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PROCESS FOR PREPARI NG SUBSTI TUTED

b- AZABI CYCLOr ai . i | OCTAN-a- OLS FI ELD OF THE | NVENTI ON
wabmepsiesent i nvention relates to a process f oPCT/US2005/032512

prepari ng substituted 8- azabicycl o[ 3. 2.

1] oct an-3-ol s. BACKGROUND Substi t ut ed

8- azabi cycl o[ 3. 2. 1] oct an- 3-ol conpounds di sclosed in

US 6, 262, 066 are NOP receptor agonists (previously

known as ORL-1 receptor agonists) useful in the

treatnment of various disorders such as pain, anxiety

and cough. US 6, 262, 066 di scl oses a process for

prepari ng the clai ned conpounds conprising an

expensi ve 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 m di n- 2-yl - 8-azabi cycl o[ 3. 2

.1]octan-3-0l, is specifically disclosed in US

6 727, 254. THERMESS@ RREPARING SUBSTHTUTED)S

6, 727, 254 conpri ge g

di phenyl net hyl »EA—af'L B-£00, Posrett ON With a

tributyltin derivative of pyrlnldlne and an al kyl
FIEL D O FTHESINVEATHSN SUMVARY OF THE | NVENTI ON The

elates to a process for preparing
conpbepiesentinventiongetates to armrocess fienpseparing substituted 8-

_agceptable salt or solvate thereof,

az%@(%%%?%@z@% RS- benzyl, allyl, -C(O R,
-C(OOR8 or -CH(R 7 2;each R7 is independently

BASKGROUNIDr om t he group consisting of R2-phenyl and

223 gﬁ q;ethﬁyagzgf Ja-@,z?ﬁ@yﬁ@f%gﬁﬁg;pgfai‘gf e&rﬁéggrﬁgs disclosed in US
6,262,066 are NOP receptor agonists (previously known as ORL-1 receptor agonists)
useful in the 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-azabicyclo[3.2.1]octan-3-ols, including 8-[bis(2-
chloropheny!)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 tributyltin 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
Bﬁ‘\*“
N

R” |

or a pharmaceutically acceptable salt or solvate thereof, wherein
R is benzyl, R®-benzyl, allyl, -C(O)R®, -C(O)OR® or -CH(R");;

structural formula |
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R2 is 1 to 3 substituents independently selected from

the group consisting of hydrogen, hal ogen, al kyl,
whymsoxysand al koxy; R3 is 1-3 substituents  PCT/US2005/032512

i ndependently selected fromthe group consisting of

hydr ogen, hal ogen and alkyl; R5 is 1 or 2 substituents

i ndependently selected fromthe group consisting of

hal ogen, al koxy and -NO 2; R6 is H, alkyl, haloal kyl

or heRRR? isdhdepEhdenty'seldcted oAy #he?%rrog;b: éa(tirislistiﬁ_glﬁ_flle-f»henyl and

LONprising-a) reacting an amne o
RvimeteroanylR i s as defi ned above, with

o R B TRL AR Kaudivir Rnaighagialit s
buf R¥ris 1tpt3 subsdtitivents iﬁd&pd?fd%ﬁﬂ? %g;e&e@frbﬁﬁme §dup consisting of

btai n_a conpound of fornmula Il reacting a
hy@(ﬂq‘}auhaloaﬁnf BMIWXC’NW%C{%"‘PW, wherein RL is as

dof | et e ; : -
9 U1 i A s g
hydengen, halogep)anshalkyhal | y converting a conpound of

"o IS oy S SRy G enn RIS Y, e Houp consisting of
haldgenealkofaj'aadl—(]slh‘(og 7 é)tF% i) remca);/iqggSt he bentzyl bt ai

R5- hen L 18 - or - rou 0 obtain

a C%E‘na"ﬁf*- ’%&Wq&ﬂt\%‘ﬂ'ﬁ)a dii) Ceacti ﬁg t he
conRéliglgmgf, benhgyl(dralgr; a salt thereof with a conpound

f alvVv

of formul
comprising

a) reacting an amine of formula
R-NHz i
wherein R is as defined above, with 2,5-dimethoxytetrahydrofuran or
HC(O)(CH.).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 compound of formula Il

Bj/o
N

R 1]

b) reacting a compound of formula Ill 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(0)OR® group to
obtain a compound of formula I(c)(i)

OH
AA
HN=" I(e)(i)

and
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CH(R7 2-X IV wherein X is hal ogen, -0OSO 2CH3 or

-O (p-toluenesul fonyl); and d) optionally
wo orYsirsd | 1 zi ng the product of step b) or stepcTVS2005/032512

obtain a purified product. 3Al so clai ned are novel

internedi ates of fornula Ib' and I (c)(i) wherein Rb is

benzyl, R5-benzyl, allyl, -C(OR6 or -C(OOR 8. Also

claimed is a method for preparing a conpound of

f ormul a i rehetiny theRornpoand uf 1(8)()) ok saltthBresfwitta compound of

defi ned above for fornula |, provided that R2 is not
formutrBky, conprising al kyl ati ng a conpound of the

formula VI i.e., the pré]qi«:ﬂ f stepy(c). It is

further contenpl ated that § procggs woul d be usef ul
whérein Xris halogen, 208@3Ltiyat +Ddpdolueresyfeny); @and he z1,

Z2 and .Z3 qgroups discl osed. | S : .

n Dransionely Favetalizing Téirrpluctor YR R) BERaR S Hipigp purifed

proH[]len_e enbodi nent, the process of the invention

o B RIS AL a5 *

i ndependent |y gw¢l ected fromthe group consisting of
hydr oge hal open, yal kyl, hydroxy y; RLis
R3-aryl arW , R3-aryl al kyl N

R3- het , erein R3is My uent s

in dently sel ected |pr om t he HW-OUP nsi N4 QYC)(i)’
hydr ogen, hal ogin and al kyl; copprising a) reacting an
wheraimR® i§ bénzylR%benzyl, allyl, -C(O)R" or —C(O();OR .

Also claimed is a method for preparing a compound of formula V-
OR®

R1
N

R7~<
R’ \"
wherein R? is alkyl and R* and R are as defined above for formula |, provided that R?

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

R1
N

RY
~(R7 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 2* 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



preferably with 2,5-di met hoxytetrahydrofuran or

HC(O (CH2 2C(OH, and with C(O(CH 2C(O OR4 2, wherein
wWaRZ00be3178Or al kyl, in a buffer, optionally in REEUS2005/032512

presence of a base, to obtain a conpound of fornula

| Ha preferably IHa' b) reacting a conpound of fornula

IHa with I-Rl, wherein Rl is as defined above, wth

al kyl lithium optionally in the presence of a lithium

salt, to obtain a conpound of forgyla la; and

optionally recrystallizing e prpduct of step b) to

obtain a purified product. prekerred enbodi nent,

the process of the |nvent| oJs Hﬁs preparing a

conpound of fornula la,Merein"Ris wherein R2 is 1

to 3 substituents indépendently sel ect'®d fromthe

wthﬂHﬁT %%7%8 Rifefatsly ogen, hal ogen, al kyl, hydroxy

ISI ng a) reacting an am ne of formla
Na with 2,5-di nethoxytetrahyd?‘bfuran and C(O) (CH
20O R 4)2 wherein R4 aabubfer, optionally
in the presence of a bd® o a nRa conpound of
formula IMa' b) reacting a corrpound of formula IHa'

wh\é’rélﬁ edchRRIBYidépetidently seflicted front theugroaptonsiitingf hydrogen,

obtain a conpound of formula la'; and optionally
5  halogenyalich hydioy andealke®duct  of step b) to obtain a

pur Al I CRCBINIR hetdrdar SREARfaIR Ch’ﬁﬁ@tbroérg%lm OFRéfein R is 1-3

of e I nvention conpri'ses preparing co
sulbstituenta indegendently Belected {TeprRthe group conS|st|ng of hydrogen, halogen

and alkyl;
comprising
10 a) reacting an amine of formula lla
CH(R")2>-NH; lla
preferably
NH,
Rz_/ | /:_R2
X X la’

with 2,5-dimethoxytetrahydrofuran or HC(O)(CH2).C(O)H, and with
15 C(O)(CHzC(O)OR4)2, wherein R* is H or alkyl, in a buffer, optionally in the presence of
a base, to obtain a compound of formula llla

preferably

lia’



2, preferably wherein each R2 is independently

sel ected fromthe group consisting of hydrogen,
wh2d060817188 al Kyl , hydroxy and al koxy; Rl is R3-BEH1$2005/032512

