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WD 2004/ 031153 PCT/ US2003/ 031102 AN ENANTI OSELECTI VE
PROCESS BACKGROUND OF THE | NVENTI ON Thi s invention

w@e@niosids3 an enanti osel ective process for prepBei/ng2003/031102

i ntermedi ates useful in the preparation of the chiral
tricyclic compound of formula Br / 1 f C ~NBr O N
Nk NH2 5 U S. Patent Nos. 5,760,232, 5,874,442,
5,719, 148, 5,998,620, and 6,372,909 disclose
processes for the preparation of the tricyclic
conmpound of fornula | se_as an inhibitor of

f ar nesyl protellﬁNtEMw'éQﬁEbEmHV&RBQCEﬁ% 10 Pat ent

No. 6,307,048 discloses a nultistep process for
preparation of the conmpound of fornula |I. There is a

need for a shorBACKGROUND OFTHEIINVENTONfOr the
chiral tricyclic conpound of fornmula I. SUMMARY OF THE

15 The present invention also provides an

enaSNT %PBE@N P@W%@@@%NIOW%@/@. Rgcess rpseprring

lntbﬁﬂ%&%géogog%({gb’l{n tgé rﬂé&@ar\é}loq\’)\ﬂ%o%’ f\"fﬂ éjf&%ﬁ& compound of formula

U.S. Patent Nos. 5,760,232, 5,874,442, 5,719,148, 5,998,620, and
6,372,909 disclose processes for the preparation of the tricyclic compound of
formula I, and its use as an inhibitor of farnesyl protein transferase inhibitor. U.S.
Patent No. 6,307,048 discloses a multistep process for preparation of the
compound of formula I. There is a need for a shorter, more efficient process for
the chiral tricyclic compound of formula I.

SUMMARY OF THE INVENTION

The present invention also provides an enantioselective process of
preparing a compound represented by formula VI:
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VI  wherein RL is Hor a protecting group; 35265 5
whi ch conprises contacting a conpound represented by

wo oroa®asdy/ Br 1 CI ~NBr Vio in an inert orpamnus2003/031102

solvent with at | east about an equival ent anount of
each of: (i) a chiral am no,al cohol represented by
the formula XI OH H NCR CHg Xl wherein Ris an
aryl, alkylaryl, alkoxylary, arylaryl, heteroarryl, or
pol ycyclic is aryl grous QrR

2004/ 031153 PCT/ US2003
XI'l N wherein in fornu
represents an opti onal (
sel ected from al koxy, al ky al kyoxy, aryl oxy,
aryl al koxy, and 5 NRARB, whgrein RA and RB is

i ndependently al kyl or aryl Rs optionally
o

Vi

' dotted |ine
pd and wherein R2 is

wherein R4 is H or a protecting group;
35265

which comprises contacting a compound represented by formula V

Br /\ Cl

N
Br

Vv

in an inert organic solvent with at least about an equivalent amount of each of:

(i) a chiral amino alcohol represented by the formula Xl

OH
N_R

CHa

Xl
wherein R is an aryl, alkylaryl, alkoxylary, arylaryl, heteroarryl, or polycyclic

aryl group or formula XII
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substituted by one or nore al koxy groups; (ii) a
conpound represented by formula X L NNR X 10
wob@nesnsiG is a leaving group and Rl is H or BCT/US2003/031102
protecting group; (iii) an organic ether or amne
additive or mxtures thereof ;to forma reaction
m xture; where amne is an a?kylanine, aryl am ne,
al kyl aryl am ne, or arylal kylam ne. then adding to the
reaction nmixture at |east about an_eduival ent anount
of is a non-nucleophilic strong base in an organic
sol vent, and optionally adding an\ gffective anount of
water or a Cl - C3 al cohol to proguce fthe conmpound
represented by fornmula VI. The pfegdent invention al so
provi des a process for th§1arep. ation of a 20
conpound represented by f N 2V WO 2004/ 031153
PCT/ US2003/ 031102 4 Br---( Cj™NHr V which
conprises (1) corRacting.a compound represented by
formula I1TAor IIBoO xtxye of I1A and |1 B NO2
Br C Br (I ~N N O NX B

\ Xl

wherein in formula XIi, the dotted line represents an optional second bond and
wherein R? is selected from alkoxy, alkyoxyalkyoxy, aryloxy, arylalkoxy, and
NR"R®, wherein R* and R® is independently alkyl or aryl, and R? is optionally
substituted by one or more alkoxy groups;

(i) a compound represented by formula X

L
N NRy
o
X

wherein LG is a leaving group and Ry is H or a protecting group;

(iii) an organic ether or amine additive or mixtures thereof to form a
reaction mixture; where amine is an alkylamine, arylamine, alkylarylamine, or
arylalkylamine.

then adding to the reaction mixture at least about an equivalent amount of
a non-nucleophilic strong base in an organic solvent, and optionally adding an
effective amount of water or a C4 - C; alcohol to produce the compound
represented by formula VI.

The present invention also provides a process for the preparation of a
compound represented by formula V



with at |east about an equival ent anount of
phosphorous acid in the presence of 10 at | east
W@ 200al03t15x equi val ent anounts of an al kali 1 odPCEUS2003/031102
i odi ne and hydrobromc acid in water to forma
reaction m xture, and then agdi ng to the resulting
reaction mxture a at |east "about an equi val ent
amount of hypophosphorous acid to forma conpound
represented by formula I11Aor 111B or mxture of the
conmpounds represent ed by forrula I11A and 111 B 15 NHz
Br C Br / 11 \ C BN IB (2)
contacting the resulting co) re,oresent ed by
formula I11A and 111113 oN a 20 Single isoner with at
| east about an equival ent anmountBrof bromine in the
presence of an organic acid and a | ower al kanol to
forma conpound represent edVDy formula I VA or |1 VB or
a m xture of conpounds represented by fornula IVA and
| VB WD 2004/ 031153 PCT/ US2003/ 031102 5 NH2 Br / |
whictticopnpridies (ANcbhtactingra G&mpowAd refBeSerfied by fes@ita 1A or IIB or

|nvent| al s rovides a process for the preparation
P age ebliaGnis
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epresented by formula | Br / t CI ~N

NO,
Brmm Br\@%f(n
=N I NO, =N I
A IIB
with at least about an equivalent amount of phosphorous acid in the presence of
at least catalytic equivalent amounts of an alkali iodide or iodine and hydrobromic
acid in water to form a reaction mixture, and then adding to the resulting reaction
mixture a at least about an equivalent amount of hypophosphorous acid to form
a compound represented by formula llIA or IIB or mixture of the compounds
represented by formula IlIA and llIB

(2) contacting the resulting compounds represented by formula IlIA and IlIB or a
single isomer with at least about an equivalent amount of bromine in the
presence of an organic acid and a lower alkanol to form a compound
represented by formula IVA or IVB or a mixture of compounds represented by
formula IVA and IVB



N N)~ NH2 which conprises contacting a conpound of
formula VI wherein R, is H 10 Br d ~NBr NyH VI
wowaoh/ozrsequi val ent anount of sodi um cyanat e (INIDOB003/681102
a water mscible organic solvent conprising an
effective anmount of water tosformthe compound of 15
formula |. DETAI LED DESCRI PTIFON OF THE | NVENTI ON As
used herein, the term"al kyl" means strai ght or
branched hydrocarbon chain groups having 1 to 6
carbon atons. WO 2004/031153 PCT/ US2003/ 031342, 6 As
used herei L De ~hal 9" neans f| ), _¢hl or o,
bromo or i odo. : y
Cl - C6 al koxy
n- pr opoxy, i sopropoxygf n-, I*so- and tert- b toxy, n-,
iso- , sec- and neo- pentyl, met hoxy and B hoxy are
preferred. 5 As usl¥\ herein, the termpjggyl" refers to
a carbocyclic group having at |east one aromatic
ring. Typical aryl groups include phenyl and 1- or
2-naphthyl. As used herein, the term"aryl oxy" refers
to an aryl group having the formula AR-O, wherein AR
5 i's arhd pasbrR ihserttiorP bR pRIYIER a ﬂ'bdéb§§|foﬁrtbfé Od%paratlon of a
groups include phenoxy, and 1-or 2- napht hoxy.
compeundrrepriesentes pyfarmulal kyl aryI refers to an aryI
group having one to five 2 groups. Typi cal

al kyl aryl groups i or ~4-met hyl phenyl, 2-,
P’F 2 _,gl and :

3- or 4-ethyl phenyl,
3, 6-di net hyl phenyl , et hyl phenyl As used

herein, the term" arylar ref ers to an aryl group
havi ng at | east O

oyt
0)

which comprises contacting a compound of formula VI wherein R4is H

10
Br—¢ \ Cl
=N
Br
Iy
o)
Vi

with an equivalent amount of sodium cyanate (NaOCN) in a water miscible
organic solvent comprising an effective amount of water to form the compound of
15 formulal.
DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “alkyl” means straight or branched hydrocarbon

chain groups having 1 to 6 carbon atoms.
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one aryl group. Typical arylaryl groups include

bi phenyl, and phenyl -substituted is naphthyl, such as
w@2hesmbd 1- or 2-naphthyl] As used herein, theCT/E82003/031102

heteroaryl "™ refers to an aryl group having one or

nore heteroatons in the arommtic rings. Heteroaryl

represents cyclic aromatic 3$oups of 5 or 6 atonB or

bi cyclic groups of 11 to 12 atoms having

het As daed hereindihedatonhalp” swanst b@@w%‘ﬂ@r%@r@ﬂogré@d%

: ?:r g% Pg%@ l’hgﬁ%g;‘:@tﬁ' nt--g@{?ggf @.Bgﬂ §IY<8%y fhcudify methoxy

andletros@! haeshdxy, Boprd dp@(ys nt,ds@+rand tmt-lamt@m}l m< iso- , sec- and
character, provided that ‘the rj ngs do not contain
neeapabETeibeyy endaibew arprefered-oms. For 6- nenber ed

het Ré@géé{ 'he[;éﬁgﬁwe £AHP3R, %@é@ 16 At AtBo SR tq:rélh‘ﬁ ﬁgvﬁ% at least

roups. I trogen atons ‘can T orm an

oné\laﬂ)mdlgt; lrnﬁ’é; |3Ty;:l$¢t§§allélzir?zlq:p'egp'»s4 arctudeoph ey bateld, or 25napithyl.

ri

LTINS R TIE I T W T
for@%fe?ﬂﬁ,onél ; rEalndﬂﬁ' |Q3é|rylﬁ§@ '"”TedN‘afBHt %?(g?ér'i‘ er Rl aFrflbxy

re furyl pyrr ol thirazoly
grduﬁetlmnlade)bpmnoxynam{zbbylz npplnthmjlyl and i soxazol yl .

pyr g?u)g{ag h(?it ° arq)érm "lé]%?lﬂgyg'zrgf‘ )fo el t Eg#)yp having one to
fnvéjxrkglz@wgt al;yb;baoaw Ybrou@shﬁﬂ*@@é Qd 3-I cs‘rg@nianylpgenwlez 3-

om'can be joi ned through

or 4-gttudphényh, 2,8- &éma&anduaq@shmathymerww ﬁ@rtémtbwﬁhenyl

o ohB el are ri’se't%?% TG Eh G AEaL) bl Pafle  frast
oné C@ﬂﬂg@% 2%110 gm@% mamad bVMhe?@@”dtﬁBﬁﬁé’%/l substituted

above ﬁ gui nol yl
zof

naplhighkalsagh ag13-phenyiidz or Qrﬂﬂphﬂmé uranyl, benzot hi enyl
an
v A 38 G B R

mordMefsrOERIMS irf thegsrofistie rigsant hr acene. used
herein, the term"ee" as used herein re rese

per bletarage/ reptesentsd cuglicsatmatia orypshel 2nel Et afsfnst RE bicyclic
o G 8% A5 AT SR8 Biephislifdtea rom
O, S er §l, s%d=hét@@oa¢o(rﬂs)3mm#mptmga cafbamyalid ringestiucture and having
a élﬁf%lglgﬁp tr{u%nt%r (J)rf delocalized pi electrons to provide aromatic character,
provided that the rings do not contain adjacent oxygen and/or sulfur atoms. For 6-
membered heteroaryl rings, carbon atoms can be substituted by R®, R'® or R"
groups. Nitrogen atoms can form an N-oxide. All regioisomers are contemplated,
e.g., 2-pyridyl, 3-pyridyl and 4-pyridyl. Typical 6-membered heteroaryl groups are
pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl and the N-oxides thereof. For 5-
membered are furyl, thienyl, pyrrolyl, thiazolyl, isothiazolyl, imidazolyl, pyrazolyl
and isoxazolyl. 5-Membered heteraryl rings are furyl, thienyl, pyrrolyl, thiazolyl,
isothiazolyl, imidazolyl, pyrazolyl and isoxazolyl. 5-Membered rings having one
heteratom can be joined through the 2- or 3-position; 5-membered rings having
two heteratoms are preferably joined through the 4-position. Bicyclic groups

typically are benzo-fused ring systems derived from the heteroaryl groups named
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enanti oner). The conpound of formula | produced in
accordance with the process 10 of the present

w0 pooe3ileh has an ee of >98% i.e., containi ngp¢EES2003/031102
than 1 %of the S enantioner. Non-limting exanples
of | eaving groups, ("LG"), ch ude sul fonates (e.g.,
nmesyl at e, tosyl ate, closylate (para-chloro tosylate),

and bros | at a-brono tosylate phosphat es
abege 8 G AT SRR guisrzalns, beiRATOmTBL herzgthienyl and
joenzoates, and halides. Preferably, the |eaving
groUp LG is a sulfonate, nore preferably, nesylate

or tAssybsed éhereind thmsterrpr"@bmcybliwarytsgrbap'érefersT te an aryl group
rotecti rou nmay. be an roug%wtablefor _
haying, raes %Pm%'géwgsgl&& B AREGENSer i di ne ri ng.
NonAls gdd 'h@r@?iafﬁ%' fstnPled’ 8¢ Gsby rHbr@i'ho oddMis U[HE pe rFentage

sul fonates, and acyl groups, e.g., ut oxycar
obtaingd by, sutdragting th@amnourt- CﬁHﬁel\S-eﬁamlmHECFFtbm Gaé)FGbﬁantlomer

angSRASS STl DSy B apantompr A S-enaptionsr
e.d) %= 100 x (R-enantiomer — S-enantiomer)/ (R-enantiomer + S-
enantiomer).The compound of formula I produced in accordance with the process
of the present invention has an ee of >98%, i.e., containing less than 1% of the S-
enantiomer.

Non-limiting examples of leaving groups, ("LG"), include sulfonates (e.g.,
mesylate, tosylate, closylate (para-chloro tosylate), and brosylate (para-bromo
tosylate)), phosphates (e.g., alkyl phosphates, such as diethyl phosphate),
benzoates, and halides. Preferably, the leaving group, LG, is a sulfonate, more
preferably, mesylate or tosylate, and most preferably mesylate. .

