, €3e#N>#667d9: =6=TN>. ~ 1 1 FEB ~tuu3 WO 001 31064 - ~~~~~~~~~~ 11 FEB 20us
PCTI WS99/ 26009 '" 166166* ENANT10SELECT1VE ALKYLATI ON OF TRLCYCLIC
COVPOUNDS BACKGROUND OF THE | NVENTI ON 10 Thi's i nvention provi des a process
for preparing intygsppsiogd es useful in the pr eparlmwmwmumucycl i BCT/US99/26000
conmpounds known as inhibitors of farnesyl protei
particular, the conpounds prepared by the process ofyg s i nvention are
useful as chiBal intermediates in the preparation of chiral compounds that
are FPT inhibitors 15 such as those disclosed in PCT Publication No.
WD97/ 23478, published July 3, 1997. Over the last few decades a nunber of
enanti osel ective capRANPOSIINECIIVE QL RVIATRIS GPTRICY(E eeOMPOtINDS
that fall into two Grstrnct groups - those that involve al kylations of a
coval ently bonded chiral precursor and those that use a non covalently
bonded chiral auxiliary. Exarrpl s \fﬂ‘ 's 20
oxazol i di none system Meyer's oRZGHH v : : MP/ SAMP
systems. (Seeg¢Evans, D. A, et al., Encyclopedla of Reagents for Organic
Synthesis; Wley: Chichester, 1995, Vol. 1, p. 345; Gnt, T. G; Myers,
A |. Tetrahedron 1994 Tlﬁﬁxnvmﬁiﬁprande@plwpss,s f@preparmg mtbrmd::hgss wweful i B85,
1127.) Exanples of the.]|at inclu I ation bilized anio
ket ones, im nes, piﬁ?%?)“oél fgn@}é ’F&%‘&P%ﬁa %f;’@%kﬂh %’rWé{a Wﬁyl(?é?tﬁ‘aﬁ@f‘%éméﬁd
O-al kyl carbanat e, ptaﬁfé'iﬂa@rtﬁe é&rﬁi%dﬂd@ ﬁéépux%urbg tr?@ﬁhe&yakm wexh%dﬁéiu&mra@'
al kal oi d bases or chiral 1ithiumbases. (Seé, e.g., Hughes, D
J. Og. Chem 198:?ura5mterm3d15tcs irSthe prep@ration O&bhlraT eomahmdisahatﬁgﬁ?PT Bm;buﬁml

Solh Toso 9 1hBhas BoRNindpredinfly Pbiaugn NG W Panbas s, ribusned Gy 3"

Véi senburger, G A eto%? tl@é Last%w'?!&a&?ﬁ'ﬂhn@@tcof e?a?t%ﬁ)seﬂeéi%e c]a?t?ola%arbon bond
Gal | agher, D. J. et al, J. 6, 18, 11391; and Hoppe,

et al, Pure & Appﬂormmlgemctlm%kaqve@@m mmpe& Itim&lhemwoahsum grogps thase that >

that the anion that s geperated and alk as an adj

carbonyl - type staf ?lvﬁf‘%ﬁﬂ PBU %‘ffé’ﬁleﬁbyéo'%%ﬁt‘fhga Hr?ﬁ“ﬁSé“SPgﬁg?a? HabysE 3 nPRar o
have been few exagvhRatiPbormied QArSlHURDRAYY. E 4RI TR frRbY inck:ae B oN.

Gawl ey reported 35 that an a-ami noorganolithiumanion generated from a

chiral stannaife pregelidiomesystoonMeyer aoxasaling systeruandEndsrd RAVREAGNP systems.

alkylation with p kyl f ]
enanti osel ectivit egﬁ(%%sr t)alxrf cgseéncif%@e'ﬁ Cf;g%g%ﬁ'g%{so&%}a L’S E)\%oy
WO 00/ 31064 1 1 FERCcREGS, @9BW6U$§§;QBZGQGQM5TSGQTMI@I&Q IArIecwrakEdrdsmmeﬁo
resol ved detracts from this proce ure See

Chern. 7 685, 60 2397emd Endsyar, el Licbissclpor 1909, 1 1) Exmpbles o s inclide
car boxyl ation of lepﬁaﬁ&{s%sﬂgﬂfzgﬁeaﬁbﬂ% be l&%??e?rlﬁ{]x(els arﬁ%ra]ng &?lvgc?gm&)ﬁ ses,

proceeds in @B0% enanti oneri C e€xcess ow yi e significant
amounts of r e%ct |Nrallqu chrbematres amd Oecalkyiclachamaves sha lascstaliib zedusithg noBeevalembki |

H.: Aratani, : ori etr hedr 1971, 27, 905.)
Wite et al. repot?‘{“(ga gﬁ‘?é"t-{ M%‘}BI%FSHC}BF“]Q t%ﬁﬁelsp %Fﬁe)’f{“g%e%i i‘téf e
conpl ex proceeds o%%ﬁhémeww @Q‘hﬁ%%%t&kﬂet&ls?ﬁrﬁégﬁo?ﬁ'igﬁv‘f)dﬁﬂd{ K§§§|14 on,
B. W; Tw ss, . Dal ton Trans.

1990, 1161.) Hoppéwet& dpl. lCépmrlw ﬁﬁ,alt48§c’!]d>mtqkori<cﬁt aé.rChendé’ham lblﬂsﬂ%ﬂﬂ 37,

A1 15 Angow Cnoi20 FLDomE, B Joef&h deehedion’ 3904 5. (07 SRS RIRRY G v e

a process for3g heaR DAt ORe. a6k 19962} K3y 122 19 Gallhgher, D. J. et al, J. Am. Chem. Soc.
nonket one/ am dc/ car bamat e/ i m ne benz | type nethyl ene corrpounds utilizing a

chiral ami no al coh$l6, 458,d 1391 ;rand Hnge,rla etthétPureané Ckﬁm}llgﬂﬁe“eﬂ%hd"hmegh

é: :‘LSS gfe dl gtg\r/g?df'fg&?osns %?eesfxrl#llalf A&l hE gr{ll)xq gw} 1 geanla{egland Iﬂ(y'lat@d kplstag raﬁj acent

carbonyl-type stabilizing group such as a ketone, imine or hydrazone. There have

been few examples of a non-carbonyl type group stabilized anion. Gawley reported
35 that an a-aminoorganolithium anion generated from a chiral stannane precursor is

configurationally stable, and although alkylation with primary alky! halides affords

products with excellent enantioselectivity in certain cases, the fact that the chiral
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SUMVARY OF THE | NVENTI ON This invention provides a process for preparing a
corrpound of the formula: v2 X3 ~4 (1) R 25 wherein X, X2, X3, X, anhtlFR$2U0N
are i ndependently selected fromthe group consisting of H, hal o, al kyl ,

al koxy, aryl, and aryloxy, and Ris a protecting group, said process

conpri sing: woamBieteg a conpound havi ng te formula 1 1 FEBpER0809¥¥6009

00/ 31064 3 PCT/ US99/26009 X2 X 1 \ ~ ~ X3 ~ X4 X5 (1) S10 wherein X, XZ

X, X, an XS are as defi ned bovgl ? [.| owi ng, i&%% s]eg ence:
(a) a non2nuclBBTIFATFEIOr PYIEOHEES Ve‘% tragts 1S BEOCHETS aw (c) a
conpound havigg, L:he. bpg; BHeh. 1998) &ohﬂdél)anydﬁeﬁazlr% DA Qwr?atf%ﬂdanﬁi IS as

defined above.” Al'so clainmed herein'is a process ?dpreparl ng a conpound
_ha\él ng Ei he }‘@ﬂﬁbﬂk:dau@ld N?heanlpﬁ)of lhelﬁhylﬁbmnﬂ(XSparbe;mc O(Bﬂpllwi pmldidﬁlﬁh arlek

i ndependent | y ecte romthe consi St of. H halo, alkyl, a oxy,
aryl, and aryt g)@““a Hemesiq %"Cﬁssp(F%t)é’E' Yy 3@?% g GmaBts A FEActien ng: ‘
(a) reacting 83 t%mxméﬂgnmg n\gast{]f‘o 1R (SRl Nozalgl ;A s, A0 0Pord3, 99/ 31064

PCT/ US99/ 260
10 Noyori, R. Tetrahedron 1971, 27,905.) White et al. reported that methylation of a 2-

methylpyridine/(-)-sparteine complex proceeds in 20% e.e. and 64% yield. (See
Papasergio, R. L.; Skelton, B. W.; Twiss, P.; White, A. H.; Raston, C. L. J. Chem. Soc.
Dalton Trans. 1990, 1161.) Hoppe et al. reported that acylation of an indenine system
(allylic anion) proceeded in >95% ee with 52-79% yields. (See Hoppe, 1. et al,

15  Angew. Chem. Int. Ed. Engl. 1995, 34, 2158.)

We have now discovered a process for the enantioselective alkylation of non-

ketone/amidc/carbamate/imine benzyl type methylene compounds utilizing a chiral
amino alcohol as a chiral ligand that results in high e.e. and high yield of

intermediates useful for preparing the chiral FPT inhibitors discussed above.

SUMMARY OF THE INVENTION

This invention provides a process for preparing a compound of the formula:

M

25
wherein X', X2, X?, X4, and X° are independently selected from the group consisting
of H, halo, alkyl, alkoxy, aryl, and aryloxy, and R is a protecting group, said process
comprising:

treating a compound having the formula



XS (Ill) 5 wherein X', Xz, X, X4, and XS are as defined above, mﬁtg aﬁ
hon- nucleophrlrc strong base in the presente of a chiral amno alc HOE&Z%S
forma conpl ex; and (b) reacting the conplex forned in step (a) with a
conpound havi §41§6,10 fornula ""J d c~~ wherein L is a Ieavrn r@yﬁw&pd R
is as defined above. DETAI LED DESCRI PTI ON 15 As used herein,
"al kyl " nmeans strai ght or branched hydrocarbon chain groups havrng l1to6
carbon atons. "Hal o" neans fluorine, chlorine, ggonine or iodine radicals.
"Al koxy" refers to groups having the , wherein Ris alkyl. 20
"AryI" refers to a carbocycl | a3 one aromatic ring.
Aryloxy refers to a group havl i
"e.e." represents the percentage A .btractlng the amount of the
S enantionmer fromthe R-enantiomerN and di vi[di ny Yy the sum of the anount
of R enantioner and S-enantionmer 25 e.e. % 3,100 (R-enantioner -
S-enantionger)/ (R-enantioner + S—enantroneer The fol(ldwi ng abbrevi ati ons
are used herein: "Boc" refers to tert-butoxy carbonyl; "LDA" refers to
l'ithiumdiisopropylam de; "THF" refers to tetrahydrofuran and "Ph" refers

to a phenyl JFEB 2 [LUS99/ 26009 5 The
conpounds pr 3{5@‘?’8‘8 }i)y;(t ??é gr atﬁ a§ Cg 8\/‘5‘%@%3% ‘18 g)sany

i nt er medi at essehencer epari ng chiral corrpounds that are FPT inhibitors, such
as those disclosed in PCT Publication No. W97/ 23478, published July 3,
1997. Such conpoud@kanwynwéﬂﬂmdpa¥EMgb9ﬁﬁeprotect|ng t he conpound of

formula (| i Wi n ropbytreatrrent with acid (e.g.,
HVSO, ) to] ormth 5?8 “%tr#ﬂ%oa8$’°? gptronally reacting the free am ne

with a suitable aciya 6@nﬁoundwm@ﬁ1§tﬂ{d foprny! al anine) to forma stable salt,
and acylating the free base or the salt with the desired acyl group to form
the desired FPT inhibitor. The conpound§ prepared by the process of the
present invention are particularly usef for preparing the foll ow ng
conpound: NH2 1S Preferably, X, X - a, and XS are selected fromH or
hal o. More preferably, X and X4 are X, X and XS are halo. Halo is
nost preferably O or Br. Most prefer X isBr, Xzis H X is d, X4
is H and XS is Br. Non-limting exanpl of | eaving groups, L, include

sul fonates (e.g., 20 V)

wherein L is a leaving group and R is as defined above.