R3- heteroaryl, R3-arylal kyls or R3-heteroaryl al kyl,

wherein R3 is 1-3 substituents independently sel ected

fromthe group consisting of hydrogen, hal ogen and

al kyl; conprising a) reacting an amne of fornula lib

Rb- % .-vd&? 86@0@*&& of fﬁﬁﬁam' lllafWAtHPRR? Yhe@in R is as defined

abouemntoalyyldtthunymmwna&y] |mthemes:¢(|®-p§ aditrdym, salty ¢o abtain a

> wherein R4 is Hor alkyl, in a
w'ﬁé&%’éﬁm"%{ﬁ' n the presence of a base to obtain
a coptionaly retrystatlizingthe\product ebsteprts) to obtaina parifigd product.
formula Hb with I-R1, wherein RL Iis as defined above,
S with alkyl lithium optionally in the presence of a
| Ui pre¥érméd enlbodRRbat, 01@8Fdﬁéé§ldi‘¥hé’fn\fe%ﬂﬁ|c6rﬂﬂhses preparing a
wherein Ro is as define above; converting t
corppawdiatifamulalaul a I1b to a corrpound of formula la
wherein Ra is -CH(R 7 2, \prefepgbl yby i) renoving the
benzyl, R5-benzyl, allyl]\-C(OJR6 q4_-C(O OR 8 group
to obtain a conpound of )T\) and ii)
reacting the conpound R i) 9/salt t her eof
with a conmpound of Ra”

wherein R? is

oy
Z AN
RR— | —R?
10 X x
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
R I (%
15 X lla’

with 2,5-dimethoxytetrahydrofuran and C(O)(CH2C(O)OR*),, wherein R*is H, in a
buffer, optionally in the presence of a base, to obtain a compound of formula llia’

ila’
b) reacting a compound of formula llla’ with 2-iodopyrimidine, n-butyl lithium
20 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 comprises preparing
compounds of formula la
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formula IV CH(R7)2-X IV preferably wherein X is

hal ogen, -0OSQ2CH3 or -O (p-toluenesul fonyl); and d)
wopiob/osiasd y recrystallizing the product of stepcTVS2005/032512

obtain a purified product. dn a preferred enbodi nent,

the process of the invention conprises preparing

conpounds of fornula la wherein Ris wherein R2 is 1

to 3 substituents independently selected fromthe

group consisting of hydroggn, halopgen, al kyl, hydroxy

and al koxy; conprising a) irg an am ne of formula

i bRb-NH2 |ib wherein Rb i R5benzy| al lyl,

-C(OQR6 O-C(OOR 8, wher i's Bleferably

tert-butyl or benzyl,

2, 5-di et hoxyt etrahydrofuran or HC(O)Z%HZ) 2C(OH, and
wherrdih REGOHCHHIRAIOpteyahly wherein R4 is Hor alkyl, in a

buffer, optionally in the preggnce of a base to obtain

a conmpound of forrmula I Ub rea i ng a conmpound of

formula IHb with 2-i0dQﬁ e n butyl ['ithium and

LiBr to obtainacorrpou alb wherein Ro is

as defined, above; convertln t he conpound of
wheceimeagh| R istindep Mﬁ@lﬁﬂted pruthe graupeasistingmf hydrogen,

ha%&en@@@\}g%ﬁyoup %]RB%%t a| ESabsngr%l)ungl lo%/l for ﬁr:(uIO)aR6
| (cRliig 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 llb
R°-NH, b
wherein R® is benzyl, R%-benzyl, allyl, -C(O)R® or -C(O)OR?®, with 2,5-
dimethoxytetrahydrofuran or HC(O)(CH2)2:C(O)H, and with C(O)(CH2C(O)OR4)2,
wherein R* is H or alkyl, in a buffer, optionally in the presence of a base to obtain a

Bﬂ/o
N

b~

compound of formula Illb

R llib
b) reacting a compound of formula llIb 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

wherein R® is as define above;
c) converting the compound of formula Ib to a compound of formula la wherein
R? is —CH(R"), preferably
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ii) reacting the conmpound of formula I(c)(i)' or a

salt thereof with a conpound of fornula IV wherein X
wo soohasiogen, - OSOC2CH3 or - O (p-tol uenesul f onyl ) PCETS2003/032512
optionally recrystallizing ®he product of step c) to
obtain a purified product.Preferred conpounds of
formula | prepared by the clained process are those
wherein Ris wherein each R2 is hal ogen, nore
preferably chloro, still nore«wpreferably 2-chloro, and
wherein Rl is R‘heteroary popee™al |y pyrimidyl, and
nmore especially 2-pyri mP€ pagtRcul ar, a
preferred conpound prepare® Y€ cl ai ned process has
the structure I-A: Conpared to the previously
di scl osed procedures for making substitute% 8- 8
azabi cyci) eérdofing]thethemzgh Rshenzik aflyle s@(@)RirarceS(O)OR" group to

by

el i m nat es the .use of t ropi none hydrochl ori de, an
Ob@ﬂb%ﬁgmpé’ué‘ﬂcpefrf@m\"ia\}@qr}wunst abl e reagent. Step (b) of
the present process, congri si the addition of an
alkyl lTithiumto a m xt of ghe tropinone of fornula
I1l and the iodo-hetero nql S @ one-step
procedure resulting iy fel & Ré he conpound of
formula | in excellent purity. This process elimnates

and he undesirable tin chem stry used in US 6, 727, 254, as

wel | as &alinijaati ' ' e if £dcul

wor k- up. PR IRPedmBabaf of ERD of o Saib irdotitid dompound of
fortra@NV Robi nson Schoepf synthesis, but for the

preferred process of t gﬁy?egti on, e successf ul

addition to the ketone 'nsitdforrred

2- Dyekdrally anion, known in the literature to be

unstabl e, “i s unexpected. The, present process is easier

to performthan the procedurjes in the art, and

provi des the product i%1 'ekgl. Starting
material s of formula Rigark khQua™ nl{/he art or can be
prepared by

wherein X is halogen, -OS0O.CHj 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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procedures known in the art. For exanple, conpounds of
formula Il wherein Ris substituted di phenyl nethyl can
wheoopnzss ed fromthe correspondi ng brono deriRet/Us®ofig32512

reaction with ammoni a gas it acetonitrile. The brono
derivative, in turn can be prepared using a Gignard
reagent as described in Preparation 1, below In step

(a), the reaction is carried out in a solvent and a
buffer. The solvent is waRRINHY a|pater miscible

organi c sol vent _.such as N ne pyrrol i di ne
whefeim Rijs benmrrRa@emm;auyletcm%é OR¥ whereih'R® is preferably

e R R B o
with mm)qummmemkuts ldror alkyl, mtahwfam optiomalinp the

ffer is an ous 0 er wherein the

PF%GPF%E?O&%WO%%@'"?S?"‘@?HHa%i la:ﬁlécet ate, sodium

citrate or disodi um hydrogepphosphate and the pHis

acidified with an acid such as HCIopreferanytoapH

of about 2 to about 6. Th Dn is carried out

over a tenperature of ab to about 600C, nost

preferably starting agpt-dbout 0-50C, tipg increasing

gradual ly to about 500C. The concentration of

r eab) aeactinga sompouny af farmualayllibwith 2-iedapysimidine. n-butyl lithium

anﬂ%&gﬂ%éa”%“%wﬁ%ﬁgif OfRAREY < and”the. amount o

acet one di carboxylic aci er thereof) or
HC(O (CH2"C(O'H can vary .1 t)9_2 equival ents;

t he amount of HCl can v TP 1.5
equi val ents, and the a sodi upd acet ate or ot her
bufferi ng agent canRVary from1l to edbf val ents. In

step (, t he reactlo_n is carried out in a solvent
WhQW%ﬁ?ﬂﬂﬁGPG@P@"eDNE THF/ n- hexane, THF/ n- hept ane

Elig\'}éﬂlﬁ thé '2:8 gou-ﬁh%f%ﬁﬁﬁatlb’afd Qﬁoﬁﬁibu‘hardf fofradla la’
abo t

X so vent 30x solvent, with
whereint 83t at i on of I-Rl being 1 to 5 equi vaI ents,
preferably 1 to 2 equival entsw The reaction is carried

out in a tenperature range, f Jabgyt -200C to about
R~ | ——R?
\ S

by
i) removing the benzyl, R>-benzyl, allyl, -C(O)R®or —~C(0)OR® group to

obtain a compound of formula I(c)(i)’

A
Nx
HN h‘.) )y

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

X X \%

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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-1000C, preferably at about -60 OC to about -1000C.