The protecting group may be any group suitable for protecting the nitrogen
atom of the piperidine ring. Non-limiting examples of protecting groups include
sulfonates, and acyl groups, e.g., tert-butoxycarbonyl (t-Boc),

(I? QBOC (l'l) |o|
—C_CH2 _C_O_CHZCH3 , _C—O'—CHz‘@

? s

@]
I /\CHa |O|



ONCOCHCH3 11 11 11 -CH-CGCCH3)3 -CCH2 CH3 O
OCH3 -GNN _OCHO1l1l -CGCH2 2 H3ICCH3 _ 0O

WORMUHO31163 -11 NNCH2 G- CH2 CCcH2 I, |, -C PCINUSH03/031102
ICl N\l s -CCH2 -GCH2\l CO O- 11 0O NOH
4 CH2-{11111j1J -11CCH 2 an 00 11 NCC(CH3)3

-C-CH2 Preferably, the proteCting group is an acyl
group, and nore preferably is tert- butoxycarbonyl
- Boc). WD 2004/ 03 PCT/ US2003/ 031102

0
. Q ﬁ N—C—0O—CH,CH,
—CH _C'—C(CH3)3 —C_CH2
C|-|3
o
0
Lo OO Lo
_C___CH2 _C_CH2
CH3 ’

i
e iR ie, ey
—C—CH, —c:——c:H2

b b
0 N-CH 9 N—C—@
—c—CHZ—Q @ , —C—CH24© @

9] O

I 0 I
0 N—C—CH I Q“CH
—C—CH, , —C—CH, , and
D N—C—C(CHa)s
—C—CH,

Preferably, the protecting group is an acyl group, and more preferably is tert-

butoxycarbonyl (t-Boc).
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9 Exanpl es of suitable non-nucleophilic strong bases
i nclude, but are not I|imted to, the |ithium bases,

W@ ewh/03d53 i t hi um di i sopropyl ami de (LDA), it hipem/bS2003/031102
butyl , N-phenyl am de, lithium N-ethyl, N phenyl am de,
l'ithium2,2,6,6-tetramethyl- ,piperidine, 1-lithium
4- met hyl pi perazide, 1,4-dili 19h| um pi perazide, lithium

am de, sodi um

g. 2 I(Efxgﬂ%g;tg%ﬁlil%};lymwclqgﬁwwtmﬁg bases include, but are not

i Pt S B GRpr RSB o, o -
burtylﬂ\hphamydlaemtipl kthiwohe N-athyl, M}pheaylua{mldet tlﬂbﬁum @42 866-tetramethyl-
rong base is

pl;pqr ﬁl,btlf%l% erglgﬁ]nyéqfngérlz@szo qglz{l)zlr dlllihllpm Riperazide, Ilthlum
blégltrapﬁéét,}wllsi I lum 1 (s)ég‘luﬂf}to IrS |tﬂeHahW&M%W p aQQ m)re
big{trishethylsilyl)arhiden sopnomyl auxatgnelsun:rr1 Shlomﬂ_g, E)Eenylhtﬁturrt]] ph?nyl

I thi [ . | am it m en
RO i e
Préfef?élﬁyaﬂhbmdrhﬁuéléﬁﬁﬁ‘lﬁé%ﬁ@ﬁ bk .sSﬁthgnﬁl géﬁr W?S/%mlde (LDA),

[ithiumbis(trimet am de an
lithiumd¥pridN-aheay . armble htbrwm r\be’@whll\bphanyleamldeehﬂmﬂ:m

o R 358 R BB B B A Wb oo Bhso i
||trﬁxmrm|ls@prdzfylarﬁnuet@bitmﬁi Nééthﬂt N%I%HWQH?&’@ ntﬁqun are

not limted | ower al kyl ‘ethers, "e.g., diisopropyl

bl%trﬁ@thylséxdlﬁm@?lan%mnyt prsferably thedmropytleephilic strohg base are

|lﬂ'{l .o {)(¥lﬁm§ﬁ1§(§{"k'\}?’% ({éné'?d hti'ﬁ’ﬁ“tdﬁ ?S%Eﬂﬂrﬁégﬁ;l et her.

Exaifpedsrmf'ogdnicdminabkethea giditive 8§ u8eg hebsih rﬁé@ws@ﬁ alkyl
limted to, nono-, di- and 20 trial kyl am nes, such

ethay, an alioyr aypine-oh arbanil apue.Anshiniduresi theeassr dpyaraplesef
sul 58 3L Bt 10 59 L 5 rnFRAFRE oAkl Sed

dummop;dtethemscqﬁopyi mathiy| eiher lé’o;ﬁ'oplylrmhvwétﬁér ligdtsutyl rasthyl
m ne,

ether ROV R BTN EMer ST DUBH St atherand meatnugyleﬁ%hyl. q:teeSr
ExEipleq GSUtaBRE ol Smindf IREBEY, pular8SRibfinifl B°mdHo? ui- and

tricdlyl nae)lnesN uchi &sl kguprapyl!anmm |sobutyjam|mmtd1y$opropylam|ne

tetigf *6‘94%3”' A Blaﬁ'@né%ﬂ“@tﬁrz]quar@%'ﬁgwwaamm%xamples of
su%&b@'ﬁ;ﬂ%lhbs ifdlude’-BARNé Rt [iRtbE %, drili e@@grrﬁgthy‘amﬂme

use of 2- isopropylaninline is mor€ pre
and 1- and 2 -naphthyl amine, N-alky! anilines, e.g., N-ethylaniline, N-

isopropylaniline, N-butylaniline, N-arylanilines, e.g., N-phenyl, N-benzyl amine, N-
phenyl(1-naphthyl amine), and N-phenyl(2-naphthyl amine), N ,N-dialkyl anilines,
e.g., methyl isopropylaniline, N,N-dimethylaniline, 2-isopropylaniline. Use of 2-
isopropylaniline or N-N-phenyl(l- or, 2-naphthyl amine) is preferred; the use of 2-
isopropylaninline is more preferred.

The term “chiral organic acids”, as used herein includes, but is not limited
to, N-acetyl-L-phenylalanine, N-a-(tert-butoxycarbonyl)-L-asparagine, di-p-toluoyl-
L-tartaric acid, N-(tert-butoxycarbonyl)-L-proline, (S)-(-)-2-hydroxy-3,3-dimethyl-
butyric acid and (1R)-(+)-camphanic acid. Use of N-acetyl-L-phenylalanine or N-
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The term "chiral organic acids", as used herein
i ncludes, but is not limted 30 to,
woR@eMsME3 L- phenyl al ani ne, PCT/US2003/031102
N-a- (tert-but oxycarbonyl)-L-asparagi ne, di-p-toluoyl-
L-tartaric acid, N-(tert-butgxycarbonyl)-L-proline,
(S)-(-)-2-hydroxy-3,3-dinethyl - butyric acid and (1
- (+) - canphani c acid. Use of N-acetyl-L-phenyl al ani ne
a—@%ﬂ% Voathanydls sspaieaingssauelentsLh the use of N-o-(tert-

s ~Puto o) ) jne is preferred; the
buSogé g;ﬁo'(iflgl_( ?é{?é’l{a@@{ﬁﬁg{géggﬂ%’%ﬁéﬁ%_b asparagine i s nore
pr eflberaitral drganidacialis asgd o forac b ackl 46ditoh Saft F RN

alt of the conpound of fornula VI

acid addi.tion
Comi;@ﬂléarpqlrfz?}m%'a /I whereiniRy isAa: G osstallizatien ofdhe sorformadiagid

i fifl 5 j et ( se le 6
adBjie it e Ao SIREMSYE ER RSy EE e Bete e,
6,30V448) turthereennaness tié eadntiorhet exbeysef e Rbf M wierdil R, is H

reater than 98%ee, preferably greater than 99% ee,
to enthap 18, greferanly grasder henHR% ee, mure prefenablyigreater

O &b anic acid used to forman acid addition salt
th%?g?'%eb glég compound VI is at about 0.0 to about 2.0
equiThelaamount girahiral algapicdcidiused Fo form ahaitid édéiticin salt of the
equi v nts

I re preferably abqut 0.5 to about 1.2
co BPO§|‘§ g &t ag&ét %ﬁi’fP a%oah?#oe%'wﬁms, peefgrably about 0.5 to
a [ r :
B R e Ry R R O B 1 Zodfents
ani hbeaghirahaminaf alcohalit @ ndrephgdiiee-paspd dedvative fepresented
rocedur e f Preparative Exanple A in U S. Patent
byﬁ%e_ F%%,Xd)g’g!o"‘ﬂbn-l imting exanples of chiral amno
al cohol s of formula Xl includeqg
3- net hoxybenzyl - nor ephedri ne, HSJl:II R
di met hoxybenzyl - nor ephed ~
3,4,5-trimet hoxybenzyl - npg edrcﬁg, and 2-
nmet hoxy- 1- napht hal ene- noreptiedri ne.
3, 5- Di met hoxybenzyl - nor ephedgj ne, 3,4,5 20

tri met hoxybenzyl - norephedrine are preferred.
3, 4] Be chirakaminoyalenhyl of formula XI may be prepared by the procedure

of Preparative Example A in U.S. Patent No. 6,307,048. Non-limiting examples of

chiral amino alcohols of formula Xl include 3-methoxybenzyl-norephedrine, 3,5-
dimethoxybenzyl-norephedrine, 3,4,5-trimethoxybenzyl-norephedrine, and 2-
methoxy-1-naphthalene-norephedrine. 3,5-Dimethoxybenzyl-norephedrine, 3,4,5-
trimethoxybenzyl-norephedrine are preferred. 3,4,5-trimethoxybenzyl-

norephedrine, XI, is more preferred.



norephedrine, X, is nore preferred. WO 2004/ 031153
PCT/ US2003/ 031102 11 OCH3 OCH3 OH HOH H N OCH3 C
WERB4AB35XI A XIB OCH3 OH M1eO |l \ OH\ OCH3 PEI/ES2003031102
HOCH3 CH3 ()'YCH3 XIC XI or a conpound represented
by the formula XI H HNHO R2 N Xl 5 herein the
dotted line represents an opﬂ onal second bond and
wherein R2 is selected from al koxy, al koxyal kyoxy,
aryl oxy, aryl al koxy. O6H1aNRARB, wherein RA Q@d; RB i s
i ndependent |y al kyl af_aryl, and R2 is optiqnally
substi t ut ed® Hpne nore al koxy)l-grlgup e term
1 , .

: al koxy~nclluding y and
et hox 0 pkopoxy,>T soprof n-X i 80- whd OCHj3
tert-butexy, @siso- |, sec- neoChlnt yl ;  met hoxy
and ethoxy A preferred. The>ter I al koxyal kyoxy"
means C, - Cb al koxy C, - C6 al ko%%ncl udi ngcHput not

limted to, etMe& | oxy and met hoxyet hyl XY ocH
met hoxynet HO)K[:]V’ OH 4 3
N
OCH
XIC XI

or a compound represented by the formula XlI

herein the dotted line represents an optional second bond and wherein R? is
selected from alkoxy, alkoxyalkyoxy, aryloxy, arylalkoxy. or NR*R®, wherein R*
and R® is independently alkyl or aryl, and R? is optionally substituted by one or
more alkoxy groups.

The term "alkoxy" means Cs - Cg alkoxy including methoxy and ethoxy,
propoxy, isopropoxy, n-, iso- and tert-butoxy, n- iso- , sec- and neo-pentyl;
methoxy and ethoxy are preferred.

The term " alkoxyalkyoxy" means C - Cg alkoxy C4 - Cs alkoxy ,including
but not limited to, ethoxymethyloxy and methoxyethyloxy; methoxymethyloxy, and
ethoxyoxyethyloxy; methoxymethyloxy and methoxyethyloxy are preferred.

The term " arylalkoxy " means arylC, - Cs alkoxy, including but not limited
to, phenylmethoxy, i.e., benzyl, 1- or 2-naphthylmethoxy, 1- or 2-phenylethoxy,



et hoxyoxyet hyl oxy; nethoxynet hyl oxy and
nmet hoxyet hyl oxy are preferred. 15 The term"”
wa@eoohabexy " neans aryl Cl- C6 al koxy, i ncl udi npCHUS2009031102
limted to, phenyl methoxy, i.e., benzyl, 1- or
2- napht hyl met hoxy, 1- or 2-phenyl et hoxy, WO
2004/ 031153 PCT/ US2003/ 031102 12 2-[1- or
2-na ht hyl %et hoxy, 1-[1- or 2-naphthyl]ethoxy, 3- ,
2-f-or rnﬂpfﬁ wist stoﬁobayOF 2818p21ihyllathQX){ 8-, r, or 1- phenylpropoxy,

3-§,-n@rpmmarllfhggwgpr%mgp% AP R RS 2 3 2 or 1

[1-ocISr Z—nabﬂu’thyﬂbuﬂ)xyashuhﬁ ]zoemtwln &r2- néphth“yr] éntyR'5-, 4-, 3-,2- or
henyl pentyl ; benzyl phenyl et hody are preferred.
1 Bhﬁg(mlp@n Mﬁ:bﬁﬁéyle%ﬂi‘ﬁwlﬁtmxyafﬁmefeﬁm ho al cohol s of

for [ ni.n
S dor Nniing etiiBs o hiaRRvinB Hodres BEjdiimifieanippiuge
quiBSE) dad thengquihwerderivativee (-)- HH/ H HH HON H N HO
wuH and Preferagly, R2 in formula Xl is al koxy. The
chiral am no”apjcohol is nost t kef erably sel ecte
fromthe conppynd of fornula Xl gui ni ne (XIIA),/

hydroqui ni n B), WD 2004/0 PCT/ US2003/ 0311
13 H

HaC

Quinine Hydroquinine (-)- 1

Preferably, R? in formula XIl is alkoxy. The chiral amino alcohol is most

10  preferably selected from the compound of formula XI or quinine (XIIA),
hydroquinine (XIIB),
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HN411HHO and \ N XIIA XIIB Qinine (XIIA) is

especially preferred. 5 Enantiosel ective Al kyl ation
w®E@p/031353 ong Base/ Quinine/ Br A H2Q Tol ueneP®@r/Us200$/031102

~N ~N Organic Anmine or Br V Br Ether Additive/ o N

N-t-Boc MO-N N-Boc-t VI X The enantiosel ective

al kyl ati on of the double beng/l ic position of io

compound V with a nesylate X is a nuch nore efficient

process tham\phblt disclosed in U. S. Patent

No. 6, 307, 04 The al kyl ati on process of esent

invention ig—nreferably carried out such at at | east

SN Zaction m xture of the chir i no
.g., XI or XIl, ghe or ah iNQe /or et her
Br “mi xtures thereo an @"/Pi peridine 15

.of fornmula X in an iphert sol V&t which
¢ 3 al cohol (e.g.,
rangf), nost preferably, wat Thel equi val ent
anount of water or C, - C3 alc NFhen used,
preferably ranges fromO0.1 to 3.0 equivalents, nore

preflbBkably 0.5 to 1.2 equival entsX|Mst preferably 0.5
s. The water or Cl1 - C3 al cohol nmay

to 1. i val en
Q%’E‘“Qd%@é\??%égﬁ?@'@iﬁ Rrgtarred. conpound

Enantioselective Alkylation Step.