Also claimed herein is a process for preparing a compound having the formula

ty

15
wherein X', X?, X?, X*, and X® are independently selected from the group consisting

of H, halo, alkyl, alkoxy, aryl, and aryloxy, and R is a protecting group, said process
comprising:

(a) reacting a compound having the formula



mesyl ate, tosylate, closylate (para-chloro tosylate), and brosylate
{para-brono tosylate)), phosphates (e.g., alkyl phosphates, such ak|dERIHY!I
phosphat e), benzoates, and halo. Preferably, the |eaving group, L, is a

sul fonate, nore pref erably, mesyl ate or tpsylate. The protecting group nay
be any groupWQL?PEH’ét‘e for protecting the hitrogen 25 atom of PGEUBIYRPIMI ne
ring. Non-limting exanples of protecting groups include sulfonates, and
acyl groups, e.g., tert-butoxycarbonyl (BOC), NBgc -C CH2 -C O CH2CH3
-COCH2 11FFB2003 5 10 WD 00/-3 X?:Ha CNHCCHs -CH/ O
-CH6 O-C -C PCT/US99126009x! C 3 R 003 N | GO CH2CH3

-G C(CHs)s -CCH2 , O_ NCOTJ 20p NI~ ONCH ~ |
Il -CGCCH2 ~ -CCH2 NNCH -C CH2 OONCHII NCGCH O
-GCCH2 ~ -G CH2 , and

5 X? an

wherein X', X?, X?, X*, and X® are as defined above, with a non-nucleophilic strong
base in the presence of a chiral amino alcohol to form a complex; and
(b) reacting the complex formed in step (a) with a compound having the

10 formula

N
L w

wherein L is a leaving group and R is as defined above.

DETAILED DESCRIPTION
15
As used herein, the term “alky]l” means straight or branched hydrocarbon
chain groups having 1 to 6 carbon atoms.
““Halo” means fluorine, chlorine, bromine or iodine radicals.
*“ Alkoxy” refers to groups having the formula -OR, wherein R is alkyl.
20 “ Ary!” refers to a carbocyclic group having at least one aromatic ring.
“ Aryloxy” refers to a group having the formula -OR, wherein R is aryl.
‘“‘e.e.” represents the percentage obtained by subtracting the amount of the S-
enantiomer from the R-enantiomer, and dividing by the sum of the amount of R-
enantiomer and S-enantiomer :
25 e.e. % =100 x (R-enantiomer — S-enantiomer)/ (R-enantiomer + S-enantiomer).
The following abbreviations are used herein: “Boc” refers to tert-butoxy
carbonyl; “LDA” refers to lithium diisopropylamide; “ THF” refers to

tetrahydrofuran; and “Ph” refers to a phenyl group.



ONCGCCCH3)s -CCHz 1 1 FEQ 2003 5 WD 00/ 31 064 Preferably, the
protecting group is an acyl group, nore preferably, tert butoxycar tJoH/’{-B 24103
PCT/ US99/ 26009 Exanpl es of suitabl e non-nucl eophilic strong bases include,

but are not olobSlokgd to, lithiumdiisopsopylande (LDA), Iithi

2,2, 6,6 tetrégrretm pi peridine, 1lithium 4-methyl pi per azi de, 1,"2—{@39?’8??#’%
pi perazide, lithiumbis(trincthylsilyl) am de, sodium

bi s(tri methyl si | yl)"la‘ﬂmmoupds prspirethbp the(nrpéase disglosdd aploy eatediseful sopr opy |

hi d i hl | i d
ot assi um ¢ or PAgEY AR BT erAr B Ay CommethbniFaL s BB IR P PR et s
LDA. Non- IImangagseammfr%b%aﬁdwN@IW@wmm %BR&h’%d'Jﬁl‘degQ'ﬂUSﬁEhne and
quinine 15 20 R2 (1V) derivatives, 1,2- and 1, 3- ami noal cohol deri vati ves,

and qui nol i necahpahds mdg bt peepared by del@rcmtlagltlye ccmnmuodmfﬁimmh (@pia)cohol is

i ne T opr eserieTHTedht Rosfatb CLrtaheoNt B (oo Fef oo Tordt BEFSEABIIG P

al koxy, afy| oxptionally NREcHR th%%é%mﬁhe%@adm%l@ﬁ&d@genta%étyi rom al kyl or
aryl, R~ being optionally substituted by one or nore al koxy groups, or

wherein RZ i splmnphlmWe) ¢ oo acytabilosedt, hyd sumatingtthe frde base or the ﬂltsvuﬁlsthﬁt uent s
i havi ng the.f dent | | ect th
U onp conerst TSP efp ta o e et FPT RipigiogP EROSihpahund€ prepasd vl Rl e

process of the present invention are particularly useful for preparing the following

compound:

Br Cl

Br

Oj\_o/imz .

Preferably, X', X?, X?, X%, and X° are selected from H or halo. More

15

preferably, X* and X* are H, and X', X® and X’ are halo. Halo is most preferably Cl or
Br. Most preferably, X' is Br, X? is H, X* is Cl, X* is H, and X’ is Br.
Non-limiting examples of leaving groups, L, include sulfonates (e.g.,

20 mesylate, tosylate, closylate (para-chloro tosylate), and brosylate (para-bromo
tosylate)), phosphates (e.g., alkyl phosphates, such as diethyl phosphate), benzoates,
and halo. Preferably, the leaving group, L, is a sulfonate, more preferably, mesylate
or tosylate.

The protecting group may be any group suitable for protecting the nitrogen

25  atom of the piperidine ring. Non-limiting examples of protecting groups include

sulfonates, and acyl groups, €.g., tert-butoxycarbonyl (BOC),

C") _OBOC (l? (")

b4 L]



5 The chiral am no al cohol of forrmula (I11), above, is quinine, or a

qui nine derivative. Non-limiting exanples of chiral anino al cohol s1dfFEB 2003
formula (111) include Quinine Hydroquinine (-)-Ci nchonidine and Preferably,
R informula (111) is al koxy. The chiral. am no al cohol of forrmula 10 (I111)
is nost pref¥OaHBLIP6&e| ect ed from qui ni ne,” hydroqui ni ne, ' and®QDASIPAE009s
especially preferred. 1 1 FED 2003 WO 00/ 31064 9 PCT/ US99/ 26009
5 The chiral am no @qacohol of formula (IV) is a derivative of norephedrine.
Preferably, R%i s phenyl substituted with 1-3 al koxy substituents.
Preferably, t ay(&@fvasubstituen?s are_net hoxy or ethaxy, w th methoxy

bei ng particum@mepy preferred. No_r_1|li g exanml 0 ral am no ’
al cohol s of for Ia(IV)incIude:C OCH3 S Hi ~OHN " / N
\ OCH3 \ CH3 ~ Ug—lg OCH3:COH N/ OCH3and \ ,CH3 10 The chiral am no al cohol
of forrrulsa (HE~71 CHpst preferably It is believed that the process clained -
herein proceeds according to the foll ow ng nechanism The base accepts a
proton fromthe tricyclic conmpoun 15 formula (11), form ng an anion:

0
~CH _C‘—Q —C—CH;

T
0 0 0 N—C—0O—CH,CH,
i i I
—CH —C—C(CHa)s —C—CH, |
CH,
o)
ﬁ o B | _ CHa
(I? N-C-—O—-CHZ—@ I _O‘l C—N
__C__CH2 —C CH2 /L X
’ H3C CH3

i
_C—CHz —C_CHZ >

10

—C—CH, © . —C—CH, @ ,
') @]
I 0 I
—C—CH, , —C—CH; , and

0]

i
ﬁ N—C—C(CHa)s
—C—CHZ



1 1 FEB 2003 WO 00/31064 10 PCT/ US99/ 26009 X' X1 \ ~ X3 Xa Xs The ri%gzl'bc
ani on subsequently forns a conplex with the chiral am no al cohol c} ttyel 003
base. The tricyclic anion of the conplex reacts with the piperidine
conmpound of f V), displacing the Ieaving group L, ther form

t he desired gg(?rpﬁ%}t@%l“( 10 of fornmula (1}. The process of our inggﬁpﬁgg#gpggg
preferably earned out in an organic solvent. Suitable organic sol vents,

i ncl ude, bBut Rieferabbt, thed proteetihg gronp rs-auraoyl group, gieore prefahbigntes; e. g., tol uene,
benzene, cycl ohexane, tetrahydrofuran, anisole, chlorobenzene, and m xtures

thereof. Toluene is a partigularl MHogr red solvent. 15 The process is
preferably carried out at g tenpgratufe range of from-20 Cto +60 C, nore
preferably, at a tenperaturfer from-10 Cto +40 C, nost preferably,

at a tenper atbutéxycabgsyl of from® Cto +25 C. The anmount of non-nucl eophilic
strong base used preferably ranges from3.0 to 5.0 equival ents, nore
preferably 3.0 to Exampiagifveitablg ron-nysdsoppilie sepagbasesingluds, tit grompt

equi val ents. : . e ] L : anges
From 1.0 to 2Bt st pidonfost e aBALRuRYEL 2k oG5B Fpfiiidt, 7007
preferably 1.10hiuem 4-nitisdpipstazidetiss-diliieumrpipsrizidd, lithiembigiaimethyigilgipnpound of
formul a (1\/) used preferably ranges 25 from 1.0 to 2.0 equivalents, nore
pref er abll{ 1. amide sedigmdys(trumetbyisdylarpide. notassispap(rimetyylsgyhamidg pserrap¥nt s.
As not ed abov (R | i e ith the non
nucl eophi lic rg% "tgﬁg"‘b“g‘g@&t %}gengml?gl?éaglr#no a| (’:ghoi , dge;?h)%@%& %zadrN: di ne
conpound of fpatassium rex)butoxidelyPrefetshly, thenadnudichegpphilictstroggbask is hBe r eagent s.

30 The process of oqur_invention, is pyreferabl arrjed out, such that at
least one of the (NURIFRIMECKAMPIFSORENFR) ATHRR: 1%@1?&% include AighY adauning,
chiral : am no A, 1 O Ri i i : : QLIS 1N
the. presence G aate: 181 ark 63 BRI hORIDARR bSOl cfindl deriDifves'

pr ef er abll, wat er .Préfeeabdyyvhen¢himl amatoeaicobpl i€a comPdund

(i) having the formula

dm

wherein the dotted line represents an optional second bond and wherein R' is selected
20  from alkoxy, aryloxy, or NR*R®, wherein R" and R® are selected from alkyl or aryl,
R' being optionally substituted by one or more alkoxy groups, or

(i) having the formula

OH l|+
Y N\/R2
CHs av)

wherein R? is a phenyl group optionally substituted by 1 to 5 substituents
25  independently selected from the group consisting of alkyl and alkoxy.