The al kyl lithiumis, for exanple n-butyl lithium sec
wheogh3il7sg hi um tert. butyl |ithium or n-hexylPdT/URI005932512

present in a range of 1 to %.5 equivalents. N hexyl

l'ithium has the advantage of not generating a gas when

the reaction is quenched. The al kyl lithiumcan be

added as the last reagent, or it can be added

S D batddusy el ¢lainsed pRicess are those

exgﬁ#fgﬁsﬁi Br Pdﬂﬁ&?df;f%&]lﬁ&%g%%??{iﬂr I?t hi udmb
whergig|Riise. The concentration of lithiumsalt can vary

fromO equival ents to about 5, equival ents; preferably,

it is present in a concentxatjon_Qf about 2.5
equi val ents. The prese?@ /of| thE Htigt um salt inproves
the yield and purity of t ro . For preparation
of .conpounds wherein Rl is_pyrimdyl, the addition o
whergin each iRrj"ns balagen, mcgsﬁgfqr%lé‘)'&%m $telCm9re PFF’éJerarLly 5-ch|0r0-
Wi 5Pl eesSeci landShbte B¥pédigily 2-pyrimidyl.
ang W s BRI ER a@ﬁ@*ﬁ%@%ﬁf‘?ﬂhgﬁe. Pegily 2-pyrimidy
usehh partictlar,r@prefewed compaundiprepa y the elaimnaed process has the

| - R1 fore the alkyl lithium In step (c)(i), the
St"&}H(?eFéi on of a conpound wherein R is benzyl,

R5- benzyl, BRIyl ,AqC(OR6 or -C(OOR 8 to a conpound
wherein 8 [ ™NL i s achieved by renoving the
ni t LBe /n \g}up to obtain a conmpound of

; alt thereof, using nethods well

For exanple, the R group can be

renoved eaction with a palladiumcatalyst. Typi cal
procedur § ncl ude hydrogenation w th palladi um on

charcoal or reaction wth tetrakis(triphenyl phosphi ne

pal Catipaned to thecpreviopsiydisclesed pregasiures foy makingsukgtituted 8-

oA Gy MR Byt s VM 51 droprnone
hydrbehisride, ars erpensivednd relatively umstablefeagentR gr oup or

1 e o o ot SPGB PG e b e e to o
mixtthe & tRe thspwsor of@rimula Il and the iodo-heteroaryl, IR, is a one-step
procedure resulting in high yields of the compound of formula | in excellent purity.
This process eliminates the undesirable tin chemistry used in US 6,727,254, as well
as eliminating the isolation step and difficult work-up.

The preparation of the tropinone uses the known Robinson Schoepf synthesis,
but for the preferred process of the invention, the successful addition 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 1l are known in the art or can be prepared by
procedures known in the art. For example, compounds of formula |l wherein R is
substituted diphenylmethyl can be prepared from the corresponding bromo derivative
by reaction with ammonia gas in acetonitrile. The bromo derivative, in turn can be
prepared using a Grignard reagent as described in Preparation 1, below.
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of formula I (c)(i) at elevated tenperatures in an

organi ¢ sol vent such as acetonitrile, in the presence
wo@booa/obEIs®e such as K CO3. The opti onal PCT/US2005/032512

recrystallization in step (@) of the product of step

(b) or (c) is carried out using standard techni ques,

for exanple the crude product is dissolved in a heated

organlc sol vent such as al cohol or an acetone/al coho

’rPét‘éP V&b? &hé ‘i"éééﬂo?ﬂfs cHrriéd bt insa Ebl‘véﬁf 8fld aadlﬂ‘férh &he solvent is

coo seeding i f necessary) to obtain
wateronawateraniscibieiorgani¢ rgivent slchoas NH@eﬂrMmhdme NMP),

duﬁ%lhxl&émiargﬁe?@%f gg\ﬂlﬁ@rgﬁﬁlb'é algkb éc%tc?rﬁ{r@% "brfan alcohol such as

isobmpundl rorténmixtute trfeweofenptlmwybp\ theapcesemceodif a base such as NaOH

(o s By e () SAACSE H eds Tbibbous burer

whaféiRthé Bhfféﬁné @beﬁf 8, Wr@x@hﬁﬂé Yodiun aedtawtsdd’umrbltrate or
inert atnosphere, e. der nitrogen.

dispdiusn hydroganphosnl@%tﬁsa%thm php insacidifi ﬁ9d¥lﬂtaﬂ @8!51 sWehas HCI,
hed d bout
prefBiebll, B phEof e e Aot e o B anchad moans
t haThe meactrormsr.rhedveut avénd tegnperatureoftabeut B2C g labout 60°C,
e Bl s 4o Tt b At s
S Ub?fué tcHhEént*Pﬂt:&n §f f‘é%'cféiﬁ.@ wﬁ&t@E‘?(a ) Cark Qi ine ?éi‘i‘g@ﬁf about +/- 20%.

roup in which the al group 1s
The BReui S5 SehmeioRHeRBNCIWA og GRGRTAT Tof to 1.35 equivalents

an& Yﬁé Qmo%n’f‘t)}(géé{to%%ﬁ?asrbb lctsd f@‘t%Qﬁythe?ém&l‘#g(gg&%l'lz)zC(O)H

ut OXYy ept ox
can oaltyrfaorpat tio Zmnmvglents tthe augpurttlmé Helloan \carygmm 0.1to 1.5

e, 5 RS AR5t 7 R iy con vary o

1 thdvequivaléitssubsti tuent as defined above.

In step (b), the reaction is carried out in a solvent such as THF, toluene, DME,
THF/n-hexane, THF/n-heptane or a mixture thereof. The concentration can vary from
about 10x solvent to 30x solvent, with the concentration of I-R" being 1 to 5
equivalents, preferably 1 to 2 equivalents.

The reaction is carried out in a temperature range of about -20°C to about
-100°C, preferably at about —60°C to about -100°C.

The alkyl lithium is, for example n-butyl lithium, sec butyl lithium, tert. butyl
lithium or n-hexyl lithium, present in a range of 1 to 2.5 equivalents. N-hexyl lithium
has the advantage of 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



10

15

20

25

30

"Heteroaryl" neans a single ring, bicyclic or

benzof used heteroaromatic group of 5 to 10 atons
wa@ewpndwesl of 2 to 9 carbon atons and 1 to 4 PCT/US2005/032512

het er oat ons i ndependently d&l ected fromthe group

consisting of N, Oand S, provided that the rings do

not include adjacent oxygen and/or sulfur atoms.

N- oxi des of the ring nitrogens are al so included.

ntrﬁmﬁﬁaltﬁé isdopyriftitine! WBeh tisetaatyé reactions the kthjum isditlis added to
qxazol yl, isoxazolyl, oxadiazolyl, furanyl, pyrrolyl,

I-R m@%ﬂ the.amdaﬂuum pyrazol yl, tetrazolyl . thiazolyl,
5
:O)S/ ??@%‘}ﬁ’ﬂ@ ) dé];&wée;‘%).ph%f a&&ﬁ%ﬁ%@d gvpe?éf h'méjuénzyl R°-benzyl,

allylet@o(b)af’)dr -@(Q)@R doa cmppoulyd whereinR is ~C (Rg)zas achieved by

rephbachi B bbb LT 3501 3fpbiha offormuia 101 or

saP gge:&f:ﬁ g.{%d?dﬁﬁieﬁ?% \gbu ﬁhOWhSIn e ?rtn cRdr;éxamplemwa group can be
Zl

remAVeR by Reacin with M\aﬁ{%ﬁfﬂ%& SR @F%ﬁﬁﬁlf res include

hy&%ﬂéﬁéﬁ With ﬁél%d'ﬁ.ﬁfi o éHa'}‘éé‘éDﬁr reébﬂnoﬁ’ﬂﬁh ttéfi’é‘lﬂé(tnphenyl-

are conte ated .
phasphine)palladium, mefefeblyrm LY premesaftw\g@metgy bituric acid.

WHAT R 5 A Fhia D 1 pdired @ i AEKY of RS- el barbituric satt
thé salbisoprephtent aftetrermavabof thedR groopor iSsity dusihg tiedepeotection

%Q si cal association of a conpound of this invention
re *one or nore solvent nolecules. This physical

ass e sfp (gﬂn) rme btsﬁﬁaomamfrfarrﬁ@larwq@ ré@ctedWith meorree base or salt
coval ent i ncl udi ng hydrogen bondi ng

of farmula HC)(ﬁﬁt&'ﬁ\@ied F@“B@ﬂa\t‘#@ inan °r9§nl%ﬁ9$‘fﬁ’l$ SHPh as acetonitrile, in
théngféls%rsg%f a BdseHIAEK %@Q”I one or more sol vent

es are I ncorporafe n the crystal lattice of
t he Theyoptiahbl recrystaliizatiorSol step ¢d) efitherpradsetofistem (b) or (c) is

cabe gt Sy SeRABREISsBILR I SRl Be el proplkt Riscolved in 2

heawdh&gah@tétﬂverﬁrsdlchm alctieol oraracstenielatcohot nlixtates the resultant
e Pherid A Bl TS seagad oeiessBb S ARSI crvtaline
prddUci® .