Strong Base/ Quinine/

Br—/ H,O/Toluene Br—7"3 cl
\ cl N
=N Organic Amine or Br
v Br Ether Additive/
0 Ow-t-Boc
MsO—<:/\N
N_BOC‘t VI
X

The enantioselective alkylation of the double benzylic position of
compound V with a mesylate X is a much more efficient process than that
disclosed in U.S.Patent No.6,307,048. The alkylation process of the present
invention is preferably carried out such that at least one of the treatments with the
non-nucleophilic strong base, reaction mixture of the chiral amino alcohol, e.g., XI
or XIl, the organic amine or ether additive or mixtures thereof, and the piperidine
compound of formula X in an inert solvent which preferably contains water or a C;
- C3 alcohol (e.g., methanol), most preferably, water. The equivalent amount of
water or C1 - C3 alcohol, when used, preferably ranges from 0.1 to 3.0
equivalents, more preferably 0.5 to 1.2 equivalents, most preferably 0.5 to 1.0
equivalents. The water or C1 - C3 alcohol may be added to the tricyclic compound

V prior to, or simultaneously with, the addition of the base, the chiral amino
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20 V prior to, or sinultaneously with, the addition of

the base, the chiral am no WO 2004/ 031153 .
weEanesasn3/ 031102 14 al cohol XI or X I , thePOF/ys2e0031102

am ne or ether additive, and the piperidine conmpound

X, or it may be added after %y or all of these _

conpounds are brought into ntact wwth the tricyclic

t ' dV. Inaparticularly preferred
al gl A1 TRTaNIE HhIng cBetiaradsitivenabdnithe pipeddise

' j f th

cofiRindR) APy e Zai0 dnd: 86V BFYe8h iy ape brought
inte qointadt evithsthedrieyaliddeatting co upidien containing: (i)

an equi val.ent of the conpound of formula V (ii) about

1.0'78 %JB%H agy grefgued snhadimept. dhe fellpwingsguivalent amounts
ar@besy: 10 1.5 equivalent, nore preferably about 1.1 to

about 1.3 equivalents of the conmpound of formula X

nost pref@) atbyt 1ot .4lequivalehy df ¢ Ronan@lcophillc R base,

ui val ent(idq;{)ref erably about 1.2 to

pré'ggqﬁl?ag_gﬁf’i.gfﬁq(ﬁg\?ajﬁqu aFoReaqst r 2 palbilion £9BLAININGS t o
about 3. %ﬁ%w%ta@ﬁ%%ﬁ}pﬁ?hé%fOMIgQ, al cohol Xl

or XlI, st prefera to about” 2.5

equi val efit)sabwiut til{eto alsout!®.0 elquivalents,girefdrably>dbouit 10 {o about
1.0 equival ents of the

1Rkt Bt BB Aol o adofLsaubieniSosine |
. ' , ; u . 0
colpRuRE oA AN O prelerably anel.eh 2 GulivalBhR pnd 7
about 2. §iieaoutdl.@he abouins0 equivellentappreferablyt alioudt 1.2 to about

3.5 p ke, PerEeBRay otk ddt & AROUsS Ieamiyalapts of the chiral
anfifte aRBhol Xhbi XIIMost Biciéasly Mo tqw?cgébgﬂf%.g‘;eb%& lengs of the

so-forned reaction m xture "at about
chi@l gmispeiedhio} Xieoddl, IAndC t o about 45 C, nore

- (1), the mixture
P om <+ oV 2188 atiit ol Bsiivaloutsids the ouaanio atgne or
ethep adtiRive prferadho Whollt 018 a’-tﬁﬂi’c'h.@e@?ivé% lts;"/}kbg%fgﬂ%o% a@%ut 1.2

about 3.0 equivalents of water, prefera
to akpuiiel equivalenisi matepreferabitysabqurtdf. & tabbgutb Squivalents, most

preferably about 1.5 to about 2.0 equivalents or 2.0 equivalents of the organic
amine or ether additive or mixtures thereof,

while maintaining the temperature of the so-formed reaction mixture at about 5
°C to about 50 °C, preferably about 10 °C to about 45 °C, more preferably about
15 to about 25 °C;

(b) the mixture from step (a) is cooled to about 0 °C to about 10 °C,
preferably about 0 °C to about 5 °C, and about 0.1 to about 3.0 equivalents of
water, preferably about 0.5 to about 1.2 equivalents, most preferably about 0.5 to
about 1.0 equivalents are added: '

(c) an additional about 0.9 to about 1.1 equivalents of the non-
nucleophilic strong base, preferably about 1.0 equivalents are added to the
mixture from step (b) while maintaining the temperature at about 0 °C to about 10
°C, preferably about 0 °C to about 8 °C: and
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about 1.0 equivalents are added; (c) an additi onal

about 0.9 to about 1.1 equivalents of the non-
woemkespls | i c strong base, preferably about 1.PCT/US2003/031102

equi valents are added to the 30 m xture fromstep (b)

whi | e mai ntaining the ten‘per? ure at about 0 Cto

about 10 C, preferably about*0 Ctg) ab(ﬁut 8 C a?d WO

2004/ 031153, PCT/ US2003/ 031102 15 the tenperature

of t he ](a)meeemnﬁww%g fihg ml@uwear@r@oste@ (eds uiaised to @bout 10

pr e@e%ggbl y 4 (ﬁg%? a?gw%%?]‘?gba&@% lﬁ%&ﬁ‘? ?r%ﬂﬁ\é?[’ouf 15

to about 40.°C drl abadtitibnal Aspiitviad esbBogf 1.6 Lmarllents Of the non-
cl QphI|IC strong base, preferably about 1.1

nug onghass, ereferaiina autemaomouéwaemmalamagare added

APTARNE BRI B o 2 i Byt s

15ababout 25t°@ &izﬁm‘etpréfbréblg'ab%u@ﬂg% la@oat ggPcve
al k&ﬁ. ation process of this invention is preferably
car rlifécersARtiosalestive aliylationguaresssel thisinversian amreferably

cah{bed 6ut% hert 3 é{rﬁﬂtsﬁlv n?c Sbl RA ert ofdahid &t Iven[g lncqude but
b g Iort ofanice!

IC organic SO

ar@ eot hmEed it@ nopgrofiesryzmic is@t/éﬁtbyé fQOftdru%'he BBhEENE
orobegzen d m xtures thereof. Tol uene and

CY%IPh%% elrahysironiran xanis@eoehlprpbengene ang mixturescthereof.
Toﬁﬂin‘éeéﬁd ety ylﬂc-ﬂﬁle o UGt GRS th%r om\gfg fo?fgh%dlsolvent In the

tol Uene o ethyl benzene ranges
miyiues case) tpelr/\zratibmfa‘okmeaéeto rmlmmngegffrmhﬂ 5to 1:1,

| ective al kylation step for the
pr F@g)zl\‘gs%eon of the conpound of fornula of VI the
chi Iroh ST BB oqm@éﬁsnnoste'i&ms@ @Bﬁf&%b'fbﬁhe

[ithiumbase is [ithiumdi-isopro
prep@aradon 9f the cctmpoummf foomoi(a ef thiyes ohivailaminocidea! is uinine,

ey ERPBREE TR rase 5 i B SporopNEm RO A npEmally as
the?.tDAs ﬁRirbebé't@h }dfan%) %Bg@tl \n%ggwnfz‘a'csmo?? %&{ﬁ}@wﬁe &t, e

m xture of N- enI am ne an
cydehexaie @rsethuff;&ea@e dhe m@amc aminadd ethexfadelitivichie Z-i r st

e T N R ER R T
amigiahd TMEDANthe Ssierftadlciubhe GHIPWARIY 8dFXQHRER tH first
addition of LDA; about 2.0 to about 3.0 additional equivalents of LDA( as LDA-
THF) are added in two equal portions. See Table in Comparative Example 8.
When a mixture of two organic amine or organic ether additives, or a mixture of
an organic amine and organic ether additive is used, the ratio of the additives in
the mixture are in the range of about 1:4 to about 4:1equivalents, preferably about
1:3 to about 3:1 equivalents.

In a preferred embodiment of the enantioselective alkylatine step, to a
mixture of 1.0 equivalent of compound V, 1.2 equivalents of compound X, 2.1
equivalents of quinine, and 2.0 equivalents of 2-isopropylaniline, there is
sequentially added 2.1 equivalents of LDA-THF (1to 2 molar in ethylbenzene), 0.7
equivalents of water, and 0.7 equivalents of LDA-THF. The temperature of the

so-formed reaction mixture is adjusted to between 15° and 40°C, and a third
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When a m xture of two organic am ne or organic ether

additives, or a mxture of an organic am ne and
woe@ansaset her additive is used, the ratio of P¢EUS2003/031102

additives in 25 the mxture are in the range of about

1:4 to about 4:1 equivalents,,preferably about 1:3 to

about 3:1 equivalents. In a ef erred enbodi nent of

| ect at tep, t t f
polity &7 AR o Lrsdhs ne'a”%eé SRR al 410 10 hours,
TheasmramiodelSotivitylof (A8 l#e\é%aeﬁ'étam A B oftBimgia Vi obtained

equi val ents oP 2-1S0propy
frogtheaprefered methiedi rangesdopm va t©r891% el ﬁ’ﬁe%rﬁuﬁ%@l e%tl\gty of

thﬁ%@%&sg\)@% l be@ﬂ%gg)ﬂnﬁweﬁggghé%g;&éﬂ?@ the acideaddltlon
s RS B A58 R BESBR g

gndlpf;f_(r)c Nz;md a t
acidesya a$ dho.ot-Bacd.-asparaginerdrN-akelyPis slaffided over
a period of 4 to 10 hours. The enantérosg‘ l'ect ﬁ\guty of

the free base of the corrpound of formula VI obtained

f r O 4 hﬂ)refp‘?éf%hre%de gfenrt%ﬁ eefS?Ifér 7@9 v %ikylzg}pn step, 1.0

The enantiosel ectiv
eqyivalentef fBﬁHWd)Fbm @my&)bakéméﬁpr@ﬁmﬁd‘edt\biﬁw 8% g uwal@ ts of
contacting the free % P

| f
lsog\ﬁg#{ agﬂ aag'ﬂlé Use G \j éf edgivalenhotepmapunadd, d, 1 sqoivalents
of cﬁﬁmﬂuﬁ)dx W’I L5 ﬁ@gﬁ@ﬂg@r (ﬂj"&'nﬁbp"@r% Is.$equeniially added 2.1

N-acety

eql’é‘fﬁi@d‘ﬁrﬁrﬂne Ef.)ﬁt Tl Fé rellir

watér %nr%egzl val ent of ﬂ_&%m ?ﬁgs?ﬁ?wgzér#z g’%ﬁhﬁﬂ/alents of
FIGlengs of Fézrisppsepylanilige ,braepyjomplex nThe

temﬁer@tufﬁ st ﬂhbemeuré IQ a@ﬂié dé@ oeﬂét(\g% n%“‘gﬁ %gpeﬁ{‘é agthird portion

equi val ents of

of 1&, EAviNalentsef leDAsTHB@uleoplaplylanllﬂréCMbe?cdm RS ‘é@lH@Bto? 3to

npl ex,

h HE/ Lani | b -
10 Hurk! %E%%/T &:th%ﬁég&f"gy i I?B%ﬂgaﬁéfﬁg@nwa Vi obtamed from

equi val €

this Inve ThnEfe?rd SPIRERRY Fridfels RS BBSE (?%‘SS : egxlgfbeTglg?Wleﬁlylty of

enperature of the mxture is a

the %f@eab@@e Mheam berfurtUerpmhamdm @'S/stbllﬁaﬁahl o¥ ab@rléédugé%salt

formferd by FbAERE Wb e B Mt st leestimsoanivalot ceaba”[mbualcbmd
suclohs N&%@c-ylas;hlé?% gg%{ 8%}3/F l["p?nleﬁgla?arp 1§t ‘Hns more

net hod ranges
pr ef@lﬁgdtmetb@d elétng/hhey_M-THl?ﬂsobr [ Mhse €8 g‘ge(‘;( Is.a more

ed stallization of acid
robufsiJ H&%rssegro%l%ces a Bgtter ontrol in maintaining lower lmpurltles and
employs lower amounts of the compound X and of the LDA-THF/isopropylaniline
base complex in the third addition.

The process of our invention is economical, because the chiral amino
alcohol can be recovered and recycled for further use. For example, after the
reaction is judged to be complete by HPLC, the reaction mixture can be quenched
by adding water, and stirred at a temperature of about 0° C to about 5 °C to

precipitate the chiral amino alcohol, which can be recovered by filtration.
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formed by contacting the free base VI with at |east

one equi valent of a chiral acid 20 such as .
wWOR@403B6X - L- aspar agi ne or N-acetyl - L- phenyl al Beii/n82003/031102

This nore preferred nmethod using the

LDA- THF/ i sopropyl ani |'i ne basg conplex is a nore

robust process, provides a better control in

mai ntai ning lower inpurities, and enploys |ower

anmounts of the conpound X and of the _

LDA- THF/ i sopropyl aniline base conplex in the third

addition. 25 The process of our invention is

ecoTeiple Reduntion & BiidminlioiStepy: N0 al cohol can be
recovered and recycled Tor Turther use. For exanpl e,

eaction is judged_to N&xonpl ftie,fm, HPLC,
m oqt_I{JreF y :ﬁ Xed by/html—ligwater

S *. 5 u@I 00_C to about 5,
Ctd 30gpreci N@ate the ~ al copoH;P®hi ch
can be recovered by filtrati @h. V\D 004/ 031153 _
PCT/ USp@P3/ 031102 17 Triple Reduction & Brom natl on
Steps: N02 1. HPo3 Br / AllB Br O /Nal 1Br NO
NO2 ~ 2. HSP@ ITAIIB NH BNﬂ;EBr ad + Br

Br

1 | B CIBra/Higr/
Z Re egent |n\}\é‘ﬁ|—%ﬁ8°

b2 D #\/Br :
proviNdes a |L|2tr| pl & % procesb for—the
A B
NH,
\N —
N N
Br e Br
IVA IVB

The present invention provides a novel triple reduction process for the
conversion of compound Il (normally as a mixture of isomers I1A & IIB) to
compound HI (normally as a mixture of isomers IlIA & HIB). The triple reduction
refers to the reduction of the nitro group of Il to the corresponding amino group,
the reduction of the ketone group to a hydroxy, and reduction of the hydroxy to
the methylene group. The use of phosphorous acid (HzPOs), or hypophosphorous
acid (H3PO.), or a combination of the two acids, and Nal for the reduction of nitro
to amino group has not been reported. This combination for the reduction of
aromatic ketone is superior to the reported method (Tetrahedron Letters, 2000,
41,7817, J. Org. Chem. 1993, 58, 7149) where hazardous elemental
phosphorous is used as a reagent.