1l 1 F E B 2003 WO 001 31064 11 PCT/ US99126009 S al cohol used preferab ﬁ F 82%3
ranges fromO0.1 to 3.0 equivalents, nore preferably 0.8 to 1.2 equival rF[
nost preferably 0.9 to 1.1 equivalents. The water or C, - C3 al cohol may be
added to the tricyclic starting conpound prior to, or sinultaneously wth,
the addition of the base, the chiral am no al cohol, or the piperidine
conpound, or it nmay be added after any og all of these conpounds are

brought into contact with the 10 tricyclic starting conpound. In a
particularly preferred enbodinent: (a) 1.2 to 1.4 eq. of the

non- nucl ebphi | i ¢ Fhe cinepl base alq:nrhai efbhhylae(ﬁt)uabcit/csisemininam aa;ddmmh to a

sol ution contai.nin he ¢ f for.mul 1. 1

eq. of the cOfp %‘Hg H%nﬂr‘mlﬁwax %ﬁg’fr@ragﬂp?agﬁé‘&lﬁ ff"["%éf‘ I, g |) .2
to 1.4 eq. of the chiral apa noHaIcohoI preferably about 1.3 eq., while
rralntalnlngtheterrperaturet 10 Cto 30 C, “preferably 15 Cto 2% (b)
the mxture fromstep (a) ooled to 0 Cto C, preferably O to 5 ,

C, and 0.8 to 1.2 eq. qf f pr ef er abl
additional 0.9 to 1. fogd#0 he non- nucl

about 1.0 eqg. are added['®s the mi xt ure Tasy tep (b) whil eHagiNtai nYng the

s

t enper at ure at Hgcd . C prefera?}ly 0 gto 8C, and (d) the tdnperature
of the mxture fro (c) is rH& N ™M Cto 25 18 € ghan

additional 1.1 to N&ea¢f of the non-k egphi lic strong , Jpreferably
about 1.2 eq. are added while maintaini ng he tenperature™at '1/4 Cto 18 C

The process of our ion is econom.Gal cause the c ar.ni na

al cohol can be recovergﬂkand recycl edra)g‘?oq?u'??her use. {] é%ﬁ}?ﬂfjg after

the reaction is judged to be conplete by HPLC the reactl on m xture can be
quenched by adding 30 water, and stirred at a tenperature of 0 Cto gCto

precipitate the chiral 5‘ al cohol , which _eq i

The tricyclic starting cdnpound of our proce
a corresponding tric cI' 8y one as depi ct ed

xa 0 Xs Xs ’ @ 001 31064 13 PQ 99/ 26009 5 The, T#dtiCti/on of
the tricyclic be carri Yods wel | knowny-ayt he art.
Preferably, tfge redugdti'on is carrigd out |[ByHtreating th {cyglic ketone

with Zn and 2 eqy Bnts of trifl @QQuoegeenc acid in a”2:
t et rahydr of ur an AC , anhydride e jricyckic ketonessaye prepared
according to nethods known in the 10 8 e.g., the nmethods described in
PCT Publication Nos. W97/23478, publlshed July 3, 1997, W96/ 31478,
publ i shed Cctober 10, 1996, W96/ 3 7 publ i shed Cbtober 3, 1996, and
W95/ 10516, published April 20, 1995f |Alternatively, the tricyclic ketone
may be prepared according to the f oW, ng schene: 11FFB?2003 X2 x N
O1 H3CGN xs 5_ Gign reaggg?

and

Preferably, R' in formula (I1I) is alkoxy. The chiral amino alcohol of formula

10 (III) is most preferably selected from quinine, hydroquinine,

A\ y
H N
HO o H N
H A\’ HO, -

\ b

_ and A
N .

N

Quinine is especially preferred.



10 WD 001 31064 13 x'° ~ CH3 NHZ YII.N I~/ | Br + palladium catal yst1:er:B 2003
strong base COxZ x' ~~~x" 1 N)~x, Oxs x, CH3 NNO NH 2 ~I -
PCT/ US99126009 Xz 3 ~~X strong base ~~ 3\ Xa 1 X5 U=arord 7(2 x 1 7C) N/
X~ HN 1 Xs shown in the sche above, the pyridine _conmpound 1
is reacted wﬂ@a’tﬁ?’?ﬁe in the presence gfg a pal | adi um cat al yEF,/Ug.B 26009
Pd(OAc) ~ or Pdd z, carbon nonoxi de, a base, e.g.,

1, 8- di azalsi cycl o- [BhekchihLafinas alcoRslef (SrmMAKIV)) 104 déHivasiop bopylephddyinam ne, and

an ether selected from ethyl ene glécol_ di met hyl ether, 2-methoxyet hyl
ether, and t rireferablefe igpReay] supstifisted yithel-Aafkoxy subssitygnisy Ryefesabipdithd 2. The

reaction to f ' [ f erabl '

t enperature O@E%ﬁpgﬁg&%?g?%Myghgthg&g’r‘glggﬁlre éeﬁog?%éftg% taﬂﬁ:ﬁ)xla?%/ p%%nscsl'i , In
a sui tabl e saNetelinitigy ékampleslofeRieal amindhalosideszontulaAIV diaclgepound 2 is
reacted with an iodo-substituted conmpound 3 1 1 FEB 2003 WO 00/ 31064 14
PCT/ US99/ 26009 in the presence of a s®edmg base, e.g., lithium

di i sopropyl am de, in a suitable sol ves ocy,. THF,
Compound 4 is reacted w tgH CHBI and qse, €.g.,
conpound 5 . Conpound 5 i cyﬂl i zed llorm t he desired
wth a Gignard reagg ’ ‘ AT
Al ternatively, the
foll owi ng schene:

| X4 6 NH X5 U=Br orU

10 The chiral amino alcohol of formula (IV) is most preferably
OCHs

OCH;
OH T
N

OCH;

CHj,
It is believed that the process claimed herein proceeds according to the

following mechanism: The base accepts a proton from the tricyclic compound of

15  formula (IT), forming an anion:



strong base r X2 X ~ ~ X3 1~ N~O Xa H N Xs 7 PZGOs / CF3 SGB H or PC $/4 B 2009
AICl3 or r POClj / ZnO2 5 10 X2 X~ 1 ~ ~ X~ N Xa N Xs 8 hydrolysis X2 g@
~ ~ X3 N X, OXs PCT/US99/ 26009 As shown in the schene above, am de
conpound 2 is reacted with conpound 6 in jjhe presence of a strong base,
e.qg., |ithi UNPPRL®Ar opyl amide, in a suitable solvent, e.g., WEFUSH/I669M
conpound 7. Conpound 7 is cyclized by treating it with a dehydrating agent
and a super acid, c.g., P=0Cs/CF3S03H or a dehydrating agent and a Lew s
acid , 1 1 FEB 2D03 WD 00/ 31064 16 9 5 e.qg., PCl5/AlCL, or
PCCl 3/ ZnCl :, and hydrol yzi ng tdle : 3 ¥d formthe desired
tricyclic ketone. The norephedri ¥ed i n our process nay be
prepared by a one pot, two step to the foll ow ng schene:
OHNHZ ~) YCH3 +r OHN\ CH3 HCc™R , R4,, and R H, alkyl or
al koxy Refluxing EtOH ¢ R Et OH NaBH4 r reduceste rature

5

The tricyclic anion subsequently forms a complex with the chiral amino alcohol and
the base. The tricyclic anion of the complex reacts with the piperidine compound of
formula (V), displacing the leaving group L, thereby forming the desired compound

10 of formula (I).

The process of our invention is preferably carried out in an organic solvent.
Suitable organic solvents, include, but are not limited to non-protic organic solvents,
e.g., toluene, benzene, cyclohexane, tetrahydrofuran, anisole, chlorobenzene, and
mixtures thereof. Toluene is a particularly preferred solvent.

15 The process is preferably carried out at a temperature range of from -20° C to
+60° C, more preferably, at a temperature range of from -10° C to +40° C, most
preferably, at a temperature range of from 0° C to +25° C.

The amount of non-nucleophilic strong base used preferably ranges from 3.0
to 5.0 equivalents, more preferably 3.0 to 4.0 equivalents, most preferably 3.0 to 3.6

20  equivalents.

The amount of the chiral amino alcohol used preferably ranges from 1.0 to 2.0
equivalents, more preferably 1.0 to 1.5 equivalents, most preferably 1.0 to 1.3
equivalents.

The amount of the piperidine compound of formula (V) used preferably ranges

25  from 1.0 to 2.0 equivalents, more preferably 1.0 to 1.5 equivalents, most preferably
1.0 to 1.3 equivalents.

As noted above, the tricyclic starting compound may be treated with the non-
nucleophilic strong base, the chiral amino alcohol, or the piperidine compound of
formula (V) in any order, including mixtures of these rcagents.

30 The process of our invention is preferably carried out such that at least one of
the treatments with the non-nucleophilic strong base, the chiral amino alcohol, or the
piperidine compound of formula (V) occurs in the presence of waterora C, - C,

alcohol (e.g., methanol), most preferably, water. The amount of water or C, - C;



Ra OHRb H\ N~Ha ~ Rc 3 RRd 10 As shown in the schene above, (1R
2S)-(-)- norephedrine is reacted with an optionally substituted 11 FEB 2003
benzal dehyde by refluxing in ethanol, and reducing the product of that
reaction w t{ogadigeqy bor ohydri de at anbi émt tenperature to pr@@wg@,é%@

desi red norephedrine derivative conpound. 11FEB 2003 P 34 17
PCT/ US99/ 26009 5 The qui nine derivatives used in our process are either
commer ci aPl y 26phel ussd erefeyablyagnase fread | 19 3 equivalents, morhpigfasehly Aidrie 1dsi ng

met hods kno S i | h ri. e H~ Ki . em
Soc. 1946, 2%&%5%{"%%8%”&1@%%}0 L4 %a\"*;va%?@m’{h? v 69%@&%{ 5,
2309-2310.) Tkadida toaké RizyeXkadrting cde’ngbt&idr;ﬁicﬁ‘ té,[0e sindile@ed iy Witk ané i on,

al t hough such 10 exanpl es shoul d not be construed as limting the scope of

t he i nvent i orpdditiopef Hngtha% theeghirahtming adeohah 08 s pirgidiecenseROuRPt ¢iilhmane
e om . . ; = .
SRS ot Yt MBRATR ) bl o6 ABRSEUAR DBREbId Ayl i

Tri met hoxebendcyclibetaetpipegbnpoand.i aand H OCH~ NH ~ \ Y CHl ~ OCH- OCH-

Ref luxmg HHOH H OCH~ \ CH OCH- OCH3 Et OH NaBH4 reduced tenperature H OCHs
H\ | Y, ~o~H, ocHp2paticplaply)preferred embogimeptiedri ne ( 100 g) and
3,4,5-Trimet hoxybenzal 3 i | | hen L)
and brought to a gentlgg)%??ou§<'4%§'r°fig?gg%ﬂﬁtgaéﬂshﬁ aé\}l\elo(r% éjlgget?’%re r@k{&%’?‘}éd for
conpl etion). The riched. ara addeditdagolusioh bemamiegg:ed down in an ice-water bath,

and sodi um bor ohydri de (37 I s added r{ionw se. Reduction ~ 1 FE8
2003 Y () Brmpound of Farriuta iy
15 (ii) 1.1 to 1.3 eq. of the compound of formula (V), preferably about 1.2
eq., and

(ii1) 1.2 to 1.4 eq. of the chiral amino alcohol, preferably about 1.3 eq.,
while maintaining the temperature at 10° C to 30° C, preferably 15° C to 25° C;

(b) the mixture from step (a) is cooled to 0° C to 10° C, preferably 0° C

20 to5°C, and 0.8 to 1.2 eq. of water, preferably about 1.0 eq. are added;

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

(d) the temperature of the mixture from step (c) is raised to 14° C to

25 18°C, and an additional 1.1 to 1.3 eq. of the non-nucleophilic strong base, preferably
about 1.2 eq. are added while maintaining the temperature at 14° C to 18° C.