Alkylation of the product of step (c), i.e. a compound of formula VI, to obtain a
compound of formula V is achieved by methods well known in the art, for example by
reaction of the product of step (c) with 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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(e.g., enantioners, diastereoisoners and
atropi soners). The invention contenplates all such

W@ e@sei7somer s both in pure formand i n m xturBCT/US2005/032512
including racem c m xtures.®ertain conpounds wll be
acidic in nature, e.g. those conpounds whi ch possess a
phenol i ¢ hydroxyl group. These conpounds may form
pharmaceutically acceptable salts. Exanples of such

sal ‘ﬁk&%}" r’nééhé‘ ﬂﬁ a?l%ﬁﬁouﬁroﬂﬁtiﬁwldmhecélkﬂ group is as prevnously

al umn | ver salts. Al so contenpl at ed

described. fNe cmtmg ﬁanalqm(awtablﬂ alyowzamﬂn@uaﬁ] oxy, ethoxy,

n'ﬁ#ﬁ&‘ﬁ;ﬁ%@%né aﬁmw xw)ctgkt al n %)ZISI ? it moiety is

throogﬁpmmdﬁ\ealoxvgémr m phar maceutical ly acceptable salts,

e. g,, CI d add n sa F .

pyr ATy rﬂ"??’@ﬁg@ aﬁh@‘yf R%@afg@ r%t? gugh 95?1“{;0sa\gpﬁrem
subdtithRbfePARg @Qﬂﬁ)d"@tﬁtﬂ&h&ﬁﬁaﬁ Ruhubstitueatas defined above.

am no groups also formsalts wth aker _aci

Exartpetesoasyl” sagansa single aggf bicydligiar 9&{%693‘%‘?@3’“3"0 group
of g¥<§'“lﬁ°ﬁ&‘?\'é'ébm efdJﬁSf ftcT 5ﬂo?ns as84it6.4 Réferdbstoms

c, naloni fumaric, succinic
mdependbmly seiacmddromdha@rmc@msftr\ga@mo@md 8 peavided that the

i o O SaBBEHE M AP g, Nk g pro
nltr{bg%ﬂsfagé alsy “hbludedufﬂxammes oasmvgtu-nng heterodaet grcmpsaanmpyndyl
roauce Sa t
oxarell, RORAROpRRRIaR Sy ArRRY L BYBYVE ABiar v N EinzollyrbESiv,
tet?gzlb[}:l Qh%‘ibgg%&hﬂizb!ﬂ ShitdieOnd, PAagingl Ipyhn@dyl spyridainyl and

te aqu OH,” pot assi um car bonat e, anmmuoni

triagolyl. uExanwéesO@frm)eclmheéema@é QsauRs Ak Raphthyrdyl (1'f'1<.3o-n41 5or1,7),

by 355l ek VrBGE Rl art? S2hdo. Exemples of

benzdfused hetdmaryl GrEOUPSi areamblplaqaimwl.tisom.go iphthalezinyl,

beﬁibéﬁ& Wi‘%h@@ﬁ‘?’ﬂgﬁgﬁﬁﬁ%%@ﬁ Q&fz@fu%hgg be?nonazolyI and

beﬁz’&fbﬁaz’ah?l IAIII positignaldsbmersharecurtemplated ye. gc;czepyradyl.e3 pyridyl and
hin the scope of the i nv%gt i.on

4-paRdy 48 -halareanbrloa-SusbiaTauRE oI SuBE i FRle ffgivarbon atoms
haﬁéﬂﬁ@éuﬂs‘ﬂﬁx&%@ﬁm&a'd!ﬂ:véonpounds for purposes of

“Halogen” means a fluoro, chloro, bromo or iodo atom.

"Solvate" means a physical association of a compound of this invention with
one or more solvent molecules. This physical association involves varying degrees of
ionic and covalent bonding, including hydrogen bonding. In certain instances the
solvate will be capable of isolation, for example when one or more solvent molecules
are incorporated 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 sterecisomeric 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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i nvention. Follow ng are descriptions of the

preparation of conmpound |-A using the clai nmed process.
wabmehal7BoOW ng abbreviations, in addition to tPOBES2005/032512

defi ned above, are used ini8he specification and

claims: Ms (nethylsulfonyl); Me (nmethyl); ethyl

acetate (EtOAc); LOD (loss on drying); DVAP

(4-di nmet hyl am no-pyridine); tert-butyl methyl ether

( TB@rtaqu’SﬁpbdhﬂEWﬂ’ bedéidi@ Aature,0ng. tHoserimsuridsywhich

and hi gh performance |iquid chromatography

mms;@ pbeeeuﬁ awr@xylngrpsps( DeSRICOMPAS Mak form pharaceutically

c%é@%ﬁ%élf di%ﬁ?h?l%s]of st gb(sé}]tg Zﬁ%‘ ?ﬁhﬂgﬁ&d&ﬁ@g%fﬁ?lum calcium,
alutnmﬁm ,\gald and Silver 5. {Alz;o sadteroplated are salts foomedith

W ution,o .
PhafrhAc Ay piepBtahlé At S s Ao a aR A Pes,
e e v 5 1L

e aGeriain basiccompaingsalss Jamsahargesutically Geseniable salts, e.g.
acﬁ' |ﬁ6r?s§l?§‘ZFbld§iB’rﬁﬁle( 69n30-ﬁ’itroqétﬁo§m ha‘y'?oﬁﬁ'gﬁlté Wih strong

! was added at -10't m n and
acide while @ompounds| awmgalbas,ic isRrbstitugntsesuchuas aatiro gequm @so form

sa(t_%ﬁnth(?/\{egk al'a F—LI} grl”%‘ér gf %‘l‘isso? \%@53@' gﬁflfdr(]?‘gr[d?ioﬂi drdHydrochloric,
sulfuriq @MSphen@fac%ﬂcI citriz5 Gxalid) enaiog'm:n 'sallqylha,smaha,sfuwmme duccinic,
as?gmmpgqtlgice &lﬂ:ﬁ(a uﬁ?ob and e %@t’ae @r\%ﬁgarrg ic a%'ids well known

to fHose\skilleddh 2Re at. CFhe\balts ﬁ@qsr%parécﬁsy &bnta@ﬁh tm&ee base form
crystallized fromhot n- tane (280 at

wntm@)@éﬁmemherrmuaa eah%e,s'r qd & PERﬂquel 3 palt arbtheawy@ntlonal
ek Tﬂ@ fFéH Bésré‘fcfﬁnsomég b?%@@ﬁﬁe 3 og B¢ tidaltin Ciﬁé %alt It with a suitable

ept ane uct S
dlllﬂﬁ(ﬁﬂueﬁﬂs Lhaseaaoltsmrsuah aeodmtaraquaeug INaOMi potassm gatponate,

amgﬁgn”/% an’%ssgo%{u&W&ﬁon&%@%ﬁé‘ﬁge\ﬁ%se‘%ﬁﬂg ?i'iffjer from their respective
salt forms somewhat in certain physical properties, such as solubility in polar solvents,
but the acid and base salts are otherwise equivalent to their respective free base
forms for purposes of the invention.

All such acid and base salts are intended to be pharmaceutically acceptable
salts within the scope of the invention and all acid and base salts are considered
equivalent to the free forms of the corresponding 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)
wor®oeasidesi in 4 portions at 20 to 25C to HBr (BFr/mE3005/082512

acetic acid (33% by wei ght )4 The m xture was stirred

at 20 to 25C and the reaction was foll owed by HPLC

After conplete reaction (60 to 90 mn), the m xture

was cooled to O to 100C and water (700 ml) was added

over 30 mi n. The suspensi Ppe tishifrred at 0 to 1OOC

for a further 30 mn. The p vva3|slated
f| I t ration adalﬁaﬁwomewlm@@wtlwm hygyoghiprid ?he

t 25C t t t
S oo R R oy (HPLO) - 10096 pur e
Vs. mem d-chiarp-Ziodabiengzene k40 miph.33ymplwas, disseived in THF (360

i 4 S SN2 2 3, I 2Rliop iy msnesim
brémitfe (%%T% hgﬁph\é?ééMEnNﬂ-laﬁwed abthistemperatlrd. oThe mixture was

et e AR PR P A s
coffpféte 195 ts 30%%8&%&%&*& Z%HBHJ" Seﬂmdélﬁﬁiee@()' 7 nﬂgo .36 mol) in

aut ocl ave to ressure of

TBME (H6&ml) waamdsduatr-ée t@t1 @ Q Wlihlg andithe reaetigrowas
%Qy t—lﬁiﬁfﬁn 5 ert Iséf\%g%ctfgﬂrm Lj%%d rg\g@ fh%'(]mf)&gret Was hydrolized

withadjlates BIC| Tintil alleduilswclare dissolved at atfinal temperdurevafi20ita 25°C. The
t .45 to 500C t

ordghinic Bhese was vashst with ates (2% 40 B antieviipotaed Bidivness at a

terpéiaitredf 4530 5¢°C TPhé hésides wWiiscco-éaforatedltwite wuhsheptane (80 ml

added. and the phases were se ed. The a
eaghkand erygtalized frem hFéMEh?Pt;mg?%Sé At SB e, The'p product was
130%9&Mlﬁﬁﬁﬁgéfé%‘ﬁtgnﬁg%}?ﬂ%ﬁé@eggéa?% wasHe wntang(?H o -heptane
(401811 ab 030 GCCand hepredagiovas ddediunteryacium a¢ 5955dﬁ)constant weight.

A
Stedi d, 1"qBrovashwihylené)bis(2ahtdrobéhzerig) and t he conbi ned

of Upger N S-FReraioreesientl 150 & Ve o Wa¥ 3edSd in 4
poﬂiohklﬂt 20 to 25°C to HBr (97 ml) in acetic acid (33% by weight). The mixture was
stirred at 20 to 25°C and the reaction was followed by HPLC. After complete reaction
(60 to 90 min), the mixture was cooled to 0 to 10°C and water (700 ml) was added
over 30 min. The suspension was stirred at 0 to 10°C for a further 30 min. The
product was isolated 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)methyllamine hydrochloride

Under N, 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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of water (960 m) and cone. HCI (56 ml) at 0 to 5C.