Two alternative processes for the conversion of compound Il to compound
IV were developed. The first one is called two-pot process in which the triple
reduction product, compound Il is isolated as a mixture of isomers llIA & IIB,
and a bromination reaction is carried out in a separate step to afford compound IV

which is isolated as a mixture of isomers, the 9-amino-isomer IVA and the 7-
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conversion of conpound Il (normally as a m xture of

isonmers I1A & 1113) to conpound Il (normally as a
woreoonsasdf isomers I11TA & I11B). The triple reduusi0031031102

refers to the reduction of the nitro group of Il to

the correspondi ng am no grou the reduction of the

ket one group to a hydroxy, a reduction of the

hydroxy to io the nethylene group. The use of

anpne<dgnroenlyB .athals¢cigrROsocess chmbdnmbttqeﬁwgosieps gﬁbdal one-pot
nbi ' f [
reqqiprRierp Rk eFBROURE IV R & mistie ot greim Ean VA directly

froP® ANas BRARLEE: ofTéBrﬁerOIm?&‘ﬂB?,gM% dft iécﬂ‘&ir{gegfj@gt{@g%re of

~aronmatic ketone Is superior e reporte
isqurensrlHAck ). Thetcamspo @D wasidrepzRtrby ditrafog. of Goempound Xill
1993, 58, 7149) . e_haz 0 | enental 15
pr%??d@ﬁﬁ&r‘!ﬁf&”%‘)’ d&%a@a%n?éggégp?'oﬁ o alternative
Pr o aReFipicdfedud It BRUM i
compound IpI Vevver g°@§\%é§%%§”$&ﬁi rst or?gbpgggg?ﬁoga acid
usedsangad fipacaautihtombalt & eguivalepise prefechidy,i abrout 3.5 to about

compound 111, is isolated as a m xture of
4?%‘8&&5@“ﬁ| A & I11B, and a brom nation reaction is
car mhedtR4lltid amduReBRERER icdigd 4.6., Nl %%99@&;&%@ NI, or
€

. 20 which is isolated as a m xture of isoners,
iodineyranged emeabawR.Qihte abeut7 euiizalentsopiafssably, about 0.05 to

3/ 0 ,.N00=,i |.\VB. TIh d .
oo P8 o 1B A 50 B LnHef 6808e ofsouom
iodida(tlalyis kor@pasfepedconpound IV (as a m xture of
isopers VA and IVA) directly fromll (as a mxture

of 186Rsuivalent ameym)of hydrofyamic geidaenagd flam eheuk6 to about

' f oo d Il
32 RhvlinyS, pref BB apblid fs f wbot10 CHEVERTRYLTS Ly he®
des T heleegivatent. dnolratefritypbiph6sibrold cid raniged fidrhbeut 1 to
reducti on step, {?he equj val ent ampunt of phosphorous
ab%‘i%eq%’@lﬂ”\t%{ﬁ@ rablynabeyd toakitaheanivaleatui val ent s,

f e 1 . t . ]
Gt a5 C reBlNen i carhely BEPdt  1énpo it B8 gH qpplieso” o
1201&f pretdrbblyidd|a teanperature oanges of aboetd F0°don1algoGt 0. 01

Lo o The i B Bcbeuied S RSP Suwrray
un%%@?iﬁ??gﬂ iin hR@queBusSoReAt Hktute 8t fe redgbitsi s more

In the bromination step, the solvent is a mixture of a C4 — C5 alcohol and a
C — Cs alkananoic acid; preferably a mixture of methanol and acetic acid, or of
ethanol and acetic acid.

In the two pot process, the equivalent amount of bromine ranged from
about 1 to about 5 equivalents, preferably about 1.5 to about 2.5 equivalents,
most preferably about 1.0 to about 1.05 equivalents.

In the one pot process, the equivalent amount of bromine ranged from
about 1 to about 5 equivalents, preferably about 1.5 to about 2.0 equivalents,
most preferably about 1.8 to about 2.5 equivalents.

The bromination was conducted at a temperature range of about 0° to

about 40°, preferably about 10° to about 40°C.



The equi val ent anmount of hydrobrom c acid ranged from
about 6 to about 32 equivalents, preferably, about 13
wao o00abds3 19 equi val ents. 15 The equi val ent anmeCmusSwh3/031102
hypophosphorous acid ranged fromabout 1 to about 5

equi val ents, preferably, about 2 to about 3

equi val ents. The triple redution is carried out at a
tenperature range of about 50 to 120C, preferably at
a t difrationBtep: ange of about 1000 to 110C. The triple

reductlo s cond d under an inert atnosphere,
B! 3%%% trogen aqueous sol vent NO,

' \ T@In D
o Pl At
C6 al ka@anoi ¢ aci d preferably a g xturd\l@fg met hamdl

and a\(l:\gh c acid, or of ethanol d acetic acid. In O
the t !oot process, the equival amount of brom ng
ranged from 25 about 1 to about 5 equival ents,
preferably about 1.5 to about 2.5 equivalents, nost
preferably about 1.0 to about 1.05 equivalents. In the

s and B Ot A RA By g Bl OB R e, e Bhitro isomer
qumi tHeallinbraney thd 7itré@ |§ﬂ?ﬁéﬂll§ TrhedixiaesTim anm was used
Er efer abl%lﬁabout 1.8 to about 2.5 equival ents.

tigastatonduct ed at a terrperature range of
about 0 to about 40, preferably about 10 to about
40C. WD 2004/ 031153 PCT/ US2003/ 031102 19 Nitration

DeS3ngihation NO2 Br 1 4Br A/ +Br CI 0 N O NO2 N
Xt 1TTA I 5 Nitration of XIlIl provides a m xture
10 of the major isoner, the 9-nitro isoner |1A and the

m nor one, the 7- nltro i soner INE The mxture of IlA

d

ivB

The amino groups in compound IV (as a mixture of isomers IVA and IVB)
are removed with nitrous acid formed by the action of sodium nitrite (NaNO,), with
15 sulfuric acid, to form a diazonium salt, and treatment of the diazonium salt with
hypophosphorous acid (HzPO;) to form compound V.
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in the triple reduction step. Deamination Step 10 NH2

NaNOBr d +Br / 1\ d /H3Pd2 Br d N Br NH2 Br H
w®r004034453/ | VB The ami no groups in conmpound |RCT/ES2083/031102

m xture of isomers IVA and 1VB) are renoved with

nitrous acid fornmed by the aéqsion of sodiumnitrite

(NaNQ®2), with 15 sulfuric a€Yd, to forma diazoni um

salt, and treatnent of the diazoniumsalt wth

acid (H3PQ2) to form conpound V. WO

2004/ 0 53 PCT/ US2003/ 031102 20 Urea Formation Step

de | VI

SodiNm fsodyanat e WedFARGhd t ok reagent for
anaBron of the conpound the comonly
real reagent. This reagent r¢ 5 lQwer

reacti oN"te NaHure and gives be impuriffy profile
than urea used'I n previous proces The tNeaNH,

for mﬁ%}—s@v\as conduct ed at aoééﬂpgfa}br e range
NEBBE 1 ASRARORE Vet such as KRB trile or
tetrahydgpfuran, preferably tetrahydrofuran containing

Sodium isocyanate was found to be a better reagent for the ureanation of
the compound VI than the commonly used urea reagent. This reagent requires
lower reaction temperature and gives better impurity profile than urea used in
previous process. The urea formation step was conducted at a temperature range
of about 10° to about 60°C in the presence of a water mixable organic solvent
such as acetonitrile or tetrahydrofuran, preferably tetrahydrofuran containing
about 40 to 60 volume% of water. ,

The equivalent amount of sodium cyanate (NaOCN) was about 1 to about
6 equivalents, preferably about 2.2 to 2.4 equivalents.

The equivalent amount of sodium carbonate (Na,CO3) was about 0 to
about 1 equivalents, preferably about 0.1 to 0.3 equivalents.

Crude | was purified by adding it to a mixture of tetrahydrofuran:water(in a
ratio of about 6:1,v/v) to form a suspension which was heated to temperature in
the range of about 60° to 65°C until a solution of volume A was formed. The so-
formed solution was filtered, and approximately an equal volume of ethyl acetate
was added. The so-formed solution was concentrated by distillation at
atmospheric pressure. Approximately equal volume of ethyl acetate was added to
the hot organic solution, and the so-formed solution was concentrated to
approximately volume A by distillation at atmospheric pressure. The resulting
solution was cooled to a temperature of about 20° to 25°C over a period of about
1 hour, and the cooled solution was stirred at a temperature of about 20° to 25°C
for an additional 1 hour. The resulting solid was recovered by filtration, and dried,

preferably in a vacuum oven at about 55° to 65°C to produce compound lin a



about 40 to 60 volunme% of water. 10 The equi val ent
anount of sodi um cyanate (NaOCN) was about 1 to about
wG2@g3Mad ents, preferably about 2.2 to 2.4  PCT/US2003/031102
equi val ents. The equi val ent anpbunt of sodi um carbonate
(Na2C33) was about O to abo%{q 1 equival ents,
preferably about 0.1 to 0.3 ui valents. Crude | was
urified by adding it to a m xture of
SUB@WEE%?@@I@@HV@@@MW i.g., coptainingdess 3%bolimmurities/ v)
NS ak ch was heated to tenperature
pr%i%réﬁﬁ%(ﬁ@s%&ﬁééﬁo}#%igﬁa%,to 65C until a solution of
volume A was formed. The so- formed sol ution was

filtered, and approxi mately an equal volunme of ethyl
acet&hemenh gispirisda preferred anapodianess piitheoprosass of the invention.

r gt \SLI ' her i. re r
C pr OXI mﬁat zﬁ’ygé%jgfgbéobﬁhﬁégl& %t?%{ﬂr{o%ég@t H}'%U%ag?jﬁagd and 9-
isdnoers 29 dalch domhpasurgani ¢ sol ution, and the so-forned
Eol ut;Lon was concentrated to approximately volume A
Sc G Stillation at atnospheric pressure. The resulting
solution was cooled to a tenperature of about 20 to
25C over a period of about 1 hour, and the cool ed
solution was stirred at a tenperature of about 20 to
25C for an additional 1 hour. The resulting solid was
recovered by filtration, and dried, 25 preferably in a
vacuum oven at about 55 to 65C to produce conpound I
in a WO 2004/ 031153 PCT/ US2003/ 031102 21
substantially chemcally pure form i.e., containing
|l ess 3% of inpurities, preferably less than 1 % of
inmpurities. Schene | displays a preferred enbodi nent
of the process of the invention. 5 Conpounds II, |11,
and IV are normally present as a mxture of the 7- and
9- isomers of each conpound. Schene 1. WO 2004/ 031153
PCT/ US2003/ 031102 22 H(N02) 1. H3PO2 H(NH2) Br2/ HBr/
Br C /Nal/HBr Br CI MeOH HOA c



N O NO2(H) N NH2(H) 11 111 1. LDA qui nine/ H20
2-isopropylanline H(NH2) NaNO2 hones Br /H3PO2 Br f

wO 2@/081%3 Cl | i N O---CNBoc-t N Br NH2(H) BPCRUS2003/031102
dilute HOJ 1V V 3. L-NBoc-Asparagine Br 1/ \ C
NaOCN Br CI THF/ H20/ N THE/HO N EtOAc Br Br ON
NHNNANH2 OO0 N Boc-Aspafdgine CGrude | VI Br C
N Br O N1~1 NH2 WD 2004/ 031153 PCT/US2003/031102 23
Exanpl e Prigh&e)at i1opi,pO,Conpound | ( AHEIHe} ur e gpf/HBY

B\ "'B)/Nalﬁq Br— o MeOHMHOAG
X NOa(H) N NH,(H)
. !

1. LDA/quinine/H,0
2-isopropylanline

H(NH,)  NaNO, oMs
\ =N o™~ oot
NH,(H

) Br 2. dilute HCI
v Vv 3. L-N-Boc-Asparagine
B~ 1 Gl NaOCN/ B o THF/H,O/
=N THF/H,0 =\ EtOAc
Br Br '
N H 7
© o
N-Boc-Asparagine Crude |
VI

=~
N

Br
0}
N N)L
(0]
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1.HPO3 Br d +Br / 1\ C /NJHBr N NOH O N2
2.HBP2 JIBIIA N Br / 1\ C +Br f 1\ C ~N
WAIDIB3HSN I I1A NH2 To a 1 L three-neck fl askPenuspmpsasii02
with a nmechanical stirrer, a thernoneter 5 and a
condenser were charged, undet,_ nitrogen, 50.0 g (0.14

nol ) conpound |1 (prepared i4 accordance with the
rocedures disclosed in col. 12, line 20 to col. 3,
E%mi@lezrb of U S. Patent No. 6,307,048) 2.0 g of sodium

ol repgratiofE Cormfyta i & mRCREREISaefs v ey

hydr obrom ¢ adj@, (48% and 50 nL of water. The
)ésu ' Gﬁzsi on was iQ_p ed to 107-111 &hd
' , @@ iayd of /Ma¥REBr The

‘ (60 C and—40—nt

0. 30 nmolg of ophosphor oushyaci d, NBPC2, 2 (+h®r)., was

;dded. The reac{ﬂiygnpm' xture WZOS heated to 100- 110 C
and stirflB at this tenperatul® for a period of 6 hrs.
The reaction mxture was cooled to 20 C and was
slowy transferred into a sol uNHgn of 15 200 niL of
amoni um hydr oxi d % 00 N f et hanol
mai nt ai ni ng the 3 ) (
adjusted to 5.0 with™3 ' Y ﬁromde d, vt
suspensi on was stirred fom& h a roomterrpeNatthIrAe. NH,
The solid was filtered ant®washed with 50 nL o
wat o.a Tk yhreg-iduk fﬁ@kléﬁuﬁﬂpeﬂi WRE URLENSIcALstPr G H¥rmometer
20 hrs gave 46.9 g of Ill as a mxture of a pair o

and aandensar wesr chamgedounder ritroge2060.019x0.14 Bialpeorapoand Ii

Sy M U e SR AR R e oo,
lind 49 of U?SZPatdéig Nol 6;%07,@'48’%2.(1)? ?gsacgulﬁ_}b i%digélgé(sg%rg&%%.o g
of Ef¥isphardis aiid, HaP D, (O%mdb). o e miibie wescadeisdl 250 mL of
hyc(rgmfé:@ci&@%%) and %O7mL Jo[f’%la(?er. 1‘f'lQe F’ésuﬁ’nﬁsg sgL’Jspension was

heated to 107-111 °C and stirred at this temperature for a period of 4hrs. The

reaction mixture was then cooled to 60 °C and 40 mL (0.30 mol) of
hypophosphorous acid, HsPO,, (50%) was added. The reaction mixture was
heated to 100-110 °C and stirred at this temperature for a period of 6 hrs. The
reaction mixture was cooled to 20 °C and was slowly transferred into a solution of
200 mL of ammonium hydroxide and 100 mL of methanol while maintaining the
temperature under 30 °C. The pH was adjusted to 5.0 with ammonium hydroxide
and the suspension was stirred for 1h at room temperature. The solid was filtered
and washed with 50 mL of water. Drying the solid in a vacuum oven at 60 °C for
20 hrs gave 46.9 g of lll as a mixture of a pair of isomers in about 70:30 ratio of
HIA:NIIB ratio (9 isomer.7 isomer) with 94% HPLC purity and 99% vyield. 9-amino-
isomer, llIA, (major): "H NMR (DMSO-dg) 8.34 (d, J = 2.3 Hz, 1 H), 7.77 (d,d=
2.3 Hz, 1H), 7.00 (s, 1 H), 6.66 (s, 1 H), 5.14 (s, 2 H), 4.10 (s, 2 H), 3.05-3.02 (m,
2 H), 2.97-2.93 (m, 2 H). *C NMR (DMSO-ds) 156.5, 146,7, 143.0, 140.1, 136.9,
136.8, 129.6, 127.6, 118.2, 116.2, 115.6. 7-amino-Isomer, llIB: "H NMR (DMSO-
ds) 8.35 (d, J =2.3 Hz, 1 H), 7.87 (d, J = 2.3 Hz, 1 H), 7.00 (d, J = 8.1 Hz, 1 H),



136.8, 129.6, 127.6, 118.2, 116.2, 115.6.

