emiod o(the rnsydqel ME {55Q.mJ) was @nided)andrllfe phapes were separated.

Th EiUsoE YR8 o3 BRIAE Wil TRMECE o, JheGRaRG ik froanic phases

wé%%vﬂslﬁ&i)%th Wéfé@!ﬁ m*ﬁﬂ%n%ﬁ/mw I'Fhe/ 6rgaHi@ ey Was evaporated to
Enbodinent 1 30 S

dwngss gt Q5d¢hl53r Gmmnw-pwepwsatqd mtgzatbaraqldnﬁ\ﬁ ah). Etbanel(330 ml) was

‘f%?od;ﬁ} tﬁﬁrr?; dpéla@ ﬁ}edé@pp;&%ﬁ\t \?Eé\giﬂgrdeéﬁ%tg%% min at 0 to 5°C. The

sclidl was washéd Witicethdnbl (55 rhi)and the ashbinedJiltratels)wére o'dhcentrated
to 25C. The m xture_ was stirred at 20 to 25C and the

atrdnle S5@C tna volime wf d68ymicT henrasidue wias|addedgyer 60 min to a mixture .

of 34438 i 4 pbié. el Btrmibcat 015 68 Fh8 ushafidion Wiss stimed for 2
h gf ?: Wﬁg?talhldcﬁlﬂadglﬁd 4The thdhdt‘WéS washed ﬁﬂtlrﬂe(ﬁﬁalgig eold waAtfetr é(r) to 5°C)
andl dd5d B Vacuura at BOSE 1o Goletanh weighto iielon B4 a8 (81%), Assay (HPLC):

a solution of Preparation 1 (100 g,
10@3/?%&@1%1%{!@;1 (840 M) was added over 60 mn at 3 to

5 7C. The mixture was stirPrepaetion 20 5C for 60 m n,
was,.observed. The

during which evolution of
m xture was slowy war med" @%OPM"W 8@ 25C over 150 nmin
d N it I
a” Uﬁdérsze‘i éhlo %Zn@ﬁ%i?eggq f?ho?}\wéé’%bﬁb&riﬁs ﬂ&tlons to

he m xture 50C over 90
aquneous le(856anle57%/m watemhab-ﬂ 0@0)25%@1 I'shel mmarwasstlrredrat -10to

547 3 the feactBrlwas olowast by LG, ARG coRplelf deactin 60 120
mif),thé DHIREE sk 6 TEIEA0225 WithNaOF (3% )R] e imddraiture was

suspenst on was T] ust ed sol'ution
o)

ingreasgd tm18st237Gd cdeoolpnzserthamuture. m:g Nausozpwaa @elded,

deffieiia 6H 18 9217 ERVEC 600, ) i Aicie i Ay ang the mixture

wau&a!btatédlmih NACI The pHaséswarpsepatated’ant dhe aqueous
117. 3 )&70% abs g;ooegyn Ela 75% ﬁ% vs. stand grg .

phase was extragted wi hL]%BME Jmombmgcprgan@ layers were
washbd WitH ¥§dedGS NS, 6356 ?’nl) W i‘gné wafer (100 ml). The organic layer
was evaporated to dryness and co-evaporated with TBME (100 ml) under vacuum at
45 to 50°C. Yield: 330 g (90%). Assay (HPLC): 98% pure vs. standard.

Example 1
Embodiment 1

Step (a): 8-[Bis(2-chlorophenyl)methyl]-8-azabicyclo[3.2.1]octan-3-one

Under N2, 2,5-dimethoxytetrahydrofuran (cis/trans) (51.6 ml, 0.40 mol) was
added to a solution of conc. HCI (3.4 ml) in water (345 ml) at 20 to 25°C. The mixture
was stirred at 20 to 25°C and the reaction was followed by GC. After complete
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m ) and isopropyl acetate (1500 m) at 20 to 25C. To
the stirred solution, water (150 mnl) was added and the

usted to 0.80.1 by the addition of
“&ﬁ}owm ?(éyure was stirred for_90 to 150 m n at 2%%2005/032512
25C. The organic | ayer was éepar ated 20 and a sol ution
of NaCll (30 g) in water (120 m) was added under
stirring. The pH of the m xture was adjusted to 11

with 2N NaOH sol ution and the mixture was stirred for |
reagtion (1 hmhepnw.@re wascealed ta18doAHIC: and sodium acetaje trihydrate

(T RS RS G kA . P58 ot ere ad

ARENS €614 0 hind a%ldﬁsdl@ﬁdwwwobwﬁe& at 8 tvB°OTET A thig Mixtlre, a solution

and cooled to 0-5C over 25 mn. The resultant

ofRreparatiom1 \(\h@o gt 0r35em0f)on NMPI(MO ml) was@adsted qver 60 min at 3 to

78t THE migt8 yfds &t af o B 19P60 ftln. Yiind' whiTgdclylich of co,

was bstﬂ%dP KB AixtURS WS isRwly wfnemmetto QS°C%@?Q50an and
constant weight. Yield: 88.% _5800 . [Assay (HPLC): 98%

stmtbatvtbls tgmpefahue for ap agditional 75 min. The mlxture was slowly heated to