The suspension was stirred for 2 h at 0 to 5C and
wo pdob@sie88 The product was washed with 55 nl cedTIUSBD®E032512

(0O to 5C) and dried in vacaéim at 500C to constant

weight. Yield: 81.1 g (81%. Assay (HPLC): 100% pure

vs. standard Preparation 2 2-|odopyrimdi ne Under N2,

2-chl oropyrimdine (200 g, 1.75 nol) was added in 5
Theasuspensiohovas sencentidted Sndenvacuificat A5vatsO L teta vdlome of 140 mi.

to - { 1] d at C dt
Wgs (330 miiises asietant e Thishise Wt eoncasiiated soplilord Selume of
3306A1. L To idrdsidue, THMERBS0I) Wels ddded a&ptr@pwéés \h@@"separated

(30%9 and the tenperature was increased to 18 -
Theaquesus dayeravas exiracted with TBME (HHInB. e mbmed organic phases

wet‘?ﬁ gfa%ﬂ%j %ter{ \'ﬂ«%&é?"ﬁ 48 rﬁl he-ﬁeﬁgrr(l O?hédo} ﬁ%g%‘%&t&apomted to

ur e Was sat ara
dryrie88 at 5 tﬂStﬁO°ﬁhm¢somaposaipdmeﬂmhandl (ﬂBé rat)u &thanol (330 ml) was

adfiBi 3 miresidiis A64 e BhsPepsion was Miared afledan Bifat 0 to 5°C. The
soIMi&SQRvé%deﬁh éﬂﬁ’énoa(ss Wi &id ﬂ@@orﬁbhed"?hﬁawswecconcentrated

er _was evaporated to d#ness and co- evaporate

Wi, t
at"fﬁs 5@1@(501?1‘5°|'ém§é?f 189:mli ' he residug wasrdded avey: OSB‘U‘EJam'XtWe
of W8t opdH 9§ng%%'n€ Hc%% RHJ &t O/ fo 55¢ 2TH@ slispbi&idR! ead stirred for 2
h a8 O/ tBi 5’ Coandh fi ltengawa' Igrnduetqu washed withchd rd celdivater4@ to 5°C)
an 380 p JREGimaat SECTo LARIRHOGH J0ERE B1LH 881%). Assay (HPLO):
100% pureoss. sfandand. HCl (3.4 nl) in water (345 m) at 20

to 250C. The m xture was stirred af 20 to 25C and the
reaction was fol | oned by Mcon‘pl etereaction (
1 h), the m xture was coﬂ&gb‘jygnﬁgmbo 15C and sodi um
acetate trihydrate and 1, 3-acet one

di cHpdesei %—calgrqpxwdm%m% 7 'ﬁ'éln)ol g agidleddn 5 portions to
aqueous HI (850 ml, 57% in water) at -10 to -5°C. The mixture was stirred at -10 to

-5°C and the reaction was followed by HPLC. After complete reaction (60 to 120
min), the pH was set to 7.25+0.25 with NaOH (30%) and the temperature was
increased to 18 — 23°C. To decolorize the mixture, 16 g Na,SO; was added,
decreasing the pH to 3t1. TBME (600 ml) was added to the mixture and the mixture
was saturated with NaCl (300 g). The phases were separated and the aqueous
phase was extracted with TBME (4 X 400 ml). The combined organic layers were
washed with aqueous Na;SOj3; (50 ml) (1%) and water (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 N, 2,5-dimethoxytetrahydrofuran (cis/trans) (561.6 mi, 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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After 5to 10 min, a clear solution was obtained at 0
to 5C. To this mxture, a solution of Preparation 1

W@ 1®6/081,789. 35 nol) in NVP (840 nl) was added ORET/USINO5/032512
mnat 3 to 7C. The m xturdéwas stirred at 0 to 5C for
60 mn, during which evolution of CO2 was observed.
The m xture was slowy warned up to 20 to 25C over 150
mn and stirred at this tenperature for an additi onal

reactiofii (- h)Tﬂfé mixtlre Wwagesoled a1 tacts Cland sbaidth auelht@thhydrate
m n undér increased evol ution of %Z}ﬂ{as“ r

(14508 0. ) kANt 1 Sacetpre diarboxis 3ah EFsP i 9.5 Malkware added.
Aft%g?) t311>f)t ﬁ’l'ir? q’\@éa%’&h dén Wés?&tamgﬁ%{@@ 5@6?8 YR rﬁ'&’cﬁlre a solution

rred I ce
of Emnarahomrl (180 g2 0i 35 mel) indNMP-(840 mi) wasmmcfovenﬁtbmm at3to

7€ OB g 3 28 59 i, od W 8lion of

wa§ftﬂ>sléhﬂ§&l CTheasixiire acssiolely wazmedmptto 2006 wmnw min and
(a slight ream Of

stlrch& agtl'gs tempe N e)for ag @(g)ghthqpll_%g g% I egﬁxtyge was sIowa heated to
50 SREASH rhlUridef ﬂdr@ﬁsedJé%l[xtlé‘R of d’ét‘i}?’é@ bt 5050 fér another 90

active) was dissolved in T 300 m) and
mmyopw@gmbawmtfmlm@ome igure w ] tord0 +1¢6°C and was

acfb o2 0 3y e b WPl TR el wos

adjiﬂstéthoew»asl with Na©H fsolutn@@ (3@%15ﬁdrst|rredtf0260tmln2£@ to 6°C. The

prodit e eren BH Snpdussiise WG vitell? X 2ot 1HR ipdiRfiyes aried

un&é‘f \ﬂécdu.fr‘ﬁ atTBEf(D lt@ c@ﬁ@taﬁﬁWéW@h Sﬁgﬁtlstwaﬂil of N, MaigHapplied). Yield:
sol ution and t xture was stirred for 30 mn. The

11§ﬁa@é§°%r@ssbp%$$ﬁye(bipd-t@ 79(4’ BYg¥s- StANdAY was washed
Pum"%%!cﬁ'l m xture of water (120 nl) and saturated NaCI

(30 mM). The organl c layer was concentrate
undundeabuuuuae Bodati (35 ngLQQTEIObaCtW/Bé wias dnsaolu@dm@ dHF (300

mlgé’nc? }sggﬁa@f %gﬁt]q%,) rq?%(fb B\T{ﬁ %(%%“#%@t tgﬂrsrb& "Soltitton, water (150

miY wha$é addéd and thed)H\mbeaﬂjustedt tm0c8ﬂ0j1 b@ the abdjtiom oft2N &ICl. The
mo?tLrehwgts%%?r/edsfoP 58 Qg 150 min at 20 to 25°C. The organic layer was separated
and a solution of NaCl (30 g) in water (120 ml) was added under stirring. The pH of
the mixture was adjusted to 11 with 2N NaOH solution and the mixture was stirred for
30 min. The phases are separated and the organic layer was washed with a mixture
of water (120 ml) and saturated NaCl solution (30 ml). The organic layer was
concentrated under vacuum at 50°C to a volume of 375 ml and cooled to 0-5°C over
100 min. The resultant suspension was stirred for 90 min at 0 to 5°C. The product
was filtered off and washed with a cold (0 to 5°C) mixture of heptane/isopropyl
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 Na, 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 ml) 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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acetate 4:1 (2 X 75 m). The product was dried under

vacuum at 45 to 500C to constant weight. Yield: 88.4 ¢
w@ 3@ep3178esay (HPLC): 98% pure vs. standard. Seepu§i)s/032512

8- [ Bi s(2-chl orophenyl ) met hyt] - 3- pyri m di n- 2-yl - 8- azabi

cycl o[ 3.2.1]octan-3-0l Under N2, LiBr (43.4 g, 0.50

nol ) was added to a flask and heated to 130- 14Q0C

under vacuum for 3 h. After cooling to 20-25 0C, dry

iodytﬁggﬁ%egb} pNaE) (eqi@egi @Bd rﬁ&?uﬁ'ﬂﬁFe(Bsb‘?ﬂ)‘A%e%lx'tur%vaas cooled

C unt the salts were dissol ved

to saﬂtﬁt°ccﬂndm@w§yjdl&tuunb(1§8snl Ud%ein @-mee(aagbyveg @adedfover 30 min at
thl%&?gé@t%r{e? 2Tl8e gﬁxt%pef Wﬁ@sﬁﬁgﬂ %s-gggﬁq _thlﬁlgé ﬁaét@rpg\ﬁas followed
by \MRLC.oalfted compléteT€aetivh (200t 30 min), the mixtlifd wals, waimied up to -50
to ryfovar RhinyAad Sded,eRd0 TainTpraSPiufion SEMHLGH water (19.8 g in

290 ?ﬁl?bt 20 t8@5°Co I THY Rkt WE’#WanﬁEHQIp WE&QS% %@tthérbhases
(20°to 30 m.n), the mxture was warmed up t