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
Jjudged to be complete by HPLC, the reaction mixture can be quenched by adding

30  water, and stirred at a temperature of 0° C to 5°C to precipitate the chiral amino
alcohol, which can be recovered by filtration.

The tricyclic starting compound of our process may be prepared by reducing a

corresponding tricyclic ketone as depicted below:

XZ
X x?
»>- \ y
N x4




WD 00! 31 064 18 PCT/ US99/ 26009 S occurs overni ght at room tenperat ur &.1 FBB803
reduction is conplete, the excess sodi um borohydride is destroyed by addi ng
water (25 nmL). The organic solvent (ethanol) is then renoved using a
rotavap, and the product is extracted mn&? ethyl acetate. Ethyl acetate is
renoved, usi W9 W3efdovap, | eaving behind frinethoxybenzyl - nor BGHEEI%2680%Ss a
colorless oil. 10 Further purification is achieved by dissolving the

tri met hoxybenzyl norephedrine oil in nethanol (400 nm) and slowy adding
aqueous hydrobromc acid 48% ww (73 nmL). A white solid precipitates which
is filtered dheeeduttibroof thetricytiic ketome mby becaitd opehyanhetheds Wak khogandtheal t

is recrystallized in re of methanol/diethyl 15 e 2:1), The
recrystal | i z&%- gﬁfgrap]g {R"ré uchen 15 £aEeed Qi Py Frepting f %H‘Cé’ﬁbég%’ 8’(‘)‘}‘

hydroxi de, apgy e)éguﬁﬁl%glg oftrifiuo @Jck’t‘?@ﬁ'cld 8241 Qb Fil'?@of étr%ﬁﬁg fu?%ﬂ)f"a%gtlé"‘ th a
rotovap, |eaving bBehind trinet oxybenzyf norep edr| ne %
col orl ess oi hnhYcHdbll\/Rh(: GiLXPclig ket8ne/m3B b pparetaccorfling Go bisthods kadivn nthO (d

13 ?dHﬁ} Yeg +ihe nietpgc?s q;g@begkﬁgg%fugﬁgé@%@os Mm@%%&?& uly

154,93, 142. 24 108% 3100981drs, Jidfliched OBbdn 10 Eocl 0638363 ButlishB8 dhroted: 1,

a mxture of 3t M6, and W91 064 6 opublishasiniiprall 2y #9954 A lkgmativedy the trizgelid ¢
anhydride (72 L, 7.8 e L 25 C was added zinc dust (22.4
kg, 3.5 30 e e‘?“ﬁﬁﬁytﬁﬁiﬁgwm ("t‘o"Pi“P‘%f&ﬁB‘é{ SeRemEiq (16.8 L, 2.2 eq.)
over a 2 hour period at -25 Cto -20 C. The mxture was slowy raised to
roomtenperature over a period of 2 hours and kept at 18 Cto 20 C over a
period of 20 hours. Supercel (4 kg) and toluene (400 L) were added and the
m xture was filtered. The extra zinc and inorganic residue were washed with
toluene (80 L). The filtrate and wash were 1 1 FEB 2003 WO 00l 31064 19
PCTI US99126009 5 conbi ned, and washed with water (200 L), 10% NaOH ( 160 L
x 2) and water (200 L). After separating the organic |layer fromthe aqueous
| ayer, the organic |ayer was concentrated to 120 L. 2-Butanol (320 L) was
added to the m xture, which was then concentrated to 120 L under vacuum
Again, 160 L of 2-butanol was added and the m xture was heated to refl ux
for 1 hour. The m xture was cooled dowmmn to O Cto 5 10 C and stir ed for 4
hours. The solid was filtered and washed with 80 L of 2-butanol. The
crystalline product was dried under vacuumat 70 C. The yield was 32.6 kg
(82% . Mo.: 163-164 C. "H NWR (CDCl,): 8.38 (d, J= 2.0 Hz, 1H), 7.46 (d, J=
2.0 Hz, 1 H, 7.44 (d, J =2.0Hz, 1 H, 7.14 (d, J =2.0 Hz, 1 H, 4.54
(s, 2 H, 3.10 - 3.20 (m 4H). "C NWR (CDC13): 154.1, 148.S, 143.9, 141.7,
137.2, 13S.8, 133.9, 131.6, 15 128.7, 125.5, 119.8, 41.7, 32.9, 32.8. If
necessary, the product can be further purified by recrystallization from?7
vol unmes of 2-butanol and 1.5 volunes of toluene in 94%yield. EXAMPLE 1 20
Chiral al kvl ation using a Norephedrine based |li~and H3 O~=O HO N OCCH3 | CH
er  + OCf-13 3 Br N> Boc LDA / toluene BoC 25 The

tri met hoxybenzyl - norephedrine |igand from Preparative Exanple A (76.8 g),
the tricyclic nmethylene substrate from Preparative Exanple B (50 g) and
mesyl ated N-protected piperidine derivative (43.2 g) are dissolved in
toluene to a total volume of 1 L. The reaction mxture is then cool ed down
between 0 and -5C and |ithiumdiisopropyl am de nono (tetrahydrofuran)
solution ( 1.5 Min cycl ohexane) 30 (" LDA" ) ( 155 nl) is added, followed
by the addition of water (2.1 nL). At this point, the tenperature is
mai nt ai ned between 0 and -5C and the remaining LDA 1.5 M (172 nL) is added
slowy over 4 to 5 hours. Once the reaction is conpleted, 1N 1 1 FEB
Z003 5



10 15 WD 00/ 31064 20 PCTI US99126009 hydrochloric acid ( 1.2 L) is adqqu_-EtB 003
precipitate out the chiral inducing |ligand which is recovered by filtration
and can be . reused w thout any further purification. The aqueous | ayer is

t hen separate he organic |ayer (tollene) which contain

al kyl ated pr Og{/ljj;({og?rdg‘s -95% ee, > 95% solution yield). EXAMPLE ?({32‘?%999/29?93
procedure of Exanple 1, and substituting lithium?2,2,6,6; tetranethyl

pi peridide for,LDAs 0obtain the alkyl ated productx ChHee). EXAMPLE 3 CI N
B~ HO N OCH3 | DCH3 CH3|(:=S=0| O N i Boc LDR J] tol uene Boc To a
cooled (0 to 5C)\sg utign he retrephedori ne derNvytdve shown above 20 25
(0.9 g) and the tricyclic ounde\faé.o shown abowe di ssolved in 40 nL
of degassed tol ueng was added drop®Pee"©BE*1. 5 M 3.4 nl). The mixture is
stirred at that tenperature for 2 kotdtase A sol ution t he nesyl at ed
N-protected piperidine derivative sfigwn above (1 g in 10 nL in toluene) is
added to the reaction mxture. The reaction is alloyed tg,return to ambient
tenperature. Monitor the reaction by HPLC to determ chnpfetion to obtain
t he al kyl ated product (57 % ee). EXAMPLE 4 Usi srggtaag Sa ?1; ockdure as
Exanpl e 3, obtain the al kyl ated product (48% ee) by |substituting the .

fol | owi ng norephederine derivative for the norepheddrine”30"#%Y%vative used
in Exanple 2: 1 1 FE6 2003 WO 001 31064 ~1 PCT/ US99/ 26009 ,HO H N CH3' "' ~i
5 EXAMPLE 5 Using the sane procedure as Exanpleg, 3 n\n ’hexal kyl at ed
product (62% ee) 10 by substituting 1,4- di i th i e for LDA

X4

As shown in the scheme above, the pyridine compound 1 is reacted with aniline in the
presence of a palladium catalyst, e.g., Pd(OAc), or PdCl,, carbon monoxide, a base,
e.g., 1,8-diazabicyclo-[5.4.0]undec-7-ene (“DBU”) or diisopropylethylamine, and an

10 ether selected from ethylene glycol dimethy! ether, 2-mcthoxyethy! ether, and
triethylene glycol dimethyl ether, to form amide compound 2. The reaction to form
amide compound 2 is preferably carried out at a temperature of about 45° C to 90°C,
and a pressure of about 40 to 100 psi, in a suitable solvent, e.g., toluene or

chlorobenzene. Amide compound 2 is reacted with an iodo-substituted compound 3



1 1 FEB 2003 S WD 001 31064 22 PCTI US99/ 26009 EXAMPLE 6 Chiral alkylati,o
using quinine ~H3 O=S=0 Br ~ ~\ C NBr NI BOC quinine Br ~' \ Cl 1NF592003
N i BOC LDA, toluene HZS04 10 1S 20 N-acetyl -L-phenyl al anine +J HZ ' 02C ~
N'CH3 ~OMXx the tricyclic conpound (6.0_9) shown above and 4-nesyl - N Boc
pi peridi ne (WO00§¥06An 1 SO nl tol uene, égt to 40 C for 30 n ROTRSIVI6009
obtain a clear solution, and cool to anbient terrperature Add the solution
to a reactio [ I . a

{0, 37 2081 Of B SRoRANMEpAE 0. NS BnfuBhiof i o8

cycl ohexane) efg’, TL}DAt@ﬁimi ¢adpound gl @Mrrypoumﬂlnherdiaﬂeﬂtvﬁt}ﬂCHg dnlde YaedlRey. ,at ur e
bel ow 10 C, until the mixture turns red. Add HZO ( , stir for

m nutes, and Nabbio fere megudatedeompound Se Gramrannd Sas cgpl&myo&ualt e gesigpd of t he

LDA sol uti on, r ain a

cl ear soluti kegﬂ%ﬁ%n&é@%@l onaé{rngﬁtl %l‘lgénlﬂ eg% ? W %Tfyhtg %nsg{?ﬁer a two
hour peri od. bYnhidet he resulting m xture to anbient tenperature and stir for
18 hours. Quench the reaction mxture with 90 nL of 10% HZSCa. Renove the
bot t om adfieous soAliemativelxgene sucyelic setopemapbsmaenared arsordig erthe fliodingn
(organic topsjggaﬁper. , heat to 85 C for 4 hours, and cool down to anbient

t emper at ur e. 1 S nL of 1 1 FEB z003 S 10 WO 00l 31064 23

PCTI US99/ 26009 concentrated NH4OH to the reaction m xture and renove the
bot t om aqueous sol uti on. Reduce the toluene solution (organic top |ayer) by
vacuumdi stillation to a volunme of 48 nL. Add 120 nlL et hanol, and reduce by
vacuum di stillation down to a volunme of 48 nL. Add a solution of 3.0 grans
N-acetyl - L- phenyl al anine in 120 nL ethanol, and subject the m xture to
vacuumdistillation to reduce the volunme down to 48 nL. Stir at 70 Cfor 1
hour, and cool to anmbient tenperature. Filter and wash the solid with a 1:1
solution of ethyl alcohol and nethyl-t-butyl ether. Dry in a vacuum oven at
a tenperature of 55 C for 18 hours to give 8.75 grans of the desired salt
(80% nol ar yield, 96%purity, >98%e.e.). "H NWR of salt (CDCl,): 8.45 (s,
1H), 7.58 (s, 1H, 7.52 (s, 1H, 7.20 (m 6H), 15 6.33 (d, J--6Hz, IH),
4.96 (d, J--9Hz, IH, 4.52 (m 1H, 3.55 (m 1H), 3.12-3.24 (m SH), 3.0
(m IH, 2.84 (m 1H, 2.58 (m 2H), 2.34 (m 1H), 2.00 (s, 3H), 1.82 (m