7-am no-lsoner, I11B: 1H NVR (DVSO 25 d6) 8.35 (d, J =
wQ@2®4M1153 H), 7.87 (d, J = 2.3 Hz, 1 H), 7.00r¢MUS20037031102

8.1 Hz, 1 H), WO 2004/ 031153 PCT/ US2003/ 031102 24

649(dJ 8.1 Hz, 40 (s, 2 HO 4.18 9s, 2

,315312(m2|—|) 2.8%242° 86 (m 2 H. 13C NMR
Q- dg), 157, 146. 9, 142 5, 139.0, 137.1, 135.9,
‘ﬁﬂgwse! 87kHz, 1ﬂ)85@6 (8.8 KO, 418 95, 244),8.159. ‘22(rﬂ62H) 3.89-

TLRER B0 VR RO IS0k 7 RPHER 1R 1 T To?el 135,

123r6 @28.3, 1018.9£138 4iCK5.7\ 42 g, o2 o2 11 A 111B NH2
Br O +Br d ~NNH& NIVABr VB Br To a suspensi on

of 30.0 g of conmpound Il (as a mxture of IIlA &
Exlah{rlj%z‘rom io Exanple 1 (HPLC purity: 94% 87.1 mmmol)
in 90 nL of methanol and 30 nL of acetic acid was
addePréparitiodsd obCompourmh\0{A Iisktsrer S fsentsisd &zﬁgB&
whi | e rral ntai ning the tenperature between 10 to
as 7ddded 4. EBrnLHBJIT/ br oni ne
~ i on pcM?%H AE at
.C he—react+on >
) tenperature for 1 h
and was then pou?red into a soluti%n of 6.0 g of sodium
thiosul fipke pentahydrate in b0 nL of water and 60 niL
of ammoni um hydroxide at a tenperature between 10 and
20 C. The resulting suspension was heated to 40 and
was stirred f « e tenperature al d
to return to Cl . Br 7 cl

N =N
Br k Br
IVA IVB

To a suspension of 30.0 g of compound Ill (as a mixture of A & llIB) from
Example 1 (HPLC purity: 94%, 87.1 mmol) in 90 mL of methanol and 30 mL of
acetic acid was added 15 mL of a solution of hydrobromic acid (48%) while
maintaining the temperature between 10 to 20 °C. To the resulting solution was
added 4.5 mL of bromine (87.1 mmol) was added to the solution portion wise at a
temperature between 15 and 20 °C. The reaction mixture was stirred at ambient
temperature for 1h and was then poured into a solution of 6.0 g of sodium
thiosulfate pentahydrate in 150 mL of water and 60 mL of ammonium hydroxide
at a temperature between 10 and 20 °C. The resulting suspension was heated to
40 °C and was stirred for 1h while the temperature was allowed to return to 20°C.
The solid was filtered, washed with 30 mL of water and dried in a vacuum oven at
60 °C to give 33.3 g of compound IV (as a mixture of isomers IVA & IVB) with a
HPLC purity of 94% and 89.0% yield). For NMR see example 3.
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The solid was filtered, washed with 30 nL of water and
dried in a vacuumoven at 20 60 Cto give 33.3 g of

w@eosposmas |V (as a m xture of isomers | VA & | VB)T/vE1003/631102

HPLC purity of 94% and 89. 0% yield). For NWR see

exanpl e 3. WD 2004/ 031153 PCJLUS2003/031102 25

Exanpl e 3. One-Pot Process f Preparati on of Conpound

IV (as a mxture of isomers IVA&IVB) Br / 1\ NO2 1

HPO3 d + Br Cl /Nal)ABr ~N O N0O2 ~N O H 2. H3P02
E)ddrﬁpl'e'ﬁ Br NH2 Br2/HBr/ Cd MOH HOAc \N Cl + Br

"NH2 IITATIIBN2 B/ 1\ d +Br / 1\ Cl

One RHEPIRDEesQfor BrepakativhB of AT dimploinl 1M a%oéfﬁﬂkﬂﬂel éf isomers

(as a mxture of isonmers |IIIA & IIB from Exanpl e

(10 g, 27.2 mwle), phosgMbr&I¥Bhci d, H3PCB, (9 g,

109. 8 pl ), sodium iodide (0.4 g% 7mm| e),

Bpdreb agi d_(48% (50 te 3 was
o Bti eaf edBa 6_h ur ool ed
t o apNut JJ100 pophosph

he si’.|uti on?-"ﬂtﬁ’@h was

m., 60. 60mol e) s added (
6 hrs until the

t hen he fed at 110 C for abou

reactio S B
Br—/ NH, Bro/HBr/
' \ Cl MSOH/HOAG
~ + Br / \ CI N
N NH2 \N
A 1B
NH,
Br— \ Cl + Br—¢ \ Cl
\N —
H N
Br hk Br
IVA IVB

A mixture of compound Il (as a mixture of isomers IlIA & IIB from Example
1) (10 g, 27.2 mmole), phosphorous acid, HsPOs, (9 g, 109.8 mmol), sodium
iodide (0.4 g, 2.7mmole), hydrobromic acid (48%) (50 mL) and water (10 mL) was
stirred and heated at 105 °C for 6 hours and cooled to about 100 °C.
Hypophosphorous acid, HzPO,, (50%) (8 mL, 60.6 mmole) was added to the
solution, which was then heated at 110 °C for about 6 hrs until the reaction is
judged complete by HPLC. The solution was cooled to about 90 °C and acetic
acid (20 mL) and ethanol (50 mL) were added and the solution continued to cool
to 15 °C. Bromine (3.3 mL, 63.9 mmole) was dropped into the mixture at a
temperature between 15 to 20 °C and the mixture was stirred for another one
hour. Ammonium hydroxide (25%) (60 mL) was slowly added to the mixture at a
rate to keep the temperature below 50 °C. After the ammonium hydroxide was
added, the mixture was held at 50 °C for one hour. After cooled to 25 °C, the

mixture was filtrated. The solid was collected and treated as a slurry in water (150
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judged conplete by HPLC. The solution was cooled to

about 90 C and acetic acid (20 nm.) and ethanol (50
workgo4#er1e3 added and the sol ution continued to PODUS283/031102

to 15 C Bromne (3.3 nL, 63.9 nmole) was dropped into

the m xture at a tenperaturge, between 15 to 20 C and

the m xture was stirred for ot her one hour.

i 0 | oWl y added t
mipE S 4 o ex'qgs,ag,gg RGBT Fho yiskbof Y is 0 %eg (98% yield).
"HNMR (S S da aR BB Bt bR VAFE G5 d i 3tz 1
H)2B.92,(dt be 23 an Xlt Hy . aags, 1 HY rsusds, The, £90i (652%3 10-3.30

d d treated as a slurry in water
(moh Bliarsaopest (Geoier somesaVEYS.56 (. di= 800 NG99 (0, J =

RS o i P Tk,

Exampleidno-i soner | VA) 8.55 (d, J = H, 7.92
(d, J = 2.3 Hz, | H), 7.41 (s, 1H),545(s 2 H),
4.70 (s, 2 H), 3.10-3Dz@aminatioh $Sfep M nor product
(7-am no-isomer | 8 58 (d J=21 1H, 7.99 (d,
J =521 1H,6 # o 2 H, 4.69
(s, 2 H, 3, 10330(m 4 H). Exanple 4. Deam nation

2 Br NENOy Br 10 |
Q}Cﬁfs § s edlsllsB 208r104.

39 p rity NO- Uf—cvnpoun\[
m xture @‘rls mers VA & |V fr Exanple3|n Mo 15
nL of water at between 5 and' 10 C under sweepi ng Br

ni trod¥B was added 300 niV&F 98% sul furic acid \

solution while allow ng the rnternal tenperature to
rise to between 60 and 65 C. The resulted brown thick

sol 18 LRy dBasIy¥RhRE dRpBAREIBRSE 100.0 g mixture (93.0% purity, 0.231

mol) of compound IV as a mixture of isomers IVA & IVB from Example 3 in 200
mL of water at between 5 and 10 °C under sweeping nitrogen was added 300 mL
of 98% sulfuric acid solution while allowing the internal temperature to rise to
between 60 and 65 °C. The resulted brown thick solution was cooled to between
9 and 10 °C. Hypophosphorous acid (400 mL, 50% HzPO, in water, 3.85 mole)
was added followed by a solution of sodium nitrite (20.3 g, 0.286 mole) in 100 mL
of water while maintaining the temperature between 10 and 20 °C. After addition
of sodium nitrite, 1.25 mL of Antifoam B silicone emulsion (J. T. Baker) was
added. The reaction mixture was warmed to between 20 and 25 °C, held for 2
hour, further heated to between 40 and 45 °C over a period of 2 hours and held
for 4 hours. Upon the reaction completion, the resulted slurry was cooled to
between -5 and 5 °C, held for 6 hrs and filtered. The cake was washed with 200
mL of 30% aqueous sulfuric acid solution and dissolved into 1.5 L of a
deoxygenated methanol solution containing 1% water, 1% sulfuric acid and 1.3%
hypophosphorous acid between 50 and 60 °C. To the resulted brown solution
was added 10 g of activated carbon (Nuchar SN). After 30 minutes, the mixture
was filtered through a half-inch pad of Celite between 50 and 60 °C. The filtrate
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5 and 10 C. Hypophosphorous acid (400 nL, 50% H3PQ2 in
water, 3.85 nole) was added followed by a sol ution of
wGaowissmisd trite (20.3 g, 0.286 nole) in 100 nlrP@DUSE003/031102
wat er while maintaining the tenperature between 10 and

20 C. After addition of sodé mnitrite, 1.25 nL of
Antifoam B silicone enul sion % T. Baker) was added.

The reaction m xture was warnmed to between 20 and 25
was heripd tp setweembQiendial G endtstewly meutratizeduadth 30D mbobf a 2:1

ool A BRI R B BEL i b ke
hlgimlthaln BqoR % Watererst pthpaper)s The r’@QhI‘t’ed §Fun§/ \Dé§ cé@l@d to
filtered. The cake was washed with

betyeen0ansp fGrin @ reriad @bl bpuwneédwfprca lgcws\am flltﬁred 1 The cake

s s PAERSFLES BB AREIPBL 1 PR SBL AL By e 73

of aon'qbohaﬂ\l\ﬁeﬂlcﬁlar@«am (ﬁ@lbﬁamiﬁcﬁ Bluﬁwycﬁ?éul|1ﬂ-ﬁ6ehic§{‘ﬂl‘6]c cloheptal-
was ad 10 g of activated carbon (Nu )ﬁ

[1% lgy# ingrasg llshhmelwv selnblnﬁ&(olw@dmma&ﬂ% eCedH NMR

PR T e A S5 v

1H)eat1aotdt 9 dvzowm |1$)04a451§s6@|-§ 2R0-3D0\ny 4 ut?’tﬁNIvH#chDch) 8

sol ution of triethyl

154ef, é)48651d14r339 h‘eﬂqbv' 13%.21 1358, 4389, 118.6H28a7,Uk25. 51. s, 41.7,

t t |
IG5 Ll BB EAREE g B S8 98 BB o
Clh@dr; Fbehdt € 043.23haups6and J.69:18x 24.067Tlee, ¢ake 5 was

washed with net hanof dried at 60 and 65 C under

vacuum and gave 73 g of conmpound V,

- 0- 3, 10- di br ono- 5, 6-di hydro-11
Ex%p@nﬁg%[S 6] cycl oheptal - [1,2-b] pyridine, as a |ight

yellow solid in 82% Ehﬁlaqimlﬂlgt,gﬁ%tg% C. 1H NWR
(CDCI3): 8 8.38 (d, J 7.46 (d, J = 2.0
Hz, 1 H, 7.44 (d, J = 2.0 Hz, 1 FD 7.14 (d, J = 2.0
Hz, 1 H), 4.45 (s, 2H), 3. 10- 3. 20 (m 4H), 13C NMWR
(CDCI3): 8 10 154.1, 148.5, 143.9, 141.7, 137.2,

135.8, 133.9, 131.6,0MSB.7, 125.5, 41.7, 32.9,
32.7. Anal. Calcd fofN Cl4HLOBBRCLK _CH, 2.58;
N, 3. 61 Br, 41.31; 7 Faung: 33; H,
: . B9; @%Lvdé; 9. 1IN e 5. 15 H 0
/1

o NH,

VI N-t-Boc-L-Asparagine

To a mixture of quinine (175.0 g, 539.4 mmol, 2.1 molar equivalents), 8-
chloro-3,10-dibromo-6,11-dihydro-5H-benzo [5,6] cyclohepta[1,2-b]pyridin-11-yl
(compound V, 100.0 g, 258.1 mmol, 1.0 molar equivalents obtained from Example
4), and 1-(N-[(tert-butyloxy)carbonyl]-4-piperidinyl)acetyl-4-mesyloxy-piperidine (X,
125.0 g, 309.0 mmol, 1.2 molar equivalents) from Example 4 suspended in a
mixture of ethylbenzene (600 mL) and toluene (400 mL) is added 2-
isopropylaniline (73.1 mL, 70.8 g, 523.9 mmol, 2.0 molar equivalents). The

resulting suspension is degassed and purged with nitrogen three times to remove
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O Br CC NBoc ONHOHO Br d Xr t-BocN'" HO

NCQIXOHVBr H VI Nt-Boc-L-Asparagine 20 To a
worRoosisasdf quinine (175.0 g, 539.4 mol, 2.1 PoOI/E82003/031102

equi val ents), 8- chloro-3,1 O-dibrono-6,1 1

-di hydr o- 5H benzo [5, 6] cyclgheptal 1, 2-b] pyridin-11- yI

(conpound V, 100.0 g, 258.1 [, 1.0 nol ar

equi V‘ﬁl ents obtained from Exanple 4), and

any . otlw Yakpxvaem YV aiks medntaining thedemnpssatuge of thensxtyte Between
1T 206 % B o e g

comptdmmeelti‘fer@tllmbbﬁzm‘&ﬂ@ €16ABxae, oﬁﬂdlubﬁb%%%dn%%rﬁ%n of 1.0
opropylanlllne (73 1 m, 70.8

to %mo?az 19 s}gyylg,adgag,qml ket repctiam mixtpess turns @odeep red color

(Pl PP ok 53T P AR WA BT 303 6388 8

mraaly O medmmqhmadggtsn) is\hen added,rdral thengattién mixture turns from
t erature m xture between 15 and 25 C, a
thpsagg cgler ?q @Iyeﬁﬁyvoqrpggg |C8|6’5H g@laéNhlle maintaining the
i t hyl
*9@93“*%@%?2”%?5& bR 15 Hrd 88 o6 38eh6Rd Bpfion of

thezsqlutmm af lmhwr’elduabpm@dtmmida mnomo(tdtmhyemﬂmm) dﬁmplekﬁm either
etthifdiBe, Fidphstare: ofaliehc Y aFoppentatiprof 1@do 2 molar is
s AR 0y B By
mrpel, Dolvmelarrepuivalents). Tatemperatuse of ithe mlxiur@lsﬂhen adjusted to

e FUEIPL8S AT 481 Ol ST L A s e of e
soldtion @IﬁIlmhméprdmmﬁﬂ@tmm@étﬁghw%‘mrérﬂ'%rﬁﬁﬂekrh either
eth(i/lltger}\zene, cyclohexanes, or toluene at a concentration of 1.0 to 2.5 molar is
added (335.5 mmol, 1.3 molar equivalents). After stirring an additional hour
between 15 and 40 °C, the mixture is cooled to between 0 and 10 °C, quenched
by the addition of water (300 mL), and stirred for an additional 4 to 6 hours to
precipitate the quinine. After filtration, the layers are separated, and the organic
layer is washed with portions of 2N HCI until the pH is below 2.