St 169 i BhERP o i RGO s P07 B ather o

mﬁ‘Pur)tll\@Gz ﬁ{%i%ﬁoh finishedaskherpfixtiRAvas codledtd 20 4PE°0navd was
vacuum f or . After cooling to 20-25C dry THE (500

added quer z&hmto well stired dce watari(4). wEke pH of the suspeosion was

adjigre % Jo:1 { rhNAQH SEIGCN Fi0Sht 8 siifted 10r°0h in38 df8s-c. The
prlﬁdgﬁt W?él m«:w off ﬁ;ﬂéWE%ifliﬁga ngge?m&?ns?‘gh?ﬁgwd was dried
ungey VaRHaT AL xé’d?rét%@r%%ﬂviwgm@ slmgsé;traam Nawpe appiied). Yield:
11'136'(26%( %ﬁr%}g ?é?zﬂplllﬁz xt ure vvas stglgr&?egvg 3855an
Purifitatibe: r eacti on was foll ovved by HPLC. After conpl ete

T At N 23nide BlocbisT a0 S0 T el st wie diSshiva i THF (300

mlzghawsrcﬂs}og?xt G 1goﬁﬁgt Qé% &59%% ﬁr%oséndgéd §6|Hﬁent\9ater (150
mlo, yameaddadeam ﬂm)pHavasiadjustedohoghatﬁ 1 by the additionofi@l HCI. The

BAired B o8 e mif ahed 1 26°C e oraania Ryt e separated
anHCb %Mﬁbﬁ@? Neft (36%) i walé (100 rfi Wls! AtlecPiAdEr g, The pH of

-heptane (8

theevmﬁur%lweé adju%tad\tgda mmewuommw and the anixtune wassstirred for

3037 09 Bhses 8P aRpRRRERA8 TS et RS et B a mixure

of Waterf (120ahi énef atarAedNATI doltitioh (30! El"h% dr@a?ﬁcﬂa%léi was

The product was dried under vacuum at const ant

conegrfrated yunded vageurs af w&xp@agolymea@f&w rT(l pdeoleta 0-5°C over
108'4hif. VFhe RESURARE SuspehsTifwis stirebi ¥8F 56 in at 0 to 5°C. The product
was filtered off and washed with a cold (0 to §°C) mixture of heptane/isopropyt
acetate 4:1 (2 X 75 ml). The product was dried under vacuum at 45 to 50°C to
constant weight. Yield: 88.4 g (80%). Assay (HPLC): 98% pure vs. standard.
Step (b): 8-[Bis(2-chlorophenyl)methyl]-3-pyrimidin-2-yl-8-azabicyclo[3.2.1]octan-3-ol
Under N2, LiBr (43.4 g, 0.50 mol) was added to a flask and heated to 130-
140°C under vacuum for 3 h. After cooling to 20-25°C, dry THF (500 mi) was added
and the suspension was stirred at 20 to 35°C until the salts were dissolved. This
solution was added to a solution of the product of Step (a) (72 g, 0.20 mol) and 2-
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Under N2, the crude product (100 g, 0.18 nol active)

was di ssolved in acetone (250 m ) and i sopropanol
wolbdbéo3ttgs under reflux. Charcoal and silica gectb$#05/032512
each) were added, the m xtyye was refluxed for an
additional 15 mn and the suspension was filtered

through a pad of celite. The filter cake was washed

wi th warm 20 i sopropanol/ acetone 5:1 (120 n1) The

el ol Ik o e
5B B 188 1900 FAohe) i gy 30 min a
thistemperaturenddre mixturewas sfivéd ab -9545 Coand tive rddction was followed

bﬂ—@L@dr/&&e e, 1%@2&0@2@3@,% E&C) ggé%ag L\Jn;;m}/e% up to -50
to -35‘?‘?6¥hr ???ﬁenz %&%&éoﬁgﬂ@ﬁiﬁ%é sgﬂ‘ﬁl &Pm{rﬁ‘water (19.8 gin
i 0 P o R o e s
werexsepasatede The araAni; layer a@swé@esfwma\ﬁ orOt Nath in water (23.2
g iES0 etfhgi’)%(é"ﬂl@ Iég%{‘%\?% d’oﬂcgh&aé?ﬁuﬁ'&eﬁ’@&furﬁ%t 50°C to a volume

descri e mxture
of@40wmil Tp the reﬁﬂfamsaspénéloa.ndhbpwnea(ﬁﬁﬁhnls) wasadded,#30 ml were

evaporalad urder yachoma M Eoan A0 fHlSHaePaneva S Agded again. The
suspEngioh wale CoRleld ¥ PR COdrd Siimei bt s iimpelritie’for B0 fin. The
progectpmasiﬁmv\:euﬁqffe}andmssridpmtﬂﬁngmptaine(kxﬂémﬂ) phie product was
ariggl Tt §a ﬁPUtahe& St eonatbntwdioh ' Lot 6@ 3 8(Tobn 08" Assay