iH), '1.62 (m 2H), 1.42 {m 1H). 'H NVR of free base (CDCh): 845 (s Hé
7.52'(s, IH, 7.48 (s, 1H), 7.10 (s, 20 1 H), 4.88 (d, J--9 Hz, 1 H)113EB2003
(mlH) 325(m1H),3.00(m3H),278(m1H),248(m2|—|) 2.25
(rn, 1.26 (m 2H). EMAWVPLE 7 25 StepAB | Br
\~~\CI lw§q’|9f3g‘}6“>so ~k H'02 ~NCHB NJ NO O~ i 6659842>5Q”§und

bottom fl ask equi pped with a stirring bar, charge 10.0 g of 30
(11R)- (8-chloro-3, 10-di brgrm 6,..11-di hydro Skhbe[Ezo [ 5,6] cycl ohepta
[1,2-b] pyridin-11-yl)-1-p fae (9)- phenyl al anate, add 100
mL of toluene, SO nL of 25% sol uti ory 100 nL of H20. Stir 30
mnutes, add 1.0 g celite, stNr 6 an addlt ak45 éni nutes, then filter.
Wash the celite pad with 10 nL tNM uene. Separgbe the organi c and aqueous
| ayers and wash the organic layef with water (4 x 5( oo '(g 1 FEB 2003 WO
00/ 31064 24 PCT/ US99/ 26009 5 |l owe¢l by 1 x 150 m_). Add 40 nL DMF,
0.199 g 1-hydroxybenzotriazole ), 3. 1RnPoase
1- (3-di net hyl am nopropyl ) - 3- et hyl carbod{i m deHC 1 (EDCl HC 1 ) and 4.0 g of
1-N-tert-but oxycar bonyl pi peridi nyl -4-ac¢tic acid and stir at room
tenperature until the reaction is conplgte (as judged by HPLC nonitoring of
the reaction). To the reaction mxture, add 50 nL of H O and separate the
organi c and 10 aqueous |ayers. Wash the organic |ayer with AcOH sol ution
(0.1 m. AcOH/ 20 nL HZO, 1 x .40 OH solution (6.4 grans 24%
NaCH 36 mL H20), 3 x 40 ni HB Sol ution (3.9 grams/40 ni
H O. Concentrate the organic | ol une of about 60 ni and

ng 22x5 grans Si 02 (Davison G ade
and *ol lecting in 50 nL 15 fractions.

62), eluting with 1:1 Et CAc/tol ue
Anal yze each fraction by thin | aye hr omat ogr aphy and conbi ne all
fractions containing the prodgct. hcentrate the conbined fractions to
about 50 ni, add 100 ni tol uene and concentrate to about 100 ni. Add 3.5
grans alum na (basic, Activity 1), stir for 30 mnutes, filter and wash the
alum na cake with 10 nL tol uene. Rep¢ab2«%imOth sl urry until HPLC indicates
acceptabl e quality product. Concentrate 20r t ol uene |ayer to about 20 mi,

add 30 nlL EtQAc, 60 nL heptane and alll d%'s 651 owly cool to room

t enper at ur e. After the product has p egbdgl ;@l[g@d cool to OC for one hour,
collect the solid and wash with 30 nL 2:1 heptane/EtOAc. Dry the solid in a
vacuum oven overnight to yield 7.98 g of product. 'H NVMR (CDCl3, S): 8.42
(s, 1 H, 7.53 (s, 1 H, 7.50 (s, 1 H, 7.10 -x27.20 (m 25 6H), 6.36 (d,

1H, J--7 Hz), 4.94 (d, 1H, J--10 kK ] , 3.82 (m 1H), 3.24 (m
2H), 3.12 (m 3H), 2.98 (m 1 H), 2.\82 2.53 (m 2H), 2.32 (m 1
H, 1.98 (s, 3H), 1.78 (m 1H), 15@ 40(m1H) 11 FEQ
2003 WO 00/31064 5 Step B 25 PCT/ US99/ 26809 xlnydf‘ol yse urea NHZ To a 250 niL

round bottom flask equi pped withga stir bar, charge 7.07 g of
hydrolysis
x2
Pl \\ x3
Y
x4
s 0 s

As shown in the scheme above, amide compound 2 is reacted with compound 6 in the

presence of a strong base, e.g., lithium diisopropylamide, in a suitable solvent, e.g.,

THF to form compound 7. Compound 7 is cyclized by treating it with a dehydrating
10 agent and a super acid, c.g., P,O,/CF,SO,H or a dehydrating agent and a Lewis acid,



the product fromstep A above. Add 35 nlL ethyl alcohol 2B, and stir.q{€geb 2003
the 10 solution in an ice bath for 10 minutes, then add 42 nL of a 3 N H
solution while maintaining the tenperature below 25C. Stir the reaction at
roomtenperature until hydrolysis is co éete (as judged by HPLC),
typically 6 WO9P318# | onger. (If necessary, place reaction i nPG/UEIEE0Wat h,
and stir at SOC for about 30 mnutes to conplete the hydrol ysis.)

Concentraj e | :

ot hy 1~ 2-pyr B pone O R ACE 2R Bl g e Rallor a0t 8 19 MBS over
a period of désvad tr3fycht ketbrs, while avoi ding solid formation by adjusting
the rate of additjsgn of the 3N NaQH. Adg.28.0 g of urea, gl accﬁ?in an oi l
bath heated to abbQt PAFRREINDE dPrivalivRs Pegd AR PRI BIOERPE PR QISPTERATLINE A% ol i dl.
Cool to aboubobRfe stbhBrdcadiadsdrding t@meefoﬂ&biﬁg sehdthdCl . Coll ect the solid
material, wash wth 140 nL HBO, and dry in 20 a vacuum oven overnight to
yield 5.434 g of prodggf. 'H NVR (CDCl,5 8)ra8.38 (d, 1H, J--8 Hz), 7.48
(m 1H), 7.43 (s, 1IHHY7.07 (m 1 H, 4.82 ( 1Re, J--10 Hz), 4.54 (m 1

H, 4.00 (br s, A 77NKm 1 H), , 3.20 (m 1H), 2.90 (m
1H), 2.60 - 2. 8¢ Y. 2.30 (m 2ﬁfj 2H), 1.90 (m 1H), 1.65
(m 2H), 1.38 ( 2.00 - 1.45 (m 7 1 1 FED 2003 WD

00/ 310b4 5 St e~k / US99/ 26009 B~ CR°N O Br O ~NH2 N N ~NH2

O Crystalline To a 500 nL round bottom fl askd equi p W L h stigging bar,
charge with 5.14 10 15 g of material from step B, aﬁ&’gd&@SaﬂﬁTHF and

250 nL CH~Cl,. Stir at roomtenperature for about 30 nilballed orelkdkgsol ve
all material to obtain a solution. Aﬁg 2..57 g of Si02, stir for 30 m nutes,
and then filter through a pad of qel RER™Wsh with 1 S L of CHZOI ~,
concentrate to about 50 nL, then ddd HIOHnL THF and concentrate by
distillation to 50 nL. Add 100 miyethyl acetate and concentrate to 50 nL to
forma white precipitate. Add 25 niL of ethyl acetate again, concentrate to
about 50 nmL, then cool to about 35C. Filt&® wash the solid with 15 niL cold
ethyl acetate, and dry in a va§itm oven overni Bht to obtain 4.1187 g of

product. 'H NWR (CDC1" 8): 8.4 (§. 1H) 8 (d, 1H, J--8 Hz), 7.50 (s,
1H), 7.16 (s, 20 25 1 H) , Hz), 4.62 (br s, 3H), 3.92 (m
3H), 3.62 (m 1 H), 3.26 3.00Q )., 2.82 (m 1 H, 2.40 (m
2H), 2.22 (m 2H), 2.04 CHy 7 1.08 - 1.58 (m 6H). Br 1
~~\ d i R® " Re

EtOH

NaBH4

y reduced temperature

CH, R®

10
As shown in the scheme above, (1R, 2S)-(-)- norephedrine is reacted with an
optionally substituted benzaldehyde by refluxing in ethanol, and reducing the product
of that reaction with sodium borohydride at ambient temperature to produce the

desired norephedrine derivative compound.



N Br EXAMPLE 8 hydroqui ni ne 4-nmesyl N-Boc piperidine LDA Br 1 - ' \ ‘ci FikB23
N1 BOC Mx the tricyclic conpound shown above (0.207 g), hydroquinine
(0.202 g) and 4-nesyl N-Boc-piperidine (0.204 g) in toluene (20 x), stir at

anbi ent tenp or 10 mnutes, and qgol to O C. Add 1 nL ljithi
di i sopr opyl ?n?gw'ﬁ%“fno 1 1 FEB 2003 WO 001 31064 2~ PCT/ usgﬁgié’&é%ﬂ%w

(tetrahydrofuran) solution (1.5 Min cycl ohexane) ("LDA") slowy, while
mai nt ai ni Ag t he téFiperuhtiwéerbetiwx&@diﬁoMrmsMe exisarlcomngereralty avaglable,
anbi ent tenperature a%‘g t|r for urs. .HPLC anahé i S gvves 91. E}g@
conversi on arfi B3 bSsp %qwgy FOGUInRS YSHIS gk thosgskiled ip| e
8, obtain thegnaldyt gised ep,r qqt!@xhg(ﬁﬁ%’eﬁz goé 154)Sbiissul Aty Ahﬁerffﬂév& LAY,

qui nol i ne al chohol derivative for the hydroquini ne used in Exanple 8: 15 H
EXAMPLE 10 H‘emGSheﬁz:Goqul%Blﬁ B309-2310.) C N ~( Br NN O ° LDA, tolue 1.

HCl / Et OH 2. N- Boc- L- B ~ ~ C NaOH B | N
L O 2 B D P S hhiok st oo v on e 70 en®
4-mesyl - (11 | bR ko sanpany itnidnpinpasdsliphemotlonpl ARidlivee (6.3

g) in 125 nL toluene or anisole, heat to 30 mnutes to obtain a
clear sol uti gpagearscind @oilagans prisesses withirpibe atape ©f theddvertionsdllbeiapparent ta

reaction flashoses l@d% a%t(.)l id quinine (6.3 Q). 11FEB 2003
PREPARATIVE EXAMPLE A
15

! One-pot, two step preparation of the Trimethoxvybenzyl-Norephedrine Ligand

H

OCH3
NH2
+
CHy OCH;
OCH,
Refluxing
EtOH
H OCH,
CH, OCH,
OCH;
t
EiOH
NaBH,

reduced temperature

H OCH,

CHs OCH,
OCH;,

(1R,2S) - (-) - Norephedrine (100 g) and 3,4,5-Trimethoxybenzaldehyde (143
20  g) are dissolved in ethanol (1 L) and brought to a gentle reflux for 4 to 5 hours
(average time required for completion). The reaction mixture is then cooled down in

an ice-water bath, and sodium borohydride (37 g) is added portionwise. Reduction



MO 00/ 31064 28 PCT/ US99/2b009 5 Add 1.5 eq of a solution of lithium

-di i sopropyl am de nono(tctrahydrofuran) ( 1.5 Min cycl ohexane) (" I!)Al FEB 2003
solution" ) slowy, while maintaining the tenperature below 10 C, until the
m xture turns red. Add H O ( 1.2 eq), stf' for 10 mnutes, and cool the °
reaction mi XWQO0R3We4ow 5 C. Slowy add 1.2 eq of the LDA sol IRATASIAEN0AAr m
the reaction mxture to 16 Cto 20 Cto obtain a clear solution. Add an

addi tion 1 h erJ t he
Pt oo Bt RS | Ao PNBGR L KEn UL PO BT (2,
0 C and quenmohymldreea&streycmy@ddh% Wite(23Gn D). mceganlstsolrvexat(eﬁaﬁ‘olj r 4 h

and filter the quinine. Wash the organic phase with 1 N HC Separate t he
organi ¢ phas@enrmeved ysieseretave. aah eé’é?‘i}tcf BreXtaetgd it by acetpler EBY vacuum
distillation, a acuum
G oti11 ati onsSis EneiR, Bing 2 qibvap? iehvibg beflingthibinoR ek 1 AGRMRRARY st 81
for 10 m nut#eoloti¢mmiladd 53 nL of a 3 N HC sol ution while maintaining the
terrperatt,(r)r;e below 25 C. Stir the reaction at roomtenperature until

hydr ol ysﬁ is conplete (as judged by HPLC), typically 6 hours or |onger.