While maintaining the temperature between 15° and 25 °C, 6N HCI (400
mL) is added to the resulting organic layer. After stirring for one to two hours, the
mixture is diluted with water (300 mL) and cooled to between 0° and 10 °C. The
layers are separated and the acidic aqueous layer containing the product is held
between 0° and 10 °C. The waste organic layer is neutralized with aqueous
sodium bicarbonate and discarded.

In a separate reaction vessel, fresh toluene (1000 mL) and aqueous
sodium hydroxide (450 mL of 25% wi/v, or 270 mL of 40% w/v) are combined. The
acidic aqueous product layer is then slowly added while maintaining the mixture
temperature between 0° and 30 °C. After checking the pH of the final mixture to
make sure the pH is above 13, the mixture is maintained between 20° and 25 °C

for an additional hour. The layers are separated, and the organic phase which
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i o ethyl benzene, cycl ohexane, or toluene at a
concentration of 1.0 to 2.2 nolar is slowy added

W@ Rniosl3tibe reaction mxture returns to a deep PEHUSILD031102

(typically 185.8 mol, 0.7 nolar equivalents). The
tenperature of the mxture ié then adjusted to
between 15 and 40 C, and ove 9a period of 4 to 10
hours, .a third portion of the solution of lithium

nayy F%'@Jtﬁf"@pt}ﬂleé?fpdécﬁfﬁ weshed vdthya dierter pojassiurplcaxbomate solution
t

580185 3% AR b B30 o 180

vaguoi tolag m)dnﬂéteh@BOG N\I?ﬂh%)sep‘éfré%f rééét{grn' \f&séf‘ N-ocl-t-BOC-L-

addi ti ona hour etween 15 and e m xtur
Aspasagine (8699 .@4dr2 mmmakd Oﬂmlaro&mnwedts) iwsudpended ina

PRSP P A R S pocaoc
bet\t/é@m 56idrid 85N pbRRNl GABE BoREENPABATR l%’(ft (mﬁfbn (7 to

organlc 20 layer 1s washed wth port|
200p) I ltranséerpad Drenhd mmuztes\ﬂhtheawaHnM@-thqLLAeparaglne slurry.
I tureb en 15 and 25 C, 6N HC \2
" SRABATRS ERSSh SRy R 2dgAve Shapil of e odyet (i Ng-+Boc-
L-A ’ r

wSHareOMehS1 B 21Animol Dpodrpiat i ehislinigifinelag mL) is
prépared stkmnetraraﬁanrrad étodhel wiaine Nai-HBocagnepa ghrﬂé/ﬁﬁr The

roduct is held 25 between rg

cont t he
rerARARE Of iteyg rerat%djerodtlf,t ﬁ\élaﬁpwtnpae(aome%)qa@dded over 2

PO NI AR BB rveen 5
and(ﬁﬂi 0n durihgowhich tljvﬂémmprodbcﬂé%tmnmscfforﬁ?l@e ixtafe.40%nse of
; I %@] Sga;’m ne aci di ¢ aqueous product |ayer

oltien my Wrratwrmaph(%selnaom Toamixtees is
held®40%8 &) 6% @?%F 4R %@dﬂlOﬂQﬂS@&é&teéf {Pfe]'b 8&3_%&5‘ gsg&gerﬁgb and

of the fin m xture sure
25t°Beforroretroriri Therpradust (K r\b@ItWLZ%p@fﬁé’glﬁé) fs |S<‘3I9fed5‘!5‘y

di t | h The | ted
iggh ard insas i awﬁw%ééﬁnﬁ%i&%ér"%%g‘&wwwm 7510

t

23R8 SoSRAL Bant 90T RAGE de MIRORAHD' DA, Filefiss (oo
9. 5@e(n»ar AHRB.4THs, uﬂpmz:(tpn&szasw elomemmt od gndas, 1H), 7.11

VacC np'to as)pr oxi mat el \ n. In a separ ate reactl on
(t, \’/eréé z, N J):t6.84 ¢bs.- 1%@&%@%%0%92 (Q,Jzzﬁl.42-lzn1ub1) 4.86 (dd,
J,96% B! 35 o v 9p 54,553 YRGEAY8Y, ), 3.80 (¢, J = 13.8 Hz,
1H), 3.59 (tt, J5 = 4.6 Hz, J» = 13.8 Hz, 1H), 3.37 (m, 2H), 3.24 (dt, J; = 4.2 Hz, J5
=17.6 Hz, 1H), 2.95 (t, J = 15.8 Hz, 1H), 2.79 (m, 5H), 2.66 (dd, J; = 4.1 Hz: J, =
14.7 Hz, 1H), 2.36 (m, 2H), 2.25 (t, J = 6.2 Hz, 2H), 2.07 (bs, 1H), 1.85 (m, 2H),

1.39 (m, 16H).



5 mxture of toluene (582 m-) and nethyl al cohol (48
m.). The slurry is heated to between 55 and 65C. A
w@oooiosnsdf the concentrated product (VI) sol up@€DOS{063/031102

to 20% is transferred over 30 mnutes to the warm
N-a-t-Boc- L- Aspar agi ne sl ur r%o In a separate vessel,

a slurry of a previous sanple’of the product (VI,
N-(err)-t-Boc- L-Asparagine) (1.8 g, 2.17 mmol, 0.008

nol ar equivalents) in toluene (20 mM-) is 10 prepared,

)H?ﬁ t aﬁ,}%f i3t war m N- a-t - Boc- L- Aspar agi ne

Es u?lreyt.g' hé)%rréﬁﬁgicﬁdzphgﬁe)t he concentrated product
(VI) solution (80 to 93% is added over 2 hours to

the cr allization mxture, while maintaining the

Brte e~bet ween 55 and 65 C, «uxki ng which tine
tHe p ek alNaQ@N/ f Bom e.of rinse of
t olEp -) f aHEWsOt he “ated product (V1)

soluti oA, Bhe m xture is 15 hel d at} 55/to 65 C for an
addi tifona] 30 ni nutes—then cool e¢”ty Bet ween 20 and
25 C fog~one houy. The product (V 0

tl{\ jon and

N-a-t-BNc-L Asphragi ne) is isolatedNby N A
washe@ Wi uene (600 nl). Aft ring} typi%al
yields are 75 to 82%w th ee valUues fr 98.0 to

oN-tsBped.-Asparagine400 MHz, CDCl 3) :Cruxte’) (ppn) 9. 58
(bs, 1 K, 8.41 (s, 1 H, 7.52 (t, J =2.8H, 1H,
7.47 (t,Y9 =20 Hz, | H, 7.11 20 (t, J = 2.6 Hz, 1

o TG oty i8S defdiadpbhay O, 1, iy
Exampte briNaOGy (1.8.9.27 fmrol)) NaZO9(0.8 g, 2.4mh3ol§ a1
tetidhyaBrart THFY 40 mb) Wb g yvatghiZinty a 2o 26 % The

sultaht 6l Tt i i ’
rest 2 1é l_slzpehJSéor&@ag A?.H?elqlz *orH?,L hlr—l) a’,c thé gﬂo (‘ﬁ‘ﬂn&tﬂb@eégtld{g@ (cto:?npleted.
n-Butang| (@-lﬁu(,)l-lg KHO miL.)aEnd water (SHML)wea® qddeditd)the spfution and

4,p31153 PCT/ US2003/ 031102 30 ,
el e B 00051 L R002 BRAATE 4§ put.
Thé afjuebus tdyeFikls-Eéharbitelrary rextthdtedwWithO-HidOH (30 mL). The
combined organic layer was washed with water twice. The organic layer was
treated with Darco at 40°C. After filtration, the organic solution was concentrated
under vacuum to 30 mL and methyl f-butyl ether (70 mL) was added and the
mixture was cooled to 0 to 5 °C for crystallization. The solid was collected

through filtration and dried to give 7.3 g of crude 1 (95% yield). Mp. 222-223 °C.
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0~1-- O N t-Boc L-Asparagine Crude I VI 5 To a
m xture of VI N-t-Boc L-asparagine salt (10 g, 12.1
worekp3fisbm Exanple 5, NaOCN (1.8 g, 27.7 mmoPQT/US2003/031102
Na2CC3 (0.3 g, 2.4 nmol ), and tetrahydrofuran (THF)
(40 m.) was added water (20 ) at 20 to 25 C. The
resul tant suspension was stiYred for 4 hr at 40 to 50
C until reaction is conpleted. n-Butanol (n-BuCH) (50
m-) and water (50 nL) were added to ttcw:e :c,l_gl ut!op and
j ' to 20 to 25 C e mxture
Eﬂ“aggﬁfséﬁ:@é{?lfé@?ﬁqén%?%@ggl The aqueous | ayer was
separated and re-extracted with n-BuOH (30 nL). The
conmbi ned organic |ayer was washed with water tw ce.

The orga ayer was treated wt DaE-CO 40C.
ABrerti y—athe ordHHaO4ol R % Cl

concekd : ider vac 0 30 nL ardy - but yl
et her (@ ) \was added-and the, 15 m xture ma.rcooled
to 0 to ¥CYBF crystallization. The solifd we
col | ect ed

rough ”iltration and dried t

0]
ongl ve 7. 39
of crude 1N(95 N H, M. 222-223 C. WD 2004 SNH,
PCT/ US20 02) 31 “%xanple 7. Crystalg onJof
Crude | 5t/ldll a THE/H20/ Br s \ / \ C | EtOAc N
~N Br Br XN'NANH2 N ONH2 Crude | 5 To a 2 L flask
equi ped with mechanical stirrer and a condenser were
charged 50.0 g of crude | from Exanple 6 and 250 nL of

t et 183/ dlofaskeenuingd withageehanieal stimer and of condansenaere
ondfien UEo BRI AEYARRIER B 4% 00 BB hrmtin wi
agitatidre 4@dmbtof whttowB9@dded. The suspension was heated to 60° to 65°C
until a complete solution was obtained. The solution was filtered at 50° to 60°C
and rinsed with 25 mL of tetrahydrofuran. 250 mL of ethyl acetate was added and
the solution was concentrated to a volume of 250 mL under atmospheric
distillation. 200 mL of ethyl acetate was added and the mixture was concentrated
to a volume of 250 mL under atmospheric pressure. The mixture was cooled to
20° to 25 °C over a period of 1h, then stir at 20° to 25 °C for 1h. The resulting
solid was filtered, washed with 25 mL of ethyl acetate and dried in a vacuum oven
at 55° to 65 °C to give 48.0 g (96% yield, >99% chemically pure and >98% ee) of
compound I. "H NMR (CDCl3) 6 8.38 (d, J =2.2 Hz, 1H), 7.48 (dd, J = 4.8, 2.0
Hz, 1H), 7.43 (d, J = 2.0 Hz, 1H), 7.08 (d, J = 2.2 Hz, 1H), 4.82, (dd, J = 10.3, 4.2
Hz, 1H), 4.53, (t, J = 7.4 Hz, 1H), 4.34 (s, 2H), 3.90-3.70 (m, 3H), 3.55 (it, J =
13.8, 4.3 Hz, 1H), 3.20 (dt, J = 17.6, 4.2 Hz, 1H), 2.95-2.82 (m, 1H), 2.80-2.70 (m,
4H), 2.37-2.30 (m, 2H), 2.20-2.15 (m, 2H), 2.00-1.95 (m, 1H), 1.70 (d, J = 12.8
Hz, 2H), 1.48-1.00 (m, 6H). *C NMR (CDCls, two rotamers) 169.5, 158.3, 155.1,
155.0, 146.8, 144.1, 144.1, 137.8, 137.7, 136.3, 136.2, 132.4, 130.4, 129.8,
129.7,126.7, 126.7, 118.8, 58.3, 58.2, 45.4, 45.3, 43.9, 41.4, 41.2, 40.8, 39.0,
38.9, 33.1, 32.7, 32.0, 31.8, 31.4, 31.3, 30.8, 30.6. Anal. Calcd for
C27H31Br2CIN4O,: C, 50.76; H, 4.89; N, 8.77. Found C, 50.84: H, 4.77: N, 8.73.
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o and rinsed with 25 nL of tetrahydrofuran. 250 nL of
et hyl acetate was added and the sol ution was
w@oemgestisat ed to a volune of 250 nmL under at noBEIE£1003/031102

distillation. 200 nL of ethyl acetate was added and

the m xture was concentrated,.to a volunme of 250 niL

under atnospheric pressure. Fhe nmixture was cooled to

20 to 25 C over a period of 1 h, then stir at 20 to 25
Cfor 1 h. The resulting 15 solid was filtered, washed