-50
werggepargied. Thearganigdayaloas wameQWlth]ansqlatl@n %NﬁQl émwater (23.2

o 200! 118 SRR ot A ot i 88 o0 v

of 240 enls dj p:aﬂ\etredulta'ritesuspgaslon hdyeatanm@ﬁfamﬂedasﬁdded. 400 mi were
| f NaCl 2 [ 00 m ). ,Th .
eviydiacndyopue foasend By oftReRiin e a098Beain, The
su@péf@ndh@a@fcoalé&imld) 0 ta'8°C hgdgshﬁ‘ebtamhls&éﬁmfémﬁ@ fort60 min. The
was, a evapgy at e
PragivgL s AitatRA Sif A5SOVESAH WAD NWRCRIanE 62 SnE5 fRlb. Sha @soduct was
driéd ﬁhaer \Hkﬁlu?h' WE0SC cBﬁ&aﬁPWe%tt ¥idld! 68.39 gv*au abs.). Assay

tirred his tenperature for 60 mn. The
(leaG) f&&%@u&@ivmstaaﬁardmashed with n-heptane (2 X 75

Re gb#ta"%?onroduct was dried under vacuum at 500C to
ight. Yield: 68.3 g (70% abs.). Assay
( HPUader RIgthplorade produichi(tiR0 d, 0.8anokactivie) nasi dissolved in acetone

e iohandispndbannl HRstRE nseh el cBarcdal 7 Sise 0ol (5% each)

wefel38ded] the Whistiire Wald refuxéd forcapadditionali 15 fin 8A thé Yuspension

each) were added, the m xture was refluxed for an

was filleredthroughsa pad ofirelitesoThe, tltereakewas washed with warm
isopropanol/ acetone 5:1 (120 ml). The mixture was concentrated at normal pressure

to 950 ml and seeded. The suspension was cooled over 2 h to 0 — 5°C and stirred for
an additional 60 min. The product was filtered off, washed with isopropanol (3 X 100
ml) and dried under 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]Joctan-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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was filtered through a pad of celite. The filter cake

was washed with warm i sopropanol/ acetone 5:1 (120
workgos/03t188 M xt ure was concentrated at normal pPEBES085/032512

to 950 m and seeded. The d8spension was cool ed over 2

h to O - 5C and stirred for an additional 60 mn. The

product was filtered off, washed with isopropanol (3 X

100 m) and dried under vacuum at 500C to constant

h

o it il e Sl 208 Vi i Db profcrvas

sep°ar|5ﬁtailz glhéé aqaedmslphbsé Wwas. e’klmctemwﬂh d‘r&MEJr(Bé( wINB a total of 240 ml).
SOl U am ne

The ¢ombingd peciih Abasds WRTS dued pvRt NS0, Fhigicdrbelitafda as

corﬁﬁi?tkslg 28 o;ﬁfe sibléuhdéﬁ?@c@rﬁ'a@ gbydméla 68, 7&31(90%)abs ). Assay

di carboxylic acid ( 1.5 equiv.) and sodium

(H%ldé):@ﬁ%purewystr%ta@dqrg equiv.) in 330 ni vvater as

T
t empitreagynthedisii rlszI 3ohe aét:omng:mﬂhlermocedm@ of Bxanaplest) Step (b),

safgprints e AGecRator el ELH A CAtEr HRERE LM blive. e

prodtttwhs tsdlgted by Svapdratidwmerthesrgahic pﬂiaswmtvdo&)am tordryness at
separ ated. The agueous phase was trac

50°G )threﬁdgemsathugg Wity isppropgngl égmh dy;qé}ggﬁo reflux. After

fi Itrﬂﬁ&?ﬁﬁ?"%%itﬁlow is@do e ungéof'o%“ Qne%@ﬁ‘é@tfbﬁBgdnﬁlS The eroduct is

possi er vacuum at
filteged W/Mmshegi wnutssaprqnalnpuso mls)%rphd@edéo cgn%iﬁatawelght under

vacil b s RrESHEN ) BLEYE." i1 §A7HMSY ey (HpLC): 100%
purernes etindardf Exanple 1, Step (b), starting with the
et 45 PR aR v BBl ydoted B it
or %Hdér K5, aﬁa drBdNé%“dflS’téb Qb)j(fmr@gSG@tmrﬁBg(Waél'BSsolved in 1,2-

dlcltqlg;egggng?is &0 Imj)(at Q\ﬁc%M éﬁg IOSV%Fr)rSOr%?nn O1|-chloroethyl ch?oroformate (10 mi,
92 mmol) was added and the mixture was slowly warmed to 20 — 25°C over 100 min.
The mixture was then heated to 80 — 85°C and the reaction was followed by HPLC.
After complete reaction (2 to 4 h), the mixture was cooled to 50°C and evaporated to
dryness under vacuum. At 60 to 65°C, methanol (90 ml) was added and the mixture
was stirred for 40 min until evolution of CO, ceased. The mixture was evaporated to
dryness under vacuum at 50°C. To the residue, TBME (50 ml) was added and the
mixture was stirred at 50°C. The suspension was cooled to 20 — 25°C. The product
was filtered off, washed with TBME (2 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[3.2.1]Joctan-3-ol (5.0 g,
17 mmol), palladium on charcoal (3,5 g, 5%Pd/C, 50% water wet) ethanol (27.5 ml)
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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filtration, the solution is cooled to -15 to -100C and

stirred for 60 mn. The product is filtered off,
wor®hesli7es t h | sopropanol (50 nl) and dried to PONBESANS/032512

wei ght under vacuum and a 39Pight stream of N2 at 500C

Yield: 100 g (74% . Assay (HPLC): 100% pure vs.

standard. Step c) i :

3-Pyrimdin-2-yl-8- azabl cycl o[ 3. 2. 1] oct an- 3- ol

ol R0 5S4 1, e IR 99,0 i 10

(52%) asfree haSGBCASSZaye(tHFH.(‘n) A9% acgd. or oet hyl
formate (10 m, 92 mmol) was added and the
St‘%}&&(j{ﬂ?e was slowmy warmed to 20 - 25C over 100 min.

8-[Bisg2-chidgropleenyiyméethgi}- 34py|1rndim-l-y$® -azdticycio[8.2. hfpctan-3-ol
e NS el e i T s 2 Sk 613 2 Hoctan-3-o
hy&r\seﬁlahabf(d g g 4 mﬁéﬁ 1Jﬁdﬂiroh%%étﬁi/leﬁé%tﬁﬁﬂ&l&%@enzene) (5.0 g, 16

met hanol m xture was stirred

mme)) and &zmamo; ge% mmph in GHCN (alavas stiwediupder eeflux and

the! i WeedbliSod YHPCES Al Eamifgt iRelor (1o 18 1y e mixture

wastcboredioaﬁo 5Q@52C, Waters(59ral) wasnaddexd and thnalsmspemslen was stirred for

3 i 15 mrpuchiiies ika/iom rdFieluh e 2B 25 bl hokiied © constant

welight Ghﬁer Vadtiuih ahtd Bskight Sr¥aabef Ny ah30T0LC Yidldi 5. 5%(857% abs.).
sal . l&) g} HPLC): 64%vs. free base (calc.

Assay (iR o PyI®) ﬁz%ﬁﬁﬂ@rﬂyrl m di n®-yl - b-azabicycl o
Ster cd octan- S ol (5.0 g, 17 nmol ), palladi um on charcoal
% g, 5%d/C, 50% water wet) ethanol (27.5 nl) and
Un ex Ngithe zraderpyodust of Stem(c)44@ ¢iy10-8 gemat)avas disselved in boiling

isoBISERBHLE o) milo T g el s ke, coiel iy 38 9 5°c and
stirtétefamanbther 90mir.i The rpeokitmtdvasﬂtered ioffi, evashet ewith/\lsbbropanol (10
mi)AEENerh ude vacusst 20T BRGRRRTFEGRE: ViddAAg e abs.)