(I'f necessary, plags ot Is . for about 30
m nutes to conplete teﬁgaﬁ%&@%#g&&e&g&Bglegnclgr\tgqg%gﬁ{]#{h%grb& ap to about
40 ni, add |2fteptiedtiné uﬂenemathzlné] (BDMG){aumkley hadiyd-hqpfeotibbydrobientis acid 12.
Separate the | uen se a duce t he to ne_sol ytion org ni.c, top

| ayer) by va‘&%r\‘{/&ﬁ ??r”n’r at“ﬂy “FBOQRFSCF‘H%%\‘V Wg”h{"er éjléﬂ?rrzb Mg éB’B’f%panol
and reduce by waGuufbdhitd. | idian LQyaltiobd iy Afxt QudicaRh uti on
of 3.6 grans I\rl-a- %mlr) lEiut oxyc onyer&as%alr ag{ﬁﬁae Ixﬂﬁ%cﬂ“met}ﬁ% eﬁ'Blll

i sopr opalfol , ethem(léubxj €hd retrystaﬂhzx:d aalmsttbcn/ﬁm]uamddusng Hileted ague¢oms sedlume t he

vol ume down fo. 40 . m. ,Add 80 opr o cetate and heat at reflux for 3
. Cool “and BYTPHIALing SRETSL Y A, The GraA S en TERPYGl VaNd TR ne

solid with 2h,0heibeRA ARhiLthaR At yE-nof p}seaﬁhea(meggm M6Aelloip tenperature
of 55 C for 18 hours to give the ‘desired sa % ee}. The solid salt is

suspended in 100 HH NMRYED@)ed 730-h24 Gh, 240); ZESS’/ésL\@H))‘J 4;&0)(14“.1313,8 HndlH)O nL

extract the Saevancgh: SR G 85T 8 Heauti BYECU B Rl e
sol utiomov t h=23 pd; 38f) HC solution. The resulting aqueous solution may be

treated with NaOH,_ 1-nethyl-2-pyrrolidinone, and urea according to the
procedure in ExanBCeNMPS(@ECB)tdS#Qr i2Be 188. Rall3e¢énph2uhd12& e . 1,nl WAl e

7 Step B. t ts may be fornmed by repl acing
N-a-(tent- bu?‘ggy@ﬁ?b{é}%ﬁg glgz’p’asisa%gr ne in the foregoing nethod with
D -p-toluoyl-L-tartaric acid, N (tert 1 1 FEB 2003 WD 00/ 31 064 29
PCT/ US99/ 26009 But oxycar bonyl )-L-proline

(S)-(-)-2-Hydroxy- 3, 3-di net hyl E LEB) - (+} Canphanic acid.
EXAI\/PLE;;151108r ~ \Vd Br\ ~~\CI N'" N'" Br Br -02 ~NCH3 2 i The
followng illustrates a batch preparation: To a reactor charge 33 kg of

quinine. In a sep charge 33 kg of the 15 20 25 30 tricyclic

CA- mesyl - N- Boc- pi p8R

Joetween 30 to 35C whil § until all

solids are di ssol ved, aﬁd lomly cool the solution to aN enpen@ture between
20C to 25C. Add this sol ut oBko the first reactor containi ng grhe qui ni ne
and start agitating the m xture. Charge 165 L of toluene to the reaction

m xture, and slowy charge 60.7 kg of lithiumdiisopropylam de
nmono(tetrahydrofuran) (1.5 Min cyclohexane) to the reaction mxture, while
cool i ng the t enpelaRUREtE ohheEwislio ketope SOwWabavg440 ke8! #4.)-REEHES i nt o t he
react or, [ iy |

gt tating. sPANEaBE £ P Reh T AAFRPIREERG2RCEAERRE b e HEHG 3.5
mono(t et 3Ghy eq.pand tep d(o}mssel\ﬁulﬂmomywdmraeim(ne)& Lvm bqe) ge¢rd 2habrigribbat bat ch
tenperature between 0C to 8C. Slowy heat the batch to a tenperature of 18
2C, and agi ta?cSeG@r -2° perlihganigfurgwasislonty raisedite soqm temegatveerm@rapm@ ofover

a period of ut 2 3 e 59.4 hru diis m de
nono( t et r ahy 81“551"’59;“ tlatgg&l\llﬁjstﬂzﬁb@ ﬁ&%ﬁ%ﬁ*gﬁ#ﬁ%‘% ‘rﬁ%‘fﬁﬁ?‘hggﬁ/@ bat ch
tenperature RRLURY BOGﬂ%W&Q adQgd b fe flﬁh\ﬁ@%& fikéreBOThE eRira Zink GREr At ure
between 14 2C until e reaction Is finished (confirmby HPLC). Charge 198
L of water tinorganihresidhe aete washed atithdotuiene Gilak )ir Bretfdtralsemd0@shovesC f or
about 4 hours. Filter the batch and collect filtrate in a reactor. Wash the
filter cake (recovered quinine) with 66 L of toluene foll owed by 6G L of
wat er and conbi ne the washings with filtrate in the reactor. Separate the

| ower aqueous phase fromthe organi c phase. Wash the organic phase with 132
L of 7.6% aqueous sulfuric acr d and 1 1 FEB 2003 V\D 00'3I 064 3~

N NT= ] 1 SN NSNS ™ T N o v o o " o o o N 11 1 NS



sul furic acid to the batch while maintaining the reactor tenperature 1b§k€$1vm3
80C. .Heat the batch and distill solvents fromthe solution until the b
tenperature reaches about 85C and stop distillation and stir the reaction
for about 4 about 85C. After coqglging the batch to abgout 25 C add
83 L of 25% gpndr)jréﬁ?lgérﬁ hydr oxi de 10 sol uti gr? and agitate at a tgﬁi%)rsg?’%ﬁﬂgg
between 20C to 30C. Allow the batch to settle into | ayers and renove the

| ower aqueousconeyiedd, akdbwhshet avithavatér (200 &), OMPRAAELI1E0 Hek QyarDiateG@00ENL I at e
the batch by vacuumdistillation to a final volune of about 264 L. Cool the
batch to a t efMiersaparREngBE Sgapsdayes fromytheggyequs dayepithe praanicdavst Wagnd

concentrate t c i St ' ' | Ly ut 264
L, to 15 r em&\}gc%ﬁa&gggﬁ%g iéo:' vetn§aé;%¢1gi1gg§aé@%8ﬁo m?rem{t%(é g,h»%ﬁgh g)‘as LL
t enper at ure benvaratedd6 120 LAbder viddu. Fdait, il 60 Laff 218utéindi @vas added and the

N-acetyl - L- phenyl al anine in 495 L ethyl al cohol, heat the batchoto a__
t enper at ur e bapifiwewasBeated togetiux il housgiThamixigrerwis eooladidowmio & C tobl to a

t enper at of. _befwe 2 to C. bj e the batgh . to.v u istillation
o Peduceld t CaREMIRTNF dTplite Thr solith e Bl d EnRhitan Bt S LiTobutiy
tenperature bﬁ&‘ﬁfﬁalﬂiﬁ@pid&u@t%a@dn‘fehbh@ér VaBuliR GOYEICL MBe GleyPivad 32.8Rd sal t
and wash with 52 of a 1:1 solution of ethyl alcohol and nethyl t-butyl

gt Per ) ngcvv;a@hgd. dpyskéak B64ér(?e4’girl'ghﬂ{ gbg,k%/ 813£8|a(slt J "f_&.(?]l&lmr EHpt7.46 (ﬂe.{?ﬁé;(ga u 2 e
et ween oau 0 ar | e (0] roguc .

o puri ty: o6, Beothe)-34 B Xmf Pt nE9h By 70 bt 1 Frsspeith 3006 7 ed |
conj unction Wyt ?)hecsrﬁﬁﬁi {Gﬁcﬁﬁﬁ?@'ﬂ!TP4§.§,31$4§{?,G‘;1gg?,hl\/a?vlb%?\{gs.8[r?3§{9, 131.6,

alternatives, nodi'fications and variation e apparent to
t hose of Urdi R&% 13ki5| 119.8, 41tk 3251 32.80 | such alternatives, nodifications

and variations are . ntended, to fall wthin the. rit and scaope_.of the 30

present inventi on%f“eﬂf@s%ltgiﬁré’ﬂu‘?}% S?}gﬂ};{p&nﬁgci:bgw%@zﬁgn ffom 7

PCT/ US99/ 26008 1dmed b M1-BHERS ah@1.SNARAL SoRefOMIWINGid the formula: ~ 2 X
X3 ,4 (1) n R10 wherein X, X, X3, X~, and XS are’independently sel ected

fromthe group consisting of H £ halo, alkyl, alkoxy, aryl, and aryl oxy, and

R is a protecting group, said process g i ']ng: treating a conpound
having the formula X2 X~ ~ ~ ~ X3 ~ %—%&@%—15 wherein X, XZ, X3, X4,
and XS arm as defined above, with the following, in any sequence: (a) a

non- nucl eophilic s b) a chiral amno alcohol; and 20 (c) a
conpound havi &8 i RIOUSHIZ| 2 IND BEAYARIZANG s a | eaving group and Ris
as defined above. 11FED 2003 WO 00/31064 32 PCT/ US99126009
e
0=§=0 N\rom Br l
o S e N
i N Br ']' >
Boc LDA / toluene |‘|1
Boc
25 The trimethoxybenzyl-norephedrine ligand from Preparative Example A (76.8

), the tricyclic methylene substrate from Preparative Example B (50 g) and
mesylated N-protected piperidine derivative (43.2 g) are dissolved in toluene to a total
volume of 1 L. The reaction mixture is then cooled down between 0° and -5°C and
lithium diisopropyl amide mono (tetrahydrofuran) solution (1.5 M in cyclohexane)

30 (“LDA”) (155 mL) is added, followed by the addition of water (2.1 mL). At this
point, the temperature is maintained between 0° and -5°C and the remaining LDA 1.5