Cdothbi yl acetate and dried in a vacuum oven
b5%&§'é%§9%p?%%gu ve 48.0 g (96%yield, >99%

chotgbhes A UED 5 oS ARELE o Mt B

exded, thﬁt ﬂne tbdzse Wasivarigd 48d (h, or ann@arﬂlridzor éthé9 adEmQ@ listed in
th ablgf bg@w vas agided;?u&lngzthe @nﬁptloqelgqtl\(esalkyglaa)lon step Toa

mn?tu%)g? %@?%;m/aléh‘?s cifQI,SFSZ%q%ﬁv en'fi EI))% %%@%vaé%ﬁﬂ]f gyinine
aneH)the prghie aVrﬂneé or eth@ﬁ)addﬂw%ﬁrs?e&ﬁn theTabte for%&%p%ré‘tﬁ/e

EX%E?,D'e 5') tt@zr& ed@qxaquenyeﬂmam (agl(maianw mﬁthealt.laﬁceTlle (1-2
mojd Inthui3ienzengt b Zeayialers o6 it b eqdifiohts of LDA-

THEXd - QmQQEInEigwéMn}:gnglsrsr? te&&;zega%gé wWhs ékﬁtiéted% -bdtween 15°
ané%OQC Té‘f thog foyppoglmdyf f@r@nlga Hovas |sglaéqed acdﬂbg % @e value
wa@ﬁé@slﬁéachﬂé%o&ht Oﬁggaé%"a'éiggt ﬁ%ﬁ%‘g@ﬁeg fronf 7484 ©

84; H, 77, N, 8
eqlﬂl@,eﬂ&oﬁm 6Botqeotesting Qoogacadld\be I’EWWCﬁb}Baa_IHQ’B/drOIySIS

AL BB IR PR & Rt EromoE ol b v
6 30793818 1o fofthnRe %efﬂa'%%r i.8dghd bﬂﬁpbhﬁa o f rpnulé 'Vlil\(l\gjfeg{aﬁo% is

bel ow was added during the enanti osel ec I've
hydrogen. Theznantieseleetivty df.the ém,w vadecireportdéd Wi the Pable below)

carf B M Refhetogs byints ilanie bt Seid dciRionmeliarmed by
coﬁt@étlr@)ﬂﬁlééffé’é b¥&e oﬁ?@%rﬁ Sund B{E‘ff‘o‘i"mh \L/E%ﬁ%‘; I?eist pne

quentlall , 2.1 eqU|va ents o

ant ofra ehirgllorpanigacig) such as qud—%caﬁparagmmirw-acéwﬂb
?algrEiH val ents of LDA- THF (1-2 nolar in ethyl

HEE ke The tenperature was adjusted to between 15

and 40C. The t-Boc conmpound of formula VI was isol ated

and the % ee val ue



was neasured. The anount of organic additive was

varied from1l to 3 equivalents. The t-Boc protecting
w@e@yp3asxl d be renoved by acid hydrol ysis 15 mT/0S2003031102

exanpl e, 20% H2SO4 as descri bed in Exanple 6 of U S.

Patent No. 6,307,048 to forgythe free base, i.e., the

conpound of fornmula VI where R, is hydrogen. The

enanti osel ectivity of the free base (reported in the

Tabl e bel ow) can be further enhanced by

crystallization of the acid addition salt forned by

contacting the free base of the conpound of fo

one ZOSﬂmngVBhgéthai‘mﬁeﬂle
N e or acetly

" @ O 2nn312$’3’1’?[&3§‘§" CT/US2003/ 031102 | 3
St rong Ba . QJI ni ne/ Clo Br /[ A H20/ Tol uepre
Br Br MsCFCN V MsBod-t VI Tabl e for
Conpar aVi ve Exanpl e 8 aBbpet Ami ne or N\m) nt NH

of ee%3 Yield Ether Addlt ve |t|ve(eq) 0
None O 60-83 90% 2 LDA t-BuOwe 1 90 95% 3 Li

N-butyl, TNED g&%@@%@ LDA A
i sopr opyl am n?z%—gg"gg %éf

2R| sopr %DR” ani line 2 Organic Amine or  Amountof ¢e%3 Yield
Ether Additive Additive(eq.)

1 LDA’ N
one 0 60-83 90%
2 LbA t-BuOMe 1 90 95%
3 LiN-buty, TMEDA? 1 90 88%
N-phenylamide
4 LDA isopropylamine 3 89 98%
5 LDA 2-isopropylaniline 2 88 97%
6 LDA N-ethylaniline 1 88 98%
7 LDA N-phenyl, N-benzyl- )
amine/TMEDA 31 1 93%
8 Li N-ethyl- N-phenyl,N-naphthyl 0
phenylamide amine 1 96  86%

Note: 1. LDA = Lithium diisopropylamide.
2. TMEDA = Tetramethylethylenediamine.
3. ee% measured on free base of formua VI wherein R, is H.
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6 LDA N-ethylaniline 1 88 98% 7 LDA N-phenyl,

N-benzyl - 3:1 91 93% am ne/ TMEDA 8 Li N-ethyl -
woR@hOsME3 N- napht hyl 1 96 86% phenyl am de ani PET/NS1083/031102

1. LDA = Lithiumdiisopropylamde. 2. TMEDA =

Tet r anmet hyl et hyl enedi am ne. § ee% nmeasured on free

base of formua VI wherein R13#s H WD 2004/ 031153

PCT/ US2003/ 031102 34 Exanple 9 Enantiosel ective
Exgmple:®i on with the LDA Mono(t et rahydr of ur an) - 2-

[ Ind e | e cC.C . ,NBoc -N
En RIS ARlBAC il e iD%\ﬁé%q?ktmﬁlro?@w-
Isepib IathmeEBﬁsdcﬁiﬁpl’eakgi ne Preparation of the
L%A—pr?DnoTHF/ 2-isopropyl aniline Base Conplex: To a
solution of LDA (lithiumdiisopropylam de
mono(tetrahydrofuran) io conplex in toluene or
cycl ohexanes or ethyl benzene at a concentration of 1.0

to 2.2nole) (169nl aMsM con_ce_ntrati : -10C was
added dropw se 2- i ropyl anBr ” i ‘ o

mol e). The tenperatyre cont gl 1)sd _u . OH
25C ) Q e addi(t)NI ?%r t heNvi xf urk I's agitateg=q
Bfoy” 5-Clt isxready for the folBrow nggoe 'V

o Hm "
vV 0 2
VI N-t-Boc-L-Asparagine

Preparation of the LDA-monoTHF/2-isopropylaniline Base Complex:

To a solution of LDA (lithium diisopropylamide mono(tetrahydrofuran)
complex in toluene or cyclohexanes or ethylbenzene at a concentration of 1.0 to
2.2mole) (169ml at 2M concentration) at 0°-10°C was added dropwise 2-
isopropylamiline (23.4ml, 180 mmole). The temperature was controlled under 20
to 25°C during the addition. After the mixture is agitated for 10 minutes, it is ready
for the following alkylation reaction.

Alkylation Reaction:

To a mixture of quinine (42.0 g, 129.5 mmol, 2.1 molar equivalents ), 8-
Chioro-3,10-dibromo-6,11-dihydro-5H-benzo [5,6] cyclohepta[1,2-b]pyridin-11-yl
(V,24.0 g, 61.9 mmol, 1.0 molar equivalents) (compound V), and 1~(N-[(tert-
butyloxy)carbonyl]-4-piperidinyI)acetyl-4-mesy|oxy-piperidine (X,30.0g,74.2
mmol, 1.2 molar equivalents) are added ethylbenzene (144 mL) and toluene (96
mL). The resulting suspension is degassed and purged with nitrogen three times
to remove any dissolved oxygen. While maintaining the temperature of the
mixture between 15° and 25°C, a solution of LDA solution prepared above is
slowly added until the reaction mixture turns a deep red color (74ml, 2.1 molar
equivalents). Water (0.8 mL, 44.4 mmol, 0.7 molar equivalents ) is then added,
and the reaction mixture turns from the deep red color to a yellow-orange color.
Again while maintaining the temperature of the reaction mixture between 15°C
and 25°C, a second portion of the solution of LDA prepared above is slowly
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30

15 Al kyl ation Reaction: To a m xture of quinine (42.0

g, 129.5 mmol, 2.1 nolar equivalents_ ), 8- Chloro-3,1
wO2wilosafa®- 6, 1 1 -di hydro-5H benzo [5, 6] PCT/US2003/031102

cycl oheptall, 2-b]pyridin-1 1 -yl (V, 24.0 g, 61.9

mmol , 1.0 nol ar equi val ent s)3écon'pound V), and

I-(N-[(tert-

e Ea3858 il ilons fend obon redeslarttzami, .7 molar
. , ni), apd °
oo T e S RERFR16ch Mt Bl ano
4036rd apd oyetiawieriodrft togthhobrsee thi_rmp@rtti]drpct)f m%mofo ]!_DA
o A R B S TSR bR b, ASP s ciona
hotipbetwesh 5 eParfr° @Y enixkire 38 e&%lﬁd%ﬁ%%ﬂe@%@'ary] TO °C,
col or ) .

reaction mxture turns a deep re
queprhed by theaddiliberaf syatenttemL],Garldl stirredibrénadditiosal 4 to 6

nofifs @ pERHIARL B8 Gihined ATBE BIU2EaN clhedavets ais separated, and the
_ . . i ; o
or%’ihd: er at ﬁﬂgg?@ mhrpeoact [ ng %xﬂﬁrdﬁgﬁﬁggr{g %?W%nd
25CcWhileseeiitaining theolemperatuse betwesron5dand DE°G; 6NAHEN(96 mL)

; ' ; CT/ US2003/ 031102 35
3 ecgtdutﬁte ﬁjleg%'}ég\rég%%&%éy%léﬁ%} gt'rf B PN B BvQibayrs; the

mixtareis diRded with. Wate® (22 mL9 @nmd\oRs & bethieRnl GH5d 2D YEE The
of the mxture is then adjusted to between 15 and

Iayg&?reawqﬁ@d angthe g@id@facgjqoys1@y&1'cmmainhn€tthiergtoduct is held
befiier! 9981078 Thelbaf® ot Ryl is REUFRUELHRe Amgous

sodiddi bicarbmnate bndrdidweiraegn 15 and 40 C, the mixture is

b 0 d 10 C uenched by the
388 ’ﬁ‘j 8%%'&%%&”@7@%‘?@5’ ,freéhdoglﬁnﬂr@ﬂlo fal) and aqueous sodium

i | /R he, qui nine. . .
A OB o B 1, S el 7 s
aqueqrproduallayer is thens Istallyiadded avHileanairediniy tHe! mistirs!

i el s G A el W et
ek S U 1 e bl P <

for @aadsiitianal heunckhe layarsiaresePardted, ahdYies srguric phas? }/]vhich
e

ed and the acidic agueoys |ayer containing )
no E8ffehs fre W&FHCE'ﬁé’i’ | Wiadlivte @otasriumearBopRigaalusion
(120ayerof 6% WeWtdridl s&edtatdd. ThaWHEAHR phase is concentrated under
vacuum to approximately 120 mL of a concentrated product (V1) solution. A

sample of the free base (VI) is isolated from the concentrated product solution,
and dried. The selectivity of the free base (VI) before salt formation ranges from
84 to 87% ee. In a separate reaction vessel, N-a-t-Boc-L-Asparagine (13.2 g, 57.9
mmol, 0.9 molar equivalents) is suspended in a mixture of toluene (155 mL) and
methyl alcohol (8.7 mL). The slurry is heated to between 55 and 65°C. A portion
of the concentrated product (V1) solution (7 to 20%) is transferred over 30 minutes
to the warm N-a-t-Boc-L-Asparagine slurry. In a separate vessel, a slurry of a
previous sample of the product (VI N-a-t-Boc-L-Asparagine) (0.4 g, 0.5 mmol,
0.008 molar equivalents) in toluene (5 mL) is prepared, then transferred into the
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15

sodi um bi carbonate and di scarded. 15 In a separate

reacti on vessel, fresh toluene (240 nL) and aqueous
wa@oaiomishydr oxi de (108 nL of 25%wW v, or 65 nliPCI/USDBMG/031102

w'v) are conbined. The acidic aqueous product |ayer

Is then slowy added while pntaining the mxture

tenperature bet ween 0 and 30 After checking the pH

f k h H b 13,
ch% N &Hﬁcgr-ﬁ%npﬁéﬁuqrﬂ'?%%@@arnﬁbgmg%?m&r ;ﬁghelb‘gn}z;‘@%}/a?ted product
(VBBohsidnt (‘8@&6'9%*1{8 adHeq c&\@f%rﬁ’oﬁé ?? m@ g{ygiﬂild&anpg mlxpure while

organi ¢ phase now coftain
maiatainiag \M‘IQ terapeliaturechginten S5uand 85 Ben atiAng HHIH ﬁﬁﬁe Lthe product

erfe e S B it B et e kS elyisiog cabsonivatod
pr@dmwsrsbmroﬁdmb%kﬁ{reﬁé/hélfdfég fo Co@é@?ﬁpﬁﬁlonafﬁ

free base is 1solate

mlwf@aumens@qql@a! tmbe@Eean2D cance 5 °<1:rfer B8Rk $RUF VT e/ pﬂfddchm N-
It formati on ranges from

“'tt% |7$Se fgg'neé.?ss']é&é?%ff@y fiteadionandwashed with toluene (144 mL).
A g1 o B e ol 0

urvalents) 1s suspen na mx

99@; eantH NMRK}lDOeN’IIan@DCGﬁ  (5peh) 9586(1311 Wd)ysiss @eﬁlt §d7 52
bet ?b ortlon of the concent
ﬁ b ucVﬁFF)zf %P 1H6h {7 %FQM 115(1tH dnde?.6ddz)p6&1 (1 H,
bs)36.90 (WMKicBs 38, é?gr gifg‘“@gggﬁk?z)t 2881 H;;’ﬁc?a%a-gé%ew ole= 10.3

lurry.