As RLITD): gbrmqimervapbtanﬂaﬂj g silica gel
nmet hanol : ammonia (25% 50:1). Yield: 1.8 g (52% as

free base. Assay (HPLC): 99% ar ea.
Example 3
Embodiment 2

Step (a): 8-Allyl-8-azabicyclo[3.2.1]octan-3-one
The synthesis is done according to a procedure similar to that in Example 2, Step (a),
starting from allylamine (25 ml) and sodium acetate trihydrate (3 equiv.). After cooling
of the reaction 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 mi). The combined organic phases were
dried over Na;SO,4 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 done 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 mi).
The combined organic layers were evaporated to dryness under vacuum at 50°C and
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Step (c)(ii):

8-[ Bi s(2-chl orophenyl ) net hyl ]-3-pyrimdin-2-yl -8-azabi
weywboBB3s2. 1] oct an- 3-ol Under N2, a wel | stirredr/us2005/032512

m xture of S-pyrimdin-~-yReb -azabicyclo

Niloctan-S-ol hydrochloride (4.5 g, 14 mol),

1, 1" - (brononet hyl ene) bi s(2- chl orobenzene) (5.0 g, 16

nol ) and K2CO3 (10.0 g, 72 mmol) in CH3CN (50 m ) was

w-%wfﬁéﬁéeww&ﬁwmlef(iwmﬁcmelmae bdwdt mgu@ﬁéd)b?dohmn

After conplete reaction_(36 to 48 h) the mx

chmmat'@gr@pbu 2 Isg)smcqsel EtRASEN0=H8:2)aak aRRUa Ahtained from
‘;}ﬁf’er % df&ﬂn%%\/\f}é%ﬁeg%bbf{tﬁﬂ Jr?{er%?g 9{“@ ﬂ“;ﬁd\gﬁg c\gﬁial O1zed from
hexanec(@®0snBrat 403Cg Aften ndelingtacrtoan@°G, thiei produst was: filterfed off,

ol i oA 500 e S5 i P st

strédrAGf N, 4tf353010 donstdnt wikight. Wiefdl: 398 g (80% abs:joAesay (HPLC):
in boili n? i sopropanol ( 100 m). The hot m xture was

98%0 purevseastangldréd siowy to 0 to 5C and stirred for
;e%l@?ﬁ)]e% ritFlidin- 2T?I@8-@%?§|Hgélo[@2 116&&#13‘3& of f, vvashed

Opano under vacuum a
500dnder N@.rassalutlow@lfgm produst af Stepi(a) (¢ 9396 ‘&)mmol) in CH3CN (40

ml)ﬁ%ép%& #& Et lg—djw%{ﬁa}gf Bafbitirtic a?t:tu?%j qrgd 33'%% &nd tetrakis(triphenyl-

phdspNine)paftadianb{1@pang| G.12mijolat:20 B 25%C. Thibegyixturesvas stirred at 35

o A0 SR S Pt oA S50 b orhils s 20 minto 2

h), Wnﬁﬁdwm@.@@bﬁcﬁtdzo hWGtéhd amwfor anothér 60 min. The product
cool ing of the reaction m xtur - 25C,

wasierad oft washas Wi SO E & Y ARG adangar Vacyim 2 AP0FC to
cof S o 3 2 0y IR i
_m«_tﬁ_) vacuum at 500C to constant weight. Yield:
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.
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56 g (90% abs.). Assay (HPLC): 88% pure vs. standard.

Step (b): 8-Alyl-3-pyrimdin-2-yl-8-azabicycl o[ 3. 2.
wdteehz1sB- ol The synthesis was done accor di ngpeDUS2005/032512

procedure simlar to that i2h Exanple 1, Step (b),

starting fromthe crude product of Step (a) (50 Q).

After hydrolysis, the phases were separated and the

aqueous | ayer was extracted with THF (4 X 330 m). The
weélaimned organic | ayers were evaporated to dryness

under vacuum at 500C andco-evaporated with THF (100

m ). The crude product was purified by colum

1. Chrﬂ:ﬂ;é%sgﬁg?réﬂar% 8 cohpotdIvindtHe Sntaral Tofula)l -

The talned fromthe product fractions after

evapor ation under vacuum atN500C Qs crystallized from
hexane (60 m ) at 40bC. Aftley cooling to -15 to -100C,
the product was filtered o iwi th cold hexane

(30 M, at -15 to -1000) m ¥ed ih vacuum and a
slight streamof N2 at R35C to constant] wei ght. Yield:
39.5 g (50% abs.). Assay gHPLC): 98% pure vs.

or a phatmaceutically acegpiaple salt or solvate thereof,

3- Pyr: L i din- B8 ¥anSoid [ 3. Ty, Under
5, Befef, RSy s QYEREL. EQBRES AR L
nmoéach R’ @HidEpendently) selesteddtary the grpup aonsisting of R°-phenyl or
2Ba bituric acid (5.1 g, 33 mmol) and
R Q{qrgﬂﬂ@’(t ri phenyl phosphi ne) pal | adi um (120 ng, 0.1
moR) iAR>-afyIf R>-Referodiyg, Ri-aiylalkylwrRshetercatylatky®5 t o
400C, and the reaction was f Ili)vveol b I?PLC. After . .
conf i 149 daubsivepioinderendentySeleried ot grqug consisting of
“Yﬁﬂgéﬁq“ﬂﬂ%&q alkﬂ?ﬁ@r@ﬂ?aﬁh'dﬁcﬁ@;for anot her 60 m n.

pro t was tered off, washed with CH3CN (10
m ) Raisol-dr substituends independeatly selected frembe groupsppaisting of

hydf@ﬁ%gf fégﬁelgebaaﬁ;yhas salt of N, N-dimethyl barbituric

8- [ R? i P or 2l substituenys indepbndéntly sslecteddromhgigraupzansisting of
cacl o#ﬁ. 2.1] oc -3-0l Using a procedure simlar to
haloger, ko and~NCe: st ep (c)(ii), with the product of

St eRS @H(éﬂ(ﬁ(ﬁaﬁﬂyl b2béngyiplandas the starting
rratlggl al . the desired product was obtained.

is alkyl, benzyl or allyl;
comprising
a) reacting an amine of formula Il
R-NHz2 i
wherein R is as defined above, with 2,5-dimethoxytetrahydrofuran or
HC(O)(CH2).C(O)H, and with C(O)(CH2C(0)OR*),, wherein R*is Horalkyl, in a
buffer, optionally in the presence of a base, to obtain a compound of formula Il

gﬂ/o
N

-~
R i

b) reacting a compound of formula lll 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;
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Yield: 5.2 g (90% abs.). Assay (HPLC): 95% pure vs.

standard. Step (d): The recrystallization was done
w@ewensli7eg) t 0o the procedure of Exanple 2, StepPTVS$20051032512

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.

Wil e the present invention has been described in

conchl rsptiopallycbhvéring sPesthpoend obfutinbn | whessin fRIs enzyl, R>-

bove akternativeg, nodifications and variations
bepgy, albf. '\ﬁ(h)Rbé’r aﬁ‘ﬁ’ﬂ@ﬁt to @ garpReuURsd obiogmyla | wherein Rl —CHR"),
byt he art. such alternatives, nodifications and
vari ati ons are intended to Jal | within the g,pl rit and

scope of ijreswguing the benzybR-benay, allyhi-@(OIR pr(Q)QB group to
p havi ng the structural fornula
Obia"&P %?ﬁﬁéqﬁewn%oﬂgﬁgccept abl e salt or solvate
thereof, R is benzyl, R5nbenzyOH allyl,
-C(())RG,-C(O)O?SO(-CH( ; leach R7 is
i ndependently sel ected f oup consisting of
R2- phenyl or R2-heter pg v

' i
R3- heteroaryl, R3-aryl al kyI or R3-he Z(r)oaryl al kyl; R2
ands 1 to 3 substltuents i ndependent |y sel ect ed fromthe

group co e%& oSt 0

and al koﬁfx Hggﬁ%cg@ogﬂ? lﬂ@m)s m?&?@%&%ﬂm &anp ound of
foramillat¥ ed from t he group consi sting of hydrogen,

hal ogen and al kyl; R5 i r subsyj tuents

i ndependently sel ected (?'F@-?’ng%'ﬁé group consi sting of
whbaéungeie hald )LWOZCH@QTOR@-thJdde@hIfdﬂ\yI) hahgpal kyl or

ben RS al k ben or all
Z)/optlona ly rec}ysétal||2|r¥g the pro%ﬁ/:ct of step b% or step c) to obtain a purified

product.
2. The process of claim 1 wherein R is
A
Y e

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 Rs'heteroaryl.

5. The process of claim 4 wherein R' is 2-pyrimidyl.

6. The process of claim 1 for preparing the compound of formula la

OH
Bﬁ“ ¥
/N

R la
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conprising a) reacting an anmine of fornula Il R NH2 ||
wherein Ris as defined above, with
W@ 2@em31mes hoxyt et rahydr of uran or HC(O) (CH2 2C(E)HUSHNE032512
with C(O (CH2C(O OR4) 2, wheBein R4 is Hor alkyl, in a
buffer, optionally in the presence of a base, to
obtain a conpound of forrmula Il b) reacting a
compound of forrmula Il with I-Rl, wherein is as
l: & yol3 3 0 a] 3
RS o 1 R0 FEER e R el §o#poa’k§' oR-
hetemamla{kyl, c) optionally converting a conpound of
wherein R is benzyl, R5- benzyl, allyl,
or -C(OOR 8to a conpound of fornula I
vvheaelmaBtmgan@rthebemnyula)lla enovi ng the benzyl,

R5- benzyl, allyl, Ob %zﬁ(aO)CR group to obt ain
a corrpound of forrrul a F@B( yNahd ||§'ar eacting the
wuﬁ%fdim@trﬂfxﬁ-téﬁhh%droﬂiraﬁ &ﬂ@(@}a@m& (@)ﬂ haﬁd mmxcmgt(O)OR‘

wherei n

I 'v CH
whew@ﬁ%m H.?pr atisyl, pn aduitenceptionally in th%n@sepcemﬁa(#mq jJo obtain a
coﬁ'@%'h)‘lﬁtd?lf&rﬁulggll he product of step b) or step c_) to
obtairn a puritie

product. 2. The process of claiml

wherein R is wherein each i s hal ogen.
=0
7N

R7 lila

b) reacting a compound of formula llla with I-R', wherein R' is as defined

cor

above, with alkyl lithium, optionally in the presence of a lithium salt, to obtain a
compound of formula la; and
optionally recrystallizing the product of step b) to obtain a purified product.