M (172 mL) is added slowly over 4 to 5 hours. Once the reaction is completed, IN
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5 2.+-The process of claiml, wherein X and Xa are H, and X, X and XS are
‘hal o; and wherein the chiral amino alcohol is a conpound (i) having the
formula R 10 wherein the dotted |ine represents an optional second bond and
wherein R is selected from al koxy, arylgéy, or NR'RB, wherein R' and RB
are sel ect edVPOHM%fkyl or aryl, R bein§ optionally substitURGEHUSN 268 or
nore al koxy groups, or (ii) having the formula R2 (V) 15 wherein R is a
phenyl grpup i tyi; : i d tly
sel ected 51‘)r oWﬁ%mg?éo%%d ?3‘221) ést%Er(llg&]B@rgﬁﬁit?egﬁgﬂgﬁkgéﬁﬁ&%&?ﬁ pf"g}gggs of
claim 2, whersebcovitediby fitratiofi andsca@lbe rased XSthiogt Bry. futherfueifigatdmesEheof cl ai m
3, wherein at |east one of the treatnents with the non:nucleophili¢c strong -
baser 1 he. chHUSPOSIY TGS SIOGRBR =B ForEe Coas Ao RPN SRR e cur o
the presence,Rf1atbdRE (98-65%¢E; > 95%BRkionSieldle process of claim 4,
wherein at |eaSt one of the treatnents wth~the non-nucl eophilic strong
base, the chiral am no al cohol, or the conpound of formula (V) occurs in
the presgnce of water, and the non-nmc strong base is lithium

dii soprog | am de. 25 6. The process i , Wherein the chiral am no

al cohol is selected fromthe group consisting of quinine, hydroquinine, OH
Il N1 CH3 1 1 FEB zZ003 WD 00l 31064 33 and PCT/ US99126009 CH3 H ~ , OCH3
i | ° OCH3. Bsimgthdprogeduftief Bxauplsd, afd substitniiag lithinen &,2:6,6 Aetremiethal  ani no

al cohol is guinine. .8.. The process, of . gl ai erein the | eaving group,

L, is sel ectB@e’F‘?lgﬁf?rﬁegﬁr 8‘8‘6‘“&5ﬁ§l?‘¥\afeﬁd’r%4{}cgm%ﬁ9t es, phosphates,
benzoates, and halo. 9. The process of claim8, wherein the | eaving group
is nesylate or 10 tosylate. 10. The process of claim9, wherein Ris

sel ectedl¥from the group consisting oEXAMPIH.Boxycar bonyl, NBoc - C- CH2
-GCOCH2CH3 -G OCH2 N\ >>CHB OO _ _ CHs -CN - ~8_1\ [/ -CHz \ HsCCHa _ O
-CH-C\ ~-CGCCH3 >>1S |3

O=E":=O
? Br o
Bmm "R OCH, (Nj NT &
N & i mH;/(EgHS B'oc .
LDA / toluene h"

Boc
To a cooled (0 to 5°C) solution of the norephederine derivative shown above
(0.9 g) and the tricyclic compound (1.0 g) shown above dissolved in 40 mL of
degassed toluene was added dropwise LDA 1.5 M (3.8 mL). The mixture is stirred at
20  that temperature for 2 hours. A solution of the mesylated N-protected piperidine
derivative shown above (1 g in 10 mL in toluene) is added to the reaction mixture.
The reaction is allowed to return to ambient temperature. Monitor the reaction by

HPLC to determine completion to obtain the alkylated product (57 % ee).

25
EXAMPLE 4

Using the same procedure as Example 3, obtain the alkylated product (48% ee)
by substituting the following norephederine derivative for the norephederine

30  derivative used in Example 2:



1 1 FED 2003 S WO 001 31064 34 PCT/ US991 26009 O O 0 ~ N I GO CH2CH3 -THFER 200)
:CGC(CH3)s -CCH2 >> 0 _ NICGCOCH ~/ ~N-CGCH2 -CGCCH2 O_ N IC\ [/ ~
NCH -CGCH -CGCCHz -OO-CCNCH OOI I NGCGCH3 ~ NCH-CGCH -CCH2
and O N-C_C(Q_(%%OZM_&_CHZ 10 11. The procesgs of claim 10, wherein R is
tert-butoxycarbomyl®NBoc or -C-CH2 12. The process of clai m ECTHEPEOM: he
chiral amno alcohol is OCH- OCH~ OH ~ | OCH~ CHI 13. The process of claim
12, wherein the leaving group, L, is s$ghegted from 15 the group consisting
of sul fonates, phosphates, benzoates dNn 11FE~3 2003 W
00/ 31 064 35 PCT/ US99/ 26009 5 14. T@?gg SS claim 13, wherein the

| eaving group is nesylate or tosyl # 1873The process of claim 14, wherein
Ris seleéted fromthe group consisting of tent-butoxycarbonyl,

EXAMPLE 5

Using the same procedure as Example 3, obtain the alkylated product (62% ee)

10 by substituting 1,4- dilithium piperazide for LDA.
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NBoc:~l Il -GCHZ -CGCOCH2CH3 -GOCH2 >>CHB OO _ _ Il cHs -GN -C -CH2
10 SCCH3 / _ O-CH-C~~-CCH3 OO0~ ~ N ICGCOCHCH3 -CH -CC(CH3) s
-GCCHR2 >>0_NCOCH ~~-OCH-GCCH2 2 ON IC-0O0CCH2 15 NCH2 \

-GCCHR2 I~ (, NCH~ NC-CCH2 ~ -CCH2 11FEg 2003 WO 001 31064 36
PCT/ US991 26008 ®38964] N-C- CH3 ~ N-CH -G ~ -G CH , and O RETUSPEEMIs
-C-CH2 5 16. The process of claiml15, wherein Ris tert-butoxycarbonyl NBoc

or -C-CHZ 17. A process for preparingxanjpiipag/nd having the fornula v2 X3
~4 (1) R 10 wherein X, X -, X, X4,—a%ﬁlﬁxgn_‘are i ndependent|ly sel ected from

t he group consisting of H halo, alkyl, alkoxy, aryl, and aryloxy, and Ris
a protecting_group, .said process conprising: (a) reacting a conpound havi ng
the fornul a Mﬁw@a XS

P
0

O=5== ..
6 quinine Br—¢ = Cl
Bre /S cl ~ \_ -
N + g N By
N g LDA, toluene
r N
' \
BOC BOC
H,SO,
Br = (o]

\ N’ N-acetyl-L-phenylalanine B ) ct
Br - N
N ocH N _cH, >
Ha é)/ \‘or ”

10 Mix the tricyclic compound (6.0 g) shown above and 4-mesyl-N-Boc-
piperidine (5.0 g) in 150 mL toluene, heat to 40° C for 30 minutes to obtain a clear
solution, and cool to ambient temperature. Add the solution to a reaction flask
containing solid quinine (6.0 g). Add 1.3 eq. of a solution of lithium
diisopropylamide mono(tetrahydrofuran) (1.5 M in cyclohexane) (“LDA solution”)

15 slowly, while maintaining the temperature below 10° C, until the mixture turns red.
Add H,0O (1.0 eq.), stir for 10 minutes, and cool the reaction mixture below 5° C.
Slowly add 1.0 eq. of the LDA solution, and warm the reaction mixture to 14°C to 18°
C to obtain a clear solution. Add an additional 1.1 eq. of the LDA solution over a two
hour period. Warm the resulting mixture to ambient temperature and stir for 18 hours.

20 Quench the reaction mixture with 90 mL of 10% H,SO,. Remove the bottom aqueous

solution. Add 24 mL of 20% H,SO, to the toluene solution (organic top layer), heat

to 85° C for 4 hours, and cool down to ambient temperature. Add 15 mL of



(11) 15 wherein X, Xz, X, X4, and XS are as defined above, with a 11FEB2003
.non-nucl eophilic strong base in the presence of a chiral amno al cohol to
forma conpl ex; 1 ~F ~ 8 zoo3 WD 00/31064 3 ~ PCT/ US99/ 26009 5 (b)

reacting thew®nH formed in step (a) 2@ th a conpound havin f | a
L"J d mwherein L ?858 a leaving group and Ris as defined abovg(.ﬁp,?gg.g/z%dgu

process of claim 17, wherein said process is carried out in the 10 presence
of wat er,5 angonggeiraehNEPH te Hherghctighimistuss arshismove thedhattome gqiepbhiotationg

opt 1 onal scobnasafi R sehudtat (T ob DAL Bty R IBRORRET oty o

NR'RH, wher esnf¥. Aadl1RBndrethansl, a6d Rduéd Bkl digilladonldown to B&bRgne of
optionally substituted by one or nore alkoxg roups,. or (ii) _a conpound

cor (i
havi ng the f 88 mkl aAdda salytjorced 30 grapps|N-ac Yalanipe in iZ%WWO »gr oup
optionally s 1k il 4 [ | gct ed
fromthe gr 031?)(?%:‘1(%)51ésélE g}qinﬁétu%? {O;{faggﬁgi%mgﬁﬁtg%?? ¢ &'%g.tﬁ]#ﬁ@ﬁg]%?éygyst 0(?? claim 18,
wherei n XX aBdr #47081CfoH] hur, asd ol to@nbignCGemparacirgSFiler Bid whaltethe solid
non- nucl eophi l.ic strong base is |ithiumdjisopr op){l am de, the 11FB

2003 WO 001 31664 B35 speinsvcihdaipohe! andanethy-ighwyisther, Dry inaypeumover 3 s
it gr tselbgtcfé écgﬁgﬁ%tprﬁfdggsfj l;%ﬁ% hiétles 8100 83k GRIAL of A dd saftHsboa mblF S ~2
yield, 96% purity, >98% e.e.).
"H NMR of satt (CDC),): 8.45 (s, 1H), 7.58 (s, 1H), 7.52 (s, 1H), 7.20 (m, 6H),
15 6.33(d, J=6Hz, 1H), 4.96 (d, J=9Hz, 1H), 4.52 (m, 1H), 3.55 (m, 1H), 3.12-3.24 (m,
| SH), 3.0 (m, 1H), 2.84 (m, 1H), 2.58 (m, 2H), 2.34 (m, 1H), 2.00 (s, 3H), 1.82 (m,
1H), 1.62 (m, 2H), 1.42 (m, 1H).
'"H NMR of free base (CDCL,): 8.45 (s, 1H), 7.52 (s, 1H), 7.48 (s, 1H), 7.10 (s,
1H), 4.88 (d, /=9 Hz, 1H), 3.62 (m, 1H), 3.25 (m, 1H), 3.00 (m, 3H), 2.78 (m, 1H),
20 2.48 (m, 2H), 2.25 (m, 1H), 1.50 (m, 3H), 1.26 (m, 2H).

EXAMPLE 7

Step A :

Br = Cl Br - Cl
\ 4 \ 7
N N
Br > Br o
N H
oy
o]

25

XS

To a 500 ml round bottom flask equipped with a stirring bar, charge 10.0 g of
(11R)-(8-chloro-3, 10-dibromo-6, 11-dihydro-5H-benzo [5,6] cyclohepta [1,2-b]
pyridin-11-yl)-1-piperidine (S)-N-acetyl-L-phenylalanate, add 100 mL of toluene, 50

30 mL of 25% NaOH solution, and 100 mL of H,0. Stir 30 minutes, add 1.0 g celite®,
stir for an additional 5 minutes, then filter. Wash the celite® pad with 10 mL toluene.