(m@eag(oz’g tadeErget el y as possi bl e under vacuum at
50. Yie 68 7 g (90% abs.). Assay 5 (HPLC): 93% pure

Regrystallization:d. St ep

The@ﬁ#r@s e WR@!EEE@@Z@S’ i dcfyd) Wb 2issfpved in acetone

hﬁd 1sop$bp§nélt(;1 250 iy uhdeereffukh CHarcedlEiR ﬂh@@l gel (5% each)
After washing with brine,

ep 110
hmne@r%waa refluxed:ios antadslitiasal ﬂﬁdnmemme suspenswn

ifed Wﬁ“%@ of GHIRB Ty finet bk frasWEshEF witiCy
|sdp‘r0panolt acétongisn (1200enl} 01I‘hé mixturs metdoﬂd:ehtrate’tﬁat normal pressure
and stlrr;d for 60 mn. The product is filt

C
to 858 mhnd.seeded.n The syspeasion w(a§oc9ﬁl9d aver dhited r& CCand stirred for
t
anURHCHR QOGRAT" Th DROquet e HeRE o, ppbiied vy S8Btdand (3 X 100
miy and sirieddmd#r vacuum at 50°C to constant weight. Yield: 77.3 g (91% abs.).
Assay (HPLC): 99.3% pure vs. standard.

Example 2
Embodiment 2

Step (a): 8-Benzyl-8-azabicyclo[3.2.1]octan-3-one

Under N2, a solution of benzylamine (36.1 ml, 0.33 mol) in water (435 ml) was
added within 45 min at 3 to 8°C to a solution of 1,4-butane dialdehyde (1.15 equiv.),
1,3-acetone dicarboxylic acid (1.5 equiv.) and sodium acetate trihydrate (2 equiv.) in
330 ml water as described in Example 1, Step (a). The mixture was warmed up to
50°C over 5 h and kept at this temperature for 2 h. After cooling to 20 - 25°C, 80 ml~
conc. HCl was added and the solution was washed with TBME (2 X 240 ml). The pH
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15 Step (c)(11:

3-Pyrimdin-2-yl -8-azabi cydo[ 3. 2. 1] oct an- 3- ol
i de Under N2, the product of Step (b 18. 0
@g@%ﬁl‘?&f) was dissol ved in,1,2- dichloroet hakg%’(uf%w””mz
m) at 0 to 5C. Over 5 mn, f chi or oet hyl chl or of ormat e
(10 M, 92 mmol) was added and the m xture was slowy
warmed to 20 - 25C over 100 min. The m xture was then
heated to 80 - 85C and the reaction was foll owed by
oftthie @quéBudphis e WA hEfUSIEERET LEWIR N#OH and tHd“Broduct layer was

m xture was cool ed to 50C and evapor at ed
sepamedv ammaqueaussphase 0Es, emtacte(ﬁwith(EBMEI (3 )ﬁmtl'ta@l tcdal of 240 mi).

d t d f
iR Sobndl b ot St o RSB it boriharde
o et i o 15 Y 647 Qo e e

(Hfﬂl.lﬁiéﬂai’/op?;ﬂms csjzlndﬁfdto 20 - 25C. The producéI 55 vvgs
[ thoTB
step b GReav-HERRR2 Vg by RIalR g Belariil 1575

(81 9hatsynthediy ¥ 6he a&c@rdm‘g o thel ﬁmcé‘é@r@vof(mrﬁble ﬁ‘@fap (b),

vs. free’base (talc. . I'n an aut ocl ave

startingrwith the wdemreductzof tep-(a) (H0-g): | After washisgiwith brine, the

b o s gl B A i g s a

50°€. STé iesmi@waytﬁﬂlt@dl%thugbmpaﬁéle(dwnﬁﬁfan% Ima?téd uo ?eﬂux After
of 0.5 to 5 bar at 50C. The ion was fo

filtratico, tm selutlean@ ceoledrtexiSite n1Q @ aed stlﬁpdtfﬁéﬁo rmbm uTh,e product is

B oft E g T PR ML 1o, ErrGAR welbhf under

vablumnand bGSII ghtisteamnasfud at 80°Qur Yield: d 00yg (YA %).0&Ns8ay (HPLC): 100%
PCT/ USZO 32512 19 col um chromat ography (90 g
P%?NF rret hanol : ammoni a (25% 50:1). Yield: 1.8 g

| a§ Ff’yr‘r“rﬁld?ff‘%eyl 85 74bicycibi32. 1 10etaA-3LA hydrd loride
8- [ Blm(efZNwlthn pmdm] b)‘ Eﬁ&m(b)](ﬂlamgrﬁ‘rmunol) vas disolvedbirc 1,2-
duﬁq (1]8 t% to 5"% UBver 5 min, -cw?oroe?hyl cFmForoformate (10 ml,
92%@6(]) CWiag b@g%dﬁrrdsthézrﬂﬂhfr&% slowyLwafhad t8 2% — 25°C over 100 min.

ori
Thg rmlxtt(rarmtfmﬂwbeaied)tmaﬂ(e 85 candkihezreaet)or( was fgllowed by HPLC.