HZ)sAn@ﬂ &l blf m)hé madldpm)wsomqm tt; Bectd.8ARDAB Y S, [?,q, A4
Hy 15 L g g?hgﬁolar equi val ents) in tol uene

h*{?) d;ﬂo 241 B2y dlod Frik Hze2 WA 7.6 Hz); 2.95 (1
H, 0644 8: 3 6, wa

(a2 Boaek At HaHee QR . S PRz le= 467 ) 236 2
H, @gnd8ht(2 4, dem@ad-dz ); 20071 (1 Hobs)t it @5 (89, i9; PIW(16H, m).

added over 2 hours to the crystalllzatlon m xt ure,

while rmaintaining the tenperature between 55 and 65

C, during which time the product crystallizes from

the m xture. Arinse of toluene (12nL) follows the

concentrated 5 product (VI) solution. The m xture is

held at 55 to 65 C for an additional 30 mnutes, then

cooled to between 20 and 25 C for one hour. The

product (VI N (x-t-Boc-L-Asparagine) is isolated by

filtration and washed with toluene (144 nlL). After

drying, typical yields are 75 to 82% and the

selectivities range from98.0 to



99.5% ee. 1H NWMR (400 MHz, CDCI3): S (
bs); 841 (1 H s); 7.52i0 (1 H t, J

2.8 Hz); 7.4
W@ 00031153 = 2.0 Hz); 7.11 (1 H t, J = 2.6 HQT/US2083031102
(1 H bs); 6.30 (1 H bs); 5,92 (1 H d, J =6.4 Hz);
4.86 (1 H dd, J, =55 Hz, J2 =10.3 Hz); 4.53 (1 H
m; 4.18 (1 H m; 3.80 (1 H't, J =13.8 Hz); 3.59 (1
H tt, J, =4.6 Hz, J2 = 13.8 Hz); 3.37 (2 H m;
3.24 (1 H, dt, J, = 4.2 Hz, J2 = 17.6 Hz); 2.95 (1 H
What@;dfalﬂr%(ﬁ Hz) 2.79 (5H m; 2.66 (1 H dd, J, =
Hz; J2 = 14.7 Hz); 2.36 (2 15 H m;-2.25 (2 H,

t : Jl.: 6 Am Enanti@sddactive ptocbss of br&Sart dnd
V0 20041 031153 Py CEDo0T S5 S Megndfepresented

(

byfgr@ﬁmél‘md 1. An enantiosel ective process of

5 preparing a conmpound represented by fornmula VI 5 Br

A NBr NNR OWV wherein R is Hor a protecting
group; which conprises can ng a conpound
represented by formfr H—dN Br  Vin an
i nert organi c sol vent w 5 east about an
equi val ent anount of each of i) a chiral amno
al cohol represented by the Ta X

wherein Ryis H or a protecting group;

which comprises contacting a compound represented by formula V

10

=N
Br
\)

in an inert organic solvent with at least about an equivalent amount of each of:
(i) a chiral amino alcohol represented by the formula XI
OH

H
N_R
CH,

15 Xl
wherein R is an aryl, akylaryl, alkoxylary, arylaryl, heteroarryl, or polycyclic
aryl group, or formula XII



10

15

20

OHH NCR CH3 15 XI wherein Ris an arYI, alk_ylarylilI
lary, arylaryl, heteroarryl, or polycyclic ar

\N@Lézggnesyfornﬁla &II WD 2004/ 031153 PCT/ US20PGI/0S028@31102

3 H HKNHO 2 iH NXI whereinin formula Xll, the

dotted line represents an opg%onal second bond and

wherein R2 is selected from &arkoxy, al koxyal kyoxy,

aryl oxy, arylal koxy, and s NRARB, wherein RA and RB

are independently al kyl or aryl, e is optionally

substituted by one or nore al koxy oups; (ii) a

conpound represented by formula X NRL ONX 10

wherein LG is a |eaving group § Hor a _

protecting group; and (iii) an arf et her or am ne

additive or mixtures theregf to Porma reaction

m xture; 15 then ' A eaction mxture at

| east an equi val U 'MYoih - nucl eophilic

strong base in an o ent and optionally

addi ng an

\ Xil

wherein in formula XlI, the dotted line represents an optional second bond and
wherein R? is selected from alkoxy, alkoxyalkyoxy, aryloxy, arylalkoxy, and
NR*R®, wherein R* and R® are independently alkyl or aryl, and R? is optionally
substituted by one or more alkoxy groups;

(if) a compound represented by formula X

L
N NR,
o
X

wherein LG is a leaving group and Ryis H or a protecting group. and

(iit) an organic ether or amine additive or mixtures thereof to form a reaction
mixture;

then adding to the reaction mixture at least an equivalent amount of a non-
nucleophilic strong base in an organic solvent and optionally adding an

equivalent amount of water or a C4 - C3 alcohol to produce the compound
represented by formula VI.
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30

equi val ent anmpbunt of water or a C, - C3 alcohol to

produce the conmpound represented by fornmula VI. 20 WD
wQem8333153 PCT/ US2003/ 031102 39 2. The pr ockECHUS$003/031102

claim1 wherein the non-nucl eophilic strong base is a

l'ithium base selected fromlithiumdiisopropyl am de,

[ithium N butyl - N-phenyl anfde, |ithium

bIS( i met hyl si .y amde and |ithium N-ethyl,

phenill_ll' © o &és s°f "Fhe1 M}'t%%'ﬁs”‘@f n@nzﬂuﬁlepmiéx strnng Hease is a

TR seebBRGE )M Whiaf blidotfiobdt ARjad! il P Bl 3 pheny!

al kyl am ne, an aryl am ne or

a'@\'% dighjuiar bl@(taﬁnﬁthylmlrybamlde tdmi lishigiem Ncethyhmx pﬁénﬂl’grﬁlge
additive is 2- isopropylam ne,
t etranet hyl et hyl enedi am ne (" TMEDA") or

N- | e
3. ethbié Emdad:és&eof dkind 4 \HHSI@M th@"oﬁq%l-ﬁé’ eftier & %ﬁer > gdditive is an

enyl, 1-or 2-naphthyl amne
aﬂrweetb%@@s@ kylamineyian arylamineiar mixtures ttedreof. i s
conducted under an inert atnosphere. 15 6. The
process of claim1 wherein water is added to the

4.r eacTh@lprmes‘stfeclamﬂWhétéW {15 _
anmi no_ al cohol mound X 1 he %jﬂ?@%e d%le?ﬁﬂ% %dl&lve is 2

iS?WQpM@m'HQCItétiﬁmelthﬂetbvle@ﬁglamse (‘TMBBA”prayc dsethyfaniline, N-

s a about 0.5 to
PR I -be My Eming bf RSB i EhePREnY Sadts ok iives thereof
conprising about 0.7 to about 1.2 20 equival ents of
5 ac of conpound V, about 1.0 to about 2.5 equivalents
5.of tH'ée PFRGEsS QiRlaig 4| whersin theorgantiod X, comductediufdeéran inert

at@dRphe. 0 equivalents of the organic additive, and
about 0.9 to about 1.1 equivalents of the
non- nucleophlllc strong base. 25 8. The process of
cI ai-m 7 _whi ¢ }urther conpri ses addi ng about 1.8 to
aboJIne Qm&eﬁ%l& tleBn d| whergin wetaitis ageled fie the reaction mixture

coﬁﬂﬂrsﬂ#@b&ﬂ%bhdj v, #d Eﬂ%l%ﬁﬁglalé&%@qmgﬁgﬁ X( ﬁ’?eeor anic

g portions, to the resu
add wmeanwhe hen- mmmamummtmng taézsee The process of
7 cl al.lm 1 V\/nerel the ch hr ﬁl am no al cohol is quinine or

. he process o claim 1 which further comprises adding about 0.5 to about
1.2 equivalents of water the reaction mixture comprising about 0.7 to about 1.2
equivalents of each of compound V, about 1.0 to about 2.5 equivalents of the
chiral amino alcohol, compound X, about 1.0 to about 3.0 equivalents of the
organic additive, and about 0.9 to about 1.1 equivalents of the non-nucleophilic

strong base.

8. The process of claim 7 which further comprises adding about 1.'8 to about
2.4 additional equivalents of the non-nucleophilic strong base , in two
approximately equal portions, to the resulting reaction mixture formed by the
adding water.

9.  The process of claim 1 wherein the chiral amino alcohol is quinine or a

quinine derivative of formula XII.
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WO eootlogriszonpri ses treating the conmpound of

qui nine derivative of fornula XII. WO 2004/031153

PCT/ US2003/ 031102 40 10. The process of claim 1 which
f PCUB 2003031102

wherein Rl'is a protecting group with sufficient
aqueous acid to produce a \r/\ﬁ ction m xture conprising

t he conpound of fornula VI rein RLis H and
| east about an

ddi to the reaction m xture at \
1@qui% Bifcess of dlajm iuW@Céﬁ@ﬁh@rccqapaswtreating 4lne @oimpound of
foralild g i t j ti the acid addition _
ZEA N R AT A rolstihd' oiddp) WtncSiiBht duzera acid o
Peatiiicei aoreacdibn mikture sofriprisirenthedesiApbund af fHHUEAV] Wherein R, is
Hforr&wth@ cotnp und of formula VI wherein R is H 11.

TR, pAdRg Soohe Teactpn gnivieertnleast abaut ah equjualient of a chiral

; q:b é(ﬁd 3o Lo a r agi ne, .
0 i _np_ asi E%yl_ﬂ @thaglrctlc?-argldgfﬁg@i% ’kﬁ?%‘%d l_sblﬂq%{éaﬁegacm? addition salt
anrchhmsheontacting the resulting isolated acid addition sait with sufficient base in

- () -2-hydroxy-3, 3-di et hy| butyri c acid,
a@@é@ﬂﬁmﬁgﬁéﬁﬁ%ﬂ% ‘Pfgfgﬂpukalvh)’h?w}n Raiphlani ¢ aci d.
12. The process of claim1 wherein the chiral am no
al cohol is quinine. 15 13. The process of claim1l.

1 Wermmp;meg@:@po@m 1, wh@'e'itstme%’:‘slyikaitr?egarﬂﬁ Gefisi N—a*—(‘t?rt-
14 A t ti
BB Mespatating ) ik Tertano i, G- (er-mHoxy:
Byrielliony ! ] G : d
carbownyl) pqmannels,Ks)g-é)zBerC}Fﬁylﬁt%a@mﬁ&&mbda&ﬁ,pﬁ?éc%%ﬁ_-

by fornmula I
phenylalanine or (1R)-(+)-camphanic acid.

12. The process of claim 1 wherein the chiral amino alcohol is quinine.

13. The process of claim 1 wherein in compound X, LG is mesylate, and Ry is t-

butoxycarbonyl.

14. A process for the preparation of a compound represented by formula V

N
Br

\'

which comprises (1) contacting a compound represented by formula lIA

Br\(\\%—m

=N

J NO,
A
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WD 2004/ 031153 PCT/ US2003/ 031102 41 with at | east

about an equi val ent anount of phosphorous acid in the
w@e@smesass of catal ytic amount of an al kali i oPCTHES®N3/031102

i odi ne and hydrobromc acid in water to forma

reaction m xture, and then a% ing to the reaction

m xture at |east about an equival ent of

%pqciﬁhosp or?us acid to forma conmpound represented by

Wit Fhipast apqui gr equivalent-ameupt of phaspiereas acishinadbeiprgsence of

e | ad. Lepres d farmula.l 1A .
ChEioTMbLN B S ARHR Todigl cFIBHE: el nhicRipRic skichin water to
farm ameagtiossminterepindrthen gdding tecthd réastioh mix@URY at least about an
egb.ka ok I, for,m a con&aoun_d represented by for mﬁa ' VA

Veent PhSisPhofous acid 4o fame agioneaisidotepsessnted by formula
i ch further conprises the step of contracting the
conmpound represented by fornula VA with at |east
about equival ent anount of hypophosphorous acid and
the presence of sodiumnitrite in a aqueous acidic 20
mediumto formthe conpound represented by fornula V
Br - )/ - - NBr V W 2004

conmpound of 1A and a
JI B:

(2) contacting the resulting compound represented by formula IlIA with at least
about an equivalent amount of bromine in the presence of an organic acid and a

lower alkanol to form a compound represented by formula IVA

Br /\ cl

Sy

N
NH
Br 2

IVA

15.  The process of claim 14 which further comprises the step of contracting the
compound represented by formula IVA with at least about equivalent amount of
hypophosphorous acid and the presence of sodium nitrite in a aqueous acidic

medium to form the compound represented by formula V

Br /\ cl

N
Br



N2 Br / 1\ G ~NO IIB 5 is present in the
contacting step (1) and a conpound represented by
wooroasasivVB NH2 Br / 1\ C ~NH Br |VB i sP@i/B82003/031102
formed in step (2) 10 17. A process for the
preparation of a conpound rep %esent ed by formula I Br
ad ~NBr O N~NI-12 ~ 15 whrth conprises contacting a
1éonplq_u@gd regre ented by the formula VI WO 2004/ 031153
CT) RBIOEES 1 68Im 4 Wherein aymigurera epmppudoFIIA and 2

compound represented by formula IIB:

73 cl

is present in the contacting step (1) and a compound represented by formula IVB

NH,
Br—7 \ cl

Sy

N H

Br

IVB is also formed in step (2)

10

17. A process for the preparation of a compound represented by formula |

15

which comprises contacting a compound represented by the formula VI



VI with an effective anpbunt of sodi um cyanate (NaOCN)
, and an effective anount of sodi um carbonate

W@ bim208353 i n a water m sci bl e organic sol vent PCT/US2003/031102
conprising an 5 effective amount of water to formthe
conmpound represented by the formula I. 18. The process
of claim 17 which further coﬂgrises contacting the
compound represented by the fornula I produced in
claim17 with a sol vent myture onpri si ng o
t et rahydr of uran, et hyl A @t er for a tine
sufficient to io produc und represented by
the formula I, in a substanti chemcally form Br
Cl ~NBr O NN~ NH2 19. [A p ess of preparing
compounds represented by forgul as | VA ,and |1 VB NH2 Br

f 1C Br O NBr NN Brj IVXI 15 which
conpri ses contacting conpo resented by fornul as
1A and JI B WD 2004/ 031153 PCT(QUS 003/ 031102 44 N2

Br / 11 \C Br/ A NNX~-N~Op IIAJB

with an effective amount of sodium cyanate (NaOCN) , and an effective amount
of sodium carbonate (Na>COs) in a water miscible organic solvent comprising an

5  effective amount of water to form the compound represented by the formula I.

18. The process of claim 17 which further comprises contacting the compound
represented by the formula | produced in claim 17 with a solvent mixture
comprising tetrahydrofuran, ethyl acetate and water for a time sufficient to

10  produce the compound represented by the formula I, in a substantially chemically
form.

19. A process of preparing compounds represented by formulas IVA and IVB

NH,
Br\(\\%m Br\@—m
’ Br ™ Br NH2
IVA VB

15 which comprises contacting compounds represented by formulas IIA and IIB
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5 wth at | east about an equival ent anount of
phosphorous acid in the presence of at |east a .

W@ a10al0ytisx anmount of sodi um i odi de, hydr obr oni BCHUBZI03/031102
in water to forma reaction mxture and adding to the
so-forned reaction m xture aé | east about an
equi val ent anount of hypopho ﬁhorous acid, and
continuing the contacting for a time sufficient to

forma reaction mre conpri sing the_conpd@Pads

repr esent egrig
contacting the
| east about an &ui
of an organic acid @nd a I"6wer al kanolOto form a
conmpound r epresent e@ﬁby formula forma m xture
conpri sing the conpdtnds represented bylBornul as 1 VA
and |1VB. 15

with at least about an equivalent amount of phosphorous acid in the presence of
at least a catalytic amount of sodium iodide, hydrobromic acid, in water to form a
reaction mixture and adding to the so-formed reaction mixture at least about an
equivalent amount of hypophosphorous acid, and continuing the contacting for a
time sufficient to form a reaction mixture comprising the compounds represented
by formulas HIA and HlIB ,and contacting the resulting reaction mixture with at
least about an equivalent of bromine in the presence of an organic acid and a
lower alkanol to form a compound represented by formula form a mixture

comprising the compounds represented by formulas IVA and IVB.