Separate the organic and aqueous layers and wash the organic layer with water (4 x 50
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20. The process of claim 18, wherein (a) 1.2 to 1.4 eq. of the EB 2009
hon- nucl eophilic strong base are added to a solution containing: 10 (i) the
conmpound of forrmula (I1), (ii) 1.1 to 1.3 eq. of the compound of formula
(V), and (iii% 1.2 to 1.4 eq. of the chi‘@l am no al cohol, while
mai nt ai ni ng YA803Whperature at 10 Cto C, (b) the m xture RGTHR98RLENWI (a)
is cooled to 0 Cto 10 C, and 0.8 to 1.2 15 eq. of water are added; (c) an
addi ti onal . t b G S : added to
fhe m xtor e Traoabetty Fil1oRm el RSP DY & ST Da RSB 10 10 o
(d) the tenp@GBTY,8.10fg 1 dithethylamidapeopyd) B pthiyichrbodiimade»EIC It GDKZA«HC1d» 20 18
C, and an additional 1.1 to 1.3 eg. of the non-nucleophilic strong base are-
added whi | e 340 giohil M rerrbutogygrabonylpiperiinyiA-gsetig agig and SRRt T0QN t he chiral
am no al coh i r o : -
e A Ay A TS SR eagtion s complete Gz judeggd b HPLG mopitpEngofihe » s pg
- AL A9y. Ar . B@tion A9 By tiksredQioA miAfide AHdd A0 .mill oAHYQ aAS Bephfdie thel drgahidahidss SRA5

72771 77 ) AR TR ki W4 s bl RORI AT R e X 77

>~2>75~227~-BTPaiRPieh Na€ll solutiGiP (29 RRARPIAAR12,0) ~Com@atr e HROor2af e |ayer0? 7>~ | ?
?-~=22222929229999999x22900x] | | 2|22 | 222| |11 2| || 2] | 2] 2| | 222292322222222x22?
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maintaining the temperature below 10° C. Warm the resulting mixture to ambient

temperature and stir for 2 hours. HPLC analysis gives 91.5% conversion and 68.5%

ee.
10 EXAMPLE 9
Using the same procedure as Example 8, obtain the alkylated product (35%

e.e.) substituting the following quinoline alchohol derivative for the hydroquinine

used in Example 8:

15
)
HO,
w'”H
H3CO. N
NZ
EXAMPLE 10
Hy
Br~= Cl
\ -
5 quinine N g
-
\ - i
N N N
Br )\/O LDA, toluene w
] le) (o]
1. HCVVEtOH
2.N-Boc-L-asparagine
B~y Cl
¢ At ; 3
%B;, s %f\lr
(@]
20 Mix the tricyclic compound (5.0 g) shown above and 4-mesyl-(1-[1,1-

dimethylethoxy)carbonyl]-4-piperidinylacetyl)piperidine (6.3 g) in 125 mL toluene or
anisole, heat to 40° C for 30 minutes to obtain a clear solution, and cool to ambient

temperature. Add the solution to a reaction flask containing solid quinine (6.3 g).
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reaction mixture to 16 °C to 20 °C to obtain a clear solution. Add an additional 1.3 eq
10  ofthe LDA solution over a five hour period. Stir the resulting mixture at ambient
temperature for 18 hours. Cool the reaction to 0 °C and quench the reaction mixture
with 20 mL water. Stir at 0 °C for 4 h and filter the quinine. Wash the organic phase
with 1 N HCL. Separate the organic phase and reduce the toluene solution (organic
top layer) by vacuum distillation to a volume of 45 mL, add 120 mL EtOH, and
15  reduce by vacuum distillation down to a volume of 45 mL. Cool the solution in an ice
bath for 10 minutes, then add 53 mL of a 3 N HCl solution while maintaining the
temperature below 25 °C. Stir the reaction at room temperature until hydrolysis is
complete (as judged by HPLC), typically 6 hours or longer. (If necessary, place
reaction in a water bath, and stir at 50°C for about 30 minutes to complete the
20  hydrolysis.) Concentrate in a rotavap to about 40 mL, add 120 mL toluene and 3 N
NaOH until the pH of the aqueous is 12. Separate the toluene phase and reduce the
toluene solution (organic top layer) by vacuum distillation to a volume of 40 mL.
Add 120 mL 1sopropanol, and reduce by vacuum distillation down to a volume of 40
mL. Add a solution of 3.6 grams N-a-(tert-butoxycarbonyl)-L-asparagine in 80 mL
25  isopropanol, and subject the mixture to vacuum distillation to reduce the volume
down to 40 mL. Add 80 mL isopropyl acetate and heat at reflux for 3 h. Cool and stir
for 1 hour at ambient temperature. Filter and wash the solid with 25 mL isopropyl
acetate. Dry in a vacuum oven at a temperature of 55° C for 18 hours to give the
desired salt (98 % ee). The solid salt is suspended in 100 mL of toluene, 50 mL of
30 25 % NaOH solution, and 100 mL of H,0. Stir 30 minutes, separate the organic and
aqueous layers and extract the aqueous layer with toluene (2 x 10 mL). Extract the
toluene solution with 25 mL 3N HCI solution. The resulting aqueous solution may be
treated with NaOH, 1-methyl-2-pyrrolidinone, and urea according to the procedure in
Example 7 Step B to form the final compound formed in Example 7 Step B. If
35  desired, other salts may be formed by replacing N-o-(tert-butoxycarbonyl)-L-
asparagine in the foregoing method with Di-p-toluoyl-L-tartaric acid, N-(tert-
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.10 The following illustrates a batch preparation:

To a reactor charge 33 kg of quinine. In a separate reactor, charge 33 kg of the
tricyclic compound shown above, 27.4 kg of 4-mesyl-N-Boc-piperidine, and 660 L
toluene, heat to a temperature between 30° to 35°C while agitating until all solids are
dissolved, and slowly cool the solution to a temperature between 20°C to 25°C. Add
15  this solution to the first reactor containing the quinine and start agitating the mixture.
Charge 165 L of toluene to the reaction mixture, and slowly charge 60.7 kg of lithium
diisopropylamide mono(tetrahydrofuran) (1.5 M in cyclohexane) to the reaction
mixture, while cooling the temperature to between 0°C to 5°C. Charge 1518 mL
water into the reactor, while maintaining the temperature between 0°C to 5°C. While
20  agitating, slowly charge 45.9 kg lithium diisopropylamide mono(tetrahydrofuran) (1.5
M in cyclohexane), while maintaining the batch temperature between 0°C to 8°C.
Slowly heat the batch to a temperature of 18 + 2°C, and agitate for a period of about
30 minutes at this temperature. Over a period of about 2 to 3 hours, charge 59.4 kg
lithium diisopropylamide mono(tetrahydrofuran) (1.5 M in cyclohecxane), while
25  maintaining the batch tempcrature between 14 + 2°C. Agitate for about 12 hours at a
temperature between 14 £ 2°C until the reaction is finished (confirm by HPLC).
Charge 198 L of water to the batch and stir at a temperature between 0°C to 5°C for
about 4 hours. Filter the batch and collect filtrate in a reactor. Wash the filter cake
(recovered quinine) with 66 L of toluene followed by 66 L of water and combine the
30  washings with filtrate in the reactor. Separate the lower aqueous phase from the

organic phase. Wash the organic phase with 132 L of 7.6% aqueous sulfuric acid and
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264 L. Cool the batch to a temperature below 20°C, charge 627 L of ethyl alcohol,
and concentrate the batch by vacuum distillation to a final volume of about 264 L, to

15  remove toluene by solvent exchange. Cool the batch to a temperature between 20°C
to 25°C. Add a solution of 19.8 kg N-acetyl-L-phenylalanine in 495 L ethyl alcohol,
heat the batch to a temperature between 55°C to 60°C, while agitating for about 1
hour. Cool to a temperature of between 20°C to 25°C. Subject the batch to vacuum
distillation to reduce it to a final volume of about 264 L. Cool the batch to a

20  temperature between 15°C to 20° C, filter to recover the crystallized salt and wash
with 52 L of a 1:1 solution of ethyl alcohol and methyl t-butyl ether. The washed
crystals are dried for at least 16 hours at a temperature between 50°C to 60°C to

produce 48 kg (84.4 % molar yield) of product (101.4 % purity; 98.8 % ee).

25
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

30  present invention.
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10 wherein X', X?, X?, X%, and X’ are independently selected from the group consisting
of H, halo, alkyl, alkoxy, aryl, and aryloxy, and R is a protecting group, said process
comprising:

treating a compound having the formula

(I1)
15
wherein X', X?, X3, X*, and X’ are as defined above, with the following, in any
sequence:
(a) a non-nucleophilic strong base;
(b) a chiral amino alcohol; and

20 (c) a compound having the formula
L

N
L

wherein L is a leaving group and R is as defined above.
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wherein the dotted line represents an optional second bond and wherein R' is selected
from alkoxy, aryloxy, or NR*R®, wherein R* and R® are selected from alky] or aryl,
R’ being optionally substituted by one or more alkoxy groups, or

(11) having the formula

OH H

CH, W

wherein R? is a phenyl group optionally substituted by 1 to 5 substituents
independently selected from the group consisting of alkyl and alkoxy.

3. The process of claim 2, wherein X' is Br, X® is Cl, and X® is Br.

4. The process of claim 3, wherein at least one of the treatments with the
non-nucleophilic strong base, the chiral amino alcohol, or the compound of formula
(V) occurs in the presence of water or a C, -C, alcohol.

S. The process of claim 4, wherein at least one of the treatments with the
non-nucleophilic strong base, the chiral amino alcohol, or the compound of formula
(V) occurs in the presence of water, and the non-nucleophilic strong base is lithium
diisopropylamide.

6. The process of claim 5, wherein the chiral amino alcohol is selected

from the group consisting of quinine, hydroquinine,
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7. The process of claim 6, wherein the chiral amino alcohol is quinine.
8. The process of claim 7, wherein the leaving group, L, is selected from

the group consisting of sulfonates, phosphates, benzoates, and halo.
9. The process of claim 8, wherein the leaving group is mesylate or
10 tosylate.
10.  The process of claim 9, wherein R is selected from the group

consisting of tert-butoxycarbonyl,

(") OBOC ﬁ (l?
—CTCH ~C—~O0—CH,CHj, ‘C‘O‘CHZ‘Q
CH,
I CHy T
—C—N _C_Q —CHZ—@
H3C CH3 ’
0O

15
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10 11.  The process of claim 10, wherein R is tert-butoxycarbonyl

lol NBoc
or —C—CH, _

12. The process of claim 6, wherein the chiral amino alcohol is

OCH,
OCH,3
OH H

'\/@(
OCH,
CH,

13.  The process of claim 12, wherein the leaving group, L, is selected from

15 the group consisting of sulfonates, phosphates, benzoates, and halo.
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16.  The process of claim 15, wherein R is tert-butoxycarbonyl

(") NBoc
or —C—CH, .

M

10 wherein X', X%, X?, X%, and X® are independently selected from the group consisting
of H, halo, alkyl, alkoxy, aryl, and aryloxy, and R is a protecting group, said process
comprising:

(a) reacting a compound having the formula

(ID
15

wherein X', X2, X%, X%, and X® are as defined above, with a non-nucleophilic strong

base in the presence of a chiral amino alcohol to form a complex;
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wherein L is a leaving group and R is as defined above.
18.  The process of claim 17, wherein said process is carried out in the
10  presence of water, and wherein said chiral amino alcohol 1s selected from

(i) a compound having the formula

(1)

wherein the dotted line represents an optional second bond and wherein R' is selected
15 from alkoxy, aryloxy, or NR*R®, wherein R* and R® are selected from alkyl or aryl,
R' being optionally substituted by one or more alkoxy groups, or

(1i) a compound having the formula

OH

H
@HY*\/RZ
CHa W

wherein R® is a phenyl group optionally substituted by 1 to 5 substituents
20  independently selected from the group consisting of alkyl and alkoxy.
19.  The process of claim 18, wherein X* and X* are H, X' is Br, X’ is Cl,

and X’ is Br, the non-nucleophilic strong base is lithium diisopropylamide, the
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<=>7 @\BCDEFGHI JKLI\/NOPQ@%U\WY?[“\‘“ 1 %940, £9; Sf the on-nucleophilic strong base are
added to the mixture from step (b) while maintaining the temperature at 0° C to 10°

(OR
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(d) the temperature of the mixture from step (c) is raised to 14° C to
20 18°C, and an additional 1.1 to 1.3 eq. of the non-nucleophilic strong base are added
while maintaining the temperature at 14° C to 18° C; and

(e) the chiral amino alcohol is recovered.