AT BpingTENg artion (7 th 4 1 théiinB¥te < sqdleitdo s clnd éfporated to

dryridss-undfer %caaﬁpl Rwo tdees'tc': qneﬂi’aﬁuol ngmﬁuwvag faeidsu@na me mixture
was cooled to - C, water was added and

was, stiseesfiod Awam @mhlrervewtlpmof Q@: eease hEhe maixsture \«msevaporated to

s ier Ypbuy T 61 9 i leRile, Thuie Boymd Y ditppnd the

miXrewaSGtirred at 80°C:. The sl éﬁslﬂmwhs codtedito 2@19-1-25"0 9The product
wasLiJrlt‘:';ré/dg offs\tlv%g 3(5 gNIthSI.S&E( X 30 ml) and dried under vacuum at 50°C to
constant weight. Yield: 15.8 g (81% abs.), hydrochloric acid salt. Assay (HPLC): 64%
vs. free base (calc. 85%).

In an autoclave, 8-benzyl-3-pyrimidin-2-yl-8-azabicyclo[3.2.1Joctan-3-ol (5.0 g,
17 mmol), palladium on charcoal (3,5 g, 5%Pd/C, 50% water wet) ethanol (27.5 mil)
and 2N HCI (2.5 ml) were mixed and hydrogenated under a pressure of 0.5 to 1.5 bar
at 50°C. The reaction was followed by HPLC. After complete reaction (6 to 8 h) the
mixture was filtered and the residue washed with ethanol. The filtrate was
concentrated to dryness under vacuum at 50° and the crude product is purified by
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Under N2, the crude product of Step (c) (4.9 g, 10.8
mol ) was dissolved in boiling 15 isopropanol (100

wo 2006/03188gh0t M xture was filtered, cooled sl ower608s032512
to 5C and stirred for anothger 90 min. The product was

filtered off, washed with isopropanol (10 nl) and

dried under vacuum at 50C to constant weight. Yield:

4.4 g (93% abs.). Assay (HPLC): 99.8% pure vs.

standard. 20 Example 3 Enbodi nent %
ccmmmoynromamnapby&%pcanlg:ajgelcmthamimmnelas@%t 1804); Yield: 1.8 g

d I to that
Sedan 6o basPe Ak PRELYUbRAeB, 5 | 1 amine (25 i)
s@chg |um acetate trihydrate (3 equiv.). After cooling

the reaction mxture to 20 25C. the

8- %F(kﬂderqmeml)mihyllra-mwd|rb2rwv§sazam<‘rystq{a@Hwoman-3-ol

o oindeh s, By 3ptrebhinfle 6 3ot 8 By clol3 2 toctan 30

hydréHlonide (48" 1 m&dlf 1C,Vr(bwmbmmwéﬁe)b)é(elchlorob@nzene) (5.0g, 16
(90% abs. 88% pure vs. standard. Ste
mmol) and K,CO; (10. 0y g, 72 mmol) in CI-PCN (50 ml) was stirred under reﬂux and

thdgesirion gaP Kl By PR, AREF PabIRtB seacioh 05 148 S the miure

was cooled td 20t-h256°C whter (50 enl} was Addled(dand thet suspensidn was stirred for

3 hinthe praciick %@ﬁq@feﬁa Séaé-t?ﬁwgéq& 24,5 relf anddlied to constant
w{igﬁ { Gidervatubih ARt a(sfhgﬁ Et?gal'ﬁ‘ t'?“(? "Pleieb.8 &@3‘88 abs.).

s were evaporate er vacuun1at

Assa;‘(HBLZI)OQT%’SﬂGMVS:’@TdrUMGOS/ 032512 20 co-evapor at ed
Wi ,THE (100 nl). The crude product was purified by
Step chromat ography (1.2 kg silica gel, EtQAc: Et3N =

rﬁ)f%rznz, the ErudeSprodticPof Ste‘be(@ ilf .98, 1? Gﬁ‘% él&f@%&g?bomng

ter evaporatlon under vac C was cryst
isdpropandli<180 enl).6 T hel I)otamxmewaﬁ filtered,ccodled stowly 16 Otto 5°C and

stived Sor. 2708 B0 Thin. " e blpdueh s dured ottWAShod With /SGpipancl (10

ml aﬁa 'd@nBH urﬁie’r%&h@fn absaeC %ds@arﬂ%?ﬁﬂtYm :908.g (93% abs.).
50% abs.). Assay (HPLC 98% pure Vvs.