7. The process of claim 6 wherein in step (a), the amine of formula lla is
NH,
= F
2 17 N _Rp?
R ) R
8. The process of claim 6 for preparing the compound of formula la’

la
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 lla’
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3. The process of claim?2 wherein each R2 is 2-chloro.

4. The process of claim1l wherein RL is R‘heteroaryl.
wW®2006h&1788 ocess of claim4 wherein Rl is 2-pyrpai/ugi005/032512

6. The process of claim1l 2&r preparing the conmpound

of formula la lawherein Rais -CHR7 2 and Rl is

R3-aryl, R3-heteroaryl, R3-arylal kyl or R3-

het eroaryl al kyl, conprising a) reacting an ani ne of

formula Ma with 2,5-di met hogy;tetrahydrofuran or

HC(O (CH2 2C(OH, and C( O ( O Or4)2, wherein R4 is
Hor alkyl, in a buf%@r/ ti lF\& in the presence of
a base, to obtain a

orrrulﬁ Jlia b)
reacting a conpound of fornulalllavm I -R1, wherein

wutﬁlz 531|métrdﬁ<§rtéwhyahwpan #hd kc(a){omza(o)tmﬂya viirerR? [9H, in a

he presénce of a lithiu to obtain a

buﬁewﬂﬁﬂalbf infthe fesence oba hase: tophirina cemppynd afiformugla lila’

the product of step b) to obtain @ purified product.

7. The process of claim®6 ein (a), the

amne of fornmula Ha is 8. claimé6 for

preparing the conpound o erein R is 1

to 3 substituents indepen y sel ected fromthe

group consisting of hydroge al ogen, al kyl, hydroxy

and al koxy; conprising a) r an amn ne of t he

fornula Ha'with 2,5- dlnethoxy etrahydrofuraﬁ and

opt | OQE'?{HTB? 3 u‘f‘(ﬂecff%ﬁnaé 1ha b‘g‘é*é ?r] od Mr&ﬁ]n% LiBr and n-butyl

presence o
hthwnp@ohtauma dosnpeund oHormuja Iaé,aand ng a conpound of

f or Bihhalily Feciistahiig BA°BMLE 8F 48p byt5obRI piMied product.

:ﬂ
™

9. The process of claim 1 for preparing the compound of formula la

| OH
Bﬁ‘\m
_N

R? la
wherein R? is -CH(R"); and R' is R%-aryl, R*heteroaryl, R*-arylalky! or R*-
heteroarylalkyl;
comprising
a) reacting an amine of formula Ilb
R°NH, IIb
wherein R® is benzyl, R>-benzyl, allyl, -C(0)R® or —C(O)OR®, with 2,5-dimethoxy-
tetrahydrofuran or HC(O)(CH2)2C(O)H, and 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 llib



10

15

20

l[ithiumto obtain a conpound of fornmula la'; and

optionally recrystallizing the product of step b) to
w@bdioaiosi7ss puri fi ed product. 9. The process of PBCHUS025/032512

for preparing the compound2df fornula la wherein Ra is

-CH(R 7)2 and R1 is R3-aryl, R3-heteroaryl,

R3-aryl al kyl or R3- heteroaryl al kyl; conprising a)

reacting an amne of formula Hb Rb-NH2 Ho wherein Rb

IS b?rréhbtmﬁ -domnpotnd éf fornula MOt I-R, wﬁé@uﬁ)ﬁﬁs as defined

- di met hoxy tetrahydrofuran or HC(t O (CH
abe%.ot/@ ﬁikybwbn@(gqtm@@(@) thepresenpe of alithiym salky) teobtain a
fiker, optionally in the presence of a

w@ggbdtdgrf%@?@?rgﬁa conmpound of formula H b Hi bb)
reacting a conpound of for with I-RL, wherein
Rl is as defined above, wt [ithium optionally
in the presence of a lithi t@ obtain a
conmpound of forrmula Ib i 8'as defined above;
c) converting the comabu/nd of forrrul a Jpb to a conpound
of formJIa la wherein Rais -CH R 7 2 by i) renoving

whergin [Rris s defimedahoye; al lyl, -C(OR6 or -C(O) OR 8

?;g@f CBRV? Stﬂe%oﬁﬂic?h‘h#'ﬁ’fgi}ﬁnuf@ﬁﬁ;{é éérﬁéélll%d ggfquJla la wherein
R? isheCH(R Wibyh a conpound of formula IV
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
A
HN I(c)(i)

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

al kyl

and

compound of formula IV
CH(R")>-X W\
wherein X is halogen, -OSO.CH3 or —O-(p-toluenesulfonyl); and
d) optionally recrystallizing the product of step c) to obtain a purified product.

10. The process of claim 9 for preparing a compound of formula la’

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 Ilb
R®NH; lib



10

15

20

CH(R7 2-X IV wherein X is hal ogen, -0OSQ2CH3 or

-O (p-toluenesul fonyl); and d) optionally
WO ewrPst7sd | i zi ng the product of step c) to obteETUs2005/032512

purified product. 10. The péocess of claim9 for

preparing a conpound of fornmula la wherein R2 is 1-3

substituents i ndependently selected fromthe group

consi sting of hydrogen, hal oger&ﬁsl kyl, hysdroxy and

IR is LRmeyl, R° |,/Mgete AT (COR®, Wath'25adiviethoxy-

wﬁgkg&ﬁﬁ; lﬁbmher%iRnl:%b’ﬁi)’ls banyF,g) R5- ben([z@)I al Lyl . 4.xy
tetratiydyeloran oCHO(GNGH: )k (VH: A5 RN GBG(QIOR N aibetain R is H or
=g, if ot EpSl T 1 Presll o e T aia A KRBt of formuta
llikf a base to obtain a conpound of formula | Hb b)

reacting a conpound of forrmula IHb with

2-i odopyrimdine, LiBr and lithiumto obtain a

conmpound of forrmula Ib" wh s as defined

above; c) converting the ¢o of formula Ib" to a

conpound of formula Ig{,/v%erei n Rais B{ i) renoving

the benzyl, R5-benzylR allyl, -c(ORsIB -cCOOR 8

gr 0 | I . TRUITI | . _
OB RSl A APl 19 £ dd i Lo an
lithiumarte obtain ehcempound of forawula B'nul a |V wherein X is
hal ogen, -0OSQ2CH3 or - O (\p-tol ggpesul fonyl); and
7

‘\Nj

N

7 Ib”
wherein-R® is as defined above;

c) converting the compound of formula Ib” to a compound of formula la’

wherein R? is

o

Rz—i I ::—Rz

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)’

P
Nx
HN () Ie)iy

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

R*_ | —R?
X x \%

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

to obtain a purified product.11. A conmpound of the
wo coonsEassvherein Rb is benzyl, R5-benzyl, all ybP¢T/US2005/032512

-C(OR6 O -C(OOR 8 wherei2h R5 is 1 or 2 substituents

i ndependently selected fromthe group consisting of

hal ogen, al koxy and -NO 2; R6 is H, alkyl, hal oal kyl

or benzyl; and R8 is al kyl, benzyl or allyl. 12. A

co t lig 13. A process for preparin
11.mg?§|8n qué}ggégéﬁyla% heteroaryl , R3-aryl al kyl or

R3-heteroarylal kyl; R3 is|\ 3 sybstiguents

i ndependent|ly sel ected fr p qonsi sting of

hydr ogen, hal ogen and al , ch i# I ndependentl|y

sel ected fromthe grquye consisting R2- phenyl or

R2- het eroaryl ; IS to 3 substit ighdependent | y
whereiire B dsibenzyh R%eglﬂuﬁu)ﬂmﬁ(@&ﬁ R§ ‘ﬁ&&é& ogen,

hal. ogen ' ' i upli desisting of
whdf RS 13r2 i s Hideneinty sboctd fom tegoLp! doisisting
halogen, alkoxy and —NO2;

R% is H, alkyl, haloalkyl or benzyl; and
R® is alkyl, benzyl or allyl.

12. A compound of the formula oH
B% "
\ J
HN N7

13. A process for preparing a compound of formula \

M

1
R7 N R
—~

R’ Vv

wherein

R'is R%-aryl, R3-heteroaryl, R3-arylalkyl or R3-heteroarylalkyl;

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

each R’ is independently selected from the group consisting of R%phenyl or
R2-heteroaryl;

R2is 1 to 3 substituents independently selected from the group consisting of
hydrogen, halogen, alkyl and alkoxy; and

RYis alkyl;
comprising alkylating a compound of the formula VI

OH

R1

RL<

R? Vi.