Assan.ﬁld&l.@) @ 3&, pure vs. standard.
3-Pyrimdin-2-yl-8-azabicycl o[ 3.2.1]octan-3-d Under N2,

a solution of the product of Step (a) (4.0 g. 16 nmol)
Ibgr gll_?ﬁ:lr\ll c(:4gci dl?STﬂl) 9%23%%n3|’ dimethyl
tetrakis(triphenyl - phospgmﬂgdﬂﬂﬂl'aﬂl um (120 ng, 0.1
B 838 SRR PSS oL it L, 20 1
Thesypthasis lsednne aocc(rﬂihgntora procgdule slmllae torthdtuin Example 2, Step (a),
ta%;?r&lu am IIy%amlne a% le,o lleMCTll gggtat%ntohyggatg ?3 equw ). Il?ler cooling
of the reactlon mixture to 20 — 25°C, the pH was adjusted to 10 and the solution was
extracted with EtOAc (4 X with a total of 700 ml). The combined organic phases were
dried over Na;SO, and evaporated under vacuum at 50°C to constant weight. Yield:
56 g (90% abs.). Assay (HPLC): 88% pure vs. standard.
Step (b): 8-Allyl-3-pyrimidin-2-yl-8-azabicyclo[3.2.1]octan-3-ol
The synthesis was dore according to a procedure similar to that in Example 1,
Step (b), starting from the crude product of Step (a) (50 g). After hydrolysis, the
phases were separated and the aqueous layer was extracted with THF (4 X 330 ml).
The combined organic layers were evaporated to dryness under vacuum at 50°C and
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was filtered off, washed with CH3CN (10 m) and dried
under vacuum at 50C to 15 constant weight. Yield: 5.4 ¢
woZgongssal t of N, N-di net hyI barbituric acid. p&E&R2005/032512
(c)(11):

8- [ Bi s(2-chl orophenyl ) net hyl ] 3-pyrimdin-2-yi-8-azabic

ycl 0[3 2.1 Joctan-3-o0l Using a procedure simlar to

that in Exanple 2, Step (c)(||) vvlth t he product of

corvaporated with THE (Foil: dug arudle Srodu wasipuriBEH by gplumn
5-4) o .
ciphs gL g ECHEELEFRIE Tho pisetbnd o
tharpmlodmctdan:btmsdﬂdimapbmtfgttmdqln :tacdum atrﬁ(n’m\gta:grﬁtalhzed from
hexaRedBaImi 2 406 Allar gamingclo, 3546)-10% g proGicEvasd shpred o,
washedwith'cBld hexahs (30 ‘1 I -15 to 31(?@2?!‘63 dried W‘Vécﬁulrﬁ @nd a slight
resent i nventi on een descr In conj unct

stmann of Ng at 382Cfto cnonetam aveightt <ieldt 386 g msa%oans ). m&sgay (HPLC):

ternatives difications and vari ati ons t hereof
PUre,¥s34andard. o those of ordinary skill in the art.

Mt SRR e B dORE. RN 308, Scope of the
pr eddnderi My ensolution of the/groduct of Step (a) (4.6@:st6 mmol) in CH;CN (40
%wq%?aféd“q% o VBl Bisilbot aRicler) 8. 20dpihol] S dlatfas(vipheny-

hﬁ@&gallﬁduﬁn*ﬁﬂ@( 0. ?Qﬁﬁlbl) aﬁ@o #l25°C. Thme was stirred at 35

each i S |ndepen ent |

toge Gcardotherr@acfm gﬂéw%byd-lPLCn Jfier copmiete reagtion (30 min to 2

e bR cogled (B 207 25" and §fiop Bbler 0 pin.The product
wasfiltdred wmshedemmmcw 1mh|9€élﬂjdriéd3(mdbﬁvawmﬂ at 50°C to

conS| sti ng{ r&y rogen. hal oge roxY and
copsiagk yeigh Y|eI 5.4 § (92%) as salt of N N-dlmethylbarbl uric acid.

Step (c)(ii):
8-[Bis(2-chlorophenyl)methyl]-3-pyrimidin-2-yl-8-azabicyclo[3.2. 1]octan-3-ol
Using a procedure similar to that in Example 2, Step (c)(ii), with the product of Step
(c)(i) (4.5 g, 12.5 mmol) as the starting material, the desired product was obtained.
Yield: 5.2 g (90% abs.). Assay (HPLC): 95% pure vs. standard.
Step (d):

The recrystallization was done according to the procedure of Example 2, Step
(d), on a 4.5 g scale. Additionally, the hot solution was treated with charcoal and
silica gel (5% each). Yield: 3.6 g (83%). Assay (HPLC): 99.7% pure vs. standard.

While the present invention has been described in conjunction with the specific
embodiments set forth above, many alternatives, modifications and variations thereof
will be apparent to those of ordinary skill in the art. All such alternatives, modifications
and variations are intended to fall within the spirit and scope of the present invention.



R3 is 1-3 substituents independently selected fromthe
group consi sting of hydrogen, halogen and alkyl; R5 is
| or 2 substituents indepen eiently selected fromthe
group consi sting of hal ogen, al koxy and -NO2; R6 is H,
al kYkclaimal oal kyl or benzy]; and RS is alkyl, benzy] or
al | YIA; praesypori psdpexgng agpmpaod havgpg dlre samd-ne of fornula 11
Runpiformhlet ein R is as defined above, with

2, 5-di net hoxyt etrahy- drofuran or HC(O (CH2) 2C(O H, . and
wth C(O(CHC(O OR),, wherein R is Hor alkyl; in
a buffery, optgpnally in the presence of "a base, to

obtain omppund of formula IIl 11l -./NR"' b)
reactin ound of formula Il with I-R, wherein
R is neli above, with al kyl lithium. optionally
in &He presence of a lithiumsalt, to obtain a
compound of fornula I; c) optionally converting a
conpq%% of. fOECIT%It d equ n Ris benzyl, -benzy]-R5,
f’l’b p%d}’ ound of formula I
whe 5 “( 7| §’“ bEI( ?@%\ g the conpound of
For Ig, th alsudtabl re ent to renove the
ben ’S 56 ecé"? groqé% -C(O)-ORS group

toIg |(C)(I) t(c)Q R HN
...... 'afy 'h%I aﬁ‘/ F’é%?@‘xy ”é d of - :
erggﬁ/lfﬂq ﬁe o P ‘conmpound o (c)(i)

islto3 substltuents lﬁlc\{lependent]y selected from the

group consisting of hydrogen, halogen, alkyl, hydroxy
and alkoxy;

R? is 1-3 substituents independently selected from the
group consisting of hydrogen, halogen and alky];

R’ is 1 or 2 substituents independently selected from the °
group consisting of halogen, alkoxy and —NO,;

R® is H, alkyl, haloalkyl or benzyl; and

R?® is alkyl, benzyl or allyt;

comprising
ajreacting an amine of formula 11

R—NH, : it

wherein R is as defined above, with 2,5-dimethoxytetrahy-
drofuran or HC(O)(CH,),C(O)H, and with C(O)(CH,C(O)
OR%),, wherein R* is H or alkyl, in a buffer, optionally in the
presence of a base, to obtain a compound of formula III

II1

b) reacting a compound of formula III with I-R', wherein
R' is as defined above, with alky! lithium, optionally in
the presence of a lithium salt, to obtain a compound of
formula I;

c) optionally converting a compound of formula I wherein
R is benzyl, -benzyl-R?, allyl, —C(O)R® or —C(O)OR?-
to a compound of formula I wherein R is —CH(R?), by
i) reacting the compound of Formula 111 with a suitable -

reagent to remove the benzyl, -benzyl-R®, allyl,
—C(O)R® or —C(O)OR® group to obtain a com-
pound of formula I(c)(i)

()@
OH



a compound of fornula TV CHR)2-X R wherein X is
hal ogen, -QSQ2CH1 or O (p-tol genesul f o- nyI ) ther eby
yi el di ng the e@npound of fumia I WHeFr&rh RIS

;)?O;ZI:JS:? Z)fz Sxﬁ?&c%ith‘é@&h;%éd Jf)’(s:)f ?&' Yait t?eg%o%\%lgpgutr Pfel od
product . EE’m rg@eosfsorrg EP%:\Ipau m 1 V\,her ein Ris R2\

Fla R V\Ihel‘eCH‘(RHé;a(Xh R2 is hal ogen. 3.. The process of

claim?2 vvherel n.each R2 j chl o e process of
claim 1 wilser {ispelope, Rosfs'?e(tz%iroéar(é ptoge“eﬁ%g process of
claima4 V\Wé)rﬂ?thIYRd Reterarryad of grplggyherin ‘5dyl 6. The
process of &EB&)atE for preparing the conpound of
formul a | adfiptiodaly re¢rystdNizingtic pwhiar eistap Rordepc} CH(R ) 2 and
R is R -arybpbtih « peified padugl. - R -aryl al kyl - or
R - het er oanyfabk¥lss @rcﬁmwh&mgb a)reacting an amine of
fornmula Ila CH(PR')I NH2 Ila wth
2, 5-di met hoxy-tetrahydrofuran or HC(O (CH2),C(O H,
and C(O (CH2C( O OR v erein R is Hor alkyl, in a
buffer, optionally in|the presence of a base, to obtain
a corn- pound Il'la R ' 1 NDb) reacting
a conmpound o A 1 -R, wherein R is as
defi ned above, ¥thium optionally in the
"presence of a’lithiumsalt, to obtain a conpound of
formula In; and

wherein each R? is halogen.

3. The process of claim 2 wherein each R? is 2-chloro.
4. The process of claim 1 wherein R! is R*-heteroaryl.
5. The process of claim 4 wherein R3-heteroaryl is 2-py-
rimidyl.
T 6. The process of claim 1 for preparing the compound of
formula Ia

Ia
OH

N

.
wherein R* is —CH(R"), and R! is R3-aryl, R3-heteroaryl-,
R*-arylalkyl- or R3-heteroarylalkyl-, comprising:

a)reacting an amine of formula Ila

CH(R"),—NH, Ta

with 2,5-dimethoxy-tetrahydrofuran or HC(O)(CH,),C(O)
H, and C(O)(CH,C(O)YOR™),, wherein R* is H or alkyl, in a
buffer, optionally in the presence of a base, to obtain a com-
pound of formula I1la

1la ’

b) reacting a compound of formula ITa with I-R*, wherein
R! is as defined above, with alkyl lithium, optionally in
the presence of a lithiumn salt, to obtain a compound of
formula Ia; and

optionally recrystallizing the product of step b) to obtain a
purified product.




optionally recrystallizing the product of step b) to
obtain a purified product. 2~a 7. The process of
claim®6 wherein in step (a), t amne of formula lla
is NH2 R2 RZ 8. The process 6f“claim6 for preparing
t he conmpound of f or mill Ehebmcest @ clainkg widrbif in Mep\a), vileemik of
R2 is Ito 3 substitufnisallsnidependent|ly sel ected from

t he group consisting of hydrogen, halogen, alkyl,
hydroxy and al koxy; conprising a) reacting an am ne
of the fornula Ila" Ila’" NH2 R2ndg2 with

2, 5-di met hoxyt et r ahydr of uran and C(O)(CHZC( 0O OR 2,
wherein Ris H, in a buffe QR T8y in the presence
of a base, to obtain afeour@d of R llla ilia,
R2 01 R | b) reacting axgoapound formula Ma' with
2-iodopyri- mdine, LiBr and n-butyl Tithiumto obtain
a compound of fornmula la'; and optionally
recrystallizing the pBobugtocet obdiam 6lpr preparivpttlss compound of
purified product. 2Lfarmulala

Ia'
OH

wherein R? is 1 to 3 substituents independently selected from
the group consisting of hydrogen, halogen, alkyl, hydroxy
and alkoxy;

comprising

a) reacting an amine of the formula Ila'

[la' +~

NH,

/7 N\
7/ \

with 2,5-dimethoxytetrahydrofuran and C(O)CH,C(O)
OR?),, wherein R* is H, in a buffer, optionally in the presence
of a base, to obtain a compound of formula I1la'

[a'

b) reacting a compound of formula II]a' with 2-iodopyri-
midine, LiBr and n-buty! lithium to obtain a compound
of formula Ia'; and

optionally recrystallizing the product of step b) to obtain a
purified product.




9. The process of claim1 for preparing the conpound of
formula la lu R N R wherein is -Cl-1(R)z and R
is R-aryl, R -heteroa yl, R rylal kyl- or.
R - heter oar%ﬂh? kry¢63*0fek§mprf%mgﬁrma)hep@a@tmdmj ‘an amine
of formul IR IR NHZ 11b
wher ei nRbi sbenzyl , -benzyl -R5,allyl,- C(O R6or--- C(O
OR, with 2,5-di methoxy-tetrahydrofuran.or O (CH,) 2C
(OH and C(O)( C(ehOR )2, wherein Ris H'or alkyl,
in a buffer, opgtyonally in the presence of a base, to
obtain a conpo ormula Illb IlIb Rn b) reacting
aconpoundof/ﬁ aIRIIbvvithI-R',V\herein R is as
defined above; with alkyl lithium optionally in the
presence of a lithiumsalt, to obtain a conpound of
formila 1zl i Doyffly R heES) Bdheds def i ned
above; c) LQRY Iopﬂsﬂ AHHIPUN formu’a Tb to a
compound c% dsgemul a 'a wierein R |s -CH(R'), by: i)
reacting thgr&,g qyghqlinpgffg,g{lgqiba I TT vv| t h a suitable
reagent to renove the benzyl, -benzyl- ally],
C(OR6 or -C(¥)T®R group to obtain a com pBund of
formul a 1(whpfeinR® tsbedyl)-beddHR, allyl, —C(O)R® or —C(O)

OR®, with 2,5-dimethoxy-tetrahydrofuran or HC(O)(CH,),C

(O)H, and C(O)(CH,C(OYOR®),, wherein R* is H or alkyl,in -

a buffer, optionally in the presence of a base, (0 obiain a

compound of formula I11b

O
M
N

b) reacting a compound of formula IIIb with I-R', wherein
R! is'as defined above, with alkyl lithium, optionally in
the presence of a lithium salt, to obtain a compound of
formula Ib

OH
BJ\RI
N

v
wherein R? is as defined above;
c) canverting the compound of formula Th to a compound
of formula la wherein R? is —CH(R7), by:

i) reacting the compound of Formula ITT with a suitable
reagent to remove the benzyl, -benzyl-R®, allyl,
—C(O)R® or —C(O)OR® group to obtain a com-
pound of formula I(c)(i)

OH
Bg&
HN

and
ii) reacting the compound of formula I(c)(i) or a salt
thereof with a compound of formula IV

11b

/
Rh

[(c)(i)

CHR"),—X v

wherein X is halogén, —O0S0,CH, or —O-(p-toluenesulfo-
nyl) thereby yielding the compound of formula [ wherein R is
—CH(R"),; and



R HN and 1ii) reacting the conpound of formula 1(c)(i)
or a salt thereof with a conmpound of forrmula IV
CHR)2-X [V wherein X is hal ogen, -0SQzCl-13 or

-O (p-toluenesul fo- nyl) thereby yielding the conpound
of formula | wherein Ris -CHR/p& and d) optionally
recrystallizing the pnduct of step.c) to. obtain a
purified product. 10. THEPHPEbESeywlizgEAilemoduc istepc) to obtain
preparing a conpound of dpwifagipsedpet! la' R2 OH N

“wherein R is 1-3 substilb.uaepscdsnefapmnddstpepariglaeoimptind of

from the group consi stinmigel@f hydrogen, hal ogen, al kyl,
hydroxy and al koxy; conprising a) reacting an am ne

of formula Ilb Ro-NH2 I1b wherein Rb is benzyl,
-benzyl-R, allyl,-C(OR or-C(O OR, wth I’
2, 5-di net hoxy-tetral rydraofuran or OpeEH2),C (OH,
and C(O (CH2C(O OR ) 2, wheeein R Hor gitkel, in a
buffer, optionally in the e tq obtain

a conpound of formula Il Q reacti_ng” a
compound of forrmula Illb wwth 2X odopyri- mdine, LiBr
and n-butyl lithiumto obtain a Qognd  of fornul a

| b" Ib" OH Y

wherein R? is 1-3 substituents independently selected from
the group consisting of hydrogen, halogen, alkyl, hydroxy .
and alkoxy;

comprising

a) reacting an amine of formula 1Ib

R.—NH, b

wherein R? is benzyl, -benzyl-R?, allyl, —C(O)R® or —C(O)
OR?, with 2,5-dimethoxy-tetrahydrofuran or HC(Q)(CH,),C
(O)H, and C(O)(CH,C(O)OR™),, wherein R* is H oralkyl, in
a buffer, optionally in the presence of a base to obtain a
compound of formula II1b

b .

/
Rb

b) reacting a compound of formula IIIb with 2-iodopyri-
midine, LiBr and n-butyl lithium to obtain a compound
of formula Ib"

. "
OH v

N\
AT

wherein R? is as defined above;

¢) converting the compound of formula Ib" to a compound
of formula Ia' wherein R is

Z
RZ_ _[__ RZ
x



N N/ R*N wherein Rb is as defined above; c)
converting the conmpound of forrmula I b" to a conpound
of formula la" wherein Ris R CFIC1 2k by i)
renmovi ng -t he benzyl, -benzyl-R5. ally], -C(OR6 or
-C(O) ORS group to obtain a cp@pound of fornula
I(c)(i) ORN Nii) reacting the conpound of fornula
I(c)( ' or a salt ]hereof with a cqnpound of fornmula
X RZ Rz wherein Xs halog, -0S02CH3 or
-O(p t)éef“l?élﬁ%%laf"?“&' Ay Rk oy gi%nau ly
recryst ar¢@@%gg'r91ﬁé‘7 W%’dﬂlbﬁ"‘l’ﬁ‘ﬁ"ds’f@ﬁm&% to obtain a
puri fi ed®¥Poduct. 11. A conmpound of the fornula OH N
RhiN = "' wherein R s benzyl, -benzyl-R5, allyl,
-C(OR6 or-C(O) ORS wherein RSis | or 2 substituents
i ndependent | yygel ected fromthe gr'oXib consi sting of
hal ogen, [&l koky alqd -NO2; R6 is H, alkyl, haloalkyl or
benzyl ; [ kyl, benzyl or allyl. 12. A
conpoufs he Yf or myl a

ii) reacting the compound of formula I{c)(i)' or a salt
thereol with & compound of formula TV!

7~ =

RZ__ —_— RZ

x AN

wherein X is halogen, —OSO,CH; or —O-(p-loluenesulfo-
nyl); and
d) optionally recrystallizing the product of step ¢) to obtain
a purified product.
11. A compound of the formula

wherein R? is benzyl, -benzyl-R?, allyl, —C(O)R® or —£(0)
OR® wherein R® is 1 or 2 substituents independently selected
from the group consisting of halogen, alkoxy and —NO,;
R is H, alkyl, haloalkyl or benzyl; and
R® is alkyl, benzyl or allyl.
12. A compound of the formula .

OH

Ay

13. A process for preparing a compound of formula V

OR’
Rl

R7\(N

R’



< e

~~1V 1 HN J 13. A process for preparing a conpound of
formrula Vv RLR=R r 21 wherein R is R3-aryl,
R3- heteroaryl, R3-arylalkyl- or R -het- eroaryl al kyl -
R3 is 1-3 substituents independently selected fromthe
group consisting of hydrogen, halogen and al kyl; each
R is independently selecte@;Lron1the group consi st -
ing of -phenyl-R2 or R -hetéroaryl is 1lto 3
substituents independently selected fromthe group
consi sting -of hydrogen, halogen, alkyl and al koxy;and
RO is al kyl; conprising aIkyIatlng a conpound of the
formila VI V. HRL R7

wherein
R' is R*-aryl, R? -heteroaryl R’-arylalkyl- or R3-het-
eroarylalkyl-;

R® is 1-3 substituents independently selected from the
group consisting of hydrogen, halogen and alkyl;

each R’ is independently selected from the group consist-
ing of -phenyl-R? or R?-heteroaryl;

R?is 1 to 3 substituents independently selected from the

- group consisting -of - hydrogen, halogen; alkyl and -
alkoxy; and

R? is alkyl;

comprising alkylating a compound of the formula VI

VL
OH

RI
R7\TN

R7



